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1. INTRODUCTION

Large baleen whales were heavily depleted by comialewhaling in the Southern Hemisphere (Gambell,
1993; Clapham & Baker, 2002; Tgnnessen & Johns@&B82)1 but since protection was afforded, many
populations have shown different levels of recov@gst, 1993). Despite the fact that baleen whatesmajor
consumers of production in the Southern Ocean (@mdng upper trophic levels), there remains considkr
uncertainty about the role baleen whales play ia #tosystem especially given that many populatimes
currently recovering from severe overexploitatibinderstanding this role is important because ivigies a
context within which to evaluate the potential iropaf their predation on prey populations and comityu
structure, and the impact of variation in prey gapans, of harvesting by humans and environmecitainge
on the their dynamics. Baleen whales feed almoslusively on plankton and krill, and as the mostiradant
secondary producer in the Southern Ocean ecosy$tdinare also a key prey item for a number of esth
vertebrate predators. Hence in a food web conthgtlink between baleen whales and krill is anradgon
likely to influence other dynamic interactions inet Southern Ocean as well as ecosystem structute an
function. For this reason, their exploitation amgavery histories likely had, and continue to hawportant
and unique effects to the Antarctic ecosystem. ddwsystem level effect of a large predator biomeswval
followed by the recolonisation of historical andspibly new habitats is still poorly understood.

One way of exploring trophic relationships and ttedfects in the marine environment is through ni®dé the
ecosystem. Possible issues with this kind of aealysclude the spatial and temporal scales of theets and
the quality of the data. Recognising the importanfeestablishing appropriate models and data led th
Scientific Committees of the Convention for the Gemvation of Antarctic Marine Living Resources
(CCAMLR) and the International Whaling CommissidiVC) to hold a workshop to review input data for
Antarctic marine ecosystem models.

A summary of information on baleen whales was ifiext by the CCAMLR-IWC Workshop Steering Group
as important for the models. The following typesiafa were identified as model requirements:

(1) Population: biomass/numbers, trends in abundarogmlation structure;
(2) Habitat utilisation: movement, key habitat and eowimental variables, foraging areas;

(3) Population growth rates: growth of individuals, negiuctive output, recruitment, mortality rates,
carrying capacity;

(4) Foraging activities: diet, foraging success, constion rate, competition;

(5) Catch: biomass/numbers taken and size structudiéf@rent regions over time.
This document provides a summary of these datarddous large baleen whale species. In generaétheer
substantial information on whale abundance, stttictire, biology and ecology in the Southern H@inése.

Because most baleen whale species are migratasy,irtformation may come from winter (breeding) or
summer (feeding) grounds. In this study, emphasis wgiven to information obtained in the high lat#u



(feeding grounds), but in some cases data from letitudes (winter/breeding) grounds was included to
complement or contrast what is known from feedingugds and include information on whales throughout
their range.

2. SPECIES CONSIDERED AND MANAGEMENT AREAS

The following species were considered in this papempback whaledMegaptera novaeanglideblue whales
(Balaenoptera musculiusfin whales B. physaluy sei whale B. boreali§, Antarctic minke whalesB.
bonaerens)s and Southern right whale€ybalaena australls There is very limited information about
population parameters for other baleen whale spehi are mainly sub-Antarctic, but also occuAmarctic
waters (e.g. common [dwarf] minke whal& [Pcutorostraty and pygmy right whalesJaperea marginafa.
Therefore, they were not included here.

Broadly speaking, all the species discussed hare aaircum-global distribution and all occur ir tAntarctic,
defined here as the region south of the Polar Frdunting at least part of the year. Utilisation Arfitarctic
waters is species-specific. Some species are folosd to ice-edgee(g. Antarctic minke and blue whales),
where it is expected most of its populations arsmébduring the feeding season, while others rerhather to
the north €.g.sei and Southern right whales), with only fewatiwiduals venturing in higher latitudes of the
Antarctic Ocean.

The IWC and CCAMLR have divided the Southern Oceims Management or Statistical Areas for the
purpose of management. The distribution, abundaates of increase and habitat of various spediegales
will be described with respect to these areasHerpurposes of this manuscript. These areas astrdted in
Fig. 1. In some instances, parameters are eithignaed across management units or as part of neamaf
units and are scaled accordingly.

3. SOURCES OF DATA

Sources of data used in this paper include whabpgrations from various countries and, more reggeiatl
number of research programs. The majority of thiehcaata are held in a database managed by the IWC
secretariat and originated in the Bureau of Intéonal Whaling Statistics (BIWS). In a few casesg(e
Southern right whales), records exist in sources gine-date the BIWS (e.g. Townsend, 1935). Mooeme
research programs can be broadly classified iften#rnational Research Programmes, which werewaed

by international organizations such as the IWC &@AG®ILR or by multiple countries, and (2) National
Research Programmes (e.g. government funded AictaRitograms of individual countries), and (3)
miscellaneous initiatives, including research cateld by individual research groups using platforfn o
opportunity with limited or no government suppos.d. the Southern Hemisphere Humpback Whale
Catalogue).

3.1 Distribution, Habitat, Abundance and Trend Estmates

3.1.1 The IDCR/SOWER cruises

The most comprehensive source of information omdhnce and trends in the Antarctic Ocean are tfee th
sets of circumpolar surveys (CP) conducted by W€ lunder the International Decade for Cetacean &eke
(IDCR)/Southern Ocean Whale and Ecosystem Rese@CGWER) Programmes (Branch & Butterworth,
2001a; Branch & Butterworth, 2001b; Joyce et 8@88; Matsuoka et al., 2003). These annual survaye h
been carried out in the austral summer almost sikaly south of 685. The IDCR/SOWER cruises have been
divided into three circumpolar sets of cruises (CF78/1979-1983/1984, CPII: 1985/86—-1990/91 andICP
1991/92—-2007/08 and have covered 64.3% (CPI), 79.5% (CPI1) and®CPIIl) of the region between 60°S
and the ice edge. Some extrapolation has been rimgpieed in order to compare estimates for the thet® of
surveys. The IDCR/SOWER cruises have provided igmit information on distribution and data to cartep
abundance and trend estimates for some baleen wpaddes. An overview of the survey objectivesaarand
methods is provided by (Matsuoka et al., 2003). fidance estimates using ‘standard methods’ fronhiee
CP sets are reported by Branch and Butterworthi(@02001d) and Branch (2006b; 2007a).

3.1.2 CCAMLR 2000 Survey

The CCAMLR 2000 Survey was a joint research crusaducted by CCAMLR and IWC in January and
February 2000. The primary objective of the surweg to obtain an up-to-date estimate of krill bisméor the
region to use in setting a precautionary catchtliimi the commercial krill fishery, but both commigns
recognised this was as an ideal opportunity to lowhale sighting surveys with the krill surveydst@ibution

! The CPIIl surveys cover 1991/92 to 2007/08, bat2B01/02-2003/04 repeats Area V covered in 199H9@ the later surveys are mostly
experimental and have so far been omitted wherirobtgabundance estimates.
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and abundance information was obtained for a nurobgpecies in an area extending across the S8etiaand
around the Antarctic Peninsula (Hedley et al., 2@Rilly et al., 2004).

3.1.3 Southern Ocean GLOBEC

The Southern Ocean Global Ocean Ecosystems Dyna(8CsGLOBEC) program is an international,
multidisciplinary effort to understand the physicahd biological factors that influence the growth,
reproduction, recruitment, and survival of Antasckirill (Euphausia superfawith special emphasis on its
overwintering mechanisms. In 2001, the IWC begardilaborate with SO-GLOBEC to provide studies of
linkages between particular baleen whale specieb a8 minke and humpback whales, and Antarctid¢ kril
populations. In collaboration with SO-GLOBEC twdamean sightings surveys were also conducted (420
on the AnSlope (Cross-slope exchanges at the AmtaBiope Front) cruises (2002-2005). Large whale
distribution and abundance data were collectediferAntarctic Peninsula (Marguerite Bay) (e.g. Tdiet al.,
2004a), but these data have not yet been fullyyaed| with the exception of the study by Friedlasnet al.
(2006b).

3.1.4 National Research Programs

A number of National Research Programs have pratlinfermation on distribution and abundance of @asi
cetacean species in the Antarctic. Notably, thdofohg countries have conducted dedicated and/or
opportunistic cetacean research: Australia, Br&4iile, Germany, Japan (see below), New ZealamdUtkited
Kingdom, and the United States. Information frorasth programs for relevant baleen whale specigesfed
below.

3.1.4.1 JARPA

The Japanese Whale Research Program Under Specialth the Antarctic (JARPA) is the only research
program among those mentioned above exclusivelycdetl to the study of cetaceans. For this reasas,
treated separately here. JARPA constitutes a cdmpseive set of studies, including sampling of whalgith
potential to provide substantial information regdifor ecosystem models in the Antarctic. An ovamwof this
research program, which has emphasis on Antarétikerwhales, is summarised by Nishiwaki et al. (200

JARPA was conducted every year from the 1987/880@4/05 austral summer seasons. After two seadans o
feasibility study, full-scale research began in9/98. The program was designed to repeat survetywiimdo-
Pacific region (35°E-145°W) of the Antarctic (soath60°S), where IWC Management Areas IV and V were
alternately sampled in each of the sixteen yeathefesearch period. Area IV was divided into fiteta and
Area V into four strata. Although in each seasomknmas conducted throughout November to March, atgue
research in Areas IV and V was conducted mainlyanuary and February. A ‘Special Monitoring Zonasw
established to investigate seasonal variation cflevdensity during the 1992/93-1994/95 season$99%/96,
the survey area was expanded into a part of Aléasd VI with the objective of improving the stoskucture
study. JARPA comprised a combination of sighting aampling surveys. In general, a saw tooth shiagm t
line at intervals of 4° longitude or IDCR/SOWER/{styig-zag tracklines were used in the southemta@nd a
zigzag trackline at intervals of 15° of longitudar flexibly as in IDCR/SOWER) was used in the nerth
strata. In order to obtain biological samples repnéing whole population in the research area,ndam
sampling method coupled to line transect sightingvesying was adopted. Two or three sighting/sangplin
vessels (SSVs) conducted sighting and samplingesumm the predetermined track-line with paralléd-sack
lines. A dedicated sighting vessel (SV) was intigatliin 1991/92 and the SV preceded the SSVs bgtardie
of over 12 nautical miles, to avoid influence ofrgding activity on the sighting survey. One or téatarctic
minke whales were sampled (killed) randomly fronthegrimary sighted school within 3 n.miles of the
trackline of each SSV. All the whales taken werbjestt to biological sampling. Some experiments were
conducted to improve the methodology of the sigiifampling survey. In parallel with the lethal séing
survey, a variety of non-lethal studies were cotelli¢e.g. oceanographic surveys, prey surveys,paotb-
identification and biopsy sampling for large baledmales).

3.1.5JSV DATA

Information on baleen whale distribution and seakorcurrence in the Southern Hemisphere was cduteiry

the National Research Institute of Far Seas Fishasf Japan through sightings collected with theusog
vessels (JSV) attached to the Japanese whalirtg(Be#gerworth et al., 1992; Miyashita et al., 198&yashita

et al., 1994; Ohsumi & Yamamura, 1982). These \esggerated during commercial whaling between the
1965/66 and the 1987/88 seasons and the datatedlleave been used in various studies. Notablgetldata
have supplemented those from the IDCR-SOWER crujsadicularly outside of the typical survey areds
these cruises (e.g. north of 60°S). The areas edvey the JSV’s was determined by the fleet commendnd
typically corresponded to regions with expectedhhitgnsity of whales, where the whaling fleets opeta
Tracklines were planned based on previous knowledgéale abundance, habitat and the distributiootioer



higher trophic level predators (e.g. birds). Trawd were not systematically designed and oftemaba
throughout the survey according to local environtakefoceanographic) conditions and with whale dstion

and abundance. Effort and sighting data was nairded with the same scientific rigor implementedriare
recent studies (e.g. IDCR-SOWER and JARPA) and teaipchanges in sampling strategies were observed
according to IWC management systems. For examptl,the introduction of catch limits by species ardas

the JSV’s begun to operate in larger areas fortshgreriods of time, which resulted in less dethifgea
coverage (Miyashita et al., 1994).

3.1.6 Miscellaneous Programs

A number of other studie®.g.using research or cruise ships as platforms obdppity and funded by private
or non-governmental organisations) have providddrination on cetacean distribution and abundance in
various regions in the Southern Hemisphere. Fomgie, this is the case in a number of studies cctediuin

the wintering grounds, which in many cases havelyikprovided more reliable information on populatio
parameters than studies conducted in feeding geoubdta relevant for baleen whales obtained urtueset
research programs are mentioned below for eachithdil species.

3.2 Catch Data

Catch data were obtained from the official IWC battatabase. This comprises two components: annual
summaries of catches by species in broad areadpaiadiarge proportion of the catches, a secondpmment
containing specific information for individual wheatatches, such as location, sex and pregnhancy.

4. SPECIES ACCOUNTS

4.1 Humpback Whales

Humpback whales are one of the most studied wizatemng the Southern Ocean baleen whales. The spgcies
highly migratory, moving seasonally between lowitlete winter breeding areas and high latitude summe
feeding grounds (Clapham & Mead, 1999). Their ahmigration can cover up to 50f latitude in round trips
that can reach over 11,000 km (Bannister, 2002ntfRaseret al, 2007)

The IWC currently recognises seven Breeding StdBI& named ‘A’ to ‘G’ (IWC, 1998, 2004-2008). These
populations winter off the east and west coas@Sith and Central America (BSA and BSG), Africa BBshd
BSC), Australia (BSD and BSE) and islands and aelagos of the southwest Pacific Ocean (F) (IW®8)9
For the past few years, the IWC has been undegeaki€omprehensive Assessment of Southern Hemisphere
humpback whales, which has generated substant@imation for these different populations. Someckso
have been studied for several decades now (e.g.&BIBSE) and are therefore relatively well kno®n.the
other hand, research is still ongoing for otherytafons (BSF) and therefore not much informatienyét
available. Stock-specific data are presented bekmw.the purpose of summarising information in tbeding
grounds, stock structure hypothesis follows thevBlahodels proposed by the IWC (1998). New feeding
ground boundaries (labelled the Core hypothesigg leeen established for some stocks (e.g. BSA, B&D
BSG, IWC, 2006), but further discussions in thajarels are ongoing for other groups (BSB, BSC, BB a
BSF); therefore the Naive model (IWC, 1998) waspted for simplicity. The geographic correspondeate
these areas with the IWC Management Areas in tluth8m Hemisphere and the CCAMLR statistical asras
summarised in Table 1.

Overall, the abundance of humpback whales in thattfeon Ocean is believed to be above 50,000 whales
(Branch, 2006b). Mitochondrial DNA and microsatellianalyses suggest that substructure in the fgedin
grounds is consistent with the division of thisape into breeding stocks.g.Pastene et al., 2006).

4.1.1 Breeding Stock A
4.1.1.1 DISTRIBUTION AND HABITAT UTILISATION

Breeding Stock A (BSA) corresponds to whales wintepff the eastern coast of South America. Theonitgj

of the population is found along the coast of Brazinly during winter and spring (June-Novembevithin
the continental shelf (depths < 500m) betwe&mrk 24S (Andriolo et al., 2006; Martins et al., 2001).i¥h
population migrates through oceanic waters in tlstarn South Atlantic Ocean to feeding groundshi t
Scotia Sea (Zerbini et al., 2006a). The IWC assurf@sthe purpose of catch allocation, that thedfieg
grounds associated with BSA range from thé4@ the pack-ice within 20 and %@, within the IWC
Management Area Il and CCAMLR areas 48.2, 48.3448nd 48.5 (Table 1). Current sighting, photo-
identification and telemetry data suggest that esdilom this population concentrate in areas betvée and
60°S and 20 and 46W (Kasamatsu et al., 1996; Reilly et al., 2004 vBteet al., 2006a; Zerbini et al., 2006a),
with very few records west of 20/ and south of 6.



Historical data show that nearly 90% of the humpbatales catches in the Scotia Sea were taken rwithi
100km of South Georgia from November to June wigaks in December and January (Matthews, 1937).
Catches also occurred in smaller scales near thiehSorkney, the Sandwich Islands and in pelagicersat
(Tgnnessen & Johnsen, 1982). More recent data sutige humpback whales are rare near the formatimgh
grounds off South Georgia (Moore et al., 1999), hote common further offshore (300-500km) (Reillyak,
2004; Zerbini et al., 2006a).

4.1.1.2 ABUNDANCE AND TRENDS

Abundance estimates for the feeding grounds ardabal@a from the IDCR/SOWER and the CCAMLR 2000
cruises and summarised in Table 2. Because IDCR/BR\Urveyed only waters south of’80the estimates
resulting from these cruises certainly do not cspond to the true the size of BSA (Branch, 200dlhe
estimate from the Scotia Sea obtained during CCANDRBO corresponds to whales that inhabit a muchtere
portion of the BSA feeding grounds, but becauseatiothe habitat occupied by these whales was sainpl
under this study, it should still be consideredhetipl estimate of the total stock size. The mebable estimate
of the size of this population (6,250 individug#§% CI = 4,500-8,800, Andriolo et al., 2006) confresn an
aerial survey conducted in the wintering groundsRBxfazil in 2005 (Table 2) (IWC, 2006). This estima
corresponds to nearly 28% of a pre-exploitationytaiion of 24,500 (95% Bayesian interval = 22,800280)
individuals (Zerbini et al., 2006b)

Estimates of trends for BSA are available both fithk feeding grounds and the breeding grounds €T2pl
The feeding ground estimate from the IDCR/SOWER@i#ses however, is not significantly differentrfro
zero and may be biased by poor coverage of theénfgeglounds (see above); therefore it should natdeal as
an estimate of the rate of increase of BSA (Brar2€i)6b). Estimates from wintering grounds resuftedn
sampling a much greater proportion of whales is gfopulation, but the one obtained by Fregaal. (2004)
seems to be well above the maximum biologicallygille growth rate for humpback whales (Claphamal.et
2006) and therefore is not reliable (IWC, 2006).eTest estimate of the growth rate of this popufati
(7.4%lyear, 95% CIl = 0.5-14.6%/year) is the estinudtWardet al. (2006) for the period 1995-1998 (Table 3).

4.1.1.3 CATCH
Post-1900 breeding ground and feeding ground catoh&SA humpback whales under the IWC Core/Naive

model are presented, respectively, in Tables 45and

4.1.2 Breeding Stock B

4.1.2.1 DISTRIBUTION AND HABITAT UTILISATION

Breeding Stock B (BSB) corresponds to whales wingeoff the western coast of Africa. It has beestplated
that whales in this region can be divided into tseparate groups. BSB1 which is thought to winten¢J
October) along central West African coast (north~@E’S) and around the northern islands of the Gulf of
Guinea (as far north a$M); and BSB2 which is thought to winter off the wesast of South Africa and
Namibia (south of ~1%), although the northerly extent of this remaimglafined (IWC, 2006). There is
evidence that the region within BSB2 also corresisaio a migratory route for animals breeding witBfaB1
and a feeding ground for both individuals from BSB1 BSB2. The latter is supported by photo-idaratifon
matches of whales from BSB1 seen in BSB2, and Isgmations of feeding and of whales summering i th
area (Barendse et al., 2006; Best et al., 1995,,\RED6).

Limited telemetry data (two individuals) have inatied that whales from BSB1 have migrated alongctieest

of western Africa until nearly £8, then along Walvis Ridge towards the Antarctictoighe GW meridian
(IWC, 2006). These individuals represent the omlgorded connection between BSB and feeding groimds
high latitudes of the Antarctic. Feeding groundsoagated with BSB correspond to thé'\@8010°E longitudinal
sector of the Antarctic (IWC, 1998) within the IW@anagement areas IIE and IlIW and CCAMLR area 48.6
(Table 1).

4.1.2.2 ABUNDANCE AND TRENDS

Abundance in BSB feeding grounds was estimatethfee seasons with data from the IDCR/SOWER surveys
(Table 2). The latest estimate (CPIII: 1995/96, Bffividuals, CV=0.51) almost certainly correspomalgust a
fraction of whales seen in the wintering groundfiee mark-recapture abundance estimates from photo-
identification and genotype data resulted in esis@f ~3,800 with an upper limit of 5,000-6,008iuduals

in 200104 (Collins et al., 2006). No estimatesaailable for B2, but a photographic cataloguenft2001-05
contains 260 individuals with a high inter-annuadighting rate of 16.5% that suggests the populassmall
(Barendse et al., 2006)

Assuming that the size of BSB2 is ~500, the totalrmlance for breeding stock B was ~4,300 in 2001-04
(Branch, 2006b). If the latest CPIIl estimate i®jpcted assuming a growth rate of 10%l/year, then th



abundance in the feeding grounds south 88@6 just 28% of this estimate (Branch, 2006b)fexsBSA, it is
possible that a large proportion of humpback whaliedering off western Africa do not migrate intoetareas
covered by the IDCR/SOWER surveys. High densitfesumpback whales north of 60°S in the summer have
been previously observed between 25°W and 5°E ($hiya et al., 1995) and between 5°E-20°E (Ensat. et
2006).

The rate of increase estimated from the IDCR/SOVgERes of abundance estimates is 5.9%/year (95%CI =
5.9%-17.9%/year, Branch, 2006b). This has broadidemce intervals and applies only to a portiontlu#
population. No estimates are available for the @ingy grounds. Therefore current trends in abunelafi@SB
are not well defined.

4.1.2.3 CATCH
Post-1900 breeding ground and feeding ground catchBSB humpback whales under the IWC Naive model
are presented, respectively, in Tables 4 and 5.

4.1.3 Breeding Stock C
4.1.3.1 DISTRIBUTION AND HABITAT UTILISATION

Breeding Stock C correspond to whales breedinghefeastern African coast in winter and spring rent
Three sub-regions have been postulated for theksBSC1 (migrations along the east coast of Sédfitica up

to breeding grounds off Mozambique and Tanzani&CB (Mayotte Island, the Comoros Islands and other
islands and reef systems of the Mozambique ChanB8KE3 (the coastal waters of Madagascar) (IWC6200
Recaptures of individuals provide potentially esiea connectivity between BSC2 and BSC3, and tesadr
extent (one individual) between BSC1 and BSC2. dence of connectivity exists for BSC1 and BSC2eO
lost harpoon (Olsen, 1914-15) provides a link betw&ast South Africa and Southern Mozambique. Genet
differentiation has been found between Antongil EBBC3) and East South Africa/Southern Mozambique
(BSC1), and between Mayotte (BSC2) and East SoftikafSouthern Mozambique (BSC1), while no genetic
differentiation is found between Mayotte (BSC2) @mdongil Bay (BSC3) (IWC, 2006).

Migration routes and migratory destinations of B&Bales are relatively poorly known. Best et al. 98P
suggested the existence of at least three mainatoryr routes: (1) along east Africa, (2) througte th
Madagascar Ridge and (3) through the central MoigumbChannel. The only direct evidence linking
wintering grounds off eastern Africa and feedingwgrds in higher latitudes came from two individualsrked

in the Antarctic (=525, 10E) and captured south of Madagascar (Rayner, 194&)king location was at the
boundary between the feeding grounds associatdd B®B and BSC, suggesting the possibility that ebal
from these two stocks mix in high latitudes.

Feeding grounds associated with BSC lie withifiELland 66E in the IWC Area Il and overlap with a number
of the CCAMLR areas (Table 1).

4.1.3.2 ABUNDANCE AND TRENDS

Feeding grounds associated with BSC correspontetd E-6(°E longitudinal sector of the Antarctic (IWC,
1998) (Table 1). Estimates of abundance were obdaim the summer grounds with data from the
IDCR/SOWER surveys and the Australian AntarcticiBion (AAD) BROKE Survey (Table 2). As for other
stocks, the latest estimate (CPIIl: 1993/94, 28fiividuals, CV=0.41, Branch, 2006b and BROKE: 2006
4368 individuals, CV=0.28; Peel & Thiele, 2006)elik corresponds to just a fraction of whales seethe
wintering grounds because humpback whales are foumth of 60S in the summer (Ensor et al., 2006;
Miyashita et al., 1995). In addition, the BROKE vy covered just a fraction of the longitudinal garof the
stock (40-70°E), between 62 and BB (Peel & Thiele, 2006).

Multiple estimates of abundance in the winteringugids are available for different portions of B&6r BSC1
a ship-based line-transect survey estimated abwgedarbe 5,965 (CV=0.17) in 2003 (Findlay et ab0Q2), for
BSC2 a total of 250 individuals were photo-idestififrom the eastern Comoros Archipelago but no déoce
estimate is given (Ersts et al., 2006) and for B&€C3ntongil Bay, Madagascar, photographic and tiene
mark-recapture techniques provide estimates withenrange of 5,000 to 7,000 for 1999-2004 (Ceretial.,
2006). While some issues with sub-stock structur@ possible interchange between regions are yéteto
resolved, the total population for breeding stocks@pproximately 12,000 in 1999-2004, assuming tie
sub-stocks do not share individuals. The extrapdl&PIll abundance estimate is therefore only 2@-¢#ithe
total breeding ground estimate. Estimates in thedifeg ground may include whales from BSB and/or Bisi®
to possible overlap in feeding grounds.

Feeding ground-based estimates of population gravéi6%/year (95% CI = -3.8-17.9%/year), but Hpplies
only to a relatively small portion of the populatiBranch, 2006b). An alternative estimated raténofease



(9.0% or 12.3%l/year) for this stock has been obthiffom shore-based counts at Cape Vidal, Soutlcafr
(Findlay & Best, 2006), although the latter (12.3%peyond the biologically plausible for humpbaehkales
(Clapham et al., 2006) and therefore likely noiate.

4.1.3.3 CATCH
Post-1900 breeding ground and feeding ground catch8SC humpback whales under the IWC Naive model
are presented, respectively, in Tables 4 and 5.

4.1.4 Breeding Stock D

4.1.4.1 DISTRIBUTION AND HABITAT UTILISATION

Humpback whales migrate northwards during wintemglthe west coast of Australia towards a current
breeding ground destination as far north as 15&8ngr et al., 2001) beyond North West Cape, Western
Australia €a 21°50'S, 114° 10'E). A few early northward migragianimals may reach the coast in April, but
the main northbound stream arrives in June. Thehsdy migration takes place in late winter/spriagf Perth,
Western Australia (31°57’'S, 115°51'E) southboundreats are found mostly in September and Octobeah wi
cow-calf pairs most commonly seen in November (@urtt991).

BSD humpback whales migrate to feeding groundsigh hatitudes of the Antarctic Ocean. Evidence fram
variety of sources suggests that BSD mixes with BBEhese feeding areas. Analysis of catch rettakesn in
areas IV and V throughout the 1950’s, supplemebtedecoveries of Discovery marks, suggests an exgga
of whales across both feeding areas, especiallpeement of whales from breeding stock E to the ifegd
areas east of 115°E, in area IV (Chittleborougtg51®Dawbin, 1966). More recently, genetic data alspport
this conclusion, where for instance a mark-recaptiag first sampled in the western part of area asw
subsequently re-sampled in the eastern part of AVe@WC, 2002). Clues to the historic distributiaf
humpback whales in areas IV and V come from thenttg updated IWC catch data series Allison (200G%
clear from these data that the catch for areasd/I"nis not uniformly distributed across these ngaraent
areas. Sightings data from both the IDCR/SOWERuemgolar cruises and JARPA sightings surveys also
suggest that whales are currently encountered rirerpiently at 20-40°E, 80°E-100°E, 150°E-180°E and
40°W-70°W (IWC, 2006). The current feeding grouadsociated with BSD lie between®&nhd 110E (IWC,
2006), which corresponds to IWC Area IV and CCAMARa 58.4.1 (Table 1).

4.1.4.2 ABUNDANCE AND TRENDS

The most current estimate for BSD in the breedirgigds, 13,145 whales (95% CI 4,984-38,726) comugs f
aerial survey data from 2005 (Paxton et al., 2G@®mitted). This population has been increasingdiie at
10.15% (SE = 4.6%) per year (Bannister & Hedley0DO0 At this rate of increase, the estimates froR1IIC
(Table 2) would have increased to about 38,0002i&9 times the breeding ground estimate in 288&mates

of abundance from the Japanese Research Progite Antarctic (JARPA) for Management Area IV soafh
60°S were of 33,010 (CV = 0.10) in 2001/02 and 31,769 = 0.11) in 2003/04 (Matsuoka et al., 2006a)
(Table 2) come from a similar longitudinal rangedI30°E vs. 60-120°E) and are consistent with the
extrapolated IDCR/SOWER estimates (Branch, 200@&Bspite substantial effort during IDCR/SOWER
transits, few humpback whales have been sighteith méthe IDCR/SOWER survey region, suggesting that
majority is found south of 60°S. If the feeding gnd surveys provide a more complete coverage oétitiee
population it is likely that the IDCR/SOWER and JAR data provide a more complete abundance estimate
than the breeding ground survey, and hence themuabundance of breeding stock D may be in exakss
30,000 (Branch, 2006b).

Rates of increase from both IDCR/SOWER and JARP®esis are above biologically plausible levels and
have wide confidence intervals; therefore the mmecise 10.15% annual rate of increase from theewny
grounds (Bannister & Hedley, 2001) is preferredtfis breeding stock (Branch, 2006b).

4.1.4.3 CATCH
Post-1900 breeding ground and feeding ground catoh®&SD humpback whales under the IWC Core/Naive
model are presented, respectively, in Tables 45and

4.1.5 Breeding Stock E

4.1.5.1 DISTRIBUTION AND HABITAT UTILISATION

Breeding Stock E corresponds to whales migratimgauily to the eastern coast of Australia, New @alda,

Fiji, and Tonga (IWC, 2004). It has been suggesiad this stock may be divided into three substoB&E1

(eastern Australia), BSE2 (New Caledonia) and B@H{8and Tonga). Interchange across these areagehs
as with other islands in Oceania (BSF) has beenrdented (Clapham et al., 2008; Garrigue et al.2200



Whales in eastern Australia migrate south alongctiest towards feeding grounds in higher latitud@sC,
2004), while those in New Caledonia may move towattte Australian continent, through oceanic waters
within Oceania, or past New Zealand (Clapham ¢2808; Dawbin, 1966; IWC, 2004).

The feeding grounds of whales wintering in east&ustralia has been relatively well described (Dawbi
1966). Discovery tagging revealed that 90% of thales move to the IWC Management Area V. Nearly 10%
of the whales moved to feeding grounds associatddBED (IWC Area 1V) and one individual went easto
Area VI. The longitudinal range of the feeding grds associated with BSE corresponds to’E207GW
(IWC, 1998).

4.1.5.2 ABUNDANCE AND TRENDS
Wintering ground abundance estimates are avaifablall sub-stocks of BSE. Multiple studies werendacted

to estimate the size of population migrating/wiittgroff eastern Australia (BSE1) (e.g. Brown et 2003;
Bryden et al., 1996; Noad et al., 2006; Patersoal.e2004; Paton et al., 2006). The latest eséman 2005
and 2007, were, respectively 7,024 (95% CI = 5,9&85) (Paton et al., 2006) and 9,683 (95% CI 5&.5
10,959). Photographic mark-recapture estimates$99 to 2004 were 472 (CV = 0.18) for New Caledonia
(BSE2) and 2,311 (CV = 0.22) for Tonga (BSE3) (SRR al., 2006). Total breeding ground abundance fo
1999-2005 is nearly 10,000 individuals.

Abundance estimates in the feeding grounds of B8Eewbtained from the IDCR/SOWER cruises (Branch,
2006) and from the JARPA surveys (Matsuoka et 2006a) (Table 2). The most recent estimate from
IDCR/SOWER (2001/02) indicated a population (13,388% CI = 9,000-19,000) greater than the wintering
ground abundances and greater than the latest JAREBAate (2004/05) for Area V (9,800, 95% CI =02
18,400). The IDCR/SOWER and JARPA estimates prgbimiclude most of the breeding stock given that few
humpback whales are sighted north of the surveyomeguring IDCR/SOWER transits (Branch, 2006b;
Miyashita et al., 1995). Humpback whales migratoast the east coast of Australia have a male-biasgd
ratio of 2.4:1 (Brown et al., 1995), suggestingtthat all females leave the feeding grounds in aviiiPaton &
Kniest, 2006). However, feeding and wintering gmbwabundances for the same approximate years are not
statistically different.

Rates of increase have also been computed in ketlifg and wintering grounds. All sources suggdsgh
rate of increase for BSE: shore based surveys Romt Lookout (10.9%/year [95% CI = 10.5-11.4%],adcet
al., 2008) in the wintering grounds, and IDCR/SOWHER.7% [95% CI 9.3-18.1%], Branch, 2006), and
JARPA (6.4% [95% CI = -0.2-15.3%], Matsuoka et 2005). The IDCR/SOWER estimate is above biological
limits and the JARPA estimate has wide confidemterials. Therefore the Point Lookout surveys pevhe
most precise and reliable estimate of the ratenafese, which is near the maximum possible forpghaok
whales (Clapham et al., 2006)

4.1.5.3 CATCH
Post-1900 breeding ground and feeding ground catchBSE humpback whales under the IWC Naive model
are presented, respectively, in Tables 4 and 5.

4.1.6 Breeding Stock F
4.1.6.1 DISTRIBUTION AND HABITAT UTILISATION

Breeding Stock F corresponds to humpback whalegeving in western Oceania (IWC, 2004). Two possible
sub-stocks have been identified, Cook Islands (BSt French Polynesia (BSF2). This is likely thesin
poorly known humpback whale stock, with almost naghknown about seasonal distribution and movements
Photo-identification and satellite telemetry dates fshown limited interchange of individuals with B&nd
within areas of BSF (Clapham et al., 2008; Podl®&2 IWC, 2006).

Migration routes for whales wintering within BSFeaalso unknown. Feeding grounds are thought toitienw
Antarctic Area VI (IWC, 2004), which is consistenith the movement of a whale tagged with a sagellit
transmitter from Rarotonga (Cook Islands) to theafgtic Ocean (~6%, 126W) in Area VI (Hauser et al.,
2007). Feeding grounds associated with this BSedegween longitudes 1% and 116W (IWC, 1998)

4.1.6.2 ABUNDANCE AND TRENDS

There are no current estimates of abundance forllBEér BSF2, a photo-identification-based mark-pbaiae
estimate for the period 1999-2004 indicated a patppi of 1,057 (95% CI = 700-1600) (Poole, 2006).
Estimates from the feeding grounds (Table 2) shotlvatithe population was nearly 3,800 whales (99% C
2,500-6,000). Feeding ground estimates are muchehithan wintering grounds because no abundance was
computed for the Cook Islands, not all habitatsehbeen sampled (e.g. Poole [2006] reports thaestienate
from French Polynesia was based on two islandssighttings have been reported in 23 other islanaisd



because not all females migrate to wintering greuiseéx ratio is male biased [1.5:1] in French Pedya, Poole
[2006]). Therefore, feeding ground estimates deelyi more representative of the size of this stddike most
current estimate suggests as population of 3,858e8h(95% CI = 2,500-5,900) in 1997/98 (Branch, &0
Miyashita et al., 1995)

There are no estimates of rate of increase frontewing grounds of BSF. The existing estimate frdra t
IDCR/SOWER is 1.6% (95% CI = -5.4% to 8.5%; Bran2@06b) has wide confidence intervals and provides
no evidence that this population is decreasindpletar increasing.

4.1.6.3 CATCH
Post-1900 breeding ground and feeding ground catch8SF humpback whales under the IWC Naive model
are presented, respectively, in Tables 4 and 5.

4.1.7 Breeding Stock G
4.1.7.1 DISTRIBUTION AND HABITAT UTILISATION

Breeding Stock G correspond to whales winteringtléf western coast of South and Central Ameriaan fr
northern Peru to Costa Rica (IWC, 2006b). Theroigvidence of sub-stock structure in the wintegngunds
although it seems that whales in this region métattwo, possibly three separate feeding grouligation
routes are unknown for BSG whales, but feeding misware relatively well known. Several matches béabes
from BSG and the Antarctic Peninsula have beenrtepdRasmussen et al., 2007; Stevick et al., 260dne

et al.,, 1990). Humpback whales are found in thigiom at least during summer and autumn months
(Friedlaender et al., 2006a; Secchi et al., 200iel€ et al., 2004).

In addition, a smaller feeding ground has beennthcédentified in the area of Magellan Strait, soern Chile
and individuals from this region also winter witHB8G (Acevedo et al., 2007). A third feeding aggtem
occurs near Chiloé Island, Chile (Hucke-Gaete.e2806), but winter destinations of these whakgemot yet
been determined. The current feeding grounds assaciwith BSG in the Antarctic Ocean include waters
between 11 and 56W (IWC, 2006b).

4.1.7.2 ABUNDANCE AND TRENDS

Wintering ground estimates of abundance from madapture studies of photo-identified whales sugtiest
the size of BSG in 2006 was around 6500 individ{@&% Cl = 4,300-9,900) (Felix et al., in reviewhis
number is consistent with estimates from feedingugds in the Antarctic Peninsula (Table 2), where
humpback whales have been extensively studied. ifgeground estimates in include those from the
IDCR/SOWER CP surveys (Branch, 2006b), the CCAMIOR@cruise (Hedley et al., 2001; Reilly et al., 2P0
and estimates from National Research Programs ascklianeous studies (Secchi et al., 2006; Stesici.,
2006b; Williams et al., 2006). Recent feeding gubestimates (1996-2006) ranged from 1,800 to 6(T@ble

2). Most studies covered only a portion of the fegdgrounds and therefore did not capture the entir
population. The surveys with best coverage were ID@R/SOWER and the CCAMLR 2000 and these
estimates suggest that the number of BSG whaldhdanAntarctic could be around 9-12,000 today if the
population is increasing at 5-10%/year. There areestimates of abundance for the other feedingngl®un
Chile, but populations are thought to be much snall

The only estimate of rate of increase for BSG ésdhe obtained from IDCR/SOWER (4.6% [95% CI| =934
12.6%/year; Branch, 2006b). This estimate has & wighfidence interval and provides limited inforioat
about current trends in this population. The prgl@tation population size (assumed to be the [@@01
population) was estimated at nearly 11,600 (95%eBiay Interval = 10,500-13,800) individuals (Jobns&
Butterworth, 2006).

4.1.7.3 CATCH
Post-1900 breeding ground and feeding ground catoh®SG humpback whales under the IWC Core/Naive
model are presented, respectively, in Tables 45and

4.2 Blue Whales

Two subspecies of blue whales exist in Southern isigmare: the Antarctic (or true) blue whakalaenoptera
musculus intermedjaand the pygmy blue whal@&(m. brevicaudp(Rice, 1998). The former attains greater
maximum lengths, is longer at sexual maturity am@ Iproportionately longer tail stock (Ichihara, 896
Mackintosh & Wheeler, 1929). A complete review patial and seasonal distribution, densities andem@ants

of blue whales is provided by Branch et al. (2007iis study indicated that there is little evidernbat pygmy
blue whales migrate into high latitudes of the Adtia. Fewer than 1% of the records south diSs@ranch et
al., 2007a; Branch & Mikhalev, accepted) were & Bubspecies. For this reason, pygmy blue whakesiet
further considered in this study.



There is no current evidence of population struectnrAntarctic blue whales.

4.2.1 Antarctic Blue Whales
4.2.1.1 DISTRIBUTION AND HABITAT UTILISATION

Nearly all blue whales in the Antarctic (south @S) are from the Antarctic (true) subspecies, wimsudtiple
lines of evidence, including distribution of biologl data, catches, sightings, genetics, and aicsusdicate a
continuous circumpolar distribution (Branch et 2007b and references therein). Discovery markiéted
wide longitudinal movements (sometimes in exces4@® in longitude) within and between seasons and
clearly showed that blue whales often crossed thentharies of the IWC Management Areas (Branch .et al
2007b; Brown, 1954; 1962). The majority of the tiigtal catches of Antarctic blue whales were asgedi
with the Antarctic Polar Front, but recent sightirigdicate that current distribution is more asstd with the
pack ice. This difference may be partially explaitg observation effort, which has been concerdrataith of
60°S in recent years. However, it is possible thatcimeent small population (see below) prefers teeddge,
where krill abundance is higher (Branch et al., 7200

Occurrence of Antarctic blue whales in the Antar€@icean appears to peak in the summer. Almosasthes
were taken between October and April (Branch ¢t28l07b). In the winter, there is good evidence this
subspecies migrate to various low latitudes winggrgrounds, including the west coast of South Afric
Namibia and Angola, the Eastern Tropical Pacifie, morthern Indian Ocean, southwest Australia amtharn
New Zealand (e.g. Best, 1998; Branch et al., 20G#gamke et al., 2007; Stafford et al., 2004, Stdftt al.,
2005). However, whaling and acoustic data sugdestat an unknown component of the population ntay s
in high latitudes. Catches and sightings indicatea presence of blue whales in winter months neatts
Georgia (Hinton, 1915; Risting, 1928), albeit iwlmumbers, and calls have recently been recordetiein
western Antarctic Peninsula and in East Antarctitaughout the year (Sirovic™ et al., 2004, McKayae,
2005).

4.2.1.2 ABUNDANCE AND TRENDS

The pre-exploitation abundance of Antarctic bluealek was estimated to be 239,000 (95% Bayesiarvatte
202,000-311,000) and the population was at abouf1IP@0 individuals, 95% Bayesian interval 860—2)960

its original abundance in 1996 (Branch et al., 208&cent estimates of Antarctic blue whale popasize
are available from the IDCR/SOWER cruises for theol® Antarctic Ocean (Branch, 2007a) and for IWC
Areas IIl E, IV, V and VI W from the JARPA cruiséMatsuoka et al., 2006b) (Table 6). The most curren
circumpolar abundance estimate was 2,249 (95% @l140-4,400) (Branch, 2007a). Estimates of trends
indicate that the population increased at 7.3%/{@a% Cl = 1.4-11.4%l/year) in the Antarctic Oceantb of
60°S in the period 1978/79-2000/01 (Branch et al.,42Ghd 7.4%/year for IWC Areas IV and V combined in
the period 1989/90-2004/05 (Matsuoka et al., 2006hg former estimate likely better representsrtte of
increase of Antarctic blue whales in the past 3@ryeas it is obtained by fitting all the availalolata and
therefore is more representative of the population.

4.2.1.3 CATCH
Catches of Antarctic blue whales are summarisédhlie 7.

4.3 Fin Whales

Like most other baleen whales species, fin whalbahit all major oceans in the Southern Hemisphehere
seasonal movements between breeding and feediag bas been documented (Leatherwood & Reeves,.1983)
The stock structure of this species is poorly knaelative to humpback and, to a lesser extent, hibales.
Discovery Marks have shown north-south movementwitdering grounds directly above feeding areas and
also some degree of site fidelity to feeding grau(ayner, 1940). However, inter-annual movemergatgr
than 80 degrees of longitude have also been dodeshesuggesting that at least some exchange ocoossa
the IWC Management Areas (Rayner, 1940). Althoudngne is some evidence of stock separation fromipheilt
lines of evidence (Best, 1974; Fujino, 1964; Matdsi, 1965; Pastene, 2006), further research idenkto
clarify population structure of Southern Hemisphfamavhales.

4.3.1 Distribution and habitat utilisation

Fin whales inhabit oceanic waters in low latitudéntering grounds between 20 and 35°S. Areas of
concentration have been identified (1) off north€hile and Peru, (2) east of South America, (3)twéSouth
Africa, Angola and Congo, (4) off eastern AfricadaMadagascar, (5) east of Madagascar, (6) westralisst

(7) east Australia (Coral Sea), and (7) Fiji sed adjacent waters eastwards (Chapman, 1974). |auhmener
feeding grounds in the Antarctic, fin whales ocgaar-round but higher density is found from Novemtme
May (Kasamatsu et al., 1996; Mackintosh, 1965). M#aan be found as far south as 65-70°S, but #jerity

of the population seems to occur north of 60°S @dhita et al., 1995). Catches occurred throughoeit t
Antarctic, but the majority of whales (~73%) weeken in the IWC Management Areas Il and lll. Siggti
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data suggest that spatial distribution varies acaxean basins (Kasamatsu et al., 1996). In then#idl and
Indian Ocean sectors of the Antarctic density tetadbe greater further to the north (50°-62°S) tivarthe
Pacific Ocean sector (58°-70°S).

4.3.2 Abundance and trends

Recent estimates of fin whale abundance in the ratitawere computed from the IDCR-SOWER set of
circumpolar surveys (Branch & Butterworth, 2001a)l &rom JARPA for the IWC Areas IV and V (Matsuoka
et al., 2006b) (Table 8). Because fin whales arestmmommon north of 60°S (e.g. Miyash@taal, 1995) the
surveyed area does not represent the species demplege in the summer. The most current circunmpola
abundance estimates range from 4,300 (CV=0.46)80608(CV=0.56), depending on assumptions about the
data (Branch & Butterworth, 2001a, Table 8). Thestimates are imprecise and not significantly déife from
each other.

Estimates of trends in Areas IV (25%/year, 95% 3.8 — 43.5%/year) and V (10.4%/year, 95% Cl = 2.9
25.6%l/year) were computed by fitting a log-lineagression through the individual estimates of abund
from Matsuoka et al. (2006b). These estimates atatively imprecise and point estimates are likely
biologically implausible. In addition, they are ndikely not representative of the whole populatihre to lack

of coverage of the fin whale feeding grounds furtioethe north.

4.3.3 Catch
Fin whale catch data by IWC Area in wintering amgding grounds are presented in Tables 9 and 10,
respectively.

4.4 Sei Whales

Sei whales are found in all major oceans in thettf8oa Hemisphere, where migration between breednty
feeding areas has been documented (Leatherwoode&eRe 1983). Biological data from whales captured i
various whaling grounds in breeding and feedin@sr@lus the recovery of Discovery Marks indicaiens
degree of isolation of sei whales within the sixCWlanagement Areas (Horwood, 1987).

4.4.1 Distribution and habitat utilisation

Like most other baleen whales, sei whales migrate low-latitude breeding grounds, where they oéouhe
winter and spring, to summer feeding areas. Theispen usually found south of %® during the breeding
season (Leatherwood & Reeves, 1983), but lowetuligi aggregations have been documented (Williamson,
1975). In the summer, the majority of the populatimccur between 48 and 60°S, usually north of the
Antarctic Convergence. Juveniles are found furthaith than mature individuals. Sei whales do nottwe

into higher latitude waters near the Antarctic aumnt as much as some other balaenopterid whalesvidd,
1987; Miyashita et al., 1995).

Occurrence in low latitude wintering grounds hasrbeecorded from March to December, but abundaeaks
from June/July to August/September (Horwood, 198i).late spring and summer, abundance peaks in
November between 30°S and 50°S in November. Asdhson progresses relatively more whales are aaberv
south of 40°S and abundance between 50°S and 60f&ses consistently until March (Horwood, 1987).
some regions (e.g. near South Georgia), sei wha&e been regularly seen during autumn months
(Leatherwood & Reeves, 1983).

4.4.2 Abundance and trends

Southern Hemisphere sei whales, once numberingaperh50,000 to 225,000 have been heavily explaited
and have suffered major declines throughout trerige. There are no current estimates of populaiiom or
trends for this species.

4.4.3 Catch
Breeding and feeding ground catches per IWC Aressammarised in Tables 11 and 12, respectively.

4.5 Antarctic Minke Whales

Two species commonly called minke whales occurhm $outhern Hemisphere: the Antarctic minke whale
(Balaenoptera bonaerengiand an as-yet unnamed subspecies of the commukemihale B. acutorostrata
known as the dwarf minke whale. The dwarf minke leh@s a white band on the flipper that distingessh
from the Antarctic minke whale, but was only fairgcently identified as separate from Antarctic keinvhales
(Best, 1985). On available information, only a dnpedrcentage of minke whales in the Antarctic (hoot
60°S) are dwarf minke whales. For example, in DER/SOWER surveys from 1993/94-1997/98 only 0.2%
of the identified sightings were dwarf minke wha{8sout of 906) (Branch & Butterworth, 2001b). Narrhal
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analysis has been conducted but it is probablelé¢isatthan 1% of the minke whales south of 60°Sdararf
minke whales.

There is some evidence for population structurdiwifAntarctic minke whales from mitochondrial anactear
DNA between Area IIIE+IV (35-130°E) and Area VE+VI\I65°E eastward to 145°W), with an apparent
stock division around 150-160°E (Pastene et abf28nd see IWC, 2008, page 422.); less is knowntahe
region west of 35°E to 145°W.

4.5.1 Distribution and habitat utilisation

Most Antarctic minke whales follow a migration gati similar to that of other baleen whales, beiognfi
mainly in Antarctic waters in the austral summemths, and in more northerly waters in the wintemthe
(Best, 2007). Two minke whales tagged with Discgverarks south of 60°S were later recovered in the
northern Brazilian whaling ground (Buckland & Duff989). In winter they have a widespread pelagic
distribution as far north as 10-20°S, are disperaed usually are not found in great concentraticlnse to
land Best, 2007. Minke whales have been sightedriter pack ice with sightings from Graham Land \(Iba,
1957), Prydz Bay and Enderby Land (Ensor, 1989, Weddell and Scotia Seas (Ribic et al., 1991)t Eas
Antarctica (Thiele & Gill, 1999) and the Westerntarctic Peninsula (Thiele et al., 2004b). Howewerthe
absence of data from tagged or re-sighted aninitals, not known whether these animals are trangitor
remain in the ice for the whole winter season.ha austral summer the majority of Antarctic minkeales
congregate in the Southern Ocean, with greatestititshclose to and within the pack ice, and lodensities
with increasing distance from the ice (Kasamatsal.e2000), including some north of 60°S. Antarctiinke
whales are noticeably well adapted to living withire ice Ainley et al., 2007, but the exact proiportof
Antarctic minke whales found within the pack icedan polynyas, is currently a source of great tiebk is
possible that a large proportion of the populatiorfound within the pack ice, out of reach of shigsed
sighting surveys (Murase et al., 2005; Scheidat.e2007; Shimada & Kato, 2007).

4.5.2 Abundance and trends

The status of Antarctic minke whales is in a statelimbo, although the IWC is nearing the end of a
comprehensive review of their status. The mostmelB&'C-accepted set of estimates sum to a tot@e6f000

(CV =0.098) and were based on IDCR/SOWER survey988/89 (Haw, 1993). Updated estimates have been
produced using a “standard” method (Branch & Buiteth, 2001c) based on IDCR/SOWER surveys. The
resulting circumpolar abundance estimates soutlapgroximately 60°S were 645,000 (CV = 0.143) for
1978/79-1983/84, 786,000 (CV = 0.094) for 1985/&88a191, and 338,000 (CV = 0.079) for 1992/93—-2003/0
(Branch, 2006a). Only the third set covers the dulla south of 60°S; the first two sets did noveur36% and
20% of this area respectively. These estimatesnagatively biased because the surveys miss somkemin
whales inside the pack ice and north of 60°S, awhbse not all minke whales on the trackline agbtsd.
Abundance estimates by IWC Management Area areepied in Table 13. These estimates have not been
adopted by the IWC, because these biases raiserrsngbout whether the appreciable difference imdance
estimates from the late 1980s to the 1990s, is tduehanges in survey design or analysis methods, as
summarised in Branch (2007b). Additionally, newed detter methods are being developed (such a®lkhe
method below) which should address some of theceswf bias.

A newer method of analysing the IDCR/SOWER survéys,OK method, has been developed by Okamura and
others (Okamura & Kitakado, 2008a; Okamura & Kidta2008c; Okamura et al., 2005) that does notmassu
that all minke whales on the trackline are sightaag also accounts for some other factors not taktn
account by the standard method. Preliminary abuwwastimates were 1,049,000 (CV = 0.078) for 1985/8
1990/91 and 723,000 (CV = 0.089) for 1992/93-20030kamura & Kitakado, 2008a), suggesting that the
standard estimates may be negatively biased by5®s;-particularly because of the assumption thainatke
whales on the trackline are sighted. Abundancenestis by IWC Management Areas are presented ireTlabl
However, the IWC, in reviewing these preliminargults, “stressed that caution should be used @rpnéting
the OK estimates... given the unresolved issues thildiagnostics” (SC report, 2008 meeting), andetioee

the IWC was unable to endorse the OK abundancen&tts. It is expected that final abundance estsnaiié,
however, be agreed in 2009 or soon thereafter.

Abundance estimates are also available from thanise research program in the Antarctic (JARPAMTr
alternating surveys in IWC Areas IV and V south66fS during 1989/90 to 2004/05 (Hakamada et aD6a0
Hakamada et al., 2006b), and are listed in Tabld hdse estimates have not been adopted by thebi®@@use
of the concerns summarised in Section 6.2.
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Given the relatively low historical and current ateds compared to their current abundance, the atpuol
might be expected to be stable. However, the IDORYER surveys (analysed using “standard methods”,
suggest an appreciable decline in abundance framlate 1980s to the 1990s (Branch, 2006a; Branch &
Butterworth, 2001c). After accounting for the difat areas surveyed, the most recent “standarithatst is
only 39% of the late 1980s estimate, and in fiveafsix management areas the most recent estiimateich
lower than the early 1980s estimate or the late0498stimate (Branch, 2006a). The new preliminary OK
method estimate is 63% of the corresponding la894 lumber (Okamura & Kitakado, 2008a). There lr@mnb
considerable debate in the IWC about whether tififerdnce is a real difference or a result of cremm the
survey design and coverage, summarised in Bra@@7). Currently, two of the more likely explanaisoare
that the difference is due to a greater numberiokenwhales on the trackline being missed in regeats, or
that there are more minke whales within the paekiricmore recent years. The JARPA data, howevery sto
trend in abundance in Area IV and V from 1989/9Q®94/05 (Hakamada et al., 2006a), although nedirkyf
these surveys fall within the time period of thestiecent set of IDCR/SOWER surveys. Overall, theneo
current agreed assessment of trends in Antarctikenivhales and despite the issues raised aboweitharreal
possibility of an appreciable decline in their attance. The IWC-SC hopes to resolve these issuz0i.

4.5.3 Catch
Breeding and feeding ground catches per IWC Aressammarised in Tables 15 and 16 respectively.

4.6 Right Whales

Breeding in winter in relatively warm waters, neamtinental or island coastlines, southern rightaleh
migrate in summer to feed in colder waters, butegally not as far south as other baleen whalesy Bppear

to occur near the subtropical convergence in sumi@anuary to March) at around 40°-50°S (Ohsumi &
Kasamatsu, 1985), but there are records of animath further south (e.g. around 60-65°S south dcftralia
[Bannister et al., 1999] and southern Africa [Matel Best, 2008; Tormosov et al 1998]).

Southern right whale numbers were drastically reduay ‘traditional’, open-boat, whaling in the 1&thd 19th
centuries. More than 150,000 were killed betweer0land 1900, with a peak of some 50,000 in the 4886

a result they were already rare by the early 2etitury, and until legally protected in 1935 onlyoab1600
were taken in modern whaling. However, over 300Cewkilled in illegal Soviet whaling in the 1960s
(Tormosov et al, 1998, IUCN a, in prep). Numberteti in traditional whaling are mostly estimatearfr
production statistics and often cannot easily lmgaed to a particular region or stock. They akel}i to be
underestimates, given that information is incongldéor some periods and some national operations.
Adjustments for hunting loss also vary betweenedig@s: such ‘struck and lost’ (and presumed deatdsr
range between 1.2-1.5 times the landed catch,dsuhé& southern hemisphere as a whole an averdge of
1.35 has been adopted for stock assessment. @ddemation available to 1997 was collated at thestmecent
right whale IWC assessment meeting, in 1998.

Breeding populations occur off eastern South Anzerférgentina, Brazil and Uruguay), South Africa,
Australia/New Zealand, and to a lesser extent Chiled998 a population assessment was only attehyriea
hemisphere-wide basis, largely because of diffiesltin apportioning historical catches to individua
populations (IWC, 2001). Nevertheless, 11 manage¢meits were recognised at that time; the summdry o
estimates of demographic parameters and abundewveks lagreed then is reproduced here as Tableot Thé&
Southern Hemisphere as a whole, the original (280} population was estimated at 55,000-70,00@&Ghiag

its lowest level — perhaps no more than 300 indigid - in the 1920s. Population size by 1997 vedisnated

as 7,500 (IWC 2001); with a doubling time of sont yiears it should how number at least 15,000 today.
However, caveats associated with the estimatedstdrital population size included a) the need ¢wedop
hypotheses to allow allocation of catches to brepdtocks; and b) that the estimation models shdoake
account of disaggregation by sex (in particulag #ffect of selective removal of females in shoxsdu
operations), as well as by age (IWC, 2001). Sihiedssessment, further information, summarisedvehas
accrued for all breeding populations.

4.6.1 Eastern South America
4.6.1.1 DISTRIBUTION AND HABITAT UTILISATION

Southern right whales are found off Argentina an@z8, with a major calving site at Peninsula Vade
Argentina (42° 30'S). There is evidence of subséhimterchange between Argentina and Brazil (Grethl.,
2005). The feeding grounds are poorly defined bovement has been recorded between Argentina artth Sou
Georgia (IWC 2001, Rowntree et al., 2001). Thereewsnodern’ whaling catches mainly to the northSafuth
Georgia in the early ZDcentury and by Soviet whalers in the 1960s (Toouwpd998; IWC 2001). Right
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whales have been the most frequent species recosbemtly at South Georgia, with a peak of sigtting
between January and May (Moore et al., 1999). Thesg be some sporadic, limited feeding at Peninsula
Valdes, Argentina (42°30'S) particularly on spafgél in October, and en route further south, irgtly
productive waters along the Patagonian shelf, aegpdvances (Rowntree et al., 2008). Recenieexid from

the south west Atlantic has shown that calvingrimals wintering off Argentina can be affected len surface
temperature anomalies on the South Georgia feegtimgnds; as Antarctic waters warm up, the averaggeng

rate can be expected to decline (Leaper et al§)200

4.6.1.2 ABUNDANCE AND TRENDS
The most recent population estimate, for animalsteving at Peninsula Valdes, Argentina, is 25771997
(IWC 2001) including 547 mature females (basedxirapolation from an estimated 328 in 1990 [Cookele
2001]). Annual growth rate, 1971-1990, was estichai® 6.9% (SE = 0.7%) per year (Cooke et al., 2001)

4.6.1.3 CATCH

As tabulated during the 1998 assessment, histocatahes referable to this breeding population ZBishore
14904, Brazil/Falklands pelagic 14666, Brazil/Failds French pelagic 1807) total 31377 individu#ts.
addition, a total of 26534 taken in US open boatmy (‘US pelagic S. Atlantic’) can be allocatead the
proportion 2.5:3.5 based on an inspection of tHevemt Townsend Chart (Townsend, 1935), which shows
discontinuities in catch distribution between vasavhaling ‘grounds’, used in obtaining those cdighres.

On that basis, an additional 11100 (to the ned@3tanimals) would be allocated to the western ISédiantic
(and 15500 to the eastern half). Modern whalirghes (Brazil shore 360, S. Georgia/S. Shetlan8s iidgal
Soviet 1408) total 2316.

4.6.2 South Africa

4.6.2.1 DISTRIBUTION AND HABITAT UTILSATION

Winter concentrations have been recorded at variocations along the southern African coast, betwee
Angola in the west and Mozambique in the east,chutently the most significant occur on the Soufhican
coast between Port Elizabeth and Cape Town (B&f17)2 Recent satellite telemetry has shown animals
travelling from the South African coast to the $outest, between 13°E and 16°W as far south as @028

and Best, 2008). Pelagic catches have indicatedectrations between 30° and 40°S from Cape Town to
Tristan da Cunha (and there is one record of mowemmetween Gough Island (south of Tristan) andSbath
African coast (Best et al, 1993). An apparentlyquei instance of regular, coastal, probable warnsemw
feeding has recently been recordedaB2°S in September-January near St. Helena Bayaltthnha Bay, just
north of Cape Town (Mate and Best 2008), apparesthgcupying a historically important feeding afBast
2006). There were nineteenth century and modeegél Soviet) catches at the Crozet Islands (4623E),
presumably a feeding area, and possibly a desimédr animals from the South African east coagtst®2007).

4.6.2.2 ABUNDANCE AND TRENDS
The most recent estimate of population increasariomals wintering on the South African coast, 122003, is
an instantaneous annual rate of 0.073 (95% CI 0.0869), with population size in 2003 of some 34B6st
et al., 2006).

4.6.2.3 CATCH
As tabulated during the 1998 assessment (IWC 2Q@itghes that can be assumed referable to thislihgee
population (S African shore whaling 1580 + 106, Bican Bay whaling 12000, French pelagic (Tristan d
Cunha) 382, and illegal Soviet whaling 767) toté835. The figure includes some catches from Deld&ma
and Natal. As indicated above, 15500 can be adaed South Atlantic US pelagic catch, plus an unkmow
proportion of unspecified French pelagic catchesalt624). If animals found at the Crozet Islands also
referable to this population, the illegal Sovietctathere of 309, as well as some proportion oflitigdgan Ocean
US pelagic catch of 12493 (IWC 2001, Annex L, TaB)eshould be included. An inspection of Townsend’s
chart suggests approximately one sixth (i.e. 2160Yhe Indian Ocean US pelagic catch could be thus
apportioned. Townsend'’s chart also shows consitkeiching activity north east of the Crozet Isvadl as at
and north of Kerguelen. If those catches are @dferable to this population, five-sixths (to indtucatches at
the Crozet Is) of the Indian Ocean pelagic total, 10400, could be included here. The overall twtaild then

be 43100 (not including the 624 unspecified Fregpelagic catch).

4.6.3 Australia/New Zealand

4.6.3.1 DISTRIBUTION AND HABITAT UTILISATION

Wintering right whales are currently recorded oa fkustralian south coast, mainly between Cape Laguw
Western Australia and Ceduna, South Australia,lessl frequently on the Australian south east c@4storia
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and New South Wales) and around Tasmania. Thereaa&sional records on the west coast as far ah nor
West Cape, Western Australiea(21°S) and on the east coast as far north as H&8agy Queensland (25°S)
(Bannister, 2008a). Historically, there were laggéches in the south west Pacific, including frehore in
south east Australia, Tasmania, and New Zealanavifida 1986), and near the Kermadec Islands (Richard
2002; Townsend, 1935). Currently few right whales seen in mainland New Zealand waters, but a antigt
number winters in sub-Antarctic New Zealand (Aucklaand Campbell Islands, 51-52°S). Low-level gene
flow between sub-Antarctic New Zealand and AustrdBaker et al., 1999) has led to the suggestian th
Australian and New Zealand animals belong to twiasste breeding populations, separated at TasniEmae
are however three records of movement between Gelinfsland and southern Australia, including two
instances of females calving in each of two calviigunds (Anonymous, 2004), and it may be that
Australia/New Zealand animals should be regardedelsnging to one metapopulation, with differential
reduction of maternally philopatric lineages witlitin

4.6.3.2 ABUNDANCE AND TRENDS
The most recent annual trend estimate for calvight rwhales wintering off the southern Australiamast,
1993-2006, was 8.10% (95% CI, 4.48-11.83%) (Baani008b). The figure excludes data for 2007, wher
the number of cow/calf pairs was the lowest ingbges since 1994, and is clearly an outlier. Wéretialving

in 2007 was affected by temperature anomalies erigdding grounds in earlier years (as recordearionals
off Argentina, see Leapet al. 2006) is currently unclear. The population esterfar the same area is 2400 in
2006 (Bannister, 2008b).

4.6.3.3 CATCH

Catches for the Australia/New Zealand region hagenbestimated (IWC, 2001) for Western Australialy Ba
whaling (266), early shore/bay whaling in South #halfa, New South Wales, Tasmania and Victoria @B)0
New Zealand Bays (5360), French whaling off Newlded/Australia (3871) and illegal Soviet whalingtire
south west Pacific (372), totalling 20914. In atatit one sixth of the US pelagic Indian Ocean camhid be
included (2100), together with a proportion of USlggic Pacific Ocean catches; on the basis of Tendlis
chart, that proportion could amount to some twodshiof the total of 14652, i.e. 9800. The overafat would
then be 32800.

4.6.4 Western South America (Chile/Peru)

4.6.4.1 DISTRIBUTION AND HABITAT UTILISATION

Wintering animals are recorded between southern &ed central Chile, with the northernmost sightiegrly
at 15°S in Bahia San Fernando: Peru/Chilean coasttdrs seem to be used as migratory corridorsaklsm
with calves have been recorded in southern Pertd {15), and to the south as far as 40°S off Chiléh one
record at Punta Arenas (53°S) (IUCN, in prep). €herlittle other information available on animé&iem this
presumed separate breeding population. Three fgeplounds have been postulated (IWC, 2006a), ongan
of 40°S, another offshore of Chiloeda(42°S) and a third at the south west corner ofraieiel Fuego (but
possibly including animals from the eastern Southefican population). In addition, there were cascimethe
early 1900s off the western Antarctic Peninsula amaind the South Shetland Islands.

4.6.4.2 ABUNDANCE AND TRENDS
Despite a lack of known major catches off Chiletia past or off Peru in the 2@entury, and no post WWII
Soviet pelagic catches, no increase has been ausenthis population. The paucity of sightings othe past
50 years suggests that numbers are still very loith the mature population perhaps fewer than Sénals
(IUCN, in prep).

4.6.4.3 CATCH

2839 whales are listed as taken from the coasthile @etween 1815 and 1969, including early' Tntury
French pelagic catches (peaking at 2211 in 1830a88)28' Century modern coastal whaling (IWC 2001). On
the same basis as above (see Item 4.6.3.3) omkedhthe US South Pacific pelagic catch could Becated
here, i.e. 4900. There were no Soviet operatiottisisnarea. The total would then be 7700.

5. FEEDING ECOLOGY AND CONSUMPTION RATES

There are numerous accounts of baleen whale diet fiommercial whaling operations, extensively rexid
in Kawamura (1980; 1994), and more recently a nunaberon-lethal techniques including genetic method
have also been used to determine principal pregisp& some baleen whales (e.g. see Jarman 20a56).

At large scales (100’s-1000’s km), the spatialriistion of baleen whales is a product of the gmtisgribution
of their dominant prey and physical and oceanodcdigatures and these relationships are now widbdéished
from both historical and contemporary accounts éfaatsu, 2000; Kasamatsu et al., 1996; Kasamatal, et
2000; Matsuoka et al., 2000; Murase et al., 2002¢[€ et al., 2000; Tynan, 1997; Tynan, 1998). Ga&ko82)
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summarised three types of feeding habitat in tesfngceanographic structure: oceanic fronts betweater
masses; eddy grounds, both dynamic and topographdt:, upwelling zones, both dynamic and topographic
Within these habitats, patterns of distribution almost certainly mediated through mechanisms ¢ Ipoey
productivity and aggregation. There are, howevew farge-scale studies in the Southern Ocean tha h
estimated baleen whale and krill distribution amdiredance simultaneously (Nicol et al., 2000; Redtyal.,
2004). With some overlap, baleen whale populatiares generally spatially segregated by both latitadd
longitude when at their peak concentration (see Ejg Blue and minke whales are generally regaraed
Antarctic krill, Euphausia superhapecialists (Kawamura, 1994), but both speciesathsume other euphausid
species on occasion. The distribution of minke wha$ essentially circumpolar, but particularlythignsities
have been observed in some years in high Antaasiotias such as Prydz Bay, the Weddell Sea and the $&a
(Kasamatsu et al., 1997). Where blues and minkesuwoe several species of planktonic crustaceass, th
relative amount consumed is likely related to l@adilability. For example, minke whales can dksed onE.
crystallorophias(ice krill) particularly in major embayments, frigida, andT. macrura(Tamura & Konishsi,
2006). The sole species of schooling pelagic fleuragramma antarcticunsan also be an important prey
item in addition toE. crystallorophiasn far southern waters (e.g. the southeast sli¢lfeoRoss Sea) in years
of low sea ice extent (Ichii et al., 1998).

Like blue whales, humpback and fin whales are asmerally regarded as Antarctic krill specialists
(Kawamura, 1994), but are much less associatedse#hice habitats and continental shelf areas (®dueaal.,
2002). Sei whales exhibit a greater variety in thein other baleen whales, but tend to feed on emyor two
types of prey at a time, including copepods andhapuals, as well as krill (Nemoto & Kawamura, 1971Mere

is relatively little direct evidence on the feediofjright whales, but north of 40°S the diet cotssimainly of
copepods, south of 50°S mainly krill, and varyimgpmortions of the two food items at intermediatiétuaes
(Hamner et al., 1988; Matthews, 1938; Tormosou.etL898).

Although only a handful of studies have been cotetiat smaller scales (10’s-100's km), (Friedlaereel.,
2006b; Reid et al., 2000) there appears to be aomgpatial structuring of baleen whales in relatiortheir
prey and environment at meso- and micro-scales. $tudy of minke and humpback whales in the Western
Antarctic Peninsula, Friedlaender et al. (2006h)ntb that at meso-scales, the interplay of phydeatures
(e.g. marginal ice edge and increasing bathymstape) and dynamic oceanographic processes thaneeh
prey aggregation, led to a predictable distributammd abundance of whales over a number of years.
Measurements of whale distribution and abundaney field attributes such as swarm size and derssity
environmental data collected concurrently, alsovipled the motivation to examine fine-scale spatial
structuring of minkes and humpbacks; species thatesthe same dominant prey species, and thatapvarl
time and space. Minke whales were consistently cstsal with significantly deeper krill aggregatioard
targeted aggregations with larger individual kafid smaller area than humpback whales (Friedlaesidat.,
2006a). Integrated studies such as this have giesninsights into the linkages between baleen vshated
their environment, but we are only just beginnioguhderstand these complex relationships and fomare
than a few populations in the Southern Ocean etasys

Leaper and Lavigne (2007) provide a recent revieéastimates and methods for estimating consumpttes

in large whales. They reviewed methods based omasts of energy requirements based on allometry,
respiration rates and energy storage; estimatgqeeyf consumption based on stomach contents; amdtdir
observations of feeding. There is considerable niaicey in these estimates resulting in an ordemafnitude
difference between some estimates of consumptidarge whales. Estimates of energy requiremergsdan
allometry have been used most often and face a eupflchallenges (1) estimates of metabolic ratdarge
whales need to be extrapolated well beyond theerafigvailable data; (2) estimates of Basal Metali®ate
(BMR) need to be adjusted to Field Metabolic R&BR) or Average Daily Metabolic Rate (ADMR) and to
allow for the energy requirements of growth andedpction; (3) large whales may make long migratiand
feed for only a proportion of the annual cycle; #hpenergy content of prey needs to be estimatddadjusted

for assimilation efficiency (i.e. the amount of ege that becomes available to the whale). Given the
uncertainty, Leaper and Lavigne (2007) suggestatigbological models should use a range of valoeprey
consumption by individual whales and suggest somentls for this range. In particular, they note &k laf
theoretical or empirical evidence to support seplney consumption linearly with body mass and arthat
0.75 should be considered as an upper bound farcdleng exponent with body mass.

In 2007, the Scientific Committee discussed estémaf prey consumption for minke whales based omath
contents analysis from JARPA and noted a numbéssoks that needed to be resolved before it wessilge
to move beyond broad estimates. In particularth@rr information is needed on (1) the length ofdfeg
season; (2) to what extent consumption rate isittemn$o digestion rate (which is largely unknowahd (3) the
extent of feeding at night
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6. POSSIBLE BIASES IN PARAMETER ESTIMATION

In addition to presenting a review of various baledale population parameters for the upcoming CCRM
IWC workshop on Antarctic ecosystem models, onghefprimary tasks given to this group is to provade
commentary on the uncertainties and limitationghi& use of estimates of abundance and trends feerba
whales. This section attempts to address someesétissues.

Nearly all surveys designed to obtain estimatestmfndance will likely have multiple sources of bidke
degree to which bias occur depends on a numbexaddrs related to experimental design and dataysisal
target species, environmental variability and athérsurveys implement an appropriate samplinggesand
data are rigorously collected and analysed, bitesed to be reduced or at least parameters can thesthp
estimated. Yet, estimates can still be affectedttner factors that are beyond the control of thaseducting
the study. For example environmental (e.g. weatitepresence of sea ice) conditions may preclude the
appropriate sampling of certain areas. Environnidatdors can also lead to shifts in distributidnttee target
species over time, resulting in different comporegftthe population being sampled in each yeanrifesys are
carried out over several years. Multi-species sgsvyeay be also be problematic because while threrasually
one or two target species, data may be collectechémy others that themselves have different tigtions or
seasonal occurrences in the survey area at theofitie study. All surveys that estimated abundarfdealeen
whales mentioned in this paper probably suffer frome or more of these issues. However, in spitthese
problems, the information collected can be valithd appropriate caveats are taken into considerati

Most of the information on abundance and trendsiobtl for baleen whales in the Southern Hemisphere
originate from ship surveys conducted in the Arttargsing line transect sampling techniques (Buattlet al.,
2001; Buckland et al., 2004). Such surveys canefferned to as design unbiased line-transect surakyg
regular tracks. With such surveys, analyses of data possible using traditional distance methodplog
(Buckland et al., 2001) or spatial modelling (Hedé al., 1999; Williams et al., 2006). The mairaewles of
such surveys are the IDCR/SOWER and the JARPAesuisthe Southern Ocean. The possible problensg the
studies have faced and the implications for abucel@md trend estimation have been a concern d¥l=SC

for a number of years and have extensively beecudsed (e.g. IWC, 2005-2008a, b). Other smallelesca
research efforts (e.g. those from various natiédmahrctic programs) likely suffer from the same deams, but
are generally best categorised as either (1) debigsed line-transect surveys along ship tracksrevhe
population estimates are possible using spatialeflind; or (2) design biased opportunistic survaleg ship
tracks, where analyses of data is much more difficu

6.1 — IDCR/SOWER cruises

In a comprehensive analysis of the abundance dstintkerived from the three sets of CP cruises fuaistic
minke whales Branch (2007) examined a number dbfachat could pose caveats and therefore nede to
considered in interpreting estimates of baleen @/palpulation size and trends in Antarctic waterse Tactors
relevant for the present manuscript are those &sdcwith survey design and sampling proceduresaan
further discussed below.

6.1.1 — Geographic and Temporal Coverage of Surveys

IDCR/SOWER covered the Southern Ocean south ¢ 6@Branch & Butterworth, 2001a; Branch &
Butterworth, 2001b; Matsuoka et al., 2003), butigp@overage was not consistent across CP’s. CPI| and
CPIIl covered 64.3%, 79.5% and 99.7% of the ardawéen the ice-edge and the°80parallel, respectively
(Branch, 2007a). Because areas near the ice-edged greater coverage, it is likely that the migjoof the
feeding habitat was sampled only for Antarctic neirdind Antarctic blue whales. For other speciesefample
fin and sei whales, much of their feeding habitas Inorth of 60°S. A large proportion of the fin ald
population is distributed far north than®60and therefore abundance estimates for this spéwen either
research programs likely do not correspond to o stock size. For humpback whales, while theréttle
evidence that some stocks migrate further south &S (e.g. BSA), there is enough evidence indicatiag t
the majority of whales move into higher latitudes éther stocks (e.g. BSD and BSE). Thereforepedts of
abundance from IDCR/SOWER should not be considestiinates of the total stock sizes for most species
other than perhaps minke and blue whales.

Lack of, or inconsistent spatial coverage is natessarily a problem for parameter estimates fosystem
models if for example, feeding ground abundancenestés are available for the geographic area efést or if

the proportion of whales occupying this area isviimand abundance estimates from breeding grourels ar
available. However, some correction is frequengyguired to account for differences in survey area f
estimates of trends in abundance. It may be diffimuascertain how robust such corrections aréhage is
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often nota priori basis on which to do this. In an attempt to deitth ¥he issue of spatial scaling of abundance
estimates, Branch and Butterworth (2001d) and Bra(®006b) computed estimates of abundance for
comparable areas. However, as these authors pantedhis approach could still lead to biasednesates of
trends. They found that the direction of the biepaehded on the how much the true density of whaldise
unsurveyed areas differed from the assumed deindibpse areas.

The IDCR/SOWER surveys were conducted in the suniiec-Feb), which roughly corresponds to the peak
of abundance of most species in Antarctic watees@fnatsu et al., 1996). Shifts in the timing of/eys (from
earlier to later in the summer season) between /6984d 2000/01 may have caused a smaller fraction o
Antarctic minke whales to be sampled. Such tempshéts in survey are thought however, to have alsm
effect on abundance estimates (Brandao et al., ;2Bé&nhch, 2007). While it may be supposed that this
temporal effect is similarly small for other baleshale species, there is some evidence to sudugsit imight

not be (e.g. humpbacks). It is likely that this paral effect may introduce a bias to estimateseids that is
more difficult to discern than for abundance estena

6.1.2 — Changes in Location of the Ice-Edge and@¢hdouth of the Ice-Edge

Group density and school size decreases with aistkinm the ice-edge for some species (e.g. Antantinke
whales). If a proportion of whales remain southihef ice edge in some years, then the locationefdi-edge
affects the proportion of the population within thevey region. Because the IDCR/SOWER survey \&slee
not venture into the pack ice, abundance estin@tepecies associated with the ice will be negatibéased.
This most affects Antarctic minke whales and peshap a limited extent, Antarctic blue whales, prabably
does not influence estimates of the other species.

6.1.3 — Distribution of Group Sizes

The estimated mean group size of Antarctic minkaled appears to have decreased in CPIIl (Brandi])20
Other than a true decrease in mean group sizeméysalso be due to the following: true mean grsiap tends
to increase with latitude, observed school sizelden decrease with increased Beaufort conditiand, more
inexperienced observers were used in CPIIl comptre@iPIl. Effects of latitudinal changes in the ablance
estimates of other baleen whales will be speciesip, while the other two factors will likely af€t all
species in a similar fashion. Use of more inexmeee observers may have also resulted in diffiesiltvith
species identification.

6.1.4— Detection Probability on the Trackline (g[0])

Probably the most important potential bias for atante estimates from line transect surveys issharaption
that all whales on the survey trackline are dete¢®uckland et al., 2001), an assumption often km@as
“g(0F1". This is almost always violated in cetaceardi&s because these animals tend to spend moseiof th
time underwater, reducing chances of detection. éfffexts of violating this assumption for baleerales vary
across species. Blue, fin and humpback whales lawnspicuous cues and are relatively easy to detect;
therefore the proportion of groups missed is exgkdb be small. For example, studies conductedheff
western coast of the United States indicated thh0% of blue and humpback whales are missed in the
trackline, depending on visibility conditions antbgp size (e.g. Barlow, 1995; Barlow & Gerrodett896;
Calambokidis & Barlow, 2004). This problem is mueiore important for minke whales and possibly sei
whales because these species are smaller andlesgsiaious. For example, it has been estimatedy(Bxfor
Antarctic minke whales during the IDCR/SOWER sus/egveraged over group size and environmental
conditions, was 0.47-0.53 (Okamura & Kitakado, 2)08

Most of the baleen whale abundance estimates fnenhDCR/SOWER cruises were computed using ‘standard
methods (Branch, 2006b; Branch, 2007a; Branch &eBwbrth, 2001a; Branch & Butterworth, 2001b). Tdnes
assume 100% detection probability on the traclding therefore result in estimates being biased danas. If
g(0) varies across sampling seasons, then trend estirfraim time series of abundance estimates maybalso
biased and/or have poorer precision.

6.1.5 — Group Size Estimation

In CPI all surveys were conducted in closing masleere the vessel left the trackline to confirm spe@nd
school size. In CPIlI and CPIIl, closing mode andsiag mode (vessels did not leave trackline to @augr
groups detected) alternated. Previous analyseseshtivat minke whale school size estimates in pgssiode
were negatively biased compared to closing modaligut 30% (Branch, 2007). A similar effect may be
expected for other species when abundance estimagewlely based on passing mode methods.
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6.2 — JARPA

The JARPA surveys include a component dedicatestimation of abundance (and consequently trerglsju
the line transect methodology, with similaritiesttee IDCR/SOWER cruises regarding some of the surve
procedures. Therefore, many of the caveats listedeaalso apply to the JARPA cruises. On the ofizerd,
JARPA differs from IDCR/SOWER in a number of asgedtnlike the latter, which covered all IWC
Management Areas south of 60°S over a period dradyears, JARPA focused on IWC Areas IV and \d an
more recently Areas Il east and VI west (Nishiwekal., 2007), with more frequent repetition ofvgy areas.

It has been pointed out that this could betterlifaté estimation of inter-year variability in Idcabundance and
improve estimation of trends (IWC, 2007). JARPAssgo types of vessels: sighting vessels (SV) glutiag
and sampling vessels (SSV). The former are exausighting platforms, while the latter is a sightjplatform,
but becomes engaged in sampling of whales whermwglicable. Abundance estimates have been obtained
with data collected from both of these platforms.

A great deal of information with regard to abundaand trends in abundance for many baleen whaldespe
have been generated from JARPA (Hakamada et @6k20Matsuoka et al., 2006b) and a number of issues
with respect to sampling methods and analyses haee raised (IWC, 1998; 2006b; 2007b). Some ofethes
issues were recently reviewed in a Workshop to &evData and Results from Special Permit Research on
Minke Whales in the Antarctic (IWC, 2007, p. 4-H2d in the following SC meeting (IWC, 2008). Dissiosis
focused on estimation of abundance and trends tdréiic minke whales, but it was noted that theeptél
problems raised for these analyses were likelyiegiple to other large whale species for which estis from
JARPA are available. The main issues discussedh®yWC-SC and their effects on estimates of abucglan
and trends were the following:

(1) Skipping — missing tracklines due to (A) night stéag, (B) catching up with survey schedule, (C)
closing and chasing of targeted whales, and (D) p@ather conditions (Hakamada et al., 2007);

(2) Estimation of detection probability on the tracklifg[0]);

(3) Effects of closing mode and sampling mode in esésaf density;

(4) Extrapolation of density estimates to unsurveyeasyr

(5) Detection function estimation (in particular in aeds to small sample sizes);

(6) Estimation of effect strip width, group size andiaace from SSV;

(7) Order in which different strata were sampled;

(8) Reaction of whales to chasing and sampling — effeoh detection probability of other
sighting/sampling vessels;

(9) Different trackline designs — saw-tooth, N-S arth$ects parallel to the ice-edge;

In discussing abundance and trend estimates feebathales resulting from JARPA, the IWC SC (IWQ@0Z,
2008) noted that a large dataset had been accuedubgt sighting surveys and appreciated that a derelle
amount of work had been undertaken to addressqrevecommendations from the Committee. The SC made
a number of points that required further considenatbut recognised that abundance estimates pgezkein
particular for blue, fin and humpback whales, repreed useful steps forward in working towards piatde
estimates.

6.3 — Other

Although they have not been considered in the ctrgin-depth assessment at the IWC/SC, feedingi g
abundance estimates for various species providexthgr platform of opportunity (POP) based studiesh as
BROKE, CCAMLR and SO-GLOBEC (e.g. Reilly et al.,(0 Peel and Thiele, 2006; Secchi et al., 2006;
Williams et al., 2006) covered only a relativelyahportion of the stock ranges in the Southernadcand also
do not correspond to stock size estimates. Thasmatss also likely present some of the biasestediout
above for the IDCR/SOWER and JARPA cruises (e.g)=dl( assumption). In addition, biases specific atad
from POP surveys include: (1) closing mode not ug¢eel for species identification and school size
confirmation, (2) non-standardised platform des&gnong different survey vessels, (3) design biageel |
transect surveys. At this stage the abundance astinfrom such studies should be treated with @autitil
these estimates are discussed in the context lofdapth assessment in IWC/SC.

A few aerial surveys were conducted in the winggrimounds for estimating abundance of humpback eghal
(e.g. Andriolo et al., 2006; Paxton et al., 20@#stimates from some of these studies are also inebabiased
because g(0) calculations accounted only for aviiila, but not perception bias.

Estimates of mark-recapture for humpback whales Havgeneral poor geographic coverage and therefore
probably refer to a small portion of the populatiomaddition, the number of recaptures is reldyiwnall for
many of these studies (e.g. Cerchio et al., 20@8irS et al., 2006; Félix et al., 2006.). For tieason, only
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simple models can be implemented to estimate almoagdikely resulting in biased estimates due tk laf

appropriate modelling of heterogeneity in capturebpbilities (see Hammond et al., 1990; Hammon@&6).9
Estimates of trends in abundance from mark-recapdata must also be seen with caution as an expansi
the sampling area over time can occur, resultingdiffierent components of the population being saaplhis
can inflate estimates of trends, producing unrédiabsults (e.g. IWC, 2005).
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Table 1 — Geographic correspondence of feedingngi®associated with various humpback whale breestouks, the
IWC Management Areas in the Southern Hemispheraten@ CAMLR statistical areas.

Breeding  Feeding Grounds IWC Management CCAMLR Areas

Stock (Naive Model) Areas
20W-50W Il 48.2,48.3,48.4,48.5
B 20W-10E IlEand I W 48.6
48.6,58.4.2, 58.4.4a,
c 10E-60E i 58.4.4b, 58.6, 58.7
58.4.1, 58.4.2, 58.4.3a,
D 60E-120E NE, v 58.4.3b, 58.5.1, 58.5.2
120E-170W IV E, Vand VIW 58.4.1, 88.1
F 170W-120W VI 88.2
120W-50W land Il E 48.1, 88.3
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Table 2 — Southern Hemisphere humpback whale almgedsstimatés

Breeding Stock/Region Year/Cruise N CcVv Source

Breeding Stock A

Feeding grounds (50°W-20°W) 1981/82 (CPI) 45 0.88 ranBh (2006)
Feeding grounds (50°W-20°W) 1986/87 (CPII) 259 0.6Branch (2006)
Feeding grounds (50°W-20°W) 1997/98 (CPIII) 200 40.6 Branch (2006)
Scotia Sea 2000 (CCAMLR 2000) 2493 o.ssz‘id('sggz)"""' @001); Reillyet
Low latitude wintering grounds 2005 6,251 0.17  Aaliret al.(2006)
Breeding Stock B

Feeding grounds (20°W-10°E) 1980/81 (CPI) 692 0.8Branch (2006)
Feeding grounds (20°W-10°E) 1986/87 (CPII) 70 0.6B8ranch (2006)
Feeding grounds (20°W-10°E) 1995/96 (CPIII) 595 10.5 Branch (2006)
Wintering ground (BSB1) 2001-2004 ~3,800 Collatsl. (2006)
Breeding Stock C

Feeding grounds (10°E-60°E) 1979/80 (CPI) 1,043 2 0.6Branch (2006)
Feeding grounds (10°E-60°E) 1987/88 (CPII) 926 0.5Branch (2006)
Feeding grounds (10°E-60°E) 1993/94 (CPIlI) 2,391 .410 Branch (2006)
Feeding grounds (4 0°E) 2006 (BROKE) 4,368 0.28  Peatlal(2006)
Wintering ground (BSC1) 2003 5,965 0.17  Findél. (2004)
Wintering ground (BSC3) 1999-2004 5-7,000 Cerdial (2006)
Breeding Stock D

Feeding grounds (60°E-120°E) 1978/79 (CPI) 1,219 46 0. Branch (2006)
Feeding grounds (60°E-120°E) 1988/89 (CPII) 4,202 .520 Branch (2006)
Feeding grounds (60°E—120°E) 1997/98 (CPIII) 17,959 0.17 Branch (2006)
Feeding grounds (IWC Area IV) 1989/90 (JARPA) 5,230 0.3 Matsuokaet al. (2006)
Feeding grounds (IWC Area IV) 1991/92 (JARPA) 5,350 0.19 Matsuokat al. (2006)
Feeding grounds (IWC Area IV) 1993/94 (JARPA) 2,740 0.15 Matsuokat al. (2006)
Feeding grounds (IWC Area IV) 1995/96 (JARPA) 8,850 0.14 Matsuokat al. (2006)
Feeding grounds (IWC Area IV) 1997/98 (JARPA) 1@87 0.17 Matsuokat al.(2006)
Feeding grounds (IWC Area IV) 1999/2000 (JARPA) 214, 0.15 Matsuokat al. (2006)
Feeding grounds (IWC Area IV) 2001/2002 (JARPA) 038, 0.11  Matsuokat al. (2006)
Feeding grounds (IWC Area IV) 2003/2004 (JARPA) 750, 0.11  Matsuokat al. (2006)
Wintering ground 2005 13,145 0.59 Paxaral.(2006)
Breeding Stock E

Feeding grounds (120°E-170°W) 1980/81 (CPI) 1,913 .6 0 Branch (2006)
Feeding grounds (120°E-170°W) 1985/86 (CPII) 622 5 0. Branch (2006)
Feeding grounds (120°E-170°W) 1992/93 (CPHII*) 3,484 0.33  Branch (2006)
Feeding grounds (120°E-170°W) 2001/02 (CPIIl) 18,30 0.2 Branch (2006)
Feeding grounds (IWC Area V) 1990/91 (JARPA) 1,354 0.2 Matsuokaet al. (2006)
Feeding grounds (IWC Area V) 1992/93 (JARPA) 3,837 0.63 Matsuokat al.(2006)
Feeding grounds (IWC Area V) 1994/95 (JARPA) 3,567 0.31 Matsuokat al.(2006)
Feeding grounds (IWC Area V) 1996/97 (JARPA) 1,543 0.28 Matsuokat al. (2006)
Feeding grounds (IWC Area V) 1998/99 (JARPA) 8,301 0.31 Matsuokat al.(2006)
Feeding grounds (IWC Area V) 2000/2001 (JARPA) 0,72 0.22  Matsuokat al. (2006)
Feeding grounds (IWC Area V) 2002/2003 (JARPA) 8,73 0.16  Matsuokat al. (2006)
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Feeding grounds (IWC Area V) 2004/2005 (JARPA) 9,76 0.33  Matsuokat al. (2006)
Wintering grounds (BSE1) 2004 7,090 0.05 Neadl. (2006)
Wintering grounds (BSE1) 2005 7,024 0.14  Pabal (2006)
\Q’ggggmg grounds (New Caledonia, 1999-2004 472 018 SPWRC (2006)
Wintering grounds (Tonga, BSE3) 1999-2004 2,311 20.2SPWRC (2006)
Breeding Stock F

Feeding grounds (170°W-110°W) 1982/83 (CPI) 3,240 .470 Branch (2006)
Feeding grounds (170°W-110°W) 1990/91 (CPII) 2,976 0.51 Branch (2006)
Feeding grounds (170°W-110°W) 1997/98 (CPIlI) 3,852 0.22  Branch (2006)
Wintering ground (BSF2) 1999-2004 1,057 0.24 Peolal(2006)
Breeding Stock G

Feeding grounds (110°W-50°W) 1982/83 (CPI) 1,452 650. Branch (2006)
Feeding grounds (110°W-50°W) 1989/90 (CPII) 2,817 .380 Branch (2006)
Feeding grounds (110°W-50°W) 1996/97 (CPIII) 3,310 0.21  Branch (2006)
Feeding grounds (Antarctic Peninsula) 2000 (CCAMIIRO) 6,691 0.32 :Iﬁd(lzegoaf)al., (2001); Reilly et
Feeding grounds (Antarctic Peninsula) 1997 3,851 05 0. Stevicket al.(2006b)
Feeding grounds (Antarctic Peninsula) 2006 1,981 23 0. Secchet al.(2006)
Feeding grounds (Antarctic Peninsula) 2000/01 1,829 0.33  Williamset al. (2006)
Wintering grounds 2006 6,500 0.21 Fdixal(in review)
IWC Area Il (120°W -60W°)

CPI 1982/83 1,405 0.66  Branch (2006)
CPII 1989/90 3,048 0.41  Branch (2006)
CPIII 1997/98 3,549 0.20  Branch (2006)
IWC Area Il (60°W -0°)

CPI 1982/83 421 0.92  Branch (2006)
CPII 1986/87 464 0.40 Branch (2006)
CPIII 1997/98 1,005 0.38  Branch (2006)
IWC Area Ill (0°-70°E)

CPI 1979/80 1,017 0.49  Branch (2006)
CPII 1987/88 890 0.46  Branch (2006)
CPIII 1993/94 2,504 0.40  Branch (2006)
IWC Area IV (70°E-130°E)

CPI 1978/79 1,102 0.46  Branch (2006)
CPIl 1988/89 4,167 0.53  Branch (2006)
CPII 1997/98 17,938 0.18  Branch (2006)
IWC Area V (130°E-170°W)

CPI 1980/81 1,876 0.60  Branch (2006)
CPII 1985/86 622 0.50 Branch (2006)
CPIII* 1991/92 3,310 0.34  Branch (2006)
CPIII 2002/03 13,246 0.20  Branch (2006)
IWC Area VI (170°W-120°W)

CPI 1983/84 3,240 0.47  Branch (2006)
CPII 1990/91 2,976 0.51  Branch (2006)
CPIII 1998/99 3,098 0.27  Branch (2006)

IEstimates from the IDCR/SOWER cruises presented & those computed for comparable areas to acfmumsurveyed regions in CPl and CP
Il (see Branch, 2006 for detailéfwo estimates of abundance were computed for CEM#, for 2001/02-2003/04 from complete coveragehsofi
600S and another, denoted by CPIII*, for the suméi incomplete coverage in 1991/92 (Branch, 2006)
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Table 3 — Rates of increase of Southern Hemisphergpback whales

BS Period (!?OI 95% ClI Observation Reference
(%lyr)
A 1996-2001 30.6 2.6-60 wintering grounds, bioladficunrealistic Freitast al. (2004)
A 1995-1998 7.4 0.5-14.5 wintering grounds, sightiata Warckt al. (2006)
A 1981/82-1997/98 5.3 -6.9-17.4  feeding ground§&RBSOWER cruises Branch (2006)
B 1979/80-1995/96 59 -5.9-17.6  feeding ground§RESOWER cruises Branch (2006)
C 1979/80-1993/94 6.6 -3.8-16.9  feeding ground§RESOWER cruises Branch (2006)
C 1991-2003 7.9 - wintering grounds, sighting data Findlayet al. (2004)
D  1978/79-1997/98 14.4 9.6-19.2 feeding grounds, IDCR-SOWER cruises, g .1y (2006)
biologically unrealistic
D 1977-1991 10.1 5.5-14.7  wintering grounds, sightiata Bannister and Hedley (2001)
E  1978/79-2001/02 13.7 9.3-1.1 feeding grounds, IDCR-SOWER cruises, g .,0n (2006)
biologically unrealistic
E 1984-2007 10.9 10.5-11.1  wintering grounds, sightata Noact al. (2008)
F 1982/83-1997/98 1.6 -5.4-85 feeding grounds,REEOWER cruises Branch (2006)
G 1982/83-1996/97 4.6 -3.4-12.6  feeding ground§RESOWER cruises Branch (2006)
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Table 4 — Catches of Southern Hemisphere humpbaaleviineeding stocks (BS) in the wintering groundastfnof 40S,
from Allison, 2006)

Year BSA BSB BSC BSD BSE BSF BSG Total
Total 1836 29833 20807 28281 14513 0 2345 97615
1900 0 0 0 0 8 0 0 8
1901 0 0 0 0 8 0 0 8
1902 0 0 0 0 8 0 0 8
1903 0 0 0 0 8 0 0 8
1904 0 0 0 0 8 0 0 8
1905 0 0 0 0 8 0 0 8
1906 0 0 0 0 8 0 0 8
1907 0 0 0 0 8 0 0 8
1908 0 0 104 0 8 0 16 128
1909 0 576 149 0 16 0 44 785
1910 0 962 632 0 77 0 62 1733
1911 102 2603 1580 0 7 0 92 4454
1912 342 4692 2338 234 224 0 86 7916
1913 352 5962 1805 993 440 0 45 9597
1914 317 2873 830 1968 93 0 195 6276
1915 82 169 334 1297 106 0 30 2018
1916 68 70 94 388 82 0 15 717
1917 62 10 7 0 94 0 15 188
1918 62 10 9 0 90 0 23 194
1919 29 17 91 0 119 0 24 280
1920 0 40 148 0 107 0 21 316
1921 0 0 251 0 89 0 21 361
1922 0 626 285 155 57 0 19 1142
1923 0 899 183 166 79 0 16 1343
1924 0 662 187 0 107 0 34 990
1925 0 842 372 669 96 0 248 2227
1926 0 442 124 735 78 0 277 1656
1927 0 47 86 996 127 0 40 1296
1928 0 68 62 1035 105 0 36 1306
1929 0 50 99 0 102 0 26 277
1930 0 614 134 0 78 0 33 859
1931 0 0 72 0 109 0 53 234
1932 0 0 307 0 18 0 21 346
1933 0 0 162 0 44 0 11 217
1934 0 723 514 0 52 0 13 1302
1935 0 1238 418 0 57 0 31 1744
1936 0 869 300 3076 69 0 18 4332
1937 0 327 1465 3250 55 0 28 5125
1938 0 0 1929 917 75 0 6 2927
1939 0 0 1440 0 80 0 7 1527
Table4  continued
1940 0 0 176 0 107 0 0 283
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Table 5 — Catches of Southern Hemisphere humpbaalevineeding stocks (BS) in the feeding groundstisofi40'S,
from Allison, 2006)

BSA BSB BSC BSD BSE BSF BSG Total
Total 29334 5056 8128 20352 35971 8147 15056 122044
1900 0 0 0 0 0 0 0 0
1901 0 0 0 0 0 0 0 0
1902 0 0 0 0 0 0 0 0
1903 0 0 0 0 0 0 1 1
1904 180 0 0 0 0 0 0 180
1905 288 0 0 0 0 0 23 311
1906 240 0 0 0 0 0 498 738
1907 1261 0 0 0 0 0 366 1627
1908 1849 0 0 217 0 0 1246 3312
1909 3391 0 0 118 0 0 1481 4990
1910 6468 0 0 83 0 0 2527 9078
1911 5730 0 0 0 0 0 2039 7769
1912 2539 0 0 0 0 0 976 3515
1913 647 0 0 0 0 0 1038 1685
1914 838 0 0 0 0 0 656 1494
1915 1615 0 0 0 0 0 219 1834
1916 379 0 0 0 0 0 21 400
1917 59 0 0 0 0 0 69 128
1918 67 0 0 0 0 0 81 148
1919 82 0 0 0 0 0 181 263
1920 102 0 0 0 0 0 149 251
1921 9 0 0 0 0 0 0 9
1922 364 0 0 0 0 0 189 553
1923 133 0 0 0 0 0 96 229
1924 266 0 0 0 0 0 102 368
1925 254 0 0 0 0 0 163 417
1926 7 0 0 0 82 0 101 190
1927 0 0 0 0 16 0 2 18
1928 19 0 0 11 17 0 15 62
1929 51 16 4 11 775 0 0 857
1930 107 63 150 27 235 0 1 583
1931 18 3 2 161 0 0 0 184
1932 23 18 37 82 0 0 0 160
1933 132 85 54 601 0 0 0 872
1934 57 38 543 1343 0 0 0 1981
1935 48 300 1870 940 4 0 0 3162
1936 105 250 2683 1435 0 0 1 4474
1937 242 189 778 836 32 0 0 2077
1938 0 0 0 835 48 0 0 883
1939 2 0 4 0 0 0 0 6
1940 36 242 0 0 2394 0 1 2673
1941 13 0 0 0 0 0 0 13



Table 5 continued

1942
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Table 6 - Abundance estimates of Antarctic bluelagaouth of 6T5

Year/Cruise N CcVv
Area | (120°W-60°W)

1982/83 (CPH 25 0.8
1989/90 (CPIR 178 1.03
1997/98 (CPIII) 88 0.85
Area Il (60°W—-0°)

1981/82 (CPI) 26 0.81
1986/87 (CPII) 158 0.71
1997/98 (CPIII) 268 0.58
Area lll (0°~70°E)

1979/80 (CPI) 219 0.61
1987/88 (CPII) 111 0.79
1993/94 (CPIII) 166 0.6
1995/96 (JARPA) 192 0.43
1997/98 (JARPA} 234 0.48
1999/2000 (JARPA) 546 0.58
2001/02 (JARPA} 80 0.62
2003/04 (JARPAJ 546 0.34
Area IV (70°E-130°E)

1978/79 (CPI) 9 1.06
1988/89 (CPII) 0 0
1997/98 (CPIII) 419 0.51
1989/90 (JARPA) 65 0.48
1991/92 (JARPA) 18 1.08
1993/94 (JARPA) 66 0.62
1995/96 (JARPA) 8 0.9
1997/98 (JARPA) 145 0.6
1999/2000 (JARPA) 225 0.39
2001/02 (JARPA) 300 0.46
2003/04 (JARPA) 78 0.73
Area V (130°E-170°W)

1980/81 (CPI) 110 0.73
1985/86 (CPII) 218 0.75
1991/92 (CPIII*§ 534 0.61
2002/03 (CPIII) 765 0.43
1990/91 (JARPA) 183 1.01
1992/93 (JARPA) 257 0.64
1994/95 (JARPA) 270 0.63
1996/97 (JARPA) 10 0.75
1998/99 (JARPA) 206 2.15
2000/01 (JARPA) 317 0.5
2002/03 (JARPA) 143 0.53
2004/05 (JARPA) 489 0.75

Area VI (170°W-120°W)
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Table 6 - continued

1983/84 (CPI) 177 0.81
1990/91 (CPII) 21 0.9
1998/99 (CPIII) 500 0.68
1996/97 (JARPAJ 90 0.45
2002/03 (JARPA} 28 0.93
2004/05 (JARPAJ 152 0.38
All areas

1980/81 (CPI) 592 0.4
1987/88 (CPII) 686 0.47
1997/98 (CPII) 2,249 0.36

'Estimates from the IDCR/SOWER cruises presente@ laee those computed for
comparable areas to account for unsurveyed regio®@PI and CP Il (see Branch,
2007a for details).

2Estimates from JARPA surveys covered only the easteS’E-70°E) and western

(170°W -145°W) portions of Areas Ill and VI, respectively, atiterefore are not to be
taken as an estimate for the whole IWC Manage meed A

3Two estimates of abundance were computed for C&ik, for 2001/02-2003/04 from
complete coverage south of°80and another, denoted by CPIII*, for the survethwi
incomplete coverage in 1991/92 (Branch, 2006).
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Table 7 - Annual catches of Antarctic blue whaldse year is the start year of the Antarctic sumsaason,
i.e. 1904 refers to the 1904/05 season, and indndeal winter land station catches if most ofdhiches at
that station were taken after 1 July of that y&aafch et al., 2008).

Year Catches Year Catches Year Catches Year Catches
1904 11 1922 6,694 1940 4,973 1958 1,082
1905 51 1923 4,829 1941 63 1959 534
1906 111 1924 6,629 1942 126 1960 481
1907 201 1925 6,028 1943 346 1961 611
1908 244 1926 8,143 1944 1,047 1962 395
1909 176 1927 10,006 1945 3,603 1963 183
1910 422 1928 14,130 1946 9,234 1964 129
1911 1,477 1929 18,608 1947 6,936 1965 164
1912 2,391 1930 30,365 1948 7,641 1966 155
1913 3,113 1931 6,577 1949 6,196 1967 58
1914 5,125 1932 18,961 1950 7,057 1968 95
1915 5,503 1933 17,413 1951 5111 1969 a7
1916 4,356 1934 16,578 1952 3,851 1970 37
1917 3,061 1935 17,815 1953 2,704 1971 23
1918 2,143 1936 14,414 1954 2,171 1972 3
1919 1,987 1937 15,019 1955 1,578 Total 345,775
1920 2,955 1938 14,110 1956 1,504

1921 4,552 1939 11,772 1957 1,667
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Table 8 - Abundance Estimates of Antarctic fin vésasouth of 615

Year/Cruise N Ccv
All areas'

1980/81 (CPI) 2,410 0.36
1987/88 (CPII) 1,370 0.46
1997/98 (CPII) 4,850 0.54
Area IIIE (35 °E-70°E)

1995/96 (JARPA) 2,066 0.24
1997/98 (JARPA) 74 0.58
1999/2000 (JARPA) 5,199 0.28
2001/02 (JARPA) 3,389 0.52
2003/04 (JARPA) 5,288 0.32
Area IV (70°E-130°E)

1989/90 (JARPA) 103 0.85
1991/92 (JARPA) 342 0.59
1993/94 (JARPA) 186 0.45
1995/96 (JARPA) 1021 0.31
1997/98 (JARPA) 624 0.34
1999/2000 (JARPA) 1565 0.49
2001/02 (JARPA) 5861 0.29
2003/04 (JARPA) 1226 0.28
Area V (130°E—170°W)

1990/91 (JARPA) 732 0.30
1992/93 (JARPA) 1623 0.38
1994/95 (JARPA) 6937 0.37
1996/97 (JARPA) 1224 0.32
1998/99 (JARPA) 4259 0.39
2000/01 (JARPA) 5321 0.25
2002/03 (JARPA) 3210 0.32
2004/05 (JARPA) 4556 0.44
Area VI (170°W -145°W)

1996/97 (JARPA) 655 0.26
1998/99 (JARPA) 164 0.74
2000/01 (JARPA) 1,071 0.30
2002/03 (JARPA) 495 0.32
2004/05 (JARPA) 685 0.30

'Estimates from the IDCR/ISOWER cruises presente@ laee those computed for
comparable areas to account for unsurveyed regim@$! and CP Il (see Branch and
Butterworth, 2001a and Branch, 2007a for details).
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Table 9 — Catches of Southern Hemisphere fin whalése feeding grounds (south of°®) by IWC Management Area.

Year Area | Area Il Arealll  ArealV Area V Area VI Total
Total 59448 15560 106295 29160 13275 1753 223738
1913 18 18
1914 65 65
1918 427 427
1919 334 334
1920 764 764
1922 579 579
1923 903 903
1924 1253 1253
1925 1649 1649
1926 1732 1732
1927 1780 1780
1928 1716 1716
1929 1068 1068
1930 1560 1560
1931 602 602
1932 603 603
1933 36 901 937
1934 41 1024 1065
1935 56 4 1129 1189
1936 2608 1981 10 10 4609
1937 3425 2099 4 5528
1938 581 959 1540
1939 168 5 173
1941 1653 1653
1942 3604 3604
1943 3295 3295
1946 804 804
1947 3549 1081 4630
1948 3223 1511 4734
1949 1180 2 1555 2737
1950 1043 1298 2341
1951 9287 2117 11404
1952 231 1 1441 1673
1953 979 1 1172 1 2153
1954 5421 4 918 6343
1955 1105 41 1093 7 2246
1956 944 4 1112 62 2122
1957 2368 30 2158 162 48 4766
1958 2134 21 2376 283 4814
1959 1846 21 2463 139 4469
1960 1608 152 2792 282 4834
1961 2100 167 3151 454 5872
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Table 9 - continued

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

2313
1505
1146
532
546
282

577
103

1776
506
467
37
671
306
284
307
287
889
2060
809
2223
1586
1478
343
392
620
30

3700
5273
4705
4674
3491
3177
1965
3601
4501
4551

4718
3096
2370
2513
1108
1705
954

899
2365
2564
4465
2172
1326
732
1606
1923
1416
1081
1030
1553
1822
1465
628
709

164
1219
1747 32
1126

58
325

885
820
2468
1389
1441
811 304
244 888
273 179
26 223
221 127

8852
10868
10629
10834
6880
5149
3306
5514
7596
7676
10327
6324

8164

6835

4295
2949
2081
841
30
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Table 10 — Catches of Southern Hemisphere fin whalt®e breeding grounds (north of°&) by IWC Management Area.

Area

Year Area | Areall  Arealll ArealV v Area VI Total
Total 40173 273607 239205 102061 63024 38129 718070
1913 335 335
1914 978 978
1915 2 1350 1352
1916 62 2164 2226
1917 981 981
1918 517 1200 1717
1919 846 1279 2125
1920 661 2274 2935
1921 2006 2512 4518
1922 1072 1141 2213
1923 1281 2454 3735
1924 1491 1822 3313
1925 1710 2790 4500
1926 2126 5708 7834
1927 1750 3050 4800
1928 1668 2618 6 4292
1929 1602 5459 53 123 7237
1930 839 6055 654 27 1231 8806
1931 448 2853 1991 565 374 6231
1932 91 2135 126 417 2769
1933 97 2612 2089 1406 6204
1934 222 2861 2578 2471 1 8133
1935 95 3189 8653 1049 17 13003
1936 4218 5658 765 10641
1937 7823 6200 3457 17480
1938 12317 9501 7584 541 29943
1939 66 7471 7011 4796 1539 20883
1940 9952 1855 829 12636
1941 3305 20 3325
1942 757 757
1943 800 800
1944 1718 1718
1945 2231 69 2300
1946 6530 4258 485 40 11313
1947 7140 5252 4631 725 17748
1948 7803 8755 5304 2005 47 23867
1949 8520 7315 3497 2818 59 22150
1950 41 8974 5831 5073 2594 1118 22513
1951 520 6952 5895 4425 3052 1324 20844
1952 7614 7091 2454 3118 2329 20277
1953 18 6757 10776 1805 2108 2108 21464
1954 101 10795 12089 3292 1116 2774 27393
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Table 10 - continued

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
2006
2007

265
4606
6133
2018

180

509
1116
2442

382

48
66
118

247

24
359
515
675
497
282

10
153
190

6074
8631
12216
6775
6516
6687
8428
8819
7100
9274
4483
1391
265
391
86
206
1910
1366
767
702
241
807
187
305
483

15643
8232
5642
11172
11268
11293
15653
13725
9668
4662
916
1829

2467
960
930

2161
2236
2601
1651
411
559
305
474
853
174

4040
3991
1358
3422
6986
7150
2904
2918
2203
1510
206
976
600
1314
1638
1762
1035
1123
966
175
389
422
201
419
11
10

3818
1441
880
1800
2745
1938
1007
883
1197
3894
2500
1186
2745
3331
661
2117
2205
810
1083
2715
1561
452
196
198
250

1219
2900
5653
4752
2193
347
1926
664
114
22

226
1182
285
456

90

25
671
1169
1953
616
845
617
545

29840
26901
26229
25187
27695
27577
29108
28787
20550
19388
8171
5500
6083
5996
3562
6246
7410
6259
4982
4678
3247
2268
1068
1928
1108
10

40



Table 11 — Catches of Southern Hemisphere sei wirateg breeding grounds (north of°&) by IWC Management Area.

Year Area | Area Il Arealll ArealV AreaV AreaVl Total
Total 1061 11203 29825 10105 97 0 52291
1913 59 59
1914 27 27
1918 93 93
1919 174 174
1920 72 72
1922 128 128
1923 193 193
1924 670 670
1925 184 184
1926 405 405
1927 457 457
1928 639 639
1929 212 212
1930 212 212
1931 28 28
1932 23 23
1933 11 11
1934 2 54 56
1935 2 1 97 100
1936 10 296 306
1937 3 121 124
1938 64 64
1946 75 75
1947 2 158 160
1948 3 10 192 205
1949 220 220
1950 426 426
1951 3 151 617 771
1952 158 1037 1195
1953 24 161 391 576
1954 47 183 71 301
1955 32 200 177 409
1956 24 196 101 14 335
1957 39 115 323 2 479
1958 16 118 577 711
1959 6 294 913 2 1215
1960 9 750 682 1441
1961 3 974 772 1 1750
1962 9 1046 927 2 1984
1963 6 383 2154 22 2565
1964 38 286 1078 812 2214
1965 439 412 1244 324 28 2447
1966 207 1077 694 3272 1 5251
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Table 11 - continued

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

139 1299
1017
673
611
1052
11

g o0 w w N

2704
2989
2725
1901
1076
164
494
453
266
5

2251
1
2037
1320
64

36

6393
4012
5435
3834
2198
211
501
456
269
10
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Table 12 — Catches of Southern Hemisphere sei wiratee feeding grounds (south of°&) by IWC Management Area.

Year Area | Area |l Arealll ArealV AreaV AreaVl Total
Total 8183 57901 20468 21471 16982 11089 125005
1914 8 8
1918 43 43
1919 7 7
1920 55 55
1921 35 35
1922 81 81
1923 11 11
1924 2 193 195
1925 1 1 2
1926 4 11 15
1927 2 370 372
1928 699 97 796
1929 410 373 783
1930 227 227
1931 1 143 144
1932 10 16 26
1933 15 2 17
1934 3 3
1935 1 263 264
1937 490 490
1938 161 161
1939 1 21 1 23
1940 81 81
1941 104 104
1942 46 46
1943 73 73
1944 197 197
1945 78 78
1946 85 85
1947 393 393
1948 624 2 10 636
1949 578 1 579
1950 1283 1283
1951 606 11 617
1952 526 2 528
1953 516 12 3 92 2 623
1954 939 11 1 1 951
1955 450 9 5 3 467
1956 16 391 6 1 2 8 416
1957 270 1068 15 1 1 132 1355
1958 542 1095 16 90 422 969 2165
1959 1079 80 233 373 535 1765
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Table 12 - continued

1960 159 1548 231 528 470 230 2936
1961 225 2007 341 103 163 1571 2839
1962 1672 1968 511 621 347 241 5119
1963 579 1843 1388 322 409 64 4541
1964 28 4942 1579 88 1903 8540
1965 40 18628 350 117 2257 21392
1966 56 10459 5129 85 614 562 16343
1967 713 4690 3525 1274 447 10202
1968 362 1791 2110 3135 2778 7398
1969 30 869 603 1123 1093 607 3718
1970 266 1248 3192 295 104 5001
1971 748 662 2646 690 4746
1972 5 105 712 2070 992 3884
1973 480 20 600 1780 850 77 3730
1974 1369 3 391 862 570 940 3195
1975 874 4 93 891 378 1032 2240
1976 80 513 423 626 251 1642
1977 298 83 399 10 538 790
1978 311 238 549
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Table 13 — Minke whale abundance estimates souB 8 from the IDCR/SOWER surveys based on the
standard method (Branch, 2006a) and preliminaiynests from the OK Method (Okamura & Kitakado,

2008b).
Okamura and
Branch (2006) Kitakado
(2008)
Year/Cruise N CcVv N Ccv
Area | (120W-60'W)
1982/83 (CPH 118,605 0.239 - -
1989/90 (CPIf 104,455 0.192 140,760 0.186
1997/98 (CPIII) 38,087 0.211 54,329 0.151
Area Il (60°'W-0")
1981/82 (CPI) 115,908 0.371 - -
1986/87 (CPIl) 182,622 0.231 159,651 0.135
1997/98 (CPIII) 35,067 0.196 70,388 0.184
Area lll (0°-70E)
1979/80 (CPI) 183,918 0.263 - -
1987/88 (CPIl) 222,304 0.341 131,329 0.207
1993/94 (CPII) 49,960 0.147 95,742 0.152
Area IV (70°E-130E)
1978/79 (CPI) 141,465 0.188 - -
1988/89 (CPIl) 86,776 0.291 100,597 0.157
1997/98 (CPII) 13,015 0.281 95,742 0.329
Area V (130E-170W)
1980/81 (CPI) 269,084 0.294 - -
1985/86 (CPIl) 278,693 0.136 414,278 0.136
2002/03 (CPIII) 140,336 0.162 224,801 0.095
Area VI (170'W-120W)
1983/84 (CPI) 101,976 0.232 - -
1990/91 (CPIl) 47,384 0.253 94,039 0.259
1998/99 (CPIII) 68,651 0.201 111,627 0.143
All areas
1980/81 (CPI) 930,955 0.155 - -
1987/88 (CPIl) 969,811 0.109 1,040,654 0.071
1997/98 (CPIII) 338,653 0.079 652,612 0.077

IEstimates from the IDCR/SOWER cruises presented heg those computed for comparable areas to actmunnsurveyed
regions in CPI and CP I, although different methadre used to adjust the estimates. The standetfibchexcludes like minke
sightings, while the OK method includes like mirgightings.
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Table 14 — Minke whale abundance estimates sout0 8 from the JARPA research cruises Source fepar
IV and V (Hakamada et al., 2006a); for Areas |l a/IW (Hakamada et al., 2005).

Year/Cruise N Ccv

Area llIE (35 'E-70E)

1995/96 13,793 0.282
1997/98 8,153 0.400
1999/00 12,314 0.686
2001/02 58,302 0.410
2003/04 34,887 0.294

Area IV (70°E-130E)

1989/90 54,772 0.231
1991/92 56,774 0.258
1993/94 41,895 0.211
1995/96 42,882 0.245
1997/98 29,683 0.266
1999/00 49,922 0.168
2001/02 67,954 0.169
2003/04 47,818 0.358
Area V (130E-170W)

1990/91 189,887 0.238
1992/93 126,590 0.232
1994/95 164,121 0.269
1996/97 169,878 0.265
1998/99 195,991 0.251
2000/01 174,904 0.222
2002/03 225,796 0.162
2004/05 93,989 0.174
Area VIW (170W-145°W)

1996/97 13,373 0.259
1998/99 40,743 0.268
2000/01 23,237 0.224
2002/03 13,807 0.250
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Table 15 — Minke whale catches in the breeding sy north of 40°S). A small proportion of theséchas

may correspond to common (dwarf) minke whales.

Year Area | Area |l Area lll Area IV Area V Total
Total 0 14361 1186 36 15601
1949 1 1
1953 9 9
1955 2 1 3
1959 2 2
1963 2 7 1 10
1964 47 2 49
1965 67 5 1 73
1966 352 5 10 367
1967 495 7 8 510
1968 456 100 556
1969 621 114 5 740
1970 706 175 9 890
1971 912 223 1 1136
1972 702 139 2 843
1973 650 178 828
1974 765 119 884
1975 1039 112 1151
1976 776 776
1977 1000 16 1022
1978 690 690
1979 739 739
1980 902 902
1981 749 749
1982 854 854
1983 625 625
1984 600 600
1985 598 598
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Table 16 — Minke whale catches in the feeding gdsuisouth of 40°S). A small proportion (<1%) ofgbe
catches may correspond to dwarf minke whales.

Year Area | Area |l Area lll Area IV Area V Area VI Total
Total 12260 5236 26957 37348 17080 5624 104505
1918 5 5
1922 1 1
1955 1 1
1957 1 1 2
1958 6 2 8
1960 3 3
1962 2 2
1963 3 10 14 27
1964 1 1 98 1 101
1965 1 2 1 4 8
1966 2 1 4 6 1 14
1967 3 4 581 7 1 596
1968 1 5 18 3 2 29
1969 7 1 1 41 2 3 55
1970 8 18 26
1971 3 4 1318 1325
1972 3 1 932 4842 5778
1973 300 13 884 5647 6844
1974 1102 169 2314 2231 734 13 6563
1975 2378 800 2028 881 420 6507
1976 545 1164 2083 1522 1221 159 6694
1977 943 865 2176 710 1109 382 6185
1978 463 362 2487 742 216 288 4558
1979 653 397 1989 1675 910 135 5759
1980 944 301 2978 2002 848 7073
1981 768 172 1392 2088 1248 429 6097
1982 930 299 1892 2230 1393 951 7695
1983 694 263 2449 1735 776 5917
1984 624 1670 451 1390 1005 5140
1985 624 1221 1488 910 252 4495
1986 670 256 1404 1921 1110 162 5523
1987 607 421 533 950 916 414 3841
1988 273 273
1989 139 236 375
1990 188 5 193
1991 47 304 14 365
1992 241 77 318
1993 94 226 24 344
1994 236 89 325
1995 69 61 241 371
1996 40 269 2 94 405
1997 94 283 62 439
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1998
1999
2000
2001
2002
2003
2004
2005
2006

17
109

82

28
110

130

327

321
22
308
19
311

573

328

300

330

423
18

61
110
30
103

110
36

344
507
431
434
439
466
424
459
721
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Table 17 — Summary of estimates of certain demducagparameters and current abundance levels ffardift
breeding stock population units used for assessmedelling of Southern Right whales (IWC, 2001)dash
indicates no information.

Breeding unit Growth  Annual Age at first Most recent 1997’ estimate of 1997’ total population

rater survivalS  parturitiontm  population estimate  mature females used (i.e. all animals) estimate
of mature females in the modef used in the model

New Zealand - - - 69 (1997) 70 330

Australia 0.0825 - - 220 (1995) 254 1197

Central Indian - - - - 0 0

Ocean

Mozambique - - - <10 0 0

South Africa 0.072 0.98-099 9.1 613 (1996) 659 4310

Namibia - - <10 0 0

Tristan da - - - 20 (1985) 48 226

Cunha

Brazil - - - 25 (1995) 29 137

Argentina 0.071 0.98 9.0 330 (1990) 847 2577

Chile/Peru - - - <10 0 0

NZ/Kermadec - - - - 0 0

Total 1607 7571

1. Estimates calculated assuming a growth rate0afor all areas.
2. Upon review later in the meeting, it was felittthis number was probably too high.
3. This is entirely extrapolation based, as dagaoaty available to 1990.
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Fig. 1 — IWC Management Areas in the Southern Hengigp (Areas I-VI; Donovan, 1991- solid lines) and CCAMLR
statistical areas (dotted lines).

Encounter rate

Minke \

Antarctic Convergence Ice edge Ice

Fig. 2 — Latitudinal occurrence of Antarctic baleemales (adapted from Kasamatsu, 1996)
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