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Introduction

This document represerds effort to respond to commemsde by thé8SAI Plan Tean{Tean) andthe

Scientfic and Statistical Committee§&)on | ast y e afrthe Paciicsod eteckimtkent o

Eastern Bering Se&BS), which also includes Pacific cod in the Northern Bering(8B&, Thompson

etal.202). | n additi on, comments from this yhe@entérs revi e
for Independent Experts (ClBye addressed (Attachment 2.1.1).

A note on table formatting: All tabl es prlesant ed
follow the conventiomed=low andgreershigh. Depending on the contegglor scales may extend
across a row, a column, or the entire table.

Responses to Team and SSC comments on assessments in general

Note thatalthoughth&&SCmade a number of generic recommendati o
its June2021meeting, those recommendatiare not addressed here, because: 1)wliépot be

finalized until the SSCbs Oct obeandimeidkiablegs and t he
typically notupdated until the final drafif the assessmenT he f i nal draft of this vy
address any final recommendatiamsthe risk tabl@dopted by the SSC at its October meeting.

Comments from the December 2088C meeting

SSC1:A he SSC cautions against standardized model fitting (e.g., a single error distribution, set of
covariates, number of knots), other than as a starting point. The speewc biological distribution,

and interaction of this distribigih with covariates, may require differing error distributions to fit the data
adequately. It is more important for each species to have a statistically rigorous model selection process
resulting in good model fit and diagnostics than the simplicity tifidithe same approach to all species:
unlike desigrbased estimators, the SSC suggests that one size does not fit all for VAST models. For each
species, assessment documents should describe why the particular error distributions, covariates, and
number ofknots were chosen for that individual spedeResponseAn evaluaton of alternative
configurationdor the VAST model of trawl survejmdexdata is presentad n d ¥AST éstimates of

survey abundanéé n t he fADatad section.

SSC2Al n g e nteelSE recommends the continued inclusion of community engagement and
dependency indices at varying scales in ESPs, ESRs, and SAFEs. For ESPs specifically, changes in
patterns of community engagement and dependency at the stock level have the potential twinfor

only stock assessments and analyses that support fishery management, but they may also function as early
indicators of larger ecosystem changeResponseSee response listed in the revi&®P(https://apps
afsc.fisheries.noaa.gov/Plan_Team/2021/EBSPcod_esp.pdf
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Responses to Team and SSC comments specific to this assessment

Comments from the Novembe®@20 BSAI GroundfishPlanTeam meeting

GPT1iiThe Team recommended that the fishery CPUE be
methods and that it be discussed at the CIE review in ZDi%.should also include a discussion of

historical changes in the fishery that may affect the relatiopsh o f t he i n dResponsed a b unde
first attempt at standardizing fishery CPUE using alternative statistical methods has been c¢sgaeted

AVAST estimates of fishery c a.tToihicompnentwasfoiwardedtbf or t o
the CIE reviewers for their consideration (Attachment 2.1ldyesponse, e result of the CIE review

was the inclusiomn this preliminary assessmarfta model incorporating the new index of fishery CPUE

(see NAlternative momel s0 in the AModel s0 secti

GPT2AThe Team recommended collating fishery inform
of concern to the Team, the Team recognizes that fishery performance has been improving and that these
observations should not be ignorddclusion offishery performance in the ESP and evaluation of the

CPUE index with those perfor mance RegponséColatingnay hel
all fishery information in the ESP could prove awkward, because some of it is routinely used by the
assessment models (e.g., catch fisltery size composition), and it seems more appropriate to collate

such data in the main text of the assessment. Moreover, because fishery CPUE data are usttha one
assessment models, it seemsre efficient to clate all fishery CPUE information in the main text than

to split this information into two parts, with one part placed in the main text and the other in the ESP.
TherevisedESP(https://appsafsc.fisheries.noaa.gov/Plan_Team/2021/EBSPcod_e}pgrdinues to

include aspects of fishery performance other than fishery CPUE

GPT3:AThe Team rteedaliawimpetopidsecould be considered for the 2021 CIE review:

development of a fishery CPUE index, incorporation of dsimgped survey selectivity, models to

include in an ensemble, whether to apply the sloping HCR before or after ensemble avéiag§Baod

other reference points, anResprseThdsotppivewere consfderado v e me
during the QE review (Attachment 2.1.1). In responseme results of the CIE review were the inclusion

in this preliminary assessment of:djnodel incorporating a new index of fishery CPUE (ssponse to

comment GPT1), 2) a model incorporating deshaped survey selectivity, 3) a set of models to include

in an ensemble}) asimpleconceptual moddhot part of the ensembl@ddressing movaentof Pacific
codbetweenrAmerican and Russigarisdictions (Attachment 2.1)2and5) further analysis of whether to

apply the harvest control rule before or after el@Veraging (Attachment 2.1.3

Comments from the December 2028C meeting

SSC3:fiThe SSC supports items proposed by the BSAI GPT for inclusion in the CIE review of this

assessment planned for 2021. Proposed topics include: development of a standardized fishery CPUE

index using alternative statistical methods, incorporation of eklmmpedsurvey selectivity, discussion of

models to include in an ensemble, whether to apply the sloping harvest control rule before or after

ensemble averaging of SSB and other reference points,band e | op ment of movement m
ResponseSee response to wwnent GPT3.

SSC4:iiThe SSC also recommends consideration of suggestions offered by Alistair Dunn (public
comment) about other factors that could be included in the CIE review if time is available including:
inclusion of other survey information (e.g., tR#HC and sablefish surveys), and considerations about

how best to include the fishery age and size composition data. Additionally, Mr. Dunn suggested that the
analysis of fishery CPUE data suggested by the GPT could include development of spatiotemporal
aralyses of fleespecific CPUE indices thabtay help inform the assessmeResponseThese topics


https://apps-afsc.fisheries.noaa.gov/Plan_Team/2021/EBSPcod_esp.pdf

were considered during the CIE review (Attachment 2.1Although most of them did not result in very
many specific recommendations from the reviewersay be noted that the new fishery CPUE index
mentioned in response to comment GPT1 does involve a spatiotemporalpéeific analysis.

SSCh:fiThe SSC also encourages review of further efforts to includefighe age data i n futur
ResponseThis comment was forwarded for consideration during the CIE review. Although some

specific recommendations were received (Attachment 2 time was insufficient to implement them in

this preliminary assessment.

SSCe:Alf time allows, the ClEcould comment on avenues for incorporating spatial dynamics and
movemend ResponseThis comment was forwarded for consideration during the CIE review. In
response, one result of the CIE review was the inclusiongrpthiiminary assessment of@nceptual

model fotpart of the ensemble) addressing movement of Pacific cod between American and Russian
jurisdictions (Attachment 2.1.2).

SSC7:filn addition, the SSC would like the CIE review to include an evaluation of the use of ensemble
modeling in theNPFMC management system, and specifically whether the structural uncertainty and
historical challenges in identifying a robust base model make Pacific cod a good application for ensemble
modeling. The SSC acknowledges the traffdoetween review capacignd the addition of models

comprising an ensemble, but also recognizes that the goals of developing an ensemble that describes a
range of structural uncertainties differs from those of refining a single best in&#dponseThis

comment was forwardeai consideration during the CIE review. The reviewers were unanimous in their
conclusion that the EBS Pacific cod assessment is a good candidate for ensemble modeling, in part
becausef the structural uncertainty associated with it.

SSC8:AFor communityharvest revenue indicators, the SSC recommends that the analysts consider
aggregating small communities that cannot be individually disclosed into a single indicator that can be
displayed along with the limited number of larger community indicators thabeaisclosed, for
consistency with othédeSPs and for the sake of a more comprehensive portrayal of EBS Pacific cod
community engagement trendsResponseSee response listed in the revised B8B$://apps
afsc.fisheries.noaa.gov/Plan_Team/2021/EBSPcod_ekp.pdf

Data

This section is divided into two parts. The fipstrtprovides updates afertaindata that were presented

i n | ast vy e andhahemiscsrmrate yeaterdate result$or informational purposes only

(i .e., either last yearbés data continue to be use

assessment, or the data are not used in the assessment model§ heakcong@artprovides
methodologicalipdates of data thate included in at least one of the assessment models presented here
but that do not include any curreygar data

Data updates provided for informational purposedy
Catch

Table 2.1.1 and Figure 2.1update the time series of catititough August of 202Iboth by gear and

overall. These data correspond to catches taken throughout the portion of the Bering Sea covered by the
Fishery Management Plan, which includes the areas covered by the EBS andttdéBtttaw! surveys

(Figure 2.1.2). Figure 2.3 partitions the catchasgce 2003nto those takein the Northern Bering Sea
Research Area, whictpproximates the NBS survey area, #malse taken ithe remainder of the FMP

area. Note that the catchtdaised in the assessment models presentedbem@tinclude these updates.
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Fishery catch per unit effort (CPUE)

The methods used to summarize the information presentbi subsectioare similar to those that have

been used in the last several assemnts, as distinguished from both the method used to devise-the all

gear CPUE index that was used (amdwhidh dnetuseidthis9 f r om
preliminary assessmerg)n d t he met hod described bel mwdehdeo AD

Table 2.1.2 shows simple yeandmonth averagesf catch (in weight) per unit effofor four gear types:

longline, bottom trawl, pot, and pelagic travifhe \alues have been normalized so that the average

across all norempty cells is unityempty cells indicate either that there are no,datehat presentation

of thedatais precluded due to confidentiality restrictiongjor the first three gear types, the data
represent haul s/ sets/ | ifts t h&acificscadttargstfwhercadttee Re gi o
data for pelagic trawl gear include all he(because the majority of the Pacific cod taken by pelagic trawl

gear consists of incidental catcljor all three of the gear types that target Pacific cod, Table 2.1.2

indicates that2021 is shaping up to be an abaxerage year with respect to fishery CPUE. Relative to

the 19962020 montly averages, the 2021 monthly averages fovtr®usgear types may be

summarized as followgeportingonly those months where datee available and can be presented)

1 Longline CPUE was above average éoery month from Januaugustexcept for May.

1 Bottom trawl CPUE was above average for every month from FebApily in particular,
CPUE for February was extremely hifghore thartriple the 19962020average)repeating the
performancebservedn 2020.

1 Pot CPUE was alwe average for January

1 Pelagic trawl CPUE (including incidental catches) was mixed from JaiMergh, with January
being below average and Februditarch being abve average; in particular, CPUE for March
was more than double the 192620 average.

Figure 2.1.4hows the results of the conventiomab d el t hat est i madffectsfofiyear 0 a

eachgear. Fony ear s of danda, swh dé reretheynedel mitdly estimaies the year

and month effectéwvith eachvectornormalized to a mean of zeroy the firstn- 1 years of the time
seriesafter whichthe year effect for the current year is estimated freely, conditional on the month effects
thatwere estimated for the firgt 1 yeargwhich means that the full set of year effects, through year

will no longer have a mean of zerd}ecause the estimated year effect for the current year is conditional
on the vector of month effects, the fHtat the data for the current year do not span the entire year should
not cause the estimate of the current year effect to be bidikedyear and month effects shown in Figure
2.1.4 have been incremented by 1.0 in order to represent values relatedspictive averagd.he
estimated year effects for 2021 (shown in the top left panel of each page of Figure 2.1.4) for all four gear
types confirm that this is shaping up to be an alaarage year with respect to fishery CPUhe fits

to the datare shown in the bottom pahof each page of Figure 2.1.4. TiheersevarianceweightedR?
valueswere as follow:

Longline: 0.902

Bottom trawl: 0.949

Pot: 0.853

Pelagic trawl (includes incidental catch): 0.918

= =4 =4 =9

Tagging

During the summers of 2002019, the distribution of Pacific cod appeared to shift northward into the
NBS in conjunction with unprecedented increases in seawater temperature and decreasesamnteaes ice



(Stevenson and Lauth 2019To determine whethehis northward shift in distribution was seasonal or
yearround, and to assess seasonal movement between management areas, a tagging study was initiated in
the NBSduring the summer of 2019 (Principal investigat&sMcDermott, D. Nichol, S. Kotwicki, @

L. Dawson). Thirty-eight Pacific cod were tagged with Pop Satellite Archival Tags (PSATs) and 86
with conventional tags near St. Lawrence Island in a collaboration between NOAA, the Norton Sound
Economic Development Corporation, and the village eb8aga. PSATs were programmed to pop up
throughout the year (range 9860 days) to provide information on seasonal movemdot/ement
pathways were reconstructed with a hidden Markov model based on maximum daily depth and light
based longitudeThe malel output provides gridded probability estimates of individual fish locations for
each day; location probabilities for individual fish were summarized for each month and the peak
spawning period (February ¥®4arch 31). Monthly and peak spawning perititation probabilities

from all tagged fish were then combined to provide overall tagged fish location probability distributions
and the proportion of the overall probability in each management reBiecovery locations were

obtained for 33 PSATsd 2 mnventional tags (Figure 2.1)5and movement pathways were
reconstructed for 31 fish tagged with PSAT3verall location probability in the NBS declined beginning
in November as tagged fish moved south and west ahead of the oncoming winter searie2. (Figy

Figure 2.1.5h Most (77%) of the overall location probability during the spawning period was in the
EBS, where tagged fish occupied traditional spawning grounds (Neidetcher et al. l200#&\er, the

finding of some probability in the Gulf &laska GOA, 7%) and in Russian waters (16%) indicated
greater movement between management areas than expeatggd animals traveled 460000 km

from their release locations to reach areas occupied during the spawning period3 PSAT and 1
conventional tag) of 5 recovery locations obtained the following summer were in the NiB8vidence

from geolocation or temperature records was found to suggest that any tagged fish lived in the NBS
during the winter.These movement resultsombined witha recent genetics study (Spies et al. 2020)
suggest that the northward shift in distribution observed during the summers b2@027s related to an
expansion of summer foraging habitat and does not currently represent a separate spawning population.
This research provides important insights into mechanisms that may underlie the spatial dynamics of
Pacific cod in a changing climaté&dditional tags were deployed in the GOA in the winter and in the
EBS and NBS the summer of 2021 to increase samplechkiaegcterize activity patterns during summer,
and assess seasonal movement patterns in years with differing environmental conditions.

Western Bering Sea (WB®gntch and survey biomass

Table 2.13 showscatches (tjakenin the WBS obtained by summing thealues in Tales 612 of Lajus
et al. (2019).

Recently, lsinwide Bering Sea biomass indices have berplored for Pacific cod. Biomass indices
were estimated using a spat@mporal index model with and without cold pool extent effects
incorporated.Models were fit by applying VASTThorson and Barnett 201%) multiple spatially
unbalanced survey dgpaoducts fronthe WBS, NBSand EBS Epsilon biascorrected biomass indices
were used to correct for retransformation bias (Thorson and Kristensen 2016), and a tefnparadiyt
catchabiliy parameter between WBS and ERBS surveys was estimated wiitthe models. Data were
analyzed from multiple surveys using a Poisson link elbael, while using a gamma distribution for
the observation error distribution of the positive catch rates (Thorson 2018). $peddication

included spatial andpatidemporal random eéicts for encounter probability apdsitive catch rate with
no autocorrelation across time. Spatial smoothing at every location for models estimating biomass
indices is interpolated using bilinear interpolation in a triangulated mastigflen 2012; Lindgren and
Rue 2015).AIC indicated that including the cold pool extent in the speoporal model was more
parsimonious than excluding this effect.



Figure 2.1.6hows results for a representative subset of years from the overasktiilee Pacific od
expanded across the Bering Sea from 202619 Pacific @d density ekibited estimated hotspots
emerging in the NBS, north of St. Lawrence Islahdt span the Conventidume, particularly in warmer
years when the cold pool extestower than the longerm average.

Data updatesised in the models

The data used in the assessment models described jrétiminary assessmeimicludesome updates

due to methodological improvements, and one model includes an entirely new dataesetare
described bel ow. As i n | as écomppsitionidata d@ sosextensl me nt , s
beyond 2019.

VAST estimates of survey abundance

The software versions of dependent programs used to generate(VA@$on and Barnett 2017)
estimates were:

Microsoft Open R (4.0.2)
INLA (21.02.23)

TMB (1.7.18)
TMBhelper (1.3.0)
VAST (3.6.1)
FishStatsUtils (2.8.0)

=4 =4 =4 -8 -8 9

The data consisted obeervations ohumerical abundance per unit area from all grid cells and corner
stations in the 8312 bottom trawl survey of the EBS, 198021, including 83112 samples available in
the NBS in 1982, 1985, 1988, 1991, 2010, and ZZ1. NBS samples collected priar 2010 and in
2018 did not follow the 20 nautical mile sampling grid that was used in 2010, 201728013021
surveys. Assimilating these data therefore required extrapolating into unsampled bré¢ias.2019 and
2020 assessmenthijg extrapolatiorwas facilitated by including a spatially varying response to-polal
extent (Thorson 2019b)This spatially varying response was estimated for both linear predictors of the
deltamodel, and detailed comparison of results for EBS pollock has showhlihata small but notable
ef fect ( O6L ekorexampld, theaNBS wad BoRs@mpled between 2010 and 2017, and the
cold-pool extent started to decrease substantially around 2014; theireétwding this covariate results

in estimates that degar s omewhat from a fABrownian bridgeodo betw
indicates that population densities in the NBS increased progressively after 2014 whgootektent
declined prior to 2017.

Population densityvas extrapolatetb the entire EBS @ahNBS in each year, using extrapolation grids
available within FishStatsUtilsThese extrapolation grids are defined using 3705 m (2 nmi) x 3705 m (2
nmi) cells; this results in 36,690 extrapolatignd cells for the eastern Bering Sea and 15,079 in the

northern Bering SeaBilinear interpolatiorwas usedo interpolate densities from a specified number of
Aknotso to these extrapolation grid cells; knots
proportion to the dimensions of the extrapolatypid. Geometric anisotropy (how spatial autocorrelation
declines with differing rates over distance in some cardinal directions than ethsreytimatecand

included a spatial and spatiemporal term for both linear predictorso facilitate interplation of

density between unsampled years, the sgatigporal fields were structured over time as an AR(1)

process (where the magnitude of autocorrelation was estimated as a fixed effect for each linear predictor).
However, temporal correlation for imteptswas not includegwhich weetreated as fixed effects for

each linear predictor and yedfinally, epsilon biagorrectionwas usedo correct for retransformation



bias (Thorson and Kristensen 2016). In gen®ABT settings conformed to the renmendations of
Thorson (2019a).

In response to a request from the SSC (see comré&it)Salternative configuratiorisr the use of
covariatesnumber of knotsand error distribution were explored. Specifically, VAST estimates were
obtained for each ohe following configurations (differences in configurations4#&ith respect to
configuration #1 are shown in italics):

1. Cold pool used as a covariate, 750 knots, Poiiekad deltagamma distribution.

2. Cold poolnotused as a covariate, 750 knots, Poidgtted deltagamma distribution.
3. Cold pool used as a covarial®0knots, Poissoiinked deltagamma distribution.

4. Cold pool used as a covariate, 750 kndtgeediadistribution.

Comparisons of the Poisstinked deltagamma and Tweeddistributions within VAST have previously
been provided by Thorson (2018) and Thorson et al. (2021). Use of the Himikedrdeltagamma
distribution has become something of a standard in applications of VAST to EBS and GOA survey index
data, whereas af the Tweedie distribution has been far less common, suggesting that a brief
description of the latter may be useful here: In its unconstrained form, the Tweedie distribution is
extremely flexible, and incorporates several bditeawn distributions aspecial cases, including the

normal, Poisson, gamma, and inverse Gaussian distributimgeiiden 1987). In particular, VAST uses

the subset of special cases corresponding to the comdfnissorgamma distributionsUse of the

Tweedie distribution hathe advantage of needing to estimate only half as many parameters as alternative
distributions, because the Tweedie distribution does not treat zeaospeecial case (Foster and

Bravington 2013)and so does not need to estimate parameters for thiniest predictor in VAST.

The point estimates from the four VAST configurat
terms, are shown for the combined EBS and NBS survey areas, the EBS survey area, and the NBS survey
areain Table 2.1.4 and Fige 2.1.7 For all areas and VAST configurations, the point estimates are very
similar, with correlations ranging from 0.983998 in the combined EBS and NBS, 098893 in the

EBS, and 0.898.992 in the NBTable 2.1.%. In all three areas, the emttes from configuration #4

(Tweedie distribution) were the least similar to the others. For all three areas, the lognormal sigmas were
very similar for configurations #3 (Poissorinked deltagamma distribution), but substantially lower

for configuraton #4, particularly in the NBS. In the NBS, the lognormal sigmas from all four

configurations were nearly identical in alirveyyears except 1982, and the plots of the lognormal

sigmas against time for configurations-#tended to be dom&haped withimulti-year gaps in the time

series, whereas the plot tended to be essentially flat within-yealtigaps for configuration #4.

Model fitswere checkefbr evidence of noitonvergence by confirming thdt) the derivative of the
marginallikelihood with respect to each fixed effect was sufficiently small (approximately <0,0@1@d)
2) the Hessian matrix was positive definite.

Normally, model fitwould be evaluated furthéry: 1) computing DunrS my tPfobalkilityIntegral
Transfornd () Rebidual§Dunn and Smyth 199@&nd visualizing these using a quantiieantile plot

within the DHARMa R packagend 2)inspected theesidualdor evidence of spatitemporal patterns.

In preparing this preliminary assessment, however, technicalutiifis precluded taking these additional
steps. Therefore, the choice of a final configuration was based primarily on comparison of AIC values,
which were as follow:



Configuration Cold pool? Knots Distribution AIC DAIC
1 Yes 750 P-link D-gamma 220372.7 0
2 No 750 P-link D-gamma 220480.6 107.9
3 Yes 100 P-link D-gamma 222030.2 1657.5
4 Yes 750 Tweedie 222268.2 1895.5

Given the above, configuration #1 was used to derive the survey abundance datahis@daliminary
assessment.

VAST estimates of survey age composition

The software versions of dependent programs used to generate(VA&$on and Barnett 2017)
estimates of survey age composition were the same as those listedoatsoveey abundance

The data consisted observations of numerical abundafateage at each sampling locatiohhis was
made possible by applying yespecific andegionspecific (EBS and NBQ)nstratifiedagelength ke

to records of numerical ahdance and lengttonposition. The VAST configuration included
conventional deltanodel with logitlink for encounter probability and leink for positive catch rates,
following a gamma distributionA cold-pool covariatavas not included The same extrapolation grid as
implemented for abundance indicgasused hergbutwith only 50 knots for thepatial and
spatiotemporal fieldsThis reduction in the spatial resolution of the model, relative to thatfased
abundance indices, was necessary due to the increasedtatbomall load of fitting multiple age
categories and using epsilon b@srection. Thediagnosticaised forcheckng convergence and model
fit were the samas those used foine surveyabundance index

The resulting age compositions, expressed as wyiam proportionsit age, are shown in Table 24..6

The differences relative t o tedsmentahickarecdwenop osi ti ons
refinements in the data sate shown in Table 2.1b6 Theseare generally very small, the largest (in

absolute value) being a decrease of 4.4% in the proportion at age 1 in 2011 and an increase of 2.3% in the
proportion at age 1 in 2012.

VAST estimates of fishery catch per unit effort

Developing an indekom fishery catckandeffort (CPUE) data has been a goal in fisheries for at least
sixty years (Beverton and HdB57). Analysts have identifiedany overlapping concerrisat will
causean abundance index from fishery CPUE data to be uninformativeé abondance changes,
including:

1. Spatial targeting causing sampled CPdE torepresent changes in population dgnkit the
average fish (Walters 2003).

2. Spatial or interannual variation in fishing gear performance, either via changes in mechanical
configuraton, timeof-day deployment, acunmeasured fingcale variation (Abbott et al. 2015).

3. Improvements in technology and associated changes over tinstiimgfjear and power (Robins
et al. 1998, Hannesson 2007

These mechanisms may in turn change duewariety of institutional and structural incentives,
including:

A. Changing costs for labor and fuel.
B. Changing access to capital markets and gk programs.



C. Changing ceproduction and limits orof incentives to avoid) incidental catch.

Because of thelmve concerns, past EBS Pacific cod assessment models have, for the most part, not
included use of fishery CPUE dat a. The main exce
composite (algear) fishery CPUE index was developed and used in Mod®&l dBe index was
developedinafdysimpli st i ¢ way, and prtoahed@amdomomebt&PTR)wHo concer
recommended pursuirfglternative statistical methaaifor developing a fishery CPUE index (comment

GPT1). The SSC similarly recommendettvelopment of spatiotemporal analyses of figmdcific

CPUE indiceé (comment SSC4).

During recent decades, researchers have developed methods to ussdligion sp@al and timing
information to account for challenge &thove(spatial targeting), where these methods implicitly impute
or predict the CPUE that would have arisen in unsampled locations. This imputation occurs either
structurally (Carruters et al2011) via poststratificaton and areaveighting (Campbel?016), or using
areaweighting within spatigempaal statisticainodels (Thorso201%). Spaio-temporal models for
fishery CPUE data have been tessedcessfullyjusing operating models mimickingfierydependent
CPUE data that were developed independentiytiaatdio not match thestimation model (Griiss et al.
2019, Thorson et aR017).

For this preliminary assessmeatynivariatespatiotemporal modelvas developeébr fishery longline

CPUEdata measured in cod biomass, restricting data to setauhet andcatch Pacific cod (i.e., no

observations of zero catctiiring January and Februaagd using loghooks aoffset(the January

February periodvas chosen because no fishing occurb@NBS during those months, meaning that the
Aifootprinto of the EBS bottom trawhiswasrvey coul d
implementedisingVAST (Thorson and Barett2017),specifying a gamma distribution for positive

catchesand t ug nao inf é&tlinedn gedittar;that ispecifying intercepts to attain 100% encounter
probabilities within the deltgamma modelling frameworklBot h a spati al term (fome
tempor al ¢ o mp ower astinsateoriihe girgld log-linked )near predictor used in the

gamma distribution, and geometric anisotrey@s includedvhen estimating those spatial and spatio

tempral components (Thorson et 2015). Densitieswere predicte@crass the entire EBS bottom trawl

survey aeg distributing 100 knots across this spatial domain and using bilimeapolation between

knots. Nocatchability or density covariategere includedalthough future exploration could account for
challenge #2 (changes in gear configuration/deployyreemd #3 (changes in fishing powassing

auxiliary variables as catchability covariatd$he model convergesliccessfully, witmo evidence of

poor fit based orstandard DuriEmyth PITresiduals (Dunn and Smyi996). Epsilon biasorrection

was usedo account for retransformat bias (Thorson and Kristens2@16) when calculating the index

of biomass.

The resulting fishery CPE/index is listed in Table 2.1ahdshown (on the original scale) in Figure
2.1.8 andcompared with theifial VAST surveyindex (both on normalized scalés)Figure 2.1.8.

Maps of log density, log density standard error, and modeluasidre shown in Figures 2.1.9a, 2.1.9b,
and 2.@, respectively; and residual quantilguantile plot is shown in Figure 2.1.9d.

Models
Software

As with all assessments of the EBS Pacific cod stock since 1992, the Stock Synthesis (SS) software
package (Methot and Wetzel 2013) was used to develop and run the models. Since 2005, new versions of
SS have been programmed in ADMB (Foerrgt al. 2012). S$3.30.17.01lwas used to run all of the

models in this preliminary assessmelsing this version to ruthe current base mod@lodel 19.12a)



withl ast y e agaw a 20d0spawning leéidmass that was within 0.0002% of the value obtained in
|l ast year 6s as s ess mdheobjettivesfunatign valiSs, hdvdeveB Werelnét cldse ) .
This is becaus8S V3.30.17.01 adds a large constant to the objectinatiéun for models that use the
Dirichlet-Multinomial option for compositional data, in order to make the objective function values for
such models similar to those for models that do not use the Dirichiléihomial option. Because all of

themodelsinbt h | ast yeards assessment and -nulinomsial pr el i mi
option, objective function values for the models in this preliminary assessment will appear very different
from those in | ast yeards assessment.

Parameter estimation

SS requires that prior distributions be associated with all internally estimatethtiareant parameters

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

theywere norconstraining or

extending the bounds to even more extreme values would have no practical impact (because,
when the parameter isibktransformed to the natural scale, the resulting quantity is
indistinguishable from a logical constraint; e.g., selectivity cannot fall outside the (0,1) range).

1
1

To simplify terminology, such par ametde manywi | | be
instances where parameter estimates are pinned against either bound, those parametetis dne fixed
final run of that modeftypically at the bound, but perhaps at their final estimated value).

On the other hand, for each parameter thaegsaandomly on an annual basis, SS estimates a vector of
annual deviations that is constrained by a standard normal probability density function, and then
multiplies that vector byrainputstandard deviatiors{ specific to that parameter. For all modelshis
preliminary assessment, eahvas tuned iteratively as follows:

9 Foravectoof deviationms soci ated with | og catcmembwi lity, u
squareestandardizedesidual (RMSSR) equal to unity.

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

9 For all othewvectors of deviationss was tuned to set the variance of the estimaligsthe sum

of the estimatesd variances equal to unity.
Al'l model s wehessustepongptheninin ADMB, with 2 st
model gradients equaling 0 in the final pass. As an additional check on convergencal tiegdions of
al |l models successfully passed a fijittero test of
Base model

At the conclusion of Mdbda §%t12awas adopted by the SSE€ assheeewtase y c | e
model supplanting Model 19.12, whichad been adopted as the base model at the conclusion of the 2019
assessment cycle. Model 19.X2emtains the following features:

1 Sexes combined
1 One season per year
9 Natural mortality (constant across age and time) freely estimated



=A =4 =4 =4

T

1

Mean length at age fallvs a Richards growth function, with parameters as follow:
0 Base value of length at age 1.5 freely estimated
A With constrained annual deviations on the log scale, in order to begin addressing
the significant amount of timeariability in size at age documeat by Puerta et
al. (2019) and Ciannelli et al. (2019)
o Von Bertalanffy (Brody) growth coefficient freely estimated
0 Asymptotic length freely estimated
o0 Richards growth coefficient freely estimated
Standard deviation of length at age varies linearly lenigth at age, parameters freely estimated
Weight at length varies annuallo( A B( )+ In(L))), estimated outside the model
Maturity at length (constant across time) estimated outside the model
Mean ageing error varies linearly with age, freely estimated within each of 2 time blocks in order
to compensate for an apparent change in ageing criteria (Beth Matta, AFSC Age and Growth
Programpers. commun 6/27/2019):
o 19772007
0 2008present
Recruitmet is independent of stock size:
0 Mean freely estimated within each of 2 time blocks:
A Pre1977
A 1977present
0 With constrained annual deviations on the log scale
One survey, covering the EBS and NBS combined
0 Base value of log catchability freely estimated
0 Size-based, doublaormal selectivity, with parameters as follow:
A Base value of first size with selectivity=1 freely estimated
1 With constrained annual deviations on the log scale
A Logit of size range with selectivity=1 fixed at 10.0
A Base value of log of standd deviation for $normal pdf freely estimated
9 W.ith constrained annual deviations
A Log of standard deviation foF2nhormal pdf fixed at 10.0
A Logit of selectivity at minimum size fixed at0.0
A Logit of selectivity at maximum size fixed at 10.0
Onefishery, covering the EBS and NBS combined
0 Sizebased, doublaormal selectivity, with parameters as follow:
A First size with selectivity=1 freely estimated
A Logit of size range with selectivity=1 freely estimated
A Base value of log of standard deviation ¥¥mormal pdf freely estimated
1 With constrained annual deviations
Log of standard deviation fof®hormal pdf freely estimated
Logit of selectivity at minimum size fixed &t0.0
Base value of logit of selectivity at maximum size freely estimated
1 With constrained annual deviations
Following Thorson et al. (20bj, input sample sizetNéamjp for compositional data range
between zero and an initial number Wifr{it) according to the formulad i @ & i
p Aot 6-QtjQp AP®¢ wherengisatimei nvari ant parameter

oI I

mul tinomial 6 par amet er, e d\sampapptoacdesO0dsg nat ur al
approachesb Nsamp(1+Ninit)/2 whenlng=0, andNsampapproacheslinit aslng approaches
+b), freely est impadgitiend datadypes dishenhsizeoxcbmpbshian datag

survey size composition data, and survey age composition data), where:
o0 For survey compositional datdjnit is the number of sampled hauls

(t



o For fishery compositional datiljnit is equal to the numbef sampled hauls rescaled so
that the averagHinit for the fishery is equal to the averadmit for the survey (so that,
on average, fishery data are emphasized equally with survey data)

Alternative models recommended by the CIE reviewers

The CIE reviewes

assessment.

recommended

t hat

t hi

s year ds
consisting of the current base model and four alternative models (Attachment 2.1.1). Although this
preliminary assessment is structured accordingly, the authors recogttiteetiieam, the SSC, or the

authors themselves may recommend use of a different ensemble, or no ensemble at all, in the final

assessment

TheCIE reviewers developed theset of alternative models by adding features, one at a time, to the base

model adollows:

Feature 1: Allow catchability to vary? no yes no no no

Feature 2: Allow domed survey selectivity? no no yes no no

Feature 3: Use fishery CPUE? no no no yes no

Feature 4: Estimate survey CV internallyP  no no no no yes

Model (quotes indicate CIE review name): 19.12a 19.12 "20.8a" "20.9a" "21.cie"
Model s fn20.8a,0 fi2a20.9a, 0 and fA21.cieo were devel

group is provisional only, and follows the convention adopted during the meéiimg model names

wi || be assigned

i lowing thesprofod®biescuibedttreréin secti on, f

ol

The parameter sets for the five models are compared in Table 2.1.8. Except for the fact that Model 19.12
includes a vector of deviations for log catchabildtyerallparameter counts for the models differ by only
afew. (Note that parameter counts in Table 2.1.8 may differ slightly from those of the final model runs,
due to the possibtly that a few parameters magd up fixed at a bound.)

Results

Model naming

Beginning with the final 2015 assessment (Thompso®Reiodel naming has followed the protocol

given by Option A in the SAFE chapter guidelines. Names of all final models adopted between the 2005
assessment (when an ADMiased version of SS was first used) and the 2015 assessment were translated
accordingto that protocol in Table 2.11 of the 2015 assessment. The goal of the protocol 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 introduced. Names of models consgitatijor changes get linked to the year that

they are introdued (e.g., the base model that emerged from the 2019 asseddiodelt19.12, was one

of several models introduced in 2019 that constituted a major change from tioeittesmt base model,

Model 16.6i), while names of models constitutimgnor changes from the original form of the current

base model get linked to the name of that model (e.g., the name of the basthataekrged from the

2020 assessment, Model 19.12dered to a model thaoostitutel a minor change from Model 19,12
regardless of the year in which it was introduced).

The distinction between major and minor changes, in turn, is based on the average difference in spawning

bi omass

( A ADS B 0) -meadsquiiredretative differertcehirespawning biomass between

the new model and the original version of the curbase model over the time series from 1977 through

(0]



the year in which the original version of the current base hwae first adopted, usingata fromonly
that set of years. A value of ADSB<0.1 means that the new model constitutes only a minor chaege, w
a value of ADSB0.1 means that the new model constitutes a major change.

Implications of data updates for names of the existing models

The updated survey abundance and age compoddtad e s cr i bed i n the ADataodo se
of the modeldn the ensemble, including Models 19.12a and 19.12, which raises the question of whether
use of these updated data sets should result in new names for those two models.

The SSC has stressed that model names should not change simply as a result aficcertieating of

existing time series (e.g., adding the most recent catch or survey index datum). In keeping with the spirit

of that policy, it seems thany sufficiently minor adjustments to existing time series should likewise not

result in a new modelame. Of course, this begs the question of how to determine which adjustments are
Asufficiently minor. o Buil ding upon the existing
preliminary assessment is thafised on revisions to existing datiane a value of ADSB<0.05 does not

merit a new model name.

Figure 2.1.10 shows the results of a simple dAbrid
estimated spawning biomass time seri esaladr)e dcaotnap,ar
|l ast yeard6s data with updated survey index values
age composition values. Visually, the differences between the time series are almost imperceptible. The
ADSB values are all below the 58atoff, as shown below:

Update type M19.12a M19.12
Updated index data only 0.0243 0.0072
Updated index and agecomp datal 0.0228 0.0095

On the basis of the above results, Models 19.12a and 19.fh@tassigned new names in this
preliminary assessment.

Names of thenew nodels

Perthe model numbering protocol given by Optildin the SAFE chapter guidelineSDSB values were

computed for the three new model s. All values ex
Ami noro changes, thus resulting in the following
Feature 1: Allow catchability to vary? no yes no no no

Feature 2: Allow domed survey selectivly? no no yes no no

Feature 3: Use fishery CPUE? no no no yes no

Feature 4: Estimate survey CV internally? no no no no yes

CIE review model name: 19.12a 19.12 "20.8a" "20.9a" "21.cie"

Average difference in spawning biomasp: n/a n/a 0.4047 0.1299 0.1175

Final model name: 19.12a 19.12 211 21.2 21.3




Results of the individuahodels
Goodnes of fit

Table 2.19 shows the objective function value for each data component in each model, along with the
number of parameters in each model , where the | at
parameters and constrained deviagio With few exceptions, objective function values are not truly

comparable across models, and attempts to apply inforrsganetic statistics such e AICmay be

misleading, because:

1 Thetotal parameter countserestimate the number idfe f f eparameters,@bese counts
include parameters with constrained deviations.

1 Models sometimes use different data flgsecifically, Model 21.2 uses a different data file than
the other models).

1 The data argveighted differently between modetiue to tuing of thes terms for deviations.

The rootmeansquareestandardizedesidual for the survey abundance data (and fishery CPUE where
applicable) is shown for all models below, where values within the range e1 @9%re shaded green:

Index: Survey Fishery
Model: M19.12a  M19.12 M21.1 M21.2 M21.3 M21.2
RMSSR: 2.301 1.002 2.298 2.425 1.002 2.561

Ideally, RMSSR values should equal unity, and this was the standard thadeda® tune the termfor
the log catchability devie Model 19.12. Model 21.3 also achieved a value near unityhisuivas
accomplishedby adding an estimated constant te khgscale survey standard errors rather than tuning
variability in log catchability Theother modelsindetfit the surveyindex datasubstantially, and Model
21.2 likewise undefit the fishery CPUE data substantially

Fitsto the trawl survey abundea dataare shavn for all models in Figure 2.1.11a, where the 95%

confidence ingrvals for the survey are basedtba lognormal sigmas estimated by VASHits for the

two models with RMSSR values near unity (Models 19.12 and 21.3) are shown in Figlib 2xhere

95% confidence errors for the survey are shown both for the lognormal sigmas estimated by VAST and

al so for the additional standard error estimated
the fishery CPUE index.

Effectvesam@ si zes i mplied by the modelsdé fits to the
compared with the correspondiimput sample sizes in Table 2.1.1hput sample sizes are expressed as
arithmetic means. Two formulations of effective sample sieelaown:

9 The formulation popularizely McAllister and lanelli (199) which has been used in many
previous assessmenis expresseds a harmonic mean. ldealthe harmonic mean of this
formulation of effective sample size should equal the arithmetian of the input sample size,
which typically requires iterative tuning.

1 The formulation of Thorson et al. (2097 which usethe Dirichletmultinomial distribution to
model compositional datés expressed a function of an internally estimated paramete)){(lsg
iterative tuning is not required

Size composition By the McAllisterlanelli measure, both the fishery and syrgie composition data
wereoveffit by all of the models. The Dirichlghultinomial parameter was constraingdthe upper



bound for both théishery and survey size composition data in all models, meaning that, by the Thorson
et al. measure, the effegti sample size was equal to the average input sample size.

Age composition: By the McAllistelanelli measure, the age composition data wewefit by all of the
models. Te effective sample sizes for the Thorson et al. formulation were of the sami¢uchaas, but
largerthan, the effective sample sizes for the McAllidarelli formulation. By both measures, Models
19.12 and 21.3 exhibited slightly better fits than the other models.

Residual plots for the size and age compasitiata are shown iRigures 2.1.12 and 2.1.1@spectively.

Retrospective behavior

Retrospective analyses of all models are shown in Figure 2.¥dldes ofr (Mohn 1999, Hurtadd-erro
et al. 2015) for spawning biomass are shown below:

Model: M19.12a M19.12 M21.1 M21.2 M21.3
Mohn'sr -0.0500 -0.0352 0.0326 0.0875 -0.0535

Parametergtimates

Table 2.1.1Misplays the values of aktimatecparameters (except fishing mortality rates, because these

are functions of other parameters and are thezeshown separately) estimated internally in any of the
models, along with their standard deviations. Standard deviations are based on the inverse of the Hessian
matrix, and assume a normal distribution.

Table 2.1.14 showsall time-invariantestimatedharameters (color scales are repecific). A blank cell
in Table 2.1.14 indicates that the respective parameter (row) is not used in the respective model
(col umn) . As noted wunder #fnBlinondahparanseters forsize t 06 above
composition ended up being pinned at the upper bound for all medét®se were fixed at the bound
and omitted fronthe table The two othecases where a parameter \wamed at a bound are indicated
inTable2.1.14 by t he pr es e ntbeeSDadiumraNatiral mortality ratgeslfrom 0309
(Model 21.1) to 0.348 (Model 19.12aJhe Brody growth coefficient (K) ranges from 0.097 (Model
21.3)t0 0.158 (Model 21.1Similartol ast y e ar Ohe sign sfshe agsing biastflips from all
positive (pre2008) to very near zero at age 1 but negative at older age(igin all models Initial
fishing mortality ranges from 0.074 (Model 21.1) to 0.137 (Model)21.8g surveycatchability(base
value in the case of Model 19.12hges fromt0.030 (Model 21.2) to 0.146 (Model 21.3)

Tables 2.1.1b-2.1.11f show time series of annual parameter deviations. Color scales are -paanific
in all these portions ofable 2.1.11and show that, in general, time trends between mod=iear
similar. Table 2.1.1b shows log deviations for the initial mbersatage vectorTable 2.1.1& shows
log recruitmen{at age Opleviations Table 2.1.1d shows deviations for madength at age 1.9able
2.1.1% shows deviations for the timerying selectivity parameterandTable 2.1.11shows deviations
for log survey catchability (Model 19.12 only)

Tuning of annually varyinggrameters

As noted i n stthiemaftPeaa nadmestuelr$ oet heec thiiMord,el sxcept for t
associged with annual deviations of log catchability, tuning of the sigmas involved two quantities: 1) the
variance of the estimated deviations, and 2) the sum of the variances of the individual estimated

deviations. For parameters other thandogle recruitrant, devations 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 tolerance



of +/- 0.01. For recruitment, degtions are modeled in SS as being normaR0,and sigma was tuned so
that it matched the square root of the sum, again with a tolerance(01%/

Table2.1.1Z2 hows the values of the iteratively tuned fis
deviationgother than log catchabilitiesModel 2.3 had the highst sigmavalues for four of the six

parameters common &3l models, whilesigma values for Model 19.a2ended to be in the middle of the

range for all parameters. Sigmas for log recruitment, the logit of fishery selectivity at maximum size, and

the log of the ®ndard deviation of thehormal pdf for survey selectivityended to have larger values

than those associated with other parameters.

For Model 19.12 (the only model that includes annual deviations for log survey catchability), sigma was
tuned so awtset RMSSR=1.0 (tolerance =-#).01) resulting in a value of 0.0839.

Derived guantities

Figure 2.1.15 shows selectivity for all models. Figure 2.1.15a shows selectivity for the fishery, and
Figure 2.1.15b shows selectivity for the survey. Nbée the shapes of the fishery selectivity schedules
cluster into two groups: one for the two models that give RMSSR=1.0 for the survey index (Models 19.12
and 21.3), and another for the remaining models.

Table 2.1.8 shows backransformed survey catchéity for Model 19.12. Estimates teadto be lower
than average during the period 2a1.3 (except for 2005 and 2011), and higher than average for the
period 20142019 (except for 2017).

Results of the CIE ensemble

Model weights

For the last few yeardy¢ Team and SSC have expressed interest in using a model averaging approach for
the EBS Pacific cod assessment. However, the question of how to weight the models has proved to be
difficult. The last two assessments have computed model weights as arsismwglighted average of a

set of ranking criteria, and this general approachalssadopted, with some modifications, by the CIE
reviewers (Attachment 2.1.1Yable 2.1.14hows the ranking criteria, other aspects of thee system, and
final model weightsecommended by the CIE revieweEach reviewer assigned a score of 0, 1, or 2 for
each criterion/model combination, after which the reviewer scores for each criterion/model combination
were averaged (shown in the columns associated with the five mo#elsh criterion was then assigned

an emphasis (AEmph. 0) . Criteria for which all/l mo
emphasis of 0 and the scores ignored, to avoid skewing the weights toward equality. The reviewers
nevertheless recommendegkping the criteria with emphasis=0 in the table in the event that, for some
future set of models, at least one of the models were to exhibit a score different from the others.

The criteria to which the CIE reviewers assigned an emphasis greaterthanze al ong wi t h t he
rationales for any cases where a score less than the maximum of 2 was assigned, were as follow:

1 General plausibility: The CIE reviewers judgatof the alternative models to be less plausible
than the base model for the following reasonshé&)amount of timeariability in survey
catchability estimated by Model 19.12 € 0.0839, 2) the low survey selectivity at larger sizes
estimated by Moel 21.1(base selectivity = 0.309% 120 cm)3) theuse of fishery CPUE data in
Model 21.2 (which may not be reflective of population size),4ritle large extra standard
deviatonf or t he survey index eSDh=i0imA8.ed by Model 21



9 Acceptable retrospective bia¥he \alues ofr for spawning biomasshown above under
iRetrospecti ve pe below,togetheravithdourds an acceptpbiedevets d
defined as a function &fl, based on results reported by Hurt&aro et al. (205):

Model: M19.12a M19.12 M21.1 M21.2 M21.3
Time-varyQ? no yes no no no
Survey dome? no no yes no no
Fishery CPUE? no no no yes no
Extra SE? no no no no yes

M 0.3479 0.3313 0.3088 0.3433 0.32771
Mohn'sr -0.0500 -0.0352 0.0326 0.0875 -0.053%
rmin -0.2018 -0.1959 -0.1881 -0.2001 -0.19471
r max 0.2740 0.2656 0.2544 0.2716  0.2639

By the above criterion, all models exhibited values wfell within the acceptable range.
Nevertheless, the CIE reviewers noted that Model 21.2 had the highest (absolute valaedof
that, while Model 21.1 had a low valuergfthe degree to which survey selectivity at large sizes
varied with retrospecti/peel was concerning.

1 Uses properly vetted data: The CIE reviewers felt that the fishery CPUE data used by Model 21.2
had been less fully vetted than the other data componertite Rswerpoint filedescribing the
development of this data set was lestailed than the reviewers would have liked.

1 Acceptable residual patterns: The CIE reviewers were concerned by the recent string of several
positive residuals in Model 21.36s fit to the

1 Comparable complexity: The CIE reviewers assigledels 19.12 and 21.1 a lower score than
the others because: 1) Model 19.12 estimates 38 annual log catchability deviations that the other
models do not, and 2) Model 21.1 estimates three survey selectivity parameters that the other
models do not.

9 Fits corsistent with variances: The CIE reviewers assigned lower scores to Models 19.12a, 21.1,
and 21.2 because all three exhibited a survey index RMSSR much greater than unity and Model
21.2 also exhibited a fishery CPUE RMSSR much greater than unity.

The crteria to which the CIE reviewers assigned an emphasis of zero (because all models scored the
same) were as follow:

91 Deviation sigmas estimated appropriately: All models tune tleems for the respective
deviation vectors in a statistically reasonable inean

1 Incremental changes: Eachthe alternative models involves only a single changes relative to
the base model, and watteemed to exhibit suitably incremental changes from the base model.

1 Objective criterion for sample sizes: All models use th&cBletmutinomial approach to scale
theinput sample sizes.

1 Change in ageing criteria addressed: All models estimate ageing bias separatel 898paad
post2007 time blocks.

1 Density dependence (other than recruitment) addressed: None of the addtelss density
dependence in quantities other than recruitment (steepness is fixed at 1.0 in all models, implying
density dependent survival of age 0O fish).

1 Regime shifts addressed: All models estimate an offset in mean recruitment for year classe
spavned prior to the 1976977regime shift (Hare and Mantua 2000).



Multiplying the average score for each criterion/model combination by the emphasis for that criterion and
then computing the weighted averagdvacrhrges empihtei
in Table 2.1.14and rescaling those so that they sum to unity gives the last row of values, which are the

CIE reviewerso recommended model v@e2459 hwithsModel The we
21.2 receiving the lowest weigahd Model 19.12a the highest.

The CIE reviewers anticipated that the Team or SSC would provide their own scores for the criteria listed
in Table 2.1.14 after reviewing this preliminary assessment, thus resulting a revised set of model weights.

Derived aiantities

Mo h n 6 s r ot @rsgmble was 0.0037 (based on the weighted awerfaget he i ndi vi dual
retrospeptiasediipeeéhgui shed from t medeéau@d).t ed aver

In the following tables and figas, results are shown for all models and the ensgjmdilat estimates and
standard deviations in the caddaables, point estimates the case of figures)

Table Figure Quantity

2.1.15 2.1.16 female spawning biomass (millions of t)
2.1.16 2.1.17 female spawning biomass relativeBgyg,
2.1.17 2.1.18 age 0 recruitment (billions of fish)

2.1.18 2.1.19 full-selection instantaneous fishing mortality

Some caveats for the abovess#ttables andigures:

1 For individual models, the Hessian approximation to the distribution was used, implying that each
distribution is normal, and the distribution for the ensemble was computed as the weighted
average of the individual model distributions.

1 The 20212022 fisling mortality rates shown ifable 2.1.18 and Figure 2.1.&#e those resulting
from application othe maxABCharvest control ruléo each modedi.e., theywerenot
conditioned on the 2021 ABC that was actuafpecified.

In the following tables, poirgstimatedor each age and yeare shown for all models and the ensemble.

Table Quantity

2.1.19 mid-year population length (cm)
2.1.20 mid-year fishery weight (kg)

2.1.21 mid-year survey weight (kg)

2.1.22 fishery selectivity

2.1.23 survey selectivity

2.1.24 population numbers (billions of fish)

The following figures show point estimates and error bars corresponding tiwot$tandard deviations
for the ensemble only:



Figure Quantity

2.1.20 female spawning biomass (millions of t)
2.1.21 female spawning biomass relativeBgggo,
2.1.22 age 0 recruitment (billions of fish)

2.1.23 full-selection instantaneous fishing mortality

Some caveats for the above set of figures:

1 The distributions for the ensemble, being averages of normal distributions, are themstelves
normal, meaning that, while the standard deviations are cqgieenh the Hessian
approximations of the distributions for the individual models® ensemblereor bars shown in
the figuresmay or ma& not approximate the 95% confidence intervals.

1 Asin Table 2.1.18 and Figure 2.1.18e120212022 fishing mortality rates shown in Figure
2.1.23are those resulting frompplication othe maxABCharvest control e to each modei.e.,
theywerenot conditioned on the 2021 ABC that was actualhgcified.

Table 2.1.24 lists the means and standard deviations 280#1ABC, 2021 OFL, 2022 ABC, and 2022
OFL distributionsfor all models and the ensempénd Figure2.1.24 shows the distributions of those
guantitieg(again,thesevaluesresult fromapplication ofthe maxABCharvest control ruléo each model;
i.e., theywerenotconditioned on the 2021 ABC that was actuafgcified).

Discussion
Ensemblevaluation

As noted i n t hatholghimschelimmary asssmentiisdased on the ensemble (both

the set of models and their respective weights) recommendée IGIE reviewers (Attachment 2.1,.1)

the authors recognize that the Team, the SSC, or the authors themselves may recommend use of a
different ensemble, or no ensemble at all, in the final assessent. not ed under @A Model
A Res ul t sitGhodldebe éniplmasized that the CIE reviewers anticipated that the Team or SSC would
provide their own scores for the criteria listed in Table 2.1.14 after reviewing this preliminary assessment,
thus resulting a revised set of model weights.

Model 1912a

This is the base model for the current assessment, having been adopted by the SSC at the conclusion of
the 2020 assessment cycle. In many respects, it performs veryhellCIE reviewers gave it

(unanimously) the highest possible score for alldng of the ranking criterj@andit wasexplicitly

endorsed as the single best model in the ensemble by at least two of the CIE reViasvalso the most
parsimonious of all the models in the ensemiblewever,while this model clearly tracks tiservey

index to an appreciabliegree (correlation = 0.853), thetfitthose datés less tharfully satisfactory,
statistically speakinRMSSR = 2.301).

Model 19.12

Although Model 19.12vas adopted by the SSC as the base model at the conclusion of the 2019
assessment cycle, it was supplanted by Model 19.12a at the conclusion of the 2020 cycle. The only
difference with respect to Model 19.12a is that Model 19.12 includes randomly vanyugy

catchability. A key consideration for the SSC last year was that the only justifittzdionas provided

for including randomly varying survey catchability was that it provided a statistically satisfactory fit to



the survey inde(RMSSR=0.9991 | ast vyear 6s assessTequaston®@MSSR = 1
time-varying survey catchability has been addressed several times in recent assessments, but has always
been controversial, with 2019 being the only assessment year in which a model iéhtthis was

adopted by the SSC.

Arguments against use of timarying catchabilitthave ypically centerean: 1)the dangeof over
parameterizatior?) the decreased impact of the survey index on model resott8) the lack of an
identifiedmechanism contributing to the time variability.

1 With respect to the issue of ovearameterization, it has been suggested that the pattern of time
varying catchability estimated by Model 19.12 simply matches the time trend sdithey index.
While theyclearly covary (correlation = 0.622), the relationship is far from perfect, and the
relative variability in the catchability time series is much less than in the surveytimaeseries
(Figure 2.1.25a).
1 With respect to the issue of survey impact, itigtthat allowing for timevarying catchability
decreasgthe impact of the survey on the results. For example, Figure 2.1.25b compares the fits
to the survey index achieved by Model 19.12a a
which the effecbf time-varying catchability has been removed (this waelsieved by multiplying
the model s esti mat e otbythe hagod jsOunotbyergruniningthe x i n e a
model with constan®, which would just give the same results as Model 19.T2).e fAadj ust ed
version of Model 19.12 gives RMSSR=2.892, compared to 2.303 in Model 19.12; and a
correlation (with respect to the data) of 0.772, compared to 0.853 in Model 19.12a. However, the
really important question is not whether the survey date leasimpact in Model 19.12 than in
Model 19.12a, but whether those data haveapi@opriateimpact.
1 With respect to the issue of an identified mechanism, although some amount of temperature
dependence seems like a plausible hypothitgias not beg proven, aneven if it were, it
would likely not explain all of the timreariability estimated by Model 19.12a.

The main argument in favarf time-varying catchabilityis thatit is one of the few ways to achieve a fit to

the survey index data that isr=istent with the uncertainty in those data (as estimated outside the

assessment modelln fact, Wilberg et al. (2010) concludéhat timevarying catchability should be the
fdefault assumptionodo for st ock aceverdhewholemrgesof part.i
the stock.It should also be noted thagcent analyses stockwide (EBS, NBS, and WBSurvey data,

outside the context of assessment modehage begun to demonstrate the existesfaegionallytime-

varying catchability or exampl e, Ob6Leary et al. (2021) esti ma
catchability) in the 2017 EBS survey was 27% lower than in 2010.

Model 21.1

This model differs with respect to Model 19at8/ allowing for the possibility of domshaed suvey

selectivity. Thiswvas a regular feature of EBS Pacific cod assesspeior to 2016and as recently as

Septerber 2015 the Team stated dinBshaped survey selectivity seems inescapable However ,

Wei nberg et al . he(resltdiodgur egperiment dotdsepdort théiuBe of a dome

shaped sur vey skkollowiogtrdacommeéngatidnafmor tha@®CIE réviewthe Joint

Team Subcommittee on Paciftod models (meeting in M&016) suggested simplifying the existing

base model ( Model 11.5) in various ways, includin

reasonablfer gassomabl e fito t t he s i zoeethatmachievedy e ¢ o0 my
bothR2 ©0.99 on the raw scaEndR2O0 . 70 on t h l ogit scale, where ea
score was weighted by that yeards proportion of t

2016). All functional forms consideraad the 2016 assessmemere found to achieve a reasonable fit, of

which a logistic equation was the simplesithough both the Team and the SSC recommended adopting

(0]
e



a model with asymptotic selectivity at the conclusion of the 201&s®&mt cycle, the SSC noteth i

spite ofthe concerns over dorghaped survey selectivity in the survey, there are many potential

mechanisms relating to the availability of larger fish to the survey gear that could result in these patterns,
regardless of the efficiency of the trawlgeacapty e | arge fish in its patho (
preliminary assessment, allowing for desteaped survey selectivity resulted in a pronounced decrease in
survey selectivity afarger sizes (Figure 2.1.15), consistent vaite-2016 assessments. hiké this had a

substantial effect on estimates of quantities such as spawning biomass (Figure 2.1.16), fishing mortality
(Figure 2.1.19), and ABC and OFL (Figure 2.1,2d)esulted in litleimprovement in goodness of fit

relative to Model 19.12a.

Model 212

This model differs with respect to Model 19.12a by including a new fishery CPUE index as a measure of
abundance (see AVAST estimates of fishery catch p
previously, use of fishery CPUE data in this manraar lbng been associated with a nundferoncerns.

Becawse of thesanost previou€BS Pacific cod assessmenbddels havaot included use of fishery

CPUE data,lte main exceptiobeing the development and use a@oanposite (algear) fishery CPUE

indexi n | ast yeavodel20hIbesasmanit nfex described in the
provided in response to Team and SSC recommendations, and was originally intended simply as the first

step in what was antjgated to be a mulijear process of index developmeAss suggested by the spatial

pattern of standard errors for the log density in Figure 2.1.9b, fishery CPUE data are lacking in much of

the area, which results in a large variance in the overall imdexihtegrating over that imprecision.
Although the CIE reviewera s si gnhed Model 21.2 a score of O wunder
criterion (Table 2.1.14}hey nevertheless recommended inclgdinMo d e | 2 1. 2nsémhle,t hi s vye
rather than waitig for the indexto be developed furtheidn the context of the assessment models, one

factor complicating the interpretation of the new index is that it is specific to the longline fishery, whereas

the assessment models combine all gear types intola fisigery. In terms ofits impacts on the

guantities of greatest significance to management, Model 21.2 is, generally speaking, the closest of the
alternative models in the ensemble to the base model. In terms of goodness of fit, Model 21.2 generally
performs dightly less well than the base model, because it has the added task of fitting the fishery CPUE

index. The fit of Model 21.2 to the fishery CPUE index (RMSSR = 2.6@gjure 2.1.11xis roughly

similar to its fit to the survey index (RMSSR = 254 Figure 2.1.11p

Model 21.3

This model di ffers with respectextta® Motdbht 1Dsladdb
the logscale standard errors of the surveyinddm ot her model i ncorporating t
was considered, bubt accepted, during the 2017 assessment cycle (Model 17.3, ThompsonTi 7).

fextraSD® parameter was est iSwanine dn gattd Side vhat theelogo f hO0 . 151
scale standard errors (average = 0.0665) gives values that arethégtiee original by a factor of

3.2822, on averageRelative to the base model, the impacts on spawning biomass (Figure 2.1.16),

spawning biomass relative Baoos (Figure 2.1.17), and ABC and OFL (Figure 2.1.24) are quite

substantial, and all in the negatiilewer) direction. In particular, Model 21.3 estimates that spawning

biomass is currently below thgo threshold that results rlosure of the directed fishenAs with

Model 19.12, the resultingtfio the survey index igerygood (RMSSR = 1.002, Figure 2.1.11b), but the
mechanisms by which those two models achieve that result are different. Similar to Model 19.12, one
argument against use of Model 21.3 might be the decreased impact of the survey index on model results.

The AE reviewers noted the recent string of positive residualse fit to the survey indefsix years,

Figure 2.1.11) when assigning itascoreafd der t he MAAcceptable residual
2.1.14). Wilberg et al. (2010) notkthat inflating the standard deviations of the index data will often

produce trends in residuals if catchability is actually firagying.



ABC and OFL

As noted previously, the 2022022 fishing mortality rates, ABCs, and OFLs shown in Tables 2.1.18 and

2.1.24 and Figws 2.1.19, 2.1.23, and 2.1.24 were based on application of the respective harvest control

rule to each model rather than conditioning them on the 2021 AB@ésaactually specified. This was

done in ordeto enable comparison of these results withtlibger i ved i n | ast year 6s a
distinguished from making the best current prediction of 2022 values (the latter will occur in the final
assessment).

One of the takénome messages from Figure 2.1.24 is that the configuration of the ensembledsath th

of models and their associated weights) can have a significant impact on ABC and OFL. In each panel of
Figure 2.1.24, the black vertical dashed line represents the valig ¢hatently specifieénd the gray

vertical dashed line represents theamef the ensemble distribution, and there is a substantial decrease

(gray relative to black) in every case, ranging from 18% to 25%. A small part of each difference is due to
use of the updat e sectiore(ecalt h & € d i U pid dortieatsede®oiaubea®d h
updatedmethodology; in no case are 2021 data included in any of the models), but most of each

difference is due to thehoiceofmodel s and weights in the CIE review

It shouldalso be emphasizédatthe plots in Figure 2.1.24 are based on the Hessian approximation,
which results in normal distributions. The fact that-negligible portions of the normal distributions for
Model 21.3 consist of negative ABC and OFL values suggests that the Hegsiaxiraption may not be
appropriate for that model.

Preliminary exploration of interjurisdictional issues

Previous attempts abcorporating movement inassessment modaif the EBS Pacific cod stock

(Thompson 2018, Thompsonadt 2020) have failledtomoe beyond t he fApreliminar.
as both the Team and SSC have been skeptical of the possibilitinGites) movement rates given

present data limitationsLikewise,for the near ternat least, none dhe CIE reviewers recommended

developnent of an assessment model incorporating movement.

The CIE reviewerglid make many othgecommendations related iaovementhowever. Wlike most

previous discussions of this topic by the Team or SSC, which focused primarily on movement between

the EBSand NBS,thélIEr evi ewer s i nterest i n movement focuse
American and Russian jurisdictionBevelopmentof A s i mul at iapalyticaltmoaddlyydd and A
rather than massessment model, were recomneeinals ways to increase understanding of the
interjurisdidional issuesnvolved, including the possibility of disproportionate harvestiAgachment

2.1.2 was dveloped in response to these recommendations.

Attachment 2.1.2 develops a very simple, deterministicségetured, twearea model, with results

focused primarily on agaggregated (but arespecific) equilibrium outcomes. The primary goals are to
understand which variables determine both relative and absolute biomasses and yields in the two areas,
how various outcomes may be independent of specific parameters, and how various parameters covary in
order toresult in particular outcomes.

In general, th results shown in Attachment 2.1.2 illustrate the intuitive principle that, the more the stock
is concentrated in the EBS (whene context of Attachment 2.1,.this term is taken to includbe

NBS)d eitherdue to recruitment being concentrated in tlmaaafish tending not to stray from tlaaka

once they arrive, or boshthe smaller the impets of fishing in the WBS



Another pair of intuitive results is that, if the exploitation rate in the EBS is left constant, increased
fishing in the WBS will resulin reduced equilibrium yield in the EBS and, if the exploitation rate in the
EBS is adjusted in order to achieve a target level of overall (i.e., across areas) relative spawning per
recruit, the reduction in EBS yield will be even greater. However, teghVBS catches in recent years
(Lajus et al. 2019) do not appear to be particularly high relative to estimates of WBS survey biomass
(O6bLeary et al. 2021).

One more result that may have some generality is that, for some quantities paegainters malyave
very little impact perhaps unintuitively soFor example, under the right conditions, the equilibrium
biomassproportions(as distinguished from the biomasses themselves) are emtlelyendent of the
exploitation rate in either area.

Use ofharvest control rules in model averaging

For the last three yeaithie senior author of the assessmentwartusmembers of the Team and SSC
havespent considerable time and effort debathmgissue of whether, in the context of ensemble
modeling, the arvest control rules should be appleaforeor aftermodel averagingAt the request of
the Team and SSQyis issue was considergdt againduring the CIE review, but the respoas# the
reviewers werggenerally speakingomewhat nuanced. Nonetbé reviewers gave an unqualified
endorsement of either approach, and afithemsuggested that conclusion would have to await
Afurther investigations and exampl es. 0

Attachment 2.1.3 was developedresponse to this suggestion. The bulk of that attachevaluatethe

propertes of the two procedures in the contexa dfighlysimplified system A central focus of the

analysis $ therelativeuncertaintyin ABC or OFLresulting from théwo procedures. In brief, the

uncertainty associated withh e fAbef ored approach is very likely t
so, than the uncertainty BhisociatkRracaudsd the Madif
incorporates both theithin-model andetweermodel uncertainty ifrasgcorFor, wher eas t he fa
approach ignores both of these. In addition, the attachment summarizes various theoretical arguments for

and against each procedure, wultimatelSisilatyoncl udi ng
Burnham and Anderso2Q02) concluded thagarameters n nonl i near model s fAshoul
and that, i nst e aekpectédmespdresd varmbleeir 2 gti meg d h@r opr i at e c
Acknowledgments

Julie Nielsen and Susanne McDermott provided the textigmees for the subsection on taggingick
Methot, lan Taylor and Chantel Wetz@rovided technical adce on SS.In addition to presentations by
the authors of this preliminary assessment, Giancarlo Correa, Mary Fudowldsiaski, Julie Nielsen
(with several coauthoysKalei Shotwell (withseveracoathors), and Kali Stone (witbelsa Ander)
provided presentations for the CIE reviednne Hollowed and the BSABroundfish Plan Team
provided reviews of this document.

References

Abbott, J. K., A. CHaynie, and M. N. Reimer. 2015. Hidden flexibility: Institutions, incentives, and the
margins of selectivity in fishingLand Economic91:169 195.
https://doi.org/10.3368/1€.91.1.169

Beverton, R. J. H., and S. J. Holt. 19%Jn the Dynamics of Exploited Fish Populatior@hapman &
Hall, London.

Burnham, K. P. , and D. R. Anderson. 2002odel Selection and Multimodel Inference: A Practical
InformationTheoretic Approach SpringefVerlag, New York.



https://doi.org/10.3368/le.91.1.169

Campbell, R. A. 2014. A new spatial framework incorporating uncertain stock and fleet dynamics for
estimating fish abundancé&ish and Fisheried7:56 77. https://doi.org/10.1111/faf.12091
Carruthers, T. R., R. N. Ahrens, M. K. McAllister, and C. J. Walters, C.J. 2011. Integrating imputation
and standardization of catch rate data in the calculation of relative abundance iRdibeses
Researcl09:157 167. http://dx.doi.org/10.1016/}.fishres.2011.01.033

Ciannelli, L., I. Tolkova, R. Lauth, P. Puerta, T. Helser, A. Gitelman, G. Thompson. 2019. Spatial,
interannual, and generat@rsources of trait variability in a marine populatidfcology0:006
000. https://doi.org/10.1002/ecy.2907

Dunn, P. K., and G. K. Smyth. 1996. Randomized quantile residimisnal of Computational ah
Graphical Statistic$:236 244. https://doi.org/10.2307/1390802

Foster, S. D., and M. V. Bravington. 2013. A Poisgamma model for analysis of ecological non
negative continuous dat&nvironmental ad Ecological Statistic0:533552.
https://doi.org/10.1007/s106811 2-02330

Fournier, D. A., H. J. Skaug, J. Ancheta, J. lanelli, A. Magnusson, M. N. Maunder, A. Nielsen, and J.
Sibert. 2012. AD Model Builder: using automatic differentiation for statistical inference of
highly parameterized complex nonlinear modélptimization Methods and Softwa@y:233
249. https://doi.org/10.1080/10556788.2011.597854

Gruss, A., J. F. Walter, E. A. Babcock, F. C. Forrestal, J. T. Thorson, M. V. Lauretta, M.V., and M. J.
Schirripa. 2019. Evaluation of the impacts of different treatments of spatiporal variation in
catchperunit-effort standardization model$isheries Research13:75 93.
https://doi.org/10.1016fjshres.2019.01.008

Hannesson, R. 2007. Growth accounting in a fishéoywrnal of Environmental Economics and
Managemen$3:364 376. https://doi.org/10.1016/j.jeem.2006.11.001

Hare, S., and Nl. Mantua. 2000. Empirical evidence for North Pacific regime shifts in 1977 and 1989.
Progress in Oceanograpt7:103145. http://dx.doi.org/10.1016/S007611(00)00033

HurtadeFerro, F, C. S. Szuwalski, J. L. Valero, S. C. Anderson, C. J. Cunningham, K. F. Johnson, R.
Licandeo, C. R. McGilliard, C. C. Monnahan, M. L. Muradian, K. Ono, K. A. Pee, A. R.
Whitten, and A. E. Punt. 2015. Looking in the rei@w mirror: bias and retgpective patterns
in integrated, agstructured stock assessment mod&BES Journal of Marine Sciend®:99
110. http://dx.doi.org/10.1093/icesjms/fsu198

Jergensen, B. 1987. Exponential dispersion mod#sirnal of the Royal Statistical Society. Series B
(Methodological¥9:127162. https://doi.org/10.1111/j.2536161.1987.tb01685.x

Lajus, D., D. Safronova, A. Orlov, and R. BlyBkyrme. 2019. MSC Sustainable Fisheries Certification:
Western Bering Sea Pacific cod and Pacific halibut longline. Marine Stewardship Council.
Marine House, 1 Snow Hill, London, UK, EC1A 2DH. 327 p.
https://fisheries.msc.org/en/fisheries/westBeningseapacific-cod-andpacific-halibut
longline/@ @assessments

Lindgren, F. 2012 Continuous domain spatialadels in RINLA. The ISBA Bulletiri9(4):14i 20.
https://bayesian.org/wpontent/uploads/2016/09/1212.pdf

Lindgren, F, and H. Rue. 2015Bayesan spatl modelling with RINLA. Journal of
StatisticalSoftware63:1i 25. http://dx.doi.org/10.18637/jss.v063.i19

McAllister, M. K., and J. N. lanelli.1997. Bayesian stock assessment usiatzhage datand the
sampling- importance resampling algorith Canadian Journal of Fisheries and Aquatic
Science$4:284i 300. https://doi.org/10.1139/f3885

Methot, R. D., and I. G. Taylor. 2011. Adfing for bias due to variability of estimated recruitments in
fishery assessment modefSanadian Journal of Fisheries and Aquatic Scier@®47441760.
http://dx.doi.org/10.1139/f201092

Methot, R.D., and C. R. Wetzel. 2013. Stock Synthesis: a biological and statistical framework for fish
stock assessment and fishery managentésheries Research42:8699.
https://doi.org/10.1016fishres.2012.10.012



https://doi.org/10.1111/faf.12091
http://dx.doi.org/10.1016/j.fishres.2011.01.033
https://doi.org/10.1002/ecy.2907
https://doi.org/10.2307/1390802
https://doi.org/10.1007/s10651-012-0233-0
https://doi.org/10.1080/10556788.2011.597854
https://doi.org/10.1016/j.fishres.2019.01.008
https://doi.org/10.1016/j.jeem.2006.11.001
http://dx.doi.org/10.1016/S0079-6611(00)00033-1
http://dx.doi.org/10.1093/icesjms/fsu198
https://doi.org/10.1111/j.2517-6161.1987.tb01685.x
https://fisheries.msc.org/en/fisheries/western-bering-sea-pacific-cod-and-pacific-halibut-longline/@@assessments
https://fisheries.msc.org/en/fisheries/western-bering-sea-pacific-cod-and-pacific-halibut-longline/@@assessments
https://bayesian.org/wp-content/uploads/2016/09/1212.pdf
http://dx.doi.org/10.18637/jss.v063.i19
https://doi.org/10.1139/f96-285
http://dx.doi.org/10.1139/f2011-092
https://doi.org/10.1016/j.fishres.2012.10.012

Mohn, R. 1999. The retrospective problem in sequential populationsemaly investigation using cod
fishery andsimulated data ICES Journal of Marine Scien&é: 473488.
https://doi.org/10.1006/jmsc.1999.0481

Neidetcher, S. K., T. P. Hurst, L. Ciannelli, and E. A. Logerw2@l14. Spawning phenology and
geography of Aleutian Islands and eastern Bering Sea Pacific cod (Gadus macrocepeps).
Sea Research Part II: Topical Studies in Oceanogrdfl9204214.
https://doiorg/10.1016/j.dsr2.2013.12.006

ObLeary, C. AL, J. T. Thor son, J . N -drivenanel | i , S.
distribution shifts using modddased indices and age composition from multiple surveys in the
walleye pollock Gadus chalcognamus$ stock assessmenkisheries Oceanograpt39:54%
557.https://doi.org/10.1111/fog.12494

ObLeary, C. AL, S. Kot wi cki , G. R. Hof f , J . T. Th
Nichol, J Conner, and A. E. Punt. 2021. Estimating spatiotemporal availability of transboundary
fishes to fishenindependent surveyslournal of Applied Ecologyhttps://doi.org/10.1111/1365
2664.13914

Puerta, P., B. Johnson, L. Ciannglli. Helser, and R. Lauth. 201S$ubsampling populations with
spatially structured traits: a field comparison of stratified and random strat€ziaadian
Journal of Fisheries and Aquatic Scien@@&s511522. https://doi.org/10.1139/cjfa®0170248

Robins, C. M., Y. G. Wang, and D. Die. 1998. The impact of global positioning systems and plotters on
fishing power in the northern prawn fishery, Australizanadan Journal of Fisheries and
Aquatic Sciences5:1645 1651. https://doi.org/10.1139/f9837

Spies, |., K. M. Gruenthal, D. P. Drinan, A. B. Hollowed, D. E. StevenSoM. Tarpey, and L. Hauser.
2020. Genetic evidence of a northward range expansion in the eastern Bering Sea stock of
Pacific cod. Evolutionary Applicationd3:362375. https://doi.org/10.1111/eva.824

Stevenson, D. E., and R. R. Lau019 Bottom trawl surveys in the northern Bering Sea indicate
recent shifts in the distribution of marine speciBslar Biology42:407 421.
https://doi.@g/10.1007/s0030018-2431-1

Thompson, G. G. 2015. Assessment of the Pacific cod stock in the Eastern BeringFBaa.Team
for the Groundfish Fisheries of the BeriSga/Aleutian Islands (compiler), Stock assessment and
fishery evaluation report fahe groundfish resources of the Bering Sea/#deulslands regions,

p. 253470. North Pacific Fishery Management Council, 605 W. 4th Avenue Suite 306,
Anchorage, AK 99501 https://appsafsc.fisheries.noaa.gov/refm/docs/2015/EBSpcod.pdf

Thompson, G. G. 2016. Assessment of the Pacific cod stock in the Eastern Berilgf8aa.Team
for the Groundfish Fisheries of the BeriSga/Aleutian Islands (compiler), Stock assessment and
fishery evaluation report for the groundfish resources of the Bering Setiaéfléslands regions,

p. 311544 North Pacific Fishery Management Council, 605 W. 4th Avenue Suite 306,
Anchorage, AK 9950, https://appsafsc.fisheries.noaa.gov/refm/docs/2016/EBSpcod.pdf

Thompson, G. G. 2017. Assessment of the Pacific cod stock in the Eastern BeringFBaa.Team
for the Groundfish Fisheries of the BeriBga/Aleutian Islands (compiler), Stock assessment and
fishery evaluation report for the groundfish resourcab®@Bering Sea/Aldian Islands regions,

p. 229516. North Pacific Fishery Management Council, 605 W. 4th Avenue Suite 306,
Anchorage, AK 99501 https://appsafsc.fisheries.oaa.gov/refm/docs/2017/EBSpcod.pdf

Thompson, G. G. 2018. Assessment of the Pacific cod stock in the Eastern Berilgf8aa.Team
for the Groundfish Fisheries of the BeriBga/Aleutian Islands (compiler), Stock assessment and
fishery evaluation repofor the groundfish resources of the Bering Seafdeuslands regions,

p. 1-386. North Pacific Fishery Management Council, 605 W. 4th Avenue Suite 306, Anchorage,
AK 99501 https://appsafsc.fisheries.noaa.gov/refm/docs/2018/BSAI/EBSpcod.pdf

Thompson, G. G., J. Conner, S. K. Shotwell, B. Fissel, T. Hurst, B. Laurel, L. Rogers, and E. Siddon.
2020. Assessment of the Pacific cod stock in the Eastern BeringrS@an Team for the
Groundfish Fisheries of the Beril@ga/Aleutian Islands (compiler), Stock assessment and fishery
evaluation report for the groundfish resources of the Bering Seéigkidslands regions, p-1



https://doi.org/10.1006/jmsc.1999.0481
https://doi.org/10.1016/j.dsr2.2013.12.006
https://doi.org/10.1111/fog.12494
https://doi.org/10.1111/1365-2664.13914
https://doi.org/10.1111/1365-2664.13914
https://doi.org/10.1139/cjfas-2017-0248
https://doi.org/10.1139/f98-037
https://doi.org/10.1111/eva.12874
https://doi.org/10.1007/s00300-018-2431-1
https://apps-afsc.fisheries.noaa.gov/refm/docs/2015/EBSpcod.pdf
https://apps-afsc.fisheries.noaa.gov/refm/docs/2016/EBSpcod.pdf
https://apps-afsc.fisheries.noaa.gov/refm/docs/2017/EBSpcod.pdf
https://apps-afsc.fisheries.noaa.gov/refm/docs/2018/BSAI/EBSpcod.pdf

344. North Pacific Fishery Management Coun6d5 W. 4th Avenue Suite 306, Anchorage, AK
99501 https://appsafsc.fisheries.noaa.gov/refm/docs/2020/EBSpcod.pdf

Thorson, J.T. 2018. Three problems with the conventionalohetiel for biomass sampling data, and a
computationally efficient alternativ€anadian Journal of Fisheries and Aquatic Science
75:1369 1382.https://doi.org/10.1139/cjfa®01 70266

Thorson, J. T. 20E) Guidance for decisions using the Vector Autoregressive Spatigporal (VAST)
package in stock, ecosystem, habitat dimdate assessment&.isheries Research10:143161.
https://doi.org/10.1016/j.fishres.2018.10.013

Thorson, J. T. 2019b. Measuring the impact of oceanographic indices on species disstiliitsiomhe
spatially varying effect of colgpool extent in the eastern Bering Séamnology and
Oceanography4:2632 2645. https://doi.org/10.1002/In0.11238

Thorson, J.T., and L.A.K. Barnett017. Comparing estimates of abundance trends and distribution
shifts using singleand multispecies models of fishes and biogenic hadiG&S Journal of
Marine Scienc&4:13111321. https://doi.org/10.103/icesjms/fsw23

Thorson, J. T., C. J. Cunningham, E. Jorgensen, A. Havran P2 Hulson, C. C. Monnahan, and P. von
Szalay. 2021. The surprising sensitivity of index scale to-dedidel assumptions:
Recommendations for modeased index standardizatioRisheries Rsearch
https://doi.org/10.1016/j.fishres.2020.105745

Thorson, J. T., R. Fonner, M. A. Haltuch, K. Ono, K., and H. Winker. 20A¢counting for
spatiotemporal variation and fisher targetimgen estimating abundance from multispecies
fishery dataCanadian Journal of Fisheries and Aquatic Scient&4794 1807.
https://doi.org/10.1139/cjfa80150598

Thorson, J. T., K. F. Johnson, R. Bethot, and I. G. Taylor. 20b7 Modelbased estimates of effective
sample size in stock assessment models using the Dirinhléhomial distribution. Fisheries
Researci92:8493. http://dx.doi.org/10.1016/].fishres.2016.06.005

Thorson, J.T., and K. Kristensen. 2016. Implementing a generic method for bias correction in statistical
models using random effects, with spatial and population dynamics exarkjgberies
Researcl75:66 74. https://doi.org/10.1016/j.fishres.2015.11.016

Thorson, J. T., A. O. Shelton, E. J. Ward, E.J., and H. J. Skaug. 2015. Geostatisticgraghized
linearmixed models improve precision for estimated abundance indices for West Coast
groundfishes.ICES Journal of Marine Scien@®:1297 1310.
https://doi.org/10.1093/icesjms/fsu243

Walters, C. 2003. Hy and fantasy in the analysis of spatial catch rate datmadian Journal of
Fisheries and Aquatic Sciencé8:1433 1436. http://dx.doi.org/10.1139/f0352

Weinberg, K. L., C. Yeung, D. A. Somerton, G. Thompson, and P. H. Ressler. 2016. Is the survey
selectivity curve for Pacific codsadus macrocephalyslomeshaped?Direct evidence from
field studies.Fishery Bulletin114:360369. https://doiorg/10.7755/FB.114.3.8

Wilberg, M. J., J. T. Thorson, B. C. Linton, and J. Berkson. 2010. Incorportatingdityiag
catchability into population dynamic stock assessment models. Reviews in Fisheries Science
18:7-24. https://doi.org/10.1080/10641260903294647



https://apps-afsc.fisheries.noaa.gov/refm/docs/2020/EBSpcod.pdf
https://doi.org/10.1139/cjfas-2017-0266
https://doi.org/10.1016/j.fishres.2018.10.013
https://doi.org/10.1002/lno.11238
https://doi.org/10.1093/icesjms/fsw193
https://doi.org/10.1016/j.fishres.2020.105745
https://doi.org/10.1139/cjfas-2015-0598
http://dx.doi.org/10.1016/j.fishres.2016.06.005
https://doi.org/10.1016/j.fishres.2015.11.016
https://doi.org/10.1093/icesjms/fsu243
http://dx.doi.org/10.1139/f03-152
https://doi.org/10.7755/FB.114.3.8
https://doi.org/10.1080/10641260903294647

Tables

Table 2.1.1. Catch (t) time series, by gear.

Year Longline Trawl Pot Other Total
1991 77,505 129,393 3,343 0 210,241
1992 79,404 77,261 7,512 33  164,21C
1993 49,295 81,791 2,098 2 133,18¢
1994 78,564 84,932 8,037 730 172,262
1995 97,666 110,958 19,275 599 228,49¢
1996 88,883 91,912 28,006 267 209,067
1997 117,010 93,925 21,493 173 232,601
1998 84,324 60,781 13,233 192 158,52¢
1999 81,464 51,903 12,400 100 145,867
2000 81,642 53,817 15,849 68 151,37¢€
2001 90,361 35,657 16,472 52 142,54z
2002 100,271 51,067 15,052 166 166,55¢
2003 108,673 46,675 19,940 155 175,443
2004 108,481 57,793 17,242 231 183,74¢
2005 113,125 52,608 17,102 104 182,94C
2006 96,565 53,209 18,960 84 168,81¢
2007 77,136 45,673 17,238 82 140,12¢
2008 88,924 33,493 17,366 19 139,802
2009 96,598 36,956 13,608 13 147,174
2010 81,618 41,205 19,678 344 142,84t
2011 116,794 63,929 27,996 505 209,224
2012 128,460 75,508 28,727 85 232,781
2013 124,820 81,614 30,251 15 236,69¢
2014 127,270 72,262 39,194 2 238,72¢
2015 128,201 66,672 37,937 28 232,83¢
2016 127,918 72,577 47,077 47 247,61¢
2017 122,762 68,881 46,181 13 237,83¢€
2018 100,213 59,967 39,686 0 199,86€
2019 88,778 49,023 41,053 50 178,904
2020 72,061 50,566 32,971 38 155,637
2021 43,360 33,434 21,702 20 98,517



Table 2.1.2. Longline fishery mean CPUE by year and month, Pacific cod target haulsatoly i€ in
weight; values have be@rmalized to an overall mean of 1.0).

Year 1 2 3 4 5 6 7 8 9 10 11 12

1996 1.646 1.665 1.480 1.366 1.263 0.986 1.040 1.086

1997| 1.807 1.908 1.597 1.576 1.242 1.081 1.085 1.033 1.142
1998| 1.605 1.740 1.300 1.031 0.959 0.691 0.751 0.907 0.973
1999 1.361 1.431 1.202 1.090 1.232 0.817 0.960 0.863 0.974 1.086
2000| 1.588 1.156 1.202 1.059 1.142 0.865 0.769 0.688 0.715 0.846
2001| 1.118 1.073 1.065 0.949 0.943 1.052 0.865 0.782 0.729 0.734 0.724 0.87§
2002 1.290 1.249 1.267 1.310 0.666 0.727 0.685 0.659 0.705 0.784
2003 | 0.933 0.984 1.071 0.864 0.838 0.651 0.643 0.632 0.629 0.651 0.75(
2004 0.999 1.186 1.136 1.098 0.780 0.657 0.605 0.576 0.565 0.715 0.964
2005( 1.168 1.193 1.272 1.261 0.711 0.640 0.580 0.620 0.641 0.819
2006| 1.308 1.530 1.521 1.453 0.686 0.811 0.747 0.630 0.790 0.835
2007 | 1.356 1.406 1.339 0.711 0.873 0.729 0.649 0.807 1.189
2008 | 1.455 1.556 1.463 1.525 0.646 0.682 0.578 0.488 0.619 1.267
2009 1.632 1.795 2.194 0.650 0.713 0.646 0.625 0.685 1.034
2010| 1.395 1.616 1.734 0.752 0.728 0.652 0.617 0.779 0.934

2011( 1.287 1.393 1.390 1.248 0.851 0.821 0.611 0.652 0.683 0.725 0.767 0.909
2012| 1.413 1.534 1.119 1.137 0.935 0.950 0.693 0.623 0.585 0.620 0.671 1.044
2013| 1.424 1.377 1.257 1.234 0.994 0.688 0.766 0.689 0.652 0.647 0.800 1.023
2014( 1.012 1.210 1.020 1.018 0.797 0.684 0.575 0.649 0.663 0.719 0.790 0.853
2015( 0.983 1.197 1.125 1.017 0.952 0.804 0.847 0.772 0.655 0.699 0.788 0.961
2016| 1.172 1.353 1.096 1.008 0.971 0.773 0.795 0.775 0.774 0.728 0.794 0.947
2017( 1.022 1.399 1.220 1.130 0.977 0.856 0.713 0.574 0.595 0.668 0.898 1.044
2018| 1.532 1.639 1.351 1.342 0.866 0.708 0.570 0.571 0.798 0.794 0.711 0.984
2019| 1.626 1.792 1.383 1.369 0.907 0.905 0.678 0.679 0.791 0.844 0.930 0.974
2020| 1.481 1.784 1.598 1.293 1.467 1.020 0.802 0.741 0.785 0.924 0.922 0.984
2021| 1.364 1.569 1.532 1.247 0.735 1.043 0.941 0.823




Table 2.1.B. Bottom trawl fishery mean CPUE by year and month, Pacific cod target haulsainlyié
in weight; values have beaormalized to an overall mean of 1.0).

Year 1 2 3 4 5 6 7 8 9 10 11 12

1996 0.520 0.789 0.967 1.024 0.357 0.724
1997| 1.123 1.644 1.219 0.834 0.409 0.168 0.480 0.490

1998 1.045 1.516 0.818 0.488 0.355 0.401 0.365 0.158 0.173
1999| 0.563 1.121 0.775 0.821 0.471 0.365 0.324

2000( 0.790 0.781 0.843 0.550 0.617 0.253 0.247

2001| 0.271 0.592 0.702 0.361 0.332 1.012 1.354 0.333 0.342 0.161

2002| 0.755 0.910 0.806 0.403 0.485 0.943 0.689 0.281 0.317 0.304 0.630
2003| 0.418 0.555 0.766 0.459 0.288 0.893 0.958 0.412 0.435

2004 | 1.098 1.286 1.290 0.640 0.548 0.532 0.637 0.384 0.403 0.217

2005( 0.700 0.866 1.609 0.566 0.418 0.335 0.208 0.146

2006| 0.668 0.831 0.956 1.061 0.573 0.179 0.344 0.173

2007 | 0.458 0.632 1.033 0.809 0.674 0.821 0.449 0.008

2008 | 0.392 0.553 0.644 0.714 0.934 0.176 1.817 0.280

2009| 0.438 0.871 1.323 1.811 0.788 0.600 0.507 1.079
2010| 0.544 1.004 1.236 0.400 1.034 0.629 0.949
2011| 1.089 1.213 2.047 0.867 0.892 1.123 0.924 1.243 1.056
2012| 2.120 2.500 1.703 1.033 1.333 0.964 0.798 0.677

2013 1.447 1.710 1.106 2.027 0.568 0.493 1.244 1.533

2014| 1.306 1.302 1.513 1.296 1.519 0.763 1.270

2015| 0.438 1.376 1.777 1.180 1.464 1.288 2.590

2016 0.923 1.543 2.133 1.140 0.588 0.961 0.618 0.558 0.735
2017| 0.982 2.124 2.146 1.899 0.386 0.132

2018 | 1.394 1.646 6.402 5.496

2019 1.351 1.763 3.977 6.247 0.187 0.364

2020| 0.687 4.678 1.575 0.710 0.440
2021 4.616 2.813 1.962




Table 2.1.2. Pot fishery mean CPUE by year and month, Pacific cod target haulsatcly i€ in
weight; values have be@rmalized to an overall mean of 1.0).

Year 1 2 3 4 5 6 7 8 9 10 11 12
1996 0.929 0.593 0.614 0.516 0.576

1997 1.066 1.245 0.682 0.636 0.524 0.689 0.379 0.700 0.493 0.545
1998 1.005 0.682 0.584 0.689 0.473 0.406 0.370 0.658
1999 0.880 0.621 0.486 0.427 0.512

2000 0.743 0.593

2001 0.839 0.574 0.675 0.419

2002 1.110 0.853 0.559 0.538 0.635

2003 0.970 0.904 0.742 0.809 0.777

2004| 0.805 1.035 0.936 0.632 0.522 0.873

2005| 1.439 1.062 0.675 0.521

2006 | 1.103 0.945 0.632 0.869 0.454 0.492
2007 | 0.816 0.815 1.203

2008 | 1.056 0.828 0.548

2009| 1.189

2010 1.114 1.111 0.953 1.358

2011| 1.704 1.086 0.988

2012 | 1.866 0.742 1.055

2013| 1.635 1.728 1.253 1.043 1.150

2014 | 1.244 1.565 2.079 1.132 0.942 0.707 1.334
2015( 1.193 1.751 1.796 1.699 1.207 1.035 0.853 1.127
2016| 1.152 1.421 1.505 1.443 1.302 1.035 0.843 1.054
2017| 1.205 2.048 0.918 0.929 0.911 0.839
2018( 1.162 2.356 1.156 1.324 0.720 1.146
2019 1.232 2.788 1.764 1.718

2020 1.224 1.742

2021 | 1.446




Table 2.1.8. Pelagic trawl fishery mean Pacific cod CPUE by year and month, albhaagardless of
target €atch is in weight; values have bamrmalized to an overall mean of 1.0).

Year 1 2 3 4 5 6 7 8 9 10 11 12
1996 | 2.432 1.167 0.842 0.263 0.530 0.436 0.603
1997 4.976 1.911 2.422 2.522 0.381 0.514 0.464

1998 | 2.558 1.384 4.247 0.130 0.430 0.677 0.459
1999 1.570 0.964 0.623 0.389 0.441 0.412 0.395 0.228
2000| 4.365 0.736 0.654 0.336 0.283 0.248 0.379 0.298 0.629
2001| 1.272 0.595 0.456 0.621 0.225 0.294 0.481 0.286 0.335 0.116
2002| 2.036 1.682 0.982 1.691 0.280 0.250 0.366 0.465 0.416

2003| 3.236 1.493 0.772 1.301 0.272 0.278 0.357 0.432 0.306

2004| 1.978 1.884 0.968 0.495 0.254 0.231 0.376 0.202

2005| 2.619 1.522 1.541 0.296 0.244 0.279 0.449 0.309

2006 | 2.649 1.673 1.428 0.304 0.354 0.459 0.349 0.295 0.443
2007 | 1.003 1.054 1.272 0.307 0.407 0.405 0.269 0.288 0.339
2008 | 1.204 1.002 1.674 0.604 0.424 0.378 0.206 0.141 0.078
2009 1.080 1.467 1.648 3.581 0.298 0.451 0.383 0.211 0.290

2010| 1.241 1.828 1.523 2.103 0.481 0.531 0.326 0.361 0.323

2011 1.379 1.735 1.472 1.164 0.417 0.378 0.249 0.253 0.332 0.411
2012 | 3.047 2.766 1.681 0.830 0.327 0.617 0.264 0.331 0.409 0.411
2013| 1.099 1.275 1.765 1.479 0.682 0.512 0.454 0.349 0.427

2014| 0.731 0.600 0.739 2.210 0.354 0.345 0.371 0.421

2015| 0.613 1.519 1.729 1.962 0.485 0.839 0.812 0.964 1.260

2016| 0.651 1.142 1.218 2.102 0.644 0.437 0.330 0.253 0.225

2017| 1.050 1.487 1.973 4.658 0.659 0.387 0.367 0.311 1.940

2018| 0.596 2.026 1.758 2.362 0.360 0.133 0.162 0.199

2019( 1.810 2.870 3.096 4.441 0.390 0.204 0.196 0.127 0.064

2020 0.995 3.646 3.290 2.955 2.764 0.200 0.196 0.292 0.216 0.141

2021| 1.333 1.827 3.571 2.240 2.196 0.664




Table 2.1.3. Western Bering Sea catch (t).

Year Catch

2001 42,000
2002 31,600
2003 36,300
2004 46,300
2005 34,800
2006 28,700
2007 34,504
2008 43,154
2009 34,301
2010 46,020
2011 47,038
2012 54,560
2013 53,163
2014 53,130
2015 55,930
2016 58,340
2017 70,320

2018 61,450



Table 2.1.4 Comparison of configurations for VAST estimates of the survey index.

Cold pool7}
Knots;
Distribution;

Yes
750
P-link D-gamma

No
750
P-link D-gamma

Yes
100
P-link D-gamma

Yes
750
Tweedie

Area Year

Est. Sigms

Est. Sigms

Est. Sigmg

Est. Sigm3

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

EBS+NBY 2019

638301 0.054
896361 0.082
680494 0.053
880950 0.048
870246 0.05(¢
817756 0.067
539668 0.046
353903 0.064
472346 0.055
518984 0.054
546007 0.062
823858 0.063
1143009 0.05]
703347 0.050
646006 0.079
544664 0.068
660275 0.094
532079 0.05§
516305 0.06d
1035971 0.059
667313 0.084
661229 0.103
500962 0.086
523294 0.08]
446364 0.051
614865 0.061]
487941 0.054
718208 0.050
740143 0.05]
861528 0.054
1051115 0.064
741318 0.061
1316205 0.096
1142591 0.093
1042775 0.156
523384 0.044
544275 0.068

773120 0.054

647144 0.054
891402 0.081
681124 0.053
883642 0.049
874564 0.057
791661 0.059
541439 0.046
346850 0.057
473651 0.055
522790 0.059
554494  0.063
814274 0.061]
1148294 0.052
707505 0.050
632858 0.07(¢
553649 0.074
628229 0.084
528878 0.059
518065 0.061]
1042461 0.06(
654892 0.082
626216 0.09¢
492343 0.082
509431 0.079
448638 0.052
627277 0.068
489708 0.057
725837 0.053
743297 0.05]
852899 0.052
1050167 0.064
749649 0.064
1302307 0.096
1144105 0.095
988717 0.149
525384 0.044
529139 0.065

767441 0.054

670574 0.067
910960 0.088
706241 0.059
997611 0.056
901021 0.054
828025 0.07]
562918 0.052
336870 0.058
486150 0.059
532537 0.06(
587472 0.068
816977 0.068
1238136 0.054
739381 0.055
709021 0.079
554297 0.073
626609 0.097
557655 0.067
517236 0.061]
1047952 0.06]
649547 0.082
622994 0.103
451537 0.071
505118 0.079
445457 0.056
707535 0.070
518148 0.067
775986 0.056
773959 0.059
904648 0.057
1068602 0.069
741633 0.063
1305998 0.089
1118469 0.084
947856 0.131
519894 0.04§
526869 0.071

770276 0.06]

736081 0.06§
942060 0.077
746312 0.05§
929340 0.051
937501 0.04§
811543 0.064
548239 0.048
344278 0.057
507147 0.060
549861 0.055
587560 0.056
871939 0.059
1243283 0.048
751058 0.049
644801 0.067
532938 0.053
637767 0.069
548843 0.053
522535 0.05]
1016133 0.049
627537 0.060
623623 0.069
468784 0.058
512824 0.059
436770 0.043
700702 0.058
511925 0.05§
767992 0.050
804113 0.048
865958 0.047
1038860 0.049
797384 0.054
1316338 0.062
1050099 0.058
831053 0.074
500158 0.037
488939 0.049
729799 0.04]




Table 2.1.5 Correlations between survey index estimates resulting from alternative VAST configurations.

Cold pool?
Knots

Area Distribution
EBS+NBS P-link D-gamma
EBS+NBS P-link D-gamma
EBS+NBS Yes P-link D-gamma|
EBS+NBS Yes 750

EBS Yes 750 P-link D-gamma|
EBS P-link D-gamma|
EBS Yes P-link D-gamma|
EBS Yes 750

NBS Yes 750 P-link D-gamma|
NBS P-link D-gamma|
NBS Yes P-link D-gamma|
NBS Yes 750

0.990

0.992

Yes

0.977

0.989




Table 2.1.6. Updated VAST estimates of survey age composition.

Year 1 2 3 4 5 6 7

1994 0.10960 0.36178 0.16724 0.11357 0.11841 0.08868 0.02324

1995 0.06394 0.24421 0.41964 0.10467 0.07786 0.05798 0.01463

1996 0.06777 0.18147 0.17359 0.28545 0.15581 0.08064 0.03683

1997 0.27106 0.16713 0.14830 0.14075 0.12328 0.10537 0.02746

1998 0.07735 0.42642 0.19449 0.11092 0.06057 0.06975 0.03585

1999 0.10650 0.18680 0.29143 0.21182 0.07817 0.06794 0.03386

2000 0.20120 0.10995 0.15719 0.23899 0.17274 0.07443 0.01709

2001 0.27894 0.22734 0.17678 0.08903 0.09894 0.08474 0.03119

2002 0.07471 0.17881 0.29519 0.24556 0.07753 0.06866 0.04348

2003 0.16659 0.14230 0.23106 0.21247 0.13663 0.05220 0.03584

2004 0.13003 0.15148 0.26514 0.12787 0.13909 0.10903 0.04254 0.02159 0.00817
2005 0.14653 0.22804 0.20325 0.12604 0.07255 0.10355 0.07164 0.02821 0.01106
2006 0.33628 0.13637 0.15493 0.10952 0.09310 0.06940 0.05420 0.02987 0.01053
2007 0.09784 0.07039 0.04857 0.05437 0.02432 0.02031

2008 0.21988 0.41153 0.14618 0.08927 0.05506 0.03663 0.01380 0.01322 0.00739
2009 0.48663 0.17650 0.21229 0.05935 0.02726 0.01581

2010 0.05070 0.49801 0.17026 0.18543 0.06049 0.01713

2011 0.30585 0.06959 0.36466 0.11080 0.09755 0.03340

2012 0.36834 0.24105 0.05898 0.21603 0.06419 0.03542

2013 0.10458 0.35269 0.19492 0.12110 0.13941 0.06485

2014 0.28420 0.17128 0.22332 0.19972 0.05718 0.04679

2015 0.05978 0.41467 0.20764 0.19774 0.08474 0.01977

2016 0.08644 0.09400 0.35140 0.22860 0.16502 0.05655

2017 0.10561 0.17242 0.15945 0.29978 0.15092 0.08353

2018 0.07259 0.09656 0.25352 0.16826 0.28695 0.08715

2019 0.07873 0.08517 0.07615 0.05909 0.07176




Table 2.1.6. Differences between updated VAST estimates of surveg @agenp osi t i on

and

| ast

year 6s esti

Year

0 1 2 3 4 5

6

Z

8

9

10

11 12+

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

0.00002 0.00273 -0.02990 0.00037 0.00364 0.00825
0.00000 -0.00205 -0.00946 0.00579 0.00184 0.00087
-0.00001 -0.00701 -0.01105 -0.00435 0.00436 0.00862
-0.00002 -0.01809 0.00829 0.00150 0.00055 0.00246
0.00000 -0.01096 0.00026 0.00054 0.00125 0.00103
0.00002 0.01209 -0.02326 -0.01498 0.00325 0.00463
0.00000 -0.02159 -0.00443 -0.00323 0.00433 0.01389
0.00000 -0.01097 -0.00518 -0.00096 0.00344 0.00503
-0.00027 -0.00961 -0.01234 0.00306 0.00818 0.00405
0.00000 -0.00797 -0.01017 0.00171 0.00372 0.00695
0.00001 -0.01518 0.00266 0.00311 -0.00254 0.00305
0.00000 -0.01026 -0.00128 0.00026 -0.00211 0.00160
0.00000 -0.00863 -0.00421 -0.00636 -0.00049 0.00530
0.00000 -0.00765 -0.00482 -0.00134 0.00190 0.00389
0.00000 0.01516 -0.01594 -0.00353 -0.00204 0.00051
0.00000 -0.00320 0.00315 -0.00030 -0.00174 -0.00003
0.00000 0.00162 0.02010 -0.01069 -0.01115 -0.00225
-0.00001:-0.04395 -0.00093 0.02246 0.00859 0.00822
0.00000' 0.02335 -0.01121 -0.00197 -0.01191 -0.00093
0.00000 -0.00027 -0.02689 -0.00066 0.00488 0.01274
0.00001 0.01249 0.00945 -0.01408 -0.01014 -0.00042
0.00000 -0.00162 -0.01068 0.00643 0.00374 0.00113

0.01082
0.00267
0.00676
0.00520
0.00411
0.01029
0.00811
0.00599
0.00347
0.00329
0.00631
0.00548
0.00579
0.00329
0.00222
0.00034
0.00086
0.00358
0.00166
0.00743
0.00211
0.00061

0.00278
0.00057
0.00228
0.00094
0.00230
0.00517
0.00145
0.00206
0.00299
0.00155
0.00159
0.00444
0.00509
0.00270
0.00128
0.00069
0.00090
0.00099
0.00035
0.00182
0.00030
0.00019

0.00098
0.00005
0.00031

0.00118
0.00162
0.00112
0.00031
0.00028
0.00069
0.00051
0.00128
0.00202
0.00104
0.00141
0.00051
0.00042
0.00052
0.00026
0.00056
0.00014
0.00015

0.00000 0.00363 0.00589 0.00292 -0.00852 -0.00351 -0.00036 -0.00012 0.00003
0.00000 -0.00154 0.00684 0.00507 -0.00604 -0.00227 -0.00104 -0.00092 -0.00012 0.00004
-0.00001 -0.00305 0.00346 0.01128 0.00171 -0.01095 -0.00242 -0.00003 0.00002 -0.00003 0.00000

0.00000 0.00141 -0.00067 -0.00041 -0.00087 -0.00019 0.00107 -0.00006 -0.00025 -0.00001 -0.00001 0.00001 0.00001

0.00008 0.00009 0.00003 0.00009
0.00012 -0.00007 -0.00019 -0.00015
0.00006 0.00002 0.00003 -0.00004
-0.00019 -0.00021 -0.00016 -0.00019 -0.00009

0.00019
0.00088
0.00001
0.00008
0.00017
0.00010
0.00035
0.00020
0.00092
0.00046
0.00050
0.00021
0.00012
0.00021
0.00021
0.00020
0.00004
0.00001
0.00003

0.00006
0.00014
0.00019
0.00013
0.00005
0.00002
0.00008
0.00017
0.00030
0.00026
0.00023
0.00019
0.00006
0.00013
0.00010
0.00006
0.00004
0.00002
0.00000
0.00001

0.00002 0.00002
0.00009 0.00006
0.00016 -0.00001
0.00005 0.00003
0.00000 -0.00003
0.00006 0.00005
0.00003 0.00003
0.00021 0.00003
0.00012 0.00015
0.00017 0.00011
0.00013 0.00009
0.00009 0.00008
0.00002 -0.00004
0.00008 0.00009
0.00002 0.00005
0.00005 0.00008
0.00001 0.00005
0.00001 0.00001
0.00001 0.00001
-0.00002 -0.00001
0.00001 0.00001

mat



Table 2.1.7. VAST fishery CPUE index (units are proportional to kg/hook).

Year Estimate SD Sigma
1996 367 25.1 0.071
1997 434 32.9 0.079
1998 341 24.3 0.074
1999 315 21.2 0.070
2000 278 19.9 0.074
2001 235 15.7 0.070
2002 304 22.6 0.077
2003 213 11.8 0.057
2004 234 13.4 0.059
2005 259 15.3 0.061
2006 313 21.0 0.070
2007 329 20.8 0.065
2008 325 20.4 0.065
2009 356 23.9 0.070
2010 340 22.4 0.068
2011 315 23.0 0.076
2012 279 19.3 0.072
2013 304 20.7 0.071
2014 241 15.6 0.067
2015 226 14.9 0.069
2016 321 21.0 0.068
2017 264 14.7 0.058
2018 362 22.3 0.064
2019 356 24.9 0.073

2020 334 25.0 0.078



Table 2.1. 8.

Potenti al

parameter
bounded in th estimation will be turned off for the final run).

counts

Model 19.12a| 19.12 "20.8a" "20.9a" "21.cie"
Feature 1: Allow catchability to vary? no yes no no no
Feature 2: Allow domed survey selectivtyd no no yes no no
Feature 3: Use fishery CPUE? no no no yes no
Feature 4: Estimate survey CV internally?| no no no no yes
"Early" recruitment deviations 20 20 20 20 20
"Main" recruitment deviations 43 43 43 43 43
Length at age 1.5 deviations 43 43 43 43 43
Selectivity (fishery) deviations 88 88 88 88 88
Selectivity (survey) deviations 76 76 76 76 76
Log catchability (survey) deviations 38

Annual deviations 270 308 270 270 270
Natural mortality 1 1 1 1 1
Growth 6 6 6 6 6
Ageing error 4 4 4 4 4
Stock-recruitment 2 2 2 2 2
Initial fishing mortality 1 1 1 1 1
Dirichlet-multinomial coefficients 3 3 3 3 3
Log catchability (survey) 1 1 1 1 1
Selectivity (fishery) 5 5 5 5 5
Selectivity (survey, ascending) 2 2 2 2 2
Selectivity (survey, top and descending) 3

Log catchability (fishery) 1

"Extra" survey standard deviation 1
True parameters 25 25 28 26 26
Total parameters 295 333 298 296 296

n

t

he



Table 2.1.9. Objective function values and final parameter counts.

Model: M19.124 M19.12 M21.1 M21.2 M21.3
Allow catchability to vary? no yes no no no
Allow domed survey selectivty? no no yes no no
Use fishery CPUE? no no no yes no
Estimate survey CV internally? no no no no yes
Objective function components

Equilibrium catch: 0.00 0.00 0.00 0.00 0.00
Indices: -3.871 -85.40 -4.15 21.64  -38.9C
Sizecomps: 9335.21 9305.66 9321.96 9397.42 9291.17%
Agecomps: 781.34 775.10 781.33 779.74 770.37
Recruitment: -1.37 -1.75 -1.52 -1.83 -0.07
Initial recruitment: 5.08 6.38 3.25 5.05 6.35
Softbounds: 0.01 0.00 0.01 0.00 0.00
Parameter devs: 66.99 96.85 70.77 71.28 63.39
Total: 10183.38 10096.84 10171.64 10273.31 10092.31
Subcomponents

Index(fishery) n/a n/a n/a 14.42 n/a
Index(survey) -3.87 -85.40 -4.15 7.22 -38.9C
Sizecomp(fishery) 4209.07 4205.60 4200.23 4251.67 4203.91
Sizecomp(survey) 5126.13 5100.05 5121.73 5145.75 5087.2(
Parameter counts

True parameters 22 23 26 23 24
Parameter devs 269 307 269 269 269
Total 291 330 295 292 293




Table 2.1.10. Fits to capositional data. Note that Nave for the size composition data does not equal
Nave for the age compdisin data because the time series are of different lengths.

Size composition data

Fleet: Fishery

Model: M19.12a M19.12 M21.1 M21.2 M21.3
Nave: 356 356 356 356 356
McAllister- Neff: 815 813 809 809 820
lanelli Ratio: 2.292 2.286 2.275 2.275 2.305
Thorson et In(q): 10.000 10.000 10.000 9.989 10.00d
al. Neff: 356 356 356 356 356
Ratio: 1.000 1.000 1.000 1.000 1.000

Fleet: EBS+NBS survey
Model: M19.12a M19.12 M21.1 M21.2 M21.3
Nave: 356 356 356 356 356
McAllister- Neff: 596 621 603 570 636
lanelli Ratio: 1.676 1.744 1.695 1.603 1.787
Thorson et In(q): 10.000 10.000 10.000 9.982 10.00d
al Neff: 356 356 356 356 356
Ratio: 1.000 1.000 1.000 1.000 1.000

Age composition data

Fleet: EBS+NBS survey
Model: M19.12a M19.12 M21.1 M21.2 M21.3
Nave: 373 373 373 373 373
McAllister- Neff: 101 111 100 93 118
lanelli Ratio: 0.272 0.299 0.268 0.250 0.314
Thorson et In(q): -0.133 0.091 -0.291 -0.331 0.191
al Neff: 174 195 160 156 204
Ratio: 0.468 0.524 0.429 0.419 0.549




Table 2.1.1a4. Timeinvariant parameters.

Feature Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3
Allow catchability to vary? no yes no no no

Allow domed survey selectivty? no no yes no no

Use fishery CPUE? no no no yes no
Estimate survey CV internally? no no no no yes
Parameter Est. SD Est. SD Est. SD Est. SD Est. SD
Natural mortality 0.348 0.011] 0.331 0.01F 0.309 0.01§ 0.343 0.017 0.328 0.013
Mean length at age 1.5 14777 0.3871 14.877 0.394 14.819 0.374 14645 0.391] 15.004 0.399
Asymptotic length 112.948 3.054 120.718 5.047 103.223 2.67( 116.248 3.484 122.377 5.47]
Brody growth coefficient 0.118 0.009 0.099 0.014f 0.158 0.013 0.104 0.009 0.097 0.011
Richards growth coefficient 1.439 0.044 1498 0.047 1287 0.0571 1517 0.042 1.491 0.049
SD(length at age 1) 3.485 0.067 3.501 0.064 3.507 0.069 3.506 0.069 3476 0.065
SD(length at age 20) 9.905 0.380 10.071 0.463 9.062 0.365 10.167 0.4327 10.182 0.485
Mean ageing bias at age 1 0.343 0.017 0.338 0.014g 0.338 0.014 0.344 0.01§ 0.338 0.016
Mean ageing bias at age 20 1.116 0.224 1.195 0.223 1.214 0.243 1100 0.23¢ 1.205 0.219
Mean bias at age 1 (2008+) 0.002 0.02§ 0.007 0.024 0.004 0.024¢ 0.005 0.024 0.005 0.025§
Mean bias at age 20 (2008+) -1.708 0.317 -1.924 0.317 -1.820 0.339 -1.882 0.343 -2.066 0.329
In(mean post-1976 recruits) 13.129 0.094 12979 0.099 12940 0.117 13.130 0.09§ 12.921 0.106
In(pre-1977 recruits offset) -0.908 0.194 -0.945 0.184 -0.627 0.189 -0.880 0.189 -0.957 0.185
Pre-1977 fishing mortality 0.122 0.037 0.127 0.034 0.074 0.020 0.117 0.034 0.137 0.042
In(Dirichlet-multinomial coef. for agecomps) -0.133 0.194 0.091 0.223 -0.291 0.184 -0.331 0.17q 0.191 0.24(Q
In(survey catchability) 0.003 0.064 0.099 0.064 0.094 0.074 -0.030 0.064 0.146 0.075
Fishery selectivity: begin flattop 74984 0.039 74.867 0519 72179 0.719 75949 0.06)] 74.990 0.519
Fishery selectivity: logit(flatop width) -9.739 7.3641 0.280 0.519 -9.669 9.085 -9.833 | 0.249 0.499
Fishery selectivity: In(ascending SD) 5914 0.024 5909 0.03§ 5.853 0.0431 5968 0.031] 5.911 0.037
Fishery selectivity: In(descending SD) -10.000 | 4575 1418 3.988 0.511 -8.275 14.96 4.595 1.341
Fishery selectivity: logit(ending value) 2101 0.303 -2.828 3.089 0.765 0.333 1.856 0.271 -2.940 3.042
Survey selectivity: begin flattop 20.875 0.780 20.672 0.82d 20.800 0.770 20.291 0.733 20.602 0.871]
Survey selectivity: In(ascending SD) 3.522 0.153 3475 0.16) 3536 0.150 3412 0.149 3451 0.174
Survey selectivity: logit(flattop width) -1.239 0.2171

Survey selectivity: In(descending SD) 7.421 0.551

Survey selectivity: logit(ending value) -0.802 0.668

In(fishery catchability) -5.952 0.064

"Extra" survey standard deviation 0.152 0.03d




Table 2.1.1b. Initial numbersata g e

deviations

(Aearl yo

recruitment

deviations) .

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3
Parameter Est. SD Est. SD Est. SD Est. SD Est. SD
In(InitN)_offset_at 20 -0.016 0.671] -0.018 0.66)] -0.050 0.654 -0.020 0.663 -0.018 0.679
In(InitN)_offset_at 19 -0.009 0.674 -0.009 0.663 -0.022 0.664 -0.011 0.66 -0.009 0.684
In(InitN)_offset_at 18 -0.014 0.673 -0.014 0.664 -0.031 0.663 -0.017 0.663 -0.014 0.68]
In(InitN)_offset_at 17 -0.021 0.67q -0.022 0.659 -0.043 0.659 -0.025 0.660 -0.021 0.674
In(InitN)_offset_at_16 -0.032 0.664 -0.033 0.659 -0.060 0.654 -0.038 0.654 -0.033 0.674
In(InitN)_offset_at 15 -0.049 0.661] -0.051 0.65)] -0.082 0.644 -0.057 0.651 -0.051 0.669
In(InitN)_offset_at_14 -0.073 0.654 -0.078 0.643 -0.112 0.640 -0.083 0.643 -0.077 0.66]
In(InitN)_offset_at 13 -0.107 0.644 -0.116 0.633 -0.150 0.629 -0.121 0.633 -0.117 0.65]
In(InitN)_offset_at 12 -0.155 0.6327 -0.170 0.62d -0.199 0.6171 -0.171 0.62d -0.172 0.637
In(InitN)_offset_at 11 -0.217 0.617 -0.242 0.603 -0.258 0.603 -0.235 0.60§ -0.245 0.62(¢
In(InitN)_offset_at 10 -0.295 0.600 -0.330 0.58 -0.328 0.584 -0.314 0.584 -0.335 0.604
In(InitN)_offset_at 09 -0.387 0582 -0.432 0.564 -0.406 0.573 -0.405 0.5713 -0.440 0.581
In(InitN)_offset_at 08 -0.485 0563 -0.539 05474 -0.489 0.557 -0.501 0.553 -0.548 0.564%
In(InitN)_offset_at 07 -0.5/5 0549 -0.632 0530 -0564 0.544 -0.587/ 0.537 -0.642 0.544
In(InitN)_offset_at_06 -0.626 0.533 -0.679 05171 -0.603 0533 -0.632 0.525 -0.689 0.53]
In(InitN)_offset_at_05 -0.575 0531 -0.615 0.514 -0.543 0.534 -0.572 0.529 -0.620 0.529
In(InitN)_offset_at_04 -0.280 0.544 -0.299 0.529 -0.243 0.5471 -0.269 0.5423 -0.289 0.543
In(InitN)_offset_at 03 0.179 0489 0.139 0.477 0.190 0.487 0.173 0.493 0.168 0.484
In(InitN)_offset_at 02 -0.095 0.564 -0.110 0.55) -0.123 0.56d -0.066 0.564 -0.108 0.567
In(InitN)_offset_at 01 0.752 0.553 0.793 0.5271 0.767/ 0.5224 0.825 0.54q 0.857 0.531




Table 2.1.1&. Log recruitment deviations.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3

Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.970 0.223 0.864 0.227 1.032 0.247 0.987 0.23(¢ 0.872 0.233
1978 0.557 0.243 0.522 0.229 0.579 0.249 0.513 0.260 0.553 0.224
1979 0.591 0.130 0.549 0.129 0.566 0.132 0.571 0.134 0.571 0.131
1980 -0.796 0.224 -0.858 0.239 -0.784 0.224 -0.785 0.223 -0.927 0.259
1981 -0.682 0.1679] -0.668 0.169 -0.694 0.164 -0.695 0.17Y] -0.633 0.172
1982 0.855 0.055 0.869 0.054 0.841 0.054 0.859 0.054 0.922 0.063
1983 -0.423 0.153 -0.531 0.161 -0.418 0.144 -0.453 0.154 -0.531 0.165
1984 0.788 0.057 0.775 0.06)4 0.765 0.058 0.788 0.057 0.815 0.064
1985 0.003 0.089 0.008 0.092 -0.011 0.089 -0.026 0.091 0.055 0.096
1986 -0.604 0.109 -0.550 0.113 -0.627 0.109 -0.617 0.119d -0.491 0.114
1987 -1.696 0.2211 -1.583 0.224 -1.719 0.214 -1.700 0.223 -1.511 0.229
1988 -0.272 0.08§ -0.217 0.093 -0.317 0.089 -0.253 0.089 -0.161 0.09§
1989 0.405 0.060 0.446 0.063 0.373 0.061 0.415 0.061 0.504 0.064
1990 0.390 0.068 0.405 0.07¢ 0.357 0.070 0.392 0.069 0.470 0.068
1991 -0.100 0.093 -0.186 0.099 -0.087 0.089 -0.087 0.094 -0.230 0.089
1992 0.866 0.043 0.789 0.045 0.860 0.043 0.899 0.042 0.808 0.047
1993 -0.126  0.07§ -0.100 0.071 -0.093 0.074 -0.138 0.084 -0.050 0.079
1994 -0.296 0.07§ -0.310 0.079 -0.295 0.074 -0.255 0.074 -0.278 0.0779
1995 -0.404 0.084 -0.388 0.081 -0.391 0.084 -0.425 0.084q -0.342 0.083
1996 0.748 0.043 0.752 0.043 0.744 0.044 0.682 0.043 0.798 0.047
1997 -0.100 0.07§ -0.064 0.07§ -0.102 0.079 -0.205 0.083 -0.013 0.074
1998 -0.330 0.089 -0.297 0.090 -0.358 0.0941 -0.390 0.091] -0.247 0.099
1999 0.548 0.048 0.532 0.049 0.524  0.049 0.539 0.044 0.565 0.052
2000 0.232  0.054 0.229 0.054 0.258 0.054 0.284 0.054 0.269 0.057
2001 -0.712 0.104 -0.681 0.104 -0.726 0.104 -0.601 0.104 -0.632 0.108
2002 -0.152 0.06] -0.134 0.061 -0.143 0.062 0.019 0.06g -0.088 0.063
2003 -0.255 0.06§ -0.219 0.067 -0.256 0.064 -0.080 0.064 -0.166 0.069
2004 -0.580 0.084 -0.522 0.084 -0.581 0.079 -0.463 0.08Y] -0.467 0.087
2005 -0.399 0.074 -0.315 0.073 -0.406 0.073 -0.308 0.074 -0.250 0.074
2006 0.675 0.041 0.764 0.041 0.665 0.043 0.694 0.04(¢ 0.834 0.043
2007 -0.233 0.084 -0.170 0.084q -0.225 0.084 -0.321 0.0913 -0.111 0.08§
2008 1.075 0.039 1.067 0.039 1.067 0.04(Q 0.993 0.039 1.082 0.039
2009 -0.884 0.164 -0.883 0.154 -0.850 0.16) -0.928 0.163 -0.882 0.15§
2010 0.608 0.053 0.630 0.051 0.597 0.054 0.544  0.052 0.627 0.05(¢
2011 0.845 0.049 0.845 0.0474 0.857 0.049 0.793 0.047 0.812 0.048
2012 0.102 0.091 0.066  0.092 0.105 0.091 0.052 0.097 -0.013 0.094
2013 1.098 0.046 1.062 0.051 1.099 0.044 1.076 0.043 0.941 0.068
2014 -0.614 0.113 -0.618 0.113 -0.588 0.114 -0.655 0.114 -0.748 0.127
2015 -0.333 0.074 -0.326 0.080 -0.333 0.074 -0.331 0.074 -0.488 0.108
2016 -0.809 0.104 -0.924 0.11§ -0.803 0.104 -0.807 0.10§ -1.150 0.157
2017 -1.166 0.200 -1.226 0.204 -1.102 0.194 -1.197 0.204 -1.440 0.223
2018 0.608 0.069 0.581 0.089 0.622 0.071 0.623 0.07(¢ 0.350 0.14§




Table 2.1.1d. Length at age 1.5 deviations.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3
Year Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.389 0.963 0.421 0.957 0.096 0.973 0.655 0.965 0.398 0.954
1978 -0.114 0.94§ -0.118 0.942 -0.171 0.944q -0.097 0.95q -0.119 0.939
1979 0.453 1.008 0.465 1.014 0.377 0.994 0.460 1.027 0.477 1.016
1980 -0.050 0.9379 -0.077 0.924 -0.085 0.933 -0.037 0.950 -0.089 0.911
1981 -1.042 0.47Q -1.113 0.474 -1.105 0.484 -0.960 0.47q -1.202 0.473
1982 -0.837 0.300 -0.931 0.3071 -0.774 0.3071 -0.821 0.294 -1.018 0.32(¢
1983 0.677 0.700 1.134 0.805 0.612 0.642 0.601 0.741 1.381 0.777
1984 0.431 0.230 0.419 0.234 0.375 0.235 0.531 0.230 0.399 0.235
1985 -1.491 0.429 -1.585 0.433 -1.500 0.4394 -1.439 0.411} -1.627 0.435
1986 0.143 0.271]] 0.135 0.271] 0.154  0.269 0.178 0.271 0.145 0.264
1987 -0.546 0.441 -0.536 0.444 -0.502 0.42q -0.608 0.459 -0.484 0.435
1988 -0.906 0.424 -0.892 0.429 -0.807 0.414 -0.992 0.423 -0.845 0.430
1989 -0.827 0.2771 -0.794 0.279 -0.840 0.28¢0 -0.796 0.27q -0.784 0.279
1990 -0.126 0.313 -0.068 0.307 -0.180 0.309 -0.176 0.314 -0.010 0.301
1991 0.429 0.248 0.549 0.259 0.412 0.25¢ 0.480 0.253 0.694  0.259
1992 0.040 0.231] -0.002 0.233 0.049 0.231 0.060 0.2321 -0.047 0.231
1993 0.563 0.35( 0.320 0.37]] 0.783 0.343 0.546 0.352 0.230 0.394
1994 -0.233 0.281 -0.134 0.283 -0.188 0.274 -0.207 0.284 -0.039 0.274
1995 -0.307 0.35§ -0.232 0.3689 -0.249 0.354 -0.295 0.359 -0.182 0.374
1996 -0.055 0.257 -0.073 0.259 -0.071 0.254 -0.080 0.254 -0.081 0.258
1997 -0.202 0.321] -0.205 0.319 -0.184 0.3271 -0.969 0.450 -0.192 0.313
1998 -0.757 0.301 -0.772 0.3141 -0.685 0.294 -0.586 0.29q -0.737 0.305
1999 -1.325 0.264 -1.303 0.260 -1.334 0.26§ -1.313 0.263 -1.292 0.258
2000 0.908 0.239 0.762 0.241]] 0.907 0.241 0.879 0.242 0.661 0.244
2001 0.364  0.269 0.347 0.271] 0.411 0.269 0.200 0.279 0.332 0.267
2002 0.703 0.234 0.678 0.234 0.680 0.237 0.629 0.240 0.640 0.232
2003 0.209 0.294 0.145 0.294 0.198 0.300 0.161 0.294 0.095 0.293
2004 1.444  0.248 1.361 0.245 1.461 0.248 1.543 0.251 1.284 0.242
2005 -0.135 0.279 -0.166 0.2771 -0.132 0.280 -0.098 0.281] -0.201 0.274
2006 -0.293 0.214 -0.286 0.214 -0.295 0.219 -0.190 0.2171 -0.304 0.213
2007 -1.164 0.303 -0.995 0.304 -1.197 0.309 -0.899 0.310 -0.926 0.303
2008 -1.316 0.244 -1.249 0.234 -1.337 0.2394 -1.202 0.239 -1.116 0.239
2009 -0.647 0.389 -0.794 0.381] -0.549 0.381 -0.725 0.394 -0.835 0.372
2010 0.359 0.209 0.285 0.209 0.343 0.2140 0.442 0.211 0.259 0.207
2011 -1.132 0.272 -1.088 0.279 -1.160 0.27q4 -1.017 0.274 -1.030 0.271
2012 0.193 0.315 0.264 0.314 0.289 0.314 0.017 0.355 0.305 0.315
2013 -0.276 0.224 -0.294 0.224 -0.276 0.23q -0.287 0.23q -0.282 0.224
2014 0.265 0.404 0.169 0.405 0.342 0.401 0.070 0.42(Q 0.123 0.407
2015 1.767 0.217 1.770 0.214 1.770 0.218 1.780 0.221 1.754 0.213
2016 1.801 0.333 1.905 0.323 1.799 0.350 1.779 0.3394 1.936 0.319
2017 1.308 0.335 1.303 0.329 1.311 0.339 1.343 0.343 1.266 0.322
2018 2.527 0.190 2.459 0.190 2574 0.193 2.584 0.193 2.371 0.189
2019 -1.016 0.942 -1.015 0.93 -1.123 0.94 -0.963 0.941 -1.121 0.908




Table 2.1.1& (page 1 of 4). Deviations for the log standard deviation of the first normal pdf in the

doublenormal fishery selectivity curve.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3
Year Est. SD Est. SD Est. SD| Est. SD| Est. SD|
1977 0.137 0.974 0.162 0.9774 0.122 0.974 0.152 0.97¢ 0.157 0.979
1978 0.119 0.904 0.119 0.90§ 0.114 0.904 0.112 0.88] 0.099 0.91%
1979 0.408 0.80§ 0.424 0.810 0.496 0.803 0.394 0.7771 0.394 0.821
1980 0.335 0.854 0.348 0.854 0.480 0.849 0.352 0.83( 0.328 0.862
1981 1.050 0.869 1.037 0.87¢ 1.136 0.86(0 1.087 0.850 1.016 0.877
1982 -0.083 0.934 -0.092 0.93§ -0.001 0.933 -0.098 0.920 -0.092 0.939
1983 0.133 0.8277 0.093 0.824 0.274 0.83(Q 0.123 0.797 0.078 0.834
1984 0901 0.603 0.866 0.607 1.028 0.598 0.806 0564 0.854 0.619
1985 -0.187 0.538 -0.171 0.541 -0.177 0.544 -0.170 0.5013 -0.200 0.553
1986 0.596 0550 0.659 0559 0.610 0.55(¢ 0.536 0.514 0.638 0.569
1987 -0.185 0.461 -0.094 0.464 -0.218 0.464 -0.191 0.431] -0.115 0.479
1988 2319 0689 2315 0.684 2320 0.685 2.269 0.658 2.281 0.697
1989 1.079 0.792 1.053 0.792 1.156 0.792 1.081 0.764 1.013 0.800
1990 0.192 0.604 0.109 0.604 0.384 0.601 0.119 0.561 0.074 0.614
1991 0.033 0.424 0.003 0.428 0.042 0.423 0.023 0.393 -0.026 0.439
1992 -0.283 0.389 -0.192 0.397 -0.259 0.389 -0.237 0.364 -0.193 0.404
1993 1.463 0.49¢ 1.674 0.502 1.405 0.484 1.321 0.458 1.791 0.519
1994 0.460 0419 0.669 0.428 0.369 0.417 0.314 0.3849 0.781 0.442
1995 0.744 0419 0.889 0.421 0.600 0.411 0.594 0.389 0.966 0.431
1996 -0.297 0.424 -0.298 0.424 -0.284 0424 -0.330 0.390 -0.288 0.434
1997 0.944 041 0.808 0.4184 0.943 0.411 1.184 0.3641 0.792 0.428
1998 -0.101 0.371 -0.264 0.3771 -0.122 0.374 0.275 0.329 -0.308 0.387
1999 0.073 0.333 -0.115 0.327 0.059 0.333 0.461 0.284 -0.168 0.334
2000 -0.199 0.363 -0.455 0.35§ -0.110 0.364 -0.001 0.303 -0.532 0.364
2001 -0.291 0.345 -0.419 0.344 -0.299 0.343) -0.537 0.284 -0.461 0.354
2002 0.640 0.3277 0.703 0.324 0.537 0.329 0.368 0.274 0.732 0.333
2003 0471 0337 0480 0334 0357 0.33 -0.636 0.262 0.493 0.343
2004 0634 0359 0610 0359 0515 0.357 -0.522 0.28 0.618 0.368
2005 0.605 0.3577 0553 0359 0492 0.359 -0.207 0.293 0.554 0.366
2006 0.068 0.389 -0.067 0.389q 0.047 0.391] -0.046 0.3271 -0.098 0.395
2007 -0.070 0.414 -0.265 0.411 -0.013 0.418 0.426 0.349 -0.313 0.421
2008 -0.111  0.3413 -0.226 0.3371 -0.073 0.335 0.613 0.29§ -0.274 0.344
2009 -1.004 0344 -1.017 0.337] -1.025 0.33§ 0.449 0.299 -1.064 0.347
2010 -1.535 0359 -1.461 0.359 -1.527 0.349 -0.126 0.293 -1.456 0.377
2011 -1.450 0.333 -1.284 0.340 -1.468 0.33] -0.684 0.284 -1.192 0.353
2012 -0.560 0.367 -0.502 0.369 -0.525 0.364 -0.545 0.30] -0.406 0.38(
2013 -0.253 0.314 -0.191 0.31 -0.33¢6 0.311] -0.269 0.271] -0.072 0.33(¢
2014 -1.255 0.317 -1.151 0.313 -1.297 0.309 -1.344 0.259 -1.051 0.32§
2015 -1.658 0.313 -1594 0.314 -1.648 0.31d -1.927 0.259 -1.520 0.329
2016 -1.730 0.340 -1.681 0.344 -1.743 0.34] -1.753 0.2794 -1.601 0.36(
2017 -1.706 0.424 -1.765 0.4294 -1.645 0433 -2.671 0304 -1.761 0.44(Q
2018 -0.476 0.497 -0.494 0503 -0.526 0.500 -1.018 0.394 -0.496 0.51§
2019 -0.222 0559 -0.108 0.563 -0.347 0.564 -0.314 0.469 -0.162 0.58(¢
2020 0.248 0.564 0.329 0573 0.157 0.557 0.569 0.484 0.193 0.591




Table 2.1.1#& (page 2 of 4). Deviations for thagit of fishery selectivity at maximum length.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3
Year Est. SD Est. SD Est. SD| Est. SD| Est. SD|
1977 -0.068 1.022 -0.005 0.999 -0.128 1.020 -0.132 1.06§ -0.005 0.99§
1978 -0.108 1.034 -0.004 0.999 -0.223 1.024 -0.216 1.099q -0.003 0.999
1979 -0.115 1.03§ -0.003 0.999 -0.246 1.02791 -0.224 1.099 -0.002 0.999
1980 0.004 0.99q -0.001 1.0090 -0.046 0.999 0.004 0.99¢ 0.000 1.00d
1981 -0.013 1.003 0.001 1.000 -0.044 1.003 -0.018 1.005 0.001 1.00d
1982 0.060 0.979 0.000 1.000 0.057 0.984 0.092 0.953 0.000 1.00d
1983 0.243 0.920 -0.001 1.00d 0.312 0.919 0.349 0.848 0.000 1.00d
1984 0.408 0.87d -0.003 0.999 0.550 0.844 0.541 0.781] -0.003 0.999
1985 0.130 0904 -0.006 0.999 0.131 0.819 0.201 0.803 -0.005 0.994
1986 -0.058 0.949 -0.003 0.999 -0.134 0.8271 -0.042 0.8271 -0.003 0.999
1987 0.150 0.883 -0.009 0.997 -0.092 0.739 0.067 0.754 -0.008 0.997
1988 0.054 0.953 -0.002 0.999 -0.225 0.917 0.075 0.884 -0.001 1.00d
1989 0.286 0.9034 0.011 1.000 0.380 0.879 0.395 0.827 0.011 1.00d
1990 0.836 0.79] -0.002 0.998 1214 0744 0940 0.699 -0.001 0.999
1991 0.448 0.8284 -0.024 0993 0.630 0.721 0.598 0.724 -0.023 0.994
1992 -0.133 0.893 -0.018 0.994 -0.030 0.694 -0.057 0.71 -0.018 0.995
1993 0.016 0.94§ -0.006 0.999 -0.228 0.839 -0.039 0.851 -0.007 0.999
1994 0.022 0929 -0.010 0.997 -0.339 0.799 -0.090 0.819 -0.011 0.997
1995 -0.015 0930 -0.020 0.995 -0.242 0.809 0.018 0.813 -0.018 0.995
1996 0.779 0.799 -0.012 0.994 1.179 0.7513 0.908 0.704 -0.011 0.994
1997 0.494 0.839 -0.008 0.997 0.728 0.767 0.762 0.721] -0.007 0.997
1998 0.289 0854 -0.001 0999 0414 0.763 0.598 0.733 -0.001 0.999
1999 0.098 0.853 0.044 1.004 0.281 0.719 0.269 0.70§ 0.042 1.003
2000 0.075 0864 0075 1.021] 0.205 0.714 -0.392 0569 0.071 1.019
2001 -0.671 0.8813 0.001 1.000 -0.819 0.654 -1.327 0.377 0.001 1.00d
2002 -1.206 0.754 0.000 1.000 -1.347 0.6143 -1.305 0.383 0.000 1.00d
2003 -0.252 0.822 -0.012 0.994 -0.449 0.624 -1.158 0.3474 -0.010 0.997
2004 -0.093 0.84] -0.002 0999 0.072 0.669 -0.647 0.459 -0.002 0.999
2005 0.192 0.824 -0.008 0.9971 0.298 0.678 0.363 0.684 -0.007 0.994
2006 0.693 0.792 0.013 1.004 1.227 0.71( 1.232 0.654 0.013 1.004
2007 0.509 0.820 0.009 1.003 1.054 0.728 1.219 0.659 0.008 1.002%
2008 -0.561 0.864 0.003 1.004) -0.233 0.683 0.721 0.714¢ 0.003 1.00%
2009 -1.052 0.874 0.012 1.003 -1.241 0.65(¢ 0.335 0.75] 0.010 1.003
2010 -0.925 1.009 -0.003 0999 -1.365 0.744 -0.525 0.699 -0.004 0.999
2011 -0.103 0.943 -0.002 0.999 -0.566 0.8213) -0.858 0.574 -0.002 0.999
2012 0.028 0.92] -0.006 0.999 -0.249 0.861] -1.060 0.5271 -0.006 0.999
2013 -0.402 09424 -0.005 0.994 -0.721 0.794 -1.156 0.46 -0.005 0.999
2014 -0.602 0.86§ -0.004 0999 -0.570 0.734 -1.075 0.414 -0.005 0.999
2015 -0.257 0.892 -0.004 0999 -0.209 0.7494 -0.852 0.47§ -0.004 0.999
2016 0.102 0.884 -0.003 0.999 -0.063 0.799 0.068 0.754 -0.003 0.999
2017 0509 0833 -0.001 1.000 0.495 0.804 -0.002 0.721 -0.001 1.000
2018 0.382 0.85] -0.002 0.999 0.473 0.799 0.508 0.744 -0.002 0.999
2019 -0.313 0.929 -0.002 0.999 -0.270 0.786 0.178 0.754 -0.002 0.999
2020 0.136 0907 0.021 1004 0378 0.820 0.728 0.731] 0.020 1.004




Table 2.1.1& (page 3 of 4). Deviations for the first size at which survey selectivity reaches 1.0.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3
Year Est. SD Est. SD Est. SD| Est. SD| Est. SD|
1982 -0.173 0.432 -0.158 0.427 -0.176 0.4271 -0.078 0.451] -0.163 0.417
1983 -0.335 0.483 -0.180 0.4671 -0.234 0.5013 -0.352 0.489 -0.012 0.48]
1984 1.185 0.392 1.157 0.38§ 1.129 0.367 1.289 0.449 1.145 0.331
1985 0.504 0.274 0568 0.274 0428 0.294 0.668 03041 0.595 0.272
1986 -0.404 0534 -0.373 05071 -0.374 0534 -0.409 0.484 -0.330 0.495
1987 -0.001 0.383 0.091 0339 0.026 0.387 0.076  0.384 0.141 0.33§
1988 0.101 0537 0.180 0.529 0.024 0.504 0.117 0.534 0.232 0.514
1989 0.546 051§ 0539 0504 0.683 0.517 0.557 0.514 0.559 0.499
1990 -0.286 0.361] -0.289 0.351] -0.366 0.354 -0.230 0.371] -0.274 0.342
1991 0.994 0473 0.899 0.444 0.762 0434 0988 0.474 0.919 0.430
1992 -0.094 0.359 -0.453 0473 -0.179 0.353 0.000 0.374 -1.108 0.384
1993 0.208 0.3479 0.124 0.327 0.132 0.339 0.317 0.354 0.145 0.317
1994 0.382 0457 0.618 0.443 0.907 0.504 0.389 0453 0.677 0.484
1995 0584 0439 0.751 0449 0.608 0.434 0.714 0.45)] 0.879 0.448
1996 0.352 0.393 0486 0.409 0.424 0.399 0.430 0.407 0.576 0.417
1997 0.777 03513 0.782 0340 0.714 0334 0.784 0.349 0.800 0.332
1998 2.009 0.359 1.984 0.327 1.905 0.396 0.041 0.734 1.945 0.314
1999 0.344 0523 0.303 0.528 0.289 0.52(¢ 0.465 0.529 0.353  0.497
2000 -0.606 0.304 -0.619 0.289 -0.659 0.299 -0.558 0.313 -0.593 0.277
2001 -0.839 0369 -0.611 0.33d -0.771 0.37] -0.680 0.374 -0.501 0.321
2002 0.017 0423 0.094 0.467 -0.126 0.429 0.130 0.424 0.155 0.441
2003 0.269 0.319 0.305 0.304 0.120 0.32§ 0.521 0.334 0.339 0.30d
2004 0.231 0.369 0.248 0.3500 0.143 0.357 0.425 0.38( 0.261 0.33§
2005 -0.194 0.494 -0.060 0.424 -0.248 0.40§ -0.100 0.439 -0.006 0.404
2006 -1.652 0.294 -1.507 0.287 -1.693 0.303 -1.541 0.35§ -1.425 0.279
2007 -2.414 0.259 -2.262 0.234 -2463 0.250 -2.452 0.274 -2.135 0.22]
2008 -1.459 0.304 -1.472 0.284 -1.454 0.304 -1.49 0.323 -1.442 0.279
2009 -0.809 05311 -1.616 0.45) -1.009 0.494 -1.193 0.624 -1.844 0.353
2010 -0.377 0.45Q0 -0.499 0.379 -0.140 0.514 -0.392 0.414 -0.534 0.35§
2011 -0.085 0.261 -0.038 0.251] -0.096 0.263§ -0.026 0.274 -0.037 0.242
2012 -2.124 0.389 -2.145 0.289 -2.012 0.363 -2.260 0.424 -2.099 0.289
2013 0.962 0.354 0.863 0.364 1.071 0.361 0.883 053§ 0.768 0.399
2014 -0.031 0.298 -0.008 0.284 -0.009 0.301 0.049 0.30§ -0.013 0.274
2015 0.510 0461 0484 0.441 0.649 0.463 0.464 0.47] 0.440 0.434
2016 1.185 0.33§ 1.198 0.324 1.156 0.331 1.368 0.345 1.134 0.323
2017 1.183 0.364 0.976 0.368 1.078 0.370 1336 0.3671 0.796 0.406
2018 0826 0.354 0820 0.339 0.948 0.33 0.973 0.3671 0.781 0.329
2019 -1.286 0.291 -1.178 0.320 -1.188 0.323 -1.219 0.313 -1.125 0.29Q




Table 2.1.1& (page 4 of 4). Deviations for the log standard deviation of the first normial e
doublenormal survey selectivity curve.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3

Year Est. SD Est. SD Est. SD| Est. SD| Est. SD|
1982 -0.503 0.584 -0.464 0581 -0.529 0.584 -0.444 0.6341 -0.442 0.549
1983 0.358 0.633 0.428 059§ 0.537 0.667 0.388 0.664 0.502 0.57§
1984 0.787 0.43 0905 0433 0.722 0.420 0.899 0500 0.941 0.376
1985 0.678 0.367] 0.716 0.357 0.604 0.399 0.898 0.414 0.716 0.340
1986 -0.033 0.682 -0.049 0.647 0.017 0.689 0.000 0.6547 -0.034 0.613
1987 -0.113 0.60Q -0.043 0.5271 -0.062 0.614 -0.059 0.625 0.019 0.503
1988 -0.110 0.674 -0.029 0.650 -0.208 0.651] -0.122 0.705 0.043 0.617
1989 0.166 0594 0.222 0583 0.314 0.593 0.128 0.633 0.284  0.554
1990 0.139 0450 0.155 0.434 0.069 0.45§ 0.238 0.48( 0.161  0.407
1991 1.259 0.51§ 1.261 0.492 1.038 0.496 1.305 0.541 1.281 0.465
1992 -0.041 0.451 -0.344 0.604 -0.170 0.455 0.048 0.484 -1.204 0.631
1993 0.739 0449 0.660 0.414 0.660 0.443 0.892 0.47)] 0.640 0.391
1994 0.374 0594 0.489 0.55] 1.006 0.630 0.367 0.623 0.523 0.57(¢
1995 0.328 0553 0509 0537 0.331 0.557 0.424 0593 0649 0.514
1996 -0.215 051 -0.036 0.519 -0.156 0.514 -0.171 0.552 0.104 0.494
1997 0.778 0.414 0.797 0.397 0.712 0.4071 0.878 0.437 0.803 0.374
1998 2.001 0.37] 1.957 0.34(¢ 1.933 0.408 0.066  0.947 1.849 0.316
1999 0.350 0.584 0.338 0592 0.279 0.59§ 0.490 0.617 0.396 0.537
2000 -0.654 0.42Q -0.637 0.399 -0.743 0.424 -0.638 0.450 -0.576 0.374
2001 -0.453 0.5584 -0.315 0.483 -0.368 0.571] -0.306 0.58§ -0.235 0.45§
2002 -0.028 0.54§ 0.059 05924 -0.205 0.572 0.003 0.571 0.138 0.534
2003 0.273 0.424 0.319 0.404 0.071 0.448 0.439  0.455 0.354 0.378
2004 0.120 0.493 0.146 0.464 -0.003 0.489 0.251 0.519 0.173 0.434
2005 -0.284 0.674 -0.151 0579 -0.369 0.584 -0.199 0.624 -0.076 0.52§
2006 -1.504 0441 -1.389 04273 -1572 0454 -1.344 0533 -1.294 0.401
2007 -2433 0529 -2.352 0.487 -2553 0.524 -2408 0.5874 -2.211 0.447
2008 -1.542 0479 -1565 0469 -1.558 04894 -1575 0524 -1512 0.454
2009 0.255 0.729 -0.815 0.707 0.005 0.704 -0.083 0.944 -1.166 0.580
2010 -0.585 0.594 -0.700 0.529 -0.301 0.6513 -0.633 0.584 -0.699 0.49§
2011 -0.130 0.359 -0.084 0.3371 -0.140 0.364 -0.042 0.381 -0.049 0.314
2012 -1.532 0.644 -1.727 0503 -1.340 0593 -1.644 0.753 -1.718 0.517
2013 0.970 0.384 0.947 0.38 1.088 0.394 0.953 0.574 0.891 0.407
2014 -0.076 0.42Q -0.025 0.3971 -0.043 0.434 -0.019 0.447 0.015 0.373
2015 0.420 0.54¢9 0407 0523 0571 0.553 0.372 0.584 0.393 0.507
2016 0.768 0.457 0.843 04384 0.768 0.464 0.897 0.487 0.843 0.419
2017 0.920 0468 0.885 0.462 0.784 0.484 1.052 0.491] 0.798 0.472
2018 0.123 0.423 0.177 0.399 0.241 0.403 0.211  0.453 0.204 0.374
2019 -1.569 0531 -1499 0587 -1427 0574 -1512 0574 -1.502 0.529




Table 2.1.11. Deviations for log survey catchability (Model 19.12 only).

Model 19.12

Year Est. SD
1982 0.159 0.682
1983 1.241 0.78]
1984 -1.094 0.647
1985 0.832 0.63]
1986 0.435 0.60(0
1987 0.779  0.66
1988 -0.283  0.552
1989 -1.221 0.643
1990 -1.110 0.675
1991 -1.474 0.646
1992 -1.953 0.671
1993 0.459 0.688
1994 3.558 0.585
1995 1.043 0.573
1996 1.495 0.695
1997 0.109 0.684
1998 0.500 0.778
1999 -0.759 0.624
2000 -1.223  0.645
2001 1.961 0.634
2002 0.217 0.729
2003 0.786  0.792
2004 0.028 0.741
2005 0.356  0.731
2006 -0.739 0.604
2007 -1.649 0.640Q
2008 -2.798 0.617
2009 -2.441 0.665
2010 -1.202 0.57(0
2011 0.539 0.614
2012 -0.264 0.664
2013 -1.408 0.637
2014 1.789 0.78(¢
2015 0.976  0.767
2016 0.894  0.887
2017 -1.103 0.638
2018 1.793 0.74(¢
2019 0.773  0.787




Table 2.1.12 Sigmas for timevarying parameters.

Model 19.12a Model 19.12 Model 21.1 Model 21.2 Model 21.3
Parameter var_dev ave val sigmgvar dev ave val sigmgvar dev ave vaJ sigmgvar dev ave val sigmg var dev ave val sigm3
In(Recruits) 0.4434 0.0124 0.6764 0.4312 0.0129 0.6664 0.4407 0.012d4 0.6733 0.4334 0.0131] 0.6684 0.4547 0.0144 0.6857
Length_at 1.5 0.7944 0.1989 0.1474 0.7991 0.2019 0.1484 0.8040 0.19674 0.1424 0.7951 0.206Q 0.1480 0.7950 0.1985 0.1504
Sel_fsh_InSD1 0.7089 0.2897 0.1559 0.7097 0.2913 0.1544 0.7112 0.2883 0.1734 0.7466 0.249¢4 0.1721 0.6994 0.30174 0.1487
Sel_fsh_logitEnd | 0.1913 0.8074 0.7524 0.0002 0.9989 0.764(Q 0.3612 0.64574 0.628§ 0.4351 0.5581 1.125§ 0.0002 0.9989 0.735(
Sel_srv_PeakStarf 0.8508 0.1589 0.203§4 0.8552 0.148(Q 0.2204 0.8466 0.1569 0.2011] 0.8208 0.1815 0.1879 0.8582 0.1394 0.238(
Sel_srv_InSD1 0.7332 0.2754 0.7691 0.7521 0.2539 0.8365 0.7267 0.2789 0.7519 0.6631 0.341(0 0.6889 0.7683 0.2274 0.932(




Table 2.1.13. Catchability time series (Model 19.18)on

Year 19.12
1982 1.118
1983 1.225
1984 1.007
1985 1.183
1986 1.145
1987 1.178
1988 1.078
1989 0.996
1990 1.005
1991 @ 0.975
1992 | 0.937
1993 1.147
1994 | 1.487
1995 1.204
1996 1.251
1997 1.114
1998 1.151
1999 1.035
2000 ' 0.996
2001 @ 1.301
2002 1.124
2003 1.179
2004 1.106
2005 1.137
2006 @ 1.037
2007 | 0.961
2008 | 0.873
2009 | 0.899
2010 @ 0.998
2011 1.155
2012 1.079
2013  0.981
2014 @ 1.282
2015 1.198
2016 1.189
2017 @ 1.006
2018 1.283
2019 1.177




Table 2.1.14 Rankingcriteria and model weights as adopted by the CIE reviewers.

Feature 19.1294 19.12 211 21.2 213
Feature 1: Allow catchability to vary? no yes no no no
Feature 2: Allow domed survey selectivity? no no yes no no
Feature 3: Use fishery CPUE? no no no yes no
Feature 4: Estimate survey CV internally? no no no no yes
Criterion Emph.| 19.1294 19.12 21.1 21.2 21.3
General plausibility of the model 3 2 1 06667 1 1.3333
Acceptable retrospective bias 3 2 2 13333 1 2
Uses properly vetted data 3 2 2 2 0 2
Acceptable residual patterns 3 2 2 2 2 1
Comparable complexity 2 2 1 1 2 2
Fits consistent with variances 2 1 2 1 0 2
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) addressed 0

Regime shifts addressed 0

Quantity 19.129 19.12 211 212 213
Average emphasis: 0.9375 0.8438 0.6875/0.5000 0.8438
Model weight: 0.2459 0.2213 0.1803/0.1311 0.2213




Table 2.1.15. Female spawning biomass (millions v series for all models and the ensemble.

no yes no no no Time-varyQ?
no no yes no no Survey dome?
no no no yes no Fishery CPUE?
no no no no yes Extra SD?

Model 19.12a|] Model 19.12 Model 21.1 Model 21.2 Model 21.3 Ensemble

Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD

19771 0.186 0.051] 0.201 0.054| 0.110 0.030| 0.177 0.049| 0.221 0.061}| 0.182 0.063
1978 | 0.229 0.061| 0.252 0.067| 0.132 0.035| 0.219 0.059| 0.278 0.077] 0.226 0.079
1979 | 0.166 0.041| 0.186 0.046| 0.096 0.024| 0.158| 0.039| 0.204 0.053| 0.165 0.056
1980 | 0.173 0.036| 0.196 0.042| 0.102 0.022| 0.165| 0.035| 0.213 0.047] 0.173 0.053
1981 | 0.130 0.019] 0.150 0.024] 0.085 0.014] 0.126 0.020| 0.161 0.027] 0.133 0.034
1982 | 0.099 0.012} 0.113 0.015}] 0.068 0.010} 0.099 0.013| 0.120 0.017} 0.101 0.022
1983 | 0.119 0.011) 0.134 0.014] 0.088 0.011} 0.119 0.012| 0.141 0.016}| 0.122 0.023
1984 | 0.163 0.013] 0.180 0.017] 0.126 0.013] 0.161 0.014| 0.189 0.019| 0.166 0.027
1985 | 0.180 0.015] 0.193 0.017] 0.142 0.015] 0.178 0.016] 0.202 0.020| 0.180 0.026
1986 | 0.171 0.014] 0.179 0.015] 0.139 0.015| 0.170 0.016| 0.187 0.018| 0.170 0.022
1987 | 0.196 0.014] 0.205 0.016] 0.161 0.016] 0.196 0.016] 0.213 0.019] 0.195 0.024
1988 | 0.229 0.015| 0.242 0.017] 0.194 0.019| 0.227 0.018| 0.251 0.020| 0.230 0.026
1989 | 0.214 0.013| 0.226 0.016| 0.176 0.016| 0.211 0.015| 0.233 0.018| 0.214 0.025
1990 | 0.240 0.013| 0.254 0.016] 0.192 0.016] 0.236 0.014| 0.261 0.018] 0.239 0.028
1991 | 0.405 0.025]| 0.418 0.027] 0.327 0.030] 0.392 0.026| 0.427 0.031]| 0.397 0.044
1992 | 0.446 0.035| 0.445 0.033]| 0.355 0.037| 0.433 0.039| 0.451 0.037| 0.429 0.051
1993 | 0.307 0.023]| 0.308 0.023]| 0.250 0.025| 0.301 0.026| 0.310 0.025| 0.297 0.033
1994 | 0.410 0.027]| 0.416 0.028]| 0.336 0.031| 0.409 0.031| 0.417 0.030| 0.399 0.042
1995 | 0.513 0.034| 0.536 0.036| 0.419 0.039| 0.505 0.037| 0.542 0.038| 0.506 0.056
1996 | 0.483 0.033]| 0.534 0.038]| 0.374 0.038| 0.470 0.034| 0.548 0.040| 0.487 0.070
1997 | 0.534 0.037] 0.613 0.042] 0.422 0.042| 0.499 0.034| 0.638 0.045| 0.550 0.087
1998 | 0.428 0.032] 0.499 0.037] 0.335 0.036| 0.392 0.029| 0.523 0.039| 0.443 0.076
1999 | 0.405 0.033]| 0.473 0.037] 0.315 0.035| 0.370 0.029| 0.498 0.040| 0.420 0.075
2000 | 0.389 0.032| 0.454 0.038| 0.300 0.033| 0.383 0.031]| 0.478 0.041] 0.406 0.071
2001 | 0.348 0.025| 0.387 0.029| 0.279 0.027| 0.387 0.028] 0.403 0.032] 0.362 0.052
2002 | 0.377 0.027| 0.398 0.028| 0.312 0.028| 0.417 0.030| 0.411 0.029]| 0.383 0.046
2003 | 0.379 0.025| 0.410 0.027| 0.313 0.028| 0.463 0.033| 0.423 0.029| 0.395 0.054
2004 | 0.388 0.024| 0.421 0.026| 0.317 0.028| 0.449 0.031]| 0.434 0.028]| 0.401 0.052
2005 | 0.404 0.025| 0.440 0.026| 0.330 0.030| 0.421 0.028]| 0.455 0.028] 0.412 0.051
2006 | 0.436 0.028| 0.481 0.030| 0.341 0.034| 0.411 0.027] 0.497 0.032] 0.439 0.062
2007 | 0.415 0.029| 0.454 0.031| 0.318 0.034| 0.352 0.024| 0.469 0.032| 0.410 0.064
2008 | 0.510 0.038| 0.533 0.038| 0.393 0.041| 0.389 0.027]| 0.548 0.040| 0.487 0.075
2009 | 0.645 0.056| 0.647 0.052| 0.503 0.056| 0.438 0.033]| 0.661 0.055| 0.596 0.098
2010 | 0.623 0.051| 0.615 0.051| 0.480 0.053| 0.450 0.035| 0.619 0.053| 0.572 0.087
2011 | 0.744 0.053| 0.737 0.057| 0.569 0.059| 0.634 0.047] 0.733 0.058| 0.694 0.088
2012 | 0.643 0.043| 0.656 0.048| 0.499 0.049| 0.644 0.045] 0.662 0.049]| 0.624 0.076
2013 | 0.584 0.038| 0.597 0.042| 0.468 0.043| 0.616 0.042] 0.612 0.043| 0.576 0.067
2014 | 0.640 0.049| 0.649 0.051| 0.502 0.052] 0.712 0.054| 0.679 0.053| 0.635 0.084
2015 | 0.606 0.046| 0.632 0.053| 0.467 0.050} 0.714| 0.055| 0.685 0.060| 0.618 0.096
2016 | 0.545 0.042| 0.585 0.051| 0.424 0.045] 0.620 0.047| 0.665 0.064| 0.568 0.095
2017 | 0.432 0.034| 0.478 0.044| 0.336 0.036| 0.534 0.040| 0.577 0.065| 0.470 0.094
2018 | 0.314 0.024| 0.346 0.032| 0.255 0.025| 0.351 0.025| 0.441 0.057| 0.344 0.071
2019 0.299 0.025| 0.319 0.031| 0.249 0.025| 0.315 0.024| 0.435 0.070| 0.327 0.074
2020 | 0.320 0.028| 0.345 0.038| 0.263 0.029| 0.324 0.025]| 0.518 0.114] 0.360 0.107
2021 | 0.290 0.039| 0.215 0.037| 0.262 0.036| 0.280 0.037| 0.130 0.039| 0.232 0.071
2022 | 0.265 0.024] 0.210 0.026] 0.238 0.023] 0.263 0.024] 0.144 0.032] 0.221 0.053




Table 2.1.16. Spawning biomass relativ81®0% time series for all models and the ensemble.

no
no
no
no

yes
no
no
no

no

yes
no
no

no
no

yes
no

no
no
no
yes

Time-varyQ?
Survey dome?
Fishery CPUE?
Extra SD?

Model 19.12a

Model 19.12

Model 21.1

Model 21.2

Model 21.3

Ensemble

Year

Est.

SD

Est. SD

Est. SD

Est. SD

Est. SD

Est. SD

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
2022

0.186
0.229
0.166
0.173
0.130
0.099
0.119
0.163
0.180
0.171
0.196
0.229
0.214
0.240
0.405
0.446
0.307
0.410
0.513
0.483
0.534
0.428
0.405
0.389
0.348
0.377
0.379
0.388
0.404
0.436
0.415
0.510
0.645
0.623
0.744
0.643
0.584
0.640
0.606
0.545
0.432
0.314
0.299
0.320
0.290
0.265

0.051
0.061
0.041
0.036
0.019
0.012
0.011
0.013
0.015
0.014
0.014
0.015
0.013
0.013
0.025
0.035
0.023
0.027
0.034
0.033
0.037
0.032
0.033
0.032
0.025
0.027
0.025
0.024
0.025
0.028
0.029
0.038
0.056
0.051
0.053
0.043
0.038
0.049
0.046
0.042
0.034
0.024
0.025
0.028
0.039
0.024

0.201 0.054
0.252 0.067
0.186 0.046
0.196 0.042
0.150 0.024
0.113 0.015
0.134 0.014
0.180 0.017
0.193 0.017
0.179 0.015
0.205 0.016
0.242 0.017
0.226 0.016
0.254 0.016
0.418 0.027
0.445 0.033
0.308 0.023
0.416 0.028
0.536 0.036
0.534 0.038
0.613 0.042
0.499 0.037
0.473 0.037
0.454 0.038
0.387 0.029
0.398 0.028
0.410 0.027
0.421 0.026
0.440 0.026
0.481 0.030
0.454 0.031
0.533 0.038
0.647 0.052
0.615 0.051
0.737 0.057
0.656 0.048
0.597 0.042
0.649 0.051
0.632 0.053
0.585 0.051
0.478 0.044
0.346 0.032
0.319 0.031
0.345 0.038
0.215 0.037
0.210 0.026

0.110 0.030
0.132 0.035
0.096 0.024
0.102 0.022
0.085 0.014
0.068 0.010
0.088 0.011
0.126 0.013
0.142 0.015
0.139 0.015
0.161 0.016
0.194 0.019
0.176 0.016
0.192 0.016
0.327 0.030
0.355 0.037
0.250 0.025
0.336 0.031
0.419 0.039
0.374 0.038
0.422 0.042
0.335 0.036
0.315 0.035
0.300 0.033
0.279 0.027
0.312 0.028
0.313 0.028
0.317 0.028
0.330 0.030
0.341 0.034
0.318 0.034
0.393 0.041
0.503 0.056
0.480 0.053
0.569 0.059
0.499 0.049
0.468 0.043
0.502 0.052
0.467 0.050
0.424 0.045
0.336 0.036
0.255 0.025
0.249 0.025
0.263 0.029
0.262 0.036
0.238 0.023

0.177 0.049
0.219 0.059
0.158 0.039
0.165 0.035
0.126 0.020
0.099 0.013
0.119 0.012
0.161 0.014
0.178 0.016
0.170 0.016
0.196 0.016
0.227 0.018
0.211 0.015
0.236 0.014
0.392 0.026
0.433 0.039
0.301 0.026
0.409 0.031
0.505 0.037
0.470 0.034
0.499 0.034
0.392 0.029
0.370 0.029
0.383 0.031
0.387 0.028
0.417 0.030
0.463 0.033
0.449 0.031
0.421 0.028
0.411 0.027
0.352 0.024
0.389 0.027
0.438 0.033
0.450 0.035
0.634 0.047
0.644 0.045
0.616 0.042
0.712 0.054
0.714 0.055
0.620 0.047
0.534 0.040
0.351 0.025
0.315 0.024
0.324 0.025
0.280 0.037
0.263  0.024

0.221 0.061
0.278 0.077
0.204 0.053
0.213 0.047
0.161 0.027
0.120 0.017
0.141 0.016
0.189 0.019
0.202 0.020
0.187 0.018
0.213 0.019
0.251 0.020
0.233 0.018
0.261 0.018
0.427 0.031
0.451 0.037
0.310 0.025
0.417 0.030
0.542 0.038
0.548 0.040
0.638 0.045
0.523 0.039
0.498 0.040
0.478 0.041
0.403 0.032
0.411 0.029
0.423 0.029
0.434 0.028
0.455 0.028
0.497 0.032
0.469 0.032
0.548 0.040
0.661 0.055
0.619 0.053
0.733 0.058
0.662 0.049
0.612 0.043
0.679 0.053
0.685 0.060
0.665 0.064
0.577 0.065
0.441 0.057
0.435 0.070
0.518 0.114
0.130 0.039
0.144 0.032

0.182 0.000
0.226 0.000
0.165 0.000
0.173 0.000
0.133 0.000
0.101 0.000
0.122 0.000
0.166 0.000
0.180 0.000
0.170 0.000
0.195 0.000
0.230 0.000
0.214 0.000
0.239 0.000
0.397 0.000
0.429 0.000
0.297 0.000
0.399 0.000
0.506 0.000
0.487 0.000
0.550 0.000
0.443 0.000
0.420 0.000
0.406 0.000
0.362 0.000
0.383 0.000
0.395 0.000
0.401 0.000
0.412 0.000
0.439 0.000
0.410 0.000
0.487 0.000
0.596 0.000
0.572 0.000
0.694 0.000
0.624 0.000
0.576 0.000
0.635 0.000
0.618 0.000
0.568 0.000
0.470 0.000
0.344 0.000
0.327 0.000
0.360 0.000
0.232 0.000
0.221 0.000




Table 2.1.17. Age 0 recruitment (billions of fish) time series for all models and the ensemble.

no
no
no
no

yes
no
no
no

no

yes
no
no

no
no

yes
no

no
no
no
yes

Time-varyQ?
Survey dome?
Fishery CPUE?
Extra SD?

Model 19.12a

Model 19.12

Model 21.1

Model 21.2

Model 21.3

Ensemble

Year

Est.

SD

Est. SD

Est. SD

Est. SD

Est. SD

Est. SD

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

1.056
0.699
0.723
0.181
0.202
0.941
0.262
0.880
0.402
0.219
0.073
0.305
0.600
0.591
0.362
0.951
0.353
0.298
0.267
0.846
0.362
0.288
0.692
0.505
0.196
0.344
0.310
0.224
0.269
0.786
0.317
1.172
0.165
0.735
0.931
0.443
1.200
0.217
0.287
0.178
0.125
0.735

0.269
0.189
0.121
0.045
0.041
0.108
0.049
0.100
0.054
0.032
0.018
0.039
0.066
0.066
0.048
0.096
0.043
0.036
0.034
0.089
0.043
0.037
0.069
0.052
0.026
0.037
0.033
0.028
0.030
0.072
0.040
0.109
0.031
0.077
0.098
0.059
0.130
0.032
0.033
0.026
0.027
0.074

0.823 0.218
0.585 0.153
0.601 0.105
0.147 0.040
0.178 0.036
0.827 0.103
0.204 0.040
0.753 0.090
0.350 0.048
0.200 0.030
0.071 0.017
0.279 0.037
0.542 0.061
0.520 0.059
0.288 0.040
0.764 0.076
0.314 0.038
0.254 0.030
0.235 0.030
0.736 0.080
0.325 0.040
0.258 0.033
0.591 0.060
0.436 0.046
0.175 0.024
0.303 0.033
0.279 0.030
0.206 0.026
0.253 0.029
0.745 0.072
0.293 0.037
1.009 0.100
0.143 0.026
0.651 0.071
0.808 0.087
0.371 0.050
1.003| 0.116
0.187 0.028
0.250 0.031
0.139 0.021
0.102 0.023
0.620 0.073

0.933 0.262
0.593 0.169
0.585 0.110
0.152 0.039
0.166 0.036
0.770 0.104
0.219 0.043
0.714 0.096
0.329 0.050
0.177 0.029
0.060 0.015
0.242 0.036
0.482 0.064
0.475 0.064
0.305 0.044
0.785 0.096
0.303 0.041
0.247 0.035
0.225 0.032
0.699 0.088
0.300 0.041
0.232 0.034
0.561 0.069
0.430 0.052
0.161 0.025
0.288 0.036
0.257 0.032
0.186 0.025
0.221 0.029
0.646 0.073
0.265 0.037
0.966 0.110
0.142 0.028
0.603 0.075
0.783 0.096
0.369 0.055
0.998 0.125
0.185 0.030
0.238 0.032
0.149 0.024
0.110 0.024
0.619 0.075

1.082| 0.283
0.674 0.193
0.713 0.123
0.184 0.046
0.201 0.042
0.952 0.111
0.256 0.049
0.887 0.102
0.393 0.054
0.217 0.033
0.074 0.018
0.313 0.041
0.610 0.068
0.597 0.068
0.370 0.050
0.990 0.102
0.351 0.044
0.313 0.038
0.264 0.034
0.797 0.084
0.329 0.042
0.273 0.035
0.691 0.071
0.536 0.057
0.221 0.031
0.411 0.046
0.372 0.042
0.254 0.032
0.296 0.036
0.807 0.077
0.293 0.038
1.088 0.102
0.159 0.030
0.695 0.072
0.891 0.091
0.425 0.058
1.182| 0.126
0.209 0.032
0.289 0.034
0.180 0.026
0.122 0.027
0.751 0.077

0.773 0.213
0.562 0.149
0.572 0.106
0.128 0.038
0.172 0.036
0.813 0.110
0.190 0.039
0.730 0.093
0.342 0.049
0.198 0.031
0.071 0.018
0.275 0.039
0.535 0.064
0.517 0.061
0.257 0.034
0.725 0.076
0.308 0.038
0.245 0.030
0.230 0.030
0.718 0.084
0.319 0.041
0.253 0.034
0.569 0.061
0.423 0.047
0.172 0.024
0.296 0.034
0.274 0.031
0.203 0.027
0.252 0.030
0.744 0.077
0.289 0.037
0.954 0.097
0.134 0.024
0.605 0.067
0.728 0.081
0.319 0.044
0.829 0.107
0.153 0.025
0.198 0.030
0.102 0.020
0.077 0.019
0.459 0.079

0.923 0.276
0.621 0.179
0.637 0.130
0.157 0.047
0.183 0.041
0.858 0.128
0.225 0.053
0.790 0.121
0.362 0.058
0.202 0.034
0.070 0.018
0.282 0.045
0.553 0.078
0.539 0.078
0.313 0.061
0.835 0.136
0.325 0.046
0.269 0.043
0.244 0.036
0.760 0.102
0.329 0.047
0.261 0.040
0.619 0.088
0.462 0.066
0.183 0.032
0.323 0.054
0.294 0.049
0.212 0.034
0.257 0.037
0.745 0.090
0.293 0.041
1.039 0.135
0.149 0.030
0.659 0.090
0.827 0.119
0.384 0.070
1.035| 0.185
0.189 0.037
0.251 0.047
0.148 0.037
0.106 0.030
0.630 0.130




Table 2.1.18. Fuilselection instantaneous fishing mortality time series for all models and thelbdeisem

no yes no no no Time-varyQ?
no no yes no no Survey dome?
no no no yes no Fishery CPUE?
no no no no yes Extra SD?

Model 19.12a|] Model 19.12 Model 21.1 Model 21.2 Model 21.3 Ensemble

Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD

19771 0.186 0.051] 0.201 0.054| 0.110 0.030| 0.177 0.049| 0.221 0.061}| 0.182 0.063
1978 | 0.229 0.061| 0.252 0.067| 0.132 0.035| 0.219 0.059| 0.278 0.077] 0.226 0.079
1979 | 0.166 0.041| 0.186 0.046| 0.096 0.024| 0.158| 0.039| 0.204 0.053| 0.165 0.056
1980 | 0.173 0.036| 0.196 0.042| 0.102 0.022| 0.165| 0.035| 0.213 0.047] 0.173 0.053
1981 | 0.130 0.019] 0.150 0.024] 0.085 0.014] 0.126 0.020| 0.161 0.027] 0.133 0.034
1982 | 0.099 0.012} 0.113 0.015}] 0.068 0.010} 0.099 0.013| 0.120 0.017} 0.101 0.022
1983 | 0.119 0.011) 0.134 0.014] 0.088 0.011} 0.119 0.012| 0.141 0.016}| 0.122 0.023
1984 | 0.163 0.013] 0.180 0.017] 0.126 0.013] 0.161 0.014| 0.189 0.019| 0.166 0.027
1985 | 0.180 0.015] 0.193 0.017] 0.142 0.015] 0.178 0.016] 0.202 0.020| 0.180 0.026
1986 | 0.171 0.014] 0.179 0.015] 0.139 0.015| 0.170 0.016| 0.187 0.018| 0.170 0.022
1987 | 0.196 0.014] 0.205 0.016] 0.161 0.016] 0.196 0.016] 0.213 0.019] 0.195 0.024
1988 | 0.229 0.015| 0.242 0.017] 0.194 0.019| 0.227 0.018| 0.251 0.020| 0.230 0.026
1989 | 0.214 0.013| 0.226 0.016| 0.176 0.016| 0.211 0.015| 0.233 0.018| 0.214 0.025
1990 | 0.240 0.013| 0.254 0.016] 0.192 0.016] 0.236 0.014| 0.261 0.018] 0.239 0.028
1991 | 0.405 0.025]| 0.418 0.027] 0.327 0.030] 0.392 0.026| 0.427 0.031]| 0.397 0.044
1992 | 0.446 0.035| 0.445 0.033]| 0.355 0.037| 0.433 0.039| 0.451 0.037| 0.429 0.051
1993 | 0.307 0.023]| 0.308 0.023]| 0.250 0.025| 0.301 0.026| 0.310 0.025| 0.297 0.033
1994 | 0.410 0.027]| 0.416 0.028]| 0.336 0.031| 0.409 0.031| 0.417 0.030| 0.399 0.042
1995 | 0.513 0.034| 0.536 0.036| 0.419 0.039| 0.505 0.037| 0.542 0.038| 0.506 0.056
1996 | 0.483 0.033]| 0.534 0.038]| 0.374 0.038| 0.470 0.034| 0.548 0.040| 0.487 0.070
1997 | 0.534 0.037] 0.613 0.042] 0.422 0.042| 0.499 0.034| 0.638 0.045| 0.550 0.087
1998 | 0.428 0.032] 0.499 0.037] 0.335 0.036| 0.392 0.029| 0.523 0.039| 0.443 0.076
1999 | 0.405 0.033]| 0.473 0.037] 0.315 0.035| 0.370 0.029| 0.498 0.040| 0.420 0.075
2000 | 0.389 0.032| 0.454 0.038| 0.300 0.033| 0.383 0.031]| 0.478 0.041] 0.406 0.071
2001 | 0.348 0.025| 0.387 0.029| 0.279 0.027| 0.387 0.028] 0.403 0.032] 0.362 0.052
2002 | 0.377 0.027| 0.398 0.028| 0.312 0.028| 0.417 0.030| 0.411 0.029]| 0.383 0.046
2003 | 0.379 0.025| 0.410 0.027| 0.313 0.028| 0.463 0.033| 0.423 0.029| 0.395 0.054
2004 | 0.388 0.024| 0.421 0.026| 0.317 0.028| 0.449 0.031]| 0.434 0.028]| 0.401 0.052
2005 | 0.404 0.025| 0.440 0.026| 0.330 0.030| 0.421 0.028]| 0.455 0.028] 0.412 0.051
2006 | 0.436 0.028| 0.481 0.030| 0.341 0.034| 0.411 0.027] 0.497 0.032] 0.439 0.062
2007 | 0.415 0.029| 0.454 0.031| 0.318 0.034| 0.352 0.024| 0.469 0.032| 0.410 0.064
2008 | 0.510 0.038| 0.533 0.038| 0.393 0.041| 0.389 0.027]| 0.548 0.040| 0.487 0.075
2009 | 0.645 0.056| 0.647 0.052| 0.503 0.056| 0.438 0.033]| 0.661 0.055| 0.596 0.098
2010 | 0.623 0.051| 0.615 0.051| 0.480 0.053| 0.450 0.035| 0.619 0.053| 0.572 0.087
2011 | 0.744 0.053| 0.737 0.057| 0.569 0.059| 0.634 0.047] 0.733 0.058| 0.694 0.088
2012 | 0.643 0.043| 0.656 0.048| 0.499 0.049| 0.644 0.045] 0.662 0.049]| 0.624 0.076
2013 | 0.584 0.038| 0.597 0.042| 0.468 0.043| 0.616 0.042] 0.612 0.043| 0.576 0.067
2014 | 0.640 0.049| 0.649 0.051| 0.502 0.052] 0.712 0.054| 0.679 0.053| 0.635 0.084
2015 | 0.606 0.046| 0.632 0.053| 0.467 0.050} 0.714| 0.055| 0.685 0.060| 0.618 0.096
2016 | 0.545 0.042| 0.585 0.051| 0.424 0.045] 0.620 0.047| 0.665 0.064| 0.568 0.095
2017 | 0.432 0.034| 0.478 0.044| 0.336 0.036| 0.534 0.040| 0.577 0.065| 0.470 0.094
2018 | 0.314 0.024| 0.346 0.032| 0.255 0.025| 0.351 0.025| 0.441 0.057| 0.344 0.071
2019 0.299 0.025| 0.319 0.031| 0.249 0.025| 0.315 0.024| 0.435 0.070| 0.327 0.074
2020 | 0.320 0.028| 0.345 0.038| 0.263 0.029| 0.324 0.025]| 0.518 0.114] 0.360 0.107
2021 | 0.290 0.039| 0.215 0.037| 0.262 0.036| 0.280 0.037| 0.130 0.039| 0.232 0.071
2022 | 0.265 0.024] 0.210 0.026] 0.238 0.023] 0.263 0.024] 0.144 0.032] 0.221 0.053




Table 2.1.19a. Migear length (cm) at age (Model 19.12a).
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Table 2.1.19b. Mig/ear length (cm) at age (Model 19.12).
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Table 2.1.19c. Migyear length (cm) at age (Model 21.1).

N [olololololololololololololololololololole folololololololololololololof. fololololololele]
) [slslelelclclslclslclclclclclclclclclclcl. (slclclclclclclclclclcfclcfcl. folclclclclclola!
Al AT A A A A A A A A A A A A A A A A A A A Al A A

DO DNNVANANWADNNVAOANNONO O 000 OO OO

DO OO

OJNANANANANANNANANANANANANANANANNANAAANNONAAdAd=r"NANN—AAd—A—"Ad 1O NNNNM

DO OO

NOMMOOMMOMMOMNMMOMMMMOMMMMOMOMMANNMMATANONNNMMONTOANNOOANNTOOMSEM

DO O O O O O

O MMMMMMMMMMMMOMOANMANANMOMAMANNNNOMOONNNNNATOOOMST NN

DO O O O O O

OAAAAAAAAAAAAAAO AO OO AN —HOOO O O—1ONOOOOOON—AAAAMO OO

DO O OO O

OO OV OVOOVOVOOOVOOOWONOUULMNNTOLOUOUNONONOOOOUSONNNOOVOS I

DO OO

MO OO OO0O0OOO0O0OO0O0ONWMAO—TOMNONNWMAONOOTOONON—TOAHOMO O N O

DO OO

NOOOOOOOOOOOOHONWO—ATANOODWOA—TONOOOOOOMNN—TAAOTOONNO

DOV OG00SO 000000000 GO 00 0000

AP NSENSENNNSNNENONOTNOOMNIONNOONOOOMNOSTOOOON OO ITINN0

AN NNNSNSNSNSNNNNNNSNSNSNSNSNSNNNNNNNSNSNSNSNSNNNONN NN N NN
00 00 0O 0O 00 G0 00 60 60 60 00 00 00 CO CO GO GO 0O 00 00 00 00 00 00 €O CO 6O GO 0O 6O 00 00 00 00 00 0O CO GO B0 6O 6O 00 00 0

OO0 OO0 O0O0O0OCO0OTOON—ETALOOMNNOTONOOOOOOMNONANOLDNVWOWWOWNO WO

ANV YI YOOI IIOOSTIIII IS S WO L0
00 00 0O 0O 0O 00 0O 0O 00 CO 0O ©0 CO 0O 0O 00 0O 0O C0 CO 0O CO 00 0O 0O ©0 0O 0O CO CO 0O 0O C0 0O 0O ©0 GO 0O CO O 0O 0O O 0O

OIS NSSNENOONMNMTOONONSSTOOONNOOOMNOUMANOMNOMMLN MO0 W

AT A A A A A A A A A A A A A A A A A A A AN A A A A A AN AN AN o
00 00 0O 0O 00 00 0O 0O C0 CO 0O ©0 CO 0O 0O C0 0O 0O C0 CO 0O 0O 00 0O 0O ©0 GO 0O 0O CO 0O 0O C0 0O 0O C0 GO 0O 0O 0 0O 0O O CO

VOOV ONTONOMONINUNOAOONNVNVWVOYMEANOOOMNTITOO OO

NSNS NN N0 NNMN O NNNNNNO N 00NN NN NN 0000000000 NNNNNO N 00N 0
N N N N A A N A N N N N N N N N N N N N N N N N N N N Ny N N N N N N N N N

MNESSSSSAOLDMOOONOTAHAODONMMNANNMNOMNOUONMNSANANNONONOUNL S

NN ANNNNANNNOANNONOINNNONANNNONTOOANNONNM®MO S
(IS N NS NN N ANl (N N N S NNl N N N N NN S SNl N N N N N N N N e e e e N N N N N e e N I N N N N

OOV —AONTMNAACOTITOADNTONOVON A AMONONMNNAL —AN—AN NN

NSNS NS N 00N NN 0000 N 0O SIS CON 0O NS NN 0000000000 NN IS 00N 00N 000 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 (O O D W O (O (O (OO W W WO WO WD WD

VS STTNOMNOOROITITOWOANNTONNMNMANOOITAOONONANNTOOOOO—HOOOO T

A A A AAATAO O AA O A 1O O A AdANAAA—AOONAAANA—AO OO HO A A1 NN N
D0 0OV UOOVOVODODODODOVOVOVLOVOVOVOVODOVOVOVOVOVOVOVOVOVOVOVOVWVWVWWOWWOWWOWOWOWOWWWWUY

OO MM OONOONMNMNNOULNNNMANOMMO—AOOMNAEHAITMONIONANNMMO

DOOOMMOANNTOANNNOANNNDOOMTOMMMNOANNTNOTITOTOOANNNMOANMNMMMLOLO S O©
LOLOLOLOLLLOLUOOOOOOOOOOLOLOOLOLOOOOOLOLOLOLOLOODOOOOOOOOLOWLWOLWLWOLWLWLW

NOOO—TOITANDHOVOOANNOUTONOMOANLODOOIUOMAANOIT O MM LO

OONTOANNTTANNNOANNNTOTONNONATITIOLONONNNTANTOTOONDNN
S RS RS AR N AR S AN AN BRI IR R R R R R S R RS IR S N IS I N I I I SIS S S SIS S SIE SIESIESIE S SIE S S

NONOMOTMOLOMNMNMEAONOATAOMANVOSTNMNONOONOOOWOOSYNW A

TAN—TOOANNNDHO OO AN AN —TAATdTdO OO ANANN—TTMN AHO DO HD AAAIT T MO O
DO NOANNDNOOANNOONNOMONMNMOMMOANMNOMOOMOMOOMOANNNONOANMNOMONOOOMOONOMOANM

—HOONMOONMNMNOOTHONNTNOOTONTTNONMOANNLOANLLMONOOSTNOAHO O

LSO NOOONNMMOSUTOSITIITONONONOOTITINNMUONL O ON LD
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 N

CONOANTTNOOOITTONOLNVOVOOOW—TONTATAONN—TONN—TONTTOANO

OO ITITOLTOOLITITITILOLOLLOTTITITITTILOLOLOLOOTITITITIILLTLOTINOOOMN LD

0

SN0 0 TdNMTLONODOTdNNTLONNODOTANMNMTLLONNOOANMITNONODO
BIN~N~R~ 0000000 0RWPVRNVPNIDDDNDDDNDDOO0O0O0000000ddAAAAdAAAAN
& [e2¥e e ke e R e oo oo e R e iR e N e o R e o Yo Yo o fe o o ol ol lolclofololololololofofofofolofofe)]
) A A A A A A A A A AAAAAAAAAAATNNNNNNNNNNNNNNNNNNNNN




Table 2.1.19d. Mig/ear length (cm) at age (Model 21.2).
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Table 2.1.19e. Migear length (cm) at age (Model 21.3).
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Table 2.1.19f. Mieyear length (cm) at age (ensemble).
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Table 2.1.20a. Migear weight (kg) at age in the fishery (Model 19.12a).
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Table 2.1.20b. Mig/ear weight (kg) at age in thishery (Model 19.12).
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Model 2.1.20c. Mieyear weight (kg) at age in the fishery (Model 21.1).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
19771 0.01 0.07 0.56 1.35 2.29 3.26 4.19 5.09 6.00 6.92 7.83 8.69 9.48 10.18 10.80 11.34 11.82 12.23 12.58 12.88 13.47
1978 0.00 0.06 0.48 1.28 2.24 3.26 4.27 524 6.24 7.27 8.30 9.28 10.18 10.99 11.71 12.35 12.90 13.37 13.79 14.14 14.84
1979 0.01 0.06 0.56 1.30 2.26 3.24 4.18 5.08 599 6.92 7.84 8.72 9.52 10.23 10.86 11.41 11.90 12.31 12.67 12.98 13.6]|
1980 0.01 0.07 0.50 1.29 2.16 3.15 4.08 499 591 6.85 7.77 8.65 9.45 10.16 10.80 11.35 11.84 12.26 12.62 12.93 13.5§
1981 0.01 0.06 0.44 1.23 2.18 3.08 4.03 493 5.83 6.74 7.64 8.49 9.27 9.96 10.57 11.11 11.58 11.98 12.33 12.64 13.27
1982 0.00 0.05 0.53 1.29 232 3.35 424 518 6.10 7.04 7.96 8.82 9.61 10.31 10.93 11.48 11.95 12.36 12.72 13.02 13.694
1983| 0.01 0.05 0.58 1.28 2.22 3.32 4.36 528 6.29 7.28 8.25 9.17 10.00 10.75 11.41 11.98 12.49 12.93 13.30 13.63 14.34
1984| 0.01 0.10 0.58 1.35 2.09 2.93 3.84 469 543 6.24 7.00 7.70 833 890 9.39 9.82 10.20 10.52 10.81 11.05 11.58§
1985| 0.00 0.07 0.46 138 2.39 3.28 4.26 5.33 6.38 7.34 8.38 9.33 10.20 10.98 11.67 12.28 12.81 13.27 13.66 14.01 14.77
1986| 0.00 0.03 0.50 1.17 2.29 3.37 4.26 524 6.36 7.46 8.45 9.47 10.39 11.21 11.94 12.58 13.14 13.62 14.04 14.40 15.27
1987 0.00 0.07 0.52 136 2.18 3.35 4.34 515 6.08 7.15 8.17 9.03 9.90 10.65 11.32 11.91 12.41 12.86 13.24 13.57 14.37
1988| 0.01 0.05 042 1.20 2.26 3.20 4.47 556 6.47 7.53 8.72 9.80 10.70 11.58 12.33 13.00 13.57 14.08 14.51 14.89 15.79
1989| 0.01 0.05 047 126 2.30 3.46 4.38 563 6.74 7.68 8.72 9.83 10.79 11.57 12.32 12.96 13.52 14.00 14.42 14.79 15.64
1990| 0.01 0.05 0.55 1.31 229 3.35 444 530 650 7.55 8.39 9.28 10.19 10.96 11.57 12.16 12.66 13.09 13.47 13.79 14.54
1991 0.01 0.06 0.57 1.31 2.18 3.13 4.09 5.07 586 695 7.87 8.59 9.3510.10 10.73 11.23 11.70 12.10 12.45 12.75 13.44
1992 0.00 0.07 0.52 1.31 2.16 3.03 394 483 577 654 759 845 9.11 9.79 10.46 11.02 11.46 11.87 12.22 12.52 13.22
1993] 0.01 0.07 0.61 1.37 240 3.38 4.33 530 6.29 7.34 8.16 9.24 10.10 10.74 11.39 12.03 12.56 12.97 13.36 13.68 14.3§
1994] 0.01 0.09 0.51 137 224 325 414 499 590 686 7.85 8.61 9.57 10.31 10.86 11.42 11.96 12.40 12.75 13.07 13.67|
1995 0.00 0.06 0.49 1.26 2.30 3.23 4.24 512 6.02 7.00 8.00 8.99 9.71 10.61 11.30 11.81 12.32 12.81 13.22 13.53 14.19
1996] 0.01 0.07 0.60 1.39 2.31 3.34 4.17 5.09 593 6.75 7.60 8.40 9.15 9.69 10.34 10.83 11.19 11.55 11.90 12.18 12.67
1997] 0.01 0.06 0.49 1.22 2.09 3.02 4.03 4.85 579 6.63 745 8.27 9.03 9.73 10.23 10.83 11.29 11.62 11.95 12.26 12.67|
1998] 0.00 0.06 0.49 1.26 2.14 3.03 392 486 566 657 7.36 8.11 8.85 9.52 10.13 10.55 11.07 11.46 11.74 12.01 12.5¢
1999] 0.00 0.05 047 1.27 222 3.18 4.08 498 599 682 7.75 853 9.25 9.95 10.57 11.13 11.53 12.00 12.35 12.60 13.14
20001 0.01 0.04 0.64 1.29 230 3.34 432 524 6.20 7.26 8.12 9.04 9.79 10.47 11.12 11.70 12.22 12.58 13.01 13.33 13.99
2001 0.01 0.10 0.61 147 221 3.21 415 5.00 5.83 6.70 7.67 8.44 9.25 9.90 10.48 11.02 11.51 11.94 12.23 12.59 13.3(Q
2002 0.01 0.08 058 1.35 2.34 3.10 4.07 4.96 580 6.65 7.56 8.53 9.28 10.05 10.67 11.21 11.71 12.16 12.55 12.83 13.47
2003 0.01 0.08 053 1.34 2.26 3.29 4.03 499 595 6.90 7.82 8.73 9.64 10.32 11.00 11.54 12.01 12.45 12.84 13.19 13.89
2004| 0.01 0.07 0.64 133 230 3.24 422 493 588 6.84 7.75 8.59 9.37 10.13 10.69 11.24 11.68 12.06 12.41 12.72 13.3Q
2005 0.01 0.11 051 144 226 331 426 527 6.02 7.04 8.04 8.95 9.76 10.50 11.21 11.73 12.24 12.65 13.00 13.32 14.02
2006/ 0.00 0.06 052 132 243 3.26 428 521 6.23 6.98 7.96 8.87 9.66 10.35 10.97 11.57 12.00 12.42 12.76 13.05 13.79
2007|] 0.00 0.06 0.48 132 2.29 346 430 533 6.29 7.34 8.08 9.02 9.87 10.60 11.23 11.80 12.34 12.73 13.11 13.40 14.27
2008 0.00 0.04 048 1.24 223 321 431 507 6.02 691 7.88 8.55 9.40 10.15 10.79 11.33 11.82 12.28 12.60 12.92 13.62
2009] 0.00 0.03 0.53 1.27 2.23 3.29 423 526 6.00 6.98 7.90 8.88 9.56 10.40 11.14 11.76 12.28 12.75 13.18 13.49 14.09
2010 0.00 0.03 0.60 1.34 2.21 3.17 4.13 497 597 6.72 7.68 8.55 9.44 10.03 10.76 11.38 11.90 12.34 12.73 13.09 13.6(
2011 0.00 0.05 0.50 1.38 2.23 3.11 4.01 494 583 6.91 7.68 8.61 9.39 10.16 10.66 11.26 11.78 12.21 12.57 12.89 13.471
2012 0.00 0.04 0.58 1.24 224 3.07 3.88 4.72 562 6.48 7.48 8.16 892 955 10.16 10.55 11.02 11.42 11.75 12.03 12.44
2013( 0.00 0.07 051 131 211 3.19 403 484 572 6.71 7.64 870 9.38 10.16 10.79 11.39 11.77 12.24 12.63 12.95 13.5(
2014( 0.00 0.04 055 1.27 224 3.06 4.10 489 573 6.67 7.69 8.61 9.60 10.23 10.94 11.50 12.04 12.38 12.79 13.14 13.71
2015 0.00 0.04 0.65 1.31 216 3.13 391 490 572 6.59 7.53 850 9.33 10.20 10.74 11.34 11.82 12.27 12.56 12.91 13.57
2016 0.00 0.10 0.67 1.49 227 3.15 4.11 488 593 6.79 7.67 8.59 9.48 10.24 11.01 11.49 12.02 12.44 12.84 13.09 13.6]
2017 0.00 0.10 0.63 150 245 324 4.12 511 595 7.07 795 881 9.67 10.49 11.17 11.86 12.28 12.75 13.12 13.47 14.0]
2018( 0.01 0.10 0.74 142 243 339 4.17 504 6.04 6.88 795 8.76 9.52 10.26 10.96 11.53 12.11 12.46 12.85 13.15 13.71
2019 0.00 0.16 0.46 1.60 240 3.46 441 517 6.06 7.10 7.94 9.01 9.79 10.52 11.21 11.87 12.40 12.93 13.25 13.61 14.15
2020/ 0.00 0.04 048 1.14 244 322 423 516 594 6.83 7.83 8.59 9.52 10.19 10.79 11.37 11.91 12.34 12.78 13.05 13.61




Model 2.1.20d. Midyear weight (kg) at age in the fishery (Model 21.2).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
19771 0.01 0.08 0.60 1.38 2.30 3.26 4.20 5.14 6.14 7.19 8.25 9.28 10.26 11.18 12.05 12.85 13.58 14.25 14.86 15.40 16.77
1978 0.00 0.07 0.49 130 2.24 3.26 4.27 530 6.40 7.58 8.78 9.96 11.09 12.17 13.17 14.11 14.97 15.76 16.47 17.12 18.74
1979 0.01 0.06 0.57 1.29 2.27 3.23 4.18 513 6.14 7.20 8.27 9.32 10.32 11.26 12.14 12.95 13.70 14.38 14.99 15.55 16.84
1980f 0.00 0.07 0.51 1.28 2.13 3.14 4.09 505 6.06 7.12 8.19 9.24 10.24 11.19 12.07 12.89 13.65 14.34 14.96 15.52 16.7§
1981 0.01 0.06 0.46 1.22 2.13 3.02 4.03 497 596 7.00 8.05 9.06 10.03 10.95 11.80 12.60 13.33 13.99 14.59 15.14 16.3]
1982 0.00 0.04 0.54 1.30 2.29 3.30 4.21 524 6.25 7.31 8.37 9.40 10.38 11.31 12.18 12.98 13.72 14.39 15.00 15.55 16.77
1983| 0.01 0.04 0.59 1.28 2.20 3.27 4.33 529 6.43 7.55 8.67 9.76 10.80 11.79 12.72 13.58 14.37 15.09 15.75 16.34 17.60
1984| 0.01 0.10 0.60 1.33 2.06 2.90 3.81 4.68 549 643 7.30 8.14 8.93 9.67 10.36 11.00 11.59 12.12 12.60 13.03 13.95
1985| 0.00 0.07 0.47 137 2.34 3.23 423 534 649 7.57 8.82 9.96 11.06 12.09 13.06 13.96 14.79 15.55 16.24 16.86 18.19
1986 0.00 0.03 0.51 1.17 2.26 3.30 4.21 525 6.46 7.72 8.87 10.16 11.31 12.39 13.41 14.36 15.24 16.03 16.76 17.42 18.84
1987 0.00 0.06 0.52 1.34 2.16 3.31 4.30 5.16 6.20 7.39 8.57 9.61 10.74 11.74 12.67 13.53 14.32 15.05 15.71 16.30 17.6]|
1988| 0.01 0.04 043 1.18 2.20 3.13 4.41 555 658 7.81 9.18 10.48 11.60 12.81 13.87 14.85 15.75 16.58 17.33 18.01 19.53
1989| 0.01 0.04 048 1.24 224 3.38 433 563 682 7.88 9.10 10.41 11.62 12.66 13.77 14.73 15.61 16.41 17.15 17.81 19.3]]
1990|] 0.00 0.05 0.56 1.32 2.25 3.30 4.39 530 656 7.68 8.65 9.74 10.87 11.91 12.79 13.72 14.51 15.23 15.89 16.48 17.83
1991 0.01 0.06 0.58 1.29 2.14 3.07 4.05 5.07 593 7.13 8.17 9.04 10.00 10.99 11.89 12.63 13.42 14.08 14.68 15.22 16.44
1992] 0.00 0.07 0.53 1.29 2.12 299 3.89 482 586 6.74 7.95 8.96 9.80 10.71 11.64 12.47 13.16 13.87 14.47 15.01 16.2]|
1993] 0.01 0.07 0.59 136 2.35 3.31 428 528 638 7.58 8.56 9.84 10.90 11.75 12.67 13.59 14.41 15.09 15.78 16.36 17.53
1994| 0.00 0.08 0.52 1.33 2.20 3.20 4.10 5.01 6.00 7.10 8.26 9.18 10.36 11.32 12.10 12.92 13.75 14.48 15.08 15.69 16.67|
1995 0.00 0.05 049 124 222 3.16 4.19 513 6.13 7.23 8.40 9.58 10.51 11.69 12.63 13.39 14.19 14.99 15.69 16.26 17.39
1996] 0.01 0.06 0.61 1.38 2.28 3.27 4.13 5.08 596 6.88 7.82 8.78 9.74 10.46 11.38 12.11 12.69 13.29 13.88 14.40 15.13
1997] 0.01 0.06 0.45 1.19 2.03 2.95 394 483 584 6.78 7.72 8.68 9.65 10.59 11.31 12.20 12.91 13.47 14.05 14.62 15.29
1998] 0.00 0.04 0.49 1.18 2.08 2.96 3.86 4.84 573 6.75 7.66 8.56 9.46 10.35 11.22 11.86 12.67 13.30 13.79 14.30 15.13
1999] 0.00 0.05 048 1.24 2.10 3.10 4.02 4.97 6.03 7.00 8.08 9.01 9.92 10.82 11.70 12.54 13.17 13.94 14.54 15.01 15.94
20001 0.01 0.04 0.63 1.28 2.26 3.22 425 5.18 6.20 7.36 8.41 9.53 10.49 11.40 12.30 13.16 13.98 14.59 15.33 15.90 17.08§
2001 0.01 0.09 0.61 146 2.20 3.19 4.03 490 576 6.77 7.92 8.92 9.97 10.84 11.65 12.44 13.18 13.89 14.40 15.02 16.27
2002 0.01 0.07 058 132 2.29 3.06 4.01 4.83 581 6.84 7.96 9.14 10.13 11.15 11.99 12.77 13.53 14.24 14.91 15.39 16.43
2003 0.00 0.07 0.56 1.37 2.25 3.27 4.00 491 582 6.97 8.08 9.21 10.36 11.31 12.27 13.07 13.82 14.53 15.20 15.83 17.02
2004 0.01 0.06 0.68 1.36 2.31 3.21 4.18 4.89 589 6.88 8.02 9.03 10.03 11.03 11.84 12.68 13.36 13.99 14.59 15.16 16.1]
2005 0.00 0.11 054 146 2.25 3.28 4.21 528 6.11 7.25 8.32 9.47 10.48 11.46 12.45 13.25 14.06 14.73 15.35 15.92 17.1(Q
2006/ 0.00 0.06 054 131 238 3.21 423 517 6.28 7.12 8.24 9.24 10.31 11.23 12.12 13.00 13.71 14.43 15.01 15.54 16.8(Q
2007|] 0.00 0.06 0.49 1.29 2.22 338 4.23 530 6.32 7.49 8.36 9.49 10.48 11.53 12.42 13.27 14.11 14.79 15.46 16.00 17.5¢
2008 0.00 0.05 047 122 216 3.13 427 510 6.17 7.18 8.31 9.13 10.17 11.08 12.02 12.81 13.57 14.30 14.88 15.46 16.53
2009] 0.00 0.04 0.48 1.20 2.13 3.17 4.18 539 6.29 7.46 853 9.71 10.56 11.62 12.53 13.47 14.26 15.00 15.72 16.29 17.19
2010] 0.00 0.04 056 1.24 2.10 3.08 4.07 5.01 6.20 7.11 8.27 9.30 10.41 11.19 12.16 12.98 13.82 14.52 15.17 15.79 16.6(Q
2011( 0.00 0.06 0.49 1.33 213 3.04 396 489 585 7.10 8.02 9.15 10.13 11.17 11.89 12.78 13.52 14.28 14.90 15.47 16.43
2012 0.00 0.04 056 1.25 221 3.02 3.83 4.65 556 6.54 7.74 8.57 9.56 10.39 11.27 11.87 12.60 13.21 13.82 14.32 14.99
2013( 0.00 0.05 0.51 127 2.09 3.14 394 476 571 6.83 7.95 9.26 10.14 11.17 12.05 12.95 13.57 14.32 14.94 15.57 16.52
2014( 0.00 0.03 0.53 1.27 219 3.05 4.05 481 572 6.80 8.00 9.14 10.41 11.26 12.24 13.07 13.93 14.51 15.22 15.80 16.94
2015 0.00 0.03 0.66 1.30 2.15 3.10 3.90 486 5.71 6.71 7.84 8.99 10.05 11.22 11.99 12.88 13.63 14.40 14.92 15.54 16.69
2016 0.00 0.09 0.67 147 222 3.13 4.08 493 6.06 7.01 8.06 9.16 10.26 11.25 12.34 13.05 13.87 14.56 15.26 15.73 16.64
2017 0.00 0.07 0.67 155 249 3.26 4.16 512 6.04 7.26 8.25 9.31 10.40 11.47 12.43 13.47 14.15 14.92 15.57 16.22 17.18§
2018( 0.01 0.09 0.75 143 241 337 4.13 506 6.11 7.08 830 9.24 10.22 11.21 12.18 13.03 13.94 14.53 15.20 15.76 16.83
2019 0.00 0.16 048 156 235 3.39 438 518 6.21 7.35 8.38 9.64 10.59 11.57 12.55 13.48 14.30 15.18 15.74 16.38 17.23
2020f 0.00 0.04 048 1.13 236 3.14 4.17 517 6.00 7.03 8.14 9.11 10.26 11.12 12.00 12.87 13.70 14.42 15.19 15.67 16.51




Model 2.1.20e. Midyear weight (kg) at age in the fishery (Model 21.3).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
19771 0.01 0.08 0.58 1.35 2.27 3.25 4.26 532 6.43 7.57 8.68 9.70 10.61 11.39 12.06 12.63 13.11 13.53 13.91 14.23 14.9¢
1978 0.00 0.06 0.49 1.27 2.21 3.25 4.34 550 6.73 8.01 9.27 10.45 11.50 12.40 13.18 13.84 14.41 14.90 15.33 15.72 16.57
1979 0.01 0.06 0.57 1.28 2.24 3.23 4.25 532 6.44 7.59 8.72 9.76 10.68 11.48 12.15 12.73 13.22 13.65 14.02 14.36 14.99
1980f 0.00 0.07 0.50 1.28 2.12 3.14 4.15 521 6.33 7.49 8.62 9.67 10.59 11.40 12.08 12.66 13.16 13.59 13.97 14.31 14.93
1981 0.00 0.06 0.44 1.21 2.14 3.04 4.09 514 6.24 7.36 8.46 9.48 10.38 11.15 11.81 12.38 12.86 13.28 13.65 13.97 14.59
1982| 0.00 0.04 0.52 1.27 2.27 3.32 428 540 6.52 7.66 8.78 9.81 10.73 11.52 12.19 12.76 13.25 13.67 14.04 14.38 14.94
1983| 0.01 0.04 0.65 1.25 2.17 3.28 4.41 545 6.69 7.90 9.09 10.19 11.16 12.01 12.72 13.33 13.86 14.31 14.71 15.07 15.7Q
1984| 0.01 0.14 059 141 2.03 2.89 386 4.82 570 670 7.62 8.46 9.20 9.84 10.38 10.83 11.22 11.56 11.85 12.12 12.58§
1985| 0.00 0.07 0.46 135 243 3.21 4.27 551 680 7.97 9.27 10.42 11.43 12.31 13.06 13.70 14.25 14.72 15.14 15.52 16.2¢
1986] 0.00 0.03 0.50 1.14 2.24 3.43 4.26 542 6.80 8.18 9.38 10.65 11.71 12.63 13.41 14.08 14.66 15.16 15.61 16.00 16.73
1987 0.00 0.07 0.51 132 2.12 3.30 4.49 531 6.46 7.78 9.05 10.08 11.11 11.95 12.67 13.28 13.81 14.27 14.67 15.02 15.7(
1988| 0.01 0.05 043 1.18 2.21 3.13 451 592 6.89 8.23 9.70 11.01 12.05 13.06 13.87 14.56 15.16 15.68 16.14 16.54 17.39
1989] 0.00 0.05 0.48 1.24 225 3.41 438 582 7.28 8.26 9.55 10.90 12.05 12.92 13.77 14.45 15.03 15.54 15.99 16.38 17.19
1990|] 0.00 0.05 0.57 1.30 2.25 3.32 4.45 540 6.80 8.17 9.05 10.15 11.25 12.15 12.82 13.47 14.00 14.45 14.85 15.21 15.99
1991 0.01 0.07 0.59 1.30 2.13 3.09 4.11 521 6.13 7.46 8.69 9.44 10.34 11.21 11.91 12.44 12.95 13.37 13.73 14.06 14.73
1992 0.00 0.08 0.52 1.30 2.12 299 395 5.00 6.14 7.08 8.37 9.51 10.16 10.93 11.67 12.27 12.71 13.16 13.52 13.85 14.5(0
1993] 0.01 0.07 0.56 1.33 2.36 3.34 4.35 548 6.70 8.00 9.00 10.31 11.39 11.99 12.71 13.38 13.93 14.35 14.77 15.12 15.73
1994] 0.01 0.07 0.52 1.28 2.16 3.23 4.18 5.18 6.30 7.50 8.72 9.61 10.74 11.64 12.14 12.72 13.29 13.75 14.11 14.47 14.99
1995|] 0.01 0.06 0.49 1.23 2.17 3.15 430 534 643 7.64 8.87 10.06 10.89 11.92 12.73 13.17 13.70 14.22 14.65 14.99 15.53
1996] 0.01 0.07 0.60 1.36 2.27 3.24 4.17 524 6.19 7.16 8.19 9.17 10.06 10.67 11.40 11.98 12.29 12.68 13.05 13.37 13.67|
1997] 0.01 0.06 0.49 1.20 2.05 2.99 399 497 6.12 7.12 8.10 9.09 10.00 10.80 11.34 12.00 12.52 12.81 13.16 13.51 13.79
1998] 0.00 0.06 0.49 1.24 2.10 3.00 3.95 496 596 7.11 8.06 8.95 9.81 10.57 11.24 11.69 12.24 12.68 12.93 13.24 13.57|
1999] 0.00 0.05 048 1.24 2.18 3.14 412 516 6.27 7.35 8.53 9.45 10.29 11.06 11.75 12.35 12.75 13.25 13.67 13.90 14.3]]
20001 0.01 0.04 0.63 1.29 2.26 3.31 436 542 6.58 7.78 8.89 10.05 10.91 11.67 12.37 12.98 13.53 13.90 14.37 14.76 15.3]
2001 0.01 0.09 0.61 142 217 3.18 421 524 6.30 7.42 853 9.50 10.46 11.15 11.75 12.30 12.80 13.23 13.53 13.92 14.6(
2002 0.01 0.08 0.57 1.30 2.25 3.05 4.11 523 6.36 7.50 8.64 9.71 10.61 11.47 12.09 12.62 13.12 13.57 13.97 14.25 14.84
2003 0.00 0.08 0.52 1.31 2.19 3.22 4.06 5.18 6.38 7.58 8.72 9.81 10.80 11.60 12.36 12.90 13.38 13.83 14.24 14.61 15.33
2004| 0.01 0.07 0.63 1.29 2.24 3.19 423 5.08 6.22 7.41 852 9.53 10.45 11.25 11.89 12.50 12.94 13.33 13.70 14.04 14.62
2005 0.00 0.11 051 1.39 2.20 3.26 4.27 541 6.35 7.59 8.82 9.92 10.87 11.72 12.44 13.03 13.59 14.00 14.36 14.72 15.44
2006/ 0.00 0.06 053 1.29 236 3.21 429 532 6.49 7.42 8.61 9.72 10.66 11.46 12.16 12.76 13.24 13.72 14.06 14.38 15.11
2007|] 0.00 0.05 050 1.30 2.24 342 431 547 6.58 7.81 8.75 9.90 10.92 11.76 12.46 13.07 13.61 14.04 14.47 14.79 15.74
2008 0.00 0.04 0.49 124 219 3.17 435 526 6.44 754 870 9.54 10.52 11.36 12.05 12.62 13.13 13.57 13.93 14.30 15.04
2009] 0.00 0.03 0.51 1.26 2.20 3.25 4.30 558 6.58 7.86 9.01 10.15 10.95 11.85 12.63 13.25 13.78 14.25 14.67 15.02 15.6(Q
20101 0.00 0.03 0.58 1.27 2.16 3.15 420 5.26 6.58 7.58 8.79 9.82 10.80 11.46 12.20 12.84 13.36 13.80 14.20 14.55 15.0]
2011 0.00 0.06 0.49 1.32 213 3.07 4.06 515 6.27 7.61 8.57 9.69 10.58 11.41 11.96 12.59 13.12 13.57 13.95 14.29 14.82
2012 0.00 0.04 0.57 1.22 218 3.00 392 491 599 7.05 826 9.07 9.97 10.66 11.30 11.73 12.21 12.62 12.97 13.27 13.58
2013 0.00 0.07 050 1.27 2.05 3.13 4.04 506 6.20 7.42 8.57 9.81 10.60 11.46 12.13 12.74 13.14 13.61 14.02 14.37 14.8(Q
2014( 0.00 0.04 052 122 217 3.02 4.14 508 6.18 7.37 8.60 9.71 10.84 11.54 12.30 12.88 13.42 13.79 14.21 14.59 15.1]
2015 0.00 0.04 0.64 125 2.09 3.09 395 510 6.09 7.21 8.38 9.51 10.48 11.45 12.03 12.67 13.16 13.63 13.94 14.32 14.87
2016 0.00 0.10 0.67 1.45 218 3.10 4.15 507 6.32 7.36 8.50 9.61 10.63 11.48 12.32 12.82 13.38 13.81 14.22 14.51 14.87
2017 0.00 0.11 0.62 149 240 3.19 4.15 528 6.28 7.62 8.69 9.78 10.80 11.71 12.45 13.19 13.64 14.13 14.53 14.91 15.32
2018( 0.01 0.10 0.72 1.39 240 3.36 4.17 519 6.39 7.41 8.70 9.66 10.60 11.45 12.20 12.81 13.41 13.79 14.20 14.54 15.05
2019 0.00 0.15 0.46 153 233 345 448 536 6.49 7.78 8.83 10.09 10.98 11.83 12.59 13.26 13.80 14.35 14.70 15.09 15.53
2020f 0.00 0.03 048 1.12 2.37 3.18 431 536 6.25 7.38 8.60 9.53 10.61 11.35 12.05 12.67 13.22 13.68 14.14 14.44 14.92




Table2.1.20f. Midyear weight (kg) at age in the fishery (ensemble).
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Table 2.1.21a. Migear weight (kg) at age in the survey (Model 19.12a).
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Table 2.1.21b. Mig/ear weight (kg) at age in the survey (Model 19.12).
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Table 2.1.21c. Migyear weight (kg) Bage in the survey (Model 21.1).
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Table 2.1.21d. Mig/ear weight (kg) at age in the survey (Model 21.2).

19 20+
41 16
12 18

13 14 15 16 17 18
55 16

12

78
18
83
24
51

71
75
84
3]
72
60
95
2(
85
61
53
3]
83
46
22
53
67
39
13
29
13
94
09
28
44
03
12
10
8(Q
5(Q
53
2(
61
44
04
53
99
69
64

53 16
14 16
55 16
34 17
03 13
86 18
42 18
30 17
01 19
81 19
48 17
22 16
01 16
36 17
69 16
26 17
40 15
62 15
30 15
01 15
91 17
03 16
40 16
84 17
16 16
93 17
54 16
00 17
46 16
29 17
79 16
48 16
33 15
58 16
81 16
55 16
74 16
22 17
76 16
38 17
67 16

86 15
48 17
00 15
96 15
60 15
00 15
75 16
60 13
91 15
83 14
96 15
23 15
93 15
27 15
57 16
21 15
74 16
19 15

26 14
76 16
38 15
34 14
99 14
39 15
10 15
12 12
52 15
29 14
22 13
34 14
53 15
56 15
93 15
53 15
19 15
42 15

70 14
65 14
72 14

59 14
98 15
33 13
37 15
59 12
54 14
62 13
59 14
95 14
65 14
88 14
15 14
94 14
31 15
70 14

86 13
12 14
96 13
90 13
60 13
99 13
58 14
01 11
28 14
82 13
00 13
80 13
89 12
98 13
10 13
90 13
05 13
48 14
03 13
49 14
88 13

19 14

15 12
18 13

06 12
92 12
30 11
09 12
28 13
02 12
34 13
44 13
18 13
55 13
01 12

20 12
19 13
28 12
20 12
97 11
32 12
80 12
68 10
10 13
41 13
75 12
83 13
67 13
91 12
00 11
73 11
77 12
34 12
70 12
47 11
59 11
36 11
83 11
43 12
92 11
23 12
38 12
06 11
47 12
23 12
53 12
08 12
63 12
23 12
22 11
45 11
25 12
32 12
27 12
26 12
49 12
22 12
58 12
13 12

11
10
10
10
10
11

23 11
61 11
27 11

NMON~NOTOWNO

AANNOANNMNTOOTNANTLOONNOAINMOATAMN A MO MMNODHOOWMLO WO

11

10

MNOMANASTNTdONONINOOONONMNONOAAMMASTANTANNONOSTNATNONO A

OTNOMODOVANOMNMANITNOAOITAMOOONMNNONMNMANTHNOOOMNONON~NOOT
NOMNOMOMOVOON—TOADOMITOMNOATAHNNATAMNMANNMNUOM AN AT ONM I

00 00 CO 00 00 0O CO ™~ 00 00 00 ©OY ©Y 00 CO ™~ 00 00 OO ™~ ™™~ 00 0O 0O 0O 0O 0O 0O CO CO 00 CO CO OO ™~ 00 0O ™~ 0O 00 OO CO 0|

NFJOTANMNOOATHOONAOMNMNMOTOITATOMEHNIINSNDOOTHOMNEAN OO O
NONTHOMUOIIONTOOOANOANOMNNOTOANONOTATANNNOONONOMO

NNNNNNNONNNNNNNONNNOOONNNNNONNNNNNNONNONNNNN

A ONOILTITIOOONTOOARODIN~ODMOUOITITONAEAINDODONO T AL M
AAOONMIY T T ANNT0OMATONOOONOOODODOANATINNOIONOONOO OO

DO OVONOVOLNOVOOVOVOLOHLHOLHOLOLOLUOOLOULOVOOOVWOVOLOOLOLOLOWOLO O OLH

NOTMNOANOO—TAONODDOOMNO—HTANOO MO NONONOOMNTONNEAITION—TOONM
OO0V —TAAN A0 ITTONOHNONOWWOWNONVAON—ETATHIONDDOVWONNNNWOOOO

DT IOLLOTOLLOLLODOOLLODYTTOOTOOTTITILOSTTITITOTIOTLOSTIITIITITTIIWNOW

SOMIOTdMOOHOOITOTOMMNITM—THOULNNOOANCTNITNOIONOOOTONDOM
DOV OVOOOOOONOOMNMNINOVOOMNOMNONMNNMNNOOOOOWNOWOLO OMNLMNMNMN-O

NN NTNONITITIITONTONNNNMNNNMNNNMNNONTOHOMNNOHOMMOMMTM

VONOOOCANOONOATHNOONMOOMATANODOONTHANNOOOVONULNOMOST OO
OO MNNOOOWONOOOMWONWOWWOWOHNVVMWMOOMNONONNVVVOMNMNNOOONLNDOWOWOO O

ANANNNNNNNNNNNOONNNANNNNNNNANANANNANNNOOANNANANANNNNNNNON

0

ATOOHOOMNANMNMONITIUOUNCDANUNANMUONAHOTOITONOO0OO0 AT A HLOM
NNV ONNNOONOWONNOOOONNNMNNONOOVWDNWAONNMNNOONOMNOO OO

Al A A A A A A A A A A A A AN 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

OO ON~NOMNMAOEANONOVVOMNMUISTITIONOOTANTNOODDITONOANLOD D WO ONL
OO0 OOMWMOOOOOOO0O0OONN—TOOO—TOOOOHMWNOOOONO

—TAO—"1000O0O—Tdd0O—10000O0A0"1000O0—TdAddd10000O0CO0O0O0COO—AAAAO]

ANOOLLNOAT AT ATOOUNTOTANTNTST AANNOOTANMOTHOTNANMO N M
SOOI NTNITONTOOONIIINTOMNMNOMOMMNMMOMOMNITIMM

[oleolojojololaololololojololololololojolololololololololololololololalololololololololele]

NLOOLUTOONOLUILOONOOLUUSINONNNOOSIITIITINOMNUIIODO T
(olelojojololaoljololojololololololololololololololololololololololololololololololol o]

olelojojojolololololojolololololololjolololololololololololololololololololololololole e

NTNNANNANAANNNNANNNNDANNNNNNNNNANTNNNANNN AN N
(elelojojoljolojolololojolololololojololololololojolololojolololololololololololololole)e]

Year




Table 2.1.21e. Migear weight (kg) at age in the survey (Model 21.3).
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Table 2.1.21f. Mieyear weight (kg) at age in the survey (ensemble).
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Table 2.1.22a. Selectivity at age in the fishery (Model 19.12a).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
1977] 0.000 0.000 0.012 0.101 0.323 0.596 0.793 0.878 0.898 0.897 0.893 0.890 0.888 0.887 0.887 0.887 0.886 0.886 0.886 0.886 0.884
1978 0.000 0.000 0.010 0.101 0.322 0.595 0.792 0.877 0.896 0.895 0.890 0.887 0.885 0.884 0.884 0.883 0.883 0.883 0.883 0.883 0.883
1979( 0.000 0.000 0.014 0.102 0.336 0.606 0.798 0.879 0.897 0.895 0.890 0.887 0.885 0.884 0.883 0.883 0.883 0.883 0.882 0.882 0.887
1980( 0.000 0.000 0.012 0.109 0.318 0.604 0.798 0.882 0.902 0.902 0.898 0.895 0.894 0.893 0.892 0.892 0.892 0.892 0.891 0.891 0.89]
1981 0.000 0.000 0.014 0.125 0.369 0.619 0.813 0.888 0.904 0.902 0.898 0.894 0.893 0.892 0.891 0.891 0.890 0.890 0.890 0.890 0.89(¢
1982 0.000 0.000 0.007 0.076 0.300 0.589 0.781 0.879 0.903 0.904 0.901 0.899 0.897 0.897 0.896 0.896 0.896 0.896 0.895 0.895 0.899
1983 0.000 0.000 0.013 0.084 0.287 0.584 0.796 0.883 0.911 0.914 0.912 0.911 0.909 0.909 0.908 0.908 0.908 0.908 0.908 0.908 0.904
1984] 0.000 0.001 0.019 0.133 0.329 0.593 0.807 0.897 0.920 0.923 0.922 0.920 0.919 0.918 0.918 0.918 0.918 0.918 0.918 0.918 0.91§
1985] 0.000 0.000 0.006 0.092 0.316 0.552 0.765 0.877 0.906 0.908 0.906 0.904 0.902 0.901 0.901 0.901 0.900 0.900 0.900 0.900 0.900¢
1986| 0.000 0.000 0.015 0.091 0.346 0.622 0.786 0.876 0.900 0.899 0.894 0.891 0.889 0.888 0.888 0.887 0.887 0.887 0.887 0.887 0.887
1987] 0.000 0.000 0.007 0.088 0.264 0.584 0.792 0.873 0.904 0.909 0.907 0.905 0.903 0.903 0.902 0.902 0.902 0.902 0.902 0.902 0.907
1988] 0.000 0.001 0.030 0.165 0.424 0.641 0.839 0.902 0.912 0.908 0.903 0.899 0.897 0.896 0.896 0.895 0.895 0.895 0.895 0.895 0.899
1989] 0.000 0.000 0.015 0.113 0.344 0.627 0.792 0.896 0.917 0.918 0.916 0.913 0.912 0.911 0.911 0.911 0.911 0.910 0.910 0.910 0.914
1990] 0.000 0.000 0.011 0.086 0.293 0.574 0.796 0.886 0.931 0.939 0.940 0.940 0.940 0.939 0.939 0.939 0.939 0.939 0.939 0.939 0.939
1991] 0.000 0.000 0.011 0.090 0.287 0.560 0.780 0.887 0.915 0.924 0.923 0.922 0.921 0.921 0.920 0.920 0.920 0.920 0.920 0.920 0.92(¢
1992] 0.000 0.000 0.008 0.089 0.289 0.548 0.763 0.867 0.893 0.893 0.888 0.885 0.884 0.883 0.882 0.881 0.881 0.881 0.881 0.881 0.88]]
1993] 0.000 0.001 0.026 0.141 0.389 0.635 0.806 0.888 0.907 0.904 0.900 0.896 0.895 0.894 0.893 0.893 0.893 0.892 0.892 0.892 0.897
19941 0.000 0.000 0.012 0.115 0.329 0.610 0.793 0.877 0.902 0.903 0.899 0.897 0.895 0.894 0.893 0.893 0.893 0.893 0.893 0.893 0.893
1995] 0.000 0.000 0.014 0.111 0.358 0.611 0.807 0.883 0.902 0.902 0.898 0.894 0.893 0.891 0.891 0.890 0.890 0.890 0.890 0.890 0.89(¢
1996] 0.000 0.000 0.008 0.079 0.285 0.584 0.782 0.892 0.926 0.936 0.938 0.938 0.937 0.937 0.937 0.936 0.936 0.936 0.936 0.936 0.934
1997] 0.000 0.000 0.016 0.121 0.343 0.612 0.817 0.897 0.924 0.927 0.926 0.925 0.924 0.923 0.923 0.923 0.922 0.922 0.922 0.922 0.927
1998] 0.000 0.000 0.007 0.085 0.299 0.568 0.780 0.885 0.912 0.916 0.915 0.913 0.912 0.911 0.911 0.911 0.911 0.911 0.911 0.910 0.91(¢
1999] 0.000 0.000 0.007 0.083 0.304 0.581 0.782 0.878 0.905 0.907 0.904 0.902 0.900 0.899 0.899 0.898 0.898 0.898 0.898 0.898 0.894
2000( 0.000 0.000 0.011 0.070 0.278 0.566 0.779 0.874 0.902 0.905 0.902 0.900 0.899 0.898 0.897 0.897 0.897 0.897 0.897 0.897 0.894
2001| 0.000 0.000 0.009 0.097 0.262 0.548 0.767 0.852 0.863 0.854 0.844 0.839 0.836 0.834 0.833 0.832 0.832 0.832 0.832 0.832 0.832
2002| 0.000 0.000 0.018 0.117 0.364 0.575 0.776 0.839 0.828 0.806 0.789 0.778 0.774 0.771 0.769 0.769 0.768 0.768 0.768 0.768 0.768
2003| 0.000 0.000 0.014 0.118 0.338 0.624 0.775 0.871 0.890 0.886 0.881 0.877 0.874 0.873 0.872 0.872 0.872 0.871 0.871 0.871 0.87]
2004| 0.000 0.000 0.022 0.114 0.357 0.615 0.812 0.874 0.898 0.897 0.892 0.889 0.887 0.886 0.885 0.885 0.884 0.884 0.884 0.884 0.884
2005/ 0.000 0.001 0.014 0.139 0.340 0.623 0.805 0.892 0.909 0.913 0.910 0.908 0.906 0.905 0.905 0.905 0.905 0.904 0.904 0.904 0.904
2006] 0.000 0.000 0.009 0.091 0.355 0.588 0.802 0.894 0.927 0.933 0.934 0.934 0.933 0.933 0.933 0.933 0.932 0.932 0.932 0.932 0.932
2007| 0.000 0.000 0.007 0.085 0.299 0.621 0.789 0.891 0.920 0.926 0.926 0.925 0.924 0.924 0.924 0.923 0.923 0.923 0.923 0.923 0.923
2008( 0.000 0.000 0.006 0.074 0.293 0.571 0.799 0.859 0.870 0.863 0.854 0.850 0.847 0.845 0.844 0.844 0.843 0.843 0.843 0.843 0.843
2009] 0.000 0.000 0.004 0.052 0.233 0.529 0.746 0.834 0.833 0.817 0.805 0.797 0.793 0.791 0.789 0.789 0.788 0.788 0.788 0.788 0.78§
2010] 0.000 0.000 0.004 0.047 0.208 0.486 0.731 0.827 0.839 0.829 0.818 0.811 0.807 0.806 0.805 0.804 0.804 0.803 0.803 0.803 0.803
2011( 0.000 0.000 0.002 0.059 0.224 0.487 0.728 0.855 0.888 0.892 0.890 0.887 0.886 0.885 0.884 0.884 0.884 0.883 0.883 0.883 0.883
2012( 0.000 0.000 0.007 0.063 0.289 0.540 0.751 0.864 0.898 0.902 0.899 0.897 0.895 0.894 0.894 0.894 0.893 0.893 0.893 0.893 0.893
2013( 0.000 0.000 0.008 0.086 0.267 0.579 0.765 0.856 0.879 0.875 0.868 0.863 0.861 0.860 0.859 0.859 0.858 0.858 0.858 0.858 0.858§
2014( 0.000 0.000 0.004 0.056 0.253 0.499 0.753 0.840 0.862 0.858 0.850 0.845 0.842 0.841 0.840 0.839 0.839 0.839 0.839 0.839 0.839
2015( 0.000 0.000 0.006 0.053 0.224 0.516 0.722 0.852 0.879 0.882 0.879 0.875 0.873 0.872 0.872 0.871 0.871 0.871 0.871 0.871 0.87]
2016( 0.000 0.000 0.006 0.074 0.234 0.500 0.745 0.850 0.897 0.903 0.903 0.901 0.900 0.899 0.899 0.899 0.898 0.898 0.898 0.898 0.89§
2017( 0.000 0.000 0.005 0.075 0.284 0.516 0.740 0.869 0.908 0.923 0.925 0.925 0.924 0.924 0.923 0.923 0.923 0.923 0.923 0.923 0.923
2018( 0.000 0.000 0.018 0.099 0.343 0.617 0.780 0.878 0.913 0.919 0.920 0.918 0.918 0.917 0.917 0.916 0.916 0.916 0.916 0.916 0.914
2019( 0.000 0.001 0.006 0.140 0.336 0.627 0.806 0.866 0.884 0.881 0.876 0.871 0.869 0.868 0.867 0.867 0.866 0.866 0.866 0.866 0.864
2020( 0.000 0.000 0.011 0.085 0.411 0.628 0.822 0.893 0.907 0.909 0.906 0.904 0.903 0.902 0.901 0.901 0.901 0.901 0.901 0.901 0.901




Table 2.1.22b. Selectivity at age in the fishery (Model 19.12).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
1977] 0.000 0.000 0.012 0.100 0.320 0.596 0.810 0.925 0.973 0.989 0.990 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.443
1978 0.000 0.000 0.010 0.099 0.318 0.594 0.809 0.924 0.972 0.989 0.990 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.443
1979( 0.000 0.000 0.014 0.100 0.332 0.606 0.815 0.927 0.974 0.990 0.991 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.449
1980( 0.000 0.000 0.012 0.107 0.313 0.603 0.814 0.926 0.973 0.989 0.991 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.453
1981 0.000 0.000 0.014 0.121 0.364 0.616 0.828 0.933 0.976 0.990 0.991 0.979 0.954 0.915 0.864 0.807 0.746 0.685 0.628 0.575 0.454
1982 0.000 0.000 0.007 0.073 0.294 0.587 0.794 0.922 0.972 0.989 0.990 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.459
1983 0.000 0.000 0.015 0.080 0.279 0.579 0.809 0.919 0.972 0.989 0.990 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.454
1984] 0.000 0.001 0.018 0.139 0.319 0.587 0.816 0.931 0.973 0.990 0.991 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.454
1985] 0.000 0.000 0.006 0.090 0.327 0.547 0.776 0.917 0.972 0.988 0.990 0.979 0.954 0.915 0.864 0.806 0.745 0.685 0.628 0.575 0.453
1986| 0.000 0.000 0.015 0.090 0.344 0.637 0.799 0.918 0.973 0.990 0.991 0.979 0.954 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.45]]
1987] 0.000 0.000 0.008 0.088 0.261 0.585 0.819 0.911 0.967 0.988 0.990 0.980 0.954 0.915 0.864 0.806 0.745 0.685 0.628 0.575 0.449
1988] 0.000 0.001 0.029 0.162 0.417 0.636 0.853 0.948 0.976 0.991 0.992 0.980 0.956 0.915 0.864 0.806 0.746 0.685 0.628 0.575 0.444
1989] 0.000 0.000 0.015 0.110 0.337 0.623 0.800 0.933 0.978 0.989 0.991 0.980 0.954 0.918 0.865 0.807 0.746 0.685 0.628 0.576 0.444
1990] 0.000 0.000 0.010 0.082 0.284 0.568 0.803 0.909 0.972 0.990 0.991 0.981 0.956 0.915 0.867 0.806 0.746 0.685 0.628 0.575 0.447
1991| 0.000 0.000 0.011 0.088 0.281 0.555 0.789 0.920 0.966 0.989 0.990 0.981 0.958 0.917 0.864 0.810 0.745 0.685 0.628 0.575 0.44(
1992] 0.000 0.000 0.009 0.092 0.289 0.549 0.779 0.913 0.970 0.987 0.990 0.978 0.958 0.921 0.867 0.806 0.749 0.685 0.628 0.575 0.444
1993] 0.000 0.001 0.027 0.146 0.398 0.642 0.824 0.929 0.975 0.991 0.992 0.980 0.952 0.921 0.872 0.809 0.745 0.688 0.628 0.575 0.459
19941 0.000 0.000 0.014 0.115 0.332 0.619 0.812 0.920 0.970 0.989 0.991 0.982 0.954 0.911 0.871 0.815 0.749 0.685 0.631 0.575 0.47(
1995] 0.000 0.000 0.016 0.115 0.352 0.613 0.828 0.927 0.972 0.989 0.991 0.980 0.959 0.915 0.860 0.814 0.754 0.688 0.627 0.578 0.467]
1996] 0.000 0.000 0.008 0.078 0.283 0.574 0.791 0.921 0.969 0.987 0.991 0.981 0.955 0.922 0.864 0.801 0.753 0.694 0.631 0.575 0.484
1997] 0.000 0.000 0.015 0.113 0.333 0.606 0.822 0.927 0.975 0.990 0.991 0.981 0.957 0.916 0.874 0.806 0.740 0.693 0.636 0.578 0.507
1998] 0.000 0.000 0.007 0.079 0.286 0.560 0.790 0.919 0.970 0.989 0.990 0.981 0.958 0.919 0.866 0.817 0.746 0.680 0.635 0.583 0.49]]
1999] 0.000 0.000 0.006 0.076 0.289 0.571 0.792 0.917 0.971 0.988 0.990 0.980 0.958 0.921 0.870 0.809 0.757 0.686 0.624 0.583 0.483
2000( 0.000 0.000 0.009 0.063 0.261 0.553 0.786 0.913 0.968 0.988 0.990 0.979 0.956 0.920 0.871 0.813 0.748 0.697 0.629 0.573 0.458§
2001| 0.000 0.000 0.008 0.089 0.252 0.540 0.785 0.914 0.968 0.988 0.990 0.980 0.954 0.917 0.871 0.814 0.751 0.687 0.638 0.575 0.439§
2002| 0.000 0.000 0.018 0.117 0.356 0.576 0.802 0.925 0.973 0.989 0.991 0.980 0.956 0.914 0.867 0.813 0.753 0.691 0.630 0.585 0.462
2003| 0.000 0.000 0.014 0.115 0.333 0.619 0.789 0.918 0.972 0.989 0.991 0.980 0.955 0.917 0.864 0.809 0.752 0.692 0.633 0.577 0.443
2004| 0.000 0.000 0.021 0.110 0.349 0.611 0.826 0.916 0.971 0.989 0.991 0.980 0.956 0.916 0.867 0.806 0.749 0.692 0.635 0.580 0.459
2005/ 0.000 0.001 0.013 0.133 0.330 0.619 0.817 0.931 0.969 0.989 0.991 0.980 0.956 0.918 0.865 0.809 0.745 0.688 0.634 0.582 0.449
2006] 0.000 0.000 0.009 0.085 0.340 0.579 0.810 0.922 0.973 0.987 0.991 0.980 0.956 0.918 0.868 0.807 0.748 0.685 0.631 0.582 0.4371
2007| 0.000 0.000 0.006 0.078 0.283 0.610 0.795 0.923 0.971 0.989 0.991 0.981 0.956 0.917 0.868 0.810 0.746 0.688 0.627 0.578 0.418§
2008( 0.000 0.000 0.006 0.071 0.282 0.564 0.821 0.918 0.972 0.989 0.990 0.982 0.958 0.918 0.867 0.810 0.749 0.686 0.631 0.575 0.437
2009] 0.000 0.000 0.004 0.051 0.231 0.527 0.771 0.923 0.967 0.988 0.990 0.978 0.959 0.920 0.868 0.810 0.750 0.689 0.629 0.578 0.469
2010] 0.000 0.000 0.004 0.046 0.208 0.490 0.757 0.902 0.970 0.986 0.990 0.979 0.953 0.922 0.870 0.810 0.749 0.689 0.631 0.576 0.479
2011( 0.000 0.000 0.003 0.060 0.224 0.492 0.749 0.903 0.965 0.988 0.990 0.979 0.954 0.913 0.873 0.813 0.749 0.688 0.632 0.578 0.471
2012( 0.000 0.000 0.008 0.064 0.284 0.536 0.766 0.906 0.968 0.988 0.990 0.980 0.953 0.915 0.862 0.816 0.752 0.689 0.631 0.579 0.494
2013( 0.000 0.000 0.008 0.087 0.266 0.578 0.780 0.907 0.967 0.988 0.990 0.977 0.955 0.914 0.865 0.804 0.755 0.692 0.632 0.578 0.48]
2014( 0.000 0.000 0.005 0.057 0.254 0.502 0.776 0.900 0.961 0.986 0.990 0.980 0.951 0.916 0.863 0.807 0.743 0.694 0.634 0.579 0.473
2015( 0.000 0.000 0.007 0.052 0.221 0.519 0.739 0.905 0.961 0.985 0.990 0.980 0.956 0.910 0.866 0.805 0.746 0.683 0.637 0.581 0.469
2016( 0.000 0.000 0.007 0.073 0.229 0.499 0.762 0.890 0.965 0.985 0.990 0.981 0.956 0.918 0.858 0.808 0.744 0.686 0.626 0.583 0.494
2017( 0.000 0.000 0.005 0.074 0.278 0.509 0.749 0.903 0.959 0.986 0.990 0.981 0.958 0.918 0.868 0.800 0.747 0.684 0.629 0.573 0.482
2018( 0.000 0.000 0.018 0.097 0.342 0.617 0.790 0.912 0.970 0.987 0.990 0.981 0.959 0.921 0.868 0.810 0.739 0.687 0.626 0.576 0.468§
2019( 0.000 0.001 0.007 0.140 0.336 0.637 0.833 0.920 0.969 0.989 0.991 0.979 0.958 0.922 0.871 0.811 0.749 0.678 0.630 0.574 0.48(
2020{ 0.000 0.000 0.012 0.086 0.408 0.631 0.844 0.939 0.972 0.989 0.991 0.981 0.955 0.920 0.873 0.814 0.750 0.689 0.622 0.577 0.474




Table 2.1.22c. Selectivity at age in the fishery (Model 21.1).

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

1977] 0.000 0.000 0.015 0.132 0.403 0.691 0.854 0.882 0.843 0.793 0.752 0.724 0.706 0.694 0.686 0.681 0.677 0.675 0.673 0.672 0.671
1978 0.000 0.000 0.014 0.131 0.403 0.691 0.853 0.879 0.838 0.785 0.742 0.713 0.694 0.681 0.673 0.668 0.664 0.662 0.660 0.659 0.657
1979( 0.000 0.000 0.020 0.141 0.423 0.705 0.859 0.881 0.837 0.783 0.740 0.710 0.691 0.679 0.670 0.665 0.661 0.659 0.657 0.656 0.654
1980( 0.000 0.000 0.018 0.153 0.414 0.704 0.860 0.887 0.849 0.800 0.761 0.733 0.716 0.704 0.697 0.692 0.688 0.686 0.684 0.683 0.687
1981} 0.000 0.001 0.021 0.171 0.467 0.721 0.871 0.891 0.851 0.801 0.761 0.734 0.716 0.704 0.697 0.692 0.689 0.686 0.685 0.683 0.687
1982 0.000 0.000 0.011 0.106 0.391 0.694 0.850 0.887 0.854 0.808 0.771 0.745 0.728 0.717 0.710 0.705 0.702 0.700 0.698 0.697 0.699
1983 0.000 0.000 0.019 0.121 0.376 0.692 0.863 0.896 0.868 0.828 0.795 0.772 0.757 0.747 0.741 0.737 0.734 0.732 0.730 0.729 0.728§
1984] 0.000 0.001 0.028 0.184 0.426 0.698 0.872 0.906 0.883 0.846 0.817 0.796 0.782 0.774 0.768 0.764 0.762 0.760 0.759 0.758 0.754
1985] 0.000 0.000 0.008 0.126 0.405 0.659 0.838 0.887 0.856 0.815 0.778 0.753 0.736 0.726 0.719 0.714 0.711 0.709 0.708 0.706 0.709
1986| 0.000 0.000 0.021 0.123 0.438 0.722 0.854 0.886 0.845 0.791 0.753 0.723 0.705 0.693 0.685 0.680 0.677 0.674 0.672 0.671 0.669
1987] 0.000 0.000 0.010 0.120 0.341 0.686 0.854 0.881 0.850 0.796 0.755 0.729 0.710 0.698 0.691 0.686 0.682 0.680 0.678 0.677 0.679H
1988] 0.000 0.002 0.043 0.220 0.522 0.736 0.888 0.890 0.847 0.792 0.744 0.712 0.694 0.681 0.673 0.668 0.664 0.662 0.660 0.659 0.657
1989] 0.000 0.000 0.022 0.158 0.440 0.729 0.861 0.903 0.872 0.837 0.805 0.780 0.764 0.755 0.749 0.745 0.742 0.740 0.739 0.738 0.734
1990] 0.000 0.000 0.016 0.125 0.390 0.687 0.868 0.914 0.909 0.886 0.869 0.854 0.843 0.837 0.833 0.830 0.828 0.827 0.826 0.826 0.829
1991] 0.000 0.000 0.016 0.123 0.371 0.667 0.852 0.902 0.887 0.850 0.821 0.805 0.792 0.782 0.776 0.773 0.770 0.769 0.768 0.767 0.769
1992] 0.000 0.000 0.011 0.123 0.374 0.654 0.838 0.882 0.848 0.807 0.761 0.734 0.719 0.707 0.699 0.694 0.691 0.688 0.687 0.685 0.684
1993] 0.000 0.001 0.038 0.187 0.482 0.730 0.866 0.889 0.844 0.785 0.748 0.712 0.692 0.682 0.674 0.667 0.664 0.661 0.659 0.658 0.654
19941 0.000 0.000 0.016 0.158 0.415 0.708 0.853 0.878 0.836 0.778 0.730 0.703 0.679 0.666 0.658 0.653 0.648 0.646 0.644 0.642 0.64]]
1995] 0.000 0.000 0.018 0.145 0.452 0.707 0.864 0.882 0.842 0.788 0.743 0.711 0.694 0.679 0.670 0.666 0.662 0.659 0.657 0.656 0.659
1996] 0.000 0.000 0.011 0.110 0.372 0.696 0.855 0.913 0.907 0.886 0.866 0.851 0.840 0.835 0.830 0.827 0.825 0.824 0.823 0.822 0.827
1997] 0.000 0.001 0.023 0.163 0.436 0.714 0.881 0.910 0.889 0.859 0.833 0.814 0.801 0.792 0.788 0.783 0.781 0.780 0.778 0.777 0.777
1998] 0.000 0.000 0.010 0.117 0.384 0.673 0.850 0.896 0.873 0.834 0.805 0.784 0.769 0.759 0.753 0.749 0.746 0.744 0.743 0.742 0.74]]
1999] 0.000 0.000 0.010 0.115 0.391 0.685 0.852 0.893 0.863 0.826 0.791 0.769 0.755 0.744 0.738 0.733 0.730 0.728 0.726 0.726 0.724
2000( 0.000 0.000 0.017 0.099 0.367 0.675 0.850 0.890 0.863 0.816 0.785 0.760 0.745 0.736 0.729 0.724 0.721 0.719 0.717 0.716 0.714
2001| 0.000 0.000 0.012 0.133 0.340 0.655 0.837 0.858 0.802 0.733 0.673 0.640 0.615 0.601 0.591 0.584 0.579 0.576 0.574 0.572 0.569
2002| 0.000 0.000 0.023 0.156 0.454 0.674 0.844 0.846 0.769 0.685 0.619 0.569 0.544 0.524 0.513 0.505 0.500 0.496 0.493 0.491 0.489
2003| 0.000 0.000 0.018 0.155 0.426 0.721 0.842 0.875 0.826 0.766 0.720 0.687 0.664 0.652 0.642 0.637 0.633 0.630 0.628 0.627 0.625
2004| 0.000 0.000 0.029 0.150 0.444 0.713 0.870 0.891 0.859 0.811 0.773 0.747 0.730 0.718 0.712 0.707 0.704 0.702 0.700 0.699 0.697
2005/ 0.000 0.001 0.018 0.184 0.426 0.720 0.867 0.896 0.873 0.830 0.795 0.771 0.756 0.746 0.739 0.735 0.732 0.730 0.729 0.728 0.724
2006] 0.000 0.000 0.013 0.124 0.451 0.692 0.869 0.916 0.908 0.890 0.869 0.854 0.844 0.838 0.834 0.831 0.830 0.828 0.827 0.827 0.824
2007| 0.000 0.000 0.009 0.119 0.388 0.726 0.861 0.912 0.901 0.875 0.858 0.841 0.830 0.823 0.819 0.816 0.814 0.812 0.811 0.811 0.809
2008( 0.000 0.000 0.009 0.102 0.380 0.678 0.864 0.877 0.833 0.782 0.738 0.715 0.694 0.681 0.672 0.667 0.663 0.660 0.659 0.657 0.654
2009] 0.000 0.000 0.005 0.071 0.306 0.636 0.820 0.831 0.769 0.686 0.627 0.582 0.561 0.541 0.529 0.521 0.515 0.512 0.509 0.507 0.504
2010] 0.000 0.000 0.005 0.067 0.277 0.593 0.807 0.830 0.747 0.678 0.610 0.568 0.538 0.524 0.511 0.502 0.497 0.493 0.490 0.488 0.484
2011( 0.000 0.000 0.003 0.081 0.300 0.592 0.805 0.857 0.814 0.744 0.704 0.670 0.649 0.634 0.627 0.621 0.616 0.613 0.611 0.610 0.608§
2012( 0.000 0.000 0.010 0.088 0.377 0.650 0.826 0.874 0.836 0.783 0.733 0.710 0.689 0.678 0.669 0.665 0.661 0.658 0.657 0.655 0.654
2013( 0.000 0.000 0.010 0.118 0.342 0.680 0.834 0.862 0.813 0.742 0.689 0.647 0.629 0.613 0.604 0.597 0.594 0.590 0.588 0.586 0.585
2014( 0.000 0.000 0.006 0.077 0.335 0.604 0.827 0.858 0.820 0.760 0.706 0.672 0.646 0.635 0.625 0.619 0.615 0.613 0.611 0.609 0.607
2015( 0.000 0.000 0.008 0.076 0.299 0.628 0.804 0.866 0.836 0.790 0.747 0.715 0.696 0.682 0.675 0.670 0.666 0.664 0.662 0.661 0.659
2016( 0.000 0.000 0.008 0.103 0.314 0.608 0.822 0.869 0.841 0.799 0.762 0.734 0.714 0.702 0.693 0.689 0.686 0.684 0.682 0.681 0.68(
2017( 0.000 0.000 0.007 0.107 0.377 0.631 0.820 0.886 0.875 0.839 0.812 0.792 0.778 0.768 0.762 0.757 0.755 0.753 0.752 0.751 0.75(
2018( 0.000 0.000 0.025 0.135 0.436 0.719 0.850 0.894 0.874 0.843 0.809 0.789 0.776 0.766 0.760 0.756 0.752 0.751 0.750 0.749 0.748§
2019( 0.000 0.001 0.008 0.186 0.423 0.725 0.862 0.874 0.836 0.779 0.742 0.707 0.689 0.677 0.668 0.662 0.658 0.655 0.654 0.652 0.65]
2020( 0.000 0.000 0.015 0.112 0.510 0.727 0.877 0.895 0.870 0.834 0.800 0.781 0.764 0.755 0.749 0.745 0.742 0.740 0.738 0.737 0.734




Table 2.1.22d. Selectivity at age in fighery (Model 21.2).
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Table 2.1.22e. Selectivity at age in the fishery (Model 21.3).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
1977] 0.000 0.000 0.012 0.097 0.313 0.589 0.806 0.923 0.972 0.989 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.401
1978 0.000 0.000 0.010 0.095 0.310 0.587 0.805 0.923 0.972 0.989 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.401
1979| 0.000 0.000 0.014 0.096 0.324 0.598 0.811 0.926 0.973 0.989 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.409
1980( 0.000 0.000 0.011 0.104 0.306 0.596 0.810 0.925 0.973 0.989 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.411
1981 0.000 0.000 0.013 0.116 0.355 0.608 0.824 0.931 0.975 0.990 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.413
1982 0.000 0.000 0.007 0.070 0.288 0.582 0.791 0.921 0.972 0.989 0.989 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.413
1983 0.000 0.000 0.016 0.076 0.270 0.572 0.806 0.918 0.972 0.989 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.413
1984] 0.000 0.001 0.017 0.141 0.309 0.576 0.812 0.930 0.973 0.990 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.417
1985] 0.000 0.000 0.005 0.087 0.331 0.537 0.770 0.915 0.972 0.988 0.989 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.411]
1986| 0.000 0.000 0.014 0.085 0.335 0.640 0.793 0.915 0.972 0.990 0.990 0.976 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.409
1987] 0.000 0.000 0.008 0.085 0.253 0.579 0.822 0.908 0.966 0.988 0.989 0.977 0.947 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.407
1988] 0.000 0.001 0.027 0.154 0.406 0.624 0.849 0.949 0.975 0.990 0.991 0.976 0.949 0.903 0.847 0.783 0.717 0.652 0.591 0.536 0.404
1989] 0.000 0.000 0.014 0.104 0.328 0.615 0.793 0.931 0.979 0.989 0.991 0.977 0.947 0.906 0.847 0.783 0.717 0.652 0.592 0.537 0.407
1990] 0.000 0.000 0.010 0.078 0.277 0.561 0.799 0.906 0.972 0.990 0.990 0.979 0.949 0.903 0.850 0.783 0.717 0.652 0.591 0.536 0.399
1991| 0.000 0.000 0.011 0.086 0.274 0.548 0.786 0.919 0.965 0.989 0.989 0.979 0.952 0.905 0.846 0.786 0.716 0.652 0.591 0.536 0.398§
1992] 0.000 0.000 0.008 0.092 0.285 0.543 0.776 0.912 0.970 0.987 0.989 0.974 0.952 0.910 0.850 0.782 0.720 0.652 0.591 0.536 0.407
1993] 0.000 0.001 0.027 0.144 0.399 0.640 0.821 0.929 0.975 0.991 0.991 0.976 0.943 0.910 0.855 0.786 0.716 0.655 0.591 0.536 0.413
19941 0.000 0.000 0.015 0.113 0.329 0.622 0.812 0.920 0.971 0.989 0.990 0.980 0.947 0.897 0.855 0.792 0.720 0.651 0.595 0.536 0.43(
1995] 0.000 0.000 0.016 0.115 0.346 0.608 0.829 0.927 0.972 0.989 0.990 0.977 0.953 0.903 0.839 0.791 0.726 0.655 0.591 0.539 0.427
1996] 0.000 0.000 0.008 0.076 0.280 0.567 0.788 0.922 0.969 0.987 0.990 0.978 0.948 0.912 0.846 0.775 0.726 0.662 0.594 0.536 0.447
1997] 0.000 0.000 0.014 0.109 0.326 0.601 0.817 0.925 0.976 0.989 0.990 0.979 0.950 0.904 0.857 0.783 0.708 0.661 0.600 0.539 0.463
1998] 0.000 0.000 0.006 0.076 0.278 0.554 0.787 0.917 0.969 0.989 0.990 0.978 0.951 0.907 0.848 0.795 0.717 0.644 0.600 0.545 0.45]]
1999] 0.000 0.000 0.006 0.073 0.282 0.562 0.788 0.916 0.971 0.988 0.989 0.977 0.951 0.909 0.852 0.785 0.729 0.653 0.585 0.544 0.443
2000( 0.000 0.000 0.008 0.059 0.253 0.545 0.781 0.911 0.968 0.988 0.989 0.975 0.949 0.909 0.854 0.789 0.719 0.665 0.593 0.531 0.414
2001] 0.000 0.000 0.008 0.084 0.244 0.533 0.781 0.913 0.968 0.988 0.989 0.977 0.946 0.905 0.853 0.791 0.723 0.654 0.602 0.536 0.399
2002| 0.000 0.000 0.017 0.114 0.348 0.569 0.799 0.924 0.973 0.989 0.990 0.977 0.949 0.901 0.849 0.790 0.725 0.658 0.593 0.546 0.42(
2003| 0.000 0.000 0.013 0.112 0.326 0.610 0.785 0.917 0.972 0.989 0.990 0.977 0.948 0.905 0.844 0.786 0.724 0.660 0.597 0.538 0.40(
2004| 0.000 0.000 0.020 0.106 0.342 0.605 0.821 0.914 0.970 0.989 0.990 0.977 0.949 0.904 0.849 0.781 0.720 0.659 0.599 0.541 0.419
2005/ 0.000 0.001 0.012 0.128 0.322 0.612 0.813 0.930 0.969 0.988 0.990 0.977 0.949 0.905 0.848 0.786 0.714 0.655 0.598 0.543 0.404
2006] 0.000 0.000 0.008 0.081 0.332 0.570 0.806 0.920 0.973 0.987 0.990 0.977 0.949 0.906 0.849 0.784 0.720 0.650 0.594 0.543 0.393
2007| 0.000 0.000 0.006 0.074 0.275 0.601 0.790 0.921 0.971 0.989 0.990 0.978 0.949 0.906 0.850 0.786 0.718 0.655 0.590 0.539 0.374
2008( 0.000 0.000 0.006 0.068 0.274 0.555 0.816 0.916 0.972 0.988 0.989 0.979 0.951 0.906 0.850 0.787 0.720 0.653 0.594 0.535 0.39]
2009] 0.000 0.000 0.004 0.050 0.226 0.520 0.766 0.922 0.967 0.988 0.989 0.975 0.953 0.908 0.850 0.786 0.721 0.655 0.593 0.539 0.423
2010] 0.000 0.000 0.004 0.045 0.206 0.487 0.754 0.901 0.970 0.986 0.989 0.976 0.946 0.911 0.853 0.787 0.720 0.656 0.594 0.537 0.439
2011( 0.000 0.000 0.003 0.061 0.223 0.494 0.749 0.903 0.965 0.988 0.989 0.975 0.947 0.901 0.856 0.790 0.721 0.655 0.595 0.539 0.424
2012( 0.000 0.000 0.008 0.064 0.283 0.533 0.766 0.906 0.968 0.988 0.989 0.977 0.946 0.903 0.845 0.793 0.724 0.656 0.594 0.540 0.45]
2013( 0.000 0.000 0.008 0.089 0.266 0.576 0.779 0.908 0.967 0.988 0.990 0.974 0.948 0.902 0.847 0.781 0.727 0.659 0.595 0.539 0.439
2014( 0.000 0.000 0.005 0.058 0.256 0.502 0.776 0.899 0.962 0.986 0.989 0.977 0.943 0.905 0.845 0.783 0.715 0.662 0.598 0.540 0.43]
2015( 0.000 0.000 0.007 0.053 0.221 0.520 0.739 0.905 0.961 0.985 0.989 0.977 0.949 0.897 0.848 0.781 0.717 0.650 0.601 0.542 0.4271
2016( 0.000 0.000 0.007 0.075 0.228 0.498 0.764 0.891 0.965 0.985 0.989 0.978 0.950 0.906 0.840 0.785 0.715 0.652 0.590 0.545 0.455
2017( 0.000 0.000 0.005 0.075 0.277 0.504 0.747 0.903 0.959 0.986 0.989 0.978 0.951 0.907 0.850 0.776 0.719 0.650 0.592 0.535 0.44]
2018( 0.000 0.000 0.017 0.094 0.341 0.613 0.786 0.911 0.970 0.987 0.989 0.978 0.952 0.909 0.851 0.787 0.709 0.654 0.590 0.537 0.4271
2019( 0.000 0.001 0.006 0.134 0.328 0.633 0.830 0.918 0.969 0.989 0.990 0.976 0.951 0.910 0.854 0.788 0.721 0.645 0.593 0.535 0.437
2020( 0.000 0.000 0.011 0.078 0.394 0.620 0.841 0.938 0.972 0.988 0.990 0.979 0.948 0.909 0.855 0.791 0.722 0.656 0.585 0.539 0.433




Table 2.1.22f. Selectivity at age in the fishery (ensemble).

Year 0 1 2 3 4 5 6 7 8 9 10
19771 0.000 0.000 0.013 0.106 0.332 0.607 0.807 0.896 0.918 0.915 0.906
1978] 0.000 0.000 0.011 0.104 0.331 0.606 0.805 0.894 0.916 0.912 0.902
1979] 0.000 0.000 0.015 0.107 0.346 0.618 0.812 0.897 0.916 0.912 0.902
1980] 0.000 0.000 0.013 0.115 0.329 0.616 0.812 0.900 0.922 0.920 0.911
1981] 0.000 0.000 0.015 0.130 0.380 0.630 0.826 0.906 0.924 0.920 0.911
1982| 0.000 0.000 0.008 0.079 0.309 0.601 0.794 0.897 0.923 0.923 0.915
1983| 0.000 0.000 0.015 0.088 0.295 0.595 0.809 0.899 0.930 0.932 0.925
1984| 0.000 0.001 0.020 0.144 0.337 0.602 0.818 0.912 0.937 0.939 0.934
1985| 0.000 0.000 0.006 0.096 0.334 0.562 0.777 0.894 0.924 0.926 0.919
1986| 0.000 0.000 0.016 0.095 0.357 0.642 0.798 0.893 0.920 0.917 0.909
1987| 0.000 0.000 0.008 0.092 0.272 0.597 0.811 0.887 0.919 0.921 0.913
1988] 0.000 0.001 0.032 0.172 0.434 0.650 0.851 0.919 0.927 0.922 0.911
1989| 0.000 0.000 0.016 0.118 0.354 0.638 0.803 0.912 0.936 0.935 0.929
1990/ 0.000 0.000 0.011 0.090 0.302 0.585 0.807 0.898 0.945 0.953 0.951
1991| 0.000 0.000 0.012 0.094 0.295 0.570 0.792 0.902 0.932 0.940 0.935
1992| 0.000 0.000 0.009 0.096 0.300 0.561 0.778 0.887 0.917 0.917 0.908
1993| 0.000 0.001 0.029 0.150 0.407 0.650 0.820 0.903 0.923 0.918 0.910
1994| 0.000 0.000 0.014 0.121 0.341 0.627 0.807 0.893 0.917 0.915 0.905
1995| 0.000 0.000 0.016 0.118 0.367 0.623 0.822 0.900 0.920 0.918 0.909
1996| 0.000 0.000 0.008 0.083 0.296 0.592 0.794 0.907 0.941 0.950 0.949
1997| 0.000 0.000 0.017 0.125 0.353 0.624 0.827 0.912 0.941 0.944 0.940
1998| 0.000 0.000 0.008 0.087 0.306 0.579 0.794 0.901 0.931 0.935 0.930
1999| 0.000 0.000 0.008 0.087 0.309 0.591 0.795 0.896 0.927 0.928 0.922
2000( 0.000 0.000 0.011 0.072 0.283 0.572 0.789 0.889 0.918 0.917 0.910
2001| 0.000 0.000 0.009 0.097 0.266 0.556 0.778 0.869 0.882 0.869 0.851
2002| 0.000 0.000 0.018 0.121 0.370 0.586 0.793 0.871 0.870 0.850 0.829
2003| 0.000 0.000 0.013 0.117 0.339 0.625 0.782 0.880 0.898 0.888 0.874
2004| 0.000 0.000 0.021 0.113 0.356 0.617 0.818 0.887 0.913 0.910 0.900
2005| 0.000 0.001 0.013 0.139 0.341 0.627 0.813 0.907 0.928 0.931 0.925
2006| 0.000 0.000 0.009 0.092 0.360 0.595 0.812 0.908 0.945 0.952 0.951
2007] 0.000 0.000 0.007 0.089 0.307 0.631 0.801 0.909 0.941 0.949 0.947
2008 0.000 0.000 0.007 0.080 0.304 0.585 0.820 0.891 0.916 0.913 0.904
2009( 0.000 0.000 0.005 0.059 0.251 0.550 0.772 0.879 0.890 0.881 0.868
2010] 0.000 0.000 0.005 0.053 0.226 0.510 0.756 0.861 0.880 0.870 0.854
2011 0.000 0.000 0.003 0.065 0.239 0.508 0.748 0.869 0.897 0.891 0.881
2012 0.000 0.000 0.008 0.068 0.299 0.552 0.765 0.874 0.901 0.896 0.882
2013 0.000 0.000 0.008 0.092 0.278 0.591 0.777 0.871 0.891 0.880 0.865
2014 0.000 0.000 0.005 0.059 0.264 0.513 0.769 0.861 0.886 0.880 0.866
2015] 0.000 0.000 0.007 0.055 0.231 0.529 0.736 0.869 0.896 0.896 0.886
2016] 0.000 0.000 0.007 0.078 0.241 0.512 0.760 0.867 0.914 0.918 0.913
2017] 0.000 0.000 0.005 0.076 0.287 0.519 0.747 0.879 0.918 0.929 0.926
2018] 0.000 0.000 0.018 0.101 0.351 0.626 0.789 0.892 0.930 0.935 0.931
2019] 0.000 0.001 0.007 0.145 0.346 0.642 0.824 0.889 0.914 0.912 0.905

11 12 13 14 15 16 17 18 19 20+
0.890 0.874 0.852 0.827 0.799 0.770 0.742 0.715 0.691 0.632
0.889 0.873 0.852 0.826 0.798 0.769 0.741 0.715 0.690 0.634
0.900 0.884 0.863 0.837 0.809 0.781 0.752 0.726 0.702 0.647
0.899 0.883 0.862 0.837 0.809 0.780 0.752 0.725 0.701 0.647
0.904 0.888 0.867 0.842 0.814 0.785 0.757 0.731 0.707 0.653
0.915 0.900 0.879 0.854 0.827 0.798 0.770 0.743 0.719 0.665
0.924 0.909 0.889 0.864 0.836 0.808 0.779 0.753 0.729 0.674
0.908 0.892 0.872 0.847 0.819 0.790 0.762 0.735 0.711 0.656
0.896 0.880 0.859 0.833 0.805 0.776 0.748 0.722 0.698 0.642
0.902 0.886 0.865 0.840 0.812 0.783 0.755 0.728 0.704 0.647
0.898 0.883 0.861 0.835 0.807 0.778 0.750 0.724 0.700 0.64]
0.918 0.902 0.883 0.857 0.829 0.801 0.773 0.746 0.722 0.663
0.944 0.929 0.909 0.886 0.857 0.828 0.800 0.774 0.750 0.69(¢
0.927 0.914 0.892 0.866 0.840 0.810 0.782 0.756 0.732 0.67]
0.895 0.883 0.863 0.835 0.806 0.779 0.749 0.723 0.699 0.639
0.895 0.877 0.861 0.836 0.806 0.775 0.749 0.721 0.697 0.643
0.894 0.876 0.852 0.832 0.805 0.773 0.744 0.719 0.693 0.644
0.896 0.882 0.858 0.830 0.808 0.780 0.749 0.721 0.698 0.64§
0.942 0.927 0.911 0.883 0.852 0.831 0.803 0.774 0.749 0.709
0.931 0.917 0.896 0.875 0.843 0.811 0.790 0.764 0.737 0.703
0.921 0.907 0.887 0.861 0.837 0.804 0.773 0.753 0.729 0.687
0.912 0.898 0.878 0.853 0.823 0.799 0.766 0.737 0.719 0.674
0.898 0.883 0.864 0.840 0.811 0.781 0.757 0.726 0.699 0.64§
0.836 0.816 0.795 0.771 0.743 0.713 0.683 0.660 0.631 0.569
0.809 0.790 0.765 0.740 0.714 0.684 0.655 0.627 0.606 0.55(¢
0.859 0.841 0.820 0.792 0.766 0.739 0.711 0.683 0.657 0.597
0.888 0.872 0.850 0.825 0.795 0.769 0.742 0.716 0.691 0.634
0.915 0.900 0.880 0.854 0.827 0.796 0.770 0.745 0.721 0.66]
0.943 0.930 0.910 0.886 0.858 0.830 0.800 0.776 0.753 0.688
0.939 0.925 0.905 0.881 0.854 0.824 0.797 0.769 0.747 0.674
0.895 0.879 0.857 0.831 0.804 0.775 0.745 0.720 0.694 0.631
0.852 0.838 0.815 0.788 0.759 0.731 0.702 0.674 0.651 0.601
0.839 0.819 0.801 0.774 0.744 0.715 0.686 0.659 0.634 0.590
0.867 0.850 0.827 0.807 0.777 0.747 0.718 0.692 0.668 0.619
0.871 0.853 0.832 0.805 0.783 0.752 0.723 0.696 0.672 0.633
0.847 0.832 0.808 0.783 0.753 0.730 0.700 0.672 0.647 0.604
851 0.830 0.811 0.784 0.756 0.726 0.703 0.675 0.650 0.602
873 0.856 0.831 0.809 0.779 0.751 0.722 0.701 0.675 0.625
903 0.887 0.866 0.837 0.813 0.782 0.755 0.727 0.708 0.669
918 0.904 0.883 0.858 0.826 0.801 0.771 0.746 0.721 0.680
223 0.909 0.889 0.863 0.836 0.802 0.778 0.750 0.727 0.679

91 0.877 0.857 0.832 0.803 0.773 0.740 0.718 0.692 0.650

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




Table 2.1.23a. Selectivity at age in the survey (Model 19.12a).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
19771 0.011 0.484 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 0.009 0.484 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 1.004¢
1979( 0.012 0.385 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 1.0040
1980( 0.009 0.497 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 1.000
1981} 0.006 0.397 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 0.216 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 0.043 0.441 1.000 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 1.004¢
1984] 0.004 0.252 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 1.0040
1985] 0.008 0.429 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 1.004¢
1986] 0.022 0.295 1.000 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 1.0040
1987] 0.006 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 1.004
1988] 0.004 0.260 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 1.004¢
1989] 0.003 0.140 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 1.004¢
1990 0.021 0.386 1.000 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 1.004¢
1991] 0.019 0.299 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 1.004¢
1992] 0.011 0.521 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 1.004¢
1993] 0.030 0.476 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 1.004¢
19941 0.008 0.440 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 1.004¢
1995] 0.004 0.229 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 1.004¢
1996 0.002 0.202 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 1.004
19971 0.009 0.277 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 1.004¢
1998] 0.011 0.181 0.925 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 1.004¢
1999] 0.006 0.236 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 1.004¢
2000] 0.017 0.284 1.000 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(0
2001] 0.029 0.807 1.000 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(0
2002| 0.012 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(0
2003] 0.010 0.494 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(0
2004| 0.013 0.381 1.000 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(0
2005/ 0.008 0.745 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(0
2006] 0.029 0.740 1.000 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(0
2007] 0.036 0.824 1.000 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(0
2008( 0.013 0.475 1.000 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(4
2009] 0.048 0.496 1.000 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(0
2010] 0.009 0.328 1.000 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(0
2011( 0.006 0.488 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(0
2012( 0.071 0.682 1.000 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(4
2013( 0.009 0.292 0.990 1.000 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(4
2014( 0.010 0.354 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(4
2015( 0.015 0.346 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 1.004
2016( 0.007 0.447 0.996 1.000 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 1.004
2017( 0.009 0.486 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 1.004
2018( 0.005 0.371 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(4
2019( 0.010 0.986 1.000 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(4
2020{ 0.010 0.244 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 1.00d




Table 2.1.23b. Selectivity at agethe survey (Model 19.12).
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Table 2.1.23c. Selectivity at age in the survey (Model 21.1).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
19771 0.011 0.438 0.999 0.994 0.947 0.868 0.783 0.707 0.644 0.593 0.553 0.521 0.496 0.476 0.460 0.447 0.437 0.428 0.421 0.415 0.404
1978 0.010 0.438 0.999 0.994 0.947 0.868 0.783 0.707 0.644 0.593 0.553 0.521 0.496 0.476 0.460 0.447 0.437 0.428 0.421 0.415 0.404
1979] 0.012 0.389 0.999 0.994 0.947 0.868 0.783 0.707 0.644 0.593 0.553 0.521 0.496 0.476 0.460 0.447 0.437 0.428 0.421 0.415 0.409
1980( 0.010 0.492 0.999 0.993 0.949 0.868 0.783 0.707 0.644 0.593 0.553 0.521 0.496 0.476 0.460 0.447 0.437 0.428 0.421 0.415 0.409
1981 0.007 0.404 0.997 0.994 0.945 0.870 0.783 0.707 0.644 0.593 0.553 0.521 0.496 0.476 0.460 0.447 0.437 0.428 0.421 0.415 0.409
1982 0.004 0.222 0.998 0.995 0.944 0.859 0.778 0.700 0.637 0.586 0.547 0.515 0.491 0.471 0.455 0.443 0.433 0.424 0.418 0.412 0.407
1983 0.047 0.464 1.000 0.994 0.949 0.861 0.771 0.699 0.635 0.584 0.545 0.513 0.489 0.469 0.454 0.442 0.431 0.423 0.417 0.411 0.40(¢
1984] 0.004 0.259 0.989 0.998 0.976 0.919 0.837 0.759 0.698 0.643 0.599 0.564 0.536 0.513 0.494 0.480 0.467 0.457 0.449 0.442 0.429
1985] 0.009 0.442 0.993 0.996 0.954 0.891 0.811 0.728 0.661 0.612 0.569 0.536 0.509 0.488 0.472 0.458 0.447 0.438 0.431 0.425 0.417
1986] 0.024 0.311 1.000 0.995 0.936 0.849 0.775 0.700 0.630 0.578 0.541 0.509 0.485 0.466 0.451 0.438 0.429 0.421 0.414 0.409 0.398
1987] 0.007 0.429 0.998 0.994 0.957 0.866 0.780 0.714 0.652 0.595 0.552 0.522 0.496 0.476 0.460 0.448 0.437 0.429 0.422 0.416 0.404
1988] 0.005 0.292 0.997 0.995 0.948 0.881 0.782 0.704 0.650 0.599 0.554 0.521 0.497 0.476 0.460 0.448 0.437 0.429 0.422 0.416 0.404
1989] 0.003 0.151 0.990 0.998 0.967 0.893 0.825 0.736 0.671 0.626 0.584 0.546 0.518 0.497 0.479 0.465 0.454 0.445 0.437 0.431 0.417
1990] 0.023 0.415 1.000 0.993 0.945 0.860 0.768 0.702 0.628 0.577 0.543 0.513 0.486 0.466 0.451 0.439 0.429 0.421 0.414 0.409 0.397
1991] 0.020 0.328 0.997 0.998 0.970 0.904 0.822 0.742 0.687 0.624 0.580 0.551 0.524 0.500 0.481 0.468 0.456 0.447 0.439 0.433 0.419
1992] 0.012 0.539 0.999 0.992 0.945 0.869 0.783 0.704 0.636 0.593 0.545 0.514 0.492 0.473 0.456 0.442 0.433 0.424 0.418 0.412 0.40]
1993] 0.034 0.499 1.000 0.995 0.948 0.875 0.796 0.719 0.653 0.598 0.563 0.524 0.498 0.481 0.465 0.450 0.439 0.431 0.424 0.418 0.407
19941 0.012 0.419 0.992 0.997 0.969 0.900 0.827 0.756 0.691 0.635 0.589 0.559 0.526 0.503 0.488 0.474 0.461 0.450 0.443 0.436 0.429
1995] 0.005 0.241 0.994 0.997 0.957 0.891 0.807 0.737 0.676 0.622 0.578 0.542 0.519 0.494 0.476 0.464 0.453 0.443 0.435 0.429 0.41§
1996] 0.002 0.211 0.996 0.996 0.959 0.878 0.802 0.724 0.664 0.614 0.572 0.537 0.509 0.491 0.471 0.457 0.448 0.439 0.431 0.424 0.414
19971 0.009 0.294 0.994 0.997 0.966 0.897 0.809 0.740 0.674 0.624 0.584 0.549 0.521 0.498 0.483 0.466 0.454 0.446 0.438 0.431 0.424
19981 0.012 0.198 0.940 0.999 0.987 0.943 0.877 0.800 0.742 0.685 0.642 0.606 0.574 0.548 0.526 0.512 0.496 0.484 0.476 0.468 0.454
1999] 0.006 0.264 0.995 0.996 0.956 0.880 0.799 0.722 0.652 0.605 0.562 0.531 0.507 0.486 0.468 0.454 0.445 0.434 0.427 0.422 0.417
2000] 0.019 0.305 1.000 0.993 0.937 0.847 0.758 0.683 0.620 0.566 0.531 0.500 0.478 0.461 0.446 0.433 0.423 0.416 0.409 0.404 0.394
2001] 0.031 0.799 1.000 0.985 0.939 0.847 0.755 0.678 0.617 0.567 0.525 0.498 0.474 0.457 0.443 0.431 0.422 0.413 0.408 0.402 0.39]
2002| 0.013 0.513 1.000 0.992 0.938 0.875 0.784 0.704 0.640 0.590 0.549 0.515 0.492 0.472 0.457 0.445 0.435 0.426 0.419 0.414 0.404
2003] 0.010 0.520 0.999 0.993 0.948 0.865 0.799 0.718 0.651 0.598 0.558 0.526 0.498 0.479 0.462 0.450 0.440 0.431 0.424 0.418 0.4071
2004] 0.014 0.404 1.000 0.994 0.947 0.870 0.782 0.723 0.654 0.600 0.558 0.527 0.501 0.478 0.464 0.450 0.440 0.432 0.425 0.419 0.409
2005] 0.009 0.756 0.999 0.988 0.941 0.853 0.770 0.690 0.642 0.587 0.545 0.514 0.489 0.470 0.453 0.441 0.431 0.423 0.417 0.411 0.401]
2006] 0.031 0.752 1.000 0.981 0.891 0.810 0.716 0.644 0.582 0.546 0.507 0.478 0.456 0.439 0.426 0.414 0.407 0.400 0.395 0.390 0.38]
2007] 0.038 0.831 1.000 0.974 0.892 0.774 0.698 0.621 0.565 0.519 0.493 0.465 0.443 0.427 0.415 0.405 0.397 0.391 0.386 0.382 0.377
2008( 0.014 0.483 1.000 0.987 0.916 0.821 0.715 0.653 0.590 0.545 0.507 0.485 0.462 0.443 0.430 0.419 0.410 0.403 0.397 0.393 0.383
2009] 0.052 0.529 1.000 0.991 0.932 0.836 0.746 0.657 0.606 0.556 0.520 0.490 0.472 0.453 0.438 0.426 0.417 0.410 0.403 0.399 0.39]
2010] 0.009 0.324 0.999 0.994 0.953 0.873 0.781 0.703 0.629 0.587 0.545 0.515 0.490 0.474 0.457 0.444 0.434 0.425 0.419 0.412 0.401
2011( 0.007 0.499 0.998 0.993 0.949 0.876 0.789 0.706 0.641 0.582 0.549 0.516 0.492 0.471 0.459 0.446 0.435 0.426 0.419 0.414 0.405
2012( 0.076 0.678 1.000 0.982 0.897 0.808 0.723 0.645 0.580 0.534 0.493 0.471 0.449 0.433 0.420 0.412 0.403 0.396 0.391 0.386 0.38]
2013( 0.010 0.304 0.988 0.998 0.977 0.907 0.837 0.768 0.701 0.642 0.597 0.556 0.533 0.509 0.492 0.476 0.467 0.456 0.448 0.441 0.43(Q
2014( 0.011 0.367 0.999 0.994 0.946 0.877 0.781 0.711 0.651 0.598 0.554 0.521 0.492 0.475 0.459 0.446 0.435 0.429 0.421 0.415 0.404
2015( 0.017 0.351 0.999 0.997 0.965 0.891 0.821 0.735 0.676 0.626 0.582 0.545 0.518 0.492 0.478 0.463 0.453 0.443 0.437 0.430 0.419
2016( 0.008 0.464 0.997 0.997 0.972 0.915 0.835 0.771 0.697 0.648 0.606 0.569 0.538 0.514 0.493 0.480 0.467 0.458 0.449 0.444 0.434
2017( 0.008 0.505 0.996 0.996 0.961 0.907 0.835 0.757 0.701 0.639 0.599 0.566 0.537 0.512 0.493 0.476 0.466 0.455 0.447 0.440 0.43]
2018( 0.006 0.352 0.999 0.996 0.958 0.888 0.824 0.755 0.686 0.640 0.590 0.558 0.532 0.509 0.489 0.474 0.460 0.452 0.443 0.437 0.424
2019( 0.010 0.982 1.000 0.968 0.906 0.807 0.721 0.660 0.603 0.553 0.521 0.487 0.467 0.450 0.436 0.423 0.414 0.406 0.401 0.396 0.389
2020 0.011 0.247 0.999 0.996 0.923 0.856 0.766 0.693 0.642 0.595 0.552 0.524 0.495 0.477 0.462 0.448 0.437 0.428 0.420 0.415 0.401




Table 2.1.23d. Selectivity at age in the survey (Model 21.2).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
19771 0.013 0.558 1.000 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¢
1978 0.009 0.558 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 1.004¢
1979( 0.012 0.403 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 1.0040
1980( 0.010 0.515 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 1.0040
1981} 0.007 0.414 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 1.004¢
1982 0.004 0.225 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 1.0040
1983 0.041 0.448 1.000 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 1.004¢
1984] 0.004 0.253 0.991 1.000 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 1.004¢
1985] 0.008 0.443 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 1.0040
1986] 0.023 0.310 1.000 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 1.004¢
1987] 0.006 0.421 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 1.004¢
1988] 0.004 0.262 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 1.004¢
1989] 0.003 0.140 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 1.004¢
1990] 0.021 0.391 1.000 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 1.004¢
1991] 0.019 0.304 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 1.000
1992] 0.011 0.527 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 1.004¢
19931 0.029 0.473 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 1.004¢
19941 0.008 0.453 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 1.004¢
1995] 0.004 0.229 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 1.004
1996] 0.002 0.212 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 1.0040
1997] 0.007 0.300 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 1.004¢
1998] 0.008 0.259 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 1.004¢
1999] 0.006 0.257 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 1.004¢
2000( 0.017 0.283 1.000 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(0
2001] 0.025 0.776 1.000 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(0
2002| 0.010 0.416 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(0
2003] 0.008 0.435 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(0
2004] 0.012 0.348 1.000 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(0
2005/ 0.008 0.761 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(0
2006/ 0.029 0.723 1.000 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(0
2007] 0.042 0.832 1.000 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(0
2008( 0.015 0.532 1.000 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 1.004
2009] 0.050 0.561 1.000 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(4
2010/ 0.010 0.327 1.000 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(0
2011( 0.007 0.515 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(4
2012( 0.071 0.707 1.000 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 1.004
2013( 0.009 0.298 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 1.004
2014( 0.009 0.349 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 1.004
2015( 0.016 0.338 1.000 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(4
2016( 0.006 0.443 0.996 1.000 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 1.004
2017( 0.008 0.483 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 1.004
2018( 0.005 0.382 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(4
2019( 0.010 0.985 1.000 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 1.004
2020( 0.010 0.262 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 1.00d




Table 2.1.23e. Selectivity at age in the survey (Model 21.3).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
19771 0.011 0.519 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 0.009 0.519 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 1.004¢
1979( 0.012 0.410 1.000 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 1.0040
1980( 0.009 0.536 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 1.0040
1981} 0.006 0.416 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 1.004¢
1982 0.003 0.211 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 1.000
1983 0.048 0.371 1.000 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 1.004¢
1984] 0.007 0.416 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 1.0040
1985] 0.008 0.416 0.989 1.000 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 1.004¢
1986] 0.021 0.284 1.000 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 1.004¢
1987] 0.005 0.405 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 1.004¢
1988] 0.004 0.261 0.996 1.000 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 1.004¢
1989] 0.003 0.156 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 1.004
1990] 0.026 0.435 1.000 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 1.004¢
1991 0.030 0.365 0.996 1.000 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 1.004¢
1992] 0.018 0.833 1.000 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 1.004
1993] 0.030 0.504 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 1.004¢
19941 0.006 0.305 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 1.004
1995] 0.005 0.220 0.989 1.000 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 1.0040
1996] 0.002 0.193 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 1.0040
19971 0.009 0.278 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 1.004¢
1998] 0.011 0.174 0.901 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 1.004¢
1999] 0.006 0.255 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 1.004¢
2000( 0.018 0.329 1.000 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(0
2001] 0.023 0.741 1.000 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(0
2002] 0.012 0.463 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(0
2003] 0.010 0.492 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(0
2004] 0.013 0.376 1.000 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(0
2005/ 0.007 0.709 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(0
2006] 0.029 0.754 1.000 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(4
2007] 0.042 0.849 1.000 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(0
2008( 0.017 0.593 1.000 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 1.004
2009] 0.059 0.726 1.000 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(0
2010/ 0.010 0.366 1.000 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(0
2011( 0.006 0.495 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(4
2012( 0.086 0.758 1.000 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(4
2013( 0.012 0.371 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(4
2014( 0.011 0.388 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(4
2015( 0.017 0.354 1.000 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 1.004
2016( 0.010 0.475 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(4
2017( 0.016 0.666 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 1.004
2018( 0.005 0.386 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(4
2019( 0.008 0.986 1.000 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(4
2020( 0.010 0.245 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 1.00d




Table 2.1.23f. Selectivity @ge in the survey (ensemble).
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Table 2.1.24a. Begiyear numbers at age (1000s of fish, Model 19.12a).

Year

0 1 2 3 4 5

6 i 8

9

10

11

12

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

1055860241691 73168 67905 29929 15121
698615745589170663 51554 47055 19901
722893493320526471120234 35574 30863
180521510465348345370885 83476 23754
202423127473360447245480257008 55779
940997142939 90010 254052170552172949

262195664480100935 6351517805011690311520223746

880029185147469213 71165 44402121489
401581621424130730330316 49176 29716
218832283573438805 92219229421 32806

73430 154526200240309090 64121152706
304805 51852109115141196214549 43001
599916215232 36606 76527 95993137462
591325423624 151977 25765 52750 62967
362056417559299132107046 17822 34720
951195255661294841210273 72881 11205
352693671673180523207448142697 45250
297828249047474207126445140264 89417
267213210307175842333198 85181 86561
845833188688148487123272222267 50070
362002597271133235104459 83807 136751
287697255620421681 93265 69159 49266
692380203153180496296836 63500 42974
504684 488915143449127086202655 39656
196393356376345235100849 87316128435
343943138680251638243028 68844 56279
310233242870 97917 176522164192 42391
224096219067171480 68783119201101990
268577158241154675120055 46462 73299
785800189652111714108624 80133 28591
317096554881133913 78567 73713 48463
1172310223913391808 94298 53558 45993
165411827807158108275782 64120 32581
735035116802584533111364188302 38956
931428519031 82477411811 76369116807
443334657710366495 58136278377 45636
1200130313052464420257625 39413163236
216689847449221044 326507172968 23809
286940153011598401155649222461103912
178257202617108044420974106425137183
124742125873143071 76046285578 66151
735401 88084 88881100818 51990178315

9429 6361 4414
9556 5744 3814
12261 5628 3318
19701 7581 3433
15107 12115 4594
36334 9594 7619
6210
76992 73973 15091
77878 4766045120

3081
2637
2193
2018
2073
2883
4919
3933
9171

1900147921 2874327072
20833 117342914017407 16399 3334 869
96187 12599 6985 1724010289 9697 1972
9884 5906 5571 1134
2321 5736 3429 3236

2621356025 7233
84875 15622 32652

4002
4197

3873749511 8919 18440

19550 19954 24415

4349

6198 9826 9576 11580

26296 3417 5284
4917513415 1684
44691 22956 6024
26672 2163010540
69636 12173 9460
2729135229 5887
23986 1404517438
22462 12507 7057
74918 12140 6563
3200039494 6249
23632 16842 20048
5674412182 8472
40233 28942 5998
1561720020 13836
26453 7951 9770
2427712430 3624
16354 10596 5126
20320 7320 4468
57415 8345 2736
22766 25007 3381
8222910288 10717
1222035866 4245
53688 557315115
73766 25256 2475
37363 3783012248

503144519293 62197 62402 69005 3295910371320649 20274
503144355290366633 43837 42255 44069 1929257537 1125210989
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2577

749
2720
4544
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8666
3689
3392
3149
9992
4142
2826
6673
4428
1496
2146
1629
1084
1430
4361
1760
6545
1180
6491

2136 1462
18411277
1517 1060

1334
1219
1301
1861

924
806
765
840

31151179
2389 1892
5500 1433 1136

985
875
736
646
558
507
494
532
716

13
654
590
504
448
390
351
327
313
324
430
689
514
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340 226 148
307 207 138
271 186 125
245 171 117
227 159 110
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114
118
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76
69
70
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658 172 136

2365 1308 3232 1933 1824 371 97
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1431 1100

4544
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Table 2.1.24b. Begigear numbers at age (1000s of fish, Model 19.12).

Year

0 1 2 3 4 5

6 7

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

823249214026 62270 57282 26196 13168
584543591102153668 44602 40308 17638
600751419708424400110057 31235 26713
147013431346301346303916 77568 21086
177794105557309698215874213683 52374
827405127658 75787221904152214145288
204043594089 91660 54373 158009105715
752943146505426560 65684 38622109284
349755540621105181305271 45997 26181
200206251129388164 75439215411 31012
71211 143750180310277963 53306 145465
279200 51130103212129259196004 36280
541701200466 36703 73584 89248127235

8223 5583
8387 5017
10901 4911
17140 6728
1345110491
34287 8530
97607 22500

3913
3329
2853
2969
4028
6549
5517

2761
2310
1870
1710
1761
2499
4212

1935 1339
1624 1139
1292 908
1117 772
1011 661
1090 626
1604 700

7022562867 14279 3476
70599 43526 38167 8604 2088 1591
1691943657 2619522729 5107 1239
19872 10533 26608 15809 13676 3072
92639 12065 6275 15672
2233954124 6889 3559

2648 1008

912
789
639
544
457
410
402
440
607
946
747

9270 8016 1805
8858 5238 4543 1029

520225388946143929 26264 51540
287980373527279262103078 18468
763617206771268183199561 71334
313785548281148455191833137557
254449225298393583105695131684
235301182696161745280950 72340
735994 168946131156115169189668

59374
34430
11790
45038
87374
82343
43013

7935113386 31471 3965

36902 46458

763117650

1960019051 22704 3659

6631 9954
26532 3694
48476 13585
42565 22335

9116 10590
5367 4846
1808 2573
5933 771

612
540
445
384
324
285
264
254
266
363
573
441

2043 5082 3013 2628
2214 1141 2844 1697 1496 346 88
8382 1051 543 1368

1694 3875 489
5602 896 2057
2305 2663 428
1087 973 1131

2020

325382528446121299 93783 79333117116
257591233624379362 86299 62825 46454
590668 184952167737271503 59572 39119
436197424103132792120077188031 37305
175461313191304504 94951 83788119936
303317125983224864217949 65871 54574
278732217782 90445160307149389 41044
205850200131156350 64582109790 93591
253224147800143680111268 44271 68058
744513181816106097 102576 75355 27482
292652534564 130539 75869 70707 45939
1008590210126383808 93467 52580 44636
143433724175150867 274709 64612 32482
651437102985519952108062190817 39952
807781467733 73943372453 75419120575
370599579987 335824 52982255844 45920
1003000266090416422239940 36485152425
187036720153191042297605163517 22347
250308134292517061136759205967 99535
138984179721 96420369728 95009 128598
101802 99791129036 68965254301 59668
620133 73094 71648 92443 47796159891
433073445259 52480 51130 64190 30482
433073310950319637 37599 35105 41396

2273220034
57993 9864 8150 3874
2522528085 4478 3609
21446 1245713071 2031
20834 10773 5909 6045
6985311038 5428 2916
3116036452 5486 2647
228711618917965 2645
5195711602 7907 8575
3721126035 5528 3706
149411810312002 2486
25001 7476 8546 5544
2373411590 3290 3655
16584 10353 4582 1264
21213 7474 4268 1811
60220 8769 2758 1505
2319026163 3475 1050
7751110447 10925 1401
1158633624 4183 4203
51504 5217 13634 1637
68969 23672 2225 5567
33597 3462411041 1010
927231835018130 5666
1785951025 9822 9551

9807 2540 327 460
994 128
1699 436
1624 764
931 743
2960 455
1412 1433
1267 676
1253 600
3984 581
1655 1777
1139 758
2350 482
1385 890
495 541
627 171
565 235
418 225
530 158
1620 204
661 652
2495 296
515 1271
2967 270

414
181

56
197
351
365
221
689
321
280
261
817
322
184
350
189

65

94

85

61

82
293
151
668

255
262
993
184
488
165
81
26
92
174
179
108
331
151
127
121
352
125
73
124
73
26
36
34
25
37
151
80

17

407 269 177 117
366 245 164 110

308 211 144
270 188 130
230 164 115
203 145 104
184 132 95

168 118
155 103
160 94
221 99
341 133
254 199

85
73
63
58
60
79

600 150 119

830 748 177
652 406 376

98
90
81
74
69
62
53
45
40
36
36
48
71
46
91

138 358 227 214
129 69 183 119 116 29

436 58 32

81 198
200 34
75 93
37 36
12 18
46 6
87 23
88 44
53 44
159 26
70 75
60 34
53 27
139 22
51 59
27 19
49 11
30 21
10 12
15 4
14 6
12 7
20 6
81 11

27
87
16
46
18

9

3
12
22
22
13
37
16
12
10
23

8

whwhNo1Toul

88
15
12
43
8
23
10
5
2
6
12
11
6
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18 19 20+

78 52 106
73 49 103

66 45
62 42
56 39
52 37
49 35
45 32
39 29
34 25
29 22
2518
22 15
22 14
29 14
38 16
24 21
53 14

59 59
44 30
721
6
22
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Table 2.1.24c. Begigear numbers at age (1000s of fish, Maziell).

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

932875280606 84628 84869 40057 21145
592716685042206054 62044 61430 28144
585250435251503038151040 44777 42772
151644429770319613368679109426 31579
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Table 2.1.24d. Begigear numbers at age (1000s of fish, Model 21.2).

Year
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2010
2011
2012
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2016
2017
2018
2019

2020

1081730270900 78832 70914 31972 16162
673708767438192183 55797 49420 21480
713380477963544435136033 38734 32796
183906506109339082385353 95025 26124
201225130473359046 240067 268729 64185
951982142760 92559 254192167665182372

256214675388101281 65618179042115744122554 27859
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209388838850213800316772167046 23577
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Table 2.1.24e. Begiyear numbers at age (1000s of fish, Model 21.3).

Year
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

0 1 2 3 4 5
773124210752 57827 54849 24706 12242
561998557091151856 41562 38684 16614
572491404960401405109133 29165 25571
127910412521291793288439 77118 19674
171617 92168297237209763203314 52069
812864123663 66411213745148367138369
190084585729 89108 47816152731103285
730098136970422058 64068 34087105941
341520526088 98683303133 44952 23170
197889246090379076 71033214633 30302
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535152198297 37027 73536 88438125464
517483385615142880 26594 51711 59022
256943372884277857102695 18775 34669
725274185144268675199240 71346 12038
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229760176330159698269631 65516 83517
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319156517615119289 91159 78848112838
252584229971372911 85182 61292 46158
568847182003165703267844 58997 38190
422930409892131141119052186122 36952
171786304749295350 94122 83388118856
296186123784219583212158 65557 54450
273784213421 89183157101145897 40944
202601197280153765 63913107972 91566
251862145987142138109835 43981 67060
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828613229994378062225253 34502146560
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391 270 185 127 86 59
333 234 164 114 79 54
278 198 141 100 70 49
244 173 125 90 64 46
226 158 113 82 59 43
219 144 101 73 53 39
232 133 88 63 46 34
324 139 81 54 39 29
527 197 86 50 34 25
399 313 119 52 31 21
995 229 183 70 31 19

2440 580 135 110 43 19
1618 1389 335 80 66 26
1297 792 698 173 42 36
221 620 389 353 90 23
251 120 343 220 204 53
985 124 61 177 117 112
174 435 57 28 86 59
477 76 197 27 14 43
161 193 32 86 12 7

78 72 89 15 43 6

25 36 34 44 8 22

85 12 17 17 22 4
159 42 6 9 9 12
165 79 22 3 5 5

89 81 40 11 2 3
280 43 40 20 6 1
138 138 21 20 11 3
115 63 65 10 10 6
112 54 31 33 5 5
327 49 24 14 16 3
117 129 20 10 6 7

70 48 55 9 5 3
117 26 18 22 4 2

70 46 11 8 10 2

26 29 20 5 4 5

35 10 12 8 2 2

31 14 4 5 4 1

22 12 6 2 2 2

30 9 5 3 1 1
110 14 5 3 1 O

52 53 72 1 1
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Table 2.1.24f. Beghyear numbers at age (1000s of fish, ensemble).

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

923023239569 70170 66118 30041

2020

0 1 2 3 4 S
15275
20366
31174

620772661630171944 50252 46612
636507444988474333123152 35269
156698456156319032339317 86956 23982
183424112297326953228294238794 59140
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224762615073 94248 5766016644711204111034026057

789629161081440926 67456 40918115249
362493565913115453315121 47254 27784
202430259822405645 82685222162 31932

70005 145098186261 290059 58358 150051
282327 50183 104020133349204321 39711
552891202337 35970 74050 91954132707
538966396268145030 25705 51800 61191
313048386279284057103705 18053 34608
834822224341276883202696 71680 11533
324895598240160793197773139562 45256
269319232916428695114301135685 88775
243742193020166989305661 78133 85010
760480174723138342118829206612 46630
328845545129125267 98796 81928128623
261361235749390757 89018 66244 48549
618730187339169034279272 61480 41597
462029443429134300120855193338 38834
183110331170317847 95874 84268 123905
323066131223237407227166 66441 55000
293749231512 94045169063155615 41433
212301210503165917 67080115909 97851
256613152155150860117968 46032 72258
745097 183928109046 107575 79986 28746
292982534109131846 77866 74131 49120
1039447210054 382917 94255 53890 47004
148534745070150620273653 65066 33419
658807106480534146107724189638 40290
827042472219 76346382003 75009119793
383916592816 338527 54638262011 45682
1035448275148424993241569 37592156244
189280742028197221303337164433 23017
250768135666531848140987209666 99995
147691179702 97255379779 97809130771
106034105816128797 69479260875 61363
629697 76000 75828 92139 48147164247
451312451217 54482 54024 63893 30716
451312323470323328 38985 37003 41061

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
9650 6631 4705 3367 2402 1697 1185 819 561 382 259 175119 81 168
9876 6033 4088 2894 2076 1487 1055 741 515 355 243 166 113 77 163

12846 5978 3591 2429 1726 1244 896 640 452 317 220 152 105 72 155
20329 8139 3746 2250 1527 1090 789 571 409 291 205 143 99 69 151
1555912793 5061 2329 1404 957 686 499 363 262 187 133 93 65 145
3919410066 8214 3251 1502 909 622 448 327 239 173 124 88 62 142

6634 5412 2148 995 605 415 300 220 161 117 84 60 140
748657192316847 4281 3503 1395 649 396 273 198 145 107 78 56 135
7492347002 4454510429 2657 2184 874 409 250 174 126 93 69 50 125
18034 46784 2877327191 6393 1636 1352 544 256 158 110 80 60 44 114
205531131328881 1771116798 3974 1022 850 344 163 101 71 52 39 104
9587512597 6841 1736010668 10174 2425 628 526 215 102 64 45 33 92
24558 56608 7327 398210123 6258 6014 1448 377 319 131 63 39 28 79
83142 14866 33468 4315 2353 5993 37253607 876 230 196 81 39 25 68
3822649273 8636 19219 2478 1357 3464 2167 2115 519 137 118 49 24 57
198302007324788 4311 9565 1240 6851760 11151103 275 74 64 27 45
6514 10208 9880 12080 2115 4714 618 345 895 576 578 147 40 35 41
26788 3665 5610 5412 6650 11742631 348 196 512 333 338 87 24 46
4964013934 1843 2801 2721 3377 604 1365 183 104 275 182 187 49 40
44576 23528 6354 833 1276 1258 1586 289 660 90 52 139 93 97 48
251892180210911 2905 380 588 588 752 139 321 44 26 70 48 76
6587911589 9561 4731 1264 167 262 267 348 66 153 22 13 35 63
2705133534 5658 4607 2291 617 82 131 136 180 34 81 12 7 54
23392 1398516734 2811 2290 1152 313 42 69 72 97 19 45 6 35
22164 12252 7060 8429 1431 1172 597 164 22 37 40 54 10 25 24
7287212044 6464 3730 4526 782 646 334 93 13 21 23 32 6 30
31594 38693 6224 3363 1974 2447 431 360 189 53 7 13 14 19 22
232811669719713 3165 1732 10321301 233 196 104 30 4 7 8 24
5496512065 8433 9893 1601 888 536 687 125 106 57 16 2 4 18
40147 28291 5980 4158 4903 802 451 276 359 66 57 31 9 1 13
1593220268 13710 2858 1992 2369 392 223 139 183 34 30 16 5 8
27322 827110107 6765 1410 9891190 200 115 73 97 18 16 9 7
25486 13256 3883 4724 3182 670 476 583 100 59 38 51 10 9 9
1736111651 5730 1677 2083 1429 307 222 279 49 29 19 26 5 9
21662 8134 5181 2555 759 971 679 149 110 141 25 15 10 14 8
60575 9288 3228 2047 1037 315 415 296 66 50 65 12 7 5 11
2329027043 3886 1343 870 455 141 191 139 32 24 32 6 4 8
79964 1070811801 1690 597 399 216 68 95 70 16 12 17 3 6
1196935377 4478 4886 712 259 178 100 32 46 34 8 6 9 5
51993 548815006 1878 2070 309 116 82 47 15 23 17 4 3 7
70496 24378 2435 6543 824 922 140 54 39 23 8 11 9 2 6
347283590911709 1159 3133 399 453 70 27 20 12 4 6 5 4
95602 1914519158 6194 618 1688 217 249 39 16 12 7 2 4 5
1797052866 1038510351 3368 340 943 122 143 23 9 7 4 1 6




Table2.1.25. Means and standard deviationgefABC and OFL pdffor all models and the ensemble.

Feature 19.12a | 19.12 21.1 21.2 21.3
Allow catchability to vary? no yes no no no
Allow domed survey selectivity] no no yes no no
Use fishery CPUE? no no no yes no
Estimate survey CV internally? no no no no yes
Model weight: 0.2459 | 0.2213 0.1803 @ 0.1311 0.2213
Year  Quantity Statistic| 19.12a 19.12 21.1 21.2 21.3 | Ensemblg

2021 ABC mean 118044 | 83930 128897 110619 33599 92789
2021 ABC sdev 22316 21641 26245 20106 17347 41186
2021 OFL mean 141089 | 100683 152279 132399 40597 | 110785
2021 OFL sdev 26414 25811 30727 23883 20857 48690
2022 ABC mean 105613 | 82924 115920 102594 41566 87880
2022 ABC sdev 12059 14233 15254 11607 15769 30379
2022 OFL mean 117275 93561 128750 114476 48335 98472
2022 OFL sdev 12304 15085 15880 11993 17699 32692
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Figure2.1.3. Catch by area (the Northern Bering Sea Research Area approximates the NBS survey area).
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Figure 2.1.4b Bottom trawl fishery CPUHKtarget only) Topleft: year effects, topight: month effectshottom monthly data and model fit.
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Figure 2.1.6. VAST estimates of survey density for U.S. and Russian data combined fed yelars.
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Figure 2.1.7a. VAST configuration comparison (survey index, EBS and NBS combined). Top: estimated
abundance (1000s of fish), bottom: lognormal sigma. Solid = with cold pool, dashed = no cold pool;
circles = 750 knots, squares = 100 kngtgen = Poissalinked deltagamma, red = Tweedie.
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Figure 2.1.7b. VAST configuration comparison (survey index, EBS only). Top: estimated abundance
(1000s of fish), bottom: lognormal sigma. Solid = with cold pool, dashed = no cold pool; circlés = 75
knots, squares = 100 knots; green = Poidstked deltagamma, red = Tweedie.
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Figure 2.1.7c. VAST configuration comparison (survey index, NBS only). Top: estimated abundance
(1000s of fish), bottom: lognormal sigma. Solid = with cold pool, dashesalcold pool; circles = 750
knots, squares = 100 knots; green = Poidstked deltagamma, red = Tweedie.
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Figure 2.1.8. VAST winter longline fishery CPUE index.
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Figure 2.1.8. Comparison of the VAST survey index (in numbers of fish) and \WAiBTer longline
fishery CPUE index (proportional to weight per hook), both normalized to unity.
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Figure 2.1.8. VAST winter longline fishery CPUIBg density maps, by year.
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Figure 2.1.8. VAST winter longline fishery CPUE log densgtandard error maps.
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Figure 2.1.8. VAST winter longline fishery CPUE residual maps, by year.
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Figure 2.1.9. VAST winter longline fishery CPUE residuals quantjlgantile plot.
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Figure 2.1.10. Data update bridging analysis, shgwhe effects of updating the survey index by itself
and updating both the survey index and the agecomps. Top: Model 19.12a, bottom: Model 19.12.
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Figure 2.1.11c. Fitto VAST winter longline fishery CPUE index for Model 21.2.
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Figure 2.1.12a. Residuals frdinto sizecompdata Model 19.123 Top:fishery, bottom: sur



(o) ybus

Figure 2.1.12b. Residuals from fit to sizecomp data (Model 19.12). Top: fishery, bottom: survey.
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Figure 2.1.12c. Residuals from fit to sizecomp data (Model 21.1). Top: fishery, bottom: survey.



Figure 2.1.12d Residuals from fit to sizecomp data (Model 21.2). Top: fishery, bottom: survey.



