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ABSTRACT

This paper focuses primarily on addressing suggestnade during the Ulsan meeting of the Scierfifimmittee for refinement of the
ADAPT-VPA assessments of Antarctic minke whalessen¢éed in Mori and Butterworth (2005). The methody is extended to take
account of different selectivities for the Russéaml Japanese fleets during the period of commaenstialing, but this has little effect on
results. The slopes of catch curves for the rekezatches have decreased and then stabilisedydharcourse of the JARPA programme.
This is indicative of a change in recruitment tremder time, rather than of a very high naturaltality as was amongst the postulates at
the time of commercial whaling. ADAPT-VPA assesatseare run for the five stock structure hypothesgecified by the Scientific
Committee for the minke whales distributed throdgeas IlIE to VIW, and for various choices of serief abundance estimates to which
to fit the model. These runs generally indicateead of increasing recruitment of about 4% paluhé& mid-1960s, followed by a trend in
total abundance that decreases or is sometimee,sti#pending on the abundance estimate seriestestlfor fitting. Results for the I-
stock (Areas IIIE+IV+VW) are quite sensitive toghselection, but those for the P-stock (Areas VBN )VIless so. Estimates of natural
mortality M are generally in the 0.06 to 0.09 range, withraléacy to be somewhat higher for the P- comparédetd-stock. Fits of the
outputs from the ADAPT-VPA to a stock-recruitmentael generally require a carrying capacity for neinkhales that first increased and
then declined during the last century, and suggéR,. values in the 4-7% range. Possibilities for farttvork are outlined, including
disaggregation of the analysis by sex.
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INTRODUCTION

At the 2005 meeting of the Scientific CommitteeUilsan, Mori and Butterworth (2005) presented a papgorting the
results of ADAPT-VPA assessments of Antarctic minkdales based on abundance estimates (from both
IDCR/SOWER and JARPA surveys) and catch at age (bath commercial and scientific) for Areas IV avid The
following points were raised in the discussionto$ tpaper at this meeting:

1) The paper needed to be extended to take accotim differences in selectivity patterns betweenJdyganese and
Russian fleets indicated by the analyses of PushiPardacheck (2005).

2) The paper needed to explore implications of difieretock hypotheses that involve extensions of tthe
area/single stock models to multiple area/singbeksimodels. More specifically it was agreed by 8wéentific
Committee that the following five stock hypotheshsuld be explored (see also Figure 1):

i) Single stock comprising Areas IIIE, IV and VW (salled “I-stock” in Pastenet al. (2005)).
i) Single stock comprising Areas VE and VIW (so-callBestock” in Pastenet al. (2005)).

iii) Single stock comprising Areas IV and VW.

iv) Single stock comprising Areas IlIE, IV, VW, VE ahi\W.

V) Two overlapping stocks in the region from Area Itififough to VIW with Area VW being an area of
mixing.

In this paper the results of further work to addriese points are reported.

Note that the aim of this paper is not to reachniteéfe conclusions on trends in total abundance ecruitment for
different stock hypothesis scenarios. Rather diimsed to identify, for example, how sensitive #simated natural
mortality (M) and trajectories are to different sets of abundagstimates (i.e. IDCR/SOWER and JARPA surveys),
different weightings of the input catch-at-age datad various assumptions within the ADAPT-VPA middeluding
those related to stock structure hypotheses.



DATA

Table 1 lists the catch-at-age matrices used fasiRn and Japanese catches for Areas IlIE to VIWhese reflect
commercial catches from 19%7tb 1986, and scientific research catches by J&pam 1987 to 2003. The commercial
and scientific catch-related information has beemetbped as described in Butterwosdthal. (1999), using ageing
information kindly provided by R. Zenitani. Forethengths for which there are no age data that, ytkar‘nearest’
length-class is used; in cases where the upperi@melr lengths for which there are data are equadistthe age
distributions for those two lengths are averaged.

Table 2 list the survey estimates of abundanceéifeas IIIE to VIW that are used in the analyseggetber with the
associated survey sampling CVs. Estimates fromDI@R/SOWER surveys were kindly provided by T. AaBch;
Appendix 1 provides some details of their developinélhe estimates from the JARPA surveys liste@idble 2 were
kindly provided by T. Hakamada.

Table 3 list the annual proportions of minke whateérea VW estimated by genetic methods to belmnthe I-stock,
as cited in Appendix 3 of Government of Japan (2005

METHODOLOGY

The basic methodology used is same as in Mori amtieBvorth (2005), except that some modificatioasehbeen
introduced to take account of the difference irrcility pattern for the commercial catches betwgenJapanese and
Russian vessels, and also to take account of fiferatit scenarios specified by the Scientific Cotteei for stock
hypotheses for Antarctic minke whales in the Angader consideration.

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

Nyoian =(Nya—Cya)@™M  1<asm-1 @
Fy.a=Cya/Ny.a (2)
C,a=CR,+CJ, (thusFJ, =C} /N, andF),=CJ) /N, ) ®)
where
Ny . 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 yeavherec)ffa is the number taken by the Russian vedsaid

ija is the number taken by the Japanese vessels;

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

yv.a Is the proportion of the animals of ageresent at the start of yepthat are taken (the “fishing proportion”);

and
m is the oldest age considered in the rrfitiag process.

Consistent with previous analyses (Butterwaatlal. 1999, Mori and Butterworth 2005), most of the lgs@s of this
paper taken=30. However, results are also shown for alteveathoices fom up to 45. For analysis purposes, natural
mortality M, is presumed infinite at age 45 and above, so dhahals captured above this age are ignored. For
choices ofm < 45, results are projected forward from ageo age 45 using equation (1) and known catcheth)aaall

the analyses take account of minke whales up ®4&grrespective of the choice maderor

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,J-E,J
ceo_ |STRST ys1086

, (4)
TTO|sSEEY y=1087

L In this paper, the convention is that 1971 reflethe 1971/72 austral summer season.
2 Only for the commercial period.
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where
Sg'J is the selectivity-at-age for the period of comered catches by Japanese vess@fﬁj(:l);

S, is the selectivity-at-age for the period ostific 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
Fyl?é‘] 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 expectationsQy; =F,;’N, ) as a result of sampling
variability (at least).

Note that the Russian commercial catcliil%d 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 primary estimable parameters of the model fieeterely:

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

*  The oldest-age numbers-at-alyg , .

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

Given values for these parameters, the completéarsyat-age matrixN, ,) for the population can then be computed
by use of equation (1).

The Likelihood function

For single Area assessments, the likelihood funchias three components related to the IDCR/SOWHR&®ss of
abundance, the JARPA estimates of abundance archtble-at-age data. The contribution of the fifsthese to the
negative of the log likelihood (ignoring constarisspiven by:

~InL, = Zy:?ii(ln NS ~In Ny)z (5)

where

N)‘fbs is the abundance estimate for ygar

g, isthe standard error of the logarithmi§™ , which is approximated by/CV,? +CV,q” ;

CV, is the survey sampling CV estimated kbi/’bs ;

CV,4 Is an additional CV to reflect the fact that syrvsampling error is not the only factor contribgtito the
difference betweerN)‘jIDS and Ny; and

N, is the model estimate of 1+ abundance far y& given by:
~ 45 ~
Ny = Z Ny.a (6).
a=1

3 Note that for earlier years, the model does notide abundance estimates of the older of the emgog in this summation. The basis for adjusting
estimates shown later in Figures is explained imiMiod Butterworth (2005).
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The contribution of the JARPA estimates of abundaiscsimilar, except that these are treated asesdof relative
abundance:

-InL, = z?iz(m NSPS — |n(qr\]y))2 7)

y y
where

q is the multiplicative bias associated with @adhance estimates from JARPA compared to those from

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

54 5

y

Finally the contributions of the commercial and siegentific catch-at-age data are given by:

1986 m
—InLeY =40 T N Cpiin gy, 9)
y=1971a=16
2003 m
—In =2 ) > ClaInpy. (10)
y=1987a=1
where
Cya s the effective number of animals of @geaught by Japan during yearcomputed a:CjaCj '*/Cj :
(o is the total Japanese catch in numbers dyeagy;

CJ" is the number of animals actually aged by Japanyéary, which also are taken into account in the

calculation for that year (i.e. with ages from b6nt for the commercial, and from 1 ta for the scientific
catches);

A3 is a factor to account for overdispersion in thepanese commercial/scientific catch-at-age digidb
(underdispersion is not admitted, so that the camttO < A <1is applied); and

[)y’a is the model-estimate of the expected proportif the catch in yearthat consists of animals of agewhich

from equation (4) is given by:

m
SINya/ D SFNy 4 y<1986
Pya= acte (11).
SNya/ D SN . y>1987
a=1

A time-invariant commercial selectivity-at-age patt (s;":) is assumed to apply only above age 15, on this loés
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

/10/3 — 1 a
z Zy: zﬁy,a(l_ /ay,a)
a

(12)

y

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



m
o */ch; y <1986
Pya= m (13).

Cha/ D Cha y21987

a'=1

When two areas (e.g. Area IV and Area V) are asskisscombination, allowance needs to be madehfdct that the
survey estimates now apply to only a portion of¢bhenbined areas minke whale abundance. If thegotiop in Area

IV in yeary is p%,, and hence the proportion in Area V that yeepiis (1— pi,) then equation (5) is adjusted to read:

-Inl = ; —[In NObs py y] %—[In NObS { py) }]2 (14)

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

Equation (7) for the contribution from the JARPAsy abundance estimates is adjusted similarlye E‘ps become

estimable parameters of the model, though noteithgtars with a survey in both Areas, the sapj)}és taken to apply

(as any difference arising from the JARPA and IDEBWER surveys taking place at slightly differemds during
the season seems likely to be relatively small).

When three areas (e.g. Areas llIE, IV and VW) @seased in combination, equation (14) becomes:

= 3o el -n(eif, 2;2[mNgbs_m{pm}]iy;W)%;[mN;m_m{ LR

y y(Ine) ““y y
where the proportion in Area IV in yegis ply , the proportion in Area IlIE that yearp’xﬁ, and the proportion in Area

VW that year isp§ = tL— ply - pf) Equation (15) is extended naturally when foummore areas are assessed in

combination.

Allowing the piys to be unconstrained (other th@r piy <1) would lead to an under-determined model, in #mse
that the piys could then adjust for the model to match eacmadénce estimate exactly (except in years with siarie

more than one area). On the other hand, se’;b!ng pi (constant) seems unrealistic as it does not dilvwehanges in

the distribution of whales between the areas fragaryto year. Accordingly for the case of two araasessed in
combination, thepiys have been assumed to follow a beta distributitim parametersi* and u?:

p, = (p'. p?) ~Bls.1?) (16)

with the approximate estimation approach then usdthin the MLE context applied) being the additioh the
following further contribution to the negative dietlog likelihood:

-InL, =Y Eﬁln I'(ul)+ In I'(uz)— In I'(u1 + uz)}+ Z[—( ! —1)In Py - (u2 —J)In(l— p%,)] (17)
y
where the summation extends over the years forhwthiere is a survey in at least one of the twosaegalY 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 distidwut
For example, when three areas are assessed inrwatiohi

Py ~Dirich|et(ul,u2,u3) (18)
with the addition of the following further contrithon to the negative of the log likelihood:

-InL, =Y E{In F(u1)+ In I'(uz)+ In I'(u3)— In I'(u1 +u? +u3)}+Zl— (u1 —1)In Py —(u2 —1)In p? —(u3 —1)|ntl.— Py - pﬁ)] (19)

y



Again this equation is extended naturally when fmumore areas are assessed in combination.

In implementation, the parameters:

elp]- 2, (20)

no
whereu'® =) u'
i=

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 modwipethat the parameter is fixed externally, with different values
being chosen to achieve different levels of intemazal variability (in terms of CVs) qf :

ytot — i

CV(pi)= m

(21).

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

0] the age-independent (or dependent) natural magrtdit

(ii) numbers-at-age for all ages for the final year iwered;

(iii) numbers-at-age for the maximum age considereckitikblinood 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 thati? is input); and

(vii) piys which are the proportions of the whales in aieayeary.

Specifications of the scenarios considered
The initial scenario considered in this paper isilsir to that analysed in Mori and Butterworth (8pCor the

combination of Areas IV and V, except that the sty for age 1 for the scientific catchesSY) is estimated
separately. This is because investigative analbash involved estimating scientific selectivitibsr ages of 6 years
and less by different age-class groupings suggektecestimatingSy separately and settin@zS = SSS =...= 86S would

result in a statistically better fit of the modelthe data in terms of the Akaike Information Giida (AIC)4 (see Table

8.3a in Mori 2005). In addition to this initial extario, the five stock hypotheses scenarios listetie Introduction
section are investigated.

For the fifth stock hypothesis scenario (two ovgpiag stocks in the region from Area IlIE throughMIW with Area
VW being an area of mixing), the following equatiatated to the relative abundances of the twokstat Area VW
was added to the overall likelihood:

Nt Y
j (22)

-
y Jqvw_I JVW_P
-InL :152[ [R5+ )
° 2

y SD(ry)2

where 1, is the genetically estimated proportidmnimals in Area VW in year that are from the I-stock,
as listed in Table 3,
N\;W—' is the model predicted number of minke whalesift-stock in Area VW in yeay, and
I\Al‘;W—P is the model predicted number of minke whalesifiP-stock in Area VW in yea,

where the summation extends over the years forhwtiere is a genetic estimate of the proportiowlodles in Area
VW that belong to the I-stock.

4 AIC penalizes the goodness of fit by adding 2aticé the negative log-likelihood for every estinmphrameter added to the model.
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The catches in Area VW for this scenario were alted between the I-stock and P-stock in propottiotheir relative
abundances in that Area for the year in questitinis was achieved by iteration

Estimation of selectivity trends with age

The average selectivity trends with age for theadape and Russian commercial catches and theificieatches are
of interest. To estimate these the following fuoistifor which the results from the ADAPT-VPA wersed as inputs,
was minimised:

y,a
where

RJIR/s _ @J/RIs JIRI/s
Cia = Ny o [Fy (24)

y+o@d 1l1l<as<4
a+plAd 4<a<lé6

JIR
= 25
= 1 16<a<30 (29)
e—w[(]a—SO) > 30
st =1
s2

L 2<a<6
= 26
= 1 7<a<30 (26)

e—w[(]a—SO) > 30

Reference case and sensitivity tests

Since earlier analyses have used all the availablendance estimates and catch-at-age data forahdiseir results,
this paper continues that practice for a “Referesame®. Runs are also conducted omitting some of thasa, thut in
the interests of keeping to a manageable set aftsesensitivities are not run for every possitenbination of such
factors, but rather for convenience results arevehior modifications to the Reference case whichegally alter only
one factor at a time.

The sensitivity tests run for each of the stockdilipsis scenarios involve some or all of the foitayy
1. Maximum aganm considered in the likelihood is 45 rather than 30.
2. Either the JARPA or the IDCR/SOWER estimates ofralaunce are omitted.

3. Either the scientific or the commercial period taat-age information is downweighted by a multigtige factor
of 0.1 in the log-likelihood.

4. The relationship between natural mortality and iagaken to be piecewise linear as defined beldng function
is kept of the same form as that used by Punt ahalcReck (2005) to make comparisons of results éetmthe
two methods easier):

Mg if a<g
Ml+(M1—MO)D(M if ay<a<a,
M M o o) if (27)
a=4 My if a,sa<a,
M, +(M, - M,) (a-a) if a,<a<a
1+ My =M, m 3 4
M, if a=a,

5 lteration commenced assuming a 50:50 split ottiteh from Area VW between I-stock and P-stock ehalFor the Reference case (see below) for
this scenario (witim=30), results after the first iteration hardly did. Since conducting these iterations is extrgtimake-consuming, they were

have not yet been undertaken for the sensitiVitiethis scenario reported later, which thus aréaded on a 50:50 catch split. In view of the itssu
for the Reference case, it is not anticipated ttiatapproximation introduces any appreciable error

5 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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whereM,, is the rate of natural mortality for animals agednd younger,
M, is the rate of natural mortality for animals adgpetiveera, andas, and
M, is the rate of natural mortality for animals adgpedweeras and older.

Computations here take=3, a,=10, as=30, andas=35, as implemented in Punt and Polacheck (2005).

Stock-recruitment model

A stock-recruitment model of the Pella-Tomlinsorrnfiodescribed in Butterworth and Mori (2005) is fit the
recruitment and adult female abundance estimates the ADAPT-VPA for stock hypothesis scenario “Bréas
HIE+IV+VW; so-called I-stock”) and ii) (“Areas VE¥IW; so-called P-stock”) to investigate the extefithanges in
carrying capacityand to estimate tHdSYR for these stocks.

The “adult” (reproductive) population is taken ®: b
A 45
NS = Z Ny.a (28)
a=7

and the number of adult femaldalsj =05IN/, i.e. an age at first-parturition of 7 is assumed.

Recruitment is assumed to follow a Pella-Tomlingmm:

f

NS Y

_ f y

Ny =ADNS |1+ A 1—{—} (29)
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 firstyrétion) females, taken to be given mysz Nya= O.SN;,A (i.e.
a=7
equal numbers of males and females are assumed),

A isthe resilience parameter (relatedfteYR),

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+ whdigng annually as a result of natural

mortality, i.e:
MK, =K*[-e™) (30)

(ignoring for simplicity the small correction thatcounts for an assumed infinite natural moratityrf age 45).

Further, expressions for unexploited equilibriunminers at age values yield:

" Here carrying capacity is defined as the carrgiagacity for the number of adult female minke whale
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45 M@
K 1+ Zl e
_ a=. _
K F ﬁ v - /‘1 (31)
05 e
a=7

where 4 can be computed given the valuevbf

Thus equation (29) can be rewritten:

N f 239
Nyigs = y(l—e‘“" )Nyf 1+ A 1{K—VfJ (32).
y

The unknown parameters of this model Ar@nd the parameters describl@nd its temporal variation. These are
then estimated by minimizing:

2

ss=)’ (In(N S’bf)— In(N roce )) (33)
y
where
NSF’f is the “observed” recruitment for ygafrom the result of the ADAPT-VPA assessment, and
N{,’Ede' is the recruitment for yegrpredicted by the model of equation (32), whichriplemented under

the assumption thaitxllf930 = Klfgso.

The following functional form forKJ considered is as in Butterworth and Mori (2005):

K, ( ) ysVy;
KS -k
Ky +2—Hy=w) Y+1Sy<y,
K; - yzf_ylf (34)
f Ks _Kz)
K, + (Y—Y2) Yo +tlsy<y,
()’3‘)’25
K3f yz 1<y

with the following choices made for the “changeayey, =1930, y, =1960 and y,; = 2000,

whereK | is set to be

Ky - K, @Y (35)

where thee, are estimable parameters which are constraineldaioge somewhat smoothly over time under the

assumption:

n,from N (0, 02) wheresn, =&, —& (36)

y
which was implemented by adding the following témthe right hand side of equation (33):

2002

2
> (,0-¢,) / 207 (37).

y=1930

Note that estimation of the resilence paraméatahen this model is fitted to ADAPT-VPA output alle MSYR;+ and
MSYLwto be computed, the latter generally being close 6o
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RESULTS

Before considering detailed results from the ADAPRA model runs, it is of interest to step back tmsider the
JARPA scientific catch-at-age data in isolation #melr implications. Some 17 years ago, Buttertvartd Punt (1990),
in considering the potential information contensath (then future) data, argued that these caddive the debate at
that time about whether the steep slope of thehcaticve (a plot of the log of the catch numbers@d-against age)
from the period of commercial whaling reflectedighhnatural mortality rate (or decreasing selettigt age), or rather
an increasing trend in past recruitments. Thewtpdiout that the first of these hypotheses sugdehit the slope of
the catch curve for research whaling would remaichanged over time, whereas the second suggested thould
decrease and then stabilise at a lower value.

Figure 2 shows annual estimates of those catchecalwpes from the catch-at-age research whaling. dathe
Chapman-Robson estimat&r(y): In(1+]/§(y)) (Chapman and Robson 1960) was used to provide thlepe

estimates. Only ages of 7 and above were considg@éy) being the amount by which the average age of such

animals in yeay exceeds 7), given indications (see below) thatstHectivity of these catches falls for ages befow
For all of the three regions for which results sinewn, there is evidence of consistency with tloesé rather than the
first hypothesis above, given that the slope ed@ématabilise after the mid-1990s at values loweatout 0.02 than at
the time when research whaling commenced. Morerately stated, these data are hardly consisteht weiry high
natural mortality, but rather favour hypothesed tha trend in minke whale recruitment has decrasethe later
decades of the last century (note that this cozerariety of possibilities, from an increase thatues but at a lesser
rate, to an increase followed by a decrease, andittcrease that continues at greater magnitude).

There are two key features underlying the ADAPT-VieAults that follow. First, given that attempisestimatey (the
relative bias of the JARPA compared to the IDCRmalaunce estimates) generally provide results closent not
significantly different from 1, the assumption thigtl has been incorporated into the Reference caSesondly the
parameteu! of the beta/Dirichlet distributions (see equati@dsand 21) was chosen so that the standard dmviafi
the standardisédesiduals for the survey estimates of abundance (about) 1. In other words, variability in the
distribution of the population between the Areasrowhich it ranges is assumed to account for albwae in excess of
the survey sampling CV, so th@Vaq (see following equation 5) is effectively set &ra. It should further be noted
that 4nL values shown for the ADAPT-VPA results are notae comparable within sensitivities for a particula
scenario (e.g. when age-dependendd is estimated compared to the Reference case wittye-invarianM, because
the catch-at-age overdispersion parametersi(the see equations 9 and 10) are re-estimatecdaftr fit.

1. Estimation of the selectivity forms separately fothe commercial catches by Japanese and Soviet vdsse

Mori and Butterworth (2005) indicated dissatisfantiwith their assumptions for the manner in whieestivity
dropped below 1 for ages of less than 7 for thendific catches, because of poor fits to the catchge proportions for
age 1. This was investigated further in Mori (2)Q%here the form reflected in equation (26) wasnfihto provide an
improved fit consistent with these data. Figurest®ws the resultant plots for total abundance awluitment
estimated by Mori (2005) for that initial scenafireas IV and V combined) for the Reference cagh mi=30. Those
results do not distinguish the Russian and Japat@®senercial catch-at-age data. Figure 3 also stamesponding
results for the approach of this paper which nostidguishes those data to allow for differing Rassand Japanese
commercial selectivities. It is evident that tiroduction of this distinction makes only a slighifference to the
results.

Figure 4 shows the selectivity at age for the consiak and scientific periods normalized so tH& 5 =1,

SS_30 =1as estimated using equations (23) to (26) forithit&l scenario. For the commercial period, stldes for

the Japanese and Russian vessels are estimatedtsipa This plot indicates that the selectivities the Russian
commercial catches were marginally higher thandhos the Japanese commercial catches especiallyider ages.
This could be due to Russian vessels being ableptrate closer to the pack-ice, where older animay be
preferentially aggregated.

2. ADAPT-VPA assessments results

These results are listed in Table 4, which inclualeth Reference case and sensitivity results fdival stock structure
hypotheses. Figures 5-13 plot a number of thesdtss which in most cases are shown for fits tthkibe IDCR and
JARPA abundance estimates, and also to only otfgest two sets of data. The CI's shown in thegts @lre Hessian-
based. In some cases the recruitment for theykat for which this can be estimated is relativétyh; this reflects the
fact that only a single datum coupled to an assiompelating terminal fishing mortalities (see Buttiorthet al. 1999
equation 7) determines such estimates, so that timesnot particularly reliable (and generally rfestilarge Cls).

8 The standardisation is in terms of the samplingeStimated for the survey in question.
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The I-stock (Areas IIIE+IV+VW) is considered firstith Figure 5 showing fits to abundance (1+) survegults
followed by the associated recruitment trend egtisia Note that in years for which there are neespestimates, the
plots for abundance are based on setting the piopsrof the total abundance in each Area equtid expectations.
Figure 6 compares the Reference case with cer@ynsknsitivities, while Figure 7 contrasts estimabé M and
associated 95% Cls for such options.

Figures 8-10 show results for the P-stock (AreasWIRV) similarly to those for the I-stock in Figurés7. Total
population and recruitment estimates are shownigurEs 11-13 for the respective scenarios of comnbirAreas
IV+VW, all Areas from IIIE to VIW as a single stocknd the P-stock and I-stock for a situation whéee P-stock
extends to the west to mix with the I-stock in Ak84.

3. Fits of the stock-recruitment model
Table 5 and Figures 14 and 15 give results forfitieof the stock-recruitment model, with the asated trends in

carrying capacityk ', for the I-stock and P-stock scenarios. Theseshoavn both for the Reference cases and for
some sensitivities.

DISCUSSION

Most results show the same broad features: a abi@hdance trend that increases until about 19#Dtten declines,
with recruitment trends that show a similar pattehough reaching their maxima about 5 years sooffdrere are,
however, a number of instances where the abundstabdises or even increases after 1970. Theseaset trends in
abundance are very sensitive to the estimate afralamortality M, which in turn depends on the time-series of
abundance estimates selected for input to the nfitiedy process. The higheé, the less the initial increase and the
greater the later decline. The lower, the greater the initial increase and the lessdisgine or the more likely
stabilisation or increase over recent years.

In the case of the I-stock (Areas IIE+IV+VW) (s€@ures 5-7), results are sensitive to whetherlB€R or the
JARPA estimates of abundance are used as inputs.farmer leads to a high estimate M£0.10, together with
recruitment that is initially flat but then decreas as does the total population. In contrast, ube of JARPA
abundances estimates only skkgstimated at the lower bound of 0.03 imposed kysitftware, coupled to a recent
total abundance trend that is essentially flate filgh IDCR abundance from the 1978/79 cruiserangty influential
on the results. For the Reference case whichdesldboth abundance estimate series, results arenediate, withV
estimated at 0.06. Importantly in this case, lal abundance estimate data remain consistent héthmodel (see
Figure 5a), which interprets the fluctuations ie gurvey estimates as to some fairly large padnsequence of inter-
annual changes in distribution of the I-stock atamuds across the three Areas considered.

For the P-stock (Areas VE+VIW), there is much geeabnsistency in results in relation to whether BCR, JARPA

or both sets of abundance estimates are used iga® B in particular).M estimates are somewhat higher, but span a
narrower range of 0.07 to 0.09. Figure 10 showas Mhis estimated reasonably precisely if both setalmfndance
estimates are input.

Results when Areas IV+VW are considered a singlekstre similar to those for the I-stock scenaighen all Areas
from IlIE to VIW are treated as one stock resudis the initial rate of increase in recruitment daidare intermediate
between those for the I- and the P-stocks.

For the case where two stocks mix in Area VW, thengation allowed for stock-specific estimatesMf(given the
differing results for the |- and P-stocks abovépugh results in Table 4 suggest this not to haaenknecessary.
Compared to results for the two stocks in isolgtitise for the I-stock are similar, but the P-&tekhows a loweM
estimate and corresponding higher initial ratenoféase in recruitment.

Allowing for age-dependence M has little effect on results. There is a genamhd of increased values bf for
lower ages.

To summarise the results overall, most show aralnitcrease in recruitment estimates of about 4%&@lowed either
by a stock decline (typically at between about 1{3&over recent decades) or sometimes stabilisafioese latter
trends are very sensitive to the estimate of nhtaoatality M, which in turn depends on the time-series of ahuod
estimates selected for input to the model fittimggess. If all available data are considered,eftemates oM are
reasonably precise, with 95% Cls correspondingotmuti+-0.02; thus the estimate for the P-stockugimohigher than
that for the I-stock, is not significantly so.

For the fits to the stock-recruitment model, cargycapacity generally shows an increase to abda@,1f®llowed by a
decline. The case of the I-stock fitted to the PARabundance estimates alone, does however refiditference, with
no subsequent decrease in carrying capacity dfeeinitial increase. As might be expected from ARAPT-VPA
results, there are greater differences betweerethdts of sensitivities for the I-stock than foe tP-stock. Estimates of
MSYRu. range from 4% to 7%.
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FURTHER WORK

Due to the restricted time available and alreadgdanumbers of sensitivity tests conducted, it was possible to
further explore sensitivities to selectivity furosii form assumptions. Furthermore, it is importamtconduct the
analyses distinguishing the male and female commpsenef these minke whale populations since seliggtif the
whales during the commercial period seems likelbeodifferent between males and females espedatlyhigher
latitudes probably due to different distributionttpens for the sexes, especially near the ice-edges planned to
pursue these aspects in future analyses.

In addition, the uncertainties reported in the lstaecruitment model and hence the estimated vadfidise KJ do not

incorporate uncertainties of the output from the ART-VPA model. Thus the confidence intervals répdrfor
K; may be negatively biased. This could be resolvededtimating theK; within the ADAPT-VPA model by
including a stock-recruitment function within thdAPT-VPA formulation. Such an approach would have added

advantage of avoiding the need for the procedutadjust” total population size estimates for earlyears, and will be
considered in future analyses.
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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.

The author is developing a major update of the $ell of IDCR/SOWER abundance estimates for minkaleghin

terms of the “standard methodology” for presentatid the 2006 IWC SC meeting. So that the catdgatanalyses
can proceed in the meantime, the estimates aboxe i@t awaited the completion of this task, whial take some

time yet. Instead these estimates have been basdéidecapproach of Branch (2005), and have the \fatig broad

features/specifications:

» Estimates are standardised to 10 mode assum{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.
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* Pro-rating was conducted prior to combining sum®des.

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 thdhen
corresponding northern stratum of the survey.

* There is little by way of common factors used toeyate the estimates listed, so that any additiegsired
can adequately assume independence for compugrastociated CV.

Final updated estimates may differ somewhat froasé¢hgiven aboventer alia because the actual sightings will be
correctly allocated to the sub-Areas prior to alanwa estimation instead of dividing strata estisyateproportion to
their longitudinal coverage. These final estimates/ be available before the 2006 SC meeting, hist éonceivable
that the SC meeting itself might decide to chamymes of the associated assumptions for recomputatimimg that
meeting.

It is recommended that all pre-SC catch-at-age ctatipns be conducted using the estimates abovensore

comparability, rather than be repeated should @sdaécome available before the SC meeting. Thegelsaassociated
with such updates are hardly likely to influencendasions drawn about the relative appropriaterdéssiternative

catch-at-age model options. Final runs of prefemedlysis choices with inputs of updated abundastienates could
be run during the SC meeting (or later) to proviieal’ results.
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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

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
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1985
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Table 1. Cont.

Area VIW - Japan
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19



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

Area llIE
Survey Year to which applies Estimate (CGV)
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 12766 (0.323)
JARPA 1997/98 1997 7710 (0.445)
JARPA 1999/00 1999 15580 (0.687)
JARPA 2001/02 2001 58169 (0.413)
JARPA 2003/04 2003 34949 (0.295)
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 54772 (0.231)
JARPA 1991/92 1991 56774 (0.258)
JARPA 1993/94 1993 41895 (0.211)
JARPA 1995/96 1995 42882 (0.245)
JARPA 1997/98 1997 29683 (0.266)
JARPA 1999/00 1999 49922 (0.168)
JARPA 2001/02 2001 67954 (0.169)
JARPA 2003/04 2003 47818 (0.358)
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 65129 (0.279)
JARPA 1992/93 1992 44047 (0.291)
JARPA 1994/95 1994 21601 (0.322)
JARPA 1996/97 1996 26333 (0.373)
JARPA 1998/99 1998 87626 (0.311)
JARPA 2000/01 2000 20548 (0.290)
JARPA 2002/03 2002 108783 (0.230)
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Table 2 cont.

Area VE
Survey Year to which applies Estimate (CV)
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 124758 (0.287)
JARPA 1992/93 1992 81466 (0.284)
JARPA 1994/95 1994 141017 (0.297)
JARPA 1996/97 1996 142304 (0.293)
JARPA 1998/99 1998 38230 (0.378)
JARPA 2000/01 2000 152580 (0.236)
JARPA 2002/03 2002 83166 (0.197)
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 13556 (0.284)
JARPA 1998/99 1998 40430 (0.273)
JARPA 2000/01 2000 23426 (0.236)
JARPA 2002/03 2002 13436 (0.225)

Table 3 Annual genetically based estimates of the propostmf minke whales in Area VW that belong to thedek.
The following baseline data were used: I-stock BaseArea 1V, all JARPA surveys (n=2655), P-std&seline: Area
VE+VIW, all JARPA surveys (n=1637) (source: Appengdiof Government of Japan 2005).

Year Year to which applies [-stock proportion SD
1990/91 1990 0.625 0.125
1992/93 1992 0.491 0.151
1994/95 1994 0.605 0.171
1996/97 1996 0.245 0.158
1998/99 1998 0.651 0.136
2000/01 2000 0.485 0.171
2002/03 2002 0427 0.219
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Table 4. Results for the Reference cases and the variook B{gotheses together with sensitivity tests.dase rates are given as annual proportions. Titeklmations to the
total negative log-likelihood (-lq(total)), in terms of the notation in the text, ateL(CAA)=-InLs, -InL(indices)=-In_;-InLx(-In Ls for the mixing model), -In(p,)=-InLs. Chi2=x2
is defined in equation 20 of Butterworthal. (1999). The value op is the estimated average proportion of the whaldmtfound in the relevant Area. SDSR is the stehd

deviation of the standardized residuals; for thenalance indices the standardization is in term@®Burvey sampling CVs for each survey, whereath®proportiorpy in Area
IV itis in terms of the standard deviation assurtzedpply to this distribution. Estimated CVs, whegiven, are based upon the Hessian approximattbis was cross-checked
against likelihood profile estimation for the CVMf and found to reflect good accuracy.

Scenario Ny,lincr.rate 45-68 | Ng31/Nes,1 Nistyr5.1/Nes.1 M(CV) Ny incr.rate 80-Istyr  -InL (total) | -InL (CAA) InL (indices -InL (Py) = Chi*/DF P 1(CV) P 2 P 3 P 4 SDSR (aburSDSR (p1)SDSR (p2)SDSR (p3)SDSR (p4) Others
Initial 1 stock comp. IV& V
Mori (2005) (includes Russian CAA) 0.043 0.550 0.208 0.071 (0.119) -0.027 298.682 326.762 9.958 -38.038 0.960 0.185 (0.201) 0.974 0.916
m =30 (excludes Russian CAA) 0.042 0.528 0.199 0.072 (0.119) -0.027 284.429 | 312.523 9.987 -38.08 1.036 | 0.185(0.201) 0.975 0.914
—a
1 stock comp. llIE & IV & VW Ny.1 incr.rate 45-68 L P [Area IV] P [ArealllE]
m=30 0.047 0.501 0.237 0.063 (0.167) -0.017 297.110 332.625 15.265 -50.780 1.065 | 0.424(0.227) | 0.210 (0.378) 1.009 1.047 0.727
-q estimated 0.047 0.500 0.236 0.063 (0.210) -0.017 297.110 332.626 15.286 -50.801 1.065 0.424 (0.227) | 0.210 (0.377) 1.010 1.045 0.728 1.073
m=45 0.061 0.447 0.195 0.067 (0.149) -0.021 457.043 492.475 15.306 -50.738 0.995  0.421(0.227)  0.213 (0.373) 1.010 1.039 0.731
fit only JARPA (m =30) 0.077 0.676 0.522 0.030 (0.002) 0.014 298.886 331.859 8.392 -41.365 1.041 0.432(0.129) | 0.129 (0.510) 0.916 0.743 0.643
fit only IDCR (m =30) 0.014 0.328 0.088 0.098 (0.164) -0.052 312.446 | 332.291 4.179 -24.024 1.023 | 0.386(0.235) | 0.276 (0.301) M(0-3 M(10-30 M(>35 0.914 0.958 0.588
M linear by age (m =30) 0.049 0.502 0.228 0.073 -0.017 299.316 334.344 15.496 -50.524 1.067 0.425 (0.227) | 0.209 (0.379) 0.125 (0.285) 0.060 (0.193) | 0.030 (0.181) 1.016 1.057 0.734
M linear by age (m =45) 0.061 0.46 0.196 0.075 -0.021 460.899 | 495.569 15.651 -50.321 1.005  0.422(0.227)  0.213 (0.374) 0.135(0.254) | 0.060 (0.173) | 0.099 (0.156) 1.022 1.053 0.742
down weight JARPA CAA by 0.1 -0.014 0.262 0.173 0.127 (0.162) -0.029 73.364 132.008 15.076 -73.72 0.902 0.415 (0.166) | 0.215 (0.268) 1.003 0.735 0.426
down weight commercial CAA by 0.1 0.037 0.555 0.242 0.067 (0.160) -0.023 189.699 | 225.402 15.199 -50.901 1.047 | 0.421(0.228) | 0.214(0.372) 1.006 1.031 0.727
no IDCR 78/79 0.063 0.579 0.349 0.045 (0.335) -0.001 298.217 332.129 16.485 -50.396 1.060 0.392 (0.233) | 0.220 (0.353) 1.066 0.962 0.742
no IDCR 78/79, 1979/80 0.076 0.643 0.472 0.029 (0.540) 0.012 299.276 331.728 15.744 -48.196 1.056 0.410 (0.300) | 0.183 (0.404) 1.061 1.025 0.682
no IDCR + down weight commercial CAA by 0.1 0.073 0.749 0.566 0.030 (0.006) 0.012 192.385 | 225.348 8.317 -41.279 1.024 0.426 (0.227) | 0.135 (0.495) 0.912 0.739 0.629
no JARPA + down weight JARPA CAA by 0.1 0.013 0.317 0.09 0.100 (0.188) -0.051 119.134 139.284 4.103 -24.253 1.032 0.383 (0.235) | 0.279 (0.298) 0.906 0.944 0.582
1 stock comp. VE & VIW Ny.1 incr.rate 54-68 P [Area VE]
m =30 0.037 0.489 0.392 0.090 (0.132) -0.039 114.621 153.889 9.233 -48.501 1.096 0.667 (0.169) 1.013 1.007
-q estimated 0.048 0.566 0.517 0.080 (0.225) -0.030 108.401 | 153.853 8.857 -54.309 1.095 0.657 (0.162) 0.992 1.038 0.756
m =45 0.032 0.511 0.466 0.087 (0.124) -0.033 170.360 179.300 8.855 -17.796 1.032 0.839 (0.093) 0.992 0.833
fit only JARPA (m =30) 0.054 0.619 0.622 0.074 (0.369) -0.024 151.005 153.759 6.149 -8.903 1.069 0.821 (0.117) 1.057 0.744
fit only IDCR (m =30) 0.045 0.551 0.485 0.082 (0.151) -0.032 145.479 | 153.906 3.405 -11.832 1.071 | 0.858(0.052) M(0-3 M(10-30, M(>35 0.986 0.982
M linear by age (m =30) 0.038 0.492 0.376 0.102 -0.040 111.839 | 155.665 10.073 -53.899 1.108  0.664 (0.161) 0.153 (0.400) = 0.089 (0.137) = 0.030 (0.468) 1.058 1.046
M linear by age (m =45) 0.034 0.526 0.471 0.096 .033 172.459 181.401 8.894 -17.837 1.042 0.840 (0.092) 0.142 (0.428) 0.085 (0.134) | 0.085 (0.310) 0.994 0.834
down weight JARPA CAA by 0.1 0.053 0.560 0.432 0.080 (0.209) -0.032 46.956 55.508 7.559 -16.111 1.082 | 0.839(0.111) 0.917 0.821
down weight commercial CAA by 0.1 0.032 0.586 0.519 0.082 (0.148) -0.032 104.424 112.499 8.008 -16.083 1.120 0.836 (0.112) 0.943 0.806
no IDCR + down weight commercial CAA by 0.1 0.038 0.642 0.631 0.076 (0.356) -0.026 109.714 112.471 6.123 -8.879 1.095 0.820 (0.117) 1.055 0.738
no JARPA + down weight JARPA CAA by 0.1 0.054 0.577 0.429 0.078 (0.210) -0.032 46.968 55.688 3.138 -11.858 1.069 0.861 (0.051) 0.947 0.994
1stock comp. IV & VW Ny, 1 incr.rate 45-68 . P JArea V]
m=30 0.055 0.553 0.258 0.055 (0.197) -0.012 316.496 = 323.063 11.208 -17.776 0.987 | 0.523 (0.239) 1.076 1.079
-q estimated 0.058 0.588 0.287 0.052 (0.225) -0.009 315.497 323.16 11.219 -18.882 0.987 0.528 (0.226) 1.010 1.446 0.85
m=45 0.079 0.535 0.258 0.049 (0.214) -0.008 497.852 | 493.522 12.154 -7.824 0.972 0.559 (0.218) 1.051 1.463
fit only JARPA (m =30) 0.078 0.702 0.467 0.030 (0.004) 0.01 313.929 321.108 5.263 -12.442 0.976 0.512 (0.230) 0.838 0.895
fit only IDCR (m =30) 0.024 0.371 0.101 0.088 (0.197) -0.045 325.659 323.717 2.811 -0.869 0.970 0.583 (0.212) M(0-3 M(10-30 M(>35 0.896 1.691
M linear by age (m =30) 0.057 0.554 0.250 0.065 -0.013 327.725 323.775 11.982 -8.031 0.984 0.558 (0.219) 0.114 (0.327) 0.052 (0.218) | 0.030 (0.246) 1.044 1.455
1stock comp. llIE & IV & VW & VE & VIW Ny.1 incr.rate 45-68 P JArealV] P _[Area llE; P [Area VW P JArea VE]
m =30 0.04 0.507 0.239 0.074 (0.104) -0.027 178.220 340.618 35.537 -197.935 1.128 0.182(0.227) | 0.018 (0.794) 0.155 (0.250) 0.570 (0.093) 1.442 0.731 1.286 1.099 0.730
-q estimated 0.036 0.481 0.216 0.078 (0.111) -0.030 177.858 | 340.702 35.610 -198.453 1.128 | 0.178(0.230) | 0.018 (0.794) 0.153 (0.252) | 0.576 (0.092) 1.496 0.720 1.285 1.086 0.738 1.105
m=45 0.06 0.467 0.220 0.076 (0.098) -0.027 331.395  493.774 35.562 -197.941 1.017 0.181 (0.228) 0.018 (0.794) 0.155 (0.250) 0.570 (0.730) 1.441 0.731 1.286 1.099 0.730
fit only JARPA (m =30) 0.081 0.848 0.750 0.030 (0.005) 0.016 212.966 339.846 32.653 -159.534 1.004 | 0.209 (0.156) 0.010 (0.799) 0.190 (0.165) = 0.526 (0.076) 1.451 0.432 1.383 0.757 0.650
fit only IDCR (m =30) 0.017 0.364 0.114 0.099 (0.092) -0.051 215.582 340.456 32.14 -157.013 1.069 0.164 (0.155) 0.007 (0.801) 0.122 (0.184) 0.632 (0.052) 1.945 0.596 1.487 0.914 0.659
2stock (I-stock and P-stock), mixing at VW Ny.1 incr.rate 45-68 P [Area V] P [AreallE]
m =30, est 2 M's (1st iteration) P JArea VE] P [Area VW-E]
I-stock 0.035 0.465 0.187 0.074 (0.154) -0.026 424829 495.683 31.163 -102.018 1.056 0.521 (0.171) | 0.277 (0.289) 1.076 0.992 0.596
P-stock 0.093 0.529 0.517 0.070 (0.131) -0.026 0.751 (0.080) = 0.118 (0.380) 0.929 0.982 2.107
m =30, est 2 M's (2nd iteration)
I-stock 0.035 0.459 0.189 0.075 (0.153) -0.026 0.521 (0.172) | 0.277 (0.289) 1.075 0.992 0.595
P-stock 0.093 0.541 0.525 0.069 (0.132) -0.026 423.222 | 494156 s1a82 ~102.066 1055 0.751 (0.081) | 0.118 (0.381) 0.929 0.981 2.105
m=45, est2 M's
I-stock 0.048 0.421 0.154 0.079 (0.131) -0.032 0.517 (0.172) | 0.283 (0.284) 1.081 0.978 0.596
P-stock 0.075 0.498 0.518 0.074 (0.120) -0.025 668431 | 739315 31.159 ~102.043 1.005 0.751 (0.080) | 0.118 (0.380) 0.926 0.991 2.146
fit only JARPA
I-stock 0.075 0.681 0.529 0.030 (0.003) 0.015 0.552 (0.166) | 0.186 (0.384) 0.892 0.684 0.563
P-stock 0.125 0.828 1.246 0.037 (0.421) 0.005 44263 490831 17625 -65.626 0078 0.727 (0.084) | 0.145 (0.332) 0.978 0.996 1.169
M linear by age (m =30) M(0-3 M(10-30) M(>35]
I-stock 0.037 0.465 0.177 0.086 -0.027 0.522 (0.171) | 0.277 (0.289) 0.148 (0.224) 0.071(0.169) = 0.030 (0.143) 1.090 1.002 0.605
P-stock 0.100 0.585 0.601 0.073 -0.023 430.249 | 500.391 51612 -101.754 062 0.752 (0.080) | 0.118 (0.381) 0.113 (0.452)  0.063 (0.200) | 0.667 (5.846) 0.928 0.982 2.109
M linear by age (m =45)
I-stock 0.048 0.432 0.153 0.089 -0.031 0.518 (0.172) | 0.283 (0.284) 0.153 (0.211) = 0.073(0.146) = 0.101(0.153) = 1.1018 0.9871 0.6058
P-stock 0.070 0.515 0.533 0.077 -0.024 674.309 744.228 31839 -101.758 1016 0.751 (0.080) | 0.118 (0.380) 0.107 (0.473) 0.069 (0.135) | 0.112 (0.177) 0.926 0.995 2.1509

fit only IDCR (not converge)
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Table 5. Estimated parameters from the stock-recruitmesdehof equations (28-37) of the text for stock diyyesis (i) onestock comprising Areas IIE+IV+VWstiock) and (ii)
one stock comprising Areas VE+VIW (P-stock) for &ehce cases and various sensitivities.

Scenario A Y Ky Ky Kq MSYR,, K3 /K, Kq /K]
1 stock comp. HIE+IV+VW

fit to both JARPA & IDCR/SOWER (m=30) ("Reference case") 1.90 2,57 21305 78921 36151 0.05 3.7 0.5
fit only JARPA (m=30) 5.00 3.62 9322 57315 60754 0.07 6.1 1.1
fit only IDCR/SOWER (m=30) 1.12 2.39 74218 | 115880 @ 24643 0.04 1.6 0.2
fit to both JARPA & IDCR/SOWER (m=30) but exclude 1978/79 of DCR/SOWER 3.02 2.94 10423 53965 37841 0.06 5.2 0.7
no IDCR + down weight commercial CAA by 0.1 4.96 3.28 3667 21399 22280 0.07 5.8 1.0
no JARPA + down weight scientific CAA by 0.1 1.18 2.42 76500 115385 24537 0.05 1.5 0.2

1 stock comp. VE+VIW

fit to both JARPA & IDCR/SOWER (m=30) ("Reference case") 0.95 1.83 28434 | 110093 = 35039 0.04 3.9 0.3
fit only JARPA (m=30) 1.46 231 12044 76627 37710 0.05 6.4 05
fit only IDCR/SOWER (m=30) 1.17 2.06 20195 | 100974 @ 39099 0.04 5.0 0.4
no IDCR + down weight commercial CAAby 0.1 1.08 2.03 21406 83547 37829 0.04 3.9 0.5
no JARPA + down weight scientific CAA by 0.1 1.40 2.26 16049 108889 | 42821 0.05 6.8 04
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Figure 1. Graphical illustration of the various stock hylpeses (i-v) tested for Antarctic minke whales (tha

showing the strata are redrawn from Pasttaé (2005).
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Figure 2. Chapman-Robson (1960) estimates of catch cuopes (see text) for each year of the scientifgeagch

whaling.
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Figure 3. Estimated total population size and recruitmd\dg,gl) trajectories for the initial scenario (Area IVdax

combined) which the model is fit only to the Jaaneatch-at-age proportion. These are comparedrbier
comparable results (Mori 2005) where the Japaneddrassian commercial fleets are assumed to havestine
selectivity-at age. The results are shownnis30.
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Figure 4. Estimated selectivity by age for the commercral acientific catches for the initial scename=G0). The
selectivities have been normalized so tB} ,,=1 and S5_3,=1 . The commercial selectivity trend outside dige

range of 16-30 are estimated as detailed in equa({@3)-(26). The scientific selectivity is asimsited for the initial
scenario to age 30. Thereafter it is estimatedgusguations (23), (24) and (26).
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Figure 5a.Fits of the ADAPT-VPA model to the total (1+) abamde estimates for Areas IIIE, IV and VW separatetyeach Area for the Area IIIE+IV+VW scenario {salled
“I-stock”) for three cases 1: both IDCR/SOWER a#dRPA abundance estimates are fitted, 2:only JARBéndance estimates are fitted and 3: only IDCR dance estimates
are fitted. The abundance plots include the sueatiynates of abundance together with their suraeypding estimated 95% confidence intervals. Thieince between the
“estimated” and “adjusted” total population sizeekplained in Mori and Butterworth (2005).
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Figure 5b. Estimated total (1+) population and recruitmentdréor the Area IIIE+IV+VW case (so-called “I-stdgk
for three cases 1: both IDCR/SOWER and JARPA aburelastimates are fitted, 2: only JARPA abundastenates
are fitted and 3: only IDCR abundance estimateditieed. The difference between the “estimated” dadjusted” total
population sizes is explained in Mori and Buttertlid2005).
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Estimated recruitment trend (Areas combined, IIIE+IV+VW,
so—called “I-stock”)
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Figure 6. Estimated recruitment trend for the Areas IIIE+MW combined assessment case (so-called “I-stdick”)
various sensitivities. Details of these sensijitaétsts are given in the text.
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Figure 7. EstimatedM for the Areas IIIE+IV+VW combined assessment cése-called “I-stock”) for various
sensitivities. Details of these sensitivity tests given in the text.
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Figure 8a.Fits of the ADAPT-VPA model to the total (1+) abamte estimates for Areas VE and VIW separately for
each Area for the AreaVE+VIW scenario (so-calleestBck”) for three cases 1: both IDCR/SOWER and BAR
abundance estimates are fitted, 2:only JARPA alnowlastimates are fitted and 3: only IDCR abundastenates are
fitted. The abundance plots include the surveyrests of abundance together with their survey sagpktimated

95% confidence intervals. The difference betwéden‘estimated” and “adjusted” total population sizeexplained in
Mori and Butterworth (2005).
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Figure 8b. Estimated total (1+) population and recruitmentdréor the Area VE+VIW case (so-called “P-stocldj f
three cases 1: both IDCR/SOWER and JARPA abundastoeates are fitted, 2: only JARPA abundance edémare
fitted and 3: only IDCR abundance estimates areditThe difference between the “estimated” angustdd” total
population sizes is explained in Mori and Buttertlid2005).
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Estimated recruitment trend (Areas combined, VE+VIW,
so—called “P-stock”)
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Figure 9. Estimated recruitment trend for the Areas VE+V@#@mbined assessment case (so-called “P-stock”) for
various sensitivities. Details of these sensijitaétsts are given in the text.
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Figure 10. Estimated M for the Areas VE+VIW combined asses#ncase (so-called “P-stock”) for various
sensitivities. Details of these sensitivity tests given in the text.
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Figurella.Fits of the ADAPT-VPA model to the total (1+) abamte estimates for Areas IV and VW separately for
each Area for the Area IV+VW scenario for threeesas: both IDCR/SOWER and JARPA abundance estinaates
fitted, 2:only JARPA abundance estimates are fitted 3: only IDCR abundance estimates are fittée. dbundance
plots include the survey estimates of abundancetheg with their survey sampling estimated 95% iclanfce

intervals. The difference between the “estimatauti “adjusted” total population sizes is explaimeori and
Butterworth (2005).
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Figure 11b. Estimated total (1+) population and recruitmenhdréor the Area IV+VW case for three cases 1: both
IDCR/SOWER and JARPA abundance estimates are fitteghly JARPA abundance estimates are fitted3armhly
IDCR abundance estimates are fitted. The differdrteeen the “estimated” and “adjusted” total pagioh sizes is
explained in Mori and Butterworth (2005).
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Figurel2a.Fits of the ADAPT-VPA model to the total (1+) abamte estimates for Areas llIIE to VIW separatelydach Area for the Area IIIE+IV+VW+VE+VIW scenarior
three cases 1: both IDCR/SOWER and JARPA abundastomates are fitted, 2:only JARPA abundance estisnare fitted and 3: only IDCR abundance estimateditted. The
abundance plots include the survey estimates afddnce together with their survey sampling estich8&% confidence intervals. The difference betwiberf'estimated” and

“adjusted” total population sizes is explained inrfMand Butterworth (2005).
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Figure 12b. Estimated total (1+) population and recruitmenhdréor the Area IIIE+IV+VW+VE+VIW case for three
cases 1: both IDCR/SOWER and JARPA abundance dstmae fitted, 2: only JARPA abundance estimatesited
and 3: only IDCR abundance estimates are fitte@. difierence between the “estimated” and “adjustettl
population sizes is explained in Mori and Buttertid2005).
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Figurel3a.Fits of the ADAPT-VPA model to the total (1+) abamte estimates for I-stock (Areas IIIE, IV, and VW), and P-stock (VW_E, VE and VIW) separately facke
Area for the two stock hypothesis with some mixim@\rea VW. Two cases are shown 1: both IDCR/SOWABR JARPA abundance estimates are fitted, 2:onRRMabundance
estimates are fitted . The model did not convevggen only IDCR/SOWER abundance estimates weralfitidhe model due to lack of information on recamindance estimates.
The abundance plots include the survey estimataburfidance together with their survey samplingreggd 95% confidence intervals. The differencevben the “estimated” and
“adjusted” total population sizes is explained inrfvand Butterworth (2005).
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Figure 13b. Estimated total (1+) population and recruitmeendl for the two stock hypothesis with some miximérea VW case for two cases 1: both IDCR/SOWER 3RPA
abundance estimates are fitted, 2: only JARPA aboeel estimates are fitted. The model did not cgeverhen only IDCR/SOWER abundance estimates witeel fio the model
due to lack of information on recent abundanceredis. The difference between the “estimated” aljusted” total population sizes is explained infMmd Butterworth (2005).
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Figure 14. Fit of the model of equations (32)-(35) to theruitment trend, the associated stock-recruit @lot the
estimated trend in carrying capacity of adult feesadver time for the Area IIIE+IV+VW combined asseent case
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Figure 15 Fit of the model of equations (32) to (35) to theruitment trend, the associated stock-recruit, glod the
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