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ABSTRACT

The ASPM (SCAA) assessments presented in Buttelveort Rademeyer (2008a) are updated through the
addition of data for two more years, with the piusup extended from age 7 to age 8 on AIC grounds.
Based largely on AIC considerations (though fohteécal reasons these are admittedly approximately
calculated), the best assessment selected is tited \Ricker stock recruitment function and domepsd
selectivity. Amongst a number of sensitivity tesiis,early gear change, use of the Baranov fornerath
than Pope’s approximation, and commencing the sses in different years (all prior to abundanaieix
data becoming available) do not lead to any diffees of note in estimates of key quantities. A &ition
study shows the ASPM estimator to introduce ondlight bias towards a domed shape when the
underlying reality exhibits asymptotically flat eetivities. Assessment variants which force fld¢stvity

in NEFSC surveys and the commercial fishery atdages are not simply less preferred, but indeed
strongly rejected under the AIC model selectiotecidn (e. g. relative AIC-weights of less than'3ébr

the standard1=0.2 specification). Such variants are not compatiith the low proportions of older cod
in surveys and commercial catches — a feature fiiclwcogent explanation needs to be offered befag
might be accepted as providing a reliable basisi$sessment. The greater rate of decline of conmherc
selectivity for old cod compared to that for theR&E surveys provides indirect confirmation of some
dome effect, though further evidence from othersesiwould be desirable. The assessment can hardly
distinguish different values ®fl, though increasinlyl above 0.2 suggests a lesser downward selectivity
slope at large ages and a better resource staasctSover a range of stock recruitment relatiqrsshi
suggests the Ricker form to be preferred, thoudhout completely eliminating the Beverton-Holt form
AIC terms. Under the best assessment, the staedtilmated at present to be at some 80% of its MS¥l |
in terms of spawning biomass, with most variantggesting somewhat higher levels than this.

REFERENCE POINT SUMMARY

Ricker Beverton-Holt
B®P2006 43 43
B*Pusy 53 33
BP200d B*Pusy 0.81 1.30
F2006 0.17 0.18
Fmsy 0.46 0.58

Note: Biomass units are ‘000 torksrefers to age 5 where the commercial selectivigkpe
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INTRODUCTION

This paper reports revised and updated assessemitsrfor the Gulf of Maine cod to those preserited
Butterworth and Rademeyer (2008a) to the previoARKs held in February 2008. It further addresses a
number of questions raised at that GARM in relatmthose earlier results. A 2007 Reference CadeM\S
(SCAA) assessment is developed, and the resultsdnous sensitivities to this are also reportede T

paper concludes with a summary discussion of kairfigs.

DATA AND METHODOLOGY

Differences in data and methodologies to those us@uitterworth and Rademeyer (2008a) are detaied
Appendix A. In essence the data used have beendedeby two years to end in 2007 rather than irb200
The specifications for the ASPM assessment metloggolare unchanged, except that for reasons
elaborated in Appendix A, the plus group for catittage data for both commercial catches and NEFSC
surveys as fit in the ASPM assessments is takelpet@+ instead of 7+. Because of time constraints,
estimates of precision have been reported appraglynm the form of Hessian-based CV’s, rather than

Bayesian-based 95% probability intervals as in®@utorth and Rademeyer (2008a).

During the last GARM, suggestions were made thatAlSPM estimator used might be biased, in the
direction that even though underlying selectivitiesre asymptotically flat, an estimator that allowier

the possibility of a dome shape (i.e. decreasimgcteity with age at older ages) would tend to\pde
selectivity estimates that were indeed decreasirilgis manner. To investigate this, a simulatioaleation

was conducted using for an operating model the ASBs&ssment for the 2007 Reference Case described
below, except with the modification that selectadt were forced to be flat for ages 5 and aboveHer
commercial fishery, and ages 6 and above for th&3E surveys. This operating model was used to
generate 100 pseudo data sets, each identicalrimtio those used for the assessment, except tfat er
were added to the expected values for the annualdaimce indices and catch at age data in accordance
with the distributions assumed for these by theliifood adopted for the ASPM estimator, and with

variances as estimated in the original fit of tbfserating model to the abundance indices. Sométslig
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modifications were however made to this formulationgenerating the pseudo catch at age proportions
first variances were not estimated from the unddjlusesiduals of the fit, since these showed lsiaghat
instead these variances were recalculated reltdivhe average value of these residuals; secoediygrs
added to provide the pseudo data were generatbd tbean rather than median unbiased, since without
this correction such bias can be large for somith®fages for which the expected proportions inciteh

are low given the log-normal distributional formirg used; and finally, after generating residuatsf
these lognormal distributions to add to the expbetdues, the resultant pseudo proportions for gacin
were rescaled to ensure that they summed to 1REfierence Case ASPM estimator, with selectivities a
larger ages than 5 for the commercial fishery aridr@he NEFSC surveys freely estimable (and nenev
restricted to be 1 or less) was then applied th @ht¢he 100 pseudo data sets to determine thectefély
parametric bootstrap) distributions for quantitiésnterest, including particularly the selectiesi at large
ages, to determine whether there was any evidenmciaé bias suggested in circumstances correspgndin

to assessment under consideration.

RESULTS

Reference Case ASPM

For reasons given in the summary discussion seftitowing (as they relate also to the resultsfome of
the sensitivity tests following), the Reference €ASPM variant chosen for the updated assessmeiit is
the same form as adopted in Butterworth and Radem@008a). Important aspects of this choice are
those of a Ricker form for the stock-recruitmenatienship, and a lack of constraints (specificaligt of
asymptotic flatness) on the estimation of seletitisiat larger ages for both the commercial fistany the

NEFSC surveys.

Results for this 2007 Reference Case (RC) are teghas Case 1 in Table 1, with the associated spgwn
biomass B*P) trajectory shown in Fig. 1. The fits to the abande indices are shown in Fig. 2, and those to
the catch at age proportions in Figs 3 and 4; #lectvities estimated are shown in Fig. 5, and the

estimated stock-recruitment relationship is ploitefig. 6 together with point estimates and (legiduals
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about the relationship for the period 1956-2008 {#bich the available catch at age proportion diaim

the surveys and fishery contain some informatiomemnuitment variation).

Comparison of results for this RC to the previo082 Reference Case (shown as Case 0 in Table 1) are
slightly confounded by the different choice for fhlas-group age. However the comparative plot8<®in

Fig. 1 show very little difference over recent ye&° has generally been increasing since the late 1990s
with the current level now about double that at the point, and approaching MSYL (i.BSp/ Byisy is

approaching 1). Retrospective plots are shown ¢n Fj and do not indicate any appreciable systemati

pattern.

ASPM Sensitivities

a) Early NEFSC gear change

For Sensitivity 2, account is taken of a changgear over the 1973-1981 period by assuming a eifter
catchability coefficienty for the NEFSC spring survey during that time (&mny to what was done in
Butterworth and Rademeyer, 2008b). This does résuétn improvement in the likelihood that would
justify the modification in AIC terms. However, i$ unclear whether modifying alone would be
sufficient to account for this gear change, anddrtgntly changes in estimates of current resoutatels
reflect only slight improvements compared to the R€ “status”, reference is intended in particuiar
values of current spawning biom&&%:06 in absolute terms and as a proportion of MSBP.g0d B%Pusy).

Hence the RC was not changed to include this adprst.

b) Baranov equation in place of Pope approximation

Sensitivity 3 in Table 1 shows the results of repplg Pope’s approximation by the Baranov catch tgoa
in the formulae for the resource dynamics. Theltasudifferences are not large, and only bareligent

in the comparative plots d@°° as shown in Fig.1. Thus although a notable impream in the likelihood
compared to the RC is obtained (see Table 1), Isecaiithe increased computational burden (whichldvou

also render Bayesian PI estimation infeasible) ePoapproximation has been retained.
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c) Selectivity slopes at larger ages

Sensitivities to changes in assumptions regardabgctvities at large ages involve allowing forfdient
slopes in spring and autumn NEFSC surveys (Seitgily, and forcing flat selectivity at ages of 6da
above for these surveys and then also for the coopiahefishery as well for ages of 5 and above
(Sensitivities 5a and 5b respectively). Results mgorted in Table 1 with the different selectisti

consequently estimated shown in Fig. 5.

Sensitivity 4 indicated a slightly faster fall aff selectivity for the spring than the winter suyvéhough
the small improvement in likelihood is insufficiemd justify the addition of two further estimable

parameters.

Results for Sensitivities 5a and 5b show that witten NEFSC survey selectivities are assumed to be
asymptotically flat, the commercial selectivityastimated to be dome shaped (decreasing after,agpe5
Fig. 5). The associated addition of additional ¢hestimable parameters for the commercial selégtivi
(compared to assuming this flat as for Sensitislty marginally fails to be AIC justified, thoughethesults
suggest that this conclusion would be reversedngavenore parsimonious parametrization of this decli

relative to the surveys.

The major difference associated with these flaéanlity assumptions is the substantial deteriorain
model fit: a log likelihood deterioration nearing,r a corresponding AIC deterioration of about,lfor
Sensitivity 5b with flat selectivities for both tltemmercial fishery and the NEFSC surveys compswed
RC. This is a larger difference than for the 20@8drRence Case in Butterworth and Rademeyer (2008a),
for which the flat selectivity assumption resuliadan AIC deterioration of about 60. The reasontfis
deterioration relates to the fit to the catch a pgpportions, particularly for larger ages, anpeesally for

the NEFSC autumn surveys which catch substantiefly 8+ fish than predicted under a flat selegtivit
assumption (see Figs 8 and 9). Fig. 10 comparesetiduals for these fits for ages 7 and 8+ forsgisity

5b and the RC.
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Fig. 1 compares the®f trends under these different selectivity assummgtié-orcing flat selectivity reduces
the biomass estimated in absolute terms, but theegmonding estimate of pristine biom#S$8is reduced
further, with the net result that the resource stngated to now be above MSYL. Fig. 11 shows the
estimated stock-recruitment curve (with associgteitt estimates for 1956-2006) for Sensitivity Bind

compares this to the curve estimated for the RC.

d) Different prescriptions for M
Sensitivity 6a increases the assumed age-indepenvaére of 0.2 yt for M in the RC to 0.3, while

Sensitivites 6b and 6c¢ alloMt to decrease with ageaccording to:

M, a=1
— az
M,=<a,+ 2<ac<10
a+l

My, a=11+

where the parametess andaz are chosen so thavi ranges from 0.4 to 0.1 over ages 2 to 10 for Sigitgi
6b, and 0.3 to 0.15 for Sensitivity 6¢ (see TahldB¥ trends are compared in Fig. 1, and estimated NEFSC

spring and commercial selectivities in Fig. 12.

For M= 0.3, the likelihood is marginally improved. Thepulation is estimated to be above MSYL,
primarily because the estimat&® is much lower than for the RC, and the extentedécivity dome is

less pronounced (i.e. tlsopeestimates reduce — see Table 1).

With M age dependent, results for the lesser extent itsitg6c) differ little from the RC. For the gréer
variation case (Sensitivity 6b), stock status adicated by B, ./ Bk, is notably worse (probably

because the lowevl at large ages means slower dynamics and henaggarltime needed for recovery),
but the likelihood shows notable deterioration. ldoer, a particular reason for adding Sensitiviilesand
6¢ was that a reviewer at the previous GARM suggktiat the (quite plausible) possibility Mfactually
decreasing with aga could lead to a mistaken conclusion of dome shadeictivity if the assessment
assumed age-independdht In fact the reverse is true — the estimated sglcslopes increase under the

assumption oM decreasing with age to less than the condtbrt0.2 of the RC, making the dome shape
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more marked — see Table 1 and Fig. 12). This odeecaus@iventhe observed proportions at agelMifat
large age in set lower, so that mortality effeatsnet reduce the proportion of fish present as dastge

increases, then selectivity has to drop yet fastaccount for the lowish catches made of theserdish.

e) Different stock-recruitment relationships
Sensitivities 7, 8 and 9, for which results arevamin Table 2, all relate to aspects of the stamtuitment
relationship which is internally estimated in an % assessment approach. Fig. 13 compares the

associated estimated stock-recruitment curvestithfor the RC.

Sensitivity 7 considers different values for thgarameter of the generalised Ricker stock-receritm

relationship considered:
_ 1 (sy~(orf/2)
R, _asjelexp[- sle,) }e vl

(see equation A2.4 of Butterworth and Rademeyed&a}), for which the RC selects= 1 corresponding
to the conventional Ricker form. ComparatiB& plots for different values of in Fig. 1 show little

difference in recent years. As the valueyd reduced below 1, the stock-recruitment cunkegaon a
shape closer to that of the Beverton-Holt form (Sige 13) and estimated values BE../ B, increase

to above 1. However, the likelihood deteriorates] the best fit is found (Sensitivity 7a) for 1.19 (i.e a
steeper drop in recruitment at lafg® than for Ricker), though the improvement in likelod compared to

the RC is marginal and insufficient to justify ttieg y as an estimable parameter.

Sensitivity 8 addresses lessening the weight gteethe fit to the stock-recruitment curve in theemll
assessment, while Sensitivity 9 replaces the Ribkethe Beverton-Holt form. The former is effectey
increasing the value of thek parameter which reflects the extent of the vasiatf recruitment about the

stock-recruitment curve. For both forms, increasogto 1.0 results in a decrease in the estimate of
B3 /B, compared to the RC choice of, = 0.4, but since neither RC fit shows any evigent

model mis-specification (see Figs 6 and 11) anketSf (log) residuals with a standard deviatioralbbut

0.5, there seems little justification to decreaségiing in this way.
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The Beverton-Holt equivalent of the RC (SensitivBg) shows recenB*P trends that are scarcely
distinguishable from those for the Ricker form b&tRC (see Fig. 1). The key difference is thattipes

abundancé&®P is estimated to be about 35% higher for Bevertoft-than for Ricker, but this is more than
offset by the estimate dB,\S,,pSY/K decreasing from 0.36 to 0.16, so that for the BeveHolt form the

resource is estimated to be appreciably above M&tYpresent. The Ricker form is however preferred in

terms of likelihood ( a —lnimprovement of about 4, or about 8 in AIC terms).

If the Beverton-holt form is assumeédconjunctionwith forcing asymptotically flat selectivity (Setisity
9c), current resource status is estimated to beeajably lower than for the RC, both in absolBtéterms
and relative to MSYL, but —Inis again considerably worse than for the RC byu&aB8 (an AIC difference
of about 58). However, within the constraint of lswicflat selectivity assumption, the Beverton-Hekult

becomes preferred to that for the Ricker formkelihood terms.

Fig. 14 show plots requested by reviewers at tegipus GARM forB®P trajectories under the assumption
of a zero catch throughout the period considerethénassessment, but assuming that the same eéries
recruitments had occurred. These are shown for thetflRC and its equivalent with the Ricker replabgd
a Beverton-Holt stock-recruitment function. Thes@aa for the initial upward hump in the Ricker ciése
that when catches reduce spawning biomass belowstHevel assumed for 1893 for the RC, the Ricker

form responds by increasing recruitment.

f) Different starting years

Table 3 provides results for alternative startimegng (than 1893 for the RC) for the ASPM assessmnent
These are motivated by concerns about the accufatgtal commercial catch records for earlier years
Results are shown for alternative specificationsbiath BsP as a fraction oKs*and for the (non-pristine)

age structure of the population in the starting yea
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Alternative starting years of 1930 and 1960 aresimred (thus both reflect choices prior to the
commencement of the NEFSC surveys). EstimateB3t,/ BS%, generally differ little from that for the

RC, indicating that transient effects related tecsfications for the start year chosen for the sssent
(certainly if this is before survey data startedézome available) have died out well before tme ti the

century and would hardly impact estimates of quigstiof current management relevance.

Possible hias in estimation of selectivity at laages

The results of the simulation evaluation into tresgibility that the ASPM estimator used for the RC
assessment introduces bias, in the sense of Likélg lo lead to the inference of dome shaped selac
even when the underlying fishing and survey seliies are asymptotically flat, are reported in [Ealy

and Fig. 15.

Table 4 provides no real indication of such biagstimated selectivities out to age 7. There isop @n

average in the selectivities estimated for ager ®éth the NEFSC surveys and the commercial fishmry
this is small compared to the estimates for thead®C (see Fig. 5). Corresponding to that drogrethis a
slight positive bias in estimates B in absolute terms, but this is negligible whenresped relative to

estimates oKsP (see Fig. 15). and similarly there is little inafiion of bias in the estimate of current

resource statuB,./ Bysy (Table 4).

SUMMARY DISCUSSION

Preferences expressed amongst alternative assdsgmesented in this paper have broadly been based
likelihood/AIC based model selection criteria. Angghthe more important factors under consideratiom,
Ricker form for the stock-recruitment relationskipows an AIC improvement of about 8 compared to the
Beverton-Holt, while allowing for domed shaped matthan asymptotically flat selectivity improvesQl

by over 100. Alternatives to thd= 0.2 independent of age assumption achieve litl&lIC terms, and
some other changes, while perhaps justifiable imgeof AIC, make little difference to estimatestbé

current status of the stock.
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These considerations are what led to the choidheoRicker/domed selectivityf = 0.2 ASPM variant as
the Reference Case, and indeed this seems the appsbpriate result to advance if a single “best
assessment” choice is to be made. It reflects eewuspawning biomass that is some 80% of MSYL, and
most alternatives estimate this status to be bsttly in some cases even exceeding MSYL. The one
notable exception is the combination of flat sélégt with a Beverton-Holt stock-recruitment forrbut

the AIC for this is less than that for the RC byagupreciable amount of almost 60.

The question of whether or not selectivity is donsédped is probably the most important to addmess i
reaching a conclusion about the current statushef Gulf of Maine cod population. The simulation
evaluations reported above indicate that any estintaas can at best account for only a small priapo
of the decreasing selectivity estimated at largesad higher natural mortality than the RC assuamptf

M = 0.2 would reduce but not eliminate this trends(emingM was kept within a realistic biological

range), though would also suggest an improvedsfatuthe resource in terms &35 ./ By, -

In terms of AIC, the preference for domed over gstytically flat selectivity is much stronger thdrat for
a Ricker over Beverton-Holt stock-recruitment curVéhile for reasons discussed in Butterworth and
Rademeyer (2008a) (the use of penalty terms irikkeéhood, and probable non-independence amongst
the data fitted), one must take care against averfireting the AIC values quoted above, they rtaesgss
provide some broad guidance on relative model @ditg. One needs to consider AIC differences g€p
100 for a Ricker form, or approaching 60 for BewarHolt, if selectivity is forced to be asymptotiga
flat, in the context of statements by Burnham amiiékson (1998) that an AIC difference exceeding 4
indicates that a model is not highly plausible, and over 10 provides strong evidence that a misdet
competitive. The issue in this case is not simpig of preference under a model selection critetbom of
how quantitatively strong that preference is (emder AIC-weighting, the relative weight given tatfvs
domed selectivity models would be better for Bewmeitolt at somee3’, or about 103 which is

negligible. Fundamentally, flat selectivity model® statistically incompatible with the low proports of

10
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older fish in the fishery and surveys. These modatmot provide a defensible basis for inferendeam

linked to some related plausible hypothesis abadeahor data errors (systematic bias in ageingayes®).

Nonetheless care also has to be taken with dompedhselectivity conclusions from a management
perspective, as they imply a “cryptic” biomass tdev fish in the system, which for reasons probably
linked to emigration out of the fishing area or agbidance, are not available to the fishery. E&yshows
the relative size of this “missing” proportion, whiis bigger by mass than by number. Independetiteof
purely statistical arguments, there are some itidics that emigration effects at least are plagome role

in this case. These are provided by the differencesstimates of selectivity at large ages betwien
NEFSC summer and autumn surveys, and the steep&nealén selectivity for the commercial fishery
compared to these surveys (see Fig. 5 and Setisiivi, 5a and 5b in Table 1). Though the eviddoce
the first of these effects is weak and distinguighihe two surveys in this way is not justifiedAtC terms,

the evidence for the second is considerably stmraged certainly raises questions about justifsatior
the assumption of asymptotically flat selectivity VPA-based assessments. Clearly information am thi

issue from other sources, such as tag-recaptudeestwould be welcome.
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Table 1: Penalised maximum likelihood estimates of key aggment quantities for the 2005 Reference Case AfBRNterworth and Rademeyer (2007), the 2007
Reference Case and sensitivities thereto. Biomaiss are thousand tons. The estimates given fontéfies such asBfy, refer to the commercial selectivity function from

1992+. Theslope statistic is—In(SS/S7). Values shown in bold are fixed on input. Valuasparenthesis are Hessian-based CV’'s. Values df shown in square
parenthesis [ ] are not comparable to those foR@G¥ Reference Case.

0 1 2 3 4 Sa 5b Ga 6b Ge
. - . i . L. Flat selectrvity
2005 Eeference 2007 Reference Earlier NEFS(C . Different sinvey Flat selectrty L Af age dependent 14 age dependent
~ . Usmg Baranov d X (conumercial and M=0.3 = = . R
Case Case survey ¢ change slopes (survey only) (0.4-0.1) (0.35-0.15)
survey)
-lnL. [-46.29] 8.34 6.00 3.83 7.87 64.23 66.94 7.92 12.77 8.25
A 0.20 - 0.20 - 0.20 - 0.20 - 0.20 - 0.20 - 0.20 - 0.30 - 0.4-0.1 - 0.35-0.15 -
h 1.67 (0.16) 1.34 {0.15) 1.36 (0.15) 1.48 {0.15) 1.32 {0.15) 2.75 (0.04) 2.85 (0.03) 1.13 (0.16) 1.46 (0.16) 1.46 {0.16)
¥ 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
P 12732 (0.11) 14731 (0.10) 14610 (0.10) 13449 (0.10) 14936 (0.10) 8078 (0.04) 76.89 (0.01) 9334 (0.11) 22455 (0.14) 16241 (0.12)
B, 3714 (0.14) 3449  (0.14) 3557 (0.14) 3161 (0.13) 3523  (0.14) 2342 (0.11) 2235  (0.10) 3141 (0.12) 3822 (0.20) 3446  (0.15)
B¥ g 42,87  (0.15) 4456 (0.15) 4015 (0.14)  43.03 (0.15) 319 (0.13) 30.55 (0.12) 3847 (0.13) 4771 (0.200 43.79  (0.15)
B¥ 'K 0.29 (0.13) 0.23 (0.13) 0.24 (0.14) 0.24 (0.13) 0.24 (0.13) 0.29 (0.11) 0.29 (0.10) 0.34 (0.14) 0.17 (0.12) 0.21 (0.13)
B¥ el K 0.29 (0.15) 0.30 (0.16) 0.30 (0.16) 0.29 (0.15) 0.40 (0.13) 0.40 (0.13) 0.41 (0.16) 0.21 (0.14) 0.27 (0.15)
B yor 46.90  (0.08) 53.05  (0.09) 52,51 (0.09) 47.55  (0.09) 5300  (0.09) 3013  (0.05) 2050 (0.02) 3541 (0.07) 7797 (0.09) 5685  (0.00)
B s BY peer 079 (015 065 (0.15) 068 (015) 066 (0.14) 065 (014) 078 (0.11) 076 (0.11) 080  (0.14) 049  (0.16) 061  (0.15)
B0/ BE yery 081 (015 085 (015 084 (0.15) 081  (0.15) 106 (0.13) 1.04 (0.13) 1.09 (0.14) 061 (0.16) 077  (0.15)
B K 037  (013) 036 (0.13) 036 (013) 035  (0.14) 036 (0.13) 037 (0.04) 038  (0.03) 038 (0.15) 035  (0.10) 035  (0.14)
MY 1340 (0.05) 12,54  (0.06) 1261 (0.06y 1282 (0.06) 1245 (0.06) 13.83 (0.02y 13.64 (0.01) 11.81 (0.06) 11.15  (0.04) 1212 (0.06)
Foaesr 0.62 - 0.46 - .46 - 0.50 - 045 - 0.59 - 0.54 - 0.53 - 0.41 - 0.47 -
Faon4m006 0.26 (0.16) 0.17 (0.15) 0.17 (0.15) 0.19 (0.15) 0.17 (0.15) 0.15 (0.14) 0.15 (0.14) 0.17 (0.14) 0.20 (0.16) 0.18 (0.15)
Conun slape 0.28 (0.59) 0.57 {0.18) 0.57 (0.18) 0.59 {0.18) .58 {0.18) 0.09 (1.08) 0.00 - 0.37 (0.31) 0.72 (0.15) 0.63 (0.16)
NEFSC slope 026 (0.14) 047 (0.10) 047 (0.10) 046 (0.10) 046  (0.13)  0.00 . 0.00 . 025  (020) 068 (0.07) 054  (0.08)
047  (0.12)

12
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Table 2 Penalised maximum likelihood estimates of key aggment quantities for the 2007 Reference Case A&RlVseven sensitivities related to the stock-rgoant
relationship. Biomass units are thousand tons.€éRfienates given for quantities suchB¥, refer to the commercial selectivity function frd@92+. Theslopestatistic is
—In(SS/S7). Values shown in bold are fixed on input. Valuegarenthesis are Hessian-based CV’s. Values &f siown in square parenthesis [] are not compatable
those for the 2007 Reference Case.

Different values for gamma Different values for oz Beverton-Holt SR with different values of op
1 Ta 7b Te 8a 8b 9a 9b 9¢
- ap=0.4, flat
2007 E:::reuce ¥ estimated ¥=0.50" ¥=0.25 ap=0.5 ap=1 ap=0.4 ap=1.0 comm and survey
gel

L 834 825 956 10.03 [-7.00] [28.37] 12.47 [-27.64] 4135
M 0.20 . 0.20 . 0.20 0.20 . 0.20 . 0.20 . 0.20 . 0.20 . 0.20 .
h 134 (015) 136 (024) 127 115 (0.09) 147 (018) 178 (0.22) 095  (0.10) 098 * 090  (0.00)
¥ 1.00 - 1.19 - 0.50 0.25 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
I 14731 (0.10) 14250 (0.16) 163.10 17678 (0.07) 13933 (0.12) 15171 (0.21)  201.8%8 (0.11) 26343 (0.15) 147.53  (0.00)
B 3449 (0.14) | 3427  (0.15) 3548 3552 (0.14) 3228  (0.14) 2965 (0.16) 3531 (0.15) 3150 (0.16) 1586  (0.21)
B¥ one 42.87 (0.15) = 42.67 (0.15) 43.78 43.52 (0.14)  40.58 (0.15)  38.10 (0.17)  42.73 (0.16)  39.69 (0.17) 19.30 (0.34)
B K 023  (0.13) 024  (0.14) 022 020 (0.12) 023 (0.14) 020 (0.19) 017 (0.14) 012 (0.15) 011  (0.21)
BFone'K 0.29 (0.15) 0.30 (0.17) 0.27 0.25 (0.13) 0.29 (0.16) 0.25 (0.22) 0.21 (0.15) 0.15 (0.16) 0.13 (0.34)
By $3.05  (0.09) 5484  (0.09) 44.93 4055  (0.08) 4962 (0.09) 5933 (0.19) 3280 (0.12) 3946 (0.18) 37.08  (0.02)
By B ey 065 (0.15) 062 (017) 079 088  (0.13) 065 (0.15) 050  (0.20) 108 (0.14) 080 (0.16) 043  (0.19)
B 06/ B 4o 081 (0.15) 078  (0.16) 097 107  (014) 082 (0.16) 064 (020 130 (0.14) 101 (017 052  (0.32)
BY ik 036 (013) 038 (0.19) 0.8 023 (009 036 (015) 039 (019 016 (0.14) 015 (007) 025  (0.02)
ST 1254 (0.06) 1296  (0.09) 11.40 1073 (0.05)  13.00 (0.07) 1670 (0.16) 992  (0.09) 13.71 (0.14) 864  (0.01)
F sy 0.46 - 0.46 - 0.49 0.51 - 0.49 - 0.51 - 0.58 - 0.63 - 0.22 -
Fonng 017 (015 018  (0.1%5) 017 018  (0.14) 018 (016) 019 (017) 018 (0.15) 019 (016) 026  (037)
Comum slape 0.57 (0.18) 0.57 (0.20) 0.58 0.59 (0.18) 0.56 (0.19) 0.55 (0.20) 0.60 (0.17) 0.58 (0.18) 0.00 -
NEFSC slope 047  (0.10) 047 (0.11) 048 048  (0.10) 046 (0.10) 044 (012) 048 (0.10) 047  (0.10)  0.00 ;

* Hessian based CV'’s not available as ADMBIiggled to converge to minimum.
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Table 3 Penalised maximum likelihood estimates of key aggment quantities for the 2007 Reference Case A8RdMfour sensitivities with different starting yea
and @ and gparameters. (Noted is the BS"/KSp value in the starting yearp is added toM to provide a starting age-structure. Biomass uaits thousand tons. The

estimates given for quantities such B, refer to the commercial selectivity function frar892+. Theslopestatistic is—In(S;/S;). Values shown in bold are fixed on
input. Values in parenthesis are Hessian-based.CV’s

Different combination of starting vear and & parameter

: Start year 1930 Start year 1960
1 g 10a 10h i g la 1b e

znmg‘izrmei 6=08, g=04  &=05 g=04  &=0.2, §=04 | =08 g=04  &=0.5 §=04  &=0.2, =04
-InL 534 P 757 7.02 Po4.2s 1533 1551
1Y 020 - {02 - 02 - 02 - {020 - 02 - 020
k 13 (@24 132 (013 135 (013 141 (014 i 085 (012 130 (015 141 (016)
¥ 1.00 - i Loo - 1.00 - 1.00 - | 1Loo - 1.00 - 1.00 -
£ 4731 (016) 13632 (013) 13460 (012 13134 (010) | 21363 (011) 14560 (013) 11587 (0.17)
B n 449 (D15) | 3249 (015) 321l (014) 3376 (0.014) | 5542 (013) 4155 (0.14) 2694 (0.16)
B one 4287 (015) | 4021 (016) 3000 (015 4185 (01%) | 6317 (0.14) 5004 (015) 3392 (D.16)
B el & 023 Q4 024 (013 0% (013 02 OID] 026 (012 029 @13 023 (@13
B el & 025 (I 029 (015 030 (015 032 (@15 030 (013 0M  (014) 028 (016
B 5305 (D09) | 4923 (012) 48531 (011) 4695 (00%) | 8073 (013 5226 (D11) 4306 (013)

BP el BTy 065 (017§ 066 (014) 066 (014) 072 (014§ 069 (01 080 (015) 063 (0.13)
B el BT e 081 (016) | 082 (015 082 (015 088 (015 078 (01D 0% (015 073 (0.15)

B el 036 (01m 0 036 (011 036 (012D 036 (013 033 (015 036 (015 036 (012
MSY 1254 (009 | 1146 (0.08) 1158 (0.08) 1173 (D.05) 1054 (0.01)  1Le4 (009 1097 (0.07)
Fomy 0.46 <045 - 0.46 - 0.48 - o03s - 0.4% - 0.44 -

Faons 017 (015) § 018 (015 018 (015 018 (015) | 017 (015 017 (015 0.20  (0.16)
Comm siape 057 (020) 0 059 (D.18) 057 (018) 058 (D17 i 063 (015) 062 (D1T) 051 (0.22)

NEFSC siope 047 (011) 047 (D10} 046 (010) 047 (010) i 056 (008) 049 (D09 035 (017

14
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Table 4 Median and 90% PI's for distributions of estingatd NEFSC survey selectivity, ages 7 and
8, commercial selectivity, ages 6 to 8, aBégoe/ Byisy under the application of an estimator identical

to the RC assessment which allows for unconstragstination of selectivity at larger ages, to data
generated from an operating model for which thealcselectivities are flat for ages 6 and above for
the NEFSC surveys and ages 5 and above for the ecciahfishery.

[ True Estimated
NEFSC Survey selectivity:
Age7 1.00 0.97 (0.84; 1.10
Aged 1.00 0.86 (0.76; 0.97
Commercial selectivity:
Ageq 1.00 0.96 (0.83; 1.08
Age7 1.00 0.97 (0.73; 1.1§
Aged 1.00 0.87 (0.68; 1.02
B*500dB P usy| 1.04 0.98 (0.81; 1.15)
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Appendix A — Changes to the 2005 Reference Case
This Appendix details the differences between thecsications of and data input to the 2007 Refeeen
Case assessment, and those for the 2005 Referaamm & reported in Butterworth and Rademeyer

(2008a).
1) Updated data

Revised data as kindly provided by Ralph Mayo (NE}Bave been used throughout to provide the new

results reported here.
2) Additional two years’ data

Butterworth and Rademeyer (2008a) used data up@d 2nly for their 2005 Reference Case assessment.

A further two years’ data are now available.
3) Commercial CAA data fitted out to age 8+ insteadof

Butterworth and Rademeyer (2008a) used a plus-gofugge 7+ in fitting to commercial and NEFSC
survey data. On this occasion, data were provideadform which gave at-age information up to an @fge
11+. Table Al contrasts the merits of plus-grouphglifferent ages in relation to the numbers afsagf
the commercial CAA data for which a selectivitydstimated before a continuing exponential trend to
higher ages is assumed when the assessment mdideFiom the values for —Inshown in this Table, it
follows that extending the ages for which commérsédectivity is estimated from 7 to 8 is (margigal
justified on the basis of AIC — a decrease of sligmore than 1 in —lb for the addition of one further
estimable parameter. However, extending furthexg® 9 would not be similarly justifiable. Hence fies
group for commercial CAA data was chosen to bead, consequently following set equal to 1, values
for S, & and & were estimated, with a subsequent exponentialedser assumed with proportional

decreases for each further age set by the estirSgdt&datio.
4) NEFSC survey CAA data fitted out to age 8+ instefadH

Table A2 shows results similar to those in Table Bdt in this case for the NEFSC survey data. These

indicate that, as for the commercial data, extemdime ages for which NEFSC survey selectivity is
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estimated from 7 to 8 is well justified on the Isasf AIC. The likelihood however does not improve b
extending further to age 9. Consequently followfget equal to 1, values f& andS were estimated,
with a subsequent exponential decrease assumegreiplortional decreases for each further age sétéoy

estimateds/S; ratio.
5) MA survey selectivities estimated with two paransetestead of one

In Butterworth and Rademeyer (2008a), these seltet were assumed to decrease exponentially from
age 1 (which was taken to have selectivity set leigud), so that a single parameter only was eséthéor
each of the two MA series. Examination revealed tiedter (and AIC justified) fits to these data wer

obtained by estimating separately, and then assuming an exponential asefeom age 2 onwards.

Table Al: Negative log-likelihoods for potential @0Reference Case assessments in relation to ¢hatag
which a plus-group is formed for the commercialagand the ages to which a separate selectivity is

estimated before the assumption of an exponengiatitwith age for larger ages is made.

datato 7- datato 8 datato 9
estmalel 438 939
to 7
estimateq 8.34 30.21
to 8
estimated 29 97
to €

Table A2: Negative log-likelihoods for potential @DReference Case assessments in relation to ¢hatag
which a plus-group is formed for the NEFSC surveyad and the ages to which a separate selectsvity i

estimated before the assumption of an exponengiatitwith age for larger ages is made.

data to 7+ data to 8+ data to P+
estimated 1755 15.8
to7/
estimated 8.34 35.34
to €
estimated 35.33
to €
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