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Summary

Lingcdd fishery, survey, and biological data are summarized for the Vancouver through

Conception INPFC areas, and an age-structured population assessment is presented for the

stock from 42 ° 50' N (CapeBlanco) to 49° GO9 N (SW Vancouver Island). The age-

structured assessment area spans the Columbia and US-Vancouver INPFC areas and

includes the Canadian portion of PMFC area 3C (area 3C-N). The assessment incorporates

data from three fisheries and two surveys that each sample a unique aspect of the lingcod

population, which is stratified bathymetrically by size and sex. Bi-national landings from

the assessment area were 3,544 mt in 1975, peaked at 6,868 mt in 1985, and were 2,052 mt

in 1996. Assessment results indicate a heavily exploited stock. Landings exceeded the

F35% exploitation rate (0.14) in 13 of the past 15 years. Landings reached or exceeded the

F20% (overfishing) exploitation rate (0.25) in 1985 and for each of the most recent 7 years

(1991-1997). The average exploitation rate for 1991-1997 was 030.



1. Introduction

The focus of this analysis is to provide a detailed assessment of the population in the

Columbia and US-Vancouver INPFC areas, where sufficient data are available to support

an age-structured assessment. An age structured assessment was not conducted for the

Eureka, Monterey, and Conception INPFC areas due to the short time series of age data

(1992-1996). However, the presently available landings data (Tables 3, 4, and 6), survey

data (Table 12) and age composition data (Appendix i) for these southern areas are

summarized in this document.

The area covered by the age structured assessment spans the coast from 42° 50' N (Cape

Blanco) to 49° 00' N in Canada (the Columbia and Vancouver INPFC areas, through PMFC

area 3C-N (Figure 1). Evidence from genetics and tagging studies (Jagielo et al. 1996,

Jagielo 1995, Cass et al. 1990) suggest that the fish found within this area are of one

intermingling stock unit. Three catch-at-age time series were compiled for this assessment:

Washington trawl (1979-1996), British Columbia trawl (1979-1996), and Washington

Sport (1986-1996). Auxiliary data sets include Oregon trawl CPUE (1987-1992)

(Sampson 1997), NMFS triennial trawl survey biomass and size composition estimates

(1977-1995), and WDFW Cape Flattery mark-recapture survey abundance (1986-1992)

and size composition (1986-1997) estimates.

1.1 Life History Features

Lingcod {Ophiodon elongatus) are top order predators of the family Hexagrammidae. The

species ranges from Kodiak Island in the Gulf of Alaska to Baja California, with the center

of abundance near British Columbia and Washington (Hart 1973). Among the

Hexagrammidae, the genus Ophiodon is ecologically intermediate between the more

littoral genera Hexagrammos, Agrammus, and Oxylebius and the more pelagic

Pleurogrammus (Rutenberg 1962). Lingcod are demersal on the continental shelf, most

abundant in waters less than 200 m deep, and patchily distributed among areas of hard

bottom and rocky relief (Smith and Forrester 1973; Jagielo 1988). Lingcod are considered

non-migratory, though some tagged individuals have moved exceptional distances and



indirect evidence suggests a seasonal onshore movement associated with spawning (Jagielo

1995). Larval lingcod hatch in late winter and become epipelagic. When about 3 months

old, juveniles settle on sandy bottom near eelgrass or kelp beds. By age 1 or 2, lingcod

move into rocky habitats similar to those occupied as adults, but shallower. Fishery and

survey data indicate that male lingcod tend to be more abundant than females in shallow

waters, and the size of both sexes increases with depth (Jagielo 1994). An analysis of

genetic variation indicates that lingcod are genetically similar throughout the range, but

suggests that lingcod in Puget Sound are partially isolated from those along the open coast

(Jagielo et al. 1996). A more detailed review of lingcod life history can be found in Jagielo

(1994), and Cass et al. (1990).

1.2 Fisheries

1.2.1 Commercial Landings.

Commercial landings of lingcod prior to 1981 were summarized by Adams (1986).

Landings by INPFC area since 1981 are available from the PacFIN database (Table 1).

Coastwide, landings peaked in 1983 at 4143 mt. Peak landings by INPFC area since 1981

were: U.S.-Vancouver - 1853 mt in 1985, Columbia - 1900 mt in 1983, Eureka - 553 mt in

1982, Monterey - 893 mt in 1989, and Conception - 167 mt in 1981. In 1996, landings

totaled 1557 mt and were distributed as follows by area: U.S.-Vancouver 477 mt (31%),

Columbia 541 mt (35%), Eureka 185 mt (12%), Monterey 311 mt (20%), Conception 43

mt (3%). Trawl gear accounts for the bulk of landings coastwide (Tables 2-4).

U.S. and Canadian commercial landings for the age structured assessment area are

summarized in Table 5. Combined U.S.-Canada commercial removals for the assessment

area peaked in 1985 at 6748 mt. In 1996, combined landings for the assessment area

totaled 1913 mt.

1.2.2 Recreational Landings.

The Washington Department of Fish and Wildlife conducts an annual creel survey to

estimate coastal marine recreational landings. In the age-structured assessment area,

estimates of Washington sport landings have ranged from under 30 mt to over 100 mt since



1975, and averaged 102 (mt) from 1992-1996 (Table 5).

Silberberg and Adams (1993) summarized recreational landings by sub-region for 1980-

1989 and compared Marine Recreational Fishery Statistics Survey (MRFSS) estimates with

estimates from the Washington Department of Fish and Wildlife (WDFW) and the

California Department of Fish and Game (CDFG). Based on Marine Recreational Fishery

Survey Statistics (MRFSS) estimates, recreational landings accounted for 46% of all

landings in the northern California region, and 69% of the total for the southern California

region. An updated summary of MRFSS recreational landings estimates, and a comparison

with CDFG and WDFW estimates, is presented in Table 6.

1.3 Management History

1.3.1 Canada (Area 3C-N).

Prior to 1987, area 3C-N has had occasional winter closures and a minimum size restriction

of 58 cm, implemented initially as a weight restriction in 1942 (McFarlane and Leaman

1993). In 1987, a winter closure (January 1 - April 30) was imposed to protect spawning

lingcod. The spawning closure was expanded in 1988 to extend from November 15 - April

30. In 1987, a 1400 mt quota was implemented due to a consensus over low stock

abundance. The quota was raised to 2000 mt in 1991, and was 2100 mt for 1993-1995. In

1996, the quota was reduced to 1540 mt, and a 65 cm minimum size restriction was

implemented for trawl gear (Bruce Leaman, DFO, Personal Communication).

1.3.2 United States.

In the PFMC management zone, a minimum size limit of 22 inches (56 cm) was

established in 1995. Recreational bag limits stand at 5 fish/day in California and 3 fish/day

in Oregon and Washington. The current PFMC coastwide ABC is 2,400 mt. The ABC's

by INPFC area are: U.S.-Vancouver/Columbia 1,300 mt, Eureka 300 mt, Monterey 700 mt,

and Conception 100 mt.

1.4 Management Performance.

In 1995 and 1996, commercial and recreational landings of lingcod have been managed to



a level close to the coastwide harvest guideline of 2,400 mt. Managers assume a

recreational catch of 700 mt/year coastwide (Brian Culver, WDFW, personal

communication). Adding this value to the commercial totals (Table 1) gives a commercial

and recreational coastwide total of 2168 mt in 1995, and 2257 in 1996.

2»0 Age Structured Assessment

2.1 Modeling History

2.1.1 Canada

Canadian assessments of lingcod in area 3C-N were conducted by Richards and Yamanaka

(1992) and McFarlane and Leaman (1993). McFarlane and Leaman (1993) concluded that

CPUE data indicate that stock abundance has declined since the mid 1980's, and caution

was urged in assigning allowable catch because 1990 and 1991 CPUE values were

associated with historically high effort levels.

2.1.2 United States

An age-structured stock assessment of lingcod for the Pacific Fishery Management Council

(PFMC) was reported by Jagielo (1994). The assessment covered a portion of the

Columbia INPFC area (north of Cape Falcon) and the Vancouver INPFC area through

PMFC area 3C-N. The assessment described a stock heavily exploited by U.S. and

Canadian fisheries, where landings reached or exceeded the F2o% exploitation rate (0.25) in

1985, and from 1991-1997.

2.2 Overview of changes since the last assessment.

The present assessment extends the geographic coverage of the 1994 assessment to the

south, and now includes the full Columbia INPFC area (south to Cape Blanco). The time

series of data have been updated through 1996 (through 1997 for the WDFW survey), and

an additional biomass estimate from the 1995 NMFS triennial trawl survey is incorporated.

The previous assessment utilized NMFS biomass estimates for the US-Vancouver INPFC

area only; the present assessment utilizes the NMFS biomass estimates for the full

Columbia and US-Vancouver INPFC areas. Additionally, a new CPUE time series derived



from Oregon trawl logbook data (Sampson 1997) has been substituted for the US trawl

CPUE time series used in the previous assessment. Though presented for comparison, the

present assessment does not use the BC trawl CPUE time series. The previous assessment

included BC trawl age composition data for 1979-1986; the present assessment

incorporates data from 1977-1995.

2.3 Model Description

2.3.1 Assessment Program.

The assessment program employed was the age structured stock synthesis model

(SYNA32.EXE - compiled 7/9/97), provided by Richard Methot (NMFS).

2.3.2 Likelihood components.

The stock synthesis model was structured with three fisheries (US Commercial, US Sport,

and BC Commercial) and two surveys (WDFW Cape Flattery Survey, and NMFS Triennial

Trawl Survey). The likelihood components are described as follows:

1. BC Commercial Catch (Table 5). Trawl and miscellaneous commercial gear landings

were compiled for PMFC area 3C from 1956-1996 (Jagielo 1994; Bruce Leaman, DFO,

personal communication). In years prior to 1981, some of the BC catch originated from US

Waters (area 3C-S).

2. BC Commercial Fishery Age (Table 7, 8). The time period of age samples ranges from

1977 to 1996. In some recent years, sample sizes for age composition were deemed to be

too small for use in the age structured assessment. Thus, age composition was not

available for the years 1991, 1992, 1994, and 1996. Data were provided by Bruce Leaman,

Canadian Department of Fisheries and Oceans (DFO).

3. BC Commercial Fishery CPUE (Table 5). This time series, which runs from 1956-

1996, is provided for comparative purposes only. These data were not used to fit the age

structured model (emphasis = 0.0 in base model run). The relationship between this time

series and lingcod relative abundance is questionable, particularly in recent years, when



changes in trawl effort may have reduced the utility of CPUE data as a reliable index of

lingcod availability. Also, it is not clear that trends in this index, which are derived for a

relatively small geographic area (PMFC 3C-N), are representative of the entire region

covered by the age-structured assessment. Data were provided by Bruce Leaman,

Canadian Department of Fisheries and Oceans (DFO).

4. US Commercial Fishery Catch (Table 5). Trawl and miscellaneous commercial gear

landings were compiled for 1956-1996, from the Columbia and US-Vancouver INPFC

areas, and PMFC area 3-C. Prior to 1981, some of the US catch originated from BC waters

(PMFC area 3C-N).

5. US Commercial Fishery Age (Table 7, 8). The proportion of fish by age and sex was

estimated for 1979-1996 from trawl fishery samples. To compute the annual frequency by

age and sex, each sample was weighted by the poundage of lingcod landed by the vessel

sampled. Samples from 1979-1991 were collected and aged by WDFW. Samples from

1992-1996 included both WDFW samples, and samples collected by the Oregon

Department of Fish and Wildlife (ODFW) that were aged at the NMFS Tiburon Lab. An

apparent trend of decreasing size-at-age, most evident for younger fish, was observed in the

WDFW time series (Figure 2). To investigate the possibility that this apparent trend was

actually an artifact of age reading differences in the WDFW age data over time,

approximately 100 fish/year were re-aged from samples collected in 1982, 1984, 1986,

1990, 1992, and 1994. Comparing the original age assignments with the new age

assignments revealed a pattern in the WDFW samples collected in 1982, 1984, and 1986

(Figure 3, left panel). Fish originally assigned an age < 8 tended to be assigned an older

age in the re-aging experiment. The pattern did not exist for re-aged samples collected in

1990, 1992, and 1994 (Figure 3, right panel). This apparent bias in age reading was

addressed in the stock synthesis model by creating one bin for fish less than age 8 for the

years prior to 1988 in the US commercial fishery age composition time series.

6. US Commercial Fishery CPUE (Table 5, Figures 4-7). The methodology used in

preparing these estimates of effective, standardized CPUE from trawl fishery logbooks was
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detailed by Sampson (1997). The assessment uses estimates of effective CPUE (lb/hr)

from Oregon trawl logbook data (1987-1993), ranging from 42.500° N. to 48.167° N

latitude in the 40-240 fm depth range. For each year, a single estimate of CPUE was derived

for the entire assessment area by computing a weighted mean of the individual latitude/depth

strata estimates. The individual depth/latitude strata were weighted by an estimate of the

spatial area for each strata. Data provided by David Sampson, Oregon State University.

7. US Sport Fishery Catch. A time series of Washington sport removals from the

assessment area, in metric tons/was compiled for 1975-1996 (Table 5). These estimates

were derived from WDFW creel survey estimates of landings (Lai et al 1991), estimates of

mean weight-at-age (Table 17), and estimates of the proportion caught at age (Tables 7, 8).

A value of 0.00348 mt/fish was applied for years when sex/age composition data were not

available. A reliable time series of recreational landings estimates was not available for

Oregon. To account for all removals from the assessment area, we made the assumption

that the weight of Oregon removals was equal to the Washington estimates for 1975-1996.

Thus, the annual US sport fishery catch used in the age-structured stock assessment was 2

times the value given in Table 5.

8. US Sport Fishery Age (Table 7, 8). Age frequencies, derived from Washington sport

fishery samples, are available for 1980, and 1986-1996. The age samples were collected

from sport landings at Neah Bay, La Push, Westport, and Ilwaco. Age data were not

available for Oregon recreational landings. Thus, the Washington age composition data

was assumed to apply to the entire assessment area, including Oregon.

9. WDFW Cape Flattery Survey Abundance (Figure 8); WDFW Cape Flattery Survey Size

Composition (Table 9, 10); WDFW Cape Flattery Survey Age Composition (Tables 7, 8).

A mark-recapture study of lingcod commenced in 1986 at Cape Flattery, Washington

(Jagielo 1991, 1995). This survey is conducted in March, operates close to shore (<= 3

miles, approximately 10-20 fm in depth), and tends to select predominantly young, male

lingcod, which are relatively scarce in the trawl fishery. Mark-recapture estimates of

abundance are available for 1986-1992. Length frequency data are available from 1986-



1997, and age frequency data are available for 1995 and 1996.

10. NMFS Triennial Trawl Survey Biomass (Table 11, Figure 9); NMFS Triennial Trawl

Survey Size Composition (Tables 9,10); NMFS Triennial Trawl Survey Age Composition

(Tables 7, 8). The assessment incorporates NMFS Triennial trawl survey biomass

estimates for the US-Vancouver and Columbia areas, available in three year intervals from

1977-1995. Length compositions are available for 1986, 1989, 1992, and 1995. An

estimate of age composition is available for 1995. (Dark and Wilkins, 1994; Weinberg et

aL9 1994; Mark Wilkins, NMFS, Personal Communication).

11. Spawner-Recruit Individual; Spawner-Recruit Mean. These components were

incorporated into the assessment model but were given nil emphasis for base model runs.

They were included to explore the spawner-recruitment relationship.

2.3.3 Parameter constraints.

The model was constrained by the following fixed parameters/assumptions:

1. Natural mortality: fixed at 0.18 for females, 0.32 for males.

2. Age reader percent agreement: fixed at age 2 = 50%; at age 14 = 42%. (Age 2 percent

agreement was reduced from 79% to 50% following a recommendation of the STAR

panel to reduce the age reader percent agreement value for young fish.)

3. Growth coefficient of variation (CV): Females Age 2 = 0.019 Age 14 = 0.09;

Males Age 2 = 0.01, Age 14 = 0.12. (The CV for age 2 fish was reduced to 0.01

following a recommendation of the STAR panel to reduce the CV value for young

fish.)

3. Selectivity: functional form is a double-logistic curve parameterization; time

invariant, and not constrained to be asymptotic for any fishery or survey.

4. Spawner-recruit relationship: given nil emphasis for fitting model. Recruitments in

1995, 1996 and 1997 were estimated from a Beverton-Holt S/R curve with curvature =

0.889

5. Discard mortality: actual amount unknown, set = 0 in model.

6. The maximum multinomial "effective sample size" used for age and size composition

10



data was set at the following values, as per recommendation by the STAR panel: US

Sport Age: 100, US Commercial Age: 100, BC Commercial Age: 50, NMFS Survey

Age: 50, NMFS Survey Length: 50, WDFW Survey Age: 50, WDFW Survey Length:

100.

2.3.4 Biological Data used in the age-structured assessment

A summary of biological parameters used in the model is presented in Table 13. Estimated

length, weight, and fraction mature at age for male and female lingcod are given in Table 14.

Growth curve statistics are provided in Table 15, and fit to the growth model is plotted in

Figure 10. Estimated mean lengths and weights at age for each fishery and survey used in the

model are given in Tables 16 and 17, respectively.

2.4 Model selection and evaluation.

2.4.1 Model selection.

Examination of the shape of fishery and survey selectivity curves in preliminary runs

suggested domed-shaped selectivity for males and females in each of the three fisheries and

two surveys. Thus, the full (double logistic) parameterization was used for all subsequent

model runs. A limited evaluation of selectivity changes over time for females in the US

Commercial fishery was evaluated in early model runs. Comparison of selectivity for two

periods (1975-1990 vs. 1991-1997) indicated little difference. Subsequent model

evaluation focused on models with time invariant selectivity.

To find an acceptable base model, we conducted model runs over a wide range of fixed

ending biomass levels (3,000-27,000 mt) with the preliminary base model, for ages 4-14 in

1997 (Figure 11). The best model fit (highest log-likelihood) occurred at a biomass level

of approximately 6000 mt. This preliminary model (which included estimation of 1995

recruitment) was adopted as a base model for further evaluation. At the request of the

STAR panel, ending biomass profiles were also conducted for a model with all auxiliary

data (surveys and CPUE data) excluded. Compared with the preliminary base model, the

ending biomass profile was flatter, indicating that the auxiliary data are informative.

Further profiling was then conducted to examine the relative changes in likelihood for each

11



model component across a narrower range of ending biomass levels (Figure 12).

Sensitivity of the preliminary base model was also evaluated with respect to a range of

different emphasis levels for the various model likelihood components (Figures 28-34).

A subsequent evaluation of model convergence revealed that the preliminary base model (a

model that estimated 1995 recruitment) had unacceptable convergence properties. A

model which did not estimate 1995 recruitment was found to have less variable

convergence properties than the preliminary base model. Convergence properties for this

alternate base model were evaluated by conducting 83 model runs where the starting

parameter seeds were offset by a random factor by up to 15%. The resulting distributions

of ending biomass (mt), and total likelihood are shown in Figure lla. The best fitting

model from this set of 83 convergence runs was adopted as the final base model for this

assessment.

2.4.2 Description of the base model.

Results for the final base model are depicted in Figures 13-15. The stock synthesis model

parameter file (base97aop01)9 showing model configuration and all base model parameter

estimates, is included as Appendix ii.

Biomass declined from approximately 35,000 mt in 1975 to 6,700 mt in 1997 (Table 18,

Figure 13). Estimates of the number of age 2 fish showed prominent recruitment in 1977,

1979=1981, I9869 and 1991-1992 (Figure 13). Peaks in recruitment since 1981 failed to

reach the higher levels seen prior to 1981. Exploitation rates (% Utilization) peaked in

1985 and 1991-1995. The average exploitation rate for 1991-1997 was 0.30.

Selectivity for both sexes was markedly dome-shaped in each fishery and survey (Figure

14), These selectivity patterns are consistent with the biology and distribution of lingcod,

and the timing and spatial characteristics of the respective fisheries and surveys. For

example, the late winter WDFW survey captures predominantly young, male lingcod,

which are most abundant in relatively shallow depths nearshore (10 fm), while the US

commercial trawl fishery captures predominantly older, female lingcod, which are more

12



abundant on the trawl grounds at 60-100 fm in spring and summer. Also, male lingcod are

known to aggregate nearshore in fall and early winter prior to spawning (Jagielo 1994),

further reducing their vulnerability to trawl fisheries.

2.4.3 Residual analysis

Comparison of model expected values with observed values indicates good fits to the

WDFW survey estimates of abundance, the NMFS survey estimates of biomass, and the

US Commercial CPUE (Figure 15). The BC CPUE data were not fit to the model but were

examined for comparison with the other auxiliary information. Residuals for the BC

CPUE data showed a strong pattern. Model expected values were higher than observed

values prior to 1984, and were lower than observed values in recent years.

Model fits are presented graphically for BC commercial age composition (Figures 16-18),

US commercial age composition (Figures 19-21), US sport age composition (Figures 22-

23), WDFW survey size composition (Figures 24-25), NMFS survey size composition

(Figures 26-27), and WDFW and NMFS survey age compositions (Figure 27).

2.4.4 Sensitivity analysis

Sensitivity of the preliminary base model to the individual likelihood components was

examined by static profiling. This was conducted by holding the emphasis level of all

other components constant while sequentially varying the emphasis of a particular

likelihood component to be profiled from 0.5 to 5.0. A summary of the profiling results is

given in Table 19. Plots of ending biomass and likelihood value changes for each of the

profiling runs are shown for BC commercial fishery age composition (Figure 28), US

commercial fishery age composition (Figure 29), US commercial fishery CPUE (Figure

30), WDFW survey abundance (Figure 31), WDFW survey size composition (Figure 32),

NMFS survey biomass (Figure 33), and NMFS survey size composition (Figure 34).

In general, the sensitivity analysis results for the preliminary base model indicated that the

auxiliary data used in the model were more complimentary than contradictory. It was

observed that 1) emphasis of BC commercial age composition reduced model fit to other

13



components and led to higher biomass estimates, and 2) emphasis of WDFW and NMFS

abundance estimates improved model fit to the US commercial age composition and each

other.

2.4.5 Retrospective analysis

The base model was examined for retrospective patterns by sequentially removing the final

year of input data from a model ending in 1997 (final base model) to a model with an

ending year of 1991. Trends in the resulting biomass, recruitment, and exploitation rate

estimates for the individual models are shown in Figure 35. Biomass was fairly consistent

for 1985-1991 for all retrospective model runs, but diverged somewhat before and after

that period (Figure 35 - Top panel). Recruitment estimates for early years were similar for

the various time-series models, but tended to diverge for the more recent years as

additional data became available. Full selectivity fishing mortality rates (Fmax) rates were

generally higher for the final base model ending in 1997, compared to models ending in

earlier years. In general, estimates of fishing mortality tended to diverge toward the end of

the respective time series. These retrospective patterns may, in part, be due to the different

timing and duration of the available auxiliary data sets used in the base model (US CPUE,

NMFS survey, and WDFW survey).

2.4.6 Assumptions of the final base model.

The following is a list of some major assumptions made about the true state of reality that

must exist in order for the final base model to be an accurate depiction of lingcod

abundance for the assessment area from 1975-1997. It is by no means exhaustive.

1. The BC commercial age composition data, accurately accounts for the proportion of fish

by sex and age removed by the BC Commercial fishery (the assignment of ages to

sampled fish is correct and the sampling levels are adequate to estimate the true

values).

2. The US commercial age composition data accurately accounts for the proportion of fish

by sex and age removed by the US Commercial fishery (the assignment of ages to

sampled fish is correct and the sampling levels are adequate to estimate the true

14



values).

3. The decision not to include BC Commercial CPUE does not cause us to forgo an

opportunity for a more plausible, better base model.

4. US Commercial CPUE, derived from Oregon trawl logbooks, accurately describes the

trend in lingcod availability to all trawl gear from 1987-1993 in the assessment area.

5. Given the estimated survey selectivity, the WDFW Cape Flattery survey accurately

describes the trend in lingcod abundance from 1986-1992 in the assessment area.

6. Given the estimated survey selectivity, the NMFS triennial trawl survey accurately

describes the trend in lingcod abundance from 1977-1995 in the assessment area.

7. Natural mortality is constant at 0.18 for females, and 0.32 for males in the assessment

area.

8. Fishery and survey selectivity is adequately described by a double-logistic curve

parameterization, and selectivity is time invariant.

9. Lingcod residing in the defined assessment area represent one unit-stock and are a

closed population.

10. Catchability for the fisheries and surveys is time invariant.

11. Growth of lingcod (length and weight at age) is constant from 1975-1997.

12. Discard mortality is negligible.

13. Use of a Beverton-Holt (B-H) spawner-recruitment curve with shape parameter of

0.889 yields reasonable values for assumed recruitment from 1995-1997.

2.4.7 Consequence of base model assumption failures.

A full analysis of the impact of base model assumption failures was not conducted for this

assessment. It is clearly important however, that our assumptions about US and Canadian

age composition data (assumptions 1 and 2) should be evaluated.

Given the differences of mean size at age observed between the BC Commercial fishery,

and the US Commercial fishery (Table 16), and considering that separate labs provide the

ages for each of these fisheries, it is plausible that differences exist between labs in the

assignment of fish ages. A comparative analysis of lingcod age reading has been

scheduled, but the results will not be available in time for this assessment.

15



Another plausible explanation for difference in size at age is historically different

minimum size restrictions; BC has had a 58 cm minimum size restriction size 1942 while

the US has had none. A minimum size limit can tend to result in disproportionate

sampling of the largest fish of a year-class and thus can result in over-estimation of the true

size-at-age. It is noteworthy that the largest differences observed between BC and US size

at age occur for the partially recruited ages (2-6); however, the BC mean size at age

remains consistently less than the US size at age for ages 7-10 as well.

2.4.8 Investigation of spawner-recruitment relationship

Attempts to estimate a Beverton-Holt (B-H) spawner recruitment curve with the stock

synthesis model consistantly resulted in a shape parameter > 1.0. This result, and visual

inspection of the spawner-recruit relationship (Figure 36) suggested that the B-H curve was

not applicable to the relationship between egg production and recruitment. The estimated

B-H recruitment curve plotted in Figure 36 represents a curve with a fixed (not estimated)

shape parameter of 0.889. This curve was not used to fit the model; rather, it was used to

derive recruitment values for the years 1995-1997.

Recruitment estimates were also examined for evidence of serial correlation. The 1-step

lagged serial correlation coefficient (r) was relatively small (0.45), indicating little

evidence for serial correlation in lingcod recruitment.

2.5 Response to reviewers comments

2.5.1 External anonymous review of 1994 assessment.

A summary of the reviewers comments appears in italics. The responses appear in regular

text.

L My primary concern is the implicit assumption thatfishery CPUE is a reliable measure

of lingcod relative abundance. This assumption should be examined. It is possible that

the fishery CPUE is not a representative measure of lingcod abundance because

fishermen preferentiallyfish areas ofhigh abundance. For example, fishermen may
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deplete an area in one year, then move to another area thefollowing year. Thefishery

CPUE would appear constant\ whereas relative abundance had decreased. The

assessment author should explicitly show that the spatial distribution of "high" lingcod

CPUE does not changefrom year to year.

A new time series of fishery CPUE was used for the present assessment (Sampson

1997). The analysis found no significant interaction between area and year. Additional

detailed analysis of geographic differences in CPUE is warranted, however, to evaluate

the small-scale spatial effects of the kind referenced by the reviewer.

2. Thefishery CPUE apparently was computed as total catch divided by total effortfor

the region. Another approach would be to computefishery CPUE by smaller areas

(e.g. by "sardine" block), then weight these small-area CPUE by the geographic size of

the area to compute an area-weighted CPUEfor the region. This computation should

remove any bias as long as all small areas arefished at least a little bit each year.

For the present assessment, estimates of CPUE for each of the latitude/depth strata

(Figures 4-6) were weighted by estimates of the area of each strata, to obtain an area-

weighted CPUE for the entire region (Figure 7).

3. Modeling selectivity as a double-logistic results in a large number ofparameters being

estimated (7parameters per curve). I suggest that a lowerparameterfunction such as

the exponential logistic (3 parameters per curve, Thompson 1994) be used to represent

dome-shaped selectivity.

This sounds like a reasonable suggestion. We note, however, that results of recent

catch-at-age analysis on simulated data sets has indicated that estimation of selectivity

may be parameterized with up to (the number of ages - 1) free selectivity parameters

(Annette Hoffmann, personal communication). The double logistic parameterization

did result in bound parameters in some cases, in particular for the most steeply sloped

dome-shaped curves. The double logistic curve is not twice continuously differentiable.

An alternate parameterization may improve estimation.
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4. Growth equation. The observed length values are greater than the expected valuesfor

ages 2 and 3. Faster growingfish of these partially recruited ages may be recruiting

first, so that observed length values are not representative of the age group as a whole

and the mean length-at-age is biased upward. This may be problem if this equation is

used in the population model to translate modeled ages to modeled lengths, depending

on how the equation is used in the model.

Estimation of mean length-at-age for the population has been improved for present

assessment. The curve is now fitted to mean length at age data for only the WDFW

and NMFS surveys for ages 2 and 3, and uses survey and US trawl fishery data for ages

4+ (Table 15, Figure 10).

5. Yield Forecast Using 2.572 million to forecast yield may give overly optimistic yield

forecasts. The highest recruitments were observedfor the 1979-81 recruits and

recruitment has been lower since then, exceptfor the 1991 recruits (but "evidencefor

this strong year class is limited at present11). I suggest thatforecasts use the mean of

the 1982-90 recruits.

Forecasts for the present assessment used the geometric mean of recruitment values

estimated for the period 1986-1995 ( a shorter, more recent period than the time series

used in the previous assessment, which may be more representative of current

recruitment expectations).

2.6 Yield Forecast

Results of the base model and stock synthesis equilibrium yield calculations were used to

forecast yield for 1998-2000. Projections are given for fishing at ¥35% (Table 20), F4o%

(Table 21), F45% (Table 22), and F20% (Table 23).

2.7 Decision Tables

At the request of the STAR review panel, decision tables were produced to evaluate the

implications of alternative management actions (alternate 1998-2000 catch levels) given

three alternative "true states of nature" (1997 lingcod biomass). The three levels of 1997

lingcod biomass used were 1) the final base model best estimate (6,714 mt), 2) the lower
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bound of a 1 sigma (68%) confidence interval on the best estimate (3,916 mt), and 3) the

upper bound of the 68% confidence interval (11,511 mt). Separate tables were derived to

show the consequence of fishing at F35% (Table 24), F40% (Table 25), and F20% (Table 26).

Each table shows the exploitation rates and values of Fmax that correspond with the various

mean 1998-2000 catch levels used in the forecast. Each cell of the tables also shows the

biomass that results in the year 2000 by following the various harvest policies, given the

different assumptions about the true level of biomass present in 1997.

3.0 Suggestions for Future Research

1. A comparison of lingcod age reading should be conducted between the three labs that

age lingcod on the west coast (DFO, Nanaimo; WDFW, Olympia; and NMFS, Tiburon).

2. To improve estimates of lingcod recruitment, tagging of lingcod at Cape Flattery should

be resumed, to obtain annual estimates of lingcod abundance and mortality. These

estimates would greatly enhance the utility of the size and age composition data currently

collected as part of the ongoing WDFW Cape Flattery survey.

3. The results of this assessment indicate lingcod selectivity curves that are markedly

dome-shaped. Alternatives to the double-logistic selectivity parameterization used in this

assessment should be evaluated to see if estimation of age specific selectivity may be

improved. Further analysis should also be conducted to evaluate the possibility of time-

varying selectivity in the trawl fisheries.

4. The time-series of effective effort and CPUE estimates (Sampson 1997) should be

updated from 1994 to the present.

5. As additional years of recreational and commercial age composition data become

available for the Eureka, Monterey, and Conception INPFC areas, the feasibility of

developing an age-structured model for the southern portion of the coast should be

evaluated.
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Table 1. Lingcod landings (mt) by INPFC area, 1981-1996. Data source: PacFIN.

Year

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

US-Vancouver

478

572

1151

1746

1853

569

728

620

999

988

1452

556

651

611

367

477

Columbia

1459

1695

1900

1261

1272

732

884

1028

1226

757

866

649

777

619

494

541

Landings in Metric Tons

Eureka Monterey

380

553

395

286

238

208

322

312

390

422

212

171

197

211

230

185

835

846

581

737

493

356

580

627

893

706

559

442

490

397

319

311

Conception

167

163

46

21

20

15

30

38

56

58

73

64

79

66

58

43

Unknown

1

1

70

0

22

5

6

4

4

2

4

1

1

1

0

0

Total

3320

3830

4143

4051

3898

1885

2550

2629

3568

2933

3166

1883

2195

1905

1468

1557

PacFinGearGroups.xls



Table 2. Lingcod landings (mt) by gear group, US-Vancouver and Columbia INPFC areas,

1981-1996. Data source: PacFIN.

YEAR

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Hook&Line

74

76

37

64

100

50

95

69

91

140

81

55

36

35

21

36

Nets

27

77

120

131

247

0

0

0

0

0

0

0

0

0

0

0

US-Vancouver

Pot&Trap

0

0

0

3

1

0

0

0

0

0

0

0

0

0

0

0

Area: Landings in Metric Tons

Trolls Trawls Shrimp Trawl

60

133

201

202

178

71

44

75

119

85

26

31

20

21

9

6

316

286

775

1344

1325

442

585

476

789

762

1345

470

594

554

334

430

1

0

18

2

2

6

4

0

0

1

0

0

1

1

3

5

Other

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Total

478

572

1151

1746

1853

569

728

620

999

988

1452

556

651

611

367

All

YEAR

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Hook&Line

28

48

37

35

54

51

79

76

99

62

32

55

60

102

39

48

Nets

46

0

11

3

0

0

0

0

0

0

0

0

0

0

0

0

Columbia

Pot&Trap

3

3

2

1

1

1

1

1

0

0

0

0

0

1

0

0

Area: Landings in Metric Tons

Trolls Trawls Shrimp Trawl

31

25

32

18

43

44

20

19

28

12

4

9

12

6

4

6

1274

1548

1734

1155

1130

554

716

901

1053

662

813

571

679

469

410

458

77

71

84

49

44

82

68

31

46

21

17

14

26

41

41

29

Other

0.8

0

0.2

0

0

0

0

0

0

0

0

0

0

0

0

0

Total

1459

1695

1890

1261

1272

732

884

1028

1226

757

866

649

111

619

494

541

PacFinGearGroups.xls
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Table 3. Lingcod landings (mt) by gear group, Eureka, and Monterey INPFC areas, 1981-

1996. Data source: PacFIN.

YEAR

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Hook&Line

14

14

26

5

42

82

104

107

175

174

65

60

41

54

91

74

Nets

0

0

0

0

0

0

0

0

0

0

0

1

0

Eureka Area: Landings in Metric Tons

Pot&Trap

0

1

0

1

2

0

0

2

0

0

0

0

0

0

0

Trolls

8

13

2

3

1

8

1

0

1

4

0

0

0

0

0

3

Trawls

349

511

364

262

184

95

204

180

189

232

140

105

153

144

130

100

Shrimp Trawl

8

12

0

1

1

4

1

3

4

3

6

4

2

12

6

8

Other

0.6

2.3

1.6

15

9

17

12

22

19

9

1

2

1

1

2

0

Total

380

553

395

286

238

208

322

312

390

422

212

171

197

211

230

185

YEAR

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Hook&Line

40

23

9

4

15

51

65

99

197

154

131

128

107

83

74

93

Nets

8

59

72

26

90

89

152

170

209

174

103

86

106

72

49

7

Monterey Arezi: Landings in Metric Tons

Pot&Trap Trolls

3

1

1

0

2

2

1

3

2

1

1

1

0

0

1

1

20

14

2

1

4

1

1

1

0

9

1

1

3

13

9

5

Trawls

760

734

431

406

223

124

288

290

414

319

300

191

271

225

185

202

Shrimp Trawl

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

1

Other

5.1

15.6

68.2

300

159

89

73

64

71

49

23

35

3

3

1

2

Total

835

846

581

737

493

356

580

627

893

706

559

442

490

397

319

311

PacFinGearGroups.xls
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Table 4. Lingcod landings (mt) by gear group for the Conception INPFC area, 1981-1996.

Data source: PacFIN.

YEAR

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Hook&Line

4

3

1

1

1

2

6

5

4

6

11

20

22

18

27

23

Nets

10

18

3

3

9

7

13

24

34

25

44

25

44

21

8

5

Conception

Pot&Trap

1

0

0

0

0

0

0

0

1

0

0

0

0

2

3

7

Area: Landings in Metric Tons

Trolls Trawls Shrimp Trawl

1

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

149

134

41

9

7

3

7

5

13

24

15

16

10

21

17

6

2

8

0

3

0

0

0

0

0

0

0

0

0

3

2

1

Other

0.1

0.1

1.3

5

3

3

3

4

4

3

3

3

3

1

1

1

Total

167

163

46

21

20

15

30

38

56

58

73

64

79

66

58

43

PacFinGearGroups.xls
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Table 5. Lingcod landings by BC Commercial, US Commercial, and Washington Sport

fisheries in the Columbia, US Vancouver, and PMFC 3C-N areas (1956-1996).

Year

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

BC-Commercial

Landings (mt)

874

849

652

475

691

842

452

344

527

887

866

1041

1123

795

823

964

784

991

1217

1440

989

939

583

780

848

843

1731

1140

1859

3623

1075

726

678

981

1390

1446

1137

1688

881

984

895

CPUE (mt/hr)

0.310

0.298

0.356

0.306

0.214

0.312

0.227

0.345

0.419

0.368

0.308

0.423

0.603

0.289

0.282

0.358

0.286

0.351

0.304

0.370

0.248

0.289

0.226

0.260

0.283

0.262

0.412

0.372

0.445

0.532

0.380

0.206

0.208

0.317

0.278

0.260

0.307

0.219

0.234

0.259

US-Commercial

Landings (mt)

920

1000

1133

1863

2028

1875

1323

938

1257

1538

1813

1244

1626

1148

851

1009

952

1326

1549

2019

1662

1671

1346

2211

2004

1937

2268

3051

3007

3125

1301

1612

1648

2225

1745

2318

1205

1428

1230

861

1018

CPUE (lb/hr)

35.41

30.81

28.06

20.93

18.04

13.15

8.52

WA Sport

Landings (mt)

43

24

32

27

23

28

33

26

37

78

60

74

81

60

97

76

104

105

126

126

85

70

PacFinGearGroups.xls
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Table 6. Lingcod sport catch estimates (number of fish in thousands). Comparison of

Marine Recreational Fisheries Statistics Survey (MRFSS) estimates with estimates from the

California Department of Fish and Game (CDFG) partyboat fishery, and the Washington

Department of Fish and Wildlife (WDFW) coastal port sampling creel survey. Data are not

available for years/areas with blank cells.

Year

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Marine Recreational Fisheries Statistics Survey (MRFSS)

California

Southern Northern

241.5

43.5

29.7

18.6

28.7

47.5

67.9

78.3

95.0

45.9

19.4

9.2

8.1

8.3

385.4

303.9

214.3

149.8

129.4

189.6

197.9

209.0

220.0

246.1

150.2

87.3

100.7

157.7

Oregon

30.6

70.1

167.0

51.7

35.6

57.6

45.5

65.7

50.2

45.4

120.0

93.2

39.1

42.5

Washington

51.4

175.3

172.5

98.2

61.9

56.5

47.8

51.2

74.6

35.4

23.7

Total

708.9

592.8

583.5

318.3

255.6

351.2

359.1

404.2

439.8

372.8

232.2

CDFG

89.3

65.6

49.8

30.5

23.8

20.6

25.6

37.6

47.9

61.0

47.6

35.9

36.5

31.2

27.1

25.7

22.8

WDFW

8.6

9.5

7.4

13.1

22.4

17.2

18.2

20.9

22.0

27.6

22.8

22.7

31.0

39.3

36.6

22.6

19.9

mrfsssptxls
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Table 7. Fishery and survey age frequencies of male lingcod used in the age structured

model.

80

86

87

88

89

90

91

92

93

94

95

96

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

77

78

79

80

81

82

83

84

85

86

87

88

89

90

93

95

95

96

Sample

Ae

SPORT

SPORT

SPORT

SPORT

SPORT

SPORT

SPORT

SPORT

SPORT

SPORT

SPORT

SPORT

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

US FISH

BCFISH

BCFISH

BC FISH

BCFISH

BC FISH

BCFISH

BCFISH

BCFISH

BCFISH

BCFISH

BC FISH

BCFISH

BCFISH
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Table 8. Fishery and survey age frequencies of female lingcod used in the age structured

model.

Year
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0.063
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0.123
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0.078
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-0.001
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0.097

0.134

0.122
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0.101

0.077

0.074

0.115

0.057

0.126

0.162

0.164
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0.106

0.097

0.153

0.076

0.146

0.050

0.105

0.163

0.053

0.099

6

-0.001

-0.001

-0.001

0.056

0.059

0.089

0.082

0.088

0.067

0.133

0.169

0210

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

-0.001

0.124

0.247

0.222

0.184

0.102

0.096

0.191

0.293

0.276

0.195

0.092

0.097

0.101

0.061

0.165

0.153

0.148

0.120

0.095

0.077

0.065

0.133

0.073

0.080

0.089

0.168

0.032

0.058

7

0.146

0.300

0.188

0.059

0.054

0.028

0.078

0.077

0.072

0.093

0.134

0 156

0.199

0.377

0.428

0.584

0.540

0.614

0.633

0.294

0.460

0.130

0.112

0.168

0.219

0.081

0.095

0.123

0.144

0.282

0.135

0.127

0.097

0.042

0.057

0.115

0.093

0.058

0.139

0.103

0.026

0.071

0.104

0.063

0.050

0.069

0.086

0.004

0.016

8

0.009

0.068

0.049

0.011

0.038

0.014

0.051

0.025

0.026

0.038

0.063

0 037

0.207

0.130

0.057

0.064

0.063

0.051

0.120

0.082

0.175

0.117

0.059

0.081

0.148

0.100

0.086

0.063

0.043

0.128

0.039

0.086

0.099

0.045

0.038

0.050

0.063

0.024

0.037

0.085

0.020

0.025

0.047

0.057

0.180

0.037

0.010

0.004

0.004

9

0.013

0.041

0.035

0.000

0.025

0.014

0.047

0.021

0.024

0.009

0.018

0.020

0.236

0.136

0.058

0.049

0.026

0.047

0.030

0.048

0.119

0.070

0.038

0.065

0.067

0.038

0.047

0.025

0.030

0tQ29

0.032

0.030

0.069

0.010

0.025

0.017

0.024

0.019

0.065

0.037

0.010

0.038

0.038

0.042

0.040

0.025

0.010

-0.001

-0.001
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0.013
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0.014

0.000

0.029

0.019
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0.006

0.016

0.008
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0.009
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0.015
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0.054

0.000
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0.017

0.015

0.006

0.023
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0.000

-0.001
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0.009
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0.004
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0.007
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0.009
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0.000
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0.006
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0.006
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0.016

0.000

-0.001

-0.001
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0.009
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-0.001

0.000

-0.001

0.027

0.008

0.004

0.002

0.006

0.002
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0.029
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0.012
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0.005
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-0.001
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14

0.018

0.012

0.010

-0.001

0.004

-0.001

0.016

0.008

0.002

0.002

-0.001

-0.001

0.085

0.040

0.012

0.014

0.062

0.003

0.007

0.012

0.004

0.014

-0.001

0.004

0.017

0.014

0.008

0.004

0.010

0.004

0.002

0.009

0.009

-0.001

0.003

0.006

0.003

0.004

-0.001

0.019

0.010

0.013

0.010

0.020

0.020

0.010

-0.001

-0.001

-0.001
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Table 13. Summary of lingcod biological parameters used in the age structured assessment. Data

were fit using non-linear least squares.

Parameter

Growth1

Linf

K

LI

Length-Weight2

a

b

Rsq

n

Maturity3

Alpha

Beta

Rsq

n

Natural Mortality4

M

Fecundity5

a

b

Male

Estimate SE

97.053

0.152

26.282

0.003953 0.000732

3.214900 0.042400

0.52

5149

0.7076 0.1042

3.4382 0.2001

0.95

10

0.32

Female

Estimate SE

126.572

0.126

22.662

0.001760 0.000289

3.397800 0.036200

0.71

12079

0.6679 0.0298

4.5518 0.0693

0.99

19

0.18

2.82406E-04

3.0011

1 Growth Model: L = Linf+(Ll-Linf)*exp(K*(l-Age)); Data Source: Present Study
Length-Weight Model: W=aLb ; Data Source: Jagielo(1994)

3 Maturity Model: P=l/(l+exp(-Alpha*(Age-Beta))); Data Source: Jagielo(1994)
4 Natural Mortality: Data source: Jagielo(1994)
Fecundity Model: N=aLb; Data source: Hart(1967)

Growth97.xls
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Figure 1. Map showing INPFC areas and the area covered by the age-structured stock assessment

(Map produced by Marion Berejikian, WDFW).
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Figure 2. Lingcod mean length at age (cm), by year (1979-1996) for WDFW trawl samples.
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Figure 4. Effective lingcod CPUE (lb/hr) for the Oregon trawl fishery, by depth zone (fm) and

latitude degrees N) (1987-1989). Source: Sampson(1997).
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Figure 5. Effective lingcod CPUE (lb/hr) for the Oregon trawl fishery, by depth zone (fm) and

latitude (Degrees N) (1990-1992). Source: Sampson(1997).
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Figure 6. Effective lingcod CPUE (lb/hr) for the Oregon trawl fishery, by depth zone (fm) and

latitude (Degrees N) (1993). Source: Sampson(1997).
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Figure7. Effective standardized lingcod CPUE (lb/hr) for the Columbia and US-Vancouver INPFC

area (42.500 - 48.167 deg. N lat.; 40=240 fm depth range). Data Source: Sampson (1997).
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Figure 8. WDFW Cape Flattery mark-recapture survey abundance estimates (thousands), (1986-

1992). Data Source: Jagielo( 1995).
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Figure 10. Fit of predicted male and female mean length at age for the lingcod population.
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Figure 11. Profile of total likelihood over fixed levels of ending biomass (metric tons), for ages

4-14 (preliminary base model), run95.xls
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model runs, where the starting parameter seed values were offset randomly from the base model

parameter estimates by a factor of up to 15% (final base model).
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Figure 12. Profile of preliminary base model likelihood values, by model component, over a

range of ending biomass for ages 4-14, from 3000 to 15,000 metric tons. Run95.xls.
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Figure 13. Final base model biomass (mt), recruitment (number of age two fish in thousands),

landings (mt), sex ratio, instantaneous rate of fishing mortality at age of full selectivity (Max F),

and percent utilization (% Util).
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Figure 14. Final base model selectivity estimates for BC Commercial fishery, US Commercial

fishery, US Sport fishery, NMFS triennial trawl survey, and WDFW Cape Flattery survey.
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Figure 15. Final base model fit to WDFW survey, NMFS Survey, US Commercial fishery

CPUE, and BC Commercial fishery CPUE time series.
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Figure 16. Model fit to observed catch at age for female and male lingcod; BC Commercial

fishery 1977-1982.

2 3 4 5 6 7 8 9 10 11 12 13 14

BC COMM 1977 Males

0.08

0.06

0.04

0.02

0

OMEST

■ MOBS

1
10 11 12 13 14

BC COMM 1978 Males
O M EST >

■ MOBS j

2 3 4 5 6 7 8 9 10 11 12 13 14 5 6 7 9 10 11 12 13 14

0.08

0.06

0.04 ■ - '

°:to:JV

BC COMM 1979 Ffii

Si
D F EST h
■ FOBS

life
0.1

0.08 ■

0.06

0.04

0.02

BC COMM 1979 Males

IB
a m est "I

■MOBS

2 3 4 5 6 7 8 9 10 11 12 13 14

Age

10 11 12 13 14

0.12 T

0.1

0.08

0.06

0.04

0.02 I
D FEST

■ F OBS h j

r.fhn" ft :n::
2 3 4 5 11 12 13 14

2 3 4 5 6 7 8 9 10 11 12 13 14

Age

12 13 14

0.2

0.15

BC COMM 1982 Females
0.2

0.1

0.05

D FEST

■ FOBS

0.15

0.1

0.05

□ M EST

■ M OBS -

11 12 13 14

Age

2 3 4 5 6 7 8 9 10 11 12 13 14

60



Figure 17. Model fit to observed catch at age for female and male lingcod; BC Commercial

fishery 1983-1988.
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Figure 18. Model fit to observed catch at age for female and male lingcod; BC Commercial

fishery 1989-1995.
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Figure 19. Model fit to observed catch at age for female and male lingcod; US Commercial

fishery 1979-1984.
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Figure 20. Model fit to observed catch at age for female and male lingcod; US Commercial

fishery 1985-1990.
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Figure 21. Model fit to observed catch at age for female and male lingcod; US Commercial

fishery 1991-1996.
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Figure 22. Model fit to observed catch at age for female and male lingcod; US Sport fishery

1980-1990.
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Figure 23. Model fit to observed catch at age for female and male lingcod; US Sport fishery
1991-1996.

3 4 5 6 7 8 9 10 11 12

Age

67



Figure 24. Model fit to observed catch at size for female and male lingcod; WDFW Survey

1986-1991.
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Figure 25. Model fit to observed catch at size for female and male lingcod- WDFW Survey
1992-1997.
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Figure 26. Model fit to observed catch at size for female and male lingcod; NMFS Survey 1986-

1995.
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Figure 27. Model fit to observed catch at age for female and male lingcod; NMFS Survey

(1995), WDFW Survey (1995, 1996).
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Figure 28. Profile of likelihood values and ending biomass over a range of fixed levels of BC

Commercial Age Composition emphasis (0.5 - 5.0) (preliminary base model).
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Figure 29. Profile of likelihood values and ending biomass over a range of fixed levels of US

Commercial Age Composition emphasis (0.5 - 5.0) (preliminary base model).
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Figure 30. Profile of likelihood values and ending biomass over a range of fixed levels of US

Commercial CPUE emphasis (0.5 - 5.0) (preliminary base model).
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Figure 31. Profile of likelihood values and ending biomass over a range of fixed levels of

WDFW Survey Abundance emphasis (0.5 - 5.0) (preliminary base model).
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Figure 32. Profile of likelihood values and ending biomass over a range of fixed levels of

WDFW Survey Size Composition emphasis (0.5 - 5.0) (preliminary base model).
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Figure 33. Profile of likelihood values and ending biomass over a range of fixed levels of NMFS

Survey Biomass emphasis (0.5 - 5.0) (preliminary base model).
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Figure 34. Profile of likelihood values and ending biomass over a range of fixed levels of NMFS

Survey Size Composition emphasis (0.5 - 5.0) (preliminary base model).
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Figure 35. Results of retrospective analysis, 1991-1997. Top: biomass (mt). Second from Top:
recruitment (age 2 fish in 000's), Third from Top: Full selectivity instantaneous fishing mortality

(Fmax) for US Commercial. Bottom: Full selectivity instantaneous fishing mortality (Fmax) for BC
Commercial.
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Figure 36. Spawner-recruit plot showing relationship between egg production (millions) and

recruitment (thousands of age 2 fish). The model was not constrained to fit the "expected

recruitment" curve. The expected recruitment curve was used to obtain recruitment values for

1995-1997 only, and corresponds to a Beverton-Holt curve with shape parameter = 0.889.
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