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EXECUTIVE SUMMARY

Summary of Changes in Assessment Inputs

Relative to the November edition of last year’s BSAI SAFE report, the following substantive changes
have been made in the Pacific cod stock assessment.

Changes in the Input Data

1)
2)

3)
4)

5)
6)

7)
8)

9)

Catch data for 2004-2009 were updated, and preliminary catch data for 2010 were incorporated.

Commercial fishery size composition data for 2009 were updated, and preliminary size
composition data from the 2010 commercial fisheries were incorporated.

Size composition data from the 2010 EBS shelf bottom trawl survey were incorporated.

The numeric abundance estimate from the 2010 EBS shelf bottom trawl survey was incorporated
(the 2010 estimate of 887 million fish was up about 24% from the 2009 estimate).

Age composition data from the 2009 EBS shelf bottom trawl survey were incorporated.

Age composition data from the 2008 January-May longline fishery were removed from two of the
models.

Mean length at age data from the 2009 EBS shelf bottom trawl survey were incorporated.

Mean length at age data from the 2008 January-May longline fishery were removed from two of
the models.

Seasonal catch per unit effort (CPUE) data for the trawl, longline, and pot fisheries from 2009
were updated, and preliminary catch rates for the trawl, longline, and pot fisheries from 2010
were incorporated.

10) The Pacific cod catch rate from the 2009 International Pacific Halibut Commission (IPHC)

longline survey was incorporated into one of the models (the 2009 estimate was down 35% from
2008, and was the second lowest point in the ten-year time series).

11) Size composition data from the 2008-2009 IPHC longline surveys were removed from two of the

models.

12) The biomass estimate from the 2010 Al bottom trawl survey was added to the time series used to

compute the current ratio of BSAI biomass to EBS biomass. The 2010 Al biomass estimate of
68,161 t was down 26% from the 2006 estimate, and is the low point in the survey time series.
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Changes in the Assessment Methodology

Many changes have been made or considered in the stock assessment model since the 2009 assessment
(Thompson et al. 2009). Six models were presented in this year’s preliminary assessment (Attachment
2.1). The relationships between the six models presented in the preliminary assessment are summarized
in Table 2.1.1 of Attachment 2.1. The set of six models in the preliminary assessment was requested by
the Plan Teams in May of this year, with subsequent concurrence (given two minor modifications) by the
SSC in June. Following review in September and October, three of these models, or modifications
thereof, were requested by the Plan Teams or SSC to be included in the final assessment.

Model 1 in the preliminary assessment was identical to the model accepted for use by the BSAI Plan
Team and SSC last year, and was the only model from the preliminary assessment recommended by
either the Plan Team or SSC to be carried forward without modification for inclusion in the final
assessment, where it is labeled Model A.

Model 2 in the preliminary assessment included four changes in data or data structure: 1) exclude relative
abundance data and the two records of size composition data from the IPHC longline survey, 2) exclude
the single record (each) of fishery age composition and mean length-at-age data, 3) use a finer length bin
structure than previous models, and 4) re-evaluate the existing seasonal structure used in the model and
revise it as appropriate. The length bin structure adopted in Model 2 consisted of 1-cm bins, replacing the
combination of 3-cm and 5-cm bins used in previous assessments. The seasonal structure adopted in
Model 2 consisted of five catch seasons defined as January-February, March-April, May-July, August-
October, and November-December; and three selectivity seasons defined as January-April, May-July, and
August-December; with spawning identified as occurring at the beginning of the second catch season
(March).

Model 4 in the preliminary assessment included all of the changes in Model 2, plus disuse of all mean
length-at-age data and all age composition data, and a change from age-based to length-based maturity.

The Plan Teams and SSC requested that modified forms of preliminary Models 2 and 4 be included in the
final assessment. The requested modification in each case was removal of cohort-specific growth rates
(use of cohort-specific growth rates was new in last year’s assessment). The modified Models 2 and 4
from the preliminary assessment are labeled here as Models B and C, respectively.

Version 3.11b of Stock Synthesis (SS) was used to run all the models in the preliminary assessment and
in the final assessment up until the very last stages of the analysis, at which point version 3.11c was used.

Model B is the authors’ recommended model.
Summary of Results
The principal results of the present assessment, based on the authors’ preferred model, are listed in the

table below (biomass and catch figures are in units of t) and compared with the corresponding quantities
from last year’s assessment as specified by the SSC.
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Last year This year

Quantity/Status 2010 2011 2011 2012
M (natural mortality) 0.34 0.34 0.34 0.34
Specified/recommended Tier 3b 3b 3b 3a
Projected biomass (ages 3+) 1,144,000 1,358,000 1,560,000 1,751,000
Female spawning biomass (t)

Projected 345,000 370,000 358,000 389,000

B10o0% 1,027,000 1,027,000 961,000 961,000

Baoss 411,000 411,000 384,000 384,000

Basu 360,000 360,000 336,000 336,000
ForL 0.29 0.31 0.29 0.31
maxFasc 0.24 0.26 0.25 0.26
Specified/recommended Fagc 0.24 0.26 0.25 0.26
Specified/recommended OFL (t) 205,000 251,000 272,000 329,000
Specified/recommended ABC (t) 174,000 214,000 235,000 281,000
Is the stock being subjected to overfishing? No n/a No n/a
Is the stock currently overfished? No No No No
Is the stock approaching a condition of being
overfished? No n/a No n/a

Responses to Comments from the Plan Teams and SSC

A total of 23 comments from the November, 2009 meetings of the BSAI Plan Team (1 comment) and the
GOA Plan Team (2 comments); the December, 2009 meeting of the SSC (7 comments); the May, 2010
meeting of the Joint Plan Teams (11 comments); and the June, 2010 meeting of the SSC (2 comments)
were previously addressed in the preliminary assessment (included here as Attachment 2.1). In the
interest of efficiency, these comments and responses are not repeated in this section. Joint Plan Team and
SSC comments from the September, 2010 and October, 2010 meetings, respectively, are addressed below.

Joint Plan Team Comments

JPT1 (09/10 minutes): ““Do not iterate to obtain estimates for penalties associated with dev vectors (see
also next paragraph [Comment JPT5] below).” See response to Comment JPTS5.

JPT2 (09/10 minutes): ““Use finer (1-cm vs. 3 to 5-cm) length bins and seasons (5 rather than 3) as done
for Models 2-6.”” Models B and C exhibit the requested characteristics. However, Model A, which was
requested by the SSC (see Comment SSC1), does not.

JPT3 (09/10 minutes): ““Continue to apply the catchability values (Q) derived by Dan Nichol (based on
archival tag data on Pacific cod depth distribution).” The trawl survey catchability coefficient (for the
post-1981 portion of the time series) in last year’s preferred model was tuned iteratively so that the
weighted average product of selectivity and catchability across the 60-81 cm size range matched the
results of the study by Nichol et al. (2007). The value obtained in last year’s preferred model was
retained for all three models in this final assessment (see also response to Comment JPTS).

JPT4 (09/10 minutes): ““Use constant growth rather than annually-varying or cohort-specific growth.”
Models B and C exhibit the requested characteristic. However, Model A, which was requested by the
SSC (see Comment SSC1), does not.

JPT5 (09/10 minutes): ““Several quantities have traditionally been estimated iteratively in the Pacific cod
assessments, for example, the catchability coefficient and the input standard deviations for all deviation
(““dev’”) vectors. To make the process of tuning the models less cumbersome, the Teams encouraged the
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authors to consider external weighting (i.e., setting such quantities on the basis of common sense) or one-
time reweighting of likelihood components.” A total of eight quantities were estimated iteratively in last
year’s preferred model:
ageing error bias (assumed constant across ages 2-20; units = years)
input standard deviation of length at length-at-age-0 (units = cm)
input standard deviation of length at length-at-age-20 (units = cm)
input standard deviation for cohort-specific growth devs (lognormal, multiplicative)
input standard deviation for log recruitment devs (normal, additive)
number of pre-1977 recruitment devs to estimate (1977 = model start year)
catchability for trawl survey (assumed constant since 1982)

8. input standard deviation for ascending post-1981 survey "width" devs (normal, additive)
To make sure that comment JPT5 was not misinterpreted by the assessment authors, ten Plan Team
members with experience in developing age-structured models were invited to provide advice on how this
comment should be applied. Four responses were received. None of the responses contained any
suggestions as to how any of the quantities listed above could be estimated by one-time reweighting of
likelihood components. However, several suggestions, sometimes with multiple options, were offered
regarding “common sense” methods of setting one or more of the quantities listed above. Of these, the
only option mentioned in a majority of the responses was to keep all of the quantities fixed at last year’s
values, the rationale being that this would facilitate comparison of models across years. Based on
majority opinion, this approach was adopted for all models in the final assessment. See also Comment
SSC3.

Nk W=

JPT6 (09/10 minutes): ““Prior to the 2009 assessment, constant growth was assumed in the model.
Cohort-specific growth was estimated in the 2009 model and Models 1-5 and annually varying growth
was tested in Model 6. The Plan Team recommends returning to a constant growth assumption for this
year’s assessment until there is evidence for either time-varying or cohort-specific growth in the Pacific
cod age or length data.”” See response to Comment JPT4.

JPT7 (09/10 minutes): “The Team recommended that the author prepare two models for November, with
these features: one with, and one without, age data, along the lines of Model 2 and Model 4.” Models B
and C correspond to this request.

SSC Comments

SSC1 (10/10 minutes): “The SSC agrees with the GPTs recommendations to bring forward models 2 and
4 in November, but to modify the models to include constant growth over time. However, the SSC requests
that the authors include results from the previously approved Model 1 (last year's model) for comparison.
Models 5 and 6 appear to either overfit the data and/or resulted in unreasonable estimates of the
standard deviation of length-at-age.” Models B and C correspond to the request in the first sentence of
this comment, and Model A corresponds to the request in the second sentence.

SSC2 (10/10 minutes): “The SSC agreed with the use of the 1 cm bin structure, but had concerns about
possible artifacts arising from the large number of length bin / year / season combinations and the likely
presence of a large number of zero entries. Therefore, we recommend that the authors explore an
intermediate bin size in next year's assessment that results in fewer zeros and faster run times.” As
requested, this suggestion will be considered next year. For now, however, it may be noted that the
extremely long run times experienced during the preliminary assessment (several hours) did not arise
during the final assessment, presumably due to the omission of cohort-specific growth rates from the two
models using the more complicated bin and seasonal structures (Models B and C).
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SSC3 (10/10 minutes): “With respect to iterative estimation of input standard deviations (for ‘deviation
vectors’) and other quantities, the SSC recommends that the author use his judgment in determining a
reasonable approach for setting these quantities.” The authors’ judgment is that keeping the quantities
listed in the response to Comment JPTS fixed at last year’s values is a prudent course of action given
Comment JPT5 and subsequent clarification thereof by Plan Team members.

SSC4 (10/10 minutes): “The SSCs recommends that an examination of maturity-at-length (instead of
maturity-at-age) in the ‘age-free’ models, as suggested in public comments, would be appropriate but
should be deferred to next year.” This comment may reflect poor communication on the part of the
authors in presenting the preliminary assessment. Models 4-6 in the preliminary assessment already
included use of length rather than age as the basis of the maturity schedule. The issue raised in the
preliminary assessment was whether the estimate of the natural mortality rate, which is presently based on
Jensen’s (1996) Equation 7, should be revised in models which do not use age data and which describe
maturity as a function of length (by using the age corresponding to the length at the inflection of the
length-based maturity schedule, rather than the age at the inflection of the age-based maturity schedule).
Model C in the final assessment, which is based on Model 4 in the preliminary assessment, continues to
use length as the basis of the maturity schedule.

INTRODUCTION

General

Pacific cod (Gadus macrocephalus) is a transoceanic species, occurring at depths from shoreline to 500
m. The southern limit of the species’ distribution is about 34° N latitude, with a northern limit of about
63° N latitude. Pacific cod is distributed widely over the eastern Bering Sea (EBS) as well as in the
Aleutian Islands (Al) area. The resource in these two areas (BSAI) is managed as a single unit. Tagging
studies (e.g., Shimada and Kimura 1994) have demonstrated significant migration both within and
between the EBS, Al and Gulf of Alaska (GOA). Although at least one previous genetic study (Grant et
al. 1987) failed to show significant evidence of stock structure within these areas, current genetic research
underway at the Alaska Fisheries Science Center is shedding additional light on the issue of stock
structure of Pacific cod within the BSAI (M. Canino, AFSC, pers. commun.). Pacific cod is not known to
exhibit any special life history characteristics that would require it to be assessed or managed differently
from other groundfish stocks in the EBS or Al areas.

Review of Life History

Pacific cod eggs are demersal and adhesive. Eggs hatch in about 15 to 20 days. Spawning takes place in
the sublittoral-bathyal zone (40 to 290 m) near bottom. Eggs sink to the bottom after fertilization and are
somewhat adhesive. Optimal temperature for incubation is 3° to 6°C, optimal salinity is 13 to 23 parts
per thousand (ppt), and optimal oxygen concentration is from 2 to 3 ppm to saturation. Little is known
about the optimal substrate type for egg incubation.

Little is known about the distribution of Pacific cod larvae, which undergo metamorphosis at about 25 to
35 mm. Larvae are epipelagic, occurring primarily in the upper 45 m of the water column shortly after
hatching, moving downward in the water column as they grow.

Juveniles occur mostly over the inner continental shelf at depths of 60 to 150 m. Adults occur in depths
from the shoreline to 500 m, although occurrence in depths greater than 300 m is fairly rare. Preferred
substrate is soft sediment, from mud and clay to sand. Average depth of occurrence tends to vary directly
with age for at least the first few years of life.
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It is conceivable that mortality rates, both fishing and natural, may vary with age in Pacific cod. In
particular, very young fish likely have higher natural mortality rates than older fish (note that this may not
be particularly important from the perspective of single-species stock assessment, so long as these higher
natural mortality rates do not occur at ages or sizes that are present in substantial numbers in the data).
For example, Leslie matrix analysis of a Pacific cod stock occurring off Korea estimated the
instantaneous natural mortality rate of 0-year-olds at 910% per year (Jung et al. 2009). This may be
compared to a mean estimate for age 0 Atlantic cod (Gadus morhua) in Newfoundland of 4.42% per day,
with a 95% confidence interval ranging from about 3.32% to 5.52% (Gregory et al. in review); and age 0
Greenland cod (Gadus ogac) of 2.12% per day, with a 95% confidence interval ranging from about 1.56%
to 2.68% (Robert Gregory and Corey Morris, pers. commun.).

Although little is known about the likelihood of age-dependent natural mortality in adult Pacific cod, it
has been suggested that Atlantic cod may exhibit increasing natural mortality with age (Greer-Walker
1970).

At least one study (Ueda et al. 2006) indicates that age 2 Pacific cod may congregate more, relative to age
1 Pacific cod, in areas where trawling efficiency is reduced (e.g., areas of rough substrate), causing their
selectivity to decrease. Also, Atlantic cod have been shown to dive in response to a passing vessel (Ona
and Godg 1990), which may complicate attempts to estimate catchability or selectivity. It is not known
whether Pacific cod undertake a similar response.

As noted above, Pacific cod are known to undertake seasonal migrations, the timing and duration of
which may be variable (Savin 2008).

FISHERY

Catches of Pacific cod taken in the EBS for the periods 1964-1980 and 1981-2010 are shown in Tables
2.1a and 2.1b respectively. Catches of Pacific cod in the Al for the periods 1964-1980, 1981-1990, and
1991-2010 are shown in Tables 2.2a, 2.2b, and 2.2¢ respectively. Catches of Pacific cod in the EBS and
Al regions combined for the periods 1964-1980, 1981-1990, and 1991-2010 are shown in Tables 2.3a,
2.3b, and 2.3c respectively.

The catches in Tables 2.1a, 2.2a, and 2.3a are broken down by year and fleet sector (foreign, joint
venture, domestic annual processing), while the catches in Tables 2.1b, 2.1c, 2.2b, 2.2¢, 2.3b, and 2.3c are
broken down by gear type as well. During the early 1960s, a Japanese longline fishery harvested BSAI
Pacific cod for the frozen fish market. Beginning in 1964, the Japanese trawl fishery for walleye pollock
(Theragra chalcogramma) expanded and cod became an important bycatch species and an occasional
target species when high concentrations were detected during pollock operations. By the time that the
Magnuson Fishery Conservation and Management Act went into effect in 1977, foreign catches of Pacific
cod had consistently been in the 30,000-70,000 t range for a full decade. In 1981, a U.S. domestic trawl
fishery and several joint venture fisheries began operations in the BSAI. The foreign and joint venture
sectors dominated catches through 1988, but by 1989 the domestic sector was dominant and by 1991 the
foreign and joint venture sectors had been displaced entirely. A State-managed fishery for Pacific cod in
the Aleutian Islands began in 2006.

Presently, the Pacific cod stock is exploited by a multiple-gear fishery, including trawl, longline, pot, and
jig components. Figures 2.1a-2.1c show areas in which sampled hauls or sets for each of the three main
gear types (trawl, longline, and pot) were concentrated during January-May, June-August, and
September-December, 2009. Figures 2.1d-2.1e show the corresponding information for January-May and
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June-August, 2010 (preliminary data). To create these figures, the EEZ off Alaska was divided into 20
km x 20 km squares. For each gear type, a square is shaded if hauls/sets containing Pacific cod from
more than two distinct vessels were sampled in it during the respective gear/season/year.

The chapters entitled “Profile for Pacific cod Fleet” and “Pacific Cod Market Analysis” in the economic
section of the SAFE Report (Hiatt et al., 2007) provide additional information on the Pacific cod fishery.

The history of acceptable biological catch (ABC), overfishing level (OFL), and total allowable catch
(TAC) levels is summarized and compared with the time series of aggregate (i.e., all-gear, combined area)
commercial catches in Table 2.4. From 1980 through 2010 TAC averaged about 80% of ABC (ABC was
not specified prior to 1980), and from 1980 through 2009 aggregate commercial catch averaged about
90% of TAC (remembering that 2010 catch data are not yet final). In 10 of these 31 years (32%), TAC
equaled ABC exactly, and in 6 of these 31 years (20%), catch exceeded TAC (by an average of 4%)).
However, one of those overages occurred in 2007, when TAC was reduced by 3% to account for a small,
State-managed fishery inside State of Alaska waters (similar reductions were made in 2008-2009); thus,
while the combined Federal and State catch exceeded the Federal TAC in 2007 by about 2%, the overall
target catch (Federal TAC plus State GHL) was not exceeded. Total catch has been less than OFL in
every year since 1994,

Changes in ABC over time are typically attributable to three factors: 1) changes in resource abundance,
2) changes in management strategy, and 3) changes in the stock assessment model. Assessments
conducted prior to 1985 consisted of simple projections of survey numbers at age. In 1985, the
assessment was expanded to consider all survey numbers at age from 1979-1985. From 1985-1991, the
assessment was conducted using an ad hoc separable age-structured model. In 1992, the assessment was
conducted using the Stock Synthesis 1 modeling software (Methot 1986, 1990) with age-based data. All
assessments from 1992 through 2003 continued to use the Stock Synthesis 1 modeling software, but with
length-based data. Age data based on a revised ageing protocol were added to the model in the 2004
assessment. The assessment was migrated to Stock Synthesis 2 in 2005 (Methot 2005), and several
changes have been made to the model within the SS2 framework (renamed “Stock Synthesis,” without a
numeric modifier, in 2008) each year since then.

Historically, the great majority of the BSAI catch has come from the EBS area. During the most recent
complete five-year period (2005-2009), the EBS accounted for an average of about 85% of the BSAI
catch.

The catches shown in Tables 2.1b, 2.2b, 2.2¢, 2.3b, 2.3¢, and 2.4 include estimated discards. Discard
rates of Pacific cod in the various EBS and Al target fisheries are shown for each year 1991-2002 in
Table 2.5a, for each year 2003-2004 in Table 2.5b, and for each year 2005-2010 in Table 2.5c.

Seasons for the Pacific cod fisheries are defined in 50 CFR §679.23(5) as follows:
(i) Hook-and-line gear. Subject to other provisions of this part, directed fishing for CDQ and non-
CDQ Pacific cod with vessels equal to or greater than 60 ft (18.3 m) LOA using hook-and-line
gear is authorized only during the following two seasons:
(A) A season. From 0001 hours, A.l.t., Jan. 1 through 1200 hours, A.Lt., June 10; and
(B) B season. From 1200 hours, A.Lt., June 10 through 2400 hours, A.Lt., Dec. 31.
(i1) Trawl gear. Subject to other provisions of this part, directed fishing for CDQ and non-CDQ
Pacific cod with trawl gear in the BSAI is authorized only during the following three seasons:
(A) A season. From 1200 hours, A.l.t., Jan. 20 through 1200 hours, A.lLt., Apr. 1;
(B) B season. From 1200 hours, A.Lt., Apr. 1 through 1200 hours, A.Lt., June 10; and
(C) C season. From 1200 hours, A.lLt., June 10 through 1200 hours, A.L.t., Nov. 1.
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(iii) Pot gear. Subject to other provisions of this part, non-CDQ directed fishing for Pacific cod
with vessels equal to or greater than 60 ft (18.3 m) LOA using pot gear in the BSAI is authorized

only during the following two seasons:

(A) A season. From 0001 hours, A.l.t., January 1 through 1200 hours, A.Lt., June 10; and
(B) B season. From 1200 hours, A.Lt., September 1 through 2400 hours, A.lLt., Dec. 31.
(iv) Jig gear. Subject to other provisions of this part, directed fishing for CDQ and non-CDQ

Pacific cod with jig gear is authorized only during the following three seasons:

(A) A season. From 0001 hours, A.l.t., Jan. 1 through 1200 hours, A.Lt., Apr. 30;
(B) B season. From 1200 hours, A.Lt., Apr. 30 through 1200 hours, A.Lt., Aug. 31; and
(C) C season. From 1200 hours, A.Lt., Aug. 31 through 2400 hours, A.Lt., Dec. 31.

Under Amendment 85, 10.7% of the TAC is allocated to the CDQ fisheries. The remaining 89.3% is

allocated as follows:

Percentage
Sector non-CDQ TAC overall TAC
Jig vessels 1.4 1.250
Hook-and-line/pot catcher vessels < 60 ft. LOA 2.0 1.786
Hook-and-line/pot catcher vessels > 60 ft. LOA 0.2 0.179
Hook-and-line catcher-processors 48.7 43.489
Pot catcher vessels > 60 ft. LOA 8.4 7.501
Pot catcher-processors 1.5 1.340
AFA trawl catcher-processors 2.3 2.054
Non-AFA trawl cathcer-processors 13.4 11.966
Trawl catcher vessels 22.1 19.735
Total 100.0 89.300

Amendment 85 further apportions the above allocations (in percent) by season as follows:

Gear Type A Season B Season  C Season

CDQ trawl 60 20 20
CDQ trawl catcher vessels 70 10 20
CDQ trawl catcher-processors 50 30 20

Non-CDQ trawl catcher vessels 74 11 15

Non-CDQ trawl catcher-processors 75 25 0

CDQ hook-and-line catcher-processors, and hook-and-line

catcher vessels > 60 ft. LOA 60 40 n/a

Non-CDQ hook-and-line catcher-processors, hook-and-line

catcher vessels > 60 ft. LOA, pot catcher-processors, and pot

catcher vessels 2 60 ft. LOA 51 49 n/a

CDQ jig vessels 40 20 40

Non-CDQ jig vessels 60 20 20

All other nontrawl vessels

no seasonal allowance ----------

An incidental catch allowance will be deducted from the aggregate portion of Pacific cod TAC annually
allocated to the hook-and-line and pot gear sectors before the allocations above are made to these sectors.
Since 2001 this amount has been 500 t and included in the harvest specifications.

It is likely that some changes will be made to the regulations governing the Pacific cod fisheries in
response to the Biological Opinion released earlier this year, but the exact nature of these changes was not

known at the time this assessment was completed.
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DATA

This section describes data used in the current stock assessment models. It does not attempt to summarize
all available data pertaining to Pacific cod in the BSAI

Commercial Catch Data

Catch Biomass

Catches taken in the EBS for the period 1977-2010 are shown for the three main gear types and two
different seasonal configurations in Tables 2.6a and 2.6b. The seasons used in Table 2.6a are January-
May, June-August, and September-December. This particular division, which was suggested in the early
1990s by fishery participants, was intended to reflect actual intra-annual differences in fleet operation
(e.g., fishing operations during the spawning period may be different than at other times of year), and is
used by Model A in the present assessment.

Table 2.6b makes use of two different types of season: catch seasons and selectivity seasons. The catch
seasons are defined as January-February, March-April, May-July, August-October, and November-
December. Three selectivity seasons are defined by combining catch seasons 1 and 2 into selectivity
season 1, equating catch season 3 with selectivity season 2, and combining catch seasons 4 and 5 into
selectivity season 3. The catch seasons used in Table 2.6b were the result of a statistical analysis
described in this year’s preliminary assessment (see Attachment 2.1), and the selectivity seasons were
chosen to correspond as closely as possible to the traditional seasons used in Table 2.6a given the revised
catch seasons. This seasonal structure is used by Models B and C in the present assessment.

In years for which estimates of the distribution by gear or period were not available, proxies based on
other years’ distributions were used to create Tables 2.6a and 2.6b. Catches for the years 1977-1980 may
or may not include discards.

Catch Per Unit Effort

Fishery catch per unit effort data are available by gear and season for the years 1991-2010 and are shown
in Table 2.6¢ for the seasonal structure used by Model A and Table 2.6d for the seasonal structure used by
Models B and C. Units are kg/minute for trawl gear, kg/hook for longline gear, and kg/pot for pot gear;
data for 2010 are partial. The “sigma” values shown in the tables are intended only to give an idea of the
relative variability of the respective point estimates, and are not actually used in any of the analyses
presented here.

Catch Size Composition

Fishery size compositions are presently available, by gear, for at least one gear type in every year from
1977 through the first part of 2010. For ease of representation and analysis, length frequency data for
Pacific cod have traditionally been grouped according to the following set of 25 intervals or “bins,” with
the upper and lower boundaries shown in cm:

BinNumber: 1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
LowerBound: 9 12 15 18 21 24 27 30 33 36 39 42 45 50 55 60 65 70 75 80 85 90 95 100 105
UpperBound: 11 14 17 20 23 26 29 32 35 38 41 44 49 54 59 64 69 74 79 84 89 94 99 104 110
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The collections of relative length frequencies are shown by year and size bin for the trawl fishery in
Tables 2.7a, 2.7b, and 2.7c; the longline fishery in Tables 2.8a, 2.8b, and 2.8c; and the pot fishery in
Tables 2.9a, 2.9b, and 2.9c. These are the size composition data used by Model A. Models B and C use a
finer scale consisting of 1-cm bins ranging from 4 to 120 cm. Because displaying these data would add
approximately 40 pages to the present document, they are not shown here but are available on request by
contacting the senior author.

Fishery Age Composition Data

The 2008 assessment marked the first time that fishery age composition data were used since production
ageing of Pacific cod resumed several years ago (Roberson 2001, Roberson et al. 2005). Specifically, the
estimate of age composition from the 2008 January-May longline fishery shown in Table 2.11a was used.
These data continue to be used in Model A in the present assessment, but not in Models B or C.

Survey Data

EBS Shelf Bottom Trawl Survey

The relative size compositions from bottom trawl surveys of the EBS shelf conducted by the Alaska
Fisheries Science Center since 1979 are shown in Table 2.10a for the years 1979-1981 and Table 2.10b
for the years 1982-2010, using the same length bins defined above for the commercial catch size
compositions. The survey is shown as two separate time series because of a gear change that was
instituted in 1982.

Age compositions from the 1994-2009 surveys are available. The age compositions and actual sample
sizes are shown in Table 2.11b.

Estimates of total abundance (both in biomass and numbers of fish) obtained from the trawl surveys are
shown in Table 2.12a (1979-1981) and 2.12b (1982-2010), together with their respective standard errors.
Upper and lower 95% confidence intervals are also shown for the biomass estimates. Survey results
indicate that biomass increased steadily from 1979 through 1983, and then remained relatively constant
from 1983 through 1988. The highest biomass ever observed by the survey was the 1994 estimate of
1,368,120 t. Following the high observation in 1994, the survey biomass estimate declined steadily
through 1998. The survey biomass estimates remained in the 596,000-619,000 t range from 2002 through
2005. However, the survey biomass estimates dropped after 2005, producing all-time lows in 2007 and
again in 2008. The 2009 biomass estimate was slightly higher than the 2008 estimate, and the 2010
biomass estimate was more than double the 2009 estimate.

Numerical abundance has shown more variability than biomass. The 2007 estimate was the highest since
2001 the time series, but the 2008 estimate was down considerably. The 2009 estimate was up again,
nearly as high as the 2007 value, and the 2010 estimate is the highest since 2001.

Mean size-at-age data are available for all of the years in which age compositions are available. These
are shown, along with sample sizes, in Table 2.13. This table also includes mean size at age for the single
record of fishery age composition data currently available (2008 Jan-May longline fishery). Note that the
fishery mean sizes at ages 3-5 are much larger than any of the survey mean sizes at those ages.
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Aleutian Bottom Trawl Survey

Biomass estimates for the Aleutian Islands region were derived from U.S.-Japan cooperative bottom trawl
surveys conducted during the summers of 1980, 1983, and 1986, and by U.S. bottom trawl surveys of the
same area in 1991, 1994, 1997, 2000, 2002, 2004, 2006, and 2010. These surveys covered both the
Aleutian management area (170 degrees east to 170 degrees west) and a portion of the Bering Sea
management area (“Southern Bering Sea’) not covered by the EBS shelf bottom trawl surveys. The time
series of biomass estimates from the overall Aleutian survey area are shown below (all estimates are in t):

Year  Survey Type Aleutian Survey Area

1980 U.S.-Japan 148,272
1983 U.S.-Japan 215,755
1986 U.S.-Japan 255,072
1991 U.S. 191,049
1994 U.S. 184,068
1997 U.S. 83,416
2000 U.S. 136,028
2002 U.S. 82,970
2004 U.S. 114,161
2006 U.S. 92,526
2010 U.S. 68,161

The 2010 estimate is the lowest in the time series.

For many years, the assessments of Pacific cod in the BSAI have used a weighted average formed from
EBS and Al survey biomass estimates to provide a conversion factor which is used to translate model
projections of EBS catch and biomass into BSAI equivalents. Prior to the 2004 assessment, the weighted
average was based on the sums of the biomass estimates from the EBS shelf and Al survey biomass time
series. However, in December of 2003 the SSC requested that alternative methods of estimating relative
biomass between the EBS and Al be explored. Following a presentation of some possible alternatives
(Thompson and Dorn 2004), the SSC recommended that an approach based on a simple Kalman filter be
used. Applying this approach to the updated (through 2010) time series indicates that the best estimate of
the current biomass distribution is 91% EBS and 9% Al, replacing the previous proportions of 84% and
16% respectively.

IPHC Longline Survey

The International Pacific Halibut Commission (IPHC) conducts an annual longline survey designed to
estimate the relative abundance of Pacific halibut (Hippoglossus stenolepis). The survey also takes
Pacific cod incidentally. The CPUE time series (number of Pacific cod per hook) from stations in the BS
since 2000 is as follows (the 2010 value is not available yet):

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
0.077 0.083 0.083 0.098 0.069 0.109 0.154 0.119 0.117 0.077

Pacific cod length composition data were taken in the IPHC survey during the years 2007-2009. The
sampling protocol was improved substantially after the 2007 season, so only the data since 2008 were
used in the 2009 assessment. The 2008 and 2009 size compositions are shown in Table 2.10c. These
data are used in Model A in the present assessment, but not in Models B or C.
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ANALYTIC APPROACH

Model Structure

History of Previous Model Structures Developed Under Stock Synthesis

Stock Synthesis 1 (SS1, Methot 1986, 1990, 1998, 2000) was first applied to the EBS Pacific cod stock in
the 1992 assessment (Thompson 1992). This first application used age-structured data. Beginning with
the 1993 SAFE report (Thompson and Methot 1993) and continuing through the 2004 SAFE report
(Thompson and Dorn 2004), SS1 continued to be used, but based largely on length-structured data. It
should be emphasized that the model has always been intended to assess only the EBS portion of the
BSAI stock. Conversion of model estimates of EBS biomass and catch to BSAI equivalents has
traditionally been accomplished by application of an expansion factor based on the relative survey
biomasses between the EBS and Al

SS1 was a program that used the parameters of a set of equations governing the assumed dynamics of the
stock (the “model parameters™) as surrogates for the parameters of statistical distributions from which the
data were assumed to be drawn (the “distribution parameters”), and varies the model parameters
systematically in the direction of increasing likelihood until a maximum is reached. The overall
likelihood was the product of the likelihoods for each of the model components. In part because the
overall likelihood could be a very small number, SS1 used the logarithm of the likelihood as the objective
function. Each likelihood component was associated with a set of data assumed to be drawn from
statistical distributions of the same general form (e.g., multinomial, lognormal, etc.). Typically,
likelihood components were associated with data sets such as catch size (or age) composition, survey size
(or age) composition, and survey abundance (either biomass or numbers, either relative or absolute).

SS1 permitted each data time series to be divided into multiple segments, resulting in a separate set of
parameter estimates for each segment. The EBS Pacific cod assessments, for example, usually divided
the shelf bottom trawl survey size composition time series into pre-1982 and post-1981 segments to
account for the effects of a change in the trawl survey gear instituted in 1982. Also, to account for
possible differences in selectivity between the mostly foreign (also joint venture) and mostly domestic
fisheries, the fishery size composition time series was split into pre-1989 and post-1988 segments during
the era of SS1-based assessments.

In the EBS Pacific cod model, each year has traditionally been partitioned into three seasons: January-
May, June-August, and September-December (these seasonal boundaries were suggested by industry
participants). Four fisheries were defined during the era of SS1-based assessments: The January-May
trawl fishery, the June-December trawl fishery, the longline fishery, and the pot fishery.

Following a series of modifications from 1993 through 1997, the base model for EBS Pacific cod
remained completely unchanged from 1997 through 2001. During the late 1990s, a number of attempts
were made to estimate the natural mortality rate M and the shelf bottom trawl survey catchability
coefficient Q, but these were not particularly successful and the Plan Team and SSC always opted to
retain the base model in which M and Q were fixed at their traditional values of 0.37 and 1.0,
respectively.

A minor modification of the base model was suggested by the SSC in 2001, namely, that consideration be
given to dividing the domestic era into pre-2000 and post-1999 segments. This modification was tested in
the 2002 assessment (Thompson and Dorn 2002), where it was found to result in a statistically significant
improvement in the model’s ability to fit the data. In the 2004 assessment (Thompson and Dorn 2004),
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further modifications were made to the base model. The 2004 model included a set of selectivity
parameters for the EBS slope bottom trawl survey and added new likelihood components for the age
compositions and length-at-age data from the 1998-2003 EBS shelf bottom trawl surveys and the size
composition and biomass data from the 2002 and 2004 EBS slope bottom trawl surveys. Incorporation of
age data and slope survey data had been suggested by the SSC (SSC minutes, December 2003).

A major change took place in the 2005 assessment (Thompson and Dorn 2005), as the model was
migrated to the newly developed Stock Synthesis 2 (SS2) program, which made use of the ADMB
modeling architecture (Fournier 2005) currently used in most age-structured assessments of BSAI and
GOA groundfish. The move to SS2 facilitated improved estimation of model parameters as well as
statistical characterization of the uncertainty associated with parameter estimates and derived quantities
such as spawning biomass. Technical details of SS2 were described by Methot (2005, 2007).

The 2006 assessment (Thompson et al. 2006) explored alternative functional forms for selectivity, use of
Pacific cod incidental catch data from the NMFS sablefish longline survey, and the influence of prior
distributions.

A technical workshop was held in April of 2007 to address possible improvements to the assessment
model (Thompson and Conners 2007). Based on suggestions received at the workshop, several
alternative models were considered in a preliminary 2007 assessment (Thompson et al. 2007a), and four
models were advanced during the final 2007 assessment (Thompson et al. 2007b). The recommended
model from the final 2007 assessment (Model 1) included a number of features that distinguished it from
the model used in the 2006 assessment, including: a fixed value for the natural mortality rate (0.34) based
on life history theory, maturity schedule modeled as a function of age rather than length, trawl survey
selectivity modeled as a function of age rather than length, constant fishery selectivity across all years,
annual variability in the ascending “width” parameter of the trawl survey selectivity schedule (with a
standard deviation of 0.2), standard deviation of length at age modeled as a linear function of length at
age, survey abundance measured in numbers of fish (rather than biomass), and setting the input sample
size for multinomial distributions on the basis of a scaled bootstrap harmonic mean.

Relative to the 2007 assessment, the model accepted by the Plan Team and SSC from the 2008
assessment featured two main changes: 1) an explicit algorithm was used to determine which fleets
(including surveys as well as fisheries) would be forced to exhibit asymptotic selectivity; and 2) an
explicit algorithm was used to determine which selectivity parameters would be allowed to vary
periodically in “blocks” of years, and to determine the appropriate block length for each such time-
varying parameter (Thompson et al. 2008).

The 2009 assessment (Thompson et al. 2009) featured a total of 14 models reflecting a great many
alternative assumptions and use or non-use of certain data, particularly age composition data. Relative to
the 2008 assessment, the main changes in the model accepted by the Plan Team and SSC were as follow:
1) input standard deviations of all “dev” vectors were set iteratively by matching the standard deviations
of the set of estimated “devs;” 2) the standard deviation of length at age was estimated outside the model
as a linear function of mean length at age; 3) catchability for the post-1981 trawl survey was fixed at the
value that sets the average (weighted by numbers at length) of the product of catchability and selectivity
for the 60-81 cm size range equal to the point estimate of 0.47 obtained by Nichol et al. (2007); 4)
potential ageing bias was accounted for in the ageing error matrix by examining alternative bias values in
increments of 0.1 for ages 2 and above, resulting in a positive bias of 0.4 years for these ages (age-
specific bias values were also examined, but did not improve the fit significantly); and 5) cohort-specific
growth devs were estimated for all years through 2008.
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Model Structures Considered in This Year’s Assessment

Many changes have been made or considered in the stock assessment model since the 2009 assessment
(Thompson et al. 2009). Six models were presented in this year’s preliminary assessment (Attachment
2.1). The relationships between the six models presented in the preliminary assessment are summarized
in Table 2.1.1 of Attachment 2.1. The set of six models in the preliminary assessment was requested by
the Plan Teams in May of this year, with subsequent concurrence (given two minor modifications) by the
SSC in June. Following review in September and October, three of these models, or modifications
thereof, were requested by the Plan Teams or SSC to be included in the final assessment.

Model 1 in the preliminary assessment was identical to the model accepted for use by the BSAI Plan
Team and SSC last year, and was the only model from the preliminary assessment recommended by
either the Plan Team or SSC to be carried forward without modification for inclusion in the final
assessment, where it is labeled Model A.

Model 2 in the preliminary assessment included four changes in data or data structure: 1) exclude relative
abundance data and the two records of size composition data from the IPHC longline survey, 2) exclude
the single record (each) of fishery age composition and mean length-at-age data, 3) use a finer length bin
structure than previous models, and 4) re-evaluate the existing seasonal structure used in the model and
revise it as appropriate. The length bin structure adopted in Model 2 consisted of 1-cm bins, replacing the
combination of 3-cm and 5-cm bins used in previous assessments. The seasonal structure adopted in
Model 2 consisted of five catch seasons defined as January-February, March-April, May-July, August-
October, and November-December; and three selectivity seasons defined as January-April, May-July, and
August-December; with spawning identified as occurring at the beginning of the second catch season
(March).

Model 4 in the preliminary assessment included all of the changes in Model 2, plus disuse of all mean
length-at-age data and all age composition data, and a change from age-based to length-based maturity.

The Plan Teams and SSC requested that modified forms of preliminary Models 2 and 4 be included in the
final assessment. The requested modification in each case was removal of cohort-specific growth rates
(this feature was new in last year’s assessment). The modified Models 2 and 4 from the preliminary
assessment are labeled here as Models B and C, respectively.

Version 3.11b of Stock Synthesis (SS) was used to run all the models in the preliminary assessment and
in the final assessment up until the very last stages of the analysis, at which point version 3.11c was used.
The most recent user manual is for version 3.11a (Methot 2010).

Parameters Estimated Independently

Natural Mortality

In the 1993 BSAI Pacific cod assessment (Thompson and Methot 1993), the natural mortality rate M was
estimated using SS1 at a value of 0.37. Although attempts have been made to obtain internal estimates of
M in some years, all models of the BSAI Pacific cod stock accepted by the Plan Team and SSC from
1993 through 2006 ultimately retained a value of 0.37 for M. The 2007 assessment marked the first time
since 1993 that a different value of M, 0.34, was accepted by the SSC. This value was based on Equation
7 of Jensen (1996) and an age at maturity of 4.9 years (Stark 2007). In response to a request from the
SSC, the 2008 assessment included a discussion of alternative values and a justification for the value
chosen (Thompson et al. 2008). However, it should be emphasized that, even if Jensen’s Equation 7 is
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exactly right, variability in the estimate of the age at maturity implies that the point of estimate of 0.34 is
accompanied by a level of uncertainty. Using the variance for the age at 50% maturity published by Stark
(0.0663), the 95% confidence interval for M extends from about 0.30 to 0.38.

For historical completeness, some other published estimates of M for Pacific cod are shown below:

Area Author Year Value
Eastern Bering Sea  Low 1974 0.30-0.45
Wespestad et al. 1982 0.70

Bakkala and Wespestad 1985 0.45
Thompson and Shimada 1990 0.29

Thompson and Methot 1993 0.37
Gulf of Alaska Thompson and Zenger 1993 0.27

Thompson and Zenger 1995 0.50
British Columbia Ketchen 1964 0.83-0.99

Fournier 1983 0.65

All of the models in this assessment set M independently at the SSC-approved value of 0.34.
Catchability

In the 2009 assessment (Thompson et al. 2009), catchability for the post-1981 trawl survey was estimated
iteratively by matching the average (weighted by numbers at length) of the product of catchability and
selectivity for the 60-81 cm size range equal to the point estimate of 0.47 obtained by Nichol et al. (2007).
The resulting value of 0.77 was retained for all models in the present assessment. Catchability for the
pre-1982 trawl survey is fixed at 1.00, following last year’s assessment.

Variability in Estimated Age

Variability in estimated age in SS is based on the standard deviation of estimated age. Weighted least
squares regression has been used in the past several assessments to estimate a proportional relationship
between standard deviation and age. The regression was last recomputed in the 2009 assessment
(Thompson et al. 2009), yielding an estimated coefficient of 0.088 (i.e, the standard deviation of
estimated age was modeled as 0.088 x age). This regression was retained for all models in the present
assessment.

Variability in Length at Age

As described in the SS user manual (Methot 2010), problems can arise when estimating cohort-specific
growth unless the first reference age in the length-at-age equation is set at true age 0. Because no data are
available to describe the standard deviation of length at true age 0 (which is mostly a theoretical
extrapolation anyway), the 2009 assessment used a regression approach to extrapolate the parameters of
the schedule of variability in length at age, based on the outside-the-model estimates of standard deviation
of length at age from the survey age data (Thompson et al. 2009). The best fit was obtained by assuming
that the standard deviation is a linear function of length at age, with an intercept of 1.15 and a slope of
0.079.

Use of this regression required an iterative, “quasi-conditional” procedure for specifying the standard
deviations of length at ages 0 and 20, because the regression is a function of length at age, and length at
age is estimated conditionally (i.e., inside the model). The resulting standard deviations were 0.01 (for
length at age 0) and 8.68 (for length at age 20). These values were retained for all models in the present
assessment.
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Weight at Length

Weight-at-length parameters specific to each of the three seasons used in Model A were estimated in the
2008 assessment (Thompson et al. 2008). These were determined from all weight-length records present
in the observer database (both shore-based and at-sea samples) as of the 2008 assessment, giving the
following values:

Season: Jan-May Jun-Aug Sep-Dec Annual
o 5.705x107° 9.055x107¢ 5.774x107° 6.161x107°
i 3.184 3.065 3.183 3.165
Samples: 54,798 13,370 22,710 90,878

In the 2008 assessment, the seasonal model gave a statistically significant improvement (AIC = 84,762
for the annual model; AIC = 83,989 for the seasonal model).

For Models B and C, new season-specific parameters were computed from the same data set in order to
comply with the new seasonal structure of those models, giving the following values:

Season: Jan-Feb Mar-Apr May-Jul Aug-Oct Nov-Dec
o 3.741x10°°  7.221x10°  9.406x10°  6.987x10°  4.356x10°°
) 3.296 3.122 3.054 3.134 3.253
Samples: 21,616 25,818 20,734 12,754 9,956

The weight-length parameters for the new seasonal structure give a better (lower) AIC than the weight-
length parameters for the old seasonal structure.

Maturity

A detailed history and evaluation of parameter values used to describe the maturity schedule for BSAI
Pacific cod was presented in the 2005 assessment (Thompson and Dorn 2005). A length-based maturity
schedule was used for many years. The parameter values used for this schedule in the 2005 and 2006
assessments (Thompson and Dorn 2005, Thompson et al. 2006) were set on the basis of a study by Stark
(2007) at the following values: length at 50% maturity = 58 cm and slope of linearized logistic equation
=-0.132. However, in 2007, changes in SS allowed for use of either a length-based or an age-based
maturity schedule. Since 2007, the accepted model has used an age-based schedule with intercept = 4.9
years and slope =-0.965 (Stark 2007). The use of an age-based rather than a length-based schedule
follows a recommendation from the author of the maturity study from which the parameter values were
taken (James Stark, Alaska Fisheries Science Center, personal communication). In the present
assessment, Models A and B use the age-based schedule and Model C uses the length-based schedule.

Parameters Estimated Conditionally

Parameters estimated conditionally (i.e., within individual SS runs, based on the data and the parameters
estimated independently) in all models include the von Bertalanffy growth parameters, log mean
recruitment, annual recruitment deviations, initial fishing mortality, gear-season-and-block-specific
fishery selectivity parameters, survey selectivity parameters, and annual deviations in the ascending limb
of the trawl survey selectivity schedule. In addition, Model A estimates cohort-specific deviations in
growth rates.
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The same functional form (pattern 24 for length-based selectivity, pattern 20 for age-based selectivity)
used to define the selectivity schedules in all assessments since 2007 was used again this year. This
functional form is constructed from two underlying and rescaled normal distributions, with a horizontal
line segment joining the two peaks. This form uses the following six parameters (selectivity parameters
are referenced by these numbers in several of the tables in this assessment):

1. Beginning of peak region (where the curve first reaches a value of 1.0)
Width of peak region (where the curve first departs from a value of 1.0)
Ascending “width” (equal to twice the variance of the underlying normal distribution)
Descending width
Initial selectivity (at minimum length/age)

6. Final selectivity (at maximum length/age)
All but the “beginning of peak region” parameter are transformed: The widths are log-transformed and
the other parameters are logit-transformed.

wnhkw

Fishery selectivities are length-based and trawl survey selectivities are age-based in all models considered
in this assessment. In addition, Model A assumes length-based selectivity for the IPHC longline survey.

Uniform prior distributions are used for all parameters, except that dev vectors are constrained by input
standard deviations (“sigma”), which imply a type of joint prior distribution. These input standard
deviations were determined iteratively in the 2009 assessment (Thompson et al. 2009) by matching the
standard deviations of the estimated devs. The same input standard deviations were used in all models in
the present assessment.

For all parameters estimated within individual SS runs, the estimator used is the mode of the logarithm of
the joint posterior distribution, which is in turn calculated as the sum of the logarithms of the parameter-
specific prior distributions and the logarithm of the likelihood function.

In addition to the above, the full set of year-, season-, and gear-specific fishing mortality rates are also
estimated conditionally, but not in the same sense as the above parameters. The fishing mortality rates
are determined exactly rather than estimated statistically because SS assumes that the input total catch
data are true values rather than estimates, so the fishing mortality rates can be computed algebraically

given the other parameter values and the input catch data.

Likelihood Components

All three models included likelihood components for trawl survey relative abundance, fishery and survey
size composition, recruitment, parameter deviations, and “softbounds” (equivalent to an extremely weak
prior distribution used to keep parameters from hitting bounds), and initial (equilibrium) catch. In
addition, Models A and B included likelihood components for age composition and mean size at age.

In SS, emphasis factors are specified to determine which likelihood components receive the greatest
attention during the parameter estimation process. As in previous assessments, likelihood components
were given an emphasis of 1.0 in the present assessment.

Use of Size Composition Data in Parameter Estimation

Size composition data are assumed to be drawn from a multinomial distribution specific to a particular
year, gear, and season within the year. In the parameter estimation process, SS weights a given size
composition observation (i.e., the size frequency distribution observed in a given year, gear, and season)
according to the emphasis associated with the respective likelihood component and the sample size
specified for the multinomial distribution from which the data are assumed to be drawn. In developing
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the model upon which SS was originally based, Fournier and Archibald (1982) suggested truncating the
multinomial sample size at a value of 400 in order to compensate for contingencies which cause the
sampling process to depart from the process that gives rise to the multinomial distribution. For many
years, the Pacific cod assessments assumed a multinomial sample size equal to the square root of the true
length sample size, rather than the true length sample size itself. Given the true length sample sizes
observed in the EBS Pacific cod data, this procedure tended to give values somewhat below 400 while
still providing SS with usable information regarding the appropriate effort to devote to fitting individual
length samples.

Although the “square root rule” for specifying multinomial sample sizes gave reasonable values, the rule
itself was largely ad hoc. In an attempt to move toward a more statistically based specification, the 2007
assessment used the harmonic means from a bootstrap analysis of the available fishery length data from
1990-2006 (Thompson et al. 2007b). The harmonic means were smaller than the actual sample sizes, but
still ranged well into the thousands. A multinomial sample size in the thousands would likely
overemphasize the size composition data. As a compromise, the harmonic means were rescaled
proportionally in the 2007 assessment so that the average value (across all samples) was 300. However,
the question then remained of what to do about years not covered by the bootstrap analysis (2007 and pre-
1990) and what to do about the survey samples. The solution adopted in the 2007 assessment was based
on the consistency of the ratios between the harmonic means (the raw harmonic means, not the rescaled
harmonic means) and the actual sample sizes. For the years prior to 1999, the ratio was very consistently
close to 0.16, and for the years after 1998, the ratio was very consistently close to 0.34. This consistency
was used to specify the missing values as follows: For fishery data, the sample sizes for length
compositions from years prior to 1999 were tentatively set at 16% of the actual sample size, and the
sample sizes for length compositions from 2007 were tentatively set at 34% of the actual sample size. For
the pre-1982 trawl survey, length compositions were tentatively set at 16% of an assumed sample size of
10,000. For the post-1981 trawl survey and IPHC survey length compositions, sample sizes were
tentatively set at 34% of the actual sample size. Then, with sample sizes for fishery length compositions
from 1990-2007 tentatively set at their bootstrap harmonic means (not rescaled), all sample sizes were
adjusted proportionally so that the average was 300.

The same procedure was used in the 2008 and 2009 assessments (Thompson et al. 2008, Thompson et al.
2009) and Model A in the present assessment as well. The resulting set of multinomial sample sizes for
Model A is shown in Table 2.14a. For Models B and C, however, this procedure had to be modified
somewhat, because the bootstrap values for the 1990-2006 size composition data did not match the bin
and seasonal structures used by these two models. To be as consistent as possible with the approach used
to set sample sizes for Model A, sample sizes for Models B and C were set using the 16/34% rule for all
size composition records (not just those lying outside the set of 1990-2006 fishery data), then rescaling
proportionally to achieve an average sample size of 300. The resulting set of multinomial sample sizes
for Models B and C is shown in Tale 2.14b.

Use of Age Composition Data in Parameter Estimation

Like the size composition data, the age composition data are assumed to be drawn from a multinomial
distribution specific to a particular gear, year, and season within the year. Input sample sizes for the
multinomial distributions were computed by scaling the actual number of otoliths read in each year
proportionally such that the average of the input sample sizes was equal to 300.

To avoid double counting of the same data, Models A and B ignore size composition data from each
gear/year/season combination in which age composition data are available. Model C, which ignores the
age composition data, uses all the available size composition data.
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Use of Fishery CPUE and Survey Relative Abundance Data in Parameter Estimation

Fishery CPUE data are included in the models for comparative purposes only. Their respective
catchabilities are estimated analytically, not statistically. The same is true for the relative abundance data
from the IPHC longline survey (which are used in Model A only).

For the trawl surveys, each year’s survey abundance datum is assumed to be drawn from a lognormal
distribution specific to that year. The model’s estimate of survey abundance in a given year serves as the
geometric mean for that year’s lognormal distribution, and the ratio of the survey abundance datum’s
standard error to the survey abundance datum itself serves as the distribution’s coefficient of variation,
which is then transformed into the “sigma” parameter for the lognormal distribution.

Use of Recruitment Deviation “Data’ in Parameter Estimation

The recruitment deviations likelihood component is different from traditional likelihoods because it does
not involve “data” in the same sense that traditional likelihoods do. Instead, the log-scale recruitment
deviation plays the role of the datum and the log-scale recruitment mean and input standard deviation are
related to the parameters of a normal distribution, but, of course, all of these are treated as parameters by
SS (although the input standard deviation is estimated iteratively rather than internally).

RESULTS

Model Evaluation

As described above, three models are evaluated in the present assessment. All models appeared to
converge successfully and the Hessian matrices from all models were positive definite. At several points
during the model development process, sets of (typically about 50) additional runs were made for most
models with initial parameter values displaced randomly from their converged values to provide
additional assurance that another (better) solution did not exist. If a better solution was found, the process
was repeated.

Comparing and Contrasting the Models
Tables 2.15-2.21 and Figures 2.2-2.10 present summaries of some key results from the three models.
Tables 2.15-2.17 pertain to statistical goodness of fit.

Table 2.15 shows negative log-likelihoods and numbers of parameters for each of the three models. It
should be emphasized that, although the negative log-likelihood values for the three models are displayed
next to one another, they are not strictly comparable, because the data sets are different for every model.
The first part of Table 2.15 shows negative log-likelihoods for the aggregate data components. The
second part shows the number of parameters. Model A has 218 parameters, while Models B and C
(which do not estimate cohort-specific growth devs) have 183. The third part breaks down the CPUE and
size composition components into fleet-specific values. For the CPUE component, the fishery and IPHC
survey values are shown for completeness, but only the trawl survey values count toward the total
negative log-likelihood. For the size composition component, the [IPHC data are not included in the data
files for Models B and C, so no value is reported for those two models. The final part of Table 2.15
breaks down the age composition and mean size at age components into fleet-specific values. The season
1 longline fishery age composition data and mean size at age components are not included in the data for
Models B and C, so no values are reported for those two models.
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Table 2.16 provides two alternative measures of how well the models are fitting the fishery CPUE and
survey relative abundance data: root mean squared errors (lower values are better) and correlations
between observed and estimated values (higher values are better). Note that none of the models actually
attempts to fit the fishery CPUE or the IPHC longline survey; these results are shown for information
only. As with the 2009 assessment, Model A shows a negative correlation with the IPHC survey. Most
important is the row for the post-1981 trawl survey, where all three models give an RMSE of 0.20 or 0.21
and a correlation between 0.68 and 0.73. Figure 2.2 shows the fits of the three models to the trawl survey
abundance data. For the post-1981 portion of the time series, all three models tend to fall within the 95%
confidence intervals of the surveys except for 1993-1996 and 2001, where the survey is higher than the
models; and 2008, where the models are higher than the survey.

Table 2.17a shows the average of the ratio and the ratio of the average between output “effective” sample
size (McAllister and lanelli 1997) and input sample size for the size composition data, thus providing an
alternative measure of how well the models are these data (higher values are better). Rows in this table
correspond to different fisheries or surveys. Models B and C tend to do better by this measure than
Model A, but it should be remembered that, because of the finer seasonal structure used by Models B and
C, they have many more records of size composition data than Model A and, because the average input
sample size is constrained to equal 300 for both data sets, the overall emphasis (number of records x
average input sample size) on size composition data is much greater for Models B and C than Model A.

Table 2.17b provides a similar analysis for the age composition, except that the rows in the main part of
this table correspond to individual records rather than fisheries or surveys. The bottom two rows show
the overall average of ratios and ratio of averages for the post-1981 trawl survey age compositions. In
general, Model A tends to do a bit better here than Model B, and both Models A and B do much better
than Model C, which does not attempt to fit these data at all. The three models’ fits to the age
composition data are shown in Figures 2.3a, 2.3b, and 2.3c. If the age data are approximately correct,
Model C appears to be off by about one year in Figure 2.3c. Figure 2.4 shows Model A’s fit to the single
record of fishery age composition data (Models B and C do not include this record).

Table 2.18 displays all of the quantities listed in the “parameters” section of the SS report file, including
quantities whose values are set externally. Each quantity that is estimated internally is given a parameter
number (“par. no.”); and the phase in which it is estimated, its value, and its standard deviation are
reported. For quantities estimated externally, values are reported, but the other columns are not
applicable. A blank row for a given quantity/model combination indicates that the given quantity is not
used by that model. Most labels are either fairly straightforward to interpret or probably correspond to
quantities that are not essential to understanding the analysis. It should be noted that the post-1976
recruitment mean RO and all catchability coefficients are reported on natural log scales and that the R1
offset parameter describes the log ratio of the recruitment means before and after the 1976-1977 regime
shift. Labels for selectivity parameters include the fleet number (e.g., in the order given in Table 2.15)
followed by a “P,” then the parameter number (see “Parameters Estimated Conditionally”). Note that
many selectivity parameters get overwritten by other selectivity parameters specific to blocks of years
(the labels for these end in “block YEAR,” where YEAR is the first year in the block).

Tables 2.19a, 2.19b, and 2.19¢ show estimates of full-selection fishing mortality rates for Models A, B,
and C, respectively (note that these are not counted as parameters in SS).

Figure 2.5 shows the time series of recruitment devs as estimated by the three models. Models A and B
show a high degree of synchrony. As with the fits to the age composition data, Model C seems to differ
from Models A and B by one year.
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Figure 2.6 shows the time series of spawning biomass relative to Bssy as estimated by the three models
(the year coordinates of the three time series have been offset from one another slightly in order to reduce
overplotting). Model C tends to have the highest ratio throughout the time series and Model A the lowest,
although the qualitative shapes of the trajectories are very similar and the absolute values are not very part
from about 1993 onward.

Figure 2.7 shows the time series of total (age 0+) biomass as estimated by the three models, with the trawl
survey biomass estimates included for comparison. Model B estimates the highest biomass throughout
almost all of the time series, while Models A and C are very close from about 1992 onward. All three of
the models tend to produce much higher biomass estimates than the survey, which would be expected
given a post-1981 catchability coefficient of 0.77.

Figure 2.8 shows post-1981 trawl survey selectivity as estimated by the three models. The red line in
each figure corresponds to 2010, which is fixed at the baseline level to avoid confounding the ascending
slope with incoming recruitment. Models A and B produce similar curves, while the curves produced by
Model C have an extra kink at age 1 and do not reach unity until age 3.

Figures 2.9a, 2.9b, and 2.9c show fishery selectivity as estimated by all three models. Visually, there
does not appear to be a great deal of difference between the curves estimated by the various models. In
general, selectivities that are not forced to be asymptotic tend to show decreasing selectivity at large size.

Figures 2.10a, 2.10b, and 2.10c show how the mean lengths at ages 1-4 from the age data and the
respective models compare to the modes from the long-term trawl survey size composition for lengths up
to 60 cm. As in the 2009 assessment, Model A tends to do a better job of matching the first three modes
than the age data (Figure 2.10a). However, Model B does not (Figure 2.10b). The mean length at age 1
estimated by Model B is almost at the bottom of the trough between what might be assumed to be the age
1 and age 2 modes, and the model’s estimates of mean length at ages 2 and three tend to overshoot the
modes. This may be a result of the ageing bias that was estimated in the preferred model from the 2009
assessment and carried over into all three of the models in the present assessment. Meanwhile, Model C
does a superb job of matching the modes Figure 2.10c), but the ages cannot possibly be right, as the first
mode is identified with age 2, the second mode with age 3, and the third mode with age 4, while age 1 