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ABSTRACT

ADAPT-VPA and ASPM assessment methods are appididet same data set for the
Gulf of Maine cod stock to attempt to ascertain tbasons for the rather different
results provided by past applications of the twprapches. A number of sensitivity
tests for the ASPM assessment are also conductesult® indicate the primary
reasons for the past differences to be the longeig of data which the ASPM
approach is able to take into account, and the tiaat this approach estimates
selectivity to be decreasing at larger ages wheteadDAPT-VPA method assumes
the selectivity at such ages to be flat. Argumemes presented that an ASPM-based
assessment of this resource would provide a bledtsis for management advice than
the current ADAPT-VPA method. Since the former dstemtly indicates current
status of the resource to be appreciably bettativelto theBy, reference point than
does the latter, such a suggestion has importgpitaations for current management
measures for the Gulf of Maine cod fishery.

INTRODUCTION

This document presents further work on the evadnatif the status of the Gulf of Maine cod
stock, comparing the ASPM and the ADAPT-VPA apphesc Importantly, calculations use
identical (post-1981) data for both approachescivibioth also utilise Pope’s form of the catch
equation. First some data and methodological adgrsts relative to those of the most recent
earlier ASPM analyses of Butterworth (2003) areatiedd and a consequently revised “ASPM
New Reference Case” assessment is developed. i8gygiests for this assessment are also
presented. A series of ADAPT-VPA variants are cotegland compared to the results obtained
using the ASPM approach, with the aim of identifythe reasons for differences between results
of applications of the two approaches reportedezarl



DATA

The data used in previous ASPM analyses of the GuMaine cod stock (Butterwortét al.
2003a,b,c) did not include all the information usegroduce the ADAPT-VPA results of Mayo
et al. (2002). The ADAPT-VPA analyses presented in tltosuwinent now include exactly the
same data (kindly provided by NEFSC staff) as usdle Mayoet al. (2002) analysis, while the
ASPM analyses also include the data available pg21

The data are detailed in Appendix 1.

METHODS
ASPM methodol ogy

The basic ASPM methodology, with its associatedapsed MLE approach, is set out in
Appendix 2.

The “ASPM New Reference Case” of this documentpagrevious Reference Cases, assumes a
Beverton-Holt stock-recruitment function=l) and that exploitation starts in 1893 with the
resource at unexploited equilibriur@1, ¢=0). However, in a change from previous practite, i
now estimates stock-recruitment function residdalsall the years from 1894 to 2001, i.e.
covering the complete history of the fishery exasdin with deterministic unexploited
equilibrium age-structure assumed for the startil@03 population. Note that the stock-
recruitment penalty function (Appendix 2, equat®?.28) added to the negative log likelihood
ensures that recruitment is set to its stock-réoemt function expectation in years for which the
available catch-at-age or survey abundance infoomdtas no influence. Anomalous behaviour
of recruitment residual MLEs, which sometimes oscur such models, is avoided in this
instance because for every year for which theresanee abundance data, there are also catch-at-
age data. Steepnebsis now restricted so that it does not exceed Ot®8s recruitment starts
falling towards zero as spawning biom&85is reduced, anbefore it reaches zero. F&ASY and
MSYL computations only, commercial selectivity is redefl ass;, (F) where:
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i.e. there is a proportionately greater focus oanger fish at very largé. The reason for the
modification of equation (A2.29 of Appendix 2) isat for Pope’s form of the catch equation,
when the fishing proportioR attains its maximum valué = 1, age groups for whick < 1 do
not tend to zero size even though the age-atdapture is less than the age-at-first-maturity. The
modification of equation (1) “rectifies” this, ensug thatB® decreases as required in this limit.

ADAPT-VPA methodol ogy

The methodology used for the ADAPT-VPA assessmentss described in Appendix 3 and
replicates the methodology described in the refmemanual of the VPA/ADAPT Model



Version 2.1.1 (Anon., 2003). The “VPA Reference € apecifications follow those of the “final
VPA formulation” in Mayoet al. (2002). Note that for this Reference Case:

» The partial recruitment vectoPR, ) is taken as: (0.000, 0.053, 0.421, 1.000, 1.2GmO0) for

agesa of 1 to 6 (as in Mayet al. 2002), age 6 being the oldest true agel( with mthe age
of the plus group, which is 7+ in this case).

» The fully-recruited fishing mortality in yeay (F/'"") is computed using the “classic
method”, i.e. F/"" is taken as the average of the fishing mortalitiegeary for fully

recruited age classes, excluding the oldest tree(iag} average over ages 4 and 5); thus the
PRa values input for ages 1-3 play no role in thisleagion. The fishing mortality on the
oldest true age in yegr(F,_,, =F,,) is then computed as the productrji**- and the input

PR,.1(=PRs =1). In all years, the fishing mortality on the 7+ gpo(F,,, ) is computed as the
product of F,_,, and the input plus-group ratia)( In the “VPA Reference Casef is taken

as 1 for all years. Spawning stock biomass is tated at spawning time (March 1) by
applying the period-specific maturity ogives (TaBle.1 of Appendix 1). Natural mortality is
taken as independent of age and equal to 0.2 é&0MRA Reference Case”.

» Pope’s form of the catch equation is used to bat&utate numbers in each cohort.

RESULTS
ASPM

Results for the current ASPM New Reference Casecanepared to those for the July 2003
(Butterworthet al. 2003c) and October 2003 (Butterworth, 2003) NeveRmce Cases in Table
1. Even with the addition now of the MA survey &bBUE data (Tables A1.8-10 of Appendix 1),
the estimates oK%, M, MSY and MSYL® are similar to the results from the October 2003
evaluations. The model estimate for the steepnasaneter is still high (0.98). The addition of
the extra data brings the estimate of natural rityrt®l down to 0.25 yt. Figs 1 and 2 compare
the time-series of spawning biomass and fishingpqntion respectively, for these three cases.
The current ASPM New Reference Case results donoalify the key feature of earlier results
from this approach, which suggested a resourceeabt®¥L, in contrast to the ADAPT-VPA
based inference that the resource is currently bedtw itsSMSYL.

Figs 3 to 4 show the current ASPM New Reference=@iaso the abundance indices and catch-
at-age data. The model shows broadly reasonabléeofall the indices. The bubble plots in Fig. 5

show the standardised catch-at-age residuals éosuhvey and commercial data. The patterns of
residuals for Fig. 5 do not indicate any very olmgionodel-misspecification.

Four sensitivities for the current ASPM New RefeeiCase assessment have been conducted so
that ASPM and ADAPT-VPA results can be more easiijnpared. Results for these sensitivities
are shown in Table 2.

In Case IV, withh reduced to 0.8 and to 0.2, current abundance is still estimated higihan by
the ADAPT-VPA. Current spawning biomass drops beld®¥L, to about 84% oMSYL, which
still differs substantially from the 26% of the AIPA-VPA based estimatesf,, = 21843 - from

VPA and B®, =82830t - NEFSC, 2002).



The current ASPM New Reference Case assessmedid(#sat for October 2003) allows for the

possibility of decreasing commercial selectivitylatge age (by estimating the selectivities for
ages 6 and 7+ directly). In Case V, the commesrs#dctivity is forced to 1 for ages 6 and 7+, a
selectivity pattern which is more comparable tot tbha the ADAPT-VPA assessment. For

comparison purposes, the natural mortaMyis fixed at 0.25 (the estimate from the current
ASPM New Reference Case assessment). In this casent spawning biomass is estimated to
be similar to that from the ADAPT-VPA assessmeme(Jable 6). However, the commercial
catch-at-age residuals for this case that are showsg. 6 display a clear systematic pattern,
with virtually all the 6 and 7+ residuals negative.

The ASPM methodology allows for the use of datallnyears, even if commercial catch-at-age
data are not available for the whole period, aretetore pre-1982 survey data (biomass series
and catches-at-age) have been included in thertuA®PM New Reference Case assessment.
These earlier data have not been included in Cdkesd VII. In Case VI, excluding the pre-
1982 survey data results in an estimate of natamatality M close to that used in the ADAPT-
VPA assessment (0.2). The estimate of steegmesalso reduced to 0.81. Although, the current
abundance is still estimated to be high, and wetlva the estimate from the ADAPT-VPA
assessment, it is nevertheless estimated to berdodMSYL than in the case of the current
ASPM New Reference Case (see also Fig. 7). In @HséM is fixed at the value estimated in the
current ASPM New Reference Case assessment (0.25ther facilitate comparisons.

A number of further sensitivity tests to the cutrdlew ASPM Reference Case are reported in
Table 3. These comprise:

» Use of a more general form for the stock-recruitiretationship to the Beverton-Holt form
assumed for the current ASPM New Reference Casse(ZHI) — see equation A2.4,

* increasing the variability of the stock-recruitmdnttuations ¢r=0.4 instead of 0.25 — Case
IX),

» starting the assessment in a later year, firstrasguunexploited equilibrium in the start year
(Cases Xa-c for starting years 1950, 1970 and 18§2ectively), and then with thand ¢
“starting” parameters treated as estimable (CasesX— see equations A2.15 to A2.19,

» changing the commercial selectivity function, fisstthat the selectivity pre-1982 is the same
as that post-1991 (Case Xlla), and secondly to gdam the reverse direction by increasing
the selectivity of younger fish pre-1982 by inpudtia selectivity of 0.3 for age 2, 0.85 for age
3 and 1.0 for age 4 (Case Xllb), and

» aretrospective analysis (Cases Xllla-c).

Fig. 8 compares estimated spawning biomass trajestéor these sensitivity tests with that for
the current ASPM New Reference Case. The retraspertsults are illustrated in Fig. 9, and
Fig. 10 compares stock-recruitment plots for theent ASPM New Reference Case (Beverton-
Holt form), and a Ricker-like relationship obtaineden a more general functional form is
admitted.

A sensitivity in which an age-dependent natural tality is estimated was also run, but as the
results did not change from those of the currenPMSNew Reference Case, they are not
included here.



ADAPT-VPA

The “VPA Reference Case” described here corresptmtlse assessment presentedviayo et

al. (2002) Table 4 gives the numbers-at-age matrix for thid\\Heference Case, while Fig. 11
shows a bubble plots of the residuals for the suarel CPUE series for this assessment. There is
a suggestion of some banding in these plots, witlugs of years with nearly all positive, or
nearly all negative residuals.

Table 5 contrasts the objective function contrimitfrom each abundance index used for the
VPA Reference Case, a), and a series of five s$engitests to this assessment. These
sensitivities are:

b) “PR(6)=0.8": the partial recruitment for agefixed at 0.8, instead of assuming that fish
of age 6 are fully recruited, as is the case inMR& Reference Case; this is equivalent to a
decrease in selectivity of older fish;

c) “PR(6)=0.4": the partial recruitment for agesdfixed at 0.4,

d) “M=0.25": the natural mortality is fixed at 0.25 (thalue estimated in the current ASPM
New Reference Case assessment) instead of 0.2;

e) “a=0.5": the plus-group ratio (reflecting the relatiselectivity of 7+ fish to those of age 6)
is fixed at 0.5 for all years instead of 1.0; and

f) “M=0.25, PR(6)=0.4¢=0.5": a combination of cases c), d) and e).
Table 6 compares the 1982 and 2001 spawning biofoa#se ASPM and VPA assessments.

Fig. 12 compares the time-series of spawning bisnfas the current ASPM New Reference
Case, the VPA Reference Case and the five VPA tsahsitests, while Fig. 13 shows the
commercial selectivities for these cases. Commieselactivities for the VPA assessments have
been computed as:

2001
son= SF,, /10 @)

y=1992
and then renormalised so thaax(S?™) =1.

It is clear from Fig. 12 that the VPA results obtad when the selectivity on older ages is
decreased (PR(6)=0.4 ame0.5) and the natural mortality increased to 0i2& Eensitivity f))
show a similar behaviour to those of the ASPM assest.

DISCUSSION

Now that the same data are being used in the ASRIW®A assessments (from 1982 only in the
VPA assessments and from the beginning of thesserithe ASPM assessments), the results of
the two methods are more readily and appropriatetypared. It is clear that both methods can
generate similar results under certain assumpfammtheir data inputs and parameter choices. By
running a series of sensitivity tests for both th&PM and ADAPT-VPA assessments, two

primary reasons for the differences between earbsults from the two methods have been



identified: a) the use (or otherwise) of pre-198%ad and b) the assumption made concerning the
fishing selectivity of older fish.

Pre-1982 data

Including the data available pre-1982 in the ASPIdegsments has a considerable impact on the
results and this points to a relative disadvantagehe VPA approach. Results from Case VI
(Table 2) show that excluding these data bringsetstimate ofBS,,/BS., down to about 1,

compared to a ratio of nearly 2 in the current ASR&Wv Reference Case. Natural mortality and
steepness estimates are also reduced, but theésrésulCase VII show that even with natural
mortality fixed to 0.25 (the value estimated foe tburrent ASPM New Reference Case) the
estimate ofB,,/BY., is substantially reduced when excluding the pre2188ta. The current

abundance, however, is still estimated to be mughehn than in the VPA Reference Case (Table
6). Fig. 7 compares the spawning biomass trajextdar the current ASPM New Reference Case
and Case VI.

The pre-1982 catch-at-age data from the NEFSC arfésispring and autumn surveys are the
cause of this effect. This was determined by indgaeach set of pre-1982 data one at a time in
turn in the ASPM assessment. These data (Tablesakid A1.7 in Appendix 1) show that more
older fish (ages 6 and 7+ principally) were avdéaat the beginning of the period (the 1960’s
and 1970’s) than later. As the surveys have beamsisient over time, selectivity must
presumably have remained unchanged, so that thdaagesimply reflect different proportions in
the true population over time. This observationoadimgly is consistent with the results of the
current ASPM New Reference Case assessment, whkiahates the population to be nearly
returned to its pre-exploitation level in the 1950’

Fishing selectivity

The current ASPM New Reference Case has an estinsafectivity for the 7+ group that is
much less than for age 6, for both the NEFSC oftsisorveys and the commercial catches. This
is in sharp contrast to the assumption of the VRfeRence Case which sets fishing mortality for
the plus-group in the commercial catches to be leguthat on age 6. This plays an important
role in explaining the difference between the ASBAM ADAPT-VPA results. By forcing a flat
selectivity from age 5 in the ASPM analysis (Cagetie current estimate of spawning biomass
is reduced to a value close to the VPA ReferenceeQdable 6), which corresponds to
approximately 80% of the estimat®&tBSYL. However, this flat selectivity option causes aese
deterioration in the fit to the data, particulatthe fit to the commercial catch-at-age data. Is thi
case, the predicted catches of ages 6 and 7+ aststantly overestimated throughout the period
(Fig. 6).

Similarly, if the selectivity is forced to decrea®e ages 6 and 7+ in the VPA assessments (e.g.
case f), Fig. 13), the estimate of current spawihiognass is greatly increased (Table 6) and the
abundance trajectory is very similar to that of &&#PM New Reference Case assessment (Fig.
12).

Admittedly, a decrease in commercial selectivity dtder ages is not supported in terms of the
objective function used for the VPA assessmentbl€rad). It should be noted, however, that
information on the plus group is not taken intocast in the fitting process used for the VPASs,
unlike for the ASPM.



Other ASPM sensitivity tests

Tests involving a more general form of the stoakuément relationship (which is estimated to
be Ricker-like, asy>1, Case VIII), a larger input value for recruitmerdriability or, and

alternative pre-1982 commercial catch selectivityctions all lead to little change in spawning
biomass estimates over the last 40 years, thowegh Hre some differences before then (Fig. 8). If
the starting year for the analysis is changed fro893, while nevertheless assuming pre-
exploitation equilibrium at the revised start tirsggmass estimates over the most recent 20 years
are scarcely affected for commencement year chaisegcent as 1970 (Fig. 8). The estimation
of parameters reflecting non-equilibrium at thertstame in such circumstances increases the
variability in results, but nevertheless),, generally remains estimated close to or in exoéss

Boy (Fig. 8 and Table 3). The current ASPM New Refeee@ase assessment exhibits no
marked retrospective pattern (Fig. 9).

The sensitivities do nevertheless point towards likely desirable future modifications to this
New Reference Case. First, comparisonsrofinput) with gr (output) (Table 3) suggest that the
former should be increased from its presently chosdue of 0.25. The likely consequence of
this would be some reduction in estimation precisi®erhaps more important is the indication
from Case VIII (Table 3) of an estimate of the &toecruitment function parametgrwhose
entire 95% CI exceeds 1; in other words, there statistically significant indication of a dome-
shaped stock-recruitment function. The associatetication of a tendency towards lower
recruitment at higher spawning stock size expl#mespenchant for fits using the monotonically
increasing Beverton-Holt form to tend towards fHtttrends and hence values of steepiess
close to their maximum limit of 1 (or here the bduof 0.98 imposed) in such circumstances.
Allowance for the dome shape seBy, increase, and with MSYL, so that Case VIII provides

the one instance in this paper of estimatesff,/BY, which are notably below 1 at values
slightly above 0.5. These estimates neverthelessirewell above the 0.26 of NEFSC (2002),
essentially because of the greater ASPM-based a&stiofiBY,,.

In addition to further examination of this Rickékd form, future work might desirably focus on
an extension of the approach to a fully Bayesiamf@Butterworthet al. 2003c reports some
initial results for such an extension). Given thendtinearities of the problem with likely
associated asymmetric confidence intervals, pastenedians might provide more appropriate
statistics upon which to base management decidioas the posterior modes to which the
penalised MLEs of this paper correspond. CleartyAI$SPM approach also warrants application
to other US Northeast groundfish stocks for whipprapriate data are available. Furthermore,
given the important role that appears to be pldygdlome-shaped selectivity, the population
model might be improved by extending the age-stingcbeyond the plus-group age used for the
data. This would allow for differential selectiviti-age within the plus-group, before
aggregating model predicted values for comparisath observations in the model fitting
process.



CONCLUSIONS

The analyses of this paper would seem to have ssftdly addressed the February 2003 Durham
independent Peer Review Panel advocation to seslome for the different results presented at
that time for ADAPT-VPA and ASPM assessments ofléast) the Gulf of Maine cod stock.
These differences result from the longer periodwfey data that the ASPM approach is able to
take into account, and from the ASPM’s estimatidrselectivity as decreasing at larger ages
whereas the ADAPT-VPA method assumes selectivitiiede ages to be flat.

The Review Panel also expressed concern that “®GEM seems to be overly sensitive to the
assumptions made” (paragraph 11 of their respagarding biological reference points in their
Chair’s report of the 3-8 February 2003 meetind)atfcomment retains some validity for the
updated ASPM results reported here, but as evidemt Table 6, it is equally true of ADAPT-
VPA once sensitivity tests to the assumptions ot tapproach are similarly explored.
Nevertheless, the greater sensitivity would seeretin the estimation oBy, , rather than of

the current spawning biomass;,.

The issue of the extent to which selectivity migtdcline at larger ages is of particular
importance in estimating the current status ofGudf of Maine cod stock. In favour of the flat
selectivity assumption underlying the Magtoal. (2002) ADAPT-VPA assessment is that this is
favoured in terms of the fitting criterion adoptid that application. However, that has to be
weighed against internal mathematical inconsistenoi that particular application of ADAPT-
VPA (see Appendix 4), together with the fittingterion ignoring plus-group related information,
particularly when attempts to force such flatnesw® dhe ASPM approach (Case V) lead to clear
evidence of model misspecification (Fig. 6).

The ASPM approach has the advantages of allowing mata to be taken into account, and not
having to make the unrealistic assumption of efmee-catch-at-age estimation. It appears able to
estimateM with relatively narrow confidence intervals (seable 1), though the appreciable
decline it suggests in the selectivity for olded eoerits further discussion. Furthermore, there are
indications that the possibility of a dome-shaptxtlsrecruitment curve should be entertained,
rather than limiting assessments to the Bevertohfidon.

Viewed overall, these considerations indicate thatould be preferable to base management
recommendations for the Gulf of Maine cod stockaonASPM rather than the present ADAPT-
VPA based assessment approach. Further considerafiadhis suggestion is of particular
importance as the ASPM assessments explored aN #fw general feature of estimating the
status of this stock to be appreciably better indato the B, reference point than do the

ADAPT-VPA based inferences of NEFSC (2002). Accepgaof this conclusion would in turn
imply that the management restrictions currentlgligd to this resource would appropriately be
made less stringent.

The comments of the preceding paragraph shouldbeomisinterpreted as advocacy of a
particular implementation of the ASPM approach [sas the current ASPM New Reference
Case) as the specific basis for revised manageofethie Gulf of Maine cod resource. Clearly
scope remains for further discussion to hopefudlgch consensus on the best formulation of the
approach to apply.
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Table 1: Estimates of management quantities for the Qagease Il) and Case IIl) assessments, which @atestthe preceding two and current “ASPM New
Reference Cases”. Biomass units are tons. The @t af estimates given for quantities suchB&MSY) refer to the two different commercial selectivity
functions: i) for 1893-1991 and ii) from 1992+. Jak in parenthesis next to the MLE estimateB%#(R001)/B*(MSY), h andM are 95% Cls derived from
likelihood profiles. Values in bold are inputs tetmodel. For further details/definitions of therbpls used in this and following similar Tabless #gpendix

2 and particularly section A2.5.

1) July 2003 Nev‘,’, Il) October 2003 "Case 8 III) Current ASPM New Reference Case
Reference Case (New Reference Case)

-InL: overall -126.2 -139.8 73.3

-InL: Survey -19.6 -18.8 -21.3

-InL: CAA -52.9 -57.8 -48.8

-InL: CAAsurv -122.1 -132.0 76.1

-InL: RecRes 68.4 68.8 67.4

K® 89822 126044 137964

B (2001) 41645 45664 41559

B¥ (MSY) 14921 19522 19882 21357 22059 23545

B (2001)/B® (MSY) 279 213 230 2.14 1.88 1.77 (1.71; 1.78)

MSYL ¥ 0.17 0.22 0.16 0.17 0.16 0.17

MSY 12286 11743 11297 11297 10754 10889

F(MSY) 0.95 0.95 0.61 0.73 054 0.62

F*(MSY) 3.00 3.01 0.95 1.32 0.78 0.98

F(2001) 0.26 0.28 0.27

F*(2001) 0.30 0.33 0.31

h 0.98 0.98 0.98 (0.96; 0.98)

M 0.42 0.31 0.25 (0.20; 0.28)

Gamma 1.00 1.00 1.00

Theta 1.00 1.00 1.00

Phi 0.00 0.00 0.00

og(in,out) 0.25 0.25 0.25 0.47

Selectivities WHSpr WHAut Coml Com3 WHSpr WHAut Coml Conm2 WHSpr WHAut MASpAAut Coml Com2
0.10 0.05 0.01 0.0( 0.19 0.08 002 0pP0O 0.10 0.06 1.00 1.002 0.0.00
0.25 0.13 0.15 0.04 038 023 017 0p5 030 0.22 0.63 0.567 0.0.05
0.40 040 0.69 0.43 058 058 072 o047 050 050 039 0.329 0649
0.55 0.55 0.97 0.93 0.77 077 097 0984 070 0.70 0.25 0.186 0.0.95
0.70 0.70 1.00 1.0€ 097 097 100 1900 090 090 0.15 0.100 1.0.00
0.85 0.85 1.00 1.0( 1.00 100 097 069 100 1.00 0.10 0.060 1.0.64
1.00 1.00 1.00 1.0( 058 058 030 0p5 051 051 0.06 0.038 0.0.20
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Table 2 Estimates of management quantities for Casgthf current ASPM New Reference Case) togethdr @ése 1V), Case V), Case VI) and Case VII)
assessments. These alternatives are shown print@udlgsist in relating ASPM to ADAPT-VPA resultsoBiass units are tons. The two sets of estimatesgiv
for quantities such aB¥(MSY) refer to the two different commercial selectivityctions: i) for 1893-1991 and ii) from 1992+. \ak in bold are inputs to the

model.

I1I) Current ASPM New Reference Case IV) With h fixed to 0.8 andM to 0.2 V) With flat commerc_lal selectivity from age
5andM fixed at 0.25

-InL: overall 73.3 77.9 99.1

-InL: Survey -21.3 -22.9 -22.2

-InL: CAA -48.8 -48.6 -29.0

-InL: CAAsurv 76.1 80.9 74.6

-InL: RecRes 67.4 68.5 75.7

K*® 137964 200581 106367

B*¥(2001) 41559 39551 28055

B¥ (MSY) 22059 23545 45368 47299 27162 29082

B*¥(2001)/B ¥ (MSY) 1.88 1.77 (1.71, 1.78) 0.87 0.84 1.03 0.96

MSYL ¥ 0.16 0.17 0.23 0.24 0.26 0.27

MSY 10754 10889 9276 9716 9324 9566

F(MSY) 0.54 0.62 0.32 0.37 0.31 0.33

F*(MSY) 0.78 0.98 0.39 0.46 0.37 0.41

F(2001) 0.27 0.30 0.29

F*(2001) 0.31 0.36 0.34

h 0.98 (0.96; 0.98) 0.80 0.98

M 0.25 (0.20; 0.28) 0.20 0.25

Gamma 1.00 1.00 1.00

Theta 1.00 1.00 1.00

Phi 0.00 0.00 0.00

og(in,out) 0.25 0.47 0.25 0.47 0.25 0.50

Selectivities WHSpr WHAut MASpr MAAut Coml Com3d WHSpr WHAut MASpr MAAut Coin Com2| WHSpr WHAut MASpr MAAut Coml Comp
0.10 0.06 1.00 1.00 0.02 0.00 0.12 0.07 1.00 1.00 0.02 0.000 0.10.06 1.00 1.00 0.02 0.0p
030 022 063 056 017 005 033 026 060 054 0.18 9.061 0.3.23 0.63 056 0.19 0.0p
050 050 039 032 069 049 055 055 036 029 0.71 9.513 09.53 0.39 0.32 0.76 0.5p
070 070 025 018 09 09 076 076 021 0.15 096 0954 0.0.74 025 0.18 0.98 0.9b
090 090 0.15 0.0 100 1.00 0.97 0.97 0.13 008 100 1005 0®9 0.16 0.10 1.00 1.0p
1.00 100 0.10 0.06 100 o0.64 1.00 1.00 008 004 100 0.600 1.0..00 0.10 0.06 1.00 1.0p
051 051 006 003 018 020 036 036 005 0.02 0.09 ¢9.149 0.0.79 0.06 0.03 1.00 1.0p
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Table 2 continued

I11) Current ASPM New Reference Case

VI) With data from 1982 only

VII) With data 1982 only and M fixed at

0.25

-InL: overall 73.3 26.2 275

-InL: Survey -21.3 -5.7 -5.5

-InL: CAA -48.8 -49.3 -49.6

-InL: CAAsurv 76.1 47.3 49.2

-InL: RecRes 67.4 34.0 334

K*® 137964 227869 188491

B*¥(2001) 41559 52399 50975

B¥ (MSY) 22059 23545 49916 50585 46929 47603

B¥(2001)/B ¥ (MSY) 1.88 1.77 (1.71; 1.78) 1.05 1.04 1.09 1.07

MSYL ¥ 0.16 0.17 0.22 0.22 0.25 0.25

MSY 10754 10889 10233 10562 10405 10736

F(MSY) 0.54 0.62 0.34 0.40 0.33 0.39

F*(MSY) 0.78 0.98 0.42 0.51 0.41 0.49

F(2001) 0.27 0.25 0.24

F*(2001) 0.31 0.28 0.28

h 0.98 (0.96; 0.98) 0.81 0.75

M 0.25 (0.20; 0.28) 0.20 0.25

Gamma 1.00 1.00 1.00

Theta 1.00 1.00 1.00

Phi 0.00 0.00 0.00

og(in,out) 0.25 047 0.25 0.33 0.25 0.33

Selectivities WHSpr WHAut MASpr MAAut Coml Com3d WHSpr WHAut MASpr MAAut Coin Com2| WHSpr WHAut MASpr MAAut Coml Comp
0.10 0.06 1.00 1.00 0.02 0.00 0.11 0.03 1.00 1.00 0.02 0.009 0.0.03 1.00 1.00 0.02 0.0p
0.30 0.22 0.63 056 0.17 0.05 0.33 0.23 0.62 054 0.19 0.06 2 0.3.22 0.65 056 0.18 0.0p
0.50 0.50 0.39 032 069 049 0.55 0.55 0.38 0.29 0.74 9.535 0.9.55 0.42 032 0.73 0.51L
0.70 0.70 025 0.18 096 09 0.78 0.78 0.24 0.15 0.97 9.967 0.0.77 0.27 0.18 0.97 0.9b
0.90 0.90 0.15 0.10 1.00 1.00 1.00 1.00 0.15 0.08 1.00 1.000 1.a1..00 0.18 0.10 1.00 1.0p
1.00 1.00 0.10 0.06 1.00 0.64 0.95 0.95 0.09 0.04 0.77 9.49 8 0.9.98 0.11 0.06 0.71 0.5p
0.51 051 0.06 0.03 018 020 0.21 0.21 0.06 0.02 0.08 ¢9.090 0.3.30 0.07 0.03 0.11 o0.1p
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Table 31 Estimates of management quantities for Case(tllgp “ASPM New Reference Case”) and a series p$iteity assessments (Cases VIII to XIII).
Biomass units are tons. The two sets of estimatesidor quantities such &P(MSY) refer to the two different commercial selectivityctions: i) for 1893-
1991 and ii) from 1992+. Values in bold are inpatshe model.

VIII) With  y estimated (potential pseudo- _

111) Current ASPM New Reference Case Ricker SR relationship - see equation A2.4 IX) 0g=0.4

-InL: overall 73.3 70.2 26.6

-InL: Survey -21.3 -22.2 -22.0

-InL: CAA -48.8 -49.1 -48.4

-InL: CAAsurv 76.1 77.2 62.5

-InL: RecRes 67.4 64.3 34.4

K*® 137964 119565 143248

B*¥(2001) 41559 38161 37317

B¥ (MSY) 22059 23545 69631 74917 23121 25234

B¥(2001)/B ¥ (MSY) 1.88 1.77 (1.71, 1.78) 0.55 0.51 1.61 1.48

MSYL ¥ 0.16 0.17 0.58 0.63 0.16 0.18

MSY 10754 10889 9536 9070 10566 10770

F(MSY) 0.54 0.62 0.22 0.22 0.52 0.58

F*(MSY) 0.78 0.98 0.25 0.25 0.73 0.87

F(2001) 0.27 0.29 0.30

F*(2001) 0.31 0.34 0.35

h 0.98 (0.96; 0.98) 1.08 0.98

M 0.25 (0.20; 0.28) 0.22 0.24

Gamma 1.00 2.28 (1.68; 2.88) 1.00

Theta 1.00 1.00 1.00

Phi 0.00 0.00 0.00

og(in,out) 0.25 0.47 0.25 0.46 0.40 0.54

Selectivities WHSpr WHAut MASpr MAAut Coml Com3d WHSpr WHAut MASpr MAAut Coin Com2| WHSpr WHAut MASpr MAAut Coml Comp
0.10 0.06 1.00 1.00 0.02 0.00 0.10 0.06 1.00 1.00 0.02 0.000 0.10.06 1.00 1.00 0.02 0.0p
030 022 063 056 017 005 030 0.22 0.62 055 0.18 0.069 0.0.21 0.62 056 0.17 0.0p
050 050 039 032 069 049 050 050 038 031 0.69 9.509 040.49 0.39 0.31 0.69 0.4B
0.70 070 025 0.18 09 09 070 070 023 0.17 0.96 9.959 0.6.69 0.24 0.17 0.96 0.9
090 09 015 010 100 100 090 090 014 0.09 1.00 1.009 0.8.89 0.15 0.09 1.00 1.0p
1.00 100 0.10 0.06 100 o0.64 1.00 1.00 0.09 005 100 9.670 1.0..00 0.09 0.05 1.00 O0.6p
051 051 006 003 018 020 045 045 005 0.03 0.15 9.209 0.40.49 0.06 0.03 0.18 0.2p
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Table 3 continued

Xa) Start year 1950,¢ and @ fixed

Xb) Start year 1970, and 8 fixed

Xc) Start year 1982, and 8 fixed

-InL: overall
-InL: Survey
-InL: CAA
-InL: CAAsurv
-InL: RecRes

KSP

B*¥(2001)

B¥(MSY)
B¥(2001)/B® (MSY)
MSYL ¥

MSY

F(MSY)

F*(MSy)

F(2001)

F*(2001)

h
M
Gamma
Theta

Phi
og(in,out)

Selectivities

73.0

-21.3

-48.9

75.9

67.4
138635

41603

38310 45990

1.09 0.90

0.28 0.33

10090 9801

0.35 0.35

0.43 0.43

0.27

0.31

0.98

0.25

1.00

1.00

0.00

0.25 047
WHSpr WHAut MASpr MAAut Coml ComZ
0.10 0.06 1.00 1.00 0.02 0.0
0.30 0.22 0.63 056 0.17 0.0
0.50 0.50 039 032 0.69 0.4
0.70 0.70 0.25 0.18 096 0.9
0.90 0.90 0.15 010 1.00 1.0
1.00 1.00 0.10 0.06 0.99 0.6
0.50 0.50 0.06 0.03 0.17 0.1

© W O O © O O

104.7

-16.5

-49.0

108.6

61.5
106791

42022

16767 18510

251 2.27

0.16 0.17

10394 10441

0.65 0.75

1.06 1.37

0.27

0.31

0.98

0.30

1.00

1.00

0.00

0.25 0.50

WHSpr WHAut MASpr MAAut Coin Com2
0.09 0.06 1.00 1.00 0.02
0.30 0.22 0.65 0.59 0.16
0.51 0.51 042 0.34 0.69
0.72 0.72 0.27 0.20 0.96
0.92 0.92 0.18 0.12 1.00
1.00 1.00 0.11 0.07 0.91
0.61 0.61 0.07 0.04 0.20

48.7

-5.8

-36.6

62.4

28.6
130654

68963

15488 21109

4.45 3.27

0.12 0.16

14942 14786

0.91 0.95

2.44 3.00

0.18

0.20

0.97

0.37

1.00

1.00

0.00

0.25 043

WHSpr WHAut MASpr MAAut Com1l Com
D.00 8 0.0.02 1.00 1.00 0.010 0.0
D.05 1 0.3.20 0.70 0.61 0.18 0.0
D.48 4 0.9.54 049 038 0.78 05
D.94 7 0.0.77 0.34 0.23 098 0.9
.00 0 1.01.00 0.24 014 100 1.0
D.63 9 0.70.79 0.17 0.09 046 04
D.21 8 0.20.28 0.12 0.05 011 01

= Or O I9

o~ 0T O O)
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Table 3 continued

Xla) Start year 1950, ¢ and @ estimated

Xlb) Start year 1970,p and 8 estimated

Xlc) Start year 1982, ¢ and @ estimated

-InL: overall
-InL: Survey
-InL: CAA
-InL: CAAsurv
-InL: RecRes

K »

B¥(2001)

B¥ (MsY)

B¥ (2001)/B ® (MSY)
MSYL *®

MSY

F(MSY)

F*(MSY)

F(2001)

F*(2001)

h

M
Gamma
Theta

Phi
og(in,out)

Selectivities

71.9

-21.2

-49.3

76.0

66.3
143412

44390

24908 26208

1.78 1.69

0.17 0.18

10615 10825

0.50 0.58

0.70 0.87

0.26

0.30

0.94

0.25

1.00

0.69

0.73

0.25 047
WHSpr WHAut MASpr MAAut Coml ComZ
0.10 0.06 1.00 1.00 0.02 0.0
0.31 0.23 0.62 056 0.18 0.0
0.52 0.52 039 032 071 05
0.73 0.73 0.24 0.18 097 0.9
0.93 0.93 0.15 010 1.00 1.0
1.00 1.00 0.10 0.06 0.88 0.5
0.43 0.43 0.06 0.03 0.14 0.1

72.3

-16.6

-48.4

80.4

56.9
198612

35935

43589 44535

0.82 0.81

0.22 0.22

11020 11269

0.34 0.39

0.42 0.49

0.29

0.35

0.88

0.20

1.00

0.33

0.00

0.25 0.48

WHSpr WHAut MASpr MAAut Coin Com2
0 0.09 0.06 1.00 1.00 0.02
5 0.27 0.21 061 055 0.17
0 045 0.45 0.37 0.30 0.66
5 0.64 0.64 0.23 0.16 0.95
0 0.82 0.82 0.14 0.09 0.99
9 1.00 1.00 0.08 0.05 1.00
6 0.50 0.50 0.05 0.03 0.24

35.8

-5.0

-41.8

48.9

33.6
243073

53718

31826 31399

1.69 1.71

0.13 0.13

10911 11154

0.47 0.56

0.64 0.83

0.24

0.27

0.98

0.17

1.00

0.25

0.37

0.25 047

WHSpr WHAut MASpr MAAut Com1l Com
D.00 1 0.10.03 1.00 1.00 0.02 0.0
D.06 3 0.3.24 061 053 0.20 0.0
D.49 6 0.9.56 037 0.28 074 05
D.94 8 0.70.78 0.23 0.15 0.97 0.9
.00 0 1.01.00 0.14 0.08 1.00 1.0
D.71 5 0.9.95 0.09 0.04 073 05
D.24 5 0.20.25 0.05 0.02 011 01

T

g O)

O = O O)
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Table 3 continued (Note here for the commercial seldéatis, “Com1’ " applies to the pre-1982 period, 18d” to the 1982-1991 period and “Com2” to the
post -1991 period.)

Xlla) Alternative earlier commercial selectivity (prel  Xllb) Alternative earlier commercial selectivity
1982 as post-1991) (higher values at younger ages pre-1982)

-InL: overall 76.7 71.4

-InL: Survey -21.5 -21.4

-InL: CAA -47.9 -49.0

-InL: CAAsurv 79.3 74.4

-InL: RecRes 66.8 67.4

K 132535 141085

B ¥ (2001) 40514 42299

B¥(MSY) 23047 23047 20800 23909

B* (2001)/B® (MSY) 176 1.76 2.03 177

MSYL ¥ 0.17 0.17 0.15 0.17

MSY 10754 10754 10755 11046

F(MSY) 0.62 0.62 0.50 0.62

F*(MSY) 097 0.97 0.70 0.98

F(2001) 0.27 0.27

F*(2001) 0.32 0.31

h 0.98 0.98

M 0.25 0.25

Gamma 1.00 1.00

Theta 1.00 1.00

Phi 0.00 0.00

og(in,out) 0.25 0.47 0.25 047

Selectivities WHSpr WHAut MASpr MAAut Coml' Coml Com? WHSpr WHAut MASpr MA#t Coml' Coml Com?
0.10 006 100 1.00 000 0.02 0.00 010 006 1.00 1.00 0.022 0.0.00
029 021 063 057 005 0.17 0.05 030 0.22 063 08630 0.17 0.05
049 049 039 032 050 068 050 050 050 039 0.3285 0.68 0.49
068 068 025 0.18 095 096 095 070 0.70 0.25 0.1800 0.96 0.95
088 088 016 010 100 1.00 1.00 090 090 0.16 0.10 1.000 1.0.00
1.00 100 010 0.06 066 100 0.66 100 100 010 0.06 1.000 1.0.63
052 052 006 003 021 018 021 050 050 0.06 0.03 0.177 0.0.19
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Table 3 continued (Note that yeghere is the last year for which data are available

Xllla) Retrospective analysis: data up to

XIllb) Retrospective analysis: data up to

Xlllb) Retrospective analysis: data up to

1999 1997 1995

-InL: overall 73.7 64.5 39.3

-InL: Survey -18.2 -22.1 -30.9

-InL: CAA -40.9 -34.6 -32.8

-InL: CAAsurv 69.8 60.4 45.2

-InL: RecRes 62.9 60.8 57.7

K® 133669 134090 122666

B¥(y) 30659 26833 21388

B¥(MSY) 20699 21916 21919 22355 22104 21530

B¥® (y)/B® (MSY) 148 1.40 122 1.20 0.97 0.99

MSYL *® 0.15 0.16 0.16 0.17 0.18 0.18

MSY 10748 10854 10876 10931 10813 10816

F(MSY) 0.55 0.63 0.56 0.68 0.56 0.66

F*(MSY) 079 1.01 081 1.15 0.81 1.06

F(y) 0.28 0.33 0.63

F*(y) 0.33 0.39 0.99

h 0.98 0.98 0.98

M 0.25 0.26 0.27

Gamma 1.00 1.00 1.00

Theta 1.00 1.00 1.00

Phi 0.00 0.00 0.00

o (in,out) 0.25 047 0.25 047 0.25 047

Selectivities WHSpr WHAut MASpr MAAut Coml ComZ3 WHSpr WHAut MASpr MAAut Coin Com2| WHSpr WHAut MASpr MAAut Coml Comp
0.08 006 1.00 1.00 0.02 000 009 006 1.00 100 0.02 ¢0.008 0.00.06 1.00 1.00 0.02 0.0p
028 021 063 056 017 006 029 021 065 057 017 ¢0.068 0.0.20 0.68 058 0.17 0.0p
049 049 039 031 069 049 049 049 042 032 069 0477 04047 046 034 0.67 O0.58
069 069 025 017 09 094 069 069 027 018 096 0937 0.80.67 031 020 096 0.95
089 089 015 0.10 100 100 09 09 018 010 100 1006 0.8.86 0.21 011 1.00 1.0p
1.00 100 010 0.05 1.00 063 1.00 1.00 0.1 0.06 1.00 0.640 1..00 0.14 0.07 1.00 0.78
053 053 006 003 019 020 054 054 007 003 019 ¢.151 0.8061 0.09 0.04 0.24 0.1B
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Table 4 Begin-year numbers-at-age (in thousands) for'#iRA Reference Case assessment” for the Gulf offidai
cod.

Year 1 2 3 4 5 6 7t

1982 7748 10870 5359 2993 1772 170 550
1983 7513 6264 7094 2261 1196 802 B03
1984 10466 6138 3919 3188 780 360 P49
1985 6981 8547 4290 1786 1130 214 P21
1986 10091 5672 6103 1602 447 323 B12
1987 12564 8238 4455 2508 471 117 144
1988 25262 10249 5924 2365 674 87 58
1989 4276 20677 7921 2914 896 159 107
1990 4020 3497 16450 4418 849 295 185
1991 6963 3285 2597 9672 1470 254 143
1992 6425 5696 2285 905 3442 348 138
1993 9386 5260 4347 1328 265 842 68
1994 3374 7684 4169 1751 375 91 108
1995 3483 2762 6239 2165 322 22 54
1996 3357 2852 2009 4066 574 79 17
1997 5012 2748 2257 1022 1571 137 15
1998 5158 4104 2195 1401 415 477 25
1999 10052 4223 3260 1358 590 177 P36
2000 4555 8229 3450 2160 600 241 63
2001 564 3729 6650 2386 923 300 251
2002 5898 462 3003 4540 1351 421 P80

Table 5 Objective function contributions for each abunolaimdex for various sensitivities on the VPA asaents
contrasted to those of the “VPA Reference Case”.

a) "VPA f) M=0.25,
Reference b) PR(6)=0.8 c¢) PR(6)=0.4  &§=0.25 e)a =05 PR(6)=0.4,
Case" a=0.t

WHSpr2 9.33 9.54 10.68 9.54 9.33 11.05
WHSpr3 2.67 2.59 2.37 2.64 2.67 2.41
WHSpr4 2.44 2.36 2.31 2.40 2.44 2.39
WHSpr5 4.91 4.85 4.95 4.91 4.91 5.07
WHSpr6 15.93 15.64 15.02 15.88 15.93 15.22
Tot WHSpr 35.28 34.98 35.33 35.38 35.28 6.13
WHAut2 11.27 11.34 11.98 11.43 11.27 12.30
WHAut3 6.23 6.29 6.67 6.28 6.23 6.78
WHAut4 6.18 6.34 7.09 6.23 6.18 7.19
WHAut5 6.17 5.97 5.74 6.12 6.17 5.86
WHAut6 6.11 6.54 8.33 6.23 6.11 8.64
Tot WHAut 35.96 36.48 39.81 36.29 35.96 0.7@
MASpr2 6.43 6.66 7.90 6.65 6.43 8.29
MASpr3 4.45 454 5.26 4.45 4.45 5.44
MASpr4 9.52 9.55 10.41 9.52 9.52 10.69
Tot MASpr 20.40 20.74 23.58 20.61 20.40 4.42
MAAut2 45.40 45.43 44.97 45.61 45.40 44.95
Tot MAAut 45.40 45.43 44.97 45.61 45.40 4.98
CM_CPE3 191 1.94 2.10 1.95 191 2.17
CM_CPE4 0.45 0.49 0.78 0.47 0.45 0.85
CM_CPE5 0.26 0.31 0.61 0.27 0.26 0.66
CM_CPE6 0.09 0.10 0.24 0.09 0.09 0.27
Tot CM_CPE 2.71 2.84 3.73 2.79 2.71 3.9p
Total SS 139.75 140.48 147.42 140.68  139.75 150.22
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Table 6 Comparison of the 1982 and 2001 spawning bionessisnates for the ASPM and the ADAPT-VPA
assessments.

B¥(1982) B¥(2001)
1) New ASPM 58231 41559
Reference Case
IV) h=0.8,M=0.2 77189 39551
V) flat commercial
ASPM selectivity,M =0.25 38428 28055
VI) data from 1982 89510 52399
only
VII) data from 1982
only, M=0.25 77036 50975
a) "VPA ReIerence 23844 21843
Case
b) PR(6)=0.8 27062 23131
ADAPT- c) PR(6)=0.4 54967 31477
VPA
d) M=0.25 25498 23056
e)a =05 28306 23420
f) M=0.25, PR(6)=0.4 86735 38939
a=0.5
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Fig. 3: Current ASPM New Reference Case (Case lll) agsessmodel fits to the abundance indices (survely an

CPUE) for the Gulf of Maine cod stock.
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Fig. 5. Bubble plots of the standardised residuals fer ¢htch-at-age data for the current ASPM New Rafere
Case (Case Ill) assessment. The size (area) diuthieles represent the size of the residuals. Gubplbes represent
positive residuals and white bubbles representthageesiduals.
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Xlla. The correspondinlylSYLs are also shown.
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Fig. 9: Estimated time series of spawning biomass forctireent ASPM New Reference Case assessment ({Dgse |
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2001’ and ‘data up to 1995’

28



Recruitment (x10)

Recruitment (x10)

30 A . a) Case Il - ASPM New Reference Case
[ )
25 +
[ ]
20
15 - e
[ ]
)
[ ) ..
10 . L] ° . 4 : p—
° [ ) ® °«__ — —
.. [ ] [ ] ;/ /./.
[ ] —
5 1 ‘ o o /./ ° °
O — T T T T T T
0 20 40 60 80 100 120
Spawning biomass (thousand tons)
30 b) Case VIII - pseudo-Ricker SR relationship
[ )
25 +
[ )
20 + °
15 - .
[ ]
[ ] [ ]
[ ] : b
10 - «  °® . - s
L ° 1
o * R .
5 4 ° ° ° -« — X
///// ®
O — /I T T T T T
0 20 40 60 80 100 120

Spawning biomass (thousand tons)
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Appendix 1 - The Data Used

The data used for the ADAPT-VPA and the “ASPM Neefdkence Case” assessments, and their sensitivhigs
are developed in this paper are as reported in Magl (2002).

Maturity-at-age is period-specific and is givenTiable Al.1. In the ASPM assessment, for years padr982, the
maturity-at-age vector is taken as that in 1982.

Spawning (begin-year) and landed (mid-year) weigiitage are given in Tables A1.2 and Al.3 respelstivn the
ASPM assessment, for years prior to 1982, the bgean and mid-year weights-at-age are taken asvheage of
the corresponding weights for each age over thepfiriod available. Furthermore, for tiMSY calculations, the
mid-year weight-at-age vector used is as usedeénptiojections in NEFSC (2002), viz. (0.418 1.58262. 2.726
3.982 5.804 10.767), while for the maturity andibhegear weight-at-age, the corresponding 2001 vscice used.

Total (commercial and recreational) landings-at-égethousands of fish) for the period 1982-200& given in
Table Al.4, while the total catch (in metric torspiven in Table AL.5 for the period 1893-2001.

Data from the surveys, including catch-at-age aimnbss indices, are shown in Tables A1.6 and Adar7ttie
NEFSC offshore spring (WHSpr) and autumn (WHAuge@ch vessel bottom trawl surveys and in Table8 Add
A1.9 for the State of Massachusetts inshore sg&Spr) and autumn (MAAut) bottom trawl surveys.

USA commercial LPUE indices through 1993 for agés 8 (CM_CPE) are shown in Table A1.10.

In the ADAPT-VPA assessments, the following indioésbundance are used for fitting the model: WHSpages
2 to 6, WHAuUt for ages 2 to 6, MASpr for ages 21fdMAAut for age 2 and CM_CPE for ages 3 to 6.
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Table Al.1 Percentage of mature females for each age fagthfof Maine cod stock.

1 2 3 4 5 6 7+ |
1982 0.07 0.26 0.61 0.88 0.97 1.00 1.0
1983| 0.07 0.26 0.61 0.88 0.97 1.00 1.0
1984| 0.07 0.26 0.61 0.88 0.97 1.00 1.0
1985| 0.04 0.48 0.95 1.00 1.00 1.00 1.0
1986| 0.04 0.48 0.95 1.00 1.00 1.00 1.0
1987| 0.04 0.48 0.95 1.00 1.00 1.00 1.0
1988| 0.04 0.48 0.95 1.00 1.00 1.00 1.0
1989| 0.04 0.48 0.95 1.00 1.00 1.00 1.0
1990 0.11 0.28 0.56 0.81 0.93 0.98 1.0
1991 0.11 0.28 0.56 0.81 0.93 0.98 1.0
1992 0.11 0.28 0.56 0.81 0.93 0.98 1.0
1993 0.11 0.28 0.56 0.81 0.93 0.98 1.0
1994| 0.04 0.38 0.89 0.99 1.00 1.00 1.0
1995| 0.04 0.38 0.89 0.99 1.00 1.00 1.0
1996| 0.04 0.38 0.89 0.99 1.00 1.00 1.0
1997| 0.04 0.38 0.89 0.99 1.00 1.00 1.0
1998| 0.04 0.38 0.89 0.99 1.00 1.00 1.0
1999| 0.04 0.38 0.89 0.99 1.00 1.00 1.0
2000| 0.04 0.38 0.89 0.99 1.00 1.00 1.0
2001 0.04 0.38 0.89 0.99 1.00 1.00 1.0

Table A1.2 Spawning (begin-year) weight-at-age (kg) for @df of Maine cod stock.

1 2 3 4 5 6 7+
1982| 0.415 0.882 1.282 2.270 4.199 5.582 11.314
1983| 0.280 0.777 1.317 1.970 3.172 5.331 9.9¢1
1984 0.350 0.658 1.313 2.084 2.984 4.669 10.496
1985| 0.220 0.713 1.279 2.125 3.447 4.458 9.686
1986 0.274 0.613 1.353 2.162 3.559 5.150 11.7911
1987 0.180 0.654 1.256 2.368 3.697 5.615 10.489
1988| 0.063 0.559 1.334 1.915 3.978 5.461 10.476
1989| 0.461 0.445 1.302 2.271 3.023 4.641 11.902
1990| 0.051 0.781 1.400 1.979 3.506 5.393 13.462
1991 0.057 0.403 1.242 2.020 3.030 5.509 11.106
1992 0.254 0.512 1.474 2.031 2.747 4.486 10.593
1993| 0.855 0.688 1.672 2.152 3.398 4.315 10.974
1994 0.212 1.170 1.451 2.374 2.835 5.074 9.8p4
1995 0.210 0.823 1.591 2.228 3.953 4.873 13.482
1996| 0.206 0.831 1.841 2.079 3.094 6.118 10.900
1997| 0.234 0.848 1.907 2.492 2.708 4.044 8.8f5
1998| 0.242 0.747 1.905 2.543 3.501 3.600 9.9p9
1999 0.151 0.723 1.568 2.420 3.470 4.869 7.7p2
2000| 0.244 0.728 1.686 2.469 3.451 4.881 7.3p7
2001| 0.244 0.717 1.689 2.475 3.679 5.087 8.1p3
2002 0.213 0.717 2.107 1.881 2.932 4.545 8.1P3
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Table A1.3 Landed (mid-year) weight-at-age (kg) for the GaflMaine cod stock.

1 2 3 4 5 6 7+
1982| 0.568 1.078 1.589 2.683 4,731 6.587 11.314
1983| 0.429 1.063 1.610 2.442 3.749 6.007 9.9411
1984 0.500 1.009 1.623 2.697 3.646 5.815 10.496
1985| 0.367 1.018 1.621 2.782 4.405 5.451 9.686
1986| 0.423 1.024 1.799 2.884 4.553 6.020 117911
1987 0.317 1.011 1.541 3.116 4.739 6.924 10.489
1988| 0.167 0.987 1.759 2.381 5.078 6.294 10.476
1989 0.600 1.185 1.717 2.932 3.837 4.242 11.902
1990| 0.143 1.017 1.655 2.282 4.193 7.581 13.462
1991 0.171 1.134 1.516 2.466 4.024 7.238 11.106
1992 0.418 1.531 1.915 2.722 3.060 5.000 10.993
1993| 1.000 1.132 1.827 2.418 4.243 6.085 10.974
1994| 0.418 1.368 1.861 3.086 3.324 6.068 9.8p4
1995| 0.418 1.620 1.851 2.667 5.064 7.143 13.382
1996| 0.418 1.651 2.093 2.335 3.590 7.391 10.900
1997| 0.418 1.721 2.202 2.966 3.140 4.556 8.8f5
1998| 0.418 1.336 2.109 2.937 4.133 4.128 9.9p9
1999 0.331 1.250 1.841 2.776 4.100 5.736 7.7p2
2000| 0.418 1.600 2.274 3.310 4.291 5.811 7.3p7
2001 0.418 1.229 1.782 2.694 4.089 6.031 8.1p3

Table Al.4 Total (commercial and recreational) landings-ge-&housands of fish) of Atlantic cod from the ffl
Maine stock (NAFO Division 5Y), 1982-2001.

1 2 3 4 5 6 7+

1982 88 1995 2350 1386 717 75 242
1983 14 1337 2896 1184 685 448 169
1984 24 813 1572 1636 469 205 142
1985 49 989 2111 1122 665 133 137
1986 26 208 2750 929 275 197 190
1987 41 907 1418 1525 330 79 97
1988 6 520 2140 1149 434 51 34
1989 5 530 2284 1698 485 91 61
1990 7 294 4195 2373 488 167 105
1991 5 447 1349 4948 946 151 85
1992 0 350 600 526 2184 218 86
1993 1 152 1998 787 140 481 39
1994 0 57 1380 1228 315 74 88
1995 0 279 1152 1324 204 14 34
1996 0 86 688 1943 368 46 10

1997 0 61 494 466 894 72 8

1998 0 110 485 616 180 211 11
1999 1 8 563 566 267 78 104
2000 0 97 485 934 211 96 25

2001 0 56 1000 666 370 104 87
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Table A1.5 Total catch (incl. USA, DWF and recreational langs, and discards) (metric tons) of Atlantic coahd
the Gulf of Maine (NAFO Division 5Y), 1893-2001.

Year | Total catcl" Year| Total catth Yeal Total cdtch

1893 13.179 1930 11.489 1967 5.973
1894 15.539 1931 9.265 1968 6.421
1895 17.256 1932 5.858 1969 8.484
1896 13.339 1933 7.025 1970 8.684
1897 12.763 1934 11.619 1971 7.662
1898 12.269 1935 9.679 1972 6.917
1899 13.420 1936 7.442 1973 6.146
1900 9.448 1937 7.432 1974 7.764
1901 12.572 1938 7.547 1975 9.015
1902 11.660 1939 5.504 1976 10.188
1903 10.895 1940 5.836 1977 12.42¢
1904 8.447 1941 6.124 1978 12.42¢
1905 10.092 1942 6.679 1979 11.68
1906 17.137 1943 9.397 1980 13.528
1907 15.706 1944 10.516 1981 18.088
1908 11.226 1945 14.532 1987 16.278
1909 11.025 1946 9.248 1983 15.923:
1910 9.670 1947 6.916 1984 12.16

1911 7.344 1948 7.462 1985 12.54
1912 7.770 1949 7.033 1986 12.514
1913 6.698 1950 5.062 1987 10.97¢
1914 9.120 1951 3.567 1988 9.902
1915 5.130 1952 3.011 1989 12.504
1916 5.221 1953 3.121 1990 17.394
1917 5.928 1954 3.411 1991 20.59
1918 8.281 1955 3.171 1992 11.791
1919 8.324 1956 2.693 1993 9.675]
1920 7.599 1957 2.562 1994 8.800
1921 8.905 1958 4.670 1995 7.704
1922 8.572 1959 3.795 1996 7.889
1923 8.475 1960 3.577 1997 5.781
1924 9.070 1961 3.234 1998 4.703
1925 9.538 1962 3.072 1999 4.961,
1926 8.047 1963 2.731 2000 5.996
1927 10.931 1964 3.251 2001 6.490
1928 9.655 1965 3.928
1929 10.288 1966 4.392
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Table Al.6 Standardized stratified mean numbers per towgatand standardized mean weight (kg) per tow of
Atlantic cod in NEFSC offshorgpring research vessel bottom trawl surveys in the Gullaine, 1968-2001.

Age group Standardized megn
1 2 3 4 5 6 7+ wt/tow (kg)
1968 | 0.613 1.234 1.407 0.846 0.538 0.207 0.464 17.92
1969 | 0.000 0.036 0.307 0.880 0.807 0.633 0.590 13.20
1970 | 0.159 0.123 0.055 0.094 0.273 0.466 1.086 11.06
1971 | 0.025 0.142 0.109 0.292 0.048 0.083 0.782 6.98
1972 | 0.353 0.153 0.519 0.197 0.200 0.036 0.6P0 8.04
1973 | 0.034 4.249 0.906 0.619 0.349 0.195 1.181 18.79
1974 | 0.476 0.056 1.359 0.329 0.222 0.114 0.348 7.44
1975 | 0.094 0.699 0.106 1.065 0.259 0.111 0.173 6.03
1976 | 0.042 0.304 1.048 0.153 0.897 0.086 0.247 7.55
1977 | 0.025 0.298 0.521 1.994 0.109 0.791 0.144 8.54
1978 | 0.034 0.105 0.285 0.348 0.766 0.075 0.442 7.70
1979 | 0.535 1.630 0.212 0.499 0.401 0.685 0.266 9.49
1980 | 0.070 0.440 0.343 0.123 0.418 0.239 0.446 6.18
1981 | 1.014 0.662 0.986 1.216 0.328 0.287 0.3f1 10.79
1982 | 0.336 1.019 0.516 0.694 0.864 0.117 0.189 8.62
1983 | 0.626 0.978 0.833 0.641 0.357 0.181 0.283 10.50
1984 | 0.151 1.033 1.147 0.741 0.190 0.053 0.088 5.83
1985 | 0.028 0.238 0.622 0.665 0.677 0.095 0.192 7.65
1986 | 0.417 0.330 0.647 0.387 0.074 0.046 0.056 3.60
1987 | 0.049 0.638 0.486 0.300 0.128 0.011 0.0y0 3.01
1988 | 0.663 1.053 0.633 0.355 0.217 0.087 0.090 3.30
1989 | 0.023 0.649 0.790 0.632 0.090 0.077 0.0p0 2.53
1990 | 0.000 0.190 1.327 0.627 0.167 0.032 0.018 3.08
1991 | 0.043 0.209 0.355 1.477 0.268 0.024 0.018 2.89
1992 | 0.050 0.230 0.240 0.280 1.310 0.220 0.080 8.66
1993 | 0.200 0.500 0.800 0.330 0.090 0.480 0.1p3 5.87
1994 | 0.016 0.316 0.387 0.213 0.095 0.047 0.192 243
1995 | 0.050 0.180 1.120 0.370 0.150 0.030 0.010 243
1996 | 0.060 0.020 0.590 1.330 0.400 0.060 0.0p0 5.43
1997 | 0.158 0.132 0.399 0.264 0.876 0.242 0.120 5.62
1998 | 0.018 0.224 0.330 0.517 0.142 0.421 0.059 4.18
1999 | 0.166 0.344 0.713 0.344 0.315 0.134 0.284 5.09
2000 | 1.184 0.725 0.438 0.457 0.107 0.101 0.0416 3.21
2001 | 0.029 0.323 0.716 0.497 0.354 0.064 0.164 6.20
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Table Al.7. Standardized stratified mean numbers per towgatand standardized mean weight (kg) per tow of
Atlantic cod in NEFSC offshorautumn research vessel bottom trawl surveys in the GuMaine, 1964-2001.

Age group Standardized megn
1 2 3 4 5 6 7+ wt/tow (kg)
1964 | 0.050 0.649 1.349 1.253 0.849 0.579 1.190 17.95
1965 | 0.000 0.092 0.122 0.471 0.856 0.853 1.608 22.79
1966 | 0.002 0.850 0.880 0.824 0.750 0.496 0.693 12.00
1967 | 0.170 0.204 0.640 0.697 0.718 0.558 0.795 12.91
1968 | 0.012 0.129 0.215 0.574 0.671 0.384 0.5f5 9.23
1969 | 0.012 0.036 0.179 0.719 1.256 0.973 1.211 19.44
1970 | 0.016 0.059 0.123 0.354 0.630 0.552 1.0p2 15.37
1971 | 0.743 0.941 0.265 0.551 0.329 0.488 1.584 16.43
1972 1.346 0.178 0.239 0.211 0.597 0.460 1.384 16.52
1973 | 0.031 5.579 1.217 1.526 0.234 0.094 0.628 12.96
1974 | 0.636 0.328 2.173 0.139 0.507 0.212 0.461 8.73
1975 | 0.282 1.123 0.189 1.744 0.292 0.359 0.342 8.97
1976 | 0.047 0.147 3.067 0.134 2.356 0.254 0.144 8.62
1977 | 0.000 0.243 0.209 0.632 0.100 0.768 0.200 6.74
1978 | 0.000 0.022 0.359 0.550 1.155 0.152 0.846 10.22
1979 | 0.249 1.369 0.371 1.118 0.656 1.430 0.557 12.89
1980 | 0.005 0.368 0.594 0.162 0.836 0.392 1.181 17.54
1981 | 0.027 1.264 2.602 1.754 0.497 0.232 0.661 14.21
1982 | 0.012 0.619 0.382 0.549 0.474 0.089 0.292 8.05
1983 | 0.000 0.700 3.142 2.473 1.167 0.248 0.089 16.07
1984 | 0.045 1.660 0.977 0.852 0.139 0.264 0.287 8.81
1985 | 0.044 0.384 0.421 0.565 0.399 0.220 0.390 8.81
1986 | 0.266 0.378 0.910 0.763 0.209 0.218 0.1y8 8.49
1987 | 0.000 0.301 0.490 0.654 0.333 0.086 0.087 5.10
1988 | 0.138 0.599 1.324 0.600 0.257 0.061 0.000 341
1989 | 0.000 1.951 2.245 0.960 0.528 0.110 0.109 6.61
1990 | 0.000 0.416 2.391 1.356 0.294 0.174 0.023 4.58
1991 | 0.006 0.029 0.367 1.643 0.623 0.278 0.088 491
1992 | 0.008 0.142 0.142 0.221 0.632 0.079 0.0p4 2.78
1993 | 0.060 0.290 0.450 0.140 0.040 0.330 0.120 245
1994 | 0.040 0.198 0.569 0.363 0.032 0.000 0.082 1.00
1995 | 0.030 0.210 0.880 0.830 0.090 0.050 0.050 274
1996 | 0.010 0.070 0.280 1.230 0.330 0.080 0.010 3.67
1997 | 0.030 0.120 0.380 0.190 0.540 0.060 0.000 2.35
1998 | 0.000 0.297 0.086 0.160 0.182 0.149 0.0p0 1.87
1999 | 0.050 0.097 0.320 0.115 0.192 0.039 0.081 1.50
2000 | 0.025 0.431 0.363 0.590 0.243 0.132 0.023 3.50
2001 | 0.008 0.533 0.984 0.394 0.507 0.134 0.044 4.65
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Table A1.8 Stratified mean catch per tow in numbers and fte{ggg) of Atlantic cod in State of Massachusetts
inshore spring bottom trawl surveys in territoneters adjacent to the Gulf of Maine (Mass. Regity, 1978-
2001.

Age group Stratified mean
1 2 3 4 5 6 7+ wt/tow (Kg)

1978 | 34.749 4.162 4.572 0.872 1.028 0.000 0.0p3 12.16
1979 | 93.023 2.581 1.533 4.659 1.995 0.183 0.0p9 20.53
1980 58.467 12.679 0.971 0.745 0.737 0.080 0.2B9 17.71
1981 44.547 23.884 3.122 1.279 0.041 0.146 0.0¢4 21.79
1982 | 17.724 7.060 3.418 1.147 0.232 0.011 0.1p2 13.42
1983 | 28.156 18.572 5.331 0.501 1.221 0.142 0.0p2 19.77
1984 | 3.102 5.408 2.271 0.865 0.138 0.162 0.000 8.63
1985 | 3.504 3.822 2.794 0.692 0.000 0.000 0.000 6.42
1986 | 20.917 3.222 0.887 0.426 0.090 0.019 0.0p0 7.77
1987 9.249 6.997 2.268 0.257 0.147 0.048 0.087 9.59
1988 ( 13.436 11.356 2,511 1.370 0.000 0.039 0.0po 9.66
1989 ( 20.836  25.260 6.580 0.458 0.106 0.124 0.0po 18.26
1990 ( 10.430 6.890 17.770 2.640 0.180 0.050 0.0p0 19.51
1991 6.200 3.560 2.540 5.030 0.360 0.000 0.000 11.37
1992 7.780 6.350 3.580 0.650 1.370 0.120 0.040 10.10
1993 72.430 7.760 3.600 1.450 0.050 0.300 0.0p0 7.63
1994 | 8.350 5.670 2.460 0.520 0.230 0.030 0.090 4.83
1995 16.250 1.360 3.890 1.200 0.090 0.000 0.0p0 4.49
1996 7.760 0.650 1.150 2.000 0.380 0.000 0.000 4.06
1997 | 14.060 1.250 1.050 0.220 0.500 0.030 0.0p0 2.97
1998 | 23.870 1.800 0.990 1.060 0.080 0.460 0.040 5.76
1999 [ 130.580 3.570 3.460 1.200 1.080 0.060 0.260 14.19
2000 | 29.820 7.120 2.850 2.600 0.780 0.770 0.1p0 22.36

Table A1.9 Stratified mean catch per tow in numbers and fte{ggg) of Atlantic cod in State of Massachusetts
inshore autumn bottom trawl surveys in territovigters adjacent to the Gulf of Maine (Mass. Regiitg, 1978-
2001.

Age group Stratified mean
1 2 3 4 5 6 7+ wt/tow (kg)
1979 | 151.533  2.082 0.000 0.120 0.140 0.318 0.0B0 3.02
1980 | 4.933 3.430 0.042 0.000 0.026 0.000 0.000 0.99
1981 5.680 8.834 0.052 0.000 0.000 0.050 0.000 1.57
1982 2.018 5.652 7.290 0.729 0.000 0.000 0.000 6.65
1983 | 4.667 2.346 1.005 0.060 0.050 0.000 0.000 1.35
1984 1.308 0.651 0.100 0.013 0.000 0.000 0.000 0.18
1985 12.296 0.344 0.022 0.013 0.000 0.000 0.0po 0.18
1986 2.832 0.419 0.018 0.010 0.000 0.000 0.000 0.09
1987 2.478 1.150 0.833 0.000 0.067 0.000 0.000 0.55
1988 | 389.584  2.386 0.020 0.000 0.000 0.000 0.0po 0.45
1989 | 4.571 20.490 0.679 0.000 0.000 0.000 0.0po 1.57
1990 2.971 2.700 0.350 0.210 0.185 0.000 0.000 1.27
1991 9.370 9.130 1.740 0.310 0.060 0.030 0.000 1.56
1992 4.650 4.200 0.810 0.030 0.050 0.010 0.000 0.80
1993 | 24.300 2.010 0.110 0.000 0.000 0.060 0.0po 0.42
1994 | 49.920 3.320 0.610 0.330 0.000 0.000 0.0[L0 1.97
1995 33.490 14.130 6.370 0.260 0.000 0.000 0.0po 4.47
1996 2.560 0.640 0.540 0.790 0.020 0.000 0.000 0.74
1997 7.590 0.150 0.020 0.010 0.010 0.000 0.000 0.09
1998 2.020 0.020 0.000 0.000 0.000 0.000 0.000 0.02
1999 2.610 1.040 0.620 0.080 0.110 0.000 0.000 0.56
2000 | 6.340 0.980 0.280 0.000 0.060 0.000 0.000 0.43
2001 | 0.040 0.540 0.270 0.020 0.000 0.000 0.000 0.34
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Table A1.10 USA commercial LPUE index through 1993 for age& 3

LPUE,
ages 3-9

1982 0.218
1983 0.233
1984 0.139
1985 0.106
1986 0.106
1987 0.06
1988 0.099
1989 0.133
1990 0.266
1991 0.221
1992 0.103
1993 0.094
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Appendix 2 - The Age-Structured Production Model

The model used for these assessments of the GUMaifie cod stock is an Age-Structured Productiond®o
(ASPM) (e.g. Hilborn, 1990). Models of this typeeasometimes termed Statistical Catch-at-Age Analy3&e
approach used in an ASPM assessment involves cotisgy an age-structured model of the populationadyics
and fitting it to the available abundance indicgsraximising the likelihood function. The model atjons and the
general specifications of the model are descrileoviy followed by details of the contributions teetlog-likelihood
function from the different sources of data avddalQuasi-Newton minimization is used to minimizes ttotal
negative log-likelihood function (the package AD #4b Buildef™, Otter Research, Ltd is used for this purpose).

A2.1 Population dynamics

A2.1.1 Numbers-at-age

The resource dynamics are modelled by the follovgietgof population dynamics equations:

Ny+11 = Ryn A2.1

Nyotans = (Nyae ™2 -C,, Je™:/2 for i a<m-2 A2.2

Nyom = (N g €712 - Cyvm_l)e—Mm_llz + (N e M2 Cy,m) o Mn /2 A23
where

N, . is the number of fish of ageat the start of year (which refers to a calendar year),

R, is the recruitment (number of 1-year-old fishjtee start of yeay,

y

M, denotes the natural mortality rate on fish af ag

C, , is the predicted number of fish of ageaught in yeay, and

y.a
m is the maximum age considered (taken to be a piogpy.

These equations simply state that for a closed lptipn, with no immigration and emigration, the pislources of
loss are natural mortality (predation, disease,) eted fishing mortality (catch). They reflect Papéorm of the

catch equation (Pope, 1972) (the catches are assionfee taken as a pulse in the middle of the yedher than the
more customary Baranov form (Baranov, 1918) (foiclitatches are incorporated under the assumpfisteady

continuous fishing mortality). Pope’s form has besed in order to simplify computations (and beeahs authors’
already had tested code available based upondhis) fAs long as mortality rates are not too hitjie differences
between the Baranov and Pope formulations will p@émal.

A2.1.2. Recruitment

Tomorrow’s recruitment depends upon the reprodaativtput of today’s fish. The number of recruite.(new 1-
year old fish — we work here with 1- rather thape@r old fish as recruits to conform with customairgctice for US
northeast assessments) at the start of yémiassumed to be related to the spawning stoek(se the biomass of
mature fish) by a modified Beverton-Holt stock-rgtment relationship (Beverton and Holt, 1957)pwailing for
annual fluctuation about the deterministic relasioip:

aB¥® (2
Ry — y-1 y e(Cy (or) /2) A2.4
B+ (B?il)
where

a, B and y are spawning biomass-recruitment relationshipapaters (note that cases wigh> 1 lead to
recruitment which reaches a maximum at a certaamvamg biomass, and thereafter declines towards, zer
and thus have the capability of mimicking a Rickgre relationship),
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¢, reflects fluctuation about the expected recruittrfer yeary, which is assumed to be normally distributed

with standard deviatioor (which is input in the applications considerede)gthese residuals are treated as
estimable parameters in the model fitting procé&ssgtimating the stock-recruitment residuals is made
possible by the availability of catch-at-age datajch give some indication of the age-structurethad
population.

Bf," is the spawning biomass at the start of yeaomputed as:

m
BY = z f,aWis [Ny’ae_'\"a 2-c,, /6] g Mal12 A25
a=1

because spawning for the cod stocks under consioleria taken to occur 2 months after the starthef year and
some mortality (natural and fishing) has therefoceurred (note that the equation A2.4 above I’EfBIB;p in year
y-1 to account for the fact that recruitment heferseto 1-year-old fish),

where

strt

Wy.a

is the mass of fish of ageduring spawning, and

f is the proportion of fish of agethat are mature.

y.a

In order to work with estimable parameters thatracge meaningful biologically, the stock-recruitrheglationship

is re-parameterised in terms of the pre-exploitagquilibrium spawning biomas# ¥, and the “steepnesdfi, of
the stock-recruitment relationship, which is thegartion of the virgin recruitment that is realizatla spawning

biomass level of 20% of the virgin spawning biomass

B:(KSP)V(l—Eho.zy)

A2.6
5h-1
and
oV
a :/3_+(K_)_ A2.7
SDRvirg
where
m .
PR :z fyyawigN;Irge-Ma/G A2.8
a=1
with
NJ\-/irg =1 A2.9
NY"9 = NY9e™Mas for 2&x<ml A2.10
NV = NYIg @M /f1 - e7Mn ) A2.11

In the fitting procedure, both and K ® are estimated. Steepness is an important paranastéine overall potential
yield for an ASPM depends primarily on the steepnafsthe stock-recruitment curve and on the natonadtality
rate.

In cases wherg is estimated (rather than settipgl to correspond to a Beverton-Holt form), notat tteepneds
can exceed 1 (unlike for the Beverton-Holt form) jo1.
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A2.1.3. Total catch and catches-at-age
The catch by mass in yegis given by:

m

m
C, = ZWT;’ Cya = ngf;‘ Ny.e™M'?s  F, A2.12
a=1

a=1

where

wi denotes the mass of fish of aganded in yeay,

C, , is the catch-at-age, i.e. the number of fish &agaught in yeay,

y.a

S,.a is the commercial selectivity (i.e. vulnerability fishing gear) at age for yeary; when S, , =1, the age-
classa is said to be fully selected, and

F, is the fished proportion of a fully selected atgss.

y

The model estimate of the mid-year exploitable ikable”) component of biomass is calculated byverting the
numbers-at-age into mid-year mass-at-age (usinghthieidual weights of the landed fish) and apptyimatural and
fishing mortality for half the year:

m
B = ngf;‘ S,aN,.e™M2(1-S, F, /2) A2.13
a=1

whereas for survey estimates of biomass in thenpégjy of the year (for simplicity spring and autusurveys are
both treated as begin-year surveys):

m
By = ) wWihsi™N,, A2.14
a=1

where

S is the survey selectivity for age

A2.1.4. Initial conditions

As the first year for which data (even annual catielha) are available for these cod stocks cleadgsdnot
correspond to the first year of (appreciable) exalion, one cannot make the conventional assumpitiothe
application of ASPM'’s that this initial year reflsca population (and its age-structure) at pretqilon

equilibrium. For the first yearyg) considered in the model therefore, the stocls@imed to be at a fractiod] of
its pre-exploitation biomass, i.e.:

B;’; =gK*® A2.15

with the starting age structure:

Nyo,a = ReartNstarta fdrsa<m A2.16
where

Ngarts =1 A2.17

Nstart,a = Nstalrt,.a\—:Le_Ma_1 (1_ qasa—l) foR<asm-1 A2.18
Nstart,m = I\l:;lart,m—le_'\/lm_1 Q- ¢7Sm—1)/ @- g Mm @a- (05m)) A2.19
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wheregicharacterises the average fishing proportion dveears immediately preceding

A2.2. The (penalised) likelihood function

The model can be fitted to (a subset of) CPUE amdey abundance indices, commercial and surveyhegtage
data to estimate model parameters (which may irechas$iduals about the stock-recruitment functiamilitated
through the incorporation of a penalty functionatésed below). Contributions by each of these ® tiegative of
the log-likelihood (#nL ) are as follows.

A2.2.1 CPUE relative abundance data

The likelihood is calculated assuming that an oletiICPUE abundance index for a particular fishiegtfis log-
normally distributed about its expected value:

I, = fiy exp(eiy) or & :fn(l iy)—Zn(IAiy) A2.20

I 'y is the CPUE abundance index for ygand series,

fiy :diéi" is the corresponding model estimate, Whé? is the model estimate of exploitable resource
biomass, given by equation A2.13,
[

g isthe constant of proportionality (catchabilifgf CPUE abundance seriesind

g, from N(O, (aiy)z) .

The contribution of the CPUE data to the negatifvthe log-likelihood function (after removal of cstants) is then
given by:

— nIOPUE = Zzy:[zn(a‘y)+ [ F /2(0;)2} A2.21

where

Oy

is the standard deviation of the residuals ferldgarithm of index in yeary.

Homoscedasticity of residuals is assumed, so ﬂ'{at: o'is estimated in the fitting procedure by its maximu
likelihood value:

G = \/]/ni Z(en(l ;)—en(q‘é§X))2 A2.22

y

where

N, isthe number of data points for CPUE abundancexind

The catchability coefficienqi for CPUE abundance indéxs estimated by its maximum likelihood value:

/ng' ::I/niZ(lnI‘y—lnéix) A2.23
y
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A2.2.2. Survey abundance data

In general, data from the surveys are treatedlasue abundance indices in exactly the same matmngre CPUE
series above, with survey selectivity functi&f"" replacing the commercial selectivify, , . Account is also taken

of the time of year when the survey is held. Fasth analyses, selectivities are estimated as elbtal section
A2.4.2 below.

A2.2.3. Commercial catches-at-age

The contribution of the catch-at-age data to thgatiee of the log-likelihood function under the asgtion of an
“adjusted” lognormal error distribution is given:by

- LM = zzpn(awm/ py]aj + py,a(fn Py =N f)y,a)z /Z(me)z} A2.24
y a

where

Pya =Cya /Z a Cya is the observed proportion of fish caught in yetrat are of age,

f)yya = éy’a /Z a éy,a‘ is the model-predicted proportion of fish caughyeary that are of age,
where

2 -M, /2

Cya=Ny € Sya Fy A2.25
and

Oqm IS the standard deviation associated with theheateage data, which is estimated in the fittinggedure
by:

Feom = JZZ pyalmpya-mp,.f 1> A2.26
y a y a

The log-normal error distribution underlying eqoatiA2.25 is chosen on the grounds that (assuminggsing
error) variability is likely dominated by a combtitn of interannual variation in the distributiof fishing effort,
and fluctuations (partly as a consequence of sadations) in selectivity-at-age, which suggestt the assumption
of a constant coefficient of variation is approfgiaHowever, for ages poorly represented in thepsansampling
variability considerations must at some stage s$tadominate the variance. To take this into actdnra simple
manner, motivated by binomial distribution propesti Punt (pers. commn) advised weighting by theerviesl
proportions (as in equation A2.25) so that undugoirrance is not attached to data based upon admples only.

Commercial catches-at-age are incorporated in tkeliHood function using equation A2.25, for whithe
summation over aga is taken from age@minss (Considered as a minus group) dms (& plus group). For these
analysesaninus Was taken to be 2 armgus to be 7.

A2.2.4. Survey catches-at-age

The survey catches-at-age are incorporated intonégative of the log-likelihood in an analogous memto the
commercial catches-at-age, assuming an adjusteddiogal error distribution (equation A2.25) where:

Pya =Cya /z aCya is the observed proportion of fish of agin yeary,

ﬁyya is the expected proportion of fish of agin yeary in the survey, given by:

m
Pya=Sa ‘Nya ZSj‘""Ny,a for begin-year surveys. A2.27
a'=0
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A2.2.5. Stock-recruitment function residuals

The stock-recruitment residuals are assumed toogendrmally distributed and serially correlated.u$h the
contribution of the recruitment residuals to thgatéve of the (now penalised) log-likelihood fumetiis given by:

2
2 ([ A, -
NU e 7P| fog2 A2.28
y=yl+l \/1—,02

where

Ay =pPAy4 +w/1—p2£y is the recruitment residual for yegrwhich is estimated for yegl toy2 (see equation
A2.4),

g, from N(O, (JR)Z),

y
oy isthe standard deviation of the log-residualdgctvits input, and

p isthe serial correlation coefficient, which igut.

In the interest of simplicity, equation A2.28 omésterm in A, for the case when serial correlation is assumed
(p #0), which is generally of little quantitative consece to values estimated.

The analyses conducted in this paper have howdvassamedp =0.

A2.3. Estimation of precision

Where quoted, 95% confidence interval estimates hasen evaluated using the likelihood profile mdtlas
available in ADMB. Note that such ADMB output fouantities that are functions of parameters estithatethe
model fit, though not for those parameters theneseldiffers slightly from exact likelihood profilesults, being
rather approximations to a Bayesian posterior.

A2.4. Model parameters

A2.4.1 Natural mortality:
Natural mortality M,) is generally taken to be age independent anstisated in the model fitting process.

In one sensitivity test where age-dependence istedit is taken to have the form:

M, =+ 1p/a A2.29

A2.4.2 Fishing selectivity-at-age:

The commercial fishing selectivity®, , is estimated in terms of a logistic curve given b

S, = [1+ exp(— (a— a. )/5 )]_1 A2.30
where
a, Yyears is the age-at-50% selectivity,

O year* defines the steepness of the ascending limb cfetestivity curve.

The commercial selectivity is taken to differ ovbe 1893-1991 and 1992+ periods, with the parameteand &
being estimated separately for each. The decisioimdorporate a change after 1991 was made to remow-
random residual patterns in the fit to the comnadrcatch-at-age data if time-independence in selbctwas
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assumed. Quantities suchMSY andMSYL depend or&, so that estimates for the two periods are difféaged in
Tables by the annotations (1) and (2) respectiiEdyation A2.30 applies to age 5 only, with valtesormalised so
thatS=1; selectivities for ages 6 and 7+ are estimabexttly in the model fitting process for each pdrio

Regarding survey selectivitys;"" , a linear increase over ages 1 to 5is assumed for the NEFSC offshore spring
and autumn research vessel bottom trawl surveysjvidnd WHAuUt) as suggested by NEFSC scientists:

S =sl@a-1)+c™  where " =1 A2.31
Selectivity for ages 1 and 2 is taken to differtftoe NEFSC offshore spring and autumn surveys:
QA = o MY for a=1,2 A2.32

where thep, are estimated in the fitting process. Furthermtre,selectivities for ages 6 and 7+ for theseeygv
are estimated directly in the model fitting process

For the State of Massachusetts inshore spring atdma bottom trawl surveys (MASpr and MAAut), an
exponentially decrease over ages 1 tomis assumed:

SiA = exp(— YMAa —1)) A2.33
A different selectivity function is estimated foret spring and autumn bottom trawl surveys, solibtt )M and
yMAAU are estimated in the fitting process.

Note that introductions of additional parameteise (tommercial selectivity change after 1991, phis for the
NEFSC surveys, and the seasonally-depeng®fits for the Massachusetts surveys) were checkee jadiified in
terms of AIC.

A2.4.3 Age-at-maturity:

The proportion of fish of agathat are mature in yegris input (see Table Al1.1).

A2.4.4 Weight-at-age:

Spawning w;p) and landed W'y"fgde‘j) weight-at-age are input (see Tables A1.2 and A1.3

A2.5. Model outputs shown in tables

Most of the quantities reported in the standardl&boutput used for the results of the fits of &&PM are defined
above (/nL contributions, and parameters/variables suckgB%®, h, M, etc.). Note thatk (in) reflects the input
value foror in equation A2.4pr out is the standard deviation of the residualsneded in the model fit for the years
for which information is available to allow estirimat (1964 to 2001). Selectivities shown are forsayel, ...,6,7+.

MSY is straightforwardly calculated for the dynamicsdicated above (the value given corresponds to the

deterministicor — 0 of equation A2.4), as is the corresponding valugpawning biomasB*(MSY). TheMSY level,
MSYL® is the ratilB®(MSY)/K*®.

Values are given for an equivalent annual fishingrtality rate £*) corresponding to the fully selected fishing
proportion £) of equation A2.12. The relationship between thesequantities is:

1-F=¢™ A2.34
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Appendix 3 - The ADAPT-VPA Model

Note that the specifications set out below are thetir most general form (see Anon. 2003), but mathe
implemented for the Mayet al. (2002) application to Gulf of Maine cod. To av@ionfusion the notation of Anon.
(2003) of F for fishing mortality has been maintained here amd\ppendix 4, though note that earlier in this
document is used for fishing proportion arket for fishing mortality.

A3.1 Population Dynamics

The resource dynamics are modelled by the followsigigof equations:

N ya — N y+],.51+1eMa + Cy’aeMa/z fodl<asm-2 A3.1
N
Z,,=n —>2 A3.2
N y+la+l
Fya=2Zya—M, A3.3

where

N, . is the number of fish of ageat the start of yeagr(which refers to a calendar year),

M, denotes the instantaneous rate of natural miyrtaii fish of age,

C, . is the number of fish of agecaught in yeay,

y.a
m is the maximum age considered (taken to be a piogpy,

Z, , is the instantaneous rate of mortality during yefiom all causes (total mortality) on fish of ageand
F,.a is the instantaneous rate of fishing mortalityfish of agea.

The stock sizes of the oldest true agel( and the plus-groupr} are computed as follows:

Z ,aCya

Nya= = fora=mlanda=m A3.4
Fyall—e ™=

Fishing mortality on the oldest true age is defiasd

I:y,m—l = PRm—lefu“ A3.5
where
F :Ni F,a is the fully-recruited fishing mortality in year R denoting the set of fully-recruited age
R alR

classes, excluding the oldest true agé, and

PR, is the partial recruitment for fish of agel, which is input. (Note the partial recruitmdpR, is
essentially the selectivitg, of the ASPM approach of Appendix 2.)

Fishing mortality on the plus-group is defined as:
Fym=aFym1 A3.6
where

a is the plus-group ratio, which is input.
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A3.2. The objective function

The model is fitted to survey abundance and CPUlieés. Contributions by each of these to the objedtinction
(maximised in the fit) are computed as follows.

The objective function is calculated assuming thatobserved abundance indices are log-normaltsitalised about
their expected values:

1a=0a exp(eiy,a) or &, = Zn(l iy,a)—fn(fiy,a) A3.7
where

ya Is the observed abundance index for yeagea and series,

ya IS the corresponding model estimate, where

a=dN,, for begin-year indices or

-Z
o i l-e ™* . _—
lya=0a'Ny,——— for mid-year indices, and
y.a

di is the constant of proportionality (catchabilifgf abundance seriés

The objective function is then given by:
ss= (i} )- i A3.8
i,y,a

The function is minimised by treating the abundarfce ages 2 ton-1 in the final year+1 as estimable parameters.
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Appendix 4 — Some Reservations concerning the ADARPYPA Model
Implementation for Gulf of Maine Cod

[Note that as in Appendix 3, this Appendix usew indicate fishing mortality rather than fishipgpportion.]
There are two inconsistencies in the ADAPT-VPA madeapplied to Gulf of Maine cod (see Appendix 3).

The first concerns equation A3.4 which providesralance estimates for agesl andm given values for the
corresponding fishing mortality and catch:

Ny, = 2 2 A3.4

Since the abundances of younger age groups amneagstl by use of Pope’s form of the catch equation:

Nya=NyianeMe +C, eMe/2 A3.1

y.a
it seems strange to revert to equation A3.4, wligchased on the Baranov equation (continuous rdttar pulse
fishing) for the oldest ages. This is as equatidhlAcan readily be cast into the form required dtves for
N, . given catch and fishing mortality valuesz.:

M,/2
_ Cya€™"

N
1-¢ e

va A4.1

A potentially more serious problem, however, is therall approach used to compute plus-group amgoeta
Essentially this consists of fitting a model to theta up to ager1 to estimate a numbers-at-age matNy , for

ages 2 ton-1, and then applying equation A3.4 for each yeam(ternatively A4.1 could be applied) in conjuont
with equation A3.6 to provide the plus-group aburadafor that year. The difficulty with this is thplus-group
abundance is governed by the equation:

Nyoim = (Ny € ™% =Cy ™0/ 4 (N g ™Mma/2 -y oMy A4.2

and results obtained from the combined applicatibequations A3.4 (or even A4.1) to A3.6 will nataessarily
satisfy equation A4.2, because of the specificatibrpotentially contradictory conditions. In othesmrds, the
overspecification of the approach of Appendix 3lkto incorrect estimates of plus-group abundance.

Now in circumstances of asymptotically flat seleityi (partial recruitment) at higher ages, togethéth heavy
fishing mortality so that few fish survive to redtte plus-group, any errors to which these incoesises give rise
are likely slight. It is not clear, however, whetlieis will continue to be the case in circumstanoélesser fishing
mortality, and particularly selectivity that dedm with age at larger ages, as may well be thatitu in this
application to Gulf of Maine cod.
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Annexure A

ANNEXURE A:

RESPONSE TO COMMENTS RE ASPM METHODOLOGY BY
REVIEW PANELIST McALLISTER

Pages 29 and 30 of this reviewer's report lisfollewing reasons why the resuitae reported to the
Durham meeting allegedly "lack credibility". Owsponse to his allegations of our lack of scrutmy
each respect is given after each reason.

1)

2)

3)

4)

5)

"the various inaccuracies in the time seriesat€h biomass data due to discarding and under-
reporting” - the data used were as provided toyuBIBFSC scientists, presumably considered
by them to be the most appropriate and as usethéar ADAPT-VPA analyses, so that such
criticism is as pertinent to the one approach asdther; there is no immediately obvious
reason to suspect that alternative assumptionsdiagathese data would affect results of the
two forms of analyses in qualitatively differentysa

"modeling the vulnerability-at-age patternstlie trawl survey data" - different formulations
were reported by us in Durham, with no qualitatiegpact on results of key concern for
management; the paper attachegtends these investigations, and the fits tadtita show no
obvious indications of model mis-specification, discussed in the paper; it is important to
contrast this with the ADAPT-VPA approach which maitly ignores this consideration
through making the questionable assumption of dreer catch-at-age data; no information
was, to our knowledge, presented to the Durhamingeshowing the selectivity patterns and
their temporal changes implied by the ADAPT-VPAesssnents, and it would seem important
that these are extracted and considered in respdatir plausibility.

"the potential inaccuracies of Pope's approkona (to the catch equation) - the Baranov
equation underlying the ADAPT-VPA is equally an eppmation, given that fishing effort is
not distributed uniformly through the year - howewagain there is no obvious reason, given
circumstances where mortality rates are not enosptoususpect that these two approximations
will give qualitatively different answers for thek management quantities of concern Kere.

"the appropriateness of the likelihood funcsiamsed” - these have been peer-reviewed and
considered acceptable for other fisheries (see teainabove); again the same could likely be
said of the fitting criteria used for the ADAPT-VPAut fundamentally the main purpose of
getting such functions "right" is to achieve appia@ weighting of different data inputs to the
assessment, and hence minimum variance estim#tesresidual patterns reported in the paper
attached offer no obvious indication that the apphowe applied has used formulations
sufficiently inappropriate to qualitatively chaniey results.

"identifying an appropriate set of estimablergoaeters” - this presumably means that
estimable parameters should ideally be chosen ye lav covariances, for faster and more
reliable estimation; again, the same could be sattle ADAPT-VPA approach; however, this
is not an absolute requirement, as convergenceorpesthce can be readily checked by
commencing the parameter search from differentainjuesses, as was done for a number of
the fits we reported.
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6)

7)

8)

9)

10)

X)

Y)

"identifying appropriate values for the magdeuof the variance in stock-recruit model
deviates" - it is unclear what the most appropriskie for this variance should be; for this
reason, results we reported in Durham were predemter a wide range of choices for this
input, with the alternatives not leading to quaiva changes in key results when compared to
those from ADAPT-VPA

"the abundance of each age-class in the inygalr of the model" - this applies equally to
ADAPT-VPA, where such values depend heavily on @agdions made for relationships
between fishing mortalities on the oldest ages;AB®M results we reported in Durham did
investigate this (see Tables 4b and 5 of Buttetwettal. (2003a)), showing sensitivity to be
very slight, as is additionally confirmed by furthesults reported in the paper attached (see
Table 45.

"a suitable model for the survey constant @ipprtionality and fishery catchability” - the first
aspect again applies equally to the ADAPT-VPA asedy both approaches assume the survey
to have provided a consistent index of abundanee tawe; indeed the Panel's summary report
recommends that these survey data continue todzewsadjusted for stock assessment, so that
this particular reservation by this Panelist isomsistent with the overall Panel report; the
comment about fishery catchability is irrelevaag,the ASPM analyses presented made no use
of commercial CPUE dafa.

“the potential inaccuracies of temporal changegrowth rate and fecundity at age over the
long time series modeled" — our analyses made tiseiah data in this respect as NEFSC
scientists provided, which are presumably the samthose they have used in their ADAPT-
VPA analyses.

“"the choice of an appropriate starting yeartifi@ stock assessment model" - see response 7)
above; this was investigated and found hardly tecakey results

"advisable to use a prior or fix a value foeeghbness" - agreed, but it is best for all scientist
involved to pre-agree this, and in any case aralyge presented for alternative choices for
this value showed no qualitative change to keyltesvhen compared to those from ADAPT-

VPAS,

"Before any such (ASPM) approach could be obemsd a suitable candidate for stock
assessment modeling of New England groundfish, aulv need to be very thoroughly
simulation tested using an operating model apprdheh the first author is infinitely well
familiar with." - Simulation testing of this natuig a substantial exercise which experience has
shown yields no satisfactory agreed outcome urddisthe scientists involved first meet to
agree to the specifications of the tests, whicldriede conditioned across the range of results
provided by the various approaches under considaréir the resources in question. This has
not (yet) been done for the ADAPT-VPA approach amyre than for the ASPM approach in
this instance. Application of the ADAPT-VPA methdalgy to these resources in March 2002
predates that of our ASPM approach by only a fewtimm It is therefore unclear to us what
justification might be offered by this Panelist the different standards he implies that the two
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approaches are required to meet to be acceptabl@dideses for assessing New England
groundfish: why should ADAPT be accorded unconteskefault status in the absence of such
testing, whereas ASPM be unacceptable until it tgwks such?
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Annexure A — Appendix of Clarifications/Updates(corresponding to numbered footnotes in Annexure A)

1 The results referenced are those reported in Buttéh et al. 2003a (the February 2003 paper).

2 Butterworthet al. 2003b (the March 2003 paper).

3 At the time this was written, we had not realizieat the original ADAPT-VPA results of Maya al. (2002) are also
based on Pope’s form of the catch equation — s@ergix 3 of the main text.

4 A similar sensitivity test (Case 1X) for the cunteASPM New Reference Case is reported in the meait) and again does
not lead to qualitative changes.

5 Similar results (Cases X and XI) follow for ther@nt ASPM New Reference Case. The “results regart¢he paper
attached” refer to Butterwortt al. 2003b.

6 The current ASPM New Reference Case does now fitaked use of CPUE data (see Table A1.10 of Appetdi for
compatibility with the ADAPT-VPA analyses of Ma al. (2002).

7 Response under footnote 5) applies.

8 Sensitivity to the value for steepnésfor the current ASPM New Reference Case is agdiinessed (Case IV in the main
text); for a lower value dfi, the value oB(2001)BsA(MSY) falls, but that and the value Bff(2001) itself remain well
above the ADAPT-VPA based estimates of NEFSC (2@0&8)Mayoet al. (2002) respectively.

55



Annexure B

ANNEXURE B

The references below to our papers forwarded toSEERnd NEFMC since the peer review meeting
in Durham in February are as follows:

"March 2003": Butterworth, Rademeyer and Plagamyrther investigations of an ASPM-based
assessment for the Gulf of Maine éod

"July 2003": Butterworth, Rademeyer and PlagangPM-based assessment of the Gulf of Maine cod
stock: a comparison with ADAPT-VPA and extensiomtBayesian form

References of the form "Annex n" refer to earlierrespondence reproduced as annexures to this
Appendix3

(1)

(@)

®3)

(4)

()

Time varying commercial selection at age data

A time change in 1992 was introduced in "March 20Q®)s 3-4 give the rationdieand the
Tables provide numerous associated results).

In Annex 1 (7 Feb), point 3), we asked for furthrdormation to pursue such work. In Annex 2
(12 Feb), para 3, NEFSC advised that they woulddpeling us a list in response, but we have
yet to receive that. In Annex 3 (21 Mar), we sougbinment from NEFSC on the change in
1992 we proposed to introduce (and eventually didns"March 2003"), but received no
response. In "July 2003" (pg 9) we again make sstgges for further work along these lines,
and comment that this would be facilitated by infnatm NEFSC, which we have again
requested in Annex 8 (14 July), para 2.

Age dis-aggregated survey catch at age

These data have been incorporated in the analygesch 2003" (see pg 3, para 2), and to a
further extent in "July 2003" through the modificat elaborated there in the second last para
on pg &

Age specific survey's

This is termed "survey selectivity" in the two pegpesubmitted. The suggestion to take this into
account, as earlier put forward by NEFSC scientistss incorporated in "March 2003" (see
equation 1 on pg 3.

Incorporate additional survey series -- M&sommercial CPUE

Such data have been requested by us - Annex 1h(7 p@int 7), but we have yet to receive a
responsé.Given this information we would be happy to recum analyses incorporating it.

Estimate and provide profile of likelihoodrmainagement parameters
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(6)

()

(8)

9)

(10)

Information on such estimates of precision, thobgised on the Hessian, was provided in
"March 2003" - see Table 2, New Reference Casamul he profile likelihood approach is a
better method than that based on the Hessian,raresponse to a specific NEFSC request in
this regard (16 Jun), a profile likelihood for naumortality M was attached to Annex 7 (17
Jun)® The Bayesian approach of "July 2003" provides & hetter way to develop this
information, which may be found for various impoittananagement quantities in Table 5 and
Fig 4b thereof.

Starting age structure of the model and staire (19637?)

This specific request was addressed in "March 2@6&8 pg 6, second last para, and Table 4,
column headed "Start in 1963").

Retrospective analyses
These were reported in "March 2003" (see pg 7, fiasa, Table 6 and Figs 6 and'?).
More complete age-specific diagnostics andmamants of likelihoods

The contributions to the different components @& thegative log) likelihoods are routinely
reported for each fit in the two papers - see,efaample, Table 2 of "March 2003". The age-
specific diagnostics have been extended beyond whaed reported in the submissions to the
February meeting in Durham - see particularly Fiof 2March 2003" and Fig 2 (apologies for
the typo that mislabelled this as the apparent bfstwo Fig 3's!) of "July 2003", and the
associated points of discussion in the téxt.

Share AD code, documents, and output

We had hoped to make this code available earliet,fdx reasons of unfortunate personal
circumstances outlined at the top of page 2 of Arth€31 March), and referenced also in para
2 of Annex 4 (31 March) sent to NEFSC, an unavdelatelay occurred that slowed the
process of adding the necessary explanatory teotitgode. This information was nevertheless
duly forwarded on 30 May (Annex 6), and receipt ramkledged by NEFSC on 16 June
(Annex 7)*2

Investigate model estimability with age-sfiegelectivity versus estimability &fl and/or age-
varyingM.

Both "March 2003" and "July 2003" consider modelbichi estimate selectivity (both
commercial and survey) as well Bs- indeed the Reference Cases for each incorptnate
The simultaneous estimability of both within the dabas configured is demonstrated, for
example, by the relatively narrow posterior pdf Kbrshown in Fig 4b of "July 2003", which
also advocates further lines of investigation is tiegard (pg 10), to which the suggestion of an
age-dependem could readily be added.
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Annexure B — Appendix of Clarifications/Updates(corresponding to numbered footnotes in Annexure B)

1 Refers to Butterwortbt al. 2003b.

2 Refers to Butterwortbt al. 2003¢

3 Refers to annexures which are not included hedendnich are not pertinent in the current context.

4 This rationale is repeated in Section A2.4.2 op&pdix 2 of the main text.

5 This is explained in Section A2.2.4 of Appendix 2.

6 Section A2.4.2 of Appendix 2 reports subsequeneld@ments.

" These data have now been received and are inedegion the current ASPM New Reference Case (sgergix 1,
Tables A1.8 to A1.10).

8 Likelihood profile—based estimates of confidernteiivals for key quantities are reported in thel@alof the main text.
9 See sensitivities Cases X and XI reported in T8dad Fig. 8 of the main text for updates in rdgarthe current ASPM
New Reference Case.

10 See sensitivities Cases XllI a-c reported in T@&bdad Fig. 9 of the main text for updates in rdgarthe current ASPM
New Reference Case.

11 These continue to be reported: log likelihood dbations from various sources are given in Talllés 3 and fit
residuals for the current ASPM New Reference Casaslown in Figs 3-5 of the main text.

12 Updated ADMB code can be provided if requested.

13 Evidence for the continued estimabilityMffor the current ASPM New Reference Case is praligethe reasonably
narrow likelihood profile-based 95% CI of [0.2028] reported for Case Il in Table 1 of the mairtte
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ANNEXURE C

10 October, 2003

Dr John Boreman

Acting Science and Research Director
Northeast Fisheries Science Center
Woods Hole, MA

Dear John,

Thank you for your communication of 12 Septembehws comments on our earlier
submissions regarding the assessment of the GMfaoie cod stock and related issues.
Forgive us for taking some time to reply, but gsed worthwhile to us to first carry
out some further computations which facilitate @$dmg and hopefully resolving some
of the points you raise.

Below we respond on a paragraph by paragraph tzagig issues you raised, and
include also the results of the further computaitmwhich | have just referred.
Probably the most important of these responsethase numbered 1) —4), which
pertain to the summarized four “sources of majeagieement” to which the third last
paragraph of your letter refers. We hope that theselve these matters, and will be
interested to receive your response on that point.

You will note that, in part in the light of your eoments received, we have amended our
Reference Case assessment, and now find ourselaesarea of parameter space in
which we (and we hope you and your colleagues)deriewhat more comfortable.
Nevertheless, our earlier conclusion remains gihiese updated results: that all
indications are of a current spawning biomassixab the MSYL which is

substantially greater than suggested by NMFS’ ADAAPA based computations —
results which clearly have major implications foamagement actions currently under
consideration.

A key question now is how this process be takewdod. Your communication
requested that our interchange take the form ef/i@w among (scientific) colleagues.
This indeed was our initial preference, as then@e nature of many of the points at
issue renders their discussion most appropriatat§irced initially to a scientific
audience.

However, when we first suggested this mode of afit@nge (in February at the Peer
Review meeting), we had the impression that we \aetke start of a process which
would move ahead quite rapidly. Indeed the Peerd®e®Group’s report pointed to the
need to address the model robustness of referamcegstimates (Para 10 of their
Summary), and this is what our work has soughbtoyet the first response to our
submissions received from yourself and your collesgarrived as long as six months
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after the proceedings in Durham. This places w@s\vary difficult position with our
principals, given that the management actions alwbith they are concerned, and in
the light of which they are supporting our conttibns, are now much closer at hand.
For that reason they require our best scientifidadon the current state of play with
assessment evaluations, and have limited timeédefiiow us for “private” scientific
interactions before they may need to put certaiaeMhin motion (which will in due
course require our input as their scientific acdhgke

In these circumstances, | would appreciate youtldaek on how you see the best way
to proceed. My own feeling, from a purely sciestgherspective, is that the sooner a
meeting could be organized to discuss the modeistoless of the reference point
evaluations so as to inform the management praxdfebe implications, the better. It
would be very important that such a meeting inclsentists from other areas who are
familiar with what we term the “ASPM approach”. Hewver, | offer this obviously
ignorant of the constraints that govern the optigoesn to you.

To more technical matters, in taking forward thggastion (see response 39) below)
that ASPM and ADAPT-VPA comparisons be based orthkthe same data, with
which we quite agree, there are some clarificagsnes which need to be addressed
(see also 26 below) upon which we trust your cglles can assist. It would seem most
sensible to base comparisons on the assessmedtiousize GARM report (NEFSC,
2002), as those formed the basis for the referpoin# evaluations. Our understanding
is that the input data used in that report have lhipelated (not only in respect of one
further year, but also some other changes madm) tine values in Mayet al. (2002).
However, unlike in the Mayet al.paper, all inputs are not listed in the GARM repor
missing data include, for example, the mean SSEegiand maturity at age for the
1982-2001 period and the Massachusetts trawl sudaty A file including the direct
inputs and outputs from the ADAPT-VPA model impletntezl for the GARM report
would greatly assist the comparison exeréise.

In earlier correspondence, you also advised ughieanethodology used for your
ADAPT-VPA computations was specified in the NMF8ltbox. In asking Clay Porch
and Maurico Ortiz of NMFS’ Miami Laboratory abotietavailability of this during a
recent ICCAT meeting in Madrid, they advised ttnegt tool-box is not yet publicly
available, and that someone (they were not surg b to be written to for
permission to acquire this. A key piece of inforiatwe require is an algebraic
elaboration of the ADAPT objective function used thee estimation of current year
numbers-at-age, as the details given on pg 106peAdix 4 of the Mayet al. (2002)
GoM cod assessment are not sufficient to deterthiaie Please advise how we should
best proceed to acquire this information, at least.

Regards

Doug Butterworth
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RESPONSES TO NMFS COMMENTS ON ASPM ASSESSMENTS @M&OD

Before responding to your comments specificallyrians of inserts below, it is
perhaps helpful to briefly summarise the resulttigher ASPM computations,
attached below, which have been pursued to faeiliteese responses.

Furthermore, for convenience, | will refer to thege primary submissions we have
made on the application of our ASPM methodologthtoGoM cod stock as:

February paper: Butterworth, Rademeyer and Plagaty age-structured
production model assessment and reference poihiagian for the Gulf of
Maine cod stock.

March paper: Butterworth, Rademeyer and Plagamyirther investigations of
an ASPM-based assessment for the Gulf of Mainestmzk?

July paper: Butterworth, Rademeyer and Plaga®y$PM-based assessment of
the Gulf of Maine cod stock: a comparison with ADANPA and extension to
a Bayesian form.

Tablel:

Case 1: The Reference Case, which is the “New BederCase” of the July paper;
all other cases are described in terms of how dlifégr from this.

Case 2: Replacement of linear form of survey seiggfunction — see March paper
equation 1 — by a logistic form.

Case 3: Selectivities for ages greater than 5 awdifrad by a multiplicative factor
exp[-slope*@-5)] where slope is estimated separately for the tw
commercial and the survey selectivity functionstéNiat the estimation of
three extra parameters is AIC justified comparethéoReference Case. Fits
where this potential decrease was introduced fteridwer age of 4
provided much less improvement to the log likelihoo

Case 4: As for Case 3, but the selectivities fasagand 7+ are estimated
separately, rather than linked by a common slopampeter. Note that the
estimation of a further three extra parametersi@ jastified.

Case 5: The abundance in 1893 when the model conasén set to half its
unexploited equilibrium level, and the age-struettelated parameter
estimated — see equations A.16 to A.20 of the Felgrpaper.

Case 6: Reference Case with steephes$.9 instead of estimated.

Case 7: Reference Case with steephes$.76 instead of estimated.

Case 8: Case 4, but here also with survey seleesvior ages 1 and 2 allowed to
differ by amounts that are different by age betwienautumn and spring
surveys, i.e. the parametenof equation 2 of the March paper is estimated
separately for ages 1 and 2. This further extianasie parameter is AIC
justified. Case 8 now serves as the New Referease.C

Case 9: Case 8, but with steepness0.8 rather than estimated.
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Case 10: Case 9, but with = 0.2 rather than estimated.

Case 11: Case 8, but with the total catch timeesesplaced by what we think is
your preferred version (see below) and includirigrahtive weights and
maturity at age inputs (see “UCT sensitivity” iretAppendix of the July

paper).

95% C.I.’s based upon the likelihood profile metlaod shown for some of these
Cases. In the cases of estimable parambtarslM, these have been separately
rechecked, as the automated likelihood profileinguin ADMB can misbehave
when the minimization has convergence difficul{®se discussion concerning
Fig. 2 below). This is the reason the C.I. quotelby for M for Case 1 differs
marginally from the result given in our July papeor functions of estimable
parameters, the results shown are not for thelittelthood profile, but for a
modification thereof computed by ADMB with the integhat it approximate the
Bayes posterior distribution for the quantity iregtion.

Fig. L Plots of fishing proportionsyear for Cases 1, 8 and 9.

Fig. 2 Likelihood profiles forM for Cases 1, 3 and 8. Note that these have bemmsh
in the form of plots of kAL less its minimum value for the Case concernedhaba
common horizontal line can be drawn whose intesceyith the 4L curves provide
estimates of the 95%C.I.’s. For lower valued/ofhe ADMB minimization sometimes
has difficulty in converging to a minimum, so thia¢ results output are less reliable.
These sections of the curves have been differedtighown by dots instead of full
lines) to show this distinction.

Fig. 3: a) Reference Case 1 and b) New Reference Camm8acisons of observed and
predicted catch-at-age proportions averaged oeasye

Fig. 4: As for Fig. 3, but showing comparisons by botaryand age through the
medium of bubble plots, as in earlier papers.

Fig. 5. Retrospective plot of spawning biomass as a ptmpoof its pre-exploitation
level, and of fishing proportion, for the New Refece Case 8.

RESPONSES TO SPECIFIC COMMENTS:

12 September 2003
Dr. Douglas Butterworth
Marine Resource Assessment and Management Group

Department of Mathematics and Applied Mathematics
University of Capetown
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Rondebosch, 7701, South Africa
Dear Doug,

T indicated in an earlier e-mail to you that assessment scientists at the
Northeast Fisheries Science Center would conduct a collegial review of
your recent Gulf of Maine cod documents (ASPM-Based Assessment of the
Gulf of Maine Cod Stock: A Comparison with ADAPT-VPA and Extension to
a Bayesian Form, July, 2003, by D.S. Butterworth, R.A. Rademeyer and E.
Plaganyi, and Further Investigations of an ASPM-Based Assessment for the
Gulf of Maine Cod Stock, March, 2003, by the same authors), and supply
you with a formal critique. T am attaching a series of specific comments
related to the technical details of the papers. We assume that the model
results of the former paper supersede those provided in the latter, and
thus our comments primarily reflect the more recent (July) document.
That document specifically addresses the issue raised in the peer review
that one should be able reconcile results from various approaches (e.g.,
ASPM, ADAPT-VPA), given similar inputs and structural equations.

It is clear that we continue to have major technical disagreements
regarding the specifics of your analytical approach and the interpretation
of results of your implementation, as they relate to the provision of
consistent management advice. While the details in the attached review
may seem arcane to most of the lay public, the significant points upon which
we fundamentally disagree are straightforward and can be summarized
thusly:

* The Fmsy value resulting from the "New Reference Case (5)"
provided in the July document (F*msy = 3.004) is not credible. An F
of 3.0 implies an annual exploitation rate for fully-recruited ages in
excess of 97% (with the calculated M > 0.4). The Gulf of Maine cod
stock has never experienced a fishing mortality rate this high, and,
in fact, declined to a time-series low with Fs about one-third of this
value. The Fmsy value estimated by your ASPM model is 13 times the
Fmsy value provided by the Reference Point Review Committee, and is
far higher than any such value proposed as a management reference
point for Atlantic cod anywhere in the world. I think you will agree
that while this is an analytical result consistent with the way you
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have structured your model, it clearly would not pass muster in a
formal peer review forum that includes people familiar with the
biology and dynamics of cod. As you acknowledge (top of page 5),

"

there are “..potential problems with Fmsy as a reference point....".
We feel that these problematic values of reference points stem
primarily from the extremely high steepness coefficient (4=0.98) at
the origin of the S-R relationship used as a constraint into your
ASPM code, to which the solution converges, basically rendering this
stock impervious to recruitment overfishing. Further, we feel that
this result is an artifact of modeling rather than a real-world
phenomenon.

1) First it is important to clear what seems tabmisunderstanding, as it underlies
much of your critique. Nowhere, we believe, do weacate (nor did we intend)
that ourFusyestimate from the July paper (for example) wadfiesspecific
proposed candidate for an alternative adoptabé&rerte point for actual
management. We share your obvious reservationg gbatsage in that context.
We get similar results (with essentially 1) when applying this methodology tigwi
the incorporation of a B-H S/R curve) to certaiuBoAfrican fish stocks, but do
not then advocate the associaté8Y-related quantities estimated as targets. |
suspect you might not have grasped the sense vaidthwe use the term
“Reference Case”, which may not have been totddlgrdrom our description
thereof on pgs 2 and 4 of the February paper. i§tas is conventional usage in a
number of international fisheries scientific contets, where “Reference Case”
refers to a convenient benchmark for comparisomfeet of sensitivity runs. It has
a deliberately different meaning to “Base Case’iclwlimplies one’s “best
assessment”, taking account of all pertinent factbsuspect you mistakenly think
we intended our “Reference Cases” as “Base Ca$hs'is not so — our aim has
been to explore the robustness of certain reseltised to the reference point
estimates based on your original ADAPT-VPA assessifseich as the current
status of the resource relativeMi&Y) to alternative model formulations — this is
the essential charge of the Paghal. February Peer Review report (see their
Summary, para 10). For example, all our past residve shown a consistent
pattern that whatever model variation we inveségate estimate the current
resource status relative MSYLto be much better than indicated by your ADAPT-
based results — it is thqualitativeresult that is the nub of our conclusions, and
what we sought to point to in the Abstracts of papers.

Our July New Reference Case result correspondad MLE (or strictly MPLE —
P=Penalised, corresponding to a Bayesian post@oode), but the reservations you
express about it have nothing to do with “the way ave structuregour model”.

It is rather a possible outcome of the combinatiba Y/R and monotonically
increasing (e.g. B/H) S/R curve to estimate MSYated parameters, which is the
paradigm your scientists are using (and hence we fudlowed). You did not get
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the behaviour you question simply because you didventure into the region of
parameter space to which it corresponds — we ulithe context of taking the

MPLE process to its consistent conclusion (not wealways consider that the best
conclusion).

Your suspicion that our results are problematicabee of our high estimated
steepness values bf 0.98 is incorrect. Note Cases 6 and 7 in Tabldnére we
have fixedh at the two ends of the range you later suggegtasable based upon
the Myerset al. evaluations. These indicate no qualitative chdaogrir Reference
Case result that the present spawning biomas®igaSY L>

* You provide sensitivity analyses in the July document that elucidate
the consequences of allowing your model to estimate the value of M
(when estimated in your versions of ASPM, M ranges from 0.4-0.5),
rather than using the previously estimated value of M=0.2. Apart
from the issues of the simultaneous estimability of M and fishery
selectivity at age (explored in the attached comments), we feel that
it is important to have some biological justification supporting such a
major increase in M over the earlier estimates. What would kill large
mature cod at a rate more than twice that that would be consistent
with the observed maximum life span (~18 years) and other life
history parameters? One obvious place to look is at cannibalism and
predation by other fishes. Food habits data collected during spring
and autumn NEFSC surveys during 1973-1997 show that the
observed incidence of cannibalism in cod is very low. Out of 12,305
Atlantic cod stomachs examined, only 16 contained cannibalized cod
(<0.2%) and the average percent composition by weight of the
cannibalized cod was less than 0.1%. Other sampled fish species eat
cod no more frequently. Likewise, stomach content data and scat
samples from seal haul-out sites indicate that cod are a minor prey
item in the Gulf of Maine area. Given the population sizes of the
seals, low frequency of occurrence of cod in their diets, and size-
selection of cod prey for relatively small animals, it is implausible
that this source of M could generate the millions of predation-
related deaths at all ages that would be required to support M=0.4-
0.5. Thus, there is no known biological mechanism that would be
responsible for such a high M.

2) Let me say at the outset that we do not pretere experts on the ecology of
Northeast Atlantic cod. Our results are based erattalytical principle of “letting the
data speak for themselves”. We consider that appaessible “conflicts” between
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what the data do say, and ecological perceptiorsf more widespread discussion, in
particular to facilitate better understanding, jgaterly as regards management
implications.

Your comments go to essentially two separate issheseasonableness of our
estimates oM, and the question of whethigris estimable within such assessments,
which I will take in order.

You say that there is “no known biological mechantbat would be responsible for
such a higiM”. In South Africa we have qualitatively exactlyetsame “problem” for
our southern African hake assessments: “unrealBtichigh M estimates (particularly
for the older and larger fish). We do not preteméutly understand why, but we think
we do know what is one major contributor to thisule Though one tends to referNb
as “natural mortality”, in reality of course, ifmesents the sum of natural mortahiyd
emigration In our hake case, the older animals go deeparttiefishery and surveys
operate, and are also found preferentially on ragkyind, where recently introduced
longlining has been able to operate though trawding trawl surveys cannot. Is your
comment intended to mean that there is certairattydich a mechanism plays
absolutely no appreciabi®le in the Gulf of Maine cod case? Note thatwiim for the
possibility of decreasing selectivity at large @ges not exactly mimic potential
emigration — for the former, such fish all remaatahable if fishing effort is high
enough, whereas for the latter they are esseniralyrefuge. Naturally cod in such a
refuge might still be contributing to spawning pucts for the GoM stock — however,
given the low correlation of recruitment with spamgibiomass in this case, the
assessment would not be much affected were themtisito account — only the actual
abundance of cod would be rather higher than wmatg, but management targets
based upon the higt and non-emigrated component would remain perfesctiynd.

You refer to earlier lower estimates (df= 0.2 or thereabouts) for cod. Presumably
these are the Canadian estimates referenced in 8ta0(2002) as the basis for setting
M = 0.2 in the ADAPT-VPA runs (we have been unabldiscover any direct estimate
of M for the GoM cod stock itself). One of the threpga quoted (Paloheimo and
Kohler, 1968) refers to the southern Gulf of St kamce stock — we note that a more
recent analysis for this resource estimates réden0.4 (Chouinaret al, 2002).
Without intending disrespect to the other two pap@ur scientists cite - Pinhorn
(1975) and Minet (1977) — one has to recognizettietnethodologies they use are
now very dated. Though they would have been corsidacceptable at the time given
contemporary computing capabilities, the field bimee moved on. Furthermore, these
older analyses say little about the variance af g&timates. Consider, for example, the
method linked to Fig. 2 of Pinhorn’s paper: a roegmputation of the 95% CI for the
associated estimate bf= 0.16 yields a result as wide as [0 ; (£3].

This leads on to the matter of the estimabilityvoithin assessments. The Canadian
papers you cite as the basis for your chosen fatud are based essentially on the
analysis of catch-curves. It is now generally kndiat this method is flawed —
certainly this is well appreciated by those invadlwe the IWC Scientific Committee
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from debates there in the late 1980’s, to whictaswne of the contributors
(Butterworth and Punt, 1990). The problem is contbng from selectivity and
recruitment effects (Minet happens to acknowledhgeformer). To properly offset the
bias to which neglect of these factors can give, iasy estimation d¥l hasto take
place within the overall assessment process. IteBubrth and Punt (1990), we point
out (pg. 303) that though reasonable assumptiayasdang temporal invariance of
certain parameters renddrestimable in principle, in practice “for many bktdata
sets typical of fisheries ..... noise added to thmidant linear effects ... swamps the
interaction terms that would in principle allow these effects [ e.g. the valueMj to
be distinguished.” This quote would appear to sujpyamur contention that questions
our estimatingV, but note our use of the word “many” (and not™alln the case of
our hake assessments, for example, initially tosouprise we found that the larlye
estimates forthcoming did not drop to more “semsSikbklues when allowing for the
possibility that selectivity decreases at large-affee reason in that case was that such
scenarios did not reconcile with large historicloies in abundance evident from the
CPUE series.

What determines whether or ndtis estimable in a particular case is the behawwbur

the likelihood used for fitting. In the case of 8eM cod assessment, there seem to be
some factors at work similar to our domestic hAKereM not estimable (being
confounded wittF), as you argue, the likelihood profile would yield enormous
associated confidence interval, but tisatt the case here. The assessment methodology
being applied in the CCSBT is also used to prowndiermation on the value d¥l, so as

to reduce the range of values considered in theasioes to be used for management
procedure testing — note that work in the scientbmmittee of this Commission takes
place under the ongoing review of a high levelnméional peer review group, which
includes a senior NMFS assessment scientist.

The likelihood profile estimate of the 95% CI farr@July paper estimate M (see

Case 1in Table 1) is relatively tight: [0.40 ; @.4suggesting thd¥l well estimated.
However, we deliberately used the words “ASB#8/presently configurédo describe

this result in our July paper. The reason is trahad yet to pursue a fuller
investigation of the possible impact of allowing fmssible decreasing selectivity at
larger ages. It turns out that the tightish intewva obtained earlier is primarily a
consequence of our implementation of the suggestiate to us by your scientists in
Durham in February (see March paper, pg 3) thatnadel survey selectivity as a
linearly increasing trend. If we remove that coasit, allowing for dome-shaped

survey selectivity (Case 3 in Table 1, and seethlis@ssociated likelihood profile
plotted in Fig. 2), the point estimatefdecreases, and the 95% CI broadens to [0.32 ;
0.43]. If we further allow yet more flexibility ithe selectivity functions, primarily at
large age, to remove some systematic effects indtah-at-age residuals to which you
allude (see discussion under 23) and 40) belowgnwee at what we now consider as a
more appropriate New Reference Case, Case 8 i Talibr which the estimated is
0.31, with 95% CI [0.25 ; 0.37] — more realisticyour terms, and also a result with
which we are ecologically more “comfortable”, tstitl statistically excluding the
estimate oM = 0.2 adopted for your ADAPT-VPA assessment.
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For Case 8, the current spawning biomass is stilnated to be substantially in excess
of MSYL Given your (and our) concerns about the MPLE f0.98, in Case 9 we
repeat this estimation fixing= 0.8 (nearer the lower end of Myers’ plausiblegs,

and in likelihood profile terms within the 95% caténce interval foh); note that the
current spawning biomass estimate for this Géileremains abov#SYL.Only when
we fix M to 0.2 (Case 10), does the estimate of curremddnce drop beloMSYL,
though this low a value fdvl is not supported given the associated deterioratidhe
model fit (see the —InL values in Table 1). Butmfehis statistical argument is
overlooked, current spawning biomass is estimatetheut 80% oMSYL, which still
differs enormously from the some 17% of your ADARPA based estimate. Thus our
analyses still question the robustness of thatnegd, and consequentially still carry
important implications concerning the justificatifam planned imminent management
action.

» The primary conclusion of the July paper is that there is little
probability that the biomass in 2001 is less than Bmsy. In fact, in
examining results provided in Figure 5, there is only one brief period
(around 1910) when the biomass ever declined below the maximum
likelihood estimate of Bmsy, despite the nearly four-fold decline in
calculated biomass from the 1960s to the 1990s (Figure 5). This
result is clearly dictated by the very high resiliency of the stock
implied by finding the maximum slope of the S-R curve at the origin
at such a high value (to which the model solution converges). The
value of Bmsy estimated in the "New Reference Case" is 14.9
thousand tons, with an MSY value of 12.3 thousand tons; the
percentage of MSY to Bmsy is thus about 83%. In contrast, using
ADAPT-VPA estimates and associated reference points, this ratio
about 20%. Harvesting the equivalent of 80% of the SSB each year
from a relatively long-lived, iteroparous gadoid is inconsistent with
much of the growing body of current literature that is showing the
importance of multiple spawning and maternal size as related to egg
and larval survival and life history development (e.g. see Trippel et al.
1997).

3) Comments already under 1) and 2) above havessskell most of these points. In
particular, results of Cases 6, 7, 9 and 10 indaldhow that your comment that our
results (particularly regarding the current statiihe resource relative to MSYL) “are
clearly dictated by the very high resiliency of 8teck implied by’ our MPLE foh, is
incorrect?
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Your last statement does not seem pertinent ifigheof your misunderstanding which
we have hopefully resolved under 1) above. Everif $ois is a concern, the way to deal
with it is to model effective spawning biomass adaagly in the assessment — though
in this case, given the weak correlation betweerurenent and spawning biomass, the
impact on the assessment outcome is unlikely substantial.

Your calculations go a considerable way in explaining why your
implementations of ASPM result in such fundamentally different
management parameters as compared to the ADAPT-VPA and working group
conclusions. As you state, there remain some unresolved issues related to
M, commercial selectivity, objective functions and other related themes.
However, it is abundantly clear that the major sources of disagreement lie
not in models but in fundamental assumptions regarding natural mortality,
the ability to estimate this parameter internally in a stock assessment
model, assumptions regarding S-R function resiliency, and the use of
commercial catch time series data for which no independent relative
abundance index or demographic data are available. If we cannot agree on
how such issues should be handled, no amount of alternative assessment
modeling or simulations will be able to close this gap.

4) Hopefully our responses 1) — 3) above have addrbthe first three of the four
“major sources of disagreement” which you list. &eling the fourth, we find your
statement surprising. This is routine practicenim $cientific committees of many
international fishery commissions, who do thishait assessments. For example, all
the whale assessments conducted by the IWC dolgxaist and current CCSBT
assessments do it. Furthermore the ICCAT albacorkimg group meeting | have just
attended welcomed our method for albacore (a viaokour methodology applied to
GoM cod), and quite independently ICCAT has beeestigating the use of
MULTIFAN-CL, an approach very similar to our ASPlifie very reason underlying
their view is to gain insight into stock dynamiosperiods when catch, but not
abundance information, is available. The NMFS agsest scientists present at that
meeting also welcomed this. Obviously estimates@wh periods will not be as precise
or reliable as those for periods with abundancerinétion, as is well illustrated by Fig.
5 of our July papér Nevertheless the process is helpful if only ftuence improved
specification of an appropriate numbers-at-ageordot the year in which the
abundance information series commence.

As always, our scientists remain open to a vigorous debate regarding the
fundamental calculations supporting assessments of these stocks. Thank
you for allowing us to comment on your documents. We welcome any
thoughts you may have regarding our review, and are willing to meet with
you to discuss our comments in more deftail.
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Consistent with your request for a review between colleagues, we are not
providing copies of this document to the Fishery Management Council.

Sincerely,

John Boreman, Ph.D.
Acting Science and Research
Director
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Detailed Comments:

Comments on: ASPM-Based Assessment of the Gulf of Maine Cod Stock: A
Comparison with ADAPT-VPA and Extension to a Bayesian Form

This document provides an updated analysis of the Gulf of Maine cod stock
by using an age structured production model. It attempts to respond to a
number of comments provided by various agency and independent scientists
at the Groundfish Peer Review held in New Hampshire during February
2003.

Major Comments:

. The authors fit an ASPM population dynamics model to the
period 1893-2001 without a relative abundance index throughout
most of this time series. In particular, there is no information on
trends in relative abundance prior to 1963 (70 yrs). Thus, model-
based estimates of abundance prior to 1963 are extrapolations (over
60% of the time horizon). The assumption that the Gulf of Maine
cod population was in equilibrium in 1893 at an unexploited state is
clearly unfounded, since large catches in 1893 through 1899 were
documented. That the Gulf of Maine stock was not at virgin stock
size in the late 1800s is consistent with the documented history of
the fishery going back at least to the 1600s. In fact, there are
indications of human removals that go back to pre-history. It is
highly likely that the fishing mortality rates in the 1800s were very
high, prompting these fishermen to explore grounds offshore as far
as the Grand Banks. Clearly this assumption of a virgin age
composition in the 1890s is not viable.

5) See 4) above — this scarcely affects estimdtége@arameters that are of
primary relevance for recommending current managemetion:°

. AD Model Builder code provided to NEFSC for the previous
March document includes a likelihood penalty term for negative
population sizes (negpen). This penalty term constrains the
optimization algorithm to avoid regions of parameter space where
exploitation rate (U) exceeds 0.95. It is problematic that the MLE
point estimate of the exploitation rate that produces maximum
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sustained yield (Umsy) is exactly Umsy=0.95. The correspondence
between the constraint and the MLE point estimate implies that the
model solution depends on the constraint. This indicates that the
estimation problem is not well defined which, in turn, means the
numerical solutions are not well determined.

6) Essentially points made in 1) above cover thege-particularly the second
paragraph.

. The authors assert that the MLE point estimate of natural
mortality of 0.42 is appropriate for an Atlantic cod stock. This
assertion ignores published research, peer-reviewed assessments,
and general knowledge of the biology of Atlantic cod. Even if the
assertion was based on a stable estimation model, it is myopic to
ignore the multiple lines of evidence that indicate M=0.2. Further,
the authors include no auxiliary information to identify estimates of
F and M. The lack of separate sufficient statistics for M and F
implies that these parameters are confounded. In most cases, M is
not likely to be an estimable parameter (Schnute and Richards 1995).
It is also important to note that overestimation of M causes larger
percentage errors in stock abundance estimates than
underestimation of M (Sims 1984).

7) See 2) above.

. The authors acknowledge (top of page 5), that there are
"..potential problems with Fmsy as a reference point...". If the
estimation of the reference point values (e.g., the stock recruitment
relationship) within ASPM is so problematic, then the obvious
solution is to export the estimated spawning biomass and resulting
recruitment data, and fit these relationships outside the model. This
would obviate the issues associated with how much weight to put on
this solution in the overall objective function. Further, it would allow
exploration of the assessment free of the highly problematic slope
at the origin constraints in the code.

8) Our comment has been misinterpreted. The problgimFvsyhere has no
specific link to our methodology — it is an inewdta consequence of the
paradigm your scientists have adopted — see 1)ealsecond paragraph. Our
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point here was thadtvsy, albeit consistently estimated within this paradig
would not therefore necessarily provide a senddriget reference point.

We would not agree with the comment about sepay#tie assessment and the
S/R model parameter estimation. A high level ireéional peer review panel
which we import for annual reviews of our local @ssments, severely criticised
us for a similar estimation separation in one afaasessments. It that case we
had the defense of needing to address the conssgjoéhias known to be
present in one of the data sources which we hasecpuently analysed
separately, but would fully agree with our reviesvar the context of your
assessments and associated reference point egaluafthile such estimation
separation may be useful during an exploratorystigation stage, it would
seem statistically dubious to maintain it for tiaf result advocated unless
compelling reasons to do otherwise can be offekéiér all, if one believes that
the stock-recruit curve fitted is appropriate foojpction purposes, and
estimates it from information for preceding yeaingnipso factoit has

relevance to estimation for those years and heaedaito be taken into account
in the assessment itself. Furthermore, failingdead likely introduces biases
into computation of variances associated with mtmaes.

. Table 1 in the July 2003 document contains catch information
used to fit the model. This information is not consistent with the
catch input to the Gulf of Maine cod VPA in Table F4a of the GARM
report (NEFSC 2002a).

9) In Case 11, the total catch input has been ceglay the series you mention
above. Alternative weights and maturity at age tafhave also been used (see
“UCT sensitivity” in the Appendix of the July papeUsing these alternative
input data does not affect the results greatly {sdse 1)

. The MLE point estimate of Fmsy of Fmsy >3.00 is not consistent
with a sustainable harvest rate on any cod stock. The new reference
case presented in the paper estimates steepness at the subjectively-
set limit of 0.98. This allows the fishing mortality rate at MSY value
to exceed 3.0 because there is no decrease in recruitment at
extremely high fishing rates. The MLE point estimate of steepness
of A=0.98 is above the probable range of (0.76, 0.9) reported in
Myers et al. (1999). These two observations are very serious and
fundamentally call into question the viability of this approach for a
cod stock.

10) See comments under 1) and 3) above, partigutalthird paragraph under
1) and the reference therein to Cases 6 and 7hleTa
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. The use of an uninformative prior distribution for M is
insufficient. This approach ignores published information on the
likely range of natural mortality. An informative prior for M is
needed.

11) See discussion under 2) above, and also tekhidod profiles for estimates
of M shown in Fig. 2, together with associated 95% <Cgluoted in Table 1. As
stated there, our approach is to let the data sfpedkemselves. Given that
reasonably precise estimates result, there is o@ssary reason to include a
prior based on information from other stocks:

i) because information from areas where the dyosmould be different
could bias results; and

i) given that there are questions about the agtstestimates, as
discussed in 2) above.

. Changes in the MLE point estimates between this document
and the March 2003 document are substantial. Fmsy changes from
0.54 to 3.00 (+460%). Busy changes from 29991 to 14921 (-50%).
The lack of stability of these reference point estimates indicates
that the authors= estimation model does not produce consistent
estimates, given moderate changes in the input data. The authors
need fo explain why their results are not stable.

12) As stated in 1) and also 8) above, this isanmtoperty of “the authors’
estimation model”, but rather of your scientistasle paradigm for reference
point evaluation. Fig.*® of our July paper makes clear why this paradigm ca
be problematic in certain regions of parameter epac

. The use of the Pope approximation for the calculation of F in
an assessment model is not recommended for M>0.3 and F>1.2
(Popel972). Clearly these results violate this rule of thumb on both
counts.

13) See Fig. 1 for times serieskoffishing proportion) estimates for three of the
cases reported in Table 1, including Case 8), the Reference Case wilh
estimated at 0.32 — marginally outside the liminad A fishing mortality=* of

1.2 corresponds to a fishing proportionFof 0.7 — note from the plots that this
limit is reached only in the early 1900’s (of itielevance to key estimates —
see 4) and 5) above) and barely once more recently.
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But in any case it must be borne in mind that tioxeglity does not correspond
exactly to the Pope formulation (pulse fishingdaes not correspond exactly to
the Baranov formulation (steady fishing effort thgbout the year) either.
Provided applied consistently throughout an ang)yasther can often be argued
as reasonable approximations of reality.

We doubt that the interchange of Pope and Baramunuiations will have any
qualitative impact on key model outputs. Nevertbglé& might assist in
identifying the reasons for differences in the ASBiMI ADAPT-VPA results.
Our original choice of the Pope form was dictatldost entirely by the fact
that we already had tested code available for thavever, we do hope to be
able, in due course, to convert our code to betalil@plement the Baranov
form as well, to facilitate this compariséh.

. The use of fishing proportion (therein defined as F), as
opposed to the usual way of defining F, clouds the straightforward
interpretation of some unusual results from the model. The fishing
proportion is related to the standard fishing mortality rate (denoted
F* by the authors) by the equation 1-F = exp(-F*). Thus, as the
fishing proportion F approaches 1, the fishing mortality rate F*
approaches infinity, as seen by rearranging the equation to F* = -In(1-
F). The graph of yield vs. fishing proportion (Fig 1) is thus highly
misleading because the location of the sudden bend in the new RC line
occurs at a fishing mortality rate above 3.0. Note that the use of
Pope=s approximation in the catch equation (see point above) causes
the relationship between fishing proportion and fishing mortality
rate to break down at high fishing proportions, and thus the need for
equation 4.

14) Probably the density of any clouds varies whitheye of the beholder!
Certainly lay-persons sit much easier with the ephof fishing proportion than
fishing mortality. The issue here is merely on@aafon-linear transformation of
an axis. The bend would occur for either paramedéan.

. The use of equation 4 *..for MSY and MSYL computations
only@ is also problematic because the estimates of current F are no
longer directly comparable to Fmsy due to the change in selectivity
pattern. This is an ad hoc procedure to deal with the Pope
approximation that is non-standard and should probably be reviewed
in detail as a separate issue.
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15) This procedure is pretty much as has also hdepted by CCSBT. It is
merely a device to deal in a mathematically coasistvay with an area of
parameter space which otherwise offers some diefingroblems for MSY.
However, as stated in 1) above, we are not suguetitis area to be one of any
real pertinence to the final selection of any refiee point, so this does not seem
to be a major issue.

. The assumption of only two selectivity patterns during the
time period 1893 to 2001 also demonstrates a lack of knowledge
regarding the many management regulations that have occurred in
this fishery. Mesh sizes of two inches or less were common in the
early 1900s and cannot be considered to have the same selectivity
pattern as the catches during 1982 to 1991 (the time period of
observed catch at age). There were at least four major changes in
minimum regulated mesh size that occurred since the 1950s. This
fitting of a selectivity pattern to recent catch at age data but
applying it to time periods with significantly different mesh sizes is
not appropriate.

16) We do not claim expertise in the history ostfishery, and for that reason
have on more than one occasion asked your sceeftistheir specific
suggestions for what magnitude of changes (and Jwiemeed include in our
model, but without any response to date. The chamgdid include after 1991
was motivated by inspection of the residuals ferfihto the commercial catch-
at-age data (see pg 4 of our March paper). Thase(@smade available to us)
extend back only until 1982, and there is not otiimrious evidence of lack of
fitin Fig. 4 for that period, so such further clgas to regulations as there may
have been in this period would seem unlikely tonbeducing any substantial
bias into the results of our fits.

Otherwise the effect of mesh changes generally atspselectivity for the
youngest ages. But from the point of view of estingabroad stock dynamics,
such variations customarily have little impact @y lestimates.

We remain happy to check sensitivity here, givenrdguested response from
your scientistg#

. There is no auxiliary information included in the model with which
to determine M as a separate parameter from fishing mortality F. This

leads to an estimate of M of about 0.4 for Gulf of Maine cod since F and
M are confounded parameters. At present, it is not clear that the code

can produce a reliable estimate of M without auxiliary information.
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17) See 2) above.

Minor Comments:

. The author's lack of familiarity with the VPA program used by
NEFSC leads to some incorrect statements regarding differences
between the VPA and ASPM results. The authors have spent
considerable time in the ICCAT arena where linkages for the fishing
mortality rate on the plus group are made directly with the previous
age. This contrasts with the use of an estimate for the fishing
mortality rate on the oldest true age derived from previous ages and
later calculation of the fishing mortality rate on the plus group, as
done in the NEFSC assessments. This may be important for such a
heavily fished stock.

18) We are perplexed by this statement. The opesengion of Appendix 4 of
Mayo et al. (2002) states thatF‘for age 7+ is then calculated from the
following ratios ofF(age 7+) td=(age 6)”, and then indicates all these ratios set
to 1. That is what we had assumed from the equalitiie Fs andF7+ estimates

for each year in the results given in this papet thie comment above states
that we are wrong in this assumptiont???

. The assertion that ASPM is superior to ADAPT-VPA (e.g.,
abstract, page 6, page 7, page 9) is not supported based on the
results provided. To the contrary, Table 3 shows that the VPA
start ASPM (column 2) has a lower negative log-likelihood (-47.7)
than that of the ASPM data from 1982 (column 3, -37.5). The
authors claim that the recruitment residuals must be excluded from
the ASPM data from 1982 fit to be "comparable”. This is not true.
Adding parameters to the model fitting, in this case due to
estimating recruitment, but not accounting for these additional
parameters when reporting the fit of the model is an inconsistent
use of the results and the evaluation criterion. Note also in the
ASPM data from 1982 case there is a much larger change in biomass
from 1982 to 2000 (most likely due to assuming equilibrium in 1982;
it is unclear whether this equilibrium accounted for fishing
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mortality) and that the steepness estimate is again at the bound of
0.98. It isextremely difficult to see how a claim could be made
that ASPM is Abetter@ than ADAPT-VPA given these results.

19) There appears to be a misunderstanding reggwdiat we have done here
on a number of counts. In the case where you statere “adding parameters”,
we are in fact effectively “subtracting” them. Whigxe ASPM estimates
recruitment residuals for only some years, it ukesdeterministic form of the
S/R relationship for others, thus leaving it wighver, rather than more degrees
of freedom (compared to VPA). — this is why onl\8T9 contributions to L
were included for a fairer comparison. The misusterding here may be linked
to incorrectly presuming that we are “assuming kgpiim in 1982”. We are

not — for Case 3) of Table 3 of our July paperekample, the ASPM model is
run commencing in 1893 as usual; it is only dla¢a considered in the
likelihood for the fitting process that are redeat to 1982+ for comparability.

While these results therefore do give some indcatihat the ASPM approach is
to be preferred, we are happy to acknowledge kemetis room for more to be
done in this area for improved clarification of tieason for differences. Some
suggestions are made in 13) above and 23) b&low.

. The large discrepancy between the MLE and posterior median
for the steepness parameter calls into question both results and
points to an instability in the model, most likely due to attempting to
estimate the natural mortality rate without additional ancillary
information.

20) We do not agree. The MPLE is (also) the pasteniode. In non-linear
models, such as this, the shape of the likelihesdié from the fact that
penalties/priors could also so contribute) canirgde such that the marginal
posterior distribution for a quantity is skew, amith mode and median possibly
quite different, as in this case farEstimation or otherwise &fl is hardly of
relevance here — the wideish variance associatddtiae@ estimation df for

your ADAPT-VPA assessment (which fix® is obvious from the associated
S/R plot in Fig 3.1.7 of the Report of your Mardd02 Working Group on the
Re-Evaluation of Biological Reference Points.

. The new reference case presented by the authors has some
unusual properties beyond, but related to, the fishing mortality at
MSY estimate of greater than 3.0. The MSY of 12,286 mt is 82.3%
of the spawning biomass expected to be present in equilibrium (Bmsy
= 14,921 mt). In contrast, the Bmsy is 16.8% of the unexploited
spawning biomass (K = 89,822). Given the extremely high fishing
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mortality rate at MSY (above 3.0), one would expect the spawners-
per-recruit to be much less than 16.8% of the unexploited population
spawners-per-recruit. Perhaps this is a symptom of the problems
encountered when using Pope=s approximation fo the catch equation
in high fishing mortality situations. In any regard, at an F of 3.0 and
M=0.42, virtually all the spawning biomass would be produced by age
2-3 animals (mostly first time spawners), since the PR on age 2 is
only 0.15. However, such a strategy is in direct conflict with the
growing body of research (e.g. Trippel et a/ 1999; Murawski et al.
2001) indicating that spawning in cod should be supported by a
diversity of age groups and multiple-time spawners. These studies
call into serious question the veracity of results indicating Fmsy = 3.0
and M=0.42.

21) See 1) and 3) above.

. The standardized residuals presented in figure 3 are
computed in an usual manner (In(obs) - In(pred) / (sigma/sqrt(obs))
that should be reviewed in more detail.

22) Is “usual” a typo for “unusual’? This form fetandardized residuals is
appropriate given the formulation of the associditexdihood — the reasons for
this are discussed on pg 37 of our February pdper.

. Figure 3 shows that the model consistently predicts higher
catches in the plus group and age 6 than observed, a cause for
concern in the overall fit of the model.

23) Indeed. Our intention with earlier results preged was to obtain comments
before proceeding with further refinements of thedel. As discussed above,
we now know that this feature arose primarily fradopting your scientists’
earlier suggestion that we model survey selectadty linearly increasing
function of age. For our New Reference Case — 8pséTable 1 — we have
dropped that assumption to allow more flexibilitythe selectivity functions
fitted. This removes the bias evident earlier (Sgs 3 and 4).

Note that Case 8) (see Table 1) has an estimaledtisgy for the 7+ group that

is much less than for age 6, for both surveys amangercial catches. This is in

sharp contrast to the assumption of the ADAPT-VR#Ac sets selectivity to be
equal for these ages (see 19) above), and meritefunvestigation as it may
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play an important role in explaining the differerween the ASPM and
ADAPT-VPA results'®

. Based on NEFSC (2002) there is a very legitimate reason why
data A3 in Table A.1 has a plus group weight at age that does not
correspond to the 4-year average. This value was computed
assuming equilibrium conditions at an appropriate fishing mortality
rate for use in the projections and reference point calculations.

24) This vector was used as the SSB mean weightgeahroughout the period
in the Reference Case. The mean weights at agetfrefdayoet al. (2002)
report have been used in Case 11 as a sensitgity the results are not
qualitatively different (see Table Z¥.

. The authors argue that predation mortality on cod is likely
higher than M=0.2 assumed for ages 2+ for the Gulf of Maine. In
fact, published literature shows that gadids make up a relatively
minor component (~2-3%) of the diet of Atlantic cod off the USA
(Link and Garrison. 2002). Further information on the potential for
cod cannibalism as contributing to increased natural mortality was
available o the authors in NEFSC (2002b, p. 204), e.g.,

AOne possible mechanism for strong density-dependent intraspecific
interactions is cannibalism. Cannibalism in the primary New England
groundfish stocks examined in this report appears to be relatively minor.
Food habits data collected during spring and autumn NEFSC surveys during
1973-1997 (Dr. J. Link, Northeast Fisheries Science Center, Pers. comm.)
show that the observed incidence of cannibalism in cod and haddock is very
low. Out of 12,305 Atlantic cod stomachs examined, only 16 contained
cannibalized cod (<0.27%) and the average percent composition by weight of
the cannibalized cod was less than 0.1%. Thus, the observed data on
groundfish food habits do not support the hypothesis that cannibalism is a
viable mechanism for overcompensatory stock-recruitment dynamics in
primary New England groundfish stocks.@

Furthermore, the results of a preliminary multispecies VPA
constructed for the adjacent Georges Bank cod stock (Tsou and
Collie 2001) showed that for ages one and older the predation
mortality rates on groundfish species examined (cod, haddock,
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yellowtail flounder) were 0.2 or smaller (declining significantly with
age). In fact, Georges Bank predation mortality at age was
calculated to very much lower than for the North Sea. Tsou and
Collie (2001) noted specifically for Georges Bank cod:

"..predation mortality at age of cod ranged from 0.3 at age O to 0.003 at
age 3 (Fig. 9" (page 914).

Note that age O is not evaluated in any stock assessment models (the
models evaluate the populations and reference points beginning at
age 1 or older for cod).

. Stomach content data and scat samples from seal haul-out
sites indicate that cod are a minor prey item in the Gulf of Maine
area. Given the population sizes of the seals, low frequency of
occurrence of cod in their diets, and size-selection of cod prey for
relatively small animals, it is implausible that this source of M could
generate the millions of predation-related deaths at all ages that
would be required fo support M=0.4-0.5. Thus, there is no known
biological mechanism that would be responsible for such a high M.

25) See 2) above.

Comment applicable to both documents:

. Neither versions of the models incorporate the Massachusetts
state survey data, which are used in the ADAPT runs. These data
are particularly helpful in estimating recruitment since they catch
primarily young fish that are distributed nearshore. The lack of
inclusion of these data is, therefore, one potential source of
discrepancy between the ASPM and ADAPT results.

26) We are happy to incorporate such further dataur ASPM evaluations, but
until recently have been unclear where to obtaamth\We note that Mayet al.
(2002), Appendix 3, includes information on bothddachusetts DMF spring
surveys and USA commercial LCPUE indices. Shouldeécluding one or
both of these to be comparable to the ADAPT-VPA?

Before we might do that, however, we note that éatéhese series is reported
on a per-age per-year basis. Could you kindly fglavhether the values for
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different ages are comparable - in the sense,lmanlte summed as they stand
to provide an age-aggregated index? — or if not,yoa please provide these
data to us as an age-aggregated time series (as Ye& can determine, Magb
al. provide this only for the Massachusetts time sgriwith proportions at age
for each year. The reason for this is that it isegally not desirable to use such
data in the form of separate at-age time seriéigtimg models, because
catchability fluctuations between ages for the sges are customarily highly
correlated, so that only the age-aggregated semn@sld be included in the
likelihood function2?
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Comments Applicable to the March Document:

General Considerations:

0 Use of an 1893-2001 time horizon is inappropriate. There is no
information on frends in relative abundance prior to 1963. Model results
prior to 1963 appear to be very sensitive to estimates of current spawning
biomass - see Figure 5 Panel c, p. 20. The authors need to explain why their
model estimates an increasing trend in SSB from the late-1940s to the
1960s. What data support this frend? This is important because the model
prediction that the stock is above Bmsy is contingent upon it being well above
Bmsy and near the estimated unfished biomass in the 1960s. In contrast, the
lack of sensitivity of spawning biomass estimates from 1963 onwards (Fig 5)
indicates that the substantial downward trend is robust. It is ironic that
the estimated SSB in the 1960s is roughly equal to the current estimate of
BMSY=82.8 kt for Gulf of Maine cod from NEFSC (2002).

27) See 4) above. The information (rather thandtlpér s which support the trend
from the 40s to the 60s is the combination of c#ebls relative to and the same S/R
relationship as for the subsequent years.

0 The authors need to explain their rationale for including M as an
estimable parameter. This is not a standard procedure. Estimates of M and
F are highly confounded (Schnute and Richards. 1995). The fact that the
model-based estimate of M is consistently greater than 0.4 is a severe
problem. An M=0.4 is not consistent with the biology of Atlantic cod. It also
is inconsistent with the observed NEFSC survey age data. These data show
that there are far too many cod over age-7 than could be expected if M=0.4,
even with the stock under intensive exploitation.

28) See 2) above - (“standard” procedures cleaty wround the world!). If a model,
estimating a particular value bf, provides a satisfactory fit to a set of catclage-data
in terms of standard goodness-of-fit criteria, Buitecannot be said to be inconsistent
with those data?

Specific Comments:
1. Linear selectivity for the surveys implies a fixed increase in
selectivity with age. It is difficult to see why there should be a
linear increase over the age range of 1 to 7+. It would be more
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realistic to use a logistic curve, as was done for the commercial
selectivity.

29) Use of the linear form was at your scientistgjgestion (March paper,
pg 3). We have attempted use of the logistic fomggested, but this
leads to a much inferior fit — see Case 2 in Table

2. Estimating two periods of commercial selectivity is an
improvement over the previous model. It is questionable,
however, to use 1992 as the break point for a selectivity change
(see the point above regarding multiple mesh changes since
1950). There have been numerous changes in mesh size
regulations over the years, as well as long-term changes in
fishing gears and fishing vessels. The authors should use
information on regulation changes to guide their choice of time
periods for selectivity. In particular, the use of a constant
selectivity for 1893-1991 is inappropriate. There have been too
many changes for this fo be a reasonable assumption.

30) See 16) above.

3. There needs to be more diagnostic information presented.
Standard errors are approximated using the observed
information matrix (or Hessian). This is a satisfactory
approximation for linear models but may be a poor approximation
for nonlinear ones, such as an ASPM. The authors appear to be
aware of this fact but use the estimated standard errors
anyway. It would be preferable to use a bootstrapping approach
to estimate standard errors.

31) Indeed. The Hessian estimates were presestiety are much quicker to
produce. We consider likelihood profile estimatl lsetter (though they
take longer to compute), and have generally reta@hem in this
document. Ultimately we’d in principle prefer to tiee Bayesian posterior
rather than the bootstrapping route for estimatggexision (though then
requiring yet further computing time?!).
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4. The authors present no information on correlations among
parameters. We suggest correlations between M and F be shown
given the potential for confounding of these parameters.

32) As discussed in 2), we don’t think potentiahfounding here is a major
problemvis-a-visthe estimability oM. Correlations as requested could be
produced the next time we get to running an MCM@dbBayesian
posteriors — but with what yeaisis the correlation ol of most interest
to your scientists?

5. The authors appear satisfied that the MLE point estimate of
Fmsy=0.60 is credible. This value is more than 2-fold greater
than Fmax=0.27. The authors need to explain their rationale as
to why Fmsy is so much greater than Fmax. In particular, they
need to identify biological mechanisms that would support
Fmsy>>Fmax.

33) Comments in 1) above and further results inlda likely render this
question dated. We do not, however, understanddhice of the numbers
quoted. We understarkliax to refer to the fishing mortality that
maximizesY/R For a monotonically increasing S/R relationslsipch as B-
H) then, how caffrusybe other than less th&wax for the same
assessment?

6. The model shows a clear retrospective pattern (Fig. 6) of underestimating
F and overestimating SSB. This pattern warrants further examination.

34) Fig. 5 shows the retrospective results foreg$igmated time series of
spawning biomass and fishing proportion for the NReference Case.
Differences are both less, and no longer in a stasi directional pattern,
compared to the earlier results quoted, so thedspéctive patterns would
no longer seem to be an isstie.

7. It would be helpful if the authors provided some more details of
their methods so that they could be evaluated. In particular,
they need to explain how the survey age composition data were
fit. The remark that * This was taken into account in the mode/
fitting process" is not clear.

35) The method used to fit the survey age comiposttata is fully explained
on pg 38 of our February papér.
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8.

The authors assert that the new reference case is "statistically
Justified' in comparison to the previous one based on comparison
of likelihood values. This is not a logical comparison because the
two models use different data sets (i.e., survey age compositions
are not included in the previous model). Thus, the total log
likelihood is not, in fact, directly comparable (see comment
above).

36) Apologies — the text on pg 4 of our March papas ambiguous. The

reference to statistical justification relatedlte thanges to theodel that
were reported in Table 2, i.e. casev@®cvs9b; it was not intended to
cover case 8, which reflects the old Reference Gek®e additional data
were added. The data for 9b, 9c and 9d are the, santkat these three
variants are comparable lmL terms.

The authors attempt to compare ASPM and ADAPT-based
results by not using survey data prior to 1982 in the ASPM
model. This is, again, not a particularly helpful comparison
because the ASPM model is still using catch data from 1893
onwards. A more useful comparison would be to run the ASPM
model using only data from 1982 onwards. This would be a direct
comparison of the two models.

37) Yes, this could be done using the formulatarpg 34 of our February

paper to estimate the starting numbers at age v it makes this a
somewhat obtuse comparison, as a major reasopptyiag the ASPM
approach is that it is able to take specific actofithese data, and further,
the suggested means of comparison runs into yet problems of
“fairness”, as discussed in 19) above.

10. The fact that " the model has difficulty converging for values

lower than this [M=0.3]' indicates that the model is not stable at
biologically realistic values of M. Given this lack of stability, it is
not clear why the authors attempt to estimate both M and F.

38) See 2) above. It now seems evident that theezgence problem was more

a consequence of following your scientists’ suggesb model survey
selectivity as linearly increasing with age.
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11. The use of a penalty term on current spawning biomass is not

particularly informative as the basis for a comparison with
ADAPT results. In particular, if the authors want to make a
direct comparison with ADAPT, they need fo use exactly the
same input time series.

39) We agree regarding use of exactly the same blatzhere are ambiguities

as regards exactly what your NEFSC (2002) analyaes used, which we
trust your responses to this will resolve.

12. The residual patterns on p. 17 indicate a consistent

overestimation of fishery age composition at ages 6 and 7+ (Fig.
2). This non-random pattern suggests that the selectivity is not
well-estimated for these age groups. The same pattern shows up
in the NEFSC fall survey age composition residuals since the
mid-1980s. There are also blocks of overestimates and
underestimates in the late-1960s and early-1970s for both
surveys. The fact that this pattern is consistent across the
surveys suggests that the model cannot fit the data in this
period. Last, the NEFSC spring survey has a consistent pattern
of underestimation of age-1 fish. This non-random pattern is
likely related to the choice of selectivity pattern

40) See 23) above, which addresses the first pohe. last point has also

References

been addressed in the formulation of the New Ret&réCase — Case 8)
of Table 1. The earlier problems with systematittgras in the residuals
in question now seem reasonably addressed (seeFgd 4). To us, it

seems that the only remaining potential “problem™with the survey

residuals at large age (6 and 7+), where the autsumey shows a
pattern, but the spring survey does not. Since kgeusing the same
selectivity function (at large ages) to represesthpclearly we cannot
match both. We could allow these patterns to diffgrsurvey in the

estimation, but would rather first wait on somelbgical input from your

scientists on their understanding of the reasortHwr difference in the

data before deciding exactly how best to modify firesent model

structure.
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Table 1 Estimates of management quantities for 1) thg paper New Reference Case assessment and teftiviteess to this >
assessment, including the current New Reference (fasse 8). Biomass units are tons. The two se¢stohates given for quantities 3
such aB*A(MSY)refer to the two different commercial selectivityctions: i) for 1893-1991 and ii) from 1992+. ab in parenthesis Z
next to the MLE estimates &F(2001)/B*(MSY) h andM for Cases 1), 3) and 8) are 95% CI derived frdmlilhood profiles. )

@)

1) Reference Case 2) Logisﬁf' f;ur\'e_v 3) Estimated selectivity 4) 56 :m({ 87 estimated 5) & = 0.5, phi estimated
selectivity slope divectly
-InL: overall -126.2 -105.6 -132.9 -137.2 -126.2
-lnL: Survey -19.6 -20.0 -18.0 -18.8 -19.6
slnl: CAA -52.0 -55.4 -56.7 -57.0 -52.9
slnL: CAAsurv -1221 -06.3 -126.3 -120.0 -1221
-lnL: RecRes 68.4 66.2 68.1 68.5 68.4
E¥ 80822 87525 102638 120910 80822
BT (2001) 41645 42575 45027 45597 41645
B (MSY) 14921 19522 15796 20516 13963 18756 18834 20686 14921 19522
B (2001 /BF (MSY) 279 2113 (2.10; 2.43) 270 2.08 322 240 (2.07, 2.72) 242 220 279 213
sy ¥E 0.17 0.22 018  0.23 014 018 016 017 0.17 0.22
MIY 12286 11743 12729 12034 11990 11703 11430 11400 12286 11743
FASY) 0.95 095 095 (.95 0.95 095 0.65 0.77 0.95 095
FHMMSY) 3.00 301 301 305 3.00  3.00 1.05 146 300 301
Fi2001) 0.26  0.30 0.26 0.27 0.28 0.26
F*2001) 0.30 0.30 0.32 0.32 0.30
h .95 (0.73; 0.98}) 0.98 0.95 (0.79; 0.98) 0.95 0.98
A 0.42 (0.40; 0.46) 0.44 0.37 (0.32; 0.44) 0.32 0.42
Ganuna 1.00 1.00 1.00 1.00 1.00
Theta 1.00 1.00 1.00 1.00 0.50
Plu 0.00 0.00 0.00 0.00 0.44
ag(in,out) .25 0.28 0.25 (.28 .25 0.28 0.25 0.28 0.25 0.28
surv3l  swvi2 com31 comB3Z|surv3l  swvid2 comdl com32 [surv3l  survdZ2 comBl com3Z2|survdl  survE2 com31 comi3Z[survidl  surv32 com3l com32
.10 005 001 0.00 008 008 001 0.00 015 0.08 001 000 017 0.09 001 0.00 010 0.05 001 0.00
025 013 015 004 017 017 014 0.04 036 020 015 0.04 036 020 016 0.05 0.25 013 015 0.04
0.40 040 069 043 0.34 034 069 042 0.58 0.58 071 0.44 056 0.56 072 046 0.40 040 0.69 043
.55 055 097 093 0.57 0.57 097 093 0.79 0.79 097 093 076 0.76 097 094 0.55 0.55 097 093
.70 070 1.00 1.00 079 079 100 1.00 1.00 100 100 1.00 095 095 100 1.00 070 070 1.00 1.00
.85 085 100 100 093 093 100 1.00 090 099 083 0.67 100 100 09 071 0.85 085 100 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.9 0.9 069 045 0.62 0.62 033 027 1.00 1.00 1.00 1.00
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Fig. 1: Time series of fishing proportion for Cases an@l 9.
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Fig. 2 Likelihood profiles forM for Cases 1, 3 and 8, shown as scaled logliketloo
(see text). The horizontal full line intersectshe 95% confidence intervals. The dotted
lines show regions with minimisation convergenaabpgms.

92



Annexure C

Case 1 Commercial CAA

Case 8 Commercial CAA

0.40 0.40
Fo o P | o T =] obse_rved o5l - .- Eobserved

O predicted Opredicted
030+ -——----—--- -4 rr-------------- o3+-—-——-—-—-| -4 }+t-------"-"--"--—-
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020+ -——---—-—--~— -4\ r--------------4 o20tr-—-——-———--| -4 | }t----------"--—-
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0.20 0.20+ -t -
os+-F-4 -l -4 F-------------- 0.15
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Case 1 Spring survey CAA Case 8 Spring survey CAA
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Fig. 3: Model fit to commercial and survey catch-at-aggpprtions as averaged over
all the years with data, for Cases 1 and 8.
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Case 1: Commercial CAA Case 8: Commercial CAA

1360 1365 1870 1975 1980 1985 1950 1585 2000 960 1965 1870 1975 1980 1585 1550 1595 2000

Cage 1. Autinn survey CAA Case 8 Aufumn survey CAA

1960 1965 1970 1973 1980 1983 19390 1993 2000 1960 1865 1970 1975 1980 1985 1890 1895 2000

Case 1. Spring survey CAA Case 8: Spring swrvey CAA

1960 1965 1970 1975 1980 1985 19%0 1995 2000 1960 1965 1970 1975 1980 1985 19%0 1995 2000

Fig. 4: Bubble plots of the standardised residuals ferabmmercial and survey catch-at-age proportion€&ses 1 and
8. The size (radius) of the bubbles representitteeds the residuals. Grey bubbles represent pesigsiduals and white
bubbles represent negative residuals.
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Annexure C — Appendix of Clarifications/Updates(corresponding to numbered footnotes in Annexure C)

1 These issues have since been addressed, andttimdoiegical comparisons of the main text are baseidlentical data.
2 Butterworthet al. 2003a

3 Butterworthet al. 2003b

4 Butterworthet al. 2003c

5 The sensitivity test for the current ASPM New Refee Case of a fixed lower value fo(Case 1V) leads to a reduction
in the BsA(2001)BsA(MSY) estimate, but this remains at a much higher lthah estimated from the ADAPT-VPA based
analyses of NEFSC (2002).

6 Note that the current ASPM New Reference CasmatgiofM = 0.25 differs less from the input choicehdf= 0.2 for
the ADAPT-VPA of Mayoet al.(2002), so matters debated here may now be lems isbue (though the estimate of
BSP(2001)BsA(MSYj remains much higher than that based on ADAPT-VPA)

" The likelihood profile-based 95% CI fi for the current ASPM New Reference Case is [0.28]) so that the value of
0.2 adopted for the Mayet al. assessment is now compatible with the estimata fre ASPM.

8 The comment under footnote 5) above refers alse. he

® The Fig. 5 of Butterwortkt al. (2003c) referenced is attached hereunder to tédgretation of these comments.

10 Updated sensitivities for the current ASPM NewdRefice Case (Cases X and Xl of the main text) iehdlar results.
11 This is no longer an issue, as the comparativlyses of the main text use identical data.

12 The Fig. 1 of Butterwortkt al. (2003c) referenced is attached hereunder to gdgretation of these comments.

13 Note that the ADAPT-VPA application of Ma al. (2002) also uses Pope’s form of the catch equasimmhat matters
raised here would now seem less of an issue.

14 Note that sensitivity of the current ASPM New Refece Case results to alternative assumptionsigtartc commercial
selectivity have been checked and found to be sligit (see Case Xll in Table 3 and Fig. 8 of theamtext).

15 Note further the internal inconsistencies in tHeART-VPA approach as implemented in Magtoal. (2002) that are
described in Appendix 4 of the main text.

16 The methodological comparisons pursued in Butteitwat al. (2003c) and here are now effectively supersedetidy
more straightforward comparison approach reporigtié main text, so further debate on the issussddere is now
likely moot.

17 This is also explained in Section A2.2.3 of Appiarizi

18 See Fig. 4 of the main text for this comparisantiie@ current ASPM New Reference Case, which weakm here to
indicate a reasonable fit. As discussed in the readt) it does indeed now appear that the issystusfgroup selectivity is
key in explaining the differences between past ASitld ADAPT-VPA results.

19 This is no longer an issue, as the comparativlysesof the main text use identical data.

20 These data have since been received and clardietare incorporated in the current ASPM New Refee Case (see
Appendix 1, Table A1.8 to A1.10).

21 An updated retrospective analysis for the curf®®M New Reference Case is pursued in Case Xllbftee main text
(see Table 3 and Fig. 9), and similarly indicatesmarked retrospective patterns.

22 This method is explained in Sections A2.2.1 and2&20f Appendix 2 of the main text.
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Annexure C —Figures extracted from Butterwaatlal. (2003c)
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Figurereferenced under footnote 8 above (from Butterworth et al. 2003c):
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Annexure C —Figures extracted from Butterwaatlal. (2003c)

Figurereferenced under footnote 11 above (from Butterworth et al. 2003c):
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Fig. 1: Sustainable yieldsfishing proportion ) plots for the March 2003 Reference Case assessmen
of Butterworthet al. (2003b), and of the New Reference Case of thealysas, i.e. Cases 1) and 2)
respectively of Table 2 (of Butterworéh al. 2003b).
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