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Executive Summary 
Rockfish have historically been assessed on a biennial stock assessment schedule to coincide with the 
availability of new trawl survey data (odd years). In 2017, the Alaska Fisheries Science Center 
participated in a stock assessment prioritization process. It was recommended that the Gulf of Alaska 
(GOA) thornyhead complex remain on a biennial stock assessment schedule with a full stock assessment 
produced in even years and no stock assessment produced in odd years. However, we performed a partial 
stock assessment for this year because the allowable biological catch (ABC) has been exceeded in the past 
in the western GOA, and because the biomass estimates provided by the GOA trawl surveys have at times 
displayed extreme variability between surveys. Because we have chosen to perform a partial stock 
assessment, we followed the recommendation of the Science and Statistical Committee (SSC) and the 
GOA Groundfish Plan Team that “partial assessments for Tiers 4-5 should be an expanded version of the 
current off-year executive summaries, including catch/biomass ratios for all species in addition to re-
running the random effects model” (SSC minutes – February 2017). 
 
Here we present the new off-year enhanced executive summary. This summary is similar in style and 
content as in past years (Echave et al. 2016, 
http://www.afsc.noaa.gov/REFM/Docs/2016/GOAthorny.pdf), but will now incorporate new survey 
biomass from the most recent bottom trawl survey to update exploitable biomass estimates and 
recommended ABC and OFL values for the following two years. Please refer to the last full stock 
assessment report presented in 2015 for further information regarding the assessment calculations 
(Echave et al. 2015, http://www.afsc.noaa.gov/REFM/Docs/2015/GOAthorny.pdf). A full stock 
assessment document will be presented in next year’s SAFE report.  
 
This stock is classified as a Tier 5 stock. We use a random effects (RE) model applied to the GOA trawl 
survey biomass estimates from 1984-2017 to estimate exploitable biomass and determine the 
recommended ABC for the thornyhead rockfish stock complex. As in recent assessments the RE model 
was fit to the time series of survey biomass values and estimates of uncertainty by region and depth strata 
(to account for incomplete survey data), and then summed to obtain Gulfwide biomass. 
 


Summary of Changes in Assessment Inputs 
Changes in the input data:  


1. Total catch weight for GOA thornyheads is updated with partial 2017 data through 17 
October 2017. 


2. Survey biomass information for GOA thornyheads as used in the random effects model is 
updated to include 2017 GOA bottom trawl survey data. 


Changes in assessment methodology:  
There were no changes in assessment methodology this year.  
 
Summary of Results 
Applying the FABC (0.0225) to the estimate of current exploitable biomass (using the random effects 
model) of 90,570 t (+/- 95% CI of 71,072 and 115,417) for thornyhead rockfish results in a recommended 
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Gulfwide ABC of 2,038 t for the 2018 fishery. This ABC is 3.9% higher than the 2017 ABC of 1,961 t. 
The OFL is 2,717 t. Reference values for thornyhead rockfish are summarized in the following table, with 
the recommended ABC and OFL values in bold. The stock was not being subjected to overfishing last 
year. 
 


Quantity 
As estimated or 


specified last year for: 
As estimated or 


recommended this year for: 
2017 2018 2018 2019 


M (natural mortality rate) 0.03 0.03 0.03 0.03 
Tier 5 5 5 5 
Biomass (t) 87,155 87,155 90,570 90,570 
FOFL  F=M=0.03 F=M=0.03 F=M=0.03 F=M=0.03 
maxFABC  0.75M=0.0225 0.75M=0.0225 0.75M=0.0225 0.75M=0.0225 
FABC 0.0225 0.0225 0.0225 0.0225 
OFL (t) 2,615 2,615 2,717 2,717 
maxABC (t) 1,961 1,961 2,038 2,038 
ABC (t) 1,961 1,961 2,038 2,038 
Status As determined last year for: As determined this year for: 
 2015 2016 2016 2017 
Overfishing No n/a No n/a 


 
Fishery Trends 
Updated catch data (t) for thornyhead rockfish in the Gulf of Alaska as of October 17, 2017 (NMFS 
Alaska Regional Office Catch Accounting System via the Alaska Fisheries Information Network 
(AKFIN) database, http://www.akfin.org) are summarized in the following table.  
 


Year Western Central Eastern Gulfwide 
Total 


Gulfwide 
ABC 


Gulfwide 
TAC 


2016 207 689 222 1,119 1,961 1,961 
2017 133 533 237 903 1,961 1,961 


 
Gulfwide catch of thornyhead rockfish for 2017 (as of Oct 17) is 19% lower than the 2016 catch, with 
decreases of 36% and 23% occurring in the Western and Central GOA, respectively, and a slight increase 
in the Eastern GOA. Historically, the majority of thornyhead have been caught as bycatch in the rockfish 
and sablefish fisheries, with lesser amounts in the flatfish and halibut fisheries: 2017 catch is down in the 
rockfish fishery (6%) and the sablefish fishery (21%) from 2016. While the pollock fishery has 
historically caught <1 t of thornyhead annually, 72 t of thornyhead rockfish were caught in the pollock 
fishery in 2016. Catches of shortraker rockfish, a species of similar depth and habitat range, had 
abnormally high catch in the pollock fishery in 2016 as well. The total allowable catch (TAC) for the 
GOA thornyhead complex has not been fully taken since 1995, and are generally between 30-70% of 
annual quotas. 
 
Survey Trends 
The 2017 trawl survey biomass estimate decreased by 10% from the 2015 estimate but is well above the 
long-term mean (Figure 15-1). In contrast, the 2017 longline survey abundance estimate (relative 
population number or RPN) increased by 30% from the 2016 estimate and remains above the long-term 
mean. Trawl survey estimates by area (Figure 15-2) were down in the CGOA (24% in Chirikof and 26% 
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Kodiak), and down in the Yakutat area of the EGOA as well. Estimates were up slightly in the Shumagin 
(WGOA) and Southeast (EGOA) areas.  


Area Allocation of Harvests 
For apportionment of ABC/OFL, the random effects model was fit to area-specific biomass and 
subsequent proportions of biomass by area were calculated. The following table shows the recommended 
apportionment, estimated biomass, and ABC value by regulatory area for 2018/2019. Please refer to the 
last full stock assessment report for information regarding the apportionment rationale for the thornyhead 
rockfish stock complex.  
 


 Regulatory area  
 Western Central Eastern Total 


Area Apportionment 16.9% 45.2% 37.9%  
Estimated Area Biomass (t)1 15,277 40,930 34,363 90,570 
Area ABC (t) 344 921 773 2,038 
OFL (t)    2,717 


 
Summaries for Plan Team 


Species Year Biomass1 OFL ABC TAC Catch2 


Thornyhead rockfish 


2016 87,155 2,615 1,961 1,961 1,119 
2017 87,155 2,615 1,961 1,961 903 
2018 90,570 2,717 2,038 2,038  
2019      


 
Stock/  2017 2018 2019 


Assemblage Area OFL ABC TAC Catch2 OFL ABC OFL ABC 


Thornyhead 
rockfish 


W  291 291 133  344  344 
C  988 988 533  921  921 
E  682 682 237  773  773 


Total 2,615 1,961 1,961 903 2,717 2,038 2,717 2,038 
1Total biomass estimates from the random effects model  


2Current as of October 17, 2017. Source: NMFS Alaska Regional Office Catch Accounting System via the Alaska Fisheries 
Information Network (AKFIN) database (http://www.akfin.org).   
 


Responses to SSC and Plan Team Comments on Assessments in General  
Since this is an off-cycle year and only an executive summary is presented, we do not address most 
comments. For comments relevant to or that require a full assessment, we will present responses in next 
year’s full assessment. 
 
“Secondly, a few assessments incorporate multiple indices that could also be used for apportionment. The 
Team recommends an evaluation on how best to tailor the RE model to accommodate multiple indices.” 
(Plan Team, November 2015) 
This will be examined in the next full assessment. Additionally, the use of a geostatistical model is 
still being investigated for both biomass estimates and apportionment, of which the outcome may 
affect the use of the RE model. 
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“Finally, an area apportionment approach using the RE model which specifies a common “process 
error” has been developed and should be considered. This may help in some situations where observation 
errors are particularly high and/or vary between regions.” (Plan Team, November 2015) 
A common process error parameter is estimated within the RE model for shortspine thornyheads 
across depth strata and regions.  
 
“The Team recommends that a workgoup or subset of authors investigate applying the geostatistical 
approach to selected stocks.” (Plan Team, November 2015) 
A working group is currently investigating the geostatistical approach and the results of this 
evaluation will be applied to the thornyhead complex as appropriate. 
 
“The SSC requests that stock assessment authors bookmark their assessment documents and commends 
those that have already adopted this practice.” (SSC, October 2016) 
Assessment documents for the thornyhead complex have been bookmarked. 
 
“…The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock, perhaps following the framework suggested below, during the December 
Council meeting to aid in identifying areas of concern.” (SSC October 2017) 
A newly proposed framework for considering ecosystem and socioeconomic factors has been 
submitted as an appendix in some assessments this year. This is an attempt to document these 
factors with respect to stock status and also provide indicators for continued monitoring to identify 
areas of concern. These reports are currently submitted as an appendix and in future years it is 
anticipated that they would be available for all stocks as the framework is adaptable for data-
limited to data-rich stocks. We plan to evaluate and potentially incorporate this new 
ecosystem/socioeconomic report as an appendix when it becomes available for the thornyhead stock 
complex. 
 
Responses to SSC and Plan Team Comments Specific to this Assessment 
 
“The PT noted the high discard rates for thornyheads over the last four years and requested the author 
investigate these. The PT also recommended that the author examine the tagging data. The SSC concurs 
with these suggestions.” (SSC, December 2015) 
Discard rates for thornyheads will be examined in the next full assessment. A review of the 
thornyhead rockfish tagging data was included as an appendix to the 2017 Executive Summary and 
published in Echave (2017)  
 
 “High rates of discards appear to have occurred in some recent years (e.g., 41% in 2013). The Team 
requests the authors investigate the reasons for these high discard rates (GOA Plan Team, November 
2015).” 
This will be examined in the next full assessment.  
 
“The SSC supports the author’s plan to explore the feasibility of incorporating longline survey 
abundance indices for use in estimating biological reference points and possibly area apportionments. If 
the longline survey is added to the assessment, the SSC and the PT notes that methods will need to be 
developed to estimate area apportionments for assessments that utilize more than one survey.” (SSC, 
December 2015) 
This work is ongoing and the results of these investigations will be presented in 2018. 
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Figures 
 


 


Figure 15-1.--Biomass estimates (t) of thornyhead rockfish from NMFS bottom trawl surveys (filled 
circle) and from a random effects model (solid black line with grey region denoting 95% confidence 
interval) that utilizes trawl survey biomass estimates from all years (1984-2017, with 95% sampling error 
confidence intervals shown with error bars). Open circle points in the figure denote years with missing 
regional/depth strata data. 







 
Figure 15-2.-- Biomass estimates (t) of thornyhead rockfish by area from NMFS bottom trawl surveys 
(filled circle) and from a random effects model (solid black line with grey region denoting 95% 
confidence interval) that utilizes trawl survey biomass estimates from all years (1984 – 2017, with 95% 
sampling error confidence intervals shown with error bars). Open circle points in the figure denote years 
with missing regional/depth strata data. Top panel is the Western Gulf of Alaska (WGOA) Area, middle 
panel is the Central Gulf of Alaska (CGOA) Area, and bottom panel is the Eastern Gulf of Alaska 
(EGOA) Area. Please note the different scales between panels on the y-axis. 
 







 


Figure 15-3.-- Observed catch over total biomass (point estimates in red circles) for Gulf of Alaska 
thornyhead rockfish complex from 1991-2017. Green dotted line is long-term average for the time series. 
Catch in 2017 through Oct 17, 2017. 
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7.  Assessment of the Arrowtooth Flounder Stock in the  
Gulf of Alaska  
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Executive Summary 


Summary of Changes in Assessment Inputs 
Changes in the input data 
The following new data was included in the model: 


1. The 2017 NOAA Resource Assessment and Conservation Engineering (RACE) Gulf of Alaska 
(GOA) survey biomass estimate and standard error were added to the model.   


2. Catch for 2015 and 2016 were updated and preliminary 2017 catch (to September 26, 2017) were 
added.   


3. Fishery length data were updated for 2016 and 2017.  
4. Survey age data were added for 2015. 
5. Survey length frequency data were added for 2017. 


 
Changes in assessment methodology 


1. The length-age conversion matrix was modified using age length data from 1984-2013 based on 
suggestions from the 2015 Plan Team. 


2. Weight at age was recalculated for males and females, using 1977-2013 age data, based on 
lengths at age obtained from the updated length-age conversion matrix by fitting the length data 
to weight at age.   


3. An ageing error matrix was added to account for age reading error. 
4. Additions to the model included data weighting (fishery and survey length compositions, survey 


age composition) using the Francis (2011) method. 
5. Alternatives to fixed M for males and females were explored but not used in the final model, and 


are presented in the Model Evaluation section. 


Summary of Results 
Arrowtooth flounder biomass estimates in the current model have changed relative to the projection 
model estimates in 2016. The model projection of spawning biomass for 2018, assuming fishing mortality 
equal to the recent 5-year average, was 873,789 t, 24% lower than the projected 2018 biomass from the 
2016 assessment of 1,154,310 t. The 2018 ABC (estimated in 2017) using F40% was 170,510 t. The 2018 
and 2019 ABCs using F40% were lower, 150,945 t and 145,234 t, The projected estimate of total biomass 
for 2018 was down by 32% from the 2016 assessment of 2,079,029 t, to 1,421,306 t. The 2018 and 2019 
OFLs estimated using the projection model were 180,697 t and 173,872 t. The arrowtooth flounder stock 
in the Gulf of Alaska is not being subjected to overfishing and is not approaching a condition of being 
overfished. 
 
  







 


 


Quantity 


As estimated or 
specified last year for: 


*As estimated or 
recommended this year for: 


2017 
 


2018 
 


2018 
 


2019 
 


M (natural mortality rate)** 0.35, 0.2 0.35, 0.2 0.35, 0.2 0.35, 0.2 
Tier 3a 3a 3a 3a 
Projected total (age 1+) biomass (t) 2,103,090 2,079,029 1,421,306 1,384,292 
Projected Female spawning 


  
1,174,400 1,154,310 873,789 835,009 


     B100% 992,272 992,272 924,644 924,644 
     B40% 396,909 396,909 369,858 369,858 
     B35% 347,295 347,295 323,625 323,625 
FOFL 0.204 0.204 0.238 0.238 
maxFABC 0.171 0.171 0.196 0.196 
FABC 0.171 0.171 0.196 0.196 
OFL (t) 219,327 196,635 180,697 173,872 
maxABC (t) 186,093 170,510 150,945 145,234 
ABC (t) 186,093 170,510 150,945 145,234 


Status 
As determined this year for:  


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 
*Projections are based on estimated catches of 21,080 t for 2016 and 23,720 t for 2017. 
**Natural mortality rate is 0.35 for males, 0.2 for males. 


Area Apportionment  
Arrowtooth flounder is managed as a single stock in the Gulf of Alaska. However, the ABC by 
management area using F40% was estimated by calculating the fraction of the survey biomass in each area 
and applying that fraction to the ABC. The Western region is NMFS reporting area 610 (Shumagin), 
Central is 620 and 630 (Chirikof and Kodiak), and West Yakutat and East Yakutat/SE Alaska result 
from the combined NMFS areas 640 and 650 redistributed such that the West Yakutat area is between 
147°W and 140°W and the East Yakutat/SE is the portion east of 140°W. Proportions in the four areas are 
determined by applying a time series of survey biomass estimates and their coefficients of variation 
(CV’s) to the random effects model (Appendix A). 


Arrowtooth ABC by INPFC area 


 Western Central West Yakutat East Yakutat/SE Total 
2015 survey biomass 
percent by area 14.34% 54.88% 19.14% 11.64% 100% 


      
ABC 2016 26,699 102,180 35,636 21,672 186,188 
ABC 2017 27,150 103,905 36,238 22,038 189,332 


2017 survey biomass 
percent by area 


24.68% 48.68% 10.91% 15.73% 100% 


ABC 2018 37,253 73,480 16,468 23,744 150,945 
ABC 2019 35,844 70,700 15,845 22,845 145,234 







 


 


Summaries for Plan Team 
Year Biomass1 OFL ABC* TAC Catch2 


2016 2,103,860 219,430 186,188 103,300 19,828 
2017 2,103,090 219,327 186,083 103,300 20,283 
2018 1,421,306 180,697 150,945   
2019 1,384,292 173,872 145,234   


 2017   2018  2019  
Area OFL ABC3 TAC OFL ABC OFL ABC 


Western - 28,100 14,500 - 37,253 - 35,844 
Central - 107,934 75,000 - 73,480 - 70,700 


W. Yakutat - 37,405 6,900 - 16,468 - 15,845 
E. Yak./SE - 12,654 6,900 - 23,744 - 22,845 


Total 219,327 186,093 103,000 180,697 150,945 173,872 145,234 
1Total biomass (ages 1+) from the projection model based on parameters from the age-structured model. 
2Current as of September 21, 2017. Source: NMFS Alaska Regional Office Catch Accounting System via the 
AKFIN database (http://www.akfin.org).  
3Source: Alaska Regional Office Final Harvest Specifications for 2017-2018. 


Responses to SSC and Plan Team Comments on Assessments in General 
SSC October 2017 
The SSC also recommends explicit consideration and documentation of ecosystem and stock assessment 
status for each stock, perhaps following the framework suggested below, during the December Council 
meeting to aid in identifying areas of concern.  


Authors’ response: This was done in the current assessment.  


Responses to SSC and Plan Team Comments Specific to this Assessment 
December 2015 SSC 
The SSC supports the PT’s recommendations that future arrowtooth flounder assessments consider the 
following:  
 
1. Fit growth curves and age-length transition matrix such that the effect of length-stratified otolith 


sampling on estimated size at age is removed. It was noted that weight-at-age appears to be 
decreasing over time for most male and females between 1 and 10.  


Authors’ response: 


The age-length transition matrix was adjusted by the survey length frequencies to remove the effect of 
length-stratified otolith sampling. Growth curves were adjusted accordingly. Mean length at age was 
adjusted to remove the effect of length-stratified otolith sampling using survey length frequencies. 
Then weight at age was calculated using adjusted length at age applied to a non-linear model fit to 
age and weight data.  
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2. Evaluate models which allow time-varying size at age.  


Authors’ response: 


Size at age was evaluated for all years. No clear trend exists and not enough age data exists to fit 
growth annually. This is discussed in the assessment. 


3. Evaluate additional variance components as the design-based variances may be underestimates.  


Authors’ response: 


Methods presented in Francis (2011) were explored which allow tuning of the survey biomass based 
on the standard deviation of normalized residuals, as well as the composition variance components. 


4. Investigate if the IPHC longline survey data could be used as an additional tuning index.  


Authors’ response: 


This was investigated and presented in the September 2017 Plan Team meeting. This survey uses size 
6 hooks which are too large to catch the size range of arrowtooth flounder. Survey data exists from a 
short time series, 2007-2016. 


5. Examine potential for iteratively reweighting age and length composition data, potentially with one of 
the methods described in Francis (2011).  


Authors’ response: 


Iterative reweighting was applied to fishery and survey length composition likelihoods and the survey 
age composition likelihood. 


6. Re-evaluate sex ratios and sex-specific natural mortality rates. The natural mortality for one sex could 
be fixed and the other estimated. The hypothesis that males are in deeper water and thus less available 
to the survey and fishery should be re-examined.  


Authors’ response: 


Two new methods were evaluated for calculating natural mortality, Lorenzen (1996) and Gislason et 
al. (2010). These were not selected for the final model. 


7. The Team recommends evaluation of standardizing the surveys from the 1960 and 1970 with the 
more recent NMFS trawl survey estimates or, alternatively, removing the older surveys from the 
model. The trawl survey biomass estimates are obtained from several sources, including IPHC 
surveys in the 1960s and exploratory NMFS surveys in the 1970s. The estimated variances for several 
survey biomass estimates appear to be small. 


Authors’ response: 


The model was run with and without the two earliest surveys and the validity of those surveys was 
considered. Authors retained those surveys in the current assessment because removal changed early 
trajectories of arrowtooth flounder biomass significantly. 


  







 


 


Introduction 
Arrowtooth flounder (Atheresthes stomias) range from central California to the Gulf of Alaska (GOA), 
Aleutian Islands, and northern Bering Sea. Arrowtooth flounder (ATF) has been considered the most 
abundant groundfish species in the Gulf of Alaska for the past several years, but its abundance measured 
by biomass may have shifted to less than that of Pacific Ocean Perch, based on the 2017 Gulf of Alaska 
groundfish survey. Projections for 2016 from the 2015 GOA assessments estimated Pacific Ocean Perch 
at 457,768 t and ATF at 2,103,860 t. However, survey biomass estimates of Pacific Ocean Perch in the 
2017 survey were higher than arrowtooth (over 1.5 million t vs. 1,053,695 t). 


Arrowtooth flounder occur in waters from about 20m to 800m, but catch per unit effort (CPUE) from 
survey data is highest between 100m and 300m. Migration patterns are not well known for arrowtooth 
flounder; however, there is some indication that arrowtooth flounder move into deeper water as they 
grow, similar to other flatfish (Zimmerman and Goddard 1996).  Fisheries data off Washington suggest 
that larger fish may migrate to deeper water in winter and shallower water in summer (Rickey 1995). 
Arrowtooth flounder spawn in deep waters (>400m) along the continental shelf break in winter (Blood et 
al. 2007). They are batch spawners, spawning from fall to winter off Washington State at depths greater 
than 366m (Rickey 1995).    


Trophic studies (Yang 1993, Hollowed, et al. 1995, Hollowed et al. 2000) suggest they are an important 
component in the dynamics of the Gulf of Alaska benthic ecosystem.  The majority of the prey by weight 
of arrowtooth larger than 40 cm was pollock, the remainder consisting of herring, capelin, euphausids, 
shrimp and cephalopods (Yang 1993). The percent of pollock in the diet of arrowtooth flounder increases 
for sizes greater than 40 cm.  Arrowtooth flounder 15 cm to 30 cm consume mostly shrimp, capelin, 
euphausiids and herring, with small amounts of pollock and other miscellaneous fish. Groundfish 
predators include Pacific cod and halibut (see Ecosystem Considerations section).  


The age composition of the species shows fewer males relative to females as fish increase in age, which 
suggests higher natural mortality (M) for males (Wilderbuer and Turnock 2009).  To account for this 
process, natural mortality has typically been fixed at 0.2 for females and 0.35 for males in the model. 
Different options have been explored in the current assessment, which consider natural mortality as a 
function of the size of the fish (Gislason et al. 2010, Lorenzen 1996). The distribution of ages appears to 
vary by region and sex; male arrowtooth as old as 36 years have been observed in the Aleutian Islands, 
but are not commonly observed older than age 10 on the Bering Sea shelf. Males were not observed older 
than age 20 prior to 2005 in the Gulf of Alaska; however, males age 21 have been observed in every 
survey since that time. The sex ratio of arrowtooth flounder also varies by region. In the Gulf of Alaska, 
the observed ratio from fishery observer length frequency collections is 69% female, 31% male. Survey 
length compositions from the Bering Sea indicate that the proportion female is 70% on the Bering Sea 
shelf, 72% on the Bering Sea slope, and 62% in the Aleutian Islands. In British Columbia catches have 
been over 70% female since 1996 and the stock is assessed solely based on female numbers (DFO 2015).  


Information concerning the genetic stock structure of ATF is not currently available, although efforts are 
underway to initiate research, given the importance of this stock to the Alaska ecosystem.   


Fishery 
Management of the arrowtooth flounder stock in the GOA has changed over time. Prior to 1990, flatfish 
catch in the Gulf of Alaska was reported as an aggregate of all flatfish species. The bottom trawl fishery 
in the Gulf of Alaska primarily targets rock, rex and Dover sole. The North Pacific Fisheries Management 
Council divided the flatfish assemblage into four categories for management in 1990; "shallow flatfish" 
and "deep flatfish", flathead sole and arrowtooth flounder. Arrowtooth flounder was separated from the 







 


 


group and managed under a separate acceptable biological catch (ABC) because of its present high 
abundance and low commercial value. In the Gulf of Alaska, arrowtooth flounder were first managed 
under a separate assessment in 2001. They are currently managed as a single stock but the ABC is 
specified separately for the Western (NMFS area 610), Central (620, 630), West Yakutat, and East 
Yakutat/Southeast outside.  


The area of highest abundance of arrowtooth flounder in the GOA is in the central and western gulf 
(Figure 7.1). The directed fishery takes place throughout the GOA, but is primarily in the central GOA 
(NMFS area 630). Arrowtooth flounder are typically caught with bottom trawl nets. Outside of the 
directed fishery, they are primarily caught as bycatch in the Other Flatfish fisheries. Table 7.2 presents 
discard rates since 1991, which were calculated from observed at-sea sampling and industry reported 
retained catch. Under current fishing practices, the percent retained has increased from below 10% in the 
early 1990’s to over 70% from 2010-2013, and 90% or greater since that time.   


Viable products were developed for arrowtooth flounder around 2008, which prevented the muscle from 
degrading rapidly when heated. Until that time it was not targeted as a commercial fishery. Several 
methods exist to neutralize the enzymes that cause the flesh to degrade, including chilling to near zero or 
immediate processing and freezing. The arrowtooth flounder currently caught, processed, and sold each 
year from the Gulf of Alaska are typically sold in Asian markets. They are eaten as less expensive fillets, 
used raw in sashimi, or used to manufacture surimi.  


The catches for arrowtooth flounder remain below the TAC (Tables 7.3a, 7.3b); approximately 20,000-
30,000 t for the past 10 years, averaging 24,697 t, and catch/TAC averaged 39% from 2008-2017. 
Catches were below 10,000 t, on average, prior to 1990, and increased to an average of approximately 
16,000 t in the 1990’s and 24,000 t in the 2000’s. The highest recorded catch was 34,327 t in 2014. Catch 
as of September 21, 2017 was 20,283 t, and the projected total for 2017 is 20,803 t, based on the average 
proportion caught by that date for the past 8 years (2009-2016). Total allowable catch for 2017 was 
14,500 t for the Western GOA, 6,900 t for the W. Yakutat, 75,000 t for the Central GOA, and 6,900 t for 
the SE outside region (103,300 t total).  TAC increased from 43,000 t in 2011 to 103,300 t in 2012-2017 
(Table 7.3b). Specified TAC, ABC, and OFL since the 1990s are shown in Table 7.3b. 


Data 
The model simulates the dynamics of the population and compares the expected values of the population 
characteristics to those observed from surveys and fishery sampling programs. 


The following data sources (and years of availability) were used in the model:  
Data component  Years 
Fishery catch 1961-2017 
IPHC trawl survey biomass and S.E. *  1961-1962 
NMFS exploratory research trawl survey biomass, S.E.*  1973-1976 
NMFS trawl survey biomass and S.E. 1984,1987,1990,1993,1996,1999,2001,2003, 


2005,2007,2009, 2011, 2013, 2015, 2017 
Fishery size compositions  1977-1993,1995-2017 
NMFS survey size compositions 1975, 1985, 1986, 1989, 2017 
NMFS triennial trawl survey age composition data 1984,1987,1990,1993,1996,1999,2001, 


2003,2005,2007,2009, 2011, 2013, 2015 
* The data from the 1961 and 1962 IPHC surveys were combined to provide total coverage of the GOA area. The NMFS 
surveys in 1973 to 1976 were also combined to provide total coverage of the survey area. 
**Fishery size composition data is available for all years from which NMFS trawl surveys occurred. For years in which 
age compositions are available, length composition is not used directly in the model. Length composition data from 1984-
2013 were used to construct the length age conversion matrix.  







 


 


Fishery: 
Catch 
The estimate of annual arrowtooth catch between 1960 and 1993 was calculated by multiplying the 
proportion of arrowtooth in observer sampled flatfish catches (nearly 50%) by the reported flatfish catch 
(1960-1977 from Murai et al. 1981 and 1978-1993 from Wilderbuer and Brown 1993) (Tables 7.3a, 7.3b).   


Removals from sources other than those that are included in the Alaska Region’s official estimate of catch 
(e.g., removals due to scientific surveys, subsistence fishing, recreational fishing, fisheries managed under 
other FMPs) are presented in Appendix C. 


Age and size composition 
The number of fisheries length observations taken by fisheries observers, and the number of hauls from 
which those samples were taken, by year, 1975-2017 are presented in Table 7.4. Table 7.5 contains 
incidental catches from halibut fisheries by area and year (2003-2017). Sample sizes for the fishery length 
data were generally at least 1,000 for the 1970s through 1984 (Table 7.4).  Sample sizes were under 800 
between 1985-1990, 1992, 1994, 1998, and were not taken in 1989. Fishery length data was updated in 
the current assessment, and the following years of data were added: 1982, 1983, 1984, 2014, 2015. 
Domestic data was downloaded from the OBSINT debriefed_length table. The data prior to 1989 is 
referred to as “foreign” data, but the fishing of the latter years was done predominately by joint venture 
vessels which eventually replaced the foreign fishers (Figure 7.2). Length frequencies from the fishery are 
presented in Figure 7.3. 


There is no age data from the fishery but otoliths will be collected by observers starting in 2018 for this 
purpose. 


Survey: 
Biomass estimates 
The survey biomass estimates used in this assessment are from International Pacific Halibut Commission 
(IPHC) trawl surveys, and NMFS groundfish surveys (Table 7.6). Biomass estimates from the surveys in 
the 1960’s and 1970’s were analyzed using the same strata and methods as the triennial survey (Brown 
1986). The data from the 1961 and 1962 IPHC surveys were combined to provide total coverage of the 
GOA area. The NMFS surveys in 1973 to 1976 were also combined to provide total coverage of the 
survey area. However, sample sizes were lower in the 1970’s surveys (403 hauls, Table 7.6) than for other 
years, and some strata had less than 3 hauls. The IPHC and NMFS 1970’s surveys used a 400 mesh 
Eastern trawl, while the triennial surveys used a noreastern trawl. The trawl used in the early surveys had 
no bobbin or roller gear, which would cause the gear to be more in contact with the bottom than current 
trawl gear. Also the locations of trawl sites may have been restricted to smooth bottoms in the earlier 
surveys because the trawl could not be used on rough bottoms. Selectivity of the different surveys is 
assumed to be equal. There is limited size composition data for the 1970’s surveys and none for the 
1960’s surveys.  


The 400 mesh eastern trawl used in the 1960’s and 1970’s surveys was estimated to be 1.61 times as 
efficient at catching arrowtooth flounder than the noreastern trawl used in the NMFS triennial surveys 
(Brown, unpub.). The 1960’s and 1970’s survey abundance estimates have been lowered by dividing by 
1.61.  A coefficient of variation (cv) of 0.2 for the efficiency estimate was assumed since variance 
estimates were unavailable. Even the uncorrected estimates would be much lower than more recent 
survey estimates. Without dividing by 1.61, the 1960’s biomass estimate would be lower than standard 
survey estimates from 1984-2017, 454,078 t and the 1970’s estimate would be 233,190 t. 







 


 


The survey catchability coefficient (q) in the assessment model was assumed to be 1.0.  NMFS has 
conducted studies to estimate the escapement under the triennial survey net and herding of fish into the 
net.  The percent of arrowtooth flounder caught that were in the path of the net varies by size from about 
80% at 27 cm (about age 3) to about 96% at greater than 45cm (equal to or greater than age 7 for females 
and age 10 for males) (Somerton et al. 2007).  Somerton et al. (2007) estimated the effect of herding 
combined with escapement under the net to be an effective multiplier of about 1.3 on survey catch for 
arrowtooth flounder.  The combination of escapement under the net and herding into the net indicates that 
abundance would be about 23% less than the estimated survey abundance.   


Survey abundance estimates were low in the 1960’s and 1970’s, and increased from about 146,000 t in 
the early 1970’s to a high of 2,819,095 t in 2003.  Survey biomass has generally been in decline since 
2003, and the 2017 estimate of 1,053,695 t was the lowest estimate since 1987. The 1984, 1987, 1999, 
2005, 2007, 2009 and 2011, and 2015 surveys covered depths to 1000m, the 1990, 1993, 1996, and 2001 
surveys to 500m and the 2003, 2013 and 2017 surveys covered depths to 700m. The 2001 survey 
excluded the eastern Gulf of Alaska.  The average biomass estimated for the 1993 to 1999 surveys was 
used to estimate the biomass in the eastern Gulf for 2001 (Table 7.6).  The eastern Gulf biomass was 
between 14% and 22% of the total biomass for the 1993-1999 surveys.  Biomass by area is shown in 
Table 7.7. Survey biomass estimates, standard error, number of hauls, and maximum depth are shown in 
Table 7.6.  


Recently, VAST, an R package for implementing a spatial delta-generalized linear mixed model for size 
and age classes (Thorson et al. 2015) has been considered as an alternative to design-based methods to 
develop indices from survey biomass data. Alternative analysis of GOA surveys using the VAST 
packages has been performed for all the standardized survey years 1984-2015 (C. Cunningham AFSC, 
pers. comm.). The VAST method estimates approximately 50% more biomass than design-based methods 
for the period 1990-2000, and approximately 25% more for the period 2005-2015 (Figure 7.4). 


Effort on CPUE data since 1984 is available from the NMFS GOA trawl survey (Figure 7.1). CPUE by 
haul indicates that the highest abundance occurs between about 149 and 156 degrees longitude, to the 
southwest and to the northeast of Kodiak Island (Figure 7.1). Results show that CPUE is typically highest 
in the Chirikof region of the central GOA, NMFS area 620. Between 2011 and 2015, the peak CPUE 
appears to have shifted east from approximately 155W to 150W. There were no locations with CPUE as 
high as high points from 2015 in the 2017 GOA survey. 


Survey age and length compositions 
Otoliths from the 1984 to 2015 NMFS trawl surveys have been aged and are used in the model (Table 
7.8). Length composition data from 1975, 1985, 1986, 1989, and 2017 are used in the model since age 
data are not yet available for 2017 and only length data are available for 1975, 1985, 1986, and 1989. 
Length and age frequency data used in the model from NMFS surveys are shown in Figures 7.4 and 7.6, 
respectively, and Table 7.9.   


Other time series data used in the assessment: 
No other data was used in the assessment. 
 
  







 


 


Analytic approach 


General Model Structure 
The assessment is an age-structured statistical model implemented in the Automatic Differentiation 
Model Builder (ADMB) framework (Fournier et al. 2012).  This framework uses automatic differentiation 
and allows estimation of highly-parameterized and non-linear models. This age-structured population 
dynamics model is fit to survey abundance data, survey age data, and survey and fishery length 
composition data with a harvest control rule to model the status and productivity of these stocks and set 
quotas. The model is fit to the data by minimizing the objective function, analogous to maximizing the 
likelihood function. The model implementation language provides the ability to estimate the variance-
covariance matrix for all parameters of interest.  In November 2015, a new generalized model was 
accepted by the GOA Plan Team, which can be used to assess the status of arrowtooth flounder stocks in 
the Bering Sea and Aleutian Islands (BSAI) and Gulf of Alaska (GOA) management areas. This 
“generalized model” was used in the 2015 and the current assessment, and incorporates ages 1-21+ and 
estimates selectivity up to age 19, similar to the BSAI assessment model. A Markov chain Monte Carlo 
(MCMC) was performed in ADMB to capture variability in recruitment, female spawning biomass, and 
total (age 1+) biomass. The MCMC was run with 1,000,000 iterations, and thinning every 1000. 


Recruitment is calculated as an average value, , with an estimated lognormal deviation in each year 
of the model with the exception of the final year, in which the mean value is chosen. Recruitment is 
informed by subsequent year class strengths and there is little information to inform recruitment in the 
final few years, particularly because 50% maturity occurs at age 7 in arrowtooth flounder. Equilibrium 
age structure in the unfished population is based on mean recruitment that is subject to a vector of 
instantaneous rates of natural mortality, Msex, in each subsequent year, and a plus group (x) that includes 
all ages 21 and older. Natural mortality is subscripted for sex, as males appear to have higher natural 
mortality than females in this species (Wilderbuer and Turnock 2009).  


(1) .  


The numbers-at-age for years Styr=1961 through Endyr=2017 are computed allowing for fishery 
selectivity, fishing and natural mortality, and the same plus group. 


(2)  


 
where is the number of fish of each sex at age a at the start of year y, is the selectivity-at-
age for the fishery for each sex, is the instantaneous fully-selected fishing mortality rate during year y 
and is calculated from the log of the mean fishing mortality and a vector of fishing mortality deviations 
(fmort_devs) for each year of the model, .  







 


 


There were 189 parameters estimated all models examined in 2017. Four of these parameters were not 
estimated but were included in the final count. These were 2 female and 2 male slope and a50% for a 
descending arm of a dome shaped survey selectivity pattern that were not used in this version of the 
model. 


Parameters were estimating by minimizing the objective function. Several likelihood equations 
contributed to the final likelihood: recruitment, fishery and survey length compositions, age composition 
from the survey, and biomass. Observation errors for age and length compositions were assumed to be 
multinomial distributed, while recruitment deviations, and catch and biomass observation errors were 
assumed to be lognormally distributed. 


(2)  


(3) , where the observed 


CV is an estimate of standard deviation. 


(4) , where is a small 


value needed in the case of zero catches. 


(5)  .  
 
Length composition for the fishery and the survey are calculated as in Equation 5. Delta ( ) is a small 
number less than 1 added to account for the possibility of zero observations in a length (or age category). 
The weights (“Nhauls”) applied to the fishery length comps are shown in Table 7.4. Lower weights are 
applied to length compositions in the years prior to 1989 because the number of hauls are not known. 
Length comps reflect the number of hauls from 1990-1998 and are generally 200 from then through 2017. 
The proportion of males and females sum to 1 in each year of the model. This also allows for the model to 
fit the observed skewed sex ratio, approximately 69% females and 31% males based on the fishery length 
composition data. Length composition data is only used in the model in years in which there is no age 
data use length data. These years are 1975, 1985, 1986, 1989, and 2017.  


The likelihood for survey ages assumes that observation error is distributed multinomially. The likelihood 
is similar to equation (5):  


(6) . 
 
Age data exist for all standard GOA surveys. For the age composition, the number of hauls was assumed 
to be 200 for each year of data. The numbers of fish aged in each year are shown in Table 7.8, but only 
years 1984-2015 were applied to the model. Detailed cruise information for each survey from which age 
data were taken is shown in Table 7.10. 







 


 


For the multinomial likelihoods, an offset was calculated which was a constant that is added to the 
likelihood. The offset decreases as the number of samples increases, and when observations are less 
frequent than 0.5, and is calculated as follows: 


(7) . 


Catch, in units of fish, is estimated in the model using the standard equation: 


(8) , where Z represents total mortality and is the 


sum of natural and fishery mortality. 


Female spawning biomass is calculated as the product of the weight of mature females in each year. 


(9) 𝐹𝐹𝐹𝐹𝐹𝐹𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 = ∑ 𝑤𝑤𝑤𝑤𝑦𝑦𝑎𝑎𝑦𝑦𝜙𝜙𝑦𝑦𝑎𝑎𝑦𝑦𝑁𝑁𝑦𝑦𝑎𝑎𝑦𝑦,𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑎𝑎𝑦𝑦 , where 𝜙𝜙𝑦𝑦𝑎𝑎𝑦𝑦 is the proportion of mature females at 
each age (Stark 2008), 𝑁𝑁𝑦𝑦𝑎𝑎𝑦𝑦,𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 is the number of females in the population, and wtage is the weight at age 
for females. 


Yield is the sum of the weight of the catch, 


(10)  


Fishing mortality is calculated from the expected mean fishing mortality and an “fmort_dev” deviation for 
each year, 


(11) , where s represents fishery 
selectivity.  


The 18 selectivity parameters estimated in the model for the smooth selectivity functions were 
constrained so that the number of effectively free parameters would be less than 18.  There were 57 
fishing mortality deviates in the model, plus one mean fishing mortality parameter, to fit the observed 
catch closely.  Twenty-one initial recruitment deviations were estimated to start the population in 1961.  
Recruitments deviations from 1961 to 2017 account for 57 parameters, plus one parameter for the mean 
recruitment.  Survey selectivity was estimated separately for males and females (4 parameters total).  The 
instantaneous natural mortality rate, catchability for the survey and the Von Bertalanffy growth 
parameters were fixed in the model. No spawner-recruit curve was used in the model.  Recruitments were 
freely estimated but with a modest penalty on extreme deviations from the mean value. Age at 
recruitment was set at one in the model.  


Table 7.A1 shows parameters estimated inside the model. 


Description of Alternative Models 
Model 15.0: This is the 2015 model with 2015 data.  


Model 15.0a: This is the 2015 model with 2017 data. New data is listed below. 


1. The 2017 RACE GOA survey biomass estimate and standard error.   
2. Catch for 2015 was updated and 2016 and preliminary 2017 catch (to September 26, 2017).   







 


 


3. Fishery length data was updated for 2016 and 2017.  
4. Survey age data was added for 2015. 
5. Survey length frequency data was added for 2017. 


 
Model 15.0b: Same as 15.0 but removed a modest penalty on the fishing mortality rate that penalized 
large values.  


Model 17.0: Same model as 15.0a but the length-age conversion matrix was modified using age length 
data from 1984-2013 based on suggestions from the 2015 Plan Team. 


Model 17.0a: Same model as 17.1 but weight at age was recalculated for males and females, using 1977-
2013 age data, based on lengths at age obtained from the updated length-age conversion matrix by fitting 
the length data to weight at age.   


Model 17.0b: Same model as 17.1a but an ageing error matrix was added.  


Model 17.0c: Same model as 17.0b but fishery length composition data was iteratively reweighted 
(Francis 2011). 


Model 17.0d: Same model as 17.0c but survey length composition data was iteratively reweighted 
(Francis 2011). 


Model 17.0e: Same model as 17.0d but survey age composition data was iteratively reweighted (Francis 
2011). This is the authors’ preferred model. 


Model 17.0f: Same model as 17.0e but biomass variance was iteratively reweighted using the standard 
deviation of normalized residuals, SDNR. 


Model 17.0g: Same model as 17.0f but removed the 1961 and 1975 survey biomass estimates and 
removed the SDNR adjustment to survey biomass. 


Model 17.0h: Lorenzen natural mortalities (a =  0.23, b  = -0.8), 1961 and 1975 surveys included 
(Lorenzen, K. 1996). The natural mortality for ages 1-5 are set to the natural mortality for age 6 fish. No 
SDNR adjustment. 


Model 17.0i: Gislason natural mortality, 1961 and 1975 surveys included. The Gislason natural mortality 
is multiplied by W=3 to match the natural mortalities previously established for ATF as closely as 
possible. No SDNR adjustment. 


Reviewers from the 2017 Flatfish CIE review suggested using the Lorenzen (1996) natural mortality 
equation:  


(12) 𝑀𝑀𝑦𝑦𝑎𝑎𝑦𝑦 = 𝑎𝑎𝑎𝑎𝑤𝑤𝑦𝑦𝑎𝑎𝑦𝑦𝑏𝑏  , where a and b are estimated parameters..  


In addition, we explored the natural mortality equations of Gislason et al. (2010),  


(13) , where Lage is length at age, and  and K 
are parameters from the sex-specific von-Bertalanffy fit to length at age.  The mortality in equation 13 is 
multiplied by W=3 to match the natural mortalities previously established for ATF.  







 


 


Parameters Estimated Outside the Assessment Model 
Natural mortality 
Natural mortality (M) rates for Gulf of Alaska arrowtooth flounder were estimated using the methods of 
(Wilderbuer and Turnock 2009).  


A higher natural mortality for males than females was used to fit the age and size composition data, which 
are about 70% female.  A value of M=0.35 for males was chosen so that the survey selectivities for males 
and females both reached a maximum selectivity close to 1.0.  A likelihood profile on male natural 
mortality resulted in a mean and mode of 0.354 with 95% confidence intervals of 0.32 to 0.38 (Turnock et 
al 2002, Figure 10.14).  Model runs examining the effect of different natural mortality values for male 
arrowtooth flounder can be found in the Appendix of the 2000 SAFE.  Differential natural mortality by 
sex can be a factor that needs consideration in management of targeted fish stocks, however, since GOA 
arrowtooth flounder is currently exploited at low levels, this effect is not a concern for this stock 
(Wilderbuer and Turnock 2009).   


Data used to calculate length at age and weight at length 
The data consisted of age data from 1984-2013 GOA RACE groundfish surveys. There were 9,686 such 
data points, each associated with age, length, and weight for each fish and 12,308 that had age and length 
(Table 7.8). Ageing methods have changed throughout the time series but this is not expected to cause 
bias over time or errors in the earlier datasets (D. Anderl, AFSC Age and Growth, pers. comm.). 
  
Weight at Length 
The weight-length relationship for arrowtooth flounder was evaluated to be: 


Weight = 0.004312 Length3.186, for both sexes combined, where weight is in grams and length in 
centimeters. Analysis was performed using nonlinear least squares fit to all weight and length data from 
the RACE Gulf of Alaska surveys from 1984 to 2013. The nonlinear least squares (nls) method was 
implemented from the R package stats (Bates and Chambers 1992). The length-weight relationship was 
the same among male and females (Figure 7.7). 


Growth 
Growth was estimated from length and age data from RACE Gulf of Alaska surveys from 1984 to 2013 
and incorporated in the assessment using a length-age conversion matrix. Length (adjusted for survey 
length frequencies) was converted to weight with the weight-at-length relationship described above. 
Length frequencies from stratified sampling for age data was corrected using length frequencies from 
surveys for which there is more data, averaging 17,000 male and 36,000 females lengths per survey 
(Table 7.11).  
 
Length at Age 
There is a single length-age conversion matrix that converts length frequencies from all years of data to 
age in the model. This correction is based on Bayes Theorem, as follows (Dorn 1992). The stratified age 
collections consist of P(Length|Age). These are corrected for the length frequencies in the population by 
dividing by length frequencies from survey data from the same years, 1984-2013. 
 


P(Age|Length)=P(Length|Age)*P(Age)/P(Length),  
 
Correcting for survey length frequencies reduced the expected length at age in the population as 
compared to lengths of aged fish from a stratified collection (Figure 7.8). 







 


 


A vonBertalanffy individual growth model was applied to the corrected length at age data, separately for 
males and females, using the R package ‘fishmethods’, resulting in the following parameter estimates 
(Figure 7.9). The plus group contains all ages 21 and above, and was calculated as a weighted average of 
the vonBertalanffy mean length and the proportion estimated to be in each of those upper age categories 
based on M=0.2 for females and M=0.35 for males. 


 Sinf K t0 
Females 837.61404 0.07587 -2.57872 
Males 524.1389 0.1672 -1.4684 


 
The fitted equation was:  


The coefficient of variation (CV) typically decreases with age. This was not the case with the GOA ATF 
data (Figure 7.10), although Bering Sea females data did fit this pattern. Therefore, female CV of length 
at age was fitted to a straight line and adjusted slightly so that a normal distribution around the 
vonBertalanffy estimate of length at age did not reach out of the range of lengths observed. Male variance 
was also fitted to a linear model, but not adjusted. Parameters of the linear models are shown in the 
legend in Figure 7.10.  


The length-age conversion matrix was generated by simulating 1000 data points for each length observed 
from survey lengths of arrowtooth flounder, from 90 to 880mm. The simulations were generated from a 
normal distribution, with the mean length at age determined by the male and female vonBertalanffy fit to 
the length-age data and the CV for each length determined by the parameters of the linear models 
presented in Figure 7.10. These data were binned into 26 length categories bounded by the range shown 
below. These length categories were used for all length composition data in the model. The length-age 
conversion matrix is shown as Figure 7.11. 


Range 
(cm) <100 


100-
160 


160-
180 


180-
200 


200-
220 


220-
240 


240-
260 


260-
280 


280-
300 


300-
320 


320-
340 


340-
360 


360-
380 


Midpts 90 130 170 190 210 230 250 270 290 310 330 350 370 
 


             Range 
(cm) 


380-
400 


400-
430 


430-
460 


460-
490 


490-
520 


520-
550 


550-
580 


580-
610 


610-
640 


640-
670 


670-
700 


700-
750 >750 


Midpts 390 415 445 475 505 535 565 595 625 655 685 725 850 
 


Weight at age 
Weight at age used in the model is based on length at age corrected as shown in Figure 7.8 by survey 
length frequencies. The corrected lengths were applied to the weight at age relationship determined by 
aged fish shown in Figure 7.7. Weight at age of females determined by this method is slightly lower than 
weight at age determined by a weight-at-age vonBertalanffy relationship determined from the stratified 
age collection. Differences in male weight at age were not as significant as differences in female weight at 
age (Figure 7.12). 


Maturity 
Maturity at age estimates in the model was based on a maturity-at-length study by Zimmerman (1997) 
through 2013. Length at 50% maturity was estimated at 47 cm with a logistic slope of -0.3429 from 
arrowtooth flounder sampled in hauls that occurred in September from the 1993 bottom trawl survey 
(Zimmerman 1997). Elsewhere in their range, length at 50% maturity was 36.8 cm for females and 28.0 
cm for males from survey data in 1992 off Washington, with logistic slopes of -0.54 and -0.893 







 


 


respectively (Rickey 1995). Arrowtooth flounder had length at 50% maturity of 44 cm for females and 29 
cm for males of the coast of Oregon (Rickey 1995).  Spawning fish were found in depths from 108m to 
360m in March to August in the Gulf of Alaska (Hirshberger and Smith 1983) from analysis of trawl 
surveys from 1975 to 1981.  Most observations of spawning fish have been in the northeastern Gulf, off 
Prince William Sound, off Cape St. Elias, and Icy Bay.   


A newer study was conducted in 2008 that examined maturity-at-age, and is considered a better estimate 
of maturity because it estimates age at maturity rather than length at maturity (Stark 2008). In this study, a 
sample of 301 fish was taken in February 2002 and a separate collection (226 fish) was taken in July 
2003, both form the central GOA. Parameter estimates based on the February sample were used in the 
current study because arrowtooth flounder spawn during winter months. The estimate of logistic 50% 
maturity was 7 years, the logistic slope (B) was 1.3817 and the y intercept was -9.6183. Fish matured at a 
slightly younger age in the 2008 study compared to the 1997 study (Figure 7.13). The maturity ogive 
from Stark (2008) has been used in the model since 2015. 


 


Likelihood weights  
Likelihood weights were adjusted using the methodology of Francis (2011) and are described in more 
detail in the Model Evaluation section. The parameter s1 in Table 7.12 is  
 


, where  is the 95th percentile of a chi-squared distribution with m-
1 degrees of freedom and m is the number of observations (Francis 2011). 
 
Population dynamics 
Several aspects of the arrowtooth flounder population dynamics that were not used directly in the model 
are presented here. Differences in growth show up around the age at maturity at age 6 (Figure 7.14). Age 
at 50% maturity is age 7 in females, and is 20% in age 6 fish. 


There have been some trends in the age data collected for arrowtooth flounder (Figure 7.15). Mean age at 
length increased throughout the data collection (upper panel) and max age for each year of data also 
increased (lower panel). 


The mean age observed and the maximum age in each year increased throughout the collection (Figure 
7.15), even though the number of fish collected did not increase (Table 7.8). The differences in ageing 
methodology are considered an unlikely cause of this trend (D. Anderl, REFM Age and Growth, pers. 
comm.). It is not known whether the increase in age is the sign of an increase in population size or due to 
differences in collecting or ageing otoliths over time. 


Whether trends exist in length at age was explored in Figure 7.16. The average length of aged male and 
female arrowtooth from 1977-2013 is shown for ages 1-16. The line at the bottom of the plot is age 1 
(black), followed by age 2 above it (red), etc. The length at age is distinct until around age 9 for females 
and 7-8 for males. For the years 1977-2013. A linear model was fit to length at each age and whether a 
significant downward trend over time was observed was measured by the significance of the slope 
parameter. The average length at age of females declined significantly at younger ages (1,2,3) and of 
males (2,3,5), but ages greater than 4 did not change significantly. When early years were excluded, so 
data consisted of 1987-2013, these results changed. There was a significant downward trend in length at 
age of females age 2, 5, 6, 9, 10, 11, 12, 14 and males age 2, 3, 4, 5, 6, 11. The discrepancy of the results 







 


 


when different years of data were analyzed led to some uncertainty in the overall trends. It appears that 
there has been some decline in size at age of arrowtooth flounder, but for what ages this applies is 
uncertain. In addition, there is too little data to estimate annual growth for arrowtooth flounder, and the 
model is constrained by the length-age conversion matrix. Multiple matrices would be needed if length at 
age were expected to change over time. This may be a change that can be implemented at a later date. 


Ageing error matrix 
Ageing error in arrowtooth flounder is relatively high compared to walleye pollock and Pacific cod. 
Therefore, we implemented an ageing error transition matrix to convert population numbers at age to 
expected survey numbers at age. The matrix was computed using the estimated percent agreement among 
two age readers. We used the percent agreement for ages from 1987-2015. The model incorporates a 
linear increase in the standard deviation of ageing error and assumes that ageing error is normally 
distributed (Dorn et al. 2003, Methot 2000). Percent agreement is predicted by the sum probability that 
both readers are correct, that both readers are off by one year in the same direction, and the probability 
that both age readers are off by two years in the same direction (Methot 2000). Ageing agreement is 88% 
at age 1 and declines to 50% at age 5 and 12% at age 15 (Figure 7.17). There is higher variation in the 
percent agreement at older ages, which could be due to a sampling effect; there are fewer older fish and 
therefore lower probability of selecting an older fish for double-reading. 


Parameters Estimated Inside the Assessment Model 
Year class strengths 
The population simulation specifies the number-at-age in the beginning year of the simulation, the 
number of recruits in subsequent years, and the survival rate for each cohort as it moves through the 
population calculated from the population dynamics equations. 


Fishing Mortality 
The fishing mortality rates (F) for each age and year are calculated to approximate the catch weight by 
solving for F while still allowing for observation error in catch measurement.   


Selectivity 
Separate fishery selectivities were estimated non-parametrically for each age, up to age 19, and the shape 
of the selectivity curve was constrained to be a smooth function (Figure 7.8).  Survey selectivities were 
modeled using a two parameter ascending logistic function.  The selectivities by age were estimated 
separately for females and males.  The differential natural mortality and selectivities by sex resulted in a 
predicted fraction female of about 0.70, which is close to the fraction female in the fishery and survey 
length and age data. Selectivity was estimated up to age 19 in the model for both fishery and survey, 
males and females. The previous model estimated selectivity up to age 11. The increase in maximum 
selectivity parameters estimated improved the overall fit to the data.  


Table 7.A2 shows parameters estimated outside the model. 


Results 


Response to 2017 Flatfish CIE review 
In April 2017 the Alaska Fisheries Science Center hosted an external review of BSAI flatfish. The GOA 
arrowtooth flounder model is the same as the BSAI arrowtooth flounder model; therefore, some of the 
comments were applied to the current assessment. Reviewers suggested that alternatives to the fixed 
natural mortality of 0.35 for males and 0.2 for females be explored. Models Model 17.0h and Model 17.0i 
examined natural mortality options suggested by CIE reviewers. 







 


 


Model evaluation 
Several new models were introduced this year to respond to Plan Team and SSC comments.  


Figure 7.18a shows the predicted survey biomass for Model 15.0 through Model 17.0e. These models all 
use the standard survey biomass estimates as well as the two earliest biomass estimates from the early 
1960s and 1970s and there was no adjustment on the uncertainty of the estimates. The largest change was 
that trajectory of predicted biomass decreased with the addition of 2017 data, whereas it increased in the 
2015 model. Figure 7.18b shows Model 17.0f, which adjusted the CV of survey biomass so that the 
SDNR was 1.26, which is more favorable than 2.56 in Model 17.03 (Francis 2011, Table 7.12). The 
parameter s1 in Table 7.12 is a guideline for the optimal size of the SDNR. Figure 7.18c shows In Model 
17.0g the first two survey biomass points were removed, and the result was average biomass for the early 
period through the 1980s. Models with different values for natural mortality, Lorenzen (1996) Model 
17.0h, and Gislason et al. (2010) Model 17.0i follow similar trajectories of spawning and total biomass as 
the previous models (Figure 7.18d). Predicted female spawning biomass for all models roughly follows 
the estimates of total biomass (Figure 7.19). All models with the exception of Model 15.0 indicate a 
decline in total and female spawning biomass since 2010.  


Model 17.0b removed a modest penalty on fishing mortality that penalized the likelihood for high fishing 
mortality values. Removal of this penalty resulted in slightly lower fishing mortality in the early years of 
the time series, which is reasonable considering that fishing was likely low at that time (Figure 7.21). 
Overall the overall difference without the fishing mortality penalty was very small.  


Model 17.0 incorporated a new length-age transition matrix. This resulted in small changes to the overall 
estimate of biomass and female spawning biomass (Figures 7.17 and 7.19) but did improve the fit to 
survey length compositions by providing a more accurate length at age (Figure 7.22). Addition of the 
updated weight at age (Model 17.0a) decreased weight at age (primarily for females) and had the effect of 
increasing numbers at age, which was most apparent for younger ages (Figure 7.23).  


Model 17.0b added an ageing error matrix, which smoothed the fit to age composition data. The error 
matrix allowed less specificity in fitting predicted age compositions. A comparison before and after the 
addition of the ageing error matrix; Model 17.0a vs. Model 17.0b. is shown in Figure 7.24. 


Models 17.0c, 17.0d, and 17.0e weighted fishery length compositions, survey length compositions, and 
survey age compositions (respectively).  Weighting resulted in lower weights than the initial weight of 1. 
The weights for the three compositions were 0.11, 0.12, and 0.12, respectively. 


Model 17.0f addressed comments by the Plan Teams and SSC such as: Evaluate additional variance 
components as the design-based variances may be underestimates. The result of adjusting the multiplier 
of the survey biomass likelihood was a decrease in the variance on those estimates, which is contrary to 
the Plan Team comments. Changes in survey biomass and female spawning biomass resulting from 
adjusting the survey biomass variance are shown in Figures 7.17 and 7.19. The result (Figure 7.18b) is 
that the trend in biomass in the 1960’s and 1970s shows a larger population at that time, although the 
gradual increase remains. This is in contrast to Model 17.0g in which the two early surveys are removed. 


Removal of the first two survey biomass estimates changed the estimates of biomass and female 
spawning biomass in the 1960-1980 period significantly. However, removal of these points did not 
change these estimates for the more recent years. Our understanding of the population dynamics of 
arrowtooth flounder over the past few several decades rests heavily on the biomass estimates in the 1960s 
and 1970s. These surveys were performed with similar gear as the standard GOA surveys, the biomass 
estimates are calculated using the same methodology, and the CV is increased to 20% to account for 
uncertainty, even before SDNR correction (Table 7.6). There is some additional information that suggests 







 


 


that the population has increased in size. Fishery length frequency data (Figure 7.3), survey length 
frequencies (Figure 7.5), and age frequency data (Figure 7.6) do not show a clear shift in the length 
distribution in the population. However, if the population was smaller prior to the 1980’s it may have 
retained similar age/length frequencies as it does today. There is a clear increase in maximum and average 
age in the arrowtooth flounder age collection that includes ages from 1984-2015 (Figure 7.10), but this 
may be due to extrinsic factors rather than a true change in the age frequency in the population. In 
addition, the Bering Sea and Aleutian Islands assessment indicates an increase in the arrowtooth flounder 
population since the 1970s. Therefore, the authors felt that it is important to leave these two biomass 
estimates in the current assessment. 


Model 17.0e was chosen as the authors’ preferred model because it incorporated many improvements to 
the model suggested by the Plan Team, SSC, and CIE reviewers. The model added an improved length 
age conversion matrix and updated weight at age that takes into account population lengths. It added an 
ageing error matrix to account for ageing error in the model. It weighted all composition data: length 
compositions from the survey and fishery as well as the age compositions from the survey. It includes 
early survey estimates because there did not seem to be a reasonable cause to remove these points. 
Without these points, the historical trajectory of arrowtooth flounder growth in the Gulf of Alaska would 
contradict our current paradigm that arrowtooth flounder biomass has increased since the period before 
the standardized survey began in 1984.  


Model 17.0f adjusted the multiplier on the survey biomass likelihood (which was 1 by default). A factor 
of 2.556 reduced the SDNR to 1.26 from 2.56 (Table 7.12). This had the effect of dividing the standard 
deviation of the survey biomass estimate by the square root of 2.556, which was contrary to Plan Team 
comments indicating that the variance of survey biomass appeared too low.  


Model 17.0g removed the SDNR correction and also removed the 1961 and 1975 surveys from the time 
series of survey biomass estimates. 


Models 17.0h and 17.0i were an attempt to model natural mortality differently than is currently assumed. 
This has been a point of discussion for some time (Wilderbuer and Turnock 2009), and Plan Team, SSC, 
and CIE reviewers have suggested exploring alternatives for a fixed M that is higher for females than 
males. Genetic theory indicates that it is unlikely for a natural population to exhibit a skewed sex ratio, as 
is observed in the arrowtooth flounder. Fisher’s principle states that the sex ratio of most species is 
approximately 1:1 because parents will invest equally in reproduction when competition for mates takes 
place equally among the entire population. Non-Fisherian populations are those that appear to violate 
Fisher’s principle and have a skewed sex ratio.  In species in which individuals undergo sex change 
throughout their lifetimes, skewed sex ratio is typical (Charnov 1982). However, it is unlikely that 
arrowtooth flounder change sex in ages 2 or greater because intermediate sexes have not been observed. 
Flounder of the genus Paralichthys exhibit a mode of sex determination in which male-skewed sex ratios 
are induced by temperatures lower and higher than average (Luckenbach et al. 2009). High and low 
temperatures also induce sex reversal in juvenile southern flounder, such that there are 96% males at high 
temperature and 78% males at low temperature (Luckenbach et al. 2003). Such a mechanism is unlikely 
in arrowtooth flounder because they have a female skewed sex ratio. The skewed sex ratio in arrowtooth 
flounder is consistent with research by Beverton (1992) who suggests that natural mortality for male 
flatfish is approximately 50% higher than that of females.  


An alternative explanation for the skewed sex ratio is that the prevalence of females in the survey and 
fishery data is the result of lower availability for males.  If lower availability is assumed, then the 3+ 
biomass and ABC will be higher, even though the F40% and female spawning biomass will remain 
unchanged.  However, if males became unavailable to the gear at a fairly constant rate as they age, the 
same effect could explain the data. Three pieces of evidence indicate the process is linked to natural 







 


 


mortality rather than catchability.  First, the survey and fishery data in both the Bering Sea and GOA have 
about 70% female in the catches, which also points towards a higher M for males.  Second, most of the 
abundance of arrowtooth flounder from survey data occurs at depths less than 300 meters.  The fraction 
female is fairly constant at about 65% to 74% for depths up to 500 meters.  In the deepest areas, covered 
in the 1999 and 1987 surveys, the proportion female was variable, being about 50% in 1987 and 83% in 
1999.  The data by depth do not indicate that males in any depth strata are less available than in other 
depth strata. Third, analysis of arrowtooth flounder age data in the Bering Sea show the same phenomena. 


The natural mortality at age for Models 17.0e (fixed M), 17.0h (Lorenzen), and 17.0i (Gislason) are 
shown in Figure 7.25. The first 5 ages were fixed to be the same as the natural mortality at the sixth age 
for the Lorenzen method, because extremely large natural mortalities in younger fish resulted in much 
higher recruitment (Figure 7.26). The trajectory of biomass for Models 17.0h and 17.0i was similar to the 
preferred model in more recent years but started the population at a smaller size in the 1960’s (Figures 
7.18, 7.19). Smaller populations consist of younger fish, and the natural mortality at age models 
incorporate higher natural mortality for those younger ages.  The biggest drawback of the Gislason and 
Lorenzen natural mortality models was a degraded fit to age data (Figure 7.24). 


Many of the changes to the model did not result in significant changes (Table 7.12), particularly as 
measured by average difference in spawning biomass, ADSB, although this may not be the most accurate 
measure of model changes. All models with 2017 data estimated 189 parameters. The objective function 
value, which is a proxy for the likelihood function, decreased with model tuning, although this is not a 
good measure of model fit since the fitting procedure lowers various likelihood components.  


Several additional aspects of the final model are highlighted here. The selectivity for fishery and survey 
are presented in Figure 7.20. Recruitment is shown in Figure 7.26, and indicates patterns that we expect 
for arrowtooth flounder, which is high recruitment in the 2000’s followed by lower recruitment since then 
and before then. The fit to fishery length compositions is shown in Figure 7.27, and fit to survey length 
compositions are in Figure 7.28. 


Time series results 
Female spawning biomass was increased throughout 2007-2015 in the 2015 assessment (Figure 7.19, 
Model 15.0). However, the addition of the 2017 data resulted in a decreasing trend in female spawning 
biomass since 2010, for all models explored in this assessment (Figure 7.19). Female spawning biomass 
in 2017 was estimated (in the current assessment) at 923,548 t, a 24% decrease from the model estimate 
of female spawning biomass in 2015 (1,221,500 t, from the 2015 assessment, Table 7.1). The 2015 model 
estimate of age 1+ biomass increased from a low of 390,626 t in 1970 to a high of 2,109,820 in 2009 and 
slight decrease to 2,093,010 t in 2015 (Table 7.1). The 2017 model estimated higher biomass in 1970, 
660,454 t, to a high of 2,076,580 in 2006 and a decrease since that time to 1,463,110 t in 2017. This is due 
to the removal of the penalty on fishing mortality, which had the effect of reducing fishing mortality in 
the 1960-1970’s. In addition, reweighting the age compositions essentially increased the variance on age 
frequency resulted in a slightly higher biomass estimate in the 1960s and 1970s, a higher peak of biomass 
in the 2000’s, and a slightly stronger decline since that time.  


Age 1 recruitment estimates from the MCMC simulation are shown in Figure 7.29. Recruitment peaked in 
2000 at 1.8x109, and again in 2004 and 2005 over 1.0x109, then a smaller peak just over 7.5 x109 t in 
2012.  


 







 


 


Reference fishing mortality rates and yields 
Reliable estimates of biomass, B35%, F35% and F40%, are available for arrowtooth flounder.  The current 
projection model estimate of female spawning biomass is greater than B40%. It is 873,789 t, which is 95% 
of the unfished biomass estimate of 924,644 t from the current assessment. Therefore, the arrowtooth 
flounder stock in the Gulf of Alaska is in Tier 3a of the ABC and overfishing definitions.  Under this 
definition, FOFL= F35%, and FABC is less than or equal to F40%.   


Reference points for the 2017 assessment are summarized in Table 7.13. ABC for 2018 using F40% = 
0.196 (2015 assessment F40% = 0.171) was estimated at 150,945 t (2015 ABC was 186,188 t).  OFL for 
2018 at F35% = 0.238 (2015 assessment F35% = 0.204) was estimated at 180,697 t.  Model estimates of 
fishing mortality have been well below target rates (Figure 7.30).  The highest fishing mortality was 
estimated to be 0.036 in 2014 (Table 7.1), which corresponds with the highest catch on record in 2014 
(Table 7.3b). 


Maximum sustainable yield 
Since there is no estimate of the spawner-recruit relationship for arrowtooth flounder, no attempt has been 
made to estimate MSY.  However, using the projection model described in the next section, spawning 
biomass with F=0 was estimated at 906,682 t in 2017 (Table 7.14).  The equilibrium spawning biomass 
with fishing at F35%, B35% was estimated at 342,008 t and B40% was 323,625 t.  


Retrospective analysis 
A retrospective analysis was performed, in which data were sequentially removed from the preferred 
model through 2015, 2013, 2011, 2009, and 2007, and spawning biomass was estimated (Figure 7.33). In 
each retrospective year, the estimate for spawning biomass was higher than the current model during the 
respective terminal year. The difference between the current model and the retrospective years shows that 
the difference between the current model estimate of spawning biomass increases as data is removed and 
is highest for the 2007 retrospective year (Table 7.34), indicating a potential retrospective bias. Mohn’s 
rho was calculated to be 0.092, which is in the range of other Alaska groundfish assessment models, 
indicating that the effect of the bias is small. 


Harvest Recommendations 


Projected catch and abundance 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.  
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Protection Act, and the Magnuson-Stevens Fishery 
Conservation and Management Act (MSFCMA). 


For each scenario, the projections begin with the vector of 2017 numbers at age estimated in the 
assessment (Table 7.14). This vector is then projected forward to the beginning of 2018 using the 
schedules of natural mortality and selectivity described in the assessment and the best available estimate 
of total (year-end) catch for 2017.  In each subsequent year, the fishing mortality rate is prescribed on the 
basis of the spawning biomass in that year and the respective harvest scenario.  In each year, recruitment 
is drawn from an inverse Gaussian distribution whose parameters consist of maximum likelihood 
estimates determined from recruitments estimated in the assessment.  Spawning biomass is computed in 
each year based on the time of peak spawning and the maturity and weight schedules described in the 
assessment.  Total catch is assumed to equal the catch associated with the respective harvest scenario in 
all years.  This projection scheme is run 1000 times to obtain distributions of possible future stock sizes, 







 


 


fishing mortality rates, and catches. Catch as of September 21, 2017 is extrapolated to be 97.5% of the 
catch for the year, based on catch for the past 10 years (2009-2016), for a prediction of 20,803 t total 
catch for 2017 (20,324 t). The 2018 predicted catch of 23,471 t is based on the average of the past 5 years 
of ATF catches in the GOA (2012-2016). 


Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE.  These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018, are as follows (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 


Scenario 1:  In all future years, F is set equal to max FABC.  (Rationale:  Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 
Scenario 2:  In all future years, F is set equal to a constant fraction of max FABC, where this fraction 
is equal to the ratio of the FABC value for the assessment two years ago recommended in the 
assessment to the max FABC for the current year.  (Rationale:  When FABC is set at a value below max 
FABC, it is often set at the value recommended in the stock assessment.) 
Scenario 3: In all future years, F is set equal to the average of the five most recent years. (Rationale: 
For some stocks, TAC can be well below ABC, and recent average F may provide a better indicator 
of FTAC than FABC.)  
Scenario 4: In all future years, the upper bound on FABC is set at F60%. (Rationale: This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted downward 
when stocks fall below reference levels.) 
Scenario 5:  In all future years, F is set equal to zero.  (Rationale:  In extreme cases, TAC may be 
set at a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition.  These two scenarios are 
as follow (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6:  In all future years, F is set equal to FOFL.  (Rationale:  This scenario determines 
whether a stock is overfished.  If the stock is expected to be above ½ of its MSY level in the current 
year and above its MSY level in 25 years under this scenario, then the stock is not overfished.) 
Scenario 7:  In the next two years, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL.  (Rationale:  This scenario determines whether a stock is approaching an overfished 
condition.  If the stock is expected to be above its MSY level in 25 years under this scenario, then 
the stock is not approaching an overfished condition.) 


Projected catch and abundance were estimated using F40%, F equal to the average F from 2012 to 2017 
(F=0.024), F equal to one half F40%, and F=0 from 2017 to 2030 (Table 7.14).  Under scenario 6 above, 
the year 2018 female spawning biomass is 860,706 t and the year 2030 spawning biomass is 341,945 t, 
above the B35% level of 323,625 t.  For scenario 7 above, the year 2030 spawning biomass is 342,008 t, 
also above B35%.  Fishing at F40%, female spawning biomass would still be above B40% (369,858 t) in year 
2030 (376,537 t, Figure 7.31).  Female spawning biomass would be expected to decrease by about 40% 
over the next 12 years, if fishing continues at the last 5-year average fishing mortality (0.024) (Table 7.14, 
Figure 7.32, Scenario 4). 


ABC and OFL for 2018 and 2019 
ABC for 2018 using F40% = 0.196 was estimated at 150,945 t.  The projection model was used to estimate 
the 2019 ABC using an estimated 2018 catch of 23,471 t at 145,234 t.  In the 2016 update assessment, the 
2018 ABC using F40% = 0.171 was estimated at 170,510 t. 
(http://www.afsc.noaa.gov/REFM/Stocks/assessments.htm). An ABC of 150,945 t and an OFL of 







 


 


180,697 t is recommended for 2018 and an ABC of 145,234 t and an OFL of 173,872 t is recommended 
for 2019. The stock is not currently being subjected to overfishing, as determined by comparing the 
complete 2015 and 2016 catch to the specified OFL for that year (Table 7.3b). The stock is not 
overfished, and is not approaching a condition of being overfished (Figures 7.31 and 7.32). 


Ecosystem Considerations 
See Appendix B. 


Data gaps and research priorities 
Analysis of the herding and escapement studies for arrowtooth would result in improved estimates of 
selectivities and catchability.  Otoliths have been aged through the 2009 survey, but continued aging will 
allow monitoring of growth trends. A correlation between bottom temperatures and catchability has been 
observed in arrowtooth flounder and other flatfish; whether a similar relationship exists for GOA ATF 
would provide helpful information for the estimation of catchability. In addition, an examination of 
catchability may benefit the model. Examination of genetic stock structure of arrowtooth flounder 
throughout its range is important to delineate stock boundaries and may lead to insight on the migratory 
behavior and skewed sex ratio of this species. 
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Table 7.1. Estimated total (age 1+) biomass (t), female spawning biomass (FSB) (t) and age 1 recruitment 
(1,000’s), and estimated fishing mortality (F), from the current and the 2015 assessment. 


Year 1+ biomass 
2017  


1+ biomass 
2015  


FSB  2017 
assessment 


FSB 2015 
assessment 


Age 1 Recruits  
2017 (x1,000) 


Age 1 Recruits 
2015 (x1,000) 


2017 F 2015 F  


1961 660,454 421,726 402,550 286,489 320,780 170,067 0.001 0.002 
1962 658,200 415,135 396,491 277,722 312,024 169,265 0.001 0.002 
1963 655,709 409,843 390,732 269,440 300,480 165,289 0.001 0.002 
1964 652,626 405,378 386,077 262,314 290,452 169,845 0.001 0.002 
1965 648,666 401,810 383,055 256,714 280,740 175,320 0.001 0.002 
1966 643,784 399,127 381,550 252,571 273,907 186,403 0.007 0.011 
1967 636,185 395,981 379,158 247,901 270,558 179,951 0.006 0.01 
1968 628,931 394,160 376,980 244,135 278,044 160,770 0.005 0.008 
1969 623,424 393,039 374,776 241,375 296,148 129,226 0.004 0.006 
1970 621,070 390,626 372,125 239,584 331,903 466,273 0.005 0.009 
1971 623,051 406,022 368,226 238,254 387,381 300,667 0.003 0.005 
1972 633,921 424,045 364,438 238,422 475,981 566,353 0.013 0.02 
1973 654,689 466,379 357,812 236,487 621,190 832,731 0.030 0.044 
1974 681,364 532,107 347,543 231,192 662,023 474,029 0.015 0.021 
1975 718,011 606,912 344,308 235,161 582,640 342,835 0.008 0.011 
1976 765,672 682,328 346,894 253,472 693,426 405,358 0.009 0.011 
1977 820,927 744,378 355,237 285,454 763,684 448,124 0.027 0.027 
1978 880,015 788,488 366,698 328,185 877,758 500,825 0.023 0.021 
1979 951,243 832,184 388,751 385,082 967,783 668,668 0.020 0.017 
1980 1,025,080 887,070 418,502 437,470 877,651 673,641 0.019 0.016 
1981 1,091,640 948,508 450,683 471,790 735,070 556,769 0.016 0.014 
1982 1,149,270 1,009,880 485,924 496,345 680,684 693,984 0.009 0.009 
1983 1,201,440 1,078,370 528,837 523,650 697,269 757,709 0.012 0.011 
1984 1,253,130 1,145,360 576,575 555,804 884,335 896,677 0.006 0.006 
1985 1,321,280 1,227,350 630,045 598,683 1,170,890 974,717 0.002 0.002 
1986 1,389,530 1,323,860 681,291 647,268 988,394 666,379 0.002 0.002 
1987 1,459,610 1,410,050 722,317 693,396 1,023,300 735,275 0.007 0.007 
1988 1,532,820 1,487,500 749,876 736,291 1,179,170 916,511 0.007 0.007 
1989 1,600,730 1,559,090 773,795 785,333 1,028,930 736,206 0.003 0.003 
1990 1,660,800 1,621,360 805,744 846,525 904,012 686,125 0.010 0.009 
1991 1,713,780 1,667,580 843,895 903,970 1,047,170 875,032 0.012 0.011 
1992 1,755,040 1,710,410 884,842 950,486 944,598 755,378 0.019 0.016 
1993 1,773,450 1,736,810 920,130 982,362 750,150 574,496 0.017 0.016 
1994 1,782,690 1,746,870 954,911 1,008,600 800,289 614,004 0.026 0.023 
1995 1,776,230 1,736,300 978,182 1,022,980 829,797 683,821 0.020 0.018 
1996 1,770,270 1,723,440 997,972 1,034,910 823,725 619,970 0.024 0.022 
1997 1,769,730 1,700,170 1,008,190 1,041,290 1,077,690 768,352 0.017 0.016 
1998 1,793,380 1,692,380 1,017,650 1,048,020 1,297,600 938,817 0.013 0.013 
1999 1,835,310 1,703,410 1,020,210 1,046,640 1,346,420 943,918 0.017 0.016 
2000 1,906,500 1,725,840 1,012,410 1,034,220 1,766,770 1,640,110 0.025 0.025 
2001 1,957,130 1,794,460 996,990 1,014,920 1,122,680 926,252 0.021 0.021 
2002 2,004,400 1,858,460 991,159 1,005,260 1,047,080 950,466 0.022 0.022 
2003 2,035,310 1,931,650 997,947 1,006,340 938,466 903,072 0.031 0.03 
2004 2,048,680 1,970,000 1,016,940 1,019,770 1,013,960 978,029 0.015 0.015 
2005 2,069,910 2,010,430 1,065,750 1,065,840 1,024,700 1,120,920 0.019 0.018 
2006 2,076,580 2,040,080 1,118,770 1,124,890 990,331 1,335,910 0.026 0.025 
2007 2,054,040 2,073,070 1,155,680 1,172,450 698,779 816,526 0.023 0.022 
2008 2,020,760 2,090,960 1,173,220 1,198,700 693,510 1,107,220 0.026 0.025 
2009 1,962,540 2,109,820 1,170,930 1,206,030 503,745 701,888 0.022 0.021 
2010 1,895,200 2,098,620 1,164,890 1,214,950 495,688 604,712 0.022 0.02 
2011 1,826,620 2,070,550 1,156,880 1,231,940 624,089 919,316 0.028 0.026 
2012 1,756,300 2,028,960 1,136,320 1,245,960 753,172 1,627,620 0.019 0.017 
2013 1,701,770 2,033,570 1,112,380 1,256,950 735,744 1,622,170 0.021 0.018 
2014 1,647,660 2,073,910 1,074,570 1,252,250 638,226 748,601 0.036 0.031 
2015 1,571,460 2,093,010 1,014,240 1,221,500 431,167 436,000 0.020 0.014 
2016 1,520,290  966,248  614,957  0.022  
2017 1,463,110  923,548  436,000  0.024  







 


 


Table 7.2. Percent of the Gulf of Alaska stock of arrowtooth flounder retained by commercial fishing 
operations 1991-2017. 
 


Year Percent retained 
1991 10% 
1992 2% 
1993 6% 
1994 2% 
1995 12% 
1996 24% 
1997 18% 
1998 15.8% 
1999 26.3% 
2000 43.2% 
2001 33.2% 
2002 49.2% 
2003 57.3% 
2004 56.5% 
2005 60.0% 
2006 57.8% 
2007 59.2% 
2008 69.3% 
2009 54.1% 
2010 72.8% 
2011 76.8% 
2012 74.3% 
2013 71.4% 
2014 90.5% 
2015 89.7% 
2016 91.2% 


20171 93.5% 
1Data obtained October 29, 2017. Source: AKFIN database (https://akfinbi.psmfc.org/analytics/). 
 







 


 


Table 7.3a.  Catch, ABC, OFL and TAC for arrowtooth flounder in the Gulf of Alaska from 1964 to 
1992. Values are in metric tons.  


Year Catch ABC OFL TAC 
1964 514    
1965 514    
1966 2,469    
1967 2,276    
1968 1,697    
1969 1,315    
1970 1,886    
1971 1,185    
1972 4,477    
1973 10,007    
1974 4,883    
1975 2,776    
1976 3,045    
1977 9,449    
1978 8,409    
1979 7,579    
1980 7,848    
1981 7,433    
1982 4,639    
1983 6,331    
1984 3,457    
1985 1,539    
1986 1,221    
1987 4,963    
1988 5,138    
1989 2,584    
1990 7,706 343,300   
1991 10,034 340,100  20,000 
1992 15,970 303,889 427,220 25,000 


 







 


 


Table 7.3b.  Catch, ABC, OFL and TAC for arrowtooth flounder in the Gulf of Alaska from 1993 to 
September 21, 2017.  Values are in metric tons. Arrowtooth flounder ABC was separated from Flatfish 
ABC after 1990.   


Year Catch ABC OFL TAC 
1993 15,559 321,287 451,690 30,000 
1994 23,560 236,240 275,930 30,000 
1995 18,428 198,130 231,420 35,000 
1996 22,583 198,130 231,420 35,000 
1997 16,319 197,840 280,800 35,000 
1998 12,975 208,337 295,970 35,000 
1999 16,207 217,106 308,875 35,000 
2000 24,252 145,361 173,915 35,000 
2001 19,964 148,151 173,546 38,000 
2002 21,231 146,264 171,057 38,000 
2003 29,994 155,139 181,394 38,000 
2004 15,304 194,900 228,134 38,000 
2005 19,770 194,900 228,134 38,000 
2006 27,653 177,800 207,700 38,000 
2007 25,494 184,008 214,828 43,000 
2008 29,293 226,470 266,914 43,000 
2009 24,937 221,512 261,022 43,000 
2010 24,268 215,882 254,271 43,000 
2011 30,903 213,150 251,068 43,000 
2012 20,565 212,882 250,100 103,300 
2013 21,612 210,451 247,196 103,300 
2014 36,294 195,358 229,248 103,300 
2015 19,054 189,556 222,160 103,300 
2016 19,828 186,188 219,430 103,300 
2017 20,283* 186,083 219,327 103,300 


*Catch as of September 21, 2017 is extrapolated to be 97.5% of the catch for the year, based on catch for 
the past 10 years (2009-2016), for a prediction of 20,803 t total catch for 2017.  
 


 


 







 


 


Table 7.4. The number of fisheries length observations taken by fisheries observers, and the number of 
hauls from which those samples were taken, by year, 1975-2017 (source: RACE obsint database). 
Historical foreign and current domestic data were downloaded for this stock assessment (downloaded 
October 21, 2017).  


Year Number of 
observations 


Number of 
hauls 


 Weights applied to fishery length comps 


1975 121      
1976 0      
1977 868   20  20 
1978 5,491   20  20 
1979 9,499   20  20 
1980 4,500   20  20 
1981 2,062   20  20 
1982 19,139   20  20 
1983 14,963   20  20 
1984 7,149   20  20 
1985 671   20  20 
1986 194   20  20 
1987 763   20  20 
1988 211   20  20 
1989 0      
1990 217 7  7  7 
1991 5,892 89  95  89 
1992 198 2  2  2 
1993 1,223 12  12  12 
1994 121      
1995 2,628 10  10  10 
1996 889 15  15  15 
1997 2,999 14  14  14 
1998 472 4  6  4 
1999 2,642 122  129  122 
2000 6,351 293  200  200 
2001 6,266 290  200  200 
2002 8,275 396  200  200 
2003 15,052 730  200  200 
2004 4,961 187  200  200 
2005 7,073 285  200  200 
2006 8,413 309  200  200 
2007 10,004 397  200  200 
2008 9,271 390  200  200 
2009 8,406 306  200  200 
2010 7,600 264  200  200 
2011 11,282 426  200  200 
2012 9,583 403  200  200 
2013 8,186 409  200  200 
2014 16,346 678  200  200 
2015 10,568 547  200  200 
2016 8,368 567  200  200 
2017 8,198 545  172  160 
 







 


 


Table 7.5.  Catch (t) of arrowtooth in targeted halibut fisheries by area and year (2003-2017). Source 
Source: NMFS AKRO BLEND/Catch Accounting System. Downloaded October 30, 2017. 


 


WGOA 
Shumagin 
(610) 


CGOA 
Chirikof 
(620) 


CGOA 
Kodiak/PWS 
(630) 


EGOA-  
Yakutat 
(640) 


EGOA- 
Southeast 
(650) 


Total 


2003 11.68 3.11 17.58 1.07 16.57 50.01 
2004 13.55 5.9 14.65 3.41 9.96 47.47 
2005 10.31 13.34 22.39 5.96 9.32 61.32 
2006 4.84 3.85 14.12 5.55 7.16 35.52 
2007 10.53 8.17 30.76 12.7 18.11 80.27 
2008 6.76 3.92 10.85 2 5.89 29.42 
2009 5.94 10.16 25.73 10.44 7.07 59.34 
2010 4.08 7.13 27.67 4.55 8.6 52.03 
2011 1.34 2.29 9.65 1.99 2.87 18.14 
2012 0.58 0.88 2.58 0.26 0.64 4.94 
2013 4 25.72 55.7 10.13 11.3 106.85 
2014 1.89 15.93 13.76 6.56 4.95 43.09 
2015 5.19 5.91 10.71 6.87 5.43 34.11 
2016 0.85 1.5 9.85 2.55 2.17 16.92 
2017 4.35 5.16 18.85 2.58 2.26 33.2 
 


Table 7.6.  Biomass estimates and standard errors from bottom trawl surveys, 1961-2017. 


Survey Biomass(t) 
Standard 


Error 
Coefficient of 
variance (CV) 


No.  
hauls 


Maximum  
Depth(m) 


IPHC 1961-1962 283,799 61,515 0.22 1,172  
NMFS groundfish 1973-1976  145,744 33,531 0.23 403  
NMFS triennial 1984 1,112,215 71,209 0.06 930 1,000 
NMFS triennial 1987 931,598 74,673 0.08 783 1,000 
NMFS triennial 1990 1,907,177 239,150 0.13 708 500 
NMFS triennial 1993 1,551,657 101,160 0.07 776 500 
NMFS triennial 1996 1,639,632 114,792 0.07 804 500 
NMFS triennial 1999 1,262,151 99,329 0.08 764 1,000 
NMFS 2001 1,621,892* 178,408 0.11 489 500 
NMFS 2003 2,819,095 372,326 0.13 809 700 
NMFS 2005 1,899,778 125,788 0.07 839 1,000 
NMFS 2007 1,939,055 150,059 0.08 820 1,000 
NMFS 2009 1,772,029 159,402 0.09 823 1,000 
NMFS 2011 1,747,339 179,801 0.10 670 1,000 
NMFS 2013 1,290,727 130,348 0.10 548 700 
NMFS 2015 1,659,128 133,986 0.08 772 1,000 
NMFS 2017 1,053,695 76,190 0.07 536 700 


*The 2001 survey biomass for the eastern gulf was estimated by using the average of the 1993 to 1999 
biomass estimates in the eastern gulf. 


 







 


 


Table 7.7. Survey biomass estimates (t) for 1993 to 2017 by area; Western (NMFS area 610), Central 
(areas 620 and 630), and Eastern (areas 640, 650, 649, 659).  *The 2001 survey biomass for the eastern 
gulf was estimated by using the average of the 1993 to 1999 biomass estimates in the eastern gulf. 
 
          Year Western Central Eastern 


1993 212,332 1,117,361 222,015 
1996 202,594 1,176,714 260,324 
1999 143,374 845,176 273,490 
2001 188,100 1,181,848 251,943* 
2003 341,620 2,198,829 282,379 
2005 215,287 1,441,111 243,381 
2007 263,856 1,437,886 237,313 
2009 285,427 1,201,756 284,846 
2011 225,683 1,175,072 346,584 
2013 205,752 763,845 321,130 
2015 237,919 910,561 510,649 
2017 311,318 519,312 223,065 


 


Table 7.8. The number of fished aged for collection years from 1977-2015. The methods of otolith 
reading are as follows: 1. No method specified, 3. Otolith surface reading, 4. Break and burn, 5. Thin 
section, 6. Break burn toasted, 7. Break no burn, 9. Oven bake flame burn. Note: fish collected from the 
2017 GOA survey have not been aged yet. The ageing collection includes 14,098, but only 12,308 fish 
collected from 1984-2013 were used in the length age conversion matrix.  
 


 Ageing method (percentage)  
Year 1 3 4 6 7 9 Total 
1977 100      285 
1978 100      888 
1984 100      1,293 
1987  23 41 28 9  1,534 
1990   100    325 
1993   100    1,043 
1996   100    706 
1999   100    931 
2001   100    1,384 
2003   100    1,034 
2005  32  62 3 4 729 
2007  5  92 3  786 
2009  26 72 2   822 
2011  9 6 82 3  899 
2013  31  67 2  822 
2015  29  69 2  617 
Total       14,098 
 


 
 
 







 


 


Table 7.9. Length data (cm) from NMFS GOA surveys in 1984 through 2017.  The numbers are percentages, where the numbers add to 100 within 
a year for each sex. 
Female 10 16 18 20 22 24 26 28 30 32 34 36 38 40 43 46 49 52 55 58 61 64 67 70 75 75+ 
1984 0.00 0.12 0.23 0.53 1.19 1.62 2.12 2.36 3.17 4.73 4.26 4.72 5.45 7.03 13.25 11.28 7.60 6.73 5.38 3.99 3.32 3.21 3.43 2.70 1.38 0.21 
1985 0.00 0.30 0.03 0.51 1.89 2.59 1.58 1.01 1.69 3.18 3.18 4.04 4.81 5.25 9.45 13.59 12.29 7.35 6.06 4.26 3.53 3.14 3.56 3.75 2.58 0.36 
1986 0.00 0.00 0.00 0.00 0.13 0.67 1.33 3.47 4.00 6.93 9.07 9.33 7.73 6.27 7.47 9.33 7.07 9.73 5.33 2.00 1.33 2.13 3.07 2.00 1.33 0.27 
1987 0.00 0.03 0.12 0.42 1.30 1.56 1.57 2.88 5.84 5.91 4.94 5.50 5.78 5.09 6.92 7.96 10.15 11.36 7.99 3.91 2.26 2.01 1.89 2.39 1.86 0.36 
1989 0.00 0.08 0.21 0.53 1.12 2.08 2.59 2.56 3.02 3.04 3.73 4.14 4.86 5.97 11.15 10.53 8.80 10.18 9.39 7.17 3.84 1.74 1.15 0.61 0.93 0.56 
1990 0.00 0.13 0.21 0.86 1.62 2.10 2.87 3.44 4.08 5.05 4.72 4.81 5.27 5.55 9.36 9.53 8.92 7.75 7.49 5.92 3.64 2.17 1.36 0.90 1.44 0.80 
1993 0.00 0.14 0.28 1.29 2.50 2.85 2.77 2.88 3.15 3.49 3.59 3.93 3.98 4.41 7.35 8.16 8.75 10.17 10.84 8.16 4.40 2.42 1.59 1.23 1.11 0.56 
1996 0.01 0.21 0.57 1.89 3.37 4.38 3.39 2.52 2.82 3.41 3.51 3.71 4.32 4.74 7.45 7.35 7.37 9.47 10.94 7.69 3.99 2.36 1.60 1.10 1.26 0.60 
1999 0.02 0.21 0.54 2.57 4.11 3.29 2.82 4.08 4.70 4.62 4.60 4.83 4.72 4.25 5.77 5.23 6.20 7.40 8.98 8.55 5.17 2.90 1.78 1.25 0.95 0.44 
2001 0.02 0.18 0.55 3.04 7.10 8.20 4.74 2.90 3.53 4.24 4.08 3.90 4.22 4.06 6.08 6.33 6.28 6.32 6.37 5.95 4.38 2.61 1.73 1.32 1.36 0.53 
2003 0.01 0.59 0.81 2.29 5.06 5.14 4.43 4.53 5.24 6.07 6.46 6.33 6.25 5.02 5.67 4.97 4.75 5.53 6.39 5.79 3.66 2.07 1.00 0.66 0.83 0.45 
2005 0.01 0.57 0.75 1.43 2.23 2.39 3.25 4.22 4.72 4.66 5.00 5.58 5.97 6.56 9.65 8.60 7.45 6.24 6.06 5.50 3.90 2.23 1.23 0.72 0.70 0.40 
2007 0.02 0.13 0.64 2.85 4.95 3.79 3.02 4.04 5.15 5.07 3.98 3.30 3.20 3.64 6.05 6.94 9.00 11.49 9.22 5.45 3.34 1.96 1.10 0.71 0.55 0.40 
2009 0.01 0.24 0.77 3.66 4.99 3.64 2.97 4.02 5.20 5.46 4.83 4.59 4.42 4.53 5.84 4.96 5.72 9.39 11.03 6.57 3.31 1.65 0.89 0.55 0.51 0.25 
2011 0.02 0.19 0.17 0.58 1.85 2.91 2.84 2.64 3.58 4.24 4.10 4.65 5.16 5.24 8.38 8.18 8.52 9.28 10.52 7.97 4.34 2.00 1.08 0.65 0.64 0.26 
2013 0.04 0.68 0.30 0.69 2.40 4.68 5.05 3.36 3.35 3.69 3.50 2.77 3.11 3.54 6.72 7.96 10.59 11.95 9.98 7.70 4.39 1.80 0.74 0.38 0.43 0.22 
2015 0.01 0.24 0.33 0.57 1.68 3.61 4.72 6.11 7.18 8.76 7.18 4.63 3.87 3.72 4.99 5.16 6.76 8.91 9.32 6.40 3.38 1.33 0.59 0.27 0.20 0.08 
2017 0.01 0.2 0.35 1.47 2.34 3.33 3.67 3.33 4.34 4.71 5.47 6.32 7.2 7.99 9.77 7.91 6.94 7.09 6.29 4.56 3.09 2.02 0.89 0.4 0.22 0.09 
Male 10 16 18 20 22 24 26 28 30 32 34 36 38 40 43 46 49 52 55 58 61 64 67 70 75 75+ 
1984 0.00 0.38 0.49 1.37 2.43 3.45 4.09 5.18 7.22 8.39 7.70 8.55 11.98 13.84 14.03 6.23 2.39 1.07 0.37 0.24 0.16 0.12 0.16 0.13 0.03 0.02 
1985 0.00 0.40 0.02 0.80 4.52 5.58 2.80 2.18 4.81 8.03 10.48 11.59 11.01 11.68 14.45 7.52 3.11 0.62 0.20 0.07 0.07 0.04 0.04 0.00 0.00 0.00 
1986 0.00 0.22 0.22 0.00 0.65 2.17 3.04 4.12 4.99 18.66 16.27 10.85 11.93 7.81 9.11 5.21 2.82 1.52 0.22 0.00 0.00 0.00 0.22 0.00 0.00 0.00 
1987 0.00 0.19 0.26 0.85 1.85 2.48 2.61 5.17 9.69 9.29 9.49 11.47 9.46 8.96 13.20 9.48 3.54 1.10 0.44 0.20 0.11 0.04 0.06 0.03 0.01 0.01 
1989 0.00 0.10 0.40 0.64 0.94 2.38 3.32 3.85 4.49 4.82 5.73 5.43 6.13 10.21 22.84 17.82 8.67 1.84 0.30 0.03 0.03 0.00 0.00 0.00 0.00 0.03 
1990 0.00 0.20 0.31 1.35 2.53 2.62 3.75 4.81 5.95 7.18 7.21 7.47 7.79 8.79 16.12 14.41 6.89 1.74 0.51 0.17 0.05 0.05 0.04 0.04 0.01 0.00 
1993 0.00 0.23 0.57 2.42 3.85 3.63 3.31 4.19 4.59 4.73 5.06 5.37 6.41 7.80 15.83 16.61 11.29 3.10 0.53 0.21 0.12 0.05 0.06 0.03 0.02 0.00 
1996 0.01 0.57 0.99 2.68 5.64 6.07 4.35 3.18 3.67 4.52 5.14 5.41 5.94 6.83 11.99 16.26 11.72 3.94 0.72 0.13 0.11 0.08 0.02 0.02 0.01 0.00 
1999 0.05 0.50 1.05 4.33 6.51 4.81 4.11 5.57 6.11 5.70 5.79 5.99 5.74 5.84 9.85 11.93 10.58 4.45 0.77 0.16 0.10 0.02 0.01 0.02 0.01 0.01 
2001 0.02 0.40 1.01 5.59 11.92 10.80 5.67 4.34 5.62 5.72 5.37 5.19 5.42 4.74 8.93 8.31 6.73 3.66 0.53 0.02 0.01 0.00 0.00 0.00 0.00 0.00 
2003 0.00 1.47 1.15 3.83 7.18 7.49 5.67 5.34 6.81 8.04 8.45 8.01 7.33 5.58 8.37 7.45 4.86 2.18 0.57 0.13 0.04 0.00 0.03 0.00 0.01 0.00 
2005 0.02 1.29 1.64 2.71 4.00 4.27 5.54 6.39 6.34 6.08 6.34 6.69 8.39 9.80 14.09 8.56 4.69 2.22 0.67 0.15 0.06 0.04 0.00 0.02 0.01 0.00 
2007 0.02 0.22 1.15 4.34 7.04 4.82 4.28 6.17 7.31 6.67 4.74 3.86 4.28 6.39 16.16 14.15 5.43 2.07 0.70 0.12 0.03 0.04 0.02 0.02 0.00 0.00 
2009 0.03 0.52 1.60 5.82 6.60 5.16 3.94 5.44 6.70 6.42 5.42 5.26 5.89 6.26 12.29 13.35 6.30 2.23 0.58 0.13 0.02 0.01 0.01 0.00 0.01 0.00 
2011 0.01 0.32 0.60 1.14 3.47 4.90 4.03 4.51 6.28 5.82 5.64 6.16 6.96 8.02 15.40 15.15 8.19 2.63 0.61 0.11 0.03 0.01 0.00 0.01 0.01 0.00 
2013 0.02 0.48 0.34 1.13 4.11 6.10 5.27 4.71 5.21 5.42 4.05 4.17 5.68 7.20 15.31 17.01 9.48 3.51 0.59 0.15 0.03 0.02 0.01 0.01 0.00 0.00 
2015 0.01 0.26 0.42 0.79 2.74 4.46 6.55 7.81 9.68 9.72 5.87 4.86 5.56 5.76 10.75 12.87 8.24 2.95 0.54 0.12 0.02 0.01 0.00 0.01 0.00 0.00 
2017 0.02 0.27 0.56 2 3.38 4.68 5.46 6.51 6.17 7.03 7.72 9.54 9.8 9.14 10.61 9.31 5.95 1.62 0.13 0.05 0.02 0.00 0.01 0.00 0.00 0.00 







 


 


Table 7.10. Cruise information from which age data is available for ATF from 1984-2015 Longitude and 
latitude represent minimum values from which samples were taken. Count represents the number of fish 
for which age and length data are available.  


Cruise Survey Name Latitude Longitude Count Start Date 
1984-01 Gulf of Alaska Bottom Trawl Survey 52.43 -145.56 1293 Jul. -Oct 
1987-01 Gulf of Alaska Bottom Trawl Survey 53.20 -166.92 1373 May-Jul. 
1987-02 Gulf of Alaska Bottom Trawl Survey 52.40 -149.47 161 Aug. 5 
1990-01 Gulf of Alaska Bottom Trawl Survey 52.45 -144.97 325 Jun. 4 
1993-01 Gulf of Alaska Bottom Trawl Survey 52.61 -144.57 660 Jun. 6 
1993-09 Gulf of Alaska Bottom Trawl Survey 54.80 -144.09 383 Jul. 23 
1996-01 Gulf of Alaska Bottom Trawl Survey 52.64 -169.82 706 May 22 
1999-01 Gulf of Alaska Bottom Trawl Survey 52.51 -169.91 931 May 16 
2001-01 Gulf of Alaska Bottom Trawl Survey 52.64 -169.78 1384 May 20 
2003-01 Gulf of Alaska Bottom Trawl Survey 52.54 -169.69 1034 May 20 
2005-01 Gulf of Alaska Bottom Trawl Survey 52.48 -169.78 729 May 20 
2007-01 Gulf of Alaska Bottom Trawl Survey 52.57 -169.91 786 May 25 
2009-01 Gulf of Alaska Bottom Trawl Survey 52.46 -169.92 822 May 18 
2011-01 Gulf of Alaska Bottom Trawl Survey 52.46 -169.87 899 May 18 
2013-01 Gulf of Alaska Bottom Trawl Survey 52.60 -169.67 822 May 24 
2015-01 Gulf of Alaska Bottom Trawl Survey   617 May 27 


 


 


 


Table 7.11. The number of male and female arrowtooth flounder lengths recorded on NMFS GOA 
surveys, 1984-2017. 


Year Male Female 
1984 17,858 28,308 
1987 19,828 45,979 
1990 16,829 37,574 
1993 19,311 46,558 
1996 17,822 38,306 
1999 16,653 36,828 
2001 10,357 24,383 
2003 22,878 49,979 
2005 19,647 45,362 
2007 19,891 42,763 
2009 19,959 42,695 
2011 15,626 31,708 
2013 10,870 19,735 
2015 20,605 36,822 
2017 12,740 22,427 







 


 


Table 7.12. Likelihood components for all models presented in this assessment. For each model number likelihood (L.) values are given in this 
order: survey biomass likelihood, fishery length composition likelihood, survey length composition likelihood, survey age composition likelihood, 
catch likelihood, recruitment likelihood, fishery selectivity likelihood, survey selectivity likelihood, S1 (the maximum SDNR value expected given 
the number of biomass estimates, Francis 2011), standard deviation of normalized residuals (SDNR), the number of parameters estimated in the 
model, the average deviation of spawning biomass from one model to the previous model, and the objective function value. *Preferred model. 


 
Brief model descriptions (each model builds on previous one): 
Model 15.0: 2015 model with 2015 data. 
Model 15.0a: 2015 model with 2017 data added. 
Model 15.0b: Removed penalty on fishing mortality. 
Model 17.0: Added new length age conversion matrix. 
Model 17.0a: Added adjusted weight at age. 
Model 17.0b: Added ageing error matrix. 
Model 17.0c: Weighted fishery length comps. 
Model 17.0d: Weighted survey length comps. 
Model 17.0e: Weighted age comps (survey). 
Model 17.0f: Biomass likelihood weighting (SDNR). 
Model 17.0g: Removed 1961,1975 surveys, adjusted SDNR. 
Model 17.0h:  Included early surveys, Lorenzen (1996) natural mortality. 
Model 17.0i: Included early surveys, Gislason et al (2010) natural mortality. 


Model Number 
Surv. 
Biom. L. 


Fish. 
Len. L. 


Surv. 
Len. L. 


Surv. 
Age L. Catch L. Rec. L. 


Fish 
sel. L. 


Surv. 
sel. L. S1 SDNR #Params ADSB 


Obj. 
Fun. 


Model 15.0 51.95 1392.64 191.71 404.62 0.00 40.58 9.94 13.12 
  


185 - 
 Model_15.0a 58.35 1314.38 161.50 380.93 6.84E-07 42.22 11.19 13.44 1.27 2.71 189 - 1053.02 


Model_15.0b 62.42 1272.22 164.66 386.95 1.70E-07 33.00 11.05 13.40 1.27 2.81 189 0.02 1007.53 
Model_17.0 68.58 1311.25 136.53 373.28 2.03E-07 27.00 4.02 9.25 1.27 2.94 189 0.09 964.48 
Model_17.0a 69.28 1398.86 134.36 368.17 2.13E-07 27.03 4.03 9.24 1.27 2.96 189 0.04 979.83 
Model_17.0b 69.94 1400.88 132.43 283.50 1.97E-07 24.72 3.89 9.27 1.27 2.97 189 0.01 891.97 
Model_17.0c 63.03 676.98 137.20 292.75 1.44E-07 27.16 1.25 4.67 1.27 2.82 189 0.04 615.87 
Model_17.0d 58.33 714.80 154.90 328.32 1.02E-07 22.85 1.22 4.64 1.27 2.71 189 0.04 527.36 
Model_17.0e* 51.93 714.34 134.99 298.92 2.16E-08 20.78 1.23 5.13 1.27 2.56 189 0.02 224.20 
Model_17.0f 11.69 674.20 128.83 295.41 1.01E-08 9.56 1.23 5.16 1.27 1.26 189 0.16 185.56 
Model_17.0g 6.87 720.43 134.32 296.49 1.18E-08 3.79 1.24 5.18 1.29 1.00 189 0.00 171.66 
Model 17.0h 8.75 568.16 150.82 414.92 1.33E-04 5.22 8.12 9.84 1.29 1.12 189 0.06 375.85 
Model 17.0i 8.60 680.87 237.57 687.22 4.11E-05 4.68 3.29 9.63 1.29 1.11 189 0.03 210.98 







 


 


Table 7.13. Summary of results of arrowtooth flounder assessment in the Gulf of Alaska. 
Natural Mortality      0.2 females 0.35 males 
Age of full (95%) fishery selection       11 females, 10 males 
Reference fishing mortalities  


FOFL  0.238 
FABC  0.196 


  
Biomass at MSY N/A 
Equilibrium unfished Female Spawning biomass 924,644 


B40%    Female Spawning biomass fishing at F40% 369,858 


B35%    Female Spawning biomass fishing at F35% 323,625 


2017 ABC 150,945 
 


2017 OFL 180,697 
Projected 2017 biomass 


 
Total(age 1+) 1,421,306 


Spawning 873,789 


  
 







 


 


Table 7.14. Projections of arrowtooth flounder female spawning biomass (1,000s t), future catch (1,000s 
t) and full selection fishing mortality rates for seven future harvest scenarios. 
Scenarios 1 and 2     Scenario 3    
Maximum ABC harvest permissible  F set to average of 5 most recent years 
 Female     Female   
Year spawning biomass catch       F  Year spawning biomass catch       F 
2017 906,682 906,682 0.024  2017 906,682 20,803 0.024 
2018 873,789 873,789 0.028  2018 873,789 23,470 0.028 
2019 835,009 835,009 0.196  2019 845,296 19,273 0.024 
2020 705,523 705,523 0.196  2020 820,247 18,697 0.024 
2021 596,706 596,706 0.196  2021 788,775 18,105 0.024 
2022 510,307 510,307 0.196  2022 757,410 17,539 0.024 
2023 446,744 446,744 0.196  2023 731,217 17,067 0.024 
2024 406,707 406,707 0.196  2024 715,936 16,780 0.024 
2025 386,348 386,348 0.192  2025 712,415 16,705 0.024 
2026 377,668 377,668 0.188  2026 715,359 16,800 0.024 
2027 374,946 374,946 0.187  2027 720,709 16,989 0.024 
2028 375,041 375,041 0.186  2028 727,850 17,203 0.024 
2029 375,531 375,531 0.186  2029 734,566 17,397 0.024 
2030 375,864 375,864 0.186  2030 740,895 17,577 0.024 


         
Scenario 4     Scenario 5    
Upper bound of F set to F60% No fishing   
 Female     Female   
Year spawning biomass catch       F  Year spawning biomass catch       F 
2017 906,682 20,803 0.024  2017 908,278 0 0.000 
2018 873,789 23,470 0.028  2018 893,254 0 0.000 
2019 841,218 71,100 0.092  2019 882,896 0 0.000 
2020 772,729 65,393 0.092  2020 871,114 0 0.000 
2021 705,886 60,289 0.092  2021 850,758 0 0.000 
2022 646,601 55,912 0.092  2022 828,560 0 0.000 
2023 599,057 52,454 0.092  2023 809,737 0 0.000 
2024 567,636 50,132 0.092  2024 800,383 0 0.000 
2025 551,663 48,892 0.092  2025 801,724 0 0.000 
2026 544,624 48,463 0.092  2026 808,797 0 0.000 
2027 541,871 48,492 0.092  2027 817,626 0 0.000 
2028 541,826 48,671 0.092  2028 828,031 0 0.000 
2029 542,277 48,858 0.092  2029 837,691 0 0.000 
2030 542,886 49,041 0.092  2030 846,847 0 0.000 


         
         


 







 


 


Table 7.14. (continued). 
Scenario 6    Scenario 7   
Determination of whether arrowtooth  Determination of whether arrowtooth 
flounder are currently overfished  flounder are approaching an overfished 
B35=323,625    condition  B35=323,625 
 Female     Female   


Year 
spawning 
biomass catch       F  Year 


spawning 
biomass catch       F 


2017 906,682 20,802 0.024  2017 906,682 20,803 0.024 
2018 860,706 195,893 0.238  2018 863,341 150,941 0.196 
2019 702,599 162,059 0.238  2019 729,233 127,398 0.196 
2020 582,528 137,249 0.238  2020 621,443 131,069 0.238 
2021 485,944 118,116 0.238  2021 514,910 110,464 0.238 
2022 412,352 103,386 0.238  2022 433,563 95,246 0.238 
2023 361,085 92,578 0.232  2023 376,255 84,765 0.238 
2024 333,555 82,468 0.213  2024 342,944 73,092 0.219 
2025 326,859 75,802 0.207  2025 332,258 69,050 0.211 
2026 328,814 74,067 0.208  2026 331,813 69,043 0.209 
2027 333,131 74,393 0.210  2027 334,687 70,388 0.210 
2028 337,471 75,275 0.211  2028 338,200 71,697 0.212 
2029 340,378 75,966 0.213  2029 340,661 72,633 0.213 
2030 341,945 76,439 0.214  2030 342,008 73,269 0.214 
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Figure 7.1a.  Arrowtooth flounder 1984 survey cpue by tow. 
 


 


  
Figure 7.1b.  Arrowtooth flounder 1987 survey cpue by tow. 







 


 


   
Figure 7.1c.  Arrowtooth flounder 1990 survey cpue by tow. 
 


 
Figure 7.1d.  Arrowtooth flounder 1993 survey cpue by tow. 
 


  
Figure 7.1e.  Arrowtooth flounder 1996 survey cpue by tow.  







 


 


 
Figure 7.1f.  Arrowtooth flounder 1999 survey cpue by tow. 
 


  
Figure 7.1g.  Arrowtooth flounder 2001 survey cpue by tow. 


 
 


 
Figure 7.1h.  Arrowtooth flounder 2003 survey cpue by tow. 







 


 


 


 
Figure 7.1i.   Arrowtooth flounder 2005 survey cpue by tow. 


 


 
 


Figure 7.1j. Arrowtooth flounder 2007 survey cpue by tow. 
 
 







 


 


 
 
Figure 7.1k. Arrowtooth flounder 2009 survey cpue by tow. 
 


 
 


Figure 7.1l. Arrowtooth flounder 2011 survey cpue by tow. 
 


 







 


 


 
Figure 7.1m. Arrowtooth flounder 2013 survey cpue by tow. 
 


 
Figure 7.1n. Arrowtooth flounder 2015 survey cpue by tow. 
 







 


 


 
Figure 7.1o. Arrowtooth flounder 2017 survey cpue by tow. 
 
 
 
 
 
Figure 7.2. Length frequency data was re-downloaded for the 2015 assessment, green bars for historical 
data, prior to 1990 and yellow bars for 1990 and later. Blue bars show the number of length frequency 
observations for the 2013 assessment.  


 
 
 
 







 


 


Figure 7.3. Length frequency data for fishery data, females above, males below.  


 


 
 







 


 


Figure 7.4. VAST model estimates of survey biomass from standard GOA survey data, 1984-2015, 
compared with design-based estimates.


 







 


 


Figure 7.5. Length frequency data for all survey data, females above, males below. Note that only length 
composition data from 1975, 1985, 1986, 1989, and 2017 are used in the model since age data are not yet 
available for 2017 and only length data are available for 1975, 1985, 1986, and 1989.  


 


 







 


 


Figure 7.6. Age data from 1984-2015 used in the assessment (females above, males below). 


 


 
 


 







 


 


Figure 7.7. Length-weight relationship of arrowtooth flounder. Males and females grow at the same 
trajectory. The fit to weight-at-length is shown as a black line. Data from GOA surveys 1984-2013. 


 


 
 
 
Figure 7.8. The correction for length frequencies (dividing length at age from the stratified age data by 
survey length frequency proportions) shifts the expected lengths at age in the population to lower values 
than in the length stratified age collection. 


 
 







 


 


Figure 7.9. VonBertalanffy fit to age data, with the plus group (estimated length at age for ages 21+) 
shown as a red circle, for males and females. 


 


 
 
 
 
 


 







 


 


Figure 7.10. The CV of length at age for females (upper panel) and males (lower panel). Bering Sea 
values are shown in black for comparison. Linear models fit to GOA data are shown, and the parameters 
are presented in the legend. The linear model of the GOA female CV is drawn in red in the upper plot. 
The black line represents an adjusted relationship based on the assumption that CV will decrease with 
age. The adjusted CV was used in the length-age conversion matrix. 
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Figure 7.11. Visual representation of the length age conversion matrix used in the model, females above, 
males below. 


 


 
 







 


 


Figure 7.12. Weight at age used in the model is based on length at age corrected as shown in Figure 7.8 
by survey length frequencies. The corrected lengths were applied to the weight at age relationship 
determined by aged fish shown in Figure 7.7. Weight at age of females determined by this method is 
slightly lower than weight at age determined by a weight-at-age vonBertalanffy relationship determined 
from the stratified age collection. Differences in male weight at age were not as significant as differences 
in female weight at age.  


 
 


Figure 7.13. Maturity ogive used in the previous assessment (Zimmerman, 1997), and the maturity 
estimate used in the current assessment (Stark, 2008).  


 
 


 







 


 


Figure 7.14. Growth differences among males and females start to appear around age 6. Age at 50% 
maturity is age 7 in females, and is 20% in age 6 fish. 


 







 


 


Figure 7.15. Mean age at length increased throughout the data collection (upper panel) and max age for 
each year of data also increased (lower panel).  


 


 
 
 
 
 
 







 


 


Figure 7.16. Average length of a. female and b. male arrowtooth flounder sampled in the Gulf of Alaska 
from 1977-2013 (1977, 1978, 1987, 1990, 1993, 1996, 1999, 2001, 2003, 2005, 2007, 2009, 2011, 2013) 
for ages 1-16 presented here. The line at the bottom of the plot is age 1 (black), followed by age 2 above it 
(red), etc. The length at age is distinct until around age 9 for females and 7-8 for males. The average 
length at age of females declined significantly age these ages (1,2,3) and of males (2,3,5) but ages greater 
than 4 did not change significantly. 
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Figure 7.17. Trends in percent agreement in reader-tester evaluations for arrowtooth flounder (sample size 
3,173 fish aged by two readers.


 
 







 


 


Figure 7.18. Predicted and observed survey biomass for all models explored in this assessment. Panel a: 
Model 15.0 through Model 17.0e. These models all use the standard survey biomass estimates as well as 
the two earliest biomass estimates from the early 1960s and 1970s.  95% Confidence intervals are shown 
(vertical lines) with the survey biomass estimates (open circles). Panel b. The variance of the biomass 
estimates were reweighted using the standard deviation of normalized residuals (SDNR) method of 
Francis (2011). Panel c. Model 15.0g: the two earliest survey biomass estimates were removed. Panel d. 
Different natural mortalities were explored. Lorenzen (1996) (Model 15.0h) and Gislason et al. (2010) 
(Model 15.0i). 
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Figure 7.19. Predicted female spawning biomass for all models explored in this assessment. Panel a: 
Model 15.0 through Model 17.0e. These models all use the standard survey biomass estimates as well as 
the two earliest biomass estimates from the early 1960s and 1970s. Panel b. The variance of the biomass 
estimates were reweighted using the standard deviation of normalized residuals (SDNR) method of 
Francis (2011). Panel c. Model 15.0g: the two earliest survey biomass estimates were removed. Panel d. 
Different natural mortalities were explored. Lorenzen (1996) (Model 15.0h) and Gislason et al. (2010) 
(Model 15.0i). 
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Figure 7.20. Selectivities for fishery and survey for models 15.0, 15.0a, 17.0e, 17.0f, 17.0h, and 17.0i.  
Model 15.0
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Figure 7.21. Change to fishing mortality when the penalty on fishing mortality was removed (Model 15.0, 
Model 15.0a).


 
  







 


 


Figure 7.22. Survey length frequency fit to model Models 15.0a and Model 17.0. 
Model 15.0a 


 
Model 17.0 


 







 


 


Figure 7.23. Predicted female (upper panel) and male (lower panel) numbers at age for Models 15.0a, 
15.0b, 17.0, and 17.0a. 
Females 


 
Males 


 
 


  







 


 


Figure 7.24. Fit to age frequency data in Model 17.0a (prior to ageing error matrix) Model 17.0b (with 
ageing error matrix), Model 17.0e (preferred model), Model 17.0h (Lorenzen natural mortality), and 
Model 17.0i (Gislason natural mortality). 
Model 17.0a 
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Figure 7.25. Natural mortality at age for the preferred model and all other models with the exception of 
these models: Lorenzen mortality (17.0h), and Gislason mortality (17.0i). 


 







 


 


 Figure 7.26. Recruitment for Models 17.0e, 17.0h, 17.0i (upper panel) and Model 17.0e (preferred 
model) scaled to fit for comparison (lower panel). 


 
 


 
 







 


 


Figure 7.27. Fit to the male and female fishery length composition data, Model 17.0e, 1977-2017. Solid 
line is predicted. 


 
 







 


 


Figure 7.28. Fit to the male and female survey length data for 1975, 1985, 1986, 1989, and 2017, Model 
17.0e.  
 


 
 


 
Figure 7.29.  Age 1 estimated recruitments (male plus female) in numbers from 1961 to 2017, with 
approximate 5% and 95% credible intervals.  Data was generated using out of 106 mcmc iterations, and 
thinning every 100 iterations. The horizontal line represents the average recruitment over this period. 


  
 







 


 


Figure 7.30. Fishing mortality rate and female spawning biomass from 1961 to 2017 compared to the F35% 
and F40% control rules.  Vertical lines are B35% and B40%. 


 
 
 
Figure 7.31. Projected female spawning biomass for 2017 to 2030 (blue line), with 5% and 95% 
confidence intervals, fishing at the maximum FABC=F40%. 
 


 
 







 


 


Figure 7.32. Projected female spawning biomass for 2015 to 2028 (blue line), with 5% and 95% 
confidence intervals, and fishing at the 5-year (2012-2017) average fishing mortality rate, F. 


 
 







 


 


Figure 7.33. Retrospective plots of female spawning biomass. The preferred model with data through 
2017 is shown, and data was sequentially removed through 2015, 2013, 2011, 2009, and 2007.  


 
Figure 7.34. Relative differences in estimates of spawning biomass between the 2017 preferred model and 
the retrospective model run for years 2015, 2013, 2011, 2009, and 2007. 


 


 







 


 


Appendix A.  
 
Table 7.A1. Random effects model applied to survey biomass estimates in the four Gulf of Alaska 
regulatory areas, Western GOA (NMFS area 610), Central GOA (620 and 630), West Yakutat, and East 
Yakutat/SE Alaska. 


  


  
 
 
 
 







 


 


Table 7.A1. Random effects biomass estimates based on the GOA survey biomass estimates.  


Year 
Western 
GOA 


Central 
GOA Yakutat Eyak/SE 


2003 286,812 1,972,030 115,050 179,779 
2004 274,691 1,702,680 115,976 156,953 
2005 263,082 1,470,110 116,910 137,025 
2006 262,201 1,442,880 117,668 139,825 
2007 261,322 1,416,140 118,431 142,683 
2008 259,890 1,312,280 119,508 157,006 
2009 258,465 1,216,040 120,594 172,767 
2010 254,322 1,164,780 121,896 195,469 
2011 250,246 1,115,690 123,211 221,155 
2012 250,597 961,304 125,202 194,091 
2013 250,949 828,284 127,226 170,339 
2014 254,736 835,050 125,978 234,763 
2015 258,580 841,871 124,743 323,553 
2016 267,133 676,919 123,372 238,543 
2017 275,969 544,287 122,017 175,869 


 
  







 


 


Appendix B.  Ecosystem Considerations 
Arrowtooth flounder are important predators of other groundfish in Alaskan ecosystems. In this section, 
we give an overview of diet data and ecosystem model results for arrowtooth flounder in the Gulf of 
Alaska (GOA). While arrowtooth flounder are present in the Aleutian Islands (AI) and Eastern Bering Sea 
(EBS or BS in figures), the density of arrowtooth flounder as measured in survey-estimated tons per 
square kilometer is by far the greatest in the GOA (Fig. B.1, left). Although the density of arrowtooth 
differs between ecosystems, the relative effects of fishing and predation mortality as estimated within 
food web models constructed for each ecosystem (Aydin et al. in press) are similar between the AI, EBS, 
and GOA. Here, sources of mortality are compared against the total production of arrowtooth as estimated 
in the BSAI and GOA arrowtooth stock assessment models (see Background, “Production rates,” for 
detailed methods). The “unknown” mortality in Figure B.1 (right) represents the difference between the 
stock assessment estimated arrowtooth production and the known sources of fishing and predation 
mortality. Nearly half of arrowtooth production as estimated by the stock assessment appears to be 
“unused” in the AI and GOA, which is consistent with results for other predator species such as Pacific 
cod and halibut. In the EBS, considerably more mortality is accounted for; please see the discussion of 
arrowtooth mortality rates in the EBS in the BSAI arrowtooth assessment (Wilderbuer et al. 2007). Of the 
accounted sources of mortality, fishing mortality is generally lower for arrowtooth flounder than 
predation mortality in all three ecosystems (Fig. B.1, right). This is consistent with the currently low 
fishing effort directed at this species. 


To explore ecosystem relationships of arrowtooth flounder in more detail, we first examine the diet data 
collected for arrowtooth. Diet data are collected aboard NMFS bottom trawl surveys in the GOA during 
the summer (May – August); this comparison uses diet data collected in the early 1990s. In the GOA a 
total of 1704 arrowtooth stomachs were collected between the 1990 and 1993 bottom trawl surveys 
(n=654 and 1050, respectively) and used in this analysis and to build the GOA food web model. The diet 
compositions reported here reflect the size and spatial distribution of arrowtooth in each survey (see 
Appendix A, “Diet calculations” for detailed methods). While the diet compositions summarized here 
most accurately reflect early 1990’s conditions in the GOA, we also examine changes in arrowtooth diets 
over time below.  


Arrowtooth flounder have a varied diet comprised of zooplankton, fish, and benthic invertebrates as both 
juveniles (0-20 cm TL fish) and adults (>20 cm TL; Fig. B.2). Capelin, euphausiids, adult and juvenile 
pollock, Pandalid shrimp, herring, and other forage fish comprise the majority of adult arrowtooth 
flounder diet, but none of these prey account for more than 22% of diet. As juveniles, arrowtooth prey 
mainly on euphausiids, which make up nearly 60% of diet, followed by capelin at 24% (Fig. B.2). When 
the uncertainty in food web model parameters is included (see Aydin et al in press for Ecosense methods), 
we estimate fairly high annual consumption of these prey by arrowtooth flounder. For example, estimated 
consumption of all forage fish (capelin, sandlance, eulachon, etc.) by adult arrowtooth ranges from 
300,000 to 1.2 million metric tons, and estimated consumption of pollock by adult arrowtooth ranges 
from 400,000 to 800,000 metric tons annually (Fig. B.3, upper panel). Consumption of euphausiids by 
adult arrowtooth is estimated to range from 100,000 to 800,000 tons annually, with another 60,000 to 
490,000 tons consumed annually by juvenile arrowtooth flounder (Fig. B.3, upper and lower). 


Using diet data for all predators of arrowtooth flounder and consumption estimates for those predators, as 
well as fishery catch data, we next estimate the sources of arrowtooth mortality in the GOA (see detailed 
methods in Background section). As described above, sources of mortality are compared against the total 
production of arrowtooth as estimated in the GOA stock assessment model for the early 1990s.  There are 
few sources of mortality for arrowtooth flounder in the GOA as both adults and juveniles, as indicated by 
the large proportion of unexplained mortality (76% for adults, 88% for juveniles) in Figure B.4. Predators 
explain more mortality than fisheries for arrowtooth flounder (at least in this model based on early 1990s 
data where the fishery for arrowtooth flounder was extremely limited). Pacific halibut, Steller sea lions, 
and Pacific cod together explain about 10% of adult arrowtooth mortality, while the flatfish trawl fishery 







 


 


accounts for 2% (Fig. B.4, upper panel). Juvenile arrowtooth flounder mortality is caused by adult 
arrowtooth flounder, and both adult and juvenile pollock in the GOA, but the total of these mortality 
sources is less than 7% of juvenile arrowtooth production (Fig. B.4, lower panel). The total tonnage 
consumed by predators of arrowtooth flounder is low relative to their biomass for both adults and 
juveniles: the most important predators of arrowtooth, pinnipeds and halibut, are each estimated to 
consume between 13,000 and 30,000 or 20,000 tons of arrowtooth annually, respectively (Fig. B.5, upper 
panel). Adult arrowtooth flounder are estimated to consume 4,000 to 12,000 tons of juvenile arrowtooth 
flounder annually, with pollock consuming nearly the same small amount (Fig. B.5, lower panel). Few 
mortality sources for arrowtooth flounder are consistent with an increasing population, which has been 
observed in the Gulf of Alaska since the 1960s.  


After comparing the different diet compositions and mortality sources of arrowtooth flounder, we shift 
focus slightly to view them within the context of the larger GOA food webs (Fig. B.6). Arrowtooth 
flounder occupy a relatively high trophic level in the GOA, and represent the highest biomass single 
species group at that high trophic level. The green boxes represent direct prey of arrowtooth, the dark blue 
boxes the direct predators of arrowtooth, and light blue boxes represent groups that are both predators and 
prey of arrowtooth. Visually, it is apparent that arrowtooth’s direct trophic relationships in each 
ecosystem include a majority of species groups. In the GOA, the significant predators of arrowtooth (blue 
boxes joined by blue lines) include the halibut, sea lions, sharks, and fisheries. Significant prey of 
arrowtooth (green boxes joined by green lines) include several fish groups, Euphausiids, and Pandalid 
shrimp. The most interesting interaction may be with pollock, which are both prey of adult arrowtooth, 
and predators on juvenile arrowtooth. This situation is also observed in the EBS, but there the biomass of 
pollock overwhelms that of arrowtooth so the impact of this interaction on the two populations is very 
different between ecosystems.  


We next use the diet and mortality results integrated with information on uncertainty in the food web 
using the Sense routines (Aydin et al. in press) and a perturbation analysis with each model food web to 
explore the ecosystem relationships of arrowtooth flounder further. Two questions are important in 
determining the ecosystem role of arrowtooth flounder: which species groups are arrowtooth important to, 
and which species groups are important to arrowtooth? First, the importance of arrowtooth to other groups 
within the GOA ecosystem was assessed using a model simulation analysis where arrowtooth survival 
was decreased (mortality was increased) by a small amount, 10%, over 30 years to determine the potential 
effects on other living groups. This analysis also incorporated the uncertainty in model parameters using 
the Sense routines, resulting in ranges of possible outcomes which are portrayed as 50% confidence 
intervals (boxes in Figure B.7) and 95% confidence intervals (error bars in Figure B.7). Species showing 
the largest median changes from baseline conditions are presented in descending order from left to right. 
Therefore, the largest change resulting from a 10% decrease in arrowtooth survival is a highly uncertain 
increase in herring biomass, and an accompanying increase in herring catches in the fishery (Fig. B.7). A 
more certain outcome of the perturbation is the expected direct effect, a decrease in adult arrowtooth 
biomass, which has a smaller median change than the herring change. Similarly, sleeper sharks decrease 
with some certainty, while sablefish and pollock are predicted to increase but with nearly as much 
uncertainty as herring. In general, the effects of a small change in arrowtooth survival result in a large 
amount of uncertainty in the ecosystem, with potentially large effects on multiple species due to 
arrowtooth's ecosystem interactions.  


To determine which groups were most important to arrowtooth in each ecosystem, we conducted the 
inverse of the analysis presented above. In this simulation, each species group in the ecosystem had 
survival reduced by 10% and the system was allowed to adjust over 30 years. The strongest median 
effects on GOA arrowtooth are presented in Figure B.8.  Here the largest impacts on arrowtooth biomass 
are the direct effects through changes in arrowtooth survival and juvenile arrowtooth survival, but the 
next largest impacts are more interesting ecologically. Arrowtooth biomass appears strongly influenced 
by changes in bottom up production, with decreases in survival for large and small phytoplankton and 







 


 


euphausiids having similar biomass effects as direct effects from arrowtooth and juvenile arrowtooth (Fig. 
B.8). While euphausiids are direct prey of arrowtooth, phytoplankton are not. Smaller effects on 
arrowtooth biomass are seen due to decreased survival of capelin (direct prey), but these are uncertain 
compared with those due to phytoplankton and euphausiids. There are more unequivocal bottom up 
effects related to arrowtooth flounder in these simulations than top down effects of arrowtooth on other 
species.  


Finally, we summarize the available food habits collections for arrowtooth flounder in the GOA in 
Table 1, and make preliminary consumption estimates from this data in Figures B.9 and B.10 for juvenile 
and adult arrowtooth. In general, while changes in the amount of consumption have been noted, the 
arrowtooth diet remains diverse and focused on euphausiids, pollock, capelin, and other fish throughout 
the time series (Fig. B.9). Further analysis of this data will be presented in an upcoming assessment.  


 


 


Figure B.1.  Comparative biomass density (left) and mortality sources (right) for Arrowtooth flounder 
in the AI, EBS, and GOA ecosystems.  Biomass density (left) is the average biomass 
from early 1990s NMFS bottom trawl surveys divided by the total area surveyed. Total 
arrowtooth production (right) is derived from stock assessments for the early 1990’s, and 
partitioned according to fishery catch data and predation mortality estimated from cod 
predator diet data (Aydin et al. in press).  See Background section for detailed methods.  







 


 


 
Figure B.2.  Arrowtooth flounder diet compositions for the GOA ecosystem, for adults > 20cm (top) 


and juveniles 0-20 cm in length (bottom). Diets are estimated from stomach collections 
taken aboard NMFS bottom trawl surveys in 1990-1993. See Background section for 
detailed methods. 







 


 


 
Figure B.3. Estimated annual tons of each prey type consumed by GOA Arrowtooth flounder adults 


>20 cm (top) and juveniles 0-20 cm (bottom), based on diets in Fig. B.2.  “Forage” is all 
forage fish together, including capelin, sand lance, eulachon, and other managed forage.  







 


 


 
 


Figure B.4. Arrowtooth flounder mortality sources for the GOA ecosystem, for adults > 20cm (top) 
and juveniles 0-20 cm in length (bottom). Mortality sources reflect arrowtooth flounder 
predator diets estimated from stomach collections taken aboard NMFS bottom trawl 
surveys in 1990-1993, arrowtooth predator consumption rates estimated from stock 
assessments and other studies, and catch of arrowtooth by all fisheries in the same time 
periods (Aydin et al. in press).  See Background section for detailed methods. 







 


 


 
Figure B.5.  Estimated annual tons of arrowtooth flounder consumed by predators in the GOA. 


Consumption of adult arrowtooth 20 cm (top) and juveniles 0-20 cm (bottom), based on 
mortality estimates in Fig. B.4.  “Forage” is all forage fish together, including capelin, 
sand lance, eulachon, and other managed forage.







 


 


 
Figure B.6.  Adult and juvenile arrowtooth flounder in the GOA food web. Box size is proportional to biomass, and lines between boxes 


represent the most significant energy flows. Predators of arrowtooth are dark blue, prey of arrowtooth are green, and species that 
are both predators and prey of arrowtooth are light blue. 







 


 


 
Figure B.7. Effect of changing arrowtooth > 20 cm survival on fishery catch (yellow) and biomass of 


other species (dark red) in the GOA, from a simulation analysis where arrowtooth 
survival was decreased by 10% and the rest of the ecosystem adjusted to this decrease for 
30 years. Boxes show resulting percent change in the biomass of each species on the x 
axis after 30 years for 50% of feasible ecosystems, error bars show results for 95% of 
feasible ecosystems (see Aydin et al. in press for detailed Sense methods).  


 







 


 


Figure B.8. Effect of reducing fisheries catch (yellow) and other species survival (dark red) on arrowtooth 
> 20 cm biomass, from a simulation analysis where survival of each X axis species group was decreased 
by 10% and the rest of the ecosystem adjusted to this decrease for 30 years. Boxes show resulting percent 
change in the biomass of adult arrowtooth after 30 years for 50% of feasible ecosystems, error bars show 
results for 95% of feasible ecosystems (see Aydin et al. in press for detailed Sense methods).  


Following Page: Table B.1 of sample sizes for GOA arrowtooth flounder stomach collections. Season 3 is 
May-September and Season 1 is the rest of the year (October-April). HAULCOUNT is the number of 
hauls sampled in a given regional stratum/arrowtooth size cell. PREDCOUNT is the number of 
arrowtooth stomachs in the same cell. When we calculate diets, our sample unit is the haul, not the 
individual fish; all fish collected in a given haul have diets combined based on the assumption that 
foraging in a given area will be sampling the same prey field. (This assumption may not be correct if fish 
move very far and digest very slowly). See the full diet calculations in Background section. Regional 
strata include area and depth: West is NMFS area 610, Central is 620-630, East is 640, and Southeast is 
650. Shelf is waters 0-200 m, slope is offshore waters 200 m -1000 m (although not all surveys went that 
deep), and gully is inshore waters ranging from 100-500 m (gullies are defined according to GOA survey 
strata). NA did not map to these strata (may have taken samples for diet from “bad” trawl survey hauls 
that did not go into official biomass estimates). Divisions under each region are three arrowtooth size 
classes: 0 cm to 19.9 cm, 20 cm to 39.9 cm, and 40 cm and up. Therefore, the first size class represents 
our juveniles in the ecosystem model, and the second and third size classes are combined to give us our 
“adult” group of fish 20 cm and larger. Note that 2007 samples are not yet complete, there are still 
buckets to be analyzed for this past summer so these numbers will increase.  


 







 


 


 


Westshelf Westgully Westslope Centralshelf Centralgully Centralslope Eastshelf Eastgully Eastslope Southeastshelf Southeastgully NA
Year Season Data 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3


1985 1 HAULCOUNT 1
PREDCOUNT 2


1986 1 HAULCOUNT 1 2
PREDCOUNT 3 10


1987 1 HAULCOUNT 2 2 1 2
PREDCOUNT 5 9 2 7


3 HAULCOUNT 4 7 2 3
PREDCOUNT 11 28 2 9


1990 3 HAULCOUNT 2 1 2 1 3 34 35 2 27 29 1 2 2 2 1
PREDCOUNT 8 11 10 5 4 150 212 7 80 131 1 5 14 10 6


1991 3 HAULCOUNT 3 2
PREDCOUNT 12 6


1992 1 HAULCOUNT 1 2 3
PREDCOUNT 6 2 10


1993 3 HAULCOUNT 5 12 10 3 3 12 36 45 12 34 46 5 2 7 8
PREDCOUNT 16 52 32 6 6 44 146 253 22 158 228 14 16 22 35


1994 1 HAULCOUNT 1 1 7
PREDCOUNT 2 5 22


1995 1 HAULCOUNT 1 1 1 2
PREDCOUNT 4 1 1 11


3 HAULCOUNT 1 8 7 1 1 3 3
PREDCOUNT 1 35 14 1 5 16 15


1996 1 HAULCOUNT 1 1 3
PREDCOUNT 1 1 19


3 HAULCOUNT 21 48 38 2 10 10 1 1 9 16 67 88 3 34 52 1 11 1
PREDCOUNT 36 177 150 3 33 35 1 1 23 32 256 429 3 100 308 1 25 2


1997 1 HAULCOUNT 2 10
PREDCOUNT 2 31


1998 1 HAULCOUNT 1 9 7 2 7 7
PREDCOUNT 4 44 51 9 32 19


3 HAULCOUNT 4 8 9 4 4
PREDCOUNT 26 31 43 15 17


1999 1 HAULCOUNT 8 14 13 5 5 6
PREDCOUNT 21 56 55 7 24 28


3 HAULCOUNT 5 9 10 2 3 3 2 8 34 33 1 23 25 4
PREDCOUNT 18 26 27 3 21 6 3 8 138 146 1 70 100 9


2000 1 HAULCOUNT 1 3
PREDCOUNT 1 3


3 HAULCOUNT 1
PREDCOUNT 2


2001 1 HAULCOUNT 14 28 30
PREDCOUNT 33 102 103


3 HAULCOUNT 11 20 14 1 5 4 1 2 24 58 48 11 26 27 3 8 8
PREDCOUNT 78 98 59 3 30 22 2 4 56 354 292 20 166 144 4 31 28


2002 1 HAULCOUNT 1
PREDCOUNT 3


3 HAULCOUNT 2
PREDCOUNT 4


2003 1 HAULCOUNT 3
PREDCOUNT 5


3 HAULCOUNT 5 11 12 5 16 16 1 1 2 5 5 1 3 3 5 8
PREDCOUNT 8 73 65 9 139 91 8 5 3 25 8 6 12 5 11 20


2004 1 HAULCOUNT 2 2 1 7
PREDCOUNT 2 4 2 11


3 HAULCOUNT 1 2 1 8
PREDCOUNT 1 4 1 24


2005 3 HAULCOUNT 3 7 6 1 2 1 1 2 6 15 6 8 6 2 5 10 1 1 1 4 5 3
PREDCOUNT 5 13 10 2 2 2 1 7 16 40 21 24 8 2 16 26 3 7 1 7 13 8


2007 3 HAULCOUNT 3 9 11 2 1 1 2 13 17 10 11 1 6 7 1 1 1 1 1
PREDCOUNT 12 27 33 2 1 1 2 31 47 17 19 1 7 14 3 5 7 1 1







 


 


 
Figure B.9. Juvenile (<20 cm) arrowtooth estimated consumption of prey by survey year in the GOA.
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Figure B.10.  Adult (20+ cm) arrowtooth estimated consumption of prey by survey year in the GOA.


0


500000


1000000


1500000


2000000


2500000


3000000


3500000


1984 1987 1990 1993 1996 1999 2001 2003 2005


YF Sole


W. Pollock


Urchins dollars cucumbers


UnkPrey


Unid Chion


Squid


Sponge


Snail


Shortsp Thorny


Sharpchin Rock


Sculpin


Sandlance


Salmon


Sablefish


Rex sole


Pteropod


Prickle squish round


Prickle squish deep


Polychaete


Pel. Gel. Filter Feeder


Pel Amph


Pandalidae


P. Halibut


P. Cod


Offal


Octopus


NP Shrimp


Mysid


Myctophidae


Misc. Worm. Etc.


Misc. Crustacean


Misc. Crab


Managed Forage


Lg Sculpin


Herring


Hermit Crab


Hake


Glopp


Gen. Smelt


Gen. Sebastes


Gen. Rockfish


Gen. Gadid


Gen. Flatfish


Gen. Fish


Gen. Crustacea


Gen. Crab


Gen. Clupeids


Gen. Cephalopod


Gen Rock Sole


FH Sole


Euphausiid


Eulachon


Eelpout


Copepod


Clam


Chaeteg etc.


Capelin


Brittle Star


Benth Amph


Bathylagidae


Bairdi


Atka


Arrowtooth


Arrow or Kam


Quarter 3 Region GOA Strata (All) Pred ARROWTOOTH FLOUNDR PredSize (All)


Sum of Popcons


Year


Prey







 


 


BACKGROUND INFO ON MODEL PARAMETERS: REPRINTED FROM Aydin, et al., TECH 
MEMO 
Arrowtooth flounder (Atherestes stomias) are relatively large, piscivorous flatfish in the family 
Pleuronectidae (right-eyed flounders) which range from Kamchatka, Russia in the Bering Sea through the 
Gulf of Alaska to Santa Barbara, CA on the U.S. west coast. It is found in benthic habitats from less than 
10m to over 1000 m depth (Love et al. 2005). Arrowtooth flounder are currently the most abundant 
groundfish in the GOA (Turnock et al. 2003a). They exhibit differential growth by sex, with females 
reaching a maximum size of 1 m and age of 23, and males growing to 54 cm and 20 years.  Females reach 
50% maturity at 47 cm in the GOA, and display exponentially increasing fecundity with length, with large 
females producing over 2 million eggs annually (Zimmerman 1997). Until recently, arrowtooth flounder 
were not a desirable commercial species because their flesh quality was considered poor; however 
recently developed processing techniques have allowed a moderate commercial fishery to develop around 
Kodiak Island (AFSC website http://www.afsc.noaa.gov/species/Arrowtooth_flounder.php ).  


Adult arrowtooth flounder 
In the EBS model, adult arrowtooth biomass is the NMFS bottom trawl survey estimate from 1991. GOA 
adult biomass is the average of 1990 and 1993 GOA NMFS bottom trawl survey estimates. In the AI 
biomass is the average of 1991 and 1994 estimates from the AI bottom trawl survey. The biomass was 
proportioned across the subareas according to survey estimates in each one. 


In the EBS, the P/B ratio of 0.18 was estimated from the 1991 age structure in the EBS 
arrowtooth/Kamchatka flounder stock assessment (Wilderbuer and Sample 2003), and weight at age data 
collected on NMFS bottom trawl surveys for the EBS (see Appendix B for methods). The EBS Q/B ratio 
of 1.16 was estimated using weight at age data fit a generalized von Bertalanffy growth function 
(Essington et al. 2001) and scaled to the 1991 age structure from the EBS stock assessment.  The GOA 
P/B ratio of 0.26 and Q/B ratio of 1.44 were estimated using the same methods as in the EBS from the 
1990-1993 age structure in the GOA arrowtooth flounder stock assessment (Turnock et al. 2003a) and 
weight at age data collected on NMFS bottom trawl surveys. Values for the AI P/B and Q/B ratios of 
0.297 and 2.61 were estimated using the age structure for 1991 in the BSAI stock assessment for 
arrowtooth/ Kamchatka flounder (Wilderbuer and Sample 2003), and weight at age data collected on 
NMFS bottom trawl surveys for the Gulf of Alaska. 


Adult arrowtooth diet composition was estimated from food habits collections made during bottom trawl 
surveys in each ecosystem. The EBS diet was derived from 1991 collections, the GOA diet was derived 
from the 1990 and 1993 bottom trawl surveys of the GOA, and in the AI it comes from stomachs 
collected in 1991 and 1994 as part of the bottom trawl surveys. 


The adult arrowtooth biomass data pedigree was 2 for the EBS and AI models (data is a direct estimate 
from surveys in AI and EBS but the assessment is conducted for the combined area), and 1 for the GOA 
model (direct estimate from surveys which agrees with the GOA assessment). P/B and Q/B parameters 
were rated differently by system: 3 in the GOA model (proxy with known and consistent bias), 4 in the 
EBS model (proxy for combined BSAI with some species mixing), and 5 in the AI model (proxy for 
combined BSAI with some species mixing plus weight at age from adjacent area). Diet composition data 
rated 1 in all systems (data established and substantial, with resolution on multiple spatial scales).  


Arrowtooth flounder adults have a significantly higher density in the GOA (5.7 t/km2) than in either the 
EBS or AI (<1 t/km2). They are preyed upon by pollock, Alaska skates and sleeper sharks which jointly 
account for 60% of the total mortality in the EBS, but have relatively few predators in the AI; sleeper 
sharks are the only significant ones (16% of total mortality). In the GOA, there are no major predators on 
arrowtooth, as sleeper sharks, cod, pollock and cannibalism barely account for 11% of the total mortality. 
The fisheries in aggregate cause 15%-17% of the mortality in the EBS and AI respectively, while only 4% 
in the GOA. In all three systems adult arrowtooth flounder eat primarily pelagic prey. In the GOA they 
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eat mostly capelin (22% of diet) and euphausiids (17%), followed by adult pollock (14%), and juvenile 
pollock (10%). In the EBS, arrowtooth flounder eat primarily juvenile pollock (47% of diet), followed by 
adult pollock (20%) and euphausiids (10%). In the AI, arrowtooth mostly prey on myctophids (27%), 
juvenile Atka mackerel (16%), and pandalid shrimp (16%). 


Juvenile arrowtooth flounder 
In all three models, juveniles were defined as fish less than 20 cm in length, which roughly corresponds to 
0 through 1 year old arrowtooth.  In the AI, juvenile arrowtooth biomass is based on an EE of 0.8. In the 
EBS and GOA models, initial attempts at estimating juvenile biomass using top-down methods were not 
successful because there are apparently few predators of juvenile arrowtooth flounder in either ecosystem. 
Therefore, in the EBS juvenile arrowtooth flounder biomass in each model stratum was assumed to be 
10% of adult arrowtooth biomass in that stratum. In the GOA, we estimated juvenile arrowtooth mortality 
to be 0.5, a rate comparable to those estimated by MSVPA model runs in the EBS (Jurado-Molina 2001). 
This mortality rate was used to estimate juvenile biomass given the numbers and weight at age estimated 
for those years. 


In the EBS, the P/B ratio of 1.58 was estimated by the same methods as described above for adults. In the 
GOA, the estimated juvenile mortality rate of 0.5 was used to estimate the P/B ratio to 0.90 for 1990-1993 
based on stock assessment age structure. The juvenile arrowtooth P/B in the AI was estimated using the 
same method as that described above for adults, resulting in a value of 1.01. In all three ecosystems, Q/B 
ratios were estimated by the same method and using the same information as for adults. The EBS juvenile 
arrowtooth Q/B was therefore 3.31, the GOA juvenile arrowtooth Q/B was 2.45, and the AI Q/B ratio was 
3.77. 


Juvenile arrowtooth flounder diet composition was estimated from food habits collections made during 
bottom trawl surveys in each ecosystem. The EBS diet was derived from 1991 collections, the GOA diet 
was derived from the 1990 and 1993 bottom trawl surveys of the GOA, and in the AI it comes from 
stomachs collected in 1991 and 1994 as part of the bottom trawl surveys. 


The juvenile arrowtooth biomass data pedigree was 8 for the EBS and AI models (no estimate available, 
top down balance), and 4 for the GOA (proxy with limited confidence). P/B and Q/B parameters were 
rated differently by system: 4 in the GOA model (proxy with limited confidence), 5 in the EBS model 
(downgraded from adult rating of 4), and 6 in the AI model (downgraded from adult rating of 5). Diet 
composition data rated 1 in all systems (data established and substantial, with resolution on multiple 
spatial scales).  


Arrowtooth flounder juveniles have a low fraction of total mortality due to predation in the EBS and 
GOA, so the assumption of an EE=0.8 in the AI model to top down balance this group might be re-
examined in revisions to that model. The major source of mortality in the EBS and GOA are adult 
arrowtooth (3-5%, respectively), but they are preyed upon mostly by Pacific cod (20%) in the AI. 
Juvenile arrowtooth flounder appear to eat from different sections of the food web in each system. They 
eat primarily benthic invertebrates (pandalids and benthic amphipods) in the AI, show approximately 
equal feeding from benthic and pelagic groups (non pandalids and juvenile pollock) in the EBS, but feed 
predominantly on pelagic euphausiids and capelin in the GOA.   


[NOTE: Parameter estimation methods below are reprinted from tech memo] 


Fish Production rates 
Production/biomass (P/B) and consumption/biomass (Q/B) for a given population depend heavily on the 
age structure, and thus mortality rate of that population.  For a population with an equilibrium age 
structure, assuming exponential mortality and Von Bertalanffy growth, P/B is in fact equal to total 
mortality Z (Allen 1971) and Q/B is equal to (Z+3K)/A, where K is Von Bertalanffy’s K, and A is a 







 


 


scaling factor for indigestible proportions of prey (Aydin 2004).  If a population is not in equilibrium, P/B 
may differ substantially from Z although it will still be a function of mortality. 


For the Bering Sea, Aleutian Islands, and Gulf of Alaska ECOPATH models, P/B and Q/B values depend 
on available mortality rates, which were taken from estimates or literature values used in single-species 
models of the region.  It is noted that the single-species model assumptions of constant natural mortality 
are violated by definition in multispecies modeling; therefore, these estimates should be seen as “priors” 
to be input into the ECOPATH balancing procedures or other parameter-fitting (e.g. Bayesian) 
techniques. 


Several methods were used to calculate P/B, depending on the level of data available.  Proceeding from 
most data to least data, the following methods were used: 


1. If a population is not in equilibrium, total production P for a given age class over the course of a 
year can be approximated as (Nat·∆Wat), where Nat is the number of fish of a given age class in a 
given year, exponentially averaged to account for mortality throughout the year, and ∆Wat is the 
change in body weight of that age class over that year.  For a particular stock, if weight-at-age 
data existed for multiple years, and stock-assessment reconstructed numbers-at-age were also 
available, production was calculated by summing this equation over all assessed age classes.  
Walleye pollock P/B for both the EBS and GOA were calculated using this method: examining 
the components of this sum over the years showed that numbers-at-age variation was responsible 
for considerably more variability in overall P/B than was weight-at-age variation.  


2. If stock assessment numbers-at-age were available, but a time series of weight-at-age was not 
available and some weight-at-age data was available, the equation in (1), above, was used, 
however, the change in body weight over time was estimated using fits to the generalized Von 
Bertalanffy equations described in the consumption section, below. 


3. If no stock assessment of numbers-at-age was available, the population was assumed to be in 
equilibrium, so that P/B was taken to equal Z.  In cases for many nontarget species, estimates of Z 
were not available so estimates of M were taken from conspecifics with little assumed fishing 
mortality for this particular calculation.  


Fish Consumption rates 
There are multiple methods for estimating the consumption rates (Q/B, consumption per unit biomass) for 
fish.  Four methods were considered in the construction of these models:  bioenergetics models (based on 
laboratory and field experiments), allometric fitting to weight-at-age data (e.g. Essington et al. 2001), 
evacuation rate calculation from field stomach contents data (e.g. MAXIMS, Jarre et al. 1991) and 
empirical methods based on morphological characteristics (Pauly 1986).  One goal in selecting methods 
was to choose options which could be used consistently in all three ecosystem models and thus provide 
reasonable bases for comparison. 


It was determined that insufficient data existed for the application of bioenergetics models or evacuation 
rate calculations; while models existed for a very limited number species, input data such as foraging 
rates and water temperature specific to the Alaska region were not consistently available, and lack of 
these data could result in extremely broad error ranges or bias in estimates.  Pauly’s (1986) empirical 
methods have an order-of-magnitude error range and thus were considered as a worst-case solution only. 


While bioenergetics data was limited, weight-at-age data existed for many species throughout the region: 
the method of fitting the generalized Von Bertalanffy growth equations to these data (Essington et al. 
2001) was thus selected.  (The solution for Q/B given above, (Z+3K)/A, is a solution for a specialized 
case of the equations, as described below). 







 


 


The generalized Von Bertalanffy growth equation assumes that both consumption and respiration scale 
allometrically with body weight, and change in body weight over time (dW/dT) is calculated as follows 
(Paloheimo and Dickie 1965): 


  (1) 


Here, Wt is body mass, t is the age of the fish (in years), and H, d, k, and n are allometric parameters.  The 
term is an allometric term for “useable” consumption over a year, in other words, the 
consumption (in wet weight) by the predator after indigestible portions of the prey have been removed 
and assuming constant caloric density between predator and prey.  Total consumption (Q) is calculated as


, where A is a scaling fraction between predator and prey wet weights that accounts for 


indigestible portions of the prey and differences in caloric density.  The term is an allometric term 
for the amount of biomass lost yearly as respiration. 


Based on an analysis performed across a range of fish species, Essington et al. (2001) suggested that it is 
reasonable to assume that the respiration exponent n is equal to 1 (respiration linearly proportional to 
body weight).  In this case, the differential equation above can be integrated to give the following solution 
for weight-at-age: 


  (2) 


Where  (asymptotic body mass) is equal to , and t0 is the weight of the organism at time=0.  
If the consumption exponent d is set equal to 2/3, this equation simplifies into the “specialized” von 
Bertalanffy length-at-age equation most used in fisheries management, with the “traditional” von 
Bertalanffy K parameter being equal to the k parameter from the above equations divided by 3. 


 


From measurements of body weight and age, equation 2 can be used to fit four parameters ( , d, k, and 
t0) and the relationship between  and the H, k, and d parameters can then be used to determine the 


consumption rate  for any given age class of fish.  For these calculations, weight-at-age data 
available and specific to the modeled regions were fit by minimizing the difference between 
log(observed) and log(predicted) body weights as calculated by minimizing negative log likelihood: 
observation error was assumed to be in weight but not aging.  A process-error model was also examined 
but did not give significantly different results.     


 


Initial fitting of 4-parameter models showed, in many cases, poor convergence to unique minima and 
shallow sum-of-squares surfaces: the fits suffered especially from lack of data at the younger age classes 
that would allow fitting to body weights near t=0 or during juvenile, rapidly growing life stages.  To 
counter this, the following multiple models were tested for goodness-of-fit: 


1. All four parameters estimated by minimization; 
2. d fixed at 2/3 (specialized von Bertalanffy assumption) 
3. d fixed at 0.8 (median value based on metaanalysis by Essington et al. 2001). 
4. t0  fixed at 0. 
5. d fixed at 2/3 with t0  fixed at 0, and d fixed at 0.8 with t0  fixed at 0. 


n
t


d
t


t WkWH
dt


dW
⋅−⋅=


d
tWH ⋅


d
tWHA ⋅⋅)/1(


n
tWk ⋅


( )( )( ) dttdk
t eWW −−−−


∞ −⋅= 1
1


1 01


∞W ( ) dkH −1
1


∞W


∞W
d


tWH ⋅







 


 


The multiple models were evaluated using Aikeike’s Information Criterion, AIC (Anderson and Burnham 
2002).  In general, the different methods resulted in a twofold range of consumption rate estimates; 
consistently, model #3, d fixed at 0.8 while the other three parameters were free, gave the most 
consistently good results using the AIC.  In some cases model #1 was marginally better, but in some 
cases, model #1 failed to converge.  The poorest fits were almost always obtained by assuming that d was 
fixed at 2/3.   


To obtain absolute consumption (Q) for a given age class, the additional parameter A is required to 
account for indigestible and otherwise unassimilated portions of prey.  We noted that the range of 
indigestible percentage for a wide range of North Pacific zooplankton and fish summarized in Davis 
(2003) was between 5-30%, with major zooplankton (copepods and euphasiids), as well as many forage 
fish, having a narrower range of indigestible percentages, generally between 10-20%.   Further, 
bioenergetics models, for example for walleye pollock (Buckley and Livingston 1994), indicate that 
nitrogenous waste (excretion) and egestion resulted in an additional 20-30% loss of consumed biomass.  
As specific bioenergetics models were not available for most species, we made a uniform assumption of a 
total non-respirative loss of 40% (from a range of 25-60%) for all fish species, with a corresponding A 
value of 0.6. 


Finally, consumption for a given age class was scaled to population-level consumption using the available 
numbers-at-age data from stock assessments, or using mortality rates and the assumption of an 
equilibrium age structure in cases where numbers-at-age reconstructions were not available. 


Diet queries for fish 
The most central parameter set for food web models are the diet composition matrices, obtainable through 
stomach sampling or other analyses.  In particular, the elaboration of our food web models with respect to 
fished species depends heavily on the analysis of 250,000+ stomachs collected by the Resource Ecology 
and Ecosystem Management (REEM) program.  Continuation of this collection will allow for a regular 
update and improvement of these models.  Due to the high resolution and coverage of this diet data, we 
were able to model functional groups at a relatively high resolution: over 120 functional groups are 
specifically and separately accounted with survey strata-level resolution (rough depth and location), with 
specific juvenile and adult accounting for several of the commercial groundfish, crab, and pinniped 
species. Diets estimated directly from stomach samples collected in the same area that a model covers are 
considered “direct”.  


The diet composition for a species is calculated from stomach sampling beginning at the level of the 
individual survey haul (1), combining across hauls within a survey stratum (2), weighting stratum diet 
compositions by stratum biomass (3), and finally combining across predator size classes by weighting 
according to size-specific ration (consumption rate) estimates and biomass from stock assessment 
estimated age structure (4). Consumption rate calculations are described in detail above.  


Notation:  
DC = diet composition 
W = weight in stomach 
n = prey 
p = predator 
s = predator size class 
h = survey haul 
r = survey stratum 
B = biomass estimate 
v = survey 
a = assessment 
R = Q/B = ration estimate 







 


 


Diet composition (DC) of prey n in predator p of size s in haul h is the total weight of prey n in all of the 
stomachs of predator p of size s in the haul divided by the sum over all prey in all of the stomachs for that 
predator size class in that haul: 


     (1) 


Diet composition of prey n in predator p of size s in survey stratum r is the average of the diet 
compositions across hauls within that stratum: 


     (2) 


Diet composition of prey n in predator p of size s for the entire area t is the sum over all strata of the diet 
composition in stratum r weighted by the survey biomass proportion of predator p of size s in stratum r: 


   (3) 


Diet composition of prey n in predator p for the entire area t is the sum over all predator sizes of the diet 
composition for predator p of size s as weighted by the relative stock assessment biomass of predator size 
s times the ration of predator p of size s: 


  (4) 


Diets for fish and shellfish not included in the REEM database were taken from published literature 
sources or the nearest survey samples. For example, diets estimated from stomachs collected in the EBS 
may be used as surrogates in the AI and GOA if these last systems lack specific diet information. 
However these diets would be considered “general” for the AI and GOA in the sense that they are not 
from stomach samples taken as part of the REEM program and are neither weighted by depth nor location 
(but they would be for the EBS); in these cases prey items were assigned fixed percentages.  
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Appendix C.  
Table 7.C1. Removals of arrowtooth flounder from the Gulf of Alaska (GOA) from sources other than 
those that are included in the Alaska Region’s official estimate of catch, 1990-2015. Source NMFS 
Alaska Region: AKR.V_NONCOMMERCIAL_FISHERY_CATCH table, October 23, 2017. 
Abbreviations: IPHC (International Pacific Halibut Commission), EIT (Echo Integration trawl survey), 
PWS (Prince William Sound), Surv. (survey). 
 


Source of removals 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 
Annual Longline Survey 21.92 21.45 23.60 31.99 22.51 38.91 25.80 27.00 33.28 41.08 35.67 
Golden King Crab Pot Surv.            
GOA Bottom Trawl Surv.            
IPHC Annual Longline Surv.            
Large-Mesh Trawl Survey         4.49 16.61 7.33 
PWS Sablefish Tagging            
Sablefish Longline Survey         0.24 0.29 0.52 
Salmon EFP 13-01            
Scallop Dredge Survey         22.00   
Shelikof Acoustic Survey            
Shelikof and Chirikof EIT            


 
 


 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Annual Longline Survey 26.04 16.48 13.79 13.13 11.23 16.64 17.06 16.16 14.92 15.81 14.25 
Golden King Crab Pot Surv.    0.04 0.02 0.03      
GOA Bottom Trawl Surv.           87.64 
IPHC Annual Longline 
Surv.          11.05 8.11 
Large-Mesh Trawl Survey 13.26 4.63 14.17 4.76 13.14 4.65 8.34 0.84 6.63 96.65 86.79 
PWS Sablefish Tagging            
Sablefish Longline Survey 0.31 0.38 0.32 0.21 0.03 0.13      
Salmon EFP 13-01            
Scallop Dredge Survey  0.00 0.00 1.00 0.05 0.00 0.01 0.00 0.06 0.00 0.02 
Shelikof Acoustic Survey          0.10  
Shelikof and Chirikof EIT            


 
 


 2012 2013 2014 2015 
Annual Longline Survey 7.41 9.27 11.86 10.21 
Golden King Crab Pot Surv.     
GOA Bottom Trawl Surv.  59.21  107.49 
IPHC Annual Longline 
Surv. 8.42 6.06 9.20 5.54 
Large-Mesh Trawl Survey 77.48 45.10 59.04 113.99 
PWS Sablefish Tagging  0.09  0.03 
Sablefish Longline Survey     
Salmon EFP 13-01  8.52 4.99  
Scallop Dredge Survey 0.00 0.06  0.01 
Shelikof Acoustic Survey     
Shelikof and Chirikof EIT 0.04    


 
 
 
 


 







 


 


Appendix D. 
Table 7.D1. Estimated parameters for the model.  There were 189 total parameters estimated in the 
model (but 4 were included in the final count and not actually estimated). 
Parameter N Description 
mean_log_rec       1 log of the geometric mean value of age 1 recruitment 
rec_devy 1961≤y≤2017-1,  56 Recruitment deviation in year t (not estimated in final year) 
rec_devy 1940≤y≤1960 21 Recruitment deviation for initial age composition 
log_avg_fmort 1 log of geometric mean value of fishing mortality 
fmort_devy 1961≤y≤2017 57 deviations in fishing mortality rate in year t 
Slope and a50% selectivity 
parameters  


8 Slope and a50% parameters for male and female, fishery and 
survey. 


Nonparameteric estimates of 
fishery selectivity 
 


38 19 male and 19 female fishery selectivity parameters, total 
of 38 


F40%, F30%, F35%  
 


3  


Parameters for descending arm of 
survey selectivity 


4 Male and female slope and a50%. This is an option that is not 
used in this model. Parameters are not estimated but are 
included in the final count. 


 
Table 7.A.2. Fixed parameters in the model. 
Parameter Description 
M = 0.2 females , M=0.35 males Natural mortality* 
Q = 1.0 Survey catchability 
Weight at age for males and females. Length at age derived from the length-age 


conversion matrix was converted to weight based 
on a von Bertalanffy relationship from 1977-2013 
survey data. 


*Note: Model 17.0h used Lorenzen (1996) natural mortality and Model 17.0i used Gislason et al. (2010) 
natural mortality ogives.  
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Executive Summary 
Gulf of Alaska (GOA) Atka mackerel have been moved to a biennial stock assessment schedule to 
coincide with the availability of new survey data from the biennial trawl survey.  A full assessment was 
presented in 2015, which included data from the 2015 GOA bottom trawl survey. On alternate (even) 
years we present an executive summary with updated catch, last year’s key assessment parameters, any 
significant new information available in the interim, and projections for this year.  


Gulf of Alaska Atka mackerel have been managed under Tier 6 specifications since 1996 due to the lack 
of reliable estimates of current biomass. In 2007, the assessment presented Tier 5 calculations of ABC 
and OFL based on 2007 survey biomass estimates, for consideration. However, the Plan Team and SSC 
agreed with the authors that reliable estimates of Atka mackerel biomass were not available and 
recommended continuing management under Tier 6. The 2016 executive summary presented Tier 6 
recommendations and did not present Tier 5 calculations given the large variances associated with the 
2015 survey biomass estimates, which was essentially based on one significant haul encountered in the 
western Gulf of Alaska off the Sanak Islands. The 2015 full assessment is available on the web (Lowe 
2015, http://www.afsc.noaa.gov/refm/docs/2015/GOAatka.pdf ). The Council set the Gulf-wide 2017 
OFL, ABC, and TAC for Atka mackerel at 6,200 t, 4,700 t, and 3,000 t, respectively. 


Relative to the November 2015 SAFE report and the 2016 executive summary (GOA Atka mackerel are 
assessed biennially), the following substantive changes have been made in the current draft of the Atka 
mackerel chapter: 
 
Summary of Changes in Assessment Inputs  
1. Catch data are updated through October 21, 2017. 


2. Age data from the 2016 GOA fisheries are presented. 


3. Biomass estimates from the 2017 GOA bottom trawl survey are presented. 


4. Length frequency data from the 2017 GOA bottom trawl survey are presented. 


 


Summary of Changes in the Assessment Methodology 
There are no changes to the assessment methodology.  Gulf of Alaska Atka mackerel have been managed 
under Tier 6 specifications since 1996 due to lack of reliable estimates of current biomass.  In the 2007 
assessment, Tier 5 calculations of ABC and OFL (based on 2007 survey biomass estimates) were 
presented for consideration.  The Plan Team, SSC, and Council agreed with the authors that there is no 
reliable estimate of Atka mackerel biomass and recommended continuing management under Tier 6. This 
year, we again present Tier 6 recommendations, and do not present Tier 5 calculations of ABC and OFL 
given the large variance associated with the 2017 survey biomass estimates which are essentially based on 
one significant haul encountered in the Central Gulf of Alaska off Albatross Banks. 



http://www.afsc.noaa.gov/refm/docs/2015/GOAatka.pdf





Summary of Results 
Since 2006, the maximum permissible ABC has been 4,700 t under Tier 6 and the ABCs have been set at 
that level.  The 2006-2008 TACs were set at 1,500 t to accommodate an increase in GOA Atka mackerel 
catches, and still allow for bycatch in other directed fisheries and minimize targeting.  From 2008 to 2016, 
TACs have been set at 2,000 t to accommodate increases in GOA bycatch of Atka mackerel. In 2017 the 
TAC was raised to 3,000 t based on reports that the fleet was encountering more Atka mackerel on the 
fishing grounds. Given the patchy distribution of GOA Atka mackerel, which results in highly variable 
estimates of abundance and the variance associated with the 2017 survey biomass estimate (Gulf-wide CV 
of 62%), I continue to recommend that GOA Atka mackerel be managed under Tier 6.  I recommend a 
2018 (and 2019) ABC for GOA Atka mackerel equal to the maximum permissible value of 4,700 t.  
The 2018 (and 2019) OFL is 6,200 t under Tier 6.   


Prudent management is still warranted and the rationale as given in the past for a TAC to provide for 
anticipated bycatch needs of other fisheries, principally for rockfish, Pacific cod, and pollock, and to only 
allow for minimal targeting should still be considered. The 2009-2016 TACs for GOA Atka mackerel 
were set at 2,000 t. The 2017 TAC was set at 3,000 t. It should be noted that the 2009 and 2010 catches 
exceeded the TAC in those years. However, since 2010 GOA Atka mackerel catches have been below 
TAC.  The 2016 GOA Atka mackerel catch was 1,092 t, and as of October 21, 2017, the GOA Atka 
mackerel catch (1,023 t) is only 34% of the 3,000 t TAC. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 


 Tier 6 6 6 6 
OFL (t) 6,200 6,200 6,200 6,200 
maxABC (t) 4,700 4,700 4,700 4,700 
ABC (t) 4,700 4,700 4,700 4,700 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing n/a n/a n/a n/a 


 


Responses to SSC and Plan Comments on Assessments in General 
From the December 2016 SSC minutes: In an effort improve record keeping as assessment authors 
formulate various stock status evaluation models, the Plan Team has recommended a systematic 
cataloging convention. Any new model that diverges substantial from the currently accepted model will 
be marked with the two-digit year and a “0” version designation (e.g., 16.0 for a model from 2016). 
Variants that incorporate major changes are then distinguished by incremental increases in the version 
integer (e.g., 16.1 then 16.2), and minor changes are identified by the addition of a letter designation 
(e.g., 16.1a). The SSC recommends this method of model naming and notes that it should reduce 
confusion and simplify issues associated with tracking model development over time. 


Gulf of Alaska Atka mackerel are managed as a Tier 6 species and are not assessed with a model. 
 
Responses to SSC and Plan Team Comments Specific to the GOA Atka Mackerel 
Assessment  
The SSC and Plan Team did not make any comments specific to the GOA Atka mackerel Assessment. 







Introduction 
Distribution 
Atka mackerel (Pleurogrammus monopterygius) are distributed along the continental shelf in areas across 
the North Pacific Ocean and Bering Sea from Asia to North America.  On the Asian side they extend from 
the Kuril Islands to Provideniya Bay (Rutenberg 1962).  Moving eastward, they are distributed 
throughout the Komandorskiye and Aleutian Islands, north to the Pribilof Islands in the eastern Bering 
Sea, and eastward through the Gulf of Alaska (GOA) to southeast Alaska. 


An Atka mackerel population existed in the GOA primarily in the Kodiak, Chirikof, and Shumagin areas, 
and supported a large foreign fishery through the early 1980s.  By the mid-1980s, this fishery, and 
presumably the population, had all but disappeared.  Evidence of low population levels was supported by 
Atka mackerel bycatch in other fisheries of less than 5 t from 1986 to 1988 (Table 17.1).  The decline of 
the GOA Atka mackerel fishery suggests that the area may be the edge of the species' range.  During 
periods of high recruitment in the Aleutian Islands (AI), it is thought that juvenile Atka mackerel may 
move into the GOA under favorable conditions (Ronholt 1989, Lowe et al. 2005).  Recently, Atka 
mackerel have been detected by the summer trawl surveys primarily in the Shumagin (Western) area of 
the GOA. 


Early life history 
Atka mackerel are a substrate-spawning fish with male parental care.  Single or multiple clumps of 
adhesive eggs are laid on rocky substrates in individual male territories within nesting colonies where 
males brood eggs for a protracted period.  Nesting colonies are widespread across the continental shelf of 
the AI and western GOA down to bottom depths of 144 m (Lauth et al. 2007b).  Historical data from 
ichthyoplankton tows on the outer shelf and slope off Kodiak Island in the 1970’s and 1980’s (Kendall 
and Dunn 1985) suggest that nesting colonies may have existed at one time in the central GOA.  Possible 
factors limiting the upper and lower depth limit of Atka mackerel nesting habitat include insufficient light 
penetration and the deleterious effects of unsuitable water temperatures, wave surge, or high densities of 
kelp and green sea urchins (Gorbunova 1962, Lauth et al. 2007b, Zolotov 1993).     


In the eastern and central AI, larvae hatch from October to January with maximum hatching in late 
November (Lauth et al. 2007a). After hatching, larvae are neustonic and about 10 mm in length (Kendall 
and Dunn 1985).  Along the outer shelf and slope of Kodiak Island, larvae caught in the fall were about 
10.3 mm compared to larvae caught the following spring which were about 17.6 (Kendall and Dunn 
1985).  Larvae and fry have been observed in coastal areas and at great distances offshore (>500 km) in 
the Bering Sea and North Pacific Ocean (Gorbunova 1962, Materese et al. 2003, Mel’nikow and Efimkin 
2003).   


Reproductive ecology 
The reproductive cycle consists of three phases: 1) establishing territories, 2) spawning, and 3) brooding 
(Lauth et al. 2007a).  In early June, a fraction of the adult males end schooling and diurnal behavior and 
begin aggregating and establishing territories on rocky substrate in nesting colonies (Lauth et al. 2007a).  
The widespread distribution and broad depth range of nesting colonies suggests that previous conjecture 
of a concerted nearshore spawning migration by males in the AI is not accurate (Lauth et al. 2007b).  
Geologic, oceanographic, and biotic features vary considerably among nesting colonies, however, nesting 
habitat is invariably rocky and perfused with moderate or strong currents (Lauth et al. 2007b).  Many 
nesting sites in the AI are inside fishery trawl exclusion zones which may serve as de facto marine 
reserves for protecting Atka mackerel (Cooper et al. 2010).   


The spawning phase begins in late July, peaks in early September, and ends in mid-October (Lauth et al. 
2007a). Mature females spawn an average of 4.6 separate batches of eggs during the 12-week spawning 
period or about one egg batch every 2.5 weeks (McDermott et al. 2007).  After spawning ends, territorial 







males with nests continue to brood egg masses until hatching.  Incubation times for developing eggs 
decrease logarithmically with an increase in water temperature and range from 39 days at a water 
temperature of 12.2° C to 169 days at 1.6 °C, however, an incubation water temperature of 15 °C was 
lethal to developing embryos in situ (Guthridge and Hillgruber 2008).  Higher water temperatures in the 
range of water temperatures observed in nesting colonies, 3.9 °C to 10.5 °C (Gorbunova 1962, Lauth et 
al. 2007b), can result in long incubation times extending the male brooding phase into January or 
February (Lauth et al. 2007a). 


Prey and predators 
Diets of commercially important groundfish species in the GOA during the summer of 1990 were 
analyzed by Yang (1993).  Although Atka mackerel were not sampled as a predator species, it can be 
inferred that the major prey items of GOA Atka mackerel would likely be euphausiids and copepods as 
found in AI Atka mackerel (Yang, 1999).  The abundance of Atka mackerel in the Gulf of Alaska is much 
lower compared to the AI.  Atka mackerel only showed up as a minor component in the diet of arrowtooth 
flounder in the GOA (Yang, 1993).  Adult Atka mackerel in the Aleutians are consumed by a variety of 
piscivores, including groundfish (e.g., Pacific cod and arrowtooth flounder, Livingston  et al., unpubl. 
manuscr.), marine mammals (e.g., northern fur seals and Steller sea lions, Kajimura 1984, NMFS 1995, 
Sinclair and Zeppelin 2002, Sinclair et al. 2013), and seabirds (e.g., thick-billed murres, tufted puffins, 
and short-tailed shearwaters, Springer  et al. 1999). 


Nichol and Somerton (2002) examined the diurnal vertical migrations of Atka mackerel using archival 
tags and related these movements to light intensity and current velocity.  Atka mackerel displayed strong 
diel behavior, with vertical movements away from the bottom occurring almost exclusively during 
daylight hours, presumably for feeding, and little to no movement at night (where they were closely 
associated with the bottom). 


Stock structure 
A morphological and meristic study suggests there may be separate populations in the GOA and the AI 
(Levada 1979).  This study was based on comparisons of samples collected off Kodiak Island in the 
central GOA, and the Rat Islands in the AI.  Lee (1985) also conducted a morphological study of Atka 
mackerel from the Bering Sea, AI and GOA.  The data showed some differences (although not consistent 
by area for each characteristic analyzed), suggesting a certain degree of reproductive isolation.  Results 
from an allozyme genetics study comparing Atka mackerel samples from the western GOA with samples 
from the eastern, central, and western AI showed no evidence of discrete stocks (Lowe et al. 1998).  A 
survey of genetic variation in Atka mackerel using microsatellite DNA markers provided little evidence 
of genetic structuring over the species range, although slight regional heterogeneity was evident in 
comparisons between some areas (Canino et al. 2010).  Samples collected from the AI, Japan, and the 
GOA did not exhibit genetic isolation by distance or a consistent pattern of differentiation.  Examination 
of these results over time (2004, 2006) showed temporal stability in Stalemate Bank (western AI) but not 
at Seguam Pass (eastern AI).  These results indicate a lack of structuring in Atka mackerel over a large 
portion of the species range, perhaps reflecting high dispersal, a recent population expansion, and large 
effective population size, or some combination of all these factors (Canino et al. 2010). 


The question remains as to whether the AI and GOA populations of Atka mackerel should be managed as 
a unit stock or separate populations given that there is a lack of consistent genetic stock structure over the 
species range.  There are significant differences in population size, distribution, recruitment patterns, and 
resilience to fishing suggesting that management as separate stocks is appropriate. Bottom trawl surveys 
and fishery data suggest that the Atka mackerel population in the GOA is smaller and much more patchily 
distributed than that in the AI, and composed almost entirely of fish >30 cm in length.  There are also 
more areas of moderate Atka mackerel density in the AI than in the GOA.  The lack of small fish in the 
GOA suggests that Atka mackerel recruit to that region differently than in the AI.  Nesting sites have been 
located in the GOA in the Shumagin Islands (Lauth  et al. 2007a), and historical ichthyoplankton data 







from the 1970’s around Kodiak Island indicate there was a spawning and nesting population even further 
to the east (Kendall and Dunn 1985), but the source of these spawning populations is unknown. They may 
be migrant fish from strong year classes in the AI or a self-perpetuating population in the GOA, or some 
combination of the two.  The idea that the western GOA is the eastern extent of their geographic range 
might also explain the greater sensitivity to fishing depletion in the GOA as reflected by the history of the 
GOA fishery since the early 1970s.  Catches of Atka mackerel from the GOA peaked in 1975 at about 
27,000 t.  Recruitment to the AI population was low from 1980-1985, and catches in the GOA declined to 
0 in 1986.  Only after a series of large year classes recruited to the AI region in the late 1980s, did the 
population and fishery reestablish in the GOA beginning in the early 1990s.  After passage of these year 
classes through the population, the GOA population, as sampled in the 1996 and 1999 GOA bottom trawl 
surveys, declined and is very patchy in its distribution.  Most recently, the strong 1998, 1999, and 2006 
year classes documented in the AI showed up in the GOA.  Leslie depletion analyses using historical AI 
and GOA fishery data suggest that catchability increased from one year to the next in the GOA fished 
areas, but remained the same in the AI areas (Lowe and Fritz 1996; 1997).  These differences in 
population resilience, size, distribution, and recruitment support separate assessments and management of 
the GOA and AI stocks and a conservative approach to management of the GOA portion of the 
population.  


Management units 
Gulf of Alaska Atka mackerel are managed as a Gulf-wide species and managed separately from the 
Bering Sea/Aleutian Islands.  Considerations discussed above suggest that continued separate assessment 
and management of GOA Atka mackerel is prudent and precautionary. 


Fishery 
Catch History and Fishery Management 
Prior to the mid-1980s, Atka mackerel were fished exclusively by foreign vessels, primarily from the 
Soviet Union.  Landings were about 19,500 t in 1977 and 1978, then dropped to less than 5 t in 1986 
(Table 17.1).  Some joint venture operations participated in this fishery from 1983 to 1985.  All landings 
since then have been taken by the domestic fishery. 


In 1988, Atka mackerel were combined in the Other Species category due to low abundance and the 
absence of a directed fishery for the previous several years.  However, beginning in 1990, Atka mackerel 
were targeted in the western GOA.  From 1990-1993, catches of the Other Species category in the GOA 
were dominated by Atka mackerel, primarily from the Western GOA regulatory area.  Atka mackerel 
were separated from the Other Species category and became a separate target category in the GOA in 
1994, after approval of Amendment 31 to the Fishery Management Plan for the Groundfish Fishery of the 
GOA.  Catches of Atka mackerel by GOA management areas since 1990 are shown below: 







Gulf of Alaska (GOA) Catches (t) by Management Areas 


Year   Western    Central  Eastern     Total 
1990a 1,416 0 0 1,416 
1991 3,249 9 0 3,258 
1992 13,785 49 0 13,834 
1993 4,867 2,143 0 7,010 
1994 2,661 877 0 3,538 
1995 329 370 2 701 
1996 1,577 9 0 1,586 
1997 321 8 2 331 
1998 279 38 0 317 
1999b - - - 262 
2000 - - - 170 
2001 - - - 76 
2002 - - - 85 
2003 - - - 578 
2004 - - - 819 
2005 - - - 799 
2006 - - - 876 
2007 - - - 1,459 
2008 - - - 2,109 
2009 - - - 2,222 
2010 - - - 2,417 
2,011 - - - 1,615 
2012 - - - 1,188 
2013 - - - 1,277 
2014 - - - 1,042 
2015 - - - 1,175 
2016 - - - 1,092 
2017c - - - 1,023 


  a/ Actual observed catch  
   b/ From 1999 to the present, TAC has been set GOA-wide; catches are not  
                                              available by regulatory area from the NMFS Alaska Regional Office 
       (AKRO) Catch Accounting System (CAS). 


  c/  2017 data as of October 21, 2017 from NMFS AKRO CAS.   
          


The 1990 catch of 1,416 t is a minimum estimate, since this was the tonnage actually observed by 
domestic observers.  The Alaska Regional Office's estimate of catch for 1990 is underestimated, as GOA 
Atka mackerel catches were incorrectly being reported as landed in the AI.  Total catches of Atka 
mackerel were small until 1992, when approximately 14,000 t were taken in the Shumagin area.  In 1994, 
when Atka mackerel was taken out of the Other Species category and assigned a target species, the North 
Pacific Fishery Management Council (Council) assigned a Gulf-wide Atka mackerel ABC and TAC of 
4,800 and 3,500 t, respectively (Table 17.1). For 1995 and 1996, the Council approved a Gulf-wide ABC 
and a total TAC of 3,240 t for GOA Atka mackerel (Table 17.1).  For purposes of data collection and 
effort dispersion, 2,310 t was allocated to the Western or Shumagin subarea (Area 610), 925 t was 
allocated to the Central, or the combined Chirikof and Kodiak subareas (Areas 620 and 630), and 5 t was 
assigned to the Eastern GOA (Areas 640 and 650). The Western subarea (Area 610) was not opened to 
the directed Atka mackerel fishery in 1995 because the overfishing level for Pacific ocean perch (POP) 
was nearly reached; Atka mackerel fisheries have had significant bycatch of POP.  In 1996, the fishery in 
the Western subarea was restricted to a 12-h opening on July 1, again due to concerns about the POP 
bycatch exceeding the POP TAC and approaching the overfishing level; about 1,600 t of Atka mackerel 
were caught.  The 1996 Central POP catch exceeded the Central area POP overfishing level, thus there 
was no opening for the directed Atka mackerel fishery in that area.  Since 1996 the Atka mackerel fishery 







has been managed as a bycatch-only fishery with Gulf-wide TACs of 1,000 t in 1997 and 600 t for the 
years 1998 to 2005. 


The catch of GOA Atka mackerel jumped dramatically in 2003 to 578 t.  Previous to this, catches were 
less than 100 t in 2001 and 2002 (Table 17.1).  The 2004 Gulf-wide Atka mackerel catch of 819 t, 
exceeded the TAC (600 t) for Atka mackerel for the first time since this quota was implemented in 1998.  
The 2005 catch (799 t) also exceeded the 2005 Atka mackerel TAC.  This increase of Atka mackerel in 
the GOA coincided with local sports fishermen reporting catches of Atka mackerel for the first time off 
Resurrection Bay and as far as Southeast Alaska in 2003.  The 1999 year class has been documented as a 
very strong year class in the AI (Lowe et al. 2005).  Twenty-seven Atka mackerel were sampled for 
otoliths by observers in the 2003 GOA fisheries.  All 27 fish were aged and determined to be 4-year olds 
of the 1999 year class.    


Figure 17.1 shows the 2016 and 2017 distributions of observed catches of Atka mackerel in the GOA 
summed by 20 km areas. Most of these catches occurred during July through October. Open circles 
represent observed catches greater than 1 t. Large catches were taken in the Chirikof (620) and Kodiak 
(630) areas in 2016. Under the Rockfish Program catcher processors who historically would move out of 
610 after the POP fishery closed, are now remaining in the area and targeting northern and pelagic shelf 
rockfish. This is contributing to greater catches (much of it discarded) of Atka mackerel.    


Description of the Directed Fishery 
There has not been a directed fishery for Atka mackerel since 1996. A discussion of the directed fishery 
for the years 1990-1994 is given in Lowe and Fritz (2001).   


Bycatch and Discards 
The historical amount of Atka mackerel retained and discarded by target fishery and area in the GOA in 
1994 and 1995 has been discussed in previous assessments (Lowe and Fritz 2001). The 2003-2011 levels 
of GOA Atka mackerel retained and discarded were discussed in Lowe (2015).  The 2012 to 2016 levels 
of GOA Atka mackerel retained and discarded are given below: 


Year Fishery Discarded (t) Retained (t) Total (t) 
2012 Rockfish 488 684 1,172 
 All others 13 2 15 
 All 501 687 1,188 
     
2013 Rockfish 403 759 1,162 
 All others 27 88 115 
 All 431 846 1,277 
     
2014 Rockfish 47 399 446 
 All others 29 566 596 
 All 76 965 1,042 
     
2015 Rockfish 141 847 988 
 All others 186 53 239 
 All 327 900 1,228 
     
2016 Rockfish 58 537 595 
 All others 78 419 497 
 All 136 956 1,092 


 







The 2003 through 2011 data indicated that most of the Atka mackerel bycatch in the GOA, which was 
coming out of the Shumagin and Chirikof areas, was taken in the rockfish fisheries (Lowe and Fritz 2001, 
Lowe 2015).  There appears to have been some limited targeted fishing on Atka mackerel since 2003.  In 
2003 the flatfish and Pacific cod fisheries retained significant amounts of Atka mackerel.  In 2007 the 
pollock and flatfish fisheries retained Atka mackerel. For the most part, there has been very little Atka 
mackerel retained by fisheries, other than rockfish, since 2003. The amount of Atka mackerel caught by 
the rockfish fisheries has declined since 2011, dropping significantly in 2014. However, catches of Atka 
mackerel nearly doubled in the 2015 rockfish fishery. Reports of the fleet encountering more Atka 
mackerel on the fishing grounds in 2016, led the Council to increase the 2017 TAC from 2,000 to 3,000 t. 
Catches of Atka mackerel in the rockfish fishery declined in 2016, but retained catches of Atka mackerel 
in the shallow water flatfish fishery increased. Total catches of Atka mackerel have not increased since 
2012, and have remained at about 1,100-1,200 t. 


Fishery and Steller Sea Lions 
The western stock of Steller sea lions, which ranges from Cape Suckling (at 144°W) west through the AI 
and into Russia, is currently listed as endangered under the Endangered Species Act (ESA), and has been 
listed as threatened since 1990. From 1977 to 1984 and in 1990, up to 11% of the annual GOA Atka 
mackerel harvest was caught within 20 miles of all GOA sea lion rookeries and major haulouts, reflecting 
the offshore distribution of the fishery.  In 1991-1993, however, the fishery moved closer to shore, and 
this percentage increased to 82-98%, almost all of which was caught between 10-20 nm of Steller sea lion 
rookeries on Ogchul and Adugak Islands (near Umnak Island), and Atkins and Chernabura Islands in the 
Shumagin Islands.   


Leslie depletion estimates of local fishery harvest rates were computed to be much greater than estimated 
Gulf-wide harvest rates (Lowe and Fritz 1996; 1997).  This raised concerns about how the fishery may 
have affected food availability, foraging success, and the potential for recovery of the Steller sea lion 
population.  There has not been a directed GOA Atka mackerel fishery since 1996.  Steller sea lion 
protection measures prohibit directed fishing for Atka mackerel in the GOA.  The management of the 
Bering Sea/Aleutian Islands Atka mackerel fishery is detailed in Lowe et al. (2015). 


Data 
Fishery Data 
Fishery length frequencies 
Atka mackerel length distributions from the 1990-1994 directed fisheries are discussed in previous 
assessments (Lowe and Fritz 2001).   


Fishery age data 
There is only very limited age data available from the historical fisheries that were actively targeting Atka 
mackerel, i.e., 1990 Davidson Bank fishery, the 1992 Umnak Island fishery, and the 1994 fishery which 
operated off Umnak Island, Davidson Bank and Shumagin Bank.  These data are discussed in Lowe and 
Fritz (2001).   


The very strong 1999 year class dominated the GOA Atka mackerel catch-age distributions in the mid to 
late 2000s.  Fifty-three Atka mackerel otoliths from the 2007 GOA fisheries were aged and 38% were 
determined to be 8-year-olds of the 1999 year class. Forty-one percent of the 99 otoliths aged from the 
2008 GOA fisheries were determined to be 9-year-olds of the 1999 year class (Lowe et al. 2009). It is 
interesting to note the appearance of 2-year-olds in the 2008 GOA catches from the 2006 year class. The 
2006 year class has been determined to be above average in the AI (Lowe et al. 2011). 


Since the 2015 assessment, ages from the 2014, 2015, and 2016 GOA fisheries have become available. A 
total of 238, 159 and 88 otoliths were collected from the GOA in 2014, 2015, and 2016, respectively. The 
data show large numbers of the 2011 year class which was prevalent in the Aleutian Islands. The 2014 







and 2015 data continue to show the strong 2006 and 2007 year classes observed in the Aleutian Islands, 
these year classes are no longer observed in the 2016 data (Figure 17.2).  


Survey Data 
Bottom trawl surveys of the GOA groundfish community have been conducted triennially since 1984 and 
biennially since 1999 using an area-depth stratified and area-swept design.  In 1999, the same GOA 
survey design was maintained, but effort allocation was shifted to provide more even coverage within 
depth strata.  Atka mackerel are a very difficult species to survey because: (1) they do not have a swim 
bladder, making them poor targets for hydroacoustic surveys; (2) they prefer hard, rough and rocky 
bottom which makes sampling with the standard survey bottom trawl gear difficult; and (3) their 
schooling behavior and patchy distribution (particularly in the GOA), makes the species susceptible to 
large variances in catches which greatly affect area-swept estimates of biomass. 


The general groundfish surveys of the GOA are particularly problematic for Atka mackerel given the 
characteristics described above.  In 1996, a meaningful estimate of biomass could not be determined from 
the data due to extreme variances.  Over 98% of the Atka mackerel caught in the 1996 survey were 
encountered in a single haul within a large stratum, which yielded a large stratum biomass with an 
extremely large confidence interval.  Although estimates of abundance from earlier surveys have been 
presented in previous assessments, they were also compromised by the problem of large confidence 
intervals, although not to the same degree as observed in 1996.   


The 2013 survey showed >90% of the GOA Atka mackerel biomass was in the Shumagin area of the 
western GOA, most of which was caught in two large hauls off Davidson Bank (Figure 17.3).   The 2015 
survey biomass estimate of GOA Atka mackerel is associated with a coefficient of variation (CV) of 62%, 
reflecting a variance of 323 million. Most of the 2015 GOA survey Atka mackerel biomass (79%) is 
distributed within the Shumagin area based on a single large haul caught off the Sanak Islands (Figure 
17.3, Table 17.2). The most recent survey data from the 2017 survey showed that 63% of the GOA Atka 
mackerel biomass was in the Kodiak area of the Central GOA which is unusual for the GOA survey. The 
Kodiak biomass which is associated with a CV of 99%, is attributed to a single large haul taken off 
Albatross Banks (Figure 17.3) which was extrapolated over the largest (km2) GOA stratum.  Bottom trawl 
survey information is presented for 2009, 2011, 2013, 2015, and 2017 for consideration (Table 17.2). 


Atka mackerel have been inconsistently caught in the GOA surveys, appearing in 24%, 24%, 16%, 26%, 
14% of the hauls in the Shumagin area in the 2009, 2011, 2013, 2015, and 2017 GOA surveys, 
respectively (Table 17.2).  Most of the GOA Atka mackerel biomass (99.6%, and 90%) in the 2009 and 
2011 surveys, respectively, was distributed in the Shumagin area of the western GOA. This percentage 
dropped, to 69% and 79% of the GOA biomass distributed in the Shumagin area in the 2013 and 2015 
surveys, respectively (Figure 17.3; Table 17.2). Most recently, the distribution of biomass shifted in the 
2017 GOA survey. Twenty six percent of the biomass was distributed in the Shumagin area and the 
majority of the biomass (63%) was distributed in the Kodiak area (Table 17.2). This is an artificial result 
due to a single large haul extrapolated over the largest stratum in the Kodiak area and the entire GOA. 
Atka mackerel were only observed in 6% of the hauls in the 2017 survey compared with 15% of the hauls 
in the 2015 survey. 


What can be concluded from this is that the general groundfish GOA bottom trawl survey, as it has been 
designed and used since 1984, does not assess GOA Atka mackerel well, and the resulting biomass 
estimates are not considered consistent reliable indicators of absolute abundance or indices of trend.   


Survey length frequencies 
Length frequency distributions from the 2007, 2009, and 2011 surveys fell mainly between 40 and 50 cm 
and were discussed in Lowe (2011). The 2013 and 2015 distributions also fall within this range, although 
the 2015 distribution is broader than in previous years, showing fewer large fish greater than 40 cm 
relative to the 2013 distribution (Figure 17.4 Lowe 2015). The 2017 length distribution is very different 







from previous years with lengths ranging only from 36 to 48 cm, and modes at 43 and 45 cm. It is 
interesting to note that the length frequency distributions of males and females differ slightly in the GOA 
surveys.  The female length frequency distributions show a slightly greater proportion of large fish, while 
the male distributions show slightly greater proportions of small fish (Figure 17.4 in Lowe 2011, 2015, 
Figure 17.4).  This has not been observed in the AI surveys; the male and female length frequency 
distributions are not differentiable and survey length frequency distributions are presented for combined 
sexes (Lowe et al. 2011). 


Survey age data 
Historical survey age data from the GOA trawl survey are only available from 1993 (Figure 10.11 in 
Lowe and Fritz 2001).  The 1993 survey showed a mode of 5-year-olds from the 1988 year class which 
has also been documented as a strong year class in the AI (Lowe et al. 2005). 


The 2011 assessment presented 2009 GOA survey age data.  A total of 328 otoliths were collected from 
the Western and Central Gulf.  The data showed the 1999 to 2001 year classes, which were exceptionally 
strong year classes in the AI (Lowe 2011). The 2013 GOA survey age data were presented in Lowe 
(2015). A total of 226 otoliths were collected and aged from the Shumagin (610) and Chirikof (620) 
areas. The strong 2006 year class and the 2007 year class were predominant in the 2013 survey age 
composition (Figure 17.5, Lowe 2015). Also, the 2011 year class was evident as 2-year olds in the 2013 
GOA survey age composition. Large numbers of the 2011 year class were observed in the 2014 AI fishery 
and survey data (Lowe et al. 2015). 


Survey age information is available from the 2015 summer bottom trawl survey. A total of 413 otoliths 
were collected from the Western and Central Gulf of Alaska. Over half (59%) of the Atka mackerel 
otoliths were collected in the Shumagin area. Similar to the 2015 GOA fishery data, the data are 
dominated by 4-year-olds of the 2011 year class, and the strong 2006 and 2007 year classes are still 
evident in the 2015 survey age composition (Figure 17.5).  


Analytic Approach 
Parameter Estimates 
Natural mortality, age of recruitment, and maximum age 
A natural mortality rate of 0.3 is assumed for GOA Atka mackerel based on analyses of natural mortality 
for AI Atka mackerel.  The value of 0.3 was calculated with the method of Hoenig (1983), and is 
described in Lowe et al. (2009). 


A qualitative look at the sparse GOA fishery age data shows recruitment patterns similar to the AI fishery.  
The age of first recruitment appears to be 2-3 years, and full recruitment at 4 years (Lowe and Fritz 2001).  
This pattern becomes somewhat obscured when a strong year class dominates the distributions. 


The maximum age seen in the GOA fishery is 13 years (1990 fishery).  This compares with a maximum 
age of 16 years for the AI. 


Length and weight at age 
Parameters of the von Bertalanffy length-age equation and a weight-length relationship were calculated 
from the combined 1990, 1992, and 1994 fishery data.  Sexes were combined to provide an adequate 
sample size.  The estimated von Bertalanffy growth parameters are: 
  L∞ = 54.56 cm 
  K = 0.22 
  t0 = -2.78 yr 
  Length-age equation:  Length (cm) = L∞{1-exp[-K(age- t0)]}. 







The weight-length relationship was determined to be: 
  Weight (kg) = 4.61E-05*Length (cm) 2.698 


Growth parameters were also estimated from data collected during the 1993 GOA survey.  As in the 
Aleutians, the survey tends to select for smaller fish-at-age than the fishery.  The estimated von 
Bertalanffy parameters from the 1993 survey are:  
  L∞ = 47.27 cm 
  K =   0.61 
  t0 =   0.38 yr. 
The estimated weight-length relationship is: 


Weight (kg) = 1.55E-05 x Length (cm) 2.979 


Maturity at length and age 
Female maturity-at-length and age were determined for GOA Atka mackerel (McDermott and Lowe 
1997).  The maturity schedules are given in Table 17.3.  The age at 50% maturity is 3.6 years and length 
at 50% maturity in the GOA is 38.2 cm.  Cooper et al. (2010) examined spatial and temporal variation in 
Atka mackerel female maturity-at-length and age.  Maturity-at-length data varied significantly between 
different geographic areas and years, while maturity-at-age data failed to indicate differences and 
corroborated the age-at-50% maturity determined by McDermott and Lowe (1997).   


Selectivity at age 
The small amount of age data for GOA Atka mackerel show similar selectivity patterns as seen in the AI 
survey and fishery data.  The fishery data tend to show older fish than the survey samples.  Recent age 
data from the GOA fisheries (2010-2016) and surveys (2009, 2011, 2013, 2015) show a limited 
distribution of ages, continued presence of the 2006 and 2007 year classes, and large numbers of the 2011 
year class in the 2015 data. 


Results 
Harvest Recommendations 
Amendment 56 reference points 
As discussed above, bottom trawl survey information from the GOA surveys is presented for 
consideration.  The 2017 survey estimated a GOA Atka mackerel biomass of 23,941 t for the Kodiak area 
with a CV of 99%.  This represents 63% of the Gulf-wide Atka mackerel biomass estimate.  Most of the 
Kodiak area biomass was caught in a single large haul off Albatross Banks.  Given the extreme variance 
associated with the GOA survey biomass estimates, they do not provide reliable estimates for 
determination of OFL and maximum permissible ABC. 


If there is no reliable estimate of current biomass, then Tier 6 of Amendment 56 of the GOA FMP defines 
the overfishing level (OFL) as the average catch from 1978-95, and the maximum permissible ABC as 
0.75 of the OFL.   


Specification of OFL and maximum permissible ABC 
The average annual catch from 1978-95 is 6,200 t, which is the OFL as defined for Tier 6, and the 
maximum permissible ABC for GOA Atka mackerel is 4,700 t as defined for Tier 6. 


The biomass estimates from the 2013, 2015, and 2017 surveys are highly variable with Gulf-wide CVs of 
67, 62, and 66%, respectively.  The biomass has been mostly observed in the Shumagin area (69%, and 
79% of the Gulf-wide estimates in the 2013 and 2015 surveys, respectively), until the most recent 2017 
GOA survey when 63% of the biomass was distributed in the Kodiak area compared to 26% in the 
Shumagin area. This is an artificial result of a single large haul from the Kodiak area extrapolated over 
the largest (km2) GOA survey strata.  







The 2015 and 2016 GOA fishery and 2015 survey catches are mainly comprised of the 2011 year class 
which has been documented in large numbers in the AI (Lowe et al. 2011, 2015).  There does not appear 
to be an expanded population with a broad distribution of age classes, and speculation is that this is 
overflow from the AI population.   


For the above reasons, we continue to recommend that GOA Atka mackerel be managed under Tier 6, 
and recommend a 2018 (and 2019) ABC for GOA Atka mackerel equal to the maximum 
permissible value of 4,700 t.  The 2018 (and 2019) OFL is 6,200 t under Tier 6.   


Prudent management is still warranted and the rationale as given in the past for a TAC to provide for 
anticipated bycatch needs of other fisheries, principally for Pacific cod, rockfish and pollock, and to only 
allow for minimal targeting should still be considered. The 2017 TAC for GOA Atka mackerel was 
increased from 2,000 t to 3,000 t. Total catches of GOA Atka mackerel have not increased since 2012, 
and have remained at about 1,100-1,200 t. 


Status determination 
Because the 2016 catch was below the 2016 OFL, GOA Atka mackerel are not being subject to 
overfishing. GOA Atka mackerel are in Tier 6, and it is not possible to make a status determination of 
whether the stock is overfished or approaching an overfished condition.  


Ecosystem Considerations 
Steller sea lion food habits data (from analysis of scats) from the AI indicate that Atka mackerel is the 
most common prey item throughout the year (NMFS 1995, Sinclair and Zeppelin 2002, Sinclair et al. 
2013).   The prevalence of Atka mackerel and walleye pollock in sea lion scats reflected the distributions 
of each fish species in the AI region.  The percentage occurrence of Atka mackerel was progressively 
greater in samples taken in the central and western AI, where most of the Atka mackerel biomass in the 
AI is located.  Conversely, the percentage occurrence of pollock was greatest in the eastern AI.  Steller 
sea lion food habits data from the western GOA are relatively sparse, so it is not known how important 
Atka mackerel are to sea lions in this area.  The close proximity of fishery locations to sea lion rookeries 
in the western Gulf suggests that Atka mackerel could be a prey item at least during the summer.  
Analyses of historic fishery CPUE revealed that the fishery may create temporary localized depletions of 
Atka mackerel and that these depletions may last for weeks after the vessels left the area.  This supports 
the argument already made above in the ABC section for a conservative harvest policy for Atka mackerel 
in the GOA. 


Ecosystem effects on GOA Atka mackerel 


Prey availability/abundance trends 
Atka mackerel are primarily zooplanktivores, consuming mainly euphausiids and calanoid copepods 
(Yang 1996, Yang and Nelson 2000, Yang 2003, Yang et al. 2006).  Other zooplankton prey include 
larvaceans, gastropods, jellyfish, pteropods, amphipods, isopods, and shrimp (Yang and Nelson 2000, 
Yang 2003, Yang et al. 2006).  Atka mackerel also consume fish, such as sculpins, juvenile Pacific 
halibut, eulachon, Pacific sand lance, juvenile Kamchatka flounder, juvenile pollock, and eelpouts, in 
small proportions relative to zooplankton (Yang and Nelson 2000, Yang et al. 2006, Aydin et al. 2007).  
The proportions of these various prey groups consumed by Atka mackerel vary with year and location 
(Yang and Nelson 2000).  The diet of Atka mackerel in the GOA differs from their more diverse diet at 
the core of their range in AI, where they feed on copepods, polychaetes, deepwater mytophids, squids, 
and other invertebrates (Ortiz, 2007).   


Monitoring trends in Atka mackerel prey populations may, in the future, help elucidate Atka mackerel 
population trends.  There is no long-term time continuous time series of zooplankton biomass information 
available for the western GOA; however, there are six years (1998-2003) of zooplankton information 
along the Seward hydrographic line (extending offshore from the mouth of Resurrection Bay).  This data 







shows that zooplankton composition and biomass varies with year, season, and the location of the front 
between the nearshore Alaska coastal current and the further offshore Alaska stream (Coyle and Pinchuk 
2006).  The time series of euphausiid biomass indicates that they were more abundant in 2002 and 2003, 
both inshore and offshore of the shelf-break front than in previous years (Coyle and Pinchuk 2006).  The 
primary euphausiids species found offshore is Euphausia pacifica, whereas, inshore of the front, 
Thysanoessa inermis and T. spinifera are the dominant euphausiids species (Coyle and Pinchuk 2006).  
Both E. pacifica and T. inermis are consumed by GOA Atka mackerel (Yang 1999).   


Continuous Plankton Recorders (CPRs) have been deployed in the North Pacific routinely since 2000. An 
index of Copepod Community Size is derived from the CPR data and calculated for three regions: the 
oceanic North-East Pacific, the Alaskan shelf SE of Cook Inlet, and the deep waters of the southern 
Bering Sea (Batten 2016). Ocean conditions in 2015 were warm across much of the North Pacific. The 
Copepod Community Size index saw negative anomalies for all three regions. The Alaska Shelf region 
had seen a bias towards smaller species since 2013 (Batten 2016). The negative anomalies for the 
Copepod Community Size Index are consistent with the warmer water favoring the smaller-bodied 
species which generally have a more southerly center to their distribution. It is interesting that on the shelf 
this switch to smaller species occurred in 2013 when the warmer temperatures first became apparent. The 
abundance of zooplankton organisms was generally higher than average so that biomass anomalies 
remained neutral despite smaller organisms. Prey size as indexed by mean Copepod Community Size may 
reflect changes in the nutritional quality of the organism to their predators. Changes in abundance or 
biomass, together with size, influences availability of prey to predators. Given that biomass anomalies 
remained neutral or positive, the reduced average size of the copepod community suggests that the 
biomass was packaged into numerous, but smaller, prey items. This may require more work by predators 
to obtain their nutritional needs (Batten 2016). 


Predator population trends 
Adult Atka mackerel are not currently a significant prey fish for other commercially important groundfish 
in the GOA.  They are consumed occasionally by several piscivorous species in the western Gulf, such as 
arrowtooth flounder, Pacific halibut, and Pacific cod (Yang and Nelson 2000), at fork lengths ranging 
from 1-50cm, though primarily between 20-26cm fork length.  The occasional nature of their 
consumption is probably due to their relative lack of abundance in the GOA rather than a lack of 
preference on the part of the predators; they are a critical food resource for piscivorous species in the 
western AI where they are a dominant groundfish species.  Additional species which feed on Atka 
mackerel include Steller sea lions, Northern fur seals (Kajimura 1984, NMFS 1995, Sinclair and Zeppelin 
2002, Sinclair et al. 2013), and seabirds (e.g., thick-billed murres, tufted puffins, and short-tailed 
shearwaters, Springer et al. 1999).   


The overall biomass of major Atka mackerel groundfish predators in the GOA (arrowtooth flounder, 
Pacific cod, and halibut) has increased dramatically since the late 1970s.  GOA arrowtooth biomass 
increased from a low of 0.4 million t in 1970 to a high of 2.1 million tons in 2009. Arrowtooth biomass 
has remained fairly stable since then (Spies et al. 2015). GOA Pacific cod biomass has shown a long 
decline from their peak in 1987 to 2007. Pacific cod biomass then increased from 2007 to 2016 (Barbeaux 
et al. 2016). The increase in groundfish predator biomass could potentially increase the mortality of Atka 
mackerel.  


The population trends of seabirds in the GOA are mixed with some increasing, some decreasing, and 
others stable.  At selected monitored sites in the central GOA, the majority of seabird populations did not 
show significant linear trends over time (Dragoo et al. 2006, Fitzgerald et al. 2006).  There are a few 
populations that have increased over time, however, the majority of diving piscivorous seabird 
populations in 2003 that showed a significant population trend over time, showed a decreasing trend 
(Dragoo et al. 2006, Fitzgerald et al. 2006).  Analysis of reproductive effort data (mean hatch date and 
reproductive success) indicate that 2015 was a poor reproductive year for many seabirds. The North 
Pacific experienced the second warm year after several sequential cold years. These oceanographic 







changes have influenced biological components of the ecosystem, which appears to have negative 
influences on seabird reproductive activity (Zador 2015). Black-legged kittiwakes had moderate 
reproductive success in 2016 at the Semidi Islands, in contrast to the complete failure in 2015 for 
kittiwakes as well as other seabird species (Zador and Yasumiishi 2016). Seabird population trends could 
potentially affect juvenile Atka mackerel mortality, but this has not been quantified in the GOA. 


Trends in Steller sea lion populations are monitored at selected ‘trend’ sites in Alaska.  Steller sea lion 
non-pup counts decreased sharply in both the central and eastern GOA through 1998 (Sinclair et al. 
2006).  In the eastern GOA, counts increased between 1998 and 2004, but were stable between 2004 and 
2006.  Since 1998 in the central GOA, counts continued to decline but at a slower rate (Sinclair et al. 
2006). Recent modelled estimates of western GOA Steller sea lion non-pup counts are above the long 
term mean and continuing to increase, suggesting conditions are favorable for sea lions in the western 
GOA (Zador and Yasumiishi 2016). Atka mackerel comprise a small proportion of the Steller sea lion 
diet in the central GOA, but about 30% of the diet in the eastern AI/western GOA (Merrick et al. 1997).  
Overall, while Steller sea lions, Pacific cod, and arrowtooth flounder are all sources of significant 
mortality of Atka mackerel in the AI, predatory groundfish play a far larger numerical role than Steller 
sea lions in the GOA as even occasional predation events by these groundfish may add to a large degree 
of predator control due to the large and increasing size of their populations. 


Changes in habitat quality 
Climate 
Interestingly, strong year classes of AI Atka mackerel have occurred in years of hypothesized climate 
regime shifts 1977, 1988, and 1999, as indicated by indices such as the Pacific Decadal Oscillation 
(Francis and Hare 1994, Hare and Mantua 2000, Boldt 2005).  Bailey et al. (1995) noted that some fish 
species show strong recruitment at the beginning of climate regime shifts and suggested that it was due to 
a disruption of the community structure providing a temporary release from predation and competition.  It 
is unclear if this is the mechanism that influences Atka mackerel year class strength in the GOA.   
El Nino Southern Oscillation (ENSO) events are another source of climate forcing that influences the 
North Pacific.  Hollowed et al. (2001) found that gadids in the GOA have a higher proportion of strong 
year classes in ENSO years.  There was, however, no relationship between strong year classes of AI Atka 
mackerel and ENSO events (Hollowed et al. 2001).  This has not been examined for GOA Atka mackerel. 
The state of the North Pacific atmosphere-ocean system during 2015-2016 featured the continuance of 
warm sea surface temperature anomalies that became prominent late in 2013. A strong El Niño developed 
during winter 2015-2016 (Zador and Yasumiishi 2016). 


Average eddy kinetic energy (EKE, cm2 s-2) from south of Amutka Pass in the AI was examined and 
found to be potentially informative (S. Lowe unpubl. data).  Particularly strong eddies were observed in 
the fall of 1997/1998, 1999, 2004, and 2006/2007 suggesting increased volume, heat, salt, and nutrient 
fluxes.  The 1999-2001 and the 2006 year classes were strong.  A prominent eddy was located on the 
outer shelf south of the Kenai Peninsula during the summer of 2016 and probably contributed to enhanced 
cross-shelf exchanges in its immediate vicinity (Zador and Yasumiishi 2016). The role of eddies may be 
the transport of larva which hatch in the fall, and or the increase in nutrients and favorable environment 
conditions.  Further research is needed to determine the effects of climate on growth and year class 
strength, and the temporal and spatial scales over which these effects occur. 


Bottom temperature 
Atka mackerel demonstrate schooling behavior and prefer hard, rough, and rocky bottom substrate.  Eggs 
are deposited in nests on rocky substrates between 15 and 144 m depth (Lauth et al. 2007b).  The 
spawning period in Alaska occurs in late July to October (McDermott and Lowe 1997, Lauth et al.  
2007b).  During the incubation period egg nests are guarded by males, who will be on the nests until mid-
January, given that females have been observed to spawn as late as October and given the length of the 
egg incubation period (McDermott and Lowe 1997, Lauth et al. 2007b, Lauth et al. 2007a).  The 
distribution of Atka mackerel spawning and nesting sites are thought to be limited by water temperature 







(Gorbunova 1962).  Temperatures below 3°C and above 15°C are lethal to eggs or unfavorable for 
embryonic development depending on the exposure time (Gorbunova 1962).  Temperatures recorded at 
Alaskan nesting sites, 3.9 - 10.7 °C, do not appear to be limiting, as they were within this range (Lauth et 
al. 2007b).   


Bottom temperatures, recorded in the GOA bottom trawl survey, were above normal in 1984, 1987, 2001, 
2003, and 2005 for depths less than 150 m (Martin 2005).  The 1990s were generally cooler than normal 
and 1999 was the coldest year (Martin 2005).  This also coincided with the strongest year class of Atka 
mackerel in the GOA (1999 year class).  One notable trend in the bottom temperatures of the GOA shows 
that there is a “general warming pattern in depths less than 50 m” (Martin 2005). The 2015 pattern of 
water temperatures were the warmest in the GOA surveys, and was similar to the pattern seen during the 
2005 bottom trawl survey (Laman 2015). Overall GOA water temperatures in 2015 appear to be markedly 
warmer in the upper 200 m than during recent survey years. The 2015 temperature anomaly profiles are 
most similar to those from 2005 which was categorized as a weak ENSO year and is the second warmest 
survey year in the survey series. Recent phenomena of the resilient ridge of atmospheric high pressure 
that helped to establish the warm water “Blob” in the Northeast Pacific, are currently influencing water 
temperatures in the GOA survey area. It is unclear what effect these warm temperatures may have on 
Atka mackerel nesting sites that are within this depth range, or on adult fish distributions in response to 
water temperatures.  


Atka Mackerel Fishery Effects on the Ecosystem 
Atka mackerel fishery contribution to bycatch 
There has not been a directed GOA Atka mackerel fishery since 1996; however, current trawl fisheries for 
pollock, cod, and rockfish do retain some levels of Atka mackerel.  For a discussion of the contribution to 
discards and offal production or to bycatch of prohibited species, forage fish, HAPC biota, marine 
mammals, seabirds, sensitive species or non-target species from these fisheries, the reader should refer to 
the GOA pollock, Pacific cod, and rockfish assessments.   


Fishing gear effects on spawning and nesting habitat 
Bottom contact fisheries could have direct negative impacts on Atka mackerel by destroying egg nests 
and/or removing the males that are guarding nests (Lauth et al. 2007b); however, this has not been 
examined quantitatively.  It was previously thought that all Atka mackerel migrated to shallow, nearshore 
areas for spawning and nesting sites.  When nearshore bottom trawl exclusion zones near Steller sea lion 
rookeries were implemented this was hypothesized to eliminate much of the overlap between bottom 
trawl fisheries and Atka mackerel nesting areas (Fritz and Lowe 1998).  Lauth et al. (2007b), however 
found that nesting sites in Alaska were “…widespread across the continental shelf and found over a much 
broader depth range…”.  The use of bottom contact fishing gear, such as bottom trawls, pot gear, and 
longline gear, utilized in July to January could, therefore, still potentially affect Atka mackerel nesting 
areas, despite trawl closures in nearshore areas around Steller sea lion rookeries.   


Indirect effects of bottom contact fishing gear, such as effects on fish habitat, may also have implications 
for Atka mackerel.  Living substrate that is susceptible to fishing gear includes sponges, seapens, sea 
whips, sea anemones, ascidians, and bryozoans (Malecha et al. 2005, Malecha and Stone 2009).  Of these, 
Atka mackerel sampled in the NMFS bottom trawl survey are primarily associated with emergent 
epifauna such as sponges and corals (Malecha et al. 2005, Stone 2006).  Effects of fishing gear on these 
living substrates could, in turn, affect fish species that are associated with them.  The cumulative and long 
term effects from historic Atka mackerel fisheries are unknown. 


Concentration of Atka mackerel catches in time and space 
There is currently no directed Atka mackerel fishery in the GOA.  However, from 1977 to 1984 and in 
1990, up to 11% of the annual GOA Atka mackerel harvest was caught within 20 miles of all GOA sea 
lion rookeries and major haulouts, reflecting the offshore distribution of the fishery.  In 1991-1993, the 
fishery moved closer to shore, and this percentage increased to 82-98%, almost all of which was caught 







between 10-20 nm of Steller sea lion rookeries on Ogchul and Adugak Islands (near Umnak Island), and 
Atkins and Chernabura Islands in the Shumagin Islands.  Leslie depletion estimates of historic local 
fishery harvest rates were computed to be much greater than estimated Gulf-wide harvest rates (Lowe and 
Fritz 1996; 1997).  This raised concerns about how the fishery may have affected food availability, 
foraging success, and the potential for recovery of the Steller sea lion population.   


Atka mackerel fishery effects on amount of large size Atka mackerel 
There is no directed fishery for Atka mackerel in the GOA. However, the numbers of large size Atka 
mackerel are largely impacted by highly variable year class strength rather than by the directed fishery.  
Year to year differences are attributed to natural fluctuations. 


Atka mackerel fishery effects on Atka mackerel age-at-maturity and fecundity 
The effects of the historical fishery on the age-at-maturity and fecundity of Atka mackerel are unknown.  
Studies were conducted to determine age-at-maturity (McDermott and Lowe 1997, Cooper et al. 2010) 
and fecundity (McDermott 2003, McDermott et al. 2007) of Atka mackerel.  These are recent studies and 
there are no earlier studies for comparison on fish from an unexploited population 


Atka mackerel fishery contribution to discards and offal production 
There is no directed fishery for Atka mackerel, and therefore no contribution to discards and offal 
production. 


Table 17.4 summarizes the ecosystem effects on GOA Atka mackerel and the fishery effects on the 
ecosystem 


Data Gaps and Research Priorities 
Regional and seasonal food habits data for GOA Atka mackerel is very limited.  Studies to determine the 
impacts of environmental indicators such as temperature regime, on Atka mackerel are needed.  More 
information on Atka mackerel habitat preferences would be useful to improve our understanding of 
Essential Fish Habitat (EFH), and improve our assessment of the impacts to habitat due to fishing.  Better 
habitat mapping of the GOA would provide information for survey stratification and the extent of 
trawlable and untrawlable habitat.  
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Tables 
Table 17.1 Gulf of Alaska Atka mackerel catches (including discards), and corresponding Acceptable 


Biological Catches (ABC), Total Allowable Catches (TAC), and Overfishing Levels (OFL) 
set by the North Pacific Fishery Management Council from 1977 to the present.  Catches, 
ABCs, TACs, and OFLs are in t. 


Year Catch ABC TAC OFL 
1977 19,455  22,000d  
1978 19,588  24,800d  
1979 10,949  26,800d  
1980 13,166  28,700d  
1981 18,727  28,700d  
1982 6,760  28,700d  
1983 


 


12,260  28,700d  
1984 


 


1,153  28,700d  
1985 1,848  5,000d  
1986 4 4,700 4,678d  
1987 1 0 240e  
1988a     
1989a     
1990 1,416b    
1991 3,258b    
1992 13,834b    
1993 5,146b    
1994c 3,538 4,800 3,500 19,040 
1995 701 3,240 3,240 11,700 
1996 1,580 3,240 3,240 9,800 
1997 331 1,000 1,000 6,200 
1998 317 600 600 6,200 
1999 262 600 600 6,200 


a/  Atka mackerel were added to the Other Species category in 1988; catches of Atka mackerel were included in the Other Species category. 
b/  Catches of Atka mackerel was reported separately for 1990-1993. 
c/  Atka mackerel were assigned a target species in 1994. 
d/ Reported as OY (Optimum Yield). 
e/  Reported as TQ (Target Quota). 
f/  2017 data as of October 21, 2017 from NMFS Alaska Regional Office Catch Accounting System (CAS)  
                         
  







 
Table 17.1cont. Gulf of Alaska Atka mackerel catches (including discards), and corresponding 


Acceptable Biological Catches (ABC), Total Allowable Catches (TAC), and Overfishing 
Levels (OFL) set by the North Pacific Fishery Management Council from 1977 to the 
present.  Catches, ABCs, TACs, and OFLs are in t. 


Year Catch ABC TAC OFL 
2000 170 600 600 6,200 
2001 76 600 600 6,200 
2002 85 600 600 6,200 
2003 583 600 600 6,200 
2004 819 600 600 6,200 
2005 799 600 600 6,200 
2006 876 4,700 1,500 6,200 
2007 1,459 4,700 1,500 6,200 
2008 2,109 4,700 1,500 6,200 
2009 2,223 4,700 2,000 6,200 
2010 2,405 4,700 2,000 6,200 
2011 1,615 4,700 2,000 6,200 
2012 1,188 4,700 2,000 6,200 
2013 1,277 4,700 2,000 6,200 
2014 1,042 4,700 2,000 6,200 
2015 1,228 4,700 2,000 6,200 
2016 1,092 4,700 2,000 6,200 
2017f 1,023 4,700 3,000 6,200 


a/  Atka mackerel were added to the Other Species category in 1988; catches of Atka mackerel were included in the Other Species category. 
b/  Catches of Atka mackerel was reported separately for 1990-1993. 
c/  Atka mackerel were assigned a target species in 1994. 
d/ Reported as OY (Optimum Yield). 
e/  Reported as TQ (Target Quota). 
f/  2017 data as of October 21, 2017 from NMFS Alaska Regional Office Catch Accounting System (CAS)  
                                 


 


  







 


Table 17.2.   Gulf of Alaska Atka mackerel mean biomass estimates (biomass, t), variance, and 
coefficient of variation (CV), by area from the 2009, 2011, 2013, 2015, and 2017 Gulf of 
Alaska bottom trawl surveys.  Number of hauls conducted in each area, and number and 
percentage (%) of hauls with Atka mackerel catch are also given. 


 


 Year 
Haul 
count 


Hauls 
with 


catch* 


% 
hauls 
with 


catch* Biomass 
Biomass 
variance CV 


2009 Shumagin 196 48 24% 135,089 12,748,474,113 84% 
 Chirikof 190 14 7% 224 6,987 37% 
 Kodiak 280 21 8% 294 5,497 25% 
 Yakutat 83 1 1% 16 266 100% 
 Southeast 74 0 -- -- -- -- 
 Gulf of 


Alaska 
823 84 10% 135,623 12,748,486,855 83% 


2011 Shumagin 163 39 24% 87,888 2,891,008,491 61% 
 Chirikof 155 37 24% 8,676 34,850,679 68% 
 Kodiak 228 9 4% 670 151,812 58% 
 Yakutat 68 0 -- -- -- -- 
 Southeast 56 0 -- -- -- -- 
 Gulf of 


Alaska 
670 85 13% 97,234 2,926,010,982 56% 


2013 Shumagin  136 22 16%  72,249 4,584,424,199 94% 
 Chirikof 126 23 18% 26,554 345,077,199 70% 
 Kodiak 187 26 14% 6,293 26,407,221 82% 
 Yakutat 61 6 10% 297 15,090 41% 
 Southeast 38 1 3% 18 344 100% 
 Gulf of 


Alaska 
548 78 14% 105,411 4,955,924,053 67% 


2015 Shumagin 189 50 26% 22,737 317,625,776 78% 
 Chirikof 179 32 18% 4,368 5,346,209 53% 
 Kodiak 256 29 11% 1,676 242,746 29% 
 Yakutat 80 4 5% 36 208 40% 
 Southeast 68 0 -- -- --   -- 
 Gulf of 


Alaska 
772 115 15% 28,816 323,213,939 62% 


2017 Shumagin 125 17 14 9,991 39,657,110 63% 
 Chirikof 118 11 9 3,771 11,202,683 89% 
 Kodiak 178 3 2 23,941 563,449,615 99% 
 Yakutat 70 0 -- -- -- -- 
 Southeast 45 0 -- -- -- -- 
 Gulf of 


Alaska 
536 31 6 37,703 614,309,409 66% 


  *Catch of Atka mackerel. 


 







Table 17.3.   Schedules of age and length specific maturity from McDermott and Lowe (1997). 
Length 


 (cm) 
Proportion  


mature  Age 
Proportion  


mature 
20 0  1 0 
21 0  2 0.04 
22 0  3 0.22 
23 0  4 0.69 
24 0  5 0.94 
25 0  6 0.99 
26 0  7 1 
27 0  8 1 
28 0  9 1 
29 0  10 1 
30 0    
31 0.01    
32 0.01    
33 0.02    
34 0.05    
35 0.09    
36 0.17    
37 0.29    
38 0.46    
39 0.63    
40 0.78    
41 0.88    
42 0.93    
43 0.97    
44 0.98    
45 0.99    
46 1    
47 1    
48 1    
49 1    
50 1    


 







Table 17.4.   Ecosystem Considerations. 
 
Ecosystem effects on GOA Atka mackerel 
Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Zooplankton 


Data limited, indication 
of higher euphausiid 
abundance 2002-2003, 
Copepod Community 
Size index has declined, 
negative anomalies 
since 2012, bias towards 
smaller species 


Trends could affect 
nutritional quality of 
prey, influence 
availability of prey Unknown 


Forage fish 


Data limited, increase of 
capelin and sandlance 
2007-2013 (cold years), 
low trends for both 
forage fish, sandlance at 
long term low 


Current low trends 
suggest lower 
availability to forage 
fish predators No concern 


Predator population trends   


Groundfish predators 


Increased biomass 
groundfish predators 
since late 1970s 


Possibly higher 
mortality on Atka 
mackerel Possible concern 


Marine mammals 


Modeled estimates of 
WGOA SSL non-oup 
counts above long term 
mean and increasing  


Very minor increase in  
Atka mackerel mortality No concern 


Seabirds 
Complete reproductive 
failure in 2015 


Seabird population 
trends could affect 
juvenile Atka mackerel 
mortality Possible concern 


Changes in habitat quality   


Climate 


Shifts in 1977, 1989, 
1999, warmest SST 
anomalies 2015-2016, 
warm water “Blob” in 
NE Pacific 


Regime shifts may 
provide temporary 
release from 
competition and 
predation, warm 
temperatures may affect 
embryonic development 
at nesting sites, may 
affect distribution of 
adult fish Possible concern 


Bottom temperature 


Warming at depths 
<50m, 2015 survey 
warmest in series, 
similar to 2005 


May affect embryonic 
development at nesting 
sites, may affect 
distribution of adult fish Unknown 


Fishing gear effects on habitat Mixed trends in effort 
May affect spawning 
and nesting habitat Possible concern 







 


Table 17.4. cont.   Ecosystem Considerations 


GOA Atka mackerel fishery effects on ecosystem 
Indicator Observation Interpretation Evaluation 


Fishery contribution to bycatch No directed fishery No effect on ecosystem 
No 
concern 


Fishery concentration in space and 
time No directed fishery No effect on ecosystem 


No 
concern 


Fishery effects on amount of large size 
target fish No directed fishery No effect on ecosystem 


No 
concern 


Fishery effects on age-at maturity and 
fecundity No directed fishery No effect on ecosystem 


No 
concern 


Fishery contribution to discards and 
offal production No directed fishery No effect on ecosystem 


No 
concern 


 


  







Figures 
 
 


 


 
Figure 17.1. Observed catches of Atka mackerel in the 2016 and 2017 fisheries, summed by 20 km2  


cells.  Open circles represent catches greater than 1 t; closed circles represent catches less 
than 1 t.  Hashed circular areas represent no trawl zones. 


  







 


 


 
 


Figure 17.2. Age frequency distribution of Atka mackerel from the 2014, 2015, and 2016 Gulf of 
Alaska fisheries. A total of 238, 159, and 88 otoliths were collected and aged from the 
GOA in 2014, 2015, and 2016, respectively. 
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Figure 17.3. Atka mackerel bottom trawl survey CPUE by station, 2013, 2015, and 2017.  Circles 
represent tows where Atka mackerel were absent, height of bars is proportional to CPUE 
by weight.  







 
 


 


 
Figure 17.4. Atka mackerel length frequency distributions from the 2015 and 2017 Gulf of Alaska 


bottom trawl surveys. 
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Figure 17.5 Age frequency distribution of Atka mackerel from the 2015 Gulf of Alaska bottom trawl 
survey. A total of 413 otoliths were collected and aged from the Shumagin (610) and 
Chirikof (620), and Kodiak (630) areas. 
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Appendix 17A.—Supplemental catch data 


In order to comply with the Annual Catch Limit (ACL) requirements, two new datasets have been 
generated to help estimate total catch and removals from NMFS stocks in Alaska.  
 
The first dataset, non-commercial removals, estimates total available removals that do not occur during 
directed groundfish fishing activities. These include removals incurred during research, subsistence, 
personal use, recreational, and exempted fishing permit activities, but do not include removals taken in 
fisheries other than those managed under the groundfish FMP. These estimates represent additional 
sources of removals to the existing Catch Accounting System (CAS) estimates.  Estimates for Atka 
mackerel from this dataset are shown along with trawl survey removals from 1977-2015 in Table 17A-1. 
Removals from activities other than directed fishing since 2000 have been less than 15 t, with 6 t and 4 t 
caught in the 2013 and 2015 NMFS bottom trawl surveys, respectively (Table 17A-1). These catches 
represent a negligible risk to the stock.  
 
The second dataset, Halibut Fishery Incidental Catch Estimation (HFICE), is an estimate of the incidental 
catch of groundfish in the halibut IFQ fishery in Alaska, which is currently unobserved. To estimate 
removals in the halibut fishery, methods were developed by the HFICE working group and approved by 
the Gulf of Alaska and Bering Sea/Aleutian Islands Groundfish Plan Teams and the Scientific and 
Statistical Committee of the North Pacific Fishery Management Council. A detailed description of the 
methods is available in Tribuzio et al. (2011).  There are no reported catches of GOA Atka mackerel from 
this dataset. 
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Table 17A-1. Total removals of GOA Atka mackerel (t) from activities not related to directed fishing, 
since 1977. “Trawl” refers to a combination of the NMFS echo-integration; small-mesh; 
large-mesh; and GOA bottom trawl surveys; and occasional short-term research projects 
involving trawl gear. “Longline” refers to either the NMFS or IPHC longline survey. 
“Other” refers to recreational, personal use, and subsistence harvest. 


   Longline   
Year Source Trawl NMFS IPHC Other Total 
1977 AFSC 0    0 
1978 AFSC 3    3 
1979 AFSC 0    0 
1980 AFSC 4    4 
1981 AFSC 35    35 
1982 AFSC 27    27 
1983 AFSC 0    0 
1984 AFSC 7    7 
1985 AFSC 66    66 
1986 AFSC 0    0 
1987 AFSC 6    6 
1988 AFSC 0    0 
1989 AFSC 0    0 
1990 AFSC 3    3 
1991 AFSC 0    0 
1992 AFSC 0    0 
1993 AFSC 2    2 
1994 AFSC 0    0 
1995 AFSC 0    0 
1996 AFSC 15    15 
1997 AFSC 0    0 
1998 AFSC 0    0 
1999 AFSC 0    0 


 


  







Table 17A-1. continued 
   Longline   


Year Source Trawl NMFS IPHC Other Total 
2000 AFSC 0    0 
2001 AFSC 13    13 
2002 AFSC 0    0 
2003 AFSC 6    6 
2004 AFSC 0    0 
2005 AFSC 9    9 
2006 AFSC 0    0 
2007 AFSC 6    6 
2008 AFSC 0    0 
2009 AFSC 10    10 
2010 AFSC 0    0 
2011 AFSC 6    6 
2012 AFSC 0    0 
2013 AFSC 6    6 
2014 AFSC 0    0 
2015 AFSC 4    4 
2016 AFSC 0    0 
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Executive Summary 


Introduction 
The Gulf of Alaska deepwater flatfish complex (consisting of Dover sole, Greenland turbot, and deepsea 
sole) is assessed every four years and was last assessed in 2015. In other years, we present an executive 
summary to recommend harvest levels for the next two years. Please refer to the 2015 full stock 
assessment report for further information regarding the assessment model (McGilliard and Palsson, 2015, 
available online at http://www.afsc.noaa.gov/REFM/Docs/2015/GOAdeepflat.pdf). A full stock 
assessment document with updated assessment and projection model results will be presented in 2019. 
 
Dover sole is assessed using an age-structured model and Tier 3 determination. Thus, the single species 
projection model was run using parameter values from the accepted 2015 Dover sole assessment model 
(McGilliard and Palsson 2015), together with updated catch information for 2015-2017, to predict stock 
status for Dover sole in 2018 and 2019 and to make ABC recommendations for those years. Projections 
are conducted using numbers-at-age for Dover sole from age 3-59+ and historical recruitment of age 3 
individuals is used to calculate OFL’s and ABC’s. Greenland turbot and deepsea sole fall under Tier 6. 
ABC’s and OFL’s for Tier 6 species are based on historical catch levels (average catch over the years 
1978-1995) and therefore these quantities cannot be updated. ABC’s and OFL’s for the individual species 
in the deepwater flatfish complex are determined only as an intermediate step for the purpose of 
calculating complex-level OFL’s and ABC’s.  


Summary of Results 
As in previous years (McGilliard 2016), the species-level ABC is 179 t for Greenland turbot and the OFL 
is 238 t for both 2018 and 2019.  The species-level ABC for deepsea sole is 4 t and the OFL is 6 t for both 
2018 and 2019. The species-level ABC for Dover sole is 9,202 t in 2018 and 9,316 t in 2019 and the OFL 
is 11,050 t in 2018 and 11,187 t in 2019. 
 
Based on the updated projection model results, the recommended complex-level ABC’s for 2018 and 
2019 are 9,385 t and 9,499 t, and the OFL’s are 11,294 t and 11,431 t. The new ABC recommendation 
and OFL for 2017 are similar to those developed in 2016 (9,382 t and 11,290 t). The principal reference 
values are shown in the following table: 
 



http://www.afsc.noaa.gov/REFM/Docs/2015/GOAdeepflat.pdf





Species Quantity 


As estimated or As estimated or 
specified last year 


for: 
recommended this 


year for: 


2017 2018 2018* 2019* 


Dover sole 


M (natural mortality rate) 0.085 0.085 0.085 0.085 
Tier 3a 3a 3a 3a 
Projected total (3+) biomass (t) 143,333 144,611 144,654 145,899 
Projected Female spawning 
biomass (t) 49,331 49,347 49,366 49,373 


     B100% 57,871 57,871 57,871 57,871 
     B40% 23,148 23,148 23,148 23,148 
     B35% 20,255 20,255 20,255 20,255 
FOFL 0.12 0.12 0.12 0.12 
maxFABC 0.1 0.1 0.1 0.1 
FABC 0.1 0.1 0.1 0.1 
OFL (t) 10,938 11,046 11,050 11,187 
maxABC (t) 9,109 9,199 9,202 9,316 
ABC (t) 9,109 9,199 9,202 9,316 


Greenland 
turbot 


Tier 6 6 6 6 
OFL (t) 238 238 238 238 
maxABC (t) 179 179 179 179 
ABC (t) 179 179 179 179 


Deepsea 
sole 


Tier 6 6 6 6 
OFL (t) 6 6 6 6 
maxABC (t) 4 4 4 4 
ABC (t) 4 4 4 4 


Deepwater 
Flatfish 


Complex 


OFL (t) 11,182 11,290 11,294 11,431 
maxABC (t) 9,292 9,382 9,385 9,499 
ABC (t) 9,292 9,382 9,385 9,499 


Status 
As determined in 


2016 for: 
As determined in 


2017 for: 
2015 2016 2016 2017 


Overfishing no n/a no n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 


*Projections are based on estimated catches of 232 t and 265 t used in place of maximum permissible ABC for 2017 
and 2018-2019, respectively.  The 2017 projected catch was calculated as the current catch as of October 8, 2017 
added to the average October 8 – December 31 catches over the 5 previous years. The 2018-2019 projected catch 
was calculated as the average catch over the previous 5 years.  
 







Area Apportionment 
Area apportionment for ABC of deepwater flatfish is currently based on the proportion of survey biomass 
of Greenland Turbot and deepsea sole found within each management area from 2001-2017 and an 
estimate of 2018-2019 survey biomass for Dover sole in each management area based on results from the 
random effects model. An ABC exists only at the level of the complex (deepwater flatfish) and not for 
each species individually. The ABC by area for the deepwater flatfish complex is then the sum of the 
species-specific portions of the ABC.  
 
The random effects model is used to fill in depth and area gaps in the Dover sole survey biomass by area 
and to calculate an area- and depth-specific estimate of 2018 and 2019 survey biomass. These estimates 
are summed over depths and the resulting relative biomass in each management area is used as the basis 
for apportionment of the Dover sole portion of the deepwater complex. This method of conducting area 
apportionment for deepwater flatfish was recommended by the GOA Plan Team in 2016 (McGilliard 
2016). The method was chosen because it accounts for time and area gaps in the survey for Dover sole, 
which comprises nearly all of the deepwater flatfish catch and moves to deeper waters ontogenetically, 
and explicitly accounts for differences in the spatial distributions of Dover sole and Greenland turbot. 
Greenland turbot were found exclusively in the Western region by the survey over the period 2001-2015. 
 


Species Year Western Central 
West 


Yakutat Southeast Total 
    2.5% 36.9% 35.2% 25.3% 100.0% 


Dover Sole 
2018 234 3,397 3,238 2,332 9,202 
2019 237 3,439 3,278 2,361 9,316 


   100.0% 0.0% 0.0% 0.0% 100.0% 
Greenland 


Turbot 
2018 179 0 0 0 179 
2019 179 0 0 0 179 


   0.7% 72.9% 15.3% 11.0% 100.0% 
Deepsea 


Sole 
2018 0 3 1 0 4 
2019 0 3 1 0 4 


Deepwater 
Flatfish 


2018 413 3,400 3,239 2,332 9,385 
2019 416 3,442 3,279 2,361 9,499 


 







Figures 


 
Figure 1. Catch:total biomass ratio using total biomass for age 3+ individuals for Dover sole only. 
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Tables 
Table 1. Total catch of Dover sole, deepsea sole, and Greenland turbot and for the deepwater flatfish 
complex in total. Catch for 2017 is current up to October 8, 2017. 


Year 
Dover 
Sole 


Deepsea 
Sole 


Greenland 
Turbot Total 


1978 827 5 51 883 
1979 530 5 24 559 
1980 570 2 57 629 
1981 457 8 8 473 
1982 457 31 23 511 
1983 354 11 145 510 
1984 132 1 18 151 
1985 43 3 0 46 
1986 23 0 0 23 
1987 56 0 44 100 
1988 1,087 0 256 1,343 
1989 1,521 0 56 1,577 
1990 2,348 30 0 2,378 
1991 10,067 1 127 10,196 
1992 8,266 3 226 8,495 
1993 6,675 6 24 6,706 
1994 3,040 3 34 3,077 
1995 1,865 1 345 2,211 
1996 2,177 0 13 2,191 
1997 3,642 1 16 3,659 
1998 2,210 37 39 2,286 
1999 2,261 0 22 2,283 
2000 964 1 16 981 
2001 801 0 2 804 
2002 550 0 8 559 
2003 934 0 17 951 
2004 685 1 1 686 
2005 413 0 5 418 
2006 364 4 38 406 
2007 281 0 0 281 
2008 570 0 3 573 
2009 466 7 3 476 
2010 545 0 0 545 
2011 465 0 1 466 
2012 261 0 0 262 
2013 240 1 1 242 
2014 340 1 14 355 
2015 251 1 4 256 
2016 234 2 2 238 
2017 198 1 2 200 







Table 2. Dover sole survey biomass by area and depth. Depth is reported as maximum depth in meters 
(e.g. “200” indicates depths of 101-200 m). 


Year Depth Western Central Eastern Total 
1984   4,460 52,469 11,592 68,521 


  100 34 1,870 925 2,829 
  200 725 24,506 4,989 30,220 
  300 355 5,598 1,975 7,928 
  500 1,138 4,039 1,645 6,822 
  700 1,290 5,147 1,728 8,166 
  1000 919 11,309 330 12,557 


1987   2,623 34,577 26,194 63,394 
  100 5 1,260 3,137 4,401 
  200 108 12,728 12,995 25,831 
  300 32 8,587 3,419 12,039 
  500 1,103 3,706 4,126 8,934 
  700 1,267 6,757 2,518 10,542 
  1000 108 1,539   1,647 


1990   1,649 71,109 23,839 96,597 
  100 161 11,233 896 12,290 
  200 716 42,188 14,869 57,774 
  300 50 15,644 4,290 19,985 
  500 721 2,043 3,784 6,549 


1993   2,379 43,515 39,664 85,557 
  100 180 3,937 651 4,768 
  200 1,044 24,054 18,901 43,999 
  300 154 10,883 8,893 19,930 
  500 1,001 4,640 11,219 16,861 


1996   1,458 37,144 40,928 79,531 
  100 134 1,674 4,753 6,561 
  200 337 21,452 16,066 37,856 
  300 290 8,691 9,121 18,101 
  500 698 5,327 10,988 17,013 


1999   1,442 34,155 38,648 74,245 
  100 7 3,619 2,806 6,431 
  200 56 14,068 14,425 28,549 
  300 43 8,085 11,448 19,576 
  500 651 4,779 6,887 12,317 
  700 685 2,889 2,476 6,049 
  1000 0 716 606 1,323 


2001   895 31,529   32,424 
  100 18 3,785   3,803 
  200 53 16,241   16,294 
  300 188 7,303   7,491 
  500 636 4,200   4,836 


2003   3,149 49,283 46,865 99,297 
  100 194 2,842 7,119 10,154 
  200 541 23,005 21,636 45,181 
  300 270 10,070 7,491 17,832 
  500 811 4,629 8,153 13,593 
  700 1,333 8,738 2,466 12,537 


2005   2,832 38,881 38,847 80,560 
  100 475 4,255 1,924 6,654 







  200 468 19,805 12,340 32,613 
  300 275 6,691 10,732 17,697 
  500 455 4,742 12,577 17,774 
  700 312 1,617 1,206 3,134 
  1000 848 1,772 69 2,689 


2007   2,325 43,404 25,740 71,469 
  100 78 1,748 903 2,728 
  200 405 22,417 6,887 29,709 
  300 110 9,543 9,945 19,598 
  500 468 4,437 6,430 11,335 
  700 208 3,604 1,298 5,109 
  1000 1,056 1,655 278 2,989 


2009   5,067 35,820 35,389 76,277 
  100 154 2,372 4,008 6,534 
  200 565 15,668 10,253 26,486 
  300 88 12,619 10,979 23,685 
  500 548 3,158 5,595 9,300 
  700 3,712 1,769 4,144 9,625 
  1000 0 236 411 646 


2011   833 35,548 41,150 77,531 
  100 235 1,810 2,377 4,422 
  200 146 14,528 10,065 24,739 
  300 8 15,131 11,102 26,241 
  500 134 2,578 16,704 19,416 
  700 311 1,501 902 2,714 


2013   979 23,180 58,580 82,739 
  100 0 1,196 23,355 24,551 
  200 627 7,789 7,928 16,344 
  300 126 9,896 11,178 21,201 
  500 84 2,026 14,994 17,104 
  700 142 2,273 1,125 3,540 


2015   336 20,067 32,667 53,069 
  100 0 730 2,094 2,824 
  200 85 7,284 10,225 17,594 
  300 34 6,044 5,254 11,332 
  500 157 2,885 12,796 15,838 
  700 60 1,222 2,256 3,538 
  1000 0 1,901 42 1,943 


2017   260 20,495 37,552 58,307 
  100 37 170 678 885 
  200 134 7,753 20,583 28,470 
  300 62 10,143 5,475 15,680 
  500 27 1,663 10,398 12,089 
  700 0 765 419 1,184 
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14: ASSESSMENT OF THE DEMERSAL SHELF ROCKFISH STOCK COMPLEX IN 
THE SOUTHEAST OUTSIDE SUBDISTRICT OF THE GULF OF ALASKA 


 
Andrew Olson (andrew.olson@alaska.gov), Jennifer Stahl, Ben Williams, Mike Jaenicke, and 


Scott Meyer 
 


Executive Summary 
The results of a preliminary statistical age-structured assessment model (ASA) are not presented this year 
due to personnel changes. The ASA will be presented in full in 2018 or 2019; updates to the status quo 
methodology are presented here.  


Summary of Changes in Assessment Inputs 
The following updates have been made to last year’s assessment: 


Changes in the input data: 
Catch information and the average weight of yelloweye rockfish caught in the commercial fishery were 
updated for 2017. The average weight of yelloweye rockfish from 2016 to 2017 decreased from 3.93 kg 
to 3.87 kg in East Yakutat (EYKT), increased from 3.52 kg to 3.57 kg in Central Southeast Outside 
(CSEO), decreased from 3.76 to 3.71 kg in Northern Southeast Outside (NSEO), and increased in 
Southern Southeast Outside (SSEO) from 3.31 kg to 4.59 kg.  


Changes in the assessment methodology:  
There were no changes in the assessment methodology due to personnel changes.   


Summary of Results  
The yelloweye rockfish biomass estimate increased from 10,347 t to 11,508 t from 2017 to 2018. The 
increase in abundance is largely driven by an increased density estimate for CSEO – an area closed to 
directed commercial fishing since 2014 – as well as an increase in mean fish weight in CSEO and SSEO.   


Yelloweye rockfish comprise the largest component of the demersal shelf rockfish complex (DSR) and 
are managed using the Tier 4 harvest rule. The maximum allowable ABC for DSR in 2018 is 319 t (299 t 
yelloweye + 20 t non-yelloweye). The DSR is particularly vulnerable to overfishing given their longevity, 
late maturation, and habitat-specific residency. As in previous years, we recommend a harvest rate lower 
than the maximum allowed under Tier 4; F=M=0.02. This results in an author’s recommended ABC of 
250 t (230 t yelloweye + 20 t non- yelloweye DSR Tier 6) for 2018. The OFL is set using F35%=0.032; 
which is 394 t for 2018.   


State of Alaska regulations at 5 AAC 28.160(c)(1)(A) dictate that subsistence DSR removals be deducted 
from the ABC prior to allocating the TAC to the commercial (84%) and recreational (16%) fisheries. In 
the current assessment, 7 t were deducted from the ABC for DSR caught in the subsistence fisheries for a 
TAC of 243 t; 204 t is allocated to commercial fisheries and 39 t is allocated to recreational fisheries for 
2018.  







Reference values for DSR are summarized in the following table, with the recommended ABC and OFL 
values in bold. The stock was not subjected to overfishing last year. 


 


  
As estimated or  


specified last year for: 
As estimated or 


recommended this year for: 
Quantity 2017 2018 2018 2019 
M (natural mortality rate) 0.02 0.02 0.02 0.02 
Tier 4 4 4 4 
Yelloweye Biomass (t) 10,347  11,508  
FOFL =F35% 0.032 0.032 0.032 0.032 
maxFABC 0.026 0.026 0.026 0.026 
FABC 0.020 0.020 0.020 0.020 
DSR OFL (t) 357 357 394 394 
DSR max ABC (t) 289 289 319 319 
ABC (t) 227 227 250 250 


Status 
As determined last year 


for: 
As determined this year 


for: 


 2015 2016 2016 2017 
Overfishing No n/a No n/a 
 


The non-yelloweye DSR ABCs and OFL are calculated using Tier 6 methodology.  Non-yelloweye Tier 6 
ABCs and OFL are added to Tier 4 yelloweye ABCs and OFL for total DSR values.  


 


Quantity (Tier 6 for other DSR only) 


As estimated or specified 
last year and recommended 


this year for: 
2017 2018 


OFL (t) 26 26 
ABC (t) 20 20 


 
 
 


Area Apportionment 
The ABC and OFL for DSR are for the SEO Subdistrict. The State of Alaska manages DSR in the Eastern 
regulatory area with Council oversight and any further apportionment within the SEO Subdistrict is at the 
discretion of the State. Updated catch data (t) for DSR in the SEO Subdistrict as of October 24, 2017 







(NMFS Alaska Regional Office Catch Accounting System via the Alaska Fisheries Information Network 
(AKFIN) database, http://www.akfin.org are summarized in the following table.  


Summaries for Plan Team 


Species Year Biomass OFL ABC TAC1 
Commercial 


Catch2 
Recreational 


Harvest3 
Total 


Catch4 


DSR 2015 10,933 361 225 217 107 48 163 
 2016 10,559 364 231 224 117 48 172 
 2017 10,347 357 227 220 119 43 172 
 2018 12,678 394 250 243    


1TAC is for the commercial and recreational fisheries and is calculated after the subsistence estimated harvest is deducted from the ABC.   
2Assignment of ADF&G groundfish management areas for DSR bycatch landed in the commercial salmon troll fishery began in 2015.  
Commercial catch is updated through October 24, 2017. 
3Updated recreational harvest (retained harvest plus estimated discard) for SEO as of October 17, 2017.  Harvest in 2017 is a preliminary 
estimate. 
4Total catch is from the commercial (incidental and direct), recreational, subsistence, and research fisheries.  
 


Responses to SSC and Plan Team Comments Specific to this Assessment 
November 2016 Plan Team 
The Team recommends the authors bring forwards updated configurations for the corrected global 
(status quo) and fixed M models for September, 2017. 


Due to personnel changes no updates to the ASA have been completed. A completed assessment is 
anticipated for 2018 or 2019. 


The Team also recommends the authors coordinate with Auke Bay Lab to review model code and 
determine the appropriate application of Tier 3 FMP control rules.   


Researchers at Auke Bay Lab have been contacted and have agreed to review ASA model code. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



http://www.akfin.org/





Table 14.1. Catch (t) of demersal shelf rockfish from research, directed commercial, incidental 
commercial, recreational and subsistence fisheries in the Southeast Outside Subdistrict 
(SEO), 1992–2017a, ABC, OFL and TAC for commercial and recreational sectors combined 
after estimated subsistence harvest is decremented.  Commercial catch includes discards at 
sea and at the dock and catch retained for personal use. 


 


       aLandings from ADF&G Southeast Region fish ticket database and NMFS weekly catch reports through October 24, 2017. 
 rRecreational harvest (retained harvest plus estimated discard) from 2006 to 2008 include EYKT and IBS. These data are not available prior to 


2006. Estimate for 2017 is preliminary. 
 cProjected subsistence catch for the fishery year, i.e. 2010 is for the 2010 fishery. These data were not available or deducted from the ABC 


prior to 2009.   


 dData are from  reported  landings. Full retention of DSR went into effect in 2005, and unreported DSR discard associated with the halibut 
fishery prior to 2005 is not reported in these totals.    


 eNo ABC prior to 1988, 1988–1993 ABC for CSEO, NSEO, and SSEO only (not EYKT).  
 fAssignment of ADF&G groundfish management areas for DSR bycatch landed in the commercial salmon troll fishery began in 2015. 


 


 


Year Research Directed  Incidentald,f Recreationalb Subsistencec Totald ABCe OFL TAC  
1992  351 119   478 550  550  
1993 13 341 188   534 800  800  
1994 4 383 219   604 960  960  
1995 13 168 103   271 580  580  
1996 11 350 85   436 945  945  
1997 16 280 100   380 945  945  
1998 2 241 120   361 560  560  
1999 2 242 126   367 560  560  
2000 8 187 107   295 340  340  
2001 7 178 146   324 330  330  
2002 2 136 149   285 350 480 350  
2003 6 105 169   275 390 540 390  
2004 2 173 155   329 450 560 450  
2005 4 42 195   237 410 650 410  
2006 2 0 203 75  280 410 650 410  
2007 3 0 196 60  259 410 650 410  
2008 1 42 152 68  263 382 611 382  
2009 2 76 139 37  254 362 580 362  
2010 7 30 131 52 8 228 295 472 287  
2011 5 22 87 36 6 156 300 479 294  
2012 4 105 76 46 7 238 293 467 286  
2013 4 130 83 34 7 258 


 
303 487 296  


2014 5 33 63 40 7 148 274 438 267  
2015 4 33 70 48 8 163 225 361 217  
2016 4 34 79 48 


 
 


7 172 231 364 224  
2017 3 32 87 43 7 172 227 357 220  


2018       250 394 243  







Table 14.2. Submersible (1994–1995, 1997, 1999, 2003, 2005, 2007, 2009) and ROV (2012–2013, 2015–
2017) yelloweye rockfish density estimates with 95% confidence intervals (CI) and coefficient of 
variation (CV) by year and management area. The number of transects, yelloweye rockfish (YE), and 
meters surveyed included in each model are shown, along with the encounter rate of yelloweye rockfish. 
Values in bold were used for this stock assessment.  


Area Year 
# 


transects 
# 


YEb 
Meters 


surveyed 


Encounter 
rate 


(YE/m) 
Density 


(YE/km2) 


Lower  
CI 


(YE/km2) 


Upper 
CI 


(YE/km2) CV 
EYKTa 1995 17 330 22,896 0.014 2,711 1,776 4,141 0.20 
 1997 20 350 19,240 0.018 2,576 1,459 4,549 0.28 


 1999 20 236 25,198 0.009 1,584 1,092 2,298 0.18 
 2003 20 335 17,878 0.019 3,825 2,702 5,415 0.17 
 2009 37 215 29,890 0.007 1,930 1,389 2,682 0.17 
 2015 33 251 22,896 0.008 1,755 1,065 2,891 0.25 
 2017 35 134 33,960 0.004 1,072 703 1,635 0.21 
CSEO 1994c     1,683   0.10 
 1995 24 235 39,368 0.006 2,929   0.19 
 1997 32 260 29,273 0.009 1,631 1,224 2,173 0.14 
 2003 101 726 91,285 0.008 1,853 1,516 2,264 0.10 
 2007 60 301 55,640 0.005 1,050 830 1,327 0.12 
 2012 46 118 38,590 0.003 752 586 966 0.13 
 2016 32 160 30,726 0.005 1,101 833 1,454 0.14 
NSEO 1994c 13 62 17,622 0.004 765 383 1,527 0.33 
 2016 36 125 34,435 0.004 701 476 1,033 0.20 
SSEO 1994c 13 99 18,991 0.005 1,173   0.29 
 1999 41 360 41,333 0.009 2,376 1,615 3,494 0.20 
 2005 32 276 28,931 0.010 2,357 1,634 3,401 0.18 
 2013 31 118 30,439 0.004 986 641 1,517 0.22 
a Estimates for EYKT management area include only the Fairweather grounds, which is composed of a west and an east bank. In 
1997, only 2 of 20 transects and in 1999, no transects were performed on the east bank that were used in the model. In other 
years, transects performed on both the east and west bank were used in the model. 
b Subadult and adult yelloweye rockfish were included in the analyses to estimate density. A few small subadult yelloweye 
rockfish were excluded from the 2012 and 2015 models based on size; length data were only available for the ROV surveys (not 
submersible surveys). Data were truncated at large distances for some models; as a consequence, the number of yelloweye 
rockfish included in the model does not necessarily equal the total number of yelloweye rockfish observed on the transects. 
c Only a side-facing camera was used in 1994 and earlier years to video fish. The forward-facing camera was added after 1994, 
which ensures that fish are observed on the transect line.  
 


 


 


 


 







Table 14.3. Commercial landings (t) of demersal shelf rockfish by species in Southeast Outside 
Subdistrict from 2010–2017. Discards (at sea and at dock) and personal use included. 


Species 2010 2011 2012 2013 2014 2015a 2016 2017b 
Canary rockfish 0.87 0.34 2.87 2.88 0.26 0.66 1.13 0.72 
China rockfish 0.03 0.02 0.02 0.05 0.02 0.02 0.11 0.05 
Copper rockfish 0.01 0.01 0.04 0.03 0.01 0.01 0.15 0.11 
Quillback rockfish 4.08 1.68 3.79 3.72 1.83 2.47 3.07 2.7 
Rosethorn rockfish 0.00 0.00 0.02 0.04 0.00 0.02 0.17 0.28 
Tiger rockfish 0.28 0.11 0.41 0.31 0.26 0.23 0.32 0.21 
Yelloweye rockfish 155.7 106.16 173.31 205.74 94.05 99.96 108.65 115.47 
Total (t)  160.99 108.32 180.46 212.77 96.43 103.37 113.59 119.49 
% yelloweye  96.7% 98.0% 96.0% 96.7% 97.5% 96.7% 95.7% 96.6% 
aAssignment of ADF&G groundfish management areas for DSR bycatch landed in the commercial salmon troll fishery began in 
2015.  
bRepresents preliminary commercial harvest data through October 24, 2017. 
 


Table 14.4. Other FMP groundfish species landed (t) in DSR directed commercial fisheries in the 
Southeast Outside Subdistrict from 2010–2017. Discards (at sea and at dock) and personal use included. 


 
Species 2010 2011 2012 2013 2014 2015 2016 2017 
Black rockfish 0.14 0.08 0.31 0.85 0.02 0.01 0.06  
Bocaccio rockfish 0.02 0.00 0.03 0.12 0.01  0.00  
Pacific cod 0.88 1.00 2.33 5.10 0.23 0.12 0.01 0.24 
Redbanded rockfish 0.03 0.06 1.10 1.71 0.01  0.14 0.01 
Dark rockfish 


    
    


Dusky rockfish 0.51 0.32 3.84 5.35 2.12 3.23 2.38 2.27 
Rougheye rockfish 


 
0.00 


  
  0.0  


Shortraker rockfish 
    


    
Silvergray rockfish 0.45 0.30 0.66 1.92 0.24 0.07 0.40 0.33 
Skate, general 


  
0.18 


 
    


Spiny dogfish shark 
  


0.17 
 


    
Yellowtail rockfish 0.01 0.04 0.09 0.10 0.00 0.00   
Total 2.04 1.80 8.71 15.15 2.63 3.43 2.99 2.85 
 







 


Figure 14.1. The Southeast Outside (SEO) Subdistrict with the Alaska Department of Fish and Game 
groundfish management areas used for managing the demersal shelf rockfish fishery: East Yakutat 
(EYKT), Central Southeast Outside (CSEO), Northern Southeast Outside (NSEO), and Southern 
Southeast Outside (SSEO). 







 


Figure 14.2. Density of yelloweye rockfish predicted by DISTANCE (circles) +/- two standard 
deviations in each management area (Central Southeast Outside (CSEO), East Yakutat (EYKT), Southern 
Southeast Outside (SSEO), and Northern Southeast Outside (NSEO)). 







 


Figure 14.3. Sonar surveys performed in southeast Alaska used to delineate yelloweye rockfish 
habitat. 







 


Figure 14.4. ROV transects conducted in Northern Southeast Outside (NSEO) and Central Southeast 
Outside (CSEO) in 2016, and East Yakutat (EYKT) in 2017. Southern Southeast Outside (SSEO) will be 
surveyed in 2018. 







 


Figure 14.5. 1994–2017 yelloweye rockfish biomass estimate (t) (solid line) and 90% lower 
confidence interval (dashed line) for the Southeast Outside (SEO) Subdistrict. 







 


Figure 14.6. 1988–2017 DSR catch guidelines (OFL, ABC, and TAC) and total catch for the Southeast 
Outside (SEO) Subdistrict.   


 







 


Figure 14.7. 1992–2017 DSR catch (t) by fishery type: commercial (direct and incidental), 
recreational, research (International Pacific Halibut Commission (IPHC) longline survey), and 
subsistence.  


 







 


Figure 14.8. 1992–2017 directed commercial fishery catch (t) of DSR in the Southeast Outside (SEO) 
Subdistrict groundfish management areas: East Yakutat (EYKT), Northern Southeast Outside (NSEO), 
Central Southeast Outside (CSEO), and Southern Southeast Outside (SEO).   







 


Figure 14.9. 1992–2017 incidental commercial fishery catch (t) of DSR in the for halibut, sablefish, 
lingcod, Pacific cod, and salmon fisheries for Southeast Outside (SEO) Subdistrict groundfish 
management areas: East Yakutat (EYKT), Northern Southeast Outside (NSEO), Central Southeast 
Outside (CSEO), and Southern Southeast Outside (SEO).       
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12. Assessment of the Dusky Rockfish stock in the Gulf of Alaska 
Kari H. Fenske, Chris R. Lunsford, Peter-John F. Hulson, Dana H. Hanselman, and S. Kalei Shotwell 


November 2017 


Executive Summary 
In 2017, the scheduled frequency for some stock assessments was changed in response to the National 
Stock Assessment Prioritization effort. Prior to 2017, Gulf of Alaska (GOA) rockfish were assessed on a 
biennial stock assessment schedule to coincide with the availability of new survey data. The new schedule 
sets full assessments for dusky rockfish in the ‘off’ survey years (even years) and partial assessments for 
the ‘on’ survey years (odd years). For this year we present a partial assessment consisting of an executive 
summary including recent fishery catch and survey results, and recommend harvest levels for the next two 
years. Please refer to the 2015 full stock assessment report for further information regarding the 
assessment model (Lunsford et al., 2015, available online at 
http://www.afsc.noaa.gov/REFM/docs/2015/GOAdusky.pdf). A full stock assessment document with 
updated assessment and projection model results will be presented in next year’s SAFE report. 
 
We use a statistical age-structured model as the primary assessment tool for GOA dusky rockfish which 
qualifies as a Tier 3 stock. The data sets used in the full assessment include total catch biomass, fishery 
age and size compositions, bottom trawl survey abundance estimates, and bottom trawl survey age 
compositions. The assessment model consists of a population model, which uses the survey and fishery 
data to generate a historical time series of population estimates, and a projection model, which uses 
results from the population model to predict future population estimates and recommended harvest levels. 
For a partial assessment year, we do not re-run the assessment model, but do update the projection model 
with new catch data. This incorporates the most current catch information without re-estimating model 
parameters and biological reference points. 


Summary of Changes in Assessment Inputs 
Changes in the input data: There were no changes made to the assessment model inputs since this is a 
partial assessment year. New data added to the projection model included updated 2016 catch (3,328 t) 
and new estimated catches for 2017-2019. The 2017 catch was estimated by increasing the official catch 
as of September 30, 2017, by an expansion factor of 3.8%, which represents the average additional catch 
taken after September 30 in the last three complete years (2014-2016). This expansion factor was lower 
than last year’s expansion factor of 5.1%. This results in an estimated catch for 2017 of 2,542 t. To 
estimate future catches, we updated the yield ratio (0.60), which was the average of the ratio of catch to 
ABC for the last three complete catch years (2014-2016). This yield ratio was multiplied by the projected 
ABCs for 2018 and 2019 from the updated projection model to generate catches of 2,391 t for 2018 and 
2,088 t for 2019. The yield ratio was nearly identical to last year’s ratio of 0.59. 
 
Changes in assessment methodology: There were no changes in assessment methodology since this was a 
partial assessment year. 


Summary of Results 
The dusky rockfish catch/biomass ratio has ranged from 0.02-0.06 since 1991 (Figure 12-1). The 2017 
projected catch/biomass ratio (exploitation rate) is 20% less than for 2016 but similar to 2013-2015. For 
the catch/biomass ratio, catch data for 2017 are projected from September 30, 2017 using the 3.8% 
expansion factor. Biomass data for 1991-2015 are the 2015 full stock assessment estimates of age 4+ total 
biomass; age 4+ total biomass estimates for 2016-2017 are based upon the 2017 projection model output, 



http://www.afsc.noaa.gov/REFM/docs/2015/GOAdusky.pdf





which incorporates complete catch data for 2015 and 2016, and the expanded estimate of 2017 catches. 
The approximate 95% confidence interval values are calculated assuming a normal distribution of 
biomass estimated in the 2015 full stock assessment for 1991-2015; standard error values for 2016-2017 
are from the 2015 full assessment projections. 
 
ABC recommendation 
For the 2018 fishery, we recommend the maximum allowable ABC of 3,957 t from the updated projection 
model. This ABC is 8% lower than the 2017 ABC of 4,278 t and nearly identical to the ABC of 3,954 t 
projected for 2018 in the 2016 projections. 
 
The stock is not being subject to overfishing, is not currently overfished, nor is it approaching a condition 
of being overfished. The test for determining whether a stock is overfished is based on the 2016 catch 
compared to OFL. The official total catch for 2016 is 3,328 t which is less than the 2016 OFL of 5,733 t; 
therefore, the stock is not being subjected to overfishing. The tests for evaluating whether a stock is 
overfished or approaching a condition of being overfished require examining model projections of 
spawning biomass relative to B35% for 2017 and 2019. The estimates of spawning biomass for 2017 and 
2019 from the current year (2017) projection model are 23,201 t and 20,151 t, respectively. Both 
estimates are above the B35% estimate of 17,244 t and, therefore, the stock is not currently overfished nor 
approaching an overfished condition. 
 


Quantity 
As estimated or 


specified last year for: 
As estimated or 


recommended this year for: 
2017 2018 2018* 2019* 


M (natural mortality rate) 0.07 0.07 0.07 0.07 
Tier 3a 3a 3a 3a 
Projected total (ages 4+) biomass (t) 57,307 56,068 56,103 55,704 
Projected female spawning biomass (t) 23,178 21,554 21,559 20,151 


B100%  49,268 49,268 49,268 49,268 
B40%  19,707 19,707 19,707 19,707 
B35%  17,244 17,244 17,244 17,244 


FOFL  0.121 0.121 0.121 0.121 
maxFABC  0.098 0.098 0.098 0.098 
FABC 0.098 0.098 0.098 0.098 
OFL (t) 5,233 4,837 4,841 4,488 
maxABC (t) 4,278 3,954 3,957 3,668 
ABC (t) 4,278 3,954 3,957 3,668 
Status As determined last year for: As determined this year for: 
 2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


*Projections are based on estimated catches of 2,391 t and 2,088 t used in place of maximum permissible 
ABC for 2018 and 2019. 
 
Fishery trends 
Updated catch data (t) for dusky rockfish in the GOA as of September 30, 2017 (NMFS Alaska Regional 
Office Catch Accounting System via the Alaska Fisheries Information Network (AKFIN) database, 
http://www.akfin.org) are summarized in the following table: 



http://www.akfin.org/





Year Western Central Eastern West 
Yakutat 


E. Yakutat/ 
Southeast 


Gulfwide 
Total 


Gulfwide
ABC 


Gulfwide
TAC 


2016 96 3,217  7 8 3,328 4,686 4,686 
2017 111 2,312  22 5 2,450 4,278 4,278 


 
Survey trends 
Biomass estimates are available from the 2017 AFSC GOA bottom trawl survey. For informational 
purposes, updated survey trends are presented here. A geostatistical model was approved for use in the 
dusky rockfish model in 2015, and the abundance index was updated using 2017 survey data. Figure 12-2 
shows the geostatistical model compared to the design-based biomass estimator. The geostatistical 
estimator estimates a 3% increase in abundance since 2015 and is above the long-term mean. The design-
based estimator estimates a 56% increase since 2015, yet is below the long term mean, and continues the 
trend of large inter-annual variability. 
 


Area Allocation of Harvests 
The following table shows the recommended ABC apportionment for 2018 and 2019. The apportionment 
percentages are the same as in the last full assessment. Please refer to the 2015 full stock assessment 
report for information regarding the apportionment rationale for GOA dusky rockfish. 
 


 Western Central Eastern Total 
Area Apportionment 3.69% 88.50% 7.81% 100% 
2018 Area ABC (t) 146 3502 309 3,957 
2019 Area ABC (t) 135 3,246 287 3,668 


 
Amendment 41 prohibited trawling in the Eastern area east of 140° W longitude. The ratio of biomass 
still obtainable in the W. Yakutat area (between 147° W and 140° W) is 0.75. This results in the following 
apportionment to the W. Yakutat area: 
 


 W. Yakutat E. Yakutat/Southeast 
2018 Area ABC (t) 232 77 
2019 Area ABC (t) 215 72 


 
Recommended area apportionments of ABC are 146 t for the Western area, 3,502 t for the Central area, 
232 t for the West Yakutat area, and 77 t for the East Yakutat/Southeast Outside area. The 2018 Gulf-
wide OFL for dusky rockfish is 4,841 t. 
 
 
 
 
 
 
 
 
 
 
 
 
 







Summaries for Plan Team 
Species Year Biomass1 OFL ABC TAC Catch2 


Dusky Rockfish 


2016 60,072 5,733 4,686 4,686 3,328 
2017 57,307 5,233 4,278 4,278 2,450 
2018 56,103 4,841 3,957   
2019 55,704 4,488 3,668   


 
Stock/  2017 2018 2019 


Assemblage Area OFL ABC TAC Catch2 OFL ABC OFL ABC 


Dusky 
Rockfish 


W  158 158 111  146  135 
C  3,786 3,786 2,312  3,502  3,246 


WYAK  251 251 22  232  215 
EYAK/SEO  83 83 5  77  72 


E  -- -- --     
Total 5,233 4,278 4,278 2,450 4,841 3,957 4,488 3,668 


1Total biomass (ages 4+) from the age-structured model 
2Current as of September 30, 2017. Source: NMFS Alaska Regional Office Catch Accounting System via 
the AKFIN database (http://www.akfin.org).   
 


Responses to SSC and Plan Team Comments on Assessments in General 
“In an effort improve record keeping as assessment authors formulate various stock status evaluation 
models, the Plan Team has recommended a systematic cataloging convention. Any new model that 
diverges substantial from the currently accepted model will be marked with the two-digit year and a “0” 
version designation (e.g., 16.0 for a model from 2016). Variants that incorporate major changes are then 
distinguished by incremental increases in the version integer (e.g., 16.1 then 16.2), and minor changes 
are identified by the addition of a letter designation (e.g., 16.1a). The SSC recommends this method of 
model naming and notes that it should reduce confusion and simplify issues associated with tracking 
model development over time.” (SSC December 2016) 
 
The dusky rockfish assessment will begin using this convention in 2018 with the recommended model 
from 2015 (Model 15.5). 
 
 
“…The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock, perhaps following the framework suggested below, during the December 
Council meeting to aid in identifying areas of concern.” (SSC October 2017) 
 
A newly proposed framework for considering ecosystem and socioeconomic factors has been submitted 
as an appendix in some assessments this year. This is an attempt to document these factors with respect to 
stock status and also provide indicators for continued monitoring to identify areas of concern. These 
reports are currently submitted as an appendix and in future years it is anticipated that they would be 
available for all stocks as the framework is adaptable for data-limited to data-rich stocks. We plan to 
evaluate and potentially incorporate this new ecosystem/socioeconomic report as an appendix when it 
becomes available for the dusky rockfish stock. 
 



http://www.akfin.org/





Responses to SSC and Plan Team Comments Specific to this Assessment 
  
“The SSC strongly encourages further development of these approaches, which could be extended to 
include covariates such as depth or other habitat features to increase precision. Care should be taken to 
estimate biomass over the same area when comparing results between the design-based and geostatistical 
approach. The SSC also suggested that, when considering anisotropy in the model, that the most 
appropriate approach for the Gulf of Alaska may be to allow for differences in spatial correlation scales 
in the along-shelf and cross-shelf directions, respectively, rather than by latitude and longitude. It was 
suggested that modeling survey data could be a topic for the workshop in February 2018 to discuss 
options for moving from design-based estimators to geostatistical estimators across stocks.).” (SSC, 
October 2017) 
 
A working group is currently investigating the criteria for use of the geostatistical generalized linear 
mixed model within assessments performed by the AFSC. Since the dusky model is the only current 
assessment using these methods, the recommendations from the working group will be important for us to 
consider in the next full assessment. 


 


 


 
Figure 12-1. GOA Dusky rockfish catch/biomass ratio with approximate 95% confidence intervals. 
Biomass is age 4+ biomass from the age structured assessment model. 
 







 
Figure 12-2. Comparison of dusky rockfish abundance estimates from Gulf of Alaska trawl survey using 
the geostatistical abundance estimator (blue) and the design based estimator (green), with approximate 
95% confidence intervals. 
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Executive Summary 


Summary of Changes in Assessment Inputs 
1) 2016-2017 catch data were added to the model and 2015 catch was updated to include October to 


December catch in that year. 
2) 2016 and 2017 fishery length composition data were added to the model and 2015 fishery length 


composition data were updated to include October to December length data from that year. 
3) The 2017 bottom trawl survey biomass index and standard error was added to the model. 
4) Survey length composition data for 2017 were added to the model. 
5) Survey conditional age-at-length data for 2015 were added to the model. 
 
Summary of Changes in Assessment Methodology 
No changes were made to the assessment methodology. 


  







Summary of Results 
The key results of the assessment, based on the author’s preferred model, are compared to the key results 
of the accepted 2016 update assessment in the table below.  Biomass has increased and FOFL and FABC 
decreased resulting in similar OFL and ABC to last years’ assessment. 


Quantity 


As estimated or  
specified last year for: 


As estimated or  
recommended this year for: 


2017 2018 2018* 2019* 


M (natural mortality rate) 0.2 0.2 0.2 0.2 
Tier 3a 3a 3a 3a 
Projected total (3+) biomass (t) 269,638     272,323  281,635 283,107 
Female spawning biomass (t) 82,819  84,273  85,765 89,118 
     B100% 92,165  92,165  91,551 91,551 
     B40% 36,866  36,866  36,620 36,620 
     B35% 32,258  32,258  32,043 32,043 
FOFL 0.40  0.40  0.36 0.36 
maxFABC 0.32  0.32  0.28 0.28 
FABC 0.32  0.32  0.28 0.28 
OFL (t) 43,128  43,872  43,011 44,822 
maxABC (t) 35,243  35,829  35,266 36,746 
ABC (t) 35,243  35,829  35,266 36,746 


Status 
As determined in 2016 for: As determined in 2017 for: 


2015 2016 2016 2017 
Overfishing no n/a no n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 


*Projections are based on estimated catches of 2044.2 t, 2,255.7 t, for 2017 and 2018 respectively. The 2017 
projected catch was calculated as the current catch as of October 1, 2017 added to the average October 1–
December 31 GOA flathead sole catches over the 5 previous years. The 2018 projected catch was calculated as the 
average catch from 2012-2016. 
 


The table below shows apportionment of the 2018 and 2019 ABCs and OFLs among areas, based on the 
proportion of survey biomass projected for each area in 2017 estimated using the random effects model 
developed by the survey averaging working group. 


Quantity Western Central West Yakutat Southeast Total 
Area Apportionment  35.98% 57.39% 5.48% 1.15% 100.00% 
2018 ABC (t) 12,690 20,238 1,932 406 35,266 
2019 ABC (t) 13,222 21,087 2,013 424 36,746 







Responses to SSC and Plan Team Comments on Assessments in General 
Dec 2016, SSC: Any new model that diverges substantial from the currently accepted model will be 
marked with the two-digit year and a “0” version designation (e.g., 16.0 for a model from 2016). 
Variants that incorporate major changes are then distinguished by incremental increases in the version 
integer (e.g., 16.1 then 16.2), and minor changes are identified by the addition of a letter designation 
(e.g., 16.1a). The SSC recommends this method of model naming and notes that it should reduce 
confusion and simplify issues associated with tracking model development over time. 


Authors’ response:  Two models are presented in this assessment numbered 2015 and 2017. 


Responses to SSC and Plan Team Comments Specific to this Assessment 
The SSC concurs with the PT and author that a priority for future assessments is to analyze ageing error 
data for GOA flathead sole using methods described in Punt et al. (2008) and to incorporate a resulting 
ageing error matrix into the assessment. In addition, the SSC supports the PT and author’s 
recommendations that future analyses should explore the relationship between natural mortality and 
catchability in the model, alternative parameter values, and the effects of these parameters on estimation 
of selectivity and other parameters. Finally, the SSC encourages the author to explore ways to better 
account for scientific uncertainty, especially uncertainty associated with parameters that are currently 
fixed in the model.  


Authors’ response:  This assessment includes joint profiles likelihoods for survey Q and natural mortality.  
Ageing error estimation and scientific uncertainty will be explored in future assessments.  


Introduction 
Flathead sole (Hippoglossoides elassodon) are distributed from northern California, off Point Reyes, 
northward along the west coast of North America and throughout the Gulf of Alaska (GOA) and the 
Eastern Bering Sea (EBS), the Kuril Islands, and possibly the Okhotsk Sea (Hart 1973). They occur 
primarily on mixed mud and sand bottoms (Norcross et al. 1997, McConnaughey and Smith 2000) in 
depths < 300 m (Stark and Clausen 1995). The flathead sole distribution overlaps with the similar-
appearing Bering flounder (Hippoglossoides robustus) in the northern half of the Bering Sea and the Sea 
of Okhotsk (Hart 1973), but not in the Gulf of Alaska. 


Adults exhibit a benthic lifestyle and occupy separate winter spawning and summertime feeding 
distributions on the EBS shelf and in the GOA. From over-winter grounds near the shelf margins, adults 
begin a migration onto the middle and outer continental shelf in April or May each year for feeding. The 
spawning period may range from as early as January but is known to occur in March and April, primarily 
in deeper waters near the margins of the continental shelf. Eggs are large (2.75 to 3.75 mm) and females 
have egg counts ranging from about 72,000 (20 cm fish) to almost 600,000 (38 cm fish). Eggs hatch in 9 
to 20 days depending on incubation temperatures within the range of 2.4 to 9.8°C and have been found in 
ichthyoplankton sampling on the southern portion of the BS shelf in April and May (Waldron 1981). 
Larvae absorb the yolk sac in 6 to 17 days, but the extent of their distribution is unknown. Nearshore 
sampling indicates that newly settled larvae are in the 40 to 50 mm size range (Norcross et al. 1996). Fifty 
percent of flathead sole females in the GOA are mature at 8.7 years, or at about 33 cm (Stark 2004). 
Juveniles less than age 2 have not been found with the adult population and probably remain in shallow 
nearshore nursery areas. 


  







Fishery 
Flathead sole in the Gulf of Alaska are caught in a directed fishery using bottom trawl gear. Typically 25 
or fewer shore-based catcher vessels from 58-125’ participate in this fishery, as do 5 catcher-processor 
vessels (90-130’). Fishing seasons are driven by seasonal halibut prohibited species catch (PSC) 
apportionments, with approximately 7 months of fishing occurring between January and November. 
Catches of flathead sole occur almost entirely in the Western and Central management areas in the gulf 
(statistical areas 610 and 620 + 630, respectively, Table 1). Recruitment to the fishery begins at about 
age 3. 


Historically, catches of flathead sole have exhibited decadal-scale trends (Table 1, Figure 1). From a high 
of ~2000 t in 1980, annual catches declined steadily to a low of ~150 t in 1986 but then increased 
steadily, reaching a high of ~3100 t in 1996. Catches subsequently declined over the next three years, 
reaching a low of ~900 t in 1999, followed by an increasing trend through 2010, when the catch reached 
its highest level ever (3,854 t). Catch then declined to 2,000 t in 2015 and was 2,421 t in 2016.  Closures 
of the flathead sole fishery in 2015 due to reaching bycatch caps are shown in Table 3. 


Based on observer data, the majority of the flathead sole catch in the Gulf of Alaska is taken in the 
Shelikof Strait and on the Albatross Bank near Kodiak Island, as well as near Unimak Island 
(Stockhausen 2011). Previously, most of the catch is taken in the first and second quarters of the year 
(Stockhausen 2011).  


Annual catches of flathead sole have been well below TACs in recent yearsTable 2), although the 
population appears to be capable of supporting higher exploitation rates. Limits on flathead sole catches 
are driven by restrictions on halibut PSC, not by attainment of the TAC (Stockhausen 2011).  


The stock within the GOA is managed as a unit stock but with area-specific ABC and TAC 
apportionments to avoid the potential for localized depletion.  Little is known on the stock structure of 
this species.  See Stockhausen (2011) for a description of the management history of flathead sole. 


Non-commercial catch of GOA flathead sole are in shown Appendix 8A. 


Data 
The following table specifies the source, type, and years of all data included in the assessment models. 


Source Type Years 


Fishery Catch biomass 1978-2017 (through October 1, 2017) 


Fishery Catch length composition 1989-1999, 2001-2007, 2009-2017 


GOA survey bottom trawl Survey biomass Triennial: 1984-1999, Biennial: 2001-2017 


GOA survey bottom trawl Catch length composition Triennial: 1984-1999, Biennial: 2001-2017 


GOA survey bottom trawl Catch age composition, 
conditioned on length 


Triennial: 1984-1999, Biennial: 2001-2015 


 







Fishery: 


Catch Biomass 
The assessment included catch data from 1978 to October 1, 2017 (Figure 1, Table 1). Catches of flathead 
sole occur almost entirely in the Western and Central management areas in the GOA (statistical areas 610 
and 620 + 630, respectively, Table 1). 


Catch Size Composition 
Fishery length composition data were included in 2cm bins from 6-56cm in 1989-1999, 2001-2007, and 
2009-2017; data were omitted in years where there were less than 15 hauls that included measured 
flathead sole (1982-1988 2000, 2008). The number of hauls were used as the relative effective sample 
size. Fishery length composition data were voluminous and can be accessed at 
http://www.afsc.noaa.gov/REFM/Docs/2017/GOA_Flathead_Composition_Data_And_SampleSize17.xls
x. 


Survey: 


Biomass and Numerical Abundance 
Survey biomass estimates originate from a cooperative bottom trawl survey conducted by the U.S. and 
Japan in 1984 and 1987 and a U.S. bottom trawl survey conducted by the Alaska Fisheries Science Center 
Resource Assessment and Conservation Engineering (RACE) Division thereafter. Calculations for final 
survey biomass and variance estimates are fully described in Wakabayashi et al. (1985). Depths 0-500 
meters were fully covered in each survey and occurrence of flathead at depths greater than 500 meters is 
rare. The survey excluded the eastern region of the Gulf of Alaska (the Yakutat and Southeastern areas) in 
2001 (  



http://www.afsc.noaa.gov/REFM/Docs/2017/GOA_Flathead_Composition_Data_And_SampleSize17.xlsx
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Table 4 and Table 5). As for previous assessments, the availability of the survey biomass in 2001 was 
assumed to be 0.9 to account for the biomass in the eastern region of the Gulf. The total survey biomass 
estimates and CVs that were used in the assessment are listed in (Table 5).  Survey biomass increased 
from 217,763 t in 2015 to 236,588 t in 2017. 


Figure 2 shows maps of survey CPUE in the GOA for the 2013, 2015, and 2017 surveys; survey CPUE in 
all three years was highest in the Central and Western GOA. 


Survey Size and Age Composition 
Sex-specific survey length composition data as well as age frequencies of fish by length (conditional age-
at-length) were used in the assessment and can be found at 
http://www.afsc.noaa.gov/REFM/Docs/2017/GOA_Flathead_Composition_Data_And_SampleSize17.xls
x, along with corresponding sample sizes used in the assessment. There are several advantages to using 
conditional age-at-length data. The approach preserves information on the relationship between length 
and age and provides information on variability in length-at-age such that growth parameters and 
variability in growth can be estimated within the model. In addition, the approach resolves the issue of 
double-counting individual fish when using both length- and age-composition data (as length-composition 
data are used to calculate the marginal age compositions). See Stewart (2005) for an additional example 
of the use of conditional age-at-length data in fishery stock assessments.  


Analytic Approach 


Model Structure 


Tier 3 Model 
The assessment was a split sex, age-structured statistical catch-at-age model implemented in Stock 
Synthesis version 3.24u (SS3) using a maximum likelihood approach. SS3 equations can be found in 
Methot and Wetzel (2013) and further technical documentation is outlined in Methot (2009). Before 2013 
assessments were conducted using an ADMB-based, split-sex, age-structured population dynamics model 
(Stockhausen 2011).  A benchmark assessment was conducted in 2013 in SS3 (McGilliard et al. 2013). 
Briefly, the current assessment model covers 1955-2015. Age classes included in the model run from age 
0 to 29. Age at recruitment was set at 0 years in the model. The oldest age class in the model, age 29, 
serves as a plus group. Survey catchability was fixed at 1.0.   


Fishery and Survey Selectivity 
The fishery and survey selectivity curves were estimated using sex-specific, age-based double-normal 
functions without a descending limb (instead of a logistic function as previously used). The SS3 modeling 
framework does not currently include the option of estimating sex-specific, age-based logistic selectivity 
where both male and female selectivity maintain a logistic shape (as was used in the previous assessment 
model). Therefore, the double-normal curve without a descending limb was the closest match to the 
selectivity formulation used in the 2011 model (McGilliard et al. 2013). Length-based, sex-specific, 
logistic fishery and survey selectivity were implemented as sensitivity analyses in the 2013 assessment 
model runs (McGilliard et al. 2013). Length-based formulations for fishery and survey selectivity were 
not used in final model runs because the age-based selectivity curves derived from using length-based 
curves showed that the oldest fish were not selected, effectively lowering survey catchability and 
suggesting that the fishery fails to catch the oldest, largest fish. Fits to data were similar for length- and 
age-based asymptotic survey selectivity curves. Sensitivity analyses assuming dome-shaped fishery or 
survey selectivity failed to improve model fits to the data. 



http://www.afsc.noaa.gov/REFM/Docs/2017/GOA_Flathead_Composition_Data_And_SampleSize17.xlsx
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Conditional Age-at-Length 
A conditional age-at-length approach was used: expected age composition within each length bin was fit 
to age data conditioned on length (conditional age-at-length) in the objective function, rather than fitting 
the expected marginal age-composition to age data (which are typically calculated as a function of the 
conditional age-at-length data and the length-composition data). This approach provides the information 
necessary to estimate growth curves and variability about mean growth within the assessment model. In 
addition, the approach allows for all of the length and age-composition information to be used in the 
assessment without double-counting each sample. The von-Bertalanffy growth curve and variability in the 
length-at-age relationship were evaluated within the model using the conditional age-at-length approach. 


Data Weighting 
In the 2013 assessment, the assumptions about data-weighting were re-evaluated using a more formal 
approach for assessing variability in mean proportions-at-age and proportions-at-length (Francis, 2011). 
To account for process error (e.g. variance in selectivities among years), the relative weights for length or 
age composition data (lambdas) were adjusted according to the method described in Francis (2011), 
which accounts for correlations in length- and age-composition data (data-weighting method number T3.4 
was used). The 2013 assessment used weights calculated using the Francis (2011) method, but the 
weights for the fishery length-composition data were increased slightly to improve model stability.  


In the 2015 assessment and the 2017 assessment, the method described in Francis (2011) was not used 
because of concerns raised about its use when using conditional age-at-length data. The effective sample 
size for length composition data was changed to the number of hauls (Volstad and Pennington 1994). The 
McAllister-Ianelli method for weighting among data sources was used in the 2015 and 2017 assessment 
(McAllister and Ianelli 1997). 


Ageing Error Matrix 
Ageing uncertainty was incorporated into the model using the ageing error matrix calculated from Bering 
Sea/Aleutian Islands (BSAI) flathead sole ageing data and used in the most recent accepted BSAI flathead 
sole assessment (McGilliard et al. 2014). SS3 accommodates the specification of ageing error bias and 
imprecision, while the previous assessment model framework did not. Future assessments should estimate 
ageing error matrices for GOA flathead sole using GOA age-read data. BSAI and GOA flathead sole are 
aged by the same individuals using the same techniques and ageing error is expected to be very similar. 
Assuming perfect age-reading of GOA flathead sole otoliths is thought to be an inferior assumption to 
using estimates of ageing error from the BSAI flathead sole population. The BSAI data was used in the 
current assessment (2017), and will be replaced with GOA data when fully analyzed GOA ageing error 
data are available. 


Recruitment Deviations 
Recruitment deviations for the period 1955-1983 were estimated as “early-period” recruits separately 
from “main-period” recruits (1984-2012) such that the vector of recruits for each period had a sum-to-
zero constraint, rather than forcing a sum-to-zero constraint across all recruitment deviations. 


A bias adjustment factor was specified using the Methot and Taylor (2011) bias adjustment method. 
Recruitment deviations prior to the start of composition data and in the most recent years in the time-
series are less informed than in the middle of the time-series. This creates a bias in the estimation of 
recruitment deviations and mean recruitment that is corrected using methods described in Methot and 
Taylor (2011). 







Model structures considered in this year’s assessment 
One model is presented as the current, base case 2017 assessment model for GOA flathead sole (2017 
Model). The proposed model structure is the same as the most recent (2015) accepted model for flathead 
sole.   The 2015 and 2017 models use the effective sample size for all length composition data equal to 
the number of hauls for which lengths were collected for each data source due to correlations within 
hauls, which was analyzed in Volstad and Pennington (1994). In addition, data were weighted using the 
McAllister-Ianelli data weighting method, as described above.  The 2015 model is presented with no new 
updated data (updated 2015, 2016 and 2017 data are not included) for comparison, which is the same as 
the accepted 2015 model in the 2015 assessment. 


Parameters Estimated Outside the Assessment Model 


Natural mortality   
Male and female natural mortality were fixed and equal to 0.2. 


Weight-Length Relationship  
The following weight-length relationship used in the previous assessment (McGilliard et al. 2013) is used 


in the current assessment: , where  and , length (L) was 
measured in centimeters and weight (w) was measured in kilograms.  


Maturity-at-Age 


Maturity-at-age in the assessment was defined as 𝑂𝑂𝑎𝑎 = 1 (1 + 𝑒𝑒𝛾𝛾(𝑎𝑎−𝑎𝑎50))⁄ , where the slope of the 
curve was  and the age-at-50%-maturity was 𝑎𝑎50 = 8.74 . These values were used in the 
previous assessment and were estimated from a histological analysis of 180 samples of GOA flathead sole 
ovaries collected in the central Gulf of Alaska from January 1999 (Stark 2004). 


Standard deviation of the Log of Recruitment (𝜎𝜎𝑅𝑅) 
The standard deviation of the log of recruitment was not defined in previous assessments. Variability of 
the recruitment deviations that were estimated in previous flathead sole assessments was approximately 
𝜎𝜎𝑅𝑅 = 0.6 and this value is used in the current assessment.  


Catchability 
Catchability was assumed equal to 1, as for previous flathead sole assessments. 


Selectivity parameters 
Selectivity parameter definitions and values for fixed parameters are shown in Table 6. 


Parameters Estimated Inside the Assessment Model 
Parameters estimated within the assessment model were the log of unfished recruitment (R0), log-scale 
recruitment deviations, yearly fishing mortality, sex-specific parameters of the von-Bertalanffy growth 
curve, CV of length-at-age for ages 2 and 29, and selectivity parameters for the fishery and survey. The 
selectivity parameters are described in greater detail in Table 6. 
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Results 


Model Evaluation 


Comparison among models 
Figure 3-5 and Table 7-Table 10 and Tables 13-14, compare the 2015 model with the 2017 model.  Fits to 
the survey biomass index and resulting estimates of spawning stock biomass over time are very similar 
between the two models (Figure 3, Figure 4).  Spawning biomass is slightly lower in recent years for the 
2017 model than the 2015 model.  Estimation of age-0 recruitment are very similar among models (Table 
14 and Figure 5).  Estimates of growth parameters, unfished recruitment, and survey selectivity were very 
similar among models (Table 8, Table 10 and Figure 7).  The fishery selectivity curve was shifted to 
younger ages with the 2017 model vs the 2015 model for both males and females (Table 9 and Figure 8). 
The 2017 model estimates peak female selectivity at age 12.42 and the 2015 model at age 13.08 (Table 
9).  


The 2017 Base Case Model 
The estimated fishery and survey selectivity curves for the 2017 base case model are shown in Figure 6. 
Although selectivity curves for males and females are similar, it is puzzling that males would be selected 
at slightly younger ages than females, given that they grow more slowly than females (Figure 9). Future 
work will explore potential causes for this result. One constraint in the current assessment is that natural 
mortality is fixed at the same value for both males and females. Furthermore, natural mortality and 
catchability are both fixed in the assessment.  


  







Fits to fishery and survey length composition data, aggregated over years are shown in Figure 10. These 
aggregated fits show that the model predicted slightly more females length 40-45cm in the fishery than 
were observed. In addition, the model predicted that more 25-30cm females in the survey than were 
observed and fewer females in the 32-40cm range than were observed in the survey. Similarly, the model 
predicted slightly fewer 30-32cm males and in the survey and slightly more 34-40cm males in the survey 
than were observed. Overall, however, model fits to the length composition data, aggregated over years 
were fairly reasonable. Figure 11- Figure 13 show fits to yearly fishery and survey length composition 
data. Fits to fishery length composition data were particularly poor in 1990; fishery selectivity appears to 
have been quite different in that year. Fits to survey length composition data were poor in 1984, 1987, and 
1990. Survey methods in 1984 and 1987 differed from the current protocol and we would expect 
differences in fits in these years (McGilliard 2013). 


Figure 14-Figure 17 show model fits to the mean age at each length and corresponding estimated and 
observed standard deviations about mean age-at-length and show that the model fits growth data 
reasonably well. Observed standard deviations are expected to differ from estimated standard deviations 
about the age-at-length for older ages and larger size bins due to low sample size. Figure 18-Figure 20 
show pearson residuals in age-at-length model fits. One very large residual occurs in 1999, but otherwise, 
the pearson residuals are relatively small. 


Time Series Results  
Time series of biomass and recruitments are shown in Table 13-Table 14 and Figure 4, Figure 5 and 
Figure 21. A time series of numbers-at-age is available at 
http://www.afsc.noaa.gov/REFM/Docs/2017/GOA_Flathead_TimeSeries_of_NumbersAtAge17.xlsx. 
Age 3 recruitment, age 0 recruitment, and standard deviations of age 0 recruitment are presented in Table 
14 for the current and previous assessments. Total biomass for ages 3+, spawning stock biomass, and 
standard deviations of spawning stock biomass estimates for the previous and current assessments are 
presented in Table 13. Figure 21 shows spawning stock biomass estimates and corresponding asymptotic 
95% confidence intervals. Figure 22 shows that biomass has been above B35% and F has been low relative 
to F35% for each year in the time series. 


Retrospective Analyses 
Spawning stock biomass, age 0 recruits, and the model fit to the survey for retrospective analyses 
extending back 10 years are shown in Figure 23 to 25. A retrospective pattern in spawning stock biomass 
extending back 10 years is evident, whereby each year of added data lowers the most current estimates by 
a small amount (Figure 23 and Figure 25).  The time series of the fit to survey biomass only plots 
estimates of survey biomass in the years when there was a survey, which was every other year from 2007 
to 2017 (Figure 25).  This retrospective pattern should be explored further in future analyses where 
alternative values and approaches for modeling catchability, natural mortality, and selectivity are 
explored. 


Likelihood Profile Analyses 
The 2017 base model has Q fixed at 1.0 and M fixed at 0.2.  When Q is fixed at 1.0 the minimum total 
likelihood occurs at M=0.26 (Figure 26).  At M fixed at 0.2, the lowest total likelihood occurs at Q greater 
than 1.5 (Figure 27).  Model runs with all combinations of survey Q from 0.6 to 1.5 (by 0.1 intervals) and 
natural mortality from 0.1 to 0.3 (by 0.02 intervals for males and females) show that the minimum total 
likelihood occurs at M=0.28 and Q=1.4. 


  



http://www.afsc.noaa.gov/REFM/Docs/2017/GOA_Flathead_TimeSeries_of_NumbersAtAge17.xlsx





 lowest likelihood for:  
 Total Survey Age data Length data 
Total 1483.15 1689.4 1483.24 1495.98 
Survey -17.1193 -20.0377 -17.0739 -10.986 
Age data 525.278 554.402 525.117 533.3 
Length data 985.251 1159.99 985.444 982.176 
Q 1.4 1.3 1.5 1.1 
M 0.28 0.16 0.28 0.28 


Survey likelihood was minimum at Q=1.3 and M=0.16.  Age data fit best at Q=1.1 and M=0.28, While 
length data was best fit at Q=1.5 and M=0.28.  The M where the total likelihood surface is lowest 
increases with increasing survey Q (Figure 28).  Survey likelihood is relatively flat over the range of 
survey Q with M between about 0.25 and 0.2 (Figure 29).  The survey likelihood surface and a small dip 
at Q=1.3 and M=0.16 where the lowest likelihood occurs.  Length data are fit best a higher M and higher 
Q, however length likelihood also declines as M declines towards 0.1 (Figure 30).  Age likelihood is the 
highest component of the total likelihood and is relatively flat from Q>1.0 and M between about 0.25 and 
0.3 (Figure 31).   However, the fishery age at 50% selected for males and females shifts up to above 16 
when M is below 0.18 (Figures 32 and 33).  This indicates instability in the fishery selectivity parameters 
which needs to be investigated for the interpretation of the likelihood profiles to be meaningful.  
However, the length data are fit better as M goes below 0.18 (Figure 30).  Age at 50% selected for the 
survey increases from about 3.4 to 6.0 as M increases from 0.1 to 0.3 for both males and females (Figures 
34 and 35).  Survey Q seems to have little effect on the age at 50% selected. 


Harvest Recommendations 
The reference fishing mortality rate for flathead sole is determined by the amount of reliable population 
information available (Amendment 56 of the Fishery Management Plan for the groundfish fishery of the 
Bering Sea/Aleutian Islands). Estimates of F40%, F35%, and SPR40% were obtained from a spawner-per 
recruit analysis. Assuming that the average recruitment from the 1983-2012 year classes estimated in this 
assessment represents a reliable estimate of equilibrium recruitment, then an estimate of B40% is calculated 
as the product of SPR40% times the equilibrium number of recruits. Since reliable estimates of the 2018 
spawning biomass (B), B40%, F40%, and F35% exist and B>B40%, the flathead sole reference fishing mortality 
is defined in Tier 3a. For this tier, FABC is constrained to be ≤ F40%, and FOFL is defined to be F35%. The 
values of these quantities are: 


SSB 2018 85,765 


B40% 36,620 


F40% 0.28 


maxFabc 0.28 


B35% 32,043 


F35% 0.36 


FOFL 0.36 


 


Because the flathead sole stock has not been overfished in recent years and the stock biomass is relatively 
high, it is not recommended to adjust FABC downward from its upper bound. 







A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56. 
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). For each scenario, the projections begin with the vector of 2017 
numbers at age estimated in the assessment. This vector is then projected forward to the beginning of 
2018 using the schedules of natural mortality and selectivity described in the assessment and the best 
available estimate of total (year-end) catch for 2017. In each subsequent year, the fishing mortality rate is 
prescribed on the basis of the spawning biomass in that year and the respective harvest scenario. In each 
year, recruitment is drawn from an inverse Gaussian distribution whose parameters consist of maximum 
likelihood estimates determined from recruitments estimated in the assessment. Spawning biomass is 
computed in each year based on the time of peak spawning and the maturity and weight schedules 
described in the assessment. Total catch is assumed to equal the catch associated with the respective 
harvest scenario in all years. This projection scheme is run 1000 times to obtain distributions of possible 
future stock sizes, fishing mortality rates, and catches. 


Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018 are as follow (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 


Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2: In all future years, F is set equal to a constant fraction of max FABC, where this fraction is 
equal to the ratio of the FABC value for 2018 recommended in the assessment to the maxFABC for 2018. 
(Rationale: When FABC is set at a value below max FABC, it is often set at the value recommended in the 
stock assessment.) 


Scenario 3:  In all future years, F is set equal to the 2012-2016 average F. (Rationale: For some stocks, 
TAC can be well below ABC, and recent average F may provide a better indicator of FTAC than FABC.) 
 
Scenario 4:  In all future years, F is set equal to F60%. (Rationale: This scenario provides a likely lower 
bound on FABC that still allows future harvest rates to be adjusted downward when stocks fall below 
reference levels. This was requested by public comment for the DSEIS developed in 2006). 
 
Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be set at a 
level close to zero.) The recommended FABC and the maximum FABC are equivalent in this assessment, so 
scenarios 1 and 2 yield identical results. 


The 12-year projections of the mean spawning stock biomass, fishing mortality, and catches for the five 
scenarios are shown in Table 15-Table 17. 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether the flathead 
sole stock is currently in an overfished condition or is approaching an overfished condition. These two 
scenarios are as follows (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines whether a stock 
is overfished. If the stock is expected to be above its MSY level in 2016, then the stock is not overfished.) 


Scenario 7: In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set equal to 
FOFL. (Rationale: This scenario determines whether a stock is approaching an overfished condition. If the 







stock is expected to be above its MSY level in 2030 under this scenario, then the stock is not approaching 
an overfished condition.) 


The results of these two scenarios indicate that the stock is not overfished and is not approaching an 
overfished condition. With regard to assessing the current stock level, the expected stock size in the year 
2018 of scenario 6 is 85,765, more than 2 times B35% (32,043 t). Thus the stock is not currently 
overfished. With regard to whether the stock is approaching an overfished condition, the expected 
spawning stock size in the year 2030 of scenario 7 (33,775 t) is greater than B35%; thus, the stock is not 
approaching an overfished condition. 


Area Allocation of Harvests 
TAC’s for flathead sole in the Gulf of Alaska are divided among four smaller management areas 
(Western, Central, West Yakutat and Southeast Outside). The area-specific ABC’s for flathead sole in the 
GOA are divided up over the four management areas by applying the fraction of the survey biomass 
estimated for each area (relative to the total over all areas) in 2018 and 2019 from the survey averaging 
random effects model to the  2018 and 2019 ABC’s. The area-specific allocations for 2018 and 2019 are: 


Quantity Western Central West Yakutat Southeast Total 


Area Apportionment  35.98% 57.39% 5.48% 1.15% 100.00% 


2018 ABC (t) 12,690 20,238 1,932 406 35,266 


2019 ABC (t) 13,222 21,087 2,013 424 36,746 
 


Ecosystem Considerations 


Ecosystem Effects on the Stock 


Prey availability/abundance trends 
Based on results from an ecosystem model for the Gulf of Alaska (Aydin et al., 2007), flathead sole in the 
Gulf of Alaska occupy an intermediate trophic level as both juvenile and adults (Figure 36, Figure ). 
Pandalid shrimp and brittle stars were the most important prey for adult flathead sole in the Gulf of 
Alaska (64% by weight in sampled stomachs; Yang and Nelson, 2000; Figure, Figure38), while 
euphausids and mysids constituted the most important prey items for juvenile flathead sole (Figure , 
Figure). Other major prey items included polychaetes, mollusks, bivalves and hermit crabs for both 
juveniles and adults.  Commercially important species that were consumed included age-0 Tanner crab 
(3%) and age-0 walleye pollock (< 0.5% by weight).  Little to no information is available to assess trends 
in abundance for the major benthic prey species of flathead sole. 


Predator population trends 


Important predators on flathead sole include arrowtooth flounder, walleye pollock, Pacific cod, and other 
groundfish (Figure40, Figure ). Pacific cod and Pacific halibut are the major predators on adults, while 
arrowtooth flounder, sculpins, walleye pollock and Pacific cod are the major predators on juveniles.  The 
flatfish-directed fishery constitutes the third-largest known source of mortality on flathead sole adults.  
However, the largest component of mortality on adults is unexplained. 







Fishery Effects on the Ecosystem  
Non-target catch in the directed GOA flathead sole fishery are shown in Table 18. Prohibited species 
catch in the directed GOA flathead sole fishery are shown in   







Table 19. Historically, the flathead sole fishery has caught a high proportion of the brittlestar, eelpouts, 
gunnels, polychaetes, and Stichaeidae in some years. In 2014 and 2015, proportion of non-target species 
caught in the flathead sole fishery ranged from 0 to 32% (32% of Pandalid shrimp were caught in the 
flathead sole fishery in 2015). Prohibited species catch in the flathead sole fishery were 0-2% of the 
prohibited species catch of each of these species in 2014 and 2015. 


 


Data Gaps and Research Priorities 
The 2015 and 2017 stock assessments incorporated ageing error by using an existing ageing error matrix 
for BSAI flathead sole. A priority for future assessments is to analyze ageing error data for GOA flathead 
sole using methods described in Punt et al. (2008) and to incorporate a resulting ageing error matrix into 
the assessment. Future analyses should explore the relationship between natural mortality and catchability 
in the model, alternative parameter values, and the effects of these parameters on estimation of selectivity 
and other parameters. The assessment would benefit from an exploration of ways to better account for 
scientific uncertainty, especially uncertainty associated with parameters that are currently fixed in the 
model. Examination of genetic stock structure of flathead sole throughout its range and within the Gulf of 
Alaska and the Bering Sea is important for understanding whether spatial management units are properly 
allocated. 
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Tables 
Table 1. Total and regional annual catch of GOA flathead sole through October 1, 2017. 


Year 
Total 
Catch 


Western 
Gulf 


Central 
Gulf 


Eastern 
Gulf 


1978 452       
1979 165       
1980 2,068       
1981 1,070       
1982 1,368       
1983 1,080       
1984 549       
1985 320       
1986 147       
1987 151       
1988 520       
1989 747       
1990 1,447       
1991 1,237 199 1,036 2.1 
1992 2,315 355 1,947 12.7 
1993 2,824 581 2,242 0.0 
1994 2,525 499 2,013 0.0 
1995 2,180 589 1,563 28.0 
1996 3,073 807 2,166 100.3 
1997 2,441 449 1,934 0.0 
1998 1,731 556 1,168 0.0 
1999 897 186 687 24.6 
2000 1,548 259 1,274 0.0 
2001 1,912 600 1,311 0.0 
2002 2,146 420 1,725 0.0 
2003 2,459 525 1,934 0.1 
2004 2,398 828 1,571 0.0 
2005 2,552 611 1,941   
2006 3,142 462 2,679 0.9 
2007 3,130 666 2,462 2.2 
2008 3,446 297 3,149 0.0 
2009 3,663 303 3,359 1.0 
2010 3,854 462 3,392 0.5 
2011 2,729 393 2,336 0.3 
2012 2,166 277 1,890 0.2 
2013 2,817 588 2,228 0.2 
2014 2,556 219 2,336 0.9 
2015 2,000 199 1,801 0.6 
2016 2,421 228 2,190 2.1 
2017  1,610   38   1,572   0.1  







Table 2. Historical OFLs, ABCs, TACs, total catch, and percent of catch that was retained.  Catch through 
October 1, 2017. 


Year OFL ABC TAC 
Total 
Catch 


% 
Retained 


1995 31,557 28,790 9,740 2,180   


1996 31,557 52,270 9,740 3,073   


1997 34,010 26,110 9,040 2,441   


1998 34,010 26,110 9,040 1,731   


1999 34,010 26,010 9,040 897.32   


2000 34,210 26,270 9,060 1,548   


2001 34,210 26,270 9,060 1,912   


2002 29,530 22,690 9,280 2,146   


2003 51,560 41,390 11,150 2,459 88 


2004 64,750 51,270 10,880 2,398 80 


2005 56,500 45,100 10,390 2,552 87 


2006 47,003 37,820 9,077 3,142 89 


2007 48,658 39,110 9,148 3,130 89 


2008 55,787 44,735 11,054 3,446 90 


2009 57,911 46,464 11,181 3,663 96 


2010 59,295 47,422 10,411 3,854 95 


2011 61,412 49,133 10,587 2,729 97 


2012 59,380 47,407 30,319 2,166 92 


2013 61,036 48,738 30,496 2,817 87 


2014 50,664 41,231 27,746 2,556  98 


2015 50,792 41,349 27,756 2,000 93 


2016 42,840 35,020 27,832 2,421 96 


2017 43,128 35,243 27,856 1,610 93 







Table 3. GOA flathead sole fishery closures in 2015 
Sub-Area Program Status Reason Effective 


Date 


GOA - Central 
620/630 


All Bycatch Regulations 01-Jan 


GOA - Western 
610 


All Bycatch Regulations 01-Jan 


GOA - Central 
620/630 


All Open Regulations 20-Jan 


GOA - Western 
610 


All Open Regulations 20-Jan 


West Yakutat - 
640 


All Open Regulations 20-Jan 


West Yakutat - 
640 


All Bycatch Regulations 01-Jan 


GOA - Central 
620/630 


Catcher 
Vessel 


Bycatch Chinook 
Salmon 


03-May 


GOA - Western 
610 


Catcher 
Vessel 


Bycatch Chinook 
Salmon 


03-May 


GOA - Central 
620/630 


Catcher 
Vessel 


Open Regulations 10-Aug 


GOA - Western 
610 


Catcher 
Vessel 


Open Regulations 10-Aug 


 


 


  







Table 4. Survey biomass by area and depth 
  Depth (meters)   
  1-100 101-200 201-300 301-500 501-700 701-1000 Total 
CENTRAL 
GOA        


1984 64,191 85,916 8,431 0 0 0 158,539 
1987 64,607 38,880 9,962 36 0 0 113,483 
1990 100,061 52,600 8,591 5     161,257 
1993 64,289 40,912 8,775 0     113,976 
1996 56,342 59,964 6,422 3     122,730 
1999 95,624 40,352 3,366 14 0 0 139,356 
2001 44,046 37,467 3,906 11     85,430 
2003 84,916 76,161 9,775 0 0   170,852 
2005 61,294 75,699 5,050 0 0 0 142,043 
2007 72,109 95,906 9,627 0 0 0 177,641 
2009 60,575 62,431 5,904 0 0 0 128,910 
2011 66,969 50,067 11,391 0 0   128,428 
2013 72,923 42,847 5,293 0 0   121,063 
2015 52,128 67,331 5,955 0 0 0 125,414 
2017       70,815  44,934  7,338  0 0 0 123,087  


EASTERN 
GOA        


1984 21,029 24,596 74 4 0 0 45,703 
1987 6,060 23,835 564 0 0   30,459 
1990 11,041 11,010 991 17     23,059 
1993 4,839 10,377 1,434 193     16,843 
1996 10,773 4,607 674 6     16,059 
1999 5,145 13,271 182 0 0 0 18,598 
2003 7,790 11,542 56 0 0   19,388 
2005 2,060 9,365 135 151 0 0 11,712 
2007 9,050 16,196 154 0 0 0 25,400 
2009 10,111 6,150 90 0 0 0 16,351 
2011 19,801 10,785 577 0 0   31,162 
2013 11,007 6,887 146 0 0   18,039 
2015 13,257 10,924 503 0 0 0 24,684 
2017  3,197   11,030   266  0 0 0  14,493  


WESTERN 
GOA        


1984 33,754 11,279 66 1 0 0 45,100 
1987 20,815 12,761 27 0 0 0 33,603 
1990 45,913 12,696 131 0     58,740 
1993 43,944 13,854 68 5     57,871 
1996 52,543 13,974 174 41     66,732 
1999 44,578 5,018 33 0 8 0 49,636 
2001 49,387 18,667 100 11     68,164 
2003 53,313 13,718 24 0 0   67,055 
2005 51,541 7,805 112 0 0 0 59,458 
2007 59,759 18,560 42 0 0 0 78,361 
2009 68,139 11,814 163 0 0 0 80,115 
2011 63,066 12,866 117 0 0   76,049 
2013 52,263 9,841 28 0 0   62,131 
2015 51,636 15,991 37 0 0 0 67,665 
2017  86,797   12,169   42  0 0 0  99,009  







Table 5. Survey biomass estimates and CVs used in the assessment as an absolute index of abundance 


Year 
Biomass 
Estimate CV 


1984 249,341 0.12 
1987 177,546 0.11 
1990 243,055 0.12 
1993 188,690 0.13 
1996 205,521 0.09 
1999 207,590 0.12 
2001 170,660 0.12 
2003 257,294 0.08 
2005 213,213 0.08 
2007 281,402 0.08 
2009 225,377 0.11 
2011 235,639 0.09 
2013 201,233 0.09 
2015 217,763 0.08 
2017 236,588 0.11 


 


Table 6. Configuration of fishery and survey age-based, sex-specific double-normal selectivity curves 
used in the assessment. A numeric value indicates the fixed value of a parameter. The asterisk denotes 
that the parameter was estimated, but constrained to be below age 16 (as for the accepted 2015 model). A 
“+” denotes that initial selectivity was fixed at zero for ages 0-2. 


Double-normal selectivity parameters Fishery Survey 


Peak: beginning size for the plateau Estimated* Estimated 


Width: width of plateau 30 30 


Ascending width (log space)  Estimated Estimated 


Descending width (log space)  8 8 
Initial: selectivity at smallest length or age 
bin 0+ 0+ 


Final: selectivity at largest length or age bin  999 999 
Male Peak Offset Estimated Estimated 


Male ascending width offset (log space) Estimated Estimated 


Male descending width offset (log space) 0 0 
Male "Final" offset (transformation 
required) 0 0 
Male apical selectivity 1 1 


 







Table 7. Likelihood components for the base case 2017 model, the base case model with new data 
removed (data are as for the 2015 model), and the 2015 model. Values for likelihood components for the 
2017 base case model cannot be compared directly with the other two models. The likelihoods for the 
2015 model and the 2017 model with 2015 data are the same since there is no difference between the 
2015 and 2017 model structure. 
 


Likelihood 
Component 2015 Model 


2017 Model w/ 
2015 
Data 2017 Model 


TOTAL 1,425 1,425 1,534.88 


Survey -17.88 -17.88 -19.01 


Length_comp 507 507 539.11 


Age_comp 941 941 1019.12 


Recruitment -4.694 -4.694 -4.347 
 


 


Table 8. Final parameter estimates of growth parameters and unfished recruitment with corresponding 
standard deviations for the 2017 base case model, the 2017 base case model with data up to 2015, and the 
2015 model. 


  2017 Model 
2017 Model, 2015 


Data 2015 Model 


Parameter Est 
Std. 
Dev. Est 


Std. 
Dev. Est 


Std. 
Dev. 


Length at age 2 (f) 9.473 0.254 9.420 0.254 9.420 0.254 


Linf (f) 44.398 0.372 44.215 0.395 44.215 0.395 


von Bertalanffy k (f) 0.188 0.005 0.189 0.006 0.189 0.006 


CV in length at age 2 (f) 0.107 0.008 0.106 0.008 0.106 0.008 


CV in length at age 59 (f) 0.095 0.003 0.096 0.003 0.096 0.003 


Length at age 2 (m) 9.543 0.309 9.596 0.326 9.596 0.326 


Linf (m) 36.860 0.195 36.784 0.203 36.784 0.203 


von Bertalanffy k (m) 0.256 0.007 0.256 0.007 0.256 0.007 


CV in length at age 2 (m) 0.128 0.009 0.130 0.009 0.130 0.009 


CV in length at age 59 (m) 0.081 0.002 0.081 0.003 0.081 0.003 


R0 (log space) 12.822 0.033 12.826 0.036 12.826 0.036 
 


 







Table 9. Final fishery selectivity parameters for the 2017 base case model, the 2017 model with data up to 
2015, and the 2015 model. “Est” refers to the estimated value and “Std. Dev” is the standard deviation of 
the estimate.  Parameters with NA for Std. Dev. are not estimated. 


  2017 Model 
2017 Model, 
2015 Data 2015 Model 


Double-normal selectivity parameters Est 
Std. 
Dev. Est 


Std. 
Dev. Est 


Std. 
Dev. 


Peak: beginning size for the plateau  12.42 0.53 13.08 0.68 13.08 0.68 


Width: width of plateau 30 NA 30 NA 30 NA 


Ascending width (log space)  2.77 0.15 2.93 0.17 2.93 0.17 


Descending width (log space)  8 NA 8 NA 8 NA 


Initial: selectivity at smallest length or age bin -10 NA -10 NA -10 NA 


Final: selectivity at largest length or age bin  999 NA 999 NA 999 NA 
Male Peak Offset -0.98 0.43 -0.94 0.49 -0.94 0.49 


Male ascending width offset (log space) -0.12 0.15 -0.10 0.15 -0.10 0.15 


Male descending width offset (log space) 0 NA 0 NA 0 NA 
Male "Final" offset (transformation required) 1 NA 1 NA 1 NA 
Male apical selectivity 1 NA 1 NA 1 NA 


 







Table 10. Final survey selectivity parameters for the 2015 base case model, the 2015 model with data up 
to 2013, and the 2013 model. “Est” refers to the estimated value and “Std. Dev” is the standard deviation 
of the estimate.  Parameters with NA for Std. Dev. are not estimated. 


  2017 Model 
2017 Model, 
2015 Data 2015 Model 


Double-normal selectivity parameters Est 
Std. 
Dev. Est 


Std. 
Dev. Est 


Std. 
Dev. 


Peak: beginning size for the plateau (in cm)  7.25 0.23 7.22 0.24 7.22 0.24 


Width: width of plateau 30 NA 30 NA 30 NA 


Ascending width (log space)  2.14 0.11 2.13 0.12 2.13 0.12 


Descending width (log space)  8 NA 8 NA 8 NA 
Initial: selectivity at smallest length or age 
bin -10 NA -10 NA -10 NA 


Final: selectivity at largest length or age bin  999 NA 999 NA 999 NA 
Male Peak Offset -0.67 0.25 -0.59 0.26 -0.59 0.26 


Male ascending width offset (log space) -0.30 0.14 -0.26 0.15 -0.26 0.15 


Male descending width offset (log space) 0 NA 0 NA 0 NA 
Male "Final" offset (transformation 
required) 0 NA 0 NA 0 NA 
Male apical selectivity 1 NA 1 NA 1 NA 


 


 


 







Table 11. Estimated yearly fishing mortality rates (rates are apical fishing mortality rates across ages) for 
the proposed 2017 model. 


Year 
Fishing 


Mortality 
Std. 
Dev.   Year 


Fishing 
Mortality 


Std. 
Dev. 


Initial 
F 


0.0065 0.0003 
  1998 0.0145 0.0008 


1978 0.0050 0.0005   1999 0.0074 0.0004 
1979 0.0019 0.0002   2000 0.0127 0.0007 
1980 0.0251 0.0026   2001 0.0156 0.0008 
1981 0.0135 0.0013   2002 0.0175 0.0009 
1982 0.0176 0.0016   2003 0.0202 0.0010 
1983 0.0136 0.0012   2004 0.0199 0.0010 
1984 0.0065 0.0005   2005 0.0214 0.0011 
1985 0.0034 0.0003   2006 0.0263 0.0013 
1986 0.0014 0.0001   2007 0.0260 0.0014 
1987 0.0013 0.0001   2008 0.0283 0.0015 
1988 0.0042 0.0003   2009 0.0298 0.0016 
1989 0.0059 0.0004   2010 0.0311 0.0016 
1990 0.0114 0.0007   2011 0.0220 0.0012 
1991 0.0097 0.0006   2012 0.0172 0.0009 
1992 0.0182 0.0010   2013 0.0220 0.0012 
1993 0.0226 0.0013   2014 0.0198 0.0011 
1994 0.0205 0.0011   2015 0.0146 0.0008 
1995 0.0179 0.0010   2016  0.0179 0.0010 
1996 0.0256 0.0014    2017 0.0106 0.0006 
1997 0.0205 0.0011         


 


 


  







Table 12. Recruitment deviations and standard deviations for the proposed 2017 model. 


Year 
Recruitment 
Deviations 


Std. 
Dev.   Year 


Recruitment 
Deviations 


Std. 
Dev. 


1955 -0.133 0.563   1985 -0.251 0.373 
1956 -0.158 0.557   1986 -0.235 0.328 
1957 -0.188 0.550   1987 -0.133 0.296 
1958 -0.222 0.542   1988 -0.207 0.317 
1959 -0.261 0.534   1989 0.207 0.206 
1960 -0.304 0.525   1990 -0.345 0.268 
1961 -0.353 0.515   1991 -0.162 0.242 
1962 -0.405 0.505   1992 0.320 0.170 
1963 -0.460 0.495   1993 -0.166 0.216 
1964 -0.516 0.486   1994 -0.085 0.197 
1965 -0.568 0.477   1995 -0.279 0.214 
1966 -0.619 0.468   1996 -0.503 0.240 
1967 -0.672 0.459   1997 0.190 0.151 
1968 -0.729 0.451   1998 -0.035 0.184 
1969 -0.788 0.443   1999 0.379 0.148 
1970 -0.843 0.436   2000 -0.240 0.236 
1971 -0.880 0.431   2001 -0.010 0.169 
1972 -0.889 0.428   2002 -0.047 0.170 
1973 -0.855 0.429   2003 0.300 0.144 
1974 -0.760 0.437   2004 -0.004 0.190 
1975 -0.564 0.456   2005 0.262 0.153 
1976 -0.179 0.515   2006 -0.153 0.202 
1977 0.841 0.311   2007 -0.016 0.183 
1978 0.103 0.479   2008 -0.233 0.209 
1979 -0.271 0.426   2009 0.147 0.182 
1980 -0.116 0.354   2010 0.576 0.164 
1981 -0.104 0.353   2011 0.488 0.197 
1982 -0.090 0.364   2012 0.280 0.228 
1983 -0.059 0.371         
1984 -0.047 0.347         


 







Table 13. Time series of total (age 3+) and spawning biomass and standard deviation of spawning 
biomass (Std_Dev) for the previous and proposed 2017 assessments. 


2017 Assessment 2015 Assessment 


Year 


Total 
Biomass 
(age 3+) 


Spawning 
Biomass Stdev_SPB 


Total 
Biomass 
(age 3+) 


Spawning 
Biomass Stdev_SPB 


1978 141,306  57,963   6,107  141,975 58,089 6,159 
1979 139,662  55,329   5,639  140,348 55,470 5,688 
1980 149,819  53,164   5,189  150,713 53,318 5,234 
1981 161,741  50,591   4,764  162,748 50,751 4,807 
1982 174,983  49,601   4,384  176,027 49,778 4,424 
1983 186,746  50,043   4,062  187,764 50,243 4,100 
1984 196,594  52,752   3,826  197,571 52,985 3,864 
1985 204,709  57,864   3,712  205,660 58,136 3,750 
1986 211,193  64,246   3,730  212,188 64,542 3,771 
1987 216,404  70,210   3,799  217,348 70,501 3,843 
1988 219,488  74,582   3,814  220,399 74,843 3,856 
1989 220,474  77,204   3,752  221,360 77,433 3,792 
1990 220,309  78,661   3,648  221,208 78,873 3,685 
1991 218,596  79,153   3,534  219,546 79,357 3,570 
1992 218,955  79,341   3,427  220,077 79,543 3,462 
1993 217,313  78,632   3,325  218,587 78,828 3,361 
1994 215,182  77,422   3,223  216,623 77,623 3,260 
1995 216,101  76,343   3,119  217,713 76,576 3,157 
1996 217,055  75,654   3,018  218,763 75,944 3,059 
1997 217,148  74,888   2,928  218,974 75,244 2,970 
1998 216,620  74,787   2,850  218,544 75,216 2,894 
1999 214,597  75,239   2,782  216,628 75,734 2,829 
2000 214,649  76,223   2,724  216,872 76,770 2,773 
2001 214,248  76,843   2,675  216,677 77,424 2,727 
2002 216,787  76,961   2,629  219,537 77,572 2,683 
2003 218,435  76,495   2,575  221,399 77,148 2,632 
2004 219,965  75,654   2,514  223,115 76,372 2,575 
2005 221,062  75,132   2,460  224,310 75,936 2,528 
2006 223,681  75,223   2,436  226,919 76,121 2,513 
2007 225,446  75,678   2,449  228,563 76,661 2,539 
2008 228,635  76,430   2,490  231,727 77,474 2,595 
2009 230,173  76,955   2,546  233,324 78,025 2,667 
2010 230,780  77,306   2,614  233,972 78,367 2,754 
2011 229,336  77,712   2,702  232,367 78,739 2,866 
2012 229,344  78,839   2,815  231,266 79,826 3,006 
2013 233,835  80,171   2,942  233,760 81,114 3,166 
2014 241,014  80,854   3,072  238,766 81,718 3,334 
2015 249,797  81,321   3,208  265,088 82,006 3,510 
2016 258,531 82,110 3,369    
2017 265,264 83,296 3,600    


       







 


Table 14. Time series of recruitment at ages 3 and 0 and standard deviation of age 0 recruits for the 
previous and proposed 2017 assessments. 


  2017 Assessment 2015 Assessment 


Year 
Recruits 
(Age 3) 


Recruits 
(Age 0) Std. dev 


Recruits 
(Age 3) 


Recruits 
(Age 0) Std. dev 


1978  105,486   370,720   177,067  106,393 368,484 177,506 
1979  154,476   254,217   108,203  155,476 253,772 108,446 
1980  427,023   295,871   104,607  433,871 297,149 105,949 
1981  203,448   298,640   105,063  202,218 301,679 106,894 
1982  139,513   301,837   109,935  139,268 305,519 112,206 
1983  162,372   310,388   113,553  163,073 316,566 116,231 
1984  163,893   312,914   109,924  165,559 309,669 111,617 
1985  165,649   254,293   95,021  167,669 257,747 97,245 
1986  170,343   257,547   84,653  173,734 260,632 86,860 
1987  171,731   284,249   83,858  169,949 288,331 86,107 
1988  139,559   263,313   84,409  141,454 267,445 87,185 
1989  141,344   396,687   80,399  143,037 405,666 82,826 
1990  155,997   227,652   61,534  158,238 229,639 62,810 
1991  144,507   272,732   66,731  146,773 277,449 68,434 
1992  217,703   439,867   73,399  222,629 445,008 74,920 
1993  124,934   269,811   58,947  126,024 271,093 59,833 
1994  149,673   291,525   57,569  152,259 298,176 59,033 
1995  241,394   239,369   51,515  244,213 243,695 53,035 
1996  148,070   190,681   46,582  148,772 196,069 48,182 
1997  159,985   380,569   56,823  163,633 390,474 58,701 
1998  131,364   303,875   56,718  133,736 310,045 58,382 
1999  104,645   459,538   67,704  107,601 471,911 69,994 
2000  208,857   247,556   59,278  214,291 249,058 60,890 
2001  166,766   311,548   53,037  170,152 317,992 54,702 
2002  252,193   300,180   52,046  258,981 304,039 53,283 
2003  135,857   424,688   61,899  136,681 426,427 63,497 
2004  170,975   313,186   60,690  174,510 314,108 62,031 
2005  164,736   408,867   63,402  166,852 420,247 66,478 
2006  233,064   270,004   55,695  234,017 279,669 58,466 
2007  171,872   309,512   57,506  172,376 312,754 60,275 
2008  224,380   249,208   53,433  230,623 242,828 53,751 
2009  148,174   364,575   68,319  153,476 315,972 65,533 
2010  169,854   559,803   94,755  171,631 511,681 98,931 
2011  136,760   519,302   105,101  133,257 504,307 126,418 
2012  200,074   427,776   101,288  173,400 445,553 137,487 
2013  307,215   370,248   12,278  280,805 371,808 13,501 
2014  284,987   370,248   12,278  276,755 371,808 13,501 
2015  234,760   370,248   12,278  244,513 371,808   
2016  203,190   370,248   12,278     
2017  203,190   370,248   12,278     


Average   180,815  330,844  183,103 329,639  
 







 


Table 15. Projected spawning biomass for the seven harvest scenarios listed in the “Harvest 
Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017  83,298   83,298   83,298   83,298   83,298   83,298   83,298  
2018  85,765   85,765   85,765   85,765   85,765   85,765   85,765  
2019  89,118   89,118   89,118   89,118   89,118   70,420   73,924  
2020  76,813   76,813   92,548   89,672   93,674   60,587   65,945  
2021  67,320   67,320   95,158   89,630   97,378   53,396   57,045  
2022  59,493   59,493   96,506   88,583   99,763   47,588   50,002  
2023  53,104   53,104   96,677   86,690   100,878   42,917   44,467  
2024  48,126   48,126   96,006   84,335   101,023   39,358   40,328  
2025  44,437   44,437   94,853   81,878   100,548   36,805   37,396  
2026  41,824   41,824   93,509   79,566   99,749   35,224   35,532  
2027  40,043   40,043   92,156   77,523   98,824   34,387   34,528  
2028  38,874   38,874   90,891   75,786   97,887   33,989   34,044  
2029  38,137   38,137   89,758   74,346   97,001   33,822   33,839  
2030  37,694   37,694   88,775   73,176   96,202   33,774   33,775  


 


 


Table 16. Projected fishing mortality rates for the seven harvest scenarios listed in the “Harvest 
Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 0.015 0.015 0.015 0.015 0.015 0.015 0.015 
2018 0.016 0.016 0.016 0.016 0.016 0.356 0.284 
2019 0.284 0.284 0.017 0.061 0.000 0.356 0.284 
2020 0.284 0.284 0.017 0.061 0.000 0.356 0.356 
2021 0.284 0.284 0.017 0.061 0.000 0.356 0.356 
2022 0.284 0.284 0.017 0.061 0.000 0.356 0.356 
2023 0.284 0.284 0.017 0.061 0.000 0.356 0.356 
2024 0.284 0.284 0.017 0.061 0.000 0.355 0.356 
2025 0.284 0.284 0.017 0.061 0.000 0.347 0.350 
2026 0.284 0.284 0.017 0.061 0.000 0.337 0.339 
2027 0.283 0.283 0.017 0.061 0.000 0.330 0.331 
2028 0.281 0.281 0.017 0.061 0.000 0.327 0.328 
2029 0.280 0.280 0.017 0.061 0.000 0.326 0.326 
2030 0.279 0.279 0.017 0.061 0.000 0.325 0.325 







Table 17. Projected catches for the seven harvest scenarios listed in the “Harvest Recommendations” 
section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017  2,044   2,044   2,044   2,044   2,044   2,044   2,044  
2018  2,256   2,256   2,256   2,256   2,256   43,011   35,266  
2019  36,746   36,746   2,428   8,645  0  35,479   30,500  
2020  31,697   31,697   2,530   8,720  0  30,555   33,255  
2021  27,726   27,726   2,607   8,727  0  26,870   28,701  
2022  24,409   24,409   2,639   8,606  0  23,868   25,066  
2023  21,715   21,715   2,632   8,381  0  21,485   22,243  
2024  19,664   19,664   2,600   8,117  0  19,711   20,187  
2025  18,188   18,188   2,560   7,857  0  18,131   18,522  
2026  17,165   17,165   2,518   7,624  0  16,968   17,196  
2027  16,441   16,441   2,478   7,426  0  16,343   16,450  
2028  15,936   15,936   2,443   7,263  0  16,056   16,096  
2029  15,609   15,609   2,414   7,132  0  15,949   15,958  
2030  15,410   15,410   2,388   7,027  0  15,928   15,927  


 


  







Table 18. Non-target catch in the directed GOA flathead sole fishery as a proportion of total weight of 
bycatch of each species. Conditional highlighting from white (lowest numbers) to green (highest 
numbers) is applied. No seabird bycatch was recorded in the GOA flathead sole fishery. 


Non-Target Species 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 
Benthic urochordata 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.07 0.06 0.00 


 
 


Bivalves 0.03 0.34 0.15 0.09 0.00 0.11 0.00 0.01 0.05 0.00 0.03 0.00 
 


0.00 
Brittle star unidentified 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 0.01 0.00 0.00 0.11 


 
0.00 


Capelin 0.00 0.00 0.00 0.00   0.00 0.00 0.00 0.00 0.29 0.00 0.00 
 


 
Corals Bryozoans 
Unidentified 0.02 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00 


 
 


Dark Rockfish           0.00 0.01 0.00 0.00 0.00 0.00 0.00 
 


 
Eelpouts 0.52 0.07 0.04 0.18 0.12 0.02 0.00 0.94 0.24 0.06 0.00 0.00 0.12  
Eulachon 0.07 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 7.17 0.19 
Giant Grenadier 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 


 
 


Greenlings 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 
 


 
Ratail Grenadier 
Unidentified 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 


 
 


Gunnels 0.00     1.00   0.24       0.00 0.00   
 


 
Hermit crab unidentified 0.02 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.05 0.00 0.00 0.00 0.06  
Invertebrate unidentified 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 


 
 


Large Sculpins 0.00 0.02 0.00 0.00 0.00               
 


 
Bigmouth Sculpin           0.01 0.01 0.00 0.00 0.01 0.00 0.00 


 
 


Great Sculpin           0.00 0.01 0.01 0.02 0.00 0.00 0.00 
 


 
Plain Sculpin           0.00 0.00 0.00 0.00 0.00 0.00 0.00 


 
 


Warty Sculpin           0.41 0.00 0.00       0.00 
 


 
Yellow Irish Lord           0.01 0.00 0.01 0.00 0.01 0.00 0.00 


 
 


Misc crabs 0.08 0.17 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 
 


0.00 
Misc fish 0.03 0.00 0.00 0.00 0.00 0.01 0.01 0.05 0.00 0.01 0.00 0.00 0.07 0.35 
Other osmerids 0.01 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


 
0.01 


Other Sculpins 0.01 0.00 0.01 0.02 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 
 


 
Pandalid shrimp 0.38 0.01 0.08 0.10 0.00 0.02 0.01 0.17 0.02 0.07 0.02 0.00 2.81 0.48 
Polychaete unidentified 0.00   0.03   0.00 0.00 0.00 0.00 0.78   0.00   0.01  
Scypho jellies 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


 
0.91 


Sea anemone unidentified 0.04 0.02 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.00 0.00 0.00 
 


0.05 
Sea pens whips 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 


 
0.01 


Sea star 0.01 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 1.41 0.20 
Snails 0.14 0.02 0.07 0.02 0.00 0.05 0.01 0.03 0.07 0.03 0.02 0.00 0.20 0.08 
Sponge unidentified 0.12 0.21 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 


 
 


Stichaeidae 0.51 0.02 0.75 0.55 0.00 0.08 0.01 0.20 0.01 0.00 0.03 0.00 0.13 0.04 
urchins dollars cucumbers 0.05 0.01 0.04 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.01 0.00 0.01 0.01 


 


  







Table 19. Prohibited species catch caught in the GOA flathead sole fishery in 2015, 2016 and 2017. 
 


  2017 2017 2016 2016 2015 2015 


Species 
Group 
Name 


PSCNQ 
Estimate 


(numbers) 


Halibut 
Mortality 


(t) 


PSCNQ 
Estimate 


(numbers) 


Halibut 
Mortality 


(t) 


PSCNQ 
Estimate 


(numbers) 


Halibut 
Mortality 


(t) 
Bairdi 
Tanner 
Crab 


0.000   293.025   3,224.718   


Blue King 
Crab 


0.000   0.000   0.000   


Chinook 
Salmon 


0.000   1.179   0.000   


Golden 
(Brown) 
King Crab 


0.000   0.261   0.000   


Halibut 0.664 0.564 17.363 11.633 3.528 2.293 


Herring 0.000   0.000   0.000   
Non-
Chinook 
Salmon 


0.000   0.687   0.000   


Opilio 
Tanner 
(Snow) 
Crab 


0.000   0.045   0.000   


Red King 
Crab 


0.000   0.000   0.000   


 
 







Figures 


 
Figure 1. Catch biomass in metric tons 1978-2017 (as of October 1, 2017).  
 


 


 







 


 


 


Figure 2. GOA trawl survey catch per unit effort (CPUE kg/km2 2017 and tons/km2 2011-2015) for 
flathead sole for the 2013-2017 surveys. Bars denote CPUE values and pink (or red) dots denote hauls 
were no flathead sole were caught. 







 


 
Figure 3. Survey biomass index (circles), asymptotic 95% confidence intervals (vertical black lines), and 
estimated survey biomass for the proposed 2017 model and the accepted 2015 model (the same as the 
2017 Model without 2016-2017 data). 
 







 
Figure 4. Time series of spawning biomass for the proposed 2017 model and the accepted 2015 model 
(the same as the 2017 Model without 2016-2017 data). 
 
 


 







 
Figure 5. Time series of age-0 recruits for the proposed 2017 model and the accepted 2015 model (the 
same as the 2017 Model without 2016-2017 data). 
 







 


 


Figure 6. Selectivity curves for the fishery (blue lines) and the survey (red lines), and for females (solid 
lines) and males (dashed lines) for the proposed 2017 model.  
 







 
Figure 7.  Survey selectivities for males and females for Model 2015 and Model 2017. 


 







 
Figure 8.  Fishery selectivities for males and females for Model 2015 and Model 2017. 
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Figure 9. Estimated length-at-age relationship with 95% asymptotic confidence intervals for males (blue) 
and females (red). The blue dashed line and red solid line show the mean relationship and dotted lines 
show confidence intervals. 
 







 
Figure 10. Observed (grey shaded area, black lines) and expected (red lines) proportions-at-length, 
aggregated over years for the fishery and survey and for females (upper half of plots) and males (lower 
half of plots) for the proposed 2017 model. 
 


 







 
Figure 11. Observed (grey filled area and black line) and expected (lines) fishery length compositions for 
the proposed 2017 model (1 of 2). 
 


 







 


 
Figure 12. As for Figure , but for years 2007 to 2017 (2 of 2). 







 


 


 
Figure 13. Observed (grey filled area and black line) and expected (lines) survey length compositions for 
the proposed 2017 model. 







 


 
Figure 14. Observed and expected mean age-at-length for both females and males with 90% intervals 
about observed age-at-length (left panels) and observed and expected standard deviation in age-at-length 
(right panels) for the proposed 2017 model for years 1990-1996 (1 of 4). 







 
 


Figure 15. Observed and expected mean age-at-length for both females and males with 90% intervals 
about observed age-at-length (left panels) and observed and expected standard deviation in age-at-length 
(right panels) for the proposed 2017 model for years 1999-2003 (2 of 4). 







 
 


Figure 16. Observed and expected mean age-at-length for both females and males with 90% intervals 
about observed age-at-length (left panels) and observed and expected standard deviation in age-at-length 
(right panels) for the proposed 2017 model for years 2005-2009 (3 of 4). 
 


 







 
Length (cm) 


Figure 17. Observed and expected mean age-at-length for both females and males with 90% intervals 
about observed age-at-length (left panels) and observed and expected standard deviation in age-at-length 
(right panels) for the proposed 2017 model for years 2011-2015 (4 of 4). 
 


 







 
Figure 18. Pearson residuals associated with fits to the length-at-age relationship within the model for 
females (red, top panel) and males (blue, bottom panel) for the survey (1 of 3). 
 







 
Figure 19. Pearson residuals associated with fits to the length-at-age relationship within the model for 
females (red, top panel) and males (blue, bottom panel) for the survey (2 of 3). 
 







 
Figure 20. Pearson residuals associated with fits to the length-at-age relationship within the model for 
females (red, top panel) and males (blue, bottom panel) for the survey (3 of 3). 







 


 


 
Figure 21. Time series of estimated spawning stock biomass (t) over time (solid blue line and circles) and 
asymptotic 95% confidence intervals (blue dashed lines) for the current base case model. Point at 1977 is 
virgin biomass. 
 


 







 
Figure 22. Spawning stock biomass relative to B35% and fishing mortality (F) relative to F35% from 1978-
2019 (solid black line), the OFL control rule (dotted red line), the maxABC control rule (solid red line), 
B35% (vertical grey line), and F35% (horizontal grey line). The 2018 and 2019 spawning biomass and 
fishing mortality rates are as predicted by Alternatives 1 and 2 in the harvest projections. 
 


 


 







 
Figure 23. Spawning stock biomass for base case model runs with 0 to 10 years of the most recent data 
removed.  Points at first year are virgin biomass. 
 


 


 


 







 
Figure 24. Age-0 recruitment for base case model runs with 0 to 10 years of the most recent data 
removed.  The last three years of recruitments for each run were fixed at the mean. 
 


 


 


 







 
Figure 25.  Model fit to survey biomass for the base case model with 0 to 10 years of the most recent data 
removed.  Biomass in years where no survey occurred are not plotted. 







 
Figure 26.  Likelihood profile on Male and Female M 2017 model. 


 


 







 
 


Figure 27.  Likelihood profile for ln(Q).  Q from 0.5  (ln(Q) = -0.69) to 1.5 (ln(Q) = 0.4). 


 


 







 
Figure 28.  Total Likelihood surface for Natural mortality (0.1 to 0.3) vs Survey Q (0.6 to 1.5).  







  
 


Figure 29.  Survey Likelihood surface for Natural mortality (0.1 to 0.3) vs Survey Q (0.6 to 1.5).   







 
 


Figure 30.  Length Likelihood surface for Natural mortality (0.1 to 0.3) vs Survey Q (0.6 to 1.5).   







 
 


Figure 31.  Age Likelihood surface for Natural mortality (0.1 to 0.3) vs Survey Q (0.6 to 1.5).   







 
Figure 32.  Age at 50% selected for females in the fishery. 







 
Figure 33.  Age at 50% selected for males in the fishery. 







 
Figure 34.  Age at 50% selected for females in the survey. 







 
Figure 35.  Age at 50% selected for males in the survey. 


 


 


 


 


  







 
Figure 36. Gulf of Alaska food web from the GOA ecosystem model (Aydin et al., 2007) highlighting 
adult flathead sole links to predators (blue boxes and lines) and prey (green boxes and lines).  Box size 
reflects relative standing stock biomass. 


 
Figure 37.  Gulf of Alaska food web from the GOA ecosystem model (Aydin et al., 2007) highlighting 
juvenile flathead sole links to predators (blue boxes and lines) and prey (green boxes and lines).  Box size 
reflects relative standing stock biomass. 







 
Figure 38. Diet composition for Gulf of Alaska adult flathead sole from the GOA ecosystem model 
(Aydin et al., 2007). 
 


 
Figure 39. Diet composition for Gulf of Alaska juvenile flathead sole from the GOA ecosystem model 
(Aydin et al., 2007). 
 







 
Figure 40. Decomposition of natural mortality for Gulf of Alaska adult flathead sole from the GOA 
ecosystem model (Aydin et al., 2007). 
 


 
Figure 41. Decomposition of natural mortality for Gulf of Alaska juvenile flathead sole from the GOA 
ecosystem model (Aydin et al., 2007). 
 


  







Appendix 8A: Non-Commercial Catches of GOA Flathead Sole 
Table A1. NMFS data sources 


Year 


Annual 
Longline 
Survey 


Salmon 
EFP 13-01 


Shelikof 
Acoustic 
Survey 


Shelikof 
and 


Chirikof 
EIT 


Shumagin 
and Sanak 


EIT 


Shumigans 
Acoustic 
Survey 


Structure of 
Gulf of 
Alaska 


Forage Fish 
Communities 


Western Gulf 
of Alaska 
Pollock 


Acoustic 
Cooperative 


Survey 
1990 80.785               
1991 53.619               
1992 67.202               
1993 56.48               
1994 40.037               
1995 82.214               
1996 48.615               
1997 46.469               
1998 35.032               
1999 33.602               
2000 12.155               
2001 17.159               
2002 24.309               
2003 15.73               
2004 20.019               
2005 7.15               
2006 40.036               
2007 29.313               
2008 37.891               
2009 54.334               
2010 81.5   4.492     201.01 7.808 15.6 
2011 38.606               
2012 18.55     7.22 2.76       
2013 56.478 380             
2014 62.913 180             


 







Table A2. ADF&G data sources 


Year 
Large-Mesh 


Trawl Survey 


Sablefish 
Longline 
Survey 


Scallop 
Dredge 
Survey 


Small-Mesh 
Trawl Survey 


1998 2465.29 3.8 0.22   
1999 4842.57 5.6 0.45   
2000 2723.03 1   2427.75 
2001 6394.27 2.6     
2002 2277.08 1.4 0.09   
2003 5496.63 2.4   2565.67 
2004 3864.43 1.1   3299.13 
2005 6450.74   7.47 3157.94 
2006 2617.47 7.864 7.47 2797.83 
2007 3856.18   1.05 385.44 
2008 2099.94   0.3   
2009 5154.93   10.41   
2010 84389.475   1.49 12008.01 
2011 84023.542   52.078 9154.2 
2012 92629.38   5.95 7976.89 
2013 78993.8   14.4 4789.321 
2014 72746.41     6175.3 


 


Table A3. IPHC data 


Year 


IPHC Annual 
Longline 
Survey 


2010 4 
2011 1 
2012 29 
2014 20 


 


Table A4.  Flathead sole catch in the NMFS bottom trawl survey in 2011, 2013 and 2015. 


 


Survey Year Catch (kg) 
2011 13,652.9 
2013 9,699.2 
2015 13,688.6 
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Summary 
by 


The Plan Team for the Groundfish Fisheries of the Gulf of Alaska 


Introduction 


The National Standard Guidelines for Fishery Management Plans published by the National Marine 


Fisheries Service (NMFS) require that a stock assessment and fishery evaluation (SAFE) report be prepared 


and reviewed annually for each fishery management plan (FMP). The SAFE reports are intended to 


summarize the best available scientific information concerning the past, present, and possible future 


condition of the stocks and fisheries under federal management. The FMPs for the groundfish fisheries 


managed by the Council require that drafts of the SAFE reports be produced each year in time for the 


December North Pacific Fishery Management Council (Council) meetings.   


The SAFE report for the Gulf of Alaska (GOA) groundfish fisheries is compiled by the Plan Team for the 


Gulf of Alaska Groundfish FMP from chapters contributed by scientists at NMFS Alaska Fisheries Science 


Center (AFSC) and the Alaska Department of Fish and Game (ADF&G). The stock assessment section 


includes recommended acceptable biological catch (ABC) levels for each stock and stock complex managed 


under the FMP. The ABC recommendations, together with social and economic factors, are considered by 


the Council in determining total allowable catches (TACs) and other management strategies for the 


fisheries. 


The GOA Groundfish Plan Team met in Seattle on November 13-17, 2017 to review the status of stocks of 


twenty three species or species groups that are managed under the FMP. The Plan Team review was based 


on presentations by ADF&G and NMFS AFSC scientists with opportunity for public comment and input. 


Members of the Plan Team who compiled the SAFE report were James Ianelli (co-chair), Jon Heifetz (co-


chair), Craig Faunce, Sandra Lowe, Chris Lunsford, Ben Williams, Kresimir Williams (new member), Janet 


Rumble, Nat Nichols, Dan Lew, Paul Spencer, Jim Armstrong, and Obren Davis. 


Management Areas and Species 


The Gulf of Alaska (GOA) management area lies within the 200-mile U.S. Exclusive Economic Zone (EEZ) 


of the United States (Fig. 1). Formerly, five categories of finfishes and invertebrates were designated for 


management purposes: target species, other species, prohibited species, forage fish species and non-


specified species. Effective for the 2011 fisheries, these categories have been revised in Amendments 96 


and 87 to the FMPs for Groundfish of the Bering Sea/Aleutian Islands (BSAI) and Gulf of Alaska (GOA), 


respectively. This action was necessary to comply with requirements of the Magnuson-Stevens Fishery 


Conservation and Management Act (MSA) to prevent overfishing, achieve optimum yield, and to comply 


with statutory requirements for annual catch limits (ACLs) and accountability measures (AMs). Species 


and species groups must be identified “in the fishery” for which ACLs and AMs are required. An ecosystem 


component (EC) is also included in the FMPs for species and species groups that are not: 


1) targeted for harvest 


2) likely to become overfished or subject to overfishing, and  


3) generally retained for sale or personal use.  


The effects of the action amended the GOA and BSAI groundfish FMPs to:  


1) identify and manage target groundfish stocks “in the fishery” 


2) eliminate the “other species” category and manage (GOA) squids, (BSAI and GOA) sculpins, 


(BSAI and GOA) sharks, and (BSAI and GOA) octopuses separately “in the fishery”;  


3) manage prohibited species and forage fish species in the ecosystem component category; and  


4) remove the non-specified species outside of the FMPs.  







  


 


Figure 1. Gulf of Alaska statistical and reporting areas. 


Species may be split or combined within the “target species” category according to procedures set forth in 


the FMP. The three categories of finfishes and invertebrates that have been designated for management 


purposes are listed below.  


In the Fishery:  


1) Target species – are those species that support a single species or mixed species target fishery, 


are commercially important, and for which a sufficient data base exists that allows each to be 


managed on its own biological merits. Accordingly, a specific total allowable catch (TAC) is 


established annually for each target species or species assemblage. Catch of each species must 


be recorded and reported. This category includes walleye pollock, Pacific cod, sablefish, 


shallow and deep water flatfish, shallow water flatfish, rex sole, flathead sole, arrowtooth 


flounder, Pacific ocean perch, shortraker rockfish, rougheye/blackspotted rockfish, northern 


rockfish, “other” rockfish, dusky rockfish, demersal shelf rockfish, thornyhead rockfish, Atka 


mackerel, squids, sculpins, sharks, octopus, big skates, longnose skates, and other skates. 


 


Ecosystem Component: 


2) Prohibited Species–are those species and species groups the catch of which must be avoided 


while fishing for groundfish, and which must be immediately returned to sea with a minimum 


of injury except when their retention is authorized by other applicable law. Groundfish species 


and species groups under the FMP for which the quotas have been achieved shall be treated in 


the same manner as prohibited species. 


3) Forage fish species–are those species listed in the table below, which are a critical food source 


for many marine mammal, seabird and fish species. The forage fish species category is 


established to allow for the management of these species in a manner that prevents the 


development of a commercial directed fishery for forage fish. Management measures for this 


species category will be specified in regulations. These may include measures prohibiting 







  


directed fishing, limiting allowable bycatch retention, or limiting commercial exchange and the 


processing of forage fish in a commercial facility. 


4) Grenadiers – The grenadier complex (family Macrouridae), also known as “rattails”, are 


comprised of at least seven species of grenadier known to occur in Alaskan waters, but only 


three are commonly found at depths shallow enough to be encountered in commercial fishing 


operations or in fish surveys: giant grenadier (Albatrossia pectoralis), Pacific grenadier 


(Coryphaenoides acrolepis), and popeye grenadier (Coryphaenoides cinereus). 


 


The following lists the GOA stocks within these FMP species categories: 


In the Fishery 


 Target Species1 Walleye pollock, Pacific cod, Sablefish, Flatfish (shallow-water flatfish, deep-


water flatfish, rex sole, flathead sole, arrowtooth flounder), Rockfish (Pacific 


ocean perch, northern rockfish, shortraker rockfish, rougheye/blackspotted 


rockfish, other rockfish, dusky rockfish, demersal shelf rockfish3, thornyhead 


rockfish), Atka mackerel, Skates (big skates, longnose skates, and other 


skates), Squids, Sculpins, Sharks, Octopus 


Ecosystem Component 


 Prohibited Species2 Pacific halibut, Pacific herring, Pacific salmon, Steelhead trout, King crab, 


Tanner crab 


 Forage Fish Species4 Osmeridae family (eulachon, capelin, and other smelts), Myctophidae family 


(lanternfishes), Bathylagidae family (deep-sea smelts), Ammodytidae family 


(Pacific sand lance), Trichodontidae family (Pacific sand fish), Pholidae 


family (gunnels), Stichaeidae family (pricklebacks, warbonnets, eelblennys, 


cockscombs, and shannys), Gonostomatidae family (bristlemouths, lightfishes, 


and anglemouths), Order Euphausiacea (krill) 


  Grenadiers5 Macrouridae family (grenadiers) 


1 TAC for each listing. Species and species groups may or may not be targets of directed fisheries  


2 Must be immediately returned to the sea 
3Management delegated to the State of Alaska 
4Management measures for forage fish which are an Ecosystem Component are established in regulations 


implementing the FMP 
5 The grenadier complex was added to both FMPs as an Ecosystem Component in 2014 


This SAFE report describes stock status of target and non-target species in the fishery. Amendments 100/91 


added grenadiers to the GOA and BSAI FMPs as an Ecosystem Component in 2014.  


A species or species group from within the fishery category may be split out and assigned an appropriate 


harvest level. Similarly, species in the fishery category may be combined and a single harvest level assigned 


to the new aggregate species group. The harvest level for demersal shelf rockfish in the Eastern Regulatory 


Area is specified by the Council each year. However, management of this fishery is deferred to the State of 


Alaska with Council oversight.  


The GOA FMP recognizes single species and species complex management strategies. Single species 


specifications are set for stocks individually, recognizing that different harvesting sectors catch an array of 


species. In the Gulf of Alaska these species include pollock, Pacific cod, sablefish, Pacific ocean perch, 


flathead sole, rex sole, arrowtooth flounder, northern rockfish, shortraker rockfish, dusky rockfish, Atka 
mackerel, big skates, and longnose skates. Other groundfish species that are usually caught in groups have 


been managed as complexes (also called assemblages). For example, other rockfish, rougheye and 







  


blackspotted rockfish, demersal shelf rockfish, thornyhead rockfish, deep water flatfish, shallow water 


flatfish, and other skates have been managed as complexes.  


Beginning in 2011, squids, sculpins, octopus, and sharks are managed as individual complexes (previously 


they were managed as “other species”). Also in 2011, the rockfish categories were reorganized: widow and 


yellowtail rockfish were removed from the pelagic shelf rockfish complex leaving dusky rockfish as a single 


species category. Widow and yellowtail rockfish were added to the 15 species that were part of the former 


“other slope” rockfish group to form a new category in the Gulf of Alaska, “other rockfish”. Previously, 


yellowtail and widow rockfish were part of the “pelagic shelf” rockfish group in the Gulf of Alaska, which 


no longer exists (for assessment purposes) since 2012. Both shortraker rockfish and “other rockfish” were 


presented as separate SAFE chapters in 2013. Separating these two chapters responds to recommendations 


from the Gulf of Alaska Plan Team and the NPFMC Scientific and Statistical Committee.  


The FMP authorizes splitting species, or groups of species, from the complexes for purposes of promoting 


the goals and objectives of the FMP. Atka mackerel was split out from “other species” beginning in 1994. 


In 1998, black and blue rockfish were removed from the GOA FMP and management was conferred to the 


ADF&G. In 2008, dark rockfish were similarly removed from the GOA FMP with sole management taken 


over by the ADF&G. Beginning in 1999, osmerids (eulachon, capelin and other smelts) were removed from 


the “other species” category and placed in a separate forage fish category. In 2004, Amendment 63 to the 


FMP was approved which moved skates from the other species category into a target species category 


whereby individual OFLs and ABCs for skate species and complexes could be established.  


Groundfish catches are managed against TAC specifications for the EEZ and near coastal waters of the 


GOA. State of Alaska internal water groundfish populations are typically not covered by NMFS surveys 


and catches from internal water fisheries generally not counted against the TAC. The Team has 


recommended that these catches represent fish outside of the assessed region, and should not be counted 


against an ABC or TAC. Beginning in 2000, the pollock assessment incorporated the ADF&G survey 


pollock biomass, therefore, the Plan Team acknowledged that it is appropriate to reduce the Western (W), 


Central (C) and West Yakutat (WY) combined GOA pollock ABC by the anticipated Prince William Sound 


(PWS) harvest level for the State fishery. The 2001 through 2019 W/C/WY pollock ABCs have been 


reduced by the PWS GHL as provided by ADF&G, before area apportionments were made. At the 2012 


September Plan Team meeting, ADFG presented a proposal to set the PWS GHL in future years as a fixed 


percentage of the W/C/WY pollock ABC of 2.5%. That value is the midpoint between the 2001-2010 


average GHL percentage of the GOA ABC (2.44%) and the 1996 and 2012 levels (2.55%). The Plan Team 


accepted this proposal, but noted concern regarding the lack of a biomass-based allocation in PWS. The 


Team continues to encourage the State to work with the AFSC in order to provide a biomass-based 


evaluation for PWS prior to fixing a percentage in regulation. In the interim, the Plan Team will deduct a 


value for the 2018 and 2019 PWS GHL (equal to 2.5% of the recommended 2019 and 2019 W/C/WY 


pollock ABCs) from the recommended 2018 and 2019 W/C/WY pollock ABCs (listed in the summary 


table), before area apportionments are made. It is important to note that the value of the PWS GHL is 


dependent on the final specified W/C/WY pollock ABC. The values used by the Plan Team to derive the 


2018 and 2019 W/C/WY pollock apportioned ABCs are listed in the pollock summary under Area 


apportionment. 


The Plan Team has provided subarea ABC recommendations on a case-by-case basis since 1998 based on 


the following rationale. The Plan Team recommended splitting the EGOA ABC for species/complexes that 


would be disproportionately harvested from the West Yakutat area by trawl gear. The Team did not split 


EGOA ABCs for species that were prosecuted by multi-gear fisheries or harvested as bycatch. For those 


species where a subarea ABC split was deemed appropriate, two approaches were examined. The point 


estimate for WY biomass distribution based on survey results was recommended for seven 


species/complexes to determine the WY and East Yakutat/Southeast Outside subarea ABC splits. For some 


species/complexes, a range was recommended bounded by the point estimate and the upper end of the 95% 


confidence limit from all three surveys. The rationale for providing a range was based on a desire to 







  


incorporate the variance surrounding the distribution of biomass for those species/complexes that could 


potentially be constrained by the recommended ABC splits.  


No Split Split, Point Estimate Split, Upper 95% Cl 


Pacific cod  Pollock Pacific ocean perch 


Atka mackerel  Sablefish  Dusky rockfish 


Shortraker rockfish Deep-water flatfish  


Rougheye/blackspotted rockfish Shallow-water flatfish  


Thornyhead Rex sole  


Northern rockfish Arrowtooth flounder  


Demersal shelf rockfish Flathead sole  


All skates Other rockfish  


Biological Reference Points 


A number of biological reference points are used in this SAFE. Among these are the fishing mortality rate 


(F) and stock biomass level (B) associated with MSY (FMSY and BMSY, respectively). Fishing mortality rates 


reduce the level of spawning biomass per recruit to some percentage P of the pristine level (FP%). The 


fishing mortality rate used to compute ABC is designated FABC, and the fishing mortality rate used to 


compute the overfishing level (OFL) is designated FOFL. 


Definition of Acceptable Biological Catch and the Overfishing Level 


Amendment 56 to the GOA Groundfish FMP, approved by the Council in June 1998, defines ABC and 


OFL for the GOA groundfish fisheries. The new definitions are shown below, where the fishing mortality 


rate is denoted F, stock biomass (or spawning stock biomass, as appropriate) is denoted B, and the F and B 


levels corresponding to MSY are denoted FMSY and BMSY respectively.  


Acceptable Biological Catch is a preliminary description of the acceptable harvest (or range of harvests) 


for a given stock or stock complex. Its derivation focuses on the status and dynamics of the stock, 


environmental conditions, other ecological factors, and prevailing technological characteristics of the 


fishery. The fishing mortality rate used to calculate ABC is capped as described under “overfishing” below. 


Overfishing is defined as any amount of fishing more than a prescribed maximum allowable rate. This 


maximum allowable rate is prescribed through a set of six tiers which are listed below in descending order 


of preference, corresponding to descending order of information availability. The SSC will have final 


authority for determining whether a given item of information is reliable for this definition, and may use 


either objective or subjective criteria in making such determinations. For Tier (1), a pdf refers to a 


probability density function. For Tiers (1-2), if a reliable pdf of BMSY is available, the preferred point 


estimate of BMSY is the geometric mean of its pdf. For Tiers (1-5), if a reliable pdf of B is available, the 


preferred point estimate is the geometric mean of its pdf. For Tiers (1-3), the coefficient  is set at a default 


value of 0.05, with the understanding that the SSC may establish a different value for a specific stock or 


stock complex as merited by the best available scientific information. For Tiers (2-4), a designation of the 


form “FX%” refers to the F associated with an equilibrium level of spawning per recruit (SPR) equal to X% 


of the equilibrium level of spawning per recruit in the absence of any fishing. If reliable information 


sufficient to characterize the entire maturity schedule of a species is not available, the SSC may choose to 


view SPR calculations based on a knife-edge maturity assumption as reliable. For Tier (3), the term B40% 


refers to the long-term average biomass that would be expected under average recruitment and F=F40%. 







  


 


 


Overfished or approaching an overfished condition is determined for all age-structured stock assessments 


by comparison of the stock level in relation to its MSY level according to the following two harvest 


scenarios (Note for Tier 3 stocks, the MSY level is defined as B35%): 


Overfished (listed in each assessment as scenario 6):  


In all future years, F is set equal to FOFL. (Rationale: This scenario determines whether a stock is 


overfished. If the stock is expected to be 1) above its MSY level in 2019 or 2) above ½ of its MSY 


level in 2019 and above its MSY level in 2028 under this scenario, then the stock is not overfished.) 


Approaching an overfished condition (listed in each assessment as scenario 7):   


In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set equal to FOFL. 


(Rationale: This scenario determines whether a stock is approaching an overfished condition. If the 


stock is 1) above its MSY level in 2019 or 2) above 1/2 of its MSY level in 2019 and expected to be 


above its MSY level in 2029 under this scenario, then the stock is not approaching an overfished 


condition.) 







  


For stocks in Tiers 4-6, no determination can be made of overfished status or approaching an overfished 


condition as information is insufficient to estimate the MSY stock level. 


Overview of Stock Assessments 


The status of individual groundfish stocks managed under the FMP is summarized in this section. The 


spawning biomass of pollock, Dover sole, flathead sole, northern and southern rock sole, arrowtooth 


flounder, Pacific ocean perch, rougheye and blackspotted rockfish, northern rockfish, and dusky rockfish 


are above target stock size (Fig. 2). The spawning biomass of Pacific cod and sablefish is below target stock 


size. The target biomass levels for deep-water flatfish (excluding Dover sole), shallow-water flatfish 


(excluding northern and southern rocksole), rex sole, shortraker rockfish, other rockfish, demersal shelf 


rockfish, thornyhead rockfish, Atka mackerel, skates, sculpins, squid, octopus, and sharks are unknown.  


 


 


 


Figure 2. Summary of Gulf of Alaska stock status next year (spawning biomass relative to BMSYy; 


horizontal axis) and current year catch relative to fishing at Fmsy (vertical axis). Note that 


sablefish is for Alaska-wide values including the BSAI catches. 


Summary and Use of Terms 


Tables 1 and 2 provide a summary of the status of the groundfish stocks, including catch statistics, ABCs, 


and TACs for 2017, and recommendations for ABCs and overfishing levels (OFLs) for 2018 and 2019. 


Fishing mortality rates (F) and OFLs used to set these specifications are also listed in Table 2 and Plan 


Team recommended rates (and corresponding ABCs) that were lower than the maximum permissible are 


given in Table 3. ABCs and TACs are specified for each of the Gulf of Alaska regulatory areas illustrated 


in Figure 1. Table 4 provides historical groundfish catches in the GOA, 1956-2017.  


The sums of the preliminary 2018 and 2019 ABCs for target species are 536,558 and 480,190 t respectively 


which are within the FMP-approved optimum yield (OY) of 116,000 - 800,000 t for the Gulf of Alaska. 


The sums of the 2018 and 2019 OFLs are 655,853 and 604,337 t, respectively. The Team notes that because 







  


of halibut bycatch mortality considerations in the high-biomass flatfish fisheries, an overall OY for 2018 


will be considerably under this upper limit. For perspective, the sum of the 2017 TACs was 535,863 t, and 


the sum of the ABCs was 667,877 t (and catch through November 4th, 2017 was just above 298,500 t).  


The following conventions in this SAFE are used: 


1) “Fishing mortality rate” refers to the full-selection F (i.e., the rate that applies to fish of fully 


selected sizes or ages). A full-selection F should be interpreted in the context of the selectivity 


schedule to which it applies. 


2) For consistency and comparability, “exploitable biomass” refers to projected age+ biomass, which 


is the total biomass of all cohorts greater than or equal to some minimum age. The minimum age 


varies from species to species and generally corresponds to the age of recruitment listed in the stock 


assessment. Trawl survey data may be used as a proxy for age+ biomass. The minimum age (or 


size), and the source of the exploitable biomass values are defined in the summaries. These values 


of exploitable biomass may differ from values listed in the corresponding stock assessments if the 


technical definition is used (which requires multiplying biomass at age by selectivity at age and 


summing over all ages). In those models assuming knife-edge recruitment, age+ biomass and the 


technical definitions of exploitable biomass are equivalent. 


(3) The values listed as 2016 and 2017 ABCs correspond to the values (in metric tons, abbreviated “t”) 


approved by NMFS. The Council TAC recommendations for pollock were modified to 


accommodate revised area apportionments in the measures implemented by NMFS to mitigate 


pollock fishery interactions with Steller sea lions and for Pacific cod removals by the State water 


fishery of not more than 25% of the Federal TAC. The values listed for 2018 and 2019 correspond 


to the Plan Team recommendations.  


(4) The exploitable biomass for 2016 and 2017 that are reported in the following summaries were 


estimated by the assessments in those years. Comparisons of the projected 2018 biomass with 


previous years’ levels should be made with biomass levels from the revised hindcast reported in 


each assessment. 


(5) The catches listed in the following summary tables are those reported by the Alaska Regional Office 


Catch Accounting System (alaskafisheries.noaa.gov/sustainablefisheries/catchstats.htm) unless 


otherwise noted. 


(6) The values used for 2018 and 2019 were from modified assessments for selected species, rolled 


over (typically for Tiers 4-6) or based on updated projections.  Note that projection values often 


assume catches and hence their values are likely to change (as are the Tiers 4-6 numbers when new 


data become available and/or is incorporated in the assessment).  


General recommendations 


The Team recommends that authors ensure survey and fishery data are updated over the entire time series 


(biomass estimates, composition data, etc.) 


Two year OFL and ABC Determinations 


Amendment 48/48 to the GOA and BSAI Groundfish FMPs, implemented in 2005, made two significant 


changes with respect to the stock assessment process. First, annual assessments for rockfish, flatfish, and 


Atka mackerel since changed to correspond with new survey data were available. E.g., full assessments 


were provided in 2015 to coincide with new survey data available from the 2015 GOA trawl and longline 


surveys. This amendment also required specifications for a period of at least two years (as in Tables 1 and 


2).  In the case of stocks managed under Tier 3 and for which modified assessments was produced, 2018 


and 2019 ABC and OFL projections are typically based on the output for Scenarios 1 or 2 from the standard 


projection model using assumed (best estimates) of total year catch levels.  For stocks managed under Tiers 
3, 4 and 5 for which only a summary was produced, the latest survey data (2017) was reported and for Tier 



http://alaskafisheries.noaa.gov/sustainablefisheries/catchstats.htm





  


5 species used for ABC and OFL calculations. Tier 6 stocks may have alternatives based on updated catch 


information. 


The 2019 ABC and OFL values recommended in next year’s SAFE report are likely to differ from this 


year’s projections for 2019 because data from any 2018 surveys may affect the status of stocks. Note that 


the next AFSC bottom trawl survey is scheduled for summer 2019. 


Revised Stock Assessment Schedule 


Based on consideration of stock prioritization including assessment methods and data availability, some 


stocks are assessed on an annual basis while others are assessed less frequently.  The following table 


provides an overview of the level of assessment presented in this year’s SAFE report, the Tier level and 


schedule, as well as the year of the next full assessment by stock.  
Stock Assessment schedule for the Gulf of Alaska 


Stock 


2017 


Assessment 


status Tier 


Schedule 


(years) 


Year of next 


Full Assessment 


Pollock  Full 3 1 2018 


Pacific cod  Full 3 1 2018 


Sablefish  Full 3 1 2018 


Northern and southern rock sole Full 3 4 2021 


Shallow water flatfish  Full 5 4 2021 


Deepwater flatfish (Dover) Partial 3/6 4 2019 


Rex sole  Full 5 4 2021 


Arrowtooth flounder  Full 3 2 2019 


Flathead sole Full 3 4 2021 


Pacific ocean perch Full 3 2 2019 


Northern rockfish Partial 3 2 2018 


Shortraker rockfish Full 5 2 2019 


Other rockfish  Full 4/5/6 2 2019 


Rougheye & blackspotted rockfish Full 3 2 2019 


Dusky rockfish  Partial 3 2 2018 


Demersal shelf rockfish  Partial* 4/6 2 2018 


Thornyheads  Partial* 5 2 2018 


Atka mackerel  Full 6 2 2019 


Octopus Full 6 2 2019 


Skates  Full 5 2 2019 


Sculpins Full 5 4 2021 


Sharks None 6 2 2018 


Squid Full 6 2 2019 


Forage species None eco 2 2018 


Grenadiers (BSAI/GOA) None eco  4 2020 


* Authors elected to undertake analysis  


Economic Summary of the GOA commercial groundfish fisheries in 2015-16 


The ex-vessel value of all Alaska domestic fish and shellfish catch, which includes the amount paid to 


harvesters for fish caught, and the estimated value of pre-processed fish species that are caught by 


catcher/processors, decreased from $1,781 million in 2015 to $1,717 million in 2016. The first wholesale 


value of 2016 groundfish catch after primary processing was $2,379 million. The 2016 total groundfish 


catch decreased by 2%, and the total first-wholesale value of groundfish catch increased by 4%, relative to 


2015. 


The groundfish fisheries accounted for the largest share (51%) of the ex-vessel value of all commercial 


fisheries off Alaska, while the Pacific salmon (Oncorhynchus spp.) fishery was second with $444 million 


or 26% of the total Alaska ex-vessel value. The value of the shellfish fishery amounted to $270 million or 







  


16% of the total for Alaska and exceeded the value of Pacific halibut (Hippoglossus stenolepis) with $119 


million or 7% of the total for Alaska.  


The Economic SAFE report (appendix bound separately) contains detailed information about economic 


aspects of the groundfish fisheries, including figures and tables, economic performance indices, catch share 


fishery indicators, product price forecasts, a summary of the Alaskan community participation in fisheries, 


an Amendment 80 fishery economic data report (EDR) summary, an Amendment 91 fishery economic data 


report (EDR) and vessel master survey summary, market profiles for the most commercially valuable 


species, a summary of the relevant research being undertaken by the Economic and Social Sciences 


Research Program (ESSRP) at the Alaska Fisheries Science Center (AFSC), and a list of recent publications 


by ESSRP analysts. Beginning in this report, data tables have been re-organized and are now divided into 


four relatively distinct sections: (1) All Alaska, (2) BSAI, (3) GOA, and (4) Pacific halibut.  Additionally, 


flatfish and rockfish data are now incorporated into the main data tables (rather than in the appendices in 


previous years).  The figures and tables in the report provide estimates of total groundfish catch, groundfish 


discards and discard rates, prohibited species catch (PSC) and PSC rates, the ex-vessel value of the 


groundfish catch, the ex-vessel value of the catch in other Alaska fisheries, the gross product value of the 


resulting groundfish seafood products, the number and sizes of vessels that participated in the groundfish 


fisheries off Alaska, vessel activity, and employment on at-sea processors.  Appendices contain global 


whitefish production from the FAO, fisheries export data from the Census Bureau, employment data from 


the Alaska Dept. of Labor, and alternative ex-vessel pricing and value based on CFEC fish tickets. 


Generally, the data presented in this report cover 2012 - 2016, but limited catch and ex-vessel value data 


are reported for earlier years to illustrate the rapid development of the domestic groundfish fishery in the 


1980s and to provide a more complete historical perspective on catch. The data behind the tables from this 


and past Economic SAFE reports are available online at: 


 www.afsc.noaa.gov/refm/Socioeconomics/SAFE  


Decomposition of the change in first-wholesale revenues from 2015-16 in the GOA 


The following brief analysis summarizes the overall changes that occurred between 2015-16 in the quantity 


produced and revenue generated from GOA groundfish. According to data reported in the 2017 Economic 


SAFE report, the ex-vessel value of GOA groundfish decreased from $208 million in 2015 to $189 million 


in 2016 (Figure 3), and first-wholesale revenues from the processing and production of groundfish in the 


Gulf of Alaska (GOA) were relatively flat between 2015 ($354 million) and 2016 ($353 million) (Figure 


4). At the same time, the total quantity of groundfish products from the GOA increased from 126 thousand 


metric tons to 135 thousand metric tons, a 7% increase. These changes in the GOA are comparable to those 


in the BSAI, which together account for the 4% year-to-year increase in first-wholesale revenues from 


Alaska groundfish fisheries overall. 


By species group, negative quantity effects were offset somewhat by smaller positive price effects for 


Pacific cod, but still resulting in a $12 million net decrease in first-wholesale revenues from the GOA for 


2015-16 (Figure 5).  This was countered to an extent by positive price and negative quantity effects for 


sablefish resulting in a positive net effect of $9 million. For pollock, large negative price and positive 


quantity effects mostly canceled each other out, resulting in a small positive net effect of about $1 million.  


There was also a small negative price effect and larger positive quantity effect for rockfish, resulting in a 


net positive effect of almost $3 million. By product group, small positive price effects coupled with larger 


positive quantity effects in the fillets category resulted in a positive net effect of $32 million in the GOA 


first-wholesale revenue decomposition for 2015-16, while negative price and quantity effects in the whole 


and head and gut category and negative quantity effects for roe resulted in a negative net effect of $36 


million combined.  


In summary, first-wholesale revenues from the GOA groundfish fisheries decreased by less than $1 million 


from 2015-16. The main drivers of this was a negative net revenue effect for Pacific cod being offset by 


positive net effects for sablefish. In comparison, first-wholesale revenues increased by $93 million from 



http://www.afsc.noaa.gov/refm/Socioeconomics/SAFE/default.php





  


2015-16 in the BSAI due in large part to positive price effects for flatfish and pollock, and positive quantity 


effects for Pacific cod. 


  


Figure 3. Real ex-vessel value of the groundfish catch in the domestic commercial fisheries in the GOA 


area by species, 2003-2016 (base year = 2016). 


  
Figure 4. Real gross product value of the groundfish catch in the GOA area by species, 2003-2016 (base 


year = 2016). 







  


  


 


 


Figure 5.  Decomposition of the change in first-wholesale revenues from 2015-16 in the GOA area. The 


first decomposition is by the species groups used in the Economic SAFE report, and the second 


decomposition is by product group. The price effect refers to the change in revenues due to the 


change in the first-wholesale price index (current dollars per metric ton) for each group. The 


quantity effect refers to the change in revenues due to the change in production (in metric tons) 


for each group. The net effect is the sum of price and quantity effects. Year-to-year changes in 


the total quantity of first-wholesale groundfish products include changes in total catch and the 


mix of product types (e.g., fillet vs. surimi). 


Ecosystem Considerations summary 


The Ecosystem Considerations 2017: Status of Alaska's Marine Ecosystems chapter consists of four main 


components:  


1) an executive summary with ecosystem report cards, and physical, environmental, ecosystem, fishing, 


and fisheries trends, 


2) responses to SSC comments,   


3) an ecosystem assessment, and 


4) ecosystem indicators. 


The ecosystem assessment section combines information from the stock assessment chapters with the 


indicators followed in this chapter to summarize the climate and fishery effects on the ecosystem. An 


updated Gulf of Alaska ecosystem assessment was presented including 2017 Gulf of Alaska Report Cards. 


For 2017, two separate report cards were produced, one for the Western GOA and one for the Eastern GOA. 







  


The Western GOA (which includes the CGOA and WGOA NMFS management areas) report card includes 


ten indicators summarized as follows: 


• The Gulf of Alaska in 2017 continued with warm conditions but have moderated since the 


extreme heat wave of 2014–2016. The PDO remains in a positive pattern but with lower 


amplitude. 


• The freshwater runoff into the GOA appears to have been greater than normal during the fall of 


2016 and somewhat less than normal in summer 2017, with implications for the baroclinic 


component of the Alaska Coastal Current. 


• Mesozooplankton biomass measured by the continuous plankton recorder has often shown a 


largely biennial trend, however biomass remained greater than average in 2014 – 2016. Biomass 


trends can be influenced by ecosystem conditions and mean size of the community. This suggests 


that prey availability for planktivorous fish, seabirds, and mammals has been variable recently. 


The biennial patterns suggest a possible link with biennially varying planktivorous pink salmon 


abundance which have shown lower than expected marine survival for the 2015 and 2016 


outmigration year classes. 


• Copepod community size remained small for the fourth consecutive year. The prevalence of small 


copepods fits predictions of warm conditions favoring small copepods. This suggests that 


planktivorous predators may have had to work harder to fill nutritional needs from the numerous, 


but small, prey items. 


• Bottom trawl survey biomass of motile epifauna was below its long-term mean for the first time 


since 2001. The increase from 1987 to 2001 was driven by hermit crabs and brittle stars, which 


continue to dominate the biomass. Octopus catches, which were record high in 2015, declined to 


a low not seen since 1990. 


• Trends in capelin as sampled by seabirds and groundfish have indicated that capelin were 


abundant from 2008 to 2013, but declined in during the warm years of 2015–2016. Their apparent 


abundance coincided with the period of cold water temperatures in the Gulf of Alaska. 


Preliminary reports suggest that predators were again foraging on capelin in 2017. 


• Fish apex predator biomass during 2017 bottom trawl surveys was at its lowest level in the 30-


year time series, and the recent 5-year mean is below the long-term average. The trend is driven 


primarily by Pacific cod and arrowtooth flounder which were both at the lowest abundance in the 


survey time series. Pacific halibut and arrowtooth flounder have shown a general decline since 


their peak survey biomasses in 2003. Pacific cod has continued to decline from a peak survey 


biomass in 2009. 


• Black-legged kittiwakes had moderate reproductive success in 2017 at the Semedi Islands, in 


contrast to the complete failure in 2015 for kittiwakes as well as other seabird species. Their 


reproductive success is typically variable, presumably reflecting foraging conditions prior to the 


breeding season, during, or both. In general, fish-eating seabirds had less successful reproduction 


in 2017 than mixed fish and plankton-eating seabird species. 


• Modelled estimates of western Gulf of Alaska Steller sea lion non-pup counts were approaching 
the long-term in 2016, suggesting conditions had been favorable for sea lions in this area. However, 


preliminary estimates show a decline in the number of pups from 2015 to 2017 and declines in the 


number of non-pups in the Cook Inlet, Kodiak, and Semidi area. 


• Human populations in the small (<1500 people) fishing communities in the western Gulf of 


Alaska remained stable as a whole since 2000. 


 


The Eastern GOA report card includes ten active indicators summarized as follows: 


• The Gulf of Alaska in 2017 continued with warm conditions but have moderated since the extreme 


heat wave of 2014–2016. The neutral El Niño of last winter has lessened, and La Niña conditions 


are slightly more favored that neutral for next winter. 







  


• The sub-arctic front was farther south than usual, which was consistent with surface currents. 


Strong winter winds from the north impelled the PAPA trajectory index to its most southerly 


latitude since the late 1930s. This represented a substantial change from the northerly surface 


current pattern during the previous three winters. 


• Total zooplankton density in Icy Strait increased in 2016 relative to the previous three years but 


remained lower than the peak values in 2006–2009. Zooplankton were numerically dominated by 


gastropods and small copepods, while large copepod and euphausiid densities remained below 


average. 


• Also in Icy Strait, the increase in large and decrease in small copepod abundances in 2016 relative 


to the previous year resulted in an increase in copepod community size. However, the low 


abundances of all copepods do not indicate substantially improved foraging conditions for 


planktivorous predators. 


• Bottom trawl survey biomass of motile epifauna is typically dominated by brittle stars and a group 


composed of sea urchins, sand dollars and sea cucumbers. Record catches of hermit crabs 


influenced the peak biomass estimate in 2013. Catches of many of the more dominant members of 


this foraging guild were low in 2015. Brittle stars and miscellaneous crabs were the most abundant 


in 2017. 


• A decrease in estimated total mature herring biomass in southeastern Alaska has been observed 


since the peak in 2011. Modeling indicates that the declines in biomass may be related to lower 


survival. 


• Bottom-trawl survey fish apex predator biomass is currently below its 30-year mean, following a 


peak in 2015. The trend is driven primarily by arrowtooth flounder which caught in great numbers 


in 2015. Pacific halibut and sablefish, the next most abundant species in this foraging guild have 


shown variable but generally stable trends in recent surveys. Pacific cod were at their lowest 


abundance in the time series in 2017, but had been at their highest relative abundance in 2015. 


• Growth rates of piscivorous rhinoceros auklet chicks were anomalously low in 2015 and 2016, 


suggesting that the adult birds were not able to find sufficient prey to support successful chick 


growth. This is in contrast to 2012 and 2013, when chick growth rates were above the long-term 


average. 


• Modelled estimates of eastern Gulf of Alaska Steller sea lion non-pup counts are above the long 


term mean through 2015. However, preliminary estimates suggest that non-pup counts declined 


12% in 2017 relative to 2015. This unusual recent decline in a long-increasing stock may indicate 


adverse responses to the marine heat wave of recent years. 


• Human populations in the small (<1500 people) fishing communities in the eastern Gulf of Alaska 


have remained stable in recent years following a gradual decline since peak population counts in 


thee mid-1990s. 


 


There were two "hot topics" noted for the GOA this year: 


Pyrosomes seen for first time in Gulf of Alaska research surveys - Researchers observed Pyrosoma 
atlanticum in three types of Alaska fish surveys this year — NOAA’s acoustic, surface and bottom trawl 


surveys. Fishermen first reported seeing the organisms when trolling for salmon off Sitka, AK in 


February. 


 


LEO Network - The NMFS AFSC is interested in documenting and learning from citizen science 


observations that may be incorporated into future Ecosystem Status Reports (ESRs). They have identified 


the LEO Network as a potential platform for tracking these observations. They are seeking Council input 


on the utilization of this network to gather citizen science observations on marine environment changes 


for future ESRs. Other citizen science efforts exist in Alaska, but these efforts are mostly project specific 


(e.g., bird spotting and identification) or community specific. 







  


Stock summaries 


1. Walleye pollock 


Status and catch specifications (t) of pollock and projections for 2018 and 2019. Biomass for each year 


corresponds to the projection given in the SAFE report issued in the preceding year. The OFL and ABC 


for 2018 and 2019 are those recommended by the Plan Team. Catch data are current through November 


4th, 2017. The GOA-wide and W/C/WYAK ABCs listed in this table are before reductions for the Prince 


William Sound GHL. However, the federal TACs from earlier years reflect reductions from the ABC due 


to State waters GHL. State waters GHL is presently computed as 2.5% of the total W/C/WYAK ABC. 


The ABC for 2019 is lower than Max ABC as it was based on an adjusted F40% harvest rate. 


Area Year Age 3+ Bio. OFL ABC TAC Catch 


GOA 


2016 1,981,987 349,310 274,150 257,872 173,226 


2017 1,391,290 249,033 213,689 208,595 184,243 


2018 1,124,930 198,756 170,265    


2019  142,867 115,341     


W/C/WYAK 


2016 1,981,987 336,084 264,230 247,952 173,226 


2017 1,391,290 235,807 203,769 198,675  184,243 


2018 1,124,930 187,059 161,492 
  


2019  131,170 106,568 
  


SEO 


2016 44,087 13,226 9,920 9,920 0 


2017 44,087 13,226 9,920 9,920 0 


2018 38,989 11,697 8,773 
  


2019  11,697 8,773 
  


 


Changes from the previous assessment 


This year’s pollock assessment features the following new data: 1) 2016 total catch and catch-at-age from 


the fishery, 2) 2017 biomass and age composition from the Shelikof Strait acoustic survey, 3) 2017 biomass 


and length composition from NMFS bottom trawl survey, 4) 2017 biomass and 2016 age composition from 


the ADFG crab/groundfish trawl survey, and 5) 2017 biomass and length composition from the summer 


GOA-wide acoustic survey. 


The age-structured assessment model used for GOA W/C/WYAK pollock assessment was slightly modified 


from the 2016 assessment (Model 16.2). The 2017 assessment compared 4 models to the Model 16.2 with 


the new data:  


Model 17.1—Age composition data reweighted using the Francis (2011) method. 


Model 17.2—Same as model 17.1, but with random walks in survey catchability for the Shelikof Strait 


acoustic survey and the ADFG survey. This was the author’s preferred model. 


Model 17.3—Same as 17.2, but a smaller penalty on variation in catchability. 


Model 17.4—Same as 17.2, but with an offset for natural mortality for the 2012 year class. 


Model 17.1 explored using the Francis (2011) method in place of the McAllister and Ianelli method (1997) 


used since 2014. While this change reduced the effective sample size of age composition data by 46-86%, 


the model results did not appear to be particularly sensitive to the weighting method used.  


Models 17.2 and 17.3 implemented a random walk process to estimate year specific catchability for the 


Shelikof Strait and ADF&G trawl surveys, as the proportion of total stock observed by these surveys could 


be expected to not to be constant.  Model 17.3 differs from 17.2 in that the penalty term for annual variation 


was increased, allowing greater change in year-to-year catchability estimates. Model 17.2 was chosen as 


being less likely to overfit the data given a stronger constraint on change in catchability. 







  


Model 17.4 implemented a cohort specific natural mortality for the 2012 year class, under the assumption 


that this may be lower given the dominance of this year class in the current surveys.  A 26% reduction in 


M was estimated by the model, but the improvement in overall fit was negligible and therefore not 


recommended going forward.   


Model 17.2 fits to biomass estimates follow general trends in survey time series. Fits to fishery age 


composition data were reasonable. The largest residuals tended to be at ages 1-2 in the NMFS bottom 


trawl survey due to inconsistencies between the initial estimates of abundance and subsequent 


information about year class size. Model fits to biomass estimates were like previous assessments, and 


general trends in survey time series were fit reasonably well. The model did not fit the most recent high 


Shelikof Strait acoustic survey biomass estimate, as this input was in contrast with the NMFS bottom 


trawl survey in 2017, which was substantially lower than previous years, and an age-structured pollock 


population cannot increase as rapidly as is indicated by this estimate. The model was unable to fit the 


extreme low value for the ADFG survey for 2015-2017, though otherwise the fit to this survey was quite 


good. The fit to the age-1 and age-2 Shelikof acoustic indices appeared adequate though variable.  


The Team concurred with the assessment author to use Model 17.2. 


Spawning biomass and stock trends 


In 1998, the stock dropped below B40% for the first time since the early 1980s and reached a minimum in 


2003 at 25% of unfished stock size. Over the years 2009-2013, the stock increased from 32% to 60% of 


unfished stock size, but declined to 39% by 2016. The spawning stock is projected to increase again in 2018 


as the strong 2012 year class continues to increase in body size. Survey data in 2017 are contradictory, with 


acoustic surveys indicating large or increasing biomass, and bottom trawl surveys indicating a steep decline 


in recent years. These divergent trends are likely due to changes in the availability of pollock to different 


surveying methods, though additional research is needed to confirm this hypothesis. The model estimate of 


female spawning biomass in 2018 is 342,683 t, which is 57.5% of unfished spawning biomass (based on 


average post-1977 recruitment) and above the B40% estimate of 238,000 t.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Because the model projection of female spawning biomass in 2018 is above B40%, the W/C/WYAK Gulf of 


Alaska pollock stock is in Tier 3a. The projected 2018 age-3+ biomass estimate is 1,124,930 t (for the 


W/C/WYAK areas). Markov Chain Monte Carlo analysis indicated the probability of the stock dropping 


below B20% is negligible (< 1 %) through 2022. For 2019, FABC was adjusted downward to F47% based on 


the author’s recommendation. 


The 2018 ABC for pollock in the Gulf of Alaska west of 140° W longitude (W/C/WYAK) is 161,492 t 


which is a decrease of 21% from the 2017 ABC. The OFL is 187,059 t for 2018. The 2018 Prince William 


Sound (PWS) GHL is 4,037 t (2.5% of the ABC).  


For pollock in southeast Alaska (East Yakutat and Southeastern areas), the ABC for both 2018 and 2019 is 


8,773 t and the OFL for both 2018 and 2019 is 11,697 t. These recommendations are based on placing 


southeast Alaska pollock in Tier 5 of the NPFMC tier system, and basing the ABC and OFL on natural 


mortality (0.3) and the biomass estimate from a random effects model fit to the 1990-2017 bottom trawl 


survey biomass estimates in Southeast Alaska. 


Status determination 


The Gulf of Alaska pollock stock is not being subjected to overfishing and is neither overfished nor 


approaching an overfished condition. 


Area apportionment 


The assessment was updated to include the most recent data available for area apportionments within each 


season (Appendix C of the GOA pollock chapter). The NMFS bottom trawl survey, typically extending 







  


from mid-May to mid-August, was considered the most appropriate survey time series for apportioning the 


TAC during the summer C and D seasons. Last year, the Plan Team recommended that summer acoustic 


survey data be averaged with the random effects model of bottom-trawl survey biomass to determine the 


summer allocation. Area apportionments, reduced by 2.5% of the ABC (4,037 t in 2018 and 2,664 t in 2019) 


for the State of Alaska managed pollock fishery in Prince William Sound, are as follows: 


Area apportionments (with ABCs reduced by Prince William Sound GHL) for 2018 and 2019 pollock 


ABCs for the Gulf of Alaska (t). 


 610 620 630 640 650  


Year Western Central Central WYAK SEO Total 


2018 30,188 79,495 40,939 6,833 8,773 167,375 


2019 19,921 52,459 27,016 4,509 8,773 113,824 


 


2. Pacific cod 


Status and catch specifications (t) of Pacific cod in recent years. Biomass for each year corresponds to 


the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 


2019 are those recommended by the Plan Team. Catch data are current through November 4th, 2017. 


Year Age 0+ biomass OFL ABC TAC Catch 


2016 518,800 116,700 98,600 71,925 39,544 


2017 426,384 105,378 88,342 64,442 33,115 


2018 170,565 23,565 18,000   


2019  21,412 17,000   


 


Changes from the previous assessment 
The fishery catch data was updated for 2016 and 2017 (2017 expected total year catch was projected). 


Fishery size composition data were updated for 2016, preliminary fishery size composition were included 


for 2017, and weight and age at length and age compositions for the 2015 bottom trawl survey were 


included. The AFSC 2017 longline and bottom trawl survey indices of abundance and their corresponding 


length composition data were included. Length composition data from ADF&G port sampling program 


were used to augment pot fishery catch composition data where observer data were not present. Both the 


longline survey and trawl survey indices had steep declines. The 2017 trawl survey biomass estimate was 


the lowest in the time series and was 58% lower than the 2015 estimate. The longline survey RPN dropped 


53% from 2016 to 2017. 


The author evaluated several models and presented a subset of models that included the model configuration 


from 2016 with updated data (Model 17.08.25). Model 17.08.35 was recommended by the author and Team 


concurred. This model was the best fit to the data and had reasonable retrospective patterns. A major feature 


of this model that differed from last year’s model was having natural mortality (M) estimated in two time 


blocks; 1) 1977-2014 and 2017 and 2) 2015 and 2016. This feature allowed the model to fit the recent steep 


declines in the longline and trawl survey indices of abundance that was likely due to temperature related 


mortality. The protracted warm conditions from 2014-2016 may have resulted in increased metabolic 


demands for Pacific cod that potentially lead to starvation and mortality. The estimate of M=0.49 during 


the 1977–2014 and 2017 block was similar to Model 17.08.25 (M=0.47). The estimate of M was 0.71 for 


the 2015-2016 block.   


Another feature of this model was specifying the AFSC longline RPN index to be conditioned on water 


temperature. This feature allowed the model to be consistent with changing availability of small fish to the 


longline survey due to bottom temperatures. Smaller fish are encountered more frequently in this survey in 


warm years than in cold years.  







  


Spawning biomass and stock trends 
The B40% estimate was 67,433 t, with projected 2018 spawning biomass of 36,209 t. Recruitment was 


generally above average for the 2005-2012 period and below average for 2013-2016. Spawning biomass is 


expected to decline sharply in the near future.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


This stock is in Tier 3b because the 2018 spawning biomass is estimated to be at B21%.  The F35% and F40% 


values are 0.82 and 0.66, respectively. The Tier 3b FOFL and FABC values are 0.42 and 0.34, respectively. 


The OFL is 23,565 t and the maximum permissible ABC is 19,401 t. The authors recommended that the 


FABC value be reduced to 0.31 to help ensure that the stock does reach the B20% value. If the Pacific cod 


stock is projected to be equal to or below B20%, directed fishing is prohibited due to Steller sea lion 


regulations. The Plan Team concurred with the author’s recommended ABC and OFL values. The 


recommended ABC is 18,000 t for 2018 which is an 80% decrease from the 2017 ABC of 88,342 t.  


Status determination 
The stock is not being subjected to overfishing and is neither overfished nor approaching an overfished 


condition. 


Area apportionment  
Since the 2014 assessment, the random effects model has been used for Pacific cod apportionment. Using 


this method with the trawl survey biomass estimates through 2017, the area-apportioned ABCs are:  


Year Western Central Eastern Total 


2018 8,082 8,118 1,800 18,000 


2019 7,633 7,667 1,700 17,000 


 


3. Sablefish 


Status and catch specifications (t) of sablefish in recent years. Biomass for each year corresponds to the 


projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2017 and 2018 


are those recommended by the Plan Team. Catch data are current through November 4th, 2017. 


Year Age 4+ biomass OFL ABC TAC Catch 


2016 122,000 10,326 9,087 9,087 9,354 


2017 139,000 11,885 10,074 10,074 10,386 


2018 356,000 22,703 11,505   


2019  35,989 16,194     


 


Relative to last year’s assessment, the following substantive changes in the current assessment were made. 


Changes in the input data 


New data included in the assessment model were relative abundance and length data from the 2017 longline 


survey, biomass and length data from the 2017 bottom trawl survey, relative abundance, and length data 


from the 2016 fixed gear fishery, length data from the 2016 trawl fisheries, age data from the 2016 longline 


survey and 2016 fixed gear fishery, updated catch for 2016, and projected 2017 - 2019 catches.  In addition, 


estimates of killer and sperm whale depredation in the fishery were updated and projected for 2017-2019.  


Changes in the assessment methodology 


Relative to the 2016 assessment, which adopted several Center for Independent Experts (CIE) review panel 


recommendations for improving the reference model, there were no changes to the assessment 


methodology.   







  


New for this year, a new Ecosystem and Socioeconomic Profile (ESP) was presented as an appendix that 


highlights specific ecosystem indicators that may help explain variability in the stock assessment and 


included an economic performance report for the sablefish fishery.  


Spawning biomass and stock trends 


Projected 2018 spawning biomass is 36% of unfished spawning biomass. The longline survey abundance 


index increased 14% from 2016 to 2017 following a 34% increase between 2015 and 2016.  However, the 


lowest point of the time series occurred in 2015.  The fishery abundance index decreased 23% from 2015 


to 2016 and is the time series low (the 2017 data are not available yet). Spawning biomass is projected to 


increase rapidly from 2018 to 2022, and then stabilize. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Sablefish are managed under Tier 3 of NPFMC harvest rules. Reference points were calculated using 


recruitments from 1977-2013. The updated point estimates of B40%, F40%, and F35% from this assessment are 


98,332 t (combined across the EBS, AI, and GOA), 0.096, and 0.114, respectively. Projected female 


spawning biomass (combined areas) for 2018 is 88,928 t (90% of B40% or B36%), placing sablefish in Tier 


3b.  


The authors recommended ABCs for 2018 and 2019 that are lower than maximum permissible ABC and 


the Team concurred for two important reasons. First, a lower ABC than maximum permissible was 


recommended based on estimates of whale depredation occurring in the fishery in the same way that was 


recommended and accepted in 2017. Second, the 2014 year class is estimated to be 2.5 times higher than 


any other year class observed in the current recruitment regime. Thus, the recruitment estimate for the 2014 


year class was set equal to the 1977 recruitment estimate because there are concerns regarding the lack of 


older fish and spawning biomass, the uncertainty surrounding the estimate of the strength of the 2014 year 


class, and the uncertainty about the environmental conditions that may affect the success of the 2014 year 


class.  


The maximum permissible value of FABC under Tier 3b is 0.086. After accounting for the uncertainty 


surrounding the extremely high 2014 recruitment estimate and whale depredation, the authors’ 


recommended FABC equals 0.077, which results in a recommended 2018 ABC of 11,505 t for the GOA. The 


OFL fishing mortality rate is 0.102 which results in a 2017 OFL of 22,073 t for the GOA.  


Status determination 


Model projections indicate that this stock is not subject to overfishing, overfished, nor approaching an 


overfished condition. 


Area apportionment 


Apportionments have been held constant since the 2013 fishery and the Teams concurred: 


 2017 2018 2019 


Region  OFL  ABC  TAC   OFL  ABC  OFL  ABC  


W  -- 1,349 1,349  -- 1,544 -- 2,174 


C  -- 4,514 4,514  -- 5,158 -- 7,260 


**WYAK  -- 1,605 1,605  -- 1,829 -- 2,573 


SEO  -- 2,606 2,606  -- 2,974 -- 4,187 


GOA  11,885 10,074 10,074  22,703 11,505 35,989 16,194 


BS  1,499 1,274 1,274  2,887 1,464 4,576 2,061 


AI  2,044 1,735 1,735  3,917 1,988 6,209 2,798 


Total 15,428 13,083 13,083  29,507 14,957 46,775 21,053 


* 95:5 split in the EGOA following the trawl ban in SEO 







  


4. Shallow water flatfish 
 


Status and catch specifications (t) of shallow water flatfish and projections for 2018 and 2019. The 


shallow water complex is comprised of northern rock sole, southern rock sole, yellowfin sole, butter 


sole, starry flounder, English sole, sand sole and Alaska plaice. Biomass for each year corresponds to 


the projection given in the SAFE report issued in the preceding year. Catch data are through November 


4th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 303,299 54,520 44,364 36,763 3,808 
2017 299,858 54,583 44,514 36,843 2,481 
2018 339,152 67,240 54,688   
2019  68,114 55,422   


 


Changes from the previous assessment 


A full assessment for shallow water flatfish was presented. Age structured assessment models are used for 


northern and southern rock sole, and the random effects model is used for the remaining tier 5 species in 


the shallow water flatfish complex (as well as for apportionment). The northern and southern rock sole 


assessment model was updated with data through 2017, including updated 2016 catch and estimated 2017 


catch, 2017 trawl survey biomass, 2017 fishery length composition, 2017 trawl survey length composition, 


and 2015 trawl survey conditional-age-at-length (CAAL). The random effects model was updated with 


2017 trawl survey biomass. 


The author’s recommended change to the rock sole assessment models for 2017 incorporated the time series 


of trawl survey length compositions and removed the age compositions. The age data from the trawl survey 


is employed within the CAAL framework. The Plan Team concurred with the use of this model. 


Spawning biomass and stock trends 


The complex total current biomass estimate for 2018 is 339,152 t,  which is a 13% increase from the 


2017 value of 299,858 t.  This increase is due primarily to an increase in the model estimate of 


b o t h  n o r t h e r n  a n d  southern rock sole and 2017 survey estimates that were higher than 2015 for 


yellowfin sole, starry flounder, sand sole, and Alaska plaice (estimated from the random effects model). 


The random effects model estimates for 2017 biomass of butter sole and English sole were smaller 


than estimated in 2017. On the whole, the random effects model estimated an increase in biomass in 2017 


compared to 2015 for the complex combined. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Northern and southern rock sole are in Tier 3a while the other species in the complex are in Tier 5. The 


GOA Plan Team agrees with authors’ recommended ABC for the shallow water flatfish complex which 


was equivalent to maximum permissible ABC. For the shallow water flatfish complex, ABC and OFL for 


southern and northern rock sole are combined with the ABC and OFL values for the rest of the shallow 


water flatfish complex. This yields a combined ABC of 54,688 t and OFL of 67,240 t for 2018. 


Status determination 


Information is insufficient to determine stock status relative to overfished criteria for the complex as a 


whole. For the rock sole species, the assessment model indicates they are not overfished nor are they 


approaching an overfished condition. Catch levels for this complex remain below the TAC and below levels 


where overfishing would be a concern. 


Area apportionment 


The recommended apportionment percentages based on the random effects model applied to survey 


biomass estimates for ABC are: 







  


 


Year Western Central WYAK SEO Total 
2018 25,206 25,315 2,242 1,925 54,688 
2019 25,544 25,655 2,272 1,951 55,422 


 


5. Deepwater flatfish complex (Dover sole and others) 


Status and catch specifications (t) of deepwater flatfish (Dover sole and others) and projections for 2018 


and 2019. Biomass for each year is for Dover sole only and corresponds to the model estimate associated 


with the ABC for that year. Catch data in this table are current through November 4th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 141,824 11,102 9,226 9,226 238 


2017 143,333 11,182 9,292 9,292 241 


2018 144,654 11,294 9,385   


2019  11,431 9,499   
 


The deepwater flatfish complex is comprised of Dover sole, Greenland turbot, and deepsea sole. This 


complex is assessed every fourth year and was last assessed in 2015 and will be assessed again in 2019. In 


non-assessment years, such as 2017, an executive summary is completed to recommend harvest levels for 


the next two years.  


Changes from the previous assessment 


For Dover sole, a single species projection model was run using parameter values from the accepted 2015 


assessment model and using updated catch information for 2015-2017. 


Greenland turbot and deepsea sole are Tier 6 stocks, and accordingly, ABCs and OFLs are based on 


historical catch levels and these quantities were not updated. ABCs and OFLs for the individual species in 


the deepwater flatfish complex are determined and then summed for calculating complex-level OFLs and 


ABCs. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Dover sole is a Tier 3 stock and is assessed using an age-structured model. The single species projection 


model was run using parameter values from the accepted 2015 Dover sole assessment model. The 2018 and 


2019 Dover sole ABCs are 9,202 t and 9,316 t, respectively, and 2018 and 2019 OFLs of 11,050 t and 


11,187 t, respectively.  


For the Tier 6 species in the complex, 2018 and 2019 OFL (average catch from 1978–1995) is 244 t, and 


ABC (75%OFL) is 183 t.  


The GOA Plan Team agrees with the authors’ recommendation to use the combined ABC and OFL for the 


deepwater flatfish complex for 2018 and 2019. This equates to a 2018 maximum permissible ABC of 9,385 


t and OFL of 11,294 t for the deepwater flatfish complex, and a 2019 maximum permissible ABC of 9,499 


t and OFL of 11,431 t. 


Status determination 


Gulf of Alaska Dover sole is not being subjected to overfishing, and is neither overfished nor approaching 


an overfished condition. Information is insufficient to determine stock status relative to overfished criteria 


for Greenland turbot and deepsea sole. Since Dover sole comprises approximately 98% of the deepwater 


flatfish complex they are considered the main component for determining the status of this stock complex. 


Catch levels for this complex remain well below the TAC and below levels where overfishing would be a 


concern.  







  


Area apportionment  


The random effects model is used to determine area apportionment for Dover sole and was recommended 


by the GOA Plan Team in 2016.  The Greenland turbot and deepsea sole portion of the apportionment is 


based on the relative proportion of survey biomass of these species found in each area, averaged over the 


years 2005-2015. The ABC by area for the deepwater flatfish complex is then the sum of the species-


specific portions of the ABC. 


Year Western Central WYAK SEO Total 


2018 413 3,400 3,239 2,332 9,385 


2019 416 3,442 3,279 2,361 9,499 


 


6. Rex Sole 
 


Status and catch specifications (t) of rex sole and projections for 2018 and 2019. Biomass for each year 


corresponds to the projection given in the SAFE report issued in the preceding year. Catch data are current 


through November 4th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 67,941 9,791 7,493 7,493 1,748 
2017 75,359 10,860 8,311 8,311 1,410 


2018 97,982 18,706 15,373   
2019  17,692 14,529   


 


Changes from the previous assessment 


Rex sole are now assessed on a four year cycle. The recommended model added new assessment inputs 


including updated fishery catch and length data (2015-2017); new 2017 bottom trawl survey biomass 


estimates and length compositions; new 2015 bottom trawl survey age-at-length data; and newly available 


historical fishery age data. In addition, this model added a likelihood component to fit the model to fishery 


age composition data; estimated growth within the assessment model using a conditional age-at-length 


approach; and split the model into two areas with growth estimated within each area to account for 


differences in length-at-age between the Eastern GOA and Western-Central GOA. The Team supported use 


of the author’s preferred model 


The preferred model is a two area model with growth and survey selectivity parameters estimated separately 


for each region which substantially reduces uncertainty about fishing mortality rates and improves fits to 


fishery length and age composition data. Key results and reference points were computed for each region 


separately and then summed to get values for the entire stock.  


Spawning biomass and stock trends 


The model estimates of female spawning biomass and total biomass (3+) for the Eastern GOA were 9,376 


t and 21,338 t and for the Central-Western region were 36,374 t and 76,644 t. Summing these values results 


in an overall spawning biomass estimate of 45,750 t and a total biomass (3+) of 97,982 t. Spawning biomass 


and total biomass have been declining since a peak in 2012 and are expected to decline slightly in 2019.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Previously, rex sole were assessed as a Tier 5 stock because reliable fishery reference values were not 


available. The Team agreed that the recommended model produces reliable estimates of F40% and F35% 


which places rex sole in Tier 3a. 


 







  


For rex sole in the Eastern GOA the maximum permissible value of FABC under Tier 3a is 0.25 and in the 


Western-Central GOA FABC is 0.23. Combined, the overall ABC for GOA rex sole in 2018 is 15,373 and 


OFL is 18,706 t. These values are substantially higher than the 2017 ABC of 8,311 t and OFL of 10,860 t, 


both of which were determined using the previously recommended Tier 5 approach.   


Status determination 


The Gulf of Alaska rex sole is not being subjected to overfishing and is neither overfished nor approaching 


an overfished condition. Catches are well below TACs and below levels where overfishing would be a 


concern. 


Area apportionment 


Area apportionments of rex sole ABC’s for 2018 and 2019 are based on the random effects model applied 


to GOA bottom trawl survey biomass in each area. 


 


Year Western Central WYAK SEO Total 


2018 3,086 8,739 1,737 1,811 15,373 
2019 2,909 8,236 1,657 1,727 14,529 


7. Arrowtooth flounder  


Status and catch specifications (t) of arrowtooth flounder and projections for 2018 and 2019. Biomass for 


each year corresponds to the projection given in the SAFE report issued in the preceding year. Catch data 


current through November 4th, 2017. 


Year Biomass1 OFL ABC TAC Catch 


2016 2,103,860 219,430 186,188 103,300 19,830 


2017 2,103,090 219,327 186,093 103,300 26,007 


2018 1,421,306 180,697 150,945   


2019  173,872 145,234   
1 Total biomass (ages 1+) from the projection model based on parameters from the age-structured model. 


Changes from the previous assessment  


There were several changes from the previous assessment. The length-age conversion matrix was estimated 


from length at age data from 1984-2013, and the weight at age was re-estimated.  An ageing error matrix 


was added, and the age and length and age composition information was weighted with the Francis (2011) 


method.   


Spawning biomass and stock trends 


Arrowtooth flounder biomass estimates in the current model have decreased relative to the projection model 


estimates in 2016. The projected spawning biomass for 2018, assuming fishing mortality equal to the recent 


5-year average, was 873,789 t. This was 24% lower than the projected 2018 biomass from the 2016 


assessment of 1,154,310 t. The projected estimate of total biomass for 2018 of 1,421,306 t was 32% lower 


than the estimate from 2016 projection model.    


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


The 2018 ABC of 150,945 t was 11% lower than estimate from the 2016 projection model.  Arrowtooth 


flounder is estimated to be in Tier 3a, and the Team accepted the recommended ABC and OFL.   


Status determination 


This stock is not being subjected to overfishing and is neither overfished nor approaching an overfished 


condition. 







  


Area apportionment  


The recommended area apportionment from the random effects model was used by the Team to provide 


apportionments for the 2018 and 2019 ABCs:  


Year Western Central WYAK SEO Total 


2018 37,253 73,480 16,468 23,744 150,945 


2019 35,844 70,700 15,845 22,845 145,234 


 


 


8. Flathead sole  


Status and catch specifications (t) of flathead sole and projections for 2018 and 2019. Biomass for each 


year corresponds to the projection given in the SAFE report issued in the preceding year. Catch data are 


current through November 4 th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 265,088 42,840 35,020 27,832 2,420 
2017 269,638 43,128 35,243 27,856 1,875 


2018 281,635 43,011 35,266   
2019  44,822 36,746   


 


Changes from the previous assessment 


Flathead sole are assessed on a biennial schedule. This year a full assessment was conducted but no new 


changes were made to the assessment methodology. The 2015 assessment model was updated with the most 


recent fishery catch and length data (2015-2017), 2017 bottom trawl survey biomass and length 


compositions, and 2015 bottom trawl survey conditional age-at-length data.  


Spawning biomass and stock trends 


The 2018 spawning biomass estimate (85,765 t) is above B40% (36,620 t) and projected to be stable through 


2019. Total biomass (3+) for 2018 is 281,635 t and is projected to slightly increase in 2019. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Flathead sole are determined to be in Tier 3a. For 2018 the Plan Team concurred with the authors’ 


recommendation to use the maximum permissible ABC of 35,266 t which is nearly identical to the 2017 


ABC of 35,243 t. The FOFL is set at F35% (0.40) which corresponds to an OFL of 43,011 t. 


Status determination 


The Gulf of Alaska flathead sole stock is not being subjected to overfishing and is neither overfished nor 


approaching an overfished condition. Catches are well below TACs and below levels where overfishing 


would be a concern. 


Area apportionment 


Area apportionments of flathead sole ABC’s for 2018 and 2019 are based on the random effects model 


applied to GOA bottom trawl survey biomass in each area. 


 


Year Western Central WYAK SE


O 


Total 


2018 12,690 20,238 1,932 406 35,266 
2019 13,222 21,087 2,013 424 36,746 


 


 







  


9. Pacific Ocean Perch 


Status and catch specifications (t) of Pacific ocean perch and projections for 2018 and 2019. Biomass for 


each year corresponds to the projection given in the SAFE report issued in the preceding year. The OFL 
and ABC for 2018 and 2019 are those recommended by the Plan Team. Total biomass estimates are age-


2+ from the age-structured model; catch data are current through November 4, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 457,768 28,431 24,437 24,437 23,127 
2017 445,672 27,826 23,918 23,918 22,919 


2018 511,924 34,762 29,236   
2019  34,010 28,605   


 


Changes from the previous assessment 


Changes to the input data include updated survey biomass estimates for 2017, survey age compositions for 


2015, fishery age composition for 2014 and 2016, final catch for 2015 and 2016, and preliminary catch and 


projected catches for 2017-2019. The fishery length composition data was changed to 1 cm length bins with 


a plus group of 45 cm. The 1984 and 1987 bottom trawl survey biomass and age composition data were 


removed from the assessment. 


Two changes to the 2015 assessment model were recommended for this year: 1) bottom trawl survey 


biomass is fit with a log-normal distribution; and 2) an additional fishery selectivity time period (2007-


present) was added to accommodate the Central GOA rockfish program and the availability of older fish to 


the fishery.  


Spawning biomass and stock trends 


There was a 22% increase in ABC and 13% increase in spawning biomass from 2017 to 2018, and the 


spawning stock biomass is projected to decrease by 1.4% from 2018 to 2019. Total biomass has been 


increasing since the early 1980s. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


The GOA Pacific ocean perch stock is in Tier 3a. The Team accepted the author recommended model 


resulting in an estimated maximum permissible ABC of 29,236 t (FABC =F40% of 0.094). The FOFL is 


specified to be equal to the F35% (0.113) and results in an OFL of 34,762 t. 


Status determination 


The stock is not being subjected to overfishing and is neither overfished nor approaching an overfished 


condition. 


Area apportionment 


 The following table shows the recommended apportionment for 2018 and 2019 from the random effects 


model. 


 


Area apportionment Western Central Eastern Total 


2018 Area ABC (t) 3,312 20,112 5,812 29,236 


2019 Area ABC (t) 3,240 19,678 5,687 28,605 
 


Amendment 41 prohibited trawling in the Eastern GOA east of 140° W longitude. Trawling is allowed in 


the W. Yakutat (between 147° W and 140° W) portion of the Eastern GOA, and the proportion of Eastern 


GOA biomass is 0.58, smaller than the estimate of 0.61 from the 2015 assessment. The random effects 







  


model was not applied for the WYAK and EYAK/SEO split and the weighting method of using upper 95% 


confidence of the ratio in biomass between these two areas used in previous assessments was continued. 


This results in the following apportionment of the Eastern Gulf area:  


Area apportionment 
W.Yakutat 


E.Yakutat/


Southeast Total 


2018 Area ABC (t) 3,371 2,441 5,812 


2019 Area ABC (t) 3,298 2,389 5,687 


 


In 2012, the Plan Team and SSC recommended combined OFLs for the Western, Central, and West Yakutat 


areas (W/C/WYK) because the original rationale of an overfished stock no longer applied. However, 


because of concerns over stock structure, the OFL for SEO remained separate to ensure this unharvested 


OFL was not utilized in another area. The Council adopted these recommendations. This results in the 


following apportionment for the W/C/WYK area: 


 


Area apportionment 
Western/Central/


W.Yakutat 


E.Yakutat/


Southeast Total 


2018 Area OFL (t) 31,860 2,902 34,762 


2019 Area OFL (t) 31,170 2,840 34,010 


 


10. Northern Rockfish 


Biomass for each year corresponds to the projection given in the SAFE report issued in the preceding 


year. The OFL and ABC for 2018 and 2019 are those recommended by the Plan Team. Catch data are 


current through November 4th, 2017. Note that for management purposes, northern rockfish in the EGOA 


are managed in the other rockfish complex, which is 4 t in 2018 and 3 t in 2019, respectively, from the 


northern rockfish ABC. 


Year Age 2+ biomass OFL ABC TAC Catch 


2016 77,596 4,783 4,004 4,004 3,437 


2017 75,028 4,522 3,790 3,786 1,779 


2018 74,748 4,380 3,685   
2019  3,984 3,350   


Changes from the previous assessment 


For Gulf of Alaska northern rockfish in 2017, the authors presented a partial assessment to recommend 


harvest levels for the next two years. There were no changes in assessment methodology. New data added 


to the projection model included updated catch data from 2015 (3,944 t) and 2016 (3,437 t), and new 


estimated catches for 2017-2019. 


Spawning biomass and stock trends 


The 2018 spawning biomass estimate (28,017 t) is above B40% (27,983 t) and projected to decrease to 26,512 


t in 2019. Total biomass (2+) for 2018 is 74,748 t and is projected to decrease to 73,814 in 2019. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Northern rockfish are estimated to be in Tier 3a in 2018 and 3b in 2019. The Plan Team agreed with the 


authors’ recommendation to use the maximum permissible 2018 ABC and OFL values of 3,685 t and 4,380 


t, respectively. 







  


Status determination 


This stock is not being subjected to overfishing and is neither overfished nor approaching an overfished 


condition. 


Area apportionment  


Area apportionments of northern rockfish ABC’s for 2018 and 2019 are based on the random effects model 


applied to GOA bottom trawl survey biomass estimates through 2015 for the Western, Central, and Easter 


Gulf of Alaska resulting in the following percentage area apportionments: Western 11.40%, Central 88.50% 


and Eastern 0.01%. Note that the small northern rockfish ABC apportionments from the Eastern Gulf are 


combined with other rockfish for management purposes. Northern rockfish area apportionments for ABCs 


in 2018 and 2019: 


Year Western Central Eastern Total 


2018 420 3,261 4 3,685 


2019 382 2,965 3 3,350 


 


11. Shortraker rockfish 


Status and catch specifications (t) of GOA shortraker rockfish and projections for 2018 and 2019. 


Biomass for each year corresponds to the projection given in the SAFE report issued in the preceding 


year. The OFL and ABC for 2018 and 2019 are those recommended by the Plan Team. Catch data for 


2017 are current through November 4th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 57,175 1,715 1,286 1,286 777 


2017 57,175 1,715 1,286 1,286 547  


2018 38,361  1,151 863     


2019  1,151 863   


Changes from the previous assessment 


The last full assessment for Gulf of Alaska shortraker rockfish was in 2015. New data included in this year’s 


full assessment are 2017 survey biomass estimates. 


Spawning biomass and stock trends 


Applying the random effects model to trawl survey data from 1984–2017 results in a 2018 biomass of 


38,361 t for shortraker rockfish, a 33% decrease from the previous year’s biomass (57,175 t). 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Shortraker rockfish are Tier 5 species for specifications where FABC = 0.75M = 0.0225, and FOFL = 0.03; 


applying this definition to the biomass results in an ABC of 863 t and an OFL 1,151 t for 2018.   


Status determination 


Available data are insufficient to determine stock status relative to overfished criteria. This stock was not 


being subjected to overfishing last year. 


Area apportionment  


For area apportionment of ABC, the random effects model was fit to area-specific biomass and proportions 


of survey biomass by area were calculated. The following table shows the recommended area 


apportionment (t) for 2018 and 2019.  







  


Year Western Central Eastern Total 


2018 and 2019 44 (5.1%)   305 (35.3%) 514 (59.6%) 863 (100.0%) 


     


 


 


12. Dusky rockfish 


Status and catch specifications (t) of dusky rockfish and projections for 2018 and 2019. Biomass for each 


year corresponds to the projection given in the SAFE report issued in the preceding year. The OFL and 


ABC for 2018 and 2019 are those recommended by the Plan Team. Catch data are current through 


November 4th, 2017. 


Year Age 4+ biomass OFL ABC TAC Catch 
2016 60,072 5,733 4,686 4,686 3,328 


2017 57,307 5,233 4,278 4,278 2,587 


2018 56,103 4,841 3,957   
2019  4,488 3,668   


Changes in assessment methods and data 


Dusky rockfish are assessed on a biennial stock assessment schedule to coincide with the availability of 


new survey data.  This off-year assessment consists of updating the catch data and running the projection 


model from the 2015 assessment. There were no changes in the assessment methods. New data added to 


the projection model included updated 2015 catch and new projected catches for 2016-2018.  


Spawning biomass and stock status trends 


Estimates of spawning biomass for 2017 and 2019 from the current year (2017) projection model are 23,201 


t and 20,151 t, respectively. Both estimates are above the B40% estimate of 19,707 t. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


The dusky rockfish stock is in Tier 3a. The Plan Team agreed with the authors’ recommendation of 


maximum permissible ABC of 3,957 t from the updated projection model. This ABC is 8% lower than the 


2017 ABC of 4,278 t.  


Status determination 


The stock is not being subject to overfishing, is not currently overfished, nor is it approaching an overfished 


condition.  


Area apportionment 


The following table shows the recommended ABC apportionment for 2018 and 2019. The apportionment 


percentages are the same as in the last full assessment.  


Area Apportionment Western Central Eastern Total 


2018 Area ABC (t) 146 3,502 309 3,957 


2019 Area ABC (t) 135 3,246 287 3,668 


 


Amendment 41 prohibited trawling in the Eastern area east of 140° W longitude. The ratio of biomass still 


obtainable in the W. Yakutat area (between 147° W and 140° W) is 0.75. This results in the following 


apportionment to the W. Yakutat area: 







  


 W. Yakutat E. Yakutat/Southeast 


2018 Area ABC (t) 232 77 


2019 Area ABC (t) 215 72 


 


13. Rougheye and blackspotted rockfish 


Status and catch specifications (t) of rougheye and blackspotted rockfish and projections for 2018 and 


2019. Biomass for each year corresponds to the projections given in the SAFE report issued in the 


preceding year. The OFL and ABC for 2018 and 2019 are those recommended by the Plan Team.  


Total biomass estimates are age-3+ from the age-structured model; catch data are current as of Nov 4, 


2017.   


Year Biomass OFL ABC TAC Catch 


2016 41,864 1,596 1,328 1,328 641 


2017 41,650 1,594 1,327 1,327 536 


2018 45,624 1,735 1,444   


2019  1,715 1,427   


 


Changes from the previous assessment 


Data input changes included the following: Updated catch estimates for 2016, fishery ages for 2014 and 


2016, fishery lengths for 2015, a trawl survey biomass estimate for 2017, trawl survey ages for 2015, 


longline survey relative population numbers (RPN) and lengths for 2016 and 2017. There were no changes 


to the assessment methodology. 


Spawning biomass and stock status trends 


The 2018 projected spawning biomass estimate (15,059 t) is above B40% (8,998 t) and projected to slightly 


decrease to 14,972 t in 2019 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


The rougheye/blackspotted complex qualifies as a Tier 3a stock. For the 2017 fishery, the Plan Team 


accepts the authors’ recommended maximum permissible ABC of 1,444 t (FABC = F40% = 0.04) and OFL 


(FOFL=F35% = 0.048) of 1,735 t. 


Status determination 


This stock is not being subjected to overfishing and is neither overfished nor approaching an overfished 


condition. 


Area apportionment  


The apportionment percentages have changed with the addition of the 2017 trawl survey biomass. In past 


assessments, apportionment was based on a 4:6:9 weighted average of the proportion of biomass in each 


area from the three most recent bottom trawl surveys. The Plan Team and SSC have requested that the 


random effects model be applied to the bottom trawl survey data. However, the author included the longline 


survey in the model, and chose to use the weighted average methodology. The following table shows the 


resulting ABC apportionment for the 2018 and 2019 fishery (from the three survey-weighted average). 


 WGOA CGOA EGOA Total 


2018 ABC (t) 176 556 712 1,444 


2019 ABC (t) 174 550 703 1,427 


 







  


14. Demersal shelf rockfish 


Status and catch specifications (t) of GOA demersal shelf rockfish and projections for 2018 and 2019. 


Biomass for each year corresponds to the projection given in the SAFE report issued in the preceding year. 


The OFL and ABC for 2018 and 2019 are those recommended by the Plan Team. Catch data for 2017 are 


current through November 4th, 2017. 


 Year Biomass OFL ABC TAC Catch 


 20161 10,559 364 218 211 117 


 20171 10,347 357 227 124 124 


 20181 11,508 394 250   


 20191  394 250   
1 For 2016–2019, the non-yelloweye DSR ABCs and OFLs are calculated using Tier 6 methodology. Non-yelloweye 


Tier 6 ABCs and OFLs are added to the Tier 4 yelloweye ABCs and OFLs for total DSR values. 


Changes from the previous assessment 


Catch information and the average weight of yelloweye rockfish caught in the commercial fishery were 


updated for 2017. Density estimates from the ROV survey were updated for the State EYKT subdistrict. 


The results of a preliminary statistical age-structured assessment model (ASA) are not presented this year 


due to personnel changes. The ASA will be presented in full in 2018 or 2019; updates to the status quo 


methodology are presented here.  


Spawning biomass and stock trends 


The yelloweye rockfish biomass estimate increased from 10,347 t to 11,508 t from 2017 to 2018. The 


increase in abundance is largely driven by an increased density estimate for CSEO subdistrict – an area 


closed to directed commercial fishing since 2014 – as well as an increase in mean fish weight in CSEO and 


SSEO subdistricts.   


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Under Tier 4 for yelloweye rockfish the overfishing level (OFL) was set using F35%=0.032; which equates 


to 394 t for 2018. As in the past FABC is set based on F=M=0.02 rather than the maximum permissible F. 


This results in an ABC for 2018 of 250 t, up slightly from that recommended for 2017.  


Status determination 


The DSR stock complex in the SEO district of the Gulf of Alaska is not being subjected to overfishing. 


Information is insufficient to determine stock status relative to overfished criteria as estimates of spawning 


biomass are unavailable.  


Area apportionment 


The ABC and OFL for DSR are for the SEO District. DSR management is deferred to the State of Alaska 


and any further apportionment within the SEO District is at the discretion of the State.   


15.  Thornyheads 


Status and catch specifications (t) of thornyheads in recent years. Biomass for each year corresponds to 


the projection given in the SAFE report issued in the preceding year. Catch data for 2017 are current 


through November 4, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 87,155 2,615 1,961 1,961 1,119 
2017 87,155 2,615 1,961 1,961 1,012 


2018 90,570 2,717 2,038   


2019  2,717 2,038   


 







  


Changes from previous assessment 


In 2017, the North Pacific Fishery Management Council reviewed the frequency for groundfish stock 


assessments, and recommended that the thornyhead complex remain on a biennial assessment schedule 


with full assessments in even years and no stock assessments in odd years. Although not required, a partial 


assessment was produced this year to better monitor the time series of survey biomass estimates (which 


have displayed high variability) and evaluate catch relative to ABC, since catch in the western GOA has 


exceeded the subarea ABC for this area in the past. The partial assessment includes catch estimates (though 


17 October 2017) and biomass estimates from the GOA trawl survey from 1984-2017.  


Spawning biomass and stock trends 


Estimates of spawning biomass are unavailable for thornyheads. The 2017 trawl survey estimate was 10% 


lower from the 2015 estimate, whereas the 2017 longline survey relative population number was 30% 


higher than the 2016 estimate, and the 2017 estimates for these two surveys were above their long-term 


means. The thornyhead complex is a Tier 5 stock, with biomass estimated by applying the random-effects 


method to the trawl survey biomass time series by region and depth in order to compensate for missing data 


(i.e., thornyheads are found to 1000m, but deep survey strata are not sampled in in each survey). 


The estimated catch to biomass ratios have been below 2% since 1995, and the annual catches during this 


period have generally been between 30% to 70% of the ABC. The 2017 catch (as of Oct 17) in the western 


GOA and central GOA are 36% and 23% lower, respectively, than the 2016.   


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


The Plan Team concurred with the author’s recommendation for OFL and ABC for 2018 and 2019. Gulf-


wide catch of thornyheads in 2016 was 46% of the ABC. The 2018 (and 2019) ABC recommendation 


(FABC =0.0225) is 2,038 t and the OFL (FOFL =0.03) is 2,717 t. 


Status determination 


The thornyhead complex is not being subjected to overfishing. Information is insufficient to determine 


stock status relative to overfished criteria as estimates of spawning biomass are unavailable.  


Area apportionment 


Apportionment is based on random effects estimation of biomass by region, fit to 1984-2017 trawl survey 


biomass estimates. Subarea ABCs for 2018 and 2019 ABC are: 


 


2018 and 2019 Western Central Eastern Total 


ABC 344 921 773 2,038 
 


16. Other rockfish 


Status and catch specifications (t) of other rockfish. Biomass estimates for 2018 and 2019 are based on 


the random effects model for Tier 4 and 5 species. The OFL and ABC for 2018 and 2019 are those 


recommended by the Plan Team. Catch data are current through November 4th, 2017. Note that 4 t and 


3t of northern rockfish have been added to the 2018 and 2019 ABCs, respectively, for management 


purposes. 


Year Survey biomass OFL ABC TAC Catch 


2016 104,826 7,424  5,773 2,308 1,283 


2017 104,826 7,424  5,773 2,308 1,059 


2018 96,107 7,356  5,594   


2019  7,356 5,593   


 







  


Changes from the previous assessment 


Other rockfish are assessed on a biennial stock assessment schedule to coincide with the availability of new 


survey data. New data included in the assessment are 2017 Gulf of Alaska survey biomass estimates and 


standard errors, and updated total catch for 2003 – 2017. To determine biomass values the random effects 


time series of biomasses have been updated.  ABC/OFL calculations are based on Tier 4, 5, and 6 methods 


(depending on species). There are no changes to the Tier 4 or 5 methods used in this assessment.  


The historical catch time series used for the Tier 6 species was expanded from the 2013 – 2014 time series 


used in the last assessment to include 2003 – 2016. As in the last assessment, the maximum value of catch 


during the time series is used. Maximum catches were calculated individually by species and summed for 


the Tier 6 ABC/OFL. 


Spawning biomass and stock trends 


For the Tier 4 and 5 species, the estimated biomass of 96,107 t is based on the random effects model. 


The model indicates stability for this complex.  There is considerable variation in individual species 


biomass estimates that can mostly be attributed to sampling variation as many of these species are not 


sampled well by the trawl survey.  


Tier determination/ Plan Team discussion and resulting ABC and OFL recommendations  


The Plan Team agreed with the authors’ recommendation of an OFL of 7,424 t and a maximum permissible 


ABC of 5,594 t and 5,593 t for 2018 and 2019 (including values from the northern rockfish assessment). 
The Plan Team discussed the appropriateness of moving the demersal sub-group of other rockfish into the 


DSR assessment (i.e., the Tier 6 species) and make the DSR assessment GOA-wide. The Team reviewed 


this issue within the context of Council’s Stock Structure and Spatial Management Policy. The Team again 


supported the conclusions of the author and reiterate that the demersal sub-group be moved into the DSR 


assessment and make the DSR assessment GOA-wide pending Council evaluation of management and 


economic implications. 


Status determination 


The other rockfish complex is not being subjected to overfishing. Information is insufficient to determine 


stock status relative to overfished criteria as estimates of spawning biomass are unavailable. Catch levels 


for this stock remain below the TAC and below levels where overfishing would be a concern. 


Area apportionment 


Area apportionment is based on the sum of random effects model biomass (Tier 4/5 species) and catch 


history (Tier 6 species) by region. The Plan Team again recommends a single ABC for the combined 


WGOA and CGOA areas to address concerns about the ability to manage smaller ABCs in the WGOA. 


The apportionments recommended for 2018 and 2019 are: 


Year Other Rockfish W/C GOA WYAK EYAK/SE Total 


2018 ABC (t) 1,737 368 3,489* 5,594 


2019 ABC (t) 1,737 368 3,488* 5,593 


*Note for management purposes this includes values of northern rockfish from the northern rockfish stock 


EGOA allocation. 







  


17. Atka mackerel  


Status and catch specifications (t) of Atka mackerel in recent years. Atka mackerel are managed under 


Tier 6 because reliable estimates of biomass are not available. The OFL and ABC for 2018 and 2019 are 


those recommended by the Plan Team. Catch data are current through November 4, 2017. 


 Year Biomass OFL ABC TAC Catch 


 2016 - 6,200 4,700 2,000 1,092 


 2017 - 6,200 4,700 3,000 1,048 


 2018 - 6,200 4,700   


 2019 - 6,200 4,700   


 


Changes from the previous assessment 


Atka mackerel are assessed on a biennial schedule to coincide with the timing of survey data. The last full 


assessment was conducted in 2015.    New information in this year’s full assessment includes updated catch 


data, biomass estimates and length frequency data from the 2017 GOA bottom trawl survey, and age data 


from the 2016 GOA fisheries. 


Spawning biomass and stock trends 


Estimates of spawning biomass are unavailable for Atka mackerel. The very patchy distribution of GOA 


Atka mackerel results in highly variable estimates of abundance. Therefore, survey biomass estimates are 


considered unreliable indicators of absolute abundance or indices of trend. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Since 1996, the maximum permissible ABC has been 4,700 t under Tier 6 and the OFL has been 6,200 t. 


The Plan Team continues to recommend that GOA Atka mackerel be managed under Tier 6. The Plan Team 


recommends a 2018 ABC for GOA Atka mackerel equal to the maximum permissible value of 4,700 t. The 


2018 OFL is 6,200 t under Tier 6. 


Due to concerns over uncertainty with the ABC estimates using Tier 6, a low TAC is recommended to 


provide for anticipated incidental catch needs of other fisheries, principally for Pacific cod, rockfish, and 


pollock fisheries. 


Status determination 


Information is insufficient to determine stock status relative to overfished criteria. Catches are below ABC 


and below levels where overfishing would be a concern.  







  


18. Skates 


Status and catch specifications (t) of skates in recent years. Biomass for each year corresponds to the 


projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 


are those recommended by the Plan Team. Catch data are current through November 4th, 2017. 


Species Year Biomass OFL ABC TAC Catch 


Big Skate 


2016 50,857 5,086 3,814 3,814 2,101 


2017 50,857 5,086 3,814 3,814 1,565 


2018 37,975 3,797 2,848   


2019  3,797 2,848   


Longnose 


Skate 


2016 42,737 4,274 3,206 3,206 1,396 


2017 42,737 4,274 3,206 3,206 1,119 


2018 47,632 4,763 3,572   


2019  4,763 3,572   


Other  


Skates 


2016 25,580 2,558 1,919 1,919 1,666 


2017 25,580 2,558 1,919 1,919 1,472 


2018 18,454 1,845 1,384   


2019  1,845 1,384   


 


Changes from the previous assessment 


Skates are assessed on a biennial schedule with full assessments presented in odd years to coincide with the 


timing of survey data. A full assessment was completed for 2017. There were no changes in methodology 


but possible shifts in distribution were explored more thoroughly. 


New inputs this year were the biomass estimates and length composition data from the 2017 GOA bottom 


trawl survey, updated groundfish fishery catch data, and fishery length composition data through 2017.  


Spawning biomass and stock trends 


The 2017 survey biomass estimates for big skates declined substantially from 2015, there were fewer large-


sized big skates that were encountered in the survey and fisheries with more small big skates in CGOA and 


fewer in EGOA. The biomass of the Other Skates declined also, mostly in the CGOA. The longnose skate 


biomass estimates increased from 2015 to 2017 with estimates increasing in the WGOA and CGOA. Fewer 


large-sized big skates were caught in the survey and in the fisheries during 2016 and 2017; the population 


is dominated by smaller individuals. Also, there may be shifts in abundance of big skates to the CGOA 


from EGOA.  For longnose skates, they seem to have moved shallower in the water column. 


The application of the RE model to the survey data for each skate category continues to provide reasonable 


results for biomass estimates. 


The catches of big skates are substantially lower than in the years preceding 2014 (particularly 2009-2013). 


This decrease likely is due to prohibitions on retention of big skates in the CGOA (beginning in 2013), 


which discouraged “topping-off” behavior that resulted in high levels of catch, particularly for big skates 


in the CGOA. In January 2016, the Alaska Regional Office indefinitely reduced the maximum retainable 


amount for all skates in the GOA 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Skates are managed in Tier 5. Applying M=0.1 and 0.75M to the estimated biomass from the random effects 


models for each stock component, gives stock specific OFLs and ABCs. The Team concurred with this 


approach as used in the 2016 assessment. 







  


Status determination 


Catch as currently estimated does not exceed any gulf-wide OFLs, and therefore, none of the skate 


stocks are subject to overfishing. It is not possible to determine the status of stocks in Tier 5 with respect 


to overfished status. 


Area apportionment 


The author continued the use of the random effects (RE) model that was introduced in the 2016 skate 


assessment for use in estimating survey biomass. In response to Plan Team and SSC requests, a separate RE 


model was run for each managed group, and for each regulatory area. The Team concurred with the use of 


the random effects model for estimating proportions by area. Big and longnose skates have area-specific 


ABCs and gulf-wide OFLs; other skates have a gulf-wide ABC and OFL. 


  ABC 


Years Species Western Central Eastern Total  


2018 and 2019 


Big skate 504 1,774 570 2,848 


Longnose skate 149 2,804 619 3,572 


other skates    1,384 


 


19. Sculpins 


Status and catch specifications (t) of GOA sculpins and projections for 2018 and 2019. Biomass for each 


year corresponds to the projection given in the SAFE report issued in the preceding year. The OFL and 


ABC for 2018 and 2019 are those recommended by the Plan Team. Catch data for 2017 are current 


through November 4th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 34,943 7,338 5,591 5,591  1,332 


2017 34,943 7,338 5,591 5,591 1,284 


2018 33,134 6,958 5,301   


2019  6,958 5,301   


Changes from the previous assessment 


GOA sculpins are now being assessed on a quadrennial stock assessment schedule to coincide with the 


timing of the NMFS bottom trawl survey; prior to 2017, GOA sculpins were assessed biennially. There 


were no changes to the assessment methodology used in 2017. New information includes 2017 trawl survey 


biomass estimates and updated catch. 


Spawning biomass and stock trends 


The stock complex trends overall appear to be stable based on survey data. At the Plan Team’s request, the 


author further explored the decline in survey biomass estimates of bigmouth sculpin; fecundity, fishing 


mortality, and survey catchability were considered, but no conclusions were drawn (See Plan Team 


minutes). 


Tier determination/Plan Team discussion and resulting ABC and OFL recommendations 


The Team concurred with the Tier 5 approach, including the biomass estimates based on the random effects 


model.  


Status determination 


There is insufficient data to determine if the sculpin complex is in an overfished condition. Recent catches 


of sculpins have been well below the ABC first established for the sculpin complex in 2011. The sculpin 


complex is not currently being subjected to overfishing. 







  


Area apportionment 


GOA sculpins are managed gulf-wide. 


20. Sharks 


In accordance with the approved schedule, no assessment was conducted for the shark complex this year; 


however, a full stock assessment will be conducted in 2018.  Until then, the values generated from the 


previous stock assessment will be rolled over for 2018 specifications. Additional information can be found 


in the previous full assessment. 


Status and catch specifications (t) of the GOA shark complex and projections for 2018 and 2019. Biomass 


for each year corresponds to the projection given in the SAFE report issued in the preceding year. The 


OFL and ABC for 2018 and 2019 are those recommended by the Plan Team. Catch data for 2017 are 


current through November 4th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 56,181 6,020 4,514 4,514 2,016 


2017 56,181 6,020 4,514 4,514 1,505 


2018 56,181 6,020 4,514     


2019  6,020 4,514   


Area apportionment 


GOA sharks are managed Gulf-wide. 


21. Squid 


Status and catch specifications (t) of GOA squid. The OFL and ABC for 2018 and 2019 are those 


recommended by the Plan Team. Catch data are current through November 4th, 2017. 


Year OFL ABC TAC Catch 


2016 1,530 1,148 1,148 239 


2017 1,516 1,137 1,148 44 


2018 1,516 1,137   


2019 1,516 1,137   


Changes from the previous assessment 


Trawl survey data from 2017 was added to the assessment, and total catch and retention rates were updated. 


An executive summary was presented in the 2017 SAFE report. 


Spawning biomass and stock trends 


The 2017 trawl survey biomass estimate was 2,296 t, the lowest it has been since 1999. Reliable estimates 


of spawning biomass and stock trends are unavailable. Squid catch in 2017 was low compared to recent 


prior years. Squid retention rates are variable but indicate that many captured squids were retained. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


Since reliable estimates of biomass do not exist, the squid complex is in Tier 6. The Plan Team concurred 


with the author’s recommendation to set the OFL equal to the maximum historical catch between 1997 and 


2007 (1,516 t) and the ABC equal to 0.75 x OFL (1,137 t).  


Status determination and area apportionment 


As a Tier 6 stock, there is insufficient data to determine if the squid complex is in an overfished condition 


or being subject to overfishing and therefore the status is unknown. This complex is managed Gulf-wide. 


 







  


22. Octopus 


Status and catch specifications (t) of GOA octopus. Biomass for each year corresponds to the projection 


given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are those 


recommended by the Plan Team. 2017 catches current through November 4th, 2017. 


Year Biomass OFL ABC TAC Catch 


2016 12,271 6,504 4,878 4,878 383 


2017 12,271 6,504 4,878 4,878 180 


2018 1,539 1,300 975   


2019 1,539 1,300 975   


 


Changes from the previous assessment 


There have been no changes in the assessment methods.  


Spawning biomass and stock trends 


The most recent data from the 2017 GOA trawl survey and suggested a decrease in octopus biomass.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 


The author recommended a biomass estimate based on trawl survey data and a conservative rate of natural 


mortality be used to set OFL and ABC, as in previous years. The Plan Team, however, recommends that 


maximum catch be used to set the ABC and OFL. Historically, there was high variability in the biomass 


estimates including a large decrease in the estimate from 2015 to 2017.  Incidental catch of octopus varies 


greatly from year to year.  There is a precedent for maximum catch to be used to set the ABC for other Tier 


6 species including squid, sharks, flatfish, and rockfish. The Team believes this method is appropriate and 


does not have conservation concerns. 


Status determination and area apportionment 
Biomass estimates for octopuses are unreliable so determination of spawning biomass or stock status is 


unavailable. The stock is not being subjected to overfishing. This stock is managed Gulf-wide. 


  







  


Tables 


Table 1. Gulf of Alaska groundfish 2018 and 2019 OFLs and ABCs, 2017 TACs, and 2017 catch 


(reported through November 4th, 2017).  


    2017 2018 2019 


Species Area OFL ABC TAC Catch OFL ABC OFL ABC 


Pollock 


State GHL  5,094 0 -   4,037    2,664  


W(61)  43,602 43,602  49,878    30,188    19,921  


C(62)  98,652 98,652  81,565    79,495    52,459  


C(63)  48,929 48,929  52,760    40,939    27,016  


WYAK   7,492 7,492  40     6,833     4,509  


Subtotal 235,807 203,769 198,675  184,243   187,059  161,492   131,170  
 


106,568  


EYAK/SEO 13,226 9,920 9,920  -     11,697   8,773   11,697   8,773  


Total 249,033 213,689 208,595  184,243   198,756  170,265   142,867  
 


115,341  


Pacific 


Cod 


W   36,291 25,404 17,239    8,082     7,633  


C  44,180 33,135 15,823    8,118     7,667  


E   7,871 5,903 53    1,800     1,700  


Total 105,378 88,342 64,442 33,115 23,565  18,000  21,412  17,000  


Sablefish 


W  1,349 1,349  1,166    1,544    2,174  


C  4,514 4,514  4,767    5,158    7,260  


WYAK  1,605 1,605  1,667    1,829    2,573  


SEO   2,606 2,606  2,786    2,974    4,187  


Total 11,885 10,074 10,074  10,386   22,703   11,505   35,989   16,194  


Shallow 


Water 


Flatfish 


W  20,921 13,250  270    25,206    25,544  


C  19,306 19,306  2,211    25,315    25,655  


WYAK  3,188 3,188  -      2,242    2,272  


EYAK/SEO   1,099 1,099  -      1,925    1,951  


Total 54,583 44,514 36,843  2,481   67,240   54,688   68,114   55,422  


Deep 


Water 


Flatfish 


W  256 256  20    413    416  


C  3,454 3,454  211    3,400    3,442  


WYAK  3,017 3,017  8    3,239    3,279  


EYAK/SEO   2,565 2,565  2    2,332    2,361  


Total 11,182 9,292 9,292  241   11,294   9,385   11,431   9,499  


Rex Sole 


W  1,459 1,459  48    3,086    2,909  


C  4,930 4,930  1,360    8,739    8,236  


WYAK  850 850  2    1,737    1,657  


EYAK/SEO   1072 1072  -      1,811    1,727  


Total 10,860 8,311 8,311  1,410   18,706   15,373   17,692   14,529  


Arrowtooth 


Flounder 


W  28,100 14,500  269    37,253    35,844  


C  107,934 75,000  25,692    73,480    70,700  


WYAK  37,405 6,900  32    16,468    15,585  


EYAK/SEO   12,654 6,900  14    23,744    22,845  


Total 219,327 186,093 103,300  26,007   180,697  150,945   173,872  
 


145,234  


Flathead 


Sole 


W  11,098 8,650  73    12,690    13,222  


C  20,339 15,400  1,802    20,238    21,087  


WYAK  2,949 2,949  -      1,932    2,013  


EYAK/SEO   857 857  -      406    424  


Total 43,128 35,243 27,856  1,875   43,011   35,266   44,822   36,746  


(continued on next page…) 







  


Table 1. (continued) Gulf of Alaska groundfish 2018 - 2019 OFLs and ABCs, 2017 TACs, and 2017 


catch (reported through November 4th, 2017). 
    2017 2018 2019 


Species Area OFL ABC TAC Species Area OFL ABC TAC 


 Pacific 


Ocean Perch  


  


 W   2,679 2,679  2,686    3,312    3,240  


 C   16,671 16,671  17,476    20,112    19,678  


 WYAK   2,786 2,786  2,757    3,371    3,298  


 W/C/WYAK  25,753 22,136 22,136  22,919  31,860   26,795   31,170   26,216  


 SEO  2,073 1,782 1,782  -     2,902   2,441   2,840   2,389  


 Total  27,826 23,918 23,918  22,919  34,762   29,236   34,010   28,605  


 Northern 


Rockfish  


  


 W   432 432  232    420    382  


 C   3,354 3,354  1,547    3,261    2,965  


 E    4 0  -      4    3  


 Total  4,522 3,790 3,786  1,779   4,380   3,685   3,984   3,350  


 Shortraker 


Rockfish 


 W   38 38  43   44   44 


 C   301 301  229   305   305 


 E    947 947  275   515  515 


 Total  1,715 1,286 1,286  547  1,151  863    1,151 863 


 Dusky 


Rockfish  


 W   158 158  123    146    135  


 C   3,786 3,786  2,437    3,502    3,246  


 WYAK   251 251  22    232    215  


 EYAK/SEO    83 83  5    77    72  


 Total  5,233 4,278 4,278  2,587   4,841   3,957   4,488   3,668  


 Rougheye 


and 
Blackspotted 


Rockfish 


 W   105 105  34    176    174  


 C   706 706  328    556    550  
 E    516 516  174    712    703  


 Total  1,594 1,327 1,327  536   1,735   1,444   1,715   1,427  


 Demersal 


shelf rockfish  
 GOA-wide 357 227 227  124   394  250 394 250 


 Thornyhead   


Rockfish 


 W   291 291  151    344    344  


 C   988 988  612    921    921  


 E    682 682  249    773    773  


 Total  2,615 1,961 1,961  1,012   2,717   2,038 2,717  2,038  


Other 


Rockfish 


 WC   1,534 1,534  986    1,737    1,737  


 WYAK   574 574  42    368    368  


 EYAK/SEO    3,665 200  31    3,489    3,488  


 Total  7,424 5,773 2,308  1,059   7,356   5,594   7,356   5,593  


 Atka 


mackerel  
GOA-wide 6,200 4,700 3,000  1,048   6,200   4,700   6,200   4,700  


 Big Skate   


 W   908 908  163    504    504  


 C   1,850 1,850  1,298    1,774    1,774  


 E    1,056 1,056  104    570    570  


 Total  5,086 3,814 3,814  1,565   3,797   2,848   3,797   2,848  


 Longnose 


Skate  


 W   61 61  167    149    149  


 C   2,513 2,513  685    2,804    2,804  


 E    632 632  267    619    619  


 Total  4,274 3,206 3,206  1,119   4,763   3,572   4,763   3,572  


 Other Skates  GOA-wide 2,558 1,919 1,919  1,472   1,845   1,384   1,845   1,384  


 Sculpins  GOA-wide 7,338 5,591 5,591  1,284   6,958   5,301   6,958   5,301  


 Sharks  GOA-wide 6,020 4,514 4,514  1,505   6,020   4,514   6,020   4,514  


 Squids  GOA-wide 1,516 1,137 1,137  44   1,516   1,137   1,516   1,137  


 Octopuses  GOA-wide 6,504 4,878 4,878  180   1,300  975 1,300 975 


 Total    796,158 667,877 535,863  298,538  655,707 536,921 604,413 480,187 
*Note that the 4 t (2018) and 3 t (2019) of EGOA northern rockfish is excluded from that stock’s total as it is managed as part of the EGOA “other 


rockfish” category (grand totals deduct these since they appear twice in areas). 







  


Table 2. Gulf of Alaska 2018 ABCs, biomass, and overfishing levels (t) for Western, Central, 


Eastern, Gulf-wide, West Yakutat, and Southeast Outside regulatory areas. 
Stock  


or Assemblage 
Tier Area Biomass 


2018 2019 


OFL FOFL ABC FABC OFL FOFL ABC FABC 


Pollock* 


3a 


W(61)   


0.30 


 30,188  


0.26 


 


0.30 


 19,921  


0.24 


C(62)    79,495    52,459  


C(63)    40,939    27,016  


WYAK    6,833    4,509  


Subtotal 1,124,930 187,059 161,492  131,170  106,568  


5 EYAK/SEO 38,989 11,697 
 


 8,773  
 


11,697 
 


 8,773  
 


Total   170,265    115,341  


Pacific Cod 3b 


W   


0.42 


8,082 


0.31 


 


0.40 


7,633 


0.31 
C   8,118  7,667 


E   1,800  1,700 


Total 170,565 23,565 18,000 21,412 17,000 


Sablefish 3a 


W   


0.102 


1,544 


0.077 


 


0.114 


2,174 


0.085 


C   5,158  7,260 


WYAK   1,829  2,573 


EY/SEO   2,974  4,187 


Total 330,655 22,703 11,505 35,989 16,194 


Shallow water 


Flatfish 


3a, 


5 


W  25,206 


0.462, 


0.326a 


25,206 


0.382, 


0.271a 


 


0.462, 


0.326a 


25,544 


0.382, 


0.271a, 


 


C  25,315 25,315  25,655 


WYAK  2,242 2,242  2,272 


EYAK/SEO  1,925 1,925  1,951 


Total 339,152 67,240 54,688 68,114 55,422 


Deepwater 


Flatfish 


3a, 


6 


W   


 


0.12 


413 


0.1 


 


0.12 


416 


0.1 


C   3,400  3,442 


WYAK   3,239  3,279 


EYAK/SEO   2,332  2,361 


Total 144,654 11,294 9,385 11,431 9,499 


Rex sole 3a 


W   


 0.31b 


 0.29 


3,086 


0.25b 


0.23 


 


0.31b 


 0.29 


2,909 


0.25b 


0.23 


C   8,739  8,236 


WYAK   1,737  1,657 


EYAK/SEO   1,811  1,727 


Total 97,982 18,706 15,373 17,692 14,529 


Arrowtooth 


Flounder 
3a 


W   


0.238 


58,295 


0.196 


 


0.238 


56,089 


0.196 


C   62,597  60,229 


WYAK   12,377  11,909 


EYAK/SEO   17,676  17,007 


Total 1,421,306 180,697 150,945 173,872 145,234 


Flathead sole 3a 


W   


0.36 


12,690 


0.28 


 


0.36 


13,222 


0.28 


C   20,238  21,087 


WYAK   1,932  2,013 


EYAK/SEO   406  424 


Total 281,635 43,011 35,266 44,822 36,746 


*The Prince William Sound GHL (2.5% of ABC; 4,037 t in 2018, 2,664 t in 2019) is deducted from the area apportioned pollock 


ABCs.  
a FOFL and FABC values for shallow water flatfish are for Tier 3 northern and southern rock sole. 
b Rex sole is assessed for two different areas   







  


Table 2. Continued… Gulf of Alaska 2018 ABCs, biomass, and overfishing levels (t) for Western, 


Central, Eastern, Gulf-wide, West Yakutat, and Southeast Outside regulatory areas. 
 


Stock  


or Assemblage 
Tier Area Biomass 


2018 2019 


OFL FOFL ABC FABC OFL FOFL ABC FABC 


Pacific  


Ocean  


Perch 


3a 


W    3,312    3,240  


C    20,112    19,678  


WYAK   0.113 3,371 0.094  0.113 3,298 0.094 


EYAK/SEO    2,441    2,389  


Total 511,934 34,762  29,236  34,010  28,605  


Northern  


Rockfish 
3a,3ba 


W    420    382  


C   0.074 3,261 0.062  0.070 2,965 0.058 


E    4    3  


Total 74,748 4,380  3,685  3,984  3,350  


Shortraker 5 


W    44    44  


C   0.03 305 0.0225  0.03 305 0.0225 


E    514    514  


Total 38,361 1,151  863  1,151  863  


Dusky  


Rockfish 
3a 


W    146    135  


C    3,502    3,246  


WYAK    232 0.098   215 0.098 


EYAK/SEO    77    72  


Total 56,103 4,841 0.121 3,957  4,488 0.121 3,668  


Rougheye /  


Blackspotted  


Rockfish 


3a 


W    176    174  


C   0.048 556 0.040  0.048 550 0.040 


E    712    703  


Total 45,624 1,735  1,444  1,715  1,427  


DSR 4, 6 Total 10,347d 394 0.032d 250 0.02d 394 0.032d 250 0.02d 


Thornyhead rockfish 5 


W    291    291  


C   0.03 988 0.0225  0.03 988 0.0225 


E    682    682  


Total 87,155 2,717  2,038  2,717  2,038  


Other  


Rockfish 
4, 5, 6 


W     1,737      1,737   


C   0.079b  368  0.065c  0.079b  368  0.065c 


E   0.073b  3,489  0.055c  0.073b  3,488  0.055c 


Total 96,107 7,356  5,594  7,356  5,593  


Atka mackerel 6  -- 6,200 -- 4,700 -- 6,200 -- 4,700 -- 


Big Skates 5 


W    504    504  


C   0.1 1,774 0.075  0.1 1,774 0.075 


E    570    570  


Total 37,975 3,797  2,848  3,797  2,848  


Longnose Skates 5 


W    149    149  


C   0.1 2,804 0.075  0.1 2,804 0.075 


E    619    619  


Total 47,632 4,763  3,572  4,763  3,572  


Other Skates 5  18,454 1,845 0.1 1,384 0.075 1,845 0.1 1,384 0.075 


Sculpins 5  33,134 6,958 0.21 5,301 0.16 6,958 0.21 5,301 0.16 


Sharks 6  56,181e 6,020 0.097e 4,514 0.073e 6,020 0.097e 4,514 0.073e 


Squid 6  -- 1,516 -- 1,137 -- 1,516 -- 1,137 -- 


Octopus 6   1,300 -- 975 -- 1,300 -- 975 -- 


Total  Total  655,853  536,558  604,337  480,190  


 
a Northern rockfish are in Tier 3a for 2018 and Tier 3b for 2019. 
b FOFL equal to 0.079 for Tier 4 sharpchin and 0.73 for 17 Tier 5 other rockfish species. 
c FABC equal to 0.065 for Tier 4 sharpchin rockfish and 0.055 for 17 Tier 5 other rockfish species. 
d Values listed are for Tier 4 yelloweye rockfish.  
e Values listed are for spiny dogfish.While spiny dogfish are a Tier 6 species, a Tier 5 approach is used. They are not 


a Tier 5 because the trawl survey biomass is not considered reliable for the species.  







  


Table 3. Maximum permissible fishing mortality rates and ABCs as defined in Amendment 56 to 


the GOA and BSAI Groundfish FMPs, and the Plan Team’s 2018 and 2019 recommended 


fishing mortality rates and ABCs, for those species whose recommendations were below 


the maximum.  


 2018 


Species Tier Max FABC  Max ABC FABC ABC 


Pacific cod 3b 0.34 19,401 0.31 18,000 


Sablefish 3b 0.086 25,583 0.077 14,957 


Demersal shelf rockfish 4, 6  0.026 289 0.02 227 


 2019 


Species Tier Max FABC  Max ABC FABC ABC 


Pacific cod 3b 0.32 17,634 0.31 17,000 


Walleye pollock 3a 0.26 113,153 0.24 106,568 


Sablefish 3b 0.096 41,044 0.085 21,053 


Demersal shelf rockfish 4, 6  0.026 289 0.02 227 


 


 







  


Table 4. Groundfish landings (metric tons) in the Gulf of Alaska,1956-2017. 


 
Year Pollock  Pacific cod  sablefish  Flatfish  Arrowtooth Flounder  Slope rockfisha 


1956     1,391       


1957     2,759       
1958     797       


1959     1,101       


1960     2,142       


1961     897      16,000 


1962     731      65,000 
1963     2,809      136,300 


1964 1,126  196  2,457  1,028    243,385 


1965 2,749  599  3,458  4,727    348,598 


1966 8,932  1,376  5,178  4,937    200,749 


1967 6,276  2,225  6,143  4,552    120,010 
1968 6,164  1,046  15,049  3,393    100,170 


1969 17,553  1,335  19,376  2,630    72,439 


1970 9,343  1,805  25,145  3,772    44,918 


1971 9,458  523  25,630  2,370    77,777 


1972 34,081  3,513  37,502  8,954    74,718 
1973 36,836  5,963  28,693  20,013    52,973 


1974 61,880  5,182  28,335  9,766    47,980 


1975 59,512  6,745  26,095  5,532    44,131 


1976 86,527  6,764  27,733  6,089    46,968 


1977 112,089  2,267  17,140  16,722    23,453 
1978 90,822  12,190  8,866  15,198    8,176 


1979 98,508  14,904  10,350  13,928    9,921 


1980 110,100  35,345  8,543  15,846    12,471 


1981 139,168  36,131  9,917  14,864    12,184 


1982 168,693  29,465  8,556  9,278    7,991 
1983 215,567  36,540  9,002  12,662    7,405 


1984 307,400  23,896  10,230  6,914    4,452 


1985 284,823  14,428  12,479  3,078    1,087 


1986 93,567  25,012  21,614  2,551    2,981 
1987 69,536  32,939  26,325  9,925    4,981 


1988 65,625  33,802  29,903  10,275    13,779 


1989 78,220  43,293  29,842  11,111    19,002 


1990 90,490  72,517  25,701  15,411    21,114 


1991 107,500  76,997  19,580  20,068    13,994 
1992 93,904  80,100  20,451  28,009    16,910 


1993 108,591  55,994  22,671  37,853    14,240 


1994 110,891  47,985  21,338  29,958    11,266 


1995 73,248  69,053  18,631  32,273    15,023 


1996 50,206  67,966  15,826  19,838  22,183  14,288 
1997 89,892  68,474  14,129  17,179  16,319  15,304 


1998 123,751  62,101  12,758  11,263 i 12,974  14,402 


1999 95,637  68,613  13,918  8,821  16,209  18,057 


2000 71,876  54,492  13,779  13,052  24,252  15,683 


2001 70,485  41,614  12,127  11,817  19,964  16,479 
2002 49,300 j 52,270  12,246  12,520  21,230  17,128 


2003 49,300  52,500  14,345  10,750  23,320  18,678 


2004 62,826  43,104  15,630  7,634  15,304  18,194 


2005 80,086  35,205  13,997  9,890  19,770  17,306 


2006 70,522  37,792  13,367  14,474  27,653  20,492 
2007 51,842  39,473  12,265  15,077  25,364  18,718 


2008 51,721  43,481  12,326  16,393  29,293  18,459 


2009 42,389  39,397  10,910  17,360  24,937  18,621 


2010 75,167  58,003  10,086  13,556  24,334  21,368 


2011 79,789  62,475  11,148  10,043  30,890  19,612 
2012 101,356  56,520  11,914  8,909  20,714  22,334 


2013 93,733  51,792  11,945  12,283  21,620  19,367 


2014  140,260  62,223  10,422  11,236  36,290  23,360 


2015 163,065  55,260  10,313  7,572  19,054  24,915 


2016  173,226  42,517  9,354  8,214  19,830  29,265 
2017 184,243  33,115  10,386  6,007  26,007  26,840 


 


a Catch defined as follows: (1) 1961-


78, Pacific ocean perch (S.alutus) 


only;(2)1979-1987, the 5 species of 


the Pacific ocean perch complex; 


1988-90, the 18 species of the slope 


rock assemblage;1991-1995, the 20 


species of the slope rockfish 


assemblage. 


b Catch from Southeast Outside 


District. 


c Thornyheads were included in the 


other species category, and are 


foreign catches only. 


d Other species category stabilized in 


1981 to include sharks, skates, 


sculpins, eulachon, capelin (and other 


smelts in the family Osmeridae and 


octopus. Atka mackerel and squid 


were added in 1989. Catch of Atka 


Mackerel is reported separately for 


1990-1992; thereafter Atka mackerel 


was assigned a separate target 


species. 


e Atka mackerel was added to the 


Other Species category in1988 and 


separated out in 1994 


f PSR includes light dusky, yellowtail, 


widow, dark, dusky, black, and blue 


rockfish; black and blue excluded in 


1998, dark in 2008, widow and 


yellowtail in 2012 (note only dusky 


remains in PSR since 2012) 


g Does not include at-sea discards. 


h Catch data reported through 


November 4th,2017. 


i Includes all species except 


arrowtooth. 


j Does not include state fisheries 


k Includes all managed skate species 







  


Table 4. (cont’d) Groundfish landings (t) in the Gulf of Alaska, 1956-2017. See legend on previous page 


for conditions that apply. 


 
Year Pelagic Shelf rockfish  Demersal shelf rockfishb  Thornyheadsc  Atka mackerele  Skatesk Other speciesd  Total 


1956            1,391 


1957            2,759 


1958            797 


1959            1,101 


1960            2,142 
1961            16,897 


1962            65,731 


1963            139,109 


1964            248,192 


1965            360,131 
1966            221,172 


1967            139,206 


1968            125,822 


1969            113,333 


1970            84,983 


1971            115,758 


1972            158,768 


1973            144,478 
1974            153,143 


1975            142,015 


1976            174,081 


1977     0  19,455   4,642  195,768 


1978     0  19,588   5,990  160,830 
1979     0  10,949   4,115  162,675 


1980     1,351  13,166   5,604  202,426 


1981     1,340  18,727   7,145  239,476 


1982   120  788  6,760   2,350  234,001 


1983   176  730  12,260   2,646  296,988 
1984   563  207  1,153   1,844  356,659 


1985   489  81  1,848   2,343  320,656 


1986   491  862  4   401  147,483 


1987   778  1,965  1   253  146,703 


1988 1,086  508  2,786  -   647  158,411 


1989 1,739  431  3,055  -   1,560  188,253 
1990 1,647  360  1,646  1,416   6,289  236,591 


1991 2,342  323  2,018  3,258   1,577  247,657 


1992 3,440  511  2,020  13,834   2,515  261,694 


1993 3,193  558  1,369  5,146   6,867  256,482 


1994 2,990 f 540  1,320  3,538   2,752  232,578 
1995 2,891  219 g 1,113  701   3,433  216,585 


1996 2,302  401  1,100  1,580   4,302  199,992 


1997 2,629  406  1,240  331   5,409  231,312 


1998 3,111  552  1,136  317   3,748  246,113 


1999 4,826  297  1,282  262   3,858  231,780 
2000 3,730  406  1,307  170   5,649  204,396 


2001 3,008  301  1,339  76   4,801  182,011 


2002 3,318  292  1,125  85   4,040  173,554 


2003 2,975  229  1,159  578   6,339  180,173 


2004 2,674  260  818  819  2,912 1,559  171,734 
2005 2,235  187  719  799  2,710 2,294  185,211 


2006 2,446  166  779  876  3,501 3,526  195,594 


2007 3,318  250  701  1,453  3,498 2,928  174,887 


2008 3,634  149  741  2,109  3,606 2,776  184,149 


2009 3,057  138  666  2,222  7,020 2,870  169,604 
2010 3,111  128  565  2,417  5,056 2,042  215,833 


2011 2,531  82  612  1,615  4,437 2,362  225,596 


2012 4,012  178  746  1,187  4,107 1,940  233,927 


2013  3,978  218  1,153  1,277  6,160 6,766  230,292 


2014 3,061  105  1,130  1,042  5,199 2,646   296,974 
2015  2,781  108  1,034  1,228  4,968 3,808   294,106 


2016  3,327  117  1,118  1,092  5,163 3,970  297,193 


2017 2,587  124  1,012  1,048  4,156 3,013  298,538 


 





		Introduction

		Management Areas and Species

		Biological Reference Points

		Definition of Acceptable Biological Catch and the Overfishing Level



		Overview of Stock Assessments

		Summary and Use of Terms

		General recommendations

		Two year OFL and ABC Determinations

		Revised Stock Assessment Schedule



		Economic Summary of the GOA commercial groundfish fisheries in 2015-16

		Decomposition of the change in first-wholesale revenues from 2015-16 in the GOA



		Ecosystem Considerations summary

		Stock summaries

		1. Walleye pollock

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		2. Pacific cod

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		3. Sablefish

		Changes in the input data

		Changes in the assessment methodology

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		4. Shallow water flatfish

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		5. Deepwater flatfish complex (Dover sole and others)

		Changes from the previous assessment

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		6. Rex Sole

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		7. Arrowtooth flounder

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		8. Flathead sole

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		9. Pacific Ocean Perch

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		10. Northern Rockfish

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		11. Shortraker rockfish

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		12. Dusky rockfish

		Changes in assessment methods and data

		Spawning biomass and stock status trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		13. Rougheye and blackspotted rockfish

		Changes from the previous assessment

		Spawning biomass and stock status trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		14. Demersal shelf rockfish

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		15.  Thornyheads

		Changes from previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment



		16. Other rockfish

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/ Plan Team discussion and resulting ABC and OFL recommendations

		Status determination

		Area apportionment



		17. Atka mackerel

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination



		18. Skates

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination

		Area apportionment

		The author continued the use of the random effects (RE) model that was introduced in the 2016 skate assessment for use in estimating survey biomass. In response to Plan Team and SSC requests, a separate RE model was run for each managed group, and for...



		19. Sculpins

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABC and OFL recommendations

		Status determination

		Area apportionment



		20. Sharks

		Area apportionment



		21. Squid

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination and area apportionment



		22. Octopus

		Changes from the previous assessment

		Spawning biomass and stock trends

		Tier determination/Plan Team discussion and resulting ABCs and OFLs

		Status determination and area apportionment





		Tables






10.  Assessment of the Northern Rockfish stock in the Gulf of Alaska 
 


Curry J. Cunningham, Peter-John F. Hulson, Chris R. Lunsford, Dana H. Hanselman 


  
November 2017 


Executive Summary 
In 2017, the scheduled frequency for some stock assessments was changed in response to the National 
Stock Assessment Prioritization effort. Prior to 2017, Gulf of Alaska (GOA) rockfish were assessed on a 
biennial stock assessment schedule to coincide with the availability of new trawl survey data. Under the 
new schedule, full assessments for northern rockfish will be conducted in even years and partial 
assessments will be presented in odd years. For Gulf of Alaska northern rockfish in 2017, we present a 
partial assessment to recommend harvest levels for the next two years. Please refer to the last full stock 
assessment report (2015) for further information regarding the assessment model (Hulson et al., 2015, 
available online at http://www.afsc.noaa.gov/REFM/Docs/2015/GOAnork.pdf). A full stock assessment 
document with updated assessment and projection model results will be presented in next year’s SAFE 
report (2018).  
 
We use a statistical age-structured model as the primary assessment tool for GOA northern rockfish stock 
which qualifies as a Tier 3 stock. This assessment consists of a population model, which uses survey and 
fishery data to generate a historical time series of population estimates, and a projection model, which 
uses results from the population model to predict future population estimates and recommended harvest 
levels. The data sets used in this assessment include total catch biomass, fishery age and size 
compositions, trawl survey abundance estimates, and trawl survey age compositions. For a partial 
assessment, we do not re-run the assessment model, but do update the projection model with new catch 
information. This incorporates the most current catch information without re-estimating model parameters 
and biological reference points. 
 


Summary of Changes in Assessment Inputs 
Changes in the input data: There were no changes made to the population model inputs as 2017 was an 
off-cycle year and a partial assessment was conducted. New data added to the projection model included 
updated catch data from 2015 (3,944 t) and 2016 (3,437), and new estimated catches for 2017-2019. The 
2017 catch was estimated by increasing the official catch as of October 7, 2017 by an expansion factor of 
11.9%, which represents the average fraction of catch taken after October 7 in the last three complete 
years (2014-2016). This expansion factor increased from last year’s expansion factor of 10% and resulted 
in an estimated catch for 2017 of 1,789 t. To estimate future catches, we updated the yield ratio to 0.82, 
which was the average of the ratio of catch to ABC for the last three complete catch years (2014-2016). 
This yield ratio was multiplied by the projected ABCs from the updated projection model to generate 
catches of 3,011 t in 2018 and 2,677 t in 2019. The yield ratio was lower than last year’s ratio of 0.85. 
 
Changes in the assessment methodology: There were no changes in assessment methodology since this 
was an off-cycle year.   



http://www.afsc.noaa.gov/REFM/Docs/2015/GOAnork.pdf





Summary of Results 
 


ABC recommendation 
For the 2018 fishery, we recommend the maximum allowable ABC of 3,685 t from the updated projection 
model. This ABC is 2.8% less than last year’s ABC of 3,790 t but larger than last year’s 2018 projected 
ABC of 3,512 t. Recommended area apportionments of ABC are 420 t for the Western area, 3,261 t for 
the Central area, and 4 t for the Eastern area. The 2018 Gulf-wide OFL for northern rockfish is 4,380 t.  
 
Reference values for northern rockfish are summarized in the following table, with the recommended 
ABC and OFL values in bold. It should be noted that GOA northern rockfish stock is projected to move 
from Tier 3a to Tier 3b in 2019, as the female spawning biomass is projected to fall below B40%. 
 


*Projections are based on estimated catches of 3,011 t and 2,677 t used in place of maximum permissible ABC for 
2018 and 2019.  


 


The stock is not being subject to overfishing, is not currently overfished, nor is it approaching a condition 
of being overfished. The tests for evaluating these three statements on status determination require 
examining the official total catch from the most recent complete year and the current model projections of 
spawning biomass relative to B35% for 2017 and 2019. The official total catch for 2016 is 3,437 t which is 
less than the 2016 OFL of 4,783 t; therefore, the stock is not being subjected to overfishing. The estimates 
of spawning biomass for 2017 and 2019 from the current year (2017) projection model are 28,420 t and 
24,804 t, respectively. Both estimates are above the estimate of B35% at 24,485 t and, therefore, the stock 
is not currently overfished nor approaching an overfished condition. 


Quantity 
As estimated or 


specified last year for: 
As estimated or 


recommended this year for:* 
2017 2018 2018* 2019* 


M (natural mortality rate) 0.059 0.059 0.059 0.059 
Tier 3a 3b 3a 3b 
Projected total (ages 2+) biomass (t) 75,028 73,248 74,748 73,814 
Projected female spawning biomass (t) 29,198 27,344 28,017 26,512 


B100%  69,957 69,957 69,957 69,957 
B40%  27,983 27,983 27,983 27,983 
B35%  24,485 24,485 24,485 24,485 


FOFL  0.074 0.074 0.074 0.070 
maxFABC  0.062 0.062 0.062 0.058 
FABC 0.062 0.062 0.062 0.058 
OFL (t) 4,522 4,175 4,380 3,984 
maxABC (t) 3,790 3,512 3,685 3,350 
ABC (t) 3,790 3,512 3,685 3,350 
Status As determined last year for: As determined this year for: 
 2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 







 
The northern rockfish catch/biomass ratio has ranged from 0.019-0.052 between 1991 and 2016 (Figure 
10.1). The 2017 projected catch/biomass ratio of 0.024 is 46% less than that observed in 2016 (0.044). 
For the catch/biomass ratio, catch data for 2017 are projected based on observed catch through October 7, 
2017 using the 11.9% expansion factor. Biomass data for 1991-2015 are the 2015 full stock assessment 
estimates of age 2+ total biomass; biomass for 2016-2017 are based upon the 2017 projection, which 
incorporates complete catch data for 2015 and 2016. The approximate 95% confidence interval values are 
calculated assuming a normal distribution of biomass estimated in the 2015 full stock assessment for 
1991-2015; standard error values for 2016-2017 assume the same coefficient of variation for total 
biomass estimated for the terminal year of the last full assessment (2015). 
 


Fishery Trends 
Updated catch data (t) for northern rockfish in the Gulf of Alaska as of October 7, 2017 (NMFS Alaska 
Regional Office Catch Accounting System via the Alaska Fisheries Information Network (AKFIN) 
database, http://www.akfin.org) are summarized in the following table. 
 


Year Western Central Eastern Gulfwide 
Total 


Gulfwide 
ABC 


Gulfwide 
TAC 


2016 121 3,316  3,437 4,004 4,004 
2017 225 1,373  1,598 3,786 3,786 


 
Catch of northern rockfish in the Gulf of Alaska through October 7, 2017 of 1,598 t is significantly below 
the 2017 gulfwide TAC of 3,786 t. Accounting for the 11.9% of northern rockfish catch usually occurring 
after October 7, the projected 2017 total catch of 1,789 t is still expected to be 48% below the gulfwide 
total catch of 3,437 t in 2016. The observed 2016 gulfwide total catch of 3,437 t was only 2.7% below the 
catch of 3,533 t projected as of October 8, 2016. 
The majority of Gulf of Alaska northern rockfish catch remains in the Central region.  
 


Survey Trends 
The 2017 trawl survey design-based biomass index of 150 kt for Gulf of Alaska northern rockfish 
increased 207% from the 2015 index 50 kt, but is 59% below the 2013 index of 370 kt (Figure 10.2). The 
2017 trawl survey index is 12% lower than the long-term average of 170 kt. 
 


Area Allocation of Harvests 
The apportionment percentages are the same as in the 2015 full assessment. The following table shows 
the recommended apportionment of ABC and TAC for 2018 and 2019. Please refer to the 2015 full stock 
assessment report (http://www.afsc.noaa.gov/REFM/Docs/2015/GOAnork.pdf) for information regarding 
the apportionment rationale for northern rockfish. 
 


Method Area Allocation Western GOA Central GOA Eastern 
GOA* Total 


Random 
Effects 
Model 


  11.4% 88.5% 0.1% 100% 
2018 Area ABC (t) 420 3,261 4 3,685 
2019 Area ABC (t) 382 2,965 3 3,350 


*For management purposes the small ABC in the Eastern area is combined with other rockfish. 



http://www.akfin.org/

http://www.afsc.noaa.gov/REFM/Docs/2015/GOAnork.pdf





 
 


Summaries for Plan Team 
Species Year Biomass1 OFL ABC* TAC Catch2 


Northern rockfish 


2016 77,596 4,783 4,004 4,004 3,437 
2017 75,028 4,522 3,786 3,786 1,598 
2018 74,748 4,380 3,685   
2019 73,814 3,984 3,350   


Stock/  2017    2018  2019  
Assemblage Area OFL ABC TAC Catch2 OFL ABC OFL ABC 


Northern 
rockfish 


W  432 432 225  420  382 
C  3,354 3,354 1,373  3,261  2,965 
E*      4  3 


Total 4,522 3,786 3,786 1,598 4,380 3,685 3,984 3,350 
1Total biomass (ages 2+) from the age-structured model 
2Current as of October 7, 2017. Source: NMFS Alaska Regional Office Catch Accounting System via the AKFIN 
database (http://www.akfin.org). 
*For management purposes, the small ABC for northern rockfish in the Eastern Gulf of Alaska is combined with 
other rockfish. Thus, for 2017 the Eastern Gulf ABC (and associated TAC) is not reported in these tables, but the 
Eastern Gulf ABC for 2018 and 2019 are included as future recommendations. 


 


SSC and Plan Team Comments on Assessments in General  
“In an effort improve record keeping as assessment authors formulate various stock status evaluation 
models, the Plan Team has recommended a systematic cataloging convention. Any new model that 
diverges substantial from the currently accepted model will be marked with the two-digit year and a “0” 
version designation (e.g., 16.0 for a model from 2016). Variants that incorporate major changes are then 
distinguished by incremental increases in the version integer (e.g., 16.1 then 16.2), and minor changes 
are identified by the addition of a letter designation (e.g., 16.1a). The SSC recommends this method of 
model naming and notes that it should reduce confusion and simplify issues associated with tracking 
model development over time.” (SSC December 2016) 
The northern rockfish assessment will begin using this convention in 2018 with the recommended model 
from 2015. 
 
“The SSC also recommends explicit consideration and documentation of ecosystem and stock assessment 
status for each stock, perhaps following the framework suggested below, during the December Council 
meeting to aid in identifying areas of concern.” (SSC October 2017) 
A newly proposed framework for considering ecosystem and socioeconomic factors has been submitted 
as an appendix in some assessments this year. This is an attempt to document these factors with respect to 
stock status and also provide indicators for continued monitoring to identify areas of concern. These 
reports are currently submitted as an appendix and in future years it is anticipated that they would be 
available for all stocks as the framework is adaptable for data-limited to data-rich stocks. We plan to 
evaluate and potentially incorporate this new ecosystem/socioeconomic report as an appendix if and when 
it becomes available for Gulf of Alaska northern rockfish stock. 
 
“The Team recommends that a workgroup or subset of authors investigate applying the geostatistical 
approach to selected stocks. (Plan Team, November 2015) 



http://www.akfin.org/





The SSC supports the GOA PT recommendation to form a study group to explore the criteria necessary 
for adopting the geostatistical generalized linear mixed model approach in assessments. If this study 
group is formed, the SSC requests that the group be expanded to include BSAI assessment authors and 
members from the AFSC survey program. Among the many questions this group could address, the SSC 
suggests including the following questions:  


1. Is the stratified random survey design used for the surveys correctly configured for application 
of the geostatistical approach? 
2. Should the geostatistical approach be applied to all species or a select suite of species that 
exhibit aggregated spatial distributions and rockfish-like life histories? If application of this 
approach is recommended for only a subset of managed species, what life history characteristics 
or biological criteria would qualify a species for this approach?  
3. What level of aggregation is necessary for application of the geostatistical approach?  
4. If the geostatistical approach is adopted should results also be used for area apportionments?” 


(SSC, December 2015) 
“The SSC strongly encourages further development of these approaches, which could be 
extended to include covariates such as depth or other habitat features to increase precision. 
Care should be taken to estimate biomass over the same area when comparing results between 
the design-based and geostatistical approach. The SSC also suggested that, when considering 
anisotropy in the model, that the most appropriate approach for the Gulf of Alaska may be to 
allow for differences in spatial correlation scales in the along-shelf and cross-shelf directions, 
respectively, rather than by latitude and longitude. It was suggested that modeling survey data 
could be a topic for the workshop in February 2018 to discuss options for moving from design-
based estimators to geostatistical estimators across stocks.” (SSC, October 2017) 
We have grouped these three comments together as they deal with the same topic. A working group is 
currently in the process of investigating the criteria for use of the geostatistical generalized linear mixed 
model (delta-GLMM) within assessments performed by the AFSC. Evaluation of the geostatistical delta-
GLMM approach has focused on a range of species with different life histories and spatial distribution, 
and addressed: 1) How do geostatistical delta-GLMM indices compare with design-based estimates?, 2) 
Are the scale or trend in geostatistical delta-GLMM indices sensitive to the level of spatial complexity 
specified?, 3) How does alternative specifications for temporal autocorrelation in intercepts and spatio-
temporal random effects for encounter probability and positive catch rate components of the geostatistical 
delta-GLMM influence index estimates, and 4) How do apportionment estimates from the geostatistical 
delta-GLMM compare with estimates from the current random effects model? Results from these initial 
evaluations were presented by C. Cunningham at the September 2017 PT meeting. Further investigations 
into the geostatistical delta-GLMM will continue with the intention of providing stock assessment authors 
with guidance on which trawl survey biomass index would be appropriate for their stock.  


SSC and Plan Team Comments Specific to this Assessment 
“The Team recommends evaluating how the definition of the length composition plus group, and alternative 
data-weighting methods, affect model performance.” (Plan Team, November 2015) 
“The Team recommends continuing to evaluate geostatistical estimators of survey biomass for this stock” 
(Plan Team, November 2015) 
“Based on the model changes made for 2015, the PT recommended further examination of how the 
definition of the length composition plus group and alternative data-weighting methods affect model 
performance. They also expressed concern about the high inter-annual variation for survey biomass, and 
recommended the authors continue to evaluate geostatistical estimators of survey biomass for future 
assessments. Length bins for fishery length compositions have not been examined, but the authors plan to 
continue exploring this for the next full assessment. A past recommendation from the SSC and assessment 
authors was to investigate maturity and the potential for time-dependent changes in maturity, and the 







authors note that they are working on a sampling project proposal that would collect the data necessary 
to evaluate this research priority. The SSC agrees that these remaining issues are still applicable and 
recommend that the authors continue investigations into these issues, particularly the explorations of 
geostatistical GLMM for the survey biomass estimates, given the high variability in the survey biomass 
estimates”. (SSC, December 2015) 
For the 2018 assessment the authors plan to continue investigation of the effect of different plus-group 
specification for length composition data and alternative length bin designations. Pertaining to different 
data weighting methods and the application of the geostatistical delta-GLMM approach, we will defer to 
the recommendations of the working group that is currently investigating modeling the bottom trawl 
survey biomass. As the weighting methods employed will be sensitive to the trawl survey biomass index 
utilized, and in particular, sensitive to the estimated uncertainty of the trawl survey biomass index we are 
going to delay investigating alternative data weighting methods until a recommended approach is 
provided by the working group. The sampling project proposal that is referred to in the above comments 
was not funded. Additional data is needed to investigate time-dependent maturity, because the 2 years of 
data currently available are insufficient for in-depth investigations. This continues to be a data gap and 
research priority for this stock. 
 


Figures 
 


 
 
 
Figure 10.1. Modeled catch over total biomass (point estimates in red circles) with 95% sampling error 
confidence intervals (shaded area) for Gulf of Alaska northern rockfish from 1991-2017. Green dashed 
line is long-term average for the time series. Total biomass is ages 2+ from the age-structured model. 
 







 
 
 
Figure 10.2. Design-based biomass index for GOA northern rockfish from the NMFS bottom trawl 
survey, point estimates in red circles) with 95% sampling error confidence intervals (shaded area), from 
1984-2017. Green dashed line is long-term average for the time series. Text percentage is the change of 
the 2017 index from the 2015 index.  









		Executive Summary

		Summary of Changes in Assessment Inputs

		Summary of Results

		ABC recommendation

		Fishery Trends

		Survey Trends



		Area Allocation of Harvests

		Summaries for Plan Team

		SSC and Plan Team Comments on Assessments in General

		SSC and Plan Team Comments Specific to this Assessment

		Figures



		Blank Page






4.1  Assessment of Northern and Southern rock sole (Lepidopsetta 
polyxstra and bilineata) stocks in the Gulf of Alaska 


 
by 


Meaghan D. Bryan 
 
 


Executive Summary 


Summary of Changes in Assessment Inputs 
The Gulf of Alaska (GOA) northern and southern rock sole assessment has been moved to a 4-year 
assessment cycle per the stock assessment prioritization schedule. During years when a full assessment is 
not completed a partial assessment will be done. This year marks a full assessment year. The last full 
assessment was completed in 2015.  


New data inputs: 
1. 2015 and 2016 catch data were updated and 2017 catch was extrapolated to include expected 


catch in October-December, 2017  
2. 2017 GOA trawl survey biomass estimates were added to the model.  
3. 2017 fishery lengths were added to the model. 
4. 2017 GOA trawl survey length composition data were added to the model. 
5. 2015 GOA trawl survey conditional-age-at-length (CAAL) data were added to the model. 


 
Changes to the assessment model: 
In September 2017, a modified assessment model was presented as an alternative to the 2015 assessment 
model. The modified model used the GOA groundfish survey length composition and CAAL data rather 
than the survey age composition and CAAL data. The modified assessment model was the author’s 
preferred assessment model.  
 
The biomass, OFL and ABC values for northern and southern rock sole are added into the shallow-water 
flatfish complex values to estimate OFL and ABC for the complex. 
 


Summary of Results  
Several models are presented in this report: 
 


1. Model 17.1 – a re-run of the 2015 assessment model with updated data,  
2. Model 17.2 - a modified version of model 17.1 using the GOA groundfish survey length 


composition and CAAL data rather than the survey age composition and CAAL data,  
3. Model 17.2a – model 17.2 while implementing iterative re-weighting using the Francis method, 


and  
4. Model 17.2b – model 17.2 while implementing iterative re-weighting using the McAllister-Ianelli 


method, and model 17.2 while implementing Dirichlet error distribution for data weighting that is 
internal to SS3.  


 
Based on the model fit and retrospective performance and more appropriate treatment of the data, model 
17.2 is the recommended model for this year’s assessment rather than model 17.1. Models 17.2a and 







17.2b were not recommended given the high weights assigned to the length composition data and 
conditional age-at-length data and the unrealistic estimated fishery selectivity curves. Lastly, the results 
from model 17.2c indicated that the underlying weights (i.e., input sample sizes for the length 
composition and CAAL data) of model 17.2 were adequate and produced the same assessment outcomes 
as model 17.2. 
 
The northern rock sole models estimate an increasing trend in total and spawning biomass and relatively 
low fishing mortality rates in recent years. The 2017 northern rock sole SSB estimates were above B35% 
and the 2017 fishing mortality estimates were below F35%. The southern rock sole models estimate the 
start of an increasing trend in total biomass, a continued decline in SSB, and fishing mortality rates that 
have remained relatively low. The 2017 southern rock sole SSB estimates were above B35% and the 
fishing mortality estimates were below F35%. 
   
The key management results of the assessment, based on the author’s preferred model (model 17.2), are 
compared to the results of the accepted 2016 update assessment in the tables below. The results are 
presented separately for each species.  
 
 Northern Rock Sole 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017         2018 2018 2019 


M (natural mortality rate; female, male) 0.2, 0.25* 0.2, 0.25* 0.2, 0.253*               0.2, 0.253* 
Tier 3a 3a 3a 3a 
Projected total (age 0+) biomass (t) 76,837 80,120 90,794 93,374 
Projected Female spawning biomass (t) 36,683 38,431 44,536 45,519 
    B100% 51,800 51,800 51,553 51,553 
    B40% 20,700 20,700 20,621 20,621 
    B35% 18,100 18,100 18,044 18,044 
FOFL 0.299 0.299 0.462 0.462 
maxFABC 0.248 0.248 0.382 0.382 
FABC 0.248 0.248 0.382 0.382 
OFL (t) 14,548 15,146 19,960 20,477 
maxABC (t) 12,283 12,788 16,802 17,243 
ABC (t) 12,283 12,788 16,802 17,243 


Status 


As determined last year for: As determined this year for: 


2015 2016 2016 2017 


Overfishing No n/a              No n/a 


Overfished n/a No             n/a               No 


Approaching overfished n/a No             n/a               No 
*Male natural mortality was estimated 
 
  







 Southern Rock Sole 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 


M (natural mortality rate; female, male) 0.2, 0.248* 0.2, 0.248* 0.2, 0.262*  0.2, 0.262*  
Tier 3a 3a     
Projected total (age 0+) biomass (t) 133,922 131,828  138,620 139,907 
Projected Female spawning biomass (t) 71,786 67,851 71,913 69,178 
    B100% 93,500 93,500 93,583 93,583 
    B40% 37,400 37,400 37,433 37,433 
    B35% 32,700 32,700 32,754 32,754 
FOFL 0.222 0.222 0.326 0.326 
maxFABC 0.186 0.186 0.271 0.271 
FABC 0.186 0.186 0.271 0.271 
OFL (t) 22,215 21,927 25,333 25,689 
maxABC (t) 18,865 18,618 21,424 21,717 
ABC (t) 18,865 18,618 21,424 21,717 


Status 


As determined last year for: As determined this year for: 


2015 2016 2016 2017 


Overfishing No n/a                No  n/a 


Overfished n/a No                n/a             No 


Approaching overfished n/a No                n/a             No 
*Male natural mortality was estimated 
 


Responses to SSC and Plan Team Comments on Assessments in General 
NA 
 


Responses to SSC and Plan Team Comments Specific to this Assessment 
Northern rock sole 
“The team recommends that some alternative weighting methods be considered in addition to the current 
method of weighting by standard error to help alleviate the residual problems” 
 
This was done for northern and southern rock sole and discussed in this document. 
 
Southern rock sole 
The plan team recommends running the 2015 assessment model and the modified model presented in 
September. The plan team recommends looking at data weighting options and incorporating fishery age 
data as a model input in the future. 
 
Both assessment models were run and discussed in this document. Data weighting options were also 
evaluated.  







  







Introduction 


Rock sole are demersal flatfish that can be found in shelf waters to 600 m depth (Allen and Smith, 1988). 
Two species of rock sole are known to occur in the north Pacific Ocean, northern rock sole (Lepidopsetta 
polyxystra) and southern rock sole (L. bilineata) (Orr and Matarese, 2000). Adult northern rock sole are 
found from Puget Sound through the Bering Sea and Aleutian Islands to the Kuril Islands, while 
southern rock sole range from the southeast Bering Sea to Baja California (Stark and Somerton, 2002). 
These species have an overlapping distribution in the Gulf of Alaska (Wilderbuer and Nichol, 2009). 
Rock sole are most abundant in the Kodiak and Shumagin areas. Northern rock sole spawns in midwinter 
and spring, and southern rock sole spawns in summer (Stark and Somerton, 2002). Northern rock sole 
spawning occurred in areas where bottom temperatures averaged 3°C in January, and southern rock sole 
spawned in areas where bottom temperatures averaged 6°C in June (Stark and Somerton, 2002). Rock 
soles grow to approximately 60 cm and can live in excess of 20 years 
(http://www.afsc.noaa.gov/race/behavioral/rocksole_fbe.htm). 
 
Both rock sole species are managed as part of the shallow-water flatfish complex, which also includes 
yellowfin sole (Pleuronectes asper), starry flounder (Platichthys stellatus), butter sole (Pleuronectes 
isolepis), English sole (Pleuronectes vetulus), Alaska plaice (Pleuronectes quadrituberculatus), and sand 
sole (Psettichthys melanostictus), because these species are caught in the shallow-water flatfish fishery 
(Turnock et al., 2009). 


Fishery 
Northern and southern rock sole in the Gulf of Alaska are part of the shallow water flatfish complex.  
The fishery does not report rock sole by species, so the catch statistics represent total rock sole (Table 
4.1). The fishery observer program began collecting differentiated northern and southern rock sole data in 
1997. The observer data since 1997 lists species as northern (N), southern (S), or “undifferentiated” (U) 
rock sole because adult northern and southern rock sole are difficult to differentiate visually (Orr and 
Matarese, 2000). There is considerable uncertainty about the fraction of annual rock sole catch that is 
northern or southern rock sole. 
 
Rock sole are not targeted specifically because they co-occur with several other species. They are 
primarily caught with bottom trawl gear in NMFS area 630 followed by areas 620 and 610 (Figure 4.1). 
Rock sole discards by area and gear type are reported in Table 4.2. Rock sole discards are primarily 
associated with non-pelagic trawl gear and in NMFS area 610, 620, and 630 (Table 4.2). 


Data 
The following data were used in the model. 
Data source Years  
Fishery catch (assumed 50% NRS, 50% 
SRS) 


1977-2017 


NMFS GOA groundfish survey biomass 
and SE 


1996, 1999, 2001, 2003, 2005, 2007, 2009, 2011, 2013, 
2015, 2017 


Fishery length composition  1997-2017 
NMFS GOA groundfish survey length 
composition  


1996, 1999, 2001, 2003, 2005, 2007, 2009, 2011, 2013, 
2015, 2017 


NMFS GOA groundfish survey CAAL 
(2017 age data were not available)  


1996, 1999, 2001, 2003, 2005, 2007, 2009, 2011, 2013, 
2015* 


  







Fishery 


Northern and southern catches are currently reported as rock sole by year and management area 
(Figure 4.1). These data are included in the assessment model as a total catch time-series. Rock sole catch 
has ranged from 1,765mt to 8,112mt since 1993 and has average 4,403mt (Table 4.1). Catch has been 
fairly stable since 2010 and averaged 3191mt.   
 
Catch data for 2017 were extracted from the AKFIN database on September 27, 2017. As of 
September 27, 2017 a total of 1,604 t of rock sole had been captured. On average 62% of the total annual 
rock sole catch is captured by September 27th. An estimate of catch extrapolated to the end of 2017 was 
used as input in the assessment model based on the capture to date and the average fraction mentioned 
previously. A value of 2,575 t was use as the 2017 catch input. 
 
For assessment purposes it was assumed that 50% of the total rock sole catch was northern rock sole and 
50% was southern rock sole. Catch was assumed to be known without error in the assessment models. 
 
Size composition data are available from the NMFS observer program from 1985 to present. Observations 
were recorded as rock sole until 1996. Northern and southern rock sole were differentiated after 1996. 
Fishery length composition data from 1997 through 2017 are included in the assessment model 
(Figure 4.2). Mean length of northern and southern rock sole has varied over time (Figure 4.3). Northern 
rock sole mean length declined between 1999 and 2004, increased until 2011, declined until 2014, and 
has increased since. Southern rock sole mean length exhibited a declining trend between 1997 and 2001, 
was relatively stable between 2002 and 2010, increased in 2011, and has declined until 2014, and has 
exhibited a declining trend since. 
 
The number of sampled hauls was used as the input sample size. The number of sampled hauls and the 
number of length samples by species and sex are summarized in Table 4.3a.  


Survey 


Survey data are available from the NMFS Gulf of Alaska groundfish survey conducted by the AFSC’s 
Resource Assessment and Conservation Engineering (RACE) division. Surveys were conducted 
triennially from 1984 until 1999 and biennially from 2001 until present. These data include biomass 
estimates by area, length composition data, age composition data, and conditional age-at-length data.  
Northern and southern rock sole were not differentiated until 1996. After 1996, observed rock sole were 
classified as northern, southern, or unidentified rock sole.  
 
Estimates of total biomass and the associated standard errors were included in the northern and southern 
rock sole assessment model. The survey total biomass estimates are summarized in Table 4.4 and shown 
in Figure 4.4. Total biomass declined between 1996 and 1999 for both northern and southern rock sole. 
Biomass increased to a peak in 2007 and 2009 for northern rock sole and southern rock sole, respectively.  
Southern rock sole biomass declined in 2011 but has since remained relatively stable. The southern rock 
sole biomass estimate declined by 14% from 2016 to 2017. Northern rock sole biomass has generally 
declined since 2007. The northern rock sole biomass estimate increased by 5% from 2016 to 2017.  
 
Survey length composition data and conditional age-at-length data were also included in the assessment 
models. The number of hauls with northern or southern rock sole was used as the input sample size for the 
length composition data. The number of sampled lengths and number of sampled hauls are summarized in 
Table 4.3b. The input sample size for the conditional age-at-length data was the ratio of the number of 
hauls and number of lengths sampled scaled by the number of age samples.  







 
The survey length composition data for northern and southern rock sole are shown in Figure 4.5. Northern 
rock sole mean length has been relatively flat, but exhibited a decline between 2007 and 2009, an increase 
in 2011, a decline between 2013 and 2015, and an increase in 2017 (Figure 4.6). Southern rock mean 
length exhibited a decline between 1999 and 2007, an increase between 2009 and 2013, and another 
decline between 2013 and 2015(Figure 4.6). 
 
The survey conditional age at length data are shown in Figures 4.7 and 4.8. 


Analytic approach 


General Model Structure 
All models were configured using Stock Synthesis (SS3). SS3 equations can be found in Methot and 
Wetzel (2013) and further technical documentation is outlined in Methot (2009). The models covered 
ages 0 to 30, were sex-specific, and started in 1977. Age-0 individuals represent recruits to the population 
and the oldest age class represents as plus group. As mentioned in the data section, fishery catch (retained 
catch and discards) are reported as undifferentiated rock sole. Annual total catch was split evenly between 
northern and southern rock sole and included in the model as the catch time-series. Catch was assumed to 
be known without error. 
 
Growth was assumed to follow the von Bertalanffy growth relationship and assumed constant over time.  
All growth parameters were estimated including two error terms describing the standard deviation of 
young and old individuals. The standard deviation of the intermediate ages was interpolated frim these 
two parameters and assumed to be a function of length and age. Female natural mortality was fixed and 
set equal to 0.2. Male natural mortality was estimated. Age-based maturity was a fixed input vector and is 
shown in Figure 4.9. The length-weight relationship was assumed to be the same for females and males 
and are shown in Figure 4.10. Fecundity was assumed to be equivalent to spawning biomass. 
 
The stock recruitment relationship was assumed to be an average level of recruitment unrelated to stock 
size. Two of the stock-recruit parameters were fixed. Steepness was fixed equal to 1 in all model 
configurations, recruitment variability σR was fixed equal to 0.6. Unfished recruitment (R0) and the 
R1_offset parameter, which adjusts the starting recruitment relative to R0, were estimated within the 
model. Annual recruitment deviations were estimated for the full time period. 
 
Sex-specific, size-based selectivity functions were estimated for the fishery and survey and were assumed 
to be constant over time. A double normal selectivity pattern was used for the fishery and the survey.  The 
double normal pattern is described by 6 parameters;  
 


1. Peak- beginning size of the plateau,  
2. Width of the plateau,  
3. Width of the ascending limb,  
4. Width of the descending limb,  
5. Selectivity at the smallest length, and  
6. Selectivity of the largest length.  


 
The selectivity parameters for the fishery were estimated and allowed for a dome-shape relationship.  It 
was assumed that the survey selectivity was asymptotic. The parameters associated with the descending 
side of the double normal curve and the selectivity of the final size bin were fixed to accommodate this 
assumption. Male selectivity was estimated as an offset of female selectivity. When using a double 
normal pattern, five additional parameters are required to differentiate from the opposite sex. These 







parameters offset the female peak, ascending and descending limbs, and the selectivity at the final length 
bin. An additional parameter represents the apical selectivity for males. 
 
Catchability was fixed equal to 1 in all model configurations. This assumes that the survey biomass 
estimates reflect absolute abundance for fully selected individuals.  
 


Description of Alternative Models 
Several models are presented independently for northern and southern rock sole. A general summary of 
the models can be found in Table 4.5. 
 
Model 17.1 was a re-run of the 2015 full assessment model with data updated through 2017. The main 
difference between model 17.1 and 17.2 pertains to which data were fit to the model. Model 17.1 was fit 
to the survey total biomass estimates, the 2017 survey length composition, the survey age composition 
data (1997-2015) and the survey conditional age-at-length (1997-2015). Hence, the age data were fit to 
twice and effectively gave higher weight to these data. Model 17.2 was fit to the survey total biomass 
estimates, the available survey length composition data (1997-2017) and the conditional age at length data 
(1997-2015).  
 
Data weighting 
Models 17.1 and 17.2 used the same methods for data weighting. Length and age composition data were 
weighted according to input sample sizes. Input sample size was set equal to the number of hauls for 
which lengths or ages were measured. The conditional age-at-length data were weighted by the ratio of 
the number of hauls and length samples scaled by the number of age samples.  
 
Models 17.2a-c included iterative re-weighting methods. Model 17.2a used the Francis method (Francis 
2011), model 17.2b used the McAllister-Ianelli (McAllister and Ianelli 1997), and 17.2c used the 
Dirichlet method (Thorson et al. 2017). The Dirichlet method estimates the effective sample size as 
𝑁𝑁𝐸𝐸𝐸𝐸𝐸𝐸 =  1


1+𝜃𝜃
+ 𝑁𝑁𝜃𝜃


1+𝜃𝜃
 , where N is the input sample size and θ is an estimated parameter (Thorson et al. 


2017). When the Dirichlet multinomial error distribution is selected in SS3, a fleet specific θ parameter 
can be estimated. As θ approaches infinity the NEff is equivalent to the input sample size.  
 


Parameters estimated outside the assessment model 
The initial values for the growth parameters used in the model are from Stark and Somerton (2002). The 
parameters for the weight-length relationship (W = aLb, weight in kg and length in cm) for northern and 
southern rock sole are from Turnock et al. (2011) (Figure 4.10). 
 
Species Parameter Female Male 
Northern rock sole L∞ 429 mm 382 mm 
 K 0.236 0.261 
 t0 0.387 0.160 
 a 9.984x10-6 9.984x10-6 
 b 3.0468 3.0468 
Southern rock sole L∞ 520 mm 387 mm 
 K 0.120 0.182 
 t0 -0.715 -0.962 
 a 9.984x10-6 9.984x10-6 
 b 3.0468 3.0468 







 


Parameters Estimated Inside the Assessment Model 
The parameters estimated within the assessment model were the log of unfished recruitment (R0), log-
scale recruitment deviations, annual fishing mortality, female and male growth parameters (i.e., length at 
minimum age, asymptotic length, von Bertalanffy growth coefficient, and CVs at young and old age), and 
the selectivity parameters for the fishery and the survey.  
 
Table 4.5 further summarizes the fixed and estimated model parameters for the northern and southern 
rock sole assessment models. A total of 91 parameters were estimated in the assessment models and 
included annual recruitment deviations and fishing mortality rates. 


Results 


Model evaluation 
The resulting likelihoods, model fits to the data, and likelihood profiles for several key parameters are 
presented to evaluate the northern and southern rock sole assessment models. The results from models 
17.1, 17.2, 17.2a, and 17.2b are presented. Model 17.2c used the Dirichlet error distribution in SS3. The θ 
parameter was estimated for the fishery and survey length composition data and the survey conditional 
age-at-length data.  The resulting estimated θs were quite large: 
 


Component Northern rock sole Southern rock sole 
Ln(θfishery lengths) 15.04 15.20 
Ln(θsurvey lengths) 14.58 14.44 
Ln(θsurvey CAAL) 16.45 16.69 


 
Hence, the results from model 17.2c are not presented because it suggests that the input sample sizes used 
in model17.2 provide sufficient weight to the data. Also, the results were identical to those from model 
17.2.  
 
Models 17.2a and 17.2b used the Francis and McAllister and Ianelli re-weighting methods, respectively. 
The Francis method downweighted the fishery length composition data and upweighted the survey 
lengths and CAAL data. The degree of which was species dependent. The upweighting of the northern 
rock sole survey length composition was relatively small as compared to the survey CAAL data, whereas, 
the upweighting of the southern rock sole survey CAAL data was relatively small as compared to the 
survey length composition data. 
 
The McAllister and Ianelli method resulted in upweighting the fishery and survey length composition data 
and the survey CAAL data. The survey length composition data were assigned the highest weights 
followed by the survey CAAL data and fishery length composition data for both northern and southern 
rock sole. 
 


Species Component Francis weight McAllister and Ianelli weight 


Northern rock sole 
Fishery lengths 0.25 2.15 
Survey lengths 1.09 5.87 
Survey CAAL 4.07 4.44 


Southern rock sole 
Fishery lengths 0.41 3.95 
Survey lengths 2.82 11.74 
Survey CAAL 1.12 4.08 







 
Northern rock sole 
The northern rock sole assessment model fit to the survey biomass estimates and the length composition 
data are shown in Figures 4.11 – 4.17. The total likelihood and the likelihood components associated with 
these data types are reported in Table 4.6. These values cannot be directly compared given the differences 
in the data included in the models and the data weighting schemes. 
 
The fits to survey biomass are similar for models 17.1, 17.2, and 17.2a (Figure 4.11). The model fit of 
17.2c (McAllister and Ianelli data weighting) was a departure from the others. The root mean square error 
(RMSE) statistics indicate that Model 17.2a fit the survey biomass data better than models 17.1 and 17.2. 
That said, the residual pattern of models 17.1, 17.2, and 17.2a are similar in that they underestimate total 
biomass in 2005, 2007, 2009, 2011, and 2013 and overestimate survey biomass in 2015 and 2017 (Figure 
4.11). The models predict a relatively large number of recruits in 2011 (Figure 4.21). These fish would be 
6-years old now and should be vulnerable to the survey fishing gear and the model expects to see them. 
 
Figure 4.12 shows the model fits to the fishery and survey size composition data aggregated over year. 
The model fit to the female and male size composition data from the fishery are similar among the models 
and exhibit an adequate fit to the aggregate length composition data. The overall survey size composition 
data used in 17.1, 17.2, 17.2a, and 17.2c differed. The data in 17.1 was from 2015, whereas the full 
complement of data (1996-2017) was used in the other models. The models are similar in that they do not 
fit the male size composition data particularly well. The model fits underestimate the frequency of 27cm – 
31cm northern rock sole. This size range corresponds to the overall peak of the observed size distribution.  
 
Figures 4.13 and 4.14 show the model fits to the annual fishery length composition data and Figure 4.15 
shows the Pearson residuals from the resulting model fits. A residual pattern is consistent in all model fits 
where the models are underestimating a cohort, especially females, in years 2001 through 2011. Model 
17.2a (model with Francis re-weighting) has noticeably smaller residuals than the other models. The 
annual fits to the survey length data are similar among the models with regard to pattern and scale of the 
residuals. (Figures 4.16 and 4.17). The peak of the male size distribution (~27cm-31cm) is consistently 
underestimated by all models and the model fits to the female size composition data indicate that the 
model underestimates an apparent cohort in 1996, 1999, and 2001. 
 
The models were also fit to the survey conditional age-at-length data (Figure 18). The fit to the larger, 
older individuals have larger residuals than the smaller, younger fish. Notably the models underestimate 
the age of larger fish, especially in 2003, 2013, and 2015. The predicted standard deviation in the age-at-
length estimates is higher than observed for the larger fish since there are very few observations.  
 
The fishery size composition data were fit using a double normal pattern to allow for dome-shape 
selectivity, whereas, the bottom trawl survey selectivity was modeled assuming selectivity was 
asymptotic (Figure 4.19). Fitting the model to survey size composition data in model 17.2 caused the 
estimated selectivity curves to shift to the right of the selectivity curve estimated from model 17.1 so that 
length at full selection was larger and selectivity was higher for the largest northern rock sole. The shift 
was more substantial for the fishery data. The models that implemented Francis and McAllister and 
Ianelli reweighting methods, 17.2a and 17.2b, exhibited a further rightward shift in fishery selectivity. 
Full selection of females by the fishery was at the tails of the length distribution which seems unlikely. 
The coefficient of variation (CV) associated with the selectivity parameters that control the width of 
plateau and descending width of the selectivity curve were unrealistically large indicating that these 
parameters were poorly determined by models 17.2a and 17.2b (Table 4.7). The rightward shift in the 
survey selectivity curve was more modest and models 17.2 and 17.2a estimated similar selectivities. 
 







The growth parameters were estimated by all northern rock sole models. Estimated asymptotic length was 
largest for model 17.1 followed by 17.2, 17.2a, and 17.b (Table 4.7, Figures 4.20 and 4.21). This was true 
for females and males. The von Bertalanffy growth coefficient for the female growth curve was similar 
among the models, whereas, models 17.2a and 17.b estimated larger growth coefficients (0.32, 0.30, 
respectively) than models 17.1 and 17.2, which were estimated to be 0.27 (Table 4.7). The estimate of 
female asymptotic length was largest for model 17.1 followed by 17.2, 17.2a, and 17.2b (45.08 cm, 42.67 
cm, 41.96 cm, and 40.9 cm, respectively). This was also true for male asymptotic length, 38.83 cm, 37.18 
cm, 36.03 cm, and 35.15 cm, respectively (Table 4.7). Model 17.2a estimated a more precise growth 
curve for females and males than the other models, which estimated greater uncertainty in the young and 
old ages (Table 4.7 and Figure 4.21). Because the growth relationship began to asymptote at age 10, 
coupled with the large uncertainty associated with older ages, a wide range of length classes were 
associated with a given age class.  
 
Male natural mortality was estimated by all models. The estimates were similar; 0.25 for models 17.1 and 
17.2 and 0.26 for models 17.2a and 17.2b (Table 4.7). 
 
Tables 4.8 - 4.10 summarize the model estimates of and uncertainty in SSB, age-0 recruits, and fishing 
mortality. Figure 4.22 shows the results for the models considered and includes estimates of annual age-0 
recruits, unfished recruitment on the log-scale, annual spawning biomass, and spawning biomass (SSB) in 
2017, the terminal year of the assessment. The initial conditions of the model, estimated as Ln(R0) were 
similar among the models and ranged from 11.64 to 11.89 (Table 4.7, Figure 4.22). The density plot on 
Ln (R0) shows that the greatest divergence was between model 17.1 and 17.2b and that models 17.2 and 
17.2a show considerable overlap with each other and the other two models (Figure 4.22). The offset from 
the initial conditions were similar between models 17.1 and 17.2 (-0.08 and -0.07, respectively) and were 
smaller than those from models 17.2a and 17.2b (-0.11 and -0.14, respectively). This resulted similar 
estimates of age-0 recruits and SSB in 1977 among models 17.1, 17.2a, and 17.2b.The recruitment time-
series shows strong similarities among the models early in the time series and then some divergence in the 
2000s. Namely the peaks estimated by model 17.2c were larger than the other models and a peak was 
predicted in 2014 that was not predicted by the other models.  
 
The SSB time-series were similar among the models, where model 17.2 had slightly higher SSB between 
1977 and 1994 and between 2003 and 2017 than 17.1. This was also true for total biomass (Figure 4.23). 
The survey biomass estimates cover the time period between 1996 and 2017 (Figure 4.11). Predicted 
survey biomass from model 17.2 are less than that from model 17.1 between 1996 and 2005 and greater 
from model 17.2 than model 17.1 between 2009 and 2015 (Figure 4.11); a similar trend is seen in the SSB 
and total biomass time series. At the end of the SSB time-series, the median estimate of SSB in the 
terminal year (2017) was identical for models 17.1 and 17.2a (Figure 4.22). Estimates of SSB 2017 was 
lowest for models 17.1 and 17.2a followed by model 17.2, and 17.2b. Model 17.1 and 17.2a distributions 
exhibited considerable overlap with model 17.2. SSB and total biomass are estimated to increase in recent 
years (Figures 4.22 and 4.23). This corresponds to a period of relatively low and stable fishing mortality 
(Figure 4.23). 
 
The author recommends that model 17.2 be used to provide management advice. Model 17.1 was fit to 
the age composition twice, which is not a suggested practice when conducting stock assessments. 
Therefore, this model is not being recommended. Model 17.2a had improved fits to the survey total 
biomass time-series and to the fishery length composition data. This was partially the result of an 
estimated selectivity curve that was unrealistic. Length at full selection was associated with sizes in the 
tails of the length distribution where there is very little data and the selectivity parameters were highly 
uncertain (i.e., CVs in the tens of thousands). Therefore, this model is not recommended for use. Model 
17.2b used the McAllister and Ianelli re-weighting approach, which led to upweights length composition 
and CAAL data by factors of 2, 4, and 5 for fishery length comp, survey length comp, and survey CAAL, 







respectively. This did not lead to an improvement in the index fit or fits to these data components. This 
model is not recommended for use. 
 
Likelihood profiles 


Likelihood profiling was conducted for several estimated model parameters for model 17.2 (Figure 4.24). 
Likelihood profiles can help evaluate how well parameters are estimated and highlight possible data 
conflicts in the assessment model. The profiles indicate that there are some apparent conflicts between the 
data components. The von Bertalanffy growth parameters were mainly informed by the CAAL data, 
which conflicted with the length data for asymptotic length and the length at the minimum age. The 
length and survey biomass data suggested asymptotic length should be lower than the CAAL and the 
length at minimum age should be higher. There was general agreement about male natural mortality and 
R0. 
 
Retrospective analysis 


A retrospective analysis was conducted for model 17.2 to examine the consistency among parameter 
estimates as data were removed from the assessment model. The analysis extends back 10 years (2007-
2016). A single peel of the data removed annual fishery catch and length composition data and every 
other year survey biomass estimates, survey length composition data, and survey CAAL data were 
removed. The results are shown in Figure 4.25 for SSB, age-0 recruits, fishing mortality, and the estimate 
of R0. SSB increased and fishing mortality declined with each successively peel of the data. R0 generally 
increased with each peel of the data. The estimates of age-0 recruits did not have a clear pattern, but the 
2011 peak increased with the first three peels of the data and then declined with further removal of data.  


The revised Mohn’s ρ was calculated to indicate the direction and size of the retrospective bias. The 
revised Mohn’s ρ statistic for SSB was equal to 0.14 indicating a positive bias. This indicates that 
previous assessments would have been more optimistic about stock size and would have resulted in more 
optimistic management advice. When models have a directional retrospective bias, this indicates that 
some aspect of the model that is assumed time-invariant may change over time (e.g., selectivity, natural 
mortality, catchability, etc.). Simulation results from Hurtado-Ferro et al. (2015) suggest that models with 
retrospective patterns with ρ values greater than 0.2 should explicitly address the cause of the 
retrospective pattern in the model. Model 17.2 has a ρ value less than 0.2, suggesting that at this time the 
cause of the retrospective does not have to be explicitly modeled, but should be evaluated in the future.  


Southern rock sole  
The southern rock sole assessment model was fit to the survey biomass estimates and the fishery and 
survey length composition data, and the survey conditional age-at-length data are shown in Figures 4.26 – 
4.33. The total likelihood and the likelihood components associated with these data types are reported in 
Table 4.11. These values cannot be directly compared given the differences in the data included in the 
models and the data weighting schemes. 
 
The fits to survey biomass were similar for all models and exhibit similar residual patterns (Figure 4.26). 
The models overestimate biomass in 1996 and 1999, underestimate biomass in 2005, 2007, and 2009, 
overestimate biomass in 2011, and fit the remainder of the biomass trend relatively well (Figure 4.26). 
The lines of best fit generally lie within the error bars of the biomass estimates indicating relatively good 
fit. 
 
Figure 4.27 shows the model fits to the fishery and survey size composition data aggregated over year. 
The model fit to the female and male size composition data from the fishery are similar among the models 
and exhibit an adequate fit to the aggregate length composition data. The survey size composition data 
used in 17.1, 17.2, 17.2a, and 17.2c differed. Model17.1 used the 2015 survey size composition data, 







whereas the full complement of data (1996-2017) was used in the other models. The models were similar 
in that they did not fit the female size composition data particularly well. The model fits underestimated 
the frequency of 35cm – 45 cm southern rock sole. This size range corresponds to the overall peak of the 
observed survey size distribution.  
 
Figures 4.28 and 4.29 show the model fits to the annual fishery length composition data and Figure 4.30 
shows the Pearson residuals from the resulting model fits. The annual fits to the fishery length 
composition data were similar with regard to patterns and scale, except the model 17.2c residuals were 
larger than the other models. A residual pattern was consistent in all model fits where the models 
underestimated a cohort of females in years 2004 through 2008. The annual fits to the survey length data 
were similar among the models with regard to pattern and scale of the residuals (Figures 4.31 and 4.32). 
The 35cm – 45cm size range of the female survey length distribution was consistently underestimated by 
all models. 
 
The fishery size composition data were fit using a double normal pattern to allow for dome-shape 
selectivity, whereas, the bottom trawl survey selectivity was modeled assuming asymptotic selectivity 
(Figure 4.34). The estimated fishery selectivity curves from models 17.2, 17.2a, and 17.2b shifted to the 
right of the model 17.1 estimated curve. This resulted in length at full selection that was larger and 
selectivity was higher for the largest female and male southern rock sole. The shift was more substantial 
for the fishery data. The models that implemented Francis and McAllister and Ianelli reweighting 
methods, 17.2a and 17.2b, exhibited a further rightward shift in fishery selectivity. Full selection of 
females by the fishery was at the tails of the length distribution which seems unlikely. The male fishery 
selectivity was estimated to be asymptotic for all models except model 17.2a where the curve was domed 
at ~57cm. The coefficient of variation (CV) associated with the selectivity parameters that control the 
width of plateau, descending width of the selectivity curve, and the selectivity of the final length bin were 
large indicating that these parameters were poorly determined by all of the models (Table 4.12). The 
estimated female survey selectivity curve for models 17.2, 17.2a, and 17.2b were similar and the 
rightward shift in comparison to the model 17.1’s selectivity curve was more modest than what was seen 
for fishery selectivity. The estimated male survey selectivity curves were similar for models 17.2, 17.2a, 
and 17.2b and shifted to the left of the model 17.1 selectivity curve. Length at full selection was smaller 
than for model 17.1. 
 
The models were also fit to the survey conditional age-at-length data (Figure 4.33). The fit to the larger, 
older individuals have larger residuals than the smaller, younger fish. Notably the models overestimated 
the age of larger fish in 2001 and 2007 and underestimated the age of larger fish in 2013 and 2015. The 
estimated standard deviation in the age-at-length estimates was higher than observed for the larger fish 
since there were very few observations of these length classes.  
 
The growth parameters were estimated by all southern rock sole models. The growth curves were similar 
among the models (Figures 4.35 and 4.36). The von Bertalanffy growth coefficients were similar among 
the models for both females and males (Table 4.12). The range was 0.19 – 0.22 for females and 0.21 – 
0.24 for males. Female asymptotic length was larger from model 17.1 than 17.2 (49.31 cm and 48.06 cm, 
respectively). The asymptotic length from models 17.2a and 17.2b were smaller, 46.8 cm and 47.11cm, 
respectively. Male asymptotic length was estimated to be between 38.52 cm and 40.4 cm (40.4 cm and 
40.34 cm for models 17.1 and 17.2 and 38.52 cm and 39.17 cm for models 17.2a and 17.2b). The 
uncertainty in the growth curves was similar among the models. Given the fact that the growth 
relationship began to asymptote at age 10 and large uncertainty associated with older ages, a wide range 
of length classes were associated with a certain age class. 
 
Male natural mortality was estimated by all models.  The estimates were similar; 0.25 and 0.26 for models 
17.1 and 17.2 and 0.28 for models 17.2a and 17.2b (Table 4.12). 







 
Tables 4.13 – 4.15 summarize the model estimates of and uncertainty in SSB, age-0 recruits, and fishing 
mortality. Figures 4.37 and 4.38 show the results for the models considered and includes estimates of 
annual age-0 recruits, unfished recruitment on the log-scale, annual spawning biomass, spawning biomass 
(SSB) in 2017, the terminal year of the assessment, total biomass, and fishing mortality. The initial 
conditions, measured as R0, were similar among the models, where the estimates were 12.25, 12.42, 
12.51, and 12.53 for models 17.1, 17.2, 17.2a, and 17.2b, respectively (Table 4.12). The density plot of 
Ln (R0) shows the greatest divergence between model 17.1 and 17.2b. It also shows that the model 17.2 
distribution considerably overlapped with the other models’ distributions (Figure 4.37). The offset from 
the initial conditions were similar for models 17.1, 17.2, and 17.2a, where the offset was estimated to be -
0.10 and -0.09. A larger offset was estimated for model 17.2b, -0.22. The estimated time-series of age-0 
recruits and SSB were similar among the models. The median estimate of SSB in the terminal year (2017) 
was also similar between models 17.1 and 17.2a. Estimates of SSB 2017 was lowest for model 17.1 
followed by 17.2, 17.2a, and 17.2b. Although SSB has a declining trend in recent years, total biomass was 
estimated to increase after 2015 (Figure 4.38).  
 
The author recommends that model 17.2 be used to provide management advice. Model 17.1 was fit to 
the age composition twice, which is not a suggested practice when conducting stock assessments. 
Therefore, this model is not being recommended. Models 17.2a and 17.2b did not lead to an improvement 
in the fit to the survey biomass data. Additionally, the Francis method suggested a larger weighting factor 
of 2.82 for the survey length composition data and the McAllister and Ianelli method led to weighting 
factors of 3.95, 11.74, and 4.08 for fishery length comp, survey length comp, and survey CAAL, 
respectively. These weighting factors are quite large; therefore, these models are not recommended for 
use. 
 
Likelihood profiles 


Likelihood profiling was conducted for several estimated model parameters for model 17.2. The results 
are shown in Figure 4.39. The von Bertalanffy growth parameters were mainly informed by the CAAL 
data and conflicted with the length composition data for several parameters. The length composition data 
suggested that the male von Bertalanffy growth coefficient and asymptotic length should be lower and the 
length at the minimum length should have been larger than what was suggested by the CAAL data. The 
length data suggested that the female asymptotic length should have been smaller and the length at the 
minimum age and male natural mortality should have been larger than what was suggested by the CAAL. 
There was general agreement about male natural mortality and R0. 
 
Retrospective analysis 


A retrospective analysis was conducted for model 17.2. The analysis extends back 10 years (2007-2016). 
The results are shown in Figure 4.40. The retrospective pattern in spawning biomass for southern rock 
sole was not as obvious as northern rock sole. The spawning biomass estimates were similar for the first 
five peels and then were split above and below the estimates from the full model. The retrospective 
analysis showed little pattern in fishing mortality, but the 2010 estimate was smaller with each peel of the 
data. The estimates of R0 varied. The R0 estimate for the first data peel was similar to the full model, the 
second peel and the last four peels were above the full model estimate, and peels three through six were 
below the full model estimate. A clear pattern in the age-0 recruit estimates was not apparent, but the 
estimated peaks in 2010 and 2013 were reduced with successive peels of the data. 
 
The revised Mohn’s ρ was calculated to indicate the direction and size of the retrospective bias. The 
revised Mohn’s ρ statistic for SSB and was equal to 0.06 indicating a small, positive bias. Simulation 
results from Hurtado-Ferro et al. (2015) suggest that models with retrospective patterns with ρ values 
greater than 0.2 should explicitly address the cause of the retrospective pattern in the model. Model 17.2 







has a ρ value less than 0.2, suggesting that at this time the cause of the retrospective does not have to be 
explicitly modeled, but should be evaluated in the future.  


Time Series Results 
Northern rock sole 
Table 4.16 summarizes the spawning biomass and recruitment (age-0 recruits) time-series for northern 
rock sole with uncertainty. This table includes estimated time-series from the previous full assessment 
and the recommended model, 17.2. Spawning biomass has varied over time with a pronounced decline 
between 1995 and 2001, followed by an increase to peak spawning biomass in 2007, and a declining trend 
since. Recruitment has been quite variable overtime with predicted peaks in 1987, 1999, and 2011. The 
models generally follow the same trend, but recruitment is predicted to be generally higher by model 17.2 
than the 2015 assessment model. Model 17.2 predicted that the 2011 peak in recruitment was 20% higher 
than the 2015 assessment.  


SSB has been well above SSB35% and fishing mortality has been well below F35% (Figure 4.41).  


The estimated total numbers-at-age for northern rock sole by model 17.2 are summarized in Table 4.18. It 
shows that the model estimated strong year classes for 1987, the mid- to late-1990s, 2004, and 2011. 


Southern rock sole 
Table 4.17 summarizes the spawning biomass and recruitment (age-0 recruits) time-series for southern 
rock sole with uncertainty (reported as CV). This table includes estimated time-series from the previous 
full assessment model and the recommended model, model 17.2. Spawning biomass was similar between 
the two models from 1977 until 1987, model 17.2 spawning biomass was less than the 2015 assessment 
from 1988 until 1998, and after 1988 the model estimates of spawning biomass converge to similar levels 
over the remainder of the time-series. Recruitment is also similar between the 2015 assessment model and 
model 17.2. The biggest departure between the estimates is at the end of the time series when the age-0 
recruit estimates from model 17.2 are larger than the 2015 assessment. Model 17.2 predicts a large 
increase in recruitment between 2012 and 2013 followed by a decline through 2015 and then an increase, 
whereas the 2015 assessment model predicts increasing recruitment between 2012 and 2017.  
 
SSB has been well above SSB35% and fishing mortality has been well below F35% (Figure 4.42). 


The estimated total numbers-at-age for northern rock sole by model 17.2 are summarized in Table 4.19. 
Model 17.2 estimated strong year classes in the late 1970s and early 1980s, 1987, 1998, 2003, 2010, and 
2013. The length and age data start in 1997. 


Harvest Recommendations 
The GOA northern and southern rock sole stocks were moved from Tier 4 to Tier 3 of the NPFMC 
harvest guidelines in 2011. In Tier 3, reference mortality rates are based on the spawning biomass per 
recruit (SPR), while biomass reference levels are estimated by multiplying the SPR by average 
recruitment. Estimates of the FSPR harvest rates were obtained using the life history characteristics. 
Spawning biomass reference levels were based on average age-0 recruitment for 1977-2017. Female 
spawning biomass was calculated using the mean weight-at-age of mature females at the time of 
spawning. A summary of the projection results are presented here and in the executive summary table at 
the beginning of the report. The projection inputs are from model 17.2. These inputs include, natural 
mortality, mature female weight-at-age, female and male weight-at-age, female and male age-based 
fishery selectivity, female and male numbers at age in the terminal year (2017), age-0 recruits from 1977 
to 2017, and spawning biomass from 1977 to 2017. 
 
 







 Northern rock sole Southern rock sole 
SB2017 41,831 76,053 
SB40% 20,621 37,433 
SB35% 18,044 32,754 
FABC 0.382 0.271 
ABC 16,802 21,424 
FOFL 0.462 0.326 
OFL 19,960 25,333 


 
Biomass projections 
A standard set of projections is required for stocks managed under Tier 3 of Amendment 56. This set of 
projections encompasses seven harvest scenarios designed to satisfy the requirements of Amendment 56, 
the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA).  
 
For each scenario, the projections begin with the vector of 2017 numbers at age estimated in the 
assessment. This vector is then projected forward to the beginning of 2018 using the schedules of natural 
mortality and fishery selectivity described in the assessment and the best available estimate of total annual 
catch for 2017 and 2018. In each subsequent year, the fishing mortality rate is prescribed on the basis of 
the spawning biomass in that year and the respective harvest scenario. In each year, recruitment is drawn 
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment. Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment. 
Total catch is assumed to equal the catch associated with the respective harvest scenario in all years. This 
projection scheme is run 1000 times to obtain distributions of possible future stock sizes, fishing 
mortality, and catches.  
 
Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018, are as follows (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56):  
 


Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


 
Scenario 2: In all future years, F is set equal to a constant fraction of max FABC, where this 
fraction is equal to the ratio of the FABC value for 2015 recommended in the assessment to the 
max FABC for 2016. (Rationale: When FABC is set at a value below max FABC, it is often set at 
the value recommended in the stock assessment.) 


 
Scenario 3: In all future years, F is set equal to the average of the five most recent years. 
(Rationale: For some stocks, TAC can be well below ABC, and recent average F may provide a 
better indicator of FTAC than FABC.) 


 
Scenario 4: In all future years, the upper bound on FABC is set at F60%. (Rationale: This 
scenario provides a likely lower bound on FABC that still allows future harvest rates to be 
adjusted downward when stocks fall below reference levels.) 


 
Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be 
set at a level close to zero.) 







Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as 
follows (for Tier 3 stocks, the MSY level is defined as B35%): 
 


Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines 
whether a stock is overfished. If the stock is expected to be above its MSY level in 2017 and 
above its MSY level in 2030 under this scenario, then the stock is not overfished.) 


 
Scenario 7: In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL. (Rationale: This scenario determines whether a stock is approaching an 
overfished condition. If the stock is expected to be above its MSY level in 2030 under this 
scenario, then the stock is not approaching an overfished condition.) 


 
The projection results indicate the northern (Table 4.20) and southern (Table 4.21) rock sole are not 
currently overfished and are not approaching an overfished condition. Under scenario 6, northern rock 
sole spawning biomass in 2017 is 40,363 t and the year 2030 spawning biomass is 19,343 t, both are 
above the B35% level of 18,044 t. For scenario 7, the year 2030 spawning biomass is 19,345 t, also above 
B35%. Southern rock sole spawning biomass under scenario 6 in 2030 is 35,351 t and 2017 biomass is 
73,436 t, both of which are above the B35% level of 32,754 t. For scenario 7, the 2030 spawning biomass is 
35,354 t and is also above B35%. 
  
The author’s recommendation for FABC and ABC for northern and southern rock sole for 2018 are 0.382 
and 16,802 t and 0.271and 21,424 t, respectively. FOFL, max FABC, and FABC are larger than those from the 
2016 projections. Age-based fishery selectivity was derived from length based selectivity in SS3 and used 
as the input for the projections (Figure 4.43 and 4.44). Female and male northern rock sole 2017 fishery 
selectivity was to the right of the selectivity curve estimated by the 2015 assessment model. Maximum 
selectivity was also lowered from 0.84 for older ages to 0.68 and 0.93 to 0.80 for females and males, 
respectively. Female and male southern rock sole 2017 fishery selectivity also shifted to the right of the 
selectivity curve estimated by the 2015 assessment model. The difference was minimal for males, but 
maximum selectivity was lowered from 0.93 to 0.8 for females. Additionally, the male natural mortality 
estimates from model 17.2 were higher than the 2016 projection input.  Male natural mortality was 
increased from 0.25 to 0.253 and from 0.248 to 0.262 for northern and southern rock sole, respectively. 
The directional change in selectivity and natural mortality led to the increase in FOFL, max FABC, and FABC. 
 


Ecosystem Considerations 


See the shallow water flatfish chapter for information on ecosystem considerations for the Gulf of Alaska 
shallow-water flatfish fishery and stocks. 
 
Ecosystem Effects on the Stock 
See the shallow water flatfish chapter for information on ecosystem considerations for the Gulf of Alaska 
shallow-water flatfish fishery and stocks. 
 


Fishery Effects on the Ecosystem 
See the shallow water flatfish chapter for information on ecosystem considerations for the Gulf of Alaska 
shallow-water flatfish fishery and stocks. 
 







Data Gaps and Research Priorities 


Several data gaps and research priorities stand out for this assessment. The first is the apportionment of 
total rock sole catch, which has been a consistent concern over time. Potential future avenues to address 
this problem include determining the proportion of northern and southern catch from the observer and 
survey databases and compare the changes over time. Additionally, future models should include a 
measure of uncertainty associated with the catch. Currently the model assumes that catch is known 
perfectly when in fact we know this is not true. Another priority should be to evaluate how to best model 
mixed species fisheries that do not have a specific target, as it pertains to rock sole. The author suggests 
using a simulation framework to evaluate the current single species models, the previously used mixed 
species model, and other mixed species modeling approaches. One possible future modeling approach 
could evaluate how the growth morph option in SS3 could be used to model mixed species population 
dynamics while not making assumptions about the apportionment of total rock sole catch. The author and 
Carey McGilliard are planning to apply for research funds to carry out this work. 
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Tables 


 
Table 4.1. Total rock sole catch from Alaska Fisheries Information Network (AKFIN) as of 2017-08.  
*Value represents an estimate of 2017 catch. 


Year Catch (t) 
1993 8112.12 
1994 3008.11 
1995 3923.91 
1996 6595.32 
1997 5466.78 
1998 2532.34 
1999 1765.35 
2000 5386.69 
2001 4771.73 
2002 5564.29 
2003 3554.642 
2004 2216.745 
2005 4130.501 
2006 5763.282 
2007 6727.395 
2008 7269.088 
2009 6538.692 
2010 3285.281 
2011 3094.423 
2012 2828.570 
2013 4058.255 
2014 3440.340 
2015 2622.197 
2016 3008.461 
2017 2575.325* 







Table 4.2. Discarded catches (t) of rock sole, percent of total catch, and total catch (t) by gear (NPT = bottom trawl and non-pelagic trawl and 
Other = pot, jig, and hook and line. Gears were combined for confidentiality) by NMFS area for 1993-2017. Source: NMFS Alaska Regional 
Office via AKFIN, October 25, 2017. 


    610 620 630 Combined 


Year Gear Discard 
% 


Discard Catch Discard 
% 


Discard Catch Discard 
% 


Discard Catch Discard 
% 


Discard Catch 
1993 NPT 121 97.90 123 92 24.45 376 2105 27.65 7612 2318 28.58 8112 
  Other 0 100.00 0             0 100.00 0 
1994 NPT 31 70.98 43 159 16.11 987 374 19.43 1924 566 19.16 2956 
  Other 1 100.00 1 0  0 0     51 1 2.03 52 
1995 NPT 41 87.78 47 66 11.32 583 623 19.09 3264 731 18.75 3896 
  Other 0 100.00 0       0   0 2 7.21 28 
1996 NPT 4 5.13 71 126 6.03 2089 427 9.74 4386 556 8.50 6546 
  Other 1 100.00 1       4  8.51 47 6 11.68 49 
1997 NPT 15 56.94 26 140 16.02 872 392 8.64 4530 547 10.01 5463 
  Other   0.00 0 0 74.47 0 1 31.56 3 1 37.11 4 
1998 NPT 21 55.05 39 2 0.36 476 13 0.66 1930 36 1.44 2497 
  Other 1 67.44 1   0.00 0   0.00 34 1 2.47 35 
1999 NPT 21 33.94 63 0 0.85 57 11 0.70 1630 33 1.90 1753 
  Other 1 87.39 1   0.00 0 0 1.62 11 1 9.69 13 
2000 NPT 192 56.33 341 4 1.00 408 27 0.60 4499 223 4.21 5289 
  Other 0 71.43 1 0 9.03 4   0.00 90 1 0.87 98 
2001 NPT 6 7.96 75 2 0.60 333 12 0.28 4328 20 0.43 4737 
  Other                        
2002 NPT 26 26.30 99 1 0.05 1754 76 2.10 3633 103 1.88 5488 
  Other 2 71.16 3                  
2003 NPT 13 11.46 117 8 0.85 898 66 2.63 2492 87 2.47 3506 
  Other 7 55.17 12 8 77.04 10 4 15.95 26 19 38.44 49 
2004 NPT 24 30.02 81 25 6.08 413 96 5.61 1711 145 6.59 2206 
  Other 1 80.56 2 1 47.20 3 1 8.96 6 3 31.77 11 
2005 NPT 1 1.05 80 21 3.37 620 150 4.39 3423 172 4.18 4123 
  Other 1 89.75 1 0 75.31 0 0 2.23 6 1 18.87 7 


 







Table 4.2. continued 
    610 620 630 Combined 
Year Gear Discard % Discard Catch Discard % Discard Catch Discard % Discard Catch Discard % Discard Catch 
2006 NPT 5 9.45 48 13 1.57 853 118 2.44 4811 135 2.37 5712 
  Other 3 87.09 3 1 5.30 18 0 0.76 29 4 7.75 51 
2007 NPT 10 16.88 57 29 2.91 988 161 2.86 5614 199 2.99 6659 
  Other 2 77.26 2 0 1.48 25 1 1.56 41 3 4.12 68 
2008 NPT 6 11.77 54 40 3.29 1217 185 3.09 5976 231 3.19 7247 
  Other 3 86.39 4 1 9.35 8       4 19.41 22 
2009 NPT 16 23.09 68 2 0.21 1146 20 0.38 5317 38 0.59 6531 
  Other 1 19.09 7             1 17.98 8 
2010 NPT 12 28.69 43 1 0.56 233 8 0.26 2975 21 0.65 3250 
  Other 3 54.53 5 1 34.03 3 1 1.92 26 4 12.82 35 
2011 NPT 19 44.76 43 3 0.76 371 6 0.23 2596 28 0.93 3010 
  Other 3 4.08 69 1 48.56 2       4 4.41 84 
2012 NPT 7 12.10 55 1 0.36 311 5 0.20 2417 13 0.45 2783 
  Other 0 0.89 42         0.00 2 0 1.05 45 
2013 NPT 9 36.64 25 3 0.38 658 2 0.06 3303 14 0.35 3987 
  Other 2 47.15 4 2 8.08 22 1 2.76 46 5 6.70 72 
2014 NPT 3 23.84 14 5 0.91 525 36 1.30 2797 45 1.33 3336 
  Other 4 19.19 22 2 15.89 13       6 5.92 104 
2015 NPT 6 30.28 19 0 0.05 292 3 0.14 2216 9 0.35 2527 
  Other 6 15.86 41 1 9.61 13       8 8.18 95 
2016 NPT 2 21.50 7 0 0.13 346 3 0.12 2561 5 0.18 2914 
  Other 11 96.11 12 1 38.87 2   0.00 80 12 13.01 95 
2017 NPT 1 19.27 7 1 0.16 723 2 0.23 931 5 0.29 1661 
  Other 16 86.67 18 3 22.15 15       19 57.01 34 


 
  
 
 
 
 







Table 4.3. a) Number of lengths by year, species, and sex and hauls sampled by the NMFS fisheries 
observer program. b) Number of Number of lengths by year, species, and sex and hauls sampled by the 
NMFS GOS trawl survey. 
a) 


 NRS SRS U/NRS/SRS 
Year Female Male Hauls Female Male Hauls Female Male 
1989 - - - - - - 184 211 
1990 - - - - - - 2319 2585 
1991 - - - - - - 4915 3323 
1992 - - - - - - 11995 10988 
1993 - - - - - - 12093 9306 
1994 - - - - - - 3171 2872 
1995 - - - - - - 6326 4909 
1996 - - - - - - 15756 11890 
1997 542 334 14 1020 587 9 14864 11826 
1998 1807 1148 95 3168 2081 109 8171 5276 
1999 394 242 41 197 197 17 955 713 
2000 1818 1482 204 1404 1121 150 3756 3146 
2001 1913 1545 273 1828 1332 200 3983 3049 
2002 3256 1929 368 1643 1162 242 5205 3461 
2003 1293 1192 189 1041 779 116 2616 2173 
2004 520 314 81 1242 719 112 1944 1205 
2005 977 803 157 1120 681 128 2457 1896 
2006 1979 1177 244 1113 634 124 3233 1930 
2007 1978 1713 296 1731 1197 191 4598 3697 
2008 1717 1087 224 1999 1455 167 4353 3005 
2009 2273 1679 301 2218 1459 187 4569 3223 
2010 1064 1093 174 1087 742 119 2216 1914 
2011 314 327 65 479 275 35 818 622 
2012 1036 657 140 1733 1202 175 2769 1859 
2013 851 1154 114 669 498 84 1520 1652 
2014 746 779 92 338 249 45 1084 1028 
2015 520 547 15 104 90 27 624 637 
2016 1172 1504 147 379 203 60 1551 1707 
2017 174 272 29 178 118 34 352 390 


 
  







b) 
 Northern rock sole Southern rock sole 
Year Female Male Hauls Female Male Hauls 
1996 160 113 22 210 118 39 
1999 268 184 31 273 212 36 
2001 396 274 101 538 301 107 
2003 299 207 65 353 223 67 
2005 221 166 55 262 158 61 
2007 302 224 77 269 172 75 
2009 290 224 54 293 220 56 
2011 240 172 73 241 143 71 
2013 225 173 61 268 183 62 
2015 259 199 51 248 151 46 
2017 360 232 74 428 296 81 


 
  







 


Table 4.4. NMFS GOA bottom trawl survey total biomass estimates (in metric tons) and standard 
deviation. 


Year Species Total biomass SD 


1984 Unidentified 137623.3 12208.20 
1987 Unidentified 123393 20328.94 
1990 Unidentified 156032.4 19472.26 
1993 Unidentified 173043.6 14569.99 
1996 northern rock sole 78845 9929.87 
1999 northern rock sole 61543.4 15133.87 
2001 northern rock sole 64808.8 9887.32 
2003 northern rock sole 79648.2 9513.65 
2005 northern rock sole 91452.8 10123.21 
2007 northern rock sole 102640.7 12063.82 
2009 northern rock sole 95845.8 16067.68 
2011 northern rock sole 72875 12426.75 
2013 northern rock sole 74587 13586.89 
2015 northern rock sole 52068.9 7612.96 
2017 northern rock sole 55047.1 8262.62 
1996 southern rock sole 127390 12580.04 
1999 southern rock sole 106234.5 10580.32 
2001 southern rock sole 122491.6 14643.07 
2003 southern rock sole 126819.3 12479.76 
2005 southern rock sole 147580.1 15092.81 
2007 southern rock sole 162357.7 11810.29 
2009 southern rock sole 191764.5 22591.33 
2011 southern rock sole 120572.9 10318.33 
2013 southern rock sole 131427.5 13993.24 
2015 southern rock sole 125234.2 9530.97 
2017 southern rock sole 107985 9568.10 


 
 
  







 
Table 4.5. Summary of data and model assumptions for the northern and southern rock sole model 
alternatives.  


Model 17.1 17.2 
SS version SS3v3.30.06 SS3v3.30.06 
Model dimensions   


Start and end year 1977, 2017 1977, 2017 
Data   


Fishery catch 1977-2017 1977-2017 
Survey biomass estimates 1996-2011 (triennial), 2003-


2017 (biennial) 
1996-2011 (triennial), 2003-
2017 (biennial) 


Fishery length comp 1997-2017 1997-2017 
Survey length comp 2015 1996-2011 (triennial), 2003-


2017 (biennial) 


Survey age composition 1996-2011 (triennial), 2003-
2015 (biennial) 


- 


Survey conditional age at length 1996-2011 (triennial), 2003-
2015 (biennial) 


1996-2011 (triennial), 2003-
2015 (biennial) 


Growth Von Bertalannfy Von Bertalannfy 
L_at_Amin (Fem & Mal) Estimated Estimated 
L_at_Amax (Fem & Mal) Estimated Estimated 


K (Fem & Mal) Estimated Estimated 
CV_young (Fem & Mal) Estimated Estimated 


CV_old (Fem & Mal) Estimated Estimated 
Natural mortality 0.2 (Female), Estimated 


(Male) 
0.2 (Female), Estimated 
(Male) 


Maturity Fixed input vector Fixed input vector 
Stock recruitment   
Ln(R0) Estimated Estimated 
Steepness Fixed = 1 Fixed = 1 
σR Fixed = 0.6 Fixed = 0.6 
R1_offset* Estimated Estimated 
Recruitment devs  Estimated (1977-2017) Estimated (1977-2017) 


Catchability Fixed =1 Fixed =1 
Selectivity – length Double normal Double normal 
Fishery   


P1: Peak (Fem) Estimated Estimated 
P2: top (Fem) Estimated Estimated 


P3:Ascend width (Fem) Estimated Estimated 
P4: Descend width (Fem) Estimated Estimated 


P5:Selex first bin (Fem) Fixed = -4 Fixed = -4 
P6: Selex last bin (Fem) Estimated Estimated 


P1: Peak (Male) Estimated Estimated 
P2: Ascend width (Male) Estimated Estimated 


P3: Descend width (Male) Fixed = 0  Fixed = 0 
P4: Selex last bin (Male) Fixed = 0 Fixed = 0 


P5: Scale (Male) Fixed = 1 Fixed = 1 
*In SS3v3.30 R1_offset parameter no longer exists. It is estimated as a SR regime parameter 







 
Table 4.5. Continued 


Model 17.1 17.2 
Selectivity – length Double normal Double normal 
Survey   


P1: Peak (Fem) Estimated Estimated 
P2: top (Fem) Fixed = 0 Fixed = 0 


P3:Ascend width (Fem) Estimated Estimated 
P4: Descend width (Fem) Fixed = 0 Fixed = 0 


P5:Selex first bin (Fem) Fixed = -10 Fixed = -10 
P6: Selex last bin (Fem) Fixed = 10 Fixed =10 


P1: Peak (Male) Estimated Estimated 
P2: Ascend width (Male) Estimated Estimated 


P3: Descend width (Male) Fixed = 0 Fixed = 0 
P4: Selex last bin (Male) Fixed = 0 Fixed = 0 


P5: Scale (Male) Fixed = 1 Fixed = 1 
 
 
 
Table 4.6. Total likelihood and likelihood components for the northern rock sole models. 


  Model 
Likelihood 17.1 17.2 17.2a 17.2b 
Total 1005.08 1006.15 1871.00 2765.03 
Survey -13.44 -11.94 -14.93 -4.69 
Length composition 244.33 298.59 131.98 813.99 
Age composition 781.02 727.65 1760.83 1960.44 


 
  







 
Table 4.7. Parameter estimates/values and CVs for key parameters from the northern rock sole models. 


  17.1 17.2 17.2a 17.2b 
Label Value CV Value CV Value CV Value CV 
Growth                 
Female                 


Natural mortality 0.20 - 0.20 - 0.20 - 0.20 - 
L_at_Amin 10.59 0.06 10.80 0.05 9.77 0.05 10.86 0.04 
L_at_Amax 45.08 0.02 42.67 0.02 41.96 0.01 40.91 0.01 
VonBert_K 0.21 0.06 0.23 0.06 0.25 0.04 0.24 0.03 
CV_young 2.27 0.13 2.18 0.13 3.01 0.08 2.46 0.08 


CV_old 7.78 0.05 7.50 0.04 6.12 0.03 6.94 0.02 
Male                 


Natural mortality 0.25 0.03 0.25 0.03 0.26 0.03 0.26 0.02 
L_at_Amin 9.80 0.07 10.55 0.06 9.39 0.06 10.70 0.04 
L_at_Amax 38.83 0.02 37.18 0.02 36.03 0.01 35.15 0.01 
VonBert_K 0.27 0.07 0.27 0.07 0.32 0.05 0.30 0.04 
CV_young 2.51 0.12 2.23 0.12 2.91 0.08 2.26 0.07 


CV_old 5.27 0.05 5.52 0.05 4.25 0.04 5.02 0.03 
Stock-recruitment                 


LN R0 11.64 0.01 11.78 0.01 11.76 0.01 11.89 0.01 
Steepness 1.00 - 1.00 - 1.00 - 1.00 - 


SR_regime -0.08 1.54 -0.07 1.75 -0.11 1.16 -0.14 0.92 
Selectivity                 
Fishery                 


Peak - beginning size for 
plateau (Female) 46.58 0.04 52.25 0.02 65.00 0.00 65.00 0.00 


Top - width of plateau (Female) 0.36 0.18 -0.03 4.34 0.00 80046 0.03 8161 
Ascending width (Female) 5.41 0.02 5.69 0.01 6.20 0.01 6.10 0.01 


Descending width (Female) -5.02 3.71 -8.49 2.74 0.00 174543 0.00 120455 
Selectivity of first length bin 


(Female) -10.00 - -10.00 - 
-


10.00 - 
-


10.00 - 
Selectivity of final length bin 


(Female) -0.24 4.34 1.30 2.47 5.04 14.91 7.37 6.27 


Added to peak (Male) -9.34 0.16 -11.78 0.08 
-


14.72 0.15 
-


15.53 0.06 
Added to ascending width 


(Male) -0.80 0.19 -0.87 0.13 -0.74 0.26 -0.81 0.09 
Added to descending width 


(Male) 0.00 - 0.00 - 0.00 - 0.00 - 
Added to final size bin (Male) 0.00 - 0.00 - 0.00 - 0.00 - 


Apical selectivity (Male) 1.00 - 1.00 - 1.00 - 1.00 - 
 
  







 
Table 4.7. continued 


  17.1 17.2 17.2a 17.2b 


Label Value CV Value CV Value CV Value CV 


Selectivity         
Survey                 


Peak - beginning size for 
plateau (Female) 33.96 0.08 36.46 0.05 36.28 0.05 38.71 0.02 


Top - width of plateau 
(Female) 0.00 - 0.00 - 0.00 - 0.00 - 


Ascending width (Female) 4.84 0.07 5.07 0.04 5.11 0.05 5.20 0.02 
Descending width (Female) 0.00 - 0.00 - 0.00 - 0.00 - 


Selectivity of first length bin 
(Female) -10.00 - -10.00 - -10.00 - -10.00 - 


Selectivity of final length bin 
(Female) 10.00 - 10.00 - 10.00 - 10.00 - 


Added to peak (Male) -5.68 -0.49 -6.38 -0.31 -6.45 -0.32 -7.55 -0.11 
Added to ascending width 


(Male) -0.72 -0.66 -0.74 -0.39 -0.74 -0.40 -0.81 -0.14 
Added to descending width 


(Male) 0.00 - 0.00 - 0.00 - 0.00 - 
Added to final size bin (Male) 0.00 - 0.00 - 0.00 - 0.00 - 


Apical selectivity (Male) 1.00 - 1.00 - 1.00 - 1.00 - 
 
  







 
Table 4.8. Spawning biomass (SSB) and associated CV estimates from the northern rock sole assessment 
models. 


  17.1 17.2 17.2a 17.2b 
Year SSB CV SSB CV SSB CV SSB CV 
1977 42070 0.22 45484 0.22 40384 0.21 41970 0.20 
1978 41468 0.22 44900 0.22 39664 0.21 41090 0.20 
1979 40832 0.22 44267 0.22 38898 0.21 40152 0.20 
1980 40073 0.22 43499 0.22 37999 0.21 39075 0.20 
1981 39318 0.22 42727 0.22 37084 0.21 37971 0.19 
1982 38427 0.21 41845 0.21 36027 0.20 36729 0.19 
1983 38527 0.20 41932 0.21 35924 0.19 36393 0.18 
1984 38524 0.20 41985 0.20 35799 0.19 36052 0.17 
1985 39395 0.18 42912 0.19 36586 0.17 36563 0.16 
1986 40744 0.17 44280 0.17 37824 0.16 37448 0.15 
1987 41744 0.16 45258 0.16 38622 0.15 37887 0.14 
1988 41702 0.15 45183 0.15 38412 0.14 37378 0.13 
1989 41637 0.14 45009 0.14 38276 0.13 36964 0.12 
1990 41009 0.13 44231 0.14 37706 0.12 36163 0.11 
1991 41186 0.12 43938 0.13 38106 0.11 36242 0.10 
1992 42814 0.11 44601 0.12 40121 0.10 37779 0.09 
1993 45137 0.10 45865 0.10 42696 0.09 39838 0.08 
1994 48148 0.08 47526 0.09 45912 0.09 42446 0.07 
1995 49768 0.08 48314 0.09 47612 0.08 43853 0.07 
1996 49083 0.07 47388 0.08 47116 0.08 43414 0.06 
1997 47062 0.07 45522 0.08 45372 0.07 42009 0.06 
1998 45243 0.07 43958 0.07 43604 0.07 40708 0.06 
1999 43704 0.07 42715 0.07 42096 0.07 39647 0.06 
2000 42264 0.06 41683 0.07 40858 0.07 38811 0.06 
2001 41084 0.06 40959 0.07 40222 0.07 38507 0.05 
2002 41466 0.06 41742 0.06 41281 0.06 39754 0.05 
2003 42121 0.06 43038 0.06 42286 0.06 41199 0.05 
2004 43960 0.06 45532 0.06 44228 0.06 43798 0.05 
2005 47321 0.05 49351 0.06 48188 0.06 48005 0.05 
2006 50964 0.05 52827 0.05 53182 0.06 52342 0.05 
2007 51625 0.05 52878 0.05 54903 0.06 53449 0.05 
2008 49249 0.05 50103 0.06 53081 0.06 51454 0.05 
2009 45933 0.06 46819 0.06 49730 0.06 48707 0.05 
2010 43695 0.06 45188 0.06 47072 0.06 47728 0.05 
2011 43214 0.06 45555 0.06 46088 0.06 49099 0.06 
2012 42660 0.06 45612 0.06 45286 0.06 50331 0.06 
2013 41013 0.06 44204 0.07 43509 0.07 49717 0.06 
2014 38349 0.07 41590 0.07 40689 0.07 47541 0.06 
2015 36015 0.07 39428 0.07 37969 0.07 45536 0.07 
2016 35386 0.07 39284 0.08 36566 0.07 45677 0.07 
2017 37151 0.08 41831 0.08 37227 0.08 49535 0.07 


 







 
Table 4.9. Estimates of age-0 recruits and associated CVs from the northern rock sole assessment models.  


  17.1 17.2 17.2a 17.2b 
Year Recruits CV Recruits CV Recruits CV Recruits CV 
1977 89696 0.5526 106962 0.5619 93259 0.5295 96252 0.5102 
1978 101211 0.5646 119916 0.5742 106459 0.5389 108787 0.5148 
1979 108930 0.5551 127793 0.5664 115225 0.5247 115430 0.498 
1980 95328 0.5458 113071 0.5559 97712 0.5176 96833 0.4915 
1981 88176 0.5185 104665 0.5289 89629 0.4937 88283 0.4695 
1982 83380 0.5017 98061 0.5128 88494 0.4758 87012 0.4515 
1983 75874 0.5004 89764 0.5081 81194 0.4798 79763 0.4554 
1984 98032 0.5063 109819 0.5012 103752 0.4862 101151 0.4554 
1985 150121 0.4528 139528 0.4836 170296 0.4086 162753 0.3811 
1986 127796 0.5082 136307 0.4984 135303 0.4842 132463 0.4449 
1987 228140 0.277 208062 0.3297 245323 0.2563 232039 0.2439 
1988 96227 0.3926 100840 0.4172 107094 0.3712 105764 0.3485 
1989 77745 0.3262 86682 0.3595 89756 0.3054 89363 0.2907 
1990 81753 0.2574 93963 0.2964 98647 0.2351 101964 0.2221 
1991 89683 0.2072 100920 0.2467 92991 0.205 99854 0.1914 
1992 72411 0.2059 82595 0.2414 80321 0.1897 85782 0.1767 
1993 58372 0.2198 72409 0.248 68621 0.1902 73677 0.1755 
1994 92613 0.1724 107671 0.212 108702 0.1462 115012 0.1325 
1995 128794 0.138 139538 0.1779 157200 0.1148 158666 0.1039 
1996 111889 0.1442 137186 0.1773 126406 0.1208 137619 0.1076 
1997 129555 0.1331 153088 0.1684 137935 0.1136 159603 0.0987 
1998 143668 0.1309 171682 0.162 165531 0.1084 187077 0.0941 
1999 207862 0.1109 221981 0.1371 270684 0.0925 254277 0.0843 
2000 112354 0.1433 107992 0.1838 147045 0.1168 142992 0.1059 
2001 57006 0.1811 62825 0.218 84933 0.1422 81856 0.1306 
2002 54670 0.1859 62512 0.2287 66134 0.1547 74921 0.1408 
2003 87477 0.16 112056 0.1948 94122 0.1378 132332 0.1195 
2004 104867 0.151 139592 0.1796 111660 0.1313 175731 0.1113 
2005 103462 0.1479 126834 0.1782 121949 0.1278 174246 0.1103 
2006 56667 0.1823 71533 0.2125 72795 0.1483 99440 0.1306 
2007 51544 0.1905 59389 0.2254 64778 0.1563 83290 0.1391 
2008 44153 0.2194 58535 0.2489 50649 0.1768 75610 0.1564 
2009 76456 0.2101 98832 0.2416 76770 0.1751 120259 0.1522 
2010 119936 0.2086 157376 0.2373 107103 0.1808 199577 0.1509 
2011 190680 0.1972 226533 0.2234 188157 0.1864 334359 0.1453 
2012 129378 0.2405 138936 0.2745 195008 0.2151 269555 0.1677 
2013 77147 0.364 84364 0.3827 141161 0.325 105679 0.291 
2014 102956 0.4489 127100 0.4501 106902 0.4687 272452 0.2531 
2015 100807 0.5735 113609 0.5672 116027 0.5779 112446 0.5275 
2016 107690 0.5865 122753 0.5834 120069 0.5825 117926 0.5428 
2017 113630 0.6034 131118 0.6039 128329 0.603 145716 0.6026 


 







 
Table 4.10. Fishing mortality estimates from the northern rock sole assessment models.  


  17.1 17.2 17.2a 17.2b 
Year F CV F CV F CV F CV 
1977 0.042 0.216 0.05 0.219 0.114 0.226 0.126 0.202 
1978 0.04 0.216 0.048 0.220 0.11 0.226 0.122 0.201 
1979 0.043 0.215 0.05 0.219 0.116 0.225 0.129 0.200 
1980 0.041 0.213 0.048 0.218 0.112 0.223 0.125 0.197 
1981 0.046 0.210 0.055 0.215 0.127 0.220 0.143 0.194 
1982 0.014 0.203 0.017 0.209 0.039 0.214 0.044 0.187 
1983 0.031 0.194 0.037 0.200 0.088 0.206 0.1 0.178 
1984 0.018 0.183 0.021 0.191 0.049 0.197 0.057 0.168 
1985 0.008 0.173 0.009 0.181 0.022 0.187 0.025 0.157 
1986 0.007 0.162 0.008 0.171 0.019 0.178 0.022 0.146 
1987 0.026 0.153 0.031 0.163 0.074 0.171 0.087 0.137 
1988 0.013 0.145 0.016 0.155 0.037 0.164 0.043 0.129 
1989 0.031 0.136 0.037 0.147 0.086 0.157 0.103 0.121 
1990 0.039 0.127 0.048 0.139 0.11 0.152 0.132 0.112 
1991 0.041 0.118 0.052 0.130 0.117 0.146 0.143 0.104 
1992 0.055 0.111 0.071 0.123 0.157 0.142 0.193 0.097 
1993 0.064 0.105 0.085 0.117 0.183 0.139 0.227 0.092 
1994 0.024 0.100 0.031 0.112 0.066 0.136 0.082 0.088 
1995 0.031 0.096 0.041 0.106 0.085 0.132 0.106 0.084 
1996 0.053 0.092 0.071 0.103 0.144 0.130 0.179 0.082 
1997 0.046 0.090 0.061 0.100 0.124 0.128 0.152 0.080 
1998 0.022 0.087 0.029 0.097 0.059 0.126 0.072 0.078 
1999 0.016 0.085 0.02 0.094 0.041 0.124 0.05 0.076 
2000 0.048 0.083 0.062 0.092 0.127 0.123 0.153 0.075 
2001 0.043 0.082 0.055 0.090 0.113 0.122 0.135 0.074 
2002 0.049 0.080 0.062 0.088 0.129 0.121 0.153 0.072 
2003 0.03 0.078 0.038 0.086 0.079 0.119 0.093 0.071 
2004 0.018 0.075 0.022 0.083 0.046 0.117 0.054 0.069 
2005 0.031 0.073 0.04 0.081 0.081 0.114 0.095 0.067 
2006 0.044 0.070 0.055 0.079 0.11 0.112 0.129 0.065 
2007 0.052 0.068 0.066 0.077 0.129 0.109 0.151 0.064 
2008 0.059 0.067 0.074 0.077 0.143 0.108 0.166 0.064 
2009 0.056 0.068 0.069 0.077 0.134 0.106 0.151 0.064 
2010 0.029 0.068 0.035 0.077 0.069 0.105 0.076 0.064 
2011 0.028 0.068 0.034 0.078 0.067 0.104 0.071 0.064 
2012 0.027 0.068 0.032 0.078 0.064 0.103 0.065 0.064 
2013 0.04 0.070 0.047 0.079 0.096 0.103 0.096 0.065 
2014 0.035 0.071 0.041 0.081 0.085 0.104 0.082 0.066 
2015 0.027 0.075 0.031 0.084 0.067 0.105 0.061 0.068 
2016 0.029 0.080 0.034 0.088 0.076 0.108 0.067 0.070 
2017 0.029 0.088 0.034 0.093 0.062 0.113 0.053 0.074 







 
Table 4.11. Total likelihood and likelihood components for the southern rock sole models. 


 Model 
Likelihood 17.1 17.2 17.2a 17.2b 
Total 985.74 953.22 942.63 2951.20 
Survey -17.76 -18.71 -16.78 -16.70 
Length composition 148.11 189.00 158.49 985.41 
Age composition 856.54 787.12 805.04 1980.15 
 
  







 
Table 4.12. Parameter estimates and CVs for key parameters from the southern rock sole model. 


  17.1 17.2 17.2a 17.2b 
Label Value CV Value CV Value CV Value CV 
Growth                 
Female                 


Natural mortality 0.20 - 0.20 - 0.20 - 0.20 - 
L_at_Amin 12.22 0.05 12.29 0.05 11.59 0.06 12.82 0.03 
L_at_Amax 49.31 0.01 48.06 0.01 46.81 0.01 47.11 0.01 
VonBert_K 0.19 0.05 0.20 0.05 0.22 0.04 0.21 0.03 
CV_young 3.20 0.09 3.18 0.09 3.51 0.09 3.17 0.05 


CV_old 4.93 0.05 4.83 0.04 4.34 0.04 4.65 0.02 
Male                 


Natural mortality 0.25 0.03 0.26 0.03 0.28 0.03 0.28 0.01 
L_at_Amin 13.20 0.04 13.69 0.04 13.16 0.04 14.48 0.02 
L_at_Amax 40.40 0.02 40.34 0.02 38.52 0.01 39.17 0.01 
VonBert_K 0.23 0.07 0.21 0.07 0.24 0.06 0.21 0.04 
CV_young 2.42 0.10 2.39 0.10 2.70 0.10 2.23 0.07 


CV_old 4.44 0.06 4.49 0.06 3.60 0.07 4.61 0.03 
Stock-recruitment                 


LN R0 12.35 0.01 12.42 0.01 12.51 0.00 12.53 0.00 
Steepness 1.00 - 1.00 - 1.00 - 1.00 - 


SR_regime -0.10 -1.19 -0.09 -1.39 -0.09 -1.32 -0.22 -0.55 
Selectivity                 
Fishery                 
Peak - beginning size for plateau 


(Female) 48.24 0.04 54.46 0.05 65.00 0.00 63.05 0.02 
Top - width of plateau (Female) 2.39 9.82 1.88 21.71 0.22 665.17 1.06 86.38 


Ascending width (Female) 5.46 0.03 5.80 0.03 6.22 0.01 6.14 0.01 


Descending width (Female) -0.49 
-


397.25 0.44 449.34 0.00 
-


68182 0.07 3148 
Selectivity of first length bin 


(Female) 
-


10.00 - 
-


10.00 - 
-


10.00 - -10.00 - 
Selectivity of final length bin 


(Female) 2.80 36.41 3.25 32.18 0.95 194.04 3.53 27.95 


Added to peak (Male) 
-


10.39 -0.18 
-


15.06 -0.15 
-


19.84 -0.08 -20.79 -0.05 
Added to ascending width 


(Male) -0.89 -0.20 -1.16 -0.14 -1.14 -0.15 -1.33 -0.05 
Added to descending width 


(Male) 0.00 - 0.00 - 0.00 - 0.00 - 
Added to final size bin (Male) 0.00 - 0.00 - 0.00 - 0.00 - 


Apical selectivity (Male) 1.00 - 1.00 - 1.00 - 1.00 - 
 
 
 







 
Table 4.12. continued 


  17.1 17.2 17.2a 17.2b 
Label Value CV Value CV Value CV Value CV 
Selectivity                 
Survey                 
Peak - beginning size for plateau 


(Female) 41.42 0.06 43.63 0.04 45.29 0.03 46.05 0.01 
Top - width of plateau (Female) 0.00 - 0.00 - 0.00 - 0.00 - 


Ascending width (Female) 5.26 0.05 5.42 0.03 5.55 0.02 5.54 0.01 
Descending width (Female) 0.00 - 0.00 - 0.00 - 0.00 - 


Selectivity of first length bin 
(Female) -10.00 - -10.00 - -10.00 - -10.00 - 


Selectivity of final length bin 
(Female) 10.00 - 10.00 - 10.00 - 10.00 - 


Added to peak (Male) 0.76 5.40 -6.17 -0.35 -7.57 -0.21 -8.71 -0.09 
Added to ascending width 


(Male) 0.18 2.27 -0.52 -0.47 -0.61 -0.27 -0.71 -0.11 
Added to descending width 


(Male) 0.00 - 0.00 - 0.00 - 0.00 - 
Added to final size bin (Male) 0.00 - 0.00 - 0.00 - 0.00 - 


Apical selectivity (Male) 1.00 - 1.00 - 1.00 - 1.00 - 
 
  







Table 4.13. Spawning biomass (SSB in tons) estimates and associated CVs from the southern rock sole 
assessment models. 


  17.1 17.2 17.2a 17.2b 
Year SSB CV SSB CV SSB CV SSB CV 
1977 74,903 0.196 80,187 0.198 85,349 0.197 69,675 0.183 
1978 73,747 0.196 79,183 0.197 84,244 0.196 67,774 0.181 
1979 72,482 0.194 77,997 0.196 82,936 0.195 65,770 0.179 
1980 71,110 0.192 76,598 0.195 81,396 0.193 63,674 0.177 
1981 70,009 0.189 75,351 0.192 80,012 0.190 61,843 0.173 
1982 69,431 0.185 74,497 0.188 79,060 0.187 60,476 0.169 
1983 71,004 0.177 75,638 0.181 80,197 0.179 61,134 0.160 
1984 74,226 0.167 78,045 0.173 82,740 0.171 63,308 0.150 
1985 80,447 0.154 82,781 0.162 87,791 0.160 68,677 0.136 
1986 88,953 0.141 89,110 0.150 94,566 0.149 77,003 0.121 
1987 97,960 0.128 95,648 0.139 101,588 0.138 86,554 0.108 
1988 105,471 0.116 100,839 0.128 107,200 0.127 94,798 0.096 
1989 111,322 0.106 104,865 0.118 111,492 0.117 101,106 0.087 
1990 113,828 0.098 106,318 0.110 113,021 0.109 104,084 0.080 
1991 113,579 0.092 105,771 0.102 112,486 0.102 104,889 0.074 
1992 112,102 0.085 104,319 0.095 111,179 0.094 105,399 0.068 
1993 109,507 0.080 101,946 0.088 109,134 0.087 105,524 0.062 
1994 105,794 0.075 98,747 0.082 106,414 0.081 104,913 0.058 
1995 102,897 0.070 96,617 0.075 104,827 0.074 105,187 0.053 
1996 98,995 0.067 93,695 0.069 102,348 0.068 104,295 0.049 
1997 93,290 0.065 89,208 0.066 97,987 0.064 100,822 0.047 
1998 87,332 0.064 84,628 0.063 93,206 0.061 96,126 0.045 
1999 82,678 0.062 81,255 0.060 89,509 0.058 92,243 0.043 
2000 79,181 0.060 78,874 0.058 86,781 0.055 89,305 0.042 
2001 75,938 0.060 76,594 0.057 84,066 0.054 86,417 0.040 
2002 74,112 0.059 75,608 0.057 82,338 0.053 84,454 0.039 
2003 73,268 0.059 75,558 0.056 81,054 0.053 83,190 0.039 
2004 74,514 0.059 77,632 0.056 81,610 0.052 84,287 0.038 
2005 78,330 0.058 82,221 0.054 84,971 0.051 88,404 0.037 
2006 83,345 0.058 87,656 0.053 89,894 0.050 93,802 0.036 
2007 87,386 0.058 91,658 0.053 93,945 0.049 97,865 0.036 
2008 88,912 0.059 92,952 0.053 95,416 0.050 99,129 0.036 
2009 88,618 0.059 92,549 0.053 95,228 0.050 98,751 0.037 
2010 88,518 0.060 92,502 0.054 95,621 0.050 99,192 0.038 
2011 89,559 0.060 93,645 0.054 97,534 0.050 101,521 0.039 
2012 90,048 0.061 94,210 0.054 99,154 0.051 103,615 0.040 
2013 88,833 0.062 93,032 0.054 99,057 0.051 103,577 0.041 
2014 84,995 0.063 89,178 0.056 95,962 0.053 100,037 0.042 
2015 79,953 0.065 84,110 0.057 91,105 0.054 94,576 0.044 
2016 75,154 0.066 79,374 0.058 86,045 0.056 89,137 0.045 
2017 71,715 0.069 76,053 0.060 82,114 0.058 85,437 0.048 







Table 4.14. Age-0 recruit estimates (in 1000s) and associated CVs from the southern rock sole assessment 
models. 


  17.1 17.2 17.2a 17.2b 
Year Recruits CV Recruits CV Recruits CV Recruits CV 
1977 389,714 0.704 353,516 0.644 381,490 0.638 356,735 0.609 
1978 400,833 0.721 349,040 0.647 379,442 0.643 436,685 0.636 
1979 336,098 0.709 324,754 0.636 354,991 0.635 377,649 0.659 
1980 376,016 0.649 329,571 0.608 361,639 0.606 374,447 0.590 
1981 314,606 0.579 295,131 0.555 320,732 0.554 308,341 0.523 
1982 197,438 0.537 211,277 0.535 229,871 0.534 204,931 0.506 
1983 210,607 0.512 217,254 0.516 238,959 0.518 226,272 0.503 
1984 289,524 0.455 274,107 0.484 309,671 0.489 378,185 0.414 
1985 234,043 0.436 228,800 0.475 264,775 0.481 301,509 0.420 
1986 145,482 0.465 173,086 0.482 199,639 0.493 173,109 0.476 
1987 277,045 0.260 269,195 0.331 325,343 0.327 423,087 0.211 
1988 126,739 0.367 151,365 0.400 175,979 0.404 170,770 0.345 
1989 126,743 0.282 148,586 0.324 168,348 0.323 170,988 0.239 
1990 109,781 0.276 138,637 0.306 153,198 0.303 133,060 0.239 
1991 167,174 0.199 182,132 0.238 202,983 0.232 209,706 0.159 
1992 127,949 0.221 148,282 0.251 168,366 0.244 185,215 0.164 
1993 211,619 0.160 233,209 0.191 255,473 0.184 251,179 0.120 
1994 179,080 0.172 197,183 0.207 197,968 0.202 187,860 0.130 
1995 179,255 0.169 199,522 0.204 184,006 0.198 199,084 0.118 
1996 231,861 0.152 272,032 0.180 234,668 0.179 277,715 0.099 
1997 317,076 0.133 353,310 0.162 358,895 0.154 403,362 0.082 
1998 418,699 0.113 431,113 0.140 473,448 0.132 463,328 0.076 
1999 206,602 0.162 211,436 0.202 232,716 0.193 241,530 0.109 
2000 148,443 0.184 158,301 0.225 167,853 0.219 166,569 0.130 
2001 231,321 0.147 259,935 0.177 278,398 0.170 280,334 0.099 
2002 226,905 0.154 251,328 0.191 271,483 0.184 281,115 0.107 
2003 305,955 0.132 320,438 0.163 367,558 0.155 433,258 0.085 
2004 185,517 0.164 215,800 0.191 253,431 0.185 257,307 0.111 
2005 171,066 0.161 183,365 0.188 240,000 0.174 240,209 0.104 
2006 63,222 0.238 76,569 0.258 94,219 0.251 76,345 0.172 
2007 81,886 0.222 96,840 0.242 109,889 0.232 103,684 0.149 
2008 119,875 0.213 141,588 0.230 147,284 0.220 147,456 0.142 
2009 170,471 0.215 190,688 0.234 186,836 0.226 220,417 0.138 
2010 237,537 0.215 254,480 0.229 264,602 0.213 339,662 0.126 
2011 106,540 0.314 122,900 0.324 140,331 0.306 127,494 0.229 
2012 153,663 0.341 163,649 0.351 182,832 0.326 136,833 0.268 
2013 323,657 0.366 349,492 0.376 487,002 0.285 490,525 0.181 
2014 237,546 0.545 280,872 0.555 289,927 0.518 530,613 0.256 
2015 195,685 0.566 219,759 0.577 215,964 0.547 151,407 0.472 
2016 208,711 0.574 231,224 0.582 229,117 0.555 175,181 0.492 
2017 229,909 0.603 247,039 0.603 270,708 0.603 275,798 0.601 


 
 







Table 4.15. Fishing mortality estimates from the southern rock sole assessment models. 
  17.1 17.2 17.2a 17.2b 
Year F CV F CV F CV F CV 
1977 0.022 0.201 0.026 0.210 0.041 0.197 0.047 0.189 
1978 0.021 0.200 0.025 0.209 0.040 0.196 0.046 0.188 
1979 0.022 0.197 0.026 0.207 0.042 0.194 0.048 0.186 
1980 0.021 0.194 0.025 0.205 0.040 0.192 0.047 0.182 
1981 0.023 0.189 0.027 0.200 0.044 0.187 0.052 0.177 
1982 0.007 0.180 0.008 0.194 0.013 0.180 0.016 0.168 
1983 0.014 0.170 0.017 0.186 0.028 0.172 0.033 0.157 
1984 0.007 0.161 0.009 0.178 0.015 0.163 0.017 0.147 
1985 0.003 0.152 0.004 0.170 0.006 0.154 0.007 0.137 
1986 0.002 0.143 0.003 0.162 0.005 0.145 0.006 0.129 
1987 0.009 0.135 0.012 0.155 0.020 0.138 0.021 0.122 
1988 0.004 0.127 0.006 0.149 0.010 0.130 0.010 0.117 
1989 0.010 0.121 0.014 0.143 0.023 0.123 0.023 0.112 
1990 0.013 0.115 0.018 0.137 0.030 0.117 0.029 0.108 
1991 0.015 0.110 0.020 0.132 0.033 0.110 0.031 0.104 
1992 0.021 0.106 0.029 0.128 0.047 0.104 0.044 0.101 
1993 0.027 0.103 0.036 0.124 0.057 0.099 0.053 0.098 
1994 0.010 0.100 0.014 0.120 0.022 0.094 0.020 0.096 
1995 0.014 0.097 0.019 0.117 0.029 0.090 0.026 0.094 
1996 0.025 0.095 0.033 0.114 0.051 0.086 0.046 0.092 
1997 0.022 0.094 0.029 0.112 0.044 0.083 0.039 0.091 
1998 0.011 0.093 0.014 0.110 0.021 0.081 0.019 0.089 
1999 0.008 0.092 0.010 0.109 0.015 0.079 0.013 0.088 
2000 0.024 0.092 0.030 0.108 0.048 0.078 0.042 0.087 
2001 0.022 0.092 0.027 0.107 0.043 0.077 0.038 0.086 
2002 0.025 0.093 0.031 0.106 0.050 0.077 0.044 0.085 
2003 0.016 0.094 0.019 0.106 0.032 0.076 0.028 0.084 
2004 0.009 0.095 0.011 0.105 0.019 0.076 0.017 0.083 
2005 0.016 0.094 0.020 0.105 0.034 0.074 0.030 0.082 
2006 0.022 0.093 0.028 0.103 0.047 0.073 0.041 0.081 
2007 0.026 0.092 0.032 0.102 0.054 0.071 0.047 0.080 
2008 0.028 0.091 0.034 0.101 0.058 0.070 0.050 0.079 
2009 0.025 0.091 0.031 0.100 0.051 0.070 0.045 0.078 
2010 0.013 0.090 0.015 0.099 0.026 0.069 0.022 0.078 
2011 0.012 0.089 0.015 0.098 0.024 0.068 0.021 0.077 
2012 0.011 0.088 0.014 0.097 0.022 0.067 0.019 0.077 
2013 0.017 0.087 0.021 0.096 0.033 0.066 0.029 0.076 
2014 0.015 0.087 0.018 0.096 0.029 0.066 0.025 0.076 
2015 0.012 0.088 0.015 0.096 0.023 0.066 0.020 0.076 
2016 0.014 0.092 0.017 0.098 0.027 0.068 0.024 0.077 
2017 0.016 0.097 0.018 0.100 0.024 0.071 0.021 0.078 


  







Table 4.16. GOA northern rock sole SSB (t) and age-0 recruit estimates from the 2015 assessment and the 
preferred model 17.2. 


  2015 Assessment 2017 Preferred model 
Year SSB CV Recruits CV SSB CV Recruits CV 
1977 42,786 0.218 89,705 0.548 45,484 0.218 106,962 0.562 
1978 42,151 0.218 100753 0.558 44,900 0.218 119,916 0.574 
1979 41,482 0.218 107934 0.548 44,267 0.218 127,793 0.566 
1980 40,685 0.217 94,561 0.539 43,499 0.217 113,071 0.556 
1981 39,890 0.215 87,327 0.512 42,727 0.215 104,665 0.529 
1982 38,951 0.213 82,407 0.496 41,845 0.213 98,061 0.513 
1983 39,030 0.205 75,108 0.495 41,932 0.205 89,764 0.508 
1984 38,997 0.196 96,645 0.498 41,985 0.197 109,819 0.501 
1985 39,839 0.184 146112 0.448 42,912 0.186 139,528 0.484 
1986 41,161 0.170 126503 0.498 44,280 0.173 136,307 0.498 
1987 42,147 0.158 222418 0.277 45,258 0.162 208,062 0.330 
1988 42,077 0.149 95,663 0.388 45,183 0.153 100,840 0.417 
1989 41,999 0.139 77,367 0.325 45,009 0.144 86,682 0.360 
1990 41,329 0.131 81,702 0.257 44,231 0.136 93,963 0.296 
1991 41,395 0.121 90,527 0.206 43,938 0.126 100,920 0.247 
1992 42,851 0.109 73,835 0.205 44,601 0.116 82,595 0.241 
1993 44,989 0.097 60,304 0.218 45,865 0.105 72,409 0.248 
1994 47,806 0.087 94,232 0.172 47,526 0.094 107,671 0.212 
1995 49,445 0.079 132216 0.137 48,314 0.087 139,538 0.178 
1996 48,860 0.075 116508 0.143 47,388 0.081 137,186 0.177 
1997 46,945 0.072 134732 0.133 45,522 0.078 153,088 0.168 
1998 45,266 0.070 151632 0.130 43,958 0.075 171,682 0.162 
1999 43,910 0.067 220746 0.110 42,715 0.072 221,981 0.137 
2000 42,657 0.065 119571 0.143 41,683 0.069 107,992 0.184 
2001 41,614 0.063 61,266 0.181 40,959 0.067 62,825 0.218 
2002 42,174 0.061 60,008 0.187 41,742 0.065 62,512 0.229 
2003 43,058 0.059 94,559 0.164 43,038 0.063 112,056 0.195 
2004 45,195 0.056 115387 0.155 45,532 0.060 139,592 0.180 
2005 48,977 0.053 113649 0.155 49,351 0.056 126,834 0.178 
2006 53,132 0.052 62,498 0.190 52,827 0.054 71,533 0.213 
2007 54,211 0.053 55,178 0.205 52,878 0.055 59,389 0.225 
2008 52,099 0.055 46,687 0.239 50,103 0.056 58,535 0.249 
2009 48,965 0.058 67,154 0.255 46,819 0.058 98,832 0.242 
2010 46,924 0.060 83,793 0.297 45,188 0.061 157,376 0.237 
2011 46,720 0.063 187763 0.354 45,555 0.062 226,533 0.223 
2012 46,419 0.066 131347 0.534 45,612 0.064 138,936 0.275 
2013 44,881 0.069 101836 0.596 44,204 0.067 84,364 0.383 
2014 42,143 0.074 103266 0.597 41,590 0.070 127,100 0.450 
2015 39,468 0.078 109799 0.603 39,428 0.073 113,609 0.567 
2016 37,981 0.083 114853 0.603 39,284 0.077 122,753 0.583 
2017       41,831 0.083 131,118 0.604 







Table 4.17. GOA southern rock sole SSB (t) and age-0 recruit estimates from the 2015 assessment and the 
preferred model 17.2. 


  2015 Assessment 2017 Preferred 
Year SSB CV Recruits CV SSB CV Recruits CV 
1977 76,687 0.197 380,305 0.700 80,187 0.198 353,516 0.644 
1978 75,474 0.197 394,784 0.715 79,183 0.197 349,040 0.647 
1979 74,146 0.195 331,533 0.706 77,997 0.196 324,754 0.636 
1980 72,706 0.193 369,959 0.648 76,598 0.195 329,571 0.608 
1981 71,537 0.190 311,801 0.578 75,351 0.192 295,131 0.555 
1982 70,896 0.186 195,164 0.537 74,497 0.188 211,277 0.535 
1983 72,418 0.178 207,962 0.513 75,638 0.181 217,254 0.516 
1984 75,586 0.168 288,539 0.456 78,045 0.173 274,107 0.484 
1985 81,730 0.155 234,340 0.437 82,781 0.162 228,800 0.475 
1986 90,144 0.142 145,209 0.467 89,110 0.150 173,086 0.482 
1987 99,075 0.129 280,160 0.261 95,648 0.139 269,195 0.331 
1988 106,538 0.118 128,252 0.369 100,839 0.128 151,365 0.400 
1989 112,368 0.108 128,415 0.283 104,865 0.118 148,586 0.324 
1990 114,867 0.100 110,931 0.278 106,318 0.110 138,637 0.306 
1991 114,617 0.093 169,108 0.199 105,771 0.102 182,132 0.238 
1992 113,164 0.087 128,676 0.222 104,319 0.095 148,282 0.251 
1993 110,632 0.082 212,065 0.161 101,946 0.088 233,209 0.191 
1994 107,012 0.078 177,670 0.173 98,747 0.082 197,183 0.207 
1995 104,230 0.073 180,934 0.169 96,617 0.075 199,522 0.204 
1996 100,456 0.070 241,559 0.150 93,695 0.069 272,032 0.180 
1997 94,851 0.068 316,856 0.133 89,208 0.066 353,310 0.162 
1998 88,952 0.067 410,749 0.115 84,628 0.063 431,113 0.140 
1999 84,335 0.065 206,070 0.163 81,255 0.060 211,436 0.202 
2000 80,859 0.064 147,705 0.185 78,874 0.058 158,301 0.225 
2001 77,630 0.064 232,602 0.150 76,594 0.057 259,935 0.177 
2002 75,814 0.064 236,560 0.156 75,608 0.057 251,328 0.191 
2003 75,026 0.064 331,563 0.135 75,558 0.056 320,438 0.163 
2004 76,402 0.064 204,014 0.167 77,632 0.056 215,800 0.191 
2005 80,368 0.063 177,730 0.170 82,221 0.054 183,365 0.188 
2006 85,454 0.063 61,890 0.250 87,656 0.053 76,569 0.258 
2007 89,478 0.063 72,520 0.249 91,658 0.053 96,840 0.242 
2008 90,973 0.064 118,466 0.243 92,952 0.053 141,588 0.230 
2009 90,737 0.065 147,424 0.280 92,549 0.053 190,688 0.234 
2010 90,923 0.066 218,871 0.327 92,502 0.054 254,480 0.229 
2011 92,538 0.067 193,941 0.443 93,645 0.054 122,900 0.324 
2012 93,736 0.068 132,196 0.531 94,210 0.054 163,649 0.351 
2013 93,051 0.070 180,518 0.569 93,032 0.054 349,492 0.376 
2014 89,325 0.072 197,647 0.582 89,178 0.056 280,872 0.555 
2015 83,979 0.074 221,642 0.603 84,110 0.057 219,759 0.577 
2016 78,724 0.076 231,844 0.603 79,374 0.058 231,224 0.582 
2017       76,053 0.060 247,039 0.603 







Table 4.18. Model 17.2 estimated northern rock sole numbers-at-age (total). 


 


Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30+


1977 106962 78560 62078 50467 41368 33949 27795 22405 17956 14314 11361 8986 7089 5582 4389 3447 2705 2122 1665 1306 1024 807 633 496 389 306 240 189 148 117 434


1978 119916 85299 62691 49568 40280 32938 26920 21940 17615 14073 11194 8871 7010 5527 4351 3421 2687 2110 1656 1299 1019 800 631 495 388 305 239 188 148 116 432


1979 127793 95629 68069 50057 39565 32078 26127 21260 17261 13817 11016 8750 6928 5472 4313 3395 2670 2098 1647 1293 1015 797 626 494 387 304 239 188 148 116 431


1980 113071 101911 76312 54351 39953 31501 25434 20621 16711 13526 10803 8599 6824 5400 4264 3361 2646 2081 1636 1285 1009 793 623 489 386 303 238 187 147 116 430


1981 104665 90171 81325 60933 43383 31816 24987 20085 16222 13108 10587 8443 6715 5325 4213 3327 2623 2065 1625 1278 1004 789 620 487 383 302 237 187 147 115 429


1982 98061 83467 71956 64935 48629 34529 25207 19696 15763 12687 10226 8245 6568 5220 4138 3274 2585 2039 1606 1264 994 782 615 483 380 299 236 185 146 115 426


1983 89764 78200 66609 57461 51872 38833 27548 20090 15685 12546 10096 8137 6562 5229 4157 3298 2610 2062 1627 1282 1010 795 625 492 387 304 239 189 149 117 435


1984 109819 71584 62405 53188 45878 41348 30864 21825 15872 12365 9876 7940 6396 5157 4109 3268 2593 2053 1622 1281 1010 796 627 493 388 305 240 189 150 118 437


1985 139528 87577 57126 49833 42483 36623 32964 24569 17351 12608 9818 7840 6303 5079 4096 3265 2598 2062 1633 1292 1020 805 634 500 394 310 244 192 151 120 445


1986 136307 111269 69889 45620 39816 33948 29260 26330 19622 13858 10072 7845 6268 5042 4065 3280 2616 2082 1654 1311 1037 820 647 510 402 317 250 197 155 122 456


1987 208062 108701 88796 55812 36450 31820 27128 23378 21037 15679 11076 8053 6276 5017 4037 3257 2630 2099 1672 1328 1054 834 659 521 411 324 256 201 159 125 467


1988 100840 165923 86745 70906 44568 29071 25319 21530 18512 16629 12379 8739 6352 4950 3957 3186 2571 2076 1658 1321 1050 834 660 522 413 326 257 203 160 126 471


1989 86682 80417 132411 69271 56643 35594 23199 20186 17151 14740 13238 9855 6958 5059 3944 3154 2541 2051 1658 1325 1056 840 667 529 418 331 261 206 163 128 480


1990 93963 69126 64173 105731 55308 45154 28293 18381 15949 13523 11604 10411 7746 5468 3976 3100 2480 1998 1614 1305 1043 832 662 526 417 330 261 207 163 129 483


1991 100920 74933 55163 51241 84395 44047 35820 22348 14464 12513 10586 9071 8131 6046 4267 3102 2419 1936 1561 1261 1020 816 651 519 412 327 259 205 162 128 481


1992 82595 80481 59796 44046 40897 67188 34916 28259 17557 11326 9775 8256 7066 6330 4706 3321 2414 1883 1508 1216 983 796 637 508 405 322 256 203 160 127 478


1993 72409 65867 64222 47743 35137 32503 53070 27393 22038 13627 8760 7541 6358 5436 4866 3616 2551 1855 1448 1159 935 756 612 490 392 312 248 197 156 124 468


1994 107671 57744 52560 51274 38072 27892 25608 41469 21249 16996 10464 6705 5760 4849 4141 3705 2752 1942 1412 1102 883 713 577 467 374 299 238 190 151 120 453


1995 139538 85865 46081 41970 40944 30364 22193 20324 32840 16800 13423 8259 5290 4544 3825 3268 2924 2173 1534 1116 871 698 564 457 370 297 237 189 151 120 456


1996 137186 111277 68521 36795 33506 32627 24117 17564 16035 25848 13201 10536 6478 4148 3562 2999 2562 2294 1705 1204 876 685 549 444 359 291 234 187 149 119 455


1997 153088 109402 88797 54708 29353 26631 25773 18923 13699 12448 19999 10189 8119 4986 3191 2739 2306 1970 1764 1311 926 675 527 423 342 277 225 180 144 115 444


1998 171682 122083 87302 70900 43654 23350 21076 20281 14816 10684 9681 15523 7899 6289 3861 2470 2120 1785 1525 1366 1016 718 523 409 328 266 215 175 140 112 436


1999 221980 136911 97424 69713 56619 34823 18588 16739 16076 11727 8449 7652 12266 6242 4970 3052 1953 1677 1413 1208 1082 805 569 415 325 261 211 171 139 112 437


2000 107992 177023 109258 77798 55684 45199 27764 14799 13311 12774 9314 6709 6077 9744 4960 3951 2427 1554 1335 1125 962 862 642 454 331 259 208 169 137 111 440
2001 62825 86121 141262 87236 62076 44289 35759 21836 11579 10372 9925 7222 5195 4701 7535 3835 3055 1877 1202 1033 871 745 668 498 352 257 201 162 131 106 429


2002 62512 50101 68724 112793 69620 49406 35088 28186 17135 9054 8090 7728 5617 4038 3653 5854 2980 2374 1459 935 804 678 580 520 388 275 200 157 126 102 419


2003 112056 49852 39980 54872 89998 55374 39087 27597 22054 13353 7035 6273 5984 4345 3122 2824 4526 2304 1837 1129 724 622 525 450 403 301 213 156 122 98 406


2004 139592 89361 39782 31924 43810 71735 44006 30961 21798 17383 10508 5531 4929 4701 3414 2453 2220 3559 1812 1445 889 570 490 414 355 318 237 168 123 96 399


2005 126834 111321 71312 31768 25499 34968 57173 35016 24603 17305 13792 8336 4387 3910 3730 2710 1948 1764 2829 1442 1150 708 454 391 330 283 254 190 134 98 397


2006 71533 101147 88834 56943 25362 20321 27779 45261 27636 19373 13605 10831 6542 3442 3068 2927 2127 1530 1385 2223 1134 905 557 358 308 260 223 200 150 106 392


2007 59389 57046 80714 70931 45443 20185 16098 21893 35509 21605 15106 10590 8422 5083 2674 2383 2273 1652 1189 1077 1729 882 704 434 279 240 203 174 156 117 389


2008 58535 47361 45522 64445 56591 36133 15958 12647 17105 27623 16753 11688 8181 6500 3921 2062 1837 1753 1275 917 831 1336 682 545 336 216 186 157 135 121 393


2009 98832 46680 37793 36345 51406 44965 28525 12509 9852 13258 21332 12904 8986 6283 4988 3008 1581 1409 1345 978 704 639 1026 524 419 258 166 143 121 104 397


2010 157376 78815 37250 30175 28995 40864 35532 22394 9764 7655 10268 16481 9953 6924 4838 3840 2316 1217 1085 1036 754 543 493 792 405 324 200 128 111 94 388


2011 226532 125503 62895 29745 24093 23117 32492 28168 17708 7706 6034 8086 12973 7833 5450 3809 3024 1824 959 856 817 595 429 389 626 320 256 158 102 88 383


2012 138936 180653 100153 50223 23751 19211 18385 25768 22285 13984 6078 4756 6371 10219 6171 4294 3002 2384 1439 757 676 646 470 339 308 495 253 203 125 81 374


2013 84364 110797 144164 79974 40104 18941 15285 14589 20401 17614 11041 4796 3751 5025 8061 4869 3389 2370 1883 1137 599 534 511 372 269 244 393 201 161 99 361


2014 127100 67278 88416 115112 63836 31940 15027 12074 11482 16009 13794 8635 3748 2930 3924 6295 3802 2647 1852 1472 889 468 418 400 292 211 191 308 158 126 363


2015 113609 101359 53688 70600 91898 50868 25368 11892 9525 9035 12577 10824 6772 2938 2297 3077 4937 2983 2078 1454 1157 699 368 329 315 230 166 151 243 125 386


2016 122753 90600 80886 42871 56377 73293 40477 20134 9417 7531 7135 9925 8540 5342 2318 1813 2429 3899 2357 1643 1150 915 553 292 261 250 182 132 120 193 407


2017 131118 97892 72299 64588 34231 44951 58286 32095 15925 7434 5937 5621 7815 6724 4206 1826 1428 1914 3074 1859 1296 908 723 437 231 206 198 144 104 95 476


Age







Table 4.19. Model 17.2 estimated southern rock sole numbers-at-age (total). 


 
 
 


Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30+
1977 353516 222483 140371 95808 71043 55857 45745 38383 32017 25936 20576 16293 12973 10370 8298 6635 5298 4226 3368 2682 2135 1723 1367 1086 862 686 545 434 345 275 1086
1978 349040 280688 176816 111662 76272 56560 44428 36323 30418 25328 20490 16241 12854 10233 8180 6546 5236 4183 3338 2661 2121 1689 1364 1083 860 684 544 433 344 274 1083
1979 324754 277135 223075 140654 88893 60726 44993 35284 28794 24073 20020 16183 12821 10146 8077 6458 5170 4137 3306 2640 2106 1679 1338 1081 859 683 543 432 344 274 1082
1980 329572 257852 220250 177451 111972 70771 48300 35724 27960 22776 19016 15800 12765 10111 8001 6371 5096 4081 3267 2612 2087 1666 1329 1059 856 681 541 431 343 273 1079
1981 295130 261676 204925 175205 141268 89150 56298 38360 28320 22128 18004 15019 12474 10076 7982 6318 5032 4026 3226 2584 2067 1652 1320 1053 840 680 540 430 342 273 1077
1982 211276 234331 207965 163013 139476 112461 70896 44685 30382 22387 17467 14197 11837 9828 7938 6289 4979 3968 3176 2546 2040 1633 1306 1044 833 665 538 428 341 272 1072
1983 217254 167752 186236 165439 129796 111129 89636 56513 35621 24222 17852 13934 11331 9452 7853 6347 5032 3987 3179 2546 2042 1638 1312 1050 839 670 535 434 345 275 1086
1984 274106 172498 133320 148150 131715 103374 88478 71303 44907 28281 19219 14161 11052 8989 7501 6234 5041 3999 3170 2529 2027 1627 1305 1046 837 670 536 428 347 276 1090
1985 228800 217638 137093 106058 117960 104940 82382 70508 56814 35781 22536 15319 11292 8818 7176 5991 4983 4032 3200 2538 2026 1625 1305 1048 840 673 539 431 344 279 1103
1986 173086 181665 172970 109061 84450 94004 83684 65730 56284 45377 28594 18021 12259 9043 7067 5755 4809 4002 3241 2574 2043 1632 1310 1053 846 678 544 435 348 279 1120
1987 269196 137428 144380 137601 86842 67302 74969 66778 52480 44965 36274 22874 14427 9821 7250 5670 4621 3865 3219 2608 2073 1647 1316 1057 850 683 548 440 352 282 1135
1988 151365 213738 109221 114855 109558 69179 53615 59700 53151 41754 35768 28855 18199 11483 7821 5776 4520 3686 3085 2571 2085 1658 1318 1054 847 681 548 440 353 283 1140
1989 148586 120182 169870 86888 91453 87300 55153 42757 47622 42410 33329 28564 23056 14551 9187 6261 4628 3624 2958 2477 2066 1676 1334 1061 849 682 549 442 355 285 1152
1990 138637 117976 95515 135132 69178 72847 69532 43904 34013 37862 33706 26486 22701 18329 11572 7309 4985 3687 2889 2359 1977 1649 1339 1066 849 679 547 440 354 285 1155
1991 182132 110076 93761 75981 107585 55094 57992 55299 34876 26992 30024 26717 20991 17993 14531 9177 5800 3957 2928 2296 1876 1573 1313 1067 850 677 542 436 352 283 1153
1992 148282 144611 87483 74586 60491 85672 43848 46099 43897 27651 21381 23769 21146 16613 14243 11505 7270 4596 3138 2323 1823 1490 1250 1044 849 677 539 432 348 281 1148
1993 233208 117734 114928 69590 59375 48151 68114 34788 36487 34670 21802 16839 18706 16634 13067 11203 9052 5721 3619 2472 1831 1437 1176 987 825 671 535 427 342 276 1133
1994 197183 185166 93567 91420 55393 47248 38251 53956 27470 28729 27235 17098 13191 14643 13017 10224 8766 7084 4479 2834 1937 1436 1127 923 775 648 527 421 336 269 1111
1995 199522 156561 147160 74433 72787 44124 37633 30452 42929 21845 22840 21651 13595 10490 11650 10360 8141 6984 5648 3573 2262 1547 1147 902 738 620 519 423 337 269 1110
1996 272032 158418 124426 117065 59259 57967 35125 29927 24188 34064 17322 18103 17159 10775 8316 9238 8219 6462 5547 4488 2841 1800 1231 914 718 589 495 414 338 270 1104
1997 353310 215991 125901 98976 93187 47163 46067 27844 23658 19073 26807 13612 14214 13465 8453 6524 7249 6451 5073 4356 3526 2233 1416 969 719 566 464 390 327 266 1086
1998 431114 280525 171656 100150 78791 74180 37500 36554 22043 18690 15044 21121 10718 11188 10598 6654 5137 5709 5082 3999 3435 2782 1763 1118 766 569 448 367 309 259 1074
1999 211436 342300 222948 136553 79738 62762 59085 29855 29084 17531 14860 11960 16795 8525 8903 8437 5300 4094 4552 4055 3192 2744 2224 1410 895 613 456 359 295 248 1072
2000 158301 167878 272044 177357 108726 63528 50015 47081 23785 23170 13967 11842 9535 13396 6804 7109 6742 4238 3275 3644 3248 2559 2201 1784 1132 719 493 366 289 237 1065
2001 259936 125689 133419 216402 141185 86542 50501 39670 37249 18775 18257 10992 9313 7495 10529 5348 5589 5302 3334 2578 2870 2559 2017 1736 1408 894 568 389 290 228 1032
2002 251328 206386 99890 106131 172272 112395 68823 40086 31421 29446 14821 14397 8663 7337 5905 8297 4215 4407 4183 2631 2036 2267 2023 1595 1373 1115 708 450 309 230 1002
2003 320438 199552 164023 79459 84485 137118 89339 54579 31706 24795 23194 11659 11316 6806 5764 4639 6519 3313 3465 3290 2071 1603 1786 1594 1258 1083 880 559 355 244 976
2004 215800 254425 158593 130478 63261 67281 109145 71038 43345 25153 19655 18378 9237 8966 5394 4569 3679 5173 2631 2753 2615 1647 1275 1422 1270 1002 864 702 446 284 976
2005 183365 171344 202205 126162 103887 50396 53605 86938 56565 34506 20023 15648 14636 7359 7146 4301 3646 2938 4133 2103 2202 2094 1319 1022 1140 1019 805 694 564 359 1015
2006 76569 145590 136174 160852 100441 82728 40110 42612 69014 44848 27335 15854 12387 11586 5826 5660 3408 2890 2330 3280 1670 1750 1664 1049 813 908 812 641 553 450 1098
2007 96840 60795 115706 108323 128049 79958 65784 31832 33743 54540 35388 21546 12489 9755 9124 4589 4459 2686 2279 1838 2589 1319 1382 1316 830 644 719 643 508 439 1229
2008 141588 76890 48316 92040 86229 101915 63549 52159 25171 26617 42939 27823 16926 9806 7658 7162 3603 3502 2110 1791 1446 2037 1038 1089 1037 654 508 567 508 401 1320
2009 190688 112420 61107 38433 73265 68623 80978 50361 41212 19835 20930 33713 21823 13268 7685 6001 5614 2825 2746 1656 1406 1135 1600 816 856 816 515 400 447 400 1359
2010 254480 151404 89344 48609 30595 58315 54548 64223 39839 32527 15627 16469 26506 17150 10425 6038 4717 4413 2221 2161 1303 1107 895 1262 644 676 644 407 316 354 1394
2011 122900 202055 120328 71073 38701 24369 46439 43411 51069 31658 25837 12411 13081 21058 13630 8289 4803 3754 3515 1770 1723 1040 884 715 1008 515 541 516 326 253 1402
2012 163649 97582 160583 95721 56587 30826 19408 36963 34527 40595 25157 20529 9863 10397 16744 10843 6597 3825 2992 2802 1412 1376 831 707 571 807 412 433 413 261 1330
2013 349492 129936 77553 127744 76212 45075 24553 15451 29408 27456 32272 19998 16323 7844 8273 13330 8636 5258 3051 2387 2237 1128 1100 664 565 458 646 330 347 332 1279
2014 280872 277494 103266 61693 101701 60689 35873 19517 12264 23314 21747 25548 15828 12920 6210 6552 10560 6845 4170 2421 1895 1777 897 874 529 450 364 515 263 277 1287
2015 219758 223009 220537 82147 49116 80995 48313 28530 15505 9733 18489 17240 20252 12548 10245 4927 5200 8386 5439 3315 1925 1508 1415 715 697 422 359 291 412 211 1253
2016 231224 174487 177237 175437 65404 39123 64507 38457 22694 12325 7735 14691 13700 16098 9979 8151 3922 4142 6683 4337 2645 1537 1205 1131 571 558 338 288 233 330 1176
2017 247040 183590 138673 140991 139676 52090 31149 51317 30562 18019 9781 6136 11654 10869 12775 7923 6475 3117 3294 5318 3453 2107 1225 961 903 456 446 270 230 187 1207


Age







Table 4.20. Northern rock sole projection alternatives for model 17.2. 
 


  Scenarios 1 and 2, max ABC is permissible 
  Total biomass SSB F Catch OFL ABC 


2017 86209 40363 0.028 1287.7 19192.9 16153.8 
2018 90794 44536 0.027 1287.7 19959.6 16802.0 
2019 93374 45519 0.382 17242.6 20477.4 17242.6 
2020 81426 38953 0.382 14882.6 17677.7 14882.6 
2021 72591 33788 0.382 13066.7 15526.0 13066.7 
2022 66214 29886 0.382 11745.3 13961.7 11745.3 
2023 61850 27191 0.382 10811.1 12856.5 10811.1 
2024 58992 25430 0.382 10153.3 12078.4 10153.3 
2025 56927 24126 0.382 9688.9 11528.9 9688.9 
2026 55464 23155 0.381 9350.9 11125.3 9350.9 
2027 54444 22452 0.378 9060.6 10774.2 9060.6 
2028 53795 21999 0.375 8844.5 10514.9 8844.5 
2029 53421 21688 0.372 8708.2 10351.6 8708.2 
2030 53252 21503 0.371 8628.2 10256.0 8628.2 


  Scenario 3, Harvest average F over past 5 years 
  Total biomass SSB F Catch OFL ABC 


2017 86209 40363 0.028 1287.7 19192.9 1728.4 
2018 90794 44536 0.027 1287.7 19959.6 1799.0 
2019 93374 46844 0.038 1848.3 20477.4 1848.3 
2020 93546 47000 0.038 1869.9 20691.9 1869.9 
2021 93550 47031 0.038 1881.5 20806.7 1881.5 
2022 93421 47005 0.038 1888.8 20880.0 1888.8 
2023 93351 47098 0.038 1893.1 20922.5 1893.1 
2024 93403 47313 0.038 1894.2 20930.8 1894.2 
2025 93265 47373 0.038 1892.5 20908.1 1892.5 
2026 93027 47304 0.038 1888.7 20862.7 1888.7 
2027 92745 47168 0.038 1883.4 20803.0 1883.4 
2028 92474 47035 0.038 1877.6 20737.6 1877.6 
2029 92231 46871 0.038 1871.8 20673.2 1871.8 
2030 92050 46724 0.038 1866.7 20617.7 1866.7 


 
  







Table 4.20. Northern rock sole projection alternatives for model 17.2. (continued) 
 


  Scenario 4, the upper bound on FABC is set at F60%. 
  Total biomass SSB F Catch OFL ABC 


2017 86209 40363 0.028 1287.7 19192.9 7951.6 
2018 90794 44536 0.027 1287.7 19959.6 8274.2 
2019 93374 46294 0.179 8497.0 20477.4 8497.0 
2020 88294 43491 0.179 8045.0 19384.3 8045.0 
2021 84027 40988 0.179 7635.8 18401.9 7635.8 
2022 80524 38867 0.179 7295.1 17589.2 7295.1 
2023 77856 37283 0.179 7020.5 16936.1 7020.5 
2024 75933 36177 0.179 6799.0 16409.2 6799.0 
2025 74321 35218 0.179 6619.6 15982.3 6619.6 
2026 73008 34383 0.179 6474.6 15637.4 6474.6 
2027 71957 33683 0.179 6358.0 15360.2 6358.0 
2028 71146 33140 0.179 6265.6 15140.6 6265.6 
2029 70534 32687 0.179 6193.4 14969.4 6193.4 
2030 70107 32340 0.179 6139.5 14842.1 6139.5 


  Scenario 5, No fishing 
  Total biomass SSB F Catch OFL ABC 


2017 86209 40363 0.028 1287.7 19192.9 0 
2018 90794 44536 0.027 1287.7 19959.6 0 
2019 93374 46991 0 0 20477.4 0 
2020 95011 47984 0 0 21056.9 0 
2021 96328 48801 0 0 21509.5 0 
2022 97346 49487 0 0 21884.6 0 
2023 98256 50208 0 0 22190.1 0 
2024 99137 50969 0 0 22423.5 0 
2025 99690 51497 0 0 22590.7 0 
2026 100019 51820 0 0 22703.3 0 
2027 100200 52010 0 0 22773.5 0 
2028 100302 52147 0 0 22813.7 0 
2029 100358 52203 0 0 22834.5 0 
2030 100415 52234 0 0 22847.0 0 


 
  







 
Table 4.20. Northern rock sole projection alternatives for model 17.2. (continued) 
 


  Scenario 6, Determination of whether NRS is currently overfished  
  Total biomass SSB F Catch OFL ABC 


2017 86209 40363 0.028 1287.7 19192.9 19192.9 
2018 90794 42959 0.462 19959.6 19959.6 19959.6 
2019 78683 37213 0.462 16851.9 16851.9 16851.9 
2020 68686 31413 0.462 14472.9 14472.9 14472.9 
2021 61756 27134 0.462 12761.8 12761.8 12761.8 
2022 57048 24105 0.462 11604.1 11604.1 11604.1 
2023 54041 22187 0.462 10840.9 10840.9 10840.9 
2024 52214 21056 0.462 10327.5 10327.5 10327.5 
2025 50910 20263 0.445 9668.0 9668.0 9668.0 
2026 50233 19796 0.434 9285.7 9285.7 9285.7 
2027 49924 19539 0.428 9094.4 9094.4 9094.4 
2028 49819 19429 0.425 9010.1 9010.1 9010.1 
2029 49816 19364 0.424 8976.0 8976.0 8976.0 
2030 49884 19343 0.424 8973.5 8973.5 8973.5 


  Scenario 7, Determination of whether NRS are approaching overfished condition 
  Total biomass SSB F Catch OFL ABC 


2017 86209 40363 0.028 1287.7 19192.9 19192.9 
2018 90794 43246 0.382 16802.0 19959.6 19959.6 
2019 81153 38819 0.382 14695.7 17459.8 17459.8 
2020 72562 33599 0.462 15437.8 15437.8 15437.8 
2021 64440 28732 0.462 13444.5 13444.5 13444.5 
2022 58860 25240 0.462 12073.6 12073.6 12073.6 
2023 55232 22967 0.462 11155.2 11155.2 11155.2 
2024 52981 21577 0.462 10537.3 10537.3 10537.3 
2025 51392 20595 0.450 9891.2 9891.2 9891.2 
2026 50462 19974 0.437 9400.6 9400.6 9400.6 
2027 50019 19626 0.429 9148.0 9148.0 9148.0 
2028 49846 19467 0.426 9031.1 9031.1 9031.1 
2029 49815 19376 0.424 8981.5 8981.5 8981.5 
2030 49875 19345 0.424 8972.6 8972.6 8972.6 


 
 
  







Table 4.21. Southern rock sole projection alternatives for model 17.2. 
 


  Scenarios 1 and 2, max ABC is permissible 
  Total biomass SSB F Catch OFL ABC 


2017 137686 73436 0.015 1287.66 25419.50 21504.00 
2018 138620 71913 0.015 1287.66 25332.70 21424.00 
2019 139907 69178 0.271 21717.38 25688.77 21717.38 
2020 125402 59140 0.271 19371.86 22928.59 19371.86 
2021 115975 52887 0.271 17770.13 21042.55 17770.13 
2022 110321 49475 0.271 16626.99 19695.26 16626.99 
2023 106314 47071 0.271 15790.64 18709.05 15790.64 
2024 102992 44912 0.271 15174.00 17981.78 15174.00 
2025 100413 43172 0.271 14717.78 17443.64 14717.78 
2026 98544 41896 0.271 14379.05 17044.08 14379.05 
2027 97201 40952 0.271 14112.92 16724.97 14112.92 
2028 96212 40237 0.268 13826.64 16375.33 13826.64 
2029 95577 39747 0.266 13597.11 16100.93 13597.11 
2030 95252 39429 0.264 13458.16 15934.81 13458.16 
  Scenario 3, Harvest average F over past 5 years  


  Total biomass SSB F Catch OFL ABC 
2017 137686 68466 0.0150 1287.66 23725.40 1528.45 
2018 138620 67048 0.0151 1287.66 23641.30 1520.61 
2019 139907 66303 0.0178 1538.85 23969.81 1538.85 
2020 141340 66186 0.0178 1573.76 24548.39 1573.76 
2021 144087 67534 0.0178 1616.76 25234.63 1616.76 
2022 148081 70282 0.0178 1659.86 25908.13 1659.86 
2023 151814 73027 0.0178 1699.19 26515.45 1699.19 
2024 154541 75046 0.0178 1733.20 27036.40 1733.20 
2025 156594 76602 0.0178 1761.45 27466.54 1761.45 
2026 158245 77893 0.0178 1784.15 27810.24 1784.15 
2027 159558 78930 0.0178 1801.86 28077.12 1801.86 
2028 160504 79684 0.0178 1815.35 28279.52 1815.35 
2029 161222 80255 0.0178 1825.39 28429.57 1825.39 
2030 161830 80708 0.0178 1832.87 28541.24 1832.87 


 
  







 
Table 4.21. SRS Projection alternatives (continued) 
 


  Scenario 4, the upper bound on FABC is set at F60%. 
  Total biomass SSB F Catch OFL ABC 


2017 137686 73436 0.015 1287.66 25419.50 10783.40 
2018 138620 71913 0.015 1287.66 25332.70 10734.80 
2019 139907 70271 0.130 10871.71 25688.77 10871.71 
2020 133938 65459 0.130 10454.10 24739.83 10454.10 
2021 130496 62917 0.130 10191.99 24142.96 10191.99 
2022 129177 62314 0.130 10009.61 23723.51 10009.61 
2023 128336 62080 0.130 9870.59 23401.03 9870.59 
2024 127229 61506 0.130 9758.17 23138.78 9758.17 
2025 126135 60868 0.130 9663.58 22917.22 9663.58 
2026 125229 60336 0.130 9581.88 22725.46 9581.88 
2027 124485 59874 0.130 9510.49 22557.70 9510.49 
2028 123818 59425 0.130 9448.16 22411.18 9448.16 
2029 123269 59031 0.130 9394.15 22284.31 9394.15 
2030 122873 58702 0.130 9349.06 22178.67 9349.06 
  Scenario 5, No fishing 


  Total biomass SSB F Catch OFL ABC 
2017 137686 73436 0.015 1287.66 25419.50 0 
2018 138620 71913 0.015 1287.66 25332.70 0 
2019 139907 71297 0 0 25688.77 0 
2020 142565 71956 0 0 26572.17 0 
2021 146427 74128 0 0 27549.38 0 
2022 151456 77772 0 0 28493.92 0 
2023 156146 81384 0 0 29348.81 0 
2024 159734 84169 0 0 30091.77 0 
2025 162550 86396 0 0 30717.71 0 
2026 164867 88279 0 0 31231.52 0 
2027 166756 89831 0 0 31644.30 0 
2028 168192 91017 0 0 31970.52 0 
2029 169326 91957 0 0 32224.69 0 
2030 170287 92725 0 0 32423.43 0 


 
  







 
Table 4.21. SRS Projection alternatives (continued) 
 


  Scenario 6, Determination of whether SRS is currently overfished  
  Total biomass SSB F Catch OFL ABC 


2017 137686 73436 0.015 1287.66 25419.50 25419.50 
2018 138620 69446 0.326 25332.70 25332.70 25332.70 
2019 120768 56685 0.326 21616.82 21616.82 21616.82 
2020 108587 47944 0.326 19324.50 19324.50 19324.50 
2021 101271 42945 0.326 17874.35 17874.35 17874.35 
2022 97349 40588 0.326 16902.75 16902.75 16902.75 
2023 94732 39061 0.326 16225.66 16225.66 16225.66 
2024 92528 37642 0.326 15744.64 15744.64 15744.64 
2025 90828 36539 0.317 15034.72 15034.72 15034.72 
2026 89898 35919 0.310 14563.02 14563.02 14563.02 
2027 89469 35598 0.305 14275.70 14275.70 14275.70 
2028 89296 35431 0.302 14109.47 14109.47 14109.47 
2029 89288 35366 0.301 14036.25 14036.25 14036.25 
2030 89388 35351 0.300 14012.12 14012.12 14012.12 
  Scenario 7, Determination of whether SRS are approaching overfished condition 


  Total biomass SSB F Catch OFL ABC 
2017 137686 73436 0.015 1287.66 25419.50 25419.50 
2018 138620 69874 0.271 21424.00 25332.70 25332.70 
2019 123856 58984 0.271 18822.81 22273.08 22273.08 
2020 113481 51028 0.326 20366.30 20366.30 20366.30 
2021 104817 45258 0.326 18638.03 18638.03 18638.03 
2022 99900 42319 0.326 17453.98 17453.98 17453.98 
2023 96540 40333 0.326 16616.28 16616.28 16616.28 
2024 93783 38554 0.326 16016.40 16016.40 16016.40 
2025 91681 37161 0.322 15418.83 15418.83 15418.83 
2026 90322 36263 0.313 14760.47 14760.47 14760.47 
2027 89653 35775 0.306 14364.44 14364.44 14364.44 
2028 89358 35512 0.303 14143.78 14143.78 14143.78 
2029 89292 35395 0.301 14044.68 14044.68 14044.68 
2030 89371 35354 0.300 14009.47 14009.47 14009.47 
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Figure 4.1. Total rock sole catch (retained + discards) by area (as of 2017-10-25). 
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Figure 4.2. Fishery annual length composition data in centimeters. The red bubbles represent females and 
the blue bubbles represent males. Northern rock sole (top), southern rock sole (bottom). 







 


 
Figure 4.3 Mean length and the 95% confidence intervals based on the input sample size. Northern rock 
sole (top), southern rock sole (bottom). 
 







 
Figure 4.4. Total biomass estimates from the NMFS GOA bottom trawl survey for unidentified, northern, 
southern rock sole. 
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Figure 4.5. AFSC GOA bottom trawl survey annual length composition data in centimeters. The red 
bubbles represent females and the blue bubbles represent males. Northern rock sole (top), southern rock 
sole (bottom). 







 


 
Figure 4.6 Northern rock sole mean length (cm) and the 95% confidence intervals based on the input 
sample size. Northern rock sole (top), southern rock sole (bottom). 
 
 
 







 
 


 


 
Figure 4.7. Survey conditional age-at-length data for northern rock sole.  







 


 


 
Figure 4.8. Survey conditional age-at-length data for southern rock sole.  







 
 
Figure 4.9. Northern and southern rock sole maturity curves.   
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Figure 4.10. a) Northern and b) southern rock sole length-weight relationships. 
 







 


Model RMSE 


17.1 0.174 


17.2 0.184 


17.2a 0.155 


17.2b 0.241 
 
Figure 4.11. NMFS GOA bottom trawl survey northern rock sole index and model fit comparison.  
 







Model 17.1                Model 17.2 


 
Model 17.2a               Model 17.2b                 


  
Figure 4.12. Fits (red line - female, blue line – male) to the northern rock sole fishery and survey size composition data aggregated over years. 
 







Model 17.1                Model 17.2 


  
Model 17.2a                Model 17.2b 


   
              
Figure 4.13. Fits (red line - female, blue line – male) to the northern rock sole fishery size composition data (1997-2012). 







 
Model 17.1                Model 17.2 


   
Model 17.2a                Model 17.2b 


  
Figure 4.14. Fits (red line - female, blue line – male) to the northern rock sole fishery size composition data (2013-2017). 







Model 17.1                Model 17.2 


 
Model 17.2a                Model 17.2b 


 
Figure 4.15. Pearson residuals (red - female, blue – male) for fishery size composition data. Closed bubbles are positive residuals (observed > 
estimated). Scales differ by model. 







 
Model 17.1                Model 17.2 


 
Model 17.2a                Model 17.2b              


  
Figure 4.16. Fits (red line - female, blue line – male) to the northern rock sole survey size composition data (1996-2017). 







Model 17.1                Model 17.2 


 
Model 17.2a                Model 17.2b              


  
Figure 4.17. Pearson residuals (red - female, blue – male) for survey size composition data. Closed bubbles are positive residuals (observed > 
estimated).  







a)         b) 


                     
c)         d) 


                     
Figure 4.18.  Model fit to the survey conditional age-at-length data and the associated error. a) Model 17.1, 1996 - 2001, b) model 17.2, 1996 - 
2001, c) model 17.1 2003 - 2007, and d) model 17.2, 2003 - 2007. 







e)         f) 


                      
g)         h) 


                      
Figure 4.18 continued.  Model fit to the survey conditional age-at-length data and the associated error. e) Model 17.1, 2009 - 2013, f) model 17.2, 
2009 - 2013, g) model 17.1 2015, and h) model 17.2, 2015.







 
Figure 4.19. Female (left) and male (right) northern rock sole survey (top) and fishery (bottom) selectivity curves. 







 


 
Figure 4.20. Northern rock sole growth, female (top) and male (bottom). 







Model 17.1                Model 17.2 


 
Model 17.2a               Model 17.2b     


  
Figure 4.21.  Northern rock sole growth with uncertainty. The red area represents females and the blue area represents males.







 


 
Figure 4.22. Northern rock sole age-0 recruits, Ln(R0) density, spawning stock biomass with uncertainty, and spawning biomass density in 2017. 







 
 


 
Figure 4.23. Northern rock sole total biomass (age0+) and fishing mortality estimates.







 
 
Figure 4.24. Likelihood profiles for the preferred northern rock sole assessment model, model 17.2. The change in the likelihood was scaled to 1 
so that the pattern could be seen for all likelihood components. Likelihood profiles are shown for estimated model parameters, excluding the 
selectivity parameters. 
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a)                                                                                           b) 


  
b)                                                                                             d) 


 
Figure 4.25. Northern rock sole retrospective analysis results. a) spawning biomass, b) fishing mortality, c) age-0 recruits, and d)  density of  
LN(R0).
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Figure 4.26. NMFS GOA bottom trawl survey southern rock sole index and model fit comparison.  
 
 
 
 
 
 
 
 
 







Model 17.1                Model 17.2 


   
Model 17.2a                Model 17.2b                 


 
Figure 4.27. Fits (red line - female, blue line – male) to the southern rock sole fishery and survey size composition data aggregated over years. 
 







Model 17.1                Model 17.2 


   
Model 17.2a                Model 17.2b       


   
Figure 4.28. Fits (red line - female, blue line – male) to the southern rock sole fishery size composition data (1997-2012). 
 







Model 17.1                Model 17.2 


    
Model 17.2a                Model 17.2b                 


  
Figure 4.29. Fits (red line - female, blue line – male) to the southern rock sole fishery size composition data (2013-2017). 







Model 17.1                Model 17.2 


   
Model 17.2a                Model 17.2b 


 
Figure 4.30. Pearson residuals (red - female, blue – male) for fishery size composition data. Closed bubbles are positive residuals (observed > 
estimated). Scales differ by model. 







Model 17.1                Model 17.2 


   
Model 17.2a                Model 17.2b                 


  
Figure 4.31. Fits (red line - female, blue line – male) to the southern rock sole survey size composition data (1996-2015). 
 







Model 17.1                Model 17.2 


   
Model 17.2a                Model 17.2b   


     
Figure 4.32. Pearson residuals (red - female, blue – male) for southern rock sole survey size composition data. Closed bubbles are positive 
residuals (observed > estimated). Scales differ by model. Model 15.1 was fit to the 2017 length composition data, hence the absence of residuals. 







a)         b) 


                       
c)         d) 


                       
Figure 4.33. Southern rock sole assessment model fit to the conditional age at length data. Model fit to the survey conditional age-at-length data 
and the associated error. a) Model 17.1, 1996 - 2001, b) model 17.2, 1996 - 2001, c) model 17.1 2003 - 2007, and d) model 17.2, 2003 - 2007. 







e)         f) 


                      
g)         h) 


                      
Figure 4.33. continued.  Southern rock sole assessment model fit to the conditional age at length data.. e) Model 17.1, 2009 - 2013, f) model 17.2, 
2009 - 2013, g) model 17.1 2015, and h) model 17.2, 2015. 







 
Figure 4.34. Southern rock sole, female (left) and male (right), fishery (top) and survey (bottom) selectivity.







 
Figure 4.35. Southern rock sole growth, female (top) and male (bottom). 
 
 
 







Model 17.1                Model 17.2 


  
Model 17.2a                Model 17.2b                 


  
Figure 4.36. Southern rock sole growth with uncertainty. Red represents females and blue represents males. 







 
 
Figure 4.37. Southern rock sole age-0 recruits, Ln(R0) density, spawning stock biomass with uncertainty, and spawning biomass density in 2017.







 


 
Figure 4.38. Southern rock sole total biomass and fishing mortality time-series. 
 







 
Figure 4.39. Likelihood profiles for southern rock sole assessment model 17.2. 
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a)                                                                                      b) 


 
c)                                                                                       d)      


  
Figure 4.40. Southern rock sole retrospective analysis for model 17.2. a) spawning biomass, b) fishing mortality, c)  density of  LN(R0), and d) 
age-0 recruits.







 
Figure 4.41. Northern rock sole phase plot. The green dot represents 1977 and the red dot represents 
2017.  







 
Figure 4.42. Southern rock sole phase plot. The green dot represents 1977 and the red dot represents 
2017.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







a)  


 
 
b) 


 
 
Figure 4.43 Northern rock sole derived age based fishery selectivity, a) female and b) male. The blue 
points represent the 2016 projection input and the orange points represent the 2017 input. 
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Figure 4.44 Southern rock sole derived age based fishery selectivity, a) female and b) male. The blue 
points represent the 2016 projection input and the orange points represent the 2017 input. 
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in the Gulf of Alaska  
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Executive Summary 
At least seven species of octopus are found in the Gulf of Alaska (GOA).  For management purposes, all 
octopus species are grouped into a single assemblage. Neither the relative abundances of the various 
species or the species composition of the commercial catch are well documented, but research indicates 
that the giant Pacific octopus Enteroctopus dofleini is the most abundant octopus species in shelf waters 
and makes up the bulk of octopus catches in commercial fisheries.  Octopuses are taken as incidental 
catch in trawl, longline, and pot fisheries throughout the GOA; a portion of the catch is retained or sold 
for human consumption or bait.  The highest octopus catch rates are from Pacific cod pot fisheries in the 
central and western GOA (NMFS statistical areas 610 and 630).  
 
Through 2010, octopuses were managed as part of the “other species” complex, with catch reported only 
in the aggregate along with sharks, squids, and sculpins.  In 2011, the GOA Fishery Management Plan 
was amended to provide separate management for sharks, sculpins, squids, and octopuses.  In compliance 
with the reauthorized Magnuson-Stevens Act, each complex has its own annual catch limit.  Harvest 
recommendations for the octopus complex are made using a modified Tier 6 approach, where the 
overfishing level (OFL) is calculated by multiplying the best available estimate of octopus biomass by the 
best estimate of natural mortality for E. dofleini. Catch limits for octopus for 2011-2014 were set using 
the average biomass from the last 3 surveys. Beginning in 2015, a random-effects (RE) model is used to 
provide a minimum biomass estimate.  
 


Summary of Changes in Assessment Inputs 


Summary of changes in data 
1) All catch data have been updated through October 11, 2017. 
2) Results from the 2017 GOA bottom trawl survey have been added to the assessment. 
3) The random effects model for estimating survey biomass has been run with 2017 data and the 


results were used for harvest recommendations. 
4) Additional detail regarding survey results and catch information have been added to the 


assessment, including the reorganization of catch data in the tables and the addition of several 
tables and figures. 


Summary of changes in assessment methods 
No changes were made to the assessment methods.  
 
  







 
 


Summary of Results 
 


1) The 2017 trawl survey biomass estimate for the octopus complex is 1,049 t. This is substantially 
lower than the 2015 estimate of 13,008 t and is the lowest estimate since 2001. 
 


2) The RE-model estimate of 2017 biomass is 1,539 t compared to the 2015 RE-model estimate of 
12,270 t. 
 


3) Frequency of occurrence in the survey (5% of hauls) is the lowest since 1996, and the survey 
CPUE (0.7 kg/hec) is the lowest since 2005. 
 


4) The survey size composition suggests that small animals (≤ 0.5 kg) constituted a much greater 
proportion of the E. dofleini population than in previous years. 
 


5) Although the 2017 catch data are incomplete, the 2017 catch (166 t as of October 11) is on track 
to be at its lowest level since 2006. 


 
6) The recommended OFL of 816 t is an order of magnitude lower than the 2016 


recommendation of 6,504 t. This is the status quo recommendation based on the approach 
taken in the previous 2 full assessments. Given the volatility of the harvest 
recommendations, the Plan Team may wish to consider an alternative approach. 


 
 
 
 


Harvest Recommendations 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
 


Tier 6 (RE model  biomass * M)     
M 0.53 0.53 0.53 0.53 
RE model biomass estimate 12,270 12,270 1,539 1,539 
OFL (t) 6,504


 
 


 
 


6,504
 


 


 
 


816 816 
maxABC (t) 4,878 4,878 612 612 
ABC (t)  
 


4,878 4,878 612 612 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing no n/a no n/a 


 
 


  







 
 


Responses to SSC and Plan Team Comments on Assessments in General 
 
The Plan Team and SSC had no general comments that apply to the octopus assessment. 
 
Responses to SSC and Plan Team Specific to this Assessment 


From the December 2016 SSC minutes:  
The Plan Team expressed concern that the Random Effects model that was applied to survey data 
appeared to follow the data too tightly given the error. The SSC supports their recommendation that the 
author examine this. 
 
 Response: As of this assessment there is a new stock assessment author for the octopus complex. 


The RE methodology the new author has used successfully in the past for skates was used here 
and appeared to provide good results. The way the results are presented (Figure 9) have been 
changed to make it clear how the survey variance and model output are related. 


From the November 2016 Plan Team minutes:  
There was concern by the Team about the results of the RE model that was applied to survey data. The 
model appeared to follow the data too tightly given the error. The analyst will review the data used for the 
figures depicting RE in the report 
 


Response: See response to similar SSC comment above. 


 


Introduction 


Description and general distribution 
Octopuses are marine mollusks in the class Cephalopoda.  The cephalopods, whose name literally means 
head foot, have their appendages attached to the head and include octopuses, squids, and nautiluses.  The 
octopuses (order Octopoda) have only eight appendages or arms and unlike other cephalopods, the 
octopus lack shells, pens, and tentacles.  There are two groups of Octopoda, the cirrate and the incirrate.  
The cirrate have cirri (cilia-like strands on the suckers) and paddle-shaped fins suitable for swimming in 
their deep oceanic pelagic and epibenthic habitats (Boyle and Rodhouse 2005) and are much less common 
than the incirrate which contain the more traditional forms of octopus.  Octopuses are found in every 
ocean in the world and range in size from less than 20 cm (total length) to over 3 m (total length); the 
latter is a record held by Enteroctopus dofleini (Wülker, 1910). Enteroctopus dofleini is one of at least 
seven species of octopus found in the GOA (Tables 1 & 2).  Members of these seven species represent six 
genera and can be found in depths from less than 10 m to greater than 1500 m.  All but one, Japetella 
diaphana, are benthic octopuses.  The state of knowledge of octopuses in the GOA, including the true 
species composition, is very limited.   
 
In the GOA, octopuses are found from subtidal waters to deep areas near the outer slope (Figures 1-3).  
The highest species diversity is along the shelf break region of the GOA, although there is a high 
abundance of octopuses on the shelf.  While octopuses are observed throughout the GOA, they are more 
commonly observed in the central and western GOA (areas 610-630) than in the eastern GOA.  Both 
survey and fishery CPUE suggest concentrations around Kodiak Island and the Shumagin Islands 
(Figures 1 & 4).  These observations are influenced by survey catchability and selectivity, as well as the 
distribution of fishing effort, and may not reflect true spatial patterns.  Octopuses were caught in the 







 
 


fishery at all depths ranging from shallow inshore areas (mostly pot catches) to trawl and longline catches 
on the continental slope at depths to nearly 1000 meters.  The majority of octopus caught with pots in the 
GOA came from 70-110 meters; catches from longline vessels tended to be in deeper waters of 360-730 
meters.  AFSC survey data also demonstrate the presence of octopus throughout the GOA and also 
indicate highest biomass in areas 610 and 630.  Octopuses are also common in the eastern Bering Sea and 
throughout the Aleutian Island chain.  


Management units   
Through 2010, octopuses were managed as part of the “other species” complex in the GOA. Prior to 
2003, catch of other species (squid, octopus, sharks, and sculpins) was reported only in aggregate.  
Separate catch reporting for different components of the other species complex was initiated in 2003, but 
octopus was still reported as an aggregate catch for all octopus species.  Catch of other species from 
2005-2009 was limited by a Total Allowable Catch (TAC) set at  ≤ 5% of the combined GOA target 
species TAC.  In October 2009, the NPFMC voted unanimously to amend both the BSAI and GOA 
Fishery Management Plans to eliminate the ‘other species’ category.  Plan amendments were initiated to 
move species groups formerly included in ‘other species’ into the target species category and provide for 
management of these groups with separate catch quotas under the 2007 reauthorization of the Magnuson-
Stevens Act and National Standard One Guidelines.  These amendments also created an ‘Ecosystem 
Component’ category for species not retained commercially.  Separate catch limits for groups from the 
former “other species” category, including octopus, were implemented in January 2011.   
 
National Standard One Guidelines instruct managers to identify core species and species assemblages.  
Species assemblages should include species that share similar regions and life history characteristics.  The 
GOA octopus assemblage does not fully meet these criteria.  All octopus species have been grouped into a 
species assemblage for practical reasons, as it is unlikely that fishers will identify octopus to species.  
Octopus are currently recorded by fisheries observers as either “octopus unidentified” or “pelagic octopus 
unidentified”.  Enteroctopus dofleini is the key species in the assemblage, is the best known, and is most 
likely to be encountered at shallower depths.  The seven species in the assemblage, however, do not 
necessarily share common patterns of distribution, growth, and life history.  One possible approach for the 
future is to split this assemblage by size, and allow retention of only larger animals.  This would restrict 
harvest to the larger E. dofleini and minimize impact to the smaller animals which may be other octopus 
species.  
 


Life history and stock structure  
In general, octopuses are fast growing with a life span generally less than five years.  Life histories of 
seven of the eight species in the Gulf of Alaska are largely unknown.  Enteroctopus dofleini has been 
studied extensively in Alaskan, Japanese and Canadian waters and its life history will be reviewed here; 
generalities on the life histories of the other seven species will be inferred from what is known about other 
members of the genus.   
 
Enteroctopus dofleini within the Gulf of Alaska have been found to mature between 10 to 20 kg with 50% 
maturity values of 13.7 kg (95% CI 12.5-15.5 kg) for females and 14.5 kg (95% CI = 12.5-16.3 kg) for 
males (Conrath and Conners, 2014). Enteroctopus dofleini are problematic to age due to a documented 
lack of beak growth checks and soft chalky statoliths (Robinson and Hartwick 1986).  Therefore the 
determination of age at maturity is difficult for this species. In Japan this species is estimated to mature at 
1.5 to 3 years and at similar but smaller size ranges (Kanamaru and Yamashita 1967, Mottet 1975). 
Within the Gulf of Alaska this species has a protracted reproductive cycle with a peak in spawning in the 
winter to early spring months. Due to differences in the timing of peak gonad development between males 
and females, it is likely that females have the capability to store sperm. This phenomenon has been 







 
 


documented in an aquarium study of octopus in Alaska (Jared Gutheridge pers. com.) and British 
Columbia (Gabe 1975).  Fecundity for this species ranges from 40,000 to 240,000 eggs per female with 
an average fecundity of 106,800 eggs per female. Fecundity is significantly and positively related to the 
size of the female. The fecundity of this species in Japanese waters has been estimated at 30,000 to 
100,000 eggs per female (Kanamaru 1964, Mottet 1975, Sato 1996). Gabe (1975) estimated a female in 
captivity in British Columbia laid 35,000 eggs.  Hatchlings are approximately 3.5 mm.  Mottet (1975) 
estimated survival to 6 mm at 4% while survival to 10 mm was estimated to be 1%; mortality at the 1 to 2 
year stage is also estimated to be high (Hartwick, 1983). Since the highest mortality occurs during the 
larval stage, it is probable that ocean conditions have a large impact on numbers of E. dofleini in the GOA 
and large interannual fluctuations in numbers of E. dofleini would be expected.   
 
Enteroctopus dofleini is found throughout the northern Pacific Ocean from northern Japanese waters, 
throughout the Aleutian Islands, the Bering Sea and the Gulf of Alaska and as far south down the Pacific 
coast as southern California (Kubodera, 1991, Jorgensen 2009). The stock structure and phylogenetic 
relationships of this species throughout its range have not been well studied. Three sub-species have been 
identified based on large geographic ranges and morphological characteristics including E. dofleini 
dofleini (far western North Pacific), E. dofleini apollyon (waters near Japan, Bering Sea, Gulf of Alaska), 
and E. dofleini martini (eastern part of their range, Pickford 1964). A recent genetic study (Toussaint et 
al. 2012) indicate the presence of a cryptic species of E. dofleini in Prince William Sound, Alaska and 
raises questions about the stock structure of this species. There is little information available about the 
migration and movements of this species in Alaska waters. Kanamaru (1964) proposed that E. dofleini 
move to deeper waters to mate during July through October and then move to shallower waters to spawn 
during October through January in waters off of the coast of Hokkaido, Japan. Studies of movement in 
British Columbia (Hartwick et al. 1984) and south central Alaska (Scheel and Bisson 2012) found no 
evidence of a seasonal or directed migration for this species.  
 
Octopus californicus is a medium-sized octopus with a maximum total length of approximately 40 cm.  
Very little is known about this species of octopus.  It is collected between 100 to 1,000 m depth in Alaska 
and has been reported in even deeper waters off the coast of California (Smith and Mackenzie 1948). It is 
believed to spawn 100 to 500 eggs. Hatchlings are likely benthic; hatchling size is unknown. The female 
likely broods the eggs and dies after hatching.   
 
Octopus rubescens is common along the U.S. west coast and has been reported from Prince William 
Sound, but its presence in the GOA has not been verified by survey collections.  Octopus rubescens 
appears to have a two year life cycle with egg laying occurring in July through September and hatching 
occurring 5 to 10 months later in February through March. Females of this species are terminal spawners 
estimated to lay approximately 3,000 eggs (Dorsey 1976).  Octopus rubescens has a planktonic larval 
stage.   
 
Octopus sp. A is a small-sized species with a maximum total length < 10 cm.  This species has only 
recently been identified in the GOA and its full taxonomy has not been determined. Octopus sp. A is 
likely a terminal spawner with a life-span of 12 to 18 months.  The eggs of Octopus sp. A are likely much 
larger than those of O. rubescens, as they have larger benthic larvae. Females of Octopus sp. A lay 
between 80 and 90 eggs that take up to six months or more to hatch. 
 
Benthoctopus leioderma is a medium sized species; its maximum total length is approximately  
60 cm.  Its life span is unknown.  It occurs from 250 to 1400 m and is found throughout the shelf break 
region. It is a common octopus and often occurs in the same areas where E. dofleini are found. The eggs 
are brooded by the female but mating and spawning times are unknown.  Members of this genus in the 
North Pacific Ocean have been found to attach their eggs to hard substrate under rock ledges and crevices 







 
 


(Voight and Grehan 2000). Benthoctopus tend to have small numbers of eggs (<200) that develop into 
benthic hatchlings. 
 
Opisthoteuthis californiana is a cirrate octopus; it has fins and cirri (on the arms). It is common in the 
GOA but is not likely to be confused with E. dofleini.  It is found from 300 to 1,100 m and is likely 
common over the abyssal plain. Opisthoteuthis californiana in the northwestern Bering Sea have been 
found to have a protracted spawning period with multiple small batch spawning events. Potential 
fecundity of this species was found to range from 1,200 to 2,400 oocytes (Laptikhovsky 1999).  There is 
evidence that Opisthoteuthis species in the Atlantic undergo ‘continuous spawning’ with a single, 
extended period of egg maturation and a protracted period of spawning (Villanueva 1992).  Other details 
of its life history remain unknown.   


Japetella diaphana is a small pelagic octopus.  Little is known about members of this family. In Hawaiian 
waters gravid females are found near 1,000 m depth and brooding females near 800 m depth. Hatchlings 
have been observed to be about 3 mm mantle length (Young 2008). This is not a common octopus in the 
GOA and not likely to be confused with E. dofleini. 
 
Vampyroteuthis infernalis is a cirrate octopus.  It is not common in the GOA and is easily distinguishable 
from other species of octopus by its black coloration. Very little is known about its reproduction or early 
life history. A hatchling with a mantle length of 8 mm with yolk was captured near the Hawaiian Islands 
indicating an egg size of around 8 mm for this species (Young and Vecchione 1999).  
 
In summary, there are at least seven species of octopus present in the GOA, and the species composition 
of both the natural communities and commercial harvest is unknown.  At depths less than 200 meters, E. 
dofleini appears to have the highest biomass, but the abundances of B. leioderma and Octopus sp. A. are 
also high.  The greatest difference in species composition between the Bering Sea Aleutian Islands 
(BSAI) and the GOA is the presence of O. californicus in the GOA. 
 


Fishery 


Directed fishery  
There is no federally-managed directed fishery for octopus in the GOA.  One processor in Kodiak 
purchases incidentally-caught octopus, primarily for halibut bait.  Ex-vessel prices for octopus in Kodiak 
are typically around $0.50 /lb (Sagalkin and Spalinger, 2011, AKFIN 2015).  Recent increases in global 
market value have increased retention of incidentally-caught octopus in the BSAI and GOA. Overall, only 
37% of the 2015 catch in the GOA was retained, but a large fraction (79%) of the catch from area 630 
was retained.  Because of the relatively large number of small boats in the GOA commercial fleet and 
recent changes to crab fishing seasons, there is some interest in directed fishing for octopus in the GOA.  
 
The State of Alaska allows directed fishing for octopus in state waters under a special Commissioner’s 
permit.  A small directed fishery in state waters around Unimak Pass and in the AI existed from 1988-
1995; catches from this fishery were reportedly less than 8 t per year (Fritz 1997).  Commissioner’s 
permits are available for targeting octopus but are rarely taken advantage of;  two boats fished for octopus 
on such permits in 2014 with a total catch of approximately 1.5 tons.  The majority of octopus catch in 
state waters is incidental to other fisheries (Bowers et al. 2010, Sagalkin and Spalinger, 2011).   
 







 
 


Incidental catch  
Octopus are caught incidentally throughout the GOA in both state and federally-managed bottom trawl, 
longline, and pot fisheries.  From 1992-2002 total incidental catch of octopus in federal waters was 
estimated from observed hauls (Gaichas 2004).  Since 2003 the total octopus catch in state and federal 
waters (including discards) has been estimated using the NMFS Regional Office Catch Accounting 
System.  Incidental catch data are presented in Tables 3-5 and Figure 5 and discussed below in the data 
section. The majority of incidental catch of octopus comes from Pacific cod fisheries, primarily pot 
fisheries.  Some catch is also taken in trawl fisheries for Pacific cod and other species and in longline 
fisheries.  The overwhelming majority of catch in federal waters occurred in the central and western GOA 
in statistical reporting areas 610, 620 and 630.  In 2014-2015, there were particularly high octopus catches 
not only in the Shumagin and Kodiak regions (610 and 630), but also in the Chirikof region (620).  The 
species of octopus taken is not recorded, although size distributions suggest that the majority of the catch 
from pots is E. dofleini. 


Catch history 
Since there has been only a limited market for octopus and no directed fishery in federal waters, there is 
limited data available for documenting catch history.  Historical rates of incidental catch would not 
necessarily be indicative of future fishing patterns if octopuses were increasingly retained for market 
catch.  Estimates of incidental catch suggest substantial year-to-year variation in abundance, which would 
result in large annual fluctuations in harvest.  This large interannual variability is consistent with 
anecdotal reports (Paust 1988, 1997) and with life-history patterns for E. dofleini.   
 


Data 
Fishery 


Incidental catch data 
From 1997-2007, total incidental catch of octopus in state and federal waters ranged from 88 t to 298 t 
(Table 3).  Catches increased beginning in 2008 and during 2008-2016 did not drop below 300 t. 
Particularly high catches were observed in 2011, 2014, and 2015. The amount of catch appears to depend 
primarily on octopus abundance, as catch patterns mirror trends in survey biomass estimates. High rates 
of incidental catch in 2002, 2004, 2009, 2011, and 2014-15 correspond to high survey catches in 2003, 
2009, 2011, and 2015 (Tables 2 & 5).   
 
The vast majority of the incidental catch occurs in the Pacific cod fishery, particularly vessels using pot 
gear, and in statistical areas 610 and 630 (Tables 4 & 6; Figure 5). Retention rates of captured octopuses 
during 2003-2016 ranged from 40% to 90%, but in most years approximately half of the catch was 
retained (Table 3). Retention also varies by area: in 2015, the overall retention rate is estimated at 40% 
but a large fraction (97%) of octopus caught in area 630 (Kodiak) was retained. 
 
Catches of octopus in the GOA have declined during 2016 and 2017 after two years of relatively high 
catches in 2014 and 2015 (Table 3).  As of October 11, 2017 the catch was 166 t and it appears that the 
2017 catch may be the lowest since 2006. 
 


Federal Groundfish Observer Program data 
Groundfish observers record octopus in commercial catches as either “octopus unidentified” or “pelagic 
octopus unidentified”.  Observer records do, however, provide a substantial record of catch of the octopus 
species complex.  Figure 4 shows the spatial distribution of observed octopus catch in the GOA 







 
 


(aggregated over 400 km2 blocks) for the years 2006-2016.  The majority of GOA octopus caught by pot 
gear came from depths of 70-110 meters; catches from longline vessels tended to be in deeper waters 
(360-730 meters).  Unlike data from the Bering Sea, the depth range of octopus catches in the GOA is 
similar between industry and survey data.   
 
Because of their unique shape measuring octopus size is problematic, and body weight is the most reliable 
and consistent metric for evaluating size. Not all octopuses are individually weighed in either the trawl 
surveys or in observed hauls. To evaluate the average size of octopuses captured in surveys and fisheries, 
data on total weight and number of individuals in fishery hauls was used to estimate a mean weight of 
octopus in each haul. In most cases only one octopus was sampled and the weight data reflects an exact 
weight for that individual. The size distribution of captured octopus varies substantially among gear types 
(Figure 6). Pot gear selects for larger individuals: the size composition has a distinct mode at 14 kg. 
Based on size alone, these larger individuals are probably E. dofleini.  Commercial trawls and longlines 
show size distributions more similar to that of the survey (Figure 7), with a wide range of sizes and a 
large fraction of octopus weighing 2 kg or less.  These smaller octopuses may be juvenile E. dofleini or 
may be any of several species, especially B. leioderma or Octopus sp. It is apparent that temporal and 
spatial catch patterns in the pot fishery are primarily determined by seasonal timing and locations of pot 
fishing for Pacific cod; total observed pot fishing effort varies widely from year to year. Pot fishing in the 
GOA occurs primarily to the north and east of Kodiak (Chiniak Bay), in Kuprianof Strait, along the west 
side of Kodiak Island (statistical area 630), and in the western GOA between the Shumagin Islands and 
Sanak Island (area 610). Octopus catch occurs primarily in January-February and in September.   
 
In order to confirm the recent increases in octopus survey biomass and total catch, observer data was used 
to construct an estimate of incidental catch-per-unit-effort (CPUE) of octopus (Figure 8).  The 
extrapolated catch of octopus from each haul was divided by the total number of pots fished on each haul 
and the results were expressed as individuals/pot.  The CPUE index was calculated for the entire GOA 
region and for area 630 only. The GOA-wide and 630 indices display similar trends, but the 630 CPUE is 
higher in some years: 1999, 2003, 2005-2007, 2009-2010, and particularly 2014. Both indices also 
parallel the total incidental catch, with a period of fairly stable catch rates from 1998-2007, higher 
CPUE/catches during 2008 – 2015, and a decreasing trend after 2015. 
 


Survey 


AFSC survey data 
Catches of octopus are recorded during the biennial NMFS bottom trawl survey of the GOA. In older 
survey data (prior to 2003) octopus were not consistently identified to species (often being recorded as 
Octopodidae or Octopus sp.) and some individuals may have been occasionally misidentified as E. 
dofleini.  Since 2003, increased effort has been put into cephalopod identification and species composition 
data are considered more reliable; species composition of octopus catch in recent GOA bottom trawl 
surveys is shown in Table 2. Based on available data, the species with the highest biomass in shelf waters 
is E. dofleini.  The size distribution by weight of individual octopus collected by the bottom trawl surveys 
from 2003 through 2017 is shown in Figure 7.  Survey-caught octopus ranged in weight from less than 
0.1 kg to over 22 kg, but most individuals weighed 4 kg or less; 38% of all individuals were < 0.5 kg.  For 
most octopus species this likely approximates the size distribution in the population; however for E. 
dofleini the trawl survey is highly selective for smaller individuals. The basis for this selectivity is 
unknown but may be related to the distribution of larger octopuses in untrawlable habitat or because they 
are more adept at avoiding the trawl.   
 
Survey catches of octopus occur throughout the GOA (Figures 1-3). The survey catches octopuses at all 
depths from 25 to over 900 meters; the most frequent depth of survey catch is in the 100-300 meter range.  







 
 


The 2009 through 2017 GOA trawl surveys caught primarily E dofleini, B. leioderma, and O. 
Californiana (Table 2).  The majority of the biomass, however, is E dofleini; in 2017 this species made up 
96% of the total estimated octopus complex biomass. Enteroctopus dofleini occurs more frequently in the 
central and western GOA and estimated biomass is higher in these regions (Figure 1).  Opisthoteuthis 
californiana occurs mainly to the west of Kodiak Island and along the edge of the continental shelf 
(Figure 2). In contrast, Benthoctopus leioderma occurs mainly in survey catches to the east of Kodiak 
Island (Figure 3).  
 
In contrast to the very large octopus biomass estimated by the trawl survey in 2015, the 2017 biomass 
estimate of 1,049 t is the lowest since 2001 (Table 5 and Figure 9). The mean CPUE (0.7 kg/hec) was the 
lowest since 2005 (Table 2) and the frequency of occurrence (5% of survey hauls) was the lowest since 
1996 (Table 5).  The coefficient of variation (CV) for octopus biomass estimates is typically high but was 
especially high for the 2017 estimated at 0.43. Very little of the octopus biomass occurs in the eastern 
GOA (Figure 10); since 2011 the proportion of the biomass in the western GOA has been increasing to 
the point that biomass is now approximately equal between the western and central areas. Relative to 
previous years, the 2017 survey catch included more small E. dofleini, with the majority of individuals 
weighing 0.5 kg or less (Figure 11). 
 


Biomass estimation 
Estimates of octopus biomass based on the biennial GOA trawl surveys (Table 5) represent total weight 
for all species of octopus, and are calculated using the sample procedures used for estimating groundfish 
biomass (National Research Council 1998, Wakabayashi et al. 1985).  The positive aspect of these 
estimates is that they are founded on fishery-independent data collected by proper design-based sampling.  
The standardized methods and procedures used for the surveys make these estimates the most reliable 
biomass data available.  The survey methodology has been carefully reviewed and approved in the 
estimation of biomass for other federally-managed species.  There are, however, some drawbacks to using 
the trawl survey biomass estimates for octopus. 
 
As noted earlier, the survey trawl may not be suitable gear for sampling octopus.  The bottom trawl net 
used for the GOA survey has roller gear on the footrope to reduce snagging on rocks and obstacles and 
may allow benthic organisms, including octopus, to escape under the net.  Given the tendency of octopus 
to spend daylight hours near dens in rocks and crevices, it is entirely likely that the actual capture 
efficiency for benthic octopus is poor (D. Somerton, AFSC, personal communication, 7/22/05).  Trawl 
sampling is not conducted in areas with extremely rough bottom and/or large vertical relief, exactly the 
type of habitat where den spaces for octopus would be most abundant (Hartwick and Barringa 1989).  The 
survey also does not sample in inshore areas and waters shallower than 30 m, which may contain sizable 
octopus populations (Scheel 2002).  The estimates of biomass in Table 3 assume a catchability coefficient 
(q) of 1, which is probably not realistic for octopus.  For this reason the survey probably underestimates 
octopus biomass in the regions covered by the survey.  The large numbers of survey tows with no octopus 
also tend to increase the sampling variability of the survey estimates; in many years, octopus were present 
in less than 10% of the survey tows. 
  
There is a considerable difference in size selectivity between survey trawl gear and industry pot gear that 
catches most of the octopus harvested.  The average weight for individual octopus in survey catches from 
2006–2016 was 3.8 kg; 38% of survey-collected individuals over this period weighed 0.5 kg or less.  
Larger individuals are strong swimmers and may be more adept at escaping trawl capture.  In contrast, the 
average weight of individuals from commercial pot gear was over 12 kg (Figure 6).  Pot gear is probably 
selective for larger, more aggressive individuals that respond to bait, and smaller octopus can easily 
escape commercial pots while they are being retrieved.  Unlike the BSAI, the depth range of octopus 
catches in the GOA is similar between industry and survey data, although pot fisheries tend to be 







 
 


concentrated in shallower shelf waters.  There is also a seasonal difference between summer trawl surveys 
and the fall and winter cod seasons, when most octopus are harvested.   
 
Due to these limitations the trawl survey should be considered an imprecise minimum estimate of octopus 
biomass in the GOA. Before the 2015 assessment, survey biomass for use in generating harvest 
recommendations was calculated as the average of the 3 most recent surveys. Beginning in 2015, a 
random effects (RE) model developed by the Plan Teams is used to generate a biomass estimate (Figure 
9).  
 
Species-specific methods of biomass estimation are needed for octopus and are being explored. Octopus 
are readily caught with commercial or research pots.  An index survey of regional biomass in selected 
areas of the Kodiak and Shumagin regions would be appropriate and is highly feasible.  It may also be 
feasible to estimate regional octopus biomass using mark-recapture studies or depletion methods (Caddy 
1983, Perry et al. 1999).  These options could be explored with a small experimental fishery and industry 
support.  A size-based stage-structured model is currently being explored, but will need a sufficient time-
series index of abundance and size frequency data to be predictive.  
 
 


Analytic Approach 
Model Structure 
 
The available data do not support population modeling for either individual species of octopus in the 
GOA or for the multi-species complex.  As better catch and life-history data become available, it may 
become feasible to manage the key species E. dofleini through a size-based model.  For the last few years, 
the GOA Plan Team has elected to use a modified approach under Tier 6 where the overfishing level 
(OFL) is equal to the best available biomass estimate multiplied by the best available natural mortality 
rate (M), and the allowable biological catch is equal to 75% of the OFL. This is very similar to the Tier 5 
approach specified in the FMP; because the Tier 5 language requires “reliable” estimates of biomass and 
M, the method for octopus is specified as Tier 6.  
 


Parameter Estimates 


Natural mortality rate (M) 
It is important to note than not all species of octopus in the GOA have similar fecundity and life history 
characteristics.  This analysis is based on E. dofleini, which probably make up the majority of the harvest.  
Since E. dofleini are terminal spawners, care must be taken to estimate mortality for the intermediate 
stage of the population that is available to the fishery but not yet spawning (Caddy 1979, 1983).  If 
detailed, regular catch data from a directed fishery are available, the natural mortality could be estimated 
from catch data (Caddy 1983).  When this method was used by Hatanaka (1979) for the West African O. 
vulgaris fishery, the estimated mortality rates were in the range of 0.50-0.75.  Mortality may also be 
estimated from tagging studies; Osako and Murata (1983) used this method to estimate a total mortality of 
0.43 for the squid Todarodes pacificus.  Empirical methods based on the natural life span (Hoenig 1983, 
Rikhter and Efanov 1976) or von Bertalanffy growth coefficient (Charnov and Berrigan 1991) have also 
been used.  While these equations have been widely used for finfish, their use for cephalopods is less well 
established.  Perry et al. (1999) and Caddy (1983) discuss their use for invertebrate fisheries. 
  
If we apply Hoenig’s (1983) equation to E. dofleini, which have a maximum age of five years, we get an 
estimated M = 0.86.  Rikhter and Efanov’s (1976) equation gives a mortality rate of 0.53 based on an age 







 
 


of maturity of 3 years for E. dofleini.  The utility of maturity/mortality relationships for cephalopods 
needs further investigation, but these estimates represent the best available data at this time.  The Rikhter 
and Evanov estimate of M=0.53 represents the most conservative estimate of octopus natural mortality, 
based on information currently available.  If future management of octopus is to be based on Tier 5 
methods, a direct estimate of octopus natural mortality in the GOA, based on either experimental fishing 
or tagging studies, is desirable. 
 
 


Results 
Harvest Recommendations 
 
Harvest recommendations are made using a modified approach under Tier 6, which uses a minimum 
biomass estimate and a natural mortality rate based on life history parameters, similar to the Tier 5 
approach. The 2017 RE-model biomass estimate for all octopuses was 1,539 t. This is slightly higher than 
the survey biomass estimate of 1,049 t and much less than the 2015 RE-model estimate of 12,270 t. 
Assuming an M of 0.53, the 2018 and 2019 harvest recommendations are  as follows: 
 


• OFL = 1,539 t * 0.53 = 816 t 
• ABC = 816 * 0.75 = 612 t 


 
 
Because of the overall lack of biological data and the large uncertainty in abundance estimates, we 
do not recommend a directed fishery for octopus in federal waters at this time.  We anticipate that 
octopus harvest in federal waters of the GOA will continue to be largely an issue of incidental catch in 
existing groundfish fisheries.  If interest in a directed octopus fishery increases, we recommend using an 
experimental fishery to obtain depletion-based regional biomass estimates and to develop an octopus-
specific index survey using pot gear specialized for capturing octopuses. 
 
Because the 2016 catch was below the 2016 OFL, GOA octopus are not being subject to overfishing. Gulf 
of Alaska octopus are managed in Tier 6 and it is not possible to make a status determination of whether 
the stock is overfished or approaching an overfished condition.  
 


Ecosystem Considerations 
 


Ecosystem Effects on the Stock 
Little is known about habitat use and requirements of octopus in Alaska.  In trawl survey data, sizes are 
depth stratified with larger (and fewer) animals living deeper and smaller animals living shallower.  
However, the trawl survey does not include coastal waters less than 30 m deep, which may include large 
octopus populations.  Hartwick and Barriga (1989) reported increased trap catch rates in offshore areas 
during winter months.  Octopus require secure dens in rocky bottom or boulders to brood their young 
until hatching, which may be disrupted by fishing effort. Activity is believed to be primarily at night, with 
octopus staying close to their dens during daylight hours.  Hartwick and Barriga (1989) suggest that 
natural den sites may be more abundant in shallow waters but may become limiting in offshore areas.  In 
inshore areas of Prince William Sound, Scheel (2002), noted highest abundance of octopus in areas of 
sandy bottom with scattered boulders or in areas adjacent to kelp beds.  Distributions of octopus along the 
shelf break are related to water temperature, so it is probable that changing climate is having some effect 







 
 


on octopus, but data are not adequate to evaluate these effects.  Survey data are not yet adequate to 
determine depth and spatial distributions of the minor octopus species; spatial patterns about the most 
abundant species (E. dofleini) may be inferred only by combining data over several years.  


Fishery Effects on the Ecosystem 
Very little is known about the role of octopus in North Pacific ecosystems.  In Japan, E. dofleini prey 
upon crustaceans, fish, bivalves, and other octopuses (Mottet 1975).  Food habit data and ecosystem 
modeling of the GOA (Livingston et al. 2003) indicate that octopus diets in the GOA are dominated by 
epifauna such as snails and crabs and infauna such as mollusks.  The Ecopath model (Figure 12) indicates 
that octopus in the GOA are preyed upon primarily by grenadiers, Pacific cod, halibut, and sablefish.  In 
the GOA, Steller sea lions and other marine mammals are not significant predators of octopus (Figure 13).  
Model estimates show octopus comprise less than 0.5% of the diet of both juvenile and adult Steller sea 
lions.  This is in contrast to the Bering Sea, where Steller sea lions and other marine mammals are 
significant predators of octopus.  At least 20% of the estimated overall mortality of octopus in the GOA 
cannot be explained by the model (Aydin et al. 2007). 
 
Analysis of scat data (Sinclair and Zeppelin 2002) shows unidentified cephalopods are a frequent item in 
Steller sea lion diets in both the Bering Sea and Aleutian Islands, but much less so in the western GOA.  
This analysis does not distinguish between octopuses and squids.  The frequency of cephalopods in sea 
lion scats averaged 8.8% overall, and was highest (11.5-18.2%) in the Aleutian Islands and lowest (<1 – 
2.5%) in the western GOA.  Proximate composition analyses from Prince William Sound in the GOA 
(Iverson et al. 2002) show that squid had among the highest high fat contents (5 to 13%), but octopus had 
among the lowest (1%).  
 
 


Data Gaps and Research Priorities 
 
A volume on cephalopod taxonomy and identification in Alaska has been published (Jorgensen 2009).  
Efforts to improve octopus identification during AFSC trawl surveys will continue, but because of 
seasonal differences between the survey and most fisheries, questions of species composition of octopus 
incidental catch may still be difficult to resolve.  Genetic analysis of tissue samples could be used to 
identify octopus species. 
 
Because octopuses are semelparous, a better understanding of reproductive seasons and habits is needed 
to determine the best strategies for protecting reproductive output.  Enteroctopus dofleini in Japan and off 
the US west coast reportedly undergo seasonal movements, but the timing and extent of migrations in 
Alaska is unknown.  The distribution of octopus biomass and extent of movement between federal and 
state waters is unknown and could become important if a directed state fishery develops.   
 
Fishery-independent methods for assessing biomass of the harvested size group of octopus are feasible, 
but would be species-specific and could not be carried out as part of existing multi-species surveys.  Pot 
surveys are effective both for collecting biological and distribution data and as an index of abundance; 
mark-recapture methods have been used with octopus both to document seasonal movements and to 
estimate biomass and mortality rates.  These methods are currently being researched; priorities for 
funding and staffing for a dedicated octopus survey needs to be addressed.  
 
Tagging studies are needed to obtain a complete understanding of the migratory patterns of Enteroctopus 
dofleini. Additional genetic and/or tagging studies are needed to clarify the stock structure of this species 
in Alaska waters.    
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Table 1.  Octopus species found in the Gulf of Alaska. 
 


 
 


Taxonomy Common Name General Distribution Age at 
Maturity 


Size at 
Maturity 


Class Cephalopoda      
Order  Vampyromorpha          
Genus     Vampyroteuthis      
 Species      Vampyroteuthis infernalis   GOA; > 300 m unknown unknown 
              
Order  Octopoda      
Group   Cirrata      
Family   Opisthoteuthidae      
Genus     Opisthoteuthis      
Species     Opisthoteuthis californiana flapjack devilfish GOA; > 300 m unknown unknown 
Group   Incirrata     
     Bolitaenidae     
      Japetella     
       Japetella diaphana pelagic octopus pelagic; over the shelf break unknown < 300 g 
Family   Octopodidae     
Genus     Benthoctopus     
Species     Benthoctopus leioderma smoothskin octopus GOA; > 250 m unknown < 500 g 
Genus     Enteroctopus     
Species     Enteroctopus dofleini giant octopus all GOA; 10 - 1400 m 3 - 5 yr >10 kg 
Genus     Octopus     
Species     Octopus californicus  E. GOA; 100 - 1000 m unknown 1 -2 kg 


      Octopus rubescens red octopus N Pacific,  Prince Wm. Sound 1 yr unknown 
            Octopus sp. A   GOA shelf , 10 - 300 m unknown < 250 g 







 
 


Table 2.  Mean catch per unit effort (CPUE; kg/hec) of octopus species in AFSC GOA bottom trawl surveys, 1984-2017. “Miscellaneous 
octopuses” includes Vampyroteuthis infernalis and all octopus species except Enteroctopus dofleini. 


 
  1984 1987 1990 1993 1996 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 
Enteroctopus dofleini   1.6 0.7 2.0 1.4 2.4 1.2 2.4 0.5 1.5 1.8 2.4 1.2 3.4 1.0 
Opisthoteuthis californiana 0.8 0.1 0.7 0.4  0.6  0.3 0.5 0.3 0.6 0.2 1.0 0.4 0.4 
Octopus sp        0.6 1.7 0.02 0.2  0.01 0.7 0.3 
Benthoctopus sp        0.1 0.02  0.1 0.6   0.03 
Benthoctopus oregonensis              0.02 0.02 
Benthoctopus leioderma 0.01 0.03 0.2 0.04  0.2 0.2 0.1 0.1 0.01 0.05 0.3 0.05 0.03 0.01 
octopus unID 0.6 1.6 1.0 0.6 1.5 0.3 1.3 0.1  0.02 0.1 0.004 0.01 0.001 0.001 
Japatella diaphana        0.01 0.01 0.03   0.04 0.03  
Octopus californicus          0.05       
Octopus rubescens        0.02        
Vampyroteuthis infernalis   0.4       0.3   0.8       0.002       


                
miscellaneous octopus 0.6 1.3 0.6 0.5 1.5 0.4 1.1 0.3 0.5 0.1 0.2 0.2 0.2 0.2 0.1 
all octopuses 0.6 1.3 0.6 0.7 1.5 0.5 1.2 1.6 0.5 1.1 1.4 2.0 0.9 2.9 0.7 


 
 
 
 
 
 







 
 


Table 3. Estimated total catches of octopuses (all species) and estimated retention rates in Gulf of Alaska 
groundfish fisheries, 1997-2017. This table also includes annual TACs for the Other Species (OS) 
complex and estimated OS catch, 1997-2010, as well as specifications for the octopus complex beginning 
in 2011. Octopus catch reported here does not include catches in NMFS statistical areas 649 & 659, 
which do not count against the octopus TAC. For a breakdown of octopus catches by area, 
including 649 & 659, see Table 4. 


 


  octopus 
catch 


%     
retained 


Other 
Species 
catch (t) 


Other 
Species 
TAC (t) 


octopus 
TAC (t) 


octopus 
ABC (t) 


octopus 
OFL (t) 


management      
method 


1997 232  5,439 13,470       OS TAC 
1998 112  3,748 15,570       OS TAC 
1999 166  3,858 14,600       OS TAC 
2000 156  5,649 14,215       OS TAC 
2001 88  4,804 13,619       OS TAC 
2002 298  3,748 11,330       OS TAC 
2003 212 21% 6,266 11,260       OS TAC 
2004 283 57% 1,705 12,942       OS TAC (no skates) 
2005 149 68% 2,513 13,871       OS TAC (no skates) 
2006 166 86% 3,881 13,856       OS TAC (no skates) 
2007 266 90% 3,035 4,500       OS TAC (no skates) 
2008 339 82% 2,967 4,500       OS TAC (no skates) 
2009 321 83% 3,188 4,500       OS TAC (no skates) 
2010 330 82% 1,724 4,500       OS TAC (no skates) 
2011 927 42%     954 954 1,273 octopus complex 
2012 415 66%     1,455 1,455 1,941 octopus complex 
2013 444 49%     1,455 1,455 1,941 octopus complex 
2014 1,300 41%     1,507 1,507 2,009 octopus complex 
2015 967 40%     1,507 1,507 2,009 octopus complex 
2016 382 54%     4,878 4,878 6,504 octopus complex 


2017* 166 79%     4,878 4,878 6,504 octopus complex 
 


Data sources and notes: Octopus catch 1997-2002, AKRO Blend; octopus catch 2003-2017, AKRO CAS; 
Other Species catch, AKRO Blend and CAS; specifications, AKRO harvest specifications. Skates were 
removed from the Other Species group in 2004.  
*2017 catch as of XX 


  







 
 


Table 4. Estimated catches of octopuses (all species) in state and federal fisheries by NMFS reporting 
area. Catches in NMFS statistical areas 649 & 659 (inside waters; Prince William Sound and 
Southeast Alaska, respectively) do not count against the octopus TAC. Data are from Alaska 
Regional Office Catch Accounting System.  


 
 


  catch (t) in NMFS reporting areas GOA 
catch 
w/o 


inside 
waters 


GOA 
catch 
with 


inside 
waters   


610 620 630 640 650 649 659 


2003 149 13 48 0.34 2 0.40 1 212 214 
2004 200 6 76 0.11 0.46 0.03 0.13 283 283 
2005 58 3 88 0 0.04 0 0 149 149 
2006 37 9 119 0.27 0.17 0.06 0.08 166 166 
2007 64 22 179 0.04 0.10 0.03 0.17 266 266 
2008 125 28 186 0 0.07 0.08 0.12 339 339 
2009 141 33 146 0.24 0.30 0.38 0.26 321 321 
2010 142 49 139 0.22 0.08 0.09 0.23 330 331 
2011 565 92 268 1 2 1 0.48 927 929 
2012 177 25 212 0.08 0.03 0.07 0.06 415 415 
2013 240 30 143 17 15 5 6 444 454 
2014 496 170 627 4 3 1 2 1,300 1,303 
2015 215 366 383 1 2 1 1 967 968 
2016 170 85 126 1 0.47 1 0.38 382 384 


2017* 42 42 82 0.24 0.18 0.16 0.20 166 166 
 


 *Data for 2017 are as of October 11, 2017. 
 


 







 
 


Table 5.  Biomass estimates and percent occurrence in survey hauls for Enteroctopus dofleini, miscellaneous octopuses, and all octopus species 
combined from the Alaska Fisheries Science Center GOA bottom trawl surveys. CV = coefficient of variation. 
 
 


    Enteroctopus dofleini miscellaneous octopuses all octopuses 


  
total 


survey 
hauls 


hauls w/ E. 
dofleini biomass 


(t) CV 
hauls w/ misc. 


octopus biomass 
(t) CV 


hauls w/ any 
octopus biomass 


(t) CV 
  # % # % # % 


1984 929 - - - - 89 10% 1,498 0.23 89 10% 1,498 0.23 
1987 783 2 0% 172 0.82 33 4% 2,049 0.47 35 4% 2,221 0.43 
1990 708 3 0% 163 0.94 31 4% 866 0.42 34 5% 1,029 0.38 
1993 774 6 1% 437 0.57 36 5% 771 0.41 42 5% 1,208 0.33 
1996 807 6 1% 222 0.60 28 3% 1,738 0.51 34 4% 1,960 0.46 
1999 764 3 0% 293 0.70 45 6% 701 0.27 48 6% 994 0.28 
2001 489 14 3% 571 0.43 15 3% 423 0.65 29 6% 993 0.37 
2003 809 50 6% 3,590 0.22 22 3% 177 0.41 72 9% 3,767 0.22 
2005 837 29 3% 382 0.31 29 3% 743 0.46 58 7% 1,125 0.32 
2007 816 55 7% 2,155 0.23 18 2% 159 0.38 73 9% 2,314 0.22 
2009 823 60 7% 3,496 0.20 21 3% 296 0.38 81 10% 3,791 0.19 
2011 670 58 9% 4,743 0.19 11 2% 154 0.35 69 10% 4,896 0.18 
2013 548 48 9% 2,420 0.20 19 3% 266 0.46 67 12% 2,686 0.18 
2015 771 108 14% 12,642 0.15 11 1% 366 0.43 119 15% 13,008 0.14 
2017 536 16 3% 1,009 0.44 9 2% 40 0.54 25 5% 1,049 0.43 


 


  







 
 


Table 6. Estimated catches (t) of octopuses (all species) in the Gulf of Alaska by target fishery, 2003-2017. Octopus catch reported here does not 
include catches in NMFS statistical areas 649 & 659, which do not count against the octopus TAC. ATF = arrowtooth flounder. Data source: 
AKRO CAS. 


 


  2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 
Pacific cod 193 250 139 151 249 327 307 267 861 408 320 1,184 901 358 158 
ATF 1 0.01 6 9 2 4 0.23 1 3 1 0.17 22 7 2 2 
IFQ halibut 9 1 1 2 1 2 5 5 54 1 97 51 31 9 2 
sablefish 3 0.08 0.22 0.32 2 1 1 1 1 1 16 7 4 4 2 
rockfish 1 0.43 0.19 0.47 0.06 3 1 4 1 1 2 7 11 2 1 
shallow flatfish 6 1 1 0.02 9 3 5 10 2 0.18 6 16 6 3 0.39 
pollock 0 0 0.06 3 1 0.03 0.06 1 2 0.43 0.33 7 4 5 0.03 
deep flatfish 0.04 0.35 0 0 0 0 0 0 0 0 0 0 0 0 0 
flathead sole 0.03 0.04 0 0 0 0 0 1 1 2 0.05 0.31 0.36 0.01 0 
other target 0.06 30 2 0.16 1 0.08 1 42 1 0 0.01 6 0 0.27 0 
rex sole 0.21 0 0 0 0.03 0.13 0.46 0.04 0.25 1 3 0 3 0 0 
all fisheries 212 283 149 166 266 339 321 330 927 415 444 1,300 967 382 166 


 


 
 







 
 


 
 


Figure 1. Mean catch-per-unit-effort (CPUE; kg/hec) of giant Pacific octopus Enteroctopus dofleini in 
AFSC bottom trawl surveys conducted in the Gulf of Alaska during 2003-2017. Data are aggregated into 
20 km X 20 km grid cells to clarify areas of high CPUE. Light blue shading indicates the spatial extent of 
the survey; note that no sampling occurs in Prince William Sound or inside waters of southeast Alaska. 
 
  







 
 


 
Figure 2. Mean catch-per-unit-effort (CPUE; kg/hec) of flapjack devilfish Opisthoteuthis californiana in 
AFSC bottom trawl surveys conducted in the Gulf of Alaska during 2003-2017. Light blue shading 
indicates the spatial extent of the survey; note that no sampling occurs in Prince William Sound or inside 
waters of southeast Alaska. 
 
  







 
 


 
 
Figure 3. Mean catch-per-unit-effort (CPUE; kg/hec) of smoothskin octopus Benthoctopus leioderma in 
AFSC bottom trawl surveys conducted in the Gulf of Alaska during 2003-2017. Light blue shading 
indicates the spatial extent of the survey; note that no sampling occurs in Prince William Sound or inside 
waters of southeast Alaska. 
 
 
 







 
 


 
 
Figure 4. Mean catch-per-unit-effort (CPUE; kg/hec) of octopuses (all species combined) in observed 
catches by fisheries using pot gear in the Gulf of Alaska during 2006-2016. Data are aggregated into 20 
km X 20 km grid cells to clarify areas of high CPUE.  
 







 
 


 


Figure 5. Incidental commercial catch of octopuses (all species), 2003-2017, by NMFS reporting area. 


 
 
 







 
 


 


Figure 6. Estimated size composition (kg body weight) of octopuses (all species combined) in observed 
commercial catches in the Gulf of Alaska during 2006-2016. Data are separated by gear type. 


 
 







 
 


 


Figure 7. Mean size compositions (kg body weight) of octopuses captured in AFSC bottom trawl surveys in the Gulf of Alaska. Data are 
aggregated over the years 2003-2017. 


 
 
 







 
 


 
 
Figure 8. Time series of catch-per-unit-effort (CPUE; individuals/pot) of octopuses (all species combined) 
in observed catches by fisheries using pot gear in the Gulf of Alaska (GOA) during 2006-2016. Data are 
shown for GOA-wide catches as well as catches only in statistical area 630.  
 
 


  







 
 


 
 
Figure 9.  Biomass estimates for the Gulf of Alaska octopus complex from the random-effects model 
(solid black line) and the trawl survey (red dots). Confidence intervals are shown as dashed black lines for 
the random effects model and gray error bars for the survey biomass estimates.  


 
  







 
 


 
 


Figure 10. Proportion of octopus survey biomass estimates (all species) in each Gulf of Alaska regulatory 
area, 1984-2017. 


 
 







 
 


 
 


Figure 11. Size compositions (kg body weight) of Enteroctopus dofleini captured in AFSC bottom trawl surveys in the Gulf of Alaska, 2003-2017. 
 







 
 


 
 


 
 
Figure 12.  Ecopath model estimates of total consumption of octopus in the GOA (based on average 


1990-1993 biomass and catch estimates). 
 
 







 
 


 
 
Figure 13.  Ecopath model estimates of prey of Steller sea lions in the GOA (based on average 1990-1993 


biomass and catch estimates). 
 
 
  







 
 


Appendix A: Non-commercial catches (kg) of octopuses in the Gulf of Alaska, 1982-2016. 
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1982 3,113 3,113
1983 168 168
1984 1,403 1,403
1985 376 376
1986 1,301 1,301
1987 9,074 9,074
1988 2,005 2,005
1989 998 998
1990 63 63
1991 4,590 13 4,603
1992 3,837 6 3,844
1993 3,426 19 3,445
1994 25 25
1995 25 25
1996 1,426 19 1,445
1997 2,363 50 2,413
1998 6 453 44 504
1999 41 0 6 48
2000 78 1 7 1,475 1,561
2001 18 6 25
2002 9 38 47
2003 135 16 1,427 76 1,653
2004 9 34 63 106
2005 88 32 6 127
2006 75 0 13 12 13 112
2007 213 10 1 6 230
2008 89 44 133
2009 56 0 25 81
2010 879 36 1,629 139 1 2,683
2011 695 6 39 42 1,444 69 0 2,295
2012 543 24 498 76 1,141
2013 279 21 8 1,697 44 0 2,049
2014 1,160 68 32 1,828 183 21 3,291
2015 1,410 15 33 1,402 429 0 3,289
2016 538 2 17 311 25 893
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EXECUTIVE SUMMARY 
The Other Rockfish (OR) complex (Table 16.1 and Figure 16.1) in the Gulf of Alaska (GOA) is assessed 
on a biennial stock assessment schedule to coincide with the availability of new trawl survey biomass 
estimates. The complex acceptable biological catch (ABC) and over fishing level (OFL) is the sum of the 
recommendations for the Tiers 4, 5, and 6 species.  


Summary of Changes in Assessment Inputs 
Changes to the input data 


1. Total catch for GOA OR from 2003 – 2017 has been updated (as of October 13, 2017). 
2. NMFS GOA bottom trawl survey data have been updated. 
3. The random effects time series of biomasses have been updated. 


 
Changes in assessment methodology 
GOA OR ABC/OFL calculations are based on Tier 4, 5, and 6 methods (depending on species). There are 
no changes to the Tier 4 or 5 methods used in this assessment.  


Based on SSC comments, the historical catch time series used to calculate the Tier 6 OFL was expanded 
to include 2003 – 2016, from the 2013 – 2014 time series used in the last full assessment. The years prior 
to 2013 may not include all sources of catch and those catch estimates should be considered a minimum 
estimate of catch for each of those years. Tier 6 ABC/OFL estimates were calculated individually by 
species for the Tier 6 species and summed for the Tier 6 OFL. We continue to use the maximum value of 
catch during the time series. We have included a table of the maximum, mean, median and percentiles of 
the historical catch based OFLs and ABCs for comparison. 


Summary of Results 
There is no evidence to suggest that over fishing is occurring for the OR complex in the GOA because the 
OFL has not been exceeded. Total OR catch in 2016 was 1,281 t and catch in 2017 was 970 t as of 
October 13, 2017, lower than the ABC of 5,773 t for both years. The recommended ABC for the 2018 
fishery is 5,590 t and OFL is 7,356 t for the OR complex. This is a 3.2 % decrease from 2017. The 
authors, Plan Team, and SSC recommended that the ABCs for the Western GOA and Central GOA be 
combined for the 2014 fishery. We recommend continuing with this combination, as data do not suggest 
any developing conservation concerns that would be alleviated by splitting the ABCs.  


  







  


Tier 4 recommendation of ABC and OFL for sharpchin rockfish for 2018 – 2019. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
M (natural mortality rate) 0.06 0.06 0.06 0.06 
Tier 4 4 4 4 
Biomass (t) 35,083 35,083 12,583 12,583 
FOFL = F35% 0.079 0.079 0.079 0.079 
maxFABC = F40% 0.065 0.065 0.065 0.065 
FABC = F40% 0.065 0.065 0.065 0.065 
OFL (t) 2,772 2,772 994 994 
maxABC (t) 2,280 2,280 818 818 
ABC (t) 2,280 2,280 818 818 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing  n/a  n/a 


 
Tier 5 recommendation of ABC and OFL for 17 OR species for 2018-2019. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
M (natural mortality rate) 0.02-0.10 0.02-0.10 0.073 0.073 
Tier 5 5 5 5 
Biomass (t) 69,743 69,743 83,524 83,524 
FOFL 0.02-0.10 0.02-0.10 0.073 0.073 
maxFABC 0.0015-0.0750 0.0015-0.0750 0.055 0.055 
FABC 0.0015-0.0750 0.0015-0.0750 0.055 0.055 
OFL (t) 4,482 4,482 6,097 6,097 
maxABC (t) 3,362 3,362 4,573 4,573 
ABC (t) 3,362 3,362 4,573 4,573 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing  n/a  n/a 


 
Tier 6 recommendation of ABC and OFL for seven OR species for 2018-2019. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
Tier 6 6 6 6 
OFL (t) 170 170 265 265 
maxABC (t) 127 127 199 199 
ABC (t) 127 127 199 199 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing  n/a  n/a 


 







  


ABC and OFL recommendations for the full OR complex for 2018-2019. 


All OR Combined 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
Tier 4/5/6 4/5/6 4/5/6 4/5/6 
OFL (t) 7,424 7,424 7,356 7,356 
maxABC (t) 5,769 5,769 5,590 5,590 
ABC (t) 5,769 5,769 5,590 5,590 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing  n/a  n/a 


 
Updated catch data (t) for the OR stock complex in the GOA are summarized in the following table with 
ABCs and TACs. Gulfwide ABC values include the 4 t added for northern rockfish. Source: NMFS 
Alaska Regional Office Catch Accounting System accessed through the Alaska Fisheries Information 
Network (AKFIN) database, http://www.akfin.org as of October 13, 2017. 


Year Western 
GOA 


Central 
GOA 


Eastern GOA Gulfwide 
Total 


Gulfwide 
ABC 


Gulfwide 
TAC West 


Yakutat E. Yak/ Southeast 


2016 156 1,033 53 40 1,281 5,773 2,308 
2017 114 785 41 29 970 5,773 2,308 


Area Apportionment 
Area apportionment was estimated using a random effects model. Beginning in the 2014 fishery, the 
ABCs for the Western and Central GOA were combined, which is continued here for the 2018 fishery 
(1,737 t total ABC, if separated: WGOA = 440 t and CGOA = 1,297 t). The tables below show the 
apportionment for the Tier 4 (sharpchin rockfish), Tier 5 species, and Tier 6 species separately.  


Tier 4 - Sharpchin Western/Central 
GOA 


Eastern GOA (96.14%) Total West Yakutat1 E Yakutat/ Southeast1 


Area Apportionment 3.86% 8.43% 87.71% 100% 
Area ABC (t) 32 69 717 818 
OFL (t)        994 


 


Tier 5 – 17 species Western/Central 
GOA 


Eastern GOA (66.35%) Total West Yakutat1 E Yakutat/ Southeast1 


Area Apportionment 33.65% 5.82% 60.53% 33.65% 
Area ABC (t) 1,539 266 2,768 4,573 
OFL (t)         6,097  


 


Tier 6 – 7 species Western/Central 
GOA 


Eastern GOA  Total West Yakutat E Yakutat/ Southeast 


Area ABC (t) 166 33 0 199 
OFL (t)       265 


 
Total OR ABC apportioned by area 







  


 Western/Central 
GOA 


Eastern GOA  Total West Yakutat E Yakutat/ Southeast 


Area ABC (t) 1,737 368 3,485 5,590 
OFL (t)       7,356 


Summaries for Plan Team 
Species Year Biomass1 OFL ABC TAC Catch2 


Other 
Rockfish 


2016 104,826 7,424 5,7693 2,308 1,281 
2017 104,826 7,424 5,7693 2,308 970 
2018 96,107 7,356 5,590   
2019 96,107 7,356 5,590   


 
Stock/ 


Assemblage 
  2017 2018 2019 
Area OFL ABC TAC Catch2 OFL ABC OFL ABC 


Other 
Rockfish 


WGOA/ 
CGOA 


 1,534 1,534 899  1,737  1,737    
EGOA         


WY  574 574 41  368  368 
EY/SE  3,6653 200 29  3,4854  3,485 


Total 7,424 5,7733 2,308 970 7,356 5,5904 7,356 5,590 
1Total biomass estimates from the random effects model for the Tier 4/5 species only.  
2Current as of October 13, 2017. Source: NMFS Alaska Regional Office Catch Accounting System via the Alaska 
Fisheries Information Network (AKFIN) database (http://www.akfin.org). 
3These ABCs do include the 4 t that was transferred from the northern rockfish ABC to the OR ABC. Historically, 
the total northern rockfish ABC is estimated in the northern rockfish assessment for the GOA. The ABC for the WY 
and EY/SE areas are deducted from the ABC in the northern rockfish assessment and added to the GOA OR total 
ABC. This quantity has ranged from 2 - 4 t. This is typically done during Plan Team deliberations, when the 
northern rockfish ABC becomes available. 
4The recommended ABC for EY/SE in 2018 does not include the ABC for northern rockfish, because the value has 
not been set for 2018.  


Responses to SSC and Plan Team Comments on Assessments in General  
“Secondly, a few assessments incorporate multiple indices that could also be used for apportionment. The 
Team recommends an evaluation on how best to tailor the RE model to accommodate multiple indices.” 
(Plan Team, November 2015) 
Methods to incorporate the IPHC survey relative population numbers into the random effects 
model are underway for other assessments and will be investigated for Other Rockfish in the 
future.  


“Finally, an area apportionment approach using the RE model which specifies a common “process 
error” has been developed and should be considered. This may help in some situations where observation 
errors are particularly high and/or vary between regions.” (Plan Team, November 2015) 
Already accounted for in this assessment. 


“The SSC requests that stock assessment authors bookmark their assessment documents and commends 
those that have already adopted this practice.” (SSC, October 2016) 
This document has been bookmarked. 







  


“…The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock, perhaps following the framework suggested below, during the December 
Council meeting to aid in identifying areas of concern.” (SSC October 2017) 
A newly proposed framework for considering ecosystem and socioeconomic factors has been submitted 
as an appendix in some assessments this year, but not in this assessment. This is an attempt to document 
these factors with respect to stock status and also provide indicators for continued monitoring to identify 
areas of concern. In future years it is anticipated that they would be available for all stocks, as the 
framework is adaptable for data-limited to data-rich stocks. We plan to evaluate and potentially 
incorporate this new ecosystem/socioeconomic report as an appendix when it becomes available for the 
Other Rockfish stock complex. 


SSC and Plan Team Comments Specific to this Assessment 
“Potential areas of future research include: verifying that these species are more similar to each other in 
their complex than to species in other complexes with statistical models such as ANOVA or investigating 
the relationship between individual species in a multivariate approach (i.e., k-nearest neighbors).” (Plan 
Team, November 2015) 
A PhD student, Kristen Omori, at Virginia Institute of Marine Science is examining this for a chapter of 
her dissertation. The lead author is on her committee. 


“The SSC joins the PT in suggesting caution regarding use of maximum catch for OFL for the Tier 6 
species in this complex going forward, as OFL could only remain static or increase.” (SSC, December 
2015) 
See response to OCT 2017 SSC comments below. 


“The SSC recommends work continue on the following as indicated by the PT and authors: 1) verifying 
that species in this complex are more similar to each other than to other complexes using ANOVA or 
similar techniques, 2) investigating whether there should be a correction factor for NMFS trawl data for 
those species not well sampled by trawl, and 3) investigating how to incorporate IPHC index into 
assessment for the 5 species that the IPHC surveys well.” (SSC, December 2015) 


1) See comment above. 
2) New trawable/untrawlable habitat study planned (see Rooper and Williams Sept. 2017 


presentation). 
3) Four of the species the IPHC survey samples well are Tier 5 and the random effects model is run 


on the complex trawl survey biomass with species grouped by common natural mortality rates. 
Thus, the IPHC survey would not be able to be applied universally across the natural mortality 
groupings because not all of the species within a grouping are sampled by that survey. Methods to 
incorporate the IPHC survey relative population numbers into the random effects model are 
underway for other assessments and will be investigated for Other Rockfish in the future. With 
regards to yelloweye rockfish, the IPHC survey may be informative. However, at this time, the 
species is considered Tier 6 because data are insufficient to develop an age-structured or survey 
biomass model. If a model were to be developed in the future for yelloweye rockfish, the IPHC 
survey data could be a useful input. 


SSC and Plan Team Comments Specific to the reorganization of species between OR and 
DSR 
“The Team recommends moving ahead with the author preferred Alternative 3a to split DSR species out 
of the ORX complex. The Team also requests that the author develop clear justification for how the Tier 6 
method was selected before the November meeting.” (PT, September 2017) 







  


We present more information in support of Alternative 3a and in response to the SSC comments below in 
the Evidence of Stock Structure section. We have included justification for the Tier 6 methods in the 
Results section. 


“The SSC concurs with the authors and Plan Team that the groupings and spatial specifications 
described under Alternative 3a are an improved description of structure and a reasonable approach to 
spatial management.” (SSC, October 2017) 
No action necessary 


“…Given the scope of this action [i.e., GOA-wide DSR] and potential impacts to the fishery, the SSC 
recommends that the Council’s Stock Structure and Spatial Management Policy is followed.” (SSC, 
October 2017) 
The policy is a four step process: 


1. As soon as preliminary scientific information indicates that further stock structure separation or 
other spatial management measures may be considered, the stock assessment authors, Plan 
Teams (groundfish, crab, scallop), and SSC should advise the Council of their findings and any 
associated conservation concerns and reasonable timeframes to address the concern.  


2. With input from the agency, the public, and its advisory bodies, the Council (and NMFS) should 
identify the economic and management implications and potential options for management 
response to these findings and identify the suite of tools that could be used to achieve 
conservation and management goals. This suite of tools includes separate harvest specifications 
at the TAC, ABC, and/or OFL level. In the case of crab and scallop management, ADF&G needs 
to be part of this process.  


3. To the extent practicable, further refinement of stock structure or other spatial conservation 
concerns and potential management responses should be discussed through the process described 
in recommendations 1 and 2 above.  


4. Based on the best information available provided through this process, the SSC should continue 
to recommend OFLs and ABCs that prevent overfishing of stocks. 


Step 1 has occurred. The assessment authors presented stock structure concerns as part of the stock 
assessment process in 2015 and all findings are documented in Tribuzio and Echave (2015). We provide a 
summary of the stock structure findings in the Evidence of Stock Structure section of this document. In 
short, the findings show that there are two groups of species within the OR complex: seven species that 
tend to be demersal, termed the demersal sub-group; and the remaining 18 species, termed the slope sub-
group. The demersal sub-group species are the canary, china, copper, quillback, rosethorn, tiger and 
yelloweye rockfishes, the same species which compose the Demersal Shelf Rockfish complex in the East 
Yakutat/Southeast portion of the Eastern GOA. However, the GOA Plan Team has not yet specified a 
scale of concern (i.e., little or no, moderate, strong, or emergency).  


As we understand it, implementing further steps is the responsibility of the Council. However, we have 
provided information for Step 2. The OR and DSR authors have proposed alternative ABC/OFLs for a 
GOA-wide DSR complex (Alternative 3a in the document presented to the September 2017 GOA Plan 
Team, which incorporates the demersal sub-group of the OR complex into the existing DSR complex, 
making the DSR complex GOA-wide). The SSC suggested using the 2003 – 2016 time series for Tier 6 
methods and the authors will further evaluate potential ABC/OFLs before this potential change goes into 
effect (see Results section of this document). Economic implications have not been identified.  


“The SSC recommends that the Plan Team, during its November 2017 meeting: 1) provide guidance on 
the level of conservation concern for this stock; 2) evaluate whether the proposed breakout is appropriate 
given the level of concern; and, as appropriate 3) determine whether other measures would adequately 







  


address conservation needs. The stock structure template would be an appropriate tool for determining 
the level of conservation concern.” (SSC, October 2017) 
The authors conclude that the grouping of the demersal sub-group into the OR complex in management 
areas outside of East Yakutat/Southeast is incorrect based on basic biological life history characteristics, 
spatial distribution, and fishery catch characteristics and that these species should be considered of 
“moderate concern” due to the life history (e.g., slow growth, long generation times, potential for low 
reproductive rates), fishery catch characteristics, and vulnerability. A classification of “moderate concern” 
requires special monitoring and may activate steps 2 and 3 above. Given the level of concern, the 
proposed break-out is appropriate to adequately monitor the status of these species. Further, catch is 
currently estimated at the species group level, future work will explore breaking the complex catch into 
species-specific estimates, which will also result in better alignment between the assessment estimation 
method and those used for management. With species occurring in multiple assessments, there is a greater 
chance for critical information to be missed. Lastly, the seven species do not exhibit spatial stock 
structure within the GOA. Therefore, these species should be considered within one assessment. 


The SSC requested discussion regarding the appropriateness of the proposed species break-out (or 
reorganization) with regards to the level of concern. Given the classification of “moderate concern” it 
would be prudent to examine the NS1 guidelines regarding complexes along with the stock structure 
template. Text in the 2016 revised NS1 guideline states “Where practicable, the group of stocks should 
have a similar geographic distribution, life history characteristics, and vulnerabilities to fishing pressure 
such that the impact of management actions on the stocks is similar. The vulnerability of individual stocks 
should be considered when determining if a particular stock complex should be established or 
reorganized, or if a particular stock should be included in a complex” 
(http://www.nmfs.noaa.gov/sfa/laws_policies/national_standards/ns1_revisions.html).  


“Under the assumption of a breakout moving forward, and Alternative 3a still being the preferred 
management option, the SSC has the following comments regarding tier-specific calculations:   


1) The Tier 6 method used in the analysis is based on maximum catch for the post-observer restructure 
period, which is a short period: 2013-16.  This period corresponds to the post-observer restructure 
period and thus includes rockfish discard from the halibut IFQ fishery that is not available prior to 
2013. However, the time series of harvest shows higher harvest levels than those realized in 2013-16. 
In addition, with the exception of EY/SEO yelloweye, the IPHC longline survey RPNs for several of 
the DSR species have also been stable over this time period (figure 4). Given the longevity of this 
species and relatively stable catch series, the SSC recommends Tier 6 methods be evaluated using a 
longer historical time series (2003-16), and whether there are important biological reasons for 
selecting the recent period (2013-16).   


2) Rockfish species in the DSR complex are not estimated individually in catch accounting system 
(CAS). The CAS produces an aggregate estimate for the entire Other Rockfish complex. The SSC 
recommends the author work with AKRO to make adjustments to CAS to better reflect estimation 
methods used for management under the proposed breakout.   


3) The revised NS1 guidelines allow carry-over ABC control rules. Future analysis should consider 
whether this provision is appropriate for GOA Other Rockfish management (including DSR).” (SSC, 
October 2017) 


1) We have changed the Tier 6 methods used in this assessment to include the years 2003 – 2016, 
and have provided a table of Tier 6 calculations for comparison in the Results section. 


2) The authors will work with AKRO staff to examine the demersal sub-group catch estimates when 
estimated apart from the rest of the Other Rockfish species. 


3) The appropriateness of utilizing carry-over ABC is an issue that is likely relevant to many 
assessments and should be discussed by a larger group, including staff involved in developing the 
NS1 guidelines. 







  


“The Team recommends that redbanded rockfish remain in the ORX complex.” (PT, September 2017) 
Redbanded rockfish remain in the Other Rockfish complex. 


“The SSC recommends investigating Tier 5 methods for redbanded rockfish given it appears to be well 
represented in the trawl survey.” (SSC, October 2017) 
Redbanded rockfish are a Tier 5 species. 


Introduction 


The Other Rockfish stock complex (termed OR in this document) is a 
group of up to 25 rockfish species (Sebastes spp.), depending on Gulf 


of Alaska (GOA) management area (Tables 
Table 16.1, Figure 16.1). This assessment presents catch and survey information for these species and 
provides recommended management reference points. This complex is further complicated by eight 
species that occur in other assessments in some management areas.  


The Demersal Shelf Rockfish (DSR) complex includes seven species (canary, China, copper, quillback, 
rosethorn, tiger, and yelloweye rockfish) in the East Yakutat/Southeast Outside region (east of the 140 ̊W 
longitude, NMFS Area 650). These seven species are managed as part of the OR complex west of the 140 ̊
W longitude (i.e., NMFS Areas 610 – 640, the Western and Central GOA, and the West Yakutat portion 
of the Eastern GOA). For the purposes of this document, these seven species in all areas east of East 
Yakutat/Southeast will be termed the demersal sub-group and the remaining 18 species in the OR 
complex will be termed the slope sub-group. While the demersal sub-group was not previously included 
in the full OR assessments (called the Other Slope Rockfish stock complex in prior assessments), catch 
estimates provided by the Alaska Region Office (AKRO) include both the species in the slope and 
demersal sub-groups in all areas east of NMFS Area 650 and only the slope sub-group in NMFS Area 
650. The authors of the OR and DSR complex have proposed moving demersal sub-group out of the OR 
complex and into a Gulf wide DSR complex, see the discussion in the Evidence of Stock Structure 
section. 


Northern rockfish are included in the OR complex only in the Eastern GOA (NMFS Areas 640 and 650) 
and are a separate assessment in other management areas of the GOA. This is because of the extremely 
low abundance of northern rockfish in the Eastern GOA and the consequent difficulty of managing 
northern rockfish as a separate species in this area. In 1999 northern rockfish in the Eastern GOA was 
reassigned to the Other Slope Rockfish category for this area only. Therefore, northern rockfish is listed 
as an OR species in Table 16.1, but only for the Eastern GOA. The OFL and ABCs for northern rockfish 
in the Eastern GOA are estimated as part of the full northern rockfish assessment, thus the species is not 
included in the random effects model runs reported here. Instead, a portion of the ABC is taken from the 
northern rockfish assessment and added to the OR assessment during the November Plan Team 
deliberations. 


There are six species that generally comprise > 95 % of the OR catch and/or biomass: harlequin, 
redbanded redstripe, sharpchin, silvergray, and yelloweye rockfish. This document focuses primarily on 
those species, with all other species being grouped into a category termed “minors”.  


General Distribution of Other Rockfish 
Nearly all of the OR species in the GOA are at the northern edge of their ranges; the center of abundance 
for most is farther south off British Columbia or the U.S. West Coast. One exception is harlequin 
rockfish, which occurs predominantly in Alaska throughout the GOA (Figure 16.2). The center of 
abundance for silvergray rockfish, the most abundant of the OR species, based on recent trawl survey 







  


biomass estimates, appears to be in Southeast Alaska (Figure 16.2) and British Columbia (Mecklenberg et 
al. 2002 and Love et al. 2002). Much of the information describing the spatial distribution for the majority 
of the OR species comes from Mecklenberg et al. (2002) and Love et al. (2002), as reports of catch for 
many of these species are rare and distribution information is largely based on surveys. Summarized 
information on the distribution of each of the OR complex species can be found in the stock structure 
document (Tribuzio and Echave 2015, Appendix Table 16B.2).  


Research focusing on untrawlable habitats found that some OR species associate with biogenic structure 
and tend to have patchy distributions (Du Preez et al. 2011; Laman et al. 2015), whereas others, such as 
harlequin rockfish are often found in both trawlable and untrawlable habitats (Rooper and Martin 2012; 
Rooper et al. 2012). These studies indicate further research is needed to address if there are differences in 
rockfish density between trawlable and untrawlable habitats, because currently survey catch estimates are 
extrapolated to untrawlable habitat, and if there are species-specific differences (Jones et al. 2012; Rooper 
et al. 2012). 


Evidence of Stock Structure 
The stock structure of the GOA OR was examined in conjunction with the DSR complex and presented to 
the Plan Team in September 2015 (Tribuzio and Echave 2015, Appendix 16B). Little data is available to 
address stock structure concerns within a species across management regions for any of the 25 species in 
question. However, there are concerns over which species we are currently grouping into the OR complex 
and which are also in the DSR complex. As described above, the 25 species within DSR and OR 
complexes can be categorized into two groups: a demersal sub-group consisting of seven species, which 
are managed as the DSR complex in the EY/SE area only and in the OR complex in all other GOA 
management areas, and a slope sub-group consisting of 18 species, which are in the OR complex in all 
GOA management areas. Biologically, there are substantial differences between the demersal and slope 
sub-groups life history characteristics (e.g., growth, habitat, feeding zone), as shown Figure 16B.2 of 
Tribuzio and Echave (2015). From a fishery perspective, the catch characteristics of these two sub-groups 
(demersal and slope) are different. The demersal sub-group are primarily caught in hook and line fisheries 
and are often retained, whereas the slope sub-goup are generally caught as bycatch in the rockfish trawl 
fishery and generally have lower retention rates. Rockfish are generally considered vulnerable species 
because they are slow-growing and late to mature. In a productivity-susceptibility analysis of 39 species 
in the GOA, yelloweye rockfish (the major species of the demersal sub-group) were the most vulnerable 
species in the GOA (Ormseth ad Spencer 2011). Thus, having this species, and the other demersal sub-
group species which are similar to it, lumped into a complex with substantially different characteristics is 
inappropriate. Lastly, data suggest that there is no apparent spatial structure of these species within the 
GOA and should be considered a consistent population throughout the GOA. Because the demersal sub-
group species are different from the slope sub-group species in terms of life history, vulnerability, and the 
fisheries they are caught in, it is logical that they should not be combined into the same complex for 
management. 


The authors of both the DSR and OR stock assessments have proposed moving the demersal sub-group 
species that are in the OR complex in the WGOA, CGOA, and WY areas, into the DSR complex, which 
would effectively create a GOA-wide DSR complex (a detailed document is available here: 
http://npfmc.legistar.com/gateway.aspx?M=F&ID=9277d62c-0622-4779-8d36-ae564f04b821.pdf). The 
GOA Plan Team (September 2017 minutes) and the SSC (October 2017 minutes) agreed that the author 
recommendations were an “improved description of structure and a reasonable approach to spatial 
management” (SSC, October 2017), but requested the issue be evaluated following the Council’s Stock 
Structure and Spatial Management Policy, which applies “to both spatial structure (area management) and 
stock structure (e.g., splitting out a stock from a complex)” (Council minutes, December 2015).  


The authors, Plan Team, and SSC all agreed that the proposed changes to the composition of the 
complexes are an improvement over current groupings. The change we propose would reorganize both 







  


the OR and DSR complex structures, which will require regulatory changes. These regulatory changes 
consist of changing the footnotes on Table 10 to 50 CFR Part 679, defining basis species for retention.  


Life History Information 
Life history data are limited for most OR species, and are generally based on studies from waters in lower 
latitudes (British Columbia and further south). Life history data collected in waters off Alaska are 
available for harlequin, redstripe, sharpchin, silvergray, and yelloweye rockfish. All species of rockfish 
are ovoviviparous, with fertilization, embryonic development, and larval hatching occurring inside the 
female. Summarized information on the life history of the OR complex species can be found in Tribuzio 
and Echave 2015, Appendix 16B.  


Of the primary species, sharpchin rockfish are the only species in the OR complex with sufficient 
maturity and growth data available for the GOA stock, and are considered a Tier 4 species. Maximum 
observed age in the GOA is 58 years, with age at 50% maturity at 10 years (Malecha et al. 2007). 
Maximum age and age at maturity data are available for silvergray (82 and 9 years, respectively, Malecha 
et al. 2007) and redbanded (106 and 19 years, Munk 2001) rockfish from outside of the GOA, but there is 
believed to be considerable geographic variation in age at maturity for redbanded rockfish (O’Connell 
1987). Harlequin and redstripe rockfish have maximum observed ages of 47 and 55 years, respectively, 
(Malecha et al. 2007, Myer and Failor in prep), but no estimates of age at maturity. Yelloweye rockfish 
could be considered a Tier 4 species, with maximum observed age (118 years) and age at maturity data 
(22 years, O’Connell and Funk 1987); however, the survey biomass estimate is considered unreliable 
because this species tends to be closely associated with nearshore rocky habitats and is not commonly 
encountered by the trawl survey. 


Natural mortality rates (M) are used in this assessment for the Tier 4 and Tier 5 species. Values of M were 
computed using life history invariant methods, such as Hoenig (1983) and Alverson and Carney (1983). 
The M values range from 0.05 (silvergray and widow rockfish, Chilton and Beamish 1982, Malecha et al. 
2007) to 0.1 (redstripe rockfish, Chilton and Beamish 1982) for the Tier 5 species. Sharpchin rockfish, the 
only Tier 4 species, has an estimated M ranging between 0.056 - 0.059 (Malecha et al. 2007). While not 
used in the assessment, yelloweye rockfish have the lowest M value at 0.02. 


Life history information is limited to parturition timing. In Southeast Alaska and British Columbia, 
redbanded rockfish are thought to release larvae from March to September (O’Connell 1987), while 
female redstripe rockfish off Southeast Alaska appear to release larvae from April to July (Archibald et al. 
1981, Chilton and Beamish 1982). In contrast, sharpchin rockfish in British Columbia primarily extrude 
larvae in July only (Archibald et al. 1981). Yelloweye rockfish in Southeast Alaska have been reported to 
extrude larvae from February through September, but peak between April and July (O’Connell and Funk 
1987). 


Fishery 


Management History and Management Units 
The history of management changes for the OR complex is presented in Table 16.2. The North Pacific 
Fishery Management Council (NPFMC) established a separate management category for Other Slope 
Rockfish in the Gulf of Alaska (GOA) in 1991. The group initially included northern rockfish and 15 
other species, but northern rockfish was removed in 1993 to become its own separate management 
category. In 2011, the GOA Groundfish Plan Team and the NPFMC SSC both recommended that 
yellowtail rockfish and widow rockfish be moved from the Pelagic Shelf Rockfish complex into the Other 
Slope Rockfish complex (for the 2012 fishery). It was also recommended that the official name of Other 
Slope Rockfish be changed to Other Rockfish because yellowtail and widow rockfish mainly inhabit the 
continental shelf rather than the slope. Table 16.3 shows the catch estimates, the total allowable catch 







  


(TAC), acceptable biological catch (ABC) and overfishing level (OFL) for the various iterations of the 
Other Slope Rockfish and subsequent OR complexes. 


From 2005 to 2010, the assessments for Other Slope Rockfish and shortraker rockfish in the GOA were 
presented in one SAFE chapter, even though Other Slope Rockfish and shortraker rockfish were distinct 
management entities, because each was assessed using a similar Tier 5 methodology. However, in 2010 
the GOA Groundfish Plan Team and the SSC recommended that future assessments for shortraker 
rockfish and Other Slope Rockfish be presented in separate SAFE chapters.  


Northern rockfish are managed as a separate species in the Central GOA and Western GOA; however, 
because of their extremely low abundance and the consequent difficulty of managing them as a separate 
species in the Eastern GOA they were reassigned to the OR complex in 1999 for this area only. The 
species is not included in the calculations of ABC and OFL conducted as part of this assessment because 
they are already accounted for in the northern rockfish assessment.  


The species in the demersal sub-group have been accounted for in the AKRO Catch Accounting System 
(CAS) in the OR complex, but were not included in the OR stock assessment prior to 2013. Thus, early 
OR and Other Slope Rockfish assessments do not recognize the demersal sub-group species within the 
catch estimates. Again, these are the canary, china, copper, quillback, rosethorn, tiger, and yelloweye 
rockfish, but only when occurring outside of the East Yakutat/Southeast management area (i.e. NMFS 
areas 610-640, the Western and Central GOA and the West Yakutat portion of the Eastern GOA).  


The current OR complex comprises 25 species, depending on area 
(Tables 


Table 16.1 and Figure 16.1). Beginning in the 2014 fishery, the ABC and TAC for the Western and 
Central GOA were combined. The ABC for the OR (formerly Other Slope Rockfish) has been exceeded 
in the Western GOA consistently from 2009 to 2013 and would have been exceeded each year since if the 
ABCs were not combined. During this period harlequin rockfish was, on average, 77% of the OR catch in 
the Western GOA. In 2012 the ABC was similarly exceeded (although by a substantially smaller margin) 
in the Central GOA as well, and harlequin was 52% of the OR catch. Harlequin rockfish biomass is likely 
underestimated by the trawl survey, due to the species affinity for high relief rocky habitat not sampled by 
the survey. Therefore, the Plan Team and SSC agreed that the overages were likely not a conservation 
concern and that combining the Western and Central GOA ABC/TAC was an acceptable alternative. 


Directed Fishery, Effort and CPUE 
Since the mid-1990s, directed fishing has not been permitted for OR in the GOA, but they are retained as 
“incidental-catch”. Therefore, the fishery is bycatch only and does not reflect targeted fishing behavior. 
There are, however, two exceptions: 1) in 1993, when directed fishing was permitted for OR, it appears 
some targeting by trawlers occurred in the eastern GOA for silvergray and yellowmouth rockfish, two 
larger sized species that can be caught in bottom trawls; and 2) in 2004 and 2005, a small experimental 
fishery was permitted in EY/SE that used modified trolling gear to attempt to catch the large amount of 
Pacific ocean perch quota unavailable to trawlers, but mainly was successful in catching silvergray 
rockfish (Clausen and Echave 2011). The CAS estimates of catch do not include catch from unobserved 
fisheries, such as the Pacific halibut IFQ fleet prior to the 2013 observer restructuring, or state managed 
fisheries.  


Discards 
Gulfwide discard rates (% of the total catch discarded within management categories) are provided in two 
time series: 1) pre – 2003, where the catch and discards were estimated by species in Tribuzio and Echave 
(2013) by extrapolating observed species compositions to the total catch; and 2) 2003 – present from the 
CAS (Table 16.4). Discard rates have been on average 56% over the entire time series. The high discard 







  


of OR is not surprising, as most of the abundant species in this category, such as harlequin and sharpchin 
rockfish, are small in size and of low economic value. There are some species with higher value, which 
are likely discarded at a lower rate. 


Data 
Time series of catch and biomass for the OR species were obtained from the following sources: 


Source Data Years 


AKRO Catch Accounting System Catch estimates 1991 – 2017 


NMFS Bottom Trawl Surveys –GOA (biennial) Biomass Index, Age/length – compositions 1984 – 2017 


Fishery 
Fishery catch statistics for the OR complex are available from AKRO blend estimates and CAS beginning 
in 1991. Catch by species were estimated back to 1991 in Tribuzio and Echave (2013). Table 16.5 
presents the time series of estimated catch of the current OR complex by species and Table 16.6 presents 
catch of the full complex by area. Since the mid-1990s, directed fishing has not been allowed for OR (and 
previously when it was the Other Slope Rockfish) in the GOA, and the fish can only be retained as 
“incidentally-caught” species. With the exception of 1993, Gulfwide catches of OR have always been 
<1,800 t. Annual catch since 1993 has always been much less than either the Gulfwide ABC or TAC 
(Table 16.3). Catches of OR in the Eastern GOA (where these species are most abundant) have been 
especially small in the years since 1999, when trawling was prohibited east of 140° W. long. Estimated 
catch in the Western and Central GOA has not exceeded the ABC since it was combined in 2014. 


OR are predominately caught in trawl fisheries (Table 16.7Error! Reference source not found.), with 
much of the bycatch occurring in the rockfish trawl fishery in the Central GOA (Figure 16.3). The 
predominance of trawl catches is not surprising, as many of the abundant species such as sharpchin and 
harlequin rockfish are thought to feed on plankton and thus are likely not attracted to longlines. Harlequin 
rockfish is generally the most common species caught, with the exception of EY/SE, where redbanded 
rockfish is most common (Figure 16.4). 


Catch distribution 
The rockfish trawl fishery is the predominant source of OR catch and the overall distribution of the catch 
shows little change from year to year (Figure 16.3). However, there is some variability amongst the 
species of OR (Figure 16.4). Historically, redbanded and silvergray were often caught in the Eastern 
GOA, but in recent years, the majority of slivergray catch has occurred in the Central GOA (Figure 16.4). 


Catch at age and length 
The numbers of lengths sampled by observers for OR in the GOA commercial fishery have been too 
small to yield meaningful data. Few age samples for any of these species have been collected from the 
fishery, and none have been aged. 


Survey 
NMFS AFSC bottom trawl survey biomass estimates are available for the OR species in the GOA (1984 – 
2017, Table 16.8). Bottom trawl surveys were conducted on a triennial basis in the GOA from 1984 – 
1996 and a biennial survey schedule has been used since 1999. The surveys covered all areas of the GOA 
out to a depth of 1,000 m, with the following exceptions: the 1990, 1993, 1996, 2001, and 2017 surveys 
did not sample deeper than 500 m and the 2003, 2011, and 2013 surveys did not sample deeper than 700 
m. Species within the OR complex are found in depths < 500 m. Therefore, it is unlikely that this would 
impact the estimation of OR biomass. Other important caveats are that the 2001 survey did not sample the 
Eastern GOA and so there were no estimates of biomass and the 2013 and 2017 surveys had a reduced 







  


number of stations. It is important to note the potential for measurement error and that the reduction in 
stations is expected to increase CVs. 


Most of the OR biomass is in the Eastern GOA (Table 16.8 and Figure 16.5). Harlequin rockfish is the 
one exception, as it has had sporadic, high biomass estimates in all areas, but only in the Western and 
Central GOA in recent years (Table 16.8). Many of these species tend to inhabit areas that are considered 
untrawlable by the survey, and thus catches can be highly variable. The CVs for the estimates are 
generally higher than for many of the rockfish species in the GOA. For example, CVs for redstripe 
rockfish range from 36% to 87%, compared to a range of only 17% to 34% for shortraker rockfish and 
11% to 23% for rougheye/blackspotted rockfish (see Shotwell et al. 2015 and Echave et al. 2015). 


The total biomass from the 2017 trawl survey for all the OR species was 102,731 t (Table 16.8). This is a 
12% decrease from the 2015 survey and 25% above the historical survey average. The survey biomass of 
harlequin (458%), redbanded (6%), and redstripe (81%) increased over the 2015 survey. Sharpchin and 
silvergray rockfish were both down from the previous survey, 74% and 18%, respectively. These 
dramatic changes in biomass estimates are likely due in a large part to the patchiness of the species, as 
suggested by the high CVs (e.g., 83% CV for 2017 harlequin rockfish biomass). Such wide fluctuations in 
biomass do not seem reasonable given the slow growth and low natural mortality rates of all Sebastes 
species. Large catches of aggregating species, such as most OR appear to be, in just a few individual 
hauls can greatly influence biomass estimates and may be a source of much variability. In the example of 
harlequin rockfish, the increase in the 2017 biomass was a result of a large increase in the Western GOA 
where a single large haul of harlequin rockfish drove the biomass estimate and resulted in the high 
coefficient of variation.   


In past Other Slope Rockfish SAFE reports (e.g., Clausen and Echave 2012), the authors have speculated 
that a change in availability of rockfish to the survey, caused by unknown behavioral or environmental 
factors, may explain some of the observed variation in biomass. It seems prudent to repeat this 
speculation in the present report, while acknowledging that until more is known about rockfish behavior, 
the actual cause of changes in biomass estimates will remain the subject of conjecture. 


In general, research catch is small relative to biomass (research catches are in Table 16.9 and biomass in 
Table 16.8). Sport catch of canary, China, copper, quillback, rosethorn, tiger, and yelloweye rockfish was 
not included until 2013, and only includes catch of those species west of the 140̊ W Longitude (i.e., 
NMFS areas 610 – 640). Thus, the estimated catch from ADF&G sources increases dramatically in 2013. 


Catch at age and length 


What little is known of the size structure for OR species comes from trawl survey data, and is limited to 
harlequin, redbanded, redstripe, sharpchin, silvergray, and yelloweye rockfish. Age composition data is 
limited to harlequin, redstripe, sharpchin, and silvergray rockfish. The ages are all based on the break-
and-burn technique of ageing otoliths. No age validation has been done for any of these species, so the 
results should be considered preliminary.  


Survey ages are available from between one and four survey years for each of the species aged (Figure 
16.6). A large sampling effort was conducted during the 1996 survey, resulting in the greatest number of 
age samples. Other survey years generally had low sample sizes, with the exception of silvergray 
rockfish, which had meaningful sample sizes from 1993 – 1999 and harlequin rockfish, which was 
sampled in 2005. It is difficult to detect the presence of strong cohorts based on the age structure of 
available data. However, based on the 1996 survey samples, the 1981 – 1983 year classes appeared 
predominant in the age structures of redstripe, sharpchin, and silvergray rockfish, and the 1986 year class 
was predominant for harlequin rockfish.  







  


Survey size compositions for the primary OR species are shown in Figure 16.7. It is not possible to 
determine significant recruitment events from the size composition data, nor if there are any shifts in 
mean length over time. Rockfish grow slowly, and thus the impact of a large recruitment event on the size 
composition could be dampened. The size composition data are limited in 2001, when the survey did not 
sample the Eastern GOA, as demonstrated by the small sample size for some of the species that are 
caught primarily in that area. Survey size composition data from the AFSC longline survey may also be 
useful for redbanded and yelloweye rockfish and will be investigated in the future.  


Distribution of catch: fishery and survey 
The vast majority of the survey biomass for OR occurs in the Eastern GOA, whereas much of the 
commercial catch occurs in the Western GOA and Central GOA. One example of the discontinuity 
between catch and abundance is harlequin rockfish (Figure 16.8). While the estimated biomass based on 
the trawl survey for harlequin rockfish is substantially lower than for other species in the OR complex, it 
is the primary species caught by fisheries. Harlequin rockfish are caught in 7% of survey hauls, on 
average, in the Central GOA and 4% of hauls in the Western GOA. Catch per haul is generally low 
(average of 26 kg, st. dev. = 148 kg), with 91% of the hauls being below that average, indicating that 
there are few hauls with large catches. This is in stark comparison to the commercial catch, where 
harlequin rockfish catch is more broadly spread across the shelf and the shelf break with substantially 
larger mean catches.  


Fishery data may provide a better picture of where certain species are distributed because fishery activity 
may sample some of these species more effectively than surveys. However, many of these species are 
primarily caught with trawl gear, and they are more abundant in the Eastern GOA where trawling is 
prohibited. The directed fishery for rockfish (e.g., Pacific ocean perch) in the Western GOA and Central 
GOA is responsible for the majority of the catch of OR. Thus the fishery data may provide some 
distribution information for the species farther west, in which untrawlable habitat may impact the survey 
catch. The survey is more restricted by untrawlable habitat than fishery gear. 


Analytic Approach 


Model Structure 
The majority of species in the OR are managed as Tier 4 or Tier 5, in which the over fishing limit (OFL) 
= biomass * FOFL. FOFL is either a proxy rate, assuming FOFL = natural mortality (M) (Tier 5), or it is 
estimated as FOFL = F40% based on age at maturity information (Tier 4). Biomass is estimated using the 
random effects (RE) model. The RE model was first used in this assessment for setting specifications for 
the 2016 fishery (Tribuzio and Echave 2015).  


In short, the RE model uses the process errors (step changes) from one year to the next as the random 
effects to be integrated over, and the process error variance is the free parameter. The observations can be 
irregularly spaced; therefore, this model can be applied to datasets with missing data. Large observation 
errors increase errors predicted by the model, which can provide a way to weight predicted estimates of 
biomass. Please see the Survey Averaging Working Group document for more information on the random 
effects methodology and results across species 
(https://www.afsc.noaa.gov/REFM/stocks/Plan_Team/2012/Sept/survey_average_wg.pdf). 


Exploitable biomass estimates and estimates of uncertainty for the Tier 4 and 5 species are available from 
the 1984-2017 GOA trawl surveys. The RE model was fit separately by area (Western GOA, Central 
GOA, and Eastern GOA) and then summed to obtain Gulfwide biomass estimates. Because the trawl 
survey did not sample the EGOA in 2001, in our application of the RE model the 2001 EGOA biomass 
estimate is treated as missing data.   







  


The RE model was fit to biomass data of the only Tier 4 species: sharpchin rockfish. The output of the RE 
model provided a Gulfwide biomass estimate, as well as biomass by area and proportions for Eastern 
GOA allocation of the ABC to WY and EY/SE. The OFL was calculated as the product of the Gulfwide 
biomass and FOFL, which for this species is F35% = 0.079, and the Gulfwide ABC = Gulfwide biomass * 
F40% = 0.065.  


The RE model was fit separately to biomass estimates by area for all Tier 5 species (17 total) combined, 
and then summed to obtain Gulfwide biomass estimates. To estimate FABC/OFL the model was fit to trawl 
survey biomass and variance estimates for sub-groups with the same M rates (resulting in 5 sub-groups 
for M = 0.05, 0.06, 0.07, 0.092, and 0.1). Using the sub-group proportion of Gulfwide biomass, pi (where 
the subscript i denotes the sub-group with a shared M), we then calculated FOFL = Σpi*Fi, where Fi is the 
sub-group specific fishing mortality rate (using M as the proxy). The FABC is 0.75* FOFL.  


The demersal sub-group primarily occurs in longline fisheries, are generally not sampled or at best poorly 
sampled by the trawl survey, and are considered Tier 6. The NPFMC defines the time series of catch for 
Tier 6 calculations as “reliable catch history from 1978-1995”. Species specific catch estimates are not 
available for these species prior to 1991, and should not be considered reliable prior to 2003. In the 
previous assessment the time series of catch since observer restructuring began (i.e., 2013 – 2014) was 
used because those are the most unbiased catch estimates, and therefore “reliable”. Changes in the 
estimated discard rates of these species after 2013, suggest that a substantial portion of the discards may 
not have been captured in CAS with the earlier observer program, thus the most representative time series 
of catch is that beginning in 2013. However, that is a short time series and in October 2017 the SSC 
suggested including historical catches since 2003, with the understanding that those catches are likely 
underestimated due to unobserved catch. This year we have included the 2003 – 2016 time series. Within 
the Tier 6 definition, there is flexibility to determine the most appropriate metric, thus in the Results 
section we present a range of options that have been examined in other Tier 6 assessments, which include: 
average, median, and maximum catch, and 95th and 99th percentile of catch. 


Parameter Estimates 
Estimates of mortality, maximum age, and female age- and size-at-50% maturity are shown in Table 
16.10. The mortality rates are based on a variety of methods. Those that were calculated using the catch 
curve method are actually estimates of the total instantaneous mortality (Z) and should be considered as 
upper bounds for the natural mortality rate (M).  


Results 


Model Evaluation 
The random effect model was fit separately for the Tier 4 (sharpchin) and Tier 5 (17 other OR species 
with reliable trawl survey biomass) species. Estimated biomass is presented in Table 16.11 and Figure 
16.9 for sharpchin rockfish and Table 16.12 and Figure 16.9 for the 17 grouped, Tier 5 species. 


Summary of computations of acceptable biological catches (ABC) and overfishing levels (OFL) for the 
Tier 4 and Tier 5 components of the Other Rockfish (OR) complex in the Gulf of Alaska, using the 
random effects estimated exploitable biomass.  


Group Tier 
2017 RE 
Biomass FOFL OFL FABC ABC 


Sharpchin 4 12,582.6 F35% = 0.079 994.0 F40% = 0.065 817.9 
M=0.05 Group 5 36,606.7  


   


M=0.06 Group 5 8,319.4  
   


M=0.07 Group 5 689.4     







  


M=0.092 Group 5 9,410.3  
   


M=0.1 Group 5 28,497.7  
   


Tier 5 Biomass 5 83,523.5 F = Wted M = 0.073 6,097.2 FABC = 0.75*FOFL 4,572.9 
Total Tier 4/5 Gulf Wide   7,091.2  5,390.8 


 
The ABC/OFLs were calculated for the Tier 6 species for two catch time series: 1) 2013 – 2016, the time 
series since observer restructuring took effect and, 2) 2003 – 2016, the time series of modern catch 
accounting. We include the average and maximum catches for both time series, and median catches, 75th, 
95th and 99th percentile of the data for the 2003 – 2016 time series. Calculations are made for each 
species, then summed for the total Tier 6 options. It is important to note that these Tier 6 calculations are 
to be combined with that of the random effects ABC/OFLs and are not intended to be separately managed 
ABC/OFLs. The ABCs are calculated by species and area, thus the total Tier 6 ABC may not exactly 
equal 0.75*OFL. For the 2018 fishery we are recommending the Tier 6 method using the maximum 
historical catch of the 2003 – 2016 time series. 


Tier 6 options  Western 
GOA 


Central 
GOA 


West 
Yakutat 


Total Tier 
6 ABC 


Total Tier 
6 OFL 


2003-2016 Avg 28 79 17 124 165 
 Median 29 76 18 122 163 
 Max 43 123 33 199 265 
 75th Percentile 35 89 21 144 192 
 95th Percentile 41 116 27 184 245 
 99th Percentile 43 121 31 196 261 


2013-2016 Avg 21 92 13 126 169 
 Max 29 117 22 168 223 


Harvest Recommendations 
The methods for ABC and OFL estimation for the Tier 4 and Tier 5 species within the OR complex are 
the same as those used in the previous assessment (status quo) and we do not recommend any changes to 
the methodology. We do recommend a change to the method used for the Tier 6 species. Based on SSC 
comments, we recommend using the time series of historical catch from 2003 – 2016 for ABC and OFL 
estimation and continuing with using the maximum catch during that time series as the OFL. While the 
earlier years in the time series may underestimate catch, the longer time series will be more representative 
of potential catches than the shorter time series used previously. Resulting ABCs and OFLs are below: 


Tier 2017 Random 
Effects Biomass FOFL OFL FABC ABC 


4 12,583 F35% = 0.079 994 F40% = 0.065 818 
5 83,524 FOFL = Wted M = 0.073 6,097 FABC = 0.75*FOFL 4,573 
6     265   199 


All Tiers Combined  7,356   5,590 
 


Area Allocation of Harvests 
Based on the geographic distribution of the species’ exploitable biomass in the trawl surveys, the NPFMC 
has apportioned the ABC and thus the TAC for OR in the GOA into three geographic management areas: 
the Western GOA, Central GOA, and Eastern GOA. After the apportionment calculations are conducted, 
the ABCs and TAC for the Western and Central GOA are combined. As recommended by the Plan 







  


Team’s Survey Averaging Work Group, methodology for calculating the distribution changed in 2015 to 
the use of the random effects model to estimate the exploitable biomass by region, and continues to be 
used in 2017. For apportionment of ABC/OFL, the random effects model was fit to area-specific biomass 
and subsequent proportions of biomass by area were calculated.  


Since 1999, trawling has been prohibited in the Eastern GOA east of 140° W. longitude. Because most 
species of the OR complex are caught exclusively with trawl gear, this closure could have concentrated 
the catch of these fish in the Eastern GOA in the relatively small area between 140° and 147° W longitude 
that remained open to trawling. To ensure that such a geographic over-concentration of harvest would not 
occur, beginning in 1999 the NPFMC divided the Eastern GOA into two smaller management areas: West 
Yakutat (area between 147° and 140° W long.) and EY/SE (area east of 140° W. long.) (Figure 16.1). 
Separate ABCs and TACs were assigned to each of these smaller areas for the OR complex. A 
proportional fraction of the biomass in the WY vs. EY/SE areas is computed for each trawl survey 
(termed “split fraction”). The ABCs in West Yakutat and East Yakutat/Southeast are computed as a 
weighted average of the split fraction in the three most recent trawl surveys. In the computations, each 
successive survey is given a progressively heavier weighting using factors of 4, 6, and 9, respectively. 


The random effect model estimates the apportionment proportions separately for the Tier 4 and Tier 5 
species.  The Tier 6 ABCs were calculated by area for each species. The complex ABC by area is the sum 
of the Tier 4, Tier 5 and Tier 6 ABCs by area. The split fractions for delineating the biomass between WY 
and the EY/SE portions of the Eastern GOA are calculated at the complex level, thus the same split 
fraction was used for Tier 4 species as for the Tier 5 OR species.  


Tier 4 – Sharpchin Western/Central 
GOA 


Eastern GOA (96.14%) Total West Yakutat1 E Yakutat/ Southeast 


Area Apportionment 3.86% 8.43% 87.71% 100% 
Area ABC (t) 32 69 717 818 
OFL (t)        994 


 


Tier 5 – 17 species Western/Central 
GOA 


Eastern GOA (66.35%) Total West Yakutat1 E Yakutat/ Southeast 


Area Apportionment 33.65% 5.82% 60.53% 33.65% 
Area ABC (t) 1,539 266 2,768 4,573 
OFL (t)          6,097 


 
Tier 6 – seven 
species 


Western/Central 
GOA 


Eastern GOA  Total West Yakutat E Yakutat/ Southeast 


Area ABC (t) 166 33 0 199 
OFL (t)       265 


 
Total OR ABC apportioned by area 


 Western/Central 
GOA 


Eastern GOA  Total West Yakutat E Yakutat/ Southeast 


Area ABC (t) 1,736 368 3,485 5,590 
OFL (t)       7,356 


 


 







  


Ecosystem Considerations 
The ecosystem considerations for the GOA OR stock complex are summarized in Table 16.13. 


Ecosystem Effects on Stock 
Prey availability/abundance trends: similar to other rockfish species, stock condition of OR is probably 
influenced by periodic abundant year classes. Availability of suitable zooplankton prey items in sufficient 
quantity for larval or post-larval rockfish may be an important determining factor of year-class strength. 
Unfortunately, there is no information on the food habits of larval or post-larval rockfish to help 
determine possible relationships between prey availability and year-class strength; moreover, 
identification to the species level for field collected larval rockfish is difficult. Visual identification is 
generally not possible, although genetic techniques allow identification to species level for larvae of many 
OR species (Gharrett et. al 2001). Some juvenile rockfish found in inshore habitat feed on shrimp, 
amphipods, and other crustaceans, as well as some mollusks and fish (Byerly 2001). Food habits data on 
OR species in Alaska is very sparse, but adult sharpchin rockfish in the GOA feed mostly on plankton 
such as calanoid copepods and euphausiids and also on pandalid shrimp (Yang et al. 2006). Redstripe 
rockfish in areas south of Alaska feed on euphausiids, shrimps, and small fish (Love et al. 2002). Little if 
anything is known about abundance trends of these rockfish prey items. 


Predator population trends: Rockfish are preyed on by a variety of other fish at all life stages, and to 
some extent by marine mammals during late juvenile and adult stages. Whether the impact of any 
particular predator is significant or dominant is unknown. Predator effects would likely be more important 
on larval, post-larval, and small juvenile rockfish, but information on these life stages and their predators 
is nil. 


Changes in physical environment: Strong year classes corresponding to the period around 1976 – 1977 
have been reported for many species of groundfish in the GOA, including Pacific Ocean perch, northern 
rockfish, sablefish, and Pacific cod. Environmental conditions during this period were favorable for the 
survival of many young-of-the-year groundfish species and may have also been favorable for OR. The 
environmental mechanism for this increased survival remains unknown. Changes in water temperature 
and currents could have an effect on prey item abundance and success of transition of rockfish from the 
pelagic to demersal stage. Rockfish in early juvenile stage have been found in floating kelp patches, 
which would be subject to ocean currents. 


Changes in bottom habitat due to natural or anthropogenic causes could affect survival rates by altering 
available shelter, prey, or other functions. Associations of juvenile rockfish with biotic and abiotic 
structure have been noted by Carlson and Straty (1981), Pearcy et al. (1989), Love et al. (1991), and 
Freese and Wing (2003). The Essential Fish Habitat Environmental Impact Statement (EFH EIS) for 
groundfish in Alaska (NMFS 2005) concluded that the effects of commercial fishing on the habitat of 
groundfish is minimal or temporary based largely on the criterion that stocks were above the Minimum 
Stock Size Threshold (MSST). However, a review of the EFH EIS suggested that this criterion was 
inadequate to make such a conclusion (Drinkwater 2004). 


Fishery Effects on Ecosystem 
Because there is no targeted fishing on OR in the GOA, nearly all the catch of these species is taken 
incidentally in directed rockfish trawl fisheries for Pacific Ocean perch, northern rockfish, and dusky 
rockfish and in longline fisheries for sablefish and Pacific halibut. Thus, the reader is referred to the 
discussions on “Fishery Effects” in the chapters for these species in this SAFE report.  







  


Data Gaps and Research Priorities 
Data limitations are severe for OR in the GOA, and it is extremely difficult to determine whether current 
management is appropriate with the limited information available. Gaps include imprecise biomass 
estimates, limited and unvalidated ageing, and lack of life history information (including movement, 
distribution, and reproductive parameters). Regardless of future management decisions regarding the OR 
complex management category, improving biological sampling of OR in fisheries and surveys is 
essential.  
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Tables 
Table 16.1. Species comprising the Other Rockfish (OR) management category in the Gulf of Alaska. The 
demersal sub-group species are included in this assessment in all areas west of East Yakutat/Southeast, 
but in the Demersal Shelf Rockfish assessment otherwise. 


Common name Scientific name 
Former (pre-2012) 
Management Category 


Current Tier within 
OR Complex 


Slope Sub-Group 
blackgill rockfish Sebastes melanostomus Other Slope Rockfish 5 
bocaccio  S. paucispinis  Other Slope Rockfish 5 
Chilipepper S. goodie Other Slope Rockfish 5 
darkblotched rockfish S. crameri Other Slope Rockfish 5 
greenstriped rockfish S. elongates Other Slope Rockfish 5 
harlequin rockfish S. variegatus Other Slope Rockfish 5 
northern rockfisha S. polyspinis Other Slope Rockfish  
pygmy rockfish  S. wilsoni  Other Slope Rockfish 5 
redbanded rockfish S. babcocki Other Slope Rockfish 5 
redstripe rockfish S. proriger Other Slope Rockfish 5 
sharpchin rockfish S. zacentrus Other Slope Rockfish 4 
silvergray rockfish S. brevispinis Other Slope Rockfish 5 
splitnose rockfish S. diploproa Other Slope Rockfish 5 
stripetail rockfish S. saxicola Other Slope Rockfish 5 
vermilion rockfish S. miniatus Other Slope Rockfish 5 
widow rockfish S. entomelas Other Slope Rockfish 5 
yellowmouth rockfish S. reedi  Other Slope Rockfish 5 
yellowtail rockfish S. flavidus Other Slope Rockfish 5 


Demersal Sub-Group 
canary rockfish a S. pinniger Other Rockfish 6 
China rockfish a S. nebulosus Other Rockfish 6 
copper rockfish a S. caurinus Other Rockfish 6 
quillback rockfisha S. maliger Other Rockfish 6 
rosethorn rockfish a S. helvomaculatus Other Rockfish 6 
tiger rockfisha S. nigrocinctus Other Rockfish 6 
yelloweye rockfisha S. ruberrimus Other Rockfish 6 


aOnly in the West Yakutat and East Yakutat/Southeast management areas (i.e. Eastern GOA), otherwise 
in the northern rockfish assessment. 
  







  


Table 16.2. Management history for the Other Rockfish stock complex 
Year Management Measures 
1988 The NPFMC implements the slope rockfish assemblage, which includes the species that 


will become “other slope rockfish”, together with Pacific Ocean Perch, Northern Rockfish, 
Shortraker Rockfish and Rougheye Rockfish. Previously, Sebastes in Alaska were 
managed as the “Pacific Ocean Perch complex” or “Other Rockfish”. 


1988 Apportionment of ABC among management areas in the Gulf (Western, Central, and 
Eastern) for slope rockfish assemblage is determined based on average percent biomass in 
previous NMFS trawl surveys. 


1991 Slope rockfish assemblage is split into three management subgroups with separate ABCs 
and TACs: Pacific Ocean Perch, Shortraker/Rougheye Rockfish, and “other slope 
rockfish”. 


1993 Northern Rockfish is split as a separate management entity from “other slope rockfish”. 
1997 Area apportionment procedure for “other slope rockfish” is changed. Apportionment is 


now based on 4:6:9 weighting of biomass in the most recent three NMFS trawl surveys. 
1999 Trawling is prohibited in the Eastern Gulf east of 140° W long. Eastern Gulf trawl closure 


becomes permanent with the implementation of FMP Amendments 41 and 58 in 2000 and 
2001, respectively. 


1999 Northern Rockfish in the Eastern Gulf is reassigned to “other slope rockfish”. 
1999 Eastern Gulf is divided into West Yakutat and East Yakutat/Southeast Outside, and 


separate ABCs and TACs are assigned for “other slope rockfish” in these areas. 
2007 Amendment 68 creates the Central Gulf Rockfish Pilot Program, which affects trawl 


catches of rockfish in this area. 
2012 Yellowtail and Widow Rockfish are assigned to the “other slope rockfish” group, and 


group name is changed to “Other Rockfish”. 
2014 Merge Western and Central ABC and TAC 
 
  







  


Table 16.3. Time series of catch estimates for the Other Rockfish (OR) complex with total allowable 
catch (TAC), acceptable biological catch (ABC), over fishing level (OFL) and the management category. 
Catch values presented here show estimated catches for the complex at that time, meaning that in 1991 
the catches in this table represent all of the species in the Other Slope Rockfish (OSR) group at that time, 
which includes northern rockfish GOA wide.  


 Gulf of Alaska Region Catch Total 
Catch 


    


Year Western Central Eastern TAC ABC OFL Management Group 


1991 20 175 83 4,806a 10,100 10,100  OSR 


1992 76 854 745 9,445a 14,060 14,060 28,200 OSR 


1993 342 2,423 2,658 5,423 5,383 8,300 9,850 OSR - northerns removed 


1994 101 715 797 1,613 2,235 8,300 9,850 OSR 


1995 31 883 483 1,397 2,235 7,110 8,395 OSR  


1996 19 618 244 881 2,020 7,110 8,395 OSR 


1997 68 941 208 1,217 2,170 5,260 7,560 OSR 


1998 46 701 114 861 2,170 5,260 7,560 OSR 


1999 39 614 135 788 5,270 5,270 7,560 OSR - EGOA northern included 


2000 49 363 165 577 4,900 4,900 6,390 OSR 


2001 25 318 216 559 1,010 4,900 6,390 OSR 


2002 223 481 70 774 990 5,040 6,610 OSR 


2003 133 677 249 1,059 990 5,050 6,610 OSR 


2004 240 534 106 880 670 3,900 5,150 OSR 


2005 64 516 118 698 670 3,900 5,150 OSR 


2006 279 603 216 1,098 1,480 4,152 5,394 OSR 


2007 249 339 106 695 1,482 4,154 5,394 OSR 


2008 250 438 78 767 1,730 4,297 5,624 OSR 


2009 403 399 96 899 1,730 4,297 5,624 OSR 


2010 365 429 170 964 1,192 3,749 4,881 OSR 


2011 301 359 226 886 1,192 3,749 4,881 OSR 


2012 254 723 60 1,038 1,080 4,045 5,305 OR - includes widow and yellowtail 


2013 202 475 140 817 1,080 4,045 5,305 OR 


2014 170 717 98 985 1,811 4,081 5,374 ORb 


2015 210 842 56 1,107 1,811 4,081 5,374 OR 


2016 156 1,033 92 1,281 2,308 5,773 7,424 OR 


2017 114 785 71 970 2,308 5,773 7,424 OR 
aThe total OR catch includes Gulfwide catch of northern rockfish, catch by region are not currently 
available. 
bBeginning in 2014, the Apportioned ABCs for the Western and Central GOA were combined, and thus 
the catch for those regions was also combined. They are left separate here for the sake of demonstration. 







  


Table 16.4. Estimated discard rates for the Other Rockfish stock complex. 
Year Discards Catch Discard Rate 


1991 255.2 364.4 70% 


1992 1,077.4 1,733.4 62% 


1993 2,682.7 5,462.5 49% 


1994 1,081.5 1,638.6 66% 


1995 1,035.6 1,421.0 73% 


1996 678.0 893.5 76% 


1997 634.2 1,218.4 52% 


1998 572.7 862.9 66% 


1999 562.7 810.1 69% 


2000 315.1 587.4 54% 


2001 268.5 559.8 48% 


2002 451.3 776.9 58% 


2003 732.0 1,069.1 68% 


2004 569.6 959.8 59% 


2005 300.9 699.5 43% 


2006 797.2 1,099.9 72% 


2007 269.1 696.6 39% 


2008 442.5 768.9 58% 


2009 494.2 903.8 55% 


2010 579.3 975.2 59% 


2011 472.3 894.3 53% 


2012 520.9 1,037.9 50% 


2013 558.4 816.7 68% 


2014 403.4 985.5 41% 


2015 593.5 1,107.1 54% 


2016 326.0 1,281.3 25% 


2017 326.2 970.1 34% 
  







  


Table 16.5. Time series of estimated catches of the species in the Other Rockfish complex. Catch 
estimates for the six most often caught species are shown with all remaining species combined in to the 
“Minor” category. Catch by species from 1991 – 2002 from previous assessments, from 2003 – present 
from the Alaska Regional Office Catch Accounting System. Data queried through AKFIN on October 13, 
2017. 


Year Harlequin Redbanded Redstripe Sharpchin Silvergray Yelloweye Minors OR Total 


1991 78.5 7.6 63.3 6.1 4.7 81.5 122.7 364.4 


1992 653.9 15.3 131.5 393.3 216.7 106.1 216.7 1,733.4 


1993 1,997.0 43.4 1,393.6 1,328.2 319.7 131.2 249.4 5,462.5 


1994 721.8 22.7 191.2 273.8 205.0 46.7 177.5 1,638.6 


1995 633.7 23.1 175.9 323.4 104.7 38.9 121.4 1,421.0 


1996 339.5 26.7 138.5 299.6 10.8 30.0 48.4 893.5 


1997 460.6 15.6 279.1 307.8 34.3 43.1 77.9 1,218.4 


1998 418.4 23.3 52.8 295.2 7.5 29.2 36.5 862.9 


1999 362.1 20.1 78.0 150.2 15.3 130.0 54.4 810.1 


2000 157.8 40.9 59.7 221.7 24.9 35.4 47.0 587.4 


2001 254.6 76.9 41.6 122.2 15.7 28.8 20.0 559.8 


2002 346.4 59.8 15.3 242.6 57.0 20.7 35.0 776.9 


2003 509.8 50.0 41.3 250.5 25.7 149.5 42.6 1,069.4 


2004 470.1 46.0 40.0 154.8 21.3 128.1 107.0 967.3 


2005 475.2 62.7 9.9 51.4 4.3 88.9 7.3 699.7 


2006 616.8 98.4 64.9 98.0 12.8 146.7 62.5 1,099.9 


2007 329.3 72.2 39.5 96.8 12.4 131.5 15.0 696.6 


2008 366.1 52.4 31.0 78.3 9.6 200.4 31.3 769.2 


2009 517.7 46.3 34.2 84.2 22.9 166.9 31.7 903.9 


2010 446.1 65.4 77.3 122.2 35.6 200.0 28.9 975.6 


2011 368.2 71.8 79.2 91.4 92.5 176.4 17.1 896.6 


2012 566.6 38.2 60.7 98.9 40.5 200.3 32.7 1,037.9 


2013 369.1 89.5 43.6 75.7 24.6 160.3 53.9 816.6 


2014 509.2 75.3 94.2 94.8 35.2 135.7 40.9 985.3 


2015 609.4 57.7 44.3 92.4 60.9 188.9 53.9 1,107.5 


2016 648.9 81.3 136.2 182.7 66.2 120.6 45.5 1,281.4 


2017 509.7 55.0 69.1 145.9 52.4 90.9 47.1 970.1 
  







  


Table 16.6. Estimated catch of the combined species of the current Other Rockfish (OR) by Gulf of 
Alaska (GOA) NMFS regulatory area. The acceptable biological catches (ABCs) are only presented for 
the years of the current OR complex. The ABCs for Western and Central GOA were combined starting in 
2014.  


 Gulf of Alaska Catch Acceptable Biological Catch 


Year Western 
GOA 


Central 
GOA 


West 
Yakutat Southeast Western 


GOA 
Central 
GOA 


West 
Yakutat Southeast 


1991 89.6 175.7 96.7 2.4    
1992 77.4 855.3 734.3 66.4    
1993 342.3 2,462.1 735.4 1,922.6    
1994 101.0 722.8 569.0 245.9    
1995 41.1 886.4 469.5 24.1    
1996 27.6 620.3 234.9 10.7    
1997 68.0 942.4 122.6 85.4    
1998 46.1 702.7 107.8 6.3    
1999 39.2 614.8 125.2 30.9     
2000 49.1 370.2 133.7 34.4     
2001 25.0 318.1 169.9 46.8     
2002 223.0 483.9 45.0 25.0     
2003 133.2 683.2 226.6 26.2     


2004 269.2 582.3 77.7 30.5     


2005 64.6 516.1 70.9 48.0     


2006 279.2 604.1 137.7 78.9     


2007 249.3 340.5 53.6 53.3     


2008 250.5 439.0 50.4 29.0     


2009 403.3 402.8 83.1 14.6     


2010 365.3 438.6 131.3 40.1     


2011 300.9 365.7 189.7 38.0     


2012 254.5 722.9 37.5 23.0 44 606 230 3,165 


2013 202.1 474.5 77.0 63.1 44 606 230 3,165 


2014 169.8 717.6 60.0 38.0 1,031 580 2,469 


2015 209.7 842.0 36.3 19.1 1,031 580 2,469 


2016 155.6 1,033.3 52.7 39.7 1,534 574 3,665 


2017 114.3 785.1 41.3 29.4 1,534 574 3,665 







  


Table 16.7. Proportion of Other Rockfish (Other Slope Rockfish prior to 2011) catch by gear type. 
Proportions are displayed by sub-groups within the Other Rockfish complex. HAL = hook and line, which 
includes jig; TWL = trawl gear types, Other = primarily pot gear. “tr” represents trace amounts, those 
<0.5%. 


 Slope sub-group Demersal sub-group 
Year HAL TWL Other HAL TWL Other 


2003 23% 77% 0% 87% 13% 0% 
2004 11% 89% tr 62% 38% tr 
2005 12% 88% tr 67% 33% 0% 
2006 12% 88% tr 71% 29% tr 
2007 19% 81% tr 73% 27% tr 
2008 20% 80% tr 67% 33% tr 
2009 14% 86% tr 69% 31% tr 
2010 16% 84% tr 66% 34% tr 
2011 16% 84% tr 66% 34% tr 
2012 10% 90% 0% 46% 54% 0% 
2013 16% 84% 0% 58% 42% 0% 
2014 10% 90% tr 56% 44% tr 
2015 11% 89% 0% 52% 48% 0% 
2016 10% 90% tr 63% 37% tr 
2017 9% 91% tr 58% 42% tr 


 
  







  


Table 16.8. Biomass estimates (t) by NMFS regulatory area for the six primary species of Other Rockfish 
(OR) in the Gulf of Alaska (GOA), based on bottom trawl surveys conducted between 1984 and 2017. 
Note that biomass estimates for yelloweye rockfish do not include the Eastern GOA. This species is 
included in the OR complex in the West Yakutat portion of the Eastern GOA. The Eastern GOA biomass 
for this species is not included in this table because biomass estimates are calculated based on INPFC 
areas, which do not line up with NMFS Regulatory areas, and split fractions used to deal with this 
difference for the species in the Other Rockfish Complex have not been created for yelloweye rockfish. 


  Regulatory Area   


  Western GOA Central GOA Eastern GOA Gulfwide Total CV% 
Harlequin 1984 65.1 1,313.6 1,246.2 2,624.9 31% 
 1987 7,491.2 20,248.7 44,665.2 72,405.1 29% 
 1990 124.6 13,584.0 3,955.6 17,664.2 51% 
 1993 84.2 8,528.9 667.5 9,280.6 47% 
 1996 772.7 2,882.5 16,371.0 20,026.2 64% 
 1999 7.4 8,562.6 1,306.5 9,876.5 42% 
 2001 2,987.2 5,377.7 0.0 8,364.9 50% 
 2003 25.1 1,498.3 2,021.2 3,544.6 45% 
 2005 26,667.6 1,930.3 4,525.9 33,123.8 64% 
 2007 834.1 1,902.3 1,320.5 4,056.9 45% 
 2009 44.2 839.8 1,802.2 2,686.2 43% 
 2011 2,237.6 1,081.9 415.0 3,734.5 61% 
 2013 122.8 6,720.4 642.1 7,485.3 71% 
 2015 468.3 1,430.5 417.6 2,316.4 48% 
 2017 11,939.2 927.8 53.0 12,920.0 83% 
Redbanded 1984 0.0 168.8 1,261.5 1,430.3 31% 
 1987 21.1 604.0 1,197.1 1,822.2 33% 
 1990 0.0 219.5 3,065.9 3,285.4 35% 
 1993 10.5 434.2 3,230.4 3,675.1 29% 
 1996 61.2 199.8 4,332.7 4,593.7 34% 
 1999 118.4 402.7 10,420.0 10,941.1 41% 
 2001 60.8 353.8 0.0 414.6 24% 
 2003 18.9 889.3 2,532.4 3,440.6 22% 
 2005 41.3 1,009.7 4,559.3 5,610.3 22% 
 2007 51.8 1,164.2 5,982.2 7,198.2 25% 
 2009 34.0 2,020.4 4,387.9 6,442.3 17% 
 2011 12.2 1,304.0 3,725.6 5,041.8 23% 
 2013 66.2 2,346.0 3,455.7 5,867.9 19% 
 2015 52.1 1,901.0 3,503.9 5,457.0 18% 
 2017 43.4 1,557.0 4,187.7 5788.1 22% 
Redstripe 1984 0.0 138.8 5,225.2 5,364.0 41% 
 1987 1,263.0 1,819.7 23,435.9 26,518.6 47% 
 1990 0.0 14.7 27,049.2 27,063.9 52% 
 1993 5.3 111.5 29,502.5 29,619.3 55% 
 1996 152.1 90.8 14,721.0 14,963.9 54% 
 1999 0.0 138.8 8,087.1 8,225.9 49% 
 2001 2.5 124.2 0.0 126.7 60% 
 2003 4.9 175.0 7,845.4 8,025.3 36% 
 2005 2,796.2 12,826.8 6,079.5 21,702.5 58% 
 2007 15.2 655.6 10,829.9 11,500.7 61% 
 2009 1.2 48.3 1,542.0 1,591.5 46% 
 2011 0.0 499.1 18,245.7 18,744.8 87% 
 2013 17.8 8,721.5 1,131.8 9,871.1 87% 
 2015 0.0 11,951.7 4,747.6 16,699.3 71% 
 2017 72.8 15,710.1 14,378.5 30,161.4 54% 


 
  







  


Table 16.8. Continued 
Sharpchin 1984 0.0 1,945.4 4,666.5 6,611.9 36% 
 1987 3,366.3 43.0 77,029.2 80,438.5 39% 
 1990 1.6 3,363.3 34,968.6 38,333.5 37% 
 1993 73.6 7,047.4 16,554.9 23,675.9 32% 
 1996 72.2 1,921.4 62,576.4 64,570.0 32% 
 1999 0.0 2,856.2 17,984.4 20,840.6 66% 
 2001 23.2 1,774.0 0.0 1,797.2 69% 
 2003 38.0 289.5 6,766.1 7,093.6 46% 
 2005 194.7 10,757.3 10,183.2 21,135.2 32% 
 2007 52.5 4,047.8 14,936.7 19,037.0 34% 
 2009 14.7 654.6 11,823.4 12,492.7 35% 
 2011 0.0 538.0 7,503.0 8,041.0 63% 
 2013 160.1 810.6 13,949.0 14,919.7 50% 
 2015 66.9 15,888.7 29,060.7 45,016.3 55% 
 2017 43.7 343.6 11,234.4 11,621.7 51% 
Silvergray 1984 0.0 52.2 4,764.5 4,816.7 28% 
 1987 37.4 149.1 5,239.4 5,425.9 40% 
 1990 0.0 280.4 13,868.5 14,148.9 42% 
 1993 0.0 543.8 18,435.1 18,978.9 31% 
 1996 0.0 1,552.7 22,574.6 24,127.3 27% 
 1999 0.0 6,745.1 30,896.0 37,641.1 33% 
 2001 0.0 63.0 0.0 63.0 58% 
 2003 0.0 64.8 51,850.6 51,915.4 73% 
 2005 18.1 1,073.2 39,989.4 41,080.7 40% 
 2007 0.0 358.9 29,438.6 29,797.5 26% 
 2009 0.0 94.3 9,757.1 9,851.4 43% 
 2011 0.0 24,109.7 75,939.4 100,049.1 35% 
 2013 0.0 406.3 18,832.2 19,238.5 38% 
 2015 0.0 1,497.6 42,676.8 44,174.4 35% 
 2017 0.0 3,517.2 32,689.2 36,206.4 41% 
Yelloweye 1984 21.9 97.1  119.0 10% 
 1987 73.2 349.4  422.6 5% 
 1990 0.0 308.9  308.9 12% 
 1993 13.7 579.6  593.3 17% 
 1996 43.5 479.4  522.9 18% 
 1999 0.0 2,280.8  2,280.8 32% 
 2001 41.5 1,508.3  1,549.8 50% 
 2003 45.9 858.1  904.0 30% 
 2005 904.9 986.5  1,891.4 25% 
 2007 325.9 654.5  980.4 8% 
 2009 0.0 777.0  777.0 16% 
 2011 173.5 2,344.5  2,518.0 40% 
 2013 154.8 592.3  747.1 50% 
 2015 49.0 823.1  872.1 19% 
 2017 442.4 912.8  1,355.2 28% 
Minor 1984 0.0 120.1 995.2 1,115.3  
 1987 71.4 337.4 669.6 1,078.4  
 1990 5.5 453.1 2,603.7 3,062.3  
 1993 3.1 1,160.8 4121 5,284.9  
 1996 0 72.8 2,618.7 2,691.5  
 1999 0 117.7 19,281.7 19,399.4  
 2001 80.9 197.4 0 278.3  
 2003 0 162.3 1,655.6 1,817.9  
 2005 6.7 52.4 2,010.1 2,069.2  
 2007 61.6 113.8 2,734.6 2,910.0  
 2009 10.6 361.6 4,115.3 4,487.5  
 2011 0 2,421.6 8,482.6 10,904.2  
 2013 0 31.8 4,451.4 4,483.2  
 2015 21.2 593.9 1,654.0 2,269.1  
 2017 1.8 33.3 4,643.6 4,678.7  







  


Table 16.8. Continued 
Complex 1984 87 3,836 18,159.1 22,082.1  
 1987 12,323.6 23,551.3 152,236.4 188,111.3  
 1990 131.7 18,223.9 85,511.5 103,867.1  
 1993 196 18,406.2 72,511.4 91,113.6  
 1996 1,101.7 7,199.4 123,194.4 13,1495.5  
 1999 125.8 21,103.9 87,975.7 109,205.4  
 2001 3,196.1 9,398.4 0 12,594.5  
 2003 132.8 3,937.3 72,671.3 76,741.4  
 2005 30,629.5 28,636.2 67,347.4 126,613.1  
 2007 1,341.1 8,897.1 65,242.5 75,480.7  
 2009 104.7 4,796.0 33,427.9 38,328.6  
 2011 2,423.3 32,298.8 114,311.3 149,033.4  
 2013 521.7 19,628.9 42,462.2 62,612.8  
 2015 657.5 34,086.5 82,060.6 116,804.6  
 2017 12,543.3 23,001.8 67,186.4 102,731.5  







  


Table 16.9. Research survey catch of Other Rockfish 1977 - 2016 in the Gulf of Alaska (GOA). 
Beginning in 2010 all research and other non-commercial catch was provided by the Alaska Regional 
Office. These removals do not count against the total allowable catch. 


Year Source AFSC Trawl 
Surveys (t) 


AFSC LL 
Survey (#s) 


AFSC LL 
Survey (t) 


IPHC LL 
Survey (#s) 


IPHC LL 
Survey (t) 


ADF&G (t) (includes 
sport and research) 


1977 


Assessment 
of the Other 
Rockfish in 
the Gulf of 


Alaska 
(Clausen and 


Echave 
2010) 


0.8      
1978 9.5      
1979 0.4      
1980 0.4      
1981 16.3      
1982 2.9      
1983 0.1      
1984 3.4      
1985 1.7      
1986 0.0      
1987 19.8      
1988 0.7      
1989 0.1      
1990 11.8      
1991 tr      
1992 0.0      
1993 11.3      
1994 0.0      
1995 0.0      
1996 16.9      
1997 0.0      
1998 2.4      
1999 51.6      
2000 0.0      
2001 0.7      
2002 tr      
2003 8.7      
2004 tr      
2005 11      
2006 tr      
2007 8.1      
2008 tr      
2009 4.2           
2010 


AKRO 


tr 1,453 2.6 NA 7.3 4.7 
2011 7.7 1,212 2.2 NA 4.8 3.9 
2012  1,320 2.4 NA 5.1 4.9 
2013 3.8 1,191 2.2 NA 4.7 50.8 
2014  1,636 3.1 NA 6.9 55.7 
2015 12.0 1412 2.7 NA 6.7 51.3 
2016  1343 2.5 NA 5.5 58.3 


  







  


Table 16.10. A description of the life history of each of the species within the Other Rockfish (OR) and 
complex along with mortality rates, maximum age, and female age and size at 50% maturity, where 
available. Size is fork length in cm. Area indicates location of study: California (CA), Oregon (O), British 
Columbia (BC), Gulf of Alaska (GOA), Eastern Gulf of Alaska (EGOA), and Washington (W). Mortality 
rates with no superscript have unknown methodology for their calculations. 


Species Mortality Rate Max Age Age at Maturity Size at Maturity Area References 


blackgill rockfish  87   CA 1 


bocaccio rockfish 0.06 > 40  54 O, CA 2, 3 


canary rockfish 0.05 84  51 BC 2, 3 


chilipepper rockfish  35   CA 2 


China rockfish  79   GOA, EGOA 2, 4 


copper rockfish  61    2, 15 


darkblotched rockfish 0.07a 48, 105  39 BC 2, 5 


greenstriped rockfish 0.07 54  22  2 


harlequin rockfish 0.092b 47  23 EGOA 8 


pygmy rockfish 0.06 26    2 


quillback rockfish 0.06 95 11 29 BC 2, 3, 10 


redbanded rockfish 0.06 106 19 42 BC 2, 3, 4 


redstripe rockfish 0.1a 41   BC  2, 3, 5, 6, 7, 15 


rosethorn rockfish 0.06 87  21.5  2, 3 


sharpchin rockfish 0.056-0.059a 58 10 26.5 GOA 8 


silvergray rockfish 0.05b 75   34-45 GOA 8 


splitnose rockfish 0.06 86  27 BC 2 


stripetail rockfish  38   CA 2 


tiger rockfish  116   EGOA 2, 3, 5 


vermilion rockfish  60   CA 2 


widow rockfish 0.05a 59   BC 2, 7 


yelloweye rockfish 0.02 118 22 45 EGOA 2, 13 


yellowmouth rockfish 0.06a 71   BC 3, 5, 7 


yellowtail rockfish 0.07 64   BC 2, 14 


(1)Helser 2005; (2) Love et al. 2002; (3) Munk 2001; (4) O’Connell 1987; (5) Archibald et al. 
1981; (6) Clausen and Echave 2011; (7) Chilton and Beamish 1982; (8) Malecha et al. 2007; (9) 
Heifetz et al. 1998; (10) Kerr et al. 2003; (11) Stanley and Kronlund 2005; (12) Stanley and 
Kronlund 2000; 13) O’Connell and Funk 1987; 14) Leaman and Nagtegaal 1987; 15) Meyer and 
Failor in prep. 
Mortality rate methods 
a: Total mortality (Z) as computed by catch curve analysis 
b: Natural mortality (M) as computed by a combination of the Alverson and Carney (1975) and 
Hoenig (1983) methods 
 


  







  


Table 16.11. Estimated random effects biomass (t) by NMFS regulatory area and total Gulfwide biomass 
with 95% confidence intervals (CI) for sharpchin rockfish (the only Tier 4 species). 


     95% Confidence Intervals 


 Western GOA Central GOA Eastern GOA Gulfwide Total Lower Upper 


1984 1,197.0 1,413.0 5,301.6 7,911.6 276.7 226,176.0 


1985 1,197.0 521.9 12,338.3 14,057.3 2,115.0 93,432.3 


1986 1,197.0 192.8 28,714.6 30,104.4 5,346.5 169,509.0 


1987 1,197.0 71.2 66,826.7 68,094.9 32,949.8 140,727.0 


1988 216.4 224.1 53,809.9 54,250.4 9,059.2 324,873.0 


1989 39.1 705.1 43,328.5 44,072.7 7,462.9 260,275.0 


1990 7.1 2,218.6 34,888.8 37,114.4 18,778.0 73,356.3 


1991 14.4 2,960.1 27,596.3 30,570.8 5,785.3 161,544.0 


1992 29.2 3,949.5 21,828.1 25,806.8 5,317.8 125,238.0 


1993 59.3 5,269.5 17,265.6 22,594.4 13,157.9 38,798.7 


1994 62.0 3,865.5 25,915.7 29,843.2 6,032.3 147,642.0 


1995 64.8 2,835.6 38,899.5 41,799.9 7,769.8 224,875.0 


1996 67.7 2,080.1 58,388.3 60,536.0 33,597.1 109,075.0 


1997 57.1 2,246.1 40,141.3 42,444.5 7,436.9 242,242.0 


1998 48.2 2,425.4 27,596.7 30,070.3 4,952.9 182,563.0 


1999 40.6 2,619.0 18,972.5 21,632.1 7,365.5 63,532.2 


2000 34.3 2,000.9 14,934.1 16,969.2 2,511.7 114,644.0 


2001 28.9 1,528.6 11,755.3 13,312.8 1,582.2 112,019.0 


2002 35.6 757.0 9,253.1 10,045.7 1,556.0 64,854.8 


2003 43.8 374.9 7,283.6 7,702.2 3,457.4 17,158.7 


2004 71.4 1,652.9 8,616.0 10,340.3 2,555.1 41,845.6 


2005 116.6 7,287.2 10,192.1 17,595.9 10,074.9 30,731.2 


2006 78.3 4,971.2 12,144.4 17,193.9 4,804.0 61,538.0 


2007 52.5 3,391.3 14,470.8 17,914.6 9,874.2 32,502.2 


2008 35.3 1,562.1 13,039.8 14,637.2 3,485.4 61,469.1 


2009 23.7 719.6 11,750.3 12,493.5 6,610.5 23,612.1 


2010 35.0 645.7 10,026.8 10,707.4 2,289.8 50,070.5 


2011 51.6 579.4 8,556.1 9,187.1 3,427.5 24,624.9 


2012 76.2 739.8 10,948.6 11,764.6 2,453.6 56,408.6 


2013 112.4 944.7 14,010.0 15,067.1 6,503.3 34,908.3 


2014 87.4 2,170.3 18,289.9 20,547.6 4,487.1 94,093.8 


2015 67.9 4,985.9 23,877.3 28,931.1 11,616.9 72,050.8 


2016 56.9 1,477.6 16,995.5 18,529.9 3,896.8 88,114.0 


2017 47.7 437.9 12,097.1 12,582.6 5,096.0 31,068.1 
 
  







  


Table 16.12. Estimated random effects biomass by NMFS regulatory area and total Gulfwide biomass 
with 95% confidence intervals (CI) for the 17 Tier 5 species of Other Rockfish. 


     95% Confidence Intervals 


 Western GOA Central GOA Eastern GOA Gulfwide Total Lower Upper 


1984 117.6 1,828.3 14,245.7 16,191.6 11,202.6 23,402.2 


1985 391.6 4,086.2 24,304.1 28,781.9 5,324.2 155,590.0 


1986 1,304.0 9,132.5 41,464.5 51,900.9 9,874.7 272,790.0 


1987 4,341.8 20,410.9 70,741.2 95,494.0 55,797.8 163,431.0 


1988 1,500.3 18,034.7 63,589.4 83,124.3 16,181.6 427,008.0 


1989 518.4 15,935.1 57,160.6 73,614.1 14,093.1 384,517.0 


1990 179.1 14,079.9 51,381.7 65,640.8 36,562.3 117,846.0 


1991 155.3 12,364.6 52,894.0 65,413.9 12,075.0 354,366.0 


1992 134.6 10,858.2 54,450.9 65,443.7 11,699.2 366,084.0 


1993 116.7 9,535.4 56,053.5 65,705.6 34,732.0 124,301.0 


1994 211.1 7,785.8 57,614.9 65,611.7 11,109.8 387,486.0 


1995 382.0 6,357.2 59,219.6 65,958.8 10,941.4 397,626.0 


1996 691.2 5,190.7 60,869.1 66,751.1 34,674.8 128,500.0 


1997 471.0 7,170.9 63,682.4 71,324.4 11,991.2 424,242.0 


1998 321.0 9,906.6 66,625.7 76,853.3 13,538.1 436,282.0 


1999 218.7 13,685.9 69,705.1 83,609.7 50,450.6 138,563.0 


2000 504.8 9,078.0 68,579.6 78,162.4 11,892.0 513,736.0 


2001 1,164.9 6,021.6 67,472.3 74,658.8 7,790.8 715,453.0 


2002 280.4 4,348.6 66,382.9 71,011.9 9,336.5 540,103.0 


2003 67.5 3,140.4 65,311.1 68,519.0 26,642.9 176,214.0 


2004 787.4 6,066.0 61,095.8 67,949.2 14,009.1 329,579.0 


2005 9,186.3 11,716.8 57,152.6 78,055.6 48,244.6 126,287.0 


2006 2,935.1 7,097.3 53,303.0 63,335.5 14,904.1 269,146.0 


2007 937.8 4,299.2 49,712.8 54,949.7 36,176.7 83,464.5 


2008 325.2 3,859.9 33,479.4 37,664.5 8,407.8 168,726.0 


2009 112.8 3,465.6 22,546.9 26,125.2 17,841.6 38,254.8 


2010 325.7 8,363.4 46,639.3 55,328.4 12,835.6 238,496.0 


2011 940.9 20,183.3 96,475.8 117,600.0 68,055.0 203,214.0 


2012 485.1 19,231.9 53,852.0 73,568.9 18,662.2 290,019.0 


2013 250.1 18,325.4 30,059.7 48,635.2 29,320.3 80,673.8 


2014 415.9 17,959.9 39,611.6 57,987.5 15,212.1 221,044.0 


2015 691.7 17,601.8 52,198.8 70,492.3 41,587.9 119,486.0 


2016 2,238.8 19,252.9 53,971.9 75,463.6 19,457.0 292,684.0 


2017 7,245.8 21,058.9 55,805.2 84,109.9 47,403.2 149,240.0 
 
  







  


Table 16.13. Analysis of ecosystem considerations for the Other Rockfish complex. 
Ecosystem effects on GOA Other Rockfish   
Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Zooplankton Limited diet analyses Stable, data limited No concern 
Non-pandalid shrimp and 
other benthic organism Trends in indices are variable Composes the main portion 


of many OR species diet Unknown 


Herring and other forage 
fish Trends in indices are variable Unknown Unknown 


Predator population trends   


Marine mammals Fur seals declining, Steller sea lions increasing 
slightly Reduced predation No concern 


Birds Stable, some increasing some decreasing Affects young-of-year 
mortality No concern 


Fish (walleye pollock, 
Pacific cod, halibut) 


Stable to increasing Possible increases to OR 
mortality No concern 


Sharks Population indices show variable trends Unknown No concern 
Changes in habitat quality   


Temperature regime Warm and cold regimes May shift distribution, and 
larval survival Unknown 


Prevailing currents Larvae subject to currents Potential to alter recruitment 
events Unknown 


GOA Other Rockfish effects on ecosystem   
Indicator Observation Interpretation Evaluation 
Fishery contribution to bycatch   


Not Targeted None No concern No concern 
Fishery concentration in space 
and time None No concern No concern 


Fishery effects on amount of 
large size target fish 


If targeted, could reduce avg size of females, 
reduce recruitment, reduce fecundity, skewed 
sex ratio  


No concern at this time No concern at 
this time 


Fishery contribution to discards 
and offal production None No concern No concern 


Fishery effects on age-at-
maturity and fecundity 


Age at maturity and fecundity decrease in areas 
that have targeted species No concern at this time No concern at 


this time 
 
  







  


Figures 


 
Figure 16.1. Map of the Gulf of Alaska (GOA) management areas: Western (WGOA), Central (CGOA) 
and Eastern (EGOA). The EGOA is subdivided into the West Yakutat (W Yak) and East 
Yakutat/Southeast (SE) areas. The table below the figure lists the species that are part of the Other 
Rockfish complex in each of the areas. 


WGOA & CGOA EGOA/W Yakutat EGOA/Southeast
Blackgill Rockfish Blackgill Rockfish Blackgill Rockfish


Bocaccio Bocaccio Bocaccio
Canary Rockfish Canary Rockfish


Chilipepper Rockfish Chilipepper Rockfish Chilipepper Rockfish
China Rockfish China Rockfish


Copper Rockfish Copper Rockfish
Darkblotched Rockfish Darkblotched Rockfish Darkblotched Rockfish
Greenstriped Rockfish Greenstriped Rockfish Greenstriped Rockfish


Harlequin Rockfish Harlequin Rockfish Harlequin Rockfish
Northern Rockfish Northern Rockfish


Pygmy Rockfish Pygmy Rockfish Pygmy Rockfish 
Quillback Rockfrish Quillback Rockfrish


Redbanded Rockfish Redbanded Rockfish Redbanded Rockfish
Redstripe Rockfish Redstripe Rockfish Redstripe Rockfish
Rosethorn Rockfish Rosethorn Rockfish
Sharpchin Rockfish Sharpchin Rockfish Sharpchin Rockfish
Silvergray Rockfish Silvergray Rockfish Silvergray Rockfish
Splitnose Rockfish Splitnose Rockfish Splitnose Rockfish
Stripetail Rockfish Stripetail Rockfish Stripetail Rockfish


Tiger Rockfish Tiger Rockfish
Vermilion Rockfish Vermilion Rockfish Vermilion Rockfish


Widow Rockfish Widow Rockfish Widow Rockfish
Yelloweye Rockfish Yelloweye Rockfish


Yellowmouth Rockfish Yellowmouth Rockfish Yellowmouth Rockfish
Yellowtail Rockfish Yellowtail Rockfish Yellowtail Rockfish







  


 
Figure 16.2. Spatial distribution of trawl survey catch in the Gulf of Alaska (GOA) from the three most recent National Marine Fisheries Service 
(NMFS) trawl surveys (2013, 2015, and 2017) for: (top panel) the Other Rockfish (OR) complex (with the exception of harlequin and silvergray 
rockfish); (middle panel) harlequin rockfish; and (bottom panel) silvergray rockfish. 







  


 


 
Figure 16.3. Estimated incidental catch (t) of Other Rockfish in Gulf of Alaska (GOA) by area (Western 
GOA, Central GOA, West Yakutat (West Yak), and East Yakutat/Southeast (Southeast)) and species. 
National Marine Fisheries Service Alaska Regional Office Catch Accounting System (queried through 
AKFIN on October 13, 2017). 
  







  


 


 
Figure 16.4. Proportion of catch by regulatory area (Western Gulf of Alaska (GOA), Central GOA, West 
Yakutat and East Yakutat/Southeast) for the six primary species of Other Rockfish. Note that the 
yelloweye rockfish panel does not include catch in the East Yakutat/Southeast regulatory area because 
that catch is included in the Demersal Shelf Rockfish complex. NMFS AKRO Catch Accounting System 
(queried through AKFIN on October 13, 2017). 







  


 


 
Figure 16.5. Trawl survey biomass estimates for the species in the Other Rockfish complex, by Gulf of 
Alaska (GOA) regulatory area (Western GOA, Central GOA, Eastern GOA) and by species (bottom). 







  


 
Figure 16.6. Age compositions of harlequin, redstripe, sharpchin and silvergray rockfish from the Gulf of Alaska (GOA) National Marine 
Fisheries (NMFS) bottom trawl survey. Sample size and mean age are presented for each species and survey year with age compositions available. 
The birth year of the largest cohort is labeled as well.  







  


 
Figure 16.7. Size composition of the primary Other Rockfish (OR) species from the National Marine Fisheries Service (NMFS) bottom trawl 
survey. Sample size and mean length (mm) are presented for each of the primary species and survey year. Note that he survey did not sample the 
Eastern GOA in 2001, contributing to the low sample size. 
 







 


 
Figure 16.8. Distribution map of harlequin rockfish trawl survey mean kg per haul from 1984 – 2015 and 
observed fishery catch mean kg per haul (1993 – 2015). Data is through 2015 to match available non-
confidential data from the fishery.  







 


 
Figure 16.9. Estimated random effects biomass for sharpchin rockfish (left panel) and the 17 grouped 
Other Rockfish (OR) species (right panel) by NMFS regulatory areas: Western Gulf of Alaska (WGOA), 
Central GOA (CGOA) and Eastern GOA (EGOA). The regional model takes into account the missing 
survey in the EGOA in 2001. The inset in the WGOA sharpchin panel shows the same data as the panel, 
but zoomed in to show detail.  
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Executive Summary 


Summary of Changes in Assessment Inputs 
Relative to last year’s assessment, the following changes have been made: 


Changes in the input data 


1. Federal and state catch data for 2016 were updated and preliminary federal and state catch data for 
2017 were included; 


2. Commercial federal and state fishery size composition data for 2016 were updated, and preliminary 
commercial federal and state fishery size composition data for 2017 were included; 


3. AFSC bottom trawl survey abundance index and length composition data for 2017 were included; 
4. AFSC longline survey Pacific cod abundance index and length composition data for the GOA for 


2017 were included;  
5. An alternative method for estimating fishery catch-at-length data was explored for data post-1990; 
6. Length composition data from ADF&G port sampling program were used to augment pot fishery 


catch composition data where observer data were missing. 
 


Changes in the methodology 


Last year Model 17.08.25 was accepted for management advice and here is presented with new 2017 survey 
and fishery data. Four additional models are presented based on presentations made in September 2017 (see 
appendix). Details of differences are shown in the section “Analytic approach.” These models vary in the 
specification of the prior distribution for natural mortality and survey catchability, and slight modifications 
how periods for constant selectivity were specified. 


Summary of Results  
The addition of the new method for estimating the fishery catch-at-lengths and applying ADF&G port 
sampling data in the pot fishery made only a small difference in model results and was an improvement of 
how estimates were derived. Model 17.09.35 provided the best fit to the data represents a balance 
between acknowledging a mortality event (with M changing in 2015-2016) and overfitting survey data. 
Also, this model performed well in retrospective analyses. This recommended model configuration differs 
from the 2016 Model in allowing natural mortality to change for 2015 and 2016. It also adds a feature that 
allows the catchability in the AFSC longline RPN index to be conditioned on water temperature.  


Based on projections with this model, a reduction of the ABC below maximum permissible ABC to 
18,000 t in 2018 and 17,000 t in 2019 is proposed because doing so increases the estimated probability (to 







roughly 50%) that the stock will be above the 20% of unfished for 2019 and 2020. Results are 
summarized below: 


Quantity 


As estimated or specified last 
year for: 


As estimated or specified this 
year for: 


2017 2018 2018 *2019 
M (natural mortality rate) 0.47 0.47 0.49 0.49 
Tier 3a 3a 3b 3b 
Projected total (age 0+) biomass (t) 426,384 


 


428,885 


 


170,565 198,942 
Female spawning biomass (t)     
   Projected 91,198 


 


98,479 


 


36,209 34,424 
     
   B100% 196,776 


 


196,776 


 


168,583 168,583 
   B40% 78,711 78,711 67,433 67,433 
   B35% 68,872 68,872 59,004 59,004 
FOFL 0.652 0.652 0.42 0.40 
maxFABC 0.530 0.530 0.34 0.32 
FABC 0.530 0.530 0.31 0.31 
OFL (t) 105,378 94,188 23,565 21,412 
maxABC (t) 88,342 


 


79,272 


 


19,401 17,634 
ABC (t) 88,342 


 


79,272 


 


**18,000 **17,000 


Status 
As determined this year for:  


2015 2016 2016 2017 
Overfishing no n/a No n/a 
Overfished n/a no n/a No 
Approaching overfished n/a no n/a No 


* All 2019 values based on 2018 catch of 18,000 t. 
** Reduction from max to 18,000 t and 17,000 t to maintain stock above B20% in 2019 and 2020 based on 
estimated end of year catch in 2017 of 48,940 t.  


Area apportionment 
In 2012 the ABC for GOA Pacific cod was apportioned among regulatory areas using a Kalman filter 
approach based on trawl survey biomass estimates. In the 2013 assessment, the random effects model 
(which is similar to the Kalman filter approach, and was recommended in the Survey Average working 
group report which was presented to the Plan Team in September 2013) was used; this method was used 
for the ABC apportionment for 2014. The SSC concurred with this method in December 2013. Using this 
method with the trawl survey biomass estimates through 2017, the area-apportioned ABCs are: 


 Western Central Eastern Total 
Random effects area apportionment 44.9% 45.1% 10.0% 100% 
2018 ABC 8,082 8118 1,800 18,000 
2019 ABC 7,633 7,667 1,700 17,000 


 







Responses to SSC and Plan Team Comments Specific to this Assessment 


November 2016 Plan Team 
The Team recommends that the author examine and incorporate where possible relevant data from the 
IPHC and ADFG surveys. Specific to the ADFG survey, the Team recommended coordinating with 
planned studies for alternative evaluation of these data to develop a refined index for pollock. 


ADFG were revamping their database and survey data were not available until mid-October 
2017. This was too late to formally incorporate these data into this year’s assessment. Similarly, 
the IPHC survey time series was not obtained until mid-October, again too late to formally add 
the data to the assessment model and have it vetted properly. Both these surveys were examined 
and will be described in this assessment. The IPHC survey matches the bottom trawl survey index 
and is particularly close for 2006-2016. 


The Team recommends that fishery otoliths be aged to support this stock assessment and this should 
include resolving past data which may have been subjected to biased age-determination methods. In 
particular, the Team recommends that the otoliths used in the Stark 2007 maturity-at-age study be re-
evaluated for potential bias in the age-determination method used. 


The Stark (2007) otoliths were marked as “critical” in the prioritization process, but were not 
read due to the volume of requested otoliths. The fishery otoliths were marker as “High” priority 
this year and also were not read. Both these collections have now been upgraded to “Critical.” 
The 2015 and 2016 fishery otoliths have been read, but were not completed until the second week 
of October, too late to be incorporated into this assessment. However, they will be described. 


December 2017 SSC 
The SSC noted that the estimated value for M in the author’s preferred model was 0.47, using a prior with 
a mean of 0.38 and a CV of 0.1. A number of studies were referenced suggesting a range of M that is 
potentially broader than implied by the current prior. All three Pacific cod assessments could benefit from 
a consistent formal prior on M based on the variety of studies referenced in each. The SSC recommends 
that a prior for use in all Pacific cod assessments be developed for 2017 and explored for use in the GOA 
Pacific model. 


Models were explored this year using a prior for M developed by Grant Thompson for the EBS 
cod stock (see Thompson et al. 2017), lognormal with a mean of -0.81 and cv of 0.42.  


The SSC recommends that ageing additional fishery otoliths for this assessment be a priority, noting that 
the AFSC has an ongoing ageing-prioritization analysis which may guide their future efforts, and the 
author has recommended working with the age and growth lab on this project. Along these lines, ages 
underlying the study defining current maturity schedules (Stark, 2007) should be re-aged, and the data re-
analyzed in light of recent information regarding ageing bias (i.e., Kastelle et al., 2017). 


The Stark (2007) otoliths were marked as “critical” in the prioritization process, but were not 
read due to the volume of requested otoliths. The fishery otoliths were marker as “High” priority 
this year and also were not read. Both these collections have now been upgraded to “Critical.” 
The 2015 and 2016 fishery otoliths have been read, but were not completed until the second week 
of October, too late to be incorporated into this assessment. However, they will be described. 


Aging bias should be explicitly included in the next assessment. 


Aging error was explored in several model configurations. There appears to be performance 
issues when implemented that needs additional work before a model with aging error should be 
accepted for management. Aging error was not included in the suite of models presented this 
year, but is marked as a high priority next year. The authors are currently working with the Age 







and Growth program at the AFSC to develop aging error and aging bias alternatives for the 
stock synthesis model.   


  







Introduction 
 
Pacific cod (Gadus macrocephalus) is a transoceanic species, occurring at depths from shoreline to 500 
m. The southern limit of the species’ distribution is about 34° N latitude, with a northern limit of about 
63° N latitude. Pacific cod is distributed widely over Gulf of Alaska (GOA), as well as the eastern Bering 
Sea (EBS) and the Aleutian Islands (AI) area. Tagging studies (e.g., Shimada and Kimura 1994) have 
demonstrated significant migration both within and between the EBS, AI, and GOA. Recent research 
indicates the existence of discrete stocks in the EBS and AI (Canino et al. 2005, Cunningham et al. 2009, 
Canino et al. 2010, Spies 2012). Pacific cod is not known to exhibit any special life history characteristics 
that would require it to be assessed or managed differently from other groundfish stocks in the GOA and 
the Pacific cod stock in the GOA is managed as a single stock.  


Review of Life History 
The Aleut word for Pacific cod, atxidax, literally translates to “the fish that stops” (Betts et al. 2011). 
Recoveries from archeological middens on Sanak Island in the Western GOA show a long history (at least 
4500 years) of exploitation. Over this period, the archeological record reveals fluctuations in Pacific cod 
size distribution which Betts et al. (2011) tie to changes in abundance due to climate variability (Fig. 2.1). 
Over this long period colder climate conditions appear to have consistently led to higher abundance with 
more small/young cod in the population and warmer conditions to lower abundance with fewer 
small/young cod in the population. 


  
In the Gulf of Alaska, adult Pacific cod exhibited an annual cycle of condition, gonad index and liver 
index in which maximum values occur in ripe fish in March and minima in July. About 30–31 % of pre-
spawning stored energy is expended during spawning. The energy associated with spawning derived from 
liver (24% and 18%), somatic tissue (22% and 33%) and gonad (53% and 48%) for females and males, 
respectively (Smith et al. 1990). The Pacific cod is similar to the Atlantic cod (Gadus morhua) in terms of 
energy cycling, maximum gonad sizes, energy expended during spawning and gonadal contribution to 
energy expenditure. However, in Pacific cod, somatic tissue contributes markedly to energy expended 
during reproduction. The Pacific cod differs from the walleye pollock (Gadus chalcogrammus) in that 
Pacific cod have a lower gonad index for females, but far higher for males, lose less weight than pollock 
during spawning, but spend more energy spawning than pollock with a loss of liver energy. This is 
evident in differences in gonad index (13% and 20% νs. 20% and 8% for females and males, 
respectively), spawning weight loss (25% νs. 38%), liver energy loss during spawning (71% νs. 55%) and 
energy cost of spawning (Smith et al. 1990). Total fecundity for Pacific cod is extremely high (Doyle and 
Mier, 2016) and spawning takes place in the sublittoral-bathyal zone (40 to 290 m) near bottom in late 
winter to early spring (Stark, 2007). 


  
Pacific cod eggs are deposited in one batch and sink to the bottom after fertilization where they are 
adhesive and remain negatively buoyant (Matarese et al., 1989, Hurst et al., 2009). Eggs hatch in about 15 
to 20 days. Temperature is suggested to be of major importance to successful egg development in the 
natural environment (Alderdice and Forrester 1971). Optimal temperature for incubation is 3° to 6°C, 
optimal salinity is 13 to 23 parts per thousand (ppt), and optimal oxygen concentration is from 2 to 3 ppm 
to saturation. Little is known about the optimal substrate type for egg incubation. 


 
Pacific cod hatch at about 3-4 mm and immediately orient toward the surface (Laurel et al., 2008). Larvae 
are pelagic, occurring primarily in the upper 45 m of the water column shortly after hatching, moving 
downward in the water column as they grow. Larvae being diel migration after flexion at about 10 to 17 
mm and undergo metamorphosis at about 25 to 35 mm (Hurst et al, 2009; Ichthyoplankton Information 







System, 2016). There appears to be a connection between water temperature and larval production where 
cold sea surface temperatures are more likely to have high larval abundance while warm sea surface 
temperatures more often result in low larval abundance (Doyle and Mier 2016, Table 2; Fig. 2.2 and Fig. 
2.3). In Pacific cod, it appeared that temperature plays an important role in growth potential during the 
pre-feeding larval stage. Pacific cod larvae do not achieve the same amount of growth at warm 
temperatures (i.e. 6–8°C) compared to cooler temperatures (i.e. 0–4°C), even though growth rates are 
higher at warmer temperatures. There also appears to be a strong positive connection between mean larval 
length and sea surface temperature, particularly in April through May when larvae are at their peak 
abundance (Doyle and Mier, 2016). However, mortality of larvae is higher at warmer temperatures 
(Laurel et al. 2008). It should, therefore, be noted that high larval abundance may not equate to high 
recruitment at older ages, conditions between the larval stage and recruitment must also be favorable. For 
example, because temperatures were lower, production of larval and juvenile cod was high in 2013. 
However, mean standard length of larvae in 2013 was smaller than 2011 even though production of larval 
and juvenile cod was much lower than 2013 (Siddon et. al, 2016). Strong westward advection and a low 
zooplankton prey base may have made ecosystem conditions unfavorable and may not have supported 
overwinter survival and ultimately recruitment at older ages was poor for the 2013 year class. While 
faster growth and shorter duration in the water column for Pacific cod in 2011 and access to an earlier 
spring bloom, may have allowed some resilience to the overall poor 2011 conditions, resulting in an 
average 2011 year class (Doyle and Mier, 2016; Strom et. al., 2016). In 2015 with the highest sea surface 
temperatures recorded during a larval survey occurred and very few larvae or juvenile cod were 
encountered. These findings suggest a dome shaped relationship between larval survival in the spring, and 
subsequent sustained access to prey resources needed for growth and overwintering. 


 
The settlement transition for Pacific cod is poorly understood but generally thought to be relatively early 
due to the general lack of individuals larger than 15 mm in the ichthyoplankton surveys and presence of 
35 to 50 mm sizes individuals in nearshore trawl surveys during mid-July (Doyle and Mier 2016, Laurel 
et al., 2016). Older juveniles occur mostly over the inner continental shelf at depths of 60 to 150 m. 
Adults occur in depths from the shoreline to 500 m, although occurrence in depths greater than 300 m is 
fairly rare. Preferred substrate is soft sediment, from mud and clay to sand. Average depth of occurrence 
tends to vary directly with age for at least the first few years of life, going deeper with age. In the GOA 
trawl survey, the percentage of fish residing in waters less than 100 m tends to decrease with length. The 
GOA trawl survey also indicates that fish occupying depths greater than 200 m are typically in the 40-90 
cm range. Temperature also plays a role in adult distribution where the center of abundance shift to 
deeper water in years with warmer than average bottom temperatures (Fig. 2.4) and could result in a 
change of catchability and/or selectivity to bottom trawl or longline sampling gear. 


 
Metabolic demands for ectothermic fish like Pacific cod, are largely a function of thermal experience and 
tend to increase exponentially with increasing temperatures. Fish can minimize metabolic costs through 
behaviors such as movement to thermally optimal temperatures, or can increase consumption of food 
energy to meet increasing metabolic demands. The latter requires sufficient access to abundant or high 
energy prey resources. However, in a laboratory study on age 1+ Pacific cod, juveniles exhibited a 
predisposition for heightened lipid synthesis at colder temperatures and higher growth rates at lower 
rations. This energy allocation strategy is thought to facilitate specific physiological needs such as oxygen 
transport, digestive ability, assimilation efficiency, and nutrient utilization (Sreenivasan and Heintz, 
2016). Food habits data show a transition for Pacific cod from pelagic zooplankton and epifauna between 
0 to10 cm, to an increasing proportion of shrimp, forage fish, and commercial crab between 15 and 60 
cm, then an increasing reliance on pollock and other fish at greater than 60 cm (Fig. 2.5; Livingston et 
al. 2017; data available at https://access.afsc.noaa.gov/REEM/WebDietData/DietDataIntro.php). How 
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these factors impact Pacific cod due to changes in the ecosystem, particularly the impacts of the 
anomalous warm years of 2014-2016, are better described in the Ecosystem Section below.  


 
Studies on natural mortality in Pacific cod have found a wide range of values (Table 2.1). It is 
conceivable that mortality rates, both fishing and natural, may vary with age in Pacific cod. In particular, 
very young fish likely have higher natural mortality rates than older fish (note that this may not be 
particularly important from the perspective of single-species stock assessment, so long as these higher 
natural mortality rates do not occur at ages or sizes that are present in substantial numbers in the data). 
For example, a Leslie matrix analysis of a Pacific cod stock occurring off Korea estimated the 
instantaneous natural mortality rate of 0-year-olds at 9.10 yr-1 (Jung et al. 2009). This may be compared to 
a mean estimate for age-0 Atlantic cod (Gadus morhua) in Newfoundland of 4.17% per day, with a 95% 
confidence interval ranging from about 3.31% to 5.03% (Gregory et al. in prep.); and age-0 Greenland 
cod (Gadus ogac) of 2.12% per day, with a 95% confidence interval ranging from about 1.56% to 2.68% 
(Robert Gregory and Corey Morris, pers. commun.). Although little is known about the likelihood of age-
dependent natural mortality in adult Pacific cod, Atlantic cod may exhibit increasing natural mortality 
with age (Greer-Walker 1970). Natural mortality has also been linked to condition in gadids, where low 
condition at the population level predicts increased natural mortality in mature fish (Dutil and Lambert 
1999). 


 
Pacific cod are known to form dense spawning aggregations and to undertake seasonal migrations, the 
timing and duration of which may be variable (Shimada and Kimura 1994, Savin 2008). At least one 
study (Ueda et al. 2006) indicates that age-2 Pacific cod may congregate more, relative to age-1 Pacific 
cod, in areas where trawling efficiency is reduced (e.g., areas of rough substrate), causing their selectivity 
to decrease. Also, Atlantic cod have been shown to dive in response to a passing vessel (Ona and Godø 
1990), which may complicate attempts to estimate catchability or selectivity. It is not known whether 
Pacific cod undertake a similar response. 


Fishery 
General description 
During the two decades prior to passage of the Magnuson Fishery Conservation and Management Act 
(MFCMA) in 1976, the fishery for Pacific cod in the GOA was small, averaging around 3,000 t per year. 
Most of the catch during this period was taken by the foreign fleet, whose catches of Pacific cod were 
usually incidental to directed fisheries for other species. By 1976, catches had increased to 6,800 t. 
Catches of Pacific cod since 1991 are shown in Table 2.2; catches prior to that are listed in Thompson et 
al. (2011). Presently, the Pacific cod stock is exploited by a multiple-gear fishery, including trawl, 
longline, pot, and jig components. Trawl gear took the largest share of the catch in every year but one 
from 1991-2002, although pot gear has taken the largest single-gear share of the catch in each year since 
2003 (not counting 2017, for which data are not yet complete). Figure 2.6 shows landings by gear since 
1977. Table 2.2 shows the catch by jurisdiction and gear type. 


The history of acceptable biological catch (ABC) and total allowable catch (TAC) levels is summarized 
and compared with the time series of aggregate commercial catches in Table 2.3. For the first year of 
management under the MFCMA (1977), the catch limit for GOA Pacific cod was established at slightly 
less than the 1976 total reported landings. During the period 1978-1981, catch limits varied between 
34,800 and 70,000 t, settling at 60,000 t in 1982. Prior to 1981 these limits were assigned for “fishing 
years” rather than calendar years. In 1981 the catch limit was raised temporarily to 70,000 t and the 
fishing year was extended until December 31 to allow for a smooth transition to management based on 
calendar years, after which the catch limit returned to 60,000 t until 1986, when ABC began to be set on 







an annual basis. From 1986 (the first year in which an ABC was set) through 1996, TAC averaged about 
83% of ABC and catch averaged about 81% of TAC. In 8 of those 11 years, TAC equaled ABC exactly. 
In 2 of those 11 years (1992 and 1996), catch exceeded TAC.  


To understand the relationships between ABC, TAC, and catch for the period since 1997, it is important 
to understand that a substantial fishery for Pacific cod has been conducted during these years inside State 
of Alaska waters, mostly in the Western and Central Regulatory Areas. To accommodate the State-
managed fishery, the Federal TAC was set well below ABC (15-25% lower) in each of those years. Thus, 
although total (Federal plus State) catch has exceeded the Federal TAC in all but three years since 1997, 
this is basically an artifact of the bi-jurisdictional nature of the fishery and is not evidence of overfishing 
as this would require exceeding OFL. At no time since the separate State waters fishery began in 1997 has 
total catch exceeded ABC, and total catch has never exceeded OFL. 


Changes in ABC over time are typically attributable to three factors: 1) changes in resource abundance, 2) 
changes in management strategy, and 3) changes in the stock assessment model. Assessments conducted 
prior to 1988 were based on survey biomass alone. From 1988-1993, the assessment was based on stock 
reduction analysis (Kimura et al. 1984). From 1994-2004, the assessment was conducted using the Stock 
Synthesis 1 modeling software (Methot 1986, 1990) with length-based data. The assessment was migrated 
to Stock Synthesis 2 (SS2) in 2005 (Methot 2005b), at which time age-based data began to enter the 
assessment. Several changes have been made to the model within the SS2 framework (renamed “Stock 
Synthesis,” or SS3, in 2008) each year since then. 


Historically, the majority of the GOA catch has come from the Central regulatory area. To some extent 
the distribution of effort within the GOA is driven by regulation, as catch limits within this region have 
been apportioned by area throughout the history of management under the MFCMA. Changes in area-
specific allocation between years have usually been traceable to changes in biomass distributions 
estimated by Alaska Fisheries Science Center trawl surveys or management responses to local concerns. 
Currently the area-specific ABC allocation is derived from the random effects model (which is similar to 
the Kalman filter approach). The complete history of allocation (in percentage terms) by regulatory area 
within the GOA is shown in Table 2.4. Table 2.2 and 2.3 include discarded Pacific cod, estimated retained 
and discarded amounts are shown in Table 2.5.  


In addition to area allocations, GOA Pacific cod is also allocated on the basis of processor component 
(inshore/offshore) and season. The inshore component is allocated 90% of the TAC and the remainder is 
allocated to the offshore component. Within the Central and Western Regulatory Areas, 60% of each 
component’s portion of the TAC is allocated to the A season (January 1 through June 10) and the 
remainder is allocated to the B season (June 11 through December 31, although the B season directed 
fishery does not open until September 1).  


NMFS has also published the following rule to implement Amendment 83 to the GOA Groundfish FMP: 


“Amendment 83 allocates the Pacific cod TAC in the Western and Central regulatory areas of the 
GOA among various gear and operational sectors, and eliminates inshore and offshore allocations 
in these two regulatory areas. These allocations apply to both annual and seasonal limits of 
Pacific cod for the applicable sectors. These apportionments are discussed in detail in a 
subsequent section of this rule. Amendment 83 is intended to reduce competition among sectors 
and to support stability in the Pacific cod fishery. The final rule implementing Amendment 83 
limits access to the Federal Pacific cod TAC fisheries prosecuted in State of Alaska (State) waters 
adjacent to the Western and Central regulatory areas in the GOA, otherwise known as parallel 
fisheries. Amendment 83 does not change the existing annual Pacific cod TAC allocation 
between the inshore and offshore processing components in the Eastern regulatory area of the 
GOA. 







“In the Central GOA, NMFS must allocate the Pacific cod TAC between vessels using jig gear, 
catcher vessels (CVs) less than 50 feet (15.24 meters) length overall using hook-and-line gear, 
CVs equal to or greater than 50 feet (15.24 meters) length overall using hook-and-line gear, 
catcher/processors (C/Ps) using hook-and-line gear, CVs using trawl gear, C/Ps using trawl gear, 
and vessels using pot gear. In the Western GOA, NMFS must allocate the Pacific cod TAC 
between vessels using jig gear, CVs using hook-and-line gear, C/Ps using hook-and-line gear, 
CVs using trawl gear, and vessels using pot gear. Table 3 lists the proposed amounts of these 
seasonal allowances. For the Pacific cod sector splits and associated management measures to 
become effective in the GOA at the beginning of the 2012 fishing year, NMFS published a final 
rule (76 FR 74670, December 1, 2011) and will revise the final 2012 harvest specifications (76 
FR 11111, March 1, 2011).” 


“NMFS proposes to calculate of the 2012 and 2013 Pacific cod TAC allocations in the following 
manner. First, the jig sector would receive 1.5 percent of the annual Pacific cod TAC in the 
Western GOA and 1.0 percent of the annual Pacific cod TAC in the Central GOA, as required by 
proposed § 679.20(c)(7). The jig sector annual allocation would further be apportioned between 
the A (60 percent) and B (40 percent) seasons as required by § 679.20(a)(12)(i). Should the jig 
sector harvest 90 percent or more of its allocation in a given area during the fishing year, then this 
allocation would increase by one percent in the subsequent fishing year, up to six percent of the 
annual TAC. NMFS proposes to allocate the remainder of the annual Pacific cod TAC based on 
gear type, operation type, and vessel length overall in the Western and Central GOA seasonally as 
required by proposed § 679.20(a)(12)(A) and (B).” 


The longline and trawl fisheries are also associated with a Pacific halibut mortality limit which sometimes 
constrains the magnitude and timing of harvests taken by these two gear types. 


Recent fishery performance 
Data for managing the Gulf of Alaska groundfish fisheries are collected in a myriad of ways. The primary 
source of catch composition data in the federally managed fisheries for Pacific cod are collected by on-
board observers (Faunce et al. 2017). The Alaska Department of Fish and Game (ADFG) sample 
individual deliveries for state managed fisheries (Nichols et al. 2015). Overall catch delivered is reported 
through a (historically) paper and electronic catch reporting system. Total catch is estimated through a 
blend of catch reporting and observer data (Cahalan et al. 2014)     


The distribution of directed cod fishing is distinct to gear type, Figure 2.7 shows the distribution of catch 
from 1990-2015 for the three major gear types. Figure 2.8 and Figure 2.9 show the distribution of catch 
for 2016 and 2017 through October 11, 2017 for the three major gear types. In the 1970’s and early to 
mid-1980’s the majority of Pacific cod catch in the Gulf of Alaska was taken by foreign vessels using 
longline. With the development of the domestic Gulf of Alaska trawl fleet in the late 1980’s trawl vessels 
took an increasing share of Pacific cod and Pacific cod catch increased sharply to around 70,000 t 
throughout the 1990’s. Although there had always been Pacific cod catch in crab pots, pots were first used 
to catch a measureable amount of Pacific cod in 1987. This sector initially comprised only a small portion 
of the catch, however by 1991 pots caught 14% of the total catch. Throughout the 1990s the share of the 
Pacific cod caught by pots steadily increased to more than a third of the catch by 2002 (Table 2.2 and Fig. 
2.7). The portion of catch caught by the pot sector steeply increased in 2003 with incoming Steller sea 
lion regulations and halibut bycatch limiting trawl and by 2011 through 2017 the pot sector caught more 
than half the total catch of Pacific cod in the Gulf of Alaska.  


In 2015 combined state and federal catch was 77,772 t (24%) below the ABC while in 2016 combined 
catch was 64,071 t (35%) below the ABC (Table 2.3). As of October 16, the 2017 combined fishery has 
only caught 45,364 t which is only 51% of the ABC and likely to leave a substantial amount of quota 
unfished.  







The largest component of incidental catch of other targeted groundfish species in the Pacific cod fisheries 
by weight are skate species in combination followed by arrowtooth flounder and walleye pollock (Table 
2.6). Rockfish, octopus, rock sole, sculpin species, and shark species also make up a major component of 
the bycatch in these fisheries.  Incidental catch of non-target species in the GOA Pacific cod fishery are 
listed in Table 2.7.  


Longline 
For 1990-2015 the longline fishery has been dispersed across the Central and Western GOA, however 
more longline catch taken to the west of Kodiak, with some longline fishing occurring in Barnabus trough 
and a small concentration of sets along the Seward Peninsula (Fig. 2.7). The 2016 and 2017 fisheries 
show a similar pattern (Fig. 2.8 and Fig. 2.9), however the 2017 fishery shows a concentration in fishing 
in deeper waters in the Central GOA area (Fig. 2.10) and shallower waters in the Western GOA (Fig. 
2.11) than in previous years. The longline fishery tends to catch larger fish on average than the other 
fisheries (Fig. 2.12). The mean size of Pacific cod caught in the longline fishery is 64cm (annual mean 
varies from 58cm to 70cm). There was a drop in the mean length of fish in the longline fishery since 
1990, however this trend has been more variable over the last 10 years although the overall trend 
continues to move to smaller fish (Fig. 2.13). In the Central GOA the Longline fishery during the A 
season had a slower start than previous years, but eventually caught the A-season TAC by mid-April; a 
point reached in 2016 three weeks earlier (Fig. 2.18). The A season CPUE in the Central GOA longline 
fishery was substantially lower than the previous two years (Fig. 2.20) approximately matching the low 
CPUE encountered in 2008 when stock abundance had been at it previously lowest level (Fig. 2.22). The 
A- season longline fishery in the Western GOA appears to have started later than the previous 4 years, 
however although effort appears to be lower the CPUE appears similar to the high CPUE attained in 2015 
and on average higher than 2016 (Fig. 2.19, Fig. 2.21, and Fig. 2.22). 


Pot 
The pot fishery is a relatively recent development (Table 2.2) and predominately pursued using smaller 
catcher vessels. The Alaska state managed fishery is predominantly conducted using pots with on average 
84% of the state catch coming from pot fishing vessels. In 2016 60% of the overall GOA Pacific cod 
catch was made using pots. Pot fishing occurs close to the major ports of Kodiak, Sand Point and on 
either side of the Seward Peninsula (Fig. 2.7). In 2016 (Fig.2.8) this same pattern is observed while in 
2017 (Fig. 2.9) low observer coverage makes it difficult to determine if fishing distribution was the same 
as previous years. From the observed vessels in 2017 there appears to have been less fishing to the 
southwest of Kodiak, however this may be due to low observer coverage. The pot fishery in the Central 
GOA appears to have moved to deeper water in 2017 than in 2016 or 2015 (Fig 2.10), while pot fishing in 
the Western GOA appears to be similar among the past three years.  


The pot fishery generally catches fish greater than 40 cm (Fig. 2.14), but like the longline fishery there 
has been a declining trend in Pacific cod mean length in the fishery since 1998 with the smallest fish at 
less than 60cm on average caught during the 2016 fishery (Fig. 2.15). The 2017 fishery data show an 
increase in length, potentially due to a combination of the fishery moving to deeper water and an apparent 
lack of smaller fish in the population.  


The pot fishery in the Central GOA was slower and did not take the full TAC for the A season (Fig. 2.18). 
The pot fishery in the Western GOA appears to have been slower than 2014 and 2015, but similar to 2016 
(Fig. 2.19). CPUE during the A season (January-April) in both the Central and Western GOA was lower 
than the previous two years (Fig. 2.20 and Fig. 2.21), on par with CPUE during 2013 and 2008-2010 (Fig. 
2.22).    


Trawl 
The Gulf of Alaska Pacific cod trawl fishery rapidly developed starting in 1987, quickly surpassing the 
catch from the foreign longline fishery pursued in the 1970’s to mid-1980s in 1987. The trawl fishery 
dominated the catch into the min-2000s, but was then somewhat replaced increases in pot fishing in the 







mid-2000’s. This transition to pot fishing was partially due to Steller sea lion regulations, halibut bycatch 
caps, and development of an Alaska state managed fishery. The distribution of catch from the trawl 
fishery for 1990-2015 shows it has been widely distributed across the Central and Western GOA (Fig. 
2.7) with the highest concentration of catch coming from southeast of Kodiak Island in the Central GOA 
and around the Shumigan Islands in the Western GOA. In 2016 trawl fishing in the Western GOA shows 
a shift away from the Shumigan Islands further to the west around Sanak Island and near the Alaska 
Peninsula (Fig. 2. 81). Catch concentrations in the Central GOA for 2016 look much like the historic 
fishing patterns for this area (Fig.2.8). Trawl fishing in 2017 for the A season shows increased catch near 
Sanak Island and substantially less catch to the southeast of Kodiak and lower catches in the Central GOA 
in general (Fig. 2.9).  


The trawl fishery catches smaller fish than the other two gear types with fish as small as 10 cm appearing 
in the observed length composition samples (Fig. 2.16). The average size of Pacific cod caught by trawl in 
the 1980’s was on average smaller than those caught later (Fig. 2.17). The trawl fishery shows an increase 
in average size in the 1990s with the maturation of the domestic fishery. The decline in the mean length 
from the mid-1990s until 2015 mimics that observed in the longline and pot fisheries with some 
prominent outliers (2005-2006). The years 2005 and 2006 shows little observed fishing in the B-season 
when smaller fish are more often encountered with this gear type. The mean size shows a sharp increase 
in 2016 and 2017. The change to deeper depth and a larger proportion of the catch coming from the 
Western GOA might partially explain this recent increase. 


The directed A season trawl fishery in the Central GOA started much later than previous years, catch rates 
were lower and the fishery did not take the full TAC (Fig. 2.18). Effort and CPUE in 2017 was lower than 
the previous 9 years (Fig. 2.20 and Fig. 2.22). The Western GOA A season trawl fishery appears to have 
finished the trawl TAC at the same time as the previous three years (Fig. 2.21) and had better than 
average CPUE compared to the previous four years (Fig. 2.21 and Fig.2.23).  


Other gear types, non-directed, and non-commercial catch 
There is a small jig fishery for Pacific cod in the GOA, this is a primarily state managed fishery and there 
is no observer data documenting distribution. This fishery takes on average 2,400 t per year. In 2017 the 
jig fishery was nearly non-existent with catch at less than 150 t. Catch in both the Central and Western 
GOA was exceptionally low as were catch rates.  


Pacific cod is also caught as bycatch in other commercial fisheries. Although historically the shallow 
water flatfish fishery caught the most Pacific cod, since 2014 Pacific cod bycatch in the Arrowtooth 
flounder target fishery has surpassed it (Table 2.8). The weight of Pacific cod catch summed for all other 
target fisheries was 3,239 t in 2016 a low for recent fisheries, 2017 will likely be lower. This following an 
all-time high of 10,780 t in 2015 with 1/3 of this from the Arrowtooth flounder target fishery.  


Non-commercial catch of Pacific cod in the Gulf of Alaska is considered to be relatively small at less than 
400 t; data are available through 2015 (Table 2.9). The largest component of this catch comes from the 
recreational fishery, generally taking one-third to one-half of the accounted for non-commercial catch.  


Other fishery related indices for stock health 
There is a long history of evaluating the health of a stock by its condition which examines changes in the 
weight to length relationship (Nash et al. 2006). Condition is measured in this document as the deviance 
from a log linear regression on weight by length for all Pacific cod fishery A season (January-April) data 
for 1992-2017. There is some variability in the length to weight relationships between Pacific cod 
captured in the Central and Western GOA fisheries and among gear types. However, there is a consistent 
trend in both areas for Pacific cod captured using longline and pot gear in there being lower condition 
during 2014-2016 for fish less than 80 cm (Fig. 2.23, Fig.2.24, Fig. 2.25, and Fig. 2.26).  







Incidental catch of Pacific cod in other targeted groundfish fisheries is provided in Table 2.8 and 
noncommercial catch of Pacific cod are listed in Table 2.9. 


Indices of fishery catch per unit effort (CPUE) can be informative to the health of a stock, however CPUE 
in directed fisheries can be hyper-stable with CPUE remaining high even at low abundance (Walters 
2003). This phenomenon is believed to have contributed to the decline of the Northern Atlantic cod 
(Gadus morhua) on the eastern coast of Canada (Rose and Kulka 2011). Instead we show the occurrence 
of Pacific cod in other directed fisheries. We examine two disparate fisheries to evaluate trends in 
incidental catch of Pacific cod, the pelagic walleye pollock fishery and the bottom trawl shallow water 
flatfish fishery. The occurrence of Pacific cod in the pelagic pollock fishery appears to be an index of 
abundance that is particularly sensitive to 2 year old Pacific cod, which are thought to be more pelagic. 
The shallow water flatfish fishery tracks a larger portion of the adult population of Pacific cod.  For the 
pollock fishery we track incidence of occurrence as proportion of hauls with cod (Fig. 2.27 and Fig. 2.28) 
and the number of Pacific cod per ton of pollock (Fig. 2.29). In the shallow water flatfish fishery, catch 
rates in tons of Pacific cod per ton of target species catch were examined (Fig. 2.30). For all of these 
indices,  the 2017 value is the lowest in the series (2000-2017). For the shallow water flatfish fishery 
2016 was the second lowest value. It should be noted that none of these indices are controlled for gear, 
vessel, or fishing practice changes.  


Surveys 
Bottom trawl survey 
The Alaska Fisheries Science Center (AFSC) has been conducting standardized bottom trawl surveys for 
groundfish and crab in the Gulf of Alaska since 1984. From 1984-1997 these were conducted every third 
year, and every two years between 1999 and 2017. Two or three commercial fishing vessels are 
contracted to conduct the surveys with fishermen working alongside AFSC scientists. Survey design is 
stratified random with the strata based on depth and distance along the shelf, with some concentrated 
strata in troughs and canyons (Raring et al. 2016).  There are generally between 500 and 825 stations 
completed during each survey conducted between June and August starting in the Southeast and ending in 
the Western Gulf of Alaska. Some changes in methods have occurred over the years with the addition of 
electronics to monitor how well the net is tending on-bottom, also to measure differences in net and trawl 
door dynamics and detect when general problems with the trawl gear occur. Surveys conducted prior to 
1996 are considered to have more uncertainty given changes in gear mensuration. Also, the fact that trawl 
duration changed in 1996 to be 15 minutes instead of 30. Since 1996, methods have been consistent but in 
some years the extent of the survey has varied. In 2001 the Southeastern portion of the survey was 
omitted and in 2011, 2013, and 2017 deeper strata had fewer stations sampled than in other years due to 
budget and/or vessel constraints.   


The 2017 survey was conducted with two chartered vessels that accomplished 536 stations.  While the 
GOA Bottom Trawl Survey optimally employs three chartered vessels and targets 825 stations, the 2017 
likely captured the trend and magnitude of the cod abundance in the GOA.  The 2017 survey covered all 
strata; regions; and shelf, gully, and upper slope habitats to 700 m. The percent standard error of 12.8% 
was lower than the historic average of 16.7%. The 2017 survey was comparable to the 2013 survey that 
was also conducted with two vessels and achieved 548 stations. The 2013 Pacific cod survey estimate was 
almost five times higher than the 2017 survey. 


The Pacific cod biomass estimates from the bottom trawl survey are highly variable between survey years 
(Table 2.11 and Fig. 2.31). For example, the estimates dropped by 48% between the 1996 and 1999 
estimates but subsequent estimates were similar through 2005. The 2009 survey estimate spiked at 2 
times the 2006 estimate. Subsequent surveys showed a decline through 2017. The 2017 estimates for 
abundance and biomass estimates were the lowest in the time series (a 71% drop in abundance and 58% 
drop in biomass compared to the 2015 estimate).  The survey encounters fish as small as 5 cm and 
generally tracks large year classes as they grow  (e.g., the 1996, 2005-2008, and 2012 year classes; Fig. 







2.32). The mean length in the trawl survey generally increased from 1984-2005 excepting the 1997 and 
2001 surveys (Fig. 2.33). The decline in mean length in 2007 and 2009 was apparently due to incoming 
2005-2008 year classes. The mean length in the survey increased in the 2011 survey although still 
remained below the 1984-2005 overall average. 


The distribution of Pacific cod in the survey has been highly variable (Fig. 2.34) with inconsistent peaks 
in CPUE. In 2017 the survey had the lowest average density of the time series, but also no high density 
peaks in CPUE were observed in any survey station. There were some higher than average densities for 
the 2017 survey located along the Alaska Peninsula and south of Unimak island, but for the most part 
CPUE was universally low throughout the Gulf of Alaska. The next lowest survey, 2007, had high spikes 
of density in the Central GOA west of Kodiak and along the Alaska Peninsula, as well as numerous mid-
density spikes throughout the Central and Western GOA.   


AFSC sablefish longline survey  
Japan and the United States conducted a cooperative longline survey for sablefish in the GOA annually 
from 1978 to 1994, adding the AI region in 1980 and the eastern BS in 1982 (Sasaki 1985, Sigler and 
Fujioka 1988). Since 1987, the Alaska Fisheries Science Center has conducted annual longline surveys of 
the upper continental slope, referred to as domestic longline surveys, designed to continue the time series 
of the Japan-U.S. cooperative survey (Sigler and Zenger 1989). The domestic longline survey began 
annual sampling of the GOA in 1987, biennial sampling of the AI in 1996, and biennial sampling of the 
eastern BS in 1997 (Rutecki et al. 1997). The domestic survey also samples major gullies of the GOA in 
addition to sampling the upper continental slope. The order in which areas are surveyed was changed in 
1998 to reduce interactions between survey sampling and short, intense fisheries. Before 1998, the order 
was AI and/or BS, Western Gulf, Central Gulf, Eastern Gulf. Starting in 1998, the Eastern Gulf area was 
surveyed before the Central Gulf area. International Pacific halibut longline survey 


A Relative Population Number (RPN) index of Pacific cod abundance and length compositions for 1990 
through 2017 (Table 2.12 and Fig 2.35). Details about these data and a description of the methods for the 
AFSC sablefish longline survey can be found in Hanselman et al. (2015) and Echave et al. (2012). This 
RPN index follows the trend observed in the bottom trawl survey for 1990 through 2017 with a decline in 
abundance from 1990 through 2008 and a sharp increase (154%) in 2009 and continued increase through 
2011 with the maturation of the large 2005-2008 year classes. In 2012-2013 there appears a decline in the 
abundance index concurrent with a drop in overall shelf temperature potentially due to changes in 
availability of Pacific cod in these years as the population moved to shallower areas. In 2014-2016 the 
index increases but this may reflect increased availability with warmer conditions. The index shows a 
sharp drop (53%) in abundance from 2016 to 2017.  


Unlike the bottom trawl survey, the longline survey encounters few small fish (Fig. 2.36). The size 
composition data show consistent and steep unimodal distributions with a stepped decreasing trend in mean 
size between 1990-2017 (Fig. 2.37), matching the trend observed in all three fisheries, but not in the bottom 
trawl survey. Changes in mean size appear consistent with changing availability in the survey due to bottom 
temperatures and changes in the overall population with large year classes. Smaller fish are encountered 
during this survey in warm years vs. cold years. There is a sharp decline in mean size in 2009 when the 
large 2005 year-class would be becoming available to this survey. The even steeper decline in average 
length in 2015 was encountered in the warmest year on record for the time series.  


Since 1990, when the AFSC longline survey time series begins, there is an increasing trend in temperature, 
a decreasing trend in both AFSC longline RPN and mean length of Pacific cod in this survey (Fig. 2.38). 
Once linearly de-trended the RPN index and CFSR 10 cm bottom temperature index (See below) has a 
Pearson’s correlation coefficient R = 0.30, (p-value of 0.12) interestingly enough, the mean size of Pacific 
cod caught in the survey has r = -0.23 and mean length with RPN r = -0.49 over the time series from 1990-
2016. 







International Pacific halibut Commission (IPHC) longline survey 
This survey differs from the AFSC longline survey in gear configuration and sampling design, but catches 
substantial numbers of Pacific cod. More information on this survey can be found in Soderlund et al. 
(2009). A major difference between the two longline surveys is that the IPHC survey samples the shelf 
consistently from ~ 10-500 meters, whereas the AFSC survey samples the slope and select gullies from 
200-1000 meters. Because the majority of effort occurs on the shelf in shallower depths, the IPHC survey 
may catch smaller and younger Pacific cod than the AFSC Longline survey. However, Pacific cod taken 
in the IPHC survey are not measured for length. To compare, to IPHC relative population number’s 
(RPN) were calculated using the same methods as the AFSC longline survey data (but using different 
depth strata). Stratum areas (km2) from the RACE trawl surveys were used for IPHC RPN calculations. 
The most recent IPHC survey estimate available is from 2016.  


The IPHC survey estimates of Pacific cod tracks well with both the AFSC sablefish longline and AFSC 
bottom trawl surveys (Table 2.13 and Fig. 2.39). There was an apparent drop in abundance from 1997-
1999 with a stable but low population through to 2006. The population increases sharply starting in 2007, 
likely with the incoming large 2005 year class and continues to increase through 2009 as the large 2005-
2008 year classes matured. The population then remained relatively stable through to 2014. The RPN 
index shows a steep decline in 2015 and 2016 consistent with the other two surveys. The 2016 RPN is the 
lowest on record for the 20-year time series.  


Alaska Department of Fish and Game bottom trawl survey 
The Alaska Department of Fish and Game (ADFG) has conducted bottom trawl surveys of nearshore 
areas of the Gulf of Alaska since 1987. Although these surveys are designed to monitor population trends 
of Tanner crab and red king crab, Pacific cod and other fish are also sampled. Standardized survey 
methods using a 400-mesh eastern trawl were employed from 1987 to the present. The survey is designed 
to sample at fixed stations from mostly nearshore areas from Kodiak Island to Unimak Pass, and does not 
cover the entire shelf area (Fig. 2.40 and Fig. 2.41). The average number of tows completed during the 
survey is 360. On average, 89% of these tows contain Pacific cod. Details of the ADFG trawl gear and 
sampling procedures are in Spalinger (2012). 


To develop an index from these data, a simple delta GLM model was applied covering 1988-2017. Data 
were filtered to exclude missing latitude and longitudes and missing depths. This model is separated into 
two components: one that tracks presence-absence observations and a second that models factors 
affecting positive observations. For both components, a fixed-effects model was selected and includes 
year, geographic area, and depth as factors. Strata were defined according to ADFG district (Kodiak, 
Chignik, South Peninsula) and depth (< 30 fathoms, 30-70 fathoms, > 70 fathoms). The error assumption 
of presence-absence observations was assumed to be binomial but alternative error assumptions were 
evaluated for the positive observations (lognormal versus gamma). The AIC statistic indicated the 
lognormal distribution was more appropriate than the gamma (ΔAIC= 1988.6). Comparison of delta GLM 
indices with the area-swept estimates indicated similar trends. Variances were based on a bootstrap 
procedure, and CVs for the annual index values ranged from 0.07 to 0.13. These values underestimate 
uncertainty relative to population trends since the area covered by the survey is a small percentage of the 
GOA shelf area where Pacific cod have been observed. 


The ADFG survey index follows the other three indices presented above with a drop in abundance 
between 1998 and 1999 (-45%) and relatively low abundance throughout the 2000s (Table 2.14 and Fig. 
2.42 and Fig. 2.43). This survey differs from other indices as the estimates only increased in 2012 (an 
89% increase from 2011), and then dropped off steadily afterwards to a record low in 2016. The 2017 
survey index was 5% higher than the 2016 survey index with broadly overlapping confidence intervals for 
these two years. 







Environmental indices 


CFSR bottom temperature indices 
The Climate Forecast System Reanalysis (CFSR) is the latest version of the National Centers for 
Environmental Prediction (NCEP) climate reanalysis.  The oceanic component of CFSR includes the 
Geophysical Fluid Dynamics Laboratory Modular Ocean Model version 4 (MOM4) with an iterative sea-
ice (Saha et al. 2010). It uses 40 levels in the vertical with a 10-meter resolution from surface down to 
about 262 meter. The zonal resolution is 0.5° and a meridional resolution of 0.25° between 10°S and 
10°N, gradually increasing through the tropics until becoming fixed at 0.5° poleward of 30°S and 30°N.  


To make the index the CFSR reanalysis grid points were co-located with the AFSC bottom trawl survey 
stations. The co-located CFSR oceanic temperature profiles were then linearly interpolated to obtain the 
temperatures at the depths centers of gravity for 10 cm and 40 cm Pacific cod as determined from the 
AFSC bottom trawl survey. All co-located grid points were then averaged to get the time series of CFSR 
temperatures over the period of 1979-2006 (Fig. 2.44 and Table 2.15). 


The mean depth of Pacific cod at 10 cm and 40cm was found to be 47.9 m and 103.4 m in the Central 
GOA and 41.9 m and 64.07 m in the Western GOA. The temperatures of the 10 cm and 40 cm Pacific cod 
in the CFSR indices are highly correlated (R2 = 0.88) with the larger fish in deeper and slightly colder 
waters 7.49 °C vs. 6.00 °C in the Central GOA and 4.78 °C vs. 4.75 °C in the Western GOA. The 
shallower index is more variable (CV10cm 0.10 vs. CV40cm=0.07). There are high peaks temperature in 
1981, 1987, 1998, 2015 and 2016 with 2015 being the highest in both the 10 cm and 40 cm indices. There 
are low valleys in temperature in 1982, 1989, 2009, 2012, and 2013. The coldest temperature in the 10cm 
index was in 2009 and in the 40cm index in 2012. The trend is insignificant for both indices.   







Data  
This section describes data used in the current assessment (Fig. 2.45). It does not attempt to summarize all 
available data pertaining to Pacific cod in the GOA. All data used are provided in Appendix 2.3. 
Descriptions of the trends in these data were provided above in the pertinent sections. 


Data Source Type Years included 
Federal and state fishery catch, by gear type  AKFIN metric tons 1977 – 2017 
Federal fishery catch-at-length, by gear type  AKFIN / FMA number, by cm bin 1977 – 2017 
State fishery catch-at-length, by gear type  ADF&G number, by cm bin 1997 – 2017 
GOA NMFS bottom trawl survey biomass and 
abundance estimates AFSC metric tons, 


numbers 1984 – 2017 


AFSC Sablefish Longline survey Pacific cod RPN AFSC RPN 1990 – 2017 
GOA NMFS bottom trawl survey length composition AFSC number, by cm bin 1984 – 2017 
GOA NMFS bottom trawl survey age composition AFSC number, by age 1990 – 2015 
GOA NMFS bottom trawl survey mean length-at-age 
and conditional age-at-length AFSC mean value and 


number 1990 – 2015 


AFSC Sablefish Longline survey Pacific Cod length 
composition AFSC Number, by cm bin 1990 – 2017 


CFSR bottom temperature indices 


National Center 
for 
Atmospheric 
Research 


Temperature 
anomaly at mean 
depth for P. cod 
size bins 10 cm 
and 40 cm. 


1979-2016 


Fishery 


Catch Biomass 
Catches for the period 1991-2017 are shown for the three main gear types in Table 2.2, with the catches for 
2017 presented through October 11, 2017. For the assessment model the Oct – Dec catch was estimated 
given the average fraction of annual catch by gear type and FMP subarea for this period in 2016. The fishery 
was set in three gear type, trawl (all trawl types), longline (longline and jig) and pot. The weight of catch 
of other commercial species caught in the Pacific cod targeted fisheries for 2013 through 2017 are shown 
in Table 2.6, and incidental catch of non-commercial species for 2007 – 2017 are shown in Table 2.7. Non-
commercial catch of Pacific cod in other activities is provided in Table 2.9.  


Catch Size Composition 
Fishery size compositions are presently available by gear for at least one gear type in every year from 1977 
through the first half of 2017. Size composition data are based on 1-cm bins ranging from 1 to 116 cm. As 
the maximum percent of fish larger than 110 cm over each year-gear type-season is less than 0.5%, the 
upper limit of the length bins was set at 116 cm, with the 116-cm bin accounting for all fish 116 cm and 
larger. The trawl fishery length composition data are provided in Appendix 2.2 in an Excel spreadsheet.  


(http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx)  


There are two changes (Described below) to the data in the Model 17.09.xx assessment model series 
proposed which were presented in the September plan team and included in Appendix 2.3.  


(http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_3.pdf)  


 



http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx

http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_3.pdf





Size composition proportioning 
For the 2016 assessment models and assessment model series Model17.08.xx, fishery length composition 
data were estimated based on the extrapolated number of fish in each haul for all hauls in a gear type for 
each year.  


2016 Method:  𝑝𝑝𝑦𝑦𝑦𝑦𝑦𝑦 =
∑


𝑛𝑛𝑦𝑦𝑦𝑦ℎ𝑙𝑙
∑ 𝑛𝑛𝑦𝑦𝑦𝑦ℎ𝑙𝑙𝑙𝑙


𝑁𝑁𝑦𝑦𝑦𝑦ℎℎ


∑ 𝑁𝑁𝑦𝑦𝑦𝑦ℎ
   


Where p is the proportion of fish at length l for gear type g in year y, n is the number of fish measured in 
haul h at length l from gear type g, and year y and N is the total extrapolated number of fish in haul h for 
gear type g, and year y. 


For 2017 for post-1991 length composition (series Model 17.09.xx) we propose estimating the length 
compositions using the total Catch Accounting System (CAS) derived total catch weight for each gear 
type, NMFS management area, trimester, and year. Data prior to 1991 were unavailable at this resolution 
so those size composition estimates are unchanged. 


Model 17.09.xx method (post-1991):  𝑝𝑝𝑦𝑦𝑦𝑦𝑦𝑦 = ∑ ��
∑
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∑ 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
��𝑡𝑡,𝑎𝑎  


Where p is the proportion of fish at length l for gear type g in year y, n is the number of fish measured in 
haul h at length l from gear type g, NMFS area a, trimester t, and year y and N is the total extrapolated 
number of fish in haul h for gear type g, NMFS area a, trimester t, and year y. The W terms come from the 
CAS database and represent total (extrapolated) weight for gear type g, NMFS area a, trimester t, and 
year y. 


Addition of ADFG port sampling for Pot fishery data 
In 2017 observer coverage changed as managers established electronic monitoring (EM) as a substitute 
for observer coverage. This is likely to reduce observer coverage of the GOA Pacific cod pot fishery to 
around 4% compared to 14.7% coverage in 2016 (Craig Faunce, personal comm. 25 July 2017). The EM 
program is currently unable to measure fish for length composition (and obviously is unable to include 
age structure sampling). In 2016 the pot fishery caught 59% of the total allocation of GOA Pacific cod 
with 75% of this caught in state waters. This leaves a large proportion of the catch without observer 
collected length composition data.  To mitigate this loss of data, other sources of pot fishery length 
composition data are being considered. The ADFG has routinely collected length data from Pacific cod 
landings since 1997. As such, adding these data as a way to augment the pot fishery length composition 
data for the stock assessment is important.  


The ADFG port sampling and NMFS at-sea observer methods are follow different sampling frames so 
combining them poses some challenges. We propose to use ADF&G data from the pot fishery for 
trimester/areas in which observer data were missing. The resolution of the ADF&G data required the 
assumption that all of the samples collected in an area/trimester were representative of the overall catch 
for that trimester/area.   


Method for ADFG data:  𝑝𝑝𝑦𝑦𝑡𝑡𝑎𝑎𝑦𝑦𝑦𝑦 = 𝑛𝑛𝑦𝑦𝑦𝑦𝑙𝑙
∑ 𝑛𝑛𝑦𝑦𝑦𝑦𝑙𝑙𝑙𝑙


� 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
∑ 𝑊𝑊𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦


�   


Where p is the proportion of fish at length l for gear type g in NMFS area a in trimester t for year y, n is 
the number of fish measured at length l from gear type g in trimester t of year y. W is the catch accounting 
total weight for gear type g, NMFS area a, trimester t, and year y. 







Age composition 
Otoliths for fishery age composition have been collected since 1982. In 2017 the Age and Growth 
laboratory at the AFSC read the ages for 1,334 otoliths from the 2015 and 2016 fishery. Although these 
ages are not yet included in the stock assessment models, they have been used to evaluate the fishery data. 
The raw data presented in Figure 2.46. 


 


Surveys 


NMFS Gulf of Alaska Bottom Trawl Survey 
Abundance Estimates 
Bottom trawl survey estimates of total abundance used in the assessment models examined this year are 
shown in Table 2.11 and Fig. 2.31, together with their respective coefficients of variation.  


Length Composition 
The relative length compositions used in the assessment models examined this year from 1984-2015 are 
shown in Figure 2.32 and provided in Appendix 2.2 in an Excel spreadsheet 
(http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx). 


Age Composition 
Age compositions (Fig. 2.47) and conditional length at age (Fig. 2.48) from each trawl survey since 1990 
(except 2017) are available and included in this year’s assessment models. The age compositions and 
conditional length at age data are provided in Appendix 2.2 in an Excel spreadsheet.  
(http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx) 


A recent study by Kastelle et al. (2017) state that one of the specific reasons for their study was to 
investigate the apparent mismatch between the mean length at age (from growth-zone based ages) and 
length-frequency modal sizes in the BSAI Pacific cod stock assessments and to evaluate whether age 
determination bias could account for the mismatch. Mean lengths at age (either from raw age-length pairs 
or age-length keys) were reported to be smaller than the modal size at presumed age from length 
distributions. In general, for the specimens in their study, there was an increased probability of a positive 
bias in fish at ages 3 and 4 (Kastelle et al. 2017; Fig. 6, Table 2); that is, they were over-aged. In effect, 
this over-ageing created a bias in mean length at age, resulting in smaller estimates of size at a given age. 
When correcting for ageing bias by reallocating age-length samples in all specimens aged 2–5 in 
proportion to that seen in the true age distribution, mean size at ages 2–4 did indeed increase (Kastelle et 
al. 2017, Fig. 7). For example, there was an increase of 35 mm and 50 mm for Pacific cod aged 3 and 4, 
respectively. This correction brings the mean size at corrected age closer to modal sizes in the length 
compositions. While beyond the scope of their study, they postulate that the use of this correction to 
adjust the mean size at age data currently included in Pacific cod stock assessments should prove 
beneficial for rectifying discrepancies between mean length-at-age estimates and length-frequency modes. 
Although not implemented this year, we will work with the age and growth lab in 2018 to add aging bias 
to the assessment model. 


AFSC Longline Survey for the Gulf of Alaska 
Relative Population Numbers Index and Length Composition 
The AFSC longline survey for the Gulf of Alaska survey data on relative Pacific cod abundance together 
with their respective coefficients of variation used in the assessment models examined this year are shown 
in Table 2.12 and Fig. 2.35. 



http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx

http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx





Length Composition  
The length composition data for the AFSC longline survey data are shown in Figure 2.36 and provided in 
Appendix 2.2 in an Excel spreadsheet.  


(http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx)  


Environmental indices 


CFSR bottom temperature indices 
The CFSR bottom temperature indices for 10 cm Pacific cod were used in this assessment (see description 
above; Fig. 2.44 and Table 2.15). 


Analytic Approach 


Model Structure 
This year’s proposed models apply refinements to input data (fishery length composition estimates and 
including ADFG port sampling data). They also introduce a way to incorporate environmental linkages in 
the treatment of natural mortality to evaluate the impacts of the warm water temperatures exhibited in 
2014-2016. Additionally, the treatment of the AFSC longline survey index is refined by adding a 
parameter to scale catchability with temperature. To see the history of models used in this assessment 
refer to A’mar and Palsson (2015). Stock Synthesis version 3.24U (Methot and Wetzel 2013; Methot 
2013) was used to run all the model configurations in this analysis. For consistency, we include the 2016 
accepted model (Model16.08.25) with updated 2016 and 2017 catch data as well as 2017 AFSC bottom 
trawl abundance and AFSC longline index and length composition data.  


The new models first reviewed by the NPFMC GOA Groundfish Plan Team in September 2017 and this 
is shown in Appendix 2.1. At that meeting, the 2017 survey data were unavailable. However, the 
magnitude of the decline in new index values prompted presentations to the October 2017 Council 
meeting since it was clear that the decrease was well below any reasonable expectation. For this 
assessment, the drop was explored in three of the new model configurations by adding a natural mortality 
block for 2015-2016 (and supported by a number of ancillary observations in fisheries, the ecosystem, 
and biological characteristics).  


All models presented were single sex age-based models with length-based selectivity. The models have 
data from three fisheries (longline, pot, and combined trawl fisheries) with a single season and two survey 
indices (post-1990 GOA bottom trawl survey and the Auke Bay Longline survey indices). Length 
composition data were available for all three fisheries and both indices. Growth was parameterized using 
the standard three parameter von Bertalanffy growth curve. Recruitment was modeled as varying about a 
mean with standard deviation fixed at  sigma R = 0.44 (Barbeaux et al. 2016). All selectivities were fit 
using six parameter double-normal selectivity curves.  Five additional model configurations were 
developed for this document (note Model 17.09.37 is experimental and meant for potential future 
consideration):   



http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx





Model configurations: 
Models Natural mortality Survey catchability Length-based Selectivity 


17.08.25 
 
 


Fit with normal prior of 
0.38 and σ = 0.1 


Trawl Q fit with 
uniform prior 
 
Longline float 


Blocked time varying selectivity 
dome-shaped allowed for all but 
the longline fishery. 1978-1989, 
1990-2012, 2013-2016, and 2017 
for longline and trawl, 1978-
2012, and 2013-2017 for pot. 
1984-1995, 1996-2005, 2006-
2017  for bottom trawl survey 


17.09.25 Fit with log normal 
prior log(μ) = -0.81 and   
σ = 0.41 


Same as 17.08.25 Same as 17.08.25 


17.09.26 
 


Two blocks one block 
including 1977-2014 
and 2017 and one block 
for 2015-2016.   The 
first block M fixed at 
the prior of 0.44 the 
second M’s fit with log 
normal prior log(μ)=    
-0.81 and  σ = 0.41 


Same as 17.08.25 Same blocks as 17.xx.25, except 
selectivity allowed to be fit 
annually based on a dev with 
cv=0.2 for the 1978-1989 block. 


17.09.31 Two blocks one block 
including 1977-2014 
and 2017 and one block 
for 2015-2016.   Both 
blocks M fit lognormal 
prior of log(μ)= -0.81 
and  σ = 0.1 


Trawl Q fit with 
uniform prior 
 
Longline Q fit with 
prior and conditioned on  
temperature index 


Same as 17.09.26 


17.09.35 
F17.09.36 


Same as 17.09.31 Same as Model17.09.31 Same as 17.09.26 except added 
block for  trawl and longline 
fisheries for 2005-2006 


F17.09.37 Age and year specific 
Ms, Fit with knots at 0, 
1, and 5 where M is 
allowed to change. Age 
0 set at 0.75, 1 at 0.44 
and age 5. Age 1 and 
age 5 conditioned on 
bottom temperature 
anomalies. Block 2015-
2016 fixed for age 1 at 
0.9 and fit with uniform 
prior for age 5. 


Same as 17.09.31 Same as 17.09.36 


F= Francis TA1.8 method tuned. 







Time varying selectivity components: 


Configuration Component Temporal Blocks/Devs. 


xx.xx.25 
Trawl and Longline Fishery Blocks – 1977-1995, 1996-2005, and  2006-2016 


Pot Fishery Blocks – 1977-2012 and 2013-2016 
Bottom trawl survey Blocks – 1977-1995, 1996-2006, 2007-2016 


17.09.26 Longline Fishery Annual varying 1978-1989 


17.09.31 
Trawl Fishery Blocks–1977-1995, 1996-2005, 2006-2016,2017 
Pot Fishery Blocks – 1977-2012 and 2013-2016 
Bottom trawl survey Blocks – 1977-1995, 1996-2006, 2007-2016 


17.09.35 
17.09.36 
17.09.37 


Longline Fishery Annually variable 1978-1989 
Blocks – 1996-2004,2005-2006,2007-2016, 2017 Trawl Fishery 


Pot Fishery Blocks – 1977-2012 and 2013-2016 
Bottom trawl survey Blocks – 1977-1995, 1996-2006, 2007-2016 


 


Parameters Estimated Outside the Assessment Model 


Natural Mortality 
In the 1993 BSAI Pacific cod assessment (Thompson and Methot 1993), the natural mortality rate M was 
estimated to be 0.37. All subsequent assessments of the BSAI and GOA Pacific cod stocks (except the 
1995 GOA assessment) have used this value for M, until the 2007 assessments, at which time the BSAI 
assessment adopted a value of 0.34 and the GOA assessment adopted a value of 0.38. Both of these were 
accepted by the respective Plan Teams and the SSC. The new values were based on Equation 7 of Jensen 
(1996) and ages at 50% maturity reported by (Stark 2007; see “Maturity” subsection below). In response 
to a request from the SSC, the 2008 BSAI assessment included further discussion and justification for 
these values.  


For the 2016 reference model (Model 16.08.25) M was estimated using a normal prior with a mean of 
0.38 and CV of 0.1. This September Dr. Thompson presented a new natural mortality prior based on a 
literature search (Table 2.1) for the Bering Sea stock assessment (Thomson et al. 2017). For the Gulf of 
Alaska stock we used the same methodology and literature search to devise a new prior for M. This 
resulted in a lognormal prior on M of -0.81 (μ=0.44) with a standard deviation of 0.44 for the Gulf of 
Alaska Pacific cod.  Model 17.09.25 was fit with this prior on M.  


Due to the drop in all available survey indices between 2015 and 2017 it is suspected that natural 
mortality increased in 2015 and 2016. Model 19.09.26 introduces a block for 2015-2016 where M could 
be fit separately from all other years. Mstandard is fixed at 0.44 in this model while M2015-2016 is fit with a 
lognormal prior of μ=-0.81 and a σ=0.41. Model 17.09.31 and Model 17.09.36 follow this same blocking 
of M, but M is fit for both periods with a lognormal prior of μ=-0.81 and σ=0.1. The use of special 
mortality periods have been proposed and approved for use in several Bering Sea crab assessments.  


Model 17.09.37 is experimental and intended to explore the impact of temperature on M at different ages 
and over time. In this model M is fixed for age 0 at 0.75 (there is no information in the model to inform 
this value and therefore simply scales the age-0 estimates). Mstandard at ages 1-4 and ages 5-20 were fixed 
at 0.44, but a uniform parameter with a uniform parameter bounded at 0.1 and 2.0 was fit which scales M 
to the 10 cm CFSR temperature index was fit to each. M2015-2016 for ages 1-4 were fit with a lognormal 
prior log(μ)= -0.1054 σ=0.05 and for ages 5-20 fit with a uniform prior between 0.1 and 2.0.  


Catchability 
For all models the catchability for the AFSC bottom trawl survey is fit with a non-informative prior. For 
Models 17.xx.25 and 17.09.26 the longline survey catchability is also unconstrained. For Models 







17.09.31, Model 17.09.36, and Model 17.09.37 the AFSC longline survey catchability is scaled without 
constraint but a parameter (also unconstrained) is included to modify annual values based on the CFSR 
10cm index through a linear relationship: log�𝑄𝑄𝑦𝑦� = 𝑙𝑙𝑙𝑙𝑙𝑙�𝑄𝑄� + 𝑇𝑇𝑦𝑦𝛽𝛽� where Qy is catchability for a given 
year 𝑄𝑄� is the expected catchability across all time and Ty is the annual CFSR index and β is the scaling 
parameter. In September this parameterization was explored for the trawl survey, with some success. 
However, because the AFSC longline survey is limited to deeper waters it was reasoned that a change in 
Pacific cod depth would impact the longline survey more than the trawl survey. Given that changes in 
Pacific cod depth have been observed with temperature (Fig. 2.4), we explored models with longline 
catchability scaled with the 10 cm CFSR index as well.  


A simple linear analysis shows a significant relationship between the 10 cm CFSR index and the AFSC 
longline RPN index after a 4 degree polynomial trend on year (Y) is removed from the RPN index (see 
below). The evidence ratio (Burnham and Anderson 2011) shows that although the model with a 
quadratic or cubic polynomial on the 10 cm CFSR index provides a better fit, there is little difference 
from the linear fit. 


Model AIC ΔAIC li wi 
Evidence 


Ratio 


x=Y 636.5 23.65 7.32E-06 0.000001 182,167.54 
x=Y+Y2 623.65 10.8 0.0045 0.000565 295.21 
x=Y+Y2+Y3 622.78 9.93 0.0070 0.001163 143.31 
x=Y+Y2+Y3+Y4 617.32 4.47 0.1070 0.017832 9.35 
x=Y+Y2+Y3+Y4+Y5 619.31 6.46 0.0396 0.006593 25.28 
x=Y+Y2+Y3+Y4+I 613.75 0.90 0.6376 0.106271 1.57 
x=Y+Y2+Y3+Y4+I+I2 612.85 0 1.0000 0.166667 1.00 
x=Y+Y2+Y3+Y4+I+I2+I3 613.30 0.45 0.8004 0.133406 1.25 


 


Figure I2.1 Plot of AFSC longline survey 
RPN with 4th degree polynomial and 4th 
degree polynomial with 10 cm CFSR index 
fit. 


 


 


 


 


 


 


Variability in Estimated Age 
Variability in estimated age in SS is based on the standard deviation of estimated age. Weighted least 
squares regression has been used in the past several assessments to estimate a linear relationship between 
standard deviation and age. The regression was recomputed in 2011, yielding an estimated intercept of 







0.023 and an estimated slope of 0.072 (i.e, the standard deviation of estimated age was modeled as 0.023 
+ 0.072 × age), which gives a weighted R2 of 0.88. This regression was retained in the present assessment. 


Weight at Length 
Parameters governing the weight-at-length were estimated outside the model using all available GOA 
bottom trawl survey data through 2015, giving the following values: 


 Value 
α: 5.631×10−6 
β: 3.1306 
Samples: 7,366 


Maturity 
A detailed history and evaluation of parameter values used to describe the maturity schedule for GOA 
Pacific cod was presented in the 2005 assessment (Thompson and Dorn 2005). A length-based maturity 
schedule was used for many years. The parameter values used for this schedule in the 2005 and 2006 
assessments were set on the basis of a study by Stark (2007) at the following values: length at 50% 
maturity = 50 cm and slope of linearized logistic equation = −0.222. However, in 2007, changes in SS 
allowed for use of either a length-based or an age-based maturity schedule. Beginning with the 2007 
assessment, the accepted model has used an age-based schedule with intercept = 4.3 years and slope = 
−1.963 (Stark 2007). The use of an age-based rather than a length-based schedule follows a 
recommendation from the maturity study’s author (James Stark, ret., Alaska Fisheries Science Center, 
personal communication). The age-based parameters were retained in the present assessment. 


Parameters Estimated Inside the Assessment Model 
Parameters estimated conditionally (i.e., within individual SS runs, based on the data and the parameters 
estimated independently) in the model include the von Bertalanffy growth parameters, annual recruitment 
deviations, initial fishing mortality, gear-specific fishery selectivity parameters, and survey selectivity 
parameters (Table 2.16). 


The same functional form (pattern 24 for length-based selectivity) used in Stock Synthesis to define the 
fishery selectivity schedules in previous year’s assessments was used this year for both the fishery and 
survey. This functional form, the double normal, is constructed from two underlying and rescaled normal 
distributions, with a horizontal line segment joining the two peaks. This form uses the following six 
parameters (selectivity parameters are referenced by these numbers in several of the tables in this 
assessment): 


1. Beginning of peak region (where the curve first reaches a value of 1.0) 
2. Width of peak region (where the curve first departs from a value of 1.0) 
3. Ascending “width” (equal to twice the variance of the underlying normal distribution) 
4. Descending width 
5. Initial selectivity (at minimum length/age) 
6. Final selectivity (at maximum length/age) 


All but the “beginning of peak region” parameter are transformed: The widths are log-transformed and 
the other parameters are logit-transformed. 


In this year’s models both fishery and survey selectivities were length-based. Uniform prior distributions 
were used for all selectivity parameters, except for dev vectors in models with annually varying 
selectivities which were constrained by input standard deviations (“sigma”) of 0.2.  







For all parameters estimated within individual SS runs, the estimator used was the mode of the logarithm 
of the joint posterior distribution, which was in turn calculated as the sum of the logarithms of the 
parameter-specific prior distributions and the logarithm of the likelihood function. 


In addition to the above, the full set of year- and gear-specific fishing mortality rates were also estimated 
conditionally, but not in the same sense as the above parameters. The fishing mortality rates are 
determined exactly rather than estimated statistically because SS assumes that the input total catch data 
are true values rather than estimates, so the fishing mortality rates can be computed algebraically given 
the other parameter values and the input catch data. 


Likelihood Components 
The model includes likelihood components for trawl survey relative abundance, fishery and survey size 
composition, survey age composition, survey mean size at age, recruitment, parameter deviations, and 
“softbounds” (equivalent to an extremely weak prior distribution used to keep parameters from hitting 
bounds), initial (equilibrium) catch, and survey mean size at age.  


For all models presented there were no parameters near bounds and the likelihoods appear well defined 
with the gradient of the objective function at less than 10e-4. All models were examined by “jittering” 
starting parameters by 10% over 50 runs to evaluate if models had converged to local minima. 


Use of Size and Age Composition Data in Parameter Estimation 
Size and age composition data are assumed to be drawn from a multinomial distribution specific to a 
particular year and gear within the year. In the parameter estimation process, SS weights a given size 
composition observation (i.e., the size frequency distribution observed in a given year and gear) according 
to the emphasis associated with the respective likelihood component and the sample size specified for the 
multinomial distribution from which the data are assumed to be drawn. We set initial sample sizes for the 
fishery at the number of hauls sampled or 200 whichever is least, for the surveys both size and age 
composition sample sizes were initially set at 100. For all but two models (Model 17.09.36 and 17.09.37) 
we did not tune the models. For the two tuned models we implemented the Francis TA1.8 method 
(Francis 2011). Model 17.09.36 was tuned with a single iteration, all of the Francis weights diagnostics 
confidence intervals bracketed 1.0 for the length and age composition data. The same tuned weightings 
were used in Model 17.09.37.   


Results 


Model Evaluation 
The 2016 final model with data from 2017, and new model configurations are presented. The new models 
differed in data from the 2016 model (Model 17.08.25) and data weighting for Models 17.09.36 and 
17.09.37. Therefore, these models could not be directly compared across likelihoods or AIC. The model 
evaluation criteria included model adherence to biological principles and assumptions, the relative sizes 
of the likelihood components, and how well the model estimates fit to the survey indices, the survey age 
composition and conditional age-at-length data, reasonable curves for fishery and survey selectivity, and 
retrospective pattern. All models presented adequately estimated the variance-covariance matrix. Model 
likelihoods and key parameter estimates are provided in Table 2.17. Likelihoods by fleet are provided in 
Table 2.18. It should be noted that not all models can be compared directly using likelihoods or AIC due 
to differences in data and data weighting. Retrospective results, index RMSE and composition mean 
effective sample sizes are provided in Table 2.19. 


Comparing and Contrasting Model Configurations 
The Model 16.09.25 was the exact configuration as Model 16.08.25 with the addition of the 2017 catch 
and survey data. Models 17.09.25 had the same configuration, but the proportioning of fishery length 







composition and the addition of ADFG port sampling length composition data for the pot fishery. Models 
17.09.25, 17.09.26, Model 17.09.31 and Model 17.09.35 can be compared directly as the underlying data 
and weighting are the same across models. Model 17.09.36 and 17.09.37 have the same data as the other 
models, however the data weighting is different such that comparisons of fits to the fishery length 
composition data are not comparable. The results from the GOA Pacific cod stock assessment has been 
particularly volatile with a wide-array of models presented over the past 17 years (A’mar and Palsson 
2015). The models presented this year are well within the bounds of models presented in previous years 
for the spawning stock biomass time series (Fig.2.49). The female spawning biomass and age-0 
recruitment for all the models considered this year are provided in Figure 2.50. The fit to the size 
composition data did not change the length at age substantially between models (Fig. 2.51) and won’t be 
considered in model selection.  


Model 17.08.25 
The 17.08.25 configuration model was the data and model configuration as used last year, but with the 
addition of the 2017 surveys and finalized 2016 and partial 2017 catch data. There was a substantial change 
in the spawning stock biomass for the entire time series (Fig. 2.52). Natural mortality and catchability are 
fit in the model, as well as dome-shaped selectivity on both surveys and fisheries. Most of the change in 
the scale of the recruitment time series was due to a change in the estimate of natural mortality (M) in the 
model. M was estimated at 0.44, below that estimated from last year of 0.47.  Because of the low abundance 
estimates from the trawl and longline surveys in 2017, the model discounts length and age composition 
supporting the large 2012 year class and found a more likely fit at lower recruitment numbers. Therefore 
M can be lower without this large influx of 2012 fish, but requires the overall number of age-0 fish across 
the time series to be scaled down to compensate for the lower M. The residuals around the 2012 and 2013 
year classes in the fishery length composition data become larger, but the cost in likelihood is regained in 
fitting the recent bottom trawl and longline survey data better. Catchability was estimated at 1.78, near the 
value from last year of 1.77, suggesting the NMFS bottom trawl survey overestimates fish abundance at the 
lengths of peak selectivity. For sizes between 10cm and 80cm this translates into an average catchability × 
selectivity = 0.90 compared to 0.99 estimated in 2016.  The fit made little change in selectivity except a 
shift in the trawl and longline fishery selectivity to the right in the final time block (Fig. 2.53). The change 
in Q causes a slight shift upward in the overall estimate of abundance, while the shift in selectivity to the 
right causes the model to estimate fewer large fish remaining in the population in proportion to the young 
fish, causing an overall reduction in spawning stock biomass across the time series.  


Retrospective analysis results were rather poor compared to last year (Mohn’s ρ = 0.318 vs. Mohn’s ρ = 
0.09). The low abundance and RPN indices drive the model this year to consider the 2012 year class to be 
near average, however once these data are removed the model then selects a fit that estimates this year class 
to be well above average (Fig. 2.54) based on their prevalence in the fishery length composition and survey 
age composition data. 


Overall this model seems to perform well, however the apparent anomaly that occurred between 2015 and 
2017 with the steep reduction in overall abundance could not be predicted in this model nor is that process 
explicitly captured in this model. The estimates of stock status from this model once the 2017 data are 
incorporated appear to be reasonable. However the 2012 year-class estimates are much lower than in 
previous assessments. These year-class strength estimates reflect the integration of variable natural 
mortality that likely occurred over ages and time (following cohorts) given the constant natural mortality 
assumed. That is, the year-class estimates reflect the resulting contribution to the spawning (and fishable) 
biomass rather than the actual number of juvenile pre-recruit fish observed. Available evidence from 
many sources suggest that the 2012 year class was highly abundant at ages 1-3. The lower estimate in this 
model is an indication that there was higher mortality on this age class that exceeded the 0.44 M 
estimated in the model. Although this natural mortality isn’t explicitly taken into account in the model, 
the estimates of the current status of the stock is likely closer to the current actual status than last year’s 
projection. However, even though the current model predicts there to be a much lower abundance in 2018 







than last year’s model, because there is disagreement between the high proportion of this age class in the 
age and size composition data and the low overall abundance estimates in the recent survey data, the 
model continues to predict an estimate of the survey index at a point higher than the survey index 
observation.    


Model 17.09.25 
This model is Model 17.08.25 with a change in the way fishery length composition data were 
proportioned and the augmentation of the pot fishery length composition data with ADFG port sampling 
data when there were data missing by year/area/trimester. Natural mortality was also fit in the model as a 
log normal using the Thompson (2017) prior of log(μ)=-0.81 with a σ of 0.41. Natural mortality remained 
at 0.44 in this model while catchability decreased to 1.67, slightly dropping the average catchability × 
selectivity for sizes 10cm – 80cm to 0.89.  Likelihood profiles of M appear to be well defined (Fig.2.56), 
length and age composition data pushing the MLE to higher values, while the index data to lower values. 
A likelihood profile over M and Q show the fit with rather steep minimum (Fig. 2.57) with a broad 
likelihood field with some points that could act as local minima, specifically one near M = 0.38 and Q= 
1.0 where older models had assumed to be at the MLE. There were only small changes in the fishery 
selectivity between models as the fishery length composition distributions did not change substantially 
(see Appendix 2.1). The model fit to the data are similar, however the fit to the longline survey RPN 
index improved slightly and slightly degraded to the bottom trawl survey abundance index (Table 2.18). 
The largest change in fit, outside of the fishery length composition which can’t be compared directly, was 
an improvement of fit to both the bottom trawl survey age and length composition data (more than 20 
points each). The fit to the longline survey length composition was impacted only slightly. The main 
changes to the model results was a slight decrease in the estimate of the 1990, 1999, 2002, 2008 and 2011 
year classes and slight increase in the 2005-2007, 2009 and 2010 year classes and subsequent small 
change in spawning biomass (Fig. 2.55). 


Examination of data impacts within the model were conducted where the AFSC bottom trawl survey and 
AFSC longline survey data were removed from the model (Fig.2.58). The impact of taking out the bottom 
trawl survey was an increase in recruitment with an increase in M to 0.46 from 0.44 and an affective 
change in the survey Q to 1.91. Taking out the bottom trawl survey also inflates the overall biomass 
estimates for 1977-2000 and ends in a higher spawning biomass in 2017. Removing the AFSC longline 
survey from the model results in little change in estimates of M and Q, recruitment varies only slightly 
from the run with the longline survey included, most notably the 2011 and 2012 year class estimates are 
smaller. Impacts on spawning biomass are primarily manifested in the final 5 years with lower biomass 
estimates overall.  


The retrospective analysis (Fig.2.59) show substantial improvements over Model 17.08.25. The Mohn’s ρ 
was approximately 1/3 of that from Model 17.08.25 and improvements to each of the measures of 
retrospective performance for both the spawning biomass and recruitment estimates (Table 2.19). The 
female spawning biomass retrospective performance was well within acceptable standards (< 0.2)  
proposed by Thompson (2016). Overall model results were similar between this model and Model 
17.08.25 and the 2012 year class remains an issue in the retrospective analysis where its abundance is 
greatly inflated as the 2017 data are removed from the model. This causes a high estimate of Mohn’s ρ for 
age-0 recruits (0.9) for this model.  


Model 17.09.26 
There are two main differences in Model 17.09.26 from Model 17.09.25. There is a time block on M for 
2015-2016 which allows M to be fit for these years. Trawl and longline selectivity is allowed to vary 
annually for 1977-1989, modeled with an annual deviation of 0.2 on the fit parameters. In addition M in 
the model is fixed for all years except for the 2015-2016 block at the Thompson (2017) prior of 0.44, and 
allowed to be fit in the 2015-2016 block as lognormal with log(μ)=-0.81 and σ = 0.41.  This was an 
addition of 65 parameters over Model 17.09.25, 63 of which were annual deviation in fishery selectivity. 







 
 


Model17.09.25 Model17.09.25 
W/Sel. change 


Model17.09.25 
W/M Block 


Model17.09.26 


Parameters 134 191 135 192 
Likelihoods     


Total 1672.59 1624.40 1643.03 1598.34 
Survey 24.84 24.81 9.15 8.41 


Length Composition 1102.86 1052.32 1099.83 1047.31 
Age composition 547.62 538.96 540.65 538.34 


 


Because data and weighting were the same between Model 17.09.25 and Model 17.09.26, AICs and 
likelihoods could be compared. The overall fit to the data was improved with a change in AIC of -8.14. 
Fitting the model in a stepped fashion show each of the components changed from Model 17.09.25 
Improved the model, but in different ways. The addition of the annually varying selectivity improved the 
fit to the trawl and longline fishery length composition while the addition of the block on natural 
mortality improved the fit to the surveys. In general, every component of the model when both these 
changes were implemented showed an improvement in fit (Table 2.17 and Table 2.18), except the survey 
length composition data which remained effectively the same with only a +0.04 change in a likelihood 
from 132.74 to 132.78 and the pot fishery length composition with a -1.65 change in likelihood from 
211.3 to 209.65.  Allowing annually varying trawl and longline selectivity in 1977-1989 provided a better 
fit to the early trawl and longline fishery length composition data (Fig. 2.60) and caused the model to fit 
much lower recruitment in 1977-1980, higher recruitment in 1981 and 1982 (Fig. 2.62). M for the 2015-
2016 block increase to 0.88 and catchability dropped to 1.57 for all years. This resulted in an average 
catchability × selectivity for sizes 10cm – 80cm of 0.87.  The increase in M caused an increase age-0 fish 
in 2006-2016 over the Model 17.09.25 estimates therefore fitting the length and age composition better 
for the 2013-2017 while also fitting the steep increase in abundance in 2009 and subsequent drop in 
abundance observed in the 2017 AFSC bottom trawl and longline surveys better (Fig. 2.61) in comparison 
to previously described models.  Although the model fit to the AFSC longline survey RPN index is 
improved over previous models, the fit remains somewhat problematic as the model does not follow the 
dip in the index between 2011 and 2015 and none of the models fit the high (but uncertain) 2009 estimate 
from the bottom trawl survey.  


Retrospective patterns in the recommended model were much better than previous models with a Mohn’s 
ρ = -0.004 for female spawning biomass and 0.004 for recruitment. This model had the best retrospective 
index values of all models presented this year (Table 2.19). However, the index measures the mean and 
plots of the retrospective reveal wide deviances from the end year estimate as data were removed (Fig. 
2.63). The end year spawning biomass and end year number at age-0 varied between higher and lower 
than the final run as years of data were removed without a consistent trend. All of the retrospective runs 
estimate the 2012 year class to be weaker than the end model suggesting that Model 17.09.25 may be 
overestimating M in the 2015-2016 block.  


Model 17.09.31 
Model 17.09.31 differs from Model 17.09.26 in that both natural mortality blocks are fit with a more 
constrained lognormal distribution having a prior with log(μ)=-0.81 and σ =0.1, and a parameter modeled 
with a uniform prior was used to scale longline catchability with the CFSR bottom temperature index 
anomalies.  


Because data and weightings were the same for Model 17.09.25, Model 17.09.26 and Model 17.09.31 
AICs and likelihoods could be compared directly. Model 17.09.31 had an additional 68 parameters over 
Model 17.09.25 and 3 parameters over Model 17.09.26 and changed the AIC by –32.50 and -24.22, 







respectively. All data components had an improved fit over Model 17.09.25 and, excepting the AFSC 
longline survey length composition data, Model 17.09.26 (Table 2.17 and Table 2.18).  The difference in 
fit to the length composition data between Model 17.09.26 and Model 17.09.31 were nearly negligible for 
all components except the longline fishery data which had an overall improvement of 13.9 LL; the other 
components changed by less than 3 points each. Similarly the change in harmonic mean of the effective N 
between Model 17.09.26 and Model 17.09.31 length composition data were negligible except for the 
longline data (Table 2.18). The fits to the AFSC bottom trawl and AFSC longline surveys were greatly 
improved in Model 17.09.31 with the addition of the temperature index on longline catchability (Table 
2.18 and Fig. 2.64). Like all previous models the increase in mean size in 2005 and 2006 in the trawl 
fishery is not fit (Fig. 2.60). This apparent change in mean size is due to early fishery closures that year 
which restricted the trawl fishery to the A-season when the fishery can target larger fish in spawning 
aggregations. The predicted values for the longline survey in Model 17.09.31 for 2010-2017 show a 
marked improvement in fit with the expected values rising to a peak in 2010 with a dipping plateau 
between 2010 and 2015, then a sharp drop to 2017 (Fig. 2.59). This compared to the shallow rise then fall 
of abundance in Model 17.09.26 which misses 3 of the 8 RPN confidence intervals. This additional 
flexibility in fitting the longline survey also improved the trawl survey fit to the 2009 and 2015 
abundance estimates over Model 17.09.26. 


Natural mortality in Model 17.09.31 was estimated for the standard years at 0.48 and in 2015-2016 at 
0.69. This increase in natural mortality caused the overall estimates for age-0 fish to be increased (Fig. 
2.61) and the reduced estimate of M for 2015-2016 decreased the estimate of the 2012 year class in 
relation to other year classes over Model 17.09.26 (Fig. 2.65). Catchability for the AFSC bottom trawl 
survey dropped to 1.48, this resulted in an average catchability × selectivity for sizes 10cm – 80cm of 
0.78 in this survey. AFSC longline survey catchability ranged from 1.4 to 2.7 (Fig. 2.64) with increase 
catchability in warm years and lower catchability in cold years. This matches data from the bottom trawl 
survey showing Pacific cod moving deeper in warm years (Fig. 2.4), making them more available to this 
survey which has, on average, deeper stations than the AFSC bottom trawl survey. 


The retrospective indices were degraded from Model 17.09.26 and, although slightly better, similar to 
Model 17.09.25. The difference in the retrospectives compared to Model 17.09.26 was in the larger 
difference in the estimated 2005-2012 year classes in comparison to other year classes as data are 
removed.  In Model 17.09.31 once the 2017 data are removed the 2012 year class estimate increases to 
over a 100% difference from the estimate with the 2017 data vs. an ~20% decrease in Model 17.09.26. 
Although the overall differences in end year estimates are smaller than in Model 17.09.26 the ρ values 
end up being higher because there is a small positive bias in the retrospective while in Model17.09.26 the 
retrospective estimates bracket the final estimate evenly. 


Model 17.09.35 and 17.09.36 
Model 17.09.35 and Model 17.09.36 differed from Model 17.09.31 in that a time block was added to the 
longline and trawl fishery selectivities for 2005-2006. This block was added to address the lack of fit to 
the length composition data during these two years when the fishery was closed earlier than normal and a 
B-season fishery was greatly curtailed. In Model 17.09.36 differs from Model 17.09.35 in that size 
composition multinomial sample sizes were tuned using the Francis TA1.8 method (Francis 2011).  


The AIC between Model 17.09.31 and 17.09.35 changes by -58 (Table 2.17). The only substantial 
difference between the two models were an improvement to the fit to the trawl fishery (-28 LL) and 
longline fishery (-8 LL) length composition (Table 2.18 and Fig.2.67). The improvement to the trawl 
fishery was primarily due to a better fit to the 2005 and 2006 length composition data as expected. The 
three other length composition datasets were improved minimally. There was a slight degradation to the 
fit to the trawl survey index (< +1 LL) and age composition (< +2 LL) and an insubstantial improvement 
to the longline survey index (< -1 LL; Table 2.18 and Fig. 2.66).  Harmonic mean effective Ns for the 







length composition data reveal similar trend with a larger effective Ns in the all length composition 
components, but overall a rather small improvement to the model fit.  


In essence the improvement in fit did not translate into substantive differences in model results (Fig. 
2.66). Besides the change in selectivity for 2005-2006, the M’s shifted upward and Q downward by less 
than 0.01. These small changes made a small upward adjustment in recruitment across the entire time 
series. However the change in selectivity caused the 2001-2003 to be estimated slightly higher in relation 
to other recruitment years, decreasing the decline in spawning biomass observed in 2005-2008 compared 
to Model 17.09.31.  


The Francis tuning adjustments implemented were 0.387, 0.594, and 0.425 for the trawl, longline, and pot 
fishery length composition data and no adjustment for the AFSC bottom trawl or longline survey length 
or age composition data. The tuning caused the both Ms to shift downward by < 0.01 to values very near 
those fit in Model 17.09.31 and catchability to be fit at a higher value, Q = 1.56 for the trawl survey and 
between 1.5 and 1.8 in the longline survey. The tuning minimally improved the fit to the AFSC bottom 
trawl survey and longline length and age composition data measured both by a decreased in negative log 
likelihood and an increase in the harmonic mean effective sample size (Table 2.18 and Table 2.19). The 
harmonic means of the effective sample size for the fishery size compositions decrease as one would 
expect with the decrease in weight in the multinomial. Interesting however is that the models fit the 
AFSC bottom trawl survey marginally better (< 0.7 LL) and the AFSC longline surveys worse with an 
increase of 2.29 LL. The change to the AFSC longline survey fits were primarily to the 1998, 2003, 2010, 
and 2015 values which were at the peaks in temperature and therefore longline catchability. The change 
in model fit to the early part of the fishery length composition data increase the 1977 and 1978 spawning 
stock biomass and decreased the peak spawning biomass in 1988-1995 in relation to the overall time 
series impacting the estimate of B100 


Retrospectives for Models17.09.35 were slightly worse and for Model 17.09.36 slightly better than Model 
17.09.31 (Table 2.19 and Fig. 2.68), however the retrospective results for the spawning biomass series for 
all three models were within acceptable limits. Like the other models we still had increase uncertainty 
around the 2012 year class as the 2017 survey data were removed. All of the models (except Model 
17.09.26) consistently overestimated the 2012 year class as data years were removed from the model.    


Model 17.09.37 
Model 17.09.37 differs from Model 17.09.36 in how natural mortality was parameterized. In this model 
M is fixed for age 0 at 0.75, then linearly modeled between knots with knots at age 1, and age 5. Two 
parameters fit with a uniform prior scaled the age 1 and age 5 natural mortalities with the 10 cm CFSR 
bottom temperature index. In addition a time block was added to natural mortality for 2015-2016 to allow 
additional change to M in these years when natural mortality was theorized to have been higher than 
normal.  Model 17.09.37 was introduced this year simply as an introduction to the concept of variable M 
conditioned on the environment. The early life history of Pacific cod and apparent sensitivity to 
temperature make this species a prime for exploring this model type. If vetted properly this model could 
be expanded as an enhance model to predict impacts of climate change on GOA cod and more easily 
incorporate larval surveys and other early life history indices in the model.  


Model 17.09.37 has an improved AIC over Model 17.09.36 of -35.68 and the best fit of all the models to 
the AFSC trawl survey index. The fit to the model showed a highly dynamic M (Table 2.20 and Fig. 2.69) 
with higher natural mortality in the warm years and much lower natural mortality in the cold years. For 
age-1 this varied from a high in 2015 of 1.72 (during the warm anomaly nicknamed the “Blob”) to a low 
of 0.27 in 2009 (coincident with the first year of the very large 2008 year class).  At above age-5 M varied 
much less with a high in 2015 of 0.5 and low of 0.34 in 2009. The average natural mortality for age-1 to 
age 14 over 1977-2017 was estimated at M = 0.45.  The variable M had the greatest improvement to fit on 
the AFSC bottom trawl survey index. There were only marginal improvements to the AFSC longline 
RPN index and length and age composition data. Index RMSE improved for both surveys but the 







harmonic mean effective N for all but the trawl survey length composition were smaller than in Model 
17.09.36. Catchability in both the AFSC bottom trawl and longline surveys increase over Model 17.09.36.  
Catchability in the AFSC bottom trawl survey was estimated at 1.73 resulting in the average catchability 
× selectivity for sizes 10cm – 80 cm of 1.00. 


The retrospective indices for Spawning stock biomass were in essence the same as Model 17.09.36 (Fig. 
2.72), however the retrospective indices for the recruitment time series was somewhat improved (Table 
2.19) with estimates for the 2012 year class remaining within 95% confidence intervals for the entire 
retrospective series. 


Impacts on the model results show a less variable recruitment index as the variability in initial abundance 
was modeled as changes in natural mortality (Table 2.20 and Fig. 2.71). However, the 2012 year class is 
estimated to be as large as the 1977 year class. Due to the lower overall average M and higher Q the 
spawning stock biomass is over the time series is estimated to be lower. This model likely provides a 
more realistic view of the processes impacting recruitment, however our ability to project the model 
results is limited for short term (i.e. 2-15 year projections) for use in management    


Selection of Final Model 
Comparing likelihoods or AIC among all the models was appropriate for Models 17.09.25, 17.09.26, 
17.09.31, and 17.09.35. Although there was considerable difference in model configuration, particularly 
concerning how natural mortality was handled for 2015-2016, fits and model results ended up being very 
similar. Using the AIC statistic Model 17.09.35 had the best fit. The largest improvement in fit was 
largely due to due to the better fit in the 1977-1989 when annually varying selectivity was implemented 
for these years in the fishery. The largest improvement in fit to the abundance indices was due to the 
addition of the time block on fitting natural mortality in 2015-2016. This drop may have been over-fit in 
Model 17.09.26 as this is the only model where 2012 recruitment decreases in the retrospective analysis. 
Model 17.09.35 and Model 17.09.36 differ simply in fishery length composition multinomial weighting. 
The non-tuned model (Model 17.09.35) fits and results were between those fits and results generated from 
the two tuning methods commonly used. The McAlister and Ianelli (1997) method tended to result in a 
model with higher weights on the size composition data, while the Francis TA1.8 (2011) method placed 
less weight on these data. The McAlister and Ianelli method resulted in a worse fit to both the indices and 
much tighter fits to the composition data. There is not a consensus on which method is best for Stock 
Synthesis like models, as the un-tuned model ends up being a compromise between the two, the authors 
feel this is the better option at this time. It should be noted that results from the three methods were 
comparable. We therefore recommend using Model 17.09.35 as the reference model for 2018.  All Stock 
Synthesis files for Model 17.09.35 are provided in Appendix 2.3.  


Model 16.09.35 diagnostics and Suggestions for Future Improvement  
Survey Indices 
Model 16.09.35 fit to the NMFS bottom trawl survey was within error bounds of the survey estimates for 
all but the 2009 and 2017 survey (Fig. 2.66). Given the available length and age composition data, the 
model was not able to increase abundance enough between 2007 and 2009 to match the large increase in 
abundance between these two surveys and the model could also not fit the sharp drop in abundance 
between 2015 and 2017 and retain a good fit to the longline survey RPN index which had a relatively 
high value for 2016. Comparison of total biomass predictions and AFSC bottom trawl survey abundance 
estimates are relatively closely matched for the 1996-2017 values with predictions at 1.38 times the 
survey estimates (Fig. 2.75), an effective “catchability” of 0.71.  


Model 17.09.35 fits the AFSC longline index well (Fig. 2.66). The improvement was primarily due to 
fitting it with the 10cm CFSR bottom temperature index. This addition allowed the model to increase 
overall biomass in warm years and decrease it in cold year, better fitting the spikes and valleys observed 
in the index as well as the overall decreasing trend observed with the warming trend in the temperature 







index for 1990-2016. An exploratory model with the IPHC longline index included using selectivity from 
the bottom trawl survey showed essentially no difference in model fit and results once the temperature 
index was used to scale the AFSC longline survey catchability (Fig.2.73). A standardized IPHC RPN 
index was then nearly identical to the predicted values from the bottom trawl survey for 2006-2016 from 
Model 17.09.35 (Fig. 2.74). The IPHC longline survey RPN index will likely be added to the assessment 
model in 2018 as it is an annual model and will help offset the uncertainty in this model due to the AFSC 
bottom trawl survey being biannual.  


Length Composition 
Selectivities in Model 17.09.35 were allowed to be dome-shaped, except for the 1990-2017 longline 
fisheries and 2013-2017 trawl fisheries (Fig. 2.76). Overall model predictions of the length compositions 
closely match the data for all components (Fig. 2.79). For the trawl fishery the model predictions (Fig. 
2.67 and Fig. 2.78) although matching the mean length well, tended to underestimate the high peaks of 
the distributions and overestimate either side of the peaks. The addition of the 2005-2006 block on the fit 
selectivity parameters allowed the model to fit these two years better than any of the alternative models 
without the time block. This improved the fit not only to these year, but the surrounding years as well.  
Predictions of the longline fishery length composition (Fig. 2.67 and Fig. 2.79) were well fit but similarly 
underestimated the high peaks of some of the distributions, but matched the mean length very well. In 
addition when the distributions tended to be bimodal, the model tended to predict a single mode between 
the two modes. Predictions of the pot fishery length composition (Fig. 2.80) were also very well fit, again, 
like the trawl and longline fisheries the high peaks of the distributions tended to be underestimated. The 
mean length for the pot fishery data were well matched for all years. For the fishery length composition, 
there really is no need for improvement, residuals were small even for the minimal discrepancies noted 
above for the peak modes. 


Model 17.08.35 matched the NMFS bottom trawl survey length composition data mean lengths well (Fig. 
2.81), however small fish (sub-27 cm) high modes although identified were not always matched in 
magnitude. The sub-27cm modes in 1996, 2007, and 2009 were estimated lower than observed while a 
predicted mode for sub-27cm fish in 2011 was not observed in the data. A few peak modes were 
underestimated, but in general the larger fish were well predicted by the model. In future years, we may 
use models similar to Model 17.09.37 with age and year specific M to examine how these missed peaks 
correlate with mortality events and how these impact overall model performance.   


Although the selectivity for Model 17.09.35 Auke Bay Laboratory length composition data (Fig. 2.82) 
were not time varying, the predictions matched the data well. The 2015 prediction was the only one that 
didn’t fit within the 95% confidence bounds of the mean length. This was likely due to smaller fish 
moving to deeper waters in this very warm year. For this survey in the future fitting the selectivity 
parameters on the CFSR temperature index, similar to how catchability is parameterized, should be 
explored.  


Age Composition and Length-at-Age 
Even though the shelf survey age composition data were fit using the length composition selectivity (Fig. 
2.76) in Model 17.09.35, age composition predictions matched the data well (Fig. 2.83). Mean age 
predictions all fell within the confidence bounds of the data (Fig. 2.84).  


Model 17.09.35 has non-time varying growth (Fig. 2.85). Fits to the length-at-age data are within the 
error bounds for most ages (Fig. 2.86), however there appears to be some inter-annual variability that was 
not captured in this model. For instance Pacific cod in 2011 and 2015 were predicted in Model 17.09.35 
to be larger at age than the data show for the oldest fish, while 2005 the opposite was true. This may be 
improved with annually varying growth, however data for pre-1990 data are not available, and therefore 
modeling inter-annual variability prior to 1990 is not possible. 


Mean length and weight at age from Model 17.09.35 are provided in Table 2.24. 







Time Series Results  


Definitions 
The biomass estimates presented here will be defined in two ways: 1) total biomass was defined as age 0+ 
biomass, consisting of the biomass of all fish aged 0 years or greater in a given year; and 2) spawning 
biomass was defined as the biomass of all spawning females in a given year. The recruitment estimates 
presented here was defined as numbers of age-0 fish in a given year; actual recruitment to fishery and 
survey depends on selectivities as estimated (noting that there are no indices involving age-0 Pacific cod). 
All results presented are from Model 17.09.35. 


Biomass 
Estimates of total biomass were on average 141% higher than the NMFS bottom trawl survey total 
biomass estimates. Total biomass estimates show a long decline from their peak of 585,807 t in 1989 
(Fig. 2.87) to 237,086 in 2006 and then an increase to another peak in 2010 of 345,269 t then decrease 
continuously through 2018. With average recruitment in 2017 total biomass would be expected to begin 
to increase again in 2019 (note that there is no information currently on the 2017 recruitment size).  
Spawning biomass (Table 2.23) shows a similar trend of decline since the late 1980s with a peak in 1990 
at 190,465 t to a low in 2008 of 54, 470 t. There was then a short increase in spawning biomass coincident 
with the maturation of the 2005-2008 year classes in 2012 of 89,920 t, after which the decline continued 
to lowest level of 35,824 t projected for 2018. Projections from last year’s model showed an increase in 
spawning biomass as the large 2012 and 2013 year classes mature, but then decrease starting in 2018 due 
to poor recruitment since 2014 (Barbeaux et al 2016, Table 2.15). This year’s model takes into account 
the new survey indices which show a steep decline in abundance and biomass since 2015, suggesting a 
substantial increase in natural mortality for these two year classes in 2015 and 2016. This decrease in 
these two year classed greatly reduced the current spawning biomass estimate and further reduces the 
projection into 2019 and 2020. With future fishing in 2018 and 2019 limited to 17,000 t the projected 
spawning biomass are projected to be near B20% at 34,443 t and 33,796 t. 


Numbers at age and length are given in Appendix 2.2 and shown in Figure 2.88 and available online at: 
(http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx)  


Recruitment and Numbers at Age 
The recruitment predictions in Model 17.09.35 (Table 2.22, Fig. 2.89 and Fig. 2.90) show large 1977, 
1984, and 2012 year-classes with more than 0.9 billion (at age-0) fish for each (0.945 billion for 1977, 
0.975 for 1984 and 0.902 billon for 2012) although uncertainty on the 1977 and 1984 year-class estimates 
were large (σ1977 = 0.255 and σ1984 = 0.221). Large year-classes (<0.7 billion age-0) were also estimated 
for 1982, 1985, 1987, 1989, 1990, 2006, and 2008. Between 1990 and 2010 the average recruitment was 
estimated at 0.5 billion, 29% lower than the 1977-1989 mean recruitment of 0.705 billion and 10% lower 
than the 1977-2016 mean recruitment of 0.557 billion.  Note that in models where M was not fit 
separately for 2015-2016 the 2012 year class is 11% above the 1977-2015 mean, while in Model 
17.09.35, where M is fit separately for 2015-2016, the 2012 year class is 60% above the 1977-2015 mean 
(Fig. 2.91). 


Fishing Mortality 
Fishing mortality appears to have increased steadily with the decline in abundance from 1990 through a 
peak in 2008 with continued high fishing mortality through 2016 in all models examined (Table 2.25). This 
period saw both a decline in recruitment paired with increases in catch. The largest increase in catch has 
been in the pot fishery, which also shows the largest increase in continuous F (Fig. 2.94). The phase plane 
plot (Fig. 2.93) shows that F was estimated to have been above the control rule advised levels but below 
F35% for 2008 and 2017 and biomass was below B35% in 2008 and 2009 and again 2016 and 2017 and 
projected to be below through 2019. 



http://www.afsc.noaa.gov/REFM/Docs/2017/GOApcod_Appendix2_2.xlsx





Retrospective analysis 
Estimates of spawning biomass for Model 17.09.35 with an ending year of 2007 through 2017 are not 
consistently biased from 1984 through 2000, have a consistent negative adjustment from 2009-2015 and a 
positive adjustment post-2015 as more data are included (Fig. 2.67). Relative differences in estimates of 
spawning biomass and recruitment show the same pattern for the more recent years.  


MCMC results 
MCMC were conducted with 1,000,000 iterations with 350,000 burn-in and thinned to every 500th 
iteration leaving 1,300 iterations for constructing the posterior distributions. Geweke (1992) and 
Heidelberger and Welch (1983) MCMC convergence tests, as implemented in the coda R library 
(Plummer et al. 2006), concluded adequate convergence in the chain (Fig. 2.94). Posterior distributions of 
key parameters appear well defined and bracket the MLE estimates (Table 2.26 and Fig. 2.95). Posterior 
shows a 0.054% probability of the spawning stock biomass being below B20% from the projection model 
(Fig. 2.96). 


Harvest Recommendations 
Amendment 56 Reference Points 
Amendment 56 to the GOA Groundfish Fishery Management Plan (FMP) defines the “overfishing level” 
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the fishing 
mortality rate used to set the maximum permissible ABC. The fishing mortality rate used to set ABC 
(FABC) may be less than this maximum permissible level, but not greater. Because reliable estimates of 
reference points related to maximum sustainable yield (MSY) are currently not available but reliable 
estimates of reference points related to spawning per recruit are available, Pacific cod in the GOA have 
generally been managed under Tier 3 of Amendment 56. Tier 3 uses the following reference points: B40%, 
equal to 40% of the equilibrium spawning biomass that would be obtained in the absence of fishing; F35%, 
equal to the fishing mortality rate that reduces the equilibrium level of spawning per recruit to 35% of the 
level that would be obtained in the absence of fishing; and F40%, equal to the fishing mortality rate that 
reduces the equilibrium level of spawning per recruit to 40% of the level that would be obtained in the 
absence of fishing. The following formulae apply under Tier 3: 


3a) Stock status: B/B40% > 1 
FOFL = F35% 
FABC < F40% 


3b) Stock status: 0.05 < B/B40% < 1 
FOFL = F35% × (B/B40% - 0.05) × 1/0.95 
FABC < F40% × (B/B40% - 0.05) × 1/0.95 


3c) Stock status: B/B40% < 0.05 
FOFL = 0 
FABC = 0 


Other useful biomass reference points which can be calculated using this assumption are B100% and B35%, 
defined analogously to B40%. These reference points are estimated as follows, based on this year’s model, 
Model 17.09.36: 
 


Reference point: B35% B40% B100% 
Spawning biomass: 58,984 t 67,411 t 168,528 t 


For a stock exploited by multiple gear types, estimation of F35% and F40% requires an assumption 
regarding the apportionment of fishing mortality among those gear types. For this assessment, the 
apportionment was based on this year’s model’s estimates of fishing mortality by gear for the five most 
recent complete years of data (2011-2016). The average fishing mortality rates for implied that total 







fishing mortality was divided among the three main gear types according to the following percentages: 
trawl 30%, longline 20%, and pot 50%. This apportionment results in estimates of F35% and F40% equal to 
0.824 and 0.657. 


Specification of OFL and Maximum Permissible ABC 
Spawning biomass for 2018 is estimated by this year’s model to be 36,106 t. This is below the B40% value 
of 67,411 t, thereby placing Pacific cod in sub-tier “b” of Tier 3. Given this, the model estimates OFL, 
maximum permissible ABC, and the associated fishing mortality rates for 2018 and 2019 as follows 
(2019 values are predicated on the assumption that 2018 catch will be 18,000 t, below maximum 
permissible ABC): 


Units Year Overfishing  
Level (OFL) 


Maximum  
Permissible ABC 


Harvest amount 2018 23,565 19,401 
Harvest amount 2019 21,416 17,634 
Fishing mortality rate 2018 0.42 0.34 
Fishing mortality rate 2019 0.40 0.32 


 
The age 0+ biomass projections for 2018 and 2019 from this year’s model are 170,565 t and 197,711 t, 
respectively. 


ABC Recommendation 
Since 2008 the GOA Plan Team and SSC has recommended setting the ABC at the maximum permissible 
level under Tier 3. Biological reference points from GOA Pacific cod SAFE documents for years 2001 – 
2017 are provided in Table 2.27. 


However, following this practice, this year’s maximum ABC for 2018 would push the stock below B20% 
in 2019, therefore we recommend reducing the recommended ABC to 18,000 to maintain the stock above 
B20% in 2019 (Fig. 2.97). Similarly, the maximum ABC for 2019 would push the stock below B20% in 
2020, we therefore recommend setting the ABC for 2019 at 17,000 t a value which keeps the SSB above 
B20% in 2020. 


Area Allocation of Harvests 
For the past several years, ABC has been allocated among regulatory areas on the basis of the three most 
recent surveys. The previous proportions based on the 2009-2013 surveys were 33% Western, 64% 
Central, and 3% Eastern. In the 2013 assessment, the random effects model was used for the 2014 ABC 
apportionment. Using this method with the trawl survey biomass estimates through 2017, the area-
apportioned ABCs are: 


 Western Central Eastern Total 
Random effects area 
apportionment 44.9% 45.1% 10.0% 100% 


2018 ABC 8,082 8,118 1,800 18,000 
2019 ABC 7,633 7,667 1,700 17,000 


 


Standard Harvest and Recruitment Scenarios and Projection Methodology 
A standard set of projections for population status under alternatives were conducted to comply with 
Amendment 56 of the FMP. This set of projections encompasses seven harvest scenarios designed to 
satisfy the requirements of Amendment 56, the National Environmental Protection Act, and the 
Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA). 







For each scenario, the projections begin with the vector of 2017 numbers at age estimated in the 
assessment. This vector is then projected forward to the beginning of 2017 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2017 (here assumed to be 48,940 t). In each subsequent year, the fishing mortality rate is 
prescribed based on the spawning biomass in that year and the respective harvest scenario. In each year, 
recruitment is drawn from an inverse Gaussian distribution whose parameters consist of maximum 
likelihood estimates determined from recruitments estimated in the assessment. This year the recruitments 
were pulled from Model 17.09.35 with the 2015-2016 natural mortality block was set at the standard M 
value (Fig. 2.91 and Table 2.28). This is thought to be consistent with past practices for models with 
single Ms throughout. Spawning biomass is computed in each year based on the time of peak spawning 
and the maturity and weight schedules described in the assessment. Total catch is assumed to equal the 
catch associated with the respective harvest scenario in all years. This projection scheme is run 1,000 
times to obtain distributions of possible future stock sizes, fishing mortality rates, and catches. 


Five of the seven standard scenarios will be used in an Environmental Assessment prepared in conjunction 
with the final SAFE. These five scenarios, which are designed to provide a range of harvest alternatives 
that are likely to bracket the final TAC for 2018, are as follow (“max FABC ” refers to the maximum 
permissible value of FABC under Amendment 56): 


Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2: In all future years, F is set equal to the author’s recommend level. Due to current conditions 
of strong recruitment and a projected increasing biomass, the recommendation is set equal to 
the maximum permissible ABC. 


Scenario 3: In all future years, F is set equal to the 2011-2016 average F. (Rationale: For some stocks, 
TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 


Scenario 4: In all future years, F is set equal to the F75%. (Rationale: This scenario was developed by the 
NMFS Regional Office based on public feedback on alternatives. 


Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be set at a 
level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as 
follows (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines whether a stock 
is overfished. If the stock is expected to be above half of its BMSY level in 2017 and above its 
BMSY level in 2027 under this scenario, then the stock is not overfished.) 


Scenario 7: In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set equal to 
FOFL. (Rationale: This scenario determines whether a stock is approaching an overfished 
condition. If the stock is 1) above its MSY level in 2019 or 2) above 1/2 of its MSY level in 
2019 and expected to be above its MSY level in 2029 under this scenario, then the stock is 
not approaching an overfished condition.) 


Scenarios 1 through 7 were projected 13 years from 2017 in Model 17.06.35 (Table 2.29).  All scenarios 
including scenario 5 (no fishing) project the stock to be below B35% until 2022, scenarios 1, 2, 6, and 7 
have the stock below B35% until 2023. Fishing at the maximum permissible rate indicate that the spawning 







stock (Fig. 2.97) will be below B35% in 2018 through 2023 due to poor recruitment and high natural 
mortality post-2008. Under an assumption of mean recruitment, the stock recovers above B35% by 2023. 


Our projection model run under these conditions indicates that for Scenario 6, the GOA Pacific cod stock 
although below B35% in 2017 at 40,329 will be above its MSY value in 2027 at 63,043 t and therefore is 
not overfished. 


Projections 7 with fishing at the OFL after 2019 results in an expected spawning biomass of 62,643 t by 
2029. These projections illustrate the impact of the low recruitment in 2014 and 2015. For example, under 
all scenarios, the spawning biomass is expected to continue to drop due to the low recruitments post-2008 
and high mortality of the 2011-2013 recruitments and decreasing influence of the high 2005-2008 year 
classes and then levels off as the projection relies on mean recruitment.  


Under Scenarios 6 (Fig. 2.97) and 7 of the 2017 Model 17.09.35 the projected spawning biomass for Gulf 
of Alaska Pacific cod is not currently overfished, nor is it approaching an overfished status.  


Ecosystem Considerations 


Ecosystem Effects on the Stock 
Food-web dynamics in the Gulf of Alaska (GOA) are structured by climate-driven changes to circulation 
and water temperature, which can impact the distribution of key predators in the system and mediate 
trophic interactions. Recent evaluation finds evidence for strong food-web responses to perturbation in the 
GOA and indicates a dominance of destabilizing forces in the system that suggest a “dynamic ecosystem 
structure, perhaps more prone to dramatic reorganization than the [Bering Sea], and perhaps inherently 
less predictable” (Gaichas et al., 2015). 


Predation is a major structuring pressure in the GOA ecosystem. Prey and predators of Pacific cod have 
been described or reviewed by Albers and Anderson (1985), Livingston (1989, 1991), Lang et al. (2003), 
Westrheim (1996), Yang (2004), and Gaichas et al. 2015. The composition of Pacific cod prey varies 
spatially and with changing environmental conditions. In terms of percent occurrence, some of the most 
important items in the diet of Pacific cod in the BSAI and GOA have been polychaetes, amphipods, and 
crangonid shrimp. In terms of numbers of individual organisms consumed, some of the most important 
dietary items have been euphausids, miscellaneous fishes, and amphipods. In terms of weight of 
organisms consumed, some of the most important dietary items have been walleye pollock, fishery offal, 
yellowfin sole, and crustaceans (including Pandalidae and Chionoecetes bairdi). Predators of Pacific cod 
include Pacific cod, halibut, salmon shark, northern fur seals, Steller sea lions, harbor porpoises, various 
whale species, and tufted puffin. Major trends in the most important prey or predator species can be 
expected to affect the dynamics of Pacific cod (Gaichas et al. 2015). 


The marine heat wave of 2014-2016 in the Northeast Pacific was unusual in the degree of temperature 
increase, the maintenance of warm water through the winters and the depth to which the warm 
temperatures reached (Bond et al 2015). Metabolic demand for ectothermic fish like Pacific cod is largely 
a function of thermal experience and tends to increase exponentially with increasing temperatures. Fish 
can minimize metabolic costs through behaviors such as movement to thermally optimal temperatures, or 
can increase consumption of food energy to meet increasing metabolic demands. The former requires 
access to thermally optimal temperatures, which may have been impacted by the recent marine heat wave. 
The latter requires sufficient access to abundant or high energy prey resources. Thus, if either is limiting, 
metabolic costs may exceed energetic consumption and decreases in growth or increases in mortality may 
occur. 


In fact, for Pacific cod in the GOA during the anomalously warm years of 2014-2016, prey demand was 
elevated above long-term mean estimates, and peaked in 2016, according to adult bioenergetic model 







estimates of relative energetic demand (Fig. 2.98). Based on water temperatures at preferred depth, 
metabolic demand was greatest for 10 cm fish and >40 cm fish but lowest for 30 cm fish (Fig. 2.98). 
Bioenergetic model estimates of Pacific cod growth and respiration also suggest poor thermal conditions 
for growth in 1998 (following the record El Niño of 1997/98) and 2016 (top panel Fig. 2.99) that were 
driven by high metabolic demand during those years (bottom panel, Fig. 2.99). Prey energetic demand 
based on mean energy densities and annual shifts in diet composition show moderate changes in diet 
energy density over time, with highest cumulative diet energy densities in 2013, which occurred at the 
end of a 7 year cold temperature stanza in the GOA, and slightly lower values in 2015 near the long-term 
mean (Fig. 2.100). Stomach fullness of Pacific cod sampled from the GOA summer bottom trawl survey 
was lowest to date in 2015 (Fig. 2.101), and diet composition varied from previous years, with a 47.8 % 
drop in Chionoecetes bairdi relative to previous years (Figs. 2.102 and 2.103) and an absence of capelin 
which had been abundant, particularly in smaller Pacific cod, during 2011 and 2013. The proportion of C. 
bairdi in the diets of 40-80 cm cod dropped from the long-term mean of about 13.8% to 6.6% in 2015, but 
increased again to mean levels in 2017. The average specific weight of diets in 2017 increased from a 
historical low in 2015 to above average for 40-80 cm fish, but remained low for 20-40 cm fish (Fig. 
2.102). 


The increase in metabolic demand in 2015 has two important implications: (1) Pacific cod would have 
had to consume an additional 6-12% of prey per day (g g-1d-1) over average ( i.e., based on mean 
estimates for years 1980-2014) to maintain growth and body condition, or (2) Pacific cod would have had 
to access energetic reserves leading to net body mass loss. The protracted warm conditions from 2014-
2016 may have exceeded both adaptive options, potentially leading to starvation and mortality. In 
addition, other ectothermic fish species would be expected to have similarly elevated metabolic demands 
during the warm conditions, increasing the potential for broad scale prey limitations. 


There are a few lines of evidence to support this potential mechanism for declines in Pacific cod 
abundance, including low fish condition observed in 2015 (i.e., fish that were lighter than average for a 
given length; Zador et al. 2017), lowest potential growth based on mean relative foraging rates reported in 
Holsman and Aydin (2015; Fig 2.99 top), highest recorded metabolic demands in 2015 (Fig. 2.99, 
bottom), below average diet energy density (lowest since 2007) based on diet composition of survey 
collected stomach samples (Fig. 2.101), and reports in 2015-2106 of widespread mortality events from 
starvation for avian and marine mammal predators that share prey resources with Pacific cod in the GOA. 
Also of important note is the potential absence of capelin (an important prey item) in the diets of Pacific 
cod from 2015 (Fig. 2.101), and the overall lower mean stomach fullness for fish in 2015 (height of 
columns in Fig. 2.101; note that these data are aggregated across regions and fish sizes). Considered 
collectively, these lines of evidence suggest that persistent anomalously warm conditions that extended 
from surface waters to depth, may have contributed to high mortality rates for juvenile and adult Pacific 
cod from the years 2014-2016. Additional analysis of these patterns is needed to further evaluate spatial 
differences in energetic demand and potential factors influencing Pacific cod survival across the region. 


Fishery Effects on the Ecosystem  
Potentially, fisheries for Pacific cod can have effects on other species in the ecosystem through a variety of 
mechanisms, for example by relieving predation pressure on shared prey species (i.e., species which serve 
as prey for both Pacific cod and other species), by reducing prey availability for predators of Pacific cod, 
by altering habitat, by imposing bycatch mortality, or by “ghost fishing” caused by lost fishing gear. 


Incidental Catch of Nontarget Species 
Incidental catches of nontarget species in each year 2007-2016 are shown Table 2.7. In terms of average 
catch over the time series, only sea stars account for more than 250 t per year.  







Steller Sea Lions 
Sinclair and Zeppelin (2002) showed that Pacific cod was one of the four most important prey items of 
Steller sea lions in terms of frequency of occurrence averaged over years, seasons, and sites, and was 
especially important in winter. Pitcher (1981) and Calkins (1998) also showed Pacific cod to be an 
important winter prey item in the GOA and BSAI, respectively. Furthermore, the size ranges of Pacific cod 
harvested by the fisheries and consumed by Steller sea lions overlap, and the fishery operates to some extent 
in the same geographic areas used by Steller sea lion as foraging grounds (Livingston (ed.), 2002). 


The Fisheries Interaction Team of the Alaska Fisheries Science Center has been engaged in research to 
determine the effectiveness of recent management measures designed to mitigate the impacts of the 
Pacific cod fisheries (among others) on Steller sea lions. Results from studies conducted in 2002-2003 
were summarized by Conners et al. (2004). These studies included a tagging feasibility study, which may 
evolve into an ongoing research effort capable of providing information on the extent and rate to which 
Pacific cod move in and out of various portions of Steller sea lion critical habitat. Nearly 6,000 cod with 
spaghetti tags were released, of which approximately 1,000 had been returned as of September 2003.  


Seabirds 
The following is a summary of information provided by Livingston (ed., 2002): In both the BSAI and 
GOA, the northern fulmar (Fulmarus glacialis) comprises the majority of seabird bycatch, which occurs 
primarily in the longline fisheries, including the hook and line fishery for Pacific cod Shearwater 
(Puffinus spp.) distribution overlaps with the Pacific cod longline fishery in the Bering Sea, and with 
trawl fisheries in general in both the Bering Sea and GOA. Black-footed albatross (Phoebastria nigripes) 
is taken in much greater numbers in the GOA longline fisheries than the Bering Sea longline fisheries, but 
is not taken in the trawl fisheries. The distribution of Laysan albatross (Phoebastria immutabilis) appears 
to overlap with the longline fisheries in the central and western Aleutians. The distribution of short-tailed 
albatross (Phoebastria albatrus) also overlaps with the Pacific cod longline fishery along the Aleutian 
chain, although the majority of the bycatch has taken place along the northern portion of the Bering Sea 
shelf edge (in contrast, only two takes have been recorded in the GOA). Some success has been obtained 
in devising measures to mitigate fishery-seabird interactions. For example, on vessels larger than 60 ft. 
LOA, paired streamer lines of specified performance and material standards have been found to reduce 
seabird incidental take significantly. 


Fishery Usage of Habitat 
The following is a summary of information provided by Livingston (ed., 2002): The longline and trawl 
fisheries for Pacific cod each comprise an important component of the combined fisheries associated with 
the respective gear type in each of the three major management regions (BS, AI, and GOA). Looking at 
each gear type in each region as a whole (i.e., aggregating across all target species) during the period 
1998-2001, the total number of observed sets was as follows: 


Gear BS AI GOA 
Trawl 240,347 43,585 68,436 
Longline 65,286 13,462 7,139 


 


In the BS, both longline and trawl effort was concentrated north of False Pass (Unimak Island) and along 
the shelf edge represented by the boundary of areas 513, 517 (in addition, longline effort was concentrated 
along the shelf edge represented by the boundary of areas 521-533). In the AI, both longline and trawl effort 
were dispersed over a wide area along the shelf edge. The catcher vessel longline fishery in the AI occurred 
primarily over mud bottoms. Longline catcher-processors in the AI tended to fish more over rocky bottoms. 
In the GOA, fishing effort was also dispersed over a wide area along the shelf, though pockets of trawl 
effort were located near Chirikof, Cape Barnabus, Cape Chiniak and Marmot Flats. The GOA longline 







fishery for Pacific cod generally took place over gravel, cobble, mud, sand, and rocky bottoms, in depths 
of 25 fathoms to 140 fathoms. 


Impacts of the Pacific cod fisheries on essential fish habitat were further analyzed in an environmental 
impact statement by NMFS (2005). 


Gulf of Alaska Pacific cod Economic Performance Report for 2016 
Pacific cod is a critical species in the catch portfolio of the Gulf of Alaska (GOA) fisheries.  Pacific cod 
typically accounts for just under 30% of the GOA’s FMP groundfish harvest and over 20% of the total 
Pacific cod catch in Alaska. Total catch of Pacific cod in the GOA was 64 thousand t and retained catch 
63 thousand t, down 18% in 2016 from 2015. Retained catch is below the recent high of 79 thousand t in 
2014, and is just under the 2007-2011 average of 63 thousand t (Table 2.30). Catches in 2017 are 
expected to be below 2016 with a 10% reduction in the 2017 TAC. Preliminary stock assessment 
estimates as of Oct. 2017 suggest a substantial reduction in the 2018 catch specifications. Ex-vessel 
revenues in 2016 were down 18% to $41 million with the reduction in catch (Table 2.30). The products 
made from GOA Pacific cod had a first-wholesale value was $90 million in 2016, which was down 12% 
from 2015 and below the 2007-2011 average of $102 million (Table 2.30, Table 2.31, and Table 2.32).  


The fishery for cod is an iconic fishery with a long history, particularly in the North Atlantic. Global catch 
was consistently over 2 million t through the 1980s, but began to taper off in the 1990s as cod stocks 
began to collapse in the northwest Atlantic Ocean. Over roughly the same period, the U.S. catch of 
Pacific cod (caught in Alaska) grew to approximately 250 thousand tons where it remained throughout the 
early to mid-2000s. European catch of Atlantic cod in the Barents Sea (conducted mostly by Russia, 
Norway, and Iceland) slowed and global catch hit a low in 2007 at 1.13 million t. U.S. Pacific cod’s share 
of global catch was at a high at just over 20% in the early 2000s. Since 2007 global catch has grown to 
1.85 million t in 2014 as catch in the Barents Sea has rebounded and U.S. catch has remained strong at 
over 300 thousand t since 2011. European Atlantic cod and U.S. Pacific cod remain the two major sources 
supplying the cod market over the past decade accounting for roughly 75% and 20%, respectively. 
Atlantic cod and Pacific cod are substitutes in the global market. Because of cod’s long history, global 
demand is present in a number of geographical regions, but Europe and the U.S. are the primary consumer 
markets for many of the Pacific cod products. The market for cod is also indirectly affected by activity in 
the pollock fisheries which experienced a similar period of decline in 2008-2010 before rebounding. Cod 
and pollock are commonly used to produce breaded fish portions. Alaska caught Pacific cod in the GOA 
became certified by the Marine Stewardship Council (MSC) in 2010, a NGO based third-party 
sustainability certification, which some buyers seek. Changes in global catch and production account for 
much of the broader time trends in the cod markets. In particular, the average first-wholesale prices peak 
approximately $1.90 per pound in 2008 and subsequently declined precipitously to approximately $1.50 
per pound in 2009-2010 as markets priced in consecutive years of approximately 100 thousand t increases 
in the Barents Sea cod catch in 2009-2011; coupled with reduced demand from the recession. 


The Pacific cod total allowable catch (TAC) is allocated to multiple sectors. In the GOA, sectors are 
defined by gear type (hook and line, pot, trawl and jig) and processing capacity (catcher vessel (CV) and 
catcher processor (CP)). Within the sectoral allocations the fisheries effectively operate as open access 
with limited entry. Almost all of the GOA Pacific cod fisheries is caught by CVs which make deliveries 
to shore-based processors and accounts for 90% of the total GOA Pacific cod catch. Approximately 40% 
is caught by the trawl, 40% is caught by pot gear, and 20% caught by hook and line, though the number 
of hook and line vessels is far greater. In recent years approximately 60% of the retained catch volume 
and value is in the Central Gulf fisheries, 40% in the Western Gulf, and 1-2% occurring in other region of 
the GOA. Harvests from catcher vessels that deliver to shoreside processors account for approximately 
90% of the retained catch. The 2016 retained catch in the GOA decreased 18% to 63 thousand t in part 
due to a reduction in the TAC. In most years the fisheries harvest the entire TAC, however, in 2016 only 







approximately 90% of the TAC was harvested, poor fishing conditions were a potential contributing 
factor.  The ex-vessel value totaled $41 million in 2016, which was down from $50 million in 2015. Ex-
vessel prices were basically unchanged at $0.29 per pound in 2016. Catch from the fixed gear vessels 
(which includes hook-and-line and pot gear) typically receive a slightly higher price from processors 
because they incur less damage when caught, has recently been about $0.04 per pound.  


The first-wholesale value of Pacific cod products was down 12% to $90.2 million in 2015. Despite lower 
prices through 2014 and 2015 revenues were strong as result of increased catch levels. In contrast, 2016 
prices were up and revenues are down because of reduced production volume. The two primary product 
forms produced from cod in the GOA are fillets and H&G, which comprise approximately 55% and 30% 
of the value on average, though the relative share can fluctuate year over year depending on relative 
prices and processing decisions. The average price of GOA Pacific cod products in 2016 increased 29% 
to $1.89 driven by an increase 23% in fillet prices to $3.36 per pound. Media reports indicate that Pacific 
cod prices were soft in early 2016 with weak demand from Japan, an important market for Pacific cod. By 
the middle of the year prices had begun to rise with strong demand from the U.S., Japan, and other 
markets. High prices of common fish protein substitutes such as salmon were also cited as contributing to 
the strong cod demand. Strong demand globally coupled with tight supply have resulted in high prices 
continuing throughout 2017. H&G prices were comparatively weaker and first wholesale prices dropped 
13% to $1.09 which likely contributed to the reduction in H&G production. 


U.S. exports of cod are roughly proportional to U.S. cod production. More than 90% of the exports are 
H&G, much of which goes to China for secondary processing and re-export. China’s rise as re-processor 
is fairly recent. Between 2001 and 2011 exports to China have increased nearly 10 fold. Japan and Europe 
(mostly Germany and the Netherlands) are also important export destinations. Approximately 30% of 
Alaska’s cod production is estimated to remain in the U.S. Because U.S. cod production is approximately 
20% of global production and the GOA is approximately 20% of U.S. production, the GOA Pacific cod is 
a relatively small component of the broader cod market. However, strong demand and tight supply in 
2017 from the U.S. and globally have contributed to high prices. With the Barents Sea quota reduced by 
13% 2018 the global cod supply is expected to remain constrained relative to recent levels which could 
result in continued high price levels through 2018. 


Data Gaps and Research Priorities 
Understanding of the above ecosystem considerations would be improved if future research were directed 
toward closing certain data gaps. Such research would have several foci, including the following: 1) 
ecology of the Pacific cod stock, including spatial dynamics, trophic and other interspecific relationships, 
and the relationship between climate and recruitment; 2) behavior of the Pacific cod fishery, including 
spatial dynamics; 3) determinants of trawl survey catchability and selectivity and relationship with 
environmental covariates; 4) age determination and effects of aging error and bias on model parameters 
including natural mortality; 5) ecology of species taken as bycatch in the Pacific cod fisheries, including 
estimation of biomass, carrying capacity, and resilience; and 6) ecology of species that interact with 
Pacific cod, including estimation of biomass, carrying capacity, and resilience. 
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Tables 
Table 2.1. Studies of Pacific cod natural mortality and statistics on the combined values. The column 


labeled “Used?” indicates whether the value was used in developing this year’s assessment 
model prior on natural mortality.  


Area Author Year Value ln(value) Used? Statistics 


EBS Low 1974 0.375 -0.981 Y mu: -0.815 


EBS Wespestad et al. 1982 0.7 -0.357 Y sigma: 0.423 


EBS Bakkala and Wespestad 1985 0.45 -0.799 Y Arithmetic: 0.484 


EBS Thompson and Shimada 1990 0.29 -1.238 Y Geometric: 0.443 


EBS Thompson and Methot 1993 0.37 -0.994 Y Harmonic: 0.405 


EBS Shimada and Kimura 1994 0.96 -0.041 Y Mode: 0.370 


EBS Shi et al. 2007 0.45 -0.799 Y L95%: 0.193 


EBS Thompson et al. 2007 0.34 -1.079 Y U95%: 1.015 


EBS Thompson 2016 0.36 -1.022 Y   


GOA Thompson and Zenger 1993 0.27 -1.309 Y   


GOA Thompson and Zenger 1995 0.5 -0.693 Y   


GOA Thompson 2007 0.38 -0.968 Y   


GOA Barbeaux et al. 2016 0.47 -0.755 N   


BC Ketchen 1964 0.595 -0.519 Y   


BC Fournier 1983 0.65 -0.431 Y   


 


 


 


 







Table 2.2. Catch (t) for 1991 through 2017 by jurisdiction and gear type (as of 2017-10-10) 


 Federal State 


Year Trawl 
Long-


line Pot Other Subtotal 
Long-


line Pot Other Subtotal Total 
1991 58,093 7,656 10,464 115 76,328 0 0 0 0 76,328 
1992 54,593 15,675 10,154 325 80,747 0 0 0 0 80,747 
1993 37,806 8,963 9,708 11 56,488 0 0 0 0 56,488 
1994 31,447 6,778 9,161 100 47,485 0 0 0 0 47,485 
1995 41,875 10,978 16,055 77 68,985 0 0 0 0 68,985 
1996 45,991 10,196 12,040 53 68,280 0 0 0 0 68,280 
1997 48,406 10,978 9,065 26 68,476 0 7,224 1,319 8,542 77,018 
1998 41,570 10,012 10,510 29 62,121 0 9,088 1,316 10,404 72,525 
1999 37,167 12,363 19,015 70 68,614 0 12,075 1,096 13,171 81,785 
2000 25,443 11,660 17,351 54 54,508 0 10,388 1,643 12,031 66,560 
2001 24,383 9,910 7,171 155 41,619 0 7,836 2,084 9,920 51,542 
2002 19,810 14,666 7,694 176 42,345 0 10,423 1,714 12,137 54,483 
2003  18,884   9,525   12,765   161   41,335   62   7,943   3,242   11,247   52,582  
2004  17,513   10,326   14,966   400   43,205   51   10,602   2,765   13,419   56,624  
2005  14,549   5,732   14,749   203   35,233   26   9,653   2,673   12,351   47,584  
2006  13,132   10,244   14,540   118   38,034   55   9,146   662   9,863   47,897  
2007  14,775   11,539   13,573   44   39,932   270   11,378   682   12,329   52,261  
2008  20,293   12,106   11,230   63   43,691   317   13,438   1,568   15,323   59,014  
2009  13,976   13,968   11,951   206   40,101   676   9,919   2,500   13,096   53,196  
2010  21,765   16,537   20,114   429   58,845   826   14,604   4,045   19,475   78,320  
2011  16,453   16,547   29,231   722   62,952   995   16,675   4,627   22,297   85,249  
2012  20,071   14,466   21,237   722   56,496   862   15,939   4,613   21,414   77,910  
2013  21,698   12,863   17,010   476   52,046   1,087   14,154   1,303   16,544   68,591  
2014  26,794   14,747   19,956   1,046   62,543   1,006   18,442   2,838   22,286   84,829  
2015  22,260   12,741   20,643   408   56,053   468   19,717   2,807   22,993   79,045  
2016  15,210   8,151   19,245   346   42,952   806   18,606   1,708   21,120   64,071  


2017*  12,666   7,632   11,786   67   32,152   127   13,023   62   13,212   45,364  
 


 


  







Table 2.3 History of Pacific cod catch (t, includes catch from State waters), Federal TAC (does not 
include State guideline harvest level), ABC, and OFL. ABC was not used in management 
of GOA groundfish prior to 1986. Catch for 2017 is current through 2017-10-11. The 
values in the column labeled “TAC” correspond to “optimum yield” for the years 1980-
1986, “target quota” for the year 1987, and true TAC for the years 1988-present. The ABC 
value listed for 1987 is the upper bound of the range. Source: NPFMC staff. 


Year Catch TAC ABC OFL 
1980 35,345 60,000 - - 
1981 36,131 70,000 - - 
1982 29,465 60,000 - - 
1983 36,540 60,000 - - 
1984 23,898 60,000 - - 
1985 14,428 60,000  - 
1986 25,012 75,000 136,000 - 
1987 32,939 50,000 125,000 - 
1988 33,802 80,000 99,000 - 
1989 43,293 71,200 71,200 - 
1990 72,517 90,000 90,000 - 
1991       76,301  77,900 77,900 - 
1992       80,073  63,500 63,500 87,600 
1993       55,709  56,700 56,700 78,100 
1994       46,649  50,400 50,400 71,100 
1995       68,085  69,200 69,200 126,000 
1996       68,064  65,000 65,000 88,000 
1997       67,840  69,115 81,500 180,000 
1998       61,520  66,060 77,900 141,000 
1999       67,928  67,835 84,400 134,000 
2000       54,266  59,800 76,400 102,000 
2001       41,533  52,110 67,800 91,200 
2002       42,307  44,230 57,600 77,100 
2003       52,461  40,540 52,800 70,100 
2004       56,569  48,033 62,810 102,000 
2005       47,538  44,433 58,100 86,200 
2006       47,822  52,264 68,859 95,500 
2007       51,895  52,264 68,859 97,600 
2008       58,666  50,269 64,493 88,660 
2009       52,633  41,807 55,300 66,000 
2010       77,623  59,563 79,100 94,100 
2011       84,385  65,100 86,800 102,600 
2012       77,195  65,700 87,600 104,000 
2013       67,394  60,600 80,800 97,200 
2014       83,687  64.738 88,500 107,300 
2015 77,771 75,202 102,850 140,300 
2016 64,071 71,925 98,600 116,700 


2017* 45,364 64,442 88,342 105,378 
*As of 10/11/2017 


 


  







Table 2.4. History of GOA Pacific cod allocations by regulatory area (in percent) 


Year(s) Western Central Eastern 
1977-1985 28 56 16 


1986 40 44 16 
1987 27 56 17 


1988-1989 19 73 8 
1990 33 66 1 
1991 33 62 5 
1992 37 61 2 


1993-1994 33 62 5 
1995-1996 29 66 5 
1997-1999 35 63 2 
2000-2001 36 57 7 


2002 39 55 6 
2002 38 56 6 
2003 39 55 6 
2003 38 56 6 
2004 36 57 7 
2004 35.3 56.5 8.2 
2005 36 57 7 
2005 35.3 56.5 8.2 
2006 39 55 6 
2006 38.54 54.35 7.11 
2007 39 55 6 
2007 38.54 54.35 7.11 
2008 39 57 4 
2008 38.69 56.55 4.76 
2009 39 57 4 
2009 38.69 56.55 4.76 
2010 35 62 3 
2010 34.86 61.75 3.39 
2011 35 62 3 
2011 35 62 3 
2012 35 62 3 
2012 32 65 3 
2013 38 60 3 
2014 37 60 3 
2015 38 60 3 
2016 41 50 9 
2017 41 50 9 
2018 44.9 45.1 10 


 







Table 2.5 Estimated retained-and discarded GOA Pacific cod from federal waters (source: AKFIN; 
*as of 2017-10-11) 


Year Discarded Retained Grand Total 
1991  1,427   74,873   76,301  
1992  3,920   76,827   80,747  
1993  5,886   50,602   56,488  
1994  3,122   44,363   47,485  
1995  3,546   65,439   68,985  
1996  7,555   60,725   68,280  
1997  4,828   63,647   68,476  
1998  1,732   60,389   62,121  
1999  1,645   66,970   68,614  
2000  1,378   53,130   54,508  
2001  1,904   39,715   41,619  
2002  3,715   38,631   42,345  
2003  2,485   50,097   52,582  
2004  1,268   55,355   56,624  
2005  1,043   46,541   47,584  
2006  1,852   46,045   47,897  
2007  1,448   50,813   52,261  
2008  3,307   55,707   59,014  
2009  3,944   49,252   53,196  
2010  2,871   75,449   78,320  
2011  2,083   83,166   85,249  
2012  973   76,937   77,910  
2013  4,623   63,968   68,591  
2014  5,231   79,598   84,829  
2015  1,734   77,311   79,045  
2016  895   63,177   64,071  


2017*  522   44,842   45,364  
 


 


  







Table 2.6 Weight of groundfish bycatch (t), discarded (D) and retained (R), for 2013 – 2017 for GOA 
Pacific cod as target species (AKFIN; as of 2017-10-20) 


 2013 2014 2015 2016 2017 
Species D R D R D R D R D R 
flounder, arrowtooth 862 576 818 499 448 659 560 809 205 258 
flounder, starry 0 4 0 3 0 4 0 3  3 
greenling, atka mackerel 21 0 7 0 146 11 31 8 349 32 
halibut, Pacific 0 26 5 30 28 35 5 15 8 20 
octopus, North Pacific 109 212 673 511 524 376 154 204 28 131 
Pacific sleeper shark 14  2  18  9  0  
perch, Pacific ocean 7 5 0 14 104 62 781 15 46 29 
pollock, walleye 105 750 87 1422 108 1002 58 346 308 464 
rockfish, dusky 17 6 10 39 11 16 60 19 75 13 
rockfish, harlequin 0 0 0 0 1 2 3  1  
rockfish, northern 48 62 13 59 12 35 61 17 36 8 
rockfish, quillback 0 4 0 4 0 21 0 15 0 8 
rockfish, redstripe  1  0  1  0 0 0 
rockfish, rougheye 0 1 1 3 0 3 1 2 7 2 
rockfish, shortraker 1 3 3 1 0 3 1 1 4 2 
rockfish, silvergray 0 0 0 0  1 0 1  0 
rockfish, thornyhead (idiots) 5 3 3 16 5 4 3 7 11 20 
rockfish, yelloweye (red snapper) 6 13 16 11 7 20 13 17 36 29 
sablefish (blackcod) 31 16 12 45 39 36 100 31 65 20 
sculpin, bigmouth 20  6  25  20  15  
sculpin, general 2 5 1 7 0 3 1 11 1 2 
sculpin, great 66  65  92  158  321  
sculpin, other large 192  206  229  163  155  
sculpin, plain 1    1  3    
sculpin, yellow irish lord 192  257  278  502 0 392  
shark, spiny dogfish 45 0 375 0 111 0 341 0 214  
skate, Alaskan  0  1  0  2  0 
skate, Aleutian  3  8  4  8  5 
skate, big 212 399 660 180 569 203 384 253 394 151 
skate, longnose 82 266 94 321 148 465 335 154 209 86 
skate, other 794 8 876 50 998 77 910 63 730 27 
skate, Whiteblotched        0  1 
sole, butter 0 186 0 69 0 48 0 45 0 10 
sole, dover 0 6 0 9 0 15 1 4 0 0 
sole, English  15 0 9  7 0 3  1 
sole, flathead 6 179 15 180 13 241 6 245 12 99 
sole, rex 17 95 12 73 8 113 23 147 3 16 
sole, rock 4 586 8 514 8 655 13 514 20 550 
sole, yellowfin   0 0 1   0 0 0 
squid, majestic 0 1  0 0 1 0 1 0 0 







Table 2.7 Incidental catch (t or birds by number) of non-target species groups by GOA Pacific cod 
fisheries, 2013-2017 (as of 2017-10-20).  


2013 2014 2015 2016 2017
Benthic urochordata 0.1 4.3 0.0 1.3
Birds 99 123 99 163 129
Bivalves 1.7 1.6 1.4 0.7 1.2
Brittle star unidentified 0.1 0.0 0.0 0.0 0.0
Corals Bryozoans - Corals Bryozoans Unidentified 0.1 1.5 1.2 0.4 1.2
Corals Bryozoans - Red Tree Coral 0.1 0.5
Eelpouts 0.2 0.1 0.3 0.1 0.1
Eulachon 0.2 0.0 0.0
Giant Grenadier 80.0 183.8 107.3 83.5 14.3
Greenlings 1.2 1.4 2.6 4.7 5.6
Grenadier - Rattail Grenadier Unidentified 17.4 15.6 0.1 1.2
Hermit crab unidentified 1.9 0.4 2.8 0.6 0.1
Invertebrate unidentified 0.4 0.5 0.2 1.1 0.0
Misc crabs 2.9 2.9 1.0 1.0 0.8
Misc crustaceans 0.0 0.0 0.5 0.0
Misc fish 90.4 120.5 108.4 152.5 146.4
Misc inverts (worms etc) 0.0
Other osmerids 0.0
Pacific Hake 0.0
Pacific Sand lance 0.0 0.0
Pandalid shrimp 0.0 0.0
Polychaete unidentified 0.0 0.0
Scypho jellies 1.6 1.2 4.0 21.5 0.9
Sea anemone unidentified 6.6 6.8 5.7 21.2 12.2
Sea pens whips 2.3 2.9 1.8 0.7 0.5
Sea star 551.7 872.0 1218.4 892.3 360.7
Snails 2.4 24.0 11.8 14.6 9.2
Sponge unidentified 0.4 0.3 1.3 1.6 1.8
State-managed Rockfish 40.2 13.6 14.6 47.1 73.3
Stichaeidae 0.1 0.3
urchins dollars cucumbers 1.2 1.4 4.2 2.0 4.4







Table 2.8 Pacific cod catch (t) in other target Gulf of Alaska groundfish fisheries. *Data for 2017 is 
as of 10/20/2017. 
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Total 
2003 1,598 844 110 1,787 281 588 166 274 87 325 38 


 
6,097 


2004 806 504 222 1,735 257 175 171 194 51 120 106 
 


4,341 
2005 1,234 636 207 931 226 115 145 153 95 22 6 


 
3,772 


2006 1,278 944 647 521 253 271 62 38 144 8 1 
 


4,166 
2007 2,421 901 217 251 423 409 58 131 129 


  
1 4,941 


2008 3,367 1,593 459 445 488 238 120 125 156 0 
  


6,991 
2009 4,196 611 394 631 938 592 158 279 88 10 


  
7,897 


2010 2,742 719 1,309 734 578 390 188 286 73 24 8 
 


7,052 
2011 924 1,736 1,338 560 1,273 155 162 94 86 2 16 9 6,354 
2012 1,040 934 935 404 233 174 332 134 40 0 


  
4,225 


2013 2,626 1,038 850 584 1,954 203 192 102 129 0 9 15 7,701 
2014 2,267 3,030 2,810 624 1,132 273 476 64 100 1 2 


 
10,78


0 
2015 711 1,383 1,089 785 453 162 622 1 117 12 


  
5,335 


2016 224 1,345 623 365 279 25 227 39 101 
  


10 3,239 
2017


* 
117 1,117 476 223 232 6 35 2 62 2 


 
5 2,275 







 


 


Table 2.9 Noncommercial fishery catch (in kg); total source amounts less than 1 mt were omitted 
(AFSC for GOA bottom trawl survey values; AKFIN for other values, as of 2017-10-28) 


Source 2009 2010 2011 2012 2013 2014 2015 
Annual Longline 
Survey 


         
30,987           33,224           27,069           30,505           22,734           33,370  


         
39,824  


Bait for Crab 
Fishery              16,444             7,348  


           
1,616  


Golden King Crab 
Pot Survey                   12     
Gulf of Alaska 
Bottom Trawl 
Survey            29,393            26,221   


         
18,945  


IPHC Annual 
Longline Survey          142,300          124,356           85,595          123,197          138,091  


         
77,044  


Large-Mesh Trawl 
Survey 


              
958           11,702           17,015           20,500           18,577           13,090  


           
8,072  


Salmon EFP 13-01                2,647             8,316   
Scallop Dredge 
Survey 


               
14                      8   


                 
0  


Shelikof Acoustic 
Survey                 14       
Shelikof and 
Chirikof EIT                     4     
Shumagin and 
Sanak EIT                  583     
Shumigans 
Acoustic Survey             1,030       
Small-Mesh Trawl 
Survey             1,887             1,654             2,662             1,678             1,424  


           
1,412  


Sport Fishery          113,660          155,527          143,762          131,133          199,263  
        


183,813  
Spot Shrimp 
Survey                    3                   12  


               
10  


Structure of Gulf 
of Alaska Forage 
Fish Communities                136       
Western Gulf of 
Alaska Pollock 
Acoustic 
Cooperative 
Survey                  59            


Total 
         


31,959          304,011          355,017          283,622          342,639          400,913  
        


330,736  
 


 


 


 







Table 2.10 Pacific cod catch (t) in other target Gulf of Alaska groundfish fisheries. *Data for 2017 is 
as of 10/20/2017. 
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2003 1,598 844 110 1,787 281 588 166 274 87 325 38 
 


6,097 
2004 806 504 222 1,735 257 175 171 194 51 120 106 


 
4,341 


2005 1,234 636 207 931 226 115 145 153 95 22 6 
 


3,772 
2006 1,278 944 647 521 253 271 62 38 144 8 1 


 
4,166 


2007 2,421 901 217 251 423 409 58 131 129 
  


1 4,941 
2008 3,367 1,593 459 445 488 238 120 125 156 0 


  
6,991 


2009 4,196 611 394 631 938 592 158 279 88 10 
  


7,897 
2010 2,742 719 1,309 734 578 390 188 286 73 24 8 


 
7,052 


2011 924 1,736 1,338 560 1,273 155 162 94 86 2 16 9 6,354 
2012 1,040 934 935 404 233 174 332 134 40 0 


  
4,225 


2013 2,626 1,038 850 584 1,954 203 192 102 129 0 9 15 7,701 
2014 2,267 3,030 2,810 624 1,132 273 476 64 100 1 2 


 
10,780 


2015 711 1,383 1,089 785 453 162 622 1 117 12 
  


5,335 
2016 224 1,345 623 365 279 25 227 39 101 


  
10 3,239 


2017* 117 1,117 476 223 232 6 35 2 62 2 
 


5 2,275 







Table 2.11 Pacific cod abundance measured in biomass (t) and numbers of fish (1000s), as assessed by 
the GOA bottom trawl survey. Point estimates are shown along with coefficients of 
variation.  


  
Year Biomass(t) CV Abundance CV 
1984 550,971 0.096 320,525 0.102 
1987 394,987 0.085 247,020 0.121 
1990 416,788 0.100 212,132 0.135 
1993 409,848 0.117 231,963 0.124 
1996 538,154 0.131 319,068 0.140 
1999 306,413 0.083 166,584 0.074 
2001 257,614 0.133 158,424 0.118 
2003 297,402 0.098 159,749 0.085 
2005 308,175 0.170 139,895 0.135 
2007 232,035 0.091 192,306 0.114 
2009 752,651 0.195 573,469 0.185 
2011 500,975 0.089 348,060 0.116 
2013 506,362 0.097 337,992 0.099 
2015 253,694 0.069 196,334 0.079 
2017 107,342 0.128 56,199 0.117 


 


Table 2.12 AFSC’s longline survey Relative Population Number (RPNs) and CVs for Pacific cod.  


Year RPN CV Year RPN CV 
1990     116,398  0.139 2007 34,992  0.140 
1991     110,036  0.141 2008 26,881  0.228 
1992     136,311  0.087 2009 68,391  0.138 
1993     153,894  0.114 2010 86,722  0.138 
1994       96,532  0.094 2011 93,732  0.141 
1995     120,700  0.100 2012 63,749  0.148 
1996       84,530  0.141 2013 48,534  0.162 
1997     104,610  0.169 2014 69,653  0.143 
1998     125,846  0.115 2015 88,410  0.160 
1999       91,407  0.113 2016 83,887  0.172 
2000       54,310  0.145 2017 39,523 0.101 
2001       33,841  0.181    
2002       51,900  0.170    
2003       59,952  0.150    
2004       53,108  0.118    
2005       29,864  0.214    
2006       34,316  0.197    


 


 


 


 


 


 







Table 2.13 IPHC Longline Relative Population Numbers (RPNs) and CVs for Pacific cod. 


Year RPN CV  Year RPN CV 
1997  29,431.29   0.24   2008  22,201.86   0.17  
1998  16,389.47   0.20   2009  30,228.94   0.16  
1999  12,387.02   0.21   2010  27,836.75   0.16  
2000  14,599.59   0.22   2011  31,728.38   0.15  
2001  12,192.47   0.23   2012  23,604.72   0.17  
2002  16,372.69   0.21   2013  26,333.14   0.18  
2003  15,361.62   0.22   2014  27,789.64   0.16  
2004  16,075.93   0.20   2015  16,853.72   0.20  
2005  16,397.51   0.23   2016  11,888.02   0.23  
2006  15,761.12   0.20      
2007  18,196.23   0.19      


 


Table 2.14 ADFG trawl survey deltaGLM biomass index and CVs for Pacific cod.  


Year Index CV  Year Index CV 
1988  2.85   0.09   2005  1.08   0.09  
1989  3.79   0.09   2006  0.93   0.09  
1990  2.82   0.08   2007  1.11   0.08  
1991  1.93   0.14   2008  1.28   0.07  
1992  2.93   0.08   2009  1.29   0.07  
1993  2.37   0.09   2010  1.09   0.07  
1994  2.13   0.08   2011  1.40   0.07  
1995  2.36   0.11   2012  2.65   0.09  
1996  2.39   0.09   2013  2.00   0.10  
1997  2.57   0.08   2014  1.37   0.10  
1998  2.32   0.09   2015  1.24   0.10  
1999  1.28   0.07   2016  0.85   0.11  
2000  1.00   0.08   2017  0.90   0.11  
2001  0.88   0.08      
2002  1.11   0.07      
2003  0.89   0.08      
2004  1.37   0.07      


 


 







Table 2.15 CFSR bottom temperature index for 10 cm and 40 cm Pacific cod for 1979-2016. 


Year 10cm 40cm  Year 10cm 40cm 
1979 5.798 5.111  1999 5.100 5.015 
1980 5.488 5.024  2000 5.183 4.878 
1981 6.454 5.460  2001 5.476 5.081 
1982 4.747 4.645  2002 4.824 4.447 
1983 5.636 5.329  2003 5.833 5.438 
1984 5.367 5.314  2004 5.235 5.089 
1985 5.219 5.232  2005 5.503 5.320 
1986 5.342 5.085  2006 5.299 5.059 
1987 6.061 5.412  2007 4.752 4.377 
1988 5.481 5.031  2008 4.849 4.645 
1989 4.728 4.509  2009 4.383 4.396 
1990 4.847 4.561  2010 5.736 5.164 
1991 4.967 4.648  2011 5.038 4.775 
1992 5.462 4.965  2012 4.755 4.275 
1993 5.135 4.794  2013 4.716 4.741 
1994 5.058 4.888  2014 5.465 5.004 
1995 4.592 4.688  2015 6.468 5.668 
1996 5.106 4.864  2016 6.075 5.005 
1997 5.123 4.959     
1998 6.270 5.575     


 


  







Table 2.16 Number of parameters by category for model configurations presented. 


 M17.xx.25 M17.09.26 M17.09.31 M17.09.36 M17.09.37 


Recruitment      
Early Rec. Devs 


 (1962-1977) 16 16 16 16 16 
Main Rec. Devs 


(1978-2014) 37 37 37 37 37 
Late Rec. Devs  


(2015-2017) 3 3 3 3 3 
Future Rec. Devs. 


(2018-2022) 5 5 5 5 5 
R0 1 1 1 1 1 


R1 offset 1 1 1 1 1 
Natural 
mortality 1 1 2 2 4 
Growth 5 5 5 5 5 
Catchability      


Qtrawl 1 1 1 1 1 
Qlongline   1   


Qlongline env. offset   1   
Initial F 2 2 2 2 2 
Selectivity      


Trawl Survey 18 16 18 16 16 
Longline survey 5 5 5 5 5 


Trawl Fishery 13 55 (39 dev) 55 (39 dev) 59 (39 dev) 59 (39 dev) 
Longline Fishery 11 36 (24 dev) 36 (24 dev) 40 (24 dev) 40 (24 dev) 


Pot Fishery 8 8 8 8 8 
Total 127 192 195 202 204 


 
  







Table 2.17 Model fit statistics and results. Note that likelihoods between model series are not 
completely comparable. 


    M17.08.25 M17.09.25 M17.09.26 M17.09.31 M17.09.35 M17.09.36 M17.09.37 


AIC 3918.88 3613.18 3604.90 3580.68 3522.78 2774.70 2739.02 
Likelihoods        


 Total 1822.44 1672.59 1610.45 1595.34 1559.39 1185.35 1165.51 


 Survey 26.01 24.84 5.98 -0.24 0.80 2.38 -5.51 


 
Length 


Composition 
1228.27 1102.86 1057.78 1045.43 1005.46 643.05 640.83 


 
Age 


Composition 
569.36 547.62 541.79 538.02 531.37 534.00 531.97 


 Recruitment -7.86 -8.02 -2.99 -6.05 -4.14 -1.07 -1.20 


 
Parameter 


priors 
0.00 0.00 1.21 10.10 11.64 9.76 2.96 


 
Parameter 


Devs. 
0.025 0.022 4.85 4.80 4.80 3.81 3.94 


Parameters        


 R0 billions 360.16 355.93 372.54 501.12 531.37 470.62 493.61 


 Steepness 0.44 0.44 0.44 0.44 0.44 0.44 0.44 


 
Natural 


Mortality 
0.44 0.44 0.44|0.88 0.48|0.69 0.49|0.71 0.48|0.69 See text 


 qShelf|qlongline 1.78 1.67 1.57 1.48|1.4 - 2.7 1.47|1.4-2.7 1.56|1.5 - 2.8 1.73|1.7 - 3.0 


 Lmin 5.72 6.82 6.74 7.04 7.08 7.13 7.09 


 Lmax 117.76 123.67 120.28 124.25 124.14 123.98 122.99 


 Von Bert K 0.13 0.12 0.12 0.11 0.11 0.11 0.11 
Results        
Model        


 SSB1978 (t) 120,656 111,802 65,599 72,447 74,472 79,064 82,088 
Projection        


 SSB100% (t) 184,887 185,832 190,511 169,261 168,583 164,520  


 SSB2017 (t) 44,468 43,289 36,534 40,102 40,442 37,632  


 SSB2017%     24.1% 23.3% 19.2% 23.7% 24.0% 22.8%  


 SSB2018(t) 39,177 38,804 31,694 35,159 36,209 33,334  


 SSB2018% 21.2% 20.9% 16.7% 20.8% 21.5% 20.3%  


 F35% 0.496 0.570 0.459 0.749 0.657 0.704  


 F40% 0.609 0.707 0.558 0.944 0.824 0.887  
2018        


 ABC (t) 15,904 16,547 0 17,669 19,401 15,965  


 FABC 0.25 0.283 0 0.370 0.336 0.338  


 OFL (t) 19,090 19,989 11,027 21,579 23,564 19,512  


 FOFL 0.31 0.349 0.209 0.462 0.417 0.423  
2019        


 ABC (t) 14,528 15,858 0 16,758 17,634 15,907  


 FABC 0.238 0.277 0 0.362 0.318 0.342  


 OFL (t) 17,795 19,147 14,208 19,745 21,415 18,760  
  FOFL 0.291 0.340 0.240 0.436 0.395 0.411  


 







Table 2.18 Likelihood components by fleet for all proposed models. 


Model Label ALL FshTrawl FshLL FshPot Srv LLSrv 
Model17.08.25 Age_like 569.36  - - - 569.36  - 
Model17.09.26 Age_like 541.79  - - - 541.79  - 
Model17.09.31 Age_like 538.02  - - - 538.02  - 
Model17.09.35 Age_like 540.80 - - - 540.80 - 
Model17.09.36 Age_like 534.00  - - - 534.00  - 
Model17.09.37 Age_like 531.97  - - - 531.97  - 
Model17.08.25 Catch_like 1.26E-09 3.49E-10 4.54E-10 4.57E-10 -    - 
Model17.09.25 Catch_like 4.33E-09 1.40E-09 1.47E-09 1.46E-09 -    - 
Model17.09.26 Catch_like 3.58E-09 1.15E-09 1.18E-09 1.26E-09 -    - 
Model17.09.31 Catch_like 1.10E-09 3.56E-10 3.64E-10 3.81E-10 -    - 
Model17.09.35 Catch_like 3.04E-10 9.47E-11 1.07E-10 1.03E-10 - - 
Model17.09.36 Catch_like 1.03E-09 3.19E-10 3.62E-10 3.52E-10 - - 
Model17.09.37 Catch_like 1.01E-08 3.07E-09 3.44E-09 3.56E-09 - - 
Model17.08.25 Length_like 1,228.27  407.87  258.52  203.99  163.68 194.21 
Model17.09.25 Length_like 1,102.86  326.09  235.01  211.30  132.74 197.71 
Model17.09.26 Length_like 1,057.78  299.72  223.42  209.65  132.78 192.22 
Model17.09.31 Length_like 1,045.43  302.39  209.52  207.23  132.04 194.26 
Model17.09.35 Length_like 1,005.46   274.13   200.89   208.00   132.85   189.60  
Model17.09.36 Length_like 643.05  110.49  123.57  90.13  130.97 187.89 
Model17.09.37 Length_like 640.83  108.66  125.22  90.13  129.47 187.36 
Model17.08.25 Surv_like 26.01  -    -    -    7.53 18.48 
Model17.09.25 Surv_like 24.84  -    -    -    7.60 17.25 
Model17.09.26 Surv_like 5.98  -    -    -    -5.54 11.52 
Model17.09.31 Surv_like -0.24 -    -    -    -0.85 0.61 
Model17.09.35 Surv_like 0.80 -    -    -    0.33 0.47 
Model17.09.36 Surv_like 2.38  -    -    -    -0.38 2.76  
Model17.09.37 Surv_like -5.51 -    -    -    -8.22 2.71 







Table 2.19 Retrospective analysis, index RMSE, harmonic mean effective N for length and age 
compositions, and recruitment variability for assessed models. 


    M17.08.25 M17.09.25 M17.09.26 M17.09.31 M17.09.35 M17.09.36 M17.09.37 


Retrospective        
Female spawning biomass        


 Mohn’s  ρ 0.107 0.110 -0.004 0.099 0.137 0.091 0.094 
 Woods Hole ρ  -0.001 0.033 -0.013 0.030 0.062 0.034 0.028 
 RMSE 0.052 0.059 0.057 0.060 0.073 0.057 0.052 


Recruitment (age -0)        
 Mohn’s  ρ 1.002 0.902 -0.011 0.506 0.546 0.487 0.278 
 Woods Hole ρ  0.090 0.100 0.002 0.075 0.109 0.071 0.054 
 RMSE 0.219 0.213 0.158 0.174 0.186 0.177 0.158 
         


Index RMSE        
 Shelf 0.35 0.34 0.31 0.31 0.32 0.32 0.28 
 ABL Longline 0.35 0.35 0.33 0.31 0.32 0.33 0.32 
         


Size Comp        
Har. Mean EffN        


 Trawl 277.53 284.94 326.70 327.07 330.98 313.98 321.47 
 Longline 492.20 409.03 454.58 460.67 471.70 464.57 457.33 
 Pot 716.21 487.01 481.58 494.57 501.93 487.30 479.35 
 Trawl Survey 355.99 328.07 332.96 331.74 332.73 336.49 323.35 
 ABL Longline 292.43 289.26 302.10 297.40 305.29 309.60 302.45 


Mean input N*Adjustment        
 Trawl 152.25 124.8 124.8 124.8 124.8 48.30 48.30 
 Longline 158.18 117.42 117.42 117.42 117.42 69.75 69.75 
 Pot 177.46 135.54 135.54 135.54 135.54 57.60 57.60 
 Trawl Survey 100 100 100 100 100 100 100 
 ABL Longline 100 100 100 100 100 100 100 


Age Comp        
 Trawl Survey 3.47 3.50 3.49 3.50 3.50 3.50 3.49 
Mean input N        
 Trawl Survey 2.58 2.49 2.49 2.49 2.49 2.49 2.49 


         
Rec. Var. (1977-2016)        


  
Std.dev(ln(No. 


Age 1))  
0.41 0.41 0.42 0.41 0.40 0.39 0.35 


 


 


 


 


 


 


 


 


 







Table 2.20 Natural mortality by age and year fit in Model 17.09.37, red are high values, blue low. 


Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ 


1977 0.75 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 


1978 0.75 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 


1979 0.75 0.58 0.56 0.54 0.52 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 


1980 0.75 0.49 0.48 0.47 0.47 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 


1981 0.75 0.82 0.76 0.71 0.66 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 


1982 0.75 0.33 0.34 0.35 0.37 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 


1983 0.75 0.53 0.52 0.50 0.49 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 


1984 0.75 0.46 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 


1985 0.75 0.42 0.42 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 


1986 0.75 0.45 0.45 0.45 0.45 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 


1987 0.75 0.66 0.63 0.60 0.57 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 0.54 


1988 0.75 0.49 0.48 0.47 0.47 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 


1989 0.75 0.32 0.34 0.35 0.36 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 


1990 0.75 0.34 0.36 0.37 0.38 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 


1991 0.75 0.37 0.38 0.38 0.39 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 


1992 0.75 0.48 0.47 0.47 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 


1993 0.75 0.40 0.41 0.41 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 


1994 0.75 0.39 0.39 0.40 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 


1995 0.75 0.30 0.32 0.33 0.35 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 


1996 0.75 0.40 0.40 0.41 0.41 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 


1997 0.75 0.40 0.40 0.41 0.41 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 


1998 0.75 0.74 0.70 0.66 0.61 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 


1999 0.75 0.40 0.40 0.41 0.41 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 


2000 0.75 0.41 0.42 0.42 0.42 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 


2001 0.75 0.48 0.48 0.47 0.47 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 


2002 0.75 0.34 0.35 0.36 0.37 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 


2003 0.75 0.59 0.57 0.55 0.53 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 


2004 0.75 0.42 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43 


2005 0.75 0.49 0.48 0.48 0.47 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 


2006 0.75 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 


2007 0.75 0.33 0.34 0.35 0.37 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 


2008 0.75 0.35 0.36 0.37 0.38 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 


2009 0.75 0.27 0.29 0.31 0.32 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 


2010 0.75 0.56 0.54 0.53 0.51 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 


2011 0.75 0.38 0.39 0.40 0.40 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 


2012 0.75 0.33 0.34 0.35 0.37 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 


2013 0.75 0.32 0.33 0.35 0.36 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 


2014 0.75 0.48 0.48 0.47 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 


2015 0.75 1.72 1.41 1.11 0.80 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 


2016 0.75 1.39 1.15 0.92 0.68 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 


2017 0.75 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 
 







 


Table 2.21 Age-0 recruitment and standard deviation of age-0 recruits by year for last year’s model, 
Model 16.08.25, Model 17.08.25, Model 17.09.25, Model17.09.26. Highlighted are the 
1977 and 2012 year classes. 


 Last Year's Model M17.08.25 M17.09.25 M17.09.26 


Year Age-0 x 109 Stdev Age-0 x 109 Stdev Age-0 x 109 Stdev Age-0 x 109 Stdev 
1977 1.560 0.456 1.077 0.298 0.996 0.279 0.623 0.106 
1978 0.473 0.178 0.312 0.116 0.302 0.111 0.188 0.051 
1979 0.729 0.233 0.487 0.151 0.463 0.144 0.245 0.054 
1980 0.801 0.235 0.546 0.154 0.519 0.149 0.443 0.071 
1981 0.480 0.147 0.332 0.097 0.316 0.095 0.388 0.067 
1982 0.554 0.168 0.379 0.110 0.370 0.110 0.554 0.079 
1983 0.628 0.179 0.442 0.122 0.424 0.120 0.404 0.069 
1984 0.912 0.224 0.674 0.159 0.664 0.161 0.631 0.072 
1985 0.735 0.174 0.548 0.124 0.546 0.127 0.553 0.057 
1986 0.562 0.133 0.413 0.094 0.407 0.096 0.406 0.042 
1987 0.692 0.156 0.514 0.111 0.526 0.119 0.530 0.043 
1988 0.573 0.132 0.427 0.094 0.436 0.100 0.437 0.040 
1989 0.726 0.162 0.541 0.116 0.553 0.124 0.552 0.044 
1990 0.668 0.148 0.496 0.105 0.532 0.118 0.536 0.042 
1991 0.491 0.110 0.368 0.079 0.369 0.083 0.371 0.034 
1992 0.429 0.094 0.324 0.068 0.316 0.069 0.313 0.028 
1993 0.409 0.087 0.309 0.063 0.304 0.065 0.303 0.026 
1994 0.421 0.088 0.320 0.064 0.326 0.068 0.327 0.026 
1995 0.502 0.101 0.384 0.074 0.373 0.076 0.374 0.025 
1996 0.351 0.073 0.268 0.054 0.276 0.058 0.275 0.022 
1997 0.320 0.066 0.244 0.048 0.254 0.053 0.255 0.020 
1998 0.392 0.079 0.299 0.057 0.306 0.062 0.308 0.021 
1999 0.542 0.105 0.417 0.077 0.395 0.077 0.398 0.024 
2000 0.446 0.085 0.349 0.064 0.337 0.065 0.337 0.021 
2001 0.232 0.048 0.181 0.036 0.182 0.037 0.180 0.017 
2002 0.265 0.052 0.206 0.039 0.190 0.038 0.189 0.017 
2003 0.255 0.049 0.201 0.037 0.179 0.036 0.180 0.018 
2004 0.389 0.072 0.304 0.054 0.284 0.055 0.288 0.025 
2005 0.591 0.108 0.464 0.081 0.493 0.092 0.502 0.037 
2006 0.668 0.121 0.520 0.089 0.556 0.102 0.584 0.040 
2007 0.531 0.104 0.419 0.077 0.449 0.087 0.468 0.040 
2008 0.754 0.142 0.563 0.097 0.512 0.096 0.574 0.042 
2009 0.348 0.071 0.239 0.045 0.255 0.050 0.311 0.033 
2010 0.401 0.080 0.255 0.046 0.277 0.053 0.383 0.041 
2011 0.752 0.153 0.431 0.075 0.341 0.065 0.609 0.072 
2012 1.099 0.235 0.460 0.082 0.449 0.086 0.951 0.124 
2013 0.570 0.148 0.197 0.042 0.189 0.043 0.400 0.076 
2014 0.261 0.078 0.083 0.022 0.089 0.025 0.160 0.038 
2015 0.416 0.186 0.116 0.036 0.137 0.044 0.278 0.085 
2016 0.546 0.269 0.109 0.034 0.117 0.038 0.187 0.053 
2017   0.360 0.176 0.356 0.175 0.373 0.166 
1998   0.299 0.057 0.306 0.062 0.308 0.021 


Mean 1977-2015 0.562  0.380  0.375  0.400  
Stdev(Ln(x))   0.407  0.499  0.480  0.42 







 


Table 2.22 Age-0 recruitment and standard deviation of age-0 recruits by year for 2017 models. 
Highlighted are the 1977 and 2012 year classes. 


 M17.09.31 M17.09.35 M17.09.36 M16.09.37 
Year Age-0x109 St.dev. Age-0x109 Stdev Age-0x109 Stdev Age-0x109 St.dev. 
1977 0.890 0.234 0.945 0.255 0.796 0.232 1.077 0.233 
1978 0.274 0.094 0.290 0.101 0.276 0.101 0.362 0.118 
1979 0.366 0.113 0.388 0.122 0.333 0.114 0.439 0.119 
1980 0.654 0.172 0.695 0.187 0.543 0.160 0.707 0.151 
1981 0.577 0.157 0.612 0.169 0.545 0.158 0.523 0.097 
1982 0.835 0.210 0.881 0.227 0.711 0.195 0.772 0.125 
1983 0.601 0.158 0.631 0.169 0.550 0.154 0.568 0.102 
1984 0.929 0.206 0.975 0.221 0.827 0.198 0.880 0.111 
1985 0.800 0.168 0.841 0.181 0.723 0.163 0.792 0.100 
1986 0.583 0.122 0.611 0.132 0.557 0.125 0.599 0.078 
1987 0.755 0.150 0.797 0.162 0.693 0.148 0.579 0.058 
1988 0.628 0.128 0.660 0.138 0.567 0.125 0.431 0.049 
1989 0.804 0.159 0.842 0.171 0.712 0.153 0.579 0.057 
1990 0.781 0.152 0.826 0.165 0.723 0.154 0.624 0.059 
1991 0.526 0.104 0.550 0.112 0.487 0.105 0.444 0.046 
1992 0.434 0.084 0.450 0.090 0.407 0.086 0.354 0.036 
1993 0.415 0.079 0.430 0.084 0.402 0.083 0.359 0.037 
1994 0.455 0.084 0.474 0.090 0.446 0.090 0.430 0.040 
1995 0.522 0.093 0.542 0.099 0.507 0.098 0.579 0.045 
1996 0.385 0.071 0.398 0.076 0.336 0.068 0.416 0.042 
1997 0.356 0.065 0.369 0.070 0.331 0.066 0.441 0.049 
1998 0.426 0.075 0.441 0.080 0.402 0.077 0.400 0.030 
1999 0.549 0.093 0.576 0.103 0.501 0.095 0.526 0.037 
2000 0.466 0.078 0.505 0.090 0.461 0.086 0.502 0.035 
2001 0.252 0.046 0.280 0.054 0.262 0.053 0.275 0.028 
2002 0.265 0.047 0.294 0.054 0.253 0.049 0.292 0.031 
2003 0.250 0.045 0.276 0.052 0.237 0.047 0.225 0.026 
2004 0.398 0.069 0.431 0.078 0.391 0.074 0.361 0.038 
2005 0.669 0.112 0.697 0.121 0.602 0.111 0.498 0.050 
2006 0.760 0.125 0.799 0.136 0.728 0.130 0.581 0.051 
2007 0.627 0.110 0.639 0.114 0.589 0.111 0.471 0.047 
2008 0.722 0.122 0.727 0.126 0.660 0.119 0.553 0.050 
2009 0.363 0.066 0.370 0.069 0.328 0.064 0.318 0.037 
2010 0.408 0.074 0.425 0.079 0.382 0.073 0.316 0.042 
2011 0.567 0.106 0.603 0.116 0.531 0.105 0.503 0.073 
2012 0.826 0.161 0.902 0.180 0.809 0.164 1.083 0.151 
2013 0.379 0.090 0.421 0.102 0.362 0.090 0.839 0.187 
2014 0.166 0.046 0.182 0.052 0.161 0.046 0.392 0.108 
2015 0.256 0.085 0.278 0.094 0.245 0.084 0.348 0.104 
2016 0.193 0.062 0.208 0.068 0.185 0.060 0.162 0.042 
2017 0.501 0.241 0.531 0.257 0.471 0.229 0.494 0.220 


Mean 
1977-2015 


0.528  0.565  0.489  0.515  


Stdev(ln(age-0)) 0.436  0.426 0.415 0.393 


 







Table 2.23 Estimated female spawning biomass (t) from the 2016 assessment and this year’s assessment 
from Models 16.08.25, 17.09.25, 17.09.35, and 17.09.26 


 Last Year's Model Model17.09.25 Model17.09.35 Model 17.09.36 


 Sp.Bio St.dev Sp.Bio St.dev Sp.Bio St.dev Sp.Bio St.dev 
1977 132,285 30,821  102,570   21,665   67,950   12,982   73,840   15,092  
1978 143,660 31,718  111,800   22,316   74,475   13,342   79,065   15,470  
1979 140,575 30,038  109,885   21,382   71,785   12,529   75,645   14,655  
1980 140,510 28,713  109,485   20,545   72,545   12,284   74,065   13,763  
1981 160,675 31,350  122,405   22,274   82,590   14,613   78,750   14,980  
1982 195,575 35,342  148,765   25,273   98,600   17,205   90,960   17,096  
1983 208,360 35,003  160,155   25,484   101,520   17,580   93,490   17,417  
1984 210,755 33,449  163,180   24,814   101,765   17,838   92,320   17,287  
1985 214,060 31,229  168,700   23,667   116,150   18,910   103,920   17,910  
1986 211,320 27,717  170,640   21,470   138,020   19,415   123,810   18,344  
1987 203,960 24,308  167,775   19,195   157,635   19,245   141,275   18,130  
1988 202,310 21,719  169,500   17,473   171,305   18,348   154,070   17,233  
1989 208,230 19,750  179,045   16,270   186,405   17,373   168,640   16,220  
1990 204,735 17,454  180,240   14,755   190,465   15,852   173,590   14,813  
1991 184,630 15,274  164,825   13,268   176,205   14,214   161,395   13,344  
1992 167,680 13,742  152,205   12,301   164,150   13,138   150,510   12,335  
1993 153,455 12,756  141,505   11,740   154,270   12,518   140,655   11,741  
1994 154,515 12,172  145,570   11,484   159,545   12,248   145,365   11,535  
1995 155,935 11,135  150,385   10,725   164,135   11,395   150,590   10,882  
1996 140,470 9,572  137,310   9,300   148,525   9,751   137,025   9,498  
1997 121,770 8,053  119,685   7,825   127,535   8,063   118,795   8,042  
1998 104,710 6,952  103,025   6,739   108,470   6,867   102,635   7,023  
1999 94,670 6,373  92,985   6,144   97,520   6,265   94,050   6,524  
2000 84,750 6,031  82,820   5,792   87,170   5,917   84,805   6,180  
2001 77,685 5,553  76,405   5,369   80,405   5,476   77,775   5,684  
2002 75,600 5,140  75,050   4,985   78,825   5,112   75,995   5,275  
2003 78,190 5,022  77,170   4,811   81,325   5,048   78,160   5,143  
2004 80,825 4,965  78,285   4,696   83,360   5,145   79,645   5,163  
2005 76,535 4,462  73,545   4,262   79,250   4,899   75,880   4,894  
2006 67,700 3,660  65,080   3,582   71,040   4,306   68,275   4,270  
2007 57,805 3,040  54,680   3,055   61,235   3,818   58,325   3,713  
2008 51,225 2,876  46,749   2,928   54,470   3,718   50,985   3,568  
2009 53,605 3,357  48,385   3,380   57,740   4,201   53,310   4,006  
2010 69,070 4,222  65,345   4,245   75,775   5,124   70,015   4,881  
2011 77,630 5,057  76,045   5,004   86,915   5,897   81,005   5,682  
2012 81,330 5,957  79,420   5,529   89,920   6,314   84,585   6,143  
2013 85,110 6,543  79,500   5,589   88,915   6,312   84,030   6,152  
2014 81,115 6,412  72,250   5,011   81,125   5,996   76,420   5,815  
2015 75,485 7,088  57,105   4,486   69,555   6,518   64,505   6,176  
2016 91,210 10,037  50,785   4,606   56,455   4,941   52,355   4,717  
2017      98,479     50,165   5,118   47,326   4,375   44,295   4,153  
2018   38,804  35,824  33,334  







Table 2.24 Estimated beginning year weight and length at age from Model 17.09.35. 


Age Weight (kg) 
Length 
(cm) Age Weight (kg) 


Length 
(cm) 


0 0.000 0.5 11 7.249 88.5 
1 0.023 13.5 12 8.264 92.4 
2 0.152 25.4 13 9.239 95.8 
3 0.443 36.0 14 10.155 98.8 
4 0.911 45.4 15 10.993 101.5 
5 1.545 53.9 16 11.741 103.9 
6 2.319 61.4 17 12.395 106.1 
7 3.204 68.1 18 12.957 108.0 
8 4.167 74.1 19 13.434 109.8 
9 5.179 79.5 20 14.377 114.0 


10 6.214 84.3    
 


 


Table 2.25 Estimated fishing mortality in Apical F and Total exploitation for Model 17.09.35. 


 Sum Apical F Total 
Exploitation 


 Sum Apical F Total 
Exploitation 


Year F σ Year F σ 
1977 0.018 0.005 0.012 2001 0.464 0.038 0.169 
1978 0.085 0.016 0.063 2002 0.478 0.036 0.162 
1979 0.116 0.025 0.070 2003 0.618 0.043 0.192 
1980 0.281 0.063 0.125 2004 0.664 0.046 0.224 
1981 0.194 0.037 0.127 2005 0.688 0.052 0.211 
1982 0.141 0.026 0.104 2006 0.729 0.053 0.236 
1983 0.184 0.034 0.117 2007 0.799 0.066 0.265 
1984 0.126 0.025 0.072 2008 1.098 0.105 0.268 
1985 0.107 0.024 0.037 2009 0.914 0.086 0.202 
1986 0.156 0.033 0.058 2010 1.061 0.096 0.261 
1987 0.111 0.044 0.067 2011 0.992 0.086 0.265 
1988 0.098 0.012 0.064 2012 0.831 0.076 0.262 
1989 0.120 0.019 0.082 2013 0.599 0.059 0.250 
1990 0.321 0.031 0.136 2014 0.865 0.090 0.314 
1991 0.369 0.034 0.152 2015 1.039 0.120 0.272 
1992 0.424 0.040 0.164 2016 0.994 0.114 0.291 
1993 0.310 0.028 0.116     


1994 0.250 0.021 0.100     


1995 0.362 0.028 0.153     


1996 0.393 0.030 0.172     


1997 0.457 0.035 0.193     


1998 0.501 0.038 0.191     


1999 0.661 0.052 0.232     


2000 0.588 0.047 0.210     


 







Table 2.26 Model 17.09.35 parameters and reference estimates MLE and MCMC derived.  


 MLE estimates MCMC posterior distribution 
 MLE σ 50% 2.5% 97.5% 


MStandard 0.4902 0.0230 0.48313 0.4366 0.5305 
M2015-2016 0.7136 0.0612 0.69752 0.5944 0.8259 
Von Bert K 0.1134 0.0063 0.11835 0.1071 0.1320 
Lmin 7.0841 0.5169 6.81304 5.6691 7.7914 
Lmax 124.1370 4.2083 120.864 113.6449 128.4407 
Ln(QTrawl survey) 0.3853 0.0841 0.3827 0.1986 0.5518 
Ln(Qll survey) 0.6638 0.0562 0.6496 0.5034 0.7810 
Ln(Qll survey envir. link) 0.3244 0.0718 0.3152 0.2082 0.4312 
FSSB1978  74,475   13,342  79,491 57,478 116,790 
FSSB2018  40,535   4,621  40,420 32,399 50,171 
Recr_1977  945,230   255,260  981,085 594,797 1,742,443 
Recr_2012  901,690   180,440  844,229 581,060 1,296,929 
SSB2018/B100% 24.04% 2.74% 23.98% 19.22% 29.76% 


 


Table 2.27 Biological reference points from GOA Pacific cod SAFE documents for years 2001 2017 


Year  SB100% SB40% F40% SBy+1 ABCy+1 
2001  212,000 85,000 0.41 82,000 57,600 
2002  226,000 90,300 0.35 88,300 52,800 
2003  222,000 88,900 0.34 103,000 62,810 
2004  211,000 84,400 0.31 91,700 58,100 
2005  329,000 132,000 0.56 165,000 68,859 
2006  259,000 103,000 0.46 136,000 68,859 
2007  302,000 121,000 0.49 108,000 66,493 
2008  255,500 102,200 0.52 88,000 55,300 
2009  291,500 116,600 0.49 117,600 79,100 
2010  256,300 102,500 0.42 124,100 86,800 
2011  261,000 104,000 0.44 121,000 87,600 
2012  234,800 93,900 0.49 111,000 80,800 
2013  227,800 91,100 0.54 120,100 88,500 
2014  316,500 126,600 0.50 155,400 102,850 
2015  325,200 130,000 0.41 116,600 98,600 
2016  196,776 78,711 0.53 105,378 88,342 
2017  168,583 67,433 0.80 35,973 18,972 


 







Table 2.28 Number of fish at age-0 from Model 17.09.35 with the M 2015-2016 block fixed at the 
standard M value used in projection model. 


Year  Age-0   Year Age-0 
1977  297,389   2000  352,861  
1978  568,910   2001  310,628  
1979  172,883   2002  173,066  
1980  232,497   2003  181,594  
1981  417,153   2004  169,764  
1982  368,632   2005  260,850  
1983  536,216   2006  423,040  
1984  383,023   2007  475,978  
1985  594,276   2008  380,924  
1986  513,220   2009  417,733  
1987  371,982   2010  205,744  
1988  485,264   2011  221,401  
1989  401,433   2012  279,878  
1990  512,310   2013  383,801  
1991  503,920   2014  169,596  
1992  336,392   2015  75,461  
1993  275,087   2016  117,276  
1994  262,377   2017  97,815  
1995  289,001     
1996  330,958     
1997  243,571     
1998  225,773     
1999  269,297     


 


  







Table 2.29 Results for the projection scenarios from Model 17.09.35. Female spawning stock biomass 
(SSB) SSB, fishing mortality (F), and catch for the 7 projection scenarios. 


SSB Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017  40,442   40,442   40,442   40,442   40,442   40,442   40,442  
2018  36,106   36,209   36,267   36,302   37,432   35,792   36,106  
2019  33,926   34,424   34,733   34,928   41,981   32,328   33,926  
2020  33,505   33,876   34,331   34,624   46,363   31,466   33,204  
2021  40,029   39,973   40,901   41,247   56,332   37,726   38,450  
2022  54,221   54,179   57,222   57,637   76,350   51,464   51,675  
2023  64,144   64,117   72,982   73,527   98,027   60,067   60,086  
2024  68,074   68,066   84,020   84,730   116,734   62,641   62,629  
2025  69,612   69,610   91,301   92,167   131,988   63,385   63,378  
2026  70,108   70,108   95,707   96,699   143,643   63,504   63,502  
2027  69,863   69,863   97,858   98,942   151,799   63,126   63,125  
2028  69,620   69,620   98,909   100,053   157,445   62,887   62,886  
2029  69,430   69,430   99,380   100,562   161,244   62,737   62,737  
2030  69,542   69,542   99,795   100,998   163,965   62,877   62,877  


F         
2017 0.82 0.82 0.82 0.82 0.82 0.82 0.82 
2018 0.34 0.31 0.29 0.29 0.00 0.42 0.34 
2019 0.31 0.31 0.29 0.29 0.00 0.37 0.31 
2020 0.30 0.32 0.29 0.29 0.00 0.36 0.38 
2021 0.38 0.37 0.29 0.29 0.00 0.44 0.45 
2022 0.51 0.51 0.29 0.29 0.00 0.61 0.62 
2023 0.59 0.59 0.29 0.29 0.00 0.71 0.71 
2024 0.61 0.61 0.29 0.29 0.00 0.73 0.73 
2025 0.62 0.62 0.29 0.29 0.00 0.74 0.74 
2026 0.62 0.62 0.29 0.29 0.00 0.74 0.74 
2027 0.62 0.62 0.29 0.29 0.00 0.73 0.73 
2028 0.62 0.62 0.29 0.29 0.00 0.73 0.73 
2029 0.62 0.62 0.29 0.29 0.00 0.73 0.73 
2030 0.62 0.62 0.29 0.29 0.00 0.73 0.73 


Catch        
2017  48,940   48,940   48,940   48,940  48,940  48,940   48,940  
2018  19,401   18,000   17,206   16,730  0  23,565   19,401  
2019  17,168   17,000   16,562   16,180  0  19,247   17,168  
2020  15,980   17,187   16,134   15,804  0  17,996   20,067  
2021  24,148   24,076   19,295   18,891  0  26,657   27,643  
2022  43,988   43,952   26,711   26,119  0  49,414   49,746  
2023  58,950   58,905   34,370   33,622  0  65,421   65,429  
2024  64,721   64,709   39,754   38,931  0  70,337   70,305  
2025  66,575   66,574   43,076   42,229  0  71,469   71,454  
2026  67,007   67,007   44,962   44,113  0  71,461   71,457  
2027  66,671   66,672   45,849   45,012  0  70,856   70,855  
2028  66,400   66,400   46,222   45,398  0  70,479   70,479  
2029  66,168   66,168   46,374   45,559  0  70,297   70,297  
2030  66,282   66,282   46,539   45,727  0  70,463   70,463  


 


 







Table 2.30 Gulf of Alaska Pacific cod catch and ex-vessel data. Total and retained catch (thousand 
metric tons), ex-vessel value (million US$) and price (US$ per pound), hook and line and pot 
gear share of catch, inshore sector share of catch, number of vessel; 2007-2011 average and 
2012-2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea 
Production Reports; and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by 
the Alaska Fisheries Information Network (AKFIN). 
 
Table 2.31 Gulf of Alaska Pacific cod first-wholesale market data. First-wholesale production (thousand 


metric tons), value (million US$), price (US$ per pound), fillet and head and gut volume 
(thousand metric tons), value share, and price (US$ per pound), inshore share of value; 2007-
2011 average and 2012-2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea 
Production Reports; and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by 
the Alaska Fisheries Information Network (AKFIN).  


  


Avg 07-11 2012 2013 2014 2015 2016
Total catch K mt 65.6 77.9 68.6 84.8 79 64.1
Retained catch K mt 62.7 76.9 63.9 79.5 77.2 63.1
Ex-vessel value M $ $51.3 $59.6 $37.2 $52.1 $50.0 $41.0
Ex-vessel price lb $ $0.371 $0.352 $0.264 $0.297 $0.293 $0.294
Hook & line share of catch 27% 27% 21% 23% 20% 17%
Pot gear share of catch 48% 48% 49% 48% 52% 60%
Central Gulf share of catch 61% 66% 58% 59% 60% 53%
Shoreside share of catch 88% 91% 92% 91% 92% 92%
Vessels # 437.2 504 350 341 382 358


Avg 07-11 2012 2013 2014 2015 2016
All Products volume K mt 27.58 34.09 23.80 31.07 32.00 21.65
All Products value M $ $102.1 $113.6 $94.2 $118.1 $102.9 $90.2
All Products price lb $ $1.68 $1.51 $1.80 $1.72 $1.46 $1.89
Fillets volume K mt 7.23 9.08 9.70 9.85 6.39 7.87
Fillets value share 48.2% 50.1% 71.3% 57.1% 36.2% 64.6%
Fillets price lb $ $3.09 $2.84 $3.14 $3.10 $2.64 $3.36
Head & Gut volume K mt 12.50 15.37 6.63 13.95 19.05 8.43
Head & Gut value share 37.5% 35.4% 15.6% 32.6% 51.1% 22.4%
Head & Gut price lb $ $1.39 $1.19 $1.01 $1.25 $1.25 $1.09







Table 2.32 Cod U.S. trade and global market data. Global production (thousand metric tons), U.S. share 
of global production, and Europe’s share of global production; U.S. export volume (thousand 
metric tons), value (million US$), and price (US$ per pound); U.S. cod consumption 
(estimated), and share of domestic production remaining in the U.S. (estimated); and the share 
of U.S. export volume and value for head and gut (H&G), fillets, China, Japan, and Germany 
and Netherlands; 2007-2011 average and 2012-2017. 


 
Notes: Pacific cod in this table is for all U.S. Unless noted, `cod’ in this table refers to Atlantic and Pacific cod. 
Russia, Norway, and Iceland account for the majority of Europe’s cod catch which is largely focused in the 
Barents sea. 


Source: FAO Fisheries & Aquaculture Dept. Statistics http://www.fao.org/fishery/statistics/en. NOAA Fisheries, 
Fisheries Statistics Division, Foreign Trade Division of the U.S. Census Bureau, 
http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index. U.S. Department of 
Agriculture http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx. 


 


  


Avg 07-11 2012 2013 2014 2015 2016
2017      


(thru July)


1,272 1,600 1,831 1,853 1,764 - -
19.7% 20.7% 17.0% 17.7% 18.1% - -
72.3% 73.2% 76.7% 75.9% 74.8% - -


Pacific cod share of U.S. catch 96.7% 98.6% 99.3% 99.3% 99.5% - -
U.S. cod consumption K mt (est.) 80 97 104 114 107 113 -
Share of U.S. cod not exported 25% 30% 31% 31% 26% 29% -


90.3 111.1 101.8 107.3 113.2 105.2 67.7
$286.3 $363.6 $308.0 $314.2 $335.0 $311.7 $208.0
$1.439 $1.485 $1.373 $1.328 $1.342 $1.344 $1.393


volume Share 68% 80% 91% 92% 91% 94% 94%
value share 68% 80% 89% 91% 90% 92% 92%
volume Share 13% 9% 4% 2% 3% 3% 5%
value share 16% 11% 5% 4% 4% 4% 6%
volume Share 27% 46% 51% 54% 53% 55% 59%
value share 25% 43% 48% 51% 51% 52% 57%
volume Share 18% 16% 13% 16% 13% 14% 12%
value share 18% 16% 13% 16% 14% 15% 13%
volume Share 11% 8% 8% 9% 8% 5% 3%
value share 12% 9% 9% 10% 8% 5% 3%


Export value M US$
Export price lb US$


Global cod catch K mt
U.S. P. cod share of global catch
Europe share of global catch


Export volume K mt


Frozen 
(H&G)


Fillets


China


Japan


Netherlands 
& Germany



http://www.fao.org/fishery/statistics/en

http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index

http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx





Figures 
 


 
Figure 2.1 Gulf of Alaska mean lengths with climate reconstruction. The shaded boxes represent 


periods of significant changes in air temperature, sea surface temperature, storminess, and 
ocean circulation that drive ocean productivity. The lightly shaded boxes represent 
periods of cooler and stormier environments, which are generally more productive, while 
the darkly shaded boxes represent warmer and generally less productive environments. 
Dates are presented as calibrated means; (From Betts et al. 2011; Figure 11.4).  







 


 
Figure 2.2. Sea surface temperatures (top) and larval abundance from late spring icthyoplankton 


surveys in the Gulf of Alaska using all stations within a core area covering the Shelikof 
Sea valley and Semidi bank area. 


  







 
Figure 2.3 Log larval area weighted CPUE from late spring icthyoplankton surveys in the Gulf of 


Alaska using all stations within a core area covering the Shelikof Sea valley and Semidi 
bank area by mean annual temperature at 48m bottom depth in the Central GOA from the 
CFSR reanalysis data.  


 
Figure 2.4 Annual centers of distribution of Pacific cod by temperature and depth for five size 


categories from the GOA bottom trawl survey. The red and blue points are greater or less 
than 0.66 standard deviations from the 1996-2017 bottom temperature mean for the 
Central GOA.  







 


 
Figure 2.5 Percent diet by weight in Pacific cod stomachs sampled in water <100m (top) and >100m 


(bottom), all years and seasons, for Gulf of Alaska. 
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Figure 2.6 Gulf of Alaska Pacific cod catch from 1977-2017. Note that 2017 catch was estimated. 


 
Figure 2.7 Commercial catch of Pacific cod in the Gulf of Alaska by 20km2 grid for 1990-2015. 







 
Figure 2.8 Commercial catch of Pacific cod in the Gulf of Alaska by 20km2 grid for 2016. 







 
Figure 2.9 Commercial catch of Pacific cod in the Gulf of Alaska by 20km2 grid for 2017 as of 


October 11, 2017. 







 
Figure 2.10 Central GOA difference in fishing depth from the three year mean (2015-2017) of 


observed hauls for January-August for the three major gear types. 


 


 
Figure 2.11 Western GOA difference in fishing depth from the three year mean (2015-2017) of 


observed hauls for January-August for the three major gear types. 







 
Figure 2.12 Pacific cod length composition by annual proportion from the Gulf of Alaska longline 


fishery (max=0.1). 


 
Figure 2.13 Mean length (cm) of Pacific cod from the Gulf of Alaska longline fishery. 







 
Figure 2.14 Pacific cod length composition by annual proportion from the Gulf of Alaska pot fishery 


(max=0.08). 


 
Figure 2.15 Mean length (cm) of Pacific cod from the Gulf of Alaska pot fishery. 







 
Figure 2.16 Pacific cod length composition by annual proportion from the Gulf of Alaska trawl 


fishery (max=0.1). 


 
Figure 2.17 Mean length (cm) of Pacific cod from the Gulf of Alaska trawl fishery. 







 
Figure 2.18 Cumulative catch by week of the year and gear for 2014-2017 in the Central regulatory 


area. 2017 data are through October 2, 2017. 


 


 
Figure 2.19 Cumulative catch by week of the year and gear for 2014-2017 in the Western regulatory 


area. The 2017 data are through October 2, 2017. 







 
Figure 2.20 Central regulatory area distribution in CPUE by number from the 2015-2017 average for 


January-August directed cod fishery in longline (top; catch per hook), pot (middle; catch 
per pot), and trawl (bottom; catch per minute) fisheries. 


 


 
Figure 2.21 Western regulatory area distribution in CPUE by number from the 2015-2017 average for 


January-August directed cod fishery in longline (top; catch per hook), pot (middle; catch 
per pot), and trawl (bottom; catch per minute) fisheries. 


 







 
 


Figure 2.22 Boxplot of CPUE by number from the 2008-2017 directed Pacific cod fishery in longline 
(left; catch per hook), pot (middle; catch per pot), and trawl (right; catch per minute) 
fisheries for January-April for the Central (top) and Western (bottom) regulatory areas. 
Note that the data in these figures are not controlled for vessel or gear differences within 
a gear type across time, but shows the raw CPUE data distribution. 


 


 


 


 







 
Figure 2.23 Condition of Pacific cod by length category and year in the Central GOA for the longline  


A-season fisheries (January-April). 


 


 
Figure 2.24 Condition of Pacific cod by length category and year in the Central GOA for the pot A-


season fisheries (January-April). 







 
Figure 2.25 Condition of Pacific cod by length category and year in the Western GOA for the 


longline A-season fisheries (January-April). 


  
Figure 2.26 Condition of Pacific cod by length category and year in the Western GOA for pot A-


season fisheries (January-April). 


 







 
Figure 2.27 Proportion of pelagic trawls in the A Season (January-April) walleye pollock fishery with 


Pacific cod present. 


 


 
Figure 2.28 –Histogram of observed trawl hauls distance from the bottom with and without cod present 


(bottom). 







 
Figure 2.29 Number of cod per pollock from pelagic trawls in the A Season (January-April) walleye 


pollock fishery. 







 
 


Figure 2.30 Tons of Pacific cod per ton of catch from the A season (January-April) bottom trawl 
shallow water flatfish fishery. 


 
Figure  2.31 GOA bottom trawl survey abundance (numbers) estimate. 







 
Figure  2.32 GOA bottom trawl survey Pacific cod population numbers at length estimates (max 


=0.07). 


 
Figure  2.33 Mean length (cm) of Pacific cod in the GOA bottom trawl survey.  


 







 


 
Figure  2.34 Distribution of AFSC bottom trawl survey CPUE of Pacific cod.  


 







 
Figure 2.37 Cont. Distribution of AFSC bottom trawl survey CPUE of Pacific cod. 


 







 
Figure  2.35 AFSC sablefish longline survey Pacific cod relative population numbers (RPN) time 


series. 


 
Figure  2.36 AFSC sablefish longline survey Pacific cod size composition (max=0.09). 







 
Figure  2.37 Mean length (cm) of Pacific cod from the AFSC sablefish longline survey. 


 
Figure  2.38 AFSC longline survey Pacific cod RPN (top) and mean length (bottom) in comparison 


with the 10CM CFSR bottom temperature index. 







 


 


 
Figure  2.39 IPHC halibut longline survey Pacific cod RPN time series. 


 
Figure  2.40 ADFG bottom trawl survey stations for 1988-2017 with Pacific cod presence and absence 


in red and blue for each station. 







    


   


 
Figure  2.41 ADFG bottom trawl survey stations for 2013-2017 with Pacific cod log density, blue 


points indicate stations with no Pacific cod. 


 







  
Figure  2.42 ADFG bottom trawl survey delta-glm Pacific cod density index time series. 


 


 
Figure  2.43 ADFG bottom trawl survey Pacific cod population numbers at length estimates. 


 


 







 
Figure 2.44 Climate Forcast System Reanalysis (CFSR) Central Gulf of Alaska bottom temperatures 


at the AFSC bottom trawl survey mean depths for 10 cm and 40 cm Pacific cod.  


 


 
Figure 2.45 Data used in the 2017 models, circle area is relative to initial precision within data type. 







 
Figure 2.46 Pacific cod age composition data from the Gulf of Alaska fisheries by gear type 2015-


2016.  







 
Figure 2.47 Pacific cod age composition data from the Gulf of Alaska bottom trawl survey 1987-


2015.  


 


 
Figure 2.48 Pacific cod conditional length at age from the Gulf of Alaska bottom trawl survey 1987-


2015.  







 
Figure 2.49 1977-2016 Gulf of Alaska Pacific cod female spawning biomass from the 2003 through 2016 stock assessments with the author’s 


preferred Model 17.09.35, Model 17.09.36, and Model 17.09.26,  and (inset) images from the NMFS small net surveys off Kodiak 
Alaska showing change in species composition over time from: 
http://www.thexxnakedscientists.com/HTML/articles/article/brucewrightcolumn1.htm/  







 


 
Figure 2.50 Estimates of female spawning biomass (t; top) and age-0 recruits (billions; bottom) for 


2016 reference model with 2017 data (Model 17.08.25) and the proposed alternative 2017 
models. 







 
Figure 2.51 Estimates of length at age for 2016 reference model with 2017 data (Model 17.08.25) and 


the proposed alternative 2017 models showing very little difference among models. 


 


 
Figure 2.52 Estimates of female spawning biomass (t × 103; top) and age-0 recruits (billions; bottom) 


for Model 16.08.25 with and without 2017 data.  







 


 


 


 


 
 


Figure 2.53 –2016 (Model16.08.25) and 2017 (all other models) selectivity for all size composition 
components. 


 


  


 







 
Figure 2.54 Retrospective analysis for Model 17.08.25 for Female spawning biomass (top left) age-0 


recruits (top right), and showing Age-0 recruits from Model 17.08.25 and Model 
17.08.25 with the 2017 data removed (Model17.08.25 retro -1 year). 


 


 
Figure 2.55 Estimates of female spawning biomass (t × 103; top) and age-0 recruits (billions; bottom) 


for Model 17.08.25 and Model 17.09.25. 







 
Figure 2.56 Likelihood profile on natural mortality in Model 17.09.25. 


 
Figure 2.57 Likelihood profile on natural mortality and catchability in Model 17.09.25. 







 


 
Figure 2.58 Female spawning biomass (t × 103; top) and age-0 recruits (billions; bottom) in Model 


17.09.25 with both the AFSC longline and bottom trawl surveys and without each of 
these data series.  


 
Figure 2.59 Retrospective analysis for Model 17.09.25 for Female spawning biomass (left) age-0 


recruits (right). 







Model 17.09.25                                                     Model 17.09.26                                                       Model 17.09.31 


 


 
 


Figure 2.60 Model 17.09.25 (left), Model 17.09.26 (middle), and Model 17.09.31 (right) fits (line) to mean length from the trawl (top) and 
longline (bottom) fisheries. 


 


 


 


 







Model 17.09.25                                                     Model 17.09.26                                                       Model 17.09.31 


   


 
Figure 2.61 Model 17.09.25 (left), Model 17.09.26 (middle), and Model 17.09.31 (right) fits (line) to mean length from the AFSC bottom 


trawl (top) and AFSC longline (bottom) surveys. 







 
Figure 2.62 Estimates of female spawning biomass (t × 103; top) and age-0 recruits (billions; bottom) 


for Model 17.09.25 and Model 17.09.26. 


 
Figure 2.63 Retrospective analysis for Model 17.09.26 for Female spawning biomass (left) age-0  


recruits (right). 







 
Figure 2.64 Time varying catchability for the AFSC sablefish longline survey in Model 17.09.31 


scaled by the 10 cm CFSR bottom temperature index anomaly.  


 


 
Figure 2.65 Estimates of female spawning biomass (t × 103; top) and age-0 recruits (billions; bottom) 


for Model 17.09.26 and Model 17.09.31. 







Model 17.09.35                                                        Model 17.09.36                                                    Model17.09.37 


 


 
Figure 2.66 Model 17.09.35 (left), Model 17.09.36 (middle) and Model 17.09.37 (right), fits (line) to AFSC bottom trawl index of abundance 


(top) and AFSC longline RPN index (bottom). 


 


 


 


 







Model 17.09.35                                                        Model 17.09.36                                                    Model17.09.37 


 


 
Figure 2.67 Model 17.09.35 (left), Model 17.09.36 (middle), and Model 17.09.37 (right) fits (line) to mean length from the trawl (top) and 


longline (bottom) fisheries. 







 


 


 


 
Figure 2.68 Retrospective analysis for Model 17.09.31 (top), Model 17.09.35 (middle), and Model 


17.09.36 (bottom) for Female spawning biomass (left) age-0  recruits (right). 
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Figure 2.69 Estimates of female spawning biomass (t × 103; top) and age-0 recruits (billions; bottom) 


for Model 17.09.31, Model 17.09.35, and Model 17.09.36. 







 
Figure 2.70 Dynamic natural mortality for ages 1-14 for Model 17.09.37 fit. Note that natural 


mortality for Age-0 was fixed at 0.75 and for ages 15+ is the same as that estimated for 
age 14. 







 
Figure 2.71 Estimates of female spawning biomass (t; top) and age-0 recruits (billions; bottom) for 


Model 17.09.36 and Model 17.09.37. 


 


 
Figure 2.72 Retrospective analysis for Model 17.09.37 for Female spawning biomass (left) age-0  


recruits (right). 







 


 


 


 
Figure 2.73 Estimates of female spawning biomass (t; top) and age-0 recruits (billions; middle) for 


Model 17.09.35 with and without the IPHC longline index fit (bottom) in the model. 







 
Figure 2.74 Standardized indices for the ADFG trawl survey (ADFG) and IPHC longline survey 


(IPHCLL) and Model 17.09.35 predicted index values for the AFSC longline (LLSrv) 
and bottom trawl (Srv) surveys. 







 
Figure 2.75 Total biomass estimates from reviewed models and NMFS bottom trawl survey biomass estimates with 95% confidence bounds.  







 


   


  


 
Figure 2.76 Selectivity curves for Model 17.09.35 Trawl fishery (FshTrawl), longline fishery 


(FshLL), pot fishery (FshPot), NMFS bottom trawl survey (Srv), and Auke Bay longline 
survey (LLSrv) length composition data. 


 







 


 
Figure 2.77 Overall Model 17.09.35 fits to Trawl fishery (FshTrawl), longline fishery (FshLL), pot 


fishery (FshPot), NMFS bottom trawl survey (Srv), and Auke Bay longline survey 
(LLSrv) length composition data. 


 







   


 
Figure 2.78 Trawl fishery length composition and Model 17.09.35 fit (top and left) and Pearson residuals 


(right bottom).  


 


 


 







   


  
Figure 2.79 Longline fishery length composition and Model 17.09.35 fit (top and left) and Pearson 


residuals (max = 5.12; right bottom).  


 







  


 
Figure 2.80 Pot fishery length composition and Model 17.09.35 fit (top), and Pearson residuals 


(max=3.83; bottom).  


 


 


 


 







  


   
Figure 2.81 NMFS bottom trawl survey length composition and Model 17.09.35 fit (top), Pearson 


residuals (left bottom), and mean length (cm; right bottom).  


 







   


  
Figure 2.82 Auke Bay longline survey length composition and Model 17.09.35 fit (top), Pearson 


residuals (left bottom), and mean length (cm; right bottom).  


 


   
Figure 2.83 NMFS bottom trawl survey (Srv) age composition and Model 17.09.35 fit (left) and 


Pearson’s residuals (right).  







 


 
Figure 2.84 NMFS bottom trawl survey (Srv) mean age and Model 17.09.35 fit.  


 







  
Figure 2.85 Model 17.09.35 length at age, weight at age, weight at length, and fraction mature at 


length, weight, and age.   







 


  


   


 
Figure 2.86 NMFS bottom trawl survey (Srv) conditional length-at-age data and Model 17.09.35 fit.  


 


 







  


 
Figure 2.87 Model 17.09.35 predicted spawning output (femal spawning biomass; t) with 95% 


asymtotic error intervals (top) and total biomass (t). 
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Figure 2.88 Model 17.09.35 predictions of middle of the year number at age (top) with mean age (red 


line)/. 


  
Figure 2.89 Model 17.09.35 age-0 recruitment (1000’s) with 95% asymtotic error intervals. 


 







  
Figure 2.90 Model 17.09.35 log recruitment deviations with 95% asymtotic error intervals. 


 


 
Figure 2.91 Model 17.09.35 Age-0 recruits with and without the 2015-2016 fitting block on natural 


mortality showing differences in estimated recruitment for 2005-2016 . 


 


 







 
Figure 2.92 Model 17.09.35 continuos fishing mortality by trawl (FshTrawl), longline (FshLL) and 


pot (FshPot) fisheries 


  
Figure 2.93 For Model 17.09.35 ratio of historical F/Fmsy versus female spawning biomass relative 


to Bmsy for GOA pacific cod, 1977-2019. Note that the proxies for Fmsy and Bmsy are 
F35% and B35%, respectively. The Fs presented are the sum of the full Fs across fleets. 
Dashed line is at B20%, Steller sea lion closure rule for GOA Pacific cod. 







 


 
Figure 2.94 Model 17.09.35 MCMC trace (top ), autocorrelation function plot (middle), Geweke 


diagnostic plot (bottom) for the objective function.   







 


 
Figure 2.95 Model 17.09.35 MCMCposterior distribitions of female spawning biomass (top) and 


Female spawning biomass/B100% (bottom) with B20% (red dotted line) 1977-2018.  


 







  
Figure 2.96 Model 17.09.35 MCMCposterior distribitions of spawning stock biomass/B100% (bottom) 


with B20% (red dashed line) from the projection model, MLE estimate (green dotted line) 
and posterior 50% (blue dashed line) for beginning year 2018.  


 


 


 
Figure 2.97 Model 17.09.35 projections of female spawning biomass (top ), catch (bottom left), and 


female spawning biomass from scenarios 6 and 7 for status determination (bottom right).  







 
Figure 2.98 Relative energetic demand for Pacific cod of 10-70 cm FL based on the adult 


bioenergetic model for Pacific cod (Holsman and Aydin, 2015) and CFSR age-specific 
depth-preference corrected water temperatures (Barbeaux, unpublished data). 







 
Figure 2.99 Daily model estimates of growth (top panel) and metabolic demand (bottom panel) based 


on the adult Pacific cod bioenergetics model (Holsman and Aydin, 2015), a fixed relative 
foraging rate (RFR) =0.65 (across years), annual indices of GOA prey eenergy density, 
and an intermediate P. cod energy density of 3.625 kJ/g reported in Vollenweider et al. 
2011. 







  
Figure 2.100 Average prey energy density based on mean energy density of prey items and diet 


composition from GOA Pacific cod stomach samples. Diet data from NOAA REEM 
Food Habits database. 







  
Figure 2.101 Specific weight (g prey/ g pred) of prey in the diets of GOA Pacific cod, averaged across 


all survey diet samples and fish sizes. Diet data from NOAA REEM Food Habits 
database. 







 
Figure 2.102 Specific weight (g prey/ g pred) of Chionoecetes bairdi in the diets of Pacific cod in the 


Gulf of Alaska, AK. Diet data from NOAA REEM Food Habits database. 


  
Figure 2.103 Proportion by weight of of Chionoecetes bairdi in the diets of different size classess of 


Pacific cod in the Gulf of Alaska, AK. Diet data from NOAA REEM Food Habits. 
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Executive Summary 


Summary of Changes in Assessment Model Inputs 


Changes in input data  
1.  Fishery: 2016 total catch and catch at age. 
 
2.  Shelikof Strait acoustic survey: 2017 biomass and age composition. 
 
3.  NMFS bottom trawl survey: 2017 biomass and length composition. 
 
4.  ADFG crab/groundfish trawl survey: 2017 biomass and 2016 age composition.  
 
5.  Summer acoustic survey: 2017 biomass and length composition. 
 
Changes in assessment methodology 
The age-structured assessment model is similar to the model used for the 2016 assessment and was 
developed using AD Model Builder (a C++ software language extension and automatic differentiation 
library). The recommended model uses the Francis (2011) method for reweighting composition data, and 
includes random walks in survey catchability for the Shelikof Strait acoustic survey and the ADFG 
crab/groundfish survey. 
  
Summary of Results 


The base model projection of female spawning biomass in 2018 is 342,683 t, which is 57.5% of unfished 
spawning biomass (based on average post-1977 recruitment) and above B40% (238,000 t), thereby placing 
GOA pollock in sub-tier “a” of Tier 3. The new survey data for 2017 included the Shelikof Strait acoustic 
survey, the NMFS bottom trawl, summer acoustic survey, and the ADFG bottom trawl survey. Survey 
data in 2017 are highly contrasting, with both acoustic surveys indicating large or increasing biomass, and 
both bottom trawl surveys indicating a steep decline. These divergent trends are likely due to changes in 
the availability of pollock to different surveying methods, although additional research is need to confirm 
this hypothesis. Other characteristics of the GOA pollock stock are showing unusual patterns, including 
changes in growth and maturation, very low recruitment, and unequal sex ratios. Although the GOA 
pollock stock is currently estimated to be at relatively high abundance due to an exceptionally strong 2012 
year class, it is apparent that we have entered into a period of increased uncertainty regarding future 
abundance trends.  
 
The authors’ 2018 ABC recommendation for pollock in the Gulf of Alaska west of 140° W lon. 
(W/C/WYK regions) is 161,492 t, which is a decrease of 21% from the 2017 ABC.  The recommended 







ABC was based on a model projection using the base model and the adjusted F40% harvest rate.  Because 
the stock is above the inflection point in the harvest control rule, this alternative gives the same ABC as 
the maximum permissible FABC. The recommended 2018 ABC is nearly the same as the projected 2018 
ABC in the 2016 assessment (3% higher). This consistency is surprising given the strong and contrasting 
signals from recent survey data.  In 2019, the ABC based an adjusted F40% harvest rate is 106,568 t.  The 
OFL in 2017 is 187,059 t, and the OFL in 2019 if the recommended ABC is taken in 2017 is 131,170 t. It 
should be noted that there is likely to be a continuing decline in the ABC over the next few years, 
particularly if low recruitment continues. ABCs as low as 70,000 t may occur by 2020. 
 
For pollock in southeast Alaska (Southeast Outside region), the ABC recommendation for both 2018 and 
2019 is 8,773 t (see Appendix A) and the OFL recommendation for both 2018 and 2019 is 11,697 t.  
These recommendations are based on a Tier 5 assessment using the estimated biomass in 2017 and 2018 
from a random effects model fit to the 1990-2015 bottom trawl survey biomass estimates in Southeast 
Alaska. 
 
Status Summary for Gulf of Alaska Pollock in W/C/WYK Areas 


  
As estimated or specified 


last year for 
As estimated or 


recommended this year for 
Quantity/Status 2017 2018 2018 2019 
M (natural mortality rate) 0.3 0.3 0.3 0.3 
Tier 3a 3a 3a 3a 
Projected total (age 3+) biomass (t) 1,391,290 991,030 1,124,930 804,586 
Female spawning biomass (t) 363,800 348,330 342,683 264,349 
             B100% 667,000   667,000   596,000   596,000   
             B40% 267,000 267,000 238,000 238,000 
             B35% 234,000 234,000 209,000 209,000 
FOFL 0.30 0.30 0.30 0.30 
maxFABC  0.25 0.25 0.26 0.26 
FABC 0.25 0.25 0.26 0.24 
OFL (t) 235,807 182,204 187,059 131,170 
maxABC (t) 203,769 157,496 161,492 113,153 
ABC (t) 203,769 157,496 161,492 106,568 


Status 


As determined last  
year for 


As determined this  
year for 


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


 
  







 


Status Summary for Pollock in the Southeast Outside Area 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
 


M (natural mortality rate) 0.3 0.3 0.3 0.3 
Tier 5 5 5 5 
Biomass (t)     
     Upper 95% confidence interval 76,781 83,089 70,502 75,820 
     Point estimate 44,087 44,087 38,989 38,989 
     Lower 95% confidence interval 25,315 23,393 21,562 20,050 
FOFL 0.30 0.30 0.30 0.30 
maxFABC 0.23 0.23 0.23 0.23 
FABC 0.23 0.23 0.23 0.23 
OFL (t) 13,226 13,226 11,697 11,697 
maxABC (t) 9,920 9,920 8,773 8,773 
ABC (t) 9,920 9,920 8,773 8,773 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing No n/a No n/a 


 
Responses to SSC and Plan Team Comments in General 
The SSC in its December 2016 minutes continued to support a standard naming convention for different 
models presented in assessments. 
 
In this assessment, we used the naming convention supported by the SSC. The base model in last year’s 
assessment was model 16.2. The recommended base model in this assessment is model 17.2.  
 
Responses to SSC and Plan Team Comments Specific to this Assessment 
 
The GOA plan team recommended in its November 2016 minutes that the summary information on 
economic performance be included in future assessments. 
 
A section on the economic performance of the GOA pollock fishery is again included in the assessment. 
 
The GOA plan team recommended in its November 2016 minutes continued development of the ADFG 
survey delta-GLM model, examining interactions and the possible inclusion of environmental covariates. 
 
The delta-GLM model for the ADFG survey was included again included in the assessment.  We were 
unable to explore interaction terms or environmental covariates in the model. 
 
The GOA plan team recommended in its November 2016 minutes an evaluation of prediction error of the 
weight-at-age random effects model. 
 
We compare the predictions from last year’s weight-at-age random effects model with this year’s 
estimates. 
 







The GOA plan team recommended in its November 2016 minutes a coordinated evaluation of annual 
change in ADFG survey biomass estimates relative to the NMFS bottom trawl survey for both Pacific cod 
and walleye pollock. 
 
We were unable to conduct this evaluation. 
 
The SSC its December 2016 minutes noted that number of assessments are adopting the geostatistical 
approach for estimating survey biomass and its uncertainty. The SSC recommended further exploration of 
geostatistical estimates for GOA pollock. 
 
Work presented to the joint plan teams in September indicated the application of VAST models to Gulf of 
Alaska survey data was not straightforward, and that additional analyses were needed before being fully 
confident in the approach. We did not put forward a model in this assessment using the VAST approach 
pending additional analyses to be completed. 
 
The SSC its December 2016 minutes looked forward to suggestions for model improvement during the 
CIE review in 2017. 
 
The CIE review for GOA pollock took place on May 22-25, 2017. Reviews were generally supportive of 
the current approach for the GOA pollock assessment. We summarized the reviews for the GOA plan 
team in September, and are developing a written response to the review that includes a work plan for the 
GOA pollock assessment moving forward. We will provide this plan to the GOA Plan Team and the SSC 
for consideration next year. 
 







 


Introduction 
 
Walleye pollock (Gadus chalcogrammus; hereafter referred to as pollock) is a semi-pelagic schooling fish 
widely distributed in the North Pacific Ocean.  Pollock in the central and western Gulf of Alaska (GOA) 
are managed as a single stock independently of pollock in the Bering Sea and Aleutian Islands.  The 
separation of pollock in Alaskan waters into eastern Bering Sea and Gulf of Alaska stocks is supported by 
analysis of larval drift patterns from spawning locations (Bailey et al. 1997), genetic studies of allozyme 
frequencies (Grant and Utter 1980), mtDNA variability (Mulligan et al. 1992), and microsatellite allele 
variability (Bailey et al. 1997).  
 
The results of studies of stock structure within the Gulf of Alaska are equivocal.  There is evidence from 
allozyme frequency and mtDNA that spawning populations in the northern part of the Gulf of Alaska 
(Prince William Sound and Middleton Island) may be genetically distinct from the Shelikof Strait 
spawning population (Olsen et al. 2002).  However significant variation in allozyme frequency was found 
between Prince William Sound samples in 1997 and 1998, indicating a lack of stability in genetic 
structure for this spawning population.  Olsen et al. (2002) suggest that interannual genetic variation may 
be due to variable reproductive success, adult philopatry, source-sink population structure, or utilization 
of the same spawning areas by genetically distinct stocks with different spawning timing.  An evaluation 
of stock structure for Gulf of Alaska pollock following the template developed by NPFMC stock structure 
working group was provided as an appendix to the 2012 assessment (Dorn et al., 2012).  Available 
information supported the current approach of assessing and managing pollock in the eastern portion of 
the Gulf of Alaska (Southeast Outside) separately from pollock in the central and western portions of the 
Gulf of Alaska (Central/Western/West Yakutat). The main part of this assessment deals only with the 
C/W/WYK stock, while results for a tier 5 assessment for southeast outside pollock are reported in 
Appendix A. 
 
Fishery 


The commercial fishery for walleye pollock in the Gulf of Alaska started as a foreign fishery in the early 
1970s (Megrey 1989).  Catches increased rapidly during the late 1970s and early 1980s (Table 1.1).  A 
large spawning aggregation was discovered in Shelikof Strait in 1981, and a fishery developed for which 
pollock roe was an important product.  The domestic fishery for pollock developed rapidly in the Gulf of 
Alaska with only a short period of joint venture operations in the mid-1980s.  The fishery was fully 
domestic by 1988.  
 
The pollock target fishery in the Gulf of Alaska is entirely shore-based with approximately 90% of the 
catch taken with pelagic trawls.  During winter, fishing effort targets pre-spawning aggregations in 
Shelikof Strait and near the Shumagin Islands (Fig. 1.1).  Fishing in summer is less predictable, but 
typically occurs in deep-water troughs on the east side of Kodiak Island and along the Alaska Peninsula.  
 
Incidental catch in the Gulf of Alaska directed pollock fishery is low.  For tows classified as pollock 
targets in the Gulf of Alaska between 2012 and 2016, on average about 96% of the catch by weight of 
FMP species consisted of pollock (Table 1.2).  Nominal pollock targets are defined by the dominance of 
pollock in the catch, and may include tows where other species were targeted, but pollock were caught 
instead. The most common managed species in the incidental catch are arrowtooth flounder, Pacific cod, 
Pacific ocean perch, flathead sole, shallow-water flatfish, and squid. The most common non-target species 
are grenadiers, eulachon and other osmerids, miscellaneous fish, and jellyfish (Table 1.2).  Bycatch 
estimates for prohibited species over the period 2012-2016 are given in Table 1.3.  Chinook salmon are 
the most important prohibited species caught as bycatch in the pollock fishery.  A sharp spike in Chinook 
salmon bycatch in 2010 led the Council to adopt management measures to reduce Chinook salmon 







bycatch, including a cap of 25,000 Chinook salmon bycatch in directed pollock fishery. Estimated 
Chinook salmon bycatch since 2010 has been less than the peak in 2010, but increased in 2016. 
 
Since 1992, the Gulf of Alaska pollock Total Allowable Catch (TAC) has been apportioned spatially and 
temporally to reduce potential impacts on Steller sea lions.  The details of the apportionment scheme have 
evolved over time, but the general objective is to allocate the TAC to management areas based on the 
distribution of surveyed biomass, and to establish three or four seasons between mid-January and fall 
during which some fraction of the TAC can be taken.  The Steller Sea Lion Protection Measures 
implemented in 2001 established four seasons in the Central and Western GOA beginning January 20, 
March 10, August 25, and October 1, with 25% of the total TAC allocated to each season.  Allocations to 
management areas 610, 620 and 630 are based on the seasonal biomass distribution as estimated by 
groundfish surveys.  In addition, a harvest control rule was implemented that requires suspension of 
directed pollock fishing when spawning biomass declines below 20% of the reference unfished level. 
 
Data Used in the Assessment 


The data used in the assessment model consist of estimates of annual catch in tons, fishery age 
composition, NMFS summer bottom trawl survey estimates of biomass and age composition, acoustic 
survey estimates of biomass and age composition in Shelikof Strait, summer acoustic survey estimates of 
biomass and age composition, and ADFG bottom trawl survey estimates of biomass and age composition. 
Binned length composition data are used in the model only when age composition estimates are 
unavailable, such as the most recent surveys. The following table specifies the data that were used in the 
GOA pollock assessment: 
 


Source Data Years 
Fishery Total catch  1970-2016 
Fishery Age composition 1975-2016 
Shelikof Strait acoustic survey Biomass 1992-2017 
Shelikof Strait acoustic survey Age composition 1992-2017 
Summer acoustic survey Biomass 2013-2017 
Summer acoustic survey Age composition 2013, 2015 
Summer acoustic survey Length composition 2017 
NMFS bottom trawl survey Area-swept biomass 1990-2017 
NMFS bottom trawl survey Age composition 1990-2015 
NMFS bottom trawl survey Length composition 2017 
ADFG trawl survey Area-swept biomass 1989-2017 
ADFG survey Age composition 2000-2016 


 
Total Catch 
Total catch estimates were obtained from INPFC and ADFG publications, and databases maintained at 
the Alaska Fisheries Science Center and the Alaska Regional Office. Foreign catches for 1963-1970 are 
reported in Forrester et al. (1978). During this period only Japanese vessels reported catch of pollock in 
the GOA, though there may have been some catches by Soviet Union vessels.  Foreign catches 1971-1976 
are reported by Forrester et al. (1983). During this period there are reported pollock catches for Japanese, 
Soviet Union, Polish, and South Korean vessels in the Gulf of Alaska. Foreign and joint venture catches 
for 1977-1988 are blend estimates from the NORPAC database maintained by the Alaska Fisheries 
Science Center. Domestic catches for 1970-1980 are reported in Rigby (1984). Domestic catches for 
1981-1990 were obtained from PacFIN (Brad Stenberg, pers. comm. Feb 7, 2014). A discard ratio 
(discard/retained) of 13.5% was assumed for all domestic catches prior to 1991 based on the 1991-1992 







 


average discard ratio. Estimated catch for 1991-2015 was obtained from the Catch Accounting System 
database maintained by the Alaska Regional Office. These estimates are derived from shoreside electronic 
logbooks and observer estimates of at-sea discards (Table 1.4).  Catches include the state-managed 
pollock fishery in Prince William Sound (PWS).  Since 1996, the pollock Guideline Harvest Level (GHL) 
for the PWS fishery has been deducted from the Acceptable Biological Catch (ABC) by the NPFMC Gulf 
of Alaska Plan Team for management purposes. Non-commercial catches are reported in Appendix D.   
 
Fishery Age Composition 
Catch at age was re-estimated in the 2014 assessment for 1975-1999 from primary databases maintained 
at AFSC. A simple non-stratified estimator was used, which consisted of compiling a single annual age-
length key and the applying the annual length composition to that key.  Use of an age-length key was 
considered necessary because observers used length-stratified sampling designs to collect otoliths prior to 
1999 (Barbeaux et al. 2005). Estimates were made separately for the foreign/JV and domestic fisheries in 
1987 when both fisheries were sampled. There were no major discrepancies between the re-estimated age 
composition and estimates that have built up gradually from assessment to assessment.  
 
Estimates of fishery age composition from 2000 onwards were derived from at-sea and port sampling of 
the pollock catch for length and ageing structures (otoliths). The length composition and ageing data were 
obtained from the NORPAC database maintained at AFSC.  Catch age composition was estimated using 
methods described by Kimura and Chikuni (1989).  Age samples were used to construct age-length keys 
by sex and stratum.  These keys were applied to sex and stratum specific length frequency data to 
estimate age composition, which were then weighted by the catch in numbers in each stratum to obtain an 
overall age composition. A background age-length key is used fill the gaps in age-length keys by sex and 
stratum. Sampling levels by stratum for 2000-2015 is documented in the assessments available online at 
http://www.afsc.noaa.gov/REFM/stocks/Historic_Assess.htm.  
 
Age and length samples from the 2016 fishery were stratified by half year and statistical area as follows:  
 


Time strata  Shumagin-610 Chirikof-620 Kodiak, W. 
Yakutat and 


PWS-630, 640 
and 640 


1st half (A and B 
seasons) 


Num. ages 398 424 409 


Num. lengths 4209 8755 4767 


 Catch (t) 7,861 32,968 22,820 


2nd half (C and D 
seasons) 


Num. ages 383 397 381 


Num. lengths 13381 3010 15096 


 Catch (t) 53,390 14,057 46,037 


 
The estimated age composition in all areas was very similar (Fig. 1.2).  The catch-at-age in both the first 
half and the second half of 2016 (A and B season) and in all areas was dominated by age-4 fish (2012 
year class). Fishery catch at age in 1975-2016 is presented in Table 1.5 (See also Fig. 1.3).  Sample sizes 
for ages and lengths are given in Table 1.6. 
 



http://www.afsc.noaa.gov/REFM/stocks/Historic_Assess.htm





Gulf of Alaska Bottom Trawl Survey 
Trawl surveys have been conducted by Alaska Fisheries Science Center (AFSC) beginning in 1984 to 
assess the abundance of groundfish in the Gulf of Alaska (Table 1.7).  Starting in 2001, the survey 
frequency was increased from once every three years to once every two years.  The survey uses a 
stratified random design, with 49 strata based on depth, habitat, and statistical area (von Szalay et al. 
2010).  Area-swept biomass estimates are obtained using mean CPUE (standardized for trawling distance 
and mean net width) and stratum area.  The survey is conducted from chartered commercial bottom 
trawlers using standardized poly-Nor‘eastern high opening bottom trawls rigged with roller gear.  In a 
typical survey, 800 tows are completed.  On average, 73% of these tows contain pollock (Table 1.8).  
 
The time series of pollock biomass used in the assessment model is based on the surveyed area in the Gulf 
of Alaska west of 140° W lon., obtained by adding the biomass estimates for the Shumagin-610, Chirikof-
620, Kodiak-630 statistical areas, and the western portion of Yakutat-640 statistical area.  Biomass 
estimates for the west Yakutat area were obtained by splitting strata and survey CPUE data at 140° W lon. 
and re-estimating biomass for west Yakutat.  In 2001, when eastern Gulf of Alaska was not surveyed, a 
random effects model was used to interpolate a value for west Yakutat for use in the assessment model.   
 
The Alaska Fisheries Science Center’s (AFSC) Resource Assessment and Conservation Engineering 
(RACE) Division conducted the fifteenth comprehensive bottom trawl survey since 1984 during the 
summer of 2017 (Fig. 1.4). The 2017 gulfwide biomass estimate of pollock was 315,116 t, which is a 
decrease of 58% from the 2015 estimate, and is the second lowest in the time series after 2001.  he 
biomass estimate for the portion of the Gulf of Alaska west of 140º W long. used in the assessment model 
is 288,943 t.  The coefficient of variation (CV) of this estimate was 0.44, which makes it the most 
uncertain estimate in the times series. The CVs in the previous three surveys averaged 0.17. The increase 
in uncertainty may be partly due to lower survey effort (two boats were used instead of three, and the 
number of tows was reduced from 772 tows in 2015 to 536 in 2017, Table 1.8), but may also reflect the 
patchier distribution of pollock in 2017. Surveys from 1990 onwards are used in the assessment due to the 
difficulty in standardizing the surveys in 1984 and 1987, when Japanese vessels with different gear were 
used.  in standardizing the surveys in 1984 and 1987, when Japanese vessels with different gear were 
used.  
 
Bottom Trawl Survey Age Composition  
Estimates of numbers at age from the bottom trawl survey are obtained from random otolith samples and 
length frequency samples (Table 1.9).  Numbers at age are estimated by statistical area (Shumagin-610, 
Chirikof-620, Kodiak-630, Yakutat-640 and Southeastern-650) using a global age-length key, and CPUE-
weighted length frequency data by statistical area (Fig. 1.5). The combined Shumagin, Chirikof and 
Kodiak age composition is used in the assessment model. Since ages are not available for the 2017 
survey, length composition was used in the assessment model. Length composition in 2017 indicated the 
presence of two modes, a mode around 18 cm representing age-1 pollock and second mode around 43 cm 
representing primarily age-5 fish from the 2012 year. Age-1 pollock were increasingly dominant in the 
length composition as the survey proceeded from west to east, and were particularity abundant in 
Southeast area (Fig. 1.6). The overall abundance of age-1 pollock was approximately 460 million, with 
51% of the total in the Southeast area.  
   
Shelikof Strait Acoustic Survey 
Winter acoustic surveys to assess the biomass of pre-spawning aggregations pollock in Shelikof Strait 
have been conducted annually since 1981 (except 1982, 1999, and 2011).  Only surveys from 1992 and 
later are used in the stock assessment due to the higher uncertainty associated with the acoustic estimates 
produced with the Biosonics echosounder used prior to 1992.  Additionally, raw survey data are not easily 
recoverable for the earlier acoustic surveys, so there is no way to verify (i.e., to reproduce) the estimates. 







 


Survey methods and results for 2017 are presented in a NMFS processed report (McCarthy et al, in press).  
In 2008, the noise-reduced R/V Oscar Dyson became the designated survey vessel for acoustic surveys in 
the Gulf of Alaska. In winter of 2007, a vessel comparison experiment was conducted between the R/V 
Miller Freeman (MF) and the R/V Oscar Dyson (OD), which obtained an OD/MF ratio of 1.132 for the 
acoustic backscatter detected by the two vessels in Shelikof Strait. 
 
The 2017 biomass estimate for Shelikof Strait is 1,489,723 t, which is a 124% percent increase from the 
2016 estimate (Fig. 1.7).  In addition to the Shelikof Strait survey, acoustic surveys in winter 2017 
included other pollock spawning areas in the Central and Western Gulf of Alaska, including the 
Shumagin Islands, Sanak Gully, Pavlof Bay, Morzhovoi Bay, the shelf break near Chirikof Island, 
Marmot Gully, Kenai Bays, Prince William Sound, Hinchinbrook Gully, and Middleton Island. 
Collectively these surveys represent the most complete coverage of known spawning areas of pollock in 
the Gulf of Alaska. The following table provides results from the 2017 winter acoustic surveys: 
 


Area Total biomass (t) Percent 
Morzhovoi Bay 3,932 0.2% 
Pavlof Bay 2,228 0.1% 
Sanak Gully 957 0.1% 
Shumagin Islands 29,621 1.7% 
Shelikof Strait 1,489,723 84.6% 
Chirikof Island 4,007 0.2% 
Marmot Gully 14,259 0.8% 
Kenai Bays 72,797 4.1% 
Prince William Sound 107,517 6.1% 
Hinchinbrook Gully 29,665 1.7% 
Middleton Island 6,898 0.4% 
Total 1,761,603  


 
The pollock biomass in 2017 for all surveys is 138% higher than the 2016 estimate. In areas that were 
surveyed in 2016 and 2017, there were both declines and increases. There were decreases in Morzhovoi 
Bay (66%), Sanak Gully (73%), and Marmot Gully (62%), but increases in Shumagin Islands (43%) and 
Shelikof Strait (138%). Biomass was low but stable in Pavlof Bay from 2016 to 2017. 
 
Shelikof Acoustic Survey Age Composition 
Estimates of numbers at age from the Shelikof Strait acoustic survey (Table 1.10, Fig. 1.8) were obtained 
using an age-length key compiled from random otolith samples and applied to weighted length frequency 
samples.  Otoliths collected during the 1994-2017 Shelikof acoustic surveys were aged using the criteria 
described in Hollowed et al. (1995). Sample sizes for ages and lengths are given Table 1.11. Estimates of 
age composition in Shelikof Strait in 2017 indicate that the age-5 2012 year class made up 87% of the 
biomass. 
 
Winter Acoustic Survey Age-1 and Age-2 Indices 
Based on recommendations from the 2012 CIE review, we developed an approach to model the age-1 and 
age-2 pollock estimates separately from the Shelikof Strait acoustic survey biomass and age composition. 
Age-1 and age-2 pollock are highly variable but occasionally very abundant in winter acoustic surveys, 
and by fitting them separately from the 3+ fish it is possible utilize an error distribution that better reflects 
that variability.  In addition, the 2014 assessment found that the sum of the estimates from both the 
Shumagin and the Shelikof Strait surveys was better correlated with eventual recruitment strength than 
the each estimate individually. Therefore combined Shelikof and Shumagin survey indices for age-1 and 
age-2 pollock were used in the model.  







 
Summer Acoustic Survey 
Three complete acoustic surveys, in 2013, 2015, 2017, have been conducted by AFSC on the R/V Oscar 
Dyson in the Gulf of Alaska during summer (Jones et al. 2014, Jones et al. in prep.).  The area surveyed 
covers the Gulf of Alaska shelf and upper slope, and extends eastward to 140° W lon. Prince William 
Sound is also surveyed.  In 2017, nearshore survey transects in Izhut Bay, Kenai Bays and Prince William 
Sound were cancelled due to equipment breakdown and repair on the R/V Oscar Dyson, but these areas 
accounted less than 2% of the total biomass in 2013 and 2015. The survey consists of widely-spaced 
parallel transects along the shelf, and more closely spaced transects in troughs, bays, and Shelikof Strait.  
Mid-water and bottom trawls are used to identify acoustic targets. Size composition in 2017 indicated that 
the very abundant 2012 year class (age-5 fish) was dominant, though a secondary mode of age-1 pollock 
(15-25 cm) was present in the central GOA (Fig. 1.9). The estimate of pollock biomass for the 2017 
survey was 1,318,396 t, a decrease of 18% from the 2015 survey. Analysis of the 2017 survey was 
complicated by the presence of age-0 pollock, which were very abundant, widely-distributed, and mixed 
with juvenile and adult pollock backscatter. Since both the summer bottom trawl and summer acoustic 
surveys are conducted from west to east on roughly a similar timetable, methods described by Kotwicki et 
al. (2017) could be applied to combine data from both surveys.  
 
Alaska Department of Fish and Game Crab/Groundfish Trawl Survey 
The Alaska Department of Fish and Game (ADFG) has conducted bottom trawl surveys of nearshore 
areas of the Gulf of Alaska since 1987.  Although these surveys are designed to monitor population trends 
of Tanner crab and red king crab, pollock and other fish are also sampled.  Standardized survey methods 
using a 400-mesh eastern trawl were employed from 1987 to the present.  The survey is designed to 
sample at fixed stations from mostly nearshore areas from Kodiak Island to Unimak Pass, and does not 
cover the entire shelf area (Fig. 1.10).  The average number of tows completed during the survey is 360.  
On average, 86% of these tows contain pollock. Details of the ADFG trawl gear and sampling procedures 
are in Spalinger (2012).  
 
The 2017 area-swept biomass estimate for pollock for the ADFG crab/groundfish survey was 21,855 t, up 
18% from the 2016 biomass estimate, which was the lowest biomass in the ADFG crab/groundfish time 
series (Table 1.7).  This indicates that the recent pollock estimates for this survey continue remain at very 
low levels relative to historical levels. 
 
Delta GLM indices 
A simple delta GLM model was applied to the ADFG tow by tow data for 1988-2017 to obtain annual 
abundance indices. Data were filtered to exclude missing latitude and longitudes (1 tow) and missing 
depths (4 tows). Tows made in lower Shelikof Strait (between 154.7° W lon. and 156.7° W lon.) were 
excluded because these stations were occupied irregularly (157 tows). The delta GLM model fit a separate 
model to the presence-absence observations and to the positive observations. A fixed effects model was 
used with the year, geographic area, and depth as factors.  Strata were defined according to ADFG district 
(Kodiak, Chignik, South Peninsula) and depth (<30 fm, 30-100 fm, >100 fm).  Alternative depth strata 
were evaluated, and model results were found to be robust to different depth strata assumptions. The same 
model structure was used for both the presence-absence observations and the positive observations. The 
error assumption of presence-absence observations was assumed to be binomial, and, as usual, several 
alternative error assumptions were evaluated for the positive observations, including lognormal, gamma, 
and inverse Gaussian. The inverse Gaussian model did not converge, and AIC statistic strongly indicated 
the gamma distribution was more appropriate than the lognormal (ΔAIC= 494.2). A quantile-quantile plot 
for the gamma model residuals was not ideal, but was considered acceptable (Fig. 1.11). Comparison of 
delta-GLM indices the area-swept estimates indicated similar trends (Fig. 1.12).  Variances were based on 
a bootstrap procedure, and CVs for the annual index ranged from 0.09 to 0.20.  These values understate 







 


the uncertainty of the indices with respect to population trends, since the area covered by the survey is a 
relatively small percentage of the GOA shelf area.   
 
ADFG Survey Age Composition 
Ages were determined by age readers in the AFSC age and growth unit from samples of pollock otoliths 
collected during 2000-2016 ADFG surveys in even-numbered years (average sample size = 580) (Table 
1.12, Fig. 1.13). Comparison with fishery age composition shows that older fish (> age-8) are more 
common in the ADFG crab/groundfish survey.  This is consistent with the assessment model, which 
estimates a domed-shaped selectivity pattern for the fishery, but an asymptotic selectivity pattern for the 
ADFG survey.  
 
Data sets considered but not used 
Egg Production Estimates of Spawning Biomass 
Estimates of spawning biomass in Shelikof Strait based on egg production methods were produced during 
1981-92 (Table 1.7).  A complete description of the estimation process is given in Picquelle and Megrey 
(1993). Egg production estimates were discontinued in 1992 because the Shelikof Strait acoustic survey 
provided similar information. The egg production estimates are not used in the assessment model because 
the surveys are no longer being conducted, and because the acoustic surveys in Shelikof Strait show a 
similar trend over the period when both were conducted.   
 
Pre-1984 bottom trawl surveys 
Considerable survey work was carried out in the Gulf of Alaska prior to the start of the NMFS triennial 
bottom trawl surveys in 1984.  Between 1961 and the mid-1980s, the most common bottom trawl used for 
surveying was the 400-mesh eastern trawl.  This trawl (or variants thereof) was used by IPHC for juvenile 
halibut surveys in the 1960s, 1970s, and early 1980s, and by NMFS for groundfish surveys in the 1970s.  
Von Szalay and Brown (2001) estimated a fishing power correction (FPC) for the ADFG 400-mesh 
eastern trawl of 3.84 (SE = 1.26), indicating that 400-mesh eastern trawl CPUE for pollock would need to 
be multiplied by this factor to be comparable to the NMFS poly-Nor’eastern trawl.  
 
In most cases, earlier surveys in the Gulf of Alaska were not designed to be comprehensive, with the 
general strategy being to cover the Gulf of Alaska west of Cape Spencer over a period of years, or to 
survey a large area to obtain an index for group of groundfish, i.e., flatfish or rockfish.  For example, 
Ronholt et al. (1978) combined surveys for several years to obtain gulfwide estimates of pollock biomass 
for 1973-6.  There are several difficulties with such an approach, including the possibility of double-
counting or missing a portion of the stock that happened to migrate between surveyed areas.  Due to the 
difficulty in constructing a consistent time series, the historical survey estimates are no longer used in the 
assessment model. 
 
Multi-year combined survey estimates indicate a large increase in pollock biomass in the Gulf of Alaska 
occurred between the early 1960s and the mid 1970s.  Increases in pollock biomass between the1960s and 
1970s were also noted by Alton et al. (1987).  In the 1961 survey, pollock were a relatively minor 
component of the groundfish community with a mean CPUE of 16 kg/hr. (Ronholt et al. 1978).  
Arrowtooth flounder was the most common groundfish with a mean CPUE of 91 kg/hr.  In the 1973-76 
surveys, the CPUE of arrowtooth flounder was similar to the 1961 survey (83 kg/hr.), but pollock CPUE 
had increased 20-fold to 321 kg/hr., and was by far the dominant groundfish species in the Gulf of 
Alaska. Mueter and Norcross (2002) also found that pollock was low in the relative abundance in 1960s, 
became the dominant species in Gulf of Alaska groundfish community in the 1970s, and subsequently 
declined in relative abundance.  
 







Questions concerning the comparability of pollock CPUE data from historical trawl surveys with later 
surveys probably can never be fully resolved.  However, because of the large magnitude of the change in 
CPUE between the surveys in the 1960s and the early 1970s using similar trawling gear, the conclusion 
that there was a large increase in pollock biomass seems robust.  Early speculation about the rise of 
pollock in the Gulf of Alaska in the early 1970s implicated the large biomass removals of Pacific ocean 
perch, a potential competitor for euphausid prey (Somerton 1979, Alton et al. 1987).  More recent work 
has focused on role of climate change (Anderson and Piatt 1999, Bailey 2000).  These earlier surveys 
suggest that population biomass in the 1960s, prior to large-scale commercial exploitation of the stock, 
may have been lower than at any time since then.   
 
Qualitative trends 
To assess qualitatively recent trends in abundance, each survey time series was standardized by dividing 
the annual estimate by the average since 1990.  Shelikof Strait acoustic survey estimates prior to 2008 
were rescaled to be comparable to subsequent surveys conducted by the R/V Oscar Dyson.  Although 
there is considerable variability in each survey time series, a fairly clear downward trend is evident to 
2000, followed by a stable, though variable, trend to 2008, followed by a strong increase to 2013 (Fig. 
1.14).  In last few years there has been strong divergence the trends, particularly in 2017.  Both the ADFG 
and the bottom trawl surveys indicate a steep decline in abundance, while the Shelikof Strait acoustic 
survey in 2017 increase to more than twice the long-term average. 
 
Indices derived from fisheries catch data were also evaluated for trends in biological characteristics (Fig. 
1.15).  The percent of females in the catch shows some variability but no obvious trend, and is usually 
close to 50-50.  In 2016, the percent female dropped to 40%. Evaluation of sex ratios by season indicated 
that this decrease was mostly due a very low percentage of females during the A and B seasons prior to 
spawning. However the sex ratio during the C and D seasons was close to 50-50, suggesting the skewed 
sex in winter was related to spawning behavior, rather than an indication of a population characteristic. 
The mean age shows interannual variability due to strong year classes passing through the population, but 
there are no downward trends that would suggest excessive mortality rates.  The percent of old fish in the 
catch (nominally defined as age 8 and older) is also highly variable due to variability in year class 
strength. The percent of old fish declined in 2015 and 2016 as the strong 2012 year class recruited to the 
fishery.  Under a constant F40% harvest rate, the mean percent of age 8 and older fish in the catch is 
approximately 8%.  An index of catch at age diversity was computed using the Shannon-Wiener 
information index, 
 
 
 
where pa is the proportion at age.  Increases in fishing mortality would tend to reduce age diversity, but 
year class variability would also influence age diversity.  The index of age diversity is relatively stable 
during 1975-2015, but declined sharply in 2017 due to the dominance of the 2012 year class in the catch 
(Fig. 1.15). A remarkable number of indicators that showed unusual values in 2017, which raises some 
concern, though the implications for pollock population dynamics are unclear. 
 
Analytic Approach 


Model Structure 
An age-structured model covering the period from 1970 to 2017 (48 years) was used to assess Gulf of 
Alaska pollock.  The modeled population includes individuals from age 1 to age 10, with age 10 defined 
as a “plus” group, i.e., all individuals age 10 and older.  Population dynamics were modeled using 
standard formulations for mortality and fishery catch (e.g. Fournier and Archibald 1982, Deriso et al. 
1985, Hilborn and Walters 1992).  Year- and age-specific fishing mortality was modeled as a product of a 
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year effect, representing the full-recruitment fishing mortality, and an age effect, representing the 
selectivity of that age group to the fishery.  The age effect was modeled using a double-logistic function 
with time-varying parameters (Dorn and Methot 1990, Sullivan et al. 1997).  The model was fit to time 
series of catch biomass, survey indices of abundance, and estimates of age and length composition from 
the fishery and surveys.  Details of the population dynamics and estimation equations are presented in 
Appendix B.   
 
Model parameters were estimated by maximizing the log likelihood of the data, viewed as a function of 
the parameters.  Mean-unbiased log-normal likelihoods were used for survey biomass and total catch 
estimates, and multinomial likelihoods were used for age and length composition data. Model tuning for 
composition data was done by iterative re-weighting of input sample sizes using the Francis (2011) 
method. Variance estimates/assumptions for survey indices were not reweighted except for the age-1 and 
age-2 winter acoustic survey indices, where input coefficients of variation (CVs) were tuned using 
RMSE. The following table lists the likelihood components used in fitting the model. 
  


Likelihood component Statistical model for error  Variance assumption 
Fishery total catch (1970-2017) Log-normal CV = 0.05 


Fishery age comp. (1975-2016) Multinomial Initial sample size: 200 or the number 
of tows/deliveries if less than 200 


Shelikof acoustic survey biomass (1992-2017) Log-normal CV = 0.20 
Shelikof acoustic survey age comp. (1992-2017) Multinomial Initial sample size = 60 
Winter acoustic survey age-1 and age-2 indices 
(1994-2017) Log-normal Tuned CVs = 1.20 and 0.89 


Summer acoustic survey biomass (2013-2015) Log-normal CV = 0.25 
Summer acoustic survey age comp. (2013, 2015) Multinomial Initial sample size = 10 
Summer acoustic survey length comp. (2017) Multinomial Initial sample size = 10 


NMFS bottom trawl survey biom. (1990-2015) Log-normal Survey-specific CV from random-
stratified design = 0.12-0.38 


NMFS bottom trawl survey age comp. (1990-
2015) Multinomial Initial sample size = 60 


NMFS bottom trawl survey length comp. (2017) Multinomial Initial sample size = 60 
ADFG trawl survey biomass (1989-2017) Log-normal CV = 0.25 
ADFG survey age comp. (2000-2016) Multinomial Initial sample size = 30 
Recruit process error (1970-1977, 2016, 2017) Log-normal σR =1.0 


 
Recruitment 
In most years, year-class abundance at age 1 was estimated as a free parameter.  Initial age composition 
was estimated with a single log deviation for recruitment abundance, which was then decremented by 
natural mortality to fill out the initial age vector. A penalty was added to the log likelihood so that the log 
deviation in recruitment for 1970-77, and in 2016 and 2017 would have the same variability as 
recruitment during the data-rich period (σR =1.0). Log deviations from mean log recruitment were 
estimated as free parameters in other years.  These relatively weak constraints were sufficient to obtain 
fully converged parameter estimates while retaining an appropriate level of uncertainty. 
 
Modeling fishery data 
To accommodate changes in selectivity we estimated year-specific parameters for the slope and the 
intercept parameter for the ascending logistic portion of selectivity curve. Variation in these parameters 
was constrained using a random walk penalty. 
 







Modeling survey data  
Survey abundance was assumed to be proportional to total abundance as modified by the estimated survey 
selectivity pattern.  Expected population numbers at age for the survey were based on the mid-date of the 
survey, assuming constant fishing and natural mortality throughout the year.  Standard deviations in the 
log-normal likelihood were set equal to the sampling error CV (coefficient of variation) associated with 
each survey estimate of abundance (Kimura 1991). 
 
Survey catchability coefficients can be fixed or freely estimated.  The base model estimated the NMFS 
bottom trawl survey catchability, but used a log normal prior with a median of 0.85 and log standard 
deviation 0.1 as a constraint on potential values (Fig. 1.16). Catchability coefficients for other surveys 
were estimated as free parameters. The age-1 and age-2 winter acoustic survey indices are numerical 
abundance estimates, and were modeled using an independently estimated catchability coefficients (i.e., 
no selectivity is estimated).  A density-dependent power coefficient was evaluated for catchability for 
both indices, but was only used for the age-1 index in the models considered this year. 
 
A vessel comparison (VC) experiment was conducted in March 2007 during the Shelikof Strait acoustic 
survey.  The VC experiment involved the R/V Miller Freeman (MF, the survey vessel used to conduct 
Shelikof Strait surveys since the mid-1980s), and the R/V Oscar Dyson (OD), a noise-reduced survey 
vessel designed to conduct surveys that have traditionally been done with the R/V Miller Freeman.  The 
vessel comparison experiment was designed to collect data either with the two vessels running beside one 
another at a distance of 0.7 nmi, or with one vessel following nearly directly behind the other at a distance 
of about 1 nmi.  The methods were similar to those used during the 2006 Bering Sea VC experiment (De 
Robertis et al. 2008). Results indicate that the ratio of 38 kHz pollock backscatter from the R/V Oscar 
Dyson relative to the R/V Miller Freeman was significantly greater than one (1.13), as would be expected 
if the quieter OD reduced the avoidance response of the fish.  Because this difference was significant, 
several methods were evaluated in the 2008 assessment for incorporating this result in the assessment 
model.  The method that was adopted was to treat the MF and the OD time series as independent survey 
time series, and to include the vessel comparison results directly in the log likelihood of the assessment 
model.  This likelihood component is given by 
 
 
 
 
 
 
where log(qOD) is the log catchability of the R/V Oscar Dyson, log(qMF) is the log catchability of the R/V 
Oscar Dyson, δOD:MF  = 0.1240 is the mean of log scale paired difference in backscatter, mean[log(sAOD)-
log(sAMF)] obtained from the vessel comparison,  and σS = 0.0244 is the standard error of the mean.  
 
Ageing error 
An ageing error conversion matrix is used in the assessment model to translate model population numbers 
at age to expected fishery and survey catch at age (Table 1.13).  Dorn et al. (2003) estimated this matrix 
using an ageing error model fit to the observed percent reader agreement at ages 2 and 9.  Mean percent 
agreement is close to 100% at age 1 and declines to 40% at age 10.  Annual estimates of percent 
agreement are variable, but show no obvious trend; hence a single conversion matrix for all years in the 
assessment model was adopted.  The model is based on a linear increase in the standard deviation of 
ageing error and the assumption that ageing error is normally distributed.  The model predicts percent 
agreement by taking into account the probability that both readers are correct, both readers are off by one 
year in the same direction, and both readers are off by two years in the same direction (Methot 2000).  
The probability that both agree and were off by more than two years was considered negligible.  A study 
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evaluated pollock ageing criteria using radiometric methods and found them to be unbiased (Kastelle and 
Kimura 2006). 
 
Length frequency data 
The assessment model was fit to length frequency data from various sources by converting predicted age 
distributions (as modified by age-specific selectivity) to predicted length distributions using an age-length 
conversion matrix.  This approach was used only when age composition estimates were unavailable. 
Because seasonal differences in pollock length at age are large, particularly for the younger fish, several 
conversion matrices were used.  For each matrix, unbiased length distributions at age were estimated for 
several years using age-length keys, and then averaged across years. A conversion matrix was estimated 
using 1992-98 Shelikof Strait acoustic survey data and used for winter survey length frequency data. The 
following length bins were used: 5-16, 17 - 27, 28 - 35, 36 - 42, 43 - 50, 51 - 55, 56 - 70 (cm).  Age data 
for the most recent survey is now routinely available so this option does not need to be invoked.  A 
conversion matrix was estimated using second and third trimester fishery age and length data during the 
years (1989-98), and was used when age composition data are unavailable for the summer bottom trawl 
survey, which is only for the most recent survey in the year that the survey is conducted.  The following 
length bins were used: 5-24, 25 - 34, 35 - 41, 42 - 45, 46 - 50, 51 - 55, 56 – 70 (cm), so that the first four 
bins would capture most of the summer length distribution of the age-1, age-2, age-3 and age-4 fish, 
respectively.  Bin definitions were different for the summer and the winter conversion matrices to account 
for the seasonal growth of the younger fish (ages 1-4).   
 
Initial data weighting 
The input sample sizes were initially standardized by data set before model tuning.  Fishery age 
composition was given an initial sample size of 200 except when the age sample in a given year came 
from fewer than 200 hauls/deliveries, in which case the number of hauls/deliveries was used.  Both the 
Shelikof acoustic survey and the bottom trawl were given an initial sample size of 60, and the ADFG 
crab/groundfish survey was given a weight of 30.   


 
Parameters Estimated Outside the Assessment Model 
Pollock life history characteristics, including natural mortality, weight at age, and maturity at age, were 
estimated independently outside the assessment model.  These parameters are used in the model to 
estimate spawning and population biomass and obtain predictions of fishery catch and survey biomass.  
Pollock life history parameters include: 
 


• Natural mortality (M) 
 
• Proportion mature at age 


 
• Weight at age and year by fishery and by survey 


 
Natural mortality 
Hollowed and Megrey (1990) estimated natural mortality (M) using a variety of methods including 
estimates based on: a)  growth parameters (Alverson and Carney 1975, and Pauly 1980), b) GSI 
(Gunderson and Dygert, 1988), c) monitoring cohort abundance, and d) estimation in the assessment 
model.  These methods produced estimates of natural mortality that ranged from 0.22 to 0.45. The 
maximum age observed was 22 years.  Up until the 2014 assessment, natural mortality has been assumed 
to be 0.3 for all ages.  
 
Hollowed et al. (2000) developed a model for Gulf of Alaska pollock that accounted for predation 
mortality.  The model suggested that natural mortality declines from 0.8 at age 2 to 0.4 at age 5, and then 







remains relatively stable with increasing age.  In addition, stock size was higher when predation mortality 
was included. In a simulation study, Clark (1999) evaluated the effect of an erroneous M on both 
estimated abundance and target harvest rates for a simple age-structured model.  He found that “errors in 
estimated abundance and target harvest rate were always in the same direction, with the result that, in the 
short term, extremely high exploitation rates can be recommended (unintentionally) in cases where the 
natural mortality rate is overestimated and historical exploitation rates in the catch-at-age data are low.” 
Clark (1999) proposed that the chance of this occurring could be reduced by using an estimate of natural 
mortality on the lower end of the credible range, which is the approach used in this assessment.   
 
In the 2014 assessment, several methods to estimate of the age-specific pattern of natural mortality were 
evaluated.  Two general types of methods were used, both of which are external to the assessment model. 
The first type of method is based initially on theoretical life history or ecological relationships that are 
then evaluated using meta-analysis, resulting in an empirical equation that relates natural mortality to 
some more easily measured quantity such as length or weight. The second type of method is an age-
structured statistical analysis using a multispecies model or single species model where predation is 
modeled. There are three examples of such models for pollock in Gulf of Alaska, a single species model 
with predation by Hollowed et al. (2000), and two multispecies models that included pollock by Van Kirk 
et al. (2010 and 2012).  These models were published in the peer-reviewed literature, but likely did not 
receive the same level of scrutiny as stock assessment models. Although these models also estimate time-
varying mortality, we averaged the total mortality (residual natural mortality plus predation mortality) for 
the last decade in the model to obtain a mean age-specific pattern (in some cases omitting the final year 
when estimates were much different than previous years).  Use of the last decade was an attempt to use 
estimates with the strongest support from the data. Approaches for inclusion of time-varying natural 
mortality will be considered in future pollock assessments.  The three theoretical/empirical methods used 
were the following: 
 
Brodziak et al. 2011—Age-specific M is given by                         
￼


𝑀𝑀(𝑎𝑎) = �𝑀𝑀𝑐𝑐
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𝐿𝐿(𝑎𝑎)   𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎 < 𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚
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where Lmat is the length at maturity, Mc = 0.30 is the natural mortality at Lmat, L(a) is mean length 
at age for the summer bottom trawl survey for 1984-2013. 
 


Lorenzen 1996—Age-specific M for ocean ecosystems is given by 
 


𝑀𝑀(𝑎𝑎) = 3.69 𝑊𝑊�𝑎𝑎             ,
−0.305  


   
 
where￼𝑊𝑊�𝑎𝑎is the mean weight at age from the summer bottom trawl survey for 1984-2013.is the 
mean weight at age from the summer bottom trawl survey for 1984-2013. 


 
Gislason et al. 2010—Age-specific M is given by  
 


ln(𝑀𝑀) = 0.55− 1.61 ln(𝐿𝐿) + 1.44 ln(𝐿𝐿∞) + ln(𝐾𝐾), 


 







 


where L∞ = 65.2 cm and K = 0.30 were estimated by fitting von Bertalanffy growth curves using 
the NLS routine in R using summer bottom trawl age data for 2005-2009 for sexes combined in 
the central and western Gulf of Alaska. 


 
Results were reasonably consistent and suggest use of a higher mortality rate for age classes younger than 
the age at maturity (Table 1.14 and Fig. 1.17).  Somewhat surprisingly the theoretical/empirical estimates 
were similar on average to predation model estimates. To obtain an age-specific natural mortality 
schedule for use in the stock assessment, we used an ensemble approach and averaged the results for all 
methods. Then we used the method recommended by Clay Porch in Brodziak et al (2011) to rescale the 
age-specific values so that the average for range of ages equals a specified value. Age-specific values 
were rescaled so that a natural mortality for fish greater than or equal to age 5, the age at 50% maturity, 
was equal to 0.3, the value of natural mortality used in previous pollock assessments. 
 
Maturity at age 
Maturity stages for female pollock describe a continuous process of ovarian development between 
immature and post-spawning.  For the purposes of estimating a maturity vector (the proportion of an age 
group that has been or will be reproductively active during the year) for stock assessment, all fish greater 
than or equal to a particular maturity stage are assumed to be mature, while those less than that stage are 
assumed to be immature.  Maturity stages in which ovarian development had progressed to the point 
where ova were distinctly visible were assumed to be mature (i.e., stage 3 in the 5-stage pollock maturity 
scale).  Maturity stages are qualitative rather than quantitative, so there is subjectivity in assigning stages, 
and a potential for different technicians to apply criteria differently (Neidetcher et al. 2014).  Because the 
link between pre-spawning maturity stages and eventual reproductive activity later in the season is not 
well established, the division between mature and immature stages is problematic.  Changes in the timing 
of spawning could also affect maturity at age estimates.  Merati (1993) compared visual maturity stages 
with ovary histology and a blood assay for vitellogenin and found general consistency between the 
different approaches.  Merati (1993) noted that ovaries classified as late developing stage (i.e., immature) 
may contain yolked eggs, but it was unclear whether these fish would have spawned later in the year.  The 
average sample size of female pollock maturity stage data per year since 2000 from winter acoustic 
surveys in the Gulf of Alaska is 378 (Table 1.15).   
 
Estimates of maturity at age in 2016 from winter acoustic surveys substantially above the long term mean 
for all ages (Fig. 1.18), though except for the age-5 females from the 2012 year class the sample sizes 
were small and the estimates should not be considered reliable.  Inter-annual changes in maturity at age 
may reflect environmental conditions, pollock population biology, effect of strong year classes moving 
through the population, or simply ageing error.  Because there did not appear to be an objective basis for 
excluding data, the 1983-2017 average maturity at age was used in the assessment.   
 
Logistic regression (McCullagh and Nelder 1983) was also used to estimate the age and length at 50% 
maturity at age for each year to evaluate long-term changes in maturation.  Annual estimates of age at 
50% maturity are highly variable and range from 2.5 years in 1983 to 6.1 years in 1991, with an average 
of 4.8 years.  The last few years has shown a decrease in the age at 50% mature, which is largely being 
driven by the maturation of 2012 years at younger ages than is typical. Length at 50% mature is less 
variable than the age at 50% mature, suggesting that at least some of the variability in the age at maturity 
can be attributed to changes in length at age (Fig 1.19).  Changes in year-class dominance could also 
potentially affect estimates of maturity at age.  There is less evidence of trends in the length at 50% 
mature, with the 1983 and 1984 estimates as unusually low values, the last few years showing a decline in 
the length at 50%.  The average length at 50% mature for all years is approximately 43 cm.  
 







Weight at age 
Year-specific weight-at-age estimates are used in the model to obtain expected catches in biomass.  
Where possible, year and survey-specific weight-at-age estimates are used to obtain expected survey 
biomass.   For each data source, unbiased estimates of length at age were obtained using year-specific 
age-length keys.  Bias-corrected parameters for the length-weight relationship,W a Lb= , were also 
estimated. Weights at age were estimated by multiplying length at age by the predicted weight based on 
the length-weight regressions. Weight at age for the fishery, the Shelikof Strait acoustic survey, and the 
NMFS bottom trawl survey are given in Table 1.16, Table 1.17, and Table 1.18, respectively. A plot of 
weight-at-age from the Shelikof Strait acoustic survey indicates that there has been a substantial increase 
in weight at age for older pollock (Fig. 1.20).   For pollock greater than age 6, weight-at-age has nearly 
doubled since 1983-1990.  However, weight at age in the last five years, 2012-2016, has been stable to 
decreasing, with a strong decline in the last three years. Further analyses are needed to evaluate whether 
these changes are a density-dependent response to declining pollock abundance, or whether they are 
environmentally forced.  Changes in weight-at-age have potential implications for status determination 
and harvest control rules.   
 
A random effects (RE) model for weight at age (Ianelli et al. 2016) was used to improve estimates of 
fishery weight at age, and to propagate the uncertainty of weight at age when doing catch projections.  
The structural part of the model is an underlying von Bertalanffy growth curve. Year and cohort effects 
are estimated as random effects using the ADMB RE module.  Further details are provided in Ianelli et al. 
(2016).  Input data included fishery weight age for 1975-2016.  The model also incorporates survey data 
by modeling an offset between fishery and survey weight at age.  Weight at age for the Shelikof Strait 
acoustic survey (1981-2017) and the NMFS bottom trawl survey (1984-2015) were used. The model also 
requires input standard deviations for the weight at age data, which are not available for GOA pollock. In 
the 2006 assessment, a generalized variance function was developed using a quadratic curve to match the 
mean standard deviations at ages 3-10 for the eastern Bering Sea pollock data.  The standard deviation at 
age one was assumed to be equal to the standard deviation at age 10.  Survey weights at age were 
assumed to have standard deviations that were 1.5 times the fishery weights at age.  A comparison of RE 
model estimates from last year of the 2016 fishery weight at age with the data now available indicate that 
the model tended to under-predict the weight at age for younger fish and over-predict the weight at age 
for older pollock (Fig. 1.21). However there was good agreement for age-4 pollock, which made up 86% 
of the catch at age. In this assessment, RE model estimates of weight at age are used for the fishery in 
2017, and yield projections and spawning biomass per recruit calculations used the RE model estimates 
for 2018 (Fig. 1.21). 


 
Parameters Estimated Inside the Assessment Model 
A large number of parameters are estimated when using this modeling approach, though many are year-
specific deviations in fishery selectivity coefficients.  Parameters were estimated using AD Model Builder 
(Version 10.1), a C++ software language extension and automatic differentiation library (Fournier et al. 
2012).  Parameters in nonlinear models are estimated in ADModel Builder using automatic differentiation 
software extended from Greiwank and Corliss (1991) and developed into C++ class libraries.  The 
optimizer in AD Model Builder is a quasi-Newton routine (Press et al. 1992).  The model is determined to 
have converged when the maximum parameter gradient is less than a small constant (set to 1 x 10-6).  AD 
Model Builder includes post-convergence routines to calculate standard errors (or likelihood profiles) for 
any quantity of interest.   
 
  







 


A list of model parameters for the base model is shown below: 
 


Population process 
modeled 


Number of parameters  Estimation details 


Recruitment  Years 1970-2017 = 48 Estimated as log deviances from the log mean; 
recruitment in 1970-77, and 2016 and 2017 
constrained by random deviation process error. 


Natural mortality Age-specific= 10 Not estimated in the model 


Fishing mortality Years 1970-2017 =  48 Estimated as log deviances from the log mean 


Mean fishery 
selectivity 


4 Slope parameters estimated on a log scale, 
intercept parameters on an arithmetic scale 


Annual changes in 
fishery selectivity 


2 * (No. years-1) =  94 Estimated as deviations from mean selectivity 
and constrained by random walk process error 


Survey catchability No. of surveys  =  6 Catchabilities estimated on a log scale. Two 
catchability periods were estimated for the 
Shelikof Strait acoustic survey. Separate 
catchabilities were also estimated for age-1 and 
age-2 winter acoustic indices. 


Survey  selectivity 6  (Shelikof acoustic survey: 2, BT survey: 
2, ADFG survey: 2) 


Slope parameters estimated on a log scale.   


Total 112 estimated parameters + 94 process error parameters + 10 fixed parameters =  216   
 
Results 


Model selection and evaluation 
Model Selection 
 
Prior to identifying a set of models for consideration, several sensitivity analyses were done. An analysis 
was conducted of the impact of each new data element on model results.  Figure 1.22 shows the changes 
the estimated spawning biomass as catch data, the NMFS bottom trawl survey data, the Shelikof Strait 
acoustic survey data, the ADFG survey data, and the summer acoustic survey data were added 
sequentially. The addition of new catch at age data did not change the biomass trend appreciably.  Adding 
the NMFS and the ADFG survey data tended to pull the recent biomass trend downwards, while adding 
the Shelikof Strait and summer acoustic survey tended to pull the biomass upwards.  Once all the new 
data were added, the biomass trend was quite similar to the trend prior to adding new data.   
 
The contrast between the effect of the bottom trawl survey data and the acoustic survey data was 
highlighted in another sensitivity analysis in which the 2017 base model was compared with a run where 
all recent bottom trawl survey data were omitted (2017 biomass and composition data for the NMFS and 
ADFG survey, plus 2015 and 2016 ADFG survey data), and another run where all of the recent acoustic 
survey data were omitted (2017 Shelikof Strait and summer acoustic biomass and composition data). 
These runs showed extreme contrast (Fig. 1.23), with 2018 estimated biomass ranging from 29% of 
unfished stock size to 104% of unfished stock size, and the 2018 ABCs ranging from under 40,000 t to 
over 300,000 t.  
 
Several model configurations were evaluated that focused on data reweighting, and modeling approaches 
to improve the fit to the conflicting data sets used in the assessment. This work also addresses a 







recommendation during the 2016 review to explore models with time-varying catchability for the 
Shelikof Strait acoustic survey. Alternative models that were evaluated are listed below.  
 


Model 16.2—last year’s base model with new data. 
Model 17.1—Age composition data reweighted using the Francis (2011) method.  
Model 17.2—Same as model 17.1, but with random walks in survey catchability for the Shelikof 
Strait acoustic survey and the ADFG survey. 
Model 17.3—Same as 17.2, but a smaller penalty on variation in catchability. 
Model 17.4—Same as 17.2, but with an offset for natural mortality for the 2012 year class. 


 
Models were compared by examining model fits (Table 1.19) and plotting the estimated spawning 
biomass (Fig. 1.24).  
 
Since 2014, iterative reweighting has been done for composition data based on the harmonic mean of 
effective sample size (McAllister and Ianelli 1997). An alternative approach developed by Francis (2011) 
(Method TA1.8 in Appendix Table A1) accounts for positive correlations in proportions for nearby ages, 
which the McAllister and Ianelli method does not. We applied the Francis method starting from the 
original input sample sizes. Some experimentation suggested that final weights were not sensitive to 
different starting values. When the Francis (2011) method was applied, the revised input sample sizes 
were generally lower than from the McAllister and Ianelli method, as is usually the case. Revised input 
sample sizes were between 86% and 46% percent of those resulting from McAllister and Ianelli method. 
Comparison of spawning biomass trends for different reweighting procedures indicated that model results 
were not particularly sensitive to different approaches (Fig. 1.25). The Francis method seemed to be 
robust and gave reasonable results.  Therefore Model 17.1, which formed the base for further model 
exploration, used the Francis method for reweighting. 
 
Model 17.2 and model 17.3 explored models in which survey catchability was allowed to vary from one 
year to the next for the Shelikof Strait acoustic survey and the ADFG bottom trawl survey. For the 
Shelikof Strait acoustic survey, catchability may vary because the fraction of the stock spawning in 
Shelikof Strait is not constant. For the ADFG survey, the fraction of the stock in the nearshore areas 
covered by the survey may vary from one year to the next. Interannual variation in catchability was also 
considered for the NMFS bottom trawl survey, but the estimated changes in catchability showed no 
strong patterns, so variation in catchability for this survey was not modeled. Two ways to model variation 
is catchability were considered, a random error process and a random walk process. Both approaches 
estimate catchability as a log-scale mean plus a log-scale random deviation, but for a random error 
process there a likelihood penalty term for the annual deviations, while for the random walk process there 
is a likelihood penalty term for the first difference of the deviations (See Appendix B). Both methods 
gave reasonable results (Fig. 1.26). The random walk approach was considered the most appropriate way 
to model this process, since the even the random error approach indicated there were long-term patterns in 
catchability. 
 
Models 17.2 and model 17.3 both used random walk error process with a penalized likelihood. The 
difference between the two models is that that penalty term (analogous to the standard deviation of the 
annual change) was 0.05 for model 17.2, and 0.10 for model 17.3. Although this is a type of random 
effects model, and approaches have been developed to estimate variance terms for random effects models 
(Thorson et al. 2015), these methods are new and still relatively untested in actual assessments. We were 
unable to explore these approaches in this assessment, but intend to do so in the future. Comparison of 
estimated catchability patterns for the Shelikof Strait acoustic survey (Fig. 1.27) indicated that both 
models improved the fit to the biomass estimates, but it was still not possible to fit the very high 2017 
data point even when catchability pattern was allowed to be very flexible.  Similar results were obtained 
for the ADFG bottom trawl survey (Fig. 1.28).  We preferred model 17.2 over model 17.3 because we had 







 


concerns that model 17.3 may be overfitting the survey biomass estimates, and because catchability for 
model 17.2 in 2017 was 0.83, which is similar to the ratio of biomass in Shelikof Strait to the total 
surveyed biomass in winter of 2017 (85%), when comprehensive survey of known pollock spawning 
locations in the GOA was conducted. 
 
A final model evaluation considered whether the unusual 2017 survey results could be accounted for by 
changes in the natural mortality of the 2012 year class, which is almost certainly the largest year class to 
recruit to the GOA pollock stock in more than 30 years.  Some authors (Axelson et al. 2001, Engelhard 
and Heino 2006) have hypothesized that a strong year class can overwhelm its predators, producing a 
dilution effect that results in the year class experiencing reduced natural mortality. This was explored in 
model 17.4 by estimating a multiplicative term on natural mortality that applied only the 2012 year class 
from age 1 in 2013 to age 5 in 2017.  The estimated multiplier was 0.74, indicating that natural mortality 
was 26% lower for this year class. Examination of the results for this model indicate that recruitment 
strength for the 2012 year class was estimated at 12.3 billion rather than 24.1 billion for model 17.2, 
suggesting that there may be a tradeoff between estimate of year class strength and cohort-specific natural 
mortality. The change in log likelihood between model 17.4 and 17.2 was only 1.5, suggesting that this 
was probably not a significant improvement in the model.  Therefore model 17.4 was not considered 
further. 
 
On the basis of the above considerations, model 17.2 was selected as the base model, and a final turning 
step was done using the Francis (2011) approach.  The age-1 and the age-2 Shelikof acoustic indices were 
also iteratively reweighted using RMSE as a tuning variable. All composition data components were 
reweighted slightly, but model results were nearly unchanged.  
 
Model Evaluation 
The fit of model 17.2 to age composition data was evaluated using plots of observed and predicted age 
composition and residual plots.  Plots show the fit to fishery age composition (Fig. 1.29, Fig. 1.30), 
Shelikof Strait acoustic survey age composition (Fig. 1.31, Fig. 1.32), NMFS trawl survey age 
composition (Fig. 1.33, Fig. 1.34), and ADFG trawl survey age composition (Fig. 1.34, Fig. 1.35). Model 
fits to fishery age composition data are adequate in most years.  The largest residuals tended to be at ages 
1-2 in the NMFS bottom trawl survey due to inconsistencies between the initial estimates of abundance 
and subsequent information about year class size. 
  
Model fits to biomass estimates follow general trends in survey time series are fit reasonably well (Fig. 
1.36 and Fig. 1.37), although large residuals are evident in 2017 for the Shelikof Strait acoustic survey 
and the NMFS bottom trawl survey. In addition, the model is unable to fit the extremely low values for 
the ADFG survey in 2015-2017, though otherwise the fit to this survey is quite good. The fit to the age-1 
and age-2 acoustic indices appeared adequate though variable (Fig. 1.38).     
 
Time series results 
Parameter estimates and model output are presented in a series of tables and figures.  Estimated survey 
and fishery selectivity for different periods are given in Table 1.20 (see also Fig. 1.39).  Table 1.21 gives 
the estimated population numbers at age for the years 1970-2017.   Table 1.22 gives the estimated time 
series of age 3+ population biomass, age-1 recruitment, and harvest rate (catch/3+ biomass) for 1977-
2017 (see also Fig. 1.40).  Table 1.23 gives coefficients of variation and 95% confidence intervals for 
age-1 recruitment and spawning stock biomass.  Stock size peaked in the early 1980s at approximately 
80% of the proxy for unfished stock size (B100% = mean 1978-2016 recruitment multiplied by the 
spawning biomass per recruit in the absence of fishing (SPR@F=0)).  In 1999, the stock dropped below 
the B40% for the first time since the early 1980s, reached a minimum in 2003 of 26% of unfished stock 
size.  Over the years 2009-2013 stock size has shown a strong upward trend from 36% to 65% of unfished 







stock size, but declined to 39% of unfished stock size in 2016. The spawning stock is projected to 
increase again in 2018 as the strong 2012 year class continues to mature to the spawning population.  
 
Figure 1.41 shows the historical pattern of exploitation of the stock both as a time series of SPR and 
fishing mortality compared to the current estimates of biomass and fishing mortality reference points. 
Except from the mid-1970s to mid-1980s fishing mortalities has generally been lower than the current 
OFL definition, and in nearly all years was lower than the FMSY proxy of F35% . 
  
Retrospective comparison of assessment results 
A retrospective comparison of assessment results for the years 1993-2017 indicates the current estimated 
trend in spawning biomass for 1990-2017 is consistent with previous estimates (Fig. 1.42).  All time 
series show a similar pattern of decreasing spawning biomass in the 1990s, a period of greater stability in 
2000s, followed by an increase starting in 2008.  A moderate retrospective pattern is evident for recent 
assessments, where the spawning biomass was revised upwards with each assessment. The estimated 
2017 age composition from the current assessment is reasonably consistent with the projected 2017 age 
composition from the 2016 assessment (Fig. 1.42). The largest change is the estimate of the age-1 fish 
(2016 year class), which is much lower based on this year’s survey results indicating weak age-1 
recruitment instead of average recruitment as was assumed in last year’s assessment.  
 
Retrospective analysis of base model 
A retrospective analysis consists of dropping the data year-by-year from the current model, and provides 
an evaluation of the stability of the current model as new data are added. Figure 1.43 shows a 
retrospective plot with data sequentially removed back to 2007. There is up to 23% error in the 
assessment (if the current assessment is accepted as truth), but usually the errors are much smaller. There 
is relatively modest positive retrospective pattern to errors in the assessment, and the revised Mohn’s ρ 
(Mohn 1999) for ending year spawning biomass is 0.066, which does not indicate a concern with 
retrospective bias. 
 
Stock productivity 
Recruitment of GOA pollock is more variable (CV = 0.99) than Eastern Bering Sea pollock (CV = 0.59).  
Other North Pacific groundfish stocks, such as sablefish and Pacific ocean perch, also have high 
recruitment variability.  However, unlike sablefish and Pacific ocean perch, pollock have a short 
generation time (~8 years), so that large year classes do not persist in the population long enough to have 
a buffering effect on population variability.  Because of these intrinsic population characteristics, the 
typical pattern of biomass variability for GOA pollock will be sharp increases due to strong recruitment, 
followed by periods of gradual decline until the next strong year class recruits to the population.  GOA 
pollock is more likely to show this pattern than other groundfish stocks in the North Pacific due to the 
combination of a short generation time and high recruitment variability.  
 
Since 1980, strong year classes have occurred every four to six years, although this pattern appears much 
weaker since 2004 (Fig. 1.40).  The 2012 year class still appears to be very strong in based on the current 
assessment, and appears to be strongest year class since the 1970s. Because of high recruitment 
variability, the mean relationship between spawning biomass and recruitment is difficult to estimate 
despite good contrast in spawning biomass.  Strong and weak year classes have been produced at high and 
low level of spawning biomass.  Spawner productivity is higher on average at low spawning biomass 
compared to high spawning biomass, indicating that survival of eggs to recruitment is density-dependent 
(Fig. 1.44).  However, this pattern of density-dependent survival only emerges on a decadal scale, and 
could be confounded with environmental variability on the same temporal scale.  These decadal trends in 
spawner productivity have produced the pattern of increase and decline in the GOA pollock population.  







 


The last two decades have been a period of relatively low spawner productivity. In the last couple of year 
spawner productivity has dropped very steeply. Age-1 recruitment in 2016 is estimated to be the lowest in 
the time series, and age-1 recruitment in 2017 is estimated to 20% of the long-term average, though these 
estimates remain very uncertain. 
 
Harvest Recommendations 


Reference fishing mortality rates and spawning biomass levels 
Since 1997, GOA pollock have been managed under Tier 3 of the NPFMC tier system.  In Tier 3, 
reference mortality rates are based on the spawning biomass per recruit (SPR), while biomass reference 
levels are estimated by multiplying the SPR by average recruitment.  Estimates of the FSPR harvest rates 
were obtained using the life history characteristics of GOA pollock (Table 1.24).  Spawning biomass 
reference levels were based on mean 1978-2015 age-1 recruitment (5.595 billion), which is similar to the 
mean value in last year’s assessment.  Spawning was assumed to occur on March 15th, and female 
spawning biomass was calculated using mean weight at age for the Shelikof Strait acoustic surveys in 
2013-2017 to estimate current reproductive potential.  A substantial long-term increase in pollock weight-
at-age has been observed, though recently the trend in weight-at-age has reversed, begun to decline 
steeply (Fig. 1.20). The factors which caused this pattern are unclear, but are likely to involve both 
density-dependent factors and environmental forcing. The SPR at F=0 was estimated as 0.107 kg/recruit 
at age one.  FSPR rates depend on the selectivity pattern of the fishery.  Selectivity has changed as the 
fishery evolved from a foreign fishery occurring along the shelf break to a domestic fishery on spawning 
aggregations and in nearshore waters (Fig. 1.1).  For SPR calculations, selectivity was based on the 
average for 2012-2016 to reflect current selectivity patterns.    
 
GOA pollock FSPR harvest rates are given below: 
 


FSPR rate Fishing mortality 
Equilibrium under average 1978-2016 recruitment 


Avg. Recr. 
(Million) 


Total 3+ biom. 
(1000 t) 


Female spawning 
biom. (1000 t) 


Catch 
(1000 t) 


Harvest 
rate 


100.0% 0.000 5595 2203 596 0 0.0% 
40.0% 0.255 5595 1270 238 176 13.8% 
35.0% 0.302 5595 1186 209 191 16.1% 


 
The B40% estimate of 238,000 t represents an 11% decrease from the B40% estimate of 267,000 t in the 
2015 assessment, which is due to the continuing decline in spawning weight at age and mean recruitment.  
The base model projection of female spawning biomass in 2018 is 342,683 t, which is 57.5% of unfished 
spawning biomass (based on average post-1977 recruitment) and above B40% (238,000 t), thereby placing 
GOA pollock in sub-tier “a” of Tier 3. 
 
2018 acceptable biological catch 
The definitions of OFL and maximum permissible FABC under Amendment 56 provide a buffer between 
the overfishing level and the intended harvest rate, as required by NMFS national standard guidelines.  
Since estimates of stock biomass from assessment models are uncertain, the buffer between OFL and 
ABC provides a margin of safety so that assessment error will not result in the OFL being inadvertently 
exceeded. For GOA pollock, the maximum permissible FABC harvest rate is 84.6% of the OFL harvest 
rate.  In 2001 assessment, a more conservative alternative was adopted that maintains a constant buffer 
between ABC and FABC at all stock levels (Table 1.25). 
 
  







This alternative is given by the following 
 
 


Define 
F
F B = B
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Stock status: 1 > B / B * , then F = F 40%  
 
Stock status: 1  B / B < 0.05 * ≤ , then )()( 0.05 - 1 / 0.05 - BB/ xF = F *


40%  
 
Stock status: 0.05  B / B * ≤ , then 0 = F  
 
This alternative has the same functional form as the maximum permissible FABC; the only difference is 
that it declines linearly from B* (= B47%) to 0.05B* (Fig. 1.41). 
 
Projections for 2018 for FOFL, the maximum permissible FABC, and an adjusted F40% harvest rate are given 
in Table 1.26.   
 
ABC recommendation 
The recommended ABC was based on a model projection using the base model and the adjusted F40% 
harvest rate described above.  Because the stock is above the inflection point in the harvest control rule, 
this alternative gives the same ABC as the maximum permissible FABC. The author’s recommended 2018 
ABC is therefore 161,492 t, which is a decrease of 21% from the 2017 ABC.  The recommended 2018 
ABC is nearly the same as the projected 2018 ABC in the 2016 assessment (3% higher). This consistency 
is surprising given the strong and contrasting signals from recent survey data.  In 2019, the ABC based an 
adjusted F40% harvest rate is 106,568 t.  The OFL in 2017 is 187,059 t, and the OFL in 2019 if the 
recommended ABC is taken in 2017 is 131,170 t. It should be noted that there is likely to be a continuing 
decline in the ABC over the next few years, particularly if low recruitment continues. ABCs as low as 
70,000 t may occur by 2020. 
 
The new survey data for 2017 included the Shelikof Strait acoustic survey, the NMFS bottom trawl, 
summer acoustic survey, and the ADFG bottom trawl survey. Survey data in 2017 are highly contrasting, 
with both acoustic surveys indicating large or increasing biomass, and both bottom trawl surveys 
indicating a steep decline in recent years. These divergent trends are likely due to changes in the 
availability of pollock to different surveying methods, though research is need to confirm this hypothesis. 
Other characteristics of the GOA pollock stock are showed unusual patterns, including changes in growth 
and maturation, very low recruitment, and unequal sex ratios. These unusual patterns suggest we are 
entering a period of greater uncertainty concerning pollock status.  
 
To evaluate the probability that the stock will drop below the B20% threshold, we projected the stock 
forward for five years using the author’s recommended fishing mortality schedule.  This projection 
incorporates uncertainty in stock status, uncertainty in the estimate of B20%, and variability in future 
recruitment.  We then sampled from the likelihood of future spawning biomass using Markov chain 
Monte Carlo (MCMC).   A chain of 1,000,000 samples was thinned by selecting every 200th sample.  
Analysis of the thinned MCMC chain indicates that probability of the stock dropping below B20% will be 
close to zero until 2022, when the probability is estimated to be 0.0082 (Fig. 1.45). 
  







 


Projections and Status Determination 
A standard set of projections is required for stocks managed under Tier 3 of Amendment 56.  This set of 
projections encompasses seven harvest scenarios designed to satisfy the requirements of Amendment 56, 
the National Environmental Protection Act, and the Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA).  For each scenario, the projections begin with the 2017 numbers at age at 
the start of the year as estimated by the assessment model, and assume the 2017 catch will be equal to 
172,500 t (84.7% of the ABC, the estimated catch as of Oct 1, plus all of the D season quota).   In each 
year, the fishing mortality rate is determined by the spawning biomass in that year and the respective 
harvest scenario.  Recruitment is drawn from an inverse Gaussian distribution whose parameters consist 
of maximum likelihood estimates determined from recruitments during 1978-2016 as estimated by the 
assessment model.  Spawning biomass is computed in each year based on the time of peak spawning 
(March 15) using the maturity and weight schedules in Table 1.24.  This projection scheme is run 1000 
times to obtain distributions of possible future stock sizes, fishing mortality rates, and catches. 
 
Five of the seven standard scenarios are used in an Environmental Assessment prepared in conjunction 
with the final SAFE.  These five scenarios, which are designed to provide a range of harvest alternatives 
that are likely to bracket the final TAC for 2018, are as follows (“max FABC” refers to the maximum 
permissible value of FABC under Amendment 56): 
 


Scenario 1:  In all future years, F is set equal to max FABC.  (Rationale:  Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


 
Scenario 2:  In all future years, F is set equal to the FABC recommended in the assessment. 


 
Scenario 3:  In all future years, F is set equal to the five-year average F (2013-2017).  (Rationale:  
For some stocks, TAC can be well below ABC, and recent average F may provide a better 
indicator of FTAC than FABC.) 


 
Scenario 4:  In all future years, F is set equal to F75%.  (Rationale:  This scenario represents a very 
conservative harvest rate and was requested by the Regional Office based on public comment.) 


 
Scenario 5:  In all future years, F is set equal to zero.  (Rationale:  In extreme cases, TAC may be 
set at a level close to zero.) 


 
Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition.  These two scenarios are 
as follows (for Tier 3 stocks, the MSY level is defined as B35%): 
 


Scenario 6:  In all future years, F is set equal to FOFL.  (Rationale:  This scenario determines 
whether a stock is overfished. If the stock is expected to be 1) above its MSY level in 2017 or 2) 
above 1/2 of its MSY level in 2017 and above its MSY level in 2027 under this scenario, then the 
stock is not overfished) 


 
Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL.  (Rationale:  This scenario determines whether a stock is approaching an overfished 
condition. If the stock is expected to be 1) above its MSY level in 2019, or 2) above 1/2 of its 
MSY level in 2019 and above its MSY level in 2029 under this scenario, then the 
stock is not approaching an overfished condition.) 


 
Results from scenarios 1-5 are presented in Table 1.26.  Mean spawning biomass is projected to peak in 







2018, and begin declining under full exploitation scenarios, but will remain high under the F=0 and other 
low exploitation scenarios (Fig. 1.46).  Catches are likely to decline steeply at least until 2020 as the 2012 
year class declines in abundance, and much weaker year classes subsequent to 2012 begin to affect the 
population. Plots of individual projection runs are highly variable (Fig. 1.47), and may provide a more 
realistic view of potential pollock abundance in the future. 
 
Under the MSFCMA, the Secretary of Commerce is required to report on the status of each U.S. fishery 
with respect to overfishing. This report involves the answers to three questions: 1) Is the stock being 
subjected to overfishing? 2) Is the stock currently overfished? 3) Is the stock approaching an overfished 
condition?   
 
The catch estimate for the most recent complete year (2016) is 177,135 t, which is less than the 2016 OFL 
of 322,858 t.   Therefore, the stock is not subject to overfishing. 
 
Scenarios 6 and 7 are used to make the MSFCMA’s other required status determination as follows:   
 
Under scenario 6, spawning biomass is estimated to be 257,826 t in 2017, which is above B35% (209,000 
t).  Therefore, GOA pollock is not currently overfished. 
 
Under scenario 7, projected mean spawning biomass in 2019 is 279,502 t, which is above B35% (209,000 
t). Therefore, GOA pollock is not approaching an overfished condition. 
 
Options for area apportionment of pollock to management areas in the central and western portions of the 
Gulf of Alaska (central/western/west Yakutat) are provided in Appendix C. 
 
Economic Performance Report 
 
Alaska pollock is important component of the catch portfolio in the Gulf of Alaska (GOA). In the decade 
before 2012 catch typically ranged between 50-80 thousand t (EPR Table 1). Recent increases in the total 
allowable catch have roughly doubled catch between 2011 and 2016. Retained catch of pollock increased 
8% in 2016 to 176 thousand t. GOA pollock ex-vessel value was $32.3 million and first-wholesale value 
was $105 million 2016 (EPR Tables 1 and 2). 
 
EPR Table 1. Pollock in the Gulf of Alaska ex-vessel market data. Total and retained catch (thousand metric tons), 
ex-vessel value (million US$), price (US$ per pound), the Central Gulf’s share of value, and number of trawl 
vessels; 2005-2007 average, 2008-2010 average, 2011-2013 average, and 2014-2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; and ADF&G Commercial Operators Annual 
Reports (COAR). Data compiled and provided by the Alaska Fisheries Information Network (AKFIN. 
 
 
EPR Table 2. Pollock in the Gulf of Alaska first-wholesale market data. First-wholesale production (thousand metric 
tons), value (million US$), price (US$ per pound), and head and gut, fillet, surimi, and roe production volume 


Avg 05-07 Avg 08-10 Avg 11-13 2014 2015 2016
Total Catch K mt 68.6 57.8 94.0 142.6 167.6 177.1
Retained Catch K mt 66.3 53.9 91.6 141.1 163.0 176.0
Ex-vessel Value M $ 19.7$       21.4$       34.3$      37.9$         43.6$         32.3$        
Ex-vessel Price/lb $ 0.135$     0.180$     0.170$    0.122$       0.119$       0.083$      
Central Gulf Share of Value 61% 62% 75% 88% 80% 63%
Vessels # 67.0 63.0 70.0 72 65 70







 


(thousand metric tons), price (US$ per pound), and value share; 2005-2007 average, 2008-2010 average, 2011-2013 
average, and 2014-2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea Production Reports; 
and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by the Alaska Fisheries Information 
Network (AKFIN). 
 
In contrast to the BSAI pollock fisheries, the GOA pollock fishery is not managed using catch shares and 
currently is a limited entry open access fishery. Total allowable catch is allocated spatially based on 
biomass to the inshore fleet of catcher vessels using trawl gear that deliver to inshore processors in the 
Central and Western Gulf of Alaska. The ports at Kodiak typically account for about 80% of the GOA 
delivered volume and Sand Point about 12%. Almost all of the pollock delivered to Kodiak was caught in 
the GOA and approximately 90% of Sand Point's pollock delivered volume is from GOA caught pollock. 
A comparatively smaller share of GOA caught pollock is also delivered to King Cove. The GOA pollock 
fishery is subject to prohibited species catch (PSC) restrictions, in particular of Chinook salmon. These 
restrictions have resulted in periodic closures of the fishery in the past. Gulf trawlers participated in a 
voluntary four day stand down to attend and testify on management measures at the Feb. 2016 NPFMC 
meeting. In December 2016 the NPFMC decided to postpone work on bycatch management for the GOA 
groundfish trawl fisheries indefinitely.  
 
The value of pollock deliveries by vessels to inshore processors (shoreside ex-vessel value) increased 
26% to $32.3 million in 2016 (EPR Table 2). The significant in increase in catch was offset by 30% 
decrease in the ex-vessel price to $0.083 per pound. The reduction in the ex-vessel price was related to the 
first-wholesale market where H&G prices were low and roe yields were down as a result of a reduction in 
the average size of fish caught. The change in ex-vessel price coincides in direction of change with the 
21% decrease in the average first-wholesale price of pollock products. The increase in catch resulted in a 
26% increase in production of pollock products in 2016 to 75 thousand t. First-wholesale value was $105 
million 2016, which was roughly equal to the value in 2014-2015 and above the 2005-2007 average of 
$53.4 million (EPR Table 2). The higher revenue in recent years is largely the result of increased catch 
and production levels as the average first-wholesale price of pollock products have declined to $0.64 per 
pound in 2016 since peaking in 2008-2010 at $1.26 per pound ($1.41 per pound in 2016 dollars) and 
since 2013 have been below the 2005-2007 average of $1.03 ($1.21 per pound in 2016 dollars), though 
this varies across products types. The wholesale prices of products and the consequent revenue from 


Avg 05-07 Avg 08-10 Avg 11-13 2014 2015 2016
All Products Volume K mt 23.5 17.6 36.1 54.7 59.8 75.1
All Products Value M $ 53.4$       48.9$       84.5$      105.8$       105.4$       105.2$      
All Products Price lb $ 1.03$       1.26$       1.06$      0.88$         0.80$         0.64$        
Head & Gut Volume K mt 6.9 7.8 18.4 29.7 30.3 27.8
Head & Gut Price lb $ 0.63$       0.75$       0.68$      0.62$         0.61$         0.43$        
Head & Gut Value share 18% 26% 33% 38% 39% 25%
Fillets Volume K mt 4.6 3.2 5.8 8.2 9.1 14.3
Fillets Price lb $ 1.30$       1.82$       1.59$      1.35$         1.30$         1.11$        
Fillets Value share 25% 26% 24% 23% 25% 33%
Surimi Volume K mt 7.1 4.5 8.5 12.3 14.7 13.4
Surimi Price lb $ 0.91$       1.62$       1.19$      0.89$         0.85$         0.97$        
Surimi Value share 27% 33% 27% 23% 26% 27%
Roe Volume K mt 1.8 0.9 1.7 3.5 3.1 0.5
Roe Price lb $ 3.36$       2.92$       3.04$      2.03$         1.30$         1.34$        
Roe Value share 25% 12% 14% 15% 8% 2%







production must be viewed from within the context of the broader market for pollock which is largely 
driven by activity in the BSAI and globally.  
 
Since 2005 the volume of catch in the GOA has been roughly 5%-10% the size of the catch volume in the 
BSAI and approximately 3% of the global pollock catch. Fluctuations in GOA catch and production 
volumes have at most only a marginal impact on global pollock markets. Furthermore, one of the main 
product produced for GOA pollock is head-and-gut (H&G), a low price product type which is produced in 
high quantities by Russia. While the GOA pollock fishery experienced low catch years in 2007-2009, that 
approximately coincided with the lows in the BSAI from 2008-2010, it was the low catch volumes in the 
BSAI and other global market events which ultimately drove price changes and will be explored in more 
detail below. 
 
EPR Tables 1-3 display three distinguishable periods in pollock markets. From 2001-2008 pollock 
catches in Alaska were high at approximately 1.5 million t. The U.S. (Alaska) accounted for over 50% of 
the global pollock catch (EPR Table 3). Between 2008-2010 conservation reductions in the pollock total 
allowable catch (TAC) trimmed catches in Alaska to an average 930 thousand t. The supply reduction 
resulted in price increases for most pollock products, which mitigated the short-term revenue loss (EPR 
Table 2). Over this same period, the pollock catch in Russia increased from an average of 1 million t in 
2005-2007 to 1.4 million t in 2008-2010 and Russia’s share of global catch increased to over 50% and the 
U.S. share decreased to 35%. Russia lacks the primary processing capacity of the U.S. and much of their 
catch is exported to China and is re-processed as twice-frozen fillets. Around the mid- to late-2000s, 
buyers in Europe, an important segment of the fillet market, started to source fish products with the MSC 
sustainability certification, and some major retailers in the U.S. later began to follow suit. Asian markets, 
an important export destination for a number of pollock products, have shown less interest in requiring 
MSC certification. The U.S. was the only producer of MSC certified pollock until 2013 when roughly 
50% of the Russian catch became MSC certified. Since 2010 the U.S. pollock stock rebounded with 
catches in the BSAI ranging from 1.3-1.5 million t and Russia’s catch has stabilized at 1.5 to 1.6 million t. 
The majority of pollock is exported; consequently exchange rates can have a significant impact on market 
dynamics, particularly the Dollar-Yen and Dollar-Euro. Additionally, pollock more broadly competes 
with other whitefish that, to varying degrees, can serve as substitutes depending on the product. GOA 
pollock fisheries became certified by the Marine Stewardship Council (MSC) in 2005, a NGO based 
third-party sustainability certification, which some buyers seek. In 2015 the official U.S. market name 
changed from “Alaska pollock” to “pollock” enabling U.S. retailers to differentiate between pollock 
caught in Alaska and Russia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 


EPR Table 3. Pollock U.S. trade and global market data. Global production (thousand metric tons), U.S. share of 
global production, Russian share of global production, U.S. export volume (thousand metric tons), U.S. export value 
(million US$), U.S. export price (US$ per pound), the share of U.S. export volume and value with Japan, China and 
Germany, the share of U.S. export volume and value of meats (including H&G and fillets), surimi and roe; 2005-
2007 average, 2008-2010 average, 2011-2013 average, and 2014-2016. 


 
Notes: Exports are from the US and are not specific to the GOA region. Aggregate exports may not fully account for all pollock 
exports as products such as meal, minced fish and other ancillary product may be coded as generic fish type for export purposes. 
Source: FAO Fisheries & Aquaculture Dept. Statistics http://www.fao.org/fishery/statistics/en. NOAA Fisheries, Fisheries 
Statistics Division, Foreign Trade Division of the U.S. Census Bureau, http://www.st.nmfs.noaa.gov/commercial-
fisheries/foreign-trade/index. U.S. Department of Agriculture http://www.ers.usda.gov/data-products/agricultural-exchange-rate-
data-set.aspx. 
 
This market environment accounts for some of the major trends in prices and production across product 
types. Fillet prices peaked in 2008-2010 but declined afterwards because of the greater supply from U.S. 
and Russia. The 2013 MSC certification of Russian-caught pollock enabled access to segments of 
European and U.S. fillet markets, which has put continued downward pressure on prices. Pollock roe 
prices and production have declined steadily over the last decade as international demand has waned with 
changing consumer preferences in Asia. Additionally, the supply of pollock roe from Russia has increased 
with catch. The net effect has been not only a reduction in the supply of roe from the U.S. industry, but 
also a significant reduction in roe prices which are roughly half pre-2008 levels. Prior to 2008, roe 
comprised 23% of the U.S. wholesale value share, and since 2011 it has been roughly 10%. With U.S. the 
supply reduction in 2008-2010 surimi production from pollock came under increased pressure as U.S. 
pollock prices rose and markets sought cheaper sources of raw materials. This contributed to a growth in 
surimi from warm-water fish of Southeast Asia. Surimi prices spiked in 2008-2010 and have since tapered 
off as production from warm-water species have increased, coupled with the supply increases from 
pollock. Only a small fraction of Russia caught pollock is processed as surimi. Surimi is consumed 
globally, but Asian markets dominate the demand for surimi and demand has remained strong. 
 


Avg 05-07 Avg 08-10 Avg 11-13 2014 2015 2016
2017      


(thru July)


2,854 2,662 3,241 3,245 3,373 - -
52% 35% 40.5% 44.0% 43.9% - -
37% 53% 49% 47% 48% - -


278.9 192.2 326.2 395.0 377.8 378.6 222.5
867.4$     635.2$     943.6$    1,081.7$    1,038.2$    988.8$      594.5$      


1.41 1.50 1.31$      1.24$         1.25$         1.18$        1.21$        
Volume Share 34.4% 26.6% 20.8% 22.1% 25.0% 20.1% 23.0%
Value share 38.1% 26.3% 19.3% 21.7% 25.5% 20.3% 25.6%
Volume Share 3.1% 9.0% 13.1% 14.7% 12.7% 11.7% 15.0%
Value share 2.2% 6.9% 10.5% 12.0% 10.5% 9.7% 12.5%
Volume Share 16.7% 19.9% 21.9% 23.4% 21.4% 19.3% 11.1%
Value share 14.5% 21.2% 22.7% 24.3% 21.3% 19.2% 11.0%
Volume Share 32.7% 52.2% 49.6% 53.8% 49.2% 49.3% 45.3%
Value share 27.2% 48.5% 48.4% 51.6% 46.2% 46.3% 41.9%
Volume Share 10.4% 8.2% 4.9% 5.5% 5.4% 3.7% 8.0%
Value share 35.3% 22.8% 13.8% 14.1% 14.6% 11.2% 18.2%
Volume Share 56.9% 45.7% 45.4% 40.7% 45.4% 47.0% 46.7%
Value share 37.5% 32.7% 37.9% 34.3% 39.2% 42.4% 39.8%


Germany


Meat/Fillets


Surimi
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The portfolios of products produced in the GOA differs somewhat from the BSAI. The primary products 
processed from pollock in the BSAI are fillets, surimi and roe, with each accounting for approximately 
40%, 35%, and 10% of first-wholesale value. In the GOA the primary products are head-and-gut, surimi, 
fillets, and roe, each have typically accounted for approximately 35%, 25%, 25%, and 13% of first-
wholesale value in recent years. In terms of GOA production, head-and-gut, surimi, and fillets each have 
typically accounted for approximately 50%, 25%, and 15% of production in recent years. The production 
shares have changed since 2005-2007, particularly for H&G. When surimi production decreased with 
average catch volumes in 2008-2010, but H&G production increased. In 2011-2015 proportionally more 
of the increases from catch have gone towards H&G production, though surimi and fillet production has 
increased as well at a slower rate. In 2016 low prices for H&G pollock resulted decreases in H&G’s 
relative share of value and volume to 25% and 37%, respectively. Fillet’s share of value and volume 
increased to 19% and 33%, respectively. Additionally, a reduction in the average size of fish resulted in 
low roe yields which reduced production and roe’s share of value to 2%. 
 
Prices for pollock products in the GOA, a shoreside fishery, are close to the prices for the corresponding 
products produces by the BSAI shoreside sector. The price of fillet produced in the GOA are on average 
about 5% higher than those on produced in the BSAI shoreside. Though in 2016 the BSAI price was 
higher than in the GOA. The price of roe is on average about 10% lower in the GOA than the BSAI 
shoreside sector. The price of products produced at-sea in the BSAI tend to be higher than comparable 
products produced shoreside because of the shorter time span between catch, processing and freezing.  
Low prices for H&G pollock and the smaller average size of fish caught were the major impediments to 
revenue generation in 2016. H&G pollock is largely exported to China for secondary processing and 
media reports indicate that the price for H&G pollock was low citing and insolvency of a major 
international pollock trader, significant inventories and smaller fish as contributing factors. Additionally, 
much of the Russian catch also goes to China as H&G for secondary processing and the weak value of the 
Russian Ruble could have been a contributing factor. The low price for H&G may have contributed to the 
increased production of fillets where prices were comparatively better. Total fillet production increased 
57% to 14.3 thousand t in 2016. The average price of fillet products in the GOA decreased 14% to $1.11 
per pound and is below the inflation adjusted average price of fillets in 2005-2007 of $1.53 per pound. 
The majority of fillet produced in the GOA are pin-bone-out (PBO). Approximately 30% of the fillets 
produced in Alaska are estimated to remain in the domestic market, which accounts for roughly 45% of 
domestic pollock fillet consumption. As recent fillet markets have become increasingly tight, the industry 
has tried to maintain value by increasing domestic marketing for fillet based product and creating product 
types that are better suited to the American palette, in addition to increased utilization of by-products. 
 
Surimi production decreased 8% to 13.4 thousand t in 2016 but remains high. Surimi production peaked 
in 2015 and the 2016 level is the second highest. The price for surimi increased 14% to $0.97. Surimi 
prices decreased in the GOA from 2013 through 2015. This trend was in contrast to the price increase in 
the BSAI particularly for the at-sea sector. Media reports indicate that the supply of raw surimi material 
continues to be constrained in Japan. Demand for surimi has remained strong though the high volume of 
surimi production in recent years has raised concerns that prices may begin to plateau or fall. More 
favorable exchange rate with Japan in 2016 may have helped to shore up prices. 
 
Roe is a high priced product that is the focus of the A season catch and destined primarily for Asian 
markets. Compared to 2005-2007, GOA roe production in recent years had been high because of the 
increased catch levels. Roe production in the GOA tapered off in 2008-2010 but rebounded with catch 
levels up through 2015. In 2016, roe production decreased 83% to a low of 539 t. Low roe yields from the 
catch of smaller fish was cited as a contributing factor. Smaller fish with lower roe yields were reported 
as factor in the BSAI and Russian catch as well. The smaller fish also tended to yield a lower grade roe 
which lowers the average roe price. However, constrained roe inventories and reduced global supply in 
2016 put upward pressure on roe prices. In addition, value of the Yen against the U.S. Dollar was more 







 


favorable in 2016 than 2015. The net effect was a 3% increase in the price of roe $1.34 in 2016. The 
revenue from roe decreased with the reduced production to a low of $1.6 million. 
 
Ecosystem considerations 


Prey of pollock 
An ECOPATH model was assembled to characterize food web structure in Gulf of Alaska using diet data 
and population estimates during 1990-93.   We use ECOPATH here simply as a tool to integrate diet data 
and stock abundance estimates in a consistent way to evaluate ecosystem interactions.  We focus 
primarily on first-order trophic interactions: prey of pollock and the predators of pollock.   
 
Pollock trophic interactions occur primarily in the pelagic pathway in the food web, which leads from 
phytoplankton through various categories of zooplankton to planktivorous fish species such as capelin 
and sandlance (Fig. 1.48). The primary prey of pollock are euphausiids, but pollock also consume shrimp, 
which are more associated with the benthic pathway, and make up approximately 18% of age 2+ pollock 
diet.  All ages of GOA pollock are primarily zooplanktivorous during the summer growing season (>80% 
by weight zooplankton in diets for juveniles and adults; Fig 1.49).  While there is an ontogenetic shift in 
diet from copepods to larger zooplankton (primarily euphausiids) and fish, cannibalism is not as prevalent 
in the Gulf of Alaska as in the Eastern Bering Sea, and fish consumption is low even for large pollock 
(Yang and Nelson 2000).   
 
There are no extended time series of zooplankton abundance for the shelf waters of the Gulf of the 
Alaska—though Seward Line monitoring now extends from 1998 to the present, and efforts are underway 
at AFSC to develop Euphausiid abundance indices from summer acoustic surveys in the Gulf of Alaska.  
Brodeur and Ware (1995) provide evidence that biomass of zooplankton in the center of the Alaska Gyre 
was twice as high in the 1980s than in the 1950s and 1960s, consistent with a shift to positive values of 
the PDO since 1977.  The percentage of zooplankton in diets of pollock is relatively constant throughout 
the 1990s (Fig. 1.49).  While indices of stomach fullness exist for these survey years, a more detailed 
bioenergetics modeling approach would be required to examine if feeding and growth conditions have 
changed over time, especially given the fluctuations in GOA water temperature in recent years, as water 
temperature has a considerable effect on digestion and other energetic rates. 
 
Predators of pollock 
Initial ECOPATH model results show that the top five predators on pollock >20 cm by relative 
importance are arrowtooth flounder, Pacific halibut, Pacific cod, Steller sea lion (SSL), and the directed 
pollock fishery (Fig. 1.50).  For pollock less than 20cm, arrowtooth flounder represent close to 50% of 
total mortality.  All major predators show some diet specialization, and none depend on pollock for more 
than 50% of their total consumption (Fig. 1.51).  Pacific halibut is most dependent on pollock (48%), 
followed by SSL (39%), then arrowtooth flounder (24% for juvenile and adult pollock combined), and 
lastly Pacific cod (18%).   It is important to note that although arrowtooth flounder is the largest single 
source of mortality for both juvenile and adult pollock (Fig 1.50), arrowtooth depend less on pollock in 
their diets than do other important pollock predators.   
 
Arrowtooth consume a greater number of small pollock than do Pacific cod or Pacific halibut, which 
consume primarily adult fish.  However, by weight, larger pollock are important to all three predators 
(Fig. 1.52).  Size composition of pollock consumed by the western stock of Steller sea lions tend towards 
larger fish, and are similar to the size of cod and halibut consumed (Zeppelin et al. 2004).  The diet of 
Pacific cod and Pacific halibut are similar in that the majority of their diet besides pollock is from the 
benthic pathway of the food web.  Alternate prey for Steller sea lions and arrowtooth flounder are similar, 
and come primarily from the pelagic pathway.   







 
Predation mortality, as estimated by ECOPATH, is extremely high for GOA pollock >20cm.  Estimates 
for the 1990-1993 time period indicate that known sources of predation sum to 90%-120% of the total 
production of walleye pollock calculated from 2004 stock assessment growth and mortality rates; 
estimates greater than 100% may indicate a declining stock (as shown by the stock assessment trend in 
the early 1990s; Fig 1.53, top), or the use of mortality rates which are too low.  Conversely, as >20cm 
pollock include a substantial number of 2-year olds, it may be that mortality rate estimates for this age 
range is low.  In either case, predation mortality for pollock in the GOA is much greater a proportion of 
pollock production than as estimated by the same methods for the Bering Sea, where predation mortality 
(primarily pollock cannibalism) was up to 50% of total production. 
 
Aside from the long-recognized decline in Steller sea lion abundance, the major predators of pollock in 
the Gulf of Alaska are stable to increasing, in some cases notably so since the 1980s (Fig. 1.53, top).  This 
high level of predation is of concern in light of the declining trend of pollock with respect to predator 
increases.  To assess this concern, it is important to determine if natural mortality may have changed over 
time (e.g. the shifting control hypothesis; Bailey 2000).  To examine predator interactions more closely 
than in the initial model, diet data of major predators in trawl surveys were examined in all survey years 
since 1990.   
 
Trends in total consumption of walleye pollock were calculated by the following formula: 
 


sizepredGOAsizepredsubregionsizepredsubregionsizepred RationWLFDCBnConsumptio ,,,,,,, ⋅⋅⋅= ∑  
 
where B(pred, size, subregion) is the biomass of a predator size class in the summer groundfish surveys in 
a particular survey subregion; DC is the percentage by weight of pollock in that predator group as 
measured from stomach samples, WLF is the weight frequency of pollock in the stomachs of that predator 
group pooled across the GOA region, calculated from length frequencies in stomachs and length-weight 
relationships from the surveys.  Finally, ration is an applied yearly ration for that predator group 
calculated by fitting weight-at-age to the generalized von Bertalanffy growth equations as described in 
Essington et al. (2001).  Ration is assumed fixed over time for a given size class of predator.  
 
Fig. 1.53 (bottom) shows annual total estimates of consumption of pollock (all age classes) in survey 
years by the four major fish predators.  Other predators, shown as constant, are taken from ECOPATH 
modeling results and displayed for comparison.  Catch is shown as reported in Table 1.1.   In contrast, the 
line in the figure shows the historical total production (tons/year) plus yearly change in biomass (positive 
or negative) from the stock assessment results.  In a complete accounting of pollock mortality, the height 
of the bars should match the height of the line.  As shown, estimates of consumption greatly surpass 
estimates of production; fishing mortality is a relatively small proportion of total consumption.  
Consumption rates could be overestimated because of seasonal differences in diets; while ration is 
seasonally adjusted, diet proportions are based on summer data.  Also, better energetic estimates of 
consumption would improve these estimates.  In terms of the stock assessment, underestimates of 
production could result from underestimating natural mortality, especially at ages 2-3, underestimating 
the rate of decline which occurred between 1990-present, or underestimates of the total biomass of 
pollock; this analysis should be revisited using higher mortality at younger ages as is now assumed in the 
stock assessment. 
 
To better judge natural mortality, consumption was calculated for two size groups of pollock, divided at 
30cm fork length.  This size break, which differs from the break in the ECOPATH analysis, is based on 
finding minima between modes of pollock in predator diets (Fig. 1.54).  This break is different from the 
conversion matrices used in the stock assessment; perhaps due to differences in size selection between 







 


predators and surveys.  For this analysis, it is assumed that pollock<30cm are ages 0-2 while pollock 
≥30cm are age 3+ fish.  
     
Consumption of age 0-2 pollock per unit predator biomass (using survey biomass) varied considerably 
through survey years, although within a year all predators had similar consumption levels (Fig. 1.55, top).  
Correlation coefficients of consumption rates were 0.98 between arrowtooth and halibut, and 0.90 for 
both of these species with pollock.  Correlation coefficients of these three species with cod were ~0.55 for 
arrowtooth and halibut and ~0.20 with pollock.  The majority of this predation by weight occurred on age 
2 pollock. 
 
Plotted against age 2 pollock numbers calculated from the stock assessment, consumption/biomass and 
total consumption by predator shows a distinct pattern (Fig. 1.55, lower two graphs).  In “low” 
recruitment years consumption is consistently low, while in high recruitment years consumption is high, 
but does not increase linearly, rather consumptions seems to level out at high numbers of juvenile pollock, 
resembling a classic “Type II” functional response.  This suggests the existence bottom-up control of 
juvenile consumption, in which strong year classes of pollock “overwhelm” feeding rates of predators, 
resulting in potentially lower juvenile mortality in good recruitment years which may amplify the 
recruitment.  However, this result should be examined iteratively within the stock assessment, as the 
back-calculated numbers at age 2 assume a constant natural mortality rate.  Assuming a lower mortality 
rate due to predator satiation would lead to lower estimates of age 2 numbers, which would make the 
response appear more linear.         
 
Consumption of pollock ≥30cm shows a different pattern over time.  A decline of consumption per unit 
biomass is evident for halibut and cod (Fig. 1.55 top).  Arrowtooth shows an insignificant decline; it is 
possible that the noise in the arrowtooth trend, mirroring the consumption of <30cm fish, is due to the 
choice of 30cm as an age cutoff.  As a function of age 3+ assessment biomass, consumption per unit 
biomass and total consumption remained constant as the stock declined, and then fell off rapidly at low 
biomass levels in recent years (Fig. 1.55, middle and bottom).  Again, this result should be approached 
iteratively, but it suggests increasing predation mortality on age 3+ pollock during 1990-2005, possibly 
requiring increased foraging effort from predators.   
 
There has been a marked decline in Pacific halibut weight at age since the 1970s that Clark et al. (1999) 
attributed to the 1977 regime shift without being able to determine the specific biological mechanisms 
that produced the change.  Possibilities suggested by Clark et al. (1999) include the physiological effect of 
an increase in temperature, intra- and interspecific competition for prey, or a change in prey quality.  The 
two species most dependent on pollock in the early 1990s (Pacific halibut and Steller sea lion) have both 
shown an exceptional biological response during the post-1977 period consistent with a reduction in 
carrying capacity (growth for Pacific halibut, survival for Steller sea lions).  In contrast, the dominant 
predator on pollock in the Gulf of Alaska (arrowtooth flounder) has increased steadily in abundance over 
the same period and shows no evidence of decline in size at age.  Given that arrowtooth flounder has a 
range of potential prey types to select from during periods of low pollock abundance (Fig. 1.51), we do 
not expect that arrowtooth would decline simply due to declines in pollock.  
 
Taken together, Figs. 1.54 and 1.55 suggest that recruitment remains bottom-up controlled even under the 
current estimates of high predation mortality, and may lead to strong year classes.  However, top-down 
control seems to have increased on age 3+ pollock in recent years, perhaps as predators have attempted to 
maintain constant pollock consumption during a period of declining abundance.  It is possible that natural 
mortality on adult pollock will remain high in the ecosystem in spite of decreasing pollock abundance. 
 







Ecosystem modeling 
To examine the relative role of pollock natural versus fishing mortality within the GOA ecosystem, a set 
of simulations were run using the ECOPATH model shown in Fig. 1.48.  Following the method outlined 
in Aydin et al. (2005), 20,000 model ecosystems were drawn from distributions of input parameters; these 
parameter sets were subjected to a selection/rejection criteria of species persistence resulting in 
approximately 500 ecosystems with nondegenerate parameters.  These models, which did not begin in an 
equilibrium state, were projected forward using ECOSIM algorithms until equilibrium conditions were 
reached.  For each group within the model, a perturbation experiment was run in all acceptable 
ecosystems by reducing the species survival (increasing mortality) by 10%, or by reducing gear effort by 
10%, and reporting the percent change in equilibrium of all other species or fisheries catches.  The 
resulting changes are reported as ranges across the generated ecosystems, with 50% and 95% confidence 
intervals representing the distribution of percent change in equilibrium states for each perturbation. 
 
Fig. 1.56 shows the changes in other species when simulating a 10% decline in adult pollock survival (top 
graph), a 10% decline in juvenile pollock survival (middle graph), and a 10% decline in pollock trawl 
effort.  Fisheries in these simulations are governed by constant fishing mortality rates rather than harvest 
control rules.  Only the top 20 effects are shown in each graph; note the difference in scales between each 
graph.   
 
The model results indicate that the largest effects of declining adult pollock survival would be declines in 
halibut and Steller sea lion biomass.  Declines in juvenile survival would have a range of effects, 
including halibut and Steller sea lions, but also releasing a range of competitors for zooplankton including 
rockfish and shrimp.  The pollock trawl itself has a lesser effect throughout the ecosystem (recall that 
fishing mortality is small in proportion to predation mortality for pollock); the strongest modeled effects 
are not on competitors for prey but on incidentally caught species (Table 1.2), with the strongest effects 
being on sharks. 
 
The results presented above are taken from Gulfwide weighted averages of consumption; Steller sea lions 
and the fishing fleet are central place foragers, making foraging trips from specific locations (ports in the 
case of the fishing fleet, and rookeries or haulouts for Steller sea lions).  Foraging bouts (or trawl sets) 
begin at the surface, and foragers attack their prey from the top down.  For such species, directed and 
local changes in fishing may have a disproportionate effect compared to the results shown here.   
 
In contrast, predation by groundfish is not as constrained geographically, and captures are likely to occur 
when the predator swims upwards from the bottom.  Changes in the vertical distribution of pollock may 
tend to favor one mode of foraging over another.  For example, if pollock move deeper in the water 
column due to surface warming, foraging groundfish might obtain an advantage over surface foragers.  
Alternatively, pollock may respond adaptively to predation risks from groundfish or surface foragers by 
changing its position in the water column. 
 
Of species affecting pollock (Fig. 1.57), arrowtooth have the largest impact on adult pollock, while 
bottom-up processes (phytoplankton and zooplankton) have the largest impact on juvenile pollock.  It is 
interesting to note that the link between juvenile and adult pollock is extremely uncertain (wide error 
bars) within these models. 
 
Finally, of the four major predators of pollock (Fig. 1.58), all are affected by bottom-up forcing; Steller 
sea lions, Pacific cod, and Pacific halibut are all affected by pollock perturbations, while pollock effects 
on arrowtooth are much more minor. 
 







 


Pair-wise correlations in predator trends were examined for consistent patterns (Fig. 1.59). For each pair-
wise comparison, we used the maximum number of years available.  Time series for Steller sea lions and 
Pacific cod begin in mid 1970s, while other time series extend back to the early 1960s.  We make no 
attempt to evaluate statistical significance (biomass trends are highly autocorrelated), and emphasize that 
correlation does not imply causation.  If two populations are strongly correlated in time, there are many 
possible explanations:  both populations are responding to similar forcing, one or other is causative agent, 
etc.   
 
Pollock abundance, fishery catches, and Steller sea lions are positively correlated (Fig. 1.59).   Since the 
harvest policy for pollock is a modified fixed harvest rate strategy, a positive correlation between catch 
and abundance would be expected.   The Steller sea lion trend is more strongly correlated with pollock 
abundance than pollock catches, but this correlation is based on data since 1976, and does not include 
earlier years of low pollock abundance.  The only strong inverse correlation is between arrowtooth 
flounder and Steller sea lions. A strong positive correlation exists between Pacific cod and Pacific halibut, 
and, from the 1960s to the present, between Pacific halibut and arrowtooth flounder.   
 
Several patterns are apparent in abundance trends and the diet data.  First, the two predators with alternate 
prey in the benthic pathway, Pacific cod and Pacific halibut, covary and have been relatively stable in the 
post-1977 period.  Second, the correlation between Pacific halibut and arrowtooth flounder (with quite 
different diets apart from pollock) may be due to similarities in their reproductive behavior.  Both spawn 
offshore in late winter, and conditions that enhance onshore advection, such as El Niños, may play an 
important role in recruitment to nursery areas for these species (Bailey and Picquelle 2002).  
 
Finally, it is apparent that the potential for competition between Steller sea lions and arrowtooth flounder 
is underappreciated.  Arrowtooth flounder consume both the primary prey of Steller sea lions (pollock), 
and alternate pelagic prey also utilized by Steller sea lions (capelin, herring, sandlance, and salmon).  
Arrowtooth predation on pollock occurs at a smaller size than pollock targeted by Steller sea lions.  The 
arrowtooth flounder population is nearly unexploited, is increasing in abundance, may be increasing it’s 
per unit consumption of pollock, and shows no evidence of density-dependent growth.  And lastly, since 
1976 there has been a strong inverse correlation between arrowtooth flounder and Steller sea lion 
abundance that is at least consistent with competition between these species.  
 
Data Gaps and Research Priorities 


Based on the 2012 CIE review of the Gulf of Alaska pollock assessment, the following research priorities 
are identified.  Additional details on recommended pollock research are included in a document provided 
to the GOA Plan Team in September 2013 that summarized and responded to the CIE review. 
 


• Reduce data sets to those that are informative about current status by removing earlier and more 
questionable data sets, and reducing the influence of the inconsistent data earlier in the time 
series. 


• Improve relative weightings given to different data sets. 
• Consider alternative modeling platforms. 
• Conduct research to develop informative priors on acoustic and trawl survey selectivity and 


catchability, and consider different ways to model selectivity. 
• Evaluate alternative ways to model fishery and survey selectivity (including asymptotic 


selectivity). 
• Explore implications of non-constant natural mortality on pollock assessment and management. 
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Table 1.1.  Walleye pollock catch (t) in the Gulf of Alaska. The ABC for 2017 is for the area west of  
140 o  W lon. (Western, Central and West Yakutat management areas) and includes the guideline harvest 
level for the state-managed fishery in Prince William Sound.  Research catches are reported in Appendix 
D. 


 
 


Year Foreign Joint Venture Domestic Total ABC/TAC
1964 1,126 1,126 ---
1965 2,746 2,746 ---
1966 8,914 8,914 ---
1967 6,272 6,272 ---
1968 6,137 6,137 ---
1969 17,547 17,547 ---
1970 9,331 48 9,379 ---
1971 9,460 0 9,460 ---
1972 38,128 3 38,131 ---
1973 44,966 27 44,993 ---
1974 61,868 37 61,905 ---
1975 59,504 0 59,504 ---
1976 86,520 211 86,731 ---
1977 117,833 259 118,092 150,000
1978 94,223 1,184 95,408 168,800
1979 103,278 577 2,305 106,161 168,800
1980 112,996 1,136 1,026 115,158 168,800
1981 130,323 16,856 639 147,818 168,800
1982 92,612 73,918 2,515 169,045 168,800
1983 81,318 134,171 136 215,625 256,600
1984 99,259 207,104 1,177 307,541 416,600
1985 31,587 237,860 17,453 286,900 305,000
1986 114 62,591 24,205 86,910 116,000
1987 22,823 45,248 68,070 84,000
1988 152 63,239 63,391 93,000
1989 75,585 75,585 72,200
1990 88,269 88,269 73,400
1991 100,488 100,488 103,400
1992 90,858 90,858 87,400
1993 108,909 108,909 114,400
1994 107,335 107,335 109,300
1995 72,618 72,618 65,360
1996 51,263 51,263 54,810
1997 90,130 90,130 79,980
1998 125,460 125,460 124,730
1999 95,638 95,638 94,580
2000 73,080 73,080 94,960
2001 72,077 72,077 90,690
2002 51,934 51,934 53,490
2003 50,684 50,684 49,590
2004 63,844 63,844 65,660
2005 80,978 80,978 86,100
2006 71,976 71,976 81,300
2007 52,714 52,714 63,800
2008 52,584 52,584 53,590
2009 44,247 44,247 43,270
2010 76,744 76,744 77,150
2011 81,484 81,484 88,620
2012 103,971 103,971 108,440
2013 96,353 96,353 113,099
2014 142,632 142,632 167,657
2015 167,553 167,553 191,309
2016 177,135 177,135 254,310
2017 203,769


Average (1977-2016) 106,167 123,195







Table 1.2.  Incidental catch (t) of FMP species (upper table) and non-target species (bottom table) in the 
walleye pollock directed fishery in the Gulf of Alaska in 2012-2016.   Species are in descending order 
according to the cumulative catch during the period. Incidental catch estimates include both retained and 
discarded catch. 


 
 


Managed species/species group 2012 2013 2014 2015 2016
Pollock 99643.9 91514.2 137611.0 163899.5 175296.6
Arrowtooth Flounder 1328.6 1765.3 2464.3 1671.1 1233.3
Pacific Cod 1267.0 1041.7 3286.8 1711.4 852.7
Pacific Ocean Perch 294.6 426.9 529.9 175.5 681.9
Flathead Sole 189.5 381.4 355.9 438.7 309.8
GOA Shallow Water Flatfish 171.2 183.4 248.9 357.6 265.7
Squid 6.7 346.2 143.5 465.3 182.2
GOA Rex Sole 48.8 151.1 270.8 145.9 113.4
Salmon Shark 52.9 2.8 144.0 369.0 79.5
GOA Big Skate 47.8 228.0 171.0 62.8 100.5
GOA Longnose Skate 9.0 25.2 179.7 87.4 46.9
Sablefish 6.7 12.6 30.4 129.9 89.0
GOA Shortraker Rockfish 21.8 22.6 27.7 14.0 181.4
Atka Mackerel 0.3 0.4 3.5 25.2 169.5
GOA Thornyhead Rockfish 0.5 0.6 42.3 24.2 72.2
Spiny Dogfish Shark 19.2 11.5 13.6 35.6 50.3
Sculpin 20.2 17.5 43.3 26.8 20.6
Northern Rockfish 60.7 5.6 15.1 16.6 15.7
GOA Rougheye Rockfish 21.2 8.9 25.2 12.4 44.5
GOA Deep Water Flatfish 3.0 12.8 35.3 15.0 24.0
Pacific Sleeper Shark 3.9 15.3 6.3 12.0 37.6
GOA Other Skate 5.5 23.9 17.0 17.7 4.5
GOA Dusky Rockfish 4.1 6.5 13.1 15.0 23.2
Octopus 0.4 0.3 7.2 4.3 5.7
Other Sharks 3.7 1.0 2.2 6.1 0.6
Other Rockfish 0.8 0.7 1.3 1.8 0.7
Percent non-pollock 3.5% 4.9% 5.5% 3.4% 2.6%


Non target species/species group 2012 2013 2014 2015 2016
Giant Grenadier 14.02 47.50 19.36 9.16 657.82
Eulachon 181.55 25.23 246.82 79.84 83.59
Miscellaneous fish 46.52 348.98 73.61 56.64 16.82
Jellyfish 122.96 34.56 23.09 169.61 157.19
Other Osmerids 81.87 11.06 75.27 13.28 8.78
Rattail Grenadier 63.26 0.00 0.00 0.00 27.89
Sea Stars 0.68 3.29 6.21 1.11 3.34
Capelin 0.02 0.01 4.61 3.62 0.02
State-managed Rockfish 0.00 0.00 0.05 0.00 5.50
Sea anemone unidentified 0.00 0.20 0.00 0.55 2.42
Sponge unidentified 0.00 0.03 1.16 0.20 0.08
Eelpouts 0.01 0.13 0.00 0.68 0.00
Pandalid shrimp 0.05 0.01 0.04 0.17 0.50
Stichaeidae 0.07 0.55 0.00 0.04 0.03
Snails 0.01 0.34 0.01 0.06 0.20
Bivalves 0.00 0.16 0.38 0.00 0.00
Benthic urochordata 0.02 0.21 0.00 0.00 0.00
Corals Bryozoans 0.00 0.00 0.00 0.02 0.18
Sea urchins, Sand Dollars, Sea cucumbers 0.00 0.01 0.11 0.01 0.03
Hermit Crab Unidentified 0.11 0.00 0.00 0.00 0.00
Pacific Sandfish 0.00 0.00 0.00 0.10 0.00







 


Table 1.3.  Bycatch of prohibited species for trawls where pollock was the predominant species in the 
catch in the Gulf of Alaska during 2012-2016. Herring and halibut bycatch is reported in metric tons, 
while crab and salmon are reported in number of fish. 


 


 


Species/species group 2012 2013 2014 2015 2016
Bairdi Tanner Crab (nos.) 727 7,999 2,062 2,340 3,431
Blue King Crab (nos.) 0 0 0 0 0
Chinook Salmon (nos.) 16,295 12,951 10,883 13,612 20,882
Golden (Brown) King Crab (nos.) 0 0 0 0 549
Halibut (t) 87.1 256.5 137.4 168.1 226.1
Herring (t) 1.3 10.5 4.6 78.2 147.3
Non-Chinook Salmon (nos.) 282 739 1422 909 1975
Opilio Tanner (Snow) Crab (nos.) 0 0 0 0 171
Red King Crab (nos.) 0 0 0 0 0







Table 1.4.  Catch (retained and discarded) of pollock (t) by management area in the Gulf of Alaska during 2007-2016 compiled by the Alaska 
Regional Office. 
  


Year Utilization Shumagin  610 Chirikof  620 Kodiak  630 West Yakutat            
640 


Prince William 
Sound   649 


(state waters)


Southeast and 
East Yakutat   
650 & 659


Total Percent 
discard


2007 Retained 17,470 18,848 13,777 84 1,046 0 51,224
Discarded 262 516 701 3 8 0 1,490 2.8%
Total 17,731 19,363 14,478 87 1,055 0 52,714


2008 Retained 15,099 18,692 13,336 1,155 613 1 48,896
Discarded 2,160 378 1,121 6 20 2 3,688 7.0%
Total 17,260 19,070 14,456 1,161 633 3 52,584


2009 Retained 14,475 13,578 10,974 1,190 1,474 0 41,692
Discarded 604 422 1,496 31 1 0 2,554 5.8%
Total 15,079 14,000 12,470 1,222 1,476 0 44,247


2010 Retained 25,960 28,015 18,373 1,625 1,660 2 75,635
Discarded 91 234 761 12 9 2 1,110 1.4%
Total 26,051 28,249 19,134 1,637 1,669 4 76,744


2011 Retained 20,472 36,114 18,987 2,268 1,535 0 79,376
Discarded 125 1,134 844 3 1 0 2,108 2.6%
Total 20,597 37,248 19,832 2,271 1,536 0 81,484


2012 Retained 27,352 44,597 25,089 2,353 2,622 0 102,012
Discarded 528 500 896 28 5 1 1,959 1.9%
Total 27,880 45,097 25,986 2,381 2,627 1 103,971


2013 Retained 7,644 52,603 28,134 2,927 2,605 0 93,913
Discarded 67 511 1,830 13 17 2 2,440 2.5%
Total 7,711 53,114 29,963 2,940 2,623 2 96,353


2014 Retained 13,228 82,526 41,727 1,314 2,368 0 141,163
Discarded 137 555 768 3 3 3 1,469 1.0%
Total 13,364 83,082 42,494 1,317 2,371 3 142,632


2015 Retained 28,663 80,950 51,971 248 4,454 0 166,285
Discarded 77 493 662 1 31 3 1,268 0.8%
Total 28,739 81,443 52,633 250 4,485 3 167,553


2016 Retained 61,013 46,810 64,281 121 3,892 0 176,117
Discarded 239 215 535 12 14 3 1,018 0.6%
Total 61,252 47,025 64,816 133 3,907 3 177,135


Average (2007-2016) 23,566 42,769 29,626 1,340 2,238 2 99,542







 


Table 1.5.  Catch at age (millions) of pollock in the Gulf of Alaska in 1975-2016. 


 


Age
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
1975 0.00 2.59 59.62 18.54 15.61 7.33 3.04 2.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 109.69
1976 0.00 1.66 20.16 108.26 35.11 14.62 3.23 2.50 1.72 0.21 0.00 0.00 0.00 0.00 0.00 187.47
1977 0.05 6.93 11.65 26.71 101.29 29.26 10.97 2.85 2.52 1.14 0.52 0.07 0.06 0.00 0.00 194.01
1978 0.31 10.87 34.64 24.38 24.27 47.04 13.58 5.77 2.15 1.32 0.57 0.05 0.04 0.01 0.00 164.99
1979 0.10 3.47 54.61 89.36 14.24 9.47 12.94 5.96 2.32 0.56 0.21 0.08 0.00 0.00 0.01 193.33
1980 0.49 9.84 27.85 58.42 42.16 13.92 10.76 9.79 4.95 1.32 0.69 0.24 0.09 0.03 0.00 180.55
1981 0.23 4.82 35.40 73.34 58.90 23.41 6.74 5.84 4.16 0.59 0.02 0.04 0.03 0.00 0.00 213.53
1982 0.04 9.52 41.68 92.53 72.56 42.91 10.94 1.71 1.10 0.70 0.05 0.03 0.02 0.00 0.00 273.80
1983 0.00 6.96 42.29 81.51 121.82 59.42 33.14 8.72 1.70 0.18 0.44 0.10 0.00 0.00 0.00 356.28
1984 0.71 5.28 62.46 66.85 81.92 122.05 43.96 14.94 4.95 0.43 0.06 0.12 0.10 0.00 0.00 403.84
1985 0.20 11.60 7.43 36.26 39.31 70.63 117.57 36.73 10.31 2.65 0.85 0.00 0.00 0.00 0.00 333.55
1986 1.00 6.05 14.67 8.80 19.45 8.27 9.01 10.90 4.35 0.74 0.00 0.00 0.00 0.00 0.00 83.26
1987 0.00 4.25 6.43 5.73 6.66 12.55 10.75 7.07 15.65 1.67 0.98 0.00 0.00 0.00 0.00 71.74
1988 0.85 8.86 12.71 19.21 16.11 10.63 5.93 2.72 0.40 5.83 0.48 0.11 0.06 0.00 0.00 83.91
1989 2.94 1.33 3.62 34.46 39.31 13.57 5.21 2.65 1.08 0.50 2.00 0.20 0.06 0.05 0.02 106.99
1990 0.00 1.15 1.45 2.14 12.43 39.17 13.99 7.93 1.91 1.70 0.11 1.08 0.03 0.10 0.19 83.37
1991 0.00 1.14 8.11 4.34 3.83 7.39 33.95 3.75 19.13 0.85 6.00 0.40 2.39 0.20 0.83 92.29
1992 0.11 1.56 3.31 21.09 22.47 11.82 8.56 17.75 5.44 6.10 1.13 2.26 0.39 0.47 0.40 102.86
1993 0.04 2.46 8.46 19.94 47.83 16.69 7.21 6.86 9.73 2.38 2.27 0.54 0.92 0.17 0.30 125.80
1994 0.06 0.88 4.16 7.60 33.41 29.84 12.00 5.28 4.72 6.10 1.29 1.17 0.25 0.07 0.06 106.90
1995 0.00 0.23 1.73 4.82 9.46 21.96 13.60 4.30 2.05 2.15 2.46 0.41 0.28 0.04 0.12 63.62
1996 0.00 0.80 1.95 1.44 4.09 5.64 10.91 11.66 3.82 1.84 0.72 1.97 0.34 0.40 0.20 45.76
1997 0.00 1.65 7.20 4.08 4.28 8.23 12.34 18.77 13.71 5.62 2.03 0.88 0.50 0.14 0.04 79.49
1998 0.56 0.19 19.38 33.10 14.54 8.58 9.75 11.36 16.51 12.01 4.33 0.91 0.59 0.16 0.12 132.08
1999 0.00 0.75 2.61 22.91 34.47 10.08 7.53 4.00 6.20 8.16 4.70 1.18 0.58 0.13 0.08 103.40
2000 0.08 0.98 2.84 3.47 14.65 24.63 6.24 5.05 2.30 1.24 3.00 1.52 0.30 0.14 0.04 66.48
2001 0.74 10.13 6.59 7.34 9.42 12.59 14.44 4.73 2.70 1.35 0.65 0.83 0.61 0.00 0.04 72.14
2002 0.16 12.31 20.72 6.76 4.47 8.75 5.37 6.06 1.33 0.82 0.43 0.30 0.33 0.22 0.13 68.16
2003 0.14 2.69 21.47 22.95 5.33 3.25 4.66 3.76 2.58 0.54 0.19 0.04 0.09 0.04 0.05 67.79
2004 0.85 6.28 11.91 31.84 25.09 5.98 2.43 2.63 0.77 0.22 0.25 0.00 0.00 0.00 0.00 88.24
2005 1.14 1.21 5.33 6.85 41.25 21.73 6.10 0.74 0.91 0.35 0.18 0.13 0.00 0.00 0.00 85.91
2006 2.20 7.79 4.16 2.75 5.97 27.38 12.80 2.45 0.83 0.46 0.23 0.10 0.07 0.03 0.00 67.22
2007 0.82 18.89 7.46 2.51 2.31 3.58 10.19 6.70 1.59 0.29 0.23 0.09 0.00 0.00 0.01 54.68
2008 0.32 6.29 21.94 6.76 2.15 1.16 2.27 5.60 2.84 0.87 0.36 0.21 0.06 0.04 0.02 50.89
2009 0.24 6.38 14.84 13.47 3.82 1.19 0.72 0.95 1.90 1.45 0.47 0.06 0.01 0.00 0.00 45.50
2010 0.01 5.29 23.35 21.32 18.14 3.68 1.11 0.73 0.92 1.02 0.64 0.05 0.06 0.01 0.00 76.31
2011 0.00 2.49 12.18 26.78 20.88 13.12 2.97 0.61 0.38 0.21 0.36 0.35 0.07 0.00 0.00 80.40
2012 0.03 0.66 4.64 13.49 29.83 21.43 8.94 1.95 0.43 0.18 0.23 0.16 0.04 0.07 0.08 82.15
2013 0.58 2.70 10.20 5.31 13.00 17.18 12.57 5.13 1.01 0.53 0.30 0.18 0.28 0.22 0.04 69.23
2014 0.07 9.95 6.37 29.79 11.52 14.22 20.78 16.67 6.56 1.95 0.70 0.01 0.27 0.00 0.01 118.90
2015 0.00 8.58 107.27 15.31 32.09 10.00 12.25 11.94 5.79 1.84 1.29 0.15 0.11 0.05 0.08 206.74
2016 0.00 1.33 15.97 272.64 11.17 10.72 2.42 1.13 0.47 0.19 0.00 0.15 0.00 0.00 0.00 316.19







Table 1.6.  Number of aged and measured fish in the GOA pollock fishery used to estimate fishery age 
composition (1989-2016). 
 


 


  


Year Males Females Total Males Females Total


1989 882 892 1,774 6,454 6,456 12,910
1990 453 689 1,142 17,814 24,662 42,476
1991 1,146 1,322 2,468 23,946 39,467 63,413
1992 1,726 1,755 3,481 31,608 47,226 78,834
1993 926 949 1,875 28,035 31,306 59,341
1994 136 129 265 24,321 25,861 50,182
1995 499 544 1,043 10,591 10,869 21,460
1996 381 378 759 8,581 8,682 17,263
1997 496 486 982 8,750 8,808 17,558
1998 924 989 1,913 78,955 83,160 162,115
1999 980 1,115 2,095 16,304 17,964 34,268
2000 1,108 972 2,080 13,167 11,794 24,961
2001 1,063 1,025 2,088 13,731 13,552 27,283
2002 1,036 1,025 2,061 9,924 9,851 19,775
2003 1,091 1,119 2,210 8,375 8,220 16,595
2004 1,217 996 2,213 4,446 3,622 8,068
2005 1,065 968 2,033 6,837 6,005 12,842
2006 1,127 969 2,096 7,248 6,178 13,426
2007 998 1,064 2,062 4,504 5,064 9,568
2008 961 1,090 2,051 7,430 8,536 15,966
2009 1,011 1,034 2,045 9,913 9,447 19,360
2010 1,195 1,055 2,250 14,958 13,997 28,955
2011 1,197 1,025 2,222 9,625 11,023 20,648
2012 1,160 1,097 2,257 11,045 10,430 21,475
2013 683 774 1,457 3,565 4,084 7,649
2014 1,085 1,040 2,125 10,353 10,444 20,797
2015 1,048 1,069 2,117 21,104 23,144 44,248
2016 1,433 959 2,392 28,904 20,347 49,251


Number measuredNumber aged







 


Table 1.7.  Biomass estimates (t) of pollock from acoustic surveys in Shelikof Strait, summer gulfwide 
acoustic surveys, NMFS bottom trawl surveys (west of 140° W lon.), egg production surveys in Shelikof 
Strait, and ADFG crab/groundfish trawl surveys.  


 


1981 2,785,755 1,788,908
1982
1983 2,278,172
1984 1,757,168 726,229
1985 1,175,823 768,419
1986 585,755 375,907
1987 737,900 484,455
1988 301,709 504,418
1989 290,461 433,894 214,434
1990 374,731 817,040 381,475 114,451
1991 380,331 370,000
1992 713,429 616,000 127,359
1993 435,753 747,942 132,849
1994 492,593 103,420
1995 763,612
1996 777,172 659,604 122,477
1997 583,017 93,728
1998 504,774 81,215
1999 601,969 53,587
2000 448,638 102,871
2001 432,749 220,141 86,967
2002 256,743 96,237
2003 317,269 394,333 66,989
2004 330,753 99,358
2005 356,117 354,209 79,089
2006 293,609 69,044
2007 180,881 278,541 76,674
2008 208,032 83,476
2009 265,971 662,557 145,438
2010 429,730 124,110
2011 660,207 100,839
2012 335,836 172,007
2013 891,261 884,049 947,877 102,406
2014 842,138 100,158
2015 845,306 1,606,171 707,774 42,277
2016 665,059 18,470
2017 1,489,723 1,318,396 288,943 21,855


ADFG 
crab/groundfish 


surveyYear
Shelikof Strait 
acoustic survey


Summer gulfwide 
acoustic survey


NMFS bottom 
trawl west of 
140 o  W lon.


Shelikof Strait 
egg production







Table 1.8.  Survey sampling effort and biomass coefficients of variation (CV) for pollock in the NMFS bottom trawl survey.  The number of 
measured pollock is approximate due to subsample expansions in the database. The total number measured includes both sexed and unsexed fish. 


 


 


  


Year Males Females Total Males Females Total


1984 929 536 0.14 1,119 1,394 2,513 8,985 13,286 25,990
1987 783 533 0.20 672 675 1,347 15,843 18,101 34,797
1990 708 549 0.12 503 560 1,063 15,014 20,053 42,631
1993 775 628 0.16 879 1,013 1,892 14,681 18,851 35,219
1996 807 668 0.15 509 560 1,069 17,698 19,555 46,668
1999 764 567 0.38 560 613 1,173 10,808 11,314 24,080
2001 489 302 0.30 395 519 914 9,135 10,281 20,272
2003 809 508 0.12 514 589 1,103 10,561 12,706 25,052
2005 837 514 0.15 639 868 1,507 9,041 10,782 26,927
2007 816 552 0.14 646 675 1,321 9,916 11,527 24,555
2009 823 563 0.15 684 870 1,554 13,084 14,697 30,876
2011 670 492 0.15 705 941 1,646 11,852 13,832 27,327
2013 548 439 0.21 763 784 1,547 14,941 16,680 31,880
2015 772 607 0.16 492 664 1,156 12,258 15,296 27,831
2017 536 424 0.44 0 0 0 6,304 5,186 13,782


Number measured


No. of tows


Survey 
biomass 


CV
No. of tows with 


pollock


Number aged







 


Table 1.9.  Estimated number at age (millions) from the NMFS bottom trawl survey.  Estimates are for the Western and Central Gulf of Alaska 
only (statistical areas 610-630).   


 


  


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total


1984 38.69 15.65 74.51 158.78 194.66 271.24 85.94 37.36 13.55 2.37 0.54 0.28 0.21 0.00 0.00 893.78
1987 26.07 325.15 150.41 111.72 70.64 135.13 64.32 37.03 146.40 18.87 6.66 2.89 1.46 0.00 0.00 1096.75
1990 58.06 201.33 44.56 39.44 189.70 222.16 67.30 102.42 25.18 36.56 5.72 24.03 5.98 0.73 1.05 1024.20
1993 76.85 44.71 55.15 129.75 264.85 89.84 34.99 64.20 65.56 18.72 9.28 5.90 2.48 1.44 3.88 867.59
1996 196.89 129.07 17.24 26.17 50.13 63.21 174.42 87.55 52.31 27.70 12.09 18.43 7.15 9.66 2.86 874.88
1999 109.73 19.16 20.95 66.81 119.04 56.84 59.07 47.74 56.41 81.99 65.20 9.67 8.29 2.50 0.76 724.16
2001 412.83 117.03 34.42 33.39 25.05 33.45 37.01 8.20 5.74 0.59 4.48 2.52 1.28 0.00 0.18 716.19
2003 75.07 18.29 128.10 140.40 73.08 44.63 36.00 25.20 14.43 8.57 3.21 1.78 1.26 0.00 0.00 570.02
2005 269.99 33.56 34.35 35.85 91.71 78.82 45.23 20.86 9.61 9.98 4.81 0.57 0.64 0.00 0.00 635.98
2007 175.42 96.39 87.70 36.51 19.16 18.88 54.97 31.09 6.63 3.05 2.78 1.00 1.11 0.00 0.00 534.71
2009 222.94 87.33 106.82 129.35 101.26 27.21 17.59 26.60 53.90 29.46 9.68 7.00 2.78 1.61 0.00 823.53
2011 249.43 96.71 110.68 101.79 163.62 107.99 33.24 7.14 5.69 8.61 19.29 6.62 0.00 0.00 0.55 911.36
2013 750.15 62.07 47.94 65.41 84.72 144.62 156.91 115.55 25.05 5.42 2.40 2.46 3.83 3.01 0.91 1470.46
2015 93.03 63.63 452.62 109.61 113.20 70.83 56.57 52.99 25.96 21.00 3.59 0.57 0.14 0.00 0.89 1064.65







Table 1.10.  Estimated number at age (millions) for the acoustic survey in Shelikof Strait. 
 


 


 


  


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
1981 77.65 3,481.18 1,510.77 769.16 2,785.91 1,051.92 209.93 128.52 79.43 25.19 1.73 0.00 0.00 0.00 0.00 10,121.37
1983 1.21 901.77 380.19 1,296.79 1,170.81 698.13 598.78 131.54 14.48 11.61 3.92 1.71 0.00 0.00 0.00 5,210.93
1984 61.65 58.25 324.49 141.66 635.04 988.21 449.62 224.35 41.03 2.74 0.00 1.02 0.00 0.00 0.00 2,928.07
1985 2,091.74 544.44 122.69 314.77 180.53 347.17 439.31 166.68 42.72 5.56 1.77 1.29 0.00 0.00 0.00 4,258.67
1986 575.36 2,114.83 183.62 45.63 75.36 49.34 86.15 149.36 60.22 10.62 1.29 0.00 0.00 0.00 0.00 3,351.78
1988 17.44 109.93 694.32 322.11 77.57 16.99 5.70 5.60 3.98 8.96 1.78 1.84 0.20 0.00 0.00 1,266.41
1989 399.48 89.52 90.01 222.05 248.69 39.41 11.75 3.83 1.89 0.55 10.66 1.42 0.00 0.00 0.00 1,119.25
1990 49.14 1,210.17 71.69 63.37 115.92 180.06 46.33 22.44 8.20 8.21 0.93 3.08 1.51 0.79 0.24 1,782.08
1991 21.98 173.65 549.90 48.11 64.87 69.60 116.32 23.65 29.43 2.23 4.29 0.92 4.38 0.00 0.00 1,109.32
1992 228.03 33.69 73.54 188.10 367.99 84.11 84.99 171.18 32.70 56.35 2.30 14.67 0.90 0.30 0.00 1,338.85
1993 63.29 76.08 37.05 72.39 232.79 126.19 26.77 35.63 38.72 16.12 7.77 2.60 2.19 0.49 1.51 739.61
1994 185.98 35.77 49.30 31.75 155.03 83.58 42.48 27.23 44.45 48.46 14.79 6.65 1.12 2.34 0.57 729.49
1995 10,689.87 510.37 79.37 77.70 103.33 245.23 121.72 53.57 16.63 10.72 14.57 5.81 2.12 0.44 0.00 11,931.45
1996 56.14 3,307.21 118.94 25.12 53.99 71.03 201.05 118.52 39.80 13.01 11.32 5.32 2.52 0.03 0.38 4,024.36
1997 70.37 183.14 1,246.55 80.06 18.42 44.04 51.73 97.55 52.73 14.29 2.40 3.05 0.93 0.46 0.00 1,865.72
1998 395.47 88.54 125.57 474.36 136.12 14.22 31.93 36.30 74.08 25.90 14.30 6.88 0.27 0.56 0.56 1,425.05
2000 4,484.41 755.03 216.52 15.83 67.19 131.64 16.82 12.61 9.87 7.84 13.87 6.88 1.88 1.06 0.00 5,741.46
2001 288.93 4,103.95 351.74 61.02 41.55 22.99 34.63 13.07 6.20 2.67 1.20 1.91 0.69 0.50 0.24 4,931.27
2002 8.11 162.61 1,107.17 96.58 16.25 16.14 7.70 6.79 1.46 0.66 0.35 0.34 0.15 0.13 0.00 1,424.45
2003 51.19 89.58 207.69 802.46 56.58 7.69 4.14 1.58 1.46 0.85 0.28 0.00 0.10 0.00 0.00 1,223.60
2004 52.58 93.94 57.58 159.62 356.33 48.78 2.67 3.42 3.32 0.52 0.42 0.00 0.66 0.00 0.00 779.84
2005 1,626.13 157.49 55.54 34.63 172.74 162.40 36.02 3.61 2.39 0.00 0.76 0.00 0.00 0.00 0.00 2,251.71
2006 161.69 835.96 40.75 11.54 17.42 55.98 74.97 32.25 6.90 0.83 0.75 0.53 0.00 0.00 0.00 1,239.57
2007 53.54 231.73 174.88 29.66 10.14 17.27 34.39 20.85 1.54 1.05 0.69 0.00 0.00 0.00 0.00 575.74
2008 1,368.02 391.20 249.56 53.18 12.01 2.16 4.07 10.66 6.69 2.01 0.53 0.00 0.00 0.00 0.00 2,100.10
2009 331.94 1,204.50 110.22 98.69 60.21 9.91 2.90 0.86 5.07 6.13 1.37 0.24 0.00 0.00 0.00 1,832.03
2010 90.04 305.57 531.65 84.46 78.93 28.52 11.78 5.46 5.25 10.82 9.36 3.45 0.00 0.00 0.00 1,165.29
2012 94.94 851.52 43.49 76.89 95.78 46.24 29.21 4.49 1.14 0.27 0.09 0.53 0.00 0.00 0.00 1,244.57
2013 6,324.25 149.42 803.34 60.86 68.82 114.18 65.16 49.14 11.92 5.40 5.74 0.61 1.69 4.82 2.61 7,667.95
2014 575.69 3,640.17 19.09 295.35 86.87 58.48 99.51 54.93 25.79 17.75 7.40 0.71 2.30 0.00 0.67 4,884.69
2015 7.43 103.86 1,635.80 72.18 152.45 62.24 56.51 67.75 29.85 10.89 5.57 3.65 0.94 0.63 2.39 2,212.15
2016 0.00 1.26 77.16 1,447.49 43.32 33.43 15.43 3.54 7.23 1.64 0.00 0.00 0.00 0.00 0.00 1,630.51
2017 306.14 0.00 9.90 124.34 2,559.29 131.15 46.75 14.49 0.48 1.43 0.00 0.00 0.00 0.00 0.00 3,193.97







 


Table 1.11.  Survey sampling effort and estimation uncertainty for pollock in the Shelikof Strait acoustic survey.  Survey CVs based on a cluster 
sampling design are reported for 1981-91, while relative estimation error using a geostatistical method is reported for 1992-2017.   
 


Year Males Females Total Males Females Total


1981 38 13 0.12 1,921 1,815 3,736 NA NA NA
1983 40 0 0.16 1,642 1,103 2,745 NA NA NA
1984 45 0 0.18 1,739 1,622 3,361 NA NA NA
1985 57 0 0.14 1,055 1,187 2,242 NA NA NA
1986 39 0 0.22 642 618 1,260 NA NA NA
1987 27 0 --- 557 643 1,200 NA NA NA
1988 26 0 0.17 537 464 1,001 NA NA NA
1989 21 0 0.10 582 545 1,127 NA NA NA
1990 28 13 0.17 1,034 1,181 2,215 NA NA NA
1991 16 2 0.35 468 567 1,035 NA NA NA
1992 17 8 0.04 784 765 1,549 NA NA NA
1993 22 2 0.05 583 624 1,207 NA NA NA
1994 44 9 0.05 553 632 1,185 NA NA NA
1995 22 3 0.05 599 575 1,174 NA NA NA
1996 30 8 0.04 724 775 1,499 NA NA NA
1997 16 14 0.04 682 853 1,535 5,380 6,104 11,484
1998 22 9 0.04 863 784 1,647 5,487 4,946 10,433
2000 31 0 0.05 422 363 785 6,007 5,196 11,203
2001 17 9 0.05 314 378 692 4,531 4,584 9,115
2002 18 1 0.07 278 326 604 2,876 2,871 5,747
2003 17 2 0.05 288 321 609 3,554 3,724 7,278
2004 13 2 0.09 492 440 932 3,838 2,552 6,390
2005 22 1 0.04 543 335 878 2,714 2,094 4,808
2006 17 2 0.04 295 487 782 2,527 3,026 5,553
2007 9 1 0.06 335 338 673 2,145 2,194 4,339
2008 10 2 0.06 171 248 419 1,641 1,675 3,316
2009 9 3 0.06 254 301 555 1,583 1,632 3,215
2010 13 2 0.03 286 244 530 2,590 2,358 4,948
2012 8 3 0.08 235 372 607 1,727 1,989 3,716
2013 29 5 0.05 376 386 778 2,198 2,436 8,158
2014 19 2 0.05 389 430 854 3,940 3,377 10,841
2015 20 0 0.04 354 372 755 4,556 4,227 8,936
2016 19 0 0.07 269 337 606 2,106 3,452 8,405
2017 16 1 0.04 241 314 613 2,501 2,781 5,760


Number lengthedNo. of midwater 
tows


Survey 
biomass CV


No. of bottom trawl 
tows


Number aged







Table 1.12.  Estimated proportions at age for the ADFG crab/groundfish survey, 2000-2016. 
 


 


 


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Sample size


2000 0.0372 0.0260 0.0948 0.0781 0.1171 0.1766 0.1078 0.0539 0.0651 0.0613 0.0985 0.0595 0.0167 0.0056 0.0019 538
2002 0.0093 0.0743 0.1840 0.1933 0.1487 0.1171 0.1059 0.0706 0.0446 0.0186 0.0149 0.0093 0.0037 0.0037 0.0019 538
2004 0.0051 0.0084 0.0572 0.1987 0.2626 0.1498 0.1077 0.0673 0.0589 0.0387 0.0152 0.0135 0.0084 0.0084 0.0000 594
2006 0.0051 0.0423 0.1117 0.0829 0.1472 0.3012 0.1658 0.0592 0.0355 0.0288 0.0118 0.0034 0.0017 0.0000 0.0034 591
2008 0.0000 0.0352 0.4070 0.1340 0.0536 0.0670 0.0436 0.1541 0.0452 0.0134 0.0218 0.0184 0.0034 0.0034 0.0000 597
2010 0.0017 0.0444 0.1402 0.2650 0.2598 0.0838 0.0564 0.0188 0.0376 0.0291 0.0359 0.0137 0.0068 0.0034 0.0034 585
2012 0.0177 0.0212 0.0637 0.1027 0.1575 0.2991 0.1823 0.0708 0.0301 0.0212 0.0124 0.0071 0.0071 0.0053 0.0018 565
2014 0.0000 0.0186 0.0541 0.1605 0.1351 0.1436 0.1588 0.1943 0.0828 0.0220 0.0152 0.0084 0.0034 0.0034 0.0000 592
2016 0.0000 0.0201 0.0351 0.3545 0.1722 0.2709 0.0686 0.0418 0.0217 0.0084 0.0067 0.0000 0.0000 0.0000 0.0000 598







 


Table 1.13.  Ageing error transition matrix used in the GOA pollock assessment model. 
 


 


 


 


1 2 3 4 5 6 7 8 9 10
1 0.18 0.9970 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 0.23 0.0138 0.9724 0.0138 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 0.27 0.0000 0.0329 0.9342 0.0329 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
4 0.32 0.0000 0.0000 0.0571 0.8858 0.0571 0.0000 0.0000 0.0000 0.0000 0.0000
5 0.36 0.0000 0.0000 0.0000 0.0832 0.8335 0.0832 0.0000 0.0000 0.0000 0.0000
6 0.41 0.0000 0.0000 0.0000 0.0001 0.1090 0.7817 0.1090 0.0001 0.0000 0.0000
7 0.45 0.0000 0.0000 0.0000 0.0000 0.0004 0.1333 0.7325 0.1333 0.0004 0.0000
8 0.50 0.0000 0.0000 0.0000 0.0000 0.0000 0.0012 0.1554 0.6868 0.1554 0.0012
9 0.54 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0028 0.1747 0.6450 0.1775
10 0.59 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0052 0.1913 0.8035


Observed Age
True Age St. dev.







Table 1.14.  Estimates of natural mortality at age using alternative methods.  The rescaled average has mean natural mortality of 0.30 for ages 
greater than or equal to the age at maturity. 
 


 


Age Length (cm) Weight (g) Brodziak et al. 
2010


Lorenzen 
1996


Gislason et 
al. 2010


Hollowed et 
al. 2000


Van Kirk et 
al. 2010


Van Kirk et al. 
2012


Average Rescaled Avg.


1 15.3 26.5 0.97 1.36 2.62 0.86 2.31 2.00 1.69 1.39
2 27.4 166.7 0.54 0.78 1.02 0.76 1.01 0.95 0.84 0.69
3 36.8 406.4 0.40 0.59 0.64 0.58 0.58 0.73 0.59 0.48
4 44.9 752.4 0.33 0.49 0.46 0.49 0.37 0.57 0.45 0.37
5 49.2 966.0 0.30 0.45 0.40 0.41 0.36 0.53 0.41 0.34
6 52.5 1154.2 0.30 0.43 0.36 0.38 0.28 0.47 0.37 0.30
7 55.1 1273.5 0.30 0.42 0.33 0.38 0.30 0.46 0.36 0.30
8 57.4 1421.7 0.30 0.40 0.31 0.38 0.29 0.43 0.35 0.29
9 60.3 1624.8 0.30 0.39 0.29 0.39 0.29 0.42 0.35 0.28


10 61.1 1599.6 0.30 0.39 0.28 0.39 0.33 0.40 0.35 0.29







 


Table 1.15.  Proportion mature at age for female pollock based on maturity stage data collected during 
winter acoustic surveys in the Gulf of Alaska (1983-2017).   


 
  


Year 2 3 4 5 6  7 8 9 10+
Sample 


size
1983 0.000 0.165 0.798 0.960 0.974 0.983 0.943 1.000 1.000 1333
1984 0.000 0.145 0.688 0.959 0.990 1.000 0.992 1.000 1.000 1621
1985 0.015 0.051 0.424 0.520 0.929 0.992 0.992 1.000 1.000 1183
1986 0.000 0.021 0.105 0.849 0.902 0.959 1.000 1.000 1.000 618
1987 0.000 0.012 0.106 0.340 0.769 0.885 0.950 0.991 1.000 638
1988 0.000 0.000 0.209 0.176 0.606 0.667 1.000 0.857 0.964 464
1989 0.000 0.000 0.297 0.442 0.710 0.919 1.000 1.000 1.000 796
1990 0.000 0.000 0.192 0.674 0.755 0.910 0.945 0.967 0.996 1844
1991 0.000 0.000 0.111 0.082 0.567 0.802 0.864 0.978 1.000 628
1992 0.000 0.000 0.040 0.069 0.774 0.981 0.990 1.000 0.983 765
1993 0.000 0.016 0.120 0.465 0.429 0.804 0.968 1.000 0.985 624
1994 0.000 0.007 0.422 0.931 0.941 0.891 0.974 1.000 1.000 872
1995 0.000 0.000 0.153 0.716 0.967 0.978 0.921 0.917 0.977 805
1996 0.000 0.000 0.036 0.717 0.918 0.975 0.963 1.000 0.957 763
1997 0.000 0.000 0.241 0.760 1.000 1.000 0.996 1.000 1.000 843
1998 0.000 0.000 0.065 0.203 0.833 0.964 1.000 1.000 0.989 757
2000 0.000 0.012 0.125 0.632 0.780 0.579 0.846 1.000 0.923 356
2001 0.000 0.000 0.289 0.308 0.825 0.945 0.967 0.929 1.000 374
2002 0.000 0.026 0.259 0.750 0.933 0.974 1.000 1.000 1.000 499
2003 0.000 0.029 0.192 0.387 0.529 0.909 0.750 1.000 1.000 301
2004 0.000 0.000 0.558 0.680 0.745 0.667 1.000 1.000 1.000 444
2005 0.000 0.000 0.706 0.882 0.873 0.941 1.000 1.000 1.000 321
2006 0.000 0.000 0.043 0.483 0.947 0.951 0.986 1.000 1.000 476
2007 0.000 0.000 0.333 0.667 0.951 0.986 0.983 1.000 1.000 313
2008 0.000 0.000 0.102 0.241 0.833 1.000 0.968 0.952 1.000 240
2009 0.000 0.000 0.140 0.400 0.696 1.000 1.000 1.000 1.000 296
2010 0.000 0.000 0.357 0.810 0.929 1.000 1.000 1.000 1.000 314
2012 0.000 0.000 0.204 0.659 0.885 1.000 1.000 1.000 1.000 372
2013 0.000 0.000 0.240 0.896 0.941 0.950 0.939 1.000 1.000 622
2014 0.000 0.000 0.074 0.086 0.967 0.952 1.000 1.000 1.000 430
2015 0.000 0.000 0.560 0.733 0.879 0.969 1.000 1.000 1.000 372
2016 0.000 0.000 0.512 0.875 1.000 1.000 1.000 1.000 1.000 269
2017 0.000 0.250 1.000 0.953 0.933 1.000 1.000 1.000 1.000 423


Average
All years 0.000 0.022 0.294 0.585 0.840 0.925 0.968 0.988 0.993
2008-2017 0.000 0.028 0.354 0.628 0.896 0.986 0.990 0.995 1.000
2013-2017 0.000 0.050 0.477 0.709 0.944 0.974 0.988 1.000 1.000







Table 1.16.  Fishery weight at age (kg) of pollock in the Gulf of Alaska in 1975-2016. 


  
 
 


Age
Year 1 2 3 4 5 6 7 8 9 10


1975 0.103 0.225 0.412 0.547 0.738 0.927 1.020 1.142 1.142 1.142
1976 0.103 0.237 0.325 0.426 0.493 0.567 0.825 0.864 0.810 0.843
1977 0.072 0.176 0.442 0.525 0.616 0.658 0.732 0.908 0.894 0.955
1978 0.100 0.140 0.322 0.574 0.616 0.685 0.742 0.842 0.896 0.929
1979 0.099 0.277 0.376 0.485 0.701 0.796 0.827 0.890 1.017 1.111
1980 0.091 0.188 0.487 0.559 0.635 0.774 0.885 0.932 0.957 1.032
1981 0.163 0.275 0.502 0.686 0.687 0.769 0.876 0.967 0.969 1.211
1982 0.072 0.297 0.416 0.582 0.691 0.665 0.730 0.951 0.991 1.051
1983 0.103 0.242 0.452 0.507 0.635 0.686 0.689 0.787 0.919 1.078
1984 0.134 0.334 0.539 0.724 0.746 0.815 0.854 0.895 0.993 1.129
1985 0.121 0.152 0.481 0.628 0.711 0.813 0.874 0.937 0.985 1.156
1986 0.078 0.153 0.464 0.717 0.791 0.892 0.902 0.951 1.010 1.073
1987 0.123 0.272 0.549 0.684 0.896 1.003 1.071 1.097 1.133 1.102
1988 0.160 0.152 0.433 0.532 0.806 0.997 1.165 1.331 1.395 1.410
1989 0.068 0.201 0.329 0.550 0.667 0.883 1.105 1.221 1.366 1.459
1990 0.123 0.137 0.248 0.536 0.867 0.980 1.135 1.377 1.627 1.763
1991 0.123 0.262 0.423 0.582 0.721 0.943 1.104 1.189 1.296 1.542
1992 0.121 0.238 0.375 0.566 0.621 0.807 1.060 1.179 1.188 1.417
1993 0.136 0.282 0.550 0.688 0.782 0.842 1.048 1.202 1.250 1.356
1994 0.141 0.193 0.471 0.743 0.872 1.000 1.080 1.230 1.325 1.433
1995 0.123 0.302 0.623 0.966 1.050 1.107 1.198 1.292 1.346 1.440
1996 0.123 0.249 0.355 0.670 1.010 1.102 1.179 1.238 1.284 1.410
1997 0.123 0.236 0.380 0.659 0.948 1.161 1.233 1.274 1.297 1.358
1998 0.097 0.248 0.472 0.571 0.817 0.983 1.219 1.325 1.360 1.409
1999 0.123 0.323 0.533 0.704 0.757 0.914 1.049 1.196 1.313 1.378
2000 0.157 0.312 0.434 0.773 0.991 0.998 1.202 1.271 1.456 1.663
2001 0.108 0.292 0.442 0.701 1.003 1.208 1.286 1.473 1.540 1.724
2002 0.145 0.316 0.480 0.615 0.898 1.050 1.146 1.263 1.363 1.522
2003 0.136 0.369 0.546 0.507 0.715 1.049 1.242 1.430 1.511 1.700
2004 0.112 0.259 0.507 0.720 0.677 0.896 1.123 1.262 1.338 1.747
2005 0.127 0.275 0.446 0.790 1.005 0.977 0.921 1.305 1.385 1.485
2006 0.129 0.260 0.566 0.974 1.229 1.242 1.243 1.358 1.424 1.653
2007 0.127 0.345 0.469 0.885 1.195 1.385 1.547 1.634 1.749 1.940
2008 0.143 0.309 0.649 0.856 1.495 1.637 1.894 1.896 1.855 2.204
2009 0.205 0.235 0.566 0.960 1.249 1.835 2.002 2.151 2.187 2.208
2010 0.133 0.327 0.573 0.972 1.267 1.483 1.674 2.036 2.329 2.191
2011 0.141 0.473 0.593 0.833 1.107 1.275 1.409 1.632 1.999 1.913
2012 0.194 0.294 0.793 0.982 1.145 1.425 1.600 1.869 2.051 2.237
2013 0.140 0.561 0.685 1.141 1.323 1.467 1.641 1.801 1.913 2.167
2014 0.104 0.245 0.749 0.865 1.092 1.362 1.482 1.632 1.720 1.826
2015 0.141 0.349 0.502 0.860 0.993 1.141 1.393 1.527 1.650 1.783
2016 0.141 0.402 0.473 0.534 0.705 0.825 1.035 1.171 1.169 1.179







 


Table 1.17.  Weight at age (kg) of pollock in the Shelikof Strait acoustic survey in 1981-2017. 
   


Age
Year 1 2 3 4 5 6 7 8 9 10


1981 0.017 0.089 0.226 0.332 0.383 0.472 0.635 0.719 0.857 0.764
1983 0.013 0.079 0.308 0.408 0.555 0.652 0.555 0.717 0.764 1.058
1984 0.012 0.112 0.256 0.551 0.587 0.692 0.736 0.720 0.878 1.006
1985 0.012 0.099 0.331 0.505 0.601 0.729 0.803 0.828 0.818 1.157
1986 0.008 0.066 0.216 0.381 0.748 0.835 0.881 0.940 0.966 1.066
1988 0.010 0.069 0.187 0.283 0.403 0.538 0.997 1.118 1.131 1.281
1989 0.011 0.092 0.230 0.397 0.447 0.623 0.885 1.033 1.131 1.221
1990 0.008 0.055 0.204 0.356 0.530 0.665 0.777 1.087 1.087 1.364
1991 0.011 0.072 0.155 0.268 0.510 0.779 0.911 0.969 1.211 1.521
1992 0.011 0.086 0.211 0.321 0.392 0.811 1.087 1.132 1.106 1.304
1993 0.010 0.082 0.304 0.469 0.583 0.714 1.054 1.197 1.189 1.332
1994 0.010 0.090 0.284 0.639 0.817 0.899 1.120 1.238 1.444 1.431
1995 0.011 0.091 0.295 0.526 0.804 0.898 0.949 1.034 1.147 1.352
1996 0.011 0.055 0.206 0.469 0.923 1.031 1.052 1.115 1.217 1.374
1997 0.010 0.079 0.157 0.347 0.716 1.200 1.179 1.231 1.279 1.424
1998 0.011 0.089 0.225 0.322 0.386 0.864 1.217 1.295 1.282 1.362
2000 0.013 0.084 0.279 0.570 0.810 0.811 1.010 1.319 1.490 1.551
2001 0.009 0.052 0.172 0.416 0.641 1.061 1.166 1.379 1.339 1.739
2002 0.012 0.082 0.148 0.300 0.714 0.984 1.190 1.241 1.535 1.765
2003 0.012 0.091 0.207 0.277 0.436 0.906 1.220 1.280 1.722 1.584
2004 0.010 0.085 0.246 0.486 0.502 0.749 1.341 1.338 1.446 1.311
2005 0.011 0.084 0.305 0.548 0.767 0.734 0.798 1.169 1.205 1.837
2006 0.009 0.066 0.262 0.429 0.828 1.124 1.163 1.327 1.493 1.884
2007 0.011 0.063 0.222 0.446 0.841 1.248 1.378 1.439 1.789 1.896
2008 0.014 0.099 0.267 0.484 0.795 1.373 1.890 1.869 1.882 2.014
2009 0.011 0.078 0.262 0.522 0.734 1.070 1.658 2.014 2.103 2.067
2010 0.010 0.079 0.240 0.673 1.093 1.287 1.828 2.090 2.291 2.227
2012 0.013 0.079 0.272 0.653 0.928 1.335 1.485 1.554 1.930 1.939
2013 0.009 0.127 0.347 0.626 1.157 1.371 1.600 1.772 1.849 2.262
2014 0.012 0.058 0.304 0.594 0.712 1.294 1.336 1.531 1.572 1.666
2015 0.013 0.094 0.200 0.542 0.880 1.055 1.430 1.498 1.594 1.654
2016 0.013 0.133 0.303 0.390 0.557 0.751 0.860 1.120 1.115 1.178
2017 0.011 0.133 0.345 0.451 0.505 0.578 0.912 0.951 1.383 1.339







Table 1.18.  Weight at age (kg) of pollock in the NMFS bottom trawl survey in 1984-2015. 


   


Age
Year 1 2 3 4 5 6 7 8 9 10


1984 0.062 0.157 0.530 0.661 0.740 0.834 0.904 0.960 0.991 1.196
1987 0.028 0.170 0.379 0.569 0.781 0.923 1.021 1.076 1.157 1.264
1990 0.048 0.173 0.306 0.564 0.776 0.906 1.112 1.134 1.275 1.472
1993 0.041 0.164 0.475 0.680 0.797 0.932 1.057 1.304 1.369 1.412
1996 0.030 0.097 0.325 0.716 0.925 1.009 1.085 1.186 1.243 1.430
1999 0.023 0.144 0.374 0.593 0.700 0.787 0.868 1.069 1.223 1.285
2001 0.031 0.105 0.410 0.698 0.925 1.060 1.201 1.413 1.293 1.481
2003 0.049 0.201 0.496 0.593 0.748 0.950 1.146 1.149 1.381 1.523
2005 0.025 0.182 0.423 0.653 0.836 0.943 1.024 1.228 1.283 1.527
2007 0.022 0.148 0.307 0.589 0.987 1.199 1.415 1.477 1.756 1.737
2009 0.023 0.237 0.492 0.860 1.081 1.421 1.637 1.839 1.955 2.020
2011 0.028 0.243 0.441 0.708 0.980 1.345 1.505 1.656 1.970 2.037
2013 0.020 0.216 0.420 0.894 1.146 1.334 1.497 1.574 1.665 2.037
2015 0.033 0.207 0.366 0.575 0.863 1.069 1.270 1.374 1.432 1.525







 


Table 1.19.  Results comparing model fits, stock status, and 2018 yield for different model configurations. 
2018 ABC estimates are from a projection module associated with assessment model, and are based on 
different assumptions and give different results than the standard projection software. 


Model 16.2 Model 17.1 Model 17.2 Model 17.3 Model 17.4


Model fits
Total log(Likelihood) -466.58 -344.74 -312.18 -278.74 -310.67


Catch -0.12 -0.11 -0.07 -0.04 -0.07
Fishery age -153.53 -98.45 -96.98 -96.33 -96.65
Acoustic survey biomass -62.10 -56.70 -35.93 -20.01 -34.69
Age-1 and age-2 indices -20.08 -17.18 -17.25 -17.43 -17.23
Acoustic survey age -38.50 -28.95 -27.57 -26.62 -27.22
Bottom trawl survey biomass -10.20 -10.51 -8.51 -7.69 -9.18
Bottom trawl survey age and length comp -44.27 -22.09 -20.80 -20.26 -20.23
ADFG trawl survey biomass -58.94 -54.36 -30.90 -14.49 -32.41
ADFG trawl survey age -40.47 -26.92 -23.52 -22.20 -23.53
Summer acoustic biomass -2.51 -1.68 -2.34 -2.38 -1.39
Summer acoustic age and length comp. -5.64 -5.30 -5.48 -5.54 -5.62
Priors/Penalties -30.22 -22.51 -42.85 -45.74 -42.43


Composition data
Fishery age comp. effective N 97 91 90 90 92
Shelikof Strait acoustic age comp. effective N 10 9 10 10 10
NMFS bottom trawl age comp. effective N 24 20 23 25 26
ADF&G trawl age comp. effective N 30 26 30 32 31


Survey abundance
Shelikof Strait Acoustic RMSE


EK500 0.26 0.24 0.35 0.26 0.34
Dyson 0.66 0.64 NA NA NA
Age-1 index 1.36 1.35 1.37 1.40 1.35
Age-2 index 1.52 1.51 1.49 1.48 1.52


NMFS bottom trawl RMSE 0.31 0.32 0.31 0.31 0.33
ADFG trawl RMSE 0.49 0.47 0.36 0.24 0.36
Summer acoustic RMSE 0.32 0.34 0.31 0.31 0.24


Catchability estimates
NMFS trawl 0.89 0.89 0.87 0.86 0.87
Shelikof Strait acoustic


EK500 0.61 0.65 0.63 0.61 0.64
Dyson 0.68 0.73 NA NA NA


Age-1 index linear term 0.08 0.09 0.08 0.08 0.08
Age-1 index power term 1.23 1.22 1.21 1.18 1.39
Age-2 index 0.81 1.10 1.03 0.99 1.06
Summer acoustic 1.09 1.06 1.03 0.94 1.06
ADFG trawl 0.70 0.83 0.68 0.64 0.70


Stock status (t)
2017 Spawning biomass 310,480 296,531 338,239 379,115 383,965
Depletion (B2017/B0) 53% 53% 57% 62% 69%
B40% 235,401 224,669 236,511 244,550 222,110


2018 yield (t)
Author's recommended ABC 145,693 143,318 159,129 174,480 180,092


Model descriptions (see text for details):
Model 16.2--last year's base model with new data
Model 17.1--Age composition data reweighted using the Francis (2011) method.
Model 17.2--Random walks in survey catchability for the Shelikof Strait acoustic survey and the ADFG survey.
Model 17.3--Same as 17.2, but a smaller penalty on variation in catchability.
Model 17.4--Same as 17.2, but with an offset for natural mortality for the 2012 year class.







Table 1.20.  Estimated selectivity at age for GOA pollock fisheries and surveys.  The fisheries and surveys were modeled using double logistic 
selectivity functions.  Selectivity reported for the Shelikof acoustic survey age-1 and age-2 indices are the independently estimated catchabilities 
for these indices. Since age-1 catchability is density-dependent, reported value is median across the range of recruitment estimates. 
 


 


Age
Foreign     


(1970-81)


Foreign and 
JV     (1982-


1988)
Domestic   


(1989-2000)
Domestic   


(2001-2011)


Recent 
domestic   


(2012-2016)


Shelikof 
acoustic 
survey


Summer 
acoustic 
survey


Bottom trawl 
survey


ADF&G 
bottom trawl


1 0.001 0.003 0.002 0.011 0.002 0.377 1.000 0.130 0.005
2 0.011 0.026 0.012 0.076 0.023 0.991 1.000 0.222 0.026
3 0.117 0.171 0.074 0.373 0.208 1.000 1.000 0.353 0.120
4 0.604 0.608 0.340 0.802 0.744 0.999 1.000 0.511 0.414
5 0.947 0.921 0.771 0.965 0.971 0.996 1.000 0.670 0.786
6 0.996 0.990 0.962 0.996 0.998 0.987 1.000 0.800 0.950
7 1.000 1.000 1.000 1.000 1.000 0.958 1.000 0.892 0.990
8 0.993 0.994 0.999 0.994 0.993 0.873 1.000 0.949 0.998
9 0.899 0.900 0.905 0.899 0.899 0.676 1.000 0.982 1.000


10 0.369 0.369 0.372 0.369 0.369 0.388 1.000 1.000 1.000







 


Table 1.21.  Total estimated abundance at age (millions) of GOA pollock from the age-structured 
assessment mode. 


 
 


Age
1 2 3 4 5 6 7 8 9 10


1970 1,214 302 187 129 92 68 50 38 29 85
1971 3,147 302 152 115 87 63 49 36 27 83
1972 3,588 784 152 93 78 60 45 35 26 81
1973 10,362 894 392 92 57 46 36 27 21 73
1974 2,140 2,580 447 235 54 32 26 21 16 62
1975 2,151 533 1,289 265 131 27 16 14 11 49
1976 8,394 536 267 776 159 75 16 10 8 41
1977 11,321 2,090 268 159 444 85 41 9 5 32
1978 13,803 2,819 1,044 159 88 223 44 21 5 24
1979 24,555 3,437 1,408 619 88 45 117 23 11 18
1980 12,504 6,114 1,718 840 359 48 25 66 13 19
1981 6,969 3,114 3,060 1,041 518 210 29 15 40 21
1982 6,995 1,735 1,559 1,861 658 317 132 18 10 41
1983 4,955 1,742 868 944 1,181 413 206 86 12 36
1984 5,755 1,233 869 519 582 719 260 130 55 33
1985 14,654 1,432 614 512 307 335 427 154 78 57
1986 4,361 3,647 714 364 301 168 187 237 87 83
1987 1,737 1,086 1,824 435 238 196 113 126 161 120
1988 4,867 432 544 1,118 289 159 135 78 88 202
1989 11,261 1,212 217 333 746 194 111 94 55 210
1990 8,020 2,804 607 133 222 495 133 75 65 191
1991 3,152 1,997 1,405 373 89 147 335 90 51 183
1992 2,307 785 1,001 864 249 58 96 217 59 165
1993 1,535 574 393 615 576 161 37 62 141 156
1994 1,789 382 288 241 407 369 104 24 40 205
1995 6,557 445 191 176 160 262 241 68 16 173
1996 3,012 1,633 223 118 118 106 178 163 46 136
1997 1,404 750 818 137 79 79 73 122 113 132
1998 1,394 349 375 500 90 50 50 45 77 165
1999 1,744 347 175 226 308 50 27 27 25 155
2000 6,414 434 173 106 142 178 29 16 16 120
2001 6,820 1,597 217 105 67 86 110 18 10 94
2002 898 1,697 796 130 65 41 53 67 11 72
2003 843 223 845 475 82 41 26 34 44 58
2004 748 210 111 505 304 53 28 18 23 73
2005 2,130 186 104 66 318 194 35 18 12 68
2006 6,059 529 92 60 40 195 124 22 12 56
2007 5,718 1,506 262 54 37 25 125 79 14 47
2008 6,887 1,422 747 154 34 24 16 83 53 44
2009 3,437 1,714 708 446 99 22 16 11 57 69
2010 1,483 856 856 428 294 67 15 11 8 92
2011 5,023 369 427 512 276 193 46 11 8 72
2012 1,184 1,251 184 257 329 180 131 31 7 58
2013 24,098 295 625 111 163 211 120 87 21 47
2014 2,403 6,001 147 379 71 105 141 80 59 48
2015 601 598 3,000 88 230 42 64 86 49 71
2016 137 150 299 1,772 52 132 25 38 52 80
2017 1,098 34 75 175 1,037 30 80 15 23 88


Average 5,451 1,358 682 413 258 148 94 60 39 89







Table 1.22.  Estimates of population biomass, recruitment, and harvest of GOA pollock from the 
age-structured assessment model.  The harvest rate is the catch in biomass divided by the total 
biomass of age 3+ fish at the start of the year. 


 
 


 


  


3+ total 
biomass


Female 
spawn. biom.


Age 1 
recruits


Harvest 
rate


1977 726 127 11,321 118,092 16% 733 127 11,459 16%
1978 933 112 13,803 95,408 10% 939 112 14,131 10%
1979 1,298 119 24,555 106,161 8% 1,311 116 25,051 8%
1980 1,743 163 12,504 115,158 7% 1,771 159 12,518 7%
1981 2,724 179 6,969 147,818 5% 2,776 175 6,937 5%
1982 2,840 306 6,995 169,045 6% 2,885 302 7,031 6%
1983 2,580 426 4,955 215,625 8% 2,616 426 5,005 8%
1984 2,287 473 5,755 307,541 13% 2,317 477 5,721 13%
1985 1,844 427 14,654 286,900 16% 1,872 432 14,607 15%
1986 1,543 384 4,361 86,910 6% 1,563 388 4,494 6%
1987 1,895 359 1,737 68,070 4% 1,910 363 1,829 4%
1988 1,805 372 4,867 63,391 4% 1,823 373 5,031 3%
1989 1,598 388 11,261 75,585 5% 1,617 389 12,198 5%
1990 1,479 400 8,020 88,269 6% 1,502 403 8,641 6%
1991 1,791 396 3,152 100,488 6% 1,859 399 3,529 5%
1992 1,860 365 2,307 90,858 5% 1,954 368 2,415 5%
1993 1,748 395 1,535 108,909 6% 1,858 406 1,676 6%
1994 1,479 463 1,789 107,335 7% 1,580 487 1,827 7%
1995 1,202 385 6,557 72,618 6% 1,293 411 6,735 6%
1996 1,013 354 3,012 51,263 5% 1,092 382 3,324 5%
1997 1,038 312 1,404 90,130 9% 1,106 339 1,530 8%
1998 995 243 1,394 125,460 13% 1,067 264 1,458 12%
1999 737 224 1,744 95,638 13% 801 244 1,804 12%
2000 652 211 6,414 73,080 11% 713 232 6,495 10%
2001 625 197 6,820 72,077 12% 683 219 7,201 11%
2002 811 164 898 51,934 6% 862 183 947 6%
2003 1,021 154 843 50,684 5% 1,084 169 862 5%
2004 849 174 748 63,844 8% 903 186 752 7%
2005 713 209 2,130 80,978 11% 759 224 2,124 11%
2006 607 227 6,059 71,976 12% 649 244 6,165 11%
2007 580 201 5,718 52,714 9% 617 217 5,995 9%
2008 821 202 6,887 52,584 6% 858 216 7,112 6%
2009 1,170 206 3,437 44,247 4% 1,220 216 3,589 4%
2010 1,375 286 1,483 76,744 6% 1,431 295 1,569 5%
2011 1,330 338 5,023 81,484 6% 1,387 347 4,849 6%
2012 1,254 360 1,184 103,971 8% 1,311 372 1,320 8%
2013 1,277 390 24,098 96,353 8% 1,319 407 19,950 7%
2014 1,024 305 2,403 142,632 14% 1,058 317 2,422 13%
2015 1,771 265 601 167,553 9% 1,608 273 754 10%
2016 1,595 234 137 177,135 11% 1,434 217 210 12%
2017 1,345 258 1,098


Average
1977-2016 1,366 287 5,738 104,347 8% 1,403 299 5,925 8%
1978-2015 5,595 5,553


Year


2016 Assessment results3+ total 
biomass  
(1,000 t)


Female 
spawn. 
biom. 


Age 1 
recruits 


(million) Catch (t)
Harvest 


rate







 


Table 1.23.  Uncertainty of estimates of recruitment and spawning biomass of GOA pollock from 
the age-structured assessment model.  
  


Year


Age-1 
Recruits 


(millions) CV
Lower 


95% CI
Upper 


95% CI


Spawning 
biomass 
(1,000 t) CV


Lower 
95% CI


Upper 
95% CI


1970 1,214 0.30 684 2,156 121 0.30 68 215
1971 3,147 0.44 1,390 7,123 115 0.31 64 209
1972 3,588 0.36 1,804 7,138 106 0.33 57 197
1973 10,362 0.16 7,602 14,124 88 0.37 44 177
1974 2,140 0.29 1,222 3,746 79 0.33 42 149
1975 2,151 0.27 1,270 3,642 82 0.26 50 134
1976 8,394 0.18 5,868 12,008 117 0.17 84 163
1977 11,321 0.18 7,990 16,041 127 0.18 90 178
1978 13,803 0.18 9,742 19,557 112 0.21 75 169
1979 24,555 0.15 18,393 32,782 119 0.22 78 180
1980 12,504 0.19 8,642 18,091 163 0.20 111 241
1981 6,969 0.23 4,444 10,927 179 0.18 125 256
1982 6,995 0.23 4,480 10,923 306 0.16 225 418
1983 4,955 0.34 2,612 9,397 426 0.15 317 572
1984 5,755 0.31 3,191 10,381 473 0.16 346 645
1985 14,654 0.16 10,791 19,900 427 0.18 301 606
1986 4,361 0.27 2,576 7,385 384 0.20 262 562
1987 1,737 0.42 787 3,832 359 0.19 249 518
1988 4,867 0.22 3,152 7,514 372 0.17 267 517
1989 11,261 0.14 8,578 14,783 388 0.14 294 513
1990 8,020 0.16 5,899 10,903 400 0.14 307 522
1991 3,152 0.25 1,929 5,149 396 0.14 304 516
1992 2,307 0.26 1,398 3,808 365 0.13 282 470
1993 1,535 0.29 877 2,687 395 0.12 313 499
1994 1,789 0.24 1,117 2,864 463 0.11 371 578
1995 6,557 0.12 5,213 8,249 385 0.11 308 481
1996 3,012 0.16 2,187 4,148 354 0.11 283 443
1997 1,404 0.23 894 2,202 312 0.12 249 393
1998 1,394 0.21 923 2,107 243 0.12 191 310
1999 1,744 0.19 1,198 2,539 224 0.13 174 288
2000 6,414 0.12 5,094 8,077 211 0.13 163 274
2001 6,820 0.11 5,505 8,448 197 0.14 150 260
2002 898 0.27 538 1,499 164 0.15 122 220
2003 843 0.23 544 1,305 154 0.15 116 205
2004 748 0.26 452 1,236 174 0.13 137 223
2005 2,130 0.17 1,531 2,963 209 0.13 164 268
2006 6,059 0.13 4,682 7,840 227 0.13 175 294
2007 5,718 0.14 4,348 7,521 201 0.14 152 267
2008 6,887 0.14 5,276 8,990 202 0.15 151 270
2009 3,437 0.17 2,468 4,786 206 0.14 155 273
2010 1,483 0.25 915 2,405 286 0.13 221 370
2011 5,023 0.17 3,630 6,950 338 0.13 263 433
2012 1,184 0.34 615 2,278 360 0.13 279 464
2013 24,098 0.14 18,218 31,875 390 0.14 298 511
2014 2,403 0.39 1,152 5,010 305 0.15 230 406
2015 601 0.55 218 1,658 265 0.16 193 365
2016 137 0.56 49 379 234 0.16 170 320
2017 1,098 0.42 500 2,414 258 0.18 182 366







Table 1.24.  GOA pollock life history and fishery characteristics used to estimate spawning 
biomass per recruit (FSPR) harvest rates.  Spawning weight at age is based on an average from the 
Shelikof Strait acoustic survey conducted in March.  Population weight at age is based on an 
average for the bottom trawl survey conducted in June to August.  Proportion mature females is 
the average from winter acoustic survey specimen data for 1983-2017.   
 


  


Spawning              
(Avg. 2013-2017)


Population         
(Avg. 2011-2015)


Fishery             
(Est. 2017 from 


RE model)
1 1.39 0.002 0.012 0.027 0.155 0.000
2 0.69 0.023 0.109 0.222 0.407 0.000
3 0.48 0.208 0.300 0.409 0.574 0.022
4 0.37 0.744 0.520 0.726 0.864 0.294
5 0.34 0.971 0.762 0.996 0.950 0.585
6 0.30 0.998 1.010 1.250 0.953 0.840
7 0.30 1.000 1.228 1.424 1.125 0.925
8 0.29 0.993 1.374 1.535 1.273 0.968
9 0.28 0.899 1.503 1.689 1.425 0.988


10+ 0.29 0.369 1.620 1.866 1.640 0.993


Proportion 
mature 
females


Natural 
mortality


Fishery selectivity     
(Avg. 2012-2016)


Weight at age (kg)







 


Table 1.25.  Methods used to assess GOA pollock, 1977-2016.  The basis for catch 
recommendation in 1977-1989 is the presumptive method by which the ABC was determined 
(based on the assessment and SSC minutes). The basis for catch recommendation given in 1990-
2015 is the method used by the Plan Team to derive the ABC recommendation given in the SAFE 
summary chapter. 


 


 


Year Assessment method Basis for catch recommendation in 
following year


B40% (t)


1977-81 Survey biomass, CPUE trends, M=0.4 MSY = 0.4 * M * Bzero ---
1982 CAGEAN MSY = 0.4 * M * Bzero ---
1983 CAGEAN Mean annual surplus production ---
1984 Projection of survey numbers at age Stabilize biomass trend ---
1985 CAGEAN,  projection of survey numbers at 


age,  CPUE trends
Stabilize biomass trend ---


1986 CAGEAN,  projection of survey numbers at age Stabilize biomass trend ---
1987 CAGEAN,  projection of survey numbers at age Stabilize biomass trend ---
1988 CAGEAN,  projection of survey numbers at age 10% of exploitable biomass ---
1989 Stock synthesis 10% of exploitable biomass ---
1990 Stock synthesis, reduce M  to 0.3 10% of exploitable biomass ---
1991 Stock synthesis, assume trawl survey 


catchability = 1
FMSY from an assumed SR curve ---


1992 Stock synthesis Max[-Pr(SB<Threshold)+Yld] ---
1993 Stock synthesis Pr(SB>B20)=0.95 ---
1994 Stock synthesis Pr(SB>B20)=0.95 ---
1995 Stock synthesis Max[-Pr(SB<Threshold)+Yld] ---
1996 Stock synthesis Amendment 44 Tier 3 guidelines 289,689
1997 Stock synthesis Amendment 44 Tier 3 guidelines 267,600
1998 Stock synthesis Amendment 44 Tier 3 guidelines 240,000
1999 AD model builder Amendment 56 T ier 3 guidelines (with a 


reduction from max permissible FABC)
247,000


2000 AD model builder Amendment 56 Tier 3 guidelines 250,000
2001 AD model builder Amendment 56 T ier 3 guidelines (with a 


reduction from max permissible FABC)
245,000


2002 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


240,000


2003 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


248,000


2004 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC, and 
stairstep approach for projected ABC 


229,000


2005 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


224,000


2006 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


220,000


2007 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


221,000


2008 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


237,000


2009 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


248,000


2010 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


276,000


2011 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


271,000


2012 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


297,000


2013 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


290,000


2014 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


312,000


2015 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


300,000


2016 AD model builder Amendment 56 T ier 3 guidelines (with a 
reduction from max permissible FABC)


267,000







Table 1.26.  Projections of Gulf of Alaska pollock spawning biomass, full recruitment fishing 
mortality, and catch for 2017-2030 under different harvest policies. For these projections, fishery 
weight at age was assumed to be equal to the estimated weight at age in 2018 for the RE model. 
All projections begin with initial age composition in 2017 using the base run model with a 
projected 2017 catch of 172,500 t. The values for B100%, B40%, and B35% are 596,000 t, 
238,000 t, 209,000 t, respectively.


 
 


Spawning 
biomass 


(t)
Max F ABC


Author's 
recommended 


F
Average F F 75% F = 0 F OFL


Max F ABC for 
two years, then 


F OFL 


2017 257,826 257,826 257,826 257,826 257,826 257,826 257,826
2018 342,683 342,683 367,936 376,312 381,355 360,351 363,494
2019 263,536 264,349 299,901 341,926 369,634 265,816 279,502
2020 191,331 195,092 226,753 286,275 329,151 185,697 200,431
2021 169,762 176,120 193,180 258,873 310,031 159,926 167,823
2022 183,230 191,237 197,774 267,836 324,901 171,285 175,646
2023 208,261 217,817 220,943 296,929 358,850 195,268 197,543
2024 228,666 239,097 244,540 332,001 403,581 214,733 215,841
2025 242,237 252,725 262,654 363,737 447,889 226,490 227,021
2026 251,038 261,210 273,840 388,306 486,045 231,063 231,331
2027 255,183 264,855 282,329 408,306 518,670 234,068 234,209
2028 258,335 267,569 286,006 420,608 540,866 233,697 233,774
2029 258,193 267,124 287,157 427,927 555,677 232,173 232,216
2030 256,762 265,508 287,646 432,273 565,234 231,277 231,300


Fishing 
mortality


Max F ABC


Author's 
recommended 


F
Average F F 75% F = 0 F OFL


Max F ABC for 
two years, then 


F OFL 


2017 0.23 0.23 0.23 0.23 0.23 0.23 0.23
2018 0.26 0.26 0.19 0.07 0 0.30 0.26
2019 0.26 0.24 0.19 0.07 0 0.30 0.26
2020 0.20 0.17 0.19 0.07 0 0.23 0.25
2021 0.18 0.15 0.19 0.07 0 0.19 0.21
2022 0.19 0.17 0.19 0.07 0 0.20 0.21
2023 0.20 0.18 0.19 0.07 0 0.22 0.22
2024 0.21 0.19 0.19 0.07 0 0.23 0.23
2025 0.21 0.20 0.19 0.07 0 0.24 0.24
2026 0.21 0.20 0.19 0.07 0 0.24 0.24
2027 0.21 0.20 0.19 0.07 0 0.24 0.24
2028 0.21 0.20 0.19 0.07 0 0.24 0.24
2029 0.21 0.20 0.19 0.07 0 0.24 0.24
2030 0.21 0.20 0.19 0.07 0 0.24 0.24


Catch (t) Max F ABC


Author's 
recommended 


F
Average F F 75% F = 0 F OFL


Max F ABC for 
two years, then 


F OFL 


2017 172,500 172,500 172,500 172,500 172,500 172,500 172,500
2018 161,492 161,492 131,704 51,551 0 198,738 171,582
2019 113,153 106,568 97,198 42,340 0 133,020 119,597
2020 78,385 68,410 83,596 38,740 0 86,029 98,664
2021 88,854 79,358 99,016 45,294 0 98,964 105,195
2022 111,465 102,250 108,564 47,747 0 122,785 125,149
2023 137,817 131,068 124,920 55,523 0 150,953 151,894
2024 155,666 150,769 137,063 62,331 0 169,745 170,015
2025 165,514 161,478 145,153 67,644 0 180,431 180,429
2026 169,985 166,749 148,743 70,693 0 182,560 182,519
2027 169,060 165,389 150,428 71,979 0 183,881 183,863
2028 170,492 166,489 148,207 71,556 0 179,372 179,369
2029 166,884 162,890 146,981 71,226 0 176,791 176,793
2030 164,755 160,276 147,828 71,636 0 178,106 178,109







 


Figure 1.1. Pollock catch in 2016 for 1/2 degree latitude by 1 degree longitude blocks by season 
in the Gulf of Alaska as determined by fishery observer-recorded haul retrieval locations.  Blocks 
with less than 1.0 t of pollock catch are not shown. The area of the circle is proportional to the 
catch.  
 


 
Figure 1.2. 2016 fishery age composition by half year (January-June, July-December) and 
statistical area.  







 
Figure 1.3. GOA pollock fishery age composition (1975-2016).  The diameter of the circle is 
proportional to the catch.  Diagonal lines show strong year classes. 


 
 
Figure 1.4. Pollock catch per unit effort (CPUE) for the 2017 NMFS bottom trawl survey in the 
GOA. 







 


Figure 1.5. Estimated abundance at age in the NMFS bottom trawl survey (1984-2015).  The area 
of the circle is proportional to the estimated abundance. 
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Figure 1.6. Size composition of pollock by statistical area for the 2017 NMFS bottom trawl 
survey. 
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Figure 1.7. Biomass trends from winter acoustic surveys of pre-spawning aggregations of pollock in the GOA.   
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Figure 1.8. Estimated abundance at age in the Shelikof Strait acoustic survey (1981-2017, except 1982, 1987, 1999, and 2011).  The area of the circle 
is proportional to the estimated abundance. 
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Figure 1.9. Size composition of pollock by statistical area for the 2017 NMFS summer acoustic survey. 
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Figure 1.10. Haul locations for the 2017 ADFG bottom trawl survey. 
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Figure 1.11. QQ plot for residuals for the GLM model for the positive observations with a gamma 
error assumption. 
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Figure 1.12. Comparison of ADFG bottom trawl area-swept indices with year indices for a delta 
GLM model with a gamma error assumption for the positive observations. Both time series have 
been scaled by the mean for the time series. 
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Figure 1.13. Estimated proportions at age in the ADFG crab/groundfish survey (2000-2016).  The 
area of the circle is proportional to the estimated abundance. 
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Figure 1.14. Relative trends in pollock biomass since 1990 for the Shelikof Strait acoustic survey, the 
NMFS bottom trawl survey, and the ADFG crab/groundfish trawl survey.  Each survey biomass estimate 
is standardized to the average since 1990.   Shelikof Strait acoustic surveys prior to 2008 were re-scaled 
to be comparable to the surveys conducted from 2008 onwards by the R/V Oscar Dyson.   
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Figure 1.15. GOA pollock fishery catch characteristics. 
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Figure 1.16. Prior on bottom trawl catchability used in the base model. 
 


 
Figure 1.17. Alternative estimates of age-specific natural mortality.  The scaled average was used in the 
stock assessment model. 
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Figure 1.18. Estimates of the proportion mature at age from visual maturity data collected during 2013-
2017 winter acoustic surveys in the Gulf of Alaska and long-term average proportion mature at age 
(1983-2017).  
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Figure 1.19. Age at 50% mature (top) and length at 50% mature (bottom) from annual logistic regressions 
for female pollock from winter acoustic survey data in the Gulf of Alaska, 1983-2017. 
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Figure 
1.20. Estimated weight at age of GOA pollock (ages 2, 4, 6, and 10) from Shelikof Strait acoustic surveys 
in 1983-2017 used in the assessment model.  In 1999 and 2011, when the acoustic survey was not 
conducted, weights-at-age were interpolated from surveys in adjacent years. 
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Figure 1.21. Comparison of fishery weight at age for 2016 with estimates from the random effects model 
last year and this year’ assessment (top panel). Random effects model estimates for 2017-2018 used in the 
assessment model and for yield projections (bottom panel). 
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Figure 1.22. Changes in estimated spawning biomass as new data were added successively to last year’s 
base model. The lower panel shows the years 2008-2017 with an expanded scale to highlight differences. 
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Figure 1.23. Sensitivity analysis showing changes in estimated spawning biomass when recent bottom 
trawl data (2017 NMFS  and 2015-2017 ADFG bottom trawl surveys) were omitted, and when recent 
acoustic survey data were omitted (2017 Shelikof Strait and summer acoustic surveys). The lower panel 
shows the years 2008-2017 with an expanded scale to highlight differences. 
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Figure 1.24. Comparison of estimated spawning biomass from alternative models.  The lower panel 
shows the years 2008-2017 with an expanded scale to highlight differences. Model 16.2 was the base 
model last year. Models are described in more detail in the text. 
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Figure 1.25. Sensitivity analysis showing the effect of different age composition tuning procedures. The 
lower panel shows the years 2008-2017 with an expanded scale to highlight differences.  
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Figure 1.26. Comparison of random walk (RW) and random error (RE) approaches to model variation in 
survey catchability for the Shelikof Strait acoustic survey (top panel) and the ADFG bottom trawl survey 
(bottom panel). 
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Figure 1.27. Comparison of catchability estimates for the Shelikof Strait acoustic survey for models with 
different approaches to modeling changes in catchability (top panel). The lower panel shows the Shelikof 
Strait biomass estimates and models predictions for the three models. Models are described in more detail 
in the text. 
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Figure 1.28. Comparison of catchability estimates for the ADFG bottom trawl survey for models with 
different approaches to modeling changes in catchability (top panel). The lower panel shows the Shelikof 
Strait biomass estimates and models predictions for the three models. Models are described in more detail 
in the text. 
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Figure 1.29. Observed and predicted fishery age composition for GOA pollock from the base model. 
Continuous lines are model predictions and lines with + symbol are observed proportions at age.
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Figure 1.30. Pearson residuals for fishery age composition.  Negative residuals are filled circles.  Area of circle is proportional to magnitude of the 
residual. 
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Figure 1.31. Observed and predicted Shelikof Strait acoustic survey age composition for GOA 
pollock from the base model. Continuous lines are model predictions and lines with + symbol are 
observed proportions at age. 
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Figure 1.32. Pearson residuals for Shelikof Strait acoustic survey age composition.  Negative residuals are filled circles.  Area of circle is 
proportional to magnitude of the residual. 
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Figure 1.33. Observed and predicted NMFS bottom trawl age composition for GOA pollock from 
the base model. Continuous lines are model predictions and lines with + symbol are observed 
proportions at age.  
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Figure 1.34. Pearson residuals for NMFS bottom trawl survey (top) and ADFG crab/groundfish 
survey (bottom) age composition.  Negative residuals are filled circles.  Area of circle is 
proportional to magnitude of the residual. 
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Figure 1.35. Observed and predicted ADFG crab/groundfish survey age composition for GOA 
pollock from the base model. Continuous lines are model predictions and lines with + symbols 
are observed proportions at age.  
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Figure 1.36. Model predicted and observed survey biomass for the Shelikof Strait acoustic survey 
for the base model (top panel).   The bottom panel shows model predicted and observed survey 
biomass for the summer acoustic survey. Error bars indicate plus and minus two standard 
deviations.    
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Figure 1.37. Model predicted and observed survey biomass for the NMFS bottom trawl survey 
(top panel), and the ADFG crab/groundfish survey (bottom panel) for the base model.  Error bars 
indicate plus and minus two standard deviations.     
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Figure 1.38. Observed and model predicted age-1 (top) and age-2 indices (bottom) for the winter 
acoustic estimates combined for Shelikof Strait and the Shumagin Islands.   
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Figure 1.39. Estimates of time-varying fishery selectivity for GOA pollock for the base model. 
The selectivity is scaled so the maximum in each year is 1.0. 







 


 
Figure 1.40. Estimated time series of GOA pollock spawning biomass (million t, top) and age-1 
recruitment (billions of fish, bottom) from 1970 to 2017 for the base model.  Vertical bars 
represent two standard deviations.  The B35% and B40% lines represent the current estimate of 
these benchmarks. 
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Figure 1.41. Annual fishing mortality as measured in percentage of unfished spawning biomass 
per recruit (top).  GOA pollock spawning biomass relative to the unfished level and fishing 
mortality relative to FMSY (bottom).   The ratio of fishing mortality to FMSY is calculated using the 
estimated selectivity pattern in that year.  Estimates of B100% spawning biomass are based on 
current estimates of maturity at age, weight at age, and mean recruitment.  Because these 
estimates change as new data become available, this figure can only be used in a general way to 
evaluate management performance relative to biomass and fishing mortality reference levels. 
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Figure 1.42. Retrospective plot of estimated GOA pollock female spawning biomass for stock 
assessments in the years 1993-2017 (top).  For this figure, the time series of female spawning 
biomass was calculated using the same maturity and spawning weight at age for all assessments 
to facilitate comparison.  The bottom panel shows the estimated age composition in 2017 from 
the 2016 and 2017 assessments. 
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Figure 1.43. Retrospective plot of spawning biomass for models ending in years 2007-2016 for 
the 2017 base model. The revised Mohn’s ρ (Mohn 1999) for ending year spawning biomass is 
0.066. 
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Figure 1.44. GOA pollock spawner productivity, log(R/S), in 1970-2016 (top).  A five-year 
running average is also shown.  Spawner productivity in relation to female spawning biomass 
(bottom).  The Ricker stock-recruit curve is linear in a plot of spawner productivity against 
spawning biomass.    
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Figure 1.45. Uncertainty in spawning biomass in 2018-2022 based on a thinned MCMC chain 
from the joint marginal likelihood for the base model where catch is set to the author’s 
recommended FABC.   
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Figure 1.46. Projected spawning biomass and catches in 2018-2022 under different harvest rates. .  
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Figure 1.47. Variability in projected catch and spawning biomass in 2018-2030 for the base 
model under the author’s recommended FABC. .  
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Figure 1.48. Gulf of Alaska food web showing demersal (red) and pelagic (blue) pathways.  Pollock is shown in green.  Pollock consumers stain 
green according to the importance of pollock in their diet.  







 
Figure 1.49. Diet (percent wet weight) of GOA pollock juveniles (top) and adults (bottom) from 
summer food habits data collected on NMFS bottom trawl surveys, 1990-2005.    
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Figure 1.50. Sources of mortality for pollock juveniles (top) and adults (bottom) from an 
ECOPATH model of the Gulf of Alaska.  Pollock less than 20cm are considered juveniles. 







 
 


Figure 1.51. Diet diversity of major predators of pollock from an ECOPATH model for Gulf of Alaska during 1990-94. 







 


 


 


 


 
Figure 1.52. Length frequencies and percent by weight of each length class of  pollock prey (cm 
fork length) in stomachs of four major groundfish predators, from AFSC bottom-trawl surveys 
1987-2005.  Length of prey is uncorrected for digestion state. 
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Figure 1.53. Historical trends in GOA pollock, Pacific cod, Pacific halibut, arrowtooth flounder, 
and Steller Sea Lions, from stock assessment data (top).  Total catch and consumption of pollock 
in survey years (bars) and production + biomass change as calculated from the current stock 
assessment results (line) (bottom).  See text for calculation methods.    
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Figure 1.54. Consumption per unit predator survey biomass of GOA pollock <30cm fork length 
in diets, shown for each survey year (top). Normalized consumption/biomass and normalized total 
consumption of pollock <30cm fork length, plotted against age 2 pollock numbers (middle and 
bottom).     
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Figure 1.55. Consumption per unit predator survey biomass of GOA pollock ≥30cm fork length 
in diets, shown for each survey year (top). Normalized consumption/biomass and normalized total 
consumption of pollock ≥30cm fork length, plotted against age 3+ pollock biomass (middle and 
bottom).  
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Figure 1.56. Ecosystem model output (percent change at future equilibrium of indicated groups) 
resulting from reducing adult pollock survival by 10% (top), reducing juvenile pollock survival 
by 10% (middle), and reducing pollock trawl effort by 10%.  Dark bars indicate biomass changes 
of modeled species, while light bars indicate changes in fisheries catch (landings and discards) 
assuming a constant fishing rate within the indicated fishery.  Graphs show 50% and 95% 
confidence intervals (bars and lines respectively) summarized over 20,000 ecosystems drawn 
from error ranges of input parameters (see Aydin et al. 2005 for methodology).  Only the top 20 
effects, sorted by median, are shown for each perturbation. 







 


 


 
Figure 1.57. Ecosystem model output, shown as percent change at future equilibrium of adult 
pollock (top) and juvenile pollock, resulting from independently lowering the indicated species’ 
survival rates by 10% (dark bars) or by reducing fishing effort of a particular gear by 10% (light 
bars).  Graphs show 50% and 95% confidence intervals (bars and lines respectively) summarized 
over 20,000 ecosystems drawn from error ranges of input parameters (see Aydin et al. 2005 for 
methodology).  Only the top 20 effects, sorted by median, are shown for each perturbation. 







 


 


  


 
 


Figure 1.58. Ecosystem model output, shown as percent change at future equilibrium of four 
major predators on pollock, resulting from independently lowering the indicated species’ survival 
rates by 10% (dark bars) or by reducing fishing effort of a particular gear by 10% (light bars).  
Graphs show 50% and 95% confidence intervals (bars and lines respectively) summarized over 
20,000 ecosystems drawn from error ranges of input parameters (see Aydin et al. 2005 for 
methodology).  Only the top 20 effects, sorted by median, are shown for each perturbation. 







 
 


 
Figure 1.59. Pair-wise Spearman rank correlation between abundance trends of pollock, pollock fishery 
catches, Steller sea lions, arrowtooth flounder, Pacific halibut, and Pacific cod in the Gulf of Alaska.  
Rank correlations are based on the years in which abundance estimates are available for each pair. 
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Appendix A. Southeast Alaska pollock assessment 


Bottom trawl surveys indicate a substantial reduction in pollock abundance east of 140° W. lon.  Stock 
structure in this area is poorly understood.  Bailey et al. (1999) suggest that pollock metapopulation 
structure in southeast Alaska is characterized by numerous fiord populations.  In the 2017 bottom trawl 
survey, higher pollock CPUE in southeast Alaska occurred primarily from Baranof Island south to Dixon 
Entrance, where the shelf is broader.  Pollock length composition in the 2017 bottom trawl survey showed 
a very strong mode at 22 cm, most likely age-1 pollock, and a smattering of larger pollock (Appendix Fig. 
A.1). Juveniles in this area are unlikely to influence the population dynamics of pollock in the central and 
western Gulf of Alaska.  Ocean currents are generally northward in this area, suggesting that juvenile 
settlement is a result of spawning further south.  Spawning aggregations of pollock have been reported 
from the northern part of Dixon Entrance (Saunders et al. 1988). 
 
Historically, there has been little directed fishing for pollock in Southeast Alaska (Fritz 1993).  Pollock 
catch the Southeast and East Yakutat statistical areas has averaged about 2 t since 2007 (Table 1.4).  The 
ban on trawling east of 140° W. lon. prevents the development of a trawl fishery for pollock in Southeast 
Alaska, though recently there has been interest in directed pollock fishing using other gear types, such as 
purse seine. 
 
Biomass in Southeast Alaska was estimated by splitting survey strata and CPUE data in the Yakutat 
statistical area at 140° W. lon. and combining the strata east of the line with comparable strata in the 
Southeastern statistical area.  Surveys since 1996 had the most complete coverage of shallow strata in 
southeast Alaska, and indicate that stock size is approximately 25-75,000 t (Appendix Fig. A.1).   There is 
a gradual increase in biomass since 2005, but confidence intervals are large.  A random effects model was 
fit to the 1990-2017 bottom trawl survey biomass estimates in southeast Alaska. We recommend placing 
southeast Alaska pollock in Tier 5 of the NPFMC tier system, and basing the ABC and OFL on natural 
mortality (0.3) and the biomass estimate from the random effects model in 2015 (38,989 t).  This results 
in a 2018 ABC of 8,773 t (38,989 t * 0.75 M), and a 2018 OFL of 11,697 t (38,989 t * M).  The same 
ABC and OFL is recommended for 2019. 


 
 
Appendix Figure A.1.  Pollock size composition in 2017 (left) and biomass trend in southeast Alaska 
from a random effects model fit to NMFS bottom trawl surveys in 1990-2017 (right).  Error bars indicate 
plus and minus two standard deviations.   The solid line is the biomass trend from the random effects 
model, while dotted lines indicate the 95% confidence interval. 
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Appendix B. GOA pollock stock assessment model 


Population dynamics 
The age-structured model for pollock describes the relationships between population numbers by age and 
year. The modeled population includes individuals from age 1 to age 10, with age 10 defined as a “plus” 
group, i.e., all individuals age 10 and older. The model extends from 1970 to 2017 (48 years). The 
Baranov (1918) catch equations are assumed, so that  


 
 
 
 
except for the plus group, where 


 
 


 
 
where N j i is the population abundance at the start of year i for age j fish, F j i  = fishing mortality rate in 
year i for age j fish, and c j i  = catch in year i for age j fish. The natural mortality rate, Mj , is age-specific, 
but does not vary by year (at least for now). 
 
Fishing mortality is modeled as a product of year-specific and age-specific factors (Doubleday 1976) 
 


 
where s j is age-specific selectivity, and f i  is the annual fishing mortality rate. To ensure that the 
selectivities are well determined, we require that 1 = ) s ( j max .  Following previous assessments, a 
scaled double-logistic function (Dorn and Methot 1990) was used to model age-specific selectivity, 
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where α1  = inflection age, β 1  = slope at the inflection age for the ascending logistic part of the equation, 
and α 2  , β 2 = the inflection age and slope for the descending logistic part.   
Measurement error  
Model parameters were estimated by maximum likelihood (Fournier and Archibald 1982, Kimura 1989, 
1990, 1991). Fishery observations consist of the total annual catch in tons, Ci , and the proportions at age 
in the catch, p j i . Predicted values from the model are obtained from 


 


 
where w j i is the weight at age j in year i . Year-specific weights at age are used when available.   
 
Log-normal measurement error in total catch and multinomial sampling error in the proportions at age 
give a log-likelihood of 
 


 
where σ i  is standard deviation of the logarithm of total catch (~ CV  of total catch) and mi  is the size of 
the age sample. In the multinomial part of the likelihood, the expected proportions at age have been 
divided by the observed proportion at age, so that a perfect fit to the data for a year gives a log likelihood 
value of zero (Fournier and Archibald 1982). This formulation of the likelihood allows considerable 
flexibility to give different weights (i.e. emphasis) to each estimate of annual catch and age composition. 
Expressing these weights explicitly as CVs (for the total catch estimates), and sample sizes (for the 
proportions at age) assists in making reasonable assumptions about appropriate weights for estimates 
whose variances are not routinely calculated.  
 
Survey observations consist of a total biomass estimate, Bi , and survey proportions at age π j i . Predicted 
values from the model are obtained from 
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where q = survey catchability, w j i  is the survey weight at age j in year i (if available), s j  = selectivity at 
age for the survey, and φ i  =  fraction of the year to the mid-point of the survey. Although there are 
multiple surveys for GOA pollock, a subscript to index a particular survey has been suppressed in the 
above and subsequent equations in the interest of clarity. Survey selectivity was modeled using either a 
double-logistic function of the same form used for fishery selectivity, or simpler variant, such as single 
logistic function. The expected proportions at age in the survey in the ith year are given by 


 
Log-normal errors in total biomass and multinomial sampling error in the proportions at age give a log-


likelihood for survey k of 
where σ i  is the standard deviation of the logarithm of total biomass (~ CV of the total biomass) and mi  
is the size of the age sample from the survey.  
Process error 
Process error refers to random changes in parameter values from one year to the next. Annual variation in 
recruitment and fishing mortality can be considered types of process error (Schnute and Richards 1995). 
In the pollock model, these annual recruitment and fishing mortality parameters are generally estimated as 
free parameters, with no additional error constraints. We use process error to describe changes in fisheries 
selectivity over time. To model temporal variation in a parameter γ  , the year-specific value of the 
parameter is given by 


 
where γ  is the mean value (on either a log scale or an arithmetic scale), and δ i  is an annual deviation 
subject to the constraint  0 =  iδ∑ . For a random walk where annual changes are normally distributed, the 
log-likelihood is 


where σ i  is the standard deviation of the annual change in the parameter. We use a process error model 
for the two parameters for the ascending portion of the fishery double-logistic curve. Variation in the 
intercept selectivity parameter is modeled using a random walk on an arithmetic scale, while variation in 
the slope parameter is modeled using a log-scale random walk. 
 
The total log likelihood is the sum of the likelihood components for each fishery and survey, plus a term 
for process error:  . L   + L   = L Err. Proc.
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Appendix C. Seasonal distribution and apportionment of pollock among management 
areas in the Gulf of Alaska 


Since 1992, the GOA pollock TAC has been apportioned between management areas based on the 
distribution of biomass in groundfish surveys.  Steller sea lion protection measures that were implemented 
in 2001 require apportionment of pollock TAC based on the seasonal distribution of biomass.  Both single 
species and ecosystem considerations provide rationale for apportioning the TAC.  From an ecosystem 
perspective, apportioning the TAC will spatially distribute the effects of fishing on other pollock 
consumers, such as Steller sea lions, potentially reducing the overall intensity of any adverse effects.  
Apportioning the TAC also ensures that no smaller component of the stock experiences higher mortality 
than any other.  Although sub-stock units of pollock have not been identified in the Gulf of Alaska, 
managing the fishery so as to preserve the existing spatial structure would be a precautionary strategy. 
Protection of sub-stock units would be most important during spawning season, when they would be 
separated spatially.  
 
Pollock in the GOA undergo an annual migration between summer foraging habitats and winter spawning 
grounds.  Since surveying effort has been concentrated during the summer months, and prior to spawning 
in late winter, the dynamics and timing of this migration are not well understood. Regional biomass 
estimates are highly variable, indicating either large sampling variability, large interannual changes in 
distribution, or, more likely, both. There is a comprehensive survey of the Gulf of Alaska in summer, but 
historically surveying during winter has focused on the Shelikof Strait spawning grounds. Recently there 
has been expanded acoustic surveying effort outside of Shelikof Strait in winter, but no acoustic survey 
has been comprehensive, covering all areas where pollock could potentially occur. 
 
Winter apportionment 
An annual acoustic survey on pre-spawning aggregations in Shelikof Strait has been conducted since 
1981. Since 2000, several additional spawning areas have been surveyed multiple times, including Sanak 
Gully, the Shumagin Islands, the shelf break near Chirikof Island, and Marmot Bay. Although none of 
these spawning grounds are as important as Shelikof Strait, especially from a historical perspective, in 
some years the aggregate biomass surveyed outside Shelikof Strait has been comparable to that within 
Shelikof Strait. 
  
As in previous assessments, a “composite” approach was used to estimate the percent of the total stock in 
each management area. The estimated biomass for each survey was divided by the total biomass of 
pollock estimated by the assessment model in that year and then split into management areas for surveys 
that crossed management boundaries. The percent for each survey was added together to form a 
composite biomass distribution, which was then rescaled so that it summed to 100%. Model estimates of 
biomass at spawning took into account the total mortality between the start of the year and spawning, and 
used mean weight at age from Shelikof Strait surveys.  
 
Since time series of biomass estimates for spawning areas outside of Shelikof Strait are now available, we 
used the four most recent surveys at each spawning area. This criterion is intended to provide estimates 
that reflect recent biomass distribution while at the same time providing some stability in the estimates. 
The biomass in these secondary spawning areas tends to be highly variable from one year to the next. 
Areas meeting this criterion were Shelikof Strait, the shelf break near Chirikof Island, the Shumagin area, 
Sanak Gully, Morzhovoi Bay, and Marmot Bay. Successful surveys of Pavlof Bay were completed in 
2016 and 2017, but no biomass estimates could be produced from previous surveys of Pavlof Bay because 
of the lack of identification tows. While the spawning aggregations found in the Kenai Bays, and in 
Prince William Sound are likely important, additional surveys are needed to confirm stability of spawning 
in these areas before including them in the apportionment calculations. There are also several potentially 







 


difficult issues that would need to dealt with, for example, whether including biomass in the Kenai Bays 
would lead increased harvests on the east side of Kodiak, both of which are in area 630.  In addition, the 
fishery inside Prince William Sound (area 649) is managed by the State of Alaska, and state management 
objectives for Prince William Sound also require consideration. 
 
The sum of the percent biomass for all surveys combined was 104.40%, which may reflect sampling 
variability, or interannual variation in spawning location.  After rescaling, the resulting average biomass 
distribution was 3.50%, 85.39%, and 11.11% in areas 610, 620, and 630 (Appendix Table C.1).  In 
comparison to last year, the percentage in area 610 is 1.2 percentage points lower, 2.9 percentage points 
higher in area 620, and 1.7 percentage points lower in area 630. 
 
A-season apportionment between areas 620 and 630 
In 2002, based on evaluation of fishing patterns which suggested that the migration to spawning areas was 
not complete by January 20, the Gulf of Alaska plan team recommended an alternative apportionment 
scheme for areas 620 and 630 based on the average of the summer and winter distributions in area 630. 
This approach was not used for area 610 because fishing patterns during the A season suggested that most 
of the fish captured in area 610 would eventually spawn in area 610. The resulting A season 
apportionment is: 610, 3.50%; 620, 72.54%; 630, 23.97%.  
 
Summer distribution 
In 2014, assessment we followed the recommendation of the survey averaging working group to evaluate 
random effects models to fit smoothed biomass trends for each management area. Although performance 
of the random effects model appeared satisfactory (Appendix Fig. C.1), it is apparent that the random 
effects model leads to an estimated biomass distribution that is more strongly influenced by the most 
recent survey than the 4-survey average that had been used previously. In 2015, the plan team 
recommended that summer acoustic survey data also be used to determine the summer allocation, and 
averaged the biomass distribution from the 2015 summer acoustic survey with the results from the 
random effects model. This approach was regarded by the plan team and the SSC as a temporary solution 
that will need to be revisited as new data become available. Several allocation options presented in 
Appendix Table C.2. Since biomass estimates by area from the bottom trawl survey and the acoustic 
survey are highly variable and not consistent with each other, any allocation option is likely to be 
somewhat arbitrary. The option that we recommend is a 3-survey weighted average of the sum of the 
acoustic and bottom trawl biomass estimates for each area (Appendix Fig. C.2). This approach is based on 
combining acoustic and bottom trawl survey data and using all three years of the summer acoustic survey. 
The resulting apportionment is 610, 35.00%; 620, 25.44%; 630, 35.22%; 640, 4.34%.  
 
Apportionment for area 640 
The apportionment for area 640, which is not managed by season, is based on the estimated summer 
distribution of the biomass.  The percentage (4.34%) of the TAC in area 640 is subtracted from the TAC 
before allocating the remaining TAC by season and region. The overall allocation by season and area is 
given in Appendix Table C.3. 
 
Appendix D. Supplemental catch data 


To comply with the Annual Catch Limit (ACL) requirements, estimates have been developed for non-
commercial catches and removals from NMFS-managed stocks in Alaska.  Research catches have been 
routinely reported in the pollock assessment, but these catches are only for survey data that have been 
included in RACEBASE, and are not a comprehensive accounting of all research removals (Appendix 
Table D.1). One new data set is more a comprehensive accounting of research removals than had been 







 


available previously.  This data set is relatively complete only for 2010 and 2011 (Appendix Table D.2).  
Comparison of research catches from RACEBASE with the more comprehensive information in 2010 and 
2011 suggests that research catches have been substantially underreported.  The estimates from 
RACEBACE ranged between 25% and 30% of the total research catch.  Annual large-mesh and small-
mesh trawl surveys conducted by ADFG account for most of the missing research catch of pollock.  Even 
if research catches are four times those reported in RACEBACE, they would still amount to less than 1/2 
of a percent on average of the ABC during 2002-2011, and would have a negligible effect on the pollock 
stock or the stock assessment.   
 
An attempt was made using methods described in Tribuzio et al. (2011) to estimate the incidental catch of 
groundfish in the Pacific halibut fishery.  Based on Plan Team recommendations, these estimates will not 
be continued.  Estimates of pollock bycatch in the Pacific halibut fishery during 2001-2010 averaged 12.2 
t, with a minimum of 0.9 t and a maximum of 62.4 t, suggesting that the bycatch of pollock (or the 
estimates thereof) are low and highly variable.  Since some halibut fishery incidental catch as enters into 
the catch accounting system, it is unclear whether these catches have already been taken into account in 
the reported catch.  However this seems unlikely for pollock.  It is important to note that there is 
unreported incidental catch of pollock in other fisheries in Alaska, such as the salmon fishery, which, 
based on anecdotal reports, may be substantial on occasion. 
 







 


Appendix Table C.1.  Estimates of percent pollock in areas 610-630 during winter EIT surveys in the 
Gulf of Alaska. The biomass of age-1 fish is not included the acoustic survey biomass estimates. 


 


Percent Area 610
Area 
620


Area 
630


Shelikof 2014 1,146,870 883,177 77.0% 0.0% 96.7% 3.3%
Shelikof 2015 1,251,160 845,210 67.6% 0.0% 91.9% 8.1%
Shelikof 2016 1,079,920 665,059 61.6% 0.0% 79.3% 20.7%
Shelikof 2017 842,006 1,486,342 176.5% 0.0% 98.9% 1.1%
Shelikof Average 95.7% 0.0% 91.7% 8.3%


Percent of total 2+ biomass 0.0% 87.7% 7.9%


Chirikof 2012 1,084,750 21,181 2.0% 0.0% 13.0% 87.0%
Chirikof 2013 1,142,120 63,008 5.5% 0.0% 70.2% 29.8%
Chirikof 2015 1,251,160 12,685 1.0% 0.0% 26.3% 73.7%
Chirikof 2017 842,006 4,007 0.5% 0.0% 1.7% 98.3%
Chirikof Average 2.2% 0.0% 27.8% 72.2%


Percent of total 2+ biomass 0.0% 0.6% 1.6%


Marmot 2014 1,146,870 13,403 1.2% 0.0% 0.0% 100.0%
Marmot 2015 1,251,160 22,470 1.8% 0.0% 0.0% 100.0%
Marmot 2016 1,079,920 37,931 3.5% 0.0% 0.0% 100.0%
Marmot 2017 842,006 14,258 1.7% 0.0% 0.0% 100.0%
Marmot Average 2.0% 0.0% 0.0% 100.0%


Percent of total 2+ biomass 0.0% 0.0% 2.0%


Shumagin 2014 1,146,870 36,160 3.2% 54.7% 45.3% 0.0%
Shumagin 2015 1,251,160 61,216 4.9% 71.0% 29.0% 0.0%
Shumagin 2016 1,079,920 20,706 1.9% 84.6% 15.4% 0.0%
Shumagin 2017 842,006 29,620 3.5% 95.0% 5.0% 0.0%
Shumagin Average 3.4% 76.3% 23.7% 0.0%


Percent of total 2+ biomass 2.6% 0.8% 0.0%


Sanak 2014 1,146,870 7,319 0.6% 100.0% 0.0% 0.0%
Sanak 2015 1,251,160 17,863 1.4% 100.0% 0.0% 0.0%
Sanak 2016 1,079,920 3,556 0.3% 100.0% 0.0% 0.0%
Sanak 2017 842,006 956 0.1% 100.0% 0.0% 0.0%
Sanak Average 0.6% 100.0% 0.0% 0.0%


Percent of total 2+ biomass 0.6% 0.0% 0.0%


Mozhovoi 2010 1,107,750 1,650 0.1% 100.0% 0.0% 0.0%
Mozhovoi 2013 1,142,120 1,520 0.1% 100.0% 0.0% 0.0%
Mozhovoi 2016 1,079,920 11,414 1.1% 100.0% 0.0% 0.0%
Mozhovoi 2017 842,006 3,932 0.5% 100.0% 0.0% 0.0%
Mozhovoi Average 0.5% 100.0% 0.0% 0.0%


Percent of total 2+ biomass 0.5% 0.0% 0.0%


Total 104.40% 3.65% 89.15% 11.60%
Rescaled total 100.00% 3.50% 85.39% 11.11%


Survey Year


Percent by management area
Model estimates 


of total 2+ 
biomass at 
spawning


Survey 
biomass 
estimate







 


Appendix Table C.2.  Summer acoustic and NMFS bottom trawl biomass estimates of walleye pollock by 
management area. Options for allocation based on random effects model output and averaging survey 
biomass.  Options that use a weighted average give weights of 1.0, 0.5, and 0.25 to 2017, 2015, and 2013, 
respectively. 


 


Year Area 610 Area 620 Area 630 Area 640
2013 80,819 393,066 356,498 41,908
2015 425,952 476,006 632,316 63,955
2017 408,334 338,923 498,460 72,679


Area 610 Area 620 Area 630 Area 640
2013 9.27% 45.06% 40.87% 4.80%
2015 26.65% 29.78% 39.56% 4.00%
2017 30.97% 25.71% 37.81% 5.51%


Year Area 610 Area 620 Area 630 Area 640
2011 230,589 165,323 240,181 24,114
2013 269,231 280,234 377,148 21,264
2015 403,884 98,001 181,482 24,408
2017 214,605 23,658 43,803 6,878


2017 RE 
estimates 306,284 26,371 59,759 8,813


Area 610 Area 620 Area 630 Area 640
2011 34.93% 25.04% 36.38% 3.65%
2013 28.40% 29.56% 39.79% 2.24%
2015 57.06% 13.85% 25.64% 3.45%
2017 74.27% 8.19% 15.16% 2.38%


2017 RE 
estimates 76.34% 6.57% 14.89% 2.20%


Options for allocation


Option 1: RE from Bottom Trawl
Area 610 Area 620 Area 630 Area 640


76.34% 6.57% 14.89% 2.20%
Option 2: Weighted average from acoustic survey (2013-2017)


Area 610 Area 620 Area 630 Area 640
26.64% 29.64% 38.75% 4.98%


Option 3: Average of RE Bottom trawl and 2017 Acoustic survey (2015 approach)
Area 610 Area 620 Area 630 Area 640


53.65% 16.14% 26.35% 3.85%
Option 4:  Average of RE Bottom trawl and weighted average of 2013-2015 acoustic


Area 610 Area 620 Area 630 Area 640
51.49% 18.10% 26.82% 3.59%


Option 5: Weighted average of acoustic plus bottom trawl biomass (2013-2017)
Area 610 Area 620 Area 630 Area 640
643,068 467,377 647,185 79,732
35.00% 25.44% 35.22% 4.34%


Percent


Summer acoustic estimates


Bottom trawl estimates


Biomass (t)


Biomass (t)


Percent







 


Appendix Table C.3.  Calculation of 2018 Seasonal and Area TAC Allowances for the W/C/WYK region. 


Proposed ABC for W/C/WYK (t): 161,492


Area 610 620 630
Percent 3.50% 85.39% 11.11%


Area 610 620 630 640
Percent 35.00% 25.44% 35.22% 4.34%


1)  Deduct the Prince William Sound State Guideline Harvest Level.
PWS percent 2.50% GHL (t) 4,037
Federal percent 97.50% Federal TAC 157,455


2)  Use summer biomass distribution for the 640 allowance:
640 percent 4.34% 640 TAC (t) 6,833
610-630 percent 95.66% 610-630 TAC (t) 150,622


3)  Calculate seasonal apportionments of TAC for the A, B, C, and D seasons for areas 610-630 


Season Percent TAC (t)
A season TAC (t) 25% 37,655
B season TAC (t) 25% 37,655
C season TAC (t) 25% 37,655
D season TAC (t) 25% 37,655


4)  For the A season, the TAC allocation in 630 is based on an average of winter and summer distributions.


Area Percent TAC (t)
610 3.50% 1,317
620 72.54% 27,314
630 23.97% 9,025


5)  For the B season, the allocation of TAC is based on the winter biomass distribution.


Area Percent TAC (t)
610 3.50% 1,317
620 85.39% 32,155
630 11.11% 4,184


6)   For the C and D seasons, the allocation is based on the summer biomass distribution.


Area Percent TAC (t)
610 36.59% 13,777
620 26.59% 10,013
630 36.82% 13,865


Area Percent TAC (t)
610 36.59% 13,777
620 26.59% 10,013
630 36.82% 13,865


D season


Summer biomass distribution


Winter biomass distribution


A season


B season


C season







 


 
Appendix Figure C.1.  Random effects models fit of NMFS bottom trawl biomass estimates by 
management area for 1990-2017. 
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Appendix Figure C.2.  Bottom estimates for summer acoustic and NMFS bottom trawl surveys by 
management area in the Gulf of Alaska for 2013-2017. 
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Appendix Table D.1.  Estimates of pollock research catch (t) in the Gulf of Alaska from RACEBASE 
during 1977-2011. 


Year Catch (t) 
1977 89.2 
1978 99.7 
1979 52.4 
1980 229.4 
1981 433.3 
1982 110.4 
1983 213.1 
1984 310.7 
1985 167.2 
1986 1201.8 
1987 226.6 
1988 19.3 
1989 72.7 
1990 158.0 
1991 16.2 
1992 39.9 
1993 116.4 
1994 70.4 
1995 44.3 
1996 146.9 
1997 75.5 
1998 63.6 
1999 34.7 
2000 56.3 
2001 77.1 
2002 77.6 
2003 127.6 
2004 53.0 
2005 71.7 
2006 63.5 
2007 47.1 
2008 26.2 
2009 89.9 
2010 37.4 
2011 43.0 







 


Appendix Table D.2.  Estimates of pollock research catch (t) in the Gulf of Alaska by survey or research 
project in 2010 and 2011. 
 


             Year 
Survey/research project 2010 2011 
ADFG large-mesh trawl 83.0 81.3 
ADFG small-mesh trawl 20.1 23.4 
IPHC annual survey 0.8 0.3 
NMFS Shelikof Strait acoustic survey 12.0  
NMFS Shumagin Islands acoustic survey 25.4  
NMFS bottom trawl survey  43.0 
NMFS sablefish longline survey 2.5 1.4 
GOA IERP research 0.1  
Western GOA cooperative acoustic survey 12.4  
Total 156.3 149.3 
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Executive Summary 
Pacific ocean perch in the Gulf of Alaska are assessed on a biennial stock assessment schedule to coincide 
with the availability of new survey data. For Gulf of Alaska rockfish in on-cycle (odd) years, we present a 
full stock assessment document with updated assessment and projection model results. 


We use a statistical age-structured model as the primary assessment tool for Gulf of Alaska Pacific ocean 
perch which qualifies as a Tier 3 stock. This assessment consists of a population model, which uses 
survey and fishery data to generate a historical time series of population estimates, and a projection 
model, which uses results from the population model to predict future population estimates and 
recommended harvest levels. For this year, we update the 2015 assessment model estimates with new data 
collected since the last full assessment. 


Summary of Changes in Assessment Inputs  
Changes in the input data: The input data were updated to include survey biomass estimates for 2017, 
survey age compositions for 2015, fishery age compositions for 2014 and 2016, and final catch for 2015 
and 2016 and preliminary catch for 2017-2019 (see Specified catch estimation section). Two additional 
changes are recommended to the input data: 


1. The fishery length composition data has been changed to 1 cm length bins and a plus length group 
of 45 cm 


2. The 1984 and 1987 bottom trawl survey biomass and age composition have been removed from 
the time series 


 


Changes in the assessment methodology: The assessment methodology has changed since the 2015 
assessment and incorporates the following changes: 


1. The bottom trawl survey biomass is fit with the log-normal distribution 
2. An additional fishery selectivity time period is added (2007 – present) to coincide with the Central 


GOA rockfish program and the availability of older fish to the fishery 


Summary of Results  
For the 2018 fishery, we recommend the maximum allowable ABC of 29,236 t from the recommended 
model. This ABC is a 22% increase from the 2017 ABC of 23,918 t. The increase is attributed to the 2017 
survey biomass estimate which is the largest on record, and three consecutive survey biomass estimates 
larger than 1 million tons. This also resulted in a 25% higher ABC than the 2018 ABC projected last year. 
The corresponding reference values for Pacific ocean perch are summarized in the following table, with 
the recommended ABC and OFL values in bold. The stock is not being subject to overfishing, is not 
currently overfished, nor is it approaching a condition of being overfished. The test for determining 
whether a stock is overfished is based on the 2016 catch compared to OFL. The official total catch for 
2016 is 23,133 t which is less than the 2016 OFL of 28,431 t; therefore, the stock is not being subjected to 
overfishing. The tests for evaluating whether a stock is overfished or approaching a condition of being 
overfished require examining model projections of spawning biomass relative to B35% for 2017 and 2019. 
The estimates of spawning biomass for 2017 was 156,563 t and 2019 is 177,539 t. Both estimates are 
above the current B35% estimate of 102,767 t and, therefore, the stock is not currently overfished nor 
approaching an overfished condition.  







 As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


Quantity 2017 2018 2018 20191 


M (natural mortality) 0.061 0.061 0.066 0.066 
Tier 3a 3a 3a 3a 
Projected total (age 2+ ) biomass (t) 445,672 437,123 511,934 497,600 
Projected Female spawning biomass 156,563 156,444 180,150 177,539 
     B100%  285,327 285,327 293,621 293,621 
     B40%  114,131 114,131 117,448 117,448 
     B35%  99,865 99,865 102,767 102,767 
FOFL  0.119 0.119 0.113 0.113 
maxFABC  0.102 0.102 0.094 0.094 
FABC  0.102 0.102 0.094 0.094 
OFL (t) 27,826 27,284 34,762 34,010 
maxABC (t) 23,918 23,454 29,236 28,605 
ABC (t) 23,918 23,454 29,236 28,605 
Status As determined last year for: As determined this year for: 
 2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


1Projected ABCs and OFLs for 2018 and 2019 are derived using estimated catch of 21,813 for 2017, and 
projected catches of  26,045 t and 25,126 t for 2018 and 2019 based on realized catches from 2014-2016. 
This calculation is in response to management requests to obtain more accurate projections. 


Area Apportionment 
The following table shows the recommended apportionment for 2018 and 2019 from the random effects 
model.  


Area Apportionment 
Western Central Eastern Total 


11.3% 68.8% 19.9% 100% 


2018 Area ABC (t) 3,312 20,112 5,812 29,236 


2019 Area ABC (t) 3,240 19,678 5,687 28,605 


 


Amendment 41 prohibited trawling in the Eastern area east of 140° W longitude. The ratio of biomass 
still obtainable in the W. Yakutat area (between 147° W and 140° W) is smaller than the 2015 assessment 
at 0.58, a decrease from 0.61. The random effects model was not applied for the WYAK and EYAK/SEO 
split and the weighting method of using upper 95% confidence of the ratio in biomass between these two 
areas used in previous assessments was continued. This results in the following apportionment of the 
Eastern Gulf area: 


 W. Yakutat E. Yakutat/Southeast Total 


2018 Area ABC (t) 3,371 2,441 5,812 


2019 Area ABC (t) 3,298 2,389 5,687 


 







In 2012, the Plan Team and SSC recommended combined OFLs for the Western, Central, and West 
Yakutat areas (W/C/WYK) because the original rationale of an overfished stock no longer applied. 
However, because of concerns over stock structure, the OFL for SEO remained separate to ensure this 
unharvested OFL was not utilized in another area. The Council adopted these recommendations. This 
results in the following apportionment for the W/C/WYK area:  


 


 Western/Central/W. Yakutat E. Yakutat/Southeast Total 


2018 Area OFL (t) 31,860 2,902 34,762 


2019 Area OFL (t) 31,170 2,840 34,010 


 


Summaries for Plan Team 
Species Year Biomass1 OFL ABC TAC Catch2 


Pacific ocean perch 


2016 457,768 28,431 24,437 24,437 23,133 
2017 445,672 27,826 23,918 23,918 20,023 
2018 511,934 34,762 29,236   
2019 497,600 34,010 28,605   


1Total biomass from the age-structured model 


Stock 
 2017    2018  2019  


Area OFL ABC TAC Catch2 OFL ABC OFL ABC 


Pacific 
ocean 
perch 


W  2,679 2,679 2,566  3,312  3,240 
C  16,671 16,671 14,701  20,112  19,678 


WYAK  2,786 2,786 2,756  3,371  3,298 
SEO 2,073 1,782 1,782 0 2,902 2,441 2,840 2,389 


W/C/W
YK 25,753    31,860  31,170  


Total 27,826 23,918 23,918 20,023 34,762 29,236 34,010 28,605 
2Current as of October 7, 2017, Source: NMFS Alaska Regional Office via the Alaska Fisheries 
Information Network (AKFIN). 


  







SSC and Plan Team Comments on Assessments in General 
Finally, an area apportionment approach using the RE model which specifies a common “process error” 
has been developed and should be considered. (Plan Team, November 2015) 
A common “process error” was considered for this assessment. However, upon evaluating the data 
from the Western, Central, and Eastern data, including bottom trawl survey biomass and age and 
length compositions, it appears that the population dynamics (including recruitment and 
differences in abundance trends over time) among the three regions are different enough to 
warrant individual process error parameters. Thus, for apportionment we estimate separate 
process error parameters for each region. 


The Team recommends that a workgroup or subset of authors investigate applying the geostatistical 
approach to selected stocks. (Plan Team, November 2015) 
The SSC supports the GOA PT recommendation to form a study group to explore the criteria necessary 
for adopting the geostatistical generalized linear mixed model approach in assessments. If this study 
group is formed, the SSC requests that the group be expanded to include BSAI assessment authors and 
members from the AFSC survey program. Among the many questions this group could address, the SSC 
suggests including the following questions:  


1. Is the stratified random survey design used for the surveys correctly configured for application 
of the geostatistical approach? 
2. Should the geostatistical approach be applied to all species or a select suite of species that 
exhibit aggregated spatial distributions and rockfish-like life histories? If application of this 
approach is recommended for only a subset of managed species, what life history characteristics 
or biological criteria would qualify a species for this approach?  
3. What level of aggregation is necessary for application of the geostatistical approach?  
4. If the geostatistical approach is adopted should results also be used for area apportionments? 


(SSC, December 2015) 
We have grouped these two comments together as they deal with the same topic. A working group 
has been formed and is currently in the process of investigating the criteria for use of the 
geostatistical generalized linear mixed model (delta-GLMM) within assessments performed by the 
AFSC. Evaluation of the geostatistical delta generalized linear mixed model approach has focused 
on a range of species with different life histories and spatial distribution and addressed: 1) How do 
geostatistical delta-GLMM indices compare with design-based estimates?, 2) Are the scale or trend 
in geostatistical delta-GLMM indices sensitive to the level of spatial complexity specified?, 3) How 
does alternative specifications for temporal autocorrelation in intercepts and spatio-temporal 
random effects for encounter probability and positive catch rate components of the geostatistical 
delta-GLMM influence index estimates?, and 4) How do apportionment estimates from the 
geostatistical delta-GLMM compare with estimates from the current random effects model? 
Results from these initial evaluations were presented by C. Cunningham at the September 2017 PT 
meeting. Further investigations into the geostatistical delta-GLMM will continue with the intention 
of providing stock assessment authors with guidance on which trawl survey biomass index would be 
appropriate for their stock. 


Many assessments are currently exploring ways to improve model performance by re-weighting historic 
survey data. The SSC encourages the authors and PTs to refer to the forthcoming CAPAM data-weighting 
workshop report. (SSC, December 2015) 
The SSC recommends that the Gulf of Alaska Groundfish Plan Team (GOA GPT), BSAI GPT, and CPT 
encourage the continued use of multiple approaches to data weighting (not just the Francis (2011) 
method, but also including the harmonic mean and others). (SSC, October 2016) 
We have grouped these two comments together as they deal with the same topic. At the 2017 
September PT we presented a document investigating various methods investigating re-weighting 







historical survey and fishery data, in particular, survey age compositions and fishery age and 
length compositions. We have decided to not implement any of these methods into the Pacific ocean 
perch assessment at this point in time to allow for the working group investigating the delta-
GLMM geostatistical to provide guidance on which bottom trawl survey biomass index is 
appropriate for this assessment. This is because the delta-GLMM geostatistical estimator has the 
potential to significantly change the magnitude and uncertainty of the survey biomass estimates, 
which would subsequently have potential significant influence on any re-weighting method for 
compositional data. 


“In an effort improve record keeping as assessment authors formulate various stock status evaluation 
models, the Plan Team has recommended a systematic cataloging convention. Any new model that 
diverges substantial from the currently accepted model will be marked with the two-digit year and a “0” 
version designation (e.g., 16.0 for a model from 2016). Variants that incorporate major changes are then 
distinguished by incremental increases in the version integer (e.g., 16.1 then 16.2), and minor changes 
are identified by the addition of a letter designation (e.g., 16.1a). The SSC recommends this method of 
model naming and notes that it should reduce confusion and simplify issues associated with tracking 
model development over time.” (SSC December 2016) 


We have followed the guidelines for naming alternative models investigated in this assessment and 
will continue to follow these guidelines in future assessments. 


The SSC also recommends explicit consideration and documentation of ecosystem and stock assessment 
status for each stock, perhaps following the framework suggested below, during the December Council 
meeting to aid in identifying areas of concern. (SSC October 2017) 


A newly proposed framework for considering ecosystem and socioeconomic factors has been 
submitted as an appendix in some assessments this year. This is an attempt to document these 
factors with respect to stock status and also provide indicators for continued monitoring to identify 
areas of concern. These reports are currently submitted as an appendix and in future years it is 
anticipated that they would be available for all stocks as the framework is adaptable for data-
limited to data-rich stocks. We plan to evaluate and potentially incorporate this new 
ecosystem/socioeconomic report as an appendix when it becomes available for Gulf of Alaska 
Pacific ocean perch stock. 


 


SSC and Plan Team Comments Specific to this Assessment  
“The Plan Team recommends evaluation of how the data weights given to the various fishery and survey 
age and length composition data affect the estimates of recruitment and age composition.” (Plan Team, 
September 2014) 


The Team recommends increasing the plus group for the length compositions to evaluate model 
performance. (Plan Team, November 2015) 


In September (2014), the PT and SSC recommended evaluating data weighting for fishery and survey age 
and length compositions with respect to estimates of recruitment and age compositions. The authors note 
that this issue pertains to all GOA rockfish assessments and plan to do a more thorough evaluation of this 
issue for future assessments. The SSC agrees and would recommend a broader look at the issue across all 
GOA rockfish species, and to consider relevant recommendations from the 2015 CAPAM workshop on 
data weighting. Further, the SSC concurs with the PT recommendations for the next full POP assessment 
to investigate 1) increasing the plus group for length compositions to evaluate model performance, 2) 
using an alternate trawl survey index, 3) using alternative length bins, 4) including sample sizes for 
composition data, and 5) relating fishery selectivity to average depth fished. (SSC, December 2015) 







We have grouped these comments as they pertain to similar topics. As stated above in the response 
to assessments in general, at the 2017 September PT we presented a document investigating various 
methods investigating re-weighting historical survey and fishery data, in particular, the input 
sample sizes used for survey age compositions and fishery age and length compositions. We have 
decided to not implement any of these methods into the Pacific ocean perch assessment at this point 
in time to allow for the working group investigating the delta-GLMM geostatistical to provide 
guidance on which bottom trawl survey biomass index is appropriate for this assessment (the 
implementation of which we also investigated and presented in September). This is because the 
delta-GLMM geostatistical estimator has the potential to significantly change the magnitude and 
uncertainty of the survey biomass estimates, which would subsequently have potential significant 
influence on any re-weighting method for compositional data. In the recommended assessment for 
this year we have changed the plus length group to 45 cm and length bins to 1 cm. We also 
investigated relating fishery selectivity to average depth fished in the September document, but 
significant improvements to the model did not result. 


The Team recommends evaluating harvest rates in West Yakutat to compare with FABC rates. (Plan 
Team, November 2015) 


The SSC concurs with the PT recommendation to evaluate harvest rates in WYAK for comparison to 
FABC rates. (SSC, December 2015) 


We have addressed these comments by presenting the estimated exploitation rates in the Area 
Apportionment of Harvest section. In this analysis we estimated exploitation rates by dividing the 
catch in W. Yakutat by the bottom trawl survey biomass estimates (unadjusted and adjusted by 
model estimates of catchability). On average, the exploitation rates in W. Yakutat are less than M 
and FABC, and are comparable to the exploitation rates in the Central GOA. Thus, we see no need to 
change the strategy currently employed to apportion ABC between the W. Yakutat and 
Southeast/Outside regions of the Eastern GOA. 


The Team recommends 1 cm bin sizes using ≤16 cm as the starting bin and ≥45 cm as the plus length 
group. (Plan Team, September 2017) 


This change has been reflected in the recommended assessment. 


The Team concurs with the author and recommends bringing forward the Francis and Dirichlet-
multinomial methods for consideration in the November assessment. (Plan Team, September 2017) 


As stated in previous responses, we will investigate further changes to the age and length 
composition error structures when the delta-GLMM geostatistical index has been further 
developed. 


The Team concurs with the author and recommends bringing forward the gamma selectivity method for 
the November assessment. (Plan Team, September 2017) 


We present time-invariant gamma selectivity as an alternative model case considered in this year’s 
assessment. 


The Team recommends continuing use of the design-based estimates for bottom trawl survey biomass at 
this time. (Plan Team, September 2017) 


We concur with the Team’s recommendation and continue to use the design-based estimates for 
bottom trawl survey biomass in this assessment 


The Team recommends bringing forward a model alternative in November that investigates dropping the 
1984 and 1987 survey biomass estimates from the survey index but continuing to use the age 
compositions from these surveys. (Plan Team, September 2017) 







We present two alternatives in this year’s assessment as it pertains to the 1984 and 1987 bottom 
trawl surveys: (1) drop only the survey biomass but retain the age composition (as recommended by 
the Team), and (2) drop both the survey biomass and age composition. For this year’s 
recommended model we remove both the biomass and age composition as in the second alternative. 


 


  







Introduction 


Biology and distribution 
Pacific ocean perch (Sebastes alutus, POP) has a wide distribution in the North Pacific from southern 
California around the Pacific rim to northern Honshu Is., Japan, including the Bering Sea. The species 
appears to be most abundant in northern British Columbia, the Gulf of Alaska (GOA), and the Aleutian 
Islands (Allen and Smith 1988). Adults are found primarily offshore on the outer continental shelf and the 
upper continental slope in depths of 150-420 m. Seasonal differences in depth distribution have been 
noted by many investigators. In the summer, adults inhabit shallower depths, especially those between 
150 and 300 m. In the fall, the fish apparently migrate farther offshore to depths of ~300-420 m. They 
reside in these deeper depths until about May, when they return to their shallower summer distribution 
(Love et al. 2002). This seasonal pattern is probably related to summer feeding and winter spawning. 
Although small numbers of POP are dispersed throughout their preferred depth range on the continental 
shelf and slope, most of the population occurs in patchy, localized aggregations (Hanselman et al. 2001). 
POP are generally considered to be semi-demersal but there can at times be a significant pelagic 
component to their distribution. POP often move off-bottom during the day to feed, apparently following 
diel euphausiid migrations (Brodeur 2001). Commercial fishing data in the GOA since 1995 show that 
pelagic trawls fished off-bottom have accounted for as much as 23% of the annual harvest of this species. 


There is much uncertainty about the life history of POP, although generally more is known than for other 
rockfish species (Kendall and Lenarz 1986). The species appears to be viviparous (the eggs develop 
internally and receive at least some nourishment from the mother), with internal fertilization and the 
release of live young. Insemination occurs in the fall, and sperm are retained within the female until 
fertilization takes place ~2 months later. The eggs hatch internally, and parturition (release of larvae) 
occurs in April-May. Information on early life history is very sparse, especially for the first year of life. 
POP larvae are thought to be pelagic and drift with the current, and oceanic conditions may sometimes 
cause advection to suboptimal areas (Ainley et al. 1993) resulting in high recruitment variability. 
However, larval studies of rockfish have been hindered by difficulties in species identification since many 
larval rockfish species share the same morphological characteristics (Kendall 2000). Genetic techniques 
using allozymes (Seeb and Kendall 1991) and mitochondrial DNA (Li 2004) are capable of identifying 
larvae and juveniles to species, but are expensive and time-consuming. Post-larval and early young-of-
the-year POP have been positively identified in offshore, surface waters of the GOA (Gharrett et al. 
2002), which suggests this may be the preferred habitat of this life stage. Transformation to a demersal 
existence may take place within the first year (Carlson and Haight 1976). Small juveniles probably reside 
inshore in very rocky, high relief areas, and by age 3 begin to migrate to deeper offshore waters of the 
continental shelf (Carlson and Straty 1981). As they grow, they continue to migrate deeper, eventually 
reaching the continental slope where they attain adulthood. Adult and juvenile populations are believed to 
be spatially separated (Carlson and Straty 1981; Rooper et al. 2007).  


POP are mostly planktivorous (Carlson and Haight 1976; Yang 1993; 1996; Yang and Nelson 2000; Yang 
2003; Yang et al. 2006). In a sample of 600 juvenile perch stomachs, Carlson and Haight (1976) found 
that juveniles fed on an equal mix of calanoid copepods and euphausiids. Larger juveniles and adults fed 
primarily on euphausiids, and to a lesser degree, copepods, amphipods and mysids (Yang and Nelson 
2000). In the Aleutian Islands, myctophids have increasingly comprised a substantial portion of the POP 
diet, which also compete for euphausiid prey (Yang 2003). POP and walleye pollock (Theragra 
chalcogramma) probably compete for the same euphausiid prey as euphausiids make up about 50% of the 
pollock diet (Yang and Nelson 2000). Consequently, the large removals of POP by foreign fishermen in 
the GOA in the 1960s may have allowed walleye pollock stocks to greatly expand in abundance. 


Predators of adult POP are likely sablefish, Pacific halibut, and sperm whales (Major and Shippen 1970). 
Juveniles are consumed by seabirds (Ainley et al. 1993), other rockfish (Hobson et al. 2001), salmon, 
lingcod, and other large demersal fish. 







POP is a slow growing species, with a low rate of natural mortality (estimated at 0.06), a relatively old 
age at 50% maturity (8.4 - 10.5 years for females in the GOA), and a very old maximum age of 98 years 
in Alaska (84 years maximum age in the GOA) (Hanselman et al. 2003a). Age at 50% recruitment to the 
commercial fishery has been estimated to be between 7 and 8 years in the GOA. Despite their viviparous 
nature, they are relatively fecund with number of eggs/female in Alaska ranging from 10,000-300,000, 
depending upon size of the fish (Leaman 1991). Rockfish in general were found to be about half as 
fecund as warm water snappers with similar body shapes (Haldorson and Love 1991). 


The evolutionary strategy of spreading reproductive output over many years is a way of ensuring some 
reproductive success through long periods of poor larval survival (Leaman and Beamish 1984). Fishing 
generally selectively removes the older and faster-growing portion of the population. If there is a distinct 
evolutionary advantage of retaining the oldest fish in the population, either because of higher fecundity or 
because of different spawning times, age-compression could be deleterious to a population with highly 
episodic recruitment like rockfish (Longhurst 2002). Research on black rockfish (Sebastes melanops) has 
shown that larval survival may be dramatically higher from older female spawners (Berkeley et al. 2004, 
Bobko and Berkeley 2004). The black rockfish population has shown a distinct downward trend in age-
structure in recent fishery samples off the West Coast of North America, raising concerns about whether 
these are general results for most rockfish. de Bruin et al. (2004) examined POP (S. alutus) and rougheye 
rockfish (S. aleutianus) for senescence in reproductive activity of older fish and found that oogenesis 
continues at advanced ages. Leaman (1991) showed that older individuals have slightly higher egg dry 
weight than their middle-aged counterparts. Such relationships have not yet been determined to exist for 
POP or other rockfish in Alaska. Stock assessments for Alaska groundfish have assumed that the 
reproductive success of mature fish is independent of age. Spencer et al. (2007) showed that the effects of 
enhanced larval survival from older mothers decreased estimated Fmsy (the fishing rate that produces 
maximum sustainable yield) by 3% to 9%, and larger decreases in stock productivity were associated at 
higher fishing mortality rates that produced reduced age compositions. Preliminary work at Oregon State 
University examined POP of adult size by extruding larvae from harvested fish near Kodiak, and found 
no relationship between spawner age and larval quality (Heppell et al. 2009).   However, older spawners 
tended to undergo parturition earlier in the spawning season than younger fish. 


Evidence of stock structure 
A few studies have been conducted on the stock structure of POP. Based on allozyme variation, Seeb and 
Gunderson (1988) concluded that POP are genetically quite similar throughout their range, and genetic 
exchange may be the result of dispersion at early life stages. In contrast, analysis using mitochondrial 
DNA techniques indicates that genetically distinct populations of POP exist (Palof 2008). Palof et al. 
(2011) report that there is low, but significant genetic divergence (FST = 0.0123) and there is a significant 
isolation by distance pattern. They also suggest that there is a population break near the Yakutat area from 
conducting a principle component analysis. Withler et al. (2001) found distinct genetic populations on a 
small scale in British Columbia. Kamin et al (2013) examined genetic stock structure of young of the year 
POP. The geographic genetic pattern they found was nearly identical to that observed in the adults by 
Palof et al. (2011). 


In a study on localized depletion of Alaskan rockfish, Hanselman et al. (2007) showed that POP are 
sometimes highly depleted in areas 5,000-10,000 km2 in size, but a similar amount of fish return in the 
following year. This result suggests that there is enough movement on an annual basis to prevent serial 
depletion and deleterious effects on stock structure. 


In 2012, the POP assessment presented the completed stock structure template that summarized the body 
of knowledge on stock structure and spatial management (Hanselman et al. 2012a).  







Fishery 


Historical Background 
A POP trawl fishery by the U.S.S.R. and Japan began in the GOA in the early 1960s. This fishery 
developed rapidly, with massive efforts by the Soviet and Japanese fleets. Catches peaked in 1965, when 
a total of nearly 350,000 metric tons (t) was caught. This apparent overfishing resulted in a precipitous 
decline in catches in the late 1960s. Catches continued to decline in the 1970s, and by 1978 catches were 
only 8,000 t (Figure 9-1). Foreign fishing dominated the fishery from 1977 to 1984, and catches generally 
declined during this period. Most of the catch was taken by Japan (Carlson et al. 1986). Catches reached a 
minimum in 1985, after foreign trawling in the GOA was prohibited. 


The domestic fishery first became important in 1985 and expanded each year until 1991 (Figure 9-1). 
Much of the expansion of the domestic fishery was apparently related to increasing annual quotas; quotas 
increased from 3,702 t in 1986 to 20,000 t in 1989. In the years 1991-95, overall catches of slope rockfish 
diminished as a result of the more restrictive management policies enacted during this period.  The 
restrictions included:  (1) establishment of the management subgroups, which limited harvest of the more 
desired species; (2) reduction of total allowable catch (TAC) to promote rebuilding of POP stocks; and (3) 
conservative in-season management practices in which fisheries were sometimes closed even though 
substantial unharvested TAC remained. These closures were necessary because, given the large fishing 
power of the rockfish trawl fleet, there was substantial risk of exceeding the TAC if the fishery were to 
remain open. Since 1996, catches of POP have increased again, as good recruitment and increasing 
biomass for this species have resulted in larger TAC’s. In recent years, the TAC’s for POP have usually 
been fully taken (or nearly so) in each management area except Southeast Outside. (The prohibition of 
trawling in Southeast Outside during these years has resulted in almost no catch of POP in this area). In 
2013, approximately 21% of the TAC was taken in the Western GOA. NMFS did not open directed 
fishing for POP in this area because the catch potential from the expected effort (15 catcher/processors) 
for a one day fishery (shortest allowed) exceeded the available TAC. The 2014 fishery in this area didn’t 
occur until October but nearly all of the TAC was harvested. Because of agreement among the fleet and 
the ability to collectively remain below TAC, we expect TAC to be fully taken in the future.  


Detailed catch information for POP in the years since 1977 is listed in Table 9-1. The reader is cautioned 
that actual catches of POP in the commercial fishery are only shown for 1988-2015; for previous years, 
the catches listed are for the POP complex (a former management grouping consisting of POP and four 
other rockfish species), POP alone, or all Sebastes rockfish, depending upon the year (see Footnote in 
Table 9-1). POP make up the majority of catches from this complex. The acceptable biological catches 
and quotas in Table 9-1 are Gulf-wide values, but in actual practice the NPFMC has divided these into 
separate, annual apportionments for each of the three regulatory areas of the GOA. 


Historically, bottom trawls have accounted for nearly all the commercial harvest of POP. In recent years, 
however, the portion of the POP catch taken by pelagic trawls has increased. The percentage of the POP 
Gulf-wide catch taken in pelagic trawls increased from an average of 7% during 1990-99 to an average of 
10% and up to 23% after 2000. 


Before 1996, most of the POP trawl catch (>90%) was taken by large factory-trawlers that processed the 
fish at sea. A significant change occurred in 1996, however, when smaller shore-based trawlers began 
taking a sizeable portion of the catch in the Central area for delivery to processing plants in Kodiak. 
These vessels averaged about 50% of the catch in the Central Gulf area since 1998. By 2008, catcher 
vessels were taking 60% of the catch in the Central Gulf area and 35% in the West Yakutat area. Factory 
trawlers continue to take nearly all the catch in the Western Gulf area. 


In 2007, the Central GOA Rockfish Program was implemented to enhance resource conservation and 
improve economic efficiency for harvesters and processors who participate in the Central GOA rockfish 
fishery. This rationalization program establishes cooperatives among trawl vessels and processors which 







receive exclusive harvest privileges for rockfish management groups. The primary rockfish management 
groups are northern rockfish, POP, and pelagic shelf rockfish.  


Management measures/units 
In 1991, the NPFMC divided the slope assemblage in the GOA into three management subgroups: POP, 
shortraker/rougheye rockfish, and all other species of slope rockfish. In 1993, a fourth management 
subgroup, northern rockfish, was also created. In 2004, shortraker rockfish and rougheye rockfish were 
divided into separate subgroups. These subgroups were established to protect POP, shortraker rockfish, 
rougheye rockfish, and northern rockfish (the four most sought-after commercial species in the 
assemblage) from possible overfishing. Each subgroup is now assigned an individual ABC (acceptable 
biological catch) and TAC (total allowable catch), whereas prior to 1991, an ABC and TAC was assigned 
to the entire assemblage. Each subgroup ABC and TAC is apportioned to the three management areas of 
the GOA (Western, Central, and Eastern) based on distribution of survey biomass. 


Amendment 32, which took effect in 1994, established a rebuilding plan for POP. The amendment stated 
that “stocks will be considered to be rebuilt when the total biomass of mature females is equal to or 
greater than BMSY” (Federal Register: April 15, 1994, 
http://alaskafisheries.noaa.gov/prules/noa_18103.pdf). Prior to Amendment 32, overfishing levels had 
been defined GOA-wide. Under Amendment 32, “the overfishing level would be distributed among the 
eastern, central, and western areas in the same proportions as POP biomass occurs in those areas. This 
measure would avoid localized depletion of POP and would rebuild POP at equal rates in all regulatory 
areas of the GOA.” This measure established management area OFLs for POP. 


Amendment 41, which took effect in 2000, prohibited trawling in the Eastern area east of 140 degrees W. 
longitude. Since most slope rockfish, especially POP, are caught exclusively with trawl gear, this 
amendment could have concentrated fishing effort for slope rockfish in the Eastern area in the relatively 
small area between 140 degrees and 147 degrees W. longitude that remained open to trawling. To ensure 
that such a geographic over-concentration of harvest would not occur, since 1999 the NPFMC has divided 
the Eastern area into two smaller management areas: West Yakutat (area between 147 and 140 degrees 
W. longitude) and East Yakutat/Southeast Outside (area east of 140 degrees W. longitude). Separate 
ABC’s and TAC’s are now assigned to each of these smaller areas for POP, while separate OFLs have 
remained for the Western, Central, and Eastern GOA management areas. 


In November, 2006, NMFS issued a final rule to implement Amendment 68 of the GOA groundfish 
Fishery Management Plan for 2007 through 2011. This action implemented the Central GOA Rockfish 
Program (formerly the Rockfish Pilot Program or RPP). The intention of this program is to enhance 
resource conservation and improve economic efficiency for harvesters and processors in the rockfish 
fishery. This should spread out the fishery in time and space, allowing for better prices for product and 
reducing the pressure of what was an approximately two week fishery in July. The authors will pay close 
attention to the benefits and consequences of this action. 


Since the original establishment of separate OFLs by management areas for POP in the rebuilding plan 
(Amendment 32) in 1994, the spawning stock biomass has tripled. The rebuilding plan required that 
female spawning biomass be greater than Bmsy and the stock is now 53% higher than Bmsy (using B40% as a 
proxy for Bmsy). Management has prosecuted harvest accurately within major management areas using 
ABC apportionments. While evidence of stock structure exists in the GOA, it does appear to be along an 
isolation by distance cline, not sympatric groups (Palof et al. 2011; Kamin et al. 2013). Palof et al. (2011) 
also suggest that the Eastern GOA might be distinct genetically, but this area is already its own 
management unit, and has additional protection with the no trawl zone. Hanselman et al. (2007) showed 
that POP are reasonably resilient to serial localized depletions (areas replenish on an annual basis). The 
NPFMC stock structure template was completed for GOA POP in 2012 (Hanselman et al. 2012a). 
Recommendations from this exercise were to continue to allocate ABCs by management area or smaller. 
However, the original rationale for area-specific OFLs from the rebuilding plan no longer exists because 
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the overall population is above target levels and is less vulnerable to occasional overages.  Therefore, in 
terms of rebuilding the stock, management area OFLs are no longer a necessity for the GOA POP stock. 


Management measures since the break out of POP from slope rockfish are summarized in Table 9-2. 


 


Bycatch and discards  
Gulf-wide discard rates (% discarded, current as of October 25, 2017) for POP in the commercial fishery 
for 2000-2017 are listed as follows: 


Year  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
% Discard 11.3 8.6 7.3 15.1 8.2 5.7 7.8 3.7 4.1 6.8 4.2 


 
Year  2011 2012 2013 2014 2015 2016 2017       
% Discard 6.5 4.8 7.6 9.5 3.8 7.5 13.4       


 


Total FMP groundfish catch estimates in the GOA rockfish targeted fisheries from 2011-2017 are shown 
in Table 9-3. For the GOA rockfish fishery during 2011-2017, the largest non-rockfish bycatch groups are 
arrowtooth flounder, Atka mackerel, walleye pollock, Pacific cod, and sablefish. Catch of POP in other 
GOA fisheries is mainly in arrowtooth flounder and rex sole targeted fishing (Table 9-4). Non-FMP 
species catch in the rockfish target fisheries is dominated by giant grenadier and miscellaneous fish 
(Table 9-5). The increase in POP discards in 2017 can likely be attributed to an extremely high bycatch of 
POP in the arrowtooth flounder directed fishery (Table 9-4). Hulson et al. (2014) compared bycatch for 
the combined rockfish fisheries in the Central GOA from before and during the Rockfish Program to 
determine the impacts of the Rockfish Program and found the bycatch of the majority of FMP groundfish 
species in the Central GOA was reduced following implementation of the Rockfish Program.  


Prohibited species catch in the GOA rockfish fishery is generally low (Table 9-6). Catch of prohibited and 
non-target species generally decreased with implementation of the Central GOA Rockfish Program 
(Hulson et al. 2014).  The increase of prohibited species catch observed in 2017 compared to 2016 in the 
combined rockfish fisheries was for non-Chinook salmon, bairdi crab, and golden king crab (Table 9-6). 
Chinook salmon catch was lower than the average since 2011 in both 2016 and 2017. 







Data 
The following table summarizes the data used for this assessment (bold font denotes new data to this 
year’s assessment): 


Source Data Years 
NMFS Groundfish survey Survey biomass 1984-1999 (triennial), 2001-2017 (biennial) 
 Age Composition 1984, 1987, 1990, 1993, 1996, 1999, 2003, 2005, 


2007, 2009, 2011, 2013, 2015 
U.S. trawl fisheries Catch 1961-2017 
 Age Composition 1990,1998-2002, 2004, 2005, 2006, 2008, 2010, 


2012, 2014, 2016 
 Length Composition 1963-1977, 1991-1997 


Fishery  


Catch  


Catches range from 2,500 t to 350,000 t from 1961 to 2017. Detailed catch information for POP is listed 
in Table 9-1 and shown graphically in Figure 9-1. This is the commercial catch history used in the 
assessment model. In response to Annual Catch Limits (ACLs) requirements, assessments now document 
all removals including catch that is not associated with a directed fishery. Estimates of all removals not 
associated with a directed fishery including research catches are available and are presented in Appendix 
9-A. In summary, annual research removals have typically been less than 100 t and very little is taken in 
recreational or halibut fisheries. These levels likely do not pose a significant risk to the POP stock in the 
GOA. 


Age and Size composition   


Observers aboard fishing vessels and at onshore processing facilities have provided data on size and age 
composition of the commercial catch of POP. Ages were determined from the break-and-burn method 
(Chilton and Beamish 1982). Table 9-7 summarizes the length compositions from 2008-2017 (the most 
recent 10 years). Table 9-8 summarizes age compositions for the fishery. Figures 9-2 and 9-3 show the 
distributions graphically for fishery age and length composition data fit by the assessment. The age 
compositions in all years of the fishery data show strong 1986 and 1987 year classes. These year classes 
were also strong in age compositions from the 1990-1999 trawl surveys. The 2004-2006 fishery data 
show the presence of strong 1994 and 1995 year classes. These two year classes are also the highest 
proportion of the 2003 survey age composition. Since 2008 the proportion of fish in the plus age group 
(25 years and older) of the fishery age composition has been increasing, from 0.016 in 2006 to 0.092 in 
2016. 


Survey  


Biomass Estimates from Trawl Surveys 


Bottom trawl surveys were conducted on a triennial basis in the GOA in 1984, 1987, 1990, 1993, 1996, 
and a biennial survey schedule has been used since the 1999 survey. The surveys provide much 
information on POP, including an abundance index, age composition, and growth characteristics. The 
surveys are theoretically an estimate of absolute biomass, but we treat them as an index in the stock 
assessment.  The surveys covered all areas of the GOA out to a depth of 500 m (in some surveys to 1,000 
m), but the 2001 survey did not sample the eastern GOA. Summaries of biomass estimates from 1984 to 
2017 surveys are provided in Table 9-9. 







Comparison of Trawl Surveys in 1984-2017 


Regional and Gulf-wide biomass estimates (with corresponding coefficient of variation in total biomass) 
for POP are shown in Table 9-9. Gulf-wide biomass estimates for 1984-2017 and 95% confidence 
intervals are shown in Figure 9-4. The 1984 survey results should be treated with some caution, as a 
different survey design was used in the eastern GOA. In addition, much of the survey effort in 1984 and 
1987 was by Japanese vessels that used a very different net design than what has been the standard used 
by U.S. vessels throughout the surveys. To deal with this problem, fishing power comparisons of rockfish 
catches have been done for the various vessels used in the surveys (for a discussion see Heifetz et al. 
1994). Results of these comparisons have been incorporated into the biomass estimates listed here, and 
the estimates are believed to be the best available. Even so, the use of Japanese vessels in 1984 and 1987 
does introduce an element of uncertainty as to the standardization of these two surveys.  


The biomass estimates for POP were generally more imprecise between 1996-2001 than after 2003 
(Figure 9-4). Large catches of an aggregated species like POP in just a few individual hauls can greatly 
influence biomass estimates and may be a source of much variability. Anomalously large catches have 
especially affected the biomass estimates for POP in the 1999 and 2001 surveys. While there are still 
several large catches, the distribution of POP is becoming more spread out in the GOA (Figure 9-5). 
Previous research has focused on improving rockfish survey biomass estimates using alternate sampling 
designs (Quinn et al. 1999; Hanselman et al. 2001; Hanselman et al. 2003b). Research on the utility of 
hydroacoustics in gaining survey precision was completed in 2011 (Hanselman et al. 2012b; Spencer et 
al. 2012) which confirmed again that there are ways to improve the precision, but all of them require more 
sampling effort in high POP density strata. In addition, there is a study underway exploring the density of 
fish in untrawlable grounds that are currently assumed to have an equal density of fish compared to 
trawlable grounds. 


Biomass estimates of POP were relatively low in 1984 to 1990, increased markedly in both 1993 and 
1996, and became substantially higher in 1999 and 2001 with much uncertainty. Biomass estimates in 
2003 have less sampling error with a total similar to the 1993 estimate indicating that the large estimates 
from 1996-2001 may have been a result of a few anomalous catches. However, the 2005-2011 estimates 
were similar to 1996-2001, but more precise. POP continue to be more uniformly distributed than in the 
past (Figure 9-5). In 2009, total biomass was similar to 2007, and is the fourth survey in a row with 
relatively high precision. The biomass estimate for 2013 was an all-time high and is one of the most 
precise of the survey time series. The 2013 survey design consisted of fewer stations than average, but the 
effect of this reduction in effort on POP survey catch was not apparent. The 2013 survey biomass 
increased in the Western, Central, and Easter Gulf. The Eastern gulf biomass was less precise than the 
Western and Central Gulf. Biomass decreased slightly in 2015 but is the second highest on record behind 
2013. Specifically, the Western and Central areas decreased slightly but the Yakutat region biomass 
estimate was less than half of the 2013 estimate in 2015. Conversely, the Southeastern biomass estimate 
was more than double in 2015 than that of the 2013 estimate. The 2017 biomass estimate is the largest on 
record, with a CV of only 22%. The distribution of catches in the 2017 survey were comparable to 2013 
and 2015 (Figure 9-5), but had an increase in larger hauls. This increase in biomass resulted in all areas of 
the Gulf, most notably in the Kodiak and Southeast regions Table 9-9. The average biomass from the 
trawl survey from 2013-2017 is nearly twice the average biomass from 1996-2011. 


Age Compositions 


Ages were determined from the break-and-burn method (Chilton and Beamish 1982). The survey age 
compositions from 1984-2015 surveys showed that although the fish ranged in age up to 84 years, most of 
the population was relatively young; mean survey age has increased from 9.2 years in 1990 to 13.7 years 
in 2015 (Table 9-10). The first four surveys identified a relatively strong 1976 year class and also showed 
a period of very weak year classes prior to 1976 (Figure 9-6). The weak year classes of the early 1970's 
may have delayed recovery of POP populations after they were depleted by the foreign fishery. The 







survey age data from 1990-1999 suggested that there was a period of large year classes from 1986-1989. 
In 1990-1993, the 1986 year class looked very strong. Beginning in 1996 and continuing in 1999 survey 
ages, the 1987 and 1988 year classes also became prominent. Rockfish are difficult to age, especially as 
they grow older, and perhaps some of the fish have been categorized into adjacent age classes between 
surveys. Alternately, these year classes were not available to the survey until much later than the 1986 
year class. Recruitment of the stronger year classes from the late 1980s probably has accounted for much 
of the increase in the estimated biomass for POP in recent surveys as well as the increase in the plus age 
group observed in the survey and fishery age compositions. Indications from the 2009 to 2015 survey age 
compositions suggest that the 2006, 2008, and 2010 year classes may be particularly strong. 


Survey Size Compositions 


Gulf-wide population size compositions for POP are shown in Figure 9-7. The size composition for POP 
in 2001 was bimodal, which differed from the unimodal compositions in 1993, 1996, and 1999. The 2001 
survey showed a large number of relatively small fish, ~32 cm fork length which may indicate 
recruitment in the early 1990s, together with another mode at ~38 cm. The 2009 and 2011 survey size 
composition data also indicate a strong 2006 year class, which would have been ~19 cm in 2009 and ~26 
cm in 2011. Survey size data are used in constructing the age-length transition matrix, but not used as data 
to be fitted in the stock assessment model.  


Analytic Approach 


Model Structure  
We present results for POP based on an age-structured model using AD Model Builder software (Fournier 
et al. 2012). Prior to 2001, the stock assessment was based on an age-structured model using stock 
synthesis (Methot 1990). The assessment model used for POP is based on a generic rockfish model 
described in Courtney et al. (2007). The population dynamics, with parameter descriptions and notation 
are shown in Table 9-11. The formulae to estimate the observed data by the POP assessment is shown in 
Table 9-12. Finally, the likelihood and penalty functions used to optimize the POP assessment are shown 
in Table 9-13. 


Since its initial adaptation in 2001, the models’ attributes have been explored and changes have been 
made to the template to adapt to POP and other species. The following changes have been adopted within 
the POP assessment since the initial model in 2001: 


• 2003: Size to age matrix added for the 1960s and 1970s to adjust for density-dependent 
growth, natural mortality and bottom trawl survey catchability estimated within model 


• 2009: Fishery selectivity estimated for three time periods describing the transition from a 
foreign to domestic fishery, MCMC projections used with a pre-specified proportion of 
ABC for annual catch 


• 2014: Maturity at age estimated conditionally with addition of new maturity data 
• 2015: Extended ageing error matrix adopted to improve fit to plus age group and adjacent 


age classes 


Model Selection  
In total, four changes were made to input data and model configuration in this year’s assessment 
compared to the 2015 assessment. We present these changes in a step-wise manner, building upon each 
previous model change to arrive at the recommended model for this year’s assessment. The following 
table provides the model case name and description of the changes made to the model. 


 







Model case Description 
15.0 2015 model with data updated through 2017 (Model case M3 in 2015) 
15.0a 15.0 with 1 cm length bins and a plus length group of 45 cm 
15.0b 15.0a with 1984 and 1987 bottom trawl survey biomass removed 


15.0c 15.0a with 1984 and 1987 bottom trawl survey biomass and age composition 
removed 


15.0d 15.0c with log-normal distribution used to fit the bottom trawl survey biomass 
17.0 15.0d with dome-shaped fishery selectivity estimated for all years 


17.1 15.0d with additional dome-shaped selectivity time block starting in 2007 to 
coincide with the Central GOA rockfish program 


 


A brief description of each model case is provided below. 


15.0a – Length bins and plus length group 


In September, several alternatives of length bins ranging from 1 cm to 4 cm as well as an alternative plus 
length group of 45 cm were presented. The Team and SSC recommended that the 2017 assessment 
change the length bins to 1 cm and set the plus length group to 45 cm, which is reflected in model case 
15.0a. 


15.0b and 15.0c – Removing the 1984 and 1987 bottom trawl survey data 


In 1984 and 1987 the bottom trawl survey was conducted through a cooperative survey between the U.S. 
and Japan and since 1990 has been survey conducted by the Alaska Fisheries Science Center Resource 
Assessment and Conservation Engineering (RACE) Division. Several differences between the 1980s 
surveys and the post 1990 surveys exist, including differences in the timing of sampling across the GOA 
and the duration of the tows, which have been standardized since the 1990s. Due to these differences 
several assessments in the GOA have removed this data from the time series (e.g., McGilliard et al. 2013). 
In this year’s assessment we investigate two alternatives for removing the 1984 and 1987 bottom trawl 
survey data. The first alternative, model case 15.0b, removes only the 1984 and 1987 bottom trawl survey 
biomass but retains the age composition from these years. The second alternative, model case 15.0c, 
investigates the removal of both the bottom trawl survey biomass and age composition in 1984 and 1987. 


15.0d – Applying the log-normal distribution to the bottom trawl survey biomass 


Since the inception of the POP assessment within ADMB in 2001 the bottom trawl survey biomass has 
been fit with the normal distribution. Commonly, index data like the bottom trawl survey are fit with the 
log-normal distribution in age-structured assessments like this one (Quinn and Deriso 1999). Further, a 
number of assessments at AFSC use the log-normal distribution to fit survey abundance data (e.g., Dorn 
et al. 2016). In model case 15.0d we replace the normal distribution with the log-normal distribution in 
the POP assessment to fit the bottom trawl survey biomass. 


17.1 and 17.2 – Fishery selectivity alternatives 


In September, several alternatives to time-dependent fishery selectivity were presented. The Team and 
SSC recommended that a time-invariant dome-shaped fishery selectivity be considered for the full 
assessment; this is model case 17.1. 


With the addition of the 2014 and 2016 fishery age composition data in the 2017 full assessment we note 
that the plus age group from the fishery has increased since the mid 2000s, from an average of 0.01 from 
1998 to 2006 to an average of 0.06 from 2008 to 2016 (to a maximum of 0.09 in 2016). Several changes 
in the POP population and in the fishery may help explain these observations. First, the population has 
grown dramatically since the early 1990’s and the three most recent bottom trawl survey estimates 







indicate POP biomass in the GOA has increased substantially in recent years. The increase in the plus 
group is partly attributed to some of the strong recruitment in the late 1990s are now entering the plus age 
group. Second, the majority of POP in the GOA is harvested in the Central GOA. The implementation of 
the Rockfish Program in 2007 in this region has likely had significant effects on the behavior of the fleet: 
1) the fishing season now extends from May-October instead of occurring only in July; 2) the Program 
was developed to help the shore-based fleet harvesting in this region improve economic efficiency; 3) 
and, with a cooperative-based approach the fleet can better specialize at catching certain portions of the 
stock in the fishery. These factors have likely changed how the fishery is prosecuted in the Central GOA 
and may have effects on selectivity or catchability that may have implications to this assessment. 
Considering nearly 70% of the POP population is in this region it is likely that fishing behavior in this 
region drives the overall responses in the GOA when estimating fishery selectivity within the POP 
assessment. Due to both the potential for changes to the age availability and selectivity of the fishery we 
investigate including a time block for fishery selectivity after 2007 in model case 17.2. In this model we 
estimate a dome-shaped fishery selectivity from 2007 to 2017 in addition to the selectivity time blocks 
estimated in previous assessments. 


Parameters Estimated Outside the Assessment Model 
Growth of POP is estimated using length-stratified methods to estimate mean length and weight at age 
from the bottom trawl survey that are then modeled with the von Bertlanffy growth curve (Hulson et al. 
2015). Two size to age transition model are employed in the POP assessment, the first for data from the 
1960s and 1970s, the second for data after the 1980s. The additional size to age transition matrix is used 
to represent a lower density-dependent growth rate in the 1960s and 1970s (Hanselman et al. 2003a). The 
von Bertlanffy parameters used for the 1960s and 1970s size to age transition matrix are: 


L∞ = 41.6 cm κ = 0.15 t0 = -1.08 


The von Bertlanffy parameters used for the post 1980s size to age transition matrix are: 


L∞ = 41.3 cm κ = 0.18 t0 = -0.48 


The size to age conversion matrices are constructed by adding normal error with a standard deviation 
equal to the bottom trawl survey data for the probability of different ages for each size class. This is 
estimated with a linear relationship between the standard deviation in length with age. The linear 
parameters used for the 1960s and 1970s size to age transition matrix are (a-intercept, b-slope): 


a = 0.42 b = 1.38 


The linear parameters used for the post 1980s size to age transition matrix are (a-intercept, b-slope): 


a = -0.06 b = 2.32 


Weight-at-age was estimated with weight at age data from the same data set as the length at age. The 
estimated growth parameters are shown below. A correction of (W∞-W25)/2 was used for the weight of the 
pooled ages (Schnute et al. 2001). 


W∞ = 914 g κ = 0.19 t0 = -0.36 β = 3.04 


Aging error matrices were constructed by assuming that the break-and-burn ages were unbiased but had a 
given amount of normal error around each age based on percent agreement tests conducted at the AFSC 
Age and Growth lab. In 2015 an extended ageing error matrix was implemented into the POP assessment 
in order to improve the fit to the plus age group and adjacent age classes (Hulson et al. 2015). For a data 
plus age group of 25, the resulting model plus age group was 29 so that 99.9% of the fish greater than age 
29 were within the 25 plus age group of the data. 







Parameters Estimated Inside the Assessment Model 
Natural mortality (M), catchability (q) and recruitment deviations (σr) are estimated with the use of prior 
distributions as penalties. The prior mean for M is based on catch curve analysis to determine total 
mortality, Z. Estimates of Z could be considered as an upper bound for M. Estimates of Z for POP from 
Archibald et al. (1981) were from populations considered to be lightly exploited and thus are considered 
reasonable estimates of M, yielding a value of ~0.05. Natural mortality is a notoriously difficult parameter 
to estimate within the model so we assign a relatively precise prior CV of 10%. Catchability is a 
parameter that is somewhat unknown for rockfish, so while we assign it a prior mean of 1 (assuming all 
fish in the area swept are captured and there is no herding of fish from outside the area swept, and that 
there is no effect of untrawlable grounds), we assign it a less precise CV of 45%. This allows the 
parameter more freedom than that allowed to natural mortality. Recruitment deviation is the amount of 
variability that the model allows for recruitment estimates. Rockfish are thought to have highly variable 
recruitment, so we assign a high prior mean to this parameter of 1.7 with a CV of 20%.  


Fishery selectivity is estimated within three time periods that coincide with the transition from a foreign 
to domestic fishery. These time periods are: 


1) 1961-1976: This period represented the massive catches and overexploitation by the foreign 
fisheries which slowed considerably by 1976. We do not have age data from this period to 
examine, but we can assume the near pristine age-structure was much older than now, and that at 
the high rate of exploitation, all vulnerable age-classes were being harvested. For these reasons 
we chose to only consider asymptotic (logistic) selectivity. 


2) 1977-1995: This period represents the change-over from the foreign fleet to a domestic fleet, but 
was still dominated by large factory trawlers, which generally would tow deeper and further from 
port. 


3) 1996-Present: During this period we have noted the emergence of smaller catcher-boats, semi-
pelagic trawling and fishing cooperatives. The length of the fishing season has also been recently 
greatly expanded.  


Fishery selectivity across these time periods transitions from an asymptotic selectivity from 1961-1976 
into dome-shaped fishery selectivity after 1977. We fitted a logistic curve for the first block, an averaged 
logistic-gamma in the 2nd block, and a gamma function for the 3rd block. Bottom trawl survey selectivity is 
estimated to be asymptotic with the logistic curve. 


Maturity-at-age is modeled with the logistic function conditionally within the assessment following the 
method presented in Hulson et al. (2011). Parameter estimates for maturity-at-age are obtained by fitting 
two datasets collected on female POP maturity from Lunsford (1999) and Conrath and Knoth (2013). 
Parameters for the logistic function describing maturity-at-age are estimated conditionally in the model so 
that uncertainty in model results (e.g., ABC) can be linked to uncertainty in maturity parameter estimates.  


Other parameters estimated conditionally include, but are not limited to: mean recruitment, fishing 
mortality, and spawners per recruit levels. The numbers of estimated parameters for the recommended 
model are shown below. Other derived parameters are described in Box 1.  







Parameter name Symbol Number 
Natural mortality 𝑀𝑀 1 
Catchability 𝑞𝑞 1 
Log-mean-recruitment 𝜇𝜇𝑟𝑟 1 
Recruitment variability 𝜎𝜎𝑟𝑟 1 


Spawners-per-recruit levels 𝐹𝐹35%,𝐹𝐹40%,𝐹𝐹100%  3 
Recruitment deviations 𝜀𝜀𝑦𝑦𝑟𝑟 83 
Average fishing mortality 𝜇𝜇𝑓𝑓 1 
Fishing mortality deviations 𝜀𝜀𝑦𝑦


𝑓𝑓 57 
Fishery selectivity coefficients 𝑠𝑠𝑎𝑎


𝑓𝑓 4 
Survey selectivity coefficients 𝑠𝑠𝑎𝑎𝑡𝑡  2 
Maturity-at-age coefficients 𝑚𝑚�𝑎𝑎 2 
Total   156 


 


Uncertainty approach 


Evaluation of model uncertainty is obtained through a Markov Chain Monte Carlo (MCMC) algorithm 
(Gelman et al. 1995). The chain length of the MCMC was 10,000,000 and was thinned to one iteration 
out of every 2,000. We omit the first 1,000,000 iterations to allow for a burn-in period. We use these 
MCMC methods to provide further evaluation of uncertainty in the results below including 95% credible 
intervals for some parameters (computed as the 5th and 95th percentiles of the MCMC samples). 


Results 


Model Evaluation 
In this year’s assessment we recommend three changes to the input data: how the data is structured, which 
data is included, and how the data is estimated by the model. In addition, we recommend one change to 
the structure of the model, in particular, how time-dependent fishery selectivity is estimated. When we 
present alternative model configurations, our usual criteria for choosing a superior model are: (1) the best 
overall fit to the data (in terms of negative log-likelihood), (2) biologically reasonable patterns of 
estimated recruitment, catchabilities, and selectivities, (3) a good visual fit to length and age 
compositions, and (4) parsimony. 


Upon updating the 2015 recommended model with data through 2017 two primary lack of fits to observed 
data were evident: (1) the fit to the last 3 years of bottom trawl survey, and (2) the fit to the plus age 
group of the fishery since the mid 2000s. The following figure compares the fit to the bottom trawl survey 
biomass from the 2015 assessment and the same model with data updated to 2017 (model case 15.0). 


 







 
 


The model estimates of trawl survey biomass from model case 15.0 are very similar to the estimates from 
2015, the estimates from both models fall outside the observed 2013 biomass confidence intervals and 
nearly fall outside the 2015 biomass confidence intervals. Model 15.0 additionally falls outside the 
observed 2017 confidence intervals and estimates a decrease in trawl survey biomass from 2015 to 2017. 
The following figure are the fits to the recent fishery age composition data (from 2008 to present) from 
model case 15.0. 


 


 
 


Since 2008 the plus age group in the fishery has been increasing, which the dome-shaped selectivity 
estimated from 1996 to present has not been able to fit since 2012. In addition to the normal criteria for 







model comparison and selection mentioned above we also investigate the fit from each model case to the 
recent bottom trawl survey biomass and fishery age compositions. 


Changing the length bins to 1cm and the plus length group to 45 cm in model case 15.0a had little 
influence on model fit or model estimates compared to model case 15.0 (Table 9-14). The issues with the 
fit to the bottom trawl survey biomass and the fishery age composition mentioned above did not improve 
either, as noted from the small changes to the model fits in Table 9-14. We concur with the 
recommendation from the Team and SSC to change the length bins to 1 cm and the plus length group to 
45 cm and recommend this change for the 2017 assessment; this change will also be reflected in all model 
cases presented hereon. 


The fit to the bottom trawl survey biomass from model cases 15.0b and 15.0c were similar to the fit from 
model case 15.0a (see figure below), with a slight improvement in the fit resulting from model case 15.0c. 
Upon removing the 1984 and 1987 bottom trawl survey age composition data in addition to the biomass 
data in model case 15.0c not only did the negative log-likelihood of the bottom trawl survey biomass 
decrease compared to model case 15.0b, the recruitment deviations penalty also decreased considerably, 
indicating that there was an influence of these two years of data on recruitment estimates that is not 
reflected in the other data sources. Upon removing the 1984 and 1987 age composition data there remains 
25 years of age composition between the observations from the bottom trawl survey and the fishery. In 
addition, it would be more consistent to remove both the bottom trawl survey biomass and age 
composition in 1984 and 1987 rather than remove only one data source. For these reasons we recommend 
removing both the 1984 and 1987 bottom trawl survey biomass and age composition from the POP 
assessment. The model changes made in case 15.0c will be reflected in all further model cases considered. 


 


 
 


Fitting the bottom trawl survey biomass with the log-normal distribution for model case 15.0d resulted in 
an improved model fit to the biomass index (see figure below) compared to model case 15.0c. Across the 
time series, fitting the bottom trawl survey biomass with the log-normal distribution increased the model 
estimates and were within the confidence intervals of the observed biomass for the final three years of the 
time series. However, the fit to the plus age group in the fishery age composition was not improved 
(Table 9-14). Due to the improvement in fit to the bottom trawl survey biomass, and also because 
population index data are usually fit using the log-normal distribution, we recommend this change to in 
the 2017 assessment. This model change in case 15.0d will be reflected in all further model cases. 







 


 
 


Estimating time-invariant dome-shaped selectivity for the fishery with the gamma function in model case 
17.1 resulted in an increase in the negative log-likelihood for all the observed data fitted by the model 
compared to model case 15.0d (with the exception of fishery catch). Compared to model case 15.0d, 
model case 17.2, in which an additional dome-shaped selectivity time block was added after 2007, 
resulted in a decrease in the negative log-likelihood for the bottom trawl survey biomass and fishery age 
composition, the most notable decrease being for the fishery age composition. Compared to model case 
17.1, the fit to the fishery plus age group was greatly improved with model case 17.2 (see figure below, 
estimates from 17.1 shown in black, and estimates from 17.2 shown in orange). 


 
 


Model 17.2 utilizes the new information since 2017 effectively and fits the data better than the previous 
model.  Fitting the bottom trawl survey biomass index with the log-normal distribution resulted in an 
improvement in the model fit and recent model biomass estimates are now within the confidence intervals 
of the observed biomass for the final three years of the time series. Additionally, adding a dome-shaped 







selectivity time block after 2007 resulted in a decrease in the negative log-likelihood for the bottom trawl 
survey biomass and fishery age composition, which improved fit with the addition of only two 
parameters. Due to the improvement of fit to the bottom trawl survey biomass and the fishery age 
composition, with the addition of only 2 parameters, we recommend model case 17.2 to be used for the 
assessment of GOA POP in 2017 for recommending 2018 ABC and OFL. 


Time Series Results 
Key results have been summarized in Tables 9-14 to 9-18. Model predictions generally fit the data well 
(Figures 9-1, 9-2, 9-3, 9-4, and 9-6) and most parameter estimates have remained similar to the last 
several years using this model.  


Definitions 


Spawning biomass is the biomass estimate of mature females. Total biomass is the biomass estimate of all 
POP age two and greater. Recruitment is measured as the number of age two POP. Fishing mortality is 
the mortality at the age the fishery has fully selected the fish.  


Biomass and exploitation trends 


Estimated total biomass gradually increased from a low near 85,000 t in 1980 to over 530,000 t at the 
peak in 2015 (Figure 9-8). MCMC credible intervals indicate that the historic low is reasonably certain 
while recent increases are not quite as certain. These intervals also suggest that current biomass is likely 
between 320,000 and 830,000 t. Spawning biomass shows a similar trend, but is not as smooth as the 
estimates of total biomass (Figure 9-8). This is likely due to large year classes crossing a steep maturity 
curve. Spawning biomass estimates show a rapid increase since 1992, which coincides with an increase in 
uncertainty. Age of 50% selection is 5 for the survey and between 7 and 9 years for the fishery (Figure 9-
9). Fish are fully selected by both fishery and survey between 10 and 15. Current fishery selectivity is 
dome-shaped and with the addition of the recent time block after 2007 matches well with the ages caught 
by the fishery. Catchability is slightly larger (2.11) than that estimated in 2015 (1.95). The high 
catchability for POP is supported by several empirical studies using line transect densities counted from a 
submersible compared to trawl survey densities (Krieger 1993 [q=2.1], Krieger and Sigler 1996 [q=1.3], 
Hanselman et al. 20061 [q=2.1]). Compared to the last full assessment (2015), spawning biomass and 
age-6+ total biomass has increased in response to fitting the large trawl survey biomass estimates since 
2013 (Table 9-16). 


Fully-selected fishing mortality shows that fishing mortality has decreased dramatically from historic 
rates and has leveled out in the last decade (Figure 9-10). Goodman et al. (2002) suggested that stock 
assessment authors use a “management path” graph as a way to evaluate management and assessment 
performance over time. We chose to plot a phase plane plot of fishing mortality to FOFL (F35%) and the 
estimated spawning biomass relative to unfished spawning biomass (B100%). Harvest control rules based 
on F35% and F40% and the tier 3b adjustment are provided for reference. The management path for POP has 
been above the F35% adjusted limit for most of the historical time series (Figure 9-11). In addition, since 
1999, POP SSB has been above B40% and fishing mortality has been below F40%.  


Recruitment 


Recruitment (as measured by age 2 fish) for POP is highly variable and large recruitments comprise much 
of the biomass for future years (Figure 9-12). Recruitment has increased since the early 1970s, with the 
1986 year class and potentially the 2006 year classes being the highest in recent history. The 1990s and 
                                                      
1 Hanselman, D.H., S.K. Shotwell, J. Heifetz, and M. Wilkins. 2006. Catchability: Surveys, submarines and stock 


assessment. 2006 Western Groundfish Conference. Newport, OR. Presentation. 







2000s are starting to show some steady higher than average recruitments. The largest differences in 
estimated recruitment resulted in the more recent years compared to the previous assessment (Table 9-16 
and Figures 9-12 and 9-13), which should not be unexpected given the increase in trawl survey biomass 
and the model’s response through increasing recent recruitment estimates. The addition of new survey age 
data and the large 2013-2017 survey biomass suggests that the 2006 year class may be above average, as 
well as the 2008 and 2010 year classes (Figure 9-13). However, these recent recruitments are still highly 
uncertain as indicated by the MCMC credible intervals in Figure 9-12. POP do not seem to exhibit much 
of a stock-recruitment relationship because large recruitments have occurred during periods of high and 
low biomass (Figure 9-12). 


Uncertainty results 


From the MCMC chains described in Uncertainty approach, we summarize the posterior densities of key 
parameters for the recommended model using histograms (Figure 9-14) and credible intervals (Table 9-17 
and 9-18). We also use these posterior distributions to show uncertainty around time series estimates of 
survey biomass (Figure 9-4), total and spawning biomass (Figure 9-8), fully selected fishing mortality 
(Figure 9-10) and recruitment (Figures 9-12). 


Table 9-17 shows the maximum likelihood estimate (MLE) of key parameters with their corresponding 
standard deviation derived from the Hessian matrix. Also shown are the MCMC, mean, median, standard 
deviation and the corresponding Bayesian 95% credible intervals (BCI). The Hessian and MCMC 
standard deviations are similar for q, M, and F40%, but the MCMC standard deviations are larger for the 
estimates of female spawning biomass and ABC. These larger standard deviations indicate that these 
parameters are more uncertain than indicated by the Hessian approximation. The distributions of these 
parameters with the exception of natural mortality are slightly skewed with higher means than medians 
for current spawning biomass and ABC, indicating possibilities of higher biomass estimates (Figure 9-
14). Uncertainty estimates in the time series of spawning biomass also result in a skewed distribution 
towards higher values, particularly at the end of the time series and into the 15 year projected times series 
(Figure 9-15). 


Retrospective analysis 


A within-model retrospective analysis of the recommended model was conducted for the last 10 years of 
the time-series by dropping data one year at a time. The revised Mohn’s “rho” statistic (Hanselman et al. 
2013) in female spawning biomass was -0.22, indicating that the model increases the estimate of female 
spawning biomass in recent years as data is added to the assessment. The retrospective female spawning 
biomass and the relative difference in female spawning biomass from the model in the terminal year are 
shown in Figure 9-16 (with 95% credible intervals from MCMC). In general the relative difference in 
female spawning biomass early in the time series is low, in recent years the increases in spawning 
biomass have been up to 30% compared to the terminal year. This result is not unexpected as given the 
large trawl survey biomass estimates since 2013; the model is responding to this data by increasing the 
estimates of biomass in each subsequent year. 


Harvest Recommendations 


 Amendment 56 Reference Points 


Amendment 56 to the GOA Groundfish Fishery Management Plan defines the “overfishing level” 
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the fishing 
mortality rate used to set the maximum permissible ABC. The fishing mortality rate used to set ABC 
(FABC) may be less than this maximum permissible level, but not greater. Because reliable estimates of 
reference points related to maximum sustainable yield (MSY) are currently not available but reliable 
estimates of reference points related to spawning per recruit are available, POP in the GOA are managed 







under Tier 3 of Amendment 56. Tier 3 uses the following reference points: B40%, equal to 40% of the 
equilibrium spawning biomass that would be obtained in the absence of fishing; F35%,,equal to the fishing 
mortality rate that reduces the equilibrium level of spawning per recruit to 35% of the level that would be 
obtained in the absence of fishing; and F40%, equal to the fishing mortality rate that reduces the 
equilibrium level of spawning per recruit to 40% of the level that would be obtained in the absence of 
fishing. 
 
Estimation of the B40% reference point requires an assumption regarding the equilibrium level of 
recruitment. In this assessment, it is assumed that the equilibrium level of recruitment is equal to the 
average of age-2 recruitments between 1979 and 2015 (i.e., the 1977 – 2013 year classes). Because of 
uncertainty in very recent recruitment estimates, we lag 2 years behind model estimates in our projection. 
Other useful biomass reference points which can be calculated using this assumption are B100% and B35%, 
defined analogously to B40%. The 2017 estimates of these reference points are:  


B100% 293,621 
B40% 117,448 
B35% 102,767 
F40% 0.094 
F35% 0.113 


 


Specification of OFL and Maximum Permissible ABC 


Female spawning biomass for 2018 is estimated at 180,150 t. This is above the B40% value of 117,448 t. 
Under Amendment 56, Tier 3, the maximum permissible fishing mortality for ABC is F40% and fishing 
mortality for OFL is F35%. Applying these fishing mortality rates for 2016, yields the following ABC and 
OFL: 


F40%  0.094 
ABC 29,236 
F35%   0.113 
OFL 34,762 


 


Projections and Status Determination 


A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56. 
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 


For each scenario, the projections begin with the vector of 2017 numbers at age as estimated in the 
assessment. This vector is then projected forward to the beginning of 2018 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2017. In each subsequent year, the fishing mortality rate is prescribed on the basis of the 
spawning biomass in that year and the respective harvest scenario. In each year, recruitment is drawn 
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment. Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment. 
Total catch after 2017 is assumed to equal the catch associated with the respective harvest scenario in all 
years. This projection scheme is run 1,000 times to obtain distributions of possible future stock sizes, 
fishing mortality rates, and catches. 







Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018, are as follow (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 


Scenario 1:  In all future years, F is set equal to max FABC. (Rationale:  Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2:  In 2018 and 2019, F is set equal to a constant fraction of max FABC, where this 
fraction is equal to the ratio of the realized catches in 2014-2016 to the ABC recommended in the 
assessment for each of those years. For the remainder of the future years, maximum permissible 
ABC is used. (Rationale:  In many fisheries the ABC is routinely not fully utilized, so assuming 
an average ratio catch to ABC will yield more realistic projections.)  


Scenario 3:  In all future years, F is set equal to 50% of max FABC. (Rationale:  This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted 
downward when stocks fall below reference levels.) 


Scenario 4:  In all future years, F is set equal to the 2012-2016 average F. (Rationale:  For some 
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 


Scenario 5:  In all future years, F is set equal to zero. (Rationale:  In extreme cases, TAC may be 
set at a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as 
follow (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6:  In all future years, F is set equal to FOFL. (Rationale:  This scenario determines 
whether a stock is overfished. If the stock is expected to be above 1) above its MSY level in 2017 
or 2) above ½ of its MSY level in 2017 and above its MSY level in 2027 under this scenario, then 
the stock is not overfished.) 


Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years F is set 
equal to FOFL. (Rationale: This scenario determines whether a stock is approaching an overfished 
condition. If the stock is 1) above its MSY level in 2019 or 2) above 1/2 of its MSY level in 2019 
and expected to be above its MSY level in 2029 under this scenario, then the stock is not 
approaching an overfished condition.) 


Spawning biomass, fishing mortality, and yield are tabulated for the seven standard projection scenarios 
(Table 9-19). The difference for this assessment for projections is in Scenario 2 (Author’s F); we use pre-
specified catches to increase accuracy of short-term projections in fisheries (such as POP) where the catch 
is usually less than the ABC. This was suggested to help management with setting preliminary ABCs and 
OFLs for two year ahead specifications. The methodology for determining these pre-specified catches is 
described below in Specified catch estimation. 


Status determination 
In addition to the seven standard harvest scenarios, Amendments 48/48 to the BSAI and GOA Groundfish 
Fishery Management Plans require projections of the likely OFL two years into the future. While 
Scenario 6 gives the best estimate of OFL for 2018, it does not provide the best estimate of OFL for 2019, 
because the mean 2018 catch under Scenario 6 is predicated on the 2018 catch being equal to the 2018 
OFL, whereas the actual 2018 catch will likely be less than the 2018 OFL. The executive summary 
contains the appropriate one- and two-year ahead projections for both ABC and OFL.  
 







Under the MSFCMA, the Secretary of Commerce is required to report on the status of each U.S. fishery 
with respect to overfishing. This report involves the answers to three questions: 1) Is the stock being 
subjected to overfishing? 2) Is the stock currently overfished? 3) Is the stock approaching an overfished 
condition? 
 
Is the stock being subjected to overfishing? The official catch estimate for the most recent complete year 
(2016) is 23,128 t. This is less than the 2016 OFL of 28,431 t. Therefore, the stock is not being subjected 
to overfishing. 
 
Harvest Scenarios #6 and #7 are intended to permit determination of the status of a stock with respect to 
its minimum stock size threshold (MSST). Any stock that is below its MSST is defined to be overfished. 
Any stock that is expected to fall below its MSST in the next two years is defined to be approaching an 
overfished condition. Harvest Scenarios #6 and #7 are used in these determinations as follows: 
 
Is the stock currently overfished? This depends on the stock’s estimated spawning biomass in 2017: 
a. If spawning biomass for 2017 is estimated to be below ½ B35%, the stock is below its MSST. 
b. If spawning biomass for 2017 is estimated to be above B35% the stock is above its MSST. 
c. If spawning biomass for 2017 is estimated to be above ½ B35% but below B35%, the stock’s status relative 
to MSST is determined by referring to harvest Scenario #6 (Table 9-19). If the mean spawning biomass 
for 2027 is below B35%, the stock is below its MSST. Otherwise, the stock is above its MSST. 
 
Is the stock approaching an overfished condition? This is determined by referring to harvest Scenario #7: 
a. If the mean spawning biomass for 2019 is below 1/2 B35%, the stock is approaching an overfished 
condition. 
b. If the mean spawning biomass for 2019 is above B35%, the stock is not approaching an overfished 
condition.  
c. If the mean spawning biomass for 2019 is above 1/2 B35% but below B35%, the determination depends on 
the mean spawning biomass for 2029. If the mean spawning biomass for 2029 is below B35%, the stock is 
approaching an overfished condition. Otherwise, the stock is not approaching an overfished condition. 
 
Based on the above criteria and Table 9-19, the stock is not overfished and is not approaching an 
overfished condition. 


Specified catch estimation 


In response to GOA Plan Team minutes in 2010, we have established a consistent methodology for 
estimating current-year and future year catches in order to provide more accurate two-year projections of 
ABC and OFL to management. In the past, two standard approaches in rockfish models have been 
employed; assume the full TAC will be taken, or use a certain date prior to publication of assessments as 
a final estimate of catch for that year. Both methods have disadvantages. If the author assumes the full 
TAC is taken every year, but it rarely is, the ABC will consistently be underestimated. Conversely, if the 
author assumes that the catch taken by around October is the final catch, and substantial catch is taken 
thereafter, ABC will consistently be overestimated. Therefore, going forward in the GOA rockfish 
assessments, for current year catch, we are applying an expansion factor to the official catch on or near 
October 1 by the 3-year average of catch taken between October 1 and December 31 in the last three 
complete catch years (e.g. 2014-2016 for this year). For POP, the expansion factor for 2017 catch is 1.09. 


For catch projections into the next two years, we are using the ratio of the last three official catches to the 
last three TACs multiplied against the future two years’ ABCs (if TAC is normally the same as ABC). 
This method results in slightly higher ABCs in each of the future two years of the projection, based on 
both the lower catch in the first year out, and based on the amount of catch taken before spawning in the 
projection two years out. To estimate future catches, we updated the yield ratio (0.92), which was the 







average of the ratio of catch to ABC for the last three complete catch years (2014-2016).  This yield ratio 
was multiplied by the projected ABCs for 2018 and 2019 from the assessment model to generate catches 
for those years. 


Alternate Projection 


During the 2006 CIE review, it was suggested that projections should account for uncertainty in the entire 
assessment, not just recruitment from the endpoint of the assessment. We continue to present an 
alternative projection scenario using the uncertainty of the full assessment model, harvesting at the same 
estimated yield ratio as Scenario 2, except for all years instead of the next two. This projection propagates 
uncertainty throughout the entire assessment procedure based on MCMC. The projection shows wide 
credibility intervals on future spawning biomass (Figure 9-16). The B35% and B40% reference points and 
future recruitments are based on the 1979-2015 age-2 recruitments, and this projection predicts that the 
median spawning biomass will eventually tend toward these reference points while at harvesting at F40%.  


Area Apportionment of Harvests 


Apportionment of ABC and OFL among regulatory areas has been based on the random effects model 
developed by the survey averaging working group. The random effects model was fit to the survey 
biomass estimates (with associated variance) for the Western, Central, and Eastern GOA. The random 
effects model estimates a process error parameter (constraining the variability of the modeled estimates 
among years) and random effects parameters in each year modeled. The fit of the random effects model to 
survey biomass in each area is shown in Figure 9-17. 


In general the random effects model fits the area-specific survey biomass reasonably well. The random 
effects model estimates increases in biomass in all regions in 2017 compared to 2015. Using the random 
effects model estimates of survey biomass for the apportionment results in 11.3% for the Western area 
(up slightly from 11.2% in 2015), 68.8% for the Central area (down from 69.7% in 2015), and 19.9% for 
the Eastern area (up from 19.1% in 2015). Using the results of the random effects model results in 
recommended ABC’s of 3,312 t for the Western area, 20,112 t for the Central area, and 5,812 t for the 
Eastern area. 


Amendment 41 prohibited trawling in the Eastern area east of 140° W longitude. In the past, the Plan 
Team has calculated an apportionment for the West Yakutat area that is still open to trawling (between 
147oW and 140oW). We calculated this apportionment using the ratio of estimated biomass in the closed 
area and open area. This calculation was based on the team’s previous recommendation that we use the 
weighted average of the upper 95% confidence interval for the W. Yakutat. We computed this interval 
this year using the weighted average of the ratio for 2013, 2015, and 2017. We calculated the approximate 
upper 95% confidence interval using the variance of a weighted mean for the 2013-2017 weighed mean 
ratio. This resulted in a ratio of 0.58, down from 0.61 in 2015. This results in an ABC apportionment of 
3,371 t to the W. Yakutat area which would leave 2,441 t unharvested in the Southeast/Outside area. 


In November and December of 2015 the Team and SSC requested that the harvest rates in W. Yakutat be 
evaluated for comparison to FABC rates. This is because the current method of apportionment between the 
W. Yakutat and Southeast/Outside areas, by design, may be putting more pressure on this smaller area 
than standard apportionment methods would. To address this concern we briefly examine the historical 
harvest rate under this method compared to the estimated biomass in that area. 


First we looked at exploitation rate by dividing the estimated survey biomass in W. Yakutat from 2003-
2017 by the catch removed in those survey years (see figure below). Since natural mortality (M) is often 
used as a proxy for OFL/MSY, we plot the annual exploitation rates and the mean exploitation rate with 
natural mortality (M =0.066). In this comparison, the annual exploitation rate only exceeds M in 2011 and 
the mean is less than half of M. 


 







 
 


The stock assessment model estimates that catchability is high (2.11) for the GOA trawl survey. When we 
account for the high catchability (see figure below), the exploitation rate exceeds M in 2011 and 2013 and 
is near M in several other years. However, the mean exploitation rate remains below M, but slightly above 
the Tier 5 ABC value of 0.75 x M. These values are all below the Tier 3 maximum FABC of 0.094, but this 
value is challenging to directly compare to exploitation rate because of the dome-shaped selectivity of the 
fishery in the assessment model. 
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Finally, we can compare the exploitation rate of W. Yakutat to the exploitation rate of the neighboring 
management area (Central GOA). In this comparison, the two areas show similar exploitation rates six of 
the eight years, but were lower in the Central GOA 2011 and 2015 (see figure below). 


 


 
 


In summary, it does appear that the rate of harvest is higher than the neighboring area. Additionally, even 
after taking in to account survey catchability, on average the exploitation rates do not show any cause for 
alarm. The several years of high rates in 2011 and 2015 could easily be explained by measurement error 
for a biomass estimate from such a small area (sampling variance estimates are not available for this 
area). Unless there are other socioeconomic factors to consider, we do not see a need to change this 
strategy at this time. 


Overfishing Definition 


Based on the definitions for overfishing in Amendment 44 in tier 3a (i.e., FOFL = F35%=0.113), overfishing 
is set equal to 34,762 t for POP. The overfishing level is apportioned by area for POP and historically 
used the apportionment described above for setting area specific OFLs. However, in 2012, area OFLs 
were combined for the Western, Central, and West Yakutat (W/C/WYK) areas, while East 
Yakutat/Southeast (SEO) was separated to allow for concerns over stock structure. This results in 
overfishing levels for W/C/WYK area of 31,860 t and 2,902 t in the SEO area.  


Ecosystem Considerations  
In general, a determination of ecosystem considerations for POP is hampered by the lack of biological 
and habitat information. A summary of the ecosystem considerations presented in this section is listed in 
Table 9-20. 


Ecosystem Effects on the Stock 
Prey availability/abundance trends: Similar to many other rockfish species, stock condition of POP 
appears to be influenced by periodic abundant year classes. Availability of suitable zooplankton prey 
items in sufficient quantity for larval or post-larval POP may be an important determining factor of year 
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class strength. Unfortunately, there is no information on the food habits of larval or post-larval rockfish to 
help determine possible relationships between prey availability and year class strength; moreover, 
identification to the species level for field collected larval slope rockfish is difficult. Visual identification 
is not possible though genetic techniques allow identification to species level for larval slope rockfish 
(Gharrett et. al 2001). Some juvenile rockfish found in inshore habitat feed on shrimp, amphipods, and 
other crustaceans, as well as some mollusk and fish (Byerly 2001). Adult POP feed primarily on 
euphausiids. Little if anything is known about abundance trends of likely rockfish prey items. 
Euphausiids are also a major item in the diet of walleye pollock. Recent declines in the biomass of 
walleye pollock, could lead to a corollary change in the availability of euphausiids, which would then 
have a positive impact on POP abundance. 


Predator population trends:  POP are preyed upon by a variety of other fish at all life stages, and to some 
extent marine mammals during late juvenile and adult stages. Whether the impact of any particular 
predator is significant or dominant is unknown. Predator effects would likely be more important on larval, 
post-larval, and small juvenile slope rockfish, but information on these life stages and their predators is 
scarce. 


Changes in physical environment: Stronger year classes corresponding to the period around 1977 have 
been reported for many species of groundfish in the GOA, including POP, northern rockfish, sablefish, 
and Pacific cod. Therefore, it appears that environmental conditions may have changed during this period 
in such a way that survival of young-of-the-year fish increased for many groundfish species, including 
slope rockfish. POP appeared to have strong 1986-88 year classes, and there may be other years when 
environmental conditions were especially favorable for rockfish species. The environmental mechanism 
for this increased survival remains unknown. Changes in water temperature and currents could affect prey 
abundance and the survival of rockfish from the pelagic to demersal stage. Rockfish in early juvenile 
stage have been found in floating kelp patches which would be subject to ocean currents. Changes in 
bottom habitat due to natural or anthropogenic causes could alter survival rates by altering available 
shelter, prey, or other functions. Carlson and Straty (1981), Pearcy et al (1989), and Love et al (1991) 
have noted associations of juvenile rockfish with biotic and abiotic structure. Recent research by Rooper 
and Boldt (2005) found juvenile POP abundance was positively correlated with sponge and coral.  


The Essential Fish Habitat Environmental Impact Statement (EFH EIS) (NMFS 2005) concluded that the 
effects of commercial fishing on the habitat of groundfish is minimal or temporary. The continuing 
upward trend in abundance of POP suggests that at current abundance and exploitation levels, habitat 
effects from fishing are not limiting this stock. 


Effects of POP Fishery on the Ecosystem 
Fishery-specific contribution to bycatch of HAPC biota: In the GOA, bottom trawl fisheries for pollock, 
deepwater flatfish, and POP account for most of the observed bycatch of coral, while rockfish fisheries 
account for little of the bycatch of sea anemones or of sea whips and sea pens. The bottom trawl fisheries 
for POP and Pacific cod and the pot fishery for Pacific cod account for most of the observed bycatch of 
sponges (Table 9-5).  


Fishery-specific concentration of target catch in space and time relative to predator needs in space and 
time (if known) and relative to spawning components:  The directed slope rockfish trawl fisheries used to 
begin in July, were concentrated in known areas of abundance, and typically lasted only a few weeks. The 
Rockfish Pilot project has spread the harvest throughout the year in the Central GOA. The recent annual 
exploitation rates on rockfish are thought to be quite low. Insemination is likely in the fall or winter, and 
parturition is likely mostly in the spring. Hence, reproductive activities are probably not directly affected 
by the commercial fishery. There is momentum for extending the rockfish fishery over a longer period, 
which could have minor effects on reproductive output. 







Fishery-specific effects on amount of large size target fish: The proportion of older fish has declined since 
1984, although it is unclear whether this is a result of fishing or large year-classes of younger fish coming 
into the population. 


Fishery contribution to discards and offal production: Fishery discard rates for the whole rockfish trawl 
fishery has declined from 35% in 1997 to 25% in 2004. Arrowtooth flounder comprised 22-46% of these 
discards. Non-target discards are summarized in Table 9-5, with grenadiers (Macrouridae sp.) dominating 
the non-target discards. 


Fishery-specific effects on age-at-maturity and fecundity of the target fishery:  Research is under way to 
examine whether the loss of older fish is detrimental to spawning potential. 


Fishery-specific effects on EFH non-living substrate: Effects on non-living substrate are unknown, but the 
heavy-duty “rockhopper” trawl gear commonly used in the fishery is suspected to move around rocks and 
boulders on the bottom. Table 9-5 shows the estimated bycatch of living structure such as benthic 
urochordates, corals, sponges, sea pens, and sea anemones by the GOA rockfish fisheries.  The average 
bycatch of corals/bryozoans (0.78 t), and sponges (2.98 t) by rockfish fisheries are a large proportion of 
the catch of those species taken by all Gulf-wide fisheries. 


GOA Rockfish Economic Performance Report for 2016  
Rockfish total catch in the Gulf of Alaska was 34 thousand t in 2016, up 17% from 2015 and above the 
2007-2015 average of 25 thousand t (Table 1). Retained catch was 27.5 thousand t in 2016. Rockfish are 
an important component of the catch portfolio of GOA fisheries. Rockfish comprise roughly 10% of the 
retained catch and 3-4% of the ex-vessel value. Ex-vessel value in the GOA rockfish fisheries was $13.8 
million up 11% from 2015 and above the 2007-2015 average of $10.4 million. While 2016 rockfish 
retained catch increased 12%, ex-vessel value only rose 2% as ex-vessel prices fell 9% (Table 1). The 
increase in 2016 ex-vessel value was the result of increased catch as ex-vessel price have remained 
relatively unchanged at $0.23 per pound. First-wholesale value was up 8% in 2016 to $37 million, which 
was above the 2007-2015 average of $31.1 million (Table 2). 


The most significant species in terms of market volume and value is Pacific ocean perch which accounts 
for upwards of 60% of the retained catch. Harvest levels of Pacific ocean perch are near the total 
allowable catch (TAC) and has been increasing in recent years with abundance. These increases largely 
account for the aggregate increase in rockfish catch and ex-vessel value as catch of other rockfish has 
remained fairly stable. The fisheries catch a diverse set of rockfish species and the other major species 
caught are northern and dusky (Table 1). Other rockfish caught include rougheye, shortraker, and 
thornyhead. In recent years, approximately 85% of the retained rockfish catch occurs in the Central Gulf, 
and 13% in the Western Gulf. In the Central Gulf, where the majority of rockfish are caught, rockfish 
comprise roughly 12% of the retained catch and 5% of the ex-vessel value. Catch in the GOA is 
distributed approximately evenly between catcher vessels and catcher processors, although there are a far 
greater number of catch vessels. The number of catcher vessels harvesting rockfish has declined from an 
average of 186 in 2007-2011 to 130 in 2016. Rockfish are primarily targeted using trawl gear.  


The Central Gulf of Alaska rockfish fisheries are managed under a catch share program designed to 
reduce bycatch and discards and to improve quality and value. The Rockfish Program began in 2012 and 
followed a pilot program from 2007-2011. Quota is allocated to catcher vessel and catcher processor 
cooperatives. Catch shares have had the effect of spreading the production out over the year which 
enabled delivered product to be processed more strategically thereby increasing the quality of the product. 


The 8% increase in 2016 first-wholesale value to $37 million was the result of increased catch and 
production (Table 2).  The average price of rockfish products decreased 13% to $0.93 per pound with 
decreasing prices for each of the major rockfish species. Approximately 70% of the rockfish produced are 
processed as headed and gutted (H&G) and the rest is mostly sold as whole fish. The majority of rockfish 







produced in the U.S. are exported, primarily to Asian markets. Pacific ocean perch is the only rockfish 
species with specific information in the U.S. trade data, other species are aggregated into a non-specific 
category. Approximately 60% of the Pacific ocean perch exported from the U.S. goes to China (Table 3). 
Exported H&G rockfish to China is re-processed (e.g., as fillets) and re-exported to domestic and 
international markets. Rockfish is also sold to Chinese consumers, as whole fish. The U.S. has accounted 
for approximately 15-20% of global rockfish production in recent years and 85-90% of global Pacific 
ocean perch production. Global production of rockfish has increased 9% from the 2007-2011 average to 
283 thousand t in 2015 and global production of Pacific ocean perch has increased 52%. These increases 
in supply along with the strength of the dollar against currencies such as the Chinese Yuan may account 
for the downward trend in prices since 2015. Strong markets through 2017 may stabilize prices. 


Data Gaps and Research Priorities  
There is little information on early life history of POP and recruitment processes. A better understanding 
of juvenile distribution, habitat utilization, and species interactions would improve understanding of the 
processes that determine the productivity of the stock. In addition, modeling investigations into the 
potential relationships between recruitment or natural mortality and environmental indices should be 
conducted to enable the model to better describe the increase in biomass observed by the bottom trawl 
survey. Better estimation of recruitment and year class strength would improve assessment and 
management of the POP population. Studies to improve our understanding of POP density between 
trawlable and untrawlable grounds and other habitat associations would help in our determination of 
catchability parameters. Further investigations of spatial population dynamics of Pacific ocean perch 
across the GOA may enable improved assessment as well, given the closed area in the Eastern GOA and 
the recent increases in biomass in this area and the potential differences in population dynamics among 
the regions of the GOA. Incorporation of acoustics information that have been collected by the Mid-water 
Assessment and Conservation Engineering (MACE) group would also aid the assessment and would 
allow increased understanding of the changes to POP distribution in conjunction with the recent increases 
in biomass. Interaction with other species in the fishery, such as Walleye Pollock, should also be 
evaluated to determine the influence of POP population expansion. This research could potentially be 
done in a Management Strategy Evaluation (MSE) framework as well as Maximum Economic Yield 
(MEY) framework.  
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Tables 
 


Table 9-1. Commercial catcha (t) of POP in the GOA, with Gulf-wide values of acceptable biological 
catch (ABC) and fishing quotasb (t), 1977-2017. 


  Regulatory Area Gulf-wide Gulf-wide value 
Year Fishery Western Central Eastern Total ABC Quota 
1977 Foreign 6,282 6,166 10,993 23,441   


 U.S. 0 0 12 12   
 JV - - - -   
 Total 6,282 6,166 11,005 23,453 50,000 30,000 


1978 Foreign 3,643 2,024 2,504 8,171   
 U.S. 0 0 5 5   
 JV - - - -   
 Total 3,643 2,024 2,509 8,176 50,000 25,000 


1979 Foreign 944 2,371 6,434 9,749   
 U.S. 0 99 6 105   
 JV 1 31 35 67   
 Total 945 2,501 6,475 9,921 50,000 25,000 


1980 Foreign 841 3,990 7,616 12,447   
 U.S. 0 2 2 4   
 JV 0 20 0 20   
 Total 841 4,012 7,618 12,471 50,000 25,000 


1981 Foreign 1,233 4,268 6,675 12,176   
 U.S. 0 7 0 7   
 JV 1 0 0 1   
 Total 1,234 4,275 6,675 12,184 50,000 25,000 


1982 Foreign 1,746 6,223 17 7,986   
 U.S. 0 2 0 2   
 JV 0 3 0 3   
 Total 1,746 6,228 17 7,991 50,000 11,475 


1983 Foreign 671 4,726 18 5,415   
 U.S. 7 8 0 15   
 JV 1,934 41 0 1,975   
 Total 2,612 4,775 18 7,405 50,000 11,475 


1984 Foreign 214 2,385 0 2,599   
 U.S. 116 0 3 119   
 JV 1,441 293 0 1,734   
 Total 1,771 2,678 3 4,452 50,000 11,475 


1985 Foreign 6 2 0 8   
 U.S. 631 13 181 825   
 JV 211 43 0 254   
 Total 848 58 181 1,087 11,474 6,083 


1986 Foreign Tr Tr 0 Tr   
 U.S. 642 394 1,908 2,944   
 JV 35 2 0 37   
 Total 677 396 1,908 2,981 10,500 3,702 


1987 Foreign 0 0 0 0   
 U.S. 1,347 1,434 2,088 4,869   
 JV 108 4 0 112   
 Total 1,455 1,438 2,088 4,981 10,500 5,000 


1988 Foreign 0 0 0 0   
 U.S. 2,586 6,467 4,718 13,771   
 JV 4 5 0 8   
 Total 2,590 6,471 4,718 13,779 16,800 16,800 


 







Table 9-1. (continued) 


  Regulatory Area Gulf-wide value 
Year Fishery Western Central Eastern1 Total ABC  Quota 


1989 U.S. 4,339 8,315 6,348 19,003 20,000 20,000 
1990 U.S. 5,203 9,973 5,938 21,140 17,700 17,700 
1991 U.S. 1,758 2,643 2,147 6,548 5,800 5,800 
1992 U.S. 1,316 2,994 2,228 6,538 5,730 5,200 
1993 U.S. 477 1,140 443 2,060 3,378 2,560 
1994 U.S. 166 909 767 1,842 3,030 2,550 
1995 U.S. 1,422 2,597 1,721 5,740 6,530 5,630 
1996 U.S. 987 5,145 2,247 8,379 8,060 6,959 
1997 U.S. 1,832 6,709 978 9,519 12,990 9,190 
1998 U.S. 846 7,452 Conf. 8,908 12,820 10,776 
1999 U.S. 1,935 7,911 627 10,473 13,120 12,590 
2000 U.S. 1,160 8,379 Conf. 10,145 13,020 13,020 
2001 U.S. 945 9,249 Conf. 10,817 13,510 13,510 
2002 U.S. 2,723 8,262 Conf. 11,734 13,190 13,190 
2003 U.S. 2,124 8,116 606 10,846 13,663 13,660 
2004 U.S. 2,196 8,567 877 11,640 13,336 13,340 
2005 U.S. 2,338 8,064 846 11,248 13,575 13,580 
2006 U.S. 4,051 8,285 1,259 13,595 14,261 14,261 
2007 U.S. 4,430 7,283 1,242 12,955 14,636 14,635 
2008 U.S. 3,678 7,683 1,100 12,461 14,999 14,999 
2009 U.S. 3,804 8,034 1,148 12,986 15,111 15,111 
2010 U.S. 3,141 10,550 1,926 15,617 17,584 17,584 
2011 U.S. 1,819 10,527 1,872 14,218 16,997 16,997 
2012 U.S. 2,452 10,778 1,682 14,912 16,918 16,918 
2013 U.S. 447 11,199 1,537 13,183 16,412 16,412 
2014 U.S. 2,096 13,704 1,871 17,671 19,309 19,309 
2015 U.S. 2,038 14,714 1,981 18,733 21,012 21,012 
2016 U.S. 2,654 17,652 2,827 23,133 24,437 24,437 


2017* U.S. 2,566 14,701 2,757 20,024 23,918 23,918 
Note:  There were no foreign or joint venture catches after 1988. Catches prior to 1989 are landed catches only. Catches in 1989 
and 1990 also include fish reported in weekly production reports as discarded by processors. Catches in 1991-2017 also include 
discarded fish, as determined through a "blend" of weekly production reports and information from the domestic observer 
program. Definitions of terms:  JV = Joint venture;  Tr = Trace catches;   
aCatch defined as follows:  1977, all Sebastes rockfish for Japanese catch, and POP for catches of other nations; 1978, POP only; 
1979-87, the 5 species comprising the POP complex; 1988-2017, POP. 
bQuota defined as follows:  1977-86, optimum yield; 1987, target quota; 1988-2017 total allowable catch. 
Sources: Catch:  1977-84, Carlson et al. (1986); 1985-88, Pacific Fishery Information Network (PacFIN), Pacific Marine 
Fisheries Commission, 305 State Office Building, 1400 S.W. 5th Avenue, Portland, OR  97201; 1989-2005, National Marine 
Fisheries Service, Alaska Region, P.O. Box 21668, Juneau, AK 99802.  ABC and Quota: 1977-1986 Karinen and Wing (1987); 
1987-1990, Heifetz et al. (2000); 1991-2017, NMFS AKRO BLEND/Catch Accounting System via AKFIN database. 
* Catch as of 10/7/2017 
  







Table 9-2. Management measures since the break out of POP from slope rockfish. 


Year Catch (t) ABC TAC OFL Management Measures 


1988 1,621 16,800 16,800  


The slope rockfish assemblage, including POP, was 
one of three management groups for Sebastes 
implemented by the North Pacific Management 
Council. Previously, Sebastes in Alaska were 
managed as “POP complex” or “other rockfish” 


1989 19,003 20,000 20,000   
1990 21,140 17,700 17,700   


1991 6,548 5,800   
Slope assemblage split into three management 
subgroups with separate ABCs and TACs: POP, 
shortraker/rougheye rockfish, and all other slope 
species 


1992 6,538 5,730 5,200   
1993 2,060 3,378 2,560   


1994 1,842 3,030 2,550 3,940 
Amendment 32 establishes rebuilding plan 
Assessment done with an age structured model using 
stock synthesis 


1995 5,740 6,530 5,630 8,232  
1996 8,379 8,060 6,959 10,165  
1997 9,519 12,990 9,190 19,760  
1998 8,908 12,820 10,776 18,090  


1999 10,473 13,120 12,590 18,490 
Eastern Gulf divided into West Yakutat and East 
Yakutat/Southeast Outside and separate ABCs and 
TACs assigned 


2000 10,145 13,020 13,020 15,390 Amendment 41 became effective which prohibited 
trawling in the Eastern Gulf east of 140 degrees W. 


2001 10,817 13,510 13,510 15,960 Assessment is now done using an age structured 
model constructed with AD Model Builder software 


2002 11,734 13,190 13,190 15,670  
2003 10,846 13,663 13,660 16,240  
2004 11,640 13,336 13,340 15,840  
2005 11,248 13,575 13,575 16,266  
2006 13,595 14,261 14,261 16,927  


2007 12,955 14,636 14,636 17,158 Amendment 68 created the Central Gulf Rockfish 
Pilot Project 


2008 12,461 14,999 14,999 17,807  
2009 12,986 15,111 15,111 17,940  
2010 15,617 17,584 17,584 20,243  
2011 14,218 16,997 16,997 19,566  
2012 14,912 16,918 16,918 19,498  
2013 13,183 16,412 16,412 18,919 Area OFL for W/C/WYK combined, SEO separate 
2014 17,671 19,309 19,309 22,319  
2015 18,733 21,012 21,012 24,360  
2016 23,128 24,437 24,437 28,431  


2017* 20,024 23,918 23,918 27,826  
* Catch as of 10/7/2017  







Table 9-3. FMP groundfish species caught in rockfish targeted fisheries in the GOA from 2011-2017. 
Conf. = Confidential because of less than three vessels or processors. Source: NMFS AKRO Blend/Catch 
Accounting System via AKFIN 10/25/2017. 


Species Group Name 2011 2012 2013 2014 2015 2016 2017 Average 
POP 13,120 13,953 11,555 15,283 17,566 20,402 16,339 15,460 
Northern Rockfish 3,163 4,883 4,527 3,647 3,632 3,155 1,402 3,487 
Dusky Rockfish 2,324 3,642 2,870 2,752 2,492 3,004 2,077 2,737 
Arrowtooth Flounder 341 764 766 1,425 1,397 1,200 1,248 1,020 
Atka Mackerel 1,404 1,173 1,162 446 988 595 483 893 
Walleye Pollock 813 574 829 1,339 1,329 572 773 890 
Other Rockfish 657 889 488 735 849 972 692 755 
Pacific Cod 560 404 584 624 785 365 223 506 
Sablefish 444 470 495 527 434 481 524 482 
Rougheye Rockfish 287 219 274 359 225 351 283 285 
Shortraker Rockfish 242 303 290 243 238 291 224 261 
Thornyhead Rockfish 161 130 104 243 220 336 318 216 
Rex Sole 51 72 89 84 116 140 100 93 
Demersal Shelf Rockfish 27 111 135 38 39 40 40 62 
Deep Water Flatfish 57 54 37 68 44 64 47 53 
Sculpin 39 55 70 33 44 43 43 47 
Flathead Sole 13 16 26 30 46 26 74 33 
Shallow Water Flatfish 48 65 27 28 27 15 11 32 
Longnose Skate 25 23 23 26 33 46 37 31 
Skate, Other 15 20 18 45 21 18 21 23 
Shark 5 5 93 2 6 12 24 21 
Squid 12 15 10 19 24 12 20 16 
Big Skate 8 13 2 4 7 5 2 6 
Octopus 1 1 2 7 11 2 1 3 


  







Table 9-4 . Catch (t) of GOA POP as bycatch in other fisheries from 2011-2017. Source: NMFS AKRO 
Blend/Catch Accounting System via AKFIN 10/25/2017. 


Target 2011 2012 2013 2014 2015 2016 2017 Average 
Arrowtooth Flounder 566 496 424 1400 593 1021 2972 1068 
Rex Sole - GOA 291 94 714 423 227 50 101 271 
Pollock - midwater 50 224 133 351 61 519 333 239 
Pacific Cod 20 53 12 15 166 796 76 163 
Pollock - bottom 124 70 294 179 115 163 130 153 
Shallow Water Flatfish - 
GOA 2 3 20 11 2 139 48 32 


Atka Mackerel 27 - 2 - - 0 18 12 
Flathead Sole 2 2 19 6 - 33 3 11 
Sablefish 17 17 8 2 2 9 4 8 
Deep Water Flatfish - GOA - - 1 1 1 - - 1 


  







Table 9-5. Non-FMP species bycatch estimates in tons for GOA rockfish targeted fisheries 2011 - 2017. 
Conf. = Confidential because of less than three vessels. Source: NMFS AKRO Blend/Catch Accounting 
System via AKFIN 10/25/2017. 


Species Group Name 2011 2012 2013 2014 2015 2016 2017 
Benthic urochordata Conf. Conf. Conf. Conf. 0.28 0.5 0.2 
Birds - Black-footed Albatross - Conf. - - - - - 
Birds - Northern Fulmar Conf. - - Conf. - - Conf. 
Bivalves 0.01 Conf. Conf. 0.01 Conf. Conf. 0.01 
Brittle star unidentified 0.01 0.03 0.02 0.05 0.05 0.03 0.6 
Capelin - - 0.02 - - Conf. - 
Corals Bryozoans 0.26 0.36 0.18 1.92 0.7 0.85 0.47 
Corals Bryozoans - Red Tree Coral 0.1 Conf. Conf. Conf. Conf. - - 
Dark Rockfish - 55.38 - - - - - 
Eelpouts Conf. 0.3 0.04 0.13 0.01 0.02 0.81 
Eulachon Conf. Conf. 0.07 0.02 0.03 0.04 0.13 
Giant Grenadier 466.72 311.1 888.89 512.5 785.81 438.17 742.88 
Greenlings 7.66 8.75 6.99 4.16 8.14 5.79 3.56 
Grenadier - Rattail Grenadier Unidentified 88.88 72.89 27.87 Conf. 43.87 3.4 Conf. 
Gunnels - - - - Conf. - - 
Hermit crab unidentified 0.02 Conf. 0.03 0.04 0.03 0.01 0.03 
Invertebrate unidentified 0.35 3.85 0.18 Conf. 0.19 0.09 0.06 
Lanternfishes (myctophidae) - - Conf. - 0.04 0.14 0 
Large Sculpins - Bigmouth Sculpin - 19.33 - - - - - 
Large Sculpins - Great Sculpin - 1.88 - - - - - 
Large Sculpins - Hemilepidotus Unidentified - Conf. - - - - - 
Large Sculpins - Red Irish Lord - Conf. - - - - - 
Large Sculpins - Yellow Irish Lord - 24.18 - - - - - 
Misc crabs 0.05 0.04 0.05 0.08 0.16 0.35 0.57 
Misc crustaceans Conf. - Conf. Conf. Conf. 0.03 0.01 
Misc deep fish - - Conf. - - Conf. Conf. 
Misc fish 129.52 151.71 159.64 124.6 143.5 101.66 110.06 
Misc inverts (worms etc) Conf. - - - - Conf. - 
Other Sculpins - 0.59 - - - - - 
Other osmerids - Conf. 0.02 Conf. Conf. 0.03 Conf. 
Pacific Hake - - - - Conf. 0.04 Conf. 
Pacific Sand lance Conf. - - - - - - 
Pandalid shrimp 0.06 0.06 0.06 0.1 0.05 0.22 0.14 
Polychaete unidentified - - Conf. - - - 0.02 
Scypho jellies 0 0.16 0.39 5.13 1.63 8.05 0.54 
Sea anemone unidentified 4.07 6.27 4.02 2.15 1.14 1.27 0.69 
Sea pens whips 0.04 - 0.04 0.06 Conf. 0.02 0.03 
Sea star 1.46 0.92 0.89 1.6 3.48 1.72 3 
Snails 0.23 1.26 0.15 0.1 0.26 0.18 0.17 
Sponge unidentified 3.95 1.37 1.27 1.81 5.45 2.88 3.17 
State-managed Rockfish 18.49 - 66.71 50.39 47.47 13.34 24.19 
Stichaeidae - - Conf. Conf. Conf. - Conf. 
urchins dollars cucumbers 0.44 0.3 0.28 0.21 0.99 0.34 0.4 


 


 
  







Table 9-6. Prohibited Species Catch (PSC) estimates reported in tons for halibut and herring, and 
thousands of animals for crab and salmon, by year, for the GOA rockfish fishery. Source: NMFS AKRO 
Blend/Catch Accounting System PSCNQ via AKFIN 10/25/2017. 


Species Group 
Name 2011 2012 2013 2014 2015 2016 2017 Average 


Bairdi Crab 0.03 0.09 0.07 0.19 0.05 0.00 0.74 0.17 
Blue King Crab 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Chinook Salmon 1.01 1.56 2.32 1.25 1.91 0.38 0.17 1.23 
Golden K. Crab 0.13 0.11 0.10 0.03 0.02 0.02 0.18 0.09 
Halibut 108.02 109.22 112.95 123.46 157.09 120.42 99.30 118.64 
Herring 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 
Other Salmon 0.21 0.31 2.02 0.56 0.34 0.22 0.56 0.60 
Opilio Crab 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Red King Crab 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 


  







Table 9-7. Fishery length frequency data for POP in the GOA from 2008-2017. 


Length 
(cm) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 
16 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
17 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
18 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
19 0.000 0.001 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.000 
20 0.000 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.000 0.000 
21 0.000 0.001 0.001 0.001 0.003 0.000 0.002 0.002 0.000 0.001 
22 0.001 0.002 0.003 0.001 0.005 0.001 0.003 0.002 0.001 0.001 
23 0.002 0.001 0.005 0.002 0.008 0.003 0.003 0.003 0.002 0.001 
24 0.002 0.003 0.004 0.002 0.008 0.004 0.003 0.004 0.004 0.002 
25 0.003 0.003 0.003 0.003 0.010 0.008 0.003 0.007 0.004 0.003 
26 0.003 0.005 0.003 0.003 0.015 0.013 0.003 0.009 0.004 0.005 
27 0.003 0.006 0.004 0.003 0.014 0.014 0.005 0.010 0.005 0.007 
28 0.008 0.007 0.005 0.005 0.010 0.015 0.007 0.009 0.007 0.010 
29 0.012 0.008 0.006 0.007 0.009 0.019 0.012 0.010 0.010 0.011 
30 0.016 0.012 0.008 0.010 0.009 0.020 0.020 0.011 0.012 0.013 
31 0.025 0.021 0.014 0.012 0.012 0.022 0.024 0.018 0.015 0.017 
32 0.040 0.040 0.025 0.020 0.021 0.014 0.028 0.024 0.025 0.029 
33 0.063 0.065 0.042 0.033 0.031 0.017 0.034 0.033 0.041 0.054 
34 0.093 0.091 0.074 0.060 0.051 0.032 0.045 0.046 0.069 0.089 
35 0.116 0.126 0.118 0.103 0.088 0.064 0.069 0.070 0.091 0.115 
36 0.130 0.139 0.155 0.140 0.134 0.115 0.107 0.103 0.121 0.124 
37 0.118 0.119 0.149 0.158 0.158 0.149 0.145 0.131 0.135 0.129 
38 0.109 0.108 0.129 0.151 0.142 0.161 0.148 0.148 0.137 0.117 
39 0.090 0.088 0.097 0.109 0.110 0.125 0.126 0.133 0.119 0.101 
40 0.065 0.062 0.063 0.074 0.071 0.085 0.091 0.096 0.085 0.074 
41 0.042 0.038 0.039 0.050 0.044 0.055 0.057 0.064 0.055 0.048 
42 0.025 0.024 0.023 0.025 0.026 0.031 0.034 0.032 0.029 0.026 
43 0.016 0.015 0.013 0.014 0.011 0.018 0.015 0.017 0.014 0.013 
44 0.008 0.007 0.006 0.006 0.004 0.008 0.007 0.008 0.008 0.007 
≥45 0.011 0.006 0.007 0.006 0.005 0.004 0.007 0.006 0.005 0.005 


Total 8,154 9,948 11,174 9,800 12,881 10,761 14,462 15,813 19,982 16,218 
  







Table 9-8. Fishery age compositions for GOA POP 1999-2012. 


Age 1990 1998 1999 2000 2001 2002 2004 2005 2006 2008 2010 2012 2014 2016 
2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
3 0.002 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002 
4 0.016 0.000 0.000 0.005 0.004 0.003 0.002 0.001 0.001 0.005 0.013 0.018 0.009 0.004 
5 0.042 0.000 0.003 0.015 0.002 0.014 0.007 0.012 0.003 0.005 0.005 0.026 0.003 0.002 
6 0.048 0.000 0.016 0.037 0.017 0.016 0.051 0.021 0.045 0.021 0.013 0.020 0.030 0.022 
7 0.071 0.002 0.024 0.026 0.040 0.035 0.040 0.085 0.089 0.031 0.019 0.023 0.046 0.018 
8 0.054 0.008 0.029 0.056 0.029 0.097 0.049 0.085 0.114 0.102 0.070 0.028 0.039 0.059 
9 0.069 0.045 0.043 0.064 0.058 0.078 0.166 0.103 0.108 0.103 0.071 0.046 0.036 0.078 
10 0.106 0.148 0.051 0.057 0.060 0.108 0.177 0.142 0.084 0.161 0.120 0.092 0.061 0.065 
11 0.057 0.166 0.178 0.054 0.060 0.105 0.067 0.114 0.106 0.108 0.149 0.105 0.082 0.047 
12 0.083 0.203 0.191 0.132 0.063 0.051 0.075 0.074 0.087 0.048 0.122 0.116 0.096 0.057 
13 0.057 0.121 0.130 0.127 0.131 0.070 0.069 0.047 0.061 0.090 0.074 0.093 0.080 0.059 
14 0.109 0.113 0.088 0.110 0.146 0.108 0.036 0.044 0.037 0.051 0.057 0.093 0.067 0.053 
15 0.042 0.057 0.120 0.104 0.084 0.086 0.036 0.021 0.035 0.043 0.051 0.051 0.076 0.069 
16 0.016 0.031 0.061 0.060 0.092 0.065 0.049 0.032 0.026 0.023 0.041 0.045 0.065 0.083 
17 0.028 0.033 0.021 0.052 0.061 0.054 0.050 0.050 0.027 0.026 0.040 0.049 0.048 0.068 
18 0.009 0.014 0.019 0.031 0.071 0.038 0.041 0.041 0.035 0.011 0.021 0.033 0.036 0.051 
19 0.012 0.014 0.003 0.025 0.040 0.035 0.030 0.032 0.038 0.026 0.014 0.025 0.041 0.035 
20 0.010 0.002 0.003 0.008 0.015 0.011 0.021 0.026 0.027 0.028 0.014 0.021 0.032 0.029 
21 0.012 0.004 0.000 0.010 0.012 0.003 0.009 0.028 0.025 0.026 0.016 0.015 0.015 0.036 
22 0.003 0.004 0.008 0.011 0.002 0.005 0.007 0.011 0.010 0.026 0.032 0.016 0.021 0.034 
23 0.005 0.012 0.003 0.004 0.006 0.003 0.005 0.008 0.015 0.020 0.011 0.011 0.016 0.020 
24 0.009 0.002 0.000 0.001 0.000 0.003 0.006 0.007 0.010 0.015 0.006 0.006 0.020 0.014 
25+ 0.142 0.023 0.011 0.011 0.006 0.011 0.006 0.015 0.016 0.030 0.041 0.068 0.082 0.092 
Sample 
size 578 513 376 734 521 370 802 727 734 609 631 1024 871 1201 







Table 9-9. Biomass estimates (t) and Gulf-wide confidence intervals for POP in the GOA based on the 
1984-2017 trawl surveys. 


 Western Central Eastern   
Year Shumagin Chirikof Kodiak Yakutat Southeast Total CV 
1984 60,666 9,584 39,766 76,601 34,055 220,672 25% 
1987 64,403 19,440 56,820 47,269 53,274 241,206 23% 
1990 24,543 15,309 15,765 53,337 48,341 157,295 30% 
1993 75,416 103,224 153,262 50,048 101,532 483,482 22% 
1996 92,618 140,479 326,281 50,394 161,641 771,413 26% 
1999 37,980 402,293 209,675 32,749 44,367 727,064 53% 


2001* 275,211 39,819 358,126 44,397 102,514 820,066 27% 
2003 72,851 116,278 166,795 27,762 73,737 457,422 16% 
2005 250,912 75,433 300,153 77,682 62,239 766,418 19% 
2007 158,100 77,002 301,712 52,569 98,798 688,180 17% 
2009 31,739 209,756 247,737 97,188 63,029 649,449 18% 
2011 99,406 197,357 340,881 68,339 72,687 778,670 17% 
2013 157,457 291,763 594,675 179,862 74,686 1,298,443 16% 
2015 130,364 280,345 482,849 93,661 153,188 1,140,407 16% 
2017 194,627 367,439 663,955 97,629 246,709 1,570,359 22% 


*The 2001 survey did not sample the eastern GOA (the Yakutat and Southeastern areas). Substitute estimates of 
biomass for the Yakutat and Southeastern areas were obtained by averaging the biomass estimates for POP in these 
areas in the 1993, 1996, and 1999 surveys, that portion of the variance was obtained by using a weighted average of 
the three prior surveys’ variance. 
 
  







Table 9-10. Survey age composition (% frequency) data for POP in the GOA.  Age compositions for are 
based on “break and burn” reading of otoliths. 


Age 1984 1987 1990 1993 1996 1999 2003 2005 2007 2009 2011 2013 2015 
2 0.003 0.019 0.005 0.006 0.006 0.006 0.016 0.001 0.003 0.005 0.001 0.000 0.006 
3 0.002 0.101 0.043 0.018 0.016 0.020 0.057 0.034 0.020 0.087 0.030 0.022 0.027 
4 0.058 0.092 0.155 0.021 0.036 0.045 0.053 0.050 0.018 0.045 0.046 0.012 0.008 
5 0.029 0.066 0.124 0.044 0.043 0.052 0.071 0.077 0.044 0.049 0.124 0.067 0.061 
6 0.079 0.091 0.117 0.088 0.063 0.026 0.040 0.073 0.041 0.025 0.042 0.058 0.024 
7 0.151 0.146 0.089 0.125 0.038 0.041 0.054 0.119 0.056 0.096 0.036 0.064 0.078 
8 0.399 0.056 0.065 0.129 0.088 0.059 0.107 0.070 0.089 0.065 0.024 0.055 0.053 
9 0.050 0.061 0.054 0.166 0.145 0.095 0.115 0.087 0.125 0.106 0.071 0.057 0.107 
10 0.026 0.087 0.055 0.092 0.185 0.054 0.057 0.092 0.094 0.047 0.073 0.042 0.048 
11 0.010 0.096 0.036 0.045 0.110 0.114 0.053 0.063 0.063 0.053 0.105 0.066 0.036 
12 0.016 0.018 0.024 0.052 0.080 0.144 0.044 0.035 0.064 0.079 0.073 0.064 0.027 
13 0.015 0.011 0.028 0.038 0.034 0.086 0.036 0.027 0.050 0.035 0.065 0.067 0.052 
14 0.019 0.011 0.072 0.025 0.036 0.067 0.057 0.031 0.030 0.039 0.047 0.059 0.033 
15 0.005 0.009 0.017 0.026 0.028 0.046 0.048 0.039 0.026 0.047 0.037 0.053 0.058 
16 0.003 0.011 0.011 0.011 0.006 0.040 0.042 0.022 0.013 0.013 0.024 0.029 0.049 
17 0.008 0.013 0.005 0.036 0.013 0.023 0.032 0.027 0.018 0.006 0.015 0.030 0.044 
18 0.004 0.007 0.008 0.007 0.009 0.013 0.029 0.036 0.039 0.015 0.024 0.037 0.034 
19 0.002 0.005 0.004 0.003 0.014 0.003 0.016 0.024 0.028 0.005 0.024 0.029 0.014 
20 0.000 0.005 0.006 0.002 0.013 0.012 0.015 0.021 0.043 0.012 0.023 0.024 0.036 
21 0.003 0.004 0.004 0.002 0.003 0.007 0.010 0.013 0.024 0.032 0.018 0.018 0.036 
22 0.003 0.003 0.002 0.004 0.004 0.008 0.005 0.018 0.022 0.062 0.009 0.011 0.024 
23 0.002 0.002 0.002 0.002 0.003 0.012 0.006 0.004 0.016 0.013 0.018 0.016 0.013 
24 0.003 0.002 0.006 0.004 0.000 0.004 0.007 0.008 0.018 0.022 0.019 0.016 0.014 
25 0.110 0.083 0.070 0.054 0.027 0.025 0.031 0.030 0.055 0.043 0.053 0.104 0.117 
Sample 
size 1428 1824 1754 1378 641 898 985 1009 1177 418 794 880 760 







Table 9-11. Equations describing population dynamics of POP age-structured assessment model 


Equation Description Parameters and notation 


𝑁𝑁2,𝑦𝑦 = 𝑒𝑒𝜇𝜇𝑟𝑟+𝜀𝜀𝑦𝑦𝑟𝑟  Annual numbers at age of 
recruitment (age-2) 


𝑦𝑦 – year 


𝜇𝜇𝑟𝑟 – average recruitment 


𝜀𝜀𝑦𝑦𝑟𝑟 – annual recruitment deviation 


𝑁𝑁𝑎𝑎,𝑦𝑦 = 𝑁𝑁𝑎𝑎−1,𝑦𝑦−1𝑒𝑒−�𝑀𝑀+𝐹𝐹𝑎𝑎−1,𝑦𝑦−1�


= 𝑁𝑁𝑎𝑎−1,𝑦𝑦−1𝑒𝑒−𝑍𝑍𝑎𝑎−1,𝑦𝑦−1 


Annual numbers at age 
between recruitment age 
and plus age group 


𝑎𝑎 – age 


𝑀𝑀 – natural mortality 


𝐹𝐹𝑎𝑎,𝑦𝑦 – annual fishing mortality at age 


𝑍𝑍𝑎𝑎,𝑦𝑦 – annual total mortality at age 


𝑁𝑁𝑎𝑎+,𝑦𝑦


= 𝑁𝑁𝑎𝑎+−1,𝑦𝑦−1𝑒𝑒
−𝑍𝑍𝑎𝑎+−1,𝑦𝑦−1


+ 𝑁𝑁𝑎𝑎+,𝑦𝑦−1𝑒𝑒
−𝑍𝑍𝑎𝑎+,𝑦𝑦−1 


Annual numbers at age in 
plus age group 𝑎𝑎+ - plus age group (age-29 in model) 


𝑆𝑆𝑆𝑆𝑦𝑦 = �𝑤𝑤𝑎𝑎𝑚𝑚�𝑎𝑎𝑁𝑁𝑎𝑎,𝑦𝑦


𝑎𝑎+


𝑎𝑎=2


 Annual spawning biomass 𝑚𝑚�𝑎𝑎 – maturity at age 


𝑚𝑚�𝑎𝑎 = 1
�1 + 𝑒𝑒−𝛿𝛿𝑚𝑚�𝑎𝑎−𝑎𝑎50%𝑚𝑚 ���  Maturity at age 


𝛿𝛿𝑚𝑚 – logistic slope parameter (m 
denotes parameter for maturity) 


𝑎𝑎50%𝑚𝑚  – logistic age at 50% parameter 
(m denotes parameter for maturity) 


  







Table 9-12. Equations describing estimates of observed data fit by the POP age-structured assessment 
model. 


Equation Description Parameters and notation 


�̂�𝐶𝑦𝑦 = �𝑤𝑤𝑎𝑎
𝑁𝑁𝑎𝑎,𝑦𝑦𝐹𝐹𝑎𝑎,𝑦𝑦(1− 𝑒𝑒−𝑍𝑍𝑎𝑎,𝑦𝑦)


𝑍𝑍𝑎𝑎,𝑦𝑦


𝑎𝑎+


𝑎𝑎=2


 Annual catch 𝑤𝑤𝑎𝑎 – weight at age 


𝐹𝐹𝑎𝑎,𝑦𝑦 = 𝑠𝑠𝑎𝑎,𝑦𝑦
𝑓𝑓 𝐹𝐹𝑦𝑦 = 𝑠𝑠𝑎𝑎,𝑦𝑦


𝑓𝑓 𝑒𝑒𝜇𝜇𝑓𝑓+𝜀𝜀𝑦𝑦
𝑓𝑓
 Annual fishing mortality 


𝑠𝑠𝑎𝑎,𝑦𝑦
𝑓𝑓  – fishery selectivity by time 


period 


𝐹𝐹𝑦𝑦 – annual fishing mortality 


𝜇𝜇𝑓𝑓 – average fishing mortality 


𝜀𝜀𝑦𝑦
𝑓𝑓 – annual fishing mortality 


deviation 


𝑠𝑠𝑎𝑎,𝑡𝑡1
𝑓𝑓 = 1


�1 + 𝑒𝑒−𝛿𝛿
𝑓𝑓�𝑎𝑎−𝑎𝑎50%


𝑓𝑓 ���  
Asymptotic fishery 
selectivity for 1961-
1976 time period 
(logistic) 


𝛿𝛿𝑓𝑓 – logistic slope parameter (f 
denotes parameter for fishery) 


𝑎𝑎50%
𝑓𝑓  – logistic age at 50% parameter 


(f denotes parameter for fishery) 


   


𝐼𝐼𝑦𝑦 = 𝑞𝑞�𝑁𝑁𝑎𝑎,𝑦𝑦𝑠𝑠𝑎𝑎𝑡𝑡𝑤𝑤𝑎𝑎


𝑎𝑎+


𝑎𝑎=2


 
Bottom trawl survey 
biomass index 


𝑞𝑞 – bottom trawl survey catchability 


𝑠𝑠𝑎𝑎𝑡𝑡  – bottom trawl survey selectivity (t 
denotes selectivity for trawl survey) 


 


𝑠𝑠𝑎𝑎𝑡𝑡 = 1
�1 + 𝑒𝑒−𝛿𝛿𝑡𝑡�𝑎𝑎−𝑎𝑎50%𝑡𝑡 ���  Bottom trawl survey 


selectivity 


𝛿𝛿𝑡𝑡 – logistic slope parameter (t 
denotes parameter for trawl survey) 


𝑎𝑎50%𝑡𝑡  – logistic age at 50% parameter 
(t denotes parameter for trawl survey) 


�̂�𝑝𝑎𝑎,𝑦𝑦
𝑡𝑡 = 𝑇𝑇𝑎𝑎→𝑎𝑎′


𝑁𝑁𝑎𝑎,𝑦𝑦𝑠𝑠𝑎𝑎𝑡𝑡


∑ 𝑁𝑁𝑎𝑎,𝑦𝑦𝑠𝑠𝑎𝑎𝑡𝑡𝑎𝑎+
𝑎𝑎=2


 Bottom trawl survey age 
composition 𝑇𝑇𝑎𝑎→𝑎𝑎′ – ageing error matrix 


�̂�𝑝𝑎𝑎,𝑦𝑦
𝑓𝑓 = 𝑇𝑇𝑎𝑎→𝑎𝑎′


�̂�𝐶𝑦𝑦
∑ �̂�𝐶𝑦𝑦𝑎𝑎+
𝑎𝑎=2


 Fishery age composition  


�̂�𝑝𝑙𝑙,𝑦𝑦
𝑓𝑓 = 𝑇𝑇𝑎𝑎→𝑙𝑙,𝑦𝑦


�̂�𝐶𝑦𝑦
∑ �̂�𝐶𝑦𝑦𝑎𝑎+
𝑎𝑎=2


 Fishery length 
composition 𝑇𝑇𝑎𝑎→𝑙𝑙,𝑦𝑦 – size to age transition matrix 


  







Table 9-13. Equations describing the error structure of the POP age-structured assessment model. 


Equation Description Parameters and notation 


𝐿𝐿�̂�𝐶 = 𝜆𝜆�̂�𝐶� ln�
𝐶𝐶𝑦𝑦 + 𝑘𝑘
�̂�𝐶𝑦𝑦 + 𝑘𝑘


�
2


𝑌𝑌


 Catch likelihood 
𝜆𝜆�̂�𝐶 – catch likelihood weight (50) 


𝑘𝑘 – offset constant (0.00001) 


𝐿𝐿𝐼𝐼 = 𝜆𝜆𝐼𝐼�
1


2�𝜎𝜎𝐼𝐼,𝑦𝑦 𝐼𝐼𝑦𝑦⁄ �2
ln�


𝐼𝐼𝑦𝑦
𝐼𝐼𝑦𝑦
�
2


𝑌𝑌


 Bottom trawl survey 
biomass likelihood 


𝜆𝜆𝐼𝐼 – trawl survey biomass weight (1) 


𝜎𝜎𝐼𝐼,𝑦𝑦 – annual survey sampling error  


𝐿𝐿𝑝𝑝�𝑎𝑎𝑓𝑓 = 𝜆𝜆𝑝𝑝�𝑎𝑎𝑓𝑓 ��−𝑛𝑛𝑎𝑎,𝑦𝑦
𝑓𝑓


𝑌𝑌


��𝑝𝑝𝑎𝑎,𝑦𝑦
𝑓𝑓


𝐴𝐴


+ 𝑘𝑘� ln��̂�𝑝𝑎𝑎,𝑦𝑦
𝑓𝑓 + 𝑘𝑘�� 


Fishery age 
composition 
likelihood 


𝜆𝜆𝑝𝑝�𝑎𝑎𝑓𝑓 – fishery age composition weight 
(1) 


𝑛𝑛𝑎𝑎,𝑦𝑦
𝑓𝑓  – fishery age composition input 


sample size (square root of sample 
size) 


𝐿𝐿𝑝𝑝�𝑙𝑙𝑓𝑓
= 𝜆𝜆𝑝𝑝�𝑙𝑙𝑓𝑓


��−𝑛𝑛𝑙𝑙,𝑦𝑦
𝑓𝑓


𝑌𝑌


��𝑝𝑝𝑙𝑙,𝑦𝑦
𝑓𝑓


𝐴𝐴


+ 𝑘𝑘� ln��̂�𝑝𝑙𝑙,𝑦𝑦
𝑓𝑓 + 𝑘𝑘�� 


Fishery length 
composition 
likelihood 


𝜆𝜆𝑝𝑝�𝑎𝑎𝑓𝑓 – fishery length composition 
weight (1) 


𝑛𝑛𝑎𝑎,𝑦𝑦
𝑓𝑓  – fishery length composition 


input sample size (number of hauls 
standardized to maximum of 100) 


𝐿𝐿𝑝𝑝�𝑎𝑎𝑡𝑡 = 𝜆𝜆𝑝𝑝�𝑎𝑎𝑡𝑡 ��−𝑛𝑛𝑎𝑎,𝑦𝑦
𝑡𝑡


𝑌𝑌


��𝑝𝑝𝑎𝑎,𝑦𝑦
𝑡𝑡


𝐴𝐴


+ 𝑘𝑘� ln��̂�𝑝𝑎𝑎,𝑦𝑦
𝑡𝑡 + 𝑘𝑘�� 


Bottom trawl survey 
age composition 
likelihood 


𝜆𝜆𝑝𝑝�𝑎𝑎𝑡𝑡  – fishery age composition weight 
(1) 


𝑛𝑛𝑎𝑎,𝑦𝑦
𝑡𝑡  – fishery age composition input 


sample size (square root of sample 
size) 


𝐿𝐿𝑚𝑚 = ��𝑆𝑆𝐵𝐵𝑛𝑛𝐵𝐵𝑚𝑚�𝑛𝑛𝑎𝑎,𝐷𝐷 ,𝑚𝑚�𝑎𝑎�
𝐴𝐴𝐷𝐷


 


+𝜆𝜆𝑚𝑚 1
�1 + 𝑒𝑒𝛿𝛿𝑚𝑚𝑎𝑎50%𝑚𝑚


��  
Maturity likelihood 


𝐷𝐷 – Dataset 


𝑛𝑛𝑎𝑎,𝐷𝐷 – number observed at age for 
maturity by dataset 


𝜆𝜆𝑚𝑚 – maturity at age 0 penalty weight 
(1000) 


𝐿𝐿𝜃𝜃 =
1


2𝜎𝜎𝜃𝜃2
ln�


𝜃𝜃
𝜃𝜃𝑝𝑝𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟


�
2


 


Prior penalty, used for 
natural mortality (𝑀𝑀), 
bottom trawl survey 
catchability (𝑞𝑞), and 
recruitment variability 
(𝜎𝜎𝑟𝑟)  


𝜃𝜃 – parameter estimate 


𝜎𝜎𝜃𝜃2 – prior uncertainty 


𝜃𝜃𝑝𝑝𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟 – prior parameter estimate 


𝐿𝐿𝑟𝑟 = 𝜆𝜆𝑟𝑟 �
1


2𝜎𝜎𝑟𝑟2
�𝜀𝜀𝑦𝑦𝑟𝑟
𝑌𝑌


+ 𝑌𝑌 ln𝜎𝜎𝑟𝑟� Recruitment deviation 
penalty 


𝜆𝜆𝑟𝑟 – recruitment deviation penalty 
weight (1) 


𝜎𝜎𝑟𝑟 – recruitment variability 


𝐿𝐿𝑓𝑓 = 𝜆𝜆𝑓𝑓�𝜀𝜀𝑦𝑦
𝑓𝑓


𝑌𝑌


 Fishing mortality 
deviation penalty 


𝜆𝜆𝑓𝑓 – fishing mortality deviation 
penalty weight (0.1) 


  







Table 9-14. Summary of results from 2017 compared with 2015 results 


 
2015 15.0 15.0a 15.0b 15.0c 15.0d 17.0 17.1 Likelihoods 


Catch 0.14 0.15 0.17 0.16 0.17 0.18 0.16 0.18 
Survey Biomass 12.21 15.34 15.51 14.07 13.31 14.09 14.82 13.23 
Fishery Ages 18.24 23.20 23.17 23.30 23.57 23.93 28.20 19.28 
Survey Ages 32.03 33.69 33.55 33.37 18.74 18.72 18.93 19.55 
Fishery Sizes 55.34 55.98 66.16 66.27 65.24 65.34 66.11 65.51 
Maturity 103.52 103.52 103.52 103.52 103.52 103.52 103.52 103.52 


Data-Likelihood 221.48 231.88 242.08 240.68 224.55 225.78 231.73 221.27 
Penalties/Priors         


Recruitment Devs 21.56 20.71 22.21 23.02 17.26 16.77 7.93 15.92 
F Regularity 4.63 4.93 4.82 4.93 5.01 5.06 8.03 5.08 


σr prior 5.48 5.76 5.49 5.36 6.39 6.48 8.26 6.64 
q prior 1.12 0.92 1.02 0.89 1.07 1.46 0.35 1.39 
M prior 2.02 1.81 2.28 2.14 2.99 3.25 3.46 3.73 


Objective Fun Total 256.29 266.01 277.92 277.01 257.27 258.79 259.76 254.04 
Parameter Ests.         


Active parameters 152 156 156 156 156 156 154 158 
Mohn’s rho -0.17 -0.21 -0.22 -0.21 -0.18 -0.22 0.20 -0.22 
q 1.95 1.84 1.89 1.81 1.92 2.14 1.46 2.11 
M 0.061 0.060 0.062 0.062 0.064 0.065 0.065 0.066 


σr 0.88 0.86 0.88 0.88 0.83 0.83 0.75 0.82 
Mean Recruitment 52.74 53.72 52.22 52.34 57.02 58.57 82.36 60.84 
F40% 0.102 0.095 0.096 0.096 0.097 0.098 0.109 0.094 
Total Biomass 457,768 452,284 432,626 458,584 468,887 487,310 695,769 511,857 
BCURRENT 157,080 163,584 155,579 166,056 166,967 171,981 250,893 180,014 
B100% 285,327 294,382 281,794 293,631 286,615 290,601 374,590 293,621 


B40% 114,131 117,753 112,718 117,452 114,646 116,240 149,836 117,448 


maxABC 24,437 23,599 22,870 24,231 25,799 26,953 37,210 29,235 
F35% 0.119 0.112 0.113 0.113 0.115 0.116 0.127 0.113 
OFLF35% 28,431 27,571 26,738 28,470 30,251 31,606 43,296 34,761 


  







Table 9-15. Estimated numbers (thousands) in 2015, fishery selectivity, and survey selectivity of POP in 
the GOA. Also shown are schedules of age specific weight and female maturity. 


 
Age 


Numbers in 2015 
(1000's) 


Maturity 
(%) 


 
Weight (g) 


Fishery  
selectivity (%) 


Survey  
selectivity (%) 


2 61,032 0.7 44 0.0 8.6 
3 57,573 1.3 98 0.5 14.8 
4 54,169 2.5 167 2.4 24.2 
5 67,234 4.7 244 6.5 37.0 
6 38,200 8.8 322 13.2 52.0 
7 81,154 15.8 398 22.2 66.6 
8 32,558 26.9 470 33.1 78.6 
9 88,664 41.8 534 45.1 87.1 
10 57,934 58.4 592 57.1 92.6 
11 89,127 73.3 642 68.6 95.8 
12 28,707 84.3 685 78.8 97.7 
13 33,577 91.3 723 87.1 98.7 
14 18,096 95.3 754 93.5 99.3 
15 40,075 97.6 781 97.7 99.6 
16 23,715 98.7 804 99.8 99.8 
17 38,034 99.3 822 100.0 99.9 
18 22,426 99.7 838 98.4 99.9 
19 31,936 99.8 851 95.4 100.0 
20 13,436 99.9 862 91.3 100.0 
21 9,625 100.0 871 86.2 100.0 
22 14,442 100.0 879 80.5 100.0 
23 11,819 100.0 885 74.5 100.0 
24 4,603 100.0 890 68.2 100.0 
25 5,156 100.0 894 62.0 100.0 
26 4,146 100.0 898 55.9 100.0 
27 3,749 100.0 901 50.0 100.0 
28 2,804 100.0 903 44.5 100.0 
29+ 46,426 100.0 910 39.4 100.0 


 







Table 9-16. Estimated time series of female spawning biomass, 6+ biomass (age 6 and greater), catch/6 + 
biomass, and number of age two recruits for POP in the GOA. Estimates are shown for the current 
assessment and from the previous SAFE. 


 Spawning biomass (t) 6+ Biomass (t) Catch/6+ biomass Age 2 recruits (1000's) 
Year Previous Current Previous Current Previous Current Previous Current 
1977 34,839 35,945 99,660 109,138 0.217 0.198 14,244 20,611 
1978 29,188 31,339 82,686 94,528 0.097 0.085 77,505 18,511 
1979 28,591 31,684 78,817 93,157 0.106 0.089 29,198 17,437 
1980 27,562 31,636 74,112 91,057 0.147 0.119 23,413 17,048 
1981 25,194 30,260 66,846 87,227 0.159 0.120 19,082 20,302 
1982 22,888 28,808 75,765 87,989 0.072 0.061 45,155 33,330 
1983 23,100 29,536 80,390 91,897 0.035 0.031 29,234 24,521 
1984 25,079 31,620 86,245 97,425 0.032 0.028 31,333 21,077 
1985 27,910 34,109 90,703 103,171 0.009 0.008 53,579 22,210 
1986 32,106 37,723 103,221 112,879 0.021 0.019 86,788 28,856 
1987 36,066 41,017 110,812 121,298 0.041 0.037 66,669 29,003 
1988 39,094 43,517 116,222 127,593 0.074 0.067 121,897 29,766 
1989 40,469 44,574 122,813 134,154 0.097 0.088 92,906 43,471 
1990 40,749 44,771 135,100 146,238 0.097 0.090 76,304 68,759 
1991 41,286 45,396 143,023 157,421 0.046 0.042 33,762 64,189 
1992 45,609 49,979 172,212 188,079 0.038 0.035 43,218 100,467 
1993 51,609 56,354 196,693 213,916 0.011 0.010 43,587 77,924 
1994 60,934 66,156 222,274 239,805 0.008 0.008 48,607 62,239 
1995 71,757 77,472 236,858 254,584 0.024 0.023 37,917 29,449 
1996 81,651 87,768 247,307 264,932 0.034 0.032 88,776 36,424 
1997 89,728 96,113 253,329 270,753 0.038 0.035 93,711 36,833 
1998 95,719 102,206 257,976 275,326 0.035 0.032 55,331 41,445 
1999 100,181 106,661 259,599 276,881 0.040 0.038 67,979 33,181 
2000 102,609 109,043 271,283 289,395 0.038 0.035 137,833 75,759 
2001 104,573 110,997 285,742 305,496 0.038 0.035 83,326 81,865 
2002 106,407 112,920 290,951 311,281 0.040 0.038 122,753 48,084 
2003 108,607 115,363 297,668 318,892 0.036 0.034 69,073 59,104 
2004 112,270 119,452 322,808 348,192 0.036 0.033 97,002 123,905 
2005 116,649 124,451 336,016 364,509 0.033 0.031 37,284 76,903 
2006 122,123 130,795 359,219 393,479 0.038 0.035 63,633 115,609 
2007 127,528 137,369 367,615 404,905 0.035 0.032 58,495 64,006 
2008 133,826 144,955 382,212 425,855 0.033 0.029 170,831 96,163 
2009 140,419 153,236 382,031 428,893 0.034 0.030 87,209 38,684 
2010 146,233 160,980 385,250 436,654 0.040 0.036 121,603 64,109 
2011 149,871 166,600 383,380 435,785 0.037 0.033 47,296 49,115 
2012 153,001 171,627 410,234 463,173 0.036 0.032 67,471 137,402 
2013 155,268 175,505 419,078 474,774 0.031 0.028 48,162 80,924 
2014 158,513 180,005 437,813 497,888 0.040 0.035 53,343 112,968 
2015 154,984 183,094 434,080 493,381 0.042 0.038 52,880 38,039 
2016  186,267  500,668  0.046  87,506 
2017  180,163  487,661  0.045  38,200 
 
  







Table 9-17. Estimates of key parameters with Hessian estimates of standard deviation (σ), MCMC 
standard deviations (σ(MCMC)) and 95% Bayesian credible intervals (BCI) derived from MCMC 
simulations. 


Parameter µ µ (MCMC) Median 
(MCMC) σ σ(MCMC) BCI-


Lower BCI-Upper 


q 2.114 2.235 2.180 0.468 0.536 1.344 3.426 
M 0.066 0.068 0.068 0.006 0.006 0.056 0.082 
F40% 0.094 0.117 0.109 0.025 0.043 0.061 0.221 
2018 SSB 180,010 184,336 178,422 42,577 46,585 111,382 292,672 
2018 ABC 29,235 35,972 33,110 10,428 15,390 15,598 73,604 


 
  







Table 9-18. Estimated time series of recruitment, female spawning biomass, and total biomass (2+) for 
POP in the GOA. Columns headed with 2.5% and 97.5% represent the lower and upper 95% credible 
intervals from the MCMC estimated posterior distribution. 


 Recruits (age-2) Total Biomass Spawning Biomass 
Year Mean 2.50% 97.50% Mean 2.50% 97.50% Mean 2.50% 97.50% 
1977 26,613 6,708 71,363 120,574 94,283 176,812 35,945 25,948 55,894 
1978 43,717 11,389 95,858 106,716 79,783 164,227 31,339 21,207 52,050 
1979 32,064 8,315 82,278 106,934 79,125 165,851 31,684 21,194 52,829 
1980 27,491 7,253 67,655 106,928 78,403 167,097 31,636 20,911 53,130 
1981 28,947 7,625 69,506 104,450 74,920 167,041 30,260 19,369 52,283 
1982 37,561 11,436 87,232 102,726 71,456 166,174 28,808 17,647 51,225 
1983 37,766 11,287 89,986 106,738 73,659 172,045 29,536 18,105 52,070 
1984 38,802 11,054 91,553 113,886 79,271 180,780 31,620 19,873 54,419 
1985 56,780 18,154 124,316 122,271 85,579 192,801 34,109 21,986 57,535 
1986 89,977 36,373 181,777 135,283 95,944 209,976 37,723 25,024 61,735 
1987 84,069 28,995 176,729 149,331 106,646 232,465 41,017 27,697 65,949 
1988 131,210 62,627 246,137 165,607 118,104 256,367 43,517 29,449 69,738 
1989 101,663 36,617 206,330 180,966 127,955 282,614 44,574 29,810 71,690 
1990 81,049 28,518 164,683 195,144 135,377 308,511 44,771 29,113 73,099 
1991 38,327 10,768 92,394 207,648 141,649 330,545 45,396 28,557 76,054 
1992 47,436 16,929 97,781 225,875 154,133 357,959 49,978 31,285 83,330 
1993 48,025 15,628 103,377 242,201 164,837 383,224 56,354 35,568 93,748 
1994 54,060 18,560 111,883 261,203 179,926 409,888 66,156 42,662 108,067 
1995 43,272 12,131 102,693 277,973 192,985 430,925 77,472 51,034 123,970 
1996 98,826 41,086 194,671 290,769 202,395 449,356 87,768 58,285 139,623 
1997 106,792 45,626 208,212 301,667 209,548 465,754 96,113 63,894 151,715 
1998 62,736 17,996 144,376 311,015 215,044 479,448 102,206 67,968 160,789 
1999 77,136 23,173 166,624 321,432 223,405 493,242 106,661 70,691 167,730 
2000 161,681 83,408 317,602 334,121 230,956 513,491 109,043 71,723 171,466 
2001 100,359 30,394 219,223 348,595 241,180 535,351 110,997 72,392 174,976 
2002 150,847 70,037 298,251 366,222 252,310 563,098 112,920 73,359 177,764 
2003 83,544 23,579 195,233 383,441 264,331 591,514 115,363 74,603 181,394 
2004 125,604 51,438 255,947 403,537 277,224 623,152 119,452 77,524 187,859 
2005 50,544 12,930 132,295 420,663 288,325 651,511 124,451 81,079 195,292 
2006 83,769 27,627 192,191 436,898 297,986 675,620 130,795 85,146 205,158 
2007 64,207 15,485 165,420 447,934 304,527 694,079 137,369 89,330 214,444 
2008 179,576 81,206 381,343 462,000 312,803 715,881 144,955 93,875 226,701 
2009 105,755 23,523 268,313 476,170 322,227 737,794 153,236 98,680 239,142 
2010 147,563 46,227 338,370 491,966 334,728 764,400 160,980 103,382 251,569 
2011 49,723 10,128 158,080 502,880 340,226 781,263 166,600 106,841 261,174 
2012 114,436 26,844 302,083 515,498 347,120 802,690 171,627 110,351 270,463 
2013 50,006 10,303 170,043 524,245 352,542 818,959 175,505 112,384 277,052 
2014 82,053 14,711 303,409 532,774 358,975 831,908 180,005 115,637 285,811 
2015 61,800 10,685 263,147 533,814 357,909 840,071 183,094 116,505 291,058 
2016 61,484 10,983 313,539 531,045 355,001 840,992 186,267 117,695 297,151 
2017 61,032 10,987 294,210 521,420 344,007 836,206 180,163 111,655 292,398 
2018 79,337 14,953 287,988 511,860 334,212 831,093 180,010 111,382 292,672 
2019 79,337 14,134 294,134 496,520 324,661 805,790 176,980 109,497 280,091 


 


  







Table 9-19. Set of projections of spawning biomass and yield for POP in the GOA. This set of projections 
encompasses six harvest scenarios designed to satisfy the requirements of Amendment 56, the National 
Environmental Protection Act, and the Magnuson-Stevens Fishery Conservation and Management Act 
(MSFCMA). For a description of scenarios see Projections and Harvest Alternatives. All units in t. B40% 


= 117,448 t, B35% = 102,767 t, F40% =0.094, and F35% =0.113.  


Year Maximum 
permissible F 


Author’s F* 
(prespecified catch) 


Half 
maximum F 


5-year 
average F No fishing Overfished Approaching 


overfished 
Spawning biomass (t) 


2017 180,165 180,165 180,165 180,165 180,165 180,165 180,165 
2018 179,666 180,150 181,820 181,198 184,005 178,822 179,666 
2019 175,633 177,539 184,002 181,550 192,819 172,441 175,633 
2020 170,427 173,208 184,624 180,416 200,167 165,150 169,621 
2021 164,427 166,986 183,919 178,079 206,098 157,358 161,412 
2022 158,096 160,423 182,252 174,952 210,832 149,540 153,170 
2023 151,904 153,998 180,048 171,491 214,694 142,150 145,370 
2024 146,249 148,121 177,675 168,117 218,040 135,558 138,393 
2025 141,434 143,098 175,515 165,184 221,222 130,022 132,507 
2026 137,597 139,072 173,701 162,905 224,499 125,632 127,805 
2027 134,669 135,975 172,890 161,284 227,953 122,288 124,176 
2028 132,435 133,592 172,540 160,163 231,487 119,790 121,406 
2029 130,717 131,741 172,107 159,412 235,041 117,954 119,322 
2030 129,361 130,267 171,832 158,898 238,516 116,584 117,737 


Fishing mortality 
2017 0.069 0.069 0.069 0.069 0.069 0.069 0.069 
2018 0.094 0.084 0.047 0.061 - 0.113 0.113 
2019 0.094 0.083 0.047 0.061 - 0.113 0.113 
2020 0.094 0.094 0.047 0.061 - 0.113 0.113 
2021 0.094 0.094 0.047 0.061 - 0.113 0.113 
2022 0.094 0.094 0.047 0.061 - 0.113 0.113 
2023 0.094 0.094 0.047 0.061 - 0.113 0.113 
2024 0.094 0.094 0.047 0.061 - 0.113 0.113 
2025 0.094 0.094 0.047 0.061 - 0.113 0.113 
2026 0.094 0.094 0.047 0.061 - 0.113 0.113 
2027 0.094 0.094 0.047 0.061 - 0.112 0.112 
2028 0.094 0.094 0.047 0.061 - 0.111 0.111 
2029 0.094 0.094 0.047 0.061 - 0.110 0.110 
2030 0.094 0.094 0.047 0.061 - 0.109 0.109 


Yield (t) 
2017 21,813 21,813 21,813 21,813 21,813 21,813 21,813 
2018 29,236 29,236 14,884 19,072 - 34,762 29,236 
2019 28,378 28,605 14,969 18,986 - 33,274 28,378 
2020 27,377 27,832 14,942 18,765 - 31,676 32,550 
2021 26,276 26,689 14,813 18,429 - 30,024 30,802 
2022 25,138 25,505 14,606 18,011 - 28,393 29,076 
2023 24,029 24,351 14,350 17,553 - 26,862 27,452 
2024 23,020 23,300 14,083 17,102 - 25,509 26,013 
2025 22,152 22,391 13,829 16,691 - 24,372 24,797 
2026 21,433 21,635 13,602 16,334 - 23,450 23,806 
2027 20,868 21,038 13,415 16,043 - 22,629 22,990 
2028 20,457 20,600 13,280 15,831 - 21,885 22,233 
2029 20,149 20,274 13,188 15,682 - 21,340 21,638 
2030 19,920 20,034 13,138 15,592 - 20,979 21,225 


*Projected ABCs and OFLs for 2018 and 2019 are derived using estimated catch of 21,813 for 2017, and 
projected catches of  26,045 t and 25,126 t for 2018 and 2019 based on realized catches from 2014-2016. 
This calculation is in response to management requests to obtain more accurate projections. 







Table 9-20. Summary of ecosystem considerations for GOA POP. 
 


Ecosystem effects on GOA POP   
Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Phytoplankton and 
Zooplankton Primary contents of stomach 


Important for all life stages, no 
time series Unknown 


Predator population trends   


       Marine mammals 
Not commonly eaten by marine 
mammals No effect No concern 


Birds 
Stable, some increasing some 
decreasing Affects young-of-year mortality Probably no concern 


Fish (Halibut, ling cod, 
rockfish, arrowtooth) 


Arrowtooth have increased, 
others stable 


More predation on juvenile 
rockfish Possible concern 


Changes in habitat quality    


Temperature regime 
Higher recruitment after 1977 
regime shift 


Contributed to rapid stock 
recovery No concern 


Winter-spring 
environmental conditions Affects pre-recruit survival 


Different phytoplankton bloom 
timing  


Causes natural variability, 
rockfish have varying larval 
release to compensate 


Production 
 


Relaxed downwelling in 
summer brings in nutrients to 
Gulf shelf 


Some years are highly variable 
like El Nino 1998 


Probably no concern, 
contributes to high variability 
of rockfish recruitment 


   
GOA POP fishery effects on ecosystem   
Indicator Observation Interpretation Evaluation 
Fishery contribution to bycatch   


Prohibited species Stable, heavily monitored Minor contribution to mortality No concern 
Forage (including herring, 
Atka mackerel, cod, and 
pollock) 


Stable, heavily monitored (P. 
cod most common) 


Bycatch levels small relative to 
forage biomass No concern 


HAPC biota 
Medium bycatch levels of 
sponge and corals 


Bycatch levels small relative to 
total HAPC biota, but can be 
large in specific areas Probably no concern 


Marine mammals and birds 


Very minor take of marine 
mammals, trawlers overall 
cause some bird mortality 


Rockfish fishery is short 
compared to other fisheries No concern 


Sensitive non-target 
species 


Likely minor impact on non-
target rockfish 


Data limited, likely to be 
harvested in proportion to their 
abundance Probably no concern 


Fishery concentration in space 
and time 


Duration is short and in patchy 
areas 


Not a major prey species for 
marine mammals 


No concern, fishery is being 
extended for several month 
starting 2007 


Fishery effects on amount of 
large size target fish 


Depends on highly variable 
year-class strength  Natural fluctuation Probably no concern 


Fishery contribution to discards 
and offal production Decreasing Improving, but data limited 


Possible concern with non-
targets rockfish 


Fishery effects on age-at-
maturity and fecundity 


Black rockfish show older fish 
have more viable larvae 


Inshore rockfish results may not 
apply to longer-lived slope 
rockfish 


Definite concern, studies 
initiated in 2005 and ongoing 


 


  







Table 9-21. GOA rockfish ex-vessel market data. Total and retained catch (thousand metric tons), number 
of vessels, catcher vessel share of retained catch, value (million US$), price (US$ per pound), Central 
Gulf’s share of GOA rockfish retained catch, and Pacific ocean perch, northern rockfish, and dusk 
rockfish share of GOA rockfish retained catch; 2007-2011 average and 2012-2016. 
 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; and ADF&G Commercial Operators 
Annual Reports (COAR). Data compiled and provided by the Alaska Fisheries Information Network (AKFIN). 


 
Table 9-22. GOA rockfish first-wholesale market data. Production (thousand metric tons), value (million 
US$), price (US$ per pound), Pacific ocean perch, northern rockfish and dusky rockfish share of GOA 
rockfish value and price (US$ per pound), and head-and-gut share of value; 2007-2011 average and 2012-
2016. 
 


 
Source: NMFS Alaska Region At-sea Production Reports; and ADF&G Commercial Operators Annual Reports 
(COAR). Data compiled and provided by the Alaska Fisheries Information Network (AKFIN). 


  


Avg 07-11 2012 2013 2014 2015 2016


Total catch K mt 23.6 27.4 24.9 28.8 29 34
Retained catch K mt 21.3 25.2 20.4 23.9 24.8 27.9
Catcher Processors # 12.4 16 13 9 8 12
Catcher Vessels # 186.2 205 172 173 139 130
Catcher Vessel Share of Retained 44% 46% 48% 46% 46% 49%
Ex-vessel value M US$ $8.2 $16.3 $11.8 $11.9 $12.4 $13.8
Ex-vessel price US$/lb $0.175 $0.294 $0.262 $0.225 $0.227 $0.225
Central Gulf share of GOA rockfish 
catch 64% 73% 83% 84% 84% 87%


Pac. Ocn. Perch share of GOA 
rockfish catch 59% 56% 52% 59% 65% 66%


Northern rockfish share of GOA 
rockfish catch 18% 20% 23% 17% 15% 12%


Dusky rockfish share of GOA 
rockfish catch 14% 15% 15% 12% 11% 11%


Avg 07-11 2012 2013 2014 2015 2016


First-wholesale production K mt 11.4 13.0 12.3 14.2 14.5 18.1
First-wholesale value M US$ $28.1 $42.8 $28.2 $34.1 $34.3 $37.0
First-wholesale price/lb US$ $1.12 $1.50 $1.04 $1.09 $1.07 $0.93
Pac. Ocn. perch share of value 58% 56% 53% 58% 63% 67%
Pac. Ocn. perch price/lb US$ $1.07 $1.47 $0.94 $0.98 $0.96 $0.83
Northern rockfish share of value 15% 18% 16% 15% 11% 8%
Northern rockfish price/lb US$ $1.01 $1.35 $0.86 $1.04 $0.98 $0.89
Dusky rockfish share of value 11% 14% 12% 11% 11% 8%
Dusky rockfish price/lb US$ $0.96 $1.48 $0.93 $1.07 $1.20 $0.86
H&G share of value 74% 78% 70% 76% 74% 68%







Table 9-23. Rockfish U.S. trade and global market data. Global production of rockfish and Pacific Ocean 
perch (thousand metric tons), U.S. Pacific ocean perch shares of global production, export volume 
(thousand metric tons), value (million US$) and price (US$ per pound), China’s share of Pacific Ocean 
perch export value and the Chinese Yaun/U.S. Dollar exchange rate; 2007-2011 average and 2012-2017. 
 


 
Source: FAO Fisheries & Aquaculture Dept. Statistics http://www.fao.org/fishery/statistics/en. U.S. Department of 
Agriculture http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx. 


  


2007-2011 
Average 2012 2013 2014 2015 2016


2017       
(thru July)


Global production of 
rockfish K mt 334.2 336.3 352.3 354.4 375.6 - -


Global production of Pac. 
Ocn. perch K mt 67.1 81.6 92.7 100.4 103.6 - -


U.S. share of global Pac. 
Ocn. perch 83.7% 85.2% 86.6% 89.5% 86.6% - -


U.S. Pac. Ocn. perch share 
of global rockfish 10.7% 13.6% 15.0% 16.7% 16.0% - -


Export volume of Pac. Ocn. 
perch  K mt 10.0 13.0 20.1 23.8 22.7 25.6 9.3


Export value  of Pac. Ocn. 
perch     M US$ $16.7 $36.9 $66.4 $79.6 $77.7 $84.6 $30.5


Export price/lb of Pac. Ocn. 
perch US$ $0.76 $1.29 $1.50 $1.52 $1.55 $1.50 $1.49


China's share  of U.S. Pac. 
Ocn. perch export value 60% 67% 42% 65% 52% 67% 60%


Exchange rate, Yuan/Dollar 8.07 6.66 6.15 6.16 6.28 6.64 -



http://www.fao.org/fishery/statistics/en

http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx





Figures 


 
Figure 9-1. Estimated and observed long-term (top figure) and short-term (bottom figure) catch history 
for GOA POP. 







 
Figure 9-2. Fishery age compositions for GOA POP. Observed = bars, actual age composition predicted 
from author recommended model = line with circles. Colors follow cohorts. 







 
Figure 9-3. Fishery length (cm) compositions for GOA POP. Observed = bars, predicted from author 
recommended model = line with circles. 







 
Figure 9-4. NMFS Groundfish Survey observed biomass estimates (open circles) with 95% sampling 
error confidence intervals for GOA POP. Predicted estimates from the recommended model (black line, 
with 95% confidence intervals shown in grey shaded region) compared with last year’s model fit (green 
dotted line). 







 
Figure 9-5. Distribution of GOA POP catches in the 2013-2017 GOA groundfish surveys. 







 
Figure 9-6. Groundfish survey age compositions for GOA POP. Observed = bars, actual age composition 
predicted from author recommended model = line with circles. 







 
Figure 9-7.  Groundfish survey length compositions for GOA POP. Observed = bars. Survey size not used 
in POP model because survey ages are available for these years. 







 
Figure 9-8. Model estimated total biomass (top panel, solid black line) and spawning biomass (bottom 
panel) with 95% credible intervals determined by MCMC (light grey region) for GOA POP. Last year’s 
model estimates included for comparison (dashed line). 







 
Figure 9-9. Estimated selectivities for the fishery for three periods and groundfish survey for GOA POP. 


 
Figure 9-10. Estimated fully selected fishing mortality over time with 95% credible intervals determined 
by MCMC (light grey region) for GOA POP. 







 
Figure 9-11. Time series of POP estimated spawning biomass relative to the target level B35% level and 
fishing mortality relative to F35% for author recommended model. Top shows whole time series. Bottom 
shows close up on more recent management path. 


 







 
Figure 9-12. Estimated recruitment of GOA POP (age 2) by year class with 95% credible intervals 
derived from MCMC (top). Estimated recruits per spawning stock biomass (bottom). Red circles in top 
graph are last year’s estimates for comparison. 


 







 
Figure 9-13. Recruitment deviations from average on the log-scale comparing last cycle’s model (red) to 
current year recommended model (blue) for GOA POP. 


 







 
 
Figure 9-14. Histograms of estimated posterior distributions of key parameters derived from MCMC for 
GOA POP. The vertical white lines are the recommended model estimates. 







 
Figure 9-15. Bayesian credible intervals for entire spawning stock biomass series including projections 
through 2030. Red dashed line is B40% and black solid line is B35% based on recruitments from 1979-2013. 
The white line is the median of MCMC simulations. Each shade is 5% of the posterior distribution.







 


 
Figure 9-16. Retrospective peels of estimated female spawning biomass for the past 10 years from the 
recommended model with 95% credible intervals derived from MCMC (top), and the percent difference 
in female spawning biomass from the recommended model in the terminal year with 95% credible 
intervals from MCMC. 







 


 
Figure 9-17. Random effects model fit (black line with 95% confidence intervals in light grey region) to 
regional bottom trawl survey biomass (green points with 95% sampling error confidence intervals). 


  







 


Appendix 9A.—Supplemental catch data 
 


In order to comply with the Annual Catch Limit (ACL) requirements, non-commercial removals and 
estimates total removals that do not occur during directed groundfish fishing activities are presented. This 
includes removals incurred during research, subsistence, personal use, recreational, and exempted fishing 
permit activities, but does not include removals taken in fisheries other than those managed under the 
groundfish FMP. These estimates represent additional sources of removals to the existing Catch 
Accounting System estimates. For GOA POP, removals are minimal relative to the fishery catch and 
compared to the research removals for many other species. The majority of removals are taken by the 
Alaska Fisheries Science Center’s biennial bottom trawl survey which is the primary research survey used 
for assessing the population status of POP in the GOA. Other research conducted using trawl gear catch 
minimal amounts of POP. No reported recreational or subsistence catch of POP occurs in the GOA. Total 
removals from activities other than directed fishery are such that they represent a very low risk to the POP 
stock. The increase in removals in odd years (e.g., 2013 and 2015) are due to the biennial cycle of the 
bottom trawl survey in the GOA. However, since 2000 removals have been less than 150 t, and do not 
pose significant risk to the stock. 







 


Table 9A-1 Total removals of GOA POP (t) from activities not related to directed fishing, since 1977. 
Trawl survey sources are a combination of the NMFS echo-integration, small-mesh, and GOA bottom 
trawl surveys, and occasional short-term research projects. Other is recreational, personal use, and 
subsistence harvest. 


Year Source Trawl Other Total  
1977 


Assessment of 
POP in the 


GOA 
(Hanselman et 


al. 2010) 


13  13 
1978 6  6 
1979 12  12 
1980 13  13 
1981 57  57 
1982 15  15 
1983 2  2 
1984 77  77 
1985 35  35 
1986 14  14 
1987 69  69 
1988 0  0 
1989 1  1 
1990 26  26 
1991 0  0 
1992 0  0 
1993 59  59 
1994 0  0 
1995 0  0 
1996 81  81 
1997 1  1 
1998 305  305 
1999 330  330 
2000 0  0 
2001 43  43 
2002 60  60 
2003 43  43 
2004 0  0 
2005 84  84 
2006 0  0 
2007 93  93 
2008 0  0 
2009 69  69 
2010 


AKRO 


<1 3 3 
2011 64 <1 64 
2012 <1 <1 1 
2013 83 4 87 
2014  3 2 5 
2015  124 <1 125 
2016  <1 <1 1 
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Executive Summary 


A full, age-structured assessment is presented for GOA rex sole. In previous years, the biomass estimates 
of the assessment were used to calculate OFLs and ABCs using a Tier 5 management approach because 
FOFL and FABC reference points estimated from the assessment were thought to be unreliable. In September 
2017, newly available historical fishery age data were added to the assessment that substantially improved 
reliability of estimates of FOFL and FABC. Therefore, all estimates from the assessment were used to 
calculate OFLs and ABCs using a Tier 3a management approach for the 2017 assessment. The 2015 
model was updated with new data from the previously-used data sources only and OFLs and ABCs were 
calculated using a Tier 5 management approach and these results are reported in Appendix 6A for 
comparison with the 2017 model. 


Summary of Changes in Assessment Inputs 
The following substantive changes were made to assessment inputs: 


(1) All data were input into the assessment by region where they were collected (Eastern GOA or 
Western-Central GOA) 


(2) Fishery age composition data from hauls and ports were added to the model for 1990, 1995, 1999, 
2003, 2005, 2007, 2009, 2010, 2012, 2014-2016 


(3) GOA trawl survey data for age-at-length were used as assessment inputs instead of age composition 
data; 2015 age-at-length data were added to the assessment 


The following data sources were updated with newest years of data: 


(4) 2016-2017 catch biomass was added to the model 
(5) 2015 catch biomass was updated to reflect October-December 2015 catches 
(6) 2016-2017 fishery length composition data were added to the model and 2015 fishery length 


composition data were updated to reflect October – December 2015 catches 
(7) 2017 GOA trawl survey biomass estimates was added to the model 
(8) 2017 GOA trawl survey length composition data was added to the model 


Summary of Changes in Assessment Methodology 
(1) A likelihood component was added to fit the model to fishery age composition data 
(2) Growth was estimated within the assessment model using a conditional age-at-length approach 
(3) The model was split into two areas with growth estimated within each area to account for differences 


in length-at-age between the Eastern GOA and the Western-Central GOA. A recruitment allocation 
parameter (non-time-varying) was estimated to distribute recruitment between the Eastern GOA and 
Western-Central GOA and otherwise no movement between areas was modeled. Growth was 
estimated internally within each of the two areas. Fishery selectivity was estimated only for the 
Western-Central region where the fishery occurs. 







Summary of Results 
The key results of the assessment, based on the author’s preferred (base case) model, are compared to the 
key results of the accepted 2016 update assessment in the table below. A Tier 3a approach was used to 
calculate recommended quantities for the 2017 assessment, while previously a Tier 5 approach was used. 
Three tables are presented. The first shows quantities for the entire GOA, showing quantities as specified 
in the 2016 assessment based on a Tier 5 approach and quantities recommended for the 2017 assessment 
using a Tier 3a approach. The second table describes the Western-Central GOA where length-at-age is 
larger than for the Eastern GOA, based on a Tier 3a approach. The third table shows quantities for the 
Eastern GOA, also based on a Tier 3a approach. 


Quantity 


As estimated or As estimated or 
specified this year for: recommended this year for: 


2017 2018 2018 2019 


M (natural mortality rate) 0.17 0.17 0.17 0.17 
Tier 5 5 3a 3a 
Projected total (3+) biomass (t)     97,982 97,967 
Female spawning biomass (t) 47,008 49,317 45,750 43,575 
     B100% 56,845 56,845 


See area-specific tables below 


     B40% 22,738 22,738 
     B35% 19,896 19,896 
FOFL 0.170 0.170 
maxFABC 0.128 0.128 
FABC 0.128 0.128 
OFL (t) 10,860 11,004 18,706 17,692 
maxABC (t) 8,311 8,421 15,373 14,529 
ABC (t) 8,311 8,421 15,373 14,529 


Status 
As determined in 2016 for: As determined in 2017 for: 


2015 2016 2016 2017 
Overfishing no n/a no n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 


 







Quantity: (Western-
Central GOA) 


As estimated or As estimated or 


specified this year for: recommended this year 
for: 


2017 2018 2018 2019 


M (natural mortality 
rate) 0.17 0.17 0.17 0.17 


Tier 5 5 3a 3a 
Projected total (3+) 
biomass (t) 


Not calculated 


76,644 76,631 


Female spawning 
biomass (t) 36,374 34,569 


     B100% 48,138 48,138 
     B40% 19,255 19,255 
     B35% 16,848 16,848 
FOFL 0.29 0.29 
maxFABC 0.23 0.23 
FABC 0.23 0.23 
OFL (t) 14,375 13,558 
maxABC (t) 11,825 11,145 
ABC (t) 11,825 11,145 


Status 
As determined in 2016 


for: 
As determined in 2017 


for: 
2015 2016 2016 2017 


Overfishing no n/a no n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 


* Projections are based on estimated catches of 1,550t and 2,508 t that was used in place of maximum permissible 
ABC for 2017 and 2018-2019, respectively. The 2017 projected catch was calculated as the current catch of GOA 
rex sole as of October 8, 2017 added to the average October 8 – December 31 GOA rex sole catches over the 5 
previous years. The 2018-2019 projected catch was calculated as the average catch from 2013-2017.  


  







Quantity: (Eastern 
GOA) 


As estimated or As estimated or 


specified this year for: recommended this year 
for: 


2017 2018 2018 2019 


M (natural mortality 
rate) 0.17 0.17 0.17 0.17 


Tier 5 5 3a 3a 
Projected total (3+) 
biomass (t) 


Not calculated 


21,338 21,336 


Female spawning 
biomass (t) 9,376 9,006 


     B100% 9,597 9,597 
     B40% 3,839 3,839 
     B35% 3,359 3,359 
FOFL 0.31 0.31 
maxFABC 0.25 0.25 
FABC 0.25 0.25 
OFL (t) 4,331 4,134 
maxABC (t) 3,548 3,384 
ABC (t) 3,548 3,384 


Status 
As determined in 2016 for: As determined in 2017 


for: 
2015 2016 2016 2017 


Overfishing no n/a no n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 


* Projections are based on estimated catches; the 2017 projected catch was calculated as the current catch of Eastern 
GOA rex sole as of October 8, 2017 added to the average October 8 – December 31 Eastern GOA rex sole catches 
over the 5 previous years. The 2018-2019 projected catch was calculated as the Eastern GOA average catch from 
2013-2017. Catches from the Eastern GOA are small and many are confidential. 


  







The table below shows apportionment of the 2018 and 2019 ABCs among areas. The ABCs calculated for 
the Western-Central area (based on model estimates) are apportioned based on random effects model 
predictions of the proportion of Western-Central survey biomass in the Western and Central areas, 
respectively, in 2018-2019.  Likewise, the ABC calculated for the Eastern area (based on model 
estimates) are apportioned based on random effects model predictions of the proportion Eastern survey 
biomass in the West Yakutat and Southeast areas, respectively. 


Quantity Western Central 


Total 
Western-
Central 


West 
Yakutat Southeast 


Total 
Eastern 


Area 
Apportionment 26.10% 73.90% 100.00% 48.96% 51.04% 100.00% 


2018 ABC (t) 3,086 8,739 11,825 1,737 1,811 3,548 


2019 ABC (t) 2,909 8,236 11,145 1,657 1,727 3,384 
 


Responses to SSC and Plan Team Comments on Assessments in General 
Dec 2016, SSC: Any new model that diverges substantial from the currently accepted model will be 
marked with the two-digit year and a “0” version designation (e.g., 16.0 for a model from 2016). 
Variants that incorporate major changes are then distinguished by incremental increases in the version 
integer (e.g., 16.1 then 16.2), and minor changes are identified by the addition of a letter designation 
(e.g., 16.1a). The SSC recommends this method of model naming and notes that it should reduce 
confusion and simplify issues associated with tracking model development over time. 


All models presented in this assessment are numbered using the recommended naming conventions. 


Responses to SSC and Plan Team Comments Specific to this Assessment 
December 2015, GPT and SSC: The Team/SSC recommends examining rex sole age, growth, and 
maturity information and updating the growth data used in the model as it currently only includes data up 
to 1996. 


An examination of survey and fishery age and length-at-age data was conducted for this assessment and 
growth was re-estimated within the model using data up to 2015. The analysis of length-at-age showed 
differences in the growth curve in Eastern region of the GOA as compared to the Western-Central regions 
and poor model fits to fishery length and age composition data. A consistent pattern occurred over time 
for models with updated growth estimates whereby the model predicted that the fishery caught more 
small fish than were observed and fewer young fish than were observed. An assessment modeling 
approach was used that accounted for differences in growth among the two regions and led to 
substantially better fits to fishery length and age composition data. 


December 2015, SSC: The SSC concurs with the PT and author recommendation that more information 
should be collected on fishery size and age compositions to inform selectivity parameters and potentially 
improve estimates of harvest rates. 


Historical fishery otoliths were aged over the past three years in a collaboration between the authors and 
the AFSC age and growth lab. The historical fishery age data were added to the assessment for the first 
time and substantially reduced uncertainty in estimates of fishery selectivity-at-age and reference points 
related to fishing mortality, and showed that fishery selectivity occurs at a similar age as for maturity, 
resulting in improved estimation of harvest rates. Based on these improved estimates of harvest rates, this 







year, GOA rex sole OFLs and ABCs were calculated using a Tier 3 approach using the biomass and 
fishing mortality estimates from the assessment.  


December 2015, SSC: The SSC concurs that further research on genetics and growth should be 
conducted to explore these two growth patterns seen on the otoliths. 


A future research collaboration with staff from the ageing program could be conducted to explore whether 
genetic differences exist between rex sole with different growth curves (in particular, rex sole in the 
Eastern GOA as compared to rex sole in the Western and Central GOA). The analysis of survey and 
fishery length-at-age data in this assessment corroborates the differences found in otolith patterns by the 
age and growth lab. It is not known whether differences are related to genetics or environmental 
conditions, or a combination. 


September 2017, GPT: The Team recommended to include the new age data going forward based on the 
age-length keys specific to year, gear season. 


Fishery age-length keys specific to year and season were used in this assessment. GOA rex sole are only 
caught by non-pelagic trawl. Additionally, note that using fishery age-length keys that were not specific 
to gear and season produced nearly identical results. 


September 2017, GPT: The Team also recommended to re-evaluate how growth affects model results. 


See response to December 2015 SSC and November 2015 GPT comments. 


Introduction 


Rex sole (Glyptocephalus zachirus) is a right-eyed flatfish occurring from southern California to the 
Bering Sea and ranging from shallow water (<100m) to about 800 meters depth (Mecklenburg et al., 
2002).  They are most abundant at depths between 100 and 200m and are found throughout the Gulf of 
Alaska (GOA), with the highest biomass found in the Central GOA. 


Rex sole appear to exhibit latitudinal changes in growth rates and size at sexual maturity.  Abookire 
(2006) found marked differences in growth rates and female size at maturity between stocks in the GOA 
and off the coast of Oregon.  Size at sexual maturity was greater for fish in the GOA than in Oregon, as 
was size-at-age.  However, these trends offset each other such that age-at-maturity was similar between 
the two regions. 


Rex sole are batch spawners with a protracted spawning season in the GOA (Abookire, 2006).  The 
spawning season for rex sole spans at least 8 months, from October to May. Eggs are fertilized near the 
sea bed, become pelagic, and probably require a few weeks to hatch (Hosie et al. 1977).  Hatched eggs 
produce pelagic larvae that are about 6 mm in length and are thought to spend up to 9 months in a pelagic 
stage in the northern GOA before settling out to the bottom as 5 cm juveniles (Abookire and Bailey 
2006). Rex sole are found offshore in the GOA during the spawning season and larvae are broadly 
distributed over the slope and shelf. Rex sole are one of several GOA flatfish species with larvae that 
exhibit cross-shelf transport, moving to several nearshore nursery areas where they remain as juveniles 
(Bailey et al. 2008, Abookire and Bailey 2006). Several flatfish species in the Gulf of Alaska, including 
rex sole, Dover sole, Pacific halibut, and arrowtooth flounder have shown synchrony in recruitment 
patterns over time that have been linked to an environmental indicator related to sea surface height 
(Stachura et al. 2014). 


Rex sole are benthic feeders, preying primarily on amphipods, polychaetes, and some shrimp. 


Management units and stock structure  


In 1993 rex sole was split out of the deep-water management category because of concerns regarding the 
Pacific ocean perch bycatch in the rex sole target fishery.  The stock within the GOA is managed as a unit 







stock but with area-specific ABC and TAC apportionments to avoid the potential for localized depletion.  
Little is known on the stock structure of this species. However, otoliths exhibit two distinct growth 
patterns (pers. Comm. D. Anderl 2015) and data shown in this assessment show that length older ages in 
the Eastern GOA is smaller than those for the Western and Central areas. 


Fishery 


Rex sole in the Gulf of Alaska are caught in a directed fishery using bottom trawl gear.  Fishing seasons 
are driven by seasonal halibut PSC apportionments, with approximately 7 months of fishing occurring 
between January and November and the greatest proportion of catches in the second quarter of the year 
(Table 1-Table 3). Catches of rex sole occur primarily in the Western and Central management area in the 
Gulf (statistical areas 610 and 620 + 630, respectively), with the greatest proportion of catch in the 
Central region (Table 1 & Table 4).  Recruitment to the fishery begins at about age 5. 


Catch is currently reported for rex sole by management area (Table 1). Catches for rex sole were 
estimated from 1982 to 1994 by multiplying the deepwater flatfish catch by the fraction of rex sole in the 
observed catch.  Historically, catches of rex sole have exhibited decadal-scale trends. Catches increased 
from a low of 93 t in 1986 to a high of 5,874 t in 1996, then declined to 1,464 t in 2004. The 2009 catch 
(4,753 t) was the largest since 1996. Catches declined after 1996, but increased to 3,707 t in 2013. Catch 
declined from 3,577 t in 2014 to 1,748 t in 2015. The current catch in 2017 (as of October 8, 2017) was 
1,315 t. 


The catch of rex sole is widely distributed along the outer margin of the continental shelf in the central 
and western portions of the Gulf (Table 1) and few, if any, catches occur in the Eastern Gulf. 


Historical specifications from 1995-2017 are shown in Table 5. The ABC for rex sole has been specified 
as the TAC in each year since 1997. The fishery catches from 2010-2014 ranged from 25-39% of the 
TAC and ABC. From 2015-2017 the fishery catches ranged from 18-21% of the TAC. 


Estimates of retained and discarded catch (t) in the rex sole fishery since 1995 were calculated from 
discard rates observed from at-sea sampling and industry reported retained catch (Table 5). Retention of 
rex sole is high and has generally been over 95%.  


Data 


The following data were included in the assessment model: 


Source Data Years 
NMFS Groundfish 
Survey Survey Biomass 1984-1999 (triennial); 2001-2017 (biennial) 


  
Ages Conditioned on 
Length 1984, 1987, 1993, 1999; 2001-2015 (biennial) 


 Age Composition* 1984, 1987, 1993, 1999; 2001-2015 (biennial) 
  Length Composition 1984-1999 (triennial); 2001-2017 (biennial) 
U.S. Trawl Fisheries Catch 1982- October 8, 2017 
  Length Composition 1982-1984, 1990-2017 
 Age Composition 1992,1995,1999,2003,2005,2007,2009,2010,2012 


2014-2016 
*Developmental models only 







Fishery Data 
This assessment used (1) fishery catches from 1982 through October 8, 2017 (Table 1, Figure 1), (2) the 
proportion of individuals caught by length group and sex for the years specified in the table above 
(through October 8, 2017); 
http://www.afsc.noaa.gov/REFM/Docs/2017/FTP_GOA_Rex_Composition_Data_And_SampleSize_201
7.xlsx) and (3) estimates of the proportion of individuals caught by age group and sex for the years 
specified in the table above. Unsexed individuals were excluded from the fishery length- and age-data.  


An age-length key specific to year and season was used to calculate age compositions using raw length 
frequency data collected at the time of the haul and at ports for years in which age data was available. 
Table 3 and Table 4 show that the proportion of length samples from each quarter and NMFS area are 
similar to the proportion of catches from each quarter and NMFS area, respectively, indicating that use of 
raw length data (rather than length data standardized by size of each fishery haul) was reasonable. Size of 
haul was not available for samples collected at a port; therefore, use of raw length data allowed for 
samples from ports and hauls to be included in the analysis together. Figure 2-Figure 5 show fishery 
length-at-age data by cohort by year, management area, season, and type of sample (port vs haul). Some 
older cohorts appear to be smaller than older fish in newer cohorts. These older cohorts appear to be 
sampled at the port. No obvious area-specific differences in length-at-age can be seen from these plots. 
However, the fishery does not operate in the Eastern GOA. There is some variation in length-at-age by 
season and this is why age-length keys specific to both year and season were used to calculate fishery age 
compositions. 


Sample sizes for the length and age compositions were set to the number of fishery hauls for which length 
or age data were collected, respectively 
(http://www.afsc.noaa.gov/REFM/Docs/2017/FTP_GOA_Rex_Composition_Data_And_SampleSize_201
7.xlsx). In cases where length or age samples were collected at a port and the number of hauls from which 
the age data originated was missing for that port sample, the mean number of hauls per port sample (9 
hauls) was used. 


Survey Data 
This assessment used estimates of total biomass for rex sole in the Gulf of Alaska from triennial (1984-
1999) and biennial (2001-2017) groundfish surveys conducted by the AFSC’s Resource Assessment and 
Conservation Engineering (RACE) division to provide an index of population abundance (Table 7 and 
Table 8). The preferred model separated estimates of biomass for eastern GOA from biomass estimates 
from the western and central regions (Table 7). Although survey depth coverage has been inconsistent for 
depth strata > 500 m (Table 8), the fraction of the rex sole stock occurring in these depth strata is typically 
small, so the survey estimates of total biomass were not corrected for missing depth strata.  Survey 
biomass has fluctuated on decadal time scales.  From an initial low of ~60,000 t in 1984, estimated 
biomass increased to a high of almost 100,000 t in 1990, then declined during the 1990s to slightly above 
70,000 t.  Subsequently, survey biomass increased once again and was above 100,000 t in the 2005-2009 
period.  In the most recent period from 2011 – 2017, the survey biomass was slightly lower, between 
87,313 t and 101,000 t. The survey biomass for 2017 was 97,720 t. Consistently over time, survey 
biomass has been greatest in the central GOA and smallest in the western GOA, but occurs in all three 
regions (central, eastern, and western GOA). 


Estimates of the total number of individuals by length group (length compositions) from each RACE 
GOA groundfish survey were included in the assessment, as were estimates of the distribution of ages in 
each year 
(http://www.afsc.noaa.gov/REFM/Docs/2017/FTP_GOA_Rex_Composition_Data_And_SampleSize_201
7.xlsx).  Survey age data were available for all survey years except for 2017 (1984, 1987, 1990, 1993, 
1996, 1999, 2001, 2003, 2005, 2007, 2009, 2011, 2013, and 2015). The age data for 1990 were excluded 
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from the model because the underlying ages may be biased due to the age reading technique (surface age 
reading) used to process the otoliths.  


In the preferred model, raw age data by length was entered directly into the assessment (a conditional age-
at-length approach). In other developmental model runs, age compositions were calculated from age-
length data using the corresponding size compositions; in these models, size compositions were de-
weighted in the model likelihood for years where age composition data was available to avoid double-use 
of data.  In these developmental models, survey size composition data was fully weighted in the model 
likelihood only for years when age compositions were unavailable (1990 and 2011). Effective sample 
sizes used in the model are listed with length and age composition data at 
http://www.afsc.noaa.gov/REFM/Docs/2017/FTP_GOA_Rex_Composition_Data_And_SampleSize_201
7.xlsx. Number of hauls for which length samples exist was used as effective sample size for length 
composition data where age compositions were used. Number of otoliths aged was used as effective 
sample size for conditional age-at-length data. Samples collected in the Eastern GOA were entered 
separately from data in the Western-Central GOA in the preferred base case model and were aggregated 
over all areas in the GOA in developmental models. 


Figure 6-Figure 10 show survey length-at-age data by cohort and by year, area, and depth. Older fish in 
the Eastern GOA are smaller than those in the Western and Central GOA for both males and females. 
Fewer very large fish (and fewer fish in general) occur at depths of 500m and deeper.  Additionally, there 
is a small amount of variation in length-at-age over time (Figure 9-Figure 10).  


Analytic Approach 


Model Structure 
The assessment was a split sex, age-structured statistical catch-at-age model implemented in Stock 
Synthesis version 3.3 (SS) using a maximum likelihood approach. SS equations can be found in Methot 
and Wetzel (2013) and further technical documentation is outlined in Methot (2009). Age classes 
included in the model run from age 0 to 20. The oldest age class in the model, age 20, serves as a plus 
group. Age at recruitment was set at 3 for the purpose of projections and calculation of management 
quantities, as few rex sole are observed before age 3. Survey catchability was fixed at 1.0.  


Age-based double-normal functions without a descending limb (instead of a logistic function) were used 
to model fishery and survey selectivity for all model runs. The double-normal formulation was used 
because the SS modeling framework does not currently include the option of estimating sex-specific, age-
based logistic selectivity where both male and female selectivity maintain a logistic shape. 


Three developmental models (Model 15.0, 17.0, and 17.1) and one base case model (Model 17.2) are 
presented in this assessment. Model 15.0 was the most recently accepted model with 2016 and 2017 data 
added to the same data sources that were used in 2015 (McGilliard et al. 2015).  


Model 17.0 was the same as model 15.0, but with the addition of newly available historical fishery age 
data for the years described in the table of data inputs above. These age data were added because previous 
models estimated unusual age-based fishery selectivity curves based only fishery length composition data; 
these estimated selectivity curves led to unusually high estimates of FOFL and FABC that were thought to be 
unreliable (e.g. McGilliard et al. 2015, Stockhausen et al. 2011, and earlier assessments). 


Model 17.1 was the same model as for 17.0, except that it implemented a conditional age-at-length 
approach to estimate growth by entering raw age data by associated length bin and fitting to these data 
using a multinomial likelihood component for age data within each length bin. Estimating growth within 
the assessment model using this approach allows for uncertainty in growth estimates to propagate through 
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the model such that it is taken into account in uncertainty estimates of key model outputs and derived 
quantities. In addition, it resolves a key issue with external estimation of growth where it is not possible 
to account for the effects of size-based selectivity on length-at-age data when estimating growth curves 
(Stewart 2007). Growth estimates for GOA rex sole had not been updated since 1996 and growth 
estimates using more recent data were needed and requested by the GOA Plan Team and SSC (see 
“Results” section for more details). 


Model 17.2 differs from Model 17.1 in that it was a 2-area model (Eastern GOA and Western-Central 
GOA) with separate growth curves estimated based on survey data from each area. This model used the 
newly available fishery age data as for Models 17.0 and 17.1 and a conditional age-at-length approach as 
for Model 17.1, but split the survey data by region: the Eastern GOA and Western-Central GOA. Survey 
biomass estimates, length composition data, and conditional age-at-length data were input separately for 
these two regions. Survey catchability was fixed at 1 for both regions. A non-time-varying parameter was 
estimated to specify the proportion of recruits that settle in the Eastern GOA. Therefore, Model 17.2 
assumes that the Eastern and Western-Central GOA have a similar recruitment pattern among years. All 
fishery data are input to the model and associated with only the Western-Central GOA. Survey selectivity 
parameters and growth parameters (von-Bertalanffy k, Lmax, and Lmin, and the CV of the youngest and 
oldest fish) were estimated for each of the two regions separately. Male survey selectivity was nearly 
identical to female survey selectivity in preliminary model runs and therefore male and female survey 
selectivity was set to be equal in Model 17.2. This model was implemented because fits to fishery length 
and age composition data were particularly poor in all models that incorporated the newly available 
historical fishery age data; an examination of survey and fishery length-age data showed that fish in the 
Eastern GOA do not grow as large as fish in the Western-Central GOA (Figure 8). The fishery only 
operates in the Western-Central GOA and we hypothesized that model fits showing an expectation of 
more small fish and fewer large fish in the fishery than were observed could be caused by a lack of 
accounting for differences in growth in the Eastern GOA as compared to the Western and Central GOA 
(see “Results” section for more details).  


Other approaches were considered to account for the difference in growth between the Western-Central 
GOA and the Eastern GOA, as follows, including (1) conducting an assessment for the Western-Central 
GOA and using data for this region only; this method was not used because ABCs and OFLs are specified 
for the entire GOA and not just the Western-Central region; (2) conducting the model with survey 
biomass observations for the entire GOA and survey length and age data for only the Western-Central 
region; this method was not used because it is a mis-specification or a “hack” that could lead to biased 
estimates; (3) conducting separate models for the Western-Central GOA and the Eastern GOA and 
summing model results; this method was not used because it would require the estimation of many more 
parameters (including yearly recruitment deviations and yearly fishing mortality for two separate regions) 
and important information shared by the two areas could not be used to inform the models. In addition, 
distribution of recruits among areas could not be taken into account, which could lead to bias in situations 
where fishing intensity varies among areas (Cope and Punt 2011); (4) conducting a model with two areas 
and a separate growth curve in each area (as for 17.2), but estimating yearly deviations in the proportion 
of recruits that settle in the Eastern GOA. Model runs using this method (assuming a standard deviation 
of 0.5 for the distribution of deviations in proportion of fish settling in the Eastern GOA) did not improve 
fits to the data despite allowing the model to estimate many more parameters. Therefore, it was concluded 
that estimating a single, non-time-varying parameter to describe the proportion of recruits settling in the 
Eastern GOA for Model 17.2 (an assumption that the recruitment signal among areas is related) is 
reasonable. 


Fishery and Survey Selectivity 


The fishery and survey selectivity curves were estimated using age-based double-normal functions 
without a descending limb (instead of a logistic function). The SS modeling framework does not currently 
include the option of estimating sex-specific, age-based logistic selectivity where both male and female 







selectivity maintain a logistic shape (as was used in the previous assessment models prior to moving the 
model to SS). Models 15.0, 17.0, and 17.1 use sex-specific survey and fishery selectivity. In Model 17.2 
(the growth morph model), survey selectivity was made the same for males and females after preliminary 
model runs showed that male and female survey selectivity were estimated to be nearly identical. Fishery 
selectivity in Model 17.2 was sex-specific and the fishery occurred only in the Western-Central GOA. 
Very little data exist to inform fishery selectivity curves for the Eastern GOA because trawling is not 
permitted in the Eastern GOA. 


Recruitment Deviations 


Recruitment deviations were estimated for an early period from 1965-1981 and a current period from 
1982-2015 with a σR = 0.6 and were set to mean recruitment for 2016-2017 (little information exists on 0-
1 year old GOA rex sole and recruitment cannot be estimated reliably for these years).  


Data Weighting 


Effective sample sizes for all length and age composition data were set to the number of hauls for which 
lengths were measured for length compositions and number of hauls for which ages were measured for 
age compositions (Pennington and Volstad 1994). Effective sample size for conditional age-at-length data 
was set at the number of individuals. Data sources were weighted relative to one another using the 
McAllister-Ianelli method (McAllister and Ianelli 2007), as for the 2015 model (McGilliard et al. 2015). 
For Model 17.2 (the growth morph model), Eastern GOA and Western-Central GOA length composition 
data shared a variance adjustment (1.5) according to the McAllister-Ianelli method. Likewise, the 
conditional age-at-length data shared a variance adjustment according to the McAllister-Ianelli method 
(0.5); the number of hauls for which length samples existed in each region provided a weighting for data 
from each region relative to the other region. The variance adjustment for fishery length composition data 
was 0.2 and the variance adjustment for fishery age composition data was 0.6. A data weighting approach 
following Francis (2013) was implemented as a sensitivity analysis.  


Parameters Estimated Outside the Assessment Model 
Natural mortality   


Male and female natural mortality were fixed and equal to 0.17, as for previous assessments (McGilliard 
et al. 2015). 


Growth 


Growth was estimated within the assessment model for the base case model (17.2) and for Model 17.1 
and are described in the section “Parameters Estimated Inside the Assessment Model.” 


For Models 15.0 and 17.0: 


Length-at-age was estimated externally using data from the GOA groundfish survey from 1984-1996 
(Turnock et al. 2005) and assumed to follow the von-Bertalanffy growth curve as described in Methot and 
Wetzel Appendix A (2013): 


The estimated values are as follows, where age at minimum size was 2 and age at maximum size was 20: 


  Lamin Lamax k 
Females 14.99 44.787 0.315 
Males 14.56 39.473 0.379 


 


Fixed sex-specific age-length conversion matrices were calculated within SS (Methot and Wetzel 2013) 
based on the parameters of the von-Bertalanffy growth curve and specified coefficients of variation (CVs) 







for length-at-age for the youngest and oldest age classes of 0.13 and 0.08, respectively, for both males and 
females. 


Weight-at-Age Relationship  


The weight-at-age relationship was that used in the previous assessment (McGilliard et al. 2015) and is 


based on the weight-length relationship and the parameters of the von-Bertalanffy growth 
curve. The parameters of the weight-length relationship are as follows: 


  α β 
Females 1.35E-06 3.44963 
Males 2.18E-06 3.30571 


 


Maturity 


Abookire (2006) modeled female rex sole size-at-maturity using a logistic model, obtaining a value for 
size at 50% maturity of 351.7 mm with a slope of 0.0392 mm-1.  About half of the maturity samples were 
obtained from fishery catches and half from research trawls during 2000-2001.  Using the mean length-at-
age relationship estimated from the 1984-1996 survey data, the age at 50%-maturity was estimated at 5.7 
years and the slope was equal to -1.113. Estimates of mean size-at-age for the maturity samples were 
similar to those for mean size-at-age estimated from the survey data (Turnock et al., 2005). 


Survey catchability 


Survey catchability was fixed at 1 in all models. In Model 17.2 (the growth morph model), survey 
catchability was equal to 1 for all areas/growth morphs. 


Parameters Estimated Inside the Assessment Model 
Parameters estimated within all models were the log of unfished recruitment (R0), log-scale recruitment 
deviations, yearly fishing mortality, and selectivity parameters for the fishery and survey. The selectivity 
parameters are described in greater detail in Table 9.  


In the growth morph model (Model 17.2), survey selectivity parameters were not sex-specific and two 
survey selectivity curves were estimated; one for the Eastern GOA and one for the Western-Central GOA. 
Fishery selectivity parameters for Model 17.2 were estimated by sex and for the Western-Central GOA 
only.  


Growth 


Sex-specific growth parameters (Lamax=20+, Lamin=2, k, CV of length-at-age at age 2, CV of length-at-age at 
age 20+) were estimated inside the assessment model for Models 17.1 and 17.2. For Model 17.2, these 
growth parameters were estimated separately for the Eastern GOA and for the Western-Central GOA for 
a total of 4 sets of estimated growth parameters (female Eastern GOA, male Eastern GOA, female 
Western-Central GOA, male Western-Central GOA).  


Results 


Model Evaluation 
Summary of the development of the base case model and comparison of models 


In previous years, the biomass estimates from the rex sole assessment were used to calculate management 
quantities using a Tier 5 approach; a Tier 5 approach was chosen because the fishing mortality rates and 
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corresponding FOFL and FABC values estimated by the model were thought to be unrealistically high (FOFL 
= 1.42 and FABC = 0.99 for the 2015 model based on a Tier 3a management approach). These high fishing 
mortality rates are driven by a fishery selectivity curve estimated by the model that suggests that only fish 
older than the age-at-maturity are caught by the fishery. This model (Model 15.0) was implemented with 
new data added and exhibited similar model fits and parameter estimates to those found in 2015 (Figure 
11, top left panel). 


At the September 2017 GOA Plan Team meeting, an alternative model was presented where historical 
fishery age data that were newly aged were added as a data source to the assessment and the model was fit 
to these ages in place of fishery lengths in the years where ages existed (Model 17.0). The addition of 
fishery age composition data to the assessment led to estimates of fishery selectivity occurring at 
approximately the age at maturity (Figure 11, top right panel). This new selectivity curve led to lower 
estimates of fishing mortality rates (Figure 22) and F-related reference points (FOFL = 0.35 and FABC = 
0.28). However, fits to fishery length composition data showed a mismatch between model estimates and 
the data (Figure 12, top right panel). Specifically, the model estimated that more small fish and fewer 
large fish (both male and female) were caught in the fishery than were observed. In addition, the opposite 
trend occurred in fits to the fishery age composition data, where more young fish were observed than 
were predicted (Figure 13, top right panel). Fits to survey length and age composition data for Model 17.0 
did not show the patterns exhibited by the fishery composition data and were fairly reasonable (Figure 12 
and Figure 13, top right panels).The author and GOA Plan Team agreed that although the addition of 
fishery age data to the model was an improvement, new growth curves were needed to explore and 
(hopefully) resolve the poor fits to fishery length and age composition data. Figure 14 shows fits to 
length-at-age from the growth curves that were estimated outside of the assessment model (based on data 
up to 1996) and corresponding 95% confidence intervals overlaid on raw age-length data. Confidence 
bounds do not appear to encompass 95% of the observations. In addition, it appears as though the growth 
curve for females may underestimate lengths at older ages. 


Model 17.1 addressed concerns about outdated growth estimates by using a conditional age-at-length 
approach to estimate growth within the assessment model based on survey age-at-length data (Figure 15). 
Estimating growth within the assessment model allows for uncertainty in growth estimates to propagate 
through the model such that it is taken into account in uncertainty estimates of key model outputs and 
derived quantities. In addition, this approach resolves a key issue with estimating growth outside of the 
assessment model, which is that it is not possible to account for the effects of survey selectivity on age-
length data when estimating the growth curves outside the model. CVs in length at ages 2 and 20 are 
higher in Model 17.1 than in Model 17.0 for both males and females (Table 11, Figure 14, and Figure 15).  
However, Model 17.1 showed a similar mismatch in model fits to fishery length and age composition data 
as for Model 17.0 in that both models estimated that more small fish and fewer large fish were caught in 
the fishery than were observed (Figure 12, bottom left panel) and more young fish were observed by the 
fishery than predicted (Figure 13, bottom left panel).  


An examination of survey age-length data by year, area, and depth (Figure 6-Figure 10) showed 
differences in growth in the Eastern GOA (Figure 6-Figure 8). Specifically, fish in the Western and 
Central GOA grow larger than fish in the Eastern GOA. A direct comparison of the eastern GOA to the 
combined Western-Central GOA is shown in Figure 8. The fishery does not operate in the Eastern GOA; 
it operates only in the Western and Central GOA, and fishery age-length data are similar to those in the 
Western and Central GOA (compare Figure 4 to the Western-Central GOA in Figure 8). Growth curves 
estimated using both Eastern GOA and Western-Central GOA age-length data, therefore, could 
underestimate length-at-age in the Western-Central region and could lead to the patterns in model fits to 
fishery age- and length-composition data that were observed in Models 17.0 and 17.1 in Figure 12 and 
Figure 13 (upper right and lower left panels).  


Model 17.2 was developed to account for differences in growth in the Eastern and Western-Central 
regions. The model is a two-area model with growth and survey selectivity parameters estimated 







separately for each region (see section entitled “Model Structure”). Fits to fishery age and length 
composition data and fits to survey length composition data are much improved in Model 17.2 (Figure 12 
and Figure 13, lower right panel). Figure 16 shows fits of the area- and sex-specific growth curves to the 
survey age-length data for Model 17.2. Accounting for differences in growth in the Eastern GOA leads to 
lower estimates of variability in growth in both regions as compared to Model 17.1, where area-specific 
differences in growth are not taken into account (Table 11). Length at age 20 is 9.75 cm smaller for 
females and 6.3 cm smaller for males in the Eastern GOA as compared to females and males in the 
Western-Central region, respectively.  


Figure 17 shows observed and predicted survey biomass for the one-area models: Models 15.0, 17.0, and 
17.1, and Figure 18 shows observed and predicted survey biomass for Model 17.2 for the Western-Central 
area and the Eastern area. Predicted survey biomass is similar among the three one-area models and for 
the Western-Central area in Model 17.2. The predicted survey biomass for the Eastern area in Model 17.2 
exhibits a similar trend to the predicted survey biomass in the Western-Central area. There were no 
samples taken in the Eastern GOA in 2001 and estimates of survey biomass in the Eastern GOA in 1999 
and 2003 do not follow the observations closely. This may be related to uncertainty due to the missing 
observation in 2001. Overall, predicted survey biomass follows observations reasonably well in most 
years for the two areas, as compared to Model 17.1 (Figure 17 and Figure 18). 


Figure 19-Figure 22 show a comparison of spawning biomass, recruitment, recruitment deviations, and 
fishing mortality among models. Figure 19 shows that accounting for differences in growth among areas 
leads to slightly higher estimates of spawning biomass than for the three one-area models (15.0, 17.0, and 
17.1). Estimates of recruitment and recruitment deviations are similar among models with some 
differences in early recruitment deviations and variation in the estimate of the most recent recruitment 
deviation (for which uncertainty is always higher than for recruitment deviations in the middle of the time 
series). In addition, the estimates of the log of unfished recruitment is similar among models (Table 13). 
Yearly estimates of fishing mortality are substantially higher in model 15.0 than for the three models 
where newly available historical fishery age data were incorporated (Figure 22). High fishing mortality 
rates in Model 15.0 are a result of the estimated fishery selectivity-at-age occurring at a much older age 
than for the other three models (and a much older age than the age at maturity, as discussed earlier; Figure 
11). Figure 23 and Table 12 show survey and fishery selectivity for each of the four models. Survey 
selectivity is very similar among models (and for the Western-Central and Eastern GOA in Model 17.2). 
Fishery selectivity is estimated to occur at a much younger age in all models where fishery age data are 
incorporated and is very similar in these models (Models 17.0-17.2; Table 12 and Figure 23). In the 
model without fishery age data (Model 15.0), the model had considerable flexibility when estimating 
fishery selectivity-at-age due to variability in length-at-age (the CV in length-at-age 2 and 20 were 0.08 
and 0.13, respectively (Table 11). 


Model 17.2 was chosen as the base case model because it (a) substantially reduces uncertainty about 
fishing mortality rates and F-related reference points by fitting to fishery age composition data, (b) 
incorporates all years of survey age-length data to estimate growth parameters, (c) estimates growth 
within the assessment model using a conditional age-at-length approach, which allows for more thorough 
inclusion of uncertainty in the model and accounts for size selectivity when estimating growth, (d) 
explicitly accounts for substantial differences in growth that occur in the Eastern GOA relative to growth 
in the Western-Central GOA, which allows for more precise estimation of growth parameters and smaller 
estimates of variability in growth, while requiring only 6 additional growth parameters, and (e) visibly 
reduces the mismatches between observed and predicted fishery length and age composition data, while 
exhibiting reasonable fits to survey length composition and age-length data. Fits to survey biomass for the 
Western-Central GOA are similar to fits to the total survey biomass in the GOA shown in the one-area 
models (to the extent that they can be compared).  







The base case model (Model 17.2) 


Figure 24 shows spawning biomass and recruits by area. The model estimate of the recruitment allocation 
parameter (a single, non-time-varying parameter specifying the proportion of recruitment that occurs in 
the Eastern GOA) was estimated to be 0.2975, and therefore the proportion of recruitment occurring in 
the Western-Central GOA was 0.7025. An average over time of approximately 25-35% of the survey 
biomass occurs in the Eastern GOA, similar to the proportion of recruits estimated to occur in the Eastern 
GOA. The model shows that spawning biomass has been fairly constant in the Eastern GOA over time 
and that in the Western-Central GOA a dip in spawning biomass occurred in the early 2000’s where 
spawning biomass declined from 45,452 t in 1992 to 24,434 t in 2001 (Table 23). The spawning biomass 
in the Western-Central GOA then increased to a peak of almost 47,271 t in 2012 and has been decreasing 
since 2012; peak catches occurred between 1992 and 1998, just before the decline in spawning biomass in 
the early 2000’s. The model shows two large peaks in age-0 recruitment occurring in 2003-2005 and 
more recently in 2014-2015 (Table 23). 


Model fits to yearly fishery length composition data are poor for 1982-1984, and observations of the 
distribution of lengths caught show some year-to-year variation. A small mismatch whereby the model 
tends to predict slightly more small fish than observed still exists (this was a dominant pattern in Models 
17.0 and 17.1), but overall fits to fishery length composition are reasonable in most years (Figure 25-
Figure 26, Figure 35). The fishery age data show variability from year to year in the distribution of ages 
caught (Figure 27-Figure 28). In several years there is a peak in females between the ages of 5 and 10 that 
is not predicted by the model (1992, 1995, 2005, and 2007). This peak is evident in the fit to fishery age 
data aggregated over time shown in Figure 13, lower right panel for Model 17.2. 


Model fits to yearly survey length composition data are poor in the initial few years of the model (1984-
1990 for the Western-Central GOA and 1984-1993 for the Eastern GOA; Figure 29, Figure 30, Figure 
35). Model fits to survey length composition data are much improved in subsequent years. Differences in 
survey methodology occurred in 1984 and 1987 relative to other survey years and this may contribute to 
poor fits in these two years. However, the differences in length frequencies caught by the survey extend 
beyond 1987 and suggest that there may have been a shift in population dynamics, behavior, or survey 
selectivity after 1990. Overall, fits to survey length composition data aggregated over time are very 
reasonable (Figure 13, lower right panel for Model 17.2). 


Figure 31-Figure 34 show observed and predicted yearly mean age-at-length and corresponding observed 
and predicted standard deviations in mean age-at-length. As is expected, observed standard deviations can 
be very low for ages and length bins with low sample sizes (a sample size of 1 will have a standard 
deviation of 0), but model predicted standard deviation in mean age-at-length will increase at low sample 
sizes. Therefore, it is not expected that the column of panels on the right showing standard deviations in 
mean age-at-length would show direct correspondence between observations and predictions. Mean age-
at-length values show some variation over time, suggesting that growth may have varied over time for 
GOA rex sole in both the Western-Central and Eastern regions, but overall, the model estimated growth 
curves that are a reasonable fit to the data and CV’s of young and old fish that encapsulate the range of 
observations (Figure 16). 


Retrospective analysis 


Spawning stock biomass, recruitment, recruitment deviations, and fishing mortality estimates, along with 
corresponding 95% asymptotic confidence intervals from a retrospective analysis extending back 10 years 
are shown in Figure 38. Little, if any, retrospective pattern is evident for 1-3 year peels for spawning 
biomass. A small positive retrospective bias appears in 7-8 year peels and a smaller positive retrospective 
bias occurs for the 10 year peel. Yearly estimates of fishing mortality are nearly identical for each peel 
and estimates of historical recruitment are very similar as well. Larger differences in estimates of 
recruitment occur in the last few years of each model run, as is expected given that only a small amount 
of information exists to inform recruitment in the last years of any stock assessment model for a fish that 







is first observed typically around age 3. Mohn’s ρ for spawning biomass, recruitment, and fishing 
mortality are as follows: 


Spawning 
Biomass Recruitment 


Fishing 
Mortality 


0.0512 -0.0498 -0.0476 
 


Hurtado-Ferro et al. (2015) developed some rules of thumb for ranges of Mohn’s ρ values that may arise 
without the influence of model mis-specification. They found that values between -0.15 and 0.20 for 
longer lived species and values between -0.22 and 0.30 for shorter-lived species could arise without the 
influence of model mis-specification based on a simulation-estimation study. The values for Mohn’s ρ for 
this year’s GOA rex sole assessment are well within these bounds. 


Time Series Results 
Time series results are shown in Table 22-Table 25. Age 3 recruitment, age 0 recruitment, and standard 
deviations of age 0 recruitment are presented in Table 22-Table 23. Total biomass for ages 3+, spawning 
stock biomass, and standard deviations of spawning stock biomass estimates for the previous and current 
assessments are presented in Table 24-Table 25. Female and male estimates of numbers-at-age for the 
current assessment are shown in 
http://www.afsc.noaa.gov/REFM/Docs/2017/FTP_GOA_Rex_TimeSeries_of_NumbersAtAge_2017.xlsx
. Figure 36 shows spawning stock biomass estimates and corresponding asymptotic 95% confidence 
intervals. A plot of biomass relative to B35% and F relative to F35% for each year in the time series, along 
with the OFL and ABC control rules is shown in Figure 37. 


Harvest Recommendations 
A Tier 3a management approach was used for rex sole harvest recommendations. The reference fishing 
mortality rate for rex sole is determined by the amount of reliable population information available 
(Amendment 56 of the Fishery Management Plan for the groundfish fishery of the Gulf of Alaska). 
Estimates of F40%, F35%, and SPR40% were obtained from a spawner-per recruit analysis separately for the 
Western-Central GOA and the Eastern GOA. Assuming that the average recruitment from the 1982-2015 
year classes in each area estimated in this assessment represents a reliable estimate of equilibrium 
recruitment, then an estimate of B40% is calculated as the product of SPR40% times the equilibrium number 
of recruits. Since reliable estimates of the 2017 spawning biomass (B), B40%, F40%, and F35% exist and 
B>B40%, the rex sole reference fishing mortality is defined in Tier 3a. For this tier, FABC is constrained to 
be ≤ F40%, and FOFL is defined to be F35%. The values of these quantities are: 


  
Western-Central 


GOA 
Eastern 
GOA 


SSB 
2018 36,374 9,376 
B40 19,255 3,839 
F40 0.23 0.25 
maxFABC 0.23 0.25 
B35 16,848 3,359 
F35 0.29 0.31 
FOFL 0.29 0.31 


 



http://www.afsc.noaa.gov/REFM/Docs/2017/FTP_GOA_Rex_Composition_Data_And_SampleSize_2017.xlsx

http://www.afsc.noaa.gov/REFM/Docs/2017/FTP_GOA_Rex_Composition_Data_And_SampleSize_2017.xlsx





Because the rex sole stock has not been overfished in recent years and the stock biomass is relatively 
high, it is not recommended to adjust FABC downward from its upper bound. 


A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56. 
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). For each scenario, the projections begin with the vector of 2017 
numbers-at-age estimated in the assessment. This vector is then projected forward to the beginning of 
2018 using the schedules of natural mortality and selectivity described in the assessment and the best 
available estimate of total (year-end) catch for 2017. In each subsequent year, the fishing mortality rate is 
prescribed on the basis of the spawning biomass in that year and the respective harvest scenario. In each 
year, recruitment is drawn from an inverse Gaussian distribution whose parameters consist of maximum 
likelihood estimates determined from recruitments estimated in the assessment. Spawning biomass is 
computed in each year based on the time of peak spawning and the maturity and weight schedules 
described in the assessment. Total catch is assumed to equal the catch associated with the respective 
harvest scenario in all years. This projection scheme is run 1000 times to obtain distributions of possible 
future stock sizes, fishing mortality rates, and catches. 


Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018 are as follow (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 


Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2: In all future years, F is set equal to a constant fraction of max FABC, where this fraction is 
equal to the ratio of the FABC value for 2018 recommended in the assessment to the maxFABC for 2018. 
(Rationale: When FABC is set at a value below max FABC, it is often set at the value recommended in the 
stock assessment.) 


Scenario 3: In all future years, F is set equal to 50% of max FABC. (Rationale: This scenario provides a 
likely lower bound on FABC that still allows future harvest rates to be adjusted downward when stocks fall 
below reference levels.) 


Scenario 4: In all future years, F is set equal to the 2013-2017 average F. (Rationale: For some stocks, 
TAC can be well below ABC, and recent average F may provide a better indicator of FTAC than FABC.) 


Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be set at a 
level close to zero.) The recommended FABC and the maximum FABC are equivalent in this assessment, so 
scenarios 1 and 2 yield identical results. 


The 12-year projections of the mean spawning stock biomass, fishing mortality, and catches for the five 
scenarios are shown in Table 16-Table 18 for the Western-Central GOA subpopulation and Table 19-
Table 21 for the Eastern GOA subpopulation. Management quantities and determinations are not specific 
to area for the GOA rex sole stock, but projections are run separately because FOFL and FABC are area-
specific. 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether the rex sole 
stock is currently in an overfished condition or is approaching an overfished condition. These two 
scenarios are as follows (for Tier 3 stocks, the MSY level is defined as B35%): 







Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines whether a stock 
is overfished. If the stock is expected to be above its MSY level in 2018, then the stock is not overfished.) 


Scenario 7: In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set equal to 
FOFL. (Rationale: This scenario determines whether a stock is approaching an overfished condition. If the 
stock is expected to be above its MSY level in 2030 under this scenario, then the stock is not approaching 
an overfished condition.) 


Scenario 6 and 7 results for the Western-Central GOA area 


The results of these two scenarios indicate that the Western-GOA subpopulation is not overfished and is 
not approaching an overfished condition. With regard to assessing the current subpopulation biomass 
level, the expected subpopulation size in the year 2018 of scenario 6 is 36,374, more than 2 times B35% 


(16,848 t). Thus the subpopulation is not currently overfished. With regard to whether the subpopulation 
is approaching an overfished condition, the expected spawning subpopulation size in the year 2030 of 
scenario 7 (17,986 t) is greater than B35%; thus, the subpopulation is not approaching an overfished 
condition. 


Scenario 6 and 7 results for the Eastern GOA area 


The results of these two scenarios indicate that the subpopulation is not overfished and is not approaching 
an overfished condition. With regard to assessing the current subpopulation biomass level, the expected 
subpopulation size in the year 2018 of scenario 6 is 9,376 t, more than 2 times B35% (3,359 t). Thus the 
subpopulation is not currently overfished. With regard to whether the subpopulation is approaching an 
overfished condition, the expected spawning subpopulation size in the year 2030 of scenario 7 (3,582 t) is 
greater than B35%; thus, the subpopulation is not approaching an overfished condition. 


Status determination of the GOA rex sole stock 


The results for Scenarios 6 and 7 for the Western-Central and Eastern GOA subpopulations show that 
neither subpopulation is overfished or approaching an overfished condition. Therefore, the GOA rex sole 
stock is not overfished or approaching an overfished condition. 


Area allocation of harvests 


The table below shows apportionment of the 2018 and 2019 ABCs among areas. The ABCs calculated for 
the Western-Central area (based on model estimates) are apportioned based on random effects model 
predictions of the proportion of Western-Central survey biomass in the Western and Central areas, 
respectively, in 2018-2019.  Likewise, the ABC calculated for the Eastern area (based on model 
estimates) are apportioned based on random effects model predictions of the proportion Eastern survey 
biomass in the West Yakutat and Southeast areas, respectively. 


Quantity Western Central 


Total 
Western-
Central 


West 
Yakutat Southeast 


Total 
Eastern 


Area 
Apportionment 26.10% 73.90% 100.00% 48.96% 51.04% 100.00% 


2018 ABC (t) 3,086 8,739 11,825 1,737 1,811 3,548 


2019 ABC (t) 2,909 8,236 11,145 1,657 1,727 3,384 
 







Ecosystem Considerations 


Ecosystem effects on the stock 
Prey availability/abundance trends 


Based on results from an ecosystem model for the Gulf of Alaska (Aydin et al., 2007), rex sole in the Gulf 
of Alaska occupy an intermediate trophic level (Figure 39).  Polychaetes, euphausiids, and miscellaneous 
worms were the most important prey for rex sole in the Gulf of Alaska (Figure 40). Other major prey 
items included benthic amphipods, polychaetes, and shrimp (Livingston and Goiney, 1983; Yang, 1993; 
Yang and Nelson, 2000).  Little to no information is available to assess trends in abundance for the major 
benthic prey species of rex sole. 


Predator population trends 


Important predators on rex sole include longnosed skate and arrowtooth flounder (Figure 41).  The 
flatfish-directed fishery constitutes the second-largest known source of mortality on rex sole.  However, 
unexplained mortality is the second largest component of mortality. 


Fishery Effects on the Ecosystem 
Table 26 and Table 27 show the contribution of the GOA rex sole fishery to bycatch of non-target and 
prohibited species. No birds were recorded as bycatch in the GOA rex sole fishery.  Halibut PSC and 
halibut mortality has decreased every year since 2013. The 2017 PSC data are all confidential as of 
October 8, 2017.  


Data gaps and research priorities 


Updated information on maturity-at-age for GOA rex sole would reduce uncertainty in the maturity curve 
relative to the fishery selectivity curve, as this is important for the determination of FOFL and FABC for this 
stock. The ADF&G small mesh survey could be included as well, and an ageing error matrix could be 
developed. Further exploration of natural mortality rates and catchability for GOA rex sole could be 
conducted.  


This assessment showed that growth curves in the Eastern GOA differ from those in the Western and 
Central GOA. The age and growth laboratory previously noted that GOA rex sole otoliths appear to show 
two different patterns for the same age and year of fish, corroborating the results of this assessment. 
Further research could be conducted to determine whether the two growth patterns represent two genetic 
sub-stocks or one genetic sub-stock where environmental conditions or other ecosystem dynamics 
contribute to different growth rates in the two regions modeled in this assessment. 
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Tables 


Table 1. Fishery catches for GOA rex sole by management area. Catch for 2017 is through October 8, 
2017. 


Year 
Total 
Catch 


Western 
Gulf 


Central 
Gulf 


Eastern 
Gulf 


1982 959       
1983 595       
1984 365       
1985 154       
1986 93       
1987 1151       
1988 1192       
1989 599       
1990 1269       
1991 4636       
1992 3000       
1993 3000       
1994 3642 49 3508 85 
1995 4021 220 3628 174 
1996 5945 552 5202 191 
1997 3296 681 2438 177 
1998 2671 440 2195 36 
1999 3059 603 2393 63 
2000 3592 883 2702 Confidential 
2001 2943 435 2507 Confidential 
2002 3017 398 2619 Confidential 
2003 3499 772 2726 2 
2004 1467 527 940 0 
2005 2180 576 1603 Confidential 
2006 3295 350 2944 0 
2007 2851 411 2438 1 
2008 2707 185 2522 Confidential 
2009 4753 342 4410 1 
2010 3633 134 3498 2 
2011 2877 131 2745 1 
2012 2443 215 2228 Confidential 
2013 3707 104 3603 0 
2014 3577 126 3450 1 
2015 1957 76 1881 Confidential 
2016 1748 172 1574 3 
2017 1315 45 1269 Confidential 


 







Table 2. Proportion of catch by gear 1994 to 2017. 


Year 


Non-
pelagic 
trawl 


Pelagic 
trawl 


1994 0 0 
1995 0 0 
1996 1 0 
1997 0.99 0.01 
1998 1 0 
1999 1 0 
2000 1 0 
2001 0.98 0.02 
2002 0.99 0.01 
2003 1 0 
2004 0.98 0.02 
2005 0.99 0.01 
2006 0.98 0.02 
2007 0.99 0.01 
2008 0.99 0.01 
2009 1 0 
2010 0.99 0.01 
2011 1 0 
2012 0.99 0.01 
2013 1 0 
2014 0.99 0.01 
2015 0.99 0.01 
2016 0.99 0.01 
2017 1 0 







Table 3. Proportion of catch by quarter and fishery length samples by quarter for 1994-September 29, 
2017 with conditional formatting showing a scale from no catches (white) to the highest proportion of 
catches (dark green) within each data source. 


  Fishery Catches Fishery Length Samples 
Year Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 
1994 0.14 0.38 0.35 0.12 0.22 0.23 0.4 0.14 
1995 0.24 0.47 0.19 0.1 0.03 0.59 0.31 0.06 
1996 0.33 0.33 0.22 0.12 0.3 0.43 0.26 0.01 
1997 0.44 0.25 0.1 0.21 0.28 0.37 0.09 0.26 
1998 0.31 0.48 0.17 0.04 0.24 0.67 0.07 0.02 
1999 0.25 0.48 0.18 0.08 0.2 0.67 0.06 0.07 
2000 0.2 0.58 0.15 0.07 0.17 0.65 0.08 0.1 
2001 0.19 0.62 0.13 0.05 0.05 0.92 0.02 0.01 
2002 0.14 0.67 0.16 0.04 0.06 0.9 0.03 0.01 
2003 0.13 0.59 0.22 0.07 0.09 0.78 0.12 0.02 
2004 0.17 0.51 0.31 0.01 0.02 0.93 0.05 0 
2005 0.34 0.4 0.25 0.01 0.19 0.59 0.22 0 
2006 0.24 0.29 0.37 0.09 0.14 0.49 0.25 0.11 
2007 0.31 0.38 0.25 0.07 0.2 0.64 0.09 0.07 
2008 0.23 0.43 0.27 0.07 0.18 0.54 0.25 0.04 
2009 0.22 0.37 0.3 0.11 0.08 0.37 0.46 0.09 
2010 0.17 0.53 0.13 0.17 0.19 0.63 0.09 0.09 
2011 0.2 0.49 0.22 0.1 0.15 0.48 0.31 0.05 
2012 0.2 0.45 0.2 0.15 0.05 0.48 0.43 0.04 
2013 0.23 0.61 0.07 0.1 0.1 0.76 0.09 0.05 
2014 0.2 0.66 0.1 0.04 0.06 0.91 0.03 0 
2015 0.1 0.58 0.11 0.21 0 0.76 0.06 0.17 
2016 0.22 0.48 0.14 0.15 0.01 0.79 0.11 0.09 
2017 0.22 0.6 0.18 0 0.19 0.81 0 0 


 







Table 4. Proportion of catch by NMFS area and fishery length samples by NMFS area for 1994-
September 29, 2017 with conditional formatting showing a scale from no catches (white) to the highest 
proportion of catches (dark green) within each data source. 


  Fishery Catches Fishery Length Samples 
Year 610 620 630 640 650 610 620 630 640 650 
1994 0.01 0.37 0.6 0.02 0 0 0.39 0.52 0.05 0.02 
1995 0.05 0.34 0.56 0.04 0 0 0.26 0.67 0.07 0 
1996 0.09 0.52 0.35 0.03 0 0.09 0.38 0.5 0.03 0 
1997 0.21 0.52 0.22 0.04 0.01 0.17 0.49 0.08 0.08 0.18 
1998 0.16 0.3 0.52 0.01 0 0.12 0.36 0.51 0.02 0 
1999 0.2 0.45 0.33 0.01 0.01 0.15 0.66 0.19 0 0 
2000 0.25 0.33 0.42 0 0 0.37 0.4 0.24 0 0 
2001 0.15 0.37 0.49 0 0 0.1 0.58 0.33 0 0 
2002 0.13 0.49 0.38 0 0 0.14 0.75 0.12 0 0 
2003 0.22 0.49 0.29 0 0 0.16 0.66 0.18 0 0 
2004 0.36 0.17 0.47 0 0 0.63 0.25 0.12 0 0 
2005 0.26 0.37 0.36 0 0 0.21 0.69 0.1 0 0 
2006 0.11 0.45 0.44 0 0 0.38 0.1 0.52 0 0 
2007 0.14 0.27 0.59 0 0 0.29 0.43 0.29 0 0 
2008 0.07 0.26 0.67 0 0 0.14 0.51 0.35 0 0 
2009 0.07 0.5 0.43 0 0 0.19 0.67 0.14 0 0 
2010 0.04 0.42 0.54 0 0 0.02 0.66 0.32 0 0 
2011 0.05 0.39 0.56 0 0 0.12 0.61 0.27 0.01 0 
2012 0.09 0.36 0.55 0 0 0.16 0.66 0.18 0 0 
2013 0.03 0.35 0.62 0 0 0.07 0.59 0.35 0 0 
2014 0.04 0.28 0.69 0 0 0.08 0.57 0.35 0 0 
2015 0.04 0.44 0.52 0 0 0.07 0.67 0.27 0 0 
2016 0.1 0.32 0.58 0 0 0.17 0.45 0.36 0.02 0 
2017 0.04 0.6 0.36 0 0 0.11 0.83 0.06 0 0 


 







Table 5. Historical catch specifications, percent of the catch retained, and percent of the TAC and ABC 
caught from 1995-2017. Total catch in 2017 is the catch up to October 8, 2017. 


Year OFL (t) ABC (t) TAC (t) Total 
Catch             


% 
Retained 


% of 
TAC 
caught 


% of 
ABC 
Caught 


1995 13,091 11,210 9,690 4,021 90% 41% 36% 
1996 13,091 11,210 9,690 5,874 95% 61% 52% 
1997 11,920 9,150 9,150 3,294 92% 36% 36% 
1998 11,920 9,150 9,150 2,669 97% 29% 29% 
1999 11,920 9,150 9,150 3,060 96% 33% 33% 
2000 12,300 9,440 9,440 3,591 97% 38% 38% 
2001 12,300 9,440 9,440 2,940 95% 31% 31% 
2002 12,320 9,470 9,470 2,941 95% 31% 31% 
2003 12,320 9,470 9,470 3,485 95% 37% 37% 
2004 16,480 12,650 12,650 1,464 92% 12% 12% 
2005 16,480 12,650 12,650 2,176 91% 17% 17% 
2006 12,000 9,200 9,200 3,294 95% 36% 36% 
2007 11,900 9,100 9,100 2,852 98% 31% 31% 
2008 11,933 9,132 9,132 2,703 97% 30% 30% 
2009 11,756 8,996 8,996 4,753 99% 53% 53% 
2010 12,714 9,729 9,729 3,636 98% 37% 37% 
2011 12,499 9,565 9,565 2,594 97% 27% 27% 
2012 12,561 9,612 9,612 2,425 96% 25% 25% 
2013 12,492 9,560 9,560 3,707 98% 39% 39% 
2014 12,207 9,341 9,341 3,577 99% 38% 38% 
2015 11,957 9,150 9,150 1,957 98% 21% 21% 
2016 9,791 7,493 7,493 1,748 96% 23% 23% 
2017 10,860 8,311 8,311 1,315 97% 16% 16% 


 


  







 


Table 6. GOA rex sole fishery closures by sub-area in (a) 2017 and (b) 2016 
(a) 


Sub-Area Program Status Reason 
Effective 
Date 


GOA - Central 
620/630 All Bycatch Regulations 1-Jan-17 
GOA - Western 610 All Bycatch Regulations 1-Jan-17 
West Yakutat - 640 All Bycatch Regulations 1-Jan-17 
GOA - Central 
620/630 All Open Regulations 20-Jan-17 
GOA - Western 610 All Open Regulations 20-Jan-17 
West Yakutat - 640 All Open Regulations 20-Jan-17 
GOA - Central 
620/630 All Open Regulations 1-Apr-17 
GOA - Western 610 All Open Regulations 1-Apr-17 
West Yakutat - 640 All Open Regulations 1-Apr-17 
GOA - Central 
620/630 All Open Regulations 1-Jul-17 
GOA - Western 610 All Open Regulations 1-Jul-17 
West Yakutat - 640 All Open Regulations 1-Jul-17 
GOA - Central 
620/630 All Open Regulations 1-Sep-17 
GOA - Western 610 All Open Regulations 1-Sep-17 
West Yakutat - 640 All Open Regulations 1-Sep-17 
GOA - Central 
620/630 All Open Regulations 1-Oct-17 
GOA - Western 610 All Open Regulations 1-Oct-17 
West Yakutat - 640 All Open Regulations 1-Oct-17 


 







b. 


Sub-Area  Program Status Reason 
Effective 
Date 


GOA - Central 
620/630 All Bycatch Regulations 1-Jan-16 
GOA - Western 610 All Bycatch Regulations 1-Jan-16 
West Yakutat - 640 All Bycatch Regulations 1-Jan-16 
GOA - Central 
620/630 All Open Regulations 20-Jan-16 
GOA - Western 610 All Open Regulations 20-Jan-16 
West Yakutat - 640 All Open Regulations 20-Jan-16 
GOA - Central 
620/630 All Bycatch Halibut 16-Mar-16 
GOA - Western 610 All Bycatch Halibut 16-Mar-16 
West Yakutat - 640 All Bycatch Halibut 16-Mar-16 
GOA - Central 
620/630 All Open Regulations 1-Apr-16 
GOA - Western 610 All Open Regulations 1-Apr-16 
West Yakutat - 640 All Open Regulations 1-Apr-16 
GOA - Central 
620/630 All Bycatch Halibut 30-Apr-16 
GOA - Western 610 All Bycatch Halibut 30-Apr-16 
West Yakutat - 640 All Bycatch Halibut 30-Apr-16 
GOA - Central 
620/630 All Open Halibut 15-May-16 
West Yakutat - 640 All Open Halibut 15-May-16 


 







Table 7. GOA rex sole survey biomass for the Western-Central GOA and for the Eastern GOA. No 
samples were taken in the Eastern GOA in 2001. 


  Western & Central GOA Eastern GOA 


Year Biomass 
Standard 


Error Biomass 
Standard 


Error 
1984 47,359 0.12 13,311 0.12 
1987 48,522 0.11 15,304 0.14 
1990 81,912 0.12 16,313 0.23 
1993 66,071 0.08 20,901 0.14 
1996 53,197 0.09 19,560 0.11 
1999 55,504 0.15 19,464 0.12 
2001 51,258 0.09 -- -- 
2003 71,238 0.09 28,659 0.14 
2005 73,365 0.10 27,795 0.15 
2007 88,128 0.10 15,672 0.17 
2009 101,872 0.08 22,873 0.22 
2011 76,453 0.09 18,681 0.12 
2013 78,065 0.17 22,913 0.21 
2015 64,839 0.09 22,474 0.21 
2017 77,368 0.16 20,352 0.18 


   







Table 8. Survey biomass by area, depth, and year in metric tons 


  Regulatory Area     


  Central Eastern Western   Total 
1984 40,688 13,311 6,672   60,670 


1 1,423 2,235 329   3,987 
101 26,777 7,519 2,744   37,040 
201 8,557 2,041 2,485   13,083 
301 2,900 1,223 1,038   5,161 
501 689 292 76   1,057 
701 342 0 0   342 


1987 39,722 15,304 8,801   63,826 
1 2,504 2,246 941   5,691 


101 24,515 9,351 6,379   40,244 
201 11,537 2,031 940   14,508 
301 711 767 335   1,812 
501 426 909 207   1,542 
701 30   0   30 


1990 75,147 16,313 6,765   98,225 
1 8,717 5,472 1,272   15,460 


101 48,066 8,049 3,718   59,833 
201 17,970 2,097 1,724   21,791 
301 394 696 51   1,140 


1993 55,310 20,901 10,760   86,911 
1 4,980 3,143 3,170   11,233 


101 36,890 11,115 6,059   54,064 
201 11,665 4,754 577   16,995 
301 1,775 1,889 954   4,619 


1996 43,778 19,560 9,419   72,757 
1 4,421 2,460 3,522   10,403 


101 29,214 10,784 3,421   43,419 
201 9,049 4,036 1,844   14,929 
301 1,094 2,280 632   4,006 


1999 42,750 19,464 12,755   74,969 
1 2,677 4,365 7,640   14,682 


101 30,570 7,271 2,399   40,239 
201 8,231 6,142 1,393   15,766 
301 1,001 1,523 1,317   3,841 
501 271 163 6   440 
701 0 0 0   0 


2001 41,687   9,571   51,258 
1 6,458   1,284   7,742 


101 24,792   4,414   29,206 
201 8,964   2,081   11,045 
301 1,473   1,793   3,265 


2003 57,973 28,659 13,265   99,897 
1 6,220 7,411 3,898   17,529 


101 37,610 14,832 6,345   58,787 
201 13,078 3,668 2,348   19,094 
301 985 2,368 664   4,017 
501 81 380 9   470 


2005 60,600 27,795 12,766   101,161 
1 8,142 4,061 2,580   14,783 







101 40,766 15,392 8,902   65,060 
201 10,457 5,241 939   16,637 
301 1,136 3,063 335   4,535 
501 98 29 9   136 
701 0 10 0   10 


2007 76,514 15,672 11,614   103,800 
1 4,505 2,022 2,577   9,105 


101 55,711 9,466 6,338   71,514 
201 13,371 3,050 1,947   18,368 
301 2,803 948 752   4,504 
501 124 186 0   309 
701 0 0 0   0 


2009 82,091 22,873 19,780   124,744 
1 8,533 3,419 4,065   16,017 


101 52,749 13,539 13,375   79,662 
201 19,267 3,801 1,964   25,032 
301 1,332 1,272 376   2,980 
501 211 843 0   1,054 
701 0 0 0   0 


2011 63,490 18,681 12,964   95,134 
1 4,614 3,421 3,934   11,969 


101 39,259 7,942 5,998   53,199 
201 18,749 3,980 2,442   25,171 
301 726 3,027 590   4,342 
501 143 311 0   454 


2013 64,188 22,913 13,877   100,978 
1 4,784 7,110 837   12,731 


101 47,669 10,460 10,307   68,435 
201 10,686 2,998 1,899   15,583 
301 782 1,659 835   3,276 
501 267 686 0   952 


2015 48,903 22,474 15,936   87,286 
1 5,116 7,437 2,839   15,365 


101 33,365 9,593 9,733   52,691 
201 9,431 2,890 3,096   15,416 
301 906 1,919 269   3,093 
501 85 636 0   721 
701 0 0 0   0 


2017 57,176 20,352 20,192   97,720 
1 3,837 1,291 7,916   13,044 


101 30,580 10,837 10,132   51,550 
201 21,392 4,288 1,498   27,179 
301 1,276 3,813 646   5,736 
501 90 123 0   213 


 







Table 9. Configuration of fishery and survey age-based, sex-specific double-normal selectivity curves 
used in the assessment. A numeric value indicates the fixed value of a parameter.  


Double-normal selectivity parameters Fishery Survey 


Peak: beginning size for the plateau Estimated Estimated 


Width: width of plateau 30 30 


Ascending width (log space)  Estimated Estimated 


Descending width (log space)  8 8 
Initial: selectivity at smallest length or age 
bin 0 0 


Final: selectivity at largest length or age bin  999 999 
Male Peak Offset Estimated Estimated 


Male ascending width offset (log space) Estimated Estimated 


Male descending width offset (log space) 0 0 
Male "Final" offset (transformation 
required) 0 0 
Male apical selectivity 1 1 


Table 10. Likelihood components for each model. The likelihood components and total likelihood cannot 
be directly compared among models. The survey likelihood component can be compared for models 15.0, 
17.0, and 17.1, but not 17.2. The length composition likelihood component can be compared for models 
15.0 and 17.0. The age composition likelihood component and the total likelihood cannot be compared 
between any of the models. 


Likelihood 
Component 


2015 
Model, 


New Data 
15.0 


Added 
Fishery 
Ages 
17.0 


Estimates 
growth 


and adds 
fishery 


ages 17.1 


Estimates 
growth by 


region 
and adds 
fishery 


ages 17.2 
TOTAL 258 502 2,995 2,543 
Survey -14.91 -12.15 -1.99 -12.10 


Length_comp 200 273 599 488 
Age_comp 77 243 2,402 2,067 


Recruitment -4.812 -2.592 -4.772 -1.522 
 







Table 11. Estimates of growth parameters for all models. Length at ages 2 and 20 are in cm. Parameter 
estimates are denoted “Est” and standard deviations of parameter estimates are denoted “Std. Dev.” 


  
Models 15.0 


& 17.0 Model 17.1 


Model 17.2: 
West-


Central 
Model 17.2: 


Eastern 


Parameter Est 
Std. 
Dev. Est 


Std. 
Dev. Est 


Std. 
Dev. Est 


Std. 
Dev. 


Length at age 2 (f) 14.99 NA 14.15 0.46 13.77 0.54 13.52 0.88 


Length at age 20 (f) 44.78 NA 45.51 0.19 46.50 0.20 36.76 0.28 


von Bertalanffy k (f) 0.32 NA 0.26 0.01 0.28 0.01 0.30 0.02 


CV in length at age 2 (f) 0.13 NA 0.18 0.01 0.17 0.01 0.17 0.02 


CV in length at age 20 (f) 0.08 NA 0.11 0.00 0.09 0.00 0.10 0.00 


Length at age 2 (m) 14.56 NA 14.72 0.55 14.16 0.60 14.41 1.02 


Length at age 20 (m) 39.47 NA 39.93 0.16 40.86 0.16 34.55 0.25 


von Bertalanffy k (m) 0.38 NA 0.32 0.01 0.33 0.01 0.31 0.02 


CV in length at age 2 (m) 0.13 NA 0.19 0.01 0.19 0.01 0.19 0.02 


CV in length at age 20 (m) 0.08 NA 0.10 0.00 0.08 0.00 0.08 0.00 


Table 12. Estimates of selectivity parameters for all models. 


    Model 15.0 Model 17.0 Model 17.1 


Model 17.2: 
Western-
Central 


Model 17.2: 
Eastern 


    Est StDev Est StDev Est StDev Est StDev Est StDev 


Fi
sh


er
y 


Peak: beginning size 
for the plateau (f) 12.592 0.920 8.036 0.196 8.310 0.185 7.764 0.221 NA NA 
Ascending width (f; 
ln) 2.762 0.254 1.506 0.133 1.482 0.122 1.361 0.160 NA NA 


Male peak offset 0.112 0.755 
-


0.942 0.291 
-


0.599 0.253 
-


0.969 0.285 NA NA 


Male ascending 
width offset (ln) 0.101 0.257 


-
0.194 0.217 0.044 0.173 


-
0.239 0.229 NA NA 


Su
rv


ey
 


Peak: beginning size 
for the plateau (f) 5.817 0.375 5.625 0.350 5.491 0.139 6.151 0.143 5.355 0.226 
Ascending width (f; 
ln) 1.771 0.221 1.639 0.220 1.434 0.096 1.702 0.078 1.337 0.158 


Male peak offset -0.398 0.461 
-


0.351 0.435 
-


0.605 0.175 NA NA NA NA 


Male ascending 
width offset (ln) -0.293 0.301 


-
0.280 0.299 


-
0.388 0.141 NA NA NA NA 


 


 







Table 13. Log of unfished number of recruits estimated for each model (Est) and corresponding standard 
deviations (Std. Dev.) 


  Model  15.0 Model  17.0 Model 17.1 Model 17.2* 


Parameter Est 
Std. 
Dev. Est 


Std. 
Dev. Est 


Std. 
Dev. Est 


Std. 
Dev. 


ln(R0) 11.5683 0.0367 11.5432 0.0348 11.4535 0.0315 11.6351 0.0306 
*A non-time-varying recruitment allocation parameter determines the proportion of total recruitment that 
settles in each area of the model: the model estimates that 0.2975 is the proportion of recruits each year 
that settle in the Eastern GOA and 0.7025 settle in the Western-Central area.  







Table 14. Estimated yearly recruitment deviations for the current base case model. Recruitment deviations 
are fixed at 0 for years 2016 onward, as no information exists to inform recruitment deviations in these 
years yet. 


Year 
Recruitment 
Deviations 


Std. 
Dev.   Year 


Recruitment 
Deviations 


Std. 
Dev. 


1965 -0.512 0.419   1995 -0.316 0.091 
1966 -0.434 0.393   1996 -0.013 0.081 
1967 -0.373 0.368   1997 0.468 0.067 
1968 0.045 0.299   1998 0.564 0.064 
1969 -0.202 0.310   1999 0.588 0.062 
1970 -0.556 0.334   2000 0.356 0.068 
1971 -0.320 0.292   2001 0.114 0.076 
1972 -0.406 0.289   2002 0.092 0.082 
1973 -0.493 0.276   2003 0.649 0.069 
1974 -0.310 0.248   2004 0.517 0.080 
1975 -0.220 0.235   2005 0.835 0.069 
1976 -0.072 0.210   2006 0.143 0.097 
1977 0.080 0.190   2007 0.045 0.101 
1978 0.078 0.180   2008 -0.637 0.138 
1979 0.004 0.172   2009 -0.695 0.156 
1980 -0.015 0.157   2010 -0.020 0.140 
1981 -0.419 0.193   2011 -0.054 0.172 
1982 0.049 0.150   2012 -0.887 0.300 
1983 0.369 0.132   2013 -1.254 0.401 
1984 0.339 0.122   2014 0.576 0.249 
1985 0.449 0.103   2015 0.926 0.337 
1986 0.279 0.101       
1987 0.306 0.094       
1988 -0.206 0.108       
1989 -0.481 0.116         
1990 -0.435 0.110         
1991 -0.846 0.128         
1992 -0.616 0.113         
1993 -0.670 0.116         
1994 -0.532 0.104         


 







Table 15. Estimated fishing mortality for the current base case model. 


Year Estimate StdDev   Year Estimate StdDev 
1982 0.016 0.001   2001 0.016 0.001 
1983 0.010 0.001   2002 0.010 0.001 
1984 0.006 0.000   2003 0.006 0.000 
1985 0.002 0.000   2004 0.002 0.000 
1986 0.001 0.000   2005 0.001 0.000 
1987 0.018 0.001   2006 0.018 0.001 
1988 0.018 0.001   2007 0.018 0.001 
1989 0.009 0.000   2008 0.009 0.000 
1990 0.018 0.001   2009 0.018 0.001 
1991 0.064 0.002   2010 0.064 0.002 
1992 0.042 0.001   2011 0.042 0.001 
1993 0.042 0.001   2012 0.042 0.001 
1994 0.053 0.002   2013 0.053 0.002 
1995 0.063 0.002   2014 0.063 0.002 
1996 0.104 0.003   2015 0.104 0.003 
1997 0.065 0.002   2016 0.065 0.002 
1998 0.058 0.002   2017 0.058 0.002 
1999 0.073 0.003         
2000 0.093 0.003         


Table 16. Projected spawning biomass for the Western-Central GOA for the seven harvest scenarios listed 
in the “Harvest Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 38,069 38,069 38,069 38,069 38,069 38,069 38,069 
2018 36,374 36,374 36,374 36,374 36,374 36,374 36,374 
2019 34,569 34,569 34,569 34,569 34,569 28,007 29,412 
2020 34,032 34,032 34,032 34,032 34,032 23,612 25,661 
2021 29,935 29,935 34,816 34,386 35,796 21,631 23,021 
2022 26,973 26,973 35,698 34,871 37,627 20,274 21,200 
2023 24,737 24,737 36,429 35,242 39,256 19,321 19,876 
2024 23,111 23,111 37,004 35,506 40,648 18,739 19,053 
2025 21,950 21,950 37,449 35,684 41,824 18,378 18,548 
2026 21,165 21,165 37,797 35,807 42,818 18,168 18,257 
2027 20,666 20,666 38,087 35,909 43,672 18,064 18,108 
2028 20,364 20,364 38,335 36,001 44,411 18,026 18,048 
2029 20,182 20,182 38,544 36,080 45,045 18,016 18,026 
2030 20,041 20,041 38,689 36,117 45,559 17,982 17,986 


 







Table 17. Projected fishing mortality for the Western-Central GOA for the seven harvest scenarios listed 
in the “Harvest Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
2018 0.04 0.04 0.04 0.04 0.04 0.29 0.23 
2019 0.05 0.05 0.05 0.05 0.05 0.29 0.23 
2020 0.23 0.23 0.04 0.05 0.00 0.29 0.29 
2021 0.23 0.23 0.04 0.05 0.00 0.29 0.29 
2022 0.23 0.23 0.04 0.05 0.00 0.28 0.28 
2023 0.23 0.23 0.04 0.05 0.00 0.27 0.27 
2024 0.23 0.23 0.04 0.05 0.00 0.26 0.27 
2025 0.23 0.23 0.04 0.05 0.00 0.26 0.26 
2026 0.22 0.22 0.04 0.05 0.00 0.26 0.26 
2027 0.22 0.22 0.04 0.05 0.00 0.26 0.26 
2028 0.22 0.22 0.04 0.05 0.00 0.26 0.26 
2029 0.22 0.22 0.04 0.05 0.00 0.26 0.26 
2030 0.22 0.22 0.04 0.05 0.00 0.26 0.26 


Table 18. Projected catch for the Western-Central GOA for the seven harvest scenarios listed in the 
“Harvest Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 1,550 1,550 1,550 1,550 1,550 1,550 1,550 
2018 2,508 2,508 2,508 2,508 2,508 14,375 11,825 
2019 2,508 2,508 2,508 2,508 2,508 10,956 9,462 
2020 11,181 11,181 1,863 2,681 0 9,467 10,284 
2021 10,018 10,018 1,952 2,773 0 8,869 9,424 
2022 9,029 9,029 2,010 2,822 0 8,145 8,608 
2023 8,264 8,264 2,047 2,847 0 7,537 7,836 
2024 7,695 7,695 2,076 2,865 0 7,183 7,354 
2025 7,247 7,247 2,098 2,876 0 6,970 7,062 
2026 6,933 6,933 2,116 2,883 0 6,851 6,898 
2027 6,733 6,733 2,131 2,890 0 6,791 6,815 
2028 6,614 6,614 2,144 2,897 0 6,771 6,782 
2029 6,545 6,545 2,156 2,904 0 6,772 6,777 
2030 6,489 6,489 2,163 2,906 0 6,755 6,757 


 







Table 19. Projected spawning biomass for the Eastern GOA subpopulation for the seven harvest scenarios 
listed in the “Harvest Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 9,871 9,871 9,871 9,871 9,871 9,871 9,871 
2018 9,376 9,376 9,376 9,376 9,376 9,376 9,376 
2019 9,006 9,006 9,006 9,006 9,006 6,844 7,234 
2020 8,908 8,908 8,908 8,908 8,908 5,478 6,022 
2021 7,374 7,374 8,995 8,612 8,995 4,790 5,145 
2022 6,293 6,293 9,112 8,391 9,112 4,329 4,557 
2023 5,520 5,520 9,211 8,195 9,211 4,007 4,148 
2024 4,982 4,982 9,287 8,023 9,287 3,813 3,892 
2025 4,610 4,610 9,345 7,874 9,345 3,699 3,741 
2026 4,362 4,362 9,391 7,749 9,391 3,637 3,658 
2027 4,205 4,205 9,432 7,649 9,432 3,606 3,617 
2028 4,110 4,110 9,468 7,571 9,468 3,595 3,600 
2029 4,052 4,052 9,500 7,508 9,500 3,591 3,593 
2030 4,010 4,010 9,520 7,451 9,520 3,581 3,582 


Table 20. Projected fishing mortality for the Eastern GOA subpopulation for the seven harvest scenarios 
listed in the “Harvest Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2018 0.00 0.00 0.00 0.00 0.00 0.31 0.25 
2019 0.00 0.00 0.00 0.00 0.00 0.31 0.25 
2020 0.25 0.25 0.00 0.05 0.00 0.31 0.31 
2021 0.25 0.25 0.00 0.05 0.00 0.31 0.31 
2022 0.25 0.25 0.00 0.05 0.00 0.31 0.31 
2023 0.25 0.25 0.00 0.05 0.00 0.30 0.30 
2024 0.25 0.25 0.00 0.05 0.00 0.29 0.29 
2025 0.25 0.25 0.00 0.05 0.00 0.28 0.29 
2026 0.24 0.24 0.00 0.05 0.00 0.28 0.28 
2027 0.24 0.24 0.00 0.05 0.00 0.28 0.28 
2028 0.24 0.24 0.00 0.05 0.00 0.28 0.28 
2029 0.24 0.24 0.00 0.05 0.00 0.28 0.28 
2030 0.24 0.24 0.00 0.05 0.00 0.28 0.28 


 







Table 21. Projected catch for the Eastern GOA subpopulation for the seven harvest scenarios listed in the 
“Harvest Recommendations” section. 


Year Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 2 2 2 2 2 2 2 
2018 1 1 1 1 1 4,331 3,548 
2019 1 1 1 1 1 3,128 2,708 
2020 3,398 3,398 0 800 0 2,551 2,806 
2021 2,844 2,844 0 787 0 2,261 2,428 
2022 2,419 2,419 0 768 0 2,023 2,137 
2023 2,114 2,114 0 748 0 1,815 1,900 
2024 1,904 1,904 0 732 0 1,685 1,735 
2025 1,751 1,751 0 718 0 1,609 1,636 
2026 1,642 1,642 0 706 0 1,569 1,582 
2027 1,570 1,570 0 697 0 1,549 1,555 
2028 1,527 1,527 0 690 0 1,542 1,545 
2029 1,500 1,500 0 684 0 1,540 1,542 
2030 1,481 1,481 0 679 0 1,535 1,536 


  







Table 22. Time series of recruitment at ages 3 and 0 and standard deviation of age 0 recruits for the 
previous and current assessments. 


  2015 Assessment 2017 Assessment 


Year 
Recruits 
(Age 3) 


Recruits 
(Age 0) Std. dev 


Recruits 
(Age 3) 


Recruits 
(Age 0) Std. dev 


1981             
1982 41,482 109,895 39,073 61,316 105,098 15,858 
1983 42,848 134,359 42,463 59,823 144,103 18,860 
1984 53,239 115,260 33,387 39,743 139,053 16,593 
1985 65,992 120,360 27,370 63,111 154,457 15,463 
1986 80,682 81,861 18,470 86,533 129,565 12,731 
1987 69,213 106,408 17,368 83,501 132,510 12,005 
1988 72,275 69,799 17,618 92,750 78,978 8,446 
1989 49,157 66,105 15,992 77,803 59,804 6,944 
1990 63,897 67,566 15,105 79,571 62,661 6,819 
1991 41,914 53,026 13,098 47,426 41,529 5,361 
1992 39,696 56,642 13,125 35,911 52,278 5,893 
1993 40,573 47,958 11,772 37,628 49,521 5,725 
1994 31,842 60,975 13,314 24,938 56,856 5,897 
1995 34,013 78,470 14,742 31,392 70,568 6,447 
1996 28,799 102,590 17,303 29,737 95,589 7,727 
1997 36,615 158,494 22,816 34,141 154,501 10,195 
1998 47,121 140,311 22,102 42,375 170,189 10,789 
1999 61,605 136,120 23,678 57,400 174,341 10,798 
2000 95,175 132,195 22,752 92,775 138,178 9,423 
2001 84,256 110,284 21,640 102,195 108,519 8,450 
2002 81,739 90,007 19,115 104,689 106,159 8,997 
2003 79,383 134,241 23,925 82,973 185,134 13,233 
2004 66,225 124,948 21,982 65,164 162,319 13,389 
2005 54,049 132,228 22,336 63,747 223,018 16,180 
2006 80,611 59,067 14,231 111,171 111,620 11,303 
2007 75,031 63,013 15,471 97,471 101,201 10,780 
2008 79,402 26,933 9,624 133,920 51,179 7,395 
2009 35,470 32,716 13,889 67,027 48,299 7,860 
2010 37,839 233,793 41,012 60,770 94,900 13,867 
2011 16,173 122,091 37,674 30,732 91,658 16,145 
2012 19,646 163,140 32,474 29,003 39,850 12,262 
2013 140,392 105,746 3,973 56,986 28,270 11,645 
2014 73,315 105,746 3,973 55,040 180,497 45,371 
2015 97,965 105,746   23,929 262,142 91107 
2016       16,976 112,996 3454 
2017       108,387 112,996   


Average 59,342 101,415   63,557 111,959   
 







Table 23. Time series of recruitment at ages 3 and 0 by area. 


  
Western-Central 


GOA Eastern GOA 


Year 
Recruits 
(Age 3) 


Recruits 
(Age 0) 


Recruits 
(Age 3) 


Recruits 
(Age 0) 


1982 43,077 73,836 18,239 31,262 
1983 42,028 101,238 17,795 42,864 
1984 27,921 97,691 11,822 41,362 
1985 44,338 108,512 18,773 45,944 
1986 60,793 91,025 25,740 38,540 
1987 58,663 93,094 24,838 39,416 
1988 65,161 55,486 27,589 23,493 
1989 54,660 42,015 23,143 17,789 
1990 55,902 44,022 23,669 18,639 
1991 33,319 29,176 14,107 12,353 
1992 25,229 36,727 10,682 15,550 
1993 26,435 34,791 11,193 14,730 
1994 17,520 39,944 7,418 16,912 
1995 22,054 49,577 9,338 20,991 
1996 20,891 67,155 8,846 28,434 
1997 23,985 108,544 10,156 45,957 
1998 29,770 119,565 12,605 50,624 
1999 40,326 122,482 17,074 51,859 
2000 65,178 97,076 27,597 41,102 
2001 71,796 76,240 30,399 32,280 
2002 73,548 74,581 31,141 31,578 
2003 58,292 130,065 24,681 55,069 
2004 45,780 114,036 19,384 48,283 
2005 44,785 156,680 18,962 66,338 
2006 78,102 78,418 33,069 33,202 
2007 68,477 71,098 28,994 30,103 
2008 94,084 35,955 39,836 15,223 
2009 47,089 33,932 19,938 14,367 
2010 42,693 66,672 18,077 28,229 
2011 21,590 64,394 9,142 27,264 
2012 20,376 27,997 8,627 11,854 
2013 40,035 19,861 16,951 8,409 
2014 38,668 126,807 16,372 53,690 
2015 16,811 184,166 7,118 77,976 
2016 11,926 79,385 5,050 33,611 
2017 76,146 79,385 32,241 33,611 


Average 44,651 78,656 18,906 33,303 
 







Table 24. Time series of total and spawning biomass and standard deviation of spawning biomass 
(Std_Dev) for the previous and current assessments. Values for 2018 and 2019 are from projections using 
Scenario 1. 


2015 Assessment 2017 Assessment 


Year 


Total 
Biomass 
(age 3+) 


Spawning 
Biomass Stdev_SPB 


Total 
Biomass 
(age 3+) 


Spawning 
Biomass Stdev_SPB 


1982 128,146 40,287 3,342 127,143 46,408 2,507 
1983 83,452 38,780 3,037 99,299 46,648 2,381 
1984 81,587 37,781 2,724 100,125 47,417 2,271 
1985 81,428 37,361 2,435 100,169 48,245 2,168 
1986 83,327 37,672 2,196 100,752 48,874 2,066 
1987 87,719 38,892 2,029 103,035 49,321 1,959 
1988 92,967 40,523 1,932 106,439 49,579 1,845 
1989 97,696 42,811 1,916 110,173 50,734 1,746 
1990 100,960 45,444 1,971 113,942 52,974 1,675 
1991 104,380 47,126 2,036 118,207 55,080 1,621 
1992 105,170 46,247 2,049 119,635 55,043 1,571 
1993 101,180 45,789 1,974 115,398 55,074 1,514 
1994 98,051 44,586 1,850 111,157 53,839 1,447 
1995 93,862 42,488 1,729 105,083 50,996 1,367 
1996 88,646 39,874 1,637 97,703 47,149 1,278 
1997 82,727 36,036 1,574 89,760 41,919 1,188 
1998 75,557 33,813 1,522 80,540 38,356 1,102 
1999 72,500 32,147 1,476 75,234 35,546 1,026 
2000 72,131 30,893 1,449 72,466 33,210 966 
2001 75,230 30,514 1,463 72,909 31,704 931 
2002 80,016 32,193 1,527 76,201 32,188 931 
2003 86,671 35,247 1,642 82,765 34,481 980 
2004 93,426 38,519 1,761 89,609 37,918 1,077 
2005 98,501 42,724 1,869 94,713 42,708 1,196 
2006 103,483 45,726 1,966 100,236 46,419 1,307 
2007 107,540 47,084 2,027 106,135 48,480 1,396 
2008 110,056 48,232 2,022 110,995 50,409 1,473 
2009 113,154 49,560 1,994 118,540 52,952 1,570 
2010 113,501 49,667 1,997 123,956 55,080 1,703 
2011 109,702 49,603 2,038 125,073 57,713 1,858 
2012 104,087 48,466 2,080 123,488 59,350 1,996 
2013 97,408 46,191 2,099 119,548 59,091 2,080 
2014 98,124 42,728 2,119 115,384 56,301 2,109 
2015 99,119 41,418 2,304 109,839 52,735 2,109 
2016 108,340 43,808 0 103,157 50,180 2,120 
2017       96,924 47,939 2,153 
2018       97,982 45,750   
2019       97,967 43,575   


 


 







Table 25. Total (age 3+) biomass and spawning biomass for the Western-Central GOA and Eastern GOA. 
  Total Biomass Spawning Biomass 


Year Western-Central Eastern Western-Central Eastern 
1982 103,884 23,259 38,698 7,710 
1983 81,047 18,252 38,795 7,853 
1984 81,552 18,574 39,381 8,036 
1985 81,563 18,606 40,051 8,194 
1986 82,000 18,752 40,582 8,292 
1987 83,795 19,240 40,964 8,357 
1988 86,532 19,908 41,082 8,498 
1989 89,348 20,825 41,944 8,789 
1990 92,269 21,673 43,776 9,198 
1991 95,733 22,474 45,452 9,628 
1992 96,867 22,768 45,069 9,974 
1993 92,830 22,569 44,930 10,144 
1994 89,118 22,039 43,770 10,069 
1995 83,955 21,127 41,232 9,764 
1996 77,608 20,095 37,841 9,308 
1997 70,760 19,000 33,139 8,779 
1998 62,561 17,980 30,106 8,249 
1999 58,068 17,166 27,767 7,779 
2000 55,739 16,726 25,782 7,429 
2001 55,885 17,024 24,434 7,270 
2002 58,276 17,925 24,802 7,386 
2003 63,505 19,260 26,672 7,809 
2004 69,058 20,551 29,467 8,452 
2005 73,187 21,526 33,575 9,133 
2006 78,035 22,201 36,731 9,687 
2007 82,900 23,235 38,411 10,069 
2008 86,739 24,256 40,005 10,404 
2009 92,771 25,769 42,118 10,834 
2010 97,301 26,655 43,714 11,366 
2011 98,000 27,073 45,858 11,854 
2012 96,790 26,698 47,271 12,079 
2013 93,773 25,776 47,155 11,936 
2014 90,521 24,863 44,806 11,495 
2015 85,878 23,961 41,812 10,923 
2016 80,413 22,744 39,807 10,374 
2017 75,618 21,306 38,068 9,870 
2018 76,644 21,338 36,374 9,376 
2019 76,631 21,336 34,569 9,006 


 


  







 


Table 26. Non-target catch in the directed GOA rex sole fishery in metric tons for the past 10 years. 
Conditional highlighting from white (lowest numbers) to green (highest numbers) is applied. Birds 
(recorded in numbers) have not been recorded as bycatch in the GOA rex sole fishery. 


Species 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 
Benthic urochordata     0.05               
Bivalves             C   0.46 0.60 
Brittle star unidentified C   0.01   0.01   0.00 C 0.21 0.33 
Capelin     0.01   0.00       0.02 0.00 


Corals Bryozoans - Corals 
Bryozoans Unidentified     0.00   0.06 0.03 0.00 C 0.07   
Corals Bryozoans - Red Tree 
Coral         0.33           
Eelpouts C   0.00       C C 0.00   
Eulachon C   0.00 0.00 0.04 0.13   0.17 0.19 0.00 
Giant Grenadier C       3.80 1.90 144.35 130.65 101.68 88.64 
Greenlings       0.05       C 0.50   
Grenadier - Ratail Grenadier 
Unidentified                   0.52 


Grenadier - Rattail Grenadier 
Unidentified       5.03     83.75       
Gunnels                   0.03 
Hermit crab unidentified C     0.00 0.01 0.01 0.01 C 0.07 0.00 
Invertebrate unidentified     0.05         0.31 0.02 0.33 
Large Sculpins - Bigmouth 
Sculpin           8.88     24.95 2.27 
Large Sculpins - Great Sculpin                 4.51 0.30 


Large Sculpins - Hemilepidotus 
Unidentified                 0.49   
Large Sculpins - Yellow Irish 
Lord           6.39     0.68 C 
Misc crabs C       0.00   C 0.07 1.06 0.98 
Misc crustaceans C   0.00     0.27 0.01       
Misc fish C 0.07 1.75 1.03 3.94 1.70 2.98 7.01 16.61 7.94 
Misc inverts (worms etc)             0.02 C     
Other Sculpins           0.07     0.89 0.98 
Other osmerids   0.00 0.01 0.02     0.03 C 0.56 0.02 
Pandalid shrimp C 0.01 0.08 0.05 0.28 0.02 0.03 0.15 0.18 0.06 
Polychaete unidentified     0.00   0.00     C 0.02   
Scypho jellies   0.13   0.17 0.27 C 0.00 0.80 0.34   
Sea anemone unidentified C   0.04 0.03 0.02 0.07 0.04 0.21 2.67 C 
Sea pens whips C       0.00           
Sea star C 0.18 0.40 0.18 1.45 0.24 1.26 4.18 2.87 1.84 
Snails C 0.01   0.02 0.14 0.02 0.06 0.13 0.34 0.94 
Sponge unidentified C 0.00 0.11 0.18 0.69   0.22 0.02 0.66   
State-managed Rockfish       1.37             
Stichaeidae C   0.03   0.01     C 0.03 0.02 
Urchins dollars cucumbers C 0.02 0.21 0.05 0.27 0.32 0.11 0.74 1.14 0.02 


 







Table 27. Prohibited species catch in the GOA rex sole directed fishery as a proportion of all prohibited 
species catch in the GOA for 2014-2017 in metric tons. PSC estimate reports halibut and herring, counts 
of fish for crab and salmon. "C" indicates confidential data. 


  2017 2016 2015 2014 2013 
Species 
Group 
Name PSC 


Halibut 
Mort. PSC 


Halibut 
Mort. PSC 


Halibut 
Mort. PSC 


Halibut 
Mort. PSC 


Halibut 
Mort. 


Bairdi 
Tanner 
Crab C   0   81   233   750   
Blue King 
Crab C   0   0   0   0   
Chinook 
Salmon C   0   132   384   2,590   


Golden 
(Brown) 
King Crab C   0   0   0   0   


Halibut C 11 21 15 43 29 80 55 221 153 


Herring C   0   0   0   0   
Non-
Chinook 
Salmon C   0   0   116   251   
Opilio 
Tanner 
(Snow) 
Crab C   0   0   0   0   
Red King 
Crab C   0   0   0   0   
Grand 
Total C 11 21 15 257 29 813 55 3,813 153 







Figures 


 
Figure 1. Fishery catches for GOA rex sole, 1982-2017. Catch for 2015 is through October 8, 2017. 


 







 
Figure 2a. Fishery age-length data by cohort and year for females. 







 
Figure 2b. Fishery age-length data by cohort and year for males. 







 
Figure 3. Fishery age-length data by season (quarter 1-4; rows), sex and cohort. “F” indicates females and 
“M” indicates males (columns). 


 


 







 
Figure 4. Fishery age-length data by management area (WG = Western GOA, CG = Central GOA). “F” 
indicates females and “M” indicates males. The fishery does not occur in the Eastern GOA. 


 


 


 







 
Figure 5. Fishery age-length data by cohort and for port data and haul data. “F” indicates females and 
“M” indicates males. 


 







 
Figure 6. Female age-length data from the GOA trawl survey by cohort, management area (columns), and 
depth (rows).  







 
Figure 7. Male age-length data from the GOA trawl survey by cohort, management area (columns), and 
depth (rows). 


 







 
Figure 8. GOA trawl survey age-length data by cohort for the eastern GOA and for the Western-Central 
GOA (NOT_EASTERN) for females and males. 







 
Figure 9. Female age-length data by cohort and year from the GOA trawl survey. A different ageing 
technique was used in 1990 (surface ageing), resulting in potentially biased results and 1990 age-length 
data were not used in the model. 


 







 
Figure 10. Male age-length data by cohort and year from the GOA trawl survey. A different ageing 
technique was used in 1990 (surface ageing), resulting in potentially biased results and 1990 age-length 
data were not used in the model. 


 







 


 
Figure 11. Maturity-at-age and female fishery selectivity-at-age for the 2015 model with new data (Model 
15.0; top left), the 2015 model with newly aged fishery age data (Model 17.0; top right), the model with 
fishery age data and internal estimation of growth (Model 17.1; bottom left), and the base case growth 
morph model (Model 17.2; bottom right). 


 







 


 
Figure 12. Predicted (red and blue lines) and observed length compositions (grey filled areas), aggregated 
over time for the 2015 model with new data (Model 15.0; top left), the 2015 model with newly aged 
fishery age data (Model 17.0; top right), the model with fishery age data and internal estimation of growth 
(Model 17.1; bottom left), and the base case growth morph model (Model 17.2; bottom right). 







 


 
Figure 13. Predicted (red and blue lines) and observed age compositions (grey filled areas), aggregated 
over time for the 2015 model with new data (Model 15.0; top left; no fishery age composition data was 
used), the 2015 model with newly aged fishery age data (Model 17.0; top right), the model with fishery 
age data and internal estimation of growth (Model 17.1; bottom left), and the base case growth morph 
model with internal estimation of growth (Model 17.2; bottom right). Conditional age-at-length data were 
used in place of age composition data for the survey for models 17.1 and 17.2, so only fits to fishery age 
composition data are shown for those models. 







 


 
Figure 14. Observed (dots) and predicted (black lines) length-at-age for models 15.0 and 17.0, where a 
single growth curve was estimated for each sex outside of the assessment model and based on data only 
up to 1996. Females are shown on the left panel, grey dots, and males are shown on the right panel; blue 
dots. Dotted lines show 95% confidence intervals based on CVs of 2 year old and 20 year old fish. 


 
Figure 15. Observed (dots) and predicted (black lines) length-at-age for model 17.1, where a single 
growth curve was estimated for each sex within the assessment model. Females are shown on the left 
panel, grey dots, and males are shown on the right panel; blue dots. Dotted lines show 95% confidence 
intervals based on CVs of 2 year old and 20 year old fish. 







 
Figure 16. Observed (dots) and predicted (black lines) length-at-age for model 17.2, where separate 
growth curves were estimated within the assessment model by sex and by area for the Western-Central 
GOA and for the Eastern GOA. Females are shown on the upper panels (grey dots), and males are shown 
on the lower panels (blue dots). Dotted lines show 95% confidence intervals based on CVs of 2 year old 
and 20 year old fish. 







 
Figure 17. Observed (black dots) and predicted index of survey biomass for the 2015 model with new 
data (model 15.0; blue), the model with fishery ages added (model 17.0; red), and the model with fishery 
ages and internal estimation of growth (model 17.1; green). Vertical black lines show 95% confidence 
intervals about the observations. 







 


  
Figure 18. Observed (black dots) and predicted (blue lines) Observed (black dots) index of survey 
biomass from Model 17.2. The Western-Central (“NonEastern”) area is shown in the upper panel and the 
Eastern area is shown in the lower panel. 







 
Figure 19. Spawning biomass for the 2015 model with new data (model 15.0; blue), the model with 
fishery ages added (model 17.0; green), the model with fishery ages and internal estimation of growth 
(model 17.1; yellow), and the base case model with two areas, each with its own growth morph (model 
17.2; red). 







 
Figure 20. Estimates of age 0 recruitments with associated 95% asymptotic confidence intervals for the 
2015 model with new data (model 15.0; blue), the model with fishery ages added (model 17.0; green), the 
model with fishery ages and internal estimation of growth (model 17.1; yellow), and the base case model 
with two areas, each with its own growth morph (model 17.2; red). 







 
Figure 21. Estimates of recruitment deviations and corresponding 95% asymptotic confidence intervals 
for the 2015 model with new data (model 15.0; blue), the model with fishery ages added (model 17.0; 
green), the model with fishery ages and internal estimation of growth (model 17.1; yellow), and the base 
case model with two areas, each with its own growth morph (model 17.2; red). 


 







 
Figure 22. Estimates of fishing mortality for the 2015 model with new data (model 15.0; blue), the model 
with fishery ages added (model 17.0; green), the model with fishery ages and internal estimation of 
growth (model 17.1; yellow), and the base case model with two areas, each with its own growth morph 
(model 17.2; red). 







 


 
Figure 23. Fishery and survey selectivity at age for the 2015 model with new data (Model 15.0; top left, 
no fishery age data was used), the 2015 model with newly aged fishery age data (Model 17.0; top right), 
the model with fishery age data and internal estimation of growth (Model 17.1; bottom left), and the base 
case growth morph model with internal estimation of growth (Model 17.2; bottom right). Survey 
selectivity in Model 17.2 was not sex-specific after preliminary model runs confirmed that male and 
female survey selectivity were nearly identical. 







 
Figure 24. Spawning biomass (left panel) and age-0 recruits (right panel) by area for the base case model 
(Model 17.2). Blue lines indicate the Western-Central GOA and red lines indicate the Eastern GOA. 


  


Figure 25. Observed (grey filled area and black line) and expected (red and blue lines) fishery length 
compositions for years 1982-2008 for males (blue lines) and females (red lines). 







 
 


Figure 26. As for Figure 25, but for years 2011-2017. 







 
Figure 27. Observed (grey filled area and black line) and expected (red and blue lines) fishery age 
compositions for all available years of data for males (blue lines) and females (red lines). 







 
Figure 28. Pearson residuals for the fishery age composition data. Females are shown in red and males in 
blue. Filled dots indicate positive residuals where observed values were greater than predicted values. 
Open dots indicate negative residuals. 


 







 
Figure 29. Observed (grey filled area and black line) and expected (red and blue lines) survey length 
compositions for the Western-Central (non-Eastern) GOA for all years of survey data for males (blue 
lines) and females (red lines). 







 
Figure 30. Observed (grey filled area and black line) and expected (red and blue lines) survey age 
compositions for the Eastern GOA for all years of survey data for males (blue lines) and females (red 
lines). 







 


 
Figure 31. Observed and expected mean age-at-length for both females and males in the Western-Central 
(Non-Eastern) GOA with 90% intervals about observed age-at-length (left panels) and observed and 
expected standard deviation in age-at-length (right panels) for the base case model (Model 17.2) for years 
1984-2001. 







 


 
Figure 32. As for Figure 31, but for years 2003-2015. 







 
Figure 33. Observed and expected mean age-at-length for both females and males in the Eastern (Non-
Eastern) GOA with 90% intervals about observed age-at-length (left panels) and observed and expected 
standard deviation in age-at-length (right panels) for the base case model (Model 17.2) for years 1984-
2005. 
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Figure 34. As for Figure 33, but for years 2007-2015. 







 
Figure 35. Pearson residuals for the length composition data for the fishery and the two survey areas. 
Females are shown in red and males in blue. Filled dots indicate positive residuals where observed values 
were greater than predicted values. Open dots indicate negative residuals. 


 







 
Figure 36. Spawning stock biomass (solid blue line with dots) and 95% asymptotic confidence intervals 
(dotted blue lines) for the base case assessment model (Model 17.2). 


 
Figure 37. Spawning stock biomass relative to B35% and fishing mortality (F) relative to F35% from 1982-
2019 (solid black line), the OFL control rule (dotted red line), the maxABC control rule (solid red line), 
B35% (vertical grey line), and F35% (horizontal grey line). The grey dot represents values for 1982, the 
beginning of the time series. The 2018 and 2019 spawning biomass and fishing mortality rates are as 
predicted by Alternative 1 in the harvest projections. Eastern GOA (left panel), Western-Central GOA 
(right panel). 







  


 
Figure 38. Spawning stock biomass (top left), recruitment (top right), and fishing mortality (bottom left) 
for retrospective model runs leaving out 0 to 10 years of the most recent data for Model 17.2. Vertical 
lines show corresponding 95% asymptotic confidence intervals. 







 
Figure 39. Gulf of Alaska food web from the GOA ecosystem model (Aydin et al., 2007) highlighting rex 
sole links to predators (blue boxes and lines) and prey (green boxes and lines).  Box size reflects relative 
standing stock biomass. 


 


 
Figure 40.  Diet composition for Gulf of Alaska rex sole from the GOA ecosystem model (Aydin et al., 
2007). 







 


 
Figure 41. Decomposition of natural mortality for Gulf of Alaska rex sole from the GOA ecosystem 
model (Aydin et al., 2007). 


 


 


 


  







Appendix 6A: Specifications for the Model 15.0 model run in SS  


Reference fishing mortality rates 


Because F35% and F40% were highly uncertain in previous assessments, Tier 3 considerations were not used 
to set reference fishing mortality rates and make harvest specifications for the GOA rex sole stock.  In 
2009, the GOA Plan Team decided that reference rates and harvest specifications for rex sole should be 
set using Tier 5 considerations.  For Tier 5 stocks, reference fishing mortality rates are given by FOFL = M 
(the rate of natural mortality) and max FABC = 0.75·M.  Consequently, values for the reference fishing 
mortality rates for GOA rex sole a Tier 5 approach are FOFL = 0.17 yr-1 and FABC = 0.128 yr-1.  


Acceptable Biological Catch and Overfishing Level 


For Tier 5 stocks, harvest specifications are given by 𝑂𝑂𝑂𝑂𝑂𝑂 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 ∙ 𝐵𝐵�  and  𝐴𝐴𝐵𝐵𝐴𝐴 = 𝑂𝑂𝐴𝐴𝐴𝐴𝐴𝐴 ∙ 𝐵𝐵� , where 𝐵𝐵�  is 
an estimate of stock biomass.  For most Tier 5 stocks, the estimate of survey biomass for the stock from 
the most recent groundfish survey is used as 𝐵𝐵� .  For rex sole, however, the GOA Plan Team determined 
that estimates of “adult” biomass (i.e., total biomass-at-age weighted by the fraction mature-at-age) from 
the assessment model provided more appropriate estimates of stock biomass than the groundfish survey 
and should be used for setting harvest specifications.  Estimating adult biomass in the assessment model 
for 2018 and 2019 requires predictions of the total catch taken in 2015 and 2016. Because the 2017 
fishery is not yet complete, we estimated the total catch taken in 2017 as the current catch of GOA rex 
sole as of October 8, 2017 added to the average October 8 – December 31 GOA rex sole catches over the 
5 previous years. Total catch in 2018 and 2019 was the average catch over the last five years (2013-2017). 
Using these values and the estimated numbers-at-age at the start of 2017 from the assessment model, we 
projected the stock ahead and calculated adult biomass (BA) at the start of 2016 and 2017 using the 
Baranov catch equation  


𝐵𝐵� =
(1 − 𝑒𝑒−𝑍𝑍)


𝑍𝑍
∙ 𝐵𝐵𝐴𝐴 


where Z=M+F and F was FABC or FOFL.  







Quantity 


As estimated or As estimated or 
recommended last year for: recommended this year for: 


2016 2017 2017 2018 


M (natural mortality rate) 0.17 0.17 0.17 0.17 
Tier 5 5 5 5 
Projected total (3+) biomass 
(t) 75,359 76,356 67,547 67,704 


Female spawning biomass (t) 47,008 49,317 39,378 38,461 
     B100% 56,845 56,845 52,043 52,043 
     B40% 22,738 22,738 20,817 20,817 
     B35% 19,896 19,896 18,215 18,215 
FOFL=M 0.170 0.170 0.17 0.17 
maxFABC=0.75*M 0.128 0.128 0.128 0.128 
FABC 0.128 0.128 0.128 0.128 
OFL (t) 10,860 11,004 9,735 9,757 
maxABC (t) 8,311 8,421 7,449 7,467 
ABC (t) 8,311 8,421 7,449 7,467 


Status 
As determined in 2016 for: As determined in 2017 for: 


2015 2016 2016 2017 
Overfishing no n/a no n/a 


Overfished n/a no n/a no 
* Projections are based on estimated catches of 1,550t and 2,508 t that was used in place of maximum permissible 
ABC for 2017 and 2018-2019, respectively. The 2017 projected catch was calculated as the current catch of GOA 
rex sole as of October 8, 2017 added to the average October 8 – December 31 GOA rex sole catches over the 5 
previous years. The 2018-2019 projected catch was calculated as the average catch from 2013-2017. 


 


  







Appendix 6B: Non-Commercial Catches of GOA Rex Sole 


 ADF&G Sources 


Year 


Large-
Mesh 
Trawl 
Survey 


Prince 
William 
Sound 


Sablefish 
Tagging 


Scallop 
Dredge 
Survey 


Small-
Mesh 
Trawl 
Survey 


Subsistence 
Fishery 


1991         392.648 
1998 282.75   2.21     
1999 842.63         
2000 380.37   0.3 105.63   
2001 1294.13         
2002 505.56   1.58     
2003 1964.35     284.59   
2004 625.35   0.21 128.37   
2005 1468.14   2.85 266.52   
2006 307.47   11.55 264.94   
2007 770.91   0.5 99.58   
2008 229.35         
2009 1075.48   0.55     
2010 5452.668   0.48 342.18   
2011 4367.688     146.95   
2012 3828.64   0.44 62.58   
2013 3923.75     78.051   
2014 1810.35     137.188   
2015 1893.994 1.18   110.67   
2016 1327.919   3.174 44.08   







  NMFS Sources 


Year 


Annual 
Longline 
Survey 


Gulf of 
Alaska 
Bottom 
Trawl 
Survey 


Salmon 
EFP 13-


01 


Shelikof 
Acoustic 
Survey 


Shumigans 
Acoustic 
Survey 


1992        0.92          
1994        5.49          
1995        0.92          
2010              8.93         36.26  


2011   
  


5,751.32        
2012        0.91          


2013        1.83  
  


5,022.40  
    


130.00      


2014     
    


184.00      


2015   
  


7,679.45        
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		Figure 35. Pearson residuals for the length composition data for the fishery and the two survey areas. Females are shown in red and males in blue. Filled dots indicate positive residuals where observed values were greater than predicted values. Open d...

		Figure 36. Spawning stock biomass (solid blue line with dots) and 95% asymptotic confidence intervals (dotted blue lines) for the base case assessment model (Model 17.2).

		Figure 37. Spawning stock biomass relative to B35% and fishing mortality (F) relative to F35% from 1982-2019 (solid black line), the OFL control rule (dotted red line), the maxABC control rule (solid red line), B35% (vertical grey line), and F35% (hor...
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Executive Summary 
The scheduled frequency for some stock assessments was recently changed in response to the National 
Stock Assessment Prioritization effort (Methot 2015; Hollowed et al. 2016). In previous years, all Gulf of 
Alaska (GOA) rockfish stocks were assessed on a biennial stock assessment schedule to coincide with the 
availability of new survey data. There was no change in this schedule for the rougheye and blackspotted 
(RE/BS) rockfish complex. For this on-cycle (odd) year, we present a full stock assessment document 
with updated assessment and projection model results to recommend harvest levels for the next two years. 
In off-cycle (even) years, we will present a partial assessment consisting of an executive summary with 
recent fishery catch and survey trends as well as recommend harvest levels for the next two years.  
 
We use a statistical age-structured model as the primary assessment tool for the Gulf of Alaska rougheye 
and blackspotted (RE/BS) rockfish complex which qualifies as a Tier 3 stock. This assessment consists of 
a population model, which uses survey and fishery data to generate a historical time series of population 
estimates, and a projection model, which uses results from the population model to predict future 
population estimates and recommended harvest levels. The data sets used in this assessment include total 
catch biomass, fishery age and size compositions, trawl and longline survey abundance estimates, trawl 
survey age compositions, and longline survey size compositions. For this assessment year, we use the last 
full assessment base model from 2015.  


Summary of Changes in Assessment Inputs 
Changes in the input data: New and updated data added to this model include the following: 


1.) Updated catch estimate for 2016, new catch estimates for 2017-2019 (see Specified Catch 
Estimation subsection in Harvest Recommendations section) 


2.) New fishery ages for 2014 and 2016, new fishery lengths for 2015 
3.) New trawl survey biomass estimate for 2017, new trawl survey ages for 2015 
4.) New longline survey relative population numbers (RPN) for 2016 and 2017, and new longline 


survey lengths for 2016 and 2017.  
 
Changes in the assessment methodology: There were no changes in the assessment methodology as we 
continue to use the last full assessment model which we corrected to the name 15.4 (referred to as Model 
M4.a in the 2015 full assessment). Please see Shotwell et al. (2015) for more details on the last full 
assessment methodology (https://www.afsc.noaa.gov/REFM/Docs/2015/GOArougheye.pdf).    
  



https://www.afsc.noaa.gov/REFM/Docs/2015/GOArougheye.pdf





Summary of Results 
Reference values for RE/BS rockfish are summarized in the following table, with the recommended ABC 
and OFL values for 2018 in bold. The stock is not being subject to overfishing, is not currently 
overfished, nor is it approaching a condition of being overfished.  


*Projections are based on an estimated catch of 503 t for 2017, and estimates of 747 t and 725 t used in place of 
maximum permissible ABC for 2018 and 2019 in response to a Plan Team request to obtain more accurate two-year 
projections. Please see section on Specified Catch Estimation subsection in the Harvest Recommendations section 
for more details regarding these calculations.  
 
The 2017 trawl survey estimate increased 16% from the 2015 estimate and is now 11% below average. 
The 2016 longline survey abundance estimate (RPN) decreased about 22% from the 2015 estimate and 
the 2017 longline RPN estimate increased about 17% from the 2015 estimate and 50% from the 2016 
estimate. The longline survey is now 27% above average. Since 2005, the total allowable catches (TACs) 
for RE/BS rockfish have not been fully taken, and are generally between 20-60% of the TAC. This is 
particularly true for the Western GOA since 2011, where catches have been between 20-40% of TAC.   
 
For the 2018 fishery, we recommend the maximum allowable ABC of 1,444 t from the author 
recommended model. This is a 9% increase from last year’s ABC of 1,327 t. Recent recruitments are 
steady and near the median of the recruitment time series. This is evident in the ages for the trawl survey 
with a similar amount of young fish over time. Female spawning biomass is well above B40%, and 
projected to be stable.  


Area Allocation of Harvests 
The apportionment percentages have changed with the addition of the 2017 trawl survey biomass. In past 
assessments, we determined apportionment using a 4:6:9 weighted average of the proportion of biomass 


Quantity 
As estimated or 


specified last year for: 
As estimated or 


recommended this year for: * 
2017 2018 2018 2019 


M (natural mortality rate) 0.036 0.036 0.036 0.036 
Tier 3a 3a 3a 3a 
Projected total (ages 3+) biomass (t) 41,650 41,403 45,624 45,346 
Projected female spawning biomass (t) 13,754 13,685 15,059 14,972 


B100%  20,566 20,566  22,495   22,495  
B40%  8,226 8,226  8,998   8,998  
B35%  7,198 7,198  7,873   7,873  


FOFL  0.048 0.048 0.048 0.048 
maxFABC  0.040 0.040 0.040 0.040 
FABC 0.040 0.040 0.040 0.040 
OFL (t) 1,594 1,583 1,735 1,715 
maxABC (t) 1,327 1,318 1,444 1,427 
ABC (t) 1,327 1,318 1,444 1,427 
Status As determined last year for: As determined this year for: 
 2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 







in each area from the three most recent bottom trawl surveys. This exponential moving average was used 
to smooth the estimates but weight the most recent observation most heavily (see Area Allocation of 
Harvests subsection in Harvest Recommendation section for further details). As an alternative to this, 
both the Plan Team and SSC have requested that the random effects model developed by the Survey 
Averaging Working Group be applied to the bottom trawl survey data and used for apportionment as a 
default method and provided alongside the current apportionment for comparison purposes.  
 
The following table shows the apportionment for the 2018 and 2019 fishery using the three survey 
weighted average and random effects methods. 
 
Method Area Allocation Western GOA Central GOA Eastern GOA Total 


Three 
Survey 


Weighted 
Average 


  12.2% 38.5% 49.3% 100% 
2018 Area ABC (t) 176 556 712 1,444 
 OFL (t)    1,735 
2019 Area ABC (t) 174 550 703 1,427 
 OFL (t)    1,715 


Random 
Effects 


  8.6% 38.4% 53.0% 100% 
2018 Area ABC (t) 124 554 766 1,444 
 OFL (t)    1,735 
2019 Area ABC (t) 123 548 756 1,427 
 OFL (t)    1,715 


 
We recommend continuing with the status quo (three survey weighted average) apportionment for RE/BS 
rockfish at this time. Please see Area Allocation of Harvests subsection in the Harvest Recommendations 
section below for more details on this justification.      


Summaries for Plan Team 
Species Year Biomass1 OFL ABC TAC Catch2 


RE/BS complex 


2016 41,864 1,596 1,328 1,328 640 
2017 41,650 1,594 1,327 1,327 494 
2018 45,624 1,735 1,444   
2019 45,346 1,715 1,427   


Stock/  2017    2018  2019  
Assemblage Area OFL ABC TAC Catch2 OFL ABC OFL ABC 


RE/BS 
complex 


W  105 105 32  176  174 
C  706 706 298  556  550 
E  516 516 164  712  703 


Total 1,594 1,327 1,327 494 1,735 1,444 1,715 1,427 
1Total biomass (ages 3+) from the age-structured model 
2Current as of October 1, 2017. Source: NMFS Alaska Regional Office Catch Accounting System via the 
AKFIN database (http://www.akfin.org). 


Responses to SSC and Plan Team Comments on Assessments in General 
“In an effort improve record keeping as assessment authors formulate various stock status evaluation 
models, the Plan Team has recommended a systematic cataloging convention. Any new model that 
diverges substantial from the currently accepted model will be marked with the two-digit year and a “0” 



http://www.akfin.org/





version designation (e.g., 16.0 for a model from 2016). Variants that incorporate major changes are then 
distinguished by incremental increases in the version integer (e.g., 16.1 then 16.2), and minor changes 
are identified by the addition of a letter designation (e.g., 16.1a). The SSC recommends this method of 
model naming and notes that it should reduce confusion and simplify issues associated with tracking 
model development over time.” (SSC December 2016) 
 
For the 2017 assessment, we begin using this naming convention with the recommended model from the 
2015 assessment (Model 15.4).  
 
“The Teams recommend that the random effects survey smoothing model be used as a default for 
determining current survey biomass and apportionment among areas.” (Plan Team, September 2015)  
 
“Secondly, a few assessments incorporate multiple indices that could also be used for apportionment. The 
Team recommends an evaluation on how best to tailor the RE model to accommodate multiple indices.” 
(Plan Team, November 2015) 
 
“Finally, an area apportionment approach using the RE model which specifies a common “process 
error” has been developed and should be considered. This may help in some situations where observation 
errors are particularly high and/or vary between regions” (Plan Team, November 2015) 
  
In last year’s assessment, we included both the weighted survey average and the random effects model 
approach for estimating apportionment for RE/BS rockfish. Please see the Area Allocation of Harvests 
subsection in Harvest Recommendations section for further details regarding these apportionment 
methods. We recommended continuing with the status quo (three survey weighted average) 
apportionment for RE/BS rockfish until a multiple survey option was available which may be possible 
through the VAST model (Thorson et al. 2015). The assessment model utilizes both trawl and longline 
survey data to adequately sample the RE/BS population; therefore, using both survey indices for 
apportionment should provide for a better reflection of the RE/BS spatial population abundance over 
either the status quo three year survey average or the one survey index random effects model. We 
continue to recommend the status quo rather than switching the apportionment scheme until the Survey 
Averaging Working Group can provide recommendations on what apportionment to use for stocks with 
multiple surveys and regional variability in the sampling error.  
 
“…The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock, perhaps following the framework suggested below, during the December 
Council meeting to aid in identifying areas of concern.” (SSC October 2017) 
 
A newly proposed framework for considering ecosystem and socioeconomic factors has been submitted 
as an appendix in some assessments this year. This is an attempt to document these factors with respect to 
stock status and also provide indicators for continued monitoring to identify areas of concern. These 
reports are currently submitted as an appendix and in future years it is anticipated that they would be 
available for all stocks as the framework is adaptable for data-limited to data-rich stocks. We plan to 
evaluate and potentially incorporate this new ecosystem/socioeconomic report as an appendix when it 
becomes available for rougheye and blackspotted rockfish stock complex. 


Responses to SSC and Plan Team Comments Specific to this Assessment 
“The Team recommends exploring apportionment methods (such as the random effects model) for the 
next full assessment.” (Plan Team, November 2015) 
 







Please refer to the response in the previous section regarding application of the random effects model to 
the RE/BS rockfish stock complex.  
 
“The retrospective pattern for M4a is poor (Mohn's ρ = -0.371) and the SSC requests that the author 
explores the reason for this result.” (SSC, December 2015) 
 
In the second report from the Retrospective Working Group (Hanselman et al. 2013), GOA RE/BS 
rockfish exhibited a fairly strong retrospective pattern and was ranked fifth among all Alaska stocks. The 
results of this report were based on the RE/BS 2011 author recommended model and produced a Mohn’s 
revised ρ of -0.34. We examined this statistic in the 2015 assessment and also found an undesirably large 
Mohn’s revised ρ and were requested to investigate the underlying cause of this large retrospective 
pattern for this full assessment. After further inspection of the retrospective model, we determined that 
there was a coding error and have updated the Mohn’s revised ρ using the correct successive data peel. 
The previous large retrospective pattern is now much reduced and does not pose a concern. Below is a 
table of Mohn’s revised ρ reported in the 2015 full assessment, the updated value in the 2015 assessment 
using the correct code, and the new value in the 2017 assessment using the correct code.  
 
Statistic 2015 (M15.4) 2015 (M15.4) Updated 2017 (M15.4) 
Mohn's revised ρ -0.371 0.105 0.009 


 
“The Team recommends evaluating a Tier 5 approach by species with “worst-case” scenarios that 
consider total catch comprised of one species.” (Plan Team, November 2016) 
 
We evaluated a simple Tier 5 approach at the extreme by comparing the total catch to what an individual 
OFL would be for each species in the complex. We do not use any survey averaging techniques for two 
reasons: 1) the time series only runs back to 2007, and 2) we only have 3 years of genetically identified 
data. Thus, we compute an OFL for each year of both time series. The OFL for the Tier 5 approach is 
simply the most current estimate of natural mortality (M=0.036) multiplied by the bottom trawl survey 
biomass for that species in that year. 
 
The two time series are 1) the “naïve” time series that assumes that survey ID is completely accurate 
(Figure 1), and 2) the “genetic” adjusted years (2009, 2011 and 2015) which have been corrected by 
misidentification rates derived from genetics (Figure 2). In these figures we can see that the genetics does 
change the biomass of the two species some (e.g., 2009 and 2013), but it goes in both directions and 
generally there is almost always more rougheye rockfish biomass than blackspotted rockfish biomass 
(except for the naïve estimates of survey biomass in 2007). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.      Figure 2.  
 







We compare the total catches of the complex to hypothetical OFLs for each species as an extreme case for 
illustration. If all the catch were taken just from blackspotted rockfish, the hypothetical OFL would have 
been exceeded in some years in both the naïve ID and genetic ID cases (Figures 3 and 4). However, on 
average neither ID cases are over the OFL, but the genetic mean is very close (0.98).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3, 4. Blue dashed line is the average ratio of catch to OFL. Red line is when catch is equal to OFL. 
 
If all the complex catch were taken from the rougheye species, the hypothetical OFLs would never have 
been reached in any year, and on average were significantly below OFL (Figures 5 and 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5, 6. Blue dashed line is the average ratio of catch to OFL. Red line is when catch is equal to OFL. 
 
In summary, in the extreme case that every fish caught by the fishery were a blackspotted rockfish, we 
could approach or exceed Tier 5 OFLs for that species on a regular basis. However, given that they are 
caught together in trawl surveys, this extreme result is highly unlikely. It may still be worthwhile to have 
some type of test in the fishery to have a better idea what the ratio of blackspotted to rougheye is to better 
inform our fisheries data. A new study has been initiated to look at the otolith metrics for fishery ages of 
RE/BS rockfish and if combined with a genetic test in the fishery may be a potential avenue to gain a 
better understanding of the rougheye to blackspotted ratio in the fishery data.  
 
“The Team recommends the authors work with the observer program to request a one year sampling 
program to collect tissue for genetic analysis during otolith collection in the fishery.” (Plan Team, 
November 2016) 
 
 “As in previous years, the SSC encourages the author to explore methods to improve species 
identification in the fishery. The observed differences in spatial distributions and growth suggest that 







these rougheye and blackspotted rockfish should be assessed separately once the information is sufficient 
to make this change. With this in mind, the SSC requests that the author evaluate the available 
information to separately assess the two stocks and where there are data gaps.” (SSC, December 2015) 
 
Please refer to the “Current Research” subsection in the “Evidence of Stock Structure” section of the 
Introduction for an update on the available data for evaluating misidentification rates and differing life 
history characteristics for the two species. 
 
We will continue to monitor the progress of evaluating the data from these special projects and may 
extend this sampling protocol to commercial fisheries as a one-year special project requested of the 
Observer Program. Additionally, a promising approach using otolith morphology combined with genetics 
may enable the species composition in historical samples to be assessed. Such information will help 
determine the utility and cost-effectiveness of a split-species complex model or separate species models 
for examining if one species may be at greater risk to overfishing. At present, the area-specific harvest 
rates for RE/BS rockfish have been on average low and catches have consisted of approximately half the 
ABC in recent years. We consider current management specifications for this non-targeted complex to be 
sufficiently precautionary under current fishing practices and will continue to model rougheye and 
blackspotted rockfish as if they are a single species. 
   







Introduction 


Life History and Distribution 
Rougheye (Sebastes aleutianus) and blackspotted (S. melanostictus) rockfish inhabit the outer continental 
shelf and upper continental slope of the northeastern Pacific. Their distribution extends around the arc of 
the North Pacific from Japan to Point Conception, California and includes the Bering Sea (Kramer and 
O’Connell 1988). The two species occur in sympatric distribution, with rougheye extending farther south 
along the Pacific Rim and blackspotted extending into the western Aleutian Islands (Orr and Hawkins 
2008). The overlap of the two species is quite extensive, ranging primarily from southeast Alaska through 
the Alaska Peninsula (Gharrett et al. 2005, Orr and Hawkins 2008). The center of abundance for both 
species appears to be Alaskan waters, particularly the eastern Gulf of Alaska (GOA). Adults in the GOA 
inhabit a narrow band along the upper continental slope at depths of 300-500 m; outside of this depth 
interval, abundance decreases considerably (Ito, 1999). These species often co-occur with shortraker 
rockfish (Sebastes borealis).  
 
Though relatively little is known about their biology and life history, rougheye and blackspotted (RE/BS) 
rockfish appear to be K-selected with late maturation, slow growth, extreme longevity, and low natural 
mortality. As with other Sebastes species, RE/BS rockfish are ovoviviparous, where fertilization and 
incubation of eggs is internal and embryos receive at least some maternal nourishment. There have been 
no studies on fecundity of RE/BS in Alaska. One study on their reproductive biology indicated that 
rougheye had protracted reproductive periods, and that parturition (larval release) may take place in 
December through April (McDermott 1994). There is no information as to when males inseminate 
females or if migrations for spawning/breeding occur. The larval stage is pelagic, but larval studies are 
hindered because the larvae at present can only be positively identified by genetic analysis, which is 
labor-intensive. The post-larvae and early young-of-the-year stages also appear to be pelagic (Matarese et 
al. 1989, Gharrett et al. 2002). Genetic techniques have been used recently to identify post-larval RE/BS 
rockfish from opportunistically collected samples in epipelagic waters far offshore in the Gulf of Alaska, 
which is the only documentation of habitat preference for this life stage.  
 
There is no information on when juvenile RE/BS rockfish become demersal. Juvenile rougheye and 
blackspotted rockfish (15- to 30-cm fork length) are frequently taken in Gulf of Alaska bottom trawl 
surveys, implying the use of low relief, trawlable bottom substrates. They are generally found at 
shallower, more inshore areas than adults and have been taken in variety of locations, ranging from 
inshore fjords to offshore waters of the continental shelf. Studies using manned submersibles have found 
that large numbers of small, juvenile rockfish are frequently associated with rocky habitat on both the 
shallow and deep shelf of the GOA (Carlson and Straty 1981, Straty 1987, Krieger 1993). Another 
submersible study on the GOA shelf observed juvenile red rockfish closely associated with sponges that 
were growing on boulders (Freese and Wing 2004). Although these studies did not specifically identify 
rougheye or blackspotted rockfish, it is reasonable to suspect that juvenile RE/BS rockfish may be among 
the species that utilize this habitat as refuge during their juvenile stage.  
 
Adult rougheye and blackspotted rockfish are demersal and are known to inhabit particularly steep, rocky 
areas of the continental slope, with highest catch rates generally at depths of 300 to 400 m in longline 
surveys (Zenger and Sigler 1992) and at depths of 300 to 500 m in bottom trawl surveys and in the 
commercial trawl fishery (Ito 1999). Observations from a manned submersible in this habitat indicate that 
these species prefer steep slopes and are often associated with boulders and sometimes with Primnoa spp. 
coral (Krieger and Ito 1999, Krieger and Wing 2002). Within this habitat, rougheye rockfish tend to have 
a relatively even distribution when compared with the highly aggregated and patchy distribution of other 
rockfish such as Pacific ocean perch (Sebastes alutus) (Clausen and Fujioka, 2007). A recent study 
developing habitat-based indices of abundance for several species of rockfish found that a variety of 







environmental factors such as local slope, bottom depth, and coral/sponge abundance were significant in 
the best-fitting RE/BS rockfish habitat model (Rooper and Martin, 2012). The most recent Essential Fish 
Habitat (EFH) update (e.g. Laman et al. 2017) provided newly developed species distribution models 
from the bottom trawl survey for rougheye and blackspotted late juveniles and adults, separated by 
species. However, the at-sea identification was used to develop these models (which can have high 
misidentification rates, please see the Evidence for Stock Structure section below) and our 
recommendation was to combine the two species for the next EFH update and use the models for general 
distribution of juveniles and adults but not abundance trends.  
 
Food habit studies in Alaska indicate that the diet of adult rougheye and blackspotted rockfish is primarily 
shrimp (especially pandalids) and that fish species such as myctophids are also consumed (Yang and 
Nelson 2000, Yang 2003). However, juvenile RE/BS rockfish (less than 30-cm fork length) in the GOA 
also consume a substantial amount of smaller invertebrates such as amphipods, mysids, and isopods 
(Yang and Nelson 2000). Recent food studies show the most common prey of RE/BS as pandalid shrimp, 
euphausiids, and tanner crab (Chionoecetes bairdi). Other prey include octopi and copepods (Yang et al. 
2006). Predators of RE/BS rockfish likely include halibut (Hippoglossus stenolepis), Pacific cod (Gadus 
macrocephalus), and sablefish (Anoplopoma fimbria).  
 
The evolutionary strategy of spreading reproductive output over many years is a way of ensuring some 
reproductive success through long periods of poor larval survival (Leaman and Beamish 1984). Fishing 
generally selectively removes the older and faster-growing portion of the population. If there is a distinct 
evolutionary advantage of retaining the oldest fish in the population, either because of higher fecundity or 
because of different spawning times, age-truncation could be deleterious to a population with highly 
episodic recruitment like rockfish (Longhurst 2002). Recent work on black rockfish (Sebastes melanops) 
has shown that larval survival may dramatically increase with the age of the mother (Berkeley et al. 2004, 
Bobko and Berkeley 2004). McGilliard et al. (2017) showed that this type of offspring size effect or 
different spawning times by age may lead to increased recruitment variability with increased fishing 
mortality. Pacific ocean perch (S. alutus) and rougheye/blackspotted rockfish were examined by de Bruin 
et al. (2004) for senescence in reproductive activity of older fish and they found that oogenesis continues 
at advanced ages. Leaman (1991) showed that older individuals have slightly higher egg dry weight than 
their middle-aged counterparts. Such relationships have not yet been determined to exist for rougheye and 
blackspotted rockfish or other rockfish in Alaska. Stock assessments for Alaska groundfish have assumed 
that the reproductive success of mature fish is independent of age.  


Evidence of Stock Structure 
Since 2007, we have responded to issues regarding the difficulty identifying rougheye and blackspotted 
rockfish and the development of a rationale for assessment decisions regarding this mixed stock. Reports 
have included summaries of recent studies on the genetic and phenotypic differences between rougheye 
and blackspotted rockfish, discussion of the current research regarding at-sea misidentification rates, and 
new projects developed to understand species specific life history characteristics (Shotwell et al. 2008, 
2009). We completed a full stock structure evaluation of rougheye and blackspotted rockfish following 
the template provided by the Stock Structure Working Group (SSWG, Spencer et al. 2010) and provided 
this evaluation in Appendix A of the 2010 GOA rougheye and blackspotted rockfish executive summary 
SAFE report (Shotwell et. al 2010). Brief summaries of rougheye and blackspotted rockfish speciation, 
the stock structure template, and current research are provided below.  


Rougheye and Blackspotted Speciation 
Several studies on the genetic differences between the observed types of rougheye rockfish indicate two 
distinct species (Gharrett et al. 2005, Hawkins et al. 2005, Orr and Hawkins 2006, summarized in 
Shotwell et al. 2009). The proposed speciation was initiated by Tsuyuki and Westrheim (1970) after 







electrophoretic studies of hemoglobin resolved distinct banding patterns in rougheye rockfish. Subsequent 
allozyme-based studies demonstrated clear isolation between samples (Seeb 1986) and five 
distinguishable loci for the two types of rougheye (Hawkins et al. 1997). A later extended allozyme study 
found the two types occurred in sympatry (overlapping distribution without interbreeding), and samples 
with depth information demonstrated a significantly deeper depth for what was later described as 
blackspotted rockfish (Hawkins et al. 2005). Another study analyzed the variation in mitochondrial DNA 
and microsatellite loci and determined the two distinct species with relatively little hybridization (Gharrett 
et al. 2005).  
 
In 2008, the presence of the two species was formally verified (Orr and Hawkins 2008). Rougheye 
rockfish is typically pale with spots absent from the spinous dorsal fin and possibly has mottling on the 
body. Blackspotted rockfish is darker with spotting almost always present on the dorsal fin and body. 
However, the distributions of these phenotypic parameters tend to overlap with only slight differences in 
gill-rakers, body depth, and coloration (Gharrett et al. 2006). Spatially, rougheye rockfish has been 
defined as the southern species extending farther south along the Pacific Rim, while blackspotted rockfish 
was considered the northern species extending farther into the western Aleutian Islands and Bering Sea 
(Orr and Hawkins 2008).  


Stock Structure Template Summary 
We summarize the available information on stock structure for the GOA rougheye and blackspotted 
rockfish complex in Table 13-1. Since the formal verification of the two species has only recently 
occurred, most data on rougheye and blackspotted rockfish is for both species combined. We follow the 
example framework recommended by the SSWG for defining spatial management units (Spencer et al. 
2010) and elaborate on each category within this template to evaluate stock structure for rougheye and 
blackspotted rockfish. Please refer to Shotwell et al. (2010) for the complete stock structure evaluation. 
 
Non-genetic information suggests population structure by large management areas of eastern, central, and 
western GOA. This is evident in opposite trajectories for population trends by area, significantly different 
age, length, and growth parameters by area, and significant differences in parasite prevalence and 
intensity by area. Genetic studies have generally been focused on the speciation of the RE/BS complex; 
however, even studies on the two species separately suggested population structure at the size of the 
management areas. One such study showed genetic structure consistent with a neighborhood model of 
dispersion and significant isolation by distance for blackspotted rockfish (Gharrett et al. 2007). However, 
these data have been reanalyzed with a much larger sample size, and no longer exhibit a significant 
isolation by distance pattern in the Aleutian Islands and Bering Sea (see Spencer et al. 2014 BSAI 
blackspotted/rougheye assessment for more details). 
 
Currently, GOA RE/BS rockfish is managed as a Tier 3a species with area-specific Acceptable Biological 
Catch (ABC) and gulf-wide Overfishing Level (OFL). Given the multiple layers of precaution instituted 
with relatively low Maximum Retained Allowance (MRA) percentages, a bycatch only fishery status, and 
the generally low area-specific harvest rates, we continue to recommend the current management 
specifications for RE/BS rockfish. 


Current Research 
Several recent research projects are focused on evaluating different aspects of the rougheye and 
blackspotted rockfish population including estimation of at-sea misidentification rates, evaluation of 
biomass, age, and length compositions by species, species-specific maturity and skip-spawning, species-
specific growth, and otolith morphometric feasibility. We present a table of these research projects (see 
below) that shows the source and data for a given project along with the years that the data are available.  
 







Source Project Data Years Available 
Fisheries Otolith metrics* 1990, 2004, 2009, 2012, 2013, 2014 


Maturity  2008-2014 (Conrath 2017) 
AFSC bottom trawl 
survey 


Genetic ID* 2009, 2013, 2015 
Biomass Index 2007, 2009, 2011, 2013, 2015, 2017 
Age  2007, 2009, 2011, 2013, 2015, 2017  
Length  2007, 2009, 2011, 2013, 2015, 2017 
Otolith metrics* 1990, 1999 
Maturity 2008-2014 (Conrath 2017) 


*Analysis is in progress 


There is difficulty in accurate at-sea field identification between the two species. Comparison of the 
misidentification rates for the 2009, 2013, and 2015 trawl surveys was recently completed via special 
projects (see Figure below). The goals of these projects were to collect relevant biological and genetic 
data to improve at-sea identification, adjust the species-specific biomass estimates based on 
misidentification rates, and examine differences in life history characteristics between the two species. 
Field scientists collected length, weight, and muscle tissue (2009) or fin clips (2013 and 2015) from most 
rougheye and blackspotted rockfish sampled for otoliths. When compared to genetic identifications, field 
scientists had overall misidentification rates of 23%, 13%, and 18% for the three years, respectively. 
There appears to be continued improvement for correctly identifying blackspotted rockfish in the field 
(from 31% to 9%), while the opposite seems to be occurring for rougheye rockfish with increased 
misidentification rates over the three surveys (6% to 25%). Hybrids also exist between the two species. 
For example, the 2009 survey genetics identified that 11% of the fish were hybrids. These hybrids were 
mostly identified as rougheye rockfish in the field (82 %).   
 
Presently genetic identification of the two species sampled in the bottom trawl survey is not part the 
standard sampling procedure for these two species and must be conducted via special project requests. In 
the laboratory genetic identification of the species via fin clips is rapid and cost effective. Given the 
variability of misidentification rates we recommend that a genetic sampling protocol be developed that is 
included as part of the standard otolith collection for these two species. Genetic sampling should also be 
considered for a subsample of the length samples taken during the longline survey.  


 
Figure above shows misidentification rates of rougheye and blackspotted rockfish for three bottom trawl 
surveys in the Gulf of Alaska (2009, 2013, 2015). Text values in bars indicate actual rate. 







 
Trawl survey age compositions from samples taken in 2009 indicate that the average age of blackspotted 
and rougheye rockfish was 20 and 15 years, respectively (see figure below). The majority of the trawl 
survey age composition for rougheye rockfish was less than 20 years old whereas blackspotted rockfish 
had a more uniform age composition over the 7-20 year old age range. Data from the 2013 and 2015 trawl 
survey have been analyzed for species misidentification rates, and analysis of aging data is in progress.   
 


 
 
Analysis of 2009 genetically identified and aged otoliths (n=879, hybrids=11) from the trawl survey 
found differences in growth between the two species. Rougheye rockfish grow faster and typically attain a 
slightly greater maximum size than blackspotted rockfish (see figure below).   
 


 
 
The estimated Von Bertalanffy growth parameters for the two species based on the samples taken in the 
2009 bottom trawl survey were as follows: 
 







 Rougheye Blackspotted 
Sample Size 298 570 
L∞ (mm) 536 519 
κ 0.109 0.065 
t0 0.250 0.250 


 
A recent the study by Conrath (2017) focused on the reproductive biology of the two species.  The fork 
length at 50% maturity was similar for rougheye rockfish (45.0 cm) and blackspotted rockfish (45.3 cm), 
but the age at 50% maturity was considerably younger for rougheye rockfish (19.6 years) than for 
blackspotted Rockfish (27.4 years). 
 
A promising approach using otolith morphology combined with ageing data and genetics may enable the 
species composition in historical samples to be assessed. For example, preliminary application of this 
method using age samples collected from the 2009 fishery indicated that the catch in numbers was 57% 
blackspotted rockfish and 43% rougheye rockfish (Charles Hutchinson AFSC REFM, Pers. comm.)  
   
At present, the area-specific harvest rates for RE/BS rockfish have been on average low and catches have 
consisted of approximately half the ABC in recent years. We consider current management specifications 
for this non-targeted complex to be sufficiently precautionary under current fishing practices and will 
continue to model rougheye and blackspotted rockfish as if they are a single species. 


Fishery   


History 
Rougheye and blackspotted rockfish have been managed as a “bycatch” only species complex since the 
creation of the shortraker/rougheye rockfish management subgroup in the Gulf of Alaska in 1991. Since 
1977, gulf-wide catches of the rougheye and blackspotted rockfish have been between 130-2,418 t (Table 
13-2). Catches peaked in the late 80s and early 90s, declined rapidly in the mid-90s and have been 
relatively stable, with recent increases since 2009. RE/BS rockfish are generally caught in either bottom 
trawls or with longline gear and the majority of the recent catch increase was in the Central GOA bottom 
trawl fishery. Small increases in recent catch occurred in the Eastern GOA longline fishery, while catches 
have decreased across both bottom trawl and longline gear in the Western GOA. In 2017, 66% of the 
catch was from bottom trawls, 33% from longline, and 1% from pelagic trawls. Approximately 78% of 
this bottom trawl catch was taken in the rockfish fishery while 22% was taken in the flatfish fisheries. For 
longline gear, nearly all the RE/BS catch appears to come as “true” bycatch in the sablefish or halibut 
longline fisheries, with 70% of the 2017 catch taken in the sablefish fishery and 15% in the halibut 
fishery. Since catch accounting was established separately for RE/BS rockfish in 2005, the TACs for 
RE/BS rockfish are not fully taken, and are generally between 20-60% of total quota (Table 13-2).   
 
In response to Annual Catch Limits (ACLs) requirements, assessments now document all removals 
including catch that is not associated with a directed fishery and reported in the Catch Accounting System 
(CAS). These types of removals may include sport fishery harvest, research catches, or subsistence catch.  
Research catches of RE/BS rockfish have been reported in previous stock assessments (Shotwell et al. 
2009, 2011, 2014) and estimates of all removals not associated with a directed fishery including research 
catches are presented in Appendix 13A. In summary, non-directed removals for RE/BS rockfish have 
typically been less than 10 t and research catches of this magnitude do not pose a significant risk to the 
RE/BS stock in the GOA. 
 







In 2013, the North Pacific Groundfish and Halibut Observer Program was restructured with the objective 
to create a more rigorous scientific method for deploying observers onto more vessels in federal fisheries. 
The extent that this program affected perceived catches of RE/BS rockfish in the small-boat fishery (due 
to improved coverage) is uncertain. We may expect to see changes in the southeast sablefish fishery due 
to increased observer coverage; however, a relatively large catch occurred in this fishery in 2012 and has 
since decreased. Understanding the potential for catch accounting and stock assessment biases due to 
shifts in observer coverage and the spatial distribution of biological samples from the fishery will require 
further study. 


Management Measures 
In 1991, the North Pacific Fishery Management Council (NPFMC) divided the slope assemblage in the 
Gulf of Alaska into three management subgroups:  Pacific ocean perch, shortraker/rougheye rockfish, and 
all other species of slope rockfish. Although each management subgroup was assigned its own value of 
ABC (acceptable biological catch) and TAC (total allowable catch), shortraker/rougheye rockfish and 
other slope rockfish were discussed in the same SAFE chapter because all species in these groups were 
classified into tiers 4 or lower in the overfishing definitions. This resulted in an assessment approach 
based primarily on survey biomass estimates rather than age-structured modeling. In 1993, a fourth 
management subgroup, northern rockfish (Sebastes polyspinis), was also created. In 2004, shortraker 
rockfish and rougheye rockfish were divided into separate subgroups. These subgroups were established 
to protect Pacific ocean perch, shortraker rockfish, rougheye rockfish, and northern rockfish (the four 
most sought-after commercial species in the assemblage) from possible overfishing. Each subgroup is 
now assigned an individual ABC and TAC, whereas prior to 1991, one ABC and TAC was assigned to 
the entire assemblage. Each subgroup ABC and TAC is apportioned to the three management areas of the 
Gulf of Alaska (Western, Central, and Eastern) based on the distribution of survey biomass.  
 
In 2007 the Central Gulf of Alaska Rockfish Program was implemented to enhance resource conservation 
and improve economic efficiency for harvesters and processors who participate in the Central Gulf of 
Alaska rockfish fishery. This rationalization program establishes cooperatives among trawl vessels and 
processors which receive exclusive harvest privileges for rockfish species. This implementation impacts 
primary rockfish management groups but will also affect secondary rockfish groups with a maximum 
retained allowance (MRA). The primary rockfish management groups are Pacific ocean perch, northern 
rockfish, and pelagic shelf rockfish (changed to dusky rockfish only in 2012), while the secondary species 
include rougheye, blackspotted, and shortraker rockfish. Potential effects of this program to rougheye and 
blackspotted rockfish include: 1) an extended fishing season lasting from May 1 – November 15, 2) 
changes in spatial distribution of fishing effort within the Central GOA, 3) improved at-sea and plant 
observer coverage for vessels participating in the rockfish fishery, and 4) a higher potential to harvest 
100% of the TAC in the Central GOA region. Recent comparison of catches show that the Rockfish 
Program has resulted in much higher observer coverage of catch in the Central GOA; however, there does 
not seem to be a major shift in the spatial distribution of RE/BS catch (Shotwell et al. 2014b, Figure 13-
1). We will continue to monitor available fishery data to help understand potential effects the Rockfish 
Program may have on the RE/BS rockfish stock in the Central GOA.  
 
A summary of key management measures since the creation of the slope rockfish assemblage in 1988 and 
a time series of catch, OFL, ABC, and TAC are shown in Table 13-3. 


Bycatch 
The only analysis of bycatch for rougheye rockfish is that of Ackley and Heifetz (2001) from 1994-1996 
on hauls they identified as targeted on shortraker/rougheye rockfish. The major bycatch species were 
arrowtooth flounder (Atheresthes stomias), sablefish, and shortspine thornyhead (Sebastolobus 
alascanus), in descending order. The primary fisheries that catch rougheye and blackspotted rockfish as 







bycatch are the targeted rockfish and sablefish fisheries with occasional surges from the flatfish fishery 
(Table 13-4). For the combined GOA rockfish trawl fisheries during 2013-2017 (Table 13-5), the largest 
non-rockfish bycatch groups are on average arrowtooth flounder (1,207 t/year), sablefish (492 t/year), 
Pacific cod (516 t/year), Atka mackerel (735 t/year) and walleye pollock (968 t/year). Non-FMP species 
catch in the rockfish target fisheries is generally dominated on average by giant grenadier (674 t/year) and 
miscellaneous fish (128 t/year) (Table 13-6). Prohibited species catch in the GOA rockfish fishery has 
been generally low for most species and this has been particularly true since the implementation of the 
Central GOA Rockfish Program (Shotwell et al. 2014b). Halibut catch during rockfish targeted hauls has 
decreased since 2015. The catch of Bairdi tanner crab increased dramatically as well as golden king crab 
and Chinook salmon to a slightly lesser extent. Chinook salmon catch continues to decrease, however, 
non-Chinook salmon increased in 2017 (Table 13-7). 


Discards 
Gulf-wide discard rates (percent of the total catch discarded within management categories) of fish in the 
shortraker/rougheye subgroup were available for the years 1991-2004, and are listed in the following 
table1. Beginning in 2005, discards for rougheye and blackspotted rockfish were reported separately.  
 


Shortraker / Rougheye / Blackspotted Complex 
Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 


% Discards 42.0 10.4 26.8 44.8 30.7 22.2 22.0 27.9 30.6 21.2 29.1 20.8 28.3 27.6 
               


Rougheye / Blackspotted Complex 
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017  


% Discards 19.5 27.4 36.7 27.6 18.6 19.2 16.3 15.5 22.9 17.3 22.1 26.5 20.2  
 
The above table indicates that discards of rougheye and blackspotted rockfish have ranged from 
approximately 15% to 38% with an average of 23%. These values are relatively high when compared to 
other Sebastes species in the Gulf of Alaska.    


Data 
The following table summarizes the data used for this assessment (bold denotes new or updated data for 
this assessment): 
 
Source Data Years 
Fisheries Catch 1977-2015, 2016, 2017 


Age 1990, 2004, 2006, 2008, 2009, 2010, 2012, 2014, 2016 
Length 1991-1992, 2002-2003, 2005, 2007, 2011, 2013, 2015 


AFSC bottom trawl 
survey 


Biomass index 1984, 1987, 1990, 1993, 1996, 1999, 2003, 2005, 2007, 
2009, 2011, 2013, 2015, 2017 


Age 1984, 1987, 1990, 1993, 1996, 1999, 2003, 2005, 2007, 
2009, 2011, 2013, 2015  


AFSC longline survey Relative Population 
Number (RPN) 


1993-2015, 2016, 2017 


Length 1993-2015, 2016, 2017 


                                                      
1 Data from 1991-2004 from NMFS, AKRO, Juneau, AK weekly production and observer reports. Data from 2005 through 
present are from NMFS, AKRO, Catch Accounting System via Alaska Fisheries Information Network (AKFIN). Most recent 
estimate is current as of October 1, 2014 (http://www.akfin.org) 







Fishery: 


Catch 
Catches of rougheye and blackspotted rockfish have ranged between 130 t to 2,418 t from 1977 to 2017. 
The catches from 1977-1992 were from Soh (1998), which reconstructs the catch history using an 
information weighting factor (λ) to combine catch histories from both survey and fishery information. 
Catches from 1993-2004 were available as the shortraker/rougheye subgroup from the NMFS Alaska 
Regional Office. Originally, we used information from a document presented to the NPFMC in 2003 to 
determine the proportion of rougheye rockfish in this catch (Ianelli 2003). This proportion was based on 
the NMFS Regional Office catch accounting system (“blend estimates”). The SSC recommended using 
the average of the values provided in the document, 0.43. In 2004 another method was developed for 
determining the proportion of rougheye/blackspotted in the catch based on data from the FMA Observer 
Program (Clausen et al. 2004, Appendix A). Observed catches were available from the FMA database by 
area, gear, and species for hauls sampled by observers. This information was used to calculate proportions 
of RE/BS catch by gear type. These proportions were then applied to the combined shortraker/rougheye 
catch from the NMFS Alaska Regional Office to yield estimates of total catch for RE/BS rockfish (Figure 
13-1, Table 13-2).  
 
One caveat of the observer catch data prior to 2014 is that these data are based only on trips that had 
observers on board. Consequently, they may be biased toward larger vessels, which had more complete 
observer coverage. This bias may be a particular problem for rougheye and blackspotted rockfish that 
were caught by longliners. Much of the longline catch is taken by small vessels that have no observer 
coverage. Hence, the observer catch data probably reflects more what the trawl fishery catches. However, 
these data may provide a more accurate estimate of the true proportion of RE/BS catch than the 
proportion based on the blend estimates. The blend estimates are derived from a combination of data 
turned in by fishermen, processors, and observers. In the case of fishermen and processors, prior to 2004 
there was no requirement to report catches of shortraker/rougheye rockfish by species, and fishermen and 
processors were free to report their catch as either shortraker, rougheye, or shortraker/rougheye combined. 
Shortraker and rougheye rockfish are often difficult for an untrained person to separate taxonomically, 
and fishermen and processors had no particular incentive to accurately identify the fish to species. In 
contrast, all observers in the FMA Observer Program are trained in identification of Alaska groundfish, 
and they are instructed as to the importance of accurate identifications. Consequently, the catch data 
based on information from the FMA Observer Program may be more reliable than those based on the 
blend estimate. We use the observer estimates of catch from 1993-2004. Catches are reported separately 
for RE/BS and shortraker since 2005. 


Age composition 
Rougheye and blackspotted rockfish appear to be among the longest-lived of all Sebastes species (Chilton 
and Beamish 1982, Munk 2001). Interpretation of annuli on otoliths is extremely difficult; however, 
NMFS age readers determined that aging of RE/BS rockfish could be moved into a production mode. 
Ages were determined from the break-and-burn method (Chilton and Beamish 1982). We use ages from 
both the bottom trawl and longline fishery but only the at-sea processed samples. Rougheye and 
blackspotted rockfish otolith samples from onshore processing facilities have been aged; however, the 
sample sizes from onshore processing facilities are generally low and the distribution of ages is quite 
different from the at-sea samples. Fishery age compositions are treated as a random and representative 
sample for that year and the overall GOA fishery. Therefore, we do not use these samples in calculating 
the fishery age compositions. The FMA Observer Program began in 1990 and although this first year was 
considered preliminary, the 1990 ages are the only age compositions we have from the fishery prior to 
2004. We, therefore, utilize this data in the model since it is considered important for estimating catch at 







age in the early 1990s. Table 13-8 summarizes the available fishery age compositions from 1990, 2004, 
2006, 2008, 2009, 2010, 2012, 2014, and 2016.  
 
New fishery ages since the last full assessment are available for 2014 and 2016. We generally request 
fishery ages only for years that do not overlap with an AFSC bottom trawl survey since analyzing otoliths 
for long-lived rockfish such as RE/BS rockfish is time-consuming. However, we do have two overlapping 
years with the bottom trawl survey samples in 1990 and 2009 for comparison. Sample sizes from the 
fishery are typically between 300 and 400 otoliths (Table 13-8). The mean ages for a given year range 
between 29-40 years and are relatively old when compared to other aged rockfish species.  


Size composition 
Observers aboard fishing vessels and at onshore processing facilities have provided data on size 
composition of the commercial catch of rougheye and blackspotted rockfish. Table 13-9 summarizes the 
available size compositions from 1991-2015. Sample sizes from 1993-2001 were limited for RE/BS 
rockfish and in other years range from 300 to 2500 (Table 13-9). In general, we do not use size 
compositions in the model when age compositions are available because we consider age data to be a 
more reliable measure of population structure for these long-lived species. Since we anticipate fishery 
ages for non-trawl survey years, we do not include the size compositions for off-cycle years in the model. 
Additionally, in long-lived rockfish species the fish are selected late to the fishery and size compositions 
tend to be relatively uninformative as year classes will blend together. Therefore, fishery size 
compositions from 1991-1992, 2002-2003, 2005, 2007, 2011, 2013, and 2015 are included in this full 
assessment.  
 
Length samples from onshore processing facilities also exist for RE/BS rockfish; however, the 
distribution between onshore and at-sea lengths differ dramatically and the samples sizes are quite low. 
Therefore, as with age samples, we do not use these onshore length samples in calculating the fishery size 
compositions. Lengths were binned into 2 cm categories to obtain better sample sizes per bin from 20-60+ 
with the (+) group containing all the fish 60 cm and larger. Fishery length compositions are treated as a 
random and representative sample from the overall catch-at-length. On average, approximately 49% of 
the lengths are taken from the bottom trawl fishery and 51% from the longline fishery for at-sea samples. 
This percentage is consistent for the data used in the model with 49% of lengths from the trawl fishery 
and 50% from the longline fishery. The mean of lengths for the 1991-1992 samples is approximately 45 
cm and from 2002-2015 has remained relatively steady between 45 to 48 cm. Moderate presence of fish 
smaller than 40 cm is present in most years, particularly 1991 and 1992, and again in 2013 and 2105.   


Survey: 


AFSC Bottom Trawl Biomass Estimates 
Bottom trawl surveys were conducted on a triennial basis in the Gulf of Alaska in 1984, 1987, 1990, 
1993, 1996, and 1999. These surveys became biennial starting in 2001. The surveys provide much 
information on rougheye and blackspotted rockfish, including an abundance index, age composition, and 
growth characteristics. The surveys are theoretically an estimate of absolute biomass, but we treat them as 
an index in the stock assessment model. The triennial surveys covered all areas of the Gulf of Alaska out 
to a depth of 500 m (in some surveys to 700 m or 1,000 m), but the 2001 biennial survey did not sample 
the eastern Gulf of Alaska. Because the 2001 survey did not cover the entire Gulf of Alaska, we omitted 
this survey from our assessment model for RE/BS rockfish since we have an additional survey in 2001. 
 
Summaries of biomass estimates from the 1984-2017 surveys are provided in Table 13-10. Trawl survey 
biomass estimates are shown in Figure 13-2. Historically estimates by region indicate that the western and 
eastern GOA time series of biomass tended to be in opposite phase (Table 13-10). From 2003-2007, the 







central and eastern GOA estimates increased, while the western GOA decreased. In 2009, all regions 
decreased and in 2011 both the eastern and central GOA decreased while the western GOA slightly 
increased. Given that the regional patterns are quite different and that the 2001 survey did not sample the 
eastern GOA, omitting this survey estimate from the model is reasonable. Additionally, data for 2001 are 
available from the longline survey.  
 
The 2013 biomass estimate was an all-time low for this time series. The decrease was 37% below the 
2011 estimate and 40% below the mean biomass estimate for the time series. The estimates by area were 
not consistently down as there was a 66% decrease in the central GOA with increases in the western and 
eastern GOA by 19% and 51%, respectively. The 2015 biomass estimate increased by 25% from 2013 
and is now 24% below the mean estimate for the time series. Compared to the 2013 survey, central and 
eastern GOA increased by 62% and 21% respectively, but western GOA decreased by 66%. This is the 
second lowest estimate for the western GOA in the time series. In 2017, the biomass estimate increased 
by 16% from the 2015 survey and is now only 11% below the long term mean estimate for the time 
series. The western GOA increased dramatically, while the central GOA decreased by 38% and eastern 
GOA increased by 45% 
 
The 1984 and 1987 survey results should be treated with some caution. A different survey design was 
used in the eastern GOA in 1984; furthermore, much of the survey effort in the western and central GOA 
in 1984 and 1987 was by Japanese vessels that used a very different net design than what has been the 
standard used by U.S. vessels throughout the surveys. To deal with this latter problem, fishing power 
comparisons of rockfish catches have been done for the various vessels used in the surveys (Heifetz et al. 
1994). Results of these comparisons have been incorporated into the biomass estimates discussed here, 
and the estimates are believed to be the best available. Even so, the reader should be aware that an 
element of uncertainty exists as to the standardization of the 1984 and 1987 surveys.  
 
The biomass estimates for rougheye and blackspotted rockfish have been relatively constant among the 
surveys, with the exception of 1993, 2007, and 2013. Generally, inter-survey changes in biomass are not 
statistically significant from each other (Table 13-10; Figure 13-2). Compared with other species of 
Sebastes, the biomass estimates for rougheye and blackspotted rockfish show relatively tight confidence 
intervals and low coefficients of variations (CV), ranging between 11% and 23%. The low CVs are an 
indication of the rather uniform distribution for this species compared with other slope rockfish (discussed 
previously in Life History and Distribution section). Despite this precision, however, trawl surveys are 
believed to do a relatively poor job of assessing abundance of adult RE/BS rockfish on the upper 
continental slope. Nearly all the catch of these fish is found at depths of 300-500 m. Much of this area is 
not trawlable by the survey’s gear because of its steep and rocky bottom, except for gully entrances where 
the bottom is not as steep. If RE/BS rockfish are located disproportionately on rough, untrawlable bottom, 
then the trawl survey may underestimate their abundance. Conversely, if the bulk of their biomass is on 
smoother, trawlable bottom, then we could be overestimating their abundance with the trawl survey 
estimates. Consequently, trawl survey biomass estimates for RE/BS rockfish are mostly based on the 
relatively few hauls in gully entrances, and they may not indicate a true picture of the abundance trends. 
However, the utilization of both the trawl and longline (which can sample where survey trawls cannot) 
biomass estimates should alleviate some of this concern.   
 
In 2007, the trawl survey began separating rougheye rockfish from blackspotted rockfish using a species 
key developed by J. Orr (Orr and Hawkins, 2008). Biomass estimates by region of the two species 
somewhat support the broad southern and northern distribution of rougheye versus blackspotted rockfish 
in that blackspotted estimates were higher in the western GOA and rougheye estimates were higher in the 
eastern GOA (discussed previously in Evidence of Stock Structure section). However, both species were 
identified in all regions, implying some overlap throughout the GOA. Over all areas, more blackspotted 
rockfish were identified than rougheye in 2007 (56% versus 44%), while in all remaining surveys the 







reverse occurred with 63% to 73% rougheye and 37% to 27% blackspotted. This shift may be due to the 
decreases in misidentification rates at-sea between the two species as new identification keys and more 
training have been incorporated. Despite this apparent improvement, misidentification rates are still 
shifting from year to year and given the lack of species-specific catch we continue to combine all survey 
data for both species until a complete evaluation of the genetically corrected species’ specific life history 
characteristics are made available.   


AFSC Bottom Trawl Age Compositions 
New ages for 2015 were added this year resulting in a total of thirteen years of survey age compositions 
with a total sample size of 7,256 ages. Survey age sample sizes are generally higher than fishery age 
sample sizes, ranging from 200 to 1,000. Although rougheye and blackspotted rockfish have been 
reported to be greater than 200 years old (Munk 2001), the highest age collected over these survey years 
was 135 (AFSC 2010). The average age ranged from 15 to 23 over all survey years available (Table 13-
11). Compositions from 1984, 1987, 1990, 1996, 1999 showed especially prominent modes in the 
younger to mid ages (6 to 12 year olds for this species), suggesting periods of large year classes from the 
late 1970s, early 1980s and then again in the late 1980s early 1990s. Since 2003, compositions were 
spread more evenly across age groups 3-15 corresponding to the strong year classes of the early 1990s 
and another period of increased recruitment in the early 2000s that is tracked through each survey year. In 
2011, a higher proportion of five year old fish suggests another period of increased recruitment in the 
mid-2000s. This is tracked through to 2013 and 2015 along with a high proportion of three and five year 
old fish, suggesting a period of increased recruitment from the mid and late 2000s.  
 
Since 2007, when the survey began identifying by individual species of rougheye and blackspotted 
rockfish, rougheye compositions tend to be spread evenly across ages, while blackspotted tend to be much 
older with the exception of 2013 and 2015 when all the fish were generally younger. Mean age of 
rougheye range from 13 - 17, while mean age for blackspotted range from 16 - 24. We combine these two 
age compositions for 2007, 2009, 2011, 2013, and 2105 in the stock assessment model. Ages 42 and 
greater are pooled into a plus (+) group following the author recommended model (Table 13-11).  


AFSC Bottom Trawl Size Compositions 
Gulf-wide population size compositions for RE/BS rockfish are in Table 13-12 and sample sizes range 
from 1,700 to 5,600. The size composition of RE/BS rockfish in the 1984 survey indicated that a sizeable 
portion of the population was >40 cm in length. This is consistent with the large proportion of ages in the 
25-32 year range. In the 1996 through 2017 surveys there is a substantial increase in compositions of fish 
<30 cm in length suggesting that at least a moderate level of recruitment has been occurring throughout 
these years or there are fewer larger fish in the population. Compositions from all surveys (with the 
possible exception of 1990) were all skewed to the right, with a mode of about 43-45 cm. The average 
length steadily decreased from 1984-1999, ranging from 41 to 34 cm. After this the mean length remained 
relatively steady between 33-37 cm. Since 2007, survey rougheye and blackspotted rockfish lengths were 
split. Rougheye have an average length of 33 cm while blackspotted have an average of 37 cm. Rougheye 
have a much broader range of lengths from 10-60 cm, while blackspotted tend to be more confined to the 
35-50 cm range, although this has somewhat shifted in the three most recent surveys with a larger 
composition of small blackspotted rockfish (< 25cm). Again, this may be indicative of misidentification 
or a true difference in size distribution between species. Future analysis of the 2009, 2013, and 2015 trawl 
survey genetics experiment will aid in understanding some of these differences. Trawl survey size data 
are used in constructing the size-age conversion matrix, but are not used as data to be fit in the stock 
assessment model since survey ages for most years were available. Investigations into including the most 
recent survey’s length composition as a proxy for unavailable age composition were presented in 
Appendix 9B of the GOA POP November 2014 assessment. The results of that analysis suggest that the 







utility of using only the most recent survey’s length composition is case specific and may be a subject for 
future research.  


AFSC Longline Abundance Index 
Catch, effort, and length data were collected for rougheye and blackspotted rockfish during longline 
surveys. Data were collected separately for RE/BS rockfish and shortraker since 1990. These longline 
surveys likely provide an accurate index of sablefish abundance (Sigler 2000) and may also provide a 
reasonable index for rougheye and blackspotted rockfish in addition to the AFSC bottom trawl survey 
(Rodgveller et al. 2011). Relative population abundance indices are computed annually using survey 
catch per unit of effort (CPUE) rates that are multiplied by the area size of the stratum within each 
geographic area. These relative population indices are available by numbers (RPN) and weights (RPW) 
for a given species (Rodgveller et al. 2011).  
 
There have been several updates to the longline survey database since the 2011 assessment. These include 
updated growth parameters for all species except sablefish, updated species coding for shortraker and 
rougheye rockfish, and new area estimates for all strata including the shallow stratum from 150-200 m 
(Echave et. al. 2013). These updates resulted in a full revision of longline survey estimates for RE/BS 
rockfish. Due to the updated data checks on the length codes for shortraker and rougheye rockfish, it was 
determined that the time series for RE/BS should start in 1993. The new area estimates for the shallow 
stratum now allow the catch data from 150 to 200 m to be included in the survey index. Since RE/BS 
rockfish are often caught in this stratum (Shotwell et al. 2014a), we include this information in the RE/BS 
longline survey index. 
 
During the 2009 CIE for sablefish the use of both relative population number (RPN) and weight (RPW) 
survey indices in the model was discussed. The CIE recommendation was to use only the RPN index to 
avoid the added uncertainty that results from converting lengths to weight, estimating numbers at age and 
then converting back to weight for the ultimate ABC recommendation. We follow this recommendation 
for RE/BS and now use the RPN index since the weight conversion data is already incorporated into the 
assessment model. The final longline survey RPN index for RE/BS rockfish runs from 1993-2017 with all 
available strata updated with new area estimates (Table 13-13).  
 
In addition to recalculating RPN values, variance estimates were computed for RE/BS rockfish (Figure 
13-3). These estimates were derived by assuming that the mean CPUE of a station in a depth stratum were 
a representative sample, but recognizing that there is covariance between hachis (also termed a skate 
which is equal to 45 hooks spaced 2 meters apart) and between depth stratum since hachis and stratum 
means are not independent among stations. Previously, the variance of the RPW index was assumed to 
have a CV of 20% across all years based on the interannual variance. New estimates of CVs for the RPN 
index range from 13-20% (Table 13-13). 
 
The RPN estimates for RE/BS rockfish have been somewhat cyclic throughout the time series, but seem 
to be on an overall slightly increasing trend since 2005. The 2016 survey decreased by 22% from the 
2015 survey and the 2017 survey increased by 50% from the 2016 survey and 17% from the 2015 survey. 
The most current 2017 survey RPN is 27% above the average for the time series (Figure 13-3). The 
agreement between the decrease in both the trawl and longline surveys in 2013 may have been indicative 
of a decrease in the RE/BS rockfish biomass; however, the subsequent estimates have generally been 
increasing in both surveys suggesting that the decline may not have been so dramatic.  
 
As mentioned in the previous section, the trawl survey does not typically sample the high relief habitat of 
rougheye and blackspotted rockfish. This is not the case with the longline survey which can sample a 
large variety of habitats. One drawback, however, is that juvenile fish are not susceptible to longline gear. 
Subsequently, the longline survey does not provide much information on recruitment because most fish 







are similar in size once they have reached full selection of the longline gear and there is no age data for 
the longline survey on RE/BS rockfish. The trawl survey may be limited in sampling particular habitats, 
but does capture juveniles. Another potential concern is the unknown effect due to competition between 
larger predators for hooks (Rodgveller et al. 2008). However, Shotwell et al. (2014a) investigated the 
potential for hook competition in the longline survey and found that it was very unlikely to be large, and 
if it occurs it happens only in occasional specific year and station combinations. In the future, if 
competition is deemed more important, it will be straightforward to include a competition parameter into 
the RPN index. Incorporating both longline and trawl survey estimates in the model should remedy some 
of these issues and offset the variable pattern in both surveys that may be an artifact of sampling issues. 


AFSC Longline Size Compositions 
Large samples of lengths have been collected gulf-wide of RE/BS rockfish throughout the time series. 
Efficiency has improved in recent surveys and lengths are now collected for nearly all RE/BS rockfish 
caught ranging from 3,500 to 7,000 (Table 13-14). The influence of such large sample sizes in the stock 
assessment model are somewhat remedied by taking the square root of sample size relative to the max of 
the series and scaling to 100 to determine the weight for each year. The implications of these assumptions 
toward weighting of samples sizes should be addressed and is a likely area for future research.  
 
Since the longline survey does not sample in proportion to area, we used area weighted longline survey 
size compositions instead of compositions based on raw sample size. Updated longline survey size 
compositions are also now available from 1993-2017 using all strata information and are calculated using 
the same length bins as the fishery and AFSC bottom trawl data. The longline survey size compositions 
show that small fish were rarely caught in the longline survey and that the length distribution was fairly 
stable through time (Table 13-14). Compositions for all years were normally distributed with a mode 
between 45 and 47 cm in length. An unusually large amount of fish appeared in the 26 cm length bin in 
2014 and may reflect the bump in 7 year old fish from the 2013 trawl ages.    


Comparison of AFSC Bottom Trawl and Longline Surveys 
The spatial distribution of numbers of rougheye and blackspotted rockfish caught in the 2013, 2015, and 
2017 trawl and the 2012-2017 longline surveys is depicted in Figure 13-4a. The trawl survey samples 
more of the continental shelf than the longline survey due to differences in survey design. However, the 
trawl survey tends to catch more RE/BS rockfish in the central GOA, while the longline survey catches 
more RE/BS rockfish in the eastern and western GOA. This can be seen in all surveys, particularly in the 
eastern GOA. In 2013, both survey estimates decreased from the previous surveys. The decrease was 
primarily in the central GOA for the trawl survey and the eastern GOA for the longline survey. In 2015, 
both surveys estimates were up from the 2013 surveys with increases in the central and eastern GOA for 
the trawl survey and gulfwide for the longline survey. The 2015 trawl survey estimate in the western 
GOA was near the all-time low for this survey. The distribution of the hauls that typically sample RE/BS 
rockfish in this region are near the slope, where there may be a higher proportion of steep, rocky, 
untrawlable habitat. The longline survey effectively samples this habitat and catches increased in the 
western GOA compared to the 2013 surveys. This may suggest that the 2015 trawl survey western GOA 
drop may not be indicative of an actual decline in the western GOA. In 2017, both the eastern and western 
GOA increased on the trawl survey with a decrease in the central GOA similar to that seen in 2013. In 
contrast, all survey areas increased in the longline survey. Most notably the central GOA estimate on the 
longline survey is now higher than it has been since 2009.   
 
Rougheye and blackspotted rockfish were identified at-sea separately since 2007 in the trawl surveys. The 
spatial distribution of the two species somewhat reflects the area differences seen in the trawl survey 
biomass estimates (discussed previously in AFSC Bottom Trawl Biomass Estimates section), with more 
blackspotted in the western GOA and more rougheye encountered in the eastern GOA. There are also 







more rougheye identified gulfwide than blackspotted (~2/3 rougheye to 1/3 blackspotted). There seem to 
be some differences across the shelf/slope region (Figure 13-4b). In general, more rougheye are identified 
in the shallower depths than blackspotted, particularly in the central GOA. The changes in spatial 
distribution of the two species over time may be an area of future research when determining differences 
in life history characteristics. However, interpretation of these maps should be with caution as these are 
at-sea identifications that are not corrected to the genetic identification.   


Sensitivity Analysis of AFSC Bottom Trawl and Longline Surveys 
In response to comments by the SSC in December 2005, a preliminary sensitivity analysis was conducted 
in the 2006 RE/BS rockfish assessment on the relative influence of the trawl and longline survey 
estimates. Data for the RE/BS model substantially increased for the 2007 assessment; therefore, we 
included a more thorough sensitivity analysis that also included the relative influence of the trawl survey 
age and longline survey length compositions. The trajectory of female spawning biomass (SSB) was 
relatively similar over all model runs; however, the magnitude of SSB depended on the specification of 
precision of input data. We altered the specified precision by changing the assumed CV for each data 
source. In general, model estimates were robust to only altering the precision on the trawl survey biomass 
estimates or the longline survey length compositions. Estimates of SSB increased with a moderately high 
precision on the trawl survey biomass coupled with decreased precision on the longline survey biomass or 
a decrease in weight on the trawl survey age compositions. Model estimates decreased with high precision 
on only the longline survey or high precision on the trawl survey age compositions.  
 
In two scenarios, B2008 fell below B40%. The first scenario was very high precision on only the longline 
survey. In this case, the relatively low weight of the catch index allowed the model to predict highly 
anomalous values resulting in fairly low fit to the catch data. The second scenario was very high precision 
on the trawl survey biomass combined with very high weight on the trawl survey age compositions. In 
this second case, trawl survey selectivity shifts to the right and catchability increased dramatically, 
resulting in reduced overall biomass trajectory. Results of this sensitivity analysis suggest increasing the 
weight on the catch index to increase robustness of the model to the assumed specification of precision.  
We may also explore the effects of increasing the age bins as we update the size-at-age matrix and 
weight-at-age vector when considering model assumptions. At this time, we do not feel that any particular 
increase or decrease of the current precision or weighting scheme on the trawl or longline biomass 
estimates or compositions is warranted, given that they all provide information on different aspects of the 
rougheye and blackspotted rockfish population. 


International Pacific Halibut Commission (IPHC) Longline Estimates 
The IPHC conducts a longline survey each year to assess Pacific halibut. This survey differs from the 
AFSC longline survey in gear configuration and sampling design, but also catches rougheye and 
blackspotted rockfish. More information on this survey can be found in Soderlund et al. (2009). A major 
difference between the two surveys is that the IPHC survey samples the shelf consistently from 1-500 
meters, whereas the AFSC longline survey samples the slope and select gullies from 200 to 1000 meters. 
Because the majority of effort occurs on the shelf in shallower depths, the IPHC survey may catch smaller 
and younger rougheye and blackspotted rockfish than the AFSC longline survey; however, lengths of 
RE/BS rockfish are not taken on the IPHC survey. 
 
We conducted a preliminary comparison between the three surveys from 1998-2008 in Shotwell et al. 
(2011). IPHC relative population numbers (RPN) were calculated similar to the AFSC survey, the only 
difference being the depth stratum increments. Area sizes used to calculate biomass in the AFSC bottom 
trawl surveys were utilized for IPHC RPN calculations. A Student’s t normalized residuals was used to 
compare between the IPHC longline, AFSC longline, and AFSC bottom trawl surveys. The IPHC and 
AFSC longline surveys track well until about 2004 and then have somewhat diverging trends. The 







consistently shallower IPHC survey may better capture variability of younger RE/BS rockfish. Since the 
abundance of younger RE/BS rockfish will be more variable as year classes pass through, the IPHC 
survey should more closely resemble the AFSC bottom trawl survey. Potential use of the IPHC survey in 
this assessment is an area for future research.  


Analytic Approach 


Model Structure  
We present model results for the RE/BS rockfish complex based on an age-structured model using AD 
Model Builder software (Fournier et al. 2012). This consists of an assessment model, which uses survey 
and fishery data to generate a historical time series of population estimates, and a projection model which 
uses results from the assessment model to predict future population estimates and recommended harvest 
levels. The GOA RE/BS model closely follows the GOA Pacific ocean perch model which was built from 
the northern rockfish model (Courtney et al. 1999; Hanselman et al. 2003, Courtney et al. 2007). As with 
other rockfish age-structured models, this model does not attempt to fit a stock-recruitment relationship 
but estimates a mean recruitment, which is adjusted by estimated recruitment deviations for each year. 
We do this because there does not appear to be an obvious stock-recruitment relationship in the model 
estimates, and there little contrast in the spawner/recruits data (Figure 13-5). The main difference between 
the RE/BS model and the Pacific ocean perch model is the addition of data from the AFSC longline 
survey. Unlike the Pacific ocean perch model, the starting point for the RE/BS model is 1977, so the 
population at the starting point has already sustained fishing pressure. The parameters, population 
dynamics and equations of the model are described in Box 1 (below). The model was originally 
configured in 2005, when catch accounting was established separately for RE/BS rockfish and shortraker 
rockfish. In 2009, further modifications were made to accommodate MCMC projections that use a pre-
specified proportion of ABC for annual catch. In 2014, a modification was made to allow for a numbers 
index rather than a weight index for the longline survey in the model following the configuration used in 
the sablefish assessment model (Hanselman et al. 2013). Several changes to the assessment methodology 
were made in 2015 that included (1) updating growth information to account for length-stratified 
sampling, (2) updating and extending the ageing error matrix, (3) using the gamma function for trawl 
survey selectivity, and (4) setting the plus age group to a higher age of 42. 
 
There are no model alternatives to consider for the 2017 assessment. We continue to use the 
recommended model from the 2015 assessment which was the fourth model evaluated (Model M4.a). We 
update the model name to Model 15.4 to use the correct naming convention and this change is detailed in 
the following table for clarity: 


Model Number Model Description 


Model 15.4 (2015) Model M4.a from Shotwell et al. (2015) 


Model 15.4 (2017) Same Model 15.4 but incorporates all new and updated data 
from 2017 







Parameters Estimated Outside the Assessment Model 
Size at 50% maturity has been determined for 430 specimens of rougheye rockfish (McDermott 1994). 
This was converted to 50% maturity-at-age using the size-age matrix from this stock assessment.  These 
data are summarized below (size is in cm fork length and age is in years). 
 


Sample size              Size at 50% maturity (cm)      Age at 50% maturity 


      430                        43.9                                        19 


Size at age data and resulting growth estimates were the same as used in the last full assessment where 
data was updated through the 2013 survey and appropriate length-stratified methods (Quinn and Deriso 
1999, Bettoli and Miranda 2001) were incorporated. A von Bertalanffy growth curve was fit to size and 
age data from 1990 to 2013. Sexes were combined and the size-at-age conversion matrix was constructed 
by adding normal error with a standard deviation equal to the survey data for the probability of different 
size classes for each age. The estimated parameters for the growth curve are:  
 
2015 size at age parameters:  L∞= 49.6 cm κ=0.09  t0=-0.69  n=6,738 
 
The mean weight-at-age was constructed from the same data set as the size-at-age matrix and a correction 
of (W∞-W25)/2 was used for the weight of the pooled ages (Schnute et al. 2001). The estimated growth 
parameters (including the length-weight parameters) from the length-stratified methods are:  
 
2015 weight at age parameters:  W∞= 1,639 g     κ=0.12     t0=-0.38      β=3.086      n=5,806 
 
Aging error matrices were constructed by assuming that the break-and-burn ages were unbiased but had a 
given amount of normal error around each age. Originally, we used the error structure of the Pacific ocean 
perch model because we used approximately the same age bins for the RE/BS assessment. Newly 
available age samples allowed for an update of the 2011 age-error matrix. Age agreement tests have now 
been run on samples from 1984, 1987, 1990, 1993, 1996, 1999, 2003-2007, and 2009 for RE/BS rockfish 
for a total of 1,589 specimens. We use the same age error structure as presented in the 2015 assessment 
that was based on the percent agreement for each age from these tests. Additionally, in the 2015 
assessment the plus age group was extended in the model compared to the plus age group in the data until 
99.9% of the fish in the model’s plus age group are within the plus age group of the data. This was done 
to alleviate the consistent over-estimation of the proportion at age in the age bins adjacent to the plus 
group age.  


New Research 
A new maturity study on RE/BS rockfish species was recently published (Conrath 2017). Samples were 
collected throughout the year on a variety of scientific surveys and observed fishery vessels from 2008-
2014. Results from this study show higher age at 50% maturity for blackspotted rockfish (27.4 years 
versus 19.6 years for rougheye). However, the samples in this study were not genetically identified to 
species, so it is not clear whether there was little change in rougheye rockfish age at 50% maturity or 
whether the change in blackspotted rockfish was as dramatic as estimated. It is difficult to immediately 
determine how to best utilize the results from this study within our assessment model. Since the maturity 
samples were not collected randomly in proportion to the actual or genetically identified species 
composition, the data cannot be pooled and fit as one maturity curve. One method might be to use the 
separately fit curves and apply weights of either the mean of the naïve species ratio or the 3 years of 
genetic ID.  Clearly if that proportion is largely composed of blackspotted rockfish, then the maturity-at-
age will be higher and would result in lower estimates of reference points. We plan to evaluate this new 
maturity information in the next full assessment.  







Parameters Estimated Inside the Assessment Model 
The estimates of natural mortality (M), catchability (q), and recruitment deviations (σr) are estimated with 
the use of prior distributions as penalties. The prior for RE/BS rockfish natural mortality estimate is 0.03 
which is based on McDermott (1994). She used the gonadosomatic index (GSI) following the 
methodology described by Gunderson and Dygert (1988) to estimate a range of natural mortalities 
specifically for rougheye/blackspotted (0.03 – 0.04). In general, natural mortality is a notoriously difficult 
parameter to estimate within the model so we assign a precise prior CV of 10% (Figure 13-6).  
 
Several other alternatives to estimating natural mortality for rockfish are available such as catch-curve 
analysis, empirical life history relationships, and simplified maximum age equations (Malecha et al. 
2007). Each of these methodologies was detailed in the draft response of the Rockfish Working Group to 
the Center for Independent Expert’s review of Alaskan Rockfish Harvest Strategies and Stock 
Assessment Methods (ftp://ftp.afsc.noaa.gov/afsc/public/rockfish/RWG response to CIE review.pdf). We 
applied the various methods to data from RE/BS rockfish and used a maximum age of 132 (AFSC 2006). 
Values are shown below.  
 
Method M 
Current stock assessment prior 0.030 
Catch Curve Analysis 0.072 
Empirical Life-History: Growth 0.004 
Empirical Life-History: Longevity 0.035 
Rule of Thumb: Maximum Age 0.035 
 
The Hoenig (1983) methods based on longevity and the “rule-of-thumb” approach both produce natural 
mortality estimates similar to McDermott (1994). Catch-curve analysis produced an estimate of Z=0.094 
and average fishing mortality (0.022) is subtracted to yield a natural mortality 0.072 which is the highest 
estimate. The Alverson and Carney (1975) estimate based on growth was much lower. Several 
assumptions of catch-curve analysis must be met before this method can be considered viable, and there is 
a likely time trend in recruitment for GOA rockfish. The method described by Alverson and Carney 
(1975) for developing an estimate of critical age is based on a regression of 63 other population estimates 
and may not be representative of extremely long-lived fish such as rougheye and blackspotted rockfish 
(Malecha et al. 2007). McDermott (1994) collected 430 samples of rougheye/blackspotted rockfish from 
across the Pacific Northwest to the Bering Sea, providing a representative sample of RE/BS rockfish 
distribution. Since the value of 0.03 estimated by McDermott (1994) is within the range of most other 
estimates of natural mortality and designed specifically for RE/BS rockfish, we feel that this is the most 
suitable estimate for a prior mean.  
 
Catchability is a parameter that is somewhat uncertain for rockfish. We assign a prior mean of 1 for both 
the trawl and longline survey. For the trawl survey, a value of 1 assumes all fish in the area swept are 
captured, there is no herding of fish from outside the area swept, and there is no effect of untrawlable 
grounds. This area-swept concept does not apply to the longline survey; however, since the RPNs for 
rougheye and blackspotted rockfish are of the same magnitude as the trawl survey estimates we deemed 
this a logical starting point. We also assume a lognormal distribution to bind the minimum at zero. For 
both the trawl and longline survey, we assign a fairly broad CV (45% and 100%, respectively) which 
essentially mimics a uniform prior with a lower bound of zero (Figure 13-7). These prior distributions 
allow the catchability parameters more freedom than that allowed to natural mortality.  
 
Recruitment deviation is the amount of variability that the model assigns recruitment estimates. Rougheye 
and blackspotted rockfish are likely the longest-lived rockfish and information on recruitment is quite 
limited, but is expected to be episodic similar to Pacific ocean perch. Therefore, we assign a relatively 
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high prior mean to this parameter of 1.1 with a precise CV of 6% to allow recruitments to be potentially 
variable (Figure 13-7). 
 
Selectivity for the trawl survey is estimated with a reparametrized gamma function, which was chosen to 
be the most reasonable in parsimonious fit in Shotwell et al. (2015). The equation for this is: 
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Selectivities for the longline survey and the combined (trawl and longline fisheries) continue to be fit with 
the non-parametric first-differences methods that were used in the original rockfish template (Courtney et 
al. 2007).  
 
Other parameters estimated conditionally include, but are not limited to: selectivity (up to full selectivity) 
for surveys and fishery, mean recruitment, fishing mortality, and reference fishing morality rates. The 
numbers of estimated parameters as determined by ADMB are shown below. Other derived parameters 
are described in Box 1. 
 
Parameter name Symbol Number 
Natural mortality M 1 
Catchability q 2 
Log-mean-recruitment μr 1 
Recruitment variability σr 1 
Fishing mortality rates F35%, F40%, F50% 3 
Recruitment deviations τy 89 
Average fishing mortality μf 1 
Fishing mortality deviations φy 41 
Fishery selectivity coefficients fsa 14 
Survey selectivity coefficients ssa 17 
Total  170 


Uncertainty 
Evaluation of model uncertainty has recently become an integral part of the “precautionary approach” in 
fisheries management. In complex stock assessment models such as this model, evaluating the level of 
uncertainty is difficult. One way is to examine the standard errors of parameter estimates from the 
Maximum Likelihood (ML) approach derived from the Hessian matrix. While these standard errors give 
some measure of variability of individual parameters, they often underestimate their variance and assume 
that the joint distribution is multivariate normal. An alternative approach is to examine parameter 
distributions through Markov Chain Monte Carlo (MCMC) methods (Gelman et al. 1995). When treated 
this way, our stock assessment is a Bayesian model, which includes informative (e.g., lognormal natural 
mortality with a small CV) and noninformative (or nearly so, such as a parameter bounded between 0 and 
10) prior distributions. In the models presented in this SAFE report, the number of parameters estimated 
is 170. In a low-dimensional model, an analytical solution for the uncertainty might be possible, but in 
one with this many parameters, an analytical solution is intractable. Therefore, we use MCMC methods to 
estimate the Bayesian posterior distribution for these parameters. The basic premise is to use a Markov 
chain to simulate a random walk through the parameter space which will eventually converge to a 
stationary distribution which approximates the posterior distribution. Determining whether a particular 
chain has converged to this stationary distribution can be complicated, but generally if allowed to run 
long enough, the chain will converge (Jones and Hobert 2001). The “burn-in” is a set of iterations 
removed at the beginning of the chain. This method is not strictly necessary but we use it as a 







precautionary measure. In our simulations we removed the first 4,000,000 iterations out of 20,000,000 
and “thinned” the chain to one value out of every 4,000, leaving a sample distribution of 4,000. Further 
assurance that the chain had converged was to compare the mean of the first half of the chain with the 
second half after removing the “burn-in” and “thinning”. Because these two values were similar we 
concluded that convergence had been attained. We use these MCMC methods to provide further 
evaluation of uncertainty in the results below including 95% credible intervals for some parameters. 
Values from MCMC simulations are not used to derive any quantities for management advice for this 
stock assessment, but are helpful in more fully illustrating the uncertainty of these results.  
 


 
Parameter 
definitions 


BOX 1.  AD Model Builder Rougheye Model Description 
 


y Year 
a Age classes 
l Length classes 


wa Vector of estimated weight at age, a0a+ 
ma Vector of estimated maturity at age, a0a+ 
a0 Age it first recruitment 
a+ Age when age classes are pooled 
μr Average annual recruitment, log-scale estimation 
μf Average fishing mortality 
φy Annual fishing mortality deviation 
τy Annual recruitment deviation 
σr Recruitment standard deviation 
fsa Vector of selectivities at age for fishery, a0a+ 
ssa Vector of selectivities at age for survey, a0a+ 
M Natural mortality, log-scale estimation 


Fy,a Fishing mortality for year y and age class a (fsa μf eε) 
Zy,a Total mortality for year y and age class a (=Fy,a+M) 
εy,a Residuals from year to year mortality fluctuations 
Ta,a’ Aging error matrix 
Ta,l Age to length conversion matrix 
q1 Trawl survey catchability coefficient 
q2 Longline survey catchability coefficient 


SBy Spawning biomass in year y, (=ma wa Ny,a) 
Mprior Prior mean for natural mortality 
qprior Prior mean for catchability coefficient 


( )r priorσ  Prior mean for recruitment variance 
2
Mσ  Prior CV for natural mortality 
2
qσ  Prior CV for catchability coefficient 
2


rσσ  Prior CV for recruitment deviations 


 







 
Equations describing the observed data 


BOX 1 (Continued) 


( ),
, ,


,


* * 1
ˆ *


y aZ
y a y a


y aa
y a


N F e
C w


Z


−−
= ∑  


 
Catch equation 


( )1 1 ,
ˆ * *


max
a


y y a a
a a


sI q N w
s


= ∗∑   
Trawl survey biomass index (t) 


( )∑=
a a


a
ayy s


s
NqI


max
*ˆ


,22  
 
Longline survey abundance index (RPN) 


,
, ' , '


,


*ˆ *
*


y a a
y a a a


a
y a a


a


N s
P T


N s


 
 
 =
 
 
 


∑
∑


 
 
Survey age distribution 
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Equations describing population dynamics 
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BOX 1 (Continued) 
 
 
Catch likelihood 


 


( ) ( )∑ −=
y


Iyy IIL 22


1122 1
2/ˆlnln σλ


( ) ( )∑ −=
y


Iyy IIL 22


2233 2
2/ˆlnln σλ  


 
Trawl survey biomass index likelihood 
 
 
Longline survey abundance index (RPN) likelihood 
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Fishery length composition likelihood 
 
Trawl survey age composition likelihood 
 
 
Trawl survey size composition likelihood 
 
Longline survey size composition likelihood 
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Penalty on deviation from prior distribution of natural 
mortality 
 
Penalty on deviation from prior distribution of catchability 
coefficient for trawl survey 
 
Penalty on deviation from prior distribution of catchability 
coefficient for longline survey 
 
Penalty on deviation from prior distribution of recruitment 
deviations 


( )2
12 12 2


1 *ln
2* y y r


yr


L nλ τ σ
σ


 
= + 


 
∑  Penalty on recruitment deviations 


2
13 13 y


y
L λ ε= ∑  


Fishing mortality regularity penalty 
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Average selectivity penalty (attempts to keep average 
selectivity near 1) 
 
Selectivity dome-shapedness penalty – only penalizes 
when the next age’s selectivity is lower than the previous 
(penalizes a downward selectivity curve at older ages) 
 
Selectivity regularity penalty (penalizes large deviations 
from adjacent selectivities by adding the square of second 
differences) 
 
Total objective function value 
 







Results 


Model Evaluation 
There were no recommended changes to this year’s assessment model compared to the model used in 
2015. Negative log-likelihood and estimates of key parameters for last year’s full assessment (2015 
Model 15.4) and this year’s updated model (2017 Model 15.4) are provided in Table 13-15 for 
comparison. Observed and model predictions for the age and size composition data are provided in 
Figures 13-8, 13-9, 13-10 and 13-12. AFSC bottom trawl survey size compositions are provided for 
reference (Figure 13-11).  
 
There is some lack of fit for the fishery age compositions between ages 15 and 20 and for some years in 
the plus age group (Figure 13-8). Fit to the fishery size compositions are slightly flattened (Figure 13-9) 
particularly in 1991. This may be due to the slight right or left skew in most years. Fit to the bottom trawl 
survey age compositions are generally very good with some underestimation for the large composition 
ages such as that of the 1990 year class (Figure 13-10). Fit to the longline survey size compositions are 
similar to the fishery size compositions with slightly flattened peaks in most years (Figure 13-12). The 
model does not fit the relatively large composition of size 26 cm fish in 2014. The consistent patterns of 
positive residuals in the fishery and longline survey size compositions could be due to a variety of 
confounding issues between selectivity, growth, and ageing. In the future we may consider applying 
different shaped selectivity curves or explore separate selectivity curves for trawl and longline fisheries.  
 
We continue to recommend model 15.4 to update management quantities for 2018. We discuss results of 
this model in the following section. Estimated numbers in 2017, fishery selectivity, trawl and longline 
survey selectivity and schedules of age specific weight and female maturity are provided in Table 13-16 
for reference based on this author preferred model. 


Time Series Results 
Table 13-15 provides parameter estimates for the last full assessment model and the current updated 
model for comparison purposes. Tables 13-16 through 13-19 summarize other results for the 2017 author 
preferred model (M15.4).  


Definitions 
Spawning biomass is the biomass estimate of mature females. Total biomass is the biomass estimate of all 
rougheye/blackspotted rockfish age three and greater. Recruitment is measured as number of age three 
RE/BS rockfish. Fishing mortality is fully-selected F, meaning the mortality at the age the fishery has 
fully selected the fish. 
 
Total and spawning biomass for the author preferred model compared to the last full assessment was 
higher for the entire time series (Figure 13-13, Figure 13-14). Recruitment was generally similar between 
the preferred model and the estimates from the last full assessment except in 2010 (Table 13-18). This is 
likely due to the new trawl survey age composition of 2015 that shows a larger composition of age 5 fish 
and confirms the larger recruitment of the 2010 year class (Figure 13-10). Projected total and spawning 
biomass decreased, while recruitment increases slightly. Catchability, selectivity, and recruitment are all 
somewhat confounded within the model. As the surveys estimate fewer fish, and age compositions 
suggest less recruitment, catchability estimates tend to increase so that large swings in biomass do not 
occur. This seems reasonable for long-lived fish such as RE/BS rockfish. 


Biomass and Exploitation Trends 
Predicted values for the bottom trawl and longline survey were relatively steady over time similar to the 
last full assessment model (Figures 13-2, 13-3). Predicted values for the trawl survey do not capture the 







recent low 2013 estimate and predicted values for the longline survey do not capture the fluctuating high 
and low spikes since 1997. Average longline RPNs surrounding these years combined with corresponding 
average trawl survey biomass estimates likely restrict the model from large swings in predictions for 
either survey.  
 
Estimates of total biomass are relatively steady, decreasing slightly from the beginning of the time series 
until 1991 and then stable to the most current estimate (Figure 13-13). Spawning biomass estimates are 
very similar to total biomass with a slightly steeper decreasing slope to 1991 and again stable to the 
present (Figure 13-14). Fairly wide credible intervals result from the MCMC simulation for biomass 
estimates, with slight decreasing certainty in the more recent estimates. These intervals are somewhat 
wider for the time series than in last year’s assessment, particularly for the upper interval. We show the 
estimated selectivity curves for the author preferred model for comparison (Figure 13-15). Estimated 
selectivity curves for the fishery and longline survey were similar to expected and the new gamma 
function allows for a more realistic dome-shape of the trawl survey. The commercial fishery should target 
larger and subsequently older fish and the trawl survey should sample a larger range of ages. The longline 
survey samples deeper depths and small fish are not susceptible to the gear. The fishery selectivity curve 
is similar to the longline selectivity curve with a steeper knife-edge at about 15 years. This is expected as 
the fish caught in the fishery are slightly larger on average than the fish caught on the longline survey. 
The trawl survey is dome-shaped for older fish since adult habitat is typically in rocky areas along the 
shelf break where the trawl survey gear may have difficulty sampling.  
 
Fully selected fishing mortality increased in the late 1980s and early 1990s due to the high levels of 
estimated catch and returned to relatively low levels from 1993 to present (Figure 13-16). The spike may 
be due to the management of rougheye/blackspotted rockfish in the slope rockfish complex prior to 1991 
and the disproportionate harvest on shortraker due to their high value. Rougheye would also be caught as 
they often co-occur with shortraker. In general, fishing mortality is relatively low because historically 
most of the available TAC has not been caught. There has been a slight increase in fishing mortality in the 
most recent years. 
 
Goodman et al. (2002) suggested that stock assessment authors use a “management path” graph as a way 
to evaluate management and assessment performance over time. We present a similar graph termed a 
phase plane which plots the ratio of fishing mortality to FOFL (F35%) and the estimated spawning biomass 
relative to B35%. Harvest control rules based on F35% and F40% and the tier 3b adjustment are provided for 
reference. The phase for RE/BS rockfish has been above the FOFL adjusted limit for only three years in the 
late 1980s and 1990 (Figure 13-17). Since 1990, spawning biomass of RE/BS rockfish has been above 
B40% and fishing mortality has been below F40%.  


Recruitment 
MCMC credible intervals (CI) for recruitment have continued to narrow with the addition of more age 
data (Figure 13-18). This is particularly true for the 1990 and more recently the 2010 year class, which 
exist as a larger proportion in the age compositions. The recruitment estimate for 2010 also increased 
from the last full assessment. In general, recruitment is highly variable, particularly in the most recent 
years where very little information exists on this part of the population. There also does not seem to be a 
clear spawner-recruit relationship for RE/BS rockfish as recruitment is apparently unrelated to spawning 
stock biomass and there is little contrast in spawning stock biomass (Figure 13-5).  


Uncertainty 
From the MCMC chains described previously, we summarize the posterior densities of key parameters for 
the author recommended model using histograms (Figure 13-19) and credible intervals (Table 13-17). We 







also use these posterior distributions to show uncertainty around time series estimates such as total 
biomass, spawning biomass and recruitment (Figures 13-13, 13-14, 13-18, Table 13-19). 
 
Table 13-17 shows the maximum likelihood estimate (MLE) of key parameters with their corresponding 
standard deviation derived from the Hessian matrix. Also shown are the MCMC standard deviation and 
the corresponding Bayesian 95% credible intervals (BCI). The MLE and MCMC standard deviations are 
similar for q1 (trawl survey catchability), q2 (longline survey catchability), and M, but the MCMC 
standard deviations are larger for the estimates of projected female spawning biomass, and ABC, and σr 
(recruitment deviation). The larger standard deviations indicate that these parameters are more uncertain 
than indicated by the standard modeling, especially in the case of σr in which the MLE estimate is slightly 
out of the Bayesian credible intervals. This highlights a concern that σr requires a fairly informative prior 
distribution since it is confounded with available data on recruitment variability. To illustrate this 
problem, imagine a stock that truly has variable recruitment. If this stock lacks age data (or the data are 
very noisy), then the modal estimate of σr is near zero. As an alternative, we could run sensitivity analyses 
to determine an optimum value for σr and fix it at that value instead of estimating it within the model. In 
contrast the Hessian standard deviation was larger for the estimate of q1 (trawl survey catchability), which 
may imply that this parameter is well estimated in the model. This is possibly due to the increased age 
bins. The MCMC distribution of ABC, current total biomass, and current spawning biomass are skewed 
(Figure 13-19) indicating potential for higher biomass estimates (see also Figure 13-13 and Figure 13-14).   


Retrospective Analysis 
Retrospective analysis is the examination of the consistency among successive estimates of the same 
parameters obtained as new data are added to a model. Retrospective analysis has been applied most 
commonly to age-structured assessments and can arise for many reasons, ranging from bias in the data 
(e.g., catch misreporting, non-random sampling) to different types of model misspecification (e.g., 
incorrect values of natural mortality, temporal trends in values set to be invariant). For this assessment, a 
within-model retrospective analysis of the preferred model was conducted for the last 10 years of the 
time-series by dropping data one year at a time from the current preferred model.  
 
The retrospective female spawning biomass and the relative difference in female spawning biomass from 
the 2017 model are shown in Figure 13-20. One common measure of the retrospective bias is Mohn’s 
revised ρ (“rho”) which indicates the size and direction of the bias (Hanselman et al. 2013). The revised 
Mohn’s ρ statistic is very low at 0.009 (compared to most assessments, Hanselman et al. 2013), indicating 
that the model increases the estimate of female spawning biomass slightly in the retrospective model’s 
terminal year as data is added to the assessment. There is some pattern in the retrospective where there 
was a series of overestimates and a series of underestimates and the low value of ρ is related to the 10-
year peel. For example, a five year peel was chosen, there would be a stronger negative value of ρ.  
 
The RE/BS model is no longer exhibiting a relatively strong retrospective pattern due to an update in the 
retrospective model code. A comparison of the revised Mohn’s “rho” statistic presented in the 2015 
assessment relative to the estimate using the updated code as well as the new 2017 estimate is presented 
in the table below.  
 
Statistic 2015 (M15.4) 2015 (M15.4) Updated 2017 (M15.4) 
Mohn's revised ρ -0.371 0.105 0.009 


 
Examining retrospective trends can show potential biases in the model, but may not identify what their 
source is. Other times a retrospective trend is merely a matter of the model having too much inertia in the 
age-structure and other historic data to respond to the most recent data. This retrospective pattern is likely 
to be considered mild, but an issue may be the “one-way” pattern in the early and late part of the 







retrospective time series. It is difficult to isolate the cause of this pattern but several possibilities exist. For 
example, hypotheses could include environmental changes in catchability, time-varying natural mortality, 
or changes in selectivity of the fishery or survey. However, these new results no longer pose a significant 
concern regarding the retrospective pattern for RE/BS rockfish.  


Harvest Recommendations 
Amendment 56 to the GOA Groundfish Fishery Management Plan defines the “overfishing level” 
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the fishing 
mortality rate used to set the maximum permissible ABC. The fishing mortality rate used to set ABC 
(FABC) may be less than this maximum permissible level, but not greater. Because reliable estimates of 
reference points related to maximum sustainable yield (MSY) are currently not available but reliable 
estimates of reference points related to spawning per recruit are available, rougheye and blackspotted 
rockfish in the GOA are managed under Tier 3 of Amendment 56. Tier 3 uses the following reference 
points: B40%, equal to 40% of the equilibrium spawning biomass that would be obtained in the absence of 
fishing; F35%,equal to the fishing mortality rate that reduces the equilibrium level of spawning per recruit 
to 35% of the level that would be obtained in the absence of fishing; and F40%, equal to the fishing 
mortality rate that reduces the equilibrium level of spawning per recruit to 40% of the level that would be 
obtained in the absence of fishing. 
 
Estimation of the B40%   reference point requires an assumption regarding the equilibrium level of 
recruitment. In this assessment, it is assumed that the equilibrium level of recruitment is equal to the 
average of age 3 recruits from 1980-2015 (i.e. the 1977-2012 year classes). Other useful biomass 
reference points which can be calculated using this assumption are B100% and B35%, defined analogously to 
B40%. The 2017 estimates of these reference points are in the following table. Biomass estimates are for 
female spawning biomass.    
 
B100% B40% B35% F40% F35% 
22,495 (t) 8,998 (t) 7,873 (t) 0.040 0.048 


Specification of OFL and Maximum Permissible ABC 
Estimated female spawning biomass for 2018 is 15,059 t. This is above the B40% value of 8,998 t. Under 
Amendment 56, Tier 3, the maximum permissible fishing mortality for ABC is F40% and fishing mortality 
for OFL is F35%. Applying these fishing mortality rates for 2017 yields the following ABC and OFL: 
 
F40% 0.040 
ABC (t) 1,444 
F35%  0.048 
OFL (t) 1,735 


Population Projections 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56. 
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 
 
For each scenario, the projections begin with the vector of 2017 numbers at age as estimated in the 
assessment. This vector is then projected forward to the beginning of 2018 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2017. In each subsequent year, the fishing mortality rate is prescribed on the basis of the 
spawning biomass in that year and the respective harvest scenario. In each year, recruitment is drawn 







from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment. Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment. 
Total catch after 2017 is assumed to equal the catch associated with the respective harvest scenario in all 
years. This projection scheme is run 1,000 times to obtain distributions of possible future stock sizes, 
fishing mortality rates, and catches. 
 
Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018, are as follow (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 
 
Scenario 1:  In all future years, F is set equal to max FABC. (Rationale:  Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 
 
Scenario 2:  In 2018 and 2019, F is set equal to a constant fraction of max FABC, where this fraction is 
equal to the ratio of the realized catches in 2014-2016 to the ABC recommended in the assessment for 
each of those years. For the remainder of the future years, maximum permissible ABC is used. (Rationale:  
In many fisheries the ABC is routinely not fully utilized, so assuming an average ratio of F will yield 
more realistic projections.) 
 
Scenario 3:  In all future years, F is set equal to 50% of max FABC. (Rationale:  This scenario provides a 
likely lower bound on FABC that still allows future harvest rates to be adjusted downward when stocks fall 
below reference levels.) 
 
Scenario 4:  In all future years, F is set equal to the 2012-2016 average F. (Rationale:  For some stocks, 
TAC can be well below ABC, and recent average F may provide a better indicator of FTAC than FABC.) 
 
Scenario 5:  In all future years, F is set equal to zero. (Rationale:  In extreme cases, TAC may be set at a 
level close to zero.) 
 
Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition.  These two scenarios are 
as follow (for Tier 3 stocks, the MSY level is defined as B35%): 
 
Scenario 6:  In all future years, F is set equal to FOFL. (Rationale:  This scenario determines whether a 
stock is overfished. If the stock is expected to be 1) above its MSY level in 2017 or 2) above ½ of its 
MSY level in 2017 and above its MSY level in 2027 under this scenario, then the stock is not overfished.) 
 
Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years F is set equal to 
FOFL. (Rationale:  This scenario determines whether a stock is approaching an overfished condition. If the 
stock is 1) above its MSY level in 2019 or 2) above ½ of its MSY level in 2019 and expected to be above 
its MSY level in 2029 under this scenario, then the stock is not approaching an overfished condition.) 
 
Spawning biomass, fishing mortality, and yield are tabulated for the seven standard projection scenarios 
based on maximum likelihood estimates from the main assessment (Table 13-20). The difference for this 
assessment for projections is in Scenario 2 (Author’s F); we use pre-specified catches to increase 
accuracy of short-term projections in fisheries (such as rougheye and blackspotted) where the catch is 
usually less than the ABC. This was suggested to help management with setting preliminary ABCs and 
OFLs for two year ahead specifications. The methodology for determining these pre-specified catches is 
described below in Specified Catch Estimation.  







Status Determination 
In addition to the seven standard harvest scenarios, Amendments 48/48 to the BSAI and GOA Groundfish 
Fishery Management Plans require projections of the likely OFL two years into the future. While 
Scenario 6 gives the best estimate of OFL for 2018, it does not provide the best estimate of OFL for 2019, 
because the mean 2018 catch under Scenario 6 is predicated on the 2018 catch being equal to the 2018 
OFL, whereas the actual 2018 catch will likely be less than the 2018 OFL. The executive summary 
contains the appropriate one- and two-year ahead projections for both ABC and OFL.  
 
Under the MSFCMA, the Secretary of Commerce is required to report on the status of each U.S. fishery 
with respect to overfishing. This report involves the answers to three questions: 1) Is the stock being 
subjected to overfishing? 2) Is the stock currently overfished? 3) Is the stock approaching an overfished 
condition? 
 
Is the stock being subjected to overfishing? The official catch estimate for the most recent complete year 
(2016) is 640 t. This is less than the 2016 OFL of 1,596 t. Therefore, the stock is not being subjected to 
overfishing. 
 
Harvest Scenarios #6 and #7 are intended to permit determination of the status of a stock with respect to 
its minimum stock size threshold (MSST). Any stock that is below its MSST is defined to be overfished. 
Any stock that is expected to fall below its MSST in the next two years is defined to be approaching an 
overfished condition. Harvest Scenarios #6 and #7 are used in these determinations as follows: 
 
Is the stock currently overfished? This depends on the stock’s estimated spawning biomass in 2017: 
 


a) If spawning biomass for 2017 is estimated to be below ½ B35%, the stock is below its MSST. 
b) If spawning biomass for 2017 is estimated to be above B35% the stock is above its MSST. 
c) If spawning biomass for 2017 is estimated to be above ½ B35% but below B35%, the stock’s status 


relative to MSST is determined by referring to harvest Scenario #6 (Table 13-20). If the mean 
spawning biomass for 2027 is below B35%, the stock is below its MSST. Otherwise, the stock is 
above its MSST. 


 
Is the stock approaching an overfished condition? This is determined by referring to harvest Scenario #7: 


a) If the mean spawning biomass for 2019 is below ½ B35%, the stock is approaching an overfished 
condition. 


b) If the mean spawning biomass for 2019 is above B35%, the stock is not approaching an overfished 
condition.  


c) If the mean spawning biomass for 2019 is above ½ B35% but below B35%, the determination 
depends on the mean spawning biomass for 2029. If the mean spawning biomass for 2029 is 
below B35%, the stock is approaching an overfished condition. Otherwise, the stock is not 
approaching an overfished condition. 


 
Based on the above criteria and Table 13-20, the stock is not currently overfished and is not approaching 
an overfished condition. 


Specified Catch Estimation 
In response to Gulf of Alaska Plan Team minutes in 2010, we have established a consistent methodology 
for estimating current-year and future year catches in order to provide more accurate two-year projections 
of ABC and OFL to management. In the past, two standard approaches in rockfish models have been 
employed; assume the full TAC will be taken, or use a certain date prior to publication of assessments as 
a final estimate of catch for that year. Both methods have disadvantages. If the author assumes the full 







TAC is taken every year, but it rarely is, the ABC will consistently be underestimated. Conversely, if the 
author assumes that the catch taken by around October is the final catch, and substantial catch is taken 
thereafter, ABC will consistently be overestimated. Therefore, going forward in the Gulf of Alaska 
rockfish assessments, for current year catch, we are using an expansion factor to the catch in early 
October by the 3-year average of catch taken between October 1 and December 31 in the last three 
complete catch years (e.g. 2014-2016 for this year, see example figures below). For rougheye and 
blackspotted rockfish, the expansion factor for 2017 catch is 1.017. 
 
For catch projections into the next two years, we are using the ratio of the last three official catches to the 
last three TACs multiplied against the future two years’ ABCs (if TAC is normally the same as ABC). 
This method results in slightly higher ABCs in each of the future two years of the projection, based on 
both the lower catch in the first year out, and based on the amount of catch taken before spawning in the 
projection two years out. To estimate future catches, we updated the yield ratio (0.52), which was the 
average of the ratio of catch to ABC for the last three complete catch years (2014-2016).  This yield ratio 
was multiplied by the projected ABCs for 2018 and 2019 from the assessment model to generate catches 
for those years.  


Alternative Projection 
During the 2006 CIE review, it was suggested that projections should account for uncertainty in the entire 
assessment, not just recruitment from the endpoint of the assessment. We continue to present an 
alternative projection scenario using the uncertainty of the full assessment model, harvesting at author’s F 
(0.3 maximum permissible based on recent ratios of catch to ABC). This is conservative relative to a max 
ABC or alternative 1 projection scenario. This projection propagates uncertainty throughout the entire 
assessment procedure and is based on an MCMC chain of 20,000,000. The projection shows wide 
credibility intervals on future spawning biomass (Figure 13-21). The B35% and B40% reference points are 
based on the 1980-2015 age-3 recruitments, and this projection predicts that the median spawning 
biomass is well above these reference points for the entire time series and will steadily increase as 
average recruitment is consistently applied and the very low proportion of ABC is taken (0.52). 


Area Allocation of Harvests 
We determine apportionment of ABC among areas utilizing a method that was recommended by the Plan 
Team and accepted by the Council in 1996. This method weights prior surveys based on the relative 
proportion of variability attributed to survey error. Assuming that survey error contributes 2/3rd of the 
total variability in predicting the distribution of biomass (a reasonable assumption), the weight of a prior 
survey should be 2/3rd the weight of the preceding survey. This resulted in weights of 4:6:9 for the 2013, 
2015, and 2017 surveys, respectively and apportionments for rougheye and blackspotted rockfish of 
12.2% for the western area, 38.5% for the central area, and 49.3% for the eastern area (Table 13-21). This 
represents a 54% increase in the western area to an approximate 28% decrease in the central and a 27% 
increase in the eastern areas from the 2015 apportionments (7.9% for the Western area, 53.2% for the 
Central area, and 38.9% for the Eastern area).  
 
The Plan Team and SSC requested that the random effects model recommended by the Survey Averaging 
Working Group and Plan Teams be used as the default method for apportionment. The random effects 
model was fit to the survey biomass estimates (with associated variance) for the Western, Central, and 
Eastern Gulf of Alaska. The random effects model estimates a process error parameter (constraining the 
variability of the modeled estimates among years) and random effects parameters in each year modeled. 
The fit of the random effects model to survey biomass in each area is shown in the figure below. For 
illustration purposes the 95% confidence intervals are shown for the survey biomass (error bars) and the 
random effects estimates of survey biomass (dashed lines).  
 







 


 


 
 
In general the random effects model fits the area-specific survey biomass reasonably well. We used the 
random effects estimates of ending year biomass to determine the apportionment results as 8.6% for the 
Western area, 38.4% for the Central area, and 53.0% for the Eastern area. This is similar to the results 
from the updated 4:6:9 survey average weighting method with the exception that the lower western GOA 
2015 biomass estimate is still fairly influential and the random effects model does not fit the 2017 
increase in the WGOA very well. This results in a reduction in the western GOA apportionment from the 
survey average approach and an additional increase in the eastern GOA apportionment.  
 
We recommend continuing with the status quo (three survey weighted average) apportionment for RE/BS 
rockfish at this time. The assessment model utilizes both trawl and longline survey data to overcome 
sampling issues of each survey for the RE/BS rockfish population. In general, the trawl survey samples 
more of the continental shelf than the longline survey due to differences in survey design. The trawl 
survey also tends to catch more RE/BS rockfish in the central GOA, while the longline survey catches 
more RE/BS rockfish in the eastern and western GOA. This can be seen in the recent trawl versus 
longline survey comparison maps (Figure 13-4a). Sampling error also differs by region and survey (Table 







13-10, 13-13). On average there is higher sampling error in the central GOA for the longline survey 
versus the trawl survey and lower sampling error in the EGOA for the longline survey versus the trawl 
survey. The average sampling error is relatively similar in the WGOA; however, the variability is much 
higher in the trawl survey versus the longline survey. The random effects model does not currently allow 
for inclusion of more than one survey index. However, a recent preliminary analysis using the VAST 
model (Thorson et al. 2015) for estimating area apportionment shows promise to dampen the high 
variability of the regional survey estimates and potentially include more than one gear type. It is 
anticipated that the Survey Averaging Working Group will provide recommendations for stocks with 
highly variable and multiple survey estimates. Rather than switching the apportionment scheme several 
times, we prefer to shift to a new method when the recommendations from the Survey Averaging 
Working Group become available. There is also new research regarding the proportion of rougheye and 
blackspotted rockfish in the survey based on a three-year genetics experiment. We would also like to 
consider the results from this study for evaluating the appropriate apportionment approach. Using both 
surveys indices for apportionment and consideration of the amount of each species within these estimates 
should provide for a better reflection of the RE/BS spatial population structure over either the status quo 
three survey average or the current one survey index random effects model. In addition, using two survey 
indices will likely result in less variation in apportionment due solely to sampling variability. 
 
The following table shows the apportionment for the 2018 and 2019 fishery when applying the 
percentages using the three survey weighted average and random effects methods to the ABC for RE/BS 
rockfish (1,444 t):  
 
Method Area Allocation Western GOA Central GOA Eastern GOA Total 


Three 
Survey 


Weighted 
Average 


  12.2% 38.5% 49.3% 100% 
2018 Area ABC (t) 176 556 712 1,444 
 OFL (t)    1,735 
2019 Area ABC (t) 174 550 703 1,427 
 OFL (t)    1,715 


Random 
Effects 


  8.6% 38.4% 53.0% 100% 
2018 Area ABC (t) 124 554 766 1,444 
 OFL (t)    1,735 
2019 Area ABC (t) 123 548 756 1,427 
 OFL (t)    1,715 


Overfishing Definition 
Based on the definitions for overfishing in Amendment 44 in Tier 3a (i.e., FOFL = F35%=0.048), 
overfishing is set equal to 1,735 t in 2018 and 1,715 t in 2019 for rougheye and blackspotted rockfish.  


Ecosystem Considerations 
In general, a determination of ecosystem considerations for the rougheye/blackspotted rockfish complex 
is hampered by the lack of biological and habitat information. A summary of the ecosystem 
considerations presented in this section is listed in Table 13-22.  


Ecosystem Effects on the Stock 
Prey availability/abundance trends: similar to many other rockfish species, stock condition of 
rougheye/blackspotted rockfish appears to be influenced by periodic abundant year classes. Availability 
of suitable zooplankton prey items in sufficient quantity for larval or post-larval rockfish may be an 







important determining factor of year class strength. Unfortunately, there is no information on the food 
habits of larval or post-larval rockfish to help determine possible relationships between prey availability 
and year class strength; moreover, identification to the species level for field collected larval RE/BS 
rockfish is difficult. Visual identification is not possible though genetic techniques allow identification to 
species level for larval RE/BS rockfish (Gharrett et. al 2001). Food habit studies in Alaska indicate that 
the diet of RE/BS rockfish is primarily shrimp (especially pandalids) and that various fish species such as 
myctophids are also consumed (Yang and Nelson 2000, Yang 2003). Juvenile RE/BS rockfish in the 
GOA also consume a substantial amount of smaller invertebrates such as amphipods, mysids, and isopods 
(Yang and Nelson 2000). Recent food studies show the most common prey of RE/BS as pandalid shrimp, 
euphausiids, and tanner crab (Chionoecetes bairdi). Other prey include octopi and copepods (Yang et al. 
2006). Little if anything is known about abundance trends of likely rockfish prey items. 
 
Predator population trends:  Rockfish are preyed on by a variety of other fish at all life stages and to 
some extent marine mammals during late juvenile and adult stages. Likely predators of RE/BS rockfish 
likely include halibut, Pacific cod, and sablefish. Whether the impact of any particular predator is 
significant or dominant is unknown. Predator effects would likely be more important on larval, post-
larval, and small juvenile rockfish, but information on these life stages and their predators is unknown. 
 
Changes in physical environment: Strong year classes corresponding to the period around 1976-77 have 
been reported for many species of groundfish in the Gulf of Alaska, including Pacific ocean perch, 
northern rockfish, sablefish, and Pacific cod. Therefore, it appears that environmental conditions may 
have changed during this period in such a way that survival of young-of-the-year fish increased for many 
groundfish species, including RE/BS rockfish. The environmental mechanism for this increased survival 
remains unknown. Changes in water temperature and currents could have effect on prey item abundance 
and success of transition of rockfish from pelagic to demersal stage. Rockfish in early juvenile stage have 
been found in floating kelp patches which would be subject to ocean currents.  
 
Anthropogenic causes of changes in physical environment: Bottom habitat changes from effect of various 
fisheries could alter survival rates by altering available shelter, prey, or other functions. The Essential 
Fish Habitat Environmental Impact Statement (EFH EIS) (NMFS 2005) concluded that the effects of 
commercial fishing on the habitat of groundfish are minimal or temporary. The steady trend in abundance 
of rougheye and blackspotted rockfish suggests that at current abundance and exploitation levels, habitat 
effects from fishing are not limiting this stock. 
 
There is little information on when juvenile fish become demersal. Juvenile RE/BS rockfish 6 to 16 
inches (15 to 40 cm) fork length have been frequently taken in Gulf of Alaska bottom trawl surveys, 
implying the use of low relief, trawlable bottom substrates (Clausen et al. 2003). They are generally found 
at shallower, more inshore areas than adults and have been taken in a variety of locations, ranging from 
inshore fiords to offshore waters of the continental shelf. Studies using manned submersibles have found 
that large numbers of small, juvenile rockfish are frequently associated with rocky habitat on both the 
shallow and deep shelf of the GOA (Carlson and Straty 1981, Straty 1987). Another submersible study on 
the GOA shelf observed juvenile red rockfish closely associated with sponges that were growing on 
boulders (Freese and Wing 2004). Although these studies did not specifically identify rougheye or 
blackspotted rockfish, it is reasonable to suspect that juvenile rougheye and blackspotted rockfish may be 
among the species that utilize this habitat as refuge during their juvenile stage. 


Fishery Effects on the Ecosystem 
Fishery-specific contribution to bycatch of HAPC biota: In the Gulf of Alaska, bottom trawl fisheries for 
RE/BS rockfish account for very little bycatch of HAPC biota. This low bycatch may be explained by the 







fact that these fish are taken as bycatch or topping off in fisheries classified as targeting other species, 
thus any bycatch is attributed to other target species.  
 
Fishery-specific concentration of target catch in space and time relative to predator needs in space and 
time (if known) and relative to spawning components: Unknown 
 
Fishery-specific effects on amount of large size target fish: Unknown  
 
Fishery contribution to discards and offal production: Fishery discard rates during 2005-2017 have been 
15-36% for the RE/BS rockfish stock complex.  
 
Fishery-specific effects on age-at-maturity and fecundity of the target fishery: Unknown. 
 
Fishery-specific effects on EFH living and non-living substrate: unknown, but the heavy-duty 
“rockhopper” trawl gear commonly used in the fishery can move around rocks and boulders on the 
bottom. Table 13-6 shows the estimated bycatch of living structure such as benthic urochordates, corals, 
sponges, sea pens, and sea anemones by the GOA rockfish fisheries.  


Data Gaps and Research Priorities  
Future assessment priorities include 1) assessment of RE/BS rockfish density between trawlable and 
untrawlable grounds, 2) analyses of different fishery fleet spatial patterns and behavior given the Rockfish 
Program and observer restructuring, and 3) examining potential age and growth differences between 
RE/BS rockfish to consider the utility of developing species-specific life history parameters for this two-
species complex.  
 
There is little information on early life history of rougheye and blackspotted rockfish. Recruitment 
processes influencing the early life stages or habitat requirements for all stages are mostly unknown. A 
better understanding of early life stage distribution, habitat utilization, and species interactions would 
improve understanding of the processes that determine the productivity of the stock. Better estimation of 
recruitment and year class strength would improve assessment and management of the RE/BS population. 
 
We also hope to collect and age subsamples of rougheye otoliths from the longline survey for future use 
in the stock assessment model. Additional analyses may then include implications of sampling 
methodology and comparisons between trawl and longline survey age and length compositions. 
 
A newly revamped stock ecosystem-socioeconomic profile (ESP) report framework is also planned to be 
introduced over the next several years. The ESPs may replace the Ecosystem Consideration section of the 
single-species assessment reports in some manner. The new reports can be considered a companion to the 
main SAFE chapter and will likely include a stock-specific factor profiles for identifying research 
priorities and data gaps, a life history conceptual model for understanding relationships between 
environmental and socioeconomic influences on the stock, and finally a report card of potential indicators 
with an accompanying decision table and recommendations with regard to potential use within the main 
stock assessment. The intention of these ESP reports is to improve the process of integrating ecosystem 
information into the stock assessments and facilitate the ecosystem approach to fishery management.    
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Table 13-1: Summary of available data on stock structure for GOA RE/BS rockfish. 
 
Factor and criterion Available information 
                                                     Harvest and trends 
Fishing mortality 
(5-year average percent of FABC) 


Recent catch in the Western GOA are near FABC, and far below FABC in 
the Central and Eastern GOA 


Spatial concentration of fishery relative 
to abundance (Fishing is focused in areas 
<< management areas) 


Catches are distributed similarly to survey abundance, except for a 
potential nursery area in Amatuli Gully region 


Population trends (Different areas show 
different trend directions) 


Population trend is stable for overall Gulf of Alaska, declining toward 
the Western GOA, and increasing toward the Eastern GOA 


                                         Barriers and phenotypic characters 
Generation time 
(e.g., >10 years) The generation time is > 19 years 


Physical limitations (Clear physical 
inhibitors to movement) 


No known physical barriers; predominant current patterns move from 
east to west, potential restriction in gullies and canyons 


Growth differences 
(Significantly different LAA, WAA, or 
LW parameters) 


Significantly different growth curves and length-at-age relationships 
between the Western GOA, Central GOA, and Eastern GOA. 


Age/size-structure 
(Significantly different size/age 
compositions) 


Mean length is significantly higher in WGOA, mean age is significantly 
higher in WGOA  


Spawning time differences (Significantly 
different mean time of spawning) Unknown 


Maturity-at-age/length differences 
(Significantly different mean maturity-
at-age/ length) 


New study suggests age at 50% maturity younger for rougheye rockfish 
(19.6 years) than blackspotted rockfish (27.4 years), no genetic ID 
confirmation on samples (Conrath 2017).    


Morphometrics (Field identifiable 
characters) 


Unknown within species, hypothesized pigmentation differences 
between species (Gharrett et al. 2006, Orr and Hawkins 2008) 


Meristics (Minimally overlapping 
differences in counts) 


Unknown within species, significantly different means of dorsal spines 
and gill rakers (Gharrett et al. 2006) 


                                                  Behavior & movement 
Spawning site fidelity (Spawning 
individuals occur in same location 
consistently) 


Unknown 


Mark-recapture data (Tagging data may 
show limited movement) 


Mark-recapture data not available, but potential to reduce barotrauma 
with new pressure tanks 


Natural tags (Acquired tags may show 
movement smaller than management 
areas) 


Parasite analysis shows structure by INPFC management area and 
between species (Moles et al. 1998, Hawkins et al. 2005) 


                                                             Genetics 
Isolation by distance 
(Significant regression) 


No significant isolation by distance for Type I or Type II rougheye 
(likely blackspotted and rougheye, respectively) (Gharrett et al. 2007) 


Dispersal distance (<<Management 
areas) 


Low, but significant Fst for both types indicates some limits to dispersal 
(Gharrett et al. 2007) 


Pairwise genetic differences (Significant 
differences between geographically 
distinct collections) 


Adjacency analysis suggests genetic structure on scale of INPFC 
management areas for Type I (blackspotted) and potentially finer scale 
structure for Type II (rougheye) (Gharrett et al. 2007) 


 







Table 13-2. Estimated commercial catcha (t) for GOA RE/BS rockfish (1977-2016), with Gulf-wide 
values of acceptable biological catch (ABC) and fishing quotasb (t), 1991-2016. Catch is provided through 
the most recent full year estimate. 


aCatch defined as follows: 1977-1992 from Soh (1998), 1993-2004 from observer program, 2005-present from 
NMFS AKRO Catch Accounting System via Alaska Fisheries Information Network (AKFIN, www.akfin.org). 
bABC and TAC were available for the shortraker/rougheye rockfish complex from 1991-2004 (gray shade). Separate 
catch accounting were established for GOA RE/BS rockfish since 2005.  


Year Catch (t)    OFL ABC TAC 


 Commercial 
Western 


GOA 
Central 
GOA 


Eastern 
GOA    


1977 1443       
1978 568       
1979 645       
1980 1353       
1981 719       
1982 569       
1983 628       
1984 760       
1985 130       
1986 438       
1987 525       
1988 1621       
1989 2185       
1990 2418       
1991 350     2,000 2,000 
1992 1127     1,960 1,960 
1993 583     1,960 1,764 
1994 579     1,960 1,960 
1995 704     1,910 1,910 
1996 558     1,910 1,910 
1997 545     1,590 1,590 
1998 665     1,590 1,590 
1999 320     1,590 1,590 
2000 530     1,730 1,730 
2001 591     1,730 1,730 
2002 273     1,620 1,620 
2003 394     1,620 1,620 
2004 301     1,318 1,318 
2005 294 53 126 115 1,531 1,007 1,007 
2006 372 58 141 172 1,180 983 983 
2007 440 71 195 174 1,148 988 988 
2008 382 75 190 117 1,548 1,286 1,286 
2009 275 76 98 100 1,545 1,284 1,284 
2010 429 89 213 127 1,568 1,302 1,302 
2011 542 25 368 148 1,579 1,312 1,312 
2012 568 28 371 168 1,472 1,223 1,223 
2013 575 15 384 176 1,482 1,232 1,232 
2014 737 26 540 171 1,497 1,244 1,244 
2015 549 45 348 157 1,345 1,122 1,122 
2016 640 42 484 115 1,596 1,328 1,328 



http://www.akfin.org/





Table 13-3. History of management measures with associated time series of catch, ABC, and TAC for 
GOA RE/BS rockfish.  
 
Year Catch (t)* ABC TAC Management Measures 


1988 1,621 16,800 16,800 


The slope rockfish assemblage, including rougheye, is one of three 
management groups for Sebastes implemented by the North Pacific 
Management Council. Previously, Sebastes in Alaska were managed 
as “Pacific ocean perch complex” (rougheye included) or “other 
rockfish” 


1989 2,185 20,000 20,000  
1990 2,418 17,700 17,700  


1991 350 2,000 2,000 
Slope assemblage split into three management subgroups with 
separate ABCs and TACs: Pacific ocean perch, shortraker/rougheye 
rockfish, and all other slope species 


1992 1,127 1,960 1,960  
1993 583 1,960 1,764  
1994 579 1,960 1,960  
1995 704 1,910 1,910  
1996 558 1,910 1,910  
1997 545 1,590 1,590  
1998 665 1,590 1,590  


1999 320 1,590 1,590 Eastern Gulf divided into West Yakutat and East Yakutat/Southeast 
Outside and separate ABCs and TACs assigned 


2000 530 1,730 1,730 Amendment 41 became effective which prohibited trawling in the 
Eastern Gulf east of 140 degrees W. 


2001 591 1,730 1,730  
2002 273 1,620 1,620  
2003 394 1,620 1,620  


2004 301 1,318 1,318 Shortraker and rougheye rockfish divided into separate subgroups 
and assigned individual ABCs and TACs 


2005 294 1,007 1,007 Rougheye managed separately from shortraker as age structured 
model accepted to determine ABC and moved to Tier 3 status 


2006 372 983 983  
2007 440 988 988 Amendment 68 created the Central Gulf Rockfish Pilot Project 
2008 382 1,286 1,286 Rougheye and blackspotted formally verified as separate species so 


assessment now called the rougheye/blackspotted rockfish complex 
2009 275 1,284 1,284  
2010 426 1,302 1,302  
2011 541 1,312 1,312 Rockfish Program continues from pilot initiative  
2012 568 1,223 1,223  
2013 575 1,232 1,232  
2014 737 1,244 1,244  
2015 549 1,122 1,122  
2016 640 1,328 1,328  


*Catch since 2005 of RE/BS rockfish is provided through the most recent full year estimate. Source: 
NMFS Alaska Region (AKRO) Catch Accounting System via Alaska Fisheries Information Network 
(AKFIN) database (http://www.akfin.org/).  
  



http://www.akfin.org/





Table 13-4. Catch (t) of RE/BS rockfish as bycatch in other fisheries from 2005 - present. Other fisheries 
category not included due to confidentiality (# vessels or # processors is fewer than or equal to 2). Source: 
NMFS AKRO Blend/Catch Accounting System via AKFIN 10/18/2017. 
 


  


Year Flatfish Halibut P. Cod Pollock Rockfish Sablefish 
2005  15   36   1   16   106   119  
2006  40   46   2   23   83   179  
2007  90   64   1   28   114   144  
2008  57   55   9   41   104   115  
2009  34   40   6   11   97   86  
2010  64   42   6   30   183   103  
2011  64   33   2   35   287   121  
2012  122   26   4   21   219   177  
2013  49   33   1   6   274   211  
2014  154   32   4   22   359   167  
2015  76   55   3   12   225   178  
2016  91   22   3   44   351   128  
2017  75   26   9   2   283   119  


Average  72   39   4   22   206   142  







Table 13-5. Incidental catch of FMP groundfish species caught in rockfish targeted fisheries in the Gulf of 
Alaska from 2013 - 2017. Conf. = Confidential data since # vessels or # processors is fewer than or equal 
to 2. Source: NMFS AKRO Blend/Catch Accounting System via AKFIN 10/18/2017. 
 


Group Name 2013 2014 2015 2016 2017 Average 
Pacific Ocean Perch  11,555   15,283   17,566   20,402   16,339   16,229  
Northern Rockfish  4,527   3,647   3,632   3,155   1,402   3,273  
GOA Dusky Rockfish  2,870   2,752   2,492   3,004   2,077   2,639  
Arrowtooth Flounder  766   1,425   1,397   1,200   1,248   1,207  
Pollock  829   1,339   1,329   572   773   968  
Other Rockfish  488   735   849   972   692   747  
Atka Mackerel  1,162   446   988   595   483   735  
Pacific Cod  584   624   785   365   223   516  
Sablefish  495   527   434   481   524   492  
GOA Rougheye Rockfish  274   359   225   351   283   298  
GOA Shortraker Rockfish  290   243   238   291   224   257  
GOA Thornyhead Rockfish  104   243   220   336   318   244  
GOA Rex Sole  89   84   116   140   100   106  
GOA Demersal Shelf Rockfish  135   38   39   40   40   59  
GOA Deep Water Flatfish  37   68   44   64   47   52  
Sculpin  70   33   44   43   43   47  
Flathead Sole  26   30   46   26   74   40  
GOA Skate, Longnose  23   26   33   46   37   33  
Shark  93   2   6   12   24   28  
GOA Skate, Other  18   45   21   18   21   25  
GOA Shallow Water Flatfish  27   28   27   15   11   22  
Squid  10   19   24   12   20   17  
Octopus  2   7   11   2   1   5  
GOA Skate, Big  2   4   7   5   2   4  
Halibut Conf.   1   0   1   6   2  
 
  







Table 13-6. Non-FMP species bycatch estimates in tons for Gulf of Alaska rockfish targeted fisheries 
2013 - 2017. Conf. = Confidential data since # vessels or # processors is fewer than or equal to 2.  
Source: NMFS AKRO Blend/Catch Accounting System via AKFIN 10/18/2017. 
 
Group Name 2013 2014 2015 2016 2017 
Benthic urochordata Conf. Conf. 0.28 0.50 0.20 
Birds - Northern Fulmar - Conf. - - Conf. 
Bivalves Conf. 0.01 Conf. Conf. 0.009 
Brittle star unidentified 0.02 0.05 0.05 0.03 0.60 
Capelin 0.02 - - Conf. - 
Corals Bryozoans - Corals 
Bryozoans Unidentified 0.18 1.92 0.70 0.85 0.47 


Corals Bryozoans - Red Tree 
Coral Conf. Conf. Conf. - - 


Eelpouts 0.04 0.13 0.01 0.02 0.81 
Eulachon 0.07 0.02 0.03 0.04 0.13 
Giant Grenadier  889   512   786   438   743  
Greenlings  7   4   8   6   4  
Grenadier - Rattail Grenadier 
Unidentified  28  Conf.  44   3  Conf. 


Gunnels - - Conf. - - 
Hermit crab unidentified 0.03 0.04 0.03 0.01 0.03 
Invertebrate unidentified 0.18 Conf. 0.19 0.09 0.06 
Lanternfishes (myctophidae) Conf. - 0.04 0.14 0.00 
Misc crabs 0.05 0.08 0.16 0.35 0.57 
Misc crustaceans Conf. Conf. Conf. 0.03 0.01 
Misc deep fish Conf. - - Conf. Conf. 
Misc fish  160   125   143   102   110  
Misc inverts (worms etc) - - - Conf. - 
Other osmerids 0.02 Conf. Conf. 0.03 Conf. 
Pacific Hake - - Conf. 0.04 Conf. 
Pandalid shrimp 0.06 0.10 0.05 0.22 0.14 
Polychaete unidentified Conf. - - - 0.02 
Scypho jellies 0.39 5.13 1.63 8.05 0.54 
Sea anemone unidentified 4.02 2.15 1.14 1.27 0.69 
Sea pens whips 0.04 0.06 Conf. 0.02 0.03 
Sea star 0.89 1.60 3.48 1.72 3.00 
Snails 0.15 0.10 0.26 0.18 0.17 
Sponge unidentified 1.27 1.81 5.45 2.88 3.17 
State-managed Rockfish  67   50   47   13   24  
Stichaeidae Conf. Conf. Conf. - Conf. 
urchins dollars cucumbers 0.28 0.21 0.99 0.34 0.40 
   







Table 13-7. Prohibited Species Catch (PSC) estimates reported in tons for halibut and herring, and counts 
of animals for crab and salmon, by year, for the GOA rockfish fishery 2013 - 2017. Source: NMFS 
AKRO Blend/Catch Accounting System via AKFIN 10/18/2017. 
 
 Group Name 2013 2014 2015 2016 2017 Average 
Bairdi Tanner Crab  69   191   49   5   740   211  
Blue King Crab 0 0 0 0 0 0 
Chinook Salmon  2,320   1,247   1,906   383   167   1,205  
Golden (Brown) King Crab  102   34   19   20   184   72  
Halibut  113   127   157   124   102   125  
Herring 0  0   0   0   0   0  
Non-Chinook Salmon  2,020   555   337   216   561   738  
Opilio Tanner (Snow) Crab 0 0 0  0   0   0  
Red King Crab 0 0 0  0  0  0  
  







Table 13-8. Fishery age compositions for GOA RE/BS rockfish and sample sizes by year. Pooled age 42+ 
includes all fish 42 and older. 
 
Age (years) 1990 2004 2006 2008 2009 2010 2012 2014 2016  


3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  
5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0041 0.0000 0.0000 0.0000  
6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0081  
7 0.0033 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000  
8 0.0033 0.0000 0.0000 0.0034 0.0000 0.0041 0.0000 0.0000 0.0027  
9 0.0266 0.0000 0.0028 0.0103 0.0000 0.0083 0.0000 0.0045 0.0000  
10 0.0498 0.0049 0.0000 0.0103 0.0097 0.0041 0.0000 0.0023 0.0054  
11 0.0332 0.0000 0.0000 0.0069 0.0032 0.0165 0.0000 0.0068 0.0081  
12 0.0266 0.0000 0.0083 0.0069 0.0000 0.0207 0.0061 0.0045 0.0161  
13 0.0166 0.0049 0.0055 0.0172 0.0162 0.0165 0.0030 0.0091 0.0054  
14 0.0365 0.0049 0.0083 0.0172 0.0032 0.0289 0.0182 0.0045 0.0134  
15 0.0100 0.0171 0.0193 0.0137 0.0097 0.0165 0.0030 0.0091 0.0081  
16 0.0066 0.0098 0.0193 0.0241 0.0325 0.0083 0.0121 0.0363 0.0081  
17 0.0166 0.0122 0.0138 0.0412 0.0195 0.0124 0.0121 0.0204 0.0242  
18 0.0033 0.0073 0.0055 0.0344 0.0162 0.0248 0.0182 0.0204 0.0215  
19 0.0166 0.0196 0.0110 0.0515 0.0325 0.0372 0.0030 0.0249 0.0242  
20 0.0133 0.0416 0.0110 0.0928 0.0552 0.0207 0.0152 0.0363 0.0323  
21 0.0133 0.0391 0.0138 0.0275 0.0260 0.0413 0.0212 0.0295 0.0242  
22 0.0133 0.0440 0.0303 0.0412 0.0325 0.0248 0.0091 0.0227 0.0430  
23 0.0100 0.0465 0.0331 0.0206 0.0260 0.0165 0.0364 0.0522 0.0134  
24 0.0199 0.0367 0.0441 0.0206 0.0162 0.0165 0.0242 0.0204 0.0376  
25 0.0199 0.0318 0.0468 0.0447 0.0519 0.0620 0.0152 0.0340 0.0403  
26 0.0266 0.0171 0.0358 0.0447 0.0519 0.0165 0.0152 0.0272 0.0323  
27 0.0365 0.0244 0.0331 0.0172 0.0519 0.0289 0.0212 0.0317 0.0349  
28 0.0133 0.0196 0.0331 0.0412 0.0422 0.0413 0.0273 0.0317 0.0349  
29 0.0498 0.0269 0.0413 0.0206 0.0357 0.0455 0.0212 0.0476 0.0296  
30 0.0365 0.0196 0.0165 0.0103 0.0519 0.0207 0.0545 0.0476 0.0376  
31 0.0399 0.0367 0.0275 0.0241 0.0195 0.0413 0.0545 0.0227 0.0134  
32 0.0266 0.0318 0.0275 0.0275 0.0357 0.0413 0.0273 0.0431 0.0242  
33 0.0399 0.0244 0.0165 0.0447 0.0195 0.0124 0.0182 0.0385 0.0349  
34 0.0498 0.0244 0.0165 0.0137 0.0097 0.0124 0.0273 0.0340 0.0376  
35 0.0365 0.0244 0.0138 0.0000 0.0325 0.0207 0.0152 0.0385 0.0296  
36 0.0432 0.0293 0.0358 0.0103 0.0162 0.0165 0.0333 0.0227 0.0296  
37 0.0299 0.0098 0.0193 0.0206 0.0130 0.0248 0.0182 0.0204 0.0081  
38 0.0100 0.0342 0.0193 0.0069 0.0292 0.0165 0.0182 0.0136 0.0134  
39 0.0233 0.0269 0.0083 0.0241 0.0130 0.0207 0.0212 0.0091 0.0108  
40 0.0266 0.0318 0.0275 0.0137 0.0162 0.0124 0.0212 0.0136 0.0215  
41 0.0166 0.0147 0.0386 0.0034 0.0195 0.0041 0.0182 0.0181 0.0134  


42+ 0.1561 0.2836 0.3168 0.1924 0.1916 0.2397 0.3909 0.2018 0.2581  
Sample size  301   409   363   291   308   242   330   441   372   







Table 13-9. Fishery size compositions for GOA RE/BS rockfish and sample size by year and pooled pairs 
of adjacent lengths.  
 
Length (cm) 1991 1992 2002 2003 2005 2007 2011 2013 2015  


20 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000  
22 0.0000 0.0056 0.0087 0.0000 0.0007 0.0007 0.0010 0.0030 0.0006  
24 0.0010 0.0065 0.0058 0.0012 0.0013 0.0007 0.0010 0.0040 0.0034  
26 0.0021 0.0084 0.0087 0.0020 0.0013 0.0048 0.0020 0.0069 0.0028  
28 0.0063 0.0130 0.0029 0.0040 0.0047 0.0054 0.0061 0.0040 0.0067  
30 0.0042 0.0297 0.0058 0.0032 0.0074 0.0122 0.0081 0.0050 0.0073  
32 0.0094 0.0270 0.0058 0.0064 0.0067 0.0115 0.0304 0.0099 0.0101  
34 0.0125 0.0362 0.0145 0.0095 0.0134 0.0258 0.0314 0.0099 0.0201  
36 0.0104 0.0455 0.0174 0.0139 0.0315 0.0326 0.0354 0.0188 0.0195  
38 0.0261 0.0660 0.0378 0.0382 0.0308 0.0605 0.0354 0.0386 0.0363  
40 0.0396 0.1004 0.0494 0.0545 0.0455 0.0713 0.0840 0.0960 0.0581  
42 0.1585 0.1087 0.1453 0.1010 0.0717 0.0965 0.1083 0.1327 0.1027  
44 0.2857 0.1645 0.1657 0.1427 0.1165 0.1209 0.1235 0.1455 0.1212  
46 0.2221 0.1292 0.1948 0.1924 0.1514 0.1461 0.1306 0.1297 0.1619  
48 0.1512 0.0790 0.1395 0.1717 0.1541 0.1352 0.1407 0.1119 0.1519  
50 0.0448 0.0465 0.1134 0.1125 0.1306 0.1175 0.1113 0.0634 0.1223  
52 0.0136 0.0344 0.0465 0.0719 0.0884 0.0822 0.0577 0.0416 0.0698  
54 0.0042 0.0362 0.0145 0.0322 0.0583 0.0299 0.0425 0.0386 0.0402  
56 0.0063 0.0251 0.0116 0.0199 0.0275 0.0190 0.0202 0.0436 0.0179  
58 0.0010 0.0167 0.0058 0.0079 0.0221 0.0129 0.0162 0.0228 0.0162  


60+ 0.0010 0.0214 0.0058 0.0147 0.0362 0.0143 0.0142 0.0743 0.0313  
Sample size  959   1,077   344   2,516   1,493   1,472   988   1,010   1,793   
 
 
 







Table 13-10. GOA RE/BS rockfish biomass estimates from NMFS triennial/biennial trawl surveys by 
region and gulfwide for 1984-2017.  No sampling was performed in the Eastern GOA for the 2001 survey 
and we exclude this year from our assessment model. Estimates for the Western and Central GOA are 
provided here for reference. CV is the coefficient of variation expressed as a percent and provided in 
parentheses next to the biomass estimate. SE is the standard error. LCI and UCI are the lower and upper 
95% confidence intervals respectively. SE, LCI, UCI are respective to the gulfwide biomass estimates. 
 


 
 
 
 
 


Year Western Central Eastern Gulfwide SE LCI UCI 
1984 8,779 (32) 32,416 (21) 3,896 (20) 45,091 (16) 7,313 30,758 59,425 
1987 2,737 (34) 21,881 (16) 19,063 (17) 43,681 (11) 4,897 34,083 53,278 
1990 1,329 (48) 35,467 (26) 8,041 (19) 44,837 (21) 9,296 26,617 63,057 
1993 10,891 (79) 41,616 (28) 9,358 (21) 61,864 (23) 14,415 33,611 90,117 
1996 3,449 (35) 28,396 (23) 14,067 (23) 45,913 (16) 7,432 31,346 60,481 
1999 6,156 (51) 20,781 (17) 12,622 (26) 39,560 (15) 5,793 28,206 50,913 
2001 6,945 (55) 24,740 (24) NA NA -- -- -- -- -- 
2003 8,921 (34) 24,610 (20) 9,670 (36) 43,202 (16) 6,724 30,024 56,380 
2005 3,621 (26) 32,898 (25) 11,356 (16) 47,875 (18) 8,618 30,983 64,767 
2007 3,773 (27) 39,419 (24) 16,697 (23) 59,889 (17) 10,380 39,544 80,234 
2009 2,765 (27) 33,154 (21) 14,855 (30) 50,774 (16) 8,297 34,512 67,035 
2011 3,305 (43) 32,181 (21) 8,228 (17) 43,714 (16) 7,065 29,866 57,561 
2013 3,922 (24) 11,207 (29) 12,452 (30) 27,581 (18) 5,078 17,627 37,534 
2015 1,345 (22) 18,135 (20) 15,079 (22) 34,559 (14) 4,970 24,817 44,301 
2017 6,722 (45) 11,297 (21) 21,900 (28) 39,919 (18) 7,185 25,836 54,002 







Table 13-11. AFSC bottom trawl survey relative age compositions for GOA RE/BS rockfish since 1984. 
Pooled age 42+ includes all fish 42 and older. 
 


Age (yr) 1984 1987 1990 1993 1996 1999 2003 2005 2007  
3 0.0000 0.0000 0.0011 0.0342 0.0023 0.0000 0.0285 0.0375 0.0065  
4 0.0005 0.0006 0.0025 0.0122 0.0003 0.0247 0.0184 0.0468 0.0093  
5 0.0000 0.0061 0.0058 0.0108 0.0204 0.0518 0.0669 0.0844 0.0331  
6 0.0000 0.0652 0.0105 0.0237 0.1446 0.0251 0.0466 0.0385 0.0794  
7 0.0035 0.0460 0.0395 0.0155 0.0173 0.0327 0.0275 0.0652 0.0430  
8 0.0892 0.0249 0.0503 0.0211 0.0201 0.0587 0.0554 0.0510 0.0130  
9 0.0338 0.0401 0.1100 0.0492 0.0321 0.1376 0.0509 0.0532 0.0465  


10 0.0215 0.0533 0.1684 0.0727 0.0232 0.0505 0.0233 0.0791 0.0331  
11 0.0075 0.1381 0.0918 0.0665 0.0246 0.0434 0.0203 0.0339 0.0220  
12 0.0255 0.0959 0.0231 0.0898 0.0458 0.0186 0.0376 0.0504 0.0318  
13 0.0100 0.0474 0.0548 0.0755 0.0410 0.0433 0.0387 0.0178 0.0481  
14 0.0310 0.0445 0.0876 0.0571 0.0710 0.0442 0.0427 0.0403 0.0150  
15 0.0747 0.0445 0.0285 0.0486 0.0698 0.0451 0.0136 0.0513 0.0273  
16 0.0938 0.0156 0.0132 0.0633 0.0682 0.0546 0.0309 0.0327 0.0362  
17 0.0400 0.0171 0.0075 0.0457 0.0517 0.0463 0.0254 0.0339 0.0411  
18 0.0280 0.0149 0.0036 0.0229 0.0277 0.0565 0.0169 0.0226 0.0349  
19 0.0120 0.0078 0.0206 0.0244 0.0353 0.0298 0.0195 0.0205 0.0315  
20 0.0036 0.0038 0.0073 0.0242 0.0387 0.0362 0.0466 0.0315 0.0282  
21 0.0094 0.0257 0.0088 0.0235 0.0212 0.0188 0.0312 0.0108 0.0308  
22 0.0083 0.0070 0.0074 0.0114 0.0200 0.0192 0.0396 0.0179 0.0572  
23 0.0113 0.0246 0.0098 0.0221 0.0187 0.0175 0.0396 0.0117 0.0344  
24 0.0160 0.0117 0.0211 0.0098 0.0116 0.0130 0.0246 0.0116 0.0108  
25 0.0272 0.0068 0.0044 0.0153 0.0094 0.0097 0.0297 0.0121 0.0197  
26 0.0259 0.0070 0.0101 0.0054 0.0114 0.0055 0.0297 0.0147 0.0279  
27 0.0403 0.0045 0.0000 0.0045 0.0073 0.0071 0.0173 0.0166 0.0297  
28 0.0462 0.0064 0.0104 0.0113 0.0100 0.0122 0.0112 0.0068 0.0243  
29 0.0369 0.0311 0.0196 0.0037 0.0058 0.0074 0.0113 0.0082 0.0103  
30 0.0540 0.0253 0.0051 0.0138 0.0106 0.0070 0.0198 0.0055 0.0037  
31 0.0637 0.0229 0.0174 0.0107 0.0095 0.0092 0.0122 0.0031 0.0243  
32 0.0295 0.0287 0.0110 0.0105 0.0100 0.0048 0.0098 0.0083 0.0129  
33 0.0198 0.0262 0.0162 0.0101 0.0141 0.0051 0.0113 0.0096 0.0025  
34 0.0128 0.0103 0.0181 0.0108 0.0154 0.0080 0.0048 0.0035 0.0022  
35 0.0125 0.0076 0.0204 0.0076 0.0171 0.0033 0.0076 0.0105 0.0226  
36 0.0093 0.0151 0.0280 0.0174 0.0133 0.0134 0.0080 0.0089 0.0139  
37 0.0067 0.0124 0.0106 0.0043 0.0052 0.0066 0.0054 0.0000 0.0155  
38 0.0085 0.0070 0.0075 0.0072 0.0082 0.0034 0.0030 0.0038 0.0148  
39 0.0086 0.0073 0.0067 0.0028 0.0058 0.0033 0.0008 0.0029 0.0010  
40 0.0213 0.0000 0.0094 0.0128 0.0062 0.0053 0.0059 0.0000 0.0025  
41 0.0148 0.0057 0.0077 0.0038 0.0059 0.0059 0.0057 0.0059 0.0112  


42+ 0.0424 0.0408 0.0241 0.0237 0.0293 0.0153 0.0620 0.0369 0.0479  
Sample size 369 348 194 775 701 617 488 424 435  







Table 13-11 (continued). AFSC bottom trawl survey relative age compositions for GOA RE/BS rockfish 
since 1984. Pooled age 42+ includes all fish 42 and older. 
 


Age (yr) 2009 2011 2013 2015       
3 0.0113 0.0125 0.0490 0.0055       
4 0.0099 0.0096 0.0367 0.0125       
5 0.0191 0.0578 0.0357 0.0831       
6 0.0498 0.0324 0.0360 0.0434       
7 0.0349 0.0493 0.0700 0.0400       
8 0.0608 0.0429 0.0555 0.0416       
9 0.0438 0.0982 0.0387 0.0676       


10 0.0389 0.0438 0.0480 0.0680       
11 0.0561 0.0765 0.0674 0.0583       
12 0.0377 0.0766 0.0669 0.0601       
13 0.0378 0.0560 0.0561 0.0553       
14 0.0369 0.0408 0.0387 0.0725       
15 0.0506 0.0544 0.0302 0.0481       
16 0.0441 0.0273 0.0296 0.0475       
17 0.0374 0.0257 0.0250 0.0395       
18 0.0309 0.0151 0.0178 0.0502       
19 0.0250 0.0260 0.0117 0.0094       
20 0.0414 0.0089 0.0202 0.0169       
21 0.0199 0.0176 0.0127 0.0212       
22 0.0240 0.0230 0.0244 0.0115       
23 0.0182 0.0095 0.0142 0.0173       
24 0.0202 0.0250 0.0104 0.0122       
25 0.0258 0.0179 0.0141 0.0155       
26 0.0229 0.0123 0.0111 0.0067       
27 0.0083 0.0253 0.0157 0.0051       
28 0.0145 0.0126 0.0081 0.0103       
29 0.0139 0.0085 0.0093 0.0050       
30 0.0217 0.0069 0.0111 0.0060       
31 0.0128 0.0184 0.0092 0.0159       
32 0.0127 0.0060 0.0070 0.0061       
33 0.0194 0.0013 0.0077 0.0042       
34 0.0072 0.0077 0.0040 0.0024       
35 0.0063 0.0070 0.0129 0.0036       
36 0.0086 0.0054 0.0042 0.0019       
37 0.0029 0.0035 0.0025 0.0044       
38 0.0044 0.0029 0.0076 0.0011       
39 0.0040 0.0032 0.0053 0.0036       
40 0.0048 0.0054 0.0053 0.0051       
41 0.0029 0.0011 0.0035 0.0050       


42+ 0.0585 0.0256 0.0667 0.0162       
Sample size 928 402 1,057 518       







Table 13-12. AFSC bottom trawl survey length compositions for GOA RE/BS rockfish. Data are not 
explicitly used in the model because trawl survey ages were available for most years.  
 
Length (cm) 1984 1987 1990 1993 1996 1999 2001 2003 2005 2007 


20 0.0068 0.0143 0.0133 0.0158 0.0380 0.0751 0.0223 0.0602 0.0481 0.0399 
22 0.0162 0.0328 0.0173 0.0176 0.0509 0.0625 0.0360 0.0579 0.0523 0.0393 
24 0.0258 0.0314 0.0244 0.0236 0.0540 0.0501 0.0421 0.0437 0.0548 0.0488 
26 0.0236 0.0294 0.0271 0.0288 0.0485 0.0416 0.0498 0.0423 0.0636 0.0443 
28 0.0190 0.0286 0.0428 0.0341 0.0382 0.0552 0.0594 0.0484 0.0667 0.0421 
30 0.0331 0.0404 0.0626 0.0472 0.0511 0.0699 0.0517 0.0570 0.0652 0.0470 
32 0.0369 0.0515 0.0854 0.0519 0.0509 0.0642 0.0448 0.0579 0.0589 0.0462 
34 0.0449 0.0572 0.1022 0.0692 0.0463 0.0685 0.0614 0.0473 0.0659 0.0469 
36 0.0562 0.0727 0.1201 0.0772 0.0623 0.0621 0.0706 0.0418 0.0603 0.0557 
38 0.0578 0.0721 0.0869 0.1068 0.0639 0.0720 0.0884 0.0525 0.0701 0.0803 
40 0.0841 0.0817 0.0695 0.1240 0.0858 0.0788 0.0970 0.0680 0.0781 0.0873 
42 0.1448 0.0858 0.0622 0.1337 0.1158 0.0821 0.1341 0.1003 0.0835 0.1063 
44 0.1660 0.1147 0.0938 0.1259 0.1117 0.0802 0.0965 0.1146 0.0791 0.1159 
46 0.1200 0.1120 0.0820 0.0764 0.0816 0.0614 0.0668 0.0963 0.0480 0.0794 
48 0.0773 0.0872 0.0464 0.0323 0.0464 0.0369 0.0410 0.0598 0.0320 0.0521 
50 0.0398 0.0418 0.0225 0.0116 0.0236 0.0220 0.0164 0.0261 0.0272 0.0332 
52 0.0191 0.0223 0.0101 0.0067 0.0149 0.0076 0.0085 0.0099 0.0140 0.0167 
54 0.0094 0.0080 0.0094 0.0036 0.0053 0.0033 0.0028 0.0069 0.0087 0.0096 
56 0.0057 0.0054 0.0073 0.0034 0.0061 0.0017 0.0052 0.0029 0.0070 0.0036 
58 0.0044 0.0034 0.0052 0.0031 0.0025 0.0023 0.0018 0.0022 0.0045 0.0022 


60+ 0.0090 0.0073 0.0096 0.0070 0.0024 0.0027 0.0034 0.0040 0.0121 0.0031 
Sample size  4,701   3,994   3,522   5,639   3,943   3,758   1,959   2,924   4,089   4,253  
 
 







Table 13-12 (continued). AFSC bottom trawl survey length compositions for GOA RE/BS rockfish. Data 
are not explicitly used in model because trawl survey ages were available for most years.  
 
Length (cm) 2009 2011 2013 2015 2017      


20 0.0402 0.0366 0.0637 0.0604 0.0359      
22 0.0545 0.0510 0.0516 0.0638 0.0318      
24 0.0593 0.0525 0.0526 0.0623 0.0561      
26 0.0691 0.0599 0.0516 0.0510 0.0836      
28 0.0553 0.0571 0.0598 0.0593 0.0892      
30 0.0598 0.0708 0.0450 0.0534 0.0621      
32 0.0441 0.0544 0.0489 0.0617 0.0671      
34 0.0425 0.0629 0.0562 0.0726 0.0741      
36 0.0466 0.0604 0.0724 0.0752 0.0633      
38 0.0527 0.0639 0.0857 0.0847 0.0751      
40 0.0691 0.0825 0.0872 0.0916 0.0628      
42 0.0797 0.0987 0.0844 0.0780 0.0708      
44 0.0901 0.0859 0.0595 0.0545 0.0564      
46 0.0879 0.0598 0.0627 0.0465 0.0594      
48 0.0661 0.0477 0.0449 0.0310 0.0428      
50 0.0406 0.0250 0.0383 0.0188 0.0277      
52 0.0239 0.0110 0.0183 0.0120 0.0188      
54 0.0090 0.0099 0.0078 0.0088 0.0048      
56 0.0041 0.0034 0.0046 0.0044 0.0025      
58 0.0026 0.0017 0.0020 0.0042 0.0033      


60+ 0.0024 0.0048 0.0026 0.0057 0.0125      
Sample size  4,155   2,475   1,692   2,588   2,173       


 
 







Table 13-13. GOA RE/BS rockfish relative population numbers (RPN) estimated from the AFSC longline 
survey by region and gulfwide for 1993-2017. CV is the coefficient of variation expressed as a percent 
and provided in parentheses next to the RPN. SE is the standard error. LCI and UCI are the lower and 
upper 95% confidence intervals respectively. SE, LCI, UCI are respective to the gulfwide RPNs. 
 


 
 


 Western Central Eastern Gulfwide SE LCI UCI 
1993 6,286 (44.0) 5,279 (31.5) 11,704 (24.8) 23,269 (18.6) 4,336 14,770 31,768 
1994 4,371 (37.4) 2,513 (31.7) 15,737 (21.8) 22,622 (17.2) 3,885 15,007 30,236 
1995 9,988 (38.5) 7,962 (27.1) 9,522 (21.8) 27,472 (17.7) 4,875 17,917 37,027 
1996 5,675 (45.3) 5,613 (33.6) 14,337 (18.2) 25,624 (16.1) 4,122 17,545 33,703 
1997 7,314 (46.6) 7,729 (38.4) 22,027 (27.6) 37,070 (20.4) 7,578 22,216 51,923 
1998 6,032 (30.6) 5,751 (38.2) 12,787 (12.5) 24,570 (13.4) 3,284 18,134 31,006 
1999 6,112 (28.7) 6,338 (35.3) 14,803 (21.2) 27,254 (15.5) 4,238 18,948 35,560 
2000 10,454 (36.7) 8,917 (29.5) 18,522 (19.3) 37,894 (15.5) 5,860 26,408 49,380 
2001 9,039 (38.0) 8,990 (30.1) 11,493 (22.1) 29,523 (17.1) 5,056 19,613 39,432 
2002 9,792 (34.0) 7,454 (36.0) 10,271 (16.1) 27,517 (16.6) 4,581 18,538 36,496 
2003 6,003 (35.3) 5,231 (38.6) 13,155 (19.4) 24,389 (15.9) 3,883 16,778 32,001 
2004 10,312 (42.5) 4,479 (36.9) 13,122 (17.5) 27,913 (18.7) 5,222 17,678 38,149 
2005 3,031 (56.9) 5,777 (32.9) 10,055 (25.9) 18,863 (19.4) 3,657 11,695 26,031 
2006 5,240 (32.8) 6,320 (35.9) 8,918 (17.8) 20,478 (15.9) 3,262 14,085 26,871 
2007 11,064 (39.1) 9,315 (27.3) 13,285 (18.2) 33,663 (16.5) 5,570 22,747 44,579 
2008 6,407 (38.2) 7,414 (24.1) 17,139 (21.0) 30,960 (15.2) 4,700 21,747 40,173 
2009 7,213 (36.1) 10,790 (41.1) 11,749 (13.9) 29,751 (18.1) 5,398 19,172 40,331 
2010 12,746 (35.4) 7,741 (31.0) 14,801 (14.7) 35,288 (15.7) 5,549 24,412 46,165 
2011 13,344 (45.3) 8,863 (32.7) 17,576 (26.5) 39,783 (20.5) 8,164 23,781 55,785 
2012 7,967 (36.9) 5,364 (41.9) 13,632 (24.8) 26,962 (18.6) 5,016 17,130 36,795 
2013 9,493 (43.9) 5,420 (33.4) 9,026 (22.0) 23,939 (20.7) 4,960 14,217 33,661 
2014 8,827 (40.5) 7,030 (36.0) 17,607 (20.1) 33,464 (16.8) 5,629 22,430 44,497 
2015 10,894 (44.6) 6,482 (45.0) 14,073 (20.1) 31,448 (20.1) 6,337 19,028 43,868 
2016  9,632  (40.5)  5,055  (28.4)  9,864  (24.2)  24,552  (19.5) 4,793 15,156 33,947 
2017 13,239  (34.9)  9,034  (44.7) 14,434  (19.6)  36,707  (18.4) 6,754 23,469 49,945 







Table 13-14.  AFSC longline survey size compositions for GOA RE/BS rockfish. Lengths are area-
weighted by all available strata and are binned in adjacent pairs and pooled at 60 and greater cm. 
 
Length (cm) 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 


20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
22 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0006 0.0002 
24 0.0013 0.0006 0.0000 0.0000 0.0001 0.0000 0.0006 0.0005 0.0026 0.0013 
26 0.0070 0.0005 0.0029 0.0001 0.0008 0.0006 0.0036 0.0013 0.0039 0.0026 
28 0.0055 0.0045 0.0059 0.0025 0.0018 0.0024 0.0061 0.0030 0.0046 0.0063 
30 0.0122 0.0062 0.0096 0.0113 0.0108 0.0214 0.0109 0.0082 0.0187 0.0163 
32 0.0286 0.0126 0.0213 0.0163 0.0099 0.0248 0.0145 0.0154 0.0189 0.0214 
34 0.0559 0.0250 0.0287 0.0351 0.0171 0.0360 0.0371 0.0301 0.0425 0.0276 
36 0.0537 0.0329 0.0402 0.0478 0.0446 0.0458 0.0513 0.0603 0.0484 0.0486 
38 0.0709 0.0501 0.0667 0.0706 0.0762 0.0596 0.0672 0.0805 0.0661 0.0657 
40 0.0912 0.0784 0.0884 0.0976 0.0814 0.0740 0.0891 0.0922 0.0929 0.0845 
42 0.1060 0.0860 0.1078 0.1164 0.1089 0.0918 0.1066 0.1005 0.1010 0.1256 
44 0.1226 0.1429 0.1376 0.1399 0.1243 0.1318 0.1494 0.1327 0.1276 0.1509 
46 0.1429 0.1513 0.1406 0.1474 0.1598 0.1600 0.1658 0.1316 0.1365 0.1382 
48 0.0995 0.1393 0.1216 0.1296 0.1339 0.1423 0.1295 0.1365 0.1269 0.1274 
50 0.0922 0.0953 0.1036 0.0844 0.0931 0.0922 0.0841 0.0864 0.0942 0.0729 
52 0.0487 0.0745 0.0481 0.0411 0.0501 0.0530 0.0456 0.0535 0.0477 0.0448 
54 0.0220 0.0362 0.0368 0.0276 0.0268 0.0216 0.0157 0.0278 0.0233 0.0250 
56 0.0170 0.0201 0.0188 0.0134 0.0127 0.0161 0.0054 0.0141 0.0106 0.0115 
58 0.0056 0.0148 0.0102 0.0065 0.0097 0.0106 0.0032 0.0058 0.0061 0.0129 


60+ 0.0171 0.0288 0.0111 0.0123 0.0377 0.0158 0.0144 0.0194 0.0269 0.0163 
Sample size  3,998   3,560   5,090   4,636   5,696   4,508   5,940   7,086   4,767   4,768  
 
 







Table 13-14 (continued). AFSC longline survey size compositions for GOA RE/BS rockfish.  
 
Length (cm) 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 


20 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
22 0.0000 0.0000 0.0000 0.0007 0.0000 0.0007 0.0002 0.0005 0.0005 0.0000 
24 0.0008 0.0001 0.0014 0.0001 0.0005 0.0005 0.0013 0.0007 0.0023 0.0001 
26 0.0010 0.0031 0.0038 0.0027 0.0030 0.0021 0.0017 0.0080 0.0078 0.0020 
28 0.0086 0.0167 0.0130 0.0221 0.0012 0.0072 0.0073 0.0149 0.0131 0.0102 
30 0.0136 0.0253 0.0270 0.0096 0.0114 0.0217 0.0439 0.0305 0.0300 0.0169 
32 0.0151 0.0221 0.0315 0.0194 0.0337 0.0351 0.0243 0.0504 0.0389 0.0276 
34 0.0138 0.0346 0.0337 0.0225 0.0437 0.0551 0.0395 0.0573 0.0550 0.0416 
36 0.0226 0.0546 0.0483 0.0365 0.0859 0.0670 0.0514 0.0731 0.0726 0.0573 
38 0.0495 0.0993 0.0493 0.0471 0.0640 0.0702 0.0813 0.0817 0.0900 0.0838 
40 0.0725 0.0940 0.0646 0.0812 0.0985 0.0755 0.1011 0.0930 0.0996 0.1029 
42 0.1111 0.1099 0.1135 0.1150 0.1116 0.0999 0.1238 0.1118 0.1159 0.1055 
44 0.1462 0.1341 0.1441 0.1389 0.1462 0.1199 0.1199 0.1239 0.1195 0.1352 
46 0.1733 0.1464 0.1488 0.1520 0.1364 0.1233 0.1130 0.1133 0.0959 0.1214 
48 0.1544 0.1119 0.1401 0.1467 0.1098 0.1167 0.1100 0.0865 0.0956 0.1099 
50 0.0882 0.0714 0.0717 0.0800 0.0630 0.0948 0.0736 0.0588 0.0591 0.0725 
52 0.0462 0.0340 0.0363 0.0471 0.0385 0.0519 0.0512 0.0273 0.0343 0.0512 
54 0.0173 0.0150 0.0238 0.0280 0.0155 0.0255 0.0236 0.0142 0.0162 0.0246 
56 0.0159 0.0118 0.0115 0.0129 0.0165 0.0106 0.0155 0.0124 0.0140 0.0114 
58 0.0108 0.0067 0.0107 0.0158 0.0052 0.0108 0.0048 0.0086 0.0067 0.0054 


60+ 0.0391 0.0089 0.0270 0.0214 0.0153 0.0116 0.0127 0.0330 0.0329 0.0204 
Sample size  4,596   4,840   4,095   4,306   6,575   5,684   4,642   5,949   5,778   5,095  
 
  







Table 13-14 (continued). AFSC longline survey size compositions for GOA RE/BS rockfish.  
 
Length (cm) 2013 2014 2015 2016 2017      


20 0.0000 0.0000 0.0000 0.0000 0.0000      
22 0.0000 0.0000 0.0000 0.0008 0.0003      
24 0.0001 0.0001 0.0007 0.0002 0.0009      
26 0.0028 0.0535 0.0007 0.0005 0.0028      
28 0.0075 0.0037 0.0041 0.0051 0.0048      
30 0.0276 0.0128 0.0064 0.0108 0.0166      
32 0.0427 0.0219 0.0215 0.0270 0.0320      
34 0.0568 0.0406 0.0177 0.0421 0.0578      
36 0.0925 0.0577 0.0453 0.0587 0.0597      
38 0.0755 0.0732 0.0565 0.0665 0.0618      
40 0.0922 0.1031 0.0796 0.0980 0.0946      
42 0.1029 0.1090 0.1317 0.0939 0.1128      
44 0.1252 0.1154 0.1558 0.1134 0.1397      
46 0.1267 0.1101 0.1383 0.1250 0.1387      
48 0.1068 0.1069 0.1128 0.1219 0.1163      
50 0.0628 0.0768 0.0969 0.0928 0.0721      
52 0.0299 0.0438 0.0609 0.0640 0.0411      
54 0.0177 0.0231 0.0279 0.0396 0.0217      
56 0.0089 0.0161 0.0195 0.0181 0.0098      
58 0.0139 0.0101 0.0166 0.0069 0.0088      


60+ 0.0077 0.0221 0.0072 0.0148 0.0076      
Sample size  3,744   6,820   5,382   4,478   6,011       
  







Table 13-15. Likelihoods and MLE estimates of key parameters with estimates of standard error (σ) 
derived from the Hessian matrix for the last full assessment model and the current author preferred model 
for GOA RE/BS. Note that the amounts of data differ between the 2015 and 2017 model update so 
likelihood component values are not comparable.    
  2015 ( Model 15.4) 2017 (Model 15.4) 
Likelihoods Weight   
Catch 5/50* 0.023 0.017 
Trawl Biomass 1 8.807 8.629 
Longline Biomass 1 13.650 15.053 
Fishery Ages 1 19.608 25.866 
Trawl Survey Ages 1 35.682 37.009 
Fishery Sizes 1 55.695 61.141 
Trawl Survey Sizes 0 0 0.000 
Longline Survey Sizes 1 98.277 104.056 


Data-Likelihood  231.743 251.770 
Penalties/Priors    
Recruit Deviations 1 -11.943 -12.983 
Selectivity Penalties    
   Fishery 1 1.997 2.224 
   Fishery Domeshape 1 0 0.001 
   Trawl Survey 1 0 0 
   Trawl Domeshape 1 0 0 
   Longline 1 0.259 0.282 
   Longline Domeshape 1 0 0.004 
F Regularity 0.1 1.126 1.153 
σr prior  11.298 11.877 
q-trawl  0.004 0.004 
q-longline  0.000 0.000 
M  1.540 1.547 


Total penalties/priors  4.281 4.108 
Objective Fun. Total  236.025 255.878 


Parameter Estimates    
Number Parameters  166 170 
q-trawl  1.602 1.525 
q-longline  1.008 0.983 
M  0.036 0.036 
σr  0.814 0.808 
Mean Recruitment (mil)  1.775 1.914 
F40%  0.040 0.040 
Total Biomass (t)  41,863  45,624 
Spawning Biomass (t)  13,803  15,059  
B100% (t)  20,566 22,495 
B40% (t)  8,226  8,998  
ABCF40% (t)  1,328  1,444  







Table 13-16. Estimated GOA RE/BS rockfish population numbers (thousands) in 2017, fishery 
selectivity, trawl and longline (LL) survey selectivity of GOA RE/BS rockfish from the author preferred 
model. Also shown are schedules of age specific weight and female maturity. 
 


Age Numbers in 
2017 (1000s) 


Percent 
Mature Weight (g) Fishery 


Selectivity 


Trawl 
Survey 


Selectivity 


LL Survey 
Selectivity 


3 1,732 0 53 0 21 0 
4 1,671 0 99 0 40 0 
5 1,462 0 159 0 55 0 
6 1,357 0 228 1 67 0 
7 3,096 0 306 1 77 0 
8 1,699 0 388 3 85 0 
9 1,373 0 473 5 91 1 


10 1,115 1 558 7 95 2 
11 1,754 2 642 8 98 6 
12 1,240 5 723 8 99 17 
13 1,057 8 801 8 100 36 
14 1,116 14 875 12 100 63 
15 1,389 22 945 29 99 85 
16 1,554 31 1010 100 97 100 
17 1,368 40 1070 100 95 94 
18 746 50 1125 100 93 94 
19 1,335 59 1176 100 90 94 
20 982 66 1222 100 87 94 
21 729 72 1265 100 84 94 
22 1,094 77 1303 100 81 94 
23 1,211 81 1338 100 78 94 
24 611 84 1369 100 74 94 
25 498 92 1398 100 71 94 
26 525 92 1423 100 68 94 
27 1,491 92 1446 100 64 94 
28 402 92 1467 100 61 94 
29 380 92 1485 100 58 94 
30 341 92 1502 100 55 94 
31 340 92 1517 100 52 94 
32 382 92 1530 100 49 94 
33 457 92 1542 100 46 94 
34 521 92 1553 100 44 94 
35 461 92 1562 100 41 94 
36 733 92 1571 100 39 94 
37 678 92 1578 100 36 94 
38 349 92 1585 100 34 94 
39 274 92 1591 100 32 94 







Table 13-16 (continued). Estimated GOA RE/BS rockfish population numbers (thousands) in 2017, 
fishery selectivity, trawl and longline (LL) survey selectivity of GOA RE/BS rockfish from the author 
preferred model. Also shown are schedules of age specific weight and female maturity. 
 


Age Numbers in 
2017 (1000s) 


Percent 
Mature Weight (g) Fishery 


Selectivity 


Trawl 
Survey 


Selectivity 


LL Survey 
Selectivity 


40 293 92 1596 100 30 94 
41 889 92 1601 100 28 94 
42 299 92 1605 100 26 94 
43 233 92 1609 100 25 94 
44 222 92 1612 100 23 94 
45 224 92 1615 100 22 94 
46 214 92 1618 100 20 94 
47 229 92 1620 100 19 94 
48 276 92 1622 100 18 94 
49 270 92 1624 100 16 94 
50 220 92 1626 100 15 94 
51 191 92 1627 100 14 94 
52 4,788 92 1634 100 13 94 







Table 13-17. Estimates of key parameters from the author preferred model (μ) with Hessian estimates of 
standard deviation (σ), MCMC standard deviations (σ (MCMC)) and 95% Bayesian credible intervals 
(BCI) derived from MCMC simulations for GOA RE/BS. q is catchability, M is natural mortality, F40% is 
a fishing mortality rate (see Harvest Recommendations for complete definition), SSB is spawning stock 
biomass for the current year (2017), ABC is acceptable biological catch, and σr is the recruitment 
standard deviation parameter.  
 


 µ σ MCMC 
Parameter Hessian MCMC Hessian MCMC Median BCI-Lower BCI-Upper 
q1, trawl survey 1.5251 1.3374 0.5527 0.5204 1.3243 0.3832 2.4047 
q2, longline survey 0.9827 1.0109 0.4231 0.4127 0.9858 0.2991 1.9011 
M 0.0358 0.0360 0.0030 0.0032 0.0359 0.0302 0.0427 
F40% 0.0398 0.0457 0.0108 0.0143 0.0437 0.0251 0.0790 
SSB (2017)  15,056   22,877   6,226   27,293   17,122   8,599   65,290  
ABC  1,444   2,545   747   3,156   1,831   709   8,013  
σr 0.8082 1.0522 0.0511 0.0654 1.0488 0.9304 1.1841 
  







Table 13-18. Estimated time series of female spawning biomass, 6+ biomass (ages 6 and greater), catch 
divided by 6 + biomass, and number of age 3 recruits for GOA RE/BS rockfish, 1977-2017. Estimates are 
shown for the author preferred model (MLE approach) and from the previous full assessment in 2015. 
 


 Spawning Biomass (t) 6+ Biomass (t) Catch/6+ Biomass Age 3 Recruits (1000’s) 
Year Previous Current Previous Current Previous Current Previous Current 
1977 19,310  20,550  54,064  57,506  0.027 0.025 1,383  1,513  
1978 18,890  20,141  52,780  56,228  0.011 0.010 1,646  1,774  
1979 18,812  20,073  52,334  55,788  0.012 0.012 4,671  4,982  
1980 18,684  19,954  51,770  55,232  0.026 0.024 1,438  1,548  
1981 18,244  19,519  50,533  54,001  0.014 0.013 1,288  1,372  
1982 18,055  19,334  50,549  54,064  0.011 0.011 1,556  1,659  
1983 17,923  19,204  50,229  53,759  0.013 0.012 2,784  3,048  
1984 17,763  19,046  49,803  53,343  0.015 0.014 2,856  3,124  
1985 17,545  18,829  49,269  52,818  0.003 0.002 1,728  1,867  
1986 17,590  18,875  49,605  53,196  0.009 0.008 1,807  1,999  
1987 17,502  18,788  49,695  53,336  0.011 0.010 1,481  1,673  
1988 17,375  18,663  49,530  53,201  0.033 0.030 1,175  1,331  
1989 16,801  18,088  48,309  52,011  0.045 0.042 999  1,127  
1990 16,011  17,294  46,497  50,223  0.052 0.048 976  1,079  
1991 15,163  16,443  44,434  48,178  0.008 0.007 1,030  1,148  
1992 15,178  16,467  44,309  48,086  0.025 0.023 1,048  1,159  
1993 14,910  16,207  43,370  47,168  0.013 0.012 3,810  4,118  
1994 14,870  16,178  42,929  46,750  0.013 0.012 1,276  1,385  
1995 14,830  16,152  42,445  46,286  0.017 0.015 1,139  1,255  
1996 14,746  16,082  42,365  46,262  0.013 0.012 1,355  1,468  
1997 14,726  16,078  42,043  45,965  0.013 0.012 2,667  2,783  
1998 14,705  16,075  41,689  45,632  0.016 0.015 2,326  2,400  
1999 14,617  16,005  41,234  45,196  0.008 0.007 1,508  1,523  
2000 14,652  16,057  41,381  45,358  0.013 0.012 1,983  1,950  
2001 14,612  16,035  41,312  45,292  0.014 0.013 2,713  2,520  
2002 14,460  15,896  41,061  45,027  0.007 0.006 1,423  1,335  
2003 14,428  15,875  41,224  45,155  0.010 0.009 2,319  2,324  
2004 14,346  15,804  41,433  45,287  0.007 0.007 2,163  2,506  
2005 14,328  15,798  41,533  45,311  0.007 0.006 1,912  2,151  
2006 14,320  15,800  41,805  45,512  0.009 0.008 1,448  1,665  
2007 14,276  15,761  41,998  45,699  0.010 0.010 1,291  1,519  
2008 14,222  15,710  42,093  45,781  0.009 0.008 1,430  1,718  
2009 14,203  15,692  42,154  45,835  0.007 0.006 2,045  2,342  
2010 14,244  15,728  42,263  45,948  0.010 0.009 1,342  1,435  
2011 14,242  15,713  42,208  45,917  0.013 0.012 1,578  1,703  
2012 14,211  15,664  42,135  45,885  0.013 0.012 1,852  2,033  
2013 14,186  15,616  41,902  45,665  0.014 0.013 2,599  3,573  
2014 14,170  15,575  41,684  45,465  0.018 0.016 1,594  1,510  
2015 14,133  15,515  41,346  45,159  0.013 0.012 1,611  1,570  
2016   15,482    45,368   0.014   1,732  
2017   15,416    45,166   0.011  1,732 


 
  







Table 13-19. Estimated time series of recruitment, total biomass (3+), and female spawning biomass for 
RE/BS rockfish in the Gulf of Alaska, 1977-2018. Columns headed with 2.5% and 97.5% represent the 
lower and upper 95% credible intervals from the MCMC posterior distribution. 
 
  Recruits (Age 3, 1000s) 


  
 Total Biomass (3+) 


  
Spawning biomass (t) 


  
  


Year Mean 2.5% 97.5% Mean 2.5% 97.5% Mean 2.5% 97.5% 
1977  1,513  229 6,162  57,983   39,397   196,445   20,550   13,806   67,271  
1978  1,774  238 8,624  56,696   38,169   195,363   20,141   13,445   67,851  
1979  4,982  1,153 15,216  56,442   37,869   196,468   20,073   13,440   68,422  
1980  1,548  227 7,506  56,051   37,540   197,062   19,954   13,326   68,447  
1981  1,372  211 5,508  54,957   36,412   196,520   19,519   12,934   68,746  
1982  1,659  253 6,989  54,510   35,958   196,123   19,334   12,759   68,801  
1983  3,048  485 11,503  54,281   35,808   196,893   19,204   12,589   68,705  
1984  3,124  507 11,225  54,043   35,521   198,092   19,046   12,503   68,308  
1985  1,867  280 7,944  53,665   35,090   198,459   18,829   12,296   68,012  
1986  1,999  337 7,555  53,940   35,329   199,119   18,875   12,358   68,376  
1987  1,673  293 6,487  53,891   35,269   199,151   18,788   12,271   68,296  
1988  1,331  268 5,160  53,726   35,039   199,448   18,663   12,112   67,748  
1989  1,127  218 4,190  52,444   33,700   197,810   18,088   11,562   67,317  
1990  1,079  218 4,044  50,584   32,152   195,442   17,294   10,824   66,759  
1991  1,148  220 4,069  48,507   30,146   193,837   16,443   10,049   66,069  
1992  1,159  200 4,306  48,416   30,116   193,540   16,467   10,031   66,210  
1993  4,118  2,501 11,522  47,665   29,351   192,647   16,207   9,761   65,865  
1994  1,385  214 5,554  47,387   29,032   192,553   16,178   9,727   66,377  
1995  1,255  239 4,738  47,092   28,822   192,225   16,152   9,680   66,713  
1996  1,468  239 5,909  46,664   28,425   191,550   16,082   9,618   67,027  
1997  2,783  670 9,823  46,436   28,213   191,380   16,078   9,610   67,271  
1998  2,400  437 8,832  46,241   27,961   191,521   16,075   9,574   67,444  
1999  1,523  249 6,302  45,916   27,669   191,364   16,005   9,491   67,395  
2000  1,950  359 7,682  45,960   27,677   191,952   16,057   9,537   67,329  
2001  2,520  685 8,357  45,835   27,551   191,809   16,035   9,508   67,342  
2002  1,335  218 5,101  45,625   27,286   191,334   15,896   9,374   66,860  
2003  2,324  758 7,936  45,777   27,390   191,372   15,875   9,354   66,715  
2004  2,506  589 8,719  45,838   27,364   191,544   15,804   9,284   66,498  
2005  2,151  499 7,483  46,006   27,438   192,198   15,798   9,274   66,596  
2006  1,665  338 6,090  46,175   27,622   192,503   15,800   9,264   66,742  
2007  1,519  309 5,704  46,255   27,611   193,037   15,761   9,283   66,610  
2008  1,718  326 6,533  46,262   27,514   193,346   15,710   9,218   66,579  
2009  2,342  639 8,526  46,346   27,598   193,928   15,692   9,214   66,624  
2010  1,435  242 5,533  46,501   27,751   193,977   15,728   9,245   66,919  
2011  1,703  340 6,829  46,489   27,758   193,971   15,713   9,202   66,836  
2012  2,033  409 8,808  46,366   27,718   193,400   15,664   9,137   66,848  
2013  3,573  1,035 14,618  46,298   27,604   193,766   15,616   9,052   66,887  
2014  1,510  204 7,284  46,186   27,425   194,656   15,575   8,987   66,851  
2015  1,570  218 7,756  45,913   27,143   195,344   15,515   8,911   67,161  
2016  1,732  220 13,895  45,832   27,118   196,879   15,482   8,873   67,303  
2017 1,732 225 13,504  45,654   26,735   196,728   15,416   8,800   67,138  
2018 2,009 226 13,132 45,624 26,614 196,793 15,059 8,586 65,447 







Table 13-20. Set of projections of spawning biomass (SB) and yield for GOA RE/BS rockfish. Seven 
harvest scenarios designed to satisfy the requirements of Amendment 56, NEPA, and MSFCMA. For a 
description of scenarios see Harvest Recommendations section.  Spawning biomass and yield are in t. 
B40% = 8,998 t, B35% = 7,873 t, F40% = 0.040 and F35% = 0.048.  
 


 


*Projected ABCs and OFLs for 2018 and 2019 are derived using estimated catch of 503 t for 2017 and projected catch of 747 t 
for 2018 and 725 t for 2019 based on the average of realized catches from 2014-2016. This calculation is in response to 
management requests to obtain more accurate projections. 


Year 
Maximum 


permissible F Author’s F* 
Half maximum 


F 
5-year 


average F No fishing Overfished 
Approaching 
overfished 


Spawning Biomass (t) 
2017 15,105 15,105 15,105 15,105 15,105 15,105 15,105 
2018 14,939 15,059 15,062 15,084 15,186 14,889 14,939 
2019 14,572 14,972 14,980 15,052 15,400 14,407 14,572 
2020 14,204 14,754 14,884 15,005 15,597 13,933 14,156 
2021 13,835 14,362 14,771 14,941 15,773 13,467 13,679 
2022 13,489 13,992 14,668 14,883 15,953 13,032 13,233 
2023 13,170 13,648 14,577 14,837 16,141 12,632 12,821 
2024 12,859 13,312 14,477 14,780 16,310 12,248 12,426 
2025 12,587 13,015 14,404 14,748 16,501 11,910 12,077 
2026 12,335 12,739 14,339 14,722 16,694 11,598 11,754 
2027 12,090 12,469 14,267 14,689 16,874 11,299 11,444 
2028 11,854 12,209 14,191 14,650 17,041 11,014 11,149 
2029 11,628 11,960 14,112 14,606 17,197 10,746 10,871 
2030 11,419 11,729 14,037 14,568 17,352 10,498 10,615 


Fishing Mortality 
2017 0.014 0.014 0.014 0.014 0.014 0.014 0.014 
2018 0.040 0.020 0.020 0.016 - 0.048 0.048 
2019 0.040 0.020 0.020 0.016 - 0.048 0.048 
2020 0.040 0.040 0.020 0.016 - 0.048 0.048 
2021 0.040 0.040 0.020 0.016 - 0.048 0.048 
2022 0.040 0.040 0.020 0.016 - 0.048 0.048 
2023 0.040 0.040 0.020 0.016 - 0.048 0.048 
2024 0.040 0.040 0.020 0.016 - 0.048 0.048 
2025 0.040 0.040 0.020 0.016 - 0.048 0.048 
2026 0.040 0.040 0.020 0.016 - 0.048 0.048 
2027 0.040 0.040 0.020 0.016 - 0.048 0.048 
2028 0.040 0.040 0.020 0.016 - 0.048 0.048 
2029 0.040 0.040 0.020 0.016 - 0.048 0.048 
2030 0.040 0.040 0.020 0.016 - 0.048 0.048 


Yield (t) 
2017 503 503 503 503 503 503 503 
2018 1,444 1,444 729 603 - 1,735 1,444 
2019 1,401 1,427 721 599 - 1,670 1,401 
2020 1,359 1,410 712 593 - 1,607 1,633 
2021 1,324 1,372 706 590 - 1,554 1,578 
2022 1,297 1,343 704 590 - 1,513 1,535 
2023 1,259 1,302 695 584 - 1,458 1,479 
2024 1,230 1,270 690 581 - 1,416 1,435 
2025 1,213 1,251 690 583 - 1,388 1,406 
2026 1,215 1,250 699 592 - 1,384 1,400 
2027 1,184 1,217 691 587 - 1,341 1,356 
2028 1,156 1,187 685 583 - 1,302 1,316 
2029 1,132 1,161 679 579 - 1,269 1,282 
2030 1,111 1,138 675 577 - 1,240 1,252 







Table 13-21. Recommended allocation of ABC and OFL for 2018 and 2019 GOA RE/BS rockfish based 
on the preferred weighted survey average method.   


 


Year Weights Western Gulf Central Gulf Eastern Gulf Total 
2013 4 14% 41% 45% 100% 
2015 6 4% 52% 44% 100% 
2017 9 17% 28% 55% 100% 


Weighted Mean 19     
      


Area Allocation 12.2% 38.5% 49.3% 100% 


2018 Area ABC (t) 176 556 712 1,444 
OFL (t)    1,735 


2019 Area ABC (t) 174 550 703 1,427 
OFL (t)    1,715 







Table 13-22: Analysis of ecosystem considerations for GOA RE/BS rockfish. 
 
Ecosystem effects on GOA rougheye rockfish   
Indicator Observation Interpretation Evaluation 


Prey availability or abundance trends   
Phytoplankton and 
Zooplankton 


Important for larval and post-
larval survival but no 
information known 


May help determine year class 
strength, no time series 


Possible concern if some 
information available 


Predator population trends   


       Marine mammals 
Not commonly eaten by marine 
mammals No effect No concern 


       Birds 
Stable, some increasing some 
decreasing Affects young-of-year mortality Probably no concern 


       Fish (Halibut, arrowtooth, 
lingcod)   


Arrowtooth have increased, 
others stable 


More predation on juvenile 
rockfish Possible concern 


Changes in habitat quality    


Temperature regime 
Higher recruitment after 1977 
regime shift 


Contributed to rapid stock 
recovery No concern 


Winter-spring 
environmental conditions Affects pre-recruit survival 


Different phytoplankton bloom 
timing  


Causes natural variability, 
rockfish have varying larval 
release to compensate 


Production 
 


Relaxed downwelling in 
summer brings in nutrients to 
Gulf shelf 


Some years are highly variable 
like El Nino 1998 


Probably no concern, 
contributes to high variability 
of rockfish recruitment 


GOA rougheye rockfish fishery effects on ecosystem   
Indicator Observation Interpretation Evaluation 
Fishery contribution to bycatch   


Prohibited species Stable, heavily monitored Minor contribution to mortality No concern 
Forage (including herring, 
Atka mackerel, cod, and 
pollock) 


Stable, heavily monitored (P. 
cod most common) 


Bycatch levels small relative to 
forage biomass No concern 


HAPC biota 
Medium bycatch levels of 
sponge and corals 


Bycatch levels small relative to 
total HAPC biota, but can be 
large in specific areas Probably no concern 


Marine mammals and birds 


Very minor take of marine 
mammals, trawlers overall 
cause some bird mortality 


Rockfish fishery is short 
compared to other fisheries No concern 


Sensitive non-target 
species 


Likely minor impact on non-
target rockfish 


Data limited, likely to be 
harvested in proportion to their 
abundance Probably no concern 


Fishery concentration in space 
and time 


Duration is short and in patchy 
areas 


Not a major prey species for 
marine mammals 


No concern, fishery is being 
extended for several month 
starting 2006 


Fishery effects on amount of 
large size target fish 


Depends on highly variable 
year-class strength  Natural fluctuation Probably no concern 


Fishery contribution to discards 
and offal production Decreasing Improving, but data limited 


Possible concern with non-
target rockfish 


Fishery effects on age-at-
maturity and fecundity 


Black rockfish show older fish 
have more viable larvae 


Inshore rockfish results may not 
apply to longer-lived slope 
rockfish 


Definite concern, studies 
being initiated in 2005 


 
 
 
  







 
 
 
Figure 13-1. Estimated long-term (a) and short-term (b) commercial catches for Gulf of Alaska RE/BS 
rockfish. Solid line is observed catch and red dashed line (in a only) is predicted catch from the author 
preferred model. 
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Figure 13-2. AFSC bottom trawl survey observed biomass estimates (blue triangles) with 95% sampling 
error confidence intervals for GOA RE/BS rockfish. Predicted estimates from the author preferred model 
(dashed black line) are compared with the last full assessment model fit (dotted blue line).  
 
 


 
 
Figure 13-3. AFSC longline survey relative population numbers (RPN in thousands, red circles) with 95% 
sampling error confidence intervals for GOA RE/BS rockfish. Predicted estimates from the author 
preferred model (dashed black line) are compared with the last full assessment model fit (dotted blue 
line).  
 







 


 


 
 
Figure 13-4a. Spatial distribution of rougheye and blackspotted rockfish in the Gulf of Alaska during the 
2013, 2015, and 2017 AFSC trawl (purple) and 2012-2017 AFSC longline (blue/navy) surveys. 







 


 


 
 
Figure 13-4b. Comparison of the spatial distribution between at-sea identified rougheye (purple) and 
blackspotted (green) rockfish in the Gulf of Alaska during the 2013, 2015, 2017 AFSC trawl surveys. 







 


 
Figure 13-5. Scatterplot of spawner-recruit data for GOA RE/BS rockfish author preferred model. Label 
is year class of age 3 recruits. Recruits are in millions and SSB = Spawning stock biomass in tons. 
 
 







 
 
 
Figure 13-6. Prior distribution for natural mortality (M, μ=0.03, CV=10%) of GOA RE/BS rockfish. 


 
 
 
Figure 13-7. Prior distributions for NMFS trawl survey catchability (q1, μ=1, CV=45%), AFSC longline 
survey catchability (q2, μ=1, CV=100%), and recruitment variability (σr, μ=1.1, CV=6%) of GOA RE/BS 
rockfish.  
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Figure 13-8. Fishery age compositions for GOA RE/BS rockfish. Observed = bars, predicted from author 
preferred model = lines with circles. Colors follow cohorts. 
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Figure 13-9. Fishery length (cm) compositions for GOA RE/BS rockfish. Observed = bars, predicted from 
author preferred model = lines with circles.  
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Figure 13-10. AFSC bottom trawl survey age composition by year for GOA RE/BS rockfish. Observed = 
bars, predicted from author preferred model = lines with circles. Colors follow cohorts. 
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Figure 13-10 (continued). AFSC bottom trawl survey age composition by year for GOA RE/BS rockfish. 
Observed = bars, predicted from author preferred model = lines with circles. Colors follow cohorts. 
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Figure 13-11. AFSC bottom trawl survey length (cm) composition by year for GOA RE/BS rockfish. 
Observed = bars, data is used to determine size-age matrix, but not fit in the model.  
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Figure 13-11 (Continued). AFSC bottom trawl survey length (cm) composition by year for GOA RE/BS 
rockfish. Observed = bars, data is used to determine size-age matrix, but not fit in the model. 
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Figure 13-12. AFSC longline survey length (cm) composition by year for GOA RE/BS rockfish. 
Observed = bars, predicted from author preferred model = lines with circles. 
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Figure 13-12 (continued). AFSC longline survey length (cm) composition by year for GOA RE/BS 
rockfish. Observed = bars, predicted from author preferred model = lines with circles. 
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Figure 13-12 (continued). AFSC longline survey length (cm) composition by year for GOA RE/BS 
rockfish. Observed = bars, predicted from author preferred model = lines with circles. 
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Figure 13-13. Time series of predicted total biomass from author preferred model (solid black line) with 
95% credible intervals determined by MCMC (dashed black lines) for GOA RE/BS rockfish. Last full 
assessment model estimates included for comparison (dotted blue line).  
 
 


 
 
Figure 13-14. Time series of predicted spawning biomass from author preferred model (solid black line) 
with 95% credible intervals determined by MCMC (dashed black lines) for GOA RE/BS rockfish. Last 
full assessment model estimates included for comparison (dotted blue line). 







 
 


 
 
Figure 13-15. Estimated selectivity curves for GOA RE/BS rockfish from author preferred model. Dashed 
blue line = AFSC bottom trawl survey selectivity, dotted red line = AFSC longline survey selectivity, and 
solid black line = combined fishery selectivity. 
 
 


 
 
Figure 13-16. Time series of estimated fully selected fishing mortality for GOA RE/BS rockfish from 
author preferred model. 
 







 
 
Figure 13-17. Time series of GOA RE/BS rockfish estimated spawning biomass relative to the target B35% 
level and fishing mortality relative to FOFL for author preferred model. The upper panel provides the entire 
time series while bottom panel presents the more recent management path.  







 
 
Figure 13-18. Estimated recruitments (age 3) of GOA RE/BS rockfish from author preferred model by 
year class with 95% credible intervals derived from MCMC. Last full assessment model estimates 
included for comparison (red squares).  
 
 







 
Figure 13-19: Histograms of estimated posterior distributions for key parameters derived from MCMC for 
GOA RE/BS rockfish.   







 
 
Figure 13-20: Retrospective peels of estimated female spawning biomass for the past 10 years from the 
author preferred model (top), and the percent difference in female spawning biomass from the preferred 
model in the terminal year (bottom).  
 







 
Figure 13-21: Bayesian credible intervals for entire spawning stock biomass series including projections 
through 2032. Red dashed line is B40% and black solid line is B35% based on recruitments from 1980-2015. 
The white line is the median of MCMC simulations. Each shade is 5% of the posterior distribution.  







Appendix 13A. Supplemental catch data 
 
In order to comply with the Annual Catch Limit (ACL) requirements, two datasets have been generated to 
help estimate total catch and removals from NMFS stocks in Alaska.  
 
The first dataset, non-commercial removals, estimates total removals that do not occur during directed 
groundfish fishing activities (Table 13A-1). This includes removals incurred during research, subsistence, 
personal use, recreational, and exempted fishing permit activities, but does not include removals taken in 
fisheries other than those managed under the groundfish FMP. These estimates represent additional 
sources of removals to the existing Catch Accounting System estimates. For Gulf of Alaska (GOA) 
rougheye and blackspotted (RE/BS) rockfish stock, these estimates can be compared to the research 
removals reported in previous assessments (Shotwell et al. 2009, 2011, 2014). Trawl surveys include 
NMFS echo-integration, large-mesh, and GOA bottom trawl surveys. Longline surveys include IPHC and 
AFSC surveys. Other includes personal use, recreational, scallop dredge, and subsistence harvest. The 
majority of research removals are taken by the Alaska Fisheries Science Center’s (AFSC) biennial bottom 
trawl survey and by the AFSC’s longline survey and International Pacific Halibut Commission’s (IPHC) 
longline survey. Other research activities that harvest RE/BS rockfish are minor but include other trawl 
research activities, scallop dredge, and recreational harvests.  
 
Although data are not available for a complete accounting of all research catches, the values in Table 
13A-1 indicate that generally RE/BS stock research removals have been modest relative to the fishery 
catch and compared to the research removals for many other species. The exceptions are in 1998 and 
1999 where a total of 52 and 36 t, respectively were taken, mostly by research trawling. However, 
because commercial catches for the shortraker/rougheye rockfish complex during these years were below 
ABC (please refer to Table 13-3 in the main document) this relatively large catch was not a conservation 
concern. Total removals from activities other than a directed fishery were 1 t in 2016. This is 0.08% of the 
2016 recommended ABC of 1,328 t and represents a low risk to the RE/BS stock. Even research catches 
of this magnitude, however, do not pose a significant risk to the RE/BS stock in the GOA. 
 
The second dataset, Halibut Fishery Incidental Catch Estimation (HFICE), is an estimate of the incidental 
catch of groundfish in the halibut IFQ fishery in Alaska, which is currently unobserved. To estimate 
removals in the halibut fishery, methods were developed by the HFICE working group and approved by 
the Gulf of Alaska and Bering Sea/Aleutian Islands Plan Teams and the Scientific and Statistical 
Committee of the North Pacific Fishery Management Council. A detailed description of the methods is 
available in Tribuzio et al. (2011). 
 
These estimates are for total catch of groundfish species in the halibut IFQ fishery and do not distinguish 
between “retained” or “discarded” catch. These estimates should be considered a separate time series 
from the current CAS estimates of total catch. Because of potential overlaps HFICE removals should not 
be added to the CAS produced catch estimates. The overlap will apply when groundfish are retained or 
discarded during an IFQ halibut trip. IFQ halibut landings that also include landed groundfish are 
recorded as retained in eLandings and a discard amount for all groundfish is estimated for such landings 
in CAS. Discard amounts for groundfish are not currently estimated for IFQ halibut landings that do not 
also include landed groundfish. For example, catch information for a trip that includes both landed IFQ 
halibut and sablefish would contain the total amount of sablefish landed (reported in eLandings) and an 
estimate of discard based on at-sea observer information. Further, because a groundfish species was 
landed during the trip, catch accounting would also estimate discard for all groundfish species based on 
available observer information and following methods described in Cahalan et al. (2010). The HFICE 
method estimates all groundfish caught during a halibut IFQ trip and thus is an estimate of groundfish 
caught whether landed or discarded. This prevents simply adding the CAS total with the HFICE estimate 







because it would be analogous to counting both retained and discarded groundfish species twice. Further, 
there are situations where the HFICE estimate includes groundfish caught in State waters and this would 
need to be considered with respect to ACLs (e.g. Chatham Strait sablefish fisheries). Therefore, the 
HFICE estimates should be considered preliminary estimates for what is caught in the IFQ halibut 
fishery. Improved estimates of groundfish catch in the halibut fishery will become available following 
restructuring of the FMA Program in 2013. At this time all vessels greater than 25 ft will be monitored for 
groundfish catch.  
 
The HFICE estimates of GOA RE/BS stock catch are highly variable but also significant ranging from 28 
– 78 t per year (Table 13A-2). The majority of catch occurs in the Southeast and Southeast Inside waters. 
It should be noted that Southeast Inside waters are managed by the State of Alaska and catches from these 
areas are generally not included in groundfish assessments in the Gulf of Alaska Federal Management 
Plan. It is unknown what level of RE/BS catch is double-counted in these estimates and the Catch 
Accounting System.  Regardless, the estimated catch from the unobserved halibut fishery is substantial 
and improved catch estimates from this fishery are warranted.  
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Table 13A-1. Total removals of Gulf of Alaska rougheye/blackspotted rockfish (t) from activities not 
related to directed fishing, since 1977.  
 


Year Source Trawl Longline Other Total 
1977 


Assessment of RE/BS 
stock complex in the Gulf 
of Alaska (Shotwell et al. 


2009) 


1   1 
1978 2   2 
1979 1   1 
1980 1   1 
1981 6   6 
1982 3   3 
1983 3   3 
1984 17   17 
1985 7   7 
1986 2   2 
1987 13   13 
1988 0   0 
1989 1   1 
1990 5   5 
1991 0   0 
1992 0   0 
1993 10   10 
1994 0   0 
1995 0   0 
1996 5 8  13 
1997 0 16  16 
1998 45 7  52 
1999 28 8  36 
2000 0 10  10 
2001 2 7  9 
2002 0 6  6 
2003 3 6  9 
2004 0 6  6 
2005 5 4  9 
2006 0 5  5 
2007 8 7  15 
2008 0 11  11 
2009 6 9  15 
2010 AKRO <1 7 <1 7 
2011 AKRO <1 6 <1 8 
2012 AKRO 2 5 <1 6 
2013 AKRO 2 4 <1 6 
2014 AKRO <1 <1 <1 1 
2015 AKRO 2 <1 <1 3 
2016 AKRO  1  1 


 







 
 
Table 13A-2. Estimates of Gulf of Alaska RE/BS stock catch (t) from the Halibut Fishery Incidental 
Catch Estimation (HFICE) working group. WGOA = Western Gulf of Alaska, CGOA = Central Gulf of 
Alaska, EGOA = Eastern Gulf of Alaska, PWS = Prince William Sound. 
 
Area 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
WGOA <1 4 7 1 5 3 2 5 3 <1 
CGOA-Shumagin <1 2 1 <1 3 <1 <1 <1 6 1 
CGOA-Kodiak 4 <1 6 8 1 9 <1 7 28 22 
EGOA-Yakutat/PWS* <1 <1 <1 4 2 5 3 5 7 12 
EGOA-Southeast  2 18 9 14 15 8 11 9 6 7 
Southeast Inside* 21 29 31 24 51 19 31 11 7 4 
Total 28 53 54 51 78 44 46 37 56 46 
 
*These areas include removals from the state of Alaska waters. 
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3. Assessment of the Sablefish stock in Alaska 
 by 
 Dana H. Hanselman, Cara J. Rodgveller, Chris R. Lunsford, and Kari H. Fenske 


Executive Summary 


Summary of Changes in Assessment Inputs 
Relative to last year’s assessment, we made the following substantive changes in the current assessment.  
 
Changes in the input data: 
New data included in the assessment model were relative abundance and length data from the 2017 
longline survey, relative abundance and length data from the 2016 fixed gear fishery, length data from the 
2016 trawl fisheries, age data from the 2016 longline survey and 2016 fixed gear fishery, updated catch 
for 2016, and projected 2017 - 2019 catches. Estimates of killer and sperm whale depredation in the 
fishery were updated and projected for 2017 - 2019. 
 
Changes in the assessment methodology: 
There were no changes in the assessment methodology. However there is an author’s recommended 
change in projections for this year only. 
 


Summary of Results 
The longline survey abundance index increased 14% from 2016 to 2017 following a 28% increase in 2016 
from 2015. The lowest point of the time series was 2015. The fishery abundance index decreased 23% 
from 2015 to 2016 and is the time series low (the 2017 data are not available yet). There was a new Gulf 
of Alaska (GOA) trawl survey in 2017 which increased 89% from 2015 to 2017. Spawning biomass is 
projected to increase rapidly from 2018 to 2022, and then stabilize.  


Sablefish are managed under Tier 3 of NPFMC harvest rules. Reference points are calculated using 
recruitments from 1977-2013. The updated point estimates of B40%, F40%, and F35% from this assessment 
are 98,332 t (combined across the EBS, AI, and GOA), 0.096, and 0.114, respectively. Projected female 
spawning biomass (combined areas) for 2018 is 88,928 t (90% of B40%, or B36%), placing sablefish in sub-
tier “b” of Tier 3. The maximum permissible value of FABC under Tier 3b is 0.086, which translates into a 
2018 ABC (combined areas) of 25,583 t. The OFL fishing mortality rate is 0.102 which translates into a 
2018 OFL (combined areas) of 30,211 t. Model projections indicate that this stock is not subject to 
overfishing, overfished, nor approaching an overfished condition.   


Instead of maximum permissible ABC, we recommend a 2018 ABC of 14,957 t, which is 14% 
higher than the 2017 ABC. The maximum permissible ABC for 2018 is 89% higher than the 2017 
maximum permissible ABC of 13,509 t. The 2016 assessment projected a 1% increase in ABC for 2018 
from 2017. The author recommended ABCs for 2018 and 2019 are lower than maximum permissible 
ABC for two important reasons. 


First, the 2014 year class is estimated to be 2.5 times higher than any other year class observed in the 
current recruitment regime. Tier 3 stocks have no explicit method to incorporate the uncertainty of this 
new year class into harvest recommendations. While there are clearly positive signs of strong incoming 
recruitment, there are concerns regarding the lack of older fish and spawning biomass, the uncertainty 
surrounding the estimate of the strength of the 2014 year class, and the uncertainty about the 
environmental conditions that may affect the success of the 2014 year class. These concerns warrant 
additional caution when recommending the 2018 and 2019 ABCs. It is unlikely that the 2014 year class 







will be average or below average, but projecting catches under the assumption that it is 10x average 
introduces risk knowing the uncertainty associated with this estimate. Only one large year class since 
1999 has been observed, and there is only one observation of age compositions to support the magnitude 
of the 2014 year class. Future surveys will help determine the magnitude of the 2014 year class and will 
help detect if there are additional incoming large year classes other than the 2014 year class.  


Projections that consider harvesting at the maximum ABC for the next two years, if the 2014 year class is 
actually average, results in future spawning biomass projections that are very low, where depensation 
(reduced productivity at low stock sizes) could occur. Recommending an ABC lower than the maximum 
should result in more of the 2014 year class reaching spawning biomass and achieving higher economic 
value. Because of these additional considerations, we assume that the recent recruitment is equal to the 
previous highest recruitment event in the current regime for projections (1977, which is still 4x average.) 
This results in more precautionary ABC recommendations to buffer for uncertainty until more 
observations of this potentially large year class are made. Because sablefish is an annual assessment, we 
will be able to consider another year of age compositions in 2018 and adjust our strategy accordingly. For 
further explanation and rationale for this approach see section Additional ABC/ACL considerations. 


Second, we also recommend a lower ABC than maximum permissible based on estimates of whale 
depredation occurring in the fishery in the same way that as recommended and accepted in 2017. Because 
we are including inflated survey abundance indices as a result of correcting for sperm whale depredation, 
this decrement is needed to appropriately account for depredation on both the survey and in the fishery. 
This ABC is still 14% higher than the 2017 ABC. The methods and calculations are described in the 
Accounting for whale depredation section. 


Survey trends support this moderate increase in ABC relative to last year. There was a substantial 
increase in the domestic longline survey index time series, and a large increase in the GOA bottom trawl 
survey. These increases offset the continued decline of the fishery abundance index seen in 2016. The 
fishery abundance index has been trending down since 2007. The International Pacific Halibut 
Commission (IPHC) GOA sablefish index was not used in the model, but was similar to the 2015 
estimate in 2016, up 5% from 2015. The 2008 year class showed potential to be large in previous 
assessments based on patterns in the AFSC survey age and length compositions; this year class is now 
estimated to be about 13% above average. There were preliminary indications of a large incoming 2014 
year class, which were evident in the 2016 longline survey length compositions and now are extremely 
dominant in the 2016 age compositions. This year class appears to be very strong, but year classes have 
sometimes failed to materialize later and the estimate of this year class is extremely uncertain. 


Including the full recruitment estimated for 2014 causes spawning biomass to be projected to climb 
rapidly through 2022, and then is expected to rapidly decrease assuming a return to average recruitment 
after 2014. Maximum permissible ABCs are projected to rapidly increase while authors recommended 
lower ABCs will still increase quickly to 21,648 t in 2019 and 25,836 t in 2020 (see Table 3.18).  


Projected 2018 spawning biomass is 36% of unfished spawning biomass. Spawning biomass had 
increased from a low of 33% of unfished biomass in 2002 to 42% in 2008 and has declined slightly to 
about 36% of unfished biomass projected for 2018. The last two above-average year classes, 2000 and 
2008, each comprise 12% and 15% of the projected 2018 spawning biomass, respectively. These two year 
classes are fully mature in 2018. The very large estimated year class for 2014 is expected to comprise 
about 4% of the 2018 spawning biomass, despite only being about 8% mature. 


Apportionment 
In December 1999, the Council apportioned the 2000 ABC and OFL based on a 5-year exponential 
weighting of the survey and fishery abundance indices. We have used the same algorithm to apportion the 
ABC and OFL since 2000. Following the standard apportionment scheme, we have observed that the 
objective to reduce variability in apportionment was not being achieved. Since 2007, the mean change in 







apportionment by area has increased annually (Figure 3.60A). While some of these changes may actually 
reflect interannual changes in regional abundance, they most likely reflect the high movement rates of the 
population and the high variability of our estimates of abundance in the Bering Sea and Aleutian Islands. 
For example, the apportionment for the Bering Sea has varied drastically since 2007, attributable to high 
variability in both survey abundance and fishery CPUE estimates in the Bering Sea (Figure 3.60B). These 
large annual changes in apportionment result in increased variability of ABCs by area, including areas 
other than the Bering Sea (Figure 3.60C). Because of the high variability in apportionment seen in recent 
years, we do not believe the standard method is meeting the goal of reducing the magnitude of interannual 
changes in the apportionment. In addition, there were no data from the observer program in 2017 for 
fishery CPUE, and only logbook data were available. Because of these reasons, we recommended fixing 
the apportionment at the proportions from the 2013 assessment, until the apportionment scheme is 
thoroughly re-evaluated and reviewed. A three-area spatial model which was developed for research into 
spatial biomass (see Movement section) and apportionment showed different regional biomass estimates 
than the status quo and ‘fixed’ apportionment methods which have been used in the past several years for 
apportionment of ABC to sablefish IFQ holders. Because of the higher proportion of biomass estimated in 
the Western area (Bering Sea, Aleutian Islands, and Western Gulf of Alaska), using the spatial model 
biomass for apportionment would have resulted in greater apportionment to the western areas in 2015, 
compared to the recent ‘fixed’ apportionment ratios or the traditional exponentially weighted moving 
average method. Further research on alternative apportionment methods and the tradeoffs is underway. 
Meanwhile, it seems imprudent to move to an interim apportionment or return to the former scheme until 
more satisfactory methods have been identified and evaluated. The 2016 CIE review panel strongly stated 
that there was no immediate biological concern with the current apportionment, given the high mixing 
rates of the stock. Therefore, for 2018, we recommend continuing with the apportionment fixed at 
the proportions used in 2017. 


Apportionment Table (before whale depredation adjustments) 


Area 2017 ABC 


Standard 
apportionment 
for 2018 ABC 


Recommended fixed 
apportionment  
for 2018 ABC* 


Difference 
from 2017 


Total 13,509  15,380 15,380 14% 
Bering Sea 1,318  2,686 1,501 14% 
Aleutians 1,783  2,225 2,030 14% 
Gulf of Alaska (subtotal) 10,408  10,469 11,849 14% 
Western 1,457  1,533 1,659 14% 
Central 4,608  4,201 5,246 14% 
W. Yakutat** 1,550  1,765 1,765 14% 
E. Yak. / Southeast** 2,793  2,970 3,179 14% 


* Fixed at the 2013 assessment apportionment proportions (Hanselman et al. 2012b). ** Before 95:5 hook 
and line: trawl split shown below. 


Accounting for whale depredation 
For the recommended model, we now account for sperm and killer whale depredation on the longline 
survey and in the longline fishery. The 2016 CIE review panel was unanimously in favor of including 
whale depredation adjustments for the survey index and fishery catch in the assessment and for 
calculation of ABCs. Two studies (one for the survey and one for the fishery) that provide estimates and 
methods for these adjustments are either published (Peterson and Hanselman 2017) or accepted for 
publication (Hanselman et al. accepted). The CIE panel had reviewed these papers and provided helpful 
feedback. They agreed with our proposed approach of increasing the survey CPUE at stations where 
sperm whales depredated, and including fishery whale depredation as catch in the fixed gear fishery. We 
briefly describe the methods of these studies in the section Whale Depredation Estimation below. 







In the tables below, we begin with the standard recommended model apportioned ABC for 2018 and 2019 
compared with the standard ABC in 2017. Since we are accounting for depredation in the longline survey 
abundance estimates, it is necessary to decrement the increased ABCs estimated by our recommended 
model by a projection of what future whale depredation in the fishery would be. We do this by 
multiplying the average of the last three complete catch years (2014-2016) of whale depredation (t) by the 
amount that the ABC is increasing or decreasing from 2017to 2018 and 2019. This amount of projected 
depredation is then deducted from each area ABC to produce new area ABCs for 2018 and 2019 (ABCw). 
In this case the 3 year-average depredation is multiplied by 1.139 because the 2018 ABC is recommended 
to increase by 13.9% from 2017. In 2016 the SSC decided that these calculations should also apply to 
OFL, so the same procedure is applied to OFLs for 2018 and 2019 below (OFLw). 


The total change in recommended adjusted ABC is a 14% increase from the 2017 adjusted ABC. The 
increases by area from 2017 were similar to the overall increase. We recommend this method of 
accounting for whale depredation in the fishery because it is at the stock assessment level and does not 
create additional regulations or burden on in-season management.  







 
Author recommended 2018 ABC (with whale depredation adjustments) 
 Area AI BS WG CG WY* EY* Total 
2017 ABC 1,783 1,318 1,457 4,608 1,550 2,793 13,509 
2018 ABC 2,030 1,501 1,659 5,246 1,765 3,179 15,380 
2014-2016 avg. depredation 37 33 101 77 81 43 371 
Ratio 2018:2017 ABC 1.139 1.139 1.139 1.139 1.139 1.139 1.139 
Deduct 3 year adjusted average -42 -37 -115 -88 -92 -49 -423 
**2018 ABCw 1,988 1,464 1,544 5,158 1,672 3,131 14,957 
Change from 2017 ABCw 15% 15% 14% 14% 14% 14% 14% 
* Before 95:5 hook and line: trawl split shown below. **ABCw is the author recommended ABC that 
accounts for whales and uncertainty in the 2014 year class. 


Author recommended 2019 ABC (with whale depredation adjustments) 
 Area AI BS WG CG WY* EY* Total 
2017 ABC 1,783 1,318 1,457 4,608 1,550 2,793 13,509 
2019 ABC 2,857 2,113 2,335 7,384 2,484 4,475 21,648 
2014-2016 avg. depredation 37 33 101 77 81 43 371 
Ratio 2019:2017 ABC 1.602 1.602 1.602 1.602 1.602 1.602 1.602 
Deduct 3 year adjusted average -59 -52 -161 -124 -130 -69 -595 
**2019 ABCw 2,798 2,061 2,174 7,260 2,353 4,407 21,053 
Change from 2017 ABCw 61% 62% 61% 61% 60% 61% 61% 
* Before 95:5 hook and line: trawl split shown below. ** ABCw is the author recommended ABC that 
accounts for whales and uncertainty in the 2014 year class. 


Adjusted for 95:5 
hook-and-line: trawl 
split in EGOA 


Year W. Yakutat E. Yakutat/Southeast 
2018 1,829 2,974 
2019 2,573 4,187 


 


Author recommended 2018/2019 OFLs (with whale depredation adjustments) 
Year 


 
2018 


   
2019 


  Area  AI BS GOA Total AI BS GOA Total 
2017 OFL 2,101 1,551 12,279 15,931 2,101 1,551 12,279 15,931 
OFL 3,987 2,949 23,275 30,211 6,320 4,674 36,897 47,891 
3 year average depredation 37 33 302 371 37 33 302 371 
Ratio 1.896 1.896 1.896 1.896 3.006 3.006 3.006 3.006 
Deduct 3 year average -69.8 -61.9 -572.5 -704 -110.7 -98.2 -907.5 -1,116 
*OFLw 3,917 2,887 22,703 29,507 6,209 4,576 35,989 46,775 
2017 OFLw 2,044 1,499 11,885 15,428 2,044 1,499 11,885 15,428 


Change from 2017 92% 93% 91% 91% 204% 205% 203% 203% 
* OFLw is the author recommended OFL that accounts for whales. 


 







Summary table 
 


  
As estimated or 


specified last year for: 
As estimated or 


recommended this year for: 
Quantity/Status 2017 2018 2018* 2019* 
M (natural mortality rate) 0.097 0.097 0.097 0.097 
Tier 3b 3b 3b 3b 
Projected total (age 2+) biomass (t) 239,244 249,252 330,655 350,850 
Projected female spawning biomass (t) 91,553 91,553 88,928 110,974 
 B100%  264,590 264,590 245,829 245,829 
 B40%  105,836 105,836 98,332 98,332 
 B35%  92,606 92,606 86,040 86,040 
FOFL 0.097 0.097 0.102 0.114 
maxFABC  0.097 0.097 0.086 0.096 
FABC 0.081 0.078 0.077 0.085 
OFL (t) 15,931 16,145 30,211 47,891 
OFLw (t) 15,428 15,996 29,507 46,775 
max ABC (t) 13,509 13,688 25,583 41,044 
ABC (t) 13,509 13,688 15,380 21,648 
ABCw (t)** 13,083 13,256 14,957 21,053 


Status 
As determined last 


year for: 
As determined this year 


for: 
 2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


* Projections are based on estimated catches of 13,329 t and 18,461 t used in place of maximum permissible ABC 
for 2018 and 2019. This was done in response to management requests for a more accurate two-year projection. 
**ABCw and OFLw are the final recommended ABC and OFL after accounting for whale depredation and using the 
1977 value for the 2014 recruitment in the projection model. 
 


Plan Team Summaries 
Area Year Biomass (4+) OFL ABC TAC Catch 


GOA 2016 122,000 10,326 9,087 9,087 9,376 
2017 139,000 11,885 10,074 10,074 10,386 
2018 356,000 22,703 11,505   
2019 370,000 35,989 16,194     


BS 2016 25,000 1,304 1,151 1,151 532 
2017 24,000 1,551 1,274 1,274 1077 
2018 94,000 2,887 1,464   
2019 98,000 4,576 2,061     


AI 2016 23,000 1,766 1,557 1,557 349 
2017 43,000 2,101 1,735 1,735 469 
2018 65,000 3,917 1,988   
2019 68,000 6,209 2,798     







 
 Year 2017       2018   2019   


Region OFL ABC TAC Catch* OFL ABC** OFL ABC** 
BS 1,499 1,274 1,274 1077 2,887 1,464 4,576 2,061 
AI 2,044 1,735 1,735 469 3,917 1,988 6,209 2,798 
GOA 11,885 10,074 10,074 8,746 22,703 11,505 35,989 16,194 


WGOA -- 1,349 1,349 913 -- 1,544 -- 2,174 
CGOA -- 4,514 4,514 3,887 -- 5,158 -- 7,260 


**WYAK -- 1,605 1,605 1,567 -- 1,829 -- 2,573 
**EY/SEO -- 2,606 2,606 2,379 -- 2,974 -- 4,187 


Total 15,428 13,083 13,083 10,292 29,507 14,957 46,775 21,053 
*As of October 1, 2017 Alaska Fisheries Information Network, (www.akfin.org). **After 95:5 trawl split 
shown above and after whale depredation methods described above. 
 


Responses to SSC and Plan Team Comments on Assessments in General 
In this section, we list new or outstanding comments on assessments in general from the last full 
assessment in 2017.  


 


 “In an effort improve record keeping as assessment authors formulate various stock status evaluation 
models, the Plan Team has recommended a systematic cataloging convention. Any new model that 
diverges substantial from the currently accepted model will be marked with the two-digit year and a “0” 
version designation (e.g., 16.0 for a model from 2016). Variants that incorporate major changes are then 
distinguished by incremental increases in the version integer (e.g., 16.1 then 16.2), and minor changes 
are identified by the addition of a letter designation (e.g., 16.1a). The SSC recommends this method of 
model naming and notes that it should reduce confusion and simplify issues associated with tracking 
model development over time.” (SSC December 2016) 


The sablefish assessment began using these conventions for the 2016 assessment and continues this year. 


 


“…The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock, perhaps following the framework suggested below, during the December 
Council meeting to aid in identifying areas of concern.” (SSC October 2017) 


The sablefish assessment attempts to start this process with the proposed Ecosystem Socioeconomic 
Profile appendix that integrates factors outside of the assessment model and how they may affect current 
and projected sablefish biological and fishery conditions. 


Responses to SSC and Plan Team Comments Specific to this Assessment 
 


 “Autocorrelation in residuals of the main indices was discussed and asked if covered in the CIE review 
(the response was negative). The possibility that the relatively poor pattern of residuals may somehow 
account for good performance (in terms of retrospective analyses) was raised. The idea here being that 
retrospective patterns may occur in response to periods of outlier-type survey estimates. The Teams 
recommended examining ways in which residual patterns can be more objectively considered as part of 
the data weighting exercise.” (Joint Plan Team November 2016) 







Since there are no new models being presented for November 2017, no attempt to address this 
recommendation was made. Inclusion of the very different age composition from the 2016 longline 
survey this year highlighted some of the fits to the indices that will need to be explored in future years. 


 


“The SSC agrees with the author and Plan Teams that the depredation correction should be made when 
setting the ABC. The SSC also recommends that the correction is applied to both the ABC and the OFL.” 
(SSC December 2016) 


This assessment includes an additional table that adjusts OFL estimates for whale depredation in 2018 
and 2019. 


 


“The author recommended no changes be made to the area apportionments until the apportionment 
scheme is thoroughly re-evaluated and reviewed. The SSC agrees with this approach for 2017, however, 
they noted that the static apportionments have diverged from biomass-based estimates by as much as 
61%, and continue to encourage completion of the analysis of area apportionment options in the near 
future.” (SSC December 2016) 


We continue to keep the apportionment fixed as a new alternative algorithm has yet to be developed. 
There has been some progress on spatial modeling that is described in the section Movement. Some 
preliminary work on operating models show that with the high movement rates indicated by our tag-
recovery model, that a wide range of spatial apportionments are possible to achieve the majority of 
maximum yield. Thus, any future apportionment strategies will have non-biological factors built in such 
as economic value or ecosystem services. 


 


“The SSC supports the author’s continued efforts to account for uncertainty in the assessment, 
specifically through addressing data weighting and estimating natural mortality. The SSC notes that if 
this stock was managed as a Tier 1 stock, this information would be particularly useful. The prior used 
for natural mortality, with a CV of 10%, was noted by the author to be necessary to ensure convergence. 
This suggests it may be constraining to the estimated value; the SSC recommends that a formal prior 
derived from life history, meta-analyses, or other sources be derived and explored for use in this 
assessment.” (SSC December 2016) 


The natural mortality estimate seemed fairly well behaved on initial implementation in 2016, but became 
unstable during retrospective runs, which caused concern that future data might also create large 
fluctuations in natural mortality. We will attempt to construct a more informed prior for the 2018 
assessment, although given sablefish’s unique taxonomy, meta-analysis may not be helpful. However, we 
can estimate natural mortality with the tag-recovery data which would give a strong semi-independent 
distribution to work with.  


 







Introduction  


Distribution 
Sablefish (Anoplopoma fimbria) inhabit the northeastern Pacific Ocean from northern Mexico to the Gulf 
of Alaska (GOA), westward to the Aleutian Islands (AI), and into the Bering Sea (BS) (Wolotira et al. 
1993). Adult sablefish occur along the continental slope, shelf gullies, and in deep fjords, generally at 
depths greater than 200 m. Sablefish observed from a manned submersible were found on or within 1 m 
of the bottom (Krieger 1997). In contrast to the adult distribution, juvenile sablefish spend their first two 
to three years on the continental shelf of the GOA, and occasionally on the shelf of the southeast BS. The 
BS shelf is utilized significantly in some years and seldom used during other years (Shotwell et al. 2014). 


Early life history 


Spawning is pelagic at depths of 300-500 m near the edges of the continental slope (Mason et al. 1983, 
McFarlane and Nagata 1988), with eggs developing at depth and larvae developing near the surface as far 
offshore as 180 miles (Wing 1997). Along the Canadian coast (Mason et al. 1983) and off Southeast 
Alaska (Jennifer Stahl, February, 2010, ADF&G, pers. comm.) sablefish spawn from January-April with 
a peak in February. In a survey near Kodiak Island in December, 2011 that targeted sablefish preparing to 
spawn, spawning appeared to be imminent, but spent fish were not found. It is likely that they would 
spawn in January or February (Katy Echave, October, 2012, AFSC, pers. comm.). Farther down the coast 
off of central California sablefish spawn earlier, from October-February (Hunter et al. 1989). An analysis 
of larval otoliths showed that spawning in the Gulf of Alaska may occur a month later than southern 
sablefish (Sigler et al. 2001). Sablefish in spawning condition were also noted as far west as Kamchatka 
in November and December (Orlov and Biryukov 2005). 


Larval sablefish sampled by neuston net in the eastern Bering Sea fed primarily on copepod nauplii and 
adult copepods (Grover and Olla 1990). In gill nets set at night for several years on the AFSC longline 
survey, most young-of-the-year sablefish were caught in the central and eastern GOA (Sigler et al. 2001). 
Near the end of the first summer, pelagic juveniles less than 20 cm move inshore and spend the winter 
and following summer in inshore waters where they exhibit rapid growth, reaching 30-40 cm by the end 
of their second summer (Rutecki and Varosi 1997). Gao et al. (2004) studied stable isotopes in otoliths of 
juvenile sablefish from Oregon and Washington and found that as the fish increased in size they shifted 
from midwater prey to more benthic prey. In nearshore southeast Alaska, juvenile sablefish (20-45 cm) 
diets included fish such as Pacific herring and smelts and invertebrates such as krill, amphipods and 
polychaete worms (Coutré et al. 2015). In late summer, juvenile sablefish also consumed post-spawning 
pacific salmon carcass remnants in high volume, revealing opportunistic scavenging (Coutré et al. 2015). 
After their second summer, they begin moving offshore to deeper water, typically reaching their adult 
habitat, the upper continental slope, at 4 to 5 years. This corresponds to the age range when sablefish start 
becoming reproductively viable (Mason et al. 1983). 


Movement 


A movement model for Alaskan sablefish was developed for Alaskan sablefish by Heifetz and Fujioka 
(1991) based on 10 years of tagging data. The model has been updated by incorporating data from 1979-
2009 in an AD Model Builder program, with time-varying reporting rates, and tag recovery data from 
ADF&G for State inside waters (Southern Southeast Inside and Northern Southeast Inside). In addition, 
the study estimated mortality rates from the tagging data (Hanselman et al. 2015). Annual movement 
probabilities were high, ranging from 10-88% depending on area of occupancy at each time step, and size 
group. Overall, movement probabilities were very different between areas of occupancy and moderately 
different between size groups. Estimated annual movement of small sablefish from the central Gulf of 







Alaska had the reverse pattern of a previous study, with 29% moving westward and 39% moving 
eastward. Movement probabilities also varied annually with decreasing movement until the late 1990s and 
increasing movement until 2009. Year-specific magnitude in movement probability of large fish was 
highly negatively (r = -0.74) correlated with female spawning biomass estimates from the federal stock 
assessment (i.e., when spawning biomass is high, they move less). Average mortality estimates from time 
at liberty were similar to the stock assessment. 


Using these data, a three-area spatial sablefish assessment model has been developed to examine regional 
sablefish biomass, and to use as an estimation model in ongoing apportionment research. The spatial 
model uses externally estimated movement rates adapted from Hanselman et al. (2015), a shortened time 
series of data beginning in 1977, and is structurally similar to the assessment model used for management 
and described in this SAFE chapter.  At present, the spatial model uses data through 2015, as the whale 
depredation effects used in the management model starting in 2016 have not been incorporated in the 
spatial model. The spatial model also explores the effect of alternative movement rates and model spatial 
complexity through several sensitivity analyses. 


Overall, total and spawning biomass estimated in the base spatial model was similar in trend and scale to 
the single area model used for management. There were spatial differences in total and spawning biomass 
for the three modeled regions; the Western region (comprised of the Bering Sea, Aleutian Islands, and 
Western GOA management areas) had the greatest total age 2+ biomass (45% in the 2015 terminal model 
year), the Central region (Central GOA management area) contained an estimated 30% of total biomass, 
and the Eastern region (West Yakutat and East Yakutat/SE regions) was 25% of total biomass. Model 
explorations examining alternative movement rates and model spatial parameterization suggested that the 
model was sensitive to both of these axes of uncertainty. 


Stock structure 
Sablefish have traditionally been thought to form two populations based on differences in growth rate, 
size at maturity, and tagging studies (McDevitt 1990, Saunders et al. 1996, Kimura et al. 1998). The 
northern population inhabits Alaska and northern British Columbia waters and the southern population 
inhabits southern British Columbia, Washington, Oregon, and California waters, with mixing of the two 
populations occurring off southwest Vancouver Island and northwest Washington. However, recent 
genetic work by Jasonowicz et al. (2017) found no population sub-structure throughout their range along 
the US West Coast to Alaska, and suggested that observed differences in growth and maturation rates 
may be due to phenotypic plasticity or are environmentally driven. Significant stock structure among the 
federal Alaska population is unlikely given extremely high movement rates throughout their lives 
(Hanselman et al. 2015, Heifetz and Fujioka 1991, Maloney and Heifetz 1997, Kimura et al. 1998). 


Fishery  


Early U.S. fishery, 1957 and earlier 
Sablefish have been exploited since the end of the 19th century by U.S. and Canadian fishermen. The 
North American fishery on sablefish developed as a secondary activity of the halibut fishery of the United 
States and Canada. Initial fishing grounds were off Washington and British Columbia and then spread to 
Oregon, California, and Alaska during the 1920's. Until 1957, the sablefish fishery was exclusively a U.S. 
and Canadian fishery, ranging from off northern California northward to Kodiak Island in the GOA; 
catches were relatively small, averaging 1,666 t from 1930 to 1957, and generally limited to areas near 
fishing ports (Low et al. 1976). 







Foreign fisheries, 1958 to 1987 
Japanese longliners began operations in the eastern BS in 1958. The fishery expanded rapidly in this area 
and catches peaked at 25,989 t in 1962 (Table 3.1, Figures 3.1, 3.2). As the fishing grounds in the eastern 
Bering were preempted by expanding Japanese trawl fisheries, the Japanese longline fleet expanded to the 
AI region and the GOA. In the GOA, sablefish catches increased rapidly as the Japanese longline fishery 
expanded, peaking at 36,776 t overall in 1972. Catches in the AI region remained at low levels with Japan 
harvesting the largest portion of the sablefish catch. Most sablefish harvests were taken from the eastern 
Being Sea until 1968, and then from the GOA until 1977. Heavy fishing by foreign vessels during the 
1970's led to a substantial population decline and fishery regulations in Alaska, which sharply reduced 
catches. Catch in the late 1970's was restricted to about one-fifth of the peak catch in 1972, due to the 
passage of the Fishery Conservation and Management Act (FCMA). 


Japanese trawlers caught sablefish mostly as bycatch in fisheries targeting other species. In the BS, the 
trawlers were mainly targeting rockfishes, Greenland turbot, and Pacific cod, and only a few vessels 
targeted sablefish. In the GOA, sablefish were mainly caught as bycatch in the directed Pacific Ocean 
perch fishery until 1972, when some vessels started targeting sablefish in 1972 (Sasaki 1985).  


Other foreign nations besides Japan also caught sablefish. Substantial Soviet Union catches were reported 
from 1967-73 in the BS (McDevitt 1986). Substantial Korean catches were reported from 1974-1983 
scattered throughout Alaska. Other countries reporting minor sablefish catches were Republic of Poland, 
Taiwan, Mexico, Bulgaria, Federal Republic of Germany, and Portugal. The Soviet gear was factory-type 
stern trawl and the Korean gears were longlines and pots (Low et al. 1976). 


Recent U.S. fishery, 1977 to present 
The U.S. longline fishery began expanding in 1982 in the GOA, and by 1988, the U.S. harvested all 
sablefish taken in Alaska, except minor joint venture catches. Following domestication of the fishery, the 
previously year-round season in the GOA began to shorten in 1984 from 12 months in 1983 to 10 days in 
1994, warranting the label “derby” fishery.  


In 1995, Individual Fishery Quotas (IFQ) were implemented for hook-and-line vessels along with an 8-
month season. The IFQ Program is a catch share fishery that issued quota shares to individuals based on 
sablefish and halibut landings made from 1988-1990. Since the implementation of IFQ’s, the number of 
longline vessels with sablefish IFQ harvests experienced a substantial anticipated decline from 616 in 
1995 to 362 in 2011 (NOAA 2012). This decrease was expected as shareholders have consolidated their 
holdings and fish them off fewer vessels to reduce costs (Fina 2011). The sablefish fishery has historically 
been a small boat fishery; the median vessel length in the 2011 fishery was 56ft. In recent years, 
approximately 30% of vessels eligible to fish in the IFQ fishery participate in both the halibut and 
sablefish fisheries and approximately 40% of vessels fish in more than one management area. The season 
dates have varied by several weeks since 1995, but the monthly pattern has been from March to 
November with the majority of landings occurring in May - June. The number of landings fluctuates with 
quota size, but in 2015 there were 1,624 landings recorded in the Alaska fishery (NOAA 2016).  


Pot fishing in the IFQ fishery is now legal in in all Alaska federal management regions because of an 
action taken by the NPFMC in 2015. In 2000, the BSAI pot fishery accounted for less than ten percent of 
the fixed gear sablefish catch in these areas, but effort has increased substantially in response to killer 
whale depredation. Pots are longlined with approximately 40-135 pots per set. Since 2004, pot gear has 
accounted for over 50% of the BS fixed gear IFQ catch and up to 34% of the fixed gear catch in the AI 
(Table 3.2). However, catches in pots have declined significantly in recent years in the AI (only 12 t in 
2015, Table 3.2). Pot catches began occurring in the Gulf of Alaska in 2017 but make up a small 
proportion of the fixed gear catch. We will be monitoring the development of this new fishery as it 
expands. 







Sablefish also are caught incidentally during directed trawl fisheries for other species groups such as 
rockfish and deepwater flatfish. Allocation of the TAC by gear group varies by management region and 
influences the amount of catch in each region (Table 3.1, Figures 3.1, 3.2). Five State of Alaska fisheries 
land sablefish outside the IFQ program; the major State fisheries occur in the Prince William Sound, 
Chatham Strait, and Clarence Strait and the minor fisheries in the northern GOA and AI. The minor state 
fisheries were established by the State of Alaska in 1995, the same time as the Federal Government 
established the IFQ fishery, primarily to provide open-access fisheries to fishermen who could not 
participate in the IFQ fishery. The trawl fishery in the BS increased substantially in 2016 from 2015 (220 
t in 2016 from 17 t in 2015). 


IFQ management has increased fishery catch rates and decreased the harvest of immature fish (Sigler and 
Lunsford 2001). Catching efficiency (the average catch rate per hook for sablefish) increased 1.8 times 
with the change from an open-access to an IFQ fishery. The change to IFQ also decreased harvest and 
discard of immature fish which improved the chance that these fish will reproduce at least once. Thus, the 
stock can provide a greater yield under IFQ at the same target fishing rate because of the selection of 
older fish (Sigler and Lunsford 2001). 


Longline gear in Alaska is fished on-bottom. Since the inception of the IFQ system, average set length in 
the directed fishery for sablefish has been near 9 km and average hook spacing is approximately 1.2 m. 
The gear is baited by hand or by machine, with smaller boats generally baiting by hand and larger boats 
generally baiting by machine. Circle hooks are usually used, except for modified J-hooks on some boats 
with machine baiters. The gear usually is deployed from the vessel stern with the vessel traveling at 5-7 
knots. Some vessels attach weights to the longline, especially on rough or steep bottom, so that the 
longline stays in place on bottom. 


Management measures/units 
A summary of historical catch and management measures pertinent to sablefish in Alaska are shown in 
Table 3.3. Influential management actions regarding sablefish include: 


Management units 
Sablefish are assessed as a single population in Federal waters off Alaska because of their high movement 
rates. Sablefish are managed by discrete regions to distribute exploitation throughout their wide 
geographical range. There are four management areas in the GOA: Western, Central, West Yakutat, and 
East Yakutat/Southeast Outside; and two management areas in the Bering Sea/Aleutian Islands (BSAI): 
the BS and the AI regions. Amendment 8 to the GOA Fishery Management Plan established the West and 
East Yakutat management areas for sablefish, effective 1980. 


Quota allocation 
Amendment 14 to the GOA Fishery Management Plan allocated the sablefish quota by gear type: 80% to 
fixed gear (including pots) and 20% to trawl in the Western and Central GOA, and 95% to fixed gear and 
5% to trawl in the Eastern GOA, effective 1985. Amendment 15 to the BS/AI Fishery Management Plan, 
allocated the sablefish quota by gear type, 50% to fixed gear and 50% to trawl in the eastern BS, and 75% 
to fixed gear and 25% to trawl gear in the Aleutians, effective 1990. 


IFQ management 
Amendment 20 to the GOA Fishery Management Plan and 15 to the BS/AI Fishery Management Plan 
established IFQ management for sablefish beginning in 1995. These amendments also allocated 20% of 
the fixed gear allocation of sablefish to a CDQ reserve for the BS and AI. 


Maximum retainable allowances 
Maximum retainable allowances (MRA) for sablefish as the “incidental catch species” were revised in the 
GOA by a regulatory amendment, effective April, 1997. The percentage depends on the basis species: 1% 







for pollock, Pacific cod, Atka mackerel, “other species,” and aggregated amount of non-groundfish 
species. Fisheries targeting deep flatfish, rex sole, flathead sole, shallow flatfish, Pacific ocean perch, 
northern rockfish, dusky rockfish, and demersal shelf rockfish in the Southeast Outside district, and 
thornyheads are allowed 7%. The MRA for arrowtooth flounder changed effective 2009 in the GOA, to 
1% for sablefish as the basis species. 


Allowable gear 
Amendment 14 to the GOA Fishery Management Plan banned the use of pots for fishing for sablefish in 
the GOA, effective 18 November 1985, starting in the Eastern area in 1986, in the Central area in 1987, 
and in the Western area in 1989. An earlier regulatory amendment was approved in 1985 for 3 months (27 
March - 25 June 1985) until Amendment 14 was effective. A later regulatory amendment in 1992 
prohibited longline pot gear in the BS (57 FR 37906). The prohibition on sablefish longline pot gear use 
was removed for the BS, except from 1 to 30 June to prevent gear conflicts with trawlers during that 
month, effective 12 September 1996. Sablefish longline pot gear is allowed in the AI. In April of 2015 the 
NPFMC passed a motion to again allow for sablefish pot fishing in the GOA in response to increased 
sperm whale depredation. The final motion was passed and the final regulations were implemented in 
early 2017. We will carefully monitor the development of this gear type in the Gulf of Alaska. 


Catch 
Annual catches in Alaska averaged about 1,700 t from 1930 to 1957 and exploitation rates remained low 
until Japanese vessels began fishing for sablefish in the BS in 1958 and the GOA in 1963. Catches rapidly 
increased during the mid-1960s. Annual catches in Alaska reached peaks in 1962, 1972, and 1988 (Table 
3.1, Figure 3.1). The 1972 catch was the all-time high, at 53,080 t, and the 1962 and 1988 catches were 
50% and 72% of the 1972 catch. Evidence of declining stock abundance and passage of the MSFCMA led 
to significant fishery restrictions from 1978 to 1985, and total catches were reduced substantially.  


Exceptional recruitment fueled increased abundance and increased catches during the late 1980's, which 
coincided with the domestic fishery expansion. Catches declined during the 1990's, increased in the early 
2000s, and have since declined to near 11,000 t (Figure 3.2) in 2015. TACs in the GOA are nearly fully 
utilized, while TACs in the BS and AI are rarely fully utilized.  


Bycatch and discards 
Sablefish discards by target fisheries are available for hook-and-line gear and other gear combined (Table 
3.4). From 1994 to 2004 discards averaged 1,357 t for the GOA and BSAI combined (Hanselman et al. 
2008). Since then, discards have been lower, averaging 670 t during 2010 - 2017. Discard rates are 
generally higher in the GOA than in the BSAI (Table 3.4). 


Table 3.5 shows the average bycatch of Fishery Management Plans’ (FMP) groundfish species in the 
sablefish target fishery during 2012 - 2016. The largest bycatch group is GOA thornyhead rockfish (701 
t/year, 225 t discarded). Sharks and skates are also taken in substantial numbers and are mostly discarded. 


Giant grenadiers, a non-target species that is an Ecosystem Component in both the GOA and BSAI FMPs, 
make up the bulk of the nontarget species bycatch, with 2013 the highest in the last five years at 11,523 t 
(Table 3.6). Other nontarget taxa that have catches over one ton per year are corals, snails, sponges, sea 
stars, and miscellaneous fishes and crabs. 


Prohibited species catches (PSC) in the targeted sablefish fisheries are dominated by halibut (461 t/year 
on average) and golden king crab (16,020 individuals/year on average) (Table 3.7). Crab catches are 
highly variable from year to year, probably as a result of relatively low observer sampling effort in 
sablefish fisheries. 







Data 
The following table summarizes the data used for this assessment: 


Source Data Years 
Fixed gear fisheries Catch 1960-2017 
Trawl fisheries Catch 1960-2017 
Japanese longline fishery Catch-per-unit-effort (CPUE) 1964-1981 
U.S. fixed gear fishery CPUE, length 1990-2016 
 Age 1999-2016 
U.S. trawl fisheries Length 1990,1991,1999, 2005-2016 
Japan-U.S. cooperative longline 
survey 


CPUE, length 1979-1994 


 Age 1981, 1983, 1985, 1987, 1989, 1991, 
1993 


Domestic longline survey CPUE, length 1990-2017 
 Age 1996-2016 
NMFS GOA trawl survey Abundance index 1984, 1987, 1990, 1993, 1996, 1999, 


2003, 2005, 2007, 2009, 2011, 2013, 
2015, 2017 


 Lengths 1984, 1987, 1990, 1993, 1996, 1999, 
2003, 2005, 2007, 2009, 2011, 2013, 
2015, 2017 


Fishery  
Length, catch, and effort data were historically collected from the Japanese and U.S. longline and trawl 
fisheries, and are now collected from U.S. longline, trawl, and pot fisheries (Table 3.8). The Japanese data 
were collected by fishermen trained by Japanese scientists (L. L. Low, August 25, 1999, AFSC, pers. 
comm.). The U.S. fishery length and age data were collected by at-sea and plant observers. No age data 
were collected from the fisheries until 1999 because of the difficulty of obtaining representative samples 
from the fishery and because only a small number of sablefish can be aged each year. 


Catch 
The catches used in this assessment (Table 3.1) include catches from minor State-managed fisheries in the 
northern GOA and in the AI region because fish caught in these State waters are reported using the area 
code of the adjacent Federal waters in the Alaska Regional Office catch reporting system (G. Tromble, 
July 12, 1999, Alaska Regional Office, pers. comm.), the source of the catch data used in this assessment. 
Minor State fisheries catches averaged 180 t from 1995-1998, about 1% of the average total catch. Most 
of the catch (80%) is from the AI region. The effect of including these State waters catches in the 
assessment is to overestimate biomass by about 1%, a negligible error considering statistical variation in 
other data used in this assessment. Catches from state areas that conduct their own assessments and set 
Guideline Harvest levels (e.g., Prince William Sound, Chatham Strait, and Clarence Strait), are not 
included in this assessment. 
Some catches probably were not reported during the late 1980's (Kinoshita et al. 1995). Unreported 
catches could account for the Japan-U.S. cooperative longline survey index’s sharp drop from 1989-90 
(Table 3.8, Figure 3.3). We tried to estimate the amount of unreported catches by comparing reported 
catch to another measure of sablefish catch, sablefish imports to Japan, the primary buyer of sablefish. 
However the trends of reported catch and imports were similar, so we decided to change our approach for 
catch reporting in the 1999 assessment (Sigler et al. 1999). We assumed that non-reporting is due to at-sea 
discards, and apply discard estimates from 1994 to 1997 to inflate U.S. reported catches in all years prior 
to 1993 (2.9% for hook-and-line and 26.6% for trawl). 







In response to Annual Catch Limit (ACL) requirements, assessments now document all removals 
including catch that are not associated with a directed fishery. Research catches of sablefish have been 
reported in previous stock assessments (Hanselman et al. 2009). Estimates of all removals not associated 
with a directed fishery including research catches are available and are presented in Appendix 3B. The 
sablefish research removals are small relative to the fishery catch, but substantial compared to the 
research removals for many other species. These research removals support a dedicated longline survey. 
Additional sources of significant removals are bottom trawl surveys and the International Pacific Halibut 
Commission’s longline survey. Other removals are relatively minor for sablefish but the sport fishery 
catch has been increasing in recent years, but occurs primarily in State waters. Total removals from 
activities other than directed fishery have been between 239-359 t since 2006. These catches are not 
included in the stock assessment model. These removal estimates equate to approximately 2% of the 
recommended ABC and represent a relatively low risk to the sablefish stock.  


Lengths 
We use length compositions from the U.S. fixed gear (longline and pot) and U.S. trawl fisheries which are 
both measured by sex. The fixed gear fishery has large sample sizes and has annual data since 1990. The 
trawl fishery had low levels of observer sampling in much of the 1990s and early 2000s, and has a much 
smaller sample size than the fixed gear fishery. We only use years for the trawl fishery that have sample 
sizes of at least 300 per sex. The length compositions are weighted by catch in each FMP management 
area to obtain a representative estimate of catch-at-length. 


Ages 
We use age compositions from the U.S. fixed gear fishery since 1999. Sample sizes are similar to the 
longline survey with about 1,200 otoliths aged every year. The age compositions are weighted by the 
catch in each area to obtain a representative estimate of catch-at-age. 


Longline fishery catch rate index 
Fishery information is available from longline sets that target sablefish in the IFQ fishery. Records of 
catch and effort for these vessels are collected by observers and by vessel captains in voluntary and 
required logbooks. Fishery data from the Observer Program is available since 1990. Logbooks have been 
required for vessels 60 feet and over beginning in 1999 and are voluntary for vessels under 60 ft. Since 
2000, a longline fishery catch rate index has been derived from data recorded by observers and by 
captains in logbooks for use in the model and for apportionment. The mean CPUE is scaled to a relative 
population weight by the total area size in each area. In the years that logbook and observer CPUEs are 
available, the two sources are combined into one index by weighting each data set by the inverse of the 
coefficient of variation. 


Targeted sablefish longline sample sizes 
Observer Data 


For analysis of observed sablefish catch rates in the sablefish target fishery, we first have to determine the 
target of the set, because the target is not declared in the observer data set. To do this, we compare the 
catch of sablefish to other target species that are typically caught on longline gear: Greenland turbot, the 
sum of several rockfish species, Pacific halibut, and Pacific cod. Whichever target fishery has the greatest 
weight in the set is regarded as the target. Catch rates and sample sizes for observed fishery data 
presented here only include sets where sablefish were determined to be the target. 


The total weight of all sablefish in targeted longline sets in federal waters, represented 12% (973 mt) of 
the total longline catch in federal waters in 2016. The percent of the IFQ catch observed was 0% in the 
BS (there was no observed longline catch in the BS in 2016), 9% in the EY/SE, 9% in the WG, 11% in 
WY, 13% in the CG, and 14% in the AI. There was a decrease in the number of vessels with observer 
coverage in the AI (from 3 to 2) so no data is reported due to confidentiality (Table 3.9). The number of 







sets in the WG was down in 2016 from 2017. The number of sets with coverage in the WG is variable and 
so this decrease is not out of the ordinary. The number of vessels with coverage in WY and EY/SE areas 
declined from 2015 to 2016. In the WY area, the number of vessels with coverage decreased from 39 to 
25; however, coverage in 2015 was much higher than average and 2016 was close to the average (average 
from 1995 to 2016 was 24 vessels and in 2016 it was 25). Coverage in EY was down from 51 vessels in 
2015 to 46 in 2016. The number of vessels observed in 2016 is still much higher than average (average 
from 1995 to 2016 was 20 and in 2016 it was 46). 


Killer whale depredation has been recorded by observers since 1995. Killer whales depredate on longline 
gear regularly in the BS, AI, and WG areas and at low levels in the CG. These sets are excluded from 
catch rate analyses in the observer data set. Whale data are not currently collected in logbooks. The 
percent of sablefish directed sets that are depredated by killer whales is on average 23% in the BS, 3% in 
the AI, and 3% in the WG. Although the rate is high in the BS, the average number of sets observed is 
only 24. Likely because of this small sample size, the annual range in the rate of depredation is 7-100%. 
The maximum depredation rate in the CG was 4% but the average is only 1%. In 2016 killer whale 
depredation was average in the CG, WG, and AI. There were only 5 sets observed in the BS and were 
depredated by killer whales. 


Determining if sperm whales are depredating can be subjective because sperm whales do not take the 
great majority of the catch, like killer whales do. Therefore, measures of depredation in the fishery may 
not be accurate. Sperm whale depredation has been recorded by observers since 2001. It is most 
prominent in the CG, WY, and EY/SE areas and less common in the WG. The average percent of sets that 
are depredated is 6% in the CG, WY, and EY/SE areas, but the average over the past 5 years is higher 
than the time series average (CG = 9%, WY = 12%, EY = 7%). In 2016, depredation was slightly above 
the 5-year average in the CG (11%) and in WY (15%) and was 1% below the 5-year average in EY (6%). 
In the WG, 1% of sets was depredated, which is equal to the average for the time series.  


Logbook Data 


Logbook sample sizes are substantially higher than observer samples sizes, especially since 2004 in the 
GOA (Table 3.9). Logbooks include the target of the set, so no calculations are required to determine the 
target, unlike observer data. Logbook participation increased sharply in 2004 in all areas, primarily 
because the International Pacific Halibut Commission (IPHC) collected, edited, and entered logbook data 
electronically. This increasing trend is likely due to the strong working relationship the IPHC has with 
fishermen, their diligence in collecting logbooks dockside, and because many vessels under 60 feet are 
now participating in the program voluntarily. In 2016, 53% of sets came from vessels under 60 ft and 
72% of the vessels that turned in logbooks were under 60 ft. There is a higher proportion of the catch 
documented by logbooks than by observers; over 50% of the hook and line catch is documented in 
logbooks, compared to < 15% for observer data. Some data are included in both data sets if an observer 
was onboard and a logbook was turned in. 


Longline catch rates 
Sets where there was killer whale depredation are excluded for catch rate calculations in observer data, 
but whale depredation is not documented in logbooks and so no data are excluded. In general, in both data 
sets, catch rates per unit effort (CPUE) are highest in the EY/SE and WY areas and are lowest in the BS 
and AI (Table 3.9, Figures 3.5 and 3.6). Recently, the overall CPUE trends in the observer and logbook 
data have been trending downward. In 2016 both fishery indices decreased in all four areas in the GOA. 
In the AI there is no observer CPUE reported in 2016, due to confidentiality (fewer than 3 vessels), or the 
BS, because there were no observed sablefish targeted sets without killer whale depredation. CPUE was 
at the lowest in the IFQ era in both data sets. Because of larger sample sizes in the logbook data set, there 
are typically more narrow confidence intervals and so the data are weighted more heavily in the combined 
fishery index of abundance, as the two data sources are combined into one index by weighting each data 
set by the inverse of the CV. 







Seasonal changes in fish size 
From 2012-2016 there was an increase in the quantity of logbook data providing estimates of catch in 
weight and numbers. This enables us to examine the average fish weight by season and area. Data from 
2012-2016 were combined to increase sample sizes. To further increase sample size, areas were 
aggregated into BS/AI (BSAI), CGOA, WGOA, and WY/EY/SE (EGOA). Data were included if there 
was weight and count information and if the average weight for the set was reasonable (i.e, the average 
weight was less than the largest fish ever recorded on the longline survey). There were very small 
differences between spring, summer, and fall BSAI and WGOA. There was a small increase in average 
weight in the CGOA in fall (from 5.0 to 5.9 lbs). In the EGOA there was an increase in average weight in 
the summer and again in the fall (see figure below). In EGOA, the average weight in spring was 5.9 lbs, 
6.8 lbs in summer, and 7.6 lbs in fall. Although fish size increases in the fall, catch rates and effort 
decreases. 


 
Count of hook and line logbook sets used for calculations of average weight by area and season. 


Area Spring Summer Fall Total 
BS/AI 1,427 948 458 2,833 
WGOA 759 1,357 416 2,532 
CGOA 3,259 1,646 614 5,519 
EGOA 2,049 408 281 2,738 


 


Pot fishery catch rate analysis 
Pot fishery sample sizes and catch rates: Because pot data are sparser than longline data, and in some 
years the data are considered confidential due to fewer than 3 vessels participating, specific annual data 
are not presented. In addition, it is difficult to discern trends, since pot catch rates have wider confidence 
intervals than longline data due to smaller sample sizes. Observed sets are determined to be targeting 
sablefish if they comprise the greatest weight in the set. Overall, there are more vessels in both the 
logbook and observer data in the BS than in the AI. Since 2006, in the BS there have been from 0 to 9 
vessels in logbook data and 1 to 8 vessels in observer data. In the AI, there have been from 0 to 5 vessels 
in logbooks and 1 to 4 in observer data.  


In logbook data, since 2009, the number of pots, sets, and vessels has decreased, and in 2015 there were 
no pot CPUE data (one vessel turned in data with counts only and no set weights). From 2006-2016, in 
years where there were data, the average catch rate in logbook data was 27 lbs/pot in the AI and 22 
lbs/pot in the BS. 







The average catch rate in the observer data from 2000-2015 was 16.0 lbs/pot in the AI and 17.5 lbs/pot in 
the BS. The effort recorded by observers in the BS has decreased from 4-8 vessels from 2003 to 2012 and 
decreased again to 1 to 3 vessels from 2013 through 2016. On average there were 246 sets observed from 
2003 to 2012; there were on average 52 sets observed annually in the BS from 2013 to 2016. There has 
been less recorded effort in the AI than in the BS throughout the time series. IFQ catch in pot gear in the 
BS decreased substantially after 2013; average catch was 519 mt from 2002-2013 and was 143 mt from 
2014 to 2016. Catch in the AI was highest from 2003 through 2007 (average 496 mt) and decreased 
substantially in 2008 (down to an annual average of 90 mt).  


A recent regulatory change allowed pot gear to be used in the directed sablefish fishery in the GOA 
starting in 2017. In data obtained on 10/20/17 there were pot vessels observed in all management areas in 
the GOA. The low number of vessels renders us unable to share data at this time. There are small amounts 
IFQ catch in all areas (ranging from 85 to 130 mt per area). 


The composition of bycatch species caught in observed pots that retained sablefish in the BS and AI is 
comprised mostly of arrowtooth/Kamchatka flounder, Greenland turbot, Pacific halibut, giant grenadier, 
snails, and golden king crab (in 2016 there were 12,973 individuals caught; Table 3.7). 


Surveys 
A number of fishery independent surveys catch sablefish. The survey indices included in the model for 
this assessment are the AFSC longline survey and the AFSC GOA bottom trawl survey. For other surveys 
that occur in the same or adjacent geographical areas, but are not included as separate indices in the 
model, we provide trends and comparative analyses to the AFSC longline survey. Research catch 
removals including survey removals are documented in Appendix 3B. 


AFSC Surveys 
Longline survey 
Overview: Catch, effort, age, length, weight, and maturity data are collected during sablefish longline 
surveys. These longline surveys likely provide an accurate index of sablefish abundance (Sigler 2000). 
Japan and the United States conducted a cooperative longline survey for sablefish in the GOA annually 
from 1978 to 1994, adding the AI region in 1980 and the eastern BS in 1982 (Sasaki 1985, Sigler and 
Fujioka 1988). Since 1987, the Alaska Fisheries Science Center has conducted annual longline surveys of 
the upper continental slope, referred to as domestic longline surveys, designed to continue the time series 
of the Japan-U.S. cooperative survey (Sigler and Zenger 1989). The domestic longline survey began 
annual sampling of the GOA in 1987, biennial sampling of the AI in 1996, and biennial sampling of the 
eastern BS in 1997 (Rutecki et al. 1997). The domestic survey also samples major gullies of the GOA in 
addition to sampling the upper continental slope. The order in which areas are surveyed was changed in 
1998 to reduce interactions between survey sampling and short, intense fisheries. Before 1998, the order 
was AI and/or BS, Western Gulf, Central Gulf, Eastern Gulf. Starting in 1998, the Eastern Gulf area was 
surveyed before the Central Gulf area.  


Specimen collections: Sablefish length data were randomly collected for all survey years. Otoliths were 
collected for age determination for most survey years. From 1979-1994 otolith collections were length-
stratified; since 1994 otoliths have been collected randomly. Prior to 1996, otolith collections were aged, 
but not every year. Since 1996, a sample of otoliths collected during each survey has been aged in the 
years they were collected. Approximately one-half of the otoliths collected are aged annually (~1,200). 
This sample size for age compositions should be large enough to get a precise age composition for the 
whole survey area, but may be too small to estimate the age composition in smaller areas by sex (P. 
Hulson et al. 2017). 


Standardization: Kimura and Zenger (1997) compared the performance of the two surveys from 1988 to 
1994 in detail, including experiments comparing hook and gangion types used in the two surveys. The 







abundance index for both longline surveys decreased from 1988 to 1989, the cooperative survey 
decreased from 1989 to 1990, while the domestic survey increased (Table 3.10). Kimura and Zenger 
(1997) attributed the difference to the domestic longline survey not being standardized until 1990. 


Survey Trends: Relative population abundance indices are computed annually using survey catch rates 
from stations sampled on the continental slope. The sablefish abundance indices were highest during the 
Japan-U.S. cooperative survey in the mid-1980s, in response to exceptional recruitment in the late 1970’s 
(Figure 3.7). Relative population numbers declined through the 1990’s in most areas during the domestic 
longline survey. Catches increased in the early 2000’s but have trended down since 2006.  


The 2013 and 2015 survey estimates of relative abundance in numbers (RPN) were the lowest points in 
the domestic time series, but the 2016 and 2017 increases puts the index near average. The recent low 
points are because of recent weak recruitment. 


Whale Depredation: Killer whale depredation of the survey sablefish catches has been a problem in the 
BS since the beginning of the survey (Sasaki 1987). Killer whale depredation primarily occurs in the BS, 
AI, WGOA, and to a lesser extent in recent years in the CGOA (Table 3.11). Depredation is easily 
identified by reduced sablefish catch and the presence of lips or jaws and bent, straightened, or broken 
hooks. Since 1990, portions of the gear at stations affected by killer whale depredation during the 
domestic longline survey have been excluded from the analysis of catch rates, RPNs, and RPWs. The AI 
and the BS were added to the domestic longline survey in 1996 and this is when killer whale depredation 
increased. Since 2009, depredation rates in the Bering Sea have been high, including 9 affected stations in 
2015 and 11 in 2017. In the AI, depredation was highest in 2012 (5 stations) but has since declined with 
no stations affected by killer whales in 2016. 


Sperm whale depredation affects longline catches, but evidence of depredation is not accompanied by 
obvious decreases in sablefish catch or common occurrence of lips and jaws or bent and broken hooks. 
Data on sperm whale depredation have been collected since the 1998 longline survey (Table 3.11). Sperm 
whales are often observed from the survey vessel during haulback but do not appear to be depredating on 
the catch. Sperm whale depredation and presence is recorded during the longline survey at the station 
level, not the skate level like killer whales. Depredation is defined as sperm whales being present during 
haulback with the occurrence of damaged fish in the catch.  


Sperm whale depredation is variable, but has generally been increasing since 1998 (Table 3.11). Whales 
are most common in the EGOA (WY and EY/SE), but are also seen in the CGOA. In 2017 there were 
sperm whales depredating at 17 stations (annual range 4-21) (Table 3.11). Although sperm whales are 
sometimes observed in the WGOA, there was no depredation observed in 2016. Sperm whales have been 
depredating at one station in the AI since 2012. 


Multiple studies have attempted to quantify sperm whale depredation rates. An early study using data 
collected by fisheries observers in Alaskan waters found no significant effect on the commercial fishery 
catch (Hill et al. 1999). Another study using data collected from commercial vessels in southeast Alaska, 
found a small, significant effect comparing longline fishery catches between sets with sperm whales 
present and sets with sperm whales absent (3% reduction, 95% CI of (0.4 – 5.5%), t-test, p = 0.02, Straley 
et al. 2005).   


A general linear model fit to longline survey data from 1998-2004 found neither sperm whale presence (p 
= 0.71) nor depredation rate (p = 0.78) increased significantly from 1998 to 2004. Catch rates were about 
2% less at locations where depredation occurred, but the effect was not significant (p = 0.34). This 
analysis was updated through 2009 and now shows a significant effect of approximately four kilograms 
per hundred hooks in the Central and Eastern Gulf regions, which translates into approximately a 2% 
decrease in overall catch in those areas (J. Liddle, October, 2009, UA – Sitka, pers. comm.). A 
retrospective analysis of these data indicates the effect is not significant until the 2009 data are added, 
indicating the increasing depredation effect has combined with accumulating survey data to give 







increased power to detect this small reduction in CPUE.  


Longline survey catch rates have not been adjusted for sperm whale depredation in the past, because we 
do not know when measurable depredation began during the survey time series, because past studies of 
depredation on the longline survey showed no significant effect, and because sperm whale depredation is 
difficult to detect (Sigler et al. 2007). However, because of recent increases in sperm whale presence and 
depredation at survey stations, as indicated by whale observations and significant results of recent studies, 
we evaluated a statistical adjustment to survey catch rates using a general linear modeling approach 
(Appendix 3C, Hanselman et al. 2010). This approach had promise but had issues with variance 
estimation and autocorrelation between samples. A new approach has been developed using a generalized 
linear mixed model that resolves these issues (Hanselman et al. accepted), and was used starting in 2016 
to adjust survey catch rates (see Whale Depredation Estimation). 


Gully Stations: In addition to the continental slope stations sampled during the survey, twenty-seven 
stations are sampled in gullies at the rate of one to two stations per day. The sampled gullies are Shelikof 
Trough, Amatuli Gully, W-grounds, Yakutat Valley, Spencer Gully, Ommaney Trench, Dixon Entrance, 
and one station on the continental shelf off Baranof Island. The majority of these stations are located in 
deep gully entrances to the continental shelf in depths from 150-300 m in areas where the commercial 
fishery targets sablefish. No gullies are currently sampled in the Western GOA, AI, or BS. 


Previous analyses have shown that on average gully stations catch fewer large fish and more small fish 
than adjacent slope stations (Rutecki et al. 1997, Zenger et al. 1994). Compared with the adjacent regions 
of the slope, sablefish catch rates for gully stations have been mixed with no significant trend (Zenger et 
al. 1994). Gully catches may indicate recruitment signals before slope areas because of their shallow 
depth, where younger, smaller sablefish typically inhabit. Catch rates from these stations have not been 
included in the historical abundance index calculations because preferred habitat of adult sablefish is on 
the slope. 


These areas do support significant numbers of sablefish, however, and are important areas sampled by the 
survey. We compared the RPNs of gully stations to the RPNs of slope stations in the GOA to see if 
catches were comparable, or more importantly, if they portrayed different trends than the RPNs used in 
this assessment. To compare trends, we computed Student’s-t normalized residuals for all GOA gullies 
and slope stations and plotted the two time series. If the indices were correlated, then the residuals would 
track one another over time (Figure 3.8). Overall, gully catches in the GOA from 1990-2017 are 
moderately correlated with slope catches (r = 0.56). There is no evidence of major differences in trends. 
In regards to gully catches being a recruitment indicator, the increase in the gully RPNs in 1999 and 
2001-2002 may be in response to the above average 1997 and 2000 year classes. Both the 2001 and 2002 
RPNs for the gully stations are higher than in 1999, which supports the current model estimate that the 
2000 year class was larger than 1997. Both gully and slope trends were down in 2012 and 2013, 
consistent with the overall decrease in survey catch. However, the slope stations increased in 2014, while 
the gullies continued to decline. In 2015, the opposite pattern occurred, with the gullies showing a slight 
uptick while the slope stations declined again. In 2016, both indices went up sharply. In the future, we 
will continue to explore sablefish catch rates in gullies and explore their usefulness for indicating 
recruitment; they may also be useful for quantifying depredation, since sperm whales have rarely 
depredated on catches from gully stations. 


Interactions between the fishery and survey are described in Appendix 3A. 


Trawl surveys  
Trawl surveys of the upper continental slope that adult sablefish inhabit have been conducted biennially 
or triennially since 1980 in the AI, and 1984 in the GOA, always to 500 m and occasionally to 700-1000 
m. Trawl surveys of the BS slope were conducted biennially from 1979-1991 and redesigned and 
standardized for 2002, 2004, 2008, 2010, 2012, and 2016. Trawl surveys of the BS shelf are conducted 
annually but generally catch no sablefish. Trawl survey abundance indices were not used in the 







assessment model prior to 2007 in the sablefish assessment because they were not considered good 
indicators of the sablefish relative abundance. However, there is a long time series of data available and 
given the trawl survey’s ability to sample smaller fish, it may be a better indicator of recruitment than the 
longline survey. 


There is some difficulty with combining estimates from the BS and AI with the GOA estimates since they 
occur on alternating years. A method could be developed to combine these indices, but it leaves the 
problem of how to use the length data to predict recruitment since the data could give mixed signals on 
year class strength. At this time we are using only the GOA trawl survey biomass estimates (<500 m 
depth, Figure 3.4, Figure 3.10b) and length data (<500 m depth) as a recruitment index for the whole 
population. The largest proportion of sablefish biomass is in the GOA so it should be indicative of the 
overall population. Biomass estimates used in the assessment for 1984-2017 are shown in Table 3.10. The 
GOA trawl survey index was at its lowest level of the time series in 2013, but has increased 100% by 
2017.  


AI and BS Slope survey biomass estimates are not used in the assessment model but are tracked in Figure 
3.9. Estimates in the two areas have decreased slowly since 2000. 


Other surveys/areas not used in the assessment model 
IPHC Longline Surveys  
The IPHC conducts a longline survey each year to assess Pacific halibut. This survey differs from the 
AFSC longline survey in gear configuration and sampling design, but catches substantial numbers of 
sablefish. More information on this survey can be found in Soderlund et al. (2009). A major difference 
between the two surveys is that the IPHC survey samples the shelf consistently from ~ 10-500 meters, 
whereas the AFSC survey samples the slope and select gullies from 200-1000 meters. Because the 
majority of effort occurs on the shelf in shallower depths, the IPHC survey may catch smaller and 
younger sablefish than the AFSC survey; however, lengths of sablefish are not taken on the IPHC survey. 


For comparison to the AFSC survey, IPHC relative population numbers (RPN) were calculated using the 
same methods as the AFSC survey values, the only difference being the depth stratum increments. Area 
sizes used to calculate biomass in the RACE trawl surveys were utilized for IPHC RPN calculations.  


We do not obtain IPHC survey estimates for the current year until the following year. We compared the 
IPHC and the AFSC RPNs for the GOA (Figure 3.10). The two series track well, but the IPHC survey 
RPN has more variability. This is likely because it surveys shallower water on the shelf where younger 
sablefish reside and are more patchily distributed. Since the abundance of younger sablefish will be more 
variable as year classes pass through, the survey more closely resembles the NMFS GOA trawl survey 
index described above which samples the same depths (Figure 3.10b). 


While the two longline surveys have shown consistent patterns for most years, they diverged in 2010 and 
2011 and again recently. In 2014 the AFSC survey index increased, while the IPHC index was stable. In 
2015 the IPHC index decreased substantially and is the lowest in the time series which agrees with the 
AFSC index which was also at a time series low in 2015 (Figure 3.10). We will continue to examine 
trends in each region and at each depth interval for evidence of recruiting year classes and for comparison 
to the AFSC longline survey. There is some effort in depths shallower than 200 meters on the AFSC 
longline survey, and we recently have computed RPNs for these depths for future comparisons with the 
IPHC RPNs. 


Alaska Department of Fish and Game 
The Alaska Department of Fish and Game conducts mark-recapture and a longline survey in Northern 
Southeast Alaska Inside (NSEI) waters and a longline survey in Southern Southeast Alaska Inside (SSEI) 
waters. Sablefish in these areas are treated as separate populations from the federal stock, but some 
migration into and out of Inside waters has been confirmed with tagging studies (Hanselman et al. 2015). 
The NSEI CPUE seems to be stabilizing after a steep decline from 2011 to 2013, with an uptick in 







younger fish seen in 2016. In SSEI, survey CPUE has been declining since 2011 but also saw an uptick in 
2016. The lowest points in the time series of CPUE for each of these areas is about 2000, confirming the 
lows in 1999/2000 estimated in our assessment  
Department of Fish and Oceans of Canada 
In a 2011 Science Advisory Report, DFO reported :“Stock reconstructions suggest that stock status is 
currently below BMSY for all scenarios, with the stock currently positioned in the mid-Cautious to low-
Healthy zones.” Under these scenarios, recent harvest rates on adult sablefish potentially have been 
between 0.06 – 0.151. 


The stratified random trap survey was up approximately 29% from 2012 to 2013 after a time series low in 
2012 (see figure below) but has registered a new time series low in 2014. The estimated biomass trend in 
B.C. is similar to the trend in Alaska (see figure below)2. The similarly low abundance south of Alaska 
concerns us, and points to the need to better understand the contribution to Alaska sablefish productivity 
from B.C. sablefish. Some potential ideas are to conduct an area-wide study of sablefish tag recoveries, 
and to attempt to model the population to include B.C. sablefish and U.S. West Coast sablefish. 


 


 
Overall abundance trends 
Relative abundance has cycled through three valleys and two peaks near 1970 and 1985 (Table 3.10, 
Figures 3.3 and 3.4). The post-1970 decrease likely is due to heavy fishing. The 1985 peak likely is due to 
the exceptionally large late 1970's year classes. Since 1988, relative abundance has decreased 
substantially. Regionally, abundance decreased faster in the BS, AI, and western GOA and more slowly 
in the central and eastern GOA (Figure 3.7). The majority of the surveys show that sablefish were at their 
lowest levels in the early 2000s, with current abundance reaching these lows again in 2014 in the central 
and eastern GOA, and in 2015 in the western areas. The last two surveys have shown some rebound, 
particularly in the combined Western areas. 


                                                      
1 Science Advisory Report 2011/25: http://www.dfo-mpo.gc.ca/Csas-sccs/publications/sar-as/2011/2011_025-eng.pdf 
2 DFO. 2014. Performance of a revised management procedure for Sablefish in British Columbia. DFO Can. Sci. Advis. Sec. Sci. 
Resp. 2014 /025: http://www.dfo-mpo.gc.ca/csas-sccs/publications/scr-rs/2014/2014_025-eng.html 


British Columbia 
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Analytic approach 


Model Structure  
The sablefish population is assessed with an age-structured model. The analysis presented here extends 
earlier age structured models developed by Kimura (1990) and Sigler (1999), which all stem from the 
work by Fournier and Archibald (1982). The current model configuration follows a more complex version 
of the GOA Pacific ocean perch model (Hanselman et al. 2005); it includes split sexes and many more 
data sources to attempt to more realistically represent the underlying population dynamics of sablefish. 
The current configuration was accepted by the Groundfish Plan Team and NPFMC in 2016 (Model 16.5, 
Hanselman et al. 2016). The parameters, population dynamic, and likelihood equations are described in 
Box 1. The analysis was completed using AD Model Builder software, a C++ based software for 
development and fitting of general nonlinear statistical models (Fournier et al. 2012). 


Model Alternatives 
 


There are no model alternatives to consider for the 2017 assessment. The main features of Model 16.5 
from models before 2016 are: 


1) New area sizes for the domestic longline survey abundance (Echave et al. 2013) 
2) Inclusion of annual variance calculations including uncertainty of whale observations in the 


domestic longline survey index 


3) Additional catch mortality in the longline fisheries from sperm and killer whales 


4) Natural mortality is estimated 


Parameters Estimated Outside the Assessment Model 
 
The following table lists the parameters estimated independently: 
Parameter name Value Value Source 
Time period 1960-1995 1996-current  
    


Female maturity-at-age ma = 1/(1+e-0.84(a-6.60)) Sasaki (1985) 


Length-at-age - females 0.208( 3.63)75.6(1 )a
aL e− += −  0.222( 1.95)80.2(1 )a


aL e− += −  Hanselman et al. 
(2007) 


Length-at-age - males 
0.227( 4.09)65.3(1 )a


aL e− += −  0.290( 2.27)67.8(1 )a
aL e− += −  Hanselman et al. 


(2007) 


Weight-at-age - females 
0.238( 1.39)ˆln ln(5.47) 3.02ln(1 )a


aW e− += + −  Hanselman et al. 
(2007) 


Weight-at-age - males 
0.356( 1.13)ˆln ln(3.16) 2.96ln(1 )a


aW e− += + −  Hanselman et al. 
(2007) 


Ageing error matrix  From known-age tag releases, extrapolated for older ages 
Heifetz et al. 


(1999) 
Recruitment variability (σr) 1.2 1.2 Sigler et al. (2002) 


 
Age and Size of Recruitment: Juvenile sablefish rear in nearshore and continental shelf waters, moving to 
the upper continental slope as adults. Fish first appear on the upper continental slope, where the longline 
survey and longline fishery occur, at age 2, with a fork length of about 45 cm. A higher proportion of 
young fish are susceptible to trawl gear compared to longline gear because trawl fisheries usually occur 







on the continental shelf and shelf break inhabited by younger fish, and catching small sablefish may be 
hindered by the large bait and hooks on longline gear.  


Sablefish are difficult to age, especially those older than eight years (Kimura and Lyons 1991). To 
compensate, we use an ageing error matrix based on known-age otoliths (Heifetz et al. 1999; Hanselman 
et al. 2012a). 


Growth and maturity: Sablefish grow rapidly in early life, growing 1.2 mm d-1 during their first spring 
and summer (Sigler et al. 2001). Within 100 days after first increment (first daily otolith mark for larvae) 
formation, they average 120 mm. Sablefish are currently estimated to reach average maximum lengths 
and weights of 68 cm and 3.2 kg for males and 80 cm and 5.5 kg for females (Echave et al. 2012).  


New growth relationships were estimated in 2007 because many more age data were available 
(Hanselman et al. 2007); this analysis was accepted by the Plan Team in November 2007 and published in 
2012 (Echave et al. 2012). We divided the data into two time periods based on the change in sampling 
design that occurred in 1995. It appears that sablefish maximum length and weight has increased slightly 
over time. New age-length conversion matrices were constructed using these curves with normal error fit 
to the standard deviations of the collected lengths at age (Figure 3.12). These new matrices provided for a 
superior fit to the data. Therefore, we use a bias-corrected and updated growth curve for the older data 
(1981-1993) and a new growth curve describing recent randomly collected data (1996-2004).  


Fifty percent of females are mature at 65 cm, while 50 percent of males are mature at 57 cm (Sasaki 
1985), corresponding to ages 6.6 for females and 5 for males (Table 3.12). Maturity parameters were 
estimated independently of the assessment model and then incorporated into the assessment model as 
fixed values. The maturity-length function is ml = 1 / (1 + e -0.40 (L - 57)) for males and ml = 1 / (1 + e -0.40 (L - 


65)) for females. Maturity at age was computed using logistic equations fit to the maturity-length 
relationships shown in Sasaki (1985, Figure 23, GOA). Prior to the 2006 assessment, average male and 
female maturity was used to compute spawning biomass. Beginning with the 2006 assessment, female-
only maturity has been used to compute spawning biomass. Female maturity-at-age from Sasaki (1985) is 
described by the logistic fit of ma = 1/(1+e-0.84(a-6.60)).  


In 2011, the AFSC conducted a winter cruise out of Kodiak to sample sablefish when they are preparing 
to spawn (Rodgveller et al. 2016). Ovaries were examined histologically to determine maturity. Skipped 
spawning was documented for the first time in sablefish. These winter samples provided a similar age-at-
50% maturity estimate (6.8 years) as the mean of visual observations taken during summer surveys in the 
Central Gulf of Alaska from 1996-2012 (mean = 7.0 years) and the estimate currently used in the 
assessment (6.6 years), when skipped spawners were classified as mature (even though they were not 
reproducing in the current year). A second survey took place in December 2015 in the same areas that 
were sampled in 2011. Skip spawning was lower in 2015 (6% of mature fish) than in 2011 (21%). When 
skip spawners were classified as mature in 2015 the age-at-50% maturity was 7.3 years, which is higher 
than values from earlier years. When skip spawners were classified as immature, in both 2011 and 2015, 
the slope was shallower and the age-at-50% maturity was higher (9.8 in 2011 and 7.9 in 2015). Skipped 
spawners were primarily found in gullies on the shelf. Generally, skip spawning was at ages where a 
portion of the fish were not yet mature (i.e., the age at which fish were estimated to be <100% mature) 
and the rate of skip spawning decreased with age (R2 = 0.35). These studies show that skip spawning is 
variable and may be related to age. In the future, we will explore methods to incorporate new maturity 
data into stock assessment. 


Maximum age and natural mortality: Sablefish are long-lived; ages over 40 years are regularly recorded 
(Kimura et al. 1993). Reported maximum age for Alaska is 94 years (Kimura et al. 1998). Canadian 
researchers report age determinations up to 113 years3. A natural mortality rate of M=0.10 has been 
                                                      
3Fisheries and Oceans Canada; http://www.pac.dfo-mpo.gc.ca/fm-gp/commercial/ground-fond/sable-charbon/bio-eng.htm 
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assumed for previous sablefish assessments, compared to M=0.112 assumed by Funk and Bracken (1984). 
Johnson and Quinn (1988) used values of 0.10 and 0.20 in a catch-at-age analysis and found that 
estimated abundance trends agreed better with survey results when M=0.10 was used. Natural mortality 
has been modeled in a variety of ways in previous assessments. For sablefish assessments before 1999, 
natural mortality was assumed to equal 0.10. For assessments from 1999 to 2003, natural mortality was 
estimated rather than assumed to equal 0.10; the estimated value was about 0.10 but only with a precise 
prior imposed. For the 2004 assessment, a more detailed analysis of the posterior probability showed that 
natural mortality was not well-estimated by the available data (Sigler et al. 2004). Therefore in 2006, we 
returned to fixing the parameter at 0.10. This 2016 assessment revisited estimating natural mortality with 
a prior CV of 10% to propagate more uncertainty in the model. Efforts to estimate natural mortality as a 
completely free parameter resulted in model instability because of confounding with the multiple 
catchability parameters. 


Variance and effective sample sizes: Several quantities were computed in order to compare the variance 
of the residuals to the assumed input variances. The standardized deviation of normalized residuals 
(SDNR) is closely related to the root mean squared error (RMSE) or effective sample size; values of 
SDNR of approximately 1 indicate that the model is fitting a data component as well as would be 
expected for a given specified input variance. The normalized residuals for a given year i of the 
abundance index was computed as   
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where σi is the input sampling log standard deviation of the estimated abundance index. For age or length 
composition data assumed to follow a multinomial distribution, the normalized residuals for age/length 
group a in year i were computed as  
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where y and ŷ are the observed and estimated proportion, respectively, and n is the input assumed sample 
size for the multinomial distribution. The effective sample size was also computed for the age and length 
compositions modeled with a multinomial distribution, and for a given year i was computed as 
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An effective sample size that is nearly equal to the input sample size can be interpreted as having a model 
fit that is consistent with the input sample size.  


For the 2010 recommended assessment model, we used average SDNR as a criterion to help reweight the 
age and length compositions. SDNR is a common metric used for goodness of fit in other fisheries, 
particularly in New Zealand (e.g. Langley and Maunder 2009) and has been recommended for use in 
fisheries models in Alaska during multiple CIE reviews, such as Atka mackerel and rockfish. We 
iteratively reweighted the model by setting an objective function penalty to reduce the deviations of 
average SDNR of a data component from one. Initially, we tried to fit all multinomial components this 
way, but due to tradeoffs in fit, it was found that the input sample sizes became too large and masked the 
influence of important data such as abundance indices. Given that we have age and length samples from 
nearly all years of the longline surveys, we chose to eliminate the attempt to fit the length data well 
enough to achieve an average SDNR of one, and reweighted all age components and only length 
components where no age data exist (e.g. domestic trawl fishery). The abundance index SDNRs were 







calculated, but no attempt was made to adjust their input variance because we have a priori knowledge 
about their sampling variances. This process was completed before the 2010 data were added into the 
assessment and endorsed by the Plan Teams and SSC in 2010. We used these weightings until this year. 
The 2016 CIE review panel felt strongly that the model was using the longline survey too precisely in the 
model which resulted in overly precise model outputs. For the 2016 assessment we tuned the domestic 
longline survey to have an SDNR of one, while maintaining the other previously tuned size and age 
compositions at an SDNR of one. The rest of the abundance indices were given the same weight as the 
domestic longline survey to maintain the relative weighting. 


Whale depredation estimation  
Sperm whales on the longline survey 
Sets on the AFSC longline survey impacted by killer whale depredation have always been removed from 
calculations because of the significant and variable impacts killer whales can have on catch rates. Sperm 
whale depredation is more difficult to detect and has not previously been considered when calculating 
catch rates. Presence and evidence of depredation by sperm whales on the AFSC longline survey have 
increased significantly over time (Figure 3.13). Fishermen accounts support similar trends in the 
commercial fishery. This prompted a number of model explorations to estimate the sperm whale effect on 
the longline survey. In 2017, a paper with a comprehensive examination of different modeling techniques 
was accepted (Hanselman et al. accepted). 


Two indicators of sperm whale depredation were tracked at the station level: 1) “presence” of sperm 
whales (e.g., sightings within 100 m of the vessel); and 2) “evidence” of depredation, when sperm whales 
were present and retrieved sablefish were damaged in characteristic ways (e.g., missing body parts, 
crushed tissue, blunt tooth marks, shredded bodies). Depredation estimates were compared for several 
Generalized Linear Models (GLMs) with fixed-effects and Generalized Linear Mixed Models (GLMMs) 
including mixed-effects. Model fitting proceeded in two stages, first with area-specific models and then 
across-area models. Explanatory variables included year, depth strata, station, management area, and total 
number of effective hooks. Simulations were also conducted to examine the statistical properties of 
alternative model forms and assess the implications of autocorrelation in the CPUE data. 


From 1998 to 2016, data were collected at 662 longline survey year/station combinations across the CG, 
WY, and EY/SE management areas. Sperm whales were present in 269 cases (43%), with evidence of 
depredation in 202 cases (31%). The proportion of stations with presence or evidence data varied 
considerably across years and areas (Figure 3.14), but was generally low for the CGOA area compared to 
WY and EY/SE. There were significant (P ≤ 0.05) increasing trends across years for sperm whale 
presence among CGOA and EY/SE stations, and for evidence of depredation among EY/SE stations 
(Figure 3.13). Model evaluation and simulations showed that mixed-effect models were superior to fixed-
effect models in terms of precision and confidence interval coverage of the true value (Figure 3.14). 
Depredation estimates for stations with sperm whale presence only (i.e., no evidence of damaged fish) 
tended to be weaker and more variable than those for stations with evidence of depredation; therefore, the 
evidence flag was used in the stock assessment application. Sablefish catch rate reductions on the AFSC 
longline survey ranged from 12%-18% for area-specific and across-area models. The area-wide model 
provided stronger inferences and were recommended for use in the stock assessment. 


We use these results to inflate catches at survey stations with depredation evidence by a factor of 1.18 
(i.e., 1/0.85). The standard error and covariance of this estimate is included in the total variance of the 
relative population number estimates from the index.  


Killer and sperm whales in the fishery 
Killer whales have a long history of depredating the commercial sablefish fishery and AFSC longline 
survey, while sperm whales have become a problem more recently. In the study described in the section 
above, we estimated the sperm whale effect and recommended using it to correct survey estimates. 
Increasing survey estimates of abundance in the sablefish assessment needs to be done in tandem with 







correcting for depredation in the commercial fishery. We published a study that advances our 
understanding of the impact of killer whale and sperm whale depredation on the commercial sablefish 
fishery in Alaska and evaluates the impact depredation in the fishery may have on the annual federal 
sablefish assessment (Peterson and Hanselman 2017).  


We used data from the observer program 1995-2016, comparing CPUE data on “good performance” sets 
with those with “considerable whale depredation.” A two-step approach was used to estimate commercial 
sablefish fishery catch removals associated with whale depredation in Alaska: 1) a Generalized Additive 
Mixed Modeling (GAMM) approach was used to estimate the whale effect on commercial sablefish 
fishery catch rates by management area; 2), the proportion of sets impacted by killer whales and sperm 
whales was modeled as a function of fishery characteristics to estimate overall catch removals due to 
whales in gridded areas (1/3° by 1/3°, approximately 36 km by 25 km). Sablefish catches per grid were 
estimated based on the Catch-in-Area Trends database (S. Lewis, October 2016, NMFS AK Regional 
Office, pers. comm.), which blends processor-based data, mandatory state of Alaska reported landings 
data, observer data when available, and Vessel Monitoring System data (available 2003-2016). Due to the 
limited nature of the observer data (partial coverage in many fisheries), these blended data sets are 
integrated into the NMFS Catch Accounting System to track groundfish fishery harvests annually. 


The final model for estimating CPUE reductions due to whales included depth, location (latitude, 
longitude), Julian day, grenadier CPUE and Pacific halibut CPUE, whale depredation, year and vessel. 
Killer whale depredation was more severe (catch rates declined by 45%-70%) than sperm whale 
depredation (24%-29%; Table 3.13). A Generalized Additive Model (GAM) with a zero-inflated Poisson 
distribution was next used to evaluate fishery characteristics associated with depredation in order to 
estimate sablefish catch removals by gridded area; significant covariates included higher sablefish 
catches, location, set length, and average vessel lengths. Total model-estimated sablefish catch removals 
during 1995-2016 ranged from 1235 t – 2450 t by killer whales in western Alaska management areas and 
651 t – 1204 t by sperm whales in the Gulf of Alaska from 2001-2016 (Figures 3.15, 3.16). For a relative 
frame of reference on the magnitude of depredation, the model-predicted estimates of catch removals due 
to killer whales were 6.7% in the AI, 13.3% in the BS, and 7.6% in the WGOA. Sperm whale-associated 
removals were minimal in comparison to overall fishery catches in the Gulf of Alaska (~1%). We use 
these estimates as additional fixed gear catch in the stock assessment model. 


 


Parameters Estimated Inside the Assessment Model 
Below is a summary of the parameters estimated within the recommended assessment model: 
Parameter name Symbol Number of 


 Catchability q 6 
Mean recruitment μr 1 
Natural mortality M 1 
Spawners-per-recruit levels F35, F40, F50 3 
Recruitment deviations τy 85 
Average fishing mortality μf 2 
Fishing mortality deviations φy 116 
Fishery selectivity fsa 9 
Survey selectivity ssa 8 
Total   231 


 
Catchability is separately estimated for the Japanese longline fishery, the cooperative longline survey, the 
domestic longline survey, U.S. longline derby fishery, U.S. longline IFQ fishery, and the NMFS GOA 
trawl survey. Information is available to link these estimates of catchability. Kimura and Zenger (1997) 







analyzed the relationship between the cooperative and domestic longline surveys. For assessments 
through 2006, we used their results to create a prior distribution which linked catchability estimates for 
the two surveys. For 2007, we estimated new catchability prior distributions based on the ratio of the 
various abundance indices to a combined Alaskan trawl index. This resulted in similar mean estimates of 
catchability to those previously used, but allowed us to estimate a prior variance to be used in the model. 
This also facilitates linking the relative catchabilities between indices. These priors were used in the 
recommended model for 2008. This analysis was presented at the September 2007 Plan Team and is 
presented in its entirety in Hanselman et al. (2007). Lognormal prior distributions were used with the 
parameters shown below: 


Index U.S. LL Survey Jap. LL Survey Fisheries GOA Trawl 
Mean 7.857 4.693 4.967 0.692 
CV 33% 24% 33% 30% 
Recruitment is not estimated with a stock-recruit relationship, but is estimated with a level of average 
recruitment with deviations from average recruitment for the years 1933-2016. 


Fishing mortality is estimated with two average fishing mortality parameters for the two fisheries (fixed 
gear and trawl) and deviations from the average for years 1960-2017 for each fishery. 


Selectivity is represented using a function and is separately estimated by sex for the longline survey, 
fixed-gear fishery (pot and longline combined), and the trawl survey. Selectivity for the longline surveys 
and fixed-gear fishery is restricted to be asymptotic by using the logistic function. Selectivity for the trawl 
fishery and trawl survey are dome-shaped (right descending limb) and estimated with a two-parameter 
gamma-function and a power function respectively (see Box 1 for equations). This right-descending limb 
is allowed because we do not expect that the trawl survey and fishery will catch older aged fish as 
frequently because they fish shallower than the fixed-gear fishery. Selectivity for the fixed-gear fishery is 
estimated separately for the “derby” fishery prior to 1995 and the IFQ fishery from 1995 thereafter. 
Fishers may choose where they fish in the IFQ fishery, compared to the crowded fishing grounds during 
the 1985-1994 “derby” fishery, when fishers reportedly often fished in less productive depths due to 
crowding (Sigler and Lunsford 2001). In choosing their ground, they presumably target bigger, older fish, 
and depths that produce the most abundant catches. 


Uncertainty 
Since the 1999 assessment, we have conducted a limited Bayesian analysis of assessment uncertainty. The 
posterior distribution was computed based on one million MCMC simulations drawn from the posterior 
distribution. The chain was thinned to 5,000 parameter draws to remove serial correlation between 
successive draws and a burn-in of 10% was removed from the beginning of the chain. This was 
determined to be sufficient through simple chain plots, and comparing the means and standard deviations 
of the first half of the chain with the second half. 


In the North Pacific Fishery Management Council setting we have thresholds that are defined in the 
Council harvest rules. These are when the spawning biomass falls below B40%, B35%, and when the 
spawning biomass falls below ½ MSY or B17.5% which calls for a rebuilding plan under the Magnuson-
Stevens Act. To examine the posterior probability, we project spawning biomass into the future with 
recruitments varied as random draws from a lognormal distribution with the mean and standard deviation 
of 1979-2015 age-2 recruitments. The fishing mortality used is the current yield ratio described in the 
Catch specification section multiplied by maxABC for each year. In addition to the projection uncertainty 
with respect to reference points, we compare the uncertainty of the posterior distributions with the 
Hessian approximations for key parameters. 


 







Box 1  Model Description  


Y Year, y=1, 2,…T 
T Terminal year of the model 
A Model age class, a = a0, a0+1, …, a+ 


a0 Age at recruitment to the model 
a+ Plus-group age class (oldest age considered plus all older ages) 
L Length class 
Ω  Number of length bins (for length composition data) 
G Gear-type (g = longline surveys, longline fisheries, or trawl fisheries) 
X Index for likelihood component 


wa,s Average weight at age a and sex s 
aϕ  Proportion of females mature at age a 


μr Average log-recruitment 
μf Average log-fishing mortality 


φy,g Annual fishing mortality deviation 
τy Annual recruitment deviation ~ ln(0, rσ ) 
σr Recruitment standard deviation 


Ny,a,s Numbers of fish at age a in year y of sex s 
M Natural mortality 


Fy,a,g Fishing mortality for year y, age class a and gear g 
Zy,a Total mortality for year y and age class a (= MF


g
gay +∑ ,, ) 


Ry Recruitment in year y 
By Spawning biomass in year y 


,
g
a ss  Selectivity at age a for gear type g and sex s 


A50% ,d50% Age at 50% selection for ascending limb, age at 50% deselection for descending limb 
δ Slope/shape parameters for different logistic curves 
A  Ageing-error matrix dimensioned a a+ +×  


l
sA  Age to length conversion matrix by sex s dimensioned a+ × Ω  


qg Abundance index catchability coefficient by gear 
xλ  Statistical weight (penalty) for component x  
ˆ,y yI I  Observed and predicted survey index in year y 


, , , ,
ˆ,g g


y l s y l sP P  Observed and predicted proportion at length l for gear g in year y and sex s 


, , , ,
ˆ,g g


y a s y a sP P  Observed and predicted proportion at observed age a for gear g in year y and sex s 


g
yψ  Sample size assumed for gear g in year y (for multinomial likelihood) 


gn  Number of years that age (or length) composition is available for gear g 


qμ,g, ,q gσ  Prior mean, standard deviation for catchability coefficient for gear g 


Mμ, Mσ  Prior mean, standard deviation for natural mortality 


rµ
σ ,


rσσ  Prior mean, standard deviation for recruitment variability 


 







Equations describing state dynamics Model Description (continued) 
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 Exponential-logistic selectivity 


Observation equations 
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Posterior distribution components  Model Description (continued) 
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Results 


Model Evaluation 
For this assessment, we present last year’s model (Model 16.5) updated for 2017 with no model changes. 
A comparison of the model likelihood components and key parameter estimates from 2016 are compared 
with the 2017 updated model.  
The two models are identical in all aspects except for inclusion of new data. Our usual criteria for 
choosing a superior model are: (1) the best overall fit to the data (in terms of negative log-likelihood), (2) 
biologically reasonable patterns of estimated recruitment, catchabilities, and selectivities, (3) a good 
visual fit to length and age compositions, and (4) parsimony. 


Because the models presented have different amounts of data and different data weightings, it is not 
reasonable to compare their negative log likelihoods so we cannot compare them by the first criterion 
above. In general we can only evaluate the 2017 model based on changes in results from 2016 and it is 
unlikely we would reject the model that included the most recent data. The model generally produces 
good visual fits to the data, and biologically reasonable patterns of recruitment (with the possible 
exception of 2014 which we discuss below), abundance, and selectivities. The 2017 update shows a slight 
decrease in spawning biomass and an increase in total biomass from previous projections. Therefore the 
2017 version of Model 16.5 is utilizing the new information effectively, and we use it to recommend 2018 
ABC and OFL. 







Box 2: Model comparison by contribution to the objective function (negative log-likelihood values) and 
key parameters of the 2016 reference model (16.5) and eight model options for 2017. 


Year 2016 2017 
Model Name 16.5 16.5 
Likelihood Components   
Catch 2 3 
Dom. LL survey RPN 32 30 
Coop. LL survey RPN 16 16 
Dom. LL fishery RPW 6 6 
Jap. LL fishery RPW 7 10 
NMFS trawl survey 14 19 
Dom. LL survey ages 200 219 
Dom. LL fishery ages 218 239 
Dom. LL survey lengths 69 67 
Coop LL survey ages 142 142 
Coop LL survey lengths 45 44 
NMFS trawl lengths 332 364 
Dom. LL fishery lengths 38 41 
Dom. trawl fish. lengths 319 338 
Data likelihood 1442 1537 
Objective function value 1479 1576 
Key parameters     
Number of parameters 228 231 
Bnext year (Female spawning (kt) biomass for next year) 94 81 
B40% (Female spawning biomass (kt)) 106 98 
B1960 (Female spawning biomass (kt)) 203 166 
B0% (Female spawning biomass (kt)) 265 246 
SPR% current 35.6 33.1% 
F40% 0.095 0.096 
F40% (Tier 3b adjusted) 0.081 0.086 
ABC(kt) 13.5 25.6 
qDomestic LL survey 7.3 7.8 
qJapanese LL survey 5.6 5.9 
qDomestic LL fishery 5.5 5.9 
qTrawl Survey 1.2 1.2 
a50% (domestic LL survey selectivity) 4.2 3.8 
a50% (LL fishery selectivity) 3.9 3.9 
μr (average recruitment) 16.5 19.5 
σr (recruitment variability) 1.2 1.2 
 







Time Series Results 
Definitions 
Spawning biomass is the biomass estimate of mature females. Total biomass is the estimate of all 
sablefish age-two and greater. Recruitment is measured as the number of age-two sablefish. Fishing 
mortality is fully-selected F, meaning the mortality at the age the fishery has fully selected the fish.  


Abundance trends 
Sablefish abundance increased during the mid-1960's (Table 3.14, Figure 3.17) due to strong year classes 
in the early 1960's. Abundance subsequently dropped during the 1970's due to heavy fishing and 
relatively low recruitment; catches peaked at 53,080 t in 1972. The population recovered due to a series of 
strong year classes from the late 1970's (Figure 3.17, Table 3.14) and also recovered at different rates in 
different areas (Table 3.15); spawning abundance peaked again in 1987. The population then decreased 
because these strong year classes expired. The model suggested an increasing trend in spawning biomass 
since the all-time low in 2002, which changed to a decreasing trend in 2008 (Figure 3.17). The very large 
estimate of the 2014 year class is causing estimates of total biomass to increase rapidly in 2017. 
Projected 2018 spawning biomass is 36% of unfished spawning biomass. Spawning biomass had 
increased from a low of 33% of unfished biomass in 2002 to 42% in 2008 and has declined slightly to 
about 36% of unfished biomass projected for 2018. The last two above-average year classes, 2000 and 
2008, each comprise 12% and 15% of the projected 2018 spawning biomass, respectively. These two year 
classes are fully mature in 2018. The very large estimated year class for 2014 is expected to comprise 
about 4% of the 2018 spawning biomass, despite only being about 8% mature (Figure 3.19). 


Recruitment trends  
Annual estimated recruitment varies widely (Figure 3.18). The two recent strong year classes in 1997 and 
2000 are evident in all data sources. After 2000, few strong year classes are apparent, but the 2008 year 
class is currently estimated to be the largest since 2000. Few small fish were caught in the 2005 through 
2009 trawl surveys, but the 2008 year class appeared in the 2011 trawl survey length composition. Larger 
age one sablefish were appearing in the 2015 trawl survey length composition in the 41-43 cm bins 
(Figures 3.20, 3.21) and are clearly evident at age two in the longline survey length composition in 2016 
(Figure 3.37). The 2010 and 2011 longline survey age compositions show the 2008 year class appearing 
relatively strong in all three areas for lightly selected 2 and 3 year old fish (Figures 3.23 -3.27). The 2015 
longline survey age composition is dominated by 2008-2010 year classes which make up more than 35% 
of the age composition. The 2016 longline survey age composition had an extremely high proportion of 
age 2 fish and a relatively high proportion of age 3 fish. The 2015 and 2017 trawl survey length 
compositions also show a high proportion of fish between ages 1 and 3 (Figures 3.20, 3.21, and 3.54). 
Large year classes often appear in the western areas first and then in subsequent years in the Central and 
Eastern GOA. While this was true for the 1997 and 2000 year classes, the 2008 year class is appearing in 
all areas at approximately the same magnitude at the same time (Figure 3.23). The 2014 year class is 
appearing early in all areas and strongly in the CGOA and Western areas (Figure 3.23). 
Average recruitment during 1979-2017 was 19.5 million 2-year-old sablefish per year, which is slightly 
less than average recruitment during 1958-2017 (Figure 3.18b). Estimates of recruitment strength during 
the 1960s are less certain because they depend on age data from the 1980s with older aged fish that are 
subject to more ageing error. In addition the size of the early recruitments is based on an abundance index 
during the 1960s based only on the Japanese fishery catch rate, which may be a weak measure of 
abundance. 


Juvenile sablefish are pelagic and at least part of the population inhabits shallow near-shore areas for their 
first one to two years of life (Rutecki and Varosi 1997). In most years, juveniles have been found only in 
a few places such as Saint John Baptist Bay near Sitka, Alaska. Widespread, abundant age-1 juveniles 
likely indicate a strong year class. Abundant age-1 juveniles were reported for the 1960 (J. Fujioka & H. 







Zenger, 1995, NOAA, pers. comm.), 1977 (Bracken 1983), 1980, 1984, and 1998 year classes in 
southeast Alaska, the 1997 and 1998 year classes in Prince William Sound (W. Bechtol, 2004, ADFG, 
pers. comm.), the 1998 year class near Kodiak Island (D. Jackson, 2004, ADFG, pers. comm.), and the 
2008 year class in Uganik Bay on Kodiak Island (P. Rigby, June, 2009, NOAA, pers. comm.). Numerous 
reports of young of the year being caught in 2014 have been received including large catches in NOAA 
surface trawl surveys in the EGOA in the summer (W. Fournier, August, 2014, NOAA, pers. comm.) and 
in Alaska Department of Fish and Game surveys in Prince William Sound (M. Byerly, 2014, ADFG, pers. 
comm.). Additionally, salmon fishermen in the EGOA reported large quantities of YOY sablefish in the 
stomachs of troll caught coho salmon in 2014 and 2015. The Gulf of Alaska NMFS bottom trawl survey 
caught a substantial number of one year old sablefish in 2015, particularly in the Western GOA. Surface 
trawl surveys in the Gulf of Alaska also reported finding YOY sablefish in Pacific pomfret stomachs in 
the summer of 2015 (C. Debenham, September, 2015, NOAA, pers. comm.). Charter fishermen in the 
CGOA also reported frequent catches of one year old sablefish in 2015 while targeting coho salmon (K. 
Echave, September, 2015, NOAA, pers. comm.). 


Sablefish recruitment varies greatly from year to year (Figure 3.18), but shows some relationship to 
environmental conditions. Sablefish recruitment success is related to winter current direction and water 
temperature; above average recruitment is more common for years with northerly drift or above average 
sea surface temperature (Sigler et al. 2001). Sablefish recruitment success is also coincidental with 
recruitment success of other groundfish species. Strong year classes were synchronous for many northeast 
Pacific groundfish stocks for the 1961, 1970, 1977, and 1984 year classes (Hollowed and Wooster 1992). 
For sablefish in Alaska, the 1960-1961 and 1977 year classes also were strong. Some of the largest year 
classes of sablefish occurred when abundance was near the historic low, the 1977-1981 year classes, the 
1997-2000 year classes, and the 2014 year class (Figures 3.18, 3.21). The 1977-1981 strong year classes 
followed the 1976/1977 North Pacific regime shift. The 1977 year class was associated with the Pacific 
Decadal Oscillation (PDO) phase change and the 1977 and 1981 year classes were associated with warm 
water and unusually strong northeast Pacific pressure index (Hollowed and Wooster 1992). Some species 
such as walleye pollock and sablefish may exhibit increased production at the beginning of a new 
environmental regime, when bottom up forcing prevails and high turnover species compete for 
dominance, which later shifts to top down forcing once dominance is established (Bailey 2000, Hunt et al. 
2002). The large year classes of sablefish indicate that the population, though low, still was able to take 
advantage of favorable environmental conditions and produce large year classes. Shotwell et al. (2014) 
used a two-stage model selection process to examine relevant environmental variables that affect 
recruitment and included them directly into the assessment model. The best model suggested that colder 
than average wintertime sea surface temperatures in the central North Pacific represent oceanic conditions 
that create positive recruitment events for sablefish in their early life history.  


Goodness of fit 
The model generally fit the data well. Abundance indices generally track within the confidence intervals 
of the estimates (Figures 3.3, 3.4), with the exception of the trawl survey, where predictions are typically 
lower in the early years and higher in later years, particularly in 2017 where the model expected to see a 
higher trawl survey index based on the 2014 year class. This index is given less weight than the other 
indices based on higher sampling error so it does not fit as well. Like the trawl survey index, the fishery 
CPUE does not fit as well as the longline survey, because the CPUE index has a higher variance, and had 
been tracking relatively well until 2015 and 2016 where the model expected higher fishery RPWs. All age 
compositions were reasonably well predicted well, except for not quite reaching the magnitude of the 
1997 and 2000 year classes in several years (Figures 3.24, 3.27, 3.32). The model is not fitting the 2008 
year class well in 2014 because of its weak presence in the 2013 age composition. The 2015 and 2016 
predicted survey ages expected more middle age fish and fewer fish between ages 5-7. The 2016 longline 
survey age compositions look dramatically different with the age 2 and 3s having the highest proportions. 
The model fits these very different data surprisingly well. The aggregated age compositions (Figure 3.25) 







show that the cooperative survey ages are fit extremely well, while the domestic survey ages seem to 
imply a slight dome-shapedness to the selectivity (missing age 5-7 sablefish, and underestimating the plus 
group). The length frequencies from the fixed gear fishery are predicted well in most years, but the model 
appears to not fit the small fish well that were caught in 2016 (Figure 3.29, 3.30). The aggregated length 
compositions show good predictions on average but missing a little in the middle sizes (Figure 3.31). The 
fits to the trawl survey and trawl fishery length compositions were generally mediocre, because of the 
small sample sizes relative to the longline survey and fishery length compositions (Figures 3.21, 3.22., 
3.34, 3.35). On average, however the trawl lengths were fit well by the model (Figure 3.22). The model fit 
the domestic longline survey lengths poorly in the 1990s, then fit well until 2011 and 2012 where the 
smallest and largest fish were not fit well (Figures 3.37, 338). By 2014, the 2008 year class has grown 
large enough (in length) to be included in the main groups in the length compositions. Until 2013, the 
fixed gear age compositions were well fit. The 2013 fixed gear fishery age composition is fit poorly, 
particularly in the plus group. This was due to an exceptionally high proportion of the catch caught in the 
AI being older than 30 years old. Examination of the origin of these older fish showed that this shift in 
fishery age composition was caused by a westward shift of the observed fishery into grounds that are not 
surveyed by the longline survey where there is an apparent abundance of older fish that are unknown to 
the model. This problem is similar, but lessened in the 2014 and 2015 age compositions. In 2016, the 
fishery is clearly encountering younger fish, but not as many as the surveys. 


Selectivities 
We assume that selectivity is asymptotic for the longline survey and fisheries and dome-shaped (or 
descending right limb) for the trawl survey and trawl fishery (Figure 3.40). The age-of-50% selection is 
3.8 years for females in the longline survey and 3.9 years in the IFQ longline fishery. The longline survey 
a50% shifted almost a half a year left from 2016 likely influenced by the large amount of young fish 
encountered in 2016. Females are selected at an older age in the IFQ fishery than in the derby fishery 
(Figure 3.40). Males were selected at an older age than females in both the derby and IFQ fisheries, likely 
because they are smaller at the same age. Selection of younger fish during short open-access seasons 
likely was due to crowding of the fishing grounds, so that some fishers were pushed to fish shallower 
water that young fish inhabit (Sigler and Lunsford 2001). Relative to the longline survey, younger fish are 
more vulnerable and older fish are less vulnerable to the trawl fishery because trawling often occurs on 
the continental shelf in shallower waters (< 300 m) where young sablefish reside. The trawl fishery 
selectivities are similar for males and females (Figure 3.40). The trawl survey selectivity curves differ 
between males and females, where males stay selected by the trawl survey longer (Figure 3.40). These 
trawl survey patterns are consistent with the idea that sablefish move out on the shelf at 2 years of age and 
then gradually become less available to the trawl fishery and survey as they move offshore into deeper 
waters.  


Fishing mortality and management path 
Fishing mortality was estimated to be high in the 1970s, relatively low in the early 1980s and then 
increased and held relatively steady in the 1990s and 2000s (Figure 3.41). Goodman et al. (2002) 
suggested that stock assessment authors use a “management path” graph as a way to evaluate 
management and assessment performance over time. In this “management path” we plot estimated fishing 
mortality relative to the (current) limit value and the estimated spawning biomass relative to limit 
spawning biomass (B35%). Figure 3.42 shows that recent management has generally constrained fishing 
mortality below the limit rate, and until recently kept the stock above the B35% limit. Projected 2018 and 
2019 spawning biomass is slightly above B35%. 







Uncertainty 
The model estimates of projected spawning biomass fall near the center of the posterior distribution of 
spawning biomass. Most of the probability lies between 75,000 and 120,000 t (Figure 3.46). The 
probability changes smoothly and exhibits a relatively normal distribution. The posterior distribution 
clearly indicates the stock is below B40%.  


Scatter plots of selected pairs of model parameters were produced to evaluate the shape of the posterior 
distribution (Figure 3.47). The plots indicate that the parameters are reasonably well defined by the data. 
As expected, catchabilities, F40%, and ending spawning biomass were confounded. The catchability of the 
longline survey is most confounded with ending spawning biomass because it has the most influence in 
the model in recent abundance predictions. 


We estimated the posterior probability that projected abundance will fall, or stay below thresholds of 
17.5% (MSST), and 35% (MSY), and 40% (Btarget) of the unfished spawning biomass based on the 
posterior probability estimates. Abundance was projected for 14 years. For management, it is important to 
know the risk of falling under these thresholds. The probability that spawning biomass falls below key 
biological reference points was estimated based on the posterior probability distribution for spawning 
biomass. The probability that next year’s spawning biomass was below B35% was 0.40. During the next 
three years, the probability of being below B17.5% is near zero, the probability of being below B35% is low, 
and the probability of staying below B40% is also low in the medium term (Figure 3.48). 


We compared a selection of parameter estimates from the Markov-Chain Monte Carlo (MCMC) 
simulations with the maximum-likelihood estimates, and compared each method’s associated level of 
uncertainty (Table 3.16). Mean and median catchability estimates were nearly identical. The estimate of 
F40% was lower by maximum likelihood and shows some skewness as indicated by the difference between 
the MCMC mean and median values. MCMC standard deviations were generally slightly higher in all 
cases which shows that there is more uncertainty captured through MCMC.  


Retrospective analysis 


Retrospective analysis is the examination of the consistency among successive estimates of the same 
parameters obtained as new data are added to a model. Retrospective analysis has been applied most 
commonly to age-structured assessments. Retrospective biases can arise for many reasons, ranging from 
bias in the data (e.g., catch misreporting, non-random sampling) to different types of model 
misspecification such as wrong values of natural mortality, or temporal trends in values set to be 
invariant. Classical retrospective analysis involves starting from some time period earlier in the model 
and successively adding data and testing if there is a consistent bias in the outputs (NRC 1998).  


For this assessment, we show the retrospective trend in spawning biomass and total biomass for ten 
previous assessment years (2007-2016) compared to estimates from the current preferred model. This 
analysis is simply removing all new data that have been added for each consecutive year to the preferred 
model. Each year of the assessment generally adds one year of longline fishery lengths, trawl fishery 
lengths, longline survey lengths, longline and fishery ages (from one year prior), fishery abundance index, 
and longline survey index. Every other year, a trawl survey estimate and corresponding length 
composition are added.  


In the first several years of the retrospective plot we see that estimates of spawning biomass were slightly 
higher for the last few years in the next assessment year (Figure 3.43). In recent years, the retrospective 
plot of spawning biomass shows only small changes from year to year (e.g., Table 3.17). One common 
measure of the retrospective bias is Mohn’s revised ρ which indicates the size and direction of the bias. 
The revised Mohn’s ρ of 0.065 is low (a small positive retrospective bias) relative to most assessments at 
the AFSC (Hanselman et al. 2013). This is a slight change from 2016 which has a very small (-0.028) 







negative retrospective. This flip was caused by lower estimates of spawning biomass estimated in 2017 
because of a lack of older fish in the age compositions. The retrospective patterns are well within the 
posterior uncertainty of each assessment (Figure 3.44). Recruitment estimates appear to have little trend 
over time with the exception of the 2008 year class which appears to be increasing (Figure 3.45). Only the 
2008 and 2013 year classes started near average indicating low presence of age 2 sablefish in most of the 
recent data.  


Examining retrospective trends can show potential biases in the model, but may not identify what their 
source is. Other times a retrospective trend is merely a matter of the model having too much inertia in the 
age-structure and other historic data to respond to the most recent data. This retrospective pattern likely to 
be considered mild, but at issue is the “one-way” pattern in the early part of the retrospective time series. 
It is difficult to isolate the cause of this pattern but several possibilities exist. For example, hypotheses 
could include environmental changes in catchability, time-varying natural mortality, or changes in 
selectivity of the fishery or survey. One other issue is that fishery abundance and lengths, and all age 
compositions are added into the assessment with a one year lag to the current assessment.  


Harvest Recommendations 
Reference fishing mortality rate  
Sablefish are managed under Tier 3 of NPFMC harvest rules. Reference points are 
calculated using recruitments from 1977-2013. The updated point estimates of B40%, 
F40%, and F35% from this assessment are 98,332 t (combined across the EBS, AI, and 
GOA), 0.096, and 0.114, respectively. Projected female spawning biomass (combined 
areas) for 2018 is 88,928 t (90% of B40%, or B36%), placing sablefish in sub-tier “b” of 
Tier 3. The maximum permissible value of FABC under Tier 3b is 0.086, which 
translates into a 2018 ABC (combined areas) of 25,583 t. The OFL fishing mortality 
rate is 0.102 which translates into a 2018 OFL (combined areas) of 30,211 t. Model 
projections indicate that this stock is not subject to overfishing, overfished, nor 
approaching an overfished condition.Population projections 
A standard set of projections is required by Amendment 56 for each stock managed under Tiers 1, 2, or 3. 
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 


For each scenario, the projections begin with the vector of 2017 numbers at age as estimated in the 
assessment. This vector is then projected forward to the beginning of 2018 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2017. In each subsequent year, the fishing mortality rate is prescribed on the basis of the 
spawning biomass in that year and the respective harvest scenario. In each year, recruitment is drawn 
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment. Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment. 
Total catch after 2017 is assumed to equal the catch associated with the respective harvest scenario in all 
years. This projection scheme is run 1,000 times to obtain distributions of possible future stock sizes, 
fishing mortality rates, and catches. 


Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018, are as follow (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 







Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2:  In 2018 and 2019, F is set equal to a constant fraction of max FABC, where this 
fraction is equal to the ratio of the realized catches in 2014-2016 to the TAC for each of those 
years. For the remainder of the future years, maximum permissible ABC is used. (Rationale:  In 
many fisheries the ABC is routinely not fully utilized, so assuming an average ratio of F will 
yield more realistic projections.). In addition, the 2014 year class is set to the value of the 1977 
year class to provide a buffer to the uncertainty of the extremely high estimate. 


Scenario 3: In all future years, F is set equal to 50% of max FABC. (Rationale: This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted 
downward when stocks fall below reference levels.) 


Scenario 4: In all future years, F is set equal to the 2012-2016 average F. (Rationale: For some 
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 


Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be 
set at a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as 
follows (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines 
whether a stock is overfished. If the stock is expected to be, 1) above its MSY level in 2017, or 2) 
above ½ of its MSY level in 2017 and above its MSY level in 2027 under this scenario, then the 
stock is not overfished.) 


Scenario 7: In 2018 and 2019, F is set equal to max FABC, and in all subsequent years F is set 
equal to FOFL. (Rationale: This scenario determines whether a stock is approaching an overfished 
condition. If the stock is, 1) above its MSY level in 2019, or 2) above 1/2 of its MSY level in 
2019 and expected to be above its MSY level in 2029 under this scenario, then the stock is not 
approaching an overfished condition.) 


Spawning biomass, fishing mortality, and yield are tabulated for the seven standard projection 
scenarios (Table 3.18). The difference for this assessment for projections is in Scenario 2 
(Author’s F); we use pre-specified catches to increase accuracy of short-term projections in 
fisheries (such as sablefish) where the catch is usually less than the ABC. This was suggested to 
help management with setting more accurate preliminary ABCs and OFLs for 2018 and 2019. 
The methodology for determining these pre-specified catches is described below in Specified 
catch estimation. 


Status determination 
In addition to the seven standard harvest scenarios, Amendments 48/48 to the BSAI and GOA Groundfish 
Fishery Management Plans require projections of the likely OFL two years into the future. While 
Scenario 6 gives the best estimate of OFL for 2018, it does not provide the best estimate of OFL for 2019, 
because the mean 2018 catch under Scenario 6 is predicated on the 2018 catch being equal to the 2018 
OFL, whereas the actual 2018 catch will likely be less than the 2018 OFL. A better approach is to 
estimate catches that are more likely to occur as described below under Specified Catch Estimation. The 
executive summary contains the appropriate one- and two-year ahead projections for both ABC and OFL. 


Under the MSFCMA, the Secretary of Commerce is required to report on the status of each U.S. fishery 
with respect to overfishing. This report involves the answers to three questions: 1) Is the stock being 







subjected to overfishing? 2) Is the stock currently overfished? 3) Is the stock approaching an overfished 
condition? 


Is the stock being subjected to overfishing? The official catch estimate for the most recent complete year 
(2016) is 10,971 t. This is less than the 2016 OFL of 16,128 t. Therefore, the stock is not being subjected 
to overfishing. 


Harvest Scenarios #6 and #7 (Table 3.18) are intended to permit determination of the status of a stock 
with respect to its minimum stock size threshold (MSST). Any stock that is below its MSST is defined to 
be overfished. Any stock that is expected to fall below its MSST in the next two years is defined to be 
approaching an overfished condition. Harvest Scenarios #6 and #7 are used in these determinations as 
follows: 


Is the stock currently overfished? This depends on the stock’s estimated spawning biomass in 2017: 


a. If spawning biomass for 2017 is estimated to be below ½ B35%, the stock is below its MSST. 


b. If spawning biomass for 2017 is estimated to be above B35%, the stock is above its MSST. 


c. If spawning biomass for 2017 is estimated to be above ½ B35% but below B35%, the stock’s status relative 
to MSST is determined by referring to harvest Scenario #6 (Table 3.18). If the mean spawning biomass 
for 2026 is below B35%, the stock is below its MSST. Otherwise, the stock is above its MSST. 


Is the stock approaching an overfished condition? This is determined by referring to harvest Scenario #7 
(Table 3.18): 


a. If the mean spawning biomass for 2019 is below 1/2 B35%, the stock is approaching an overfished 
condition. 


b. If the mean spawning biomass for 2019 is above B35%, the stock is not approaching an overfished 
condition.  


c. If the mean spawning biomass for 2019 is above 1/2 B35% but below B35%, the determination depends on 
the mean spawning biomass for 2029. If the mean spawning biomass for 2029 is below B35%, the stock is 
approaching an overfished condition. Otherwise, the stock is not approaching an overfished condition. 


Based on the above criteria and the results of the seven scenarios in Table 3.18, the stock is not overfished 
and is not approaching an overfished condition. 


Specified catch estimation 
In response to GOA Plan Team minutes in 2010, we have established a consistent methodology for 
estimating current-year and future year catches in order to provide more accurate two-year projections of 
ABC and OFL to management. We explained the methods and gave examples in the 2011 SAFE 
(Hanselman et al. 2011). Going forward, for current year catch, we are applying an expansion factor to 
the official catch on or near October 1 by the 3-year average of catch taken between October 1 and 
December 31 in the last three complete catch years (e.g. 2014-2016 for this year). 


For catch projections into the next two years, we are using the ratio of the last three official catches to the 
last three TACs multiplied against the future two years’ ABCs (if TAC is normally the same as ABC). 
This method results in slightly higher ABCs in each of the future two years of the projection, based on 
both the lower catch in the first year out, and on the amount of catch taken before spawning in the 
projection two years out (because sablefish are currently in Tier 3b). 


Alternative Projection 
We also use an alternative projection that considers uncertainty from the whole model by running 
projections within the model. This projection propagates uncertainty throughout the entire assessment 







procedure and is based on 1,000,000 MCMC (burnt-in and thinned) using the standard Tier 3 harvest 
rules. The projection shows wide credible intervals on future spawning biomass (Figure 3.49). The B35% 
and B40% reference points are based on the 1979-2015 recruitments, and this projection predicts that the 
mean and median spawning biomass will stay below B35% until after 2020, and then return to B40% if 
average recruitment is attained. This projection is run with the same ratio for catch as described in 
Alternative 2 above, except for all future years instead of the next two. 


Additional ABC/ACL considerations 
Achieving optimum yield is the primary goal of fishery management plans under the Magnuson-Stevens 
Act. Optimum yield is described as: 
“The term "optimum", with respect to the yield from a fishery, means the amount of fish which (A) will 
provide the greatest overall benefit to the Nation, particularly with respect to food production and 
recreational opportunities, and taking into account the protection of marine ecosystems; 
(B) is prescribed as such on the basis of the maximum sustainable yield from the fishery, as reduced by 
any relevant economic, social, or ecological factor.”  
Under Tier 3 management, there is no framework for the explicit consideration of uncertainty in setting 
levels of ACL and ABC lower than maxABC. Reductions of maximum fishing mortality levels at low 
levels of spawning biomass relative to the target level is already is already built into the Tier 3 control 
rule. In addition to concerns over low spawning biomass, there are several types of uncertainty that could 
be considered when recommending a lower level for the catch recommendation in order to ensure long 
term optimal yield. The types of uncertainly that might be prudent to consider fall into three broad 
categories: 


1. Data and model uncertainty 


2. Ecosystem uncertainty 


3. Socioeconomic uncertainty 


Data and model uncertainty is what is typically considered first in stock assessment. But even in this case, 
if the uncertainty of model results rises, either due to input data (e.g., survey effort reductions resulting in 
an increased survey CV) or due to process error from environmental fluctuations, there is no formulaic 
way to buffer against this uncertainty in Tier 3. In addition, model uncertainty is usually reported as error 
estimates from a single model, which ignores a host of structural uncertainties associated with model 
misspecification or oversimplifications of complicated population dynamics. 


The second type of uncertainty is broadly called “ecosystem uncertainty.” The components of this 
uncertainty are limitless. However, the critical assumption that governs the importance of this uncertainty 
is that the ecosystem in recent years and the next several years are well represented by historical estimates 
of productivity (i.e., 1977 – present in most groundfish stocks). This assumption can be violated by 
routine events that become more extreme (e.g., El Nino), or rare events, such as the “Warm Blob” of 
2014/2015. If indicators of the ecosystem condition that are specifically related to the growth, 
reproduction, and mortality of a specific species were available, it might be judicious to adjust harvest 
recommendations when conditions appear to be improving, degrading, or exhibiting higher variability. 


The third type of uncertainty, “socioeconomic uncertainty,” is one that is least commonly considered as 
an adjustment to harvest recommendations at the stock assessment level. However, there are situations 
where socioeconomic data used in conjunction with data on the population could aid in optimizing future 
harvest levels. Specifically, integrating data on the size- and age-structure of a population with economic 
value and considerations of catch and market stability could lead to a considerably different estimate of 
optimum yield than strictly a maximum ABC calculation. 


For the 2018 and 2019 ABC recommendations, we consider all three of these types of uncertainty at some 
level to recommend a considerably lower ABC than the maximum allowed by the reference model. 







Data and model uncertainty 
We consider the estimate of the 2014 year class to be the most pertinent uncertainty to consider for the 
immediate recommendations of harvest levels. With only one observation of the 2014 year class as 2-
year-olds in the 2016 longline survey age composition, this estimate is 10x larger than average 
recruitment and 2.5x larger than the previous highest year class (1977). The presence of 2-year-olds in the 
age compositions has always been positively correlated with eventual year-class strength. However, it has 
not always been indicative of the magnitude (Figure 3.50). For example, the 2008 year class showed up 
strongly as 2-year-olds, but has been now determined to be an average year class. Conversely the 1997 
and 2000 year classes were not substantial components of the age composition as 2-year-olds in 1999 or 
2002, but they eventually were estimated to be the largest year classes since our time-series of longline 
survey age compositions began. The strongest (but still not that strong) relationship between 2-year olds 
and eventual recruitment occurs when 2-year-olds are high in the Western GOA portion of the survey 
(Figure 3.51). The presence of 3-year-olds in the age composition was not much better of a predictor of 
eventual recruitment than 2-year-olds Alaska-wide (Figure 3.52). However, the strongest evidence of a 
good year class was the presence of 3-year-olds in the Eastern GOA (Figure 3.53). 


In the assessment model, estimated recruitments are less dependent on the length compositions of the 
longline and GOA trawl surveys than on the longline survey age compositions. Since we have length 
compositions a year earlier than the age compositions we examine them for signals of recruitment, but 
they contribute less to informing recruitment estimates than age compositions. Thus, the model does not 
estimate recruitment before there are age compositions available. Parallel to the analysis shown above 
comparing prevalence of young fish in age compositions, we show a similar analysis using length data for 
presence of small fish in the GOA trawl survey (otoliths are not aged from that survey). 


Examining the length compositions for a select group of trawl survey years shows that 2015 and 2017 
survey catches were dominated by young fish (Figure 3.54). The 2007 survey shows what the size 
composition looks like in the absence of any recent large recruitments. The 2001 survey shows the 
presence of a large group of 1-year-olds (Figure 3.55), but larger fish were much more abundant at that 
time. The 2017 size composition appears to show the presence of several strong modes of fish that appear 
younger than the 2014 year class, but a very low proportion of large fish. 


The proportion of 1-year-olds in the trawl survey lengths do not always predict a strong year class as 
more data are collected. We examined recruitment strength compared to the presence of 1 year olds (<32 
cm) in the Gulf of Alaska trawl survey from 1984-2017 (Figure 3.56). When compared to the 
recruitments aligned with those respective surveys that would have detected them, only the 2001 survey 
detected one year olds at a high level when there was a large year class. Recently, the 2015 and 2017 
trawl surveys appear to be showing very strong presence of 1-year-olds (Figure 3.56). However, because 
trawl survey lengths have not always previously been related to strong recruitment classes, we are unsure 
how to interpret the large number of age-1 fish in 2015 and 2017. 


It is useful to examine the initial size of recruitments and how those estimates changed over time (Figure 
3.57). This is an expanded analysis from Figure 3.45 that runs the retrospective analysis back to 2000 so 
that we can track the progress of estimates of the large 1997 and 2000 year classes over time. These large 
year classes both follow a similar pattern of appearing to be very large for several years after the first 
estimation and then dropping off after they have been observed in the age comps for several years, 
although still remaining above average. This could be related to time-invariant selectivity or an 
unmodeled age-dependent mortality process. 


Finally, it's important to consider the risk to the stock if some unknown process has led to an incorrect 
estimate of the 2014 year class. If the 2014 estimate of recruitment turns out to be just average, but we 
were to take catches equal to the maximum ABCs that the model is projecting, future spawning biomass 
would reach very low levels (Figure 3.58). As an alternative projection, we set the 2014 year class 
equivalent to the 1977 year class which was the previous highest recruitment in the current recruitment 







regime (its value is 40% of the 2014 estimate). This alternative projection results in a much steadier 
forecast of spawning biomass and an earlier return to the B35% level. This pattern suggests multiple above 
average recruitment years are needed to stabilize population trends compared to single large recruitment 
events. 


Ecosystem uncertainty 
There are concerns about increased variability and predictability of the ecosystem. For example, recent 
stock assessment estimates of GOA Pacific cod showed an enormous 2012 year class, which seems to 
have declined severely based on the 2017 GOA bottom trawl survey results. This severe decline could 
have been related to unforeseen environmental factors. A similar phenomenon could happen for sablefish 
because both larval, juvenile, and adult sablefish are well known to be sensitive to ocean temperature for 
both optimal growth and reproduction (e.g., Sogard and Olla 1998, Appendix 3C). While the SAFE 
continues to include the standard Ecosystem Considerations section, a new Ecosystem and 
Socioeconomic Profile (ESP) highlights specific ecosystem indicators that may help explain variability in 
the stock assessment, particularly recruitment (Appendix 3C). This compilation of process studies and 
surveys at smaller scales can help give preliminary hints on future stock productivity. For example, 
samples of body composition in young-of-the-year sablefish might be useful in predicting overwintering 
success. See Appendix 3C for more details on the current conditions of the ecosystem with respect to 
sablefish. 


Socioeconomic uncertainty 
Finally, the economic performance report (Appendix 3C) shows that sablefish ex-vessel value (per pound) 
has been increasing as the ABC and total catch has dropped. This was likely a result of a combination of 
the strength of the U.S. dollar and supply and demand. With the emergence of the 2014 year class and 
numerous small fish in the population, the current size-structure of the population is skewed towards 
smaller fish. Since sablefish value is size dependent and large fish are worth more, harvesting these 
smaller fish will not yield as high of a market value when compared to allowing more of the year class to 
grow several more years (Figure 2 in Appendix 3C). A combination of a much larger catch because of a 
large increase in ABC that consisted of a high proportion of four-year-old fish would likely result in poor 
market conditions and reduced profits (Appendix 3C).  


Summary of considerations 
In summary, while there are clearly positive signs of strong incoming recruitment, there are concerns 
regarding the lack of older fish and spawning biomass, the uncertainty surrounding the estimate of the 
strength of the 2014 year class, and the uncertainty about the environmental conditions that may affect the 
success of the 2014 year class. These concerns warrant additional caution when recommending the 2018 
and 2019 ABCs. It is unlikely that the 2014 year class will be average or below average, but projecting 
catches under the assumption that it is 10x average introduces risk knowing the uncertainty associated 
with this estimate. Only one large year class since 1999 has been observed, and there is only one 
observation of age compositions to support the magnitude of the 2014 year class. Future surveys will help 
determine the magnitude of the 2014 year class and will help detect if there are additional incoming large 
year classes other than the 2014 year class.  


Projections that consider harvesting at the maximum ABC for the next two years, if the 2014 year class is 
actually average, results in future spawning biomass projections that are very low, where depensation 
(reduced productivity at low stock sizes) could occur. Recommending an ABC lower than the maximum 
should result in more of the 2014 year class reaching spawning biomass and achieving higher economic 
value. Because of these additional considerations, we assume that the recent recruitment is equal to the 
previous highest recruitment event in the current regime for projections (1977, which is still 4x average.) 
This results in more precautionary ABC recommendations to buffer for uncertainty until more 







observations of this potentially large year class are made. Because sablefish is an annual assessment, we 
will be able to consider another year of age compositions in 2018 and adjust our strategy accordingly. 


 


Acceptable biological catch recommendation 


Instead of maximum permissible ABC, we recommend a 2018 ABC of 14,957 t, which is 14% higher 
than the 2017 ABC. The maximum permissible ABC for 2018 is 89% higher than the 2017 ABC of 
13,809 t. The 2016 assessment projected a 1% increase in ABC for 2018 from 2017. The author 
recommended ABCs for 2018 and 2019 are lower than maximum permissible ABC for two important 
reasons. First, the 2014 year class is estimated to be 2.5 times higher than any other year class observed in 
the current recruitment regime. Tier 3 stocks have no explicit method to incorporate the uncertainty of 
this new year class into harvest recommendations. To buffer against some of the uncertainty about the 
2014 year class, we assume that it's value is equal to the previous highest recruitment event in the current 
regime for projections (1977, which is still 4x average.) For further explanation and rationale for this 
approach see section Additional ABC/ACL considerations. 


We also recommend a lower ABC than maximum permissible based on estimates of whale depredation 
occurring in the fishery in the same way that recommended and accepted for the 2017 fishery. Because 
we are including inflated survey abundance indices as a result of correcting for sperm whale depredation, 
this decrement is needed in conjunction to appropriately account for depredation on both the survey and 
in the fishery. This ABC is still 14% higher than the 2017 ABC. The methods and calculations are 
described in the Accounting for whale depredation section. 


Survey trends support this moderate increase in ABC relative to last year. There was a substantial 
increase in the domestic longline survey index time series in the last two years, and a large increase in the 
GOA bottom trawl survey. These increases offset the continued decline of the fishery abundance index 
seen in 2016. The fishery abundance index has been trending down since 2007. The International Pacific 
Halibut Commission (IPHC) GOA sablefish index was not used in the model, but was similar to the 2015 
estimate in 2016, up 5% from 2015. The 2008 year class showed potential to be large in previous 
assessments based on patterns in the AFSC survey age and length compositions; this year class is now 
estimated to be about 13% above average. There were preliminary indications of a large incoming 2014 
year class, which were evident in the 2016 longline survey length compositions and now are extremely 
dominant in the 2016 age compositions. This year class appears to be very strong, but year classes have 
sometimes failed to materialize later and the estimate of this year class is uncertain. 
Including the full recruitment estimated for 2014 causes spawning biomass to be projected to climb 
rapidly through 2022, and then is expected to rapidly decrease assuming a return to average recruitment 
after 2014. Maximum permissible ABCs are projected to rapidly increase while authors recommended 
lower ABCs will still increase quickly to 21,648 t in 2019 and 25,836 t in 2020 (see Table 3.18).  


Area allocation of harvests 


The combined ABC has been apportioned to regions using weighted moving average methods since 1993; 
these methods are intended to reduce the magnitude of inter-annual changes in the apportionment. 
Weighted moving average methods are robust to uncertainties about movement rates and measurement 
error of the biomass distribution, while adapting to current information about the biomass distribution. 
The 1993 TAC was apportioned using a 5 year running average with emphasis doubled for the current 
year survey abundance index in weight (relative population weight or RPW). Since 1995, the ABC was 
apportioned using an exponential weighting of regional RPWs. Exponential weighting is implied under 
certain conditions by the Kalman filter. The exponential factor is the measurement error variance divided 
by the prediction error variance (Meinhold and Singpurwalla 1983). Prediction error variance depends on 







the variances of the previous year’s estimate, the process error, and the measurement error. When the 
ratio of measurement error variance to process error variance is r, the exponential factor is equal to 


)114/(21 ++− r  (Thompson 2004). For sablefish we do not estimate these values, but instead set the 
exponential factor at ½, so that, except for the first year, the weight of each year’s value is ½ the weight 
of the following year. The weights are year index 5: 0.0625; 4: 0.0625; 3: 0.1250; 2: 0.2500; 1: 0.5000. A 
(1/2)x weighting scheme, where x is the year index, reduced annual fluctuations in regional ABC, while 
keeping regional fishing rates from exceeding overfishing levels in a stochastic migratory model (J. 
Heifetz, 1999, NOAA, pers. comm.). Because mixing rates for sablefish are sufficiently high and fishing 
rates sufficiently low, moderate variations of biomass-based apportionment would not significantly 
change overall sablefish yield unless there are strong differences in recruitment, growth, and survival by 
area (Heifetz et al. 1997).  
Previously, the Council approved apportionments of the ABC based on survey data alone. Starting with 
the 2000 ABC, the Council approved an apportionment based on survey and fishery data. The fishery and 
survey information were combined to apportion ABC using the following method: The RPWs based on 
the fishery data were weighted with the same exponential weights used to weight the survey data (year 
index 5: 0.0625; 4: 0.0625; 3: 0.1250; 2: 0.2500; 1: 0.5000). The fishery and survey data were combined 
by computing a weighted average of the survey and fishery estimates, with the weight inversely 
proportional to the variability of each data source. The variance for the fishery data has typically been 
twice that of the survey data, so the survey data were weighted twice as much as the fishery data.  
Following the standard apportionment scheme, we have observed that the objective to reduce variability 
in apportionment was not being achieved. Since 2007, the mean change in apportionment by area has 
increased annually (Figure 3.60A). While some of these changes may actually reflect interannual changes 
in regional abundance, they most likely reflect the high movement rates of the population and the high 
variability of our estimates of abundance in the Bering Sea and Aleutian Islands. For example, the 
apportionment for the Bering Sea has varied drastically since 2007, attributable to high variability in both 
survey abundance and fishery CPUE estimates in the Bering Sea (Figure 3.60B). These large annual 
changes in apportionment result in increased variability of ABCs by area, including areas other than the 
Bering Sea (Figure 3.60C). Because of the high variability in apportionment seen in recent years, we do 
not believe the standard method is meeting the goal of reducing the magnitude of interannual changes in 
the apportionment. In addition, there were no data from the observer program in 2017 for fishery CPUE, 
and only logbook data were available. Because of these reasons, we recommended fixing the 
apportionment at the proportions from the 2013 assessment, until the apportionment scheme is thoroughly 
re-evaluated and reviewed. A three-area spatial model which was developed for research into spatial 
biomass (see Movement section) and apportionment showed different regional biomass estimates than 
the status quo and ‘fixed’ apportionment methods which have been used in the past several years for 
apportionment of ABC to sablefish IFQ holders. Because of the higher proportion of biomass estimated in 
the Western area (Bering Sea, Aleutian Islands, and Western Gulf of Alaska), using the spatial model 
biomass for apportionment would have resulted in greater apportionment to the western areas in 2015, 
compared to the recent ‘fixed’ apportionment ratios or the traditional exponentially weighted moving 
average method. Further research on alternative apportionment methods and the tradeoffs is underway. 
Meanwhile, it seems imprudent to move to an interim apportionment or return to the former scheme until 
more satisfactory methods have been identified and evaluated. The 2016 CIE review panel strongly stated 
that there was no immediate biological concern with the current apportionment, given the high mixing 
rates of the stock. Therefore, for 2018, we recommend continuing with the apportionment fixed at 
the proportions used in 2017. 
 







Apportionment Table (before whale depredation adjustments) 


Area 2017 ABC 


Standard 
apportionment 
for 2018 ABC 


Recommended fixed 
apportionment  
for 2018 ABC* 


Difference 
from 2017 


Total 13,509  15,380 15,380 14% 
Bering Sea 1,318  2,686 1,501 14% 
Aleutians 1,783  2,225 2,030 14% 
Gulf of Alaska (subtotal) 10,408  10,469 11,849 14% 
Western 1,457  1,533 1,659 14% 
Central 4,608  4,201 5,246 14% 
W. Yakutat** 1,550  1,765 1,765 14% 
E. Yak. / Southeast** 2,793  2,970 3,179 14% 


* Fixed at the 2013 assessment apportionment proportions (Hanselman et al. 2012b). ** Before 95:5 hook 
and line: trawl split shown below. 
 
Overfishing level (OFL) 
Applying an adjusted F35% as prescribed for OFL in Tier 3b and adjusting for projected whale depredation 
results in a value of 29,507 t for the combined stock. The OFL is apportioned by region, Bering Sea 
(2,887 t), AI (3,917 t), and GOA (22,703 t), by the same method as the ABC apportionment. 


Ecosystem considerations 
Ecosystem considerations for Alaska sablefish are summarized in Table 3.19. This section is currently 
being updated to a new framework termed the Ecosystem-Socioeconomic Profile (ESP). This approach 
utilizes pre-existing data collected through national initiatives to generate an ecosystem baseline of 
information for Alaska sablefish. A baseline ESP would include a stock-specific ecosystem status rating, 
a stock life history conceptual model, a stock profile, and a stock report card of relevant indicators. 
Ecosystem terms of reference (eco-TOR) would also be included to guide priorities for future research 
(Shotwell et al. 2016). This year the ESP for sablefish is completed and attached as Appendix 3C. 


Ecosystem effects on the stock 
Prey population trends 


Young-of-the-year sablefish prey mostly on euphausiids (Sigler et al. 2001) and copepods (Grover and 
Olla 1990), while juvenile and adult sablefish are opportunistic feeders. Larval sablefish abundance has 
been linked to copepod abundance and young-of-the-year abundance may be similarly affected by 
euphausiid abundance because of their apparent dependence on a single species (McFarlane and Beamish 
1992). The dependence of larval and young-of-the-year sablefish on a single prey species may be the 
cause of the observed wide variation in annual sablefish recruitment. No time series is available for 
copepod and euphausiid abundance, so predictions of sablefish abundance based on this predator-prey 
relationship are not possible. 


Juvenile and adult sablefish feed opportunistically, so diets differ throughout their range. In general, 
sablefish < 60 cm consume more euphausiids, shrimp, and cephalopods, while sablefish > 60 cm consume 
more fish (Yang and Nelson 2000). In nearshore southeast Alaska, juvenile sablefish (20-45 cm) diets 
included fish such as Pacific herring and smelts and invertebrates such as krill, amphipods and polychaete 
worms (Coutré et al. 2015). In late summer, juvenile sablefish also consumed post-spawning pacific 
salmon carcass remnants in high volume, revealing opportunistic scavenging (Coutré et al. 2015). In the 
GOA, fish constituted 3/4 of the stomach content weight of adult sablefish with the remainder being 
invertebrates, such as euphausiids, shrimp, and cephalopods (Yang and Nelson 2000). Of the fish found in 
the diets of adult sablefish, pollock were the most abundant item while eulachon, capelin, Pacific herring, 







Pacific cod, Pacific sand lance, and flatfish also were found. Squid were the most important invertebrate 
and euphausiids and jellyfish were also present. In southeast Alaska, juvenile sablefish also consume 
juvenile salmon at least during the summer months (Sturdevant et al. 2009). Off the coast of Oregon and 
California, fish made up 76 percent of the diet (Laidig et al. 1997), while euphausiids dominated the diet 
off the southwest coast of Vancouver Island (Tanasichuk 1997). Off Vancouver Island, herring and other 
fish were increasingly important as sablefish size increased; however, the most important prey item was 
euphausiids. It is unlikely that juvenile and adult sablefish are affected by availability and abundance of 
individual prey species because they are opportunistic feeders. The only likely way prey could affect 
growth or survival of juvenile and adult sablefish is by overall changes in ecosystem productivity.  


Predators/Competitors: The main juvenile sablefish predators are adult coho and chinook salmon, which 
prey on young-of-the-year sablefish during their pelagic stage. Sablefish were the fourth most commonly 
reported prey species in the salmon troll logbook program from 1977 to 1984 (Wing 1985), however the 
effect of salmon predation on sablefish survival is unknown. The only other fish species reported to prey 
on sablefish in the GOA is Pacific halibut; however, sablefish comprised less than 1% of their stomach 
contents (M. Yang, October 14, 1999, NOAA, pers. comm.). Although juvenile sablefish may not be a 
prominent prey item because of their relatively low and sporadic abundance compared to other prey 
items, they share residence on the continental shelf with potential predators such as arrowtooth flounder, 
halibut, Pacific cod, bigmouth sculpin, big skate, and Bering skate, which are the main piscivorous 
groundfishes in the GOA (Yang et al. 2006). It seems possible that predation of sablefish by other fish is 
significant to the success of sablefish recruitment even though they are not a common prey item. 


Sperm whales are likely a major predator of adult sablefish. Fish are an important part of sperm whale 
diet in some parts of the world, including the northeastern Pacific Ocean (Kawakami 1980). Fish have 
appeared in the diets of sperm whales in the eastern AI and GOA. Although fish species were not 
identified in sperm whale diets in Alaska, sablefish were found in 8.3% of sperm whale stomachs off of 
California (Kawakami 1980).  


Sablefish distribution is typically thought to be on the upper continental slope in deeper waters than most 
groundfish. However, during the first two to three years of their life sablefish inhabit the continental shelf. 
Length samples from the NMFS bottom trawl survey suggest that the geographic range of juvenile 
sablefish on the shelf varies dramatically from year to year. In particular, juveniles utilize the Bering Sea 
shelf extensively in some years, while not at all in others (Shotwell et al. 2014). Juvenile sablefish (< 60 
cm FL) prey items overlap with the diet of small arrowtooth flounder. On the continental shelf of the 
GOA, both species consumed euphausiids and shrimp predominantly; these prey items are also prominent 
in the diet of many other groundfish species as well. This diet overlap may cause competition for 
resources between small sablefish and other groundfish species.  


Changes in the physical environment: Mass water movements and temperature changes appear related to 
recruitment success. Above-average recruitment was somewhat more likely with northerly winter currents 
and much less likely for years when the drift was southerly. Recruitment was above average in 61% of the 
years when temperature was above average, but was above average in only 25% of the years when 
temperature was below average. Growth rate of young-of-the-year sablefish is higher in years when 
recruitment is above average (Sigler et al. 2001). Shotwell et al. (2014) showed that colder than average 
wintertime sea surface temperatures in the central North Pacific may represent oceanic conditions that 
create positive recruitment events for sablefish in their early life history. 


Anthropogenic changes in the physical environment: The Essential Fish Habitat Environmental Impact 
Statement (EFH EIS) (NMFS 2005) concluded that the effects of commercial fishing on the habitat of 
sablefish is minimal or temporary in the current fishery management regime primarily based on the 
criterion that sablefish are currently above Minimum Stock Size Threshold (MSST).  


Juvenile sablefish are partly dependent on benthic prey (18% of diet by weight) and the availability of 
benthic prey may be adversely affected by fishing. Little is known about effects of fishing on benthic 







habitat or the habitat requirements for growth to maturity. Although sablefish do not appear to be directly 
dependent on physical structure, reduction of living structure is predicted in much of the area where 
juvenile sablefish reside and this may indirectly reduce juvenile survivorship by reducing prey availability 
or by altering the abilities of competing species to feed and avoid predation.  


Fishery effects on the ecosystem 
Fishery-specific contribution to bycatch of prohibited species, forage species, HAPC biota, marine 
mammals and birds, and other sensitive non-target species: The sablefish fishery catches significant 
portions of the shark and thornyhead rockfish total catch (Table 3.5). The sablefish fishery catches the 
majority of grenadier total catch; the annual amount is variable (Table 3.6). The trend in seabird catch is 
variable, but is substantially low compared to the 1990s, presumably due to widespread use of measures 
to reduce seabird catch. Prohibited species catches (PSC) in the targeted sablefish fisheries are dominated 
by halibut and golden king crab. BSAI and GOA halibut catches in 2017 were below the 2012-2017 
average, while BSAI golden king crab catches were higher in 2017 than the 2012-2017 average (Table 
3.7). Crab catch fluctuates greatly and is largely driven by the amount of pot gear effort that occurs in the 
Aleutian Islands region, which varies from year to year. 


The shift from an open-access to an IFQ fishery has increased catching efficiency which has reduced the 
number of hooks deployed (Sigler and Lunsford 2001). Although the effects of longline gear on bottom 
habitat are poorly known, the reduced number of hooks deployed during the IFQ fishery must reduce the 
effects on benthic habitat. The IFQ fishery likely has also reduced discards of other species because of the 
slower pace of the fishery and the incentive to maximize value from the catch. 


Fishery-specific concentration of target catch in space and time relative to predator needs in space and 
time (if known) and relative to spawning components: The sablefish fishery largely is dispersed in space 
and time. The longline fishery lasts 8-1/2 months. The quota is apportioned among six regions of Alaska. 


Fishery-specific effects on amount of large size target fish: The longline fishery catches mostly medium 
and large-size fish which are typically mature. Length frequencies from the pot fishery in the BSAI are 
very similar to the longline fishery. The trawl fishery, which on average accounts for about 10% of the 
total catch, often catches slightly smaller fish. The trawl fishery typically occurs on the continental shelf 
where juvenile sablefish sometimes occur. Catching these fish as juveniles reduces the yield available 
from each recruit.  


Fishery-specific contribution to discards and offal production: Discards of sablefish in the longline 
fishery are small, typically less than 5% of total catch (Table 3.4). The catch of sablefish in the longline 
fishery typically consists of a high proportion of sablefish, 90% or more. However, at times grenadiers 
may be a significant catch and they are almost always discarded. 


Fishery-specific effects on age-at-maturity and fecundity of the target species: The shift from an open-
access to an IFQ fishery has decreased harvest of immature fish and improved the chance that individual 
fish will reproduce at least once (Sigler and Lunsford 2001). 


Fishery-specific effects on EFH non-living substrate: The primary fishery for sablefish is with longline 
gear. While it is possible that longlines could move small boulders it is unlikely fishing would persist 
where this would often occur. Relative to trawl gear, a significant effect of longlines on bedrock, cobbles, 
or sand is unlikely. 


Economic performance 
This year the economic performance report is included in the ESP (Appendix 3C). This report is intended 
to show a summary of the economic data pertinent to sablefish. The report shows that the sablefish fishery 
yielded a first wholesale  value of $99 million in 2016. 







 


Data gaps and research priorities 
There is little information on early life history of sablefish and recruitment processes. A better 
understanding of juvenile distribution, habitat utilization, and species interactions would improve 
understanding of the processes that determine the productivity of the stock. Better estimation of 
recruitment and year class strength would improve assessment and management of the sablefish 
population.  


Future sablefish research is going to focus on several directions: 


1) Evaluating different apportionment strategies for the ABC. 


2) Refine fishery abundance index to utilize a core fleet, and identify covariates that affect catch 
rates. 


3) Consider new strategies for incorporating annual growth data. 


4) Re-examine selectivity assumptions, particularly the GOA trawl survey 


5) Continue to explore the use of environmental data to aid in determining recruitment. 


6) We are developing a spatially explicit research assessment model that includes movement, which 
will help in examining smaller-scale population dynamics while retaining a single stock 
hypothesis Alaska-wide sablefish model. This is to include a management strategy evaluation of 
apportionment strategies. 
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Tables 
Table 3.1. Alaska sablefish catch (t). The values include landed catch and discard estimates. Discards 
were estimated for U.S. fisheries before 1993 by multiplying reported catch by 2.9% for fixed gear and 
26.9% for trawl gear (1994-1997 averages) because discard estimates were unavailable. Eastern includes 
West Yakutat and East Yakutat / Southeast. 2017 catches are as of October 1, 2017 (www.akfin.org). 


  BY AREA BY GEAR 
Year Grand 


total 
Bering 


Sea 
Aleu-
tians 


Western Central Eastern West 
Yakutat 


East 
Yak/SEO 


Un-
known 


Fixed Trawl 


1960 3,054 1,861 0 0 0 1,193   0 3,054 0 
1961 16,078 15,627 0 0 0 451   0 16,078 0 
1962 26,379 25,989 0 0 0 390   0 26,379 0 
1963 16,901 13,706 664 266 1,324 941   0 10,557 6,344 
1964 7,273 3,545 1,541 92 955 1,140   0 3,316 3,957 
1965 8,733 4,838 1,249 764 1,449 433   0 925 7,808 
1966 15,583 9,505 1,341 1,093 2,632 1,012   0 3,760 11,823 
1967 19,196 11,698 1,652 523 1,955 3,368   0 3,852 15,344 
1968 30,940 14,374 1,673 297 1,658 12,938   0 11,182 19,758 
1969 36,831 16,009 1,673 836 4,214 14,099   0 15,439 21,392 
1970 37,858 11,737 1,248 1,566 6,703 16,604   0 22,729 15,129 
1971 43,468 15,106 2,936 2,047 6,996 16,382   0 22,905 20,563 
1972 53,080 12,758 3,531 3,857 11,599 21,320   15 28,538 24,542 
1973 36,926 5,957 2,902 3,962 9,629 14,439   37 23,211 13,715 
1974 34,545 4,258 2,477 4,207 7,590 16,006   7 25,466 9,079 
1975 29,979 2,766 1,747 4,240 6,566 14,659   1 23,333 6,646 
1976 31,684 2,923 1,659 4,837 6,479 15,782   4 25,397 6,287 
1977 21,404 2,718 1,897 2,968 4,270 9,543   8 18,859 2,545 
1978 10,394 1,193 821 1,419 3,090 3,870   1 9,158 1,236 
1979 11,814 1,376 782 999 3,189 5,391   76 10,350 1,463 
1980 10,444 2,205 275 1,450 3,027 3,461   26 8,396 2,048 
1981 12,604 2,605 533 1,595 3,425 4,425   22 10,994 1,610 
1982 12,048 3,238 964 1,489 2,885 3,457   15 10,204 1,844 
1983 11,715 2,712 684 1,496 2,970 3,818   35 10,155 1,560 
1984 14,109 3,336 1,061 1,326 3,463 4,618   305 10,292 3,817 
1985 14,465 2,454 1,551 2,152 4,209 4,098   0 13,007 1,457 
1986 28,892 4,184 3,285 4,067 9,105 8,175   75 21,576 7,316 
1987 35,163 4,904 4,112 4,141 11,505 10,500   2 27,595 7,568 
1988 38,406 4,006 3,616 3,789 14,505 12,473   18 29,282 9,124 
1989 34,829 1,516 3,704 4,533 13,224 11,852   0 27,509 7,320 
1990 32,115 2,606 2,412 2,251 13,786 11,030   30 26,598 5,518 
1991 26,536 1,209 2,190 1,931 11,178 9,938 4,069 5,869 89 23,438 3,097 
1992 24,042 613 1,553 2,221 10,355 9,158 4,408 4,750 142 21,131 2,910 
1993 25,417 669 2,078 740 11,955 9,976 4,620 5,356 0 22,912 2,506 
1994 23,580 694 1,727 539 9,377 11,243 4,493 6,750 0 20,642 2,938 
1995 20,692 930 1,119 1,747 7,673 9,223 3,872 5,352 0 18,079 2,613 
1996 17,393 648 764 1,649 6,773 7,558 2,899 4,659 0 15,206 2,187 
1997 14,607 552 781 1,374 6,234 5,666 1,930 3,735 0 12,976 1,632 
1998 13,874 563 535 1,432 5,922 5,422 1,956 3,467 0 12,387 1,487 
1999 13,587 675 683 1,488 5,874 4,867 1,709 3,159 0 11,603 1,985 
2000 15,570 742 1,049 1,587 6,173 6,020 2,066 3,953 0 13,551 2,019 
2001 14,065 864 1,074 1,588 5,518 5,021 1,737 3,284 0 12,281 1,783 
2002 14,748 1,144 1,119 1,865 6,180 4,441 1,550 2,891 0 12,505 2,243 
2003 16,411 1,012 1,118 2,118 6,994 5,170 1,822 3,347 0 14,351 2,060 
2004 17,520 1,041 955 2,173 7,310 6,041 2,241 3,801 0 15,864 1,656 
2005 16,585 1,070 1,481 1,930 6,706 5,399 1,824 3,575 0 15,029 1,556 
2006 15,551 1,078 1,151 2,151 5,921 5,251 1,889 3,362 0 14,305 1,246 
2007 15,958 1,182 1,169 2,101 6,004 5,502 2,074 3,429 0 14,723 1,235 
2008 14,552 1,141 899 1,679 5,495 5,337 2,016 3,321 0 13,430 1,122 
2009 13,062 916 1,100 1,423 4,967 4,656 1,831 2,825 0 12,005 1,057 
2010 11,931 753 1,047 1,354 4,508 4,269 1,578 2,690 0 10,927 1,004 
2011 12,978 707 1,026 1,400 4,924 4,921 1,897 3,024 0 11,799 1,179 
2012 13,869 743 1,205 1,353 5,329 5,238 2,033 3,205 0 12,767 1,102 
2013 13,645 634 1,063 1,384 5,211 5,352 2,105 3,247 0 12,607 1,037 
2014 11,588 314 821 1,202 4,756 4,495 1,673 2,822 0 10,562 1,025 
2015 10,973 211 431 1,014 4,647 4,670 1,840 2,829 0 9,888 1,085 
2016 10,257 532 349 1,058 4,198 4,120 1,656 2,463 0 8,919 1,338 
2017 10,670 1,110 470 963 4,082 4,044 1,606 2,438 0 8,712 1,958 







Table 3.2. Catch (t) in the Aleutian Islands and the Bering Sea by gear type from 1991-2017. Both CDQ 
and non-CDQ catches are included. Catches in 1991-1999 are averages. Catch as of October 1, 2017 
(www.akfin.org). 


Aleutian Islands 
Year Pot Trawl Longline Total 


1991-1999 6 73 1,210 1,289 
2000 103  33  913  1,049  
2001 111  39  925  1,074  
2002 105  39  975  1,119  
2003 316  42  760  1,118  
2004 384  32  539  955  
2005 688  115  679  1,481  
2006 461  60  629  1,151  
2007 632  40  496  1,169  
2008 177  76  646  899  
2009 78  75  947  1,100  
2010 59 74 914 1,047 
2011 141 47 838 1,026 
2012 77 148 979 1,205 
2013 87 58 918 1,063 
2014 160 26 635 821 
2015 12 15 403 431 
2016 21 30 298 349 
2017 209 86 176 470 


Bering Sea 
1991-1999 5 189 539 733 


2000 40  284  418  742  
2001 106  353  405  864  
2002 382  295  467  1,144  
2003 363  231  417  1,012  
2004 435  293  313  1,041  
2005 595  273  202  1,070  
2006 621  84  373  1,078  
2007 879 92 211 1,182 
2008 754 183 204 1,141 
2009 557 93 266 916 
2010 450 30 273 753 
2011 405 44 257 707 
2012 432 93 218 743 
2013 352 133 149 634 
2014 164 34 115 314 
2015 108 17 86 211 
2016 158 257 116 532 
2017 336 677 97 1,110 







Table 3.3. Summary of management measures with time series of catch, ABC, OFL, and TAC. 
Year Catch(t) OFL ABC TAC  Management measure 


1980 10,444   18,000  


Amendment 8 to the Gulf of Alaska Fishery Management Plan 
established the West and East Yakutat management areas for 


sablefish. 
1981 12,604   19,349        
1982 12,048   17,300        
1983 11,715   14,480        
1984 14,109   14,820        


1985 14,465   13,480  


Amendment 14 of the GOA FMP allocated sablefish quota by gear 
type: 80% to fixed gear and 20% to trawl gear in WGOA and CGOA 


and 95% fixed to 5% trawl in the EGOA. 
1986 28,892   21,450  Pot fishing banned in Eastern GOA. 
1987 35,163   27,700  Pot fishing banned in Central GOA. 
1988 38,406   36,400        
1989 34,829   32,200  Pot fishing banned in Western GOA. 


1990 32,115   33,200  


Amendment 15 of the BSAI FMP allocated sablefish quota by gear 
type: 50% to fixed gear in and 50% to trawl in the EBS, and 75% 


fixed to 25% trawl in the Aleutian Islands. 
1991 26,536   28,800        
1992 24,042   25,200  Pot fishing banned in Bering Sea (57 FR 37906). 
1993 25,417   25,000        
1994 23,580   28,840        


1995 20,692   25,300  


Amendment 20 to the Gulf of Alaska Fishery Management Plan and 
15 to the Bering Sea/Aleutian Islands Fishery Management Plan 


established IFQ management for sablefish beginning in 1995. These 
amendments also allocated 20% of the fixed gear allocation of 


sablefish to a CDQ reserve for the Bering Sea and Aleutian Islands. 
1996 17,393   19,380  Pot fishing ban repealed in Bering Sea except from June 1-30. 


1997 14,607 27,900 19,600 17,200  
Maximum retainable allowances for sablefish were revised in the Gulf 


of Alaska. The percentage depends on the basis species. 
1998 13,874 26,500 16,800 16,800        
1999 13,587 24,700 15,900 15,900        
2000 15,570 21,400 17,300 17,300        
2001 14,065 20,700 16,900 16,900        
2002 14,748 26,100 17,300 17,300        
2003 16,411 28,900 18,400 20,900        
2004 17,520 30,800 23,000 23,000        
2005 16,585 25,400 21,000 21,000        
2006 15,551 25,300 21,000 21,000        
2007 15,958 23,750 20,100 20,100        
2008 14,552 21,310 18,030 18,030  Pot fishing ban repealed in Bering Sea for June 1-30 (74 FR 28733). 
2009 13,062 19,000 16,080 16,080   
2010 11,931 21,400 15,230 15,230   
2011 12,978 20,700 16,040 16,040   
2012 13,869 20,400 17,240 17,240   
2013 13,645 19,180 16,230 16,230   
2014 11,588 16,225 13,722 13,722   
2015 10,973 16,128 13,657 13,657  NPFMC passes Amendment 101 to allow pot fishing in the GOA 
2016 10,257 13,397 11,795 11,795  Whale depredation accounted for in survey and fishery 
2017 10,670 15,428 13,083 13,083  Pot fishing begins in the GOA 







Table 3.4. Discarded catches of sablefish (amount [t], percent of total catch, total catch [t]) by gear 
(H&L=hook & line, Other = Pot, trawl, and jig, combined for confidentiality) by FMP area for 2010-
2017. Source: NMFS Alaska Regional Office via AKFIN, October 1, 2017. 


   
BSAI 


  
GOA 


  
Combined 


 Year Gear Discard %Discard Catch Discard %Discard Catch Discard %Discard Catch 
2010 H&L 37 3.08% 1,187 371 4.02% 9,231 408 3.92% 10,418 
  Other 5 0.88% 613 47 5.27% 900 53 3.49% 1,514 
  Total 42 2.33% 1,800 419 4.13% 10,131 461 3.86% 11,931 
2011 H&L 21 1.89% 1,096 396 3.90% 10,148 417 3.71% 11,243 
  Other 8 1.31% 638 179 16.33% 1,097 187 10.81% 1,735 
  Total 29 1.67% 1,733 575 5.12% 11,245 604 4.66% 12,978 
2012 H&L 13 1.10% 1,197 253 2.29% 11,060 266 2.17% 12,257 
  Other 13 1.67% 751 65 7.52% 861 77 4.80% 1,612 
  Total 26 1.32% 1,948 318 2.67% 11,921 344 2.48% 13,869 
2013 H&L 28 2.62% 1,067 598 5.39% 11,101 626 5.15% 12,168 
  Other 4 0.59% 630 48 5.62% 846 51 3.47% 1,476 
  Total 32 1.86% 1,697 646 5.41% 11,947 678 4.97% 13,645 
2014 H&L 40 5.29% 750 441 4.65% 9,486 480 4.69% 10,236 
  Other 1 0.34% 385 78 8.10% 967 80 5.89% 1,351 
  Total 41 3.61% 1,135 519 4.97% 10,453 560 4.83% 11,588 
2015 H&L 14 2.93% 489 593 6.40% 9,277 608 6.22% 9,766 
  Other 5 3.48% 153 184 17.43% 1,054 189 15.67% 1,207 
  Total 20 3.06% 642 777 7.52% 10,331 797 7.26% 10,972 
2016 H&L 77 18.54% 415 653 7.85% 8,316 730 8.36% 8,731 
  Other 9 1.86% 466 191 17.98% 1,060 199 13.05% 1,526 
  Total 86 9.71% 881 843 8.99% 9,376 929 9.06% 10,257 
2017 H&L 47 17.23% 273 431 5.97% 7,215 478 6.38% 7,488 
  Other 173 13.21% 1,307 335 17.87% 1,875 508 15.96% 3,183 
  Total 220 13.90% 1,580 766 8.43% 9,090 986 9.24% 10,670 
2010-2017 H&L 35 4.27% 809 467 4.93% 9,479 502 4.88% 10,288 
Mean Other 27 4.41% 618 141 13.01% 1,083 168 9.88% 1,700 
  Total 62 4.33% 1,427 608 5.76% 10,562 670 5.59% 11,989 
 







 
Table 3.5. Bycatch (t) of FMP Groundfish species in the targeted sablefish fishery averaged from 2012-
2017. Other = Pot and trawl combined because of confidentiality. Source: AKFIN, October 1, 2017 


 Hook and Line Other Gear All Gear 


Species Discard Retained Total Discard Retained Total Discard Retained Total 


GOA Thornyhead Rockfish 219 451 670 6 24 31 225 476 701 
Shark 454 1 454 0 0 0 454 1 455 
GOA Shortraker Rockfish 159 100 259 10 1 12 169 102 271 
Arrowtooth Flounder 156 14 170 64 11 74 220 25 244 
GOA Skate, Other 192 2 194 1 0 1 193 2 195 
GOA Skate, Longnose 182 12 194 0 0 0 183 12 194 
GOA Rougheye Rockfish 84 83 168 1 2 3 85 85 170 
Other Rockfish 63 68 131 1 1 2 63 69 132 
Pacific Cod 64 37 100 0 3 4 64 40 104 
BSAI Skate 51 1 52 0 0 0 51 1 52 
GOA Deep Water Flatfish 14 0 14 22 7 29 35 8 43 
Greenland Turbot 19 12 31 3 1 3 22 13 35 
BSAI Kamchatka Flounder 16 2 17 2 4 6 18 5 23 
Pollock 2 0 2 9 6 15 12 6 18 
Sculpin 15 0 15 0 0 0 16 0 16 
BSAI Other Flatfish 6 0 6 1 9 9 7 9 15 
GOA Demersal Shelf Rockfish 1 10 11 0 0 0 1 10 11 
BSAI Shortraker Rockfish 6 3 9 0 0 0 7 3 10 
GOA Skate, Big 8 1 8 0 0 0 8 1 8 
Pacific Ocean Perch 2 0 2 1 5 5 3 5 8 
GOA Rex Sole 0 0 0 6 1 7 6 1 7 
Octopus 6 0 6 1 0 1 6 0 6 
GOA Shallow Water Flatfish 4 0 4 0 1 1 4 1 5 







Table 3.6. Bycatch of nontarget species and HAPC biota in the targeted sablefish fishery. Source: NMFS 
AKRO Blend/Catch Accounting System via AKFIN, October 1, 2017. 


 Estimated Catch (mt) 
Group Name 2011 2012 2013 2014 2015 2016 2017 
Benthic urochordata 0.13 1.24 0 0 0.49 0 1.03 
Brittle star unidentified 0.47 4.65 0.10 0.67 2.09 0.34 0.52 
Corals Bryozoans 5.65 7.64 12.67 5.15 4.51 5.97 1.43 
Eelpouts 0.64 0.63 1.13 0.79 0.24 1.08 3.29 
Grenadiers 8,464 8,555 11,523 5,985 5,805 7,402 5,081 
Invertebrate unidentified 2.26 7.72 0.18 0.11 0.55 0.21 0.10 
Large sculpins 0 5.16 0 0 0 0 0 
Misc crabs 5.51 0.33 5.84 6.39 3.50 4.87 3.92 
Misc fish 8.81 10.93 31.43 27.44 17.62 16.01 15.61 
Scypho jellies 0.68 0.00 0.00 5.50 0.24 0.18 0.02 
Sea anemone unidentified 3.53 1.02 0.95 3.10 14.25 1.79 1.57 
Sea pens whips 1.66 0.28 0.36 2.26 2.86 1.29 0.96 
Sea star 3.74 3.11 15.76 11.47 9.68 9.02 18.02 
Snails 19.68 12.16 8.83 3.68 3.37 0.18 2.37 
Sponge unidentified 2.14 0.97 3.39 1.67 3.48 0.50 0.68 
State-managed Rockfish 0 0 0.14 0.12 0.09 0.22 0.67 
Urchins, dollars, cucumbers 0.26 0.79 0.87 0.79 2.49 0.22 0.18 







Table 3.7. Prohibited Species Catch (PSC) estimates reported in tons for halibut and numbers of animals 
for crab and salmon, by year, and fisheries management plan (BSAI or GOA) for the sablefish fishery. 
Other = Pot and trawl combined because of confidentiality. Source: NMFS AKRO Blend/Catch 
Accounting System PSCNQ via AKFIN, October 1, 2017.  


  BSAI 


Hook 
and 
Line 


Year Bairdi Chinook Golden KC Halibut 
Other 


salmon Opilio Red KC 
2012 5 4 286 35 0 6 43 
2013 0 0 17,055 11 0 121 0 


 
2014 365 0 858 20 0 314 0 


 
2015 0 0 3,572 7 0 1,689 0 


 
2016 0 0 29,032 1 0 26 0 


 2017 142 0 11,697 6 0 14 18 


 
Mean 565 0 15,789 14 0 351 62 


Other 2012 179 0 13,000 10 0 419 13 


 
2013 183 4 13,287 45 0 425 56 


 
2014 5 4 286 35 0 6 43 


 
2015 0 0 17,055 11 0 121 0 


 
2016 365 0 858 20 0 314 0 


 2017 0 0 3,572 7 0 1,689 0 


 
Mean 


 
0 0 29,032 1 0 26 0 


BSAI Mean 183 4 13,287 45 0 425 56 


 
GOA 


Hook 
and 
Line 


 
 
 
 


 
 


2012 0 0 23 602 0 0 0 
2013 82 0 93 272 0 0 21 
2014 6 0 39 250 0 0 0 


 
2015 164 0 38 292 0 0 12 


 
2016 0 0 39 277 0 0 0 


 2017 25 0 72 301 0 0 0 


 
Mean


 
46 0 51 333 0 0 6 


Other 2012 0 0 9 5 0 0 0 


 
2013 0 0 0 12 12 0 0 


 
2014 0 0 18 2 0 0 0 


 
2015 25 0 0 3 0 0 0 


 
2016 2 0 47 11 0 0 0 


 2017 162 0 0 10 0 0 0 


 
Mean 


 
5 0 15 6 2 0 0 


GOA Mean 
 


78 0 63 340 2 0 6 







Table 3.8. Sample sizes for aged fish and length data collected from Alaska sablefish. Japanese fishery 
data from Sasaki (1985), U.S. fishery data from the observer databases, and longline survey data from 
longline survey databases. Trawl survey data from AKFIN. All fish were sexed before measurement, 
except for the Japanese fishery data. 
 LENGTH AGE 


Year 


U.S. NMFS 
trawl survey 


(GOA) 
Japanese fishery 
Trawl  Longline    


U.S. fishery 
Trawl     Fixed    


Cooperative 
longline 
survey 


Domestic 
longline 
survey 


Cooperative 
longline 
survey 


Domestic 
longline 
survey 


U.S. fixed 
gear  


fishery 
1963   30,562        
1964  3,337 11,377        
1965  6,267 9,631        
1966  27,459 13,802        
1967  31,868 12,700        
1968  17,727         
1969  3,843         
1970  3,456         
1971  5,848 19,653        
1972  1,560 8,217        
1973  1,678 16,332        
1974   3,330        
1975           
1976   7,704        
1977   1,079        
1978   9,985        
1979   1,292   19,349     
1980   1,944   40,949     
1981      34,699  1,146   
1982      65,092     
1983      66,517  889   
1984 12,964     100,029     
1985      125,129  1,294   
1986      128,718     
1987 9,610     102,639  1,057   
1988      114,239     
1989      115,067  655   
1990 4,969   1,229 32,936 78,794 101,530    
1991    721 28,182 69,653 95,364 902   
1992    0 20,929 79,210 104,786    
1993 7,168   468 21,943 80,596 94,699 1,178   
1994    89 11,914 74,153 70,431    
1995    87 17,735  80,826    
1996 4,615   239 14,416  72,247  1,176  
1997    0 20,330  82,783  1,214  
1998    35 8,932  57,773  1,191  
1999 4,281   1,268 28,070  79,451  1,186 1,141 
2000    472 32,208  62,513  1,236 1,152 
2001    473 30,315  83,726  1,214 1,003 
2002    526 33,719  75,937  1,136 1,059 
2003 5,003   503 36,077  77,678  1,128 1,185 
2004    694 31,199  82,767  1,185 1,145 
2005 4,901   2,306 36,213  74,433  1,074 1,164 
2006    721 32,497  78,625  1,178 1,154 
2007 3,773   860 29,854  73,480  1,174 1,115 
2008    2,018 23,414  71,661  1,184 1,164 
2009 3,934   1,837 24,674  67,978  1,197 1,126 
2010    1,634 24,530  75,010  1,176 1,159 
2011 2,114   1,877 22,659  87,498  1,199 1,190 
2012    2,533 22,203  63,116  1,186 1,165 
2013 1,249   2,674 16,093  51,586  1,190 1,157 
2014    2,210 19,524  52,290  1,183 1,126 
2015 3,472   2,320 20,056  52,110  1,190 1,176 
2016    1,630 12,857  63,232  1,197 1,176 
2017 4,157      71,202    







Table 3.9. Average catch rate (pounds/hook) for fishery data by year and region. SE = standard error, CV 
= coefficient of variation. C = confidential due to less than three vessels or sets. These data are still used 
in the combined index. NA indicates that there was no data. 


Observer Fishery Data 
Aleutian Islands-Observer  Bering Sea-Observer 


Year CPUE SE CV Sets Vessels  Year CPUE SE CV Sets Vessels 
1990 0.53 0.05 0.10 193 8  1990 0.72 0.11 0.15 42 8 
1991 0.50 0.03 0.07 246 8  1991 0.28 0.06 0.20 30 7 
1992 0.40 0.06 0.15 131 8  1992 0.25 0.11 0.43 7 4 
1993 0.28 0.04 0.14 308 12  1993 0.09 0.03 0.36 4 3 
1994 0.29 0.05 0.18 138 13  1994 C C C 2 2 
1995 0.30 0.04 0.14 208 14  1995 0.41 0.07 0.17 38 10 
1996 0.23 0.03 0.12 204 17  1996 0.63 0.19 0.30 35 15 
1997 0.35 0.07 0.20 117 9  1997 C C C 0 0 
1998 0.29 0.05 0.17 75 12  1998 0.17 0.03 0.18 28 9 
1999 0.38 0.07 0.17 305 14  1999 0.29 0.09 0.32 27 10 
2000 0.29 0.03 0.11 313 15  2000 0.28 0.09 0.31 21 10 
2001 0.26 0.04 0.15 162 9  2001 0.31 0.02 0.07 18 10 
2002 0.32 0.03 0.11 245 10  2002 0.10 0.02 0.22 8 4 
2003 0.26 0.04 0.17 170 10  2003 C C C 8 2 
2004 0.21 0.04 0.21 138 7  2004 0.17 0.05 0.31 9 4 
2005 0.15 0.05 0.34 23 6  2005 0.23 0.02 0.16 9 6 
2006 0.23 0.04 0.16 205 11  2006 0.17 0.05 0.21 68 15 
2007 0.35 0.10 0.29 198 7  2007 0.28 0.05 0.18 34 8 
2008 0.37 0.04 0.10 247 6  2008 0.38 0.22 0.58 12 5 
2009 0.29 0.05 0.22 335 10  2009 0.14 0.04 0.21 24 5 
2010 0.27 0.04 0.14 459 12   2010 0.17 0.03 0.19 42 8 
2011 0.25 0.05 0.19 401 9   2011 0.10 0.01 0.13 12 4 
2012 0.25 0.10 0.15 363 8  2012 C C C 6 1 
2013 0.28 0.06 0.22 613 7  2013 0.21 0.10 0.46 27 5 
2014 0.24 0.04 0.18 487 6  2014 0.25 0.12 0.48 8 3 
2015 0.22 0.07 0.30 349 3  2015 0.10 0.07 0.66 4 3 
2016 C C C 184 2  2016 NA     
 







 
Table 3.9 (cont.) 


Western Gulf-Observer  Central Gulf-Observer 
Year CPUE SE CV Sets Vessels  Year CPUE SE CV Sets Vessels 
1990 0.64 0.14 0.22 178 7  1990 0.54 0.04 0.07 653 32 
1991 0.44 0.06 0.13 193 16  1991 0.62 0.06 0.09 303 24 
1992 0.38 0.05 0.14 260 12  1992 0.59 0.05 0.09 335 19 
1993 0.35 0.03 0.09 106 12  1993 0.60 0.04 0.07 647 32 
1994 0.32 0.03 0.10 52 5  1994 0.65 0.06 0.09 238 15 
1995 0.51 0.04 0.09 432 22  1995 0.90 0.07 0.08 457 41 
1996 0.57 0.05 0.10 269 20  1996 1.04 0.07 0.07 441 45 
1997 0.50 0.05 0.10 349 20  1997 1.07 0.08 0.08 377 41 
1998 0.50 0.03 0.07 351 18  1998 0.90 0.06 0.06 345 32 
1999 0.53 0.07 


 
0.12 244 14  1999 0.87 0.08 0.10 269 28 


2000 0.49 0.06 0.13 185 12  2000 0.93 0.05 0.06 319 30 
2001 0.50 0.05 0.10 273 16  2001 0.70 0.04 0.06 347 31 
2002 0.51 0.05 0.09 348 15  2002 0.84 0.07 0.08 374 29 
2003 0.45 0.04 0.10 387 16  2003 0.99 0.07 0.07 363 34 
2004 0.47 0.08 0.17 162 10  2004 1.08 0.10 0.09 327 29 
2005 0.58 0.07 0.13 447 13  2005 0.89 0.06 0.07 518 32 
2006 0.42 0.04 0.13 306 15  2006 0.82 0.06 0.08 361 33 
2007 0.37 0.04 0.11 255 12  2007 0.93 0.06 0.07 289 30 
2008 0.46 0.07 0.16 255 11  2008 0.84 0.07 0.08 207 27 
2009 0.44 0.09 0.21 208 11  2009 0.77 0.06 0.07 320 33 
2010 0.42 0.06 0.14 198 10   2010 0.80 0.05 0.07 286 31 
2011 0.54 0.12 0.22 196 12   2011 0.85 0.08 0.10 213 28 
2012 0.38 0.04 0.11 147 13  2012 0.74 0.07 0.09 298 27 
2013 0.34 0.02 0.06 325 18  2013 0.51 0.05 0.10 419 34 
2014 0.41 0.06 0.15 190 16  2014 0.56 0.03 0.05 585 57 
2015 0.36 0.07 0.18 185 14  2015 0.52 0.04 0.08 793 54 
2016 0.21 0.02 0.09 251 15  2016 0.44 0.03 0.06 732 55 
 







 
Table 3.9 (cont.) 


 West Yakutat-Observer  East Yakutat/SE-Observer 
Year CPUE SE CV Sets Vessels  Year CPUE SE CV Sets Vessels 
1990 0.95 0.24 0.25 75 9  1990 C C C 0 0 
1991 0.65 0.07 0.10 164 12  1991 C C C 17 2 
1992 0.64 0.18 0.27 98 6  1992 C C C 20 1 
1993 0.71 0.07 0.10 241 12  1993 C C C 26 2 
1994 0.65 0.17 0.27 81 8  1994 C C C 5 1 
1995 1.02 0.10 0.10 158 21  1995 1.45 0.20 0.14 101 19 
1996 0.97 0.07 0.07 223 28  1996 1.20 0.11 0.09 137 24 
1997 1.16 0.11 0.09 126 20  1997 1.10 0.14 0.13 84 17 
1998 1.21 0.10 0.08 145 23  1998 1.27 0.12 0.10 140 25 
1999 1.20 0.15 0.13 110 19  1999 0.94 0.12 0.13 85 11 
2000 1.28 0.10 0.08 193 32  2000 0.84 0.13 0.16 81 14 
2001 1.03 0.07 0.07 184 26  2001 0.84 0.08 0.09 110 14 
2002 1.32 0.13 0.10 155 23  2002 1.20 0.23 0.19 121 14 
2003 1.36 0.10 0.07 216 27  2003 1.29 0.13 0.10 113 19 
2004 1.23 0.09 0.08 210 24  2004 1.08 0.10 0.09 135 17 
2005 1.32 0.09 0.07 352 24  2005 1.18 0.13 0.11 181 16 
2006 0.96 0.10 0.10 257 30  2006 0.93 0.11 0.11 104 18 
2007 1.02 0.11 0.11 208 24  2007 0.92 0.15 0.17 85 16 
2008 1.40 0.12 0.08 173 23  2008 1.06 0.13 0.12 103 17 
2009 1.34 0.12 0.09 148 23  2009 0.98 0.12 0.12 94 13 
2010 1.11 0.09 0.08 136 22   2010 0.97 0.17 0.17 76 12 
2011 1.18 0.09 0.07 186 24  2011 0.98 0.09 0.10 196 16 
2012 0.97 0.09 0.10 255 24  2012 0.93 0.11 0.12 104 15 
2013 1.11 0.15 0.13 109 20  2013 0.91 0.12 0.14 165 22 
2014 0.83 0.07 0.09 149 22  2014 0.88 0.08 0.09 207 33 
2015 0.96 0.08 0.08 278 39  2015 0.86 0.04 0.05 296 51 
2016 0.76 0.07 0.09 140 25  2016 0.66 0.05 0.08 228 46 


 







 
Table 3.9 (cont.) 


Aleutian Islands-Logbook  Bering Sea-Logbook 
Year CPUE SE CV Sets Vessels  Year CPUE SE CV Sets Vessels 
1999 0.29 0.04 0.15 167 15  1999 0.56 0.08 0.14 291 43 
2000 0.24 0.05 0.21 265 16  2000 0.21 0.05 0.22 169 23 
2001 0.38 0.16 0.41 36 5  2001 0.35 0.11 0.33 61 8 
2002 0.48 0.19 0.39 33 5  2002 C C C 5 2 
2003 0.36 0.11 0.30 139 10  2003 0.24 0.13 0.53 25 6 
2004 0.45 0.11 0.25 102 7  2004 0.38 0.09 0.24 202 8 
2005 0.46 0.15 0.33 109 8  2005 0.36 0.07 0.19 86 10 
2006 0.51 0.16 0.31 61 5  2006 0.38 0.07 0.18 106 9 
2007 0.38 0.22 0.58 61 3  2007 0.37 0.08 0.21 147 8 
2008 0.30 0.03 0.12 119 4  2008 0.52 0.20 0.39 94 7 
2009 0.23 0.07 0.06 204 7  2009 0.25 0.04 0.14 325 18 
2010 0.25 0.05 0.20 497 9  2010 0.30 0.08 0.27 766 12 
2011 0.23 0.07 0.30 609 12  2011 0.22 0.03 0.13 500 24 
2012 0.26 0.03 0.14 893 12  2012 0.30 0.04 0.15 721 21 
2013 0.26 0.06 0.22 457 7  2013 0.20 0.04 0.18 460 15 
2014 0.25 0.07 0.27 272 5  2014 0.34 0.05 0.15 436 15 
2015 0.30 0.14 0.46 370 8  2015 0.20 0.03 0.13 309 11 
2016 0.22 0.04 0.16 269 5  2016 0.16 0.02 0.15 270 11 


Western Gulf-Logbook  Central Gulf-Logbook 
Year CPUE SE CV Sets Vessels  Year CPUE SE CV Sets Vessels 
1999 0.64 0.06 0.09 245 27  1999 0.80 0.05 0.06 817 60 
2000 0.60 0.05 0.09 301 32  2000 0.79 0.04 0.05 746 64 
2001 0.47 0.05 0.10 109 24  2001 0.74 0.06 0.08 395 52 
2002 0.60 0.08 0.13 78 14  2002 0.83 0.06 0.07 276 41 
2003 0.39 0.04 0.11 202 24  2003 0.87 0.07 0.08 399 45 
2004 0.65 0.06 0.09 766 26  2004 1.08 0.05 0.05 1676 80 
2005 0.78 0.08 0.11 571 33  2005 0.98 0.07 0.07 1154 63 
2006 0.69 0.08 0.11 1067 38  2006 0.87 0.04 0.05 1358 80 
2007 0.59 0.06 0.10 891 31  2007 0.83 0.04 0.05 1190 69 
2008 0.71 0.06 0.08 516 29  2008 0.88 0.05 0.06 1039 68 
2009 0.53 0.06 0.11 824 33  2009 0.95 0.08 0.08 1081 73 
2010 0.48 0.04 0.08 1297 46  2010 0.66 0.03 0.05 1171 80 
2011 0.50 0.05 0.10 1148 46  2011 0.80 0.06 0.07 1065 71 
2012 0.50 0.04 0.08 1142 37  2012 0.79 0.06 0.07 1599 82 
2013 0.35 0.03 0.07 1476 32  2013 0.48 0.03 0.07 2102 73 
2014 0.39 0.03 0.08 1008 28  2014 0.52 0.04 0.08 2051 72 
2015 0.33 0.04 0.13 980 31  2015 0.44 0.03 0.06 2119 71 
2016 0.29 0.03 0.11 936 29  2016 0.37 0.03 0.08 2313 72 


 


 







Table 3.9 (cont.) 
West Yakutat-Logbook  East Yakutat/SE-Logbook 


Year CPUE SE CV Sets Vessels  Year CPUE SE CV Sets Vessels 
1999 1.08 0.08 0.08 233 36  1999 0.91 0.08 0.08 183 22 
2000 1.04 0.06 0.06 270 42  2000 0.98 0.08 0.08 190 26 
2001 0.89 0.09 0.11 203 29  2001 0.98 0.09 0.09 109 21 
2002 0.99 0.07 0.07 148 28  2002 0.83 0.06 0.07 108 22 
2003 1.26 0.10 0.08 104 23  2003 1.13 0.10 0.09 117 22 
2004 1.27 0.06 0.05 527 54  2004 1.19 0.05 0.04 427 55 
2005 1.13 0.05 0.04 1158 70  2005 1.15 0.05 0.05 446 77 
2006 0.97 0.05 0.06 1306 84  2006 1.06 0.04 0.04 860 107 
2007 0.97 0.05 0.05 1322 89  2007 1.13 0.04 0.04 972 122 
2008 0.97 0.05 0.05 1118 74  2008 1.08 0.05 0.05 686 97 
2009 1.23 0.07 0.06 1077 81  2009 1.12 0.05 0.05 620 87 
2010 0.98 0.05 0.05 1077 85  2010 1.04 0.05 0.05 744 99 
2011 0.95 0.07 0.07 1377 75  2011 1.01 0.04 0.04 877 112 
2012 0.89 0.06 0.06 1634 86  2012 1.00 0.05 0.05 972 102 
2013 0.74 0.06 0.07 1953 79  2013 0.86 0.05 0.06 865 88 
2014 0.73 0.04 0.06 1591 74  2014 0.88 0.05 0.05 797 83 
2015 0.67 0.04 0.06 1921 80  2015 0.78 0.04 0.05 972 84 
2016 0.48 0.03 0.06 2094 77  2016 0.63 0.03 0.05 846 80 


 







Table 3.10. Sablefish abundance index values (1,000's) for Alaska (200-1,000 m) including deep gully 
habitat, from the Japan-U.S. Cooperative Longline Survey, Domestic Longline Survey, and Japanese and 
U.S. longline fisheries. Relative population number equals CPUE in numbers weighted by respective 
strata areas. Relative population weight equals CPUE measured in weight multiplied by strata areas. 
Indices were extrapolated for survey areas not sampled every year, including Aleutian Islands 1979, 1995, 
1997, 1999, 2001, 2003, 2005, and 2007, 2009, 2011, 2013, 2015, and 2017, and Bering Sea 1979-1981, 
1995, 1996, 1998, 2000, 2002, 2004, 2006, 2008, 2009, 2010, 2012, 2014, and 2016. NMFS trawl survey 
biomass estimates (kilotons) are from the Gulf of Alaska at depths <500 m. 
 RELATIVE POPULATION NUMBER RELATIVE POPULATION WEIGHT/BIOMASS 


Year 
Coop. longline 


survey Dom. longline survey 


Jap. 
longline 
fishery 


Coop. 
longline 
survey 


Dom. longline 
survey 


U.S. fishery 
 


NMFS Trawl 
survey 


1964   1,452     
1965   1,806     
1966   2,462     
1967   2,855     
1968   2,336     
1969   2,443     
1970   2,912     
1971   2,401     
1972   2,247     
1973   2,318     
1974   2,295     
1975   1,953     
1976   1,780     
1977   1,511     
1978   942     
1979 413  809 1,075    
1980 388  1,040 968    
1981 460  1,343 1,153    
1982 613   1,572    
1983 621   1,595    
1984 685   1,822   294 
1985 903   2,569    
1986 838   2,456    
1987 667   2,068   271 
1988 707   2,088    
1989 661   2,178    
1990 450 641  1,454 2,147  1,201  214 
1991 386 578  1,321 2,054  1,066   
1992 402 498  1,390 1,749  908   
1993 395 549  1,318 1,894  904  250 
1994 366 476  1,288 1,879  822   
1995  487   1,803  1,243   
1996  507   2,004  1,201  145 
1997  477   1,753  1,341   
1998  474   1,694  1,130   
1999  526   1,766 1,326 104 
2000  456   1,602 1,139  
2001  535   1,806 1,118 238 
2002  550   1,925 1,143  
2003  516   1,759 1,219 189 
2004  540   1,664 1,360  
2005  541   1,624 1,313 179 
2006  569   1,863 1,216  
2007  508   1,582 1,281 111 
2008  461   1,550 1,380  
2009  414   1,606 1,132 107 
2010  458   1,778 1,065  
2011  555   1,683 1,056 84 
2012  444   1,280 1,034  
2013  420   1,276 908 60 
2014  484   1,432 969  
2015  385   1,169 848 67 
2016  494   1,389 656  
2017  561   1,400  119 







Table 3.11. Count of stations where sperm (S) or killer whale (K) depredation occurred in the six 
sablefish management areas. The number of stations sampled that are used for RPN calculations are in 
parentheses. Areas not surveyed in a given year are left blank. If there were no whale depredation data 
taken, it is denoted with an “n/a”. Killer whale depredation did not always occur on all skates of gear, and 
only those skates with depredation were cut from calculations of RPNs and RPWs. 
 BS (16) AI (14) WG (10) CG (16) WY (8) EY/SE (17) 
Year S K S K S K S K S K S K 
1996   n/a 1 n/a 0 n/a 0 n/a 0 n/a 0 


1997 n/a 2   n/a 0 n/a 0 n/a 0 n/a 0 


1998   0 1 0 0 0 0 4 0  0 


1999 0 7   0 0 3 0 6 0 4 0 


2000   0 1 0 1 0 0 4 0 2 0 


2001 0 5   0 0 3 0 2 0 2 0 


2002   0 1 0 4 3 0 4 0 2 0 


2003 0 7   0 3 2 0 1 0 2 0 


2004   0 0 0 4 3 0 4 0 6 0 


2005 0 2   0 4 0 0 2 0 8 0 


2006   0 1 0 3 2 1 4 0 2 0 


2007 0 7   0 5 1 1 5 0 6 0 


2008   0 3 0 2 2 0 8 0 9 0 


2009 0 10   0 2 5 1 3 0 2 0 


2010   0 3 0 1 2 1 2 0 6 0 


2011 0 7   0 5 1 1 4 0 9 0 


2012   1 5 1 5 2 0 4 0 3 0 


2013 0 11   0 2 2 2 3 0 7 0 


2014   1 3 0 4 4 0 6 0 4 0 


2015 0 9   0 5 6 0 6 0 7 0 


2016   1 0 0 3 3 0 6 0 5 0 


2017 0 11   1 2 4 0 3 0 9 0 


 







Table 3.12. Sablefish fork length (cm), weight (kg), and proportion mature by age and sex (weight-at-age 
modeled from 1996-2004 age-length data from the AFSC longline survey). 


  Fork length (cm) Weight (kg) Fraction mature 
Age Male Female Male Female Male Female 


2 48.1 46.8 1.0 0.9 0.059 0.006 
3 53.1 53.4 1.5 1.5 0.165 0.024 
4 56.8 58.8 1.9 2.1 0.343 0.077 
5 59.5 63.0 2.2 2.6 0.543 0.198 
6 61.6 66.4 2.5 3.1 0.704 0.394 
7 63.2 69.2 2.7 3.5 0.811 0.604 
8 64.3 71.4 2.8 3.9 0.876 0.765 
9 65.2 73.1 2.9 4.2 0.915 0.865 


10 65.8 74.5 3.0 4.4 0.939 0.921 
11 66.3 75.7 3.0 4.6 0.954 0.952 
12 66.7 76.6 3.1 4.8 0.964 0.969 
13 67.0 77.3 3.1 4.9 0.971 0.979 
14 67.2 77.9 3.1 5.1 0.976 0.986 
15 67.3 78.3 3.1 5.1 0.979 0.99 
16 67.4 78.7 3.1 5.2 0.982 0.992 
17 67.5 79.0 3.1 5.3 0.984 0.994 
18 67.6 79.3 3.2 5.3 0.985 0.995 
19 67.6 79.4 3.2 5.3 0.986 0.996 
20 67.7 79.6 3.2 5.4 0.987 0.997 
21 67.7 79.7 3.2 5.4 0.988 0.997 
22 67.7 79.8 3.2 5.4 0.988 0.998 
23 67.7 79.9 3.2 5.4 0.989 0.998 
24 67.7 80.0 3.2 5.4 0.989 0.998 
25 67.7 80.0 3.2 5.4 0.989 0.998 
26 67.8 80.1 3.2 5.4 0.999 0.998 
27 67.8 80.1 3.2 5.4 0.999 0.999 
28 67.8 80.1 3.2 5.4 0.999 0.999 
29 67.8 80.1 3.2 5.5 0.999 0.999 
30 67.8 80.2 3.2 5.5 0.999 0.999 


31+ 67.8 80.2 3.2 5.5 1.000 1.000 
 







 
Table 3.13. Estimates of the effects of killer and sperm whale depredation on the longline fishery based 
on modeled observer data (Peterson and Hanselman 2017).  
 


Area 
Depredation 


term 


Depredation 
coefficient 
(% CPUE 
reduction) 2 * SE DF n %dev 


Bering Sea KW 45.7% 34.7% - 56.6% 103 4339 49.7% 


Aleutians KW 57.7% 42.6% - 72.7% 101 6744 37.2% 


Western Gulf of 
Alaska KW 69.4% 56.5% - 82.1% 103 5950 31.0% 


Central Gulf of 
Alaska SW 23.8% 15.1% - 32.4% 193 8218 46.4% 


West Yakutat SW 26.3% 16.6% - 36.0% 119 3919 52.7% 


Southeast  SW 29.4% 15.8% - 43.0% 124 2865 43.5% 
GAMM results by management area and whale depredation term (KW = killer whale depredation), SW = sperm 
whale depredation. The response variable, catch per unit effort (kg/hook) for sets with sablefish CPUE > 0, followed 
normal distribution. The results display the depredation coefficient or the model-estimated difference in catch 
between depredated and non-depredated sets, with 95% CI as 2 * SE, degrees of freedom (DF), the sample size for a 
given area (n), percentage of deviance explained (%dev). 


 







 


Table 3.14. Sablefish recruits, total biomass (2+), and spawning biomass plus lower and upper lower 95% 
credible intervals (2.5%, 97.5%) from MCMC. Recruits are in millions, and biomass is in kt. 


    
Recruits 
(Age 2)     


Total 
Biomass     


Spawning 
Biomass   


Year Mean 2.5% 97.5% Mean 2.5% 97.5% Mean 2.5% 97.5% 
1977 4.7 1 13 297 248 385 138 115 181 
1978 5.7 1 15 271 226 351 126 104 166 
1979 83.9 62 119 330 275 428 120 99 157 
1980 25.7 5 47 364 302 466 115 95 149 
1981 11.3 1 33 384 320 487 114 94 146 
1982 40.4 18 69 422 356 537 118 98 150 
1983 24.8 6 48 450 380 565 130 109 164 
1984 43.1 31 61 492 417 614 147 124 184 
1985 2.5 0 8 497 424 614 162 137 202 
1986 19.3 9 31 504 433 621 176 150 217 
1987 18.8 11 29 491 423 604 182 155 224 
1988 3.7 1 9 455 392 562 181 154 225 
1989 4.7 1 9 410 352 507 174 146 217 
1990 7.1 4 12 367 314 457 164 136 205 
1991 26.7 19 36 348 296 434 151 125 190 
1992 1.4 0 4 318 269 396 139 115 175 
1993 23.9 18 32 310 262 387 128 105 161 
1994 4.5 1 9 289 244 360 116 95 146 
1995 5.4 1 10 268 227 334 108 88 136 
1996 7.8 5 12 251 211 312 102 83 129 
1997 16.8 13 23 244 206 305 98 81 124 
1998 2.5 0 5 231 195 287 95 78 120 
1999 30.3 24 41 242 204 301 91 75 114 
2000 16.7 10 26 249 210 310 87 72 109 
2001 10.9 3 20 249 210 310 84 70 105 
2002 41.8 32 58 278 234 348 83 69 104 
2003 6.7 2 12 284 238 353 85 71 106 
2004 12.9 8 19 287 240 358 88 73 111 
2005 6.3 4 10 279 233 349 92 76 116 
2006 11.0 7 16 273 228 341 97 81 122 
2007 8.1 5 12 263 219 329 101 84 127 
2008 8.7 5 13 252 210 315 102 85 128 
2009 8.3 5 12 242 202 301 101 84 126 
2010 18.8 14 26 243 202 302 98 81 123 
2011 5.5 2 9 236 197 294 95 79 119 
2012 9.5 6 14 230 192 286 92 77 114 
2013 1.0 0 3 215 179 268 88 73 110 
2014 8.4 5 12 204 169 255 86 71 107 
2015 14.9 10 22 202 167 252 84 69 105 
2016 214.4 156 291 392 312 500 81 67 102 
2017 16.7 9 45 476 372 603 81 67 101 
2018 16.7 9 45 540 407 674 89 71 107 
2019 16.7 9 45 575 439 711 113 90 136 







 
 


Table 3.15. Regional estimates of sablefish total biomass (Age 2+, kilotons). Partitioning was done using 
RPWs from Japanese LL survey from 1979-1989 and domestic LL survey from 1990-2017 using a 2 year 
moving average. For 1960-1978, a prospective 4:6:9 - year average of forward proportions was used.  


Year Bering Sea 
Aleutian 
Islands 


Western 
GOA 


Central 
GOA 


West 
Yakutat 


EYakutat/ 
Southeast Alaska 


1978 50 61 26 73 24 37 271 
1979 62 68 31 98 28 43 330 
1980 66 86 35 97 31 48 364 
1981 69 96 41 85 36 59 384 
1982 77 88 54 102 41 61 422 
1983 81 94 70 114 37 54 450 
1984 92 114 78 118 35 54 492 
1985 102 113 71 123 37 50 497 
1986 108 106 68 126 43 53 504 
1987 80 107 65 131 49 60 491 
1988 48 93 61 147 47 60 455 
1989 55 80 48 131 43 53 410 
1990 56 60 39 113 43 56 367 
1991 38 41 37 109 46 76 348 
1992 23 36 25 100 50 84 318 
1993 15 34 28 102 53 78 310 
1994 17 33 31 95 44 67 289 
1995 25 31 27 87 38 60 268 
1996 24 26 27 90 32 51 251 
1997 23 23 26 95 30 48 244 
1998 20 29 26 81 27 48 231 
1999 20 40 28 80 26 49 242 
2000 19 41 32 83 25 48 249 
2001 27 39 39 78 21 44 249 
2002 38 43 41 90 23 43 278 
2003 38 43 40 96 25 41 284 
2004 38 44 36 102 26 41 287 
2005 40 42 36 91 25 45 279 
2006 43 38 38 82 25 46 273 
2007 46 33 28 81 28 46 263 
2008 48 32 25 79 24 43 252 
2009 46 31 28 76 21 39 242 
2010 48 27 25 71 27 45 243 
2011 31 24 24 83 30 44 236 
2012 13 29 27 92 26 44 230 
2013 28 30 22 72 20 43 215 
2014 43 26 22 58 18 38 204 
2015 35 27 22 58 22 38 202 
2016 47 69 43 113 51 69 392 
2017 59 99 56 136 55 71 476 
 







Table 3.16. Key parameter estimates and their uncertainty and Bayesian credible intervals (BCI). 
Recruitment is in millions. 


Parameter 
µ  


(MLE) µ (MCMC) 
Median 


(MCMC) 
σ 


(Hessian) 
σ 


(MCMC) 
BCI-


Lower 
BCI-
Upper 


qdomesticLL 7.77 7.71 7.72 0.35 0.76 6.25 9.18 
qcoopLL 5.89 5.82 5.82 0.31 0.57 4.69 6.91 
qtrawl 1.24 1.24 1.23 0.68 0.15 0.94 1.56 
F40% 0.10 0.10 0.10 0.024 0.007 0.09 0.11 
2018 SSB (kt) 88.9 90.4 89.5 5.92 9.54 73.4 112 
2000 Year Class  44.5 43.5 43.0 3.84 6.51 31.6 58.2 
2014 Year Class 214.4 215.3 212.2 34.81 34.73 156.8 291.5 
 
Table 3.17. Comparison of 2016 results versus 2017 results. Biomass is in kilotons. 


Year 


2016 SAFE 2017 SAFE 
 


2016 SAFE 2017 SAFE 
 Spawning 


Biomass 
Spawning 
Biomass Difference (%) Total Biomass Total Biomass Difference (%) 


1977 143 138 -3% 307 297 -3% 
1978 130 126 -3% 281 271 -4% 
1979 124 120 -3% 340 330 -3% 
1980 119 115 -4% 373 364 -3% 
1981 117 114 -3% 395 384 -3% 
1982 121 118 -3% 433 422 -2% 
1983 134 130 -3% 461 450 -2% 
1984 150 147 -2% 503 492 -2% 
1985 165 162 -2% 508 497 -2% 
1986 179 176 -2% 514 504 -2% 
1987 184 182 -1% 502 491 -2% 
1988 183 181 -1% 466 455 -2% 
1989 175 174 -1% 421 410 -3% 
1990 165 164 -1% 378 367 -3% 
1991 152 151 0% 358 348 -3% 
1992 140 139 -1% 328 318 -3% 
1993 128 128 0% 321 310 -3% 
1994 117 116 -1% 299 289 -3% 
1995 109 108 -1% 279 268 -4% 
1996 104 102 -2% 261 251 -4% 
1997 100 98 -2% 256 244 -5% 
1998 97 95 -2% 242 231 -5% 
1999 94 91 -3% 255 242 -5% 
2000 90 87 -3% 262 249 -5% 
2001 87 84 -4% 264 249 -6% 
2002 87 83 -5% 296 278 -6% 
2003 89 85 -5% 302 284 -6% 
2004 93 88 -5% 307 287 -7% 
2005 98 92 -6% 301 279 -7% 
2006 105 97 -7% 295 273 -8% 
2007 110 101 -8% 286 263 -8% 
2008 111 102 -8% 276 252 -9% 
2009 110 101 -9% 267 242 -9% 
2010 108 98 -9% 269 243 -10% 
2011 106 95 -10% 263 236 -10% 
2012 103 92 -11% 258 230 -11% 
2013 100 88 -12% 243 215 -12% 
2014 98 86 -13% 232 204 -12% 
2015 97 84 -14% 231 202 -13% 
2016 94 81 -13% 232 392 69% 
2017 


 
81   


476 
 







 
Table 3.18. Sablefish spawning biomass (kilotons), fishing mortality, and yield (kilotons) for seven 
harvest scenarios. Abundance projected using 1979-2015 recruitments. Author’s F scenario fixes the 2014 
year class at the 1977 recruitment level. 
Year Maximum 


permissible F 
Author’s F* 


(specified catch) 
Half 


max. F 
5-year 


average F 
No 


fishing 
Overfished? Approaching 


overfished? 
Spawning biomass (kt) 


2017 81.0 78.9 81.0 81.0 81.0 81.0 81.0 
2018 88.9 79.9 88.9 88.9 88.9 88.9 88.9 
2019 111.0 88.2 114.7 112.0 118.7 109.6 111.0 
2020 145.7 102.6 156.4 149.8 168.9 141.7 145.7 
2021 178.4 115.3 199.3 187.1 225.3 170.8 175.4 
2022 196.2 123.0 227.9 209.8 269.8 184.9 189.7 
2023 199.4 125.6 239.8 217.1 297.3 185.1 189.7 
2024 193.9 125.0 240.6 214.7 311.8 177.6 181.7 
2025 184.7 122.8 234.9 207.6 318.1 167.1 170.6 
2026 174.3 120.1 227.4 198.6 319.5 156.1 159.1 
2027 164.1 117.3 220.3 189.2 318.1 145.6 148.2 
2028 154.7 114.7 213.4 180.2 314.9 136.2 138.4 
2029 146.3 112.5 206.2 171.8 311.0 128.1 129.9 
2030 139.0 110.6 198.5 164.4 306.6 121.1 122.6 


Fishing mortality 
2017 0.066 0.075 0.066 0.066 0.066 0.066 0.066 
2018 0.086 0.066 0.043 0.074 - 0.102 0.102 
2019 0.096 0.073 0.048 0.074 - 0.114 0.114 
2020 0.096 0.096 0.048 0.074 - 0.114 0.114 
2021 0.096 0.096 0.048 0.074 - 0.114 0.114 
2022 0.096 0.096 0.048 0.074 - 0.114 0.114 
2023 0.096 0.096 0.048 0.074 - 0.114 0.114 
2024 0.096 0.096 0.048 0.074 - 0.114 0.114 
2025 0.096 0.096 0.048 0.074 - 0.114 0.114 
2026 0.096 0.095 0.048 0.074 - 0.114 0.114 
2027 0.096 0.094 0.048 0.074 - 0.114 0.114 
2028 0.096 0.093 0.048 0.074 - 0.114 0.114 
2029 0.096 0.092 0.048 0.074 - 0.114 0.114 
2030 0.096 0.092 0.048 0.074 - 0.112 0.112 


Yield (kt) 
2017 11.6 11.6 11.6 11.6 11.6 11.6 11.6 
2018 25.6 15.4 13.0 22.1 - 30.2 25.6 
2019 41.0 21.6 21.5 32.3 - 47.9 41.0 
2020 43.3 25.9 23.6 34.7 - 49.8 51.0 
2021 42.0 25.7 23.8 34.3 - 47.5 48.6 
2022 39.6 25.2 23.3 32.9 - 44.2 45.2 
2023 37.0 24.5 22.5 31.2 - 40.8 41.6 
2024 34.4 23.8 21.6 29.5 - 37.6 38.3 
2025 32.1 23.1 20.7 27.8 - 34.7 35.3 
2026 30.0 22.4 19.8 26.2 - 32.2 32.7 
2027 28.2 21.7 19.0 24.9 - 30.2 30.5 
2028 26.8 21.1 18.3 23.7 - 28.5 28.8 
2029 25.5 20.7 17.6 22.7 - 27.1 27.3 
2030 24.5 20.3 17.1 21.9 - 25.8 26.0 
* Projections in Author’s F (Alternative 2) are based on estimated catches of 13,329 t and 18,461 t used in place of 
maximum permissible ABC for 2018 and 2019. This was done in response to management requests for a more 
accurate two-year projection. 







  
Table 3.19. Analysis of ecosystem considerations for the sablefish fishery. 


Indicator Observation Interpretation Evaluation 
ECOSYSTEM EFFECTS ON STOCK   
Prey availability or abundance trends   
  Zooplankton None None Unknown 
Predator population trends    
  Salmon Decreasing Increases the stock No concern 
Changes in habitat quality    
  Temperature regime Warm increases 


recruitment 
Variable recruitment No concern (can’t affect) 


  Prevailing currents Northerly increases 
recruitment 


Variable recruitment No concern (can’t affect) 


FISHERY EFFECTS ON 
ECOSYSTEM 


   


Fishery contribution to 
bycatch 


   


Prohibited species Small catches Minor contribution to 
mortality 


No concern 


Forage species Small catches Minor contribution to 
mortality 


No concern 


HAPC biota (seapens/whips, 
corals, sponges, anemones) 


Small catches, except 
long-term reductions 
predicted 


Long-term reductions 
predicted in hard corals 
and living structure 


Possible concern 


Marine mammals and birds Bird catch about 10% 
total 


Appears to be decreasing Possible concern 


Sensitive non-target species Grenadier, spiny 
dogfish, and 
unidentified shark 
catch notable 


Grenadier catch high but 
stable, recent shark catch 
is small 


Possible concern for 
grenadiers 


Fishery concentration in space 
and time 


IFQ less concentrated IFQ improves No concern 


Fishery effects on amount of 
large size target fish 


IFQ reduces catch of 
immature 


IFQ improves No concern 


Fishery contribution to 
discards and offal production 


sablefish <5% in 
longline fishery, but 
30% in trawl fishery 


IFQ improves, but notable 
discards in trawl fishery 


Trawl fishery discards 
definite concern 


Fishery effects on age-at-
maturity and fecundity 


trawl fishery catches 
smaller fish, but only 
small part of total 
catch 


slightly decreases No concern 







Figures 


 
Figure 3.1. Long term and short term sablefish catch by gear type. 







 
Figure 3.2. Sablefish fishery total reported catch (kt) by North Pacific Fishery Management Council area 
and year. 
 







 
Figure 3.3. Observed and predicted sablefish relative population weight and numbers versus year. Points 
are observed estimates with approximate 95% confidence intervals. Solid red line is model predicted. The 
relative population weights are not fit in the models, but are presented for comparison. 







Figure 3.4. Observed and predicted sablefish abundance indices. Fishery indices are on top two panels. 
GOA trawl survey is on the bottom left panel. Points are observed estimates with approximate 95% 
confidence intervals while solid red lines are model predictions. 







  
Figure 3.5. Average fishery catch rate (pounds/hook) by region and data source for longline survey and 
fishery data. The fishery switched from open-access to individual quota management in 1995. Data is not 
presented for years when there were fewer than three vessels. This occurred in observer data in the Bering 
Sea in 1994, 1997, 2003, and 2012, in logbook data in the Bering Sea in 2002, and in East Yakutat 
observer data from 1990-1994. 







 
Figure 3.5. (continued) 
 







 
Figure 3.6. Average fishery catch rate (pounds/hook) and associated 95% confidence intervals by region 
and data source. The fishery switched from open-access to individual quota management in 1995. Data is 
not presented for years when there were fewer than three vessels. This occurred in observer data in the 
Bering Sea in 1994, 1997, 2003, and 2012, in logbook data in the Bering Sea in 2002, and in East Yakutat 
observer data from 1990-1994. 







0.00


0.30


0.60


0.90


1.20


1989 1992 1995 1998 2001 2004 2007 2010 2013 2016


C
PU


E


Year


Central Gulf Observer
Logbook


0.00


0.40


0.80


1.20


1.60


2.00


1989 1992 1995 1998 2001 2004 2007 2010 2013 2016


C
PU


E


Year


West Yakutat Observer
Logbook


0.00


0.40


0.80


1.20


1.60


2.00


1989 1992 1995 1998 2001 2004 2007 2010 2013 2016


C
PU


E


Year


East Yakutat/Southeast


Observer


Logbook


 
 


Figure 3.6. (continued) 







 
Figure 3.7. Relative abundance (numbers) by region and survey. The regions Bering Sea, Aleutians 
Islands, and western Gulf of Alaska are combined in the first plot. The two surveys are the Japan-U.S. 
cooperative longline survey and the domestic (U.S.) longline survey. In this plot, the values for the U.S. 
survey were adjusted to account for the higher efficiency of the U.S. survey gear. 







 
Figure 3.8 Comparison of abundance trends in GOA gully stations versus GOA slope stations. 
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Figure 3.9. NMFS Bering Sea Slope and Aleutian Island trawl survey biomass estimates. Bering Sea 
Slope years are jittered so that intervals do not overlap. 
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Figure 3.10a. Comparisons of IPHC and AFSC longline survey trends in relative population number of 
sablefish in the Gulf of Alaska. Years in which both surveys occurred have a correlation coefficient of r = 
0.63. 
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Figure 3.10b. Comparisons of IPHC and AFSC trawl survey trends abundance of sablefish in the Gulf of 
Alaska. Years in which both surveys occurred have a correlation coefficient of r = 0.86. 







 
Figure 3.11a. Northern Southeast Inside (NSEI) sablefish longline survey catch-per-unit-effort (CPUE) in 
(A) individuals/hook, (B) round pounds/hook, and commercial catch from 1980 to 2016. A three-hour 
minimum soak time was used on the NSEI sablefish longline survey (from A. Olson, November, 2017 
ADFG, pers. comm.) 







Figure 3.11b. Southern Southeast Inside (SSEI) commercial sablefish longline survey and fishery catch-
per-unit-effort (CPUE) in round pounds-per-hook from 1997 to 2016 and commercial catch from 1985 to 
2016. AHO is the Annual Harvest Objective (from A. Olson, November, 2017 ADFG, pers. comm.) 
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Figure 3.12. Age-length conversion matrices for sablefish. Top panels are female, bottom panel are males, 
left is 1960-1995, and right is 1996-2017. 







 


Figure 3.13. Proportion of stations with sperm whale presence (open circles) and evidence of depredation 
(solid squares) by management area and pooled, 1998-2016.  







 


Figure 3.14. Boxplots of simulation estimates (1000 trials) of sperm whale depredation by model for 
simulation 1 (true simulated value of the depredation effect = -0.2). QP = Quasipoisson GLM, NB = 
negative binomial GLM, ME.1 = Mixed effects Poisson without interactions, ME.2 = saturated mixed 
effects Poisson. 







Figure 3.15. Estimated sablefish mortality (t) by year due to killer whales in the Bering Sea, Aleutian 
Islands, and Western Gulf of Alaska and sperm whales in the Central Gulf of Alaska, West Yakutat, and 
Southeast Alaska with ~95% confidence bands. Estimated sablefish catch removals (t) due to sperm 
whale and killer whale depredation 1995-2016. 







 
Figure 3.16. Additional estimated sablefish mortality by whale species with 95% asymptotic normal 
confidence intervals. 







 
Figure 3.17. Estimated sablefish total biomass (thousands t) and spawning biomass (bottom) with 95% 
MCMC credible intervals.  







Figure 3.18a. Estimated recruitment by year class 1977-2012 (number at age 2, millions) for 2016 and 
2017 models. 


 
Figure 3.18b. Estimates of the number of age-2 sablefish (millions) with 95% credible intervals by year 
class. Red line is overall mean, blue line is recruitments from year classes between 1977 and 2013. 







Credible intervals are based on MCMC posterior. Upper confidence interval is omitted for the 2014 year 
class. 


 
Figure 3.19. Relative contribution of the last 30 year classes to next year’s female spawning biomass. 







 
Figure 3.20. Gulf of Alaska bottom trawl survey length (cm) compositions for female sablefish at depths 
<500 m. Bars are observed frequencies and lines are predicted frequencies.  







 
 


Figure 3.21. Gulf of Alaska bottom trawl survey length (cm) compositions for male sablefish at depths 
<500 m. Bars are observed frequencies and lines are predicted frequencies.  







 
Figure 3.22. Gulf of Alaska trawl survey length compositions aggregated across years and with the 
average fit of Model 16.5. Mean observed are the blue dots, the green bands are the 90% empirical 
confidence intervals. 







 
Figure 3.23. Above average 1997, 20002008, and 2014 year classes’ relative population abundance in 
each survey year and area.  
 







 
Figure 3.24. Domestic longline survey age compositions. Bars are observed frequencies and lines are 
predicted frequencies.  







 
Figure 3.24 (cont.). Domestic longline survey age compositions. Bars are observed frequencies and lines 
are predicted frequencies.  


Age







Figure 3.24 (cont.). Domestic longline survey age compositions. Bars are observed frequencies and lines 
are predicted frequencies. 







 
Figure 3.25. Cooperative and domestic survey age compositions aggregated across years and with the 
average fit of Model 16.5. Mean observed are the blue dots, the green bands are the 90% empirical 
confidence intervals. 







 
Figure 3.26. Relative abundance (number in thousands) by age and region from the domestic (U.S.) 
longline survey. The regions Bering Sea, Aleutian Islands, and Western Gulf of Alaska are combined.  







Figure 3.26 (cont.). Relative abundance (number in thousands) by age and region from the domestic 
(U.S.) longline survey. The regions Bering Sea, Aleutian Islands, and Western Gulf of Alaska are 
combined.  







Figure 3.26 (cont.). Relative abundance (number in thousands) by age and region from the domestic 
(U.S.) longline survey. The regions Bering Sea, Aleutian Islands, and Western Gulf of Alaska are 
combined.  







 
Figure 3.27. Japanese longline survey age compositions. Bars are observed frequencies and line is 
predicted frequencies. 







 
Figure 3.28. Cooperative longline survey length compositions aggregated across years and with the 
average fit of Model 16.5. Mean observed are the blue dots, the green bands are the 90% empirical 
confidence intervals. 







 
Figure 3.29. Domestic fixed gear fishery length (cm) compositions for females. Bars are observed 
frequencies and lines are predicted frequencies.  







 


Figure 3.29 (cont.). Domestic fixed gear fishery length (cm) compositions for females. Bars are observed 
frequencies and lines are predicted frequencies.   







 
Figure 3.30. Domestic fixed gear fishery length (cm) compositions for males. Bars are observed 
frequencies and lines are predicted frequencies.  







 
Figure 3.30 (cont.). Domestic fixed gear fishery length (cm) compositions for males. Bars are observed 
frequencies and lines are predicted frequencies. 







 
Figure 3.31. Domestic fixed gear fishery length compositions aggregated across years and with the 
average fit of Model 16.5. Mean observed are the blue dots, the green bands are the 90% empirical 
confidence intervals. 
  







  
Figure 3.32. Domestic fishery age compositions. Bars are observed frequencies and lines are predicted 
frequencies. 







 
Figure 3.32 (cont.). Domestic fishery age compositions. Bars are observed frequencies and lines are 
predicted frequencies.  
 







 
Figure 3.33. Domestic fishery age compositions aggregated across years and with the average fit of 
Model 16.5. Mean observed are the blue dots, the green bands are the 90% empirical confidence intervals. 







 
Figure 3.34. Domestic trawl gear fishery length (cm) compositions for females. Bars are observed 
frequencies and lines are predicted frequencies.  







 
Figure 3.35.  Domestic trawl gear fishery length (cm) compositions for males. Bars are observed 
frequencies and lines are predicted frequencies.  







 
Figure 3.36. Domestic trawl fishery length compositions aggregated across years and with the average fit 
of Model 16.5. Mean observed are the blue dots, the green bands are the 90% empirical confidence 
intervals. 







 
Figure 3.37. Domestic longline survey length (cm) compositions for females. Bars are observed 
frequencies and lines are predicted frequencies.  







 
Figure 3.37 (cont.). Domestic longline survey length (cm) compositions for females. Bars are observed 
frequencies and lines are predicted frequencies.  
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Figure 3.38. Domestic longline survey length (cm) compositions for males. Bars are observed frequencies 
and lines are predicted frequencies.  







  
Figure 3.38. (cont.). Domestic longline survey length (cm) compositions for males. Bars are observed 
frequencies and lines are predicted frequencies.  
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Figure 3.39. Domestic longline survey length compositions aggregated across years and with the average 
fit of Model 16.5. Mean observed are the blue dots, the green bands are the 90% empirical confidence 
intervals. 







 
Figure 3.40. Sablefish selectivities for fisheries. The derby longline occurred until 1994 when the fishery 
switched to IFQ in 1995. 







 
Figure 3.40 (cont.). Sablefish selectivities for surveys. 
 







 
Figure 3.41. Time series of combined fully-selected fishing mortality for fixed and trawl gear for 
sablefish. 







 
Figure 3.42. Phase-plane diagram of time series of sablefish estimated spawning biomass relative to the 
unfished level and fishing mortality relative to FOFL for author recommended model. Bottom is zoomed in 
to examine more recent years.  
  







 


 
Figure 3.43. Retrospective trends for spawning biomass (top) and percent difference from terminal year 
(bottom) from 1977-2017. 







 


 
Figure 3.44. Retrospective trends for spawning biomass (top) and percent difference from terminal year 
(bottom) from 1960-2016 with MCMC credible intervals per year.  







 
 


Figure 3.45. Squid plot of the development of initial estimates of age-2 recruitment since year class 2003 
through year class 2013 from retrospective analysis. Number to right of terminal year indicates year class. 
 


 
Figure 3.46. Posterior probability distribution for projected spawning biomass (thousands t) in 2018 – 
2020. 







 
Figure 3.47. Pairwise scatterplots of key parameter MCMC runs. Red curve is loess smooth. Numbers in 
upper right hand panel are correlation coefficients between parameters. 







 
Figure 3.48. Probability that projected spawning biomass (from MCMC) will fall below B40%, B35% and 
B17.5%.  


 
Figure 3.49. Estimates of female spawning biomass (thousands t) and their uncertainty. White line is the 
median and green line is the mean, shaded fills are 5% increments of the posterior probability distribution 
of spawning biomass based on MCMC simulations. Width of shaded area is the 95% credibility interval. 
Harvest policy is the same as the projections in Scenario 1 but with a yield multiplier of 0.867. 







 
Figure 3.50. Comparison of 2-year-olds in the longline survey age composition with the corresponding 
year class. Strength is relative to the mean abundance (i.e., a strength of 3 is 3x average).  


 
Figure 3.51. Comparison of 2-year-olds in the longline survey age composition with the corresponding 
year class. Strength is relative to the mean abundance (i.e., a strength of 3 is 3x average).  







 
Figure 3.52. Comparison of 3-year-olds in the longline survey age composition with the corresponding 
year class. Strength is relative to the mean abundance (i.e., a strength of 3 is 3x average). 


 
Figure 3.53. Comparison of 3-year-olds in the longline survey age composition with the corresponding 
year class. Strength is relative to the mean abundance (i.e., a strength of 3 is 3x average). 







 
Figure 3.54. Select years of Gulf of Alaska trawl survey length compositions. 







 
Figure 3.55. Presence of one-year-old (Length < 32 cm) sablefish in the Gulf of Alaska trawl survey. 
Strength is relative to the mean abundance (i.e., a strength of 7.5 is 7.5x average).  


 
Figure 3.56. Strength of presence of one-year-old (Length < 32 cm) sablefish in the Gulf of Alaska trawl 
survey compared to the respective year classes of recruitment estimated by the stock assessment. Strength 
is relative to the mean abundance or recruitment (i.e., a strength of 7.5 is 7.5x average). 







 
Figure 3.57. Squid plot of the development of initial estimates of age-2 recruitment since year class 1997 
through year class 2013 from retrospective analysis. Number to right of terminal year indicates year class. 
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Figure 3.58. Comparisons of author’s recommended ABCs for 2018 and 2019 versus the maximum 
allowable ABC in projections of future spawning biomass. The 2014 year class is set to average. 







 
Figure 3.59. Illustrations of where spawning biomass, and production would be maximized under 
equilibrium conditions. 
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Figure 3.60. (A) The mean relative change in apportionment percentages across areas from 2007-2014. 
(B) The relative change in the apportionment share for the Bering Sea from 2007-2014. (C) The mean 
change in ABC for each area from 2007-2014. 







 
Appendix 3A. Sablefish longline survey - fishery interactions 
 
NMFS has requested the assistance of the fishing fleet to avoid the annual sablefish longline survey since 
the inception of sablefish IFQ management in 1995. We request that vessels fish at least five nautical 
miles away from the survey station for 7 days before and 3 days after the planned sampling date (to allow 
for survey delays). Beginning in 1998, we also revised the longline survey schedule to avoid the July 1 
rockfish trawl fishery opening as well as other short fisheries. 


History of interactions 
Fishermen cooperation, distribution of the survey schedule to IFQ permit holders, radio announcements 
from the survey vessel, and discussions of a regulatory rolling closure have had intermittent success at 
reducing the annual number of longline fishery interactions. During the past several surveys, fishing 
vessels were contacted by the survey vessel when they were spotted close to survey stations. Typically, 
vessels were aware of the survey and were not fishing in the area, were able to communicate where they 
had set, or were willing to change their fishing location to accommodate the survey. Even with 
communication there are some instances where the survey gear was fished nearby commercial fishing 
gear or where commercial fishing had recently occurred, “survey-fishery interactions”. There are 
generally few interactions during the 90-day survey. In 2017 there were more interactions than in recent 
years. This included vessels fishing all gear types. There were interactions with pot vessels in the BS (2 
stations) and in WY (1 station) and trawl vessels in the BS (1 station) and the CG (2 stations).  
 


Longline Survey-Fishery Interactions 
         
 Longline Trawl Pot Total 
Year Stations Vessels Stations Vessels Stations Vessels Stations Vessels 
1995 8 7 9 15 0 0 17 22 
1996 11 18 15 17 0 0 26 35 
1997 8 8 8 7 0 0 16 15 
1998 10 9 0 0 0 0 10 9 
1999 4 4 2 6 0 0 6 10 
2000 10 10 0 0 0 0 10 10 
2001 1 1 1 1 0 0 2 2 
2002 3 3 0 0 0 0 3 3 
2003 4 4 2 2 0 0 6 6 
2004 5 5 0 0 1 1 6 6 
2005 1 1 1 1 0 0 2 2 
2006 6 6 1 2 0 0 7 8 
2007 8 6 2 2 0 0 10 8 
2008 2 2 2 2 0 0 4 4 
2009 3 3 0 0 0 0 3 3 
2010 2 2 1 1 0 0 3 3 
2011 3 3 0 0 0 0 3 3 
2012 5 5 0 0 0 0 5 5 
2013 5 5 0 0 0 0 5 5 
2014 2 2 0 0 0 0 2 2 
2015 3 3 1 1 0 0 6 6 
2016 5 5 1 1 0 0 6 6 
2017 8 10 3 3 3 3 13 16 







Recommendation 
We have followed several practical measures to alleviate fishery interactions with the survey. Discussions 
with vessels encountered on the survey indicated an increasing level of “hired” skippers who are unaware 
of the survey schedule. Publicizing the survey schedule to skippers who aren’t quota shareholders should 
be improved. We will continue to work with association representatives and individual fishermen from 
the longline and trawl fleets to reduce fishery interactions and ensure accurate estimates of sablefish 
abundance.  







 


Appendix 3B. Supplemental catch data 
 


In order to comply with the Annual Catch Limit (ACL) requirements, two new datasets have been 
generated to help estimate total catch and removals from NMFS stocks in Alaska.  


The first dataset, non-commercial removals, estimates total removals that do not occur during directed 
groundfish fishing activities. This includes removals incurred during research, subsistence, personal use, 
recreational, and exempted fishing permit activities, but does not include removals taken in fisheries other 
than those managed under the groundfish FMP. These estimates represent additional sources of removals 
to the existing Catch Accounting System estimates. For sablefish, these estimates can be compared to the 
research removals reported in previous assessments (Hanselman et al. 2010) (Table 3B.1). The sablefish 
research removals are substantial relative to the fishery catch and compared to the research removals for 
many other species. These research removals support a dedicated longline survey. Additional sources of 
significant removals are bottom trawl surveys and the International Pacific Halibut Commissions longline 
survey. Recreational removals are relatively minor for sablefish. Total removals from activities other than 
directed fishery has ranged from 239-359 t in recent years. This represents ~1.5 – 2.5 percent of the 
recommended ABC annually. These removals represent a relatively low risk to the sablefish stock. When 
an assessment model is fit that includes these removals as part of the total catch, the result is an increase 
in ABC of comparable magnitude. 


The second dataset, Halibut Fishery Incidental Catch Estimation (HFICE), is an estimate of the incidental 
catch of groundfish in the halibut IFQ fishery in Alaska, which is currently unobserved. To estimate 
removals in the Pacific halibut fishery, methods were developed by the HFICE working group and 
approved by the Gulf of Alaska and Bering Sea/Aleutian Islands Plan Teams and the Scientific and 
Statistical Committee of the North Pacific Fishery Management Council. A detailed description of the 
methods is available in Tribuzio et al. (2011). 


These estimates are for total catch of groundfish species in the halibut IFQ fishery and do not distinguish 
between “retained” or “discarded” catch. These estimates should be considered a separate time series 
from the current CAS estimates of total catch. Because of potential overlaps HFICE removals should not 
be added to the CAS produced catch estimates. The overlap will apply when groundfish are retained or 
discarded during an IFQ halibut trip. IFQ halibut landings that also include landed groundfish are 
recorded as retained in eLandings and a discard amount for all groundfish is estimated for such landings 
in CAS. Discard amounts for groundfish are not currently estimated for IFQ halibut landings that do not 
also include landed groundfish. For example, catch information for a trip that includes both landed IFQ 
halibut and sablefish would contain the total amount of sablefish landed (reported in eLandings) and an 
estimate of discard based on at-sea observer information. Further, because a groundfish species was 
landed during the trip, catch accounting would also estimate discard for all groundfish species based on 
available observer information and following methods described in Cahalan et al. (2010). The HFICE 
method estimates all groundfish caught during a halibut IFQ trip and thus is an estimate of groundfish 
caught whether landed or discarded. This prevents simply adding the CAS total with the HFICE estimate 
because it would be analogous to counting both retained and discarded groundfish species twice. Further, 
there are situations where the HFICE estimate includes groundfish caught in State waters and this would 
need to be considered with respect to ACLs (e.g. Chatham Strait sablefish fisheries). Therefore, the 
HFICE estimates should be considered preliminary estimates for what is caught in the IFQ halibut 
fishery. With restructuring of the Observer Program improved estimates of groundfish catch in the halibut 
fishery began in 2013. More years of data are needed for an evaluation the effects of observer 
restructuring on catch of sablefish in the halibut IFQ fishery. 


The HFICE estimates of sablefish catch by the halibut fishery are substantial and represent approximately 







10% of the annual sablefish ABC (Table 3B.2). Sablefish and halibut are often caught and landed in 
association with each other by the IFQ fishery. It is unknown what level of sablefish catch reported here 
is already accounted for as IFQ harvest in the CAS system because the HFICE estimates do not separate 
retained and discarded catch. If these were strictly additive removals, 10% would represent a significant 
amount of additional mortality and a potential risk to the stock, but how much is additive is unknown. 
The HFICE estimates may represent some valuable discard information for sablefish, but that level is 
unknown until these estimates are separated from the IFQ landings and CAS system.  
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Table 3B.1 Total removals of sablefish (t) from activities not related to directed fishing, since 1977. 
Trawl survey sources are a combination of the NMFS echo-integration, small-mesh, GOA, AI, and BS 
Slope bottom trawl surveys, and occasional short-term research projects.  


Year Source 
Trawl 


surveys 


Japan US 
longline 
survey 


Domestic 
longline 
survey 


IPHC 
longline 
survey* Sport Total  


1977 


Assessment of the 
sablefish stock in 


Alaska 
(Hanselman et al. 


2010) 


3 
   


 3 
1978 14 


   
 14 


1979 27 104 
  


 131 
1980 70 114 


  
 184 


1981 88 150 
  


 238 
1982 108 240 


  
 348 


1983 46 236 
  


 282 
1984 127 284 


  
 412 


1985 186 390 
  


 576 
1986 123 396 


  
 519 


1987 117 349 
  


 466 
1988 15 389 303 


 
 707 


1989 4 393 367 
 


 763 
1990 26 272 366 


 
 664 


1991 3 255 386 
 


 645 
1992 0 281 393 


 
 674 


1993 39 281 408 
 


 728 
1994 1 271 395 


 
 667 


1995 0 
 


386 
 


 386 
1996 13 


 
430 


 
 443 


1997 1 
 


396 
 


 397 
1998 26 


 
325 50  401 


1999 43 
 


311 49  403 
2000 2 


 
290 53  345 


2001 11 
 


326 48  386 
2002 3 


 
309 58  370 


2003 16 
 


280 98  393 
2004 2 


 
288 98  387 


2005 18 
 


255 92  365 
2006 2 


 
287 64  352 


2007 17 
 


266 48  331 
2008 3 


 
262 46  310 


2009 14 
 


242 47  257 
2010 


 
 


3 
 


291 50 15 359 
2011 9 


 
273 39 16 312 


2012 4 
 


203 27 39 273 
2013 4 


 
178 22 35 239 


2014 <1  197 32 29 258 
2015 12  174 17 46 249 
2016 AKRO 3  199 15 31 238 


* IPHC survey sablefish removals are released and estimates from mark-recapture studies suggest that these 
removals are expected to produce low mortality. Some state removals are included.







 
Table 3B.2. Estimates of Alaska sablefish catch (t) from the Halibut Fishery Incidental Catch Estimation 
(HFICE) working group. AI = Aleutian Islands, WGOA = Western Gulf of Alaska, CGOA = Central Gulf 
of Alaska, EGOA = Eastern Gulf of Alaska, PWS = Prince William Sound. 
Area 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Western/Central AI 27 19 34 18 14 11 36 44 17 23 
Eastern AI 18 16 46 26 20 6 4 13 6 7 
WGOA 10 9 12 22 21 16 7 12 3 12 
CGOA-Shumagin 184 27 36 65 60 47 21 38 10 37 
CGOA-Kodiak/ PWS* 802 107 96 89 82 49 57 33 69 63 
EGOA-Yakutat 110 324 291 258 240 149 175 103 207 195 
EGOA-Southeast 339 335 389 315 269 242 230 184 242 262 
Southeast Inside* 459 1,018 1,181 917 786 739 701 574 731 805 
Total 1,948 2,231 2,346 2,469 2,194 2,476 1,937 1,874 1,921 1,594 


*These areas include removals from the state of Alaska. 
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Executive Summary 
The sablefish ecosystem and socioeconomic profile (ESP) report provides a synopsis of the ecosystem 
impacts on the stock and economic performance of the fishery. We present information from a variety of 
data streams available regarding the sablefish stock in Alaska and use a sequential process of analyzing 
the information for identifying mechanisms and indicators that are most important to the sablefish stock 
assessment. Results are presented through three main products. First, the factor profile stated recruitment 
and economic value were of high importance and highlighted a clear data gap in applying ecosystem 
information within the sablefish stock assessment. The additional energetics profile highlighted 
bottlenecks in the life history during the first year to settlement and during the post-settlement stage. 
Second, the conceptual model built on these priorities from the factor profile to identify mechanistic 
system response and point to potential indicators. Finally, the report card provides the suite of indicators 
for monitoring, and suggestions for improvement. In future versions of the ESP, the three main products 
of the profile, conceptual model, and report card along with other relevant visualizations can be easily 
updated so that the ESP report becomes dynamic and effective for monitoring future changes. This will 
help with providing efficient warning of impending changes that may impact stock productivity and pave 
the way for a truly ecosystem linked stock assessment. 
 
Based on this ESP synthesis, our recommendations for future research priorities with regard to the 
sablefish stock are to 1) develop indicators for large-scale persistent offshore features (such as the Warm 
Blob) that could provide early warning for extreme recruitment events, 2) consider the applicability of 
nearshore process studies for monitoring overwinter survival, 3) develop energetics indicators on the 
vulnerable early life stages just prior and post-settlement, and 4) explore the utility of advancing modeled 
output (e.g. life cycles, individual based models, habitat suitability, etc.) for evaluating pressures on early 
life survival. These recommendations are in no particular order and should complement the priorities 
already specified within the main sablefish stock assessment. As we continue to develop the sablefish 
ESP and integrate relevant linkages within the stock assessment model, we will ultimately strengthen our 
understanding of these mechanistic relationships and further the advancement of the sablefish assessment 
model toward next generation stock assessment. 


Introduction 
Ecosystem-based science is an important component of effective marine conservation and resource 
management (Levin et al. 2009) and two main avenues currently exist to satisfy the mandate for 
considering ecosystem and socioeconomic processes with regard to specifying optimum yield and 
informing the regional Councils (MSA 2007). The first is through the comprehensive ecosystem status 
report (ESR) of Alaska’s four large marine ecosystems that has been implemented at the AFSC since 
1995 (Livingston 1999) and is presented to the Plan Teams and Council concurrent with the individual 
groundfish stock assessment chapters (Zador et al. 2016). The second avenue is conducting an assessment 
of the environment inhabited by an individual stock within the fishery (Hollowed et al. 2014), with an 
ultimate goal of integrating relevant ecosystem data into a stock assessment in order to better inform 
fisheries managers and provide improved harvest recommendations (Townsend et al. 2008). A 
standardized framework for conducting a stock-specific ecosystem and socioeconomic profile (ESP) 
assessment has recently been proposed (Shotwell et al. 2017 In Review). Here we adopt this framework 
and compile supplementary information for the sablefish stock in Alaska.  
 
The report begins with synthesized results from national initiatives as detailed in the new stock 
assessment improvement plan (SAIP 2017). This creates a baseline ESP that can be compared to any 
stock within a fisheries management plan (FMP). The baseline includes the following three primary 







elements: 1) a factors profile to identify stock research priorities, data gaps, vulnerability, and resilience, 
2) a descriptive conceptual model of the stock life history for highlighting mechanistic responses, and 3) a 
report card for monitoring potential indicators relating to the stock dynamics. We further upgrade these 
baseline elements through supplemental information from a variety of sources. Adopting this new 
framework should allow for easier comparison of results across different stocks and assist with 
communicating potential concerns to the North Pacific Fishery Management Council (NPFMC).  


Life History and Ecosystem Background 
Sablefish are highly fecund, early spring, deep water spawners with an extended spring through summer 
neustonic (extreme surface) pelagic phase that culminates in nearshore settlement in the early fall of their 
first year (Doyle and Mier 2016). Larvae are characterized by early development of large pectoral fins to 
assist with swimming ability but have delayed bone-development in their jaws potentially resulting in 
non-discriminating prey selection (Matarese et al. 2003; A. Deary pers. comm.). Throughout the first 
year, larvae and age-0 fish grow very rapidly up until settlement in the nearshore environment (Shenker 
and Olla 1986; Sigler et al. 2001). Suitable nearshore habitat is described as low-lying areas such as 
channels, gullies, and flats with fine grain-size sediment, little biogenic structure, and reduced rock 
presence (Pirtle et al., Accepted). Settlement incurs an energetic cost that results in a change in body 
condition with reduced lipid content that appears to be maintained until the late juvenile stage (R. Heintz 
pers. comm). At some point following the first overwinter, sablefish juveniles begin movement to their 
adult habitat arriving between 4 to 5 years later and becoming mature generally within 3 to 6 years 
(Hanselman et al. 2016). The long duration and widespread exposure to variable surface conditions during 
their first year represents a vulnerability in their life history. However, their widespread exploitation of 
available pelagic prey and robust larvae with good swimming ability may also allow some resilience to 
fluctuating conditions (Doyle et al. In Review).  


Socio-cultural and Economic Background 
As a valuable premium high-priced whitefish, sablefish are an important source of revenue for GOA 
catcher vessels and catches are at or near the TAC. The U.S. accounts for roughly 90% of global sablefish 
catch and Alaska accounts for roughly 75%-80% of the U.S. catch. Canada catches roughly 10% of the 
global supply and a small amount is also caught by Russia. Given that Alaska is the primary global 
producer of sablefish, the significant supply reductions in Alaska have had a market impact that has 
resulted in high wholesale and export prices. Most sablefish caught and produced are exported, though the 
domestic market has grown in recent years. Sablefish are primarily harvested by catcher vessels in the 
GOA, which typically accounts for upwards of 90% of the annual catch. Most sablefish are caught using 
hook-and-line gear. A provision for the use of pot gear in the GOA to mitigate whale depredation was 
made in 2017 for directed fishing on sablefish.  


Data 
Baseline data for this report consists of information gathered through a variety of national initiatives that 
were conducted by AFSC personnel in 2015 through 2016. These include (but are not limited to) stock 
assessment prioritization, habitat assessment prioritization, climate vulnerability analysis, and stock 
assessment categorization. A form was submitted to stock assessment authors to gather results from all 
these initiatives in one location. The resulting synthesis included information from the main stock 
assessment and currently available published research papers or reports. This information serves as the 
initial starting point for developing the ESPs for stocks in the BSAI and GOA groundfish FMP. Further 
supplementary data was collected from a variety of process studies, standardized surveys, laboratory 
experiments, accounting systems, and regional reports (Table 1).  







Surveys 
Information for the first year of life was derived from ecosystem surveys run by the Alaska Fisheries 
Science Center’s (AFSC) Recruitment Processes Alliance (RPA) and data from the Gulf of Alaska 
Integrated Ecosystem Research Program (GOA-IERP). Data pertaining to the larval life history stage 
were primarily collected from the Western Gulf of Alaska Survey (Kodiak west to Unimak Pass) during 
late spring (May to early June) from 1978-2017. Larvae are collected in a bongo net that is towed 
obliquely and a neuston net towed at the surface. Catch-per-unit-effort (CPUE) is measured in numbers 
per 10 m2 for the bongo tows and 1000 m3 for the neuston tows. Young-of-the-year or age-0 sablefish 
were sampled during the summer in the eastern GOA by the GOA Assessment Survey from 2010-2017. 
Survey stations were approximately 20 nautical miles apart offshore and 10 nautical miles apart over the 
shelf and slope. A modified pelagic trawl was towed at the surface for 30 minutes at each station. A 
Nordic model 264 trawl net was used in 2010 and 2017, while a CanTrawl model 400 trawl net was used 
from 2011-2016. The Nordic 264 trawl net is more effective at capturing age-0 sablefish because if fishes 
the upper 10 m to surface, has an additional “scare mesh”, and an additional panel of 10 cm mesh running 
to the headrope to retain animals inhabiting the neuston. Area swept was estimated from horizontal net 
opening and distance towed and CPUE is measured as numbers per 10 km2. Values for larval and age-0 
surveys were standardized by the mean of each dataset to allow for visual comparisons.  
 
Overwintering juveniles and 1+ juveniles are generally captured in bottom trawl surveys. The Alaska 
Department of Fish and Game (ADFG)’s large-mesh bottom trawl survey of crab and groundfish has been 
conducted annually from 1988 to 2017 using a 400-mesh eastern otter trawl net designed to sweep a 12.2 
m path. The survey uses a fixed-grid station design, with all areas sampled each year, and is conducted in 
the Kodiak, Chignik, South Peninsula, and Eastern Aleutian Tanner crab districts. The AFSC Gulf of 
Alaska bottom trawl survey is a stratified random survey used for the majority of groundfish stock 
assessment biomass estimates (for more details see AFSC Surveys subsection in main stock assessment 
Data section). Length composition data are available for many species and juveniles sizes can be 
separated from adults for more in-depth consideration of the late juvenile stage distribution. 


Other 
Data from other supplementary sources were provided through personal communication, Ecosystem 
Status Report contributions, published reports, and peer-reviewed manuscripts. Additionally, remote 
sensing data were provided through the NOAA ERDDAP servers and CoastWatch program, which 
provide a simple, consistent way to download subsets of gridded and tabular scientific datasets. Data for 
the polar regions are now hosted through the PolarWatch website (https://polarwatch.noaa.gov/) and may 
be a very useful source for developing indicators in the future. 


Socioeconomic 
The majority of sablefish economic value data were compiled and provided by the Alaska Fisheries 
Information Network (AKFIN). Sablefish ex-vessel data were derived from the NMFS Alaska Region 
Blend and Catch-accounting System, the NMFS Alaska Region At-sea Production Reports, and the 
ADFG Commercial Operators Annual Reports (COAR). Sablefish first-wholesale data were from NMFS 
Alaska Region At-sea and Shoreside Production Reports and ADFG Commercial Operators Annual 
Reports (COAR). Global catch statistics were found online at FAO Fisheries & Aquaculture Department 
of Statistics (http://www.fao.org/fishery/statistics/en), NOAA Fisheries, Fisheries Statistics Division, 
Foreign Trade Division of the U.S. Census Bureau (http://www.st.nmfs.noaa.gov/commercial-
fisheries/foreign-trade/index), and the U.S. Department of Agriculture (http://www.ers.usda.gov/data-
products/agricultural-exchange-rate-data-set.aspx).Information regarding the community involvement and 
percent value was derived from reports of the Community Development Quota (CDQ) Program.  







Results 
The results of the ESP are summarized in three main product areas called the 1) factors profile, 2) 
conceptual model, and 3) report card. Supportive data to help explain hypothesized mechanisms and 
interactions are also provided where relevant. The factors profile gives context for how sablefish relate to 
other groundfish stocks in the FMP and highlights the research and data priorities for the sablefish stock. 
The conceptual model is used to identify the main abiotic and biotic pressures on the sablefish stock. A 
socio-cultural and economic performance section is linked to the conceptual model to further evaluate the 
impact of the sablefish fishery. Relevant proxy indicators for the pressures identified in the conceptual 
model are shown in the report card and data gaps are discussed.  


Factors Profile 
The sablefish factors profile (Figure 1) identifies the areas for concentrating development of relevant 
ecosystem and socioeconomic mechanistic relationships and indicators. Bars of each factor show the 
score or value for sablefish relative to all other stocks in the groundfish FMP. Black dots show the mean 
value for each factor across all groundfish stocks. Red dots show the target value estimates for sablefish 
in the most recent data gap analysis (SAIP 2017). The categories of the factors are generally related to 
how the information was used in the various national initiatives (Shotwell et al. 2016). Sablefish clearly 
have a large data gap for ecosystem data, with a high target and low available data within the assessment. 
Additionally, there is very high constituent demand and commercial value for this stock as well as very 
high recruitment variability. This stock also has low natural mortality, low habitat dependence, and a low 
ecosystem role when compared to other stocks in the groundfish FMP. 
 
We determined that it was important to consider more in-depth information regarding the recruitment 
factor in order to understand potential life history bottlenecks for this species, given the large emphasis on 
recruitment variability in the baseline profile (Figure 1). A preliminary energetics profile based on body 
composition (wet mass) for percent lipid and percent protein by size shows obvious shifts in body 
composition and energy allocation through the different life history stages (Figure 2, top graph, Heintz 
and Vollenweider, pers. comm.). Age-0 sablefish increase in lipid content dramatically during the pelagic 
phase prior to settlement. Lipid levels decline when fish reach around 200 mm indicating a clear cost for 
settlement. Protein synthesis remains constant throughout this time period as the fish grow rapidly. Body 
composition then remains relatively consistent until the fish reach 400 mm (age 2-3), which is the time 
period in their life history when fish begin to move toward adult habitat. After this point, lipids begin to 
increase fairly constantly as they get larger with age. The 400 mm length is also the designated maximum 
body size for the early stage juvenile habitat suitability models and the point where we start to see this 
size fish and larger in the primary assessment surveys (Pirtle et al. Accepted, Hanselman et al. 2016). The 
high variability of percent lipid in the age-0 pelagic phase just prior to settlement suggests a potential 
bottleneck in the life history (Heintz and Vollenweider, pers. comm.). A fish with a higher percent lipid 
composition may have a higher chance for overwinter survival than a fish with a lower percent lipid 
composition, particularly given the cost of settlement that this fish seems to incur.  
 
Another bottleneck may occur as the fish move from the post-settlement juvenile stage in nearshore 
habitat to the adult slope habitat. During this time, the percent lipid stays low and constant until about 400 
mm where it begins to increase (almost linearly) with size, while the percent protein decreases slightly. 
This suggests that the fish in the nearshore are still growing quickly with an associated high energetic 
cost, but as they move offshore the fish have relatively low energetic demands and can begin to allocate 
surplus lipid to storage with age as they grow (Heintz and Vollenweider, pers. comm.). The juvenile 
nearshore stage appears to continue to be an energetically-demanding period as all surplus energy is 
allocated toward growth (protein). Another explanation for this is that food is limited and not a lot of 
surplus energy is consumed. Later during the early offshore residence for juveniles, the energetic 
constraints are relieved and fish obtain surplus energy that is stored as lipid. In addition to reducing the 







pressure for rapid growth, the extreme increase in lipid storage may represent considerably better feeding 
grounds, and/or life history constraints to increase lipid content as the fish move into the deeper depths of 
the adult habitat as they age. Juvenile fish that can put on weight faster may have a higher chance for 
survival than fish experiencing suboptimal conditions. Future investigations should consider comparing 
composition data in a given year from a regional distribution of samples representing these different life 
stages of sablefish. 
 
It is also interesting from an economic perspective that the price per kilogram from younger and 
subsequently smaller size fish starts low and increases with size up to a certain point (Figure 2, middle 
graph). Multiplying this value against the average size of a fish for a given age (Figure 2, bottom graph) 
suggests that market value would be maximized if fish were allowed to grow for several years, up to 
about age 9 (peak of curve at about 700 mm, Figure 2, bottom graph). Given that there is a potential 
vulnerability in the juvenile stage, where fish are just starting to increase in lipids (Figure 2, top graph), it 
seems that allowing the fish to grow to a larger size would not only increase chances of survival but also 
increase overall market value. Considering both the energetics and economics profiles together highlights 
potentially sensitive aspects of the life history where bottlenecks can be identified and harvest strategies 
can be considered for the more vulnerable life stages that would not only increase survival but also 
increase potential value. 


Conceptual Model 
As a first pass, we utilized descriptive responses from the sablefish lead stock assessment author and 
relevant literature to create a baseline life history conceptual model which is detailed in Figure 3. It 
seemed reasonable to divide the time scale of the conceptual model into the first year and subsequent 
years because of the emphasis on understanding recruitment variability from the factor profile. In the 
conceptual model graphic, the different abiotic and biotic pressures that were identified by each life stage 
from the lead author and relevant papers are set in general categories above the life history timeline. Lines 
connect these pressures to a given life stage box where a potential linkage was identified through the lead 
author or literature. The potential direction of the relationship is also indicated in some cases. The main 
categories of the primary pressures influencing the different life stages were identified as sea surface 
temperature, nearshore transport, age-0 prey conditions, interactions with co-occurring species, impact of 
predators, habitat suitability, and economic value. Details on why these pressures were highlighted in the 
conceptual model and the potential relationship between these pressures and the different life stages are 
described below.  
 
Sablefish are thought to exhibit some thermal intolerance to very cold water (Sogard and Olla 1998) and 
their upper thermal limit is near their upper limit of survival (Sogard and Olla 2001). Preliminary results 
from an age-0 and age-1 juvenile energetics experiment suggest that their optimal thermal environment 
for growth is around 16 oC (A. Sreenivasan pers. comm.). Also, transport to the nearshore environment 
during the first year of life is thought to relieve potential vulnerability if conditions are poor (Doyle and 
Mier 2016). Above average recruitment was associated with a more northerly winter current direction and 
warmer sea surface temperatures (Sigler et al. 2001). A recent hierarchal cluster analysis of multiple 
environmental indices on age-0 and age-1 sablefish suggested that sablefish recruitment was positively 
related to July upwelling favorable winds and negatively related to spring freshwater discharge in the 
eastern GOA (Coffin and Mueter 2014). Colder than average wintertime sea surface temperatures in the 
central North Pacific along the North Pacific Polar Front were hypothesized to setup downstream oceanic 
conditions that create positive recruitment events for sablefish during their early life history (Shotwell et 
al. 2014). At first this may seem conflicting with the sablefish warm temperature requirements; however, 
the colder wintertime temperature index may represent a shifting of the polar front spatially rather than 
any true temperature signal. This sort of mechanism can be seen in a sea surface temperature heat map 
(Shotwell et al. 2014, Figure 2), during the 1976/77 regime shift and again in the 2000s. This would 







imply that large ocean scale events that translate temperature signals across domains, such as recently 
seen with the Warm Blob event being translated from the west coast U.S. to Alaska in 2013 to 2014 
(Bond et al. 2015), may create these conditions that sablefish are finely tuned to exploit. The potential 
vulnerability in their extended pelagic phase may be limiting under average conditions, but may also be a 
strength under anomalous conditions where their astounding growth capacity and early swimming ability 
allows widespread exploitation of available resources. Also, under average conditions, enhanced transport 
to the nearshore environment may be critical for maintaining a base to average level of recruitment. A 
simple individual based model recently developed for sablefish suggested that overall connectivity to the 
nearshore nursery areas was highly related to sablefish recruitment over the 1996 - 2011 time period when 
there were very few high recruitment events (Gibson et al. In Press).  
 
During the nearshore and settlement period, research on nearshore conditions and interactions with other 
surface foragers show positive relationships with sablefish recruitment (Yasumiishi et al. 2016; M. 
Arimitsu pers. comm.). Age-2 sablefish recruitment was modeled as a function of sea surface 
temperatures, nearshore production (chlorophyll a), and adult pink salmon returns (co-occurring in this 
environment). The best model described the stock assessment estimates of age-2 recruitment as a function 
of late August maximum chlorophyll a during the age-0 stage, late August maximum sea temperature 
during the age-0 stage, and pink salmon returns during the age-1 life stage of these sablefish (Yasumiishi 
et al. 2017). Another interaction can be seen through the use of seabirds as samplers of the marine 
environment. The proportion of biomass in rhinoceros auklets on Middleton Island seems to fluctuate in 
response to other more dominant species in the diet such as capelin and sand lance (Hatch et al. 2017). 
However, in the recent very warm years of 2014-2016, the proportion of other species such as sablefish 
has increased in the auklet diet. A more direct measure of the sablefish condition has been calculated from 
the samples taken in the auklet diet. This age-0 sablefish growth index, calculated as the coefficient for 
the regression of length (mm) by Julian day for each year (Arimitsu pers. comm.), effectively tracks the 
nearshore age-0 growth rate of sablefish and has a positive relationship with sablefish recruitment. 
 
The main ecosystem impacts on the late juvenile and adult prey and predators are depicted in the current 
ecosystem considerations section of the sablefish stock assessment (Hanselman et al., 2016). Both stages 
appear to be generalists and it is not likely that prey abundances have much influence on sablefish 
dynamics. However, killer and sperm whales are likely major predators of sablefish based on depredation 
rates estimated on the AFSC longline survey and the in the fishery. This depredation is factored within 
the assessment as a correction to the survey and an author’s adjustment to the ABC. Whale observations 
are collected on the AFSC longline survey and in the fishery and estimates of whale depredation on 
sablefish would provide a good indicator of the impact to the sablefish population. 
 
The recent update to the Essential Fish Habitat for Alaska groundfish included models and maps of 
species habitat suitability distribution (Pirtle et al. Accepted, EFH 2017). Models and associated maps for 
each life history stage were provided and the more fully developed models resulting from model selection 
methods were provided to the lead assessment authors for review on the early juvenile settlement stage 
(<400 mm), late juvenile stage (>=400 mm & < 550 mm), and adult stage (>=550 mm). Clear progression 
from bathymetrically low-lying areas in nearshore bays and inlets to the gullies of the continental shelf 
and finally to the slope environment can be seen from the three stages (Figure 4). The models indicate 
that tidally-derived current speed and bottom temperature are important for the early and late juvenile 
stages, while depth is the primary predictor for the adult stage (Pirtle et al., Accepted, EFH 2017). These 
results suggest that suitable habitat for juvenile sablefish is more influenced by non-static variables than 
just depth (as with adults). It is then possible that the amount of suitable habitat may vary from year to 
year and impact the selectivity of sampling gear to these life stages. This concept is somewhat supported 
in a preliminary analysis of the bottom trawl survey temperature data. We restricted the haul data to the 
depths predicted by the habitat models for the juvenile stages (approximated by strata less than 200 m and 
less than 100 m). Average bottom temperature varies both spatially and temporally with higher variability 







in the western GOA. We also considered the difference between the surface temperature and bottom 
temperature at each haul as a measure of mixing. This can be thought of as a proxy for the tidal 
movement habitat variable in that more tidal movement would promote mixing and less would promote 
stratification. The eastern GOA seems to be dominated by stratification as the difference between surface 
and bottom temperatures are high and do not fluctuate much over time. In contrast, the western GOA is 
highly variable with more stratification in the earliest and most recent surveys and more mixing in the 
2000s. Based on recent results from a sablefish movement model, the western GOA is an area where 
small sablefish do not tend to stay, while the eastern GOA is considered more an area of residence 
(Hanselman et al. 2015). The habitat suitability model results for juvenile sablefish combined with the 
supportive data from the bottom trawl survey suggest that an indicator of the temporally varying aspects 
of suitable habitat for this life stage may be useful to monitor and may ultimately link to time-varying 
selectivity within the stock assessment model.  


Socio-cultural and Economic Performance 
We provide a separate section on the socioeconomic aspects of the sablefish fishery due to the high 
importance of this resource in this region. The following describes the economic performance of the 
sablefish stock over time as well as social and cultural impacts to the most highly involved communities 
with this resource.  
 
Since the mid-2000s, decreasing biomass has caused the TAC and catch to decrease. This trend continued 
through 2016 as retained catches decreased 9% to 9.9 thousand t in 2016, down from 10.8 thousand t in 
2015 (Table 2). The impact of the decrease in catch and corresponding production on revenues was offset 
by an 8.2% increase in the ex-vessel price to $4.28/lb. The net effect was a marginal increase in ex-vessel 
revenue to $92.8 (Table 2). The increase in the ex-vessel price was a reflection of a commensurate 
increase in first-wholesale price to $7.72 (Table 3). First-wholesale value increased to $99.7 million in 
2016. Most sablefish are sold as headed-and-gutted at the first-wholesale level of production. Because of 
the minimal amount of value added by head-and-gut production and the size of the catcher vessel sector 
ex-vessel price is closely linked to the wholesale price. Persistent declines in catch may have been 
disruptive to revenue growth in the sablefish fishery. Strong prices have maintained total value in the 
fishery as catches have declined. The 2016 price was the highest seen since prices peaked in 2011 at 
$8.71. Twenty percent of the Bering Sea and Aleutian Islands (BSAI) sablefish total allowable catch 
(TAC) allocated to vessels using hook-and-line or pot gear and 7.5% of the sablefish TAC allocated to 
trawl gear are reserved for use in the Community Development Quota (CDQ) program, which was 
implemented in 1995. The Sablefish IFQ program includes a cost recovery provision. Cost recovery has 
ranged from $0.75 million to $2.30 million and 1% to 3% of the ex-vessel value of the fishery, with 2015 
being the first year the fishery reached the 3% limit (Figure 5 top graph). 
 
Japan is the primary export market, but its share of export value has decreased from 82% in 2003-2012 to 
59% in 2016 (Table 4). In recent years, industry reports and U.S. import-export figures indicate that the 
strong demand for sablefish in the U.S. and foreign demand outside of Japan, including Europe, China 
and Southeast Asia has increased. U.S. exports as a share of U.S. production have declined over time 
indicating increased domestic consumption. China’s share of export value has been increasing (Table 4). 
Furthermore, reports indicate inventories at the end of 2015 were depleted. These factors can strengthen 
the negotiating position of sellers. While strong demand and supply reductions have put upward pressure 
on wholesale prices, the strength of the U.S. dollar puts downward pressure on the price of exported 
goods as it further increases prices for foreign importers. The significant increase in the 2015 U.S.-
Japanese exchange rate returned to a comparatively more favorable level in 2016, which could have 
contributed to the increase in the first-wholesale price. Sablefish prices for Japanese consumers were 
sufficiently high that some industry news reports expressed concern that it would push it outside a 







consumer’s price range, resulting in demand reductions. Nevertheless, Japanese demand appeared strong 
throughout 2016 and 2017 and prices through mid-2017 indicate that they could be the highest on record. 
 
In order to identify the dominant communities engaged in commercial sablefish fisheries, the Regional 
quotient was calculated from baseline (1992-1994) until the most recent available data (here, 2013). The 
four communities most highly engaged with the sablefish fishery: Seward, Kodiak, Sitka, and Homer 
account for almost 48% of the regional value landed (Figure 5 bottom graph). In comparison, the 
community Local Quotient metric shows a decline in both pounds and regional value landed in all four of 
the highly engaged communities. The community Local Quotient, which measures the percentage of 
sablefish IFQ landed within a community out of the total amount of all species landed within that 
community, illustrates substantial declines in all highly engaged communities. 


Report Card 
The information gathered through the construction of the conceptual model provides insight as to the 
most relevant indicators to monitor for identifying important temporal trends in the sablefish population. 
Until the recent addition of the whale depredation accounting, indicators have been considered only for 
contextual value in the sablefish stock assessment model through the ecosystem considerations section. 
Here we provide a list of potential indicators based on the sablefish profile and conceptual model and an 
accompanying report card of the time series of indicators (Table 5, Figure 6). If there was an identified 
potential indicator but no available corresponding proxy, then a placeholder was provided and this can be 
used as a likely area of future research for this stock.  
 
In the report card plot, we show the most relevant indicators that would have potential linkages to the 
main stock assessment model. In the report card table, we organized indicators by life stage and provide 
the title of the indicators along with a description of the dataset. Then the potential area for linkage with 
the assessment model parameters is provided along with an assessment of the average of the last five 
years of the indicator and the current year estimate relative to the average for the time series. In many 
cases the most current year was not available and this demonstrated a potential data gap indicator for 
setting priorities on ecosystem data research and analysis.  
 
The most important stock assessment model time series output to monitor for sablefish are the recruitment 
and spawning stock biomass estimates. Relevant proxy indicators identified for monitoring recruitment 
were sea surface temperatures measured along the North Pacific Polar Front (Shotwell et al., 2014), larval 
juvenile transport measured by total connectivity from the sablefish individual based model (Gibson et al. 
In Press), larval prey which was a data gap, early juvenile prey conditions measured by the nearshore 
model (Yasumiishi et al. 2015), and early juvenile growth measured by the auklet samples (Arimitsu and 
Hatch 2017). Proxy indicators relevant to adult spawning biomass were a temporal measure of juvenile 
habitat to potentially explain changes in selectivity which was a data gap, whale depredation estimates 
used in the main stock assessment model for adjusting the recommended ABC (Hanselman et al. 
Accepted), and ex-vessel value measured in millions of dollars relative to 2016 (Fissel et al. 2016).   
 
The five year and current year trend in these time series provide a measure of potential future conditions; 
however, several of the indicators need to be updated or replaced since the current information is not 
available at this time. This is particularly true for the sea surface temperature and larval juvenile transport. 
A high-resolution time series of sea surface temperature from 2003 to present is available from the MUR 
dataset and shows very high temperature anomalies for 2014 and 2015 in the outer North Pacific domain 
for the month of May, which is the start of the larval survey season. Data on sablefish captures from 
larval and age-0 surveys show some coherence of relatively high catches during warm years of 2014 and 
2015 but almost none during earlier cold years of 2012 and 2013 (Figure 7). Overall, this information is 
somewhat confounded by shifting sampling areas from year to year and we present the data on a relative 







scale for both the larval and age-0 surveys to allow for visual comparisons. Additionally, a gear change in 
2017 resulted in higher sablefish catches simply due to increased selectivity of the different net. However, 
the benefit of sampling more fish with the different gear at this early life stage may assist with potentially 
developing an energetic index for sablefish as samples may become more reliable regionally in the future. 
A composite of the MUR SST anomalies during the sampling season may be useful for updating the sea 
surface temperature time series indicator in the future and could be coupled with a new energetic index to 
show condition by life stage. 
 
Additional long-term satellite and survey time series are also available with regard to the other data gaps 
in the report card. Productivity (measured by ocean color) and currents (measured by sea surface height) 
could be used to develop larval prey and transport time series in the future. Potentially rough counts of 
small and large zooplankton as well as the community from the spring and summer surveys could be used 
in the future for larval prey as the time series develops (Ferm et al. 2017, Strasburger et al. 2017). The 
ADFG large mesh bottom trawl survey of crab and groundfish has been conducted annually from 1988 to 
2017 (Figure 8) and samples on a fixed grid in the Kodiak to eastern Aleutian area. Recently, this survey 
has observed larger catches of smaller sablefish (age-1 and age-2) in the 2015 and 2016 surveys, which 
corroborates that the 2014 year class was indeed large. However, age-1fish were not in high composition 
in the 2016 survey implying that year class may not be as big as the GOA trawl survey size compositions 
indicate (see main sablefish document). This survey may be useful as an early signal of overwinter 
success and could be considered as an additional process study indicator in future report cards. In 
development of such an indicator, it would be useful to determine how representative this survey is of the 
sablefish population as a whole. This could include comparison of temporal patterns with data over 
similar length compositions in the trawl survey by region. 
 
Finally, a more complete measure of the time varying suitable juvenile habitat with regard to tidal mixing 
and thermal stratification could be derived from oceanographic profile data taken on the annual 
International Pacific Halibut Commission (IPHC) longline survey (2009 – 2016). Both surface and 
bottom temperatures are available for processing from all stations as well as a variety of other 
oceanographic measures (chlorophyll a, dissolved oxygen, etc.). The survey area covers the entire 
continental shelf to 500 m across the GOA, Aleutian Islands and Bering Sea slope. We reproduced the 
preliminary view of the bottom thermal environment that is currently available in the Report of 
Assessment and Research Activities (RARA) from 2012 – 2016 (Figure 9). There appears to be a delayed 
response in the latent heat on the sea floor resulting from the warm surface temperatures of 2014 as 
conditions do not seem to be anomalously warm until the 2015 and 2016 surveys. It is also clear that there 
are spatially-explicit shifting pockets of warmer temperatures throughout the GOA. Index areas, possibly 
eastern and western GOA, may be suitable locations to develop habitat measures for linking to time-
varying selectivity.  
 
For the currently updated indicators, trends are mostly consistent with the large year class of 2014. Based 
on the current model for early juvenile prey conditions, there was higher chlorophyll a content in sea 
water during late summer in the nearshore areas that sablefish use, which indicates higher primary 
productivity and a possible late summer phytoplankton bloom. Also for pink salmon, which is a co-
occurring species for sablefish in nearshore waters, higher productivity was a positive predictor for 
sablefish recruitment to age-2. The anticipated implications of this model are that we should expect a 
weak 2015 year class and a strong 2016 year class of sablefish; however, the 2014 prediction was only 
slightly above average, which is counter to the current estimates from the stock assessment model. The 
sablefish growth model from auklet diet also shows positive anomalies for 2014-2016, with the 2015 and 
2016 years being higher than 2014. This may reflect some of the potential recruitment in these years seen 
in the length compositions from the GOA trawl survey (see main stock assessment). The 2017 growth 
seems to be about average for this time series.  
 







Value in the fishery has been average for the past five years and declining in the most recent year clearly 
in response to continually lower catch. This has obvious impacts on industry with regard to revenue but 
perhaps less well-known detrimental impacts on the communities most closely tied to this resource. We 
plan to explore more socioeconomic indicators in the future to understand these dynamics and 
downstream impacts. 


Discussion and Recommendations 
The ESP of sablefish provides a synopsis of the various ecosystem and socioeconomic data sources 
available. We use a sequential process for identifying mechanisms and indicators that are most important 
to the sablefish stock assessment. The profile stated recruitment and economic value were of high 
importance as well as highlighting a clear data gap in applying ecosystem information within the stock 
assessment process. The additional energetics profiles highlighted bottlenecks in the life history during 
the first year to settlement and during the post-settlement stage. The conceptual model built on these gaps 
to highlight mechanistic system response and point to potential indicators. The report card provides the 
suite of indicators for monitoring and suggestions for improvement. In future versions of the ESP, the 
three main products of the profile, conceptual model, and report card along with other relevant 
visualizations can be easily updated so that the ESP report becomes dynamic and effective for monitoring 
future changes. This will help with providing efficient warning of impending changes that may impact 
stock productivity and pave the way for a truly ecosystem linked stock assessment. 
 
The primary ecosystem and socioeconomic research priorities from the AFSC annual guidance memo, the 
2016 Sablefish CIE, and the main sablefish stock assessment are to:  
 


• Understand mechanisms regarding high recruitment variability including spawning dynamics, 
oceanographic conditions, early life survival, lipid density and isotope analysis 


• Use a spatially-explicit model to examine the effect of movement on population dynamics 
• Identify covariates that affect catch rates in either the survey or fishery 
• Consider new strategies for incorporating growth data 
• Continue research on whale depredation of sablefish  
• Consider socioeconomic interactions  


 
The ESP starts the process of addressing many of these research priorities. However, many new research 
projects are in the works and a recent summit on sablefish research provides some key areas that may be 
useful for incorporating into future sablefish ESPs (Krieger pers. comm.). A few examples include in-
depth laboratory experiments on larval growth (A. Deary pers. comm.), nearshore process studies on 
feeding and movement ecology of post-settlement juveniles (A. Beaudreau pers. comm.), age-0 laboratory 
growth and overwinter condition experiment (J. Krieger & A. Sreenivasan pers. comm.), research project 
on distribution, abundance, diet (fatty acids, stable isotopes), growth, predation, and competition of age-0 
fish (W. Strasburger pers. comm.), satellite tagging for spawning locations (K. Echave pers. comm.), skip 
spawning and spatiotemporal maturity study (C. Rodgveller pers. comm.), spatially-explicit life cycle 
modeling within stock assessments (D. Goethel pers. comm.), and a coast-wide sablefish assessment 
model (K. Fenske pers. comm.). Several projects are multi-agency in nature and showcase the broad 
communication and collaboration among research scientists with regard to sablefish research. 
 
Throughout this ESP we have discussed a variety of mechanisms and indicators that can be used for 
monitoring and determining the potential for linkage within the stock assessment model. Based on this 
ESP synthesis, our recommendations for future research priorities with regard to the sablefish stock are 
provided in the following table:    
 







Product Recommendation 


Factors 
Profile 


• Further develop factors profile to consider sub-intervals of the different 
ontogentic stages to highlight stock-specific vulnerability and resilience 


• Utilize laboratory experiments and process studies to further develop energetic 
and economic profiles regarding life history bottlenecks 


Conceptual 
Model 


• Consider the applicability of nearshore process studies and long-term surveys for 
monitoring overwinter survival 


• Explore the utility of advancing modeled output (e.g. life cycles, individual based 
models, habitat suitability, etc.) for evaluating pressures on early life survival  


Report 
Card 


• Develop indicators for large-scale persistent offshore features (such as the Warm 
Blob) that could provide early warning for extreme recruitment events 


• Develop energetics indicators for all life stages, with emphasis on the vulnerable 
early life stages just prior and post-settlement 


• Develop habitat indicators depicting suitable juvenile habitat to potentially 
explain time-varying survey selectivity 


 
These recommendations are in no particular order and should complement the priorities already specified 
within the main stock assessment. As we continue to develop the sablefish ESP and integrate relevant 
linkages within the stock assessment model, we will ultimately strengthen our understanding of these 
mechanistic relationships and further the advancement of the sablefish assessment model toward next 
generation stock assessment. 
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Table 1: List of data sources used in the ESP evaluation. A variety of contributions to the Ecosystem Considerations Report (Zador et al., 2017) 
and the Economic Status Report (Fissel et al., 2017) also utilize these data sources. Please see these reports for more details.  
 


Title Description Years Extent 


E
co


sy
st


em
 


Su
rv


ey
 


EcoFOCI Spring 
Survey 


Shelf larval survey in May-early June using oblique 60 cm bongo 
tows and periodic 30x50 cm neuston tows 1978-2017 Western GOA (odd yrs) 


SE Bering Sea (even yrs) 
EMA Summer 


Survey 
Shelf and slope age-0 survey during June and July using Nordic and 


CanTrawl surface trawls 2010-2017 Eastern GOA 


ADFG Large 
Mesh Survey 


Bottom trawl survey of crab and groundfish on fixed-grid station 
design using eastern otter trawl  1988-2017 Western GOA to Aleutian 


Islands 
RACE Bottom 
Trawl Survey 


Bottom trawl survey of groundfish on stratified random sample grid 
using Poly Nor’Eastern trawl 1984-2017 GOA biennial 


O
th


er
 


MUR SST Multi-scale Ultra-high Resolution (MUR) sea surface temperature 
analysis anomalies from Jet Propulsion Laboratory 2003-2017 Global 


RECA Energetics Body composition information from laboratory studies 2006-2016 Alaska 


Seabird diet 
growth index 


Length of age-0 sablefish samples in rhinoceros auklets taken from 
regurgitated food samples 1978-2017 Middleton Island, GOA 


Essential Fish 
Habitat Models 


Habitat suitability MaxEnt models for describing essential fish 
habitat of groundfish and crab in Alaska, EFH 2016 Update 1970-2016 Alaska 


So
ci


oe
co


no
m


ic
 


 


NMFS Alaska 
Regional Office 


Catch, economics, and social values for fishing industry, data 
processed and provided by Alaska Fisheries Information Network 1992-2016 Alaska 


Reports ADFG Commercial Operators Annual Reports, At-sea Production 
Reports, Shoreside Production Reports 2011-2015 Alaska 


Online 
NOAA Fisheries, Fisheries Statistics Division, Foreign Trade 


Division, FAO Fisheries & Aquaculture Department of Statistics, US 
Department of Agriculture 


2011-2016 Alaska, US, Global 


Community Community Development Quota Program 1995-2013 Alaska 


 
 







Table 2. Sablefish ex-vessel data from Alaska Fisheries. Total catch (federal and state) (thousand metric 
tons), catch in federal fisheries (thousand metric tons), ex-vessel value (million US$), price (US$ per 
pound), number of vessels, and the proportion of vessels that are catcher vessels, 2003-2012 average and 
2013-2016. 


2003-2012 
Average 2013 2014 2015 2016


Total Catch K mt 15.9 14.5 12.3 11.7 10.9
Retained Catch K mt 15.09 13.66 11.6 10.8 9.9
Value M US$ $101.0 $90.0 $94.6 $94.0 $92.8
Price/lb US$ $3.04 $2.99 $3.70 $3.95 $4.28
% value GOA 89% 92% 93% 95% 96%
Vessels # 385 303 293 286 285
Proportion CV 96% 96% 96% 97% 96%  


Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea Production Reports; 
and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by the Alaska Fisheries Information 
Network (AKFIN). 
 
Table 3. Sablefish first-wholesale data from Alaska Fisheries. Production (thousand metric tons), value 
(million US$), price (US$ per pound), and head and gut share of production, 2003-2012 average and 
2013-2016. 


2003-2012 
Average 2013 2014 2015 2016


Quantity K mt 8.59 7.83 6.70 6.06 5.86
Value M US$ $101.5 $96.2 $99.0 $91.0 $99.7
Price/lb US$ $5.36 $5.57 $6.70 $6.81 $7.72
H&G share 95% 97% 97% 98% 97%  


Source: NMFS Alaska Region At-sea and Shoreside Production Reports; and ADF&G Commercial Operators Annual Reports 
(COAR). Data compiled and provided by the Alaska Fisheries Information Network (AKFIN). 
 
Table 4. Sablefish global catch (thousand metric tons), U.S. and AK shares of global catch; WA & AK 
export volume (thousand metric tons), value (million US$), price (US$ per pound) and the share of export 
value from trade with Japan and China, 2003-2012 average and 2013-2017. 


2003-2012 
Average 2013 2014 2015 2016


2017      
(thru July)


Global catch K mt 24.3 19.8 17.8 18.7 - -


U.S.Share of global 84% 90% 90% 86% - -


AK share of global 58% 66% 62% 56% - -


Export Volume K mt 10.75 8.67 6.67 6.66 5.58 3.10
Export value M $ 82.23$      95.57$     81.58$     82.26$     80.82$     47.85$        
Export Price/lb US$ 3.47$        5.00$       5.55$       5.60$       6.57$       6.99$          
Japan value share 82% 74% 73% 63% 59% 70%
China value share 11% 14% 14% 26% 36% 21%
Exchange rate, 
Yen/Dollar 101.27 97.60 105.94 121.04 108.79 110.95


 
Note: Exports include production from outside Alaska fisheries. Source: FAO Fisheries & Aquaculture Dept. Statistics 
http://www.fao.org/fishery/statistics/en. NOAA Fisheries, Fisheries Statistics Division, Foreign Trade Division of the U.S. 
Census Bureau, http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index. U.S. Department of Agriculture 
http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx. 







Table 3. Report card description for sablefish including indicator title, description, potential stock 
assessment model linkages, and percent change from time series average for last five years and from the 
current year.  
 


Title Description Model 
Linkage 


% 5 
Year 


% 1 
Year 


L
ar


va
e 


St
ag


e 
In


di
ca


to
rs


 


Sea Surface 
Temperature 


Surface temperature index along 
the North Pacific Polar Front in 


central North Pacific (Shotwell et 
al. 2014) 


Recruitment 
Deviations NA NA 


Larvae/Juvenile 
Transport 


Total connectivity index derived 
from individual based model 


(Gibson et al. In Press) 


Recruitment 
Deviations NA NA 


Larvae Prey – GAP 
Needed: Measure of secondary 


production in offshore to nearshore 
pelagic habitat 


Recruitment 
Deviations NA NA 


Ju
ve


ni
le


 S
ta


ge
 In


di
ca


to
rs


 Early Juvenile Prey 
Conditions 


In situ measurements of 
chlorophyll a taken from SECM 


survey in Southeast Alaska 
(Yasumiishi et al. 2015) 


Recruitment 
Deviations -54 % -4 % 


Early Juvenile 
Growth 


Anomalies from regression growth 
index of sablefish sampled in 


rhinocerous auklet diet 


Recruitment 
Deviations 38% -2 % 


Juvenile Habitat 
Needed: Measure of late juvenile 


habitat from bottom trawl and 
longline surveys 


Survey 
Selectivity NA NA 


A
du


lt 
St


ag
e 


In
di


ca
to


rs
 


Adult Whale 
Depredation 


Estimated sablefish mortality by 
whale species in the fishery (t) Mortality -26 % -34% 


Adult Value Ex-vessel value of sablefish 
measured in 2016 dollars 


Stock 
Biomass 0 % NA 


 







 


 
 
 
 
 
 
Figure 1: Baseline stock profile for sablefish. Factors are defined in various national initiative reports and 
SAIP (2017). Bar length measures the score or data value for sablefish, black dots measure the mean 
score or data value for all groundfish in the FMP, and red dots reflect the target values assessed for the 
data classification gap analysis as defined in the SAIP (2017).  







 


 


 
 
Figure 2: Top graph is the percent body composition by length (mm), black dots are % lipid by size, red 
dots are % protein by size and lines represent smoother (loess) for trend visualization. Middle graph is an 
approximate value per kilogram by age, and bottom graph is the value per kilogram multiplied by average 
weight for a given age. Red dotted line shows approximate age at peak value (age 9).   







 
 
Figure 3: Conceptual model for sablefish by life stage (bottom of picture) and associated ecological pressures (top of picture). Proposed direction 
of relationship is provided with red positive and blue negative circles. 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Habitat Suitability by early juvenile (top, fish < 400 mm), late juvenile (middle, fish < 550 & >= 
400 mm), and adult (bottom, fish >550 mm) from most recent Essential Fish Habitat update (EFH, 2017). 
Continuous surface is shown on the left and percentile maps are on the right.  







 
 
 


 
 
 
 
Figure 5. Revenue in millions for sablefish fishery from 1995-2015 (top graph). Regional 
Quotient (VALUE) for communities highly engaged in the sablefish IFQ portion of the Alaska 
Halibut and Sablefish Individual Fishing Quota Program from 1996-2013 (bottom graph). 







 
Figure 6. Report card of potential indicators for sablefish with time series ranging from 1977 – 
present. TBD = To Be Determined and represents an indicator gap. Green lines depict 95% 
confidence intervals (CI) of series. Yellow fill is above upper CI bound, blue fill is below the 
lower CI bound. Red hashed lines indicate regime shifts and present year.  







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Distribution of larval (triangle), and age-0 (circle) by standardized measure of CPUE, 2012 – 2017 with overlay on MUR sea surface 
temperature for May. Black plus sign indicates station sampled. Please note that 2017 values are preliminary for larval and juvenile estimates.







 
 
 


 
 
 
 
Figure 8: Length (cm) composition (top graph) and catch-per-unit-effort (bottom graph) of sablefish in the 
ADFG large mesh survey. Please note graphs are for trend comparison only. Values are preliminary and 
will be recalculated with updated station data in the future.   







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Bottom temperature, reproduced from International Pacific Halibut Commission Report of Assessment and Research Activities (RARA), 
2012 – 2016. Please note that data is preliminary and will be finalized in future efforts.  
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		rftr911: NPFMC Bering Sea, Aleutian Islands and Gulf of Alaska SAFE

		rftr921: NPFMC Bering Sea, Aleutian Islands and Gulf of Alaska SAFE
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Executive Summary 


Summary of Changes in Assessment Inputs 
Changes in the input data: 


1) Biomass estimates from the 2017 Gulf of Alaska (GOA) survey were added to the time series 
used in this assessment. 


2) Complete catch is included for 2016 and 2015, as well as partial catch for 2017 (through 
October 25, 2017).  


Changes in the assessment methodology: 
The methodology has not changed since the last full assessment.  


Summary of Results 
The estimated 2018 total sculpin complex biomass in the GOA is 33,134 t. This represents a small 
decrease from the last full assessment in 2015. The recommended 2018 and 2019 ABC is 5,301 t based 
on an FABC=0.16 and the 2018 and 2019 overfishing level is 6,958 t based on an FOFL=0.21. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 


 


2018 2019 


 


M (natural mortality rate)1 0.21 0.21 0.21 0.21 
Tier 5 5 5 5 
Biomass (t) 34,943 34,943 33,134 33,134 
FOFL 0.21 0.21 0.21 0.21 
maxFABC 0.16 0.16 0.16 0.16 
FABC 0.16 0.16 0.16 0.16 
OFL (t) 7,338 7,338 6,958 6,958 
maxABC (t) 5,591 5,591 5,301 5,301 
ABC (t) 5,591 5,591 5,301 5,301 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 


Overfishing No n/a No n/a 
1 This is a sculpin complex average mortality rate, a biomass-weighted average of the instantaneous 
natural mortality rates for the four most abundant sculpins in the GOA: bigmouth (Hemitripterus bolini), 
great (Myoxocephalus polyacanthocephalus), plain (Myoxocephalus jaok), and yellow Irish lord 
(Hemilepidotus jordani).  
 







 


Area apportionment 
GOA sculpins are managed with a single total allowable catch (TAC) for the entire Gulf of Alaska region; 
there is no area apportionment. 


Responses to SSC and Plan Team Comments on Assessments in General 
None. 


Responses to SSC and Plan Team Comments Specific to this Assessment 
November 2015 Plan Team  


1. Calculate OFL/ABC for species as product of species-specific M and biomass. 
Author’s response: This was done in the current assessment. It works out to be the same as the 
weighted M method, in the absence of rounding error. More rounding error occurs in calculating 
the weighted average M so species-specific M is preferable to reduce rounding error. In the 
following example, if X represents the biomass of species 1 and Y the biomass of species 2, and 
M1 and M2 are the natural mortalities of the two species, respectively, then multiplying species 
specific natural morality and summing the result provides: 
 


 


 
If a weighted average M is applied to both species and summed, the same result is achieved: 
 


 


 
2. Apply average M to “other sculpins”. 


Author’s response: This was done in the current assessment. 
 


3. Examine whether a combination of low fecundity and fishing mortality explain long term decline 
of bigmouth sculpin.  
Author’s response:  
See Appendix.  


December 2015 SSC 


1. The SSC agrees with the PT recommendations for harvest specifications, specifically the use of 
the RE model biomass time series and the biomass-weighted natural mortality (M = 0.222). These 
result in the harvest specifications in the table below. We also agree with the PT in requesting 
possible explanations for the decline of bigmouth sculpin since the 1980s, including, but not 
limited, to low fecundity of bigmouth sculpin and fishing mortality. The SSC would also like to 
note the decline in survey biomass of the plain sculpin. We also suggest that investigations into 
the maximum age and natural mortality of the four primary sculpin species in this complex be 
added to research priorities. 


 
Author’s response: Research priorities were added as suggested.  







 


Introduction 
Biomass calculations for the Gulf of Alaska sculpin complex are based on the most common large sculpin 
species in that region. These species are from the genera Myoxocephalus, Hemitripterus, and 
Hemilepidotus, and have been identified to the species level by observers from the North Pacific 
Groundfish Observer Program since 2008. Biomass for this assessment is based on survey estimates for 
the four most abundant sculpins in the GOA: bigmouth (Hemitripterus bolini), great (Myoxocephalus 
polyacanthocephalus), plain (Myoxocephalus jaok), and yellow Irish lord (Hemilepidotus jordani) applied 
to a random effects model. 


Sculpins are a group of benthic-dwelling predatory teleost fishes that include 48 species in waters off the 
coast of Alaska. The four most common species have been identified in the AFSC GOA surveys since 
1984. A total of forty-six species of sculpins have been listed as occurring in the GOA (Table 19.1), and 
39 of these have been identified on NMFS GOA research surveys. Sculpins are broadly distributed 
throughout the shelf and slope regions of the GOA, occupying all benthic habitats and depths.   


Recent studies on the reproductive biology of the five most abundant sculpin species in the Eastern 
Bering Sea shelf area have provided new information on sculpin life history in Alaska (e.g. TenBrink and 
Aydin, 2009; TenBrink and Buckley, 2013). Prior to those studies, much of the reproductive biology 
information comes from studies in the western North Pacific. Most, if not all sculpins, lay adhesive eggs 
in nests, and many exhibit parental care for eggs (Eschmeyer et al, 1983). Markevich (2000) observed the 
sea raven, Hemitripterus villosus, releasing eggs into crevices of boulders and stones in shallow waters in 
Peter the Great Bay, Sea of Japan. This type of reproductive strategy may make sculpin populations more 
sensitive to changes in benthic habitats than other groundfish species such as pollock, which are broadcast 
spawners with pelagic eggs. In the western Pacific, great sculpins Myoxocephalus polyacanthocephalus 
are reported to have relatively late ages at maturity (5-8 years, Tokranov, 1985) despite being relatively 
short-lived. Great sculpin length and age at 50% maturity was estimated at 57.2 cm and 6.9 years from 
data collected in 2006 and 2007 along the eastern Bering Sea shelf (TenBrink and Aydin, 2009). The 
maximum age for great sculpin from this study was 17 years. Fecundity for the great sculpin off East 
Kamchatka waters ranged from 48,000 to 415,000 eggs (Tokranov, 1985). In contrast, preliminary 
information on reproduction for bigmouth sculpin (Hemitripterus bolini) in the GOA showed fecundity 
averaged 2,283 eggs per female (Morgan Busby, AFSC, personal comm.). The diversity of sculpin 
species in the GOA suggests that each sculpin population might respond differently to environmental 
changes (whether natural or fishing induced). Within each sculpin species, observed spatial differences in 
fecundity, egg size, and other life history characteristics suggest local population structure (Tokranov, 
1985). 


Information such as depth range, distribution, and maximum length has been collected for several years 
for many species during research surveys. There is no GOA-specific age-and-growth or maturity data for 
sculpins identified in this management region. Known life history characteristics for selected sculpin 
species in the GOA are presented in Table 19.2. With the exception of data for bigmouth sculpins, all 
fecundity and maturity data in Table 19.2 are from outside the GOA region.  


The Gulf of Alaska (GOA) sculpin complex has been managed as an independent complex with its own 
harvest specifications since 2010, when the North Pacific Fishery Management Council passed 
Amendment 87 to the GOA Fishery Management Plan, which separated the Other Species complex into 
its constituent species groups. Historically, sculpins were managed as part of the GOA Other Species 
complex, which also included sharks, skates, octopus and squid, and a single total allowable catch (TAC) 
was specified for the entire Other Species complex. Sculpins are currently a non-target species complex in 
the GOA, so sculpin catch depends solely on the TAC and spatial temporal limitations placed on target 
fisheries.  Vulnerability analyses indicate that the individual species in the sculpin complex have a wide 
range of vulnerabilities to overfishing (largely as a result of differences in life history and thus 







 


productivity), which may suggest that two or more separate sculpin complexes could be considered 
(Ormseth and Spencer, 2011; Patrick et al., 2010) The 2015 full assessment can be found at 
http://www.afsc.noaa.gov/REFM/Stocks/assessments.htm. Biomass and reference points are presented 
based on standard methods using data from the NMFS GOA trawl survey. 


Fishery 
There are no directed fisheries for sculpin species in the GOA at this time. Retained catch of sculpin 
species in the GOA has decreased recently from a mean of 15% from 2005-2012 to less than 2% on 
average since that time (Table 19.3). Sculpins are caught incidentally by a wide variety of fisheries and 
several gear types (Table 19.4a). Based on data from the NMFS Alaska Regional Office (AKRO) the 
main gear type catching sculpins is the non-pelagic trawl, followed by hook and line (Table 19.4a), and 
the main fisheries that catch sculpins are shallow water flatfish, Pacific cod, and IFQ halibut (Table 
19.4b). The majority of retained sculpins were taken on trawl catcher vessels targeting shallow water 
flatfish. With recent decreased demand for these flatfish and higher TACs for pollock and Pacific cod, the 
retained portion of sculpins in the catch has decreased (Tables 19.3 and 19.4b). It is unclear which sculpin 
species were commonly taken in GOA groundfish fisheries prior to 2004, because observers did not 
regularly identify animals in these groups to species.  


In 2002-2003, the observer program of AFSC initiated a species identification project to address the need 
to gather basic population data for groups in the Other Species complex.  Beginning in January 2008, 
sculpin catch was identified to species for the larger sculpin genera: Hemilepidotus, Myoxocephalus, and 
Hemitripterus. Several species of Hemilepidotus and Myoxocephalus have been identified from surveys. 
In Alaskan waters, Hemitripterus probably represents only one species, the bigmouth sculpin (Stevenson 
2004). Another member of this genus, the sea raven (H. villosus), has never been identified in any of the 
GOA trawl surveys conducted by AFSC. Therefore, it is reasonable to assume that all sculpins identified 
by observers as Hemitripterus sculpins were bigmouth sculpins. The observed proportions of plain, 
bigmouth, and yellow Irish lord caught by commercial fishing operations do not differ significantly from 
the biomass estimated from RACE surveys (Table 19.5 and Figure 19.1). However, the proportion of 
darkfin sculpin in the fishery appears much higher than in the survey. The estimates of sculpin complex 
biomass in the GOA has remained relatively stable since 1984, and CVs range from 0.08-0.28 (Table 
19.6). Yellow Irish lord, bigmouth sculpin, great sculpin, and plain sculpin accounted for the majority of 
sculpin biomass in the GOA region, according to survey estimates from 1984-2017 (Table 19.7). 


Data 


Fishery 
Removals from sources other than those that are included in the Alaska Region’s official estimate of catch 
(e.g., removals due to scientific surveys, subsistence fishing, recreational fishing, fisheries managed under 
other FMPs) are presented in the Appendix. The GOA catch of sculpins in 2016 was 1,330 t, and the 2017 
catch through October 25, 2017 was 1,226 t. Catches have ranged from 583-1,966 t since 2005 (Table 
19.3). The 2017 GOA biomass estimate for sculpins is 33,134 t, a slight decrease from the 2015 estimate 
of 34,943 t. The complex weighted mortality remained at 0.21. Catch has remained below the OFL for 
GOA sculpins, and the stock complex is not currently subject to overfishing.  


Survey 
Aggregate sculpin biomass estimates are derived from the GOA bottom trawl surveys. In the GOA, these 
aggregate data show no clear temporal trend, and should not be used as an indicator of population status 
for a complex with so much species diversity (Figure 19.2 and Table 19.6). Approximately 97% of the 
sculpin biomass is comprised of the larger sculpin species in the GOA: great, plain, bigmouth sculpin, and 







 


yellow Irish lord (Table 19.7). Species-specific biomass estimates are available for these four species 
(Figure 19.3). Mean proportions in the survey indicate that yellow Irish lord is currently the most 
abundant (~59% of all sculpin biomass), followed by great sculpin at 23%, bigmouth sculpin at 14%, and 
plain sculpin at 4.4% (Figure 19.4). These proportions have changed since the 1984 GOA survey, in 
which the biomass of bigmouth sculpin was higher than that of yellow Irish lord (Figure 19.4). The 
biomass of bigmouth sculpin declined from 1984-1995 and has remained at approximately 5,000 t since 
that time (Figure 19.4). The coefficients of variation (CVs) for the survey biomass estimates of the four 
most abundant sculpin species are at or below 0.40, suggesting that the GOA survey is doing an adequate 
job assessing the biomass of the more abundant species (Table 19.7). 


Other time series data used in the assessment 
Length measurements (fork length, FL in mm) have been collected for a variety of sculpin species during 
AFSC surveys of Alaska. The four most abundant species from the GOA survey have been measured on 
every biennial survey since 2003: yellow Irish lord, plain sculpin, great sculpin and bigmouth sculpin 
(Figure 19.5). These length compositions have remained fairly stable during this period and no strong 
trends are apparent. The surveys tend to catch bigmouth sculpins on the larger end of the length range, 
similar to the length observations of bigmouth from the eastern Bering Sea (EBS) shelf survey. Little 
information is known about bigmouth sculpin life history; this may suggest that the younger or smaller 
bigmouth sculpins occur in areas not sampled well by the surveys. Reference points and catch since 2011 
are shown in Table 19.10. 


Analytic Approach 


General Model Structure 
A random effects model was used to estimate current biomass for the sculpin complex. In this model, 
process errors (step changes) from one year to the next are the random effects to be integrated over and 
the process error variance is the free parameter. The observations can be irregularly spaced; therefore this 
model can be applied to datasets with missing data. Large observation errors increase errors predicted by 
the model, which can be used to weight predicted estimates of biomass. The Survey Averaging Working 
Group document provides more information: 
(https://www.afsc.noaa.gov/REFM/stocks/PlanTeam/2012/Sept/surveyaveragewg.pdf). 


Sculpins in the GOA are managed under Tier 5, where OFL = M * average survey biomass and ABC = 
0.75 * M * average survey biomass. The proportion of bigmouth, great, plain and yellow Irish lord are 
determined by separate model runs for each species. The biomass of all other sculpins is also calculated 
using the random effects model. The total biomass estimate is a sum of the species-specific biomass from 
the random effect smoothing model for the four most common species and the other sculpins category 
(Figure 19.4 and Table 19.9). The proportions of bigmouth, great, plain and yellow Irish lord are used to 
determine the proportions for biomass-weighted natural mortality (Table 19.9). 


Parameter Estimates 
Harvest recommendations for GOA sculpins were made using the results of life history studies of sculpins 
in the eastern Bering Sea and Aleutian Islands. This is based on recommendations in 2009 by the BSAI 
Plan Team that M values based on age-based catch-curve analysis be used wherever possible (Table 19.8; 
Ormseth and TenBrink, 2009). Natural mortality estimates of sculpins in the BSAI are used to determine 
the biomass-weighted M used to calculate OFL and ABC in the GOA sculpin complex. 
 



https://www.afsc.noaa.gov/REFM/stocks/Plan_Team/2012/Sept/survey_average_wg.pdf





 


Results 
Recent estimates of M are available for four of the sculpin species in the GOA sculpin complex (although 
estimates come from samples from the Bering Sea and Aleutian Islands): yellow Irish lord, great sculpin, 
bigmouth sculpin, and plain sculpin (Table 19.8), which comprise over 97% of the estimated GOA 
sculpin biomass in 2017 (Table 19.7). A biomass-weighted average M was calculated according to Table 
19.9. Whether individual species M’s or a biomass weighted M are used to calculate ABC and OFL for 
the sculpin complex gives the same result. However, individual species M’s provides less rounding error 
because no further rounding is required except for the calculation of the contribution of the other species 
complex. 
 
Biomass estimates for the 4 most common species and other sculpins using the random effects model are 
shown in Table 19.11. 


Harvest recommendations 
The 2018 ABC is 5,301 t, based on an FABC = 0.75*0.21=0.16, and a total biomass estimate of 33,134 t. 
The 2018 OFL is 6,958 t, based on FOFL=0.21.  
 


2018-2019 harvest recommendations for the GOA 
sculpin complex 


sculpin complex biomass 33,134 
complex M 0.21 
FOFL 0.21 
maximum permissible FABC 0.16 
recommended FABC 0.16 
OFL 6,958 
maximum permissible ABC 5,301 
recommended ABC 5,301 


 
 


Ecosystem Considerations 


Ecosystem Effects on the Stock 
Little is known about sculpin food habits in the GOA, especially during fall and winter months.  Limited 
information indicates that in the GOA, the larger sculpin species prey on shrimp and other benthic 
invertebrates, as well as some juvenile walleye pollock (Figure 19.6). In the GOA the main predator of 
large sculpins are Pacific halibut, pinnipeds, small demersal fish and sablefish (Figure 19.6). Other 
sculpins in the GOA feed mainly on shrimp and benthic crustaceans (Figure 19.7). Other sculpins are 
mainly preyed upon by Pacific cod which is the main source of mortality (Figure 19.7). The source of 
above information is from Aydin et al. (2007). 


Fishery Effects on the Ecosystem  
The analyses of ecosystem considerations for those fisheries that affect the species within this complex 
(see Table 19.4) are given in the respective target fisheries SAFE chapters. The GOA sculpin complex is 
not a targeted fishery, therefore reference to the effects of the fishery on the ecosystem will be described 
in those chapters of the target fisheries that catch sculpins incidentally.   
 







 


Ecosystem effects on Sculpin complex   
Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Zooplankton 
Stomach contents, ichthyoplankton 
surveys, changes mean wt-at-age No affect 


Probably no 
concern 


a. Predator population trends   


Marine mammals 
Fur seals declining, Steller sea lions 
increasing slightly No affect 


Probably no 
concern  


Birds 
Stable, some increasing some 
decreasing No affect 


Probably no 
concern 


Fish (Pollock, Pacific 
cod, halibut) Stable to increasing Affects not known 


Probably no 
concern 


b. Changes in habitat quality   


Temperature regime None Affects not known 
Unknown 
 


Winter-spring 
environmental conditions None 


Probably a number 
of factors  Unknown  


Production 
Fairly stable nutrient flow from 
upwelled BS Basin 


Inter-annual 
variability low No concern 


Targeted fisheries effects on ecosystem (see relative chapters).   
 


Data Gaps and Research Priorities 
Data gaps exist in sculpin species life history characteristics, spatial distribution and abundance in 
Alaskan waters, especially in the GOA. Most importantly no data on maximum age or natural mortality 
exists for the four main sculpin species in the GOA. Therefore, collections for age data on yellow Irish 
lord, great sculpin, bigmouth sculpin and plain sculpin are needed from this region. Collecting seasonal 
food habits data (with additional summer collections) would help to clarify the role of both large and 
small sculpin species within the GOA ecosystem. These data are necessary to improve management 
strategies for non-target species.  
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Tables 
Table 19.1. Sculpin species observed in the Gulf of Alaska. The species formerly recognized as blackfin 
sculpin (Malacocottus kincaidi) in Alaska is now considered darkfin sculpin (Malacoccottus zonurus); 
blackfin sculpin is only found in the Salish Sea (Stevenson, 2015). (Stevenson, 2015). 


Family Scientific name Common name 
Cottidae Artediellus pacificus   Pacific hookear sculpin 
 Artedius lateralis Smoothhead sculpin 
 Bolinia euryptera  Broadfin sculpin 
 Enophyrs bison Buffalo sculpin 
 Enophrys diceraus   Antlered sculpin 
 Gymnocanthus galeatus Armorhead sculpin 
 Gymnocanthus pistilliger Threaded sculpin 
 Hemilepidotus hemilepidotus   Red Irish Lord 
 Hemilepidotus jordani   Yellow Irish Lord 
 Hemilepidotus papilio Butterfly sculpin 
 Hemilepidotus spinosus Brown Irish lord 
 Hemilepidotus zapus Longfin Irish lord 
 Icelinus borealis  Northern sculpin 
 Icelinus burchami Dusky sculpin 
 Icelinus filamentosus Threadfin sculpin 
 Icelinus tenuis Spotfin sculpin 
 Icelus spatula   Spatulate sculpin 
 Icelus spiniger   Thorny sculpin 
 Icelus uncinalis Uncinate sculpin 
 Jordania zonope Longfin sculpin 
 Leptocottus armatus   Pacific staghorn sculpin 
 Microcottus sellaris Brightbelly sculpin 
 Myoxocephalus jaok   Plain sculpin 
 Myoxocephalus polyacanthocephalus  Great sculpin 
 Myoxocephalus verrucocus   Warty sculpin 
 Paricelinus hopliticus Thornback sculpin 
 Radulinus asprellus Slim sculpin 
 Rastrinus scutiger Roughskin sculpin 
 Thecopterus aleuticus Whitetail sculpin 
 Thyriscus anoplus   Sponge sculpin 
 Triglops forficatus   Scissortail sculpin 
 Triglops macellus   Roughspine sculpin 
 Triglops metopias Crescent-tail sculpin 
 Triglops pingelii   Ribbed sculpin 
 Triglops septicus   Spectacled sculpin 
Hemitripteridae Blepsias bilobus   Crested sculpin 
 Hemitripterus bolini   Bigmouth sculpin 
 Nautichthys oculofasciatus   Sailfin sculpin 
 Nautichthys pribilovius   Eyeshade sculpin 
Psychrolutidae Dasycottus setiger   Spinyhead sculpin 
 Eurymen gyrinus  Smoothcheek sculpin 
 Malacoccottus zonurus   Darkfin sculpin 
 Psychrolutes paradoxus  Tadpole sculpin 
 Psychrolutes phrictus  Blob sculpin 
Rhamphocottidae Rhamphocottus richardsoni Grunt sculpin 







 


Table 19.2.  Life history information available for selected GOA sculpin species. “O” designates 
data was obtained from individuals of that species outside the GOA region. 
 


Species common name 


maximum 
length (cm) maximum age fecundity 


(x1000) 


age at 
50% 


maturity O GOA O GOA 


Myoxocephalus joak plain  75 59 16  25.4 - 147 5 - 8 
M. polyacanthocephalus great  82 72 17  48 - 415 6.9 
M. verrucosus warty  78  18  2.7  
Hemitripterus bolini bigmouth  83 86 23  2.3  
Hemilepidotus jordani yellow Irish lord 65 50 30  54-389 6 - 7 
H. papilio butterfly  38      
G. pistilliger threaded  27  13  5 - 41  
G. galeatus armorhead  46 28 13  12 - 48  
Dasycottus setiger spinyhead  45 22 11    
Icelus spiniger thorny  17      
Triglops pingeli ribbed  20  6  1.8  
T. forficate scissortail  30 28 6  1.7  
T. scepticus spectacled  25  8  3.1  


References: AFSC; Panchenko, 2002; Tokranov, 1985; Andriyashev, 1954; Tokranov, 1988; Tokranov, 
1995; Tokranov and Orlov, 2001; Busby, AFSC, personal comm. TenBrink and Buckley, 2012. 
  







 


Table 19.3. GOA total sculpin complex catch, retention rate, total Other Species catch (sculpin, sharks, 
skates, octopus and squid), and sculpin percentage of Other Species catch, 1997-2017. Source: Other 
species total catch: AKRO Catch Accounting System, retention rate: estimated from fishery observer data 
obtained from the AFSC Fishery Monitoring and Analysis program, Sculpin complex total catch Source: 
NMFS AKRO BLEND/Catch Accounting System. 


Year Sculpin complex 
 total catch 


Retention rate Other species 
 total catch 


Percent of Other 
Species catch 


1997 898  4,823 19% 
1998 526  7,422 7% 
1999 544  3,788 14% 
2000 940  5,455 17% 
2001 587  3,383 17% 
2002 919  8,162 11% 
2003 629 7% 6,266 10% 
2004+ 701 9% 1,705 41% 
2005 626 16% 2,513 25% 
2006 583 16% 3,881 15% 
2007 960 19% 3,035 32% 
2008 1,925 14% 2,967 65% 
2009 1,374 18% 3,188 43% 
2010 911 12% 1,866 49% 
2011 763 10% 1,678 45% 
2012 795 13%   
2013 1,966 1%   
2014 1,187 3%   
2015 1,016 1%   
2016 1,330 3%   
2017 1,226* 1%   


 
+ Beginning in 2004, skates were removed from Other Species complex. Sculpin were split out 
from the Other Species complex in 2011. 
 
* As of October 25, 2017.  
 
  







 


Table 19.4a. Total catch (t) of all sculpins by target fishery in the Gulf of Alaska, 2013-2017 by gear type 
(NPT: non-pelagic trawl, PTR: pelagic trawl, HAL: hook and line, POT: pot).  Source: AKFIN database. 
* 2017 catch data are incomplete; retrieved October 25, 2017. 
 


 
Gear Type 


Target fishery NPT PTR HAL POT Total  
arrowtooth 
flounder 377 0 0 0 377  
Atka mackerel 3 0 0 0 3  
deep flatfish 0 0 0 0 0  
flathead sole 5 0 0 0 5  
IFQ halibut 0 0 1,579 0 1,579  
other target 1 0 0 0 1  
Pacific cod 1,040 0 959 1,394 3,393  
rex sole 19 0 0 0 19  
rockfish 233 0 0 0 233  
sablefish 2 0 78 0 80?  
shallow flatfish 914 1 0 0 915  
walleye pollock 118 5 0 0 123  
Total 2,712 6 2,616 1,394 6,728  


 
 







 


Table 19.4b. Total catch (t) of all sculpins by target fishery in the Gulf of Alaska, 2003-2017.  Source: 
AKFIN database. * 2017 catch data are incomplete; retrieved October 25, 2017. 
 


Gulf of Alaska 
Target 
fishery 2003 2004 2005 2006 2007 2008 2009 2010 2011 
arrowtooth 
flounder 16 7 19 36 38 16 16 27 69 
Atka 
mackerel 0 0 0 0 0 0 0 0 0 
deep flatfish 2 2 0 0 0 0 0 0 1 
flathead sole 4 10 3 1 0 16 3 5 14 
IFQ halibut 45 41 29 13 31 134 165 53 84 
other target 6 0 0 0 0 0 11 0 12 
Pacific cod 381 430 320 361 442 740 556 591 342 
rex sole 27 19 11 7 8 4 31 11 3 
rockfish 24 58 27 32 31 23 35 62 39 
sablefish 1 2 16 4 7 2 20 1 3 
shallow 
flatfish 113 129 200 125 376 959 515 155 143 
walleye 
pollock 1 0 0 2 22 15 5 6 53 
Total catch 
(mt) 620 698 625 581 955 1,909 1,357 911 763 


 
Target 
fishery 2012 2013 2014 2015 2016 2017* 
arrowtooth 
flounder 21 52 149 36 56 84 
Atka 
mackerel 0 3 0 0 0 0 
deep flatfish 0 0 0 0 0 0 
flathead sole 5 3 0 1 1 0 
IFQ halibut 0 934 164 175 180 125 
other target 2 0 0 0 0 1 
Pacific cod 449 478 541 629 858 887 
rex sole 11 9 1 6 0 4 
rockfish 55 70 33 44 43 43 
sablefish 5 41 6 12 7 8 
shallow 
flatfish 227 358 251 87 165 54 
walleye 
pollock 20 17 39 27 20 20 
Total catch 
(mt) 795 1,965 1,184 1,017 1,330 1,226 


  







 


Table 19.5. Estimated species composition of GOA incidental sculpin catches for the past 5 GOA survey 
years, based on fishery observer data and RACE survey data. Source: AKFIN database and RACEBASE 
survey database. 
Fishery 


 
2009 2011 2013 2015 2017 


Bigmouth 13.04% 13.99% 8.01% 8.38% 11.31% 
Great 4.64% 2.14% 0.56% 1.16% 0.41% 
YIL 40.34% 44.13% 31.72% 41.68% 45.03% 
Plain 0.00% 0.00% 0.00% 0.00% 0.00% 
Darkfin  24.60% 24.36% 22.24% 14.84% 17.10% 
Warty 0.03% 0.00% 0.00% 0.00% 0.00% 
Crested 0.00% 0.00% 0.00% 0.00% 0.00% 
Other sculpin 17.35% 15.38% 37.46% 33.93% 26.14% 


      Survey 


 
2009 2011 2013 2015 2017 


Bigmouth 7.46% 11.04% 11.31% 10.29% 14.28% 
Great 19.44% 25.77% 18.00% 19.63% 18.94% 
YIL 59.67% 48.48% 56.84% 63.52% 55.86% 
Plain 6.06% 9.71% 8.70% 1.09% 5.94% 
Darkfin  1.45% 1.27% 0.74% 0.77% 0.79% 
Warty 0.00% 0.00% 0.11% 0.00% 0.00% 
Crested 0.00% 0.00% 0.00% 0.00% 0.00% 
Other sculpin 5.91% 3.74% 4.31% 4.70% 4.18% 


 
Table 19.6. Sculpin complex biomass estimates (t) based on NMFS bottom-trawl surveys, 1984-2017. 
This includes all sculpin species including unidentified sculpins. Note that the official biomass estimate 
for the GOA is presented in Table 19.9. 
 


Year Total biomass (t) CV  
1984 44,236 0.08  
1987 31,811 0.11  
1990 26,859 0.17  
1993 25,414 0.12  
1996 31,727 0.26  
1999 30,879 0.11  
2001 30,590 0.28  
2003 26,562 0.09  
2005 33,827 0.09  
2007 32,750 0.11  
2009 40,707 0.11  
2011 31,720 0.09  
2013 34,007 0.11  
2015 45,222 0.16  
2017 30,256 0.11  







 


Table 19.7. GOA trawl survey biomass estimates (t) for individual sculpin species, 1996-2017, with 2017 
CV. Common names of sculpins are listed with the following abbreviations: unidentified sculpin 
(unident.), yellow Irish lord (YIL). Source: RACE GOA Oracle database. 
Species Biomass (t) 


 
1984 1987 1990 1993 1996 1999 2001* 2003 


unident. 3,283 483 1,302 213 414 96 172 48 
threaded - - - 1 3 - 21 - 
armorhead 12 8 1 17 13 15 61 78 
darkfin 1,324 877 594 948 477 371 335 607 
butterfly - - - - - 1 - - 
scissortail 8 32 103 51 60 47 62 94 
spectacled 66 60 30 52 90 233 12 39 
warty - - 9 - - - 339 - 
Pacific 
staghorn 4 9 2 - - 1 2 - 
antlered 9 - - - - - 1 - 
spinyhead 389 144 261 553 278 271 690 608 
crested - - 3 1 - - 6 - 
thorny - - 3 1 1 - 1 - 
YIL 14,439 13,592 11,701 11,661 17,804 20,255 20,945 12,064 
bigmouth 15,871 10,196 8,600 5,612 4,246 3,983 3,471 5,767 
great 8,833 6,007 3,815 5,846 7,326 3,913 3,540 6,037 
plain - 403 433 461 1,015 1,692 932 1,220 
Total 44,236 31,811 26,859 25,414 31,727 30,879 30,590 26,562 


 


 
2005 2007 2009 2011 2013 2015 2017 2017 CV 


unident. 320 167 147 60 44 71 97 0.61 
threaded 2 - 2 - - 14 - 0.73 
armorhead 28 54 197 17 67 91 61 0.40 
darkfin 931 790 614 412 258 358 247 0.18 
butterfly - - - - - - - - 
scissortail 23 31 111 21 35 45 4 1.00 
spectacled 105 97 68 104 9 92 13 0.60 
warty - 33 - - 39 - - - 
Pacific 
staghorn 14 - 8 7 - 3 38 0.60 
antlered - - - - - - - - 
spinyhead 463 424 410 195 447 597 308 0.23 
crested - - - - - - - - 
thorny - - - - 1 - 5 0.86 
YIL 15,943 15,508 25,219 15,771 19,841 29,532 17,333 0.16 
bigmouth 5,543 3,128 3,154 3,591 3,947 4,783 4,430 0.17 
great 6,542 7,970 8,215 8,384 6,282 9,128 5,877 0.27 
plain 3,913 4,548 2,562 3,160 3,036 508 1,844 0.40 
Total 33,827 32,750 40,707 31,720 34,007 45,222 30,256  


*The 2001 trawl survey did not cover the eastern GOA, so those numbers are not directly 
comparable.  







 


Table 19.8. List of available natural mortality information for sculpins (Ormseth and TenBrink, 2009). 


Species Area Sex Hoenig Jensen Charnov catch 
curve 


SAFE 
M 


yellow Irish lord 


EBS M 0.17 0.41 0.45 0.17 


0.17 EBS F 0.15 0.47 0.51 0.17 
AI M 0.21 0.23 0.27 0.17 
AI F 0.16 0.27 0.31 0.17 


great sculpin EBS M 0.28 0.39 0.43 0.25 0.28 
 EBS F 0.25 0.27 0.3 0.31 


bigmouth 
sculpin EBS both 0.21 0.21 0.24 n/a 0.21 


plain sculpin EBS M 0.28 0.38 0.42 0.39 0.4 EBS F 0.26 0.27 0.55 0.41 
 


 
Table 19.9. Estimated biomass for the four most abundant sculpin species in the GOA (yellow Irish lord, 
great, bigmouth, and plain sculpins), the proportion of total biomass, and the weighted contribution to M. 
Estimated biomass for other sculpins is also included, which does not contribute to the weighted average 
M. Weighted average M is rounded from 0.211 to 0.21 for calculation of reference points. 
 


species estimated 
biomass 


proportion 
of total 
biomass 


M weighted 
contribution 


to M 


weighted 
average M 


yellow Irish lord 19,060 0.590 0.17 0.100  
great 7,379 0.228 0.28 0.064 
bigmouth 4,438 0.137 0.21 0.029 
plain 1,423 0.044 0.40 0.018 
other 834 - - -  


 33,134    0.211 
 
 
Table 19.10. Total allowable catch (TAC), acceptable biological catch (ABC), and catch of the BSAI 
sculpin complex 2011 to present. *Estimated removals through October 25, 2017.  
 
Year OFL (t) ABC (t) TAC (t) Catch (t) 
2011 7,328 5,496 5,496 763 
2012 7,641 5,731 5,731 795 
2013 7,641 5,731 5,731 1,966 
2014 7,448 5,569 5,569 1,187 
2015 7,448 5,569 5,569 1,016 
2016 7,338 5,591 5,591 1,330 
2017* 7,338 5,591 5,591 1,226* 
2018 6,958 5,301   
2019 6,958 5,301   
 







 


Table 19.11. Random effect model estimates of biomass for each of the four most abundant sculpin 
species, 1984-2017. Other sculpin includes all sculpin except bigmouth, great, yellow Irish lord (YIL), 
and plain. Total was computed using data for all sculpins in a single random effects model run, with total 
variance for all four species as well as other sculpins, and is not expected to equal the sum of the results 
for the four species and other sculpins presented here. 
 


Year 
Bigmouth 


sculpin 
Great 


sculpin 
Plain 


sculpin 
YIL 


 
Other 


sculpins 
Total 


 
1984 15,056 7,208 428 14,280 3,962 41,501 
1985 13,288 6,939 440 14,257 3,166 38,689 
1986 11,728 6,679 451 14,233 2,530 36,068 
1987 10,351 6,429 464 14,209 2,022 33,624 
1988 9,513 6,256 489 14,221 2,058 32,222 
1989 8,742 6,088 516 14,233 2,094 30,879 
1990 8,033 5,924 544 14,245 2,131 29,591 
1991 7,194 5,886 649 14,345 2,017 28,940 
1992 6,442 5,848 775 14,445 1,908 28,304 
1993 5,768 5,811 926 14,546 1,805 27,681 
1994 5,338 5,769 1,032 14,878 1,660 28,170 
1995 4,939 5,727 1,150 15,217 1,526 28,667 
1996 4,571 5,686 1,281 15,564 1,403 29,173 
1997 4,430 5,504 1,225 15,883 1,337 29,440 
1998 4,293 5,328 1,171 16,208 1,274 29,711 
1999 4,161 5,157 1,320 16,539 1,214 29,984 
2000 4,166 5,223 1,487 16,414 1,350 29,778 
2001 4,172 5,290 2,108 16,291 1,502 29,574 
2002 4,554 5,598 2,990 16,086 1,505 29,286 
2003 4,970 5,924 3,190 15,883 1,507 29,001 
2004 4,888 6,219 3,404 16,150 1,636 30,607 
2005 4,807 6,528 3,058 16,421 1,776 32,301 
2006 4,237 6,851 2,748 16,783 1,688 32,969 
2007 3,734 7,190 2,747 17,153 1,604 33,651 
2008 3,599 7,384 2,746 17,765 1,537 34,825 
2009 3,468 7,583 2,341 18,400 1,472 36,039 
2010 3,565 7,632 1,996 18,343 1,184 34,865 
2011 3,666 7,680 1,344 18,286 952 33,729 
2012 3,831 7,550 905 18,627 952 34,112 
2013 4,003 7,421 1,135 18,975 953 34,500 
2014 4,221 7,589 1,424 19,225 1,057 35,155 
2015 4,450 7,760 428 19,477 1,172 35,823 
2016 4,444 7,567 440 19,267 989 34,340 
2017 4,438 7,379 451 19,060 834 32,918 
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Figure 19.1. The proportion of bigmouth, great, yellow Irish lord (YIL), plain, darkfin, warty, crested, and 
other sculpin caught in the fishery vs. the NMFS GOA survey. 
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Figure 19.2. GOA sculpin complex biomass estimate (x1,000 t), derived from the sum of the biomass 
estimates for bigmouth, plain, great sculpin, other sculpin, and yellow Irish lord (solid black line). The 
95% confidence intervals are shown as dotted lines, and the red circles and error bars indicate survey 
estimates and respective survey 95% confidence intervals. 







 


 


  


  
 
Figure 19.3. GOA sculpin biomass estimates (x1,000 t) for the four most abundant sculpin species, plain, 
bigmouth, yellow Irish lord, and great sculpin (solid black lines). The 95% confidence intervals are shown 
as dotted lines, and the red circles and error bars indicate survey estimates and respective survey 95% 
confidence intervals. The legend in the top left panel applies to all panels.  
 







 


 
Figure 19.4. Random effect model estimate of biomass (x1,000 t) of the four most abundant sculpin 
species in the GOA from 1984-2017: great sculpin, yellow Irish lord (YIL), plain sculpin, and bigmouth 
sculpin. 
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Figure 19.5.  Length composition (fork length, FL in mm) from survey data for the 4 most abundant 
sculpin species in the GOA, 2003-2017.   
 
  







 


 


     
 


 
 
 
Figure 19.6. Diet, consumption and mortality information for large sculpins in the GOA. 
  







 


     
 


 
 
  
Figure 19.7. Diet, consumption and mortality information for other sculpins in the GOA. 
 
 
 
 
 
 
 







 


Appendix: Examination of whether a combination of low fecundity and fishing 
mortality explain long term decline of bigmouth sculpin. 
There appears to be some decline in bigmouth sculpin in the Aleutian Islands and the Gulf of Alaska 
(Figure 19.3), but not in the Bering Sea shelf or slope (Figure 19.A1). Fecundity is not known in 
bigmouth sculpin. Examination of a single female indicated that bigmouth sculpin have fewer, larger eggs 
than great, plain, or yellow Irish lord (T. TenBrink, AFSC, pers.comm.). Fishing mortality in the Gulf of 
Alaska for bigmouth sculpin appears to be low when examined over the entire management unit (Table 
19.A1). The proportion of bigmouth sculpin in observer catches in 2011, 2013, 2015, and 2017 ranged 
from approximately 8%-14% (Table 19.5). The resulting catch/biomass ratio can serve as a rough 
estimate of fishing mortality, and it ranges from 0.02-0.04, which is much lower than the estimate of 
natural mortality for bigmouth sculpins of 0.21. 


Another factor to consider when examining the data that indicate a decline in bigmouth sculpin biomass is 
the type of trawl net used in the 1984, 1987, and 1990 surveys. The following table shows the number of 
hauls for each net type for each GOA survey. Net 172 is the Poly Nor ‘Eastern net that is used in the 
standardized surveys. Net descriptions are given in Table 19.A3. Different nets, particularly 710 and 717 
were quite large and may have fished differently than nets currently used. 


To summarize, there is consistency in the apparent trends of decline of bigmouth sculpin in the Aleutian 
Islands and Gulf of Alaska. However, upon closer examination, differences in net type lead to uncertainty 
in the biomass estimates of bigmouth sculpin, particularly in the 1984 and 1987 surveys. Fecundity is not 
well understood in bigmouth, so it is not clear if that might be a factor if the species is declining. Fishing 
mortality of bigmouth sculpin appears to be below recommended levels in the Gulf of Alaska, so it is 
unlikely to lead to a decline in this species. 


 
 


  


 


 


Figure 19.A1. Biomass trends in bigmouth sculpin in the Bering Sea shelf and slope and the Aleutian 
Islands, based on survey estimates. 


 







 


 
 
Table 19.A1. Examination of fishing mortality in bigmouth sculpin. Catch/biomass ratio serves as an 
estimate of fishing mortality. 


 
2011 2013 2015 2017 


Proportion of bigmouth in sculpin catch (observer 
data) 13.99% 8.01% 8.38% 11.31% 


Total sculpin biomass estimate (t) 31,720 34,007 45,222 30,256 
Bigmouth sculpin biomass estimate (t) 3,591 3,947 4,783 4,430 
Extrapolated bigmouth catch (proportion caught x 
total catch estimate) 107 157 85 139 
Sculpin total catch 763 1,966 1,016 1,226 
Bigmouth catch/biomass ratio 0.03 0.04 0.02 0.03 


 
Table 19.A2. The number of hauls that used each type of net for GOA surveys from 1984-2015. 


 Net type 
Cruise 


Number 160 172 710 717 
198401 384 127 334 


 198402 21 25 
  198403 133 


   198701 
 


259 
 


399 
198702 


 
126 


  199001 
 


542 
  199008 166 


   199301 
 


621 
  199309 


 
153 


  199601 
 


807 
  199901 


 
764 


  200101 
 


560 
  200301 


 
809 


  200501 
 


837 
  200701 


 
816 


  200901 
 


823 
  201101 


 
670 


  201301 
 


548 
  201501 


 
772 


   
 







 


Table 19.A3.  Description of net types used in the 1984, 1987, and 1990 NMFS GOA surveys. 
 
Net 
type  


Description 


172 Poly-nor’eastern, four seam, hard bottom, high rise rock-fish trawl constructed of polyethylene. 
27.2M (89’1”) headrope is galvanized wire rope wrapped with 3-strand polypropylene. 37.4M 
(122’8”) footrope: 24.7M (81’7”) middle section is galvanized wire rope wrapped with 
polypropylene, connected to lower “flying wings” with 6.4M (19’6”) sections of wire rope with 
rubber disks. Codend is 8.9Cm (3 1/2”) stretch mesh poly, liner of 3.2Cm (1 1/4”) nylon, 315 
meshes circumference and 200 meshes deep.  


160 Nor’eastern trawl, 90’ headrope, 105’ footrope. 22 13”Diameter plastic floats on headrope, 5” 
mesh in body, 3.5” Mesh in intermediate and codend. Mean effective path width = 13.44M, range 
11.6M-16.5M. Mean vertical opening = 9.2M, range 8.2M-9.9M.  


710 Japanese bottom trawl. Four-seam polyethylene with 49.1M headrope, 57.0M footrope. Mesh 
sizes from 240mm in wings to 100mm (triple-layered mesh) in codend. Approx. 20 400Mm floats 
on headrope. (Used on daikichi maru no.37 Cr.841.)  


717 Japanese polytrawl with roller gear. Polyethylene web, 55.6M (182.4’) Headrope, 65m (213.3’) 
Footrope. Wingspread varied from 26.6M (87.3’) At depths under 100m, to 30.0M (98.4’) At 
depth over 200m. (Used on taisei maru cr.871.)  


 
 









		Ingrid Spies, Dan Nichol, Kerim Aydin, and Todd T. TenBrink

		Alaska Fisheries Science Center

		National Marine Fisheries Service

		Executive Summary

		Summary of Changes in Assessment Inputs

		Summary of Results

		Area apportionment

		Responses to SSC and Plan Team Comments on Assessments in General

		Responses to SSC and Plan Team Comments Specific to this Assessment

		November 2015 Plan Team

		December 2015 SSC





		Introduction

		Fishery

		Data

		Fishery

		Survey

		Other time series data used in the assessment



		Analytic Approach

		General Model Structure

		Parameter Estimates



		Results

		Harvest recommendations



		Ecosystem Considerations

		Ecosystem Effects on the Stock

		Fishery Effects on the Ecosystem



		a. Predator population trends

		Data Gaps and Research Priorities

		Acknowledgments

		Literature Cited

		Tables

		Figures

		Appendix: Examination of whether a combination of low fecundity and fishing mortality explain long term decline of bigmouth sculpin.



		Blank Page






4.  Assessment of the Shallow-water Flatfish Stock Complex 
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Executive Summary 


Summary of Changes in Assessment Inputs 
Changes in the input data 
The random effects model was fit to the 1984 to 2017 NMFS summer bottom-trawl survey biomass for 
shallow-water flatfish (minus rock sole) to estimate current biomass which was used to estimate ABC 
and OFL for 2018 and 2019.  Tables of catch data were updated with catch extracted from the AKFIN 
database by year (1991 to October 1, 2017), species, area and fishery. 


Changes in assessment methodology 
The random effects model was used to estimate the fraction of biomass by area to use for apportionment 
of the ABC.  The random effects model was also used to estimate the percent of each species in the total 
biomass (determined using the random effects model summed over species) to estimate ABC by species. 


Summary of Results 
Survey abundance estimates for the shallow-water complex were higher in 2017 compared to 2015 for all 
species except Yellowfin sole and Butter sole.  The random effects model was used to estimate current 
biomass for estimating the OFL and ABC values. 


The total 2018 biomass estimate is 339,152 t an increase from the 2016 assessment estimate of 301,047 t.  
The survey biomass estimate for the shallow-water complex increased from 265,116 t in 2015 to 285,047 
t in 2017.  Butter sole, English sole and southern rock sole survey biomass declined, while all other 
species increased.  The random effects model estimates for current biomass of shallow-water flatfish 
without rock sole were higher than estimated in the 2015 assessment.  The model estimates of current 
biomass for both Southern and Northern rock sole were higher than last year as well (Bryan, et al. 2017).   


OFL and ABC values for 2018 and 2019 are higher in this assessment than the 2016 assessment mainly 
due to increases in survey and model estimated biomass.  The current assessments recommended OFL 
and ABC values for 2018 are 67,240 t and 54,688 t compared to last year’s assessment of 54,893 t and 
44,770 t.  







The recommended 2018 and 2019 shallow-water flatfish ABC and OFL levels with tier 3a estimates from 
projections run with the 2017 model for northern and southern rock sole (see Bryan, et al. 2017): 


Stock/   2017       2018   2019   


Assemblage Area OFL1 ABC1 TAC1 Catch2 OFL ABC OFL ABC 


Shallow water 
flatfish 


W -- 20,921 13,250 259 -- 25,206 -- 25,544 


C -- 19,306 19,306 2,109 -- 25,315 -- 25,655 


WYAK -- 3,188 3,188 <1 -- 2,242 -- 2,272 


SEO -- 1,099 1,099 <1 -- 1,925 -- 1,951 


Total 54,583 44,514 36,843 2,369 67,240 54,688 68,114 55,422 
1As published in the Federal Register. 2As of Oct. 1, 2017. 


Note: Tables of ABCs, OFLs, and TACs published in the Federal Register are available for: 2017: 
https://alaskafisheries.noaa.gov/sites/default/files/17_18goatable1.pdf 


 


The recommended shallow-water flatfish ABC and OFL levels are: 


Quantity As estimated or 


specified last year for: 


As estimated or 


recommended this year for:  


 2017 2018 2018 2019 


M (natural 
mortality rate)1 0.2 0.2 0.2 0.2 


Tier 3a and 5 3a and 5 3a and 5 3a and 5 


Biomass (t) 299,858 301,047 339,152 343,018 


FOFL * * * * 


maxFABC * * * * 


FABC * * * * 


OFL (t) 54,583 54,893 67,240 68,114  


maxABC (t) 44,514 44,770 54,688 55,422 


ABC (t) 44,514 44,770 54,688 55,422 


Status As determined this year for:  


 2015 2016 2016 2017 


Overfishing No NA No NA 


* See Table 4.15 and Bryan, et al. 2017 for values by species. 1 Northern rock sole male M=0.253, 
southern rock sole male M= 0.262, all other M=0.2. 



https://alaskafisheries.noaa.gov/sites/default/files/17_18goatable1.pdf





Area Apportionment 
The recommended apportionments for the 2018 ABC are estimated using the random effects model 
estimates of biomass for the shallow water flatfish complex by management areas.  


 
Western Central Yakutat Southeast 


Proportions this 
assessment 0.46 0.46 0.04 0.04 


2018 ABC1 25,206 25,315 2,242 1,925 


2019 ABC1 25,544 25,655 2,272 1,951 


1The sum over areas may not equal the total ABC due to rounding 


 


The history of biomass, OFL, ABC, TAC and catch for shallow-water flatfish is: 


Species/Assemblage Year Biomass OFL1 ABC1 TAC1 Catch2 


Shallow water flatfish 2007 365,766 62,418 51,450 19,972 8,692 


 2008 436,591 74,364 60,989 22,256 9,721 


 2009 436,591 74,364 60,989 22,256 8,485 


 2010 398,961 67,768 56,242 20,062 5,534 


 2011 398,961 67,768 56,242 20,062 3,998 


 2012 329,217 55,943 45,802 37,029 4,015 


 2013 433,869 55,680 45,484 37,077 5,523 


 2014 384,134 50,007 40,805 33,679 4,750 


 2015 287,534 54,207 44,205 35,381 3,358 


 2016 303,299 54,520 44,364 36,763 3,807 


 2017 299,858 54,583 44,512 36,843 2,369 
1As published in the Federal Register. 2As of Oct. 1, 2017. 


Responses to SSC and Plan Team Comments on Assessments in General 
SSC (Oct 2016): “The SSC reminds groundfish and crab stock assessment authors to follow their 
respective guidelines for SAFE preparation.” 


Authors’ response: SAFE guidelines were followed. 


Responses to SSC and Plan Team Comments Specific to this Assessment 
There were no specific comments for this assessment from 2015 or 2016. 







Introduction 


The "flatfish" species complex previous to 1990 was managed as a group in the Gulf of Alaska and 
included the major flatfish species inhabiting the region with the exception of Pacific halibut 
(Hippoglossus stenolepis).  The North Pacific Fishery Management Council divided the flatfish 
assemblage into four categories for management in 1990; "shallow flatfish" and "deep flatfish" (Table 
4.1), flathead sole (Hippoglossoides elassodon) and arrowtooth flounder (Atheresthes stomias).  This 
classification was made because of the significant difference in halibut bycatch rates in directed fisheries 
targeting on shallow-water and deep-water flatfish species.  Arrowtooth flounder, because of its present 
high abundance and low commercial value, was separated from the group and managed under a separate 
acceptable biological catch (ABC).  Flathead sole were likewise assigned a separate ABC since they 
overlap the depth distributions of the shallow-water and deep-water groups.  In 1993 rex sole 
(Glyptocephalus zachirus) was split out of the deep-water management category because of concerns 
regarding the Pacific ocean perch bycatch in the rex sole target fishery.  


The major species, which account for the majority of the current biomass for shallow-water flatfish are: 
northern rock sole (Lepidopsetta polyxystra), southern rock sole (Pleuronectes bilineata), butter sole 
(Pleuronectes isolepis), yellowfin sole (Pleuronectes asper), and starry flounder (Platichthys stellatus).  
For this assessment, biomass, fishing mortality rates, and ABC estimates are presented for each species 
and management category.  


Beginning with the 1996 triennial trawl survey, rock sole was split into two species, a northern rock sole 
and a southern rock sole.  Due to overlapping distributions, differential harvesting of the two species may 
occur, requiring separate management in the future. 


This report describes flatfish catches taken from 1978 through October 1, 2017 and presents information 
on the status of flatfish stocks and their potential yield based a random effects model fit to Gulf of Alaska 
demersal trawl survey data through 2017 and population dynamics model estimates for Northern and 
Southern rock sole (Bryan, at al. 2017). 


Fishery 


Since the passage of the MFMCA in 1977, the fishery for flatfish in the Gulf of Alaska has undergone 
changes.  Until 1981 flatfish catch was primarily taken by foreign vessels targeting other species.  With 
the cessation of foreign fishing in 1986, joint venture fishing began to account for the majority of the 
catch.  In 1987, the gulf-wide flatfish catch increased with the joint venture fisheries accounting for 
nearly all of the increase.  After 1988, only domestic fleets harvested flatfish. 


The North Pacific Fishery Management Council (NPFMC) Central Gulf management area has produced 
the majority of the flatfish catch from the Gulf of Alaska (Table 4.2).  Since 1988 the majority of the 
harvest has occurred on the continental shelf and slope east of Kodiak Island.  Although arrowtooth 
flounder comprised about half the catch, the fishery primarily targeted on rock, rex and Dover sole. 


Data 


Fishery: 
Shallow-water flatfish catch since 1991 has varied between 2,578 t (1999) and 9,721 t (2008) (Table 4.2 
and Figure 4.1).  Catch has declined since 2013 from 5,523 t to 3,807 t in 2016.  Catch was 2,369 t in 
2017 through October 1.   


Flatfish catch is currently reported for deep-water flatfish, shallow-water flatfish, arrowtooth flounder, 
flathead sole and rex sole by management area.  This assessment includes shallow-water flatfish only.  







The catch by species in each year and area was extracted from the AKFIN database (Table 4.3).  Flatfish 
not identified to species range between 1% and 11% of the shallow-water flatfish catch since 2000 
(Table 4.3).  Most of the shallow-water flatfish catch (other than assigned to shallow-water flatfish 
fishery) comes from the Pacific cod fishery, followed by arrowtooth flounder and pollock bottom trawl 
and then flathead sole and rex sole fisheries (Tables 4.4 and 4.5 and Figure 4.20).  Table 4.6 documents 
annual research catches (1977 to 2009) from NMFS longline, trawl, and echo integration trawl surveys.  
Table 4.7 contains research catch for 2010 by survey for shallow-water flatfish complex.  Prohibited 
species catch and non-target species catch in the shallow water flatfish fishery are contained in Tables 
4.8 and 4.9. 


The shallow-water flatfish catch in 2017 through October 1, was about 5.3% of the ABC (44,514 t) and 
about 6.4% of the TAC (36,843 t).  In 2016 (the most recent full year of data), total catch was 8.6% of 
the ABC and 10.4% of the TAC.  Retention of shallow water flatfish has been greater than 87% since 
2000, although declined from 93.8% in 2016 to 80% in 2017. 


Survey: 
The principal source of information for evaluating the condition of flatfish stocks in the Gulf of Alaska is 
the bottom trawl survey conducted from 1984 to 2017 (Table 4.11 and 4.12 and Figure 4.2).  Flatfish 
biomass estimates from the 2001 to 2017 surveys by International North Pacific Fishery Council (INPFC) 
area are given in Tables 4.14a through 4.14m.  Sampling for the 2001 survey was conducted in the 
western and central portions of the Gulf of Alaska only.  2001 survey biomass for the eastern Gulf of 
Alaska was approximated using the average of the 1999 to 2003 eastern Gulf of Alaska biomass 
estimates for all flatfish species (Table 4.12j). 


Survey abundance estimates for the shallow-water complex were higher in 2017 compared to 2015 for all 
species except Southern rock sole, English sole and butter sole. 


Length composition data from the triennial surveys are shown in Figures 4.3 to 4.7.  Aging of Gulf of 
Alaska flatfish species has been sporadic since the inception of the triennial surveys.   


The apportionment of survey sampling stations on the shelf and slope followed the methods developed 
for the shelf portion of the 1984 survey (Brown 1986).  There was no sampling deeper than 500 meters 
during 1990 to 1996, and 2001 because of limited vessel time.  The 500- 1,000 m depths sampled in 1984 
and 1987, 1999, 2007, 2009 and 2011 are generally outside the depth range of most shallow-water 
flatfish species.  The 2003 and 2005 survey covered depths to 700 m.  


Experimental evidence suggests that flatfish biomass estimates derived from the Noreastern trawl used in 
the survey may underestimate true biomass because the escapement occurs under the net (e.g., Weinberg 
et al., 2002).   


Analytic Approach 


 The random effects model was used to estimate current biomass for species other than northern and 
southern rock sole (for details see Spencer, et al. 2013). The random effects model was fit to survey 
biomass for 1984 to 2017, leaving out 2001 where the Eastern area was not surveyed (Figure 4.8).  The 
survey biomass for each year was summed over species (not including rock sole).  The apportionment by 
area was estimated by fitting the random effects model to the survey biomass summed for all species 
(including rock sole) by area and then estimating the percent biomass in the ending year by area.  The 
percent biomass by species (excluding rock sole) was estimated using the random effects model fit to 
survey biomass by species and dividing by the total from the fit by species.  The current biomass by 







species uses the estimation of the percent by species (using the random effects model fit by species) and 
the total biomass estimated using the random effects model fit to total biomass (excluding Rock sole). 


The likelihood equation for the random effects model is, 


 
Where, 


 Bi is the log of observed biomass in year i, 


 is the model estimated log biomass in year t, 


  is the variance of observed log biomass in year i, 


  is the variance of the deviations in log survey biomass between years (i.e. process error variance),   
 was estimated as , where  is a parameter estimated in the random effects model and, 


Yrs is the number of years of survey biomass values. 


Parameters Estimated Outside the Assessment Model 
Natural mortality 
Natural mortality rates for Gulf of Alaska flatfish species were estimated using the methods of Alverson 
and Carney (1975), Pauly (1980), and Hoenig (1983) in the 1988 assessment (Wilderbuer and Brown 
1989).  The estimates were different for each method and were not inconsistent with the value of 0.2, 
used in previous assessments (Wilderbuer and Brown 1989).  A natural mortality value of 0.2 was used 
for all flatfish.  Table 15 contains growth estimates for Gulf of Alaska yellowfin sole. 


Parameters Estimated Inside the Assessment Model 
Random Effects Model 
There were 11 parameters estimated, one for each random effects model fitted.  One parameter for the 
summed biomass (Table 4.13a), six parameters for the fit to biomass by species (Table 4.13b), and four 
parameters for the fit to the four areas summed over species (including rock sole) (Table 4.13a). 


Results 


The total current biomass estimate is 339,152 t an increase from the value of 301,047 t used in last year’s 
assessment for 2018 biomass (Table 4.17).  There was an increase in estimated biomass for all species 
except English sole which had about the same biomass.   


The fits to total biomass (excluding rock sole) from the random effects model smooth the data fitting 
higher than the 2013 and 2015 survey biomass and lower than the 2017 biomass (Figure 4.8).  The fits to 
biomass by area were used to apportion the ABC (Figures 4.9 to 4.12).  Apportionment by area was 
estimated at 46.09% Western, 46.29% Central, 4.10% Yakutat and 3.52% Southeast (Table 4.13a and 
Figures 4.9 to 4.12).  The trends in biomass over time in the western and central areas that contain most 
of the biomass are similar (Figure 4.13).  Figures 4.14 to 4.19 and show the random effects model fits to 
individual species for estimation of biomass, OFL and ABC by species (Table 4.17). 


Parameter estimates from the random effects model fit are shown in Tables 4.13a and 4.13b.  The process 
variance for the fit to total biomass (excluding rock sole, 109,738 t) was relatively low (0.0045) which 







results in a smoother fit to the data than higher process variances.  The parameter estimated in the 
random effects model ( ) was -2.7013 with a standard error of 0.6217 (Table 4.13a).  Process variances 
for the other random model fits varied between 0.0055 and 0.28. 


Harvest Recommendations 


ABCs for all shallow-water flatfish species other than northern and southern rock sole were calculated 
using FABC= 0.75 M and FOFL = M (tier 5), since maturity information was not available.  Natural 
mortality was assumed to be 0.2 for yellowfin sole, butter sole, starry flounder, English sole, Alaska 
plaice, and sand sole.   


The flatfish complex ABCs for the 2018 and 2019 fishing seasons were calculated using the FABC fishing 
mortality rate, and the random effects model estimate of current biomass for each species over all areas 
except Rock sole which are estimated from an assessment model (Bryan et al. 2017).   


The 2018 ABC for shallow-water flatfish increased to 54,688 t from the 2017 ABC of 44,514 t.  The 
estimated 2019 ABC was estimated at 55,422 t an increase from the 2018 ABC of 54,688 t.  


Due to the overlapping distributions of flatfish species, especially in the shallow-water group, it may be 
difficult to target a species within an arbitrary management group without impacting other flatfish 
species in that group or other species which were "split-out" and managed separately.  Given the present 
management strategy used by the North Pacific Fishery Management Council for Gulf of Alaska flatfish, 
some species may be subjected to higher fishing mortalities than that resulting from the recommended 
ABCs.  The ongoing efforts by the observer program to improve species identification will help monitor 
these fisheries in the event that species compositions change.   


Under tiers 4 through 6 projections of harvest scenarios equivalent to tier 1 through 3 stocks are not 
possible.  No projections were done for the shallow-water flatfish complex. 


Ecosystem Considerations 


Ecosystem Effects on the Stock 
Flatfish consume a variety of benthic organisms (Table 4.16; Livingston and Goiney 1983, Yang 1990).  
Fish prey make up a large part of the diet of rock sole adults and possibly sand sole (although the sample 
size was small for sand sole).  Other flatfishes consume mostly polychaetes, crustaceans and mollusks. 


Fishery Effects on the Ecosystem  
Non-target and prohibited species catch in the directed GOA shallow-water flatfish fishery are shown in 
Tables 4.8 and 4.9.  In recent years the 3 highest Non-target catch was from state managed rockfish, sea 
stars and miscellaneous fish.  Prohibited species catch is mostly Bairdi Tanner crab, followed by Halibut, 
with a few Chinook salmon. 


Data Gaps and Research Priorities 


More aging data is needed to improve estimates of natural mortality for Tier 5 species. 
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Tables 


Table 4.1.  Flatfish constituents of the NPFMC Gulf of Alaska shallow-water management category. 


 


Common name Genus and Species 


Northern rock sole Lepidopsetta polyxystra  


Southern rock sole Pleuronectes bilineata 


Yellowfin sole Pleuronectes asper 


Starry flounder  Platichthys stellatus 


Butter sole Pleuronectes isolepis 


English sole  Pleuronectes vetulus 


Alaska plaice  Pleuronectes quadrituberculatus 


Sand sole  Psettichthys melanostictus 


 
 







Table 4.2.  Composition of the 1978 to October 1, 2017 Gulf of Alaska shallow water flatfish catch. 
Catch by North Pacific Fishery Management Council regulatory area available from 
1991 to present.   


  Area      
Year Western Central Eastern Total ABC OFL TAC 


1978    5,455    
1979    5,625    
1980    5,301    
1981    5,890    
1982    1,802    
1983    4,146    
1984    2,392    
1985    1,020    
1986    957    
1987    3,561    
1988    2,082    
1989    6,160    
1990    5,214    
1991 


 
2,174 3,050 1 5,224    


1992 2,287 6,046 2 8,334    
1993 378 8,729 6 9,114    
1994 189 3,643 11 3,843    
1995 373 5,057 7 5,437    
1996 443 8,899 30 9,372    
1997 401 7,332 48 7,780    
1998 271 3,204 91 3,567    
1999 268 2,299 12 2,578    
2000 560 6,320 49 6,929    
2001 207 5,956 1 6,163    
2002 260 6,914 3 7,177    
2003 202 4,443 4 4,649    
2004 118 2,975 1 3,094    
2005 122 4,676 7 4,805    
2006 240 7,411 1 7,652    
2007 191 8,501 1 8,692 51,450 62,418 22,256 
2008 762 8,958 1 9,721 60,989 74,364 22,256 


2009 97 8,386 3 8,485 60,989 74,364 22,256 


2010 84 5,448 1 5,534 56,242 67,768 20,062 


2011 124 3,870 5 3,998 56,242 67,768 20,062 
2012 153 3,861 1 4,015 45,802 55,943 37,029 


2013 155 5,362 6 5,523 45,484 55,680 37,077 


2014 246 4,499 6 4,750 40,805 50,007 33,679 


2015 274 3,082 1 3,358 44,205 54,207 35,381 
2016 148 3,658 1 3,807 44,364 54,520 36,763 
2017 259 2,109 1 2,369 44,514 54,583 36,843 







Table 4.3.  Estimated catch (t) of species in the shallow-water flatfish group by area for 1991 to 
October 1, 2017. 
Year Western Central Yakutat Southeast Total 


Unidentified 
Species 


     


1991 2173.60 3049.61 0.79 0.59 5224.59 
1992 2286.55 6045.62 1.51 0.12 8333.80 
1993 293.45 866.04 0.27 6.17 1165.93 
1994 138.83 316.28 8.73 0.00 463.84 
1995 318.27 753.46 3.33 0.99 1076.05 
1996 338.22 1030.20 12.90 0.12 1381.44 
1997 344.79 926.54 9.98 1.50 1282.81 
1998 220.61 344.11 33.99 1.25 599.96 
1999 170.80 364.02 5.37 3.66 543.85 
2000 170.61 341.45 3.00 1.85 516.91 
2001 128.36 556.13 0.34 0.42 685.25 
2002 154.36 537.48 0.35 0.43 692.62 
2003 70.45 250.63 0.04 3.92 325.04 
2004 16.89 180.07 0.04 0.17 197.17 
2005 38.80 121.77 0.04 6.53 167.14 
2006 139.55 333.11 0.19 1.20 474.04 
2007 127.90 204.33 0.16 0.73 333.12 
2008 700.85 167.74 0.27 0.59 869.45 
2009 19.46 72.22 1.01 1.63 94.32 
2010 34.01 196.54 0.16 0.76 231.47 
2011 10.09 158.78 0.28 4.01 173.17 
2012 45.24 143.18 0.21 1.05 189.69 
2013 124.70 72.91 1.15 4.59 203.36 
2014 206.07 134.84 1.30 3.52 345.74 
2015 214.35 120.88 0.93 0.00 


 


 


337.15 
2016 128.34 69.34 0.81 0.00 198.49 
2017 234.20 192.87 1.00 0.00 428.07 


      
 







Year Western Central Yakutat Southeast Total 
Rock sole sp.      


1993 83.02 7455.68 0.00 0.00 7538.70 
1994 44.07 2962.02 2.02 0.00 3008.11 
1995 47.11 3874.68 1.32 0.80 3923.91 
1996 71.71 6523.09 0.00 0.52 6595.32 
1997 26.49 5406.06 34.23 0.00 5466.78 
1998 40.33 2440.23 1.14 50.64 2532.34 
1999 64.24 1698.60 0.41 2.10 1765.35 
2000 341.44 5001.40 43.85 0.00 5386.69 
2001 75.75 4695.85 0.13 0.00 4771.73 
2002 101.87 5460.38 2.04 0.00 5564.29 
2003 128.46 3426.13 0.00 0.06 3554.64 
2004 82.78 2133.39 0.58 0.00 2216.75 
2005 81.61 4048.90 0.00 0.00 4130.50 
2006 51.50 5711.77 0.01 0.00 5763.28 
2007 59.23 6668.16 0.00 0.00 6727.39 
2008 57.65 7211.43 0.00 0.00 7269.09 
2009 74.74 6463.95 0.01 0.00 6538.69 
2010 47.90 3237.15 0.22 0.01 3285.28 
2011 111.84 2982.58 0.00 0.01 3094.43 
2012 97.26 2731.20 0.00 0.11 2828.57 
2013 28.71 4029.52 0.02 0.00 4058.26 
2014 36.13 3403.30 0.02 0.89 3440.34 
2015 59.15 2562.98 0.07 0.00 2622.20 
2016 19.08 2989.39 0.00 0.00 3008.46 
2017 24.72 1664.40 0.00 0.00 1689.12 


 
Year Western Central Yakutat Southeast Total 


Yellowfin sole      
1993 0.47 69.08 0.00 0.00 69.55 
1994 3.59 57.74 0.00 0.00 61.33 
1995 6.89 58.66 0.00 0.00 65.55 
1996 1.40 77.14 0.00 0.00 78.54 
1997 0.02 41.96 0.00 0.00 41.98 
1998 0.31 15.06 0.00 0.00 15.37 
1999 23.85 1.92 0.00 0.00 25.77 
2000 17.67 0.55 0.00 0.00 18.22 
2001 0.52 1.93 0.00 0.00 2.45 
2002 0.14 0.04 0.00 0.00 0.18 
2003 7.61 0.00 0.00 0.00 7.61 
2004 1.32 9.09 0.00 0.00 10.41 
2005 0.30 0.25 0.00 0.00 0.55 
2006 0.19 11.29 0.00 0.00 11.48 
2007 1.14 0.00 0.00 0.00 1.15 
2008 1.07 0.00 0.00 0.00 1.07 
2009 0.18 0.20 0.00 0.00 0.38 
2010 0.15 0.00 0.00 0.00 0.15 
2011 0.06 0.00 0.00 0.00 0.06 
2012 0.04 0.18 0.00 0.00 0.22 
2013 0.40 0.08 0.00 0.00 0.48 
2014 0.25 0.45 0.00 0.00 0.70 
2015 0.35 0.93 0.00 0.00 1.27 
2016 0.05 0.13 0.00 0.00 0.17 
2017 0.00 0.32 0.00 0.00 0.32 







 
Year Western Central Yakutat Southeast Total 


Butter sole      
1993 0.00 250.47 0.00 0.00 250.47 
1994 2.15 227.23 0.00 0.00 229.38 
1995 0.01 177.02 0.00 0.00 177.03 
1996 29.79 379.77 0.00 0.00 409.56 
1997 26.76 424.81 0.00 0.05 451.62 
1998 9.79 167.81 0.00 0.00 177.60 
1999 2.24 145.60 0.00 0.00 147.84 
2000 21.39 694.78 0.00 0.00 716.17 
2001 1.05 597.85 0.00 0.00 598.90 
2002 2.13 778.54 0.14 0.00 780.81 
2003 1.37 606.57 0.00 0.00 607.94 
2004 7.09 532.34 0.00 0.00 539.43 
2005 0.38 378.17 0.00 0.00 378.55 
2006 0.01 1084.03 0.00 0.00 1084.04 
2007 0.00 1431.44 0.00 0.00 1431.44 
2008 0.02 1419.12 0.00 0.00 1419.14 
2009 0.00 1698.07 0.00 0.00 1698.07 
2010 0.00 1835.18 0.32 0.00 1835.50 
2011 0.04 591.31 0.00 0.00 591.35 
2012 0.10 796.72 0.00 0.00 796.81 
2013 0.00 1076.05 0.00 0.00 1076.05 
2014 0.00 826.70 0.00 0.00 826.70 
2015 0.02 284.14 0.00 0.00 284.15 
2016 0.00 500.14 0.00 0.00 500.14 
2017 0.01 139.39 0.00 0.00 139.40 


 
Year Western Central Yakutat Southeast Total 


Starry flounder      
1993 0.00 80.09 0.00 0.00 80.09 
1994 0.00 52.22 0.12 0.00 52.34 
1995 0.33 134.37 0.00 0.02 134.72 
1996 0.02 805.86 0.22 0.00 806.10 
1997 0.00 401.17 0.43 0.29 401.89 
1998 0.03 148.32 0.00 3.94 152.29 
1999 0.66 85.84 0.00 0.00 86.50 
2000 2.67 265.17 0.00 0.00 267.84 
2001 0.46 86.02 0.00 0.00 86.48 
2002 0.00 109.84 0.00 0.00 109.84 
2003 0.29 138.94 0.00 0.00 139.23 
2004 0.27 114.17 0.01 0.00 114.44 
2005 0.00 110.96 0.00 0.00 110.96 
2006 0.00 265.26 0.00 0.00 265.26 
2007 0.04 154.02 0.00 0.00 154.07 
2008 0.01 130.32 0.00 0.00 130.33 
2009 0.08 114.99 0.00 0.00 115.06 
2010 0.15 123.99 0.00 0.00 124.14 
2011 0.03 99.69 0.00 0.00 99.72 
2012 0.05 166.31 0.00 0.00 166.36 
2013 0.04 119.05 0.00 0.00 119.09 
2014 0.60 73.00 0.00 0.00 73.59 
2015 0.04 77.34 0.00 0.00 77.38 
2016 0.05 62.02 0.00 0.00 62.07 
2017 0.01 67.62 0.00 0.00 67.62 


 







Year Western Central Yakutat Southeast Total 
English sole      


1993 0.23 6.18 0.00 0.00 6.41 
1994 0.07 7.64 0.41 0.00 8.12 
1995 0.18 16.08 0.16 0.13 16.55 
1996 0.28 12.38 16.67 0.12 29.45 
1997 0.61 20.73 1.05 0.00 22.39 
1998 0.38 10.36 0.09 0.00 10.83 
1999 5.55 1.34 0.05 0.00 6.94 
2000 2.20 10.99 0.00 0.00 13.19 
2001 0.16 5.75 0.00 0.00 5.91 
2002 0.00 12.73 0.00 0.00 12.73 
2003 0.07 2.22 0.00 0.00 2.29 
2004 0.49 5.56 0.30 0.00 6.36 
2005 0.24 1.73 0.00 0.00 1.97 
2006 48.23 10.18 0.00 0.00 58.41 
2007 3.16 22.38 0.00 0.00 25.54 
2008 2.37 23.28 0.00 0.00 25.65 
2009 0.88 26.75 0.00 0.00 27.63 
2010 1.71 33.49 0.00 0.00 35.20 
2011 1.49 26.87 0.00 0.39 28.75 
2012 10.26 18.28 0.00 0.00 28.54 
2013 1.62 50.32 0.00 0.00 51.94 
2014 2.27 54.67 0.25 0.00 57.20 
2015 0.09 32.27 0.01 0.00 32.36 
2016 0.49 34.06 0.19 0.00 34.74 
2017 0.06 41.11 0.00 0.00 41.17 


 
Year Western Central Yakutat Southeast Total 


Sand sole      
1993 0.50 0.00 0.00 0.00 0.50 
1994 0.00 15.03 0.01 0.00 15.04 
1995 0.08 10.23 0.00 0.00 10.31 
1996 1.65 4.70 0.00 0.00 6.35 
1997 1.84 41.05 0.00 0.00 42.89 
1998 0.00 0.78 0.00 0.00 0.78 
1999 0.00 1.26 0.00 0.00 1.26 
2000 0.99 4.88 0.00 0.00 5.87 
2001 0.00 12.79 0.00 0.00 12.79 
2002 1.51 11.97 0.00 0.00 13.48 
2003 0.00 3.27 0.00 0.00 3.27 
2004 0.00 3.94 0.00 0.00 3.94 
2005 0.00 2.77 0.00 0.00 2.77 
2006 0.00 5.13 0.00 0.00 5.13 
2007 0.00 3.23 0.00 0.00 3.23 
2008 0.00 3.34 0.00 0.00 3.34 
2009 0.00 2.35 0.00 0.00 2.35 
2010 0.00 0.84 0.00 0.00 0.84 
2011 0.00 0.74 0.00 0.00 0.74 
2012 0.00 0.75 0.00 0.00 0.75 
2013 0.00 1.85 0.00 0.00 1.85 
2014 0.00 2.15 0.00 0.00 2.15 
2015 0.02 2.07 0.00 0.00 2.09 
2016 0.00 0.27 0.00 0.00 0.27 
2017 0.00 0.11 0.00 0.00 0.11 


 


 







Year Western Central Yakutat Southeast Total 
Alaska plaice      


1993 0.04 1.44 0.00 0.00 1.48 
1994 0.00 4.75 0.00 0.00 4.75 
1995 0.06 26.08 0.00 0.00 26.14 
1996 0.01 65.61 0.00 0.00 65.62 
1997 0.00 69.23 0.00 0.00 69.23 
1998 0.03 9.78 0.00 0.00 9.81 
1999 0.83 0.03 0.00 0.00 0.86 
2000 3.37 0.39 0.00 0.00 3.76 
2001 0.99 0.89 0.00 0.00 1.88 
2002 0.00 1.10 0.00 0.00 1.10 
2003 1.23 14.77 0.00 0.00 15.99 
2004 3.08 5.39 0.00 0.00 8.47 
2005 0.00 2.76 0.00 0.00 2.76 
2006 0.00 0.92 0.00 0.00 0.92 
2007 0.15 5.91 0.00 0.00 6.06 
2008 0.01 2.63 0.00 0.00 2.65 
2009 0.41 7.80 0.00 0.00 8.21 
2010 0.11 20.86 0.00 0.00 20.96 
2011 0.55 9.42 0.00 0.00 9.98 
2012 0.06 4.63 0.00 0.00 4.69 
2013 0.00 12.33 0.00 0.00 12.33 
2014 0.04 4.09 0.00 0.00 4.13 
2015 0.00 1.39 0.00 0.00 1.39 
2016 0.01 2.66 0.00 0.00 2.66 
2017 0.00 3.19 0.00 0.00 3.19 


 


 







Table 4.4.  Shallow-water flatfish catch (t) by year and fishery from 1991 to October 1, 2017. See table 
4.5 for full fishery names abbreviated in column headings. 


Year AF AM DWF FS Ha OS PC PB PM RS RF SF SWF Unid Total 
1991   460.0   39.1 685.0 54.4 1.8  69.5 0.0 76.2 3838.7 5224.6 
1992 4.0 


 
484.9 


  
85.3 3273.1 377.5 60.2 


 
36.7 1.5 4010.6 0 8333.8 


1993 100.0 
 


387.5 
  


68.1 1182.9 935.4 103.0 
 


18.1 3.1 6315.7 
0 


9113.7 


1994 92.7 22.2 257.0 159.4 
 


0.5 837.3 150.3 22.2 58.4 29.1 1.2 2212.7 
0 


3843.0 


1995 275.7 
 


159.4 48.1 
  


1792.5 37.6 5.6 46.9 321.0 11.4 2738.7 
0 


5436.9 


1996 275.7 26.2 227.5 145.6 
 


0.6 1406.5 155.9 18.6 42.6 368.0 11.0 6694.3 
0 


9372.4 


1997 180.2 
 


334.1 133.2 
 


49.0 2998.7 62.8 128.0 66.5 108.6 3.8 3714.7 
0 


7779.6 


1998 6.6 
 


97.3 133.0 
 


10.1 1653.2 28.3 5.1 20.3 109.3 1.6 1502.6 
0 


3567.3 


1999 18.3 
 


53.1 
  


54.7 1402.6 21.4 41.2 15.8 72.6 24.1 874.7 
0 


2578.4 


2000 611.3 
 


83.2 5.8 
 


0.7 987.4 74.4 6.5 54.1 366.1 7.4 4732.0 
0 


6928.7 


2001 65.6 
 


17.6 135.9 
  


1946.3 170.0 1.3 7.3 416.9 4.2 3398.1 
0 


6163.3 


2002 183.8 
 


27.2 193.0 
  


627.6 18.3 4.4 45.2 142.3 2.9 5932.6 
0 


7177.3 


2003 95.0 
 


11.2 145.8 1.2 189.5 661.0 20.2 5.3 31.5 126.1 4.5 3357.4 
0 


4648.6 


2004 270.5 
 


46.8 40.2 0.2 23.4 807.7 6.1 3.6 10.8 110.7 0.6 1773.5 
0 


3094.1 


2005 106.2 
 


2.1 2.5 0.2 0.4 370.6 3.4 1.2 8.4 64.4 7.3 4238.3 
0 


4805.1 


2006 539.3 
 


1.7 28.7 0.4 
 


396.4 437.8 0.9 40.2 45.1 6.8 6154.2 
0 


7651.6 


2007 350.6 
  


26.2 1.3 
 


1032.6 155.5 1.5 9.6 21.6 32.0 7061.6 
0 


8692.3 


2008 407.4 
  


41.0 0.4 
 


1670.6 228.3 1.7 12.1 70.9 10.5 7278.0 
0 


9720.8 


2009 228.5 
  


94.9 0.9 0.1 248.7 15.3 1.6 46.5 52.6 1.1 7795.2 
0 


8485.4 


2010 470.5 
 


3.8 121.6 0.0 
 


678.8 75.5 3.0 39.8 46.7 1.5 4092.6 
0 


5533.8 


2011 779.2 0.0 4.0 78.4 0.0 10.0 944.1 252.2 37.2 11.4 48.3 4.2 1829.2 
0 


3998.4 


2012 361.0 
  


150.2 0.0 1.1 811.5 148.0 23.2 100.9 64.7 2.4 2352.5 
0 


4015.5 


2013 301.8 1.4 17.9 48.2 7.5 0.0 965.7 178.6 4.8 14.2 27.0 9.6 3946.3 
0 


5523.1 


2014 722.9 
 


0.0 116.1 3.1 
 


918.1 244.1 4.7 28.0 28.4 3.3 2681.6 
0 


4750.4 
2015 156.3   0.2 4.8  1,012.5 324.0 33.6 4.2 27.3 2.1 1,792.8 0 3,357.7 


2016 448.4 1.2  27.1 2.7  746.0 250.2 15.5 1.7 14.8 4.3 2,294.9 0 3,806.8 


2017 289.3 0.6  0.0 2.4 0.3 829.8 367.1 3.3 24.4 10.9 6.7 834.5 0 2,369.2 


                
 







Table 4.5.  Code values for fishery names used in Table 4.4. 


Code Fishery Name 
AF Arrowtooth Flounder 
AM Atka Mackerel 
DWF Deep Water Flatfish - GOA 
FS Flathead Sole 
Ha Halibut 
OS Other Species 
PC Pacific Cod 
PB Pollock - bottom 
PM Pollock - midwater 
RS Rex Sole - GOA 
RF Rockfish 
SF Sablefish 
SWF Shallow Water Flatfish - GOA 
Unid Blank - Unidentified fishery 


 


Table 4.6.  Catch (t) from longline and trawl research cruises from 1977 to 2009.  From 1999 to 2009 
catches are from bottom trawl survey only. 


Year Rock  
sole sp. 


North 
Rock 


South 
Rock 


Yellowfin  
sole 


Butter 
sole 


Starry 
flounder 


English 
sole 


Sand 
sole 


Alaska 
plaice 


1977 4.26   1.17 0.22 0.12 0.04 0.00 0.01 
1978 44.72   3.76 2.61 1.85 1.74 3.69 0.39 
1979 0.96   0.00 0.06 0.00 0.02 0.00 0.00 
1980 15.83   8.98 2.70 0.98 0.31 0.31 0.48 
1981 30.84   10.91 5.05 1.86 0.53 0.24 0.75 
1982 26.15   2.48 3.45 1.07 0.64 0.16 0.19 
1983 3.32   1.67 0.30 0.02 0.02 0.00 0.03 
1984 19.10   9.08 1.88 0.97 0.39 0.09 0.17 
1985 3.22   0.05 0.23 0.02 0.14 0.00 0.03 
1986 4.18   4.09 0.08 0.03 0.13 0.00 0.03 
1987 24.56   6.85 1.43 1.52 0.87 0.00 0.53 
1988 0.37   2.56 0.00 0.01 0.00 0.00 0.03 
1989 1.12   1.78 0.07 0.13 0.00 0.00 0.25 
1990 11.13   2.84 0.94 0.44 0.31 0.01 0.30 
1991 0.00   0.00 0.00 0.00 0.00 0.00 0.00 
1992 0.00   0.00 0.00 0.00 0.00 0.00 0.00 
1993 16.53   7.26 2.17 3.19 0.59 0.04 0.26 
1994 0.00   0.00 0.00 0.00 0.00 0.00 0.00 
1995 0.00   0.00 0.00 0.00 0.00 0.00 0.00 
1996 0.44 5.08 7.06 3.67 0.96 0.94 0.37 0.05 0.35 
1997  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1998  0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 
1999  3.60 5.78 2.83 0.75 2.69 0.72 0.01 0.52 
2000  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2001  3.72 7.48 4.23 0.50 2.74 0.19 0.03 0.24 
2002  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2003  6.73 9.76 5.20 1.57 3.06 0.74 0.07 0.72 
2004  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2005  6.62 9.64 4.02 1.55 1.65 0.68 0.21 0.55 
2006  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2007  7.95 12.10 3.61 1.49 3.93 0.52 0.22 0.88 
2008  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2009  7.92 13.78 2.68 1.23 1.91 1.05 0.22 0.65 


 







 


Table 4.7.  Catch (kg) from research cruises for GOA shallow-water flatfish in 2010 by survey. 


Year 2010 
Shelikof 
Acoustic 
Survey 


2010 
Shumigans 
Acoustic 
Survey IPHC 


large-
mesh 
trawl NMFS_LL 


Scallop 
dredge 


small-
mesh 
trawl GOAIERP* 


Grand 
Total 


2010 
1 6 2 145 1 2 58 1 216 


*Structure of Gulf of Alaska Forage Fish Communities -- GOA IERP  
 
 
 
 
Table 4.8.  Prohibited species catch (t) from 2015 to 2017 in the shallow water flatfish fishery. 


  2017 2017 2016 2016 2015 2015 


Species 
Group 
Name 


PSCNQ 
Estimate 


(numbers) 


Halibut 
Mortality 


(t) 


PSCNQ 
Estimate 


(numbers) 


Halibut 
Mortality 


(t) 


PSCNQ 
Estimate 


(numbers) 


Halibut 
Mortality 


(t) 
Bairdi 
Tanner 
Crab 


        
9,149.84  


          
9,992.24  


       
62,250.06  


  


Blue King 
Crab 


                    
0   


                     
0    


                     
0    


  


Chinook 
Salmon 


                
0.11  


             
145.58  


                      
0   


  


Golden 
(Brown) 
King Crab 


                
0.02  


                  
0.70  


                     
0    


  


Halibut              
72.93  


             
47.71  


             
90.83  


             
59.95  


           
160.53  


           
107.56  


Herring                 
0.07  


                  
0.53  


                  
1.38  


  
Non-
Chinook 
Salmon 


                
0.10  


                  
2.02  


                      
0    


  


Opilio 
Tanner 
(Snow) 
Crab 


                    
0    


                  
0.12  


                      
0    


  


Red King 
Crab 


                    
0   


                      
0   


                      
0   


  


 







Table 4.9.  Nontarget species caught (t) in the shallow water flatfish fishery from 2003 to 2017.  
Species Group 
Name 


2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 


"Benthic 
urochordata" 


0.15 0.02 1.67   0.56     0.41 0.64 2.15 0.74 7.48 0.53 0.29 0.90 


"Bivalves" 0.00 0.20   0.00 0.22 0.64 0.58 0.33 0.52 0.60 5.96 2.25 2.71 0.49 0.27 


"Brittle star 
unidentified" 


0.00 0.00   0.02       0.00 4.71 0.00 0.08 0.00 0.01   0.00 


"Corals 
Bryozoans - 
Corals 
Bryozoans 
Unidentified" 


              0.00 0.00   0.01         


"Dark Rockfish"           0.22       0.62           
"Eelpouts" 0.04 0.13 0.23 0.17 0.15     0.08 0.49 0.01   0.03 0.03   0.13 


"Eulachon" 0.04 0.06   0.19       0.10 1.64 0.04 0.11     0.03   
"Giant 
Grenadier" 


              16.05 13.59     3.98       
"Greenlings" 0.02 0.07   0.06 0.41 0.12 0.75 0.28 1.63 1.14 1.93 0.98 0.93 0.42 0.06 


"Grenadier - 
Ratail 
Grenadier 
Unidentified" 


                      0.00 1.41 1.82   


"Hermit crab 
unidentified" 


0.00 0.01 0.01 0.09 0.09 0.00 0.02 0.00 0.16 0.13 0.31 0.16 0.03 0.31 0.42 


"Invertebrate 
unidentified" 


0.05         4.11   0.01 0.23 2.43 0.30 6.25 0.01 0.66 12.95 


"Large Sculpins 
- Bigmouth 
Sculpin" 


          1.28     18.00 12.58           


"Large Sculpins 
- Great Sculpin" 


          25.49     55.27 147.10           
"Large Sculpins 
- 
Hemilepidotus 
Unidentified" 


                0.82 0.26           


"Large Sculpins 
- 
Myoxocephalus 
Unidentified" 


          0.26     15.51 0.41           


"Large Sculpins 
- Plain Sculpin" 


          0.06       1.77           
"Large Sculpins 
- Red Irish 
Lord" 


          0.03     5.44 0.22           


"Large Sculpins 
- Warty 
Sculpin" 


                8.38 0.02           


"Large Sculpins 
- Yellow Irish 
Lord" 


          208.00     241.77 780.58           


"Large 
Sculpins" 


                    328.25 119.68 195.80 114.80 14.55 


"Misc crabs" 0.01 0.00   1.01 0.31   0.59 0.04 0.89 0.70 0.99 0.11 0.04 0.17 0.35 


 


 


 


 







Table 4.9 cont.  Nontarget species caught in the shallow water flatfish fishery from 2003 to 2017.  


 
Species 
Group Name 


2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 


"Misc 
crustaceans" 


0.00             0.00               
"Misc fish" 4.08 1.74 10.96 11.99 15.20 1.67 29.32 10.51 44.71 49.27 129.42 24.41 6.59 7.85 32.70 
"Misc inverts 
(worms etc)" 


      0.00           0.02 0.05         
"Other 
Sculpins" 


          0.08     170.60 13.69 52.05 5.50 3.92 14.42 98.50 


"Other 
osmerids" 


      0.03 0.03           0.01     0.00 0.05 


"Pacific Sand 
lance" 


  0.00     0.00         0.00     0.00     
"Pacific 
Sandfish" 


        0.11 0.00                   
"Pandalid 
shrimp" 


0.02 0.03   0.09 0.06   0.00 0.16 0.08 0.00 0.01   0.05 0.00 0.03 


"Polychaete 
unidentified" 


0.05   0.06             0.02 0.11   0.00     
"Scypho 
jellies" 


0.10 3.97 11.82 1.50 0.13 0.97 0.23 5.43 1.58 0.96 0.00 0.48 0.14 0.23 6.34 


"Sea 
anemone 
unidentified" 


0.71 0.79 0.58 5.58 10.16 3.31 2.73 2.86 19.98 8.64 24.08 2.20 21.46 3.20 5.04 


"Sea pens 
whips" 


  0.00             0.01 0.17 0.26 0.04 0.02     
"Sea star" 2.09 10.91 22.84 19.63 20.70 13.90 8.76 15.29 22.40 35.24 56.29 39.40 49.05 28.72 32.81 
"Snails" 0.04 0.26 0.73 0.45 0.13 0.03 0.05 0.12 0.38 0.15 1.71 0.28 0.15 0.06 0.68 
"Sponge 
unidentified" 


0.01 0.11   0.01   0.00 0.09   1.07 1.75 0.01 0.08 0.12 1.82 0.58 


"State-
managed 
Rockfish" 


0.61 12.18   3.65 0.53   1.24 0.45               


"Stichaeidae" 0.04 0.00   0.00 0.00     0.00 0.01 0.01 0.01 0.18       
"urchins 
dollars 
cucumbers" 


0.00 0.04 0.20 0.14 0.09 0.24 0.12 0.01 0.97 1.30 0.41 0.29 0.05 0.66 1.30 


 







Table 4.10.  Percent (by weight) of catch for shallow-water flatfish that is retained for the Gulf of Alaska 
fisheries. 


Year shallow-water flatfish 
1991 58.5 
1992 69.1 


1993 69.0 


1994 72.6 


1995 70.5 


1996 86.1 


1997 76.0 


1998 83.0 


1999 77.1 


2000 88.7 


2001 90.7 


2002 91.2 


2003 90.5 


2004 87.0 


2005 92.3 


2006 93.7 


2007 93.1 


2008 87.9 


2009 98.3 


2010 95.0 


2011 94.6 


2012 94.4 


2013 95.6 


2014 90.7 


2015 88.5 


2016 93.8 


2017 80.0 


 







 


Table 4.11.  Biomass estimates from the NMFS bottom-trawl surveys from 1984 to 2017.  In 1984, 1987, 1999, 2007, to 2015 depths surveyed 
were to 1000 meters.  In 1990, 1993 and 1996 depths were surveyed to 500 meters.  In 2003 and 2005 the survey extended to 700 
meters. 


 1984 1987 1990 1993 1996 1999 2001 2003 2005 2007 2009 2011       2013 2015 2017 
Rock sole 


total 137,472 123,221 156,032 173,361 206,343 166,603 190,297 207,265 239,218 263,919 287,611 193,448 206,027 177,303 163,032 


Northern 
rock sole - - - - 78,845 61,081 64,240 79,998 91,525 102,303 95,846 72,875 74,586 52,069 55,047 


  
Southern 
rock sole 


- - - - 127,390 105,522 126,057 127,267 147,693 161,617 191,765 120,573 131,441 125,234 107,985 


Yellowfin 
sole 91,341 56,135 57,524 81,329 47,789 48,309 55,303 54,738 48,823 41,824 33,414 46,576 23,016 24,789 51,547 


Butter 
sole 22,504 19,273 17,339 29,809 20,916 14,188 9,812 31,148 26,226 30,174 15,405 19,695 8,122 16,331 13,862 


Starry 
flounder 14,293 14,141 10,218 40,288 27,309 46,652 76,418 58,530 26,586 73,039 33,264 39,757 30,028 23,446 28,013 


English 
sole 3,202 7,243 7,597 8,403 7,946 14,432 14,166 17,832 14,595 12,287 18,671 16,720 18,121 17,498 12,789 


Sand sole 
1,216 82 129 479 940 234 357 1,359 2,379 3,168 2,808 755 703 301 2,020 


Alaska 
plaice 1,912 4,830 5,977 2,583 4,870 8,680 3,639 5,078 7,939 12,179 7,788 12,266 8,044 5,448 13,784 


Total  
134,468  


 
101,704   98,784   


162,891  
 


316,005  
 


299,098  
 


349,992  
 


375,950  
 


365,766  
 


436,591  
 


398,961  
 


329,217  
 


294,061  
 


265,116  
 


285,047  
 







Table 4.12.  CV of biomass estimates from the NMFS bottom-trawl surveys from 1984 to 2017. 


 1984 1987 1990 1993 1996 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 
                


Northern 
rock sole 


N/A N/A N/A N/A 0.13 0.25 0.14 0.12 0.11 0.12 0.17 0.17 0.18 0.15 0.15 


  
Southern 
rock sole 


N/A N/A N/A N/A 0.10 0.10 0.11 0.10 0.10 0.07 0.12 0.09 0.11 0.08 0.09 


Yellowfin 
sole 


0.25 0.23 0.43 0.25 0.19 0.31 0.43 0.22 0.23 0.28 0.24 0.29 0.32 0.35 0.27 


Butter 
sole 


0.33 0.44 0.39 0.30 0.28 0.19 0.31 0.22 0.27 0.31 0.24 0.25 0.39 0.25 0.27 


Starry 
flounder 


0.32 0.27 0.42 0.33 0.54 0.25 0.63 0.28 0.28 0.28 0.22 0.28 0.41 0.23 0.30 


English 
sole 


0.42 0.35 0.46 0.49 0.28 0.29 0.53 0.29 0.31 0.30 0.26 0.26 0.41 0.26 0.28 


Sand sole 0.72 0.98 0.79 0.46 0.59 0.45 0.85 0.64 0.41 0.41 0.77 0.46 0.68 0.73 0.54 


Alaska 
plaice 


0.27 0.25 0.35 0.33 0.22 0.33 0.24 0.19 0.23 0.41 0.23 0.37 0.29 0.37 0.32 


 


Table 4.13a.  Percent shallow water flatfish biomass by area estimated from random effects model fit to 
combined species (including rock sole). 


Survey Year Western Central Yakutat Southeast 


Survey 2017 47.32 45.05 4.11 3.52 


Survey 2015 46.7 43.3 7.3 2.7 


Survey 2013 49.9 43.7 5.0 1.4 


average Survey 
2013-2017 47.97 44.02 5.47 2.54 


Random Effects 
model 2015 
assessment 
percentage 


47.00 43.37 7.16 2.47 


Random effects 
Model 2017 


Biomass estimates 
130,042 130,592 11,570 9,932 


Random Effects 
model 2017 
percentage 


46.09 46.29 4.10 3.52 


 -2.6010 -2.3130 -0.8549 -0.9423 


s.e.  0.3660 0.3166 0.3163 0.2822 


 0.0055 0.0098 0.1809 0.1519 


 


 







Table 4.13b.  2017 biomass and parameter estimates by species estimated using the random effects 
model.  Percent biomass by species was used to adjust 2017 biomass so that the sum of species is equal 
to the random effects model estimated 2017 biomass fit to all species combined (excluding rock sole). 


 


 


Random 
effects 


biomass 
2017 Percent 


Adjusted 
2017 


biomass  s.e.   


butter 
          


15,111  14.9 
          


16,368  -2.2427 0.6830 0.0113 


english 
          


14,965  14.8 
          


16,210  -2.0842 0.4060 0.0155 


plaice 
          


10,054  9.9 
          


10,890  -1.8016 0.5043 0.0272 


sand 
            


1,395  1.4 
            


1,511  -0.6365 0.3445 0.2800 


starry 
          


27,210  26.9 
          


29,474  -1.6748 0.3901 0.0351 


yellowfin 
          


32,574  32.2 
          


35,284  -2.4638 0.4959 0.0072 
Sum 
from  


species 
fits  


       
101,310  


 
        


   Random 
effects 
2017 
biomass 
from fit 
to sum of 
species 


  


109,738 -2.7013 0.6217 0.0045 


 


 







Table 4.14a. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2017 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area   
Species Western Central Yakutat Southeast Total 


Shallow-water 
flatfish 


     


Rock sole total     69,308         85,562             567         7,596         163,032  


  Northern rock sole        28,820         26,227                0                  0             55,047  


  Southern rock sole        40,487         59,335             567         7,596         107,985  


Yellowfin sole        39,554         11,993                0                  0             51,547  


Butter sole           2,119            8,478         3,266                0              13,862  


Starry flounder        10,196         14,151         3,665                0             28,013  


English sole           2,439            3,716         2,511         4,123            12,789  


Sand sole                23            1,980               17                0                2,020  


Alaska plaice           4,785            8,998                0                 0              13,784  


 


Table 4.14b. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2015 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area   
Species Western Central Yakutat Southeast Total 


Shallow-water 
flatfish 


     


Rock sole total 90,405 81,957 89 4,851 177,303 


  Northern rock sole 26,958 25,108 0 4 52,069 


  Southern rock sole 63,448 56,850 89 4,847 125,234 


Yellowfin sole 16,238 8,552 0 0 24,789 


Butter sole 5,202 7,866 3,263 0 16,331 


Starry flounder 6,777 11,123 5,546 0 23,446 


English sole 505 4,236 10,467 2,290 17,498 


Sand sole 0 283 18 0 301 


Alaska plaice 4,692 756 0 0 5,448 


 


 


 


 


 


 


 







Table 4.14c.  Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2013 bottom trawl survey, by 
North Pacific Fishery Management Council regulatory area and species. 


 Area   
Species Western Central Yakutat Southeast Total 


Shallow-water 
flatfish 


     


Rock sole total 105,548 95,898 885 3,697 206,027 


  Northern rock sole 47,447 27,139 0 0 74,586 


  Southern rock sole 58,101 68,759 885 3,697 131,441 


Yellowfin sole 15,405 7,612 0 0 23,016 


Butter sole 880 5,524 1,717 0 8,122 


Starry flounder 18,049 11,617 362 0 30,028 


English sole 1,666 4,263 11,734 459 18,121 


Sand sole 0 703 0 0 703 


Alaska plaice 5,297 2,747 0 0 8,044 


 


Table 4.14d.  Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2011 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area   
Species Western Central Yakutat Southeast Total 


Shallow-water 
flatfish 


     


Rock sole total 96,382 89,873 808 6,386 193,448 
  Northern rock sole 45,063 27,717 0 96 72,875 
  Southern rock sole 51,319 62,156 808 6,290 120,573 


Yellowfin sole 26,057 20,139 0 380 46,576 
Butter sole 6,687 7,541 5,462 4 19,695 


Starry flounder 
5,670 14,774 19,218 96 39,757 


English sole 961 5,932 8,145 1,682 16,720 
Sand sole 33 722 0 0 755 


Alaska plaice 5,271 6,995 0 0 12,266 
 







Table 4.14e. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2009 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area   
Species Western Central Yakutat Southeast Total 


Shallow-water 
flatfish 


     


Rock sole total 138,906 144,282 384 4,038 287,611 
  Northern rock sole 56,186 39,635 0 25 95,846 
  Southern rock sole 82,720 104,647 384 4,013 191,765 


Yellowfin sole 11,695 21,627 29 62 33,414 
Butter sole 902 12,964 1,539 0 15,405 


Starry flounder 
10,154 19,960 2,717 433 33,264 


English sole 903 8,797 4,042 4,928 18,671 
Sand sole 36 2,772 0 0 2,808 


Alaska plaice 5,387 2,401 0 0 7,788 
 


Table 4.14f. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2007 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area  
Species Western Central Eastern Total 


Shallow-water flatfish     
Rock sole total 143,768 111,328 8,823 263,919 


  Northern rock sole 65,563 36,739 0 102,303 
  Southern rock sole 78,205 74,589 8,823 161,617 


Yellowfin sole 21,437 20,387 0 41,824 
Butter sole 7,068 21,097 2,010 30,174 


Starry flounder 12,043 44,585 16,411 73,039 
English sole 620 5,042 6,624 12,287 


Sand sole 348 2,643 177 3,168 
Alaska plaice 3,415 8,764 0 12,179 


 


Table 4.14g. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2005 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area  
Species Western Central Eastern Total 


Shallow-water flatfish     
Rock sole total 122,628 107,495 9,095 239,218 


  Northern rock sole 58,648 32,877 0 91,525 
  Southern rock sole 63,980 74,618 9,095 147,693 


Yellowfin sole 23,405 25,418 0 48,823 
Butter sole 5,952 20,242 31 26,226 


Starry flounder 16,122 10,106 358 26,586 
English sole 825 4,396 9,374 14,595 


Sand sole 61 2,318 0 2,379 
Alaska plaice 2,480 5,459 0 7,939 


 


 







Table 4.14h. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2003 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area  
Species Western Central Eastern Total 


     
Shallow-water flatfish     


Rock sole total     
  Northern rock sole 43,127 36,871 0 79,998 
  Southern rock sole 55,116 65,251 6,900 127,267 


Yellowfin sole 42,178 12,560 0 54,738 
Butter sole 3,370 25,123 2,655 31,148 


Starry flounder 5,355 49,793 3,382 58,530 
English sole 334 5,363 12,135 17,832 


Sand sole 0 1,331 28 1,359 
Alaska plaice 2925.8 2152.2 0 5078 


 


Table 4.14i. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 2001 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area  
Species Western Central Eastern Total 


Shallow-water flatfish     
Rock sole total 96,178 89,264 6,644 192,086 


  Northern rock sole 36,987 27,237 16 64,240 
  Southern rock sole 59,191 62,027 6,628 127,846 


Yellowfin sole 49,586 5,612 43 55,241 
Butter sole 3,338 5,578 1,965 10,881 


Starry flounder 14,291 57,469 5,322 77,082 
English sole 89 3,274 11,469 14,832 


Sand sole 43 232 42 317 
Alaska plaice 2,116 1,523 0 3,639 


 


 


Table 4.14j. Survey biomass in the Eastern Gulf of Alaska for 1993, 1996, 1999 and 2003.  The 
biomass estimated for the Eastern Gulf in 2001 is the average of the 1999 and 2003 eastern gulf biomass. 


Species 1993 1996 1999 2003 Average 
1999 and 


2003 
Shallow-water flatfish      


Northern rock sole  0 31 0 16 
Southern rock sole  3,323 6,355 6,900 6,628 


Yellowfin sole 0 229 85 0 43 
Butter sole 2,906 104 1,274 2,655 1,965 


Starry flounder 5,193 1,518 7,262 3,382 5,322 
English sole 5,341 5,713 10,803 12,135 11,469 


Sand sole 8 183 56 28 42 
Alaska plaice 0 0 0 0 0 


 


 







Table 4.14k. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 1999 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area  
Species Western Central Eastern Total 


     
Shallow-water flatfish     


Rock sole total 89,487 70,730 6386 166,603 
  Northern rock sole 44,731 16,319 31 61,081 
  Southern rock sole 44,756 54,411 6,355 105,522 


Yellowfin sole 36,368 11,856 85 48,309 
Butter sole 4,985 7,929 1,274 14,188 


Starry flounder 10,627 28,763 7,262 46,652 
English sole 563 3,066 10,803 14,432 


Sand sole 61 117 56 234 
Alaska plaice 5,647 3,033 0 8,680 


     
 


Table 4.14l. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 1996 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area  
Species Western Central Eastern Total 


Shallow-water flatfish     
Rock sole total 110,303 92,718 3,323 206,343 


  Northern rock sole 62,883 15,962 0 78,845 
  Southern rock sole 47,420 76,647 3,323 127,390 


Yellowfin sole 29,857 17,704 229 47,789 
Butter sole 6,265 14,547 104 20,916 


Starry flounder 16,181 9,610 1,518 27,309 
English sole 297 1,936 5,713 7,946 


Sand sole 0 757 183 940 
Alaska plaice 2,295 2,575 0 4,870 


 


Table 4.14m. Biomass estimates (t) for Gulf of Alaska flatfish, based on the 1993 bottom trawl survey, 
by North Pacific Fishery Management Council regulatory area and species. 


 Area  
Species Western Central Eastern Total 


     
Shallow-water flatfish     


Rock sole total 88,644 83,163 1,554 173,361 
Yellowfin sole 70,669 10,660 0 81,329 


Butter sole 3,626 23,277 2,906 29,809 
Starry flounder 3,778 31,318 5,193 40,288 


English sole 1,189 1,874 5,341 8,403 
Sand sole 81 390 8 479 


Alaska plaice 1,667 917 0 2,583 
 







 


Table 4.15. Von Bertalanffy parameter estimates for Yellowfin sole in the Gulf of Alaska. 


Species Linf K t0 
Yellowfin sole 1987 survey   
males 32.8 0.19 -2.24 
females  38.2 0.14 -2.18 
combined 34 0.18 -1.82 
    


 


 


Table 4.16. Food habits of flatfish.  Percent observed stomach contents in parentheses where 
available (Livingston and Goiney, 1983). 


Fish species Observed stomach contents 
Rex sole Polychaetes, euphausiids, pandalus sp. 
Flathead sole various fishes(38%), mysids(36%), shrimp(15%), clams(6%), polychaetes(3%) 
rock sole-adults fish(40%) polychaetes(27%), clam siphons(10%) 
rock sole-juveniles fish(10%), polychaetes(45%), clam siphons(15%), gammarids(8%) 
yellowfin sole Polychaetes, shrimp, fish, tanner crab, clam siphons 
Dover sole Polychaetes(64%),crustaceans(11%),mollusks(18%), echinoderms(3%), coelenterates(3%) 
English sole Polychaetes, ophiuroidea, ophiura sarsi, amphipoda, bivalves 
sand sole fish with a high frequency of  arrowtooth flounder(only 4 stomachs out of 10 with food) 
starry flounder Echiuroidea(starfish), ophiuroidea(brittle star), fish, shrimp, crabs 
butter sole Polychaetes, ophiuroidea, crustacea, shrimp, tanner crab, fish 
 


 


 


 







Table 4.17. Calculations of the 2018 and 2019 shallow-water flatfish ABC and OFL levels by species including values for Tier 3a for 
northern and southern rock sole (See Bryan, et al. 2017).  Species splits were estimated using the random effects model. 


Species          As specified last year for: As recommended this year for: 
 2017 2018 2018 2019 


Shallow-water 
flatfish Tier FABC FOFL 


2018 
Biomass1 


2019  
Biomass1 ABC OFL ABC OFL ABC OFL ABC OFL 


Northern rock sole 3a 0.242 0.287 90,794 93,374 12,283 14,548 12,788 15,146 16,802 19,960 17,243 20,477 
Southern rock sole 3a 0.271 0.326 138,620 139,907 18,865 22,215 18,618 21,927 21,424 25,333 21,717 25,689 
Yellowfin sole 5 0.15 0.2 35,284 35,284 4,150 5,533 4,150 5,533 5,293 7,057 5,293 7,057 
Butter sole 5 0.15 0.2 16,368 16,368 2,133 2,844 2,133 2,844 2,455 3,274 2,455 3,274 
Starry flounder 5 0.15 0.2 29,474 29,474 3,597 4,796 3,597 4,796 4,421 5,895 4,421 5,895 
English sole 5 0.15 0.2 16,210 16,210 2,438 3,251 2,438 3,251 2,432 3,242 2,432 3,242 
Sand sole 5 0.15 0.2 1,511 1,511 96 129 96 129 227 302 227 302 
Alaska plaice 5 0.15 0.2 10,890 10,890 950 1,267 950 1,267 1,634 2,178 1,634 2,178 
Total2    339,152 343,018 44,514 54,583 44,770 54,893 54,688 67,240 55,422 68,114 
1 2017 estimate from random effects model fit to survey biomass estimates except northern and southern rock sole age 0+ 2017 model estimates 
from Bryan, et al., 2017. 
2  Sum of columns may not equal Totals due to rounding.  


 







 


 


Table 4.18.  Catch of shallow-water flatfish by species from 1991 to October 1, 2017 from AKFIN data. 


 
1 Unidentified flatfish were assigned based on the difference between the total shallow water flatfish 
catch and the sum of the species catch.  


 


 Unid. 
Flatfish1 


Rock 
sole 


Yellowfin 
sole 


Butter 
sole 


Starry 
flounder 


English 
sole 


Sand 
sole 


Alaska 
plaice 


1991 5,224.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


1992 8,333.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 


1993 1,165.9 7,538.7 69.6 250.5 80.1 6.4 0.5 1.5 


1994 463.8 3,008.1 61.3 229.4 52.3 8.1 15.0 4.8 


1995 1,076.1 3,923.9 65.6 177.0 134.7 16.6 10.3 26.1 


1996 1,381.4 6,595.3 78.5 409.6 806.1 29.5 6.4 65.6 


1997 1,282.8 5,466.8 42.0 451.6 401.9 22.4 42.9 69.2 


1998 600.0 2,532.3 15.4 177.6 152.3 10.8 0.8 9.8 


1999 543.8 1,765.4 25.8 147.8 86.5 6.9 1.3 0.9 


2000 516.9 5,386.7 18.2 716.2 267.8 13.2 5.9 3.8 


2001 685.2 4,771.7 0.0 598.9 86.5 5.9 12.8 1.9 


2002 692.6 5,564.3 2.5 780.8 109.8 12.7 13.5 1.1 


2003 325.0 3,554.6 0.2 607.9 139.2 2.3 3.3 16.0 


2004 197.2 2,216.7 7.6 539.4 114.4 6.4 3.9 8.5 


2005 167.1 4,130.5 10.4 378.5 111.0 2.0 2.8 2.8 


2006 474.0 5,763.3 0.6 1,084.0 265.3 58.4 5.1 0.9 


2007 333.1 6,727.4 11.5 1,431.4 154.1 25.5 3.2 6.1 


2008 869.5 7,269.1 1.1 1,419.1 130.3 25.7 3.3 2.6 


2009 94.3 6,538.7 1.1 1,698.1 115.1 27.6 2.4 8.2 


2010 231.5 3,285.3 0.4 1,835.5 124.1 35.2 0.8 21.0 


2011 173.2 3,094.4 0.1 591.3 99.7 28.7 0.7 10.0 


2012 189.7 2,828.6 0.1 796.8 166.4 28.5 0.8 4.7 


2013 203.4 4,058.3 0.2 1,076.1 119.1 51.9 1.8 12.3 


2014 345.7 3,440.3 0.5 826.7 73.6 57.2 2.1 4.1 


2015 337.2 2,622.2 1.3 284.2 77.4 32.4 2.1 1.4 


2016 198.5 3,008.5 0.2 500.1 62.1 34.7 0.3 2.7 


2017 428.1 1,689.1 0.3 139.4 67.6 41.2 0.1 3.2 
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Figure 4.1. Catch (t) of shallow-water flatfish from 1978 to October 1, 2017. 


 







 


 


 


 
 


Figure 4.2. NMFS survey biomass estimates by shallow water flatfish species for 1984 to 2017. 


 







 


 


 
 


Figure 4.3. Population size composition (females solid line, males dashed line) of English sole as 
estimated from the NMFS bottom trawl surveys, 1984-2017. 







 


 


 


 
 


Figure 4.4. Population size composition (females solid line, males dashed line) of yellowfin sole as 
estimated from the NMFS bottom trawl surveys, 1984-2017. 







 


 


 


 
Figure 4.5. Population size composition (females solid line, males dashed line) of starry flounder as 


estimated from the NMFS bottom trawl surveys, 1984-2017. 
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Figure 4.6. Population size composition (females solid line, males dashed line) of butter sole as 
estimated from the NMFS bottom trawl surveys, 1984-2017. 


 







 


 


 


 
Figure 4.7. Population size composition (females solid line, males dashed line) of Alaska plaice as 


estimated from the NMFS bottom trawl surveys, 1984-2017. 


 







 


 


 


 
Figure 4.8. Fit of random effects model to shallow-water flatfish survey biomass 1984 to 2017 


(excluding Rock sole).  Dashed lines are 95% CI. 







 


 


 


 
Figure 4.9. Fit of random effects model to Western area shallow-water flatfish survey biomass 1984 


to 2017 (including Rock sole).  Dashed lines are 95% CI. 







 


 


 


 
Figure 4.10.  Fit of random effects model to Central area shallow-water flatfish survey biomass 1984 to 
2017 (including Rock sole).  Dashed lines are 95% CI. 







 


 


 


 
Figure 4.11.  Fit of random effects model to Yakutat area shallow-water flatfish survey biomass 1984 to 
2017 (including Rock sole).  Dashed lines are 95% CI. 







 


 


 


 
Figure 4.12.  Fit of random effects model to Southeast area shallow-water flatfish survey biomass 1984 to 
2017 (including Rock sole).  Dashed lines are 95% CI. 


 







 


 


 
Figure 4.13.  Random effects model estimates of biomass by area for shallow-water flatfish 1984 to 2017 
(including Rock sole).   


 







 


 


 
Figure 4.14.  Fit of random effects model to yellowfin sole survey biomass 1984 to 2017.  Dashed lines 
are 95% CI. 







 


 


 
Figure 4.15.  Fit of random effects model to Alaska plaice survey biomass 1984 to 2017.  Dashed lines 
are 95% CI. 







 


 


 


 
Figure 4.16.  Fit of random effects model to sand sole survey biomass 1984 to 2017.  Dashed lines are 
95% CI.  







 


 


 


 
Figure 4.17.  Fit of random effects model to English sole survey biomass 1984 to 2017.  Dashed lines are 
95% CI.  







 


 


 


 
Figure 4.18.  Fit of random effects model to starry flounder survey biomass 1984 to 2017.  Dashed lines 
are 95% CI.  


 







 


 


 


 
Figure 4.19.  Fit of random effects model to butter sole survey biomass 1984 to 2017.  Dashed lines are 


95% CI.  
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Figure 4.20.  Catch of shallow-water flatfish by fishery and year from AKFIN database for 1991 to 
October 1, 2017. 
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20. Assessment of the Shark stock complex in the Gulf of Alaska 
 


Cindy A. Tribuzio, Peter-John Hulson, Katy Echave, Cara Rodgveller 


 
November 2016 


Executive Summary 
The shark complex (spiny dogfish, Pacific sleeper shark, salmon shark and other/unidentified sharks) in 
the Gulf of Alaska (GOA) is assessed on a biennial stock assessment schedule that coincides with the 
availability of new trawl survey biomass estimates. In alternate (even) years we present an executive 
summary to recommend harvest levels for the next two years. For detailed information regarding the 
assessment, please refer to the last full stock assessment, which is available online (Tribuzio et al. 2015, 
http://www.afsc.noaa.gov/REFM/Docs/2015/GOAshark.pdf). A full stock assessment document will be 
presented in next year’s SAFE report.  


The complex acceptable biological catch (ABC) and overfishing level (OFL) are based on the sum of the 
ABC and OFL calculations for the individual species. For an off-cycle year, there is no new survey 
information for the shark stock complex; therefore, the 2015 estimates are used in 2016 assessment. 


Summary of Changes in Assessment Inputs 
Changes in the input data: There were no changes made to the assessment inputs because this was an off-
cycle year. 
 
Changes in assessment methodology: There were no changes in assessment methodology. 


Summary of Results 
There is no evidence to suggest that overfishing is occurring for any shark species in the GOA because 
the OFL has not been exceeded. Total shark catch in 2015 was 1,414 t and catch in 2016 was 1,329 t as of 
October 3, 2016 for GOA waters. While catch resulting from federal fisheries in NMFS areas 649 and 
659 (Prince William Sound and inside Southeast Alaska, respectively, combined termed “Inside waters”) 
does not count against the federal TAC, nor is it in the calculation of ABC and OFL, we track catch in 
those areas in the assessment because a substantial portion of the shark catch occurs in those areas. The 
combined catch in these inside waters was 154 t in 2015 and 172 t in 2016 as of October 3, 2016. We 
continue the recommendations from last year’s full assessment. The recommended ABC for 2017 and 
2018 is 4,514 t and the OFL is 6,020 t for the shark complex combined. There are currently no 
directed commercial fisheries for shark species in federally or state managed waters of the GOA, and 
most incidental catch is not retained.  


  







 


ABC and OFL Calculations and Tier 6* recommendations for spiny dogfish for 2017-2018. 


Spiny Dogfish 
Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
M (natural mortality rate) 0.097 0.097 0.097 0.097 
Tier 6* 6* 6* 6* 
Biomass (t) 56,181 56,181 56,181 56,181 
FOFL 0.097 0.097 0.097 0.097 
maxFABC 0.073 0.073 0.073 0.073 
FABC 0.073 0.073 0.073 0.073 
OFL (t) 5,450 5,450 5,450 5,450 
maxABC (t) 4,087 4,087 4,087 4,087 
ABC (t) 4,087 4,087 4,087 4,087 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing  n/a  n/a 


*The shark complex is Tier 6, however, spiny dogfish ABC and OFL are calculated using a Tier 5 approach. It is 
termed a modified Tier 6 (or Tier 6*) because the estimate of biomass is not considered reliable for the species. 
 
ABC and OFL Calculations and Tier 6 recommendations for Pacific sleeper sharks, salmon sharks and 
other sharks for 2017-2018. 


Pacific sleeper, salmon and other 
sharks 
Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
Tier 6 6 6 6 
OFL (t) 570 570 570 570 
maxABC (t) 427 427 427 427 
ABC (t) 427 427 427 427 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing  n/a  n/a 


Summaries for Plan Team 
Species Year Biomass1 OFL2 ABC2 TAC Catch3 


Shark Complex 


2015 76,452 7,986 5,989 5,989 1,414 
2016 56,181 6,020 4,514 4,514 1,329 
2017 56,181 6,020 4,514   
2018 56,181 6,020 4,514   


1This is spiny dogfish biomass only, because the biomass estimates for the remaining shark species in the complex 
are not used for ABC and OFL calculations (they are estimated using average catch). The biomass used for the spiny 
dogfish ABC and OFL calculations for 2016 - 2017 is the estimated biomass from the random effects approach to 
survey averaging. 
2ABC and OFL are the sum of the individual species recommendations, Tier 6 (avg catch 1997-2007) for Pacific 
sleeper shark, salmon shark, and other/unidentified sharks and a modified Tier 6 (biomass * Fmax) for spiny dogfish. 
3Catch as of October 3, 2016. 







 


Responses to Comments and Research Priorities 
Responses to the below listed SSC and Plan Team Comments will be provided in the next full stock 
assessment report, unless otherwise noted. 


SSC and Plan Team Comments on Assessments in General  
“…Secondly, a few assessments incorporate multiple indices that could also be used for apportionment. 
The Team recommends an evaluation on how best to tailor the RE model to accommodate multiple 
indices.” (Plan Team, November 2015) 
 
“…Finally, an area apportionment approach using the RE model which specifies a common “process 
error” has been developed and should be considered. This may help in some situations where observation 
errors are particularly high and/or vary between regions.” (Plan Team, November 2015) 
 
“The SSC requests that stock assessment authors bookmark their assessment documents and commends 
those that have already adopted this practice.” (SSC, October 2016) 
 


SSC and Plan Team Comments Specific to this Assessment 
“The Team recommended that the authors incorporate the "shared process error" code that has been 
developed by ABL staff, which may improve the process used for area distribution (see section at the 
beginning of GOA minutes on general groundfish assessment issues).” (Plan Team, November 2015)  
 
“The PT also noted that it continues to endorse the FOFL=Fmax rate for the spiny dogfish ABC/OFL 
calculations as opposed to FOFL=M.” (Plan Team, November 2015) 
 
"The SSC appreciates the responsiveness of the assessment author to SSC and GPT requests. This 
includes the implementation of the random effects model, development of the demographic model, 
investigations into the use of length based methods and biomass dynamics models, and presentation of 
alternative Tier 6 options. The SSC appreciates these efforts and requests that the average, maximum and 
median catches of the current time period be brought forward in the next assessment, with confidence 
intervals around the average catch alternative." (SSC, December 2016) 
 
"The author recommended delaying implementation of the Fmax from the demographic model until 
concerns over the trawl survey gear efficiency can be addressed in the next assessment. The SSC and 
GPT agreed with this delay and we look forward to seeing it again at that time. The SSC requests the 
author bring the status quo methodology forward, in addition to Fmax from the demographic model next 
year, and to include the methodology for the demographic model in an appendix." (SSC, December 2016) 
A presentation explaining the demographic methods was made to the GOA Plan Team at the 
September 2016 meeting and subsequently presented to the SSC in October 2016. We plan to 
include the methodology in an appendix for the next full assessment along with any further work on 
improving biomass estimates. 
 
"The SSC asks the author to follow up on these outstanding issues for in future assessments:  


• Incorporation of a net efficiency study (Hulson et al in review) that uses tag data to estimate 
survey catchability 


• The SSC requested a comparison of CAS and HFICE estimates in 2014, and notes the authors 
plan to revisit this issue for the 2016 assessment cycle, as indicated in the assessment. 


• The SSC appreciates the inclusion of catches for areas 649 and 659 in the document, but not 
including them in the assessment until biomass estimates are available for State waters. The SSC 
continue to recommend the author explore potential sources of estimating biomass in State 







 


waters if sharks are believed to be a single population in state and federal waters." (SSC, 
December 2015) 


With regards to the second bullet, a comparison between CAS and HFICE was presented to the 
Joint Groundfish Plan Teams at the September 2016 meeting, which was subsequently presented to 
the SSC during the October 2016 meeting. The Joint Plan Teams recommended that HFICE not be 
used for catch reconstruction, there were no further comments from the SSC.  
 
“The Plan Team recommended continuation of research on this issue (i.e., using tag data to address 
catchability), and specifically recommended binning tag data into the depth strata from the survey. This 
may help homogenize the results from the two methods.” (Plan Team, September 2016) 
 
“The Team recommended continued work on this alternative approach to developing an F 
recommendation (demographic model) as well as continued work on improving biomass estimates to be 
considered during the 2017 cycle (this will be presented at the September 2017 Team meeting).” (Plan 
Team, September 2016) 
 
“The SSC agrees with PT recommended binning tag data by depth into the bins used for the survey, 
possibly homogenizing the results from the two methods. The SSC recommends that the precision of 
satellite derived locations and its implications on inferred depth should be further considered in future 
analyses.” (SSC, October 2016) 
 
“The assessment author suggested that the maximum F from the demographic model could be used as an 
alternative to the status quo (F=M) in the 2017 cycle. The PT recommended continued work on this 
alternative approach for estimating F for the next cycle and noted that improvements to the biomass 
estimate are also needed, as the survey likely underestimates dogfish biomass The SSC concurs with these 
recommendations.” (SSC, October 2016) 


Literature Cited 
Tribuzio, C.A., C. Rodgveller, K.B. Echave, and P-J. Hulson. 2015. Assessment of the Shark Stock 


Complex in the Gulf of Alaska. In Stock assessment and fishery evaluation report for the 
groundfish resources of the Gulf of Alaska for 2011. North Pacific Fishery Management Council, 
605 W 4th Ave, Suite 306, Anchorage, AK 99501. Pgs. 1569 – 1642. 
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Katy B. Echave and Peter-John F. Hulson  
November 2017  


 


Executive Summary 
Gulf of Alaska rockfish are assessed on a biennial stock assessment schedule. For this on-cycle year, we 
incorporate new survey biomass.   
 
Following the recommendation of the North Pacific Fisheries Management Council for Tier 5 stocks such 
as GOA shortraker rockfish, we continue to estimate exploitable biomass to calculate the ABC and OFL 
values using a random effects model. 


Summary of Changes in Assessment Inputs 
Changes in the input data:  


1. Total catch for GOA shortraker rockfish has been updated (as of October 2, 2017). 
2. Survey biomass information for GOA shortraker rockfish as used in the random effects model 


is updated to include 2017 GOA bottom trawl survey data. 
 


Changes in the assessment methodology:  
There were no changes in assessment methodology. 
 
Summary of Results 
For the 2018 fishery, we recommend the maximum allowable ABC of 863 t for shortraker rockfish. This 
ABC is 33% lower than the 2017 ABC of 1,286 t. The OFL is 1,151 t. Reference values for shortraker 
rockfish are summarized in the following table, with the recommended ABC and OFL values in bold. The 
stock was not being subjected to overfishing in 2016. 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
 M (natural mortality rate) 0.03 0.03 0.03 0.03 


Tier 5 5 5 5 
Biomass (t) 57,175 57,175 38,361 38,361 
FOFL F=M=0.03 F=M=0.03 F=M=0.03 F=M=0.03 
maxFABC 0.75M=0.0225 0.75M=0.0225 0.75M=0.0225 0.75M=0.0225 
FABC 0.0225 0.0225 0.0225 0.0225 
OFL (t) 1,715 1,715 1,151 1,151 
maxABC (t) 1,286 1,286 863 863 
ABC (t) 1,286 1,286 863 863 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing No n/a No n/a 


 
 







Updated catch data (t) for shortraker rockfish in the Gulf of Alaska as of October 2, 2017 (NMFS Alaska 
Regional Office Catch Accounting System via the Alaska Fisheries Information Network (AKFIN) 
database, http://www.akfin.org) are summarized in the following table.  
  


Year Western Central Eastern Gulfwide 
Total 


Gulfwide 
ABC 


Gulfwide 
TAC 


2016 53 419 305 776 1,286 1,286 
2017 40 184 260 484 1,286 1,286 


Note that there is a slight overage of allowable catch in the Western GOA (2 t). The 2017 apportioned 
ABC for the Western GOA is 38 t. This follows an overage in 2016 in the WGOA (by 15 t) and CGOA 
(by 118 t) as well (Echave et al. 2016). 
 
Area Apportionment 
For apportionment of ABC/OFL, the random effects model was fit to area-specific biomass and 
subsequent proportions of biomass by area were calculated. The following table shows the recommended 
apportionment, estimated biomass, and ABC value by regulatory area for 2018/2019. 
 


 Regulatory area  
 Western Central Eastern Total 


Area Apportionment 5.1% 35.3% 59.6%  
Estimated Area Biomass (t) 1,953 13,450 22,867 38,361 
Area ABC (t) 44 305 515 863 
OFL (t)    1,151 


 
Summaries for Plan Team 
All values are in tons. 
 


Species Year Biomass1 OFL ABC TAC Catch2 


Shortraker Rockfish 


2016 57,175 1,715 1,286 1,286 776 
2017 57,175 1,715 1,286 1,286 484 
2018 38,361 1,151 863 863  
2019  1,151 863 863  


 
 


Stock/  2017 2018 2019 
Assemblage Area OFL ABC TAC Catch2 OFL ABC OFL ABC 


Shortraker 
rockfish 


W  38 38 40  44  44 
C  301 301 184  305  305 
E  947 947 260  515  515 


Total 1,715 1,286 1,286 484 1,151 863 1,151 863 
1Total biomass estimates from the random effects model. 
2Current as of October 2, 2017. Source: NMFS Alaska Regional Office Catch Accounting System via the Alaska Fisheries 
Information Network (AKFIN) database (http://www.akfin.org).   
 



http://www.akfin.org/

http://www.akfin.org/





Responses to SSC and Plan Team Comments on Assessments in General 
 “Secondly, a few assessments incorporate multiple indices that could also be used for apportionment. The 


Team recommends an evaluation on how best to tailor the RE model to accommodate multiple indices.” 
(Plan Team, November 2015) 
This continues to be examined and will be presented in 2018. 
 


 “Finally, an area apportionment approach using the RE model which specifies a common “process 
error” has been developed and should be considered. This may help in some situations where observation 
errors are particularly high and/or vary between regions.” (Plan Team, November 2015) 
The area apportionment approach using the RE model which specifies a common “process error” is 
being used in the shortraker rockfish assessment for area apportionment. 


  
 “The SSC requests that stock assessment authors bookmark their assessment documents and commends 


those that have already adopted this practice.” (SSC, October 2016) 
The assessment document for GOA shortraker rockfish has been bookmarked. 
 
“…The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock, perhaps following the framework suggested below, during the December 
Council meeting to aid in identifying areas of concern.” (SSC October 2017) 
A newly proposed framework for considering ecosystem and socioeconomic factors has been 
submitted as an appendix in some assessments this year. This is an attempt to document these 
factors with respect to stock status and also provide indicators for continued monitoring to identify 
areas of concern. These reports are currently submitted as an appendix and in future years it is 
anticipated that they would be available for all stocks as the framework is adaptable for data-
limited to data-rich stocks. We plan to evaluate and potentially incorporate this new 
ecosystem/socioeconomic report as an appendix when it becomes available for shortraker rockfish. 
 
Responses to SSC and Plan Team Comments Specific to this Assessment 
“The Team recommended looking at the sources of shortraker bycatch data. In particular, there appears 
to be an anomalously high value reported in 2010.” (GOA Plan Team, November 2015) 
Sources of shortraker bycatch data are discussed in detail in the Fishery section. 
 
“The PT expressed concern about a high bycatch of SR in 2010 and requested the authors examine the 
sources of bycatch data as well as present gear specific catches by region. The SSC supports these 
requests.” (SSC, December 2015) 
Gear specific catches by region as well as sources of bycatch data are discussed in detail in the 
Fishery section. 
 
“The Plan Team recommended that authors present gear specific catch by region and explore 
incorporating the longline survey RPWs into area apportionment calculations.” (GOA Plan Team, 
November 2015) 
Gear specific catches by region are discussed in detail in the Fishery section. Investigations into 
incorporating the longline survey RPWs in the RE model are currently underway and will be 
presented in 2018. 
 
“The SSC supports the author’s and PT’s suggestion to explore incorporating the longline survey relative 
population weight as an additional index for future apportionment.” (SSC, December 2015) 
Investigations into incorporating the longline survey RPWs in the RE model are currently 
underway and will be presented in 2018. 







 “The Plan Team recommends exploration of the geospatial estimator used in this year’s dusky rockfish 
assessment as an alternative approach for estimating regional and overall biomass estimate.” (GOA Plan 
Team, November 2015) 


  
“The SSC also supports the PT recommendation for exploring the geostatistical GLMM estimator used in 
this year’s dusky rockfish assessment as an alternative method for estimating regional and overall 
biomass.” (SSC, December 2015) 
These two comments address the same investigation and we have grouped them together. A 
Working Group continues to work on the application of the geostatistical delta-GLMM estimator of 
survey biomass and the shortraker assessment will include their recommendations when they are 
available. 
 
“The Team recommends examining the shortraker exploitation rates (F) over time from each area and 
gear type. (GOA Plan Team, November 2016) 
Exploitation rates over time from each area and gear type are presented in the Fishery section. 
 
“The Team recommends the author examine fishery and survey length distributions, especially for 
longline gear. (GOA Plan Team, November 2016) 
Fishery and survey length distributions were examined and are presented in the Data-Fishery and 
Data-Survey sections. 
 
“The Team reiterates their recommendation to examine the trawl survey and longline survey (within 
depth strata) for the purposes of improving the area apportionment and understanding the spatial 
structure. (GOA Plan Team, November 2016) 
Investigations into incorporating the longline survey RPWs in the RE model are currently 
underway and will be presented in 2018.  
 
“The Team inventoried completed stock structure documents to date and recommended that the template 
be completed for shortraker rockfish for November 2016.” (GOA Plan Team, September 2016) 
The shortraker rockfish stock structure template was included as an appendix in the 2016 
shortraker rockfish executive summary. 
 
  







Introduction 
The North Pacific Fishery Management Council (NPFMC) established shortraker rockfish, Sebastes 
borealis, as a separate management category in the Gulf of Alaska (GOA) in 2005. Previously, shortraker 
rockfish had been grouped from 1991 to 2004 with rougheye rockfish in the “shortraker/rougheye” 
management category because the two species are similar in appearance, share the same habitat on the 
upper continental slope, and often co-occur in hauls. Both species were assigned a single overall ABC 
(acceptable biological catch) and TAC (total allowable catch), and fishermen were free to harvest either 
species within this TAC. However, evidence from the NMFS Alaska Groundfish Observer Program 
indicated that shortraker rockfish were being harvested disproportionately within the shortraker/rougheye 
group, which raised the possibility that shortraker could become overexploited (Clausen 2004). Because 
of this concern, the NPFMC decided to establish separate management categories for shortraker and 
rougheye rockfish starting with the 2005 fishing season. 


From 2005 to 2010, the assessment for shortraker rockfish was combined with that for another 
management group of rockfish in the GOA, “other slope rockfish.” Although shortraker rockfish and 
“other slope rockfish” had separate harvest specifications, their assessments were presented in a single 
SAFE chapter because each group was assessed using a similar methodology based on the NPFMC’s “tier 
5” definition of overfishing. However, in 2010 both the GOA Groundfish Plan Team and the NPFMC 
Scientific and Statistical Committee (SSC) recommended that future assessments for shortraker rockfish 
and “other slope rockfish” be presented in separate SAFE chapters. 
 
General Distribution 
Shortraker rockfish, Sebastes borealis, ranges from Hokkaido Island, Japan, north into the Sea of Okhotsk 
and the Bering Sea, and through the Aleutian Islands and Gulf of Alaska south to southern California. Its 
center of abundance appears to be Alaska waters. In the GOA, adults of this species inhabit a narrow band 
along the upper continental slope at depths of 300-500 m; outside of this depth interval, abundance 
decreases considerably (Ito 1999). Much of this habitat is steep and difficult to trawl in the GOA, and 
observations from a manned submersible also indicated that shortraker rockfish seemed to prefer steep 
slopes with frequent boulders (Krieger and Ito 1999). Adult shortraker rockfish may also be associated 
with Primnoa spp. corals that are used for shelter (Krieger and Wing 2002). Research focusing on non-
trawlable habitats found rockfish species often associate with biogenic structure (Du Preez et al. 2011, 
Laman et al. 2015), and that shortraker rockfish are often found in both trawlable and untrawlable habitats 
(Rooper and Martin 2012, Rooper et al. 2012). Several of these studies are notable as results indicate 
adult shortraker biomass may be underestimated by traditional bottom trawl surveys because of issues 
with extrapolating survey catch estimates to untrawlable habitat (Jones et al. 2012, Rooper et al. 2012).  
 
Life History Information 
Life history information on shortraker rockfish is extremely sparse. The fish are presumed to be 
viviparous, as are other Sebastes, with internal fertilization and development of embryos, and with the 
embryos receiving at least some maternal nourishment. There have been no fecundity studies on 
shortraker rockfish. One study on reproductive biology of the fish in the northeastern Pacific (most 
samples were from the GOA) indicated they had a protracted reproductive period, and that parturition 
(larval release) may take place from February through August (McDermott 1994). Another study 
indicated the peak month of parturition in Southeast Alaska was April (Westrheim 1975). Most recently, 
the reproductive development stage of shortraker rockfish was examined from samples collected 
opportunistically in the GOA throughout the year in 2008-2014 (Conrath 2017). Similar to McDermott’s 
(1994) findings, shortraker rockfish were found to be seasonal synchronous spawners, with the onset of 
development occurring in the late summer months and parturition taking place from March through May.  
There is no information on when males inseminate females or if migrations occur for spawning/breeding. 







Genetic techniques have been used to identify a small number of post-larval shortraker rockfish from 
samples collected in epipelagic waters far offshore in the GOA, which is the only documentation of 
habitat for this life stage (Kondzela et al. 2007). No data exist on when juvenile fish become demersal in 
the GOA; in fact, few specimens of juvenile shortraker rockfish <35 cm fork length have ever been 
caught in this region, so information on this life stage is virtually absent. Off Kamchatka, juvenile 
shortraker are reported to become demersal starting at a length of about 10 cm (Orlov 2001). Orlov (2001) 
has also suggested that shortraker rockfish may undergo extensive migrations in the north Pacific. In his 
theory, which is mostly based on size compositions of shortraker rockfish in various regions, larvae/post-
larvae of this species are transported by currents from the GOA to nursery areas in the Aleutian Islands, 
where they grow and subsequently migrate back to the GOA as young adults. More research is needed to 
substantiate this scenario. As mentioned previously, adults are particularly concentrated in a narrow band 
along the 300-500 m depth interval of the continental slope. Within the slope habitat, shortraker rockfish 
tend to have a relatively even distribution when compared with the highly aggregated and patchy 
distribution of many other rockfish such as Pacific ocean perch (Clausen and Fujioka 2007). Shortraker 
rockfish attains the largest size of all Sebastes, with a maximum reported total length of 120 cm 
(Mecklenburg et al. 2002). 
 
Evidence of Stock Structure 
The stock structure of the GOA shortraker rockfish was examined and presented to the GOA Groundfish 
Plan Team in November 2016 (Echave et al. 2016). There are few data available to differentiate stocks 
across regions, and with such little information on growth and reproduction, what is available is 
insufficient for evaluating comparisons within the spatial extent of the species. The limited genetic 
information available have indicated evidence of stock structure in the GOA (Gharrett et al. 2003; Matala 
et al. 2004), but additional research is needed to better define this structure. Although not conclusive, the 
genetic studies do not support Orlov’s theory of extensive migrations for shortraker rockfish. Please see 
Appendix 11.A of the 2016 GOA shortraker rockfish assessment for a more thorough evaluation of the 
potential stock structure for GOA shortraker rockfish (Echave et al. 2016). 


Fishery 
Fishery History 
Throughout the 1991-2004 period during which shortraker/rougheye rockfish existed as a management 
category in the GOA, directed fishing was not allowed, and the fish could only be retained as 
“incidentally-caught” species. This incidental catch status has continued for shortraker rockfish since it 
became a separate category in 2005. In the years since 2005, shortraker rockfish have been taken mostly 
in fisheries targeting rockfish, sablefish, and Pacific halibut, with lesser amounts taken in the walleye 
pollock and other groundfish fisheries (Table 11-1).  
 
Shortraker rockfish can be caught with both trawls and longlines. The percent caught in each gear type is 
listed in the following table for the years 1993-20171.  Note that for 1993-2004, information on catch by 
gear is only available for the shortraker/rougheye category and not for shortraker alone. Since 2004, 
shortraker catch has generally been caught in equal amounts on both trawl and longline gear, with the 
exception of 2010, 2011, and 2016. 
 


                                                           
11993-2017:  National Marine Fisheries Service, Alaska Region, Catch Accounting System, accessed via the Alaska Fishery 
Information Network (AKFIN).  Catches updated through October 2, 2017. 







Shortraker/Rougheye Rockfish 
Gear 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
Trawl 67.7 54.4 73.3 71.2 72.1 58.8 61.2 63.5 49.4 60 68.5 49.5 


Longline 32.3 45.6 26.7 28.8 27.9 41.2 38.8 36.5 50.6 40 31.5 50.5 
 


Shortraker Rockfish  
Gear 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 
Trawl 54.8 49.2 54 53.2 56 39.3 63.2 48.7 48.7 49.4 52.4 62.3 


Longline 45.2 50.8 46 46.8 44 60.7 36.8 51.3 51.3 50.6 48.6 37.7 
 


Shortraker Rockfish  
Gear 2017            
Trawl 55.2            


Longline 44.7            
 
Nearly all of the longline catch of shortraker rockfish appears to have come as “true” incidental catch in 
the sablefish or halibut longline fisheries. Historically, some of the shortraker catch in rockfish trawl 
fisheries was taken by actual targeting that some fishermen called “topping off” (Ackley and Heifetz 
2001). “Topping off” worked in this way: fishery managers assign all vessels in a directed fishery a 
maximum retainable amount (MRA) for certain species that may be encountered as incidental catch. If a 
vessel manages to not catch its MRA during the course of a directed fishing trip, or the MRA is set overly 
high (as data presented in Ackley and Heifetz [2001] suggest), before returning to port the vessel may be 
able to make some target hauls on the incidental species and still not exceed its MRA. Such instances of 
“topping off” for shortraker rockfish appeared to have taken place in the Pacific ocean perch trawl 
fishery, especially because shortraker rockfish is the most valuable trawl-caught Sebastes rockfish in 
terms of landed price. However, this practice is generally thought to not occur in present times and all 
shortraker catch is truly incidental. 
 
In 2007, the Central Gulf of Alaska Rockfish Pilot Program was initiated to enhance resource 
conservation and improve economic efficiency for harvesters and processors who participate in the 
Central GOA rockfish fishery. In 2012 this pilot program was permanently put into place as the Central 
Gulf of Alaska Rockfish Program. This is a rationalization program that established cooperatives among 
trawl vessels that receive exclusive harvest privileges for rockfish management groups (for details, see 
North Pacific Fishery Management Council, 2008). The primary rockfish management groups for the 
program are Pacific ocean perch, northern rockfish, and pelagic shelf rockfish, but there is a small 
allocation for shortraker rockfish. Catches of shortraker rockfish taken by trawlers in the Central GOA 
decreased in 2007 (North Pacific Fishery Management Council 2008), and the catches have remained 
relatively low in the Central GOA in following years, with the exception of 2016. Other effects of the 
pilot program include: 1) mandatory at-sea and plant observer coverage for vessels participating in the 
program, which has greatly improved catch data for rockfish in the Central GOA; and 2) extending the 
fishery season when most trawl-caught shortraker rockfish are taken. Previously, most shortrakers were 
taken as incidental catch during the directed “derby-style” trawl fisheries for Pacific ocean perch, 
northern rockfish, and pelagic shelf rockfish, which mostly occurred during July. In the Rockfish 
Program, trawling can occur anytime between May 1 and November 15, and catches are now spread over 
this period. Many of the effects on the primary rockfish groups will also affect the secondary species 
groups. Future analyses regarding the Rockfish Program and the effects on shortraker rockfish will be 
possible as more data become available. 
 







Management Measures and History 
The NPFMC established shortraker rockfish as a separate management category in the GOA in 2005.  
Previously, shortraker rockfish had been grouped from 1991 to 2004 with rougheye rockfish in the 
“shortraker/rougheye” management category because the two species are similar in appearance, share the 
same habitat on the upper continental slope, and often co-occur in hauls. Both species were assigned a 
single overall ABC (acceptable biological catch) and TAC (total allowable catch), and fishermen were 
free to harvest either species within this TAC. However, evidence from the NMFS Alaska Groundfish 
Observer Program indicated that shortraker rockfish were being harvested disproportionately within the 
shortraker/rougheye group, which raised the possibility that shortraker could become overexploited 
(Clausen 2004). Because of this concern, the NPFMC decided to establish separate management 
categories for shortraker and rougheye rockfish starting with the 2005 fishing season. 
 
From 2005 to 2010, the assessment for shortraker rockfish was combined with that for another 
management group of rockfish in the GOA, “other slope rockfish.” Although shortraker rockfish and 
“other slope rockfish” were distinct management entities, their assessments were presented in a single 
SAFE chapter because each group was assessed using a similar methodology based on the NPFMC’s “tier 
5” definition of overfishing. However, in 2010 both the GOA Groundfish Plan Team and the NPFMC 
SSC recommended that future assessments for shortraker rockfish and “other slope rockfish” be presented 
in separate SAFE chapters.   
 
In practice, the NPFMC apportions the ABCs and TACs for shortraker rockfish in the GOA into three 
geographic management areas: the Western, Central, and Eastern Gulf of Alaska. This apportionment is 
to disperse the catch across the Gulf and prevent possible depletion in one area. 
 
A timeline of management measures that have affected shortraker rockfish, along with the corresponding 
Gulfwide annual catch and ABC/TAC/OFL levels are listed Table 11-2. 
 
Catch History 
Official fishery catch statistics for shortraker rockfish in the GOA are only available for 2005-2017, when 
the species catch was first reported separately for management purposes (Table 11-3). However, catch 
statistics are available for shortraker and rougheye rockfish combined for the years 1991-2004, when both 
species were classified together into one management group, and these are also listed in Table 11-3.  
Previous to 1991, shortraker rockfish was classified into larger management groups that included Pacific 
ocean perch and other species of Sebastes, and it is generally not possible to separate out the shortraker 
catches. 
 
Although official catch statistics for shortraker rockfish started only in 2005, unofficial estimates of the 
Gulfwide catch of shortraker rockfish for the years 1993-2003 were computed in Clausen (2004). These 
unofficial estimates are shown in Table 11- 4. The estimates are based on a combination of data from the 
observer program and the NMFS Alaska regional office, and take into account differences in catch by 
area and by gear type. The estimates indicate that annual shortraker catch was generally around 1,000-
1,500 t during these years. Annual TACs for the shortraker/rougheye group were the major determining 
factor of these catch amounts. As shown in Table 11-3, the total Gulfwide catch of shortraker/rougheye 
for a given year was generally very similar to the corresponding TAC. The 2005-2017 shortraker rockfish 
official catches have been consistently lower than any of the unofficial estimates in previous years. These 
low catches in the last ten years correspond to the years when shortraker rockfish has been in its own 
management category separate from rougheye rockfish. This suggests that the breakup of the 
shortraker/rougheye group may have caused the subsequent reduction in catch of shortraker rockfish, but 
the exact reasons for the lower catches are unclear.  
 







Catch of shortraker rockfish varies greatly by area, gear type, and year (Figure 11-1). Before the 
prohibition of trawling east of 140 degrees W longitude in the EGOA in 1999, shortraker rockfish were 
predominately caught on trawl gear (average 67% of catch). Note that for 1993-2004, information on 
catch by gear is only available for the shortraker/rougheye category and not for shortraker alone. Since 
1999, trawl and longline gear have generally each comprised about half the annual gulfwide catch, 
however, the dominant gear type for shortraker catch varies significantly by region. Since 2010, the 
majority of shortraker catch in the CGOA has been on nonpelagic trawl gear, with longline gear generally 
catching about half the trawl amount (Figure 11-2). While shortraker rockfish are generally caught on 
trawl gear in the rockfish fishery, the recent spike in the CGOA in 2016 was the result of the anomalously 
large amount of shortraker catch in the pollock fishery (Table 11-1). Why there was such a higher than 
average amount of shortraker catch (171 t in 2016 versus historical average of <6 t) in the pollock fishery 
in 2016 is unknown, but this is likely the major contributor to the ABC overage (by 118 t). 61% of the 
shortraker catch in 2016 on non-–pelagic trawl gear occurred during July, and the majority of this catch 
was near the entrance of Amatuli Gully, an area that generally catches a larger amount of shortraker 
rockfish on the trawl survey (Echave et al. 2016) but in recent years has not reported any large hauls of 
shortraker rockfish. Additionally, the depth distribution for shortraker rockfish from survey data (300 – 
500 m) and the average fishing depth (172 m) of the observed GOA pollock fleet don’t appear to have 
changed. As of 2 October 2017, shortraker catch in the CGOA in the pollock fishery remain near average 
levels. In contrast, shortraker rockfish are caught predominantly on longline gear in the EGOA (Figure 
11-2). However, since hitting a historical low in 2014 (42 mt), trawl catch in the EGOA has increased 
substantially, and as of 2 October 2017, is surpassing longline catch of shortraker rockfish in 2017 
(Figure 11-2). In the WGOA, both longline and trawl gear alternate as the dominant source of shortraker 
catch (Figure 11-2). As of 2 October 2017, shortraker catch is over the ABC by 2 t in the WGOA. This 
follows an overage of 15 t in the WGOA in 2016 as well (Echave et al. 2016). 
 
Exploitation rates of shortraker rockfish also vary considerably by area, gear type, and from year to year, 
but have generally been low (Figure 11-3). In general, shortraker rockfish are most exploited in the 
WGOA and least in the EGOA. In 2016, the exploitation rate of the hook and line fishery in the WGOA 
increased from 0.017 to 0.04. Previously, this value had remained less than 0.015. Additionally, the 
exploitation rates of shortraker rockfish in the non pelagic trawl fisheries in both the Central and Western 
GOA have been extremely variable over time, with, for example, an annual rate of change from 0.006 to 
0.032 (exploitation rates in the CGOA non pelagic trawl fishery in 2012 and 2013, respectively) as a 
common event. 
 
Survey research catches of shortraker rockfish are a very small component of overall removals and 
recreational and other catches are assumed negligible. Non-commercial (research and sport) catches of 
shortraker rockfish are reported and discussed in Appendix 11A. 
 
Bycatch 
The only analysis of bycatch in shortraker/rougheye rockfish fisheries of the Gulf of Alaska is that of 
Ackley and Heifetz (2001), in which they examined data for 1994-1996 only. In the hauls they identified 
as targeting shortraker/rougheye (most of which were presumably “topping off” hauls as described 
previously), the major bycatch was arrowtooth flounder, sablefish, and shortspine thornyhead, in 
descending order by weight. 
 







Discards 
Discard rates of shortraker rockfish are higher than those for the three species of Sebastes in the GOA that 
have directed fisheries (Pacific ocean perch, northern rockfish, and dusky rockfish), but are less than the 
“Other rockfish” management category in this region (see chapters in this SAFE report for Pacific ocean 
perch, northern rockfish, dusky rockfish, and other rockfish). Discard rates for shortraker rockfish have 
been increasing in recent years, reaching a Gulfwide historical high of 51.2% in 2016. In addition, discard 
rates have become more disproportionate between gear types. For example, the Gulfwide discard rate is, 
on average, ~2% in the rockfish fisheries and ~55% in the hook and line sablefish fishery.  


Why shortraker discard rates are increasing is not completely understood. The record high 2016 Gulfwide 
value is likely due in part to the higher than average catch of shortraker rockfish in the non pelagic trawl 
pollock fishery, which reported historical high catch (171 t) and a discard rate of 100% (Table 11-5). This 
high discard rate is likely because vessels did not want to exceed the low aggregated rockfish MRA of 5% 
in the pollock fishery. Historically, the discard rate of shortraker rockfish in the pollock fishery has been 0 
– 1%, corresponding with low catch of <6 t. Shortraker rockfish went on prohibited species catch (PSC) 
status on 19 September 2016 in both the WGOA and CGOA and therefore the vast majority of shortrakers 
were discarded after 19 September, however, only 17% of the observed shortraker catch occurred after 19 
September 2016, and most of the shortraker catch in the pollock fishery in 2016 were during the fall 
pollock fishery and before the stock went to PSC status (J. Bonney, Alaska Groundfish Data Bank, pers. 
comm.).  


While the overall increase in discard rates in the hook and line sablefish fishery is not completely 
understood, the MRA rate (7%) for hook and line boats still lends to overage concerns for vessels. 
Possible explanations for the reportedly high discard rate in the sablefish fishery include the following: 1) 
potentially biased discard values among the fishery catch data, and 2) regulatory discards due to low 
sablefish catch onboard. Logbook and observer data have shown seasonal variation in depths fished 
during the IFQ season: boats that target sablefish fish at shallower depths in the spring (March – May), 
and move deeper as the season progresses. When vessels fish the upper slope edge during the early season 
(~190 – 250 fm), they are more likely to catch a greater number of rockfish and are therefore forced to 
discard early in the trip as there are often not enough sablefish on board for retention of shortrakers (Dan 
Falvey, ALFA, pers. comm.). The same explanation could apply during times of heavy whale 
depredation. When a first set is heavily depredated by whales, the vessel will move and likely catch 
enough sablefish on subsequent sets to accommodate the amount of bycatch of the first set. However, the 
rockfish caught on the first set would have been discarded under current regulation (Dan Falvey, Linda 
Behnken, ALFA, pers. comm.). While observer data is incredibly useful, it is important to keep in mind 
that the estimate of the amount of catch that is discarded at sea for each species encountered in the haul is 
based on the observer’s best professional judgment, and is challenging because it can occur at many 
places in a fishing and processing operation (Cahalan et al. 2010). These estimates are then applied to the 
unobserved fleet, and if data is limited or based on a small number of hauls with large catch, these 
numbers have the potential of being extrapolated to inaccurate values. Future work looking at electronic 
monitoring (EM) data may help answer potential extrapolation bias questions. In short, industry 
representatives state that the market for shortraker rockfish is good and that there are no processor 
restrictions. The practice of discarding bycatch species exist because of enforcement concerns.   


 


 







Gulfwide discard rates2 (% of the total catch discarded within a management category) of shortraker 
rockfish are listed as follows for the years 1991-2017: 


 Shortraker/ 
Year Rougheye 
1991 12.3% 
1992 22.0% 
1993 27.0% 
1994 44.6% 
1995 29.8% 
1996 22.2% 
1997 28.1% 
1998 28.7% 
1999 33.1% 
2000 25.9% 
2001 36.6% 
2002 22.5% 
2003 25.5% 
2004 28.0% 


  
 Shortraker 


2005 16.0% 
2006 31.7% 
2007 25.8% 
2008 20.2% 
2009 28.8% 
2010 35.4% 
2011 24.0% 
2012 32.2% 
2013 44.2% 
2014 35.0% 
2015 32.9% 
2016 51.2% 
2017 35.3% 


 
 
 
 
 
 
 
 
 
 
 
________________________ 
21991-2017:  National Marine Fisheries Service, Alaska Region, Catch Accounting System, accessed via the Alaska Fishery 
Information Network (AKFIN).  Updated through October 2, 2017. 


                                                           
 







Data 
Fishery Data  
Catch  
Detailed catch information for shortraker/rougheye and shortraker rockfish is listed in Table 11-3.  
 
Size and Age Composition   
While the number of lengths sampled by observers for shortraker rockfish in the Gulf of Alaska 
commercial fishery are few, we are able to use available data to compare length frequencies by gear type 
(Figure 11- 4). Unimodal length frequency distributions and average length caught are similar between 
both gear types in the commercial fishery: the average length of shortraker caught in the longline fishery 
is 57.6 cm, and 58.2 cm in the non pelagic trawl fishery. Few age samples for this species have been 
collected from the fishery, and none have been aged. 
  
Survey Data  
Longline Surveys in the Gulf of Alaska 
Two longline surveys of the continental slope of the Gulf of Alaska provide data on the relative 
abundance of shortraker rockfish in this region: the earlier Japan-U.S. cooperative longline survey, and 
the ongoing Alaska Fisheries Science Center (AFSC) domestic longline survey. These surveys compute 
relative population numbers (RPNs) and relative population weights (RPWs) for fish on the continental 
slope as indices of stock abundance. The surveys are primarily directed at sablefish, but also catch 
considerable numbers of shortraker rockfish. Results for both surveys concerning rockfish, however, 
should be viewed with some caution, as the RPNs and RPWs do not take into account possible effects of 
competition for hooks with other species caught on the longline, especially sablefish. An analysis of the 
survey data indicated there was a negative correlation between catch rates of sablefish and shortraker 
rockfish in the Gulf of Alaska, and that there was likely competition for hooks between species in the 
surveys (Rodgveller et al. 2008). The study concluded that further research and experiments are needed to 
better quantify the effects of hook competition and to compute adjustment factors for the surveys’ catch 
rates. Recently, another study compared catch rates of shortraker and rougheye rockfish on survey 
longline gear with observed densities of these fish around the longline from a manned submersible 
(Rodgveller et al. 2011). Results for shortraker and rougheye combined showed a catchability coefficient 
(q) of 0.91. There was a tendency for longline catch rates of the two species to be related to the observed 
densities, but this relationship was not significant. Again, this study concluded that additional research is 
needed on the longline catching process for shortraker rockfish to better determine the suitability of using 
longline survey results for assessment of this species. 
 
The cooperative longline survey was conducted annually during 1979-94, but RPNs for rockfish are only 
available for the years 1979-87 (Sasaki and Teshima 1988). These data are highly variable and difficult to 
interpret, but suggest that abundance of shortraker rockfish remained stable in the Gulf of Alaska 
(Clausen and Heifetz 1989). The data also indicate that shortraker rockfish are most abundant in the 
eastern Gulf of Alaska. 
 
The AFSC domestic longline survey has been conducted annually since 1988, and RPNs and RPWs have 
been computed for each year (Table 11-6). For shortraker rockfish, Gulfwide RPNs have ranged from a 
low of ~11,000 in 1994 to a high of ~32,000 in 2000 (Table 11-6; Figure 11-5). Similarly, lowest and 
highest Gulfwide RPW values were in these same years. Definite trends in these data over the years are 
difficult to discern, and the Gulfwide values of RPN and RPW sometimes fluctuate considerably between 
adjacent years. For example, the RPW in 2008 was 39,416 t, dropped to 25,147 t in 2010, and increased 
to 37,698 t in 2011. Some of the fluctuations may be related to changes in the abundance of sablefish, as 







discussed in the previous paragraph regarding competition for hooks among species. The 2017 longline 
survey RPN value for shortraker rockfish is up 28% from 2016 (Figure 11-5). This is just slightly above 
the historical average. 
  
Similar to the cooperative longline survey, the AFSC domestic longline survey results show that 
abundance of shortraker rockfish is highest in the eastern Gulf of Alaska: the Yakutat area consistently 
has the greatest RPN and RPW values for shortraker rockfish. 
 
Longline Survey Size Compositions 
Length frequency data from the AFSC domestic longline survey shows a unimodal distribution with an 
average length of 60.5 cm. This is a similar unimodal distribution and mean length to shortraker rockfish 
caught on the bottom trawl survey (Figure 11-6). The longline survey mean length is slightly larger than 
the average length (57.6 cm) caught in the observed hook and line fishery.  
 
AFSC Trawl Survey Biomass Estimates 
Bottom trawl surveys were conducted on a triennial basis in the Gulf of Alaska in 1984 through 1999, and 
these surveys became biennial starting in 2001 (Table 11-7). The surveys provide much information on 
shortraker rockfish, including estimates of absolute abundance (biomass) and population length 
compositions. The trawl surveys have covered all areas of the GOA out to a depth of 500 m (in some 
surveys to 1,000 m), but the 2001 survey did not sample the eastern GOA. To compensate for this lack of 
sampling in 2001, substitute values of biomass were computed for this area in 2001 by averaging the 
eastern GOA biomass estimates in the three previous trawl surveys (for details, see Heifetz et al. 2001).  
Also, the 1984 and 1987 survey results should be treated with some caution. A different, non-standard 
survey design was used in the eastern Gulf of Alaska in 1984; furthermore, much of the survey effort in 
the western and central Gulf of Alaska in 1984 and 1987 was by Japanese vessels that used a very 
different net design than what has been the standard used by U.S. vessels throughout the surveys. To deal 
with this latter problem, fishing power comparisons of rockfish catches have been done for the various 
vessels used in the surveys (for a discussion see Heifetz et al. 1994). Results of these comparisons have 
been incorporated into the biomass estimates discussed here, and the estimates are believed to be the best 
available. Even so, the reader should be aware that an element of uncertainty exists as to the 
standardization of the 1984 and 1987 surveys.   
  
Gulfwide biomass estimates for shortraker rockfish have sometimes shown rather large fluctuations 
between surveys; for example, biomass was 62,317 t in 2015 and then decreased by 49% to 31,534 t in 
2017. However, the confidence intervals have usually overlapped (Table 11-7 and Figure 11-7). There 
had been a general upward trend in the biomass estimates since 1990, with the more recent biomass 
estimates (2011, 2013, and 2015) of 64,835 t, 67,370 t, and 62,317 t being much larger than any of the 
previous years. In contrast, the 2017 survey biomass estimate is the first substantial decrease 
(approximately 49% from 2015) since 1990. The driving force behind this decrease is the lower biomass 
estimate in the Yakutat area (down approximately 60% from 2015), Chirikof (down 67%) and 
Southeastern (down 86%). In contrast, the estimated biomass in the WGOA (Shumagin Area) increased 
for the first time since 2009: WGOA biomass is up by 139% from 2015. The Kodiak area is also up by 
33%. 
 
Spatial distribution of catches of shortraker rockfish in the last three GOA trawl surveys indicate the fish 
are rather evenly spread in a band along the continental slope (Figure 11-8). While the 2013 and 2015 
trawl surveys indicated an increase in large catches (>50 kg) Gulfwide, which contributed to the large 
increases in biomass, the 2017 survey shows fewer large catches but an increase in near shore catch of 
shortraker rockfish (Figure 11-8). In the Yakutat area in 2013, there was a very large catch of over 1,900 
kg in a single haul, and again in 2015 there was a single haul of over 1,200 kg in the Yakutat area and 







over 1,110 kg in the Southeast area. In contrast, the largest haul in 2017 was just under 693 kg in the 
Southeast Area, and the second highest was 544 kg in the Kodiak area. The lack of large catches in the 
Yakutat area lead to the large decrease in estimated biomass from 2015. This absence of large catches in 
2017 are responsible at least in part for the narrow confidence bounds of the 2017 biomass estimate and 
the lowered coefficient of variation (CV) of 27.5%. Compared with many other species of Sebastes, the 
biomass estimates for shortraker rockfish have historically shown relatively moderate confidence 
intervals and low CVs (compare CVs for shortraker in Table 11-7 vs. those for sharpchin, redstripe, 
harelequin, and silvergray rockfish in the “Other Rockfish” chapter of this SAFE report). The low CVs 
are an indication of the generally even distribution of shortraker rockfish that was noted in the 
introduction of this chapter.  
 
Despite the relative precision of the biomass estimates, historically, assessment authors have been 
uncertain whether the trawl surveys are accurately assessing abundance of shortraker rockfish. Nearly all 
the catch of these fish is found on the upper continental slope at depths of 300-500 m. Much of this area 
in the GOA is not trawlable by the survey’s gear because of the area’s steep and rocky bottom, except for 
gully entrances where the bottom is more gradual. Consequently, biomass estimates for shortraker 
rockfish are mostly based on the relatively few hauls in gully entrances, and they may not be showing a 
true picture of abundance or abundance trends. One possible problem in the trawl survey results can be 
seen when longline survey RPWs for shortraker rockfish are compared with corresponding statistical area 
biomass estimates in the trawl surveys (see Table 11-6 vs. Table 11-7). Historically, the longline survey 
has consistently indicated that shortraker rockfish are most abundant in the Yakutat area, and catches in 
this area often comprise >50% of the Gulfwide RPW for this species. In contrast, the trawl survey results 
by area have been much more variable, and the Yakutat area, with few exceptions, has never stood out as 
a particular area of high abundance. This example highlights the trawl survey’s inability to accurately 
assess abundance of shortraker rockfish, and the longline survey may still be providing a better relative 
index of abundance by area, as the longline gear can be fished nearly anywhere in the steep 300-500 m 
slope environment inhabited by shortraker rockfish.  
 
Trawl Survey Size Compositions 
Size compositions for shortraker rockfish from the 1990-2007 and 2011-2017 trawl surveys were all 
unimodal, with almost no fish < 35 cm in length (Figure 11-9). However, results from the 2009 trawl 
survey were different because there was a modest catch of small fish that ranged in size between 10 and 
35 cm long. The reason these small fish occurred in 2009, and not in the other surveys, is unknown. The 
2001 results may be biased by the fact that they do not include fish from the eastern GOA because this 
area was not sampled that year. Shortraker rockfish are generally larger in the eastern Gulf of Alaska 
(e.g., Martin and Clausen 1995; Martin 1997; von Szalay et al. 2008 and 2010) and the 2001 survey 
seems to be missing many fish >70 cm in length compared to the other surveys. Based on trawl survey 
samples the mean length of the shortraker rockfish population in the Gulf of Alaska progressively 
declined from 61.0 cm in 1990 to 53.9 cm in 2003, followed by increases in 2005, 2007, 2011, 2013, 
2015, and 2017 with a mean for the latter year of 62.8 cm. The relatively low mean length in 2009 of 54.3 
cm is largely attributable to the fish < 35 cm that were caught that year. Mean length of shortraker 
rockfish caught on the trawl survey (all years combined; 58.9 cm) is similar to the mean length observed 
in the trawl fishery (58.2 cm) 
 
Trawl Survey Age Compositions 
Shortraker rockfish have long been considered among the most difficult rockfish species to age. The usual 
method for determining rockfish ages, i.e., counting annular growth zones on otoliths, did not appear to 
work because the growth pattern of shortraker otoliths is so unclear. However, Hutchinson (2004) 
developed a new aging method for this species based on using thin sections of otoliths and on applying an 
innovative set of aging criteria to determine which growth bands correspond to annuli. A comparison 







between his results and those of a previous radiometric study of shortraker rockfish age (Kastelle et al. 
2000) indicated general agreement and provided a limited degree of validation. This new aging 
methodology was used to determine the age compositions of shortraker rockfish in the 1996, 2003, and 
2005 GOA trawl surveys (Figure 11-10). Ages ranged from 5 to 146 years, and the results indicate the 
shortraker rockfish population in the GOA is quite old (mean age varied between 32 and 44 years, 
depending on the survey). To provide direct validation of the new aging method, in 2008 a validation 
study was conducted based on carbon 14 levels in shortraker rockfish otoliths from nuclear bomb testing 
in the 1960s. Results were unsuccessful, however, because carbon 14 could not found in sufficient 
quantities in the otoliths3. Thus, alternative validation techniques will be necessary to verify the aging 
methodology. One possibility is to conduct an updated and more detailed radiometric study than the 
previously mentioned Kastelle et al. 2000 study, which was done before Hutchison (2004) and was 
somewhat problematic because it was based on using length of the fish as a proxy for age. 
 
Because of the lack of direct validation for the aging method, and the consequent uncertainty about the 
ages, production aging for shortraker rockfish has now been put on hold. Due to this uncertainty, use of 
an age-structured model to assess Gulf of Alaska shortraker rockfish is not recommended at present.  
Although we hope to move to an age-structured assessment at some time in the future, better validation of 
the shortraker rockfish aging methodology is needed before we do so. 


Analytic Approach 
Modeling Approach 
Due to the lack of biological information for shortraker rockfish (especially an absence of validated age 
data), recent assessments have all used a biomass-based approach based on trawl survey data to calculate 
ABCs. We continue to use this approach in the present assessment, however, following the 
recommendations by the Survey Averaging Working Group and the SSC, methodology for calculating 
exploitable biomass changed to the use of a random effects model (RE) in 2015. The process errors (step  
changes) from one year to the next are the random effects to be integrated over, and the process error 
variance is the free parameter. The observations can be irregularly spaced; therefore this model can be 
applied to datasets with missing data. Large observation errors increase errors predicted by the model, 
which can provide a way to weight predicted estimates of biomass. Please see Survey Averaging Working 
Group document for more information on the random effects methodology and results across species 
(http://www.afsc.noaa.gov/REFM/stocks/Plan _Team/2012/Sept/survey_average_wg.pdf).  
 
Estimates were made using the 1984-2017 GOA trawl survey time series for biomass and estimates of 
uncertainty. The RE model was fit separately by area, and then summed to obtain Gulfwide biomass 
estimates. Since the trawl survey did not sample the EGOA in 2001, in our application of the RE model, 
the 2001 EGOA biomass estimate is treated as missing data. The exploitable biomass in the GOA was 
previously estimated by averaging the biomass estimates in the last three trawl surveys (Clausen 2009). 
Before the 2007 assessment (Clausen 2007), exploitable biomass computations did not include the 
biomass in the 1-100 m depth stratum. This was a holdover from a period in the late 1980s when 
shortraker rockfish was part of a much larger management group that included all slope rockfish, such as 
Pacific ocean perch and northern rockfish. Pacific ocean perch in the 1-100 m stratum were thought to be 
mostly small juveniles and therefore not exploitable. However, in the 2007 assessment for shortraker 
rockfish, an analysis indicated that excluding the 1-100 m stratum in the exploitable biomass calculations 
was unnecessary because catches of shortraker rockfish in this stratum are negligible in the surveys 


                                                           
3 C. Hutchinson, National Marine Fisheries Service, Alaska Fisheries Science Center, REFM Division, 7600 Sand Point Way 
NE, Seattle WA 98115.  Pers. commun.  Jan. 2009. 
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(Clausen 2007). Since 2007, the exploitable biomass determinations for shortraker rockfish have included 
all the strata covered by the trawl surveys.  
 
Shortraker rockfish in the GOA are managed under Tier 5, where OFL = M * exploitable biomass, where 
M represents natural mortality, and FABC is estimated by 0.75 * M. The acceptable biological catch (ABC) 
is obtained by multiplying FABC by the estimated biomass, ABC ≤ 0.75 * M * biomass. M is assumed 
equal to 0.03 and is discussed further in the following section. 
 
As previously mentioned, we anticipate moving to an age-structured assessment for shortraker rockfish at 
some time in the future if the aging methodology can be successfully validated. In the meantime, both the 
NPFMC Groundfish Plan Team and SSC have recommended the exploration of the geostatistical GLMM 
estimator as an alternative method for estimating regional and overall biomass, as well as using the RPNs 
from the longline survey as an additional index for the estimation of biomass. A Working Group 
continues to work on the application of the geostatistical delta-GLMM estimator of survey biomass and 
results will be presented as they become available at a future date. The application of using RPNs from 
the longline survey to help with biomass estimation will be presented at the September 2018 NPFMC 
Groundfish Plan Team meeting. 
 
Parameter Estimates 
Mortality, Maximum Age, Female Age- and Size-at-50% Maturity: 
Estimates of mortality, maximum age, and female age- and size-at-50% maturity for shortraker rockfish 
are listed as follows: 
 


Mortality 
rate 


Mortality Maximum 
age 


Age at Size at Area 
 


References 
 rate method Maturity Maturity 


- - 120 - - BC 1 
0.027-0.042 GSI - 21.4 44.9 WC,GOA,AI,EBS 2,3 


- - 157 - - GOA 4 
- - 146 - - GOA 5 
- - - - 49.9 GOA 6 


Area indicates location of study: British Columbia (BC), West Coast of U.S. (WC), Gulf of Alaska (GOA), 
Aleutians (AI), and eastern Bering Sea (EBS). 
GSI: gonad somatic index (Gunderson and Dygert (1988). 
References: 1) Chilton and Beamish 1982; 2) McDermott 1994: 3) Hutchinson 2004; 4) Munk 2001; 5) this report; 
6) Conrath 2017. 
 
The two values for maximum age of shortraker rockfish in the GOA (146 and 157), if true, would make 
this species one of the longest-lived of all fishes. McDermott (1994) determined that size-at-50% maturity 
for female shortraker rockfish was 44.9 cm based on samples collected in several regions of the northeast 
Pacific, including the Gulf of Alaska, while Conrath’s (2017) more recent study based on specimens 
collected solely from the GOA was slightly larger, at 49.9 cm. Hutchinson’s (2004) experimental aging 
study of shortraker rockfish computed von Bertalanffy growth parameters for females, and he used these 
parameters to convert McDermott’s size-of-maturity to an age-of-50% maturity of 21.4 years. Because it 
was based on experimental aging, however, and was also determined indirectly, the estimate needs to be 
confirmed by additional study. 
 
When the shortraker/rougheye category was created in 1991, there was no estimate at that time of M or Z 
for shortraker rockfish. Therefore, the SSC suggested the following computation for a proxy estimate of 
M: use the ratio of maximum age of rougheye to shortraker (140/120) from British Columbia and then 
multiply this value by the mid-point of the range of Z for rougheye rockfish in British Columbia (mid-
point = 0.025) to yield an M of 0.03 for shortraker rockfish. In a later study, M for shortraker rockfish was 







estimated to range between 0.027 and 0.042 (McDermott 1994), so the original estimate of 0.03 for M 
seems reasonable.   
 
Length- and Weight-at-Age: 
Length-weight coefficients and von Bertalanffy parameters for shortraker rockfish are listed below. 
Length-weight coefficients are from the formula W = aLb where W = weight in kg and L = length in cm 
(based on data from the 1996 GOA trawl survey in Martin 1997): 
 


Sex a b # sampled 
combined 9.85 x 10-6 3.13 620 


males 1.26 x 10-5 3.07 302 
females 1.02 x 10-5 3.12 318 


 
Von Bertalanffy parameters for shortraker rockfish (GOA = Gulf of Alaska; AI = Aleutian Islands: EBS = 
Eastern Bering Sea): 
 


Area Sex t0 k Linf (cm) 
GOA/AI/EBS female -3.62 0.030 84.60 


 
The von Bertalanffy parameters are based on the previously discussed Hutchinson (2004) study which has 
been only partially validated, so they should be used with caution. Although the analysis combined 
samples from the GOA, Aleutian Islands, and eastern Bering Sea, most were from the GOA. 


Results 
Harvest Recommendations 
In previous assessments, shortraker rockfish were always classified as “tier 5” in the NPFMC definitions 
for ABC and Overfishing Level (OFL) based on Amendment 56 to the Gulf of Alaska FMP. The 
population dynamics information available for tier 5 species consists of reliable estimates of biomass and 
natural mortality M, and the definitions state that for these species, the fishing rate that determines ABC 
(i.e., FABC) is ≤0.75M . Because age and maturity data are available for shortraker rockfish (Hutchinson 
2004), theoretically this species could be moved into tier 4, where FABC ≤F40%. However, because of the 
uncertainty of the present aging method and the lack of age validation, we recommend keeping shortraker 
rockfish in tier 5 for the present. Thus, the recommended FABC for shortraker rockfish is 0.0225 (i.e., 0.75 
x M, where M = 0.03). Methodology for determining current exploitable biomass that is used to calculate 
the ABC and OFL values for the 2018 fishery changed in 2015 to the use of a random effects model, 
which utilizes trawl survey data from 1984-2017 to estimate the exploitable biomass in 2018. This 
methodology has been recommended for all tier 5 stocks managed by the NPFMC. Applying the FABC to 
the estimate of current exploitable biomass (using the random effects methodology) of 38,361 t (+/- CI of 
23,885 and 61,610) for shortraker rockfish results in a Gulfwide ABC of 863 t and OFL of 1,151 t for the 
2018 fishery (Figure 11-11). This ABC is 33% lower than the 2017 ABC of 1,286 t.  
 
Area Allocation of Harvests 
Since 1991, the Gulfwide ABC for shortraker/rougheye rockfish or shortraker rockfish alone has been 
allocated amongst the Western, Central, and Eastern GOA regulatory areas based on the geographic 
distribution of the species’ exploitable biomass in the trawl surveys. Previously (beginning in the 1996 
SAFE), the distribution had been computed as a weighted average of the percent exploitable biomass 
distribution for each area in the three most recent trawl surveys. In the computations, each successive 
survey was given a progressively heavier weighting using factors of 4, 6, and 9, respectively. This 4:6:9 







weighting scheme was originally recommended by the GOA Groundfish Plan Team, and had already 
been used for Pacific ocean perch in the 1996 fishery. The Plan Team believed that for consistency among 
the rockfish assessments, the same weighting should be applied to shortraker/rougheye rockfish. The Plan 
Team’s method was adopted in the 1996 stock assessment for the 1997 fishery and had been used since. 
As recommended by the Plan Team’s Survey Averaging Work Group, methodology for calculating the 
distribution changed in 2015 to the use of the random effects model to estimate the exploitable biomass 
by region, and continues to be used in 2017. For apportionment of ABC/OFL, the random effects model 
was fit to area-specific biomass and subsequent proportions of biomass by area were calculated. For the 
2018 fishery, the percent distribution of exploitable biomass for shortraker rockfish biomass in the GOA 
is: Western area, 5.1%; Central area, 35.3%, and Eastern area, 59.6% (Figure 11-12). Applying these 
percentages to the recommended Gulfwide ABC of 863 t yields the following apportionments for the 
GOA in 2018: Western area, 44 t; Central area, 305 t; and Eastern area, 515 t. The recommended WGOA 
ABC of 44 t is an increase of 16% from the 2017 value of 38 t, the CGOA ABC increased by 1%, and the 
EGOA ABC decreased by 46% from the 2017 value of 907 t.  
   
Overfishing Level for Shortraker Rockfish 
Based on Amendment 56 in the Gulf of Alaska FMP, overfishing for a tier 5 species such as shortraker 
rockfish is defined to occur at a harvest rate of F=M.  Therefore, applying the estimate of M for shortraker 
rockfish (0.03) to the estimate of current exploitable biomass (38,361 t) yields an overfishing catch limit 
of 1,151 t for 2018. This stock is not being subjected to overfishing. 
 
Summary 
A summary of tier, current exploitable biomass, values of F, and recommended ABC (Gulfwide yield and 
allocated by area) and OFL using the random effects for shortraker rockfish are listed below for 2018 
(biomass and yield are in t): 
 


 Exploit. ABC Overfishing 


Tier biomass F Yield  F Yield 


5 38,361 F = 0.75M = 0.0225 863 F = M = 0.030 1,151 


  Harvest Allocation   


  WGOA 44   


  CGOA 305   


  EGOA 515   
The ABC and OFL values are calculated using the random effects (RE) model. The RE model was fit separately by area, and then 
summed to obtain Gulfwide biomass. WGOA = Western Gulf of Alaska, CGOA = Central Gulf of Alaska, and EGOA = Eastern 
Gulf of Alaska. 


Ecosystem Considerations 
In general, a determination of ecosystem considerations for shortraker rockfish is hampered by the lack of 
biological and habitat information.  A summary of the ecosystem considerations presented in this section 
is listed in Table 11-8. 
 
Ecosystem Effects on the Stock 
Prey availability/abundance trends:  







Similar to other rockfish species, stock condition of shortraker rockfish is probably influenced by periodic 
abundant year classes. Availability of suitable zooplankton prey items in sufficient quantity for larval or 
post-larval rockfish may be an important determining factor of year-class strength. Unfortunately, there is 
no information on the food habits of larval or post-larval rockfish to help determine possible relationships 
between prey availability and year-class strength.  Moreover, visual identification to the species level for 
field-collected larval or post-larval rockfish is generally not reliable, although genetic techniques allow 
identification for larvae/post-larvae of many rockfish, including shortraker (Gharrett et. al 2001; 
Kondzela et al. 2007). Very few juvenile shortraker rockfish have ever been caught in Alaska, and 
therefore there is no information on their food items. Adult shortraker rockfish are apparently 
opportunistic feeders that in Alaska prey on shrimp, deepwater fish such as myctophids, and squid (Yang 
and Nelson 2000; Yang 2003; Yang et al. 2006). Little if anything is known about abundance trends of 
these rockfish prey items. 
 
Predator population trends:   
Rockfish are preyed on by a variety of other fish at all life stages, and to some extent by marine mammals 
during late juvenile and adult stages. Whether the impact of any particular predator is significant or 
dominant is unknown. Predator effects would likely be more important on larval, post-larval, and small 
juvenile shortraker rockfish, but information on these life stages and their predators is nil. Due to their 
large size, older shortraker rockfish likely have few potential predators other than very large animals such 
as sleeper sharks or sperm whales. 
 
Changes in physical environment:  
Strong year classes corresponding to the period around 1976-77 have been reported for many species of 
groundfish in the GOA, including Pacific ocean perch, northern rockfish, sablefish, and Pacific cod.  
Therefore, it appears that environmental conditions may have changed during this period in such a way 
that survival of young-of-the-year fish increased for many groundfish species, including slope rockfish.  
The environmental mechanism for this increased survival remains unknown. Changes in water 
temperature and currents could have an effect on prey item abundance and success of transition of 
rockfish from the pelagic to demersal stage. Rockfish in early juvenile stage have been found in floating 
kelp patches which would be subject to ocean currents. 
 
Changes in bottom habitat due to natural or anthropogenic causes could affect survival rates by altering 
available shelter, prey, or other functions. Associations of juvenile rockfish with biotic and abiotic 
structure have been noted by Carlson and Straty (1981), Pearcy et al. (1989), Love et al. (1991), and 
Freese and Wing (2003). A study in the GOA based on observations from a manned submersible found 
that adult “large” rockfish had a strong association with Primnoa spp. coral growing on boulders: less 
than 1 percent of the observed boulders had coral, but 85 percent of the “large” rockfish were next to 
boulders with coral (Krieger and Wing 2002). Although the “large” rockfish could not be positively 
identified, it is likely based on location and depth that many were shortraker rockfish. The Essential Fish 
Habitat Environmental Impact Statement (EFH EIS) for groundfish in Alaska (NMFS 2005) concluded 
that the effects of commercial fishing on the habitat of groundfish is minimal or temporary based largely 
on the criterion that stocks were above the Minimum Stock Size Threshold (MSST). However, a review 
of the EFH EIS suggested that this criterion was inadequate to make such a conclusion (Drinkwater 
2004). The trend in shortraker abundance suggests that any adverse effect has not prevented the stock 
from increasing since 1990. 
 
Fishery Effects on the Ecosystem 
There is only a small amount of targeted fishing on shortraker rockfish in the GOA that is the result of 
“topping off” by trawlers (see subsection “Description of the Fishery”). Most of the catch in the GOA is 
taken incidentally in longline fisheries for sablefish and Pacific halibut or in the rockfish trawl fishery for 







Pacific ocean perch. Thus, the reader is referred to the discussions on “Fishery Effects” in the sablefish 
and Pacific ocean perch chapters in this SAFE report.  
 
Fishery-specific contribution to bycatch of HAPC biota:  
In the GOA, bottom trawl fisheries for shortraker and rougheye rockfish accounted for very little bycatch 
of HAPC biota (Table 11-9). This low bycatch is likely explained by the fact that little targeted fishing 
occurs for these fish.  
 
Fishery-specific concentration of target catch in space and time relative to predator needs in space and 
time (if known) and relative to spawning components:  
Unknown. 
 
Fishery-specific effects on amount of large size target fish:  
Unknown.  
 
Fishery contribution to discards and offal production:  
Annual fishery discard rates since 2011 have been 24-51% for shortraker rockfish. The discard amount of 
species other than shortraker rockfish in hauls targeting shortraker rockfish is unknown. 
 
Fishery-specific effects on age-at-maturity and fecundity of the target fishery:  
Unknown. 
 
Fishery-specific effects on EFH non-living substrate:  
Unknown, but the heavy-duty “rockhopper” trawl gear commonly used in the rockfish fishery can move 
around rocks and boulders on the bottom. 


Data Gaps and Research Priorities 
Currently, validation of aging methods for shortraker rockfish is the most important research priority so 
that an age-structured model can be used for assessment. Also, much additional research is needed on 
other aspects of shortraker rockfish biology and assessment. There is little to no information on larval, 
post-larval, or early stage juveniles of shortraker rockfish. In particular, information is lacking on juvenile 
shortraker rockfish, which are very seldom caught in any sampling gear. Habitat requirements for larval, 
post-larval, and early stages are mostly unknown. Habitat requirements for later stage juvenile and adult 
fish are mostly anecdotal or conjectural. While recent work has improved our understanding greatly (Du 
Preez et al. 2011, Laman et al. 2015), further research needs to be done on the bottom habitat of the 
fishing grounds, on what HAPC biota are found on these grounds, and on what impact bottom trawling 
has on the grounds. Investigation is needed on the distribution and abundance of shortraker rockfish in 
areas of rough bottom that cannot be sampled by trawl surveys. Further analyses of the longline survey 
should be completed to help determine if longline data can be used to assess stock condition of shortraker 
rockfish.  
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Tables 
 


Table 11-1.--Estimated catch (%) of shortraker rockfish in the Gulf of Alaska by target fishery, 2005-
2017. 
 


 Target Fishery  


Year Rockfish Sablefish Halibut Pollock 
Pacific 


Cod Total 
2005 53 41 3 3 0 100 
2006 47 35 5 12 1 100 
2007 49 38 3 9 0 100 
2008 44 39 4 12 1 100 
2009 54 34 7 4 1 100 
2010 31 64 2 2 1 100 
2011 48 29 17 5 1 100 
2012 45 46 7 2 1 100 
2013 41 44 13 2 1 100 
2014 41 38 20 <1 1 100 
2015 43 45 11 1 1 100* 
2016 38 30 9 23 <1 100* 
2017 52 32 15 <1 <1 100* 


 
Source: National Marine Fisheries Service, Alaska Region, Catch Accounting System, accessed via the 
Alaska Fishery Information Network (AKFIN). Updated through October 2, 2017. * Numbers many not 
sum to 100 due to rounding. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Table 11-2.--A summary of key management measures and the time series of catch (t), ABC, TAC, and 
OFL for shortraker rockfish in the Gulf of Alaska.  
Year Catch (t) ABC TAC OFL Management Measures 
1988     The NPFMC implements the slope rockfish assemblage, which 


includes shortraker rockfish and the species that will become “other 
slope rockfish”, together with Pacific ocean perch, northern rockfish, 
and rougheye rockfish. Previously, Sebastes in Alaska were 
managed as the “Pacific ocean perch complex” or “other rockfish”. 
Apportionment of ABC among management areas in the Gulf 
(Western, Central, and Eastern) for slope rockfish assemblage is 
determined based on average percent biomass in previous NMFS 
trawl surveys. 


1989  2,092 2,092   
1990      
1991 702 2,000 2,000  Slope rockfish assemblage is split into three management subgroups 


with separate ABCs and TACs: Pacific ocean perch, 
shortraker/rougheye rockfish, and “other slope rockfish”. 


1992 2,165 1,960 1,960   
1993 1,932 1,960 1,764   
1994 1,832 1,960 1,960   
1995 2,250 1,910 1,910   
1996 1,661 1,910 1,910   
1997 1,609 1,590 1,590  Area apportionment procedure for shortraker/rougheye is changed. 


Apportionment is now based on 4:6:9 weighting of biomass in the 
most recent three NMFS trawl surveys. 


1998 1,734 1,590 1,590   
1999 1,311 1,590 1,590  Trawling is prohibited in the Eastern Gulf east of 140 degrees W 


longitude. Eastern Gulf trawl closure becomes permanent with the 
implementation of FMP Amendments 41 and 58 in 2000 and 2001, 
respectively. 


2000 1,745 1,730 1,730 2,513  
2001 1,976 1,730 1,730 2,513  
2002 1,323 1,620 1,620 2,343  
2003 1,402 1,620 1,620 2,343  
2004 997 1,318 1,318 2,512  
2005 501 753 753 982 Shortraker rockfish is split as a separate management entity from 


rougheye rockfish and now has its own ABC and TAC. 
2006 747 843 843 1,124  
2007 680 843 843 1,124 Amendment 68 creates the Central Gulf Rockfish Pilot Program, 


which affects trawl catches of rockfish in this area. 
2008 607 898 898 1,197  
2009 562 898 898 1,197  
2010 503 914 914 1,219  
2011 562 914 914 1,219  
2012 690 1,081 1,081 1,441 The Central Gulf Rockfish Program is permanently put into place. 
2013 730 1,081 1,081 1,441  
2014 680 1,323 1,323 1,764  
2015 577 1,323 1,323 1,764  
2016 776 1,286 1,286 1,715  
2017 484 1,286 1,286 1,715  
Source: National Marine Fisheries Service, Alaska Region, Catch Accounting System, accessed via the Alaska Fishery Information Network 
(AKFIN).  Updated through October 2, 2017. 







Table 11-3.--Commercial catch (t) of fish in the shortraker/rougheye rockfish and shortraker rockfish  
management categories in the Gulf of Alaska, with Gulfwide values of acceptable biological catch (ABC) 
and total allowable catch (TAC), 1991-2017. Updated through October 2, 2017. 
            


 Area of Gulf Gulfwide Gulfwide Gulfwide 
Year Western Central Eastern total ABC TAC 


       
Shortraker/Rougheye Rockfish 


1991 123 408 171 702 2,000 2,000 
1992 115 1,367 683 2,165 1,960 1,960 
1993 85 1,197 650 1,932 1,960 1,764 
1994 114 996 722 1,832 1,960 1,960 
1995 216 1,222 812 2,250 1,910 1,910 
1996 127 941 593 1,661 1,910 1,910 
1997 137 931 541 1,609 1,590 1,590 
1998 129 870 735 1,734 1,590 1,590 
1999 194 580 537 1,311 1,590 1,590 
2000 137 887 721 1,745 1,730 1,730 
2001 126 998 852 1,976 1,730 1,730 
2002 263 631 429 1,323 1,620 1,620 
2003 225 856 321 1,402 1,620 1,620 
2004 277 337 383 997 1,318 1,318 


       
Shortraker Rockfish 


2005 71 224 205 501 753 753 
2006 91 336 319 747 843 843 
2007 194 214 272 680 843 843 
2008 134 238 235 607 898 898 
2009 152 189 221 562 898 898 
2010 72 132 298 503 914 914 
2011 82 246 235 563 914 914 
2012 90 306 295 690 1,081 1,081 
2013 36 448 245 730 1,081 1,081 
2014 77 326 277 680 1,323 1,323 
2015 47 261 268 577 1,323 1,323 
2016 53 419 305 776 1,286 1,286 
2017 40 184 484 424 1,286 1,286 


 
Sources: Catch: 1991-2017: National Marine Fisheries Service, Alaska Region, Catch Accounting 
System, accessed via the Alaska Fishery Information Network (AKFIN).  Updated through October 2, 
2017. ABC and TAC: 1991-2007, Clausen (2007); 2008 - 2017, North Pacific Fishery Management 
Council website (http://www.fakr.noaa.gov/npfmc/Council0910specs.pdf).







 


Table 11-4.--Estimated commercial catch (t) of shortraker rockfish in the Gulf of Alaska, 1993-2003, 
based on data from the NMFS Alaska Observer Program database and from the NMFS Alaska Regional 
Office. See Clausen (2004) for an explanation of how these numbers were estimated. 
 
 


Year Catch 
1993 1,348 
1994 1,254 
1995 1,545 
1996 1,102 
1997 1,065 
1998 1,069 
1999 992 
2000 1,214 
2001 1,385 
2002 1,051 
2003 1,010 


 
  







 


Table 11-5.-- Gulf of Alaska shortraker rockfish retained (t) and discarded (t) by target fishery, 2005 – 
2017; approximate percentage of total discards in parentheses. 2005-2017:  National Marine Fisheries 
Service, Alaska Region, Catch Accounting System, accessed via the Alaska Fishery Information Network 
(AKFIN).  Updated through October 2, 2017. 


 Halibut Pollock-bottom Rockfish Sablefish 
Year Retained  Discarded  Retained  Discarded  Retained  Discarded  Retained  Discarded  
2005 30 1 (4%) 1 0 (0%) 239 10 (4%) 126 64 (34%) 
2006 52 109 (68%) 6 0 (0%) 266 8 (3%) 112 91 (45%) 
2007 61 26 (30%) 1 0 (0%) 283 8 (3%) 98 130 (57%) 
2008 77 9 (10%) 17 0 (0%) 219 13(6%) 120 83 (41%) 
2009 73 29 (29%) 14 0 (0%) 207 41(16%) 83 72 (46%) 
2010 69 2 (3%) 1 0 (0%) 121 10 (8%) 118 160 (58%) 
2011 45 23 (34%) 15 0 (0%) 213 28 (12%) 77 64 (45%) 
2012 37 10 (21%) 0 0 (0%) 279 25 (8%) 130 180 (58%) 
2013 40 52 (57%) 2 0 (0%) 247 42 (15%) 92 219 (70%) 
2014 32 84 (72%) 0 0 (0%) 238 5 (2%) 91 133 (59%) 
2015 34 26 (43%) 2 0 (0%) 235 3 (1%) 95 156 (62%) 
2016 30 37 (55%) 0 142 (100%) 276 15 (5%) 63 166 (72%) 
2017 10 13 (57%) - - 142 8 (5%) 41 81 (67%) 


 


 







 


Table 11-6.--Relative population number (RPN) and relative population weight (RPW) for Gulf of Alaska shortraker rockfish in the Alaska 
Fishery Science Center longline survey, 1988-2017. Data are for the upper continental slope only, 201-1,000 m depth (gullies are not included). 


 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
Shortraker RPN:               
Shumagin 4,492 3,272 3,015 3,074 1,660 1,523 2,549 5,765 4,098 2,888 4,630 5,011 9,481 5,150 
Chirikof 1,290 858 773 776 572 229 613 531 646 918 973 823 1,298 1,031 
Kodiak 2,332 2,691 3,476 2,412 1,374 1,067 1,040 1,325 2,231 2,200 2,498 3,078 2,904 3,703 
2Yakutat 5,830 6,492 9,281 10,575 9,130 7,121 5,222 7,992 8,409 12,408 15,295 13,394 13,995 14,177 
Southeastern 1,420 1,972 1,403 2,247 1,479 2,199 1,862 2,427 1,967 2,459 3,258 3,167 4,025 2,646 
Total 15,364 15,285 17,948 19,085 14,214 12,139 11,286 18,039 17,352 20,873 26,654 25,473 31,703 26,706 
               
Shortraker RPW:               
Shumagin 4,869 4,301 5,004 5,953 2,078 2,192 3,956 7,940 5,946 4,468 6,716 6,954 15,050 7,314 
Chirikof 2,591 1,449 1,216 1,384 914 293 1,174 812 1,007 1,471 1,422 1,165 1,607 1,682 
Kodiak 5,043 5,833 6,787 4,874 2,802 1,912 2,649 2,554 4,657 4,273 5,201 5,562 5,553 7,413 
Yakutat 13,320 13,335 19,093 20,585 17,033 14,411 11,046 15,248 17,352 26,830 30,685 26,500 28,754 28,382 
Southeastern 2,474 3,384 2,214 3,546 2,053 4,124 3,102 4,034 3,377 3,970 5,818 4,569 7,099 4,574 
Total 28,297 28,302 34,313 36,343 24,880 22,932 21,927 30,588 32,338 41,013 49,842 44,750 58,063 49,365 


 
 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 


Shortraker RPN:               
Shumagin 3,386 3,576 6,477 2,041 3,901 3,566 3,349 4,633 4,529 8,188 3,663 3,959 2,826 3,359 
Chirikof 951 809 474 274 931 714 813 482 804 1,331 994 725 1,251 1,638 
Kodiak 1,982 1,510 1,409 1,807 3,080 4,200 3,748 5,967 2,346 3,928 3,223 2,589 3,825 2,602 
Yakutat 9,942 7,312 7,519 6,963 7,970 13,169 12,517 10,124 6,244 7,703 8,241 5,076 10,620 10,028 
Southeastern 3,098 3,951 2,874 1,905 2,106 2,876 2,536 2,292 1,837 2,227 1,537 2,350 1,934 1,869 
Total 19,358 17,158 18,754 12,990 17,989 24,524 22,964 23,498 15,759 23,377 17,658 14,699 20,456 19,496 
               
Shortraker RPW:               
Shumagin 4,978 5,874 9,678 3,458 5,830 4,944 4,827 6,390 6,375 11,708 5,459 5,532 3,871 4,857 
Chirikof 1,324 1,420 624 378 969 1,067 1,129 659 1,423 1,975 1,308 1,002 1,858 1,899 
Kodiak 3,305 2,908 2,496 3,144 6,086 8,003 6,120 11,487 3,622 7,101 5,526 4,090 6,648 4,456 
Yakutat 18,314 14,583 14,292 12,751 14,056 22,684 21,605 17,340 10,724 12,747 14,683 8,632 19,874 18,660 
Southeastern 5,598 7,455 5,045 2,946 3,203 4,914 4,140 3,541 3,004 4,167 2,939 4,351 3,868 4,016 
Total 33,518 32,240 32,134 22,677 30,144 41,612 37,821 39,416 25,147 37,698 29,915 23,607 36,119 33,888 


 
  







 


 
Table 11-6.-- cont. 
 


 2016 2017             
Shortraker RPN:               
Shumagin 3,320 5,728             
Chirikof 1,278 1,340             
Kodiak 3,353 4,122             
Yakutat 5,449 6,677             
Southeastern 1,033 2,143             
Total 14,434 20,011             
               
Shortraker RPW:               
Shumagin 5,766 8,093             
Chirikof 1,669 1,778             
Kodiak 5,597 6,923             
Yakutat 10,767 11,369             
Southeastern 2,196 3,832             
Total 25,995 31,995             


 
Source: 1988-2009: C. Lunsford, National Marine Fisheries Service, Alaska Fisheries Science Center, Auke Bay Laboratories, 17109 Pt. Lena 
Loop Rd., Juneau AK 99801.  Pers. commun. October 15, 2009.  2010-2017: AFSC longline survey database accessed via the Alaska Fishery 
Information Network (AKFIN). 
 







 


Table 11-7.--Biomass estimates (t) for shortraker rockfish in the Gulf of Alaska, by statistical area, based 
on bottom trawl surveys conducted between 1984 and 2017. Gulfwide 95% confidence bounds, variance, 
and coefficient of variation (CV) are also shown for each year.  
 


       Gulfwide 
 Statistical areas  95% Conf.   
        South- Gulfwide bounds Biomass Biomass 


Year Shumagin Chirikof Kodiak Yakutat eastern Total Lower Upper variance CV (%) 
           


Shortraker Rockfish 
1984  4,874 659 4,685 6,288 2,051 18,557 4,600 32,515 34,829,252 31.8 
1987  3,232 13,182 18,950 4,408 3,079 42,851 13,392 72,311 196,602,336 32.7 
1990  284 1,729 3,027 6,037 1,604 12,681 6,412 18,951 9,085,499 23.8 
1993  2,775 2,320 4,735 7,740 1,903 19,472 11,290 27,654 15,474,771 20.2 
1996  1,905 2,406 7,726 4,523 3,699 20,258 10,652 29,865 20,532,868 22.4 
1999  2,208 3,931 8,459 9,831 3,845 28,275 16,841 39,709 30,393,883 19.5 
2001* 4,313 1,589 11,513 7,350 3,149 27,914 18,819 37,008 21,530,717 16.6 
2003  11,166 2,996 14,292 11,936 1,633 42,023 23,572 60,474 81,168,454 21.4 
2005 5,946 6,342 10,741 16,866 2,673 42,568 25,603 59,532 69,018,739 19.5 
2007 2,492 1,911 8,275 8,197 14,250 35,125 17,296 52,954 66,950,870 23.3 
2009 8,810 3,209 13,541 12,518 6,109 44,185 25,332 63,039 79,840,212 20.2 
2011 2,464 23,382 9,113 22,561 7,316 64,835 18,028 111,643 461,441,570 33.1 
2013 2,248 2,410 6,318 49,374 7,021 67,370 13,999 120,740 535,643,928 34.4 
2015 1,064 4,881 9,191 32,662 14,520 62,317 19,200 105,433 404,045,782 32.3 
2017 2,542 1,595 12,197 13,228 1,973 31,534 14,518 48,550 73,372,223 27.5 


*The 2001 survey did not sample the eastern Gulf of Alaska (Yakutat and Southeastern areas). Substitute estimates 
of biomass for these areas in 2001 were obtained by averaging the Yakutat and Southeastern biomass in the 1993, 
1996, and 1999 surveys. These eastern Gulf of Alaska estimates have been included in the 2001 biomass estimates, 
confidence bounds, biomass variances, and biomass CVs listed in this table. 
 
 
 







 


Table 11-8.-- Analysis of ecosystem considerations for shortraker rockfish.  
Indicator Observation Interpretation Evaluation 


ECOSYSTEM EFFECTS ON STOCK    
Prey availability or abundance trends important for larval 


and post-larval  
survival, but no information known 


may help to determine 
year class strength 


possible concern  


Predator population trends unknown  little concern for adults 


Changes in habitat quality variable variable recruitment possible concern 
FISHERY EFFECTS ON ECOSYSTEM    
Fishery contribution to bycatch  


 
   


 
Prohibited species unknown   
Forage (including herring, Atka mackerel, 
cod, and pollock) 


unknown   


HAPC biota (seapens/whips, corals, sponges, 
anemones) 


fishery disturbing 
hard-bottom biota, 
i.e., corals, sponges 


could harm the ecosys- 
tem by reducing shelter 
for some species 


concern 


Marine mammals and birds probably few taken  little concern 
Sensitive non-target species unknown   
Fishery concentration in space and time little overlap between fishery and reproductive activities fishery does not hinder 


reproduction 
 


little concern 


Fishery effects on amount of large size 
target fish 


unknown   


Fishery contribution to discards and offal 
production 


discard rates moderate some unnatural input of 
food into the ecosystem 


some concern 


Fishery effects on age-at-maturity and 
fecundity 


unknown   


 
  







 


Table 11-9.--Average bycatch (kg) and bycatch rates during 1997 - 99 of living substrates in the Gulf of Alaska; POT - pot gear; 
BTR - bottom trawl; HAL - Hook and line (source - Draft Programmatic SEIS). 


   Bycatch (kg)  Target 
catch (t) 


 Bycatch rate (kg/t target) 
Target fishery Gear   Coral Anemone Sea 


whips  
Sponge Coral Anemone Sea whips Sponge 


Arrowtooth flounder POT 0  0  0  0              4  0.0000 0.0000 0.0000 0.0000 
Arrowtooth flounder BTR 58  99  13  24        2,097  0.0276 0.0474 0.0060 0.0112 
Deep water flatfish BTR 1,626  481  5  733        2,001  0.8124 0.2404 0.0024 0.3663 
Rex sole BTR 321  306  11  317        2,157  0.1488 0.1417 0.0053 0.1468 
Shallow water flatfish POT 0  0  0  0              5  0.0000 0.0000 0.0000 0.0000 
Shallow water flatfish BTR 53  4,741  115  403        2,024  0.0261 2.3420 0.0567 0.1993 
Flathead sole BTR 3  267  1  136           484  0.0071 0.5522 0.0019 0.2806 
Pacific cod HAL 28  4,419  961  33      10,765  0.0026 0.4105 0.0893 0.0030 
Pacific cod POT 0  14  0  1,724      12,863  0.0000 0.0011 0.0000 0.1340 
Pacific cod BTR 34  5,767  895  788      37,926  0.0009 0.1521 0.0236 0.0208 
Pollock BTR 1,153  55  0  23        2,465  0.4676 0.0222 0.0000 0.0092 
Pollock PTR 41  110  0  0      97,171  0.0004 0.0011 0.0000 0.0000 
Demersal shelf rockfish HAL 0  0  0  141           226  0.0000 0.0000 0.0000 0.6241 
Northern rockfish BTR 25  90  0  103        1,938  0.0127 0.0464 0.0000 0.0532 
Other slope rockfish HAL 0  0  0  0            14  0.0000 0.0000 0.0000 0.0000 
Other slope rockfish BTR 0  0  0  0           193  0.0000 0.0000 0.0000 0.0000 
Pelagic shelf rockfish HAL 0  0  0  0           203  0.0000 0.0000 0.0000 0.0000 
Pelagic shelf rockfish BTR 324  176  3  245        1,812  0.1788 0.0969 0.0017 0.1353 
Pacific ocean perch  BTR 549  90  5  1,968        6,564  0.0837 0.0136 0.0007 0.2999 
Pacific ocean perch  PTR 7  0  0  55        1,320  0.0052 0.0000 0.0000 0.0416 
Shortraker/rougheye HAL 6  0  0  0            19  0.3055 0.0000 0.0000 0.0000 
Shortraker/rougheye BTR 0  18  0  0            21  0.0000 0.8642 0.0000 0.0000 
Sablefish HAL 156  154  68  27      11,143  0.0140 0.0138 0.0061 0.0025 
Sablefish BTR 0  0  0  0            27  0.0000 0.0000 0.0000 0.0000 
Shortspine thornyhead HAL 0  0  0  0              2  0.0000 0.0000 0.0000 0.0000 
Shortspine thornyhead BTR 0  9  0  1              2  0.0000 4.8175 0.0000 0.4069 







 


Figures 
 


 
Figure 11-1.-- Spatial distribution of observed shortraker rockfish catch in the Gulf of Alaska from 2015 (red 
bars) and 2016 (blue bars) in the longline fishery (top panel) and trawl fishery (bottom panel). Height of the 
bar represents the catch in kilograms. Each bar represents non-confidential catch data summarized into 400 
km2 grids. Grid blocks with zero catch were not included for clarity. Data provided by the Fisheries 
Monitoring and Analysis division website, queried October 19, 2017 
(http://www.afsc.noaa.gov/FMA/spatial_data.htm).  
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Figure 11-2.--Catch (t) of shortraker rockfish by gear type, area and year. Gear type: hook and line (HAL) and 
non pelagic trawl (NPT). Area: western Gulf of Alaska (WGOA), central Gulf of Alaska (CGOA), and 
eastern Gulf of Alaska (EGOA). 
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Figure 11-3.--Time series of the exploitation rates of shortraker rockfish in the observed hook and line (HAL) 
fishery (top panel) and the non pelagic trawl (NPT) fishery (bottom panel), by area [central Gulf of Alaska 
(CG), eastern Gulf of Alaska (EG), and western Gulf of Alaska (WG)]. 
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Figure 11-4.--Length frequencies as observed in the hook and line (HAL; solid blue line) and the non pelagic 
trawl (NPT; orange dots) fisheries, 2005 – 2017 years combined.  
 


 
Figure 11-5.--Time series of the relative population numbers (RPN, 1,000s) of Gulf of Alaska (GOA) 
shortraker rockfish caught on the longline survey with 95% confidence intervals. Dashed line depicts the 
histrorical average. The 2017 RPN value is up 28% from 2016. 
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Figure 11-6.—Average length frequency distribution across years of shortraker rockfish caught on the 
domestic longline survey (top panel) and bottom trawl survey (bottom panel). 







 


 
Figure 11-7.--Estimated biomass (t) of shortraker rockfish in the Gulf of Alaska based on results of bottom 
trawl surveys from 1984 through 2017. The vertical bars show the 95% confidence limits associated with 
each estimate. The eastern Gulf of Alaska was not sampled in the 2001 survey, but substitute estimates of 
biomass and confidence limits for this region in 2001 were calculated and included in the above graph. 
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Figure 11-8.--Spatial distribution of shortraker rockfish catches (in weight, kg) in the Gulf of Alaska during 
the 2013, 2015, and 2017 NMFS bottom trawl surveys. 







 


 
Figure  11-9.--Size composition of the estimated population of shortraker rockfish in the Gulf of Alaska based 
on trawl surveys conducted between 1990 and 2017. 







 


 
 
Figure 11-10.--Age composition of the estimated population of shortraker rockfish in the 1996, 2003, and 
2005 Gulf of Alaska trawl surveys.  
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Figure 11-11.--Biomass estimates (t) of shortraker rockfish from NMFS bottom trawl surveys (filled circle) 
and from a random effects model (solid black line with grey region denoting 95% confidence interval) that 
utilizes trawl survey biomass estimates from all years (1984-2017, with 95% sampling error confidence 
intervals shown with error bars). Open circle points in the figure denote years with missing regional/depth 
strata data. 
  







 


 
Figure 11-12.-- Biomass estimates (t) of shortraker rockfish by area from NMFS bottom trawl surveys (filled 
circle) and from a random effects model (solid black line with grey region denoting 95% confidence interval) 
that utilizes trawl survey biomass estimates from all years (1984 – 2017, with 95% sampling error confidence 
intervals shown with error bars). Open circle points in the figure denote years with missing regional/depth 
strata data. Top panel is the Western Gulf of Alaska (WGOA) Area, middle panel is the Central Gulf of 
Alaska (CGOA) Area, and bottom panel is the Eastern Gulf of Alaska (EGOA) Area. Please note the different 
scales between panels on the y-axis. 
 







 


Appendix 11A – Supplemental Catch Data 
 
In order to comply with the Annual Catch Limit (ACL) requirements, non-commercial removals in the Gulf 
of Alaska (GOA) are presented. Non-commercial removals are estimated total removals that do not occur 
during directed groundfish fishing activities (Table 11A-1). This includes removals incurred during research, 
subsistence, personal use, recreational, and exempted fishing permit activities, but does not include removals 
taken in fisheries other than those managed under the groundfish FMP. These estimates represent additional 
sources of removals to the existing Catch Accounting System estimates.    
 
Research catches of shortraker rockfish for the years 1977-2016 are listed in Table 11A-2. Although data are 
not available for a complete accounting of all research catches, the values in the table indicate that generally 
these catches have been modest. The one exception is 1999, when a total of almost 110 t was taken, mostly by 
research trawling. The majority of research removals of shortraker rockfish are taken by the Alaska Fisheries 
Science Center’s (AFSC) annual longline survey and the biennial bottom trawl survey, which is the primary 
research survey used for assessing the population status of GOA shortraker rockfish. Other research activities 
that harvest minor amounts of shortraker rockfish include other trawl research activities conducted by the 
Alaska Department of Fish and Game (ADFG) and the International Pacific Halibut Commission’s (IPHC) 
longline survey. Recorded recreational harvest or harvest that was non-research related in 2011-2016 have 
varied between 1 and 2 t. The non-commercial removals show that a little over 10 t of shortraker rockfish was 
taken in 2016 during research cruises and in sport fisheries (Table 11A-1). Nearly equal amounts (between 5 
– 6 t) have been taken in longline surveys by either the International Pacific Halibut Commission or the 
NMFS Alaska Fishery Science Center, and the NMFS trawl survey since 2011. This total is ~1% of the 
reported commercial catch of 776 t for shortraker rockfish in 2016 (see Table 11-2 in the main document). 
Therefore, this presents no risk to the stock especially because commercial catches in recent years have been 
much less than ABCs. 
 
Table 11A-1.--Estimated research and sport catches (t) of shortraker rockfish in the Gulf of Alaska in 2016, 
based on data provided by the NMFS Alaska Regional Office (AK R.O.).  AFSC trawl = NMFS Alaska 
Fishery Science Center bottom trawl survey; IPHC longline = International Pacific Halibut Commission 
longline survey; AFSC longline = NMFS Alaska Fishery Science Center longline survey; ADFG PWS = 
Alaska Department of Fish and Game Prince William Sound sablefish tagging survey. 
 


Source 
AFSC 
trawl 


IPHC 
longline 


AFSC 
longline 


ADFG 
PWS Sport Total 


AK R.O. - 3.2 5 - 2.0 10.2 
 
  







 


Table 11A-2.--Catch (t) of shortraker rockfish taken during NMFS research cruises in the Gulf of Alaska, 
1977-2016.  Longline data refers only to catches in the AFSC longline survey and does not include the 
International Pacific Halibut Commission longline survey. (n.a.=not available; tr=trace). 
 


 Gear  
Year Trawl Longline Total 
1977 0.1 0.0 0.1 
1978 0.6 n.a. 0.6 
1979 0.5 n.a. 0.5 
1980 1.0 n.a. 1.0 
1981 6.2 n.a. 6.2 
1982 2.4 n.a. 2.4 
1983 0.2 n.a. 0.2 
1984 6.8 n.a. 6.8 
1985 3.5 n.a. 3.5 
1986 0.9 n.a. 0.9 
1987 15.5 n.a. 15.5 
1988 0.0 n.a. 0.0 
1989 0.1 n.a. 0.1 
1990 2.4 n.a. 2.4 
1991 tr n.a. tr 
1992 0.1 n.a. 0.1 
1993 3.0 n.a. 3.0 
1994 0.1 n.a. 0.1 
1995 tr n.a. tr 
1996 4.3 5.9 10.2 
1997 0.0 11.1 11.1 
1998 20.7 9.7 30.4 
1999 101.5 8.1 109.6 
2000 0.0 10.0 10.0 
2001 1.0 7.1 8.1 
2002 0.5 6.1 6.6 
2003 4.3 5.5 9.8 
2004 0.0 4.7 4.7 
2005 4.1 4.5 8.6 
2006 0.0 6.0 6.0 
2007 4.7 7.9 12.6 
2008 0.0 8.4 8.4 
2009 8.3 6.7 15.0 
2010 0.0 4.2 4.2 
2011 4.6 6.7 11.3 
2012 0.0 5.3 5.3 
2013 5 4.1 9.1 
2014 .03 6.8 6.83 
2015 6.1 5.9 12 
2016 0.0 5.0 5.0 
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18.  Assessment of the skate stock complex in the Gulf of Alaska 
 


Olav A. Ormseth 
NMFS Alaska Fisheries Science Center, Seattle WA 


Executive Summary 
There are currently no target fisheries for skates in the Gulf of Alaska (GOA), and directed fishing for 
skates is prohibited. Incidental catches in other fisheries are sufficiently high that skates are considered to 
be “in the fishery” and harvest specifications are required. The GOA skate complex is managed as three 
units. Big skate (Beringraja binoculata) and longnose skate (Raja rhina) have separate harvest 
specifications, with gulfwide overfishing levels (OFLs) and Acceptable Biological Catches (ABCs) 
specified for each GOA regulatory area (western, central, and eastern). All remaining skate species are 
managed as an “other skates” group, with gulfwide harvest specifications. All GOA skates are managed 
under Tier 5, where OFL and ABC are based on survey biomass estimates and natural mortality rate. 
Effective January 27, 2016 the Alaska Regional Office indefinitely reduced the maximum retainable 
amount for all skates in the GOA from 20% to 5%. 


Summary of Changes in Assessment Inputs 


Changes in the input data: 
1) Fully updated fishery catch data (2017 catch data as of October 31, 2017).  
2) Biomass estimates and length composition data from the 2017 GOA bottom trawl survey. 
3) Fishery length composition data through 2017 (2017 data through October 30, 2017). 
4) An appendix containing information on catches of skates not accounted for in the Alaska 


Regional Office’s Catch Accounting System, non-commercial catches, through 2016. 


Changes in the assessment methodology: 
1) No changes were made to the assessment methodology, but the survey data and results sections 


have been expanded to include a discussion of possible shifts in skate distribution. 


Summary of Results 
1) Big skate biomass declined substantially from 2015 (2017 random-effects model estimate of 


37,975 t relative to the 2015 estimate of 50,857 t). This resulted in a lower OFL and lower area 
ABCs, particularly in the eastern GOA. 


2) The 2017 longnose skate biomass increased from 2015 (47,632 t versus 42,737 t). The area ABCs 
increased in the western and central GOA but fell slightly in the eastern GOA. 


3) The biomass of Other Skates declined from 25,580 t in 2015 to 18,454 t in 2017, resulting in 
reduced OFL and ABC. 


4) Fewer large-sized big skates were encountered in the survey and in fisheries during 2016-2017, 
and the population appears to be made up of smaller individuals. 


5) Unusually, small-sized big skates were more abundant in the central GOA than in the eastern 
GOA; the reverse is usually the case. 


6) Longnose skate appear to have shifted their depth distribution to shallower water: for the first 
time in the survey they were more abundant in the 1-100 m depth zone than in the 101-200 m 
zone. 







 


7) The biomass of big skates on the eastern Bering Sea shelf has increased dramatically since 2013. 
There is strong evidence to suggest that these skates originated in the GOA and that there is 
exchange between the areas. This movement is likely influencing GOA biomass estimates and 
may be related to the change in distribution by longnose skates, and to recent warm anomalies in 
Alaska waters. 


 
The harvest recommendation summary table is on the following pages. W, C, and E indicate the Western, 
Central, and Eastern GOA regulatory areas, respectively. Big and longnose skates have area-specific 
ABCs and gulfwide OFLs; “other skates” have a Gulfwide ABC and OFL.  
 


big skate (Beringraja binoculata) 


   
 As estimated or specified 


last year for 
As estimated or 


recommended this year for: 
Quantity   2017 2018 2018 2019 
M (natural mortality)   0.1 0.1 0.1 0.1 
Specified/recommended 
Tier   5 5 5 5 


Biomass (t)  


W 12,112 12,112 6,716 6,716 
C 24,666 24,666 23,658 23,658 
E 14,079 14,079 7,601 7,601 
GOA-wide 50,857 50,857 37,975 37,975 


FOFL (F=M)   0.1 0.1 0.1 0.1 
maxFABC (F=0.75*M)  0.075 0.075 0.075 0.075 
FABC   0.075 0.075 0.075 0.075 
OFL (t) GOA-wide 5,086 5,086 3,797 3,797 


ABC (t; equal to 
maximum ABC)  


W 908 908 504 504 
C 1,850 1,850 1,774 1,774 
E 1,056 1,056 570 570 


Status  As determined last year for: As determined this year for: 
 2015 2016 2016 2017 


Overfishing?   no na no na 
(for Tier 5 stocks, data are not available to determine whether the stock is in an overfished 


condition) 
 
  







 


longnose skate (Raja rhina) 


   
 As estimated or 


specified last year for 


As estimated or 
recommended this year 


for: 
Quantity   2017 2018 2018 2019 
M (natural mortality)   0.1 0.1 0.1 0.1 
Specified/recommended Tier   5 5 5 5 


Biomass (t)  


W 808 808 1,982 1,982 
C 33,503 33,503 37,390 37,390 
E 8,426 8,426 8,260 8,260 
GOA-wide 42,737 42,737 47,632 47,632 


FOFL (F=M)   0.1 0.1 0.1 0.1 
maxFABC (F=0.75*M)  0.075 0.075 0.075 0.075 
FABC   0.075 0.075 0.075 0.075 
OFL (t) GOA-wide 4,274 4,274 4,763 4,763 
ABC (t; equal to maximum 
ABC)  
  


W 61 61 149 149 
C 2,513 2,513 2,804 2,804 
E 632 632 619 619 


  
As determined last year 


for: 
As determined this year 


for: 
Status  2015 2016 2016 2017 
Overfishing?   no n/a no n/a 


(for Tier 5 stocks, data are not available to determine whether the stock is in an overfished 
condition) 


 
 


Other Skates (Bathyraja sp.) 


   
 As estimated or 


specified last year for 


As estimated or 
recommended this year 


for: 
Quantity   2017 2018 2018 2019 
M (natural mortality)   0.1 0.1 0.1 0.1 
Specified/recommended Tier   5 5 5 5 
Biomass (t) GOA-wide 25,580 25,580 18,454 18,454 
FOFL (F=M)   0.1 0.1 0.1 0.1 
maxFABC  (F=0.75*M)  0.075 0.075 0.075 0.075 
FABC   0.075 0.075 0.075 0.075 
OFL (t) GOA-wide 2,558 2,558 1,845 1,845 
ABC (t; equal to maximum ABC) GOA-wide 1,919 1,919 1,384 1,384 


  
As determined last year 


for: 
As determined this year 


for: 
Status  2015 2016 2016 2017 
Overfishing?   no na no na 


(for Tier 5 stocks, data are not available to determine whether the stock is in an overfished 
condition) 


  







 


Responses to SSC and Plan Team Comments on Assessments in General 
There were no relevant general comments. 


Responses to SSC and Plan Team Comments Specific to this Assessment 


From the November 2015 Plan Team minutes: 
The Team recommended considering the following suggestions for future assessments: 
 


1. Exploring shared process error among areas in RE estimates of biomass. 
Response: This was not explored for the 2017 assessment. The author is interested in 
working with the RE-model developers to make this change. 
 


2. Examining a more thorough accounting of skate catches in the directed halibut fishery. 
Response: A working group has addressed this issue in the past; as far as the author is 
aware, revisiting the historical catch data has been delayed until more new data are 
available as a result of the expansion of observer coverage in the GOA. 
 


3. Including IPHC survey for regional CPUE and apportionment. 
Response: The author considered this but feels that the current approach using the NMFS 
bottom trawl survey is the best way to address apportionment. 
 


4. Given skate association with depth strata, consider analyzing skate abundance as a function of 
habitat. 


Response: While this may be possible, it is not clear to the author how this would 
improve the current biomass estimates. In addition, as this assessment explains there is a 
change in depth distribution by some skate species. This would interfere with assigning 
depth preferences to species. 
 


Introduction 


Description, scientific names, and general distribution 
Skates (family Rajidae) are cartilaginous fishes related to sharks.  At least 15 species of skates in four 
genera (Raja, Beringraja, Bathyraja, and Amblyraja) are found in Alaskan waters and are common from 
shallow inshore waters to very deep benthic habitats (Eschmeyer et al 1983; Stevenson et al 2007).  In 
general, Raja species are most common and diverse in lower latitudes and shallower waters from the Gulf 
of Alaska to the Baja peninsula, while Bathyraja species are most common and diverse in the higher 
latitude habitats of the Bering Sea and Aleutian Islands, as well as in the deeper waters off the U.S. west 
coast. Table 1 lists the species found in Alaska, with their depth distributions and selected life history 
characteristics, which are outlined in more detail below.  
 
In the Gulf of Alaska (GOA), the most common skate species are a Raja species, the longnose skate R. 
rhina; a Beringraja species, the big skate B. binoculata; and three Bathyraja species, the Aleutian skate B. 
aleutica, the Bering skate B. interrupta, and the Alaska skate B. parmifera (Tables 2 & 3; Figure 1).  Big 
skates were previously in the genus Raja. The general range of the big skate extends from the Bering Sea 
to southern Baja California in depths ranging from 2 to 800 m. The longnose skate has a similar range, 
from the southeastern Bering Sea to Baja California in 9 to 1,069 m depths (Love et al 2005). While these 
two species have wide depth ranges, they are generally found in shallow waters in the GOA. One deep-
dwelling Amblyraja species, the roughshoulder skate A. badia, ranges throughout the north Pacific from 







 


Japan to Central America at depths between 846 and 2,322 m; the four other species in the genus Raja are 
not found in Alaskan waters (Love et al 2005; Stevenson et al 2007). Within the genus Bathyraja, only 
two of the 13+ north Pacific species are not found in Alaska. Of the remaining 11+ species, only three are 
commonly found in the Gulf of Alaska. The Aleutian skate ranges throughout the north Pacific from 
northern Japan to northern California, and has been found in waters 16 to 1,602 m deep. The Alaska skate 
is restricted to higher latitudes from the Sea of Okhotsk to the eastern Gulf of Alaska in depths from 17-
392 m (Stevenson et al 2007). The range of the Bering skate is difficult to determine at this time as it may 
actually be a complex of species, with each individual species occupying a different part of its general 
range from the western Bering Sea to southern California (Love et al 2005; Stevenson et al 2007). 
 
The species within this assemblage occupy different habitats and regions within the GOA groundfish 
Fishery Management Plan (FMP). In this assessment, we distinguish habitat primarily by depth for GOA 
skates. The highest biomass of skates is found in the shallowest continental shelf waters of less than 100 
m depth, and has historically been dominated by big skates (Figure 2). However, this changed in the 
2017 trawl survey, where the estimated biomass in the 1-100 m depth zone was approximately 
equally distributed between big and longnose skates (Figure 2). As in past years, longnose skates are 
the most abundant species in the 101-200 m depth zone, but for the first time in the survey time series the 
longnose skate biomass is greater in the 1-100 m zone (Figure 3). Skates in the Bathyraja genus are 
dominant in the deeper waters extending from 200 to 1000 m or more in depth (Figure 2). These depth 
distributions are reflected in the spatial distribution of GOA skates. Big skates are located inshore and are 
most abundant in the central and western GOA (Figures 4 & 5). Longnose skates (Figures 5 & 6) are 
located further offshore and are relatively less abundant in the western GOA.  


Life history and stock structure (skates in general) 
Skate life cycles are similar to sharks, with relatively low fecundity, slow growth to large body sizes, and 
dependence of population stability on high survival rates of a few well developed offspring (Moyle and 
Cech 1996). Sharks and skates in general have been classified as “equilibrium” life history strategists, 
with very low intrinsic rates of population increase implying that sustainable harvest is possible only at 
very low to moderate fishing mortality rates (King and McFarlane 2003). Within this general equilibrium 
life history strategy, there can still be considerable variability between skate species in terms of life 
history parameters (Walker and Hislop 1998). While smaller-sized species have been observed to be 
somewhat more productive, large skate species with late maturation (11+ years) are most vulnerable to 
heavy fishing pressure (Walker and Hislop 1998; Frisk et al 2001; Frisk et al 2002). The most extreme 
cases of overexploitation have been reported in the North Atlantic, where the now ironically named 
common skate Dipturus batis has been extirpated from the Irish Sea (Brander 1981) and much of the 
North Sea (Walker and Hislop 1998). The mixture of life history traits between smaller and larger skate 
species has led to apparent population stability for the aggregated “skate” group in many areas where 
fisheries occur. This has masked the decline of individual skate species in European fisheries (Dulvy et al 
2000). Similarly, in the Atlantic off New England, declines in barndoor skate Dipturus laevis abundance 
were concurrent with an increase in the biomass of skates as a group (Sosebee 1998). 
 
Several recent studies have explored the effects of fishing on a variety of skate species to determine 
which life history traits and stages are the most important for management. While full age-structured 
modeling is difficult for many of these data-poor species, Leslie matrix models parameterized with 
information on fecundity, age/size at maturity, and longevity have been applied to identify the life stages 
most important to population stability. Major life stages include the egg stage, the juvenile stage, and the 
adult stage (summarized here based on Frisk et al 2002). All skate species are oviparous (egg-laying), 
investing considerably more energy per large, well-protected embryo than commercially exploited 
groundfish. The large, leathery egg cases incubate for extended periods (months to a year) in benthic 
habitats, exposed to some level of predation and physical damage, until the fully formed juveniles hatch. 







 


The juvenile stage lasts from hatching through maturity, several years to over a decade depending on the 
species. The reproductive adult stage may last several more years to decades depending on the species.  
 
Age and size at maturity and adult size/longevity appear to be more important predictors of resilience to 
fishing pressure than fecundity or egg survival in the skate populations studied to date. Frisk et al (2002) 
estimated that although annual fecundity per female may be on the order of less than 50 eggs per year 
(extremely low compared with teleost groundfish), there is relatively high survival of eggs due to the high 
parental investment (without disturbance from fishing operations). Therefore, egg survival did not appear 
to be the most important life history stage contributing to population stability under fishing pressure. 
Juvenile survival appears to be most important to population stability for most North Sea species studied 
(Walker and Hilsop 1998), and for the small and intermediate sized skates from New England (Frisk et al 
2002). For the large and long-lived barndoor skates, adult survival was the most important contributor to 
population stability (Frisk et al 2002).  In all cases, skate species with the largest adult body sizes (and the 
empirically related large size/age at maturity, Frisk et al 2001) were least resilient to high fishing 
mortality rates. This is most often attributed to the long juvenile stage during which relatively large yet 
immature skates are exposed to fishing mortality, and also explains the mechanism for the shift in species 
composition to smaller skate species in heavily fished areas.  Comparisons of length frequencies for 
surveyed North Sea skates from the mid- and late-1900s led Walker and Hilsop (1998, p. 399) to the 
conclusion that “all the breeding females, and a large majority of the juveniles, of Dipturus batis, R. 
fullonica and R. clavata have disappeared, whilst the other species have lost only the very largest 
individuals.”  Although juvenile and adult survival may have different importance by skate species, all 
studies found that one metric, adult size, reflected overall sensitivity to fishing. After modeling several 
New England skate populations, Frisk et al (2002, p. 582) found “a significant negative, nonlinear 
association between species total allowable mortality, and species maximum size.” 
 
There are clear implications of these results for sustainable management of skates in Alaska. After an 
extensive review of population information for many elasmobranch species, Frisk et al (2001, p. 980) 
recommended that precautionary management be implemented especially for the conservation of large 
species:  


“(i) size based fishery limits should be implemented for species with either a large size at 
maturation or late maturation, (ii) large species (>100 cm) should be monitored with increased 
interest and conservative fishing limits implemented, (iii) adult stocks should be maintained, as 
has been recommended for other equilibrium strategists (Winemiller and Rose 1992).” 


Life history and stock structure (Alaska-specific) 
Information on fecundity in North Pacific skate species is extremely limited. There are one to seven 
embryos per egg case in North Pacific Ocean Raja species (Eschmeyer et al 1983), but little is known 
about frequency of breeding or egg deposition for any of the local species.  Similarly, information related 
to breeding or spawning habitat, egg survival, hatching success, or other early life history characteristics 
is extremely sparse for GOA skates.  
 
Slightly more is known about juvenile and adult life stages for GOA skates. In terms of maximum adult 
size, the Raja species are larger than the Bathyraja species found in the area. Beringraja binoculata is the 
largest skate in the GOA, with maximum sizes observed over 200 cm in the directed fishery in 2003 (see 
the “Fishery” and “Survey” sections below, for details). Observed sizes for the longnose skate, Raja 
rhina, are somewhat smaller at about 165-170 cm.  Therefore, the Gulf of Alaska Raja species are in the 
same size range as the large Atlantic species, i.e., the common skate Dipturus batis and the barndoor 
skate, which historically had estimated maximum sizes of 237 cm and 180 cm, respectively (Walker and 
Hislop 1998, Frisk et al 2002).  The maximum observed lengths for Bathyraja species from bottom trawl 
surveys of the GOA range from 86-154 cm. 







 


 
Known life history parameters of Alaskan skate species are presented in Table 1.  Zeiner and Wolf (1993) 
determined age at maturity and maximum age for big and longnose skates from Monterey Bay, CA. The 
maximum age of CA big skates was 11-12 years, with maturity occurring at 8-11 years; estimates of 
maximum age for CA longnose skates were 12-13 years, with maturity occurring at 6-9 years.  McFarlane 
and King (2006) completed a study of age, growth, and maturation of big and longnose skates in the 
waters off British Columbia (BC), finding maximum ages of 26 years for both species, much older than 
the estimates of Zeiner and Wolf.  Age at 50% maturity occurs at 6-8 years in BC big skates, and at 7-10 
years in BC longnose skates.  However, these parameter values may not apply to Alaskan stocks.  The 
AFSC Age and Growth Program has recently reported a maximum observed age of 25 years for the 
longnose skate in the GOA, significantly higher than that found by Zeiner and Wolf but close to that 
observed by McFarlane and King (Gburski et al 2007).  In the same study, the maximum observed age for 
GOA big skates was 15 years, closer to Zeiner and Wolf’s results for California big skates.  


Fishery 


Directed fishery, bycatch, and discards in federal waters 
Prior to 2005 directed fishing was allowed for GOA skates and appears to have occurred in some years 
(Table 4). In 2003 skate catches increased dramatically as a result of targeting of skates in the GOA. This 
was driven by increases in the ex-vessel prices for skates; sufficiently high prices made it worthwhile to 
specifically target skates.  This directed fishing was especially problematic because skates were managed 
as part of the “Other Species” assemblage and harvest limits were not directly based on skate abundance. 
In response to these events skates were separated from “Other Species” and in 2005 directed fishing for 
skates was prohibited (and remains so).  
 
Interest in retention of skates and directed fishing for skates remains high. The ABC for big skates in the 
CGOA was exceeded every year during 2010-2013 and in 2016, and the ABC for longnose skates in the 
WGOA was exceeded in 4 of the years 2007-2013 (Table 5 and Figure 7). Incidental catches of big and 
longnose skates occur in a variety of target fisheries; the greatest catches presently occur in the 
arrowtooth flounder, Pacific cod, and Pacific halibut fisheries (Table 6). Retention rates of big and 
longnose skates were high during the late 2000s (Table 7). Retention of all skates has declined since 2012 
as a result of limits on retention of big skates in the CGOA that have been imposed because of the ABC 
overages. In 2013, retention of big skate was prohibited in the CGOA for the rest of the year on May 8; in 
2014 & 2015 that same action was taken in February almost immediately after target fisheries opened. 
The repeated overages were a conservation concern and in January 2016 the Alaska Regional Office 
indefinitely reduced the maximum retainable amount of all skates from 20% to 5%. Despite this change 
further prohibitions on retention were required during 2016 (Table 7). As of October no prohibitions on 
retention were issued in 2017. Although retention rates have declined for all skates, the rate is higher for 
longnose skates than for the other two groups. 
 
Alaska state-waters fishery 2009-2010 
Prior to 2006, directed fishing for skates in state waters was allowed by Commissioner’s Permit; in 2006 
skates were placed on bycatch status only. In 2008, the Alaska state legislature appropriated funds for 
developing the data collection (e.g. onboard observers) necessary to open a state-waters directed fishery. 
In 2009 and 2010, the state conducted a limited skate fishery in the eastern portions of the Prince William 
Sound (PWS) Inside and Outside Districts. In 2009, the guideline harvest level (GHL) was based on skate 
exploitation rates in federal groundfish fisheries and NMFS survey estimates of skate biomass. This was 
changed for 2010, when GHLs were based on ADF&G trawl survey results. The GHLs and harvests for 
2009 and 2010 were as follows (in lbs.; harvests exceeding the GHL are indicated in bold): 
  







 


 
Year 2009 2010 
Skate Species big longnose big longnose 
Inside District GHL (lbs) 20,000 100,000 20,000 110,000 
Inside District Harvest (lbs) 47,220 68,828 20,382 68,681 
Outside District GHL (lbs) 30,000 150,000 30,000 155,000 
Outside District Harvest (lbs) 82,793 59,538 6,190 9,257 


* Thanks to Charlie Trowbridge of ADF&G for state-waters skate harvest data. 
 
The big skate GHL was exceeded by a substantial amount in 2009. In 2010, trip catch limits for big skates 
were imposed to reduce the potential for exceeding the GHL. The improved management resulted in a 
much smaller overage in the PWS Inside District and no overage in the PWS Outside District. The state-
waters skate fishery was discontinued in 2011 after the legislature failed to approve continued funds for 
data collection. 


Management units  
Since the beginning of domestic fishing in the late 1980s up through 2003, all species of skates in the 
GOA were managed under the “Other Species” FMP category (skates, sharks, squids, sculpins, and 
octopuses). Catch within this category was historically limited by a Total Allowable Catch (TAC) for all 
“Other Species” calculated as 5% of the sum of the TACs for GOA target species. The “Other Species” 
category was established to monitor and protect species groups that were not currently economically 
important in North Pacific groundfish fisheries, but which were perceived to be ecologically important 
and of potential economic importance as well.  The configuration of the “Other Species” group was 
relatively stable until 2004, when GOA skates were removed from the category for separate management 
in response to a developing fishery. In 2004 the skate species that were the targets of the 2003 fishery (big 
and longnose skates) were managed together under a single TAC in the central GOA (CGOA), where the 
fishery had been concentrated in 2003. The remaining skates were managed as an “other skates” species 
complex in the CGOA, and all skates including big and longnose skates were managed as an “other 
skates” species complex in the western GOA (WGOA) and eastern GOA (EGOA). Since 2005, to address 
concerns about disproportionate harvest of skates, big skate and longnose skate have had separate ABCs 
and TACs for the WGOA, CGOA, and EGOA. The remaining skates (”other skates”) continue to be 
managed as a gulfwide species complex because they are not generally retained and are difficult to 
distinguish at the species level.   


Data  


Fishery 


Catch data 
Catches from 1992-2003 were estimated using the Alaska Regional Office Blend system (Table 4). Since 
2003 skate catch data are recorded in the Alaska Regional Office Catch Accounting System (CAS; Tables 
4-7; Figure 7). Additional details are available in the sections above.  


Fishery length compositions 
Fishery observers have been required to collect length data for skates in selected fisheries since 2009, and 
fishery length compositions have been constructed for the years 2009-2017 for big skate (Figure 8) and 
longnose skate (Figure 9). The 100-103 cm size bin in these figures is colored to aid in the interpretation 
of changes in the size compositions; there is no significance to that particular bin. These data suggest that 







 


fisheries are capturing a narrower size range of longnose skate relative to big skate, and that captured 
longnose skates are typically slightly larger than big skates. For both species, a shift in the fishery length 
composition towards smaller skates is evident in recent years. For big skate this change is most apparent 
from 2015 to 2017, when the mode of the length shifted from 100 cm to 76 cm (2017 data are incomplete, 
but the mode during 2016 was 88 cm). The shift in the longnose skate fishery size composition appears to 
have occurred after 2013, when the length mode was 116 cm. In 2017 a clear mode is not evident but the 
size distribution is centered on the 100-103 cm length bin. The reasons for this shift are not clear but may 
be related to issues discussed below in the survey section. Length compositions do not vary substantially 
among trawl and longline fisheries (Figure 10); this may be because much of the length data comes from 
retained skates, and skates are generally retained only if they are above a minimum size. 


Survey 


Bottom trawl survey biomass estimates 
There are several potential indices of skate abundance in the Gulf of Alaska, including longline and trawl 
surveys. Because it has the most comprehensive spatial coverage of the available surveys, for this 
assessment the NMFS summer bottom trawl surveys 1984-2017 are the primary source of information on 
the biomass and distribution of the major skate species (Tables 2, 3 & 8; Figures 11-15). On a Gulf-wide 
basis, the biomass of all three species groups increased during the 1990s (Tables 2, 3 & 8; Figures 11 & 
12). Beginning with a high estimate in 2011 (which also had a large variance, due to a single large haul in 
the EGOA), big skate biomass has fluctuated substantially but the overall trend is decreasing. The 
biomass of longnose skates has increased substantially since 2011. The Other Skate biomass declined in 
2015 and 2017, apparently as a result of reduced abundance of Aleutian skate (Figure 12). Area-specific 
biomass estimates have shown greater fluctuations (Table 8 & Figure 13-15). While big skate biomass 
declined in all three areas, the EGOA has seen the greatest relative reduction. The CGOA and WGOA 
estimates have been highly variable since 2011. Longnose skate biomass estimates in the WGOA have 
high variance, as that species is less abundant there. Longnose biomass has increased in the CGOA and 
declined in the EGOA. The decline in Other Skate biomass has occurred mainly in the CGOA.  


Survey length compositions 
Length data are collected for skates during the GOA bottom trawl surveys. The survey length composition 
of big skates is diffuse, with few clear size modes (Figure 16; as described above, the fuchsia-colored size 
bin is marked for reference only). Since 2003, the composition has been fairly stable, with the majority of 
individuals clustered between approximately 76 and 148 cm. An apparent abundance of large big skates 
in 2001 may be due to the lack of survey effort in the EGOA, where smaller skates are more common (see 
below). The 2009, 2011, and particularly 2013 surveys captured more small skates than in previous years, 
which may indicate an increase in recruitment or a decrease in the number of larger skates. In contrast to 
big skates, the data for longnose skates display a consistent size mode at approximately 120 cm (Figure 
17). Since 2011 this distribution seems to have shifted slightly, with an increase in smaller sizes and the 
possible emergence of two length modes.  


The length distribution of big skates differs among GOA regulatory areas (Figure 18). The largest big 
skates tend to be found in the WGOA and the smallest big skates in the EGOA. Intermediate sizes 
dominate in the CGOA, where a size mode is more distinct than in the other areas. Notably, the smallest 
skates essentially disappeared from the EGOA length composition in 2017 whereas the CGOA 
composition had an unusually high number of small skates. The length composition of longnose skates 
varies much less among the areas (Figure 19), although data for longnose in the WGOA are sparse. These 
patterns may reflect differences in migratory behavior. The pattern for big skates is similar to patterns 
observed in the Alaska skate population in the Bering Sea, where there appears to be an ontogenetic 
migration offshore as skates mature (Hoff 2007). A similar process may exist for GOA big skates. 







 


Notable events in 2017 
In preparing the 2017 assessment the author noticed a number of changes in the skate data, some of which 
are unprecedented in the survey time series. These are discussed in more detail below: 
 


1) Loss of large big skates: The fishery and survey length compositions show that the largest sizes of 
big skates have been relatively less abundant in recent years (Figures 8, 16 & 18). This is most 
evident in the WGOA but also occurs in the CGOA (Figure 18). A possible explanation for this 
observation is discussed below. The shift towards a smaller size population can also be seen in 
the contrast between biomass and abundance data: in the CGOA, where biomass has fluctuated 
and has a decreasing trend, population numbers are increasing (Figure 20). 
 


2) Small-sized big skates shifted from the EGOA to the CGOA: The smallest sizes of big skates are 
typically observed in the EGOA (Figure 18). However, they are mostly absent from the 2017 
EGOA length composition, and big skate abundance in the EGOA has declined precipitously 
since 2011 (Figure 20). In contrast, the abundance of small skates has increased in the CGOA. 
Skates < 36 cm total length, which corresponds approximately to age 0 and age 1 individuals, 
generally occur in survey hauls in only a few small areas of the CGOA and EGOA: lower Cook 
Inlet, outside of Prince William Sound, and around Yakutat Bay (Figure 21). This suggests that 
there may be spawning and/or nursery grounds in these areas. The distribution shift to the west by 
small skates may indicate greater egg deposition and/or juvenile survival in the CGOA; if so the 
reasons for this are unclear. 


 
3) Change in depth distribution for longnose skates: As discussed in the introduction, longnose 


skates are usually most abundant in the 101-200 m depth zone. In the 2017 survey, they were 
most abundant in the 1-100 m zone (Figure 3). This is the first time this has been observed in the 
survey time series and may represent a fundamental shift in the relative distribution of skate 
species. The reason for this change is unknown. Longnose skates may be taking advantage of 
reduced competition for forage and habitat as the big skate biomass has declined. Alternatively, 
the warm-water anomaly that has affected many parts of the ecosystem during 2013-2015 may 
have changed foraging patterns or other behaviors that influence distribution by depth. 


 
4) Possible movement of big skates between the GOA and the eastern Bering Sea (EBS): During the 


same period (2013-2017) when big skate biomass has fluctuated and declined in the GOA, big 
skate biomass has increased sharply in the eastern Bering Sea (Figure 22). While there have been 
episodic high biomass estimates for big skates in the EBS (early 1980s and 1999-2000), the 
current increase is the largest in the survey data. In addition, the frequency of occurrence of big 
skates in EBS shelf survey hauls has been particularly high (Figure 23). This is in agreement with 
the observation that whereas past spikes in EBS big skate biomass have been associated with high 
CPUEs (Figure 24), the current high estimates are not associated with high big-skate CPUEs. The 
increased frequency of occurrence in the EBS shelf survey has occurred mainly in the extreme 
southern portion of the EBS shelf survey area, immediately north of the Alaska Peninsula (Figure 
25). The size composition of big skates on the EBS shelf mirrors the size composition in the 
WGOA (Figure 26), and big skates less than 76 cm are completely absent from the EBS shelf. 
Taken together these observations suggest that large big skates are shifting from the WGOA to 
the EBS, and this movement may occur in both directions. In addition, the absence of small 
skates in the EBS shelf survey suggests that most (if not all) big skates in this region originate in 
the GOA. The increase in EBS shelf biomass coincides with increased bottom temperature 
(Figure 27), so it may be that the recent warm-water anomaly has increased thermal habitat for 
big skates and allowed them to move in the Bering Sea. 







 


Analytic Approach 
Skates in the GOA are managed using Tier 5. Under Tier 5, FOFL = M and OFL = FOFL * average survey 
biomass. Maximum permissible ABC is calculated as 0.75 * FOFL * average survey biomass. 
 
To produce biomass estimates suitable for harvest recommendations, biomass was estimated using a 
random effects (RE) model developed by the Joint Plan Team Survey Averaging Working Group. For 
each group (big, longnose, other), a separate RE model was run for each regulatory area (Table 8; Figures 
13-15). The RE model produced reasonable results. RE model estimates generally varied more than the 
running average, but reduced the influence of anomalous survey estimates and large CVs. As a result, the 
RE model estimates were used for developing harvest recommendations. Area-specific models were used 
to make harvest recommendations. The FABC for each species group was applied to the area estimates to 
produce an ABC for each area. For Other Skates the area ABCs were aggregated to produce a Gulfwide 
ABC. For OFL specification in all groups, the area–specific estimates were aggregated and the FOFL was 
applied to the total.  


Parameter estimates 
Natural mortality (M) 
A value of M = 0.1 has been used for GOA skate harvest recommendations since 2003. During the CIE 
review of non-target stock assessments in 2013, several reviewers felt that the use of 0.1 was overly 
conservative and did not include the best available data. The author agrees that the value of M requires 
more exploration; for the time being this assessment continues to use an M of 0.1.  


Results 
Harvest recommendations 


big skate (Beringraja binoculata) 


   
As estimated or specified 


last year for 
As estimated or recommended 


this year for: 
Quantity   2017 2018 2018 2019 
M (natural mortality)   0.1 0.1 0.1 0.1 
Specified/recommended Tier   5 5 5 5 


Biomass (t)  


W 12,112 12,112 6,716 6,716 
C 24,666 24,666 23,658 23,658 
E 14,079 14,079 7,601 7,601 
GOA-wide 50,857 50,857 37,975 37,975 


FOFL (F=M)   0.1 0.1 0.1 0.1 
maxFABC   0.075 0.075 0.075 0.075 
FABC   0.075 0.075 0.075 0.075 
OFL (t) GOA-wide 5,086 5,086 3,797 3,797 


ABC (t; equal to maximum 
ABC)  


W 908 908 504 504 
C 1,850 1,850 1,774 1,774 
E 1,056 1,056 570 570 


Status  As determined last year for: As determined this year for: 
 2015 2016 2016 2017 


Overfishing?   no na no na 


(for Tier 5 stocks, data are not available to determine whether the stock is in an overfished condition) 







 


 
 


longnose skate (Raja rhina) 


   
 As estimated or 


specified last year for 


As estimated or 
recommended this year 


for: 
Quantity   2017 2018 2018 2019 
M (natural mortality)   0.1 0.1 0.1 0.1 
Specified/recommended Tier   5 5 5 5 


Biomass (t)  


W 808 808 1,982 1,982 
C 33,503 33,503 37,390 37,390 
E 8,426 8,426 8,260 8,260 
GOA-wide 42,737 42,737 47,632 47,632 


FOFL (F=M)   0.1 0.1 0.1 0.1 
maxFABC   0.075 0.075 0.075 0.075 
FABC   0.075 0.075 0.075 0.075 
OFL (t) GOA-wide 4,274 4,274 4,763 4,763 
ABC (t; equal to maximum 
ABC)  
  


W 61 61 149 149 
C 2,513 2,513 2,804 2,804 
E 632 632 619 619 


  
As determined last year 


for: 
As determined this year 


for: 
Status  2015 2016 2016 2017 
Overfishing?   no n/a no n/a 


(for Tier 5 stocks, data are not available to determine whether the stock is in an overfished 
condition) 


 
 


Other Skates (Bathyraja sp.) 


   
 As estimated or 


specified last year for 


As estimated or 
recommended this year 


for: 
Quantity   2017 2018 2018 2019 
M (natural mortality)   0.1 0.1 0.1 0.1 
Specified/recommended Tier   5 5 5 5 
Biomass (t) GOA-wide 25,580 25,580 18,454 18,454 
FOFL (F=M)   0.1 0.1 0.1 0.1 
maxFABC   0.075 0.075 0.075 0.075 
FABC   0.075 0.075 0.075 0.075 
OFL (t) GOA-wide 2,558 2,558 1,845 1,845 
ABC (t; equal to maximum ABC) GOA-wide 1,919 1,919 1,384 1,384 


  
As determined last year 


for: 
As determined this year 


for: 
Status  2015 2016 2016 2017 
Overfishing?   no na no na 


(for Tier 5 stocks, data are not available to determine whether the stock is in an overfished 
condition) 







 


Ecosystem Considerations 
In the following tables, we summarize ecosystem considerations for GOA skates and the entire 
groundfish fishery where they are caught incidentally. The observation column represents the best attempt 
to summarize the past, present, and foreseeable future trends.  The interpretation column provides details 
on how ecosystem trends might affect the stock (ecosystem effects on the stock) or how the fishery trend 
affects the ecosystem (fishery effects on the ecosystem).  The evaluation column indicates whether the 
trend is of: no concern, probably no concern, possible concern, definite concern, or unknown. 
 


Ecosystem effects on GOA Skates (evaluating level of concern for skate populations) 


Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Non-pandalid shrimp, 
other benthic organisms 
 


Trends are not currently measured 
directly, only short time series of food 
habits data exist for potential 
retrospective measurement Unknown Unknown 


Sandlance, capelin,  
other forage fish 
 


Trends are not currently measured 
directly, only short time series of food 
habits data exist for potential 
retrospective measurement Unknown Unknown 


Commercial flatfish 
 


Increasing to steady populations 
currently at high biomass levels 


Adequate forage available for 
piscivorous skates No concern 


Pollock 
 


High population level in early 1980s 
declined to stable low level at present 


Currently a small component of 
skate diets, skate populations 
increased over same period  


No concern 


Predator population trends   


Steller sea lions 
Declined from 1960s, low but level 
recently Lower mortality on skates? No concern 


       Sharks Population trends unknown Unknown Unknown 


Sperm whales Populations recovering from whaling? 


Possibly higher mortality on 
skates? But still a very small 
proportion of mortality No concern 


Changes in habitat quality    


Benthic ranging from 
shallow shelf to deep 
slope, isolated nursery 
areas in specific 
locations 


Skate habitat is only beginning to be 
described in detail. Adults appear 
adaptable and mobile in response to 
habitat changes. Eggs are limited to 
isolated nursery grounds and juveniles 
use different habitats than adults. 
Changes in these habitats have not 
been monitored historically, so 
assessments of habitat quality and its 
trends are not currently available. 


Continue study on small nursery 
areas to evaluate importance to 
population production, initiate 
study for GOA big and longnose 
skates 


Possible 
concern if 
nursery 
grounds are 
disturbed or 
degraded.  


 







 


Groundfish fishery effects on ecosystem via skate bycatch (evaluating level of concern for ecosystem) 


Indicator Observation Interpretation Evaluation 
Fishery contribution to bycatch   


Skate catch 
Varies from 6,000 to 10,000 + tons 
annually including halibut fishery 


Largest portion of total mortality 
for skates 


Possible 
concern 


Forage availability 


Skates have few predators, and skates 
are small proportion of diets for their 
predators 


Fishery removal of skates has a 
small effect on predators 


Probably no 
concern 


Fishery concentration in 
space and time 
 


Skate bycatch is spread throughout 
FMP areas, but directed skate catch 
was concentrated in isolated areas in 
2003 


Potential impact to skate 
populations if fishery disturbs 
nursery or other important 
habitat; but small effect on skate 
predators 


Possible 
concern for 
skates, 
probably no 
concern for 
skate 
predators 


Fishery effects on amount of 
large size target fish 


2005 survey sampling suggests 
possible decrease in largest big skates 


Larger big skates more rare due 
to fishing or other factors? 


Possible 
concern 


Fishery contribution to 
discards and offal 
production 


Skate discard a moderate proportion 
of skate catch, many incidentally 
caught skates are retained and 
processed 


Unclear whether discard of skates 
has ecosystem effect Unknown 


Fishery effects on age-at-
maturity and fecundity 


Skate age at maturity and fecundity 
are still being described; fishery 
effects on them difficult to determine  Unknown Unknown 


 


Data gaps and research priorities 
 
Because fishing mortality appears to be a larger proportion of skate mortality in the GOA than predation 
mortality, highest priority research should continue to focus on direct fishing effects on skate populations. 
The most important component of this research is to fully evaluate the catch and discards in all fisheries 
capturing skates. It is also vital to continue research on the productive capacity of skate populations, 
including information on age and growth, maturity, fecundity, and habitat associations.  
 
Although predation appears less important than fishing mortality on adult skates, juvenile skates and skate 
egg cases are likely much more vulnerable to predation. This effect has not been evaluated in population 
or ecosystem models. We expect to learn more about the effects of predation on skates, especially as 
juveniles, with the completion of Jerry Hoff’s (AFSC, RACE) research on skate nursery areas in the 
Bering Sea.  
 
Skate habitat is only beginning to be described in detail. Adults appear capable of significant mobility in 
response to general habitat changes.  However, eggs are limited to isolated nursery grounds and juveniles 
use different habitats than adults. Disturbance to these habitats could have disproportionate population 
effects. Changes in these habitats have not been monitored historically, so assessments of habitat quality 
and its trends are not currently available. We recommend continued study on skate nursery areas to 
evaluate importance to population production. 
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Tables 


Table 1.  Life history and depth distribution information available for BSAI and GOA skate 
species, from Stevenson (2004) unless otherwise noted. 
 


Species Common 
name 


Max obs. 
length  
(TL cm) 


Max 
obs. age 
 


Age, length Mature 
(50%) 


Feeding 
mode 2 


N 
embryos/ 
egg case 1 


Depth 
range  
(m) 9 


Bathyraja 
abyssicola deepsea skate 135 (M) 10 


157 (F) 11 ? 110 cm (M) 11 
145 cm (F) 13 


benthophagic;   
predatory 11 1 13 362-2904 


Bathyraja 
aleutica Aleutian skate 150 (M) 


154 (F) 12 14 6 121 cm (M) 
133 cm (F) 12 predatory 1 15-1602 


Bathyraja 
interrupta 


Bering skate 
(complex?) 


83 (M) 
82 (F) 12 19 6 67 cm (M) 


70 cm (F) 12 benthophagic 1 26-1050 


Bathyraja 
lindbergi 


Commander 
skate 


97 (M) 
97 (F) 12 ? 78 cm (M) 


85 cm (F) 12 ? 1 126-1193 


Bathyraja 
maculata 


whiteblotched 
skate 120 ? 94 cm (M) 


99 cm (F) 12 predatory 1 73-1193 


Bathyraja 
mariposa 3 butterfly skate 76 ? ? ? 1 90-448 


Bathyraja 
minispinosa 


whitebrow 
skate 8310 ? 70 cm (M) 


66 cm (F) 12 benthophagic 1 150-1420 


Bathyraja 
parmifera Alaska skate 118 (M) 


119 (F) 4 
15 (M) 
17 (F) 4 


9 yrs, 92cm (M) 
10 yrs, 93cm(F) 4 predatory 1 17-392 


Bathyraja sp. 
cf parmifera 


“Leopard” 
parmifera 


133 (M) 
139 (F) ? ? predatory ? 48-396 


Bathyraja 
taranetzi mud skate 67 (M) 


77 (F) 12 ? 56 cm (M) 
63 cm (F) 12 predatory 13 1 58-1054 


Bathyraja 
trachura roughtail skate 91 (M) 14 


89 (F) 11 
20 (M) 
17 (F) 14 


13 yrs, 76 cm (M) 
14 yrs, 74 cm (F)14, 12 


benthophagic;   
predatory 11 1 213-2550 


Bathyraja 
violacea Okhotsk skate 73 ? ? benthophagic 1 124-510 


Amblyraja 
badia 


roughshoulder 
skate 


95 (M) 
99 (F) 11 ? 93 cm (M) 11 predatory 11 1 13 1061-2322 


Raja 
binoculata big skate 244 15 5 4.8 yrs, 68 cm (F) 


6.1 yrs, 87 cm (M) 6 predatory 8 1-7 16-402 


Raja  
rhina 


longnose skate 
 180 25 5 12.3 yrs, 96 cm (F) 


8.8 yrs, 72 cm (M) 6 
benthophagic; 
predatory 15 1 9-1069 


 1 Eschemeyer 1983. 2 Orlov 1998 & 1999 (Benthophagic eats mainly amphipods, worms.  Predatory diet primarily fish, 
cephalopods).  3 Stevenson et al. 2004.  4 Matta 2006.  5 Gburski et al. 2007. 6 Gburski unpub data. 7  McFarlane & King 2006.   8 


Wakefield 1984.  9 Stevenson et al. 2006. 10 Mecklenberg et al. 2002.  11 Ebert 2003.  12 Ebert 2005. 13 Ebert unpub data. 14 Davis 
2006.  15 Robinson 2006. 
  







 


Table 2. Gulfwide bottom trawl survey biomass estimates (t) for the three managed skate groups in the 
GOA and for the entire skate complex, 1984-2017. CV = coefficient of variation.  
 


  big skate longnose skate Other Skates all skates 
  biomass CV biomass CV biomass CV biomass CV 


1984 27,540 0.22 9,002 0.38 2,117 0.20 38,660 0.18 
1987 28,093 0.16 6,631 0.36 1,666 0.19 36,390 0.14 
1990 22,316 0.25 11,995 0.22 4,176 0.20 38,487 0.16 
1993 39,733 0.18 17,803 0.12 5,272 0.15 62,808 0.12 
1996 43,064 0.18 26,226 0.14 11,768 0.17 81,057 0.11 
1999 54,650 0.15 39,333 0.14 18,872 0.12 112,855 0.09 
2001 39,082 0.19 23,275 0.16 12,835 0.16 75,192 0.11 
2003 55,397 0.16 39,603 0.09 21,739 0.12 116,738 0.09 
2005 39,320 0.16 41,370 0.08 29,931 0.11 110,621 0.07 
2007 39,630 0.19 34,470 0.11 32,289 0.11 106,388 0.09 
2009 44,349 0.16 36,652 0.09 26,510 0.12 107,512 0.08 
2011 67,883 0.37 33,911 0.11 21,338 0.10 123,132 0.21 
2013 38,234 0.26 44,484 0.11 30,705 0.11 113,423 0.10 
2015 58,047 0.17 41,926 0.09 25,150 0.11 125,123 0.09 
2017 33,610 0.17 49,501 0.17 17,820 0.13 100,931 0.10 







 


Table 3. Biomass estimates (t) from the AFSC bottom trawl survey in the Gulf of Alaska (GOA) for skates in each GOA regulatory area, 1984-
2017. 
 


 
 


1984 1987 1990 1993 1996 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
big 3,339 4,313 1,745 2,312 13,130 11,038 8,425 9,602 9,792 5,872 6,652 6,251 10,669 13,449 5,068
Aleutian 358 112 139 292 82 1,928 1,858 4,401 1,453 3,333 3,051 873 2,970 2,514 3,701
longnose 0 41 1,045 105 278 1,747 104 782 1,719 628 1,214 941 2,127 708 2,133
Alaska 0 0 0 0 119 220 1,213 265 211 177 1,728 333 1,124 802 405
Bering 45 20 28 0 52 218 170 39 86 0 283 237 37 142 255
whiteblotched 0 0 0 0 0 544 0 173 502 197 199 487 0 359 96
Bathyraja sp 0 91 0 651 453 0 0 0 0 0 0 0 0 0 0
mud 0 0 0 0 0 46 0 0 0 0 10 7 0 43 0
roughtail 0 0 0 0 43 0 0 0 0 82 0 0 0 0 0
butterfly 0 0 0 0 0 0 0 0 0 33 0 0 0 0 0
total WGOA 3,742 4,577 2,956 3,361 14,156 15,740 11,770 15,262 13,762 10,322 13,137 9,129 16,926 18,017 11,658
longnose 2,280 2,667 8,708 14,158 20,328 29,872 23,171 25,741 29,853 26,083 25,534 23,609 28,274 34,243 39,219
big 17,635 20,855 9,071 21,586 26,544 34,007 30,658 33,814 25,544 24,420 26,691 21,761 12,810 32,038 22,878
Aleutian 1,235 601 896 60 5,662 8,055 4,734 10,772 22,395 21,928 15,725 13,409 17,972 15,950 9,184
Bering 230 519 1,861 107 1,511 3,371 2,426 3,526 3,910 3,480 3,370 3,429 3,501 2,788 2,352
Alaska 0 14 771 0 810 1,272 2,422 1,579 489 1,620 1,021 708 2,907 947 303
roughtail 51 182 0 0 0 614 0 0 139 495 356 0 0 326 61
Bathyraja sp 0 32 0 3,572 1,566 0 12 1 0 16 0 0 0 0 0
mud 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
whiteblotched 0 0 0 0 0 925 0 0 0 0 0 0 0 0 0
butterfly 8 0 0 0 0 0 0 0 0 84 0 0 72 0 0
total CGOA 21,439 24,871 21,307 39,483 56,420 78,117 63,421 75,433 82,331 78,125 72,696 62,916 65,537 86,292 73,998
longnose 6,722 3,923 2,242 3,539 5,620 7,714 13,081 9,797 7,759 9,904 9,362 14,083 6,975 8,150
big 6,566 2,925 11,501 15,836 3,391 9,606 11,981 3,984 9,337 11,007 39,870 14,755 12,560 5,664
Bering 187 68 159 119 673 229 136 342 335 473 191 426 180 1,136
Aleutian 0 25 216 0 796 1,310 640 406 138 295 1,663 1,697 657 326
Bathyraja sp 0 0 0 470 3 0 0 0 0 0 0 0 1 0
mud 0 0 0 0 0 0 0 0 0 0 0 0 0 0
roughtail 0 0 0 0 0 63 0 0 371 0 0 0 442 0
Alaska 4 0 107 0 0 76 63 0 0 0 0 0 0 0
whiteblotched 0 0 0 0 0 0 91 0 0 0 0 0 0 0
butterfly 0 0 0 0 0 0 52 0 0 0 0 0 0 0
total EGOA 13,478 6,941 14,224 19,964 10,482 18,998 26,043 14,528 17,941 21,678 51,087 30,960 20,814 15,275


38,660 36,390 38,487 62,808 81,057 112,855 75,192 116,738 110,621 106,388 107,512 123,132 113,423 125,123 100,931GOA-wide


WGOA


CGOA


EGOA







 


 


Table 4. Total allowable catch (TAC) and catch for GOA “Other Species” and skates, with estimated 
skate catch, 1992-2004. Before 2004, skate were managed as part of the Other Species group; in 2004 
skates were managed separately. Management changed again in 2005 and “modern era” results are 
included in Table 6. 
  


  TAC 


Other 
Species 
catch est. skate catch management method 


1992 13,432 12,313 1,835 Other species TAC  
1993 14,602 6,867 3,882 Other species TAC  
1994 14,505 2,721 1,770 Other species TAC 
1995 13,308 3,421 1,273 Other species TAC 
1996 12,390 4,480 1,868 Other species TAC 
1997 13,470 5,439 3,120 Other species TAC 
1998 15,570 3,748 4,476 Other species TAC 
1999 14,600 3,858 2,000 Other species TAC 
2000 14,215 5,649 3,238 Other species TAC 
2001 13,619 4,801 1,828 Other species TAC 
2002 11,330 3,748 6,484 Other species TAC 
2003 11,260 6,262 4,527 Other species TAC 


2004 3,284 5,865 1,569 Big/Longnose CGOA 
3,709   1,451 other skates gulfwide + big/longnose W/E 


 
 
Sources: TAC and Other species catch from AKRO catch statistics website. Estimated skate catch 1992-
1996 from Gaichas et al 1999. Estimated skate catch 1997-2002 from Gaichas et al 2003 (see Table 7 in 
this assessment). Estimated skate catch 2003-2004 from AKRO Catch Accounting System (CAS).   
 







 


 


Table 5. Harvest specifications and catch (t) for skates in the GOA, beginning in 2005 when the current 
management regime for GOA skates was initiated. ABC and catch are divided by GOA regulatory area 
(Western, Central, Eastern) for big and longnose skates; for “other skates”, the ABC column indicates the 
gulfwide ABC. The additional EGOA field (E_2) includes catches in EGOA inside waters (areas 649 & 
659), which do not count towards the TAC. Red-shaded cells with bold text indicate years/areas where the 
catch exceeded the ABC. * 2017 are incomplete; retrieved October 31, 2017.  
 


 
  


species/ 
group 


ABC OFL estimated skate catch 


W C E GOA W C E (E_2) GOA 


2005 
big 727 2,463 809   5,332 26 811 65 (67)   


longnose 66 1,972 780   3,757 37 993 162 (173)   
other     1,327 1,769 163 506 42 (50) 711 


2006 
big 695 2,250 599   4,726 72 1,272 344 (388)   


longnose 65 1,969 861   3,860 57 682 219 (296)   
other       1,617 2,156 354 988 51 (72) 1,393 


2007 
big 695 2,250 599   4,726 69 1,518 8 (11)   


longnose 65 1,969 861   3,860 76 978 342 (388)   
other     1,617 2,156 479 690 88 (107) 1,257 


2008 
big 632 2,065 633   4,439 132 1,241 45 (49)   


longnose 78 2,041 768   3,849 34 965 113 (130)   
other       2,104 2,806 252 1,053 69 (103) 1,374 


2009 
big 632 2,065 633   4,439 79 1,903 100 (137)   


longnose 78 2,041 768   3,849 79 1,096 244 (319)   
other     2,104 2,806 343 1,092 113 (160) 1,548 


2010 
big 598 2,049 681   4,438 148 2,220 149 (179)   


longnose 81 2,009 762   3,803 105 846 131 (197)   
other       2,093 2,791 421 986 83 (118) 1,491 


2011 
big 598 2,049 681   4,438 110 2,111 90 (134)   


longnose 81 2,009 762   3,803 71 892 69 (118)   
other     2,093 2,791 313 977 59 (96) 1,349 


2012 
big 469 1,793 1,505   5,023 65 1,902 38 (62)   


longnose 70 1,879 676   3,500 39 793 93 (135)   
other       2,030 2,706 256 843 105 (141) 1,203 


2013 
big 469 1,793 1,505   5,023 122 2,318 80 (224)   


longnose 70 1,879 676   3,500 90 1,255 414 (774)   
other     2,030 2,706 218 1,485 175 (370) 1,878 


2014 
big 589 1,532 1,641   5,016 156 1,412 103 (233)   


longnose 107 1,935 834   3,835 59 1,159 338 (559)   
other       1,989 2,652 305 1,364 236 (492) 1,905 


2015 
big 589 1,532 1,641   5,016 237 1,224 58 (139)   


longnose 107 1,935 834   3,835 138 1,176 357 (618)   
other     1,989 2,652 571 1,039 175 (342) 1,786 


2016 
big 908 1,850 1,056   5,086 166 1,884 50 (146)   


longnose 61 2,513 632   4,274 154 887 355 (583)   
other       1,919 2,558 463 1,045 160 (347) 1,667 


2017* 
big 908 1,850 1,056   5,086 154 1,259 102 (187)   


longnose 61 2,513 632   4,274 148 708 266 (476)   
other       1,919 2,558 481 823 126 (234) 1,430 


 







 


 


Table 6a. Catches of big skate (t) by target fishery, 2005-2017.  Data are from the Alaska Regional Office Catch Accounting System. * 2017 are 
incomplete; retrieved on October 31, 2017. 
 


big skate 
 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 


Pacific cod 222 417 536 584 552 928 921 735 611 840 771 638 556 
IFQ halibut 36 566 11 34 163 42 142 35 420 413 343 673 509 
arrowtooth 225 163 299 219 433 484 817 677 949 190 237 597 281 
pollock 2 23 38 22 34 47 93 48 228 171 63 100 115 
shallow flatfish 251 350 608 413 535 700 190 288 140 26 72 68 29 
sablefish 23 8 6 5 6 12 2 3 8 3 6 7 17 
Atka 0 0 0 0 0 0 0 0 0 0 0 1 3 
rockfish 19 4 0.4 4 4 14 8 13 2 4 7 5 3 
rex sole 49 99 74 70 264 172 106 149 145 25 19 5 1 
deep flatfish 0 0 0 0 0 1 1 0 0 0 0 0 0 
flathead sole 21 30 23 66 53 112 31 57 15 0 2 6 0 
misc 56 27 0 2 38 5 1 0.2 1 0 0.1 1 0 


              
total 903 1,688 1,594 1,418 2,082 2,517 2,312 2,006 2,520 1,671 1,519 2,100 1,515 


 
 
 
 
  







 


 


Table 6b. Catches of longnose skate (t) by target fishery, 2005-2017.  Data are from the Alaska Regional Office Catch Accounting System.    
* 2017 are incomplete; retrieved on October 31, 2017. 
 


longnose skate 
  2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 
IFQ halibut 103 186 400 105 421 106 191 114 691 422 502 361 382 
Pacific cod 139 165 305 359 339 408 334 307 348 415 613 490 328 
arrowtooth flounder 373 135 165 212 152 166 238 181 218 304 250 273 163 
sablefish 105 298 277 126 81 109 69 121 321 141 122 153 161 
rockfish 20 21 17 12 17 12 25 23 23 26 33 46 39 
pollock 5 13 27 24 35 10 35 9 25 180 87 47 33 
rex sole 19 29 24 36 82 52 44 45 54 23 21 4 8 
shallow flatfish 278 97 168 227 239 172 78 65 70 36 26 17 5 
misc 137 2 0 0.31 30 16 0.25 0 1 0 7 0.39 3 
flathead sole 11 11 13 11 24 30 17 60 8 11 10 6 0.31 
Atka 0 0 0 0 0 0 0 0 1 0 0 1 0.11 
deep flatfish 1 0 0 0.01 0 1 0.35 0 0 0 0 0 0 


              
total 1,192 957 1,396 1,112 1,419 1,082 1,032 925 1,760 1,557 1,672 1,397 1,122 


 







 


 


Table 6c. Catches of Other Skates by target fishery (t), 2005-20157.  Data are from the Alaska Regional Office Catch Accounting System.  
* 2017 are incomplete; retrieved October 31, 2017. 
 


Other Skates 
  2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 
Pacific cod 816 904 175 980 527 945 887 1,058 776 686 805 935 1,079 983 861 
IFQ halibut 169 128 47 74 109 32 256 37 142 101 683 523 290 258 191 
arrowtooth flounder 209 376 194 64 123 88 99 133 242 174 63 164 118 234 168 
sablefish 156 225 122 124 262 144 89 133 117 148 199 170 178 150 166 
rockfish 106 67 59 49 20 10 13 28 15 20 18 45 21 18 22 
shallow flatfish 562 328 36 27 79 107 98 35 20 33 44 28 30 17 10 
pollock 10 3 1 5 9 6 3 7 2 6 24 17 18 4 5 
rex sole 346 89 36 56 103 22 60 41 21 20 33 21 13 0.16 3 
misc 1,971 782 2 3 4 16 30 0 0 0 0.03 0 30 0 2 
Atka 0 0 0 0 0 0 0 0.05 2 0 0.00 0 0 0 1 
deep flatfish 0.41 8 0 0 0 0 0 0.08 0 0 0 1 0 0 0 
flathead sole 200 89 38 12 20 5 13 19 13 17 8 1 8 3 0 
                                
total 4,546 2,999 711 1,393 1,257 1,374 1,548 1,491 1,349 1,203 1,878 1,905 1,786 1,667 1,430 


 
 







 


 


Table 7. Retention rates of skates in GOA fisheries, 2007-2017. Data are from the NMFS Alaska 
Regional Office. Retention rates in 2013-2017 were influenced by management actions; see footnotes. 
 


  big longnose other 
2005 72% 70% 16% 
2006 54% 32% 19% 
2007 49% 29% 20% 
2008 70% 59% 15% 
2009 70% 45% 13% 
2010 71% 64% 15% 
2011 80% 61% 17% 
2012 94% 71% 13% 


20131 62% 38% 2% 
20142 26% 55% 5% 
20153 16% 52% 6% 


20164+ 32% 33% 6% 
20175* 35% 28% 7% 


    
2005-2017 average 58% 48% 28% 


 
 
1 On May 8, 2013 retention of big skate was prohibited in the CGOA. 
2 On February 5, 2014 retention of big skate was prohibited in the CGOA. 
3 On February 11, 2015 retention of big skate was prohibited in the CGOA. 
4 The following management actions related to skates in the GOA occurred during 2016:  


- retention of longnose skates in the WGOA was prohibited on April 25, 2016. 
- retention of big skates in the CGOA was prohibited on September 27, 2016. 


+Effective January 27, 2016 the maximum retention allowance for skates (all species, GOA-wide) was 
reduced to 5%. 


5 On September 20, 2017 retention of longnose skates in the WGOA was prohibited. 
 
* 2017 data are incomplete; retrieved October 31, 2017 
 
  







 


 


Table 8a. Biomass estimates (t) and coefficients of variation (CV) for big skates in 3 regions of the Gulf 
of Alaska. Estimates are annual trawl survey estimates (survey) or estimates from a random effects model 
fitted to each survey time series (RE model). 
 


 
  


biomass CV biomass CV biomass CV biomass CV biomass CV biomass CV
1984 3,339 0.56 3,573 0.38 17,635 0.23 18,601 0.17 6,566 0.56 5,642 0.45
1985 3,627 0.36 18,811 0.17 5,262 0.47
1986 3,681 0.32 19,023 0.16 4,907 0.45
1987 4,313 0.29 3,737 0.25 20,855 0.19 19,238 0.14 2,925 0.45 4,577 0.39
1988 3,379 0.30 18,981 0.16 5,849 0.42
1989 3,056 0.33 18,728 0.18 7,475 0.40
1990 1,745 0.45 2,763 0.33 9,071 0.34 18,478 0.19 11,501 0.38 9,554 0.32
1991 2,930 0.35 19,496 0.18 10,146 0.41
1992 3,107 0.34 20,570 0.16 10,776 0.41
1993 2,312 0.32 3,294 0.29 21,586 0.18 21,703 0.13 15,836 0.36 11,444 0.33
1994 4,408 0.31 22,938 0.14 8,439 0.39
1995 5,898 0.31 24,244 0.14 6,222 0.37
1996 13,130 0.40 7,892 0.30 26,544 0.19 25,624 0.13 3,391 0.29 4,588 0.29
1997 8,499 0.32 26,802 0.14 5,617 0.38
1998 9,153 0.30 28,033 0.15 6,877 0.38
1999 11,038 0.26 9,857 0.22 34,007 0.20 29,321 0.14 9,606 0.33 8,419 0.28
2000 9,483 0.26 29,412 0.15 8,636 0.41
2001 8,425 0.34 9,122 0.23 30,658 0.21 29,504 0.14 8,859 0.44
2002 9,189 0.26 29,327 0.14 9,087 0.41
2003 9,602 0.28 9,257 0.21 33,814 0.21 29,151 0.14 11,981 0.37 9,322 0.31
2004 9,029 0.26 27,971 0.14 7,352 0.35
2005 9,792 0.32 8,806 0.23 25,544 0.21 26,839 0.12 3,984 0.35 5,798 0.31
2006 7,992 0.27 26,084 0.13 7,162 0.35
2007 5,872 0.42 7,253 0.26 24,420 0.26 25,350 0.13 9,337 0.33 8,847 0.26
2008 7,137 0.28 24,782 0.13 10,162 0.33
2009 6,652 0.36 7,022 0.25 26,691 0.21 24,227 0.12 11,007 0.31 11,672 0.26
2010 7,115 0.27 23,140 0.13 14,638 0.38
2011 6,251 0.30 7,210 0.23 21,761 0.17 22,102 0.12 39,870 0.57 18,358 0.42
2012 8,161 0.27 21,231 0.14 16,291 0.43
2013 10,669 0.40 9,238 0.25 12,810 0.20 20,395 0.16 14,755 0.52 14,458 0.36
2014 9,843 0.27 22,145 0.13 12,695 0.40
2015 13,449 0.24 10,487 0.22 32,038 0.19 24,046 0.13 12,560 0.53 11,147 0.36
2016 8,392 0.26 23,851 0.14 9,205 0.41
2017 5,068 0.29 6,716 0.26 22,878 0.21 23,658 0.15 5,664 0.47 7,601 0.40


WGOA CGOA EGOA
RE modelsurveyRE modelsurveyRE modelsurvey







 


 


Table 8b. Biomass estimates (t) and coefficients of variation (CV) for longnose skates in 3 regions of the 
Gulf of Alaska. Estimates are annual trawl survey estimates (survey) or estimates from a random effects 
model fitted to each survey time series (RE model). 
 


 
 


  


biomass CV biomass CV biomass CV biomass CV biomass CV biomass CV
1984 2,280   0.68 3,555   0.39 6,722   0.42 4,691   0.32
1985 3,698   0.36 4,355   0.32
1986 3,848   0.32 4,044   0.30
1987 41         0.72 78         0.69 2,667   0.30 4,003   0.27 3,923   0.53 3,754   0.27
1988 142      0.76 5,033   0.27 3,465   0.27
1989 258      0.74 6,328   0.25 3,198   0.25
1990 1,045   0.64 471      0.61 8,708   0.28 7,956   0.20 2,242   0.25 2,952   0.21
1991 334      0.73 9,547   0.22 3,190   0.23
1992 237      0.71 11,456 0.20 3,446   0.21
1993 105      0.64 168      0.56 14,158 0.15 13,746 0.13 3,539   0.19 3,723   0.16
1994 207      0.72 15,569 0.20 4,245   0.20
1995 256      0.71 17,633 0.20 4,840   0.20
1996 278      0.59 317      0.50 20,328 0.17 19,971 0.14 5,620   0.18 5,519   0.15
1997 470      0.69 22,035 0.20 6,161   0.20
1998 698      0.68 24,312 0.20 6,879   0.20
1999 1,747   0.49 1,035   0.47 29,872 0.17 26,824 0.15 7,714   0.17 7,681   0.15
2000 532      0.61 25,550 0.18 8,528   0.21
2001 104      0.64 273      0.60 23,171 0.16 24,336 0.13 9,470   0.22
2002 449      0.62 25,135 0.17 10,515 0.20
2003 782      0.43 737      0.37 25,741 0.12 25,959 0.10 13,081 0.15 11,676 0.14
2004 1,036   0.56 27,518 0.16 10,802 0.17
2005 1,719   0.35 1,455   0.33 29,853 0.09 29,170 0.09 9,797   0.18 9,993   0.14
2006 1,055   0.56 27,747 0.16 9,455   0.18
2007 628      0.44 765      0.39 26,083 0.12 26,392 0.11 7,759   0.24 8,947   0.17
2008 905      0.59 25,958 0.16 9,305   0.18
2009 1,214   0.58 1,071   0.46 25,534 0.10 25,530 0.09 9,904   0.18 9,678   0.14
2010 1,058   0.59 25,094 0.16 9,815   0.18
2011 941      0.41 1,046   0.37 23,609 0.14 24,666 0.12 9,362   0.19 9,954   0.14
2012 1,396   0.55 26,505 0.17 10,772 0.18
2013 2,127   0.32 1,864   0.30 28,274 0.14 28,481 0.12 14,083 0.17 11,657 0.15
2014 1,307   0.55 31,081 0.16 9,914   0.18
2015 708      0.41 917      0.38 34,243 0.10 33,919 0.09 6,975   0.22 8,431   0.16
2016 1,348   0.55 35,612 0.18 8,345   0.20
2017 2,133   0.30 1,982   0.30 39,219 0.20 37,390 0.17 8,150   0.22 8,260   0.18


WGOA CGOA EGOA
RE modelsurvey survey RE model survey RE model







 


 


Table 8c. Biomass estimates (t) and coefficients of variation (CV) for Other Skates in 3 regions of the 
Gulf of Alaska. Estimates are annual trawl survey estimates (survey) or estimates from a random effects 
model fitted to each survey time series (RE model). 
 


 


biomass CV biomass CV biomass CV biomass CV biomass CV biomass CV
1984 403 0.41 352 0.35 1,524 0.25 1,534 0.23 190 0.21 189 0.20
1985 317 0.40 1,545 0.29 186 0.31
1986 286 0.39 1,557 0.28 184 0.35
1987 223 0.40 258 0.32 1,349 0.22 1,568 0.20 94 0.44 181 0.34
1988 262 0.40 1,984 0.27 0.26 242 0.34
1989 266 0.41 2,510 0.27 0.32 322 0.31
1990 167 0.43 270 0.35 3,528 0.23 3,176 0.19 481 0.26 429 0.22
1991 381 0.39 3,450 0.27 493 0.30
1992 538 0.37 3,749 0.26 567 0.31
1993 944 0.32 759 0.27 3,739 0.19 4,073 0.17 590 0.31 652 0.25
1994 820 0.36 5,293 0.26 816 0.31
1995 886 0.37 6,880 0.26 1,021 0.30
1996 748 0.35 957 0.29 9,548 0.20 8,942 0.17 1,471 0.38 1,277 0.23
1997 1,339 0.36 10,236 0.26 1,333 0.31
1998 1,872 0.35 11,719 0.25 1,391 0.32
1999 2,955 0.26 2,617 0.23 14,238 0.14 13,415 0.13 1,679 0.47 1,452 0.26
2000 2,940 0.32 12,045 0.22 1,328 0.34
2001 3,241 0.35 3,302 0.26 9,593 0.17 10,815 0.15 1,215 0.36
2002 3,781 0.31 13,174 0.22 1,111 0.34
2003 4,878 0.21 4,330 0.19 15,879 0.14 16,048 0.13 982 0.32 1,017 0.28
2004 3,565 0.30 20,360 0.21 950 0.32
2005 2,250 0.32 2,935 0.26 26,934 0.12 25,832 0.11 747 0.34 888 0.29
2006 3,320 0.31 26,354 0.21 887 0.31
2007 3,823 0.28 3,757 0.23 27,622 0.12 26,887 0.11 844 0.35 886 0.25
2008 4,131 0.30 23,654 0.21 923 0.29
2009 5,271 0.22 4,542 0.20 20,472 0.14 20,809 0.13 767 0.44 961 0.25
2010 3,415 0.30 19,432 0.21 1,189 0.29
2011 1,937 0.27 2,567 0.24 17,546 0.11 18,145 0.11 1,855 0.38 1,471 0.26
2012 3,098 0.31 20,569 0.21 1,552 0.31
2013 4,130 0.27 3,739 0.22 24,453 0.13 23,317 0.12 2,122 0.51 1,636 0.29
2014 3,815 0.29 21,311 0.21 1,533 0.31
2015 3,859 0.18 3,891 0.16 20,012 0.13 19,477 0.12 1,279 1,436 0.28
2016 4,102 0.29 15,718 0.22 1,441 0.35
2017 4,457 0.27 4,324 0.24 11,901 0.15 12,684 0.14 1,462 1,446 0.36


WGOA CGOA EGOA
survey RE model survey RE model survey RE model
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Figure 1. Gulfwide species composition of Gulf of Alaska (GOA) skates, 1984-2017. The 2001 survey did not sample in the  eastern GOA.  







 


 


 


 
Figure 2. Biomass estimates (t) of skates at depth from the Gulf of Alaska bottom trawl survey. Data are 
from 2017 (top) and 2015 (bottom). 
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Figure 3. Multiyear depth distributions for big skates (top) and longnose skates (bottom) from the AFSC 
bottom trawl survey in the Gulf of Alaska.  







 


 


 
 
Figure 4. Catch-per-unit-effort of big skates in the AFSC Gulf of Alaska bottom trawl survey during 2017. Survey extent is shown by blue 
shading. Blue lettering indicates NMFS statistical area; GOA regulatory areas are western GOA (area 610), central GOA (areas 620 & 630), and 
eastern GOA (areas 640-659).  







 


 


 


 
Figure 5. Species composition of skates in the Gulf of Alaska (GOA) bottom trawl survey, by regulatory area, in 2017 (left) and 2015 (right). 
WGOA= western GOA, CGOA = central GOA, EGOA = eastern GOA. 
 







 


 


 
 
Figure 6. Catch-per-unit-effort of longnose skates in the AFSC Gulf of Alaska (GOA) bottom trawl survey during 2017. Survey extent is shown 
by blue shading. Blue lettering indicates NMFS statistical area; GOA regulatory areas are western GOA (area 610), central GOA (areas 620 & 
630), and eastern GOA (areas 640-659). 







 


 


 
 
 


Figure 7. Catch (t) of the three main skate groups in the Gulf of Alaska, 2003-2017. Data are from the AK 
Regional Office. The 2017 data are incomplete; retrieved on October 31, 2017. 
  







 


 


 
 
 


 
 


Figure 8. Length compositions of fishery catches (trawl and longline combined) for big skates in the Gulf 
of Alaska, 2009-2017. Data are in 4-cm length bins; fuchsia column indicates the 100-103 cm length bin 
in each dataset. The 2017 data are incomplete; retrieved on October 30, 2017.    







 


 


 


 
 
Figure 9. Length compositions of fishery catches (trawl and longline combined) for longnose skates in the 
Gulf of Alaska, 2009-2017. Data are in 4-cm length bins; green column indicates the 100-103 cm length 
bin in each dataset. The 2017 data are incomplete; retrieved on October 30, 2017.   
  







 


 


 
 
 


 
 


 
 
 
Figure 10.  Comparison of trawl and longline fishery length compositions for big and longnose skates in 
the Gulf of Alaska, aggregated over the years 2013-2017. Data are in 4-cm length bins; fuchsia column 
indicates the 100-103 cm length bin in each dataset. 
  







 


 


 


 


 
 
Figure 11. Biomass estimates (t) for big skates (top), longnose skates (middle), and Other Skates 
(bottom), 1984-2017, from the AFSC bottom trawl survey in the Gulf of Alaska. Filled symbols indicate 
survey biomass estimates with 95% confidence interval (CI) shown as error bars. Black line indicates 
biomass estimate from the random-effects model; dashed black lines indicate 95% CI. Note that vertical 
scales differ among the plots. 


  







 


 


 
 
 
Figure 12. NMFS Gulf of Alaska (GOA) bottom trawl survey biomass trends for Bathyraja skates (i.e. 
Other Skates) 1984-2017. The 2001 survey did not sample in the eastern GOA. For information regarding 
the uncertainty of the Other Skates biomass estimate see Figure 11. 
 
  







 


 


 


 


 
 


Figure 13. Biomass estimates (t) for big skates in 3 Gulf of Alaska (GOA) regions from the GOA trawl 
survey (colored dots) and predictions from a random-effects model based on those estimates (black line) 
for other skates, 1984-2017. 95% confidence intervals are indicated by error bars and dotted black lines 
for the survey and model estimates, respectively. Note that vertical scales differ among the plots. 
 
  







 


 


 


 


 
 


Figure 14. Biomass estimates (t) for longnose skates in 3 Gulf of Alaska (GOA) regions from the GOA 
trawl survey (colored dots) and predictions from a random-effects model based on those estimates (black 
line) for other skates, 1984-2017. 95% confidence intervals are indicated by error bars and dotted black 
lines for the survey and model estimates, respectively. Note that vertical scales differ among the plots.  
  







 


 


 


 
Figure 15. Biomass estimates (t) for other skates in 3 Gulf of Alaska (GOA) regions from the GOA trawl 
survey (colored dots) and predictions from a random-effects model based on those estimates (black line) 
for other skates, 1984-2017. 95% confidence intervals are indicated by error bars and dotted black lines 
for the survey and model estimates, respectively. Note that vertical scales differ among the plots. 
  







 


 


 
Figure 16. Length compositions of big skates, 1996-2017, from the AFSC bottom trawl survey in the 
Gulf of Alaska. Data are in 4-cm length bins; fuchsia column indicates the 100-103 cm length bin in each 
dataset.  







 


 


 


 
Figure 17. Length compositions of longnose skates, 1996-2017, from the AFSC bottom trawl survey in 
the Gulf of Alaska. Data are in 4-cm length bins; fuchsia column indicates the 100-103 cm length bin in 
each dataset.







 


 


 


 
 
Figure 18. Length compositions of big skates, 1996-2017, from the AFSC bottom trawl survey in the Gulf of Alaska. Data are separated by 
regulatory area: WGOA = western GOA, CGOA = central GOA, EGOA = eastern GOA. Data are in 4-cm length bins; fuchsia column indicates 
the 100-103 cm length bin in each dataset. 
 
  







 


 


 


 
 
 
Figure 19. Length compositions of longnose, 1996-2017, from the AFSC bottom trawl survey in the Gulf of Alaska (GOA). Data are separated by 
regulatory area: WGOA = western GOA, CGOA = central GOA, EGOA = eastern GOA. Data are in 4-cm length bins; fuchsia column indicates 
the 100-103 cm length bin in each dataset. 
 
 







 


 


 
 


Figure 20. Estimated population size (numbers) for big skates in the Gulf of Alaska, 1984-2017, from the 
AFSC bottom trawl survey. 







 


 


 
Figure 21. Locations of AFSC bottom trawl survey hauls containing small juvenile big skates (< 36 cm 
total length) in the Gulf of Alaska from 2003 to 2017. 
 
 
 
 
  







 


 


 
 


 
Figure 22. Estimated biomass (t) of big skates on the eastern Bering Sea shelf, from the AFSC bottom 
trawl survey. Error bars indicate 95% confidence interval. 


 
Figure 23. Occurrence of big skates in AFSC bottom trawl survey hauls on the eastern Bering Sea shelf, 
by survey stratum. Strata 1 & 3 are the southernmost strata in the survey area.  
 







 


 


 


 
 
Figure 24. Biomass estimate (t) and catch-per-unit-effort (CPUE; kg/hec) of big skates in the eastern 
Bering Sea shelf survey. 
  







 


 


 


 
Figure 25. Trawl survey catch-per-unit-effort (CPUE; kg/hec) of big skates during periods of low (2003-
2005, top panel) and high (2015-2017) frequency of occurrence. 







 


 


 


 
 
Figure 26. Mean trawl-survey length compositions of big skates in three areas of the Gulf of Alaska 
(2003-2017) and the length composition of big skates in the eastern Bering Sea shelf trawl survey during 
2015-2017. Fuchsia color indicates the 100-103 cm length bin and is for reference purposes only.   
 
  







 


 


 
 
Figure 27. Trawl-survey biomass estimates (t) from the EBS shelf survey and mean annual bottom 
temperature (°C) in EBS shelf survey hauls containing big skates. 
  







 


 


Appendix A: Summary of non-commercial catches. Data are from the AK Regional Office. 
 
Table A-1. Noncommercial catches (kg) of big skates in the GOA. 
 


 


  


A
nn


ua
l L


on
gl


in
e 


Su
rv


ey
 


G
ul


f o
f A


la
sk


a 
B


ot
to


m
 T


ra
w


l 
Su


rv
ey


 


IP
H


C
 A


nn
ua


l L
on


gl
in


e 
Su


rv
ey


 


La
rg


e-
M


es
h 


Tr
aw


l S
ur


ve
y 


Sa
bl


ef
is


h 
Lo


ng
lin


e 
Su


rv
ey


 


Sa
lm


on
 E


FP
 1


3-
01


 


Sc
al


lo
p 


D
re


dg
e 


Su
rv


ey
 


Sh
el


ik
of


 A
co


us
tic


 S
ur


ve
y 


Sh
um


ag
in


s A
co


us
tic


 S
ur


ve
y 


Sm
al


l-M
es


h 
Tr


aw
l S


ur
ve


y 


total 


agency NMFS NMFS IPHC ADFG ADFG NMFS ADFG NMFS NMFS ADFG  


1999       1,489 22           1,512 
2000       1,255 18         96 1,369 
2001       744             744 
2002       821 17           839 
2003       679 25         305 1,009 
2004       567 131         445 1,143 
2005       924 30   0     172 1,126 
2006       1,322 70   0     142 1,534 
2007       1,715           36 1,751 
2008       670             670 
2009 80     609     24       713 
2010 369   15,305 6,114       19 39 307 22,153 
2011 189 2,542 24,572 6,444           737 34,485 
2012 120   26,127 5,519     1     605 32,371 
2013 70 1,300 25,562 3,467           127 30,525 
2014 130   29,437 522   59         30,147 
2015 628 2,931 32,865 8,136   0   164 44,724 
2016 239  28,183 10,637   1   473 39,533 


 
  







 


 


Table A-2. Noncommercial catches (kg) of longnose skates in the GOA. 
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total 


agency NMFS ADFG NMFS IPHC ADFG ADFG NMFS ADFG NMFS ADFG   
1998           2         2 
1999         3,418 886         4,304 
2000         622 813       70 1,506 
2001         2,941 660         3,601 
2002         393 643         1,035 
2003         2,594 51       255 2,900 
2004         891 667       121 1,679 
2005         3,028 62   7   398 3,495 
2006   8     392 599       280 1,278 
2007         1,541         278 1,819 
2008         438           438 
2009         1,475     10     1,485 
2010 11,921     45,818 4,600       14 213 62,566 
2011 15,164   1,569 74,655 6,937     13   362 98,700 
2012 13,106     59,265 4,352         199 76,922 
2013 9,006   1,865 83,970 3,803   85 65   75 98,869 
2014 12,651     67,068 1,433   284       81,436 
2015 11,175  2,525 73,371 6,853     256 94,180 


2016 10,832   36,667 5,016   12  105 52,632 
  







 


 


Table A-3. Noncommercial catches (kg) of “other skates” in the GOA. 
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total 


agency NMFS ADFG NMFS IPHC ADFG ADFG NMFS ADFG NMFS ADFG ADFG   
1984                     151 151 
1985                     1 1 
1989                     7 7 
1990 9,388                     9,388 
1991 9,697                   182 9,879 
1992 10,306                   158 10,464 
1993 11,351                   19 11,370 
1994 7,307                     7,307 
1995 19,191                     19,191 
1996 17,740                   57 17,797 
1997 20,490                   156 20,646 
1998 16,121       2,109     10     29 18,269 
1999 17,157       1,385             18,542 
2000 17,603       408           50 18,062 
2001 15,375       1,201     6       16,583 
2002 22,079       342     0       22,421 
2003 21,302       1,275     10     138 22,725 
2004 17,613       409     19       18,041 
2005 16,680       1,288 78   33   46   18,124 
2006 21,515 3     974     2   162   22,656 
2007 30,233       872     33   95   31,233 
2008 25,839             7       25,846 
2009 11,493       605     67       12,165 
2010 828     44,647 4,153     6 47 53   49,733 
2011 445   1,328 24,736 3,512     4   49   30,074 
2012 1,513     25,744 3,719         53   31,029 
2013 651   1,629 24,110 3,109   8 2   53   29,562 
2014 277     32,381 3,233         186   36,076 
2015 261  2,021 15,896 2,578       20,756 
2016 108   9,909 1,713   59  4  11,793 
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Executive Summary 


Squids in the Gulf of Alaska (GOA) are managed as a single stock complex comprising approximately 15 
species. Historically squids were managed as part of the GOA “Other Species” complex, which included 
squids, octopuses, sharks, and sculpins. In 2011, the “Other Species” group was broken up into individual 
stock complexes and the squid complex received its own harvest specifications. Harvest 
recommendations are based on an historical catch approach setting OFL equal to maximum historical 
catch during 1997 – 2007. In June 2017 the North Pacific Fishery Management Council moved to 
reclassify squid as an “Ecosystem Component” complex, meaning that once the Fishery Management 
Plan has been amended to reflect this decision there will no longer be annual catch limits for squids (see 
https://www.npfmc.org/squid-reclassification/ for more information). 
 


Summary of Changes in Assessment Inputs 
1) Trawl survey data from 2017 have been added. 
2) Catch data have been updated through October 11, 2017. 


 


Summary of Results 
1) The 2017 trawl survey biomass estimate was 2,296 t, the lowest it has been since 1999. 
2) The 2017 catch data are incomplete (29 t as of October 11), but it is likely that the 2017 catch will 


be low compared to 2015 (411 t) and 2016 (239 t). 
3) Harvest recommendations are unchanged from the status quo. 


 
 


Harvest Recommendations 


  last year this year 


Quantity/Status 2016 2017 2017 2018 
Specified/recommended Tier 6 6 6 6 


maximum catch 1997-2007 1,516 1,516 1,516 1,516 


Recommended OFL  1,516 1,516 1,516 1,516 


Maximum ABC  1,137 1,137 1,137 1,137 


Recommended ABC  1,137 1,137 1,137 1,137 


Status 
As determined last year for: As determined this year for: 


2014 2015 2016 2017 
Overfishing  No  n/a  No  n/a  


(for Tier 6 stocks, data are not available to determine whether the stock is in an overfished 
condition) 



https://www.npfmc.org/squid-reclassification/





Responses to SSC and Plan Team comments on assessments in general 
There were no relevant Plan Team or SSC comments on assessments in general. 


Responses to SSC and Plan Team comments specific to this assessment 
From the December 2015 SSC minutes: 
The SSC did not agree with the PT’s and author’s recommendation for harvest specifications. While the 
recommended approach has a great deal of merit in its application of a more appropriate exploitation rate, 
bottom trawl survey biomass estimates are inherently unreliable and extremely variable for squid. As a 
Tier 6 species, the use of the survey biomass estimates has been consistently rejected in the past for 
setting harvest specifications for squid…For these reasons, the SSC recommended the status quo 
approach for setting 2016/2017 harvest specifications 
 


Response: This assessment aligns with the SSC’s decision and includes only the status quo, Tier 6 
approach.  


Introduction 


Description, scientific names, and general distribution 
Squids are marine molluscs in the class Cephalopoda (Group Decapodiformes). They are streamlined 
animals with ten appendages (2 tentacles, 8 arms) extending from the head, and lateral fins extending 
from the rear of the mantle. Squids are active predators which swim by jet propulsion, reaching 
swimming speeds up to 40 km/hr, the fastest of any aquatic invertebrate.  Squids also hold the record for 
largest size of any invertebrate (Barnes 1987). The squid assemblage in the Bering Sea/Aleutian Islands 
(BSAI) is better understood than in the GOA, so some of the information in this section comes from the 
BSAI. 
 
In the Gulf of Alaska region there are at least 15 species of squid (Table 1). The most abundant species is 
Berryteuthis magister (magistrate armhook squid).  Members of these 15 species come from six families 
in two orders and can be found at depths of 10 m to greater than 1500 m.  All but one, Rossia pacifica 
(North Pacific bobtail squid), are pelagic but B. magister and Gonatopsis borealis (boreopacific armhook 
squid) are often found in close proximity to the bottom. The vertical distribution of these three species, as 
well as the large size of the latter two, are the probable cause of their predominance in the GOA bottom 
trawl survey relative to other squid species. However no squid species appear to be well-sampled by the 
GOA survey. Most species are associated with the slope and basin. In the GOA trawl survey the greatest 
squid biomass is found between 200 m and 300 m (Figure 1), and the spatial distribution is accordingly 
limited mainly to the continental slope, the Shelikof Sea Valley, and the various canyons that intersect the 
GOA shelf (Figures 2 & 3). Since most of the data come from groundfish survey bottom trawls, the 
information on abundance and distribution of those species associated with the bottom is much more 
accurate than that of the pelagic species. 
 
Family Chiroteuthidae 
This family is represented by a single species, Chiroteuthis calyx.  Chiroteuthis calyx is a pelagic, 
typically deep water squid that is known to mate in the Aleutian Islands region.  Larvae are common off 
the west coast of the US. 
 
  







Family Cranchiidae 
There are two species of this family found in the Bering Sea and Aleutian Islands, Belonella borealis 
(formerly Taonius pavo) and Galiteuthis phyllura.  Mated Galiteuthis phyllura have been observed along 
the Bering Sea slope region and their larvae are common in plankton samples.  Mature adults and larvae 
of Belonella borealis have not been identified in the region. 
 
Family Gonatidae 
This is the most speciose family in the region, represented by nine species: Berryteuthis anonychus, 
Berryteuthis magister, Eogonatus tinro, Gonatus berryi, Gonatus madokai, Gonatus middendorffi, 
Gonatus onyx, Gonatopsis borealis, and Gonatopsis sp.  All are pelagic however, B. magister, G. 
borealis, and Gonatopsis sp. live very near the bottom as adults.  Gonatus onyx is known to brood its eggs 
to hatching, however no evidence of that behavior exists for other members of the family.  B. magister is 
known to form enormous spawning aggregations in the Bering Sea, and large schools of late juvenile 
stages of B. magister have been observed elsewhere in the North Pacific Ocean. 
 
Family Onychoteuthidae 
Two species from this family are known to occur in the GOA: Moroteuthis robusta and Onychoteuthis 
borealijaponicus.  Moroteuthis robusta is the largest squid in the region, reaching mantle lengths of three 
feet.   
 
Family Sepiolidae 
This family is represented by a single species, Rossia pacifica.  This small animal is found throughout the 
Gulf of Alaska to 1000 m.  Eggs are deposited on substrate in the summer months and larva are benthic.  
Adults are believed to live 18 – 24 months and females may lay egg masses more than once in life time.  
Mature and mated females are common in the summer along the Bering Sea slope. 
 


Management Units 
Squids in the GOA are currently managed as a single stock complex that includes all known squid species 
in the management area. Although no directed fishery exists for squids, they are caught and retained in 
sufficiently large numbers for them to be considered as “in the fishery”.    
 


Life history and stock structure 
The life histories of squids in the GOA are almost entirely unknown so must be inferred from data on 
squid species elsewhere. Relative to most groundfish, squids are highly productive, short-lived animals.  
They display rapid growth, patchy distribution and highly variable recruitment (O'Dor 1998).  Unlike 
most fish, squids may spend most of their life in a juvenile phase, maturing late in life, spawning once, 
and dying shortly thereafter. Whereas many groundfish populations (including skates and rockfish) 
maintain stable populations and genetic diversity over time with multiple year classes spawning 
repeatedly over a variety of annual environmental conditions, squids have no such “reserve” of biomass 
over time. Instead, it is hypothesized that squids maintain a “reserve” of biomass and genetic diversity in 
space. Many squid populations are composed of spatially segregated schools of similarly sized (and 
possibly related) individuals, which may migrate, forage, and spawn at different times of year over a wide 
geographic area (Lipinski 1998; O’Dor 1998).  Most information on squids refers to Illex and Loligo 
species which support commercial fisheries in temperate and tropical waters.  Of North Pacific squids, 
life history is best described for western Pacific stocks (Arkhipkin et al., 1995; Osako and Murata, 1983).   
 
The most commercially important squid in the North Pacific Ocean is the magistrate armhook squid, B. 
magister.  This species is distributed from southern Japan throughout the Bering Sea, Aleutian Islands, 
and Gulf of Alaska to the U.S. west coast as far south as Oregon (Roper et al. 1984).  The maximum size 







reported for B. magister is 28 cm mantle length.  Prior to 2008, most of the information available 
regarding B. magister was from the western Bering Sea.  A study completed in 2008 investigated life 
history and stock structure of this species in the EBS (Drobny 2008).  In the EBS, B. magister appear to 
have an approximately 1-year life cycle.  This is half the longevity of B. magister in the western Bering 
Sea (Arkhipkin et al., 1995). B. magister in the EBS appear to grow and mature more quickly than their 
conspecifics in Russian and Japanese waters.  Squid growth appears to be heavily influenced by ocean 
temperature (Forsythe 2004), which may account for some of the regional and temporal variability. 
 
Populations of B. magister and other squids are complex, being made up of multiple cohorts spawned 
throughout the year.  B. magister are dispersed during summer months in the western Bering Sea, but 
form large, dense schools over the continental slope between September and October.  Three seasonal 
cohorts are identified in the region: summer-hatched, fall-hatched, and winter-hatched.  Growth, 
maturation, and mortality rates vary between seasonal cohorts, with each cohort using the same areas for 
different portions of the life cycle.  For example, the summer-spawned cohort used the continental slope 
as a spawning ground only during the summer, while the fall-spawned cohort used the same area at the 
same time primarily as a feeding ground, and only secondarily as a spawning ground (Arkhipkin et al., 
1995).  In the EBS, hatch dates of B. magister varied by year but were generally in the first half of the 
year (Drobny 2008).  Analysis of statolith chemistry suggested that adult squids were hatched in at least 
three different locations, and these locations were different from the capture locations.  Juvenile and adult 
B. magister also appear to be separated vertically in the water column. 


Fishery 


Directed fishery 
There are no directed squid fisheries in Alaskan waters at this time, although squid appear to have been 
occasionally targeted by foreign vessels in Alaska prior to 1990. Squid in Alaska are generally taken 
incidentally in target fisheries for pollock. Squids could potentially become targets of Alaskan fisheries, 
as there are many fisheries directed at squid species worldwide. Most of these fisheries focus on 
temperate squids in the genera Illex and Loligo (Agnew et al. 1998, Lipinski et al. 1998).  For instance, 
the market squid Loligo opalescens supports one of the largest fisheries in the Monterey Bay area of 
California (Leos 1998), and has also been an important component of bycatch in other fisheries in that 
region (Calliet et al. 1979). There are fisheries for B. magister in the Western Pacific, including Russian 
trawl fisheries with annual catches of 30,000 - 60,000 metric tons (Arkhipkin et al. 1995), and coastal 
Japanese fisheries with catches of 5,000 to 9,000 t in the late 1970's-early 1980's (Roper et al. 1984; 
Osaka and Murata 1983).  When squids are moved into the Ecosystem Components category of the 
Fishery Management Plan, directed fishing for squids will be prohibited. 
 


Bycatch and discards 
Squids historically represented a small proportion (~1-2%) of the Other Species catch in the GOA (Table 
2). This began to change in 2003, when the proportion rose to 5%, and increased to an especially large 
catch in 2006 (1,516 t, 39% of the Other Species catch; Table 2), which was similar to catch levels in the 
BSAI during the 2000s (Ormseth and Jorgenson 2007).  Since 2006 catches have been relatively low. 
Starting in 2011 (when the Other Species group was separated into its constituent species complexes) 
separate catch accounting for the GOA squid complex has been conducted by the Alaska Regional Office. 
The predominant species of squid in commercial catches in the GOA is believed to be B. magister. 
Retention of squids is highly variable (28%-92%; Table 2) and appears to be mainly for bait. Because 
squids are delicate and almost certainly killed in the process of being caught, 100% mortality of discards 
is assumed.  
 







Data 


Fishery 
Since 2006 when an unusually high catch of squids occurred, squid catches have ranged from18 t to 412 t 
(Table 2). Most squid are caught incidentally in the pollock fishery (Table 3) and in the central GOA 
(areas 620 & 630; Table 4 & Figures 4-6). The highest fishery catch-per-unit-effort (CPUE) values occur 
in Shelikof Strait, west of Kodiak Island (Figures 5 & 6). This is likely due to the fact that the pollock 
fishery is concentrated in this area. Although catches in NMFS statistical areas 649 (Prince William 
Sound) and 659 (Southeast Alaska Inside waters) do not accrue to the GOA squid TAC, catch data are 
available for these areas and are included in this assessment. Catches in these areas are normally low 
relative to the other areas in the GOA, but in 2014 and 2015 high catches occurred in 649 (78 t and 109 t, 
respectively; Table 4 & Figure 6). In 2013 the fishery observer program was restructured. A wider range 
of vessels now carry observers and the observer coverage in PWS has increased. The increase in squid 
catches in PWS may be due to this change in observer coverage rather than to actual increase in the catch. 
 
Squid length data are collected by fishery observers but these data are sparse. No clear size mode can be 
observed in the annual length compositions, with most captured squids ranging from 16 cm to 27 cm 
mantle length (Figure 7).  
 


Survey 
The AFSC bottom trawl surveys are directed at groundfish species, and therefore do not employ the 
appropriate gear or sample in the appropriate places to provide reliable biomass estimates for most squids, 
which are generally pelagic or, if demersal, reside off bottom.  Biomass estimates for the GOA have 
fluctuated considerably since 1984, from 2,127 t in 1999 to 14,079 t in 2015 (Table 5). The 2017 biomass 
estimate (2,296 t) is the lowest since 1999 and the second-lowest value in the biomass time series. The 
spatial distribution of squid survey catches (Figures 2 &3) indicates that they are concentrated in waters 
from 200-500 m depth along the continental slope and in canyons, and that differences in abundance 
among years do not appear to have a spatial pattern (i.e. the spatial extent of squid distribution is not 
variable among years). The depth distribution of squids does appear to vary with year (Table 6 and Figure 
1): The highest biomass is typically found in the 201-300 m and 301-500 m depth zones, but the relative 
abundance in these zones is variable. In some years (e.g. 2017), substantial biomass of squid is also found 
between 100 and 200 m. The survey almost certainly underestimates squid biomass. For example, a mass-
balance ecosystem model of the GOA estimates the squid population at 369,309 t.  
 
The size composition of Berryteuthis magister, the dominant squid in survey and fishery catches, varies 
among years and tends to lack a clearly defined size mode (Figure 8). Mantle length is on average less 
than 20 cm. This is in contrast to data from the BSAI that is consistently dominated by a single size mode 
at ~21 cm. In 2017, the low biomass estimate appears to be associated with a reduction in the number of 
larger squids in the population. 


Analytic Approach 


Due to the lack of reliable information regarding squid abundance and life history, annual catch limits are 
based on a modified Tier 6 approach where the overfishing level (OFL) is equal to the maximum 
historical catch during 1997 - 2007 and the allowable biological catch (ABC) is equal to 0.75 * OFL. 







Results 


Because they are based on historical catch, the harvest recommendations for GOA squids do not vary 
unless the catch data are updated. As a result the 2018-2019 are unchanged from the last full assessment: 
 


OFL = maximum historical catch 1,516 


ABC = 0.75 * OFL 1,137 


Ecosystem Considerations 


Previous assessments (e.g. Ormseth 2011) have included extensive information regarding ecosystem 
considerations for squids. A brief summary of that information is included in this report. Ecosystem 
information for squids is highly uncertain due to 2 factors:  


1) Much of the information regarding squid predators, particularly marine mammals, is 
outdated. 


2) The squids usually encountered in the trawl survey and commercial fisheries (most of which 
are B. magister) are much larger than those that are predated by birds and fishes. The smaller 
squids are likely a combination of different species and juveniles of B. magister. As a result, 
much of the food habits information does not apply to the portion of the squid complex dealt 
with in this report. 


 


Ecosystem effects on GOA Squids (evaluating level of concern for squid populations) 


Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Zooplankton 
Forage fish 
 


Trends are not currently 
measured directly, only short 
time series of food habits data 
exist for potential retrospective 
measurement Unknown Unknown 


Predator population trends   


Salmon 


Increased populations since 
1977, stable throughout the 
1990s to present 


Mortality higher on 
squids since 1977, 
but stable now 


Probably no 
concern 


       Toothed whales Unknown population trend Unknown Unknown 
       Sablefish Cyclically varying population 


with a downward trend since 
1986 


Variable mortality on 
squids slightly 
decreasing over time 


Probably no 
concern 


       Grenadiers  Unknown population trend Unknown Unknown 
Changes in habitat quality    


North Pacific gyre 
 


Physical habitat requirements 
for squids are unknown, but 
are likely linked to pelagic 
conditions and currents 
throughout the North Pacific at 
multiple scales.  Unknown Unknown 


 







Groundfish fishery effects on ecosystem via squid bycatch (evaluating level of concern for 
ecosystem) 
Indicator Observation Interpretation Evaluation 
Fishery contribution to bycatch   


Squid catch 


Stable, generally <100 
tons annually except for 
2005, 2006, and 2007 


Extremely small 
relative to 
predation on squids No concern 


Forage availability for salmon 


Depends on magnitude of 
squid catch taken in 
salmon foraging areas 


Squid catch 
generally low, 
small change to 
salmon foraging at 
current catch 


Probably no 
concern 


Forage availability for toothed whales 


Depends on magnitude of 
squid catch taken in 
toothed whale foraging 
areas 


Squid catch 
generally low, 
small change to 
toothed whale 
foraging at current 
catch 


Probably no 
concern 


Forage availability for sablefish 


Depends on magnitude of 
squid catch taken in 
sablefish foraging areas 


Squid catch 
generally low, 
small change to 
sablefish foraging 
at current catch 


Probably no 
concern 


Forage availability for grenadiers 


Squid catch overlaps 
somewhat with grenadier 
foraging areas along slope 


Small change in 
forage for 
grenadiers 


Probably no 
concern 


Fishery concentration in space and time 
 


Bycatch of squid is mostly 
in shelf break and canyon 
areas, no matter what the 
overall distribution of the 
pollock fishery is 


Potential impact to 
spatially 
segregated squid 
cohorts and squid 
predators Possible concern 


Fishery effects on amount of large size 
target fish 


Effects of squid bycatch 
on squid size are not 
measured  Unknown Unknown 


Fishery contribution to discards and 
offal production 


Squid discard an 
extremely small 
proportion of overall 
discard and offal in 
groundfish fisheries 


Addition of squid 
to overall discard 
and offal is minor No concern 


Fishery effects on age-at-maturity and 
fecundity 


Effects of squid bycatch 
on squid or predator life 
history are not measured Unknown Unknown 


 
  







Data gaps and research priorities 


Clearly, there is little information for stock assessment of the squid complex in the GOA. However, 
ecosystem models estimate that the proportion of squid mortality attributable to incidental catch in 
groundfish fisheries in the GOA region is extremely small relative to that attributable to predation 
mortality. Therefore, improving the information available for squid stock assessment seems a low priority 
as long as the catch remains at its current low level. 
 
However, investigating any potential interactions between incidental removal of squids and foraging by 
sensitive species (e.g. toothed whales, albatrosses) is a higher priority for research. Limited data suggest 
that squids may make up 67 to 85% of the diet (by weight) for toothed whales in the GOA. Research 
should investigate whether the location and timing of incidental squid removals potentially overlap with 
foraging seasons and areas of these species, and whether the magnitude of squid catch at these key areas 
and times is sufficient to limit the available forage.  


Acknowledgements 


We acknowledge all of the AFSC and AKRO staff that have contributed to the development of the 
analytical approaches and assisted in obtaining data from a variety of resources.  


Literature Cited 


Agnew, D.J., C.P. Nolan, and S. Des Clers. 1998. On the problem of identifying and assessing 
populations of Falkland Islands squid Loligo gahi.  In Cephalopod biodiversity, ecology, and 
evolution (A.I.L. Payne, M.R. Lipinski, M.R. Clark and M.A.C. Roeleveld, eds.), p.59-66.  S. 
Afr. J. mar. Sci. 20. 


Arkhipkin, A.I., V.A. Bizikov, V.V. Krylov, and K.N. Nesis. 1995. Distribution, stock structure, and 
growth of the squid Berryteuthis magister (Berry, 1913) (Cephalopoda, Gonatidae) during 
summer and fall in the western Bering Sea.  Fish. Bull. 94: 1-30. 


Aydin, K., S. Gaichas, I. Ortiz, D. Kinzey, and N. Friday.  2007.  A comparison of the Bering Sea, Gulf 
of Alaska, and Aleutian Islands large marine ecosystems through food web modeling.  NOAA 
Tech. Memo.  NMFS-AFSC-178 


Barnes, R.D. 1987.  Invertebrate Zoology, Third edition.  Saunders College Publishing, Fort Worth, TX: 
893 pp. 


Caddy, J.F. 1983.  The cephalopods: factors relevant to their population dynamics and to the assessment 
and management of stocks. In Advances in assessment of world cephalopod resources (J.F. 
Caddy, ed.), p. 416-452.  FAO Fish. Tech. Pap. 231. 


Calliet, G.M., K.A. Karpov, and D.A. Ambrose. 1979. Pelagic assemblages as determined from purse 
seine and large midwater trawl catches in Monterey Bay and their affinities with the market 
squid, Loligo opalescens.  CalCOFI Report, Volume XX, p 21-30. 


Drobny, P. 2008. Life history characteristics of the gonatid squid Berryteuthis magister in the eastern 
Bering Sea. M.S. Thesis, University of Alaska Fairbanks. 


Gaichas, S. 2005. Bering Sea and Aleutian Islands squids and Other Species. In: Stock assessment and 
fishery evaluation report for the groundfish resources of the Bering Sea/ Aleutian Islands regions. 
Compiled by the Plan Team for the Groundfish Resources of the Bering Sea and Aleutian Islands. 
North Pacific Fishery Management Council, Anchorage, AK. 


Hunt, G.L., H. Kato, and S.M. McKinnell. 2000. Predation by marine birds and mammals in the subarctic 
North Pacific Ocean. PICES Scientific Report No. 14, North Pacific Marine Science 
Organization, Sidney, British Columbia, Canada. 164 p. 







Lange, A.M.T. and M.P. Sissenswine. 1983. Squid resources of the northwest Atlantic. In Advances in 
assessment of world cephalopod resources (J.F. Caddy, ed.), p. 21-54.  FAO Fish. Tech. Pap. 231. 


Leos, R.R. 1998. The biological characteristics of the Monterey Bay squid catch and the effect of a two-
day-per-week fishing closure. CalCOFI Report, Volume 39, p 204-211. 


Lipinski, M.R., 1998.  Cephalopod life cycles: patterns and exceptions.  In Cephalopod biodiversity, 
ecology, and evolution (A.I.L. Payne, M.R. Lipinski, M.R. Clark and M.A.C. Roeleveld, eds.), 
p.439-447.  S. Afr. J. Mar. Sci. 20. 


Lipinski, M.R., D.S. Butterworth, C.J. Augustyn, J.K.T. Brodziak, G. Christy, S. Des Clers, G.D. 
Jackson, R.K. O’Dor, D. Pauly, L.V. Purchase, M.J. Roberts, B.A. Roel, Y. Sakurai, and W.H.H. 
Sauer. 1998.  Cephalopod fisheries: a future global upside to past overexploitation of living 
marine resources?  Results of an international workshop, 31 August-2 September 1997, Cape 
Town, South Africa.  In Cephalopod biodiversity, ecology, and evolution (A.I.L. Payne, M.R. 
Lipinski, M.R. Clark and M.A.C. Roeleveld, eds.), p. 463-469.  S. Afr. J. mar. Sci. 20. 


Macewicz, B.J., J.R. Hunter, N.C.H. Lo, and E.L. LaCasella. 2004. Fecundity, egg deposition, and 
mortality of market squid (Loligo opalescens). Fish. Bull. 102: 306-327.  


MacFarlane, S.A., and M. Yamamoto. 1974.  The squid of British Columbia as a potential resource–A 
preliminary report. Fisheries Research Board of Canada Technical Report No. 447, 36 pp. 


Maxwell, M. R., A. Henry, C.D. Elvidge, J. Safran, V.R. Hobson, I. Nelson, B.T. Tuttle, J.B. Dietz, and 
J.R. Hunter. 2004. Fishery dynamics of the California market squid (Loligo opalescens), as 
measured by satellite remote sensing. Fish. Bull. 102:661-670.  


O’Dor, R.K. 1998.  Can understanding squid life-history strategies and recruitment improve 
management?  In Cephalopod biodiversity, ecology, and evolution (A.I.L. Payne, M.R. Lipinski, 
M.R. Clark and M.A.C. Roeleveld, eds.), p.193-206.  S. Afr. J. Mar. Sci. 20. 


Ormseth, O.A. and E. Jorgenson. 2007. Bering Sea and Aleutian Islands squids. In Stock assessment and 
fishery evaluation report for the groundfish resources of the Bering Sea/ Aleutian Islands regions. 
Compiled by the Plan Team for the Groundfish Resources of the Bering Sea and Aleutian Islands. 
North Pacific Fishery Management Council, Anchorage, AK. 


Ormseth, O.A. and S. Gaichas. 2009. Gulf of Alaska squids. In Stock assessment and fishery evaluation 
report for the groundfish resources of the Gulf of Alaska region. Compiled by the Plan Team for 
the Groundfish Resources of the Gulf of Alaska. North Pacific Fishery Management Council, 
Anchorage, AK. 


Osako, M., and M. Murata. 1983.  Stock assessment of cephalopod resources in the Northwestern Pacific.  
In Advances in assessment of world cephalopod resources (J.F. Caddy, ed.), p. 55-144.  FAO 
Fish. Tech. Pap. 231. 


Paya, I. 2005. Review of Humboldt squid in Chilean waters and its probable consumption of hake. 
Chilean Hake Stock Assessment Workshop Document 8, March 17, 2005.  


Quinn, T.J. II and R.B. Deriso. 1999. Quantitative fish dynamics. Oxford University Press, Oxford.  
Robson, B.W. 2001.  The relationship between foraging areas and breeding sites of lactating northern fur 


seals, Callorhinus ursinus, in the eastern Bering Sea. M.S. Thesis, University of Washington, 
Seattle.  


Roper, C.F.E., M.J. Sweeney, and C.E. Nauen. 1984.  FAO Species Catalogue Vol. 3, Cephalopods of the 
world.  An annotated and illustrated catalogue of species of interest to fisheries.  FAO Fisheries 
Synopsis No. 125, Vol 3. 


Sinclair, E.H., A.A. Balanov, T. Kubodera, V.I. Radchenko, and Y.A. Fedorets. 1999.  Distribution and 
ecology of mesopelagic fishes and cephalopods.  In Dynamics of the Bering Sea (T.R. Loughlin 
and K Ohtani, eds.), p. 485-508.  Alaska Sea Grant College Program AK-SG-99-03, University of 
Alaska Fairbanks, 838 pp. 







Tables 


 
Table 1. Taxonomic grouping of squid species with corresponding common name that have been found in 
the BSAI. It is not known whether all of these species occur in the GOA. 
 


Class Cephalopoda; Order Oegopsida  
 Family Chiroteuthidae    
  Chiroteuthis calyx    
 Family Cranchiidae  "glass squids"   
  Belonella borealis    
  Galiteuthis phyllura     
 Family Gonatidae  "armhook squids"   
  Berryteuthis anonychus minimal armhook squid 
  Berryteuthis magister  magistrate armhook squid  
  Eogonatus tinro   
  Gonatopsis borealis  boreopacific armhook squid 
  Gonatus berryi Berry armhook squid 
  Gonatus madokai    
  Gonatus middendorffi    
   Gonatus onyx clawed armhook squid  
 Family Onychoteuthidae "hooked squids"  
  Moroteuthis robusta robust clubhook squid 
  Onychoteuthis borealijaponicus boreal clubhook squid 
Class Cephalopoda; Order Sepioidea  
  Rossia pacifica North Pacific bobtail squid 


 
 
 
 







Table 2. Estimated total catches of squids (all species) and estimated retention rates in Gulf of Alaska 
groundfish fisheries, 1990-2017 (1990 is the earliest year for which GOA squid catch data are available). 
This table also includes annual TACs for the Other Species (OS) complex and estimated OS catch, 1990-
2010, as well as specifications for the squid complex beginning in 2011. Squid catch reported here does 
not include catches in NMFS statistical areas 649 & 659, which do not count against the squid TAC. 
For a breakdown of squid catch by area, including 649 & 659, see Table 4. 
 


 squid 
catch 


%     
retained 


Other 
Species 
catch 


(t) 


Other 
Species 


TAC 
(t) 


squid 
TAC 


(t) 


squid 
ABC 


(t) 


squid 
OFL 
(t) 


management      
method 


1990 60 - 6,289 n/a       OS TAC 
1991 117 - 5,700 n/a       OS TAC (incl. Atka) 
1992 88 - 12,313 13,432       OS TAC (incl. Atka) 
1993 104 - 6,867 14,602       OS TAC (incl. Atka) 
1994 39 - 2,721 14,505       OS TAC 
1995 25 - 3,421 13,308       OS TAC 
1996 42 - 4,480 12,390       OS TAC 
1997 97 - 5,439 13,470       OS TAC 
1998 59 - 3,748 15,570       OS TAC 
1999 41 - 3,858 14,600       OS TAC 
2000 19 - 5,649 14,215       OS TAC 
2001 91 - 4,804 13,619       OS TAC 
2002 43 - 3,748 11,330       OS TAC 
2003 77 46% 6,266 11,260       OS TAC 
2004 157 69% 1,705 12,942       OS TAC (no skates) 
2005 632 88% 2,513 13,871       OS TAC (no skates) 
2006 1,516 84% 3,881 13,856       OS TAC (no skates) 
2007 412 91% 3,035 4,500       OS TAC (no skates) 
2008 84 91% 2,967 4,500       OS TAC (no skates) 
2009 337 87% 3,188 4,500       OS TAC (no skates) 
2010 131 91% 1,724 4,500       OS TAC (no skates) 
2011 232 77%     1,148 1,148 1,530 squid complex 
2012 18 28%     1,148 1,148 1,530 squid complex 
2013 321 92%     1,148 1,148 1,530 squid complex 
2014 94 77%     1,148 1,148 1,530 squid complex 
2015 411 78%     1,148 1,148 1,530 squid complex 
2016 239 59%     1,148 1,148 1,530 squid complex 


2017* 29 28%     1,137 1,137 1,516 squid complex 
 


Data sources and notes: squid catch 1990-1996, Gaichas et al. 1999; squid catch 1997-2002, AKRO 
Blend; squid catch 2003-2017, AKRO CAS; Other Species catch, AKRO Blend and CAS; TAC, AKRO 
harvest specifications. Other Species catch from 1990-2003 does not include catch of skates in the IFQ 
Pacific halibut fishery, and after 2003 includes no skate catch at all.  
 
* 2017 catch data are incomplete; retrieved October 11, 2017. 







Table 3.  Estimated catch (t) of all squid species in the Gulf of Alaska by target fishery, 2003-2017*. ATF = arrowtooth flounder; “shallow 
flatfish” and “deep flatfish” refer to the shallow and deepwater flatfish complexes, respectively. Data source: AKRO CAS.  
 
 


  2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 
pollock 48 139 628 1,504 405 78 314 121 202 3 307 65 356 162 9 
rockfish 9 12 2 10 3 5 14 4 12 15 10 19 24 12 20 
ATF 3 1 2 1 2 0.31 7 2 17 0.33 0.21 9 25 65 0.49 
Pacific cod 14 0.11 0.25 0.29 0.34 0.33 0.14 0.10 0.08 0.001 1 0.02 1 1 0.13 
rex sole 2 0 0 0 0 0.08 2 3 1 0.17 1 0.19 0.41 0.23 0.003 
sablefish 0.004 4 0.05 0 1 0.10 0.38 0.33 0.32 0.26 1 0.12 3 0.05 0.19 
shallow 
flatfish 0 0.06 0 0 1 0 1 0.07 0 0 0 0 0 0 0 
flathead sole 0.16 0.12 0 0.21 0 0 0.10 0.11 0.02 0 0.15 0 2 0.04 0 
deep flatfish 0.13 1 0.01 0 0.01 0.01 0 0 0 0 0 0.47 0.39 0 0 
IFQ halibut 0 0 0 0 0 0 0 0 0 0 0 0 0.14 0 0 
other 0 0 0 0 0 0 0 0 0 0 0.10 0 0 0 0 
Atka 0 0 0 0 0 0 0 0 0 0 0.10 0 0 0 0.01 
total 77 157 632 1,516 412 84 337 131 232 18 321 94 411 239 29 


 
 
 
*2017 data are incomplete; data retrieved October 11, 2017. 
 







Table 4. Estimated catch (t) of all squid species in the Gulf of Alaska combined by NMFS statistical area, 1997-2017. Data are from AKRO 
CAS.  
 


 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017* 
610 19 15 13 12 3 4 12 3 8 5 1 5 6 11 6 
620 43 129 607 1,485 403 77 315 121 201 6 278 69 296 119 19 
630 13 11 11 14 5 2 10 5 18 5 40 17 107 106 2 
640 2 2 2 5 0.408 0.273 1 2 4 2 2 2 2 3 2 
650 0 0 0 0 1 0 0 0 0.012 0 0 0 0.005 0 0 


GOA catch w/o 
inside waters 77 157 632 1,516 412 84 337 131 232 18 321 94 411 239 29 


                
649 20 5 3 14 5 14 7 8 7 4 39 78 109 20 0.124 
659 0 0.051 0 0 0.001 0 0 0 0.012 0 0 0 0 0 0 


GOA catch w/ 
inside waters 


97 162 636 1,530 417 98 345 139 239 22 361 172 521 260 29 


 
 
 
 
 
 
*2017 are incomplete; retrieved October 11, 2017.







Table 5. Biomass estimates (t) of squid species from NMFS Gulf of Alaska bottom trawl surveys, 1984-2017. CV = coefficient of variation. 
 


  Berryteuthis magister miscellaneous squids all squids 
  biomass CV biomass CV biomass CV 


1984 2,762 0.15 546 0.35 3,308 0.14 
1987 4,506 0.34 577 0.30 5,083 0.30 
1990 4,033 0.17 276 0.43 4,309 0.16 
1993 8,447 0.13 1,029 0.73 9,476 0.14 
1996 4,884 0.14 26 0.28 4,911 0.14 
1999 1,873 0.13 254 0.46 2,127 0.13 
2001 5,909 0.30 703 0.62 6,612 0.27 
2003 6,251 0.18 71 0.23 6,322 0.18 
2005 4,654 0.18 249 0.51 4,903 0.18 
2007 11,681 0.20 359 0.49 12,040 0.20 
2009 8,415 0.16 188 0.61 8,603 0.16 
2011 4,040 0.13 401 0.64 4,440 0.13 
2013 9,675 0.16 568 0.80 10,243 0.16 
2015 13,692 0.12 387 0.65 14,079 0.12 
2017 2,042 0.15 253 0.51 2,296 0.15 


 
 
 


 
  







Table 6. Survey biomass estimates (t) and coefficients of variation (CV) by depth strata for all squids combined in the Gulf of Alaska, 1984-
2017. The deepest stratum was not sampled in all years.  
 


  1-100 m 101-200 m 201-300 m 301-500 m 501-700 m 701-1000 m 
  biomass CV biomass CV biomass CV biomass CV biomass CV biomass CV 


1984 7 0.73 65 0.33 210 0.22 2,180 0.20 381 0.29 464 0.22 
1987 301 0.58 233 0.42 1,797 0.43 2,609 0.50 75 0.33 69 0.51 
1990 892 0.41 1,306 0.36 966 0.34 1,145 0.18 0 - 0 - 
1993 41 0.71 359 0.25 4,787 0.16 4,289 0.25 0 - 0 - 
1996 278 0.65 487 0.26 2,648 0.22 1,498 0.17 0 - 0 - 
1999 195 0.47 399 0.25 619 0.27 760 0.20 134 0.27 19 0.45 
2001 139 0.56 867 0.41 3,016 0.30 2,591 0.58 0 - 0 - 
2003 1,064 0.86 640 0.28 2,431 0.21 2,065 0.21 123 0.38 0 - 
2005 213 0.44 280 0.27 3,340 0.25 855 0.14 163 0.30 53 0.60 
2007 172 0.66 1,064 0.64 7,411 0.20 3,017 0.57 351 0.42 26 0.56 
2009 123 0.54 1,113 0.34 5,224 0.23 1,840 0.24 228 0.34 74 0.76 
2011 197 0.53 463 0.48 1,932 0.24 1,639 0.16 210 0.65 0 - 
2013 376 0.56 961 0.35 4,298 0.22 4,315 0.28 293 0.36 0 - 
2015 483 0.37 943 0.23 9,295 0.17 2,899 0.22 289 0.29 171 0.35 
2017 147 0.57 371 0.42 740 0.27 823 0.23 215 0.32 0 - 


 
 


 
 







Figures 
 


 
 


Figure 1. Distribution by depth (m) of squids captured in the NMFS Gulf of Alaska bottom trawl survey, 
2003-2017.  







 
 
Figure 2. Catch-per-unit-effort (CPUE) of squids (all species) in the 2017 NMFS bottom trawl survey in the Gulf of Alaska. 







 
Figure 3. Catch-per-unit-effort (CPUE) of squids (all species) in the 2015 NMFS bottom trawl survey in the Gulf of Alaska. 







 
 


 
Figure 4. Estimated catch (t) of all squid species combined in the Gulf of Alaska by NMFS statistical 
area, 2003-2017. Data source: AKRO CAS. 2017 data are incomplete; retrieved on October 11, 2017.  
 







 
Figure 5. Catch-per-unit-effort (CPUE) of squids (all species) in observed trawl fishery hauls in the Gulf of Alaska during 2006. Data are mean 
CPUE (kg/minute of tow duration) per 20 km x 20 km grid cell. 







 
Figure 6. Catch-per-unit-effort (CPUE) of squids (all species) in observed trawl fishery hauls in the Gulf of Alaska during 2007-2017. Data are 
mean CPUE (kg/minute of tow duration) per 20 km x 20 km grid cell. Does not include all data collected during 2017. 







 
 
 
Figure 7. Size composition of squids (all species) captured in Gulf of Alaska commercial fisheries, 2007-
2016 (data were not collected in all years). 


 
  







 
 
Figure 8. Size compositions of Berryteuthis magister in NMFS bottom trawl surveys conducted in the 
Gulf of Alaska, 2009-2017. Green column indicates 10 cm; fuchsia column indicates 20 cm. 
 
  







Appendix: Non-commercial catch data 
In order to comply with the Annual Catch Limit (ACL) requirements, non-commercial removals in the 
Gulf of Alaska are presented. Non-commercial removals are estimated total removals that do not occur 
during directed groundfish fishing activities. This includes removals incurred during research, 
subsistence, personal use, recreational, and exempted fishing permit activities, but does not include 
removals taken in fisheries other than those managed under the groundfish FMP. These estimates 
represent additional sources of removals to the existing Catch Accounting System estimates.    
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1993 41 41
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