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EXECUTI VE SUMMARY

Summary of Changes in Assessment Inputs

Rel ative to the November edition of | ast yeards B
have been made in tleastern Bering Sea (EBB#cific cod stock assessment.

Changes in the Input Data

1 Catchedor 19912020were updated, aralpreliminay catch estimatér 2021was
incorporated.

1 Using the VAST approach as before, but with some adjustments to the set of hauls included in the
data and an increase in the number of knbessBBS+NBS survey abundance time series was re
estimatedhrough 2021

1 Commercial fisher size compositiongor 19912020were updated, ar@preliminary size
compositionfrom the 202Icommercal fisherywasincorporated.

9 The size composition data from the 2018 NBS survey were removed from the EBS+NBS survey
sizecomposition for 2018 due to the nonstandard survey design used in the NBS that year, and
the size composition from the 2021 EBS+NBS survey was incorporated

1 Using the VAST approach as befobeit including otolith samples from the 2010, 2017, and 2019
NBS airveys,age compositions from the combined EBS+N&®Bvey time series were-re
estimated through 2019

1 Longterm average weighéength parameters, and the time series of annual devsattheefrom,
were reestimated through 2020, and preliminary estimdte<2021 were incorporated

1 For one new modeh fishery CPUE time series, based on the VAST approachine@porated.

Changes in the Assessment Methodology

Many changes have been made or considered in the stock assessment moithel 20R@ssessment

(Thompsoret al. 202). Following the recommendation fromraview by the Center for Independent

Experts (Attachment 2.1.13n ensemble consisting fife modelsand a corresponding set of model

weightswapr esented i n this ytéApperdx2.lp Medel l9iRanisathe gurrens s e s s m
base model, and the other four models each diffieom the base model with respect to a single, model

specific, feature. Model 19.4@cludedtime-varyingsurvey catchabilityModel 21.1allowedfor the
possibility that survey se+fshaped i ve It gModeE2d 2t wes at |
incorporated fishery catch per unit effort (CPUE) index as a relative measure &ftstnass, and
Model 21.3 estimated constant that is added to-sdtalbee standard



abundance indexAfter reviewing the peliminary assessemt, theTeam requested thtte fivemodel

considerations

considerations

considerations

Level 1: Normal

Level 1: Normal

Level 2:

Level 1: Normal

Substantially
increased concerns

In the event that the 20Zxsc or ABC values are changed frohose shown above, projected 2023
values of other neronstant quantities would need to change in response.

ensemblée induded in this final assessmentheSSCa gr e e d , for the most part,
requested list, but suggested thidel21.3be omitted.
Summary of Results
The principal results of the prageassessmertbasedon the SSC ensembleare listed in the table below
(biomass and catch figures are in units of t) and compared with the corresponding qaargiesified
last yeaby the SSGnote that the values specified last year by the SSGoarne most part, different
than those listed in | ast yeards asisessment, due
As estimated or As estimated or
Quantity specified lasyear for: recommended thigear for:
2021 2022 2022 2023
M (natural mortality rate) 0.35 0.3 0.34 0.4
Tier 3b 3b 3b 3b
Projected total (age 0+) biomass (t) 754,000 786,566 879978 848615
Projected female spawning biomass (t 228,219 205,906 259,789 254,585
B1oo% 659,545 659,545 686,761 686,761
Baoos 263,818 263,818 274,704 274,704
Basoe 230,841 230,841 240,366 240,366
ForL 0.37 0.33 0.3 0.37
maxFec 0.30 0.27 0.31 0.31
Faec 0.3 0.27 0.31 0.31
OFL () 147,949 128,340 183,012 180,909
maxABC (t) 123,805 106,852 153,383 151,709
ABC (1) 123,805 106,852 153,383 151,709
As determinedastyear for: | As determinedhisyear for:
Status
2019 2020 2020 2021
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No
*Projections are based on assumed catch&2$B05t, and153,383t in 2021and2022, respectively.
Note that the recommended 2022 and 2Bz and ABC values listed above may be subject to
modification following consideration by the S®€Cthefi r iasbkl et6 ( see subsection in
Recommendati ons 0 s e pesuitsofrithe risk andlysée slsowmbelaw: i z e d
Assessmenelated  Population Environmental/ Fishery
considerations dynamics ecosystem Performance



Responses to SSC and Plan Team Comments on Assessments in General

Since |l ast year 6s d&esS3Schasmadels dcommeatsomssessmehtseirt gengral t
The twosuch comments made during 2028readdressechithe preliminary assessment (Agpylix 2.1)
and arenotrepeated here.

SSC guidance on risk tables

The SSC held a workshop on use of the firisk tabl e
of that workshop in June 2021, which included preliminary recommendations from a subcommittee of the

SSC. The full SSC suggested some revisions to those preliminary recommendations in June 2021. Then,
after considering suggestions made by the Councilrie 2021 and the Joint Groundfish Plan Teams in

September 2021, the SSC suggested further revisions in October?@3SC then consolidated the

various recommendations aralisions as follows (Anne HollowedFSC,pers. commun., 10/25/21)

SSC1l: SCtdneudes that the risk table framework is working well. The tables kpaeded

communication among assessment authors and between assessment authors and ecosystem/process
researchers. The framework is intended to provide a clear and transparefurzasismunicating

assessmentlated and stock condition concerns that are not directly captured in-basgel uncertainty,

the tier system, Resporsalhevappsoach described by Thompsoh @021),0

which was used to complete the risk table in this assessadeiiesses he SSC6s recommendat
explicitly.

S S C Z'he S8C recommended no changes to the language in the Risk Table ténReamonseNo
changes were made to the language in the risk table template.

S S C Jhe S8C recognizes that withné cont e xt of is theeriskrof tlselABQ a b | e s, or
exceeding the true (but unknown) OFL. The risk tables are intended to inform the procesgiafatipis

ABC from the maximum permissible when needed. Recommendations of an ABC reduction from the
maximum permissible requires justification. The risk tables provide an avenuédolagéing that

j ust i f RespomnseIhaappyoach described bydrhpson (2021 \hich was used to complete the

risk table in tiis assessmeraddresses h e  $eSathihendation explicitly.

SSC4: fAThe SSC angderationnioe redlctions flom maxABC be based on current year
information unless relevant riskdimrs for a stock continue to be present from previous years.
ResponseAll information used to consider a reductfomm maxABC in this assessmentdonsistent
with the SSC6s recommendati on.

S S C 5'he S&C recommends tHat stocks managed in Tiers3l thatrisk tables are produced for all

full assessments of groundfish (and perhaps crab) stocks and stock complexes in the fishery. Risk tables
can be produced in other years at the discretion of the lead author if there hanethblEnchanges to

prev i ous ¢ oRedportséThenEBS Racific cod stock is subject to a full assessment annually, and
risk tables are produced accordingly.

S S C &'he S8C recommeanthat Risk Tables should not be mandatorydibrerTiers; however, stock
assessments must include compelling rationale for why a Risk Table wouldinast beo r mat i ve . 0
ResponseThis comment is not relevant to the EBS Pacific cod assessment.

S SC7: totkrcomplexes, the SSC recommends that the decision concerning which species (or
mul tiple species) t o ResgpanseFhiscammentis notpelevaat totthe EBSa ut hor
Pacific cod assessment.



S S C &he S8C recommended maintaining théustguo, where authors are encouraged (but not
required) to provide a recommendation on a reduction from maxABC, if warranted, and the Plan Teams
and SSC would then evaluate and modify the reducfibneeded)based on the information available

for the socko ResponseNo reduction from maxABC is recommended in this assessment.

SSC9: ARisk scores should be specific to a given
species (e.g., within a tier, with similar life histories) or stocks is usefddnsistency he SSC does not

support trying to prescribe a common reduction from the maximum permissible ABC for a given risk

score across species or stocks because the processes underlying the score may differ among species and
stocks. The SSC recomnms that considerations of reductions in ABCs below the maximum permissible
continue tdbe made on a cad®y-case basis with justification based on risk scoring. The risk table

rankings include qualitative information that requires a certain amount @fcsivigj but welinformed
interpretation of the available data by the author(s), the Plan Teams and the SSC, and as such, the SSC
feels that blanket comparisons across species or stocks for the purpose of explicitly defining reductions in
ABC below the maxhum permissible are not prudenResponseThe approach described by

Thompson (2021)which was used to complete the risk table in this assessment, is completely consistent
with the SSC6s recommendati on. S pductionffrontha | | y: 1)
maximum permissible ABC for a given risk score across species or sipckssiderations of reductions

in ABCs below the maximum permissildentinue to benade on a cadey-case basis with justification

based on risk scorin@) the tisk table rankings include qualitative information that requires a certain

amount of subjective but welthformed interpretation of the available dadad 4) it does not make

blanket comparisons across species or stocks for the purpose of explicitiggiedstuctions in ABC

below the maximum permissibl®©ne of the main advantages of the approach, in fact, is that it shows
howandwhyit can be perfectly reasonable for two assessments to have the same risk scores but different
amounts of reduction, inatling the case in which no reduction is appropriate for one of the assessments

but some amourof reduction is appropriate féine other.

S S C 1 The SSKR encourages the inclusion of LK/TK/S as a source of knowledge about the condition of

the stock ashift in the spatial or temporal distribution of the resource, or changes in the size or condition

of speci es Responsdiecal knovdedge is jmentionedinh e #Af i shery perfor mi
categoryot hi s year 6s r iomkentSSOitakesotherddpeatseolVL&/MK/S difialt to

include By definition, Atraditional 06 knowledge is ul
although current year information on subsistence harvests could be olitgimediple in practice the
ANoncommerci al Fi s her yalw&yalags &t ieastthydaabbhing the curnent yedt F 1 N
(moreover, no subsistence catclé®acific cochave been reported since 1999

SSC11: AThe SSC recommends that t hoeldfocussoher y/ commu
information that would inform the biological status of the resource (e.g., an unexplained drop in CPUE

that could indicateumode |l | ed stock decline, or a spatial shi!/i
not the effects of proposedB&s on the fishery or communities or bycatekated consideration$he

SSC recognizes that the community impact informasanritical for Council decision making and

supports efforts to effectively communicate whers thii nf or mat i on ResponseAlef accesse
the information used in the fishery/performance column in the risk table for this assessment is consistent
with the SSCébs recommendati on.

S S C 1 the SSK appreciates the discussion of avoiding daxdaating information, in the

assessmefTier system and risk table, or among columns of the risk table. The SSC agrees that authors
should avoid inclusion of stock trends/processes that are incorporated in the assessment or reflected in the
Tier when scoring the risk tabldsor cases whereocess external to the assessment is relevant to two

or more risk categories, the SSC recommends that the narrative reflect the interconnected relationships
that exist between r amRé&sponsgEhe appnaachglesaribed thy Tlompgsang or i e s



(2021),which was used to complete the risk table in this assessierplicitly designed to avoid
doublecounting information, by partitioning the various uncertainties according to whether they or
internal or external to the assessment model. Thmaph does assumigoweverthat the risk levels for
the various categories (i.e., columns) are independent. In the event that the risk levels are positively
correlated, the method will tend to be precautionary, in the sense of prescribing a largenréuuc is
strictly warranted.

S S C 1 The SSK suggests a revision to the category levels: from the existing four to three categories
(normal, increased, extrem@he SSC recommends postponing this change until 2022 as many authors
have already begunwok i ng on r i s kRespanbelTle ®xisfing four [2v@I2 ate.raiained in
this assessment.

S S C 1 e SSR reiterates that reductions in ABC below the maximum permissible should be applied
sparingly and that the tier system should be regardétgsimary basis for establishing the ABC. If

they begin to become commonplace, that should warrant further review ofélssraeat and/or the Tier

s y s t RawpolseThe tier system is regarded as the primary basis for establishing the ABC in this
asessment.

Responses to SSC and Plan Team Comments Specific to this Assessment

Since last year 6s as s e GroundishRPlan WengGP3)andthé 8SChate t he B
made25 comments specific to this assessméliie nine such comments made during 2020 (3 from the

GPT and 6 from the SSC) were addressed in the preliminary assessment (Appendix 2.1), and are not

repeated here.

Comments from the September 202Am meeting
GPTXiThe Team recommended advancing the current as:
and wei ght s ResponséSee/cemmiers SS©24 and SSC26.

GPT2 #AWhile the Team recommended the current ensem
weighting approaches as the authors see fit to present or explore in November. If alternative weighting
scenarios are presented, the Team recommended the authors also provide explanations of alternative

wei ght i ngResporiseNDehangas were matiethe model weights developed by the CIE

reviewers, except as nes#éated by comment SSC25

Comments from th8eptember/October 20&BSC meeting

SSC15 AThe SSC highlights the tremendous value of t
examinations hat often bring new ideas andResmhseRedrl e out s
review is to science as democracy 1 s toerngemtyv er nmen:
except for all those other forms that have beenériadl Winston Churchill.

SSC16 A The SSC supports continued use of the currer
a s s e s sResgpanseTldis assessment uses the VAST specifications recommended in the preliminary
assessment, but the VAST estimdtesmselvebhave changed (see fAiDatad secti

SSC17 Th preliminary assessment includes a new fishery CPUE index based on a VAST model to

add ess the public and the SS@0The\dASEindexavastfito ut i | i ze
winter (JanuanfFebruary) longline CPUE data only and was extrapolated to the entire EBS survey area.

The SSC notes that there is no basis foettteapolation into shallower areas of the shelf that, although

sampled by the survey, have never had fishery effort. Although this is reflected in large uncertainty in the
estimates, the SSC is concerned that this could introduce biases in the estithates@sated

proportion of CPUE in the shallow areas chanlymeover, the index does not utilize CPUE data from



any of the other gear types or seasons and has not been fully reviewed and considered by the BSAI GPT

or the SSC. Although the CIE reviewasrgpported the index, the SSC has concerns about the index as

currently constructed, and requests that a more thorough exploration of ab&&8d fishery CPUE

index be conducted that should make use of more of the available CPUE data, or that a stronger

justification for the selected component of the fishery be provided. Despite these concerns and due to

limited time before the November plan team meetings, the SSC leaves it to the author to bring forward a

model with the best currently available fisherylEPindex as part of the ensembldResponseModel

21 1useseevisedf i shery CPUE index that i s exgap@alonmtove t o t
shallower areas of the shelf.

SSC18 dAln the | onger term, t heopBedtodfthe VASI madéliyg suppor t
approachtofisherg e pendent CPUE standardization for this a
ResponseAn AFSC Afishery CPUE discussion groupo has r
every 23 months to discuss usifighery CPUE for standardizing an abundance index, measuring fishery
performance, understanding seasonal distribution and availability, identifying technical interactions and
bycatch associations, and mapping spring/fall distribution for habitat studies.

SSC19 AThe SSC reiterates comments from December 2(
fishery age compositions in future models and highlights the need for fishery age and size composition

dat a f r o mRespbnseTheRI&a files used in thissessment include approximately 20,000

length records from the NBS fishery, spanning the years-20Q03.

SSC20 AThe SSC appreciates the input from the CIE
model to explore the impact of changing one asspkthe model at a time provides a good basis for an
ensembl e approach f oRespdnteilhe engemnble udesl indhis aseesssnaemefallows 0

the CIE reviewersd approach of beginningtmeth the
in each of the alternative models.

SSC21 A The author discussed some of the-vaywhgant ages
catchability (19.12) and notes that this approach has good support in the literature. It provides a sensible
approab to address the potential for variations in catchability associated with a variable portion of the

stock being available to the survey and other processes. Therefore, the SSC supports bringing this model
forward for c¢consi dRespars:.iModel 19.1? is smcludezl m she enbemigde. o

presented in this assessment.

SSC22 AWith respect to model 21. 1, the SSC notes tt
concerns about a proportion of the population, in particular larger fish, mgt &edilable to the survey.

The model estimates a considerably higher biomass due to thesthaped survey selectivity, which

implies that the survey still misses many of the larger Pacific cod. This can no longer be attributed to

larger fish moving intdhe NBS, as NBS biomass is now included in the model, but could result from

large fish moving deeper or into Russian waters. The SSC noted one additional concern with the model,
specifically that the asymptotic length for Pacific cod in this model is deredbly lower than in the other

models. The SSC supports bringing this model forward as an ensemble member, but recommends that the
author explore whether the low asymptotic length in the model is consistent with the data and, if

warranted, consider a diffr e nt we i g ht RebponseModel2l. Iniwinckided id the ensemble
presented in this assessment. Af doélengtmtcagep @7 i ng t h
with the corresponding distributisrof lengthin the datathe weigh for this modein the ensembleas

left at the value recommended by the CIE reviewers, the GPT, andthe S®Ce A Par amet er Est
the AResul tsodo section)



SSC23 fA Model 21. 2 suggests that the | mpgesmalbuf i ncl
the model is responsive to previous requests for including fishery information in the model to the extent
possible. The SSC supports inclusion of the model in the ensemble, using the best available fishery CPUE

i ndex as nRespendeMadel@l.Zis intluded in the ensemble presented in this assessment,
using a version of the fishery CPUE index that 1is
into shallower areas of the shelf (see comment SSC17).

SSC24 i Model f@rhddiBona dutvey GA\sthat is estimated within the model and results in
substantially lower biomass estimates in recent years and a different recent stock trajectory that appears
inconsistent with either the survey CPUE or recent fishery CPUEs. Thav&S€oncerned about the
resulting residual pattern and, more i mportantly,
that the true (logscale) standard deviations for the survey biomass index are on average more than 3

times larger than the legcale standard deviations estimated by the VAST model. The SSC discussed

i mposing an upper bound on the O6extra SDO6 in the
the implied uncertainty for other quantities such as age composition estikhateser, while such

approaches have been vetted through the review process, there is currently no accepted standard for

i mposing a bound on éextra SD. 6 Because of these
from consideration as part of the emble in November &kesponse Thisrecommendation conflicts

with comment GPT1. Ideally, both the GPT ensemble (including Model 21.3) and the SSC ensemble
(excluding Model 21.3) would be presented in this assessment. However, €81&i&l complications
resulted i n deS$Taestimaies ofthddursey ndexaandssrvey aye composition, and the
remaining time proved insufficient to include bot
scientific review body, this assessment includes the SSC ensemble only.

SSC25  Addition to supporting the ensemble modeling approach, the CIE reviewers suggested some
revisions to the model weights that the authors adopted in this assessment. Specifically, weights were
expanded from two [0,1] to three levels [0,1,2], some old caitware dropped and new ones were added.

The CIE reviewers judged all models to be less plausible than the base model based on model

performance and model structure. The SSC concurs with the proposed weights and accepts the revised
criteria, but encourageake assessment authors to consider modifications to the weights if warranted (see
discussion of Model 21.1 above) and to consider bringing forward a set of alternative weights based on

the approach and the criter iReponse Batauseime SBChe pr opos e
recommended deletingodel 21.3 from the ensemb(see comments SSC24 and SSC#& weights for

the remaining models in the ensemble were rescaahat they sum to unity. No other changes were

made to the model weightsee ado comment SSC22)Per this SSC comment, consideration was given

to bringing forward a set of alternative weights based on the approach and ased in theroposed

2020 ensembleHowever, such a set of alternative weights is not included in sessrmenhecause: 1)

a | east one of the criteria seems obsoNoemer (i .e.,
2018 regarding disuse of the NBS survey data, separate treatment of the EBS and NBS survey data, or
comhbning the EBS and NBSusvey data); 2) the phrasgt he appr oach amprdposed i t er i a
2020ensemblé i s ambi guous, as multiple approaches, set
the 2020 assessmenmtith conflicting proposals from the authors, GPT,aB8€CS and 3) gi ven th
and SSCb6bs stated prefer enc thativaredeveloped duringthe GEed appr o
review, the very short amount of time available for producing this assessmentikalylthe better spent

on other priorities.

SSC26 Aln summary, the SSC requests that the author
models 19.12, 21.1 and 21.2 (in addition to 19.12a) as part of amud®&l ensemble for consideration in
December. For the ensemble, the SSC reques@lEhproposed weighting scheme (without model 21.3)
with possible adjustment to the weights by the au:



also welcomes an alternative wei g RdsponsgSes c heme bas
comments SSC24 and SSC25.

SSC27 A The CIE reviewers addressed the question as
rule before or after ensemble averaging of SSB an
minutes), but did not come to a défiive conclusion. The assessment authors explored the question

through a simplified simulation approach and concluded, based on those explorations and literature, that

the Abeforedo approach is better bec-modslandi n t he au:
between model variability more appropriately. The SSC supports the rationale provided for this

assessment cycle but encourages further consideration of this issue by the authors and BSAI GPT in the

f ut uResponéeSuch further considerationill likely be expedited by giving due consideration to the

large amount of work that has already been done on this subject, of which Attachment 2.1.3 (Appendix

2.1) is the most recent example.

SSC28 AUnresolved spatial m edvirepobdicrigstenony &s a fhajar ¢coficere ¢ o d
and the SSC shares these concerns. The SSC notes that some previous research on estimating movement
rates between the EBS and NBS has been presented in previous assessments. However, with the recent
transition to 8ing VAST model estimates for a combined EBS and NBS biomass index, the need for

resolving movements into and out of the NBS has diminished. Nevertheless, the new tagging study

clearly shows that some component of the Pacific cod stock moves between Ri$saiah waters and

the GOA, and is potentially vulnerable to exploitation in Russian fisheries and GOA fisheries and are
potentially unavailable to the EBS and NBS surveys. The SSC notes that several Pacific cod tagged in the
NBS were located in Russiaraters during the spawning season, suggesting the possibility that Pacific

cod spawning in Russian waters may move into the NBS during summer. The SSC was encouraged to see

a combined analysis of Russian and US survey data using the VAST modeling frarfiéigund 2.1.6

in the report) and a time series of Russian catches, which increased substantially in the last two years of

the time series (2017/18). The SSC would like to see more details on the VAST analyses at a future

meeting to evaluate their possibige in the assessment model as a means to addressing transboundary
concerns. The SSC also highlights the need to further develop a spatial model for Pacific cod as a
research priority, reiterating Respomsefeurihers fr om t hei
development of a spatially structured research model for Pacific cod in the Bering Sea might begin with

the model already presented in Attachment 2.1.2 (Appendix 2.1).

| NTRODUCTI ON

Pacific cod Gadus macrocephalyss a transoceanic specieangingfrom Santa Monica Bay, California
northward along the North American coast; across the Gulf of Alaska and Bering Sea north to Norton
Sound; and southward along the Asian coast from the Gulf aflrto the northern Yellow Sea; and
occurring at dpths from shoreline to 500 fidetchen 1961, Bakkala et al. 1984)he southern limit of
the specieso6 di N ltitudehwithtainarthernilinit ofeaboat 6N latButie(Lauth

2011) Pacific cod is distributed widely over the easterrirBeBea (EBS) as well as in the Aleutian
Islands (Al) area. Tagging studies (e.g., Shimada and Kimura 1994) have demonstrated significant
migration both within and between the EBS, Al, and Gulf of Alaska (GG#gwever, recentesearch
indicates the exisnce of discrete stocks in the EBS and Al (Canino et al. 2005, Cunningham et al. 2009,
Canino et al. 2010, Spies 2Q1Research conducted in 20i@licates that the genetic samples from the
NBS survey in 2017 are very similar to those from the EBS guaken, and quite distinct from samples
collected in the Aleutiarslands and the Gulff &laska (Spies et al. 20)9

Although the resource in the combined EBS an@B8Al) region had been managed as a single unit
from 1977 through 2013, separate hargpecifications have been set for the two areas since the 2014
season.



Pacific cod areot known to exhibit any special life history characteristics that would require it to be
assessed or managed differently from other groumgtiscks in the BSAI.

Additional information on the biology of Pacific cod, including early lifddrig, can be found in the
Ecosystem an&ocioeconomidrofile (Appendix 2.2).

FI SHERY

Description of the Directed Fishery

During the early 1960s, a Japan&sagline fishery harvesteEBSPacific cod for the frozen fish market.
Beginning in 1964, the Japanese traw! fishery for walleye poliGekigschalcogramms) expanded and

cod became an important bycatch species and an occasional target species when high concentrations were
detec¢ed 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
30,000670,000 t range for a full decade. In 1981, a U.S. domeatid fishery and several joint venture

fishelies began operations in the EB¥he foreign and joint venture sectors dominated catches through

1988, but by 1989 the domestic sector was dominant and by 1991 the foreign and joint ventgre sector

had been digaced entirely.

Presently, the Pacific cod stock is exploited by a mulgear fishery, including trawl, longline, pot, and
jig componentsdlthoughcatches by jig gear are very small in comparisondather three main gear
types with anaverage annual aat of less than 200 t since 199The breakdown of catch by gear
during the most recent compdefive-year period20152019 is as followsiongline geaaccounted for
anaverage of 50% of the catch, trawl geaiccounted for an avega 0f29.%%, and pot gaaaccounted

for an averge of 20.36.

In the EBS, Pacific cod are caught throughout much of the continentalvgitlelational Marine
Fisheries ServiceNMFS) statistical area509,513, 517, 519521, and 524each accounting fat least
5% of the totatatch over thenostrecents-year period (201:2020.

Catchesf Pacific cod taken in the EBSr the periods 1961980, 19811990, andl991%2021are shown

in Tables 2.1a, 2.1b, and 2.1c, respectivahd the time seriesrfthe overall fishery (1972021) and by
gear type (1982021 are shown in Figure 2.1The catches in Tables 2.1a and 2.1b are broken down by
fleet sector (foreign, joint veate, domestic annual processing). The catches in Table 2.1b are also
broken down by gear to the extent possible. The catches ia Zdld are broken down by gear

Figures 2.2a and 2.2b compare the Northern Bering Sea Research Area (NBSRA) and therddy
the NBS bottom trawl survey, showing them to be very similar. Figure 2.3 breaks down the total catch
time series from 2002020 in terms of the NBSRA and the rest of the EBS

The Ecosystem and Socioeconomic Prdf#ippendix 2.2 incorporates the Economic Performance
Repot that was included iEBS Pacific cod assessmeptgr to 2020

Catches of Pacific cod taken from the portion of the Bering Sea under Russian jurisdiction during 2001
2018 are summarized in Table 2.1.3 (Apperitiiy).

Effort and CPUE

Appendix 2.1 describes the results of the conventional catch per unit effort (CPUE) model that has been
used, with minor modifications, in the last several assessments to estimaspepfic fishery CPUE by

year and month. No ne@PUEdata have become available since Appendix 2.1 was distributed in



September, so Table 2.1.2 and Figure 2.1.4 (both in Appendix 2.1) remain the current best estimates from
the conventionaCPUEmModel. The estimates from the conventicdBIUUEmModel areprovided for

context only, and are not used in any of the assessment models. Haveserindex of fishery CPUE,

based on the VAST approach (Thorson and Bagt?) is used in one of the assessment models, and is
described separdidndédlow. i n the fADatao se

Discards

The cathes shown in Tables 2.1b and 2ridude estimated discard®iscard of Pacific cod irthe
EBS Pacific codisheries are shown for eackar 19912020in Table 2.2 Amendment 49, which
mandated increased retention andaationof Pacific cod, was implemented in 1998. From 12997,
discard rates in the Padifcod fishery averaged about %9 Since tken, they have averaged about%,3
and have been lower @veryyear from 20172021 than irmnyyear from 19912016.

Management History

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 aggregatdl {gearacombined area)
commercial catches ifiable 2.3 Note that prior to2014,this time series pertains to the combined BSAI
region, so the catch time series differs from that shown in Table 2.1, which pertains to the EBS only.

From 1980 through 20ZDAC averaged about 86 of ABC (ABC was not specified prior to 1980), and
from 198 through 2020commercial catch averaged abou#®8f TAC. In 10 of thesd1lyears TAC
equaled BC exactly,and n 130f these 4lears catch exceeded TAC (by amesiageof 3.9%).

However eightof those overages occurred in 20Q008,201Q and 20162020 when TAC was reduced
by various proportionto account for a small, Stateanaged fishery inside State of Alaska wafstsh
reductions have been made in all yeansesi2006; see text table below for recent formuitdae)s, while
the combined Federal and State catch exceeded the Federal TAC,i2@082010,and20162020by
up to 7.4%, the overall target catch (Federal TAC plus State GHL)waaexceeded.

Total catch has been ledsain OFL in every year since 19@8clusive)

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 projectioriontsurvey numbers at age. In 1985, the

assessment was expanded to consider all survey numbeesfedragl9791985. From 1983991, the

assessment was conducted using a bespegarable agstructured model. In 1992, the assessment was

conduced using the Stock Synthesimdeling software (Methot 1986, 1990) with dupseddata. All

assessments fino 1993through 2003 continued to udee Stock Synthesimodeling software, but with

lengthbased data. Age data based on a revised ageing protocol were added to the model in the 2004
assessmentAt about that time, a major upgrade in the Stock Syntlaesistecture resulted in a

substarially new productat thattimd a b e | & (Metlio62805). The assessmentias migrated to

SRin 2005 Changes to model structure were made annuallyghr@Q11 then the base model

remained constanihrough 2015, ad new base models weadopted in 201,62018,2019 and 202(see

Appendix 2.3. A note onsoftwarenomenclature: Thelab8lSS2 06 was dropped in 2008
program has been known simply as i $pically gfrodScgdht hesi s
each year, edicgiven a numeric alphanumeric label.

A previous version oftte time series shown ifable 2.3vas used in by Thompson (2018)estimate a
statistical relationship between ABC and realized catetding thefollowing segmented linear model:
For ABC2198,000 t, catch = 89,000 t + 0358BC; for ABC<198,000 t, catch = ABCThe rootmean
squared relative error from this model was 4%.



Beginning with the 2014 fisherthe Board of Fisheries for the State of Alakas establisheguideline
harvest leved (GHLS) in State waters between 164 and 167 degrees west longitude in the EBS subarea
(these have supplement&tHLsthat had been set aside for the Aleutian Islands subarea since 2066).
table below shows tHermulas that have been used to set the State GHL for the EBS (including the
formulaanticipated for setting the 202Z2HL):

Year Formula

2014 0.030% (EBS ABC + Al ABC)
2015 0.030% (EBS ABC + Al ABC)
2016 0.064® EBS ABC

2017 0.0643 EBS ABC

2018 0.064® EBS ABC

2019 0.080% EBS ABC

2020 0.090% EBS ABC

2021 0.100% EBS ABC

2022 0.110% EBS ABC

For 2020,2021,2022, and 2023he Board of Fisheries established an additional GHL of 45 t for vessels
using jig geamwithin State waters

Table 2.4istsall implementecamendments to the BSAI Groundfish FMP that reference Pacific cod
explicitly.

In addition to tlese, the followingulemaking became effective for 2021 on permit requirements:
https://www.federalregister.gov/documents/2020/12/03/28&2%0 3/fisheriesf-the-exclusiveeconomie
zoneoff-alaskapacific-cod-in-the-beringseaandaleutian In this rule, NMFS modified Federal permit
conditions and imposed participation requirements for certain federally permitted vessels when fishing for
Pacific cod in State of Alaska waters (state watadgcent to the Exclusive Economic Zone (EEZ) of the
Bering Sea and Aleutian Islands (BSAIl). The state waters portion of the Pacific cod fishery that runs
concurrent with the Federal Pacific cod fishery is commonly known as the State's parallel fiseery. Th
iparall el fisherieso in this preamble refer to th
Alaska Bering Sed\leutian Islands Area, which presently is in the Dutch Harbor Subdistrict of the

Bering Sea and within the Aleutian Islandgb8istrict of the Aleutian Islands, respectively. This rule
prohibits (1) a hoolandline, pot, or trawl gear vessel named on a Federal Fisheries Permit (FFP) or
License Limitation Program (LLP) license from being used to catch and retain BSAI Paciiic Rtade

of Alaska (State) waters adjacent to the BSAI during the State's parallel Pacific cod fishery unless the
vessel is named on an FFP and LLP license that have the required endorsements; (2nelhmemkpot,

or trawl gear vessel named on an FEfRLP license from catching and retaining Pacific cod in state

waters adjacent to the BSAI EEZ during the State's parallel fishery when NMFS has closed the EEZ to
directed fishing for Pacific cod by the sector to which the vessel belongs; (3) thedf@ddfFP with

certain endorsements from modifying those endorsements during the effective period of the FFP; and (4)
the reissuance of a surrendered FFP with certain endorsements for the remainder ofyleartheem, or

cycle, of FFPs.

For the secondonsecutive year, Bering Sea i6BQ Pacific cod directed fishing closed for all hon

CDQ sectors. The ne@DQ sectors have BSAI allocations and there was less fishing in the Aleutian
Islands until after the Bering Sea RGDQ sectors closed. In 2020¢ethlosure was November 18, 2020.
Directed fishing closed for the Pacific cod P6DQ sectors on September 17, 2021, to prevent exceeding
the nonCDQ allocation of the 2021 total allowable catch of Pacific cod in the Bering Sea subarea of the


https://www.federalregister.gov/documents/2020/12/03/2020-26593/fisheries-of-the-exclusive-economic-zone-off-alaska-pacific-cod-in-the-bering-sea-and-aleutian
https://www.federalregister.gov/documents/2020/12/03/2020-26593/fisheries-of-the-exclusive-economic-zone-off-alaska-pacific-cod-in-the-bering-sea-and-aleutian

BSAI. After the closure there vgastill fishing by the CDQ groups and incidental catch of Pacific cod in
other targets.

https:/www.fisheries.noaa.gov/bulletiniB1-42-nmfs prohibitsdirectedfishing-non-community
developmentjuotapacific-cod

DATA

The first twosulsectiors below describdishery and survegatathat areused in the current stock
assessment model$he thirdsubsection describes data that are not used in the current stock assessment
models, but that may help to provide some corftaxthedata that are used

The following table summarizes the sourcepes; and years of data included in the data filaféeast
one ofthe stock assessment malel

Source Type Years

Fishery Catch biomass 1977-2021
Fishery Catch size composition 1977-2021
Fishery Catch per unit effort (VAST) 1996-2021

EBS+NBS trawl survey Survey numerical abundance (VAST) 1982-2021
EBS+NBS trawl survey Survey size composition (design-based)1982-2021
EBS+NBS trawl survey Survey age composition (VAST) 1994-2019

Fishery Data Used in the Models

Catch Biomass

Catch estimates fathe period 197-2021are showrTables 2.1a, 2.1b, and 2.1¢&iowever, the estimate
for 2021is complete only through September. 2Because the 2021 ABC (123,80)%s lower ttan any
yearend catch since 1983, the yeard catch for 2021 was set equal to the 28BC.

Thecatches shown in Tables 2.1a, 2.1b, and Gobsist offi o f f dataifranm tlie NMFS Alaska

Region. However, other removals of Pacific cod are known to have occurred over the years, including
removals due to subsistence fishiagoert fishing scientific research, and fisheries managed under other
FMPs. Estimates oush other removalareshown inAppendix 2.5

The catch estimatder the years 19771980shown in Table 2.1may or may not include discards.

SizeComposition

Table 2.5shows theifhery size compositions from 1Bthrough September 202dhichare parsed into

1-cm bins for use in the assessment madéle size compositionadaTable 2.5verecomputed by

using montkgear/aeacatch proportions to createneighteda er age f or each year o6s r
minimum sample size of 30 fish for any ntb/gear/area combination (this minimum sample size was

determined in Attachment 2.1.2 of AppendixR.h | ast year 6s asses)sment ( Thc

Thenominalsample sizes (numbef sampled hau)dor the size compositions aseown in Table 2.6.


https://www.fisheries.noaa.gov/bulletin/ib-21-42-nmfs-prohibits-directed-fishing-non-community-development-quota-pacific-cod
https://www.fisheries.noaa.gov/bulletin/ib-21-42-nmfs-prohibits-directed-fishing-non-community-development-quota-pacific-cod

Catch Per Unit Effort

S S C 1The SSK notes that there is no basis for the extrapolation into shallower areas of the shelf that,
although sampled by the survey, have never had fishery effort. Although this is reflected in large
uncertainty in the estintas, the SSC is concerned that this could introduce biases in the estimates as the
estimated proportion of CPUE in the shallow areas ch&ngede ISC leaves it to the author to bring
forward a model with the best currently available fishery EPUi nde x é . 0

A new index of fishery CPUE, based on the VAST approach (Thorson and Barnett 2017), was described

and used in Model 21.2 of the preliminary assessment (Appendix 2.1). The SSC expressed some

concerns with the index (comment SSC17), including a concerththandex involved extrapolation into

shallower areas of the shelf that had experienced little fishing effort. The SSC requestetivéiesion

of Model 21.2presented in the final assessmerd e fit he best currently avail a

Thechoices for a fishery CPUE index that were feasible in the time frame between the conclusion of the
September/October SSC meeting and the due date for completion of the final assessment were as follow:

1. A simple average of observer data, extrapolatemlitfir the end of 202lising the conventional
CPUE model Met hods for this approach were describ
and, in the interest of brevity, are not repeated.here
2. An update of th&/AST fishery CPUENdex through 2021, following the methods used to
produce the originalindexrT hos e met hods were described in the
and, in the interest of brevity, are not repeated here.
3. Arevision and update of the VAST fishery CPUE inderough 2021, following alternative
met hods designed to address the SSCb6bs concern
The differences in methods relative to those used to compute the original VAST index were:
0 Instead of predicting densities acrdise entire eastern Bering Sea bottom trawl survey
area(such that the index would reflect uncertainty about abundance in both fished and
unfished aregsdensity was predicted over a reduced area formed by overlaying
extrapolatiorgrid acrosghe maximal extent of the fishery, using 10 km *xkf®square
cells and excludingny cell that is further than 14.k# from the nearest sampléThe
maximum distance washosen so a® produce a grid that contained no haldser than
land areasand then further reduced to 2000 extrapolation locatidngossible
alternative for consideration in a future assessment could be to include all cells that
contain a sample.)
0 The number of knots was increased from 100 to 250.

As with the original VAST fishery CPUE index (option ##)e model used in option #3 converged
successfully, with no evidence of poor fit based on standard-Bumyth PIT residuals (Dunn and Smyth
1996), and epsilon bias correction was again used to adooustransformation bias (Thorson and
Kristensen 2016) when calculating the index of relative biomass.

Figure 2.4 shows the time series for all three options (including two subopticrsifor#1: one for
January and one for February) on normalizechsl e s, where fAConvd is the con
(option #1), AVAST(old)o is option #2, and AVAST(
four indices is shown belofthe color scale extends from red=low to green=high)

\



Correlation | VAST(new) VAST(old) Conv(Jan) Conv(Feb)
VAST(new) 1.000 0.708 0.734 0.516
VAST(old) 0.708 1.000 0.879 0.887
Conv(Jan) 0.734 0.879 1.000 0.812
Conv(Feb) 0.516 0.887 0.812 1.000

The highest correlains are between option #2 and the two suboptiopdn#1.

A central difficulty with traditional methods such as option #1 above is that spatial targeting can cause
sampledCPUE to be unrepresentativepaipulation densityWalters2003). In contrasinore recent
methods such as VAST address this issue explicitly through ughefesolution spatial and timing
information. Recent methodsich as VASTmplicitly impute or predict the CPUE that would have

arisen in unsampled logans, interpreting that CPUE as proportional to density after controlling for
variables affecting catchability, weighting densities based on area, and integrating @yeted

uncertainty across pooand wellsampled areas. This imputation occurs eigiiercturally (Carruthers et

al. 2011), via posstratification and areweighting of CPUE in different strai@€ampbell2016), or using
areaweighting within spatieiemporal statistical models (Thorson, 2819Relative to explicit

imputation approachdg.g., Carruthers et al. 2011), spatonporal methods extrapolate densities based
on spatial correlations in predicted density as well as correlations across time either via a spatial
component (which affects estimates of leverage for observations dxa$mchtion) or an autocorrelated
spatietemporal component. Spatiemporal models for fishery CPUE data have been tested using
operating models mimicking fishedependent CPUE data that were developed independently and do not
match theestimation modeGriss et al. 2019; Thorson et2017). In particular, testing using
SEAPODYM aghe operating model andAST asthe estimation model suggeghat trends in

abundance can be accurately reconstructed even when the spatial footprint of fishing indedecipa
contracted over time (DucharaBarthe et alln press.

The choi ce, t hen, becomes whether to use option #.
option #2 and the factthatoption#3d dr e sses t he S &lidy, the cleanpeagnyaticc onc e r r
choice is to use option #3 he resulting fishery OPE time series is listed in Table 2.Maps of log

densityand quantileesiduals arehown in Figures 2.5a and 2.5b, respectively

Survey Data Used in the Models

Overview of 8rvey Aeasand Frequency

The areas covered by the EBS shelf and NBS bottom stawéys are shown in Figure 2.2Brior to

2020 in the EBSstrata 1662 hadbeen surveyed annually sen@¢982 and strata 82 and 90 heen
surveyed annually since 198However,the EBS bottom trawl survey was cancelie@020due to the
COVID-19 pandemic. Inthe NBStrata 70, 1, and 81 in the NBS wesarveyedully in 2010, 2017,

and 2019. Less extensive surveys of the NBS were conducted in 1982, 1985, 1988, 19918.ahke201
NBS was also $weduled to be surveyed in 202, like the EBS survey, the 2020 NBS survey was
cancelled due to the COVHD9 pandemic.Both the EBS and NBS were once again surveyed with a full,
standard sampling design in 2021.

VAST Estimates éfbundancd-rom the EBS Shelf and NBS Bottom Trawl Surveys

A detaileddescription of VAST modeling procedures as well as a detadetparison balternative

configurations of the VAST model used to produce the time series of abundance feomtlieedEBS

shelf aad NBS bottom trawl surveys for this stock wgré¢ ven i n t he fADataodo section
in the interest of brevity, amot repeated here. The configuration recommended by the authors in that

appendix was used to estimate the time series for this assessment. The resulting set of(esthi0iss

of fish) is shown in Table 2,8ogether with their respective lesgale standdr devi at i gand (A Si g |



comparedvith those used in the020 assessmeim Figure 2.6a (correlation = 0.982ifferences in

estimates for years prior to 2021 are due to: 1) an increase in the number of knots from 100 to 750, 2)
changes in estimate@les of parameters that are shared across the time series, and 3) changes to the sets
of hauls used in the historical dataselfie new estimate for 2021 is down 20% from the new estimate

for 2020, which in turn was up 43% from the new estimate for 20ps of log density and quantile

residuals are shown in Figures 2.6b and 2.6c, respectively.

Size and Age Composition

Designbased estimates of tkee compositionéin 1-cm bins)from thecombined EBS and NBBottom

trawl surveys for the years 1282021 are shown irmable 29 (VAST estimate®f size composition are

notavailable, so desighased estimates were used for all modelshEaw sums to unityln addition

to including a row for 2021, t hi ssméniidtlatitdloesrioer s f r |
include NBS data from the 2018 survey, because the NBS survey in that year did not follow the standard
sampling designSample sizes for the survey size composition data, in ahgamplel hauls, are shown

in Table 2.10

Recent size compositiongp to 80 cmare compared ifigure 2.7 The size compositizs from the nine

most recent surveys the EBSare shown irFigure 2.7a along with the 198021 mean size

composition. While theize compositions from 2012014showclear indicaibns ofincomingyear

classes that are larger than the ldeign meanthe 20152018 size compositions indicate a string of poor
recruitments.The 2019 size composition suggested that the 2018 year class might break that string, but
the moddn the 4050 cm range from the 2021 EBS survey did not provide particularly strong
corroboratiorof that Figure 2.B shows the size comptens from the 2010, 2012019 and 2021

NBS surveys. As in the 2019 EBS surythe 2019 NBS survey suggesthdttthe 2018 year class might

be large but, unlike the 2019 EBS survdkie large mode in the 480 cm range from the 2021 NBS

survey would seem to corroborate that

UpdatedvVAST age compositions from theombinedEBS andNBS surveysfor 19942019areshown in

Table 2.11awhere the values in each row sum to u(titye color scale extends from red=Ilow to

green=high) The agelength keys used to produce these estimates include newly read samples of 178,

368, and 390 otoliths from the 2010, 2017, and 20BS surveys, respectively. Although NBS size
frequencies were included in the data used to gen:
year marks the first time that data from N&®lithshave been includedrable 2.11b shows the

differ ences in the proportions at agecanpledizesdfagthe | ast vy
survey age composition data, in unitg@dd otolithsare shown in Table 2.1But note that the sample

sizes actually specified in the models are itsuof sampled hauls (Table 2)}0

Data Provided for Context Only

DesignBasedndexEstimatedrom theEBSShelfand NBS Bottom Trawl Surveys

Designbased, eeaswept estimates of abundance (in 1000s of fish) obtained from the EBS, NBS, and
combined EBS and NB&e shown iTable 2.13atogether with their respective ksgale standard

devi at i on andpldtt&iing-iguaed?2)8a. The 2@&Xtimate for ta EBS was down 20% from the
2019estimate which was up 112% from the 2018 estimate apd4% fom the 2017 estimate. The

2021 estimate for the NBS was down 36% from the 2019 estimate, which wa%up4®the 2017
estimate (the 2 0negdidmoteoper tide emtiee NPBSosongegaiea,and is not included
in the desigrbased estintas). The 202g&stimate for the combined EBS and 8lBurveys was down

24% from the 2019 estimate, which was up 46% from the 2017 estimate.

Designbased, eeaswefpi estimates of biomagg for theEBS,NBS,and EBS and NBS combinede
shownin Table 2.13btogether with their respectiteg-s c al e st andard deviati ons (



in Figure 2.8b The 2021 estimate for the EBSsvup 1% from the 2019 estate, which wasip 2%
from the 2018 estimate amdwn 2@% from the 2017 estimate. The 2021 estimate for the NBSlmas

38% from the 2019 estimate, whichwas2® fr om t he 2017 estimate (the

survey did not cover the entire NBS wey area, and is not included in the dedigised estimates). The
2021 estimate for the combined EBS andI\Hirveys was dow#? from the 2019 estimate, which was
down %% from the 2017 estimate.

IPHC Longline Survey

Figure2.9a shows théocations of BSAI stations sampled IhnetIPHC longline surveyThetime series
(1997%2021) of relative population number&PN) is shown inFigure 2.® (there are no data for EBS
Pacific cod from the 2020 IPHC surveylhe 202lestimaé was up % from he 2018 estimatevhich
was up 26% from the 2018 estimate. The 2021 estimate is 2% thigowean value for the time series.

AFSCLongline Survey

Figure 2.10a&hows the locations of BAl stations sampled by the AF$@hgline survey. The biennial
time seres (19972021) of RPN and rative population weight (RPW) are shown in Figure 2.10be
2021 estimates are both up slightly from 2019, but still below their régpdatgterm averages. The
RPW has been within +/10% of the longierm average evemear since 2011.

ANALYTI C APPROACH

General Model Structure

Although Pacific cod in the EBS and Al were managed on a B8dé basis through 2013, the stock
assessment model has always been configured for the EBS stock only. Since 1992, the assessment mod
has always been developed under some version of the SS modeling framework (technical details given in
Methot and Wetzel 2013; see especially Appendix A to that paper). Beginning with the 2005 assessment,
the EBS Pacific cod models have all used vessafrSS based ahe ADMB software package (Fournier

et al. 2012).A history of previous mdel structures, including all S&sed models that have been fully

vetted since 2005s given inAppendx 2.3.

SSV3.30.18.00wvas used to run all of thmodelsin this final assessmentThe user manual is available at
https://github.com/nmfstocksynthesis/sslocumentation/releases/tag/v3.30.18

Parameter Estimation

SS requires that prior distributions be associated with all internally estimateohtian@nt parameters

and the base values of all internally estimated-iarging parameters. For the models presented in this
preliminary assessment, uniform prior distitions were used for éstation of all such parametemsith
bounds set at values sufficiently extreme that:

1 they wee nonconstraining (with twaexceptios;, see AResul tsd section
1 extending the bounds to even more extreme values would bgwactical impact (because,
when the parameter is batfansformed to the natural scale, the resulting quantity is
indistinguishable from a logical constraint; e.g., selectivity cannot fall outside the (0,1) range).
To simplify terminology, such parameser wi | | be referred to Withtwe as bei
exceptions (discussed in the fAResultso section

pinned against either bound, those parameters are fixed in the final run of tlediatthe values
estimated in the penultimate model run.

2
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https://github.com/nmfs-stock-synthesis/ss-documentation/releases/tag/v3.30.18

On the other hand, for each parameter that varies randomly on an annual basis, SS estimates a vector of
annual deviationthat are either added to, or multiplied by, the base value of the parainetez case of

log recruitment, the deviations are constrained By ?) distribution. The deviations ineery other
vectorareconstrained by &l(0,1) distribution, and then the vector is multiplladas term specifido

that vector For all modés in this assessment, eaxlvas tuned iteratively as follows:

1 For a vectoof deviationsassociated with log catchability,was tuned to set the repntean
squareestandardizedesidual (RMSSR) equal to unity.

9 For the vector of deviations associated with-éogle recruitment was tuned to match the
square root of the variance of the estimates p
Taylor 2011).

1 For all other vectorsf deviationss was tunedo set the variance of the estimates plus the sum

of the estimatesdé variances equal to unity.
All model s weshessustepiongptheninin ADMB, with 2 st
model gradients equaling 0 in the final pass. As artiaddl check on convergence, the final versions of
al | models successfully passed a Ajittero test of

Description of Alternative Models

Namesof Models

Beginning with the final 2015 assessmérttompson 2015)modelnumbering has followed the protocol
given by Option A in the SAFE chapter guideliné&ames of all final models adopted between the 2005
assessment (when an ADMiased version of SS was first used) and the 2015 assessment were translated
according tahatprotocolin Table 2.11 of th@015 assessmenthe goal of theprotocol is to make it

easy to distinguish between major and minor changes in models and to identify the years in which major
model changes were introduceldames of models constitutimginar changes from the original form of

the current base model get linked to the nantbatimodel(e.g.,thecurrent basenodel,Model 19.12,

is a minor modification of Model 19.12, which was the base model adopted at the conclusion of the 2019
assessment cycleyhile names of models constitutimgajor changes get linked to the year that they are
introduced(e.g.,when Model 19.12 was adoptatithe conclusion of the 2019 assessment cycle, it
constituted a major change from the previous base mbleld| 16.6).

The SSC Ensemble

The models presented in this assessment correspon:
(commentSSC26). This ensemble consists of Models 19.12a (the current base model), 19.12, 21.1, and
21. 2. The structures of these models were descri

interest of brevity, those descriptions are not repeated he

Foll owing the procedure devel oped dtherSEQepsemibtei s y e a
is Aanchoredd by the current base model, and then
one per alternativeo the base model as folls:

Feature M19.12a| M19.12 MZ20.1 M20.2
Feature 1: Allow catchability to vary? no yes no no
Feature 2: Allow domed survey selectivity? no no yes no
Feature 3: Use fishery CPUE? no no no yes

Incorporating the above features into the alternative models involves adding the following parameters:



1 Model 19.12: 39 constrained deviations
1 Model 21.1: 3 survey selectivity parameters
1 Model 21.2: 1 fishery catchability parameter

Convergence Behavi

As in previous assessments, development of the final versions of all models included calculation of the
Hessian matrix and a requirement, twh djiterechtdle i mo dSeSl s |
was set at a value of 0.1. Paramémunds were set wide enough to allow a thorough exploration of the

likely parameter space, without being so extreme that jitter runs were likely to fail.

In the event that a jitter run producedanegligibly better value for the objective function thidue base
run, then:

1. The model was reun starting from the final parameter file from the best jitter run.

2. The resulting new control file, with the parameter estimates from the best jitter run incorporated
as startingralues, became the new base.run

3. Theentire process (starting with a new set of jitter runs) was repeated until no jitter run produced
a better value for the objective function than the most recent base run.

For models with several tirearying parameters and iteratively tuned sigma terneviqus experience

with the above method has shown that a jitter run with a slightly better value for the objective function

can sometimebe misleading, in that the iteratively tuned sigma terms are no longer in equilibrium with
theresults, andthatstarn g from t he fAbettero jitter run and ret
model to the configuration of the baserinn cases where this occurred, t h
ignored

Parameters Estimated Outside the Assessment Model

Variability in Estimated Age

Varability in estimated ageas modeled athe standard deviation of estimated aget ween HAr eader ¢
itesterd age deter mi nat i ons biasnwhithas edtirhatet intéerialigs i s no-
the assessment modeldNeighted least squares regressieithout an interceptas been used in the

past several assessmetotestimate a proportional relationship between standard mevaid age. The

regression has traditionally beemmputed over ages 1 through 13, yietda slope parameter that is used

to estimate standard deviation at agehee product of slope and age. To maintain consistency between

models, onhEBS survey age data have bemsed to estimate the slope parameter.

For the current data sehetestimatd slopes 0.083 giving a weighted?? of 0.97. This regression
corresponds to a stdard deviation at age 1 of 0.088d a stanakd devation at age 20 of 1.669

Weight at Length

Using the functional form weight &3 lengti?, where weight isneasured in kg and length is measured in
cm, the longterm base values for the parameters were estimated this year (Usang fiata from 1974
through 202} asa = 5.40706E06 (meanunbiasedpandb = 3.19601

All of the models allow inteannual, extarally estimated, variability in weighéngth parameters.
Values of annual additive offsets from the basandb values are shown ihable 2.14

Prior to the 2016 assessment, the EBS Pacific cod assessment models were seasonally structured, and
seasonlaadjustments ta andb were applied. Beginning with the 2012 assessment (Thompson and
Lauth 2012, Annex 2.1.2), an explicit phenological model of iatmaually varying weight at length was



used to estimate treeandb parameters, wherein andb were nodeled as trigonometric functions of

time (within the calendar year), with timrescaled linearly so as to permit asymmetry in #atmaual rates

of change. The simple functionakfos enabld closedform integrationover any period within the yea

so that seasonal averages cdwddcomputed straightforwardlyn October 2012, the SSC determined

that the phenol ogi cal mo d e | Aprovides a significa
ot her assessments. o

Although not documented in the 2020 assessment, the phenological model (specifically, the
Afunconstrainedodo version of the model described by
that assessment, not to provide seasonally varying estimatesnotb per se, but to use the estimated

intra-annual patterns to extrapolate yead values oh andb for the current year, for which only partial

data are available (prior to the 2020 assessraeamidb for the current year were set equal to their

regective base values). The same approach is used in the current assessment.

Maturity

A detailed history and evaluation of parameter values tosddscribe the maturity schediide BSAI

Pacific cod was presented in the 2005 assessment (Thompson andO&xnlength-based maturity
schedule was used for many years. The parameter values used for thédeseagtimaturity schedule in
the 2005 and 200&ssessmestwere set on the basis of a study by Stark (2007) at the following values
length at 50% marrity = 58 cm and slope dihearized logistic equation =0.132. However, in 2007,
changes in SS allowed for use of either a lethgtbed or an ageased maturity schedule. Beginning with
the 2007 assessment, the accepted model has usedtzasadesabdule with intercept = 4.88 years and
slope =- 0.965 (Stark 2007). The use of an-dgesed rather thanlength-based schedule followed
recommendation from the maARSCE petsycommujyahdyb@ageaut hor (.
based parameters wardainedthrough the 2018 assessmeHhbwever, because all assessments since
2009 have estimated some amount of ageing allasiodels beginning with the 2019 assessment have
returnedo using the lengtibased schedule

StockRecruit ment ASteepnessao
Following the standard Tier 3 approach, all models assume that there is no relationship between stock and
recruitment, so the fisteepnessoO parameter is set

Parameters Estimated Inside the Assessment Models

Except for the addition of son@nual deviations necessitated by extending the terminal year through
2021, he parameters estimatbygthe assessment modete @numerateth Table 2.1.8 (Appendix 2.1)

For all parameterastimated within individual SS runs, the estimator usesitmeamnimum negative log
likelihood.

In addition to the above, the fulktsof fishing mortality rates wadso estimated internallyput not in the

same sense as the above parameters. The fishing mortality rates are de{@tmostjbxactlyas

functions ofother model parameters, becauseaS&imes 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.option does exigh SS for treating the fishing mortality

rates as full parameters, but previous explorations have indicated that adding these parameters has almost
no effect on other model output (Methot and Wetzel 2013).

Objective Function Components

All models in thisassessment include likelihood components for catch, initial (equilibrium) catch, trawl
survey relative abundandeshery and survey size composition, survey age composigoryitment,



initial recruitmentiis of t bounds o ( anal o gtdbut®on designed to keeppgramveera K pr i
from hitting boundy andparameter deviations

In SS emphasis factors are specified to determine which likelihood components receive the greatest
attention during the parameter estimation process. As in previsessazentsgll likelihood components
weregiven an emphasis df0 here.

Use of Size Composition Data in Parameter Estimation

Size composition data are assumed to be drawn from a multinomial distribution spexifiartecular

year and fleet (fishery @urvey) In the mrameter estimation process, B&ghts a given size

composition observation according to the emphasis associated with the respective likelihood component
and the sample size specifi@hd perhaps adjusted by a multipligm) the multiromial distribution from
which the data are assumed to be drawn. leldeing the model upon which S$&s originally based,
Fournier and Archibald (1982) suggested truncating the multinomial sample size at a value of 400 in
order to compensate for contiamggies which cause the sampling process to depart from the process that
gives rise to thenultinomial distribution.Over the years, assessments of EBS Pacific cod have used a
variety of approaches to specify multinomial sample sizes that are roughlgteansiith this
recommendation (summarized most recently by Thompson and Thorson (2019)).

The models in the present assessment all set input sample sizes for size composition data as follows:

1 Input sample size forsurveyis equal to the number of sarepl hauls from that surye

1 Input sample size for the fisheisrequal to the number of sampled hdutsn the fishery,
rescaled so that threeanfor the time serieis equal to the mean number @fspled hauls from
the combined EBS+NBSurveytime series

Input sample sizefor size composibn data (survey and fishery) are shown in Table.2.15

Use of Age Composition Data in Parameter Estimation

Like the size composition data, the agenposition data are assumed to be drawn from a multinomial
distribution specific to a pacular year. Because only survey age composition data are usethpete,
sample sizés setequal to the number of hauls in ttespective survey (Table 2)15ust as with the
survey size composition data

Note that the age compositions ased in the marginal forrmot in conditionabgeat-length form.
Use of Survey Relative Abundance Data in Parameter Estimation

For the survey,ach yeafs abundancestimatas assumed to be drawn from a lognormal distribution
specifictothatyearThe poi nt esti mataeds taenrdmsl oagrneo rsnhaol wnii siing nT a

Use of Recruitment Deviation fiDatao in Parameter
Thelikelihood componentor recruitmenis different from traditional likelihods because it does not
i nvodateadi in the same sense t ha log-scaeaedruitménb n a l i kel

deviationplays the role of the datuim a normal distribution with mearem and specifiedtandad
deviation;but, of coursethe deviations are parameters, not data.

RESULTS

Note: Some tables referenced in this section empleyorgdeen color scaledn all cases, the scale
ranges from red=low to greerrhigh, and can extend across a raxgolumnor the entire tablegepending
onthecontext.



Also, while the results for all of the models in this final assessment differ from their counterparts in the
preliminary assessment (Appendix 2.1), for the special case of Model 21.2, it shoatddbéhat such
differences are due in part to an error in the data file that was used for Model 21.2 in the preliminary
assessment, wherein the units for the fishery CPUE index were inadvertently specified as being in relative
numbers of fish rather thaelative biomass (the data file for Model 21.2 during the CIE review was

correct in this regard; it was only the data file for the preliminary assessment that included the error).

Model Evaluation

Individual Model Goodness of Fit

Table 2.16shows the objeite function value for each data component in each model, along with the
number of parameters in each model, where the | at"
parameters and constrained deviations. With few exceptions, objective functionaralues truly
comparable across models, and attempts to apply inforrthgametic statistics such as the Akaike
information criterion may be misleading, because:

1 Thetotal parameter countserestimate the numberidfe f f ec t i v e Othepexcousmet er s,
include parameters with prior distributions and constrained deviations.

1 The modelsometimesaise different data file@.g., Model 21.2 uses a different data file than the
other models, as it includes the fishery CPUE time series).

1 The data argveighteddifferently betweenmodels due t o tuning of. the fsi

The RMSSR9dor theindexdataand the correlations between model estimates and the index data are
shown for all modelbelow, whereRMSSRvalues within the range @.99-1.01are shadd green:

Index: Survey Fishery
Model: M19.12a M19.12 M21.1 M21.2 M21.2
RMSSR: 2.313 0.996 2.306 2.892 1.926
Correlation] 0.887 0.982 0.889 0.803 0.879

Ideally, RMSSRvalues should equal unjtgnd this was the standatet wasused to tune the sigma

terms for the log catchability deirs Model 19.12 Models 19.12a and 21.1 underfit the survey index

data to similar extents. Model 2ffiPthe survey index data a bit worse than Models 19.12a or 21.1,
because it had the added task of having to fit the fishery CPUE index, which it fit more successfully than
it fit the survey index.

Fitsto the trawl survey abundance data shavn for all models in Figure 21a, where the 95%
confidence irgrvals for the datare based on the lognormal sigmas estimated by VAEJure 211b
shows Model 21.26s fit to the fishery CPUE index.

Ef fective sample sizes i ncpmpbséiah andpage tompositomdata aress 6 i t
compared with the correspondingirt sample sizes in Table 2.1lhput sample sizes are expressed as
arithmetic means. Two formulations of effective sample size are shown:

1 The formulation popularized by McAllistand lanelli (1997), which has been used in many
previous assessments, is expressed as a harmonic mean. Ideally, the harmonic mean of this
formulation of effective sample size should equal the arithmetic mean of the input sample size,
which typically reaiires iterative tuning.



1 The formulation of Thorson et al. (2017b), which uses the Dirighldtinomial distribution to
model compositional data, is expresasd function of an internally estimated parametergjn(
Sso iterative tuning is not required

Size composition: By the McAllistdanelli measure, both the fishery and survey size composition data
wereovefit by all of the models. The Dirichleghultinomial parameter was constrained by the upper
bound for both the fishery and survey size contjpssdata in all models, meaning that, by the Thorson
et al. measure, the effective sample size was equal to the average input sample size.

Age composition: By the McAllistelanelli measure, the age composition data weefit by all of the
models. The effective sample sizes for the Thorson et al. formulation were of the same magnitude
rank orderas, but larger than, the effective sample sizes for the McAlliateslli formulation. By both
measures, Moddl9.12 exhibitedlightly better fits thn the other models.

Residual plots for the size and age compasitiata are shown in Figures 2.12 arftB2respectively.

Model Weights

This yeardés CIE review resulted in a set of model
recommended ensemblEaple 2.1.14 of Appendix 2.1). These weights were developed from a

procedure that was based on the procedures used in the 2019 and 2020 assessments, with some

modi fications (see AModel weightso sectitdhbyin App
normalizing the emphasiseighted averages of reviewaveraged scores (0, 1, or 2) for a set of criteria.
Because the SSC6s ensemble omits one model from t|

weights in Table 2.1.14 of Appendix 2.1 weragamalized, givinghe weights shown in Table 2.18

The model weights in Table 2.18Il be used to augmemiearly all ofthe modelspecific results in the
remainder of this section with Aensembdel®.d val ues

Retrospective Performance

Retrospective analyses alf individual models along witha retrospective analysofthe weighted

averages fothe ensemble, are shownFigure 2.14. As in previous assessments, the results of Hurtado
Ferroetal(15) are interpolated twalpueoduacfe Masmmhg e( 099
function of the instantaneous natural mortality fdtegiving the results shown below (the acceptable

range is bounded bymin andr max):

Model: M19.124 M19.12 M21.1 M21.2] Ensemblg
M 0.3609 0.3381 0.3249 0.3514 0.3444
Mohn'sr -0.0474 -0.0552 0.0030 0.138% 0.0004
r min -0.2063 -0.1983 -0.1937 -0.203Q -0.2004
r max 0.2804 0.2690 0.2624 0.2757 0.2724

All models, includinghe enasemblehave values af well within thdr respectiveacceptable rangeand
all butModel 21.2have values within the rang€.06 to 0.01

Parameter Estimates

Table 2.19isplays the values of all estimated parameters (except fishing mortality rates, because these
are functions of other parameters and are therefore shown separately) estimated internally in any of the
models, along with their standard deviations. Standaviéhtions are based on the inverse of the Hessian
matrix, and assume a normal distribution.



Table 2.19 shows all timenvariant estimated parameters (color scales arespmeific). A blank cell in

Table 2.1@ indicates that the respective paramg@ter) is not used in the respective model (column).

As noted under 0 Go odn e-sudtinomial pdrametérs far bize coagitiontelded Di r i ¢
up being pinned nedne upper boun@=10.0)for all models sothoseparameters (with two excepiis;

see next sentencejere fixedin the final run of each model at the values estimated in the penultimate run

of that model. The two exceptions were the Dirichtedtinomial parameters for size composition in

Model 21.2. In that model, fixing thosedvwwarameters at the values estimated in the penultimate run

caused the model to converge to a slightly different point in parameter space, which made tuning the

isi gmao t er-wasying parameterexgemelydiffi@ilt. As a compromise, the Diridét-

multinomial parameters for size composition were left active in Model 21.2, with values estimated (on the

log scale) at 9.98905 for the fishery and 9.98176 for the suflleg.two othe cases where a parameter

waspinned neaa bound are indicated ifeble 2.14 by t he presence of a A_0 s
Those were: 1) the legcale standard deviation of thedescending limb of the fishery selectivity curve in

Model 19.12a, and 2) the legale standard deviation of the ascending limb of therfjsbelectivity

curve in Model 21.2 (estimated close to the lower bound@D). Some highlights for the other

parameters in Table 2.19a include the followitNatural mortality ranges from 0.325 (Model 21.1) to

0.361(Model 19.12a).Asymptotic length(Lp) ranges from 102.968m (Model 21.1) to 120.75m

(Model 19.12). The Brody growth cefficient (K) ranges from 0.098 (Model 19.1® 0.158 (Model

21.1). Similartol ast year 6s assessment, the sig20®ptd the ag
very near zero at age 1 but negative at older agesZp6%) in all models. Initial fling mortality

ranges from 0.068 (Model 21.1) to 0.124 (Model 19.1%g survey catchability (base value in the case

of Model 19.12) rangefsom -0.094 (ModeR1.2) to 0.0.038 (Model 19.).2

The SSC has raised a possible concern that the asymptotic length estimated by Model 21.1 (102.963 cm)
may be too low, and that the weight assigned to that model in the ensemble may need to be adjusted. It
has long been kmen (e.g., Knight 1968) that estimateslgfandK are inversely correlated, such that

nearly equivalent fits can be obtained by a wide rangei@metecombinations, and this appears to be
borne out in Table 2.19a, where the model withitheestestimae of Lp (Model 21.1) is alsthe model

with thehighestestimate oK, and the model with thieighestestimate ots (Model 19.12) isalso the

model with thdowestestimate oK. It is also important to note that, in $s,does not function as an
absolute ceiling on length, but as the mean of the distribution of length for very ofditish

concomitant effects on the means of the distributions of length at other &giglsthis in mind, the

proportion of fish in the data that were of length greater than 103 cm (the approximate @alue of
estimated by Model 21.1) were tabulated for each age, and compared with the proportion of fish in the
agelength key estimated by SS thedre of length greater 103 cm, resulting in the table below (there

were no fish in the data of length greather 103 cm at ages less than 8 years):

Age: 8 9 10 11 12 13 14 15 16 17 18 19 20
Data: 0.003 0.020 0.055 0.082 0.061 0.050 0.083 n/a n/a 0.000 n/a n/la nl4g
M21.1: 0.000 0.002 0.010 0.025 0.050 0.083 0.139 0.168 0.192 0.243 0.272 0.300 0.343

While the proportions estimated by Model 21.1 do seem slightly lowdime ages, the differences are
unlikely to be statistically significant, as the data contain no more than 8 fish of length greater than 103
cm at any age (and only 29 such fish across all ages, out of a total sample size of Ih@dBpre, no
change was made to the weight assigned todt®d.1 in the ensemble.

Tables 2.19#2.15 show time series of annual parameter deviations. Color scales are €geunific in

all these portions dfable 2.19and show that, in general, time trends between models are very similar.
Table 2.19 shows bg deviations for the initial numbead-age vectorTable 2.18 shows log recruitment
(at age Ofeviations,Table 2.19 shows deviations for mean length at age Tabje 2.1@ shows



deviations for the tim&arying selectivity parameters, amdble 2.19 shows deviations for log survey

catchability (Model 19.12 only)

Tuning ofConstraints on Annually VaryingdPameters
n stthiemafitF aornadbmestuebrs eect i on

As noted

associated with annual deviations of log catchability, tuning of the sifgnasnually varying

of t he

parameterinvolved two quantities: 1) the variance of the estimated deviations, anel )rthof the
variances of the individual estimated deviations. For parameters other tkgralegecruitment,

deviations are modeled in SS as being normal(0,1), and sigma was tuned so that the sum of those two

quantities equaled unity, with a tolerarafet/- 0.01. For recruitment, deviations are modeled in SS as
being normal(G?), and sigma was tuned so that it matched the square root of the sum, again with a

tolerance of +/0.01.

Table 2.20shows the &lues of the iteratively tuned sigmtor parameters with annual deviations (other

than log catchabilities). Sigmas for log recruitment, the logit of fishery selectivity at maximum size, and

the log of the standard deviation of ti&(@scendinghormal pdf for survey selectivity tended to have

larger values than those associated with other paramdteessigma for the logit of fishery selectivity at
maximum size was especially large for Model 21.2 (nearly double the value for the other models), as this
extra variability was evidently neededHelp that model achieve the additional task of fitting the fishery
CPUE data.

For Model 19.12 (the only model that includes annual deviations for log survey catchability), sigma was

tuned so as to set RB&SR=1.0 (tolerance =-+#).01), resulting in a valuef 0.0765

DerivedQuantities
Figure 215 shows selectity for all models. Figure 25a shows selectivitfior the fishery, and Figure

2.15b shows selectityi for the survey F o r

t he

fishery,

Mo d e |

19.-12a

s h a p e, ModeN19.i.2 shows the most. For the survey, Models 19.12a, 19.12, and 21.2 appear
broadly similar, while Model 21.1 shows steeply declining selectivity at lengths greater than about 60 cm.

Table 2.21shows backransformed survey catchability for Model.19. Estimates terdto be lower
than average during the period 2602613 (except foR2011), and higher thaawverage for the period 2014

2021 (except for 201And 2019.

For comparability with previous assessments, Heaksformed estimates of catchipifor the years

2017 through the present are shown for all models below (only Model 19.12 {gaigiag):

Year M19.12a M19.12 M21.1 M21.2
2017 0.920 0.901 0.980 0.910
2018 0.920 1.121 0.980 0.910
2019 0.920 1.040 0.980 0.910
2021 0.920 1.144 0.980 0.910
Mean 0.920 1.052 0.980 0.910

iModel so

s ho\

In the following tables and figures, results are shown for all models and the ensemble (point estimates and

standard deviations in the caddables, point estimatas the case of figures).



Table Figure Quantity

2.22 2.16 female spawning biomass (millions of t)
2.23 2.17 female spawning biomass relativeBgyo,
2.24 2.18 age 0 recruitment (billions of fish)

2.25 2.19 full-selection instantaneous fishing mortality

For the above ssbf tables andigures,the Hessian approximation to the distribution was urséide
case of individual modelémplying that each distribution is normal, whilee distribution for the
ensemble was computed as the weighted average of the individual model distributions.

In the following tables, point estimates for each age and year are shown for all models and the ensemble.

Table Quantity

2.26 mid-year population length (cm)
2.27a mid-year fishery weight (kg)
2.27b mid-year survey weight (kg)
2.28a fishery selectivity

2.28b survey selectivity

The following figures show point estimates and error bars corresponding tiwcerstandard deviations,
for the ensemble only:

Figure Quantity

2.20 female spawning biomass (millions of t)
2.21 female spawning biomass relativeBggqo,
2.22 age 0 recruitment (billions of fish)

2.23 full-selection instantaneous fishing mortality

For the above set of figures, it should be noted that, bedaaiskstibutions for the ensemble are

averages of normal ditbutions,the ensemble distributiorgethemselvesot normal, meaning that,

while the standard deviations are correct (given the Hessian approximations of the distributions for the
individual models), the ensemble error bars shown in the figures nmagyonot approximate the 95%
confidence intervals.

Table 2.2%ontains selected management reference points. Static quantities B@ldIBaoo, Basy,

Fa00, andFss,. Quantities shown for each of tfiest two projection years (2022 and 202Z®nsist of

female spawning biomass, relative spawning biomass, the probability that the ratio of spawning biomass
to B1oow Will fall below 0.2, maxFsc, maxABC, catchFort, OFL, and the probability that maxABC

exceeds the trubutunknown OFL.

The vales of 202Zemale spawning biomass, relative spawning bionmaasfsc, and maxABC
projected by the current base model (18) Ehown in Table 2.28iffer markedlyf r om | ast year 6s
projections of those same quiéies (using the same model), as shown below



Year Quantity Lastyear This year Change
2022 Female spawning biomass 205,906 259,007 26%

2022 Relative spawning biomass 0.31 0.40 28%
2022 maxFagc 0.27 0.36 34%
2022 maxABC 106,852 174,668 63%

Changes of the above magnitudes, particularly the change in projected maxABC, are not typical of
previous assessments for this stock. Appendix 2.4 therefore provides a detailed bridging analysis,
showing in stegby-step fashion how changes in the dathto the above change in maxABC.

Choice of Final Model

There is nearly a complete consenus among the CIE reviewers, the GPT, and the SSC regarding the
preferred model for this yearods assesshmeldbe; the o
included in the ensemble (as recommended by the CIE reviewers and the GPT) or excluded (as
recommended by the SSC). Given that time was insufficient to present both the CIE/GPT ensemble and

the SSC ensembile in this final assessment, the pragohatice is to adopt the SSC ensemble as the final

model.

Final Parameter Estimates and Associated Schedules
Final parameter estimatase shown in Table 2.11

Tables2.19 2.20, 2.21, 2.22, and 2.8Bowthe schedules of length at age by year, fishery weight at age
by year, survey weight at age by year, fishery selectivity at age by year, and survey selectivity at age by
year, respectively.

Time Series Results

The biomass estimates preszhhee will be defined in twoways:1) age 8 biomass, consisting of the
biomass of all fiskaged Oyears or greater in January of a given yaad2) spawning biomass, consisting
of the biomass of allmwning females idanuary of given year The recruitment estines presented
here will be defined as numbeskage 0 fish in a given year.

Table 2.30 shows the time series of age 0+ biomass since 1977 for all models and the ensemble (point
estimates only).

Table 2.31shows the time series afje O+andfemale spawimg biomasgt) since 197as etimated last
yearin the model accepted by the S&@ this yar for the SSC ensemblelhe estimatedspawning
biomasdime series are accompanied by their respestizedard deviations

Table 2.3%hows the time serie$ ecruitment (1000sf fish) for the yearsince 1977s estimated last

yearin the model accepted by the S&a this yeafor the SSC ensembleTheestimated time series are
accompanied by their respectistandard deviationsThec or r el ati on bet ween | ast vy
recruitmenttire ser i es dsf0@®99t hi s year 6s

For the time series asmhole, the2013 cohort is currently estimated to be ldrgest Other recent year

classes that exceed the time series average by ab08asire th€006,2008, 2010, 2011, and 2018

cohort s. I n | ast year 6 s a%isthetimarseried, with anfestima?ed 1 8 y e a
size of 749,855,000 fish. I n this y#8iathédiree assess m
series, and the estimated size increases slightly, to 752,933,000 fish. Although the confirmed strength of

the 2018 year class is a positive sign, it should also be notesixlwiithe last seven year classes have

been below average, including thiifehe bottom ten in the overall time series, and seven of the last nine



year classes have also been below average. By way of context, there has been one previgesr seven
string in which six year classes have been below average, and three preweereanistrings in which
seven year classes have been below average.

The coefficienb f aut ocorrelation for t Bdriesis.E 32r 6 s esti mat e
Table 2.33%hows the timaeries of humbers at age fdt models and the ensemble

Figure 220shows the time series of female spawning biorf@sthe ensemblewith error bars
representing plusr-minus two standard deviations.

Figure 2.21shows the time series of female spawning biomass relatBgdgefor the ensemblavith
error bars representing phas-minus two standard deviations.

Figure 2.2Xhows the time series of recruitménit the ensemblewith error bars representing plos
minus two standard deviations.

Figure 2.23hows the time series of ftgklection fishing mortalitjor the ensemblewith error bars
representing plusr-minus two standard deviations.

Figure 2.24lots the estimatedprojectedrrajectory of relative fishing mortalitfF/Fsse) and relative

female spawnig biomasgB/Bssy) from 1977 thragh2023basedn full-selection fishing mortality

overlaid with thecurrent harvest control ruleddodels prior to 2016 featured dorsbaped swey

selectivity, while models since 2016 have forced survey selectivity to be asymptotic, which changed the
appearance of the trajectory considerably, sq thdtindsight, the stock was being subjected to fishing
mortality rates in excesH the retroatively calculatedFor. values (but not the officidtor. values that

were calculated at the tima) all years from the early 1990s throu@®l7. Because of nonlinearities
involved in computation, modelveragednaxkgc projections for 2022 and 202® not fall exactly on

the modelaveragednaxkgc control rule, although they are extremely close (within 1.7% in 2022 and
within 0.3% in 2023).

Harvest Recommendations

Some of theesults presented in théectionpertainprimarily to the SSC ensemblélowever,afull set

of pardlel results for the items irhis section, bupertaining tahe current base mod@l9.12j), is

provided inAppendix 2.6 In addition, sufficient information is provided the tables of results presented

so far (in particular Tiale 2.29) and the standard projection tables described below to enable the Team or
SSC to choose any of tifeur models for the purpose of recommending or setting harvest specifications.

Amendment 56 Reference Points

Amendment 56 to the BSAI Groundfish &y Management Plan (FMP) defines fiogerfishing leved
(OFL), the fishing mortality rate used to set OFod ), the maximum permissible ABC, and the fishing
mortality rate used to set the maximum permissible ABC. The fishing mortality rate usedBCse

(Fasc) may be less than this maximum permissible level, but not greater. Because reliable estimates of
reference points related to maximum sustainable yield (MSY) are currently not available but reliable
estimates of reference points related to spagvper recruit are available, Pacific cod ia BShave
generally beemanaged under Tier 3 of Amendment 56. Tier 3 uses the following reference points:
Baow, €qual to 40% of the equilibrium spawning biomass that would be obtained in the abséstiagf f
Fss% equal to the fishing mortality rate that reduces the equilibrium level of spawning per recruit to 35%
of the level that would be obtained in the absence of fishingEamgequal to the fishing mortality rate

that reduces the equilibriumMel of spawning per recruit to 40% of the level that would be obtained in
the absence of fishing. The following formulae apply under Tier 3:



3a) Stock status:B/Bagw > 1
ForL = Fasu
Fasc < Faow
3b) Stock status:0.05< B/Bags < 1
ForL = F3s03 (B/B40%- 003 x 1/0.95
Fasc < Fa0%® (B/Bao%- 0.09 x 1/0.95
3c) Stock status:B/Baoy, < 0.05
For,=0
Fasc=0

Theweighted averagestimateof Fssy from the ensemble is 0.4andthe weighted average estimate
Fao% from the ensemble is 0.33able 2.29.

The weighted averagestimateof Bioos from the ensemble is 686,761 t; the weighted average estohate
Baow from the ensemble is 274,704andthe weighted average estimate®Bef, from the ensemble is
240,366 {Table 2.29.

Means and standard deviatiafshe ABC and OFL distributions for 2022 and 20&% shown for each
model and fothe ensemble in Table 2.34dnd the distributions are shownFigure 2.25where the
vertical dashetblack lines in the first two panels represent the current specifications and the vertical
dashed gray lines in all four panels represent the ensemble.means

Specification of OFL and Maximum Permissible ABC

Given theassumptions of ScenarioBelow), femak spawning biomass for 20&2estimatedy the
ensembldo be259,789 tand female spawning biomass &i23is estimated to b253,585 t. Botlof
these projected values are belBw, therebyplacing Pacific cod iier 3o for both 2022 and 2023
Given this the estimate®f OFL, maximum permissible ABC, and the associfitddng mortality rates
for 2022and 2023s follows(from Table 2.2%:

Year For maxFasc OFL () maxABC (t)
2022 0.38 0.31 183,012 153,383
2023 0.37 0.31 180,909 151,709

The ge 0+ llomass projectins for 2022and 2023 from the ensemble &#,978t and848615t,
respectively(Table 2.30)

Standard HarvesScenariosProjection Methodologyand Projection Results

A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.
This set of projections encompasses sdnamest scenarios designed to satisfy the requirements of
Amendment 56, the National Environmental Policy Act, and the MagrBtarens Fishery Conservation

and Management Act (MSFCMARPrior to the 2018 assessméhge standard harvest scenarios were

macke using the AFSBdayianingAth thg 2018 assessgnens mowever, the projections
have beemade within SSPoint estimates of all timearying parameters used in the projections are set

at their respective time series means, except fanamdeviations governing length at age of year classes
currently in the population, as these propagate into the futearend catch for 202tvas estimated to

be 123,805, equal to the 202ABC. In the event that catch is likely to kesk than theecommended

ABC in either of the first two projection years, Scenarmust be conducted, using the best estimates of
catch in those two years (otherwise, Scenario 2
next two years are equal to theximum permissible ABCs)The following relationship between ABC



and catch was describeddanr ifManagement Hi st or FoOOAB(?2198 000 A Fi sher
catch = 89,000 t + 0.8RBC; for ABC<198,000 t, catch = ABCBecause the recommendaBCs for
both of the first two projection years are less than 198,000 t, no adjustment is necessary.

In each subsequent year, the fishing mortality rate is prescribed on the basis of the spawning biomass in
that year and #arespective harvest scenario.

Five of he seven standard segins are sometimassed in an Envanmental Assessment prepared in
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest
alternatives that are likelp trackethe final TACs fo 2022 and 2023are as follow fimaxFasc0 refers

to the maximum permissible value Bfsc under Amendment 56):

Scenario 1 In all future yearsk- is set equal tonaxFasc. (Rationale: Historically, TAC has
been constrained by ABC, so this scenario provédieely upper limit on future TACs.)

Scenario 2 In all future yearsk is set equal to a constant fractiorii a u t h of m@xBagc,F 0 )
where this fraction is equal to the ratio of fhgc value for 2022ecommended in the assessment
to themaxFagc for 2022 and where catas for 2022 and 202&e estimated at thainost likely
values given the 2022and 2023ecommendedBCs under this scenario(Rationale: Whetfragc

is set at a value belomaxFagg, it is often set at the value reanmended in the stock assessment;
also, catch tends not to equal ABC exagtly.

Scenaria3: In all future yearsk- is set equal to the 2018020average-. (Rationale: For some
stocks, TAC can be well below ABC, and recanéragd= may provide a better indicator Bfac
thanFasc.)

Scenariod: In all future yearsthe upper bound oRagcis set aFesow (Rationale: This scenario
provides a likely lower bound dfngc that still allows future harvest rates to be adjusted
downward when stocks fall below reference levels.)

Scenario 5 In all future yeardr is set equal to zero. (Rationale: In extremsesaTAC may be
set at a level close to zero.)

Two other scenarios are needed to satisfy the MSF@&M&quirement to determine whether a stock is
currently in an overfished condition or is approaching an overfished condition. These two scenarios are
as fdlow (for Tier 3 stocks, the MSY level is definedBsy):

Scenario 6 In all future yearsk- is set equal téor.. (Rationale: This scenario determines
whether a stock is overfishedf the stock isl) above its MSY level i2021or 2) abovel/2 of its
MSY level in 2021andexpected to babove its MSY level i2031under this scenario, then the
stock is not overfished.)

Scenario 7 In 2022 F is set equal tonaxFaec, and in all subsequent yeaFsis set equal to
For.. (Rationale: This scenario determines whether a stock is approaching an overfished
condition. If the stock $ 1) abovets MSY level in 2022r 2) abovel/2 of its MSY level in 2023
and expectedtbe above its MSY level in 202Bder this scenario, ¢m the stock is not
approaching an overfished condition.)

Projections (means and standard deviations) of female spawning biomass (B), full selection fishing
mortality (F), and catch (Qorresponding to the standacenarios are shown fall models and &th the
weighted and unweightezhsemble averages in Table 2.35



In addition to the seven standard harvest scenarios, Amendments 48/48 to the BSAI and GOA Groundfish
Fishery Management Plans require projections of the likely OFL two years into the fthile.

Scenario 6 givesde besestimate of OFL for 2022it does not providehe besestimate of OFlfor 2023

because the mean 2028tch under Scemio 6 is predicad on the 2022atch béng equal to the 2022

OFL, whereas the actual 202&tch vill likely be less than the 20Z2-L. Table2.29contairs the

appropriate oneand twoeyear ahead projections for botfB& and OFL.

Risk Tableand ABC Recommendation

Overview

The following template is used to complete the risk table:

Assessmesrelated
considerations

Population dynamics Environmental/ecosystem

considerations

considerations

Fishery
Performance

Level 1: Typical to Stock trends are No apparent No apparent

Normal moderately typical for the stock; environmental/ecosystem fishery/resource
increased recent recruitment is concerns use performance
uncertainty/minor  within normal range. and/or behavior
unresolved issues ir concerns
assessment

Level 2: Substantially Stock trends are Some indicators showing  Some indicators

Substantially  increased unusual; abundance adverse signals relevant to showing adverse

increased assessent increasing or the stock but the pattern is signals but the

concerns uncertainty/ decreasing faster tha not consistent across all pattern is not

unresolved issues.

has been seen
recently or

recruitment pattern is

atypical.

indicators.

consistent across
all indicators

Level 3: Major

Major problems

Stock trends are

Multiple indicators showing

Multiple indicators

Concern with the stock highly unusual; very consistent adverse signals showing consistent
assessmenvery rapid changes in across the same trophic adverse signals a)
poor fits to data stock abundance, or level as the stock, and/or b} across different
high level of highly atypical up or dowrtrophic levels sectors, and/or b)
uncertainty strong  recruitment patterns. (i.e., predators and prey of different gear types
retrospective bias. the stock)

Level 4: Severe problems Stock trends are Extreme anomalies in Extreme anomalies

Extreme with the stock unprecedentedMore  multiple ecosystem in multiple

concern assessmensevere rapid changes in indicators that are highly  performance
retrospedte bias. stock abundance thai likely to impact the stock  indicators that are
Assessment have ever been seen Potential for cascading highly likely to
considered previously, or a very effects on other ecosystem impact the stock
unreliable. long stretch of poor components

recruitment comparec
to previous patterns.

The table is applied bgvaluaing the severity of foutypes of considerations that could be used to
support a scientific recommendation to reduce the ABC from the maximum permissible. These
considerations are stock assessment considerations, population dynamics considerations,



envirommental/ecosystem consideratipasd fishery performanc&xamples of the types of concerns that
might be relevant include the following:

1. Assessment consideratiénslatainputs: biased ages, skipped surveys, lack of fishery
independent trend datarodel fits: poor fits to fits to fishery or survey data, inability to
simultaneously fit multiple data inputs; model performance: poor model convergence, multiple
minima in the likelihood surface, parameters hitting bounds; estimation uncertainty:poorly
estimated but influential year classes; retrospective bias in biomass estimates.

2. Population dynamics considerati@ndecreasing biomass trend, poor recent recruitment, inability
of the stock to rebuild, abrupt increase or decrease in stock abundance.

3. Envirommental/ecosystem consideratidnadverse trends in environmental/ecosystem indicators,
ecosystem model results, decreases in ecosystem productivity, decreases in prey abundance or
availability, increases or increases in predator abundance or productivity.

4. Fishery performanae fishery CPUE is showing a contrasting pattern from the stock biomass
trend, unusual spatial pattern of fishing, changes in the percent of TAC taken, changes in the
duration of fishery openings.

Development of the risk table in this assessment follows the approach described by Thompson (2021),
which is an explicit attempt to view the risk table in the context of the probability that ABC exceeds the
true-butunknown OFL (comment SSC3). The appiopartitions thigprobability intointernaland
externalcomponents. Thimternal probability is that which is routinely computed from the stock
assessment modéor example, Table 2.29 indicates thiathe 2022 catch were to equal the 2022
maxABC,theinternal probability for the ensembeapproximately 0.28ee the linén the tabldabeled

A Pr ( max ®B C) theaxternalprobability isthatwhich cannot be computed from the stock
assessment model, because it involves factors that are extettmalstock assessment model, and hence
is evaluated using the risk tabl&he approach also includas option whereby the integer levels in the
risk table template can be supplertesl by specifyingn intralevelfractionbetween 0 and.1The

intraleve fractiondescribe where the stock falls within the assigned level. For example, does the stock
barely qualify for the assigned level, does it lie squarely in the middle of the assigned level, or does it
nearly qualify for the next gher level? The tnalevel fractionslike the integer risk levels, are based on
fisubjective but wellnformed interpretation of the available data ( ¢ o mme nt SSC9) .

Assessment Considerations

Recogni zing the SS 6K srke csocnonmeensd astdigioenl stdickhbaestock peci f i ¢
complexd (comment SSC9), the assessment consider a;
assessment with previous assessments of the sarke st®a point of departure, the assessment

considerations category was assigned a risk level of 1 in each of the two previous assessments, and last
year b6s assessment included the additional suggest:
the bottom end of the |l evel than the upper endo (

Recent range expansion of the stock into the NBS made assessmdetingimore difficulffor a few

years. However, with the develment of the VAST method (Thams and Barnett 2017it, has become
possible to treat the combined EBS and NBS surveys in a coherent fashion, eliminating tbereagd
those surveys separately, either with or without explicit movment between areas. Spatial distribution
concerns have now shifted to soméeat toward movement between Americard Russiajurisdictions



(see Figure 2.1.5, Figure 2.1.6, and Table 2.1.3 in Appendia@dlmultiple comments by the CIE
reviewers in Attachment 2.1.1 of Appendix 2.JAlthough harvests in Russian waters haeepbtential

to impact harvests in American waters if there is significant mixing between the two areas, the available
data suggest that recent harvest rates in Russian waters do not appear to be particulattadtighent

2.1.2 ofAppendix 2.1)

Ensemb¢ models have been proposed in previous assessments, but none have been adopted as the base
model by the SSC. This year, an ensemble model is proposed once again, but this time it appears to have
the support of the CIE reviewers, the GPT, and the SSE€it(alfih a disagreement about whether to add

a model to the SSC ensembldhis is in stark contrast to previous years, when there was no agreement
among the GPT and SSC as to which models to include in an ensemble or how they should be weighted
which sugests that there is nahigher degree of confidence in the set of moaletsmodel weights

presented. As suggested in previous assessmeatef an ensemble approach gives some confidence

that alternative explanatis of the data are consider@mdmitigates, at least to some extent, concerns

that may existegarding any individual model.

In addition to the usual pattern of presenting full redoltsnultiple models to the GPdnd SSGwice

every year (Appendix 2.3) and responding to dozens of SRTd S SC comments annually
assessment was subject to a CIE review (Attachment 2.1.1 in Appendix 2.1), which resulted in

endorsements of both the base model and the present ensemble (with the addition of Model 21.3) as being
suitable for provithg management advice.

Assessment consideratiowsreonce agaimated asével 1 (normal) More precissy, within level 1, the
degree of concern igery neatthe bottom enaf the level {ntralevel fraction = M).

Population Dynamics @hsideration

Population dynamics considerations were assigned a risk level of 1 in each of the two previous
assessments, and | ast yeards assessment included
of concern is nearer the bottomendodfie | evel than the upper endod (Tho

As noted above under ATi me Series Results, o six o
have been below average, as have seven out of the last nine. Although neither of these odsurrences
unprecedented (there was one previousosixof-seven string and three previous seweitof-nine

strings in the time series), they are at least somewhat concerning, as they may be harbingers of a long

term change in mean recruitment. While the tdages of recruitment estimatae already part of the

stock assessment model, andréfore should not be considered asason for a risk table adjustment,

the possibility of a longerm change in mean recruitment is not part of the stock assessnu&it mo

The ensemble estimate of age 0+ biomass for 2022 is only 0.29 standard deviations remotrezl fro
pre-2022 time series mean, argttensemble estimate of female spawning biomass for 2022 is only 0.12
standard deviations removed from the-g22 timeseries meanThe estimated rate of change in age 0+
biomass from 2021 to 2022 is 4.9%, which is within 0.19 standard deviations of the time series mean for
annual rate of change in that quantity. The estimated rate of change in female spawning momass f
2021 to 2022 is 2.0%, which is within 0.04 standard deviations of the time series mean for annual rate of
change in that quantityNone of thissuggestshatabundancé dncréasing or decreasing faster than has
beenseenrecenlly ( s e e Iri@for¢his cafegory in thé risk table template).



Population dynamics considerations were once again ratededd lehormal). More precige within
level 1, the degree of concern is somewhat near the bottom end of thénieakd\el fraction = @).

Environmental/Ecosystem Considerations

Environmental/Ecosysstem considerations were assignedlav@lof 2in each of the two previous
assessment s, and | ast year 6 s as s avihs leveli2tthe degreel ud e d
ofconern is nearer the bottom end of the | evel t han

Appendix 2.2 provides a detailed look at environmental/ecosystem considerations specific to this stock
within the ecosystem and socioeconomic profile or EBf®adscak information on environmental and
ecosystem considerations are provided by the Eastern Bering Sea Ecosystem Status Report or EBS ESR
(Siddon 2021).The text below summarizes ecosystem information related to EBS Pacific cod provided
from both the ESP aneBS ESR.

Environmental processe$eginning in approximately 2014, the EBS entered a warm phase of
unprecedented duratiolhe EBS remains in this warm phase, though to a lesser degree compared to the
extreme years of 2018 and 201%ea icdormation in fall of 2020 was delayed due to residual warmth in
the system While the areal extent of sea ice was closer to th&ptd levels than at any point in the last

7 years, ice thickness differed between the northern (thicker ice) and sothiverar(no ice) shelves due

to opposing prevailing winds (see Physical Environment Synthesis in Siddon, 202hyly winter, sea

ice extent in the Bering Sea was the lowest on record, but as the season progressed the ice advance was
close to the climailogical mean Maximum seace extent occurred in early March which was earlier

than 2020 but later than 202D19 Even though the winter maximum ice cover is lower than the mean,
ice retreat speed is following the mean (M. Warays. commun., referemg UAF ACCAP at
https://uafaccap.ory) The summer 2021 cold pool remained significantly reduced in area, and its
southern boundary was shifted northwestwarte areal extent of the cold pool has increased since

2018, yet the 2021 extent was the 4th lowest on record and remains more than one standard deviation
below the mean (Rohan and Barnett, 202Vdhile the cold pool is included as a covariate of the
spatiotemporal estimates of biomass used in the main stéeeksament model, the dynamics are an
important consideration and relevant to understanding the overall health of the EBS ecoSystegito
summer surface temperature was slightly lower than last year but remains ver$iigmer bottom
temperaturesaried spatially over the shelNearaverage conditions were present over the south EBS,
while the northern Bering Sea (NBS) had a very warm inner domain (i.e., Norton Sound) and a small cold
pool over the middle domain to the southwest of St. Lawreeed$Rohan and Barnett, 20218}enter

of gravity estimates for EBS Pacific cod have shifted from 2019 with the population center moving more
west than average and slightly less norinea occupied has deeased to near average, although smaller
than n the 2019 survey

Mul ti pl e e c osaocautred imthgiNBE this yedr:amspopulation declines (Richar, 2021),
salmon run failures in the Arctiéukon-Kuskokwim region (Liller, 2021), and seabird -aif's combined

with low colony attendancand poor reproductive success (see Integrated Seabird Information in Siddon,
2021) In addition, results from the bottom trawl survey demonstrate a substantial drop in total CPUE in
the NBS between 2019 and 2021 that reflected large decreases in altlofrimant species, including
pollock (Mueter and Britt, 2021)Whether a single or suite of mechanisms can be identified to explain
these coincident events, the common thread in these collapses is the marine environment in the NBS
Concerns about thedd web dynamics and carrying capacity in the NBS have existed since 2018,


https://uaf-accap.org/

highlighted by the gray whale Unusual Mortality Event and stadle¢d shearwater mass mortality event
(Siddon and Zador, 2019).

Prey: Peak timing of the spring bloom was latesittaverage This may have implications for match or
mismatch between larval Pacific cod and the available plankton abundamaeeg warm years this may

be particularly important for Pacific cod due to their increased metabolic requirer@misthe sathern

shelf, the springtime abundance of small copepods was within historical ranges and large copepods
appeared oftrack to be available for agefish later in the yearln addition, higher abundances of adult
euphausiids were observed which, if pgesisthrough summer, would also provide a significant food
source to forage fish (Kimmel et al., 202T)he biomass of motile epifauna within the standard bottom
trawl survey area peaked in 2017 and remains above their long term mean in 2021 (Whig&lad)se,

Trends in motile epifauna biomass indicate benthic productivity, although individual species and/or taxa
may reflect varying time scales of productivitfhe current mean biomass for all crab functional groups,
including hermit crabs, king craltsnner crab, and snow crab are all below their long term méaver

the northern shelf in late summer, similar zooplankton patterns were observed to the springtime trends of
the southern shelf with low abundances of small copepods, but slight increiseabundance of large
copepods and euphausiids (Kimmel et al., 20ZHe annual ration of EBS Pacific cod has been well

above average for the last several years due to warming ocean temperatures (Holsman et al., 2021) and
the percentage of snow crabthe diets of EBS Pacific cod increased markedly during recent warm years
from 20142016 and 2018 (Fedewa et al., 202Ejsh condition, as measured by lengthight residuals,
trended downward from 2019 for multiple groundfish species, including beptiagic, and apex

predators, across both the southern and northern portions of the survey area (Rohan and Prohaska, 2021),
indicating poor feeding conditions across trophic nicl@sndition for juvenile Pacific cod in the EBS

survey was average and flan to 2019, while adult condition was slightly lower than 2019, and slightly
below average

Predators: Pacific cod are cannibalistic and rates of cannibalism might be expected to increase as the
abundance of older, larger fish increasescurrently with increases in juvenile abundanteends in

apex predator biomass reflect relative predation pressure on zooplankton and juvenilelfishes

biomass of apex predators in 2021 is below their long term mean and is largely driven loycBdcifi

whose recent (2018021) mean biomass is below their long term mean (Whitehouse, 20816r

predators of Pacific cod include northern fur seals, Steller sea lions, various whale species, and tufted
puffin. Total predation of EBS Pacific cod bl ather predators in the multispecies model remains low

due to the declines in total predator biomass and subsequent net decrease in consumption (Holsman et al.,
2021)

Competitors: Competitorsof Pacific cod prey resources may include gray whales, (@enthic

amphipods) and arrowtooth floundegray whale life history includes annual migrations of up to 20,000

km from summer feeding grounds in the northern Bering and Chukchi seas to southern Baja California to
mate and calveFollowing several yaa of high numbers of stranded gray whales (an Unusual Mortality
Event was declared in 2019), fewer gray whales were reported in 2021 (as of October 2, 23 had been
reported in 2021 while 44 had been reported as of September 29, 2020) (Keogh and Satage, 202
Arrowtooth flounder biomass has been increasing steadily since 2000 and remains at a high level in recent
years

Summary Environmental/ecosysteoonsiderations were once again rated as level 2 (substantially
increased concerngjue to the overhlvarm conditions, reduced prey availability, population declines,



and dieoffs in the NBS These considerations asemewhat tempered by the slightly less warm
conditions in the EBS, near average sea ice extent,-sa@sdtward movement of the populatiawverage
condition of adults and juveniles and less predation pressure in the syistera preciselywithin level
2, the degree of concern is near the middle of the lavedlevel fraction = ().

Fishery RrformanceConsiderations

Fishery performare considerations were assigned a risk level of 1 in each of the two previous
assessments, and | ast yeards assessment included
of concern is nearer the bot thampsoreatal. 202G). t he | ev el

Table 2.1.24n Appendix 2.1shows simple yeaandmonth averages of catch (in weight) per unit effort

for four gear types: longline, bottom trawl, pot, and pelagic trawl. The values have been normalized so
that the averagacross all norempty cells is unity (empty cells indicate either that there are no data, or

that presentation of the data is precluded due to confidentiality restrictions). For all three of the gear
types that target Pacific cdide., all gears except lagjic trawl), Table 2.1.2 indicates that 20B&lan
aboveaverage year with respect to fishery CPUE. Relative to the-2828 monthly averages, the 2021
monthly averages for the various gear types may be summarized as follows (reporting only those months
where data are available and can be presented):

1 Longline CPUE was above average for every month from Jarfuagyst except for May.

1 Bottom trawl CPUE was above average for every month from FebAily in particular,
CPUE for February was extremelyghi(more than triple the 199820 average), repeating the
performance observed in 2020.

1 Pot CPUE was above average for January.

1 Pelagic trawl CPUE (including incidental catches) was mixed from JaiMargh, with January
being below average and Februdiarch being above average; in particular, CPUE for March
was more than double the 199620 average.

Figure 2.1.4n Appendix 2.1shows the results of the conventio@UEmo d e | that esti mat es
Amont ho effects for eeHecthfor@®B(showninThb tep left panel ohieache d y e a
page of Figure 2.1.4) for all four gear types confirm @21 isan aboveaverage year with respect to

fishery CPUE.

An alternative perspective, at least for one locality, was provided by Dawn Wehde of the Norton Sound
Economic Development Corporation (pers. commun., 11/1/2021), who reported that both she and the
processing plant i n Sayv o cifrgmeSaioagh fishernea éescribingl loweru me r o
catch rates of Pacific cod this year compared to
informationbe includedas a source of knowledge about the condition of the gtmckment SSC10).

Fishery peformance considerations were once again rated aklgmnermal). More preciselywithin
level 1, the degree of concern is fairly near the bottonoéttte level (ntralevel fraction = ).

Summaryand ABC Recommendation
Therisk levelsandintralevelfractions assigned tdhe four categories are summarized below:

Assessmentlated Population dynamics  Environmental/ Fishery Performance
considerations considerations ecosystem considerations
considerations




Level 1 Normal Level I Normal Level 2:Substantially  Level 1: Normal
increased concerns

Intralevel: 00 Intralevel: 02 Intralevel: 05 Intralevel: 01

Given the above datthe categonspecific external probabilities depend on the value ofitparameter

that converts risk levels and intralevel fractions into probabilities. Using as data the risk levels specified
in all risk tables through 2020 and the associated redwsctinaluding reductions of zero), Thongws

(2021) used a leasjuares modeb estimate am® value of 0.2, where the objective function considered

the ability of the model to predict reductionshmtha qualitative basis (i.edid the model correctly

predict whethen reductiorwasmade?) and a quantitative basis (hew closely did the model predict

the ratio of ABC to maxAB?). The primary reasefor usng data from all assessments were as follow:

1 To maximize the precision of the estimbteusing he largest possible sample s{pe48).

1 Tocomply with the SSC guidance statingthat duct i ons fAshould be appl i
ibecome coomnoccropmmeecnet SSC14), by ensuring that t
reductions is consistent withe historic frequencgf reductions.

1 To comply with the SSC guidance statindh at fAcompari son across speci
for consistencyo (comment SSC9)

As noted in the Executive Summary, the approach of Thomp€@i)s highlyconsistent wh the
remainder of comment SSC9 as well:

1 The approach does not prescribe a common reductiontfr@maximum permissible ABC for a
given risk score across species or stocks

1 Consideration®f reductions in ABCs below the maximum permissible continue todsde on a
caseby-case basis with justifit@mn based on risk scoring.

1 The approach does not make blanket comparisons across species or stocks for the purpose of
explicitly defining reductions in ABC belothe maximum permissible.

As interpreted hereheé final bulletabove which references the concluding sentence of comment $§C9,

simply asummaryrestatemenof the first twa However, depending on the meaningheftermfi b | ank e t
comparisons 0 an alternative interpretation of that bul
particular stock can hawabsolutely nothingo do with the previous frequency or extent of reductions for

stocks in general. This seems like an extreme ird&pon,because:

T It would violate the SS6tétisgt hdvi 6eompat heosamer C
€ or stocks is woOseful for consistency

T I't would imply that the definitions of Aapplie
SSC14 would havie be entirely stockspecific as wellwhich is difficult to reconcile with the
fact that the same comment suggests review of the Tier system (which apaliesdoks) as a
remedy in the event that reductions bec@ommmonplaceé

Neverthelessin theinterest of exhausting all possibilitighe analysis that was used by Thompson
(2021) to estimata was redone using previous risk tables and reductions (including reductions df zero
for EBS Pacific coanly. Thisreduced the sample size fream48 ton=2, and resulted in an increase in
the estimate o& from a=0.2 toa=0.4. The results that follow will consider both of these cases.

Given the data in the summary table aboke,following categorspecific external probabilities are
obtainedfor the two cases



Population  Environmental/ Fishery
a Assessment dynamics ecosystem performance
0.2 0.00 0.09 0.13 0.08
0.4 0.00 0.05 0.11 0.04

The above results imply a joint external probability of GrRthe a=0.2case and 0.18 ithe 4=0.4 case

Given this value and the internal probability of 0.28 (Table 2.29), the overall joint probability that a catch

equal to maxABC wi exceed the trudutunknown OFL is 0.4 the a=0.2 case and 0.41 in tl&=0.4

case Because both of these vaduseless than 0.50, no radtion from maxABC is warrantdd either

caseand the authorsodé ABC recomma&8Sdand 15070Ft, f or 2022 a
respectively, based on the ensemble.

Area Allocation of Harvests
No recommendations are made regarding area allocation of harvests.

Status Determination

Under the MSFCMA, the Secretary of Commerce is required to report statiis of each U.S. fishery

with respect to overfishing. This report involves the answers to three questions: 1) Is the stock being
subjected to overfishing? 2) Is the stock currently overfished? 3) Is the stock approaching an overfished
condition?

Is the stock being subjected to overfishingRe official catch estimate for threost reent complete year
(2020 is 155,63%. This is less than the 2028FL of 191,386t. Therefore, th&BS Pacific codstock is
not being subjected to overfishing.

HarvestScenarios #6 and #7 are intended to permit determination of the status of a stock with respect to
its minimum stock size threshold (MSST). Any stock that is below its MSST is definesdteitfished

Any stock that is expected to fall below its MSSTHe next two years is defined to &eproachingan
overfished condition. Harvest Scenarios #6 and #7 are used in these determinations as follows:

Is the stockurrentlyoverfished?T hi s d e p e nd s timated dpdwaingdibnsasskin®@21 e s

If spawnng biomass for 2026 estimated to be below Basq, the stock is below its MSST.
b. If spawnirg biomass for 2021s estimated to be aboas., the stock is above its MSST.

c. If spawning biomass for 2024 estimated to be aboveB4sq, but belowBsse, thes t o c k 6 s
status relative to MSST is determined by referringaovest Scenario #d éble 2.38). If
the mean spaving biomass for 203k belowBass, the stock is below its MSST.
Otherwise, the stock is above its MSST.

Is the stock approaching an ovelfesi condition?This is determined by referring barvest Scenario #7
(Table 2.35):

a. If the mean spawning biomass 2023is belowY% Bss«, the stock is approaching an
overfished condition.

b. If the mean spawngbiomas for 2023s aboveBsse, the stock isiot approaching an
overfished condition.



c. If the mean spawning biomass for 2022bove 1/Bssbut belowBssy, the determination
depends on the mean spawning biesmfor 2033 If the mean spawning biomass 2033is
belowBssy, the stock is approactgran overfished condition. Otherwise, the stock is not
approaching an overfished condition.

Based on te above cteria and Tables 2.29, 2.35e, and 2.3% stock is nadverfished and is not
appoaching an overfished condition.

To fulfill reporting requirements for the Species Information System, each model was used te reverse
engineer the fishing mortality rate corresponding to the specifiedf@Rhe last complete year (2020
These reversengineeredror. values RE For) are shown Hew:

Model: M19.12a M19.12 M21.1 M21.2 Ensemble
RE Fop : 0.338 0.355 0.269 0.453 0.346

ECOSYSTEM CONSI DERATI ONS

Ecosystem considerations are addressed in Appendix 2i8 #relEcosystem Status Report.

DATA GAPS AND RESEARCH PRI ORI Tl ES

Significant improvements in the quality of this assessment could beifriatige research were micted
toward closing certain data gapAt this point, the most critical needs pertairttie effects of the large
and potentially unprecedett movements of Pacific cod betwabamajor subregions of the Bering Sea
(eastern, northern, and westettmitappear to have taken place in the last few years, inclutljng
understand the factors determinth@semovements2) to undersiard whether/how these movements
change over timeg) to obtain accurte esimates of these movements, 4utederstand the extent to
which reciprocal movements occur, and 5) to understand the spawning contsilfistian each
subregiorto the overall stockAdditional surveys of the NB&re strongly encourageds are genetic
analyses and tagging studiesgeingalsocontinues to be an issue, as the assessment models consistently
estimate a positive ageing hiasleast for otoliths read prior to 2008 nother need islevelopnent of
methods to quantify input sample Stmsed on the amorgample variancenicompmsitional
measurements, using bootstrapping or mdadsiked methodd.ongertermbiologicalresearch needs
include improved understanding daf; the ecology of Pacific cod in the EBi&cluding spatial dynamics,
trophic and other interspecific relatiships, and the relationship between climate and recruit@jent;
ecology of species taken as bycatch in the Pacific cbdrfes, including estimation biomass, carrying
capacity, ad resilience; and)3cology of species that interact with Pacific cogluding estimation of
interaction strength&iomass, carrying capacity, and resilience.
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TABLES

Table 2.18 Summary of 1964.980 catches (t) of Padifcod in theEBS by fleet sector.ii F o r .

foreign,

AJVOo

joint

venture

available for these years. Catches may not always include discards.

Year For. JV Dom,| Total
1964 | 13,408 0 0] 13,404
1965 (14,719 0 0] 14,719
1966 | 18,200 0 0] 18,20
1967 | 32,064 0 0] 32,064
1968 |57,902 0 0] 57,904
1969 | 50,351 0 0] 50,351
1970 70,094 0 0] 70,094
1971 143,054 0 0] 43,054
1972 (42,905 0 0] 42,904
1973 153,386 0 0] 53,3864
1974 162,462 0 0] 62,464
1975]51,551 0 0] 51,551
1976 | 50,481 0 0] 50,481
19771 33,335 0 0] 33,335
1978142,512 0 31| 42,544
1979 132,981 0 780 33,761
1980 | 35,058 8,370 2,433 45,861

0 =

p r oGatehesby gegr are ioD o m. 0

Table 2.18 Summary of 19811990catches (t) of Padd cod in the EB®y fleetsectorand gear type.
sector

All catches include discardsiLLined=lond i n e ,

ASubt . o

annual processing by gearnot available prior to 1988.

Foreign Joint Venture Domestic Annual Processing
Year| Trawl LLine Subt]{ Trawl Subt] Trawl LLine Pot Subt Total
1981| 30,347 5,851 36,198 7,410 7,410 n/a na n/a 12,899 56,507%
1982| 23,037 3,142 26,179 9,312 9,317 n/a nfa nla 25,613 61,104
1983| 32,790 6,445 39,233 9,662 9,662 n/a n/a n/a 45904 94,80}
1984| 30,592 26,642 57,234 24,382 24,383 n/a nfa nla 43,487 125,103
1985| 19,596 36,742 56,334 35,634 35,634 n/a nfa nla 51,475 143,44]
1986| 13,292 26,563 39,858 57,827 57,827 n/a na n/la 37,923 135,604
1987| 7,718 47,028 54,746 47,722 47,723 n/a na nla 47,435 149,903
1988 0 0 Of 106,592 106,592 93,706 2,474 299 96,479 203,071
1989 0 0 O 44,612 44,613 119,631 13,935 145 133,711 178,323
1990 0 0 Of 8,078 8,074 115,493 47,114 1,382 163,989 172,061

subtot al



Table 2.16 Summary of 199R021catches (t) of Pacific cod in tEBS by gear type The small
taken by
shown. Pot catches 1020142021include the Statenanaged fisheryCatchedor 2021are through

catches

September 26

fot her o

Year Trawl Longline Pot Total
1991 129,393 77,505 3,343 210,241
1992 77,276 79,420 7,514 164,21(
1993 81,792 49,296 2,099 133,184
1994 85,294 78,898 8,071 172,264
1995 111,250 97,923 19,326 228,499
1996 92,029 88,996 28,047 209,061
1997 93,995 117,097 21,509 232,601
1998 60,855 84,426 13,249 158,524
1999 51,939 81,520 12,404 145,861
2000 53,841 81,678 15,85 151,376
2001 35,670 90,394 16,478 142,542
2002 51,118 100,371 15,064 166,555
2003 46,717 108,769 19,957 175,443
2004 57,866 108,618 17,264 183,748
2005 52,638 113,190 17,113 182,94(
2006 53,236 96,613 18,969 168,818
2007 45,700 77,181 17,248 140,124
2008 33,497 88,936 17,364 139,802
2009 36,959 96,606 13,609 147,174
2010 41,304 81,815 19,725 142,841
2011 64,084 117,077 28,063 209,224
2012 75,536 128,507 28,73§ 232,781
2013 81,619 124,863 30,253 236,735
2014 72,262 127,241 39,195 238,698
2015 66,680 128,186 37,947 232,808
2016 72,591 127,923 47,08 247,599
2017 68,885 122,769 46,184 237,831
2018 59,967 100,244 39,68 199,897
2019 49,037 88,751 41,064 178,853
2020 50,579 72,081 32,979 155,634
2021 36,478 52,331 25,468 114,271

gear

types

have

been

mer



Table 2.3 Discards (tand discard rates (%) Pacific cod in the Pacific cod fishery, by area, gead, a
yearfor the period 1992021 (2021dat are current througBepember 26) Thesmall amounts of

discards taken by other gear tyesver more than 0.1% of total discards in any year) are not included
Note that Amendment 49, which mandated increased retention and utilization, was implemented in 1998.

Discard amount (t) Discard rate (%)

Year Trawl Longline Pot Total Trawl Longline Pot All

1991 1,278 1,493 4 2,774 4.11 2.62 0.26 3.10
1992 3,314 1,768 59 5,141 8.68 2.23 0.78 4.12
1993 5,449 2,234 25 7,708 12.89 4.54 1.21 8.24
1994 4,599 2,917 161 7,677 9.98 3.71 2.01 5.79
1995 7,987 3,669 2220 11,8771 12.24 3.77 1.15 6.54
1996 2,971 2,833 391 6,194 5.12 3.19 1.39 3.54
1997 3,327 3,183 79 6,590 5.42 2.72 0.37 3.30
1998 102 2,456 52 2,610 0.27 2.92 0.39 1.94
1999 353 1,285 52 1,691 0.95 1.58 0.42 1.29
2000 207 2,267 71 2,544 0.56 2.78 0.45 1.90
2001 142 1,531 52 1,726 0.76 1.70 0.32 1.38
2002 557 2,066 91 2,715 1.73 2.06 0.61 1.84
2003 240 1,771 159 2,17¢ 0.79 1.63 0.80 1.36
2004 158 1,814 48 2,019 0.41 1.67 0.28 1.23
2005 86 2,599 61 2,747 0.26 2.30 0.36 1.68
2006 193 1,528 63 1,784 0.54 1.58 0.33 1.18
2007 238 1,373 45 1,656 0.74 1.78 0.26 1.31
2008 13 1,280 156 1,449 0.09 1.44 0.90 1.20
2009 126 1,503 16 1,645 1.02 1.56 0.12 1.34
2010 151 1,402 3 1,556 1.06 1.72 0.02 1.35
2011 86 1,853 8 1,947 0.30 1.59 0.03 1.12
2012 93 1,760 26 1,879 0.26 1.37 0.09 0.98
2013 97 3,060 23 3,180 0.26 2.46 0.07 1.65
2014 149 2,893 119 3,161 0.39 2.28 0.30 1.55
2015 119 2,374 29 2,527 0.36 1.85 0.08 1.27
2016 73 2,552 27 2,657 0.18 2.00 0.06 1.23
2017 47 1,937 32 2,014 0.12 1.58 0.07 0.97
2018 102 1,539 21 1,663 0.29 1.54 0.05 0.95
2019 111 1,286 50 1,447 0.47 1.45 0.12 0.95
2020 32 952 69 1,053 0.14 1.32 0.21 0.82
2021 79 763 26 868 0.45 1.46 0.10 0.9




Table 2.3 History of BSAI (1977%2013) and EBS (2012021 Pacific cod catch, TE, ABC, and OFL
(t). Catd for 2021is throughSeptember 26Note that specifications through 2013 were for the
combined BSAI region, so BSAI catch is shown rather thaeBf& catches from Tabl2.1 for the period
19772013 Source for historical specificationdPFMC staff.

Year Catch TAC ABC OFL
1977 36,597 58,000 - -
1978 45,838 70,500 - -
1979 39,354 70,500 -
1980 51,649 70,700 148,000 -
1981 63,941 78,700 160,000 -
1982 69,501 78,700 168,000 -
1983 103,231 120,000 298,200 -
1984 133,084 210,000 291,300 -
1985 150,384 220,000 347,400 -
1986 142,511 229,000 249,300 -
1987 163,110 280,000 400,000 -
1988 208,236 200,000 385,300 -
1989 182,865 230,681 370,600 -
1990 179,608 227,000 417,000 -
1991 220,038 229,000 229,000 -
1992 207,278 182,000 182,000 188,00(
1993 167,391 164,500 164,500 192,00(
1994 193,802 191,000 191,000 228,00(
1995 245,033 250,000 328,000 390,00(
1996 240,676 270,000 305,000 420,004
1997 257,765 270,000 306,000 418,00(
1998 193,256 210,000 210,000 336,00(
1999 173,998 177,000 177,000 264,00(
2000 191,060 193,000 193,000 240,00(
2001 176,749 188,000 188,000 248,00(
2002 197,356 200,000 223,000 294,00(
2003 207,907 207,500 223,000 324,00(
2004 212,618 215,500 223,000 350,000
2005 205,635 206,000 206,000 265,000
2006 193,025 194,000 194,000 230,00(
2007 174,486 170,720 176,000 207,00(
2008 171,277 170,720 176,000 207,00(
2009 175,756 176,540 182,000 212,00(
2010 171,875 168,780 174,000 205,00(
2011 220,109 227,950 235,000 272,00(
2012 250,899 261,000 314,000 369,00(
2013 250,274 260,000 307,000 359,00(
2014 238,698 246,897 255,000 299,00(
2015 232,808 240,000 255,000 346,00(
2016 247,599 238,680 255,000 390,00(
2017 237,837 223,704 239,000 284,00(
2018 199,897 188,136 201,000 238,00(
2019 178,853 166,475 181,000 216,00(
2020 155,639 141,799 155,873 191,384
2021 114,277 111,380 123,805 147,944




Table 2.4(page 1 of  Amendments to the BSAI Fishelanagement Plan (FMMhat reference
Pacific cod explicitly (excerpted from Appendix A of the PMexcept that Amendment 113, which is
listed in Appendix A of the FMP, is omitted here, due to the fact that the final rule implementing that
amendment was vacated by the U.S. District Court for the District of Columbia on March 211, 2019

Amendment 2, irplemented January 12, 1982:
For Pacific cod, decreased maximum sustainable yield to 55,000 t from 58,700 t, increased
equilibrium yield to 160,000 t from 58,700 t, increased acceptable biological catch to 160,000 t
from 58,700 t, increased optimwield to 78,700 t from 58,700 t, increased reserves to 3,935t
from 2,935 t, increased domestic annual processing (DAP) to 26,000 t from 7,000 t, and increased
DAH to 43,265 t from 24,265 t.

Amendment 4, implemented May 9, 1983, supersedes Amendment 2:
For Pacific Cod, increased equilibrium yield and acceptable biological catch to 168,000 t from
160,000 t, increased optimum yield to 120,000 t from 78,700 t, increased reserves to 6,000 t from
3,935t, and increased TALFF to 70,735 t from 31,500 t.

AmendmentLO, implemented March 16, 1987:
Established Bycatch Limitation Zones for domestic and foreign fisheries for yellowfin sole and
other flatfish (including rock sole); an area closed to all trawling within Zone 1; red king crab, C.
bairdi Tanner crab, and R#c halibut PSC limits for DAH yellowfin sole and other flatfish
fisheries; a C. bairdi PSC limit for foreign fisheries; and a red king crab PSC limit and scientific
data collection requirement for U.S. vessels fishing for Pacific cod in Zone 1 watéos/eha
than 25 fathoms.

Amendment 24, implemented February 28, 1994, and effective through December 31, 1996:

1. Established the following gear allocations of BSAI Pacific cod TAC as follows: 2 percent to
vessels using jig gear; 44.1 percent to vesssitgy hookandline or pot gear, and 53.9 percent to
vessels using trawl gear.

2. Authorized the seasonal apportionment of the amount of Pacific cod allocated to gear groups.
Criteria for seasonal apportionments and the seasons authorized to receive separate
apportionments will be set forth in regulations.

Amendment 46, implemented January 1, 1997, superseded Amendment 24:
Replaced the three year Pacific cod allocation established with Amendment 24, with the
following gear allocations in BSAI Pacific cod: 2rpent to vessels using jig gear; 51 percent to
vessels using hoelindline or pot gear; and 47 percent to vessels using trawl gear. The trawl
apportionment will be divided 50 percent to catcher vessels and 50 percent to catcher processors.
These allocationas well as the seasonal apportionment authority established in Amendment 24
will remain in effect until amended.

Amendment 49, implemented January 3, 1998:
Implemented an Increased Retention/Increased Utilization Program for pollock and Pacific cod
begiming January 1, 1998 and rock sole and yellowfin sole beginning January 1, 2003.

Amendment 64, implemented September 1, 2000, revised Amendment 46:
Allocated the Pacific cod Total Allowable Catch to the jig gear (2 percent), fixed gear (51
percent), and &wl gear (47 percent) sectors.

Amendment 67, implemented May 15, 2002, revised Amendment 39:
Established participation and harvest requirements to qualify for a BSAI Pacific cod fishery
endorsement for fixed gear vessels.

Amendment 77, implemented Januarn2004, revised Amendment 64:
Implemented a Pacific cod fixed gear allocation between hook and line catcher proce8sprs (80
hook andihe catcher vessels (0.3%potcatcher processors (3.3%otcatcher vessels (15%
and catcher vessels (pot or haoid line) less than 60 feet (Yol

(Continued on next page.)
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Amendment 85, partially implemented Mh 5, 2007, superseded Amendments 46 and 77:

Implemented a gear allocation among all4@DQ fishery sectors participating in the directed

fishery for Pacific cod. After deduction of the CDQ allocation, the Pacific cod TAC is

apportioned to vessels usijig gear (1.4 percent); catcher processors using trawl gear listed in

Section 208(e)(1§20) of the AFA (2.3 percent); catcher processors using trawl gear as defined in

Section 219(a)(7) of the Consolidated Appropriations Act, 2005 (Public Lav44D8(134

percent); catcher vessels using trawl gear (22.1 percent); catcher processors usargiinek

gear (48.7 percent); c a taodireegeam@2spsresht)scatther0 6 L OA

processors using pot gearLOAusinggotpearr(&4eerdent); cat ch

and catcher vessel s <afdidegdaApottgéan(2.0 perseat). ei t her h

Amendment 99, implemented January 6, 2014 (effective February 6, 2014):

Allows holders of license limitation program (LL)enses endorsed to catch and process

Pacific cod in the Bering Sea/Aleutian Islands haoktline fisheries to use their LLP license on

larger newly built or existing vessels by:

1. Increasing the maximum vessel length limits of the LLP license, and

2. Waivingvessel length, weight, and horsepower limits of the American Fisheries Act.

Amendment 103, implemented November 14, 2014:
Revise the Pribilof Islands Habitat Conservation Zone to close to fishing for Pacific cod with pot
gear (in addition to the closure all trawling).

Amendment 109, implemented May 4, 2016:

Revised provisions regarding the Western Alaska CDQ Program to update information and to

facilitate increased participation in the groundfish CDQ fisheries (primarily Pacific cod) by:

1. Exempting CDQ gpup-authorized catcher vessels greater than 32 ft LOA and less than or
equal to 46 ft LOA using hoe&indline gear from License Limitation Program license
requirements while groundfish CDQ fishing,

2. Modifying observer coverage category language to allowh® placement of catcher vessels
less than or equal to 46 ft LOA using heaidline gear into the partial observer coverage
category while groundfish CDQ fishing, and

3. Updating CDQ community population information, and making other miscellaneous éditoria
revisions to CDQ Programelated text in the FMP.

Amendment 120, implemented December 20, 2019:

1. Limits the number of catcher/processors (C/Ps) eligible to operate as motherships receiving
and processing Pacific cod from catcher vessels (CVs) direchénifis the BSAI non
Community Development Quota Program Pacific cod trawl fishery.

2. Prohibits replaced Amendment 80 C/Ps from receiving and processing Pacific cod harvested
and delivered by CVs directed fishing for Pacific cod in the BSAI and GOA.
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Year

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0002 0.0004
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0003 0.0006 0.0006 0.00071
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0001 0.0001 0.0001 0.0004
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0001 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001]
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0001 0.0001 0.000]
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.000]
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001]
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001]
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.000(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
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Year

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0010 0.0023 0.0043 0.0067 0.0043 0.0113 0.0120 0.0133 0.0097 0.0073 0.0130 0.00971
0.0002 0.0005 0.0002 0.0005 0.0008 0.0034 0.0040 0.0034 0.0034 0.0022 0.0016 0.0014 0.0005 0.0006 0.0019 0.0016 0.0013 0.0008 0.0011 0.0019
0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0005 0.0014 0.0026 0.0019 0.0042 0.0062 0.0087 0.0104 0.0165 0.0227 0.0223 0.0290 0.0331 0.0328
0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0010 0.0009 0.0021 0.0024 0.0022 0.0036 0.0058 0.0074 0.0122 0.0143 0.0250 0.0301 0.0351 0.0389
0.0002 0.0002 0.0003 0.0002 0.0008 0.0007 0.0020 0.0043 0.0052 0.0116 0.0214 0.0298 0.0332 0.0391 0.0339 0.0258 0.0248 0.0165 0.0155 0.01971
0.0001 0.0001 0.0000 0.0000 0.0002 0.0001 0.0002 0.0002 0.0003 0.0007 0.0021 0.0042 0.0049 0.0042 0.0055 0.0049 0.0032 0.0022 0.0032 0.006(
0.0001 0.0002 0.0002 0.0001 0.0003 0.0005 0.0004 0.0008 0.0015 0.0021 0.0023 0.0020 0.0015 0.0015 0.0013 0.0018 0.0018 0.0028 0.0044 0.0056
0.0008 0.0006 0.0008 0.0013 0.0018 0.0027 0.0034 0.0037 0.0036 0.0036 0.0035 0.0036 0.0037 0.0038 0.0044 0.0040 0.0037 0.0037 0.0038 0.0044
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0002 0.0002 0.0004 0.0007 0.0008 0.0008 0.0015 0.0017 0.0027 0.0040 0.0056 0.0074
0.0003 0.0003 0.0003 0.0005 0.0007 0.0008 0.0010 0.0017 0.0024 0.0034 0.0040 0.0043 0.0048 0.0046 0.0043 0.0041 0.0046 0.0040 0.0043 0.005]
0.0001 0.0001 0.0002 0.0002 0.0004 0.0007 0.0009 0.0011 0.0011 0.0013 0.0015 0.0015 0.0015 0.0016 0.0017 0.0021 0.0028 0.0037 0.0045 0.0059
0.0001 0.0001 0.0001 0.0001 0.0003 0.0006 0.0011 0.0021 0.0029 0.0041 0.0050 0.0061 0.0069 0.0064 0.0071 0.0063 0.0076 0.0085 0.0111 0.0144
0.0000 0.0000 0.0000 0.0000 0.0001 0.0003 0.0008 0.0016 0.0014 0.0027 0.0029 0.0038 0.0048 0.0046 0.0059 0.0054 0.0044 0.0049 0.0049 0.0055
0.0002 0.0001 0.0003 0.0005 0.0006 0.0013 0.0014 0.0023 0.0019 0.0022 0.0021 0.0021 0.0021 0.0020 0.0016 0.0018 0.0017 0.0015 0.0014 0.0015
0.0000 0.0001 0.0001 0.0003 0.0004 0.0007 0.0008 0.0011 0.0014 0.0015 0.0016 0.0016 0.0018 0.0015 0.0018 0.0020 0.0024 0.0024 0.0035 0.0034
0.0001 0.0001 0.0002 0.0002 0.0003 0.0004 0.0009 0.0008 0.0010 0.0017 0.0018 0.0022 0.0022 0.0024 0.0033 0.0038 0.0051 0.0068 0.0087 0.0108
0.0001 0.0001 0.0003 0.0003 0.0004 0.0009 0.0023 0.0033 0.0042 0.0039 0.0033 0.0037 0.0036 0.0051 0.0049 0.0117 0.0139 0.0163 0.0192 0.0194
0.0000 0.0001 0.0002 0.0004 0.0005 0.0011 0.0016 0.0023 0.0029 0.0036 0.0037 0.0037 0.0040 0.0031 0.0031 0.0026 0.0031 0.0038 0.0054 0.0075
0.0001 0.0001 0.0002 0.0003 0.0004 0.0009 0.0006 0.0008 0.0010 0.0011 0.0012 0.0014 0.0016 0.0021 0.0034 0.0058 0.0091 0.0121 0.0153 0.0184
0.0000 0.0000 0.0001 0.0001 0.0004 0.0004 0.0007 0.0009 0.0013 0.0012 0.0013 0.0014 0.0013 0.0015 0.0013 0.0014 0.0016 0.0025 0.0031 0.0044
0.0000 0.0001 0.0001 0.0003 0.0004 0.0006 0.0009 0.0015 0.0018 0.0024 0.0027 0.0033 0.0028 0.0030 0.0029 0.0029 0.0031 0.0035 0.0038 0.005(
0.0000 0.0001 0.0002 0.0004 0.0005 0.0009 0.0010 0.0011 0.0012 0.0014 0.0013 0.0015 0.0015 0.0018 0.0018 0.0021 0.0026 0.0035 0.0045 0.0054
0.0001 0.0000 0.0000 0.0001 0.0003 0.0006 0.0007 0.0013 0.0011 0.0011 0.0011 0.0013 0.0010 0.0015 0.0020 0.0031 0.0053 0.0080 0.0118 0.0144
0.0000 0.0001 0.0001 0.0001 0.0003 0.0004 0.0006 0.0006 0.0009 0.0007 0.0006 0.0007 0.0009 0.0012 0.0015 0.0024 0.0035 0.0047 0.0060 0.0076
0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0002 0.0003 0.0003 0.0003 0.0008 0.0007 0.0011 0.0015 0.0020 0.0020 0.0024 0.0036 0.0049 0.0059
0.0001 0.0001 0.0002 0.0002 0.0004 0.0008 0.0011 0.0017 0.0024 0.0023 0.0030 0.0027 0.0032 0.0034 0.0033 0.0046 0.0047 0.0067 0.0081 0.0104
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0003 0.0007 0.0008 0.0010 0.0021 0.0017 0.0018 0.0021 0.0026 0.0032 0.0044 0.0059 0.0079
0.0000 0.0000 0.0000 0.0001 0.0001 0.0002 0.0004 0.0004 0.0005 0.0010 0.0013 0.0011 0.0018 0.0018 0.0020 0.0019 0.0024 0.0024 0.0033 0.0034
0.0001 0.0000 0.0002 0.0002 0.0003 0.0004 0.0005 0.0009 0.0007 0.0009 0.0018 0.0021 0.0017 0.0020 0.0019 0.0020 0.0029 0.0039 0.0038 0.0049
0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0002 0.0004 0.0007 0.0008 0.0008 0.0011 0.0016 0.0018 0.0021 0.0022 0.0027 0.0037 0.0039
0.0001 0.0001 0.0002 0.0001 0.0003 0.0003 0.0004 0.0008 0.0008 0.0009 0.0013 0.0015 0.0017 0.0017 0.0021 0.0025 0.0024 0.0025 0.0036 0.0036
0.0002 0.0004 0.0008 0.0009 0.0011 0.0011 0.0011 0.0013 0.0012 0.0012 0.0018 0.0018 0.0026 0.0031 0.0035 0.0041 0.0055 0.0050 0.0056 0.0064
0.0002 0.0000 0.0001 0.0001 0.0003 0.0002 0.0005 0.0004 0.0007 0.0003 0.0009 0.0009 0.0011 0.0013 0.0020 0.0028 0.0047 0.0062 0.0081 0.0094
0.0000 0.0001 0.0001 0.0002 0.0004 0.0004 0.0003 0.0006 0.0004 0.0009 0.0012 0.0011 0.0018 0.0026 0.0033 0.0049 0.0061 0.0056 0.0064 0.0064
0.0000 0.0000 0.0001 0.0001 0.0000 0.0002 0.0003 0.0002 0.0006 0.0004 0.0004 0.0003 0.0006 0.0010 0.0015 0.0030 0.0043 0.0063 0.0080 0.0094
0.0000 0.0000 0.0001 0.0004 0.0004 0.0006 0.0005 0.0007 0.0008 0.0010 0.0012 0.0011 0.0010 0.0021 0.0016 0.0019 0.0021 0.0027 0.0035 0.0049
0.0002 0.0001 0.0001 0.0004 0.0006 0.0008 0.0012 0.0009 0.0015 0.0015 0.0016 0.0020 0.0020 0.0027 0.0027 0.0034 0.0036 0.0051 0.0062 0.0075
0.0000 0.0000 0.0000 0.0001 0.0001 0.0004 0.0004 0.0004 0.0007 0.0009 0.0009 0.0010 0.0007 0.0010 0.0017 0.0022 0.0037 0.0054 0.0074 0.0094
0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0002 0.0008 0.0011 0.0012 0.0012 0.0015 0.0012 0.0016 0.0014 0.0019 0.0019 0.0018 0.0024 0.0047
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0003 0.0004 0.0005 0.0005 0.0013 0.0008 0.0012 0.0020 0.0023 0.0037 0.0054
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0003 0.0005 0.0005 0.0006 0.0008 0.0012 0.0013
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0000 0.0001 0.0002 0.0002 0.0005 0.0010 0.0005 0.0017 0.0016 0.0023 0.0027
0.0002 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0001 0.0004 0.0001 0.0004 0.0002 0.0001 0.0006 0.0006 0.0006 0.0008 0.0009 0.0012 0.0014
0.0002 0.0000 0.0000 0.0000 0.0007 0.0008 0.0021 0.0015 0.0016 0.0017 0.0011 0.0021 0.0020 0.0023 0.0028 0.0020 0.0033 0.0026 0.0022 0.0024
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0007 0.0001 0.0002 0.0028 0.0018 0.0019 0.0016 0.0017 0.0036 0.0044




Table 2.5page f 6)d Fishery size compositiotiata (inits = withinyear proportion at age

Year

44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

0.0047 0.0067 0.0047 0.0030 0.0067 0.0100 0.0167 0.0260 0.0450 0.0384 0.0454 0.0437 0.0370 0.0350 0.0330 0.0297 0.0344 0.0354 0.0377 0.03771
0.0026 0.0040 0.0059 0.0076 0.0108 0.0134 0.0171 0.0237 0.0278 0.0338 0.0437 0.0508 0.0579 0.0657 0.0613 0.0638 0.0626 0.0567 0.0523 0.0434
0.0290 0.0287 0.0277 0.0240 0.0224 0.0166 0.0155 0.0151 0.0180 0.0189 0.0206 0.0218 0.0230 0.0253 0.0282 0.0283 0.0298 0.0316 0.0339 0.0333
0.0364 0.0384 0.0351 0.0375 0.0314 0.0312 0.0257 0.0284 0.0268 0.0250 0.0252 0.0272 0.0270 0.0249 0.0238 0.0263 0.0237 0.0243 0.0192 0.017(
0.0239 0.0284 0.0339 0.0425 0.0393 0.0382 0.0378 0.0366 0.0373 0.0369 0.0334 0.0278 0.0285 0.0245 0.0231 0.0224 0.0209 0.0197 0.0164 0.0166
0.0078 0.0114 0.0091 0.0130 0.0116 0.0116 0.0148 0.0116 0.0191 0.0174 0.0255 0.0256 0.0245 0.0229 0.0252 0.0279 0.0261 0.0291 0.0328 0.033(
0.0067 0.0068 0.0079 0.0077 0.0083 0.0081 0.0073 0.0090 0.0102 0.0119 0.0153 0.0207 0.0221 0.0259 0.0266 0.0310 0.0321 0.0357 0.0380 0.0341
0.0053 0.0063 0.0062 0.0058 0.0061 0.0063 0.0067 0.0069 0.0075 0.0074 0.0097 0.0113 0.0134 0.0169 0.0177 0.0200 0.0228 0.0255 0.0282 0.0299
0.0087 0.0089 0.0097 0.0110 0.0116 0.0138 0.0154 0.0167 0.0186 0.0195 0.0201 0.0192 0.0177 0.0170 0.0157 0.0146 0.0148 0.0145 0.0152 0.01771
0.0061 0.0077 0.0077 0.0092 0.0104 0.0117 0.0131 0.0153 0.0169 0.0175 0.0214 0.0224 0.0242 0.0264 0.0276 0.0282 0.0296 0.0301 0.0318 0.0314
0.0065 0.0072 0.0089 0.0096 0.0101 0.0113 0.0132 0.0143 0.0169 0.0191 0.0216 0.0238 0.0246 0.0258 0.0266 0.0267 0.0276 0.0263 0.0266 0.0274
0.0187 0.0210 0.0230 0.0245 0.0240 0.0225 0.0227 0.0205 0.0221 0.0227 0.0231 0.0221 0.0222 0.0217 0.0215 0.0199 0.0207 0.0202 0.0183 0.018(
0.0071 0.0078 0.0097 0.0111 0.0112 0.0135 0.0147 0.0139 0.0156 0.0161 0.0166 0.0166 0.0166 0.0169 0.0172 0.0175 0.0183 0.0198 0.0194 0.0214
0.0015 0.0015 0.0019 0.0024 0.0025 0.0036 0.0042 0.0064 0.0068 0.0080 0.0088 0.0103 0.0120 0.0136 0.0154 0.0176 0.0194 0.0215 0.0254 0.0264
0.0055 0.0067 0.0086 0.0100 0.0107 0.0119 0.0118 0.0120 0.0114 0.0118 0.0120 0.0115 0.0131 0.0132 0.0139 0.0150 0.0173 0.0176 0.0207 0.0233
0.0134 0.0164 0.0162 0.0160 0.0171 0.0195 0.0194 0.0188 0.0200 0.0197 0.0191 0.0196 0.0183 0.0195 0.0179 0.0192 0.0212 0.0199 0.0227 0.022(
0.0195 0.0196 0.0212 0.0205 0.0204 0.0225 0.0253 0.0257 0.0278 0.0299 0.0329 0.0337 0.0331 0.0323 0.0318 0.0308 0.0300 0.0274 0.0279 0.0264
0.0109 0.0148 0.0161 0.0189 0.0193 0.0191 0.0207 0.0193 0.0223 0.0236 0.0255 0.0279 0.0288 0.0312 0.0312 0.0319 0.0362 0.0341 0.0342 0.0349
0.0208 0.0205 0.0202 0.0191 0.0172 0.0165 0.0173 0.0173 0.0184 0.0199 0.0214 0.0234 0.0247 0.0262 0.0276 0.0296 0.0310 0.0316 0.0325 0.03371
0.0062 0.0079 0.0096 0.0114 0.0141 0.0174 0.0201 0.0226 0.0262 0.0277 0.0290 0.0303 0.0307 0.0310 0.0312 0.0310 0.0313 0.0308 0.0306 0.0309
0.0069 0.0093 0.0107 0.0127 0.0130 0.0151 0.0149 0.0161 0.0166 0.0182 0.0199 0.0234 0.0243 0.0276 0.0285 0.0320 0.0344 0.0354 0.0371 0.0374
0.0068 0.0083 0.0094 0.0101 0.0111 0.0125 0.0139 0.0148 0.0161 0.0174 0.0185 0.0205 0.0205 0.0225 0.0240 0.0250 0.0286 0.0292 0.0319 0.0334
0.0163 0.0187 0.0198 0.0199 0.0205 0.0207 0.0205 0.0204 0.0209 0.0217 0.0207 0.0231 0.0227 0.0223 0.0227 0.0231 0.0252 0.0247 0.0267 0.0284
0.0085 0.0114 0.0132 0.0152 0.0183 0.0201 0.0229 0.0259 0.0283 0.0290 0.0309 0.0322 0.0330 0.0329 0.0327 0.0336 0.0338 0.0334 0.0335 0.0333
0.0065 0.0078 0.0103 0.0122 0.0129 0.0149 0.0175 0.0188 0.0215 0.0236 0.0265 0.0290 0.0311 0.0331 0.0351 0.0366 0.0391 0.0404 0.0403 0.042]
0.0114 0.0122 0.0139 0.0158 0.0169 0.0184 0.0194 0.0204 0.0225 0.0232 0.0246 0.0256 0.0272 0.0283 0.0301 0.0319 0.0340 0.0358 0.0366 0.0379
0.0099 0.0117 0.0137 0.0164 0.0176 0.0200 0.0212 0.0231 0.0267 0.0271 0.0288 0.0296 0.0308 0.0311 0.0306 0.0304 0.0313 0.0311 0.0312 0.0324
0.0048 0.0065 0.0085 0.0104 0.0123 0.0143 0.0175 0.0194 0.0216 0.0243 0.0263 0.0293 0.0316 0.0332 0.0341 0.0361 0.0388 0.0393 0.0391 0.0404
0.0064 0.0076 0.0090 0.0104 0.0118 0.0135 0.0140 0.0153 0.0176 0.0184 0.0206 0.0223 0.0239 0.0258 0.0268 0.0276 0.0309 0.0313 0.0328 0.0341
0.0040 0.0057 0.0088 0.0102 0.0122 0.0131 0.0155 0.0168 0.0189 0.0207 0.0235 0.0243 0.0256 0.0263 0.0270 0.0272 0.0288 0.0282 0.0295 0.0299
0.0043 0.0060 0.0071 0.0088 0.0101 0.0119 0.0137 0.0145 0.0174 0.0192 0.0203 0.0230 0.0242 0.0260 0.0287 0.0293 0.0344 0.0339 0.0343 0.0344
0.0060 0.0079 0.0091 0.0101 0.0104 0.0119 0.0144 0.0141 0.0181 0.0200 0.0212 0.0244 0.0251 0.0276 0.0287 0.0309 0.0337 0.0342 0.0337 0.0359
0.0111 0.0138 0.0166 0.0178 0.0214 0.0229 0.0263 0.0279 0.0285 0.0307 0.0275 0.0266 0.0256 0.0244 0.0254 0.0237 0.0263 0.0277 0.0297 0.0309
0.0071 0.0079 0.0086 0.0109 0.0132 0.0156 0.0196 0.0230 0.0258 0.0310 0.0316 0.0371 0.0360 0.0387 0.0406 0.0400 0.0407 0.0408 0.0407 0.0419
0.0105 0.0138 0.0157 0.0185 0.0217 0.0234 0.0239 0.0251 0.0241 0.0243 0.0249 0.0253 0.0262 0.0275 0.0300 0.0332 0.0358 0.0385 0.0410 0.045(
0.0050 0.0066 0.0079 0.0092 0.0113 0.0160 0.0214 0.0270 0.0311 0.0355 0.0375 0.0397 0.0399 0.0400 0.0389 0.0398 0.0419 0.0398 0.0386 0.03971
0.0082 0.0097 0.0103 0.0119 0.0131 0.0131 0.0161 0.0182 0.0208 0.0220 0.0248 0.0270 0.0288 0.0328 0.0333 0.0361 0.0414 0.0415 0.0426 0.044(
0.0107 0.0108 0.0123 0.0133 0.0137 0.0152 0.0190 0.0188 0.0200 0.0212 0.0238 0.0260 0.0265 0.0285 0.0303 0.0311 0.0350 0.0332 0.0337 0.0374
0.0052 0.0063 0.0083 0.0112 0.0126 0.0132 0.0155 0.0193 0.0220 0.0259 0.0305 0.0333 0.0365 0.0377 0.0379 0.0379 0.0393 0.0372 0.0383 0.0383
0.0078 0.0097 0.0131 0.0155 0.0163 0.0164 0.0170 0.0198 0.0198 0.0210 0.0219 0.0235 0.0253 0.0294 0.0292 0.0313 0.0348 0.0371 0.0388 0.04271
0.0015 0.0026 0.0035 0.0040 0.0054 0.0086 0.0112 0.0148 0.0177 0.0217 0.0267 0.0307 0.0326 0.0343 0.0366 0.0362 0.0382 0.0374 0.0376 0.0383
0.0034 0.0028 0.0041 0.0042 0.0053 0.0061 0.0077 0.0090 0.0113 0.0136 0.0157 0.0173 0.0212 0.0238 0.0272 0.0310 0.0354 0.0394 0.0431 0.0464
0.0013 0.0024 0.0025 0.0031 0.0054 0.0065 0.0088 0.0101 0.0118 0.0141 0.0154 0.0177 0.0177 0.0215 0.0219 0.0239 0.0268 0.0278 0.0314 0.0341
0.0034 0.0037 0.0040 0.0045 0.0063 0.0058 0.0053 0.0051 0.0085 0.0094 0.0110 0.0132 0.0155 0.0159 0.0210 0.0220 0.0250 0.0254 0.0281 0.031(
0.0046 0.0058 0.0063 0.0144 0.0093 0.0140 0.0131 0.0114 0.0123 0.0125 0.0091 0.0125 0.0123 0.0127 0.0120 0.0137 0.0234 0.0214 0.0280 0.0184




Table 2.5page 4of 6)d Fishery size composition daflanits = withinyear proportion at age

Year

64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

0.0417 0.0410 0.0474 0.0344 0.0284 0.0264 0.0230 0.0220 0.0167 0.0120 0.0087 0.0133 0.0100 0.0097 0.0097 0.0053 0.0057 0.0037 0.0033 0.001d
0.0391 0.0315 0.0230 0.0182 0.0183 0.0167 0.0155 0.0126 0.0103 0.0117 0.0106 0.0079 0.0079 0.0065 0.0060 0.0041 0.0034 0.0022 0.0040 0.003]
0.0352 0.0347 0.0339 0.0303 0.0289 0.0218 0.0218 0.0203 0.0149 0.0135 0.0122 0.0090 0.0068 0.0071 0.0049 0.0033 0.0026 0.0028 0.0024 0.0013
0.0163 0.0152 0.0119 0.0128 0.0144 0.0137 0.0168 0.0158 0.0150 0.0161 0.0144 0.0140 0.0131 0.0128 0.0101 0.0087 0.0072 0.0060 0.0050 0.0034
0.0124 0.0133 0.0127 0.0100 0.0098 0.0086 0.0086 0.0071 0.0067 0.0059 0.0052 0.0046 0.0047 0.0032 0.0023 0.0022 0.0013 0.0016 0.0005 0.0011
0.0347 0.0385 0.0375 0.0360 0.0375 0.0355 0.0387 0.0359 0.0381 0.0301 0.0279 0.0252 0.0212 0.0216 0.0148 0.0148 0.0112 0.0126 0.0065 0.0064
0.0364 0.0379 0.0393 0.0357 0.0354 0.0363 0.0345 0.0316 0.0304 0.0282 0.0273 0.0254 0.0229 0.0228 0.0218 0.0204 0.0187 0.0161 0.0126 0.0111
0.0337 0.0342 0.0345 0.0363 0.0379 0.0372 0.0369 0.0361 0.0355 0.0347 0.0326 0.0304 0.0296 0.0272 0.0250 0.0234 0.0207 0.0187 0.0171 0.0159
0.0202 0.0238 0.0262 0.0301 0.0327 0.0355 0.0387 0.0379 0.0392 0.0380 0.0365 0.0347 0.0324 0.0303 0.0271 0.0240 0.0228 0.0191 0.0178 0.0154
0.0327 0.0318 0.0301 0.0311 0.0279 0.0250 0.0230 0.0223 0.0220 0.0218 0.0225 0.0228 0.0211 0.0216 0.0210 0.0206 0.0197 0.0181 0.0162 0.0159
0.0286 0.0283 0.0296 0.0301 0.0303 0.0292 0.0302 0.0291 0.0284 0.0285 0.0270 0.0265 0.0237 0.0231 0.0213 0.0186 0.0181 0.0153 0.0141 0.01371
0.0191 0.0202 0.0201 0.0203 0.0232 0.0223 0.0249 0.0249 0.0251 0.0255 0.0245 0.0261 0.0220 0.0217 0.0198 0.0178 0.0164 0.0142 0.0113 0.010d
0.0224 0.0232 0.0234 0.0235 0.0253 0.0267 0.0287 0.0280 0.0276 0.0295 0.0290 0.0308 0.0266 0.0272 0.0259 0.0249 0.0238 0.0220 0.0208 0.0184
0.0281 0.0307 0.0322 0.0326 0.0329 0.0349 0.0342 0.0339 0.0349 0.0332 0.0336 0.0328 0.0316 0.0299 0.0280 0.0268 0.0241 0.0230 0.0209 0.0193
0.0246 0.0266 0.0284 0.0302 0.0309 0.0329 0.0329 0.0315 0.0330 0.0323 0.0319 0.0319 0.0297 0.0275 0.0263 0.0252 0.0233 0.0209 0.0202 0.0189
0.0260 0.0250 0.0247 0.0263 0.0274 0.0265 0.0269 0.0228 0.0240 0.0225 0.0229 0.0224 0.0208 0.0201 0.0198 0.0190 0.0184 0.0147 0.0146 0.0157
0.0225 0.0209 0.0195 0.0188 0.0175 0.0171 0.0163 0.0147 0.0147 0.0140 0.0137 0.0137 0.0123 0.0116 0.0110 0.0102 0.0101 0.0087 0.0083 0.008]
0.0354 0.0350 0.0329 0.0337 0.0318 0.0288 0.0288 0.0227 0.0206 0.0188 0.0167 0.0156 0.0127 0.0118 0.0105 0.0088 0.0092 0.0074 0.0068 0.0059
0.0329 0.0346 0.0329 0.0336 0.0316 0.0299 0.0292 0.0248 0.0234 0.0208 0.0188 0.0171 0.0143 0.0127 0.0113 0.0102 0.0090 0.0074 0.0071 0.0064
0.0309 0.0311 0.0299 0.0297 0.0286 0.0279 0.0287 0.0252 0.0244 0.0227 0.0219 0.0207 0.0183 0.0167 0.0155 0.0139 0.0133 0.0116 0.0106 0.0094
0.0387 0.0391 0.0376 0.0366 0.0351 0.0340 0.0330 0.0279 0.0261 0.0233 0.0213 0.0199 0.0171 0.0152 0.0135 0.0122 0.0110 0.0087 0.0083 0.0079
0.0355 0.0369 0.0374 0.0387 0.0384 0.0373 0.0380 0.0343 0.0325 0.0319 0.0279 0.0255 0.0230 0.0202 0.0175 0.0152 0.0134 0.0110 0.0098 0.009(
0.0278 0.0290 0.0291 0.0300 0.0299 0.0288 0.0306 0.0278 0.0284 0.0246 0.0241 0.0214 0.0207 0.0171 0.0164 0.0147 0.0144 0.0119 0.0108 0.0099
0.0324 0.0299 0.0295 0.0286 0.0269 0.0260 0.0251 0.0212 0.0217 0.0198 0.0185 0.0172 0.0152 0.0139 0.0131 0.0118 0.0110 0.0097 0.0087 0.0079
0.0404 0.0412 0.0389 0.0367 0.0355 0.0335 0.0325 0.0271 0.0238 0.0210 0.0185 0.0161 0.0134 0.0112 0.0100 0.0091 0.0082 0.0072 0.0062 0.0053
0.0374 0.0373 0.0363 0.0352 0.0348 0.0318 0.0310 0.0275 0.0254 0.0213 0.0198 0.0163 0.0141 0.0122 0.0109 0.0091 0.0078 0.0068 0.0058 0.0041
0.0322 0.0316 0.0313 0.0316 0.0311 0.0291 0.0309 0.0271 0.0245 0.0222 0.0218 0.0190 0.0180 0.0155 0.0135 0.0125 0.0119 0.0095 0.0085 0.00771
0.0387 0.0371 0.0359 0.0332 0.0329 0.0301 0.0299 0.0253 0.0224 0.0206 0.0180 0.0167 0.0154 0.0136 0.0128 0.0112 0.0111 0.0096 0.0089 0.0079
0.0356 0.0361 0.0365 0.0369 0.0368 0.0348 0.0370 0.0307 0.0295 0.0272 0.0246 0.0223 0.0202 0.0176 0.0167 0.0140 0.0140 0.0123 0.0108 0.0099
0.0302 0.0297 0.0299 0.0299 0.0307 0.0284 0.0314 0.0265 0.0268 0.0255 0.0252 0.0238 0.0220 0.0202 0.0195 0.0174 0.0177 0.0154 0.0147 0.01371
0.0349 0.0342 0.0317 0.0317 0.0309 0.0279 0.0307 0.0254 0.0239 0.0228 0.0210 0.0208 0.0180 0.0176 0.0163 0.0145 0.0157 0.0138 0.0131 0.013(
0.0358 0.0360 0.0369 0.0358 0.0352 0.0329 0.0326 0.0289 0.0254 0.0238 0.0212 0.0185 0.0156 0.0145 0.0129 0.0113 0.0108 0.0091 0.0090 0.0084
0.0321 0.0324 0.0311 0.0334 0.0324 0.0302 0.0327 0.0282 0.0263 0.0241 0.0214 0.0188 0.0169 0.0136 0.0142 0.0111 0.0093 0.0087 0.0079 0.0059
0.0398 0.0371 0.0345 0.0331 0.0297 0.0265 0.0268 0.0225 0.0201 0.0181 0.0162 0.0150 0.0130 0.0103 0.0094 0.0080 0.0078 0.0063 0.0049 0.0044
0.0443 0.0449 0.0404 0.0394 0.0366 0.0325 0.0306 0.0241 0.0207 0.0171 0.0157 0.0128 0.0107 0.0088 0.0080 0.0068 0.0066 0.0053 0.0042 0.0035
0.0370 0.0379 0.0348 0.0344 0.0328 0.0311 0.0324 0.0256 0.0220 0.0194 0.0171 0.0150 0.0113 0.0093 0.0081 0.0069 0.0059 0.0045 0.0038 0.0024
0.0450 0.0453 0.0433 0.0401 0.0370 0.0348 0.0333 0.0278 0.0256 0.0212 0.0187 0.0165 0.0131 0.0103 0.0093 0.0075 0.0061 0.0048 0.0042 0.0029
0.0363 0.0374 0.0348 0.0373 0.0368 0.0380 0.0370 0.0327 0.0305 0.0283 0.0251 0.0234 0.0188 0.0141 0.0127 0.0109 0.0095 0.0075 0.0063 0.0053
0.0380 0.0380 0.0365 0.0368 0.0354 0.0324 0.0335 0.0267 0.0247 0.0232 0.0202 0.0177 0.0156 0.0131 0.0117 0.0104 0.0094 0.0075 0.0069 0.00571
0.0438 0.0440 0.0422 0.0422 0.0395 0.0361 0.0355 0.0292 0.0267 0.0239 0.0229 0.0185 0.0161 0.0136 0.0120 0.0108 0.0090 0.0076 0.0060 0.0049
0.0368 0.0375 0.0381 0.0359 0.0364 0.0357 0.0371 0.0311 0.0279 0.0281 0.0261 0.0230 0.0206 0.0181 0.0161 0.0123 0.0119 0.0083 0.0077 0.0065
0.0486 0.0517 0.0476 0.0481 0.0456 0.0416 0.0399 0.0335 0.0312 0.0302 0.0255 0.0234 0.0208 0.0180 0.0161 0.0139 0.0138 0.0114 0.0092 0.0079
0.0367 0.0357 0.0405 0.0439 0.0419 0.0450 0.0479 0.0442 0.0434 0.0425 0.0397 0.0373 0.0304 0.0264 0.0241 0.0200 0.0185 0.0154 0.0127 0.010(
0.0317 0.0308 0.0378 0.0363 0.0353 0.0342 0.0379 0.0371 0.0331 0.0294 0.0285 0.0307 0.0277 0.0286 0.0278 0.0244 0.0246 0.0236 0.0204 0.01871
0.0186 0.0205 0.0250 0.0262 0.0276 0.0289 0.0320 0.0282 0.0233 0.0250 0.0261 0.0253 0.0340 0.0270 0.0190 0.0203 0.0306 0.0436 0.0492 0.0434




Table 2.5page 5 of & Fishery size composition data {ta= within-year proportion at age

Year

84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

0.0033 0.0003 0.0023 0.0010 0.0000 0.0000 0.0003 0.0000 0.0013 0.0000 0.0000 0.0010 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0023 0.0022 0.0014 0.0013 0.0012 0.0008 0.0004 0.0002 0.0004 0.0003 0.0004 0.0004 0.0001 0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.000(
0.0013 0.0014 0.0006 0.0008 0.0005 0.0005 0.0003 0.0005 0.0005 0.0003 0.0005 0.0001 0.0001 0.0001 0.0002 0.0000 0.0001 0.0000 0.0000 0.000d
0.0026 0.0024 0.0025 0.0022 0.0023 0.0009 0.0019 0.0012 0.0012 0.0010 0.0003 0.0007 0.0005 0.0003 0.0002 0.0001 0.0001 0.0001 0.0000 0.0001]
0.0005 0.0007 0.0007 0.0005 0.0004 0.0002 0.0005 0.0002 0.0002 0.0000 0.0003 0.0000 0.0000 0.0001 0.0000 0.0002 0.0000 0.0000 0.0000 0.000d
0.0056 0.0032 0.0023 0.0032 0.0022 0.0023 0.0028 0.0013 0.0019 0.0009 0.0015 0.0019 0.0009 0.0009 0.0005 0.0007 0.0001 0.0004 0.0000 0.0004
0.0097 0.0086 0.0077 0.0062 0.0052 0.0037 0.0036 0.0028 0.0024 0.0020 0.0011 0.0009 0.0008 0.0007 0.0006 0.0004 0.0004 0.0003 0.0003 0.0001
0.0137 0.0120 0.0094 0.0089 0.0076 0.0057 0.0050 0.0036 0.0032 0.0023 0.0019 0.0014 0.0009 0.0009 0.0005 0.0004 0.0003 0.0003 0.0002 0.0004
0.0137 0.0127 0.0106 0.0087 0.0079 0.0069 0.0060 0.0045 0.0039 0.0034 0.0029 0.0023 0.0016 0.0013 0.0010 0.0010 0.0006 0.0005 0.0003 0.0003
0.0135 0.0123 0.0106 0.0088 0.0075 0.0061 0.0054 0.0042 0.0034 0.0031 0.0025 0.0022 0.0016 0.0013 0.0010 0.0008 0.0008 0.0006 0.0004 0.0009
0.0118 0.0111 0.0100 0.0092 0.0081 0.0073 0.0069 0.0058 0.0050 0.0046 0.0035 0.0033 0.0022 0.0021 0.0016 0.0014 0.0012 0.0008 0.0008 0.0004
0.0087 0.0084 0.0074 0.0059 0.0053 0.0045 0.0051 0.0038 0.0030 0.0031 0.0023 0.0029 0.0018 0.0013 0.0012 0.0011 0.0010 0.0009 0.0007 0.0005
0.0175 0.0156 0.0135 0.0129 0.0115 0.0096 0.0085 0.0069 0.0054 0.0059 0.0046 0.0044 0.0028 0.0030 0.0027 0.0025 0.0019 0.0019 0.0010 0.001(
0.0176 0.0166 0.0150 0.0132 0.0121 0.0119 0.0093 0.0090 0.0085 0.0080 0.0065 0.0064 0.0052 0.0047 0.0041 0.0034 0.0023 0.0021 0.0018 0.0014
0.0181 0.0162 0.0144 0.0130 0.0119 0.0115 0.0096 0.0082 0.0075 0.0064 0.0057 0.0051 0.0045 0.0041 0.0036 0.0030 0.0022 0.0019 0.0017 0.0014
0.0134 0.0123 0.0112 0.0106 0.0094 0.0087 0.0090 0.0066 0.0065 0.0054 0.0056 0.0052 0.0046 0.0036 0.0028 0.0030 0.0026 0.0021 0.0018 0.0014
0.0071 0.0060 0.0057 0.0051 0.0045 0.0040 0.0040 0.0031 0.0028 0.0026 0.0023 0.0022 0.0018 0.0014 0.0013 0.0011 0.0010 0.0007 0.0009 0.0009
0.0059 0.0053 0.0045 0.0041 0.0039 0.0036 0.0038 0.0026 0.0027 0.0022 0.0021 0.0018 0.0015 0.0015 0.0013 0.0009 0.0012 0.0007 0.0006 0.0005
0.0055 0.0052 0.0043 0.0038 0.0035 0.0033 0.0034 0.0021 0.0022 0.0021 0.0017 0.0015 0.0014 0.0011 0.0011 0.0009 0.0009 0.0007 0.0006 0.0004
0.0087 0.0078 0.0069 0.0063 0.0057 0.0051 0.0049 0.0037 0.0035 0.0031 0.0028 0.0026 0.0022 0.0018 0.0015 0.0014 0.0014 0.0009 0.0008 0.00071
0.0069 0.0062 0.0056 0.0051 0.0046 0.0043 0.0038 0.0032 0.0028 0.0023 0.0020 0.0019 0.0016 0.0014 0.0011 0.0010 0.0009 0.0006 0.0006 0.0009
0.0076 0.0065 0.0056 0.0048 0.0042 0.0037 0.0039 0.0030 0.0027 0.0024 0.0021 0.0020 0.0016 0.0015 0.0013 0.0012 0.0010 0.0007 0.0006 0.0005
0.0081 0.0074 0.0059 0.0052 0.0044 0.0039 0.0039 0.0029 0.0026 0.0023 0.0018 0.0015 0.0014 0.0010 0.0009 0.0009 0.0009 0.0006 0.0006 0.0004
0.0068 0.0064 0.0054 0.0050 0.0045 0.0039 0.0037 0.0028 0.0027 0.0022 0.0021 0.0017 0.0014 0.0012 0.0012 0.0010 0.0010 0.0006 0.0006 0.0004
0.0051 0.0042 0.0039 0.0032 0.0027 0.0026 0.0027 0.0020 0.0017 0.0017 0.0015 0.0014 0.0011 0.0009 0.0007 0.0005 0.0006 0.0006 0.0004 0.0009
0.0039 0.0032 0.0030 0.0026 0.0022 0.0017 0.0019 0.0015 0.0012 0.0010 0.0010 0.0010 0.0007 0.0007 0.0006 0.0004 0.0003 0.0003 0.0003 0.0004
0.0063 0.0056 0.0046 0.0039 0.0035 0.0026 0.0025 0.0021 0.0018 0.0013 0.0010 0.0012 0.0008 0.0007 0.0005 0.0004 0.0004 0.0004 0.0003 0.0004
0.0074 0.0060 0.0060 0.0049 0.0043 0.0040 0.0037 0.0031 0.0026 0.0024 0.0020 0.0019 0.0015 0.0014 0.0009 0.0010 0.0008 0.0008 0.0005 0.0004
0.0087 0.0075 0.0065 0.0059 0.0055 0.0046 0.0046 0.0033 0.0032 0.0026 0.0023 0.0021 0.0018 0.0012 0.0012 0.0008 0.0009 0.0006 0.0005 0.0004
0.0128 0.0105 0.0102 0.0095 0.0080 0.0074 0.0070 0.0053 0.0049 0.0045 0.0039 0.0032 0.0027 0.0022 0.0024 0.0018 0.0016 0.0010 0.0009 0.00071
0.0118 0.0110 0.0097 0.0097 0.0092 0.0081 0.0079 0.0065 0.0055 0.0054 0.0045 0.0043 0.0036 0.0029 0.0027 0.0022 0.0019 0.0017 0.0011 0.001d
0.0075 0.0067 0.0063 0.0060 0.0058 0.0050 0.0057 0.0047 0.0044 0.0037 0.0036 0.0031 0.0025 0.0026 0.0021 0.0018 0.0019 0.0011 0.0011 0.0004
0.0060 0.0041 0.0039 0.0037 0.0035 0.0027 0.0026 0.0023 0.0022 0.0016 0.0018 0.0015 0.0014 0.0012 0.0010 0.0008 0.0008 0.0007 0.0005 0.0004
0.0037 0.0032 0.0028 0.0021 0.0019 0.0014 0.0016 0.0010 0.0009 0.0007 0.0007 0.0005 0.0005 0.0004 0.0003 0.0003 0.0002 0.0003 0.0002 0.000]
0.0034 0.0027 0.0021 0.0022 0.0016 0.0014 0.0013 0.0009 0.0009 0.0006 0.0006 0.0006 0.0004 0.0004 0.0004 0.0003 0.0003 0.0002 0.0002 0.0001
0.0028 0.0020 0.0017 0.0011 0.0011 0.0012 0.0009 0.0006 0.0005 0.0004 0.0005 0.0003 0.0002 0.0004 0.0003 0.0002 0.0001 0.0001 0.0001 0.0001]
0.0026 0.0021 0.0016 0.0014 0.0010 0.0009 0.0007 0.0005 0.0005 0.0004 0.0005 0.0003 0.0002 0.0002 0.0002 0.0001 0.0002 0.0001 0.0001 0.000d
0.0039 0.0033 0.0022 0.0020 0.0018 0.0012 0.0011 0.0008 0.0007 0.0006 0.0005 0.0004 0.0003 0.0002 0.0002 0.0003 0.0001 0.0001 0.0001 0.0001]
0.0051 0.0040 0.0034 0.0030 0.0023 0.0021 0.0017 0.0011 0.0008 0.0007 0.0007 0.0005 0.0003 0.0003 0.0003 0.0002 0.0002 0.0001 0.0001 0.0001
0.0046 0.0035 0.0034 0.0023 0.0022 0.0017 0.0016 0.0012 0.0010 0.0008 0.0007 0.0006 0.0004 0.0004 0.0006 0.0002 0.0002 0.0001 0.0001 0.000]
0.0060 0.0047 0.0036 0.0027 0.0025 0.0022 0.0018 0.0014 0.0009 0.0009 0.0006 0.0006 0.0005 0.0004 0.0003 0.0003 0.0001 0.0001 0.0002 0.0001
0.0066 0.0052 0.0052 0.0040 0.0029 0.0027 0.0024 0.0017 0.0011 0.0009 0.0010 0.0008 0.0010 0.0006 0.0004 0.0003 0.0002 0.0002 0.0001 0.0004
0.0086 0.0067 0.0063 0.0053 0.0038 0.0039 0.0034 0.0022 0.0020 0.0018 0.0014 0.0009 0.0009 0.0008 0.0006 0.0006 0.0005 0.0003 0.0002 0.000]
0.0186 0.0147 0.0140 0.0114 0.0104 0.0082 0.0085 0.0056 0.0048 0.0041 0.0033 0.0026 0.0023 0.0017 0.0019 0.0014 0.0013 0.0011 0.0015 0.0004
0.0346 0.0090 0.0102 0.0087 0.0060 0.0052 0.0063 0.0077 0.0057 0.0042 0.0054 0.0047 0.0025 0.0037 0.0041 0.0040 0.0040 0.0024 0.0040 0.002(




Table2.5(page 6 of 6 Fishery size composition datanfts = withinyear proportion at age

Year
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1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0000 0.0001 0.0002 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0002 0.0002 0.0001 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0004 0.0004 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0004 0.0003 0.0002 0.0002 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0009 0.0007 0.0005 0.0003 0.0002 0.0003 0.0002 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003
0.0012 0.0009 0.0006 0.0005 0.0004 0.0003 0.0003 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0010 0.0009 0.0006 0.0005 0.0004 0.0002 0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0011 0.0010 0.0007 0.0006 0.0003 0.0003 0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0005 0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0005 0.0004 0.0003 0.0002 0.0001 0.0001 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0004 0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0005 0.0004 0.0003 0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0004 0.0004 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0005 0.0003 0.0002 0.0002 0.0002 0.0001 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0003 0.0004 0.0003 0.0002 0.0002 0.0001 0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
0.0004 0.0003 0.0002 0.0001 0.0001 0.0002 0.0004 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
0.0003 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0002 0.0002 0.0002 0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0002 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0002 0.0003 0.0001 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0003 0.0002 0.0002 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0006 0.0005 0.0004 0.0003 0.0002 0.0001 0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0008 0.0006 0.0003 0.0003 0.0003 0.0002 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0007 0.0004 0.0003 0.0003 0.0002 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0004 0.0003 0.0003 0.0001 0.0002 0.0001 0.0001 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0003 0.0002 0.0001 0.0000 0.0001 0.0001 0.0000 0.0001 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003
0.0020 0.0015 0.0003 0.0001 0.0001 0.0001 0.0002 0.0000 0.0000 0.0002 0.0002 0.0000 0.0002 0.0000 0.0002 0.0002 0.0004




Table 2.® Size composition nominal sample sizes (fishery).

Year Hauls
1977 30
1978 160
1979 235
1980 208
1981 148
1982 187
1983 782
1984 1913
1985 2825
1986 2496
1987 4726
1988 1458
1989 966
1990 3601
1991 5202
1992 5339
1993 3003
1994 4700
1995 5225
1996 6632
1997 7294
1998 6847
1999 9242
2000 9742
2001 10382
2002 11488
2003 14355
2004 12253
2005 11583
2006 8860
2007 6917
2008 8314
2009 7487
2010 6526
2011 8809
2012 9281
2013 11125
2014 12164
2015 11309
2016 9773
2017 8483
2018 6462
2019 4672
2020 3555

2021 1729



Table 2.8 VAST fishery CPUE index.

Year Index Sigma
1996 54.799 0.036
1997 57.798 0.043
1998 47.351 0.036
1999  42.047 0.033
2000 50.961 0.037
2001  37.635 0.037
2002 50.366 0.044
2003  39.350 0.023
2004  39.587 0.020
2005  37.140 0.020
2006  42.809 0.034
2007  43.094 0.026
2008  43.500 0.028
2009 45.815 0.031
2010 50.542 0.030
2011  49.651 0.035
2012 51.126 0.034
2013  48.394 0.031
2014  38.582 0.031
2015  37.356 0.034
2016  45.220 0.027
2017  40.084 0.024
2018  49.430 0.032
2019 42.604 0.047
2020  40.923 0.047
2021  37.065 0.045




Table 2.8 Survey abundance (1000s of fishdlex (VAST).

Year Abundance Sigma
1982 705488 0.057
1983 867657 0.068
1984 698140 0.052
1985 872638 0.047
1986 871052 0.048
1987 820416 0.060
1988 536914 0.044
1989 355461 0.057
1990 473504 0.052
1991 513657 0.052
1992 546927 0.058
1993 809235 0.056
1994 1128385 0.049
1995 700131 0.048
1996 620931 0.059
1997 527396 0.056
1998 614477 0.071
1999 519047 0.053
2000 505236 0.054
2001 997129 0.053
2002 625059 0.068
2003 619202 0.078
2004 484673 0.077
2005 507615 0.070
2006 440336 0.047
2007 582740 0.052
2008 478838 0.052
2009 701063 0.046
2010 723828 0.048
2011 849677 0.049
2012 1026236 0.060
2013 735245 0.056
2014 1231311 0.069
2015 1082765 0.068
2016 944302 0.095
2017 515808 0.043
2018 529915 0.063
2019 756748 0.051
2021 606584 0.052




Table 2.9(page 1 of 6 Size composition data (survey, units = proportions).

Year

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2021

0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0007 0.0009 0.0018 0.0025 0.0049 0.0056 0.0103 0.0063 0.0048 0.0049 0.0044 0.0018 0.0008 0.0004
0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0073 0.0221 0.0346 0.0348 0.0368 0.0351 0.0330 0.0300 0.0192 0.0190 0.0091 0.0056 0.0034 0.0023
0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0020 0.0030 0.0045 0.0036 0.0022 0.0021 0.0021 0.0025 0.0038 0.0026 0.0053 0.0059 0.0074 0.0109
0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0033 0.0060 0.0106 0.0086 0.0128 0.0170 0.0180 0.0220 0.0298 0.0300 0.0312 0.0383 0.0331 0.0329
0.0000 0.0000 0.0000 0.0000 0.0000 0.0015 0.0025 0.0061 0.0087 0.0085 0.0131 0.0114 0.0115 0.0097 0.0060 0.0022 0.0017 0.0013 0.0014 0.00471
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0012 0.0003 0.0007 0.0022 0.0035 0.0056 0.0074 0.0099 0.0111 0.0110 0.0141 0.0113 0.0074 0.0056
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0008 0.0007 0.0028 0.0013 0.0029 0.0026 0.0023 0.0042 0.0028 0.0019 0.0027 0.0034 0.00471
0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0003 0.0018 0.0046 0.0036 0.0067 0.0083 0.0105 0.0102 0.0098 0.0064 0.0038 0.0019 0.0021 0.0029
0.0000 0.0000 0.0000 0.0000 0.0000 0.0044 0.0123 0.0179 0.0264 0.0258 0.0318 0.0405 0.0446 0.0355 0.0258 0.0203 0.0155 0.0098 0.0061 0.007
0.0000 0.0000 0.0000 0.0000 0.0000 0.0009 0.0042 0.0128 0.0153 0.0191 0.0186 0.0223 0.0181 0.0186 0.0176 0.0147 0.0184 0.0118 0.0099 0.0099
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0017 0.0083 0.0189 0.0196 0.0180 0.0155 0.0204 0.0229 0.0242 0.0256 0.0222 0.0234 0.01171
0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.0028 0.0077 0.0182 0.0406 0.0281 0.0386 0.0339 0.0307 0.0305 0.0331 0.0298 0.0307 0.0206 0.0129
0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0007 0.0004 0.0019 0.0029 0.0054 0.0064 0.0070 0.0071 0.0083 0.0097 0.0079 0.0074 0.0068 0.010(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0013 0.0016 0.0014 0.0021 0.0045 0.0040 0.0045 0.0060 0.0064 0.0087 0.0074 0.0037 0.0026 0.002(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.0012 0.0010 0.0024 0.0035 0.0051 0.0068 0.0057 0.0071 0.0073 0.0068 0.0057 0.0038 0.0027
0.0000 0.0000 0.0000 0.0000 0.0000 0.0009 0.0019 0.0070 0.0123 0.0179 0.0207 0.0206 0.0213 0.0228 0.0307 0.0243 0.0234 0.0242 0.0191 0.0113
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0004 0.0024 0.0055 0.0086 0.0120 0.0107 0.0140 0.0094 0.0047 0.0023 0.0007 0.0004 0.0020 0.0024
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0012 0.0041 0.0077 0.0084 0.0094 0.0072 0.0087 0.0060 0.0032 0.0023 0.0034 0.0040 0.0034 0.005(
0.0000 0.0000 0.0000 0.0003 0.0008 0.0018 0.0040 0.0078 0.0108 0.0235 0.0378 0.0459 0.0349 0.0219 0.0216 0.0113 0.0069 0.0026 0.0007 0.001(
0.0000 0.0000 0.0000 0.0000 0.0002 0.0003 0.0013 0.0031 0.0064 0.0102 0.0156 0.0225 0.0330 0.0355 0.0383 0.0340 0.0332 0.0221 0.0177 0.0111
0.0000 0.0000 0.0000 0.0000 0.0001 0.0002 0.0005 0.0018 0.0035 0.0051 0.0064 0.0084 0.0128 0.0090 0.0133 0.0089 0.0057 0.0041 0.0028 0.0014
0.0000 0.0000 0.0001 0.0000 0.0001 0.0002 0.0004 0.0009 0.0044 0.0073 0.0108 0.0160 0.0182 0.0162 0.0196 0.0199 0.0222 0.0198 0.0188 0.0154
0.0000 0.0001 0.0000 0.0000 0.0000 0.0001 0.0003 0.0018 0.0042 0.0078 0.0139 0.0097 0.0178 0.0172 0.0196 0.0192 0.0123 0.0131 0.0101 0.0061]
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0003 0.0019 0.0038 0.0075 0.0119 0.0173 0.0213 0.0261 0.0245 0.0260 0.0249 0.0313 0.0317
0.0000 0.0001 0.0000 0.0003 0.0006 0.0032 0.0080 0.0268 0.0323 0.0341 0.0363 0.0321 0.0275 0.0263 0.0287 0.0225 0.0195 0.0117 0.0085 0.0057
0.0000 0.0000 0.0000 0.0000 0.0006 0.0006 0.0098 0.0365 0.0883 0.1086 0.1067 0.0872 0.0562 0.0551 0.0406 0.0265 0.0318 0.0182 0.0095 0.0095
0.0000 0.0000 0.0001 0.0000 0.0000 0.0004 0.0040 0.0126 0.0261 0.0283 0.0291 0.0262 0.0232 0.0169 0.0112 0.0056 0.0030 0.0016 0.0030 0.0054
0.0000 0.0000 0.0000 0.0004 0.0021 0.0063 0.0239 0.0578 0.0630 0.0648 0.0523 0.0444 0.0388 0.0290 0.0277 0.0193 0.0132 0.0069 0.0021 0.00171
0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0007 0.0024 0.0032 0.0042 0.0069 0.0069 0.0074 0.0062 0.0040 0.0020 0.0021 0.0014 0.0019 0.0047
0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0009 0.0036 0.0068 0.0123 0.0147 0.0185 0.0198 0.0285 0.0301 0.0434 0.0425 0.0410 0.0257 0.0134
0.0000 0.0000 0.0004 0.0000 0.0000 0.0056 0.0289 0.0523 0.0558 0.0429 0.0323 0.0318 0.0237 0.0312 0.0302 0.0159 0.0098 0.0036 0.0024 0.0004
0.0000 0.0000 0.0000 0.0000 0.0000 0.0005 0.0026 0.0061 0.0077 0.0109 0.0117 0.0150 0.0129 0.0095 0.0067 0.0019 0.0011 0.0034 0.0045 0.014]
0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0005 0.0050 0.0065 0.0132 0.0189 0.0258 0.0288 0.0364 0.0276 0.0337 0.0272 0.0289 0.0171 0.012]
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0006 0.0022 0.0022 0.0044 0.0040 0.0027 0.0024 0.0029 0.0030 0.0031 0.0038 0.0044 0.0036 0.004(
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0009 0.0015 0.0031 0.0034 0.0023 0.0013 0.0029 0.0037 0.0056 0.0086 0.0129 0.0156 0.01471
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0008 0.0022 0.0036 0.0032 0.0046 0.0042 0.0047 0.0057 0.0064 0.0082 0.0087 0.0109
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0005 0.0006 0.0021 0.0022 0.0042 0.0038 0.0060 0.0051 0.0062 0.0107 0.0115
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0008 0.0019 0.0042 0.0078 0.0191 0.0259 0.0392 0.0351 0.0418 0.0472 0.0554 0.0547 0.0519
0.0000 0.0000 0.0007 0.0019 0.0031 0.0029 0.0011 0.0008 0.0014 0.0015 0.0040 0.0051 0.0053 0.0076 0.0129 0.0184 0.0220 0.0217 0.0252 0.0254




Table 2.9(page2 of 6)3 Size composition data(rvey, units = proportions).

Year

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2021

0.0002 0.0008 0.0017 0.0024 0.0038 0.0064 0.0082 0.0117 0.0183 0.0209 0.0227 0.0289 0.0300 0.0225 0.0186 0.0137 0.0138 0.0119 0.0130 0.0171
0.0007 0.0004 0.0014 0.0026 0.0035 0.0042 0.0076 0.0095 0.0111 0.0132 0.0126 0.0162 0.0111 0.0097 0.0082 0.0046 0.0047 0.0066 0.0072 0.0104
0.0190 0.0257 0.0312 0.0379 0.0473 0.0494 0.0533 0.0469 0.0393 0.0324 0.0284 0.0243 0.0181 0.0127 0.0088 0.0084 0.0072 0.0048 0.0077 0.0064
0.0190 0.0126 0.0077 0.0054 0.0059 0.0063 0.0094 0.0130 0.0128 0.0161 0.0178 0.0183 0.0185 0.0170 0.0203 0.0208 0.0230 0.0245 0.0305 0.0294
0.0074 0.0142 0.0234 0.0292 0.0453 0.0409 0.0401 0.0415 0.0425 0.0377 0.0362 0.0291 0.0261 0.0227 0.0216 0.0143 0.0126 0.0090 0.0082 0.0089
0.0043 0.0059 0.0071 0.0111 0.0114 0.0184 0.0254 0.0280 0.0301 0.0270 0.0263 0.0193 0.0217 0.0187 0.0164 0.0183 0.0217 0.0209 0.0279 0.0314
0.0070 0.0078 0.0088 0.0086 0.0110 0.0083 0.0126 0.0121 0.0136 0.0178 0.0189 0.0267 0.0214 0.0194 0.0209 0.0140 0.0182 0.0166 0.0240 0.0224
0.0003 0.0015 0.0015 0.0034 0.0013 0.0033 0.0029 0.0027 0.0032 0.0036 0.0070 0.0032 0.0105 0.0110 0.0145 0.0114 0.0125 0.0098 0.0115 0.0117
0.0076 0.0060 0.0086 0.0135 0.0136 0.0171 0.0182 0.0172 0.0161 0.0205 0.0214 0.0138 0.0197 0.0165 0.0116 0.0099 0.0116 0.0089 0.0080 0.007(
0.0110 0.0138 0.0140 0.0236 0.0270 0.0374 0.0399 0.0446 0.0397 0.0510 0.0422 0.0343 0.0357 0.0268 0.0237 0.0195 0.0163 0.0117 0.0095 0.0087%
0.0123 0.0140 0.0192 0.0277 0.0299 0.0315 0.0364 0.0385 0.0363 0.0323 0.0314 0.0254 0.0230 0.0187 0.0157 0.0132 0.0192 0.0151 0.0223 0.0199
0.0094 0.0059 0.0054 0.0064 0.0084 0.0090 0.0166 0.0198 0.0225 0.0278 0.0303 0.0230 0.0235 0.0217 0.0188 0.0146 0.0154 0.0178 0.0176 0.0214
0.0092 0.0136 0.0122 0.0160 0.0237 0.0315 0.0403 0.0462 0.0523 0.0545 0.0479 0.0455 0.0334 0.0257 0.0206 0.0140 0.0084 0.0094 0.0083 0.0157
0.0040 0.0051 0.0096 0.0118 0.0171 0.0211 0.0248 0.0236 0.0266 0.0245 0.0216 0.0169 0.0235 0.0269 0.0260 0.0345 0.0409 0.0405 0.0451 0.0457
0.0024 0.0025 0.0062 0.0068 0.0138 0.0173 0.0206 0.0243 0.0291 0.0251 0.0265 0.0203 0.0212 0.0178 0.0167 0.0177 0.0164 0.0188 0.0227 0.0253
0.0062 0.0044 0.0044 0.0038 0.0076 0.0118 0.0111 0.0165 0.0241 0.0248 0.0238 0.0189 0.0170 0.0167 0.0148 0.0157 0.0147 0.0137 0.0137 0.0144
0.0061 0.0075 0.0193 0.0288 0.0398 0.0511 0.0622 0.0647 0.0635 0.0529 0.0554 0.0358 0.0269 0.0235 0.0171 0.0151 0.0139 0.0105 0.0131 0.0123
0.0092 0.0096 0.0165 0.0181 0.0177 0.0246 0.0217 0.0231 0.0242 0.0191 0.0185 0.0178 0.0187 0.0242 0.0315 0.0292 0.0373 0.0422 0.0474 0.0517
0.0019 0.0031 0.0062 0.0094 0.0135 0.0156 0.0176 0.0206 0.0242 0.0178 0.0157 0.0148 0.0152 0.0139 0.0159 0.0178 0.0204 0.0211 0.0241 0.0244
0.0071 0.0059 0.0083 0.0116 0.0161 0.0188 0.0258 0.0331 0.0419 0.0416 0.0462 0.0405 0.0351 0.0258 0.0209 0.0152 0.0111 0.0096 0.0089 0.0074
0.0035 0.0053 0.0087 0.0131 0.0197 0.0219 0.0351 0.0384 0.0448 0.0446 0.0421 0.0309 0.0322 0.0252 0.0238 0.0202 0.0236 0.0211 0.0335 0.0294
0.0171 0.0121 0.0094 0.0054 0.0046 0.0047 0.0063 0.0046 0.0093 0.0113 0.0247 0.0169 0.0251 0.0191 0.0216 0.0231 0.0254 0.0287 0.0278 0.0314
0.0052 0.0068 0.0085 0.0099 0.0172 0.0182 0.0202 0.0219 0.0253 0.0275 0.0290 0.0283 0.0308 0.0286 0.0298 0.0232 0.0225 0.0195 0.0191 0.0174
0.0336 0.0325 0.0249 0.0181 0.0121 0.0121 0.0126 0.0102 0.0139 0.0156 0.0173 0.0170 0.0180 0.0200 0.0250 0.0220 0.0183 0.0177 0.0184 0.0184
0.0044 0.0048 0.0045 0.0051 0.0072 0.0094 0.0138 0.0156 0.0199 0.0202 0.0214 0.0207 0.0252 0.0217 0.0244 0.0214 0.0200 0.0175 0.0165 0.0134
0.0033 0.0037 0.0053 0.0071 0.0097 0.0094 0.0121 0.0095 0.0107 0.0113 0.0095 0.0088 0.0072 0.0072 0.0058 0.0048 0.0058 0.0061 0.0063 0.0053
0.0125 0.0233 0.0363 0.0416 0.0539 0.0570 0.0555 0.0522 0.0429 0.0360 0.0263 0.0218 0.0151 0.0129 0.0118 0.0106 0.0101 0.0092 0.0112 0.0101
0.0021 0.0049 0.0056 0.0104 0.0152 0.0202 0.0237 0.0280 0.0261 0.0203 0.0183 0.0132 0.0128 0.0128 0.0135 0.0180 0.0183 0.0217 0.0227 0.0227%
0.0080 0.0166 0.0252 0.0316 0.0465 0.0561 0.0551 0.0514 0.0515 0.0423 0.0354 0.0242 0.0220 0.0141 0.0126 0.0087 0.0099 0.0102 0.0162 0.0174
0.0053 0.0019 0.0018 0.0027 0.0023 0.0028 0.0036 0.0058 0.0066 0.0091 0.0079 0.0112 0.0109 0.0131 0.0138 0.0194 0.0219 0.0324 0.0383 0.0417
0.0022 0.0029 0.0045 0.0065 0.0136 0.0197 0.0205 0.0273 0.0270 0.0297 0.0216 0.0236 0.0145 0.0120 0.0076 0.0062 0.0048 0.0035 0.0049 0.0044
0.0211 0.0345 0.0415 0.0519 0.0569 0.0444 0.0481 0.0344 0.0348 0.0220 0.0164 0.0127 0.0095 0.0092 0.0077 0.0066 0.0098 0.0081 0.0124 0.0154
0.0062 0.0057 0.0051 0.0040 0.0053 0.0123 0.0137 0.0233 0.0184 0.0268 0.0256 0.0277 0.0194 0.0173 0.0102 0.0106 0.0081 0.0113 0.0158 0.0247%
0.0039 0.0040 0.0042 0.0063 0.0093 0.0145 0.0199 0.0271 0.0373 0.0468 0.0545 0.0575 0.0509 0.0485 0.0395 0.0298 0.0257 0.0148 0.0138 0.0104
0.0129 0.0087 0.0062 0.0033 0.0021 0.0023 0.0039 0.0050 0.0060 0.0076 0.0103 0.0094 0.0131 0.0143 0.0170 0.0164 0.0191 0.0223 0.0268 0.0339
0.0126 0.0122 0.0121 0.0109 0.0096 0.0097 0.0107 0.0124 0.0115 0.0117 0.0121 0.0106 0.0106 0.0123 0.0111 0.0107 0.0119 0.0127 0.0122 0.014(
0.0146 0.0114 0.0093 0.0047 0.0047 0.0050 0.0046 0.0050 0.0086 0.0103 0.0123 0.0168 0.0188 0.0209 0.0202 0.0259 0.0245 0.0246 0.0253 0.0263
0.0568 0.0512 0.0433 0.0343 0.0216 0.0088 0.0048 0.0032 0.0033 0.0028 0.0027 0.0028 0.0026 0.0025 0.0035 0.0035 0.0055 0.0056 0.0057 0.0074
0.0199 0.0177 0.0142 0.0086 0.0064 0.0043 0.0052 0.0050 0.0057 0.0061 0.0065 0.0107 0.0133 0.0188 0.0208 0.0286 0.0300 0.0357 0.0350 0.0374




Table 2.9(page 3 of 6 Size composition data (survey, units = proportions).

Year

44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2021

0.0192 0.0267 0.0287 0.0258 0.0311 0.0311 0.0266 0.0270 0.0256 0.0241 0.0226 0.0264 0.0245 0.0253 0.0213 0.0247 0.0250 0.0248 0.0213 0.0214
0.0119 0.0161 0.0205 0.0229 0.0219 0.0227 0.0240 0.0193 0.0189 0.0187 0.0171 0.0227 0.0210 0.0196 0.0199 0.0187 0.0199 0.0187 0.0153 0.017(
0.0075 0.0077 0.0079 0.0089 0.0110 0.0087 0.0090 0.0078 0.0090 0.0117 0.0106 0.0129 0.0137 0.0162 0.0163 0.0127 0.0177 0.0139 0.0164 0.0167
0.0304 0.0286 0.0278 0.0213 0.0191 0.0144 0.0114 0.0099 0.0076 0.0057 0.0055 0.0061 0.0060 0.0062 0.0050 0.0051 0.0054 0.0050 0.0088 0.0064
0.0106 0.0120 0.0140 0.0133 0.0160 0.0141 0.0161 0.0175 0.0168 0.0179 0.0187 0.0195 0.0147 0.0164 0.0163 0.0114 0.0111 0.0078 0.0095 0.0074
0.0316 0.0314 0.0308 0.0302 0.0246 0.0247 0.0250 0.0149 0.0152 0.0126 0.0111 0.0140 0.0130 0.0091 0.0119 0.0085 0.0131 0.0127 0.0117 0.012¢
0.0196 0.0317 0.0275 0.0294 0.0275 0.0245 0.0307 0.0265 0.0228 0.0252 0.0253 0.0258 0.0223 0.0213 0.0228 0.0192 0.0198 0.0167 0.0206 0.0164
0.0135 0.0179 0.0163 0.0174 0.0186 0.0170 0.0199 0.0251 0.0228 0.0256 0.0243 0.0232 0.0329 0.0290 0.0215 0.0234 0.0211 0.0292 0.0187 0.0221
0.0066 0.0058 0.0064 0.0090 0.0069 0.0072 0.0053 0.0092 0.0060 0.0110 0.0100 0.0126 0.0107 0.0129 0.0130 0.0139 0.0149 0.0157 0.0160 0.0144
0.0083 0.0071 0.0085 0.0072 0.0086 0.0103 0.0067 0.0084 0.0058 0.0101 0.0122 0.0080 0.0104 0.0057 0.0050 0.0058 0.0058 0.0048 0.0071 0.0067%
0.0228 0.0253 0.0193 0.0191 0.0167 0.0147 0.0158 0.0123 0.0110 0.0091 0.0081 0.0059 0.0065 0.0032 0.0044 0.0052 0.0053 0.0069 0.0046 0.0034
0.0213 0.0224 0.0260 0.0198 0.0178 0.0185 0.0152 0.0145 0.0124 0.0110 0.0114 0.0104 0.0084 0.0061 0.0064 0.0076 0.0063 0.0054 0.0056 0.005]
0.0134 0.0118 0.0165 0.0181 0.0188 0.0213 0.0123 0.0134 0.0163 0.0135 0.0128 0.0125 0.0155 0.0179 0.0178 0.0116 0.0155 0.0110 0.0144 0.0114
0.0427 0.0370 0.0363 0.0319 0.0215 0.0205 0.0166 0.0154 0.0125 0.0107 0.0118 0.0103 0.0095 0.0100 0.0093 0.0079 0.0101 0.0107 0.0114 0.0109
0.0306 0.0276 0.0311 0.0342 0.0321 0.0316 0.0345 0.0289 0.0301 0.0301 0.0263 0.0274 0.0220 0.0180 0.0166 0.0144 0.0153 0.0109 0.0101 0.0093
0.0147 0.0183 0.0211 0.0249 0.0163 0.0185 0.0146 0.0165 0.0195 0.0202 0.0178 0.0183 0.0134 0.0232 0.0185 0.0189 0.0143 0.0142 0.0116 0.0124
0.0142 0.0134 0.0184 0.0124 0.0120 0.0143 0.0118 0.0097 0.0094 0.0088 0.0086 0.0077 0.0067 0.0083 0.0096 0.0079 0.0070 0.0081 0.0092 0.009¢
0.0511 0.0429 0.0327 0.0335 0.0256 0.0191 0.0164 0.0144 0.0129 0.0115 0.0097 0.0101 0.0078 0.0083 0.0080 0.0074 0.0057 0.0095 0.0071 0.0081
0.0277 0.0245 0.0290 0.0260 0.0315 0.0275 0.0282 0.0209 0.0251 0.0191 0.0205 0.0155 0.0161 0.0145 0.0129 0.0126 0.0117 0.0088 0.0080 0.0074
0.0081 0.0095 0.0117 0.0143 0.0116 0.0135 0.0130 0.0119 0.0135 0.0139 0.0133 0.0120 0.0113 0.0118 0.0097 0.0108 0.0095 0.0077 0.0101 0.0067%
0.0369 0.0323 0.0321 0.0226 0.0269 0.0155 0.0189 0.0151 0.0137 0.0112 0.0134 0.0105 0.0130 0.0074 0.0095 0.0098 0.0105 0.0087 0.0094 0.0084
0.0371 0.0346 0.0372 0.0342 0.0317 0.0233 0.0232 0.0195 0.0208 0.0219 0.0170 0.0157 0.0145 0.0123 0.0106 0.0120 0.0115 0.0094 0.0081 0.0064
0.0167 0.0144 0.0139 0.0139 0.0161 0.0157 0.0189 0.0184 0.0148 0.0168 0.0161 0.0174 0.0157 0.0178 0.0135 0.0145 0.0158 0.0139 0.0132 0.0127
0.0193 0.0150 0.0191 0.0154 0.0173 0.0119 0.0152 0.0112 0.0131 0.0117 0.0122 0.0101 0.0098 0.0090 0.0090 0.0090 0.0105 0.0076 0.0108 0.0074
0.0141 0.0122 0.0126 0.0114 0.0137 0.0128 0.0167 0.0145 0.0148 0.0133 0.0153 0.0114 0.0149 0.0089 0.0105 0.0075 0.0082 0.0085 0.0080 0.0089
0.0068 0.0063 0.0068 0.0066 0.0064 0.0048 0.0062 0.0058 0.0070 0.0055 0.0056 0.0048 0.0049 0.0043 0.0044 0.0043 0.0052 0.0043 0.0050 0.0041
0.0110 0.0105 0.0106 0.0088 0.0104 0.0095 0.0096 0.0098 0.0112 0.0089 0.0085 0.0077 0.0088 0.0067 0.0092 0.0078 0.0090 0.0069 0.0066 0.0064
0.0208 0.0201 0.0167 0.0174 0.0148 0.0108 0.0088 0.0088 0.0070 0.0062 0.0056 0.0051 0.0045 0.0047 0.0052 0.0054 0.0043 0.0051 0.0047 0.003%
0.0302 0.0200 0.0218 0.0207 0.0206 0.0161 0.0177 0.0139 0.0193 0.0149 0.0202 0.0197 0.0182 0.0124 0.0183 0.0146 0.0132 0.0096 0.0118 0.0074
0.0443 0.0420 0.0379 0.0305 0.0246 0.0169 0.0170 0.0135 0.0127 0.0091 0.0112 0.0108 0.0128 0.0089 0.0134 0.0116 0.0145 0.0111 0.0142 0.0091
0.0065 0.0062 0.0101 0.0085 0.0150 0.0143 0.0183 0.0218 0.0290 0.0246 0.0312 0.0236 0.0242 0.0168 0.0152 0.0128 0.0126 0.0074 0.0093 0.0064
0.0194 0.0232 0.0281 0.0219 0.0208 0.0195 0.0176 0.0143 0.0139 0.0107 0.0112 0.0074 0.0103 0.0078 0.0117 0.0105 0.0128 0.0106 0.0115 0.0114
0.0255 0.0365 0.0376 0.0339 0.0311 0.0274 0.0236 0.0159 0.0121 0.0113 0.0116 0.0104 0.0093 0.0110 0.0140 0.0140 0.0112 0.0108 0.0114 0.0074
0.0195 0.0193 0.0258 0.0245 0.0243 0.0221 0.0235 0.0166 0.0182 0.0180 0.0165 0.0175 0.0201 0.0175 0.0225 0.0172 0.0157 0.0114 0.0127 0.0084
0.0354 0.0472 0.0517 0.0502 0.0511 0.0444 0.0400 0.0313 0.0242 0.0244 0.0173 0.0172 0.0166 0.0162 0.0148 0.0157 0.0151 0.0133 0.0138 0.014(
0.0176 0.0157 0.0192 0.0176 0.0185 0.0214 0.0261 0.0249 0.0288 0.0292 0.0329 0.0361 0.0377 0.0349 0.0316 0.0272 0.0254 0.0240 0.0212 0.023%
0.0220 0.0185 0.0168 0.0181 0.0166 0.0202 0.0180 0.0186 0.0212 0.0197 0.0216 0.0198 0.0199 0.0181 0.0200 0.0231 0.0209 0.0227 0.0207 0.0254
0.0075 0.0073 0.0079 0.0090 0.0076 0.0074 0.0085 0.0083 0.0086 0.0079 0.0101 0.0110 0.0111 0.0095 0.0117 0.0097 0.0087 0.0093 0.0097 0.0084
0.0331 0.0357 0.0385 0.0338 0.0312 0.0283 0.0241 0.0188 0.0173 0.0132 0.0114 0.0101 0.0090 0.0086 0.0076 0.0071 0.0061 0.0061 0.0071 0.0065




Table 2.9(page 4 of 6 Size composition data (survey, units = proportions).

Year

64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2021

0.0192 0.0183 0.0180 0.0188 0.0116 0.0163 0.0118 0.0125 0.0069 0.0069 0.0068 0.0061 0.0042 0.0032 0.0035 0.0028 0.0019 0.0025 0.0023 0.0014
0.0149 0.0152 0.0145 0.0126 0.0143 0.0134 0.0110 0.0137 0.0096 0.0093 0.0059 0.0061 0.0060 0.0051 0.0045 0.0030 0.0037 0.0025 0.0022 0.001§
0.0155 0.0133 0.0162 0.0150 0.0149 0.0141 0.0126 0.0119 0.0068 0.0098 0.0080 0.0086 0.0062 0.0068 0.0046 0.0056 0.0038 0.0033 0.0026 0.0027%
0.0065 0.0067 0.0101 0.0073 0.0080 0.0087 0.0087 0.0080 0.0080 0.0071 0.0082 0.0063 0.0080 0.0059 0.0056 0.0035 0.0045 0.0035 0.0030 0.0024
0.0052 0.0064 0.0049 0.0055 0.0046 0.0057 0.0068 0.0064 0.0058 0.0046 0.0059 0.0056 0.0045 0.0053 0.0046 0.0040 0.0054 0.0036 0.0035 0.002§
0.0117 0.0124 0.0116 0.0122 0.0124 0.0103 0.0109 0.0086 0.0056 0.0084 0.0048 0.0053 0.0051 0.0022 0.0042 0.0033 0.0035 0.0040 0.0026 0.002%
0.0115 0.0124 0.0099 0.0138 0.0105 0.0107 0.0081 0.0117 0.0084 0.0084 0.0057 0.0080 0.0072 0.0048 0.0043 0.0055 0.0072 0.0065 0.0053 0.003(
0.0242 0.0180 0.0169 0.0248 0.0216 0.0136 0.0200 0.0106 0.0186 0.0204 0.0164 0.0161 0.0147 0.0116 0.0149 0.0109 0.0064 0.0054 0.0084 0.0064
0.0143 0.0100 0.0147 0.0101 0.0114 0.0069 0.0118 0.0083 0.0100 0.0100 0.0096 0.0084 0.0059 0.0070 0.0071 0.0047 0.0067 0.0067 0.0021 0.0044
0.0058 0.0036 0.0062 0.0057 0.0068 0.0064 0.0066 0.0047 0.0044 0.0035 0.0059 0.0045 0.0039 0.0019 0.0023 0.0027 0.0030 0.0046 0.0033 0.0034
0.0027 0.0032 0.0032 0.0050 0.0038 0.0034 0.0026 0.0016 0.0023 0.0025 0.0022 0.0018 0.0026 0.0016 0.0018 0.0026 0.0030 0.0015 0.0018 0.0014
0.0035 0.0063 0.0035 0.0035 0.0059 0.0027 0.0027 0.0014 0.0014 0.0015 0.0014 0.0016 0.0012 0.0011 0.0010 0.0012 0.0012 0.0011 0.0009 0.0004
0.0128 0.0113 0.0091 0.0059 0.0094 0.0044 0.0073 0.0035 0.0047 0.0021 0.0029 0.0014 0.0021 0.0009 0.0015 0.0007 0.0006 0.0007 0.0009 0.0004
0.0095 0.0077 0.0058 0.0066 0.0077 0.0076 0.0075 0.0055 0.0059 0.0048 0.0039 0.0031 0.0024 0.0040 0.0022 0.0026 0.0023 0.0021 0.0019 0.0014
0.0086 0.0063 0.0066 0.0066 0.0062 0.0061 0.0051 0.0061 0.0068 0.0037 0.0050 0.0039 0.0029 0.0031 0.0037 0.0024 0.0023 0.0026 0.0027 0.0014
0.0133 0.0112 0.0111 0.0102 0.0094 0.0076 0.0064 0.0067 0.0060 0.0033 0.0024 0.0033 0.0025 0.0031 0.0020 0.0013 0.0011 0.0010 0.0013 0.0024
0.0077 0.0069 0.0102 0.0060 0.0067 0.0053 0.0049 0.0059 0.0059 0.0042 0.0055 0.0030 0.0038 0.0022 0.0022 0.0025 0.0013 0.0018 0.0010 0.0014
0.0067 0.0078 0.0050 0.0055 0.0041 0.0049 0.0054 0.0039 0.0040 0.0040 0.0030 0.0023 0.0022 0.0019 0.0020 0.0021 0.0019 0.0015 0.0011 0.0014
0.0067 0.0044 0.0051 0.0047 0.0041 0.0028 0.0040 0.0026 0.0031 0.0025 0.0027 0.0023 0.0018 0.0010 0.0011 0.0017 0.0018 0.0010 0.0014 0.0014
0.0079 0.0076 0.0054 0.0041 0.0053 0.0034 0.0039 0.0029 0.0026 0.0017 0.0019 0.0013 0.0010 0.0013 0.0010 0.0016 0.0009 0.0009 0.0006 0.0004
0.0083 0.0048 0.0088 0.0059 0.0054 0.0055 0.0048 0.0038 0.0030 0.0030 0.0027 0.0020 0.0025 0.0019 0.0011 0.0008 0.0016 0.0011 0.0005 0.0009
0.0079 0.0057 0.0058 0.0058 0.0055 0.0056 0.0061 0.0040 0.0045 0.0034 0.0035 0.0030 0.0028 0.0022 0.0022 0.0014 0.0015 0.0017 0.0017 0.0009
0.0113 0.0097 0.0092 0.0083 0.0101 0.0079 0.0060 0.0068 0.0057 0.0059 0.0032 0.0047 0.0043 0.0039 0.0042 0.0029 0.0025 0.0022 0.0021 0.0014
0.0114 0.0097 0.0099 0.0095 0.0095 0.0074 0.0079 0.0068 0.0065 0.0053 0.0074 0.0046 0.0066 0.0050 0.0057 0.0044 0.0041 0.0038 0.0035 0.0024
0.0076 0.0072 0.0083 0.0051 0.0081 0.0041 0.0057 0.0051 0.0049 0.0055 0.0057 0.0046 0.0050 0.0037 0.0047 0.0037 0.0047 0.0042 0.0042 0.003¢
0.0041 0.0037 0.0038 0.0025 0.0034 0.0033 0.0025 0.0018 0.0026 0.0018 0.0029 0.0017 0.0015 0.0011 0.0010 0.0014 0.0013 0.0015 0.0008 0.0004
0.0079 0.0048 0.0060 0.0050 0.0064 0.0036 0.0044 0.0026 0.0036 0.0019 0.0034 0.0014 0.0021 0.0018 0.0019 0.0009 0.0012 0.0009 0.0014 0.0011
0.0039 0.0043 0.0032 0.0024 0.0030 0.0019 0.0024 0.0019 0.0012 0.0015 0.0008 0.0011 0.0010 0.0010 0.0009 0.0003 0.0008 0.0004 0.0005 0.0004
0.0089 0.0055 0.0057 0.0039 0.0031 0.0022 0.0027 0.0024 0.0014 0.0013 0.0012 0.0012 0.0017 0.0007 0.0012 0.0005 0.0005 0.0007 0.0006 0.0004
0.0121 0.0083 0.0099 0.0073 0.0078 0.0056 0.0062 0.0030 0.0038 0.0025 0.0024 0.0014 0.0013 0.0012 0.0008 0.0007 0.0009 0.0003 0.0008 0.0004
0.0079 0.0059 0.0061 0.0048 0.0051 0.0035 0.0056 0.0029 0.0037 0.0018 0.0022 0.0016 0.0015 0.0015 0.0013 0.0005 0.0008 0.0003 0.0005 0.0009
0.0125 0.0116 0.0104 0.0088 0.0078 0.0073 0.0058 0.0058 0.0050 0.0027 0.0034 0.0024 0.0017 0.0023 0.0016 0.0017 0.0005 0.0016 0.0007 0.0019
0.0079 0.0061 0.0060 0.0035 0.0035 0.0030 0.0038 0.0032 0.0030 0.0037 0.0028 0.0024 0.0023 0.0017 0.0016 0.0011 0.0009 0.0009 0.0005 0.0009
0.0086 0.0059 0.0056 0.0059 0.0051 0.0042 0.0034 0.0032 0.0032 0.0030 0.0024 0.0028 0.0023 0.0019 0.0013 0.0013 0.0010 0.0013 0.0008 0.0004
0.0125 0.0132 0.0146 0.0114 0.0105 0.0096 0.0100 0.0084 0.0055 0.0051 0.0040 0.0029 0.0027 0.0028 0.0021 0.0015 0.0014 0.0021 0.0010 0.0011
0.0189 0.0168 0.0137 0.0149 0.0130 0.0131 0.0128 0.0092 0.0093 0.0097 0.0076 0.0079 0.0067 0.0064 0.0048 0.0053 0.0051 0.0022 0.0030 0.0024
0.0243 0.0219 0.0193 0.0221 0.0169 0.0176 0.0164 0.0118 0.0118 0.0111 0.0081 0.0069 0.0066 0.0080 0.0053 0.0061 0.0065 0.0045 0.0040 0.0044
0.0109 0.0101 0.0114 0.0084 0.0096 0.0092 0.0098 0.0106 0.0082 0.0098 0.0087 0.0066 0.0071 0.0063 0.0062 0.0047 0.0043 0.0033 0.0025 0.0024
0.0065 0.0069 0.0070 0.0067 0.0071 0.0071 0.0064 0.0076 0.0058 0.0070 0.0069 0.0067 0.0054 0.0058 0.0061 0.0049 0.0050 0.0049 0.0054 0.004(4




Table 2.9(page 5 of 6 Size composition data (survey, units = proportions).

Year

84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2021

0.0007 0.0006 0.0009 0.0003 0.0006 0.0004 0.0001 0.0002 0.0003 0.0000 0.0002 0.0000 0.0001 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0004
0.0013 0.0009 0.0001 0.0005 0.0006 0.0002 0.0009 0.0000 0.0000 0.0002 0.0003 0.0000 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0004
0.0022 0.0018 0.0023 0.0010 0.0013 0.0015 0.0010 0.0008 0.0003 0.0006 0.0005 0.0000 0.0003 0.0002 0.0002 0.0000 0.0000 0.0000 0.0000 0.0004
0.0013 0.0022 0.0013 0.0013 0.0010 0.0008 0.0006 0.0005 0.0004 0.0005 0.0003 0.0001 0.0002 0.0004 0.0001 0.0002 0.0001 0.0000 0.0002 0.0004
0.0019 0.0017 0.0023 0.0012 0.0014 0.0012 0.0020 0.0006 0.0011 0.0009 0.0003 0.0003 0.0004 0.0002 0.0005 0.0001 0.0003 0.0002 0.0000 0.0003
0.0029 0.0031 0.0008 0.0008 0.0014 0.0009 0.0009 0.0012 0.0005 0.0011 0.0009 0.0001 0.0005 0.0006 0.0003 0.0001 0.0001 0.0002 0.0003 0.0004
0.0033 0.0014 0.0028 0.0015 0.0008 0.0015 0.0003 0.0018 0.0003 0.0006 0.0006 0.0006 0.0005 0.0001 0.0004 0.0008 0.0003 0.0001 0.0003 0.0004
0.0078 0.0085 0.0041 0.0063 0.0043 0.0014 0.0041 0.0029 0.0018 0.0023 0.0028 0.0031 0.0019 0.0010 0.0020 0.0011 0.0010 0.0021 0.0001 0.0024
0.0037 0.0040 0.0033 0.0024 0.0021 0.0032 0.0022 0.0009 0.0008 0.0008 0.0011 0.0021 0.0017 0.0004 0.0003 0.0002 0.0008 0.0000 0.0010 0.0001
0.0019 0.0018 0.0012 0.0020 0.0010 0.0011 0.0008 0.0007 0.0008 0.0005 0.0002 0.0009 0.0010 0.0004 0.0003 0.0004 0.0000 0.0001 0.0000 0.0004
0.0012 0.0013 0.0014 0.0007 0.0010 0.0008 0.0013 0.0006 0.0007 0.0007 0.0004 0.0007 0.0008 0.0003 0.0009 0.0002 0.0004 0.0003 0.0003 0.0003
0.0012 0.0010 0.0004 0.0007 0.0008 0.0007 0.0004 0.0003 0.0004 0.0007 0.0002 0.0007 0.0005 0.0004 0.0003 0.0003 0.0001 0.0002 0.0002 0.0001%
0.0006 0.0006 0.0006 0.0005 0.0003 0.0004 0.0024 0.0009 0.0007 0.0002 0.0001 0.0003 0.0004 0.0003 0.0001 0.0001 0.0002 0.0007 0.0004 0.0004
0.0014 0.0011 0.0008 0.0008 0.0008 0.0008 0.0005 0.0012 0.0004 0.0005 0.0004 0.0011 0.0001 0.0003 0.0002 0.0003 0.0005 0.0001 0.0003 0.0001
0.0028 0.0010 0.0015 0.0023 0.0019 0.0010 0.0004 0.0003 0.0007 0.0010 0.0003 0.0005 0.0005 0.0003 0.0003 0.0002 0.0004 0.0001 0.0002 0.0004
0.0013 0.0011 0.0009 0.0010 0.0010 0.0005 0.0003 0.0009 0.0008 0.0002 0.0006 0.0004 0.0003 0.0004 0.0000 0.0001 0.0002 0.0000 0.0000 0.0001
0.0011 0.0009 0.0010 0.0008 0.0004 0.0004 0.0006 0.0005 0.0010 0.0004 0.0006 0.0003 0.0001 0.0002 0.0002 0.0001 0.0001 0.0001 0.0009 0.0004
0.0011 0.0009 0.0009 0.0014 0.0012 0.0005 0.0012 0.0005 0.0004 0.0004 0.0004 0.0002 0.0004 0.0005 0.0005 0.0003 0.0002 0.0001 0.0000 0.0004
0.0007 0.0007 0.0004 0.0007 0.0021 0.0005 0.0006 0.0006 0.0003 0.0003 0.0008 0.0002 0.0006 0.0004 0.0003 0.0001 0.0000 0.0002 0.0000 0.000d
0.0007 0.0003 0.0005 0.0003 0.0003 0.0003 0.0003 0.0002 0.0002 0.0001 0.0002 0.0003 0.0000 0.0001 0.0000 0.0002 0.0000 0.0001 0.0000 0.0001
0.0002 0.0006 0.0001 0.0003 0.0004 0.0001 0.0002 0.0003 0.0004 0.0004 0.0001 0.0003 0.0001 0.0003 0.0005 0.0001 0.0001 0.0000 0.0000 0.0001
0.0011 0.0006 0.0008 0.0004 0.0005 0.0004 0.0003 0.0003 0.0002 0.0001 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000 0.0004
0.0021 0.0010 0.0024 0.0011 0.0018 0.0014 0.0012 0.0005 0.0004 0.0007 0.0004 0.0004 0.0004 0.0004 0.0003 0.0002 0.0000 0.0001 0.0000 0.0009
0.0022 0.0015 0.0024 0.0018 0.0021 0.0012 0.0009 0.0013 0.0009 0.0007 0.0004 0.0008 0.0004 0.0002 0.0003 0.0000 0.0003 0.0002 0.0000 0.0001
0.0036 0.0031 0.0028 0.0016 0.0028 0.0012 0.0019 0.0013 0.0014 0.0008 0.0008 0.0005 0.0010 0.0007 0.0001 0.0006 0.0004 0.0002 0.0002 0.0004
0.0007 0.0021 0.0009 0.0007 0.0007 0.0011 0.0008 0.0010 0.0007 0.0003 0.0006 0.0003 0.0004 0.0002 0.0002 0.0002 0.0002 0.0001 0.0006 0.0001
0.0010 0.0007 0.0015 0.0008 0.0008 0.0006 0.0012 0.0004 0.0007 0.0008 0.0007 0.0007 0.0002 0.0006 0.0006 0.0002 0.0003 0.0002 0.0005 0.0001
0.0002 0.0004 0.0003 0.0003 0.0002 0.0002 0.0003 0.0000 0.0001 0.0001 0.0001 0.0002 0.0003 0.0001 0.0002 0.0000 0.0001 0.0001 0.0001 0.0004
0.0002 0.0007 0.0007 0.0001 0.0004 0.0001 0.0003 0.0002 0.0002 0.0002 0.0001 0.0000 0.0002 0.0001 0.0001 0.0002 0.0001 0.0000 0.0000 0.000d
0.0003 0.0001 0.0002 0.0002 0.0002 0.0002 0.0001 0.0003 0.0002 0.0002 0.0004 0.0001 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0001 0.0004
0.0005 0.0003 0.0003 0.0003 0.0001 0.0001 0.0002 0.0002 0.0001 0.0002 0.0002 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001 0.0000 0.0000 0.0004
0.0006 0.0006 0.0004 0.0004 0.0003 0.0002 0.0003 0.0002 0.0002 0.0003 0.0001 0.0001 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0004
0.0005 0.0002 0.0003 0.0003 0.0002 0.0001 0.0004 0.0001 0.0002 0.0001 0.0000 0.0000 0.0002 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0001
0.0006 0.0004 0.0009 0.0005 0.0003 0.0001 0.0002 0.0001 0.0001 0.0001 0.0000 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 0.0004
0.0013 0.0010 0.0006 0.0005 0.0004 0.0005 0.0003 0.0003 0.0003 0.0002 0.0001 0.0002 0.0001 0.0001 0.0001 0.0000 0.0001 0.0002 0.0001 0.0001
0.0017 0.0009 0.0008 0.0010 0.0008 0.0013 0.0005 0.0005 0.0005 0.0004 0.0004 0.0005 0.0000 0.0002 0.0000 0.0000 0.0000 0.0001 0.0000 0.0004
0.0033 0.0015 0.0021 0.0024 0.0016 0.0013 0.0012 0.0007 0.0005 0.0005 0.0005 0.0004 0.0003 0.0004 0.0006 0.0004 0.0001 0.0000 0.0003 0.0004
0.0020 0.0017 0.0015 0.0016 0.0011 0.0011 0.0010 0.0005 0.0005 0.0005 0.0005 0.0004 0.0002 0.0002 0.0002 0.0002 0.0002 0.0001 0.0001 0.0004
0.0041 0.0038 0.0027 0.0034 0.0030 0.0024 0.0019 0.0018 0.0012 0.0011 0.0010 0.0008 0.0010 0.0008 0.0002 0.0006 0.0004 0.0008 0.0002 0.0004




Table 2.9(page 6 of 6 Size composition data (survey, units = proportions).

Year
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1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2021

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0006 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0002 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0001 0.0001 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0003 0.0001 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.000¢
0.0008 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0005 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0002 0.0000 0.0000 0.0000 0.0000 0.0003 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0000 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004
0.0000 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0001 0.0000 0.0000 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0000 0.0001 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000¢
0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.000d
0.0002 0.0002 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004




Table 2.1@ Size composition nominal sample sizes (suyueyts = haulks

Year EBS NBS EBS+NBS
1982 313 313
1983 255 255
1984 264 264
1985 345 345
1986 349 349
1987 339 339
1988 339 339
1989 293 293
1990 329 329
1991 313 313
1992 332 332
1993 363 363
1994 364 364
1995 347 347
1996 359 359
1997 369 369
1998 362 362
1999 336 336
2000 355 355
2001 366 366
2002 364 364
2003 363 363
2004 361 361
2005 360 360
2006 354 354
2007 368 368
2008 338 338
2009 360 360
2010 342 63 405
2011 368 368
2012 356 356
2013 354 354
2014 373 373
2015 354 354
2016 376 376
2017 369 112 481
2018 364 364
2019 365 114 479
2021 367 109 476




Table 2.159 Age composition datas(irvey,VAST, units = proportions

Year
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

1

2

3

4

5

6

7

0.10331
0.05874
0.06546
0.26969
0.07296
0.09583
0.19828
0.28720
0.07296
0.16305
0.13057
0.14843
0.33686

0.21269
0.47576
0.04735
0.29691
0.36674
0.10118
0.27978
0.05862
0.08580
0.10766
0.07270

0.37221
0.24791
0.18632
0.16732
0.43473
0.19394
0.11423
0.23328
0.18279
0.14540
0.15215
0.23140
0.13459
0.10007
0.41950
0.18249
0.49961
0.07115
0.24202
0.35807
0.17081
0.42019
0.09320
0.16989
0.09867
0.08559

0.16976
0.42320
0.17398
0.14959
0.19578
0.30112
0.16058
0.18364
0.29995
0.23401
0.26774
0.20040
0.15950
0.07121
0.15025
0.21817
0.17363
0.37175
0.05955
0.19535
0.22422
0.20701
0.34780
0.15990
0.25429
0.07998

0.11463
0.10589
0.28677
0.14387
0.11266
0.21781
0.24534
0.08708
0.24837
0.21525
0.12965
0.12733
0.11167
0.04885
0.09035
0.06073
0.18849
0.11312
0.21961
0.12305
0.20306
0.19466
0.22669
0.28618
0.16670
0.07930

0.11661
0.07762
0.15429
0.12356
0.05966
0.07553
0.16741
0.09127
0.07571
0.13501
0.13801
0.07293
0.09239
0.05319
0.05301
0.02697
0.05912
0.09772
0.06343
0.13822
0.05854
0.08478
0.17162
0.16179
0.28668
0.06388

0.08407
0.05519
0.07868
0.10223
0.06538
0.06146
0.06897
0.07600
0.06397
0.04948
0.10492
0.10040
0.06694
0.02284
0.03368
0.01485
0.01549
0.03185
0.03346
0.06232
0.04612
0.01907
0.05616
0.08175
0.08598
0.07840

0.02156
0.01380
0.03558
0.02635
0.03370
0.03068
0.01564 0.01786
0.02820
0.04011
0.03431
0.04081
0.06954
0.05056
0.01868 0.01003

0.01233 0.01333 0.00773




Table 2.1b6 Changes inge compositiondatae | at i ve t o

| dsurvey,YASTH, undiss= praporsioslss s me n t

Year 0 1 2 3 4 5 6 7 8 9 10 11 124
1994 0.00000 -0.00356 -0.01947 0.00289 0.00470 0.00645 0.00621 0.00110 0.00112 0.00028 0.00010 0.00003 0.00015
1995 -0.00002 -0.00725 -0.00576 0.00935 0.00306 0.00063 -0.00012 -0.00026 0.00025 0.00042 -0.00005 -0.00018 -0.000071
1996 -0.00001 -0.00932 -0.00620 -0.00396 0.00568 0.00710 0.00480 0.00103 0.00059 0.00021 0.00002 0.00002 0.00004
1997 -0.00002 -0.01946 0.00848 0.00279 0.00367 0.00274 0.00206 -0.00017 0.00033 -0.00005 -0.00013 -0.00017 -0.00004
1998 0.00000 -0.01535 0.00857 0.00183 0.00299 0.00012 -0.00026 0.00015 0.00152 0.00035 0.00005 0.00001 0.00004
1999 0.00000 0.00142 -0.01612 -0.00529 0.00924 0.00199 0.00381 0.00199 0.00162 0.00107 0.00012 0.00008 0.00004
2000 0.00000 -0.02451 -0.00015 0.00016 0.01068 0.00856 0.00265 0.00000 0.00182 0.00033 0.00025 0.00017 0.00001
2001 0.00000 -0.00271 0.00076 0.00590 0.00149 -0.00264 -0.00275 -0.00093 0.00044 0.00019 0.00015 0.00005 0.00004
2002 -0.00028 -0.01136 -0.00836 0.00782 0.01099 0.00223 -0.00122 -0.00038 0.00032 0.00025 0.00002 -0.00001 -0.00004
2003 0.00000 -0.01151 -0.00707 0.00466 0.00650 0.00533 0.00057 0.00002 0.00113 0.00024 0.00001 0.00005 0.00007%
2004 0.00001 -0.01464 0.00333 0.00571 -0.00076 0.00197 0.00220 -0.00014 0.00132 0.00078 0.00009 0.00007 0.00007%
2005 0.00000 -0.00836 0.00208 -0.00259 -0.00082 0.00198 0.00233 0.00234 0.00204 0.00061 0.00014 0.00023 0.00004
2006 0.00000 -0.00805 -0.00599 -0.00179 0.00166 0.00459 0.00333 0.00145 0.00280 0.00133 0.00034 0.00015 0.00014
2007 0.00000 -0.00699 -0.00259 -0.00052 0.00218 0.00271 0.00181 0.00107 0.00115 0.00067 0.00024 0.00015 0.00014
2008 0.00000 0.00797 -0.00797 0.00054 -0.00096 -0.00154 -0.00073 -0.00019 0.00152 0.00084 0.00022 0.00017 0.00011
2009 0.00000 -0.01407 0.00914 0.00558 -0.00036 -0.00032 -0.00062 -0.00060 0.00054 0.00036 0.00018 0.00009 0.00006
2010 0.00000 -0.00173 0.02170 -0.00732 -0.00809 -0.00362 -0.00078 -0.00100 0.00023 0.00038 0.00017 0.00010 -0.00004
2011 -0.00001 -0.05289 0.00063 0.02955 0.01091 0.00839 0.00203 0.00009 0.00061 0.00039 0.00012 0.00008 0.00009
2012 0.00000 0.02175 -0.01024 -0.00140 -0.00833 -0.00169 -0.00030 -0.00050 0.00027 0.00027 0.00008 0.00001 0.00001
2013 0.00000 -0.00367 -0.02151 -0.00023 0.00683 0.01155 0.00490 0.00097 0.00071 0.00026 0.00005 0.00005 0.0000¢
2014 0.00001 0.00807 0.00898 -0.01318 -0.00680 0.00094 0.00144 0.00014 0.00022 0.00009 0.00003 0.00001 0.00007%
2015 0.00000 -0.00278 -0.00516 0.00580 0.00066 0.00117 -0.00009 0.00008 0.00027 0.00003 0.00001 0.00001 0.00007
2016 0.00000 0.00299 0.00509 -0.00068 -0.01043 0.00309 -0.00075 0.00038 0.00024 0.00007 -0.00002 0.00000 0.00001
2017 0.00000 0.00051 0.00431 0.00552 -0.01964 0.00860 -0.00282 0.00271 0.00077 0.00010 -0.00001 -0.00003 -0.00007
2018 -0.00001 -0.00294 0.00557 0.01205 0.00015 -0.01122 -0.00359 -0.00016 0.00008 0.00002 0.00000 0.00000 0.00004
2019 0.00000 -0.01461 0.00619 -0.00560 0.00228 0.00460 0.00771 -0.00190 0.00044 0.00038 0.00006 -0.00001 0.00044




Table 2.13 Number of otolihs read (survey)

Year EBS NBS EBS+NBS
1994 715 715
1995 1426 1426
1996 711 711
1997 718 718
1998 635 635
1999 860 860
2000 864 864
2001 480 480
2002 947 947
2003 2711 2711
2004 1044 1044
2005 1280 1280
2006 1299 1299
2007 1440 1440
2008 1213 1213
2009 1412 1412
2010 1469 178 1647
2011 1253 1253
2012 1301 1301
2013 1385 1385
2014 1420 1420
2015 1819 1819
2016 1624 1624
2017 1382 368 1750
2018 1532 1532
2019 1449 390 1839



Table 2.13a Survey abundance (1000s of fighme series (dggn-based).

EBS NBS EBS + NBS
Year| Estimate Sigmg Estimate Sigmg Estimate Sigmg
1982| 583,781 0.065 583,781 0.065
1983| 752,456 0.107 752,456 0.107
1984| 651,058 0.072 651,058 0.072
1985| 841,108 0.134 841,108 0.134
1986| 838,217 0.10(¢ 838,217 0.10(0
1987 697,075 0.064 697,075 0.064
1988| 512,095 0.069 512,095 0.069
1989| 301,748 0.064 301,748 0.064
1990| 438,107 0.084 438,107 0.084
1991| 496,765 0.103 496,765 0.103
1992| 585,436 0.117 585,436 0.117
1993| 814,187 0.121 814,187 0.121
1994| 1,255,544 0.121] 1,255,544 0.121
1995| 761,681 0.099 761,681 0.099
1996| 614,493 0.143 614,493 0.143
1997| 493,660 0.143 493,660 0.143
1998| 522,586 0.09(¢ 522,586 0.090
1999| 542,229 0.10(4 542,229 0.100
2000| 488,605 0.09(¢ 488,605 0.090
2001| 974,016 0.094 974,016 0.094
2002| 544,602 0.099 544,602 0.099
2003| 516,468 0.12(¢ 516,468 0.120
2004| 404,687 0.085 404,687 0.085
2005| 464,647 0.134 464,647 0.134
2006| 407,584 0.059 407,584 0.059
2007| 753,821 0.254 753,821 0.256
2008| 492,643 0.101% 492,643 0.101
2009| 721,812 0.087 721,812 0.087
2010| 896,301 0.13( 8,903 0.192 905,204 0.129
2011| 844,482 0.094 844,482 0.094
2012| 991,342 0.097 991,342 0.092
2013| 760,225 0.163 760,225 0.163
2014| 1,129,255 0.127 1,129,255 0.127
2015| 985,698 0.115§ 985,698 0.115
2016| 660,996 0.093 660,996 0.093
2017| 364,129 0.084 135,450 0.123 499,579 0.073
2018| 248,542 0.071 248,542 0.071
2019| 525,688 0.12q 202,148 0.113 727,836 0.092
2021| 420,638 0.064 129,700 0.217 550,337 0.072




Table 2.13B Survey biomass (t) time series (deshased).

EBS NBS EBS + NBS
Year| Estimate Sigmg Estimate Sigmg Estimate Sigmg
1982| 1,013,061 0.073 1,013,061 0.073
1983| 1,187,096 0.107 1,187,096 0.102
1984| 1,013,558 0.062 1,013,558 0.062
1985| 1,001,112 0.054 1,001,112 0.056
1986| 1,118,006 0.067 1,118,006 0.062
1987| 1,064,600 0.06( 1,064,600 0.06(0
1988| 976,152 0.079 976,152 0.079
1989| 868,804 0.072 868,804 0.072
1990| 728,996 0.072 728,996 0.072
1991| 530,488 0.072 530,488 0.072
1992| 538,862 0.083 538,862 0.083
1993| 669,305 0.079 669,305 0.079
1994| 1,377,095 0.17§ 1,377,095 0.179
1995| 1,008,293 0.091 1,008,293 0.091
1996| 909,133 0.094 909,133 0.096
1997 627,151 0.109 627,151 0.109
1998| 550,504 0.07§ 550,504 0.078
1999| 618,679 0.091 618,679 0.091
2000 537,563 0.08( 537,563 0.08(Q
2001| 827,176 0.084 827,176 0.089
2002| 597,943 0.104 597,943 0.106
2003| 625,659 0.099 625,659 0.099
2004| 578,064 0.054 578,064 0.059
2005| 638,764 0.0694 638,764 0.069
2006| 544,035 0.053 544,035 0.053
2007| 450,337 0.074 450,337 0.079
2008| 427,503 0.065 427,503 0.065
2009| 430,084 0.081 430,084 0.081
2010| 870,639 0.117 29,124 0.223 899,763 0.114
2011| 911,082 0.073 911,082 0.073
2012| 896,401 0.117 896,401 0.112
2013| 811,667 0.091 811,667 0.091
2014| 1,095,270 0.139 1,095,270 0.139
2015| 1,109,115 0.134 1,109,115 0.134
2016] 986,013 0.078 986,013 0.078
2017| 643,953 0.071 287,535 0.144 931,488 0.064
2018| 506,943 0.05§ 506,943 0.059
2019| 516,910 0.044 364,982 0.113 881,892 0.064
2021| 616,267 0.049 227,577 0.217 843,843 0.06(Q




Table 2.14 Annual weight length parameter offsets.

Year: 1977 1978 1979 1980 1981 1982 1983 1984 1985
a offset:  2.42E-06 -2.17E-06 1.67E-06 4.56E-08 1.00E-06 3.02E-06 6.40E-07 1.19E-05 -7.24E-07
b offset:  -8.45E-02 1.27E-01 -6.09E-02 -5.44E-03 -4.55E-02 -9.84E-02 -1.66E-02 -2.90E-01 4.48E-0Z

Year: 1986 1987 1988 1989 1990 1991 1992 1993 1994
a offset:  -1.96E-06 9.02E-08 -1.89E-06 -9.69E-07 1.51E-06 2.01E-06 5.39E-07 2.97E-06 7.39E-07
b offset:  1.18E-01 3.26E-03 1.20E-01 6.80E-02 -4.37E-02 -7.56E-02 -3.12E-02 -8.61E-02 -2.85E-0Z

Year: 1995 1996 1997 1998 1999 2000 2001 2002 2003
a offset: -6.52E-07 7.97E-06 1.89E-06 1.91E-06 2.17E-06 2.41E-06 4.30E-06 1.69E-06 -2.52E-0¢
b offset:  3.44E-02 -2.14E-01 -8.16E-02 -8.41E-02 -8.21E-02 -7.75E-02 -1.36E-01 -6.24E-02 1.96E-02

Year: 2004 2005 2006 2007 2008 2009 2010 2011 2012
a offset:  2.38E-06 2.43E-07 1.25E-06 7.78E-07 -3.85E-07 1.16E-07 1.10E-06 1.39E-07 -9.64E-0¢€
b offset:  -8.59E-02 -6.29E-03 -4.69E-02 -2.57E-02 1.88E-02 -3.93E-03 -4.80E-02 -1.37E-02 -4.99E-02

Year: 2013 2014 2015 2016 2017 2018 2019 2020 2021
a offset:  -3.36E-07 -1.63E-06 -1.87E-06 -1.61E-06 -1.92E-06 -5.39E-07 -1.09E-06 -9.16E-07 -8.39E-07
b offset: 1.13E-02 7.84E-02 8.85E-02 7.62E-02 9.96E-02 2.24E-02 5.59E-02 4.47E-02 2.24E-0Z




Tale 2.1% Inputcomposition sample sizesyrvey includes EBS and NB&nits = hauls

Fishery
Year  Survey Raw  Scaled
1977 30 2
1978 160 10
1979 235 14
1980 208 12
1981 148 9
1982 313 187 11
1983 255 782 47
1984 264 1913 115
1985 345 2825 169
1986 349 2496 150
1987 339 4726 283
1988 339 1458 87
1989 293 966 58
1990 329 3601 216
1991 313 5202 312
1992 332 5339 320
1993 363 3003 180
1994 364 4700 282
1995 347 5225 313
1996 359 6632 397
1997 369 7294 437
1998 362 6847 410
1999 336 9242 554
2000 355 9742 584
2001 366 10382 622
2002 364 11488 689
2003 363 14355 860
2004 361 12253 734
2005 360 11583 694
2006 354 8860 531
2007 368 6917 415
2008 338 8314 498
2009 360 7487 449
2010 405 6526 391
2011 368 8809 528
2012 356 9281 556
2013 354 11125 667
2014 373 12164 729
2015 354 11309 678
2016 376 9773 586
2017 481 8483 508
2018 364 6462 387
2019 479 4672 280
2020 3555 213
2021 476 1729 104
Mean: 358 5966 358




Table 2.16 Objective function values (negative log likelihood) and parameter c(uutes that the
parameter count for Model 21.2 includes two parameters that are bound near the upper end of their
respective ranges; se&intext for details)

Objective function values

Feature M19.124 M19.12 M21.1 M21.2
Allow catchability to vary? no yes no no|
Allow domed survey selectivty? no no yes no
Use fishery CPUE? no| no no yeqy
Catch 0.00 0.00 0.00 0.00
Equilibrium catch 0.00 0.00 0.00 0.00
Survey indices -7.62 -92.70 -8.08 10.03
Sizecomps (survey) 4326.18 4321.49 4316.91 4400.4%
Sizecomps (fishery) 5276.67 5247.28 5272.13 5313.03
Agecomps 780.39 771.43 779.93  790.73
Recruitment -2.56 -2.16 -2.40 -4.34
Initial recruitment 4.44 6.02 2.56 4.71
"Softbounds” 0.01 0.00 0.01 0.02
Parameter deviations 70.74 104.33 74.73 79.33
Total 10448.2¢ 10355.69 10435.79 10593.9]
Parameter counts

Parameter type M19.1294 M19.12 M21.1 M21.2
True parameters 22 23 26 25
Constrained deviations 279 319 279 279
Total 301 342 305 304




Table 2.19 Fits 10 size composition and age composition diMa t e
composition data do not equal those for the age composition data due to the fact that the time series are of
different length.

Size composition data

Fleet: Fishery
Model: M19.12a M19.12 M21.1 M21.2
Nave: 358 358 358 358
McAllister- Neff: 797 798 797 757
lanelli | Ratio: |  2.208[[12281  2.230[12416|
Thorson et In(q): 9.990 9.991 9.989 9.989
al. Neff: 358 358 358 358
Ratio: | 1000 1000  1.000 _ 1.000

Fleet: Survey
Model: M19.12a M19.12 M21.1 M21.2
Nave: 358 358 358 358
McAllister- Neff: 608 632 617 575
lanelli | Ratio: | 1.701 [NA767  1.726 NS08
Thorson et In(q): 9.984 9.984 9.985 9.982
al. Neff: 358 358 358 358
Ratio: | 1000 1000  1.000  1.000)

Age composition data

Fleet: Survey
Model: M19.12a M19.12 M21.1 M21.2
Nave: 373 373 373 373
McAllister- Neff: 101 112 100 85
lanell | Ratio: | 027111108021  0.268 (10227
Thorson et In(q): -0.137 0.137 -0.296 -0.574
al. Neff: 174 199 159 135
Rato: | 0467/ 0585  o.428/ 0362

t hat

t he

iNaveo

vV a



Table 2.18 Computation of model weights.

Feature M19.12a] M19.12 M21.1 M21.2
Feature 1: Allow catchability to vary? no yes no no
Feature 2: Allow domed survey selectivity? no no yes no
Feature 3: Use fishery CPUE? no no no yes
Criterion Emph. | M19.12af M19.12 M21.1 M21.2
General plausibility of the model 3 2 1 0.6667 1
Acceptable retrospective bias 3 2 2 1.3333 1
Uses properly vetted data 3 2 2 2 0
Acceptable residual patterns 3 2 2 2 2
Comparable complexity 2 2 1 1 2
Fits consistent with variances 2 1 2 1 0
Dev sigmas estimated appropriately 0

Incremental changes 0

Objective criterion for sample sizes 0

Change in ageing criteria addressed 0

Density dependence (other than R) addressged O

Regime shifts addressed 0

Quantity M19.12al M19.12 M21.1 M21.2
Average emphasis: 1.8750 | 1.6875 1.3750 @ 1.0000
Model weight: 0.3158 [ 0.2842 0.2316 | 0.1684




Table 2.190 Time-invariant parameters other than selectivity parameters.

Feature Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble
Allow catchability to vary? no yes no no n/a

Allow domed survey selectivty? no no yes no n/a

Use fishery CPUE? no no no yes n/a
Parameter Est. SD Est. SD Est. SD Est. SD Est. SD
Natural mortality 0.361 0.011] 0.338 0.014 0.325 0.01§ 0.351 0.011] 0.344 0.019
Mean length at age 1.5 15.140 0.459 15.227 0.450 15.181 0.441 15.048 0.447 15.159 0.454
Asymptotic length 112.053 2.884 120.757 5.039 102.963 2.534 113.152 2.874 112.607 7.299
Brody growth coefficient 0.119 0.009 0.098 0.013 0.158 0.017 0.114 0.009 0.121 0.024
Richards growth coefficient 1.443 0.044 1509 0.044 1287/ 0.052 1.473 0.044 1.431 0.094
SD(length at age 1) 3487 0.064 3.501 0.06§ 3.497 0.064 3534 0.069 3501 0.068
SD(length at age 20) 9.978 0.377 10.208 0.474 9.138 0.357 9.814 0.403 9.822 0.569
Mean ageing bias at age 1 (pre-2008) 0.348 0.017 0.342 0.014 0.342 0.01§ 0.346 0.01§ 0.345 0.017
Mean ageing bias at age 20 (pre 2008) 0990 0.223 1.065 0.214 1.093 0.233 1.030 0.249 1.042 0.233
Mean bias at age 1 (2008+) 0.004 0.024 0.012 0.023 0.006 0.024 0.010 0.024 0.008 0.025
Mean bias at age 20 (2008+) -1.552 0.311] -1.777 0.307 -1.675 0.333 -1925 0.371 -1.707 0.352
In(mean post-1976 recruits) 13.236 0.097 13.034 0.104 13.094 0.124 13.194 0.109 13.139 0.13§
In(pre-1977 recruits offset) -0.872 0.199 -0.938 0.187 -0.587 0.199 -0.844 0.190 -0.820 0.235
Pre-1977 fishing mortality 0.114 0.034 0.124 0.037 0.068 0.019 0.109 0.034 0.105 0.038
In(Dirichlet-multinomial coef. for agecomps) -0.137 0.194  0.137 0.224 -0.296 0.184 -0.574 0.15§ -0.170 0.31]
In(survey catchability) -0.083 0.063 0.038 0.064 -0.020 0.083 -0.094 0.064 -0.036 0.087
Fishery selectivity: begin flattop 75.013 0.034 74.836 0.507 71.990 0.704 74.972 0.034 74.256 1.319
Fishery selectivity: logit(flatop width) -9.673 8.9971 0.284 0.481 -9.708 8.144 -9.925 | -6.893 8.352
Fishery selectivity: In(ascending SD) 5905 0.029 5.896 0.03§ 5831 0.043 5913 0.033 5.887 0.047
Fishery selectivity: In(descending SD) -9.795 | 4504 1403 4.087 0.465 -9.419 8.49q -2.453 8.217
Fishery selectivity: logit(ending value) 2032 0.27q4 2473 2629 0.696 0.329 1.805 0.28q 0.404 2.359
Survey selectivity: begin flattop 21.242 0.799 21.026 0.84 21.343 0.814 21.010 0.773 21.165 0.823
Survey selectivity: In(ascending SD) 3.582 0.150 3540 0.1634 3.631 0.153 3.552 0.147 3.576 0.157
Survey selectivity: logit(flattop width) -1.223  0.2171 -1.223  0.2171
Survey selectivity: In(descending SD) 7.315 0.513 7.315 0.513
Survey selectivity: logit(ending value) -0.717 0.602 -0.717 0.602
In(fishery catchability) -9.205 0.064 -9.205 0.064




Table 2.196 Additive devs for log population size the initial year (1977).

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble
Parameter Est. SD Est. SD Est. SD Est. SD Est. SD
In(InitN)_offset_at 20 -0.013 0.66] -0.016 0.659 -0.037 0.654 -0.018 0.640 -0.020 0.656
In(InitN)_offset_at 19 -0.008 0.663 -0.008 0.664 -0.017 0.663 -0.010 0.644 -0.010 0.659
In(InitN)_offset_at 18 -0.012 0.66] -0.013 0.660 -0.024 0.660d -0.015 0.641 -0.015 0.657
In(InitN)_offset_at 17 -0.018 0.659 -0.020 0.659 -0.034 0.6571 -0.022 0.638 -0.023 0.655
In(InitN)_offset_at 16 -0.028 0.659 -0.031 0.654 -0.048 0.653 -0.033 0.635 -0.034 0.65]
In(InitN)_offset_at 15 -0.043 0.654 -0.047 0.649 -0.067 0.647 -0.050 0.630 -0.051 0.647
In(InitN)_offset_at 14 -0.064 0.645 -0.073 0.644 -0.092 0.640 -0.074 0.624 -0.075 0.64d
In(InitN)_offset_at 13 -0.095 0.637 -0.110 0.631 -0.126 0.631 -0.107 0.615 -0.109 0.63(
In(InitN)_offset_at 12 -0.139 0.62§ -0.162 0.619 -0.170 0.619 -0.152 0.603 -0.155 0.619
In(InitN)_offset_at_11 -0.197 0.611] -0.231 0.603 -0.224 0.604 -0.211 0.590 -0.215 0.604
In(InitN)_offset_at 10 -0.271 0595 -0.318 0.585 -0.289 0.591 -0.284 0.574 -0.291 0.589
In(InitN)_offset_at 09 -0.358 05771 -0.419 0.564 -0.365 0.574 -0.370 0.557 -0.379 0.57]
In(InitN)_offset_at 08 -0.454 0554 -0.525 0.5471 -0.446 0560 -0.461 0.540 -0.474 0.554
In(InitN)_offset_at 07 -0.544 0.54) -0.619 0.530 -0.521 0.545 -0.547 0.524 -0.560 0.538
In(InitN)_offset_at 06 -0.598 0.529 -0.669 0.514 -0.563 053§ -0.598 0513 -0.610 0.526
In(InitN)_offset_at_05 -0.555 0.527] -0.609 0.5174 -0.509 0535 -0.553 0.511 -0.560 0.524
In(InitN)_offset_at 04 -0.274 0547 -0.299 0.535 -0.214 0,555 -0.272 0.529 -0.267 0.544
In(InitN)_offset_at 03 0.227 0.489 0.186 0.474 0.261 0.484 0.180 0.474 0.215 0.487
In(InitN)_offset_at 02 -0.059 0.5571 -0.085 0.550 -0.090 0.5631 -0.072 0.541 -0.076 0.554
In(InitN)_offset_at 01 0.666 0.619 0.737 0.588 0.722 0.58] 0.672 0.59]] 0.700 0.594




Table 2.1986 Additive devs for ge 0 In(ecruitment)

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble
Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 1.040 0.224d 0.909 0.2249 1.129 0.245 1.007 0.2277 1.018 0.244
1978 0.652 0.249 0588 0.233 0.675 0.25§ 0.616 0.248 0.633 0.248
1979 0.652 0.134 0584 0.133 0.637 0.134 0.622 0.1394 0.624 0.137
1980 -0.722 0.224 -0.839 0.244 -0.717 0.223 -0.696 0.2171 -0.750 0.235
1981 -0.679 0.169 -0.646 0.164 -0.682 0.164 -0.690 0.164 -0.672 0.169
1982 0.876 0.054 0.889 0.059 0.860 0.054 0.865 0.05§4 0.874 0.057
1983 -0.430 0.153 -0.532 0.161] -0.423 0.150 -0.441 0.153 -0.459 0.162
1984 0.800 0.057 0.785 0.0614 0.777 0.059 0.795 0.057 0.789 0.059
1985 0.016 0.084 0.011 0.09 0.003 0.089 0.002 0.0849 0.009 0.089
1986 -0.613 0.119 -0.555 0.1113 -0.634 0.109 -0.611 0.109 -0.601 0.114
1987 -1.704 0.229 -1.591 0.224 -1.725 0.214 -1.684 0.2171 -1.673 0.225
1988 -0.275 0.0871 -0.216 0.093 -0.321 0.084 -0.262 0.089 -0.267 0.097
1989 0.394 0.061] 0441 0.064 0.359 0.06] 0.412 0.061 0.402 0.069
1990 0.378 0.064 0.398 0.070 0.341 0.07d 0.396 0.069 0.378 0.073
1991 -0.099 0.09] -0.189 0.099 -0.089 0.089 -0.054 0.090 -0.115 0.105
1992 0.874 0.043 0.795 0.044 0.863 0.044 0.903 0.042 0.854 0.059
1993 -0.137 0.079 -0.115 0.074 -0.105 0.074q -0.161 0.083 -0.128 0.081
1994 -0.289 0.074 -0.309 0.074 -0.296 0.07§4 -0.280 0.079 -0.295 0.075
1995 -0.427 0.083 -0.397 0.084 -0.419 0.084 -0.433 0.083 -0.418 0.083
1996 0.747 0.044 0.758 0.044 0.736 0.04 0.700 0.042 0.740 0.048
1997 -0.125 0.074 -0.078 0.074 -0.130 0.074 -0.186 0.0771 -0.123 0.084
1998 -0.339 0.089 -0.293 0.089 -0.372 0.093] -0.426 0.089 -0.348 0.100
1999 0.548 0.044 0539 0.05 0520 0.050 0.469 0.044 0.526 0.054
2000 0.214 0.054 0.217 0.054 0.239 0.054 0.248 0.053 0.227 0.05§
2001 -0.713 0.10§ -0.675 0.104 -0.734 0.104 -0.567 0.104 -0.682 0.119
2002 -0.174 0.063 -0.145 0.064 -0.166 0.064 0.098 0.058 -0.118 0.115
2003 -0.268 0.064 -0.218 0.06] -0.272 0.064 0.037 0.06§5 -0.203 0.129
2004 -0.603 0.084 -0.530 0.08 -0.608 0.079 -0.354 0.089 -0.542 0.123
2005 -0.433 0.079 -0.317 0.074 -0.446 0.074 -0.190 0.0890 -0.362 0.120
2006 0.647 0.0424 0.764 0.043 0.626 0.044 0.737 0.041] 0.690 0.073
2007 -0.235 0.089 -0.170 0.089 -0.237 0.089 -0.299 0.093 -0.228 0.098
2008 1.079 0.039 1.087 0.04d 1.064 0.043 0.995 0.03§ 1.064 0.05]
2009 -0.877 0.164 -0.881 0.160 -0.853 0.164 -0.984 0.17q -0.891 0.170
2010 0.616 0.054 0.658 0.054 0592 0.054 0.499 0.053) 0.603 0.079
2011 0.870 0.049 0.889 0.051 0.882 0.053 0.735 0.049q 0.855 0.074
2012 0.147 0.090 0.105 0.093 0.129 0.094] -0.021 0.093 0.102 0.108
2013 1.115 0.044 1.110 0.044 1105 0.044 0963 0.044 1.086 0.072
2014 -0.597 0.114 -0.563 0.1134 -0.585 0.114 -0.723 0.120 -0.606 0.128
2015 -0.294 0.079 -0.221 0.071 -0.304 0.074 -0.344 0.074 -0.284 0.087
2016 -0.600 0.09q -0.673 0.104 -0.619 0.099 -0.624 0.099 -0.629 0.102
2017 -1.085 0.184 -1.110 0.184 -1.068 0.18 -1.100 0.192 -1.091 0.188
2018 0.598 0.064 0.644 0.081] 0584 0.069 0.608 0.069 0.609 0.074
2019 -0.496 0.203 -0.872 0.313 -0.499 0.199 -0.503 0.2071 -0.605 0.292
2020 -0.047 0.274 -0.039 0.274 0.184 0.29] -0.072 0.261 0.005 0.294




Table 2.198 Multiplicative devs for length at age 1.5

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble
Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.541 0.939 0.563 0.934 0.158 0.961 0.502 0.943 0.452 0.958
1978 -0.108 0.924 -0.111 0.92d -0.174 0.920 -0.113 0.930d -0.125 0.926
1979 0.604 0.992 0.598 1.010 0.493 0.989 0.590 1.004 0.574  0.999
1980 -0.032 0911 -0.079 0.899 -0.081 0.904 -0.046 0.91§ -0.059 0.907
1981 -0.947 0.407 -1.066 0.424 -0.988 0.424 -0.925 0.421 -0.986 0.422
1982 -0.824 0.261] -0.918 0.279 -0.781 0.271] -0.816 0.264 -0.839 0.273
1983 0.481 0.637 1.082 0.74] 0.411 0.57§ 0.532 0.659 0.644 0.719
1984 0.209 0.208 0.257 0.217 0.159 0.213 0.261 0.211 0.220 0.216
1985 -1.401 0373 -1489 0.389 -1413 0.383 -1.402 0.379 -1.429 0.383
1986 -0.006 0.239 -0.008 0.245 0.016 0.2394 -0.003 0.247 -0.001 0.242
1987 -0.589 0.383 -0.596 0.399 -0.527 0.37d -0.643 0.4090 -0.586 0.389
1988 -0.900 0.37q -0907 0.389 -0.782 0.383 -0.957 0.379 -0.884 0.384
1989 -0.814 0.243 -0.811 0.2511 -0.825 0.24791 -0.827 0.249 -0.818 0.248
1990 -0.236 0.273 -0.183 0.274d -0.279 0.271] -0.252 0.282 -0.234 0.277
1991 0.205 0.221 0.336 0.234 0.193 0.223 0.233 0.227 0.244 0.234
1992 -0.103 0.201 -0.129 0.213 -0.094 0.209 -0.088 0.212 -0.106 0.211
1993 0.356  0.301 0.167 0.327 0.566 0.294 0.425 0.310 0.362 0.341
1994 -0.347 0.249 -0.253 0.254 -0.289 0.244 -0.308 0.259 -0.300 0.254
1995 -0.386 0.304 -0.341 0.334 -0.320 0.304 -0.385 0.314 -0.358 0.318
1996 -0.189 0.230 -0.197 0.239d -0.209 0.231] -0.166 0.233 -0.192 0.233
1997 -0.309 0.279 -0.313 0.284 -0.291 0.284 -0.329 0.293 -0.309 0.284
1998 -0.774 0.269 -0.799 0.279 -0.747 0.259 -0.711 0.273 -0.757 0.273
1999 -1.260 0.234 -1.269 0.2371 -1.281 0.23d -1.251 0.237 -1.266 0.234
2000 0.638 0.213 0.549 0.220¢ 0.638 0.21§ 0.636 0.217 0.612 0.22¢
2001 0.154 0.239 0.158 0.245 0.195 0.237 0.000 0.251 0.139 0.251
2002 0.448 0.210 0.451 0.215 0.430 0.213 0.264 0.220Q 0.414 0.224
2003 0.046 0.259 -0.004 0.262 0.038 0.264 -0.115 0.27( 0.003 0.269
2004 1.063 0.22( 1.037 0.222 1.083 0.22] 1.031 0.219 1.055 0.227
2005 -0.233 0.241] -0.276 0.249 -0.234 0.24q -0.420 0.250 -0.277 0.255
2006 -0.425 0.199 -0.398 0.200 -0.424 0.200 -0.409 0.202 -0.414 0.200
2007 -1.169 0.264 -1.026 0.274 -1.207 0.27d -0.949 0.28¢0 -1.100 0.288
2008 -1.233 0.219 -1.247 0.214 -1.246 0.219 -1.090 0.2211 -1.216 0.224
2009 -0.661 0.3377 -0.823 0.341 -0.546 0.344 -0.617 0.353 -0.673 0.358
2010 0.155 0.191 0.107 0.195 0.148 0.193 0.256 0.194 0.157 0.199
2011 -1.138 0.2371 -1.127 0.257 -1.162 0.2371 -0.963 0.245 -1.111 0.253
2012 0.003 0.278 0.089 0.283 0.110 0.2714 -0.072 0.293 0.040 0.288
2013 -0.332 0.204 -0.372 0.21d -0.326 0.204 -0.338 0.204 -0.343 0.209
2014 0.152 0.347 0.060 0.360 0.214 0.344 -0.157 0.372 0.088 0.374
2015 1.321 0.198 1.387 0.201 1.335 0.199 1.202 0.2072 1.323 0.209
2016 1.474 0.271 1.614 0.268 1.474 0.279 1.446  0.283 1.509 0.282
2017 1.404 0.251 1.440 0.254 1.422 0.257 1.432 0.260 1.423 0.255
2018 1.939 0.177 1.971 0.179 1.995 0.179 2.035 0.179 1.977 0.182
2019 -1.208 0.931 -1.072 0.959 -1.304 0.924 -1.107 0.9684 -1.174 0.947
2020 1.612 0.218 1.546 0.227 1.583 0.217 1.704 0.225 1.602 0.228
2021 2.818 0.355 2.403 0.605 2.836 0.357 2909 0.378 2.719 0.488




Table 2.19dpage 1 of 4 Additive devs for the logstandard deviation of the first normal pdf in the
doublenormal fishery selectivity function.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble

Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.130 0.973 0.156  0.97§ 0.110 0.973 0.156  0.965 0.137 0.972
1978 0.152  0.887 0.145 0.892 0.127 0.889 0.153 0.859 0.144 0.884
1979 0.424  0.789 0.438 0.799 0.493 0.78§ 0.430 0.749 0.445 0.784
1980 0.353 0.841 0.361 0.844 0.488 0.839 0.385 0.804 0.392 0.83§
1981 1.096 0.858 1.072 0.863 1.178 0.85] 1.155 0.83( 1.118 0.854
1982 -0.066 0.9271 -0.078 0.930 0.018 0.9274 -0.078 0.904 -0.052 0.925
1983 0.179 0.811 0.127 0.814 0.320 0.814 0.170 0.77¢ 0.195 0.819
1984 0.958 0.583 0.904 0.597 1.092 0.580 0.879  0.533 0.960 0.582
1985 -0.077 0.520 -0.093 0.524 -0.080 0.524 -0.079 0.479 -0.083 0.517
1986 0.677 0.529 0.739 0.54( 0.669 0.53( 0.597 0.48§ 0.679 0.528
1987 -0.098 0.443 -0.002 0.453 -0.165 0.444 -0.097 0.40§ -0.086 0.445
1988 2.349 0.664 2.367 0.672 2.330 0.670 2.289 0.631 2.339 0.664
1989 1.126 0.776 1.103 0.781 1.196 0.778 1.156 0.738 1.141 0.772
1990 0.245 0.581 0.165 0.589 0.441 0.584 0.239 0.529 0.267 0.585
1991 0.099 0.404 0.071 0.414 0.106  0.407 0.104 0.367 0.093 0.402
1992 -0.183 0.373 -0.099 0.379 -0.168 0.374 -0.171 0.34 -0.154 0.372
1993 1.475 0.469 1.705 0.487 1.414  0.465 1.319 0.431 1.500 0.487
1994 0.463 0.399 0.693 0.414 0.371 0.394 0.369 0.364 0.491 0.418
1995 0.725 0.400 0.906 0.408 0.587  0.397 0.664 0.364 0.734 0.414
1996 -0.243 0.404 -0.243 0.419 -0.217 0.408 0.099 0.320 -0.179 0.414
1997 0.980 0.40( 0.847 0.404 1.004 0.400 1.236 0.33§ 0.991 0.417
1998 -0.008 0.3614 -0.198 0.36§ -0.013 0.359 0.221 0.309 -0.025 0.379
1999 0.181 0.320 -0.046 0.317 0.172  0.321 0.286 0.268 0.132  0.333
2000 -0.076  0.349 -0.377 0.344 0.000 0.349 0.425 0.2871 -0.060 0.427%
2001 -0.228 0.329 -0.362 0.333 -0.241 0.324 -0.400 0.27 -0.298 0.328
2002 0.632 0.312 0.724 0.314 0.527 0.304 0.738 0.263 0.652 0.314
2003 0.488 0.322 0.514 0.323 0.363 0.321] -0.206 0.242 0.350 0.402
2004 0.645 0.343 0.635 0.347 0.525 0.344 -0.451 0.253 0.430 0.519
2005 0.623 0.341 0.580 0.345 0.517 0.344 -0.827 0.255 0.342 0.622
2006 0.131 0.374 -0.019 0.373 0.119 0.374¢ -0.535 0.293 -0.026 0.432
2007 0.019 0.399 -0.207 0.397 0.091 0.404 -0.292 0.304 -0.081 0.413
2008 -0.038 0.324 -0.166 0.327 0.020 0.327 0.267 0.274 -0.010 0.348
2009 -0.921 0.324 -0.946 0.32§ -0.923 0.321 0.358 0.279 -0.713 0.577
2010 -1.481 0.339 -1416 0.344 -1.459 0.333 0.472 0.279 -1.129 0.793
2011 -1.434 0314 -1.274 0.3271 -1.444 0.314 -0.038 0.273 -1.156 0.594
2012 -0.566 0.349 -0.510 0.359 -0.515 0.349 0.334 0.284 -0.387 0.471
2013 -0.262 0.300 -0.195 0.301 -0.327 0.297 0.162 0.254 -0.187 0.337
2014 -1.200 0.297 -1.111 0.304 -1.238 0.294 -0.933 0.243 -1.139 0.308
2015 -1.554 0.299 -1513 0.304 -1.540 0.299 -1.337 0.245 -1.503 0.302
2016 -1.571 0.324 -1561 0.333 -1582 0.329 -1.309 0.254 -1527 0.332
2017 -1.561 0.404 -1678 0.404 -1510 0413 -2590 0.269 -1.756 0.543
2018 -0.447 0.468 -0.499 0480 -0516 0.474 -1.351 0.349 -0.630 0.56d0
2019 -0.254 0.534 -0.141 054 -0.364 0.545 -1.336 0.43(Q -0.430 0.669
2020 -0.259 0.4713 -0.110 0.484 -0.304 0.4679] -0.885 0.399 -0.333 0.530
2021 -1.624 0571 -1.405 0.599 -1.671 057 -1.747 0.459 -1593 0.577




Table 2.19¢ (page 2 of@)Additive devs for the logit of fishery selectivity at maximum length.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble

Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 -0.065 1.023 -0.007 0.999 -0.118 1.014 -0.174 1.104 -0.079 1.03d
1978 -0.128 1.040 -0.005 0.999 -0.251 1.024 -0.386 1.204 -0.165 1.064
1979 -0.124 1.03§ -0.004 0999 -0.250 1.024 -0.357 1.182 -0.158 1.058
1980 0.002 0.999 -0.001 1.00q -0.044 0.997 0.008 0.980 -0.008 0.995
1981 -0.016 1.004 0.001 1.000 -0.049 1.004 -0.028 1.009 -0.021 1.004
1982 0.061 0.974 0.000 1.000 0.058 0.982 0.125 0924 0.054 0.977
1983 0.258 0.913 -0.001 1.000 0.338 0.9049 0.408 0.799 0.228 0.932
1984 0.434 0860 -0.005 0.999 0590 0.829 0.607 0.729 0.374 0.909
1985 0.132 0.893 -0.009 0.997 0.142 0.792 0.272 0.743 0.118 0.884
1986 -0.089 0.937 -0.005 0.999 -0.161 0.793 -0.045 0.734 -0.075 0.895
1987 0.075 0.874 -0.014 0.999 -0.138 0.695 0.143 0.68 0.012 0.85]
1988 0.044 0.944 -0.004 0.999 -0.233 0.887 0.127 0.8277 -0.020 0.938
1989 0.309 0893 0.010 0.999 0423 0854 0461 0.774 0.276 0.919
1990 0.866 0.779 -0.004 0.997 1.240 0.724 0.967 0.654 0.722 0.947
1991 0.458 0.814 -0.088 0990 0.613 0.693] 0570 0.68Y4f 0.372 0.864
1992 -0.173 0.869 -0.029 0.994 -0.060 0.654 -0.151 0.569 -0.102 0.821
1993 -0.020 0.941 -0.010 0.997 -0.302 0.800 -0.041 0.771 -0.086 0.908
1994 -0.024 0.924 -0.016 0.99§ -0.410 0.744 -0.059 0.714 -0.117 0.891
1995 -0.014 0.917 -0.030 0.9931 -0.256 0.769 0.055 0.724 -0.063 0.8841
1996 0.824 0.784 -0.018 0.994 1.209 0.731 1.092 0.6313} 0.719 0.95¢
1997 0.524 0.82] -0.012 0.994 0.737 0.743 0.932 0.644 0490 0.90]
1998 0.288 0.847 -0.002 0.999 0381 0.733 0.562 0.63] 0.273 0.858
1999 0.059 0839 0.049 1003 0.196 0.674 -0.357 0.339 0.018 0.814
2000 -0.021 0.847 0.094 1.024 0.078 0.667 0433 0587 0.111 0.842
2001 -0.889 0.793 0.000 0.999 -0.947 0.584 -1.319 0.253 -0.722 0.896
2002 -1.305 0.679 0.000 0.999 -1409 0.554 -0.751 0.313 -0.865 0.929
2003 -0.280 0.789 -0.018 0.999 -0.498 0.574 -1.171 0.239 -0.406 0.843
2004 -0.068 0.814 -0.004 0999 0.072 0.624 -1.116 0.239 -0.194 0.876
2005 0.232 0.80§4 -0.012 0.994 0.315 0.644 -1.092 0.239q -0.041 0.91]
2006 0.749 0.7794 0.019 1.001 1.255 0.684 1.052 0.6113} 0.710 0.93§
2007 0.545 0.804 0.013 1.003 1.062 0.704 1.132 0.604 0.612 0.929
2008 -0.610 0.813 0.005 1.003 -0.279 0.631 1.043 0.611 -0.080 0.98(¢
2009 -1.158 0.789 0.016 1.00§ -1.298 0.593 1250 0.604 -0.451 1.224
2010 -1.062 0.934 -0.004 0.999 -1.472 0.681 1.323 0.604 -0.455 1.294
2011 -0.119 0.931 -0.002 0.999 -0.675 0.77q 0473 0.66 -0.115 0.950
2012 0.078 0.903 -0.008 0.999 -0.279 0.833 -0.365 0.474 -0.104 0.8771
2013 -0.332 091§ -0.007 0.999 -0.721 0.759 -0.988 0.303 -0.440 0.907
2014 -0.522 0.834 -0.006 0999 -0.535 0.69§ -1.176 0.259 -0.489 0.879
2015 -0.241 0.864 -0.005 0.999 -0.206 0.704 -0.996 0.277 -0.293 0.87(
2016 0.078 0.874 -0.004 0.999 -0.106 0.751] -0.300 0.430 -0.051 0.838
2017 0.517 0.820 -0.001 0.999 0.476 0.774 -1.116 0.269 0.085 0.994
2018 0.281 0.853 -0.003 0.999 0.305 0.779 -0.694 0.334 0.042 0.893
2019 -0.296 0.901 -0.003 0.999 -0.279 0.7494 -1.004 0.289 -0.328 0.889
2020 0.255 0.8577 0.036 1.004 0.634 0.751] -0.294 0.387] 0.188 0.877
2021 0486 0847 0.046 1004 0.850 0.7914 0.946 0.637 0523 0.92]




Table 2.19dpage f 4)d Multiplicative devs for the fist size at whiclsurvey selectivity reaches 1.0.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble

Year Est. SD Est. SD Est. SD Est. SD Est. SD
1982 -0.273 0.424 -0.227 0.421 -0.228 0.441] -0.244 0.44Q -0.244 0.43Q
1983 -0.370 0.479 -0.227 0465 -0.272 0.523 -0.429 0.477 -0.316 0.490
1984 1.101 0.400 1.129 0.348 1.007 0.376 1.138 0.394 1.094 0.383
1985 0435 0.274 0504 0.279 0.335 0.297 0.469 0.274 0.437 0.284
1986 -0.469 0.524 -0.432 0.511] -0.436 0533 -0.484 0529 -0.453 0.524
1987 -0.075 0.380 0.022 0.3377 -0.047 0.357 -0.068 0.379 -0.040 0.364
1988 0.054 053¢0 0.127 0.5290 -0.015 0.500 0.055 0530 0.059 0.523
1989 0.460 05123 0.465 0503 0.639 0.581 0.453 0.513 0502 0.532
1990 -0.351 0.354 -0.346 0.34§ -0.441 0.354 -0.349 0.3571 -0.370 0.354
1991 0.930 0.469 0.841 0444 0680 0.434 0.923 0.474 0.846 0.464
1992 -0.121 0.3484 -0.472 0.434 -0.229 0.344 -0.068 0.353 -0.237 0.408
1993 0.172 0.324 0.080 0.329 0.085 0.337 0.202 0.350 0.131 0.334
1994 0.346 0.4527 0568 0.433 0.899 0.487 0.330 0464 0535 0.508
1995 0531 0429 0.711 0437 0569 04371 0593 0440 0.601 0.439
1996 0.253 0.389 0.408 0.424 0.336 0.385 0.278 0.39] 0.321 0.407
1997 0.715 0.349 0.721 0338 0.616 0.334 0.701 0.349 0.691 0.34§
1998 1918 0.347 1.888 0.317 1.805 0.37] 1.812 0.38§ 1.865 0.354
1999 0.369 0.493 0.336 0.490 0.277 0.484 0.372 051§ 0.339 0.495
2000 -0.639 0.299 -0.658 0.2814 -0.722 0.29§ -0.701 0.297 -0.674 0.295
2001 -0.936 0.360 -0.712 0.349 -0.878 0.364 -0.878 0.359 -0.849 0.368
2002 0.037 0.450 0.095 0.434 -0.142 0.407 0.120 0.439 0.026 0.4441
2003 0.198 0.313 0.245 0.304 0.046 0.321 0.388 0.314 0.208 0.33]
2004 0.191 0.352 0.202 0.339 0.085 0.352 0.336 0.364 0.194 0.359
2005 -0.260 0.481 -0.120 0.414 -0.325 0.394 0.027 0.429 -0.187 0.451
2006 -1.697 0.299 -1.531 0.279 -1.773 0.299 -1.349 0.324 -1.609 0.331
2007 -2.372 0.259 -2.263 0.234 -2481 0.253 -2356 0.231] -2.8363 0.258
2008 -1.449 0.293 -1.484 0.289 -1.482 0.299 -1.466 0.309 -1.469 0.295
2009 -0.686 0.474 -1.501 0.420 -0.797 0.484 -0.791 0.565 -0.961 0.590
2010 -0.348 0.443 -0.526 0.374 -0.078 0.561) -0.417 0.459 -0.348 0.486
2011 -0.131 0.2571 -0.073 0.249 -0.169 0.263 -0.205 0.257 -0.136 0.261
2012 -2.027 0.324 -2.062 0.484 -1.710 0594 -2391 0.304 -2.025 0.494
2013 0.936 0.354 0.810 0.331 1.017 0323 0.735 0424 0.885 0.369
2014 -0.112 0.293 -0.051 0.2839 -0.096 0.30§ -0.226 0.281] -0.110 0.298
2015 0.500 0467 0.471 0.439 0.615 0.463 0.273 0.46(0 0.480 0.467
2016 1.094 0.326 1.170 0.329 1.055 0.324 1.056 0.314 1.100 0.328
2017 1.409 0.363 1.177 0.34(Q 1.219 0.344 1.389 0.358 1.296 0.367
2018 0.750 0.314 0.745 0.299 0.730 0.31d 0.803 0.3177 0.745 0.312
2019 -1.357 0.339 -1.272 0.347 -1.297 0.33§ -1.312 0.314 -1.311 0.337
2020 0.000 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 1.000
2021 1.273 0.473 1.268 0.430 1.601 0.484 1.279 0.469 1.349 0.484




Table 2.19dpage 4of 4)0 Additive devs for the log standard deviation of the first normal pdf in the
doublenormal survey selectivity function.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Ensemble

Year Est. SD Est. SD Est. SD Est. SD Est. SD
1982 -0.564 0584 -0.517 0581 -0.519 0.603 -0.551 0.614 -0.538 0.595
1983 0.322 0.637 0.378 0.602 0.491 0.698 0.282  0.655 0.370 0.650¢
1984 0.747 0.448 0.914 0.411 0.628 0.432 0.783 0.451 0.773  0.447
1985 0.606 0.37(¢ 0.675 0.363 0.489 0.404 0.665 0.374 0.609 0.384
1986 -0.107 0.684 -0.108 0.663 -0.056 0.691] -0.108 0.699 -0.096 0.683
1987 -0.149 0.6071 -0.088 0.5341 -0.086 0.5814 -0.158 0.610 -0.119 0.582
1988 -0.138 0.673 -0.066 0.650 -0.231 0.64§ -0.158 0.684 -0.142 0.665
1989 0.102 0.605 0.161 0.58§ 0.293 0.664 0.070 0.617% 0.158 0.622
1990 0.071  0.451 0.090 0.434 -0.009 0.458 0.073  0.461 0.058 0.451
1991 1.215 0.522 1.214 0.498 0.959 0.498 1.212 0.533 1.155 0.523
1992 -0.075 044 -0.369 0569 -0.230 0.450 -0.041 0.457 -0.189 0.504
1993 0.703 0.425 0.616 0.4232 0.603 0.447 0.739 0.464 0.661 0.439
1994 0.366  0.599 0.458 0.544 1.036 0.613 0.366 0.623 0.547 0.651
1995 0.290 0.55] 0.477 0.53( 0.308 0.56( 0.350 0.568 0.358 0.554
1996 -0.287 0.51§ -0.101 0.544 -0.208 0.51d -0.273 0.532 -0.214 0.530
1997 0.727 0.419 0.743  0.40( 0.606 0.414 0.754 0.429 0.708 0.417%
1998 1.947 0.369 1.883 0.331 1.837 0.393 1930 0.411 1900 0.374
1999 0.372  0.554 0.363  0.55(¢ 0.251 0.55§ 0.404 0.588 0.347 0.562
2000 -0.708 0.4171 -0.693 0.399 -0.832 0.419 -0.783 0.427 -0.745 0.417
2001 -0.554 0559 -0.419 0517 -0.463 0574 -0.527 0.561] -0.490 0.554
2002 0.001  0.581 0.065 0.554 -0.221 0.544 -0.007 0.570 -0.034 0.574
2003 0.217 0.424 0.263 0.404 0.007 0.444 0.248 0.427 0.187 0.43§
2004 0.093 0.47§ 0.105 0.453 -0.051 0.489 0.126  0.489 0.069 0.479
2005 -0.334 0.673 -0.205 0570 -0.422 0579 -0.061 05984 -0.272 0.622
2006 -1.584 0.439 -1.441 0414 -1679 0.454 -1.125 0.46 -1.488 0.478
2007 -2.440 05424 -2.393 0.487 -2.622 0.524 -2.402 0.463 -2462 0.519
2008 -1.564 0.463 -1.604 0469 -1.615 0.47) -1.548 0.49q -1.584 0.473
2009 0.354 0.644 -0.701 0.649 0.234  0.6771 0.392 0.804 0.033  0.827
2010 -0.556 0584 -0.738 0529 -0.227 0.689 -0.613 0.621 -0.541 0.629
2011 -0.180 0.3571 -0.131 0.3371 -0.217 0.364 -0.197 0.364 -0.177 0.357
2012 -1.458 0.530 -1.635 0854 -0916 0.920 -1.914 0.557 -1.460 0.811
2013 0.934 0.38§ 0.886 0.357 1.012 0.356 0.826  0.462 0.920 0.39¢
2014 -0.129 0423 -0.068 0.399 -0.090 0.444 -0.211 0421 -0.117 0.425
2015 0.422  0.551 0.383 0.51§ 0.544 0.554 0.222  0.571 0.406  0.555
2016 0.685 0.447 0.796  0.44( 0.668 0.457 0.572 0.444 0.694 0.453
2017 1.050 0.463 1.001 0.434 0.816 0.453 1.002 0.468 0.974 0.462
2018 -0.235 0.447 -0.201 0417 -0.283 0.44 -0.242 045 -0.237 0.441
2019 -1.327 0.614 -1.167 0.649 -1.217 0.613 -1.291 059§ -1.250 0.623
2020 0.000 1.00d 0.000 1.00d 0.000 1.00d 0.000 1.009¢ 0.000 1.00d
2021 1.165 0.436 1.173 0.397 1410 0.439 1.194 0.440Q 1.229 0.437




Table 2.199 Additive devs for log survey catchability.

Model 19.12

Year Est. SD
1982 0.918 0.727
1983 1.210 0.777
1984 -0.984 0.684
1985 0.803 0.661
1986 0.564 0.624
1987 1.005 0.665
1988 -0.167  0.572
1989 -1.080 0.661
1990 -0.975 0.694
1991 -1.432 0.67(¢
1992 -1.862 0.684
1993 0.566 0.694
1994 3.879 0.604
1995 1.336 0.592
1996 1.743 0.654
1997 0.089 0.668
1998 0.343 0.724
1999 -0.782  0.629
2000 -1.297  0.649
2001 1.976 0.638
2002 -0.003  0.695
2003 0.814 0.744
2004 0.005 0.739
2005 0.378 0.722
2006 -0.683  0.617
2007 -2.152 0.63(
2008 -2.960 0.631
2009 -2.547 0.678
2010 -1.377 0.584
2011 0.604 0.624
2012 -0.418 0.72(¢
2013 -1.666 0.644
2014 1.904 0.722
2015 0.775 0.702
2016 1.065 0.798
2017 -1.858 0.617
2018 0.990 0.714
2019 0.011 0.732
2020 0.000 1.000
2021 1.264 0.829




Table2.286 A Si gmao t er ms frandomweviattomsther thanfthosa assouiateld with catchabilDeviations are ~normal&y)
for In(Recruits), ~normal(0,1) for others.

Model 19.12a Model 19.12 Model 21.1 Model 21.2
Parameter var dev ave var| sigma | var dev ave var| sigma | var dev ave var| sigma | var dev ave var| sigma
In(Recruits) 0.4275 0.0146| 0.6651| 0.4243 0.0161] 0.6642| 0.4290 0.0150) 0.6681| 0.4019 0.0145| 0.6452

Length_at_1.5 0.8345 0.1693 | 0.1804 | 0.8240 0.1828 | 0.1746| 0.8367 0.1686 | 0.1725| 0.8231 0.1769| 0.1749
Sel_fsh_InSD1 0.7237 0.2729 | 0.1639 | 0.7227 0.2794 [ 0.1593| 0.7282 0.2736| 0.1817 (| 0.7739 0.2262 | 0.1903
Sel_fsh_logitEnd | 0.2219 0.7708 | 0.7726 | 0.0005 0.9981| 0.7615| 0.4028 0.5990 | 0.6754| 0.5684 0.4340 [ 1.3903
Sel_srv_PeakStar; 0.8244 0.1751| 0.2092 | 0.8298 0.1674 | 0.2258  0.8212 0.1844| 0.2065( 0.8252 0.1798 | 0.2028
Sel_srv_InSD1 0.7111 0.2878| 0.7710] 0.7164 0.2788 | 0.8414| 0.7016 0.3080| 0.7573| 0.7051 0.3030 | 0.7398




Table 2.2 Catchability time serie@Model 19.12 only; other models assume constant catchability)

Year M19.12
1982 1.115
1983 1.140
1984 @ 0.964
1985 1.105
1986 1.085
1987 1.122
1988 1.026
1989 0.957
1990 0.964
1991  0.931
1992 @ 0.901
1993 1.085
1994 | 1.398
1995  1.151
1996 1.187
1997 1.046
1998 1.067
1999 0.979
2000 0.941
2001 @ 1.209
2002 1.039
2003 1.106
2004 1.039
2005 1.069
2006 0.986
2007 @ 0.881
2008 | 0.828
2009 | 0.855
2010 0.935
2011 1.088
2012 1.006
2013 0.915
2014 1.202
2015 1.102
2016 1.127
2017 | 0.901
2018 1.121
2019 1.040
2021 1.144
Ave. 1.045




Table 2.2 Female spawning biomass (in millions of t) time series (point estimates and standard errors).

Time-varyQ? no yes no no n/a
Survey dome? no no yes no n/a
Fishery CPUE? no no no yes n/a
Model: Model 19.12a| Model 19.12 Model 21.1 Model 21.2 Ensemble
Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.106 0.029| 0.090 0.024| 0.191| 0.054| 0.114 0.030f 0.122 0.052
1978 0.109 0.029| 0.091 0.024| 0.199  0.054| 0.118 0.030| 0.126 0.054
1979 0.111 0.027| 0.091 0.022| 0.202| 0.053| 0.119 0.028| 0.128 0.054
1980 0.136 0.028| 0.110 0.023| 0.232 0.054| 0.143 0.028| 0.152 0.057
1981 0.199 0.030( 0.160 0.025| 0.308 0.059| 0.204 0.030| 0.214 0.066
1982 0.309 0.035( 0.248 0.030| 0.441 0.069| 0.311 0.036| 0.323 0.083
1983 0.409 0.039| 0.334 0.034| 0.559 0.075| 0.409 0.040| 0.422 0.095
1984 0.413 0.034| 0.343 0.031| 0.549 0.066| 0.414 0.035| 0.425 0.086
1985 0.462 0.035( 0.390 0.033| 0.619| 0.071| 0.467 0.037| 0.479 0.095
1986 0.452 0.032| 0.387 0.031| 0.603| 0.066| 0.459 0.034| 0.469 0.089
1987 0.439 0.028| 0.382 0.028| 0.576 0.058| 0.448 0.030| 0.456 0.080
1988 0.463 0.027] 0.407 0.027| 0.601 0.058| 0.474 0.029| 0.481 0.080
1989 0.450 0.025] 0.398 0.025| 0.580 0.054 | 0.463 0.027| 0.468 0.075
1990 0.404 0.022| 0.362 0.021| 0.520 0.047] 0.418 0.023| 0.421 0.065
1991 0.324 0.017| 0.294 0.017| 0.422 0.039| 0.338 0.019| 0.340 0.053
1992 0.238 0.014| 0.217 0.014| 0.321 0.033| 0.253 0.016| 0.254 0.044
1993 0.225 0.015| 0.206 0.014| 0.304 0.033]| 0.242 0.016| 0.241 0.042
1994 0.224 0.014| 0.206 0.012] 0.291 0.029| 0.240 0.015( 0.237 0.037
1995 0.236 0.014| 0.215 0.012| 0.299 0.029]| 0.255 0.015| 0.248 0.036
1996 0.237 0.015| 0.207 0.012] 0.293 0.029]| 0.257 0.016( 0.245 0.037
1997 0.232 0.015| 0.196 0.011| 0.289 0.030| 0.255 0.016( 0.239 0.039
1998 0.210 0.015] 0.170 0.011| 0.266 0.030( 0.232 0.016| 0.215 0.040
1999 0.204 0.016] 0.163 0.011| 0.263 0.031| 0.227 0.016]| 0.210 0.041
2000 0.215 0.017| 0.173 0.012| 0.276 0.032] 0.236 0.017| 0.221 0.043
2001 0.224 0.016| 0.184 0.013| 0.283 0.032] 0.239 0.017| 0.229 0.041
2002 0.239 0.016] 0.201 0.013| 0.298 0.031| 0.247 0.016| 0.243 0.040
2003 0.244 0.016] 0.209 0.013| 0.303 0.031( 0.246 0.016| 0.248 0.039
2004 0.250 0.015| 0.216 0.012| 0.308 0.031] 0.245 0.016| 0.253 0.039
2005 0.245 0.015| 0.212 0.012| 0.305 0.031] 0.242 0.015( 0.249 0.039
2006 0.218 0.013| 0.189 0.010| 0.277 0.029| 0.226 0.014| 0.225 0.036
2007 0.191 0.012| 0.166 0.010| 0.249 0.028| 0.216 0.014| 0.202 0.035
2008 0.165 0.011| 0.145 0.009| 0.220 0.026| 0.207 0.013| 0.179 0.034
2009 0.144 0.010( 0.129 0.008| 0.194| 0.024| 0.200 0.013| 0.161 0.033
2010 0.137 0.010| 0.126 0.008| 0.181| 0.022| 0.201 0.013| 0.155 0.032
2011 0.160 0.010| 0.152 0.009| 0.202| 0.022] 0.225 0.014| 0.178 0.032
2012 0.189 0.012| 0.178 0.010| 0.230 0.024] 0.243 0.015| 0.204 0.030
2013 0.217 0.013] 0.202 0.012| 0.262 0.026( 0.257 0.016| 0.230 0.031
2014 0.223 0.015] 0.206 0.013| 0.271 0.028( 0.247 0.017]| 0.233 0.031
2015 0.233 0.016] 0.212 0.015| 0.283 0.030( 0.238 0.017| 0.239 0.033
2016 0.272 0.019| 0.244 0.018| 0.329 0.034| 0.254 0.018| 0.274 0.039
2017 0.320 0.022] 0.283 0.021| 0.384 0.039( 0.278 0.020| 0.317 0.048
2018 0.352 0.024| 0.311 0.023| 0.423 0.043] 0.294 0.020| 0.347 0.055
2019 0.355 0.024| 0.317 0.024| 0.432 0.043] 0.291 0.020| 0.351 0.057
2020 0.316 0.022| 0.285 0.023| 0.392 0.040| 0.256 0.018| 0.315 0.054
2021 0.254 0.018( 0.230 0.020| 0.320 0.034| 0.207 0.015| 0.255 0.046
2022 0.259 0.018( 0.231 0.021| 0.326 0.034| 0.218 0.016| 0.260 0.046
2023 0.247 0.010| 0.232 0.014] 0.309 0.027] 0.234 0.011| 0.255 0.035




Table 2.28 Relative spawning biomass time series (point estimates and standard errors).

Time-varyQ? no yes no no n/a
Survey dome? no no yes no n/a
Fishery CPUE? no no no yes n/a
Model: Model 19.12a| Model 19.12 Model 21.1 Model 21.2 Ensemble
Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.163 0.045| 0.134 0.037| 0.246| 0.065| 0.171  0.045| 0.175 0.064
1978 0.168 0.044| 0.136 0.037| 0.257| 0.066| 0.175  0.044| 0.181 0.066
1979 0.172 0.043| 0.137 0.035| 0.260| 0.064| 0.177 0.042| 0.183 0.065
1980 0.209 0.044| 0.165 0.036| 0.299 0.065| 0.212 0.043| 0.218 0.068
1981 0.307 0.047| 0.239 0.041| 0.398 0.069| 0.303 0.047| 0.308 0.077
1982 0.476 0.058( 0.372 0.053| 0.570 0.079| 0.463 0.057| 0.466 0.094
1983 0.630 0.064| 0.500 0.062| 0.722 0.085| 0.610 0.063| 0.611 0.106
1984 0.637 0.056| 0.515 0.058| 0.710 0.072| 0.617 0.056| 0.616 0.094
1985 0.713 0.059| 0.585 0.062| 0.800| 0.076| 0.696 0.059| 0.694 0.101
1986 0.697 0.053| 0.580 0.059| 0.778| 0.069| 0.684 0.054| 0.680 0.093
1987 0.677 0.047| 0.573 0.054| 0.743| 0.059| 0.667 0.048| 0.661 0.081
1988 0.714 0.046] 0.610 0.054| 0.776 0.057 | 0.706 0.047| 0.697 0.079
1989 0.694 0.043] 0.597 0.050| 0.749 0.053| 0.689 0.044| 0.678 0.073
1990 0.624 0.036| 0.543 0.043| 0.671 0.045]| 0.623 0.038| 0.611 0.062
1991 0.499 0.028| 0.441 0.033| 0.545 0.036| 0.503 0.030( 0.494 0.049
1992 0.367 0.023| 0.326 0.026| 0.415 0.031] 0.376 0.024( 0.368 0.041
1993 0.347 0.023| 0.309 0.026| 0.393 0.032] 0.360 0.025| 0.349 0.040
1994 0.345 0.022| 0.309 0.024| 0.376 0.028] 0.358 0.023| 0.344 0.035
1995 0.364 0.023| 0.322 0.024| 0.387 0.029| 0.380 0.024| 0.360 0.036
1996 0.365 0.025( 0.310 0.024| 0.379 0.030| 0.383 0.026| 0.356 0.040
1997 0.359 0.025( 0.294 0.023| 0.373 0.031] 0.379 0.026| 0.347 0.043
1998 0.323 0.025] 0.255 0.022| 0.344 0.032| 0.346 0.025| 0.312 0.045
1999 0.315 0.025| 0.245 0.022| 0.339 0.033] 0.339 0.026( 0.305 0.047
2000 0.332 0.027] 0.259 0.024| 0.357 0.035( 0.352 0.027| 0.320 0.049
2001 0.345 0.027] 0.276 0.025| 0.366 0.034( 0.356 0.026| 0.332 0.046
2002 0.368 0.026] 0.302 0.025| 0.385 0.033( 0.369 0.026| 0.353 0.043
2003 0.377 0.026] 0.314 0.026| 0.392 0.033( 0.366 0.025| 0.360 0.041
2004 0.385 0.025( 0.323 0.025| 0.398 0.032] 0.365 0.025| 0.367 0.040
2005 0.378 0.024| 0.318 0.024| 0.394 0.032] 0.361 0.024| 0.362 0.040
2006 0.336 0.022| 0.283 0.022| 0.357 0.030| 0.336 0.023| 0.326 0.037
2007 0.295 0.020( 0.249 0.019| 0.322 0.029| 0.322 0.022| 0.293 0.038
2008 0.255 0.018| 0.217 0.017| 0.284 0.026| 0.308 0.021| 0.260 0.038
2009 0.222 0.016| 0.193 0.016| 0.250| 0.024| 0.298 0.020| 0.233 0.040
2010 0.211 0.016| 0.189 0.016| 0.234| 0.023| 0.300 0.021| 0.225 0.042
2011 0.247 0.017| 0.228 0.018| 0.261| 0.023| 0.335 0.022| 0.260 0.041
2012 0.291 0.019( 0.267 0.021| 0.297 0.025]| 0.363 0.025| 0.298 0.038
2013 0.334 0.022] 0.303 0.024| 0.338 0.028( 0.383 0.026| 0.334 0.036
2014 0.344 0.024] 0.309 0.026| 0.350 0.030( 0.369 0.026| 0.339 0.034
2015 0.359 0.027] 0.318 0.028| 0.366 0.033| 0.354 0.026| 0.348 0.035
2016 0.420 0.031] 0.366 0.033| 0.425 0.038( 0.379 0.029]| 0.399 0.042
2017 0.493 0.037] 0.424 0.039| 0.496 0.044( 0.414 0.031| 0.461 0.053
2018 0.543 0.040| 0.467 0.043| 0.546 0.047] 0.438 0.032| 0.504 0.061
2019 0.547 0.039| 0.475 0.043| 0.557 0.047] 0.434 0.031| 0.510 0.063
2020 0.487 0.035( 0.428 0.039| 0.506 0.043| 0.382 0.028| 0.457 0.058
2021 0.392 0.029| 0.345 0.033| 0.414 0.035| 0.308 0.023| 0.370 0.049
2022 0.399 0.029( 0.347 0.034| 0.421 0.035]| 0.325 0.024| 0.377 0.048
2023 0.380 0.014| 0.347 0.020] 0.399 0.025] 0.349 0.015f 0.370 0.028




Table 2.24 Age 0 recruits (in billions of fish) tim series (point estimates and standard errors).

Time-varyQ? no yes no no n/a
Survey dome? no no yes no n/a
Fishery CPUE? no no no yes n/a
Model: Model 19.12a| Model 19.12 Model 21.1 Model 21.2 Ensemble
Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 1.271 0.329| 0.912 0.243] 1.202 0.344| 1.194 0.312| 1.140 0.341
1978 0.862 0.238| 0.661 0.175| 0.763 0.224] 0.807 0.223| 0.773 0.230
1979 0.862 0.148| 0.658 0.118| 0.735 0.141] 0.812 0.142| 0.766 0.160
1980 0.218 0.055| 0.159 0.044| 0.190 0.049| 0.217 0.053| 0.195 0.056
1981 0.228 0.046( 0.193 0.039| 0.197 0.042] 0.219 0.045| 0.209 0.046
1982 1.078 0.123| 0.893 0.111] 0.919 0.127| 1.036 0.122| 0.982 0.145
1983 0.292 0.055| 0.216 0.043| 0.255 0.051( 0.281 0.053| 0.260 0.059
1984 0.999 0.114] 0.805 0.096| 0.845 0.116( 0.966 0.112| 0.903 0.138
1985 0.457 0.061| 0.371 0.051| 0.390 0.060| 0.437 0.060| 0.414 0.068
1986 0.243 0.036| 0.211 0.032| 0.206 0.035| 0.237 0.036| 0.224 0.038
1987 0.082 0.020| 0.075 0.018| 0.069| 0.017] 0.081 0.020| 0.077 0.019
1988 0.341 0.043| 0.296 0.039| 0.282 0.042] 0.336 0.044( 0.314 0.049
1989 0.666 0.074| 0.571 0.065| 0.556 0.075| 0.658 0.074| 0.612 0.087
1990 0.656 0.074| 0.547 0.062| 0.546 0.075| 0.648 0.075| 0.598 0.089
1991 0.407 0.054| 0.304 0.042| 0.356 0.054| 0.413 0.056| 0.367 0.068
1992 1.076 0.110( 0.813 0.081] 0.922 0.117| 1.076 0.112| 0.966 0.155
1993 0.391 0.048] 0.327 0.040| 0.350 0.049( 0.372 0.047| 0.360 0.053
1994 0.336 0.041] 0.269 0.032| 0.289 0.042( 0.330 0.040| 0.305 0.048
1995 0.293 0.037] 0.247 0.031| 0.256 0.037( 0.283 0.037| 0.270 0.041
1996 0.948 0.100( 0.784 0.085| 0.811 0.105| 0.879 0.094| 0.858 0.118
1997 0.396 0.048| 0.340 0.042| 0.341 0.048] 0.362 0.045( 0.362 0.052
1998 0.320 0.040( 0.274 0.035| 0.268 0.040| 0.285 0.037| 0.289 0.044
1999 0.777 0.078| 0.629 0.064| 0.654 0.082] 0.698 0.072| 0.693 0.096
2000 0.557 0.057| 0.456 0.049| 0.493 0.061] 0.559 0.059( 0.514 0.072
2001 0.220 0.030| 0.187 0.025| 0.187 0.029] 0.248 0.034| 0.208 0.037
2002 0.378 0.041] 0.318 0.035| 0.329 0.042( 0.481 0.053| 0.367 0.071
2003 0.344 0.037] 0.295 0.032| 0.296 0.038( 0.453 0.052| 0.337 0.068
2004 0.246 0.031| 0.216 0.028| 0.212 0.029| 0.306 0.041| 0.240 0.046
2005 0.291 0.032] 0.267 0.030| 0.249 0.033( 0.361 0.046| 0.286 0.051
2006 0.858 0.079| 0.789 0.076| 0.727 0.084] 0.911 0.091| 0.817 0.104
2007 0.355 0.045( 0.310 0.039| 0.307 0.044] 0.324 0.044| 0.326 0.048
2008 1.321 0.123| 1.089| 0.108| 1.127 0.131| 1.179 0.115| 1.186 0.154
2009 0.187 0.036| 0.152 0.028| 0.166 0.033| 0.163 0.032| 0.168 0.035
2010 0.832 0.088| 0.709 0.077| 0.703 0.090| 0.719 0.075| 0.748 0.101
2011 1.072 0.113| 0.894 0.102] 0.939 0.122| 0.910 0.091| 0.963 0.133
2012 0.520 0.068| 0.408 0.055| 0.442 0.066| 0.427 0.057| 0.454 0.078
2013 1.370 0.147| 1.114| 0.128] 1.173 0.151| 1.142 0.119| 1.213 0.176
2014 0.247 0.037| 0.209 0.031| 0.217 0.036| 0.212 0.033| 0.223 0.038
2015 0.335 0.039| 0.294 0.036| 0.287 0.039| 0.309 0.036| 0.308 0.042
2016 0.247 0.034| 0.187 0.027| 0.209 0.033]| 0.234 0.032| 0.219 0.040
2017 0.152 0.032| 0.121 0.025| 0.134| 0.029| 0.145 0.031| 0.138 0.032
2018 0.817 0.083| 0.699 0.077| 0.697 0.087| 0.801 0.083| 0.753 0.100
2019 0.274 0.064| 0.154 0.053| 0.236 0.058| 0.264 0.064| 0.229 0.078
2020 0.429 0.127| 0.353 0.104] 0.467 0.149] 0.406 0.115f 0.412 0.132




Table 2.28 Instantaneous apical fishing mortality rate time series (point estimates and standard errors).

Time-varyQ? no yes no no n/a
Survey dome? no no yes no n/a
Fishery CPUE? no no no yes n/a
Model: Model 19.12a| Model 19.12 Model 21.1 Model 21.2 Ensemble
Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.167 0.046| 0.193 0.052| 0.097 | 0.028] 0.159 0.046| 0.157 0.057
1978 0.203 0.055| 0.240 0.064| 0.116 0.032] 0.198 0.057| 0.192 0.070
1979 0.146 0.037| 0.175 0.044| 0.083| 0.022| 0.142 0.037| 0.139 0.049
1980 0.152 0.032| 0.184 0.039| 0.087| 0.020| 0.145 0.031| 0.145 0.047
1981 0.113 0.017| 0.140 0.022| 0.072| 0.013| 0.110 0.017| 0.111 0.030
1982 0.087 0.011| 0.106 0.014| 0.058| 0.009| 0.087 0.011| 0.086 0.021
1983 0.106 0.010f 0.126 0.014| 0.075| 0.010}| 0.105 0.011| 0.104 0.022
1984 0.145 0.012| 0.169 0.016| 0.108 0.013| 0.143 0.012| 0.143 0.026
1985 0.161 0.013| 0.181 0.016| 0.123 0.014| 0.158 0.015| 0.157 0.025
1986 0.154 0.013| 0.168 0.014| 0.122 0.014] 0.153 0.016| 0.150 0.022
1987 0.179 0.013] 0.193 0.015| 0.144 0.015( 0.175 0.015| 0.174 0.023
1988 0.210 0.015] 0.229 0.016| 0.174 0.018( 0.203 0.018| 0.206 0.026
1989 0.198 0.013] 0.216 0.015| 0.157 0.016( 0.189 0.014] 0.192 0.026
1990 0.223 0.013| 0.244 0.015| 0.272 0.016] 0.212 0.013| 0.215 0.030
1991 0.376 0.024| 0.401 0.026| 0.294 0.030| 0.353 0.025( 0.360 0.047
1992 0.413 0.034| 0.425 0.032| 0.319 0.036| 0.394 0.039| 0.391 0.054
1993 0.285 0.022| 0.296 0.022| 0.227 0.025]| 0.269 0.025| 0.272 0.035
1994 0.385 0.026( 0.403 0.028| 0.307 0.032] 0.363 0.029| 0.368 0.046
1995 0.481 0.033| 0.520 0.035| 0.380 0.040| 0.443 0.034| 0.462 0.063
1996 0.450 0.032| 0.518 0.037| 0.334 0.037| 0.397 0.026| 0.433 0.076
1997 0.494 0.035| 0.593 0.042| 0.375 0.042] 0.434 0.029( 0.484 0.089
1998 0.392 0.031] 0.480 0.036| 0.296 0.035( 0.344 0.024| 0.387 0.076
1999 0.371 0.031] 0.455 0.036| 0.280 0.034( 0.343 0.025| 0.369 0.072
2000 0.360 0.030| 0.438 0.037| 0.269 0.032( 0.315 0.023| 0.353 0.070
2001 0.329 0.024] 0.376 0.029| 0.256 0.027( 0.355 0.024| 0.330 0.052
2002 0.358 0.026] 0.387 0.027| 0.288 0.028( 0.357 0.025| 0.350 0.045
2003 0.359 0.025] 0.399 0.027| 0.288 0.029( 0.429 0.029]| 0.366 0.056
2004 0.367 0.023| 0.410 0.026| 0.290 0.028] 0.451 0.029( 0.376 0.061
2005 0.383 0.024| 0.429 0.026| 0.301 0.031] 0.468 0.031| 0.391 0.064
2006 0.413 0.028( 0.468 0.030| 0.310 0.035] 0.395 0.027| 0.402 0.064
2007 0.392 0.028( 0.443 0.030| 0.288 0.034| 0.330 0.022| 0.372 0.066
2008 0.484 0.037| 0.516 0.037| 0.359 0.041] 0.338 0.022| 0.439 0.083
2009 0.635 0.056| 0.643 0.052| 0.476 0.058| 0.363 0.024| 0.555 0.121
2010 0.622 0.053| 0.618 0.052| 0.461 0.055| 0.331 0.022| 0.535 0.123
2011 0.741 0.055| 0.741 0.058| 0.545| 0.062| 0.463 0.031| 0.649 0.128
2012 0.625 0.044| 0.647 0.049| 0.465 0.051| 0.477 0.032| 0.569 0.093
2013 0.556 0.037| 0.578 0.041| 0.430 0.044] 0.503 0.034| 0.524 0.070
2014 0.599 0.047| 0.618 0.049| 0.453 0.051| 0.610 0.043| 0.572 0.081
2015 0.557 0.044] 0.589 0.050| 0.414 0.048( 0.614 0.043| 0.542 0.087
2016 0.492 0.038] 0.535 0.046| 0.370 0.043| 0.554 0.038| 0.486 0.080
2017 0.388 0.030| 0.432 0.038| 0.293 0.033| 0.560 0.038| 0.407 0.092
2018 0.282 0.021| 0.310 0.026| 0.223 0.023| 0.383 0.026| 0.293 0.056
2019 0.266 0.021| 0.279 0.023| 0.217 0.023] 0.380 0.028| 0.277 0.056
2020 0.268 0.021| 0.280 0.024| 0.214 0.023] 0.357 0.027| 0.274 0.051
2021 0.280 0.023| 0.292 0.029| 0.219 0.026| 0.344 0.026| 0.280 0.048
2022 0.363 0.042| 0.267 0.039| 0.306 0.016| 0.284 0.035| 0.309 0.053
2023 0.345 0.026| 0.267 0.027] 0.304 0.031] 0.307 0.027f 0.307 0.041




Table 2.26 (page 1 of &)Length(cm) at age (Model 19.13).
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Table 2.26 (page @f 5)0 Length(cm)atage (Model 19.1p
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Table 2.26 (page 3 of &)Length (cm) at age (Model 2).1
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Table 2.26 (page 4 of &)Length (cm) at age (Model 21.2).
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Table 2.26 (page 5 of &)Length (cm) at age (ensemble).

0

(NNFHOOOOOOOATATNN=HOOSRMONTOMOOOWONOSANMNON OSSOSO

DOV VOO0V OVOOVOVOVOOOVOVLLLLLLLLOLOLLDOOOLLWLOLLOLOLOLDLOLOLOLD
(elolelolololololololololololololololololololololololololololololololololololololololalelo)]
AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

DOOOOULOLOLOOOLOOOODOLOSULTOOLOLOSTOMIOITIOOITTIITOMOLOLW S O

NN MMMMMM
(elelelololololololololololololololololololololololololololololololololololololololololele)]
A dddddAd A A A A A A dAdAdddddddddddAdddAd A AAA A A A A A

TSI TSN TSNS IS TONOTONNTMOAONNNOOMOMOONATONTMIOM

ANANANANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
(elelelololololololololololololololololololololololololololololololololololololololololale)]
A dddddddddAdd A A A AddAdAdddddAddAdAdAd A AAAAAAAAAA A A A

A A A AAAAAAAAAAAAAOAO OO NHO O OO OHOTIOOOOOMOV—HOAHONOO

A A A A A A A A A A A A A A A A ATAO O HATA O HO OO A A A A A A AT O O v v v v o
(elelelololololololololololololololololololololololololololololololololololololololololale)]
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

DS NSNSSNSENSNSENSENSNENOONOS I NOMNONSSTNOOOOUNOSINONOOWLWN S

(X il ko i loio o Jo i oo ool il lolololololo oo lololoolololo ol ool o o I JorXerX o
DO O

COO0OO0O0O0O0O0O0O0O0O0OO—TONON—TAONMNNVOODOOODNON—HOONOO0 NN

00 C0 000000000000 MNCNMNMNOOONMNSISISISMN00MNS00 NSNS 0000 00N~ 00 NN~
DO O

ANANANANANANANANNANANNNONAOOMAN T O—TONOOOONMNTAN—<T OO 000 o)

D0V O0DOOVOODOOVOVODOOVOLIOLHOVOLNOLOLOLDNOOOVOOOOVOLNLNOVOOOOVOOLOLOLD
DO O O OO O)

TAA A A AAAAAA AT AONNNOODONMNNOOONTHO OO AOATAO MO NMNWO

TSI TTTTTSTITITOOTONNTITNNNNNNTNTNNMMMMMOMNITIIIIITNNNMNM
DO O O OO O)

DD NOONODOMOOANSOMUOOUONSIOSSMONOQONOOUSITNNMON

S b b s b s b b s s s b s s s b b s s s b s s B s s s s b s s s s B s b s s s s b
DO

COO0OO0O0O0O0OOCOMNOOUONTAMOOUOUNOOONNNNISOWOONMNWOS OO0 S 0

DD OO 0O 00 0000 OO 0O 00 00 O Y 00 00 CO 00 00 00 CO 00 00 00 ©Y 0O O 00 OY 0O 0 0O CO 0O 00 OO CO
00 0O 0O 0O 0O 0O CO 0O 0O 0O CO 0O GO 0O CO 00 GO 0O CO 00 GO 0O 0O O GO 0O 0O O CO 0O 0O CO CO 0O 0O CO CO 0O 0O CO 0O 0O 0O CO O

OO OMMON—OTMMUOOOOUOUOUOSNONOONLOUNNSNSNMNL

LO LO O LO LD LO LO L) LO LO LO LN LO LD O LNO LD LO LO LO LO LD LO LO LD LO LO LO LO LD LO LO LD LO LO © LO LO) LO LO LN LO LO LD LO
0O 0O 0O 0O 00 00 0O 00 0O 0O C0 0O CO C0 0O GO 0O 0O 00 0O 0O ©0 0O CO C0 0O GO 0O 0O C0 0O GO C0 0O GO C0 0O GO C0 0O C0 0O 0O OO0 0|

MNOMMMMMMOMOONITATONOMNONONOOOONTAMOOWONON—TO A0

ANANANANNANANNNANNATAANN TN A A ATANANN A A A AATNNNANN A A A A AN AN TN
0O 0O 0O 0O 00 0O 0O 00 0O 0O C0 0O CO C0 0O GO 00 0O 00 0O GO C0 0O CO C0 0O CO 0O 0O CO 0O CO 00 0O GO CO 0O O OO 0O C0 0O 0O OO O

ANANANANANNNONOITIIOMNMONODOINNONANNONMMOTANONNNMMUNOO MO N O 0

00 00 00 00 00 G0 00 N 00 I I = 00 00 N N N NN I 00 N 00 N N N NN N 00 00 00 N 00 I I N N N 00 N N N I 00
(N N N N Ny N Ny Y N N Y N N N U Y N N Y Y N Y N N N Y ) N NN NN N N N N N

SESSSSSOUOLOUANMANOOONOMOOOOOSUANTSTTAOTINANT O M

nmmmmmmmmacaNmmaNmacNNANmmmANNMANNONOOOANNNNNONONO S S
[N )N AN NN NG N N N N S Sy Nl NN N N g g g S S e e e g N N e e e e e N N e e e e N N N N N

00OV TOTOOONOADOMNTOMNMANMMOOOOOUSMANNNOONLNL NSO

NSNS S SN O OONONNOONNNNINNNNN OGNNSO O ORNS © NN N 00 00 o)
O (O (O (O (O (O (O (O (O © (O (O (O (O (O (O (O (O (O (O (O (O (O (O (O (O O O (O (O (O (O (O (O © O (OO O (O (OO W WD

MNOMMOD—TANTA0OOITNNNATAODMNOOMNOMOUNOMOOMNOOOITHOODOOMOTN

AAAAO A0 OO Hd10 00000 HOd0000CONHAHONOOOOO—HOOOHdNNNM
DO VOOV LVODODOVUVNNOODLVOODODLVOVODOLOVOVOVLHOOVOOOVOVOVOOVOVOVOOVOVOVWOWVOVWVWVO

OCOOOVONMOMOEALNMOITONONDONTOOMNOATONTOTMOANNO — 000 O

MOMMMMOANNMMNTMANNNMOMMOANNNNNATMOMMITANNNNONNOANMILO SN
DO LWOLWOLWLLWLLWLLLOLL

NN ONOOOOOVWOOWOMOWEANNTANNINONONMAMNOOMMNMNNONOOOMAN

SITOTOANANTOANNANNNNTSNTONNNOANNTNTOUONNOANNNNOANMMMLOOLONN O
T T T T T T I T T I T T I T T T T I T T I T T I T T I TITITTITITITITIITITITST

DO OANTOATAONOMNTMNMANSANATANNODDOIONOMOOOONOOONDITNOWOOON

N—TN—TOONNDHO OO —TdN—TAdN—A—TAdA1O0O O ANNN—TNA—HO OO ONOAdAdAdITITOOOLO
(selspNerNerNerNeoNeorNerNoaNNer oo NepNer oo NepNerNerNarNerNerNerNerNoNNeo oo NeoNerNeoNerNerNepNoNerNeoNap erNeoNer oo NepNerNeoNa NeoNep)

IO OONN—TOWOANNOAOWOANTANTMAHOLNMANMIT AN OMMIS OO M

QOTOUONMNMNLOAMOOMNMTSUOTOIITTIMONOLONOOTITINNMUOANLOLOO O O N W
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AN —

DO OOANTNMOOTOMTOMOSTONODOTOONT AN NANNAT00 AT OLON—MNLO

Year




Table 2.2a(page 1 of ) Weight(kg) at age fishery,Model 19.12).
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Table 2.27a (page 2 of&)Weight(kg) at age fishery,Model 19.12.
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Table 2.27a (page 3 of&)Weight kg) at age (fishery, Model 21).1
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Table 2.27a (page 4 of®)Weight (kg) at age (fishery, Mod2L.2).
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Table 2.27a (page 5 of&)Weight (kg) at age (fishery, ensemble).
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Table 2.27b (page 1 of ®)Weight(kg) at age $urvey, Model 19.12a
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Table 2.27b (page 2 of ®)Weight (kg) at age (survey, Model 19.12).
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Table 2.27b (page 3 of ®)Weight(kg) at age (survey, Model 21.1).
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Table 2.27b (page 4 of ®)Weight kg) at age (survey, Model 2}.2
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Table 2.27b (page 5 of ®)Weight kg) at age (survey, ensemple
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Table 2.2& (page 1 of 5) Selectivity at age (§hery, Model 19.13).

Year

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

0
0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0

00 0.000 0.013 0.107 0.332 0.602 0.794 0.875 0.894 0.892 0.887 0.884 0.882 0.881 0.880 0.880 0.879 0.879 0.879 0.879 0.879
00 0.000 0.010 0.108 0.333 0.603 0.793 0.873 0.891 0.888 0.883 0.879 0.877 0.875 0.875 0.874 0.874 0.874 0.874 0.874 0.874
00 0.000 0.016 0.103 0.347 0.614 0.800 0.876 0.892 0.889 0.883 0.879 0.877 0.876 0.875 0.875 0.874 0.874 0.874 0.874 0.874
0 0.000 0.012 0.116 0.320 0.611 0.799 0.879 0.898 0.897 0.892 0.889 0.887 0.886 0.885 0.885 0.885 0.885 0.884 0.884 0.884
0 0.000 0.015 0.129 0.384 0.621 0.816 0.886 0.900 0.897 0.892 0.888 0.886 0.885 0.884 0.884 0.883 0.883 0.883 0.883 0.883
0.000 0.007 0.075 0.301 0.597 0.777 0.877 0.899 0.899 0.896 0.893 0.891 0.890 0.890 0.889 0.889 0.889 0.889 0.889 0.889
0.000 0.013 0.084 0.287 0.585 0.799 0.879 0.908 0.911 0.909 0.907 0.905 0.904 0.904 0.904 0.903 0.903 0.903 0.903 0.903
.001 0.019 0.136 0.330 0.592 0.806 0.897 0.918 0.921 0.919 0.917 0.916 0.915 0.915 0.915 0.915 0.914 0.914 0.914 0.914
.000 0.006 0.093 0.319 0.550 0.762 0.874 0.902 0.904 0.901 0.898 0.897 0.896 0.895 0.895 0.895 0.894 0.894 0.894 0.894
.000 0.015 0.092 0.347 0.623 0.782 0.872 0.894 0.891 0.886 0.882 0.880 0.879 0.878 0.878 0.877 0.877 0.877 0.877 0.877
.000 0.007 0.088 0.263 0.581 0.788 0.867 0.897 0.900 0.897 0.894 0.892 0.891 0.891 0.890 0.890 0.890 0.890 0.890 0.890
1 0.031 0.169 0.427 0.641 0.837 0.899 0.908 0.904 0.897 0.893 0.891 0.889 0.889 0.888 0.888 0.888 0.888 0.888 0.884
0 0.016 0.114 0.345 0.625 0.788 0.893 0.915 0.915 0.913 0.910 0.909 0.908 0.907 0.907 0.907 0.907 0.907 0.907 0.907
0.011 0.086 0.292 0.571 0.792 0.882 0.929 0.938 0.939 0.939 0.938 0.938 0.938 0.937 0.937 0.937 0.937 0.937 0.937
0.011 0.091 0.287 0.556 0.775 0.883 0.912 0.921 0.920 0.919 0.918 0.917 0.916 0.916 0.916 0.916 0.916 0.916 0.914
008 0.090 0.289 0.545 0.758 0.861 0.886 0.885 0.879 0.875 0.873 0.872 0.871 0.870 0.870 0.870 0.870 0.870 0.87(
.027 0.142 0.389 0.632 0.803 0.883 0.901 0.898 0.893 0.888 0.886 0.885 0.884 0.883 0.883 0.883 0.883 0.883 0.883
12 0.114 0.326 0.604 0.787 0.871 0.896 0.896 0.891 0.888 0.885 0.884 0.883 0.883 0.883 0.883 0.882 0.882 0.887
14 0.109 0.355 0.605 0.801 0.878 0.898 0.897 0.892 0.888 0.886 0.885 0.884 0.884 0.883 0.883 0.883 0.883 0.883
8 0.078 0.283 0.580 0.777 0.888 0.924 0.934 0.937 0.937 0.936 0.936 0.936 0.935 0.935 0.935 0.935 0.935 0.935
7 0.121 0.343 0.609 0.814 0.894 0.921 0.925 0.924 0.923 0.921 0.921 0.920 0.920 0.920 0.920 0.920 0.920 0.92(¢
0.086 0.299 0.566 0.776 0.881 0.908 0.912 0.911 0.909 0.907 0.906 0.906 0.906 0.905 0.905 0.905 0.905 0.905
0.085 0.305 0.580 0.778 0.873 0.900 0.900 0.896 0.893 0.892 0.890 0.890 0.889 0.889 0.889 0.889 0.889 0.889
.071 0.279 0.565 0.774 0.868 0.894 0.894 0.891 0.887 0.885 0.884 0.884 0.883 0.883 0.883 0.883 0.883 0.883
.097 0.260 0.544 0.759 0.837 0.841 0.826 0.812 0.804 0.799 0.797 0.796 0.795 0.794 0.794 0.794 0.794 0.793
16 0.361 0.569 0.769 0.828 0.812 0.784 0.763 0.750 0.744 0.740 0.739 0.738 0.737 0.736 0.736 0.736 0.734
17 0.336 0.620 0.770 0.865 0.884 0.879 0.872 0.867 0.864 0.862 0.861 0.861 0.861 0.860 0.860 0.860 0.86(
4 0.355 0.610 0.807 0.870 0.895 0.893 0.888 0.884 0.882 0.880 0.880 0.879 0.879 0.879 0.879 0.879 0.879
9 0.339 0.619 0.800 0.889 0.907 0.911 0.908 0.905 0.904 0.903 0.902 0.902 0.902 0.901 0.901 0.901 0.901
0.354 0.586 0.798 0.891 0.926 0.932 0.934 0.933 0.933 0.932 0.932 0.932 0.932 0.932 0.932 0.932 0.932
0.299 0.619 0.786 0.888 0.918 0.925 0.924 0.923 0.922 0.922 0.921 0.921 0.921 0.921 0.921 0.921 0.921
290 0.568 0.794 0.852 0.861 0.851 0.841 0.836 0.832 0.829 0.828 0.828 0.827 0.827 0.827 0.827 0.827
229 0.523 0.738 0.821 0.816 0.795 0.780 0.769 0.765 0.762 0.760 0.759 0.758 0.758 0.758 0.757 0.757
03 0.477 0.721 0.813 0.819 0.805 0.790 0.782 0.777 0.775 0.773 0.772 0.772 0.771 0.771 0.771 0.771
19 0.478 0.718 0.847 0.882 0.885 0.882 0.879 0.877 0.876 0.875 0.875 0.875 0.875 0.875 0.874 0.874
3 0.533 0.744 0.858 0.895 0.899 0.897 0.894 0.893 0.892 0.891 0.891 0.891 0.890 0.890 0.890 0.890
1 0.572 0.758 0.851 0.876 0.873 0.867 0.861 0.859 0.857 0.857 0.856 0.856 0.856 0.855 0.855 0.859
0.491 0.747 0.836 0.860 0.857 0.849 0.844 0.840 0.839 0.838 0.837 0.837 0.836 0.836 0.836 0.836
0.510 0.714 0.846 0.874 0.877 0.873 0.869 0.867 0.865 0.865 0.864 0.864 0.864 0.864 0.864 0.864
0.498 0.739 0.844 0.891 0.897 0.896 0.894 0.893 0.892 0.891 0.891 0.890 0.890 0.890 0.890 0.890
0.515 0.735 0.864 0.904 0.920 0.921 0.921 0.921 0.920 0.920 0.920 0.919 0.919 0.919 0.919 0.919
0.611 0.774 0.871 0.905 0.911 0.910 0.908 0.907 0.906 0.905 0.905 0.905 0.905 0.905 0.905 0.905
0.625 0.799 0.861 0.879 0.876 0.870 0.865 0.862 0.861 0.860 0.859 0.859 0.859 0.859 0.859 0.859
0.623 0.810 0.886 0.906 0.910 0.908 0.907 0.905 0.904 0.904 0.903 0.903 0.903 0.903 0.903 0.903
0.596 0.778 0.879 0.911 0.918 0.920 0.919 0.919 0.918 0.918 0.918 0.918 0.918 0.918 0.917 0.917

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

elelelolololololololololololololololololololololololololololololololololololole]
ojejojojojojojojojojojolojolojojojojojlojolojolojlojololojololololololololole]
0000000000000
(clolelolololololololololololololololololololololololololololololole]
elelelolelololelolslelolelalo]l Helolelololololololole)l Helola]
elelololololelololelololclolelololelololelolelofoleloa).
RPRPORPOO0OO00O0OCO000O0O0CORNRFRP,FRPRORFRPROORO
O~NOITOOOONOPRNNNWPAPONORANDNONNN
[ojejojojolojojololojolololololojololololale ]

A
A
A1
.13
.09
.08
.07
.05
.04
.05
.06
.08
.05
.05
.07
.07
A1
A3
.06
.08

ONOOORWIROOONACIN
COO000000000000

2
2
2
2
2
2
2
2
3
3
3
1

8
6
48
22
36
83
46
52
82
98




Table 2.28a (page 2 of 8)Selectivity at age (fishery, Model 19.12).
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Table 2.28a (page 3 of®)Selectivity at age (fishery, Model 21.1).
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Table 2.28a (page 4 of®)Selectivity at age (fishery, Model 21.2).
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Table 2.28a (page 5 6)0 Selectivity at age (fishery, ensemble).
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Table 2.28b (page 1 of®)Selectivity at ag (survey, Model 19.13a Gray cells are calculated, but not used, due to lack of a survey in 2020.

FIOOOOOO0O0OO0O0O0O0O0OO0O0O0O0OO0O0O0O0O0O0O0O0O0O0O0OO0OO0O0OO0OLO0O0O0O0OO0O0O0O
o [elelololololololololololololololololololololololololololololololololololololololololele o]
R[0S 0560505065500600600050600006000506000000560508809
AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
lo)elolelololololololololololololololololololololololololololololololololololololololololele
e elolololololololololololololololololololololololololololololololololololololololololol oo
000000000000 0000000000000000060000000080860889
A A A A A A A A A A A dAA A A A AA A A A A A A A A A A A A A A A A A A A A
[ce| [eojelololelololololololololololololololololololololololololololololololololololololololele]
| elolololololololololololololololololololololololololololololololololololololololololol e
SO0 000000000000000000000080000600000086080860889
T A A A A A A" A A A A A A A A A A A A A A A A A A A A A A A~~~
NOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO Y
- eleoleolololololololololololololololololololololololololololololololololololololololololele]
SO0 0000005000080060060000008006060080008086069889
A A A A dd A A A A A A A A A A A A A A A A A A A A A A A A A A A A
o) [elololololololololololololololololololololololololololololololololololololololololololele
 sleoleololololololololololololololololololololololololololololololololololololololololelele]
SO00000060500008006006050000000606050000860860560589
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
Ty [(elo]lelolololololololololololololololololololololololololololololololololololololololel oo
n eleoleololololololololololololololololololololololololololololololololololololololololelele]
©SO000000005050000060005000000005605050000060560589
T A A A A A A A A A A AA A A A A A A A A A A A A A A A A A A A A A A A A A A A A
i elelololelololololololololololololololololololololololololololololololololololololele]l o)
' eleoleololololololololololololololololololololololololololololololololololololololololel oo
©S0000060005006000006000500000000605060600060560589
A A A A A A A A A A A A AAAAAAAAAAAAAAAAAA A A A A A A A A A~ A
) [elelelololololololololololololololololololololololololololololololololololololololololele
| eloleololololololololololololololololololololololololololololololololololololololololel oo
0000006 05605006000600600605006000006006050060050060560589
A A A A A A A A A A A A A A A AA A A A A A A A A A A A A A A A A A A A
N [ejelolololslolololololololololololololololololololololololololololololololololololololele]
i eleoleololololololololololololololololololololololololololololololololololololololololel o]
SO0 0000000000080060000000000000600000080860860889
T A A A A A A A A dAAd A A A A A A A AA A A A A A A A A A A A A A~
= eleoleololololololololololololololololololololololololololololololololololololololololelele]
 eleoleolololololololololololololololololololololololololololololololololololololololololele]
SO0000000050000806006050000800606058000860860869589
A A A A A A A A A AA A A A A A A A A A A A A A A A A A A A A A A A
o [elelololololololololololololololololololololololololololololololololololololololololele o]
 sleoleololololololololololololololololololololololololololololololololololololololololelele]
00000006 0505008006006050000000606050000860860560589
A A A ddddddcdddddcd A A A A A A A A A A A A v
lo) | =ielelolololololololololololololololololololololololololololololololololololololololelele
eclelolololololololololololololololololololololololololololololololololololololololololole]
0000000 0500000006000500000000060500000060560589
TdddddAddddddddcddd A A A A A A A A A A A A A A A A A A
o | =ielelolololololololololololololololololololololololololololololololololololololololelele
clelololololololololololololololololololololololololololololololololololololololololelo o]
00000006 0500000006000500000000060506000060560589
A A A A A A A dAA A A A AAAAAAAAAAAAA A A A A A A A A A A A A A A
N eolojojololololololololololololololololololololololololololololololololololololololole) o))
clelololololololololololololololololololololololololololololololololololololololololelo o]
000000000000 0000000000000000600000086080860889
A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
| [=l=lelelololololololololololololololololololololololololololololololololololololololalole
(clelelolololololololololololololololololololololololololololololololololololololololale e
SO0 000000500008006006000000800606058000860860860889
A A A A A A A "dAAd A A A A A A A A A A A A A A A A A A A A A A
e | =jelololojololololololololololololololololololololololololololololololololololololola) o))
clelolololololololololololololololololololololololololololololololololololololololololele]
SO0 0000000000080860060500008006060580008086060889
A A A A A A A A AdAd A A A AA A A A A A A A A A A A A A A A A A A
Niiedeielelojolojololololojololololololololololololololololololololololololololololololalolel
clelololololololololololololololololololololololololololololololololololololololololelele]
00000006 050500000600605000000060605000006086060889
T A A A A A A A A A A A A A A A A A A A A AA A A A A A A A A A A v A A A A
o [=l=lelelolololojolololololololololololololojelololololololololololololololololololololole
clelololololololololololololololololololololololololololololololololololololololololelo o]
0000000 0505000000000000000000605000000060560589
A A A A A A A A A A A A A A A A AAAO A A A A A A A A A A A A A A
N[OOI~V ONNTORNNOITONINITINNONOONNONOOOOONONIADNN~NDIOO O
OO0V OONNNODNHIOOODOODNOOOOONOVOOOHO OO O
2000000 N0NNRORNRNNNNNOORNONOOS0000RRRNONOOS
OCOO0OO0O0OO0OTHOOHOOO1O0OOOOOOOOOHTAHOO O AddAdO 1000 OOO
ARV NATONOAINTIMNINOOINIONOOOMATOOTOMITDONO T IO N WD O
LOONMNAMMO—TAONL MO OOOM—TOONMNTAOANTOMNTTTOTOONMNTINOSMOANT000 M
OO INIAININANADTINNNANNOIIONNRIIRIONMM L TR
olelolololololeololololololololololololololololololololololololololololololololololololole]
OlMOMOOITIIITONNTNEHADNDHOOITNOOLNO—TOMOVOMNOOLNOOALONONMS
THOAHOOJTOONOOONTTIMOOOOTdOIMAdHONMNATOOOOAdH1O OO AN M
©08000560560005800000605080000090060500808000869589
olelololololololololeolololololololololololololololololololololololololololololololololele]
=N OTAANMTLONONOTANMNMIONOOOTANMNITILONOOOTANMITLWONOO O
BN~ 000000000000000VPVDDDNNDDNDNDNOO0O0O00O000O00ATdTAAAAAAAANN
& (oYX X0 e ke X X Xe ko ke Re ko Xo Re ko ko Re ko ko X o fo I felele e lelelelelelelololololfololofolololls!
A A A AAAAAAAAAAAAAAAAAAANNNNNNNNNNNNNNNNNNNNNN




Table 2.28b (page 2 of®)Selectivity at age (survey, Moded12). Gray cells are calculated, but not used, due to lack of a survey in 2020.
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Table 2.28b (page 3 of®)Selectivity at age (survey, Model 21.13ray cells are calculated, but not used, due to lack of a survey in 2020.
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Table 2.28b (page 4 of®)Selectivity at age (survey, Model 21.Z3ray cells are calculated, but not used, due to lack of a survey in 2020.

1977| 0.014 0.548 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1978 0.010 0.548 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1979| 0.014 0.400 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1980( 0.010 0.571 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1981] 0.007 0.415 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1982| 0.004 0.240 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1983 0.046 0.452 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1984| 0.005 0.272 0.988 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1985| 0.008 0.431 0.992 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1986( 0.024 0.299 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1987 0.007 0.424 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1988 0.004 0.253 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1989( 0.003 0.139 0.993 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1990( 0.022 0.387 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1991} 0.019 0.295 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1992 0.011 0.500 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1993 0.031 0.467 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1994| 0.009 0.465 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1995| 0.005 0.226 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1996( 0.003 0.211 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1997| 0.009 0.288 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1998 0.012 0.194 0.946 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
1999( 0.006 0.239 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2000( 0.019 0.291 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2001( 0.027 0.799 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2002( 0.009 0.380 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2003( 0.007 0.384 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2004( 0.011 0.303 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2005( 0.007 0.668 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2006( 0.026 0.640 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2007( 0.038 0.800 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2008( 0.015 0.507 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2009( 0.056 0.530 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2010( 0.010 0.343 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2011( 0.007 0.533 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2012( 0.078 0.732 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2013( 0.010 0.306 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2014( 0.011 0.398 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2015( 0.016 0.333 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2016( 0.006 0.406 0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2017( 0.008 0.416 0.994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2018( 0.003 0.435 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2019( 0.014 0.987 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2020( 0.026 0.222 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
2021 0.032 0.564 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.00
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Table 2.28 Management reference points.

Feature 1: Time-var®) ? no yes no no n/a
Feature 2: Survey dome? no no yes no n/a
Feature 3: Fishery CPUE? no no no yes n/a
Year|Quantity M19.12a] M19.12| M21.1 | M21.2 |Ensembils
n/a |B100% 667,265 671,275( 686,761
n/a |B40% 266,906 268,510( 274,704
n/a |B35% 233,543 234,946| 240,366
n/a |F40% 0.35 0.33
n/a |F35% 0.43 0.41
2022|Female spawning biomass| 259,007 259,789

231,344
0.35

2023
2023
2023
2023
2023
2023
2023
2023

Pr(B/B100%<0.2)
maxFABC

maxABC

Catch

FOFL

OFL
Pr(maxABC>truOFL)

2022|Relative spawning biomass| 0.40 0.38
2022|Pr(B/B100%+<0.2) 0.00

2022|maxFABC 0.31
2022|maxABC 153,383
2022|Catch 153,383
2022|FOFL 0.38
2022|OFL 183,012
2022|Pr(maxABC>truOFL) 0.15

2023|Female spawning biomass 254,585

Relative spawning biomass

0.37

0.31
151,709
151,709
0.37
180,909

Legend:

B100% = equilibrium unfished female spawning biomass

B40% = 40% of B100% (the inflection point of the harvest control rules in Tier 3)
B35% = 35% of B100% (the BMSY proxy for Tier 3)

F40% = fishing mortality that reduces equilibrium spawning per recruit to 40% of un
F35% = fishing mortality that reduces equilibrium spawning per recruit to 35% of un
Relative spawning biomass = ratio of female spawning biomass to B100%
Pr(B/B100%-<0.2) = probability that relative spawning biomass is less than 0.2
maxFABC = maximum permissible ABC fishing mortality rate under Tier 3

maxABC = maximum permissible ABC under Tier 3

Catch = estimated catch conditional on ABC=maxABC

FOFL = OFL fishing mortality rate under Tier 3

OFL = OFL under Tier 3

Pr(maxABC>truOFL) = probability that maxABC is greater than the "true"



Table 2.3@ Age 0+ biomass (t) time series.

Yean M19.12a M19.12 M21.1 M21.2] Ensembls
1977 358719 297249 581033 378804 396114
1978 386008 318267 622371 405771 42482(
1979 529489 428562 776831 5435771 560454
1980 750356 602024 1013160 755994 770004
1981 1005210 808185 1291590 100387¢ 1015307
19824 1282090 1040290 1605300 127706(¢ 1287364
1983 1389060 1147420 1735400 138727(¢ 1400287
1984 1332330 1124340 1624290 133564( 134138(
1989 1424720 1215370 1752500 143550Q 1442944
1984 1409520 1216140 1721260 142592(¢ 1429514
1987 1425850 1243800 1704260 144594(¢ 1441967
1988 1446630 1274510 1731670 147277¢ 1468124
1989 1320670 1174010 1591930 1351490 1346997
1990 1121190 1011070 1360090 115512¢ 1150931
1991 929319 850846 1123290 9649443 957934
1992 798587 732659 956892 836776 822944
1993 895573 815384 1044020 942684 915094
1994 902355 813580 1029790 953444 91524(
1995 958770 847029 1082460 101734( 96552(
1996 968630 834807 1086580 103068( 968361
1997 847082 719644 968638 906034 848944
1998 749920 625852 869018 804436 751421
1999 791874 663020 911927 8390771 791004
2000 861479 730234 987359 895104 858994
2001 885502 761426 1002910 896314 879244
2002 925248 803640 1041290 918451 916414
2003 915187 799164 1035420 904264 908214
2004 887256 778659 1008820 891984 88534(
2005 813545 715917 940926 851196 821639
2006 714236 631714 838362 795514 733214
2007 630981 563531 752977 757061 661297
2008 578302 527832 688350 737584 616269
2009 606733 567588 703425 789107 648714
2010 703644 662662 783153 876797 739571
2011 826504 775502 903602 968704 853817
2012 872064 814395 955525 971973 891824
2013 938061 867808 1027400 989684 947474
2014 974577 890525 1071300 972467 972731
2019 1069330 962982 1167460 998234 1049854
2014 1201370 1071630 1314940 107103¢ 1168844
2017 1212880 1079350 1348990 105160(¢ 1179287
2018 1153810 1028540 1304900 986004 1124934
2019 1047100 938274 1209690 889704 1027314
2020 939477 844414 1091190 804533 924864
2021 855450 753400 985197 752553 8391647
2022 894113 779275 1036560 808104 879974
2023 839218 767041 983010 819094 848614




Table 2.3 Biomasg(t) time seriescmp ar i s on

(I ast

M19.12a from last year Ensemble from this year
Year Age 0+ Spawn. SB SO Age 0+ Spawn. SB SD
1977 319,795 94,759 26,013 396,115 122,264 52,237
1978| 344,512 96,809 25,764 424,820 126,023 54,177
1979| 470,781 98,527 24,549 560,456 127,850 53,845
1980 669,759 120,579 24,910 770,008 151,907 57,240
1981 903,652 177,750 26,804 1,015,307 213,874 66,233
1982 1,158,560 277,948 31,867 1,287,369 322,624 82,994
1983| 1,261,780 370,543 34,913 1,400,287 422,322 95,053
1984| 1,218,190 376,036 30,487 1,341,386 424,971 85,96(
1985| 1,307,340 421,481 31,6764 1,442,943 479,008 94,913
1986| 1,298,170 412,760 28,833 1,429,514 469,401 89,175
1987| 1,317,970 403,932 25,554 1,441,967 455,980 79,887
1988| 1,339,020 427,604 24,784 1,468,123 480,751 79,527
1989| 1,220,500 415,652 22,8141 1,346,997 467,544 74,557
1990 1,035,380 372,877 19,401 1,150,931 421,347 64,940
1991 861,355 297,203 15,339 957,936 340,304 53,034
1992 743,115 215,632 12,82 822,942 253,822 43,940
1993| 842,138 204,815 13,24 915,094 240,900 41,994
1994| 856,283 208,736 12,444 915,240 237,208 36,503
1995| 912,444 223,394 13,073 965,520 247,922 36,337
1996 922,799 224,482 13,924 968,361 244,713 36,894
1997 804,452 220,544 14,034 848,942 238,879 38,851
1998 709,192 197,660 14,009 751,421 215,265 39,82(
1999 747,401 192,145 14,513 791,004 210,063 41,245
2000| 813,440 201,843 15,419 858,992 220,810 42,914
2001| 836,115 210,456 15,074 879,248 228,831 40,974
2002| 873,165 224,871 14,829 916,414 243,297 40,0771
2003| 861,948 229,952 14,359 908,216 248,245 39,114
2004| 832,922 234,237 13,704 885,340 252,719 38,514
2005| 760,608 228,483 12,994 821,638 249,015 38,621
2006| 665,127 201,696 11,774 733,216 224,646 36,325
2007| 587,975 175,465 10,913 661,297 201,706 35,309
2008| 550,820 150,420 9,687 616,269 179,012 33,907
2009| 586,477 134,746 9,299 648,714 160,665 33,272
2010| 684,027 131,558 9,230 739,571 154,846 32,372
2011| 814,318 158,756 9,967 853,813 178,480 31,659
2012| 875,833 188,043 11,2894 891,828 204,422 30,414
2013| 906,451 212,858 12,894 947,478 229,809 30,644
2014| 930,673 216,417 14,091 972,731 233,355 30,7371
2015| 1,008,490 222,203 15,5264 1,049,856 239,466 32,786
2016| 1,123,180 255,903 18,224 1,168,845 274,395 39,368
2017| 1,121,510 296,945 21,339 1,179,287 317,056 48,323
2018| 1,052,380 324,018 23,204 1,124,935 347,091 54,834
2019| 941,834 322,372 23,424 1,027,314 351,095 57,3449
2020| 769,925 270,954 20,724 924,865 314,774 54,046
2021| 754,000 228,219 18,820 839,163 254,718 45,541
2022 879,978 259,789 45,693

year 6s

base

mo d e |

c



Table 2.38 Age Orecruitment(1000s of fish}ime sere s

y e aangembly

compari son

M19.12a from last yea| Ensemble from this yed
Year Recruits Std. devi  Recruits  Std. deV]
1977 1,132,170 290,954 1,139,930 341,004
1978 739,151 201,877 772,923 230,144
1979 770,519 129,404 766,237 160,196
1980 186,118 47,240 194,592 56,164
1981 210,027 42,074 208,982 45,764
1982 1,000,660 115,766 981,579 145,214
1983 270,127 50,727 259,746 59,257
1984 902,189 103,079 902,784 138,039
1985 407,253 54,359 413,649 68,35(
1986 224,399 32,914 224,392 38,117
1987 69,366 17,321 76,749 19,459
1988 324,687 41,323 313,689 49,09
1989 646,249 72,12( 612,363 87,333
1990 633,733 72,174 598,178 89,174
1991 372,504 49,919 366,780 68,237
1992 1,001,350 102,617 965,855 154,643
1993 374,074 45,557 360,228 52,80(¢
1994 315,110 38,014 305,256 48,201
1995 269,846 34,029 269,568 40,673
1996 875,470 92,401 857,884 117,904
1997 384,661 45,593 361,730 51,974
1998 289,356 36,743 288,922 44,004
1999 716,621 71,344 693,162 96,111
2000 512,671 52,434 513,889 71,57(
2001 208,749 27,441 207,559 37,281
2002 342,846 36,864 366,838 70,697
2003 324,024 34,424 337,255 68,254
2004 234,255 28,664 239,590 45,739
2005 288,127 33,264 286,405 50,533
2006 847,621 79,114 816,750 103,864
2007 334,827 42,459 325,725 47,709
2008 1,238,610 118,737 1,186,460 153,547
2009 168,461 31,594 168,096 35,294
2010 772,262 81,681 747,881 100,974
2011 986,556 104,594 963,160 132,664
2012 469,167 62,017 454,473 77,664
2013 1,259,200 136,739 1,213,290 175,823
2014 220,895 32,747 223,305 38,29(
2015 293,300 34,389 307,928 42,365
2016 180,633 26,187 218,994 39,829
2017 127,111 27,711 137,711 31,723
2018 749,855 77,319 752,933 99,974
2019 229,133 77,534
2020 412,309 131,526

Average 516,067 501,020

( lapdsthis year 6 s



Table 2.33 (page 1 of &) Numbers aage (1000s of fish, Model 19.42

Year

0 1 2 3 4 5

6 / 8

9

10

11

12

13

14

15

16

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

1271110254695 85980 79661 33237 16848
862348886058177536 59804 54544 21917
861806601121617623123495 40786 35535
218173600744419016429517 84795 27025
227729152083418747291546294168 56307
1078230158745106009291406200277 196312

292051751613110657 7385120179813597812988823825

999197203582523928 77029 51024 136458
456529696516141902364198 52647 33906

10503 7063 4875
10618 6411 4253
13517 6300 3742
22643 8382 3863
1716813980 5113
3658110909 8812
7043
89098 83198 15131
87287 55253 50919

3377
2926
2474
2290
2350
3218
5678
4460
9233

243310318236485515 98823250106 34866 21637 538353347230707
81708 169606221831337655 67923165277 22086 13373 3282020334 18664
341087 56957 118226154429231684 4517710386413375 7986 19493 1207011085 2012
2752260715 7716 4599 11236

666201237760 39694 81877103892147620
655796464391165729 27584 55803 67647
406765457139323709115253 18862 36452
1076410283543318645224696 77653 11806
391489750330197641221361150932 48044
336299272894 522943136710148160 94163
293119234424190207 362876 91194 91108
947846204324163393131710240018 53588
396333660714142424113503 88645147343
319907276269460489 98471 74522 52162
777180222998192573320058 66365 46202
556536541750155441133870216201 41315
220108387945377633107889 90950136325
377520153431270413262472 72834 58203
343610263158106942187336175526 44604
245681239520183420 74181125205108473
291383171256166947126825 49589 76619
857502203114119352115771 83818 30362
355237597739141579 82881 77709 50479
1321290247626416653 98430 55879 48172
186905921033172608289546 66217 33847
831713130285642012120024195336 39898
1072160579758 90816446562 81328119981
520041747368404120 63206298628 48220
1369630362502520955280548 42428174434
247139954721252677361690186665 25582
334755172272665494175677243974112164
246594 233346120084462332118874 150299
151766171892162654 83437310744 73788
816738105791119818113103 56427 194067

90936 16417 35472

4489

4152053134 9402 20105

2061821629 26575

4652

657110511 10568 12850

27958 3643 5695
5201114392 1815
47468 24660 6577
2877523328 11532
76037 1342110461
2913239112 6623
25974 1521519721
2350513704 7763
7944912761 7251
3308342049 6612
2488917498 21491

5696
2812

822
3027
5101
5109
3307
9968
4102
3779
3357

6043212897 8860 10784

4213231010 6396
1662321132 14970
27601 8514 10397
2551113105 3931
1692611125 5421
20673 7535 4674
58708 8467 2805
24097 25717 3453
8849211018 11167
1329239437 4655
58869 6226 17160
82016 28526 2865
4211942993 14226

273593569325 73740 83102 76425 3567911384623598 23442
428652190715396810 51328 55870 48522 21064 6417013086 12937
560357298801132941 275366 35140 35158 2862311817 35270 7155

4364
3043
7280
4779
1632
2270
1696
1118
1479
4651
1995
7718
1407
7681

2321
2027
1703
1514
1393
1479
2073
3594
2720
5566

2675
2539
9916
2251
6933
2812
1273

376
1336
2487
2551
1671
5294
2159
1922
1685
5305
2071
1476
3362
2010

689

822

674

479

617
1990

895
3767

758
4242
7066

1574 1052

1395
1181
1043
922
878
954
1313
2193

947
813
724
635
581
566
604
801

1641 1323

3386

998

693
633
552
499
441
401
375
358
369
483
806
594

6967 6404 1163
6539 4057 3730
1513 3698 2294 2110
1253 747 1826 1133 1042 189
4808 608 363
1216 2601 329
3429 602 1289
1276 1559

583
166
652
1243
1291
892
2807

584
258

81
326
630
690
475

1101 1434

967
830
2516

555
477
394

1005 1221

685
1428
857
250
327
290
201
264
893
436
2031

467
293
612
311
100
141
122

86
119
435
235

420 1125

2318

229

274
714
258
126

41
165
337
369
243
723
274
226
191
569
200
126
223
124

43

450
417
369
339
304
278
258
237
219
222
294
479
343
677

888
197
163
587
125
316
126

290
271
243
226
206
192
179
164
145
132
136
175
277
200
383

551
481
97
74
269
56

507
299
239
44
34
119
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Table 2.33 (page 2 of &) Numbers at age (1000s of fish, Model 19.12).

Year

0 1 2 3 4 5

6 / 8

9

10

11

12

13

14

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

911851214114 67149 62676 27172 13639
661056650260152683 47764 43798 18190
658404471412463691108615 33219 28883
158744469522336164329757 76103 22318
192530113204 334809239203230334 51226
893237137297 80724238293167673155891

215666636988 97910 5752516863611590610438121976

805170153796454247 69682 40614116139
371390574184109661322926 48483 27446
210853264846409454 78121226539 32539

74818 150364188864 291240 54871152478
296020 53355107225134478204150 37203
570834211095 38039 75937 92359132251
546757407073150529 27037 52883 61246
304015389903290286107082 18900 35207
813451216797278034206064 73712 12048
327260580084 154593197547 141309 46496
269490233373413579109337134899 89598
246811192177166402293290 74450 84229
783772176004137024117720197122 44254
339638558918125506 97329 80675121601
274069242199398507 88712 64916 47285
629264 195442172710283302 60923 40396
456365448738139369122810195147 38111
187027325441319998 98984 85209 124227
317794133372232068227511 68279 55338
295294226623 95099 164361155153 42448
216244210579161590 67456111980 97006
267491154206150152114249 45999 69285
788594 190751109943106490 76994 28497
309801562358136022 78097 73009 46874
1089350220924401014 96743 53826 45973
152223776831157540285116 66533 33231
708779108552553959112080196861 40980
893575505438 77409394154 77751123855
407734637218360425 55098269314 47172
1114300290760454398255857 37776160396
209125794622207333322649173717 23181
294448149129566645147443222356106147
187406209974 106344 402565101974 139389
121012133641149731 75551276021 64335
699280 86295 95299106505 52139174783

8509 5766 4028
8658 5186 3439
11231 5083 2963
18503 6941 3082
1422511353 4174
33518 9031 7107
5840
7684467190 13960
75036 4774540929

2830
2380
1942
1782
1837
2597
4571
3684
8446

1774046545 28863 24493
20827 1107028471 1748914797
9712212670 6623 1684710303

2293456973 7269
82482 1377133234

3777
4197

3806548410 7876 18707

2012419815 23898

3817

681110326 9602 11295

27434 3809 5596
49857 14123 1877
43756 23165 6226
23484 2076110270
60658 10308 8559
2581629666 4733
2225012863 13954
2136111262 6157
7242711362 5703
3163637936 5673
2368516501 18787
53946 12059 8096
3795427146 5774
1552918564 12593
25563 7804 8810
24564 11961 3471
1693910704 4721
21685 7599 4385
61714 8929 2786
23894 26948 3555
8222210889 11400
1218136425 4465
55940 5644 15280
7625126597 2506
3687539427 12860

153551498669 61535 67605 73507 334431031922062521230
353167109500355556 43806 46420 47538 1998358444 1139511564
457862251849 78086252344 30621 29744 2842911278 32091 6193

5132
2701

808
2691
4112
3835
2171
6514
3054
2793
2749
9008
3813
2613
5848
3808
1331
1851
1533
1064
1451
4495
1811
6512
1182
6798

1975
1667
1339
1165
1060
1141
1668
2878
2222
5040

9575
2176
2352
8978
1791
6007
2457
1152

346
1068
1825
1744
1004
3206
1486
1343
1307
4205
1714
1203
2505
1439

516

635

577

429

563
1796

763
3033

621
3682
6253

1359
1163
938
803
692
658
733
1050
1736

920
802
656
564
478
431
423
462
634

1326 1038

3044

802

8714 1796
5854 4965 1029
5513 3379 2882
1219 3095 1909 1645
1128 587 1503
4205 531 279
952 2244 286
2874 457 1089
1047 1231

492
137
473
829
806
494
1559
714
638
610
1886
788
515
945
557
177
239
232
166
224
755
355
1592
336
1989

449
196

61
216
385
398
241
752
341
299
275
871
339
196
368
192

67

97

90

66

95
352
187
864
182

614
546
455
396
337
299
278
267
280
381
631
476

198
535
182
88
28
101
192
196
117
362
161
136
128
379
130
77
129
74
27
38
37
28
45
187
102
472

406
367
313
277
239
212
193
176
163
169
233
377
275
602

942
725
151
141
482
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Table 2.33 (page 3 of 8) Numbers at age (1000s of fish, Model 21.1).

Year

0 1 2 3 4 5

6 / 8

9

10

11 12 13

14

15 16 17

18

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

1201620321491103113105731 47094 24624
763151868304232307 74399 75405 32700
734709551459627429167601 52921 51949
189840530907 398481452550119687 36900
196513137180383624 287493322427 83386
918777142002 99123276787205126225059

1607511429 8386
16627 10689 7582
2179210882 6979
35394 14666 7313
2505823721 9810
5720317010 16086

6205
5585
4976
4708
4909
6673

254594663918102612 7158519877614485115608339337 1167511063
845286183972479748 74041 51258139600 99333 ##### 26581 7906
389940610809132928 345608 52427 35359 935156532069261 17464
206249281774441367 95963245854 36014 2355060934 42318 4506311420
69251 149037203609318120 68301168334 23817 1533339531 27605 29605
281932 50041107694146923225937 46996 11020015224 9767 25306 17818 19234 4917 1485 1427
2986568234 9428 6096 15954 11334 #### 3156 956
95902 18844 42775 5939 3861 10157 7246 7889 2026
4412759648 1162926417 3682
21806 2481933072 6477 14883
6983 12058 13547 18269 3627
8097 11078

556402203722 36148 77231102101148950
546389402059147201 26028 54419 68787
355546394824 290523106069 18405 36742
921721256919285290208981 73903 11916
349848666038185642205401145126 47344
288988252799481188132961142188 93931
255582208823182652346055 91507 90468
811010184683150881131097236723 55621
341301586038133449108642 91294150923
267868246623423394 95587 73780 55890
653791193562178205305023 66681 47517
493433472432139865128419213304 43133
186580356556 341376100599 90322 139495
329327134823257637245913 70241 59829
296025237972 97414184980169958 44521
211568213908171943 70041127860108623
248886 152879154557123213 48454 81184
726947179846110448111098 84221 30777
306558525295129951 79503 77217 52864
1126850221520379566 93649 55493 49811
165635814265160067273408 65227 34954
702779119688588381115371190969 40750
938714507828 86486424256 80860121494
442419678315366950 62405293689 49645
1173290319692490142263973 43348178213
216585847821230999352764181452 27076
286842156504612629166486246279112678
209382207272113089441171116523157090
133633151299149772 81454306681 74778
696787 96564 109327107944 56964 198263

28964 4144 7127
5462016115 2291
49954 28435 8337
318002711015138
83294 1650013920
3304046776 9151
28322 18808 26355

3996
1204
4446
7835
7777
5206

25966 1628410713 15144

8522515155 9470
3561448327 8598
2612620199 27175

6332
5504
4909

63786 14664 11274 15315

47203 35504 8092
1793326050 19313

6266
4412

30946 10105 14468 10760

2818316404 5337
1864713784 8007
22431 9301 6820
6363510473 4230
26504 31333 5047
9613913388 15652
1489747795 6565
62734 772224161

7774
2689
4135
3186
2077
2578
7815
3363

9047233440 4050 12822

4486051407 18651

2267

236051503502 69774 78576 75429 3729012200826817 3046211115
467307170572363788 50349 54567 49460 2300173138 1604118382
485877337678123255261636 35690 35525 30563 1378143582 9597 11071

4581
4154
3690
3373
3175
3352
4602
7514
5215

4629
2147

646
2328
4430
4474
3033
9127
3777
3201
2807
8624
3434
2477
5896
4088
1438
2014
1607
1095
1324
4083
1814
7258
1362
6793

3359 2441 1757 1253
3080 2265 1648 1188
2758 2052 1513 1103
2510 1881 1402 1035

2282 1703 1278
2174 1566 1170
2317 1505 1085
3134 1580 1028
4973 2078 1050
3427 3278 1373
7539 2271 2177

954
879
811
742
683
694
914

887 624 437
848 601 423
796 568 403
755 545 389
704 514 371
656 485 354
610 456 337
555 417 312
494 369 278
452 327 245
463 302 218
599 304 198
920 387 196
614 591 249

2401 6332 4526 4933 1268 385 370
2093 1371 3632 2604 2843 731 222
8466 1202 792 2105 1514 ### 426
22205228 746 493 1313 945 ###

6435 1301 3090

443

2532 3566 726 1735

1160 1375 1944

396

342 618 737 1045

1328 196 357
2576 777 115
2631 1526 463
1859 1628 951
5558 1150 1016
2229 3313 691
1852 1299 1942

426
210

69
290
597
612
406

1598 1062 749 1123

4757 886 590
1937 2697 504
1381 1089 1529
3197 766 611
22611807 440
717 1152 933
1041 375 609
868 574 209
577 465 311
704 311 253
2235 390 174
1035 1283 225
4397 630 784
839 2733 393
4118 511 1669

417
337
287
868
353
229
496
341
114
170
142
101
138
491
241

293
250
949

783 565
166 443
137 91
213 512 74
606 124 298
252 359 73
126 151 215
43 79
182 27
361 111
361 213
236 210
626 132
238 358
193 137
164 110
505 96
185 266
122 99
279 69
187 153
62 103
96 35
82 56
62 51
86 39
300 53

305
296
284
276
265
256
246
230
208
184
163
143
128
126
156
214
130
267
619




Table 2.33 (page 4 of &) Numbers at age (1000s of fish, Model 21.2).

Year

0 1 2 3 4 5

6 / 8

9

10

11

12

13

14

15 16

17

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

1194030258496 86423 78130 34577 17726
807466840266181903 60686 54045 23086
812365568230591287127730 41803 35624
217405571678399864415088 88534 28003
218740152992402284 280845287072 59436
1035790153932107657282525194619193420

280641728908108325 7571319749513342812926525669

965795197493512944 76119 52800134817

11168 7589 5296
11342 6937 4662
14434 6840 4135
22986 9082 4269
18033 14407 5631
3902611599 9203
7564
88317 83644 16463

3717
3250
2782
2583
2642
3595
5991
4835

437160679649138968359893 52506 35426 871495538251739 10146
236717307639478274 97699249518 35137 2286154375 33943 31562
81019 166583216488335756 67768 166475 22486 14280 33533 20884 19445
335800 57015117226152145232625 4553810585313789 8638 20184 12569 11712 2300
2805662760 8081 5057 11834
9337916986 37244 4774 2986
4231055534 9899 21464 2744
2153022639 28547 5031 10865
7012 1125911401 14291

658446236304 40109 81869103127149572
648127463361166282 28126 56285 67849
413173456099326070116737 19424 37224
1076430290756 320952228494 79517 12346
371521757503204601225094 155156 49957
329775261443532970142855152286 98270
283041232067183963373401 96413 95281
878722199179163291128608249936 57873
362218618369140160114438 87331156040
284838254895435044 97677 75757 52402
697592200445179366 305131 66520 47866
559127490908141051125842208053 42054
247525393466 345450 98717 86086 132805
481147174187276878242464 67279 55429
452839338589122564 193524163366 41476
306094 318669238259 85944 131033101368
360579215403224246166854 58461 81001
911335253744151576157484112904 36512
323614641321178561106428107865 70247
1179490227733451300125413 73033 69293
162996 830028160254316621 85669 46305
718694 114703584084112322215691 54069
909822505756 80714408885 76460137266
426978 640255355885 56609275258 47151
1142200300470450535248916 38159165251
211783803778211429315405166794 23228
309369149034565618148390214196 100753
233768217706104875396634101252131546
145146164505153198 73529268190 62791
801040102141115763107682 50483167808
263804563703 71876 81179 73610 31858
405845185643396670 50541 55154 46491
537217285599130639278067 34916 34352

29657 3979 6265
55608 15716 2049
5126227450 7510
3215526378 13501
83616 15799 12502
3024344913 8174
27559 16329 23667

6327
3208

972
3634
6304
6401
4311

2459515115 8694 12478

77358 13389 8190
3172641366 7050
22726 1637021036

4830
4363
3680

5568011455 8181 10762

44282 27955 5667
207152293013840
405591127911995
40117 21657 5854
2637621188 10930
31452 14264 11047
75078 15532 6677
2523236725 7322
8645912193 17437
12066 39256 5448
52080 5546 17348
70267 24473 2479
34651 3425411486
95639 18546 17825
1811951032 9791
26548 9672 26631

4124
2749
7133
6134
2919
5604
5086
3148
3556
8033
2457
7672
1183
6002
9538
5103

2596
2286
1947
1743
1600
1689
2341
3828
2977
6187

2526
7953
3248
1525

468
1690
3219
3397
2269
7112
2609
2341
1935
5575
1991
1409
3632
3041
1491
2570
2420
1572
1700
3725
1093
3776

624
3271
4991

1793 1222
1599 1105

1373
1222
1081
1024
1100
1496
2357

962
863
759
692
667
703
921

1816 1438
3816 1121

822
754
666
605
536
486
451
426
433
562
888
676

7381 6885 1353
6990 4361 4069
1715 4014 2505 2337
1389 868 2032 1268 1183 233
5479 702 439 1029
1409 3062 393
4096 727 1582
1549 1957

732
217
863
1717
1789

743
340
111
462
905

1316 1046

3879

722

1424 2138
1252 769 1160

1021
2685

667
491

1019 1373
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1798
1551

684
1233
1229

772

805
1666

547
2013

518
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916
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329
633
612
370
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843
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344 1119

1719

181

348
939
345
174
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243
531
575
400

412
321
251
698
256
181
421
343
170
318
295
167
184
453
163
590

546
507
454
419
376
343
317
288
263
264
347
536
398
800

246
203
757
167
436
176

93

31
143
293
320
218
623
198
164
128
345
131

359 235
337 222
306 203
286 192
260 178
241 167
224 157
202 143
177 125
160 108
163 99
209 98
315 123
235 186
459 135

643 600
576 360
127 298
97 61
363 47
78 169

153
145
134
128
119
114
109
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Table 2.33 (page 5 of &) Numbers at age (1000s of fish, ensemble).

Year

0 1 2 3 4 5
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1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

1139930259270 84670 80613 34948 17885
772923807218183892 59910 56237 23552
766237547216571709130193 41617 37461
194592542381387488404068 91035 28139
208982137735383984273929281375 61661
981579147961 97506271430191181190994

11339 7794 5518
11575 7142 4861
14938 7106 4336
24477 9546 4508
18304 15561 6021
40898 1190510078

259746694903104778 6900019094813189912860027202 7861

902784183866492043 74095 48418131134

87854 8393217674

3934
3441
2954
2755
2846
3905
6663
5100

413649639059130166347438 51389 32663 85224 5547252465 11069
224392292833452454 92088 242324 34516 2117853498 34290 32410
76749 158865207342319620 64275162549 22196 1332533258 21302 20230
313689 54341112492146636222686 4339210375013672 8121 20203 1298312404 2672 780
2685061737 8047 4789 11957
90095 1632336826 4790 2860
4127553704 9568 21398 2785
20906 22022 27651 4901 10959
6809 1094311124 13906

612363222054 38472 79111100070143889
598178433492157211 27159 54734 66126
366780423424306922111054 18862 36295
965855259622299767216401 75978 11991
360228683632183800211526147564 47764
305256255080483880129097 143703 93503
269568216091180640340976 87386 89707
857884190860152984 127069228734 52128
361730607357135156107938 86772142321
288922256121429997 94896 71828 51680
693162204551181376303616 64917 45137
513889490700144843128112208174 40950
207559363842347436102125 88354133028
366838146917257645245331 70003 57298
337255259646104001181303166398 43445
239590238694 183794 73292123043104052
286405169590168955129156 49800 76330
816750202739120043119076 86871 30964
325725578247143535 84705 81338 53336
1186460230641409455101388 58095 51484
168096 839997163341289110 69354 36027
747881119030594810115392198186 42789
963160529515 84301420156 79383124344
454473682031374970 59605285217 48072
1213290321751483043264365 40600169773
223305859041227823340732178431 24849
307928158129608336160928233348108651
218994218031111998429380110558145613
137711155008154405 79068292767 69478
752933 97499109737109120 54331185135

28328 3863 6094
52609 14938 1982
47627 25579 7042
2854123988 12340
74623 1365011065
2928239179 6932
25726 15566 20282
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3121

932
3362
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3593
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4248130438 6489
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1892013316 6749
23183 9096 6162
6346010253 3782
2478829221 4503
8813911728 13328
1314140486 5177
57788 629218279
8035728433 2972
40006 42456 14401

229133533054 69039 77326 74891 3477310964222648 23493
412309162114377414 48831 52762 48117 2070962407 1273513235
510082292236114720266098 33945 33569 2866711757 34837 7102

4608
3188
7654
5425
2008
3144
2566
1667
2075
5909
2337
8549
1504
7942
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1746
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2589
4338
3200
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2485
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3205
1483
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2909
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5894
2418
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1880
5806
2272
1619
3751
2503
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1339
1157
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1104
4368

837
4510
7413

1963 1365
1753 1237
1510 1081

1345
1198
1140
1231
1690

970
859
785
760
806

2734 1070
1994 1714
4323 1258 1087

938
864
766
697
621
564
524
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674

7732 7443 1618
7161 4654 4509
1669 4190 2737 2670
1435 866 2187 1442 1423 319
5597 740 451 1147
1406 3185 424
4080 744 1699
1548 1998

716
207
793
1514
1547
1074
3270

756
337
107
422
814
884
606

1306 1794

1126
977
2884

702
594
490

1162 1489

803
1763
1214

411

620

566

374

446
1295

571
2451

583
385
871
540
193
312
275
181
216
677
323
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986
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177

58
229
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504
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977
375
301
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285
194
394
259
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155
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385
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814
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596
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496
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409
378
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324
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679
475
989

260
228
852
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478
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32
134
272
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527
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159
132
379
146
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221
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269
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591

765
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278
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226
212
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160
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Table 2.310 Somestatisticsof the ABC and OFL distributionfor 2022 and 2023

Feature M19.12a| M19.12 M21.1 M21.2

Allow catchability to vary? no yes no no

Allow domed survey selectivity’ no no yes no

Use fishery CPUE? no no no yes

Model weight: 0.3158 | 0.2842 0.2316 @ 0.1684
Year Quantity Statistic| M19.12a| M19.12 M21.1 M21.2 | Ensemble
2022 ABC mean | 174,668| 123,899 183,492 121,830| 153,383
2022 ABC sdev 27,890 [ 25,761 20,255 21,088 [ 37,039
2022 OFL mean | 208,791| 148,656 216,920 146,026( 183,012
2022 OFL sdev 33,005 | 30,698 23,918 25,144 | 43,506
2023 ABC mean | 162,093| 125,080 177,937 141,112 151,709
2023 ABC sdev 15,395 | 16,255 27,109 15,539 | 27,832
2023 OFL mean | 177,493| 139,552 195,398 158,080| 167,587
2023 OFL sdev 15,680 | 16,956 29,422 16,488 | 29,229




Table 23529 Standard harvest scenarios 1 and 2 (female spawning biomass and catch in 1000s of t).

Time-varyQ? no yes no no n/a

Survey dome? no no yes no n/a

Fishery CPUE? no no no yes n/a
Model: M19.12a M19.12 M21.1 M21.2 Ensemble
Quantity Est. SD Est. SD Est. SD Est. SD Est. SD
B2022 259.0 185 231.3 21.0 326.1 34.1 218.1 159 259.8 457
B2023 246.6 10.3 2315 14.0 308.6 27.00 234.1 10.68 254.6 34.6
B2024 231.6 9.7 226.6 12.8 289.1 21.0 2334 9.6/ 243.8 28.6
B2025 2244 117 2250 13.§ 2818 214 2312 11.2 239.0 280
B2026 2315 119 233.7 13.7 2875 21.00 239.1 11.2 2464 27.1
B2027 243.3 9.0 246.6 114 296.6 18.00 250.9 8.9 257.9 24.7
B2028 252.1 6.9 257.0 9.5 303.3 15.71 259.9 7.00 266.7 22.8
B2029 256.7 6.1 262.9 8.7 307.0 14.8 264.6 6.2l 271.4 219
B2030 258.4 6.0] 265.5 8.6/ 308.6 14.59 266.5 6.00 273.4 21.7
B2031 258.8 6.0 266.4 8.7 309.2 145 267.0 6.00 274.0 21.7
B2032 258.7 6.0 266.5 8.8 309.3 14.94 267.0 6.00 2740 2138
B2033 258.6 6.0 266.3 8.8 309.3 14.4 266.9 6.00 274.0 21.9
F2022 0.363 0.044 0.267 0.039 0.306 0.014 0.284 0.035 0.309 0.053
F2023 0.345 0.029 0.267 0.027 0.304 0.033 0.307 0.027 0.307 0.041
F2024 0.323 0.02 0.261 0.021] 0.284 0.022 0.306 0.021 0.293 0.032
F2025 0.312 0.019 0.259 0.019 0.277 0.029 0.303 0.019 0.287 0.029
F2026 0.322 0.02q 0.270 0.019 0.283 0.019 0.313 0.019 0.297 0.03d
F2027 0.340 0.014 0.286 0.01§ 0.292 0.017 0.330 0.017 0.312 0.03d
F2028 0.353 0.014 0.299 0.017 0.299 0.014 0.342 0.017 0.323 0.031
F2029 0.360 0.0147 0.306 0.017 0.303 0.01§ 0.349 0.014 0.329 0.031
F2030 0.362 0.014 0.309 0.017 0.304 0.01§ 0.352 0.014 0.332 0.031
F2031 0.363 0.014 0.310 0.014 0.305 0.01§ 0.352 0.014 0.333 0.03d
F2032 0.363 0.014 0.310 0.014 0.305 0.01§ 0.352 0.014 0.333 0.03d
F2033 0.363 0.014 0.310 0.014 0.305 0.01§ 0.352 0.014 0.333 0.03d
C2022 1747 279 1239 258 1835 203 1218 21.1] 1534 37.0
C2023 162.1 154 1251 16.3 1779 27.1)f 1411 155 151.7 27.8
C2024 1424 139 119.0 14.0 157.7 21.4 137.7 142 1385 214
C2025 1355 143 118.2 13.7 1541 209 1352 14.1) 1348 204
C2026 147.0 153 129.2 14.7 1643 21.) 146.8 14.8 1459 20.8
C2027 163.3 119 1446 119 176.1 16. 162.7 11.8§ 160.9 17.3
C2028 174.9 9.8 156.7 9.4 1839 129 1740 10.0 1716 14.6
C2029 180.4 8.9 163.5 8.0 187.7 118 179.5 9.2 177.1 13.2
C2030 182.2 8.6 166.3 7.4 189.1 115 1815 8.9 179.2 125
C2031 182.5 8.5 167.1 7.1 1895 114 181.9 8.8 179.7 12.3
C2032 182.4 8.4 167.2 7.00 1895 114 181.8 8.7 179.6 12.2
C2033 182.2 8.4 167.0 7.00 1895 114 181.7 8.7 1795 12.2




Table 2.3B6 Standard harvest scenarigf@male spawning biomass and catch in 1000s of t)

Time-varyQ? no yes no no n/a
Survey dome? no no yes no n/a
Fishery CPUE? no no no yes n/a
Model: M19.12a M19.12 M21.1 M21.2 Ensemble
Quantity Est. SD Est. SD Est. SD Est. SD Est. SD
B2022 259.0 185 231.3 21.0 326.1 34.1 218.1 159 259.8 457
B2023 250.1 149 216.6 16.4 317.8 28.2 2134 131 250.1 444
B2024 234.8 134 200.7 144 3052 248 1989 11.9 2354 445
B2025 2243 143 1915 142 2988 253 1884 12. 226.2 4538
B2026 227.4 147 1956 13.§ 303.2 254 1921 125 230.0 46.1
B2027 237.8 129 206.5 11.7 3122 23.3 202.1 10.8§ 240.1 4438
B2028 248.2 11.0 2171 9.4 321.1 205 211.2 9.3 250.0 43.7
B2029 256.0 9.6 224.9 7.9 328.1 1824 217.5 8.5 257.4 43.1
B2030 261.2 8.8 229.9 7.1 333.2 16.9 221.3 8.1 262.2 43.1
B2031 264.4 8.4 2329 6.6 336.7 15.7 223.5 7.9 265.3 43.3
B2032 266.4 8.3 234.6 6.4 339.1 151 224.7 7.8 267.2 43.6
B2033 267.5 8.2 235.6 6.3] 340.7 14.8 225.4 7.8 268.3 43.8
F2022 0.340 0.00q 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2023 0.340 0.00d 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2024 0.340 0.00d 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2025 0.340 0.00d 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2026 0.340 0.00q 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2027 0.340 0.00d 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2028 0.340 0.00q 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2029 0.340 0.00q 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2030 0.340 0.00d 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2031 0.340 0.00q 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2032 0.340 0.00d 0.370 0.00q 0.260 0.00q 0.450 0.000 0.349 0.061
F2033 0.340 0.00 0.370 0.009q 0.260 0.00q 0.450 0.000 0.349 0.061
C2022 164.7 105 165.7 144 1583 143 1839 123 166.8 15.3
C2023 162.1 9.5 157.3 12.13] 158.2 13.7 1825 11.3 163.3 14.6
C2024 1511 10.0 1453 12.0 1525 144 1678 11.9 1526 14.1
C2025 146.2 10.4 1411 11.8§ 1525 144 161.6 12.Q 148.8 140
C2026 151.8 11.0 1474 123 1583 153 169.2 123 155.0 14.8
C2027 160.2 8.8 156.8 9.8 1646 12.94 179.5 9.9 1635 129
C2028 166.9 7.4 164.6 8.0 169.1 11.1f 186.9 8.6/ 170.1 11.7
C2029 171.3 6.6 169.8 6.9 172.0 10.1] 191.4 8.00 1744 110
C2030 174.0 6.20 172.9 6.3] 173.9 9.5 193.8 7.8/ 177.0 10.6
C2031 175.7 6.0 174.8 6.00 175.1 9.2 195.2 7.6/ 1786 104
C2032 176.6 5.9 175.8 5.8 175.8 9.1 195.9 7.6/ 179.4 10.2
C2033 177.1 5.8 176.3 5.8 176.3 9.00 196.3 7.6] 179.9 10.1




Table 235cd Standard harvest scenario 4 (female spawning biomass and catch in 1000s of t).

Time-varyQ? no yes no no n/a

Survey dome? no no yes no n/a

Fishery CPUE? no no no yes n/a

Model: M19.12a M19.12 M21.1 M21.2 Ensemble

Quantity Est. SD Est. SD Est. SD Est. SD Est. SD
B2022 259.0 185 231.3 21.0 326.1 34.1 218.1 159 259.8 457
B2023 2774 139 2544 174 3415 29.9 2551 13.9 2820 394
B2024 285.0 13.9 2674 16.1] 349.9 27.7 2749 123 2934 36.7
B2025 290.4 154 2774 179 3594 29.3 2869 145 302.1 37.7
B2026 303.2 17.24 2936 19.2 3754 31.1 303.8 16.2 317.3 38.7
B2027 3209 164 3143 185 3941 30.2 3243 154 336.6 38.0
B2028 3384 144 3348 16.§ 411.3 28.00 343.7 14.0 355.1 36.3
B2029 352.8 129 352.1 15.0 4254 258 359.7 122 370.6 34.7
B2030 363.7 11.0 365.7 13.7 436.3 242 371.8 109 3824 33.6
B2031 371.5 10.)f 3757 129 4444 231 3805 100 391.1 33.0
B2032 376.9 9.6/ 3829 12.4 450.3 225 386.6 9.5 397.2 32.6
B2033 380.5 9.3 3879 12.5 4545 22.1 390.8 9.3 4015 32.6
F2022 0.168 0.019 0.124 0.017 0.148 0.007 0.133 0.014 0.145 0.024
F2023 0.168 0.004 0.138 0.01§ 0.148 0.007 0.157 0.01§ 0.153 0.017
F2024 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2025 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2026 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2027 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2028 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2029 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2030 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2031 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2032 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
F2033 0.168 0.004 0.145 0.007 0.148 0.007 0.166 0.007 0.157 0.013
C2022 859 140 605 1277 935 104 59.6 104 76.0 19.1
C2023 93.1 6.9 734 1113 999 101y 820 103 87.2 14.1
C2024 94.4 7.3 799 6.6/ 101.8 10.8 90.8 7.0 914 114
C2025 95.9 7.5 826 6.9 105.0 11.0 93.6 74 938 116
C2026 101.1 8.4 88.0 7.7 1109 119 995 82 994 123
C2027 107.6 7.7 945 7.2 116.7 10.7 106.6 7.7 105.8 11.6
C2028 113.3 7.1 100.4 6.7 121.2 9.8 112.7 7.2 111.4 109
C2029 117.5 6.7/ 105.1 6.2 1245 9.2 117.2 6.9 1155 10.2
C2030 120.5 6.4 108.6 5.8 126.7 8.7 120.3 6.6 118.5 9.6
C2031 122.5 6.2l 111.0 5.5 128.2 8.5 1225 6.5 120.6 9.3
C2032 123.9 6.0 112.7 5.3 129.3 8.3 124.0 6.4 122.0 9.0
C2033 124.8 59 113.9 5.20 130.1 8.2 125.0 6.3] 122.9 8.8




Table 2.366 Standard harvest scenario 5 (female spawning biomass and catch in 1000s of t).

Time-varyQ? no yes no no n/a

Survey dome? no no yes no n/a

Fishery CPUE? no no no yes n/a
Model: M19.12a M19.12 M21.1 M21.2 Ensemble
Quantity Est. SD Est. SD Est. SD Est. SD Est. SD
B2022 259.0 185 231.3 21.0 326.1 34.1 218.1 159 259.8 457
B2023 307.7 1824 276.6 21.4 376.0 33.3 275.6 16.71 309.3 455
B2024 347.4 184 316.1 225 421.2 33.7 3244 175 351.7 46.6
B2025 382.3 20.9 353.2 242 465.0 37.1 367.1 19. 390.6 49.8
B2026 4195 229 3934 26.1 511.2 414 4108 22.0 4318 53.3
B2027 458.5 23.q4 4359 26.9 557.2 435 4552 22§ 4744 552
B2028 4956 228 477.2 258 599.6 434 497.0 221 514.7 55.7
B2029 528.4 21.1f 5145 243 6365 421 5339 20. 5504 554
B2030 555.8 19.2 546.6 22.71 667.2 40.5 564.8 189 580.5 54.8
B2031 5779 17.4 573.1 21.4 6921 39.00 589.8 17.3 605.0 54.3
B2032 595.3 16.3 594.6 20.4 711.8 37.9 609.6 16.0 6245 53.9
B2033 608.7 154 6116 19.9 727.2 37.2 625.0 15.1 639.7 53.7
F2022 0.000 0.00J 0.000 0.009q 0.000 0.00q 0.000 0.000 0.000 0.00d
F2023 0.000 0.00¢q 0.000 0.000 0.000 0.00q 0.000 0.009q 0.000 0.009
F2024 0.000 0.00q 0.000 0.00q 0.000 0.00q 0.000 0.000 0.000 0.00d
F2025 0.000 0.00¢q 0.000 0.000 0.000 0.00q 0.000 0.00q 0.000 0.009
F2026 0.000 0.00J 0.000 0.009q 0.000 0.00q 0.000 0.000 0.000 0.00d
F2027 0.000 0.00¢q 0.000 0.000 0.000 0.00q 0.000 0.00q 0.000 0.009
F2028 0.000 0.00q 0.000 0.009q 0.000 0.00q 0.000 0.000 0.000 0.00d
F2029 0.000 0.00q 0.000 0.009q 0.000 0.00q 0.000 0.000 0.000 0.00d
F2030 0.000 0.00¢q 0.000 0.000 0.000 0.00q 0.000 0.009q 0.000 0.009
F2031 0.000 0.00q 0.000 0.009q 0.000 0.00q 0.000 0.000 0.000 0.00d
F2032 0.000 0.00¢q 0.000 0.000 0.000 0.00q 0.000 0.00q 0.000 0.009
F2033 0.000 0.00J 0.000 0.009q 0.000 0.00q 0.000 0.000 0.000 0.00d
C2022 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2023 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2024 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2025 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2026 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2027 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2028 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2029 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2030 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2031 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2032 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C2033 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Table 2.380 Standird harvest scenario 6 (female spawning biomass and catch in 1000s of t).

Time-varyQ? no yes no no n/a

Survey dome? no no yes no n/a

Fishery CPUE? no no no yes n/a
Model: M19.12a M19.12 M21.1 M21.2 Ensemble
Quantity Est. SD Est. SD Est. SD Est. SD Est. SD
B2022 259.0 185 231.3 21.0 326.1 34.1 218.1 159 259.8 457
B2023 235.0 9.2 2227 128 296.5 26.0 225.9 9.6 244.2 33.1
B2024 215.2 9.3 2129 121 271.0 19.7 219.6 9.00 228.2 27.0
B2025 207.3 1124 209.4 13.2 262.0 20.3 215.0 10.71 221.8 26.4
B2026 2148 10.7 2176 12.7] 267.6 19.5 2224 104 229.1 25.3
B2027 226.5 8.00 230.0 104 276.3 16.9 233.9 8.00 240.3 22.8
B2028 234.6 6.2 239.4 8.6] 2823 144 2420 6.3] 248.3 21.1
B2029 238.2 5.7 2443 8.1 2854 13.7 245.8 5.7 252.2 20.5
B2030 239.3 5.6 246.2 8.1 286.6 13.4 247.1 5.6 2535 204
B2031 239.4 5.6 246.5 8.2 286.9 13.q 247.2 5.6/ 253.7 20.5
B2032 239.2 5.7 246.5 8.3 286.9 13.71 247.1 5.6/ 253.7 20.5
B2033 239.1 5.7 246.3 8.3 286.9 13.7 247.0 5.6 253.6 20.6
F2022 0.445 0.057 0.327 0.049 0.368 0.029 0.347 0.043 0.377 0.065
F2023 0.401 0.029 0.314 0.03¢0 0.352 0.039 0.360 0.030 0.358 0.046
F2024 0.366 0.024 0.299 0.023 0.320 0.024 0.350 0.023 0.334 0.035
F2025 0.351 0.022 0.294 0.021] 0.309 0.022 0.342 0.021) 0.324 0.033
F2026 0.365 0.024 0.307 0.021] 0.315 0.022 0.354 0.021 0.335 0.034
F2027 0.386 0.02) 0.325 0.021] 0.326 0.019 0.374 0.020 0.353 0.035
F2028 0.401 0.02 0.339 0.029q 0.334 0.01§ 0.387 0.019 0.366 0.036
F2029 0.407 0.019 0.347 0.0290 0.338 0.01§ 0.394 0.019 0.372 0.036
F2030 0.409 0.019 0.349 0.019 0.339 0.019 0.396 0.019 0.374 0.036
F2031 0.409 0.019 0.350 0.019 0.340 0.01§ 0.396 0.019 0.374 0.035
F2032 0.409 0.019 0.350 0.019 0.340 0.017 0.396 0.019 0.374 0.035
F2033 0.409 0.019 0.350 0.019 0.340 0.017 0.396 0.01§ 0.374 0.035
C2022 208.8 33.0 148.7 30.7 2169 23.9 146.0 25.1 183.0 435
C2023 1775 157 139.6 17.0 1954 294 158.1 16.5 167.6 29.2
C2024 149.2 144 127.1 144 166.0 22.7 1469 148 1464 21.9
C2025 140.9 15.) 1243 14.2 160.7 21.7 141.8 14.71 1409 21.1
C2026 1545 159 1364 152 1720 21.4 1545 153 1534 21.3
C2027 172.6 123 153.1 12.00 184.7 16.1 1717 12.Q 169.7 17.5
C2028 184.4 10.1] 165.5 9.5 1926 13.) 183.1 10.3 180.7 14.8
C2029 189.2 9.4 171.7 8.2 196.0 12.3 188.1 9.6/ 185.6 135
C2030 190.4 9.0 173.9 7.7 197.1 12.0 189.5 9.4 187.1 130
C2031 190.4 8.9 1743 7.4 1973 12.0 189.6 9.2 187.3 1238
C2032 190.1 8.9 174.2 7.4 1972 12.0 189.3 9.2 187.1 12.8
C2033 189.9 8.9 173.9 74 1971 12.0 189.2 9.2 1869 1238




Table 2.350 Standard harvest scenario 7 (female spawning biomass and catch in 1000s of t).

Time-varyQ? no yes no no n/a

Survey dome? no no yes no n/a

Fishery CPUE? no no no yes n/a
Model: M19.12a M19.12 M21.1 M21.2 Ensemble
Quantity Est. SD Est. SD Est. SD Est. SD Est. SD
B2022 259.0 185 231.3 21.0 326.1 34.1 218.1 159 259.8 457
B2023 246.6 18.3 2315 21.4 308.6 33.1 2341 16.9 254.6 38.2
B2024 220.6 10.7 2176 142 277.3 222 2239 10.71 2334 285
B2025 209.4 11.0 2116 13.2 2651 20.8 2169 10.68 224.2 26.8
B2026 2155 10.4 2185 12.4 268.8 19.4 223.1 10.3 230.0 255
B2027 226.6 8.0 230.2 104 276.6 16.5 234.0 8.00 2405 229
B2028 234.5 6.2 239.4 8.7 2823 144 2419 6.3] 248.2 21.1
B2029 238.2 5.7 2443 8.1 285.3 13.71 245.7 5.7 252.1 20.5
B2030 239.3 5.6 246.1 8.1 286.5 13.94 247.0 5.6 2535 204
B2031 239.4 5.6 246.5 8.2 286.9 13.q 247.2 5.6/ 253.7 20.5
B2032 239.2 5.7 246.4 8.3 286.9 13.71 247.1 5.6/ 253.7 20.5
B2033 239.1 5.7 246.3 8.3 286.9 13.7 247.0 5.6 253.6 20.6
F2022 0.363 0.029 0.267 0.024 0.306 0.030 0.284 0.021 0.309 0.047
F2023 0.422 0.049 0.327 0.047 0.367 0.044 0.374 0.045 0.374 0.060
F2024 0.375 0.029 0.306 0.030 0.328 0.029 0.357 0.030 0.342 0.041
F2025 0.355 0.024 0.297 0.024 0.312 0.023 0.345 0.023 0.327 0.034
F2026 0.366 0.023 0.308 0.027 0.317 0.022 0.356 0.022 0.336 0.034
F2027 0.386 0.02d 0.325 0.021] 0.327 0.019 0.374 0.020 0.353 0.035
F2028 0.401 0.019 0.339 0.029q 0.334 0.01§ 0.387 0.019 0.366 0.035
F2029 0.407 0.019 0.347 0.019 0.338 0.01§ 0.394 0.019 0.372 0.036
F2030 0.409 0.019 0.349 0.019 0.339 0.019 0.396 0.019 0.374 0.036
F2031 0.409 0.019 0.350 0.019 0.340 0.01§ 0.396 0.019 0.374 0.035
F2032 0.409 0.019 0.350 0.019 0.340 0.017 0.396 0.019 0.374 0.035
F2033 0.409 0.019 0.350 0.019 0.340 0.017 0.396 0.01§ 0.374 0.035
C2022 174.7 0.0 123.9 0.0 183.5 0.0 121.8 0.00 153.4 27.7
C2023 193.8 30.3 150.0 29.5 210.1 40.2Z 168.7 26.8 180.9 39.7
C2024 155.8 18.7 1322 195 1728 26.9 152.1 189 1524 25.7
C2025 1434 159 126.6 15 163.6 22.4 1439 158 1434 220
C2026 1552 159 137.3 155 173.0 21.7 1552 155 1542 21.5
C2027 172.7 119 153.3 12.00 1849 159 1718 119 169.8 174
C2028 184.2 9.9 165.4 9.3 1925 129 183.0 10.]] 180.6 14.7
C2029 189.1 9.2 171.6 8.1 1959 12.1] 188.0 9.5 1855 134
C2030 190.4 9.0 173.9 7.6/ 197.0 12.0 1894 9.3 187.1 129
C2031 190.4 8.9 1743 7.4 197.2 12.0 189.5 9.2 187.2 1238
C2032 190.1 8.9 1741 7.4 1972 12.0 189.3 9.2 187.1 12.8
C2033 189.9 8.9 173.9 74 1971 12.0 189.2 9.2 1869 1238
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Figure 2.1 Total catch and catch lgear type.Data for 2021 are current through September 26.
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Figure 2.3. Catch time series by area, 22030 (catch data for NBSRA not available prior to 2003).
Data for 2021 are current through October 17.
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Figure 2.5a. VAST fisherCPUE log density maps by year.
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Figure 2.5b. VAST fishery CPUE quantile residual maps by year.
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Figure 2.6b. Survey abundance log density maps by year (VAST).
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Figure 2.6¢. Survey abundance quantile residual maps by year (VAST).
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Figure 2.10b. AFSC longline survey relative population number (top) and weight (bottom).
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Figure 2.11a Fits to the survey index data
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Figure 2.11b. Fit to the fishery CPUE index data (Model 21.2 only).
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Figure 2.12a. Residual ptoof model fits to the fishery size composition data.



Model 19.12

Model 19.12a

o o WS D oM |
,ﬁ.!ii.é;ggé s

Model 21.2

Figure 2.12b. Residual plots of model fits to the survey size composition data.



Model 19.12a

O-2 - 01@ 2
12 4 © © © ¢ o © @ © O O O O O @ o o - - - ® - - e © =
11 1 © ¢ =« - © © & © O O = ® O © ® = = & =« =« =& =& & & O O
10 4 <@ = o O 0 = 0 O 0 O O © o + ©o v e = = & o°o e O 0O O
9 — ® © O O o O O 0 O O ¢« & © = o - =« @ « o 0 O © OOQ
8| ® « © O @ O - = & O o @ e O ® 8 = 2 &« « OO0 0 OO0
E 71 ®0c 00 O0O@®o00 @@ - ¢ = - e o oo 00O
‘% 61 @c e - - @ ® o - ® e ® O + O o e @ *» O o - O -
5 4 ® O O O O ®@ @ = = - OO @ O ¢ O e - @ e - @ o & @
4 e (e e e +« 8 -@oc o e 00Oe 00 OO eB®CO® -
34 o@ - c0 - @ec el c oo - cOo0e 0@ -
2 - @+ e c OO e 0OOCe oo oo oo o()e
1 4 o -« e o @ - IR e I I X N ® @ » ® O ® - @
o © o © ooc o oocooOOOCO0C oOOC oo 0o o o o O
T T T T T T T T T T T T T T T T T T T T T T T T T
1994 1997 2000 2003 2006 2009 2012 2015 2018

Model 21.1

-2 - 01@ 2
12 4 © 0 0 0O ¢ ¢ 0 © 0 0 O O O © =& © © © o © - & o =& © ©
11 4 © © - ¢« © © ¢ o O O © ® O © & o o e +« 8 & © O O ©
10 — C o - o O C & O 0 O O © © © = o ©o = o e o ©o O O O
9 — ® o O O o O 0O © © O ® o & o = - = o O O 0 O O
8- ® ° O O @ O + - + O ® e c ® s 5 + 2 0000000
S 7] @0 ¢ s 00 0o@c c @@e s - - « s - 000 OO0
% 61 @ © ® - © @@ ® - ¢ ® ¢ ® O e © - + o @ e O © o O e
5 4 @ O O O O e @ - e « O O e © o - @ ® o - ® o O e
4+ o(HDe e @ « @ -@oc O« OCe 08 C 00O o®O@® -
3 O@-° - o0 - @e el ©c 00O - 0000 -
2 - @+ o @® - COO0O@O e OO0 e 0000 oo oe()e
14 = « o« @ o @ - - 00 00 0PB®e® @ e 0 + 0 °c 0 - o
0| 0o e o000 000000000 oCOo oo o o O
T T 71T 71T 71771 T 1T 177 T T T T T T T 17 T LI B |
1994 1997 2000 2003 2006 2009 2012 2015 2018

Age (yr)

Age (yr)

12
11

10

o 0~

L)

12

11

Model 19.12

O-2 - 01@® 2
- © O © © © & e ©°o o 0 Q Q ©Q ©°© ® -« ©°o s = ® « -« ® o
— o o = - 8 s s O O + ® O 8 @ s + ® . e e s« O o
- @ o o O O = 0 0O 0O O O O °o e = = @ e e o o O O O
- - ® o O 0 « © 0 o O O e o @ s = @ o 0 © o OO
- ® o O @ O = e O - @ e O @ e - . o o o © (&
—| ® (O 0 e O ¢ O @ O O ® @ * e - - o o o o OO O
4 @ C @ « - @@ * © - @ e ® O e © © ©° - © o + O e
- -« O O 0O O e @ o - + 0O Q e © - © °o & - e o @ ® @ o
H o(CO® e @ « @ - @c 0 e OO Oe CODO® @ OO
4 o@- co -eoee@- c0co0 - cOCeOB@® -
— ® - - e c OO0 ODe OO0 ®Oo C OO o0 OO0 O0()-.
- ® - o ® o @ e oo o O ODPGDO®® G s s 89 e -8
4 o c o000 O0QCec o000 OO0 o0 0o o o0
T T T T T T T T T T T T T T T T T T T
1994 1997 2000 2003 2008 2009 2012 2015 2018

Model 21.2

D2 - 01@ 2
- © 0O o o e e o o QO 0 0 o o e o o o e o © o © =
- © o = ®© o ©o 0 O O & ® O & @ = & = O o o o o O o
- o e o O 0 o O 0 O O © o - e © © = o s 0O 0O Q Q O
— ® o O O o O C O O O « @ © e o ©o O o o O O o O
— ® o O O e O o o o O - @ ® O & - O O < oo o o O o
- ®« O o o O o o c @@ e - o 0 O O O o 0o o o O -
—| @ © ® o o @ @ ® © o @ ® ®@ O o O C O o @ - ©o - e O @
— ®« O O O © e @ ° e @ ¢ © - O 0 O ©o o - ®* - ® ® @ @
4 e (e e e s 0 s @ -0 - 000 c OO O O® -
4 o@ - « o - @e e OO0 O e e 00O B® -
4 @ e e ® s OO0 e c OO O @+« o0 0o 00oO0()e
- < - e ® e ® =« ° o o - OCPOEPODO® e e - - ® o ® o =
-/ o o o o0 0 QOCCocoo0o o000 o (C0Coe o o o 0O
T T T T T T T T T T T T T T T T T T T
1994 1997 2000 2003 20086 2009 2012 2015 2018

Figure 2.13. Residual plots of model fits to the survey age composition data.
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Figure 2.14. Retropective analysis of Madl 19.12a
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Figure 2.14b Retosective analysis of Model 19.12
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Figure 2.14. Retrospectivanalysis of Model 21.1
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Figure 2.14. Retospective analysis of Model 21.2
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Figure 2.14. Retrgpective analysis of the ensemble
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