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ABSTRACT

Following recommendations made at IWC 65a, 201s8ngle-stock BSD (Breeding Stock D, West Austrafi@)del has
been run for a range of Antarctic catch boundaees, some two-stock BSE1 (Breeding Stock E1, EastrAlia)+BSO
(Breeding Stock Oceania) models have been expldreel.single-stock BSD model excluded the Hedlewl. (2011)
absolute abundance estimate from the model fitd,imstead utilised an uninformative uniform prior the log of the
target abundance estimate. The minimum value fr phior was based on calculations by Hedley of iaimum
absolute abundance indicated by the 2005-2008 pHedleyet al. 2011). These changes markedly improve the fit to
the BSD relative abundance series. The two-stockletsoconsidered consist of one model with fixed ahctic
boundaries that allowed for a proportion of eachthaef BSE1 and BSO stocks to feed in a common fgediound
between 170°E and 170°W, and a second model intmthiere was no overlap between the two stocksabrange of
different Antarctic catch boundaries have beenangal. Results of these models showed that (a) 8&1Byrowth rate
remained virtually at 0.106 yr(the demographic boundary imposed by the mode))fits to the BSE1 mark-recapture
data were relatively poor and (c) tNgj, constraint remained problematic for BSO. Furties-stock runs, as well as a
three-stock run, have not been included in thisepalput the authors aim to provide the resultsraaddendum to this
paper at the meeting.

INTRODUCTION

For the past few years, assessment models foratitn&n Hemisphere humpback breeding stocks BSDsi@hfe
Australia), BSE1 (Eastern Australia) and BSO (O@dmave been explored at the meetings of the |\Wi€rtific
Committee. During this time various types of modedse been run, including independent single-stookiels,
two-stock models (both for BSD+BSE1 and BSE1+BS©yvell as three-stock models allowing for neighlroyir
stocks to feed in overlapping Antarctic feedingugds.

One major discussion point amongst the sub-comeniite other Southern Hemisphere whale stocks haseden
on an anomaly observed for BSD models, where theletqaredicted population trajectory was unable to
simultaneously fit an absolute abundance estinat@@08(Hedleyet al. 2011) as well as reflect the high growth

rate suggested by the relative abundance series ftedleyet al. (2011). Discussions revealed that there was
some uncertainty about the absolute abundance asti(iVC 2013), so that it was decided that thémede
should not be used in the model fitting processn&dnformation on an absolute abundance is howstikr
needed for the Bayesian estimation process (s¢m@rsddayesian estimation framework under Methodsy it
was decided an uninformative uniform prior shouéddused, with a lower bound informed by further winkt
was to be carried out by Hedley.

Given the above considerations, and the fact thath@r major discussion point has been the issymtehtial
sub-structuring of the Oceania breeding stock stite committee recommended that the following waekdbne
inter-sessionally (IWC 2013):

1) A lower bound on the BSD abundance estimate should be obtained.

2) A single-stock model for BSD will be run for a range of choices of the Antarctic feeding ground
catches between 120E and 150E.

3) Two stock BSE1-Oceania models (with further breeding stock division within Oceania) will be
explored

4) If time permits after sufficient exploration of the models above, more complex options may be
examined. These could include a three-stock model covering all of BSD, BSE1 and Oceania,
together perhaps with more complex models for the dynamics of BSD.

Point (1) was undertaken by Hedley, who tentativadivised a value of 4900 with 95% CI [4100,7900] fo
surface available whales, and suggested a comefiosurface availability of 0.3-0.4 (Hedlegers. commn
Given this, a rounded value of 15000 has been amddion this paper, and all the assessments prestamt&SD
use a uniform prior of U[In15 000, In40 000] foretlog of the target abundance estimate for 2008 geetion

1 MARAM (Marine Resource Assessment and Managemeat|@, Department of Mathematics and Applied Mathges,
University of Cape Town, Rondebosch, 7701, SouttcAf
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Bayesian estimation framework under Methods). Tihgls-stock models for Point (2) have been completed
are presented in this paper.

Several different variants of two-stock models wpreposed and circulated to the inter-sessionalilegnaup.
These consisted of BSE1-BSO two-stock models, da some BSD -(BSE1+BSEZ2, i.e. Eastern Australd an
New Caledonia) models. In this paper, results aesgnted for a selection of the BSE1- BSO modeds siarting
point for discussions and further runs to be uraden at the meeting to address Point (3). It istdpat results

for the BSD -(BSE1+BSE2) models, as well as foeaun of the three-stock model using the new treatnof

the BSD absolute abundance estimate will be readpet provided at the meeting as an addendum to this
document.

Model descriptions for the single-stock BSD moda ¢he two-stock BSE1 vs BSO models for which rissate
presented in this paper are given in Appendices®@ Descriptions of the remaining models willdal in the
addendum.

DATA

Historic catch data
There are two sets of historic catch data, botiwiith are available from Allison’s database (C.igdh, pers.
comm):

i) Catches north of 40°S

These catches are given by location. Additionaligré are some Russian catch data available by dteele
longitude and latitude bands. The allocations eféhcatches to the breeding stocks consideredsiaghessment
are described below.

Breeding stock D

Those labelled “Aust W” in the database have bélecated to BSD. Note that catches labelled “IndOcW
have been assumed to be associated with BSC. Rusaiehes taken between 80E and 130E have been
allocated to BSD (a total of 120 catches).

Breeding Stock Eland Oceania

The catches for E1 and Oceania are given by lansiation. Catches landed at LochTay, Tangalooma,
Byron Bay and Rakiura have been allocated to BSEdtches landed at New Zealand, Kaikoura, Great
Barrier Island, Whangamumu, Bay of Island, Norfdland, Tonga and Polynesia have been allocatéteto
Oceania breeding stock. Catches taken in the Ctalit 8nd Tory Channel have been split equally leetw
BSE1 and Oceania.

The resulting catch series are given in Table &f the Appendix.
ii) Catches south of 40°S
These catches are given for 10 degree longitudéshas shown in Table A. 2.

Abundance and trend data

The data used in this assessment are listed iAgpendix. A summary is given below of which dataendused
for the base case and which were used for indeperdasistency checks, as recommended at IWC 6 flat
not all the data listed in the Appendix have begii@ed in these assessments.



Table 1: Summary of the assessment input data
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Breeding ground data Reference Case| Sensitivity Consistency
Check
Breeding Stock D
Absolute abundance Hedleyal. (2011) X
Relative abundance Hedleyal. (2011) X
Relative abundance Bannister and Hedley (2001) X
Relative abundance Chittleborough (1965) X
Min number of haplotypes| Olavarrg al. (2007) X
Breeding Stock E1
Absolute abundance Noatl al. (2011) X
Absolute abundance Patenhal. (2011) X
Relative abundance Noatl al. (2011) X
Relative abundance Chittleborough (1965) X
Relative abundance Forestetlal. (2011)
Mark-recapture (photo-ID)| Forestei al. (2011) X
Mark-recapture (genetic) Jacksenal. (2012) X
Mark-recapture (photo-ID)| Patat al. (2011) X
Min number of haplotypes| Olavarriat al. (2007) Valsecchiet al. X
(2010
Oceania breeding stock
Mark-recapture (genetic) Constantieteal. (2012) X
Absolute abundance Constantizteal. (2012) X
Mark-recapture (genetic) Jacksenal. (2012) X
Min number of haplotypes| Olavarré al. (2007) X
Data informing interchange
Mark-recapture (photo-ID)|  Pacific Whale OrganisatioD and E1
Mark-recapture (genetic) Andersehal (2007) — D and E1
Mark-recapture (genetic) Jacksehal. (2012) — E1 and Oceania
Feeding ground data Reference Case| Sensitivity Consistency
Check
Relative abundance Matsuokgal. (2011) X X
Relative abundance Branch (2011) X X
Mixing proportions Pasterst al. (2013)
METHODS
Population dynamics
The population dynamics are given by the followaggiation:
. S N! .
Ny, =Ny +r'Ny 1—(K—’i')” -C, i O{D, E1,0ceania} Q)
where
N'y is the number of whales in the breeding populatiainthe start of yeay,
r is the intrinsic growth rate (the maximum per capite population can achieve when its size is
very low) of breeding populatian
K is the carrying capacity or pristine populationdesf breeding population
H is the “degree of compensation” parameter; thietsat 2.39, which fixes the level at which MSY
is achieved at MSYL = Okg as conventionally assumed by the IWC SC, and
C'y is the total catch (in terms of breeding populatianimals) in yeay.

2 The Hedleyet al. (2011) absolute abundance estimate was used aseftétence case in 2013, but is now only used as a
consistency check given the uncertainty around/éhee.
% The absolute abundance estimate derived from & necapture data is used to set bounds on thiermmprior for the log
target abundance estimate in the SIR process. fii@a mark recapture data are used in the likgthfunction itself.
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Bayesian estimation framework

Priors
Prior distributions are defined for the followingrameters:

i) r' ~ U[0, 0.106]*
i) In Nt;",g; ~U[In N5, =4CV, In N2>, +4CV]*

The target abundance estimate is fitted to the toeelicted number of whales for breeding populatio

The uninformativer prior is bounded by zero (negative rates of groamh biologically implausible) and 0.106
(this corresponds to the maximum growth rate far $pecies agreed by the IWC Scientific Committ&éQ)
2007)). The prior distribution from which targetusidance estimaté\lt'fr; is drawn at random is uniform on a

natural logarithmic scale. The upper and lower lisunvhose only purpose is to render the computatioare
efficient, are set by the CV of the abundance eermultiplied by four.

Using the randomly drawn vector of values@t';gse‘ andr', a downhill simplex method of minimization is used

is identical to the randomly drawn vali¥,/o>

to calculatek’ such that the model estimate b; target -

target

For each simulation, using tieand calculate&' values, the available data are used to assidrekhibod to that
particular combination. Details for calculating t@mponents of the negative log likelihood are gilselow.

Priors for the mixing proportion parameters whiagtme into play in the two- and three-stock modelsd a
described in Appendix B.

Likelihood function
Absolute abundance data

Given an absolute abundance estim&léabrzet, this is assumed to be log-normally distributethwihe log of the
estimate as the mean and the CV as the standaiatide® Thus the negative log likelihood contribution is:

obs 2
2 (In Ntarget - ln Ntarget) (2)
g
where
Nf’;’%et is the absolute abundance estimate obtained fraareations,
Nt arget is the model-estimated population size for the yéahe abundance estimate, and
o’ is the variance ofn N2’

target **

Relative abundance data

These estimates are given in a series spanningadgears. Each year has a relative abundance ipdefatained
from observationslt is assumed that this index is log-normally disited about its expected value:

l, =aN,e® ©)
where

| is the relative abundance estimate for year
q is a constant of proportionallty

4 Note that an importance function was used foto improve sampling efficiency. Details are givater.
® Note that forBSD, In N2 ~ U[In 15000 In 40000

target
51f N is assumed to be log-normally distributed, thé¥ i normally distributed with some mearand standard deviation
The median value dfl is thene# while the CV ofN is given by./e* _1. Since the CV oN is relatively smallg has been
approximated here by the value of the C\Nof
7 When plotting the relative abundance series atuitlythe model-predicted median population valeagsess how good the
fit is, the relative abundance series each nedibtscaled by a factor of In the SIR process, once the original sample is

4
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N, is the model estimate of observed population sizkestart of yeay, and

™

Y is from N(o,gz) (see Equation (4) below).

The O parameter is the residual standard deviation, vtiestimated in the fitting procedure by its nmapum

likelihood value:
a:\/l/nz(lnly—|nq—|nNy)2 @
y

where
n is the number of data points in the series, and
q is a constant of proportionality, estimated tsymaximum likelihood value:

ing =1/nY (nt, -InN, ) ©)
y

The negative log-likelihood component for the riglabundance data is given by:

_ 1
nlnc7+ﬁzy:(lnly—Inq—InNy)2 ©)

In the Bayesian context; and 0 are “nuisance parameters, i.e. parameters thattoeee estimated but are not

of interest themselves (McAllisteat al., 1994). Walters and Ludwig (1994) show that thevabapproach is
essentially a shortcut to avoid integrating ovee tbrior distributions parameters and correspondgh&®
assumption that the prior is uniformly distributed in log-space, athét thes prior is proportional te .

Mark recapture data

These data are given in the form a matrix showmgnts of animals that were seen in a specific gedrre-seen
in a subsequent year. The method for incorpordtirsginformation into the likelihood is given below

The capture-recapture data give:
n,, the number of animals captured in ygaand

m the number of animals captured in yg#at were recaptured in year

vy’
If p,is the probability that an animal is seen in aoegh yeary, then the number of animals captured in year
is given by:

@)
where Ny is the total (1+) population. The model predictetmber of animals captured in yeathat were
recaptured in year is given by:

rﬁm" = py py’ Nye_M(YI_Y) (8

whereM is the natural mortality rate (set here to equ@B@r™ as recommended by the IWC SC).

The probability of a model-predictemﬁy,y., given the observedm
distributiorf, with the associated likelihood contribution given

,y» IS determined assuming a Poisson

resampled (based on the weights calculated usingébired input data), the likelihood componentsafbthe data sets (even
those not used in the final likelihood calculati@an be computed for each of theresampled parameter combination of [
INNerge]. The likelihood component of each relative abunéaseries will have an associatgdzalue, giving & q values
(representing samples from the posterior distrisutifg), from which the median value can be computedis Value is then
used to scale the relative abundance series fttingpas has been done in the figures of this dunt.

8 The equations given here imply a multinomial dbsttion. However, because the annual capture pititd are so small,
the Poisson distribution is an adequate and coaméapproximation.
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9)
2%
Finally the component for the negative of the liglihood for capture-recapture data is then gien

yi—l y¢

Z z[_my,y' In rﬁy,y' + rﬁy,y'] (10)

Y=Yoy'=y+l
wherey is the first year of captures apds the last year of recaptures.

Note that when compiling the capture-recapture icegy if an animal is re-seen a second time, tisefésighting
is treated as a new sighting that is first re-sseghe second resighting.

SIR

The negative log likelihood is then converted iatlikelihood valuel(). The integration of the prior distributions
of the parameters and the likelihood function thesentially follows the Sampling-Importance-Resangp{SIR)
algorithm presented by Rubin (1988). For a vecfopavameter valueg, , the likelihood of the data associated

with this vector of parameterg () as described above is calculated and stored aghis process is repeated
until an initial sample of, g, s is generated.

This sample is then resampled with replacemetitnes with probability equal to weigig, where:
L (6 /datd)

3L (g/datg )

]

The resample is thus a random sample of sjzgom the joint posterior distribution of the pareters (Rubin,
1988).

Importance function for BSE1

The trend data for BSE1 (Noad al., 2011) are highly informative, and as such hifhvalues have a much
higher likelihood associated with them and haveushrbetter chance of being resampled. Sifités sampled
from a uniform prior on the interval [0,0.106], sinaalues ofr* will form a substantial proportion of the initial
sample ofn;, even though they are not likely to be chosenhim tresampling process. This leads to sampling
inefficiency and a high number of duplicates (whitre same high values are sampled repeatedly). A very large
initial sample has to then be drawn in order toegete enough samples with higlalues to be able to resample
without a high number of duplicates. In order torgase the sampling efficiency, an importance foncvas
used. This function increases the likelihood of gtimg high r¥ values and reduces the number of essentially
wasted lowr values in the sample. To counter the fact thatréseilting distribution of they, values ofr®!
sampled is no longer uniform as required by thefoam prior distribution, the final likelihood valseare
weighted up in the same proportion as the prolighifi picking a particular® in the initial sample was weighted
down.

The importance function used is shown in Figurestbw. Given this function, the likelihood assoctateith any
sample containing arf* valued between 0 and 0.05 is up-weighted by afaaft 20, the likelihood associated
with any sample containing af* valued between 0.05 and 0.07 is up-weighted kactof of 5, etc.
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Figure 1: Importance function used when sampling f6t. The horizontal axis shows the step valuestbfat which the
importance function increases, and the verticas atiows the probability of accepting dft sample from a
particular range. In other words, if a value betw8eand 0.05 is drawn from the uniform prior, isla95% chance
of being discarded.

Nmin CONStraints

The assumption for these assessments is that givenimum number of haplotypds, for a specific region, the
minimum population size for that region is given 3fh. This offers a constraint below which values theded
estimated population trajectory must not go. A ftgria added to the negative log likelihood to emstihat these
constraints are not violated.

RESULTS AND DISCUSSION

Single-stock BSD model

The model structure considered is indicated diagmafitally in Appendix B. Posterior median values key
model parameters are given in Table 2 for the rasfg@ntarctic catch boundaries that were testedufé 2
shows the corresponding plots of the trajectoriad féts to the relative and absolute abundance. datpre 3
allows for comparison of the trajectories resultirgmn the different Antarctic catch boundaries.

The most noteworthy point from these assessmenthais by excluding the Hedlegt al (2011) absolute
abundance estimate from the model fits, and bysintg an uninformative uniform prior on the log tbie target
abundance estimate, the fits to the relative aburelaeries are good and a marked improvement dof valiéd be
achieved when the absolute abundance estimatenelasléd in the model fitting process.

Moving of the Antarctic catch boundaries has reddi little impact on the results. It is howeveiidant that the
model-predicted median g value is closest to the Hedley al. (2011) absolute abundance estimate for 2008
when the Antarctic catch boundaries are such Healargest possible number of catches is allodat&5D.

Two-stock BSE1+BSO models

Posterior median values for the first of the twoektBSE1+BSO models (see the E1_O#1 diagram in Agige
C) are given in Table 3. The corresponding plottheftrajectories are shown in Figure 4 and FigurBigure 4
shows only the fits to data that have been includeithe model fitting process, while Figure 5 shdits to all
data as consistency checks. In Table 3, parametegrarticular interest are the interchange propogjfe, and
Poe- As can be seen in the table, the probability irgtksr for these values are fairly large, suggestivag there is
relatively little information to inform on these aaneters. It is clear from Table 4 and Figure 4dt the Ny,
constraint for BSO continues to be problematictresresults are visibly different when thi,, constraint is
excluded. This is a point that should be considextethe meeting and possible approaches to adtiresssue
should be discussed. It should also be noted tieaestimated growth rate for BSE1 continues toigh And
virtually at the demographic boundary imposed @/ rifodel, resulting in a very narrow probability elope for
the BSE1 population trajectory. The importance fiamcfor r=* utilised in these assessments could possibly be
adjusted to further increase the efficiency of niodes that involve BSE1.
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Figure 5(c) - Figure 5 (j) show the fits to variamsirk-recapture data. For these cumulative resightplots, the
most important points to consider are the lashénderies. The resightings are accumulated oveyethes and the
last points in particular should lie within the pedbility envelope provided by the model estimatés hoteworthy
that in general the BSE1 model results do not agredkewith the mark-recapture data. The cumulatesightings
observed are substantially higher than the modé&hates, suggesting that the population size estirbg the
model is too large. It should be born in mind hoerethat these comparisons are shown as a realkgkconly
and that these data are not included in the mdtdeFits/comparisons of the BSO population tovhgous mark-
recapture data are considerably better. It is @starg to note that while the fit to the Jacksdral. (2011) sexes-
combined data is good, the model seems to undexastithe male population size and overestimatédetiale
population size, suggesting that the 50:50 ratiovéen male and females assumed in the model maypeaot
appropriate.

Posterior median values and the corresponding pdétshe trajectories for the second of the two-ktoc
BSE1+BSO models (see the E1_O#2 diagram n AppeDdace given in Table 5 and Figure 6. It is evideom
Figure 6 that increasing the catches allocated pmréicular stock has the effect of increasing ésémated
carrying capacity for that stock, as can be expksitece a higher initial population is needed tstain the greater
number of catches. Table 6 lists the negative ikgjthood components for the different Antarctictata
boundaries. It can be seen from this table thatstiiting of the Antarctic boundaries has a greatgract (in
likelihood terms) on BSE1 than BSO, and that treecahere the largest number of catches are alb¢tatBSE1
(case c) yields the best likelihood values. Theidssf where to set the Antarctic catch boundarfesulsl be
discussed further at IWC 65b.
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Table 2: Posterior median values of key model parametergiasn with their 90% probability intervals for teangle-stock BSDmodel runs (see Appendix B). For each run, theasictfeeding ground
catches from the indicated longitude bands wepeated to BSD. Column heading Rel | gives the stethdeviation of the residuals for the fit to thedtbyet al.(2011) relative abundance series, Rel I
for the fit to the Bannister and Hedley (2001) tiglaabundance series, Rel 11l for the Chittleb@io{1965) relative abundance series and Rel \fHerMatsuokat al. (2011) relative abundance series.
The models were fit to the Hedley al.(2011) and Bannister and Hedley (2001) relativendlbnce series only. Note that the model was ntt fite Hedleyet al (2011) absolute abundance estimate of
28830 (95% CIl = 23 710-40100) (Hedletyal.2011) for 2008, although the model-predictegohlvalue has been given in the table for comparisopgses. Instead, the models utilise a uniformrpio
the log of the 2008 abundance estimate ranging 6800 to 40000, where the choice for the lowemiolduas been informed by analyses of the surveytgattedley pers. commh

BSD r K Noin Nooos Nooio/K Nogao/K Rell  Relll Relll RellV

a) 70E-120E | 0.089 [0.046,0.104] | 21381 [19660,30193] | 872 [437,4994] | 19181 [17801,24209] | 0.899 [0.709,0.978] [0.981,1.000] | 0.274 0.208 0.285  0.568
b) 70E-130E | 0.089 [0.049,0.104] | 22622 [20880,30932] | 824 [424,3737] | 19803 [18203,23881] | 0.874 [0.689,0.974] [0.985,1.000] | 0.264 0.207 0.275  0.558
c)70E-140E | 0.090 [0.049,0.105] | 23994 [22347,32896] | 783 [390,4042] | 20693 [18583,25072] | 0.858 [0.657,0.978] [0.981,1.000] | 0.257 0.205 0.265 0.554
d) 70E-150E | 0.092 [0.055,0.105] | 28095 [26529,35240] | 762 [372,2883] | 22739 [19553,27807] | 0.801 [0.628,0.969] [0.984,1.000] | 0.243 0.204 0.319  0.539

S S S

Table 3: Posterior median values of key model parametergiigen with their 90% probability intervals for tffiest two-stock BSE1+BSOmodel run (see the BSE1+BSO #1 diagram in Appendix
C). The Antarctic catch boundaries are not varfdegt model assumes that a (time-invariant) propomibeach stock feeds in a common feeding groumadsn 170°e and 170°W, and catches in this
area of overlap are allocated according to the rurabwhales present. The model is fit to the Netél. (2011) absolute abundance estimate and the Hbpabl(2011) relative abundance series for
BSE1, and to the Constantiet al.(2012) mark-recapture data for BS(

r K B0 Boe Nimin Nao1o/K Naoso/K
BSE1 0.105 [0.103,0.106] 30241 [27718,32110] 0.314 [0.042,0.477] 229 [203,262] 0.553 [0.500,0.626] 0.999 [0.999,1.000]
BSO 0.029 [0.003,0.049] 13498 [10342,19458] 0.267 [0.030,0.508] 1018 [511,2508] 0.255 [0.149,0.369] 0.532 [0.162,0.871]

Table 4: Results for théwo-stock BSE1+BSOmodel run as for Table 3, except withHg, constraint in the model fit.

r K 6o Boe Ninin Nao1o/K Naoso/K
BSE1 0.105 [0.103,0.106] 30691 [27903,32209] 0.334 [0.062,0.477] 229 [203,267] 0.548 [0.494,0.620] 0.999 [0.999,1.000]
BSO 0.049 [0.008,0.098] 11386 [8708,18361] 0.236 [0.023,0.475] 512 [107,2165] 0.345 [0.161,0.572] 0.851 [0.204,0.999]
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Table 5: Posterior median values of key model parametergiges with their 90% probability intervals for teecondtwo-stock BSE1+BSOmodel run (see the BSE1+BSO #2 diagram in Appendix
C). This model aims to explore the effect of movihg boundaries for the Antarctic catches. Rurséayes as a reference case. Runs (b) and (cjvesixtremes for the boundary between BSE1 and
BSO, and runs (d) and (e) shift the western boundBBSE1 and the eastern boundary of BSO. The mate fit to the Noaét al. (2011) absolute abundance estimate and the Wbat (2011)
relative abundance series for BSE1, and to the t@ofiseet al.(2012) mark-recapture data for BSO.

BSE1 r K Nimin Naos /K Naoao/K

a) 120E:170E:110W | 0.105 [0.103,0.106] 26824 [26788,26939] | 0.009 [0.008,0.010] | 0.610 [0.558,0.666] | 1.000 [0.999,1.000]
b) 120E:150E:110W 0.105 [0.102,0.106] 14305 [14266,14445] 0.016 [0.014,0.020] 0.889 [0.856,0.927] 1.000 [1.000,1.000]
¢) 120E:170W:110W | 0.105 [0.103,0.106] 32020 [31975,32150] | 0.007 [0.006,0.008] | 0.526 [0.480,0.579] | 0.999 [0.999,1.000]

d) 130E:170E:120W | 0.105 [0.103,0.106] 25548 [25513,25656] | 0.009 [0.008,0.010] | 0.635 [0.577,0.695] | 1.000 [1.000,1.000]
e) 110E:170E:100W | 0.105 [0.104,0.106] 28740 [28702,28860] | 0.008 [0.007,0.009] | 0.578 [0.524,0.631] | 1.000 [0.999,1.000]

BSO r K Nimin Nao1/K Naoao/K

a) 120E:170E:110W 0.030 [0.005,0.050] 17245 [15473,22116] 0.057 [0.032,0.108] 0.200 [0.130,0.263] 0.432 [0.150,0.773]
b) 120E:150E:110W | 0.030 [0.003,0.050] | 31915 [29550,38553] | 0.031 [0.017,0.065] | 0.110 [0.074,0.139] | 0.249 [0.082,0.495]
c) 120E:170W:110W | 0.030 [0.005,0.051] 10649 [9438,14339] 0.092 [0.051,0.168] 0.324 [0.203,0.425] 0.649 [0.229,0.919]
d) 130E:170E:120W 0.030 [0.003,0.050] 17064 [15289,22406] 0.058 [0.032,0.110] 0.202 [0.126,0.267] 0.437 [0.140,0.773]
e) 110E:170E:100W | 0.031 [0.005,0.051] | 17244 [15553,22418] | 0055 [0.031,0.107] | 0202 [0.130,0.263] | 0.444 [0.147,0.772]

Table 6: Mediannegative log-likelihood components for thecond two-stock BSE1+BS@nodel. Note that the models were fit to the Negdl. (2011) absolute abundance estimate and the Bbad
al. (2011) relative abundance series for BSE1, aridegdConstantinet al. (2012) mark-recapture data for BSO. The otherixadabundance and mark-recapture data indicated m@rused in fitting

the model, but their negative log-likelihoods fbetmodel as fit to the other data are shown. Thewts corresponding to the data used in the mdadiea¥e been highlighted in grey. In each column,
the row corresponding to the best likelihood vdi.e. minimum negative lc-likelihood) is in bold

Abs Rel Rel Rel MR males MR females MR

BSE1 (Noad et al.) (Noad et al.) (Chittleborough 1965) (Matsuoka et a. 2011) (Jackson et al. 2012) (Jackson et al. 2012) (Forrestell et al. 2011)
a) 120E:170E:110W 0.270 -40.163 3.556 -0.217 -3.285 2.337 -1248.350
b) 120E:150E:110W 4.705 -28.979 3.984 -0.160 -2.742 3.131 -1223.511
c) 120E:170W:110W 0.246 -41.036 3.721 -0.220 -3.393 2.193 -1250.236
d) 130E:170E:120W 0.296 -39.740 3.619 -0.215 -3.235 2.398 -1247.308
e) 110E:170E:100W 0.247 -40.613 3.312 -0.218 -3.320 2.284 -1249.328

Abs MR MR males MR females Total negative log-likelihood for

BSO (Constantine et al. 2012) (Constantine et al. 2012) (Jackson et al. 2012) (Jackson et al. 2012) data components used in model fit
a) 120E:170E:110W 6.699 -58.885 -16.863 3.877 -98.324
b) 120E:150E:110W 6.615 -58.829 -16.929 3.890 -82.829
c) 120E:170W:110W 6.762 -58.904 -16.876 3.880 -99.284
d) 130E:170E:120W 6.643 -58.832 -16.955 3.919 -97.844
e) 110E:170E:100W 6.696 -58.892 -16.865 3.875 -98.791
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Figure 2: Posterior median population trajectories are giegrthesingle-stock BSD mode, showing the trajectories and the
90% probability envelopes for a range of Antaraiitch boundaries. Plots show fits to the Chittlebgho(1965) relative
abundance series (open circles), the Bannister aatteld (2001) relative abundance series (crosdes}iedleyet al (2011)
relative abundance series (grey circlas)vell as the Hedlest al (2011) absolute abundance estimate (black trignigl all
cases the model was fit to the Hedletyal. (2011) and the Bannister & Hedley (2001) relatilmuredance series. The
Chittleborough (1965) and Hedley al. (2011) absolute abundance estimate are showmasstancy checkshe trajectories
to the right of the vertical dashed 2012 line shpejections into the future under the assumptiorend catch.
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Figure 3: Plots showing comparisons of the results for thfernt Antarctic catch boundaries for teangle-stock BSD
model. Panel (a) shows the median population ti@jies, while (b)-(d) show the fits to the relatimbundance series. Note
that the model has not been fit to the Chittleboho(i65) data, and the fits in Figure (d) have b&®swn as a reality check
only.
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Figure 4: Figure 4a and b show the posterior median populatajectories and 90% probability envelopes foEB&nd BSO

for thefirst two-stock BSE1+BSOmodel (see the E1_O#2 diagram in Appendix C).iguffé 4b, the solid line indicates the
trajectory when the N, constraint for BSO has been included, while théneddine shows the case where it has been excluded.
The model is fit to the Noaelt al. (2011) absolute abundance estimate and the Hbatl (2011) relative abundance series for
BSEL1 (fits shown in Figure 4a), and to the Consterret al. (2012) mark-recapture data for BSO (Figure 4c)Figure 4c, the
cumulative observed re-sightings are marked by Xse median estimates are shown by the thick ling #heir 90%
probability envelop is indicated by the shaded reg.
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Figure 5: Figure 5a is a repeat of Figure 4a, except withGhitleborough (1965) series included in the ppaaconsistency check. Similarly,
Figure 5b is a repeat of Figure 4b, with the fitthe Constantinet al. (2012) absolute abundance estimate shown as astamsy check.
Figures (c)-(j) show fits to various mark recaptdega. Note that for the mark-recapture data, trdyBSO Constantinet al. (2012) data have
been used in the model fit, and Figure 5g has thierdeen highlighted with grey shading to empleatiiss. The other mark-recapture plots are

shown here only as consistency checks.
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Figure 6: Posterior median population trajectories for B&l# BSO for theecond two-stock BSE1+BS@nodel (see the E1_O#2 diagram in Appendix C). fiéiga) and (b) show the median
trajectory as well as the 90% probability envelémethe reference case Antarctic boundary positigrof 120E:170E:110W. Figures (c) and (d) conttlastmedian population trajectories for
different Antarctic catch boundaries. Note thatpbsitioning of the labels in the legend give aespntation of the positions of the Antarctic cdickindaries.
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APPENDIX A: CATCH, ABDUNANCE AND TREND DATA

Table A. 1: Historic catches taken north of 40°S from Allisodatabase (C.Allisorpers. commpn Note that for the assessments in
this paper, the Cook Strait catches have beenesplially between the East Australia and Oceanizksto

SC/65b/SHO04

Year | BSD BSE1 Oceania Cook Strait  Year BSD BSE1 abiee  Cook Strait
1890 0 0 8 0 1935 0 0 0 57
1891 0 0 8 0 1936 3076 69
189z 0 0 8 0| 1937 325(C 0 0 55
1893 0 0 1938 917 0 1
1894 0 0 193¢ 0 80
1895 0 0 194¢ 0 1Q7
189¢ 0 0 8 0| 1941 0 0 0 86
1897 0 0 0 1942 0 71
1898 0 0 0 1943 0 90
1899 0 0 0 1944 0 88
190 0 0 8 0| 194t 0 0 0 107
1901 0 0 1946 110
1902 0 0 1947 101
1903 0 0 1948 92
190« 0 0 8 0| 194¢ 19C 0 3 141
1905 0 0 0 1950 388 0 19
1906 0 0 0 1951 1224 0 111
1907 0 0 0 1952 1187 600 121
190¢ 0 0 8 0| 195: 130¢ 70C 0 10¢
1909 0 0 16 0 1954 1320 718 0 180
1910 0 0 41 3§ 195% 1126 720 0 112
1911 0 0 41 3§ 1956 1119 720 166 127
191z 234 30 27 3€ | 1957 112¢ 721 16& 15E
1913 993 348 56 36 1958 967 720 136 183
1914 1968 0 57 3¢ 1959 700 810 270 214
1915 1297 0 70 36 196D 545 810 321 226
191¢ 38€ 0 25 57 | 1961 58( 731 211 55
1917 0 0 58 3§ 1962 548.2 173 12 R4
1918 0 0 50 40 1963 87 0

1919 0 0 72 47 1964 2 0 0

192( 0 0 64 43 | 196t 75.¢ 0 0 0
1921 0 0 55 34 1966 30 0

1922 155 0 40 17 196)F 12

1923 166 0 62 17 1968 0 0
192« 0 0 55 52 | 196¢ 0 0 0 0
1925 669 0 48 48 1970

1926 735 0 35 43 1971

1927 996 74 53 197

192¢ 103t 0 50 55 | 1972 0 0 3 0
1929 0 0 53 49 1974 0 0 4 0
1930 0 0 31 47 197% 0 0 8 0
1931 0 0 48 61 1976 0 0 4 0
193z 0 0 0 18| 1977 0 0 4 0
1933 0 0 3 41 197 0 0 11 0
1934 0 0 0 52 Total 28406 7801 2601 406D
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Table A. 2: Historic catches taken south of 40°S from Allisbdatabase (C.Allisopers. commy given in 10 degree longitude bands.
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110W
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96

342
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82
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775
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160-
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140-
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130-
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24
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120-
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32

24

342
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100-
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482
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99E

a1
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0
0
0
0
0
0
0
0
0
0
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0
0
0
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0
0
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3
0
2
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0
0
1
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0
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Yeal

1908
1909
1910
1911
1912
1913

1914
1915
1916
1917
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1921
1922
1923

1924
1925
1926
1927
1928
1929

1930
1931
1932
1933

1934
1935
1936
1937
1938
1939

1940

17



SC/65b/SH04

Year 60- 70- 80- 90- 100- 110- 120- 130- 140- 150- 160- 170- 180- 169- 150- 149- 139- 129- 119- 109-
69E 79E 89E 99E 109E 119E 129E 139E 149E 159E 169E 180E 170W 160W 150W 140W 130W 120W 110W 100W
1941 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1949 0 0 516 48 101 10 109 30 760 118 0 0 0 0 0 0 0 0 0 0
1950 0 5 351 599 160 0 0 0 0 0 0 85 86 316 0 0 1 0 0 0
1951 0 104 268 0 358 170 232 0 1 0 66 103 189 37 0 0 1 0 0 0
1952 1 2 0 190 0 0 0 0 0 0 166 216 135 13 0 0 0 0 0 0
1953 0 0 259 0 0 0 0 0 0 0 0 14 136 0 0 0 0 0 0
1954 0 0 0 20 6 0 0 2 0 749 5 17 167 269 69 2 0 0 0 0
1955 0 111 274 162 110 508 411 769 416 777 0 0 0 278 56 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 3 27 39
1957 3| 6735102 | 977.8 | 3395 12 0 30 19 38 133 0 0 0 35 27 29 76 31 0
1958 | 98 | 2875 | 1214 | 652 240 | 12759 | 8821 | 1047 | 157.1 | 1857 | 525.8 | 209.4 0 0 0 0 0 0 0
1959 | 52 64| 169 | 91.1 97.7 41 448 | 10435 | 4057.1 | 3673 | 22285 | 998.7 | 317.8 | 112.8 73.2 | 106.8 73.2 732 74.1 7
1960 2| 496 | 542 | 776 | 2955 | 1713 71| 163.7 | 7423 | 1184.3 | 3703.8 | 2630.2 740 | 9625 565.3 | 508.3 428.6 292.9 0
1961 0 2 33 145 63 120 14 14 61 436 581 342 123 226 1010 401 452 189 54 44
1962 21 99 | 151 | 906 417 | 1182 58.2 18.2 35.4 39.7 | 3022 9.2 10 495 87.7 66.1 63.5 18.1 18.1 24.4
1963 46 | 332 | 1054 116 34.8 235 0.2 1.2 23.6 20.9 225 13 0 0 0 0 0 0 0 0
1964 5 11 56 | 31.2 19 17 0.9 2.8 11.3 26.2 45 0 0 0 0 0 0 0 0 0
1965 0 65| 106 | 515 14.3 8.8 8.8 12.6 43.6 26.6 80 97.1 85.3 | 474.6 1.3 1 0 0 0 0
1966 2 4 24 41 25 26 7 4 3 1 11 14 16 93 118 26 0 0 0 0
1967 5 6 19 26 21 5 7 0 1 11 12 2 1 6 47 57 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
1972 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0
Total | 575 | 1143 | 6757 | 5997 | 3064.8 | 2815.7 | 2245 | 2561.7 | 6709.4 | 7677.4 | 8431.3 | 6023.6 | 2322.1 | 2973.4 | 2062.47 | 1195.2 | 1055.27 | 652.167 | 207.2 | 114.4
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Breeding Ground Data
Breeding Stock D

Absolute abundance estimate

An estimate of absolute abundance of 28,830 indalisl (95% C1= 23,710-40,100) was computed from line transect
aerial surveys conducted off Western Australia0f®and corrected for animals missed on the tnaeKlj(0) =0.41)
(Hedleyet al, 2011).

Relative abundance estimates

Table A. 3: BSD Relative Abundance Index | (Hedleyal, 2011). These are derived from three sets of lalar&a transect
surveys conducted in 1999, 2005 and 2008 (augmavitedwo shorter land-based surveys in 2005 ar@Bp@o
estimate the population size of northward migratitgles.

Yeal Estimat 95% C
1999 5,130 3,380-8,750
200% 6,07( 4,42(-11,02(
2008 11,820 9,720-16,40

Table A. 4: BSD Relative Abundance Index Il (Bannister and legd2001). These are breeding ground relative danice
estimates from Bannister and Hedley (2001) forptbvéod 1982 to 1994. No CV is available.

Year Estimate
1982 10.2
1986 16.2
1988 12.7
1991 23.€
199/ 36.C

Table A. 5: BSD Relative Abundance Index Il (Chittleboroudt®65). Catch per unit effort data are availablenfriour
catchers operating on the west coast of AustratienfJune 25 to August 26 each year (Chittleborou§65)
(Area IV: 70°E-130°E). No CVs are available.

Yeal CPUE
1950 0.475
1951 0.424
1952 0.347
1952 0.35¢
195¢ 0.35]
1955 0.244
1956 0.178
1957 0.146
195¢ 0.12¢
195¢ 0.09(
1960 0.062
1961 0.055
1962 0.051

Minimum number of haplotypes

Minimum number of haplotypes for BSD from Olavareteal (2007) is 53.

% This 95% CI was converted into a rough CV by asegrthat the estimate was log-normally distributéd.approximation of the
standard error of the log of the estimate was abthby computing 0.5*(In(40100)-In(23710))/1.96.€Ttesulting value of 0.13
was then taken to be the CV of the estimate (satmdte 6).
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Breeding Stock E1

Absolute abundance estimate

i BSE1 absolute abundance estimate | - Nataal. (2011)
A land-based survey was conducted at Point Looknuhe east coast of Australia over 8 weeks in dumk
July 2010. The average number of whales passingl@krover the peak four weeks of the northward
migration was 84.7 + 3.2 whales. A correction fdnales available but missed was applied using double
blind counts, as well as other corrections for Sighheterogeneity (1.212 +/- 0.049, Dunlepal, 2010).
Using this correction the abundance estimate fa020as 14,522 whales (95%'€12,777 — 16,504) (Noad
et al, 2011).

ii. BSE1 absolute abundance estimate | | - Patai. (2011)
From a multi-point mark-recapture estimate of abteobkbundance in 2005 for the east coast of Augstral
Estimate is 7,041 (95% CI = 4,075-10,008) (Pabal, 2011).

Relative abundance estimates

Table A. 6: BSE1 Relative Abundance Index | (Noadal, 2011): A count of northward migrating whales fréend-based
surveys conducted at Point Lookout and two otheations. The values give the number of whales pggser
10h during four weeks of the peak migration. (M.aigers. commpand are as used for estimates of abundance
provided by Noackt al, (2008), Noackt al., (2011). These data was used to in estimated amateabf increase
of 10.9%/year (95% CI = 10.5-11.3%/year) for a Bdryperiod (1984 to 2010) (Noatlal.,2011).

Year Estimate
198 6.1z
198t 5.92
1986 8.25
1987 8.53
198¢ 9.1
198¢ 10.2:
1990 11.58
1991 12.93
199z 14.3¢
199« 17.7¢
1996 2091
1998 28.45
199¢ 27.4t
2001 34.61
2002 37.34
2004 47.11]
2007 70.7¢
201C 84.7

10 Similar to BSD, tiis 95% CI was converted into a rough CV by assgntfirat the estimate was log-normally distributed. A
approximation of the standard error of the log ftd estimate was obtained by computing 0.5*(In(1§30@.2777))/1.96. The
resulting value of 0.065 was then taken to be tMeo€Xhe estimate (see footnote 6).
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Table A. 7: BSE1 Relative Abundance Index Il (ChittleboroudgBg5): Catch per unit effort data from two catcheats
operating on the east coast of Australia from JuBeo August 5 each year (Chittleborough, 1965)e6AN:
13CE-17CW). No CVs arcavailable

Year Estimate
195: 0.97
1954 0.76
1955 0.78
1956 0.7
1957 0.71
1958 0.75
1959 0.74
1960 0.52
1961 0.2t
1962 0.69

Mark-recapture data

Table A. 8: BSE1 microsatellite genotypic mark-recapture diatanales and females combined (Jacksbal.,2012).

Sexes combined 1999 2000 20p1 2002 2003 2004
Total individual captures 4 72 187 221 154 126

1999 X 0 0 0 0 0

2000 X 8 6 1

2001 X 12 8 5

2002 X 8 5

2003 X 5

2004 X

Table A. 9: BSE1 microsatellite genotypic mark-recapture datanales only (Jacksoet al.,2012).

Males 1999| 2000 2001 2002 2003 2004
Total individual captures 2 38 96 128 84 80

1999 X 0 0 0 0
2000 X 3 3 1 0
2001 X 6 3

2002 X 3 4

2003 X 4

2004 X

Table A. 1C: BSE1 microsatellite genotypic mi-recapture data for females only (Jacket al. 2012)

Female 199¢ 200( 2001 200z 2002 2004
Total individual captures 2 34 91 94 70 44
199¢ X 0 0 0 0 0
2000 X 5 3 0 0
2001 X 6 4 2
2002 X 5 1
200z X 1
2004 X

21



Table A. 11: BSE1 phot-ID mark-recapture data froiForestellet al. (2011),

SC/65b/SHO04

provided by E. Martinepers comnn)
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Minimum number of haplotypes

The minimum number of haplotypes for BSEL is 42hvd of them being private to the South Pacifica@irriaet
al., 2006).
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Oceania breeding stock

Absolute abundance estimate

The estimate in 2005 of 4,329 individuals (CV=0.H2)ses from a sighting-resighting analysis of wsatellite
genotypes collected from 1999 to 2005 across fawey areas in Oceania: New Caledonia (E2), Tol, (the
Cook Islands and French Polynesia (F2) (Constamtired, 2012). It is a doubled male-specific estimateuassg
equal numbers of females in the region.

Mark recapture data

Table A. 12: Synoptic genotypic mark recapture data underlyirade specific Oceania-wide abundance estimate. iStise
males-only subset of the sexes combined dataset @onstantineet al. (2012), provided by Jacksopdrs.
commi, 2012).

Year initial capture (males) 1999 2000 2001 20p2 030 2004 | 2005
Total individuals captured 25 70 112 78 114 24 82
1999 - 3 4 0 3 0 1
2000 - 5 3 8 2 6
2001 - 7 12 3 7
2002 - 4 0 6
2003 - 1 11
2004 - 3
2005 -

Table A. 13: Oceania microsatellite genotypic m-recapture data for males and females combinedgdaet al. 2012)

Sexes combined 1999 2000 20p1 2002 2003 2004

Total individual capture 52 114 182 13C 21€ 79
199¢ X 3 5 3 2 1
200( X 6 5 9 2
2001 X 9 18 6
2002 X 7 2
200z X 2
2004 X

Table A. 14: Oceania microsatellite genotypic mark-recaptute ftar males only (Jacksat al.,2012).

Males 199¢ | 200C| 2001 | 200z | 200:| 2004

Total individual captures 27 72 120 84 131 41
199¢ X 3 2 0 0
200C X 5 3 1
2001 X 7 10 3
200z X 4 0
2003 X 1
200¢ X

Table A. 15: Oceania microsatellite genotypic mark-recaptuta éar females only (Jackse al.,2012).
Females 1999 2000 2001 2002 2003 2004

Total individual captures 25 42 63 46 85 34
1999 X 0 3 3 1 1
2000 X 1 2 3 1
2001 X 2 8 3
2002 X 3 2
2003 X 1
2004 X

Minimum number of haplotypes

The minimum number of haplotypes for Oceania is @fvarriaet al, 2007).
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Feeding Ground Data

Breeding Stock D

Table A. 16: BSD Relative Abundance Index IV (Branch, 2011). Feedgrgund estimates of abundance from IDCR-
SOWER CPI-CPIII surveys (south of %) associated with breeding stock D corresponedttos 60°E-120°E of
the Southern Oceans (Branch, 2011). Current nuckeea for feeding ground catch allocation for BSD
corresponds to longitudinal sectoi®’E-11C°E and margin area corresponds t°E-13CE (IWC, 2010)

Year Estimate cVv Estimates for comparable areas  QV
1978 1,033 0.44 1,219 0.46
1988 3,869 0.52 4,202 0.52
1997 17,959 0.17 17,959 0.17

Table A. 17: BSD Relative Abundance Index V (Matsuodiaal, 2011): JARPA surveys conducted during 1989/904208%
austral summer seasons (January and February)ailtey survey areas between Area IV (70°E-130°E) Area
V (130°E-170°W), all south of 60°S. Areas IV andiére divided into 2 sectors, western and easteroh Bector
was divided into northern (60°S to 45 nm from icge) and southern (from ice-edge to 45 nm awaygeding
Stock D corresponds to Area IV (Matsu et al. in press

Year Estimate CcVv
1989 5325 0.302
1991 5408 0.188
1993 2747 0.153
199t 806¢€ 0.14:
1997 10657 0.16¢
1999 16751 0.143
2001 31134 0.123
2003 27783 0.115

Breeding Stock E1

Table A. 18 BSE1 Relative Abundance Index Ill (Branch, 2011). Fegdaground estimates of abundance from IDCR-
SOWER CPI-CPIIl surveys (south of &) associated with Area V (130°E-170°W).

Yeal Estimat: cVv Estimates for comparable areas (Y
1980 995 0.58 1,913 0.60
198¢ 622 05C 622 0.5C
1992 2,012 0.43 3,484 0.33
2001 13,300 0.22 13,300 0.20

Table A. 19:BSE1 Relative Abundance Index IV (Matsuakal, 2011): JARPA surveys conducted during 1989/90421%
austral summer seasons (January and February)atitey survey areas between Area IV (70°E-130°E) Area
V (130°E-170°W), all south of 60°S. Areas IV andwére divided into 2 sectors, western and eastexoh Bector
was divided into northern (60°S to 45 nm from icige) and southern (from ice-edge to 45 nm awaygeding
Stock E1 corresponds to Area V (Matsuekal.,2011).

Year Estimate Ccv
198¢ 532¢ 0.30:
1991 5408 0.188
1993 2747 0.153
199 806€ 0.14:
1997 1065 0.16¢
199¢ 1675. 0.14:
2001 31134 0.123
2003 27783 0.115
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Oceania breeding stock

Table A. 2C: Feeding ground estimates of abundance from IDCRYER for breeding stock F correspond to sector®%0
110°W (Branch 2011). Current nuclear area associatél Brieeding Stocks E2, E3 and F is 180°-120°W and
margin is 160°E-100°W (IWC, 2010).

Year Estimate cVv Estimates for comparable areas Ccv
1980 995 0.58 1,913 0.60
1985 622 050 622 0.50
1992 2,012 0.43 3,484 0.33
2001 13,300 0.22 13,300 0.20

Data informing interchange

DandEl

Table A. 21: Inter-regional recaptures between West and Eastrélia (Anderson and Brasseur, 2007). The firat gives
the total number of East Australia animals thateagighted in 2002 and 2003, while the second rasesgthe
total number of West Australia animals that weghtd in 2002 and 2003. Entries above the diagoh#ls
would reflect animals that were first seen in WAsstralia and then later re-seen in East Austraiatries
below the diagonal would reflect animals first seefast Australia and later resighted in West Aaligt

EA 2002 EA 2003
Total East Australia 216 131
Total West Australia 89 144
WA 200z X 0
WA 200: 0 X

E1 and Oceania

Table A. 22: Inter-regional recaptures between East Australth@ceania, from microsatellite genotypic mark-ptaee data
for males and females combined (Jacksbal.,2012). Note that entries above the diagonal @ftiatrix reflect
animals that were first seen in Oceania, and leesighted in EA, while entries below the diagoreflect
animals that were first seen in EA and later révsd in Oceania.

Sexes combined 1999 2000 20p1 2002 2003 2004
Total East Australia 4 72 187 222 154 126
Total Oceania 52 114 183 130 21 79
1999 X 1 0 1 0 0
2000 0 X 0 0 0 0
2001 0 0 X 2 0 2
2002 0 0 0 X 0 0
2003 0 1 0 1 X 0
2004 0 0 0 0 0 X

Table A. 22: Inter-regional recaptures between East Australth@ceania, from microsatellite genotypic mark-ptaee data
for males and females combined (Jacksbal.,2012).

Males 1999 2000Q 2001 2002 2003 2004
Total East Australia 2 38 96 128 84 80
Total Oceania 27 72 120 84 131 41
1999 X 1 0 1 0 0
2000 0 X 0 0 0 0
2001 0 0 X 1 0 2
2002 0 0 0 X 0 0
2003 0 1 0 1 X 0
2004 0 0 0 0 0 X
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Table A. 24: Inter-regional recaptures between East Australth@ceania, from microsatellite genotypic mark-ptaee data
for males and females combined (Jacksbal.,2012).
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APPENDIX B — MODEL DIAGRAM FOR THE BSD SINGLE-STOCK MODEL

50% D 100% D

T |
60°E 80°E 120°E 150°E

Single stock BSDmodel: This model aims to explore the effect of moving #ntarctic catch boundaries. Note
that the Hedlet al. (2011) absolute abundance estimate is not usdwimbdel fitting process. An uninformative
uniform prior of U[In1500Q In4000Q is utilised for the log of the target abundancéneste in the Bayesian

estimation process.

APPENDIX C — MODEL DIAGRAMS AND CATCH ALLOCATIONS F OR TWO-STOCK E1 VS O
MODELS

1-fox
Catches
allocated
50%E1 100% E1 according 100% O 50% O
to density
110°E  130°F 170°E  170°W 120°W 100°W

E1_O#1: Model diagram for a two-stock E1+O model. Antaratatch boundaries remain fixed. It is assumed that
a (time-invariant) proportion of each stock feedsaicommon feeding ground between 170°E and 17G@fiWl,
catches in this area of overlap are allocatedrdaog to the number of whales present. Feedingrgt@atches are
therefore allocated as follows:

ﬂ N E1l
F,E1 _ EO 170E-170W 130E-170E 110E-130E
Cy - E1 y oy +Cy +O'5*Cy
lBEO N y + IBOE N y
o
N
FO _ IBOE y 170E-170W 170N -120W * (~120W-100W
' _ + +
o 05*C;

y E1 oy
IBEO N y + lBOE N y
Where
ﬁEO is the proportion of BSE1 whales that feed betwE&IFE and 170°W each year, and

ﬁOE is the proportion of BSO whales that feed betwe#dfE and 170°W each year.
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Results for Run E1_O#1 are given in Table 3 andirfei®.

El 0]

Xe1 X Xo
«]— 100%E1 100% 0 S
T
| T
120°E 150°E 170°W 110°W

E1_O#2.Model diagram for a second two-stock model thatsaionexplore the effect of moving the boundaries fo
the Antarctic catches. The boundary marked by X%Vves between 150°E and 170°W for various modedti@ns,
and the boundaries marke@and % move 10° in either direction from the current piosi. There is no overlap
between the two stocks in the run, i.e. these ssergially two single-stock models run for a raofjédntarctic
catch boundaries. Results for Run E1_O#2 are giv@able 5 and Figure 6.

Priors for the mixing proportion parameters

Peo andfoe are drawn from uniform priors on the interval [J0,A constraint needs to be placed on the values of
Peo andfoe, as the uniform priors do not prevent a situatidrere nearly all of the BSD stock feeds in the E1
feeding area, and nearly all of the BSE1 stockdeadhe D feeding area, which is biologically impsible. The
approach of Johnston and Butterworth (2005) wasrtakhereby the constraint is added that the primoxif
BSE1 whales going to the E1 feeding area must bater than the proportion of BSD whales, amk versa.
Mathematically this amounts to the constraint fiat+ foe<1.
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Assessment results for humpback breeding stocks DE1 and
Oceania following recommendations from SC 65a - ADENDUM

A. ROSSGILLESPIE, D.S.BUTTERWORTH ANDS.J.JOHNSTON
Contact e-mail: mlland028@uct.ac.za

INTRODUCTION

This addendum to document SC/65b/S04 contains ekalts for one further two-stock BES1-BSO model (a
sensitivity run where there is no Antarctic catabuhdary between the two stocks, and catches ameasdid
according to total population densities); two BSBHE two-stock models; and a third two-stock BSD-
BSE1+BSE2 model where E1 (East Australia) and E&\(Caledonia) are considered as one stock. Inasks
involving BSD, the 2008 Hedlest al (2011) absolute abundance estimate was not intludhe model fit, and an
uninformative uniform prior of U[In15000, In4000@jas used for the target abundance estimate for B8ially
results are given for a three-stock model simitaithte one that was run for SC65a, except also diuthe

prior of U[In15000,In40000] for the BSD target allamce estimate.

The model diagrams are given in Appendix C-E. AmlderF describes the method used here to combine the
BSE1+BSE2 data.

RESULTS

Results for the third two-stock BSE1-BSO model (B&e O#3 diagram in Appendix C) are given in TabfpAl
and Figure 4. Excluding the BSR,;, constraints for this model makes quite a substhdtfference, presumably
since the fact that all catches between 130°E 20dW are allocated based on the total populatipe allows for
greater flexibility. Removing thé\.;, constraint improves the BSO fit to the Constantteal. (2012) mark-
recapture data slightly.

Figure App 2 shows the population trajectories and model fitsthe base case BSD-BSE1 model (see D_E1#1
diagram in Appendix D). The corresponding posten@dian values are given in Table App. 2 in row @)ce
again the removal of the 2008 Heldey al. (2011) absolute abundance estimate from the déted fhas
substantially improved the fit to the relative ablance series for BSD. The model depicted in diagbafil#2 in
Appendix D explores the effect of moving the aréawerlap between D and E1 eastward. The posten&dian
values for these are given in row (b) and (c) ibl&&App. 2, and the corresponding plots can bedadanFigure
App. 3a and Figure App. 3b. Results for the motat treats E1+E2 as a single stock (see D_E1#3aliain
Appendix D) are given in row (d) of Table App. 2dsplotted in Figure App. 3c-d.

Posterior median values for the three-stock modelgaven in Table App. 3, and the population trajges are
plotted in Figure App4. The model has been run for both the case wherBEON,,, constraint has been included
and been excluded.

1 MARAM (Marine Resource Assessment and Managemeat§r Department of Mathematics and Applied Mathézea
University of Cape Town, Rondebosch, 7701, SouthcAfri
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Table App. 1: Posterior median values of key model parametergien with their 90% probability intervals foretthird two-stock BSE1+BSOmodel run (see the E1_O#3
diagram in Appendix C). For this model there isAmgarctic catch boundary between the two stockd, Amtarctic catches are allocated according td f@ulation sizes.
| Results are shown for both the case wheré\theconstraint for BSO has been included and beemudgdlin the model fit.

r K Nimin Nao1/K Naoso/K
BSE1 0.105 [0.102,0.106] 18869 [17557,19742] 253 [213,297] 0.796 [0.743,0.843] 1 [1.000,1.000]
BSE1 (no Ni,) 0.105 [0.103,0.106] 26929 [22647,28727] 231 [203,269] 0.618 [0.551,0.716] 1 [0.999,1.000]
BSO 0.049 [0.041,0.054] 22414  [21427,24632] 496 [463,660] 0.175 [0.149,0.211] 0.596 [0.439,0.720]
BSO (no Npin) 0.094 [0.071,0.105] 11797 [9807,17037] 120 [85,251] 0.44 [0.263,0.550] 0.997 [0.928,0.999]

Table App. 2: Posterior median values of key model parametergiaen with their 90% probability intervals for tio-stock BSD-BSE1model runs (see Appendix D).

Base case (a) corresponds to model diagram D_E&a##,(b) and (c) correspond to model diagrams D2l case (d) corresponds to model diagram D_EilABpendix

D. In all cases the model is fit to the Hed&yal. (2011) and Bannister and Hedley (2001) relativendlbnce series for BSD and the Neddhl. (2011) relative and absolute
| abundance estimates for BSE1. An uninformativeaunifprior of U[In15000,In40000] has been used fier BSD target abundance estimate.

BSD r K bpe Nimin Nao1o/K Naoso/K

(a) Base case 0.085 [0.041,0.104] 21605 [19014,32913] 0.292 [0.036,0.586] 989 [486,6423] 0.9 [0.700,0.986] 1.000 [0.972,1.000]
(b) 120E-140E 0.087 [0.044,0.104] 22824  [20477,35042] 0.238 [0.030,0.581] 930 [444,7232] 0.887 [0.615,0.983] 1.000 [0.958,1.000]
(c) 130E-150E 0.088 [0.044,0.104] 23637 [21415,70000] 0.136 [0.009,0.428] 831 [402,55095] 0.862 [0.291,0.976] 1.000 [0.334,1.000]
(d) E1+E2 0.085 [0.041,0.104] 21714 [19037,33214] 0.301 [0.044,0.650] 1073 [449,6652] 0.902 [0.685,0.988] 1.000 [0.977,1.000]
BSE1 r K bep Nimin Nao1/K Naoao/K

(a) Base case 0.105 [0.103,0.106] 25820 [24511,27044] 0.196 [0.036,0.335] 229 [202,259] 0.633 [0.574,0.693] 1.000 [0.999,1.000]
(b) 120E-140E 0.105 [0.103,0.106] 24147  [22889,25269] 0.204 [0.040,0.339] 225 [199,264] 0.663 [0.592,0.729] 1.000 [1.000,1.000]
(c) 130E-150E 0.105 [0.028,0.106] 23346 [21275,70000] 0.548 [0.217,0.917] 223 [198,60266] 0.677 [0.225,0.750] 1.000 [0.332,1.000]
(d) E1+E2 0.105 [0.103,0.106] 32716 [31368,33974] 0.141 [0.020,0.263] 254 [226,289] 0.565 [0.516,0.622] 0.999 [0.999,1.000]
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Table App. 3: Posterior median values of key model parametergi@en with their 90% probability intervals foretthree-stock model run (see Appendix E). The model has
been run for both the case where the B&() constrain has been included and excluded. In tasles, the model is fit to the Hedletyal. (2011) and Bannister and Hedley

(2001) relative abundance series for BSD, the Naaal. (2011) relative and absolute abundance estimate83&1 and to the Constantieeal. (2012) mark-recapture data

for BSO. An uninformative uniform prior of U[In1500n40000] has been used for the BSD target abuwedastimate.

BSD r K Ninin Nao1o/K Naoao/K

N,y included 0072 [0.0250.101] | 23441 [19415,59865] 1826  [452,26924] 0889 [0.492,0.998] | 0.999 [0.652,1.000]

N,,;, excluded 0090 [0.033,0.099] | 20552 [18920,36808] 1106 [579,11631] 0934 [0.652,0.995] | 1.000 [0.929,1.000]

BSE1 r K Nimin Nao1/K Naoao/K

N,,;, included 0105 [0.102,0.106] | 26809 [21332,30695] 235  [201,303] 0615 [0.497,0.724] | 1.000 [0.999,1.000]

N,,;, excluded 0105 [0.102,0.106] | 26809 [23344,30655] 235  [198,285] 0625 [0.476,0.700] | 1.000 [0.999,1.000]

BSO r K Ninin Nao1/K Naoao/K

N,y included 0033 [0.007,0.060] | 18121 [13925,26693] 1055  [382,2499] 0209 [0.118,0.299] | 0.443 [0.138,0.895]

N, excluded 0080 [0.015,0.101] | 16033 [11129,23143] 192 [92,1644] 0326 [0.144,0.481] | 0.982 [0.224,0.998]

Interchange Boe Beo Y v* Beo Boe

N,y included 0271 [0.040,0.807] | 0.060 [0.012,0.296] 0071 [0.013,0.234] 0676 [0.5450.781] | 0.137 [0.008,0.297] | 0072 [0.004,0.260]
N,,;, excluded 0412 [0.047,0.666] | 0.104 [0.012,0.209] 0065 [0.009,0.167] 0577 [0.368,0.771] | 0.280 [0.024,0.462] | 0.117 [0.012,0.398]
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Figure App. 1: Figure 4a and b show the posterior median popuiatajectories and 90% probability envelopes fathird
two-stock BSE1+BSOmodel (see the E1_O#3 diagram in Appendix C)llitha figures, the solid line indicates the trageg

for the case when thW;, constraint for BSO has been included, while thshdd line shows the case where it has been
excluded. The model is fit to the Noatlal. (2011) absolute and relative abundance series $&18(fits shown in Figure 4a),
and to the Constantiret al.(2012) mark-recapture data for BSO (Figure 4c)Fifjure 4c, the cumulative observed re-sightings
are marked by X’s. The median estimates are showtié thick line and their 90% probability envelogendicated by the
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(a) BSD (D_E1#1)
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Figure App. 2: Posterior median population trajectories and 908bability envelopes for thiérst two -stock BSD+BSE: model (see
the D_E1 #1 diagram in Appendix D). The model hasrbfit to the Hedlegt al. (2011) and Bannister and Hedley (2001) relative
abundance series for BSD, and to the Netdl. (2011) relative and absolute abundance estimateB3&1. Fits to the BSE1 mark-
recapture data have been shown as consistencyscheck
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Figure App. 3: Figure App. 3a and Figure App. 3b show plsterior median population trajectories for sieeond two-stock BSD+BSEnodel (see the D_E1 #2 diagram in Appendix D),
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where the region of overlap in the Antarctic betwéhes two stocks is shifted eastwakrdigure App 3c and Figure App3d show the posterior median population trajectdideshethird
two-stock BSD+BSE1model (see the D_E1 #2 diagram in Appendix D), HBSE1 and BSE2 (East Australia and New Caledem@jreated as a single stock. The solid blaekitirall the
figures is the base case BSD+BSE1 model, also siowigure App. 2.
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BSO population size in thousands
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Figure App. 4: Posterior median population trajectories and 30&bability envelopes for thiree-stock BSD+BSE1+BSC
model (see the diagram in Appendix E). In the alfaygres, the solid line indicates the trajectortyen theN,,, constraint for
BSO has been included, while the dashed line shibevsase where it has been excluded. The moditltsthe Hedleyet al.
(2011) and Bannister and Hedley (2001) relativendbnce series for BSD, the Noatl al. (2011) relative and absolute
abundance estimates for BSE1 and to the Constagttiale(2012) mark-recapture data for BSAn uninformative uniform
prior of U[In15000,In40000] has been used for ttf&PRarget abundance estimate.
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APPENDIX C (CONTINUED) — A FURTHER TWO-STOCK BSE1-B SO MODEL

E1l O

E1/0 — catches allocated
according to density

130°E 120°W

E1_O#3: Model diagram for a two-stock E1+O model. TheradsAntarctic catch boundary between BSE1 and BSO,
and feeding ground catches are allocated in prigpord total population sizes as follows:

El
CF,El = Ny C130E—120N (C 1)
y EL o~y .
N~ + Ny
(0]
CF,O - Ny Cl3OE—120N (C 2)
y N;,El + N;,) y :

APPENDIX D — MODEL DIAGRAMS AND CATCH ALLOCATIONS F OR TWO-STOCK BSD+E1 MODELS

D El

Catches
allocated - 7
50%D | 100%D  |ocorcing 100% 50% E1
to density
60°E 80°E 110°E  130°E 160°E 180°E

D_E1#1: Model diagram for a two-stock BSD (West AustrakiaBSE1 (East Australia) model. It is assumed ¢hat
(time-invariant) proportion of each stock feedaiinommon feeding ground between 110°E and 130t catthes in
this area of overlap are allocated according torthmber of whales present. Feeding ground catcteesharefore

allocated as follows:

D
CF,D =05* CGOE—BOE + CBOE—llOE + IBDE Ny CllOE—130E (D 1)
y ) y y El D y :
lBED N y + IBDE N y
BeoNy' - - g
C;,:'El = ED "y C)l/lOE 130E + C$30E 160E +05* C)l/GOE 180E (D.2)

ﬁEDNyEl"',BDEN;I/3
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D_E1#2:As for D_E1#2, except that the region of overkghifted eastward.

ﬁD}:
Catches
sllocated . y
50%D | 100%D  |iccordmg 100% EL+E2 50%
to density E1+E2
60°E  SO'E 110°E  130°E 180°E 160°W

D_E1#3: This model is a sensitivity for D_E1#1, where EAsstralia (E1) and New Caledonia (E2) are consider
one stock. Method used for combining BSE1+BSE?2 whatkescribed in Appendix F.
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APPENDIX E — MODEL DIAGRAMS AND CATCH ALLOCATIONS F OR A THREE-STOCK MODEL

CoreD E1W ELE Core

70°E 110°E  130°E 170°E 110°W

Similar to the two-stock model, the three-stock elaallows for a proportion of animals from one &do feed in a
neighbouring feeding ground. In order to prevesit@ation where all three stocks mix on a singklfeg ground, four
feeding areas are used in the model: a core Drfgettiea, an E1 west (E1,W) feeding area, an E1(EadE) feeding
area, and a core O feeding area. BSD and BSE1 mikeocore D and E1,W feeding areas, while BSE1B80O mix
on the E1,E and core O feeding areas. It is assuhadco D animals go further east than the E1,@difeg ground,
and similarly no BSO animals go further west tHam E1,E feeding ground.

The feeding-ground catch allocations to the thteeks are given as follows:

CF O = (1_:BDE)N\5) CCoreD BoeN y CElW (E.1)
y = N CoreD y NElW ’
CF,El = lBEDN)I/ElCCoreD + J'NEl CElW + y* Ny CElE BEO y CCoreO (E 2)
y NCoreD y NElW NElE NCoreO ’
CFO IBOE y CElE (1 :BOE)Ny CCoreO (E.3)

NELE y N Core©

Priors for the interchange parameters

As for the two-stock modefioe andfpe are drawn from uniform priors on the interval [JOvdith the added constraint
that Spe + Bpe<1. Following similar logic,fg0 andfoe are drawn from uniform priors on the interval [Ovlith the
added constraint th@to + foe <1. In order to ensure that the BSE1 proportions suth, {(i.e.fpet feoty+y* =1), an
approach was taken whereby, foe, feo andfoe were drawn according to the above-mentioned canssraandy and
y* were drawn from a uniform prior on the intervall[0 Any samples where Jiget+ feoty+y* |>0.01 were discarded.
The remaining samples were rescaled sofhat feoty+y* =1.

38



SC/65b/SHO4add
APPENDIX F — METHOD USED TO COMBINE BSE1 AND BSE2 DATA

East Australia (E1) available data:

Absolute abundance estimate

BSE1 absolute abundance estimate | - Neteal. (2011)

A land-based survey was conducted at Point Lookauhe east coast of Australia over 8 weeks in durgeJuly 2010.
The average number of whales passing per 10h beepéak four weeks of the northward migration was & 3.2

whales. A correction for whales available but misg&s applied using double blind counts, as wetlither corrections
for sighting heterogeneity (1.212 +/- 0.049, Duné&gml, 2010). Using this correction the abundance esérfa 2010

was 14,522 whales (95% €112,777 — 16,504) (Nozet al, 2011).

Relative abundance estimates

Table F.1: BSE1 Relative Abundance Index | (Noatlal, 2011): A count of northward migrating whales fréamd-based
surveys conducted at Point Lookout and two otheaitions. The values give the number of whales pggser 10h during four
weeks of the peak migration. (M. Noggkrs. commnand are as used for estimates of abundance Wy Noadet al,
(2008), Noadet al., (2011). These data was used to in estimated amatelof increase of 10.9%l/year (95% CI = 10.5-
11.3%lyear) for a 24 year period (1984 to 2010)ad\et al.,2011).

Year 1984 1985 1986 1987 1988 1989 1990 1991 1992
Estimate 6.12 5.92 8.25 8.53 9.15 10.22 11.58 12.93 14.36

Year 1994 1996 1998 1999 2001 2002 2004 2007 4010
Estimate 17.75 2091 28.45 27.45 34.67 37.34 47.11 70.73 84.7

New Caledonia (E2) available data:

2008 N=562 CV=0.19 CI=351-772 from SH/64/SH6

Combined data

Relative abundance estimates
Assume that both E1 and E2 have the same growgtarat use the Noaat al.(2011) relative abundance series for the
combined E1+E2 stock.

Absolute abundance estimate

Linearly interpolate between the 2007 and 2010esin Table F.1 to obtain an estimate of 75.32f48. To obtain
an absolute estimate of abundance, the value aof ®é4s scaled to 14522 for 2010. Therefore 75.3%sd® an
estimate of absolute abundance of 12 925 for 2088.combined estimate for E1+E2 is thus 12925+562487 for
2008 (CV~0.1)

12 This 95% CI was converted into a rough CV by assagrttiat the estimate was log-normally distributed.approximation of the
standard error of the log of the estimate was abthby computing 0.5*(In(16504)-In(12777))/1.96.eTtesulting value of 0.065
was then taken to be the CV of the estimate.
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