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ABSTRACT

The ADAPT-VPA assessment methodology originally eleped by Butterwortlet al (1999) has been appreciably
advanced by taking into account various commentdentiuring a series of IWC-SC meetings and is agpliere to
abundance estimates (from both IDCR/SOWER and JARR¥®eys) as well as catch at age data (both coaiahend
scientific) for the | and P-stocks of Antarctic rkénwhales. The improvements to the methodologynadiccount to be
taken of various further aspects, primarily: 1l)eisannual differences in the distribution of thepplation between
different management Areas, 2) a stock-recruitmefgtionship, 3) the effects of possible ageingserand 4) the
effects of possible change in age-at-sexual mgtosier time as indicated by analyses of readingsaoisition phases
in ear plugs. Furthermore sensitivities to varidusctional forms for selectivity and natural mdittawith age are
explored. The general pattern shown by analysibdéth stocks is of a minke whale abundance tréat increased
over the middle decades of the™2Qentury to peak at about 1970, and then stabiloredeclined somewhat for the
next three decades. The recruitment trend is airtihough with its peak slightly earlier. The aahnatural mortality
rate,M, is estimated to be 0.056 with a CV of 0.16 far thstock, and 0.069 with a CV of 0.15 for the Bektfor the
“Reference case” assessments. When only the JAddbRAdance estimates are used for turiihig estimated as 0.037
and 0.060 for the I- and P-stocks, respectivelie €stimation oM is fairly robust to the various assumptions of the
model. This analysis is considered preliminaryc@sclusions relating to estimatesMfand trends in abundance and
recruitment obtained using this approach awaithintrevisions of 1) abundance estimates obtainea tDCR and
JARPA surveys, and 2) error-models for the catehgat data, particularly those obtained from theroensial harvests.
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INTRODUCTION

This study is a continuation of the series of stadiince Butterwortbt al. (1999) (Butterworttet al 2002, Mori and
Butterworth 2005, Moret al 2006a) and has modified the most recent analfides et al 2006a) in response to
suggestions made during theSiternational whaling Commission (IWC)' Scientif@ommittee (SC) (IWC 2006)
and the JARPA-review meeting held in December 280Bokyo, Japan. The major areas of refinement are

1) Inclusion of the estimation of the stock-recruitmerationship within the ADAPT-VPA model,
2) Consideration of the effects of ageing-error;

3) Consideration of various functional forms for séldty and natural mortality in relation to age;
4) Consideration of the possibility of change in tige-at-sexual-maturity over time;

5) Inclusion of the catch-at-age data obtained froenrttost recent (2004/05) JARPA survey; and

6) Use of the most recent abundance estimates of mifi@es from the JARPA surveys as calculated by
Hakamadaet al (2006).

For the application of ADAPT-VPA information on aimlance as well as catches-at-age is necessaryhenedare two
series of abundance estimates available: one @naat from the IDCR-SOWER surveys and the othenftoe JARPA
surveys. Moriet al (2006a) showed that some of the results obtafnem the ADAPT-VPA method are quite
sensitive to the abundance estimates input to théeim However, the abundance estimates to be insady final
application of this model remain under discussiorine IWC-SC. Thus, the results obtained from #tigly using
currently available abundance estimates from tisese of surveys should be regarded as prelimingiti, the main
focus rather on further development of the estiomtnethod itself and how sensitive the resultstarehanges in
assumptions concerning features such as the séfeetnd natural mortality functions and ageingoesr



The analyses are conducted for the two possiblekstadentified by Pastenet al (2005), which are the I-stock
(distributed from Area IIIE to Area VW) and P-stofkistributed from Area VE to Area VIW). This follvs from the
suggestion by the IWC-SC (IWC 2006) to restrictthar catch-at-age analyses to these two possibtkst This
advice arose from consideration of results in Maral (2006a) and Punt and Polacheck (2006), whichsinyated
alternative stock structure hypotheses and condlutifat results were relatively insensitive to sustenario
modifications.

DATA

Table 1 lists the catch-at-age matrices construtted Russian and Japanese catches for AreasdIMAW. These
reflect commercial catches from 19%h 1986, and scientific research catches by Jdigan 1987 to 2004. The
commercial and scientific catch-related informati@s been developed as described in Buttervedr#h (1999), using
ageing information kindly provided by R. Zenitankor the lengths for which there are no age data ykar, the
‘nearest’ length-class is used; in cases wheraipiper and lower lengths for which there are dataeguidistant, the
age distributions for those two lengths are avatage

Table 2 list the abundance estimates by sightimgegufor Areas IIIE to VIW that are used in the bsas, together
with the associated survey sampling CVs. The ed@ésmfrom the IDCR/SOWER surveys were kindly predidy T.

A. Branch; Appendix 1 gives some details of the&velopment. The estimates from the JARPA survisted in Table
2 were kindly provided by T. Hakamada. Hakamatial (2006) produced three series of abundance estinfat

Antarctic minke whales: 1) using Haw’s method, 8ng GLM, and 3) using GLM with a bootstrap methdgkecause
the abundance estimation method using Haw's methatbst comparable methodologically to that usedtitain the
IDCR/SOWER abundance estimates used in these asalye abundance estimate series using methak Ehown
in Table 2 and are used as “Reference case” abuadesstimates. Sensitivity tests of the resultsadge conducted
using the other two abundance estimate seriedrgm.the GLM and the GLM with a bootstrap method).

METHODOLOGY

The basic methodology used is same as in Mbal (2006a), except that some modifications have lmeoduced to
take account of the stock-recruitment relationship also to be able to take account of ageing.erro

Population model
The basic population dynamics are taken to be geekby the equations:

Nyoian =(Nya—Cya)&™M  1<asm-1 (1)
Fya=Cya/Nya (2)
C,.=CR,+C), (thusFjL =CR /N, andF),=C) /N, ) ®)
where
Nya. isthe number of minke whales (here of both sereshined) of age present at the start of year
Cya isthe number of such whales taken during yeavherecffa is the number taken by the Russian vedsaid

Cj'a is the number taken by the Japanese vessels;

M, s the (possibly age-dependent) rate of naturatatity;

F,a Is the proportion of the whales of ag@resent at the start of yepthat are taken (the “fishing proportion”);
and
m is the oldest age considered in thelikalihood of the model.

Consistent with previous analyses (Butterwathal 1999, 2002; Mori and Butterworth 2005; Metial 2006a), most
of the analyses of this paper take30. However, results are also shown for the @dtitve choice fom of 45. When
m=45, the methodology still continues to treat My with a=30 (rather tham=45) as the estimable parameters, and
then to project both backward and forward alongdbkort, but now taking contributions from catchage data for

L In this paper, the convention is that 1971 reflethe 1971/72 austral summer season.
2 These operated only during the commercial period.
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a=31 to 45 to the full likelihood into account; thisto avoid problems associated with very smattenoCy,n values.
For analysis purposes, the natural mortality kjeis presumed infinite at age 45 and above, soah@als captured

above this age are ignored. For choicemaf 45, results are projected forward from agéo age 45 using equation
(1) and known catches, so that all the analyses aakount of minke whales up to age 45 irrespectivhe choice
made form.

A key aspect of the parameterization of the ADAPFA/model applied is the assumption that the fisraportionF
for both Japanese commercial and scientific takeseparable (in expectation). Different selegtipatterns are
assumed for the years of commercial and sciemt#tches:

c,Je- EJ
ces_|SURST ysiose @
YOISSEEY 21087

where

S§'J is the selectivity-at-age for the period of comered catches by Japanese vessS,%J(:l);
S, is the selectivity-at-age for the period oestific catches §;, =1);

F, " s the Japanese fishing proportion (in expeatjtior yeary on agem (i.e. the fully selected fishing proportion

in cases wher&S?/s <1for all a); and

Fféj is the expected Japanese fishing proportion anals of agea for yeary; this differs from the actual proportion

Fya because actual catch@y, differ from their expectationsQ;y =F ’N, ) as a result of sampling
variability (at least).

Note that the Russian commercial catcm% enter the computations only through equation (1§s¢ are calculated
by application of Japanese age-length keys to tedigtribution data for the Russian commercial lvesc

The parameters of primary importance in the mottels(far) are:

*  The natural mortalityM, (usually taken to be age-independent).

« The oldest-age (as considered in the model-fitfongcess) numbers-at-ag¥, , (though theNy s are the
parameters estimated — see above).

*  The most-recent-year numbers-at-dgg, , wheren is the last year for which data are available.

Given these values, the complete numbers-at-agexnfat, ,) for the population can then be computed by use of
equation (1).

Stock-recruitment model

A stock-recruitment model of the Pella-Tomlinsomnfioas described in Mogt al. (2006a), though with some minor
modification, is introduced in the ADAPT-VPA framevk to investigate the extent of changes in cagyiapacity
and to estimate thSYRfor the stocks considered.

The “adult” (reproductive) population is taken & b

45
Ny =D Ny, (5)
a=7

8 Here carrying capacity is expressed in terms efiiimber of adult female minke whales.
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and the number of adult femaled;; = O.SEN)’,\, i.e. an age at first parturition of 7 is assur(andoet al 2006). A

sensitivity for this assumption considering possitthange in age-at-sexual maturity as suggest&e@ibyani and Kato
(2006) and estimated by Maat al (2006b} is explored for some sensitivity scenarios.

Recruitment is assumed to follow a Pella-Tomlinfmm:

NS
- f y
Nyigg =AINy |1+ Al F (6)
y
where
Ny, is the recruitment (1-year-olds) in ygar
A is the combined pregnancy and first yearigatvate when the population is at carrying capaci

45
NJ is the number of adult (past the age of firstyr#tion) females, taken to be given IQBZ Nya= O.SNf (i.e.

a=7
equal numbers of males and females are assumed),

A isthe resilience parameter (relatedt®YR,

K; is the carrying capacity for adult females, whichy change over time, and

z  is the degree of compensation parameter, whisht here at 2.39, as conventional in the Stie@ommittee.

When N ' =K ', the recruitment must equal the number of 1+ whtiat die annually due to the natural

mortality, i.e:

e—46M
AKJ =K (l—e"M )+45— (wherM is constant) or (7)
z e—aM
a=1
f 1. e_Ml .
ALKy =K * 3 (wheN is age dependent)
2T
a=1

a
whereT, = ex;{— z M a.]
a'=1

Further, expressions for unexploited equilibriunminers at age values yield:

45 M@
>
—_ a=l =y (wheiM is constant) or 8) (

K 45
05 Dz e M2
a=7

4 Constant at 11 years until 1948 then a linearesheser to 6 years until 1968, followed by a linearéase to 7 years until 1981 then remain constant
for the I-stock. For the P-stock, constant ayddrs until 1946 then a linear decrease to 6 yeais1969, followed by a linear increase to 7 year
until 1976 then remain constant.
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45
K ZTa
—_ al =u (wheM is age dependent)

K f 45
050> T,
a=7

where 4 can be computed given the valueMbfor of theMa). Thus equation (6) can be rewritten:

o46M NS 239
Nyi11 = 4 @—e"\" )+45— ENJ 1+ Al- —‘; (wherM is constant) or 9)

ze—aM Ky

a=1

e—Ml Nf 239

Ny, = p#—— EN; 1+ A 1—(K—’;] (whemM is age dependent).

2T '

a=l

The unknown parameters of this model Arand the parameters describigand its temporal variation. These are
estimated by minimizing the negative likelihood dtion, which they impact through the component shawequation
(23) below. It is assumed here that the stockiwamexploited equilibrium in the year 1930.

The following functional form adopted fd{; is as in Moriet al. (2006a):

Klf ysy;
Kf -k
Ky +£2—1y)(y-y1)y ytlsysy,
R = Yo~ 1) (10)
y f_ f
Ky + }(<3 KZ) (y-v2) Yo +1<y<y,
Y3~ Y2
Kq Ys+lsy

with the following choices made for the “changeagey, =1930, y, =1960 and y; =2000. These years were used

since similar previous analyses had indicated tteegive better fits in terms of maximum likelihogdlues. KJ is set
to be

f ARG
Ky - K, &7 (11)
where thee, are estimable parameters which are constraineldaioge somewhat smoothly over time under the
assumption:
g, =&, +1,, wheresg, ~N (0, 02) (12)

which was implemented by adding a term to the rieg#dg likelihood function as shown in equatio®)2 This
describes an auto-correlated model error as timegads. It is assumed here tlgf;, =0.

The primary estimable parameters from the stockditnent model are thus effectively:
*  The resilience parametér
- K/, K}, KJ, yand

. Ny, wherey=1931 to 1941, the remaining recruitments beingmeed by theN, , oldest-age numbers-at-age

parameters following back-projection using equatin
5



Note that the value oN 43, follows from the assumption of deterministic unieig@d equilibrium that year.

The Likelihood function

For single (conventional Management) Area assessmte likelihood function has four componentated to the
IDCR/SOWER estimates of abundance, the JARPA estsnaf abundance, the catch-at-age data and tlok- sto

recruitment relationship. The contribution of firet of these to the negative of the log likelildognoring constants)
is given by:

-Inl, = Zy“?is(ln NS —In Ny)2 (13)

where

Ngbs is the abundance estimate for ygar

o, isthe known standard error for the logaritiNy"*, which is approximated by/CV,? +CV,q4” ;
CV, is the known survey sampling CV estimated rftﬁhs;

CV,qq Is an additional CV to reflect the fact that syvsampling error is not the only factor contribgtito the

difference betweerN)‘;bS and Ny (though here we se€V,y =0 — see subsequent discussion in the
“Specifications” section) ; and

Ny is the model estimate of 1+ abundance far y& given by:

IS

5
N, =Y Ny, (14).

a

1
-

The contribution of the JARPA estimates of abundaiscsimilar, except that these are treated asesdof relative
abundance:

- 1 b q
-InL, = ZF('” NgPs - |n(qu))2 (15)
y “Fy
where
q is the multiplicative bias associated with aflance estimates from JARPA compared to those from

IDCR/SOWER, and is given by its maximum likelihoestimate:

Ing= Z"'(Nib:/NV) 21/03 (16).
y y y

The contributions of the commercial and the scientatch-at-age data are given by:

1986 m

il =17 3T S egin(a). pya) (17)

y=1971a=16

Istyr m

-l == S criin(pya/oy.) (18)

y=1987a=1

where

5In previous papers using this ADAPT-VPA methodgldfpe model did not provide abundance estimatéiseoblder of the age groups in this
summation, so that sonael hocadjustments were required as explained in MoriBuitierworth (2005). Given now the inclusion oftack-
recruitment relationship within the estimation neetblogy, the need for this adjustment falls away.
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Istyr is the most recent year in the scientific survayes for which data are available;

Cy. s the effective number of animals of @geaught by Japan during yearcomputed aS:jaCj'*/Cj :

Cj is the total Japanese catch in numbers dyeagy;

Cj " is the number of animals actually aged by Japaydary, as also taken into account in the calculation for

that year (i.e. with ages from 16rofor the commercial, and from 1 tofor the scientific catches);

A%9’s is a factor to account for overdispersion in thapanese commercial/scientific catch-at-age digtcb
(underdispersion is not admitted, so that the camatO < A < 1is applied); and

Pya Is the model-estimate of the expected proportif the catch in yearthat consists of animals of agewhich
from equation (4) is given by:

m
o) D Nya y <1986
Pya= e (19).
D Ny y 21987

where,N*y . denotes the relative numbers of whales expectée tavailable for capture in relation to ages as
observed with error and is defined by:

m
N y,a = z Ea,a‘ [Ba' (N ya' (20)
a'=l

where E,» is the ageing error matrix, for example as defime@quation (35). When ageing error is not
consideredE__.= J_,

A time-invariant commercial selectivity-at-age paitt (Saf'c) is assumed to apply only above age 15, on this lods

arguments by Sakuramoto and Tanaka (1985) thgidtiern below this age varies appreciably from yearear. The
overdispersion factord are estimated by iterative application of the folanu

Cj '*Z (py,a - 'Zyy,a)2
AC/S — 1 aA _
Zy: Zy: zpy,a(l_ py,a)
a

(21)

where the years and ages in the summations amoaseal above foLg'J and L3, and Py.a 1S the observed proportion

of the catch during yearwhich consists of animals of age

Cra ZCya. y <1986
Pya= m (22).
ZC;a. y>1987

The contribution of the stock-recruitment modettte likelihood is given by:

2

Istyr
L= Y tﬂln(NVPA) n(ngr) 23)
y=19312
where
Ny?® s the recruitment for yegrestimated from the ADAPT-VPA assessment,



NyS;R is the recruitment for yeagrmpredicted by the model of equation (9), whichmpliemented under

the assumption thale%O = Klf%o, and

ORry is a factor to downweight the contributiontleé stock-recruitment relationship in ygeo the likelihood

function depending on how informative the catctage- data are to estim EA, which is defined by:

w n, =15

Ory = n 24
RY v+(w—v)[-l1—é n, <15 (24)

where

n, is the number of times the cohort concerned appaahe catch-at-age matrix and contributes to the

catch-at-age log likelihood term. For exammlg, =1, Mgz =2, ... etc. Itis assumed here that

w=0.3, andv=0.01, which leads to the standard deviation ofdlgerecruitments about the stock-
recruitment relationship as estimated by the ADAFAA for well-represented cohorts (ig.>15) to
be about the same magnitude as this choice forplies.

Fish can show large variations about a stock-raoerit relationship as there is so much (potentiediyying) mortality
between eggs and juveniles, so thgtvalues of typically 0.4 up to even 1.0 occur. Heerefor whales the number of

calves is very tightly tied to the number of matfeenales - certainly in Antarctic minke whales wiéhe direct
observations of average pregnancy rate show tHie teear constant from year to year. Thag=0.2-0.3 should be an

empirically realistic maximum value to assume here.

The purpose of allowingrg ,to vary with year in this manner is on the one handive appropriate “Bayesian prior”

weight to the stock-recruitment function for yeawbere the catch-at-age data do provide good infilomaon
recruitment strength, but on the other to increhge weight for years for which there is little sumformation, and
estimates need to be shrunk towards the mean ma\ag this relationship, in particular to countet-#ne destabilising
effect that the introduction of ageing-error caméhan estimation.

In addition, the following contribution is added ttee total negative log likelihood to secure smaoests over time in
the estimated carrying capacity:

Istyr 2
-l = (£y+1 —£y) /202 (25).

y=1930

Here o is taken to be 0.01 as was assumed previouslye sineias found to yield reasonably smooth resudts f
carrying capacity while not compromising the flakiip the form assumed allowed.

Allowance for more than two areas assessed in auetibin
When two areas (e.g. Area IV and Area V) are asskisscombination, allowance needs to be madehifdct that the
survey estimates now apply to only a portion of thimmke whale abundance in the two areas combinkdthe

proportion in Area IV in yeay is pi,, and hence the proportion in Area V that yeap)z,is (1— pi,) then equation (13)
is adjusted to read:

~InL, = )%:)?is[ln NSbsIV _ In(pi,'\]y)]z + %?ii[ln N;’bsv - In{(l— pil)N Y}r (26)

where the two summations are over years with IDCRIER surveys in Area IV and in Area V respectively.

Equation (15) for the contribution from the JARPAngy abundance estimates is adjusted similarihe rli';,s

become estimable parameters of the model, thoutghthat in years with a survey in both Areas, thas piy is taken

to apply (as any difference arising from the JAR&#A IDCR/SOWER surveys taking place at slightlyedént times
during the season seems likely to be relativelyldma



When three areas (e.g. Areas llIE, IV and VW) aseased in combination, equation (26) becomes:

. 2 2
“InL, =y%)7i§['n N (i, ) * 2 linngere —nfp, ]+ WZW)yiz['“ e . B

y y
where the proportion in Area IV in yegis ply , the proportion in Area IlIE that yearp’1§, and the proportion in Area

VW that year is pf, =(\1— ply - pf) Equation (27) is extended naturally if four oonm areas are assessed in

combination.

Allowing the piys to be unconstrained (other thaa piy <1) would lead to an over-parameterized model, insémese
that the piys could then adjust for the model to match eactddnice estimate exactly (except in years with siarie

more than one area). On the other hand, sew[pg pi (constant) is unrealistic as it does not allowdbanges in the

distribution of whales between the areas from ywarear. Accordingly for the case of two areasesssd in
combination, thep'ys have been assumed to follow a beta distributiim parametersrt and u? :

p, = (o p?) ~Blutu?) (28)

with the estimation approach then used (within MHeE context applied) being the addition of the doling further
contribution to the negative of the log likelihood:

-InLg=Y [ﬂln F(u1)+ In F(uz)— In F(ul + uz)}+ Z [— (ul —1)In Py - (u2 —1)In(1— pi,)] (29)
y
where the summation extends over the years forhwthiere is a survey in at least one of the twosaesaly is the total
number of corresponding years.

When more than two areas are assessed in comh)inth'fepiys have been assumed to follow a Dirichlet distidyut
For example, when three areas are assessed inrwatiohi

Py ~ Dirichlet(ul,uz,us) (30)
with the addition of the following further contrition to the negative of the log likelihood:
-InL, =Y [ﬁln F(u1)+ In F(u2)+ln F(us)—ln F(u1 +u? +u3)}+2[— (u1 —1)In P, —(u2 —1)In p; —(u3 —l)ln(l— P, — pﬁ)] (31)
y

Again this equation is extended naturally if foumgore areas are assessed in combination.

In implementation, the parameters:

elp= @2
whereu® ="y

i=1

which are the average proportions of the combirmahdance to be found in each aredi a total ofn areas considered
are treated as estimable parameters of the madmpethat the parameter is fixed externally, with different values
being chosen to achieve different levels of intemal variability (in terms of CVs) qji :

utot _ ul

CV(pi)= F(m

(33).

Once u'is fixed externally, other parameters such asithe and thepiys are estimated from the model fit.

In summary, the estimable parameters in the magedsfollows (see also Butterworhal. (1999) for further details):

0] the age-independent natural mortalld/(or age-dependey);
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(ii) numbers-at-age for all ages for the final year wered;

(iii) numbers-at-age for the maximum age considereckitikblihood for every year;
(iv) one selectivity-at-age (for ages 16-21) for theqzeof commercial catches;
(v) two selectivities-at-age (for ages 1 and 2-6) fier period of scientific catches;

(vi) u' s, which define the beta (or Dirichlet) distributi (except thau? is input, being varied to meet a
criterion that is specified in the next Section);

(vii) piys which are the proportions of the whales in aieayeary;
(viii)  The resilience parametérfor the stock-recruitment relationship;
(ix) Klf , K2f , st , v for the stock-recruitment relationship; and

x) Ny wherey=1931 to 1941.

Ageing-error introduced in the model

One of the major tasks identified by the workingup on population modelling at the '58VC-SC meeting is to
develop an appropriate error model for the cateagat data to be used to take account of potemtiatseand biases in
the ageing and length data and how these may hese thanged over time (IWC 2006 — Appendix 4 of &nf).
This model is in the process of development withis working group and is not yet available. Thuaghis study we
assume the ageing-error identified by Kat@l (1991) and subsequently used in Butterwetthl (1999).

Kato et al (1991) examined the effect of differences in eggder on age readings of earplugs obtained frotarétic
minke whales. They calculated the standard dewiaf) of the differences in age-reading between the different
readers by the following equation:

SE i(xi ~Y.}/2n (34)
i=1

where X; andY; denote the layer counts for the earpilly readersC andY respectively and is the number of samples.
The results of this study by Kaéd al (1991) are shown in Table 3.

Table 3 indicates that as the absolute age of mivtka@les increases, the value sincreases, which means that the
differences in age-reading between the readersuggr with age. Thus, we assumed the followingiragrerror model
which assumes ageing-error to increase proportiotathe age of the animal:

a =alfl+¢) £~N(0.0?) (35)

wherea’ is the observed age of an animal of actual agand o, reflects the extent of ageing-error. Here the
assumption is made that, =0.066, based on the result of Katbal (1991). The ageing-error matrix elemeBts:

(see equation 20) give the probabilities of aninveith true agea being assigned to age; the matrix elements are
evaluated by integration based on equation 35, agts assigned larger than the maximum age (i)albdonsidered
to be age 54 (in the actual catch-at-age data,argesssigned up to age 54+).

A sensitivity test is run for a case whé€h, . in equation (1) is substituted @Ayya for ages considered in the

contribution of the catch-at-age data to the Ihetid function as shown in equation (17) and (18his is to
investigate the consequences of using data fohestat-age that are in error in the basic dynagetcstion.

Specifications of the scenarios considered
For reasons explained in the “Introduction” sectiame conduct analyses only for the separate I-sto&lea
HE+IV+VW) and P-stock (Area VE+VIW) scenarios, thino mixing across the boundary.
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The parameteu’ of the beta/Dirichlet distributions (see equati@8sand 30) was chosen so that the standard deviatio
of the standardisédesiduals for the survey estimates of abundance(alaout) 1. In other words, variability in the
distribution of the population between the areasravhich it ranges is assumed to account for albwae in excess of
the survey sampling CV, so th@Waqq (see following equation 13) is effectively setz&ro.

Reference case and sensitivity tests

Given that attempts to estimajéthe relative bias of the JARPA compared to thERDabundance estimates) generally
provide results less than 1 (typically closegtd®).7) for the most recent abundance estimates §#8RPA (Hakamada
et al 2006),q is estimated for the “Reference caé&ssessments. Since earlier analyses have uséteadvailable
abundance estimates and catch-at-age data forafthetir results, this paper continues that practic this “Reference
case”. Runs are also conducted omitting some edettdata, but in the interests of keeping to a geatse set of
results, sensitivities are not run for every pdssimmbination of such factors, but rather for camence results are
shown for modifications to the “Reference case”chigenerally alter only one factor at a time.

The sensitivity tests run for each stock involvensaor all of the following:

1. Maximum ageam considered in the likelihood is 45 rather than 30.

2. Cy, is used instead of, ,in equation (1) for ages considered in the catehgat data contribution to the
likelihood.
Setg=1 (i.e. use JARPA abundance estimate as absdiutedance estimates rather than relative).

Use different series of abundance estimates forRMARdetailed in the Data section above). A scendrat
increases the abundance estimates from the IDCRER®OW\d JARPA by 50% is also considered to preliniina
investigate the implications of g(0)<1.

5. Either the JARPA or the IDCR/SOWER estimates ofralance are omitted.

For the commercial period, only data for the ldieif (i.e. collected only after 1979) are used sititey may have
lesser age/length measurement errors.

7. Use of only the catch-at-age data obtained fromJ&RPA surveys.
Retrospective analyses for the periods ending 199%3, 2001.
Ageing error as given by equation (35) is introdlice
10. Consideration of the possibility of change in agisexual-maturity over time.
11. Various selectivity function scenarios:

The selectivity functions for the “Reference caaeg shown in Figure 1. Examples of other seldgtifcinctions
assumed for sensitivity tests are illustrated iguFé 2 and are similar to those considered in Butigh et al
(1999). These include scenarios that consideemifft commercial selectivity slopes (left hand spdiets in
Figure 2) and the possibility of older animals ddfrom the surveys) in the pack ice for both caruial and
scientific selectivity (two of the right hand sigkots in Figure 2).

12. The relationship between natural mortality and iagaken to be piecewise linear as defined belbwg function
is kept of the same form as that used by Punt aalcReck (2006) to make comparisons of results éetmthe
two methods easier):

Mg if as<a
Mo+(M1—MO) S__a;)) if ay<a<a,
2
M, =< M; if a,<a<a, (36)
M, +(M - M,) (a-a) if a;<as<
1 X 19(?%) gsa<ay,
M, if a=a,

whereM,, is the natural mortality rate for animals agednd younger,

M, is the natural mortality rate for animals agetiveena, andas, and

8 The standardisation is in terms of the samplingeStimated for the survey in question.
" This term is used deliberately, rather than tbtbé a "Base Case", to reflect that there ismerition to imply that the selection of data usad f
this Reference case is necessarily the best.
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M, is the natural mortality rate for animals agetiveenas and older.

Computations here take=3, a,=10, as=30, andas=35, as implemented in Punt and Polacheck (2006).

Calculation of MSYR
WhenM is constant, the equilibrium number of animalsigéa under a fishing proportioR for fully selected ages can
be expressed as:

a-l

Na(F>=Nl(F)tEﬁ(l—sa-cF)jce‘éMa' @,

m
The catch of animals of age can be expressed @éF)=ZF (5, ENa(F), and theF value that gives the

a=1
maximum C(F) (=MSY) is Fwmsy (solved by setting?é =0). This value ofwmsyis alternatively terme®ISYR

for the component of the population specified ey $blectivity function.

RESULTS

Various output statistiésfor the | and P-stocks are shown in Tables 4 anespectively, which includes both
“Reference case” and various sensitivity resulisshould further be noted thatnt values shown are not always
comparable within sensitivities for a particulaesario (e.g. when age-dependenc/iiis estimated compared to the

“Reference case” with an age-invariavi because the catch-at-age overdispersion para‘méttmr/iq‘” S's —see
equations 17 and 18) are re-estimated for eachMdrious plots for the “Reference case” resultstfe I-stock are
shown in Figure 3 and plots for the sensitivityutessfor this stock are shown in Figures 4a-b. r€gponding plots for
the P-stock are shown in Figures 5 and 6a-b. B8 GI's shown in these plots are Hessian based.

The estimated natural mortality] for the “Reference case” assessment for thedkste 0.056 (CV=0.16). This
varies from 0.038 (CV=0.27) when only the JARPA radlance estimates are considered in the modelofif.@65
(CVv=0.19) when only the IDCR/SOWER abundance egmare taken into account (Table 4). The estitnsitéor
the “Reference case” assessment for the P-sto@lo&9 (CV=0.15). When the JARPA abundance estisnate the
only abundance series contributing to the likelithod is estimated to be 0.060 (CV=0.27), and when triy/ the
IDCR/SOWER abundance estimates contributing inwlig, M is estimated to be 0.070 (CV=0.15).

These estimates &fl are not particularly sensitive to the choice bemvéhe alternative JARPA abundance estimate
series (Hakamadat al 2006), whether ageing-error (of the form assunmed)hange in the age-at-sexual-maturity is
considered or not, or whether a selectivity slapadmitted for the commercial and scientific cascfsee Figures 4a-b
for I-stock, and Figures 6a-b for P-stock). WHhéns treated as age-dependevitfor ages 10-30 for both stocks is
estimated to be loweimM=0.045 (CV=0.19) for the I-stock and=0.066 (CV=0.15) for the P-stock) than when a
constanM is assumed, and higher for ages <10 or >30.

The estimatedMSYR(1+)for the “Reference case” assessment for the I-si®€k055, and this varies from 0.030 to
0.073 depending on the assumptions of the moddil¢T4). MSYR(1+)for the “Reference case” for the P-stock is
0.036 and this varies from 0.029 to 0.092 dependimthe assumptions (Table 5).

The estimated trend in recruitment shows an inereguil about the mid 1960s for all the scenariossered in the
model for both stocks, followed by a decline théabBization (Figures 3-6). The trends in totapptation size are
similar, but the peak is a little later (around #aely 1970s) than in the case of the recruitment.

8 These particular statistics are as have beendfpestandardisation purposes by the catch-atagéyses intersessional email correspondence
group.
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If the early part of the commercial catch-at-ag&adar the I-stock is omitted, this has little ingban results. However,
if all these commercial data are omitted, the apginoencounters convergence problems, and seemk toastimate
measures of management interest (early increase iratecruitment anbllSYR satisfactorily.

One notable difference between the results fortwe stocks is that while there is little retrospeetpattern in the
assessments for the I-stock, those for the P-qimatt hence also of the associakddhnd MSYR(1+) have stabilised
only recently, and with trends and parameter esésmaow more similar to those for the I-stock.

DISCUSSION

Comparing with earlier assessments using this ndetbgy (Butterworthet al 1999, 2002), CVs on estimateshfas
data have accumulated have decreased roughly spefag&im about 0.35 to 0.15. For the I-stock assess, estimates
of M are typically in the range 0.05-0.06 with CVs bbat 0.15-0.20. For the P-stod¥y,estimates are a little higher,
at about 0.06-0.07 with CVs ranging over 0.12-0.The “Reference case” estimatesM$YR(1+)are about 6% for
the I-stock and 4% for the P-stock. The consideraizrease in precision for the results from thasalyses compared
to the earlier ones is closely linked to the loagyt accumulation of data from the JARPA surveydis improved
precision in the estimation dfl may contribute in the improvement of management asessment of this species,
since it can reduce the uncertainty concerningvidlee of M and associated with this provide an improved prior
distribution forMSYR The latter in particular, in the context of pidimg a measure of the productivity of which the
species is capable, is essential information fdecti’e RMP implementation through reduction of tfege of
plausible scenarios which need to be considerebinjslementation Simulation Trials.Estimation ofM and other
parameters by biological stock is also a major adeacompared to previous earlier work which waseflasn
Management Area-specific assessments.

As regards to the estimated population and recarntntrend, most results show an initial increaseeicruitment
estimates of about 4-6% pa until about 1970, folldweither by a stock decline (typically at betwadout 1-3% pa
over recent decades) or sometimes stabilisatidmesd latter trends are very sensitive to the estmaf M, which in

turn depends on the time-series of abundance d@s8rsalected for input to the model fitting proceBer the fits to the
stock-recruitment model, carrying capacity gengrsiows an increase up to about 1960, followed tgdline.

FURTHER WORK

As discussed in the “Introduction” section, the adlence estimates to be used in the final applicatfothis model
remain under discussion in the IWC-SC. The estohd from this approach is quite sensitive to trendghiese
estimates of abundance, and once they are finatigeitie IWC-SC, the analyses should be re-run twige M and
MSYRestimates based on those agreed abundance estimate

In addition, as noted in the “Methodology” sectitim working group on population modelling in tiAedub-group of
the IWC/SC is currently in the process of develgpam appropriate error model for the catch-at-ama tb be used to
take account of potential errors and biases inatiging and length data and how these may have dieeged over

time. Once these error models are available, dheesponding error structures can be incorporategdates of these
1+ f

N
analyses. Sensitivity of the results to differstaick-recruitment functions (e.g. useﬁ% instead ofK—’; in equation
y y

(6)) will also be explored in future analyses.

The full likelihood function incorporates componerdf two rather different types: the one relategh® genuine
likelihood functions based on observed data sucbasshes-at-age and abundance estimates; the reftests prior
information on unknown parameters (or latent vdeia)y which can incorporate further hierarchicakapaetric
structures. The latter can be regarded as pem#dtieconstraining the overall parameter space.hdmlle these latent
variables, essentially a penalized likelihood apptohas been employed. Although parameters refategights for
these penalties were estimated or specified in adraead hocways, the values used are considered either to be
reasonably well motivated or (to the extent to witiests have been possible) such that key reseltsad too sensitive

to their reasonable variation. The use of the imafdikelihood function of the observed data, ihieh latent variables
are integrated out, is another possible way fdmading such weights as well as hyperparametedthoagh there are
some computational difficulties with such an appigat would nevertheless seem to warrant furtheestigation.
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APPENDIX 1

IDCR/SOWER ESTIMATES FOR SH MINKE CATCH-AT-AGE ANAL YSES

T.A. BRANCH

Preliminary minke whale abundance estimates cakedlffom the IDCR/SOWER cruise data for use in ltatzage
analyses are as follows.

Year to which applies

Longitudinal

Area coverage Surveys N CV (as per convention of this paper)
= 1979/80 80,551 0.381 1979/80 (1979)
HE 35°-70°E 1987/88 37,428 0.426 1987/88 (1987)
= 1992/93+1994/95 20,465 0.238 1994(P594)

Y 1978/79 130,333 0.178 1978/79 (1978)
v 70°-130°E 1988/89 84,815 0.288 1988/89 (1988)
v 1994/95+1998/99 13,409 0.279 1998/9308)
VW 1980/81 78,093 0.470 1980/81 (1980)
VW 130°165°E 1985/86 77,194 0.249 1985/86 (1985)
VW 1991/92 10,055 0.282 1991/92 (1991)
VW 2001/02 + 2002/03 46,169 0.174 200Xm01)
VE 1980/81 164,993 0.328 1980/81 (1980)
VE L65°E-170°W 1985/86 172,828 0.147 1985/86 (1985)
VE 1991/92 187,266 0.210 1991/92 (1991)
VE 2002/03 + 2003/04 100,658 0.170 20032m08)
VIw 1983/84 67,161 0.227 1983/84 (1983)
VIW  170°-145°W 1990/91 8,394 0.294 1990/91 (1990)
VIw 1995/96 33,323 0.230 1995/96 (1995)

Note that these (sub-)Areas correspond to the msgiovered by the JARPA surveys (see, for exanh@R,document
JA/J05/JR3 on the ICR website); in particular th& ME division here is at 165°E to correspond tohgpothesised
stock division line based on genetic analyses gneleal for use in these catch-at-age analyses.

The “Year to which applies” is the year to whicle tastimate should be assumed to apply in the nfitiiled) process.
In cases where two survey seasons are involvéslitiat one of the two during which the greatett pathe (sub-)Area
was covered.

These estimates have been based on the approacBrasfch (2005), and have the following broad
features/specifications:

» Estimates are standardised to 10 mode assumg{fy=1, and combining modes using inverse variance
weighting with a constant inter-mode calibratioctéa R=0.826 (CV=0.089) from Branch and Butterworth
(2001).

*  Where the survey stratum spans a sub-Area bountterygbundance estimate required has been obthined
pro-rating proportional to longitudinal coverage.

» Pro-rating was conducted prior to combining sum@des.

15



e For the first two circumpolar cruises for which eoage did not always extend as far north aSg6€the
estimates given include extrapolation for this umeyed area by assuming a density equal to thadhen

corresponding northern stratum of the survey.
e There is little by way of common factors used tograte the estimates listed, so that any additiegsired

can adequately assume independence for compugrastociated CV.
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174.
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Table 1 Catch at age matrices by Area and by nation. Eon@my of space, ages have been grouped by 3asagh 5 (for example) combines ages 4-6. Notel®iat reflects
the 1971/72 season.

Area llIE — Japan

Year/Age 2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 54+
1971 3 11 18 96 18 26 85 28 19 52 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 78 133 131 124 135 118 115 80 74 32 25 12 8 3 6 0 0 3
1974 53 159 251 236 191 131 87 65 42 27 14 8 4 0 0 1 0 0
1975 20 123 133 169 132 122 139 80 46 10 17 14 6 4 0 0 4 0
1976 23 120 148 207 202 206 158 121 55 60 29 34 7 7 6 0 2 0
1977 5 60 86 98 194 143 105 105 79 53 16 30 16 1 5 2 0 5
1978 34 102 207 245 273 238 176 134 63 50 31 22 7 10 3 4 0 1
1979 20 63 63 70 74 93 58 70 68 50 24 17 14 8 5 3 3 1
1980 19 75 102 103 90 70 64 42 24 15 6 7 0 1 0 1 0 0
1981 10 36 33 47 38 34 23 17 6 2 7 4 0 0 1 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1992 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1993 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1994 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1995 12 12 6 13 13 9 1 1 5 8 8 6 1 2 0 0 0 0
1996 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1997 20 10 20 15 5 11 7 7 5 5 2 2 2 0 1 0 0 0
1998 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1999 24 28 11 12 12 8 3 4 3 3 1 1 0 0 0 0 0 0
2000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Area IlIE — USSR

Year/Age 2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 54+
1971 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 12 25 18 17 16 11 14 8 5 4 2 3 1 0 1 0 0 1
1974 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 10 85 133 187 170 143 168 100 60 13 23 25 8 3 0 0 3 0
1976 16 67 134 271 253 226 186 130 62 69 27 29 7 8 3 0 2 0
1977 6 72 97 84 150 109 60 79 39 32 14 17 18 3 4 1 0 3
1978 5 35 81 119 123 105 87 67 30 25 15 13 3 5 0 2 0 0
1979 9 57 94 74 Al 97 61 72 87 55 27 25 20 12 8 2 3 2
1980 9 54 97 97 99 81 76 46 26 17 7 8 0 1 0 1 0 0
1981 11 86 151 216 121 93 64 51 33 6 18 14 0 0 2 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 1. Cont.
Area IV — Japan

Year/Age 2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 54+
1971 123 255 313 309 351 318 283 234 146 95 98 45 30 25 3 7 13 8
1972 128 374 401 306 272 216 143 123 50 39 18 13 3 4 0 0 0 0
1973 261 246 278 305 230 185 170 96 92 76 39 26 26 2 6 5 0 0
1974 38 88 138 132 116 108 57 58 49 27 15 6 4 1 2 0 2 0
1975 6 77 63 80 62 63 32 17 11 11 5 3 5 0 0 0 0 0
1976 15 126 112 193 188 122 73 68 18 13 12 0 2 4 0 0 0 4
1977 25 31 62 61 77 82 41 35 33 17 8 3 5 0 0 2 0 0
1978 34 91 137 172 153 116 92 66 39 22 19 11 1 1 1 0 3 0
1979 84 164 152 184 199 214 148 109 78 62 47 28 20 15 11 11 3 3
1980 77 148 153 137 150 135 116 94 53 48 21 25 13 8 9 4 2 1
1981 65 155 195 221 211 239 171 119 106 59 41 15 17 5 4 3 1 0
1982 55 85 92 134 115 160 138 93 65 37 13 11 6 10 1 3 1 0
1983 89 152 140 167 138 145 93 85 48 36 7 4 2 3 0 0 0 0
1984 18 38 44 65 73 60 63 52 39 21 13 8 0 2 2 0 0 0
1985 8 19 36 50 70 79 79 68 42 29 13 10 11 1 0 1 0 0
1986 12 22 42 53 68 88 65 56 43 29 13 11 7 3 2 1 0 0
1987 28 44 33 24 29 25 31 14 17 13 3 6 2 1 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 35 53 48 23 15 36 30 19 27 14 8 7 5 5 1 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 39 39 39 24 20 21 18 12 16 20 15 9 7 2 2 2 1 1
1992 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1993 58 47 46 42 22 25 16 11 17 12 14 7 6 1 1 2 1 1
1994 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1995 34 34 34 50 26 17 20 18 27 12 12 17 7 5 3 7 3 4
1996 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1997 87 36 36 27 20 19 14 17 10 10 15 13 9 2 5 6 0 2
1998 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1999 40 42 37 32 28 28 22 17 10 15 17 11 13 8 7 3 0 0
2000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
2001 42 39 38 21 26 24 27 17 14 18 9 16 14 10 8 3 1 2
2002 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2003 39 30 45 21 28 30 23 16 12 13 18 8 18 7 8 8 4 1

Area IV — USSR

Year/Age 2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 54+
1971 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 224 563 537 347 254 195 133 114 37 31 22 8 1 2 0 0 0 0
1973 342 348 388 364 273 210 197 109 99 81 40 23 35 2 7 8 0 0
1974 3 65 173 234 199 229 122 142 109 55 26 12 11 2 2 0 6 0
1975 10 49 87 88 67 78 26 14 10 10 4 2 4 0 0 0 0 0
1976 7 57 80 140 137 83 55 52 11 7 10 0 3 4 0 0 0 4
1977 31 37 72 75 74 83 31 25 30 12 6 1 5 0 0 0 0 0
1978 4 24 49 79 73 58 44 33 19 11 9 5 1 1 0 0 1 0
1979 2 18 35 43 44 49 39 28 21 17 11 8 6 3 3 3 1 0
1980 26 92 144 154 167 153 126 109 63 56 25 30 19 10 11 2 4 2
1981 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 23 63 90 137 106 162 134 95 63 41 9 9 5 8 2 1 1 0
1983 31 113 137 168 131 144 93 83 45 30 7 2 1 4 0 0 0 0
1984 31 70 96 135 143 125 127 94 72 40 29 17 0 3 5 0 0 0
1985 11 42 88 91 131 138 113 117 58 44 17 17 24 1 0 1 0 0
1986 20 51 87 111 142 149 114 99 70 47 20 16 14 8 2 1 0 0
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Table 1. Cont.
Area VW — Japan

Year/Age 2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 54
1971 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1974 17 46 90 92 87 58 47 32 20 2 7 2 0 0 0 0 0 0
1975 10 63 56 70 66 58 44 24 17 6 4 4 0 0 0 0 0 0
1976 7 101 112 143 180 152 95 64 53 48 19 18 4 6 6 0 0 2
1977 11 51 106 116 82 81 66 36 31 18 6 1 2 3 3 0 0 0
1978 7 13 22 30 27 29 7 15 11 7 1 3 0 1 0 0 0 0
1979 36 56 83 71 75 58 34 21 17 20 6 8 3 4 3 1 0 0
1980 4 40 41 46 57 53 38 44 36 30 10 14 12 6 4 1 0 0
1981 13 82 95 108 165 182 151 102 102 50 31 30 14 9 7 4 2 0
1982 26 114 216 258 281 295 244 175 117 72 48 16 17 12 3 1 0 1
1983 79 170 151 203 244 189 124 93 61 27 22 12 3 3 1 0 0 0
1984 24 67 88 104 112 173 128 84 56 39 13 14 5 1 1 0 0 0
1985 33 52 66 102 128 182 128 105 101 44 31 24 6 7 1 2 1 0
1986 4 32 48 102 117 141 171 125 118 80 31 25 5 6 1 2 1 3
1987 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 3 31 18 13 19 16 18 19 13 9 8 6 7 2 2 3 0 0
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1992 10 13 29 23 20 10 13 16 23 10 16 13 7 1 2 1 0 0
1993 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1994 20 10 15 12 16 12 7 9 10 7 1 8 3 0 0 0 0 0
1995 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1996 10 15 8 15 17 4 9 6 8 7 6 7 6 4 2 0 4 0
1997 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1998 13 9 28 12 19 18 11 8 17 13 5 14 6 5 1 2 0 0
1999 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2000 9 17 6 10 13 16 4 11 11 5 11 11 9 0 2 2 0 3
2001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2002 3 7 9 11 10 12 13 7 10 5 5 0 4 0 0 1 1 1
2003 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2004 0 5 12 7 5 14 7 3 3 4 3 4 4 1 3 2 1 2

Area VW — USSR

Year/Age 2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 54
1971 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1974 8 24 41 47 43 24 21 12 10 1 3 1 0 0 0 0 0 0
1975 4 29 28 36 35 33 24 10 9 1 1 1 0 0 0 0 0 0
1976 5 37 44 64 100 70 46 30 22 19 6 6 2 2 2 0 0 0
1977 1 11 40 48 32 32 25 9 11 3 0 0 2 1 0 0 0 0
1978 5 10 26 48 42 41 10 20 22 9 1 2 0 2 0 0 0 0
1979 10 48 115 89 96 124 105 59 72 39 47 15 10 3 12 4 0 0
1980 1 20 23 33 38 27 21 23 22 15 7 7 6 2 1 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 1. Cont.

Area VE — Japan

54+

50

47

44

41

38

35

32

29

26

23

20

17

14

0

0

10

15

0

16

15

13

14

24

13

22

31

18

0

10

12

10

10

15

21

25

39

28

27

34

13

10

10

21

19

16

16

10

12

0
22

15

12

10

21

21

21

21

14

13

13

13

15

15

15

21
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14

12

12
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24

15

14

10

17

15

18
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14

12

12

15

16

26

22

27

19

26

19

14

15

18

24

16

17

23

15

12

Year/Age

1971

1972
1973

1980
1981
1982

1989

1992
1993

2004

Area VE — USSR

54+

50

47

44

41

38

35

32

29

26

23

20

17

14

0

0

0

12

30

32

28

29

50

23

49

62

37

0

Year/Age

1971

1972
1973

1980

1986
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Table 1. Cont.

Area VIW - Japan

54+

50

47

44

41

38

35

32

29

26

23

20

17

14

0

0

15

23

32

20

32

27

41

35

12
12
20
18

17
23
20
45

14
26

18
27

34
44
55
98
57

36

37

5
42
14
26
21

15
21

50
42

33
32
57
49

48

45

22

51

63

61

77
52

15

18

27

22

36

48

20
47

24

49

41

63

65

50

47

40

34

57

66

18

66

35

13

0

0

16

17

18

16

15

31

15

17

12

12

37

25

26

12

10

14

17

22

16

Year/Age

1972
1973
1974

1981
1982
1983

1990
1991

1992

1999

2004

Area VIW — USSR

54+

50

47

44

41

38

35

32

29

26

23

20

17

14

0

0

13

17

32

18

27

21

20

28

10

13

25

35

30

76

66

100

72

36

0

0

Year/Age

1973
1974
1975
1976

1984
1985
1986
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Table 2 Abundance estimates from sightings surveys (se¢ddesource details).

Area llIE
Survey Year to which applies Estimate (CV)
IDCR 1979/80 1979 80551 (0.381)
IDCR 1987/88 1987 37428 (0.426)
IDCR 1992/93 + 1994/95 1994 20465 (0.238)
JARPA 1995/96 1995 10262 (0.388)
JARPA 1997/98 1997 5618 (0.637)
JARPA 1999/00 1999 12940 (0.837)
JARPA 2001/02 2001 54717 (0.488)
JARPA 2003/04 2003 35241 (0.352)

Area IV
Survey Year to which applies Estimate (CV)
IDCR 1978/79 1978 130333 (0.178)
IDCR 1988/89 1988 84815 (0.288)
IDCR 1994/95+1998/99 1998 13409 (0.279)
JARPA 1989/90 1989 48167 (0.203)
JARPA 1991/92 1991 52467 (0.274)
JARPA 1993/94 1993 41398 (0.192)
JARPA 1995/96 1995 42363 (0.203)
JARPA 1997/98 1997 25922 (0.220)
JARPA 1999/00 1999 44931 (0.151)
JARPA 2001/02 2001 48280 (0.188)
JARPA 2003/04 2003 44564 (0.291)

Area VW
Survey Year to which applies Estimate (CV)
IDCR 1980/81 1980 78093 (0.470)
IDCR 1985/86 1985 77194 (0.249)
IDCR 1991/92 1991 10055 (0.282)
IDCR 2001/02+2002/03 2001 46169 (0.174)
JARPA 1990/91 1990 56381 (0.210)
JARPA 1992/93 1992 41922 (0.227)
JARPA 1994/95 1994 20113 (0.248)
JARPA 1996/97 1996 23719 (0.241)
JARPA 1998/99 1998 84405 (0.319)
JARPA 2000/01 2000 19608 (0.321)
JARPA 2002/03 2002 100775 (0.205)
JARPA 2004/05 2004 38790 (0.192)
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Table 2 cont.

Area VE
Survey Year to which applies Estimate (GV)
IDCR 1980/81 1980 164993 (0.328)
IDCR 1985/86 1985 172828 (0.147)
IDCR 1991/92 1991 187266 (0.210)
IDCR 2002/03+2003/04 2003 100658 (0.170)
JARPA 1990/91 1990 105409 (0.248)
JARPA 1992/93 1992 82137 (0.282)
JARPA 1994/95 1994 143596 (0.256)
JARPA 1996/97 1996 118335 (0.256)
JARPA 1998/99 1998 40755 (0.277)
JARPA 2000/01 2000 141389 (0.210)
JARPA 2002/03 2002 75210 (0.201)
JARPA 2004/05 2004 53387 (0.177)
Area VIW

Survey Year to which applies Estimate (CV)
IDCR 1983/84 1983 67161 (0.227)
IDCR 1990/91 1990 8394 (0.294)
IDCR 1995/96 1995 33323 (0.230)
JARPA 1996/97 1996 12533 (0.317)
JARPA 1998/99 1998 38355 (0.296)
JARPA 2000/01 2000 21873 (0.261)
JARPA 2002/03 2002 12358 (0.297)
JARPA 2004/05 2004 18700 (0.247)

Table 3. Estimated standard deviatioiss ¢f reading differences between readers A andxBdeted from Table 1 of
Katoet al 1991). The sample size is givenryandA is the mean. The age-interval corresponds to refdeeading.

Interval n A s CV(%)
-10 73 7.1575 0.43004 6.008
11-20 150 15.1533 1.03602 6.837
21-30 95 245053 1.40675 5.741
31- 38 36.4342 2.00984 5516
Total 356 18.2809 1.20393 6.586
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Table 4. Results of various statistics for the “Referenase” and sensitivity tests for thetock. Increase rates are given as annual proportiosten&ted CVs where given, are
based upon the Hessian approximation — this wassarbecked against likelihood profile estimationtfie CV ofM in an earlier analysis, and was found there teetachieved
good accuracy. Values bfreflect the slope parameters of log-linear regoessof the model quantity concerned against year the period indicated. Note that this cannot be
satisfactorily estimated for recruitment for 194%8hen all the commercial catch-at-age data arétednj as those earlier cohorts are hardly repteden the catch-at-age data that
remain.

Average proportions

in each
management area

I-stock b rec.1945-68b rec‘1968-88brec.lQBB-Iasler to1,1945-68 N tot,1068-88 N tot.1988-1astyr \slerS‘l/N 10681 Kiggo K 2000/ K 1960K 1960/ K 1930 M (CV) lNE IV VW Surveyq MSYR (1+) -InL
Reference case (m=30) 0.052 -0.032 -0.010 0.057 -0.020 -0.007 0.374 26860 0.626 5.820 0.056 (0.162) 0.205 0425 0.371 0.713 0.055 321.021
Reference case (m=45) 0.074 -0.035 -0.017 0.083 -0.017 -0.004 0.368 10225 0.724 13.596 0.052 (0.184) 0.204 0425 0371 0.719 0.073 498.789
no S-R 0.052 -0.036 -0.090 0.049 -0.025 -0.009 0.329 - - - 0.058 (0.190) 0.208 0.417 0.376 0.832 - 293.865
Use Cexpect (m=30) 0.051 -0.034 -0.012 0.037 -0.022 -0.011 0.336 72262 0.556 2.364 0.060 (0.157) 0.305 0.310 0.385 0.783 0.049 297.940
Reference + change in a.s.m 0.053 -0.032 -0.015 0.051 -0.019 -0.007 0.378 21269 0.644 7.210 0.055 (0.159) 0211 0.422 0.367 0.693 0.088 323.877
a=1 (m=30) 0.047 -0.040 -0.018 0.051 -0.028 -0.014 0.292 31155 0.486 4.894 0.061 (0.126) 0.214 0413 0373 1.000 0.050 323.305
q=1 (m=45) 0.067 -0.044 -0.021 0.075 -0.026 -0.012 0.278 12996 0.535 11.021 0.059 (0.131) 0.213 0414 0374 1.000 0.066 501.155
JARPA abun is "GLM+boot" (m=30) 0.053 -0.031 -0.011 0.058 -0.019 -0.006 0.383 25772 0.646 5.981 0.055 (0.186) 0.163 0.465 0.373  0.551 0.056 317.994
JARPA abun is "GLM" (m =30) 0.060 -0.025 -0.006 0.064 -0.014 0.001 0.481 19906 0.820 7.029 0.048 (0.191) 0.240 0412 0349 0.550 0.062 326.843
g(0)<1 (abundance x 1.5) (m=30) 0.048 -0.032 -0.007 0.052 -0.018 -0.010 0.368 42800 0.599 5123 0.061 (0.162) 0.199 0.427 0374 0.771 0.052 320.387
Fit only JARPA abun. (m=30) 0.069 -0.024 -0.013 0.065 -0.016 0.008 0.500 39155 0.849 2.592 0.038 (0.269) 0.204 0.405 0.391 - 0.056 320.384
Fit only JARPA + change in a.s.m 0.060 -0.031 -0.021 0.057 -0.019 -0.002 0.405 14498 0.720 8.057 0.047 (0.176) 0.233 0.388 0.379 - 0.090 325.507
Fit only IDCR (m =30) 0.046 -0.042 -0.024 0.045 -0.025 -0.022 0.242 78077 0.460 2.304 0.065 (0.194) 0.273 0.434 0.292 - 0.046 129.397
Fit only IDCR + change in a.s.m 0.041 -0.051 -0.004 0.040 -0.025 -0.024 0.248 32532 0.442 5.261 0.070 (0.129) 0.276 0.424 0.299 - 0.086 128.563
Delete early commercial data (m=30 0.032 -0.031 -0.010 0.014 -0.018 -0.013 0.373 100478 0518 1.540 0.062 (0.158) 0.307 0.305 0.389 0.879 0.030 230.249
Delete whole commercial catch data - -0.009 -0.096 -0.002 -0.020 -0.021 0.657 145592 0.424 1.424 0.053 (-) 0.200 0.425 0.375 0.81 - 196.06 * not converged
gen'zt;fg“"e commercial catch data - -0026 0098 0011 -0020  -0.026 0416 - - - 0.073 (0.141) 0213 0419 0368 077 - 19353
Delete whole commercial catch data
- - 0
& no S-R (fit only JARPA abun) 0.048 0.029 0.067 0.051 0.042 3.575 0.003 0.586 0.411 1.00 1.34 * not converged
Retrospective (Istyr=1998) (m =30) 0.043 -0.044 -0.009 0.034 -0.029 -0.020 0.277 82861 - 2.285 0.067 (0.132) 0.172 0.458 0.370  0.600 0.044 240.734
Retrospective (Istyr=1995) (m =30) 0.052 -0.032 -0.053 0.037 -0.021 -0.015 0.433 77201 - 2.390 0.057 (0.205) 0.172 0.531 0298  0.537 0.047 199.328
With ageing error (m=30) 0.050 -0.032 -0.009 0.055 -0.021 -0.009 0.371 28817 0.594 5.776 0.057 (0.155) 0.207 0.424 0370 0.700 0.053 319.466
With ageing error (m=45) 0.075 -0.035 -0.016 0.083 -0.018 -0.005 0.358 9824 0.702 14.637 0.052 (0.183) 0.205 0425 0370 0.716 0.073 488.198
With ageing error (m=30) (use Cexpect) 0.049 -0.033 -0.010 0.038 -0.023 -0.011 0.348 71252 0.553 2.431 0.059 (0.156) 0.305 0.310 0385 0.778 0.049 296.257
Sc26=0.80 (Sc30=1) 0.089 -0.031 -0.015 0.065 -0.014 -0.001 0.410 31393 0.834 3.875 0.052 (0.174) 0.295 0.318 0.387 0.783 0.072 293.771
Est Select Slope (Sc30=1) 0.037 -0.031 -0.011 0.041 -0.023 -0.009 0.374 45561 0.565 3.777 0.055 (0.166) 0.303 0.311 0385 0.776 0.044 298.617
Sc26=1.20 (Sc30=1) 0.035 -0.028 -0.011 0.023 -0.024 -0.007 0.400 101675 0.569 1.717 0.052 (0.171) 0.302 0.312 0385 0.765 0.040 298.348
Sc26=1.40 (Sc30=1) 0.024 -0.024 -0.008 0.013 -0.025 -0.005 0.456 127860 0.564 1.366 0.046 (0.191) 0.301 0.312 0387 0.784 0.032 297.167
Animals in the pack ice (Sc30=1)
Sc26=Ss26=0.9 0.065 -0.030 -0.012 0.049 -0.019 -0.005 0.396 49248 0.674 2.941 0.059 (0.164) 0.300 0.314 0386 0.774 0.058 296.186
Est Select Slope 0.042 -0.031 -0.011 0.029 -0.023 -0.008 0.376 88710 0.578 1.951 0.052 (0.188) 0.303 0.312 0385 0.764 0.044 298.421
Sc26=Ss26=1.1 0.046 -0.033 -0.012 0.032 -0.022 -0.008 0.361 82676 0.585 2.094 0.051 (0.189) 0.303 0.313 0385 0.764 0.046 298.599
MO (CV)  M1(CV) M2(CV)
M linear by age (m=30) 0.062 -0.028 -0.009 0.046 -0.020 -0.005 0.408 47190 0.677 2.939 0.111 (0.239) 0.045 (0.189) 0.150 (0.107) 0.209 0.423 0.368 0.715 0.056 322.056
M linear by age (m=45) 0.078 -0.030 -0.018 0.068 -0.018 -0.003 0.388 24284 0.775 5.272 0.117 (0.234) 0.042 (0.206) 0.081 (0.183) 0.209 0.423 0.368  0.708 0.067 500.114
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Table 5. Results of various statistics for the “Referenase” and sensitivity tests for tiestock Increase rates are given as annual proporticstsn&ed CVs where given, are
based upon the Hessian approximation — this wassabecked against likelihood profile estimationtfee CV ofM in an earlier analysis, and were found there tetachieved
good accuracy.

Average
proportions in each
P-stock D rec 1045680 rec, 1968-880 rec, 1988-1astyr N tot,1945-68 N tor,1968-88 N tot,1988-1astyr N istyr-5,¥/N 1968,1 K 1930 K 2000/ K 1060K 1960/ K 1930 M (CV) p(VE) p(VIW) Surveyq MSYR (1+) -InL

Reference case (m =30) 0.039 -0.051 0.023 0.039 —0.007 -0.022 0.438 33143 0484 5610 0.069 (0.150) 0.821 0.179 0.712 0.036 167.238
Reference case (m=45) 0.066 -0.054 0.031 0.051 -0.006 -0.020 0.442 41353 0477 4482 0.076 (0.165) 0.821 0.179 0.720 0.050 278.667
Use Cexpect 0.038 -0.051 0.022 0.038 -0.007 -0.023 0.430 34863 0475 5437 0.070 (0.145) 0.823 0.178 0.709 0.035 166.696
g=1 (m=30) 0.034 -0.059 0.017 0.033 -0.014 -0.030 0.338 37787 0.383 4.489 0.078 (0.106) 0.842 0.158 1.000 0.032 169.137
g=1 (m=45) 0.058 -0.063 0.025 0.046 -0.015 -0.029 0.331 43844 0.367 4.007 0.085 (0.092) 0.847 0.153 1.000 0.046 279.540
JARPA abun is "GLM+boot" (m=30) 0.040 -0.051 0.028 0.039 -0.006 -0.020 0.429 32766 0.501 5.780 0.068 (0.141) 0.847 0.153 0.599 0.037 157.020
JARPA abun is "GLM" (m =30) 0.041 —-0.048 0.026 0.041 —0.004 -0.019 0.479 29631 0.525 6.186 0.067 (0.148) 0.837 0.163 0.586 0.038 159.618
g(0)<1 (abundance x 1.5) (m=30) 0.038 -0.051 0.023 0.038 —0.007 -0.022 0.434 51447 0481 5423 0.070 (0.149) 0.821 0.179 0.713 0.035 167.287
Fit only JARPA (m =30) 0.048 —-0.042 0.031 0.048 0.003 -0.012 0.594 12808 0.652 8.154 0.060 (0.273) 0.768 0.232 - 0.043 175.329
Fit only IDCR (m=30) 0.041 -0.050 0.026 0.040 -0.006 -0.021 0.449 31472 0.496 6.004 0.070 (0.151) 0.858 0.142 - 0.037 164.690
Retrospective (Istyr=2001) (m=30) 0.070 -0.011 0.097 0.042 0.037 0.022 1.036 28059 4918 1579 0.024 (0.235) 0.859 0.141 0.494 0.092 136.462
Retrospective (Istyr=1998) (m =30) 0.072 -0.041 0.103 0.063 0.017 -0.007 0.467 22573 - 6.197 0.049 (0.537) 0.853 0.147 0.573 0.061 127.800
Retrospective (Istyr=1994) (m=30) 0.068 -0.026 0.152 0.037 0.037 0.015 0.632 32627 - 1475 0.020 (0.360) 0.907 0.093 0.522 0.089 101.602
With ageing error (m=30) 0.040 -0.052 0.025 0.034 -0.007 -0.022 0.409 54547 0.483 3434 0.069 (0.146) 0.821 0.179 0.710 0.035 171.403
With ageing error (m =45) 0.065 -0.057 0.032 0.048 —0.009 -0.021 0.393 45840 0.456 4172 0.077 (0.151) 0.821 0.180 0.725 0.049 280.785
With ageing error (m=30) (use Cexpect) 0.038 -0.052 0.024 0.037 -0.008 -0.022 0.403 36003 0474 5295 0.070 (0.141) 0.822 0.178 0.708 0.035 170.754
Sc26=0.80 (Sc30=1) 0.053 -0.056 0.022 0.030 -0.010 -0.025 0.382 70819 0.435 2.763 0.076 (0.128) 0.822 0.178 0.731 0.038 171.078
Est Select Slope (Sc30=1) 0.031 -0.048 0.021 0.031 -0.007 -0.021 0.454 44761 0.498 4131 0.066 (0.159) 0.823 0.177 0.701 0.032 165.595
Sc26=1.20 (Sc30=1) 0.031 —-0.048 0.021 0.031 —0.007 -0.021 0.455 44976 0.499 4110 0.066 (0.153) 0.823 0.177 0.700 0.032 165.592
Sc26=1.40 (Sc30=1) 0.024 -0.046 0.020 0.026 -0.007 -0.021 0471 56559 0.510 3.228 0.063 (0.158) 0.823 0.177 0.695 0.029 165.868
Animals in the pack ice (Sc30=1)

Sc26=Ss26=0.9 0.047 -0.050 0.023 0.038 —0.007 -0.023 0441 44463 0.468 3.654 0.077 (0.123) 0.887 0.113 0.809 0.038 167.856
Est Select Slope 0.030 -0.051 0.022 0.030 -0.007 -0.021 0.440 48198 0.506 3.917 0.060 (0.211) 0.823 0.177 0.697 0.031 165.521
Sc26=Ss26=1.1 0.035 —-0.053 0.023 0.035 —0.007 -0.021 0.426 35285 0.499 4748 0.061 (0.174) 0.887 0.113 0.789 0.034 166.342

MO (CV) M1(CV) M2(CV)

M linear by age (m=30) 0.039 -0.049 0.019 0.036 -0.011 -0.020 0.444 47142 0.475 3.230 0.167 (0.327.0.066 (0.152,0.149 (0.353, 0.887 0.113 0.801 0.034 169.258
M linear by age (m =45) 0.064 -0.050 0.030 0.047 —0.007 -0.017 0.476 44283 0.516 3.955 0.117 (0.208;0.068 (0.223;0.120 (0.216; 0.822 0.178 0.695 0.047 277.801
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Commercial selectivity by Age Scientific selectivity by Age

S T S T S S S S S R S
Age

Figure 1. Assumed commercial and scientific selectivitigsage for the “Reference case” scenafg, ,,, S;and
S5_gare estimated.

Estimate commercial selectivity slope ~ S1 Ollder animals in the pack ice (estimate o mmercial selectivity slope) Older animals in the pack ice (estimate scientific selectivity slope)
S¢,26=0.80 Sc,26=55,26=0.90 Sc,26=55,26=0.90

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Age Age Age
Estimate commercial selectivity slope ~S3 Olider animals in the pack ice (estimate commercial selectivity slope) Older animals in the pack ice (estimate scientific selectivity slope)
Sc,26=120 $0.26=85.26=1.10 5¢.26=55,26=1.10

18 5 7 9 11 13 15 17 19 21 23 25 27 29 18 5 7 9 11 13 15 17 19 21 23 25 27 29 18 5 7 9 11 13 15 17 19 21 23 25 27 29
Age Age Age

Figure 2. lllustration of selectivity functions considergdthe sensitivity tests.
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Figure 3. Various plots (including trends in total poputetisize by stock and by area, recruitment, carrgiagacity, number of mature females, recruitmetd, reelectivity
estimates and natural mortality) for the “Referecase” results for thiestock. Error bars reflect 95% Cls on the abundancenesés.
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Figure 4a Plots of total population size by stock and bg&rrecruitment, and estimatefor the I-stock for various sensitivity test runs, including 1) Xitaum agem considered
in the likelihood is 45 rather than 30;(2)’a is used instead o, ,in equation (1) for ages considered in the cateagat likelihood; 3) Se¢=1 (i.e. use JARPA abundance

estimate as absolute abundance estimates ratherdlaive); 4) Use different series of abundanstretes for JARPA (detailed in the Data sectionvad, including a 50%
increase in the abundance estimates to prelimyneoihsider the implications of g(0)<1; 5) EitheetJARPA or the IDCR/SOWER estimates of abundare@mitted; 6) For the
commercial period, only data from the later hal.(collected only after 1979) are used since thay have lesser age/length measurement errors})aRetrospective analyses for
the periods ending 1995, 1998, and 2001. Error fedlect 95% Cls on the abundance estimates.
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Figure 4b. Plots of total population size by stock and bg#rrecruitment, estimatdd and selectivities for thestock for various sensitivity test runs, such as 1) Agegrror is
introduced; 2)Various alternative selectivity funecs are assumed; and 3) The relationship betwatmal mortality and age is taken to be piecewrszal.
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Figure 5. Various plots (including trends in total poputetisize by stock and by area, recruitment, carrgiagacity, number of mature females, recruitmetd, reelectivity
estimates and natural mortality) for the “Referecase” result for th€-stock Error bars reflect 95% Cls on the abundance astisa
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Figure 6a Plots of total population size by stock and byed@rrecruitment, and estimat®tl for the P-stock for various sensitivity test runs, including 1) Xtaum agem

considered in the likelihood is 45 rather than zpéy,a is used instead o€, , in equation (1) for ages considered in the catehgat likelihood; 3) Se¢=1 (i.e. use JARPA

abundance estimate as absolute abundance estrattesthan relative); 4) Use different serieskmiradance estimates for JARPA (detailed in the Batdion above), including a
50% increase in the abundance estimates to preliityirconsider the implications of g(0)<1; 5) Hththe JARPA or the IDCR/SOWER estimates of abuoelame omitted; 6)
For the commercial period, only data for the ldtalf (i.e. collected only after 1979) are used sitfiey seem to have lesser age/length measuremers; @nd 7) Retrospective
analyses for the periods ending 1995, 1998, and.2&0ror bars reflect 95% Cls on the abundandenasts.
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Figure 6b. Plots of total population size by stock and bg@rrecruitment, estimatéd and selectivities for th@-stock for various sensitivity test runs, such as 1) Agegrror is

introduced; 2)Various alternative selectivity funas are assumed; and 3) The relationship betwagmai mortality and age is taken to be piecewiszar.
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