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ABSTRACT

The three stock model approach with mixing on fegdjrounds, which was implemented in 2014 to astes8SD,
BSE1 and BSO breeding stocks, is applied in a simlanner to the BSE1, BSO and BSG breeding stocks. ihis
intended as a first step in applying this approechsecutively around the globe to check for coasist of results in
circumstances of uncertainty in the allocation eéding ground catches. Compared to earlier assessofetne BSE1,
BSO and BSG breeding stocks in partly separate aglylsere is an appreciable change in that thexpkitation level

is estimated higher for BSE1land lower for BSO; cqoeslingly, BSE1 is estimated as less and BSO as reoowered
towards those pre-exploitation levels. Comparalielihoods do not differ greatly for data for thestecks used in both
the 2014 BSD+BSE1+BSO and the 2015 BSE1+BSO+BSG assdssswgyesting that the data used here do notinonta
sufficient information to distinguish these ratldédferent results.

INTRODUCTION

In 2014, a three-stock approach was implementextder to jointly assess the West Australian Breg@itock D
(BSD), East Australian Breeding Stock E1 (BSE1) #relOceania breeding stock (BSO). The rationalenea
three-stock approach was primarily to address tleemainty about how to allocate the historicaldfeg ground
catches between the three stocks (IWC 2014). Treetstock model defined a western and an eastedinfg
ground with a boundary at 130°E. BSD and an estienptoportion of the BSE1 stock feed (and were b8uig
the western feeding ground west of 130°E, while BS@ the remaining proportion of BSE1 feed in thstern
feeding ground. These assumptions were used toatdidhe historical catches to breeding stockgapgrtion to
the abundances of the populations present in esshirfg ground.

Allocation of feeding ground catches remains a lehge for the assessment of the Southern Hemisphere
humpback whale populations, since assumptions t@aw® made about where to place the boundariesdohn
stock. An attempt was made to develop an all-seesdessment which combined seven breeding popudatitma
single assessment (Millet al. 2010), where all feeding ground catches could becailed in proportion to
population abundances present on the feeding graatider than fixed on input. This work, howeve@gsanot
completed owing to convergence issues which areserasult of too many estimable parameters. Angibssible
approach would be to utilise the less ambitiousdkstock model to successively assess all thesstoekto follow
the D+E1+O assessment with a E1+O+G assessmergoand, in order to allow flexibility in the allogan of
historical feeding ground catches for all the stoakd so to assess how key parameter estimategecf@ameach
iteration. The aim would be to assess the potenfialsing successive three-stock models to devalopmbined
assessment of all the stocks.

This paper presents the results of a three-stogkOEG model. Similar to the D+E1+O model, a westand
eastern feeding area are defined (Figure 1). Theteme region runs from 120°E to 100°W and BSE1 and
proportion (°) of the BSO population are assumed to feed tHEne. eastern region runs between 100°W and
50°W and BSG and the remaining proportion 3 of the BSO population are assumed to feed tHeigrire 2
provides a juxtaposition of the D+E1+0O and the EX®&nodels in order to provide comparison of therutzawies
and total catches taken in the respective westadreastern feeding areas.

! MARAM (Marine Resource Assessment and Management@r Department of Mathematics and Applied Mathizaa
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Figure 1: Diagrammatic representation of the E1+O+G threekstnodel. BSE1 and a proportiopP) of the BSO population
feed in the western feeding area, while BSG andehmining proportion (3°) of the BSO population feed in the
eastern feeding ground. Historical feeding grouattiees from each feeding ground are allocated aodifierent
stocks in proportion to the model-predicted abucdanin each area. Catches taken between 70°W andl &
further split between the eastern feeding grourntthe Brazilian Breeding Stock A, as described liztdhe text.

2014 D+E1+0 three-stock model (cumulative total of 63893 catches)
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2015 E1+0+G three-stock model (cumulative total of 59321 catches)

Figure 2: Juxtaposition of the 2014 D+E1+0O three-stock m@dashed lines) with the 2015 E1+0O+G three-stockeh¢zblid
lines), illustrating the boundaries of the respexttastern and western feeding areas, as welleasthl historical
catches taken in each area. In IWC (20f2)was estimated to be 0.068, i.e. 6.8% of BSE1 faedestern feeding
area.

DATA

Historical catch data

There are two sets of historical catch data, bétihich are available from Allison’s database (Qlisbn, pers.
comm):

i) Catches north of 40°S
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These catches are given by location. Additionaligré are some Russian catch data available by gfeele
longitude and latitude bands. The allocations ekéhcatches to the breeding stocks consideredsimsbessment
are described below.

Breeding Stock Eland Oceania

The catches for E1 and Oceania are given by lanstagon. Catches landed at LochTay, Tangalooma and
Byron Bay have been allocated to BSE1. Catchesetdad Norfolk Island, Tonga and Polynesia have been
allocated to the Oceania breeding stock. Catchedeth at Rakiura and Prince George, New Zealand,
Kaikoura, Cook Strait and Tory Channel, Great Bairtsland, Whangamumu and Bay of Island are alémtat
to BSE1 and Oceania in proportion to the modelpted population abundances.

Breeding Stock G
Catches labelled “Chile”, “Ch/Per/E” and “Peru’thre database have been allocated to BSG.

The resulting catch series are given in Table af the Appendix.
if) Catches south of 40°S

These catches are given for 10 degree longituddshas shown in Table A. 2. Catches taken betw26fELand
100°W are allocated to the western feeding groumticatches taken between 100°W and 70°W are adiddatthe
eastern feeding ground. IWC (2010) splits the drefaveen 70°W and 50°W into three blocks: one frdfiS4
50°S (allocated to the Brazilian breeding stock BS#ne from 50°S-60°S (shared between BSA and BSE)
lastly one south of 60°S (see Figure 6). In lighthis, all catches between 70°W and 50°W and sofi60°S were
added to the eastern feeding ground catches fahthe-stock model. Further, half the catches betwgd-50°W
and 50-60°S were added to the eastern feeding drcatches.

Abundance and trend data

Breeding Stock E1 was fit to the Noatlal (2011) absolute abundance estimate, as welleabldadet al. (2011)
relative abundance series. Breeding Stock Oceaagfilvto the Constantinet al. (2012) mark-recapture data.
Breeding Stock G was fit to the Febx al. (2011) absolute abundance estimate. The datéstad In the Appendix
along with further detalils.

In their assessment of Breeding Stock G, Johnetaal. (2011) fit to the Felixet al. (2011) absolute abundance
estimate, but also to the Branch (2011) IDCR/SOWEIRtive abundance series. This series was deforethe
feeding ground area between 110°W and 70°W, ancksihese boundaries correspond closely to the raaste
feeding ground (100°W-70°W, with only 114 catchalseh between 110°W-100°W), the population feednthée
eastern area of E1+O+G three-stock modely{N®S%+N®9 was fit to the IDCR/SOWER relative abundance
series as a sensitivity.

Nmin cOnstraint

The minimum population constraint was taken totived times the minimum number of haplotypes (IWQ20
The minimum number of haplotypes utilised werepb BSE1 (IWC 2014), 33 for BSO (IWC 2014) and 27 fo
BSG (Rosenbaurat al.2006).

METHODS

Population dynamics

The population dynamics are given by the followamiation:

i i Ny i , ,
Ny =Ny +1'N, 1_(F) -C, i 0{E1, Oceania, G} (1)
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where

N; is the number of whales in the breeding populatiaithe start of yeay,

r is the intrinsic growth rate (the maximum per capiite population can achieve when its size is very
low) of breeding populatioi

K is the carrying capacity or pristine populationdesf breeding population

H is the “degree of compensation” parameter; thigetsat 2.39, which fixes the level at which MSY is
achieved at MSYL = 016, as conventionally assumed by the IWC SC, and

C. is the total catch (in terms of breeding populatianimals) in yeay.

Bayesian estimation framework

Priors

Prior distributions are defined for the followingrnameters:

i) r' ~ U[0, 0.106F
i) INNZE ~U[In NS - 4CV, InNESE +4CV]

The target abundance estimate is fitted to the iqaeelicted number of whales for breeding poputatio

The uninformative prior is bounded by zero (negative rates of groavth biologically implausible — at least over
lengthy periods) and 0.106 (this corresponds tomf@ximum growth rate for the species agreed byIWWE

Scientific Committee (IWC 2007)). The prior disuiion from which the target abundance estimhdgifrgzt is

drawn at random is uniform on a natural logarithsgale. The upper and lower bounds, whose onlygser|s to
render the computations more efficient, are sehbyCV of the abundance estimate multiplied by four

Using the randomly drawn vector of values@f’aﬁg; andr', a downhill simplex method of minimization is usted

calculatek' such that the model estimate bF| is identical to the randomly drawn valdﬂt'ﬁg:t.

target

For each simulation, using teand calculated' values, the available data are used to assigreihibod to that
particular combination. Details for calculating tt@mponents of the negative log likelihood are gilelow.

Likelihood function

Absolute abundance data

Given an absolute abundance estimaié’;’fg’;et )

estimate as the mean and the CV as the standaiatide¥ Thus the negative log likelihood contribution is:

this is assumed to be log-normally distributethwhe log of the

1 obs 2
2572 (ln Ntarget =In Ntarget) 2)
where
Nt";’%et is the absolute abundance estimate obtained fra@roétions,
N arget is the model-estimated population size for the yéahe abundance estimate, and
o’ is the variance ofn N 2°°

target *

Relative abundance data

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

Iy = que‘gy (3)

where

2 Note that an importance function was used foto improve sampling efficiency. Details are giveter.
% If N is assumed to be log-normally distributed, thex i normally distributed with some mearand standard deviatian
The median value dfl is thene~ while the CV ofN is given by..-* _;. Since the CV oN is relatively smallg has been
approximated here by the value of the C\WNof

4
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is the relative abundance estimate for year
q is a constant of proportionality,

N is the model estimate of observed population dizbeastart of yeay, and

y
&, is from N(o,az) (see Equation (4) below).

The O parameter is the residual standard deviation, hviscestimated in the fitting procedure by its nmaxim

likelihood value:
UA:\/1/ﬁ21(|nly—lnq—lnNy)2 @)
y

where
n is the number of data points in the series, and
q is a constant of proportionality, estimated isynhnaximum likelihood value:
Ing :1/ﬁ2(lnly —InNy) )
y
The negative log-likelihood component for the rielmtabundance data is given by:
_ 1 2
nlna+2022(lnly—lnq—lnNy) ©)
y

In the Bayesian contexty and 0 are “nuisance parameters, i.e. parameters thdttodee estimated but are not of

great interest themselves (McAllistet al., 1994). Walters and Ludwig (1994) show that thevabapproach is
essentially a shortcut to avoid integrating over phior distributions parameters and correspondsed@ssumption
that theq prior is uniformly distributed in log-space, afmt theo prior is proportional te .

Mark recapture data

These data are given in the form a matrix showounts of animals that were seen in a specific gedrre-seen in
a subsequent year. The method for incorporatirgitiiormation 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#inat were recaptured in yegar

A

If Py is the probability that an animal is seen in agaghn yeary, then the number of animals captured in yeisr
given by:

(7)

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

2 - ~M(y'-y)
m, .. = pyp,N,e (8)
whereM is the natural mortality rate (set here to equaB@r™ as recommended by the IWC SC).

The probability of a model—predictedﬁly,y,, given the observedm is determined assuming a Poisson

%
distributiorf, with the associated likelihood contribution given

(m:n)’ )myvy. e_my,y‘ (9)

|
Y.y

4 The equations given here imply a multinomial distion. However, because the annual capture pilifiedare so small, the
Poisson distribution is an adequate and conveaigmtoximation.
5
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Finally the component for the negative of the liglihood for capture-recapture data is then givgn

Yi1 yq

2 2 [mm, Ity .+, ] (10)

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

Note that when compiling the capture-recapture icedr if an animal is re-seen a second time, tis¢ fiésighting
is treated as a new sighting that is first re-ssehe second resighting.

SIR

The negative log likelihood is then converted iatbkelihood value (). The integration of the prior distributions
of the parameters and the likelihood function teeasentially follows the Sampling-Importance-Resangp(SIR)
algorithm presented by Rubin (1988). For a vecfoparameter valueg, , the likelihood of the data associated

with this vector of parameters () as described above is calculated and storeid a¥his process is repeated until
an initial sample ofy, g, s is generated.

This sample is then resampled with replacemeftitnes with probability equal to weighy, where:
_ L(8/datg

' $L(6/daty b

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

Importance functions for BSE1

The trend data for BSE1 (Noatial.,2011) are highly informative, and as such highvalues have a much higher
likelihood associated with them and have a muckebehance of being resampled. SimEkis sampled from a
uniform prior on the interval [0,0.106], small vakiofr® will form a substantial proportion of the initishmple of
n,;, even though they are not likely to be choseméresampling process. This leads to samplingigiefifcy and a
high number of duplicates (where the same hfgivalues are sampled repeatedly). A very largeainiample has
to then be drawn in order to generate enough sampitéa highr® values to be able to resample without a high
number of duplicates. In order to increase the $amefficiency, an importance function was usedtisTfunction
increases the likelihood of sampling high values and reduces the number of essentially wasver= values in
the sample. To counter the fact that the resuliistibution of then, values ofr™* sampled is no longer uniform as
required by the uniform prior distribution, thedirlikelihood values are weighted upwards in theegroportion
as the probability of picking a particuldf* in the initial sample was weighted down. The intance function is
shown in Figure 3 below.

1.|00

Sampling probability

L0
C—
o

I I I
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Figure 3: Importance functions used when sampling fot The horizontal axis shows the step values at which the
importance function increases, and the verticad akbws the probability of acceptingrasample from a particular
range. In other words, if a value between 0 an@®i6 drawn for®! from the uniform prior, it has a 95% chance
of being discarded.

Nmin CcONstraints

The assumption for these assessments is that giveimimum number of haplotypes, for a specific region, the
minimum population size for that region is given ®%h. This offers a constraint below which values thedel

6
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estimated population trajectory must not go. A fitgria added to the negative log likelihood to enesthat these
constraints are not violated.

RESULTS

Table 1(a) gives the posterior median values artd @@obability intervals for key parameter estimatesthe
E1+0O+G three-stock model. Since Johnstoral. (2011) fit to the Branch (2011) IDCR/SOWER feedgmgund
relative abundance series in their assessment &f B8ble 1(b) reports on the results of the E1+Q@h@e-stock
model where the number of whales feeding in théeeadeeding ground is also fit to the Branch (204dries.
Table 1(c) gives the posterior median values anéb 9frobability intervals for the BSE1, BSO and BSG
populations from previous assessments: the BSEIB&®@ results are from the 2014 D+E1+O assessm@éft (I
2014) and BSG results are from the Johnstoal. (2011) assessment.

Figure 4 is a graphical representation of thi, Noo;K parameter estimates for the three stocks from Thfag
(c), comparing the median estimates and 90% prbtyainitervals for the E1+G+0O model, the E1+G+O rabfit
to the IDCR/SOWER data as well for the previoussassients . Figure 5 shows the posterior mediagctajes
and 90% probability envelopes for the E1+0O+G mauhel for previous assessments.

Table 2 gives the likelihood components (in terrhsnedian values) for the D+E1+0O and the E1+O+G nwode
Likelihood components are reported for BSE1 and BiS® the two stocks common across the two thteeks
models.

Table 3 gives the cumulative catches allocatetiémtodels to each breeding stock.

DISCUSSION

The main point of interest is how compatible theutts of the E1+0O+G model are with the 2014 D+Elhf@e-
stock model, in order to assess whether a combaissdssment of all the stocks could be undertakeusing
successive three-stock models.

As can be seen from Figure 5 (a) and (b), theresalstantial differences between the results otwliemodels.
Table 3 helps elucidate the reason underlying thdifferences, namely that the E1+O+G model allatate
substantially more catches to BSE1 and fewer catth&SO than the D+E1+0O model, thus resultinghentigher
BSE1 and lower BSO carrying capacity values. Thistrates not only the impact that the catch atmns have
on model outputs, but also the impact that the himgring populations have on any one breeding stau&n
catches are shared between neighbouring stockexXaonple, the BSE1 population requires a fairlgéanumber
of catches to be allocated to it in order for tlpydation to be sufficiently depleted to achieve kiigh growth rate
observed by Noasdt al.(2011). For the D+E1+O model, the BSE1 populatisimeres a total of 63892 catches with
a larger BSD population to the west and a smale®Bopulation to the east (Figure 2), and as duetetis some
flexibility in the model for balancing the catcHagation between BSD+BSE1 and BSE1+BSO. For the(515-
model, the BSE1 population shares a total of 598#tthes with a smaller BSO population to the eaisufe 2)
and all the BSE1 catches are those shared withavtdstern BSO population. While there are many iatec
interacting factors that play a role in the finabael outputs, it is clear that the different setaighe two three-
stock models can easily lead to appreciably diffenesults. Interestingly, the likelihoods in Tal#te while
showing a small difference for the BSEL1 fit to tKead et al. (2011) relative abundance data, otherwise do not
differ greatly amongst the models, suggesting thatdata do not provide sufficient information teacly prefer
one model to the other.

Some thought could be given to developing a gradika boundary, rather than the hard boundariesmfFigure 1
and Figure 2, so that the catches from outsidectieent boundaries can still be allocated to thstere@- and
eastern-most stocks of the three-stock model anape produce more compatible results when thee-tbieck
model is shifted from one group of neighbouringkioto the next.
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Table 1 (a): Posterior median values of key model parametergiaen with their 90% probability intervals foretiE1+0O+G three-
stock model. Results are from a re-sample of 100 fan initial sample of 2 000 000. The model wasofithe Noad
et al (2011) absolute and relative abundance estinfilatd3SE1, the Constantiret al. (2012) mark-recapture data for
BSO and the Feliet al. (2011) absolute abundance estimate for BSG.

BSE1 BSO BSG
r 0.105 [0.103,0.106] 0.056 [0.010,0.087] 0.055 [0.006,0.103]
K 36682 [29092,38717] 5700 [2861,15644] 8629 [5620,18096]
Y 0.359 [0.043,0.798] (Proportion of BSO feeding in western feeding area)
Nimin 227 [204,259] 529 [175,2033] 1470 [233,5676]
Nyo15 21765 [19760,23727] 3579 [2818,5285] 7254 [5274,9591]
Nmin/K 0.006 [0.005,0.008] 0.098 [0.024,0.273] 0.163 [0.034,0.431]
N5g15/K 0.602 [0.544,0.709] 0.713 [0.223,0.998] 0.921 [0.375,1.000]
N2020/K 0.811 [0.760,0.885] 0.818 [0.240,0.999] 0.961 [0.379,1.000]
Nagao/K 0.999 [0.999,1.000] 0.986 [0.304,1.000] 0.998 [0.435,1.000]

Table 1 (b): Repeat of the model run from Table 1, except thatddition to the input data described there, tistega feeding
ground population (3°)*NZSC+NESCwas also fit to the Branch (2011) feeding grouratiee abundance series.

BSE1 BSO BSG

r 0.105 [0.103,0.106] 0.067 [0.036,0.087] | 0.068 [0.030,0.105]
K 37328 [31185,38724] 4469.0 [2897,10743] 8109 [5840,10913]
Y 0.357 [0.041,0.764] (Proportion of BSO feeding in western feeding area)
Noin 226 [202,257] 335 [175,790] 520 [225,2268]
N2o1s 21719 [19909,23796] 3726 [2844,5182] 7280 [5534,8703]
Ninin/K 0.006  [0.005,0.008] 0.077 [0.025,0.169] | 0.066 [0.033,0.210]
N2015/K 0.594 [0.532,0.674] 0.859 [0.416,0.996] | 0.944 [0.644,1.000]
N>g20/K 0.805 [0.749,0.865] 0.931 [0.510,0.999] 0.975 [0.696,1.000]
N2os0/K 0.999 [0.998,0.999] 0.998 [0.840,1.000] | 0.999 [0.899,1.000]

Table 1 (C): Posterior median values from previous assessmaeatgiven with their 90% probability intervals. BRSE1 and BSO
these previous assessment results are from the PBEL+O three-stock model (IWC 2014), which wastdit
Bannister and Hedley (2001) and Hedéyal. (2011) relative abundance series for BSD,Nbedet al (2011)
absolute and relative abundance estimates for B&HE1he Constantinet al. (2012) mark-recapture data for BSO.
The BSG previous assessment results are from Joheisad. (2011), where the model was fit to the Felbal. (2011)
absolute abundance estimate and the Branch (20CR/®OWER feeding ground relative abundance series.

BSE1 BSO BSG
r 0.105 [0.103,0.106] 0.091 [0.071,0.101] 0.063 [0.023, 0.093]
K 26133  [21605,29033] 14115 [10198,19651] 11584 [10590,14878]
y 0.068 [0.007,0.190] (Proportion of BSE1 feeding in western feeding area)
Nmin 237 [203,272] 132 [103,250] 731 [238,2959]
Nyo1s 19614 [17643,21454 6404 [5491,7595] 9173 [6829,10857]
Nmin/K 0.009 [0.008,0.011] 0.010 [0.007,0.014] 0.063 [0.022,0.198]
Nyo15/K 0.762 [0.692,0.841] 0.466 [0.291,0.657] 0.792 [0.512,0.956]
N2020/K 0.915 [0.872,0.950] 0.648 [0.409,0.846] 0.885 [0.575, 0.988]
N,oa0/K 1.000 [0.999,1.000] 0.993  [0.926,0.999] 0.994 [0.818,1.00]
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Table 2: Likelihood components for BSE1 and BSO (the two stamkmmon across the two three-stock models) aengiv
terms of the posterior median values. Likelihootliga are given for the 2014 D+E1+0 three stock hadbe current
E1+0O+G three stock model as well as the E1+O+Gethteck model where the eastern feeding ground|ptipu is
fit to the IDCR/SOWER relative abundance trend.

BSE1

D+E1+0 model

E1+0+G model

E1+0+G model,
fitting to IDCR

Absolute abundance estimate (Noad et al. 2011)

Relative abundance series (Noad et al. 2011)

0.2531
-39.61

0.2046
-41.37

0.2445

-41.52

BSO

D+E1+0 model

E1+0+G model

E1+0+G model,
fitting to IDCR

Mark-recapture (Constantine et al. 2012)

-58.81

-59.04

-59.17

Table 3: Posterior medians of the cumulative catches akkatat the model to the various breeding stockgijahe E1+0+G
three stock model, (ii) the E1+O+G three stock nhadeere the IDCR/SOWER feeding ground estimates (Branch
2011) have been included in the likelihood fit afif) the 2014 D+E1+O three stock model. ThE &nd 9%'
percentiles have been given in parenthesis.

BSD BSE1 BSO BSG
(i) E1+0+G - 41284 [31271,43875] | 7702  [2542,21791] | 10392 [5729, 13340]
(i) E1+O+G (with IDCR/SOWER) - 42048 [31271,43875] 7278 [2542,21791] 9991 [5729,13340]
(iii ) D+E1+O 19967 [16821,21782] 27657 [20473,33809] 16439 [11707,22771] -
BSE1 BSO BSG
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Figure 4: Graphical representation of tiheK, N,y;dK parameter estimates from Table 1. Median estimatesndicated by
points and the 90% probability intervals by barstifBates are shown for all three stocks for (a)EtheO+G three
stock model, (b) the E1+O+G three stock model whieeel DCR/SOWER feeding ground estimates (Branch 2011)
have been included in the likelihood fit and (ckyous assessments (the 2014 D+E1+O model for BEEBS&O,
and the Johnstoet al. 2011 assessment for BSG).
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Posterior median population trajectories and tB@#o probability envelopes (PE) for the three stotkajectories for
the E1+O+G three-stock model are shown by the dwlas and their 90% PEs by the grey shaded aRaasterior
median trajectories from previous assessmentshanersby dashed lines and their 90% P.E. by thesdilded with

diagonals. For BSE1 and BSO these previous assesseseilts are from the 2014 D+E1+0 three-stock motted

BSG previous assessment results are from Johmttah (2011). Fits to various input data are indicatedthie
legends.
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APPENDIX A: CATCH, ABDUNANCE AND TREND DATA

Table A. 1. Historical catches taken north of 40°S from Allisonlatabase (C.Allisorpers. commn The catches for E1 and
Oceania are available by landing station. Catchedeld at LochTay, Tangalooma and Byron Bay have biéerated
to BSE1. Catches landed at Norfolk Island, Tonga Rolgnesia have been allocated to the Oceania Imgetiock.
Catches landed at Rakiura and Prince George, NevaZtaKaikoura, Cook Strait and Tory Channel, Greati&a
Island, Whangamumu and Bay of Island are allocate83E1 and Oceania in proportion to the model-ptedic
population abundances (labelled BSE1/BSO in the Yallatches labelled “Chile”, “Ch/Per/E” and “Peru” tihe
database have been allocated to BSG.

Year BSE1 BSO ngg BSG| Year BSE1 BSO ngg BSG
1890 0 0 8 o 1933 0 0 57 41
1891 0 0 8 o 1934 0 0 69 18
1892 0 0 8 o 1931 0 0 55 48
1893 0 0 8 o 1934 0 0 75 6
1894 0 0 8 o 1934 0 0 80 7
1895 0 0 8 o 194 0 0 107 0
1896 0 0 8 o 1941 0 0 86 0
1897 0 0 8 o 1944 0 0 71 0
1898 0 0 8 o 1943 0 0 90 0
1899 0 0 8 o 1944 0 0 88 0
1900 0 0 8 o 1944 0 0 107 0
1901 0 0 8 o 1944 0 0 110 15
1902 0 0 8 o 1941 0 0 101 19
1903 0 0 8 o 1944 0 0 92 5
1904 0 0 8 o 194 0 3 141 6
1905 0 0 8 o 195 0 0 79 5
1906 0 0 8 o 1954 0 0 111 16
1907 0 0 8 o 1954 600 0 121 37
1908 0 0 8 14 195 700 0 109 b9
1909 0 0 16 44 1954 718 0 180 16
1910 0 0 77 64 195§ 720 0 112 7
1911 0 0 77 od 1956 720 150 143 ho
1912 0 0 93 8d 1957 721 136 184 5
1913 348 0 92 43 195B 720 136 183 0
1914 0 0 93 194 1959 810 166 318 3
1915 0 0 106 3 196D 810 186 361 2
1916 0 0 82 14 1961 731 186 80 3
1917 0 0 94 19 1969 173 4 32 4
1918 0 0 90 24 1963 0 0 9 1
1919 0 0 119 24 196h 0 0 0 35
1920 0 0 107 21 1966 0 0 0 143
1921 0 0 89 21 1966 0 0 0 48
1922 0 0 57 1d 1967 0 0 0 0
1923 0 0 79 14 1968 0 0 0 3
1924 0 0 107 34 196p 0 0 0 1
1925 0 0 96 244 197p 0 0 0 0
1926 0 0 78 271 1971 0 0 0 0
1927 0 0 127 4 197P 0 0 0 0
1928 0 0 105 3d 1978 0 3 0 0
1929 0 0 102 24 197k 0 4 0 0
1930 0 0 78 33 197% 0 8 0 0
1931 0 0 109 54 1976 0 4 0 0
1932 0 0 18 21 1977 0 4 0 0
1933 0 0 44 11 1978 0 11 0 0
1934 0 0 52 194 Total 7771 1001 5690 2119
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Table A. 2: Historical catches taken south of 40°S from Altisodatabase (C.Allisomers. comm) given in 10 degree longitude bands. Catchestakéween 120°E and 100°W were allocated to the
western feeding ground and catches taken betwe@iW@nd 70°W were allocated to the eastern feedingnd. Catches in the column ‘S. Shet/Falk’ ar@%®f catches taken between
70°W and 50°W and south of 60°S as well as 50%tifhes taken between 70-50°W and 50-60°S. Theskasatvere allocated to the eastern feeding ground.

120- 130- 140- 150- 160- 170- 180- 169- 159- 149- 139- 129- 119- 109- 99- 89- 79- S. Shet/
Year 129E 139E 149E 159E 169E 180E 170W 160W 150W 140W 130W 120W 110W 100W 90W 80w 70W Falk
1903 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1904 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1905 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23
1906 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 498
1907 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 366
1908 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1250.5
1909 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1528
1910 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2562
1911 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2047.5
1912 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 980
1913 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1041.5
1914 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 662
1915 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 219
1916 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21
1917 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 69
1918 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 81
1919 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 181
1920 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 149
1921 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1922 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 189
1923 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 96
1924 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 102
1925 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 163
1926 0 0 0 0 0 82 0 0 0 0 0 0 0 0 0 0 0 101
1927 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 3
1928 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 16
1929 0 0 0 0 0 775 0 0 0 0 0 0 0 0 0 0 0 0
1930 1 0 32 49 3 55 96 0 0 0 0 0 0 0 0 0 0 1
1931 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
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120- 130- 140- 150- 160- 170- 180- 169- 159- 149- 139- 129- 119- 109- 99- 89- 79- S. Shet/
Year 129E 139E 149E 159E 169E 180E 170W 160W 150w 140W 130W 120w 110W 100w 90w 80w 70W Falk
1937 32 0 0 0 0 0 0 0 0 0 0 0 0
1938 24 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1940 342 342 342 342 342 342 342 0 0 0 0 0 0 0 0 0 0 1
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
1943 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
1945 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
1947 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
1949 109 30 760 118 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 85 86 316 0 0 1 0 0 0 0 0 0 271.8
1951 232 0 1 0 66 103 189 37 0 0 1 0 0 0 0 0 0 0
1952 0 0 0 0 166 216 135 13 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 14 136 0 0 0 0 0 (0] 0 0 0 0
1954 2 0 749 5 17 167 269 69 2 0 0 0 0 0 0 0 0
1955 411 769 416 77 0 0 0 278 56 0 0 0 0 0 0 14 0 0
1956 0 0 0 0 0 0 0 0 0 0 7 3 27 39 571 11 8 37.6
1957 0 30 19 38 133 0 0 0 35 27 29 76 31 0 37 18 4 0
1958 882.1 104.7 157.1 185.7 525.8 209.4 0 0 0 0 0 0 0 0 0 0 26.2
1959 44.8 | 1043.5 | 4057.1 3673 | 22285 998.7 317.8 112.8 73.2 106.8 73.2 73.2 74.1 7 14 5 0 182
1960 71 163.7 742.3 | 1184.3 | 3703.8 | 2630.2 740 962.5 565.27 508.3 428.57 | 292.87 0 0 0 0 81 10.9
1961 14 14 61 436 581 342 123 226 1010 401 452 189 54 44 806 334 24 2.5
1962 58.2 18.2 35.4 39.7 302.2 9.2 10 49.5 87.7 66.1 63.5 18.1 18.1 24.4 36.2 70 88.1 85.5
1963 0.2 1.2 23.6 20.9 225 13 0 0 0 0 0 0 0 0 0 0 0
1964 0.9 2.8 11.3 26.2 45 0 0 0 0 0 0 0 0 0 0 0 0 0
1965 8.8 12.6 43.6 26.6 80 97.1 85.3 474.6 13 1 0 0 0 0 0 0 0 0
1966 7 4 3 1 11 14 16 93 118 26 0 0 0 0 0 0 0 0
1967 7 0 1 11 12 2 1 6 a7 57 0 0 0 0 0 0 0 0
1968 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
1970 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 3 0 0 0 0 0
1972 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 2245 | 2561.7 | 6709.4 | 7677.4 | 8431.3 | 6023.6 | 2322.1 | 2973.4 2062.47 | 1195.2 | 1055.27 | 652.17 207.2 114.4 | 1464.2 452 205.1 12969
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Breeding Stock E1

Absolute abundance estimate

A land-based survey was conducted at Point Lookauthe east coast of Australia over eight week3uime and
July 2010 (Noackt al. 2011). The average number of whales passing peroy@r the peak four weeks of the
northward migration was 84.7 = 3.2 whales. A caicecfor whales available but missed was appligdgidouble
blind counts, as well as other corrections for sighheterogeneity (1.212 +/- 0.049, Dunlepal, 2010). Using
this correction the abundance estimate for 2010Ma522 whales (95% €12,777 — 16,504) (Noaet al, 2011).

Relative abundance estimates

Table A. 3: BSE1 Relative Abundance Index | (Noadal, 2011): A count of northward migrating whales fréemd-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.ad@ers. commhand are as used for estimates of abundance
provided by Noackt al, (2008), Noackt al.,(2011). These data were used to in estimated anatgsof increase
of 10.9%/year (95% CI = 10.5-11.3%/year) for a 2drygeriod (1984 to 2010) (Noad al.,2011).

Year Estimate
1984 6.12
1985 5.92
1986 8.25
1987 8.53
1988 9.15
1989 10.22
1990 11.58
1991 12.93
1992 14.36
1994 17.75
1996 20.91
1998 28.45
1999 27.45
2001 34.67
2002 37.34
2004 47.11
2007 70.73
2010 84.7

Minimum number of haplotypes

The minimum number of haplotypes for BSE1 5 (IWQ20

® This 95% ClI was converted into a rough CV by assumiag tthe estimate was log-normally distributed. Apragimation of
the standard error of the log of the estimate waained by computing 0.5*(In(16504)-In(12777))/1.9ke resulting value of
0.065 was then taken to be the CV of the estimate.
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Oceania breeding stock

Absolute abundance estimate

The estimate in 2005 of 4,329 individuals (CV=0.82ses from a sighting-resighting analysis of wsetellite
genotypes collected from 1999 to 2005 across fourey areas in Oceania: New Caledonia (E2), ToB3, (the
Cook Islands and French Polynesia (F2) (Constasetira, 2012). It is a doubled male-specific estimateiasag
equal numbers of males and females in the region.

Mark recapture data

Table A. 4: Synoptic genotypic mark recapture data underlyirade specific Oceania-wide abundance estimate. iShise
males-only subset of the sexes combined dataset @onstantinest al. (2012), as provided by Jacksqgre(s.
commn2012).

Year initial capture (males) 1999 2000 2001 20p2 0320 2004 | 2005

Total individuals captured 25 70 112 78 114 24 82

1999 - 3 4

2000 5

2001 -

2002

2003 -

2004

2005

~N|o|F

' N[w |
o]

=y
N
PO |lwN|©

Wk o
S

Minimum number of haplotypes

The minimum number of haplotypes for Oceania i$I38C 2014).
BREEDING STOCK G

Absolute abundance estimate

A breeding ground estimate of 6504 (CV=0.21) far tkear 2006 is from a photographic capture-receptudy in Ecuador,
and is based on Chapman modified-Peterson estirfietx et al.,2011)

Relative abundance estimates

TableA. 5: IDCR/SOWER estimates for the feeding grounds (Bra®diipR The area for G is 110°W-50°W, south of 60°S.

Year N CVv

1982 1452 0.65
1989 2817 0.38
1996 3310 0.21

Minimum number of haplotypes

The minimum number of haplotypes for BSG is 27 @hdmaurret al 2006).
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