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Executive Summary

Summary of Major Changes

Changes in the input data

The random effects model was fit to the 1984 to 2015 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 2016 and 2017. Tables of catch data were updated with catch extracted from the AKFIN
database by year (1991 to October 27, 2015), 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.
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Summary of Results

Survey abundance estimates for the shallow-water complex were lower in 2015 compared to 2013 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 current biomass estimate is 303,299 t an increase from the 2015 value of 287,534 t. The
increase was due mostly to an increase in the model estimate of Southern rock sole and higher current
biomass for Yellowfin sole and Butter sole (estimated from the random effects model). The random
effects model estimates for current biomass of Starry flounder, English sole, Sand sole, Alaska plaice
were lower than estimated for 2015 in the 2014 assessment using the 2013 survey biomass. The model
estimate of current biomass for Northern rock sole was lower than last year as well (A’mar and Palsson
2015).

OFL and ABC values are slightly higher for 2016 than the 2015 values. The current assessments
recommended OFL and ABC values for 2016 are higher than the 2016 values estimated from last year’s
assessment mainly due to the increase in OFL and ABC for Southern rock sole estimate by the
assessment model (A’mar and Palsson 2015).

The recommended 2016 and 2017 shallow-water flatfish ABC and OFL levels with tier 3a estimates from
projections run with the 2015 model for northern and southern rock sole (see A’mar and Palsson 2015):

Stock/ 2015 2016 2017
Assemblage Area | OFL! | ABC! | TAC! | Catch?| OFL | ABC | OFL | ABC
Shallow water W — 22,074 13,250 252 | - 20,851 - 19,159

flatfish C 10297 19297 2,769 | - 19242 - 17,680

WYAK | - 2,200 2209 1| - 3177 - 2,919
SEO N 625 625 1] 1,095 1,006
Total | 54,207 44,205 35381 3,022 | 54,520 44,364 50,220 40,764

!As published in the Federal Register. 2As of Oct. 27, 2015.
Note: Tables of ABCs, OFLs, and TACs published in the Federal Register are available for:
2013: http://alaskafisheries.noaa.gov/sustainablefisheries/specs13 14/qgoatablel.pdf

2014: http://alaskafisheries.noaa.gov/sustainablefisheries/specs13 14/qoatable2.pdf

The recommended shallow-water flatfish ABC and OFL levels are:
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Quantity As estimated or As estimated or
specified last year for: recommended this year for:

2015 2016 2016 2017
M (natural 0.2 0.2 0.2 0.2
mortality rate)*
Tier 3aand 5 3aand 5 3aand 5 3aand 5
Biomass (t) 287,534 260,234 303,299 277,699
ForL * * * *
maxFasc * * * *
Fasc * * * *
OFL () 54,207 48,407 54,520 50,220
maxABC (t) 44,205 39,205 44,364 40,764
ABC (t) 44,205 39,205 44,364 40,764
Status As determined last year for: As determined this year for:

2013 2014 2014 2015
Overfishing No NA No NA

* See Table 4.15 and A’mar and Palsson 2015 for values by species. * Northern rock sole male M=0.250,
southern rock sole male M= 0.248, all other M=0.2.

The history of biomass, OFL, ABC, TAC and catch for shallow-water flatfish is:

Species/Assemblage Year Biomass OFL! ABC! TAC! Catch?

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 3,022

1As published in the Federal Register. 2As of Oct. 27, 2015.
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Responses to SSC and Plan Team Comments on Assessments in General

The Team recommended that the random effects approach to survey biomass smoothing be used
for the apportionment calculations in 2015.

The random effects model was used to estimate current biomass for the shallow-water flatfish complex
less Rock sole where biomass was estimated from the assessment model (A’mar and Palsson 2015). The
random effects model was also used to estimate the percent biomass by area to use for apportioning the
ABC between areas and for estimation of the ABC by species.

Responses to SSC and Plan Team Comments Specific to this Assessment

The Team (November 2014) noted that for some flatfish species there is a probable relationship between
trawl survey catchability and water temperature. Therefore, the Team recommended that the authors
evaluate similar species and investigate whether this relationship should be considered in the
shallow water flatfish assessment and how it might be implemented.

If the random effects model could be extended to incorporate other variables this would provide a
framework for investigating the catchability and temperature relationship without a full assessment
model.

In 2013, the Team recommended a full assessment for the Tier 5 contribution to the SWF complex
including in-depth consideration of relative catch by fishery and survey biomass estimates by area.

This assessment contains catch by fishery and species from the AKFIN database as well as survey
biomass estimates by species, year and area.

In 2013, the Team recommended that an evaluation of relative trends provided ADF&G survey
data.
This will be addressed in future assessments.

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).
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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 27, 2015 and presents
information on the status of flatfish stocks and their potential yield based on Gulf of Alaska demersal
trawl survey data through 2015.

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 2008 from 9,721 t to 4,750 t in 2014. Catch was 3,022 t in
2015 through October 27.

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 4.16). Catch by fishery (AKFIN database) most of the 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 (Table 4.4 and Figure 4.9). Most of the catch of shallow-water flatfish is
rock sole, followed by butter sole, unidentified species and starry flounder (Figure 4.10). Yellowifn sole,
english sole, sand sole and Alaska plaice makeup a small percentage of the catch. 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.

The shallow-water flatfish catch in 2015 through October 27, was about 6.8% of the ABC (44,205 t) and
about 8.5% of the TAC (35,381 t). In 2014 (the most recent full year of data), total catch was 11.6% of
the ABC and 14.1% of the TAC. Estimates of retained and discarded catch for shallow-water flatfish
were extracted from the AKFIN database (Table 4.8). Retention of shallow water flatfish has been
greater than 87% since 2000 and was 90.7% in 2014.

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 2015 (Table 4.9 and 4.10 and Figure 4.2). Flatfish
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biomass estimates from the 2001 to 2015 surveys by International North Pacific Fishery Council (INPFC)
area are given in Tables 4.12a through 4.121. 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 4.12i).

Survey abundance estimates for the shallow-water complex were lower in 2015 compared to 2013 for all
species except yellowfin 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
etal., 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 2015, 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 (Table 4.15). 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).

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.

Results
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The total current biomass estimate is 303,299 t an increase from the value of 287,534 t used in last year’s
assessment for 2015 biomass (Table 4.15). The increase was due mostly to an increase in the model
estimate of southern rock sole and higher current biomass for yellowfin sole and butter sole (estimated
from the random effects model). The random effects model estimates for current biomass of starry
flounder, english sole, sand sole, Alaska plaice were lower than estimated in the 2014 assessment for
2015 which used the 2013 survey biomass. The model estimate of current biomass for northern rock sole
was lower than last year as well (Amar, et al. 2015).

Apportionment by area was estimated at 46.5% Western, 43.8% Central, 7.5% Yakutat and 2.2%
Southeast (Table 4.11). The random effects model estimates are close to the values from the 2015 survey
biomass and slightly lower in the Western area and higher in Yakutat than the 2013 survey biomass
values used in the 2014 assessment.

Harvest Recommendations

ABCs for all shallow-water flatfish species other than northern and southern rock sole were calculated
using Fasc=0.75 M and For. = 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 2016 and 2017 fishing seasons were calculated using the Fagc 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 (A’mar et al 2015).

The 2016 ABC for shallow-water flatfish increased slightly to 44,364 t from 44,205 t 2015 ABC. The
estimated 2017 ABC was estimated at 40,764 t a decrease from the 2016 ABC.

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 is not
possible. No projections were done for the shallow-water flatfish complex.

Ecosystem Considerations

Food habits

Flatfish consume a variety of benthic organisms (Table 4.14; 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.

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

Northern rock sole
Southern rock sole
Yellowfin sole
Starry flounder
Butter sole
English sole
Alaska plaice
Sand sole

Genus and Species

Lepidopsetta polyxystra
Pleuronectes bilineata
Pleuronectes asper

Platichthys stellatus
Pleuronectes isolepis
Pleuronectes vetulus
Pleuronectes quadrituberculatus
Psettichthys melanostictus

Page423
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Table 4.2. Composition of the 1978 to October 27, 2015 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 2174 3,050 1 5,224
1992 2,287 6,046 8,334
1993 378 8,729 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 7177
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 55,943 45,802 37,029
2013 155 5,362 6 5,523 55,680 45,484 37,077
2014 246 4,499 6 4,750 50,007 40,805 33,679
2015 252 2,769 2 3,022 54,207 44,205 35,381

NPFMC Gulf of AlaskaSAFE

Page424



DecembeR015

GOA Shallowwaterflatfish

Table 4.3. Estimated catch of species in the shallow-water flatfish group by area for 1991 to October 27,

2015.

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 0.28 401 173.17
2012 45.24 143.18 0.21 1.05 189.69
2013 124.70 72.91 1.15 459 203.36
2014 206.07 134.84 1.30 3.52 345.74
2015 214.16 104.56 0.44 0.99 320.15
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 37.63 2396.23 0.07 0.00 2433.92

NPFMC Gulf of AlaskaSAFE

Page425



GOA Shallowwaterflatfish

DecembeR015

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 1041
2005 0.30 0.25 0.00 0.00 0.55
2006 0.19 11.29 0.00 0.00 1148
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 0.47 69.08 0.00 0.00 69.55
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 213 778.54 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 0.02 170.69 0.00 0.00 170.70
NPFMC Gulf of AlaskaSAFE
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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 64.00 0.00 0.00 64.04
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 2945
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 1273
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 5841
2007 3.16 22.38 0.00 0.00 2554
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 2854
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 29.15 0.01 0.00 29.25
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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 1348
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 2.12 0.00 0.00 2.13
Year Western Central Yakutat Southeast Total
Alaska plaice
1993 0.04 144 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
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Table 4.4. Shallow-water flatfish catch (t) by year and fishery from 1991 to 2015. See table 4.5 for full
fishery names abbreviated in column headings.

Year |AF AM DWF FS|Ha 0S 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| 3775 60.2 36.7 15| 4010.6 8333.8
1993 100.0 387.5 68.1| 1182.9| 935.4| 103.0 18.1 3.1| 6315.7 9113.7
1994 92.7| 22.2| 257.0| 159.4 0.5 837.3| 150.3 22.2 58.4 29.1 12| 2212.7 3843.0
1995 275.7 159.4 48.1 1792.5 37.6 5.6 46.9| 321.0| 11.4| 2738.7 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 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 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 3567.3
1999 18.3 53.1 54.7| 1402.6 21.4 41.2 15.8 72.6| 24.1 874.7 2578.4
2000 611.3 83.2 5.8 0.7 987.4 74.4 6.5 54.1| 366.1 74| 4732.0 6928.7
2001 65.6 17.6| 135.9 1946.3| 170.0 1.3 7.3| 416.9 42| 3398.1 6163.3
2002 183.8 27.2| 193.0 627.6 18.3 4.4 452 142.3 2.9| 5932.6 7177.3
2003 95.0 11.2| 1458| 1.2| 1895 661.0 20.2 5.3 315| 126.1 45| 3357.4 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| 17735 3094.1
2005 106.2 2.1 25| 0.2 0.4 370.6 3.4 1.2 8.4 64.4 7.3| 4238.3 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 7651.6
2007 350.6 26.2| 1.3 1032.6| 155.5 15 9.6 21.6| 32.0| 7061.6 8692.3
2008 407.4 41.0| 0.4 1670.6| 228.3 1.7 12.1 70.9| 10.5| 7278.0 9720.8
2009 228.5 949| 0.9 0.1 248.7 15.3 1.6 46.5 52.6 11| 7795.2 8485.4
2010 470.5 3.8| 121.6| 0.0 678.8 75.5 3.0 39.8 46.7 15| 4092.6 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 42| 1829.2 3998.4
2012 361.0 150.2| 0.0 1.1 811.5| 148.0 23.2| 100.9 64.7 24| 23525 4015.5
2013 301.8 14 17.9 48.2| 7.5 0.0 965.7| 178.6 4.8 14.2 27.0 9.6| 3946.3 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 4750.4
2015 63.6 0.2| 4.8 1031.6| 283.2 28.9 3.3 27.0 1.6| 1578.2 3022.3
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

0sS 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
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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  North  South Yellowfin Butter  Starry English Sand  Alaska

sole sp. Rock Rock sole  sole flounder sole sole  plaice
1977 426 117 022 012 004 000 001
1978 44.72 376 261 185 174 369  0.39
1979 0.96 000 006 000 002 000 000
1980  15.83 898 270 098 031 031 048
1981  30.84 1091 505 186 053 024 075
1982  26.15 248 345 107 064 016 019
1983 332 167 030 002 002 000 003
1984  19.10 908 188 097 039 009 017
1985 322 005 023 002 014 000 003
1986  4.18 409 008 003 013 000 003
1987  24.56 685 143 152 087 000 053
1988  0.37 256 000 001l 000 000 003
1989 112 178 007 013 000 000 025
1990 1113 284 094 044 031 001 030
1991 0.00 000 000 000 000 000 000
1992 0.00 000 000 000 000 000 000
1993  16.53 726 217 319 059 004 026
1994  0.00 000 000 000 000 000 000
1995 0.00 000 000 000 000 000 000
1996 044 508 7.6 367 096 094 037 005 035
1997 000  0.00 000 000 000 000 000 000
1998 000  0.00 000 000 000 001 000 000
1999 360 578 283 075 269 072 001 052
2000 000  0.00 000 000 000 000 000 000
2001 372 748 423 050 274 019 003 024
2002 000  0.00 000 000 000 000 000 000
2003 673 976 520 157 306 074 007 072
2004 000  0.00 000 000 000 000 000 000
2005 662 964 402 155 165 068 021 055
2006 000  0.00 000 000 000 000 000 000
2007 795 1210 361 149 393 052 022 088
2008 000  0.00 000 000 000 000 000 000
2009 792 1378 268 123 191 105 022 065

Table 4.7. Catch (kg) from research cruises for GOA shallow-water flatfish in 2010 by survey.

Year | 2010 2010
Shelikof ~ Shumigans large- small-
Acoustic  Acoustic mesh Scallop mesh Grand
Survey Survey IPHC trawl NMFS LL dredge trawl GOAIERP* | Total
2010
1 6 2 145 1 2 58 1 216

*Structure of Gulf of Alaska Forage Fish Communities -- GOA IERP
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Table 4.8. Percent (by weight) of catch for shallow-water flatfish that is retained for the Gulf of Alaska

fisheries.

Year

shallow-water flatfish

1991
1992

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

58.5
69.1

69.0
72.6
70.5
86.1
76.0
83.0
77.1
88.7
90.7
91.2
90.5
87.0
92.3
93.7
93.1
87.9
98.3
95.0
94.6
94.4
95.6
90.7
88.2
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Table 4.9. Biomass estimates from the NMFS bottom-trawl surveys from 1984 to 2015. 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
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

ggrktggrlz - - - - 78,845 61,081 64,240 79,998 91,525 102,303 95846 72,875 74586 52,069
Southern - - - - 127,390 105522 126,057 127,267 147,693 161,617 191,765 120573 131441 125234
rock sole

Ye"o"s‘gilz 91,341 56,135 57,524 81,329 47,789 48,309 55303 54,738 48,823 41,824 33414 46576 23,016 24,789
B‘féfé 22504 19,273 17,339 29,809 20,916 14,188 9,812 31,148 26,226 30,174 15405 19,695 8122 16,331
ﬂoitri;g 14293 14,141 10,218 40,288 27,309 46,652 76,418 58,530 26,586 73,039 33264 39,757 30,028 23,446
E“g;ci)slz 3202 7,243 7,597 8403 7946 14432 14166 17,832 14,595 12,287 18671 16,720 18121 17,498
Sandsole 4 516 82 129 479 940 234 357 1359 2,379 3,168 2,808 755 703 301
Ap'gs;'gz 1912 4830 5977 2583 4,870 8680 3639 5078 7,939 12,179 7,788 12,266 8,044 5448
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Table 4.10. CV of Biomass estimates from the NMFS bottom-trawl surveys from 1984 to 2015.
1984 1987 1990 1993 1996 1999 2001 2003 2005 2007 2009 2011 2013 2015

Northern 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
rock sole
N/A  NA NA NA 010 010 011 010 0.10 0.07 0.12 0.09 0.11 0.08
Southern
rock sole
Yellowfin 025 023 043 025 019 031 043 022 0.23 0.28 0.24 029 032 035
sole
Butter 033 044 039 030 028 019 031 022 0.27 0.31 0.24 025 039 0.25
sole
Starry 032 027 042 033 054 025 063 028 0.28 0.28 0.22 0.28 041 0.23
flounder
English 042 035 046 049 028 029 053 029 031 0.30 0.26 0.26 041 0.26
sole
Sandsole 072 098 079 046 059 045 085 064 041 0.41 0.77 046 068 0.73

Alaska 027 025 035 033 022 033 024 019 023 041 023 037 029 0.37
plaice

Table 4.11. Percent shallow water flatfish survey biomass by area for 2009 to 2015 surveys with average
for 2011-2015 and random effects model values fit to 1984 to 2015 survey biomass by area.

Survey

Year Western | Central | Yakutat | Southeast
2015 46.7 43.3 7.3 2.7
2013 49.9 43.7 5.0 1.4
2011 42.8 443 10.2 2.6

average

2011-

2015 46.5 43.8 7.5 2.2

Random

Effects

model

2015 47.00 43.37 7.16 2.47
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Table 4.12a.  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 4.12b.  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.

Species Western '?Zreer?tral 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
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Table 4.12c.  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 9% 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 4.12d.  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 4.12e.  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
NPFMC Gulf of AlaskaSAFE
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Table 4.12f.  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 4.12g.  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 4.12h.  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
NPFMC Gulf of AlaskaSAFE
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Table 4.12i. 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
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 4.12j.  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 4.12k.

by North Pacific Fishery Management Council regulatory area and species.

Biomass estimates (t) for Gulf of Alaska flatfish, based on the 1996 bottom trawl survey,

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
NPFMC Gulf of AlaskaSAFE
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Table 4.121.  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 4.13. Von Bertalanffy parameter estimates for Yellowfin sole in the Gulf of Alaska.

Species Linf K t0
Yellowfin sole 1987 survey
males 328 019 -2.24
females 38.2 0.14 -2.18
combined 34 0.18 -1.82
Table 4.14. 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
NPFMC Gulf of AlaskaSAFE
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Table 4.15. Calculations of the 2016 and 2017 shallow-water flatfish ABC and OFL levels by species including values for Tier 3a for northern
and southern rock sole (See A’mar et al 2015). Species splits were estimated using the random effects model.

As specified last year for: As recommended this year for:
Species 2015 2016 2016 2017
Shallow-water
flatfish Tier FABC FOFL Biomass'| ABC OFL ABC OFL ABC OFL ABC OFL

Northern rock sole 35 0.248 0.299 75,600 | 14,300 17,000 | 11,900 14,200 11,800 14,000 | 10,800 12,800

Southern rock sole  3a 0.186 0.222 138,600 | 16,700 19,600 | 14,100 16,600 19,200 22,700 | 16,600 19,600

Yellowfin sole 5 0.15 0.2 27,664 3,452 4,603 3,452 4,603 4,150 5,533 4,150 5,533
Butter sole 5 0.15 0.2 14,221 1,218 1,624 1,218 1,624 2,133 2,844 2,133 2,844
Starry flounder 5 0.15 0.2 23,981 4,504 6,006 4,504 6,006 3,597 4,796 3,597 4,796
English sole 5 0.15 0.2 16,257 2,718 3,624 2,718 3,624 2,438 3,251 2,438 3,251
Sand sole 5 0.15 0.2 643 105 141 105 141 96 129 96 129
Alaska plaice 5 0.15 0.2 6,333 1,207 1,609 1,207 1,609 950 1,267 950 1,267
Total 303,299 | 44,205 54,207 | 39,205 48,407 44,364 54,520 | 40,764 50,220

12015 estimate from random effects model fit to survey biomass estimates except northern and southern rock sole age 3+ 2016 model estimates
from Amar, et al 2015
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Table 4.16. Catch of shallow-water flatfish by species from 1991 to October 27, 2015 from AKFIN data.

Unid. Rock Yellowfin | Butter Starry English | Sand Alaska
Flatfish | sole sole sole flounder | sole sole 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 | 2,532.3 154 177.6 152.3 10.8 0.8 9.8
1999 5438 | 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 25 780.8 109.8 12.7 135 1.1
2003 325.0 | 3,554.6 0.2 607.9 139.2 2.3 33 16.0
2004 197.2 | 2,216.7 7.6 539.4 1144 6.4 3.9 8.5
2005 167.1 | 4,130.5 104 3785 111.0 2.0 2.8 2.8
2006 4740 | 5,763.3 06| 1,084.0 265.3 58.4 5.1 0.9
2007 333.1 6,727.4 115 1,431.4 154.1 255 3.2 6.1
2008 869.5 | 7,269.1 11| 14191 130.3 25.7 33 2.6
2009 943 | 6,538.7 11| 1,698.1 115.1 27.6 2.4 8.2
2010 2315 | 3,285.3 04| 18355 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 02| 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 21 4.1
2015 320.2 | 2,433.9 0.7 170.7 64.0 29.2 2.1 1.4
NPFMC Gulf of AlaskaSAFE

Page440




DecembeR015 GOA Shallowwaterflatfish

Figures
12,000

10,000
8,000

6,000

Catch (t)

4,000

2,000

0
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

Figure 4.1. Catch (t) of shallow-water flatfish from 1978 to October 27, 2015.
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Figure 4.2. NMFS survey biomass estimates by shallow water flatfish species for 1984 to 2015.

NPFMC Gulf of AlaskaSAFE

Page442



DecembeR015 GOA Shallowwaterflatfish

e
|
e
|

1.2

1984 1987 1990

6.0e+06
1

6.0e+06
1

}I
1.2e}@70e+00
1 1 1

/

/
1.2e+@70e+00
1 1 1

\

)

/7

!

I

T T T B T T T U T T T
0 20 40 60 1)) 20 40 60 B 20 40 60
1993 i 1996 i 1999
¢ ¢
S S
N ] ]
S g ] g
___,___LJ\_\_ é i N - = é i
T T T é B T T T é T T T T
] 20 40 60 < _$§0 20 40 60 — _BD 20 40 60
2001 i 2003 i 2005
¢ 2
N / 87
© | \ © ]
!\
o / o 7
= / \ 2 | 7
- é _ hre - é _ £ RN -
T T T é B T T T é T T T T
] 20 40 60 < _$D — _RD 20 40 60
2007 2011
g ] g
S S
8] 8
7~ - 5 b
N\ [ Q
= 5§ =
T I T T o T T T U T T T
0 20 \ 40 60 : 1)) 20 40 60 BD 20 40 60 ¢
150\3 2015
\ 8]
Iy g A
/’ \ © /\
/ \ 3] !
< / \
/ N & / \ <
- o -—
T T T T T T T
0 20 40 60 8D 20 40 60 80
Figure 4.3. Population size composition (females solid line, males dashed line) of English sole as

estimated from the NMFS bottom trawl surveys, 1984-2011.
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Figure 4.4. Population size composition (females solid line, males dashed line) of yellowfin sole as

estimated from the NMFS bottom trawl surveys, 1984-2011.
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Figure 4.6.

estimated from the NMFS bottom trawl surveys, 1984-2011.
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Figure 4.7. Population size composition (females solid line, males dashed line) of Alaska plaice as
estimated from the NMFS bottom trawl surveys, 1984-2015.
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Figure 4.8. Fit of random effects model to shallow-water flatfish survey biomass (excluding Rock sole).
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