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Executive Summary

1. Stock:species/area.
SouthernTanner crabGhionoecetes bairjlin the eastern Bering Sea (EBS).

2. Catches: trends and current levels.

LegalsizedmaleTanner crab are caugand retained in the directéchale-only) Tanner crab fishery in
the EBS.The directed fishery was opened in 2013drdthe first time since 2009/1fkcause the stock
wasnot overfishedn 2012/13 (Stockhausen et al., 2048} stock metrics met theafe of AlaskgSOA)
criteria for opening the fishery in 2013/14. TAC was set at 1,645,0q@462 t) for the area west of
166’ W and at 1,463,000 I{6636 t) for the area east of 168/ i n t hEasteBnCBAbdlistrict of the
Bering Sea District Tarer crab Registration Area The fisheries opened on October 15 and closed on
March 31. On closing{9.6% (593.6t) of the TACwastaken in the western area whéli8.8% (654.3t)
wastaken in the eastern ardrior to the closures, the retained catch aged 770 t per year between
2005/062009/10.

Following thel a st assesamerdt E&Stockhausen, 2014), TAC was $e625000 Ibs 2,328.7t) for
the area west of 168V and ai8,480000 lbs 8,829.3t) for the area east of 16%/. On closing,77.%%
(2,328.7) of the TAC vastaken in the western area while 8. (3,829.3t) were taken in the eastern
area.

Non-retained females and sidgal males are caugint the directed fishergs bycatctand discarded

Total bycatch (not discouad for assumed haiting mortality) in the directed fishery wa&ss53t. Tanner
crab are also caught as bycaitclthe snow crab and Bristol Bay red king crfidheries in the groundfish
fisheries and, to a minor extein,the scallop fisheryOver the last five years, tsgow crab fishery has
been the major source of Tanner crab bycatch among these fisheries, avei&ginépr the 5-year
period2010/11-2014/15. Bycatch in the snow crab fishery in 2015 was5,433t. The groundfish

fisheries have been the next major source of Tanner crab bycatchesamiiive year time period
averaging72t. Bycatch in the groundfish fisheries in 2015 was423t. The Bristol Bay red king crab
fisheryhas typically beethe smallest source of Tanner crab bycatch among these fisheries, avéraging
t over theb-year time periodalthough297t caught and discarded in 2015.

In order to account for mortalityf discarded @b, handlingmortality ratesareassumed to b&2.1% for
Tanner craldiscardedn the cralfisheriesand80% forTanner craldliscarded in the groundfish fisheries
to account for differences in gear and handling procedures used in the various fisheries.

3. Stock biomass: trends and current levels relativargin or historic levels
For EBS Tanner crab, spawning stock biomass is expresseata® male biomass (MMBit the time
of mating (mid FebruaryFr om t he aut h o (Model Ap estinfated MMV&Ear 200445 e |



was71.6thousand {Table 19, Fig. 60). This wadarger tharthatfor 2013/14 (60.6 thousand t)The 204
model estimate for 2BI14 MMB was 72.7thousand tMMB had undergone a slight downward trend
since its most recent peak in 3000, but 204/15 represents a return to valugghtly higherthanthat
peak.lt remains abovéhe very lowlevels seen in the mifi990s to early 20004990 to 2005 average:
29.3thousand t)However, it is considerably belomodelestimatedistoric levels in the early 1970s
when MMB peaked atZB.2 thousawl t (1972/73).

4. Recruitment: trends and current levels relative to virgin or historic levels.

From t he aut ho (Model ApDamdetdpriheestimatedotdl redruitment in 20%/16
(number of crab entering the population on JulisB0.71million crab Table18, Fig. 62. Recruitment
is estimated to hawteclinedfrom apeak last yeaof 1240 million.

5. Management performance

(a) Historical status and catch specifications (millions Ib) for eastern Bering Sea Tanner crab.

Biomass TAC Retained Total Catch
Year MSST (MMB) (East + West) Catch Mortality OFL ABC
2011/12 25.13 129.17 0.00 0.00 2.73 6.06 5.47
2012/13 36.97 130.84" 0.00 0.00 1.57 4193 18.01
2013/14 37.43 160.28" 3.11 2.78 6.14 55.89  39.29
2014/15 29.53° 157.78 15.10 13.58 20.19 69.40 55,51
2015/16 116.39° 61.14° 48.92°

(b) Historical status and catch specifications (thousands t) for eastern Bering Sea Tanner crab.

Biomass TAC Retained Total Catch
Year MSST (MMB) (East + West) Catch Mortality OFL ABC
2011/12  11.40 58.59" 0.00 0.00 1.24 2.75 2.48
2012/13 16.77 59.35" 0.00 0.00 0.71 19.02 8.17
2013/14 16.98 72.70% 141 1.26 2.78 25.35 17.82
2014/15 13.40° 71.57 6.85 6.16 9.16 31.48 25.18
2015/16 52.80° 27.73° 2219

Ad Estimated mmass at the time of mating for the year concerned. Note this represents a revised estimate, based on the
subsequent assessment, from the projection the previous year.

Bd Projected biomass from the current stock assessment. This valbe wpdated next year.

CoBased on the aut Nadeld)s preferred model (



6. Basis for the OFL

Basis for the OFL (thousands t).

Years to
Current B/Busy define Natural
Year Tier® Busy MMB”  (MMB)”*  For” Busy"  Mortality
2012/13 3a 33.45 58.59 1.75 0.61yrt 19822012 0.23yf*
2013/14 3a 33.54 59.35 1.77 0.73yi' 19822013  0.23 yi*
2014/15 3a 29.82 63.80 2.14 0.61yrt 19822014 0.23yf*
2015/16 3a 26.79 52.80 1.97 0.64 yi* 19822015  0.23 yi*

Ad Calculated from the assessment reviewet lye Cr ab Pl an Team in 20XX of 20XX/YY or
model for 20%5/16.
Bd Nominal rate of natural mortality. Actual rates used in the assessment are estimated badiffexgnt

Current male spawning stock biomass (MMB3 projectedor 2015/16js estimated &2.80thousand t.

Bwsy for this stock is calculatetth be26.79thousand t, so MSST i3.40thousand.tBecause current

MMB > MSST, the stock is not overfished Total catch mortality (retained + discard mortality in all

fisheries using a discard mortality rate 82.1% for pot gear and 0.8 for trawl géan 2014/15 was9.16

thousand t, which was less than the OFL fdt42tb (25.18 thousand t); consequentbyerfishing did

not occur. The OFL for 20b/16based on t he aut(Moda Ais2773thedsandtr ed mode
The ABG.for 2015/16, based on thp” ABC, is 27.70thousand tin 2014, the SSC adopted a 20%

buffer to calculate ABC for Tanner crab to incorporate concerns regarding model ubcéotainis

stock. Based on this buffer, the ABC would be 22.19 thousand t.

7. Rebuilding analysesummary

The EBS Tanner crab stock wiasind to be above MSST (and,&) in the 2012 assessmeRugolo and
Turnock, 201P) and was subsequently declareduilt. Consequently no rebuilding analyses were
conducted.

A. Summary of Major Changes

1. Changes (if any) to the management of the fishery.

TheScience and Statistical Committee (SSC) of the North Pacific Fisheries Management Council
(NPFMC)movedthe Tanner cratstock from Tier 4 to Tier 3 fostatus determinatioand OFL setting in
October2012based on a newdgiccepted assessment model (Rugolo and Turnock, 2(&taa)s
determination and OFL setting fdier 4 stocks generally depend current surey biomass and a proxy
for Busy based on survey biomass averaged over a specified time period. In Tier 3, status determination
and OFL setting depend animodelestimated value for current MMB at mating tiaewell agproxies

for Fysy andBysy based on sgwning biomasperrecruit calculations anaverageaecruitment to the
population over a specified time period. The change from Tier 4 to Tier 3 resulted in retargigonin
the Bysy used for status determination from &8thousand in 2011to 33.45thousand t in 2012.
Concurrently, the estimated assessnyeatr MMB increased from 26.73 thousand t in 2011 to 58.59
thousand t in 2012. As a consequettlee,status of Tanner crab changed from being an overfssbheki
following the 2011 assessmentdoethat wasnot-overfishedollowing the 2012 assessment. The stock
was subsequently declared rebuilt and an OFL of 19.02 thousand t was set for 281t2ug8h the

stock was declared rebuilt as a result of the 2012 assessment, the directed fisfearpdorcrab
remained closed by the SOA on the basis of its algorithms for setting harvest levels.



In the September 2013 assessment (Stockhausen et al., 2013), the Tanner crab stock was again found to
be not overfished. For the 2013/14 fishing season, @ &ened the fisheries for Tanner crab and set

Total Allowable Catch limits in the two areas in which Tanner crab is commercially fished in the eastern
Bering Sea (east and west of 18% in the Eastern Subdistrict tife Bering Sea Districkanner crab
Registration Area Fig. 1). TAC was set at 1,645,000 16&46.2 t)for the area west of 168V and at

1,463,000 Ib$663.6 t)for the area east of 18@/. The fisheries opened on October 15 and closed on

March 31.0n closing,79.6% (593.6t) of the TAC vastaken in the western area whéli8.8% (654.3t)

wastaken in the eastern arePrior to the closures, the retained catch averaged 770 t per year between
2005/062009/10.

Following thel a st agsesamerdt (Stockhausen, 2014), TAC was set at 6,62550@0328.7 t) for
the area west of 168V and at 8,480,000 Ibs (3,829.3 t) for the area east S\MI66n closing,77.%%
(2,328.7) of the TAC vastaken in the western area while 8. (3,829.3t) were taken in the eastern
are.

At the March, 2015 SOMBoard of Fish meeting, the Board adopted a revised harvest strategy for Tanner
crabin the Bering Sea Distrittwherein the TAC for the area east of 1®6longitude would be based

on aminimumpreferred harvest size @27 mm CW 5.0 incheg, includingthe lateral spines. Formerly,

this calculation was based on a minimum preferred size of 140 mm CW (5.5 inches). The TAC in the area
west of 168 W longitude continues to be based on a minimum preferred harvest size of 127 mm CW
(including lateral spings

2. Changes to the input data

During the two past years, and involving considerable effort, the set of stations and hauls constituting the
Astandar do dat a srelated freads in abaridance| biotmashagd size canpositions from

the annual NMB EBS bottom trawl! survey was redefined for each crab stdnkptove sampling

design and consistency across thepit® year datasébDaly etal.,inprep).. The fol do dat ase
stations with multiple haul & ocaws®qc iast evce | Wi tals smpene
inconsistent strata definitions across the time series. The new dataset consists of a single haul per station

and strata definitionthatare temporally consistent. In conjunction with this effort wlegghtat-size

regressionsised to convert crab abundance to biomass were also réVeigcet al., in prep.)

New surveysize compositiog have been calculated from the 12185 annual survey results and

incorporated into this assessmdntaddition, the weighat-size regresens used in past assessments

have been updated to reflect the standardized trawl survey regreBsioosmparison purposes, survey

time series based on the Aol dod survey dataset hav
survey and moderesultsshowing a progression from the old time series to the new time haxiedeen

compared.

Much of the crab fishery dafeom 19962013/14 was realculated last yed6tockhausen, 2014y D.
Pengilly and H. Fitch (ADF&G), including: 1) retainsze frequencies; 2) effort (number of potlifts);
and 3) bycatch numbers, biomass and size frequencies from fish ticket and docksidgeearabatrver
sampling. These data were notcadculated this year, except to update the 2013/14 data. Estimates of
total retained biomass and abundance, as well as retained size frequencies by shell condition, in the
2014/15 directed fishery were providedMy. Pengilly based on fish ticket data and dockside observer
sampling. Mr. Pengilly also provided estimate§ ahner crab bycatch (sepecific numbers, biomass
and size compositions) in the 2014/15 diredtadner crapsnow crab, and Bristol Bay red king crab
fisheries

1 . ) ) . .
https://aws.state.ak.us/OnlinePublicNotices/Notices/Attachment.aspx?id=100244



https://aws.state.ak.us/OnlinePublicNotices/Notices/Attachment.aspx?id=100244

Much of the data concerning Tanner crab bycatch in the groundfish fisheries (biomassnpizsitams)

was recalculated last year and incorporated into the 2014 assessment (Stockhausen, 2014). This year,
these data were updated for 2013/14 and nextisacted for 2014/15 from the groundfish observer and
AKFIN databases.

The following tablesummarizesiata sources that have been updédethis assessment

Updated data sources.

Data source Data types Time frame Notes Agency
NMFS EBS Bottom Trawl Surveyabundance, biomass, size compositions 2015 new NMFS
NMFS EBS Bottom Trawl Surveyabundance, biomass, size compositions 1975-2015 new standardizationr  NMFS
Directed fishery retained catch (numbers, biomass) 2013/14, 2014/15 updated, new ADFG
retained catch size compositions 2013/14,2014/15 updated, new ADFG
effort 2013/14, 2014/15 updated, new ADFG
total catch, discards (biomass) 2013/14, 2014/15 updated, new ADFG
total catch, discards size compositions 2013/14,2014/15 updated, new ADFG
Snow Crab Fishery effort 2013/14,2014/15 updated, new ADFG
total catch, discards (biomass) 2013/14, 2014/15 updated, new ADFG
size compositions 2013/14,2014/15 updated, new ADFG
Bristol Bay Red King Crab Fishemffort 2013/14, 2014/15 updated, new ADFG
total catch, discards (biomass) 2013/14, 2014/15 updated, new ADFG
size compositions 2013/14, 2014/15 updated, new ADFG
Groundfish Fisheries total catch, discards (biomass) 2013/14,2014/15 updated, new NMFS
size compositions 2013/14,2014/15 updated, new NMFS

3. Changego the assessment methodology.

The computer code for a nessessment modeas substantiallipeen completedut was not used for

this assessment. It wibe reviewed by the CPT in May, 2QI®he currentassessment remaiassentially
unchangedrom last yeaseeStockhausen, 2014ppendix 3 for a detailed description of tharrent

model) Options to use an alternative fishing mortality model (Gmaasmpose a lognormal error

structure when fitting to fishery catch data, and to require logistic selectivity curves to reach 1 in the

| argest model size bin were implemented in the cu
preferred modeldr status determination and OFL setting is the same as the model adopted last year by

the CPT (Model Alt4b).

4. Changes to the assessment results

Results from t he thisyear®Modél s, Dataset Dazereasendblwinolal to thee
from the previous assessmeabnsidering the large number of changes in the (primsuityeyrelated)
data.Average recruitment (1982resent) wasstimated a187.90millioni n | ast year 0s
it was estimated dt79.37mi | | i on i n eférredemodelthistyeamn® was pstimated at®L yr
last year and 64 yr™ this year. Bsy was estimatd at29.82thousand t last yeand26.79thousand t
this year.

model



B. Responses to SSC and CPT Comments

1. Responses to the most recent two sets@B88 CPTtcomments on assessments in gen@xaite: for
continuity with the previous assessment, the following includes comments prior to the most recent two
sets of comments.]

June 2015 SSC Meeting
Commentii The SSC woul d | i ket ocok raesisteesrsanteen ta aruetghuoerséts tfo
used in the assessment. The SSC appreciates the a
but requests consistency in which unit geqeeste used
consistency in the units chosen for tables and figures, requests that units cited in the table match the
values in the tables, and suggests authors refer
ResponseData sources vary widely as to units used, as do figures for which historical comparisons with
previous assessments may be of interest. It would be convenient to standardize completely to metric units,
but this is nohecessarilyesponsive to public acegibility. When units vary, it is generally because one
choice affords a reasonable scale and another does not (, e.g. 1 kg vs 0.001 t). However, the author has
made an effort to accommodate this request in most instaltlemugh some inconsistencies lpably
still exist

May 2015 Crab Plan Team Meeting
No general comments.

January 2015 Crab Modeling Workshop
CommentThe team requested authords use the new NMFS
assessments, but provide comparison runs with theurley dataset for comparison.
ResponseThis has beemddressed in this assessment.

October 2014 SSC Meeting
No general comments.

September 2014 Crab Plan Team Meeting
No general comments.

June 2014 SSC Meeting
No general comments

January 2014 Crab Maling Workshop
CommentThe CPT requested dall assessment authors sho
September 2013 assessments by replacing the bycatch data in the crab fisheries with updated data from
Bi |l |l Gaeuman us i ngmethddand bysaplacmgd the NMFSesunzeyg data it
recalculated series based on updated methodologies so the CPT can evaluate the implications of these
changes to the data. o
ResponseThis was addressed for the crab bycatch data provided by W. GaeutmaViatyt 2014 CPT
Meeting (seeittp://www.npfmc.org/wpcontent/PDFdocuments/membership/PlanTeam/Crab/CrabSafel4/tanner_rev.docx
The revised NMFS time series data (abundance, biomass and size frequencies) is incorporated into this
assessment.

Commenti The CPT recommends that assessment authors i
survey] time series on size frequencies. o
ResponseRestts (e.g., abundance and biomass estimates, size frequencies) for the revised NMFS trawl
survey data have been incorporated into this assessment and compared with results using the old survey
data.


http://www.npfmc.org/wp-content/PDFdocuments/membership/PlanTeam/Crab/CrabSafe14/tanner_rev.docx

2. Responses to the most recent two sets of SSC areb@REnts specific to the assessmididte: for
continuity with the previous assessment, the following includes comments prior to the most recent two
sets of comments.]

June 205 SSC Meeting
No specificcomments.

May 2015 CPTMeeting
Commenti The CPT agrees that the September 2015 asses
frequencies and be based on an assessment that 1ig
ResponseThis has been done.

Comment iThe assessment aionSepteamber 20h5ausirlg the rew gnd ariginalr e s u | t
trawl survey data to allow the i mpact of wupdating
ResponseThis has been done.

Comment AFuture explorationéshould consider the i mp:
natual mortality and how the model behaves if Q for the most recent years is assumed known rather than
being estimated. 0

ResponseModel runs have been completed to address this issue, but time was not sufficient to complete

the analysis.

Commentii T h e CQuRlTike tw see the results of analyses based on this (new) model at its September
2015 meetingo.

ResponseThe new model is currently undergoing testing. Time constraints precluded presenting interim
results at this point to the CPT. These will be presgkat the Modeling Workshop (if there is one), or at

the May2016CPT meeting.

Commenti The CPT reiterates its suggestions from the
sensitivity of the results to the prior on Q shou
ResponseModel runs have been completed to address this issue, but there was not sufficient time to
complete the analysis.

CommentThe CPT recommends that model results for the four model configurations be provided to the
September 2015 meeting: 1) the 2014 medtd 2015 data added (Model 1), 2) Model 1, with revised
trawl survey time series (Model 2), 3) Model 2, with survey selectivity constrained to 1 for at least one
size class (Model 3), and 4) Model 3, with a lognormal likelihood for the fishery catch data.
ResponseResults from these configurations are provided in the assessment.

Commenti The CPT recommends that the change W n minin
for TAC setting) be addressed for OFL calculation by setting the retention ¢ornthe areas east and

west of 1660W with the approach currently used to compute selectivity for the area west\of 166

ResponseThis has been addressed in the assessment.

October 2014SC Meeting
Commenti The SSC encour ages twe modalosuch asttiraarygng grdwthitoe al t er n
help address retrospective bias and patterns in other residuals
ResponseThis can be addressed in the future with the new model code (currently being tested), but not
with the current model.



Commentii T h e [So®rCoueges authors to explore model alternatives withouvtingang
selectivity for the groundfish fishery.o

Response: This can be addressed in the future with the new model code (currently being tested), but not
with the current model.

Commenti The SSC al so encourageséuse of MSE to explor
stock status and yield under various sources of uncertainty

ResponseA good suggestion but a major undertakifigis representsraopportunity for a PhD student

or postdoctoral researcher.

Commenti The SSC encourages efforts to obtain better
ResponseGrowth increment data on ~60 individuals was collected in the EBS this spring by NMFS and
ADF&G researchers. The author lodksward to incorporating the results of this study into the

assessment context.

September 2014 CPT Meeting
Commenti Ex pl ai n/ justify the three periods used for g
ResponseThe 19731987 time period represents the time of foreignjamd-venture fishing, the 1988
1996 represents the beginning of the domestlyg groundfish fisheries, and the start of the 1pg&sent
time period (1992003/4) is when the directed Tanner crab fishery was closed. It seems reasonable to
assume that cinges in fleet composition associated with the transition to a dorosdyidleet would
involve changes to selectivity. It also seems reasonable to assume that closure of the Tanner crab fishery
and concern over prohibited species catches (i.e., crabyl\attat fishing behavior, thus affecting
selectivity. These periods are hawited in the current code and cannot be changed without a lot of
difficulty. However, it will be possible to investigate this issue more fully when the new model code
completes tsting.

Commenti Exami ne of <c¢larify why the different H scena
mortality for the directed fishery. o
ResponseThis issue was addressed at the May 2015 CPT meeting.

Commentii Ex ami ne i s s u e dfthe sizé compesitiontresiduals far fetaibhed males and
total males in the directed fishery. Consider exploring alternative growth components, specification of
sample sizes, or a combination of fishing selectivity and handling mortality is causkig rsis 0
Responselot yet addressed.

June 2014 SSC Meeting
Commenti Exami ne retrospective patterns of models bei
Responsel tried to address this issue for this assessment. Unfortundielgutrent model code is not set
up tomakeretrospectivemodel rungn a timeeffective manner. This is addressedhenew modekode
currently being tested

May 2014 Crab Plan Team Meeting
Commenti Compar e actual di sdimated distardedacatch ljseparatelyifor directée |
fisherybycat ch, snow crab bycatch, red king crab byca
ResponsePlots and tables making these comparisons are provided in the assessment.

3. Older comments thatere addressed this year mmain to be addressed:

Commenti The SSC recommends conducting a management s
[sic] the longterm consequences of alternative harvest rates on stock status and yield under various
sources of uncertainty. o

Responselt will not be feasible to addreshis request at least until the new model code is completed.



Commenti The SSC continues to encourage alternative n
[i.e., retrospective patternsinmodels t i mat ed bi omass] , -vawyimggoowth ii ncl usi ¢
function may addresséo

ResponseThe option for timevarying growth (constant over blocks of time) has been implemented in

the new model code that is currently under testing.

Commenti The SSCéencour ages -asompilatiorroballdgaht ar esvoiuerw easndd r e
ResponseThe review has been initiated and is ongoing. W. Gaeuman (ADFG)-bagaeted size

composition data from the ADFG crab fisheries databases for (dockside) retained catch in the directed
Tanner crab fishery and total and discardatch in the directed, snow crab, and BBRKC fisheries. | have
re-extracted size frequencies for Tanner bycatch in the groundfish fisheries from the NMFS groundfish
observer database which | have adjusted to the crab fishery year-(iutg B0) from thgroundfish

fishery year (Jan.-Dec.31). Effort in the directed Tanner crab, snow crab and BBRKC fisheries has been
painstakingly reevaluated by D. Pengilly (ADFG), resulting in substantially revised estimates for effort

in the Tanner crab fishery prinilgrduring the early 1990s. R. Foy (NMFS) is also revising data from the

NMFS trawl survey; changes, however, will not be reviewed until the 2015 Crab Modeling Workshop.

Commenti The CPT recommended that a sensikemimth&#e ity analy
Tanner crab assessmentéo
ResponseA sensitivity analysis addressing this issue was presented to the CPT at its May 2015 meeting.

Commenti Col | ecti on of growth data specific to the Ta
researchprioi t y. o

Responseindividuals were collected by NMFS, ADF&G, and BSFRF in May 2015 to address this issue.

The author looks forward to incorporating the results of this study into the assessment..

Commenti Eval uat e t he f dgss(antBiysh) fortthe stack usiegshie estimaated oh g
recruitment and MMB during the pe$982 period, and compare tothgg  MSY pr oxy. 0O
ResponselNot yet addressed.

Commentii |l f ti me permits, apply the groundfish plan t
synthesize the available information on stock str
ResponselNot yet addressed.

CommentThe CPT fArecommends that cr adirucareteptate]ls appl y t
criteria for considering spatial i ssues in stocks
Responselot yet addressed.

CommentThe CPT fArecommends that all assessment autho
under those assumptions to test the ability of the modedtimate key parameters in an unbiased

manner . 0

ResponselNot yet addressed. Simulation testing will be possible with the new model now being tested

(an R package has been developed already to facilitate this using independent code).

CommentThe CPTencur ages aut hors to fiédevel op approaches
process err or 0 -composiian datafaccounts for gampling edroe butgrot trigber

variability in selectivity).

ResponseThe size at 50% selected is allowediéoy annually (1992+) for males in the directed fishery,

but the size at 50% retained is not. Given the recent change in minimum preferred size used to calculate
TAC in the area east of 188, it may be a good idea to allow this to vary annually, as kdwing

annuallyvarying selectivity in the discard fisheries may be problematic in terms estimability. However,

these sorts of issues can be addressed with the new code currently undergoing testing.



Commentii PI ot t he i nput e fetomposilionabdats \emsus theeffectivesamplef or t h
sizes inferred by the fit of the model €0
ResponselNot yet addressed.

Commentii Al 1 ow M for i mmature as wel |-83dtlsedateeon ur e mal es
changes in abundance do not suggest thgtroature males declined substantially) and test whether it is
necessary to allow female M to change over time. 0

ResponselNot yet addressed.

Commenti Consi der t r aeaviations ¢excapt for whuch catchhiknokwn to be zero) as

parameters, andclude the fishing mortalitgffort relationship as a pridrthis will allow the uncertainty
associated with this relationship to be reflected
ResponselNot yet addressed.

Commenti Consi der f i tt i ng?)andtotheconpdsitiondl data eathes than o ynatsree
bi omass (include the fit to mature biomass by sex
ResponselNot yet addressed.

Commenti Do not fit to male compositional dat-a by mat
maturity relationships are not available. o

ResponselNot yet addressed.

Commenti There is still a r e s-Gompostbn dataforthe sumey.iTims t he f i t
could be due to timgarying growth, which should be examined amdnt er nati ve model . 0

ResponselNot yet addressed.ime-varying growth (using time blocks) is an option in the new model
codenow being tested

Commenti A maj or concern for the CPT was the inabilit
discardsintheEBS now cr ab and Bristol Bay red king crab f
conduct further analyses in which mimicking the o

ResponseThe model appears to fit male discard mortality in the snow crab fishdgfeil. Discard

mortality for females in the snow crab fishery and both sexes in the BBRKC fishery are very small. | tried
using a lognor mal error structure this year to fi
that were assumedhik is an area for continued development.

1C



C.Introduction

1. Scientific name.

Chionocoetes bairdiianner cralis one of five species in the gerdsionoeceteéRathbun, 1924)The

common name f TGbaindg rWidrldhbdnsf cert al . 1989) was recen
Tanner crabo (McPaughlto ehialchafa@gs).the term AT
refer to other members of therqus, orthe genusasawhdlee r eaf t er t hanocemmonahar
wi || be used in reference to fisouthern Tanner cr a

2. Description of general distribution

Tanner crabs are found in continental slelters of the north Pacifitn the east, their range extends as
far south as Oregon (Hosie and Gaud®@r4) and in the west as far south as Hokkaido, Japan (Kon
1996). The northern extent of their range is in the Bering Sea (Somerton,188dm) they are found
along the Kamchatka peninsula (Slizkin 1990) to the west and in Bristol Bay to the east.

In the eastern Bering Sea (EBS), the Tanner crab distribution may be limited by water temperature

(Somerton 1981a).he unit stock is that defined across the geographic range of the EBS continental shelf,

and managed as a single ufiiig 1). C. bairdiis conmon in the southern half of Bristol Bay, around the

Pribilof Islands, and along the shelf break, althoughls#hg a | si zed OWadneéavigefo@sl 38 mm
and immature females of all sizes are distributed broadly from southern Bristol Bay northwest to St.

Matthew Island (Rugolo and Turnock, 20LIEhe southern range of the cold water congener the snow

crab,C. opilio, in the EBS is near the Pribilofidsmds (Turnock and Rugolo, 201The distributions of

snow and Tanner crab overlap on the shelf fromapprately 56° to 60°N, and in this area, the two

species hybridize (Karinen and Hoopes 1971).

3. Evidence of stock structure

Tanner crabs in the EBS are considered to be a separate stock distinct from Tanner crabs in the eastern
and western Aleutian IslandNPFMC 1998). Somerton (1981suggests that clinal differences in some
biological characteristics may exist across the range of the unit stock. These conclusions may be limited
since terminal molt at maturity in this species was not recognized atdefithat analysis, nor was

stock movement with ontogeny considered. Biological characteristics estimated based on comparisons of
length frequency distributions across the range of the stock, or on modal length analysis over time may be
confounded as asalt.

Al t hough the State of Alaskabs (SoOkisstdtlare vest str a
differenteast and west of 188/, the unit stock of Tanner crab in the EB$pears to encompass both

regions ana&omprises crab throughout the geographitge ofthe NMFS bottom trawl surveltvidence

is lacking that the EBS shelf immeto two distinct, nofintermixing, nonrinterbreeding stocks that

shouldbe assessed and managed separately.

4. Life history characteristics

a. Molting andShell Conditio
Tanner crab like all crustaceansiormally exhibita hardexoskeleton of chitin and calcium carbonate.
This hard exoskeleton requirieslividualsto grow through a process referred to as molting, in which the
individual sheds its current hard shell, revealing a new, larger exoskeleton that is initially soft but which
rapidly hardens over several days. Newigltedcrabi n t hi s fi s o flevunarabletod phase
predators because they are generally torpid andfeaveefensed discovered Subsequent to hardening,
an individual s shell provi eépfanaldf sett hgmeont ganbsm
barnaclesind bryozoas The degree of harshell fouling was once thought to correspond closely to
postmolt age and led to a classificationT@nnercrab by shell condition (S survey and fishery data
similar to thatdescribed in the following tabl®&MFS/AFSCRACE, unpulished:
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Shell Conditio
Class

Description

0

pre-molt and molting crab

1

carapace soft and pliable

2

carapace firm to hard, clean

carapace hard; topside usually yellowish brown; thoracic sternum and underside of legs yi
with numerous scratches; pterygostomial and bronchial spines worn and polished; dactyli
meri and metabranchial region rounded; epifauna (barnacles and leech cases) usually pre
but not always.

carapace hard, topside yellowish-brown to dark brown; thoracic sternum and undersides o
data yellow with many scratches and dark stains; pterygostomial and branchial spines roul
with tips sometimes worn off; dactyli very worn, sometimes flattened on tips; spines on m
and metabranchial region worn smooth, sometimes completely gone; epifauna most alwa:
present (large barnacles and bryozoans).

conditions described in Shell Condition 4 above much advanced; large epifauna almost
completely covers crab; carapace is worn through in metabranchial regions, pterygostomiz
branchial spines, or on meri; dactyli flattened, sometimes worn through, mouth parts and ¢
sometimes nearly immobilized by barnacles.

Although these shell classifications continudé@ppliedto crabin the field, it has been showtimat there
is little real correspondence between puosit age and shell classifications SC 3 through 5, other than
that they indicate that thiedividual has probably not molted within the previous y@&avisi et al, 1996)

In this assessment, crab classified iB@s3-5 have been aggregatads S b led | 0o
these are crab likely to have not molted within the previous yrearsimilar fashion, crab classified in

SCs 02 have been combinedls i n e w ,dndiealing that theseaale crab have certainly (SCs 0 and

1), or are likely to have (SC 2)olted within the previous year.

b. Growth

cr ab,

Growth inimmatureTanner craltarger than 25 mm C\Wroceeds by a series afinualmolts, up to a
final (terminal) molt to maturity{amone et al., 2007Growth relationshipspecific toTanner crab in
the EBS arainknown although data was collected this May on individual molt incresm&ugolo and
Turnock (2012) derivedthe growth relationships for male and female Tanner asswd in thisand

previousassessmesfrom data orobserved growtin males to approximately 140 mm carapace width
(CW) andin females to approximately 115 mBW that were collected near Kodiak Island in the Gulf of

Alaska (Munk, pers. comm.; Donaldson et al. 198hg relationship between pmeolt and posmolt
size for mées and females was modeledhas parameter exponential functions of the general form
W Gw ,wherey is postmolt size (CW)andx is premolt size. Theresulting parameters are:

sex parameter
a b
male 1.55 0.94¢
female 1.76 0.915

Rugolo and Turnock (201@pmpared the resulting growth per molt (Qpelationships with those of
Stone et al. (2003) for Tanner crab in southeast Alaska in terms of the overall pattern of gpm over the size
range of crab and found that the pattern of gpm for both males and females was characterized by a higher

rate of growh to an intermediate size (AM0 mm CW) followed by a decrease in growth rate from that

size thereafteiSimilarly-shaped growth curves were found®ymerton (1984) andDonaldson et al.

(1981) as well

Previous work bysomerton (1981astimated groth for EBS Tanner crab based on modal size

frequency analysis of Tanner crab in survey data assumitgrminal molt at maturit5 o mer t on 0 s
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approach did not directly measure molt incrementshégifindings are constrained by not considering
that the prgression of modal lengths between years was blesealiserab ceased grang after their
terminal molt tomaturity.

c. Weight atSize
Previously, trawl survey biomass calculations were made for surveys conducted before 2010 and for those
conducted after 2009 using different weiglsize parameter values in powaw models of the form
0 &3 (Daly et al., 2014; table belowRRugoloand Turnock (2018 deriveda separate set vfeight
at-sizeparameterfor male, immature femajland mature female Tanner crialthe EBSbased on special
collections ofsizeand weight datduringthe summebottomtrawl surveygin 2006, 2007 and 2009.
Powerlaw models of the formd @3y , where w is weight in grams and z is size in mm,@W&fe fit
to the survey datd hese relationshipsere used irthe 2012, 2013 and 20bk$sessmesto convert
individual size to biomass the assessment modela consistent fashion across all yedise various
parameter values are presented in the following table:

Category
assessment modg trawl survey trawl survey
cex maturity (2012-2014) (pre-2010) (2010-present)
a b a b a b
males all 0.00016  3.134 0.00019 3.09894 0.00027 3.022134
all -- -- 0.00182 2.70462  -- --
females immature | 0.00064 2.794 -- -- 562 2.81692
mature 0.00034  2.95f -- -- 0.00044:. 2.89868¢

Therelationships used for the 202D14 assessments and the {#8Q9 surveys differ slightly at the

largest crab sizes, bhoth give substantially larger weigkdssize than the pr2010 relationshipsT@ble

1, Fig. 2). This year,m conjunction with the NMFS trawl survey standardizatibe,pre2010 weightat-
sizeregressionsvere dropped and the ped09weightat-sizerelationships weradopted as standard

and are used for the entire survey time series (Daly et al., in prep.). To be consistent with the survey data,
| propose to adopt the nestandard survey parameters for use in this and subsequent assessments. Model
runs using both the Rugolo and Turnock (28l2arameters and the new standard survey parameters are
compared below.

d. Maturity andReproduction
It is nowgenerallyaccepted that both Tanner crables (Tamonet al. 2007) and females (Donaldson
and Adams 1989) undergderminal moltto maturity, as in most majid crabBemalesisuallyundergo
their terminalmolt from their last juvenile, or pubescent, instar while being grasped biegDumaldson
and Adamsdl989).Subsequent mating takes place annually in a hard shell state (Hilsinggahé#§ter
extrudi ng clutdhefedge Whilé rmafing involving ekhell adult females has been
documented (Donaldson and Hicks 1977), fertile egg clutches ganodheced in the absence of males by
using spernstored inthe spermathacae (Adams and Paul 1983, Paul and Paul 1992). Two or more
consecutive egg fertilization events can follow a single copulation using stored spermiddied the
new clutch (Paul982, Adams and Paul 1983jthoughegg viability decreases with time and age of the
stored sperm (Paul 1984).

Maturity in males can be classified either physiologically or morphometrically. Physiological maturity
refers to the presence or absence ofrspgaphores in the gonads whereas morphometric maturity refers

to the presence or absence of a large claw (Brown and Powell 1972). During the molt to morphometric
maturity, there is a disproportionate increase in the size of the chelae in relationa@paee (Somerton
1981a). While many earlier studies on Tanner crabs assumed that morphometrically mature male crabs
continued to molt and grow, there is now substantial evidence supporting a terminal molt for males (Otto
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1998, Tamone et al. 2007). A cogsence of the terminal molt in male Tanner crab is that a substantial
portion of the population may nevachievelegal size (NPFMC 2007).

Although observations are lacking in the EBS, seasonal differences have been observed between mating
periods for pubscent and multiparous females in the Gulf cigka and Prince William Sounthere,
pubescent molting and mating takes place over a protracted period from winter through early summer,
whereas multiparous mating occurs over a relatively short period duithgpril to early June

(Hilsinger 1976, Munk et al. 1996, and Stevens 2000). In the EBS, egg condition for multiparous Tanner
crabs assessed between April and July 1976 also suggested that hatching and extrusion of new clutches
for this maturity stabegan in April and ended sometime in riidne (Somerton 1981a).

e. Fecundity
A variety of factors affect female fecunditycluding somatic size, maturity status (primiparous vs.
multiparous), age post termirmaolt, and egg loss (NMFS 20p4f these facts, somatic size is the
most important, with estimates of 89 to 424 thousand eggs for females 75 to 12Wmespectively
(Haynes et al. 1976Maturity status is another important factor affecting fecundgitth primiparous
females being only ~70% asdund as equal size multiparous females (Somerton and MeyersTi983).
number of years post maturity molt, and whether or not, a female has had to use stored sperm from that
first mating can also affect egg counts (Paul 1984, Paul and Payl AgigiRionally, older senescent
females often carry small clutches or no eggs @reharren) suggesting that female crab reproductive
output is aconcaveunction of age (NMFS 2004

f. Size at Maturity
Rugolo and Turnock2012h estimatedige at 50% maturtor femalegall shell classes combingfitom
data collected in the NMFS bottom trawl surveg&i8 mmCW, and74.6 mm CWor new shell
females For malesRugolo and Turnock20123 estimated classification linesing mixtureof-two-
regressions analysis define morphometric maturity for the unit Tanner crab stock, and for thestadi
components east and west of M6 based orchela height and carapace widkdta collected during the
2008 NMFS bottom trawl surveyhese rules were then applied to hiital survey data from 1992007
to apportion male cra#ssimmatureor maturebased on sizéRugolo and Turnock, 2012HRugolo and
Turnock(20123 found no significant differences between the classification lines of thetacib
componentsie., easand westof 166°'W), or between the suftock components and that of the unit
stock classification lineSize at 50% matur®r males(all shell condition classes combinedas
estimatedat 91.9 mmCW, andat 104.4 mm CWor new shell maleBy comparison, Aengand Kruse
(1999) used knifeedge maturity at >79 m@Ww for females and >112 m@W for malesin development
of the current SOA harvest strategy

g. Mortality
Due to the lack of age informatidor cralh Somerton (1981a) estimated mortality separately for
individual EBS cohorts afnmatureand adult Tanner craBomerton postulated thatje five crab (mean
CW =95 mm) were the first cohort to be fully recruited to MMFS trawl survey samplingearand
estimated an instantaneous natural mortality rate of 0.35 for this ssseusiag catch curve analysis.
Using this analysis with two different data sets, Somerton estimated natural mortality rates of adult male
crab from the fished st& to range from @0 to 0.28When using CPUE data from the Japanese fishery,
estimate®f M ranged from 0.13 to 0.18omerton concluded thastimates oM from 0.22 to 0.28
obtainedrom models that used both the survey and fishery data were the most representative.

Rugdo and Turnock (201d) examined empirical evidence for reliable estimates of oldestwdzsage

for male Tanner cratinlike its congener the snow crab, information on longevity of the Tanner crab is
lacking. Theyreasoned that longevity in a virgin pogtibn of Tanner crab would be analogous to that of
the snow crapwhere longevity would be at least 20 yeargen the close analogues in population
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dynamic and lifehistory characteristic§lurnock and Rugolo 20BL Employing 20 years as a proxy for
longevity and assuming that this age represeitiite upper 98.5th percentile of the distribution of ages in
an unexploited population, Mras estimated to be 0.23 basedHmenigd s1988)method If 20 yearswas
assumed to represent the 95% percentile ofigtglilition of ages ithe unexploited stockthe estimate

for M was 0.15.Rugolo and Turnock (20HLadopted M=0.23 for both male and female Tarhemause
thevalue corresporetlwith the range estimated by Somer{@9881a) as well aghe value used in the
analysis to estimate new overfishing definitiamslerlyingAmendment 24 to th€rab Fishery
ManagemeniPlan (NPFMC 2007).

5. Brief summary of management history.

A complete summary of the management history is provided in the ADK&& Management Report
appended to the annual SARESheries have historically taken place for Tanner crab throughout their

range in Alaska, but currently only the fishery in the EBS is managed under a federal Fishery
Management Plan (FMIRPFMC 1998)The plan defers certain management controls for Tanner crab to
the State of Alaska, with federal oversight (Bowers et al. 2008). The State of Alaska manages Tanner crab
based on registration areas divided into districts. Under the FMP, the state cadisitlictst as needed to

avoid overharvest in a particular area, change size limits from other stocks in the registration area, change
fishing seasons, or encourage exploration (NPFMC 1998).

The Bering Sea District of Tanner crab Registration Aréag] {) includes all waters of the Bering Sea

north of Cape ®$landieastoktlie UsRussid Makitimd Boandary Line of 1991. This

district is divided into the Eastern and Wast Subdistricts at 1797. The Eastern Subdistrict is further

divided atthe Norton Sound Section north of the latitude of Cape Romanzof and east of 168°W and the
General Section to the south and west of the Norton Sound Section (Bowers et aln20@8jeport, |

use the terms fdAeast r egi tomfertodhe cegiomsxdensatcated byglB6o n 0 a s

In March 2011, the Alaska Board of FisherBf3F) approved a new minimum size linhirveststrategy

for Tanner crab effective for the 2011/12 fishd®yior to this changehe minimum legal size limivas

5. B88 mm CW) throghout theBering Sea DistrictThe new regulations established different

minimum size iimits east and west of 188/. The minimum size limit for the fishery to the eaft

166Wisnow4 . 8 0 ( QV@ and thahto the west4 . 4 0 ( QW) 2vhererthe size measurement

includes the lateral spindSor economic reasons, fishenayadopt larger minimum sizes fogtention of
crabinbothareas and t he SOAb6s harvest strategy aedl tot al
on assumediinimumpreferred sizes that are larger than the legal minimums. In 2011 ph@saum

preferred sizewere seat5 . 540mii@W)intheeasa nd 5 0 QW) id the westincluding the

lateral spinesin 2015, following a petition by thcrab industry, the BOF revised the minimum preferred

size for TAC calculations in the areaeastofM6 | ongi tude to 50 (127 mm CW),
western area. The new size will be used in setting the TAC for the 2015/16 fishery season.

In previous assessmentsh e t er m fivhsaisea thefemi@nhake sra®138 mm CW(not

including the lateral spinesjlthough thisvas nd strictly correctas itreferredt o t he i ndustryos
Apreferredod cr abaswellagtothem ntihneu ne assitz er eigni othhe east us
harvest strategy for TAC settinBecause the previous fishery season was conducted under the 2011
harvest strategy (and minimum preferred siQGes), I
138 mm CW in this assessment.

Landings of Tanner crab in the Japanese pot and tangle net fisheries were nepbet@eriodl965

1978, peaking at 19.95 thousand 1869.The Russian tangle net fishery was prosecdtethg 1965

1971 with peak landis in 1969 at 7.08 thousandbth the Japanese and Russian Tanner crab fisheries
were displaced by the domestic fishery by the-18@0s Table2; Fig.s 3 and4). Foreign fishing for

Tanner crab ended in 1980.
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The domestic Tanner crab pot fishelgvel@edrapidly in themid-1970s Tables2 and3; Fig.s 3 and4).
DomesticUS landings were first reported for Tanner crab in 1968 at 0.46 thousand t taken incidentally to
the EBS red king crab fisherygble2). Tanner crab was targeted thereafter by the dambeet and
landings rose sharply in the ead$70s, reaching a high of 30.21 thousand t in I/¥(Tables 2 and3;

Fig. 3). Landings fell sharply after the peak in 197gthrough the early 1980s, and domestic fishing was
closed in 19886 and 19867 due to depressed stock statns198788, the fishery reopened and

landings rose again in the [a1880s to a second peak in 1#8Dat 18.19 thousand t, and then fell

sharply through the mi@d990s.The domestic Tanner crab fisherasclosed betweeth996/07 and

200405 as a result of conservation concerns regarding depressed stocKistetogened in 20096 and
averaged 0.77 thousand t retained catch betweerd@PB809/10 Tables 2 and3). For the 2010/1-1

2012/13 seasons, thet&e of Alaskaclosed directed commercial fishing for Tanner crab due to estimated
female stock metricgeing belowthreshold adoptedn the statéarveststrategy However, these

thresholds were met in fall 2013 and the directed fishery was opened in 2013/14. TACatas set
1,645,000 Ibs (746.2 t) for the area west of°MyGand at 1,463,000 Ibs (663.6 t) for the area east df 166
W in the State of Alaskads Eastern Subdistrict of
October 15 and closed on March 31. On closi®ggs (5936t) of the TAC had been taken in the

western area while86% (654.3t) had been taken ihe eastern area. Prior to the closures, the retained
catch averaged 770 t per year between 2008008/10.Following thel a s t agsessmerit s
(Stockhausen, 2014), TAC was set at 6,625,000 Ibs (2,328.7 t) for the area weS\dfaribat

8,480,000 Ib (3,829.3 t) for the area east of 186. On closing,77.24 (2,328.7t) of the TAC wastaken

in the western area while @96 (3,829.3t) were taken in the easternare

Bycatchanddiscardlosses of Tanner crab originate from the directed pot fisherydineated snow crab

and Bristol Bay red king crab pot fisheries, and the groundfish fish@iabéed, Fig.5). Bycatch

estimates are converted to discard mortality using assumed handling mortality rates of 32.1% for bycatch
in the crab fisheries and 8084r bycatch in the groundfish fisherid®ycatch wagersistently high during

the earlyl970s; a subsequent peak mode of discarddassmurred in the eary990s.In the early

1970s, the groundfish fisheries contributed significantly to total bycatshdésom 1992/93 (when

reliable crab fishery bycatch estimates are first available) to 2004/05, the groundfish fisheries accounted
for the largest proportion of discard mortality. Since 2005/06, however, the crab fisheries have accounted
for the largest pportion.

D. Data

1. Summary of new information

During the two past years, and involving considerable effort, the set of stations and hauls constituting the
Aistandar do dat a srelated freads in abaridance| biotmashagd size canpositions from

the annual NMFS EBS bottom trawl survey wedefined for each crab stockitoprove sampling

design and consistency across thepl® year datas¢Daly etal.,inprep.. The fAol do dat ase:
stations with multiple haul & ocaws®qc iast evce | Wi tals smpene
inconsistent strata definitions across the time series. The new dataset consists of a single haul per station

and strata definitions are temporally consistent. In conjunction with this effort, theeiglat regressions

used to convert crab abundance wnéss were also revisetiaple 1, Fig. 1

Two sets of size compositions were employed in this assessment. The first dataset consisied df tthed
surveysize compositionased in the 2014 assessment, which wedated witrsize compositionfom

the 2A5 bottom trawl surveyThe second dataset consisted of survey size compositions from 1975 to

2015 based on the fAnewod standardized survey datas

Much of the crab fishery data from 1992013/14 was realculated last yeg6tockhausen, 2014y D.
Pengilly and H. Fitch (ADF&G), including: 1) retained size frequencies; 2) effort (number of potlifts);
and 3) bycatch numbers, biomass and size frequencies from fish ticket and docksiegearmbaterver
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sampling. These data were notcadculated this yearxeept to update the 2013/14 data. Estimates of
total retained biomass and abundance, as well as retained size frequencies by shell condition, in the
2014/15 directed fishery were providedMy. Pengilly based on fish ticket data and dockside observer
samping. Mr. Pengilly also provided estimates of Tanner crab bycatchsfseoific numbers, biomass

and size compositions) in the 2014/15 directed Tanner crab, snow crab, and Bristol Bay red king crab
fisheries.

Much of the data concerning Tanner crab bycatdhe groundfish fisheries (biomass, size compositions)
was recalculated last ye@o standardize to the crab fishery year, rather than the groundfish fishery year,
and to utilize new estimates by ADF&G statistical areas) incorporated into the 2024sessment
(Stockhausen, 2014). This year, these data were updated for 2013/14 andxtexehed for 2014/15

from the groundfish observer and AKFIN databases.

Updated data sources.

Data source Data types Time frame Notes Agency
NMEFS EBS BottomTrawl Survey abundance, biomass, size compositions 2015 new NMEFS
NMEFS EBS BottomTrawl Survey abundance, biomass, size compositions 1975-2015 new standardization NMEFS
Directed fishery retained catch (numbers, biomass) 2013/14, 2014/15 updated, new ADFG
retained catch size conpositions 2013/14, 2014/15 updated, new ADFG
effort 2013/14, 2014/15 updated, new ADFG
total catch, discards (biomass) 2013/14, 2014/15 updated, new ADFG
total catch, discards size compositions 2013/14, 2014/15 updated, new ADFG
Snow Crab Fishery effort 2013/14, 2014/15 updated, new ADFG
total catch, discards (biomass) 2013/14, 2014/15 updated, new ADFG
size compositions 2013/14, 2014/15 updated, new ADFG
Bristol Bav Red King Crab Fishery effort 2013/14, 2014/15 updated, new ADFG
total catch, discards (biomass) 2013/14, 2014/15 updated, new ADFG
size compositions 2013/14, 2014/15 updated, new ADFG
Groundfish Fisheries total catch, discards (biomass) 2013/14, 2014/15 updated, new NMFS
size compositions 2013/14, 2014/15 updated, new NMEFS

2. Data presented as time series

For the stock biomass and fisherydata e sent ed in this document, the coc
the year in which the NMFS bottom trawl survey was conducted (nominally July 1, yyyy), and fishery

data are those subsequent to the survey (July 1, yyyy to June 30, y&\g:12008/09ndicates the

2008 bottom trawl survey and the winter 2008/09 fishery.

a. Total catch
Retained catch (100006s t) in the directed fisheri
(Japan and Russia) and the dorned#tet, starting in 1965/66s presented ifable2 (and Figs 3 and4)
by fishery year. More detailed information on retained catch in the directed domestic pot fishery is
provided inTable3, which lists total annual catchesrinmbers of crab and biomass Ips), as well as
the DAO6s Guideline Harvest Level (GHL) or Total Al
participating in the directed fishery, and the fishery season. Information from the Community
Development Quota (CDQ) is included in the totals starting in 2005/06.

b. Information on bycatchral discards
Annualbycatchandli scards (10006s t) of TahledfaedFigebamd® by s e x
from crab observer samplingtarting in 1992/93 for the directed Tanner crab fishery, the snow crab
fishery, and th BBRKC fishery. Annual discards for the groundfish fisheries are also provided starting in
1973/74, but sex is undifferentiated.
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c. Catchat-sizefor fisheries, bycatch, and discards
Retained (male) catch at size in the directed Tanner crab fisheryanolings data is presentedriy. 7
by fishery regiorfor the most recent fishery perioftem 2006/07-2014/15. Size compositions of total
catch (retained + discards) fraafiseacrabfisheryobserveisamplingin the directed fishergire presented
by shell condition and fishery regiam Fig. 8 for malecraband inFig. 9 for female crabSize
compositions foifanner cralibycatch in the snow crab fishery fratseacrabfisheryobserver sampling
arepresentedby shell conditionin Fig. 10 for males and inFig. 11 for femalesFig.s 12 and 13 present
similar information for the BBRKC fisher¥ig.s 14 and b presentelativecatch size composition
information from groundfish observer sampling in the groundfish fisheries for undifferentiated nthles an
females, respectively, from 1973/74 to the present. Raw sample sizes (number of individuals measured)
for the various fisherieare presented ihables 5-9.

d. Survey biomass estimates
Survey biomass estimates are not direct inputs to the stock assessment modelsinstsasize
compositions and sespecific weightat-size regressions from Rugolo and Turnock (2012a) are used to
calculate the corresponding sgpecific mature surveyidimass on an annual basis. This approach has
been used since the 2012 assessment (Rugolo and Turnock, 2012a). These biomass estimates, while
similar in scale, do not correspond exactly to corresponding time series published in recent survey
technical memanda for several reasons. First, the minimum size of crab included in the assessment
model is 25 mm CW, while the fAtech memoo time ser
applies a single sexand maturity statspecific weightat-size regresion to the entire size composition
time series when calculating survey biomass components, whereas, prior to the survey standardization
this year, the tech memos applied different regressions 0@ and pos?009 survey data. Third,
maturity state fofemales in the assessment has been based on morphological characters observed during
the survey (clutch size), while prior to 2015 a sizepmint was used to classify females as mature or
immature in the tech memos. Fourth, maturity state for mald®iassessment has been based on a
maturity ogive developed by Rugolo and Turnock (2010), while another sipeiotitwvas used to
classify male maturity for the tech memos.

Compari sons among survey b

survey considered in this assessment are shown in Fig.

compositions from the Aol dod survey dattsiazeset , with
regressions; 2) Dataset C: size compositfomsom t he Anewd survey dataset,
(2012a) weighats i ze r egressions; and 3) Dataset D:- Datase
at-size regressions. The largest differences, as judged by differences in survey biomasssestccur

early in the time series (i.e., before 1985). The change in waigite regressions (from Dataset C to D)

has very little impact on the time series.

i omass ttheNdFSstrawl i es der i
6. The three flavors are: 1) Dataset A: size

Estimatedor mature maldiomassmaturefemalebiomass, antbtal biomass in the survewsed on the
size compositions from the new standardized survey dataset (stations/hauls andtesizght
regressions) used in the assessment modedased from 2@lto 204 by 21% for mature biomass,
decreased 17% for mature females, and increased%ydr3all crab (> 25 mm CW) but decreased from
2014 to 2015 by 24% in all three categofieig. 17).

e. Survey catcfat-length
Plots of surveyize compositions, expanded to total abundaareepresented for male and female crab in
Fig.s B and19, respectively, bghell condition and fishery regioBample sizes for these size
compositions are presentedliable11.
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f. Other time series data.
Spatial patterns of abundanirethe 202-2015 NMFS bottom trawl surveys are plottedrig.s20-24 for
immat ur e mal es prefenred umal ena | eismmdt ure femal esA and
table of annual effort (number of potlifts) is provided for the snow crab and BBRKC fishEsiae 12).

3. Data which may be aggregated over time:

a. Growth-per-molt
Sexspecific gowth curves derived by Rugolo and Turnock (204:@) presented iRig. 5. These curves
provide the basis for priors aexspecificgrowth estimated within the assessment model.

b. Weightat size
Weightatsizerelationshipaised in the assessment model for males, immature females, and mature
females are presentedTiable 1 and depicted in Fiy.

c. Size distribution at recruitment
The assumed size distribution for recruits to the populatitime assessment modebiesented iffrig.
26.

4. Information on any data sources that were available, but were excluded from the assessment.
The 1974 NMFS trawl surveyasdroppedentirelyfrom the new standardized survey dataset due to
inconsistencies in spatial coverage with gtandardized dataset.

E.Analytic Approach

1. History of modeling approaches for this stock

Prior to the 2012 stock assessmé@iainner crab was managed as a-Histock using a survdyased

assessment approach (Rugolo and Turnock 20Thk)Tier 3 Tanar Crab Stock Assessment Model

(TCSAM) was developed by Rugolo and Turnock and presented for review in February 2011 to the Crab
Modeling Workshop (Martel and Stram 2011), to the SSC in March 2011, to the CPT in May 2011, and

to the CPT and SSC in SeptemB811. The model was revised after May 2011 and the report to the CPT

in September 2011 (Rugolo and Turnock 2011a) described the developments in the model per
recommendations of the CPT, SSC and Crab Modeling Workshop through September 2011. In January
2012, the TCSAM was reviewed at a second Crab Modeling Workshop. Model revisions were made

during the Workshop based on consensus recommendations. The model resulting from the Workshop was
presented to the SSC in January 2(R&tommendationsom the Januar 2012 Workshop anthe SSC,

as well as Rugol o6s ,guddd changestothekmivdel. A neodekirrcorgotatingg | a n s
all revisions recommended by the CBHie SSC and both Crab Modeling Workshops was presented to

the SSC in March 2012.

In May 2012 and June 2012, respectively, the TCSAM was presented to the CPT and SSC to determine
its suitability for stock assessment and the rebuilding analysis (Rugolo and Turnobk Z0&2CPT

agreed that the model could be accepted for management afc¢kérsthe 2011/12 cycle, and that the

stock should be promoted to T@rstatus. The CPT also agreed that the TCSAM could be used as the
basis for rebuilding analyses to underlie a rebuilding plan developed in 2012. In June 2012, the SSC
reviewed the modend accepted the recommendations of the CPT. The Council subsequently approved
the SSC recommendations in June 2012. For 2011/12, the Tannamsraksessed as a Fi@stock and

the modelwasusedfor the first timeto estimate status determinatioitenia and overfishing levels.

In December 2012, a new analyst (Stockhausen) was assigned as principal authdrdionénerab
assessmeniodifications have been madettee TCSAM computer code to improve code readability,
computational speed, modeltput, and user friendliness without altering its underlying dynamics and

18



overall frameworkA detaileddescription of the 2013 model (TCSAM2013) is presented in Appendix 3

of the 2014 SAFE chapter (Stockhausen, 208dllowing the 2014 assessment, the glanhde was put

under version control using Agito software and i s
websité.

2. Model Description

a. Overall modeling approach
TCSAM is astage/sizébased population dynamics model that incorporate¢nsabe, female), shell
condition (new shell, old shell), and maturity (immature, matasajifferent categories into which the
overall stock is divided on a siapecific basisFor details of the modethe reader is referred to
Appendix 3 andRugolo andlrurnock (201B).

In brief, aab enter the modeled population as recruits following the size distributiéig.iB6 An equal
(50:50) sex ratio is assumed at recruitment, and all recruits begin as immature, new sh¥ikiciral.
modelyear,new shelljmmature recruits are added to fhapulation numberat-sex/shell

condition/maturity state/sizemainingon July 1from the previous year. Theaeethenprojected

forward to Feb. 1§ o m&® ¢ wr) and reducefbr theinterim effect of natural mortality Subsequently,

the various fisheries that either target Tanner crab or catch them as bycatch are prosecuted as pulse
fisheries(i.e., instantaneouslyfatchby sex/shell condition/maturity state/siethe directed Tanner

crab, snowcrab, BBRKC, and groundfish fisheries is calculated based on fishegjfic stage/size

based selectivity curves and fubglected fishing mortalities and removed from the population. The
numbers oburvivingimmature, new shell crabat will molt to naturity are then calculated based on
sex/sizespecific probabilities of maturingndgrowth (via molt)is calculated for all surviving new shell
crab. Crab that were new shell, mature crab becom
shel crab remain old shell. Population numbers are then adjustéuefeffects omaturation, growth,

and change in shell conditioRinally, population numbers are reduced for the effects of natural mortality
operating from Feb. 15 to Julyjl 6 1@ X wr) to calculate the population numbers (prior to
recruitment) on July 1.

Model parameters are estimated gsinmaximum likelihood approachith BayesiaHdike priorson
someparameterand penalties for smoothness and regularity on atBats. @mponententering the
likelihood includefits to survey biomass, survey size compositioeined catch, retained catch size
compositions, discard mortality in the bycatch fishedesldiscard size compaonsin the bycatch
fisheries(Stockhausen, 20}4

b. Change since the previous assessment.
Although the fishing mortality equations implemented in the current Tanner crab model (TCSAM2013)
represent a workable description of the fishing mortality process, the interpretation of the retention
function inTCSAM2013is not a simple reflection dhe ondeck sorting process (see Appendix e
fishing mortality model formulated in Gmacs, on the othexdhallows asimple and intuitive description
of the ondeck process of retention and discarding whereagdhdard model in TCSAMoes not
(AppendixA). Last year, a alternative version of the Tanner crab model implementing the Gmacs
equations (TCSAMFRev) was developed by modifying a copy of the TCSAM2013 code in Spring 2014,
with results from initial modeluns presented to the CPT in M&lowever,satisfactory runs with this
model were not achieved in time for the September CPT meeting dygésumed bug in the model
code This year, the Gmacs equations have been successfully integrated into the TCSAN@6lL8ode
as an optiorthat can be selected in the model control file. Several alternative models presented here use
the Gmacs fishery model option.

2 https://github.conwStockhausen/wtsTCSAM2013.git
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Two other optionshathavenow been implemented in the model and are incorporated in some of the
alterndive models used in this assessment are: 1) using lognormal likelihoods, as opposed to normal
likelihoods, for fitting bulk fisherycatchtime series, and 2) forcing logistic selectivity functions to 1 in
the largest model size bin.

i. Methods used to validate the cagsed to implement the model
The model code has bepreviouslyreviewed by members of the CPT and the assessan#hr

3. Model Selection and Evaluation

a. Description of alternative model configurations
Six data configuations were considered in this assessment. These are briefly outlined in the following
table:

Dataset Name Base Dataset Modifications
base (2014 assesssment) - -
2014 Corrected 2014 assessment  corrects 2013/ 14 retained catch, size frequencies
A 2014 corrected updates 2013/ 14 fisheries data, adds 2014/ 15 data; adds 2015 survey data
B A replaces old trawl survey data with new time series
C B updates 2009/ 10-present bycatch size compositionsin the groundfish fisheries
D c usesthe standardized trawl! survey LW regressions

The dataset used in the 2014 assessment is the base dataset for this assessment. Dataset D represents the
complete 2015 assessment dataset against which alt¢heative model configurations have been run.

The base assessment model (the 2014 assessment model, also referred to as Model A below) has been run
for each incremental change in the data from the base dataset to Dataset D to identify the sources of
important dataelated (as opposed to modelated) changes to the assessment results.

Soon after the September, 2014 CPT meeting, W. Gaeuman (ADF&G) discovered that the 2013/14

retained size compositions he had provided for the assessment were incogectiTh0 14 correct ed
dataset replaces the bogus size compositions with the correcFan&y)Y and corrects an additional

problem with the 2013/14 retained catch in which the values for biomass and abundance were switched in

the input files to the assessm modelFig. 28).

Dataset A updates the 2013/14 fisheries data for interim changes since the 2014 assessment and adds
abundance, biomass and size composition data from the 2014/15 fishery season for the directed and

bycatch crab fisheries, as well & the groundfish fisheries. Size composition data from the 2015 NMFS

EBS bottom trawl survey was also added to the nAol
recalculated for all size composition data, based on the approach descAlppdridix 5 of the 2014

assessment (Stockhausen, 2014).

Dat aset B r epl ac e@d974201& withsizeddmpdsitioasirom theanewdesined

standard trawl survey dataset (12MBL5). Dataset C replaces the relative bycatch size compositioms fro

the 2009/1€2014/15 groundfish fisheries with estimates of total crab bycatch by size based on an

algorithm that apportions AKRO estimates of total ggaecific bycatch available from AKFIN to size

bins using relative geapecific size compositions fmogroundfish observer sampling. Previous estimates

of relative bycatch by size were based on the assumption of simple random sampling across all gear types.

Finally, Dataset D replaces the Rugolo and Turnock (2012a) waigite regressions usédmodel
runs with allprevious datasstith the newlydefined standard survey regressiging., the regressions
formerly used with the 201present surveysyhen calculating biomagglated quantitiefom numbers
at-size
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Ten models (including the model caniration from the 2014 assessment) were evaluated against the five
datasets just described and compared with to the 2014 assessment results.-predeciéd model
configuration from the 2014 assessment, model Alt4b, was used as the base model (@ddobéze

as Model A) against which to judge the alternative models. In the interest of time, Model A was the only
model run using all five datasets; the alternative models were all run using Dataset D (the final dataset).
The principal interest in examng model results from the intermediate datasets was to more easily
disentangle assessment results due to changes in the data from changes in the model. Running a single
model against each dataset should suffice in this regard.

The ten models and the daets they were run against are summarized in the following table:

Alternative — - MoFieIConfiguration -
Model Base Model | Fishing Mortality Fishery Catch Asymptotic Datasets
Model Likelihoods Selectivity Forced?
2014 corrected,

A TCSAM2013 normal no A B.C.D
B A TCSAM2013 lognormal no D
C A Gmacs normal no D
D C Gmacs lognormal no D
E A TCSAM2013 normal yes D
F B TCSAM2013 lognormal yes D
G C Gmacs normal yes D
H D Gmacs lognormal yes D

Theten models differ as twhether the TCSAM2013 or Gmacs fishing mortality model was used,

whether the fishery catch likelihoods reflected normal or lognormal error distribution agssnanhd

whet her or not | ogistic selectivity functions wer
Selectivity For ced? 0 )weredohstuctedibynchanging one of thafeatureseof ano d e |
Abase model 0 t oesothatiacrementaltefeectsain niodet canfiguration could be

examined; the base models are listed in the second column of the table above (Model A does not really

have a base model,igthe 2014 assessment mqd&lt4b, updated to 2015).

In implementinghe lognormal fishery catch likelihoods, it was necessary to specify relative error sizes
for each data source. The same set of values were used for all modeldtlad lognormal fishery
catch likelihoods, and are documented in the following table:

Likelihood Assumed
Fshery Data Source Component oV

} . fish tickets retained catch 5%

Directed fishery at-sea observers total catch/discards 20%
snow crab at-sea observers total catch/discards 20%
BBRKC at-sea observers total catch/discards 20%
groundfish at-sea observers total catch/discards 20%

The values chosen were subjective, based on the a

chosen values can be refined in future work.
b. Progression of results from the previoussassment to the preferred basedel

Basic results for Model A (the 20lsessment model) run againstghegression oincremental
datasets from the 2014 assessment to Dataset D (the final 2015 dataset) are listed in the following table:
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. ... | Mean Recruitmen | Objective
Model | Dataset Description Converged? PosT{ve—Qeflnlte (millions) MM (10005 1) Function
essian . Value
1982+ 2000+ 1982+ 3-year mean Final Year
A (2014) 2014 |2014 assessment Yes Yes 187.9 186.8 40.5 62.9 72.7 1,701.4
A 2014 12014 data with corrected retained Yes Yes 1871 1863 | 39.1 65.1 721 1,722,
Corrected|catch and size compositions

A A 2014 + 2014, 2015 Updates Yes Yes 178.6  166.7 40.5 62.2 72.6 1,847.4
A B A + Revised Trawl Survey Time Serles Yes Yes 174.2 160.1 37.3 59.3 70.4 2,053.9
A C B + Revised Fishery Data Yes Yes 1735 161.3 36.7 58.8 70.8 2,036.(
A D C + standard LW regressions Yes Yes 179.4 164.9 36.5 59.6 71.6 2,049.1

For each runthe modekonverged successfully,gthessian was invertible, and standard deviation
estimates based on the fidelta methodo were obtain
recruitment time seriesiResulting time series for recruitment and MMBmating are listed ifabes 13

and 14and compared visually iRig.s29 and30. Correcting the 2013/14 retained catch abundance,

biomass and size compositions l@whost noeffect on estimates of recruitmearidonly small effects on

MMB (less than 5% change mean valugs Updding the 2013/14 fishery data for interim changes,

adding the 2014/15 fishery data, and adding the 2014/15 trawl survey results to obtain Dataset A led to

small declines (20%) in estimatedheanrecruitment and recent MMB1owever, it had a substantial

negative effect {35%) on estimated recruitment in 2014/15, although large changes in terminal year
estimates of recruitment are not surprising given
trawl survey time series with the new version tcagbDataset Bad little effect on terminal year

estimates of recruitment or MMB, brgsulted in decline® estimatedneanrecruitment and MMB of 5

10%due to changes in estimates earlier in the time sérfesincremental changes involved from

DatasetA to Dataset D had little impact on estimatesnefnrecruitment and MMBThe most variability

in recent recruitment occurred between 2003/04 and 2012/13, although the temporal patterns are similar.
Because different datasets are involved in each of thedel runs, it is not appropriate to compare the

model results directly using their objective function valueskdivemeasures of model fit.

Parameteestimates and associated uncertairfoegach model run are listed ifiable15.

Basic results fothe progression of alternative models from A to H are summarized in the following table:

Fishing ) Asymptotic Positive- | Mean Recruitmen ’ Objective
Model  Dataset  Mortality FI.She.W Catch Selectivity | Converged] definite (millions) MM (1000 1) Function Delta
Model Likelihoods Forced? Hessian? Value OFV
1982+ 2000+ | 1982+ 3-year mean 2014/15

A (2014) 2014 TCSAM201 normal No Yes Yes 187.9 186.8 40.5 62.9 63.8 - ==

A D TCSAM201 normal No Yes Yes 179.4  164.9 36.5 59.6 71.6 2,049.1 0.0

B D TCSAM2018 lognormal No Yes Yes 133.2 110.8 231 37.2 42.4 3,761.6 O.d

C D Gmacs normal No Yes Yes 180.9 168.1 36.4 58.2 70.6 2,112.5 63.4

D D Gmacs lognormal No Yes Yes 154.0 135.9 29.2 48.1 56.6 3,912.4 150.1

E D TCSAM201 normal Yes No No 151.0 133.1 28.3 46.7 55.3 2,052.8 3.7

F D TCSAM2018 lognormal Yes No No 147.6 126.6 25.6 41.0 47.2 3,768.7 7.d

G D Gmacs normal Yes No No 151.6 133.1 28.4 46.3 55.3 2,116.2 67.1

H D Gmacs lognormal Yes No No 149.9  130.6 27.3 45.3 53.0 3,929.5 167.3
In the above tabl e, fiDelta OFVO is the difference

model and its base comparable md@deimparable modelg@ highlighted similarly)Positivevalues for

OFV indicate that the alternative model fits the datae poorlythan the base comparable model. For the
model <configurations considered above, model s tha
functions are not comparable. Consequently, Model A was used as the base comparable model for

alternative models C, E and G while Model B was used as the base comparable muddefsb, F,

and H.Overall,Models A and B had the smallest objective functiofitstie data betteyompared tahe
comparablalternativemodesk. In addition, one of the models that forced asymptotic selectivitHjE

converged successfully. This is probably a resudttrofcturalconstraintsn the model: one possible

candidatdor a structural constraimg that fully-selected bycatch mortality rates in the groundfish
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fisheries are not explicitly sespecific in the model. When asymptotic selectivity is not forced, effective
sexspecific rates are possible if one of the assocsgadpecific selectivity functions asymptotes at a
value less than one. In the models runs where asymptotic selestgtyot forced, Models A, the
selectivity curve estimated for female bycatch in the groundfish fisheries during th& 985 fime

period asymptotes tmuchless than one in all modelBi¢. 31).

The remaining models that incorporated lognormal fishery catch likelihoods (B, D) were eliminated as
candidates for the preferred model because they tended to substanisiditythe discardnortality time

series Fig. 320 overestimating total male mortality in the directed fishery, underestimating discard

mortality in the groundfish fishery, and both undand overestimating male discard mortality in the

show crab fishery. fie models thanicorporated normal fishery catch likelihoods (A, C) fit the observed

values quite well. This indicates that perhaps the relative error levels specified for the lognormal

likelihoods overestimating the size of these errors, essentially not penalizing McatesD enough for

misfitting the fishery bycatch data. Better fitting models may be achieved by exploring alternative values
for the specified cvés. As a conseguence, however
consideration as preferred modahdidatesor this assessmerieaving only Models A and C.

Parameter values for Models A and C (as well as B and D) obtained using Dataset D areTlaal in
16.

Results for Models A and C are compared with those from the 2014 assessmenspmciex mature
survey biomass ifiable 17andFig.s 33 and 34All three models exhibit similar temporal patterns.
Estimates are nearly identical for Models A and C df@80 for both males and females. Estimates after
2005 are slightly less than those obtained last year.

Results for Models A and C are compared with those from the 2014 assessment for estimated trends in
recruitment inTable 18andFig. 35. The temporal p&trns are similar for all three models. Time series

from Models A and C are almost identical after 1975 (when trawl survey data starts to inform the
models). Since 2000, Models A and C estimates tend to be slightly lower than those from the 2014
assessmenand are substantially lower for last year (2013/14), although the associated uncertainty for
2013/14 in the assessment model (not shown) is large.

Time series gtimates oMMB -atmating for Models A and C are also alshadentical after 1975. The
temporl patterns are very similar to those from the 2014 asessasentll,but Models A and C yield
lower estimates of recent (since 2005) MMBmating.

c. Evidenceof search for balance between realistiti{ possibly overparameterizeaf)d simpler

(but notrealistic) models.
All models considered were parameterized in similar fashion, so no simpler or more realistic models were
considered

d. Convergence status and convergence criteria
Convergence iall models was assessed by runréagh model iterativelfrom a set of initial parameter
configurations. Bllowing an initial run the final parameter estimates from the run were used as initial
parameter estimates in a following run and this sequence was regigdtetes The model with the
smallest objecte f uncti on val ue was s eifitevastpesdibleacsinvertithe fic on v ¢
associated hessian and obtain standard deviation estimates for parameteAsalog=d previously,
none of the four models ¢B) that forced asymptotic selectivitpnverged successfully. All other model
runs converged, had invertible hessians, and stan
were obtained for all parameter values.
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e. Sample sizes assumed for the compositional data
Sample sizes assumed tmmpositional datased in Dataset D (the final datasa® listed inTables 48
for fisheryrelated size compositions. Sample sizes for all survey size compositions were set to 200,
which was also the maximum allowed for the fishexjated sample siseOtherwise, input sample sizes
were scald as in the 2014 assessméde Stockhausen, 20Appendix 5)

PRI _ Y'Y
YY | El¢ mie———
G Y 1T TT

where"Y"Was the mean sample size for all males from dockside sampling in the directed fighdry.
sample sizefor all thesize compositionthat comprise Dataset &re compared ifig. 37.

f. Parameter sensibility
For Models AD, evaluated using Dataset Dostmodel parameter estimates obtained fthm
alternativemodels appear to be reasomablr at least consistent with the 20dssessmerfTable 16)
One notabl e e x c egakinterceptifostheiinaahn female growtreinciement. This
parameter reaches its upper bound (0.7) in every model, including the 2014 assessmennofainéhe
exceptionifil og s el 50 _d ¢theInstade déviatiordfrerr medr) sjze at 58&dected for
males in the directed fishery for 1996, whichthi lower bounds put on the parametérg) inthe 2014
assessment and remains smdéli43) in Model A (Dataset D)This results in an unreasonably small
estimats (~75 mm CW) for size at 50%elected in 1996 in the directed fishéFie small input sample
sizes associated with total catch size frequencies in the directed fishery for 199@¢m3p be the
main factor allowing this parameter to go so small, but it is not clear what conflict in the data is pushing it
that way

g. Criteria used to evaluate the mod®lto choose among alternatimeodels
Criteria used to evaluate the alternative models includedhtd)reliability, 2) godness of fiand
likelihood criteria, 3) parameter sensibility, and 4) biological realism.

h. Residual analysis
Residuals for the aut ho relovsunderthe Results seaionmo d e | ar e

i. Evaluation of the modgd)
As discussed previously, ModelsHEwere eliminated from further consideration based on thei non
convergence. Model B and D were eliminabedause they tended to substantially-fitihe discard
mortality time seriesHig. 326 overestimating total male mortality in the directed fishery,
underestimating discard mortality in the groundfish fishery, and both g ioverestimating male
discard mortality in the snow crab fishery.

For the nost part, Models A and C gave very similar results for estimated time series. Overall, however,
Model A fit the data, with smaller penalties, much better than Model C did, as judged by comparing the
total objective functions for the two modelaple 23. Model A had an objective function that was lower
than Model C by more than 60 units, indicating a much better fit. Examination of the individual
components to the objective functidraple 23, Fig.s 38 and Bfhdicates that Model A fit the size
compositims for retained males and total male catch in the directed fishery substantially better than
Model C, size compositions for mature females in the trawl survey somewhat better (6 units), and
biomass for mature males in the survey marginally better (4 W@isimp ar i ng Pear sonds
the fits to total male catch and retained catch for Models A and C indicagertbrally the same patterns,
although what appear to be rather small differences can be identified (primarily the patterns for2005/06
2001.0).
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Model C, on the other hand, fit the data somewhat bet&2 (@its) than Model A fosize compositions
for bycatch in the groundfish fisheries and for mature males in the sas/esell afor catch biomass of
retained males artdtal males in thelirected fishery.

However, given that Model A appears to fit the data substantially better than Model C, while both models
give substantially similar results for population
the 2015 assessment. This model is esseniithtical to the 2014 assessment model selected by the

CPT last year.

4. Results (best model(s))
ModelA was selected as the authordos preferred model

a. List of effective sample sizes, the weighting factopliegh when fittiig the indicesand the
weighting factors applied to any penalties.
Input sample sizes for the various fisheglated size compositions are givermibles5-9 andFig. 37.
Input sample sizes for all surveglated size compositions were set to 20@ighing factors for
likelihood components and penalties are liste@idhle23, as are the associated objective function values
from the converged model.

b. Tables of estimates:

i. All parameters
Parameter estimates and associated standard errors, baseersinnoef theconvergegno d el 6 s He s s i a
are listed in Tablé6(nonii d e v s 0 p andia Tablé 2{rfisd)evs 0 parameters)

ii. Abundance and biomass time series, including spawning biomass and MMB.
Estimates ofnature survey biomass are listed in Tabland presented graphically in Fig.. &Bstimates
MMB are listed in Table @and presented graphically in Fig..&stimates of mature female biomass at
the time of mating (MFB) are presented graphically in FigNafmbers at size for males and females a
given by year in 5 mm CW size bins in Tables 21 and 22, respectively.

iii. Recruitment time serie
The estimated recruitment time seffiean the 2014 assessment and Model A are comparEable B
and Fig. 62.

iv. Time seres of catch divided by bionsa.
A comparison of atch divided by bionss (i.e., exploitation rate) from the 2014 assessment and Model A
(Dataset D) is presented as a graphRig 42.

c. Graphs of estimates

i. Fishery and survey selectivities, molting frabilities, and other schedaekdepending on

parameter estimates.
Modelestimated growth curvdsr om | ast year ds model HKodelAarbe aut ho
compared with empirical curves developed from growth dat&amer crab in the GOA near Kodiak
Island inFig. 43. The modekstimated female growth is almost identical to that from Kodiak, while the
modetestimated male growth curve suggests that molt increments are larger in the EBS than in the GOA.
Modelestimated sespecific probabilities at size of immature kenraolting to maturityarecomparedn
Fig. 44. The curve for males suggests an unlikely decline at the largestkuiéiss not constrained to
increaseln addition, size bins for which the curve is 1 (or 0) have corresponding parameter estimates that
are on the upper (lower) boundary of the range of allowable valbhesdoes not seem to affect model
convergence or its ability to estimate standard deviations, which would ordinarily be a concern under such
circumstances.
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Estimates of natural mortalityy sex and maturity state are showtrig. 45. Mortality rates are assumed

equal by sex for immature crab, but are allowediffer by sex for mature crab. Mortality rates for
mature crab are estimated by sex across two time pefi®d81979+19852013and 198601984. The
latter period has been identified as a period of high natural mortality in the BBRKC Blarigét al.,

2012) and was identified as a separate period for Tanner crab in the 2012 ass@&senfeliwwing table

summarizes the estimateates by stock component:

Stock component

Normal period

High Mor

tality

2014 assessmen Model A 2014 Assessment Model A
immature crab 0.24 0.24 0.24 0.24
mature females 0.33 0.35 0.37 0.52
mature males 0.26 0.26 0.66 0.92
Whil e the rates are al most identical in the

Anor m

females are substantially larger than those from the 2014 assessment. Examining the dataset progression

results, this jump occurs with the replacemerthefold trawl survey dataset with the new one to obtain

Dataset B.

Estimated total mortality selectivity curves for males in the directed fishery are very similar between

Model A and the 2014 assessment modgl.(#6). Small (< 5 mm CW) differences irestat-50%

selected occurred for 1994 and 1996. Retained mortality selectivity curves are also similar, although
Model A indicates retention at slightly smaller sizes than the 2014 assessméiig.didd)( This is due to

the difference in the estimatedeartion functions for the two models after 1990: the curve estimated by

Model A indicates a slightly less steep rise in retention probability sidey as compared with the 2014

assessment estimafighe estimated selectivity curves for females in the madehlso quite similaiHg.

49),

Estimated bycatch selectivity curves for males and females are shéwgn %0 for the snow crab

fishery, inFig. 51 for the BBRKC fishery, and ifig. 52 for the groundfish fisherie§eparate curves are
estimated for 3 different time periods for each fishegrresponding to changes in available data and

fishery activity. For the snow crab fishery, separatesgecific curves are estimated for 1989/90

1996/97, 199P8-2004/05, and @05/06present The time periods are the same for the BBRKC fishery.

The directed Tanner crab fishery was closed during 1920198/05, which may have encouraged
changes in how the snow crab and BBRKC fisheries were prosdcwittdassociated changes in
bycatch selectivity on Tanner cralmriRhe groundfish fisheries, the three time pericaisesponding to

the selectivity curveare 19731987, 19881996, and 199presentThese correspond to changes in the

groundfish fleeteind Tanner crab fisherwith the curtailment oforeign and joinrtventure fishing by

1988,the expansion adomestic fiskriesfrom 1988 to 1996, and érclosure of the tanner crab fishery in

1996/97.

The estimated selectivity curves for the snow crab fishery Maakel A are similarto those from the

2014 assessmerior both sexe$Fig. 50). The estimated selectivity curves for the BBRKC fishery are

also quite similar, except for female bycatch selectivity before 1996, in which case Model A estimated a
much smaller sizat-50% selectin, compared with the 2014 assessni&ig. 51). The prel996 curve

estimated by Model A is, however, similar to that from the 2013 assessmnelintating, to some extent,

the sensitivity of these underlying parameter estimates, in gehbiginay reflectifferences in
sex/sizespecific bycatch fishing mortality in the BBRKC fishery such that the largest females and

similarly-sized males are not subject to the same fishing mortality, as is assumed in the model by
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applying a fullyselected fishing mortalitequally to selectivity curves for both sexes. If such were the

case, the model mi ght achieve a Abettero fit to
(size at 50% selected) such that selectivity on females was less than 1 acrosgetioé szes found in

the dataA possible solution to this confounding wouldtbdix sexs pe ci f i ¢ ssi ezleesc tfeodd A f L
animals in each fishery within observed size ranges and then estimate $petific offsets to male
Afuddlyectedo fishing mortality.

A similar phenomenon may be occurring in the groundfish selectivity stovboth Model A and the

2014 assessment modElg. 52), but with effects seen on the slope of the curves for females rather on

size at 50% selected. Hooth modelsthe slopes of the female selectivity curdesing 19771996

periodare such that theurves neverreach 1 (fuly el ect ed) wi thin the model 6s
size bin corresponds to 182.5 mm CWhis did not occur in the 2013 Model, but the differanes

traced, at least in part, to the extra emphasis placed on fitting femakelbgze compositions as a result

of correctinginput sample sizes between male and female groundfish bycatch size compositions (the true
male sample sizes were always several times larger than the corresponding female ones).

Estimated survey selectivity curv@aultiplied by sexspecific survey catchabilityfpr males and females

in three time periods (1974981, 19821987, and 198 present) are shown KFig.53, together with the
selectivity curves idef éaged eomermion afteQitdd8%). ©he 6 s A un
curves are quite similar to those aipiedin the 204 assessment, except that the curve for females pre

1982 exhibits a smaller value for female catchability in the survey than was found in the 20dhersises

This is a result of using the new survey dataset

iii. Estimated full selectior over time
Estimated time series of fulyelected F on males in the direcfisthery and as bycatch in the snow crab,
BBRKC and groundfish fisheries are compared mp$-5457 between Model A and the 2014
assessmenEstimated trends are similar for the models across all four fisherigee directed fishery,
fully-selected Fpeaked in 1980 at valaéarger than 2n both modelsthen rapidly declined and was at
low levels in the migl980s. It peaked again in 1993 and subsequently declined to low levels (when the
fishery was operFig. 54. Exploitation rates (catch/biomass) in the directed fishery for total catch and
largemales> 138 mm CWollowed similar trends (i§. 42), with exploitation rates reaching almost 80%
onlargemales in 1981 and 50 % in 1993.

ii. Estimated male, female, mature male, total deffective mature biomass timsgeries

Time serieof observed biomass of mature crab in the NMFS bottom trawkgsiare comparety sex
with modetpredicted valuefor Model A (Dataset D) and the 2014 assessrimeRig. 58. Both the model
and the assessmaniderpredict mature female survey biomass inghdy 1980s andgain in the early
1990s.They also undepredictmature male survey biomass in the early 1990s as well as in the mid
2000s.The scale of thetandardizedbg-scaleresidualgFig. ) indicatesa mediocre fit, as in the 2014
assessmettetweerthe model and the data (the standard deviation of the residuals is ~2, wiiereas
would indicate a good fit)

The time series of modpredictedMMB (i.e., mature male biomass at the time of matfr@h the 2014
assessment and Model A is compareBig. 60, while mature female bioma€lFB) at the time of
mating is shown ifrig. 61 For both modls, MMB and MFB decline frorpeals in the mid1970s to low
levels in the earh1980s. This period i®llowed by buildups tanuch lowermpeaks in 1989 dilowed by
steady declines tminima in 1999. After 1999, both MMB and MFB have been on fairly steady
increasing trends

iv. Estimated fishing mortality versustiesated spawning stock biomass
See Section F (Calculation of the OFL).

28



v. Fit of a stockrecruitment relationship, if feasible.
Not available

e.Evaluation of the fit to the data:

i. Graphs of the fits to observed and mogekdicted catches
Graphs of mdel fitsto retained catchotal male (retained + discard) mortality, and female discard
mortality inthe directed fishergreprovided inFig. 63. The fits are quite good for males, but less so for
femalesModel fits to discard mortality in the snow crab fisheryig. 64 As with the directed fishery,
fits arebetterfor malesandless so for female$dodel fits to discard mortality in the BBRKC fishery are
shown inFig. 65 These fits are quite poor for both sexes. Part of the problem is that the effective
variance for fishery catch data is 1,000 t, but the observed discard mortalities, partiouldmyBBRKC
fishery, are much smaller than thisleével o ns equentl y t he model has no Am
them more closely. Model fits to discard mortality in the groundfish fisheries are sh&ign 66 and
are quite good.

ii. Graphs of modl fits to survey numbers
Model predictions for total numbers @fremales 0138 mm CW) all females, and all malés the
survey are compared with observations from the survEjgir66. The modebverpredics numbers of
largecrab in recent yearbut underpredicts the decline in survey numbers of both males and females in
the mid1980s and anticipates the subsequent increase in survey numbers o 1199@wore recenpast
(since 2000)the modetends to undestimae the numbers of both sexesthe surveyThese results
suggest that growth in the model may be too rapid

Model predictions for the number of mature males and females in the survey are compared with observed
numbers irFig. 67for Model A. The fits seem to be better than thoS&gn 66.

iii. Graphs of model fits to catch proportions bsrigth
Modelpredicted proportions at size for retained males in the directed Tanner crab fishery are presented in
Fig. 68 from the 2014 assessment and ModeBAth modek appeato fit the observe proportions quite
similarly. The peak in the predicted size compositions tends to be quite sharp in the 2014 assessment, but
more rounded in Model A. Model A oweredicts the proportion of retained small crabs in 1996, but the
input sample size for thigear is very small and thus the Hfiisis not heavily penalized.

Modelpredicted patternsom the 2014 assessment and ModdbAthe proportion caughatsize in the

directed fishery for all malesreshown inFig. 70. General esidual patterns againdicate, more strongly

than with the retained catch, that the fishery catches a larger proportion of smaller crab than predicted by
the modelexcept in 1996and catches fewer largeab than predicted by the model. Conceivably,

among other potential elgmationsthis pattern may indicate that an asymptotic selectivity curve is
inappropriate for the selection process or that the model overestimates growth into the largest size classes
for males1996 is the exception to this, and exhibits an extremady fiito the data. However, as

previously noted, the relative weight (input sample size) put on fitting this weight in the likelihood is

quite small. It is notable that the fit to the 1996 size composition for femalesitaltee directed fishery

(Fig. 71) is much better. The general pattern of residuals for femalasilargo the genergbatternfor

males It should be noted, however, that the scale of the residuals for miaegeistharthat for females.

iv. Graphs of model fits to survey propootis by length
Model fitsfrom the 2014 assessment and Model A (Dataséb Dpserved proportions at size in the
annual NMFS trawsurvey are shown for maleshig. 72. The similarity in results between the two
models is fairly remarkable, and indicatkat relative size compaositions were not substantially different
between the old and new trawl survey datasets. As with the 2014 assessment model, Model foappears
be suitably sensitive to relatively large cohorts recruiting to the model size (Ruag19972002), but
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appeato be less able to track strong cohorts through tthreehode in the model proportions at ~100
mm CW in 1982 disappears after two years, but appears to last until at least 1985 in the observed
proportions After 1982, he modelénds tounderpredict size proportions for males in the ZZ0 mm
range anaverpredict the proportion of large (> 120 mm CW) males after 2000. Model fits to
proportions at size in the sugvéor females are shown KFig. 73 The model tends tover-predit
proportionsat-size in the 685 mm CW rangeThe patterns of residudier males and femalesvidentin
the bubble plotfor Model Aare almost identical to thosbtained from the 2Qlassessment

v.Marginal distributions for the fits to thecompositional data.
Marginal fits of theModel A-predictedoroportion of cratby sizein thedirected fisherycatchshow the
model slightly oveipredicts proportions for retained males at sizes smaller than the peak and under
predicts proportions at siz&wger than the peal€ig. 74 upper graph). In contrast, the model urder
predicts proportions near the peak and somewhat smaller for all males caught (retained and discarded),
but overestimate the proportiongor crab larger than the peakig. 74 midde graph) A similar pattern
is evident for the modegiredicted marginal proportion at size for female bycatch in the directed fishery
(Fig. 74, lower graph.

The observed and predict@dodel A) marginal proportionfor males taken as bycatch in the snoab
fishery are in good agreement at all sizes, while the model tends to underestimate the proportion of
females taken as bycatch near the peak proportions9@-&m CW) and oveestimate the proportions
at lager sizes (Fig. 5, upperrow).

Theopposite pattern is true of the proportiatrsize of females taken as bycatch in the BBRKC fishery,
where intermediateize females are oveepresented in the model predictions and unepresented at
larger sizegFig. 75, middlerow). The pattern of imdelpredicted marginal proportiorat-size for males
taken as bycatch in the BBRKC fishery is similar to that found for the snow crab fishery, but shifted to
larger sizes by ~20 m@W. Unfortunately, ippresents poorer fit to the observations, overestiimg
proportions at larger sizes and underestimating them at smaller sizes, than in the snow crabtishery.
patterrs of marginal predicted proportiorad sizefor males and femaldaken in the groundfish fishery

(Fig. 75, bottom row obtained byModel A areagain quite similar tthose obtainedh the 2A4
assessmeniale proportions are ovarstimated across the size range while female proportions are
underpredicted. Somewhat oddly, the model predicts a plateau at smaller female sizes and suggests a
bimodal distribution not seen in the data.

Marginal fits of Model Apredicted proportiomt-sizes in the survey are presenteéig. 76 The
model s mar gi nal survey proportions fit the dat a
assessment

Overall, thepatterndor all of the marginal distributiorgre quite similar to those obtained in the 2014
assessment.

vi. Plots of implied versus input effective sample sizes and t#@mees of implied effective
sample sizes.
Not available.

vii. Tables of the RMSEs for the indices (and a comparison with the assumed values for the
coefficients of variation assumed for the indices).
Not available.

viii. Quantile-quantile (g-q) plots and histograms of residuals (to the indices and

compositional data) tojustify the choices of sampling distributions for the data.
Not available.

3C



fRetrospective and historic analyses (retrospect
truncating the timeseries of data on which the assessment is based; a histaticseninvolves
plotting the results from previous assessments).

i. Retrospective analysis (retrospective bias in base model or models).
As currently coded, it is not possible to perform retrospective analyses with the TCSAM in the
compressed time span@ited for this assessment. This deficiehag been addressed in the new code
undergoing testing

ii. Historic analysis (plot of actual estimates from current and previous assessments).
Many of the plots contained in this assessment feature comparisorebetsgults from the 201
assessment model and the authorés preferred model
difference between the two modgtarticularly for more recent periods (e.g., since 1990).

g. Uncertainty and sensitivity analys
Not available.

F.Calculation of the OFand ABC

1. Status determination and OFL calculation

EBS Tanner crab was elevated to Tier 3 status following acceptance of the TCSAM by the CPT and SSC
in 2012. Based upon results from the model, the stock wasguéntly declared rebuilt and not

overfished Consequently, EBS Tanner crab is assessed as a Tier 3 stock for status determination and OFL
setting.

The (total catch) OFL for 2@115 was31.48thousand t while the total catch mortality for 206 was
9.16 thousand t, based on applying discard mortality rates3@fl@or pot fisheries and 0.8 for the
groundfish fisheries to the reported catch by fleet fod2IBl(Tables 1 and 3). Therefore overfishing did
not occur.

Amendment 240 the NPFMC fishery management plan (NPFMC 2007) revised the definitions for
overfishing fo EBS crab stockshe information provided in this assessment is sufficient to estimate
overfishing limis for Tanner crab under Tier Bhe OFL control rule forTier 3is (Fig. 77):

B, Fssy , Basy 3 B

* By 71 Fory = Fisy,
B B
P! Fop =F 5 B ABC=(1-b,) * OFL
35% L 35% —
c. B < /5’ Directed fishery F = 0
BB * Fort < Fusy'

andi s based on an esti mate of Braloovertakenrast MMBsatpratinghi ng b
in the assessment year) asgawning biomass per recruit (SBR#sed proxies forysy and Bysy. In the
aboveequationsa=0.1 andb=0.25.For Tanner crab, the proxy fogéy is Fsse, the fishing mortality that

reduces th&BPRto 35% of its value for an unfished stock. Thu&.ifO is the SBPRat fishing

mortality F, then ksy is the value of fishing mortality that yield&™O 1& UkoTt . The Tier 3 proxy

for Busy is Bssy, the equilibrium biomass achieved when fishingsgd,Fvhere Bsy, is simply 35% of the

unfished stock biomass. Given an estimate of average recruitfiémend , 1@ WY JboTtT .
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Thus Tier 3 status deternation and OFL setting for 26416 require estimates & = MMB ,q15/16 (the
projectedVIMB at mating timefor the coming year Fssy, Spawning biomass per recruit in an unfished
stock Qe T ), and’Y. Current stock status is determined by the Mty for Tier 3 stocks. If the ratio is
greater than 1, thehe stock falls into Tier 3a arkebr. = Fsse, If the ratio is less than one but greater than
b, thenthe stock falls into Tier 3b arfehr is reduced from &y, following the descending limb of the
control rule (Fig. B). If the ratio is less thalp, thenthe stock falls into Tier 3and directed fishing must
ceaseln addition, ifB is less than ¥z 8y, (the minimum stock size threshold, MSST), the stock must be
declared overfished and a rebuilding plan subsequently developed.

In 2015, the SOA6s Board of Fish, under petiti

changed the minimum preferrsite for crab in the area east of MMongitudein calculations used for
setting TACs from 138 mm CW (not including lateral spines) to 125 mm CW. The minimum preferred
size in the area west of 1%8 remained the same (125 mm CW). It would be desirilpessible, to
incorporate this change in harvest strategy in the projections made to detegmisedrcalculate OFL.

In order to incorporate the spatial division of the directed fishery into two management areas into the
projection model, previous assments approached the problem using the following assumptions:

1. Thewhole-stocktotal (retained + discard) fishing mortality selectivity function, as estimated by
the assessment modah average over the last 4 years of fishiagpliedequallyto bothareas.

2. The wholestock retained mortality selectivity function, as estimated in the assessment(@amodel
average over the last 4 years of fishjrapplied to the area east of 166

3. The wholestock retained mortality selectivity function, as estimartetthé assessment model,
applied to the area west of 186, but was shifted 10 mm (twize bins) toward smaller sizes to
incorporate the difference in preferred sizes between the two areas.

4. The effective whole stock retained mortality selectivity functi@s a weighted version of the
functions in 2 and 3, with the siapecific weighting equal to the fraction of total survey
abundance derived from each area.

This approach, referred to here as the 2014 projection approach, appeared to work satisfaetorily.

selectivity functions used in the 2014 approach to calculate the OFL for Model A (Dataset D) are shown

in Fig. 78.

Because of the changes noted previously to the preferred minimum size used for TAC setting in the area

east of 168N, two new approachesane considered in this assessment, as well the 2014 approach. The

first one (fAnew (1)06) appl i edsedisep3assignanavt i onal e

retained mortality curve to the eastern area, but used a more flexible calculatenl et reention
functionthat rises to 1 at the new minimum preferred sidefteshift the retained mortality selectivity
functionestimated in the assessment modielbe consistent, this was also done for the west area (rather

than leftshifting bytwo size bins). For the 2015/16 preferred minimum sizes (which are the same in both

areas)this approach assumes the whole stock retained mortality selectivity function for 2015/16 will
simply be a lefishifted version othe average over the last foisting yearsHowever, total (retained +
discard) directed fishing mortality selectivity would be the sanmavasage over the last four fishing
years. This approach, like the 2014 approach, attempts to capture changespeaireretention while
sizespecific total selectivity remains unchangéte curves used to calculate OFL for Model A using the
new (1) approach are shownHig. 79.

The second new appr aghatbdih the fotaleivected Bshirg mortalgy seleotieitsg
and theretained mortality selectivity would be lefhifted versions of their equivalent assessment model
averages. This approach attempts to capture changes-speizéic total selectivity as well as changes in
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sizespecific retentionThe curves used to calate OFL for Model A using the new (2) approach are
shown inFig. 80.

Fully-selected fishing mortality and selectivity curves in the bycatch fisheries were set using the same
approach as ipreviousassessments (Rugolo and Turnock, 2012b; Stockhausdéh Z@#& curves used
for Model A are shown iifrig. 81.

The alternative models presented in the snow crab assessment this year resulted in substantially different
snow crab B0 S . Bec aus e ofidircormmtedintodhe &amnerfrcrab projection etod
considered two snow craftrs cenari os (based on Turnocko6s preferrt
three approaches outlined above for handling potential changes to tepesiffic patterns of retained

(and total) fishing mortality in the dirtad fisheryFor Tur nockds fApreferredodo snc
snow crab b =0.89 and recent-ear average offullp e | ect ed FOs (1.-fcd4r) to scal
average fullyselected Tanner crab discard mortality rate estimated in the assessidehtanthat used

in the projection (0. 04J32nps 1.0F theyedr average enéwdoceab RPwad 4 mo d
1.02, and the fulhselected Tanner crab discard mortality rate used in the projection model was 0.021.

OFL results from the projectiomodel using the snow cralpdf (0.89yf) from Turnockds pr e
model and the 2014 projection approach are presenfieablia 27for illustrative purposes only to show

the effects of the progression of datasets from the 2014 assessment to thed frddta8et (Dataset D).

Correcting the 2013/14 directed fishery data had surprisingly little impact on the OFL and related

guantities. The largest changes occurred with the addition of the 2015 data (Dataset A), when estimated
average recruitment dropped® Bysyd r opped 7%, and the OFL dropped 1

trawl survey dataset (A) with the finewd dataset (
as did changing to the standardized trawl survey weighize regressions (€D).

OFL results from the 6 projection model scenari os
final 2015 dataset (Dataset D), are compamebable B with results from the 2014 assessment and from

running the projection model on results frivodel C (for illustrative purposes).h e aut hor 6 s pr ef
approach is highlighted in yellow: use results from Model A (Dataset D) as the preferred model, use the

snowcrabbsf rom Turnockds preferred model , aravibusu s e t he
assessments). The choice of snow crgh ras little impact on the resulting OFL values. Somewhat
surprisingly, the 2014 and finew (1)06 projection a

should have been anticipated because the @$-calculated, is a total catch mortality @Fhot a

retained catch OFL and thus depends only on tisgal fishing mortality selectivity in the directed

fishery, and not the retained mortality selectivity, as currently formulated in the projection A®del.

discussed in Appendix,Bhe OFL is independent of the retained mortality selectivity (as currently
formul ated in the projection model). A different
approach is used, but this scenario assumes an loetative increase in directed fishing mortality on

smaller crab (lefshifted total fishing mortality selectivit§) essentially a change in fishing pattérns

while the change in the TAC setting which motivated this new approach is based on a changtan, rete

not fishing, patterns.

The estimate 0B from Model A (Dataset D preferred snow crab modeddr, 2014 projection approaih

t he aut hor 6 san@OFk daleulatiodsdh2.8dthadisand tTable B). Male gpawning biomass
per recruit in an nfished stock was calculated using the TCSAM population dynamics equations
(Stockhausen, 20} 4vith total recruitment set to 1 afighing mortality from all sources (directed fishery
and all bycatch fisheries) set tpr@sulting in%oe 1t = 0.427 kg/recruit.Fssy, Was calculated for this
scenario as 0.6, which issomewnhat larger than that calculatadt year(0.61yr™) but smaller than
that calculatedor 2013(0.73 yf*; Stockhausen, 2014
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The determination of B&y=Bssyfor Tanner cralilepends on the selection of an appropriate time period

over which to calculate average recruitmevjt After much discussion in 2012 and 2018 §SC

endorsed aaveraging periodf 1982+ Starting the average recruitment period in 1982 is consistémt wi

a 56 year recruitment lag from 1976/77, when a ¥elbwn climate regime shift occurred in the EBS

(Rodionov and Overland, 2005) that may have affected stock produciikgyalue ofY for this period

from t he aut hois¥%37npilioa.fTlerestimates ohavdrage recruitmareasonably

similar betweenthe2@las sess ment model and t he27)aThevhlwaf 6 s pref e
Busy=Bss, for Yis 26.79thousand tThus, he stocksii n o t overfisheddb(idhBrause B/
MSST).

Once e is determinedising the control ruleFig. 77), the (total catch) OFL can be calculated based on
projecting the population forward one year assumingRhafFor . In the absence of uncertainty, the OFL
would then be the pdicted total catch taken when fishing=at For. When uncertainty (e.g. assessment
uncertainty, variability in future recruitment) is taken into account, the OFL is taken as the median total
catch when fishingt F = For,.

The total catclibiomass)induding all bycatch of both sexes from all fisherieas estmatedusing
6 Fhnp 0 an B 00 2 X
@
whereC is total catch{biomass)F; . is the fishing mortality in fisherfyon crabin sizebin zby sex k),
"@r B 'Onp is the total fishing mortalitpy sexon crabin sizebin z, wy ; is themeanweight of crab
in sizebin z by sex M, is the sexspecific rate of natural mortality, s the time from July 1 tthetime

of the fishery(0.625 yr), and, ,is the numberby sexin sizebin zon July 1, 20% as estimated by the
assessment model.

Assessment uncertainty was included in the calculation of OFL using the same approach as that used for
the 2A.4 assessmensfockhausen, 2@). Basically, initial numbers at size on July 1, 8@lere

randomized based on an assumed lognormal assessment error distaibdtiba cv of estimated MMB

for 2014/15 from the assessment model, the control rule was applied to obtajraid the populatio

projected forward to next year assuming that fishing occurred consistentoyiti kis was repeated

10,000 times to generate a distribution of total catch OFhs.value of OFL for 2014/15 from the

aut hor 6s pr eModelrA) ig2d.73thoudaadt (Tdble B, Fig. 78).

Model A i s t he a udrctalculatng thepBsy@roxy asBg, doMBSTA=®.b Bsy =
13.40thousand t. Because currdht 52.80thousand t > MSSTthe stock is not overfishedThe
population state (directed F WMB) is plotted for each year from 1968914 in Fig. 79 against theier
3 harvest control rule.

2. ABC calculation

Amendments 38 and 39 to tReshery Managementidh (NPFMC 2010) established methods for the

Council to set Annual Catch Limits (ACLS). TMagnusonrStevens Act requires that ACLs be

established based upon an acceptable biological catch (ABC) control rule that accounts for scientific
uncertainty in the OFL such that ACL=ABC and the total allowable catch (TAC) and guideline harvest
levels (GHL$ be set below the ABC so as not to exceed the ACL. ABCs must be recommended annually
by the Council 6s SSC.

Two methods for establishing the ABC control rule are: 1) a constant buffer where the ABC is set by

applying a multiplier to the OFL to meet a spiied buffer below the OFL; and 2) a variable buffer where
the ABC is set based on a specified percentile (P*) of the distribution of the OFL that accounts for
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uncertainty in the OFL. P* is the probability that ABC would exceed the OFL and overfishing loccur
2010, the NPFMC prescribed that ABCs for BSAI crab stocks be established at P*=0.49 (following
Method 2). Thus, annual ACL=ABC levels should be established such that the risk of ovefishing,
P[ABC>OFL], is 49%. For 204/15, however, the SSC adopted#fler of 20% on OFLfor the Tanner
crab stocKor calculating ABCHere ABCsare providedased on both methods.

ABCs based on the*=0.49 approach were calculated from quantiles of the associated OFL distributions
such that probability that the selec#®BC was greater than the true OFL was 0.49. The resulting ABC

for each scenarivasalmost identical to the associated OHlable Z7). ABCs were also calculated using

t he Q0«0FIsbuffer Table 7).

For the aut horaddprojeciodMoedrerle dA , moTdwerinock6s pergferred s
2014 projection approagtthe P* ABG.axis 27.70thousand t while th20% Buffer ABGaxis 22.19

thousand tThe authoremainsconcerned thahe projection model, based ogdas a proxy for frsy, IS

overly optimistic regardinghe actual productity of the stock. Fishergelated mortality similar to these

ABC levels haoccurred only in the latter half of the 1970s and in 1992/8Bicident withcollapses in

stock biomass to low levels. This suggebltg Fso, may not be a realistic proxy fog,& and/or that

MMB may not be a good proxy for reproductive succasarecurrenty assunedfor this stockGiven

this uncertainty concerning the stotthe author recommend using the20% buffer adopted by the

SSC last yearfor this stock to calculaté&BC. Consequentlythea u t h mecordnsended ABCis

22.19thousand t

G.Rebuilding Analyses
Tanner crab is not currently under a rebuilding plan. Consequently no rebuilding analyses were
conducted.

H.Data Gaps and Research Priorities

Some nformation on growttpermolt has finally beerollectedin the EBSon Tanner cralfmolt

increments observed on ~60 individuals collected in May, 2015; R. Foy, AFSC, pers. doatmgn
temperaturalepadent effects on molting frequency would be helpful to assess potential impacts of the

EBS cold pool on the stock.n addi ti on, it would be extremely wor
reproductive potential than MMB and to revisit the issue of M&xies for this stock.

The characterization of fisheries in the assessment model needs to be carefully reconsidered. How, and
whether or not, the East 188 and West 168V directed fisheries should be explicitly represented in the
assessment model sholld addressed. In addition, how, and whether or not, bycatch in the groundfish
fisheries should be split into pand trawirelated components should be addressed.

It is clear that a new projection model based on the Gmacs fishing mortality modelnkedteteloped

Effort needs to continue on developing the TCSAM model code, particularly so that model output can
accommodaténe wide range of diagnostic and evaluation protoemsested of SAFE documents (e.g.,
retrospective analyses, simulation tegfirin a similar vein, the model code needs to be revised so the
model is more configurablgsingcontrol files, rather than requiring the code itself to be altered to run
different configurationsthan it currently isThese isues have been addressethenew codecurrently
undergoing testing

|. Ecosystem Considerations

Mat ure male biomass is currently used as the fdAcur
purposes. However, its relationshipstocklevel ratesof egg production, perhaps an ideal measure of

stocklevel reproductive capacity, is uncle@hus use of MMB to reflect Tanner crab reproductive
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potential may be misleading as to stock healttr. is it likely that mature female biomass has a clear
relaionship to annual egg production. For Tanner ciadfitaction of barren mature females by shell
conditionappears to vary on a decadal time scRlegblo and Turnock, 20}2suggesting a potential
climatic driver

1. Ecosystem Effects on Stock

Time seres trends in prey availability or abundance are generally unknown for Tanner crab because

typical survey gear is not quantitative for Tanner crab @eythe other handPacific cod Gadus

macrocephalusis thought to account for a substantial fractioarmfiual mortality on Tanner crab (Aydin

et al.,2007). Total P. cod biomass is estimated to have been slowly declining from 1990 to 2008, during

the time frame of a collapse in the Tanner crab stock, but has been increasing rather rapidly since 2008
(Thompsonand Lauth2012). Thissuggests hat t he rates of HAnatur al mort
assessment for the period p&880 may be underestimates (and increasingly biased low if the trend in P.

cod abundance continue$his trend is definitely one gfotential concern.

2. Effects of Tanner crab fishery on ecosystem
Potential effects ofhe Tanner crab fishery on the ecosystem are considered in the following table:

Effects of Tanner crab fishery on ecosystem

Indicator Observation Interpretation Evaluation

Fishery contribution to bycatch

salmon are unlikely to be
trapped inside a pot when
it is pulled although
halibut can be

unlikely to have
substantial effectat the minimal to none
stock level

Prohibited species

Forage (including Forage fish are unlikely to :
. U unlikely to have -
herring, Atka mackerel, be trapped inside a pot ! minimal to none
o substantial effects
cod and pollock) when it is pulled
crab pots have a very unlikely to behaving
HAPC biota small footprint on the substantial effectpost minimal to none
bottom rationalization
crab pots are unlikely to
Marine mammals and attract birds given the unlikely to have minimal to none
birds depths at which they are  substantial effects
fished

Nontargets are unlikely to

Sensitive nortarget be trapped in crab pot gee

unlikely to have -
minimal to none

speies . . substantial effects
in substantial numbers

substantially reduced in
Fishery concentration in  time following unlikely to be having robablvof little concern
space and time rationalization of the substantial effects P y

fishery

May impact stock

Fishery effects on amount Fishery selectively reproductive potential as ibl
of large size target fish removes large males large males can mate witl possible concern

a wider range of females
May impact female

Fishery contribution to discarded crab suff@ome spawning biomass and

discards and offal possible concern

; mortality numbers recruiting to the
production fishery
Fishery effects on agat- |\ unknown possible concern
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Tables

Tablel. Weightatsize relationships for Tanner crab used to convert size to weight in the current
assessment, NMFS EBS bottom trawl survey time series2p08 and pr&010), and in previous
assessments. Weights ar&ilograms, size in mm CW.

2015 Assessment/New Survey Time S¢ Old Survey Time Series (pre-2010) 2014 Assessment
Size Females Females Females
. Males . Males . Males
immature | mature immature | mature immature | mature
27.5 0.00 0.006 0.004 0.00 0.001 0.005 0.00 0.006 0.005
32.5 0.01 0.010 0.01d 0.00 0.002 0.009 0.01 0.01d 0.009
37.5 0.01 0.01§ 0.015 0.00 0.003 0.014 0.01 0.015 0.013
42.5 0.02 0.027 0.022 0.00 0.004 0.02d 0.02 0.022 0.02d
47.9 0.02 0.031 0.031 0.00 0.006 0.029 0.03 0.03d 0.029
52.5 0.03 0.042 0.042 0.00 0.009 0.04d 0.04 0.041 0.039
57.5 0.05 0.054 0.055 0.01 0.01d 0.053 0.05 0.053 0.052
62.5 0.06 0.069 0.071 0.01 0.013 0.064 0.06 0.064 0.064
67.5 0.07 0.087 0.089 0.01 0.016 0.087 0.08 0.086 0.087
72.5 0.09 0.107 0.111 0.01 0.019 0.104 0.09 0.106 0.109
77.5 0.11 0.130 0.136 0.02 0.023 0.133 0.11 0.13( 0.134
82.5 0.13 0.156 0.164 0.02 0.027 0.162 0.14 0.156 0.164
87.5 0.16 0.185 0.196 0.03 0.032 0.195 0.16 0.186 0.197
92.5 0.19 0.217 0.233 0.03 0.037 0.232 0.19 0.22( 0.235
97.5 0.22 0.253 0.273 0.04: 0.043 0.273 0.22 0.257 0.271
102.5 0.25 0.293 0.314 0.04 0.049 0.319 0.26 0.294 0.324
107.5 0.29 0.337 0.367 0.05 0.056 0.37( 0.29 0.343 0.371
112.5 0.33 0.384 0.421 0.06 0.063 0.426 0.33 0.393 0.435
117.5 0.37 0.434 0.481 0.07 0.071 0.484 0.38 0.447 0.499
122.5 0.42 0.492 0.548 0.08 0.08( 0.555 0.43 0.506 0.569
127.5 0.47 0.553 0.616 0.08 0.089 0.629 0.48 0.57( 0.645
132.5 0.52 0.619 0.697 0.09 0.099 0.709 0.53 0.639 0.729
137.5 0.58 0.689 0.774 0.10 0.109 0.795 0.59 0.713 0.819
142.5 0.65 0.764 0.863 0.12 0.121 0.889 0.65 0.792 0.914
147.5 0.71 0.845 0.959 0.13 0.137 0.989 0.72 0.874 1.021
152.5 0.78 0.931 1.060 0.14! 0.144 1.097 0.79 0.969 1.134
157.5 0.86 1.023 1.169 0.15 0.154 1.213 0.87 1.066 1.255
162.5 0.94 1.120 1.285 0.17 0.177 1.337% 0.95 1.170 1.384
167.5 1.02 1.223 1.409 0.18 0.187 1.469 1.03. 1.280 1.523
172.5 1.11 1.332 1.54Q 0.20 0.207 1.609 1.12 1.396 1.670
177.5 1.20 1.444 1.679 0.21 0.219 1.759 121 1.52Q 1.827
182.5 1.30 1.569 1.827 0.23 0.234 1.917 1.31 1.65Q 1.994
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Table2. Retained catch (males) in directed Tanner crab fisheries.

Eastern Bering Sézhionoecetes bairdRetained Catch (1000T
Year US Pot Japan Russia Tota
1965/66 1.17 0.75 1.9
1966/67 1.69 0.75 2.44
1967/68 9.75 3.84 13.6(
1968/69 0.46 13.5¢ 3.96 18.0(
1969/70 0.46 19.95 7.08 27.44
1970/71 0.08 18.92 6.49 25.44
1971/72 0.05 15.9C 4.77 20.71
1972/73 0.10 16.8C 16.9(
1973/74 2.29 10.74 13.0
1974/75 3.30 12.0€ 15.24
1975/76 10.12 7.54 17.6
1976/77 23.3€ 6.66 30.03
1977/78 30.21 5.32 35.53
1978/79 19.28 1.81 21.09
1979/80 16.6C 2.40 19.01
1980/81 13.47 13.49
1981/82 4,99 4,99
1982/83 2.39 2.39
1983/84 0.55 0.55
1984/85 1.43 1.43
1985/86 0.00 0.0d
1986/87 0.00 0.0d
1987/88 1.00 1.04
1988/89 3.15 3.14
1989/90 11.11 11.17
1990/91 18.1¢ 18.19
1991/92 14.42 14.43
1992/93 15.92 15.93
1993/94 7.67 7.671
1994/95 3.54 3.54
1995/96 1.92 1.9
1996/97 0.82 0.82
1997/98 0.00 0.0q
1998/99 0.00 0.0d
1999/00 0.00 0.0q
2000/01 0.00 0.0q
2001/02 0.00 0.0d
2002/03 0.00 0.0d
2003/04 0.00 0.0d
2004/05 0.00 0.0d
2005/06 0.43 0.43
2006/07 0.96 0.96
2007/08 0.96 0.96
2008/09 0.88 0.84
2009/10 0.60 0.6d
2010/11 0.00 0.0d
2011/12 0.00 0.0d
2012/13 0.00 0.0d
2013/14 1.25 1.2
2014/15 6.16 6.14
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Table3. Retained catch (males) in the US domestic pot fishery. Information from the Communnity
Development Qota (CDQ) fisheries is included in the table for fishery years 2005/06 to the present.
Number of crabs caught and harvest includes deadl]l
1, YYYY to June 30, YYYY+1. The ADF&G year (in parenthesiéslifferent fr om t he) AFi sher
indicates the year ADF&G assigned to the fishery season in compiled reports.

year Total Total
(ADF&G year) Crab Harvest GHL/TAC Vessels Season
(no.) (Ibs) (millionslbs  (no.)
1968/69 (1969) 353,300 1,008,900
1969/70 (1970) 482,300 1,014,700
1970/71 (1971) 61,300 166,100
1971/72 (1972) 42,061 107,761
1972/73 (1973) 93,595 231,668
1973/74 (1974) 2,531,825 5,044,197
1974/75 2,773,770 7,028,378 28
1975/76 8,956,036 22,358,107 66
1976/77 20,251,508 51,455,221 83
1977/78 26,350,688 66,648,954 120
1978/79 16,726,518 42,547,174 144
1979/80 14,685,611 36,614,315 28-36 152 11/01-05/11
1980/81(1981) 11,845,958 29,630,492 28-36 165 01/15-04/15
1981/82 (1982) 4,830,980 11,008,779 12-16 125 02/15-06/15
1982/83 (1983) 2,286,756 5,273,881 5.6 108 02/15-06/15
1983/84 (1984) 516,877 1,208,223 7.1 41 02/15-06/15
1984/85 (1985) 1,272,50.. 3,036,935 3 44 01/15-06/15
1985/86 (1986) closed closed closed closed closed
1986/87 (1987)  closed closed closed closed closed
1987/88 (1988) 957,318 2,294,997 5.6 98 01/15-04/20
1988/89 (1989) 2,894,480 6,982,865 135 109 01/15-05/07
1989/90 (1990) 9,800,763 22,417,047 29.5 179 01/15-04/24
1990/91 16,608,625 40,081,555 42.8 255 11/20-03/25
1991/92 12,924,102 31,794,382  32.8 285 11/15-03/31
1992/93 15,265,865 35,130,831  39.2 294 11/15-03/31
1993/94 7,235,898 16,892,320 9.1 296 11/01-11/10, 11/20-01/01
1994/95 (1994) 3,351,639 7,766,886 7.5 183 11/01-11/21
1995/96 (1995) 1,877,303 4,233,06.L 5.5 196 11/01-11/16
1996/97 (1996) 734,296 1,806,077 6.2 196 11/01-11/05, 11/15-11/27
1997/98-2004/05  closed closed closed closed closed
2005/06 443,978 952,887 1.7 49 10/15-03/31
2006/07 927,086 2,122,589 3.0 64 10/15-03/31
2007/08 927,164 2,106,655 5.7 50 10/15-03/31
2008/09 830,363 1,939,571 4.3 53 10/15-03/31
2009/10 485,676 1,327,952 1.3 45 10/15-03/31
2010/11 closed closed closed closed closed
2011/12 closed closed closed closed closed
2012/13 closed closed closed closed closed
2013/14 1,426,670 2,751,124 3.108 32 10/15-03/31
2014/15 7,442,93.. 13,576,105 15.105 100 10/15-03/31
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Table4.

Tot al

bycatch

(10006s

t Tiotal di$card'naortatitewas c r a b
calculated assumingortdity ratesof 0.321 in the crab fisheries and 0.80 in the groundfish fisheries

Discards (1,000's t) of Tanner Crab by Fishery Total Discar(
Tanner Crab Snow Crab Red King Crab |Groundfish | Mortality
Year Male Female| Male Female| Male Female All (1,000's t)

1973/74 17.734 14.184
1974/75 24.444 19.554
1975/76 9.40¢8 7.526
1976/77 4.699 3.759
1977/78 2.776 2.22]
1978/79 1.864 1.495
1979/80 3.397 2.719
1980/81 2.114 1.691
1981/82 1.474 1.179
1982/83 0.444 0.359
1983/84 0.671 0.537
1984/85 0.644 0.514
1985/86 0.39¢ 0.314
1986/87 0.644 0.519
1987/88 0.64( 0.512
1988/89 0.464 0.37d
1989/90 0.671 0.531
1990/91 0.943 0.754
1991/92 2.541 2.034
1992/93 6.175  1.003 25.759  1.787 1.1828  0.029 2.758 13.744
1993/94 3.87C  1.02§ 14530 1.814 2.967  0.198 1.76( 9.249
1994/95 3.13C 1.27¢ 7.124 12713 0.00C  0.000 2.096 5.784
1995/96 2.762 1.760 4.797 1.759 0.00C 0.000 1.524 4.774
1996/97 0.11€  0.04§ 0.833 0229 0.027 0.004 1.597% 1.68(
1997/98 0.00C  0.000 1.75C 0.224¢ 0.168  0.003 1.179 1.632
1998/99 0.00C  0.000 198 0179 0.11¢ 0.003 0.934 1.481
1999/00 0.00C  0.00d 0.695 0.145 0.07€  0.004 0.63( 0.80(
2000/01 0.00C  0.000 0.14¢ 0.023 0.067 0.002 0.734 0.6671
2001/02 0.00C  0.00d 0.323 0.011 0.042 0.00Z 1.184 1.069
2002/03 0.00C  0.000 0.557 0.037 0.062 0.003 0.721 0.78¢
2003/04 0.00C  0.000 0.193 0.024¢ 0.05€  0.003 0.424 0.421
2004/05 0.00C  0.000 0.07€ 0.014 0.048  0.003 0.676 0.5871
2005/06 0.462  0.044 0.968 0.043 0.042 0.002 0.621 0.994
2006/07 1.37C  0.355 1462 0.169 0.02¢  0.003 0.717 1.66(
2007/08 2.041  0.097 1872 0.104 0.05€ 0.009 0.694 1.896
2008/09 0.431 0.014 1.11¢ 0.05 0.26¢  0.004 0.531 1.034
2009/10 0.071  0.002 1.324 0.014 0.15C 0.00% 0.374 0.801
2010/11 0.00C  0.00d 1.344 0.014 0.033 0.00% 0.231 0.637
2011/12 0.00C  0.000 211¢ 0.014 0.017  0.000 0.203 0.852
2012/13 0.00C  0.000 1.187 0.009 0.042 0.00% 0.153 0.52(
2013/14 0.387  0.023 1832 0.01§ 0.112  0.00% 0.344 1.044
2014/15 2,515 0.039 5383 0.050 0.29¢  0.001 0.423 2.998
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Table5. Sample sizeBom the recalculated fishery dédta retained catclat-size in the directed fishery.
N = number of individuals. N* = scalesdmple size used in assessment.

new + old shell
N N'

1980/81 13,310 97.8
1981/82 11,311 83.1
1982/83 13,519 99.3
1983/84 1,675 12.3
1984/85 2,542 18.7
1988/89 12,380 91.0
1989/90 4,123 30.3
1990/91 120,676  200.C
1991/92 126,299  200.C
1992/93 125,193  200.C
1993/94 71,622  200.C
1994/95 27,656  200.C
1995/96 1,525 11.2
1996/97 4,43C 32.6
2005/06 705 5.2
2006/07 2,940 21.6
2007/08 6,935 51.0
2008/09 3,49C 25.6
2009/10 2,417 17.8
2013/14 4,760 35.0
2014/15 14,055  103.3

year

Table6. Sample sizeBom the recalculated fishery ddta total catchat-size in the directed fishery,
from crab observer sampling. N = number of individuals. N" = scaled sample size usedsmasse

N N'
year |males females|males females

1991/92| 31,252 5,604  200.C 40.2
1992/93| 54,836 8,754  200.C 62.8
1993/94| 40,386 10,471  200.C 75.1
1994/95 5792 2,132 42.6 15.3
1995/96 558¢ 3,119 41.1 22.4
1996/97 352 168 2.6 1.2
2005/06| 19,715 1,107  144.¢ 7.9
2006/07| 24,226 4,432 178.C 31.8
2007/08| 61,546 3,31  200.C 23.8
2008/09| 29,166 646  200.C 4.6
2009/10( 17,289 147 127.C 11
2013/14| 17,287 710 127.C 5.2
2014/15| 85,114 1,193  200.C 8.8
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Table7. Sample sizeom the recalculated fishery ddta total bycatckat-size in the snow crab fishery,
from crab observer sampling. N = number of individuals. N" = scaled sample size asedsisment

N N'
year males females|males females
1992/93 6,280 859 46.1 6.3
1993/94 6,969 1,542 51.2 11.3
1994/95 2,982 1,523 21.9 11.2
1995/96 1,898 428 13.9 3.1
1996/97 3,265 662 24.0 4.9
1997/98 3,97C 657 29.2 4.8
1998/99 1,911 324 14.0 2.4
1999/00 976 82 7.2 0.6
2000/01 1,237 74 9.1 0.5
2001/02 3,113 160 22.9 1.2
2002/03 982 118 7.2 0.9
2003/04 688 152 5.1 1.1
2004/05 848 707 6.2 5.2
2005/06 9,792 368 72.0 2.7
2006/07| 10,391 1,256 76.4 9.2
2007/08| 13,797 728 101.4 5.3
2008/09 8,455 722 62.1 5.3
2009/10( 11,057 474 81.2 3.5
2010/11| 12,073 250 88.7 1.8
2011/12 9,453 189 69.5 1.4
2012/13 7,336 190 53.9 1.4
2013/14| 12,932 356 95.0 2.6
2014/15| 24,877 804 182.8 5.9
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Table8. Sample sizeBom the recalculated fishery dédtar total bycatckatsize in theBBRKC fishery,

from crab observer sampling. N = number of individuals. N* = scaled sample size aseddsment

N N'
year males females|males females
1992/93 2,05€ 105 15.1 0.8
1993/94 7,35¢ 1,196 54.1 8.8
1996/97 114 5 0.8 0.0
1997/98 1,03C 41 7.6 0.3
1998/99 457 20 3.4 0.1
1999/00 207 14 1.5 0.1
2000/01 845 44 6.2 0.3
2001/02 456 39 3.4 0.3
2002/03 750 50 5.5 0.4
2003/04 555 46 4.1 0.3
2004/05 487 44 3.6 0.3
2005/06 983 70 7.2 0.5
2006/07 798 76 5.9 0.6
2007/08 1,39¢ 91 10.3 0.7
2008/09 3,797 121 27.9 0.9
2009/10 3,395 72 24.9 0.5
2010/11 595 30 4.4 0.2
2011/12 344 4 2.5 0.0
2012/13 618 48 4.5 0.4
2013/14 2,11C 60 15.5 0.4
2014/15 3,11C 32 22.9 0.2
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Table9. Sample sizeom the recalculated fishery ddta total catchat-size in thegroundfishfishelies
from groundfishobserver sampling. N = number of individuals. N* = scaled sample size used in the
assessment.

N N'
males females|males females
1973/74 3,155 2,277 23.2 16.7
1974/75 2,492 1,600 18.3 11.8
1975/76 1,251 839 9.2 6.2
1976/77 6,95C 6,683 51.1 49.1
1977/78| 10,685 8,384 78.5 61.6
1978/79| 18,596 13,664 136.6  100.4
1979/80| 19,060 11,349 140.1 83.4
1980/81| 12,806 5,917 94.1 43.5
1981/82 6,098 4,065 44.8 29.9
1982/83| 13,439 8,006 98.8 58.8
1983/84| 18,363 8,304 134.¢ 61.0
1984/85| 27,408 13,771 200.c  101.2
1985/86| 23,126 12,724 170.0 93.5
1986/87| 14,860 7,624 109.2 56.0
1987/88| 23,508 15,857 172.7 1165
1988/89| 10,586 7,126 77.8 52.4
1989/90| 59,945 41,234 200.C  200.C
1990/91| 23,545 11,217 173.0 82.4
1991/92 6,817 3,479 50.1 25.6
1992/93 3,128 1,174 23.0 8.6
1993/94 1,217 358 8.9 2.6
1994/95 3,628  1,82¢ 26.7 13.4
1995/96 3,904 2,669 28.7 19.6
1996/97 8,306 3,400 61.0 25.0
1997/98 9,94¢ 3,900 73.1 28.7
1998/99| 12,105 4,440 89.0 32.6
1999/00( 11,053 4,522 81.2 33.2
2000/01| 12,895 3,087 94.8 22.7
2001/02| 15,788 3,083 116.C 22.7
2002/03| 15,401 3,249 113.2 23.9
2003/04 9,572 2,733 70.3 20.1
2004/05| 13,844  4,46( 101.7 32.8
2005/06| 17,785 3,709 130.7 27.3
2006/07| 15,903 3,047 116.¢ 22.4
2007/08| 16,031  3,78% 117.€ 27.8
2008/09| 25,976 4,164 190.¢ 30.6
2009/10| 18,760 2,584 137.¢ 19.0
2010/11| 15,135 2,211 111.2 16.2
2011/12 16,168 4,255 118.8 31.3
2012/13| 13,050 3,089 95.9 22.7
2013/14| 28,862 6,081  200.C 447
2014/15| 38,807 4,099  200.C 30.1

year
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Tablel0. Trends in maturand totalTanner crab biomags1 0 0 hdheNMF$ summer bottom trawl
surveyas derived from survey size compositions and weadisize regressions.

Rugolo and Turnock weight-at-size regressions new regressions
year old survey time series new survey time series new survey time series
mature mature all crab >= mature mature all crab >=| mature mature all crab >=
males  females 25mm CW males  females 25mm CW| males females 25mm CW

1974 212.01 55.7€ 267.71 -- -- -- - -- --
1975 265.07 38.7€ 303.83 260.85  32.0% 292.84 24598  31.71 277.64
1976 152.0¢ 45.9¢9 198.049 13345 31.78 165.23 126.16 3144 157.61
1977 130.41. 47.5¢ 177.99 117.09  39.15 156.29 110.59  38.7€ 149.35
1978 80.62 26.43 107.06 81.93 26.42 108.35 77.60 26.18 103.79
1979 47.82 20.43 68.25 33.74 19.72 53.46 32.21 19.65 51.86
1980 86.33 70.42 156.76 89.87 64.4C 154.27 86.15 64.1€ 150.31
1981 50.67 45.24 95.91 51.31 43.1€ 94.47 49.36 43.0€ 92.41
1982 49.67 64.7€ 114.43 50.83 64.55 115.34 48.97 64.43 113.4d
1983 29.04 20.72 49.76 29.59 20.72 50.31 28.46 20.61 49.07
1984 26.15 14.72 40.87 25.18 15.12 40.30 24.17 15.01 39.18
1985 11.71 5.68 17.39 11.88 5.68 17.57 11.36 5.63 16.99
1986 13.18 3.49 16.67 13.28 3.49 16.77 12.81 3.45 16.26
1987 24.18 5.27 29.4¢ 25.02 5.24 30.26 24.08 5.19 29.27
1988 59.51 25.57 85.08 62.95 25.75 88.69 60.43 25.47 85.9(
1989 101.4& 25.47 126.96 96.20 19.68 115.84 91.93 19.5C 111.44
1990 103.17 36.3€ 139.52 101.11  38.14 139.21 96.29 37.84 134.13
1991 110.82 45.5€ 156.371 114.87  45.3€ 160.23 109.71.  45.0%3 154.79
1992 108.12 27.7€ 135.84 108.35  26.6€ 135.04 103.2z  26.47 129.64
1993 62.12 11.91 74.03 63.07 11.82 74.89 60.14 11.74 71.88
1994 44.55 10.37 54.92 44.23 10.0¢ 54.32 42.13 10.01 52.14
1995 33.86 13.44 47.30 32.61 12.8C 45.4] 31.10 12.72 43.82
1996 27.32 9.80 37.12 27.53 9.87 37.4Q 26.26 9.80 36.05
1997 11.07 3.53 14.6Q 11.16 3.54 14.7¢ 10.68 3.51 14.21
1998 10.56 231 12.87 10.7C 2.33 13.03 10.28 231 12.6Q
1999 12.4C 3.81 16.21] 12.88 3.90 16.79 12.45 3.88 16.33
2000 16.45 4.17 20.63 16.83 4.22 21.04 16.15 4.18 20.33
2001 18.2C 4.61 22.81 18.62 4.63 23.25 17.85 4.61 22.4¢
2002 18.23 4.48 22.71 18.56 451 23.08 17.8C 4.50 22.30
2003 23.71 8.35 32.06 24.26 8.46 32.72 23.32 8.44 31.7§
2004 25.56 4.70 30.26 27.33 4.92 32.25 26.35 4.90 31.25
2005 43.99 11.62 55.61 44.94 11.6€ 56.6( 43.14 11.62 54.76
2006 66.89 15.7¢ 82.68 66.61 15.1C 81.71 64.20 15.04 79.24
2007 72.63 13.33 85.97 68.85 13.61 82.45 66.44 13.53 79.97
2008 59.7C 11.33 71.03 65.39 11.7¢ 77.18 62.71 11.73 74.44
2009 37.60 8.22 45.82 37.84 8.61 46.45 36.32 8.56 44.87
2010 36.14 5.44 41.59 39.32 5.56 44.88 37.61 5.52 43.13
2011 46.3C 8.67 54.97 43.38 5.53 48.91 41.49 5.49 46.98
2012 43.15 15.83 58.97 42.61 12.5€ 55.17 41.18 12.5C 53.64
2013 69.81 19.1C 88.91 68.15 18.08 86.24 65.66 17.98 83.64
2014 87.15 15.82 102.97 82.75 15.04 97.79 79.47 14.95 94.42
2015 62.88 11.34 74.22 62.88 11.34 74.22 60.18 11.2¢ 71.47
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Tablell Sample sizes fAXMFS surveysize compositio data (new survey datasdt) theassessment
model, an effective sample size of 200 is used for all sueleyed compositional data.

females males
immature mature immature mature
number of new shell new shell old shell new shell new shell old shell
year number of number of number of number of number of number of number of  number of  number of
hauls

nonzero hauls number of cralp nonzero hauls number of crab nonzero hauls number of cralp nonzero hauls crab nonzero hauls crab nonzero hauls  crab
1975 136 73 1,040 7 91 1,861 39 127 2,895 127 3,993 80 399
1976 214 87 1,095 2 91 1,304 39 130 2,023 130 2,469 a7 242
1977 155 66 765 11 76 1,183 60 114 1,778 114 1,971 79 485
1978 230 87 1,932 17 82 638 65 147 2,957 147 1,570 104 700
1979 307 71 725 8 62 735 42 138 1,805 138 808 68 306
1980 320 101 1,476 15 95 1,471 49 164 4,602 164 2,359 71 569
1981 305 71 579 0 79 1,319 94 158 3,809 158 2,293 116 886
1982 342 85 814 9 72 457 103 181 1,751 181 1,371 147 2,082
1983 353 102 2,108 5 56 201 102 166 2,484 166 983 132 1,181
1984 355 135 1,867 12 53 284 94 171 1,965 171 490 126 1,399
1985 353 140 846 1 52 228 65 179 1,060 179 381 86 459
1986 353 162 1,581 7 64 191 68 213 2,141 213 528 115 468
1987 355 189 4,230 0 105 445 73 226 4,659 226 1,306 103 498
1988 370 206 3,733 2 149 1,753 100 252 5,627 252 2,210 101 475
1989 373 204 3,264 7 144 1,241 108 237 4,977 237 3,201 135 1,067
1990 370 197 3,105 9 155 1,502 126 247 5,107 247 3,149 151 1,342
1991 371 159 2,227 32 138 1,283 141 227 4,361 227 2,692 181 2,893
1992 355 107 1,494 0 119 820 123 215 2,958 215 2,047 177 1,924
1993 374 99 865 4 96 545 122 207 2,051 207 1,677 180 1,865
1994 374 97 909 12 52 148 104 175 1,281 175 724 174 1,827
1995 375 113 830 4 35 140 107 153 958 153 220 137 1,611
1996 374 114 869 14 57 109 98 148 1,069 148 222 134 1,414
1997 375 116 1,325 4 62 168 83 161 1,336 161 289 125 582
1998 374 146 1,704 6 53 160 73 176 2,032 176 396 128 624
1999 372 137 2,608 20 52 255 85 170 2,816 170 550 124 567
2000 371 142 2,249 0 61 242 55 188 2,836 188 628 133 653
2001 374 164 3,675 3 83 364 72 211 4,036 211 629 145 817
2002 374 154 3,583 2 81 350 70 186 3,912 186 458 154 1,089
2003 375 153 2,830 4 111 923 83 203 4,754 203 900 153 1,349
2004 374 173 3,563 359 90 427 80 236 4,568 236 1,027 179 1,873
2005 372 201 3,349 3 103 634 74 254 4,496 254 1,280 185 1,753
2006 375 210 4,355 9 143 1,332 125 254 6,224 254 1,757 211 4,054
2007 375 185 2,420 10 138 1,311 136 261 4,697 261 1,982 201 2,907
2008 374 153 1,747 0 104 580 120 240 3,127 240 2,116 196 2,146
2009 375 171 2,408 0 75 363 115 216 2,879 216 1,144 187 1,954
2010 375 186 3,171 9 67 245 104 223 3,654 223 1,268 166 1,702
2011 375 193 5,044 0 90 471 102 210 6,095 210 1,115 167 1,941
2012 375 195 3,577 34 100 942 97 215 5,526 215 1,564 139 1,296
2013 375 163 2,900 17 116 1,417 101 207 5,592 207 2,675 137 1,344
2014 375 165 2,207 4 98 482 121 222 4,746 222 3,286 167 2,829
2015 375 118 1,455 0 60 445 94 225 2,737 225 1,859 200 2,817
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Tablel2 Ef fort data (10006s pot |l i f(teclpulatechfor 1990291 s n o w
2012/13)
Effort (1000's Potlifts) Effort (1000's Potlifts)
Year BBRKC  Snow Crab Year BBRKC  Snow Crab
Fishery Fishery Fishery Fishery

1951/52 1986/87 175.753 616.11:
1952/53 1987/88 220.971. 747.39¢
1953/54 30.083 -- 1988/89 146.179 665.24:
1954/55 17.122 -- 1989/90 205.528 912.71¢
1955/56 28.045 - 1990/91 262.761. 1382.90¢
1956/57 41.629 -- 1991/92 227.555 1278.50:
1957/58 23.659 -- 1992/93 206.815 969.20¢
1958/59 27.932 -- 1993/94 254.389 716.52¢
1959/60 22.187 - 1994/95 0.697 507.60:
1960/61 26.347 -- 1995/96 0.547 520.68¢
1961/62 72.646 -- 1996/97 77.081 754.14
1962/63 123.643 -- 1997/98 91.085 930.79¢
1963/64 181.799 -- 1998/99 145.689 945.53:
1964/65 180.809 -- 1999/00 151.212 182.63¢
1965/66 127.973 - 2000/01 104.056 191.2
1966/67 129.306 -- 2001/02 66.947 326.971
1967/68 135.283 -- 2002/03 72.514 153.862
1968/69 184.666 -- 2003/04 134.515 123.70¢
1969/70 175.374 - 2004/05 97.621 75.09t
1970/71 168.059 -- 2005/06 116.32 117.37¢
1971/72 126.305 -- 2006/07 72.404 86.28¢
1972/73 208.469 -- 2007/08 113.948 140.857
1973/74 194.09% -- 2008/09 139.937 163.531
1974/75 212.915 -- 2009/10 118.521. 136.47i
1975/76 205.096 - 2010/11 131.627 147.24¢
1976/77 321.01 -- 2011/12 45.166 270.60z
1977/78 451.273 -- 2012/13 38.15¢ 225.48¢
1978/79 406.165 190.746 2013/14 45.927 225.24¢
1979/80 315.226 255.102! 2014/15 57.725 279.18:
1980/81 567.292 435.742.
1981/82 536.646 469.091.
1982/83 140.492 287.127
1983/84 0 173.591.
1984/85 107.406 370.082,
1985/86 84.443 542.346
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Table13. Comparison of estimated recruitment running Model A against the incremental datasets.

Year 2014 2014 Dataset A DatasetB Dataset C Dataset D
Model Corrected
1949 62.19 61.05 63.73 59.37 58.01 59.68
1950 62.36 61.21 63.90 59.51 58.14 59.82
1951 62.75 61.59 64.30 59.86 58.47 60.16
1952 63.46 62.29 65.04 60.48 59.08 60.79
1953 64.64 63.45 66.26 61.52 60.08 61.83
1954 66.49 65.27 68.17 63.16 61.66 63.47
1955 69.36 68.09 71.16 65.71 64.13 66.02
1956 73.83 72.48 75.81 69.69 67.99 70.00
1957 80.96 79.49 83.27 76.05 74.16 76.35
1958 92.87 91.19 95.77 86.67 84.46 86.92
1959 114.4% 112.35 118.54 105.80 103.0& 105.97
1960 159.1& 156.2¢ 166.34 145.17 141.2¢ 144.84
1961 273.92 268.9% 290.11 245.5% 238.65 243.6(
1962 602.92 592.53 643.90 540.8€ 522.17 534.8§
1963 1301.35 1282.31 1367.15 1246.18 1177.91. 124451
1964 1807.55 1785.7% 1855.97 1905.82 1758.59 1930.8¢
1965 1699.85 1683.44 1724.66 1888.01 1727.67 1929.24
1966 1397.57 1388.04 1421.00 1513.87 1395.88 1545.71
1967 1207.68 1204.26 1239.37 1195.77 1124.29 1214.54
1968 1161.20 1163.42 1204.89 1005.14 973.7% 1015.74
1969 1196.51. 1202.37 1245.47 916.42 916.6€ 926.17
1970 997.8C 1000.34 997.65 860.0¢ 867.67 879.66
1971 650.12 649.80 650.87 709.63 683.72. 737.39
1972 542.54 542.41 551.12 549.30 518.1€ 572.56
1973 440.81 440.77 450.0¢& 449.22 427.07 458.5€
1974 122.1& 122.6€ 120.8¢ 256.9¢ 214.9¢ 299.76
1975 420.21 420.8¢ 442,99 356.01 401.1% 376.5(
1976 919.41 918.43 964.4¢€ 1113.92 1027.08 1113.94
1977 560.43 560.1€ 585.74 811.1€ 766.1% 829.27
1978 477.41 475.85 490.67 371.54 367.22 381.13
1979 118.24 117.92 121.2% 125.03 125.25 126.07
1980 45.37 45.16 49.96 58.01 59.10 57.85
1981 106.97 106.34 113.65 76.50 77.57 76.54
1982 52.60 52.43 54.49 38.40 38.43 39.31
1983 372.92 370.84 383.72 273.2€ 270.6€ 275.66
1984 304.6€ 303.0% 312.2€ 265.08 262.2¢ 266.63
1985 578.41 576.00 582.02 659.2% 628.8¢€ 673.12
1986 483.57 480.9€ 478.81 500.80 500.12 517.95
1987 438.11 433.8¢ 435.9¢ 471.1¢ 457.75% 485.61
1988 388.44 386.81 377.0¢ 420.0¢ 419.32 444.07
1989 172.3% 171.12 169.50 161.23 161.85 168.64
1990 77.75 77.69 76.80 66.95 67.96 70.95
1991 36.43 36.34 36.38 38.64 38.43 40.7¢
1992 31.78 31.60 31.71 29.30 30.34 30.74
1993 26.66 26.55 27.51 26.69 27.31 27.74
1994 30.64 30.46 31.57 30.25 30.69 31.32
1995 45.05 44.79 46.46 40.39 40.96 41.62
1996 43.96 43.70 44.94 44.97 45.52 46.14
1997 119.7% 119.0€ 121.14 111.04 111.9€ 113.8]
1998 47.11 46.85 47.16 44.78 45.10 46.09
1999 147.24 146.35 148.34 138.34 138.42 140.54
2000 89.04 88.55 89.66 83.83 83.77 84.99
2001 276.17 274.4¢ 274.67 276.13 274.91 279.15
2002 113.87 113.40 108.32 107.14 105.32 108.8(
2003 202.7€ 201.1€ 197.12 185.89 182.91 185.04
2004 371.3% 369.91 349.73 311.80 299.82 306.44
2005 114.1€ 113.89 103.71 91.58 84.98 87.26
2006 94.61 94.32 83.66 70.50 69.68 70.87
2007 66.43 66.18 58.48 48.45 51.64 52.92
2008 76.31 75.79 68.49 59.40 60.29 61.00
2009 410.40 412.22 327.1% 321.5% 351.07 354.63
2010 432.10 430.10 430.01 401.3€ 413.3¢ 422.94
2011 216.2% 216.4€ 231.7¢ 246.97 241.9% 251.06
2012 43.73 43.70 45.48 49.34 50.03 52.20
2013 117.42 117.27 111.17 111.88 112.77 115.8(
2014 177.8C 177.38 115.47 118.85 120.54 124.0(
2015 -- -- 72.28 76.84 78.41 80.71
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Tablel14. Comparison of estimated MMBtmating running Model A agast the incremental datasets.

Year 2014 Model 2014 Dataset A DatasetB DatasetC Dataset D
Corrected
1949 0.00 0.00 0.00 0.00 0.00 0.00
1950 0.01 0.01 0.01 0.01 0.01 0.01
1951 0.15 0.15 0.15 0.17 0.17 0.17
1952 1.24 1.22 1.20 1.35 1.31 1.36
1953 4.59 4.52 4.51 4.80 4.65 4.75
1954 8.82 8.68 8.84 8.85 8.60 8.66
1955 12.13 11.93 12.27 11.95 11.63 11.63
1956 14.61 14.36 14.84 14.26 13.88 13.84
1957 16.52 16.24 16.81 16.02 15.60 15.53
1958 18.08 17.77 18.42 17.45 17.00 16.92
1959 19.47 19.14 19.86 18.73 18.25 18.15
1960 20.90 20.55 21.32 20.05 19.52 19.43
1961 22.62 22.24 23.08 21.64 21.06 20.97
1962 25.03 24.61 25.55 23.89 23.23 23.15
1963 29.04 28.56 29.68 27.65 26.87 26.80
1964 37.09 36.49 38.00 35.30 34.24 34.23
1965 53.86 52.96 55.37 51.51 49.83 49.92
1966 94.82 93.32 97.44 92.81 88.80 90.17
1967 151.9¢ 149.55 156.25 154.84 147.84 150.63
1968 225.91 222.45 231.87 239.64 226.8¢ 233.5]
1969 273.73 269.62 281.1¢ 299.22 281.90 291.37
1970 296.50 292.3¢ 305.04 326.0& 306.72 317.01
1971 305.11 301.5¢ 314.51 327.34 308.6¢ 317.54
1972 310.35 307.80 320.52 315.46 299.84 305.4¢
1973 312.91 311.40 323.2¢ 297.50 285.57 287.57
1974 292.4¢8 291.6€ 301.81 266.17 258.10 257.2]
1975 257.84 257.3¢ 265.4¢ 233.94 228.32 226.4¢
1976 195.34 195.04 201.6€ 177.87 176.2% 171.84
1977 123.02 122.82 128.4€ 110.8¢ 114.0¢ 106.15
1978 79.23 79.04 83.87 73.34 78.05 70.3Q
1979 49.25 49.00 52.89 50.31 56.79 48.18
1980 34.48 34.22 35.77 32.26 39.85 31.15
1981 44.63 44.37 45.59 41.71 45.67 40.64
1982 48.67 48.45 49.16 38.55 38.91 37.8§
1983 40.27 40.09 40.40 25.66 25.04 25.33
1984 24.89 24.76 24.67 12.89 12.46 12.79
1985 23.81 23.70 23.76 13.84 13.50 13.61
1986 29.58 29.45 29.60 19.42 18.95 19.12
1987 43.03 42.85 42.77 31.63 30.83 31.17
1988 59.68 59.41 59.43 49.10 48.03 48.32
1989 65.66 65.32 64.96 61.17 61.16 60.28
1990 56.02 55.56 54.87 56.12 59.21 55.1¢
1991 51.12 51.10 52.53 56.07 57.72 55.11
1992 43.53 43.39 44.52 48.99 49.28 48.23
1993 38.06 37.86 38.85 41.59 41.47 40.85
1994 30.58 30.40 31.41 32.11 31.84 31.48
1995 22.73 22.59 23.43 23.30 22.93 22.8§
1996 17.84 17.72 18.34 17.96 17.71 17.64
1997 14.95 14.84 15.35 14.89 14.77 14.71
1998 13.43 13.33 13.76 13.31 13.24 13.22
1999 13.68 13.59 13.94 13.46 13.36 13.39
2000 15.52 15.43 15.68 15.24 15.08 15.17
2001 19.06 18.95 19.08 18.53 18.31 18.42
2002 22.71 22.59 22.68 21.71 21.42 21.49
2003 27.68 27.55 27.43 26.54 26.06 26.2Q
2004 34.61 34.45 34.14 33.44 32.74 32.90
2005 43.61 43.41 42.64 42.74 41.65 41.89
2006 49.90 49.65 48.60 48.09 46.67 46.77
2007 56.30 56.04 53.98 53.10 51.06 51.35
2008 67.30 67.03 63.62 61.05 58.10 58.42
2009 70.20 69.91 66.09 60.72 57.36 57.44
2010 64.36 64.11 60.09 53.92 50.77 50.95
2011 57.83 57.63 53.22 47.29 44.76 45.1Q
2012 58.23 58.12 52.00 47.56 45.93 46.55
2013 72.70 72.13 62.13 59.97 59.69 60.59
2014 - - 72.58 70.43 70.82 71.57
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Tablel5. Parameter estimatéso devs vectordyom running Model A against the incremental datasets.
flag = 1 indicates the estimate reached the upper parameter bound, flatjeates the estimateached
the lower bound.

Parameter Limits 2014 Model 2014 Corrected Dataset A Dataset B Dataset C Dataset D

min max estimate std.dev flag estimate std.dev flag estimate std.dev flag estimate std.dev flag estimate std.dev flag estimate std.dev flag
afl 0.4 0.7 0.70 0.000 1 0.70 000C 1 0.70 0.000 1 0.70 0o00Cc 1 0.70 0.00C 1 0.70 0.000 1
aml 0.3 0.6 0.43 0.022 0 0.43 0.022 0 0.42 0.022 0 0.41 0.022 0 0.42 0.022 0 0.41 0.022 0
bfl 0.6 12 0.88 0.001 0 0.88 0.001 0 0.88 0.001 0 0.88 0.001 0 0.88 0.001 0 0.88 0.001 0
bm1l 0.7 12 0.97 0.008 0 0.97 0005 O 0.97 0.008 0 0.98 0.008 0 0.98 0.005 0 0.98 0.008 0
fish_disc_sel50_f 80 150 120.47 3.280 0 120.09  3.241 0 119.138 3.122 0 117.22 2815 0 117.25 2735 0 117.47  2.802 0
fish_disc_sel50_tf1 40 125.01 125.01 0.000 1 125.01 0.00C 1 125.01 0.000 1 125.01 0.00C0 1 125.01 0.00C 1 125.01 0.000 1
fish_disc_sel50_tf2 40  250.01 17596 5203 O 17595 52120 O 183.95  57.827 0 37477 0 159.71 35035 O 159.21 34425 O
fish_disc_sel50_tf3 40  150.01 14832 11394 0 148.33  11.391 0 147.08 10750 O 14548 10234 O 14527 1012z O 143.99  9.954 0
fish_disc_sel50_tm1 40  120.01 53.7€ 1.972 0 53.75 1.973 0 54.0¢ 1.984 0 57.27 2.047 0 56.6¢ 1.972 0 57.07 2.034 0
fish_disc_sel50_tm2 40 120.01 64.66 8.958 0 64.5€ 8.93¢ 0 65.33 9.007 0 72.86 9.891 0 72.30 9.834 0 72.61 9.681 0
fish_disc_sel50_tm3 40  120.01 94.02 2.322 0 94.04 2322 0 88.43 2.162 0 87.69 2.11¢ 0 84.50 2.127 0 83.1¢9 2.113 0
fish_disc_slope_f 0.1 0.4 0.14 0.00¢ 0 0.14 0.00¢ 0 0.14 0.00¢ 0 0.14 0.008 0 0.14 0.008 0 0.14 0.008 0
fish_disc_slope_tf1 0.01 0.5 0.03 0.002 0 0.03 0.002 0 0.03 0.002 0 0.03 0.002 0 0.03 0.002 0 0.03 0.002 0
fish_disc_slope_tf2 0.008 0.5 0.01 0.008 0 0.01 0005 O 0.01 0.008 0 0.02 0.008 0 0.02 0.005 0 0.02 0.008 0
fish_disc_slope_tf3 0.01 0.5 0.05 0.008 0 0.05 0.008 0 0.05 0.008 0 0.05 0.008 0 0.05 0.007 0 0.05 0.007 0
fish_disc_slope_tm1 0.01 0.5 0.11 0.013 0 0.11 0.0123 0 0.11 0.012 0 0.11 0.011 0 0.11 0.011 0 0.11 0.011 0
fish_disc_slope_tm2 0.01 0.5 0.05 0.012 0 0.05 0.012 0 0.05 0.012 0 0.04 0.00¢ 0 0.04 0.00¢ 0 0.04 0.00¢ 0
fish_disc_slope_tm3 0.01 0.5 0.07 0.004 0 0.07 0.004 0 0.08 0.004 0 0.08 0.004 0 0.08 0.004 0 0.08 0.004 0
fish_fit_sel50_mn1 85 160 138.2% 0.394 0 138.22  0.394 0 138.21 0.394 0 137.82  0.364 0 137.32 0.37C 0 137.67  0.358 0
fish_fit_sel50_mn2 85 160 136.86 0.302 0 136.28  0.384 0 133.16 0.484 0 133.19  0.485 0 133.09 0.495 0 133.06  0.488 0
fish_fit_slope_mn1 0.25 1.001 0.73 0.131 0 0.73 0.132 0 0.72 0.130 0 0.78 0.13¢ 0 0.78 0.141 0 0.79 0.140 0
fish_fit_slope_mn2 0.25 2.001 0.84 0.118 0 0.64 0.077 0 0.37 0.02¢ 0 0.37 0.02¢ 0 0.36 0.02¢ 0 0.37 0.03C 0
fish_slope_1 0.05 0.75 0.12 0.007 0 0.12 0.007 0 0.12 0.00€ 0 0.11 0.007 0 0.11 0.007 0 0.11 0.007 0
fish_slope_yr_3 0.1 0.4 0.14 0.00¢ 0 0.14 0.00¢ 0 0.15 0.008 0 0.14 0.008 0 0.14 0.008 0 0.14 0.00¢ 0
log_avg_sel50_3 4 5 4.83 0.00¢ 0 4.83 0.00¢ 0 4.83 0.008 0 4.83 0.023 0 4.87 0.01C 0 4.83 0.023 0
log_sel50_dev_3[01] -0.5 0.5 0.05 0.018 0 0.05 0.018 0 0.08 0.01¢ 0 0.08 0.0323 0 0.04 0.020 0 0.08 0.033 0
log_sel50_dev_3[02] -0.5 0.5 0.15 0.015 0 0.14 0.015 0 0.14 0.016 0 0.13 0.02¢ 0 0.09 0.01€ 0 0.13 0.02¢ 0
log_sel50_dev_3[03] -0.5 0.5 0.10 0.01€ 0 0.10 0.01€ 0 0.11 0.017 0 0.10 0.031 0 0.06 0.017 0 0.10 0.03C 0
log_sel50_dev_3[04] -0.5 0.5 0.10 0.021 0 0.11 0.021 0 0.15 0.020 0 0.14 0.038 0 0.09 0.021 0 0.14 0.034 0
log_sel50_dev_3[05] -0.5 0.5 0.00 0.03C 0 0.00 003C O -0.01 0.032 0 -0.01 0.047 0 -0.07 0.037 0 -0.01 0.04€ 0
log_sel50_dev_3[06] -0.5 0.5 -0.50 0.018 0 -0.50 0.018 0 -0.50 0.017 0 -0.44 0.297 0 0.04 0.07C 0 -0.43 0.287 0
log_sel50_dev_3[07] -0.5 0.5 -0.05 0.020 0 -0.05 002¢ O -0.05 0.01¢ 0 -0.05 003C 0 -0.08 0.020 0 -0.06 0.02¢ 0
log_sel50_dev_3[08] -0.5 0.5 -0.05 0.020 0 -0.05 0020 0 -0.06 0.020 0 -0.06 003 O -0.10 0.020 0 -0.06 0.03C 0
log_sel50_dev_3[09] -0.5 0.5 -0.08 0.018 0 -0.08 0.018 0 -0.08 0.018 0 -0.08 0.02¢ 0 -0.13 0.01¢ 0 -0.08 0.028 0
log_sel50_dev_3[10] -0.5 0.5 0.06 0.017 0 0.06 0.017 0 0.06 0.01€ 0 0.05 0.028 0 0.01 0.017 0 0.05 0.027 0
log_sel50_dev_3[11] -0.5 0.5 0.23 0.021 0 0.23 002¢ O 0.23 0.01¢ 0 0.22 003C 0 0.18 0.020 0 0.22 0.02¢ 0
log_sel50_dev_3[12] -0.5 0.5 0.00 0.020 0 -0.01 0.01¢ 0 -0.02 0.018 0 -0.02 0.02¢ 0 -0.05 0.01¢ 0 -0.02 0.028 0
log_sel50_dev_3[13] -0.5 0.5 0.00 0.000 0 0.00 0o00Cc 0 -0.04 0.018 0 -0.04 0.027 0 -0.08 0.01€ 0 -0.04 0.02¢ 0
mat_big[01] 0.1 10 112 0.098 0 1.13 0.09¢ 0 115 0.100 0 1.50 0.092 0 1.48 0.091 0 1.49 0.092 0
mat_big[02] 0.1 10 2.59 0.3423 0 2.59 0.3423 0 2.70 0.358 0 3.59 0.328 0 3.65 0.318 0 3.50 0.320 0
Mmult_imat 0.2 2 1.07 0.051 0 1.07 0.051 0 1.05 0.051 0 1.06 00sC O 1.06 0.05C 0 1.06 0.05C 0
Mmultf 0.1 19 1.44 0.037 0 1.44 0.037 0 1.44 0.037 0 1.50 0.035 0 1.49 0.035 0 151 0.035 0
Mmultm 0.1 19 111 0.043 0 111 0.043 0 113 0.042 0 115 0.041 0 118 0.03¢ 0 115 0.041 0
pPAvgLnF_GTF - - -4.21 0.078 0 -4.21 0.078 0 -4.26 0.078 0 -4.16 0.0723 0 -4.16 0.072 0 -4.16 0.0723 0
pAvgLnF_SCF - bl -3.80 0.132 0 -3.7¢ 0.132 0 -3.74 0.128 0 -3.71 0.122 0 -3.68 0.12C 0 -3.71 0.122 0
pAvgLnF_TCF - - -1.62 0.087 0 -1.60 0.087 0 -1.58 0.08¢ 0 -1.53 0.097 0 -1.39 0.102 0 -1.50 0.097 0
pMnLnRec - - 1117 0.071 0 11.17 0.071 0 1114 0.071 0 1111 0.062 0 1110 0.062 0 11.14 0.062 0
pMnLnRecEarly - - 11.84 0.511 0 11.823 0.511 0 11.87 0.508 0 11.7¢ 0.517 0 11.75 0.51€ 0 11.8C 0.518 0
rkfish_disc_sel50_f1 50 150 150.00 1.140 1 150.00 1.142 1 150.00 1.107 1 98.7€ 13988 O 150.00 1.312 1 98.3t 13410 O
rkfish_disc_sel50_f2 50 150 103.06 45.740 0 103.05 45507 O 103.82 49.048 O 103.12 43952 0 102.70 4290z O 103.26 44773 0
rkfish_disc_sel50_f3 50 170 157.07 354400 O 157.17 358.280 O 157.21 342.020 0 157.33 344470 0 157.06 339.080 O 157.07 337.590 0
rkfish_disc_sel50_m1 95 150 150.00  0.001 1 150.00  0.001 1 150.00 0.001 1 150.00  0.001 1 150.00 0.001 1 150.00  0.001 1
rkfish_disc_sel50_m2 95 150 132.31  11.907 0 13232 11957 O 134.05  12.734 0 133.39 12443 0 13439 12.724 0 133.22 12448 O
rkfish_disc_sel50_m3 95 150 150.00  0.001 1 150.00  0.001 1 150.00 0.001 1 150.00  0.001 1 150.00 0.001 1 150.00  0.001 1
rkfish_disc_slope_f1 0.05 0.5 0.17 0.04C 0 0.17 004 O 0.17 0.04C 0 0.24 0.131 0 0.17 0.03¢ 0 0.24 0.132 0
rkfish_disc_slope_f2 0.05 0.5 0.18 0.1723 0 0.18 0.178 0 0.18 0.171 0 0.18 017C¢ 0 0.18 0.172 0 0.18 0.170 0
rkfish_disc_slope_f3 0.05 0.5 0.18 0.05€ 0 0.18 0.056 0 0.19 0.054 0 0.18 0.054 0 0.18 0.054 0 0.18 0.054 0
rkfish_disc_slope_m1 0.01 0.5 0.11 0.011 0 0.11 0.011 0 0.11 0.011 0 0.10 001C O 0.10 0.01C 0 0.10 0.010 0
rkfish_disc_slope_m2 0.01 0.5 0.09 0.027 0 0.09 0.027 0 0.09 0.02¢ 0 0.09 0.02¢ 0 0.09 0.02¢ 0 0.09 0.027 0
rkfish_disc_slope_m3 0.01 0.5 0.08 0.007 0 0.08 0.007 0 0.08 0.007 0 0.08 0.007 0 0.08 0.007 0 0.08 0.007 0
selSCF_Inz50_md_1 2 4.5 3.97 0.0523 0 3.97 0.047 0 3.96 0.042 0 3.97 0.041 0 0.04C 0 3.97 0.041 0
selSCF_Inz50_md_2 2 45 3.82 0.132 0 3.82 0.132 0 3.80 0.13€ 0 3.81 0.1323 0 0.141 0 3.80 0.136 0
selSCF_Inz50_md_3 2 45 3.48 0.115 0 3.48 0.11€ 0 3.49 0.093 0 3.53 0.083 0 0.085 0 353 0.082 0
selSCF_z50_ma_1 40 140 87.47 1.762 0 87.48 1.74¢ 0 87.70 1.658 0 86.93 1.664 0 1.622 0 86.80 1.652 0
selSCF_Z50_ma_2 40 140 93.81 3.066 0 93.82 3.064 0 94.02 3.114 0 93.8¢ 307 0 3.165 0 93.91 3.100 0
selSCF_Z50_ma_3 40 140 105.24  2.00¢ 0 105.25 2.014 0 104.42 1.673 0 103.77 1.57€ 0 g 1.577 0 103.63 1.550 0
snowfish_disc_sel50_f_1 50 150 11133 4.707 0 111.19  4.658 0 11157  4.668 0 109.83  4.614 0 109.55  4.613 0 110.42 4.551 0
snowfish_disc_sel50_f_2 50 120 76.46 5.024 0 76.47 5.027 0 76.63 5.018 0 76.21 4.898 0 76.04 4.885 0 76.1¢ 4.87¢ 0
snowfish_disc_sel50_f_3 50 120 85.24 6.346 0 85.21 6.332 0 90.83 8.217 0 88.12 6.876 0 88.90 7.141 0 88.7C 7.051 0
snowfish_disc_slope_f_1 0.05 0.5 0.05 0.00C -1 0.05 0.00C -1 0.05 0.00C -1 0.05 0.00C -1 0.05 0.00C -1 0.05 0.00C -1
snowfish_disc_slope_f_2 0.05 0.5 0.25 0.12¢ 0 0.25 0.12¢ 0 0.24 0.128 0 0.25 013¢ O 0.26 0.132 0 0.25 0.130 0
snowfish_disc_slope_f_3 0.05 0.5 0.16 0.0523 0 0.16 0.0528 0 0.13 0.03¢ 0 0.14 0.042 0 0.13 0.041 0 0.13 0.041 0
snowfish_disc_slope_m_1 0.1 0.5 0.36 0.126 0 0.36 0.126 0 0.36 0.120 0 0.39 0.142 0 0.41 0.147 0 0.40 0.147 0
snowfish_disc_slope_m_2 0.1 0.5 0.23 0.075 0 0.23 0.075 0 0.23 0.073 0 0.23 0.074 0 0.23 0.071 0 0.23 0.074 0
snowfish_disc_slope_m_3 0.1 0.5 0.17 0.017 0 0.17 0.017 0 0.17 0.017 0 0.18 0.018 0 0.18 0.017 0 0.18 0.018 0
snowfish_disc_slope_m2_1 0.1 0.5 0.37 0.24¢ 0 0.44 031C 0 0.50 0.001 1 0.50 0.008 1 0.50 0.002 1 0.50 0.004 1
snowfish_disc_slope_m2_2 0.1 0.5 0.18 0.092 0 0.18 0.092 0 0.18 0.08¢ 0 0.18 00C O 0.18 0.09C 0 0.18 0.08¢ 0
snowfish_disc_slope_m2_3 0.1 0.5 0.17 0.03C 0 0.17 003C O 0.18 0.027 0 0.18 0.028 0 0.18 0.02¢ 0 0.18 0.028 0
sv2 q 0.5 1.001 0.56 0.033 0 0.56 0.0323 0 0.54 0.033 0 0.50 0.00C -1 0.50 0.00C -1 0.50 0.00C -1
srv2_gFem 0.5 1.001 0.61 0.217 0 0.61 0.21¢ 0 0.63 0.290 0 0.50 0.o00Cc -1 0.50 0.00C -1 0.50 0.00C -1
srv2_sel50 0 20 46.88 2.018 0 46.87 2016 0 47.12 2.032 0 48.88 1.883 0 48.40 1.812 0 49.01 1.905 0
srv2_sel50_f -200  100.01 5757 18304 O 57.60 18446 0 61.06 24340 O 52.97 2.842 0 51.50 2.582 0 53.62 2.85¢ 0
srv2_seldiff 0 100 23.08 3.734 0 23.02 3.737 0 2331 3.77¢ 0 21.3C 323¢ 0 20.78 3.118 0 2157 3.30¢ 0
srv2_seldiff_f 0 100 55.9¢  29.637 0 56.11 29843 0 61.38  35.001 0 39.02 6.596 0 35.1¢ 5.844 0 40.82 6.712 0
srv3_q 0.2 2 0.75 0.03¢ 0 0.76 0.03¢ 0 0.75 0.03¢ 0 0.80 0.038 0 0.81 0.034 0 0.78 0.038 0
srv3_gFem 0.2 1 0.56 0.03¢ 0 0.56 0.03¢ 0 0.55 0.038 0 0.60 0.038 0 0.61 0.034 0 0.59 0.038 0
srv3_sel50 0 69 28.43 3.28¢ 0 28.43 3.286 0 27.7¢ 3.451 0 32.48 2.838 0 33.01 2.851 0 32.4¢ 2.818 0
srv3_sel50_f -50 69 -4.11  15.461 0 -405 15415 O -994 17318 O 557 11464 0 6.15 11325 0 710 11252 0
srv3_seldiff 0 100 57.17 8.050 0 57.12 8.036 0 59.21 8.362 0 55.92 6.787 0 57.05 6.858 0 55.62 6.771 0
srv3_seldiff_f 0 100 100.00  0.001 1 100.00  0.001 1 100.00 0.001 1 100.00  0.001 1 100.00 0.001 1 100.00  0.001 1

5¢



Tablel6. Parameter estimates (no devs vectors) from ruringdels AD against Dataset.lag = 1

indicates the estimate reached the upper parameter boundlfiagreates the estimate reached the

lower bound.

Parameter

afl

aml

bfl

bm1

fish_disc_sel50_f
fish_disc_sel50_tf1
fish_disc_sel50_tf2
fish_disc_sel50_tf3
fish_disc_sel50_tm1
fish_disc_sel50_tm2
fish_disc_sel50_tm3
fish_disc_slope_f
fish_disc_slope_tf1
fish_disc_slope_tf2
fish_disc_slope_tf3
fish_disc_slope_tm1
fish_disc_slope_tm2
fish_disc_slope_tm3
fish_fit_sel50_mn1
fish_fit_sel50_mn2
fish_fit_slope_mn1
fish_fit_slope_mn2
fish_slope_1
fish_slope_yr 3
log_avg_sel50_3
log_sel50_dev_3[01]
log_sel50_dev_3[02]
log_sel50_dev_3[03]
log_sel50_dev_3[04]
log_sel50_dev_3[05]
log_sel50_dev_3[06]
log_sel50_dev_3[07]
log_sel50_dev_3[08]
log_sel50_dev_3[09]
log_sel50_dev_3[10]
log_sel50_dev_3[11]
log_sel50_dev_3[12]
log_sel50_dev_3[13]
mat_big[01]

mat_big[02]

Mmult_imat

Mmultf

Mmultm

pAvgLnF_GTF
pAvgLnF_SCF
pAvgLnF_TCF
pMnLnRec
pMnLnRecEarly
rkfish_disc_sel50_f1
rkfish_disc_sel50_f2
rkfish_disc_sel50_f3
rkfish_disc_sel50_m1
rkfish_disc_sel50_m2
rkfish_disc_sel50_m3
rkfish_disc_slope_f1
rkfish_disc_slope_f2
rkfish_disc_slope_f3
rkfish_disc_slope_m1
rkfish_disc_slope_m2
rkfish_disc_slope_m3
selSCF_Inz50_md_1
selSCF_Inz50_md_2
selSCF_Inz50_md_3
selSCF_zZ50_ma_1
selSCF_z50_ma_2
selSCF_z50_ma_3
snowfish_disc_sel50_f_1
snowfish_disc_sel50_f_2
snowfish_disc_sel50_f_3
snowfish_disc_slope_f_1
snowfish_disc_slope_f_2
snowfish_disc_slope_f_3
snowfish_disc_slope_m_1
snowfish_disc_slope_m_2
snowfish_disc_slope_m_3
snowfish_disc_slope_m2_1
snowfish_disc_slope_m2_2
snowfish_disc_slope_m2_3
sv2_q

srv2_gFem

srv2_sel50

srv2_sel50_f

srv2_seldiff
srv2_seldiff_f

srv3_q

srv3_gFem

srv3_sel50

srv3_sel50_f

srv3_seldiff
srv3_seldiff_f

Limits

0.4
0.3
0.6
0.7
80
40
40
40
40
40
40
0.1
0.01
0.005
0.01
0.01
0.01
0.01
85
85
0.25
0.25
0.05
0.1

-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5
-0.5

0.1

0.1

0.2

0.1

0.1

50

50
50
95
95
95
0.05
0.05
0.05
0.01
0.01

125.01
250.01
150.01
120.01
120.01
120.01
0.4
0.5
0.5
0.5
0.5
0.5
0.5
160
160
1.001
2.001
0.75
0.4

0.5
0.5
0.5
0.5
0.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5

10

10

19
19

150
150
170
150
150
150
0.5
0.5
0.5
0.5
0.5

4.5
4.5
4.5
140
140
140
150
120
120
0.5
0.5
0.5

0.5
0.5
0.5
0.5
0.5
1.001
1.001

100.01
100
100

69
69
100
100

2014 Model
estimate  std. dev
0.70 0.00C
0.43 0.022
0.88 0.001
0.97 0.005
120.47 3.280
125.01 0.000
175.98  52.03%
148.32  11.394
53.7€ 1.972
64.6€ 8.958
94.02 2.322
0.14 0.00¢
0.03 0.002
0.01 0.008
0.05 0.008
0.11 0.013
0.05 0.012
0.07 0.004
138.2% 0.394
136.8¢  0.302
0.73 0.131
0.84 0.118
0.12 0.007
0.14 0.00¢
4.83 0.00¢
0.05 0.018
0.15 0.018
0.10 0.01€
0.10 0.021
0.00 0.030
-0.50 0.018
-0.05 0.020
-0.05 0.020
-0.08 0.018
0.06 0.017
0.23 0.021
0.00 0.020
0.00 0.00C
112 0.098
2.59 0.343
1.07 0.051
144 0.037
111 0.043
-4.21 0.075
-3.80 0.132
-1.62 0.087
11.17 0.071
11.84 0.511
150.00 1.140
103.06  45.740
157.07 354.400
150.00  0.001
13231 11.907
150.00  0.001
0.17 0.04C
0.18 0.173
0.18 0.056
0.11 0.011
0.09 0.027
0.08 0.007
3.97 0.0523
3.82 0.132
3.48 0.115
87.47 1.762
93.81 3.066
105.24 2.00¢
111.32  4.707
76.4€ 5.024
85.24 6.34€
0.05 0.00C
0.25 0.12¢
0.16 0.053
0.36 0.126
0.23 0.075
0.17 0.017
0.37 0.24¢
0.18 0.092
0.17 0.030
0.56 0.0323
0.61 0.217
46.88 2.018
57.57 18.304
23.02 3.734
55.9¢  29.637
0.75 0.036
0.56 0.03¢
28.43 3.28¢
-4.11  15.461
57.17 8.050
100.00  0.001

flag

1

0O 0000000000000 O0OROROOROOOO0O0O0O0000000000000000000000000000000O0000OR OO0 O

o

HFOOOOOOOO0OOO0OOOOO0OOOO

estimate
0.70
0.41
0.88
0.98
117.47
125.01
159.21
143.99
57.07
72.61
83.18
0.14
0.03
0.02
0.05
0.11
0.04
0.08
137.67
133.08
0.79
0.37
0.11
0.14
4.83
0.08
0.13
0.10
0.14
-0.01
-0.43
-0.06
-0.06
-0.08
0.05
0.22
-0.02
-0.04
1.49
3.50
1.06
151
115
-4.16
-3.71
-1.50
1114
11.80
98.35
103.26
157.07
150.00
133.22
150.00
0.24
0.18
0.18
0.10
0.09
0.08
3.97
3.80
3.53
86.80
93.91
103.6%
110.42
76.18
88.70
0.05
0.25
0.13
0.40
0.23
0.18
0.50
0.18
0.18
0.50
0.50
49.01
53.63
21.57
40.82
0.78
0.59
32.48
7.10
55.62
100.00

Model A
std. dev
0.00C
0.022
0.001
0.008
2.802
0.00C
34.425
9.954
2.034
9.681
2113
0.008
0.002
0.008
0.007
0.011
0.00¢
0.004
0.355
0.488
0.140
0.03C
0.007
0.00¢
0.0223
0.032
0.02¢

0.13€
0.082
1.652
3.10C
1.55C
4.551
4.87¢
7.051
0.00C
0.13C
0.041
0.147
0.074
0.018
0.004
0.08¢
0.02¢
0.00C
0.00C
1.905
2.859
3.309
6.712
0.035
0.0328
2.815
11.252
6.771
0.001

flag

1

0O 0000000000000 OrROrROOOO0O0OO0O000000000000000000000000000000000O0O0O0O0OOR OO0 OO

corococooomn

e

rooooooooo

estimate

0.70
0.44
0.89
0.97
119.99
125.01
162.02
146.05
55.57
104.77
84.5¢
0.17
0.03
0.02
0.05
0.11
0.03
0.07
137.20
138.67
0.77
0.33
0.19
0.16
4.86
0.01
-0.01
0.00
0.13
0.10
0.06
-0.08
-0.07
-0.11
0.01
0.11
-0.04
-0.10
1.65
4.00
1.05
1.59
1.29
-6.30
-3.57
-0.53
10.84
1111
102.49
127.47
124.98
139.0z
139.67
150.00
0.50
0.08
0.14
0.36
0.08
0.11
3.97
3.84
3.60
88.13
94.38
103.13
93.4¢
99.77
120.00
0.05
0.10
0.11
0.31
0.21
0.18
0.45
0.21
0.19
0.50
0.50
47.11
48.97
19.58
30.23
112
0.82
32.34
-1.81
52.91
100.00

Model B
std. dev
0.00C
0.022
0.001
0.00%
1.387
0.00C
27.621
10.410
2.00€
16.358
2.25¢
0.00€
0.002
0.00%
0.007
0.012
0.00%
0.004
0.352
0.412
0.142
0.022
0.01C
0.01C
0.00€
0.014
0.014
0.012
0.014
0.012
0.02€
0.01¢
0.01¢
0.01€
0.01£
0.014
0.01€
0.015
0.08¢
0.322
0.04¢
0.03€
0.03¢
0.19¢
0.072
0.077
0.05¢
0.53€
0.61€
17.467
8.41¢
1.34C
2.63€
0.00C
0.00C
0.03¢

flag

1

HFOOOOOOOOO0OO0OO0OOORLPROOOO0OO0O0OO0O0000000000000000000000000000000000O00O00OR OO0 O

LOoOOO0OO0O0o0oo N

=

rooooooooo

estimate
0.70
0.42
0.88
0.97
104.81
125.01
156.12
145.22.
57.28
71.85
84.36
0.16
0.03
0.02
0.05
0.11
0.04
0.08
138.18
135.82
0.70
0.29
0.10
0.18
4.75
0.09
0.14
0.10
0.18
-0.06
-0.50
-0.06
-0.07
-0.08
0.03
0.26
-0.01
-0.04
151
3.55
1.06
1.50
1.19
-3.93
-2.59
-1.36
11.1€
11.7C
150.00
150.00
158.55
150.00
136.32
150.00
0.16
0.15
0.18
0.11
0.09
0.08
3.98
3.81
3.54
86.9C
93.7€
103.69
109.37
76.1€
88.1€
0.05
0.25
0.14
0.41
0.23
0.18
0.50
0.16
0.18
0.50
0.50
49.5€
53.87
21.92
39.17
0.79
0.59
32.97
6.55
56.9C
100.00

Model C
std. dev
0.000
0.022
0.001
0.005
2.335
0.000
33.065
10.098
2.03¢
9.813
2.1658
0.011
0.002
0.005
0.007
0.011
0.00¢
0.004
0.416
0.554
0.123
0.023
0.00¢
0.018
0.010
0.02¢6
0.01¢
0.022
0.030
0.061
0.017
0.023
0.022
0.020
0.021
0.020
0.021
0.018
0.092
0.308
0.050
0.035
0.03¢
0.073
0.122
0.086
0.062
0.520
3.93¢
8.892
398.060
0.001
13.067
0.001
0.037
0.06€
0.052
0.011
0.024
0.007
0.03¢
0.14¢
0.084
1.595
3.134
1.564
4.618
4.878
6.780
0.000
0.130
0.042
0.145
0.075
0.018
0.001
0.088
0.028
0.000
0.000
1.912
2.61€
3.327
5.760
0.034
0.035
2.845
11.348
6.958
0.001

flag

1

0O 0000000000000 O0OROKRORLROOOO0O0OO00O0O00000000000000000000000000000000OK OO0 O

o

corooooo

rooooooooo

estimate
0.70
0.46
0.89
0.97
114.25
125.01
154.44
143.84
55.51
93.06
83.08
0.17
0.03
0.02
0.05
0.11
0.03
0.08
138.79
144.19
0.66
0.26
0.24
0.20
4.78
0.00
-0.02
0.00
0.13
0.11
0.02

3.60

94.12
102.32%
96.18
99.13
120.00
0.05
0.10
0.10
0.34
0.22
0.19
0.43
0.20
0.18
0.50
0.50
47.60
49.44
19.88
29.60
0.94
0.73
31.91
6.18
53.44
100.00

Model D
std. dev
0.00C
0.022
0.001
0.005
1.302
0.00C
26.954
10.000
1.995
14.778
2.20€
0.00¢
0.002
0.008
0.007
0.012
0.006
0.005
0.4823
0.988
0.115
0.022
0.02¢
0.01€
0.007
0.018
0.017
0.018
0.018
0.014
0.044
0.020
0.020
0.018
0.017
0.01¢
0.018
0.01€
0.08¢
0.328
0.04¢
0.036
0.03¢
0.186
0.075
0.077
0.058
0.527
0.671
9.618
7.198
1.197
3.386
1.936
0.00C
0.04¢
0.042
0.001
0.1023
0.008
0.061
0.12¢
0.06¢
2.468
3.298
1.42€
8.365
4.130
0.00C
0.026
0.0258
0.004
0.154
0.073
0.01¢
0.291
0.106
0.028
0.00C
0.00C
1718
2.321
2.983
5.097
0.031
0.035
2.607
10.105
6.48¢
0.001

flag
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Tablel7. Comparisonof i t s

year
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Mature Males

predicted predicted predicted o

2014 Assessment
observed
value
- 0.0
-- 0.1
- 0.8
-- 3.2
- 6.1
-- 8.4
- 10.2
- 11.5
- 12.6
-- 13.6
- 14.6
- 15.7
- 17.4
- 20.2
-- 25.8
- 38.7
-- 67.1
- 119.¢
- 174.7
- 217.3
-- 229.7
- 229.8
-- 228.¢
- 228.8
0.10 212.0 220.€
0.10 265.1 194.C
0.09 152.1 165.1
0.12 130.4 124.9
0.11 80.6 80.8
0.09 47.8 65.5
0.16 86.3 61.7
0.10 50.7 48.2
0.13 49.7 61.2
0.13 29.0 47.9
0.11 26.2 317
0.13 11.7 21.7
0.19 13.2 27.2
0.13 24.2 41.4
0.23 59.5 59.6
0.11 101.5 78.9
0.11 103.2 83.8
0.17 110.8 70.4
0.19 108.1 61.6
0.13 62.1 46.1
0.11 44.6 33.9
0.15 33.9 24.8
0.20 27.3 17.9
0.11 111 14.3
0.10 10.6 12.6
0.16 12.4 12.4
0.20 16.5 14.1
0.13 18.2 17.5
0.15 18.2 20.5
0.15 23.7 24.7
0.18 25.6 30.9
0.13 44.0 39.6
0.14 66.9 459
0.20 72.6 51.7
0.16 59.7 60.9
0.13 37.6 63.0
0.13 36.1 57.2
0.17 46.3 51.5
0.18 43.1 51.5
0.15 69.8 65.3
0.11 87.1 81.9

to

Model A Model C

0.0
0.1
0.8
2.9
5.4
7.2
8.6
9.7
10.6
11.3
12.1
13.1
14.4
16.7
21.3
32.3
57.3
106.2
160.€
204.€
217.5
212.8
201.7
189.¢
176.€
155.1
133.7
102.2
68.3
59.0
61.5
46.4
58.9
37.3
21.5
13.0
18.3
31.6
51.1
77.0
85.7
74.5
68.4
50.4
36.0
25.9
18.6
14.6
12.9
12.6
14.3
17.6
20.2
24.4
30.6
39.6

49.3
55.3
53.9
47.2
41.9
429
57.4
73.8
72.6

0.0--
0.1--
0.8--
2.6--
4.8--
6.5--
7.7--
8.6--
9.4 --
10.1--
10.8--
11.6--
12.8--
14.8--
18.9--
28.6--
50.7--
93.0--
139.4--
175.¢--
186.5--
184.1--
178.€--
174.1--
166.¢--
148.€
129.2
100.7
71.1
63.1
63.2
46.9
60.0
37.5
21.3
12.9
18.3
31.4
50.8
76.5
86.9
77.9
70.5
51.5
36.5
26.1
18.6
14.6
12.8
12,5
14.2
17.5
20.0
24.1
30.2
39.2
44.5
49.2
55.2
53.5
46.6
41.1
42.0
56.5
735
72.7

matur e

Dataset D
observed
value cv

0.14 246.C
0.12 126.2
0.09 110.6
0.09 77.6
0.07 32.2
0.10 86.2
0.09 49.4
0.11 49.0
0.08 285
0.11 24.2
0.06 11.4
0.10 12.8
0.07 24.1
0.11 60.4
0.08 91.9
0.09 96.3
0.09 109.7
0.11 103.2
0.10 60.1
0.09 42.1
0.11 311
0.18 26.3
0.10 10.7
0.11 10.3
0.10 12.5
0.10 16.1
0.08 17.9
0.09 17.8
0.09 233
0.09 26.3
0.07 43.1
0.10 64.2
0.10 66.4
0.10 62.7
0.09 36.3
0.09 37.6
0.08 41.5
0.09 41.2
0.10 65.7
0.07 79.5
0.07 60.2--

survey

bi

oOomas S

Mature Females
Model A Model C

predicted predicted predicted o

2014 Assessment
observed
value
-- 0.0
- 0.2
-- 0.6
- 1.4
-- 2.0
- 2.5
-- 2.9
- 3.2
-- 3.4
- 3.7
-- 4.0
-- 4.4
- 5.0
-- 6.2
- 8.9
-- 15.1
- 27.2
-- 43.8
- 59.1
-- 68.3
-- 71.5
-- 71.6
- 70.7
- 68.2
0.24 55.8 62.8
0.20 38.8 55.0
0.15 46.0 47.1
0.28 47.6 39.4
0.23 26.4 34.0
0.23 20.4 33.6
0.20 70.4 34.3
0.18 45.2 313
0.18 64.8 28.1
0.19 20.7 21.7
0.21 14.7 16.4
0.32 57 13.3
0.21 3.5 13.3
0.25 53 15.5
0.25 25.6 18.8
0.13 25.5 22.2
0.26 36.4 238
0.21 45.6 23.3
0.17 27.8 20.8
0.15 11.9 16.5
0.21 10.4 12.5
0.23 13.4 9.4
0.28 9.8 7.0
0.18 3.5 55
0.16 2.3 4.5
0.28 3.8 4.0
0.29 4.2 4.2
0.24 4.6 4.6
0.18 4.5 5.1
0.17 8.3 6.0
0.15 4.7 7.4
0.18 11.6 8.7
0.21 15.8 9.9
0.26 13.3 11.5
0.18 11.3 12.1
0.26 8.2 11.1
0.28 5.4 9.6
0.16 8.7 9.1
0.41 15.8 11.0
0.14 19.1 14.2
0.19 15.8 15.6

0.0
0.1
0.6
13
18
2.3
2.6
2.8
3.0
3.2
3.4
3.7
4.3
5.3
7.6
13.3
24.7
41.4
57.3
66.6
68.5
65.9
61.6

(100006s
Models A and C using Dataset D. Columns are arranged to allow easy comparison of model predictions.

Dataset D
observed

0.15
0.09
0.12
0.20
0.19
0.14
0.15
0.28
0.23
0.20
0.15
0.12
0.17
0.12
0.12
0.14
0.12
0.17
0.11
0.20
0.17
0.24
0.17
0.13
0.13
0.14
0.14
0.16
0.14
0.12
0.13
0.14
0.13
0.12
0.17
0.12
0.12
0.12
0.10
0.14
0.14

value

317
31.4
38.8
26.2
19.7
64.2
43.1
64.4
20.6
15.0

5.6

3.5

5.2
25.5
19.5
37.8
45.0
26.5
11.7
10.0
12.7
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Tablel18. Comparison of time series of estimated recruitment (millions) from the 2014 assessment and
Models A and C using Dataset D.

Year 2014 Model A Model C
Assessment

1949 62.19 59.68 53.52
1950 62.36 59.82 53.64
1951 62.75 60.16 53.94
1952 63.46 60.7S 54.48
1953 64.64 61.83 55.39
1954 66.49 63.47 56.8(
1955 69.36 66.02 59.03
1956 73.83 70.00 62.5(
1957 80.96 76.35 68.07
1958 92.87 86.92 77.35
1959 114.43 105.92 94.08
1960 159.1& 144.8% 128.44
1961 273.92 243.60 215.84
1962 602.93 534.8¢ 474.14
1963 1301.35 1244.51 1096.58
1964 1807.55 1930.88 1663.39
1965 1699.85 1929.26 1637.9
1966 1397.57 1545.71 1327.10
1967 1207.68 1214.54 1087.11
1968 1161.20 1015.76 973.64
1969 1196.51 926.12 957.09
1970 997.80 879.66 938.57
1971 650.12 737.39 733.05
1972 542.54 572.5€ 551.97
1973 440.81 458.5€ 418.14
1974 122.1¢ 299.7€ 338.07
1975 420.21 376.50 463.84
1976 919.41 1113.92 1105.19
1977 560.43 829.22 883.94
1978 477.41 381.13 389.19
1979 118.24 126.07 134.09
1980 45.37 57.85 61.75
1981 106.97 76.54 78.68
1982 52.60 39.31 40.05
1983 372.92 275.6€ 275.79
1984 304.66 266.63 264.34
1985 578.41 673.12 664.52
1986 483.57 517.9% 516.81
1987 438.11 485.61 484.64
1988 388.44 444.02 449.62
1989 172.35 168.66 168.84
1990 77.75 70.95 71.85
1991 36.43 40.76 41.98
1992 31.78 30.74 31.26
1993 26.66 27.74 28.35
1994 30.64 31.32 31.73
1995 45.05 41.62 42.35
1996 43.96 46.14 47.06
1997 119.7% 113.81 115.2d
1998 47.11 46.05 46.50
1999 147.24 140.55 141.20
2000 89.04 84.9¢ 84.26
2001 276.17 279.1% 281.84
2002 113.87 108.80 110.45
2003 202.7€ 185.04 194.43
2004 371.3% 306.44 311.09
2005 114.1€ 87.26 87.89
2006 94.61 70.87 72.23
2007 66.43 52.92 53.34
2008 76.31 61.00 61.30
2009 410.40 354.63 345.34
2010 432.10 422.94 449.87
2011 216.25 251.06 256.47
2012 43.73 52.20 53.57
2013 117.4z 115.80 118.34
2014 177.80 124.00 126.93
2015 - 80.71 82.65
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Tablel9.Est i mat ed
and C using Dataset D.

mat ur e
Year 2014 Model A Model C
Assessmen

1949 0.00 0.00 0.00
1950 0.01 0.01 0.0
1951 0.15 0.17 0.16
1952 1.24 1.36 1.24
1953 4,59 4.75 4.29
1954 8.82 8.66 7.78
1955 12.13 11.63 10.44
1956 14.61 13.84 12.41
1957 16.52 15.53 13.93
1958 18.08 16.92 15.14
1959 19.47 18.15 16.2¢
1960 20.90 19.43 17.39
1961 22.62 20.97 18.79
1962 25.03 23.15 20.67
1963 29.04 26.80 23.91
1964 37.09 34.23 30.51
1965 53.86 49.92 44.47
1966 94.82 90.17 80.01
1967 151.9¢ 150.63 133.47
1968 225.91 233.51 204.04
1969 273.73 291.37 251.39
1970 296.50 317.01 272.07
1971 305.11 317.54 274.84
1972 310.3% 305.40 271.02
1973 312.91 287.57 264.12
1974 292.4¢& 257.21 244.44
1975 257.84 226.40 220.1¢
1976 195.34 171.84 171.37
1977 123.03 106.1% 110.22
1978 79.23 70.30 75.10
1979 49.25 48.18 52.89
1980 34.48 31.15 33.63
1981 44.63 40.66 41.51
1982 48.67 37.88 37.86
1983 40.27 25.33 24.74
1984 24.89 12.79 12.44
1985 23.81 13.61 13.37
1986 29.58 19.12 18.87
1987 43.03 31.17 30.92
1988 59.68 48.32 48.30
1989 65.66 60.28 62.22
1990 56.02 55.10 59.73
1991 51.12 55.11 58.15
1992 43.53 48.23 49.76
1993 38.06 40.85 41.51
1994 30.58 31.48 31.66
1995 22.73 22.85 22.83
1996 17.84 17.66 17.54
1997 14.95 14.71 14.53
1998 13.43 13.22 12.98
1999 13.68 13.39 13.13
2000 15.52 15.17 14.91
2001 19.06 18.42 18.11
2002 22.71 21.49 21.09
2003 27.68 26.20 25.67
2004 34.61 32.90 32.21
2005 43.61 41.89 41.04
2006 49.90 46.77 45.91
2007 56.30 51.35 50.7§
2008 67.30 58.42 57.76
2009 70.20 57.44 56.37
2010 64.36 50.95 49.71
2011 57.83 45.10 43.77
2012 58.23 46.55 45.07
2013 72.70 60.59 58.97
2014 - 71.57 70.63

ma |l e fiom then2819 esesgmerd &h0 MaoslelstA)
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Table20. Estimatednumbers of male cra®138 mmCW (millions)in the surveyirom the 2014
assessment and Models A and C using Dataset D.

Year 2014 Model A Model C
Assessment

1949 0.00 0.00 0.00
1950 0.00 0.00 0.00
1951 0.00 0.00 0.00
1952 0.09 0.10 0.09
1953 0.80 0.82 0.70
1954 2.11 1.97 1.70
1955 3.17 2.85 2.4
1956 3.95 3.50 3.01
1957 4.53 3.98 3.42
1958 4.99 4.36 3.7§
1959 5.38 4.69 4.02
1960 5.76 5.00 4.28
1961 6.19 5.36 4.58
1962 6.75 5.83 4.98
1963 7.61 6.56 5.59
1964 9.17 7.89 6.72
1965 12.59 10.86 9.23
1966 20.36 17.76 14.99
1967 38.29 34.60 29.09
1968 59.50 56.14 46.24
1969 79.41 77.56 62.66
1970 85.74 85.21 67.44
1971 85.99 84.39 66.37
1972 85.55 80.13 63.97
1973 86.45 75.34 62.36
1974 176.77 70.60 61.0
1975 230.4€ 215.27 208.15
1976 153.64 126.34 120.37
1977 115.31 100.09 95.21
1978 64.92 60.10 56.99
1979 37.92 26.64 25.2¢
1980 44.32 44.07 42.94
1981 25.48 27.54 26.65
1982 31.45 34.71 34.24
1983 26.61 23.76 23.23
1984 21.17 16.43 16.02
1985 12.89 9.53 9.25
1986 12.78 9.45 9.14
1987 21.11 17.72 17.24
1988 38.16 34.47 33.64
1989 62.99 61.02 59.64
1990 75.34 73.17 71.71
1991 60.52 63.37 62.33
1992 63.39 66.97 65.80
1993 35.16 38.27 37.15
1994 26.87 28.48 27.47
1995 18.11 18.64 17.79
1996 15.11 15.73 15.00
1997 8.33 8.68 8.02
1998 6.55 6.90 6.38
1999 6.48 6.83 6.39
2000 9.67 10.00 9.61
2001 12.35 12.80 12.41
2002 13.91 14.16 13.79
2003 15.93 16.24 15.79
2004 16.46 16.96 16.39
2005 26.34 27.10 26.39
2006 32.94 32.78 31.93
2007 31.90 31.77 30.89
2008 37.30 38.65 37.69
2009 35.05 32.40 31.37
2010 34.32 32.49 31.4§
2011 38.03 33.17 32.19
2012 28.65 24.72 23.73
2013 34.57 31.58 30.30
2014 52.28 48.90 47.5(
2015 - 48.67 47.19



Table2LObserved retained catch (100006s fromthei2®ldt he di
assessment and Models A and C using Dataset D.

2014 Assessment Model A Model C Dataset D
year observed predicted predicted predicted observed

1949 - 0.0 0.0 0.0--
1950 - 0.0 0.0 0.0--
1951 -- 0.0 0.0 0.0--
1952 -- 0.0 0.0 0.0--
1953 -- 0.1 0.1 0.0--
1954 - 0.1 0.1 0.1--
1955 - 0.2 0.2 0.2--
1956 - 0.3 0.2 0.2--
1957 -- 0.3 0.3 0.2--
1958  -- 0.3 0.3 0.3--
1959 - 0.4 0.3 0.3--
1960  -- 0.4 0.4 0.3--
1961 - 0.4 0.4 0.3--
1962 - 0.5 0.4 0.4--
1963 - 0.5 0.5 0.4 --
1964 - 0.6 0.6 0.5--
1965 1.92 2.0 2.0 2.0 1.9
1966 2.45 25 2.5 2.5 2.4
1967 13.6C 13.6 13.6 13.6 13.6
1968 18.00 18.0 18.0 18.0 18.0
1969 27.48 27.5 27.5 27.5 27.5
1970 25.48 25.5 25.5 25.5 25.5
1971 20.71 20.7 20.7 20.7 20.7
1972 16.91 16.9 16.9 16.9 16.9
1973 13.03 13.0 13.0 13.0 13.0
1974 15.24 15.2 15.2 15.2 15.2
1975 17.65 17.7 17.6 17.6 17.7
1976 30.02 30.0 30.0 30.0 30.0
1977 35.53 355 35.5 35.5 35.5
1978 21.0¢ 21.1 21.1 21.1 21.1
1979 19.01 18.9 18.8 18.8 19.0
1980 13.43 13.5 13.4 134 13.4
1981 4.99 5.1 5.1 5.1 5.0
1982 2.39 25 2.5 25 2.4
1983 0.55 0.8 0.7 0.7 0.5
1984 1.43 1.5 1.5 15 1.4
1985  -- -- -- -- --
1986  -- -- -- -- -
1987 1.00 1.0 0.9 0.9 1.0
1988 3.18 3.1 3.0 3.1 3.2
1989 11.11 11.0 11.0 11.0 1.1
1990 18.1¢ 18.1 18.0 18.0 18.2
1991 14.43 14.3 14.3 14.3 14.4
1992 15.92 14.5 14.8 14.9 15.9
1993 7.67 6.8 7.2 7.2 7.7
1994 3.54 3.4 3.7 3.8 35
1995 1.92 17 1.9 2.0 19
1996 0.82 0.4 0.5 0.7 0.8
1997 -- -- -- -- --
1998  -- -- -- -- -
1999 - -- -- -- --
2000 - -- -- -- --
2001 -- -- -- -- --
2002 - -- -- -- --
2003 - -- -- -- -
2004 - -- -- -- --
2005 0.43 0.5 0.5 0.6 0.4
2006 0.96 0.9 1.0 11 1.0
2007 0.96 0.9 1.0 1.2 1.0
2008 0.88 0.9 1.0 1.0 0.9
2009 0.60 0.7 0.7 0.8 0.6
2010 - -- -- -- -
2011 -- -- -- -- --
2012 -- -- -- -- --
2013 0.66 0.6 1.1 1.2 1.2
2014 -- -- 5.0 5.5 6.2
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Table22. Total male mortality(retained+discards) in the directed fishént 0 0 @rd@msthe 2014
assessment and Models A and C using Dataset D

2014 Assessment Model A Model C  Dataset D
year observed predicted predicted predicted observed

1949 -- 0.0 0.0 0.0--
1950 - 0.0 0.0 0.0--
1951 -- 0.0 0.0 0.0--
1952 -- 0.0 0.0 0.0--
1953 -- 0.1 0.1 0.1--
1954 - 0.3 0.2 0.2--
1955 - 0.4 0.3 0.2--
1956 - 0.5 0.4 0.3--
1957 -- 0.5 0.5 0.3--
1958  -- 0.6 0.5 0.4--
1959 - 0.6 0.5 0.4--
1960  -- 0.7 0.6 0.4--
1961 -- 0.7 0.6 0.5--
1962 - 0.8 0.7 0.5--
1963 - 0.9 0.8 0.6--
194 - 11 1.0 0.7 --
1965  -- 3.8 3.6 3.0--
1966 - 5.1 4.8 3.9--
1967 - 27.9 26.6 21.7--
1968  -- 35.1 33.5 27.6--
1969 - 50.7 48.3 40.4--
1970 - 45.7 43.3 36.8--
1971 -- 36.7 34.6 29.6--
1972 -- 29.8 28.0 24.1--
1973 -- 22.8 21.5 18.5--
1974 -- 26.1 25.1 21.5--
1975 -- 29.9 29.2 24.9--
1976 -- 51.9 50.9 43.8--
1977 -- 65.0 65.5 59.1--
1978 - 425 44.7 44.6--
1979 - 52.0 54.3 57.3--
1980 - 41.3 42.0 40.1--
1981 - 10.7 9.9 8.2--
1982 - 4.4 3.9 3.3--
1983  -- 1.2 11 0.9--
1984  -- 2.3 2.3 1.9--
1985 - -- -- -- --
1986  -- -- -- -- --
1987 - 1.8 1.7 14--
1988  -- 5.5 5.5 4.5--
1989  -- 20.4 20.2 16.7 --
1990 - 33.7 32.7 27.8--
1991 -- 23.0 19.5 18.9--
1992 17.9C 18.9 18.7 18.6 17.9
1993 8.91 9.5 9.3 9.2 8.9
1994 4.54 4.7 4.5 4.4 4.5
1995 2.81 3.0 3.0 2.9 2.8
1996 0.86 13 13 1.2 0.9
1997 -- -- -- -- --
1998  -- -- -- -- --
1999 - -- -- -- --
2000 - -- -- -- --
2001 - -- -- -- --
2002 - -- -- -- --
2003 - -- -- -- --
2004 - -- -- -- --
2005 0.58 0.9 0.8 0.8 0.6
2006 1.40 1.6 1.6 15 1.4
2007 1.61 1.8 1.8 17 1.6
2008 1.02 12 1.2 1.2 1.0
2009 0.63 0.7 0.8 0.8 0.6
2010 - -- -- -- --
2011 -- -= -= - -=
2012 -- -- -- -- --
2013 0.83 11 1.6 1.6 14

2014 -- -- 7.8 7.5 7.0



Table23. Comparison ofhe final objective functiosomponents for the alternative modaland G
which can be compared directly. Component differences greatessahke¥ units are highlighted.
Negativedifferences (red highlighting) indicate better fits wilodel A. Positivedifferences (blue
highlighting) indicatebetter fits withModel C

Type weight  sigmeModel A Model C A-C Component Description
Total -- - 2,049.07 2,112.49 -63.42total
1.00C 2.30 2.29 0.01 recruitment penalty

-- 0.00 0.00 0.00 sex ratio penalty
1.00C 0.64 0.67 -0.03 immatures natural mortality penalty
1.00C 4.21 6.98 -2.77 mature male natural mortality penalty
1.00C 51.27 50.01 1.26 mature female natural mortality penalty
1.00C 1.97 1.77 0.20 survey g penalty
1.00C 16.35 17.01 -0.66 female survey q penalty
1.00C 0.90 0.90 0.00 prior on female growth parameter a
1.00C 0.68 0.66 0.01 prior on female growth parameter b

~

~

~

~

~

~

~

~

~

Penalties v .
1.00C 0.57 0.21 0.36 prior on male growth parameter a

" 1.00C 0.04 0.03 0.01 prior on male growth parameter b
" 1.000 1.41 1.40 0.01 smoothing penalty on female maturity curve

05 1.414 0.16 0.16 0.00 smoothing penalty on male maturity curve
i -- 0.00 0.00 0.00 1st difference penalty on changes in male size at 50% selectivity in directed fis
" 1.000 49.3¢ 48.5C 0.88 penalty on F-devs in directed fishery
T 1414 7.70 7.52 0.18 penalty on F-devs in snow crab fishery
i -- 0.00 0.00 0.00 penalty on F-devs in BBRKC fishery

05 1.414 11.6¢ 11.67 0.03 penalty on F-devs in groundfish fishery
" 1000 1945z 22235 -27.83 likelihood for directed fishery: retained males
" 1000 11560 180.05 -64.45 likelihood for directed fishery: total males
" 1.00C 14.32 11.0€ 3.26 likelihood for directed fishery: discarded females
" 1.000 49.26€ 50.82 -1.56 likelihood for snow crab fishery: discarded males
" 1.000 13.95 14.08 -0.15 likelihood for snow crab fishery: discarded females

Size " 1.00C 24.21 24.21 0.00 likelihood for BBRKC fishery: discarded males

~

Compositions 1.00C 2.68 1.94 0.74 likelihood for BBRKC fishery: discarded females
1.00C 135.17 128.78 6.39 likelihood for groundfish fishery

1.00C 280.47 278.5¢ 1.89 likelihood for survey: immature males

1.00C 272.48 260.23 12.26 likelihood for survey: mature males

1.00C 307.31 307.19 0.12 likelihood for survey: immature females

1.00C 99.12  105.26 -6.13 likelihood for survey: mature females

1.00C 311.35 315.61 -4.26 likelihood for survey: mature survey biomass

L B B B |

o
PR RPRPRPRPRRPRPREPRPRPRPRPRPLJDONRPROORRPERRPRREREREROLR

~

10 0.31€ 31.87 19.61 12.25 likelihood for directed fishery: male retained catch biomass

10" 0.31€ 18.21 11.98 6.23 likelihood for directed fishery: male total catch biomass
Biomass 10”0 0316 6.64 7.62 -0.98 likelihood for directed fishery: female catch biomass

100 0.31€ 10.52 10.48 0.04 likelihood for snow crab fishery: total catch biomass

10" 0.31€ 9.59 10.2¢ -0.69 likelihood for BBRKC fishery: total catch biomass

10" 0.31€ 2.52 2.55 -0.03 likelihood for groundfish fishery: total catch biomass
Penalties 0" -- 0.00 0.00 0.00 penalty on sel50 devs for TCF
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Table24. Parameter estimatésr devsvectors fromModel A ( Dataset D), t
Estimates for other parameters may be found in Table 15.
devs vector year estimate std. dev. devs vector year estimate std. dev. devs vector year estimate std. dev.
_ { 7 1965 -0.518 0.498 1973 0.845 0.115
1949 1.496 1.627 1966 -0.772 0.388 1974 1.273 0.086
1950 -1.494 1.484 1967 0.35¢ 0.352 197 0.461 0.082
1951 -1.48¢ 1.34€ 1968 0121 0.334 1976 0.02€ 0.094
1952 -1.47¢ 1.21€ 1969 0.221 0.323 1977 0.249 0.121
1953 _1.461 1.095 1970 0.022 0.315 1978 0.420 0.158
Toed W o5 1071 0200 .29 1979 0.218 0.112
5 435 . 1073 368 0751 1980 0.046 0.14¢
~ 1955 -1.39% 0.894 ‘ ’ 1981 0.071 0.191
> 1973 -0.570 0.187
= 1956 -1.337 0.820 197 ~o30d o.12 1982 0.726 0.406
: - - 1983 0.150 0.389
o -
< 1957 -1.250 0.767 1975 -0.041 0.095 1984 0.252 0.414
3 1958 -1.120 0.734 1976 0.761 0.092 1985 0.285 0524
2 1959 -0.923 0.717 o 1977 1491 0.104 o 1986 0.368 0.408
) @ 1978 1.68¢8 0.133 ] 1987 0.650 0.411
S 1964 -0.610 0.713 : o7 238 0.16¢ 2 1988 111 0.420
g 1961 -0.090 0.72 5 1980 2.443 0.216 S 1989 1,032 0.351
E 1962 0.697 0.72¢ g 1981 0.596 0.156 2 1990 0.71€ 0.290
= oa= o om y m = o
3} ‘ P e -1.277 .265 S . .135
Qo 1964 1.980 0.709 2 1984 0.097 0.176 3 1993 0.55€ 0.175
S 1965 1.950 0.700 G 1987 -0.867 0.231 8 1994 1.068 0.154
2 1966 1.758 0.703 had 1988 L0112 0.112 2 1995 1.115 0.188
1967 1.517 0.698 3 1989 0.880 0.087 < iggi 1‘3‘;31 g-;gg
1968 1.33 0.689 = 1222 12;5 g'ggé g 1998 1.066 0.332
1969 1.24¢€ 0.685 : : 5
1993 T 660 0140 3 1999 0531 0.498
1970 1.194 0.66¢ ’ ’ =l 2000 0.658 0.390
1993 0.961 0.134 2001 T00d 0024
1971 1.018 0.60¢ 1994 0.762 0.176 ! :
g " 2002 0.367 0.367
1972 0.765 0.575 1995 -0.070 0.159 o0 oo o
1973 0.543 0.584 199 -1.228 0.198 2004 0.125 0.370
1974 0.781 0.415 2005 -2.148 0.21€ 2005 0.352 0.372
= 2006 -1.652 0.14¢ 2006 0.289 0.326
1975 1.00¢ 0.323 2007 1,690 0.13¢ 2007 363 0314
1976 2.094 0.12€ 2008 -1.753 0.167 2008 0.584 0.358
1977 1.79¢ 0.138 2009 -1.04¢ 0.277 2009 0.769 0.421
1978 1.022 0.186 2013 -1.686 0.147 2010 0.881 0.480
2014 -0.442 0.097 2011 0.880 0.495
1979 -0.08% 0.33¢8 1992 1850 0.120 2012 1.057 0.494
1980 -0.864 0.461 1993 1607 0.127 2013 1017 0.420
1981 -0.584 0.258 1994 1.272 0.150 2014 1.030 0.391
1982 -1.250 0.385 1995 1.276 0.175
1983 0.69¢ 0.104 Q 1996 0.197 0.471
1984 0.664 0.16C 3 1997 0.734 0.368
: — 2 1998 0.494 0.487
1985 1.590 0.107 g T E— 024
1986 1.328 0.134 e 2000 -0.622 0.65¢
1987 1.264 0.133 k] 2001 -0.580 0.630
1988 1.174 0.120 g 2002 -0.568 0.600
=~ 1989 0.206 0.172 I zg cl’il‘g gggﬁ
[ -4 ) 3 =l
N 1990 -0.660 0.254 ,E% 2005 _0.649 0.502
ot 1991 -1.214 0.291 g 2006 -0.340 0.414
e 1992 -1.496 0.273 5 2007 -0.206 0.342
8 1993 -1.59¢ 0.250 § 2008 -0.610 0.418
g 1994 -1.471 0.218 ‘ 2008 -0.486 0.421
3 : : 2010 -0.420 0.447
Q ~ o)
S 1995 -1.193 0.182 2011 0.013 0.365
5 1996 -1.090 0.188 2012 -0.57¢ 0.470
E 1997 -0.187 0.09¢ 2013 -0.47¢ 0.347
g 1998 -1.092 0.182 2014 0.414 0.178
2 1999 0.024 0.09¢
2000 -0.47¢ 0.174
2001 0.71C 0.088
2002 -0.232 0.18€
2003 0.29¢ 0.12¢
2004 0.802 0.086€
2005 -0.453 0.197
2006 -0.661 0.214
2007 -0.953 0.261
2008 -0.811 0.251
2003 0.94¢ 0.100
2010 1.12€ 0.096€
2011 0.604 0.135
2012 -0.96€ 0.36¢
2013 -0.170 0.198
2014 -0.101 0.204
2015 -0.531 0.301
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Table25.

Estimated population size (thousands) for females on July 1 of year. framutheh or 6 s

p rModekA. r e d

mo d e |

Size bin

275 325 375 425 475 525 575 62.5 675 725 775 825 875 925 975 102.5 1075 1125 178 1225 1275 1325 1375 1425 1475 1525 1575 162.5 1675 1725 177.5 1825
0.00E+0D  0.00E+00 0.00E+0D 0.00E+0D 0.00E+00 0.00E+0D 0.00E+0D 0.00E+00 0.00E+0D 0.00E+0D 0.00E+00 0.00E+0D 0.00E+0) 0.00E+00 0.00E+0D 0.00E+0D 0.00E+00 0.00E+0D 0.00E+0) 0.00E+0D 0.00E+0) 0.00E+0D 0.00E+0D 0.00E+0D 0.00E+00 0.00E+0D 0.00E+00 0.00E+00 0.00E+0D 0.00E+0D  0.00E+0!
458E+03 1.09E+04 107E+04 101E+04 7.50E+03 4.66E+03 2.56E+03 128E+03 6.01E+02 2.67E+02 465E+01 185E+01 7.14E+00 2.70E+00 9.96E-01 3.61E-01 128E-OL 2 5.76E-04  1.88E-04 5 195606 6.10E-07 190E-07 599E-08 2.33E-0(
4.61E+03 109E+04 1.07E+04 105E+04 OQ.04E+03 7.76E+03 6.39E+03 4.73E+03 3.18E+03 1.95E+03 5156402 213E+02 7.70E+0L 2.66E+0L 8.44E+0) 2.08E+00 4.12E-0L -02 9.46E-04  3.09E-04 3.19E-06 1O00E-06 3.11E-07 9.82E-08 3.82E-0
4.66E+03 1.10E+04 1.08E+04 1.06E+04 9.12E403 7.96E+03 7.02E+03 6.19E+03 5.64E+03 5.00E+03 2.37E+03 124E+03 5.45E+02 2.23E+02 7.68E+0L 179E40L 2.60E+00  3.03E-0L 119E-03 3.88E-04 4.01E-06 125E-06 3.90E-07 1.23E-07 4.79E-0f
474E+03 112E+04 110E+04 107E+04 9.22E+03 8.03E+03 7.09E+03 6.36E+03 6.32E+03 6.65E+03 448E+03 293E+03 163E+03 B831E+02 3.40E+02 8.78E+0L 1.30E+0L 1.38E+0) 137E-03  4.41E-04 455E-06 142E-06 4.43E-07 140E-07 5.43E-0t
486E+03 1.15E+04 1.13E+04 109E+04 9.38E+03 8.15E+03 7.19E+03 6.48E+03 6.72E+03 7.67E+03 5.82E+03 4.21E+03 261E+03 149E+03 6.75E+02 1.89E+02 2.97E+0L 3.50E+0) 154E-03  4.84E-04 4.98E-06 156E-06 4.85E-07 153E-07 5.95E-0t
5.06E+03 120E+04 117E+04 113E+04 9.65E+03 B8.35E+03 7.34E+03 6.64E+03 7.06E+03 8.44E+03 6.78E+03 5.12E+03 3.32E+03 197E+03 9.26E+02 4.28E+01  5.38E+00 169E-03 5.18E-04 5.32E-06 166E-06 517E-07 163E-07 6.34E-0
5.36E+03 1.27E+04 123E+04 118E+04 1O1E+04 B8.66E+03 7.58E+03 6.85E+03 7.38E+03 9.05E+03 7.49E+03 578E+03 3.84E+03 231E+03 1.10E+03 5.20E+01  6.70E+00 5.49E-04 5.62E-06 1.76E-06 547E-07 172E-07 6.70E-0
5.85E+03 1.38E+04 133E+04 127E+04 1O7E+04 9.14E+03 7.94E+03 7.15E+03 7.74E+03 9.61E+03 B.07E+03 6.30E+03 4.23E+03 257E+03 1.23E+03 5.86E+01 7.63E+0) 1.03E+0D 5.81E-04 5.95E-06 186E-06 5.79E-07 183E-07 7.09E-0
6.66E+03 157E+04 150E+04 141E+04 117E+04 O.90E+03 8.52E+03 7.60E+03 8.20E+03 1.02E+04 B.60E+03 6.75E+03 4.55E+03 2.78E+03 1.34E+03 6.36E+01  8.32E+00  1.13E+00 6.22E-04 6.37E-06 199E-06 6.20E-07 195E-07  7.59E-0
8.12E+03 191E+04 1.80E+04 165E404 135E404 112E+04 O.47E+03 B8.33E+03 B8.85E+03 1.09E+04 9.16E+03 7.19E+03 4.84E+03 2.96E+03 1.42E+403 6.79E+01  B.90E+0D  1.21E+00 6.83E-04 7.00E-06 2.19E-06 6.80E-07 215E-07 8.34E-0
111E+04 2.60E+04 240E+04 211E+04 168E+04 1.35E+04 1.11E+04 O.56E+03 0.80E+03 1.19E+04 9.85E+03 7.69E+03 5.17E+03 3.15E+03 152E+03 7.21E401  9.46E+0D  1.28E+00 7.84E-04 8.03E-06 251E-06 7.81E-07 246E-07 9.57E-0f
187E+04 4.33E+04 3.86E+04 3.20E+04 241E+04 183E+04 144E+04 1.19E+04 117E+04 1.36E+04 108E+04 8.38E+03 5.60E+03 3.40E+03 163E+03 7.71E+01 101E+0L 138E+00 9.74E-04 1.00E-04 3.13E-06 9.72E-07 3.07E-07 1.19E-0°
4.10E+04 9.45E+04 B.10E+04 6.22E+04 4.36E+04 3.07E+04 224E+04 171E+04 155E+04 1.66E+04 125E+04 9.48E+03 6.24E+03 3.75E+03 1.79E+03 8.43E+01 1.10E+01 151E+00 1.42E-03 1.46E-04 456E-06 142E-06 447E-07 1.74E-0
9.54E+04 2.19E+05 187E+05 141E+05 9.60E+04 6.42E+04 4.37E+04 3.09E+04 2.49E+04 2.37E+04 150E+04 1.1SE+04 7.38E+03 4.36E+03 2.05E+03 9.61E+01 1.26E+01 1.77E+00 2.64E- 2.72E-04 8.51E-06 2.65E-06 B8.36E-07 3.24E-0
1.48E+05 3.44E+05 3.11E+05 261E+05 192E+05 1.35E+05 9.37E+04 6.54E+04 4.93E+04 4.17E+04 2.39E+04 162E+04 9.84E+03 5.60E+03 2.57E+03 119E+02 1.57E+0L 2.29E+00 5.86E-04 5.87E-05 184E-05 5.71E-06 180E-06 7.00E-0°
1.48E+05 3.51E+05 3.45E+05 3.34E+05 274E+05 216E+05 1.68E+05 1.27E+05 0.98E+04 8.32E+04 4.39E+04 2.78E+04 159E+04 B.57E+03 3.80E+03 170E+02 2.20E+0L 3.22E+00 1.01E 1.01E-04 312606 1.21E-0¢
1.18E+05 2.96E+05 3.11E+05 280E+05 249E+05 2.17E+05 1.84E+05 162E+05 1.49E+05 847E+04 535E+04 298E+04 157E+04 6.77E+403 2.88E+02 351E+0L 4.76E+00 1.20E 1.19E-04 3.65E-06  1.42E-0¢
9.31E+04 234E+05 250E+05 233E+05 221E+05 208E+05 1.94E+05 197E+05 2.08E+05 1.39E+05 9.34E+04 5.44E+04 295E+04 129E+04 5.46E+02 643E+0L 8.10E+00 1.226 1.21E-04 3.72E-06  1.45E-0t
7.78E+04 1. 5 192E+05 2.01E+05 186E+05 177E+05 170E+05 168E+05 190E+05 2.31E+05 182E+05 132E+05 8.23E+04 4.69E+04 2.12E+04 9.15E+02 1.08E+02 1.33E+0L 9.27E-04 2.78E-06  1.08E-0t
7.10E+04 169E+05 1.70E+05 173E+05 156E+05 145E+05 1.38E+05 1.37E+05 1.66E+05 2.23E+05 197E+05 153E+05 101E+05 6.05E+04 2.83E+04 127E+03 156E+02 1.97E+0L 7.76E-04 2.31E-06  8.97E-0
6.74E+04 160E+05 160E+05 159E+05 141E+05 128E+05 1.18E+05 1.1SE+05 145E+05 206E+05 220E+05 193E+05 156E+05 1.07E+05 6.50E+04 3.16E+04 1.44E+03 1.82E+02 2.36E+0L 6.54E-04 1.94E-06  7.51E-0
5.65E+04 1.35E+05 139E+05 144E+05 130E+05 117E+05 1.08E+05 1.04E+05 130E+05 188E+05 204E+05 180E+05 1.49E+05 1.04E+05 6.50E+04 3.15E+04 1.45E+03 1.86E+02 2.45E+0L 6.06E-04 179E-06  6.96E-0"
4.39E+04 L1O0BE+05 111E+05 1.19E+05 1.10E+05 103E+05 O.73E+04 9.52E+04 120E+05 L74E+05 1.89E+05 167E+05 130E+05 O.77E+04 6.12E+04 297E+04 1376403 177E+02 2.35E+0L 5.62E-04 167E-06  6.48E-0°
351E+04 8.44E+04 B8.79E+04 9.34E+04 B8.73E+04 B.37E+04 B.09E+04 8.20E+04 108E+05 160E+05 175E+05 LSS5E+05 1.20E+05 9.08E+04 5.69E+04 2.76E+04 1276403 1.64E+02 2.17E+0L 3 5.01E-04 1.49E-06  5.79E-0
2.30E+04 5.60E+04 6.17E+04 G6.99E+04 6.73E+04 653E+04 6.36E+04 6.60E+04 O.13E+04 142E+05 157E+05 141E+05 1.18E+05 8.36E+04 5.24E+04 2.55E404 117E+03 152E402 2.00E+0L 4.38E-04 131E-06 5.08E-0°
2.89E+04 6.77E+04 6.36E+04 S587E+04 5.18E+04 4.96E+04 4.89E+04 5.18E+04 7.48E+04 121E+05 136E+05 123E+05 105E+05 7.48E+04 4.72E+04 2.29E+04 105E+03 1.36E+02 1.79E+0L 3 3.37E-04 1.00E-06  3.88E-0°
8.54E+04 195E+05 162E+05 116E+05 7.85E+04 559E+04 4.43E+04 4.23E+04 6.10E+04 101E+05 116E+05 106E+05 9.14E+04 6.56E+04 4.15E+04 2.02E+04 9.21E+02 1.18E+02 156E+0L 4 2.96E-04 8.76E-07  3.39E-0
6.35E+04 153E+05 162E+05 171E+05 LA41E+05 104E+05 7.39E+04 5.62E+04 6.11E+04 B8.93E+04 9.93E+04 9.00E+04 7.78E+04 5.60E+04 3.53E+04 1.70E+04 7.37E+02 9.21E+01 1.19E+0L 3 3.82E-04 110E-06  4.27E-0
2926404 7.36E+04 O.10E+04 116E+05 118E+05 1.18E+05 1.09E+05 9.36E+04 8.93E+04 102E+05 1O00E+05 B8.40E+04 6.86E+04 4.77E+04 2.91E+04 1.35E+04 5.18E+02 6.01E+0L 7.31E+00 4 2.23E-04 6.01E-07  2.33E-0"
9.66E+03 2.53E+04 3.57E+04 519E+04 6.12E+04 7.23E+04 7.99E+04 8.54E+04 1OLE+05 125E+05 121E+05 O.76E+04 7.30E+04 4.69E+04 2.69E+04 1I17E+04 3.97E+02 4.24E+01 4.81E+00 4 9.37E-05 2.41E-07  9.31E-0¢
4.43E+03 112E+04 1.39E+04 1.89E+04 2.36E+04 3.00E+04 3.85E+04 4.88E+04 7.44E+04 1.13E+05 1.22E+05 1.05E+05 8.14E+04 5.22E+04 292E+04 1.22E+04 3.81E+02 381E+0L 4.02E+00 1.18E-05 2.62E-08  1.01E-0f
5.87E+03 137E+04 128E+04 118E+04 1.12E+04 123E+04 150E+04 2.13E+04 4.10E+04 7.50E+04 8.83E+04 B813E+04 675E+04 4.57E+04 2.67E+04 1.15E404 4.06E+02 454E+0L 5.40E+00 3.19E-06 6.26E-09  2.35E-0¢
3.01E+03 7.50E+03 B8.90E+03 107E+04 9.95E+03 B.84E+03 8.36E+03 104E+04 221E+04 459E+04 572E+04 551E+04 4.89E+04 3.53E+04 2.19E+04 1.02E+04 5.37E+0L  7.16E+00 1.91E-05 5.30E-08  2.09E-0t
2.11E+04 4.79E+04 3.75E+04 235E+04 1.44E+04 103E+04 B.59E+03 8.62E+03 149E+04 296E+04 3.67E+04 355E+04 325E+04 243E+04 157E+04 7.56E+03 4.62E+01  6.51E+00 2.19E 6.37E-08  2.45E-0t
2.04E+04 4.86E+04 4.80E+04 4.62E+04 354E+04 237E+04 152E+04 110E+04 131E+04 216E+04 254E+04 240E+04 217E+04 162E+04 1.0SE+04 5.12E+03 3.35E+0L  4.86E+00 4 101E-04 3.09E-07  1.20E-0
5.16E+04 1.18E+05 1OOE+05 7.49E+04 5.34E+04 4.06E+04 3.17E+04 2.40E+04 203E+04 217E+04 212E+04 183E+04 155E+04 1.12E+04 7.14E+03 3.45E+03 2.12E+01  3.00E+00 4 1.20E-04 3.59E-07  1.39E-0"
3.97E+04 O.56E+04 LOOE+05 1OSE+05 B.65E+04 6.50E+04 4.79E+04 3.67E+04 3.24E+04 3.28E+04 292E+04 226E+04 1.66E+04 1.09E+04 6.51E+03 3.06E+03 1.87E+0L  2.69E+00 4 3.05E-04 9.33E-07  3.62E-0°
3.72E404 8.86E+04 B8.86E+04 BOJE+04 B.I2E+04 7.55E+04 6.79E+04 5.72E404 501E+04 A4.79E+04 4.12E+04 3.13E+04 222E+04 1.38E+04 7.87E+03 3.55E403 1.96E+0L  2.69E+00 3 3.71E-04 114E-06  4.41E-0
3.40E+04 8.11E+04 8.16E+04 B8.23E+04 7.30E+04 659E+04 6.07E+04 574E+04 6.06E+04 6.65E+04 6.02E+04 459E+04 3.17E+04 191E+04 107E+04 4.81E+03 2,57E+0L  3.34E+00 3.67E-04 111E-06  4.32E-0°
120E+04 3.33E+04 441E+04 589E+04 595E+04 575E+04 5.42E+04 5.15E+04 5.73E+04 7.03E+04 6.94E+04 571E+04 424E+01 2068E+04 154E+04 6.96E+03 3.60E+0L  4.50E+00 3 3.22E-04 9.65E-07  3.75E-0"
5.44E+03 138E+04 178E+04 244E+04 295E+04 3.61E+04 4.03E+04 4.20E+04 5.26E+04 6.97E+04 7.13E+04 6.03E+04 4.68E+01 3.09E+04 1.84E+04 8.58E+03 4.48E+01  5.55E+00 1.56E-04 456E-07  1.77E-0
3.12E+03 7.70E+03 8.86E+03 109E+04 124E+04 150E+04 184E+04 241E+04 3.86E+04 6.10E+04 6.69E+04 586E+04 4.70E+04 3.16E+04 1.90E+04 8.79E+03 4.31E+01  5.30E+00 5.07E-05 143607  5.52E-0t
2.36E+03 5.68E+03 6.02E+03 6.61E+03 6.64E+03 7.16E+03 8.19E+03 1.12E+04 2.29E+04 4.43E+04 530E+04 4.93E+04 4.20E+04 2.94E+04 1.80E+04 8.38E+03 3.98E+0L  4.88E+00 . 5.50E-08  2.16E-0¢
2136403 5.07E+03 5.11E+03 522E+03 4.80E+03 4.65E+03 4.80E+03 6.38E+03 146E+04 3.11E+04 3.84E+04 3.64E+04 3.23E+04 2.33E+04 145E404 6.71E+03 2.95E401  3.63E+00 8.49E-04  1O7E-04 1.92E-08  7.38E-0¢
2.40E+03 5.66E+03 5.42E+03 5.11E+03 4.38E+03 3.90E+03 3.71E+03 4.58E+03 104E+04 226E+04 280E+04 265E+04 230E+04 1.74E+04 1.08E+04 5.01E+03 2.23E401  2.84E+00 7.28E-04  1.05E-04 2.16E-08  8.34E-0¢
3.19E+03 7.47E+03 6.92E+03 6.16E+03 4.96E+03 4.08E+03 3.56E+03 3.93E+03 B.O0SE+03 169E+04 207E+04 195E+04 175E+04 127E+04 7.86E+03 3.60E+03 1526401 1.91E+00 6.39E-04  1.20E-04 2.78E-08  1.07E-0t
3.54E+03 8.34E+03 B8.01E+03 7.51E+03 6.15E+03 4.97E+03 4.14E+03 4.03E+03 6.80E+03 131E+04 157E+04 146E+04 130E+04 9.36E+03 5.75E+03 2.62E+03 1.10E+0L 1.39E+00 7.49E-04  1.79E-04 159E-06 4.91E-07 152E-07 477E-08 1.84E-0
8.72E+03 2.00E+04 169E+04 127E+04 B.OTE+03 6.69E+03 5.32E+03 4.75E+03 6.51E+03 110E+04 126E+04 115E+04 1.00E+04 7.15E+03 4.37E+03 2.00E+03 8.76E+0)  1.12E+00 9.47E-04  2.56E-04 2.46E-06 7.63E-07 2.36E-07 7.44E-08 2.88E-0
3.53E+03 9.02E+03 116E+04 148E+04 133E+04 10SE+04 7.94E+03 6.38E+03 7.15E+03 103E+04 110E+04 9.60E+03 B.04E+03 5.62E+03 3.41E+03 1.56E+03 7.28E400  9.53E-0L 1.72E-03  5.18E-04 5.26E-06 164E-06 5.09E-07 160E-07 6.20E-0
1.08E+04 2.46E+04 2.04E+04 1L50E+04 117E+04 1.09E+04 1.03E+04 9.25E403 9.42E+03 113E+04 110E+04 9.08E+03 7.21E+03 4.88E+03 2.93E+03 1.34E+03 6.58E+0)  8.61E-0L 5.00E-06 156E-06 4.83E-07 152E-07 5.87E-0
6.51E403 1.60E+04 1BOE+04 202E+04 171E+04 120E+04 9.91E+03 8.69E+03 0.97E+03 128E+04 126E+04 102E+04 7.70E+03 5.00E+03 2.92E+03 1.33E+03 6.87E400  9.09E-0L 250607 9.71E-0t
2.14E+04 4.80E+04 A4.02E+04 287E+04 205E+04 1.66E+04 1.42E+04 119E+04 115E+04 133E+04 130E+04 10BE+04 B.44E+03 5.60E+03 3.32E+03 1.53E+03 8.15E+0)  1.0BE+0D 2,61E-07 1.01E-0
8.34E+03 214E+04 280E+04 359E+04 3.19E+04 244E+04 180E+04 144E+04 143E+04 164E+04 155E+04 123E+04 9.24E+03 6.03E+03 3.60E+03 1.70E+03 1.00E+0L  1.36E+00 1.52E-04 4.65E-07  1.80E-0°
142E+04 3.29E+04 2.94E+04 254E+04 232E+04 242E+04 240E+04 2.13E+04 197E+04 204E+04 185E+04 147E+04 1.10E+04 7.10E+03 4.19E+03 1.96E+03 1.15E+0L  1.55E+00 1.41E-04 4.33E-07  1.68E-0°
2.35E+04 5.46E+04 4.87E+04 4.04E+04 3.00E+04 225E+04 185E+04 178E+04 2.10E+04 256E+04 244E+04 192E+04 138E+0 B.69E+03 5.06E+03 2.36E+03 1.40E+01 1.88E+00 1.61E-04 4.97E-07  1.93E-0
6.60E+03 1.80E+04 2.66E+04 3.78E+04 3.63E+04 3.10E+04 251E+04 2.05E+04 2.03E+04 248E+04 251E+04 214E+04 167E+04 1.10E+04 6.55E+03 3.07E+03 1.78E+0L  2.37E+00 2.16E-04 6.69E-07  2.60E-0
5.43E+03 1.30E+04 136E+04 1L55E+04 183E+04 2.30E+04 254E+04 2.48E+04 2.50E+04 297E+04 282E+04 229E+04 176E+04 1.18E+04 7.26E+03 3.52E+03 2.20E40L  2.96E+00 1.75E-04 5.40E-07  2.10E-0"
4.06E+03 9.79E+03 1.04E+04 1.13E+04 107E404 107E+04 118E+04 148E+04 219E+04 3.11E+04 3.21E+04 2.68E+04 2.04E+04 134E+04 7.99E+03 3.81E+03 2.36E+0L  3.18E+00 1.30E-04 4.26E-07  166E-0
4.67E+03 110E+04 1.05E+04 9.95E+03 8.75E403 8.17E+03 7.91E+03 B857E+03 136E+04 236E+04 2.74E+04 2.52E+04 2.11E+04 146E+04 O.05E+03 4.36E+03 2.64E+0L  3.48E+00 1.09E-04 3.34E-07  1.30E-0
2726404 6.17E+04 A4.87E+04 310E+04 184E+04 1.16E+04 B.38E+03 7.54E+03 110E+04 189E+04 220E+04 204E+04 179E+04 131E+04 8.52E+03 4.28E403 2.84E+0L  3.86E+00 9.43E-05 2.87E-07 111E-00
3.24E+04 7.62E+04 7.21E+04 G651E+04 4.84E+04 3.19E+04 201E+04 133E+04 125E+04 172E+04 188E+04 171E+04 149E+04 109E+04 7.12E+03 3.60E+03 2.50E+0L  3.54E+00 1.75E-04 5.35E-07 2.08E-0°
192E+04 4.73E+04 5.36E+04 6.18E+04 5.68E+04 4.94E+04 4.08E+04 3.14E+04 254E+04 241E+04 213E+04 170E+04 1.36E+04 9.49E+03 6.04E+03 3.02E+03 2.13E+01  3.08E+00 2.66E-04 8.20E-07  3.19E-0
4.00E+03 114E+04 195E+04 3.13E+04 3.61E+04 3.99E+04 4.06E+04 387E+04 3.83E+04 3.92E+04 3.30E+04 251E+04 172E+04 1O6E+04 6.14E+03 2.90E+03 1.88E+0L  2.67E+00 2.67E-04 8.25E-07  3.21E-0
8.87E+03 2.04E+04 L76E+04 148E+04 15IE+04 191E+04 2.32E+04 2.72E404 3.48E+04 4.43E+04 4.35E+04 350E+04 251E+04 155E+04 8.76E+03 3.97E+03 2.20E+01  2.85E+00 2.04E-04 6.26E-07  2.43E-0"
O.50E+03 2.25E404 2.18E+04 205E+04 162E+04 126E+04 111E+04 131E+04 2.20E+04 3.63E+04 4.08E+04 3.64E+04 2.90E+04 1.94E+04 LI17E+04 5.52E403 3.14E40L  4.00E+00 1.74E-04 5.44E-06 169E-05 534E-07 207E-0
6.18E+03 151E+04 166E+04 1L87E+04 172E+04 153E+04 1.32E+04 120E404 161E+04 273E+04 3.20E+04 299E+04 260E+04 1.87E+04 110E+04 5.88E+03 174E+03 283E+02 3.66E+0L 4.85E+00 4.53E-01 1.30E-04 433E-06 135E-05 4.24E-07 165E-0
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Table26.

Estimated population size (thousands) for males on July 1 of year. franthdr or 6 s

prMdded A r e d

mo d e

Size bin
year 275 325 375 425 475 525 575 625 67.5 725 775 825 87.5 925 975 102 1075 1125 175 1225 1275 1325 1375 1425 1475 1525 1575 1625 167.5 1725 1775 1825
1949 0.00E+0) 0.00E+0D 0.00E+0D 0.00E+0D 0.00E+00 0.00E+0D O0.00E+0) 0.00E+0D 0.00E+00 0.00E+00 0.00E+0) 0.00E+0D 0.00E+0D 0.00E+00 0.00E+00 0.00E+0D 0.00E+0D 0.00E+0D 0.00E+00 0.00E+00 0.00E+0D 0.00E+0D 0.00E+0D 0.00E+00 O0.00E+0D O0.00E+0D 0.00E+0D 0.00E+00 0.00E+00 0.00E+0) 0.00E+0D 0.00E+Oi
1950 458E+03 107E+04 102E+04 O.11E+03 7.01E+03 4.92E+03 3.05E+03 174E+03 951E+02 253E+02 125E+02 6.0SE+0L 2.88E+01 1.35E+0L 6.23E+00 2.85E+0D 1.20E+00 5.77E-0L 256E-01 113E-0L 495E-02 216E-02 9.34E-03 401E-03 170E-03 7.2E-04 292E-04 117E-04 4.58E-05 181E-05 9.06E-0(
1951 4.61E+03 1O7E+04 103E404 9.30E+03 7.76E+03 6.55E+03 5.67E+03 4.66E+03 3.67E+03 199E+03 1.35E+03 8.83E+02 5.64E+02 3.51E+02 2.13E+02 127E+02 7.30E+0L 4.21E+01 2.34E+01l 127E+0L 6.75E400 3.58E+00 189E+00 9.78E-01 4.79E-01 2.16E-01 8.59E-02 2.83E-02 6.84E-03 9.99E-04 1.58E-0!
1952 4.66E+03 108E+D4 104E+04 9.38E+03 7.82E+03 661E+03 581E+03 501E+03 433E+03 3.83E+03 3.42E+03 299E+03 255E+03 2.13E+03 173E+03 1.36E+03 102E+03 7.51E+02 5.35E+02 3.68E+02 245E+02 160E+02 104E+02 G6.68E+OL 4.15E+0L 242E+0L 129E+0L 601E+00 231E+00 6.53E-0L 109E-0L 3.74E-0!
1953 4.74E+03 110E+04 105E404 9.50E+03 7.91E+03 6.68E+03 5.87E+03 5.07E+03 4.40E+03 3.92E+03 357E+03 3.25E+03 2.98E+03 2.77E+03 2.57E+03 2.32E+03 2.05E+03 182E+03 157E+03 132E+03 LOSE+03 B8.20E402 6.29E+02 4.77E+02 3.46E+02 234E+02 143E+02 7.65E+0L 3.37E+0L 110E+0L 2.10E+00 1.92E-0:
1954 4.86E+03 113E+04 108E+04 O.70E+03 B.0GE+03 680E+03 596E+03 5.15E+03 4.47E+03 4.00E+03 3.67E+03 3.38E+03 3.16E+03 3.04E+03 292E+03 2.73E+03 2.50E+03 237E+03 2.24E+03 207E+03 181E+03 152E+03 126E+03 104E+03 B826E+02 6.12E+02 4.12E+02 118E+02 4.27E+0L 9.06E+0D 3.71E-0:
1955 5.06E+03 1.18E+04 112E+04 1O00E+04 B8.20E+03 6.98E+03 6.10E+03 5.26E+03 4.57E+03 4.10E+03 3.77E+03 350E+03 3.31E+03 326E+03 3.19E+03 3.03E+03 2.82E+03 277E+03 271E+03 2.61E+03 2.36E+03 2.04E+03 173E+03 146E+03 1LI1OE+03 O.06E+02 6.26E+02 1.90E+02 7.11E+0L 1S5SE+0L 160E-O:
1956 5.36E+03 125E+04 1.18E+04 10SE+04 B8.66E+03 7.25E+03 6.32E+03 5.44E+03 A4.71E+03 4.23E+03 3.90E+03 3.63E+03 346E+03 345E+03 342E+03 328E+03 3.08E+03 307E+03 3.07E+03 3.02E+03 277E+03 242E+03 207E+03 177E+03 146E+03 1.12E+03 7.82E+02 241E+02 9.16E+0L 2.02E+01 2.76E-0
1957 5.85E+03 1.36E+04 128E+04 1I13E+04 O.23E+03 7.68E+03 6.66E+03 5.70E+03 4.93E+03 4.41E+03 4.06E+03 3.78E+03 3.62E+03 363E+03 3.63E+03 350E+03 3.30E+03 3.33E+03 3.37E+03 3.35E+03 3.00E+03 2.72E+03 2.33E+03 201E+03 166E+03 128E+03 B.97E+02 2.80E+02 1.07E+02 2.36E+01 3.60E-O:
1958 6.66E+03 155E+04 144E+04 126E+04 102E+04 B8.37E+03 7.18E+03 6.11E+03 5.25E+03 4.67E+03 4.29E+03 3.99E+03 3.82E+03 384E+03 385E+03 3.72E+03 351E+03 356E+03 3.62E+03 3.62E+03 3.35E+03 295E+03 254E+03 2.19E+03 1.82E+03 1.40E+03 9.86E+02 3.00E+02 1.18E+02 2.62E+01 4.21E-0
1959 8.12E+03 1.88E+04 173E+04 148E+04 117E+04 O.53E+03 B.O6E+03 6.77E+03 5.76E+03 5.00E+03 4.64E+03 4.29E+03 4.09E+03 4.10E+03 4.11E+03 3.07E+03 3.74E+03 3.80E+03 3.87E+03 3.87E+03 350E+03 3.17E+03 272E+03 2.35E+03 195E+03 151E+03 1.06E+03 3.33E+02 1.27E+02 2.83E+01 4.68E-0:
1960 111E+04 256E+04 231E+04 191E+04 147E+04 1I16E+04 O.61E+03 7.92E+03 6.64E+03 5.79E+03 521E+03 4.77E+03 450E+03 4.48E+03 4.46E+03 4.29E+03 4.03E+03 4.08E+03 4.15E+03 4.15E+03 3.84E+03 3.38E+03 2.90E+03 251E+03 2.08E+03 1G61E+03 1.13E+03 355E+02 1.36E+02 3.02E+01 5.06E-0
1961 187E+04 4.20E+04 3.75E+04 2.92E+04 2.14E+04 162E+04 128E+04 102E+04 B.29E+03 7.05E+03 6.21E+03 558E+03 5.18E+03 507E+03 4.99E+03 4.76E+03 4.44E+03 4.46E+03 451E+03 4.40E+03 4.1SE+03 3.64E+03 3.12E+03 260E+03 2.23E+03 172E+03 121E+03 1.45E+02 3.22E+0L  5.40E-0:
1962 4.10E+04 O.37E+04 7.91E+04 577E+04 3.96E+04 279E+04 206E+04 154E+04 120E+04 9.77E+03 8.28E+03 7.19E+03 6.47E+03 6.16E+03 5.92E+03 5.55E+03 5.11E+03 5.07E+03 5.06E+03 4.99E+03 4.58E+03 4.00E+03 342E+03 294E+03 243E+03 187E+03 131E+03 157E+02 347E+0L  5.76E-0:
1963 954E+04 2.18E+05 183E+05 131E+05 B8.83E+04 6.02E+04 4.20E+04 298E+04 219E+04 168E+04 134E+04 110E+04 941E+03 B51E+03 7.84E+03 7.3E+03 6.41E+03 6.18E+03 6.03E+03 5.84E+03 5.20E+03 4.58E+03 3.89E+03 3.32E+03 2.73E+03 210E+03 147E+03 173E+02 3.83E+0L  6.20E-0:
1964 1.48E+05 3.40E+05 3.01E+05 2.30E+05 174E+05 126E+05 O.11E+04 6.52E+04 4.75E404 3.57E+04 274E+04 214E+04 173E+04 146E+04 127E+04 110E+04 9.46E+03 8.69E+03 8.12E+03 7.58E+03 6.71E+03 5.71E+03 A4.78E+03 A4.04E+03 3.20E+03 2.50E+03 1.73E+403 201E+02 4.43E+0L  6.85E-0:
1965 148E+05 3.44E+05 3.30E+05 2.98E+05 242E+05 193E+05 154E+05 120E+05 9.36E+04 7.36E+04 5.81E+04 459E+04 367E+04 303E+04 253E+04 211E+01 175E+04 152E+04 135E+04 110E+04 101E+04 8.39E+03 6.86E+03 5.67E+03 4.53E+03 3.30E+03 231E+03 2.58E+02 5.64E+01  7.92E-0
1966 118E+05 2.78E+05 2.81E+05 2.73E+05 2.38E+05 207E+05 1BAE+05 157E+05 132E405 113E+05 O.58E+04 B.O9E+04 6.84E+04 588E+04 505E+04 4.27E+04 356E+04 3.05E+04 2063E+04 2.25E+04 185E+04 149E+04 1I1OE+04 O.53E+03 7.42E+03 5.42E+03 3.61E+03 3.78E+02 B.OBE+0L  9.25E-0;
1967 9.31E+04 2.19E+05 222E+05 2.18E+05 195E+05 176E+05 166E+05 150E+05 134E+05 122E+05 113E+05 103E+05 9.32E+04 B59E+04 7.84E+04 6.98BE+01 6.09E+04 545E+04 4.85E+04 4.25E+04 355E+04 2.89E+04 2.32E+04 187E+04 145E+04 106E+04 7.00E+03 7.13E+02 151E+02 1.36E+00
1968 7.78E+04 1.83E+05 182E+05 176E+05 155E+05 140E+05 133E+05 122E+05 113E405 1O06E+05 103E+05 9.86E+04 950E+04 9.36E+04 9.11E+04 BS7E+04 7.85E+04 7.44E+04 6.95E+04 6.33E+04 5.42E+04 4.48E+04 3.66E+04 299E+04 2.36E+04 L74E+04 116E+04 120E+03 2.53E+02 2.05E+0i
1969 7.00E+04 166E+05 162E+05 1526+05 131E+05 1.16E+05 108E+05 9.90E+04 O.09E+04 B.65E+04 B48E+01 B8.34E+04 B33E+04 B64E+04 B83E+04 B63E+01 B.1BE+04 B.15E+04 BOIE+04 7.63E+04 6.77E+04 574E+04 A79E+04 A4.02E+04 3.25E+04 245E+04 168E+04 184E+03 3.96E+02 3.66E+0I
1970 6.74E+04 157E+05 153E+05 141E+05 120E+05 LO4E+05 O.48E+04 B851E+04 7.71E+04 7.27E+04 7.10E+04 7.02E404 7.13E+04 7.62E404 B.O0E+04 7.07E+04 7.67E+04 7.88E+04 7.98E+04 7.83E+04 7.06E+04 6.06E+04 5.10E+04 4.33E+04 3.55E+04 2.72E+04 1BIE+04 2.17E+03 A.74E+02 5.59E+01
1971 5.65E+04 133E+05 1.32E+05 127E+05 1.10E+05 O.65E+04 B8.76E+04 7.81E+04 7.00E+04 6.53E+04 6.31E+04 6.22E+04 6.33E+04 683E+04 7.24E+04 7.27E+01 7.02E+04 7.32E+04 755E+04 7.51E+04 6.82E+04 5.88E+04 A4.97E+04 4.25E+04 351E+04 271E+04 1.90E+04 2.25E+03 4.96E+02 7.06E+0I
1972 4.30E+04 103E+05 1O0SE405 103E+05 9.22E+04 B31E+04 7.80E+04 7.11E+04 6.45E+04 6.05E+04 5.86E+01 5.76E+04 5.85E+04 6.32E+04 6.71E+04 6.73E+04 6.50E+04 6.81E+04 7.05E+404 7.06E+04 6.43E+04 555E404 4.69E+04 4.02E+01 332E404 257E+04 181E+04 2.18E+03 A4.83E+02 7.74E+01
1973 351E+04 8.26E+04 8.33E+04 B8.14E+04 7.27E+04 6.63E+04 6.35E+04 5.91E+04 548E+04 5.27E+04 522E+04 524E+04 539E+04 588E+04 628E+04 6.31E+01 6.09E+01 6.39E+04 6.63E+04 6.64E+04 6.05E+04 5.22E+04 A4.41E+04 3.78E+04 3.12E+04 242E+04 1.70E+04 2.06E+03 457E+02 7.75E+00
1974 2.30E+04 5.45E+04 5.B1E+04 6.04E+04 5.58E+04 5.17E+04 A4.98E+04 4.66E+04 4.35E+04 4.24E+01 4.28E+01 4.38E+01 4.61E+04 513E+04 557E+04 5.67E+04 552E+04 5.85E+04 6.11E+04 6.16E+04 5.63E+04 4.8B7E+04 4.12E+04 354E+04 293E+04 2.27E+04  L6OE+04 1.93E+03 4.30E+02  7.44E+00
1975 2.80E+04 6.67E+04 6.12E+04 5.22E+04 4.32E+04 3.85E+04 3.74E+04 356E+04 3.38E+04 3.33E+04 3.39E+04 350E+04 3.74E+04 4.24E+04 4.68E+04 4.80E+01 471E+04 505E+04 5.32E+04 5.30E+04 4.94E+04 A427E+04 3.62E+04 3.11E+04 2.58E+04 200E+04 141E+04 171E+03 3.80E+02 6.62E+0i
1976 8.54E+04 1.94E+05 150E+05 100E+05 7.14E+04 4.93E+04 3.77E+04 3.08E+04 270E+04 250E+04 266E+01 281E+04 3.06E+04 355E+04 397E+04 4.11E+04 4.05E+04 4.36E+04 461E+04 A4.67E+04 4.26E+04 3.66E+04 3.00E+04 265E+04 210E+04 L70E+04 1.20E+04 1.46E+03 3.25E+02 5.74E+0I
1977 6.35E+04 150E+05 154E+05 151E+05 1.26E+05 9.86E+04 7.31E+04 5.32E+04 3.98E+04 3.18E+04 276E+01 259E+04 265E+04 300E+04 333E+04 3.43E+01 3.37E+04 3.62E+04 377E+04 3.73E+04 3.20E+04 274E+04 2.25E+04 189E+04 155E+04 118E+04 8.30E+03 9.90E+02 2.19E+02 3.77E+0I
1978 2.92E+04 7.00E+04 B8.43E+04 O.84E+04 O.68E+04 O.30E+04 O.02E+04 BOOE+04 6.94E+04 5.86E+04 4.90E+01 4.14E+01 366E+04 353E+04 3.48E+04 3.30E+04 3.03E+04 3.02E+04 2.92E+04 2.65E+04 2.15E+04 166E+04 1.20E+04 104E+04 B.25E+03 6.10E+03 4.25E+03 477E+02 103E+02 LS51E+0I
1979 9.66E+03 241E+04 3.25E+04 A4.27E+04 A4.69E+04 5.12E+04 5.71E+04 5.83E+04 5.73E+04 5.67E+04 563E+01 546E+04 524E+04 510E+04 4.87E+04 4.41E+01 3.83E+04 3.44E+04 298E+04 243E+04 1BIE+04 1.32E+04 O.72E+03 7.46E+03 5.64E+03 A4.04E+03 2.65E+403 2.60E+02 5.40E+0L  5.76E-0:
1980 443E+03 10BE+04 128E+04 155E+04 174E+04 204E+04 249E+04 279E+04 3.01E+04 3.31E+04 3.67E+04 3.95E+04 4.20E+04 A453E+04 A470E+04 4.54E+04 4.14E+04 3.78E+04 3.25E+04 260E+03 197E+04 149E+04 114E+04 B.73E+03 6.37E+03 4.27E+03 255E+03 164E+02 2.87E+0L B.78E-0:
1981 5.87E+03 1.35E+04 123E+04 105E+04 B8.97E+03 B.69E+03 O.55E+03 1O0SE+04 117E+04 135E+04 1L59E+04 181E+04 204E+04 231E+04 251E+04 255E+04 244E+04 233E+04 2.10E+04 180E+04 151E+04 126E+04 107E+04 B.96E+03 7.06E+03 5.06E+03 3.20E+03 227E+02 4.00E+0L  3.77E-0;
1982 3.01E+03 7.25E+03 8.31E+03 0.25E+03 B8.53E+03 7.48E+03 6.61E+03 5.94E+03 561E+03 5.80E+03 G643E+03 7.27E+03 B.36E+03 9.94E+03 114E+04 122E+01 123E+04 128E+04 128E+04 124E+04 115E+04 104E+04 O.41E+03 B50E+03 7.28E+03 5.73E+03 4.04E+03 4.62E+02 101E+02 4.87E-0
1983 211E+04 477E+04 371E+04 2.26E+04 131E+04 B.50E+03 6.76E+03 5.78E+03 5.10E+03 4.67E+03 4.41E+03 4.31E+03 4.42E+03 4.88E+03 5.41E+03 571E+03 5.80E+03 6.27E+03 6.67E+03 6.95E+03 6.79E+03 6.43E+03 6.00E+03 5.62E+03 A4.99E+03 4.08E+03 2.99E+403 3.94E+02 9.03E+01 L62E+0I
1984 2.04E+04 477E+04 4.60E+04 4.15E+04 3.26E+04 2.37E+04 150E+04 104E+04 7.09E+03 5.28E+03 4.41E+03 3.96E+03 373E+03 373E+03 378E+03 371E+03 357E+03 367E+03 3.80E+03 3.93E+03 3.84E+03 3.63E+03 3.30E+03 3.18E+03 2.84E+03 2.35E+03 1.75E+03 2.44E+02 5.68E+0L 1.62E+00
1985 5.16E+04 1.18E+05 O.79E+04 6.95E+04 A4.76E+04 3.49E+04 279E+04 222E+04 175E404 136E+04 103E+04 7.65E403 5.78E+03 4.60E+03 3.88E+03 3.38E+03 3.01E+03 2.87E+03 277E+03 2.67E+03 2.46E+03 221E+03 197E+03 178E+03 154E+03 124E+03 9.00E+02 119E+02 2.75E+0L  8.63E-0:
1986 3.97E+04 O.34E+04 O52E+04 O.26E+04 7.74E+04 6.08E+04 A4.58E+04 340E+04 250E+04 207E+04 174E+04 148E+04 126E+04 109E+04 925E+03 7.72E+03 6.32E+03 534E+03 459E+03 4.026+03 3.44E+03 292E+03 250E+03 221E+03 187E+03 147E+03 106E+03 136E+02 3.09E+0L 8.51E-0:
1987 3726404 8.69E+04 8.45E+04 7.86E+04 6.81E+04 6.07E+04 5.64E+04 4.96E+04 4.21E+04 3.53E+04 290E+04 237E+04 196E+04 168E+04 146E+04 128E+04 111E+04 9.02E+03 8.81E+03 7.74E+03 6.54E+03 5.41E+03 4.46E+03 3.76E+03 3.02E+03 2.26E+03 153E+403 171E+02 3.76E+0L  8.32E-0:
1988 3.40E+04 7.95E+04 7.78E+04 7.25E+04 6.21E+04 5.30E+04 A4.87E+04 A4.34E+04 3.91E+04 3.64E+04 345E+04 3.22E+04 295E+04 271E+04 245E+04 215E+01 185E+04 162E+04 143E+04 124E+04 105E+04 8.63E+03 7.13E+03 6.03E+03 4.87E+03 3.64E+03 248E+03 271E+02 5.87E+0L 8.17E-0:
1989 120E+04 3.8E+04 4.06E+04 5.00E+04 4.94E+04 A4.65E+04 4.38E+04 3.95E+04 3.55E404 3.27E+04 3.0BE+01 292E404 280E+04 276E+04 272E+04 259E+04 2.41E+04 229E+04 2.14E+04 193E+04 166E+04 1.38E+04 1I14E+04 O.55E+03 7.61E+03 5.62E+03 3.76E+403 3.91E+02 8.34E+0L 1.02E+00
1990 5.44E+03 133E+04 163E+04 202E+04 222E+04 250E+04 2.88E+04 297E+04 291E+04 284E+04 279E+04 272E+04 264E+04 265E+04 265E+04 255E+01 239E+04 233E+04 223E+04 206E+04 179E+04 150E+04 1.25E+04 108E+04 B8.77E+03 6.58E+03 4.47E+03 471E+02 9.99E+01 9.68E-0
1991 3.12E+03 7.47E+03 8.27E+03 O.10E+03 0.48E+03 103E+04 120E+04 133E+04 146E+04 164E+01 LB7E+01 203E+04 215E+04 228E+04 238E+04 235E+04 222E+04 2.17E+04 205E+04 184E+04 154E+04 125E+04 103E+04 B.84E+03 7.16E+03 5.34E+03 3.61E+03 371E+02 7.81E+0L  7.93E-0:
1992 2.36E+03 5.55E+03 5.69E+03 5.71E+03 5.36E+03 5.32E+03 5.76E+03 6.18E+03 6.66E+03 7.63E+03 O.06E+03 106E+04 122E+04 143E+04 164E+04 174E+01 174E+04 182E+04 180E+04 169E+04 144E+04 1.18E+04 O.71E+03 8.33E+03 6.71E+03 4.99E+03 3.37E+03 3.54E+02 7.50E+01 6.50E-0
1993 2.13E+03 4.97E+03 4.87E+03 A4.50E+03 4.03E+03 3.71E+03 3.72E+03 3.79E+03 3.90E+03 4.37E+03 518E+03 6.17E+03 7.07E+03 B.46E+03 9.98E+03 108E+04 1.10E+04 121E+04 126E+04 123E+04 1O07E+04 8.78E+03 7.14E+03 6.11E+03 4.84E+03 3.55E+03 240E+03 2.66E+02 5.79E40L  4.28E-0;
1994 240E+03 557E+03 5.21E+03 A456E+03 3.76E+03 3.25E+03 3.06E+03 296E+03 292E+03 3.16E+03 3.68E+03 4.32E+03 4.82E+03 567E+03 6.70E+03 7.26E+03 7.37E+03 821E+03 871E+03 8.63E+03 7.52E+03 6.10E+03 4.93E+03 4.20E+03 3.42E+03 2.52E+03 1.73E+03 2.04E+02 453E+0L  6.00E-0:
1995 3.10E+03 7.36E+03 6.68E+03 5.55E+03 4.34E+03 3.52E+03 3.08E+03 278E+03 250E+03 267E+03 298E+03 3.39E+03 3.66E+03 4.19E+03 4.88E+03 5.25E+03 5.30E+03 5.01E+03 6.30E+03 6.27E+03 5.46E+03 4.40E+03 3.53E+03 3.06E+03 2.30E+03 173E+03 116E+03 1.36E+02 3.05E+0L  5.15E-0:
1996 354E+03 8.21E+03 7.69E+03 6.72E+03 5.40E+03 4.37E+03 3.68E+03 3.14E+03 276E+03 265E+03 2.75E+03 296E+03 3.04E+03 3.32E+03 3.75E+03 3.95E+03 3.92E+03 4.28E+03 4.48E+03 4.38E+03 3.76E+03 3.026+03 245E+03 2.19E+03 176E+03 1.28E+03 8.73E+02 103E+02 231E+0L  4.54E-0:
1997 8.72E+03 1.99E+04 166E+04 1.18E+04 B.04E+03 5.83E+03 4.64E+03 3.83E+03 3.27E+03 298E+03 289E+03 289E+03 281E+03 291E+03 3.13E+03 3.19E+03 3.10E+03 3.31E+03 3.44E+03 3.36E+03 2.93E+03 2.30E+03 197E+03 177E+03 144E+03 1O7E+03 7.30E+402 B.71E+0L 195E40L  3.90E-O0;
1998 353E+03 8.65E+03 1.08E+04 128E+04 118E+04 O.77E+03 7.63E+03 5.82E+03 A4.55E+03 3.81E+03 343E+03 3.22E+03 303E+03 301E+03 307E+03 3.01E+03 2856403 296E+03 3.00E+03 2.92E+03 256E+03 2.12E+03 176E+03 158E+03 1.20E+03 O.68E+02 6.67E+0: 7.96E+0L 1.78E+0L  3.53E-0:
1999 108E+04 2.45E+04 2.00E+04 130E+04 O.81E+03 B8.19E+03 B.00E+03 7.49E+03 6.72E+03 593E+03 518E+03 4.53E+03 397E+03 366E+03 3.48E+03 3.25E+03 2.98E+03 2.98E+03 2.96E+03 2.85E+03 251E+03 2.11E+03 177E+03 156E+03 128E+03 O.67E+02 6.68E+02 7.90E+01 176E+01 3.28E-0
2000 6.51E+03 155E+04 169E+04 177E+04 153E+04 122E+04 O.21E+03 7.02E+03 5.75E403 5.25E+03 519E+03 5.16E+03 501E+03 4.90E+03 4.72E+03 4.36E+03 3.91E+03 3.73E+03 3.55E+03 3.32E+03 2.90E+03 2.43E+03 202E+03 175E+03 143E+03 LOSE+03 7.45E+402 8.71E+01 193E+01 3.30E-0
2001 2.14E+04 4.86E+04 3.95E+04 2068E+04 179E+04 135E+04 117E+04 101E+04 B8.65E+03 7.35E+03 6.23E+03 5.37E+03 4.80E+03 4.64E+03 4.60E+03 4.47E+03 4.26E+03 430E+03 429E+03 4.14E+03 370E+03 3.16E+03 2065E+03 227E+03 184E+03 1.38E+03 9.49E+02 107E+02 2.35E+0L  3.60E-0:
2002 8.34E+03 2.05E+04 2.58E+04 3.10E+04 2.84E+04 2.31E+04 175E+04 120E+04 O.95E403 B8.34E+03 7.55E+03 7.00E+03 6.54E+03 626E+03 593E+03 5.43E+03 4.87E+03 4.69E+03 4.59E+03 4.46E+03 4.05E+03 3.52E+03 3.01E+03 261E+03 2.17E+03 L67E+03 117E+403 140E+02 3.09E+0L  4.34E-0:
2003 142E+04 3.26E+04 2084E+04 2.26E+04 186E+04 176E+04 185E+04 176E+04 157E+04 136E+04 114E+04 9.50E+03 B8.13E+03 7.41E+03 695E+03 6.45E+03 594E+03 585E+03 576E+03 557E+03 5.04E+03 4.36E+03 3.70E+03 3.15E+03 2.58E+03 197E+03 137E+03 160E+02 353E+0L 5.81E-0:
2004 2356404 5.30E+04 4.73E+04 3.60E+04 270E+04 200E+04 155E+04 127E+04 113E+04 111E+04 114E+04 114E+04 112E+04 109E+04 103E+04 9.35E+03 827E+03 7.73E+03 7.33E+03 6.94E+03 6.21E+03 5.36E+03 A4.54E+03 3.88E+03 3.10E+03 245E+03 1.72E+403 2.03E+02 4.50E+0L  6.71E-0:
2005 6.69E+03 170E+04 242E+04 3.21E+04 3.13E+04 2.75E+04 2.30E+04 184E+04 148E+04 122E+04 105E+04 9.38E+03 B.9SE+03 923E+03 957E+03 957E+03 9.30E+03 9.49E+03 953E+03 0.30E+03 8.45E+03 7.33E+03 6.21E+03 5.24E+03 4.26E+03 3.23E+03 2.23E+03 2556402 559E+0L  8.53E-0:
2006 5.43E+03 1.28E+04 120E+04 130E+04 135E+04 154E+04 183E+04 1B8E+04 178E+04 163E+04 148E+01 132E404 119E+04 113E+04 10BE+04 101E+04 9.26E+03 9.30E+03 O.50E+03 O.60E+03 O.01E+03 8.04E+03 7.00E+03 6.09E+03 5.09E+03 3.97E+03 2.80E+03 3.37E+02 7.47E+01 LOAE+0!
2007 4.06E+03 9.56E+03 9.82E+03 9.81E+03 B8.8SE+03 B816E+03 B.O7E+03 827E+03 884E+03 9O7E+03 113E+01 122E+04 128E+04 133E+04 134E+04 128E+04 1.18E+04 1I1SE+04 113E+04 110E+04 1OIE+04 B8.82E+03 7.56E+03 649E+03 537E+03 4.15E+03 292E+03 3.53E+02 7.86E+01 1.36E+0I
2008 4.67E+03 10BE+04 101E+04 B83E+03 7.36E+03 6.49E+03 6.18E+03 5.83E+03 553E+03 5.54E+03 5.85E+03 6.42E+03 7.35E+03 8.88E+03 102E+04 1O08E+04 1OOE+04 LI17E+04 122E+04 123E+04 1I1SE+04 102E404 BBAE+03 7.60E+03 6.28E+03 4.83E+03 3.38E+03 3.98E+02 8.79E+0L 1.44E+0I
2009 2726+04 6.15E+04 4.82E+04 2.98E+04 172E+04 104E+04 7.24E+03 5.61E+03 4.78E+03 4.54E+03 4.65E+03 4.95E+03 553E+03 665E+03 7.62E+03 B.02E+03 B.08BE+03 9.06E+03 101E+04 109E+04 107E+04 O.81E+03 8.70E+03 7.70E+03 6.53E+03 5.16E+03 3.69E+03 457E+02 1.02E+02 1G1E+0!
2010 3.24E+04 7.51E+04 6.94E+04 5.90E+04 4.46E+04 3.19E+04 2.14E+04 140E+04 O.45E+03 6.86E+03 554E+03 500E+03 507E+03 581E+03 653E+03 6.81E+03 6.80E+03 7.64E+03 8.58E+03 O.30E+03 0.27E+03 8.58E+03 7.64E+03 6.78E+03 5.76E+03 A4.54E+03 3.24E+403 407E+02 9.18E+01 LBIE+0!
2011 192E+04 459E+04 5.03E+04 5.36E+04 4.86E+04 4.23E+04 3.66E+04 3.00E+04 239E+04 188E+04 145E+04 112E+04 9.12E+03 B818E+03 7.69E+03 7.6E+03 6.63E+03 7.03E+03 7.64E+03 8.23E+03 B.08E+03 7.47E+03 6.66E+03 5.92E+03 5.04E+03 3.98E+03 2.85E+03 3.60E+02 B8.12E+01 1.76E+0I
2012 400E+03 1O06E+04 174E404 257E+04 284E+01 298E+04 3.12E+04 299E+04 274E+04 251E+04 228E+04 2.03E+04 1BIE+04 163E+04 146E+04 127E+04 108E+04 O.95E+03 9.43E+03 O.10E+03 B.34E+03 7.36E403 6.37E+03 554E+03 4.64E+03 3.62E+03 257E+03 3.19E+02 7.A7E+0L  1.56E+0I
2013 8.87E+03 203E+04 171E+04 130E+04 1.13E+04 122E+04 150E+04 166E+04 175E+04 184E+04 192E+04 195E+04 194E+04 195E+04 191E+04 180E+04 164E+04 155E+04 147E+04 137E+04 121E+04 104E+04 B.67E+03 7.26E+03 5.85E+03 4.41E+03 3.02E+03 343E+02 7.53E+01 1.38E+0I
2014 9.50E+03 2.21E+04 2.09E+04 1B4E+04 145E+04 113E+04 B.93E+03 7.76E+03 7.60E+03 BA6E+03 9.95E+03 114E+04 130E+04 150E+04 164E+04 168E+04 165E+04 170E+04 173E+04 171E+04 157E+04 137E+04 LI7E+04 O.96E+03 B.14E+03 6.20E+03 4.28E+03 120E+03 4.85E+02 1.06E+02 1.39E+0I
2015 6.18E+03 147E+04 157E+04 162E+04 146E+04 120E+04 LISE+04 O.91E+03 B8.43E+03 7.43E+03 G6.92E+03 G6.95E+03 7.71E+03 947E+03 111E+04 120E+04 122E+04 135E+04 147E+04 154E+04 147E+04 1326+04 116E+04 102E+04 B.56E+03 6.68E+03 A4.71E+03 289E+03 147E+03 560E+02 124E+02 1.75E+00
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Table27. OFL and ABCvalues for the progression of datasets from the 2014 assessment dataset to the
final 2015 dataset, Dataset These values are presented only to illustrate ffieeteof incremental
changes in the data used for the assessment on the OFL and ABC.

Snow Crab Projection  Average ABC ABC
Model Dataset Model Approach Recruitment Fmsy Bmsy B/Bmsy OFL P-star  (20% buffer

2014 Model Base 2014 187.90 63.80 0.61 29.82 2.14 31.48 31.43 25.18
2014 Model 2014 Corrected 2014 187.07 63.56 0.60 29.75 2.14 31.25 31.20 25.00
Model A Dataset A Preferred 2014 178.62 55.16 0.61 27.70 1.99 28.15 28.11 22.52
Model A Dataset B Preferred 2014 174.18 52.57 0.63 27.06 1.94 27.54 27.50 22.03
Model A Dataset C Preferred 2014 173.45 51.41 0.72 26.01 1.98 28.66 28.62 22.93
Model A Dataset DD Preferred 2014 179.37 52.80 0.64 26.79 1.97 27.73 27.70 22.19

Table28. OFLs and ABCgrom the 2014ssessmerfimodel Alt4b)and based on 2015 candidate models

A and C run against Dataset D, using several appr
version is highlighted in yellow: his preferratbdel is Model Ahis preferred approach talculating the
OFL for2015/6i s based on Turnockodés preferred snow crab
the2014projectionapproach.
Snow Crab Projection  Average ABC ABC

Model Model Approach Recruitment Fmsy Bmsy B/Bmsy OFL P-star  (20% buffer
2014 Model - 2014 187.9C 63.80 0.61 29.82 2.14 31.48 31.43 25.18
Model A Preferred 2014 179.37 52.80 0.64 26.79 1.97 27.73 27.70 22.19
Model A Preferred new (1) 179.37 52.80 0.64 26.79 1.97 27.73 27.70 22.19
Model A Preferred  new (2) 179.37 55.91 0.44 26.79 2.09 24.78 24.75 19.82
Model A 2014 2014 179.37 53.02 0.62 26.79 1.98 27.60 27.56 22.08
Model A 2014 new (1) 179.37 53.02 0.62 26.79 1.98 27.60 27.56 22.08
Model A 2014 new (2) 179.37 56.02 0.43 26.79 2.09 24.76 24.72 19.80
Model C Preferred 2014 180.95 54,53 0.44 25.62 2.13 26.27 26.24 21.02
Model C 2014 2014 180.95, 54.88 0.41 25.62 2.14 26.15 26.12 20.92
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Figurel. Eastern Bering Sea District of Tanner crab Registration Area J includirdjsttibts and
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Figure8. Male Tanner crab catch size compositions, expanded to total catch, by 5 mm CW bins in the
directed Tanner crab pot fishery since 2005/06, froseatrab fishery observer sampling.
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Figure9. Female Tanner crab bycatch size compositions, expanded to total catch, by 5 mm CW bins in
the directed Tanner crab pot fishery since 2005/06, freseatrab fishery observer sampling.
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Figurel0. Male Tanner crab bycatchesi compositions, expanded to total catch, by 5 mm CW bins in the
snow crab pot fishery, from-aea crab fishery observer sampling.
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Figurell Female Tanner crab bycatch size compositions, expanded to total catch, by 5 mms@Ww b
the snow crab pot fishery, fromsega crab fishery observer sampling.
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Figurel2. Male Tanner crab bycatch size compositi@ganded to total catch, by 5 mm CW Lim¢he
BBRKC pot fishery, fromat-sea crab fishergbserver sampling.

New shell females 0ld shell females

0.25

Millions

Figure1l3. Female Tanner crab bycatch size compositions, expanded to total catch, by 5 mm CW bins in
the BBRKC pot fishery, from atea crab fishery observer sampling.
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Figure14. Normalized nale Tanner crab bycatch size compositions in the groundfish fisievies
groundfishobserver samplingsize compositions have been normalized to sum to 1 for each year.

Figurel5. Normalized female Tanner cralycatch size compositions in the groundfish fisheries, from
groundfish observer sampling. Size compositions have been normalized to sum to 1 for each year.
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Figurel6. Trends in mature Tanner crab biombased on size compositions from the NMFS bottom

trawl survey. Datasets and C use the Rugolo and Turnock (2012a) weddstze regressions; Datdet

uses the new standardized regressions. Dataset A uses the old trawl survey stations/hauls, Datasets C and
D use the new standardized stations/hauls.
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number of legal male crab observed in HMFS bottom trawl survey during the past 3 years.
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West of 1686 W

East of 1686W

Figure18a. Numbers at size (millions) by area for new shell male Tanner cthle NMFS summer
bottom trawl survey (new time serieb)nned by 5 mm CW
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Figure 1®. Numbers at size (millions) by area for old shell male Tanner crab in the NMFS summer
bottom trawl survey (new time serieb)nned bys mm CW
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Figure19. Numbers at size (millions) by area for immature female Tanner crab in the NMFS summer
bottom trawl survey (new time serieb)nned by 5 mm CW
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Figure 1%. Numbers at size (millions) by area for mature female Tanner crab in the NMFS summer
bottom trawl survey (new time serieb)nned by 5 mm CW
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Figure20. Distribution of immature males (number/ sq. nmjhia summer trawl survey for 2B115.
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Figure21. Distribution of mature males (number/ sg. nmjhie@ summer trawl survey for 2R115.
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Figure22. Distribution of legal male€0110 mm CWwest of 16

number/ sq. nm) ithe summer trawl survey for 2B-15.
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Figure23. Distribution of immature females (numbed. nm) inthe summer trawl survey for 2R15.
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Female Tanner Crab Grow
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Figure25. Growth of male (a) and female (b) Tanner crab as a function of premolt size. Estimated by
Rugolo and Turnock (2010) based on data from Gulf of Alaska Tanner crab (Munk, unpublished data).
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Assumed size distribution at recruitment
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Figure26. Assumed size distributidior recruits entering the population.
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2013/14 Retained New Shell Males
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Figure27. Comparison of 2013/14 size compositions by shell condition for retained males in the
directed fishery: blue bars: those used in the 2014 assessment; red bars: corrected versions.
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Figure28. Comparison of 2013/14 retained numbers and biomass used in the 2014 assessment
(Aincorrecto) and the correct values.
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Figure29. Estimated time series for male recruitment from running Model A on the six atase
considered in the assessment, showing the incremental progression of data changes on model results.
Upper graph: entire model time period. Lower graph: 20@3ent.
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