Minutes of the Joint Team Subcommittee on Pacific @d Models
May 16, 2016

Beginning with the 2010 assessment cycle, the B®WIGOA Groundfish Plan Teams (“Joint Teams”)
have met by WebEX teleconference in the springaoheear to provide initial review of proposals for
models to be included in the respective year'sipiehry assessments of the various Pacific cockstoc
From 2010-2013, the full Joint Teams participatethese meetings. However, beginning with the 2014
assessment cycle, the Joint Teams delegated #pisrgibility to a Joint Team Subcommittee (JTS).

This year's JTS meeting took place on May 6, 20LBe JTS consisted of BSAI Team co-chair Dana
Hanselman, GOA Team co-chair Jim lanelli, and G®&am member Sandra Lowe. All members were
present, as were Grant Thompson (BSAI Team co-emairsenior author of the BS and Al Pacific cod
assessments) and Chad See (Freezer Longline @GoglitGrant was appointed as rapporteur. In a
departure from previous years’ meetings, this yemreeting did not include proposals for the assessm
of Pacific cod in the GOA, per request of the newiar author of that assessment, Steve Barbeaux.

The JTS noted that the BSAI Team currently inclugldg two members who conduct age-structured
stock assessments, one of whom is precluded framg laeJTS member by virtue of the fact that he is
also the senior author of the assessments for $hand Al Pacific cod stocks.

The JTS recommended that the SSC appoint additionahembers to the BSAI Team with expertise
in conducting age-structured assessments.

One week prior to the meeting, JTS members weeetdid to the website for this year’'s CIE review of
the BS and Al assessmentst://tinyurl.com/Pcod-cie-20)6which contains every file vetted during the
review process as well as the final reports froettiree reviewers. JTS members were also provided
with a rough draft of Grant’'s summary of the Cliziesv (the final draft of which is included as
Appendix 1 to these minutes). A total of 135 renmndations were provided by the CIE reviewers.

Grant began the meeting by giving a presentatiolastnyear’s assessments (both preliminary and)fina
in the two regions and a presentation on the Qlieve after which the JTS moved into deliberations
the various recommendations that had been devekiped completion of last year’s assessments.

In November/December of last year, the Team/SSCerfewler recommendations than usual regarding
this year’'s assessments, in anticipation of ther@lkew. Specifically, the BSAI Team made no
recommendations, and the SSC made only six (teiedirwhich is inferred, based on standing praltice

1. Standing request (both area$)clude current base model

2. December 2015 minutes (Bering Sea only): “The 8&€ encouraged by the author’'s
explanation that dome-shaped selectivity may, im, p@ explained by the possibility that some
of older fish may be residing in the northern BgrBea (NBS) at the time of the survey. This is
supported by the size composition of the fish 82010 NBS trawl survey, which suggested that
up to 40% of the fish in some larger size clasesgle in this area, although the overall
proportion in the NBS was small. The SSC encowdige author to further examine Pacific cod
catches from trawl surveys conducted trienniallyth®y National Marine Fisheries Service
(NMFS) (1976-1991) and by the Alaska Departmerkish & Game (1996 to the present) to
monitor the distribution and abundance of red kirap and demersal fish (see: Hamazaki, T.,
Fair, L., Watson, L., Brennan, E., 2005. AnalyseBering Sea bottom-trawl surveys in Norton
Sound: absence of regime shift effect on epifaumademersal fish. ICES Journal of Marine
Science 62, 1597-1602). While the 2010 bottomltsamwey in the NBS found relatively few



Pacific cod (3% of total biomass), it is possilhlattthe proportion of Pacific cod that are outside
the standard survey area was higher in other ygagecond possibility is that older Pacific cod
migrate to nearshore areas to feed in the sumnakingthem unavailable to the survey.”
SummaryExamine NMFS and ADFG survey data from the nortiBsrand Norton Sound
December 2015 minutes (Bering Sea only): “The 88t€d that the iteratively tuned, time-
varying parameters in the model have not been eddance 2009. The author confirmed that
the currently assumed standard deviations of twoveetors (log of age-0 recruitment and a
parameter corresponding to the ascending pareasetectivity curve) may no longer match the
standard deviations of these vectors, which coaidribute to retrospective bias. The SSC looks
forward to a new paper on this issue that the aughareparing.” Summangirculate

manuscript on estimating standard deviations oétwarying parameters

December 2015 minutes (Bering Sea only): “Whiketiodel selection criteria proposed by the
author are reasonable, we note that these criderrat take into account the model fit itself.
Model fit and retrospective performance should lmeenstrongly considered in the selection of a
final model for specifications.” Summaryeight model fit and retrospective performance more
heavily in selection criteria

December 2015 minutes (Bering Sea only): “Althotltlh SSC has repeatedly stressed the need
to incrementally evaluate model changes, the S8@adati intend this to imply an automatic
preference for the status quo model (as impliethbyauthors criterion #1) if alternatives with
better performance are available.” Summé&waluate model changes incrementally; do not
automatically prefer base model

The JTS used the above list and Table 2 from Appehtb structure its discussion and summarize its
recommendations. The purpose of the recommendatas to winnow the lists of proposals into
smaller sets of models and non-model analyses tacheded in this year's preliminary assessmenit) w
the understanding that the assessment authorgiogrfdrward additional models and non-model
analyses at any time.

During the discussion, the JTS developed 5 ofiis ,ecommendations:

1.

Use empirical weight at age (Bering Sea only).sTitian option in Stock Synthesis (SS), where a
vector of weights at age is used instead of contbimeight-at-length and length-at-age
relationships. It has proven helpful in severakeasments of groundfish on the west coast.
Include IPHC longline survey, with “extra SD” (batineas). Several CIE comments suggested
that the IPHC longline survey data appear to belada both areas, although the reviewers
suggested that further investigation of these dathpossible issues regarding data weighting
would be appropriate (comments 1a.01-1a.10), vathessuggestions for removal of possible
outliers (1a.11-1a.13). The “extra SD” is a featiur SS that allows the observation error
standard deviations associated with a survey itidex series to be estimated internally by
adding a constant to the design-based standardtuiens.

Include NMFS longline survey, with “extra SD” (badiheas). Similar to the IPHC longline
survey, several CIE comments suggested that theNMdIikgline survey data also appear to be
usable in both areas, although the reviewers agajgested that further investigation of these
data and possible issues regarding data weightinddibe appropriate (comments 1b.01-1b.08),
with one suggestion for evaluation of a possibép-sthange since 2010 (1b.09).

Include IPHC and NMFS longline surveys, with “ex88” for both (both areas). See previous
two recommendations.

Use reasonably time-varying, double normal selégt{Bering Sea only). CIE comments 2e.01
and 2e.09 suggested that some amount of time-vigsiab fishery selectivity is appropriate, CIE
comment 2e.12 cautioned against allowing “too muohé-variability in selectivity, and CIE
comment 2b.07 suggested use of the double norreatiséty function.



The discussion took place in three phases, or §sds<On the first pass, the JTS considered eaahii
the above list and every comment summary in Talfterd Appendix 1, and rated it “yes” or “no”
(meaning “do” or “do not” make it a priority to lwensidered before the next CIE review, anticipdted
early 2021). On the second pass, the JTS rategtithiity of each item receiving a “yes” on thesfipass
as follows: high = to be completed during thisngassessment, med = to be completed during thé 20
or 2018 assessments, and low = to be completedgitive 2019 or 2020 assessments. On the third pass
the JTS assigned each high priority item to a m@dakimum of 6 in each area, including the current
base model). The results of this exercise are showable 1. Note that the terms “comment” and
“proposal” are used interchangeably helmte also that the model numbers (1-6) shown ire€Talare
only placeholders; the actual model numbers wilelssigned during this summer’s analysi@able 2 is
the same as Table 2 from Appendix 1, except thaheents identified as priorities by the JTS are
highlighted, using the following color codes:

* Green means that the comment was ranked “hightih areas.

* Yellow means that the comment was ranked “med’oith [areas.

* Red means that the comment was ranked “low” in hotias.

* Grey means that the comment was ranked differémtlye two areas (including cases where the
comment was ranked in one area and unrankedfifist pass = “no”) in the other).

The JTS anticipates that any comments currentlyeduas “med” or “low” priority may be re-evaluated
in the future.

For the BS, the subcommittee recommendedhat the following models be developed for this yeas’
preliminary assessment:

* Model 1: BS Model 11.5, the final model from 20Farhe as the final models from 2011-2014)
* Model 2: Like BS Model 15.6, but simplified as foNs:
Weight abundance indices more heavily than sizesomp
Use the simplest selectivity form that gives a oeable fit.
Do not allow survey selectivity to vary with time.
Do not allow survey catchability to vary with time.
Force trawl survey selectivity to be asymptotic.
Do not allow strange selectivity patterns.
. Use empirical weight at age.
* Model 3: Like BS Model 15.6, but including the IPHtEhgline survey data and other features,
specifically:
1. Do not allow strange selectivity patterns.
2. Estimate catchability of new surveys internallyhwiton-restrictive priors.
3. Include additional data sets to increase confid@moceodel results.
4. Include IPHC longline survey, with “extra SD.”
* Model 4: Like Model 3 above, but including the NMFBgline survey instead of the IPHC
longline survey.
* Model 5: Like Models 3 and 4 above, but includirgtbthe IPHC and NMFS longline survey
data and two features not included in either M&det 4, specifically:
1. Start including fishery agecomp data.
2. Use empirical weight at age.
* Model 6: Like Model 5 above, but including two feas not included in Model 5, specifically:
1. Use either Francis or harmonic mean weighting.
2. Explore age-specific M (e.g., using Lorenzen fumc}i

NouosrwdhE



For the EBS, the JTS recommendedhiat the following non-model analysis be conducted fdhis
year's preliminary assessment:

* Non-model analysis 1: Verify that the trawl sundata sometimes include age 0 fish.

For the Al, the JTS recommended lhat the following models be developed for this yeas’
preliminary assessment:

* Model 1: Al Model 13.4, the final model from 201Eiér 5 random effects model)
* Model 2: Like Al Model 15.7, but simplified as folls:
Weight abundance indices more heavily than sizesomp
Use the simplest selectivity form that gives a oeable fit.
Do not allow survey selectivity to vary with time.
Do not allow survey catchability to vary with time.
Do not allow strange selectivity patterns.
Estimate trawl survey catchability internally waHairly non-informative prior.
. Model 3: Like Al Model 15.7, but including the IPH@ngline survey data and other features,
specifically:
1. Do now allow strange selectivity patterns.
2. Estimate trawl survey catchability internally walfairly non-informative prior.
3. Estimate catchability of new surveys internallyhwiton-restrictive priors.
4. Include additional data sets to increase confidémoeodel results.
5. Include IPHC longline survey, with “extra SD.”
* Model 4: Like Model 3 above, but including the NMF®gline survey instead of the IPHC
longline survey.
* Model 5: Like Models 3 and 4 above, but includirmgtbthe IPHC and NMFS longline survey
data.
* Model 6: Like Al Model 15.7, except:
1. Use the post-1994 Al time series (instead of thet-4686 time series).
2. Do not allow strange selectivity patterns.
3. Estimate trawl survey catchability internally walkfairly non-informative prior.

ourwNE

With respect to Al Model 2, the JTS noted that CtEnments 2i.16-2i.19 also suggest exploring
“simple” models for the Al stock, although thesé&e@omments all pertain to use of models developed
outside of SS, whereas the JTS recommended instatd “simple” model be developed within the SS
framework.

For the Al, the JTS did not recommend any non-madalyses for this year’s preliminary assessment.

The JTS recognized that some of the terms usdeiatiove recommendations are subjective and that, i
making these recommendations, the assessment avithoeed to determine:

How to measure the weight assigned to abundanaemednd sizecomp data in the same units.
What constitutes a “reasonable fit.”

What constitutes a “strange” selectivity pattern.

What constitutes a “fairly non-informative” prior.

SN S



Table 1. Proposals ranked as either high, medirow by the JTS, with high priority proposalsigsed to September models for both at

Note: September model numbers are temporary placeiders; actual numbers will be established during malysis.

Abbreviations: Al = Aleutian Islands, BS = BeringSea, D = author's discretion, JTS = Joint Team Suleenmittee, n/a = not applicable, NMA = non-model angsis,

No. = proposal numberriP= priority, SPM = starting point model, SSC = ientific and Statistical Committee

Bering Sea Aleutian Islands
No. [Brief description of propos Pri. | SPM| 1 Pri. | SPV[1]2]3]4]|5]|6] NMA
SSC!|Include current base moi high| 11.5|x high| 13.4] x
1.0£ |Use the post-1994 Al trawl survey time se n/e high| 15.7 X
2a.07|Use either Francis or harmonic mean weigt high| 15.€ n/e
2a.0¢|Weight abundance indices more heavily than sizes high| 15.€] [x high| 15.7] |x
2b.0¢|Use the simplest selectivity form that gives a opable fi high| 15.€] [x high] 15.7] [x
2e.11|Do not allow survey selectivity ... to vary withig high| 15.€] [x high] 15.7] |x
2e.1¢|Do not allow survey ... catchability to vary wiiime high| 15.€] [x high| 15.7] [x
2f.03|Force trawl survey selectivity to be asympt high| 15.€] |x n/e
2f.0€|Do not allow ..."strang" selectivity patterr high| 15.€] |x high| 15.7] [ x| x{x|x[x
29.0%|Estimate catchability internally with a "fairly nénformative" prio n/e high| 15.7] [ x| x{x]|x|[x
29.0<|Estimate catchability of new surveys internallyhwiton-restrictive priol high| 15.€ high| 15.7 x| x| x
2i.0€ |Explore age-specific M (e.g., using Lorenzen funm) high| 15.€ n/e
2i.13|Verify that the trawl survey data sometimes inclade O fis high| 15.€ n/e
2i.38]Include additional data sets to increase confidémoeodel resull high| 15.€ high| 15.7 X| x| X
2i.3¢|Start including fishery agecomp d high| 15.€ n/e
JTSI|Use empirical weight at a high| 15.€ n/e
JTSZ|Include IPHC longline survey, with "extra S high| 15.€ high| 15.7 X
JTS?|Include NMFS longline survey, with "extra S high| 15.€ high| 15.7 X
JTS¢|Include IPHC and NMFS longline surveys, with "ex@@" for bott high| 15.€ high| 15.7 X
SSC:|Examine NMFS and ADFG survey data from the nortii&®nand Norton Soui | mec n/e
2a.07|Use either Francis or harmonic mean weigt n/e mec
2b.0%|Investigate alternatives to double-normal selety n/e mec
2e.0¢|Allow time variability only where supported by extal dati mec mec
2i.17|Investigate whether a simpler (than SS) model wbeldiseft n/e mec
JTSE|Use reasonably time-varying, double normal selégt mec n/e
2c.01|Use annually varying selectivity if it fits as wels season/gear struct n/e low
2e.2]|Consider time-varying growth if supported by ¢ low low
29.0%|Estimate catchability internally with a "fairly nenformative" prio low n/e
2i.04|Do not include more model features than can beatgg by the da low n/e
2i.3¢|Start including fishery agecomp d n/e low




Table 2. Summary of reviewer comments by ToR aed §age 1 of 4

No. Areg Heading/subheadin/comment summa

1. Data currently used in the assessment mod
Various
1.01 Al Explain yearly variation in Al catches using objeetcriterie
1.0z Al Improve documentation for the Al trawl survey tisexie:
1.0 Al Reduce variability in catch or acknowledge thaveurdoes not reflect biome
1.0¢ Al Use the post-1986 Al trawl survey time se
1.0t Al Use the post-1994 Al trawl survey time se
1.0¢ bott Ask the data collectors to rank their data in omfgvotential bia
1.07 bott For all data sets, document how they meet spedaifigeric
1.0¢ bott Give primary responsibility for data documentatiorthe collector
1.0¢ bott Include all data sets that meet specified cri
1.1C bott Investigate all data more thoroug

la. Potential use of IPHC longline survey dai

Examine IPHC survey in both areas more closely;itise red flag
la.0: BS Examine IPHC survey data more thoroughly beforag
la.0z BS Include IPHC survey as a means of stabilizing tBeaBsessme
1a.0! BS Include the IPHC longline survey in order to explaiyptic biomas
la.0¢ BS Include IPHC survey to provide information on lar§ish
la.0t BS Use IPHC longline and slope trawl surveys if weeghppropriate
1la.0¢ BS Include the IPHC longline survey and slope trawlsy
la.07 Al Examine IPHC survey data more thoroughly beforag
1la.0¢ botk Examine IPHC survey data more thoroughly beforag
1la.0¢ bott If the IPHC longline survey is shown to be unbigsese i
la.1( botk If IPHC survey passes further investigation, u

Exclude certain years from IPHC time series in B&if appropriat
la.1. BS Consider eliminating suspect data from the IPH@espin the B
la.1: BS Exclude 1999 and 2005 IPHC indices in the BS ifrappate
la.1: BS Investigate anomalous 1999 and 2005 IPHC indicéisarBs

Othel
la.1« BS Investigate selectivity differences between the lovmline survey

1b. Potential use of NMFS longline survey da

Examine NMFS longline in both areas more closebg ifi no red flac
1b.01 BS Examine NMFS longline survey data more thorougtafobe usini
1b.0z BS Include the NMFS longline survey in order to explaryptic biomas
1b.0: BS Include the NMFS longline survey to provide infotioa on larger fis
1b.0¢ BS Use NMFS longline and slope trawl surveys if weeghppropriate
1b.0t BS Include the NMFS longline survey and slope trawl/ey
1b.0€ Al Examine NMFS longline survey data more thorougtefobe usini
1b.07 bott If the NMFS longline survey is shown to be unbigaesk i
1b.0¢ bott If NMFS longline survey passes further investigatiose |

Othel
1b.0¢ BS Evaluate possible bias of NMFS longline survey sif01(
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Table 2. Summary of reviewer comments by ToR aed §page 2 of 4

No.

Arec

Heading/subheadin/comment summa

Py
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A
o
<

2

3

2a.0:
2a.0:
2a.0:
2a.0¢
2a.0t
2a.0¢
2a.0;
2a.0¢
2a.0¢
2a.1(

2a.1’

2a.1:
2a.1:

BS
bott
bott
bott
bott
bott
bott
bott
bott
bott

BS

BS
BS

2a. How should the various data sets be weighte

Weighting of data in genet

Test weighting sensitivity by assuming agecompdgbrma

Do not use arithmetic mean weight

Downweight conflicting indices objective

Downweight sizecomps, as they are only indirectsuess of abundan
Downweight sizecomps, as they can mislead if grasadnges over tin
Set multinomial input N equal to humber of samphgaks

Use either Francis or harmonic mean weigt

Weight abundance indices more heavily than sizes

Weight agecomps heav

Weight all indices internally (SS "extra Sl

Weighting of IPHC and NMFS longline survey dataarticular
Address issue of how to weight IPHC and NMFS lamgkurvey
Investigate whether including both longline surveysrweights large fis
Weight IPHC and NMFS longline surveys internallys(S®xtra SD"

2b.01
2b.0z
2b.0¢
2b.0¢
2b.0t
2b.0¢
2b.01
2b.0¢

BS
BS
Al
Al
Al
bott
bott
bott

2b. What form (SS "pattern™) should be used for theselectivity functions
Various

Fix fishery selectivity above age

Use random-walk,/time-varying selecti

Investigate alternatives to double-normal seletyt

Investigate sensitivity of results when using paetaio selectivit

Use a parametric selectivity funct

Test random-walk/time-varying vs. parametric/pamtied selectivit

Use double-normal selectivity unless there is gaagon not t

Use the simplest selectivity form that gives a oeable fi

2c.01
2¢.0z
2¢.0¢

BS
Al
bott

2c¢. Should the models be structured with respect teeason
Various

Use annually varying selectivity if it fits as wels season/gear struct
Consider whether data are sufficient to suppors@ea structur

Structure models by season if data are suffi

2d.01

bott

2d. Should the models be structured with respect tgear?
General (some reviewers merged ToR 2d comment3aRa?b and 2
Structure models by gear if data are suffic
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Table 2. Summary of reviewer comments by ToR and gage 3 of 4

No.

Arec

Heading/subheadini/comment summa

RC NK JM

2

3

2e.0:
2e.0:
2e.0:
2e.0¢
2e.0t
2e.0¢t
2e.0%

2e.0¢
2e.0¢
2e.1(
2e.1:
2e.1:
2e.1:

2e.1¢
2e.1t
2e.1¢t
2e.1’
2e.1¢

2e.1¢
2e.2(
2e.2:

BS
BS
BS
Al
Al
botr
botr

BS
BS
botr
botr
botr
botr

BS

BS

BS
botr
botr

BS
BS
botr

2e. How much time variability should be allowed, ad in which parameters”
Genera

Limit time variability to recruitment and selectiy

Remove time variability from parameters exhibitlitte variatior

Use time blocks only if supported by prior dataraeieation or external ds
Consider simplifying model to improve retrospectbahavio

Do not use random effects for a survey with leas thnnual da

Allow time variability only where supported by extal dat

Consider how time-varying parameters affect refeeguoint estimatic
Time-varying selectivi

Changes in mixed-gear selectivity should mirroiosabf catch by ge
Model time variability in selectivity as a randonalk

Account for trends in survey selectivity ... outsithe mode

Do not allow survey selectivity ... to vary withmig

Do not allow"too mucl" time-variability in selectivity..

Allow fishery selectivity to vary fairly freely imodel is not gear-structur
Time-varying catchabilit

Consider allowing time variability in catchabilitarefully

Investigate residual "runs" in models with timeyiag catchabilit

Model time variability in catchability as a randawvalk

Account for trends in survey ... catchability odesthe modt

Do not allow survey ... catchability to vary wiiime

Time-varying growt

Consider implications of time-varying grov

Use external data to help SS estimate time-vanyiogitt

Consider time-varying growth if supported by ¢

2f.01
2f.02
2f.023
21.04
2f.05
2f.0€

BS
BS
BS
BS
bott
bott

2f. What constraints, if any, should be placed onld-age survey selectivity
Various

Consider relationship between dome-shaped surlegtséty and

Estimate survey selectivity at older ages freeiyh) wensitivity analys

Force trawl survey selectivity to be asympt

Match trawl survey selectivity to longline fishesglectivity at large siz:
Accept dome-shaped survey selectivity only if itwes in many mode

Do not allow ..."strang" selectivity patterr

29.01
29.0z
29.0:%
29.04

29.0¢
29.0¢

29.07
29.0¢
29.0¢

BS
Al
bott
botr

botr
botr

BS
botr
botr

2g9. What constraints, if any, should be placed orusvey catchability?
Use a prior distribution for catchabili

Develop a prior for survey catchability "that candenerally agree
Expect Al survey catchability to be estimated leseisely than in the E
Estimate catchability internally with a "fairly néenformative" prio
Estimate catchability of new surveys internallytwiton-restrictive priol
Adjust bounds on catchabil

Estimate catchability internally wit"agreed bounc' (e.g, 0.5-2 " estimat)
Estimate catchability internally with bounds (0.5)

Othel

Estimate catchability interna

Examine, rank, and document all potential souréesror in catchabilit
Occasionally compare model's estimated survey Benmmarea-swept val

2h.0]
2h.0z

BS
botr

2h. How should big gradients be dealt with in appagntly converged models
Various

Investigate large gradient problem by using altéveaminimizer:

Do not worry about large gradients if the Hessiatrim can be inverte
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Table 2. Summary of reviewer comments by ToR ard gage 4 of 4

No.

Arec

Heading/subheadini/comment summa

Py
0
Z|

AN
o
<

2

3

2i.01
2i.02
2i.08
2i.04

2i.05
2i.0€
2i.07
2i.08
2i.0¢
2i.1C
2i.11

2i.12
2i.13
2i.14
2i.15

2i.1€
2i.17
2i.18
2i.1¢

2i.2C
2i.21

2i.22
2i.28
2i.24
2.2t
2i.2€
2i.27

2i.28
2i.2¢
2i.3C

2i.31
2i.32
2i.33
2i.34

2i.35
2i.3€

2i.37
2i.38
2i.3¢

Al
Al
botr
botr

BS
BS
BS
BS
BS
Al
bott

BS

BS

Al
bott

Al
Al

bott

bott
bott

BS
botr
botr
botr
botr
botr

BS
bott
bott

botr
bott
bott
bott

botr
botr

BS
bott
botr

2i. Other comments (reviewers' choice

General modeling philosop

Conduct much more model explorat

Do not use SS unless further model exploratiorcetgis otherwis

Do not accept models with significant retrospechia

Do not include more model features than can beatgg by the da
Natural mortality ratt

Do not estimate both M and catchability interndllyatchability varies with tim
Explore age-specific M (e.g., using Lorenzen funn)

Fix M as an age-dependent ve:

Fix M as an age-dependent vector, using LorenZatioashif

Use "Piner plots" to identify data sources thatiareonflict with estimated |
Investigate whether M was higher than usual indke 1980s and in 20

Do not estimate both M and catchability intern

Investigation of suspect results or model feat

Investigate whether fishing mortality for recenay®is overestimat

Verify that the trawl survey data sometimes inclade O fis

Investigate significance of very large changesnimual catch bioma
Investigate whether distribution of length at ag&E implies incremental grov
Alternative models ("simple

Include Robin Cook's "simple" mot

Investigate whether a simpler (than SS) model woeldiseft

Use a simpler form of monitoring and managemenglining industry and NGC
Investigate whether a simpler (than SS) model wbeldiseft
Retrospective diagnost

Include "historical" retrospectives (i.e., from pi@is assessmen

Include "lanelli squid plots" for time-varying panater:

Features to add in SS and use once a

Explore length-based random walk selectivity liégcomes an option in :
Include calculation of DIC in £

Modify SS so that F is explicitly modeled as an/size effect ~ a year effe
Rewrite SS in ADMB RI

Treat catch data in SS as observations as oppogeEddamete

Use Dirichlet multinomial likelihood if it becomes option in S
Sensitivity testin

Highlight sensitivity of model results to assumedue of "steepnes:
Consider possible effects of 1989 and 1999 reginfes

Use alternative plausible historical catch scemsaioatest sensitivi
Alternative models (fully age- or length-structu)

Consider alternative models with different assuongiabout errors in the d
Consider using a truly Bayesian apprc

Consider using SAM (Nielsen and Berg, 2(

Use a model that includes a length-based growtjegtion matri

Prior distributions and penalty functio

Distinguish between Bayesian priors and penaltgtfons

Give much more thought to choice of penalty funtdicespecially boun
Use of additional data (other than longline sury

Use trawl survey estimates at ages 1-3 as an iofdecruitmer

Include additional data sets to increase confidémoeodel result

Start including fishery agecomp d
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Appendix 1

Summary of the 2016 CIE review of the stock asseagsn
for Pacific cod in the eastern Bering Sea and Adeuitslands

Grant G. Thompson

Resource Ecology and Fisheries Management Division
Alaska Fisheries Science Center
National Marine Fisheries Service
National Oceanic and Atmospheric Administration
7600 Sand Point Way NE., Seattle, WA 98115-6349

May 16, 2016
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The stock assessments for Pacific cod in the eaBining Sea (BS) and Aleutian Islands (Al) were
reviewed by representatives of the Center of Inddeet Experts (CIE) during a meeting held at the
Alaska Fisheries Science Center in Seattle, Washingluring the dates February 16-19, 2016. Tle ClI
reviewers were Robin Cook, Neil Klaer, and Jeartpdas Maguire. The Terms of Reference (ToR) for
the review are included here as Attachment 1, hadgenda, as adopted at the meeting, is incligled a
Attachment 2. All documents associated with theeng are available at the following website:
http://tinyurl.com/Pcod-cie-2016

Many models were evaluated by the reviewers. R®BIS assessment, the reviewers examined Models
11.5 and 14.2 from the final 2015 BS assessmentleMtb.6 from the preliminary 2015 BS assessment
(but updated so as to include the same data uddddel 14.2), and 17 new models (see the link ledbel
“List of Stock Synthesis models (Bering Sea)” oa ttebsite). For the Al assessment, the reviewers
examined Model 15.7 from the final 2015 Al assesgmaad 10 new models (see the link labeled “List of
Stock Synthesis models Aleutian Islands” on thesiteh | produced all of the new BS models for the
review, and Steve Barbeaux graciously volunteesgatdaduce all of the new Al models.

The reviewers' reports were received on April Z&tachment 3 shows the main text of each of theghr
reports, excluding boilerplate language, with imanbers starting over at 1 for each reviewer (& se
things like figures and footnotes, the full repards be accessed on the review website). Highight
shows places where | interpreted the text as datiati a recommendation (the alternating yelloweblu
yellow pattern is used just to help distinguishaestn recommendations located adjacent to one anothe
in the text; note also that the terms “comment” @edommendation” are used interchangeably here).

Table 1 lists, among other things, the line nundest which each comment contained highlighted in
Attachment 3 begins. Sometimes a reviewer madsahe comment more than once. | have therefore
included the columns labeled “1st,” “2nd,” and “3rslo that the locations of identical comments lban
tracked (note that comment #129, by reviewer JMjadly appears in his report four times, with the
fourth instance beginning on line 334). By “ideaticomments,” | mean comments in the main text tha
are identical after correcting minor typos, rectingiminor punctuation differences, and (rarely)etiag
superfluous text within the comment. The coluntrelad "Comment summary" lists my best attempt at
summarizing the comments concisely. Note thas#me comment summary sometimes applies to more
than one row in the table (i.e., some commentslewtat quite identical, are essentially equivalemt)

total of 156 unique comments are identified in Babl but some of them are sufficiently similar ttinety
map into only 127 comment summaries.

Table 2 lists the comment summaries from Tabledrder of ToR and area (BS, Al, or both), with avne
numbering system that links each comment summaitg tespective ToR. In eight cases, the comment
summaries from Table 1 were split into two partsificlusion in Table 2, bringing the total numbér o
comment summaries in Table 2 to 135. In five ekthcases, the split was made in order to address t
IPHC and NMFS longline surveys separately:

* The summary for unique comment #29 in Table 1 yéisiato summaries 1a.06 and 1b.05 in

. ﬁtgliuzrﬁmary for unique comment #45 in Table 1 yeéisiato summaries 1a.05 and 1b.04 in

. $ﬁ2lzu2r'nmary for uniqgue comment #57 in Table 1 wiisiato summaries 1a.09 and 1b.07 in

. ¥ﬁ2|2u2r.nmary for uniqgue comment #102 in Table 1spdisinto summaries 1a.03 and 1b.02 in

. $ﬁ§:§u}1mary for unique comment #136 in Table 1spdisinto summaries 1a.04 and 1b.03 in
Table 2.

This information is distributed solely for the poge of pre-dissemination peer review under appleaiformation quality guidelines. It
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In two other cases, the split was made in ordedtiress survey selectivity and survey catchability
separately:

* The summary for unique comment #106 in Table 1spiisinto summaries 2e.11 and 2e.18 in
Table 2.

e The summary for uniqgue comment #107 in Table 1spdisinto summaries 2e.10 and 2e.17 in
Table 2.

The final split was made in order to address seigctime-variability and selectivity shape sepaty:

*  The summary for uniqgue comments #124 and #147 lmeThwas split into summaries 2e.12 and
2f.06 in Table 2.

In Table 2, the columns labeled with the reviewersials show which reviewers made comments
corresponding to the comment summary (multiple cemsfrom the same reviewer corresponding to
the same comment summary get the same score gltjghs comments). Table 2 also includes the
(sometimes slightly abbreviated) text of the retévBOR. Within each ToR, individual comment
summaries are grouped under subheadings corresigoiadi oR sub-themes. Sometimes the comments
for a given ToR were so disparate that it was bafthd any common sub-themes, in which case tisere
just a single sub-theme labeled “Various.” Heasdi(ie., the text of the ToR) are shown in boldtfon
subheadings (sub-themes) are shown in italic fomd,the comment summaries are shown in ordinary
font. Where multiple sub-themes exist for a gif@R, they are listed in descending order of the lmemrm
of reviewers that commented on them, except thaneter there was a sub-theme called “Other,” |
placed it last.

This information is distributed solely for the poge of pre-dissemination peer review under appleaiformation quality guidelines. It
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Table 1. Line numbers on which each unique cominegins, with comment summaries (page 1 ¢

No. Rev 1si 2nc 3rd Aree Comment summa
1 RC 5 BS Use random-walk,/time-varying selecti
2 RC 8 BS Model time variability in selectivity as a randonak
3 RC 10 11t BS Fix fishery selectivity above age
4 RC 14 BS Fix M as an age-dependent ve:
5 RC 15 12¢ BS Model time variability in catchability as a randavalk
6 RC 17 13¢ BS Estimate catchability interna
7 RC 25 151 BS Address issue of how to weight IPHC and NMFS lamgkurvey
8 RC 26 154 BS Weight IPHC and NMFS longline surveys internalls(®xtra SD"
9 RC 3C BS Test weighting sensitivity by assuming agecompgsmbrma
10 RC 38 Al Use a parametric selectivity funct
11 RC 3¢ Al Investigate sensitivity of results when using partiio selectivit
12 RC 41 Al Reduce variability in catch or acknowledge thaveyrdoes not reflect bioms
13 RC 46 Al Include Robin Cook's "simple" moc
14 RC 48 217 Al Investigate whether a simpler (than SS) model wbeldiseft
15 RC 52 22¢ botl Modify SS so that F is explicitly modeled as an/sige effecix a year effe(
16 RC 58 237 bott Rewrite SS in ADMB R|
17 RC 61 bott Distinguish between Bayesian priors and penaltgtions
18 RC 65 25¢ botl Include calculation of DIC in £
18 RC 67 botl Investigate whether distribution of length at ag&§6 implies incremental grov
20 RC 70 29z botl Investigate all data more thoroug
21 RC 71 botl Consider alternative models with different assuoriabout errors in the d
22 RC 88 BS Use random-walk,/time-varying selecti
23 RC 92 BS Consider allowing time variability in catchabilitarefully
24 RC 99 BS Model time variability in selectivity as a randonabk
25 RC 104 BS Model time variability in selectivity as a randonabk
26 RC 11¢g BS Do not estimate both M and catchability intern#ligatchability varies with tim
27 RC 12:Z BS Fix M as an age-dependent vector, using LorenZatigeshif
28 RC 134 BS Estimate catchability interna
29 RC 14t BS Include the longline surveys and slope trawl su
30 RC 15t BS Investigate whether including both longline surveysrweights large fis
31 RC 167 BS Test weighting sensitivity by assuming agecompgmbrma
32 RC 17€ BS Investigate large gradient problem by using altéveaminimizer:
33 RC 184 Al Do not use random effects for a survey with leas tinnual da
34 RC 18¢ Al  Use the post-1986 Al trawl survey time se
35 RC 19z Al Use a parametric selectivity funct
36 RC 19t Al Investigate sensitivity of results when using paetaio selectivit
37 RC 197 Al Investigate significance of very large changesinual catch bioma
38 RC 201 Al Reduce variability in catch or acknowledge thaveyrdoes not reflect bioms
39 RC 20€ Al Do not use SS unless further model exploratiorcateis otherwis
40 RC 21z Al Include Robin Cook's "simple" moc
41 RC 24¢ botl Give much more thought to choice of penalty funticespecially boun
42 RC 264 botl Investigate whether distribution of length at ag&E implies incremental grov
43 RC 27z BS Use random-walk,/time-varying selecti
44 RC 2738 BS Model time variability in selectivity as a randonabk
45 RC 274 BS Include the longline surveys and slope trawl suif@eighted appropriate
46 RC 277 BS Do not estimate both M and catchability intern#ligatchability varies with tim
47 RC 28C Al Conduct much more model explorat
48 RC 281 Al  Explain yearly variation in Al catches using objeetcriterie
49 RC 284 Al Investigate whether a simpler (than SS) model wbeldiseft
50 RC 28¢ bott Rewrite SS in ADMB R|
51 RC 28¢ botl Treat catch data in SS as observations as oppogEddmetel
52 RC 29C bott Include calculation of DIC in £

This information is distributed solely for the poge of pre-dissemination peer review under appleaiformation quality guidelines. It
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Table 1. Line numbers on which each unique cominegins, with comment summaries (page 2 ¢

No. Rev 1si 2nc 3rd Aree Comment summa

53 RC 294 bott Use a model that includes a length-based growtfegiion matri

54 RC 297 botl Consider using SAM (Nielsen and Berg, 2(

55 RC 29¢ botl Consider using a truly Bayesian apprc

56 NK 4 77 botl Include all data sets that meet specified cri

57 NK 6 bott If the longline surveys are shown to be unbiased,tber

58 NK 9 BS Consider eliminating suspect data from the IPH@eypin the B!

59 NK 10 20C botl Set multinomial input N equal to humber of samphgaks

60 NK 12 botl Weight all indices internally (SS "extra Sl

61 NK 13 botl Use either Francis or harmonic mean weigt

62 NK 14 botl Use the simplest selectivity form that gives a oeable fi

63 NK 19 30C bott Test random-walk/time-varying vs. parametric/pamied selectivit

64 NK 26 BS Limit time variability to recruitment and selectiy

65 NK 30 BS Consider relationship between dome-shaped surlegtséty and v

66 NK 32 352 BS Use "Piner plots" to identify data sources thatiareonflict with estimated [
67 NK 34 BS Explore age-specific M (e.g., using Lorenzen fung)

68 NK 35 35€ bott Accept dome-shaped survey selectivity only if itws in many mode

69 NK 37 357 BS Estimate survey selectivity at older ages freelth wensitivity analys

70 NK 41 38C botl Estimate catchability internally with a "fairly nenformative" priol

71 NK 42 381 bott Estimate catchability internally with "agreed boshge.g, 0.5-2x estimate
72 NK 45 38t botl Estimate catchability of new surveys internallytwiton-restrictive priol
73 NK 47 BS Develop a prior for survey catchability "that candenerally agree

74 NK 50 bott For all data sets, document how they meet spedifibekic

75 NK 60 botlk Give primary responsibility for data documentatiorthe collector

76 NK 63 botl Ask the data collectors to rank their data in omfguotential bia

77 NK 68 Al Improve documentation for the Al trawl survey tiserie:

78 NK 74 Al  Use the post-1994 Al trawl survey time se

79 NK 85 BS Include IPHC survey as a means of stabilizing tBeaBsessme

80 NK 98 BS Examine IPHC survey data more thoroughly beforag

81 NK 10t BS Include IPHC survey to provide information on lar§ish

82 NK 11t BS Investigate anomalous 1999 and 2005 IPHC indicéisarBs

83 NK 124 BS Examine IPHC survey data more thoroughly beforag

84 NK 13€ Al  Consider simplifying model to improve retrospectbahavio

85 NK 14t Al Investigate alternatives to double-normal seletyt

86 NK 14¢ Al Examine IPHC survey data in the Al more thoroudigfore usin

87 NK 16C botl Weight all indices internally (SS "extra SI

88 NK 164 botl Downweight conflicting indices objective

89 NK 17€ BS Evaluate possible bias of NMFS longline survey&ig01(

90 NK 17¢ BS Examine NMFS longline survey data in the BS mowgdhghly before usir
91 NK 18¢ Al Examine NMFS longline survey data in the Al morerthughly before usir
92 NK 19t botl Weight all indices internally (SS "extra SI

93 NK 20€ botlk Use either Francis or harmonic mean weigt

94 NK 214 botk Use Dirichlet multinomial likelihood if it becomes option in S

95 NK 21€ botl Do not use arithmetic mean weight

96 NK 234 botl Use the simplest selectivity form that gives a oeasble fi

97 NK 23¢€ botl Use double-normal selectivity unless there is g@adon not 1

98 NK 27C BS Use time blocks only if supported by prior datarai@tion or external da
99 NK 277 BS Use annually varying selectivity if it fits as welé season/gear struct
10C NK 28:¢ BS Fix fishery selectivity above age

101 NK 28t BS Changes in mixed-gear selectivity should mirroiosabf catch by ge
10z NK 292 BS Include at least one longline survey in order tplaix cryptic biomas
10z NK 29¢ BS Explore length-based random walk selectivity féicomes an option in .
104 NK 31¢ botl Consider how time-varying parameters affect refeegooint estimatic
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Table 1. Line numbers on which each unique cominegins, with comment summaries (page 3 ¢

No. Rev 1si 2nc 3rd Aree Comment summa

105 NK 322 bott Allow fishery selectivity to vary fairly freely ilodel is not gear-structur
10€ NK 324 botl Do not allow survey selectivity or catchabilityvary with time

107 NK 327 botlk Account for trends in survey selectivity or catcitisboutside the mod:
106 NK 33t BS Investigate residual "runs" in models with timeyiag catchabilit

10¢ NK 337 BS Remove time variability from parameters exhibitiitthe variatior

11C NK 34C BS Limit time variability to recruitment and selectiy

111 NK 348 botl Consider time-varying growth if supported by «

11z NK 347 bott Rewrite SS in ADMB R

115 NK 36t bott Examine, rank, and document all potential souréesror in catchabilit
114 NK 38¢€ botl Do not worry about large gradients if the Hessiatrix can be inverte
115 NK 412 bott Do not accept models with significant retrospechia

11€ NK 42C botl Include "lanelli squid plots" for time-varying panater:

117 NK 42t botl Use alternative plausible historical catch scematoaest sensitivi

11€ NK 42¢ BS Highlight sensitivity of model results to assumediue of "steepnes:
11¢ NK 434 bott Consider possible effects of 1989 and 1999 reghifes

12C JM 4 70 27C botl If IPHC survey passes further investigation, u

121 JM 6 74 27z botl If IPHC survey passes further investigation, u

12z JM 8 92 27t botl If NMFS longline survey passes further investigatiose i

122 JM 9 93 27€ botl If NMFS longline survey passes further investigatiose i

124 JM 12 11¢ 28€ botk Do not allow "too much" time-variability in selegily or "strange" patteri
128 JM 17 14€ 29€ BS Investigate selectivity differences between the lovgline survey

12¢ JM 19 31:& BS Consider implications of time-varying grov

127 JM 22 25€ 32¢ Al Use a simpler form of monitoring and managemenpliring industry and NGC
12¢ JM 25 332 botl Do not include more model features than can betigpg by the da
12¢ JM 27 107 281 botk Weight abundance indices more heavily than sizes

13C JM 28 33t botl Start including fishery agecomp d

131 JM 29 33€ botl Downweight sizecomps, as they are only indirectsuess of abundan
13z JM 31 34z botl Include "historical" retrospectives (i.e., from pi@s assessmen

13z JM 33 34t botl Investigate whether a simpler (than SS) model wbeldiseft

134 JM 41 26t botl Examine IPHC survey data in both areas more thdngugefore usin
13t JM 53 26¢ BS Exclude 1999 and 2005 IPHC indices in the BS ifrappate

13€ JM 56 BS Include one or both longline surveys to provideiniation on larger fis
137 JM 96 bott Include additional data sets to increase confidémoeodel resull

13¢ JM 10€ 282 botl Weight agecomps heav

13¢ JM 10¢ 28:¢ botl Downweight sizecomps, as they can mislead if grakidnges over tin
14C JM 111 337 BS Use external data to help SS estimate time-varyiogitt

141 JM 13t 29z BS Match trawl survey selectivity to longline fishesglectivity at large siz
14z JM 15z 29¢ botl Structure models by season if data are suffi

14z JM 158 Al Consider whether data are sufficient to supporsaeal structur

144 JM 157 30C botl Structure models by gear if data are suffic

145 JM 16€ 303 botl Allow time variability only where supported by extal dati

14€ JM 173 307 BS Force trawl survey selectivity to be asympt

147 IJM 174 30¢ botk Do not allow "too much" time-variability in selegiy or "strange" patteri
14 JM 182 botl Occasionally compare model's estimated survey lBenmarea-swept val
14¢ JM 20C botl Do not estimate both M and catchability intern

15C JM 20¢€ botl Estimate catchability internally with bounds (0.5)

151 JM 21C Al  Expect Al survey catchability to be estimated lesisely than in the E
152 JM 227 BS Consider implications of time-varying grov

152 JM 234 31€ BS Use trawl survey estimates at ages 1-3 as an iofdecruitmer

154 JM 237 31¢ BS Verify that the trawl survey data sometimes inclade O fis|

155 JM 248 32z BS Investigate whether fishing mortality for recenaggis overestimat
15€ JM 24¢ 32t Al Investigate whether M was higher than usual indbe1980s and in 20
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Table 2. Summary of reviewer comments by ToR aed §age 1 of 4

No. Areez Heading/subheadini/comment summa RC NK JM| Surr
1. Data currently used in the assessment mod 1 1 0] 2
Various 1 1 0] 2
1.01 Al Explain yearly variation in Al catches using objeetcriterie 1 0 0] 1
1.0z Al Improve documentation for the Al trawl survey tiserie: 0 1 01
1.0 Al Reduce variability in catch or acknowledge thaveyrdoes not reflectbiome | 1 0 0| 1
1.0¢ Al Use the post-1986 Al trawl survey time se 1 0 0] 1
1.0t Al Use the post-1994 Al trawl survey time se 0 1 01
1.0€ bott Ask the data collectors to rank their data in omfgsotential bia 0 1 01
1.07 bott For all data sets, document how they meet spedifigekic 0 1 01
1.0¢ bott Give primary responsibility for data documentatiorthe collector 0 1 01
1.0¢ bott Include all data sets that meet specified cri 0 1 01
1.1C bott Investigate all data more thoroug 1 0 0] 1
la. Potential use of IPHC longline survey da 1 1 1] 3
Examine IPHC survey in both areas more closely;itise red flag 1 1 1] 3
la.0: BS Examine IPHC survey data more thoroughly beforag 0O 1 1| 2
la.0z BS Include IPHC survey as a means of stabilizing tBeaBsessme 0 1 01
1a.0! BS Include the IPHC longline survey in order to explaiyptic biomas 0 1 01
1a.0¢ BS Include IPHC survey to provide information on larfish 0O 1 1| 2
la.0t BS Include IPHC longline and slope trawl surveys iigieed appropriate 1 0 0] 1
1la.0¢ BS Include the IPHC longline survey and slope trawlsy 1 0 0] 1
la.07 Al Examine IPHC survey data more thoroughly beforag 0O 1 1| 2
1la.0¢ botk Examine IPHC survey data more thoroughly beforag 0 1 01
1a.0¢ bott If the IPHC longline survey is shown to be unbigsese i 0 1 01
la.1( botk If IPHC survey passes further investigation, u 0O 0 1|1
Exclude certain years from IPHC time series in B&if appropriat 0O 1 1| 2
la.1. BS Consider eliminating suspect data from the IPH@espin the B 0 1 01
la.1: BS Exclude 1999 and 2005 IPHC indices in the BS ifrappate 0O 0 1|1
la.1: BS Investigate anomalous 1999 and 2005 IPHC indicésarBs 0 1 01
Othel 0O 0 1|1
la.1« BS Investigate selectivity differences between the lovgline survey 0O 0 1] 1
1b. Potential use of NMFS longline survey da 1 1 1] 3
Examine NMFS longline in both areas more closebg ifi no red flac 1 1 1] 3
1b.01 BS Examine NMFS longline survey data more thorougtafobe usini 0 1 01
1b.0z BS Include the NMFS longline survey in order to explaiyptic biomas 0 1 01
1b.0: BS Include the NMFS longline survey to provide infotina on larger fis 0O 0 1|1
1b.0¢ BS Include NMFS longline and slope trawl surveys ifgieed appropriate 1 0 0] 1
1b.0¢ BS Include the NMFS longline survey and slope trawley 1 0 0] 1
1b.0€ Al Examine NMFS longline survey data more thorougtefobe usini 0 1 01
1b.07 bott If the NMFS longline survey is shown to be unbigaesk i 0 1 01
1b.0¢ bott If NMFS longline survey passes further investigatiose | 0O 0 1|1
Othel 0 1 0] 1
1b.0¢ BS Evaluate possible bias of NMFS longline survey sif01( 0 1 0] 1

This information is distributed solely for the poge of pre-dissemination peer review under appleaiformation quality guidelines. It

has not been formally distributed by the NMFS amalitd not be construed to represent any agencymétation or policy.

16



Table 2. Summary of reviewer comments by ToR aed §page 2 of 4

No.

Arec

Heading/subheadin/comment summa

Py
0
Z|

A
o
<

2

3

2a.0:
2a.0:
2a.0:
2a.0¢
2a.0t
2a.0¢
2a.0;
2a.0¢
2a.0¢
2a.1(

2a.1’

2a.1:
2a.1:

BS
bott
bott
bott
bott
bott
bott
bott
bott
bott

BS

BS
BS

2a. How should the various data sets be weighte

Weighting of data in genet

Test weighting sensitivity by assuming agecompdgbrma

Do not use arithmetic mean weight

Downweight conflicting indices objective

Downweight sizecomps, as they are only indirectsuess of abundan
Downweight sizecomps, as they can mislead if grasadnges over tin
Set multinomial input N equal to number of sampilguk

Use either Francis or harmonic mean weigt

Weight abundance indices more heavily than sizes

Weight agecomps heav

Weight all indices internally (SS "extra Sl

Weighting of IPHC and NMFS longline survey dataarticular
Address issue of how to weight IPHC and NMFS lamgkurvey
Investigate whether including both longline surveysrweights large fis
Weight IPHC and NMFS longline surveys internallys(S®xtra SD"

2b.01
2b.0z
2b.0:
2b.04
2b.0t
2b.0¢
2b.01
2b.0¢

BS
BS
Al
Al
Al
bott
bott
bott

2b. What form (SS "pattern™) should be used for theselectivity functions
Various

Fix fishery selectivity above age

Use random-walk,/time-varying selecti\

Investigate alternatives to double-normal seletyt

Investigate sensitivity of results when using paetaio selectivit

Use a parametric selectivity funct

Test random-walk/time-varying vs. parametric/pamtied selectivit

Use double-normal selectivity unless there is gaagon not t

Use the simplest selectivity form that gives a opable fi

2c¢.01]
2c.0z
2¢.0¢

BS
Al
bott

2c. Should the models be structured with respect teeason
Various

Use annually varying selectivity if it fits as wal season/gear struct
Consider whether data are sufficient to supporsaea structur
Structure models by season if data are suffi

2d.01

bott

2d. Should the models be structured with respect tgear?
General (some reviewers merged ToR 2d comment§aRa?b and 2
Structure models by gear if data are suffic

OO0 000 O O0COO0OCO R FRPRORPRRPRPRIRPRRPRPPOOOOOOOOOLR R

OO0OOO0ORPFPRIFPFFRPRFPROOFRPRORPRPFPPOOOORROORRFROOREF ORI

PPRPRPIPFRPPRPOPRPPIOOCOOCOO0OO0OOOCO0OCOO0OOCORPFRPROORLEFPLOOOLR

PP RIRPRRPRRLRNNRPRPRRPRRPRPRERPREPNNNRPRRRPRPRRRRRRRRERRERWWCE
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Table 2. Summary of reviewer comments by ToR and gage 3 of 4

No.

Arec

Heading/subheadini/comment summa

RC NK JM

W

3

2e.0:
2e.0:
2e.0:
2e.0¢
2e.0t
2e.0¢t
2e.0%

2e.0¢
2e.0¢
2e.1(
2e.1:
2e.1:
2e.1:

2e.1¢
2e.1t
2e.1¢
2e.1’
2e.1¢

2e.1¢
2e.2(
2e.2:

BS
BS
BS
Al
Al
botr
botr

BS
BS
botr
botr
botr
botr

BS

BS

BS
botr
botr

BS
BS
botr

2e. How much time variability should be allowed, ad in which parameters”
Genera

Limit time variability to recruitment and selectiy

Remove time variability from parameters exhibitlitte variatior

Use time blocks only if supported by prior datareieation or external dé
Consider simplifying model to improve retrospectbahavio

Do not use random effects for a survey with leas thnnual da

Allow time variability only where supported by extal dat

Consider how time-varying parameters affect refeegroint estimatic
Time-varying selectivi

Changes in mixed-gear selectivity should mirroiosabf catch by ge
Model time variability in selectivity as a randonalk

Account for trends in survey selectivity ... outsithe mode

Do not allow survey selectivity ... to vary withmig

Do not allow"too mucl" time-variability in selectivity..

Allow fishery selectivity to vary fairly freely imodel is not gear-structur
Time-varying catchabilit

Consider allowing time variability in catchabilitarefully

Investigate residual "runs" in models with timeyiag catchabilit

Model time variability in catchability as a randawvalk

Account for trends in survey ... catchability od&sthe modt

Do not allow survey ... catchability to vary wiimte

Time-varying growt

Consider implications of time-varying grov

Use external data to help SS estimate time-vanyiogitt

Consider time-varying growth if supported by (

2f.01
2f.02
2f.02
2f.04
2f.05
2f.0€

BS
BS
BS
BS
bott
bott

2f. What constraints, if any, should be placed onld-age survey selectivity
Various

Consider relationship between dome-shaped surlegtséty and

Estimate survey selectivity at older ages freeiyt) wensitivity analys

Force trawl survey selectivity to be asympt

Match trawl survey selectivity to longline fishesglectivity at large siz:
Accept dome-shaped survey selectivity only if itwes in many mode

Do not allow ..."strang" pattern

29.01
29.0z
29.0:
29.04

29.0¢
29.0¢

29.07
29.0¢
29.0¢
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Al
bott
bott

botr
botr
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botr
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2g. What constraints, if any, should be placed orusvey catchability?
Use a prior distribution for catchabili

Develop a prior for survey catchability "that candenerally agree
Expect Al survey catchability to be estimated leseisely than in the E
Estimate catchability internally with a "fairly nenformative" prio
Estimate catchability of new surveys internallytwiton-restrictive priol
Adjust bounds on catchabil

Estimate catchability internally wit"agreed bounc' (e.g, 0.5-2 " estimat)
Estimate catchability internally with bounds (0.5)

Othel

Estimate catchability interna

Examine, rank, and document all potential souréesror in catchabilit
Occasionally compare model's estimated survey Benmmarea-swept val

2h. How should big gradients be dealt with in appagntly converged models

2h.0]
2h.0z

BS
botr

Various
Investigate large gradient problem by using altéveaminimizer:
Do not worry about large gradients if the Hessiatrim can be inverte
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Table 2. Summary of reviewer comments by ToR ard gage 4 of 4
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botr
botr
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botr
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2i. Other comments (reviewers' choice

General modeling philosop

Conduct much more model explorat

Do not use SS unless further model exploratiorcetgis otherwis

Do not accept models with significant retrospechia

Do not include more model features than can beatipg by the da
Natural mortality ratt

Do not estimate both M and catchability interndllyatchability varies with tim
Explore age-specific M (e.g., using Lorenzen fuin)

Fix M as an age-dependent ve:

Fix M as an age-dependent vector, using LorenZatioashif

Use "Piner plots" to identify data sources thatiareonflict with estimated |
Investigate whether M was higher than usual indke 1980s and in 20

Do not estimate both M and catchability intern

Investigation of suspect results or model feat

Investigate whether fishing mortality for recenay®is overestimat

Verify that the trawl survey data sometimes inclade O fis

Investigate significance of very large changesnimual catch bioma
Investigate whether distribution of length at ag&E implies incremental grov
Alternative models ("simple

Include Robin Cook's "simple" mo

Investigate whether a simpler (than SS) model wbeldiseft

Use a simpler form of monitoring and managemengliring industry and NGC
Investigate whether a simpler (than SS) model wbeldiseft
Retrospective diagnost

Include "historical" retrospectives (i.e., from pi@is assessmen

Include "lanelli squid plots" for time-varying panater:

Features to add in SS and use once a

Explore length-based random walk selectivity liécomes an option in !
Include calculation of DIC in £

Modify SS so that F is explicitly modeled as an/size effect ~ a year effe
Rewrite SS in ADMB RI

Treat catch data in SS as observations as oppogeEtddamete

Use Dirichlet multinomial likelihood if it becomes option in S
Sensitivity testin

Highlight sensitivity of model results to assumedue of "steepnes:
Consider possible effects of 1989 and 1999 reginfes

Use alternative plausible historical catch scemsaioatest sensitivi
Alternative models (fully age- or length-structu)

Consider alternative models with different assuongiabout errors in the d
Consider using a truly Bayesian apprc

Consider using SAM (Nielsen and Berg, 2(

Use a model that includes a length-based growtjegtion matri

Prior distributions and penalty functio

Distinguish between Bayesian priors and penaltgtfons

Give much more thought to choice of penalty funtdicespecially boun
Use of additional data (other than longline sury

Use trawl survey estimates at ages 1-3 as an iofdescruitmer

Include additional data sets to increase confidémoeodel result

Start including fishery agecomp d
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Attachment 1: Terms of Reference

1. Evaluate and provide recommendations on data uséeiassessment models. In particular:

a.
b.
2. Evaluate and provide recommendations on modeltsireicassumptions, and estimation procedures.

Should data from the IPHC longline survey be useeither assessment?

Should data from the NMFS longline survey be usegither assessment?

In particular:

a.

-~ 0 o o0 T

5 @

How should the various data sets be weighted?

What form (i.e., Stock Synthesis “pattern”) shob&lused for the selectivity functions?
Should the models be structured with respect tesea

Should the models be structured with respect to typa?

How much time variability should be allowed, andrhich parameters?

What constraints, if any, should be placed on susetectivity at older ages?

What constraints, if any, should be placed on sucatchability?

How should large gradients be dealt with in otheenapparently converged models?

Anything else on which the reviewers care to cormrmen
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Attachment 2: Agenda
CIE Review of the EBS and Al Pacific cod stock assement models

Alaska Fisheries Science Center
7600 Sand Point Way NE, Seattle, WA 98115
February 16-19, 2016
Building 4; Room 2039 (except Wednesday afternoBojpm 2143 (Wednesday afternoon)

Review panel chair: Anne Hollowed Anne.Hollowed@noaa.gov
Senior assessment authorGrant Thompsorizrant. Thompson@noaa.gov
Security and check-in Sandra LoweSandra.Lowe@noaa.g¢206)526-4230

Sessions will run from 9 a.m. to 5 p.m. each da, tme for lunch and morning and afternoon breaks
Discussion will be open to everyone, with priogtyen to the panel and senior assessment author.

Tuesday, February 16

Preliminaries:
09:00 Introductions and adoption of agenda—Anne
Data sources (current and potential):
09:10 Overview of data types used in the assessmdatant
09:20 Observer program—Craig Faunce, AFSC FMA [owis
09:50 Catch accounting system and in-season mamsgerdviary Furuness, AKRO SF Division
10:20 Break
10:30 EBS trawl survey—Bob Lauth, AFSC RACE Divisio
11:00 Al trawl survey—Wayne Palsson, AFSC RACE Biwn
11:30 IPHC longline survey—Anna Henry, IPHC
12:00 Lunch
13:00 NMFS longline survey—Dana Hanselman (via WebE
13:30 Ageing—Tom Helser, AFSC REFM Division
Assessment models:
14:00 Assessment history—Grant
15:00 Break
15:10 Current assessments—Grant
16:10 Discussion—Everyone
16:40 Assignments for models to be presented omésethy—Panel

Wednesday, February 17

Review of models assigned on Tuesday—Grant
Discussion, real-time model runs—Everyone
Assignments for models to be presented on Thursdkgrel

Thursday, February 18

Review of models assigned on Wednesday—Grant
Discussion, real-time model runs—Everyone
Assignments for models to be presented on FridayrelPa

Friday, February 19

Review of models assigned on Thursday—Grant
Discussion, real-time model runs—Everyone
Report writing (time permitting)—Panel
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12
13
14
15
16

17
18
19

20
21
22
23
24
25
26
27

28
29
30
31
32

33

34
35
36
37

Attachment 3: CIE reviewer reports (main substantiwe text only)

Reviewer 1: Robin Cook

Executive summary

Bering Sea

Overall, the change from parametric descriptionsebéctivity to random effects varying over time ar
likely to be important improvements to the BerireaSnodel that reflect recent trends in stock assess
modelling and should be pursued. There may be aagas in modelling time varying parameters as a
random walk to exploit “memory” in model.

Estimating age specific selectivity with annualiability for older fish is likely to be affected bgrge
errors associated with small samples. | would ssigg@lapsing fish older than 10-12 into a plusugro
and setting the selectivity of the plus group teeheal the oldest true age.

While it may be possible to estimate fixed M anefl Q given adequate contrast in the data, allo@ing
to vary over time could mean that model mis-speaifon may arbitrarily emerge as variations in atnu
changes to Q. It may be better to fix M as an ageeddent vector. Given that survey sampling prdsoco
seek to minimise random changes, it is probablieb&d model annual changes in Q as a random walk t
avoid over-fitting the data.

It is probably more useful to estimate Q within thedel and regard it as a value that reconciles the
assessment scale to the survey scale. Fixing Qrvitte model will add a degree of rigidity that megd
to severely biased estimates of fishing mortaéspecially where the catch is treated as an exastant.

A number of the exploratory runs performed at tleetimg considered the inclusion of the IPHC
longline, NMFS longline, and NMFS slope trawl syrve addition to the conventional use of the NMFS
shelf trawl survey. Unlike the shelf survey, theethother surveys do not sample smaller fish aad th
length frequencies of their samples resembles klosely the commercial fishery length compositions.
Trial runs for the EBS when these additional suswegre included tended to result in higher ending F
and lower ending biomass so their inclusion isipent to management decisions. There is an issoat ab
the appropriate weighting to give these surveysthistheeds further exploration. Weighting the data
their estimated precision would seem appropriate.

An exploratory run that used Francis weightinglémgth and age compositions resulted in much lower
estimates of F and much higher values of endinmags. The sensitivity to an alternative weighting
method is a cause for concern. An alternative estrocture might be explored as a sensitivity lbgst

fitting the model to the index of number-at-agehia survey which assumes that the observed number a
age is lognormally distributed with age specifimedistributions.

Aleutian Islands

This assessment differs from the Bering Sea assgtsmthat recorded catch biomass shows very large
inter-annual changes and the trawl survey dataseinot continuous. There are many missing yeais
there have been changes to the survey protocoltiover The base model used in exploratory runs7j15.
showed poor retrospective properties and a highitbgty to the data used in the trawl survey.
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68
69
70
71
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At present it seems preferable to use parametnictiins for the fishery and survey selectivity amdix
these over time. However, the very large rangeutdames from exploratory runs is a concern in the
assessment and further analysis is required.

The very large annual variations in estimated Fctvinnay change by a factor of 2 or more in a single
year, does not appear to produce a response gtdble biomass and implies recruitment is matchirgg t
change in biomass. This seems highly unlikely argyssts a problem with the assessment. Either the
catches are less variable than they appear outlkieysindex does not adequately reflect real chaitge
stock biomass.

In the past a Tier 5 model has been used for thesament of Al Pacific cod and in view of the peoins
with the Tier 3 model a simpler modelling appro&ctesirable as a fallback assessment. It might be
possible to go further than simply smoothing thenimss indices by using a model similar to thatioed
in Annex A, Table A2. Whether a simpler modellimpeoach is useful should be investigated if only to
understand better which data contain useful inféiona

Other comments

Modifying the SS3 projection equation so that fighimortality is explicitly modelled as the prodoétan
age (or size) effect and a year effect offers séopeemoving errors in the catches (provided trerse
treated as observations rather than constantajelhas exploring alternative models of fishing nadity
(e.g. fixed effects, random walk) or even usingifig effort as a covariate.

Estimating the random effects in a conventionalifood framework within the core ADMB requires

external intervention to tune the analysis. Whemmex random effects models are assumed, as in the

case of some selectivity models, there remains stouabt as to the reliability of the estimates. An
obvious way forward would be to redevelop Synthesikin the RE version of ADMB so that the
random effects can be estimated within a conveatiand tested mathematical framework.

The distinction between “Bayesian priors” and “dgnfunctions” as used by SS3 needs to be made
clearer particularly where “uniform priors” are ds&Vhere the latter represent bounds on the paesisjet
this should be made explicit especially where treverged model solution lies on a bound.

Where random effects are used, it was difficujuttge model performance in relation to goodned# of
versus the number of parameters. It would be dasita calculate the Deviance Information Criterion
(DIC) to try to overcome this problem so that difiet models can be compared.

It is worth investigating whether the assumptiomofmal distributions of length at age in SS3 is
consistent with strictly incremental growth. Ifgessible that the model structure implies somerfisich
decline in length to be consistent with the siztritiution model.

While Synthesis is an important and effective iodhe assessor’s kit, it would be worth devotiffgre

to a more thorough investigation of the variousdaimponents before applying Synthesis as well as
giving thought to alternative models that makeeadi#ht assumptions about errors in the data.

Bering Sea
At the review, the principal innovations proposedd new SS3 configuration were:

1. Each year consisted of a single season insteadeof f
2. Asingle fishery was defined instead of nine seamwh-gear-specific fisheries.
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Selectivity for both the fishery and survey was mled using a random walk with respect to age
(SS selectivity-at-age pattern #17) instead ofutheal double normal.

Selectivity for both the fishery and the survey evallowed to vary annually.

Survey catchability was allowed to vary annually.

Initial abundances were estimated for the firstaga groups instead of the first three.

The natural mortality rate was estimated internally

The base value of survey catchability was estimiteanally.

© N O

Points 1-2 greatly simplify the model and avoid tieed to estimate a large number of selectivity
parameters. Point 3 is an important change thatvalthe data to determine the shape of fishery and
survey selectivity. Allowing these to vary over @r{point 4) then allows selectivity to evolve as th
fishery changes. This is a natural way to accomngoclaanges to the activity and developments in
different fleets that target different age and siamponents of the stock. Overall, these are likelye
important improvements to the model that reflecerg trends in stock assessment modelling and ghoul
be pursued.

While the use of random effects models has advastagterms of the number of parameters to be
estimated and model flexibility, there is dangealdwing too much flexibility. The annual chandes
catchability (points 4 and 5) need to be consideszdfully. My understanding of model 15.6, which
formed the basis of most of the CIE requested rigribat annual changes to selectivity and survey
catchability were independent with respect to tififee danger of such an approach is that annuabelsan
may simply reflect noise in the data rather thantame signal, because the model has no “memory” of
what happened in the previous year. In many figlsdieet behavior does not change substantialiy fro
year to year but evolves gradually over time. Thundess there is a “shock” to the system, one would
expect selectivity in successive years to be catedl Such correlation should be exploited in tioeleh

by, for example, modeling selectivity (sel) as:

sel(age,year)=sel(age, year-1)*exp(e
where g.,is a random innovation drawn from a normal distfidn.

Using a random walk with respect to age to modelcs®ity is a fair enough assumption but is peshap
not strictly necessary if selectivity is modelleslaarandom walk over time. | would suggest estingati
age dependent selectivities in the initial yeaires parameters and then allow the base selecpuaitgrn
to follow a random walk over time. Because the noeilmembers the previous year’s selectivity, it
means that all the data inform the estimates ef fielectivity. This is an increasingly common
assumption in current stock assessment modelsNigen and Berg, 2014; Cook et al., 2015).

As regards the age range for estimating selectiiityould seem desirable to consider only thoskeol
age groups that are adequately sampled. Unfortynatesspecification of selectivity on older agegps
that are poorly sampled can have a major effechermssessment. If the estimates of fishing moytali
obtained in the runs shown in Figure 1 are appratety correct, and if M is around 0.34, this implie
values of total mortality in the region of 0.8. Wiuch an exploitation rate, fish age 10 or olderi&ely
to be very rare in samples. Estimating age spesdfiectivity with annual variability for older fish
therefore likely to be affected by sampling ertawould suggest collapsing fish older than 10-1i® ia
plus group and setting the selectivity of the gusup to be equal the oldest true age.

It is noteworthy that model 15.6 is configured stimate both natural mortality (M) and base survey
catchability (Q), which are typically highly coratéd and difficult to estimate jointly. Estimatibgth
these parameters and allowing survey catchabdighange with little constraint over time seems
imprudent. While it may be possible to estimatedi® and fixed Q given adequate contrast in the,dat
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allowing Q to vary over time demands a great détti@data, especially when the assumption of edfix
M over time and age is clearly very unrealistiant#ans that model mis-specification may arbitrarily
emerge as variations in annual changes to Q. Itbeayetter to fix M as an age dependent vector,
determined for example by the Lorenzen relationakighown in Annex A (Fig A.1), which used mean
weight at age to estimate M. In this case, thernegéd value of M over the mid-upper age classestis
very dissimilar to the value of 0.34 often usedtfos stock. Adopting an age or size dependent Meva
may be relevant to the assumptions used in thesssments for dome shaped selectivity. With M
determined, it is then possible to estimate Q altmiditioned on the assumed value of natural rigrta
Given that survey sampling protocols seek to misemtandom changes, it is probably better to model
annual changes in Q as a random walk to avoid fiverg the data.

There is much discussion in the Region of the vafumirvey catchability. There is clearly a deéine
swept area estimates of Q to be seen to be closdues estimated from stock assessment modeds. It
undoubtedly of interest to compare such estimatdd@try to understand the causes of any diffexenc
However, there should be no surprise if such eséisndiffer and it is a mistake to force a giverueabf
Q into the assessment since the assumptions o Wigcalculations are based are quite different.
Where Q is estimated experimentally there is anraption that the survey is sampling the same
population as the fishery, and that the scalingpfacused to raise trawl survey samples to absolute

abundance are both accurate and unbiased. Nohesaf aissumptions is completely correct and thdre wi

be considerable uncertainty surrounding them. pra®ably more useful to estimate Q within the niode
and regard it as a value that reconciles the assedscale to the survey scale. Fixing Q withinrtiozlel
will add a degree of rigidity that may lead to sele biased estimates of fishing mortality, espicia
where the catch is treated as a known constant.

A number of the exploratory runs performed at tleetimg considered the inclusion of the IPHC
longline, NMFS longline and NMFS slope trawl sunieyaddition to the conventional use of the NMFS
shelf trawl survey. It is generally considered gpoakctice to include all the available data untesse

are strong reasons to omit it. On that basishellsurveys should be included. Unlike the sheNeyrthe
three other surveys do not sample smaller fishtl@&dength frequencies of their samples resembtas m
closely the commercial fishery length compositidhsiould appear therefore that these other surveys
sample a part of the population that is not so sathpled by the shelf survey. Trial runs for theSEB
when these additional surveys were included tetaleesult in higher ending F and lower ending
biomass so their inclusion is pertinent to managerdecisions. There is an issue about the apptepria
weighting to give these surveys. One run (BS_Matght6 C_extraSD) weighted the indices by their
respective standard deviation estimated internatiyg, this reduced the higher estimates of F setirein
other runs. Weighting the data by their estimatetigion would seem appropriate and may prove the
best way forward. There is, however, a somewh#&rdifit issue which is that these additional sunatlys
appear to sample a similar size range of the ptipaland adding three similar surveys may bias the
assessment toward the population seen by theseysuiSome exploration of this issue is requireti asu
mentioned, weighting by the precision of the datgy iime the appropriate solution.

A central feature of SS3 is that length and agepm®itions are fit as proportions rather than nuslaer
length or age. This requires an estimate of theceffe sample size which is generally much lowanth
the actual number of fish sampled. In model rumgezhout before and during the review sample sizes
were constrained to be in the region of 300. Anagbory run (15.6_Francis, Figure 1) used an
alternative weighting that resulted in much lowstireates of F and much higher values of ending
biomass. The sensitivity to an alternative weigiptimethod is a cause for concern though it should be
noted that in the guidance notes for the use afdisaveighting there is a caution that “The largenber
of options available in SS makes it very diffictdtbe sure that what this function does is appabgfior
all combinations of options”. There is no simplewaar to this issue but something that might be
explored as a sensitivity test would be to fit thedel to the index of number-at-age in the sungey a
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described in Annex A, Table Al. This assumes thatbserved number at age is lognormally distribute
with age specific error distributions. As an altgive error structure, it is not without its owroptems

(e.g. correlated errors), but if the data are mcabundance information it would offer an insigitb the
robustness of the assessment.

Term of reference 2h requests advice on modelshthat apparently converged yet with a large gradien
at the minimum. Where the parameter covarianceixratcalculable, there is some reassurance that a
meaningful minimum has been reached. Howeverjshagechnical problem and its resolution will
depend on the algorithm used to minimize the negdtig-likelihood. If SS3 offers a choice of
minimization routines these could be explored ydardiagnose the problem.

Aleutian Islands

In principle much of the discussion relating to ERS assessments should apply to the Aleutiandslan
However, there are at least two important diffeesnthat need to be considered. Firstly, the recorde
catch biomass shows very large inter-annual chathgésire apparently related to major changes in
fishery management from year to year. Secondlytrdvel survey data series is not continuous. Theee
many missing years and there have been changes suitvey protocol over time. The latter pointfis 0
particular relevance since surveys are an impopaint of reference for an assessment and withingss

or inadequately standardized data the use of ramdfauts in the model may be unwise. The base model

used in exploratory runs (15.7) showed poor reope properties and when the earliest two yefars o
survey data were omitted, a radically differenineate of ending biomass and fishing mortality was
observed (Figure 2, models 15.7 and 15.8), sugggathigh sensitivity to the trawl survey. Whileté
was a significant change in the survey between 2@@41997 in terms of tow duration this does netrse
sufficient to justify the removal of earlier yedrem the analysis. It also shortens the time series
available data substantially for an assessmerd@jriacking in calibration data.

When selectivity was modelled with parametric fims fixed over time, the retrospective pattern
improved which suggests a more rigid model mayditebwhen calibration data are scarce or unrdiabl
At present, therefore, it seems preferable to asarpetric functions for the fishery and survey tmfix
these over time, but the very large range of oueamown in Figure 2 does not inspire confidendben
assessment and further analysis is required.

One issue that needs investigation is the sigméieaof the very large changes in the annual catch
biomass. Since the catch is treated by SS3 aswarkparameter, the variability in the catches is
translated directly into variability in estimatesfighing mortality because the assessment suggastk
biomass only shows very gradual change (see fangbeaAnnex A, Figure A3 that show F from model
15.7). Given the very large annual variations itmested F which may change by a factor of 2 or niore
a single year, one might expect to see a respartbe istock biomass, but this is not apparent apdiés
recruitment is matching the change in biomass. $é&ns highly unlikely and suggests a problem with
the assessment. Either the catches are less \eatietnl they appear or the survey index does not
adequately reflect real changes to stock biomass.

For the reasons above, | did not feel that the 8&&els were currently in a state to form the bakan
assessment through further model exploration, éspethose using additional surveys may yet prove
adequate.

In the past a Tier 5 model has been used for thesament of Al Pacific cod. This model simply srhsot
the IPHC longline survey and trawl survey indicegg a random walk. Such methods can be of use
especially if the indices are a true reflectiorilef biomass trend, but inevitably offer little igist into the
stock dynamics. It might be possible to go one &iegper using a model similar to that outlined in
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213 Annex A, Table A2. That model assumed that fishimaytality follows a random walk which may be too
214  strong an assumption if management interventiorirtieeduced a series of shocks to the fishery. The
215 random walk assumption could be relaxed so thainfgsmortality was modelled as a purely random
216 effect with a large standard deviation.

217  Whether a simpler modelling approach is useful khba investigated if only to understand betterakihi
218 data contain useful information.

219 Other comments

220 The population projection model within Synthesipegrs to treat the observed catches as parameters
221 rather than as observations. Where catches areuetise this approach may work well, but it igrarsy
222  assumption and for many stocks for which Synthiesised the assumption of exact catches is hard to
223 justify. In the case of EBS Pacific cod there avedyreasons to suppose that recorded catches are
224  precisely known for recent years, but historic#itiis is probably not the case. Furthermore, ldafdpears
225 to be known about catches outside the US EEZ, wéwelm in recent years may have an impact on the
226  stock. A model that avoids the need to treat catelseknown is therefore highly desirable. Modifyihg
227  projection equation so that fishing mortality igokgitly modelled as the product of an age (or sxféect
228 and a year effect offers much more scope for rengpeirors in the catches by treating these as

229 observations rather than constants. It also allexporing alternative models of fishing mortalis.g.

230 fixed effects, random walk) or even using fishiffipe as a covariate.

231  Until fairly recently, selectivity in the EBS asse®ent was modelled using parametric functions. Time
232  varying selectivity was handled by dividing the ¢iseries into blocks where each block has its own

233  selectivity values. In the models discussed atékiiew selectivity was sometimes modelled with @nd
234  effects both over age and year. Estimating theawmelfffects in a conventional likelihood framework

235 within the core ADMB requires external interventintune the analysis. Where complex random effects
236 models are assumed as in the case of some sdientivilels there remains some doubt as to the

237 reliability of the estimates. An obvious way forngdarvould be to redevelop Synthesis within the RE

238 version of ADMB so that the random effects can ftéveated within a conventional and tested

239 mathematical framework. This would avoid the nemdafd hoc tuning and potentially would speed up the
240 assessment process.

241 In configuring Synthesis some model parametergamstrained by penalty functions that are added to
242  the likelihood and informally referred to as “psbtrThese of course are not priors in a Bayesiasese
243 and some care is required in their interpretat®a sesult. Some model parameters are described as
244 having “uniform” priors implying no constraints ¢ime parameters when in practice bounds are set to
245  prevent estimates reaching values considered ustre@nd are therefore highly informative. Thiffelis
246  substantially from a Bayesian uniform prior wheogihds are set primarily to avoid the MCMC chain
247  sampling values outside the posterior distributither than setting limits on acceptable parameter
248 values. Such a prior is uninformative and will gimge unconstrained maximum likelihood estimates of
249  the parameters. Given that the penalty function bewnfluential in parameter estimates in Synthesis
250 much more thought needs to be given to the chditieese functions and more attention paid to their
251 influence in the estimates especially where boamdseached. Hitting a bound would tend to suggest
252 insufficient information in the data to estimate farameters.

253 SS3 allows a very large range of models to b@fibé data. This often means that the number of

254  parameters being fit varies greatly as the assegdmdeveloped. As is well known, more parameters
255 usually mean a better fit to the data, but not ssaely a better model. In a likelihood approactdeio

256 performance can be evaluated using the AIC whithets model fit against the number of parameters. In
257 the review carried out at this meeting, it wasidifft to compare models using AIC as the number of
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effective parameters is not clear in random effewtgels. As a result, it was difficult to judge nebd
performance in relation to goodness of fit versesriumber of parameters. It would be desirable to
calculate the Deviance Information Criterion (DIB)try to overcome this problem so that it is clear
when a model is overparameterised.

A particularly important feature of SS3 is thatdin make use of both length and age data. The lyimider
model, however, is age-based and the populatiaggtiesomposition is reconstructed from the dispersio
around the mean length at age. This may well badaguate assumption but one issue that perhaps
merits investigation is whether this approach ieplhon-incremental growth since the assumption of
strictly normal length distributions may not be gmatible with the requirement that individual fish
cannot get smaller as they age (except in excegtmrcumstances). The question is whether, given a
normal distribution at age a, the distribution lué same year class at age a+1 is simply a normal
distribution centred on the mean length at ageoresother distribution? Where length data drive the
assessment inconsistency with incremental growthleed to bias.

Conclusions and recommendations

For the Eastern Bering Sea SS3 models that usemaatiects to model selectivity by year, and peshap
age, are the preferred configurations at this sthgssessment development. Time varying parameters
may be better modeled using a random walk to ptewer-fitting the data. The longline surveys and
slope trawl survey should be included provided gprapriate way of weighting the data can be found.
This needs to take into account the survey sampliagision as well as weighting relative to thelfshe
survey to avoid over-emphasis on the deeper wataponent of the stock. It is probably better to fix
natural mortality externally if survey catchabilig/estimated internally, and especially if survey
catchability is treated as a time varying parameter

Much more model exploration is required for theuiian Islands assessment. It is especially desirtabl
try to explain on the basis of objective criteriaywthe historical catch shows such large inter-ahnu
variability. The relative scarcity and lower reliiétly of fishery independent data to calibrate the
assessment also makes the current Tier 3 modbby naicertain. While developing the Tier 3 model,
consideration should also be given to enhancing tte5 model to include a simple population madel
order to obtain a little more information from tti@ta as opposed to simply smoothing the time series

SS3is a well established and powerful tool thatlea used both for data exploration and full
assessments. A number of aspects of the tool desensideration for the future development of the
model. This includes a more formal way of estingtiandom effects through ADMB RE,

treating the catch data as observations as oppogedameters, and

providing a statistic such as the DIC to compaist bedels when random effects are being used.

Stock Synthesis appears to be the only modellinbdonsidered when a full population dynamic model
is fitted. While it is an important and effectivaot in the assessor’s kit, it would be worth dewgteffort

to a more thorough investigation of the variousi@amponents before applying Synthesis, as well as
giving thought to alternative models that makeedight assumptions about the data. For examplen give
the major presence of length frequency data, a hitbdeused a length based projection matrix might
offer useful insights into the information containa the data and treat growth in a more realfsistion.
Similarly models such as SAM (Nielsen and Berg,80ised by ICES, might provide a contrast to the
multinomial assumption implemented in SS3. Truly®&sdan approaches that provided true estimates of
the parameter posterior distributions may be mui@rinative about the data than the application of
penalty functions.
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Reviewer 2: Neil Klaer

Executive summary

Generally, if a data source provides useful infdram can fit within an assessment model structoas,
been shown to be reliably collected and standaddiaed is likely to be unbiased or bias can be
accounted for, then it should be included in tloelsassessment model. | have recommended that the
IPHC and NMFS longline surveys and associated caitipn data be included in both the EBS and Al
models conditional on documentation that examihese surveys for potential bias regarding Pacific
cod. The IPHC in the EBS in particular may reqtiicecation to eliminate suspect point estimates.

Input sample sizes for composition data have doente on assessment results and it has also become
generally accepted practice for those sample sizawre reflect the number of sampled fishing trips

For relative weighting of various data sets, | raoend estimation of an additional sd for all abunuga
indices, and either the Francis or harmonic meaghieg procedures for composition data.

Options for selectivity patterns are primarily amgaimple logistic and double-normal by size, and
random walk by age. The simplest pattern that allosasonable model fit to available compositiorm dat
should be used. The most complex random walk bypagiern is most suited for application to combined
fisheries composed of differing gear types, althotigere may be a question about the implementafion
it in SS regarding large final gradients.

Allowing time-varying selectivity that is a randomalk by age annually for a fishery with multipleage
types is an innovation that | have not seen presijolAs many current SS assessments grapple with
highly partitioned fishery data, such a procedwas the potential for wide application. | am relntt
agree on its use without a supporting simulatiodythat confirms its equivalence or even supdyiaa
a high degree of data partitioning. Such a studyldvbe reasonably easy to design and carry out.
However, | am willing to agree that it seems tovite a good resolution to the problem for the fighe
selectivity in the EBS models.

Time variability should be allowed in a parametérew there is an available reliable data source that
fairly directly measures such a change, and tia@ral exists in that data source that needs t@apticed
by the assessment model. This situation only ctlyrappears to exist for recruitment and fishery
selectivity in the EBS model.

Models examined during the review for the EBS séefairly clearly demonstrate that the trawl survey
selectivity is dome-shaped. However, the possitiitiait the survey selectivity is in fact asymptdtas

not been eliminated. The extent of the survey dehagpe may, for example, be confounded with M. It
may be that different data sources are in cordliut the estimated value for M that can be diagghos
with a Piner profile plot of likelihood componenEsxploration of age-specific M (e.g. starting wéh
Lorenzen function) could also be done. A rangelafigible alternative models should be explored, and
the extent of the estimated dome selectivity ferttlawl survey examined for each to see if the dizme
consistently required. However, as the extent efttawl survey dome is probably one of the maj@&sax
of uncertainty in the EBS model at present, it $thoemain freely estimated and informed by the
available data in any chosen base model, possilfyfarcing more or less dome as sensitivity anegys
in the final assessment.
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Models that estimate the shelf bottom trawl surgessing a fairly non-informative prior (as in EBS
model 15.6) should currently be preferred. Agreedrials on prior survey g point estimates can be used
as one of the acceptance criteria for particuladet® | personally have a fairly high tolerancetfase
values (based however, on only a limited backgrdurmviedge for this particular survey), and am
comfortable with at least a factor of 2.0 (0.5 8 @mes the initial point estimates). Should addiél
surveys be added to the models, g values for leawfi for those are less well understood, and non-
restrictive priors for those are preferable, witbsgimated. Work should be commenced on the
development of a prior distribution for EBS shedtiom trawl survey g that can be generally agreed.

Evaluate and provide recommendations on data usim iassessment models (general)

As a general principle, we all understand that tatze potentially included in a stock assessmeartah
first need an examination to determine whether thegsure important aspects of stock dynamics that
can be included in a stock assessment model, Heetedl and standardized in a rigorous manner aaad
likely to be unbiased or any bias has been measurédan be accounted for. Ideally, this examinatio
for each separate input data set would be well tiectied, updated as required, and provided as suppor
information for any stock assessments. Most steskssments do not reach this ideal. For the EBS and
Al assessments, such data documentation spegificalstock assessment support does not exist.
However, during the review, presentations were nthaedescribed data collection methodologies and
the process used to prepare the data for usedk agsessments which could form the basis for such
documentation.

The most difficult input data question regards pgaedias. Normally, it is the data collectors wheve
the most information about changes in collectiarcpdures, unexpected changes in data signals,
potential for non-representative sampling and itte2 Input data documentation should include actoun
by the data collectors on these aspects, and teat@ bias that may have been introduced. Where
several data sources provide similar informatiog.(elternative survey abundance indices with simil
gear selection), it may also be useful to ask daliaectors to rank the alternatives according tteptal
bias. Such information may then be used by stos&sssnent authors when preferentially weighting
various data sets.

A particular example examined during the review thastrates the usefulness of improved
documentation was for the Al trawl survey abundandex and associated composition data. A listQof 1
historical changes in survey design was providatljtwas acknowledged that the input data had not
been subjected to a detailed examination regattlivge changes to potentially quantify their effedts
some changes appeared to be substantial but adsat@plesk-top investigation (e.g. any apparetit ishi
selectivity pattern due to the change from 30 tonldute trawls), my initial reaction was to not uke
series trend until appropriate investigations haeinbmade. Subsequent discussions concluded, with th
help of data collectors, that changes since 19%uiwey methodology were unlikely to have caused
substantial bias in the index, so it was agreetitheaindex was usable from that year forward.

Generally, if a data source provides useful infarama can fit within an assessment model structoas,
been shown to be reliably collected and standaddiaed is likely to be unbiased or bias can be
accounted for, then it should be included in tlhelstissessment model.

Should data from the IPHC longline survey be usegither assessment?

Bering Sea

The shelf trawl survey in most/all EBS models appeéarequire dome selectivity in comparison with t
fisheries regardless of whether the fisheries aylelypartitioned according to gear and season, or
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selectivity is allowed to change through time (&gth models 11.5 and 15.6). Ideally, abundancexnd
size/age selection would be reflective of the papoih — i.e. asymptotic at a low age. Models thalude
the trawl survey alone have considerable flexipiiit alter abundance trends for older age classes n
well indexed that may have a heavy influence orufaifwn SSB trends. There is an advantage therefore
to include index information for those older agasskes if such indices exist. In this case, caneldate

the IPHC and NMFS longline and the slope trawl aysv

In all cases (and IPHC in particular), the avadaddiditional surveys were primarily designed teeind
species other than Pacific cod. Desk-top studig¢seofuitability of application of these surveys as
potential indices of abundance to Pacific cod iripalar are currently unavailable, so judgment of
whether to include them into an active assessmedems only evaluated here based on presentations
survey procedures during the review, general coisgas among available indices, and the apparent
performance of models that include various indaxlzioations.

The IPHC primary objectives are to provide CPUIRgte and age composition, information on
abundance distributional changes for juvenilesadhdts for Pacific halibut. Secondary objectives tar
provide information on bycatch species and a platffor specialized projects. We learned through
presentations that a number of factors (differ@tikdsize to commercial Pacific cod fishing, firét 2
hooks per skate sampled for bycatch, bait usedsa@mpled) may not be optimal for Pacific cod, but
Pacific cod are the most-often encountered bycgtelasies by the survey (at least in Areas 4A, 4B, 4C
and 4D — covering the EBS and Al regions). Thisggsgs that IPHC survey trends at least require
examination, and that there are no reasons yetifigeinthat imply an index bias, just sources ofgibly
random measurement error.

The aggregated size composition from the IPHC suindicates a selected size range well to the ight
the shelf trawl survey in the EBS, and slightlytie right of the longline fishery, NMFS longlinersay
and slope trawl survey (Figure 1). This indicatex the IPHC index can potentially provide useful
abundance information for the older age-classdsatieanot indexed by the shelf trawl survey if that
survey selectivity is dome-shaped.

A comparison of general index trends in the EB§|Fé 2) does not show a lot of consistency among
available indices, although the different seletyigssociated with those indices makes interpratati
more difficult. The IPHC survey seems to exhibéinls that are least consistent with the other alail
indices. A shift of the IPHC survey several yearthe left shows perhaps some consistency with the
trawl survey. Biologically, it is not possible ftre true abundance of older year classes in thiéideod
population to change radically from one year tortbgt. There are two substantial drops in the IPHC
index that seem biologically implausible — in 138%®1 2005. Further work is needed to investigate the
cause of these changes in particular, and whetlkdntiex requires refinement in application to faci
cod.

Among the meeting requests were those that includedus new index combinations to be added to the
EBS model, while also estimating an additionalldte additional sd accounts for apparent errorighat
required to be added to an index for the modektbdlanced, given the information from all othetada
sources in the model (model 15.6 extra sd). Thatehadds a large sd value to the IPHC index, mastly
better account for the apparent error in the 1868x value.

Before deciding to include the IPHC longline indad associated lengths in a proposed central EBS SS
model, an investigation into the properties of H&S IPHC longline index in relation to Pacific ciod
particular should be done. The investigation sheximine the 1999 and 2005 points especially tdfsee
justification exists for exclusion — perhaps bytatg the IPHC index in 2000. If the resulting ixds

found unlikely to be biased, then | recommend igsidn in the model with additional sd estimated.
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Aleutian Islands

Most of the effort of the meeting was directed to¥gainvestigation of the properties of the EBS
assessment model, as an SS assessment is alreadydled approach for that region. The Al is culyen
a Tier 5 that essentially applies a smoother thndeaywl survey estimates of total biomass. Howetrez,
assessed trend in biomass is less important tleamadist recent estimate in the provision of managéme
advice. It was hoped that if reasonable approatthdata and modeling can be determined for the EBS,
then many of those same approaches could alsogtiedpo the Al region. My initial thought was theat
agreed EBS model could be entirely transferretieoil, but it was shown during the meeting that
simplification of the Al model can lead to improvesbdel behavior — particularly regarding retrospect
patterns. Indeed, the removal of time-varying fexttan sometimes improve retrospective behavior,
possibly in conflict with general conclusions ofeet publications (e.g. “when retrospective patemre
observed in a stock assessment, they are ofteaatedrby introducing estimation of a time-varying
parameter (usually selectivity, M or q)”, Hurtaderfo et al. 2014).

The Al model is the same as for the EBS in thatithel survey selectivity appears to be domed and t
the left of the fishery, and that the IPHC survag potential use for providing an index for oldge-a
classes (Figure 3). Even without estimation of @aliteonal sd, the IPHC index can be reasonably well
fitted by the model, with 2012 being the large$iuiential residual. Further work on choice of a mor
appropriate selectivity function other than doubtemal (or by changing the freedom of certain deubl
normal parameters) would probably improve the dvétao IPHC lengths (Figure 4).

Before deciding to include the IPHC longline inded associated lengths in a proposed central Al SS
model, an investigation into the properties of MiéPHC longline index in relation to Pacific codl i
particular should be done. If the index is fountiketdy to be biased, then | recommend inclusiothie
model with additional sd estimated.

Should data from the NMFS longline survey be usegither assessment?

The primary aim of the NMFS longline survey is tilect abundance, composition and bycatch
information for Sablefish. Again, a desktop studg mot been made to determine whether the survey is
potentially biased with respect to Pacific cod atamce. Indices for Pacific cod are available foSEd
Al, although the survey does not cover the westénmegion. Age compositions are not collected for
Pacific cod by this survey, but there are manytlesigollected.

During the review a question was raised about tssiple over-weighting of surveys, particularly
through the use of multiple longline surveys inrae model, and it was suggested that they could
potentially be combined before addition to the nholllsy own preference on this is to keep independent
data sources separate, and to let additional sdagin weight each based on goodness of fit with a
other data sources in the model. | think it is dwaatage if independently collected indices shamilar
trends for the same size/age classes in the populand should therefore receive more weight as¢h
circumstances. Alternatively, conflicting indicdsosld be down-weighted in an objective manner.

Bering Sea

Aggregated lengths for the EBS show that the NMifgline survey seems to catch about the same size
fish as the longline fishery, but not as many efery largest fish as does either the fisherydtQ

surveys (Figure 1). Relative index trends show tih@tNMFS longline seems potentially more conststen
with the shelf survey than the IPHC survey if shifseveral years to the left (Figure 2). The NMFS
longline survey does not show large changes inddmuoe that are biologically implausible as the IPHC
survey does. Addition of the index to the modelrewthout additional sd estimation shows a reaskenab
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fit by the model (Figure 5). Of potential stock cem is that the NMFS longline survey is generally
under the expected survey abundance since 2010réF5), suggesting that information on larger fish
the population added by this survey leads to a mpessimistic assessment of overall stock depléten
indeed shown by model 15.6A results). Howeverpntioelel is not fully tuned, so such supposition may
be premature. However, it does highlight that & iidex is to be used, some evaluation of posbible

in relation to Pacific cod, perhaps most importasihce 2010 is required. The model that incluties t
NMFS longline survey is able to fit the associdertjth compositions well.

Before deciding to include the NMFS longline indaxd associated lengths in a proposed central EBS SS
model, an investigation into the properties of B85 NMFS longline index in relation to Pacific cod
particular should be done. The investigation shpaldicularly examine possible bias in the indexcsi

2010 as this appears to be influential on assesswauits. If the index is found unlikely to be sxéal,

then | recommend inclusion in the model with additil sd estimated.

Aleutian Islands

The overall fits by the Al model to lengths (Fig@eand the abundance index appear reasonable.
Abundance index point estimates for 2004 and 2@p¢ar to most conflict with other information ireth
Al model.

Before deciding to include the NMFS longline indexd associated lengths in a proposed central Al SS
model, an investigation into the properties of Mi&NMFS longline index in relation to Pacific cod i
particular should be done. If the index is fountikely to be biased, then | recommend inclusiothie
model with additional sd estimated.

How should the various data sets be weighted?

For abundance index data, iterative reweightingotentially allow additional index error was pravity

an accepted procedure for many US and Austral@k tynthesis assessments. Such iteration was done
manually, and more recently the ability to intelpalstimate additional index error (via an addi&ibsd)

has been added as an option to SS. Use of thahdpdis become accepted practice for many recent
assessments. Estimation of additional index esraormally done for all indices included in a stock
assessment as (perhaps in my naive interpretatien)nput variability usually only accounts for
measurement error and the process error compaanknown.

Input sample sizes for composition data have doeénte on assessment results and it has also become
generally accepted practice for those sample sizve®re reflect the number of sampled fishing trips
rather than the number of fish measured.

Relative data weighting in stock assessments fimposition data and the goal of standardized
approaches has been the subject of recent andrmngesearch particularly in the US west-coast,thrd
subject of a Center for the Advancement of Popatafissessment Methodology (CAPAM) workshop in
La Jolla, CA in October of 2015 (http://www.capasearch.org/data-weighting/workshop). While there
has been some recent narrowing down of agreed guoege among US west-coast stock assessors, it has
also been recognized that it is not currently geso recommend default procedures for composition
and conditional age-at-length (CAAL) data. Theragseement that the Francis weighting approach is
more appropriate in cases where the model is mo¢city specified as it takes autocorrelation among
composition data into account. It is also agreed fibr a correctly specified model, the McAllistarelli
harmonic mean weighting method works well. Bothhafse procedures have been extended from
marginal length or age composition data to conditi@ge-at-length (Francis A and B methods are
available for CAAL, with Francis B potentially peefed). A possible further development that may

This information is distributed solely for the poge of pre-dissemination peer review under appleaiformation quality guidelines. It
has not been formally distributed by the NMFS amalitd not be construed to represent any agencymétation or policy.

33



215
216
217

218

219
220
221
222
223
224
225
226
227
228

229
230
231
232
233

234
235
236
237
238
239
240
241

242

243
244
245
246
247
248
249

250
251
252

253
254
255
256
257

provide a direction forward is using the Dirichhetiltinomial likelihood (Thorson, 2014), althoughsth
method will require review and implementation in[&Sore it may be used. Recent simulation work has
shown that the McAllister-lanelli arithmetic mearopedure is inferior to other methods (Punt, Irsp)e

What form (i.e., Stock Synthesis “pattern”) shobtused for the selectivity functions?

SS provides a large number of selectivity pattgrions (14 size and 12 age patterns excluding apeci
discontinued and mirror — SS user manual v 3.B)sjar the most commonly used patterns in recent
stock assessments are logistic for simple asyngpgetectivity or the double-normal (most often size
pattern 24 or age pattern 20) where selectivigll@ved to be dome-shaped. The flexibility of the
double-normal is usually sufficient to accounttioe wide range of single-peaked shapes that may be
expected from a single fishing gear type. It i®adessible to combine size and age selectivityepadtfor
a fishery or survey and to have differential sélégtby sex to, for example, account for reduced
availability of older females in the population. st easily account for “odd-shaped” selection tha
may be due to, for example, a combined fishery aseg of several gear types, SS provides an age
based selection pattern that generates an age-tzawham walk (age pattern 17).

Normally, fishery and survey selection is assunoellet primarily a length-based process as fishirag ge
selection is usually size-dependent. However, Selgcin an assessment model combines gear
vulnerability with availability. Whether availaldyi (e.g. due to migration, aggregation [e.g. for
spawning], schooling) is age- or length-basedriwee difficult question, so although length-based
selection may be preferred for modeling, a casestititne made for age-based selectivity.

Generally, the selectivity pattern should be chdsewost likely from the options above) that has the
fewest parameters, and allows an acceptable tite@vailable composition data (e.g. no bands at
particular lengths of significant length compositi@siduals). As surveys are designed to at lessthe
same fishing gear throughout, a good reason tonase complex patterns than logistic or double-ndrma
would be required for those. If a fishery has faitbmogenous gear, a similar argument applies there
well. In the case of a fishery with mixed gear typ&n opportunity exists to use a less restrictéttbp
shape, as provided by the age-based random walkeaent, | don’t think a random-walk length-based
pattern is available, so selectivity in that caseestricted to being age-based.

Should the models be structured with respect tesea

It is usual practice for SS models to separatetidpta from surveys and fisheries that have demailgt
different selectivity if data are available to do Blormally, the minimum requirement to allow data
partitioning according to season, gear type or eréi@at a number of years of length or age contijposi
data that are believed to be representatively szoirgale available within each partition. Partitignof
composition data is only usually necessary if sumyrfength/age compositions from comparable
partitions show obvious apparent selectivity déferes. Partitioning may also be required for abnoela
indices if different trends are observed by patiti

Models that specifically address the exploratioaltérnative structures regarding selectivity piarns
have been developed and were presented for thed6RBe discussion here will be confined to models
from that region.

Simple examination of aggregated length data felBBS shelf trawl survey, the slope survey, lorglin
fishery and NMFS and IPHC longline surveys (Figlyshow a marked difference in the shelf trawl
survey to all of the others. Unfortunately, themrand pot fisheries were not included, but we kriomn
diagnostic output from model 11.5 that trawl fisheelectivity seems to be intermediate between the
trawl survey and longline fishery, and the potéishseems similar to the longline fishery (Figuye 8
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Also notable is that the Jan-Apr trawl fishery ldrggshow a peak that is consistent with longlisbdties
during that period only, which corresponds to thavening season. Conjecture has been made about
possible movement of larger fish from the NBS aadthough another explanation may be the movement
of larger fish from waters targeted by the longlamel pot fisheries into shelf trawl areas durirg th
spawning season. There is little information avdé@drom tagging and none that can address thdiqoes
of movement in and out of the NBS. The shelf trauwrvey is made outside of the spawning season, and
at that time, less of the larger fish seem to lzlaie on the shelf, although tagging of a smaithber of
fish does indicate apparent random movement ofdign the shelf during that time.

For modeling purposes, the model only requiresttitomposition of the fishery catches be adeguate
accounted for each year, and the more importantlptipn abundance trends are taken from surveys (at
least for the models here). The difference in trfistlery selection by season seems to be a fetitare
can be addressed through seasonal model struthisas done to some extent with model 11.5, bet th
fit to the Jan-Apr trawl fishery length compositiby that model is not particularly good (Figure 18).
addition to gear/season partitioning, a large nurobéme blocks that allow selectivity to vary tlugh
time have been used in model 11.5. It may be quesdi whether such fine scale partitioning of thia da
are supportable if partitioning and blocking fingteds to be justified depending on whether pritet da
examination or independent knowledge about chaingeactices suggests that all of those partitenes
necessary, and that sufficient data are availalitérmeach to allow estimation of a different seildty
pattern.

A new procedure for accounting for fishery selattihas been proposed here in model 15.6 where an
age-varying random walk is used to characterizeséectivity for all combined fisheries (trawl, glime
and pots) each year. This procedure seems attagitren the high level of partitioning required for
model 11.5. If such a procedure can provide a megascounting for total fishery removals each year
according to size/age, then it should be accept&lidgnostic plots for fishery lengths, both by yead
combined for model 15.6, show rather good fitsvailable data (all residuals are also within thaegea
-2.0 to 2.0). There is very little catch taken agbdve about 8, so fixing selectivity above tha asgems
reasonable.

As the proportion of trawl catch to longline haswebed considerably over time, it would be expettad
large changes in the general pattern of selectivityld also be observed, that are somewhat evident
the plot (Figure 9), but of possible concern. ks dmount of change consistent with the broad moméme
of the fishery from trawl to longline over time?

Also of some concern is that the general fishettepafor model 15.6 is dome-shaped, allowing the
model some flexibility to generate cryptic spawnbigmass. This is also an area of on-going worll, an
some diagnostics associated with it are in devetoyrar available from Github as additions to R4SiS.
present, the available code only works for 2 serdelg so cannot be applied here, but could bedurth
generalized to do so. The inclusion of surveys éinatmore directed towards the older fish in the
population help to alleviate cryptic biomass praide and is therefore a further reason to consider t
addition of at least one longline survey to thechawdel.

| believe that options are only currently availaipl&SS for a random walk by age for annual selédgtias
used for model 15.6. If the same was done by lemgtine parameters would be required (if 1.cm size
bins), or alternative bin patterns could be exglofeuch a length-based exploration would be useful,
should such capability be available in SS.

As many current SS assessments grapple with hpgrhjtioned fishery data, such a procedure has the
potential for resolving some of those problems dlsim not have previous personal experience kit t
procedure, and am reluctant to agree on its ugeutita supporting simulation study that confirnss it
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equivalence or even superiority to a high degredatdi partitioning. Such a study would be reasgnabl
easy to design and carry out. However, | am wiltm@gree that it seems to provide a good resaolutio
the problem for the fishery selectivity in the EB®dels.

Should the models be structured with respect to iypa?

As this question mostly relates to dealing withfieberies and not surveys, the discussion und& To
2.2.2c was generalized to address both seasoneandype.

How much time variability should be allowed, andnuhich parameters?

The only population biological parameter allowedamy with time in most SS stock assessments is
annual recruitment levels. Cumulative informatignamnual recruitment strength is provided fairly
directly by composition data, so the reasons eafdgdor high peaks and troughs in recruitment are
usually apparent in the available data. It has bésn recognized that other parameters are likelaty
through time — in particular natural mortality, l@l$o growth and maturity. For natural mortalitiats
been considered difficult to estimate time tremdshianges without strong independent estimates for
those changes, such as from ecosystem studiesrghdiffierences in predator abundance, and that time
trends in M are difficult to disentangle from ottiactors such as catch mis-specification (e.g. see
Brodziak et al., 2011). Allowing time variation factors that directly affect productivity also letad
guestions about choice of appropriate time perodthe selection of management reference points, a
how to make appropriate stock projections.

Additional model parameters that may vary with titimat are often dealt with using time-block methods
are fishery/survey selectivity and catchability. #dgeady mentioned, for fisheries that are not @ased
with an abundance index, a fairly freely estimategk-varying pattern (such as used for EBS model
15.6) may be acceptable if it suitably capturesuahfishery removals by size/age. For surveys the
situation differs. Surveys are the most importaniree of abundance information for the model,
particularly because at least the gear selectbatybe maintained as a constant through time. Aliitly
(either by age or year) is another matter, busisally treated as a source of additional randoor elfra
true trend (or even a step) exists in either susadgctivity or catchability, then that survey iaded, and
the bias needs to be accounted for, or the suruegdted, split or discarded. Such a bias wouldlige

be investigated and identified with a focused stadg auxillary data not necessarily used in the
assessment model. Adding annual time-variabilityuxvey selectivity or catchability and finding tha
trends are estimated may simply be providing a méarnthe model to trade trends in population
abundance to improve the fit to noisy compositiatadn preference to abundance indices. The reason
that such a model might result in trends in suisagctivity or catchability are not readily appargom
standard input data sources, and may be diffioutiagnose. Results from estimation of annual
variability for the EBS trawl survey catchability model 15.6 (Figure 10) do exhibit some runs in
residuals that may be of concern — particularlyfrt®93 to 1996. Time-changes in trawl survey
selectivity as estimated by the EBS model 15.6 shvevy little change through time, suggesting that
time-variability in trawl survey selectivity as ingmented is not required (Figure 11).

My own recommendation for now is that time varipishould be allowed in a parameter when there is
an available reliable data source that fairly dlyemeasures such a change, and that a trend existat
data source that needs to be captured by the asmsssiodel. This situation only currently exists fo
recruitment and fishery selectivity in the EBS modtealso provides some support to consider time
variability in weight-at-length or size-at-agelibse data sets show considerable trends over time.

Others (e.g. Anders Nielsen, Jim Thorson) havegseg that a more appropriate way to deal with time
variability is to use mixed-effects models with @émarying “nuisance” variables such as recruitment
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modeled as random effects. Improved solutionsifieedvarying parameters may be possible using all of
the currently available data sources, iffwhen SSBE&bmes available.

What constraints, if any, should be placed on susetectivity at older ages?

The models examined during the review for the EBSsto fairly clearly demonstrate that the trawl
survey selectivity is dome-shaped. However, theipdiy that the survey is in fact asymptotic hrat
been eliminated. The extent of the survey domeeinagyy, for example, be confounded with M. It may
be that different data sources are in conflict aloel estimated value for M that can be diagnosidd av
Piner profile plot of likelihood components. Exgltion of age-specific M (e.g. starting with a Laren
function) could also be done.

A range of plausible alternative models shouldXq#ared, and the extent of the estimated dome
selectivity for the trawl survey examined for eaalsee if the dome is consistently required. Howeas
the extent of the trawl survey dome is probably ofihe major axes of uncertainty in the model at
present, it should remain freely estimated andriméml by the available data in any chosen base model
possibly with forcing more or less dome as sengitanalyses in the final assessment.

What constraints, if any, should be placed on sucatchability?

Because of the history of the development and tifeedrawl survey as an absolute index of abuneanc
there remains some belief that there is sufficigitrmation available to determine at least a plalas
acceptable range for survey g, and to some, thgeraould be perceived to be quite narrow. Muchkwor
has been directed towards net avoidance and hawnight be compensated by a q adjustment. | believe
that all major potential sources of error in surgeshould at least be stated in an accessible daam
and errors in those dimensions at least be quaditatexamined and ranked. Those should include
avoidance and other gear-specific fish behaviesalés, and potential error in scaling the swept are
estimates to the population using assumptions aheytopulation distribution during the survey by
depth and area, and also even the assumption afrkatmck boundaries. A qualitative evaluation sash
this would probably make it clear that the trueeim g is reasonably high. It would also assist to
determine what priorities should be given to figiddies that may be directed towards reductiohef t
error in survey gq and adjustments required to ssy@e swept biomass estimates to the total (availab
given survey selectivity) population. An extenstora more quantitative evaluation of the potergrabrs
may also lead to a prior distribution for EBS shmftom trawl survey q that can be generally agraad
could then be used for modeling without much corgrey. Without at least a comprehensive qualitative
evaluation of all major error sources, decisionsuliejection of models that estimate g based an ho
different the estimated q is from acceptable vateewins difficult, and currently in the domain of
pragmatic judgment.

| believe that models that estimate the shelf mott@wl survey g using a fairly non-informative grias
in model 15.6) should currently be preferred. Agrbeunds on prior survey g point estimates can be
used as one of the acceptance criteria for paaticubdels. | personally have a fairly high tolefar
those values (based however, on only a limited ¢gracknd knowledge for this particular survey), and a
comfortable with at least a factor of 2.0 (0.5 8 @2mes the initial point estimates).

Should additional surveys be added to the modelaues for Pacific cod for those are less well
understood, and non-restrictive priors for thosepmeferable, with q estimated.
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How should large gradients be dealt with in otheenapparently converged models?

Large gradients are generally considered to baedination of a problem. However, if the hessian lban
inverted and jitters also indicate convergence) therhaps the problem is only minor. | do not hang
reason to doubt the explanation given in the EB®8smnent document for why large gradients might
occur, but it does suggest to me that the impleatiem of age selectivity pattern 17 requires aelos
look to determine if the problem can be correceed.(to determine whether it contains badly
behaved/non-differentiable “if” statements).

Anything else on which the reviewers care to contmen

Retrospectives

Diagnosis of retrospective bias in stock assessiteat received considerable past attention in the
literature and was also the subject of a BSAI/GQO#king group in 2013 according to meeting
background information. Despite this attentiongegsh is on-going, and means for diagnosis and
correction for retrospective patterns are not afyr8everal diagnostic measures are available imgud
Mohn’s p, the so-called Woods Hofe and the RMSE method devised by the BSAI/GOA wuglgroup.
I am familiar with two rules of thumb that can bsed to diagnose retrospective patterns that neleel to
addressed in some way. The first and simplest iduoyado-Ferro et al. (2014) that says that “valofes
Mohn’s p higher than 0.20 or lower than -0.15 for longgedl species (upper and lower bounds of the
90% simulation intervals for the flatfish base gase higher than 0.30 or lower than -0.22 for $&er
lived species (upper and lower bounds of the 90ftulsition intervals for the sardine base case) shoul
be cause for concern and taken as indicators raisgctive patterns.” The second by Brooks and wleéga
(2015) from VPA assessments “is to plot the terinpear estimate of SSB(T) vs F(T) along with
bootstrap percentiles and compare that to the pstithate when SSB(T) and F(T) are adjusted by
pSSB,7 angF,7, respectively” to see if tipeadjusted point estimate falls outside the bogtstra
percentiles on either axis - see Brooks and LedaQR5) for details. Brooks and Legault (2015) also
provide a procedure for adjustment of short-terpjgmtion results to account for substantial reteatipe
patterns. Ideally, the diagnostics for a model ptadgle for use for management advice should nat/sho
significant retrospective bias. EBS model 11.5 tedinitial Al SS models did show significant
retrospective bias (at least according to the Hiorgerro et al. (2014) rule of thumb) that indicktieat
results from those models are not reliable forfasenanagement advice, and that improved altereativ
models should be sought, or at least a projectiorection may be required. Further model exploretio
for both regions have found models that do notlakhi strong retrospective bias, and on that hasidd
be judged as improved models. Retrospective biagges evidence for model mis-specification, but of
course, the lack of a retrospective bias does mtepthat the model is correctly specified.

So-called lanelli “squid plots” provide an additidruseful means for looking at retrospective patén
annual recruitment deviations, but have potenpaliaation to any parameter allowed to deviate afigu
in a model.

Catch uncertainty

As for many models, historical catch in particutauncertain, and the best estimate of historiatdit
has been made using assumptions that seem sugpoHalvever, the construction of alternative
plausible historical catch scenarios would be Udefithe determination of sensitivity of the mode!
that uncertainty.
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Steepness

Tier 3 methods by default assume a steepness oalu8. A requested run using a steepness valQe7of
shows that EBS results are somewhat sensitivestoltbice of steepness value, and this dimension of
uncertainty should be highlighted.

Regime change

A regime change in 1976-77 affecting log mean réoent in EBS model 11.5 has been avoided in EBS
model 15.6 by starting the latter model after #gime change. Shifts in 1989 and 1999 have also bee
suggested according to the ecosystem consideratidthe assessment documentation. Regime change
was not examined at all during the review, butistaer potential source of model uncertainty.

Inclusion of marginal age composition vs CAAL data

At present, both the EBS and Al enter age-at-ledgthh as marginal age distributions. There has been
gradual trend in stock assessments to make impresedf data from otoliths by entering the data int
models as conditional age-at-length. During théerethe general wisdom of this approach was
guestioned as it was mentioned that some receesssents had reverted back to marginal age
distributions. A standard approach for dealing waitfe-at-length data currently seems to be unavailab
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Reviewer 3: Jean-Jacques Maguire

Executive summary

From what was discussed during the meeting anddabementation reviewed, there are no objective
reasons to reject the IPHC longline survey as dexof stock size, assuming it has been correctly p
together and calculated. The IPHC longline sunegg dhould be thoroughly investigated. It should be
used in the assessment unless fatal flaws in tfae idethe treatment of the data or in the survey
methodology are identified. Similar to the IPHCdtine survey, there are no objective reasons &ttej

the AFSC longline survey as an index of stock stiee AFSC longline survey should also be thoroughly

investigated and used in the assessment unlesfdata in the data, in the data treatment or i th
survey methodology are identified.

Regarding the form of the selectivity function, prgference would be to not allow too much flextiili

in selectivity changes over time and to not allorarsge patterns (e.g. figures 2.1.3 in the Ea®tenng
Sea and 2A.11 and 2A.12 in the Aleutian IslandfiénDecember 2015 SAFE report). If allowing these
strange patterns is a condition of getting a gdioal fconvergence, this would be a sign that soingth
else might be wrong. If allowed to change over tand age, the changes should be relatively smomth a
not result in peculiar patterns. The reason(sjHerapparent differences in selectivity between @h¢C
longline survey and the AFSC longline survey fargihs above 70cm should be further investigated.

It could be worth investigating further changegiiowth (Figure 11), particularly with respect teth
implications for the assessment as growth changgshawve an influence on fishing mortality and
population estimates.

In the Aleutian Islands area, it is unlikely thiagte is a single stock in the traditional undeditag of the
concept. Simpler form of monitoring and managemient/ose cooperation with the industry and
possibly NGOs, could be a better way of protectivgresources and managing the fisheries.

One cannot model oneself out of lack of data, paldrly for the Aleutian Islands assessment. Stock
Synthesis has so much flexibility that, given stiéfint time, a skilled user can probably get alnawst
stock trend from a dataset. Indices of abundanceldibe given more weight in the assessment than
length composition. Age composition, particulargrh the commercial fishery, but also from survelys o
other indices of abundance can be very informatigealyzed appropriately. Information in the lemgt
composition is at best indirect information on afg@sin stock size.

Analytical retrospective analyses are routinelyalfor both stocks. Historical retrospective, whitiere
are successive accepted assessments, is alsoatif@rand should be done to indicate how consistent
the assessments have been over time. Simpler medgldéike Robin Cook's or surplus production
models should be investigated. It is not necessagy to Ensemble modeling, but looking at morentha
one modeling framework might be informative.

Should data from the IPHC longline survey be usegither assessment?

During the review meeting it was not clear if thevrdata received from the International Pacificilbidl
Commission (IPHC) had been treated appropriatetietive an index of stock size. Further work was
conducted by the AFSC survey unit during the meetmd it seems that the series shown in the excel
spreadsheet "Survey index comparison (trawl surdewnsglline surveys).xIsx" could be treated as an
index of stock size. The appropriateness of tha datl how it was treated to calculate an index Ishime
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further verified between now and the assessmentimgeater in the year. What data were used and how
they were used should also be documented.

The IPHC longline survey has been conducted eveay gince 1997. The survey covers the Eastern
Bering Sea area well (Figure 1) but it is not ciéall stations were used in calculating a relatindex or
if only those on the slope were used.

The main index of abundance used in the Eastennd8ea stock assessment is the AFSC shelf trawl
survey. The agreement between the AFSC shelf sawky and the IPHC longline survey is not very
good (Figure 2). This could be due to differenesiglectivities and / or inherent variability iretata.

The IPHC longline survey sample larger individu&lgure 3) and a lag between the two indices would
therefore be expected. However, the sudden decr@atige relative index in 1999 and 2005, and
similarly sudden increase in the following year anéikely to reflect real changes in stock sizdsede
anomalies warrant further investigations to trydentify what might cause them. If there are valid
reasons to exclude those two points, it might Isside to reconcile the IPHC longline and AFSC shel
trawl survey time series taking into account thatytsample different size groups.

Including longline surveys (IPHC or AFSC) in thesessment might alleviate concerns that the shelf
trawl survey samples poorly larger sizes, eitheahee large Pacific cod are outside of the survayeal
or because they are able to swim faster than shenfj gear and therefore escape capture. Includieg
or more indices of stock sizes for larger fish sitteerefore has the potential to improve the apsass
and reduce the uncertainty in the population esémaf larger fish sizes.

Figure 4 shows the spawning stock biomass (SSB{isréor the Eastern Bering Sea Pacific cod stock
from various model configurations. | have not bable to find a model where only the IPHC longline
survey is added to the AFSC shelf trawl survey,lithink one was presented during the meeting. My
memory is that including data from the IPHC longlsurvey in the assessment implies lower terminal
year biomass than when only the shelf trawl suiseysed. Figure 4, however, shows that when bath th
IPHC longline survey and the AFSC longline survey added (model 15.6B), the SSB estimates are the
lowest of the model considered. Adding the AFS@sltvawl survey (model 15.6C) implies essentially
identical results to adding the two longline suszefdding only the AFSC longline survey (model

15.6A) results in a SSB trend that is markedlyettght from those of the other models considered.

From what was discussed during the meeting anddbementation reviewed, there are no objective
reasons to reject the IPHC longline survey as dexrof stock size, assuming it has been correcily p
together and calculated. Its influence on the assest results, however, when used along with thB@&F
longline survey is puzzling.

The IPHC longline survey data should be thorougiestigated. It should be used in the assessment
unless fatal flaws in the data, in the treatmerihefdata or in the survey methodology are ideifi

Should data from the NMFS longline survey be usegither assessment?

The AFSC longline survey was developed as an infl@oundance for sablefish, but recently, the tesul
have also been found useful as indices of abundanceugheye rockfish, blackspotted rockfish, &od
black halibut (aka Greenland turbot). Similar te tRHC longline survey, the AFSC longline survey
started in 1997, but it is conducted during oddy@athe Eastern Bering Sea and during even years
the Aleutian Islands. In the Gulf of Alaska, thevay is conducted every year. There are few station
the Eastern Bering Sea and in the Aleutian Islaimdisthey do cover the expected area of distriloubio
larger Pacific cod (Figure 5).

This information is distributed solely for the poge of pre-dissemination peer review under appleaiformation quality guidelines. It
has not been formally disseminated by the NMFSshodld not be construed to represent any agen@rmétation or policy



84
85
86

87
88
89
90
91

92
93
94
95

96
97
98
99

100
101

102

103
104
105
106

107
108
109
110
111
112
113

114

115
116
117
118
119
120
121
122
123
124

The agreement between the AFSC shelf trawl suraeytlze AFSC longline survey (Figure 6) is better
than between the AFSC shelf trawl survey and th&CIFongline survey. The AFSC longline survey,
similar to the IPHC longline survey, catch diffetaizes than the AFSC shelf trawl survey (Figure 7)

The agreement between the AFSC longline surveyttantPHC longline survey (Figure 8) is poor

overall. The two apparently anomalous points inlftdC longline survey in 1999 and 2005 may explain

in part the discrepancy, but differences in th@a@veyed, in the timing of the survey and slight
differences in the size composition may also plagia (keeping in mind that further work may be
needed to confirm that the index derived from ®C longline survey is appropriate).

Similar to the IPHC longline survey, there are bgeotive reasons to reject the AFSC longline suagy
an index of stock size. The AFSC longline surveyuith also be thoroughly investigated and useden th
assessment unless fatal flaws in the data, indtetdeatment or in the survey methodology are
identified.

It is only by analyzing additional data that coefide will increase in the model results. Givenviiaely
different results that can be obtained with SSguFeé 4), and the volatility of some of those resdittis
not be possible to model oneself out of the unoepaOnly careful examination and inclusion of
informative additional data will allow that.

The discussion above is based on examination affdain the Eastern Bering Sea surveys, but the
conclusions and recommendations also hold for fleetfan Islands data and assessment.

How should the various data sets be weighted?

Stock Synthesis is a very flexible stock assessfnamework. Giving different weights to the various
data sources, and depending on assumptions (ged.darameters), very different results in terfs o
absolute stock size, but also sometimes in terniepéls, can be obtained (Figure 4). This can @isor
with other assessment frameworks, but because 3§ 88xibility, the problem is more severe.

Generally speaking, indices of abundance shoulgiie more weight in the assessment than length
composition. Age composition, particularly fromeys or other indices of abundance can be very
informative if analyzed and used appropriatelyotnfation in the length composition is at best iedir
information on changes in stock size and it maynimeading if substantial changes in growth ocaaro
time (Figure 11). In almost every stock where gtoimformation is available by year, growth has been
found to vary with trends over time, sometimeseonsiderably. SS3 does allow for time varying
growth, but without external information, it is tkdly to be able to estimate changes in growthezly.

What form (i.e., Stock Synthesis “pattern”) shobtused for the selectivity functions?

Selectivity is a very important parameter in anyegsment framework. Changes in growth, natural
mortality, or fishing mortality can all be aliasad changes in selectivity. Several of the model
configurations examined during the review had ymrguliar selectivity patterns. This was identified
the prereview material and in the presentations by thessaent team. Those were probably not real
and were likely due to sampling problems or aligsither changes. My preference would be to NOT
allow too much flexibility in selectivity changeser time, and to NOT allow strange patterns (e.qg.
figures 2.1.3 in the Eastern Bering Sea and 2At12aA.12 in the Aleutian Islands in the December
2015 SAFE report). If allowing these strange patés a condition of getting a good fit or converce,
this would be a sign that something else might beng. If allowed to change over time and age, the
changes should be relatively smooth and not raspkculiar patterns.
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During the meeting, Robin Cook noted that the rafioatch at length in the longline commercial &ish
to the survey catch at length is reasonably cohstaove a certain length. A possible interpretaisothat
domed selectivity estimated for the AFSC shelf syrwould be an artifact. Data in the file "Lotegm
sizecomp comparison (trawl surveys, longline susyéyngline fishery).xIsx", the ratio of the lornud
commercial catch at length to the various poputedistimates at length from the surveys are platted
Figure 9. The ratio of the longline commercial badt length to the ASFC shelf survey for the Easter
Bering Sea is consistent with the observed sizeposition (Figure 10). The longline commercial fishe
catches very few Pacific cod less that 40cm andétie increases progressively from nearly zerd0at
cm to around % at 70 cm and the ratio is indeed relatively camnisfrom 70cm or so. The ratio seems to
decrease above 100cm but this could easily besthétrof low sample size. The ratio being relagivel
constant at 70cm and above suggests that selgaivts not decrease at those sizes in the AFSE shel
trawl survey, or that selectivity in the longlinenamercial fishery decreases at a similar rate. iBhis
unlikely but not impossible. The link between sgigty in the AFSC shelf trawl survey and selediyvin
the longline commercial fishery should be furtherdstigated to guide modeling.

The longline surveys appear to have very low seiggtlower than that of the commercial longline
fishery (Figure 9), for size less than the 55 cnilie IPHC longline survey and less than 40 cnttier
AFSC longline survey. Differences in selectivitytween the two longline surveys may be due to the
differences in the sizes they catch (Figure 7). feti@ of the commercial longline catch at lengthhe
survey catch at length is near 1 for both survayhé 6670 cm range, but the ratios diverge thereafter.
The IPHC longline survey appears to have highecsigity for the larger size than the commercial
longline fishery does, while the AFSC longline syrwould have lower selectivity than the commercial
longline fishery. The AFSC slope trawl survey shansattern similar to the AFSC longline survey. The
reason(s) for the apparent differences in selégtbhatween the IPHC longline survey and the AFSC
longline survey for lengths above 70cm should othér investigated.

This is but a quick examination of what the datataling us in terms of selectivity. Modeling réisu
would be expected to be consistent with those wbsens.

Should the models be structured with respect tesea

In both areas, there seem to be a strong seasattedrpin the fishery. Therefore, where the daga ar
sufficient, it would be appropriate to structure tissessment model by season. However, for theiddeu
Islands assessment, the data may not be sufficiesttucture by season.

Should the models be structured with respect to iypa?

Bottom trawl and longline are the two main gearetym the fisheries. Their size selectivities are
expected to be different, and the models shoulohitielly be structured with respect to gear type rghe
the data are sufficient to do so.

How much time variability should be allowed, andnhich parameters?

Selectivity, catchability of the surveys, naturamality, and growth could be allowed to vary otiete
when there is independent information supportirzg thanges are happening. A change in the ratio
between total catch biomass and biomass estim#ite isurvey that could not be explained by chainges
management could be an indication that the cattityaini the survey has changed. Changes in megs siz
in the trawl or hook size in the longline fishergutd be an indication of a stepped change in seict
Changes in the predator field or extreme weathentsvcould be indications of changes in natural
mortality. Because most of these parameters agdiitked, great care should be taken in allowirgh

to vary. Only those parameters where there is eaténformation suggesting that changes are oaayirri
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should be allowed to vary, probably one at a timawoid incorrect interpretation. Because of the
flexibility in SS3 and because most of these patarsare interlinked allowing them to change masegi
strange results, such as highly anomalous selisctivi

What constraints, if any, should be placed on susedectivity at older ages?

Peculiar selectivity patterns have been identifis@ problem in the presentations by the assessment
team. Based on the information in Figure 9, thea®lity for the AFSC shelf trawl survey in the s
Bering Sea at ages corresponding to 70 cm andrleagad be expected to be reasonably flat. For both
areas, sharp peak and valleys, unless based anabitdormation, should be smoothed. As indicated
above, strange, irregular patterns should be cinsti to be smoother.

What constraints, if any, should be placed on sucatchability?

In the mid 1980s survey catchability was estimddeadod and haddock on the Eastern Scotian Shdlf an

in the Gulf of St. Lawrence in Eastern Canada. IGiity for cod at the time was about 0.5 and for
haddock it was close to 1. Vessels and gears Haamged since and catchability estimates have also
changed and in some areas they are now estimatedgeater than 1. Survey catchability is a sgalin
factor. In most assessment in the ICES area, suwate per tow or catch per hour are used in the
assessments and survey catchability is not an.ifssehowever, good practice to check every rrow
then if the assessment has the units more oritgssy doing the areal expansion and comparing wit
the population estimates in the assessment.

Survey catchability smaller than 1 are relativedgyeto rationalize e.g. by fish swimming fastemthize
net is towed, escaping above or below the neteorgomore abundant in areas that are not surveyed.
Survey catchability greater than 1 would happehefe is herding or if fish density in the surveyeda
is expanded to areas where there are no fishexpgnding flatfish density estimates from samples o
smooth flatfish habitat to rough hard substraté éina not sampled and where flatfish are not ptesen

Catchability and natural mortality are interlinké&bnsiderable work was done in the Gulf of St.
Lawrence in eastern Canada following the collaggbeogroundfish stocks. Sinclair (20014) estimated
that natural mortality had likely increased for #mthern Gulf of St. Lawrence stock. Subsequeakst
assessments (e.g. http://www.dfgo.gc.ca/csasccs/Publications/ResDacs
DocRech/2007/RES2007_033_B.pdf and http://wwwitfmo.gc.ca/csasces/Publications/ResDocs
DocRech/2007/RES2007_068_B.pdf) have used timengnatural mortality, but Canadian scientists
warned that "Estimation of M can be confounded lgnges in survey catchability and fishery catch
reporting, and may be sensitive to assumptionscandtraints applied in the ADAPT estimation
procedure." (http://www.dfanpo.gc.ca/csas/Csas/status/2007/S¥F2007_002_E.pdf). Therefore,
estimating catchability and natural mortality sitaneously would be challenging in the absence of
external information.

External information indicative of changes in catstlity could be changes in gears in the surveys or
changes in predator abundance. Changes in catithabipelagic species has been hypothesized to
explain apparent increases of small pelagics ineEa£anada after the collapse of groundfishesHsit
has been challenged. Catchability in longline sysvaould occur if high prey abundance in the water
decreases the attractiveness of baited hooks.

This being said, Pacific cod appears to be a velgtwell behaved species as far as trawl surveys a
concerned. Survey catchability estimates betwegat@d 1.5 would not seem to be cause for concern.
The assessment team, the PDT and the SSC are medd¢bkat catchability less than 1 imply very large
biomass estimates. As indicated above, | do natghat concern (within limits of course). Catclispi
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211  of the trawl survey in the Aleutian Islands arealside expected to be more uncertain than in the
212 Eastern Bering Sea area because bottom topografikgly rougher and more diverse in the Aleutian
213 Islands area than in the Eastern Bering Sea area.

214 How should large gradients be dealt with in otheenapparently converged models?

215  Stock Synthesis User Manual version 3.24s, pagstai#&s: "When using more population length bins
216 than data bins, SS will run slower (more calculaito do), the calculated weights at age will Iss le
217 aliased by the bin structure, and you may or maygebbetter fits to your data.

218 While exploring the performance of models with filn structure, a potentially pathological sitoati
219 has been identified. When the bin structure issménote that some applications have used 10 cm bin
220 widths for the largest fish), it is possible foselectivity slope parameter or a retention parantete

221 become so steep that all of the action occurs mithé range of a single size bin. In this casemnbdel
222  will lose the gradient of the logL with respectihat parameter and convergence will be hampered. A
223  generic guidance to avoid this situation is notaxtilable."

224 | have no further advice on how to deal with laggadient than what is said in the Stock SynthesisrU
225 Manual.

226 Changes in growth

227  For the Eastern Bering Sea, weights at age inuheeyg (from the preliminary assessment data fiteyve
228 trends over time that seem to be yelass specific. It could be worth investigatingtfigr changes in
229  growth (Figure 11), particularly with respect te timplications for the assessment as growth changes
230 may have an influence on fishing mortality and gapon estimates.

231 Recruitment index

232  For the Eastern Bering Sea, the population estsriatthe AFSC shelf trawl survey seem to be

233 reasonably consistent for the first 3 age grouparith reasonably good yeelass tracking (Figure
234  12). If the AFSC shelf trawl survey for the EastBering Sea is indeed following yedlasses

235 reasonably well, it could provide at least 3 sustesestimates of yeatass size and this could be used
236 to obtain reasonably reliable estimates of y&ass sizes.

237 In my cursory comparison of the AFSC shelf trawlgy length frequencies with the age frequencies in
238 the same survey, | got the impression that thelestahodal length group was sometimes aged as age 1
239 and in other cases as age zero. This should bigederi

240 Exploitation rate

241  The ratio of the commercial catch in tons to thevey biomass estimate in tons should be an indioati
242  of exploitation rate (relative if the catch andway biomass are not in the same units). Figureididig

243 data from run 15.6 for the Eastern Bering Sea shibe/satch/survey ratio in biomass compared wigh th
244 fishing mortality estimate for the same model. Tésults suggest that fishing mortality in model6l5.
245 could be overestimated in recent years. Unlessdtahability of the survey has changed, the results
246  below suggest that F has been lower than average about 2007. The correlation between the

247  catch/survey ratio and F is low (0.009).
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Reliability of total catch estimates

For the Aleutian Islands assessment model 15.i%& itheeasonably good agreement between fishing
mortality estimates in the assessment and catdur@iL4) except in the late 1980s and in 2010 when
fishing mortality estimates suggests that mortdidg been higher. It might be worth investigating i
additional sources of mortality (e.g. increaseddeurred in those years. The correlation betwefork
the assessment (model 15.7) and the ratio of ¢atstirvey biomass is higher (Figure 15) for the
Aleutian Islands (0.47).

Stock structure

In the Aleutian Islands area, it is unlikely thiagtte is a single stock in the traditional underditagn of the
concept. Instead, a number of local spawning wbeléxpected with limited mixing during spawning.
While these different spawning units may react lgirtyi to changes in the environment and show simila
trends in recruitment, they are unlikely to forreiagle homogeneous biological unit. It is likely
impractical to do individual stock assessmentefmh of the individual units, and lumping all unitt

a single assessment with indices of abundancenfgraofew of them may increase the risk to less
productive units. Simpler form of monitoring andmagement, in close cooperation with the industy an
possibly NGOs, could be a better way of protectirgresources and managing the fisheries.

Conclusions and Recommendations in accordancetgtioRs

For the IPHC longline survey, the appropriatendshedata and how it was treated to calculatedex
should be further verified between now and thesseent meeting later in the year. What data werd us
and how they were used should also be documenkedafparent anomalies in 1999 and 2005 warrant
further investigations to try to identify what migtause them. If there are valid reasons to exdinolse
two points, it might be possible to reconcile tReiC longline and AFSC shelf trawl survey time serie
taking into account that they sample different gim@ups. From what was discussed during the meeting
and the documentation reviewed, there are no ébgexasons to reject the IPHC longline surveyras a
index of stock size, assuming it has been corrgettytogether and calculated. The IPHC longline/eyr
data should be thoroughly investigated. It sho@dised in the assessment unless fatal flaws idettze

in the treatment of the data or in the survey m#olagy are identified.

Similar to the IPHC longline survey, there are bgeotive reasons to reject the AFSC longline suagy
an index of stock size. The AFSC longline surveyuith also be thoroughly investigated and useden th
assessment unless fatal flaws in the data, indtetdeatment or in the survey methodology are
identified.

The discussion above is based on examination affdain the Eastern Bering Sea surveys, but the
conclusions and recommendations also hold for feeatin Islands data and assessment.

With respect to weighting different data sets, éediof abundance should be given more weight in the
assessment than length composition. Age composjianticularly from surveys or other indices of
abundance can be very informative if analyzed a®dl @ppropriately. Information in the length
composition is at best indirect information on afp@sin stock size and it may be misleading if
substantial changes in growth occur over time (fedid).

Regarding the form of the selectivity function, prgference would be to NOT allow too much flexilili

in selectivity changes over time and to NOT alldraisge patterns (e.g. figures 2.1.3 in the Eastern
Bering Sea, and 2A.11 and 2A.12 in the Aleutiaandk in the December 2015 SAFE report). If allowing
these strange patterns is a condition of gettiggaal fit or convergence, this would be a sign that
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something else might be wrong. If allowed to chaoggr time and age, the changes should be rehativel
smooth and not result in peculiar patterns. Thie @ftcatch at length in the longline commerciahtry

to the survey catch at length being relatively tamsat 70cm and above suggests that selectiviayg dot
decrease at those sizes in the AFSC shelf trawégupr that selectivity in the longline commercial
fishery decreases at a similar rate. This is uhfiket not impossible. The link between selectivitythe
AFSC shelf trawl survey and selectivity in the lbng commercial fishery should be further investagh
to guide modeling. The reason(s) for the appariéfgrences in selectivity between the IPHC longline
survey and the AFSC longline survey for lengthsvabfOcm should be further investigated.

Where the data are sufficient, it would be appmprto structure the assessment model by season.

Bottom trawl and longline are the two main geaetym the fisheries. Their size selectivity areestpd
to be different and the models should definitelystractured with respect to gear type where the ded
sufficient to do so.

Selectivity, catchability of the surveys, naturamality, and growth could be allowed to vary otiete
when there is independent information supportirag thanges is happening. Because most of these
parameters are interlinked, great care shouldkenten allowing them to vary. Only those parameters
where there is external information suggesting ¢hanges is occurring should be allowed to vary,
probably one at a time to avoid incorrect intergtien.

Based on the information in Figure 9, the selettifor the AFSC shelf trawl survey in the Eastern
Bering Sea at ages corresponding to 70 cm andrlargeld be expected be reasonably flat. For both
areas, sharp peaks and valleys, unless basedemaxnformation, should be smoothed. As indicated
above, strange, irregular patterns should be ainsti to be smoother.

I have no further advice on how to deal with laggadient than what is said in the Stock SynthesisrU
Manual.

It could be worth investigating further changegyiowth (Figure 11), particularly with respect te th
implications for the assessment as growth changgshawve an influence on fishing mortality and
population estimates.

If the AFSC shelf trawl survey for the Eastern Bgrbea is indeed following yealasses reasonably
well, it could provide at least 3 successive edtmaf yeaiclass size and this could be used to obtain
reasonably reliable estimates of yekass sizes.

In my cursory comparison of the AFSC shelf trawlvsy length frequencies with the age frequencies in
the same survey, | got the impression that thelestahodal length group was sometimes aged as age 1
and in other cases as age zero. This should bigederi

Figure 13, using data from run 15.6 for the EasBerning Sea shows the catch/survey ratio in biomass
compared with the fishing mortality estimate foe #ame model. The results suggest that fishing
mortality in model 15.6 could be overestimateddaoant years.

For the Aleutian Islands assessment model 15.i% theeasonably good agreement between fishing
mortality estimates in the assessment and catgur@il4) except in the late 1980s and in 2010 when
fishing mortality estimates suggests that mortdidg been higher. It might be worth investigating i
additional sources of mortality (e.g. increaseddeurred in those years.
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In the Aleutian Islands area, it is unlikely thiagte is a single stock in the traditional undeditag of the
concept. Simpler form of monitoring and managemient/ose cooperation with the industry and
possibly NGOs, could be a better way of protectirgresources and managing the fisheries.

One cannot model oneself out of lack of data, paldrly for the Aleutian Islands assessment. Stock
Synthesis has so much flexibility that, given stiéfint time, a skilled user can probably get alnaost
stock trend from a dataset. Indices of abundanceldibe given more weight in the assessment than
length composition. Age composition, particulargrh the commercial fishery, but also from survelys o
other indices of abundance can be very informatigaalyzed appropriately. Information in the lemgt
composition is at best indirect information on afgasin stock size. In almost every stock where grow
information is available by year, growth has bemmfl to vary with trends over time, sometimes quite
considerably and this could very well be the case ffior the Eastern Bering Sea (Figure 11). SS8 doe
allow for time varying growth, but without externaformation, it is unlikely to be able to estimate
changes in growth correctly.

Analytical retrospective analyses are routinelyalfor both stocks. Historical retrospective, whitie
successive accepted assessment are also inforraativehould be done to indicate how consistent the
assessments have been over time.

Simpler models, e.g. like Robin Cook's or surpliedpction models should be investigated. It is not
necessary to go to Ensemble modeling, but lookimgae than one modeling framework might be
informative.
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