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ABSTRACT

Bayesian assessment of breeding stocks B, C and & &duthern Hemisphere humpback whales are présdrtese
assessments incorporate a prior for the maximumtfroate r derived from similar assessments foedhrey stocks D
and E. This is the first time an assessment foeding stock B has been attempted. Results showntuatrindance
estimates for breeding stocks B and G are low {leas 0.1K), whilst the current abundance estimate for bragdi
stock C much further recovered at K7®rojections under a zero continued harvestirajegdy estimate breeding stock
C to be fully recovered by 2020, whilst breedingckoB and G will be fully recovered only by aboutand 2030.
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INTRODUCTION

Initial assessments of breeding populations of Isaut Hemisphere humpback whal&e@aptera novaenglige
were presented at the 2000 IWC Scientific Committeeting (Findlayet al. 2000; Findlay and Johnston 2001).
These assessments were updated the following yeangtoret al. 2001), and covered five of the seven distinct
Southern Hemisphere breeding populations, coupligal three sets of hypotheses as to how historichest
from mixtures of these breeding populations onhlgh latitude feeding grounds are to be allocateduch
breeding populations; results were shown to betivelg insensitive across these hypotheses. Johredt@l.
(2001) further reported results for models for tefothe breeding populations (stocks D and E) foiciithe
models were fitted to CPUE trends as well as tatined abundance indices. Johnston and Butterw@@i4)
updated assessments of breeding stocks A and Ghé\khssessments mentioned above were based @ean a
aggregated production model approach and maxinketiHbod estimates.

Bayesian stock assessments of three of the bresttiogs (stocks B — West Africa, C —East Africa d&hd-
West South America) of Southern Hemisphere humphdekes are presented here. This is the first dratock
assessment for breeding stock B has been attenftedestimation procedure used here has been lbeddri
Zerbini (2004), where the status of breeding sthakas assessed using a Bayesian approach. Thesoftthis
paper have thus extended this assessment approasbveral of the other breeding stocks of Southern
Hemisphere humpback whales. One of the inputs mediuior this modelling approach is a prior for the
maximum growth rate parameterThe authors here use a prior fagiven by the posterior distribution fothat
resulted from an assessment of breeding stockdEgdohnston and Butterworth 2005). The assessofi¢he
breeding stocks D and E involved fitting a popuaatmodel that allows for mixing of these two pojialias in
the feeding areas. Data available for fitting timbdel included absolute abundance estimates, welati
abundance trends and CPUE series from the brestbols, as well as abundance information from deelihg
grounds.
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METHODS
Data

Historic Catch data
The historic catch record for Southern Hemispharepback whales can be separated into two categories

catches taken north of 46 and catches taken south of’& The updated catch record of whales caught north
of 40°S is reported in Table 1a of Johnston and Buttetw(#005). Two alternate catch records exist howeve

for the catches south of 46. The first is here termed the “KP” record. Theoswl, here termed the “CA”
record, includes both different data sources amd information available in 2005. These two catchieseare
reported in Tables 1b and c in Johnston and Buttehn(2005). Recent attempts by Allison and by Egdave
been made to update both these catch records.rtioybar, following the 2004 meeting of the IWC 8utific

Committee, the catches from the 60°%0 longitude band (including those from the Soutlet&md and “West
Antarctica”) have been assigned to breeding stocknGhis study, the “KF” series is used for theaSe-case”
and a sensitivity analysis for the “CA” series us\.r These catches have been apportioned to edtie aeven
hypothesised feeding areas that are associatedovgtding stocks A-G under what has previously lieemed
the “naive” model (this simply means that each diregp stock is assumed to correspond to a singldirige

area), although as stated above, the catches fre®0:- 78 W longitude band have been assigned to the G stock,
whereas previously they were assigned to the Astoc

Recent absolute abundance estimates
The estimates of recent absolute abundance for @atie breeding stocks examined here are repamt&able
1.

Breeding stock B
For breeding stock B, an abundance estimate of {2¥80.32) for year 2002 is provided by Rosenbaatral

(2004). This estimate is based on aerial survays,sconsidered an initial estimate by the authRosenbaum
et al. (2004) also report that this estimate is an “urexied and conservative abundance estimate”, andder
an upper range of a corrected estimate of 279&n&i8vity test to this upper range of the corrdatstimate is
explored here.

Breeding stock C
For breeding stock C, the authors calculated & abtandance estimate for 2003 as follows:

- An estimate for sub-stock C1 for 2003 of 5811 (C\AE) is provided by Findlagt al (2004).
This estimate is based on a vessel-based linestassrvey off Mozambique.

- An estimate for sub-stock C3 for 1994 of 2532 (C\27) is provided by Best al. (1996). This
estimate was based on a yacht-based line transeetysin water off south Madagasgar.

- Using the trend in raw sightings per hour of obagon made during shore-based surveys of the C1
migration past Cape Vidal over the period 1988-20@ported here in Table 2, Findlay pers.
commn), a rate of increase over this period of 9@¥annum can be calculated. Using this ROI,
the C3 estimate of 2352 in 1994 is extrapolatetbupl72 in 2003. A total abundance estimate for
breeding stock C in 2003 is thus calculated by rmgidhese C1 and C3 estimates together
(5811+6172), which gives a total of 11983 whales2f@03.

- Avalue ofg =0.20 is assumed for this estimate in the modeadimgiyses here (if the extrapolation
of the C3 abundance estimate were to be takerrasfere, a CV of 0.16 would follow; this seems
unrealistically low, so has been inflated to 0.2@rresponding to a CV of 0.33 associated with the
extrapolation).

Note that although there are no abundance datatfat is termed C2, the number of these whale&édylito be
small and they are in any case most likely a corapbof the C1 and/or C3 estimates. However, it Ehbe
noted that both the C1 and C3 estimates used hergrabably negatively biased by incomplete su@yerage
of the breeding grounds. For example, no surveybkas carried out over the west coast of Madagascar

Breeding stock G
For breeding stock G, a preliminary abundance egéraf 1922 (CV=0.43) whales for the year 1997risigled

by Felix and Haase (1999).



“Trend” data

The only stock for which any abundance trend de¢aasailable is stock C. Table 2 reports a seriaeasities
of whales sighted (whales per hour) during shosetasurveys off Cape Vidal for years 1988-1991 2000
(Findlay pers. commn).

The population dynamics models

The population dynamics model used for the updatezbssments of this paper is a lumped (sex- and age
structured) model. The basic population dynamiegéqn is:

Npt = N+ 1N (1= (N 7K ) )-¢, )

where N is the total population size at the start of yeand is set equal ¥ in years prior to the onset

t
of exploitation;

r is the intrinsic or maximum growth rate (i.e. theaximum per capita rate the population can

achieve, when its size is very low);

U is set at 2.39, which fixes the MSY level, MSYLO6K, as conventionally assumed by the
Scientific Committee; and

C, is the total catch (in terms of number of animaisyeart.

Bayesian estimation framework

Priors
Prior distributions were defined for the followipgrameters:

i) r ~r posterior reported in Johnston and Butterwortt0&0

i) In NS ~U[In N,*°* = 4CV, In N, + 4CV]

where NYX’ObS* is the absolute abundance estimate for breedaul Xt in yeary.

Note that the prior distribution on(based on the posterior from breeding stocks DEnis bounded by zero
(negative rates of growth are biologically implduls) and 0.126 (this corresponds to the maximumvtiragate
for the species as evaluated by Claphetrral. 2001). The prior distribution from which targetuslolance

estimates NYX’ObS*) are drawn at random is uniform on a natural litharic scale. The lower and upper
bounds are set by four times the CV.

For each ofy simulations, values oNYX'°bS* andr are drawn from their prior distributions. A bisect method
is used to calculaté such that the model estimate N‘;( is identical to the randomly drawn valllhéYX'°bS*.

For eachn; simulation, using the and calculatedK value, a negative log likelihood is then calcullatey
comparing the population model to observed dat@se being the target abundance estimates frobréeeling
grounds (see Table 1), and in the case of breesiouk C, also relative abundance trend data (sbeeD). The
components of the negative log likelihood are dated as follows:

For breeding stock C:

It is assumed that the observed abundance treed indog-normally distributed about its expecteadire:

Iy =q"Nje” @)

where



is the survey-based relative abundance indexdaryy

qX is the constant of proportionality between thaeix and abundance for breeding stock
X,

IQ;( is the model estimate of population size at thet sif yeary for breeding stock, and

£, is from N (0,07%) .

The contributions of the data to the negative efltig-likelihood function are then given by:

~InL=>" (n*Ing* + 122(Inlj<—lnqx—lnl\Alyx)2)+
20%° 5
1 (3
X,0bs g x 2
W(lnNY _lnNY)

The 0 parameter is the residual standard deviation wisig@stimated in the fitting procedure by its maxim
likelihood value:

Jy :\/1an(|an -Ing* =In N;‘)z &
y

where
n is the number of data points in the abundancesé€5i in this case), and

g is the index abundance constant of proportinadisfimated by its maximum likelihood value:

Ing* :1/nZ(InIyX—InNyX) (5)
y

(This is a short cut to avoid integrating over psidor theq's and o?’s, and in fact corresponds to the

assumption that these priors are uniform in logespnd proportional tor > respectively (Walters and Ludwig
1994)).

For breeding stocks B and G:

There are no relative abundance trend data foretiséscks, only single absolute abundance estimates.
negative log-likelihood is thus simply:

1

V2

-InL= 5 (In N, —In N )2 (6)

The negative log likelihood is then converted irdolikelihood value ). The integration of the prior
distributions of the parameters and the likelihdodction then follows the Sampling-Importance-Rephng

(SIR) algorithm presented by Rubin (1988) as dbsdrin Zerbini (2004). For a vector of parametdue/aﬁi ,

the likelihood of the data associated with thisteeof parametersl{ ) as described above is calculated and
stored. This process is repeated until an inidahgle ofn; 67I s is generated. This sample is then resampled with
replacemeni, times with probability equal to weighi, where
L (6. / data)
- i
Wj T m ()
>'L (8, / data)
j=1




The resample is thus a random sample of sizieom the joint posterior distribution of the paraters (Rubin
1988).

The value ofn; (original number of simulations) used is 500 00@ &f n, (number of resamples) is 5000.
Convergence was tested by examining results féerdifit random number seeds, and by ensuring theample
contributed more than 0.001% of the total weight.

Projections
The populations are projected into the future urdeontinuation of a zero harvesting strategy.

Sensitivity analyses

For each breeding stock, two sensitivity analysesexplored here. The first is where the “CA” hitacatch
series is used (instead of the “KF” series). Theosd relates to fitting to an “upper” bound for thlsolute
abundance estimate. The following values were used:

i) Breeding stock B:NSSSZ = 2798 - the upper bound of the corrected estimate redobty
Rosenbaunet al (2004).
i) Breeding stock C:N e, =14577 - this estimate is calculated by adding the C13200

estimate of 5811 (Findlagt al. 2004), to the estimates extrapolated to 2003 (aisgy
ROI=9.9% pa) from both the Best al. (1996) C3 1994 yacht based line transect survéy of
south Madagascar and the Rosenbatral. (2000) C3 1999 photographic capture-recapture
estimate from Antongil Bay (NE Madagascar).

iii) Breeding stock G:Nfé)gs7 = 3367 - this corresponds to the upper 95% CI reportedrdilix
and Haase (1999).

RESULTSAND DISCUSSION

The results of the base case and sensitivity agslgse reported in Tables 3a, b and c for breestimgks B, C
and G respectively. For all three breeding stottiere appears to be very little sensitivity to &lternate historic
catch series. Results for the sensitivity analyeedigher observed absolute abundance estimat®s sfore
optimistic appraisals of current resource status.dxample, the base case estimate for currentlgtiqu size
(N20o4) for breeding stock B is 1428 (0.086whales. For this sensitivity test, this increase8167 (0.19K)
whales. The trend information available for stoclkl®ws for an update of the prior for the maximgnowth
rate parametar, the lower tail is truncated, with the lowe? percentile increased to 0.10.

Base case estimates of current population abundfandereeding stocks B and G are low (less tharbK)).1
whereas the corresponding base case estimate @ntyopulation abundance for breeding stock Cais f
healthier, at 0.7R.

Figures 1-3 illustrate the posterior distributidios r, K, N2podK and No2dK for breeding stocks B, C and G
respectively. Figure 4 shows the base case madgh fposterior median terms) to the relative atame® data
for breeding stock C..

Projections

Estimated population trends for the base case soes@ illustrated in Figure 5. Under a zero comid future
harvesting strategy, by 2020, breeding stock Bstemated to reach about OKl&and breeding stock G about
0.64K. Both populations are projected to redchoy around 2030. The situation for breeding stocls @ore
optimistic, with the model estimating full recovdyy 2020.

Comparisonsto previous analyses

No stock assessments have previously been repfmtdateeding stock B. A recent assessment for linged
stock C using maximum likelihood estimation (Jobnstand Butterworth 2004) showed somewhat more
optimistic results for this stock — the current plaggpion was estimated to be at 96ompared to the updated
estimate of 0.7R reported in this paper. A previous assessmenbifeeding stock G (Johnstat al. 2001)
estimated a far lowe (8421) compared to the estimate presented inptgier of 16725. The current estimate
of abundance relative t§ (N200/K = 0.14) is far less optimistic than tihggdK estimate of 0.34 reported in
Johnstoret al. (2001). The reason is a re-allocation of catchabe latest revisions from the feeding ground for



breeding stock A to that for breeding stock G; tthes cumulative historic catch for breeding stocksGiow
15441 (“KP” series) compared to the 14607 for thalygses of Johnstaet al. (2001).
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Table 1
Recent absolute abundance estimates used for eaatiifg btock.

Breeding Year Abundance estimate Source
Stock
B 2002 1259 (CVv=0.32) Rosenbawnal. 2004.
C 2003 11983 (CV=0.20)* Findlay pers. commn; Jobnstnd
Butterworth (this paper)
G 1997 1922 (CV=0.43) Felix and Haase (1999)

* CV value assumed by authors — see text

Table 2
Breeding stock C: Relative abundance trend (Fingkrg. commn).

Year Whales per hour
1988 0.97
1989 0.56
1990 1.06
1991 1.13
2002 3.47




Table 3a
Breeding stoclB model parameter estimates. Posterior medianstingtB" and 9% percentiles (in parentheses)
are reported.

Base Case: Sensitivity: Sensitivity to recent
“KF” historic catch series  “CA” historic catch abundance estimate:
series Nooo= 2798
r 0.117 [0.086, 0.125] 0.117 [0.086, 0.125] 0.11788, 0.125]
K 16455 [16105, 18135] 16466 [16116, 18201] 16453046 18177]
N2o04 1428 [1158, 1718] 1427 [1156, 1718] 3167 [256998
N20o/K 0.086 [0.068, 0.105] 0.086 [0.068, 0.105] 0.190%2, 0.232]
N2o2dK 0.466 [0.273, 0.593] 0.466 [0.272, 0.593] 0.80560, 0.898]
Table 3b

Breeding stoclC model parameter estimates. Posterior mediansthétB" and 95' percentiles (in parentheses)
are reported.

Base Case: Sensitivity: Sensitivity to recent
“KF” historic catch series  “CA” historic catch abundance estimate:
series Nzoos= 14710
r 0.120 [0.098, 0.126] 0.120 [0.097, 0.126] 0.12090, 0.126]
K 15373 [15160, 16293] 15355 [15147, 16283] 15379625 16402]
N2o04 12235 [10588, 14260] 12210 [10555, 14289] 135248, 14956]
N200d K 0.790 [0.681, 0.924] 0.789 [0.679, 0.927] 0.87Z90, 0.964]
N202d K 0.998 [0.992, 1.000] 0.998 [0.992, 1.000] 0.99996, 1.000]
Table 3c

Breeding stoclG model parameter estimates. Posterior medianstigtB" and 9% percentiles (in parentheses)
are reported.

Base Case: Sensitivity: Sensitivity to recent
“KF” historic catch series  “CA” historic catch abundance estimate:
series Nigo= 3367
r 0.111 [0.070, 0.125] 0.111 [0.07, 0.125] 0.1127@.00.125]
K 16725 [16119, 19516] 16716 [16133, 19485] 1667418 19075]
N2o04 2365 [1754, 2644] 2364 [1742, 2644] 4160 [325423)16
N20o/K 0.139[0.098, 0.162] 0.139[0.098, 0.162] 0.24583, 0.283]
Nao2d/ K 0.636 [0.314, 0.785] 0.638 [0.321, 0.784] 0.87643, 0.941]




Figure 1
Breeding stocIB base case posterior probability distributionsarfous parameters and management related

quantities.
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Figure 2

Breeding stoclC base case posterior probability distributionsariaus parameters and management related

quantities.
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Figure 3
Breeding stockG base case posterior probability distributionsariaus parameters and management related

quantities.
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Figure 4
Breeding stoclC model fit to the relative abundance data. Posteniedians are plotted to reflect the model
results.
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Figure 5
Base case model estimated population trends, wiflegted trajectories assuming a continued zereelséing
strategy. The posterior medians with the 90% priityatervals are illustrated (note that the lawe
percentile is sometimes not evident as it is vésgeto the median.) The vertical dashed linesab2904,
after which the projections assume zero catch.
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