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Loh-Lee Low AFSC REFM (BSAI chair) Jim Ianelli AFSC REFM (GOA co-chair) 
Mike Sigler AFSC (BSAI Vice chair) Diana Stram NPFMC (GOA co-chair) 
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Alan Haynie AFSCREFM Mike Dalton AFSCREFM 
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Others in attendance: Susan Hilber, Teresa A 'Mar, Kenny Down, Mark Maunder, Neil Rodriguez, Kari 
Fenske, Kalei Shotwell, and Ohren Davis. 

This meeting of the Joint Groundfish Plan Teams constituted one step of the annual process established 
by the SSC in December of 2009 for the purpose of developing models to be analyzed in the GOA and 
BSAI Pacific cod stock assessments. Specifically, the Plan Teams' charge during this meeting was to 
generate a list of models (one for each area) that, upon review and possible modification by the SSC in 
June, will be analyzed in the preliminary SAFE report which the Plan Teams will review in September. 
Mike Sigler chaired the meeting. 

The process of developing model recommendations this year included a CIE review of the current Pacific 
cod models in March. The reviewers' reports were made available to individuals who requested them on 
April 22 and were posted on the Council website on April 26 (with an e-mail to all Plan Team and SSC 
members alerting the~ of the reports' availability). 

Appendices A, B, and C (attached) comprise the materials distributed to the Plan Teams, SSC, and others 
on May 3 (with one typographical error corrected and a few minor formatting changes). Appendix A 
summarizes and systematizes the CIE reviewers' recommendations; Appendix B lists excerpts of recent 
Plan Team and SSC minutes pertaining to Pacific cod; and Appendix C includes Mark Maunder's 
recommendations, along with his commentary on the CIE reviewers' reports. 

A total of 144 unique proposals were received by the deadline of April 29 (the terms "proposal" and 
"recommendation" will be used interchangeably in these minutes). These included 128 proposals from 
the CIE reviewers, l from the GOA Plan Team, 10 from the SSC, and 5 from Mark. The complete set of 
proposals contained in the CIE reviewers' reports is shown in Appendix A, Table Al (this table includes 
19 duplicate proposals; i.e., identical proposals recommended by more than one CIE reviewer, so the total 
number of proposals shown there is 14 7 rather than 128). The proposals submitted by the GOA Plan 
Team, SSC, and Mark are shown here in Table 1. 
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A spreadsheet that further systematized the proposals was distributed to the Plan Teams, SSC, and others 
on May 13. The proposals were characterized in the spreadsheet as follows: 

l. The stock assessment author would be the most appropriate person to address 99 of the proposals, 
11 proposals would involve some sort of programmatic change ( e.g., proposals that would 
necessitate changes to the observer program, survey program, or other program that involves 
multiple species), and 34 proposals were specific to Pacific cod but were directed to or would be 
most appropriately addressed by people other than the stock assessment author. 

2. 116 of the proposals called for some sort of change (not necessarily to the model, however), while 
28 recommended keeping some specific feature of the status quo. 

3. 109 of the proposals pertained to features of the model, while 35 pertained to something else. 
4. 105 of the proposals could (individually) be accomplished this year, while 39 would take longer. 

To keep the list of proposals manageable, Grant Thompson suggested that the Teams consider only those 
proposals that: 1) were most appropriately addressed by the assessment author, 2) called for some sort of 
change, 3) pertained to the model, and 4) could be accomplished this year. Use of this filter reduced the 
list from 144 proposals to 50. These were then organized by subject area (one for each of the 10 CIE 
terms of reference, one for miscellaneous, and one for Mark's proposals), with closely related proposals 
listed together in groups. Mark's proposals were listed separately from the others because: 

l. three of them address more than one topic, 
2. they describe complete models (albeit conditionally-see below) rather than single features, and 
3. they are conditional on a model that has not been developed yet (the authors' preferred model). 

The meeting proceeded with the following order of events: 

l. Grant gave an overview presentation. 
2. Mark responded to questions about his proposals. 
3. The Teams proceeded with a quick first pass through the proposals, identifying those that could 

be eliminated without much discussion. 
4. The Teams then took a second pass through the remaining proposals, identifying those that were 

high priority. 
5. Finally, the Teams took a third pass through the high priority proposals, allocating them among 

various new models that the Teams would recommend for development this summer (the Teams 
used a self-imposed limit of no more than five new models for each area). 

During the course of events #3-5 above, 5 new proposals were developed by the Teams, bringing the total 
number of proposals to 149, of which 55 were considered during the meeting. (Note that the Teams 
decided not to offer proposals during their November 2010 meeting, preferring to wait until the results of 
the CIE review became available.) The 55 proposals considered during the meeting and the results of 
their evaluation by the Plan Teams are shown in Table 2 (the codes identifying the 5 new proposals 
developed during the meeting are shown in bold, red font). 

After the first pass, 32 proposals remained (listed as "maybe" in the "1 st pass" column of Table 2). After 
the second and third passes, only eight proposals were ranked as being high priority (listed as "high" in 
the "2nd pass" column of Table 2). Of these eight, the following two were determined to fall outside the 
scope of the present exercise (listed as "n/a" in each of the "3n1 pass" columns in Table 2): 

1. Recommendation JPT3 ("jitter-proof the model") reflected the Teams' belief that the ongoing 
difficulty in finding the true maximum likelihood was a major concern. The Teams also 
recognized that this was a major concern of the CIE reviewers. However, the Teams also realized 

2 



that this was more of a goal than an identifiable model feature, so instead of allocating this 
recommendation to one or more new models, the Teams chose simply to list it as a high priority 
item and use it as a rationale for prioritizing other recommendations. 

2. Recommendation JD32 ("see if bad fit to 2010 survey at small sizes is a coding error") was 
already implemented during the course of the CIE review. During the review, the assessment 
author demonstrated that the poor fits were not a coding error, but were instead caused by the 
size-at-age data overwhelming the survey data. This fact motivated the Teams to develop 
recommendation JPTI ("omit size-at-age data"). 

The remaining six high-priority recommendations were allocated among four new models. A condensed 
version of Table 2, showing only those recommendations ranked as high priority by the Teams, is shown 
in Table 3. The Teams assumed that last year's model would be included automatically as Model 1. 

Model 2 would test two unrelated features: JPT4-0ne Team member noted that the ability to model 
selectivity by using splines has very recently been added to Stock Synthesis (SS). The Teams felt that 
this feature might improve the models' convergence properties significantly. CD33-For many years, 
inclusion of the pre-1982 survey data in the EBS model was considered to be important because those 
data helped to monitor the strength of the extremely large 1977 year class as it moved through the 
population. However, because of a change to the survey gear in 1982, use of the pre-1982 data requires 
estimation of an additional six selectivity parameters. Given the fact that the 1977 years class left the 
population many years ago, the Teams felt that testing the effect of removing the pre-1982 survey data 
would be worthwhile. The Teams viewed both of these recommendations (JPT4 and CD33) as 
"conditional" changes, meaning that if they resulted in Model 2 being an improvement over Model 1, then 
they would be used in Models 3-5 also (indicated by these recommendations being listed as "cond." in the 
columns for Models 3-5 in Tables 2 and 3). Recommendation CD33 would obviously apply only to the 
EBSmodels. 

Model 3 would be devoted to exploring the possibility of estimating ageing bias inside the model (JD6, 
SSC6). The ability to model ageing bias in terms of internally estimable parameters was added to SS late 
last year, and was tested in the EBS Pacific cod model to a small extent prior to and during the CIE 
review. The Teams felt that internal estimation of ageing bias could potentially be much more efficient 
and accurate than the manual estimation (i.e., trial and error tuning "by hand") that was used in the 2009 
assessments and retained in last year's assessments. 

Model 4 would be similar to Model 4 (or perhaps Model 5) from last year's preliminary assessments, in 
that it would omit age-based data to a very large extent, including elimination of all size-a-age data 
(JPTI) and all age composition data (JPT2). The only difference between this year's Model 4 and Model 
4 from last year's preliminary assessment is that this year's Model 4 describes maturity as a function of 
age rather than length, as in last year's final models. If the author has time to examine the possibility of 
estimating length-at-age variance internally and if the results appear reasonable, the Plan Teams would be 
happy to see this included as a feature of Model 4 (which would make it more like Model 5 from last 
year's preliminary assessment). 

Model 5 would likely result in a reconfiguration of the time blocks currently used to define multiple 
selectivity schedules for most fisheries, and would likely result in less time variation in the survey 
selectivity schedules. The approach to be used (JPT5) is very similar to one of Mark's proposals (MM2), 
except that survey selectivity is included along with fishery selectivity. Recommendation JPT5 is also 
concordant with SSC4 ("simplifying trawl survey selectivity should be investigated and model fit to data 
components evaluated"). As with some other recommendations, the desire to simplify the model and 
achieve improved convergence was a major factor in the Plan Teams' decision to rate JPTS as high 
priority. 
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Table 1. Recommendations received from the GOA Plan Team, SSC, and Mark Maunder. "Sub."= 
subsection of Appendix A to which the recommendation most directly relates, "ID"= code used to 
identify each proposal, "No." = unique recommendation number (note that SSC6 and SSC8 are identical 
to other proposals listed in Appendix A), red font indicates that participation by groups or individuals 
other than the assessment author would be required if that recommendation were to be implemented. 

Sub. ID No. Summary of recommendation 

D GPTI 129 it would be useful to have a presentation of the estimates relative to the 
data, particularly for the most recent survey (and sub-27 cm abundance 
index) 

2a SSCI 130 evaluate reduced catch season ... structures that are more parsimonious, but 
do not diminish the information content. 

2b SSC2 131 evaluate reduced ... size bin structures that are more parsimonious, but do 
not diminish the information content. 

5 SSC3 132 trawl survey catchability used in the assessment and model sensitivity to 
model estimates or plausible alternatives should be evaluated 

8 SSC4 133 simplifying trawl survey selectivity should be investigated and model fit to 
data components evaluated 

le sscs 134 re-tune ageing bias to try to better match the observed age modes 

le SSC6 19 explore internal estimation of ageing bias 

3 SSC7 135 evaluate Richards growth curve alternative 

la SSC8 I continue existing research on age determination/validation 

D SSC9 136 the SSC recommends that an AI assessment be brought forward for 
evaluation ( only) during the next assessment cycle 

D SSCl0 137 for the GOA, apply a simple Kalman filter approach, as adopted by the SSC 
in 2004 for BSAI for estimation of current biomass distrubution 

3 SSCll 138 constant growth should be brought forward in future models (run times 
reduced back to 2-3 minutes) 

D SSC12 139 the ... author and Plan Team should develop a plan of action for how the 
BSAI cod assessment should evolve vis-a-vis treatment of the BS and Al 

lc,ld MMl 140 authors' preferred model, but with bias and variance of the ageing error 
matrix estimated inside the stock assessment model 

4 MM2 141 authors' preferred model, but with time blocks determined by initially 
modeling selectivity as a random walk 

7 MM3 142 authors' preferred model, but with sample sizes estimated as follows: start 
with bootstrap estimates, rescale so that average = 300, re-weight iteratively 

3,4,8 MM4 143 authors' preferred model, but with time-varying growth and constant 

la,lb,ld MM5 144 authors' preferred model, but with conditional-age-at-length instead of 
agecomps, all sizecomps on, mean size off, length-age variance estimated 
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Table 2 (p. 1 of 4). Proposals evaluated by Plan Teams (see text for details). 

1. Use of age data 
1.1 YC6 downweight age and length data 

if both are used 
1.1 CD6 downweight age and size-at-age 

data if both are used 
1.1 JDS investigate appropriate 

weighting of non-independent 
data 

1st pass 2nd pass 3rd pass 
No/maybe 

no 

no 

no 

Priority 

n/a 

n/a 

n/a 

M2 M3 M4 M5 

1.2 ·YC7 if length-at-age variance 
estimated exterruilly, omit sim-at 
age data 

1.2 jpJl omit si7.e-at-:3~· data 
1.2 .CD~ if cohort-specific growth not 

. ,· us~ omit s~-at~age data 

no 

maybe·. 
no 

n/a 

high 
n/a 

X 

1.3 $SCS.- re-tune age~g ~ias ·to .try to 
better match· the: observed ·age 
modes 

1.3 JD6;SSC6 explore internal ~s~tion of 
ageing bias• · 

1.3 cps con.strain ageiJlg bias .to increase 
wiilp1~e · \: .· · 

1.3 CD7 cori~4er yarii1Qt¢fflexi)>le growth 
.-.; .,,:_ .. _ 

as an· aiteriiativeJ<>-ageing bias . 

be may : .. 
; : ._. ~ '!", 

maybe: 

;' ·,: 

hi·_.gh 

- low 

.;. ' . 

. 

X 

include fisllery'age compositio~ data , ...... · 

1.5 JPT2 omit all age data 
2. Data partitioning/binning 
2.1 CD 14 do not aggregate catch across 

gears if selectivity is held 
constant 

.p.o_., • 

· maybe. 

maybe 

:. n/a 

high 

low 

X 

2.2 SSCI evaluate reduced catch season ... 
structures that are more 
parsimonious, but do not 
diminish the information content 

no n/a 

2.3 YC23 explore dynamic binning maybe 
2.3 JDlO explore coarser bin structure for no 

large sizes 

low 
n/a 

-~ 
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Table 2 (p. 2 of 4). Proposals evaluated by Plan Teams (see text for details). 

1st pass 2nd pass 3rd pass 
No/maybe Priority M2 M3 M4 MS 

2. Data partitioning/binning ( continued) 
2.3 SSC2 evaluate reduced ... size bin no n/a 

structures that are more 
parsimonious, but do not 
diminish the information content 

maybe 2.4 YC21 justify blocks based on analysis low 
of factors that may affect 
selectivity 

2.4 YC22 omit fleets that have minimal no n/a 
impacts on the assessment 

2.5 JD12 explore possible over- maybe low 
parameterization of GOA sub-27 
catchability 

3. Functional form of the length-at-age relationship and estimating the parameters thereof 
maybe low 3.1 YC28 estimate ao externally 
maybe low 

parameters externally 
3.1 YC30 consider estimating all growth 

n/a 
if parameter correlations 
justified 

3.1 YC29 estimate growth internally only no 

low 
alternative 

maybe 3.2 SSC7 evaluate Richards growth curve 

4. Number and functional form of selectivity curves 
4.1 YC31 develop hypotheses to explain maybe low 

derived selectivity curves 
4.1 CD19 if possible, link selectivity to maybe low 

tagging studies or other 
assessments 

no 4.1 JDlS force just one selectivity to be n/a 
asymptotic, justify this 
assumption 

high X cond. cond. cond. 
selectivity 

maybe 4.2 JPT4 test the use of splines to model 

4.3 YC34 evaluate selectivity trend using no n/a 
random walk, one fleet at a time 

no 4.3 CD20 use random walk selectivity, n/a 
hold constant where change is 
small 
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Table 2 (p. 3 of 4). Proposals evaluated by Plan Teams (see text for details). 

2nd pass 3rd pass 
INo/maybel Priority 

1st pass 
M2 M3 M4 M5 

4. Number and functional form of selectivity curves (continued) 
4.3 JD17 use random walk selectivity or no n/a 

justify current blocks 
statistically 

4.3 JD16 explore bimodal selectivity for n/a 
GOA survey 

no 

high 
with time blocks determined by 
initially modeling fishery and 
survey selectivity as a random 
walk 

4.3 JPTS authors' preferred model, but maybe 

5. Fixing the trawl survey catchablllty coefficient 
5.1 SSC3 trawl survey catchability used in maybe low 

the assessment and model 
sensitivity to model estimates or 
plausible alternatives should be 
evaluated 

6. Fixing the natural mortality rate 
6.1 YC37 use unbiased age at maturity maybe low 

when applying Jensen's equation 
6.2 YC38 if approach is Bayesian, derive n/a 

M prior from alternative 
estimators 

no 

6.3 CD26 change M value only during off- maybe low 
cycle "benchmark" meetings 

7. Inpu~_sample sizes and survey sigma 
7.1 ,_ ::}p23' consider setting input N for DO n/a 

multinomial equal to number of 
trips 

8. Annual variability in trawl survey selectivity 
low 

.-. co-t ~~ef tiµie:in the m9(iel 
8.1 _ ·con force SlJf\'eY s~l~vity to be ~y~- .. 

: _--n/a : ' .-~·:~:t~ .. 
,. 

. 8.2. ·:m.25. . tie_cfw,i~'~:stlr'Vey selectivity no.·:" 
.. 4. ' .. ' 
. - -'"' to t~tature,. not ti,me 

8.3 SSC4 simplifying ni~l survey - 1118Ybf: ·. lo~ 
selectivity should be investigated ,· 

and model fit to data 
components evaluated 

9. Recruitment sigma 
9.1 YC41 estimate crR iteratively no n/a 
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Table 2 (p. 4 of 4). Proposals evaluated by Plan Teams (see text for details). 

10. Survey and fishery CPUE data 
IO.I YC45 remove fishery CPUE data from 

the model 

1st pass 2nd pass 3rd pass 
No/maybe 

maybe 

Priority 

low 

M2 M3 M4 MS 

10.2 CD33 remove pre-1982 survey data 
from the EBS model 

11. Miscellaneous 
11.1 YC48 justify choices/estimates 

involving life history, fishery 
processes 

maybe 

no 

high 

n/a 

X cond. cond. cond. 

11.2 YCSO use a fully Bayesian approach no n/a 
11.3 CD36,JD31 reduce the number of parameters 

in the models 
11.3 JPT3 jitter-proof the model 
11.3 ID30 investigate parameter 

redundancy 

maybe 

maybe 
maybe 

low 

high 
low 

n/a n/a n/a n/a 

11.4 ID32 see if fit to 2010 survey at small 
size is a coding error 

12. Mark Maunder's scenarios 
12.1 MfvH authors' preferred model, but 

with bias and variance of the 
ageing error matrix estimated 
inside the model 

maybe 

maybe 

high 

low 

n/a n/a n/a n/a 

12.2 :MM2 authors' preferred model, but 
with time blocks determined by 
initially modeling fishery 
selectivity as a random walk 

maybe low 

12.3 MM3 authors' preferred model, but 
with sample sizes estimated as 
follows: start with bootstrap 
estimates, rescale so that average 
= 300, re-weight iteratively 

maybe low 

12.4 MM4 authors' preferred model, but 
with time-varying growth and 
constant survey selectivity 

maybe low 

12.5 MMS authors' preferred model, but 
with conditional-age-at-length 
instead of agecomps, all 
si:zecomps on, mean size off, 
length-age variance estimated 
inside 

maybe low 
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Table 3. Proposals included in the Plan Teams' four recommended new models. "Sub."= subsection of 
Appendix A to which the proposal most directly relates; "ID"= code used to identify each proposal; 
"M2," "M3," "M4," and "MS"= Models 2, 3, 4, and 5, respectively. The Teams assumed that last year's 
model would automatically be included as Model 1. 

Sub. ID Proposal M2 M3 M4 MS 

4.2 JPT4 test the use of splines to model selectivity X cond. cond. cond. 

10.2 CD33 remove pre-1982 survey data from the EBS model X cond. cond. cond. 

1.3 JD6,SSC6 explore internal estimation of ageing bias X 

1.2 JPTI omit size-at-age data X 

1.5 JPT2 omit all age data X 

4.3 JPT5 authors' preferred model, but with time blocks X 

determined by initially modeling fishery and survey 
selectivity as a random walk 

11.3 JPT3 jitter-proof the model n/a n/a n/a n/a 

11.4 JD32 see if fit to 2010 survey at small size is a coding error n/a n/a n/a n/a 
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Appendix A: 
Summary of recommendations arising from the review of the EBS and GOA 

Pacific cod models conducted by the Center for Independent Experts 

Table of Contents 

I. Overview ................................................................................................................................................... I 

II. Recommendations on topics contained in the Terms of Reference .......................................................... 2 

1: Use of age data ...................................................................................................................................... 2 
I a. Use of age composition data ........................................................................................................... 2 
1 b. Use of mean-size-at-age data .......................................................................................................... 3 
I c. Use of ageing bias as an estimated parameter ................................................................................. 4 
Id. External estimation of between-individual variability in size at age .............................................. 4 

2: Data partitioning/binning ...................................................................................................................... 5 
2a. Catch data partitioned by year, season, and gear ............................................................................ 5 
2b. Size composition data partitioned by year, season, gear, and I-cm size intervals .......................... 6 
2c. Age composition data partitioned by year, season, and gear .......................................................... 7 

3: Functional form of the length-at-age relationship and estimating the parameters thereof... ................. 8 
4: Number and functional form of selectivity curves estimated, including assumptions regarding which 

selectivity curves should be forced to exhibit asymptotic behavior ...................................................... 8 
5: Fixing the trawl survey catchability coefficient for the recent portion of the time series such that the 

average product of catchability and selectivity across the 60-81 cm size range equals the point 
estimate obtained by Nichol et al. (2007) ........................................................................................... 10 

6: Fixing the natural mortality rate at the value corresponding to Jensen's (1996) Equation 7 .............. 10 
7: Input sample sizes for size composition and age composition data, and input log-scale standard 

deviations for survey abundance data ................................................................................................. 11 
8: Allowing for annual variability in trawl survey selectivity ................................................................ 12 
9: Setting the input standard deviation of log-scale recruitment ( O'R) equal to the standard deviation of 

the estimated log-scale recruitment deviations ................................................................................... 13 
10: Use of survey abundance data and non-use of fishery CPUE data in model fitting ......................... 13 

III. Recommendations on topics other than those contained in the Terms ofReference ............................ 14 

A. General modeling approach ............................................................................................................... 14 
B. Possible future improvements to SS and R4SS .................................................................................. 15 
C. Future use of non-SS models .............................................................................................................. 16 
D. Annual assessment and review processes .......................................................................................... 16 
E. Harvest strategy evaluation ................................................................................................................ 18 

I. Overview 

The models used to assess the Eastern Bering Sea (EBS) and Gulf of Alaska (GOA) stocks of Pacific cod 
(Gadus macrocephalus) were reviewed during the dates March 14-18, 2011 by three scientists contracted 
by the Center for Independent Experts (CIE). The reviewers were Drs. Yong Chen, Chris Darby, and 
Jose DeOliveira. The reviewers' reports were made available on April 22. This document summarizes 
the recommendations contained in the reviewers' reports. Recommendations cover not only the topics 
contained in the ten Terms of Reference (Section II), but several other topics as well (Section III). 

The procedure used to organize this document was as follows: Recommendations within each topic are 
listed in alphabetical order by the reviewer's last name and labeled with the reviewer's initials. For each 
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reviewer, recommendations are listed in the order given in the reviewer's report, except in cases where 
recommendations have been moved between sections or subsections to improve the flow of the document. 
In cases where a reviewer made exactly the same recommendation multiple times, the recommendation is 
listed only once; in cases where a reviewer made approximately the same recommendation multiple 
times, either the recommendations have been merged or only the most specific version of the 
recommendation has been listed. Each recommendation is listed verbatim with enough accompanying 
text to make the context clear. For ease ofreference, each recommendation is followed by a short, 
paraphrased summary (shown in italics, surrounded by square brackets). It should be emphasized that 
these summaries are only "pointers" to the actual recommendations, and are not the recommendations 
themselves. 

Recommendations are color-coded as follows: black= a recommendation that would be handled most 
appropriately by the senior assessment author ( e.g., "estimate ageing error externally"), red = either a 
recommendation that would be handled most appropriately by someone other than the senior assessment 
author or a recommendation that the reviewer explicitly directed to someone other than the senior 
assessment author (e.g, "continue existing research on age determination/validation"), blue= a 
recommendation that would require programmatic change ( e.g., "change requirements for observer 
coverage"). Recommendations for additional information to be included in the SAFE report were among 
those considered to be of this third type. 

Table IA lists the summarized recommendations. A total of 147 recommendations were catalogued, of 
which 128 were unique (i.e., not duplicated by multiple reviewers). Dr. Chen contributed 61 
recommendations, Dr. Darby 49, and Dr. Deoliveira 37. 

II. Recommendations on topics contained in the Terms of Reference 

Ten terms of reference (the first two of which were divided into four and three parts, respectively) were 
specified. Reviewers were asked to make recommendations with respect to each of them, for both the 
EBS and GOA Pacific cod models. 

1: Use of age data 

I a. Use of age composition data 

YCl: Continue exploring various methods ... to reduce the likelihood of having ageing errors before 
ageing data are used in stock assessment. [Summary: continue existing research on age 
determinationf,,a/idation] 

YC2: Estimate age error probability either outside or inside the SS3 (personally I prefer it is estimated 
outside of the model to reduce confounding of different components in the parameter estimation) .... 
Ageing errors and variations should be estimated outside the SS3 model. [Summary: estimate ageing 
error externally J 

YC3: I believe the age verification process currently employed by the AFSC is scientifically sound and 
can yield results that can be directly incorporated into stock assessment modeling. [Summary: retain use 
of age composition data] 

YC4: Evaluate hypotheses of low catchability of age 2 fish in the survey. [Smnnwry: explain missing 2-
year-old\· in GOA survey] 
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YC5: However, the on-going and proposed research efforts in validating annulus may be complicated by 
fish migrations and large temporal/spatial temperature stratifications in the stock areas, resulting in 
inconclusive results. Other approaches such as using Pacific cod held in aquaculture facilities, evaluating 
back-calculated size at age for annulus. and conducting more extensive tagging studies should be 
explored for annuli validation. {Summary: e.'l:pand existing research on age determi1wtionlmlidatio11] 

YC7: Because age composition data were derived from subsamples of length composition data, using 
both in the same survey is essentially equivalent to up-weighting size composition data. If both sets of 
data are used in the SS3, they should be down-weighted accordingly so that this set of size (both age and 
length) composition data has the same weight as other size composition data (e.g., having a weighting 
factor of 0.5 for both age and length composition data in the survey if they are both used in the SS3). 
[Summary: downweight age and length data if both are used] 

CD 1: The procedures for collection ofotoliths and length samples are considered appropriate. [Summary: 
retain current otolith and length sampling procedures] 

CO2: Inclusion of the ageing error is appropriate - given the lack of agreement between readers. 
[Summary: retain use of ageing error matrix] 

CD3: Given that: 
1. there is information on the error in the reading of the age, based on an agreed standard for 

determining ages, and 
2. there is a known potential bias within the age reading that is being investigated, 

then the inclusion of the age composition data in the model fit is considered appropriate. [Summary: 
retain use of age composition data] 

CD4: If the research into age reading establishes a new protocol for determining the age of cod that is 
accepted as the new standard, then one suggestion for reducing the uncertainty inherent in the assessment 
would be to use otoliths collected from the commercial fishery at regular intervals (e.g. every three years) 
to augment the survey information. This would require a relatively low increase in sampling levels but 
would help to stabilize the model estimates from the increased information level. [Summary: if ageing 
criteria change, include .fishery age composition data] 

JDl,2,3,4: Age composition data are valuable, and their continued use, coupled with an ageing error 
matrix, is highly recommended. This approach is supported by ongoing research into age detennination 
methods and validation techniques, and this ongoing research is encouraged. The application to fishery 
data is also encouraged. [Summaries: retain use of age composition data; retain use of ageing error 
matrix; continue existing research on age determinationll'alidation,· include.fishery age composition 
data] 

1 b. Use of mean-size-at-age data 

YC7: Use of mean-size-at-age data in the model partially repeats the size composition information 
already implied in length composition data and age composition data (if both used) in the model. This 
may subjectively put extra weight on size composition data. If between-individual variability in growth 
can be estimated outside the model (see my comments below), use of mean-size-at-age data in modeling 
is not necessary. [Summary: if length-at-age variance estimated externally, omit size-at-age data] 

CDS: Mean size at age was included within the model to allow the fitting of cohort specific growth. If this 
model is not used then the data is not required. CIE runs IO and 11 evaluated the removal of the mean size 
at age. [Summary: if cohort-specific growth not used, omit size-at-age data] 
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CD6: As mean size-at-age is derived from the same information as the age composition data (age and 
length frequency samples), the data are not strictly independent and therefore if it is to be included the 
correlation with the age composition data should be considered carefully (halving the likelihood 
component contribution?). [Summary: downweight age and size-at-age data if both are used] 

JDS: The appropriate statistical treatment of non-independent data (e.g. when data based on the same 
samples are used in two components of the overall likelihood) should be investigated. [Summary: 
investigate appropriate weighting of non-independent data] 

1 c. Use of ageing bias as an estimated parameter 

YCS: Given the complexity of the SS3 model, I believe it is difficult to interpret the estimation results for 
ageing bias and variation in modeling. Because parameters are, to varying degrees, correlated, ageing bias 
and variation may not be estimated independently of other parameters. These estimates may not reflect 
real ageing errors and variations. Rather, they may reflect combined effects of errors and variations of all 
data sources. An external estimate of ageing errors and variations may be a better way to incorporate the 
uncertainty of this information in the stock assessment. [Summary: estimate ageing bias external(v] 

CD7: The bias estimated by the model will arise partially from the laying down of false rings, as 
highlighted by the otolith chemistry studies, but could also result from an inappropriate formulation of the 
growth curve - in tenns of either, the use of a single growth curve when variable growth is more 
appropriate, or a formulation that is not sufficiently flexible to model the specific seasonal (and regional) 
characteristics of the length data from the fishery. [Summary: consider variable/flexible growth as an 
alternative to ageing bias] 

CD8,9: One area of concern is the modeling of bias as a single value starting at age 2 and which is 
modeled as a parameter with a symmetric distribution. If the bias results from the formation of false rings 
then would not bias increase with age as the opportunity to form false rings increases? In addition, the 
study by Kastelle et al. indicated that many of the otolith ages were read correctly for the remainder age 
was over-estimated- this would seem to imply an asymmetric bias. [Summaries: constrain ageing bias to 
increase with age; re\'i.ve SS to allow.for asymmetric ageing bias] 

JD6: The feasibility of internal estimation of ageing error bias should be explored (the runs considered by 
the review panel were not focused enough to consider this properly). [Summary: explore internal 
estimation of ageing bias] 

Id. External estimation of between-individual variability in size at age 

YC9: I suggest back-calculating length-at-age data using otoliths to derive length at each age for each fish 
with its corresponding otolith sample. A nonlinear random effects model explicitly assumes that an 
individual's growth parameters are samples taken from a multivariate distribution, which can then be 
applied to the back-calculated length at age data (Hart 2001; Pilling et al. 2002) to estimate between
individual variability. [Summa1:v: estimate length-at-age variance by otolith back-calculation] 

CDI0,11,12: Presentations to the review established that estimation ofbetween-individual variability in 
size at age could not be achieved internally.... Models 5 and 6 fitted to the BSAI cod and 5 fitted to the 
GOA cod both estimate variances for the standard deviation of mean length at age that are significantly 
larger than the majority of the observations. The method by which the external estimates are obtained and 
entered as external estimates in the fitted models is considered appropriate at this stage in the model 
development. However, ... there appears to be curvature in the data at increasing size at age. Is this an 
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artifact of temporal changes in the linear relationship such that plotting them together appears curvilinear 
or is a more complex relationship between the standard deviation and mean length? [Summaries: estimate 
length-at-age variance externally; retain current procedure for estimation of length-at-age variance; 
investigate apparent curvilinearity of length-at-age variance] 

JD7: The provision of external estimates of between-individual variability in size-at-age data should 
continue as is (efforts to estimate them internally were not successful). [Summary: retain current 
procedure for estimation of length-at-age variance] 

2: Data partitioning/binning 

2a. Catch data partitioned by year. season, and gear 

YCl0: Given the strong seasonality in fishing activity and large differences in catchability/selectivity 
among different gears, I believe the current partition of catch by year, season, and gear is a reasonable and 
logical approach. [Summary: retain current partitioning of catch data by year, season, gear] 

YC 11: However, the variability of catch quality among years, seasons and gears needs to be carefully 
evaluated. [Summary: evaluate variability of catch data quality by year, season, gear] 

YC12: Other sources of fishing m011ality that are cunently not included in the cod catch estimates also 
need to be evaluated. These include baits used in crab fisheries, recreational fishing. subsistence fishing, 
and research surveys. Part of Pacific cod mortality in the halibut fishery is also not included in the cod 
catch because of lack of observer coverage. [Summary: include carch.fiwn all sourc:es] 

YC13: I suggest that observer coverage should not be determined by vessel size. Rather, it should be 
detennined by data needs, and should have a good representation of gear and vessel size composition in 
the fishing fleet. [Summary: change requirements for observer coverage] 

YC14: Because the c1ment (catch accounting) program has some overlaps in catch reporting from 
different sources, data from different sources can be compared and cross-validated. Such a study can 
yield some insights about potential errors in catch estimates from different sources. [Summary: compare 
and cross-validate catch data from dtfferent sources] 

YCIS: Given the importance of the catch data in the assessment. I suggest conducting an extensive 
computer simulation study based on the data collected in the past to evaluate the effectiveness of the 
cunent sampling/reporting system in yielding catch estimates, to evaluate potential error sources and 
levels of catch estimates, and to identify altemative sampling/reporting program designs. [Summw:\.': 
el:a/uate currem catch .wmplinglreporting ~ystem via simulation} 

YC16,l 7: I suggest estimating uncertainty associated with catch estimates to develop a plausible range of 
catch estimates, which can be used to evaluate impacts of uncertainty associated with catch estimates on 
stock assessment. [Summaries: estimate catch uncertainty; once catch uncertainty has been estimated, 
evaluate its impacts] 

CD 13: Following an analysis of the seasonal structure of the amounts of catch landed by month the 
optimal seasonal structure for the catch model was considered to comprise 5 seasons for BSAI and GOA 
cod; differing by stock. Three selectivity periods are defined for each gear type which overlap the catch 
seasons. The reasoning underlying the approach and the analysis to identify the seasonal components is 
considered appropriate. [Summary: retain current seasonal structure for catch and selectivity] 
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CD14: I would have doubts about the utility of a collapsed model in which length compositions are mixed 
across gears in proportions that have change markedly and quickly during the time series. [Summary: do 
not aggregate catch across gears if selectivity is held constant] 

JDS: Catch estimation for Pacific cod is underpinned by both indi.1stry reports and one of the most 
comprehensive observer programs to be found anywhere (presentation 9 and report 20, Appendix 1 ). 
Although variance estimates are not cmTently available. they are in the pipeline and could be used in 
future to challenge the assumption of no etrnr in total catch data in cmTent assessment models. The 
provision of these variance estimates should be encouraged~ if practicable, to ensure the models are based 
on appropriate assumplions regarding the catch data. [SummmJ1

: estimate catch w1certain(v] 

2b. Size composition data partitioned by year, season, gear, and 1-cm size intervals 

YC 18: Given the strong seasonality of fisheries and large differences in selectivity/catchability and 
fishing seasons among gears, I believe the current partition of fisheries catch size composition by season 
and gear is necessary and reasonable. The current seasonal partition also yields the best model in the most 
recent assessment. [Summary: retain current partitioning of sizecomp data by season and gear] 

YCl 9,20: Size composition data for fisheries catch are derived from various sources and are likely subject 
to various errors. However, I did not see the quantification of uncertainty associated with size 
composition estimates for fisheries data. In-depth analyses should be conducted to evaluate if the quality 
of size composition data for fisheries catch vary with year, season and gear. Variation or confidence 
intervals can be estimated for each size bin as indicators for uncertainty associated with size composition 
data. [Summaries: quantify uncertainty associated with fishery sizecomp data; evaluate variability in 
quality of fishery sizecomp data by year, season, gear] 

YC21: Changes in many factors may influence selectivity/catchability in fisheries, which may affect catch 
size compositions. For example, changes in baits used in longline and pot fisheries among years and 
seasons may result in annual variations in catchability/selectivity. Squid, which were used in the past as 
bait, tend to have high catchability, but haven't been used on a large scale in current years because of high 
prices. Such changes from year to year may influence size composition data and should be considered in 
determining year block. More in-depth analyses should be conducted to identify factors that may affect 
selectivity/catchability and evaluate how these factors vary among years and seasons to justify the 
partitions of catch size composition by year and season. [Summary: justify blocks based on analysis of 
factors that may affect selectivity} 

YC22: For a given model configuration, data of different fleets can be deleted one at a time to identify 
which fleet has had the largest impact on the assessment. Those that have had limited impact can be 
removed to improve model convergence. [Summary: omit fleets that have minimal impacts on the 
assessment] 

YC23: I suggest that more study be done in the future to explore the dynamic binning approach. 
[Summary: explore dynamic binning] 

YC24: It also should be noted that the size interval of l cm used to group length data implies that 
measurement errors for fish Length should be smaller than I cm. This is probably a reasonable 
assumption, but should be explicitly evaluated and clearly defined to ensure that quality of data collected 
is adequate for such fine binning. [Summa1J1

: evaluate precision of length measurements] 

YC25: Area closure for Pacific cod fishing in the major Steller sea lion habitats in 2011 may affect 
effective cod stock areas included in the stock assessment. Because of spatial variability in cod size 
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composition, lack of size composition data in major sea lion habitats from 2011 may introduce extra 
variations in size composition data. Possible impacts of this closure on size composition data should be 
evaluated and considered when partitioning size composition data by year. [Summary: evaluate effects of 
recent SSL area closures on sizecomp data] 

YC26: For survey catch-size composition data, errors should be relatively small, compared with fisheries 
catch-size composition data. However, survey stations in EBS and AI are fixed. and more study is needed 
to evaluate potential impacts of such a design on the quality of size composition data. Unce11ainty 
associated with size composition data should be estimated. [Summmy: e,•aluate effects <?f surl'ey sampling 
design on sizecomp precisicm} 

CD15: The finer I-cm bin structure for the size composition data was introduced as a refinement to allow 
the analysis of length to correspond to the scale at which the data was collected. In the range of lengths 
for which large amounts of data are collected from the fishery by gear this is considered appropriate. 
However, at the smallest and largest sizes finer binning introduces large numbers of zeroes in the length 
distributions. Dynamic binning was examined at the meeting in runs GOA9 and CIE9 and appeared to be 
the way forward. Questions were raised during the review about how SS3 treats sample sizes when 
combining bins, and this should be investigated. [Summary: investigate treatment o_lsample size in SS 
when merging bins] 

JD9: Teresa A 'mar raised the possibility of a coding error with how SS treats effective sample size when 
combining bins. [Summary: in\'esligate treatment <~f sample size in SS when merging bin~/ 

JD 10: Although the finer bin structure may be justified for smaller sizes, this might not be the case for 
larger sizes, and a coarser bin structure should be explored for the latter. [Summary: explore coarser bin 
structure for large sizes] 

2c. Age composition data partitioned by year, season, and gear 

CD 16: Commercial fishery age composition data for a single year was used in earlier models for BSAI 
and GOA cod but not in recent assessments. Use of a single year's data can be problematic in terms of 
weighting and therefore its omission is considered appropriate. [Summary: do not use the existing small 
sample of fishery agecomp data] 

CD17: The trawl survey for GOA cod is separated by length into sub-27 and 27-plus components, which 
is carried out to help the model resolve a missing mode in the length frequency data for age 2 cod. The 
way in which the size composition is modeled is an artifact of the restriction to the SS program, this is not 
ideal; it would be better to have an assessment model that allows allow for this, as the current solution 
requires extra parameters to fit the model. [Summary: include a bimodal. parametric selectivity curve in 
SSJ 

JD 11: The partitioning of data to deal with data features ( e.g. change in gear) and limitations in SS 
functionality (e.g. lack of bi-modal selection) is sensible. [Summary: retain partitioning of GOA survey 
data into sub-27 and 27+ ranges] 

JD12: However, there are problems with the fit to the GOA sub-27 index (exact fits, indicating over
parameterisation) that need looking into. [Summary: explore possible over-parameterization of GOA sub-
27 catchability] 
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JD13: The SS developer should be encouraged to include a bi-modal selectivity curve option to avoid the 
ad-hoc length split, and thereby improve the general functionality of SS. [Sununw:v: include a bimodal. 
parametric se/ectivi~v cw,,e in SSJ 

3: Functional form of the length-at-age relationship and estimating the parameters thereof 

YC27: The Richards model, even though more general, provides no better fitting than the von 
Bertalanffy growth function (VBGF) in one of the test runs conducted during the review. Thus, 
VBGF is sufficient to describe the length-at-age relationship. [Summary: retain use ofvon Bertalanffy 
growth] 

YC28: Fitting length-at-age data outside the SS3 model to estimate ao (age at size of 0) may be an option. 
Because of the availability of small/young fish in surveys, it is likely that a0 should have a negative value 
if this approach is taken. This negative ao value can be fixed with the other two parameters being 
estimated for VBGF in the SS3 model to ensure that the size at age O is positive. [Summary: estimate a0 

externally] 

YC29: Estimating VBGF parameters inside the SS3, although allowing for flexibility in adjusting growth 
parameters to better fit size composition and data, may create unnecessary correlations between growth 
and other life history and fishing processes. For a converged run, a close evaluation should be done for 
the variance-covariance matrix to evaluate possible correlations between growth parameters and other 
model parameters. High correlations should be biologically justified. If not, spurious correlations may 
result from tradeoffs of different life history and fisheries processes in model fitting, and the estimates of 
growth parameters (and other parameters, for this matter) should be questioned. [Summary: estimate 
growth internally only if correlations are justifiable] 

YC30: Alternatively, estimating growth parameters outside the SS3 may also be a choice, although this 
may result in poor fitting of size composition data. [Summary: consider estimating all growth parameters 
externally J 

CD 18: For the BSAI cod the model fitted with the new growth formulations had a worse fit to the data for 
the GOA cod (which did not require the initial length to be constrained) there was a marked improvement 
in the model fit. The Richard's function is more flexible but there are problems in its fitting, potentially 
implying that it is not flexible enough at the youngest ages/sizes. It would be beneficial, given the 
potential link to bias estimation. to evaluate other functions if the Stock Synthesis author can be 
encouraged to code them. [Summa,:v: include more.flexible growth.functions in SSJ 

JD14: The need to constrain one of the growth parameters to be positive to enable the Richards growth 
curve to be used leads to poor model fits when this constraint becomes active ( e.g. for EBS, but not for 
GOA). This indicates that the constrained Richards model is actually less flexible than the unconstrained 
Von Bertalanffy model in some cases, and that more flexible growth models should be considered. 
[Summa,y: include morejlexible growth.functions in SSJ 

4: Number and functional form of selectivity curves estimated, including assumptions regarding which 
selectivity curves should be forced to exhibit asymptotic behavior 

YC31: Current choice of selectivity function tends to have large flexibility to let model fitting decide the 
selectivity curves, although in some cases selectivity is forced to follow the curves. In many cases, there 
is lack of justification for the choice of a particular selectivity function for a fishery. I believe relevant 
hypotheses should be developed to explain the derived selectivity curves. This has not been done 
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explicitly, giving me· an impression that the choice of selectivity function was rather ad hoc and even 
arbitrary. [Summary: develop hypotheses to explain derived selectivity curves] 

YC32: Forcing a selectivity curve to exhibit asymptotic behavior implies that fish in large sizes/ages are 
100% available to and selected by fishing gear. Clearly, this may not be true for longline and pot because 
they are passive fishing gears and more size selective. Because selectivity here also includes fish 
availability to fishing gear, it is also hard to imagine that 100% of fish of any size class become available 
to trawls. However, if fish of certain size classes become unavailable to fishing gears, they are not part of 
exploitable stock biomass. In this case forcing selectivity to exhibit asymptotic behavior yields the 
estimates of exploitable stock biomass. This should be considered in interpreting stock assessment results. 
[Summary: consider the possible effect of partial availability to the fishery] 

YC33: Seasonal selectivity is biologically justified because fishing activity is likely to vary greatly among 
seasons and fish distribution and availability to fishing gears tend to have seasonal patterns. Thus, I 
believe current seasonal selectivity is reasonable. [Summary: retain current partitioning of selectivity by 
season] 

YC34: The choice of time block for selectivity is rather arbitrary (BSAI). I believe that a random walk 
over years may be a better choice. Once a model is run with random-walk selectivity over years, the 
temporal trend of selectivity plots needs to be examined closely to identify any temporal pattern. The 
identified temporal pattern can be used in the future to decide the time block for selectivity. For multiple 
fleets, I believe we need to evaluate one fleet at a time for their temporal trend while holding others 
constant. [Summary: evaluate selectivity trend using random walk, one fleet at a time] 

CD 19: This is clearly an area for which there is a need for more analysis, as is the case for this constraint 
in the majority of stock assessments. In general targeted trawl fisheries are assumed to have asymptotic 
selection, unless there are specific spatial or temporal reasons for assuming otherwise. If possible more 
information from tagging studies or linkages to assumptions made in other assessments with known 
selectivity for large fish by the same gears is required. [Summary: if possible, link selectivity to tagging 
studies or other assessments J 

CD20: Comparisons with the base model fits indicate improved diagnostics in the models fitted with the 
block structure - indicating the need for modelling changes in time. However, it is not clear if the 
transition points between blocks are appropriate and in some cases the variation in the selection, 
especially at the largest sizes, could result from fitting to noise. Where there is evidence of a drift in 
selection parameters in time, a time series approach should be considered (similar to that used for the 
pollock assessment) and for those fleets which do not show significant change in time, a constant 
selection model should be adopted in order to remove as many selection parameters as possible. 
[Summary: use random walk selectivity, hold constant where change is small] 

JD15: The forcing of just one major fishery to have asymptotic selection (e.g. the Jan-Apr trawl fishery 
for both stocks) should be explored. This is an alternative to the ad hoc approach used to force a number 
of fisheries to exhibit such behaviour for EBS, but needs to be justifiable, given the additional parameters 
that may be required. [Summary: force just one selectivity to be asymptotic, justify this assumption] 

JD16: The inclusion of bi-modal selection may avoid some of the issues surrounding the fit to the sub-27 
GOA survey index, and should be explored. [Summary: explore bimodal selectivity for GOA survey] 

JD 17: An alternative to block selectivity is to consider a constrained random walk over time, but if this is 
not practicable, the current block structure could be justified given model selection criteria (this was not 
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verifiable during the meeting given the runs considered). [Summary: use random walk selectivity or 
justify current blocks statistically] 

5: Fixing the trawl survey catchability coefficient for the recent portion of the time series such that the 
average product of catchability and selectivity across the 60-81 cm size range equals the point estimate 
obtained by Nichol et al. (2007) 

YC35: Given the limitation, this may be the best approach one can take. However, the study by Nichol et 
al. (2007) was effectively based on 11 fish .... More studies ( e.g .. tagging. acoustic survey to identify 
Pacific cod vertical distribution, and comparing catch from varying headlines) are needed to improve our 
understanding of survey catchability. [Summary: conduct more studies 011 sun1t=:l' catchabili(i•. including 
archii'al tags] 

CD2 l: Adding to the data base of tags and releases in a larger area will enhance amount of infonnation 
available for fitting the assessment model. [Summw:v: increase the area of release in tagging studies] 

CD22: It was a concern that a large proportion of the tags (released in the initial FIT study) were returned 
very soon after the study started, which would imply a much higher exploitation rate than that estimated 
by the assessment. This was discussed with those conducting the experiment who explained that the tags 
were returned by vessels fishing in the area of the tagging very soon after release. It would be valuable to 
attempt to guesstimate the mortality rates of the tags in time in order to ensure that localized high 
exploitation rates are not resulting in problems. If possible. it would be useful to piggy-back tagging 
studies. using conventional tags, onto the data storage tag studies to enable gear selection to be estimated 
especially at the largest fish sizes. [Summa,:i,•: add com·entional tagging studies to future archival tag 
studies] 

JD18,19: The Nichol et al. study provided valuable insight into survey selectivity, but relied on a few 
archival tags, resulting in estimates with poor precision. The assessments should continue to use the 
Nichol et al. estimates, but any further work along these lines should be encouraged. [Summaries: retain 
catchability estimates corresponding to Nichol et al. (2007); conduct more studies on survey catchability. 
including archival tags} 

6: Fixing the natural mortality rate at the value corresponding to Jensen ·s (1996) Equation 7 

YC36: At this point, M, estimated based on Jensen's method, is perhaps the most reasonable choice. 
[Summary: retain use of Jensen 's equation to estimate M] 

YC37: However, I believe age at maturity used to estimate M should be corrected if any ageing errors 
were defined either inside or outside the model. [Summary: use unbiased age at maturity when applying 
Jensen's equation] 

YC38: In the future, if a Bayesian approach is used in the assessment, I recommend that informative 
priors be derived for M using M values estimated with different methods. [Summary: if approach is 
Bayesian, derive M prior from alternative estimators] 

CD23: Internal estimation of M was attempted in analysis CIE8. The model fit was considerably worse 
indicating that there is not sufficient information within the current structure to develop alternative values. 
The comments in this section apply to both the GOA and BSAI cod assessments. [Summary: estimate M 
externally) 

A-10 



CD24: Natural mortality estimates have been estimated in previous assessments and were found to be 
close to those used currently. Therefore the current fixed values are considered appropriate. [Summary: 
retain current estimates of M] 

CD25: It is likely that natural mortality varies (decreases) with age/size as has been estimated using 
multispecies models for the North Sea by ICES working groups~ however until such studies are available 
for the Pacific cod the single value is considered appropriate to the current state of knowledge for the 
stocks and the infonnation contributing to their assessments. / Sum111t.11J: once data are su.f/ide11I, use A1-
at-agefrom multispecies models] 

CD26: As more information/studies becomes available, the externally estimated value can be updated; but 
this should follow a full review of the model fits and consequences for management in a benchmark 
meeting and not within the annual assessment process that is conducted each year. [Summary: change M 
value only during off-cycle "benchmark" meetings] 

JD20: The continued use of the Jensen-based natural mortality estimates is sensible, unless other reliable 
studies ( aimed at estimating natural mortality for Pacific cod) come to light. [Summary: retain current 
estimates of M unless studies indicate otherwise] 

7: Input sample sizes for size composition and age composition data, and input log-scale standard 
deviations for survey abundance data 

YC39: The variation calculated from the BS survey may not be conect because the current calculation of 
standard error implicitly assumes that the survey follows a stratified random design, while the actual 
survey follows systematic survey design. The standard deviation for the BS survey should be re
calculated using the method consistent with the survey design. [Summary: ac.fiusr survey mriances to 
account for non-random design J 

CD27: Early in the review it was highlighted by one of the panel members that the survey variance 
calculations for the abundance indices were based on the fommlation for random stratified surveys. 
[Summary: adjust sw,•ey mriances to accountfor non-random design] 

CD28: The rescaling to an average of 300 balances the weighting given to the information from the age 
and the gear and season size composition sources. This makes the assumption that data collected for ages 
and size compositions are of equal quality/value in the fitted model. Data collected within a data source, 
for instance size distributions from a fleet and season, maintain their relative weight within that 
information set; this is appropriate. [Summary: retain current method for computing input N for 
multinomial] 

CD29: If iterative fitting of the model using reweighting according to effective sample size is used, it is 
possible that multi modal length distributions resulting from incoming recruitment year classes at the 
smaller sizes could be downweighted at the expense of simpler size composition distributions. Similarly 
fleets that have a very restricted selection range and simple distribution pattern such as the pot fishery 
would be given a very high weighting at the expense of those with a broader range that encompasses a 
number of modes from different year classes. This option was explored between assessments CIEi land 
CIE12-the fit of the model to the simpler age structure of the combined commercial fleets in each 
season dominated the model fit and the survey size distributions with more modes were considerably 
down-weighted within the final model. [Summary: do not iteratively reweigh! input N for multinomial] 

JD21: The process for deriving estimates of input sample size external to the model appears to be sensible 
and should continue. [Summary: retain current method for computing input N for multinomial] 
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JD22: In order to investigate the influence of fishery size composition data on model outputs, an 
additional run was carried out for which the size composition data received very low weight in the model 
fit. ... The fishery size composition data could not be entirely discounted (i.e. allocated zero weight) 
because the data were still needed to estimate the fishery selectivity parameters. Compared with base run 
CIEO, there are differences in the model output (e.g. larger Linf and large stock size at the start of the 
time-series for CIE6), indicating that the fishery size composition data are having an impact, but general 
stock trends are similar. Importantly, however, inclusion of the fishery size composition data leads to 
more precise estimates of stock size (compare for example "ts7 Spawning biomass (mt) with 95 
asymptotic intervals intervals.png" for the two models), which is important for the provision of 
management advice. [Summary: do not downweight fishery sizecomp data} 

JD23: Consideration should be given to a reviewer's alternative suggestion to use number of stations/trips 
rather than number of samples. [Summary: consider setting input N for multinomial equal to number of 
trips] 

JD24: The estimation of input standard deviations for the survey abundance data relies on the assumption 
of randomness, but the EBS survey has a stratified systematic design, implying these standard deviation 
estimates are not appropriate, and their estimation should be re-visited. [Summary: adjust surwy 
variances to accountfor non-random design} 

8: Allowing for annual variability in trawl survey selectivity 

YC40: I recommend that a general linear model (OLM) and/or general additive model (GAM) be 
developed to include variables that are considered to be important in influencing survey catchability ( e.g., 
temperature, bottom type, location, depth etc.) for developing a standardized survey abundance index. ~ 
Such indices can remove annual variations in catchability, thus improving the quality of the input data 
and reducing the complexity of stock assessment model configuration .... Although SS3 has a built-in 
capacity to accommodate potential temporal trends in selectivity/catchability/availability, I suggest 
standardizing survey abundance index outside the S83 to remove the temporal trend in 
selectivity/catchability/availability. The temporal trend in selectivity/catchability/availability identified in 
the standardization can also be compared with the temporal trend derived in the SS3 to identify possible 
differences. [Summary: standardize survey abundance to remove environmental trends] 

CD30: The surveys design is standardised as far as possible in tenns of the trawl gear used, the time and 
method of deployment, the vessels used to conduct the survey and the sampling procedures. There may be 
vai;ation in the availability of cod to the survey as a result of environmental change. Studies have 
established that the spatial distribution of catch rates is related to the distribution of bottom water 
temperature in the year of the survey. The stratified design should cope with this change but it would 
provide an interesting PhD to analyse the potential effects of the changes. [Summw:v: ana(vze e_ffects of 
environmental changes 011 sw,,~v selectivi(v} 

CD3 l: Given the standardization of the survey it is surprising that the models are allowing for changes to 
survey selectivity, at the youngest sizes/ages, which the survey design is attempting to minimize. It may 
be that the models are fitting to noise. [Summary: force survey selectivity to be constant over time in the 
model] 

JD25: Survey catchability is strongly influenced by water temperature, and any attempts to incorporate 
this knowledge and data into assessment to help quantify year-to-year changes in catchability (rather than 
modelling annual variability in survey selectivity) should be explored. [Summary: tie changes in survey 
selectivity to temperature, not time] 
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9: Setting the input standard deviation of log-scale recruitment ( O',J equal to the standard deviation of the 
estimated log-scale recruitment deviations 

YC41: Fixing the oR value in the input data from Myers' database or the standard deviation oflog 
recruitment derived in previous assessments may not be appropriate. In a given assessment year, I believe 
adjusting the input standard deviation of log-scale recruitment (oR) equal to the standard deviation of the 
estimated log-scale recruitment deviations reflects the current recruitment dynamics and is reasonable. 
[Summary: estimate uR iteratively] 

CD32: I have little experience of this and other reviewers will comment; however, as with the iterative 
reweighting using effective sample size, ... re-weighting of this form can lead to domination of 
assessments by particular constraints or model components and if used without caution often leads to 
misleading model fits. [Summary: do not estimate uR iteratively] 

JD26: Consideration should be given to fixing crR externally to some sensible value (e.g. 0.6) rather than 
using a time-consuming iterative procedure, which may be difficult to justify on statistical grounds. 
[Summary: consider fixing uR at an assumed value] 

10: Use of survey abundance data and non-use of fishery CPUE data in mode/fitting 

YC42: A habitat suitability modeling approach (e.g., Chang et al. 2010) can be used to identify suitable 
habitats for the Pacific cod, based on substrate map and ocean observatory data (or model data), to outline 
potential habitat maps in the BSAI and GOA and evaluate whether survey sampling stations cover the all 
effective habitat for cod in different age groups. Such an approach can also be used to project possible 
changes in cod spatial distribution if key habitat variables (e.g., temperature) change. [Summary: use 
habitat suitability to evaluate distribution vis-a-vis survey] 

YC43: Fishery CPUE data are not a reliable abundance index for the Pacific cod stock. [Summary: do not 
try to fit fishery CPUE data] 

YC44: I suggest developing standardized fishery CPUE data (Stephens and McCall 2004) outside the SS3 
to remove factors that may result in temporal variability in fishery catchability (Punt and Walker 2000; 
Maunder and Punt 2004). The standardized fishery CPUE for each gear can then be compared to that of 
each other gear and with the standardized survey abundance index outside the SS3 model to evaluate 
differences in their temporal trends and develop hypotheses to explain possible differences. Such an 
analysis outside the stock assessment model can cross check the data that play critical roles in quantifying 
temporal trends of stock biomass and identify factors that may influence survey catchability and fishery 
CPUE. Attentions should be paid to those factors identified as important in influencing survey 
catchability so that caution can be taken in future surveys to minimize impacts of these factors on survey 
catchability. [Summary: standardizefishery CPUE data] 

YC45: Current fishery CPUE data are not used in model fitting. However, these data are still included in 
the model, which may create confusion. I recommend that the fishery CPUE data that are not used in 
model fitting be removed from the model. [Summary: remove fishery CPUE datafrom the model] 

YC46: If any analysis needs to be done between predicted stock biomass and CPUE of a fishery, they can 
be done outside the model to avoid confusion. [Summary: compare survey and.fishery CPUE externally] 

CD33: The trawl survey for the BSAI cod stock is separated into two periods from 1981 and earlier (three 
years), and 1982 onwards as a result of a gear change; the data from 1979 - 1981 do not include age 
structure information. The early period data would not be expected to influence current stock size 
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estimates to any significant degree, the fit of the size composition curves is relatively poor for the survey, 
and therefore there would seem to be little point in retaining it within the model fit. [Summary: remove 
pre-1982 survey data from the EBS model] 

CD34,35: The exclusion of fishery CPUE data from model fits is common practice. Unless standardized 
the datasets can be: 

1. representative of localized concentrations of the stock at particular times of year, 
2. affected by gear improvements changing catchability, and 
3. altered by management actions, market and fuel prices. 

The current assessment fits the commercial CPUE data without using it in the objective function. This 
provides illustrative trends for comparison with the model results and is considered appropriate. The 
problem that will be encountered is explaining why the trends may differ if affected by the factors listed. 
[Summaries: retainfishery CPUE data in the model; do not try to fit fishery CPUE data] 

JD27: If there is no compelling reason to remove the pre-1982 data for EBS cod, then they should be 
retained. [Summary: retain use of pre-1982 survey data in the EBS model] 

JD28,29: Survey data are key to the Pacific cod assessment and should continue to form the basis of the 
assessments. Continued inclusion of the fishery CPUE data in assessment models (although they are not 
fitted) is useful for comparative purposes, and allows an independent check on model outputs. 
[Summaries: retainfishery CPUE data in the model; do not try to fit fishery CPUE data] 

III. Recommendations on topics other than those contained in the Terms of Reference 

A. General modeling approach 

YC47: In-depth analysis should be conducted to identify possible sources of uncertainty for a given set of 
data and relevant analysis should be done to reduce the uncertainty and improve data quality BEFORE the 
data are used in the stock assessment model. [Summary: identify/reduce uncertainty, improve quality of 
all data before use] 

YC48: Given the flexibility and many choices that SS3 provides for functions quantifying life history and 
fishery processes, one needs to use background information of the collection of fishery and survey data, 
fish life history theory, and local ecosystem to develop hypotheses to explain choices and resultant 
estimates. If a result cannot be justified in a reasonable way, the assessment should be evaluated. 
[Summary: justify choices/estimates involving life history, fishery processes] 

YC49: The recruitment is currently measured as the number of age 0 fish in the Pacific cod stock 
assessment. I understand the number of age 0 fish is simply a reflection (discounted for natural mortality) 
of the number offish in older ages (say 3) because there is no fishing mortality. However, given that age 
0 implies larval stage and that there are no observations in survey and fishery, the biological meaning of 
the so-called recruitment is inappropriate and not well-defined. As it is defined, the current recruitment is 
neither representative of fishery recruitment nor the number of fish larvae. Rather, it is an index of the 
recruitment. Although this may not be an issue to fisheries stock assessment scientists, such a measure of 
recruitment may be misused by others who are not familiar with the stock assessment. I believe it is more 
appropriate to measure the fishery recruitment as the number of fish at an age group at which fish are 
subject to fishing mortality (e.g., number offish at age 3). [Summary: report "recruitment" as the 
number of fish at age 3 J 

YCS0: A Bayesian approach has not been fully incorporated in the BASI and GOA Pacific cod stock 
assessment. Thus, uncertainty in the assessment has not been fully incorporated in the assessment and 
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stock projection under different harvest strategies. I would encourage future assessment to fully utilize 
this function in the SS3. [Summary: use a fully Bayesian approach] 

CD36,37: The need for such a time consuming process (jittering) results from the model structure pushing 
the number of estimated parameters to the edge of what is estimable; the models are or are close to being 
over-parameterised. The problem affects the review, the development time that the assessor can spend on 
testing and evaluating the model and the quality control and sensitivity analysis that can be applied. There 
is a trade-off between the number of parameters fitted and the practicality of the fitting in terms of the 
time available for development, review and reporting to management. The stock assessments and the 
assessor would benefit from reducing the parameterization, accepting that there will be uncertainty in 
model estimates and developing management procedures that evaluate and allow for that uncertainty. The 
management plan evaluations described by Teresa A 'mar could form the basis for such a change but they 
will be extremely difficult for such a complex, slow, model. [Summaries: reduce the number of 
parameters in the models; !!fewer purameters used, adjust.fur added 1111certain~v i·ia l1,,[SEJ 

JD30,3 l: The need for a time-consuming process of "jittering" for each new model run to avoid local 
minima and general problems of lack of convergence point to the data and model configuration being 
pushed close to the limit in terms of being estimable. This problem affected the effectiveness of the 
review, because on the whole, jittering was not possible during the meeting due to time constraints, and 
panel members could not be confident (to the extentjittering gives such confidence) that results presented 
during the meeting reflected the best fit for a given model configuration. More seriously, however, it 
raises the possibility that the current models for EBS and GOA cod are too close to being over
parameterised. There are procedures for investigating parameter redundancy (see e.g. Gimenez et al. 
2004 ), and perhaps some of these should be employed for these models, if practicable. The model 
configuration for CIE 11 is one attempt towards simplification that may have some merit, and further 
attempts along these lines should be encouraged. [Summaries: investigate parameter redundancy,· reduce 
the number of parameters in the models] 

B. Possible future improvements to SS and R4SS 

YCS 1: Outliers are likely to exist in input data used in the assessment. given that the data are derived 
from different sources and are subject to different levels of errors. They may bias parameter estimation in 
stock assessment. Robust likelihood functions can reduce impacts of outliers in size composition and 
survey abundance index (Chen et al. 2003). [Summa,:v: include "robust" likelihood.fimctions in SS] 

CD38: It is assumed that once a new SS program has been received it is tested by the assessment authors 
to the extent that it can reproduce the previous assessments results with the same data. In addition if not 
already available a test data set with known parameter estimates and uncertainty that would be used to 
benchmark new versions should be considered. [Summary: develop test data set to "benchmark" nelv 
versions of SSJ 

JD32: During the meeting, a couple of potential coding problems in SS were identified. The first has 
already been mentioned under TOR 2b above. The second relates to the lack of fit to the 2010 trawl 
survey size composition data at the smallest sizes .... Given that these are mostly age 1, and given that the 
recruitment deviation has nothing else to fit to, this lack of fit is surprising and may be indicative of a 
coding error. [Summary: see whether bad flt to 2010 survey at small sizes is a coding error] 

JD33: Particularly helpful during the meeting was to have the paiticipation of another experienced 
modeller (Teresa A 'mar) who also had expeiience with using a b11·aphics tool that could convert SS model 
output into graphical displays (R4SS) - this proved very useful and essential for the review process. 
Nevertheless, the graphics tool had some features that could be improved (e.g. it was not always clear 
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what some graphs referred to, and there were some problems with duplicated or failed outputs). 
[S111nmmJ 1: clarijj: graphs, reduce redundancy. improve robustness in R.:/.S.SJ 

JD34: The fit to the GOA 1990 May-Aug Trawl survey size composition data produces enonnous 
residuals at the smaller sizes in "comp _lenfit_residsflt2sex l mkt0.png'', but these do not seem to show up 
in .. comp_lenfit_tlt2sex l mkt0.png·· - this may be easily explained, but needs looking into in case there is 
a problem. [Summary: see why sizecomp.fits, residuals do not ahl.'ays mulch in R4SSJ 

JD35: The. model outputs from SS are not user-friendly. and in particular parameter names are not 
intuitive or easy to identify (e.g. MGpann[4]?J, so one suggestion is that a similar tool be developed for 
non-graphical output so that model parameters and other useful diagnostics ( e.g. likelihood component 
values and RMSE "scores"') are easily identified and interpreted - this would be a huge help for 
reviewers, and assessment authors may also find it a timesaving device for the own purposes. [Summary: 
expand R4SS ro summarbt- non-graphical output] 

C. Future use of non-SS models 

YC52: I believe some competitive models at different complexities should be developed for comparison 
with the SS3. Dr. Teresa A'mar of AFSC is currently developing an operating model for management 
strategy evaluation (MSE). With some modifications, this model has the potential to be used as a stock 
assessment model. A comparative study of stock assessment, begot from different models, can help 
improve understanding offish population dynamics modeled by the SS3. [Summary: add non-SS-based 
models, with varying levels of complexity] 

CD39: The complexity of the SS program makes it difficult to compare the assessment results with runs 
using other assessment programs, however, this should be attempted particularly with simpler models, 
e.g. survey based. using alternative assessors to ease the burden on the current one. [Summary: add 
simpler. non-SS-based models, using other assessors] 

CD40: Given the data structures available for the assessment there are few if any alternative models for 
the final assessment. Given the high dependency on the one system, a custom built approach could be 
developed (as a research project?) to provide an alternative; alternatively a test data set that reproduces 
the characteristics of the cod stocks should be considered (as is being constructed by Teresa A"mar) as a 
priority so that evaluation of the current model formulations and changes to them can be examined against 
known solutions. [Summary: develop EBS and GOA Pcod test data sets to evaluate models] 

JD36: Another issue i~ the debate about whether stock assessment should be "custom-built", or whether 
"off the shelf' modelling frameworks should be used. There are pros and cons on both sides of the 
argument. ... There are a few examples of compromises for the Pacific cod models to enable the SS 
framework to continue to be used (e.g. lack of bi-modal selection for GOA leading to a split in the survey 
data, and lack of constrained random walk over time leading to selectivity by time blocks), but given that 
these models appear to have reached their limit in terms of complexity within SS (a cause of the jitter 
problem?), perhaps now is the time to revisit this debate? [Summary: consider replacing SS-based models 
entirely] 

D. Annual assessment and review processes 

YC53: I recommend that retrospective analysis be conducted for all models considered in the stock 
assessment to evaluate nature (positive or negative) and magnitude of retrospective errors .... 
Retrospective errors should be carefully evaluated for the estimates of stock biomass, fishing mortality. 
and recruitment. [S11m11wry: conduct retrospectii·e ana(vses qf' all models} 
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YC54: Previous efforts were focused on accommodating many different requests for model 
configurations. I believe more effort should be spent on model diagnoses to identify if the model 
assumptions, implicit and explicit, have been violated. This involves evaluating residual patterns for 
distributional assumptions, CVs of each estimated parameters to identify if an estimated parameter is 
significant, and the variance-covariance matrix to identify possible correlations between different 
parameters (and then to see if such a correlation can be justified biologically). [Summary: increase 
attention to residual patterns and variances/covariances] 

YCSS: The model used in th~ previous ycar"s assessm~nt model should be included automalically in the 
next year's assessment as a background check for the model consistency. [Swnmw:t-·: ah-i·a_i~,· include 
pr11\:ious year ·s model in the ne\.F assessment} 

YC56: Future assessment should try to keep the stock assessment model relatively stable to avoid among
model variability over years. [Sumnwry1: keep the assessment model relatively stable over time] 

YC57: Many model configurations were used over the time. I recommend analyzing among model 
variations (for all the final models used different years) to improve understanding of the model 
performance and possible management implications of making changes to the models over time. 
[Summary: examine effects of model changes on performance, management] 

YC58: The Plan Team and SSC need to discuss and recommend a set of criteria that are well defined and 
measureable for choosing the stock assessment model. [Summ01:v: determine model selection criteria in 
advance] 

YC59: The Pacific cod may have a metapopulation structure in the BSAI. This stock spatial structure may 
call for separate area management for the BS and AI. A separate stock assessment for BS and AI seems to 
be a logical way to start this process. [Summary: develop separate stock assessments for BS and Al] 

CD4 l: There is a heavy reliance on a key stock assessor for the production and presentation of the 
assessment and output for the two stocks. This reliance on one person could present problems and can 
result in an excessive workload at key times, especially if the stocks decline towards the SSB threshold at 
which severe restrictions are imposed. If, as has been suggested, the Bering Sea and Aleutian Islands 
assessment region is divided into two stocks, ... then the workload of the key assessor will become 
impractical. [Summw:v: if BS and Al assessments are separated, use dUJerent assessors] 

CD42: Part of the heavy workload results from the requirement for the assessor to run a series of 
exploratory models as suggested by members of the public. reviewers etc. prior to each annual meeting. 
This is considered excessive and can place undue pressure on the assessment team whilst also introducing 
a perception of uncertainty/instability with respect to the assessment process. [Summary: reduce uumber 
<?f e.,ploratory models] 

CD43: ICES has introduced a system of benchmarking of its assessments in which assessment models are 
reviewed at a scientific meeting which agrees the best model structure and data sources available at that 
time. The structure and data sources are then frozen. apart from the addition of new data each year. and 
the assessment run as an update for a fixed number of years - unless evidence is presented of the need for 
a new review. At the end of the agreed time frame the process is repeated, the biology of the stock, 
available data and potential models are investigated. information sources agreed and the cycle restarted .... 
Such a cycle would aJlow the stock assessors to concentrate on each stock in alternate years (for instance) 
so that development can be evaluated in a more relaxed time frame compared the current system which is 
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trying to deliver the best science for two (potentially three) stocks simultaneously. [Sun11nw:1::freeze 
model stmcturefor a pre-determined numher cfyears] 

CD44,45: One way in which the workload could be reduced is to separate the information within the 
assessment report into two documents; currently the report has a split personality. It tries to present the 
technical aspects of the collection of the new data available each year from the surveys and observer 
program, the diagnostics from the model fit to the updated data and also provide a non-technical summary 
of the output for managers and the SAFE report. The rep011 does not provide the full set of details 
required for a full and detailed review of the model. This is especially the case when a variety of runs 
have been evaluated following suggestions from the members of the public and management team. It 
cannot summarize the build up to the final assessment, sensitivity analysis and consequences for 
management without being too large to produce each year. An approach that has been used elsewhere is 
the production of an annual technical report that can be used by reviewers and a summary report for 
managers that can be updated with new information each year if it is available and relevant. A lot or what 
is required for the technical report can be automated. [Summaries: split assessment report into 
.. tech11ica/" und ··.mmnuu:1:·· reports: add more detail ro the technical ussessment report} 

CD46,47: As part of the review process it was very difficult to determine the degree of variation that has 
occurred in the estimated stock and management metrics between the consecutive assessments. ICES and 
others produce two forms of quality control diagrams, as part of their annual reporting, that give insight 
into the variation from year to year in the perception of stock status: 

1. Retrospective analysis - the final agreed model structure fitted, stepping backwards in time, 
removing a year of data each time 

2. Quality control diagrams - showing the results of the final agreed assessment from each year 
lt is suggested that as part of the reporting process such diagrams and their equivalent on a relative scale 
( e.g. SSB / SSB25% as that is the scale used for management) be considered. [Summaries: conduct 
retrospective ana(vsis offina/ model: mid time series ofa/1 historical assessment results to SAFE] 

JD37: A related point is that the annual process of coming up with the best assessment seems to have 
become extremely time-consuming~ and raises the question about whether things really are changing that 
much from year to year (reflected by year-to-year changes in model structure), or whether one is just 
essentially modelling noise .... An alternative approach would be to settle on a particular model structure 
for a longer period (say 3-5 years), because real change would probably only be detected on such a time
scale anyway. Of course. detailed work on the next model can continue in the interim petiod, making use 
of the latest scientific research. but also keeping an eye on the current model to make sure that 
assumptions are not violated to the extent that the model leads to poor management decisions. [Summary: 
free=e model structure.for a pre-determined number of vears] 

E. Harvest strategy evaluation 

YC60: Although the SS3 has projection capacity. it has no built-in component for MSE. I believe ongoing 
research efforts to develop an MSE framework for the Pacific cod can provide an important analytical 
tool to evaluate alternative management strategies and their associated risks. [Summa,:,,•: collfinue existing 
MSEwork] 

YC6 l: Recent assessments incorporate the model projection. I recommend that the performance of the 
projection done in the past assessment be evaluated, retrospectively, to evaluate their performance in 
achieving the management objectives. [Summary: evaluate performance of last year's projection vis-a-vis 
objectives] 
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CD48: The harvest strategies for the two cod stocks cod (and for other fish stocks in the region) are 
constructed from sound theoretical reference levels for fisheries systems assumed to be in equilibrium. 
However, even though the mortality rate has remained well below the target level, following a series of 
low recruitments to the stock, there was been a decline in SSB to just above B35% for both cod stocks .... 
This suggests that although a HCR based on the theoretical equilibrium population structure might be 
expected to perform well, in reality if fishing at the MaxFABC had been permitted the current 
management plan structure could lead to closure of the fishery with greater frequency than would be 
expected. The response of the stock at lower levels of exploitation than defined by the HCR, suggests that 
the HCR may not robust to auto-correlation .... It is suggested that, if they have not already been 
conducted in the design of the cuITent HCR. evaluations of the HCR of the form described by Teresa 
A ·mar in are conducted. Recruitment autocorrelation should be part of the operating model in order to 
evaluate the performance of the current HCR with recruitment series that approximate the observed series 
rather than based on random re-sampling from a fitted equili~rium curve. [Summa,:v: i11c01porate 
rec111itment autocorrelation into existing MSE work] 

CD49: The presentation by Teresa A 'mar discussed ongoing work to evaluate the management plan used 
for the cod stocks. This should be fully supported. This recommendation is based on a series of 
observations from the review process: 

1. The first concerns the decrease in stock biomass when the exploitation rate has been low 
throughout the recent time period in comparison to the potential target levels that could be 
achieved under the management plan . 

.., The second observation is that the cod review raised a number of questions that may not have 
well defined estimates (e.g. nan1ral mortality levels) but the sensitivity of the model estimates and 
the outcome of the harvest control rule to their effects could be evaluated and included within 
modified plans. Some suggestions for the study would be: 

a) The sensitivity of the stock and fishery outcomes to autocon-elation in recruitment rather 
than based on random re-sampling from a fitted equilibrium curve. 

b) The assumptions concerning natural mortality. 
c) The form of the stock and recruit relationship. 
d) The lack ofagreement in ageing cod and the impact of bias. 
e) The frequency of the trawl survey series in the GOA. 

Whilst the study would not a definitive answer to all issues, especially as modeling the cap on total catch 
in the Bering Sea would is problematic, it would highlight key areas of model and HCR sensitivity that 
could be addressed by modifications to the ru~e. [Sumnwry: continue existing MSE work] 
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Table A 1. Recommendations (p. 1 of 3 ). "Sec. "=section, "Sub. "=subsection, "Rec. "=recommendation, 
"Tot." = total recommendation number, "Uni." = unique recommendation no. ( duplicates excluded) 

Sec. Sub. Rec. Tot. Uni. Summ!!!1 of recommendation 
II la YCI 1 1 continue existing research on age detennination/validation 
II la YC2 2 2 estimate ageing error externally 
II la YC3 3 3 retain use of age composition data 
II la YC4 4 4 explain missing 2-year-olcls in GOA survey 
II la YC5 5 expand existing research on age determination/validation 
II la YC6 6 6 downweight age and length data if both are used 
II la CDI 7 7 retain current otolith and length sampling procedures 
II la CO2 8 8 retain use of ageing error matrix 
II la CD3 9 3 retain use of age composition data 
II la CD4 9 if ageing criteria change, include fishery age composition data 
II la JDI 11 3 retain use of age composition data 
II la JD2 12 8 retain use of ageing error matrix 
II la JD3 13 1 continue existing research on age determination/validation 
II la JD4 14 10 include fishe a e com osition data 
II lb YC7 11 i engt -at-age variance estimate externally, omit size-at-age data 
II lb CDS 16 12 if cohort-specific growth not used, omit size-at-age data 
II lb CD6 17 13 downweight age and size-at-age data if both are used 
II lb JDS 18 14 investisate aJ.?Ero2riate weis!,!tins of non-indeJ.?endent data 
II le YC8 19 15 estimate ageing bias externally 
II le CD7 16 consider variable/flexible growth as an alternative to ageing bias 
II le CDS 21 17 constrain ageing bias to increase with age 
II le CD9 22 18 revise SS to allow for asymmetric ageing bias 
II le JD6 23 19 exl?lore internal estimation of aseinG bias ~ 
II Id YC9 24 20 estimate length-at-age valiance by otolith back-calculation 
II Id CDIO 21 estimate length-at-age variance externally 
II ld COil 26 22 retain current procedure for estimation of length-at-age variance 
II Id CD12 27 23 investigate apparent curvilinearity oflength-at-age variance 
II Id JD7 28 22 retain current rocedure for estimation of len -at-a e variance 
II 2a YCIO 29 24 retain current part1t1onmg of catch ata by year, season, gear 
II 2a YCll 25 evaluate variability of catch data quality by year, season, gear 
II 2a YC12 31 26 include catch from all sources 
II 2a YC13 32 27 change requirements for observer coverage 
II 2a YC14 33 28 compare and cross-validate catch data from different sources 
II 2a YC15 34 29 evaluate current catch sampling/repo11ing system via simulation 
II 2a YC16 30 estimate catch unce11ainty 
II 2a YC17 36 31 once catch uncertainty has been estimated, evaluate its impacts 
II 2a CD13 37 32 retain current seasonal structure for catch and selectivity 
II 2a CD14 38 33 do not aggregate catch across gears if selectivity is held constant 
II 2a JDS 39 30 estimate catch uncertaint~ 
II 2b YC18 34 retain current partitioning of sizecomp data by season and gear 
II 2b YC19 41 35 quantify uncertainty associated with fishery sizecomp data 
II 2b YC20 42 36 evaluate variability in quality of sizecomp data by year, season, gear 
II 2b YC21 43 37 justify blocks based on analysis of factors that may affect selectivity 
II 2b YC22 44 38 omit fleets that have minimal impacts on the assessment 
II 2b YC23 39 explore dynamic binning 
II 2b YC24 46 40 evaluate precision of length measurements 
II 2b YC25 47 41 evaluate effects of recent SSL area closures on sizecomp data 
II 2b YC26 48 42 evaluate effects of survey sampling design on sizecomp precision 
II 2b CD15 49 43 investigate treatment of sample size in SS when merging bins 
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Table Al. Recommendations (p. 2 of 3). "Sec."=section, "Sub."=subsection, "Rec."=recommendation, 
"Tot. 11 = total recommendation number, "Uni."= unique recommendation no. (duplicates excluded) 

Sec. Sub. Rec. Tot. Uni. Summ~ of recommendation 
II 
II 

2b 
2b 

JD9 
JDl0 

50 
51 

43 
44 

investigate treatment of sample size in SS when merging bins 
ex~lore coarser bin structure for lar~e sizes 

II 2c CD16 52 45 do not use the existing small sample of fishery agecomp data 
II 2c CD17 53 46 include a bimodal, parametric selectivity curve in SS 
II 2c JDll 54 47 retain partitioning of GOA survey data into sub-27 and 27+ ranges 
II 2c JD12 55 48 explore possible over-parameterization of GOA sub-27 catchability 
II 2c JD13 56 46 include a bimodal, earametric selectivit~ curve in SS 
II 3 YC27 57 49 retain use of von Bertalanffy growth 
II 3 YC28 58 50 estimate ao externally 
II 3 YC29 59 51 estimate growth internally only if parameter correlations justified 
II 3 YC30 60 52 consider estimating all growth parameters externally 
II 3 CD18 61 53 include more flexible growth functions in SS 
II 3 JD14 62 53 include more flexible rowth functions in SS 
II 4 YC31 63 54 evelop hypotheses to explain erived selectivity curves 
II 4 YC32 64 55 consider the possible effect of partial availability to the fishery 
II 4 YC33 65 56 retain current partitioning of selectivity by season 
II 4 YC34 66 57 evaluate selectivity trend using random walk, one fleet at a time 
II 4 CD19 67 58 if possible, link selectivity to tagging studies or other assessments 
II 4 CD20 68 59 use random walk selectivity, hold constant where change is small 
II 4 JD15 69 60 force just one selectivity to be asymptotic, justify this assumption 
II 4 JD16 70 61 explore bimodal selectivity for GOA survey 
II 4 JD17 71 62 use random walk selectivi~ or justi!x current blocks statisticall~ 
II 5 YC35 72 63 conduct more studies on survey catchability. including archival tags 
II 5 CD21 73 64 increase the area of release in tagging studies 
II 5 CD22 74 65 add conventional tagging studies to future archival tag studies 
II 5 JD18 75 66 retain catchability estimates corresponding to Nichol et al. (2007) 
II 5 JD19 76 63 conduct more studies on surve~ catchabilit>;:, including archival ta~s 
II 6 YC36 77 67 retain use of Jensen's equation to estimate M 
II 6 YC37 78 68 use unbiased age at maturity when applying Jensen's equation 
II 6 YC38 79 69 if approach is Bayesian, derive M prior from alternative estimators 
II 6 CD23 80 70 estimate M externally 
II 6 CD24 81 71 retain current estimates ofM 
II 6 CD25 82 72 once data are sufficient, use M-at-age from multispecies models 
II 6 CD26 83 73 change M value only during off-cycle "benchmark" meetings 
II 6 JD20 84 74 retain current estimates ofM unless studies indicate otherwise 
II 7 YC39 85 75 adjust survey variances to account for non-random design 
II 7 CD27 86 15 adjust survey variances to account for non-random design 
II 7 CD28 87 76 retain current method for computing input N for multinomial 
II 7 CD29 88 77 do not iteratively reweight input N for multinomial 
II 7 JD21 89 76 retain current method for computing input N for multinomial 
II 7 JD22 90 78 do not downweight fishery sizecomp data 
II 7 JD23 91 79 consider setting input N for multinomial equal to number of trips 
II 7 JD24 92 75 ad· ust surve variances to account for non-random desi 111 

II 8 YC40 93 80 standardize survey abun ance to remove environmental trends 
II 8 CD30 94 81 analyze effects of environmental changes on survey selectivity 
II 8 CD31 95 82 force survey selectivity to be constant over time in the model 
II 8 JD25 96 83 tie chan8es in survex selectivi~ to temEerature, not time 
II 9 YC41 97 84 estimate oR iteratively 
II 9 CD32 98 85 do not estimate oR iteratively 
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Table Al. Recommendations (p. 3 of3). "Sec."=section, "Sub."=subsection, "Rec."=recommendation, 
"Tot."= total recommendation number, "Uni."= unique recommendation no. (duplicates excluded) 

Sec. Sub. Rec. Tot. Uni. Summary of recommendation 
II 9 JD26 99 86 consider fixing aR at an assumed value 
II 10 YC42 100 87 use habitat suitability to evaluate distribution vis-a-vis survey 
II 10 YC43 101 88 do not try to fit fishery CPUE data 
II 10 YC44 102 89 standardize fishery CPUE data 
II 10 YC45 103 90 remove fishery CPUE data from the model 
II 10 YC46 104 91 compare survey and fishery CPUE externally 
II 10 CD33 105 92 remove pre-1982 survey data from the EBS model 
II 10 CD34 106 93 retain fishery CPUE data in the model 
II 10 CD35 107 88 do not try to fit fishery CPUE data 
II IO JD27 108 94 retain use ofpre-1982 survey data in the EBS model 
II 10 JD28 109 93 retain fishery CPUE data in the model 
II 10 JD29 110 88 do not try to fit fishery CPUE data 
III A YC47 111 95 identify/reduce uncertainty, improve quality of all data before use 
III A YC48 ll2 96 justify choices/estimates involving life history, fishery processes 
III A YC49 113 97 report "recruitment" as the number of fish at age 3 
III A YC50 114 98 use a fully Bayesian approach 
III A CD36 115 99 reduce the number of parameters in the models 
III A CD37 116 100 if fewer parameters used, adjust for added uncertainty via MSE 
III A JD30 117 101 investigate parameter redundancy 
III A JD31 118 99 reduce the number of parameters in the models 
III B YC51 119 102 include "robust" likelihood functions in SS 
III B CD38 120 103 develop test data set to "benchmark" new versions of SS 
III B JD32 121 104 see whether bad fit to 2010 survey at small sizes is a coding error 
III B JD33 122 105 clarify graphs, reduce redundancy, improve robustness in R4SS 
III B JD34 123 106 see why sizecomp fits, residuals do not always match in R4SS 
III 
III 

B 
C 

JD35 
YC52 

124 
125 

107 ex3and R4SS to summarize non-gra~hical output 
108 ad non-SS-based models, with varymg levels of complexity 

III C CD39 126 109 add simpler, non-SS-based models, using other assessors 
III C CD40 127 110 develop EBS and GOA Pcod test data sets to evaluate models 
III C JD36 128 111 consider replacing SS-based models entirely 
III 
III 
III 
Ill 
Ill 
III 
III 
III 
III 
III 
III 
III 
III 
III 
III 

D YC53 129 
D YC54 130 
D YC55 131 
D YC56 132 
D YC57 133 
D YC58 134 
D YC59 135 
D CD41 136 
D CD42 137 
D CD43 138 
D CD44 139 
D CD45 140 
D CD46 141 
D CD47 142 
D JD37 143 

112 conduct retrospective analyses of all models 
113 increase attention to residual patterns and variances/covariances 
114 always include previous year's model in the new assessment 
115 keep the assessment model relatively stable over time 
116 examine effects of model changes on performance, management 
117 determine model selection criteria in advance 
118 develop separate stock assessments for BS and Al 
119 if BS and Al assessments are separated, use different assessors 
120 reduce number of exploratory models 
121 freeze model structure for a pre-determined number of years 
122 split assessment report into "technical" and "summary" reports 
123 add more detail to the technical assessment report 
124 conduct retrospective analysis of final model 
125 add time series of all historical assessment results to SAFE 
121 freeze model structure for a pre-determined number of years 

III E YC60 144 126 continue existing MSE work 
III E YC61 145 127 evaluate performance of last year's projection vis-a-vis objectives 
III E CD48 146 128 incorporate recruitment autocorrelation into existing MSE work 
III E CD49 147 126 continue existing MSE work 
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Excerpt from the minutes of the BSAI Plan Team (Nov. 2010; no recommendations) 

The joint Teams accepted the author's preferred Model B (see Joint Team Minutes). Therefore the 
remaining issue for the BSAI Team was the OFL and ABC recommendations and ABC area 
apportionments. 

Mike Sigler accepted the model, but suggested that the values of natural mortality and trawl survey 
catchability were uncertain; he noted that the stock size estimates included a lot of small fish from 
incoming year classes. Bill Clark observed that the uncertainty of M and q were not very different from 
other assessments and had been fully discussed in September. Grant Thompson said that small fish were 
only a small part of the author's recommended ABC for 2011. The Team approved the author's 
recommended OFL and ABC, set according to the standard control rule for a Tier 3b stock. Still, because 
of the influence of the incoming 2006 and 2008 year classes on projected biomass, the Team notes that 
the 2012 estimate may be lower next year than projected this year. 

Kerim Aydin observed that in the absence of an area apportionment between the Bering Sea and Aleutian 
Islands, the exploitation rate of cod in the Aleutian Islands continued to be about twice that in the Bering 
Sea (based on simple ratios of catch and survey abundance), and biomass continued to decline in the 
Aleutian Islands. A member of the public commented that for various reasons (including Steller sea lion 
mitigation measures) cod catches in the Aleutians were unlikely to increase and were very likely to 
decline in 2011. The Team is nonetheless still concerned about the disproportionate exploitation of cod in 
the Aleutian Islands and recommends the earliest possible implementation of separate area ABCs. 

Applying the Kalman filter approach to the updated (through 2010) time series indicates that the best 
estimate of the current biomass distribution is 91 % EBS and 9% AI, replacing the previous proportions of 
84% and 16% respectively. 
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The author informed the Team of his plans to develop a separate AI Pacific cod assessment in the near 
future. 

Excerpt from the minutes of the GOA Plan Team (Nov. 2010; recommendation highlighted) 

The Plan Team accepts model B, and the associated ABC and OFL levels with the caveats and concerns 
about the discrepancy between the pattern of last years numbers at age and those estimated in this 
assessment. The Team appreciated the authors' effort in reducing the number of models for presentation. 

The Team questioned why the pattern in numbers at age is so different this year compared to last year's 
assessment given that very little data has been added. In particular, the 2009 survey showed lots of one
year olds but they do not appear to be reflected in the model estimates. This appears to result in a 
declining trend in the projection model compared to a rapidly increasing trend from last year's version. It 
was noted that the numbers at age used in last years projection model will be different than the numbers at 
age for this year's model. The difference may be in the demographic parameters as specified (there were 
some difficulties converting stock synthesis output to age-specific schedules required for the projection 
model) but should be explained. 

For all models, the recruitment deviation in 2008 appears to go to zero (as reflected in Figure 2.2b) and 
that appears contrary to the 2009 survey data. The senior author noted that the selected model had survey 
catchability deviations set to zero in 2009 (along with the recruitment deviation). Also, size at age 1 is 
really different last couple of years. 

The Team noted that it would be useful to have a presentation of the estimates relative to the data, 
particularly for the most recent survey (and sub-27 cm abundance index). The ABCs in historical 
perspective indicate that even with a 2012 ABC of78,200 it would be third highest catch in history 
(noting that the TAC drops below the ABC due to the state fishery). 

Excerpt from the minutes of the Joint Plan Teams (Nov. 2010; non-recommendation highlighted) 

Grant Thompson presented the BSAI and GOA assessments, both of which used essentially the same 
three models. The models were chosen in the course of two rounds of trials and reviews by the Teams and 
the SSC (in May/June and September/October). Model A was the 2009 preferred model, whose main 
features were: 

(i) Natural mortality M = 0.34 fixed externally. 

(ii) Length-specific commercial selectivities, estimated in blocks of years, some forced to be asymptotic. 
Commercial age compositions fitted where available, length compositions where not. Commercial CPUE 
not fitted. 

(iii) Age-specific trawl survey selectivity with annually varying left limb. Trawl survey age composition 
and CPUE fitted. The product of catchability and selectivity of 60-80 cm fish required to be 0.47 based on 
a small set of data from archival tag recoveries. 

(iv) IPHC longline survey length compositions (not CPUE) fitted. 

(v) Cohort-specific growth parameters, with the standard deviation of length at age estimated externally. 

(vi) Aging bias of of +0.4 years at all ages estimated by profiling and accounted for. 
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.. 
(vii) Input standard deviations of a number of parameters estimated iteratively so as to match output 
standard deviations. 

Model B was the same as Model A with some incremental modifications, viz: 

(i) Smaller length bins (l cm instead of 3 and 5) to make full use of the length data. 

(ii) Five fishery seasons were modeled instead of 3. 

(iii) A single growth schedule was fitted. 

(iv) The few fishery length-at-age data were left out. 

(v) IPHC survey length data were left out. 

(vi) Parameter values estimated iteratively in the 2009 assessment were carried over to Model B. 

Model C was the same as Model B but all age composition and length-at-age data were left out because of 
concern about aging bias. 

Recent survey results affected all model fits. GOA survey abundance increased by 200% in 2009 and 
EBS survey abundance by 100% in 2010. 

Convergence was an issue for almost all models. In fitting the models, first a best estimate was located by 
perturbing ("jittering") the parameter vector at successive local minima. Reproducibility of the best 
estimate was then tested by jittering the best estimate and refitting many times. The best estimate was 
seldom relocated. The CV of the present biomass estimate in these trials was about 3% for Model A in the 
EBS and 10-20% for Models B and C in the EBS and all models in the GOA. 

All model fits to EBS survey abundance were good, and to GOA survey abundance similar. All models 
fitted the catch length compositions well. Models A and B fitted the age compositions well. 

Model A approximated the modes in EBS survey length frequencies reasonably well, but Model B less 
well. Model C matched the modes very closely but at ages that were high by a year because the fitted 
growth schedule was permitted to be negative at age one. Grant explained that this could happen because 
there were no age or size-at-age data whatsoever in the model, so the model could fit the data with length
at-age (and survey selectivity at age) shifted relative to Models A and B. This anomaly could easily be 
fixed. 

All models estimated produced similar estimates of EBS trawl survey selectivity. In the GOA the survey 
selectivity estimates from Models A and B were extremely variable, to the point of being hardly 
believable. The estimates for Model C were also quite variable but much less so. 

Historical abundance estimates for all models were similar in the EBS. In the GOA Models A and B were 
similar but Model C estimated very high levels of abundance in the 1970s, which Grant thought were 
impossible. 

Grant adopted a number of criteria for choosing a best model, according to which Model B was better 
than Model A (better bin and season structure, more parsimonious), and Model C was disqualified 
because of the anomalous length-at-age in the EBS and the impossible abundance estimates in the GOA. 
Both Teams agreed with Grant's choice of Model B and his rationale. 
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Grant previewed upcoming developments in the cod assessment: the option in Stock Synthesis of fitting a 
Richards growth schedule (with positive lengths at age one) instead of the von Bertalanffy, the possibility 
of estimating aging error internally, a CIE review in March/April, and possibly an Aleutian Islands 
assessment. In view of the impending CIE review, the Teams did not attempt at this meeting to formulate 
any requests for modeling work. But we do want the Teams and the SSC to review the CIE 
recommendations (and any public submissions) in the May/June period before Grant settles on a program 
of work for the September/October meetings. We would ask REFM to schedule the CIE review 
accordingly. 

Excerpt from the minutes of the SSC (Dec., 2010; recommendations highlighted) 

BSA/ and GOA Pacific cod 

The SSC commends the authors for their thorough and conscientious responses to public, Plan Team, and 
SSC recommendations. Kenny Down (Freezer Longliner Coalition) provided public testimony on BSAI 
Pacific cod. He supports the authors preferred model and model estimates and commented that the 
process was good and many improvements were made such as constant growth. Julie Bonney (Alaska 
Groundfish Databank) expressed concerns about an increased ABC this year and then declining 
thereafter. 

The Pacific cod assessments and data that went into the assessment have received a great deal of scrutiny 
over the last few years. There continues to be concern on the accuracy of age readings. Other issues 
include the natural mortality rate, the trawl survey catchability coefficient, the modeling of commercial 
selectivity (variable or not, asymptotic or not, fishery by fishery), modeling of survey selectivity, and the 
modeling of growth (constant, cohort-specific, year-specific). 

Since last year, many changes have been considered or made, based on recommendations from the public, 
the Plan Teams and the SSC. To streamline the model evaluation process, a set of six models were 
presented in this year's preliminary assessment, as requested by the Plan Teams in May, and reviewed by 
the SSC in June of this year. Following Plan Team review in September and SSC review in October a 
final set of three models were requested to be included for final evaluation. The three candidate models 
(A, B, and C) were considered in developing the 2011 and 2012 OFL/ABC specifications. Model A is 
identical to the model accepted for use by the BSAI Plan Team and SSC in 2009 and the only model from 
the preliminary assessment to be carried forward. 

Current Models 

Model A was the 2009 preferred model. Main features of model A included: 1) natural mortality M = 
0.34 fixed externally, 2) length-specific commercial selectivities, estimated in blocks of years, some 
forced to be asymptotic, 3) age-specific trawl survey selectivity with annually varying left limb, 4) the 
average product of catchability and selectivity of 60-80 cm fish required to be 0.47, 5) cohort-specific 
growth parameters, with the standard deviation of length at age estimated externally, 6) Aging bias of 
+0.4 years at ages 2+ estimated by profiling, 7) Input standard deviations of a number of parameters 
estimated iteratively so as to match output standard deviations. 

Model B was the same as Model A with some incremental modifications including: 1) smaller length bins 
( l cm instead of 3 and 5) to make full use of the length data, 2) five fishery seasons were modeled instead 
of 3, 3) a single growth schedule was fitted, 4) the few fishery length-at-age data and age composition 
data were left out, 5) IPHC survey length data were left out, 6) values estimated iteratively in the 2009 
assessment were carried over to Model B. 
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Model C was the same as Model B but all age composition and length-at-age data were left out, because 
of concern about aging bias. 

Model Evaluation 

The authors used four criteria to evaluate and select the final model. The criteria include: 1) does the 
model make full use of the information in the size composition data, 2) has the seasonal structure of the 
model been justified statistically, 3) is the model sufficiently parsimonious, and 4) does the model 
estimate plausible lengths at age? 

SSC Comments and Recommendations 

There will be a CIE review of Pacific cod models in early 2011 and information from this review will be 
used to produce another suite of models that will be considered for PT and SSC review in the spring. 

The SSC has a number of model suggestions that may be considered through the next assessment cycle by 
the author as time permits: 

Evaluate reduced catch season and size bin structures that are more parsimonious, but do not diminish the 
information content. 

Trawl survey catchability used in the assessment and model sensitivity to model estimates or plausible 
alternatives should be evaluated. 

Simplifying trawl survey selectivity should be investigated and model fit to data components evaluated. 

Re-tune aging bias to try to better match the observed age modes. 

Evaluate estimating aging bias within the model. 

Evaluate Richards growth curve alternative. 

Continued research that would provide information on age-determination errors and potential biases. 

Given the divergence in population abundance between the AI and BS the SSC recommends that an AI 
assessment be brought forward for evaluation ( only) during the next assessment cycle. Biomass 
distribution is currently estimated at 91 % BBS and 9% AI compared to previous proportions of 84% and 
16%, respectively. 

For the GOA, apply a simple Kalman filter approach, as adopted by the SSC in 2004 for BSAI for 
estimation of current biomass distribution. 

Constant growth should be brought forward in future models (run times reduced back to 2-3 minutes). 

The SSC offers the following modeling issues that could be considered during the CIE review: 

The process of iteratively estimating input standard deviations to match output standard deviations. 

Convergence continues to be an issue for most models and this should be examined. 

Ways to reduce the number of parameters that may ~elp address issues of convergence. 
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BSA/ Pacific cod 

There were a number of data changes and updates in this year's assessment that included; 1) catch data 
for 2004-2009 were updated, and preliminary catch data for 2010 were incorporated, 2) commercial 
fishery size composition data for 2009 and 2010 were updated, 3) age and mean length at age data from 
the 2009, size composition and numeric abundance information from the 2010 EBS shelf bottom trawl 
survey were incorporated, 4) seasonal catch per unit effort (CPUE) data for the trawl, longline, and pot 
fisheries from 2009 were updated, as was the 2010 preliminary catch. 

The numeric abundance estimate from the 2010 EBS bottom trawl survey was up 24% from 2009. The 
IPHC survey 2009 estimate was down 35% from 2008 and was the second lowest point in the time series. 
The 20 l 0 AI biomass estimate, used to compute the current ratio of BSAI biomass to EBS biomass, was 
down 26% from the 2006 estimate and was the low point of the time series. Applying a simple Kalman 
filter approach, adopted by the SSC in 2004, the current biomass distribution is 91 % EBS and 9% AI 
compared to previous proportions of 84% and 16%, respectively. 

All model fits to EBS survey abundance were good and produced similar estimates of EBS trawl survey 
selectivity at age, although the estimates from Model C appeared to be shifted by one year relative to 
Models A and B. Model A produced the most plausible lengths. Model C matched the modes very 
closely, but at ages that were higher by a year because the fitted growth schedule was unconstrained. 

Model B is thought to have a better defined bin and season structure and was more parsimonious than 
model A. Model C was disqualified partly due to anomalous length-at-age in the EBS. The SSC agrees 
with author's and Plan Team's rationale, choice of Model Band Tier 3b designation for calculating the 
ABC and OFL recommendations, shown below in metric tons. The 2006 and 2008 year classes appear to 
be strong, and stock abundance is expected to increase substantially in the near term. 

Stock/ 2011 2012 

Assemblage Area OFL ABC OFL ABC 

Pacific cod BSAI 272,000 235,000 329,000 281,000 

GOA Pacific cod 

There were a number of data changes and updates that included; 1) catch data for 2004-2009 were 
updated, and preliminary catch data for 2010 were incorporated, 2) commercial fishery size composition 
data for 2009 were updated, and preliminary size composition data from the 2010 commercial fisheries 
were incorporated, 3) age composition and mean-length-at-age data from the 2009 bottom trawl survey 
were incorporated into models A and B, 4) age composition and mean length at age data from the 2008 
January-May longline fishery were removed from models Band C, 5) seasonal catch per unit effort 
(CPUE) data for the trawl, longline, and pot fisheries from 2009 were updated, and preliminary catch 
rates for the trawl, longline, and pot fisheries from 2010 were incorporated, and 6) size composition data 
from the State-managed Pacific cod fishery for 1997-2009 were updated and 2010 incorporated. 

In terms of population numbers and biomass, a record high of 752,651 t was observed by the 2009 bottom 
trawl survey, when the population was estimated to include over 573 million fish. This followed the 
lowest observed survey biomass in 2007 of233,310 t and a 2005 model estimate that was the low point at 
140 million fish. The 2009 biomass estimate represented a 223% increase over the 2007 estimate. 
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All three models fit the GOA survey abundance time series relatively well throughout the time series, 
with the exception of 2009. In 2009 all model estimates were well below the highest survey abundance in 
the time series. Models A and B produced similar historical abundance time series; whereas Model C 
produced a very high historical abundance, implying that spawning biomass was five times B35% for the 
better part of the first decade. The latter was deemed implausible by the authors. There is little difference 
in fishery selectivity as estimated by all three models. In general, selectivities that are not forced to be 
asymptotic tend to show decreasing selectivity at large size. 

Model A produces the best fit between observed and expected values for size at age, although the root
mean-squared-errors are about the same for all three models. Model B estimates for age I size appears to 
be about 2 cm high on average (which may be the result of the assumed aging bias) and Model C 
estimates an age I size that is very close to the observed average. Model B is thought to have a better 
defined bin and season structure and was more parsimonious than model A. Model C was disqualified 
partly due to impossibly high abundance estimates generated in the GOA model. 

Based on Model B results, there is a slight decline in the estimated 2011 spawning biomass of 124, I 00 t, 
or 48% of unfished spawning biomass compared to the last assessment. Model B results also indicate a 
slight decline in subsequent years. This is in contrast to last year's assessment which projected an increase 
in biomass. Recent year classes (2006 - 2008) are also estimated to be substantially lower than in last 
year's assessment. 

The SSC accepts the Plan Team's and the author's preferred model (Model B), Tier 3a designation, and 
the 2011/12 ABC and OFLs shown in metric tons below. The probability of the stock being below B20% 
was estimated to be less than I% in 2011 and subsequent years. 

Stock/ 2011 2012 

Assemblage Area OFL ABC OFL ABC 

w 30,380 27,370 

C 53,816 48,484 
Pacific Cod 

E 2,604 2,346 

Total 102,600 86,800 92,300 78,200 

Excerpt from the minutes of the SSC (Feb., 2011; recommendation highlighted) 

Discussion paper on BSA/ Pacific cod split 

The SSC received a staff presentation from Jon McCracken (NPFMC). Public testimony was provided by 
Dave Fraser (Adak Community Development Foundation), Frank Kelty (City of Unalaska), Jon 
Warrenchuk (Oceana), Kenny Down (Freezer Longliner Coalition), and Brent Paine (United Catcher 
Boats). 

The paper discusses various approaches to sector allocation revisions, should cod BSAI ABC and TAC be 
separated into BS and Al. A substantial amount of uncertainty remains with respect to these action 
alternatives, especially in light of the 2010 SSL BiOp and RP As. We have no empirical experience to 

B-7 



understand fishing sector behavioral responses to the RP As. As the author demonstrated, until these 
uncertainties can be clarified, it is difficult to arrive at a clear understanding of the "reasonably likely" 
outcomes that may emerge from each apportionment alternative identified in the paper. The SSC has 
previously expressed concern when reviewing the Draft RIR/IRF A supporting the 2010 SSL RP A action 
that conflicting expectations and assertions concerning cod fishing patterns and redeployment in response 
to recently proposed management actions ( e.g., Amend. 90 RIR, 2010 SSL RIR) further confound 
analysis of impacts of AI and BS sector apportionment splits. The prospect of triggering another ESA 
consultation on Al Steller sea lions also adds to the difficulty in moving forward with this action. 

It is noteworthy that recent cod biomass estimates indicate that the proportion of the combined BSAI 
biomass that AI represents is smaller than previously estimated (i.e., historical estimate > 16%; new 
estimate ~9%). As AI cod allotments are reduced on the basis of the revised biomass, some sectors' 
shares may become inaccessible ( e.g., NOAA may not be able to open a fishery due to limited TAC). 
This may have very significant implications for apportioning future AI cod fishing opportunities 
necessary to sustain patterns of historical dependency (e.g., catch distributions by area, operating mode, 
and gear type). The split of cod allocation between the BS and AI is likely to reduce the potential for 
localized depletion of AI cod by the BSAI cod fleet. However, the SSC notes that the potential still 
remains for localized depletion, given that a large portion of the fishable area may be closed under SSL 
closures. 

The SSC recommends that the stock assessment author and Plan Team develop a plan of action for how 
the BSAI cod assessment should evolve. The possibilities include maintaining the status quo of a 
modeling approach in the BS and survey biomass in the Al, having separate models for the BS and AI, or 
having a single BSAI model (with or without geographic stratification and movement). 

The discussion paper cites several aspects of a future AI cod sector apportionment action that may require ~ 
the Council to revisit its original Problem Statement and 'purpose and need' rationale. Formal 
clarification of the Council's desire in regards to examining limits on EBS TA Cs, specifying area-specific 
allocations, and the disposition of latent permits are identified by the analyst. The interplay between the 
Federal AI cod fisheries and the State's parallel-waters AI fishery will also require Council examination 
and guidance, particularly in light of the most recent actions by the Alaska Board of Fisheries and 
ADF&G regarding SSL mitigation and several pending lawsuits challenging the 2010 BiOp and RPAs. 

Depending on the Council's expectations for further analysis of this topic, revisions to this discussion 
paper could advance the development of the initial documents ( e.g., RIR, IRF A) necessary to support 
formal Council action. If the discussion paper were revised, the SSC recommends expressly 
incorporating the recently announced State of Alaska AI cod management changes into the analytical 
baseline. 
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Bering Sea Pacific Cod Stock Assessment Model Scenarios Requested by FLC/QRA 

Introduction 

Requesting model scenarios for the Pacific cod stock assessments without knowledge of the assessment 
authors preferred model and alternatives greatly complicates the process. Therefore, we request that the 
assessment author use his best judgment when interpreting our requests and contacts us with any 
questions about the scenarios. We also have provided a commentary of the CIE reviewers' reports that the 
assessment author, Plan Team, and SSC, can use as a guide in creating their own scenarios or interpreting 
the scenarios that we request (see Appendix). 

Scenarios Requested 

Scenario 1 

The stock assessment authors preferred model with the following changes 

Estimate the bias and variance parameters of the aging error matrix inside the stock assessment model. 

Scenario 2 

The stock assessment authors preferred model with the following changes 

Time blocks determined by initially modeling selectivity as a random walk. 

Scenario 3 

The stock assessment authors preferred model with the following changes 

Use the bootstrap method to estimate the samples sizes, scale them so that the average is 300, then use 
iterative reweighting to update the samples sizes by fitting the Michaelis-Menton equation to the 
observed and effective samples sizes. 

Scenario 4 

The stock assessment authors preferred model with the following changes 

Model time invariant survey selectivity, but model temporal changes in growth. 

Scenario 5 

The stock assessment authors preferred model with the following changes 
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Include the conditional age at length data and the length composition data, rather than the mean-size-at
age data, and estimate the variation in length at age inside the stock assessment model. 

Appendix: Report on the Pacific cod CIE review 

Summary 

The three reviewers generally agree that the Pacific cod assessment is based on the best available science, 
but there a few areas that need improving through additional research and data collection. The reviewers 
did not provide any novel suggestions that would greatly improve the assessment or deal with the 
remaining issues. 

The review process followed a set of questions outlined in the terms of reference. I present my summary 
below based on these questions. I have also added topics addressed by the reviewers that were not 
included in the terms of reference. My recommendations are provided at the bottom of each section in 
italics. I also summarize my recommendations that are relevant to choosing the 2011 model assumptions. 

Assumptions/or 2011 model 

Further investigation is needed to determine the appropriate method to model and estimate the aging error 
and selectivity parameters. 

Include the age composition data and the length composition data (or age conditioned on length and 
length composition) for all years if an appropriate aging error matrix can be generated, otherwise exclude 
the age data. 

Include the conditional age at length data and the length composition data, rather than the mean-size-at
age data, and estimate the variation in length at age inside the stock assessment model. 

Keep the current data partitioning. 

Use dynamic binning for composition data 

Eliminate the pre 1982 survey data. 

Time blocks should be determined by initially modeling selectivity as a random walk. 

Fix the catchability at the value estimated by Nichol et al. (2007). 

Fix natural mortality at the value from Jensen's (1996) equation. 

Use the bootstrap method to estimate the samples sizes, scale them so that the average is 300, then use 
iterative reweighting to update the samples sizes by fitting the Michaelis-Menton equation to the 
observed and effective samples sizes. 

Model time invariant survey selectivity, but model temporal changes in growth. 

Fix the standard deviation of recruitment the annual residuals at 0.6 and test the sensitivity of 
management parameters to 0.4 and 0.8. 
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Terms of reference iopics 

Use of age composition data 

The reviewers acknowledge that there is aging error/bias. They recommend including the age composition 
data in the assessment model in conjunction with an aging error matrix. They noted that excluding the 
aging data caused some undesirable model behavior. The reviewers also recommended continuing the 
research into the sources of the aging bias. 

There was some concern that the age composition data used the same information as the length 
composition data so that the data was used twice. This needs to be clarified. However, double weighting 
of data is not too concerning since the weights are arbitrary in the current model. If the weights are 
"estimated" inside the model, then the issue of double weighting needs to be addressed. 

Include the age composition data and the length composition data (or age conditioned on length and 
length composition) for all years if an appropriate aging e"or matrix can be generated (see below), 
otherwise exclude the age data. 

Use of mean-size-at-age data 

The reviewers recommend excluding the mean-size-at-age data, particularly if temporal variation in 
growth is not modeled. The mean-size-at-age data is the same data as used in the age composition and 
length composition data so the data sets are not independent. 

Include the conditional age at length data and the length composition data rather than the mean-size-at
age data. This data provides information on variation of length at age, mean length at age, and temporal 
variation in mean length at age. The appropriate data to include also needs to consider the information 
required to estimate an aging error matrix. 

Use of ageing bias as an estimated parameter 

The reviewers did not agree on whether estimating the aging bias in the assessment model was the best 
approach. The models run during the review were not adequate to determine if the aging bias could be 
estimated appropriately. More research is needed on the form of the aging error and bias and whether it 
can be estimated within the stock assessment model. 

The aging error comes from at least two source: 1) variability in reading the ages as indicated by double 
reading and 2) bias due to "false" rings being formed or the edge effect. An appropriate functional form 
for the aging error needs to be developed that can accommodate these two sources of error. We need to 
obtain the model files and investigate the appropriate method to model and estimate the aging error. 

External estimation of between-individual variability in size at age 

All three reviewers suggest estimating the variation of length at age outside the stock assessment model. 
This is partly due to undesirable model behavior when it was estimated inside the model. 

The model does not include age conditioned on length data and therefore ignores some of the information 
available to estimate variation in length at age. Estimating variation in length at age outside the model 
does not take account of the aging error or selectivity. Variation in length at age should be estimated 
inside the model while including the age conditioned on length data. The development of a more 
appropriate growth model should also improve the models estimates of variation in length at age. 
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Catch data partitioned by year, season, and gear 

The reviewers consider that the current catch data partitioning is appropriate. One reviewer noted that 
there is uncertainty in the catch estimates and this should be investigated. 

Keep the current catch partitioning. Consider investigating a model that combines all catch into a single 
fishery for each season (it might be appropriate to reduce or eliminate the number of seasons) and use 
time varying selectivity for the fishery (the approach used by lane/Ii for assessing po/lock). The length 
composition data would need to be raised to the total catch within each fishery and summed across 
fisheries. 

Size composition data partitioned by year, season, gear, and 1-cm size intervals 

The reviewers consider that the current size composition data partitioning is appropriate. They 
recommended using dynamic binning to reduce the number of zeros in the likelihood function. 

Keep the current size composition partitioning and use dynamic binning. 

Age composition data partitioned by year, season, and gear 

The reviewers consider that the current age composition data partitioning is appropriate. The reviewers 
were ambivalent about the use of the pre 1982 survey data because it probably does not influence the 
results. 

Keep the cu"ent age composition partitioning and eliminate the pre 1982 survey data. 

Functional form of the length-at-age relationship and estimating the parameters thereof 

The reviewers noted the poor performance of the Richards growth curve due to the need to constrain one 
of the parameters to be positive. 

A new growth curve needs to be developed for the Pacific cod assessment and implemented in Stock 
Synthesis. 

Number and functional form of selectivity curves estimated, including assumptions regarding which 
selectivity curves should be forced to exhibit asymptotic behavior 

The reviewers suggested that at least one selectivity curve should be asymptotic. They also suggested that 
a random walk should be used to model time varying selectivity to identify changes is selectivity and use 
this to determine where the time blocks should be applied. 

The reviewers did not understand the types of selectivity curves available in Stock Synthesis. A 
selectivity curve can be created as a random walk over age ( or length). This would allow a bimodal 
selectivity curve. The parameter for each age (the age offset) can also be modeled as a random walk over 
time, as can the parameters for functional forms. 

A more robust approach is needed to model selectivity and determine which selectivity curves are 
asymptotic. Time blocks should be determined by initially modeling selectivity as a random walk. 
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Fixing the trawl survey catchability coefficient for the recent portion of the time series such that the 
average product of catchability and selectivity across the 60-81 cm size range equals the point estimate 
obtained by Nichol et al. (2007) 

The reviewers recommended fixing the catchability at the value estimated by Nichol et al. (2007). They 
noted that when estimated, the estimate was similar to the Nichol et al. (2007) value. They also 
recommended collecting more tagging data to improve the estimate. 

Fix the catchability at the value estimated by Nichol et al. (2007) and encourage further data collection. 

Fixing the natural mortality rate at the value corresponding to Jensen's (1996) Equation 7 

The reviewers recommended that the value of natural mortality continue to be fixed at the value from 
Jensen's (1996) equation. They also noted that it should be updated once the aging bias has been 
addressed and that age-specific natural mortality should be investigated. 

Fix natural mortality at the value from Jensen's (1996) equation until the issues in the stock assessment 
model have been addressed, then estimate natural mortality within the stock assessment model and 
consider age specific natural mortality. 

Input sample sizes for size composition and age composition data, and input log-scale standard deviations 
for survey abundance data 

The reviewers recommended that the standard errors used for the survey index of abundance likelihood 
function should be reevaluated based on the survey design. The reviewers generally agreed with the 
bootstrap method used to estimate sample sizes, but noted that rescaling the averages to 300 caused the 
samples sizes to be lower than that suggested by the model fit to the composition data ( effective sample 
sizes). 

Use the bootstrap method to estimate the samples sizes, scale them so that the average is 300, then use 
iterative reweighting to update the samples sizes by fitting the Michaelis-Menton equation to the 
observed and effective samples sizes. 

Allowing for annual variability in trawl survey selectivity 

The reviewers questioned the need for annual variability in survey selectivity. However, they did 
recognize that catchability might change over time due to environmental factors such as bottom water 
temperature. 

One reason for allowing the trawl survey selectivity to change over time is to accommodate changes in 
mean size at age for the young individuals. Temporal changes in catchability could also be due to 
abundance of different types of prey. 

Model time invariant survey selectivity, but model temporal changes in growth. 

Setting the input standard deviation of log-scale recruitment ( aR) equal to the standard deviation of the 
estimated log-scale recruitment deviations 

The reviewers were not conclusive about how to deal with the standard deviation of recruitment residuals. 
A value of 0.6 is supported by meta-analysis. 
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Fix the standard deviation of recruitment residuals at 0.6 and test the sensitivity of management 
parameters to 0.4 and 0. 8. 

Use of survey data and non-use of fishery CPUE data in model fitting 

The reviewers recommended continuing to exclude the fishery CPUE data from the estimation of model 
parameters. One reviewer recommended excluding them completely because they might cause confusion. 
They recommended that the fishery CPUE data should be standardized. 

Standardize the fishery CPUE indices and continue to include them in the assessment model, but not 
contributing to the estimation of parameters. 

Other topics 

Standardizing the survey 

One reviewer suggested that the survey index of abundance be standardized for factors such as vessel, 
temperature, bottom type, location, and depth using a OLM or GAM. This reviewer also suggested 
mapping the habitat to improve the survey design. 

Standardizing the survey for factors such as vessel, temperature, bottom type, location, and depth is a 
reasonable approach, but it might be better to post stratify by temperature, bottom type and depth each 
year rather than simply using a GLM The habitat mapping could be used in this approach. 

Jittering 

Jittering the initial starting values of the estimated model parameters came up several times in the 
reviews. Jittering is a method to make sure that parameter estimates are the best values given the data and 
model assumptions. This is done because several years ago the model put forward had not converged 
properly and a better set of parameter values was found prior to the SSC meeting. The sensitivity of 
results to initial parameter values is probably caused by the selectivity curves. The need to jitter the 
starting values greatly increases the amount of time needed to do the assessment. 

The model needs to be made more stable so it does not needjittering. This might be achieved by 
developing more robust selectivity curves. 

Year to year changes in the model structure 

The reviewers questioned the changes in model assumptions from year to year and suggested that the 
model structure should be fixed for a few years and the assessment only include updated data. In the years 
between "benchmark assessments" research could be carried out to improve the model. 

Fixing the model structure for a few years is a reasonable approach to deal with several practical issues, 
but it would require the existence of a reasonable model. Unfortunately, and despite the substantial 
progress made on the Pacific cod assessment, there are still a few major issues that need to be resolved. 

Tagging studies 

The value of tagging studies came up several times in the reviewers' reports. The obvious need is to 
determine catchability for the survey using archival tags. However, well designed conventional tagging 
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studies could be used to provide information on selectivity and natural mortality, validate aging, estimate 
abundance and exploitation rates, and evaluate stock structure. 

A well designed and comprehensive tagging study is highly recommended 

Alternative modeling environments 

The reviewers noted that alternative modeling environments might be useful to either customize model 
assumptions or double check model results. Developing a completely new customized assessment model 
for Pacific cod with all the functionality needed for sensitivity test would be a substantial task. It would 
be much better to request that the Stock Synthesis code be modified into a form that makes customization 
easy. Stock Synthesis can be configured to replicate either exactly or approximately many other stock 
assessment models and it would be better to apply simplifications of Stock Synthesis rather than using 
other models. The main reason to use another model is to identify programming errors in Stock Synthesis. 

Request that Stock Synthesis becomes more user customizable. 

Ovemarameterization 

The reviewers mentioned several times that the models are over parameterized or nearly so. I doubt if this 
is correct. The issue is more likely related to poor model structure and parameterization (i.e. the 
selectivity curves). 

The models are not over parameterized, but work needs to be carried out to make the model more stable. 

Aleutian Islands 

The reviewers suggest that the Aleutian Islands should be considered a separate stock. 

I don 't understand this issue well enough to make a recommendation. 

Management strategy evaluation 

The reviewers recommend continuing the management strategy evaluation work. 

Management strategy evaluation (MSE) is ve,y useful, but time consuming. Solving some of the issues in 
the assessment model are higher priority than the MSE work. 

Diagnostics 

The reviewers suggested several diagnostics that should be applied to the stock assessment including 
retrospective analysis, residual analysis, and evaluation of the correlation matrix to identify parameters 
that are highly correlated. 

These are useful diagnostics and could be used to help select which model assumptions are appropriate. 
Retrospective analysis should not be used to determine the size or direction of the bias, only that some 
form of model misspecification exists. 

Dynamic reference points 

One reviewer noted that auto correlated recruitment may cause the abundance to drop below management 
reference levels even if the fishing mortality is relatively low. 
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Consider instituting dynamic reference points that take account of variation in recruitment 
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Executive Summary 

When Groundfish FMP Amendments 96(BSAI)/87(GOA) were being developed, it became apparent that 
some issues related to the treatment of annual catch limits (ACLs) in the National Standard 1 Guidelines 
were too complicated to address fully in those amendments, particularly given the stringent statutory 
deadlines for passage of those amendments. As a result, there was some anticipation that one or more 
trailing amendments might be considered. This discussion paper pertains to three issues (all with respect 
to the BSAI and GOA Groundfish FMPs) that might be addressed in such trailing amendments: 1) 
expanding or otherwise changing the role of scientific uncertainty in determining the buffer between 
ABC(=ACL) and OFL; 2) lack of a numeric value for MSST; and 3) possible ambiguities regarding 
which anthropogenic removals should be A) treated in computation of fishing mortality reference points 
and B) counted against harvest specifications. 

As noted above, this paper is being provided for discussion purposes only. It is intended primarily for use 
by the SSC. If the SSC finds merit in any of the options put forward here, it may wish to study them 
further, perhaps through a subcommittee, a combination Team/SSC committee, or a workshop. It may 
also wish to take the formal step of proposing that one or more amendments to the Groundfish FMPs be 
developed. In the event that at least one FMP amendment is developed, it may be useful to identify a 
priori those elements that are strictly matters of policy, those elements that are strictly matters of science, 
and those elements that are a combination of the two. Given that the Secretary has already determined the 
Groundfish FMPs to be in substantial compliance with the National Standard 1 Guidelines as a result of 
Amendments 96(BSAI)/87(GOA), these issues can be addressed in a deliberative and thoughtful manner, 
with no need for imposition of a rigid timetable. 

Some options for further analysis regarding issue # 1, in addition to retaining the status quo, include the 
following: 

1. Use the P* approach by itself. Advantages: clearly complies with National Standard 1 
Guidelines; buffer always increases with the level of uncertainty. Disadvantage: does not result 
in an optimal harvest level. 

2. Use the decision-theoretic (DT) approach by itself. Advantage: results in an optimal harvest 
level. Disadvantages: compliance with National Standard 1 Guidelines is less clear than option 
#1 (on the other hand: "The decision-theoretic approach is very much 'allowed' in setting targets 
and limits"-Mark Millikin, NMFS Office of Sustainable Fisheries, pers. commun. 3/27/09); 
buffer does not always increase with the level of uncertainty, and can even be negative under 
some circumstances. 

a. One possible sub-option would be to use this approach to set an upper limit on TAC 
rather than ABC. 

3. Use the DT approach constrained by the P* approach (e.g., set maxABC at the minimum of the 
values prescribed by the two approaches). Advantages: results in an optimal harvest level except 
when the constraint is binding; clearly complies with National Standard I Guidelines. 
Disadvantages: does not result in an optimal harvest level when the constraint is binding; buffer 
does not always increase with the level of uncertainty. 

a. One possible sub-option would be to use this approach to set an upper limit on TAC 
rather than ABC. 
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Some options for further analysis regarding issue #2, in addition to retaining the status quo, include the 
following: 

1. Specify MSST as the greater of: a) ½ B MSY, or b) the smallest equilibrium stock size at which the 
stock would be expected to rebuild to BMSrwithin 10 years if it were fished at FoFL in each year. 
Advantages: fairly simple; proximity of the stock to MSST could be measured; management of 
BSAI and GOA groundfish would be more comparable to other U.S. fisheries; may provide 
additional protection for long-lived stocks. Disadvantages: depending on the age structure of the 
stock, could result in a stock being declared "overfished" even though the stock would be 
expected to rebuild to B Msr within IO years when fished at FOFL· 

2. Specify MSST as the greater of: a) ½ B MSY, or b) the smallest disequilibrium stock size at which 
the stock would be expected to rebuild to B MSY within IO years if it were fished at F oFL in each 
year. Advantages: proximity of the stock to MSST could be measured; management of BSAI and 
GOA groundfish would be more comparable to other U.S. fisheries; may provide additional 
protection for long-lived stocks; regardless of the age structure of the stock, would never result in 
a stock being declared "overfished" if the stock would be expected to rebuild to B MSY within I 0 
years when fished at F oFL· Disadvantages: very complicated; depending on the age structure of 
the stock, could result in a stock being declared "not overfished" even though the stock would not 
be expected to rebuild to B MSY within IO years when fished at FOFL• 

Some options for further analysis regarding issue #3, in addition to retaining the status quo, include the 
following: 

I. Clarify how fishing mortality reference points should be computed when multiple sources of 
significant anthropogenic removals exist. Advantage: should reduce the possibility of misusing 
existing reference points. Disadvantage: may complicate the management process. 

2. Clarify which anthropogenic removals should be counted against the various harvest 
specifications. Advantages: compliance with National Standard 1 Guidelines would be more 
obvious than at present. Disadvantages: knowing which removals should be counted against the 
specifications, by itself, does nothing to prevent those specifications from being exceeded; may 
complicate the management process. 

3. Set TAC below ABC by an amount sufficient to keep total anthropogenic removals below ABC. 
Advantages: compliance with the National Standard 1 Guidelines would be more obvious than at 
present; total anthropogenic removals would likely not exceed ABC. Disadvantages: fewer fish 
would be available to the groundfish fishery; would almost certainly complicate the management 
process, including the setting of TA Cs and the authorization of research fishing. 

4. Redefine ABC or ACL to be exclusive of certain types of anthropogenic removals. Advantages: 
might not require reductions in TAC in order to keep ABC/ ACL from being exceeded (because 
some removals would not count). Disadvantages: total anthropogenic removals might still exceed 
OY or OFL (because the removals excluded from ABC/ ACL would not be excluded from 
OY/OFL); compliance with the National Standard 1 Guidelines might not be obvious. 
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Introduction 

When_Groundfish FMP Amendments 96(BSAI)/87(GOA) were being developed, it became apparent that 
some issues related to the treatment of annual catch limits (ACLs) in the National Standard Guidelines 
were ~oo complicated to address fully in those amendments, particularly given the stringent statutory 
deadlmes for passage of those amendments. As a result, there was some anticipation that one or more 
trailing amendments might be considered. This discussion paper pertains to three issues (all with respect 
to the BSAI and GOA Groundfish FMPs) that might be addressed in such trailing amendments: I) 
expanding or otherwise changing the role of scientific uncertainty in determining the buffer between 
ABC(=ACL) and OFL; 2) lack of a numeric value for MSST; and 3) possible ambiguities regarding 
which anthropogenic removals should be A) treated in computation of fishing mortality reference points 
and B) counted against harvest specifications. 

As noted above, this paper is being provided for discussion purposes only. It is intended primarily for use 
by the SSC. If the SSC finds merit in any of the options put forward here, it may wish to study them 
further, perhaps through a subcommittee, a combination Team/SSC committee, or a workshop. It may 
also wish to take the formal step of proposing that one or more amendments to the Groundfish FMPs be 
developed. In the event that at least one FMP amendment is developed, it may be useful to identify a 
priori those elements that are strictly matters of policy, those elements that are strictly matters of science, 
and those elements that are a combination of the two. Given that the Secretary has already determined the 
Groundfish FMPs to be in substantial compliance with the National Standard 1 Guidelines as a result of 
Amendments 96(BSAl)/87(GOA), these issues can be addressed in a deliberative and thoughtful manner, 
with no need for imposition of a rigid timetable. 

Issue #1: Expanding or otherwise changing the role of scientific uncertainty in determining the 
buffer between ABC(=ACL) and OFL 

Some potentially relevant excerpts from the National Standard Guidelines 

In the following, page numbers refer to the page of the Federal Register notice in which the current 
version of the guidelines for National Standard 1 were published (Vol. 74, No. 11; January 16, 2009). 

p. 3208: (f)(2)(ii) Acceptable biological catch (ABC) is a level of a stock or stock complex 's annual catch 
that accounts for the scientific uncertainty in the estimate of OFL and any other scientific uncertainty ... , 
and should be specified based on the ABC control rule. 

p. 3208: (t)(2)(iii) ABC control rule means a specified approach to setting the ABC for a stock or stock 
complex as a function of the scientific uncertainty in the estimate of OFL and any other scientific 
uncertainty (see paragraph (f)(4) of this section). 

p. 3209: (t)(4) ABC control rule. For stocks and stock complexes required to have an ABC, each Council 
must establish an ABC control rule based on scientific advice from its SSC. The determination of ABC 
should be based, when possible, on the probability that an actual catch equal to the stock's ABC would 
result in overfishing. This probability that overfishing will occur cannot exceed 50 percent and should be 
a lower value .... The ABC control rule must articulate how ABC will be set compared to the OFL based 
on the scientific knowledge about the stock or stock complex and the scientific uncertainty in the estimate 
of OFL and any other scientific uncertainty. The ABC control rule should consider uncertainty in factors 
such as stock assessment results, time lags in updating assessments, the degree of retrospective revision of 
assessment results, and projections. The control rule may be used in a tiered approach to address different 
levels of scientific uncertainty. 
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Background and current FMP text 

Background 

December 1987: Amendment 1 l(BSAI) implemented. This amendment revised the definition of 
acceptable biological catch and added definitions for threshold and overfishing. 

January 1991: Amendments 16(BSAl)/2l(GOA) implemented. These amendments established the first 
tier system for defining overfishing, with OFL control rules shaped approximately as they are today. 

January 1997: Amendments 44/44 implemented. These amendments imposed a buffer between FOFL and 
maxF,.,8c. The buffer varied directly with uncertainty for Tier 1, based on decision-theoretic 
considerations, while "fixed" buffers were used for Tiers 2-6. This may have been the first use of a 
probability-based buffer between OFL and ABC anywhere in the U.S. 

March 1999: Amendments 56/56 implemented. These amendments instituted various changes intended to 
address the requirements of the 1998 version of the National Standard Guidelines. Changes included 
lowering the asymptote of the OFL control rules for Tiers 2-4 and the asymptote of the maxABC control 
rule for Tier 2 so that MSY was treated consistently as a limit rather than a target. 

November 2010: Amendments 96(BSAl)/87(GOA) implemented. Among other things, these 
amendments mapped existing practices into the terminology used by the National Standard Guidelines. 

Current FMP text 

Overfishing Limit: 

Specification of OFL begins with the MFMT (also known as the OFL control rule). The MFMT is 
prescribed through a set of six tiers which are listed below in descending order of preference, 
corresponding to descending order of information availability. The SSC will have final authority for 
determining whether a given item of information is "reliable" for the purpose of this definition, and may 
use either objective or subjective criteria in making such determinations. 

For tier (1), a "pdf' refers to a probability density function. For tiers 1 and 2, if a reliable pdf of BMSr is 
available, the preferred point estimate of BMSr is the geometric mean of its pdf. For tiers 1 to 5, if a 
reliable pdf of B is available, the preferred point estimate is the geometric mean of its pdf. For tiers l to 3, 
the coefficient a is set at a default value of0.05. This default value was established by applying the 10 
percent rule suggested by Rosenberg et al. (1994) to the 1/2 BMSrreference point. However, the SSC may 
establish a different value for a specific stock or stock complex as merited by the best available scientific 
information. For tiers 2 to 4, a designation of the form "F XoAi" refers to the fishing mortality rate (F) 
associated with an equilibrium level of spawning per recruit equal to .X0/4 of the equilibrium level of 
spawning per recruit in the absence of any fishing. If reliable information sufficient to characterize the 
entire maturity schedule of a species is not available, the SSC may choose to view spawning per recruit 
calculations based on a knife-edge maturity assumption as reliable. For tier 3, the term B40% refers to the 
long-term average biomass that would be expected under average recruitment and F=F4o%• 

Tier 1 Information available: reliable point estimates of Band BMSr and reliable pdf of F MSY. 
la) Stock status: BIBMSr> 1 

F oFL = mA , the arithmetic mean of the pdf 
1 b) Stock status: a < BIB MSY ~ 1 

6 



This is a draft document and does not necessarily represent agency opinion or policy. 

FoFL = mA x (BIBMsr· a.)l(l - a) 
1 c) Stock status: BIB MSY $ a 

FoFL = 0 
Tier 2 Information available: reliable point estimates of B, BMsr, F MSY, Fm,,,, and F40%. 

2a) Stock status: BIBMsr> 1 
FoFL=FMsY 

2b) Stock status: a. < Bl B MSY $ 1 
FOFL= F MSY x (BIBMsr- a)I( 1 - a) 

2c) Stock status: Bl B Msr $ a 
FoFL = 0 

Tier 3 Information available: reliable point estimates of B, B4o%, F15%, and F4o%. 
3a) Stock status: BIB4o% > 1 

FoFL =F1s% 
3b) Stock status: a< BIB4o% $ 1 

F oFL = F1s% x (B1B40% - a.)1(1 - a) 
3c) Stock status: BIB40%$ a. 

FoFL=O 
Tier 4 Information available: reliable point estimates of B, F15% , and F4o% . 

FoFL =F1s¾ 
Tier 5 Information available: reliable point estimates of B and natural mortality rate M. 

FoFL=M 
Tier 6 Information available: reliable catch history from 1978 through 1995. 

OFL = the average catch from 1978 through 1995, unless an alternative value is 
established by the SSC on the basis of the best available scientific information 

Acceptable Biological Catch: 

Specification of ABC is similar to specification of OFL, in that both involve harvest control rules with six 
tiers relating to various levels of information availability. However, somewhat more flexibility is allowed 
in specifying ABC, in that the control rule prescribes only an upper bound. The steps are as follow: 

1. Determine the appropriate tier (this will be the same tier used to specify OFL). 
2. Determine the maximum permissible ABC fishing mortality rate from the appropriate tier of the 

ABC control rule (see below). 
3. Except for stocks or stock complexes managed under Tier 6, compute the maximum permissible 

ABC by applying the maximum permissible ABC fishing mortality rate to the best estimate of 
stock size (which may or may not be age structured); for stocks and stock complexes managed 
under Tier 6, the control rule automatically produces a maximum permissible ABC, so 
application of a fishing mortality rate is unnecessary. 

4. Determine whether conditions exist that warrant setting ABC at a value lower than the maximum 
permissible value (such conditions may include-but are not limited to-data uncertainty, 
recruitment variability, and declining population trend) and, if so: 

a. document those conditions, 
b. recommend an ABC lower than the maximum permissible value, and 
c. explain why the recommended value is appropriate. 

The above steps are undertaken first by the assessment authors in the individual chapters of the SAFE 
report. The Plan Team then reviews the SAFE report and makes its own recommendation. The SSC then 
reviews the SAFE report and Plan Team recommendation, and makes its own recommendation to the 
Council. The Council then reviews the SAFE report, Plan Team recommendation, and SSC 
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recommendation; then makes its own recommendation to the Secretary, with the constraint that the 
Council's recommended ABC cannot exceed the SSC's recommended ABC. 

The ABC control rule is as follows ( definitions of terms and information requirements for the six tiers are 
identical to those used in the OFL control rule): 

Tier 1 Information available: reliable point estimates of B and B Msr and reliable pdf of F Msr . 
la) Stock status: B/BMsr> I 

maxFAsc == mH, the harmonic mean of the pdf 
1 b) Stock status: a < BIB MSY 'S. l 

maxFAsc == mH x (BIBMsr - a)l(l - a) 
le) Stock status: BIBMSrS a 

maxFAsc=0 
Tier 2 Information available: reliable point estimates of B, BMSr, F MSY, F1S%, and F4o%. 

2a) Stock status: BIBMSr> I 
maxFAsc == F MSY x (F40,y/F1m) 

2b) Stock status: a< BIBMsr 'S. I 
maxFAsc=FMSrx (F4o,y/FJJ%) x (BIBMSr-a)/(1-a) 

2c) Stock status: BIBMSr'S. a 
maxFAsc==0 

Tier 3 Information available: reliable point estimates of B, B4o%, FJJ¾, and F4o% . 
3a) Stock status: B/B40% > 1 

maxFAsc = F40% 
3b) Stock status: a< BIB4o% 'S. 1 

maxFAsc = F4o% x (BIB4o% - a)/(1 - a) 
3c) Stock status: BIB40% Sa 

maxFAsc= 0 
Tier 4 Information available: reliable point estimates of B, F3J%, and F4o% . 

FoFL=F40% 
Tier 5 Information available: reliable point estimates of B and natural mortality rate M. 

FoFL = 0.15 x M 
Tier 6 Information available: reliable catch history from 1978 through 1995. 

maxABC = 0.75 x OFL 

The above control rule is intended to account for scientific uncertainty in two ways: First, the control rule 
is structured explicitly in terms of the type of information available, which is related qualitatively to the 
amount of scientific uncertainty. Second, the size of the buffer between maxFAsc in Tier 1 of the ABC 
control rule and FOFL in Tier I of the OFL control rule varies directly with the amount of scientific 
uncertainty. For the information levels associated with the remaining tiers, relating the buffer between 
maxFAsc and FOFL to the amount of scientific uncertainty is more difficult because the amount of 
scientific uncertainty is harder to quantify, so buffers of fixed size are used instead. 

For groundfish species identified as key prey of Steller sea lions (i.e., walleye pollack, Pacific cod, and 
Atka mackerel), directed fishing is prohibited in the event that the spawning biomass of such a species is 
projected in the stock assessment to fall below Bio% in the coming year. However, this does not change 
the specification of ABC or OFL. 
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Analysis 

Notational convention: In this section, the symbol p(·) represents an arbitrary probability density 
function. Use of the same name for probability density functions of different random variables (e.g., p(x) 
andp(v)) is not meant to imply thatp takes the same form in each instance. 

Derivation of the Tier 1 control rules 

The current Tier 1 max.ABC control rule was developed using decision theory {DT). Specifically, the 
control rule was based on the Fox ( 1970) model, generalized to stochastic form (Thompson 1998), with a 
utility function exhibiting constant relative risk aversion (Pratt 1964; Arrow 1965, 1971 ). 

The Fox model can be written 

dB =Fmsy·B·(I-ln(_!!_))-F·B , 
dt Bmsy 

Where B = stock size, t = time, F = fishing mortality rate, Fmsy = fishing mortality rate that sets 
equilibrium ("sustainable") yield equal to maximum sustainable yield (MSY), and Bmsy = equilibrium 
stock size at MSY. 

This model gives the following solution for equilibrium yield Y: 

Y=F·Bmsy•exp(1-__f_) . 
Fmsy 

Equilibrium yield can be normalized to units of "relative yield" RY by expressing it relative to 
MSY=Fmsy•Bmsy as follows: 

RY= (__f_), exp(1-__f_) . 
Fmsy Fmsy 

If relative yield is adopted as the measure of nominal wealth accruing to society from the fishery, the 
utility ( U) function exhibiting constant relative risk aversion can be written 

RY 1-RRA - RRA 
U=------

1-RRA ' 

where RRA is the level of relative risk aversion (a real-valued parameter). 

Some examples of the constant RRA utility function are shown in Figure 1. In general, concave functions 
are risk averse (RRA>O), the linear case represents risk neutrality {RRA=O), and convex functions are risk 
prone (RRA<O). 

A convenient feature of the constant RRA utility function is that maximization of expected utility is 
equivalent to maximizing an order mean of the argument. An order mean is a root of a non-central 
moment. For example, if p(Fmsy) represents the pdf of Fmsy, the zth order mean of RY is 
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µRY (F, z) = . (r p(Fmsy) · ((_f_) · exp(1-_f_)J: dFmsyJ½ 
o Fmsy Fmsy 

Familiar special cases of order means include the arithmetic mean (z = l ), geometric mean (reached in the 
limit as z approaches 0), and harmonic mean (z = -1 ). 

When the utility function is of the constant RRA form, expected utility is given by 

EU(F RRA)= µRy(F,1-RRA)'-R/U -RRA . 
' 1-RRA 

Thus, maximizing expected utility, given a specified value of RRA, is equivalent to maximizing the mean 
(of RY) oforder 1-RRA. 

The special case where RRA approaches unity in the limit corresponds to U= I +ln(R Y). This special case 
is often used as an archetype of risk aversion, and was the utility function used to develop the Tier 1 
maxABC control rule. If RRA=l, the optimal harvest rate is determined by maximizing the geometric 
mean (1-RRA = 0) of RY. 

In the special case of the Fox model where Fmsy is viewed as a random variable because of scientific 
uncertainty, the geometric mean of RY involves order means of Fmsy (note the distinction between order 
means of RY and order means of Fmsy). Let the geometric and harmonic means of Fmsy be written 

G,..., =exp(J; p(Fmsy)•ln(Fmsy)dFmsy) , 

and 

H ,..., = ( [ p(Fmsy) · Fmsy-• dFmsy r , 
respectively. Then, the geometric mean of RY can be written 

µRy(F,O)=(_f_)•exp(_f_) . 
GFmsy HFmsy 

The derivative of the above with respect to F is 

dµRY(F,O) = (F 0)·(_!_ __ 1_) 
dF µRY ' F H 

Fmsy 
' 

which equals zero only at F=HFmsy• Note that this result holds regardless of the functional form of 
p(Fmsy). 
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Although the deriviation of the harmonic mean of Fmsy as the risk-averse (specifically, RRA=l) optimal 
harvest rate was based on a single model (the Fox model), it was also tested against the model of 
Thompson (1992) to determine whether it was a reasonably robust estimator of the risk-averse optimal 
harvest rate when the underlying assumptions of the original analysis were violated. Thompson ( 1992) 
derived the optimal fishing mortality rate for a simple model when the exponent (q) in the Cushing (1971) 
stock-recruitment relationship was uncertain, given RRA= 1. If the problem is re-cast in terms of the 
resilience (1=1-q) of the stock-recruitment relationship, it turns out that the optimal harvest rate under 
uncertainty is identical to the optimal harvest rate under certainty, where the latter is evaluated at the 
harmonic mean of r. Because the certainty-equivalent value of Fmsy is a nonlinear function of r in this 
model, the harmonic mean of Fmsy itself and the value of Fmsy at the harmonic mean of r will be equal 
only in special cases. However, the analysis conducted in developing Amendments 44/44 indicated that, 
although the harmonic mean of Fmsy was seldom exactly equal to the optimal harvest rate in the model of 
Thompson (1992), it was almost always reasonably close. 

The above derivation deals with use of the harmonic mean Fmsy as the asymptote of the Tier I maxABC 
control rule. In contrast to the formal derivation of this reference point, it should be noted that use of the 
arithmetic mean Fmsy as the asymptote of the Tier I OFL control rule was largely ad hoc, and should not 
be confused with the risk-neutral optimum F. The main reasons for using the arithmetic mean Fmsy in 
this way are that it is unambiguously larger than the harmonic mean, and that it is a fairly natural choice 
for a single statistic describing the central tendency of Fmsy. 

Sometimes optimality is not intuitive 

The EA for the ACL amendment to the Crab FMP raised some questions about the DT approach in 
general, because the risk-averse and risk-neutral optima computed in some of the examples were very 
close to each other, despite the presence of a large level of uncertainty surrounding key model_parameters. 

Although use of the harmonic and arithmetic means of Fmsy to specify the asymptotes of the maxABC 
and OFL control rules does guarantee that maxFAsc is always less than FOFL, and does guarantee that the 
buffer between maxF.48c and FOFL increases with uncertainty (given an appropriate measure thereof), 
these are not features of the DT approach in general, which may pose a potential problem for expanded 
use of the latter. More specifically, under certain circumstances, uncertainty surrounding the true value of 
Fmsy can result in a risk-averse optimal F that exceeds the risk-neutral optimal F, the arithmetic mean of 
Fmsy, or both. 

An example where the risk-averse optimal F exceeds the risk-neutral optimal F can be developed in the 
context of the simple Schaefer ( 1954) model. The Schaefer model is usually parameterized as: 

dB =r· B-(1-.!)-F·B 
dt K ' 

where r::: intrinsic rate of increase and K = carrying capacity. In this model, Bmsy=K/2 and Fmsy=r/2, 
giving MSY=r·K/4. 

Equilibrium yield in the Schaefer model is given by: 
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Equilibrium yield can be normalized to units of RY by expressing it relative to MSY as follows: 

RY=(_f_)·(2-_f_) . Fmsy Fmsy 

Consider the (very) hypothetical scenario where 0.2 and 0.4 are the only possible values of Fmsy, with 
these values being equally probable. The relative yields are plotted in Figure 2 for values of F less than 
or equal to 0.4, with the relative yield for Fmsy1 denoted by the blue curve and the relative yield for 
Fmsy2 denoted by the red curve (note that the lower end of vertical axis in the figure is truncated at a 
value of 0.8). The two relative yield curves intersect at the point identified by the magenta dashed lines in 
the figure, with abscissa and ordinate given by 

F;nt = 2 ·( FmsYt. Fmsy2 ) = 4/15 = 0.267 
FmsYt + Fmsy2 

and 

RY, =2·( F;nt )=8/9=0889 
mt Fmsyl + Fmsy2 . ' 

respectively. 

The arithmetic mean relative yield is shown by the green curve in Figure 2. The risk-neutral optimal F 
corresponds to the maximum of the green curve, as indicated by the green dashed lines, with abscissa and 
ordinate given by 

I I --+-
Fmsyl Fmsy2 =0.24 

1 1 
2 + 2 

Fmsy1 Fmsy2 

and 

2 
RY = (Fmsy1 + Fmsyi) = 0 9 

neutral 2 ( I:' 2 l:' 2 ) • ' • rmsy. +rmsy2 

respectively. 

A fuller description of this example is given below, but for now, a simple explanation of the phenomenon 
can be provided as follows: The risk-neutral manager will seek to maximize the expected relative yield 
(i.e., the arithmetic mean RY). This is achieved by fishing at the Fneurral rate given above. However, an 
utterly risk-averse manager (i.e., a manager who sets RRA = -oo) will seek to maximize the value of the 
worst-case scenario (the "maximin" solution, in the language of game theory). If the stock is fished at the 
Fneutral rate, Figure 2 shows that two outcomes are possible: the relative yield will equal 0.96 if Fmsy1 

(=0.2) is the true value of Fmsy (blue dashed line), but the relative yield will equal only 0.84 if Fmsy2 
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(=0.4) is the true value of Fmsy (red dashed line). The utterly risk-averse manager can do better at any 
value of F between Fneu,ral and F;n,, because RY2 (red curve) increases monotonically with F while 
remaining less than RY1 (blue curve) throughout this range. Such increases in the worst-case outcome are 
always accompanied here by decreases in the best-case outcome, but an utterly risk-averse manager will 
not care about this. In the limiting case where the stock is fished at the F;n, rate, the worst-case and best
case scenarios are identical and equal to RY;n,. If the stock is fished at any rate higher than F;n1, the worst
case scenario will be given by RY1 (blue curve) instead of RY2 (red curve), and will be lower than RY;n,, 
Therefore, F;n, is the optimal fishing mortality rate for an utterly risk-averse manager. However, F;n1 is 
clearly greater than Fneu,ral, meaning that this is one situation in which a risk-averse optimal F is higher 
than the risk-neutral optimal F. 

A fuller analysis of this example can begin by considering the case where RRA= 1. In this case, the 
optimal F maximizes the geometric mean of RY, and is given by 

F'. = 3 • (Fmsy1 + Fmsy2 )- ✓ 9 · (Fmsy, + Fmsy2 )2 - 32 · Fmsy1 • FmsYi == 
RRA=I 0 • 244 , 

4 

which results in a geometric mean RY value of approximately 0.898. 

Thus, the optimal F for RRA= 1 exceeds the risk-neutral optimal Fin this example. Figure 3 expands on 
this result by considering a wide range of RRA values (the range of values shown in Figure 3a is a subset 
of those shown in Figure 3b ). Note that the optimal F increases monotonically with RRA throughout the 
range. In the limit as RRA approaches -oo, the optimal F approaches Fmsy1; while in the limit as RRA 
approaches 00, the optimal F approaches F;nr• Figures 4 and 5 show two additional ways of viewing these 
results. Figure 4 adds to Figure 2 by showing the locus of maximum values for all order means ranging 
from-oo to 00 and their corresponding fishing mortality rates (black curve). Figure 5 shows how the RY 
means of order -1, 0, 1, and 2 vary with F (purple, green, orange, and light blue curves, respectively); 
along with the locus of maximum values for all order means ranging from approximately -2 to 00 and 
their corresponding fishing mortality rates (black curve). 

As an aside, it might be noted that two of the original papers deriving the F3s% and F4o% reference points 
(Clark 1991, Clark 1993), made explicit use of the maximin strategy, which, in light of the above result 
wherein the maximin strategy corresponded to an utterly risk averse attitude, might lead one to conclude 
that the F3s% and F4o% reference points are highly risk averse. In fact, this conclusion is exactly correct 
given the constraints imposed in those original papers on the admissible range of shapes for the stock
recruitment relationship. However, if those constraints were relaxed so as to admit the full range of 
shapes that might result from statistical estimation of actual stock-recruitment relationships, neither F3s% 

nor F4o% would correspond to the utterly risk averse optimum (although one or both might still imply 
some positive level of risk aversion). 

The p• alternative 

The P* approach (e.g., Prager et al. 2003) involves some of the same information used in the DT 
approach. If the objective is simply to set maxFAsc, then the approach consists of the following equation 
for maxFAsc, given a value for the policy parameter P*: 

rmaxF,,Bc ( ) P* = Jo p Fmsy dFmsy 

-~ 
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The P* approach was analyzed at length in the EA for the ACL amendment to the Crab FMP. It is 
therefore somewhat familiar in the NPFMC arena, has been used widely in other U.S. fisheries, and is a 
straightforward implementation of the language used in the National Standard Guidelines. However, its 
optimality properties are indirect at best, and nonexistent at worst. Simply put, there is no straightforward 
relationship between an ABC based on the P* approach and an optimal harvest level. This is because the 
P* approach is not designed with optimization in mind; rather, its objective is to achieve a constant 
probability of obtaining a single undesired outcome (in the present context, the undesired outcome is an 
ABC that exceeds the true but unknown OFL-as distinguished from the OFL that is actually specified). 
A simple analogy may help to illustrate this. Suppose that two urns, labeled "A" and "B," each contain 
60 white balls and 40 black balls, thoroughly mixed, and suppose that an individual is given the 
opportunity to choose one of the two urns and draw one ball from that um. If a white ball is drawn, the 
individual wins a prize, but if a black ball is drawn, the individual incurs a penalty. Ifum A is chosen, the 
prize is $1,000,000 and the penalty is $1. If urn Bis chosen, the prize is $1 and the penalty is $1,000,000. 
In the DT approach, use of any reasonable utility function would lead the individual to choose um A. In 
the P* approach, however, there is no value of P* that would allow the individual to determine a 
preference between the two urns, because the probability of obtaining an undesired outcome is exactly the 
same for both urns. For any value of P~40%, the individual will be completely indifferent between the 
two urns, and for any value of P*<40%, the individual will reject both urns. Likewise, achieving a 
constant probability of ABC exceeding the true but unknown OFL has very little necessary relationship to 
optimal management of the fishery, in part because this makes no allowance for either the magnitude of 
the overage or the consequences of the overage, and in part because this makes no allowance for what is 
gained or lost by setting the harvest rate equal to the maxF.4sc dictated by the particular choice of P*. 

One question that has often been asked is, "Why not just use the value of P* that sets the ABC from the 
P* approach equal to the ABC from the OT approach?" The answer is twofold: First, this would amount 
to using the OT approach, but with some completely superfluous steps added. It would be much simpler 
just to use the OT approach without the additional steps. Second, this would likely require setting a 
different value of P* for every stock; moreover, these stock-specific values of P* would likely change 
every time a new assessment is conducted. For example, using the current Tier 1 maxABC control rule, 
the "OT-equivalent" value of P* depends strongly on both the functional form and the coefficient of 
variation (CV) of the Fmsy pdf. Figure 6 shows how the OT-equivalent value of P* varies with CV for 
lognormal and gamma distributions (the means of the distributions cancel, and so do not affect the result). 
In the limit as CV approaches 0, both distributions set the OT-equivalent P* value at 0.5, but they diverge 
for positive values of CV. The OT-equivalent value of P* falls to zero when CV= 1 in the gamma case, 
while the OT-equivalent value of P* is greater than 0.2 for all values ofCV<4 in the lognormal case. In 
practice, perhaps the best that could be hoped for would be to find the value of P* that came closest to 
matching the results of the DT approach averaged across all stocks (perhaps weighted by biomass, 
revenue, or something else). 

Some questions remaining to be answered 

One ambiguity that was not thoroughly discussed during the development of Amendments 44/44 was how 
the harmonic mean rule was to be interpreted when uncertainty existed regarding the values of parameters 
other than Fmsy (e.g., selectivity). For the past few years, assessments of Tier 1 species have interpreted 
Fmsy as the ratio of MSY to Bmsy, which is consistent with the interpretation of Fmsy used in the original 
analysis, but which may cause confusion if there is a similarly named parameter in the model that 
represents the full selection fishing mortality rate. If the buffer between ABC and OFL is to be addressed 
in a future FMP amendment, this is an area for possible improvement. 
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For either the OT or P* approach, attention should be given to the possibility of extending the use of 
probability-based buffers to tiers other than Tier 1, or to the possibility of restructuring existing 
assessment models so that more stocks qualify for management under Tier 1. Now that all stocks 
managed_ under Tier 3 are assessed with models based on ADMB, variance estimates should be obtainable 
for all estimated parameters and derived quantities, in which case all that is required for use of either the 
OT or P* approach would be specification of the necessary functional forms and parameters (see 
paragraphs immediately following). The alternative strategy of restructuring existing assessment models 
so that more stocks qualify for management under Tier 1 should also be feasible. One way to accomplish 
this is to adopt an explicitly Bayesian approach, with well-rationalized prior distributions (particularly for 
the stock-recruitment parameters, or perhaps stock-recruitment parameters could be aliased by Fmsy and 
Bmsy or MSY, as was done by Schnute and Kronlund ( 1996), Schnute and Richards ( 1998), and Forrest 
et al. (2008)). 

Expanded use of the DT approach would require specification of a loss function and any parameters 
involved therein. For example, the utility function described above would require specifying the value of 
RRA to be used in the maxABC control rule (and the OFL control rule, if desired). Alternative functional 
forms for the utility function could also be considered. For example, a utility function exhibiting constant 
absolute (as opposed to relative) risk aversion, ARA, is another common choice: 

U = _I -_e_x..;;...p..;....(-_A_RA_· R_Y_) 
exp(ARA)-1 

The constant RRA and constant ARA utility functions are useful because they are simple, well known, and 
have convenient statistical properties. However, these are by no means the only possible choices. Rather, 
the utility function can take whatever form is necessary to achieve an accurate representation of utility. 
This begs the question of whose utility is to be represented: the Council's, the Secretary's, the Nation's, 
other? Also, in the discussion so far, the argument of the utility function has been taken to be equilibrium 
relative yield (RY), but this is not the only possible choice. Instead of focusing only on yield in the 
equilibrium state, the utility function might also consider yields realized en route to equilibrium (probably 
in combination with some positive discount rate); it might use revenue or profit instead of yield; and it 
might consider existence value, option value, or consumer surplus in addition to revenue or profit. Along 
these lines, the SSC made the following suggestion at its February 2011 meeting in response to a 
presentation by Michael Dalton on maximum economic yield (MEY) and MSY in the crab fishery: "To the 
extent practicable, the analysis of MEY/ MSY should be incorporated into Grant Thompson's decision 
theoretic approach, as part of the review of groundfish ACLs." Although MEY concepts have not yet 
been integrated into the DT approach for setting maxABC ( except to the extent that utility itself is defined 
as an economic concept), a discussion of ACLs vis-a-vis MEY is included here as an appendix. Of 
course, more complicated utility functions will typically require more parameters to be specified, more 
data to be gathered, and more complicated models to be developed. (Note: although the derivation of the 
current Tier I maxABC control rule was based on a constant RRA utility function with RRA=l, the FMP 
itself does not specify a utility function.) 

In contrast, to begin using the P* approach, the only parameter that needs to be specified is P* itself, 
provided that all relevant uncertainty has been quantified (see next paragraph). Although the number of 
parameters that need to be specified in the P* approach is small, the specification process can be very 
difficult because of the lack of correspondence between the value of P* and any optimization-based 
management objective, as discussed above. 
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Another issue for both the P* and DT approaches is how to deal with uncertainty that has not been 
quantified statistically (referred to as "<18" in the EA for the ACL amendment to the Crab FMP). For 
example, the statistical age-structured assessments currently used for all groundfish stocks managed under 
Tiers 1-3 provide variance estimates for model parameters and derived quantities, but these are all 
conditional on a particular model, and do not consider uncertainty in the assumptions underlying the 
model itself (functional forms, etc.). Some possibilties: 

1. Consider only whatever uncertainty can be quantified statistically. Advantages: no new 
methodology necessary; no need to develop ad hoc variance adjustments. Disadvantages: true 
total uncertainty will likely be underestimated; models with more/stronger assumptions will have 
smaller uncertainty than models with fewer/weaker assumptions (i.e., the amount of uncertainty 
can be decreased or increased simply by adopting a simpler or more complicated model). 

2. Inflate whatever uncertainty is currently estimated statistically by some agreed-upon but 
ultimately ad hoc amount. Advantages: could likely be implemented in the near future; will not 
underestimate true total uncertainty by as much as option #1. Disadvantages: the precise amounts 
of the ad hoc adjustments will be difficult to justify; resulting estimates may either systematically 
underestimate or systematically overestimate true total uncertainty. 

3. Develop statistical approaches for quantifying all presently non-quantified uncertainty. 
Advantage: provides an accurate estimate of true total uncertainty. Disadvantage: the necessary 
methodology may take a long time-or even prove impossible-to develop. 

Finally, for either the DT or P* approach, a choice needs to be made as to whether the maxABC and OFL 
control rules determine fishing mortality rates or removal amounts. This choice is easily illustrated using 
the P* approach, which can be used to determine either quantity by choosing the appropriate equation 
from the following pair and solving for the upper limit of the integral: ~ 

rmaxFABC ( ) 
P* = Jo p Fmsy dFmsy , 

rma\'.ABC ( ) 
P*= Jo p OFL dOFL . 

The current control rules prescribe fishing mortality rates only. If every other relevant quantity ( e.g., 
stock size, age structure, selectivity) is known precisely, these fishing mortality rates translate into 
removal amounts without any ambiguity. When other relevant quantities involve significant uncertainty, 
however, it is not obvious how these additional uncertainties should be incorporated into computation of 
maxABC and OFL under the current system. Conversely, if the control rules are expressed in terms of 
removal amounts, it may be difficult to infer "the" fishing mortality rates to which they correspond. 

Some options for future consideration 

Some options for further analysis regarding issue # 1, in addition to retaining the status quo, include the 
following (any relevant items among the "some questions remaining to be answered" above should be 
addressed regardless of which option is chosen): 

1. Use the P* approach by itself. Advantages: clearly complies with National Standard 1 
Guidelines; buffer always increases with the level of uncertainty. Disadvantage: does not result 
in an optimal harvest level. 
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2. Use the DT approach by itself. Advantage: results in an optimal harvest level. Disadvantages: 
compliance with National Standard I Guidelines is less clear than option # 1 ( on the other hand: 
"The decision-theoretic approach is very much 'allowed' in setting targets and limits"-Mark 
Millikin, NMFS Office of Sustainable Fisheries, pers. commun. 3/27 /09); buffer does not always 
increase with the level of uncertainty, and can even be negative under some circumstances. 

a. One possible sub-option would be to use this approach to set an upper limit on TAC 
rather than ABC. 

3. Use the DT approach constrained by the P* approach (e.g., set max.ABC at the minimum of the 
values prescribed by the two approaches). Advantages: results in an optimal harvest level except 
when the constraint is binding; clearly complies with National Standard 1 Guidelines. 
Disadvantages: does not result in an optimal harvest level when the constraint is binding; buffer 
does not always increase with the level of uncertainty. 

a. One possible sub-option would be to use this approach to set an upper limit on TAC 
rather than ABC. 

Issue #2: Lack of a numeric value for MSST 

Some potentially relevant excerpts from the National Standard Guidelines 

In the following, page numbers refer to the page of the Federal Register notice in which the current 
version of the guidelines for National Standard 1 were published (Vol. 74, No. 11; January 16, 2009). 

p. 3206: (e)(2)(i)(A) Status determination criteria (SDC) mean the quantifiable factors, MFMT, OFL, and 
MSST, or their proxies, that are used to detennine if overfishing has occurred, or if the stock or stock 
complex is overfished. 

p. 3206: ( e)(2)(i)(F) Minimum stock size threshold (MSST) means the level of biomass below which the 
stock or stock complex is considered to be overfished. 

p. 3206: (e)(2)(ii)(B) SDC to determine overfished status. The MSST or reasonable proxy must be 
expressed in terms of spawning biomass or other measure of reproductive potential. To the extent 
possible, the MSST should equal whichever of the following is greater: One-half the MSY stock size, or 
the minimum stock size at which rebuilding to the MSY level would be expected to occur within 10 
years, if the stock or stock complex were exploited at the MFMT specified under paragraph 
(e)(2)(ii)(A)(l) of this section. Should the estimated size of the stock or stock complex in a given year fall 
below this threshold, the stock or stock complex is considered overfished. 

Background and current FMP text 

Background 

April 1998: The SSC concluded, "The Council policy of using a biomass-based policy that reduces 
fishing mortality as stocks decrease in size was deliberately selected to provide for automatic 
rebuilding.... The added complexity of a threshold policy on top of a biomass-based policy serves no 
useful purpose, is harder to implement, and will be harder for the public to understand. The current stock 
assessment approach is sufficient to assure that harvest levels provide for sufficient rebuilding within the 
specified period of IO years .... " 
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June 1998: Amendments 56/56 approved by the Council. These amendments would institute various 
changes intended to address the requirements of the 1998 version of the National Standard Guidelines. 
Changes included lowering the asymptote of the OFL control rules for Tiers 2-4 and the asymptote of the 
maxABC control rule for Tier 2 so that MSY was treated consistently as a limit rather than a target, but 
did not include specifying MSST. 

March 1999: Amendments 56/56 implemented. Secretarial approval had been granted with the 
understanding that these amendments contained a proxy for MSST and that B4o% corresponded to the 
MSY level in Tier 3. The MSST proxy involved shifting the intercept of the OFL control rule on a case
by-case basis such that rebuilding to the MSY level would be expected within 10 years even if catches 
were set equal to the value associated with the OFL control rule in each year. However, this proxy had not 
been considered by either the SSC or the Council and had not been tested at the time of approval. 

April-July 1999: The MSST proxy envisioned by the Secretary when Amendments 56/56 were approved 
turned out to be highly impractical, resulting in OFLs of zero for some stocks that were only modestly 
below B4o'¼- Many alternative methods for interpreting or revising Amendments 56/56 were then 
examined for each stock managed under Tiers 1-3. 

August 1999: NMFS revised its interpretation of Amendments 56/56, and decided upon a strategy to be 
used in completing the required status determination report (the "Report to Congress"). Major features 
included the following: 1) an MSST was used for all stocks managed under Tiers 1-3; 2) B3mwas used as 
the proxy for the MSY level in Tier 3 (this did not involve a change in the control rule, but rather an 
interpretation as to when a stock would be considered "rebuilt"); 3) a "regime shift" commencing in 1977 
was recognized, meaning that all recruitment time series were standardized such that no year classes 
spawned prior to 1977 were included; and 4) a simulation approach was used to determine whether the ~ 
stock would be expected to rebuild to BMSr(Tiers 1-2) or the BMSrproxy (Tier 3) within 10 years if fished 
at the OFL control rule. 

November 2010: Amendments 96(BSAI)/87(GOA) implemented. Among other things, these 
amendments finally formalized the procedure outlined above, which had been used in all SAFE reports 
since 1999. 

Current FMP text 

Definition of Terms: 

Minimum stock size threshold (MSST) is the level of biomass below which the stock or stock complex is 
considered to be overfished. To the extent possible, the MSST should equal whichever of the following is 
greater: One-half the MSY stock size, or the minimum stock size at which rebuilding to the MSY level 
would be expected to occur within 10 years, if the stock or stock complex were exploited at the MFMT. 

Determination of"Overfished" Status: 

A stock or stock complex is determined to be "overfished" if it falls below the MSST. According to the 
National Standard Guidelines definition, the MSST equals whichever of the following is greater: One-half 
the MSY stock size, or the minimum stock size at which rebuilding to the MSY level would be expected 
to occur within 10 years, if the stock or stock complex were exploited at the MFMT. 

The above definition raises two questions: 1) How is the definition to be applied when "the MSY level" 
cannot be estimated? 2) In the context of an age-structured assessment, what is the meaning of the phrase, 
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"the minimum stock size at which rebuilding to the MSY level would be expected to occur within IO 
years?" These questions are addressed in this FMP as follows: 

1. Direct estimates of BMSr (i.e., "the MSY level") are available for Tiers 1 and 2. For Tier 3, no 
direct estimate of BMsr is available, but BJJ% is used as a proxy for BMsY• For Tiers 4-6, neither 
direct estimates of BMSr nor reliable estimates of BMsr proxies are available. Therefore, the 
"overfished" status of stocks and stock complexes managed under Tiers 4-6 is undefined. 

2. For a stock assessed with an age-structured model (as is typically the case for stocks and stock 
complexes managed under Tiers 1-3), there is more than one stock size or numbers-at-age vector 
at which rebuilding to the MSY level would be expected to occur in exactly l O years. Generally, 
there is no limit to the range of numbers-at-age vectors that satisfy this constraint, and each of 
these vectors corresponds to a stock size. Therefore, stock status in Tiers 1-3 is determined 
annually as follows: The determination of "overfished" status begins with an estimate of the 
stock's "current spawning biomass," which is defined as the estimated spawning biomass for the 
"current year," which in tum is defined as the most recent year from which data are used in the 
assessment. Given these definitions, and with the understanding that B 35% is used as a proxy for 
BMsr in Tier 3, the determination proceeds as follows: 

a. If current spawning biomass is estimated to be below ½ B MSY, the stock is below its 
MSST. 

b. If current spawning biomass is estimated to be above B MSY the stock is above its MSST. 

c. If current spawning biomass is estimated to be above ½ B MSY but below B MSY, then 
conduct a large number of stochastic simulations by projecting the numbers-at-age vector 
from the current year forward under the assumption that it will be fished at the MFMT in 
every year, and determine status as follows: 

i. If the mean spawning biomass in the I 0th year beyond the current year is below 
B MSY, the stock is below its MSST. 

ii. Otherwise, the stock is above its MSST. 

Analysis 

Why is this an issue? 

Although the current MSST definition is taken directly from the National Standard Guidelines, other 
FMPs for other U.S. fisheries have typically gone a step further and specified a numeric value for the 
MSST. Under the BSAI and GOA Groundfish FMPs, the process of conducting an annual (or bi-annual) 
test involving the stock's size relative to BMSY and½ BMSr and its ability to rebuild to BMSr in 10 years if 
fished at FOFL makes it impossible to tell how close a stock is to being overfished, and impossible to 
compare performance in this respect to that of other fisheries. Struggles with the NMFS Office of 
Sustainable Fisheries and others occur nearly every year over how to report the "real" MSSTs for BSAI 
and GOA groundfish stocks, which consume considerable amounts oftime. 

The reasons why the FMPs currently do not specify a numeric value for MSST are as follow: 
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1. When Amendments 56/56 were approved without inclusion of an MSST and the Secretary's 
initial interpretation proved to be infeasible, it seemed that the only defensible procedure (i.e., the 
only procedure that would not involve creation of a new, non-established policy) to comply with 
the Guidelines' requirement for inclusion of an MSST was to use the definition contained in the 
Guidelines themselves, but this did not provide a mechanism for specifying a numeric value. 

2. Development of Amendments 96(BSAI)/87(GOA) might have provided an opportunity to include 
a mechanism for specifying a numeric value, but the need to get these amendments developed and 
approved quickly limited their contents to clarification of existing procedures only. 

3. For stocks that are assessed using age-structured models, it was recognized early on that there is 
no unique stock size at which rebuilding to B MSY would be expected to occur in 10 years if the 
stock were to be fished at F=FoFL in each year (this would not be the case for stocks assessed 
using biomass dynamic models, where a unique stock size does exist). This is addressed below. 

Non-uniqueness of the stock size at which rebuilding to B MH is expected in 10 years if F=F Q£.L. 

The question of uniqueness was explored using a simple, age-structured model. To keep the 
parameterization simple, the conventional rule of thumb in which F3m equals M ( e.g., Clark 1991) was 
assumed. Main model features included the following: 

1. Linear weight at age (as in Thompson I 992). 
2. Infinite maximum age. 
3. Constant Mwith respect to age and time. 
4. Selectivity=! at all ages above the age of maturity. ~ 
5. The fishery occurs instantaneously at the start of the year. 
6. Knife-edge maturity at the maximum age consistent with the conventional rule of thumb setting 

F3m equal to M (the maximum consistent age was chosen because forcing F3S% to equal Min this 
model constrains the feasible range for the age at maturity to values lower than those that might 
be expected (e.g., Clark 1991, Jensen 1996)). 

7. The ratio of weight at the age of maturity to weight at age 0 was set at the value that sets F3s% 

equal to M. 
8. The OFL control rule was the same as the current Tier 3 rule, but expressed as exploitation rate E 

(i.e., E=l-exp(-F)), not instantaneous F. 
9. Catch=OFL in all years. 
10. Exploitation rate was set at a constant initial level E;n; in all years prior to year 1 
11. Prior to year i, recruitment followed a sine wave with given mean, coefficient of variation (CV), 

period, and offset lo ( an example is shown in Figure 7; the offset determines the time when the 
sine wave first passes through the mean on the upswing); from year 1 onward, recruitment was 
held constant at the average of the sine wave. 

Two values of recruitment CV were analyzed: 0 and 0.5. For the CV=0 case, the period and t0 parameters 
were not applicable. Otherwise, the following factorial design of parameters was used (mean recruitment 
was not included in the factorial design because it cancels out): 

• M= {0.05, 0.10} 
• CV= {0, 0.5} 
• period= {5, 10, 20, 40} 
• to/period= {0, 0.2, 0.4, 0.6, 0.8} 
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This design resulted in a total of I CV=0 case and 20 CV=0.5 cases for each value of M, giving a grand 
total of 42 cases. For each case, the model was solved for the value of E;,,; at which the stock would 
rebuild to BJs¾ in exactly 10 years. The results are summarized in Table 1. 

The critical values of E;,,; are shown in the next-to-rightmost column of Table 1 (cells are shaded so that, 
for a given Mand CV=0.5, the highest values of E;,,; are red and the lowest are green). The following 
results were obtained for each value of M: 1) E1,,; values in the CV=0 case fell within the range of E,,,,. 
values among the CV=0.5 cases, 2) the highest and lowest values of E1,,; were obtained among the 
period=40 cases, and 3) there was at least one case where E,,,1 was less than M. 

Ratios of initial biomass (B 1n;) to B 35% are shown in the right-most column of Table 1 ( shading convention 
is the same as for the preceding column). Some of the trends parallel those for E1,,1• Specifically, for each 
value of M: 1) ratios in the CV=0 case fell within the range of ratios among the CV=0.5 cases, and 2) the 
highest and lowest ratios were obtained among the period=40 cases (with one exception: for M=0.10, the 
ratio for the {period=l0, to/period=0.2} case was slightly lower than the minimum ratio among the 
period=40 cases). 

Most important, though, were the following two results: 

I. For M=0.05, all cases resulted in B1,,/B35% ratios between 0.5 and 1.0; while for M=0.10, 16 cases 
resulted in ratios less than 0.5, and 5 cases resulted in ratios between 0.5 and 1.0. If any of the 
M=0.05 stocks or any of the 5 M=0.10 stocks with ratios between 0.5 and 1.0 had been fished 
initially at rates higher than their respective E,,,, values, they would not have rebuilt to BMSr within 
10 years if fished at FOFL· This casts doubt on the conclusion reached by the SSC in April 1998 
regarding the extent to which the existing OFL control rules would assure rebuilding to B MSY 
within 10 years if the stock were fished at FoFL• 

2. The initial stock size at which rebuilding to B Msr would occur within 10 years if the stock were 
fished at FoFL is not unique. Rather, it depends on the age structure at the start of the IO-year 
period. Among the M=0.05 cases, B1,,1 ranged from 79% to 97% of B JS%• For M=O. l 0, 16 cases 
had B1,,1 values that were less than 50% of BMSr, in which case MSST would bet set to ½ BMSr, 
while the other 5 cases had B,,,, values ranging from 53% to 63% of B1s%-

Some options for future consideration 

Some options for further analysis regarding issue #2, in addition to retaining the status quo, include the 
following: 

1. Specify MSST as the greater of: a)½ BMSr, orb) the smallest equilibrium stock size at which the 
stock would be expected to rebuild to BMSrwithin 10 years if it were fished at FoFL in each year. 
Advantages: fairly simple; proximity of the stock to MSST could be measured; management of 
BSAI and GOA groundfish would be more comparable to other U.S. fisheries; may provide 
additional protection for long-lived stocks. Disadvantages: depending on the age structure of the 
stock, could result in a stock being declared "overfished" even though the stock would be 
expected to rebuild to BMSr within 10 years when fished at FoFL· 

2. Specify MSST as the greater of: a) ½ BMSr, orb) the smallest disequilibrium stock size at which 
the stock would be expected to rebuild to B MSY within 10 years if it were fished at F oFL in each 
year. Advantages: proximity of the stock to MSST could be measured; management of BSAI and 
GOA groundfish would be more comparable to other U.S. fisheries; may provide additional 

~-
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protection for long-lived stocks; regardless of the age structure of the stock, would never result in 
a stock being declared "overfished" if the stock would be expected to rebuild to B Msr within I 0 
years when fished at F oFL· Disadvantages: very complicated; depending on the age structure of 
the stock, could result in a stock being declared "not overfished" even though the stock would not 
be expected to rebuild to B MSY within l O years when fished at FOFL• 

Issue #3: Possible ambiguities regarding how various anthropogenic removals should be A) treated 
in computation of fishing mortality reference points and B) counted against harvest specifications 

Note: The term "anthropogenic removals" is intended to include removals resulting from scientific 
research. This somewhat awkward term is used rather than the more familiar "fishery removals" or 
"removals due to fishing" because the Magnuson-Stevens Act's defines "fishing" as being exclusive of 
"any scientific research activity which is conducted by a scientific research vessel" (§3(16)). Also, 
"removals" should be understood here to mean "permanent removals from the population," not just 
"permanent removals from the ocean" (e.g., fish discarded back into the ocean still count as "removals"). 

Some potentially relevant excerpts from the National Standard Guidelines 

In the following, page numbers refer to the page of the Federal Register notice in which the current 
version of the guidelines for National Standard I were published (Vol. 74, No. 11; January 16, 2009). 

p. 3190: Comment 35: Several commenters suggested that NMFS clarify language to ensure that all 
aspects of fishing mortality (e.g., dead discards and postrelease mortality) are accounted for in the 
estimates of ABC or when setting the ACL, and that all catch is counted against OY. . . . Response: NMFS 
agrees that all sources of fishing mortality, including dead discards and post-release mortality from .r--\ 
recreational fisheries must be accounted for, but believes that language in § 600.310( e)(3)(v)(C), (f)(2)(i) 
and (f)(3)(i) in both the proposed and final action sufficiently explains that catch includes fish that are 
retained for any purposes, mortality of fish that have been discarded, allocations for scientific research, 
and mortality from any other fishing activity .... 

p. 3206: (e)(2)(ii)(A)(2) Catch exceeds the OFL. Should the annual catch exceed the annual OFL for I 
year or more, the stock or stock complex is considered subject to overfishing. 

p. 3208: §600.310(e)(3)(v)(C) All catch must be counted against OY, including that resulting from 
bycatch, scientific research, and all fishing activities. 

p. 3208: §600.310(f)(2)(i) Catch is the total quantity offish, measured in weight or numbers of fish, taken 
in commercial, recreational, subsistence, tribal, and other fisheries. Catch includes fish that are retained 
for any purpose, as well as mortality of fish that are discarded. 

p. 3209: §600.3I0(f)(3)(i) Expression of ABC. ABC should be expressed in terms of catch, but may be 
expressed in tenns of landings as long as estimates ofbycatch and any other fishing mortality not 
accounted for in the landings are incorporated into the determination of ABC. 

p. 3210: §600.31 0(g)(2) lnseason AMs. Whenever possible, FMPs should include inseason monitoring 
and management measures to prevent catch from exceeding ACLs .... 

p. 32 I 0: §600.3 IO(g)(3) ... If catch exceeds the ACL for a given stock or stock complex more than once in 
the last four years, the system of ACLs and AMs should be re-evaluated, and modified if necessary, to 
improve its performance and effectiveness .... 
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p. 3213: §600.310(1)(5) National Standard 9 (see §600.350). Evaluation of stock status with respect to 
reference points must take into account mortality caused by bycatch. In addition, the estimation of catch 
should include the mortality of fish that are discarded. 

Background and current FMP text 

Background 

September 2010: Final EA for Amendments 96(BSAI)/87(GOA) published. Under the heading "Total 
Catch Accounting," the EA reads as follows: "Regulations at 50 CFR §600.3 IO(e)(3)(v)(C) require that 
'all catch must be counted against OY, including that resulting from bycatch, scientific research, and all 
fishing activities.' The Groundfish FMPs would be amended to include the accounting for all commercial 
and research catch in the annual stock assessment process. All types of catch, including bait, state waters, 
and research catch (scientific research permits, letters of acknowledgement and exempted fishing 
permits), are estimated each year and provided to the stock assessment authors for inclusion in stock 
assessment models for recommending OFLs and ABCs for the following year. This will ensure that all 
catch is accounted for in the stock assessment process and results in OFLs and ABCs that take into 
account all types of harvests." 

Current FMP text 

Stock Assessment and Fishery Evaluation Report: 

Scientists from the Alaska Fisheries Science Center, the Alaska Department of Fish and Game, other 
agencies, and universities prepare a Stock Assessment and Fishery Evaluation (SAFE) report annually. 
The SAFE report is scientifically based, citing data sources and interpretations. The SAFE report provides 
information to the Council for determining annual harvest specifications, documenting significant trends 
or changes in the stocks, marine ecosystem, and fisheries over time; and assessing the relative success of 
existing State and Federal fishery management programs. This document is reviewed first by the 
Groundfish Plan Team, then by the SSC and AP, and then by the Council. The review by the SSC 
constitutes the official scientific review for purposes of the Information Quality Act. Upon review and 
acceptance by the SSC, the SAFE report and any associated SSC comments constitute the best scientific 
information available for purposes of the Magnuson-Stevens Act. 

The SAFE report consists of three volumes: a volume containing stock assessments, a volume containing 
economic analysis, and a volume describing ecosystem considerations. 

The stock assessment volume contains a chapter or sub-chapter for each stock or stock complex in the 
"target species" category, and a summary chapter prepared by the Groundfish Plan Team. To the extent 
practicable, each chapter contains estimates of all annual harvest specifications except TAC, all reference 
points needed to compute such estimates, and all information needed to make annual status 
determinations with respect to "overfishing" and "overfished." In providing this information, the SAFE 
report uses the official time series of historic catch for each stock or stock complex. This time series, 
which is provided by the NMFS Alaska Region, includes estimates of retained and discarded catch taken 
in the groundfish fisheries; bycatch taken in other fisheries; state commercial, recreational, and 
subsistence fisheries; catches taken during scientific research; and catches taken during the prosecution of 
exempted fisheries. 

The other two volumes contain additional economic, social, community, essential fish habitat, and 
ecological information pertinent to the success of management or the achievement ofFMP objectives. 
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Harvest Specifications and TAC Overage: 

Any amount of harvest that may exceed the TAC will be included in the total catch estimate used in the 
next stock assessment. A higher catch during a year will result in a lower biomass in the subsequent year. 
For stocks managed under Tiers 1-5, this would result in a lower maxABC in the subsequent year, all else 
being equal, because maxABC tends to vary directly with biomass (as a first approximation, maxABC = 
maxF ABC x biomass; therefore a lower biomass results in a lower maxABC). For the special case of a 
stock managed under sub-tier "b" of any Tier 1-3 where spawning biomass is below the reference level 
(Bmsy in Tiers 1-2, B40% in Tier 3) of the ABC control rule, the decrease will be compounded because 
maxF ABC also tends to vary directly with biomass (using the same first approximation, lower maxF ABC 
and lower biomass results in an even lower maxABC). For Tier 6 stocks, the information used to establish 
harvest levels is insufficient to discern the existence or extent of biological consequences caused by an 
overage in the preceding year. The assessment for certain Tier 6 stocks may not be able to describe the 
biological consequences to the stock resulting from an overage. Consequently, the subsequent year's 
maxABC will not necessarily decrease. However, the SSC may recommend a decrease in the ABC for a 
Tier 6 stock. 

Analysis 

Initial thoughts 

Two sub-issues are contained in Issue #3: A) How should anthropogenic removals from various sources 
be treated in the computation of fishing mortality reference points such as F MSY, F35%, and F40%? B) 
Which anthropogenic removals should be counted against which harvest specifications? 

With respect to the first sub-issue, the following are some possibilities for computing F MSY (these presume 
the existence of multiple sources of removals, each with its own F, including those sources whose 
removals are discarded): 

1. F MSY is the vector of source-specific mortality rates that maximizes the aggregate equilibrium 
removals of the stock from all sources. 

2. F MSY is the vector of source-specific mortality rates that maximizes the aggregate equilibrium 
landed removals of the stock from all sources conditional on the existing Fs for the sources 
generating discarded removals. 

3. F MSY is the vector of source-specific mortality rates that maximizes the aggregate equilibrium 
landed removals of the stock from all sources conditional on F=O for each of the sources 
generating discarded removals. 

4. F MSY is the mortality rate that maximizes equilibrium total removals of the stock from the 
groundfish fishery conditional on the existing Fs for the other sources of removals. 

5. F MSY is the mortality rate that maximizes equilibrium total removals of the stock from the 
groundfish fishery conditional on F=O for each of the other sources of removals. 

Analogous lists could be developed for F3s% and F4o%• It may be noted that the original papers by Clark 
(1991, 1993) seemed to presume a single source of anthropogenic removals, viz., the target fishery. It is 
not clear how the results of those papers might have changed had additional sources of removals been 
included in the analysis. Because of this, it is probably premature to suggest that, even in the presence of 
multiple significant sources of removals, allowing the target fishery to fish at the F35% rate will always 
tend in the long run to provide an average yield close to MSY. 
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Turning to the second sub-issue, here are some possibilities for the types of removals that should be 
counted against one or more of the various harvest specifications (TAC, ABC(=ACL), OFL, OY): 

I. Catches taken in the groundfish fishery only. 
2. Groundfish catches plus catches retained for sale in other fisheries. 
3. Groundfish catches plus all catches taken in other fisheries (including discards and fish retained 

for use as bait). 
4. Catches taken in all fisheries plus removals resulting from scientific research. 

Modeling the problem 

The two sub-issues may not be independent, of course. Therefore, they will be addressed simultaneously 
here using a simple, age-structured model broadly similar to the model analyzed under Issue #2. The 
major difference is that the model used here included two fisheries: a "target" fishery (fishery I, with 
fishing mortality rate F, and catch C1) and a "non-target" fishery (fishery 2, with fishing mortality rate F2 

and catch C2), Other main model features included the following: 

Features 1-4 were the same as in the model analyzed under Issue #2: 

l. Linear weight at age. 
2. Infinite maximum age. 
·3. Age-invariant M. 
4. Selectivity=! at all ages above the age of maturity. 

Features 5-7 in the model analyzed under Issue #2 were modified in light of the addition of a non-target 
fishery as follows (bold italic font indicates a change from the previous model): 

5. The target fishery occurs instantaneously at the start of the year;jishery 2 occurs at a constant 
rate throughout the year. 

6. Knife-edge maturity at the maximum age consistent with the conventional rule of thumb setting 
FmJor the target fishery equal to M, given a zero rate of fishing mortality for fishery 2. 

7. The ratio of weight at the age of maturity to weight at age O was set at the value that sets FJmfor 
the target fishery equal to M, given a zero rate of fishing mortality for the fishery 2. 

Features 8-11 in the model analyzed under Issue #2 were replaced by the following 

8. The stock-recruitment relationship follows the form suggested by Cushing ( 1971 ). 
9. The Cushing exponent was set at the value that set F MSY for the target fishery equal to M, given a 

zero rate of fishing mortality for fishery 2. 
10. No kinks in the control rules for Tiers 2 and 3 (i.e., control rules are of the "constant F' form). 
11. ABC=maxABC in all cases. 

Figure 8 (based on M=0.05) shows an example of how equilibrium yield in this model varies for fishery 
1, fishery 2, and the combined fisheries; each as a function of F1• Equilibrium yield for the combined 
fisheries when F2=0.5M is shown by the magenta curve, and is maximized at F 1=0.026, as indicated by 
the dashed magenta line. Equilibrium yield for fishery 1 when F2=0 (same as equilibrium yield for the 
combined fisheries when F2=0) is shown by the blue curve, and is maximized at F,=0.05, as indicated by 
the blue dashed line. Equilibrium yield for fishery 1 when F2=0.5M is shown by the red curve, and is 
maximized at F1==0.091, as shown by the red dashed line. Equilibrium yield for fishery 2 given F2=0.05 is 
shown by the green curve, and is maximized at F,=O. 
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As can be inferred from Figure 8, one property of this model is that the value of F 1 that maximizes 
equilibrium yield from either fishery I or the combined fisheries is a function of F2. Likewise, the value 
of F 1 that achieves a specified equilibrium level of relative spawning per recruit (e.g., 35%, 40%) is a 
function of F2. To keep these properties explicit, the value of F 1 that maximizes the equilibrium yield 
from fishery 1 will be written Fmsy I(F2), and the value of F, that achieves an equilibrium relative 
spawning per recruit level of X% will be written Fspr I(F2,X%). An example is illustrated in Figure 9 
(based on M=0.05). Both Fmsy1(F2) and Fspr1(F2,35%) are expressed relative to M. As the figure shows, 
these two fishing mortality reference points move in opposite directions as functions of F2, with 
Fmsy1(F2) increasing (blue curve) and Fspr,(F2,35%) decreasing (red line) until it reaches zero at F2=M. 

The model was run for 320 different cases, using the following factorial design: 

• M= {0.05, 0.10, 0.20, 0.30} 
• F2/M= {0.1, 0.2, 0.3, 0.4, 0.5} 
• Tier = {2, 3} 
• Computation of Fabc1 andFoj11 = {two tier-specific choices described below} 
• Computation of C1 and C2 = {two tier-specific choices described below} 
• Computation of ABC and OFL = { two non-tier-specific choices described below} 

For the Tier 2 cases, the choices for computation of Fabc1, Fojli, Ci, and C2 were as follow: 

Fabc1 and Fojl, were computed using either 

Fabe, =(Fspfi(0, 40%))•Fmsy
1
(0) and Foj11 =Fmsy1(0) , or 

Fspr,.(0,35%) 

rr b -(Fspr,.(0,40%))· i:;, (F) d 't::',n (F) 't::' ra c, - --------- rmsy, an rop, = rmsy, 2 • 
Fspr.. (0, 35%) 2 

C1 and C2 were computed using either 

Fi =(Fspr,.(0, 40%))·Fmsy
I 
(0) and F

2 
=F

2 
, or 

Fspr.. (0, 35%) 

Fi =(Fspr,(0,40%)J·Fmsy,(0) and F2 =F2 . 
Fspr,.(0,35%) 

For the Tier 3 cases, the choices for computation of Fabe,, Foj11, C1, and C2 were as follow: 

Fabc1 and Foj11 were computed using either 

Fabe1 = Fspr,.(0,40%) and Foj11 = Fspr,.(0,35%) , or 
Fabe1 = Fspfi(F2 ,40%) and Foj1I = Fspfi(F2 ,35%) . 

C, and C2 were computed using either 
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F; = Fspr1 (0, 40%) and F2 = F2 , or 

F; = Fspr1(F2 ,40%) and F2 = F2 

For the Tier 2 and Tier 3 cases, the choices for computation of ABC and OFL were as follow: 

ABC and OFL were computed using Fabc 1 only (for ABC) and Fojl1 only (for OFL), or 
ABC and OFL were computed using Fabe, and F2 (for ABC) and Fofli and F2 (for OFL). 

The results are shown in Table 2 ( eight pages). Here is how to interpret these tables: 
1. In the third column, "Fi assumes F2=0?" refers to whether F2 was assumed to equal zero when 

determining the value of Fi that went into the computation of Ci and C2• 

2. In the fourth column, "Fi assumes F2=0?" refers to whether F2 was assumed to equal zero when 
determining the values of Fabci and Fojl1 that went into the computation of ABC and OFL. 

3. "Specs exclude C2?" refers to whether ABC and OFL were computed with C2 excluded. 
4. For the Tier 2 tables, color coding in the first group of four colored columns indicates how close 

the cell values are to unity (i.e., how close the sustainable yield under the ABC or OFL control 
rules is to MSY). Green = closest to unity, grading to red= farthest from unity. 

5. For the Tier 3 tables, color coding in the first group of four colored columns indicates how close 
the cell values are to the intended relative spawning per recruit (RSPR) values. In the "ABC 
RSPR" columns, green = closest to 0.40, grading to red = farthest from 0.40; in the "OFL RSPR" 
columns, green = closest to 0.35, grading to red = farthest from 0.35. 

6. For all tables, color coding in the second group of four colored columns indicates cell values 
relative to zero. Red= cell value greater than zero (catch exceeds ABC or OFL), yellow= cell 
value equal to zero (catch equals ABC or OFL), green= cell value less than zero (catch is less 
than ABC or OFL). For both ABC and OFL, two columns are shown. The first shows the result 
if both Ci and C2 are counted against the respective specification, and the second shows the result 
when only Ci is counted. 

The values listed in Table 2 cover wide ranges, but some trends are evident. One of these is that, for all 
values of Mand both Tiers, the highest and lowest values in columns 6-9 occur when F2 is highest 
(bottom section on each page of each table), with low values occurring when F2 is assumed to be zero, 
both when determining the value of Fi that went into the computation of C1 and C2 and when determining 
the values of Fabc1 and Fojl1 that went into the computation of ABC and OFL. In other words, 
equilibrium yields and relative spawning per recruit are lowest and when F2 is high and ignored. 

The cases where catch equaled ABC exactly are the same on all pages of Table 2. These are basically 
tautologies, and have no relationship to how close equilibrium yields are to MSY (Tier 2) or how well 
specified levels of relative spawning per recruit are achieved (Tier 3 ). 

There were many cases where ABC or OFL was exceeded. Several of these corresponded to situations in 
which C2 was ignored when setting the harvest specifications but then counted against those 
specifications after the fact, which is a fairly predictable result. However, there were not the only cases 
where overages occurred. Even when only C1 was counted against the harvest specification, there were 
many cases where overages occurred, with respect to both ABC and OFL. In cases where only C1 was 
counted against OFL, consistent patterns emerged for both Tier 2 and Tier 3. For Tier 2, an overage 
occurred whenever columns 3, 4, and 5 equaled "no," "yes," and "yes," respectively and F2 was at least 
20% of M. For Tier 3, an overage occurred whenever columns 3, 4, and 5 equaled "yes," "no," and "yes," 
respectively and F2 was at least 20% of M. 
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Some options for future consideration 

Some options for further analysis regarding issue #3, in addition to retaining the status quo, include the 
following: 

I. Clarify how fishing mortality reference points should be computed when multiple sources of 
significant anthropogenic removals exist. Advantage: should reduce the possibility of misusing 
existing reference points. Disadvantage: may complicate the management process. 

2. Clarify which anthropogenic removals should be counted against the various harvest 
specifications. Advantages: compliance with National Standard l Guidelines would be more 
obvious than at present. Disadvantages: knowing which removals should be counted against the 
specifications, by itself, does nothing to prevent those specifications from being exceeded; may 
complicate the management process. 

3. Set TAC below ABC by an amount sufficient to keep total anthropogenic removals below ABC. 
Advantages: compliance with the National Standard 1 Guidelines would be more obvious than at 
present; total anthropogenic removals would likely not exceed ABC. Disadvantages: fewer fish 
would be available to the groundfish fishery; would almost certainly complicate the management 
process, including the setting of TA Cs and the authorization of research fishing. 

4. Redefine ABC or ACL to be exclusive of certain types of anthropogenic removals. Advantages: 
might not require reductions in TAC in order to keep ABC/ ACL from being exceeded (because 
some removals would not count). Disadvantages: total anthropogenic removals might still exceed.,..-...... 
OY or OFL (because the removals excluded from ABC/ ACL would not be excluded from r , 
OY/OFL); compliance with the National Standard 1 Guidelines might not be obvious. 
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Figure 1. Five utility functions exhibiting constant relative risk aversion (RRA). 
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Figure 2. Relative yield (RY) from a Schaefer model under Fmsy=0.2 (blue curve) and Fmsy=0.4 (red 
curve). Average RY is shown by the green curve. The intersection of the blue and red curves is indicated 
by the dashed magenta lines. Maximum average RY is indicated by the green dashed lines. Blue and red 
dashed lines indicate RY from the blue and red curves when Fis at the value that maximizes average RY. 
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Figure 3. Optimal fishing mortality rates for the Schaefer model under equi-probable Fmsy values of 0.2 
and 0.4 as a function of the level of relative risk aversion (RRA). In both panels, the black curve indicates 
the optimal fishing mortality rate across the respective range of RRA values, and the dashed green lines 
indicate the location of the risk-neutral optimum. Figure 3a: RRA ranges from -2 to 2. Dashed orange 
lines indicate location of the optimum when RRA=l. Figure 3b: RRA ranges from -20 to 100 (note that 
the range showed in Figure 3a is a subset of the range shown in Figure 3b). Dashed magenta line 
indicates location of F;n,, the value of Fat which the two relative yield curves in Figure 2 intersect. 
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Figure 4. Same as Figure 2, but with dashed red and blue lines omitted, and locus of optima added (black 
curve). Optima correspond to a continuous range of RRA values from -00 to oo. 
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of Fmsy, for two functional forms (lognormal and gamma) of the Fmsy pdf and a range of values for the 
coefficient of variation characterizing those pdfs. The harmonic mean is the decision-theoretic optimum. 
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Figure 7. Example relative recruitment trend (black curve). Blue and red dashed lines indicate maxima 
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6 

5 

4 
:E 
s 
I 3 i 
i ... 
u. 

2 

1 

0 
0 0.01 0.02 0.03 0.04 0.05 0.07 0.08 0.09 0.1 

-Flmsy(F2)/M 

-Flspr(F2,35%)/M 

--M 

0.06 

F2 
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on M=0.05). Values of F 1 are expressed relative to M. 
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Table I. Minimum initial biomass (relative to B15%) at which rebuilding to B1m will be achieved within 
IO years if the stock is fished at F OFL every year under a variety of scenarios. See main text for details. 

M Rec. CV Period tofPer. E;n; B;n/ B1s¾ 
0.05 0 n/a n/a 0.059 0.867 

0.05 0.5 5 0 0.060 0.863 

0.05 0.5 5 0.2 0.063 0.850 

0.05 0.5 5 0.4 0.060 0.860 

0.05 0.5 5 0.6 

0.05 0.5 5 0.8 

0.05 0.5 10 0 

0.05 0.5 10 0.2 

0.05 0.5 JO 0.4 

0.05 0.5 10 0.6 

0.05 0.5 JO 0.8 

0.05 0.5 20 0 

0.05 0.5 20 0.2 

0.05 0.5 20 0.4 

0.05 0.5 20 0.6 

0.05 0.5 20 0.8 

0.05 0.5 40 0 

0.05 0.5 40 0.2 

0.05 0.5 40 0.4 

0.05 0.5 40 0.6 

0.05 0.5 40 0.8 

0.10 0 n/a n/a 0.242 0.441 

0.056 
0.056 
0.054 
0.063 
0.068 
0.060 

0.10 0.5 5 0 0:205 0.472 
0.194 0.492 I 0.10 0.5 5 0.2 

0.10 0.5 5 0.4 0.248 

0.10 0.5 5 0.6 0.321 

0.10 0.5 5 0.8 0.282 . '.0.410 

0.444 
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Table 2 (p. I of 8: M=0.05, Tier 2). Exploration of total catch accounting. See text for explanation. 

Fl assumes Specs Tier 2 

F2=0? exclude ABCSY/MSY OFL SY/MSY ABC overage OFL overage 

M F2 Catch Specs C2? Specs Catch Specs C l+C2 Cl Cl+C2 C l 

0.05 0.005 yes yes yes 0.977 0.996 0.996 0.116 0.000 -0.079 -0.175 

0.05 0.005 yes yes no 0.977 0.996 0.996 0.000 -0.104 -0.159 -0.246 

0.05 0.005 yes no yes -0.025 -0.127 -0.195 -0.279 

0.05 0.005 yes no no -0.115 -0.207 -0.256 -0.334 

0.05 0.005 no yes yes 0.260 0.145 0.040 -0.055 

0.05 0.005 no yes no 0. 129 0.026 -0.050 -0.137 

0.05 0.005 no no yes 0.101 0.000 -0.091 -0. 174 

0.05 0.005 no no no 0.000 -0.091 -0.160 -0.237 

0.05 0.0 1 yes yes yes 0.232 0.000 0.016 -0.175 

0.05 0.01 yes yes no 0.000 -0. 188 -0.146 -0.306 

0.05 0.0 1 yes no yes -0.051 -0.229 -0.216 -0.363 

0.05 0.01 yes no no -0.193 -0.345 -0.3 15 -0.443 

0.05 0.01 no yes yes 0.526 0.298 0.260 0.071 

0.05 0.01 no yes no 0.239 0.054 0.059 -0.100 

0.05 0.01 no no yes 0.176 0.000 -0.028 -0.174 

0.05 0.01 no no no 0.000 -0.150 -0.150 -0.278 

0.05 0.015 yes yes yes 0.346 0.000 0.111 -0.175 

0.05 0.Ql5 yes yes no 0.000 -0.257 -0.134 -0.357 

0.05 0.015 yes no yes -0.076 -0.314 -0.236 -0.433 

0.05 0.Ql5 yes no no -0.25 1 -0.444 -0.358 -0.523 

0.05 0.Ql5 no yes yes 0.797 0.458 0.483 0.203 

0.05 0.Ql5 no yes no 0.335 0.083 0.156 -0.063 

0.05 0.015 no no yes 0.233 0.000 0.020 -0.173 

0.05 0.Ql5 no no no 0.000 -0.189 -0.143 -0.305 

0.05 0.02 yes yes yes 0.461 0.000 0.205 -0.175 

0.05 0.02 yes yes no 0.000 -0.315 -0.125 -0.40 l 

0.05 0.02 yes no yes -0.101 -0.385 -0.256 -0.491 

0.05 0.02 yes no no -0.296 -0.518 -0.393 -0.584 

0.05 0.02 no yes yes 1.074 0.625 0.711 0.341 

0.05 0.02 no yes no 0.420 0.113 0.243 -0.026 

0.05 0.02 no no yes 0.276 0.000 0.056 -0.173 

0.05 0.02 no no no 0.000 -0.2 I 6 -0.138 -0.325 

0.05 0.025 yes yes yes 0.574 0.000 0.299 -0.175 

0.05 0.025 yes yes no 0.000 -0.365 -0.116 -0.439 

0.05 0.025 yes no yes -0.125 -0.444 -0.275 -0.540 

0.05 0.025 yes no no -0.331 -0.575 -0.421 -0.632 

0.05 0.025 no yes yes 1.354 0.799 0.943 0.485 
0.05 0.025 no yes no 0.495 0.143 0.322 0.010 

0.05 0.025 no no yes 0.309 0.000 0.084 -0.172 

0.05 0.025 no no no 0.000 -0.236 -0.134 -0.338 
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Table 2 (p. 2 of 8: M=0.05, Tier 3). Exploration of total catch accounting. See text for explanation. 

F l assumes Specs Tier 3 

F2=0? exclude ABCRSPR OFLRSPR ABC overage OFL overage 

M F2 Catch Specs C2? Specs Specs Cl +C2 Cl CJ+C2 Cl 

0.05 0.005 yes yes yes 0.371 0.327 0.116 0.000 -0.079 -0.175 

0.05 0.005 yes yes no 0.371 0.327 0.000 -0.104 -0.159 -0.246 

0.05 0.005 yes no yes 0.268 0. 136 0.02 1 -0.085 

0.05 0.005 yes no no 0.119 0.003 -0.077 -0.173 

0.05 0.005 no yes yes -0.003 -0.120 -0.177 -0.273 

0.05 0.005 no yes no -0.107 -0.211 -0.249 -0.336 

0.05 0.005 no no yes 0.132 0.000 -0.088 -0.195 

0.05 0.005 no no no 0.000 -0.117 -0.175 -0.272 

0.05 0.01 yes yes yes 0.232 0.000 0.016 -0.175 

0.05 0.0 1 yes yes no 0.000 -0.188 -0.146 -0.306 

0.05 0.01 yes no yes 0.620 0.3 15 0.264 0.026 

0.05 0.01 yes no no 0.239 0.006 0.021 -0. 171 

0.05 0.01 no yes yes -0.006 -0.240 -0.180 -0.373 

0.05 0.01 no yes no -0.193 -0.383 -0.310 -0.472 

0.05 0.01 no no yes 0.308 0.000 0.020 -0.220 

0.05 0.01 no no no 0.000 -0.235 -0.176 -0.370 

0.05 0.015 yes yes yes 0.346 0.000 0.111 -0.175 

0.05 0.015 yes yes no 0.000 -0.257 -0.134 -0.357 

0.05 0.015 yes no yes 1.105 0.564 0.575 0.170 

0.05 0.015 yes no no 0.358 0.009 0.119 -0. I 69 

0.05 0.015 no yes yes -0.009 -0.360 -0. 182 -0.472 

0.05 0.015 no yes no -0.264 -0.525 -0.363 -0.589 

0.05 0.015 no no yes 0.550 0.000 0.160 -0.252 

0.05 0.01 5 no no no 0.000 -0.355 -0.176 -0.468 

0.05 0.02 yes yes yes 0.461 0.000 0.205 -0.175 

0.05 0.02 yes yes no 0.000 -0.315 -0.125 -0.401 

0.05 0.02 yes no yes 1.818 0.930 0.989 0.362 

0.05 0.02 yes no no 0.478 0.012 0.217 -0. 167 

0.05 0.02 no yes yes -0.012 -0.482 -0.185 -0.572 

0.05 0.02 no yes no -0.324 -0.645 -0.408 -0.689 

0.05 0.02 no no yes ·o.901 0.000 0.346 -0.294 

0.05 0.02 no no no 0.000 -0.476 -0.177 -0.568 

0.05 0.025 yes yes yes 0.574 0.000 0.299 -0.175 

0.05 0.025 yes yes no 0.000 -0.365 -0.116 -0.439 

0.05 0.025 yes no yes 2.973 1.523 1.566 0.630 

0.05 0.025 yes no no 0.598 0,015 0.315 -0.165 

0.05 0.025 no yes yes -0.015 -0.604 -0.187 -0.673 

0.05 0.025 no yes no -0.374 -0.748 -0.447 -0.778 

0.05 0.025 no no yes 1.486 0.000 0.606 -0.354 

0.05 0.025 no no no 0.000 -0.598 -0.177 -0.669 
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Table 2 (p. 3 of 8 : M=O. l, Tier 2). Exploration of total catch accounting. See text for explanation. 

Tier 2 Specs Fl assumes 
ABC overage OFL overage F2=0? ABC SY/MSY OFL SY/MSY exclude 

Specs C!+C2 C l Cl+C2 C l Catch Specs C2? Catch Specs M F2 
0.1 11 0.000 -0.081 -0.172 0.996 yes yes yes 0.977 0.977 0.1 0.01 
0.000 -0.100 -0.157 -0.24 1 0.996 no 0.977 0.977 0.1 0.01 yes yes 
-0.029 -0. 126 -0.195 -0.276 yes no yes 0.1 0.01 

-0.253 -0.328 -0. 11 4 -0.202 yes no no 0.1 0.01 
0.037 -0.053 0.254 0.144 no yes yes 0.1 0.01 

0. 129 0.030 -0.048 -0.131 no yes no 0.1 0.01 
-0.092 -0.171 0.096 0.000 yes 0.1 0.01 no no 

0.000 -0.087 -0.157 -0.231 no 0.1 0.01 no no 
0.220 0.000 0.010 -0. 172 yes yes yes 0.1 0.02 
0.000 -0. I 81 -0.143 -0.298 yes yes no 0. 1 0.02 

-0.219 -0.360 -0.058 -0.229 yes 0.1 0.02 yes no 
-0.1 92 -0.338 -0.3 11 -0.436 yes no no 0.1 0.02 
0.511 0.296 0.251 0.073 no yes yes 0.1 0.02 

0.061 -0.090 0.238 0.062 no yes no 0.1 0.02 
-0.033 -0.170 0.1 66 0.000 no no yes 0.1 0.02 

0.000 -0.142 -0. 147 -0.268 no no no 0.1 0.02 
0.100 -0.172 0.329 0.000 yes yes yes 0.1 0.03 

0.000 -0.248 -0.132 -0.347 no yes yes 0.1 0.03 
-0.242 -0.429 -0.087 -0.313 yes yes no 0.1 0.03 

-0.250 -0.436 -0.355 -0.515 no yes no 0.1 0.03 
0.773 0.456 0.467 0.205 no yes yes 0.1 0.03 
0.334 0.096 0.157 -0.049 no yes no 0.1 0.03 
0.2 17 0.000 0.012 -0.169 yes 0.1 0.03 no no 
0.000 -0.178 -0.140 -0.293 no 0.1 0.03 no no 

0.189 -0.172 0.437 0.000 yes yes yes 0.1 0.04 
0.000 -0.304 -0.123 -0.389 yes yes no 0.1 0.04 
-0.1 I 6 -0.384 -0.264 -0.488 yes yes no 0.1 0.04 

-0.389 -0.575 -0.295 -0.509 no yes no 0.1 0.04 
1.038 0.624 0.686 0.344 no yes yes 0.1 0.04 
0.418 0.131 0.245 -0.008 no yes no O. l 0.04 

0.044 -0.168 0.254 0.000 yes no no 0.1 0.04 
0.000 -0.203 -0.134 -0.310 no 0.1 0.04 no no 

0.277 -0.172 0.543 0.000 yes yes yes 0.1 0.05 
0.000 -0.352 -0.114 -0.426 no 0.1 0.05 yes yes 

-0.285 -0.537 -0. 143 -0.445 yes yes no 0.1 0.05 
-0.4 17 -0.622 -0.331 -0.566 yes no no 0.1 0.05 
0.909 0.490 1.306 0.800 no yes yes 0.1 0.05 

0.495 0.1 67 0.324 0.034 no yes no 0.1 0.05 
0.068 -0. 166 0.281 0.000 yes no no 0.1 0.05 

0.000 -0.219 -0. 129 -0.320 no no no 0. 1 0.05 
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Table 2 (p. 4 of 8: M=O. l, Tier 3). Exploration of total catch accounting. See text for explanation. 

F l assumes Specs Tier 3 
F2=0? exclude ABC RSPR OFL RSPR ABC overage OFL overage 

M F2 Catch Specs C2? Catch Specs Specs Cl+C2 CI CI +C2 C l 

0.1 0.01 yes yes yes 0.371 0.371 0.327 0. 111 0.000 -0.081 -0.172 

0.1 0.01 yes yes no 0.371 0.371 0.327 0.000 -0.100 -0. 157 -0.241 

0.1 0.01 yes no yes 0.259 0.133 0.016 -0.085 

0. 1 0.01 yes no no 0.117 0.006 -0.076 -0.169 

0. 1 0.01 no yes yes -0.006 -0.1 I 8 -0.177 -0.270 

0. 1 0.01 no yes no -0.105 -0.206 -0.245 -0.330 

0.1 0.01 no no yes 0.127 0.000 -0.090 -0. 193 

0.1 0.01 no no no 0.000 -0.113 -0.173 -0.266 

0.1 0.02 yes yes yes 0.220 0.000 0.010 -0.1 72 

0.1 0.02 yes yes no 0.000 -0. 181 -0. 143 -0.298 

0.1 0.02 yes no yes 0.598 0.309 0.250 0.024 

0.1 0.02 yes no no 0.235 0.012 0.020 -0. 165 

0.1 0.02 no yes yes -0.01 I -0.236 -0.1 82 -0.368 

0.1 0.02 no yes no -0. I 90 -0.374 -0.306 -0.464 

0.1 0.02 no no yes 0.295 0.000 0.013 -0.2 I 8 

0.1 0.02 no no no 0.000 -0.228 -0. 174 -0.362 

0.1 0.03 yes yes yes 0.329 0.000 0.100 -0.1 72 

0. 1 0.03 yes yes no 0.000 -0.248 -0.132 -0.347 

0.1 0.03 yes no yes 1.064 0.553 0.548 0.165 

0.1 0.03 yes no no 0.352 0.017 0.116 -0.16 I 

0.1 0.03 no yes yes -0.017 -0.356 -0. I 87 -0.467 

0. 1 0.03 no yes no -0.261 -0.5 I 6 -0.358 -0.580 

0. 1 0.03 no no yes 0.527 0.000 0.145 -0.250 

0. 1 0.03 no no no 0.000 -0.345 -0.175 -0.460 

0. 1 0.04 yes yes yes 0.437 0.000 0.1 89 -0. 172 

0.1 0.04 yes yes no 0.000 -0.304 -0.123 -0.389 

0. 1 0.04 yes no yes 1.749 0.913 0.943 0.352 

0.1 0.04 yes no no 0.470 0.023 0.212 -0.157 

0.1 0.04 no yes yes -0.023 -0.477 -0.191 -0.568 

0.1 0.04 no yes no -0.320 -0.636 -0.403 -0.681 

0. 1 0.04 no no yes 0.870 0.000 0.321 -0.293 

0. 1 0.04 no no no 0.000 -0.465 -0.176 -0.559 

0.1 0.05 yes yes yes 0.543 0.000 0.277 -0.172 

0. 1 0.05 yes yes no 0.000 -0.352 -0.1 14 -0.426 

0.1 0.05 yes no yes 2.855 1.498 1.492 0.615 

0. 1 0.05 yes no no 0.589 0.030 0.308 -0. 153 

0. 1 0.05 no yes yes -0.029 -0.600 -0.196 -0.669 

0. 1 0.05 no yes no -0.371 -0.741 -0.442 -0.770 

0.1 0.05 no no yes 1.426 0.000 0.568 -0.354 

0. 1 0.05 no no no 0.000 -0.588 -0.177 -0.661 
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Table 2 (p. 5 of 8: M=0.2, Tier 2). Exploration of total catch accounting. See text for explanation. 

Fl assumes Specs Tier 2 

F2=0? exclude ABCSY/MSY OFL SY/MSY ABC overage OFL overage 

M F2 Catch Specs C2? Catch Specs Specs Cl+C2 Cl Cl+C2 Cl 

0.2 0.02 yes yes yes 0.977 0.977 0.996 0.101 0.000 -0.083 -0.167 

0.2 0.02 yes yes no 0.977 0.977 0.996 0.000 -0.092 -0.152 -0.230 

0.2 0.02 yes no yes -0.034 -0.122 -0.193 -0.267 

0.2 0.02 yes no no -0. 11 1 -0.192 -0.246 -0.315 

0.2 0.02 no yes yes 0.238 0.140 0.031 -0.051 

0.2 0.02 no yes no 0.124 0.035 -0.046 -0.122 

0.2 0.02 no no yes 0.086 0.000 -0.093 -0.165 

0.2 0.02 no no no 0.000 -0.080 -0. 152 -0.219 

0.2 0.04 yes yes yes 0.200 0.000 -0.001 -0.167 

0.2 0.04 yes yes no 0.000 -0.167 -0.139 -0.283 

0.2 0.04 yes no yes -0.067 -0.223 -0.219 -0.349 

0.2 0.04 yes no no -0. 187 -0.323 -0.302 -0.418 

0.2 0.04 no yes yes 0.477 0.287 0.230 0.072 

0.2 0.04 no yes no 0.231 0.072 0.059 -0.077 

0.2 0.04 no no yes 0.148 0.000 -0.039 -0.163 

0.2 0.04 no no no 0.000 -0.129 -0.140 -0.251 

0.2 0.06 yes yes yes ;. 0.297 0.000 0.080 -0. 167 

0.2 0.06 yes yes no 0.000 -0.229 -0.128 -0.328 

0.2 0.06 yes no yes -0. 101 -0.307 -0.245 -0.418 

0.2 0.06 yes no no -0.244 -0.417 -0.344 -0.494 

0.2 0.06 no yes yes 0.716 0.442 0.429 0.201 

0.2 0.06 no yes no 0.323 0.112 0.154 -0.030 

0.2 0.06 no no yes 0. 190 0.000 -0.001 -0. 160 

0.2 0.06 no no no 0.000 -0.1 60 -0.132 -0.270 

0.2 0.08 yes yes yes 0.393 0.000 0.160 -0.167 

0.2 0.08 yes yes no 0.000 -0.282 -0.118 -0.367 

0.2 0.08 yes no yes -0.133 -0.378 -0.270 -0.476 

0.2 0.08 yes no no -0.288 -0.489 -0.377 -0.553 

0.2 0.08 no yes yes 0.957 0.606 0.629 0.338 

0.2 0.08 no yes no 0.405 0.154 0.239 0.01 7 

0.2 0.08 no no yes 0.218 0.000 0.026 -0.158 

0.2 0.08 no no no 0.000 -0.179 -0.125 -0.282 

0.2 0.1 yes yes yes 0.486 0.000 0.237 -0. 167 

0.2 0.1 yes yes no 0.000 -0.327 -0.1 10 -0.401 

0.2 0.1 yes no yes -0.165 -0.438 -0.294 -0.525 

0.2 0. 1 yes no no -0.324 -0.545 -0.404 -0.599 

0.2 0.1 no yes yes 1.198 0.779 0.830 0.48 I 

0.2 0.1 no yes no 0.479 0.197 0.3 16 0.066 
0.2 0.1 no no yes 0.235 0.000 0.044 -0.155 

0.2 0. 1 no no no 0.000 -0. 19 1 -0. 11 9 -0.287 
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Table 2 (p. 6 o f 8: M=0.2, Tier 3). Exploration of total catch accounting. See text for explanation. 

F l assumes Specs Tier 3 

F2=0? exclude ABCRSPR OFLRSPR ABC overage OFL overage 

M F2 Catch Specs C2? Catch Specs Catch Specs C l+C2 C l Cl+C2 Cl 

0.2 0.02 yes yes yes 0.371 0.371 0.327 0.327 0. 10 I 0.000 -0.083 -0. 167 

0.2 0.02 yes yes no 0.371 0.371 0.327 0.327 0.000 -0.092 -0. 152 -0.230 

0.2 0.02 yes no yes 0.242 0. 128 0.009 -0.084 

0.2 0.02 yes no no 0.113 0.011 -0.075 -0.160 

0.2 0.02 no yes yes -0.0ll -0.114 -0.176 -0.262 

0.2 0.02 no yes no -0.10 I -0.195 -0.238 -0.317 

0.2 0.02 no no yes 0.116 0.000 -0.093 -0.188 

0.2 0.02 no no no 0.000 -0.104 -0.169 -0.256 

0.2 0.04 yes yes yes 0.200 0.000 -0.001 -0.167 

0.2 0.04 yes yes no 0.000 -0.167 -0.139 -0.283 

0.2 0.04 yes no yes 0.558 0.298 0.225 0.021 

0.2 0.04 yes no no 0.226 0.022 0.017 -0.153 

0.2 0.04 no yes yes -0.230 -0.1 85 -0.358 

0.2 0.04 no yes no -0.35 8 -0.298 -0.447 

0.2 0.04 no no yes 0.000 -0.001 -0.214 

0.2 0.04 no no no 0.000 -0.213 -0.171 -0.347 

0.2 0.06 yes yes yes 0.297 0.000 0.080 -0.167 

0.2 0.06 yes yes no 0.000 -0.229 -0.128 -0.328 

0.2 0.06 yes no yes 0.989 0.533 0.499 0.155 

0.2 0.06 yes no no 0.340 0.033 0.109 -0.145 

0.2 0.06 no yes yes -0.032 -0.348 -0.194 -0.457 

0.2 0.06 no yes no -0.254 -0.497 -0.349 -0.562 

0.2 0.06 no no yes 0.484 0.000 0.118 -0.247 

0.2 0.06 no no no 0.000 -0.326 -0.173 -0.443 

0.2 0.08 yes yes yes 0.393 0.000 0.160 -0.167 

0.2 0.08 yes yes no 0.000 -0.282 -0.l 18 -0.367 

0.2 0.08 yes no yes l.620 0.881 0.859 0.335 

0.2 0.08 yes no no 0.456 0.045 0.201 -0.137 

0.2 0.08 no yes yes -0.043 -0.469 -0.203 -0.557 

0.2 0.08 no yes no -0.313 -0.618 -0.394 -0.664 

0.2 0.08 no no yes 0.800 0.000 0.277 -0.29 l 

0.2 0.08 no no no 0.000 -0.444 -0.175 -0.542 

0.2 0.1 yes yes yes 0.486 0.000 0.237 -0.167 

0.2 0.1 yes yes no 0.000 -0.327 -0.110 -0.40 l 

0.2 0.1 yes no yes 2.638 l .448 1.357 0.586 

0.2 0.1 yes no no 0.572 0.058 0.294 -0. 129 

0.2 0.1 no yes yes -0.055 -0.592 -0.213 -0.660 

0.2 0.1 no yes no -0.364 -0.725 -0.434 -0.755 

0.2 0.1 no no yes l.315 0.000 0.500 -0.352 

0.2 0.1 no no no 0.000 -0.568 -0. 177 -0.644 
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Table 2 (p. 7 of 8: M=0.3 , Tier 2). Exploration of total catch accounting. See text for explanation. 

FI assumes Specs Tier 2 
F2=0? exclude ABCSY/MSY OFL SY/MSY ABC overage OFL overage 

M F2 Catch Specs C2? Catch p s Catch Specs C l+C2 C l Cl+C2 Cl 

0.3 0.03 yes yes yes 0.977 0.977 0.996 0.996 0.092 0.000 -0.085 -0.162 

0.3 0.03 yes yes no 0.977 0.977 0.996 0.000 -0.084 -0.147 -0.219 

0.3 0.03 yes no yes -0.036 -0.1 17 -0.189 -0.257 

0.3 0.03 yes no no -0.106 -0.18 1 -0.236 -0.30 1 

0.3 0.03 no yes yes 0.221 0. 133 0.023 -0.051 

0.3 0.03 no yes no 0.11 8 0.037 -0.046 -0.116 

0.3 0.03 no no yes 0.078 0.000 -0.093 -0.159 

0.3 0.03 no no no 0.000 -0.073 -0. 146 -0.208 

0.3 0.06 yes yes yes 0.182 0.000 -0.010 -0.162 

0.3 0.06 yes yes no 0.000 -0.1 54 -0.134 -0.268 

0.3 0.06 yes no yes -0.071 -0.214 -0.215 -0.336 

0.3 0.06 yes no no -0. 180 -0.306 -0.289 -0.398 

0.3 0.06 no yes yes 0.440 0.272 0.207 0.066 

0.3 0.06 no yes no 0.219 0.077 0.055 -0.068 

0.3 0.06 no no yes 0.132 0.000 -0.044 -0. 155 

0.3 0.06 no no no 0.000 -0.1 17 -0.134 -0.235 

0.3 0.09 yes yes yes 0.269 0.000 0.063 -0.162 

0.3 0.09 yes yes no 0.000 -0.212 -0.124 -0.309 

0.3 0.09 yes no yes -0.106 -0.295 -0.242 -0.402 

0.3 0.09 yes no no -0.234 -0.396 -0.329 -0.471 

0.3 0.09 no yes yes 0.657 0.419 0.388 0.1 89 

0.3 0.09 no yes no 0.306 0. 119 0.144 -0.020 

0.3 0.09 no no yes 0.167 0.000 -0.010 -0.1 52 

0.3 0.09 no no no 0.000 -0.143 -0.124 -0.250 

0.3 0. 12 yes yes yes 0.353 0.000 0.134 -0.162 

0.3 0.12 yes yes no 0.000 -0.261 -0.1 14 -0.345 

0.3 0.12 yes no yes -0.140 -0.365 -0.267 -0.458 

0.3 0.12 yes no no -0.277 -0.466 -0.361 -0.528 

0.3 0.12 no yes yes 0.871 0.574 0.568 0.319 

0.3 0.12 no yes no 0.383 0.163 0.225 0.030 

0.3 0.12 no no yes 0.189 0.000 0.013 -0.148 

0.3 0. 12 no no no 0.000 -0. 159 -0.116 -0.256 

0.3 0. 15 yes yes yes 0.435 0.000 0.203 -0.162 

0.3 0. 15 yes yes no 0.000 -0.303 -0.106 -0.377 

0.3 0.15 yes no yes -0.1 74 -0.424 -0.292 -0.507 

0.3 0.15 yes no no -0.3 11 -0.520 -0.386 -0.572 

0.3 0.15 no yes yes 1.083 0.737 0.746 0.456 

0.3 0. 15 no yes no 0.451 0.210 0.298 0.082 

0.3 0.15 no no yes 0.199 0.000 0.028 -0.143 

0.3 0. 15 no no no 0.000 -0.166 -0.109 -0.257 
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Table 2 (p. 8 of 8: M=0.3, Tier 3). Exploration of total catch accounting. See text for explanation. 

Fl assumes Specs Tier 3 
F2=0? exclude ABC RSPR OFL RSPR ABC overage OFL overage 

M F2 Catch Specs C2? Specs Specs Cl+C2 Cl Cl+C2 Cl 

0.3 0.03 yes yes yes 0.371 0.328 0.092 0.000 -0.085 -0.162 

0.3 0.03 yes yes no 0.371 0.328 0.000 -0.084 -0.147 -0.2 19 

0.3 0.03 yes no yes 0.227 0.123 0.002 -0.082 

0.3 0.03 yes no no 0.109 0.01 5 -0.074 -0.152 

0.3 0.03 no yes yes -0.015 -0.110 -0.174 -0.254 

0.3 0.03 no yes no -0.098 -0. 185 -0.23 1 -0.305 

0.3 0.03 no no yes 0.107 0.000 -0.096 -0. 183 

0.3 0.03 no no no 0.000 -0.096 -0.165 -0.245 

0.3 0.06 yes yes yes 0.182 0.000 -0.010 -0.162 

0.3 0.06 yes yes no 0.000 -0.154 -0.134 -0.268 

0.3 0.06 yes no yes 0.520 0.287 0.203 0.018 

0.3 0.06 yes no no 0.218 0.031 0.014 -0.142 

0.3 0.06 no yes yes -0.030 -0.223 -0.187 -0.349 

0.3 0.06 no yes no -0.179 -0.342 -0.290 -0.431 

0.3 0.06 no no yes 0.248 0.000 -0.013 -0.209 

0.3 0.06 no no no 0.000 -0.199 -0.1 67 -0.333 

0.3 0.09 yes yes yes 0.269 0.000 0.063 -0.162 

0.3 0.09 yes yes no 0.000 -0.212 -0.124 -0.309 

0.3 0.09 yes no yes 0.920 0.514 0.455 0.147 

0.3 0.09 yes no no 0.329 0.048 0.103 -0.131 

0.3 0.09 no yes yes -0.046 -0.339 -0.200 -0.446 

0.3 0.09 no yes no -0.248 -0.479 -0.341 -0.544 

0.3 0.09 no no yes 0.445 0.000 0.095 -0.243 

0.3 0.09 no no no 0.000 -0.308 -0.170 -0.426 

0.3 0.12 yes yes yes 0.353 0.000 0.134 -0.162 

0.3 0. 12 yes yes no 0.000 -0.261 -0.114 -0.345 

0.3 0.12 yes no yes 1.504 0.850 0.784 0.319 

0.3 0.12 yes no no 0.442 0.065 0.192 -0.119 

0.3 0.12 no yes yes -0.061 -0.460 -0.213 -0.547 

0.3 0.12 no yes no -0.306 -0.601 -0.386 -0.646 

0.3 0.12 no no yes 0.737 0.000 0.238 -0.287 

0.3 0.12 no no no 0.000 -0.424 -0.173 -0.524 

0.3 0.15 yes yes yes 0.435 0.000 0.203 -0.162 

0.3 0.15 yes yes no 0.000 -0.303 -0.106 -0.377 

0.3 0.15 yes no yes 2.444 1.400 1.238 0.559 

0.3 0.15 yes no no 0.556 0.084 0.282 -0.107 

0.3 0.15 no yes yes -0.077 -0.583 -0.227 -0.651 

0.3 0.15 no yes no -0.357 -0. 710 -0.425 -0.740 

0.3 0.15 no no yes 1.214 0.000 0.439 -0.350 

0.3 0.15 no no no 0.000 -0.548 -0.176 -0.628 
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Appendix: ACLs and Maximum Economic Yield 

By Michael Dalton (based on work with Andre Punt and David Tomberlin) 

National Standard 1 states that Conservation and management measures shall prevent overfishing while 
achieving, on a continuing basis, the optimum yield from each fishery for the United States fishing 
industry. In this statement, OY is an objective and the prevention of overfishing is a constraint. In general, 
OY can be influenced by risk preferences or harvest methods or institutions. Each of these can affect 
benefits and costs, distributions of these, as well as risk and uncertainty. In practice, OY is defined 
relative to MSY which under MSA Section 3(33): OY is the amount offish which ... is prescribed as 
such on the basis of the maximum sustainable yield from the fishery, as reduced by any relevant 
economic, social, or ecological factors. This raises questions about these factors and in general whether 
MSY is necessarily a 'good' objective? For example, what about fishing costs, or the role of prices in 
evaluating benefits of yield or how should risk and uncertainty be treated (see Fig 1 )? In general, the risk 
of overfishing depends on choice of p•, and p• < 1/2 incurs a cost in terms of foregone catch. Cost curves 
of this type were considered in the NPFMC crab ACL analysis. 

Fig. 1: General cost of reducing overfishing risk P* in terms of foregone catch. 

Cost 

P* 

Under some conditions, however, economic benefits of reducing catch below MSY can outweigh the cost 
of foregone harvest which opens possibility of win-win outcomes. Under these conditions, the economic 
optimum is achieved at maximum economic yield (MEY). 

Recent scientific interest in Maximum Economic Yield (MEY): 

• On implementing maximum economic yield in commercial fisheries 
(Dichmont, Pascoe, Kompas, Punt, Deng, PNAS 2010) 

• Economics of overexploitation revisited 
( Grafton, Kompas, Hilborn, Science 2007) 

• Limits to the privatization of fishery resources 
(Clark, Munro, Sumaila, Land Economics 2010) 
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• Limits to the privatization of fishery resources: Comment 
(Grafton, Kompas, Hilborn, Land Economics 20 IO) 

• Limits to the privatization of fishery resources: Reply 
(Clark, Munro, Sumaila, Land Economics 2010) 

Fig.2 : Maximum Sustainable Rent (MSR) is static MEY in Gordon-Schaefer bioeconomic model 

The classic inequality of the Gordon-Schaefer (GS) model is BMsR > BMsv unless Marginal Cost= 0, and 
then BMsR = BMsv, if and only if, CMsR < CMsv unless MC= 0 then CMsR = CMsv 

Grafton et al. (2007) consider dynamic MEY in Gordon-Schaefer type bioeconomic model and find that 
classic inequality BMEY > BMsv holds in 4 empirical cases that were analyzed. Therefore, Grafton et al. 
(2007) conclude that fishery management based on a dynamic MEY control rule can promise win-win 
outcomes with respect to MSY control rules because MEY has a better economic return and, like static 
MSR in GS model, is biologically more conservative than MSY. 
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Fig. 3: (A) BMEV and BMsv of Western and Central Pacific big eye tuna. (B) BMEV and BMsv of Western 
and Central Pacific yellowfin tuna. (C) BMEV and BMsv of Australian northern prawn fishery. (D) BMEv 
and BMsv of Australian orange roughy fishery. 
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Source: Grafton et al. 2007, Economics of Overexploitation Revisited, Science 318: 1601. 

However the conclusions of Grafton et al. (2007) depend on underlying assumptions, including the 
Schaefer catch equation in which catch is the product of effort, biomass, and a catchability coefficient. 
Clark et al. (2010) criticize results of Grafton et al. (2007) on the basis of these assumptions. 

In addition, Grafton et al. (2007) does not consider age or size structured population dynamics, nor does it 
consider effects of changing market prices on MEY. Dichmont et al. (2010) incorporate a realistic 
treabnent of population dynamics in a model based on Schaefer catch equation and do not consider effects 
of catch levels on market equilibrium prices which can matter for large fisheries such as Bering Sea 
pollock. 

An alternative and in some ways much simpler bioeconomic model is proposed here that: 

1. Incorporates population dynamics through an equilibrium yield curve 
2. Relaxes strong assumption of Schaefer catch equation ( e.g., catch proportional to effort) 
3. Includes market equilibrium price effects with an explicit demand function 
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Fig. 4: Population dynamics and industry market equilibrium in static MEY alternative to the Gordon
Schaefer model. 

In the alternative bioeconomic model depicted in Fig. 4 , the equilibrium yield curve is derived in the 
usual way from an age or size structured population dynamics model, and in particular, shape of the yield 
curve is determined by an explicit assumption about the recruitment function (e.g., Ricker, Beverton
Holt). In addition, fishing effort is implicit and catch is the control variable. In practice, using catch as the 
control variable avoids having to make an explicit assumption for the relationship between catch and 
effort (e.g., Schaefer catch equation). The trade off is that costs must be represented in terms of catch (i.e., 
output) but that type of formulation is perfectly consistent with microeconomic principles. Like the GS 
model, costs are linear and revenues are quadratic. Unlike the GS model, revenues are quadratic in Fig. 4 
because a linear demand function is assumed whereas prices are held constant in the GS model. 

The type ofbioeconomic model that is represented in Fig. 4 can lead to completely different conclus ions 
from the GS model and provides a something of a counter-example: 

• CuR > CMsY and therefore CuR is not sustainable in Fig. 4! 
• CMsv = CMsR by construction in Fig. 4! 
• If marginal costs decrease (i.e., total cost curve becomes flatter) in Fig. 4 then CMsv < CMsR and in 

that case the implied MSR would not be sustainable! 

The last bullet above implies that the classic GS inequality BMEv>BMsY does not necessarily hold if 
assumption of Schaefer catch equation is violated. In fact, Fig. 4 implies that the classic inequality is a 
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special case and holds only if the price elasticity of demand is sufficiently small or marginal costs are 
sufficiently high. Note that curvature in the total revenue curve in Fig. 4 is determined by a linear demand 
function for catch, and not by a logistic growth function as it is in the GS model. 

The static model depicted in Fig. 4 fully generalizes to dynamic market based industry equilibrium with 
stochastic processes that drive prices and recruitment. This equilibrium is formally characterized by 
decision rules that solve a dynamic optimization problem under uncertainty subject to stochastic prices 
and population dynamics with stochastic recruitments. This type ofbioeconomic model is represented by 
an optimal control problem and the decision rules that solve this problem are stochastic processes that 
depend on prices and recruitments. 

Max E {tP' (v: c, - ~ (C, -c,_.)'A(C, -c,_.))} 
{Ct~O} ,_o 

I 

s. t. N, =GMN,_1 -GM2 c,_1 +R, 

V, = P, - 0- 'PC, + 4' N, 

• Catch (at size) vector C, is control and numbers (at size) N, is state 
• Net value per unit catch (at size) vector V, taken as given by fishermen 
• Base prices P, and recruitments R, are exogenous stochastic processes 
• 0 < p < I is the discount factor and() is a vector of cost parameters; 
• G, M are (lower triangular) growth, ( diagonal) net mortality matrices 
• Dynamic adjustment cost matrix A, demand elasticity 'P, and stock effect ti) 

• Except for matrices (in bold), variables are random vectors 
• Baranov, Pope's approximation used to get population dynamics in catch-explicit form 
• Selectivity vector implies a scalar control problem in F 
• Solution is summarized by an intertemporal decision rule 

The intertemporal decision rule that solves the optimal control problem above implies time series of 
fishing mortalities F;(OJ) for which F;(OJ) > FMSr or F;(OJ) < FMSr are possible events. In this case, there 

is an explicit and well defined probability function Pr( OJ ij that measures likelihoods of these events. 

While cost data for EBS snow crab fishery exist, these were not in form suitable for the analysis here. 
Instead, the cost parameter 8 was set such that the long run stationary MEY catch level in the 
bioeconomic model was equal to MSY from the simple population dynamics model (i.e., FMsv = 0.43; 
see Fig. 5). 
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Fig. 5: Mature male biomass and equilibrium yield (tons) with MSY (F35%) in simple EBS snow crab 
population dynamics model under Beverton-Holt recruitments. 
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To make the bioeconomic model above operational, matrices G and M were parameterized based on a 
simple (5 size-classes, males only) version of the EBS snow crab population dynamics model that was 
used to compute the yield curve in Fig. 5. To keep the analysis as simple as possible here, a deterministic 
version of the model was considered but this restriction is easily relaxed. In the deterministic version, 

• Base ex-vessel prices are held constant at $2 per crab, loosely based on the historical average 
from CFEC fish tickets; 

• Recruitments are held constant at 1. 9x 106 per year based on recruitments at the unfished 
equilibrium from the simple snow crab population dynamics model; 

• No stock extemality is assumed (i.e., cl> is a matrix ofzeros) and bycatch in the groundfish 
fishery is ignored; 

• Price elasticity of demand is assumed to be very elastic (i.e., 'I' is a small scalar times the identity 
matrix) which is supported historically ("An international supply and demand model for Alaska 
snow crab" by Greenberg, Hermann, McCracken, Marine Resource Economics 1995). 

Dynamic MEY trajectories were computed starting from different initial conditions and each converges to 
FMsv over time (see Fig. 6). 
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Fig. 6: Optimal dynamics to FMsY starting from different initial conditions . 
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The final step in this analysis is to examine in more detail the dynamic MEY of developing a fishery from 
the pristine unfished state, which corresponds to the lowest curve in Fig. 6. In this case, the dynamics of 
each size class are presented in Fig. 7. 

Fig. 7: Dynamic MEY numbers of crab in each size-class starting from the unfished initial condition 
(smallest size-class on top, largest size-class at bottom). 
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General conclusions can be drawn from the results above about the relationship between ACLs and MEY. 
One is that the inequality B MEY > BMsv that is usually associated w ith bioeconomic models depends 
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critically on assumptions implicit in Schafer's catch equation, or standard generalizations of it (e.g., see 
Grafton et al., 2007 or Clark et al., 2010). These assumptions may not be appropriate for Alaska fisheries, 
especially those that have been rationalized. For example, evidence suggests that the Gulf of Alaska 
sablefish fishery began exhibiting a hyperstable CPUE relationship following rationalization, which is not 
exactly consistent with Schaefer's catch equation. In general, the relationship between stock and catch in 
Schaefer's catch equation may not be appropriate for schooling species, or when fishermen target 
spawning aggregations. In these cases, the inequality BMEY > BMsv may not hold and then the justification 
of reducing catch below MSY as a win-win outcome for economics and biology is false. 

One type of bioeconomic equilibrium considered above is a decentralized stochastic dynamic MEY with 
limited entry that does not account for dynamic (stock) externalities in its optimality conditions, or the 
potential for coordinated monopolistic pricing to boost industry profits. In particular, this type of 
bioeconomic equilibrium is not in general an economic optimum for the industry as a whole because the 
stock extemality, in particular, is not addressed. The stock extemality here is the traditional one in 
fisheries economics that has been analyzed extensively in economics literature. 

The conservation and economic benefits of monopolistic pricing are not normally considered in resource 
management. For example, constant prices are a standard assumption in bioeconomic models. But 
monopolistic pricing could be a win-win for biological conservation and the economics of some Alaska 
fisheries such as pollock. In general, monopolistic behavior restricts output and exploits the demand 
relationship to drive up prices. That drives a wedge between market prices and the marginal cost of 
production which is not economically efficient from a global perspective. But Alaska groundfish products 
are heavily exported and in this case monopolistic pricing may be consistent with Magnuson-Stevens Act 
objective of"maximizing net benefits to the nation." In this case, econometric estimates of global demand 
function parameters for Alaska groundfish products would be needed and these demand models would be 
coupled with parameters from simplified population dynamics models to quantify the alternative 
bioeconomic models described above. 
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Catch Accounting Group - 12 May 2011 Teleconference Summary 

During our 12 May 2011 teleconference, the catch accounting group discussed the following topics -

• Data template 
o Format 

• Data to provide - Chris Lunsford and Jennifer Mondragon offered to develop a template that included the 
following data fields: 

• Data source (metadata) 
• Data type (e.g. research, EFP, subsistence, sport, etc.) 
• Year-as many years as have data available, but 2010 at a minimum. 
• Gear type ( detailed specificity not needed; e.g. hook and line, trawl, etc.) 
• Species ( agreed that if possible catch of all species caught should be included, including non

groundfish species) 
• NMFS mgmt reporting area (i.e. 620, etc.) 
• Catch 

o Weight 
o Numbers 

• Estimation code ( e.g. weighed, extrapolated from counts, etc.) 

o timeline 
• data template distributed: June 1 

• preferred due date for completed template: June 15 (no later than 30 June) 

o species list - We decided to request catch data for all species, both groundfish and non-groundfish, which 
obviates the need to provide a comprehensive species list when the data request and template go out. 

o species codes (i.e. RACE, fish ticket, etc.) - differing species codes used by various agencies can be resolved using 
the "Commercial Harvest Species Code Master Table" 
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o weight conversions -Weight conversions for the halibut fishery will be available from the HFICE project. Other 
weight conversions will be provided from observer data. It was agreed that when available it is desirable for 
weight conversions to be applied by those most familiar with the catch data, and resulting weights supplied on 
the template. ( e.g. from state assessment or harvest surveys) 

• Catch from scientific research permits (SRP) - We discussed the potential for duplication of efforts in total catch 
accounting and catch from ·sRPs, and the potential for using the data provided for total catch accounting to monitor 
whether SRP-related mortality might need to be considered in relation to harvest specifications. It was concluded that 
the type of data being requested to comply with the total catch accounting requirements (the focus of the catch 
accounting group) would not provide current, up-to-date information that might be helpful in evaluating whether 
current prospective EFP/SRP catches might cause ABC to be exceeded. However historical catch data may be useful for 
estimating the catch likely to occur under SRPs. The estimated research catch and the historical catch in the commercial 
fishery may be used to estimate whether authorizing an SRP would result in potentially exceeding the ABC. Because 
groundfish catch from State of Alaska-issued SRPs is likely less than one metric ton, we agreed it was not necessary at 
this point to request catch data originating from this type of permit. 

• Other-
o Scott Meyer indicated that State of Alaska sport fish harvest data would not be available until late August/early 

September. 
o Chris Lunsford noted again that this effort is primarily oriented to satisfying the total catch accounting 

requirement and the data may, at least initially, be too coarse for stock assessments 

• Participants: Lee Hulbert, Jane DiCosimo, Chris Lunsford, Jennifer Mondragon, Bob Ryznar, Tom Pearson, Kristen 
Green, Scott Meyer, Sarah Gaichas, Melanie Brown, Mary Furuness, Mike Fey, Dave Carlile 

) ) 



AGENDA D-l(b)(3) 
JUNE 2011 

Halibut Fisheries Incidental Catch Estimation Working Group 
************************************************************************ 

Meeting 4/20/2011, 2:00pm (AK) 3:00pm (Pacific) 
************************************************************************ 

REPORT: 

Discussion topics: 
1. Review of SSC comments (Cindy) 

"Cindy Tribuzio (NMFS-AFSC}, with Olav Ormseth (NMFS-AFSC), presented a 
summary report prepared by a working group examining methods to estimate catch of 
non-target species in the unobserved halibut IFQfleet. While recognizing the 
limitations of the data sources, the SSC agrees that the working group is doing the 
best they can with the availab{e information. We support the recommendations of 
the report that catch of non-target species be estimated using the CPUE catch 
estimation method using proportionally weighted survey data. 

The SSC requests clearer documentation of the statistical methods used to 
estimate catch. In particular, the inclusion of mathematical formulae to precisely 
describe the methods used would be very helpful, and would ensure that those 
reviewing this work in the future have a clear understanding of what was done. 
Finally, we recommend that the working group review the commercial catch records 
for the areas in which their report shows no commercial catch was taken (a large 
area west of Kodiak and a smaller area in SE Alaska). This could be done in 
conjunction with IPHC staff." 

a. Re-examine spatial weighting scheme, in particular "no catch" areas 
(Sarah/Olav) 

b. Re-run bootstrap estimates for rare species trying different distributions
did not show up in minutes, but suggested by Franz Mueter-(Cindy/Jason) 

c. Write up a more detailed document (Cindy and all) 
2. Are we really going to have numbers for the fall assessment??? (Cindy) 

a. YES!!!! 
1. Working group will provide catch estimates for stock assessment 

authors for the 2011 SAFE cycle (Cindy/Jason/Sarah/Olav)-will be 
available through CAS/AKFIN in the future (Jason and IPHC) 

ii. Goal is to have estimates completed by the end of September, 
preferably mostly done by end of June, the earlier the better (we all 
have assessments and field work to do after all!) 

iii. Estimates will be available for 2006-2009, maybe earlier years, 
maybe 2010, will be sent to authors as a summarized table. 

3. Documentation (Cindy and all) 
a. Reference as appendix to shark SAFE for this year? 

i. No comments or preferences from stock assessment authors 
b. More formal document, tech memo, manuscript? 



MEETING SUMMARY: 
1 a. Sarah is has examined the raw catch by location data she used to derive the spatial 
weighting. The "no catch" areas are in the data she used, not a process error. Heather is 
going to check in the IPHC records to see if the same occurs in their data. Heather and 
Sarah are going to work on finding the best data source to use for the spatial weighting. 
Once that is done, Sarah will re-run her spatial weighting code and provide new 
estimates, including the 2010 survey. 

-May not require going into ArcMap if stations are assigned to ADFG area prior 
(Cindy can do this during the data prep work, already doing it to assign stations to NMFS 
area) 

Average weight: Jennifer C. is going to talk to Doug re views they are creating that can 
be used for average weight. Jason and Jennifer will talk to get this integrated into the 
process. 

Plan Team meeting (August): Jane suggested that we present a report at the PT meeting, 
should discuss the changes made to address PT/SSC comments. We will provide an 
updated version of the document sent to the Feb SSC meeting, and an estimated 15 
minute presentation. Authors need a document to reference when including these catch 
estimates, it will probably be a more detailed version of the SSC document and included 
as an appendix to the shark SAFE. 

Timeline: 
Now-June 1: Heather and Tom will provide the 2010 survey data update 

Heather will look at commercial records for "no catch" areas and work with Sarah 
June I-June 30: Sarah will re-compute spatial weighting and include 20 IO stations 

Cindy will re-run bootstraps for previous years with new spatial weighting if 
necessary and for 20 IO survey 

June 30-Sept 1: Tom will provide 2001-2005 and 2009 commercial data 
Jason and Jennifer C. will work on average weights 
Cindy will present a report at the Plan Team meeting 

Sept I-Sept 30: Cindy will estimate catch for all FMP species (and grenadier) 
Tom will provide 2010 data if available 

Oct 1 : Cindy will provide summarized catch to assessment authors with a reference 
document 

Post assessment: Cindy and Jason will work on completing code and building process 
into CAS 
Draft formal document 
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