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Abstract

Killer whale (Orcinus orca) and sperm whale (Physeter macrocephalus) interactions with
longline fishing operations were recorded by CCAMLR observers between 2000 and
2002 at South Georgia (Subarea 48.3). Demersal longlines, targeting Patagonian toothfish
(Dissostichus eleginoides), were deployed in depths of 169 to 2150 m. Most effort was
concentrated along the 1000 m depth contour. Sperm whales were the most abundant
marine mammal observed in the vicinity of vessels when lines were being hauled, being
present during 24% of hauling observations. Killer whales, the second most frequently
sighted cetacean, were present during 5% of haul observations. A high inter-vessel
variation was noted for interactions with both species. A comparison of geographic plots
of cetacean sightings during hauls to fishing positions showed that interactions occurred
over a wide geographic range. These were mostly correlated to the fishing effort on the
different grounds, although some ‘hotspots’ for interactions were noted. Killer whale pods
were generally small (2-8 animals), while solitary animals and larger pods (>15 animals)
occurred less frequently. Sperm whales were most often solitary when interacting with
fishing vessels, although smaller groups (2-3 animals) were also relatively common.
Interactions with killer whales were most often observed in the day, generally in the
afternoon, while night-time interactions were relatively few and usually occurred before
midnight. Interactions with sperm whales followed a similar pattern, occurring most
often in the afternoon, while very few interactions were observed at night. Catch rates
were significantly lower when killer whales were present when compared to hauls during
which no cetaceans were present. Catch rates were slightly higher in the presence of
sperm whales and it is possible that sperm whales were attracted to some areas because of
abundant prey (toothfish). However, in areas with lower catch rates, indications are that
depredation by sperm whales can lead to a decrease in catches. Some mitigation measures
have been tried by vessels to reduce interactions with cetaceans, although no quantitative
studies have been carried out to measure their effectiveness. Apart from the obvious
economic implications of fish loss due to depredation, ecological implications such as
the effect of unrecorded fish removals on stock assessment models, modifications in the
behaviour of marine mammals and entanglements with fishing gear are also important
considerations. Further investigations are needed to determine the extent and effects of
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longline—cetacean interactions, to enable observer protocols to be standardised so as to
ensure the collection of valuable data, and to assess and implement mitigation strategies
under controlled experimental conditions.

Résumé

Les interactions des orques (Orcinus orca) et des cachalots (Physeter macrocephalus) avec les
opérations de péche a la palangre ont été enregistrées par les observateurs de la CCAMLR
entre 2000 et 2002 en Géorgie du Sud (sous-zone 48.3). Des palangres démersales visant la
légine australe (Dissostichus eleginoides) ont été posées a des profondeurs de 169 a 2 150 m.
L’effort de péche était principalement concentré sur 1'isobathe de 1 000 m. Le cachalot était
le plus abondant des mammiféres marins observés & proximité des navires lors du virage
des palangres, étant présent lors de 24% des virages observés. Venait ensuite 1’orque, dont
la présence a été observée lors de 5% des remontées de palangres. Une forte variation entre
navires a été remarquée pour les interactions avec les deux espéces. Une comparaison
des courbes géographiques des observations de cétacés durant la remontée des palangres
par rapport aux positions de péche indique que les interactions se sont produites sur un
vaste secteur géographique. Ces interactions étaient principalement corrélées a 1'effort
de péche sur les différents lieux, bien que quelques «points chauds» aient été relevés.
Les troupeaux d’orques généralement rencontrés étaient de petite taille (2 & 8 animaux);
les individus solitaires et les troupeaux plus importants (>15 animaux) étaient moins
fréquents. Alors que les cachalots étaient le plus souvent solitaires lors de leur rencontre
avec les navires de péche, il était néanmoins relativement commun d’observer de petits
groupes (2-3 animaux). Les interactions avec les orques étaient principalement observées
pendant la journée, et plus particulierement 1’aprés-midi. Pendant la nuit, elles étaient
relativement moins nombreuses et se produisaient avant minuit. Il en était de méme
pour les cachalots qui se manifestaient souvent dans l'apres-midi; pendant la nuit, tres
peu d’interactions étaient observées. Lors des poses effectuées en présence d’orques,
les taux de capture étaient nettement moins élevés qu’en l'absence de tout cétacé. Les
taux de capture étaient légerement plus élevés en présence de cachalots; il est possible
que ceux-ci soient attirés vers certains secteurs par I'abondance des proies (la légine).
Cependant, dans les secteurs aux faibles taux de capture, il semble que la déprédation
par les cachalots puisse mener a une diminution des captures. Les navires ont tenté de
mettre en place des mesures d’atténuation des interactions avec les cétacés, mais aucune
étude quantitative n’a été réalisée pour mesurer leur efficacité. Outre les conséquences
économiques évidentes de la perte de poisson due a la déprédation, des implications
écologiques telles que l'effet sur les modeles d’évaluation des stocks de prélevements
de poisson non enregistrés, les modifications comportementales des mammiferes
marins et ’'enchevétrement avec les engins de péche sont également des considérations
importantes. Il est nécessaire de poursuivre la recherche pour déterminer 'ampleur et les
effets des interactions palangre—cétacés, pour permettre la normalisation de protocoles
d’observation qui assureront la collecte de données précieuses, et pour évaluer et mettre
en ceuvre des stratégies d’atténuation de ces interactions dans le cadre de conditions
expérimentales suivies.

Pesrome

Bsanmogeiicteue xocarok (Orcinus orca) m xamanoros (Physeter macrocephalus) ¢
MIPOMBICTIOBBIMH OTICpAIMSIME SPYCOJOBOB oTMedanoch Habmonarensimu AHTKOMa B
paiione FOxHot ['eoprum (IToapaiion 48.3) B mepron 2000-2002 rT. JlemepcanbHbIE SpyChl
JUTS JTOBa mararouckoro kisikada (Dissostichus eleginoides) ucnons3oBanuce Ha nryOrHax
ot 169 o 2150 M. bonbast yacTh ycunus Oblia cocpenorodera Baoib 1000-mMeTpoBoro
KOHTypa TryOMHBI. M3 MOPCKHX MJIEKONUTAIOIINX BOJHM3HM CYJOB BO BpEMS IOTHSITHA
SPyCOB OOJBIIE BCEro HAONIOHANOCh KAaIlaJOTOB — OHHU INPHCYTCTBOBAIH BO BpPEMS
24% nabmogasmmxcsa BeIOOpok. KocaTku — BTOpoi Hambosee 4yacTo HaOMIONaBUINICS
BUJ KHTOOOPa3HBIX — MPHUCYTCTBOBAIH BO BpeMs 5% BBIOOpOK. OTMeuanocs 0ombiioe
pacxoXaeHue MEXKAy CyIaMH IO KOJIHYECTBY CIIyYacB B3aWMOACUCTBHUS C OOOUMH
BuaaMu. CpaBHEHHE reorpapuuecKoro IMOJIOKECHUS YYACTKOB, Iie KUTHI HAONIOAIICh
BO BpeMs BBIOOPKH fpyca, C MECTaMH BEACHHUS TPOMBICIA CBUACTEIBCTBYET O
IIIPOKOM TeorpapruecKoM TUara3oHe MPOMCXOIMBIINX CIydacB B3amMoOAeHcTBUsI. B
OOJIBIIIMHCTBE CBOEM OHU CBSI3aHBI C MPOMBICIOBBIM YCHJIMEM HAa Pa3HBIX ydacTKax,
XOTs1 OBUTO OTMEYEHO HECKOIBKO «TOPSYMX» TOUCK B3aMMOACHUCTBHs. [ pymIibl KOCATOK
KaK MpaBWwIO ObUTM HEOONbIIMMH (2—8 >KMBOTHBIX), & OIWHOYKH W 0Oojee KpYITHBIC
rpymnmsl (>15 )KUBOTHBIX) BCTpEYaUCh pexe. [Ipu B3anMoAeHCTBUH C MPOMBICIOBEIMH
CyllaMH KalllaJIOThl Yalle BCEro ACHCTBOBAIM B OAMHOYKY, XOTSI HEOONBIIME TPYIIIBI
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(2-3 »KUBOTHBIX) TaKXKe BCTPEYATUCH JIOBOJLHO YacTo. B3anmMonelcTBuUs ¢ KocaTkaMu B
OCHOBHOM HaOJIOIAIUCh B THEBHOE BPEMsi, OOBIYHO BO BTOPOI MOJIOBHHE JHSI, CIyYacB
K€ HOYHOTO B3aMMOJICHCTBHUS OBLJIO CPABHHUTENHEHO MAslo, M OHU MPOUCXOAWIA OOBITHO
JIO TIOJTYHOYH. AHAJIOTUYHBIM 00Pa30M MTPOUCXOIMIIO M B3aUMOJICHCTBHE C KaIlIaJOTaMH —
yalle BCEro BO BTOPOH I10JIOBUHE AHSI U OUEHb PENKO HOUbtO. [10 cpaBHEHU!IO C yloBaMu B
OTCYTCTBHE KUTOB KOO (PHUIIMEHT BHUIOBA TIPU HATMYHUN KOCATOK OBLIT 3HAYUTEIHHO HIDKE.
KoaddunmeHT BpIIOBa OBLT HEMHOTO BBIIIE, €CITH MOOIM30CTH HAXOMMINCH KaIlaloThI;
BO3MOXHO, YTO KAaIlllaJOTOB MPHUBJICKAECT K HEKOTOPHIM palilOHaM OOJIBIIOE KOJIHYECTBO
n00bIuu (Kiblkada). OTHAKO UMEIOTCsI CBUIETENLCTBA TOTO, UTO B paliOHaxX ¢ 00JIee HU3KUM
K03(PUIIMEHTOM BBUIOBA OIYCTONICHHE, MPUUHUHAECMOE KalllaJIOTAMH, MOXET MPUBECTH
K CHWKCHHIO BBIJIOBA. JIJIsl COKpaleHHsI B3aUMOJCHCTBHS C KUTAMH Cy/la IOMBITAIHNCH
OPSANPHUHATh PSAJl CMATYAIONIMX MEp, HO HHMKAKOrO KOJMYECTBEHHOTO aHAIM3a JUIs
BBISICHCHHS UX Y(PPEKTUBHOCTU MPOBEICHO HE ObLTO. [IOMUMO SIBHBIX SKOHOMHYECKUX
MOCJICJICTBUI OT IMOTEPH PHIOBI B Pe3ylbTaTe OMYCTONICHHS, BAKHO YYUTHIBATH TaKKe
JKOJIOTUYECKHE ITOCIICACTBHA, B T.4. BIUAHHUC HeSapeFI/ICTpI/IpOBaHHOFO N3BATHUA prGBI
Ha MOJCNTU OIICHKH 3amaca, M3MCHCHHS B TIOBEJACHHH MOPCKHX MIICKOIHTAIONINX U
3aIyThIBAaHUE B PHIOOJIOBHBIX CHACTSIX. HeoOxomumo mpomoikaTh HCCASIOBAHHS C TEM,
YTOOBI ONPENIEIUTh Pa3MEPhl U PE3yAbTAThl B3AUMOJICHCTBHS SIPYCHOTO PHIOOJIOBCTBA H
KHTOB, MPOBECTH CTAHIAPTHU3AILMIO IPOTOKOJIOB HAOMIOAATENCH C LENbI0 00SCICYUTh
cOOp IIEHHBIX JJAHHBIX, @ TAKXKE OIICHUTh M 00ECIICUNTh BBHITIOJTHEHHE CMATYAIOIINX MEp B
KOHTPOJIMPYEMBIX SKCIICPUMEHTAIBHBIX YCIOBHSIX.

Resumen

Los observadores de la CCRVMA registraron las interacciones de orcas (Orcinus orca) y
cachalotes (Physeter macrocephalus) con las operaciones de pesca de palangre en Georgia del
Sur (Subérea 48.3) durante los afios 2000 al 2002. Se utilizaron palangres demersales para la
pesca de austromerluza negra (Dissostichus eleginoides) en el intervalo de 169 a 2 150 m de
profundidad, concentrandose la mayor parte del esfuerzo en la isébata de los 1 000 m. Los
cachalotes fueron los mamiferos marinos més avistados alrededor de los barcos durante el
virado de las lineas, estando presente en un 24% de las operaciones de virado observadas.
El segundo grupo de cetdceos observados en orden de abundancia fueron las orcas,
registrandose su presencia en un 5% de los lances observados. Hubo una gran variaciéon
entre los barcos con respecto a las interacciones con ambas especies. La comparacion de la
posicién geografica de los cetdceos avistados con respecto al total de lances de pesca mostré
que las interacciones ocurren en una extensa area. Estas observaciones se correlacionaron
en su mayor parte con el esfuerzo de pesca en los distintos caladeros, a pesar de que se
destacaron algunos “focos de mayor actividad”. En general las orcas se observaron en
grupos pequeiios (2-8 animales); menos frecuente fue la presencia de animales solitarios o
grupos mas numerosos (>15 animales). En el caso de los cachalotes, las interacciones mas
frecuentes con los barcos de pesca ocurrieron con ejemplares solitarios, a pesar de que
también fue comun observarlos en grupos pequefios (2-3 animales). Las interacciones con
orcas por lo general ocurrieron durante el dia, especialmente en la tarde; las interacciones
por la noche fueron escasas y generalmente sucedieron antes de la medianoche. Las
interacciones con los cachalotes tuvieron un patrén similar, con una mayor actividad
durante la tarde y muy poca durante la noche. Las tasas de captura fueron notablemente
mas bajas en presencia de orcas, comparado con aquellas de lances sin cetdceos presentes.
Las tasas de captura fueron ligeramente superiores en presencia de cachalotes, y es
posible que éstos hayan sido atraidos a algunos lugares por la abundancia de la presa
(austromerluza). Sin embargo, en dreas donde las tasas de captura fueron menores, se sabe
que la depredacion por parte de los cachalotes podria ocasionar una disminucién de la
captura. Se han probado algunas medidas de mitigacién para reducir las interacciones con
los cetdceos, pero no se han realizado estudios cuantitativos para medir su eficacia. Aparte
de las consecuencias obvias de orden financiero por la pérdida de pescado debido a la
depredacion, también es importante considerar las consecuencias ecoldgicas tales como:
el efecto producido por la remocién de peces no detectada en los modelos de evaluaciéon
de poblaciones, las modificaciones del comportamiento de los mamiferos marinos, y los
enredos en los artes de pesca. Se necesita realizar mas estudios para determinar el alcance
y efecto de las interacciones entre cetdceos y las operaciones con palangres, con miras
a normalizar los protocolos de observacién de manera que aseguren la recopilacién de
datos de utilidad, y para evaluar e implementar medidas de mitigacién en condiciones
experimentales controladas.

Keywords: longline, interactions, depredation, Orcinus orca, Physeter macrocephalus,
Dissostichus eleginoides, South Georgia, toothfish, CCAMLR
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Introduction

The longline fishery for Patagonian toothfish
(Dissostichus eleginoides) is concentrated around sub-
Antarctic islands and seamounts, mostly within
waters regulated by CCAMLR. This fishery is
currently the most important in the CCAMLR
Convention Area, and fishing grounds near
South Georgia and Shag Rocks in CCAMLR
Subarea 48.3 (South Atlantic sector) are among
the most significant. Vessels from eight different
Member States have been involved in the fishery at
South Georgia over the past three seasons. Fishing
in this zone is restricted to the winter months to
reduce the incidental mortality of seabirds hooked
on longlines. Other mitigation measures include
the weighting of gear for a faster sink rate and the
restriction of line-setting during night-time only.

All vessels granted a licence to fish for Patago-
nian toothfish in the Convention Area are required
tohave anindependent scientific observer on board.
These observers, appointed and working under the
auspices of the CCAMLR Scheme of International
Scientific Observation, record details of the vessels’
operations and fishing strategy, take samples of
catches and by-catches to determine their bio-
logical characteristics, and record interactions,
entanglement and incidental mortality of birds and
mammals due to fishing operations. Historically,
observers neglected marine mammals, as the focus
was on seabird interactions and the incidental
mortality recorded on longlines in this fishery.
Marine mammal observations were often made at
random and without a set standardised sampling
protocol in mind. Data on mammal abundance and
interactions are thus difficult to quantify between
voyages and between different seasons and fishing
areas. Interactions with killer whales (Orcinus orca)
and sperm whales (Physeter macrocephalus) have
been reported from this fishery as early as 1994
(SC-CAMLR, 1994), but in recent years anecdotal
reports by observers and fishers seem to indicate
an increase in the levels of depredation.

No reliable estimates exist of the current popu-
lation size of toothed whales in the area around
South Georgia. In the Southern Ocean, adult male
sperm whales are present south to Antarctica, and
females may be seen off South Africa, Western
Australia, New Zealand and Chile (Gaskin, 1982).
Sperm whales feed primarily on large mesopelagic
squid, but some teleost fish and sharks have
also been reported as prey items (Gaskin, 1982).
Patagonian toothfish has been recorded in the
stomachs of sperm whales near Tierra del Fuego
(Solyanik, 1963), in the vicinity of Islas de los
Estados (Staten Island) (Korabelnikov, 1959) and
in the Indian Ocean adjacent to the Prince Edward
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and Crozet Islands and Kerguelen (Yukov, 1972).
Yukov (1972) reported that between 1 and 12 tooth-
fish, ranging in size from 70 to 130 cm (4 to 20 kg)
were found in sperm whale stomachs. Antarctic
toothfish (D. mawsoni) has also been reported from
the stomachs of harpooned sperm whales in the
Southern Ocean (Abe and Iwami, 1989). The range
of killer whales in the Southern Ocean extends
to the shores of Australia, South Africa, South
America and Antarctica, including the Ross Sea at
78°S (Rice, 1998). Killer whales generally feed on a
wide range of prey, and in the South Atlantic this
includes rays, sharks, teleost fish, small cetaceans
and pinnipeds (Gaskin, 1982). There are no reports
of killer whales preying on toothfish apart from
depredated fish taken off longlines.

Interactions between killer whales and longline
vessels have been well documented in a number
of different fisheries around the world (Yano and
Dalheim, 1995a, 1995b; Secchi and Vaske, 1998;
Visser, 2000; Watkins, 2000), and depredation levels
of almost 100% have been recorded on some lines
(Secchi and Vaske, 1998). Sperm whale interactions
have been reported from the black cod longline
fishery in the Gulf of Alaska (Hill et al., 1999;
Sigler et al., 2002), where interactions range from
depredation of catch to the presence of whales
around the vessel with no apparent connection
to fishing operations. In the Patagonian toothfish
fishery, Nolan et al. (2000) and Ashford et al. (1996)
reported observations of killer whales and sperm
whales interacting with longline vessels at the
Falkland /Malvinas Islands and South Georgia
respectively. Ashford et al. (1996) reported high
levels of depredation with ‘almost the entire catch’
lost off some lines. Off Chile, sperm whales have
been reported as being entangled in longline fishing
gear, feeding on fish off the lines, and following
vessels for days (SC-CAMLR, 1994). Crespo et
al. (1997) also reported killer whales and sperm
whales taking bait and catches from longlines close
to Tierra del Fuego off South America. On some
lines hauled at the Prince Edward Islands, south
of South Africa, observers have estimated toothfish
losses due to depredation by killer whales to be as
high as 50% (Tilney and Purves, 1999).

The depredation of toothfish off longlines has
obvious economic impacts. There are, however,
other factors that should also be of concern.
Although CCAMLR is not currently in a position
to quantify the level of cetacean-induced toothfish
mortality, such mortality is a management concern
and stock assessment models should ideally take
this into account. The standardisation of observer
protocols for recording mammal interactions might
make future assessments of the level of depredation



more reliable. Other important ecological factors
are the change of behaviour of cetaceans when
they become more reliant on longline-caught fish,
incorporating a shift away from their natural diet,
and the possibility that they may become entangled
in fishing gear. Cetacean-longline interactions at
South Georgia over the past three seasons were
investigated, and mitigation measures employed
by some vessels are reported here.

Materials and methods

Fishing vessels operating in the longline fish-
ery at South Georgia ranged in length from 44 to
59 m (mean = 53 m), with a GRT of between 532
and 951 tonnes (mean = 695 tonnes). The length
of longline sets ranged from 826 to 22 800 hooks
with an average line length of 7 655 hooks in the
2000, 2001 and 2002 seasons. Fishing depth in
these seasons ranged from 169 to 2 150 m with an
average of 1056 m, while most of the fishing effort
was concentrated along the 1 000 m depth contour.
All longlines were set on the bottom and soak
times ranged from 6 to 28 hours.

Marine mammal data collected by scientific
observers on 8 vessels in 2000, 6 vessels in 2001
and 11 of 15 vessels in 2002 were analysed (Table 1).
For the purpose of this study an ‘interaction” was
defined as the presence of whales in the vicinity
of a longline vessel. The reason for this was that
observers did not always make it clear whether
cetaceans were actively interacting with fishing
gear or not. In some cases, particularly when
sperm whales were involved, depredation was
also difficult to observe as it did not occur at the
surface.

Plots correlating whale presence
with fishery locations

For the 2000, 2001 and 2002 seasons the mid-
positions of all sets, defined as the mid-point
between the start and end positions, were plotted
for the selected voyages using GIS (Maplnfo)
software. This was compared to geographic plots
of the mid-positions of hauls, where sperm whales
and killer whales were observed, in order to see
whether interactions occurred more frequently in
specific areas or whether these were more depend-
ent on fishing location. The study area at South
Georgia is depicted in Figure 1.

Marine mammal presence and
evidence of depredation

During the 2000 season observers noted
the times and frequencies of marine mammals
observed in the vicinity of the vessels during
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hauls. Observation protocols had, however, not yet
been standardised and although this data was used
for the plots to correlate the presence of cetaceans
with fishing positions, it was not used in analysis
to determine the frequency of interactions of the
different species with the vessels, temporal patterns
and the effect on catch rates. After the 2000 season,
in order to standardise marine mammal data
collection by observers, the observation protocol
was modified. At the start of each of six half-
hourly hauling observations conducted per day,
the abundance of the different mammal species in
the vicinity of the vessels would be noted. These
hauling observations were selected at random
intervals in order to cover as much as possible of
the period when lines were being hauled in a day.
Observations were done from a fixed position on
deck, in the vicinity of where the lines were being
hauled. The observation position varied between
different vessels and was selected on the basis of
safety considerations, visibility of the line during
hauling and the need not to obstruct the view of
the hauling process from the bridge. In most cases
observers were stationed directly above the line
hauler on the starboard side of the vessel. The
standard survey area was defined as being within
a radius of 500 m around the vessel, but weather
conditions, such as fog and limited visibility
during the night, influenced observations.

Interactions with fishing operations and the
number of mutilated fish observed were also
recorded. From the 2001/02 observer data the
number of hauling observations during which
sperm whales, killer whales or Antarctic fur seals
(Arctocephalus gazelln) were present were calcu-
lated for each of the selected voyages, and this
was expressed as a percentage of hauls when
each of the species was present. These included
observations during which mammals were not
necessarily interacting with fishing operations,
but were observed in the vicinity of the vessel. The
reason for this is that interactions with fishing gear,
especially those involving sperm whales, were
often difficult to identify.

Group sizes and temporal differences

The frequency of interactions with specific
group sizes of killer whales and sperm whales
was also analysed for the 2001/02 observer data.
During further data analyses, observations were
grouped into four six-hourly periods (viz. 0000-
0600 h, 0600-1200 h, 1200-1800 h and 1800-0000 h)
to give an indication of the temporal differences
of interactions between species. These periods
also gave a rough indication of the frequency of
interactions occurring at night (1800-0600 h). The
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Table1: ~ The number of vessels per Flag State used for data analyses of marine mammal
data collected by scientific observers. The total number of vessels that were
licensed to fish at South Georgia is also shown for the different seasons.

Season Number of Vessels per Flag State Total Number of ~ Total Number of

UK Chile Spain  South Vesselz uS(led for .\;ejssels.with
Africa Data Analyses Fishing Licences
2000 3 3 1 1 8 11
2001 2 2 1 1 6 10
2002 4 4 2 1 11 15

Figure 1:

Map of the fishing grounds at South Georgia. Different areas are as follows: SR = Shag

Rocks, NG = north South Georgia, EG = east South Georgia, SG = south South Georgia, and
200 m, 1 000 m and 3 000 m bathymetry is shown. Inset shows the position of the study area

in relation to the South Atlantic.

actual time of sunset and sunrise depended on the
latitude and longitude of the fishing location and
the time of the year. During the longline season
(May to August), sunset ranged from 1845 to 2040 h
and sunrise ranged from 0656 to 0851 h. Nautical
dusk and dawn were about an hour longer.
Visibility during night-time was restricted leading
to a certain degree of bias in estimating abundance
and activity around the vessels.

The effect on catch rates

Toothfish catch rates were calculated for the six
vessels selected in the 2001 season, and expressed
as green weight (kg) per hook and also as the
number of toothfish caught per 1 000 hooks. Catch
rates (CPUEs) for hauls where no sperm whales
or killer whales were observed were compared
to those for which either sperm whales or killer
whales or both species were present. Paired t-tests
were used to determine whether the presence of
either one of the cetaceans, or both, in the vicinity
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of vessels during hauling had an impact on catch
rates. For these analyses the catch rates of lines
with no cetacean presence were independently
compared to those for which killer whales were
present, those where both killer and sperm whales
were present and to those where sperm whales
were observed around the vessels.

Detailed studies on a specific vessel

On one of the vessels fishing at South Georgia
in the 2001 season (voyage ‘L, Table 2), detailed
studies were conducted on the interactions taking
place between cetaceans and fishing operations
(Purves, 2001). On previous voyages it had been
noted that toothfish lips and jaws were more
prevalent on returning hooks when sperm whales
were present. From these anecdotal observations, as
well as comments from other observers and fishers,
it seemed as if sperm whales mostly took toothfish
‘cleanly” off the hooks, sometimes leaving the lips
or jaws as evidence of depredation. In order to
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Table2:  The frequency of marine mammal interactions for different voyages
as reported by observers during longline fishing operations at South
Georgia in the 2001 and 2002 seasons. KIW = Orcinus orca, SPW =
Physeter macrocephalus, SEA =Arctocephalus gazella.
Voyage Number of KIW Present =~ SPW Present SEA Present

Observations gy () ) ) () (%)

A 374 71 19.0 194 519 0 0

B 149 19 128 43 289 0 0

C 496 32 6.5 87 175 73 147

D 338 20 5.9 138 40.8 6 1.8

E 209 12 5.7 34 163 75 359

F 403 23 5.7 63 156 6 15

G 295 14 47 35 119 11 3.7

H 302 14 4.6 46 152 0 0

I 319 14 4.4 78 245 20 6.3

J 712 30 4.2 119 167 14 2

K 346 12 3.5 18 5.2 7 2

L 238 8 34 167  70.2 2 0.8

M 254 8 3.1 49 193 10 3.9

N 659 17 2.6 8 129 212 322

@) 356 6 1.7 100  28.1 42 118

P 345 4 12 144 417 25 7.2

Total 5795 304 5.2 1400 242 503 8.7

examine whether sperm whale depredation could
thus be quantified, the number of toothfish lips
and jaws on returning hooks were noted, and these
were correlated with the abundance of different
cetacean species in the vicinity of the vessel during
hauling.

Results

Plots correlating whale presence
with fishery locations

The positions of longline fishing operations
at South Georgia are shown in Figure 2. Fishing
occurred all along the 1000 m depth contour of
South Georgia Island and Shag Rocks.

When comparing the sightings of killer whales
(Figure 3) to the positions of longliners (Figure 2),
it can be seen that in some areas overlap occurred
more frequently. On west Shag Rocks both fishing
effort and killer whale interactions were quite high.
Similar areas of high fishing effort and increased
interactions could be identified at north South
Georgia and east South Georgia. Fishing effort
was, however, also high at south South Georgia,
but comparatively few interactions with Kkiller
whales occurred in this area. A similar situation
was also observed on north Shag Rocks. From the
geographic mapping analyses it does seem as if
interactions generally occurred in areas similar to

those in which fishing took place, but some areas
seemed to be more prone to interactions with killer
whales than others.

The positions at which sperm whales were
observed during hauling operations can be seen in
Figure 4. These interactions also seemed to occur
most often in areas of greatest fishing effort. Unlike
killer whales, sperm whales were often sighted at
fishing grounds at south South Georgia, but were
not so common at east South Georgia (Figures 3
and 4). At Shag Rocks, sperm whales were more
prevalent in the north and west, although fishing
effort here was spread more evenly along the
1000 m depth contour (Figure 2). Both cetacean
species were quite active next to fishing vessels
at west Shag Rocks and north South Georgia, but
it is not known how many of these interactions
occurred simultaneously.

Marine mammal presence and
evidence of depredation

Observers monitored 78% of hauls for marine
mammal interactions during the 2001 and 2002
seasons. Sperm whales were the most abundant
marine mammals observed in the vicinity of vessels
when lines were being hauled (Table 2). During
24% of the 5 795 observations sperm whales were
present, but a large variation was noted between
voyages. During the 2001 season, 70% of the haul
observations during voyage ‘L’ recorded a sperm
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Figure2: = Map of South Georgia showing the mid-positions of all the hauls of vessels
used for data analyses during the 2000, 2001 and 2002 seasons.
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Figure 3: = Map of South Georgia showing positions where killer whales were sighted
during hauling of longlines during the 2000, 2001 and 2002 seasons.
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Figure4: = Map of South Georgia showing positions where sperm whales were sighted
during hauling of longlines during the 2000, 2001 and 2002 seasons.
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whale presence, whereas sperm whales were
present at only 5% of observations of voyage ‘K’ in
the same season.

Killer whales were the second most abundant
cetaceans observed around longline vessels fishing
at South Georgia, being present during 5% of haul
observations. A notable difference also occurred
between vessels, with 19% of the hauls of voyage
‘A’ in the 2002 season occurring when Kkiller
whales were present. In contrast, for only 1% of the
observations of voyage ‘P’ in the same season were
killer whales present. Antarctic fur seals were the
only other mammal species observed as interacting
in high numbers. Interactions with leopard seals
(Hydrurga leptonyx), always as solitary animals,
were reported on three different occasions.

Group sizes and temporal differences

The frequencies at which different group sizes of
killer whales were observed are shown in Table 3.
Small groups, consisting of two to three animals,
were most commonly seen (25% of observations).
Larger groups, consisting of 15 or more animals,
were relatively scarce (8% of observations). Solitary
animals were observed in the vicinity of fishing
vessels in 13% of observed killer whale interactions
(Table 3).

Sperm whales were most often solitary when
interacting with fishing vessels (43% of obser-
vations; Table 3). Two (32%) or three (18%) animals
together were also relatively common, but seven
or more animals were only observed on 7% of
occasions. A maximum of 12 sperm whales was
once observed in the vicinity of a vessel when
hauling.

Interactions with killer whales were most often
observed in the afternoon after midday (46%
of interactions; Table 4). Morning interactions,
between 0800 and 1200 h, were also common, com-
prising 33% of sightings. Killer whale interactions
with fishing operations still occurred after sunset,
being present for 18% of observations up to mid-
night. Only occasional interactions were noted
after midnight and before sunrise (3.4%; Table 4).
Interactions with sperm whales followed a similar
pattern, with most interactions occurring in the
afternoon (56%) and in the morning after sunrise
(43%). Interactions at night made up less than 1%
of observations (Table 4). It should, however, be
kept in mind that the same level of accuracy of
observations as was achieved during the day was
not possible at night.

Killer and sperm whale interactions with longline vessels

Effect on catch rates

The catch rates of toothfish were significantly
lower when killer whales were present during the
hauling of lines when compared to the catch rate
of lines hauled when no cetaceans present (-test:
df =17, t = 3.7, P = 0.0016, Table 5). Catch rates
were also significantly lower when both killer
whales and sperm whales were present (t-test:
df =8,t=4.3, P = 0.0025, Table 5). The same trend
was, however, not observed for catch rates when
sperm whales were present during hauling (f-test:
df = 128, t = 1.4, P = 0.1624). As can be seen in
Table 5, a slight increase was noted in catch rates
in the presence of sperm whales. When data from
the area around southeast Shag Rocks, where high
toothfish catch rates were recorded, were excluded
from analyses, a slight but not significant decline in
catch rates was noted.

Detailed studies on a specific vessel

During 66% of the 238 hauling observations
made on voyage ‘L’ during the 2001 season, no
mammals were observed in the vicinity of the
vessel. The most abundant mammal species
present during hauling operations were sperm
whales, which was the case during 31% of obser-
vations. A maximum of five sperm whales was
sighted at any one time. Sperm whales were
observed more frequently to the southeast of Shag
Rocks, when fishing took place at depths of around
550 to 700 m. Killer whales were observed during
four hauls (1.5% of mammal observations).

During hookline observations it was noted
that hooks with toothfish lips or jaws were more
prevalent when sperm whales were in the vicinity
of the vessel. During 84% of observations where
lips were found on the hooks, sperm whales were
also observed, often diving near the line. The
presence of lips might indicate that sperm whales
rip whole fish from the line, as no mutilated fish
(heads) were observed when they were present
during hauling (Purves, 2001).

During 3% of direct line observations where
lips where recorded on hooks, killer whales were in
the vicinity of the vessel, and during the remaining
13% of these observations no marine mammals
were present.

Sixty-eight lips were recorded during the
31 observation periods (29 hauls) when sperm
whales were present. When extrapolating these
observations to all the hooks hauled during
these specific hauls, and assuming that all lips
observed were due to sperm whale depredation,
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Table 3:  The frequency at which specific group sizes of killer whales (1 = 186) and sperm whales
(n = 836) were observed at South Georgia in the 2001 and 2002 seasons.
Killer Whales Sperm Whales
Group Size Number of % of Total Group Size Number of % of Total
(n) Observations Observations (n) Observations Observations
1 25 13.4 1 361 43.2
2-3 47 25.3 2 265 31.7
4-5 25 13.4 3 146 17.5
6-8 34 18.3 4-5 56 6.3
9-10 20 10.8 6-10 7 0.8
11-15 21 11.3 >10 1 0.1
16-20 12 6.5
21-30 2 1.1
Table4: The times at which interactions occurred with killer whales and sperm
whales at South Georgia during the 2001 and 2002 seasons. KIW = Orcinus
orca, SPW = Physeter macrocephalus.
Period Number of KIW % of KIW Number of SPW % of SPW
(hh:mm) Interactions Interactions Interactions Interactions
00:00-06:00 7 34 2 0.2
06:00-12:00 68 329 374 43.1
12:00-18:00 95 459 489 56.4
18:00-00:00 37 17.9 2 0.2
Total 207 867
Table 5:  The catch rates of toothfish in the 2001 season, for hauls during which interactions occurred

with killer whales and with sperm whales, compared to the catch rate of hauls where no
cetacean interactions with fishing operations occurred. KIW = Orcinus orca, SPW = Physeter

macrocephalus.
CPUE CPUE Number of
(kg/hook) (fish/1 000 hooks) Observations

KIW interaction 0.15 21.47 27
SPW interaction 0.32 51.87 129
SPW interaction 0.25 33.89 74

(without southeast Shag Rocks data)
No cetacean interaction 0.29 48.46 556
No cetacean interaction 0.28 46.09 491

(without southeast Shag Rocks data)

it is estimated that 265 toothfish, of an estimated Discussion

weight of approximately 2 tonnes, were taken by
sperm whales (Purves, 2001). This is likely to be
a conservative estimate as some fish are probably
ripped from hooks leaving no trace of lips or
jaws. The maximum number of hooks with lips
observed during a specific period was 11 (1124
hooks observed), and on this occasion four sperm
whales were present in the area. On another
occasion, when five sperm whales were present,
seven hooks with lips were observed (768 hooks
observed).
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The high inter-vessel difference in the per-
centage of hauls where cetaceans were present
(Table 2) was probably mainly due to the differ-
ences in fishing grounds and the occurrence of
sperm and killer whales in these areas. Some
fishers and vessel operators have, however, also
claimed that certain vessels seem to incur more
cetacean interactions than others. Factors that
might play a role in this are differences in levels
of noise emitted by the line haulers and of engine
noise of specific vessels. Francine and Awbrey



(1993) and Jefferson and Curry (1996) reported that
in Alaska, where killer whale-longline interactions
were a problem, the focus was on making fishing
operations less noisy, and thus less detectable to
killer whales from a distance. This might be done
by noise masking (using fire hoses and bubble
screens) and acoustically decoupling the vessel’s
engine from the hull (with rubber pads between
the engine mount and the hull). The effectiveness
of these measures has not yet been assessed
(Jefferson and Curry, 1996). Methods of isolating
the winch from the vessel hull, allowing hauling of
fishing gear to be quieter, have also been proposed
to mitigate killer whale-longline interactions in the
New Zealand fishery (Visser, 2000).

Although it seems as though cetacean interac-
tions are generally restricted to daytime, it should
be kept in mind that the times at which interactions
were recorded as having occurred (Table 4) were
based on observed data, and were therefore
probably biased towards daylight observations.
It is often difficult or even impossible to note any
mammal interactions occurring at night around
the vessel, unless these interactions happen in the
direct vicinity of hauling lights which illuminate
the area, or during nights with clear skies and
full moon conditions. Due to the fishing regime
at South Georgia, where lines are required to be
set at night, the majority of hauling operations
happen during daylight hours and it is therefore
more likely that observers would note cetacean
interactions at these times. Anecdotal observations
do, however, suggest that interactions with hauling
operations at night do not occur often. It was noted
on some occasions that killer whale interactions
became less frequent after sunset, but this was not
always the case.

The slightly higher catch rates found for
hauls during which sperm whales were present
as compared to those for lines hauled with no
cetacean presence (Table 5) was unexpected. It
was further noted that the catch rates were particu-
larly high in the southeastern part of Shag Rocks
(Figure 1), despite the constant presence of sperm
whales in this area. If it is assumed that the high
catch rates in these areas also attracted sperm
whales, and the data for this area is ignored for
this analysis, catch rates in the rest of the areas
combined did show a slight decrease when sperm
whales were present (Table 5). This difference was,
however, not significant. The relatively high catch
rates recorded when sperm whales were present
at southeast Shag Rocks might indicate that these
animals congregate in areas of high toothfish
density. As such they could, in some cases, be
indicators of “good catches’ rather than a nuisance.

Killer and sperm whale interactions with longline vessels

This does, however, only seem to be true in areas
with high catch rates. Observations from the Prince
Edward Islands, south of South Africa, where
catch rates are generally much lower than at South
Georgia, indicated that the added depredation of
catches by sperm whales can become a significant
problem (Watkins, unpublished data). Similarly,
catch rates seem to be affected by sperm whales
in the Falkland /Malvinas Islands toothfish fishery
(Pompert, pers. comm.).

It was noted that during 13% of observations on
voyage ‘L’ toothfish lips were present on hooks, but
no marine mammals were sighted in the vicinity of
the vessel. Itis likely that some fish were torn off the
hooks during hauling, either due to bad weather,
the lines dragging on the bottom or entanglements,
thus accounting for some of those instances where
lips were found on hooks without any mammals
being present. Another possibility would be that
depredation occurred at deeper depths, making
direct observations impossible. This could have
been done either by cetaceans or other predators
such as Greenland shark (Sommniosus cf. pacificus)
which are known to prey on toothfish (Pequefio et
al., 1991).

Photographic evidence of sperm whale flukes,
used to identify individuals, have indicated that
some sperm whales might be interacting more
frequently with fishing vessels in Alaska, although
the sample size was small (Hill et al., 1999). Anec-
dotal reports by some observers in the South
Georgia fishery, where the same individuals were
repeatedly observed interacting with hauling
operations, seem to substantiate this, although
further investigations are necessary.

Interactions between sperm whales and killer
whales have been reported by Pitman et al. (2001),
from the Falkland/Malvinas Islands (Nolan et
al., 2000), and at South Georgia (Ashford et al.,
1996). At the Prince Edward Islands, Tilney and
Purves (1999) reported a pod of four killer whales
attacking a sperm whale, following which a large
quantity of blood was seen in the water around the
whale. Observers at South Georgia also reported
interactions between these two cetaceans during
the past three years, but the nature of these
interactions was not always clear. On one occasion
a sperm whale was observed to drive off six long-
finned pilot whales (Globicephala melas) that were in
the vicinity of the vessel.

Incidental catches of marine mammals in
tisheries are of concern, but have hardly ever been
reported by observers in toothfish fisheries in the
South Atlantic, South Indian and Southern Oceans
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(SC-CAMLR, 1999, 2000, 2001). Entanglements
with sperm whales have occasionally been re-
ported from South Georgia (Ashford et al., 1996)
and from the Prince Edward Islands (Watkins,
pers. comm.). Another interesting phenomenon
that has been noted by observers in the Falkland/
Malvinas Islands is that killer whales take only
toothfish off the lines, while leaving by-catch
untouched (Pompert, pers. comm.). At South
Georgia by-catch such as grenadiers (Macrourids)
and Antimora rostrata were also left on the line
when killer whales took toothfish. Visser (2000)
reported that in New Zealand killer whales
selectively took certain species, but not others, off
longlines. Observers in the South Georgia fishery
did not report seeing sperm whales take either offal
or discarded by-catch.

Sperm whale depredation is usually very
difficult to observe and quantify. In most cases
damaged or mutilated fish are not observed,
although damage to fishing gear, occasional fish
heads and the occurrence of toothfish lips and
jaws seem to indicate that fish have been taken off
the line. Sperm whales have often been observed
diving down directly next to the vessel as the
lines were being hauled. Nolan et al. (2000) noted
that killer whales could be seen on the depth
sounder, swimming below the vessel at depths of
between 50 and 100 m, taking fish off the line. This
predation-at-depth behaviour of both species often
makes it difficult for observers to say with certainty
that depredation has occurred, unless mutilated
fish are hauled aboard.

One of the main problems when quantifying
cetacean interactions in the Patagonian tooth-
fish fishery is that, despite the legal fishery
having 100% coverage by independent scientific
observers, protocols for these interactions are not
standardised and comparisons between vessels
and between fisheries in different areas are not
always possible. This is something that might
warrant further attention by CCAMLR when
setting observer protocols.

Most of the vessels fishing at South Georgia
over the past two seasons (2001 and 2002) did
not employ mitigation measures to reduce inter-
actions with cetaceans. The following mitigation
measures were, however, employed on some
vessels, although no quantitative studies were
conducted to measure their effectiveness:

e acoustic harassment devices (AHDs) or seal
scarers, emitting irregular broad-band sound
pulses, were deployed on either side of one of
the vessels during hauling operations;
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* a number of small magnets were randomly
spaced and tied onto the fishing line of the same
vessel;

¢ theon-board acousticequipment of some vessels
was turned off during line hauling as this was
seen as a possible attractant to cetaceans;

¢ toothfish heads and other offal were retained on
board during line hauling and discarded away
from the hauling site;

* sometimes when killer whales were observed
during line hauling, hauls were interrupted,
the lines were buoyed-off, and the vessel would
steam away from the hauling site.

The observer on the vessel using the AHDs
and magnets reported that both measures seemed
to have little effect on depredation by Kkiller
whales. The effect of switching off on-board echo
sounders, and the retention of offal during hauling
might prove worthy of further investigation. The
mitigation method that seemed to be the most
effective, however, was the interruption of hauling
operations and steaming away from the hauling
site. Observers reported that when vessels steamed
away for between 20 and 30 n miles, killer whales
were often absent from the hauling site when
hauling was resumed. Observers also reported
that in some cases, vessels being followed by killer
whales would pass close by another vessel engaged
in fishing in an attempt to ‘shake off” these animals
and “pass’ them on to this other vessel.

Some of the other methods proposed to miti-
gate against killer whale-longline interactions are
the use of rubber bullets to shoot at the whales,
sparkler devices that emit sound and light when
fish are removed from the hooks, the electrification
of lines to shock whales and bubble screens to
interfere with whale acoustics (Dahlheim, 1988).

Many studies of the effect of noise on whales
have been carried out (Richardson et al.,, 1995;
Jefferson and Curry, 1996). Morton and Symonds
(2002) found that the frequency of killer whale
occurrence between two adjacent shallow water
areas, one of which had AHDs installed for an
intermediate period, seemed to indicate that
killer whales were displaced due to the deliberate
introduction of noise into their environment. How
effective these high amplitude devices would
be when deployed next to a fishing vessel or on
longlines is not known, but Carlstrém et al. (2002)
noted that the displacement effect of acoustic
alarms is likely to be more effective in coastal
waters where access to bodies of water is limited.



André (1997) found that sperm whales were resis-
tant to acoustic deterrents and that the level of
acoustics that would be required to deter a sperm
whale could possibly inflict permanent damage.

Conclusion

Future research should concentrate on evaluat-
ing and solving the problems of longline—cetacean
depredation, the standardisation of observer proto-
cols to ensure the collection of the required data, and
assessing and implementing mitigation strategies
under controlled experimental conditions. Further
research is also needed on the population structure
and ecology of cetaceans at South Georgia. Offal
retention, switching off acoustic devices during
hauling and the deployment of AHDs next to the
vessel during line hauling may be worth testing for
their effectiveness in reducing depredation.

Acknowledgements

The authors would like to thank the New
England Aquarium, the South Pacific Regional
Environment Programme (SPREP) and the con-
veners of the Workshop on Interactions between
Cetaceans and Longline Fisheries (Apia, Samoa,
November 2002) for extending an invitation to
attend and participate in the workshop proceed-
ings. The Government of South Georgia and
the South Sandwich Islands and Consolidated
Fisheries Ltd are also acknowledged for providing
the funding to attend the workshop. The authors
are further indebted to the CCAMLR scientific
observers responsible for data collection and the
captains and crew of vessels for their cooperation in
the accomplishment of these tasks. Nick Mynard is
thanked for useful comments on the manuscript.

References

Abe, T. and T. Iwami. 1989. Notes on fishes from
the stomachs of whales taken in the Antarctic II:
on Dissostichus and Ceratias. Proc. NIPR Symp.
Polar Biol., 2: 78-82.

André, M. 1997. Sperm whale (Physeter macro-
cephalus) behavioural response after the play-
back of artificial sounds. Report of the Inter-
national Whaling Commission, 47: 499-504.

Ashford, J.R., P.S. Rubilar and A.R. Martin. 1996.
Interactions between cetaceans and longline
tishing operations around South Georgia. Mar.
Mamm. Sci., 12 (3): 452-457.

Killer and sperm whale interactions with longline vessels

Carlstrom, J., P. Berggren, F. Dinnétz and
P. Borjesson. 2002. A field experiment using
acoustic alarms (pingers) to reduce harbour
porpoise by-catch in bottom-set gillnets. ]. Mar.
Sci., 59 (4): 816-824.

Crespo, E.A., S.N. Pedraza, S.L. Dans, M.K. Alonso,
L.M. Reyes, N.A. Garcia, M. Coscarella and
A.C.M. Schiavini. 1997. Direct and indirect
effects of the high seas fisheries on marine
mammal populations in the northern and
central Patagonian coast. |. Northw. Atl. Fish.
Sci., 22: 189-207.

Dahlheim, M.E. 1988. Killer whale (Orcinus orca)
depredation on longline catches of sablefish
(Anoplopoma fimbria) in Alaskan waters. NWAFC
Processed Report, 88-14, Northwest and Alaska
Fisheries Center, Seattle, Washington: 31 pp.

Francine, ] K. and ET. Awbrey. 1993. Avoiding pro-
hibited species: proposal to resolve the conflict
between the sablefish longline fishery and killer
whale conservation in Alaska. Final report,
grant number NA89IAB-H-SK001. Hubbs Sea
World Research Institute, San Diego, CA, USA:

52 pp.

Gaskin, D.E. 1982. The Ecology of Whales and Dol-
phins. Heinemann, London and Exeter: 459 pp.

Hill, PS.,J.L. Laake and E.A. Mitchell. 1999. Results
of a pilot program to document interactions
between sperm whales and longline vessels in
Alaska waters. US Department of Commerce,
NOAA Technical Memorandum NMFS-AFSC-
108: 42 pp.

Jefferson, T.A. and B.E. Curry. 1996. Acoustic
methods of reducing or eliminating marine
mammal-fishery interactions: do they work?
Ocean and Coastal Management, 31 (1): 41-70.

Korabelnikov, L.V. 1959. The diet of sperm whales
in the Antarctic seas. Priroda, 3: 103-104 (in
Russian).

Morton, A.B. and H.K. Symonds. 2002. Displace-
ment of Orcinus orca (L.) by high amplitude
sound in British Columbia, Canada. J. Mar. Sci.,
59 (1): 71-80.

Nolan, C.P, G.M. Liddle and ]. Elliot. 2000.
Interactions between killer whales (Orcinus
orca) and sperm whales (Physeter macrocephalus)

with a longline fishing vessel. Mar. Mamm. Sci.,
16 (3): 685-664.

123



Purves et al.

Pequeno, G.R., J.G. Lamilla and A.E. Crovetto.
1991. Capture of Somniosus cf. pacificus Bigelow
and Schroeder, 1944, off Valdivia, Chile, with
notes on the gut contents. Estud. Oceanol., 10:
117-122.

Pitman, R.L., L.T. Ballance, S.L.. Mesnick and S.].
Chivers. 2001. Killer whale predation on sperm
whales: observations and implications. Mar.
Mamm. Sci., 17 (3): 494-507.

Purves, M.G. 2001. Report of the South African-
designated observer on board a British-
registered longliner in Statistical Subarea 48.3;
May to July 2001 (unpublished CCAMLR
observer report).

Rice, D.W. 1998. Marine Mammals of the World:
Systematics and Distribution. Society for Marine
Mammalogy, Special Publication Number 4:
231 pp.

Richardson, WJ., C.R. Greene Jr., C.I. Malme and
D.H. Thomson. 1995. Marine Mammals and
Noise. Academic Press, San Diego, CA, USA:
576 pp.

SC-CAMLR. 1994. Report of the Working Group
on Fish Stock Assessment. In: Report of the
Thirteenth Meeting of the Scientific Committee
(SC-CAMLR-XIII), Annex 4. CCAMLR, Hobart,
Australia: 127-211.

SC-CAMLR. 1999. Report of the Working Group
on Fish Stock Assessment. In: Report of the
Eighteenth Meeting of the Scientific Committee
(SC-CAMLR-XVIII), Annex 5. CCAMLR,
Hobart, Australia: 227-445.

SC-CAMLR. 2000. Report of the Working Group
on Fish Stock Assessment. In: Report of the
Nineteenth Meeting of the Scientific Committee
(SC-CAMLR-XIX), Annex 5. CCAMLR, Hobart,
Australia: 275-498.

SC-CAMLR. 2001. Report of the Working Group
on Fish Stock Assessment. In: Report of the
Twentieth Meeting of the Scientific Committee
(SC-CAMLR-XX), Annex 5. CCAMLR, Hobart,
Australia: 195-558.

124

Secchi, E.R. and T. Vaske Jr. 1998. Killer whale
(Orcinus orca) sightings and depredation on
tuna and swordfish longline catches in southern
Brazil. Aquat. Mamm. 24 (2): 117-122.

Sigler, M. F, C.R. Lunsford, S.A. Lowe and ER.
Fujioka. 2002. Alaska sablefish stock assess-
ment for 2002. In: Stock Assessment and Fishery
Evaluation Report for the Groundfish Resources
of the Gulf of Alaska. Gulf of Alaska Plan
Team, Report to the North Pacific Fisheries
Management Council, Anchorage, Alaska.

Solyanik, G.A. 1963. An interesting ichthyological
find. Inform. Byul. Sov. Antarkt. eksped., 42 (in
Russian).

Tilney, R. and M.G. Purves. 1999. The status
of integrated fisheries monitoring in South
Africa. In: Nolan, C.P. (Ed.). Proceedings of the
International Conference on Integrated Fisheries
Monitoring, Sydney, Australia, 1-5 February
1999. FAO, Rome: 378 pp.

Visser, L.N. 2000. Killer whale (Orcinus orca)
interactions with longline fisheries in New
Zealand waters. Aquatic Mammals, 26 (3): 241-
252.

Watkins, B. 2000. Killer whale group attacks sperm
whales. Africa Environment and Wildlife, 8 (1):
16-17.

Yano, K. and M.E. Dahlheim. 1995a. Behaviour
of killer whales Orcinus orca during longline
fishing interactions in the southeastern Bering
Sea and adjacent waters. Fish. Sci., 61 (4): 584—
589.

Yano, K. and M.E. Dahlheim. 1995b. Killer whale,
Orcinus orca, depredation on longline catches of
bottom fish in the southeastern Bering Sea and
adjacent waters. Fish. Bull., 93 (2): 355-372.

Yukhov, V.L. 1972. The range of fish of the genus
Dissostichus (Fam. Nototheniidae) in the Ant-
arctic waters of the Indian Ocean. |. Ichthyol., 12
(2): 346-347.



Tableau 1:

Tableau 2:

Tableau 3:

Tableau 4:

Tableau 5:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Tabm. 1:

Tabm. 2:

Tabm. 3:

Tabu. 4:

Tabm. 5:

Killer and sperm whale interactions with longline vessels

Liste des tableaux

Nombre de navires par Etat du pavillon utilisés pour les analyses des données sur les mammiferes
marins collectées par les observateurs scientifiques. Le nombre total de navires autorisés a pécher en
Géorgie du Sud est également indiqué par saison.

Fréquence des interactions avec des mammiféres marins, selon les observateurs, pour différentes
campagnes de péche a la palangre en Géorgie du Sud pendant les saisons 2001 et 2002. KIW = Orcinus
orca, SPW = Physeter macrocephalus, SEA =Arctocephalus gazella.

Fréquence des observations de troupeaux de taille différente d’orques (1 = 186) et de cachalots (n = 836)
en Géorgie du Sud pendant les saisons 2001 et 2002.

Moments ot les interactions se produisent avec les orques et les cachalots en Géorgie du Sud pendant les
saisons the 2001 et 2002. KIW = Orcinus orca, SPW = Physeter macrocephalus.

Taux de capture de légine de la saison 2001, pour les poses au cours desquelles ont eu lieu des interactions
avec des orques et des cachalots, par rapport au taux de capture des poses effectuées en 1’absence de tout
cétacé. KIW = Orcinus orca, SPW = Physeter macrocephalus.

Liste des figures

Carte des lieux de péche de la Géorgie du Sud. Les différent secteurs sont les suivants : SR = flots Shag,
NG = nord de la Géorgie du Sud, EG = est de la Géorgie du Sud, SG = sud de la Géorgie du Sud; sont
également indiquées les isobathes de 200 m, 1 000 m et 3 000 m. L’encadré indique la position de la zone
d’étude par rapport a 1’Atlantique Sud.

Carte de la Géorgie du Sud indiquant les positions centrales de toutes les poses des navires choisis pour
I'analyse des données pendant les saisons 2000, 2001 et 2002.

Carte de la Géorgie du Sud indiquant les positions ot1 des orques ont été observés lors de la remontée des
palangres pendant les saisons 2000, 2001 et 2002.

Carte de la Géorgie du Sud indiquant les positions o1 des cachalots ont été observés lors de la remontée
des palangres pendant les saisons 2000, 2001 et 2002.

Crucok Tadmuiy

KonuuecTBo cymoB mo rocyaapcTBaM (iara, MCIOJIb30BABIIMXCS JUIS MPOBEIACHUS aHAIN3a JAHHBIX
0 MOPCKHMX MIICKOIUTAIONINX, COOpaHHBIX Hay4yHbIMH HaOmofarensMu. Takke MokazaHo oOiiee
KOJIMYECTBO CYJIOB, UMEIOIINX JIMIIEH3UIO Ha TIPOMBICEN B paiioHe FOxHoi# ['eoprun B pa3Hbie CE30HbI.

YacToTa B3aMMOACHCTBUS C MOPCKUMH MIIEKOTHUTAIOUIMMHU BO BPEMsI Pa3HBIX PEMCOB MO OTYeTaM
Habroareneil B Xxone onepamnuid spycHoro npomeicia B paiione FOxHoii ['eopruu B cezonax 2001 u
2002 rr. KIW = Orcinus orca, SPW = Physeter macrocephalus, SEA =Arctocephalus gazella.

Yacrora HaOMIONCHUH ONMpeNelIeHHOTO pa3Mepa Tpymi kocarok (N = 186) u kamamoroB (N = 836) B
paitone FOxHol ['eopruu B cezonax 2001 u 2002 rr.

BpeMS[, KOorga mponucxoauniio BSaHMOZ[efICTBHe C KOCAaTKaMH M KalllaJJOTaMH B paﬁOHe FOxnoit T €oprumn
B ce3oHax 2001 u 2002 rr. KIW = Orcinus orca, SPW = Physeter macrocephalus.

Koaddunuent BoutoBa kibikaya B ce3oHe 2001 1., 11 BEIOOPOK, BO BpeMsl KOTOPBHIX HPOUCXOIHIIO
BSaHMOﬂeﬁCTBHe C KOCAaTKaMM U KalllaJIOTaMH, B CPAaBHCHUU C KOB(b(i)I/IHI/IeHTOM BbLIJIOBA JJIsA BI)I60pOK,
KOTIJIa B3aMMOJICHCTBHUS KUTOB C TIPOMBICJIOBBIME OTepaiusMu He mpoucxoauio. KIW = Orcinus orca,
SPW = Physeter macrocephalus.
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CHucok pucyHKOB

Kapra npombicnoBeix ywacTkoB B paiioHe FOxHoit I'eoprum. Ilokasansl cnenyrommue paidOHBI:
SR = ckausl lllar, NG = ceBepnas uacts FOxHoit ['eopruu, EG = Boctounast yacts OxHoit ['eopruu,
SG = roxHas yacTb FOxHOM ['eoprum, a taxxe Garumerpust 200 M, 1000 m u 3000 M. Ha BcTaBke
MOKA3aHO MOJIOKEHHE N3y4aeMoro paiioHa 1o oTHomeHuo Kk KOxHol ATnaHTuke.

Kapra HOxHoi ['eoprum, mokaswiBaroImas cpelHee MECTOIOJNIOKEHHE BCEX BBIOOPOK Ha Cyaax,
WCTIONb30BABIIUXCA JUIA TPOBEACHUS aHaNMM3a JaHHbIX B ce3oHax 2000, 2001 u 2002 rr.

Kapra FOsxHoii [eoprun ¢ ykazaHueM MecT, T/ie ObLTH 3aMEYeHBI KOCATKH BO BPEMsI BRIOOPKH SIPYCOB B
cesonax 2000, 2001 u 2002 rr.

Kapra FO>xHoii I'eopruu ¢ ykazaHueMm MecT, Iie ObIIIH 3aMeUeHBI KalllaJoThl BO BPEMS BBIOOPKH SIPyCOB
B ce3oHax 2000, 2001 u 2002 rr.

Lista de las tablas

Numero de barcos por Estado abanderante utilizados en los analisis de los datos sobre mamiferos
marinos, recopilados por observadores cientificos. También se muestra el niimero total de barcos
autorizados para pescar en Georgia del Sur en distintas temporadas.

Frecuencia de las interacciones con mamiferos marinos en distintos viajes, registrada por observadores
cientificos durante las operaciones de pesca de palangre en Georgia del Sur en las temporadas de 2001 y
2002. KIW = Orcinus orca, SPW = Physeter macrocephalus, SEA =Arctocephalus gazella.

Frecuencia de las observaciones de grupos de orcas (n = 186) y cachalotes (n = 836) de cierto tamafio en
Georgia del Sur en las temporadas de 2001 y 2002.

Ocasiones cuando se observaron interacciones con orcas y cachalotes en Georgia del Sur durante las
temporadas 2001 y 2002. KIW = Orcinus orca, SPW = Physeter macrocephalus.

Tasas de captura de austromerluza de lances con interacciones con ceticeos, comparado con lances sin
interacciones durante las operaciones de pesca en la temporada 2001. KIW = Orcinus orca, SPW = Physeter
macrocephalus.

Lista de las figuras

Mapa de los caladeros de pesca en Georgia del Sur que muestra las siguientes &reas: SR = Rocas
Cormoran, NG = norte de Georgia del Sur, EG = este de Georgia del Sur, SG = sur de Georgia del Sur, y
la batimetria a los 200 m, 1 000 m y 3 000 m de profundidad. El recuadro muestra la posicion del drea de
estudio en relaciéon con el Atlantico sur.

Mapa de Georgia del Sur que muestra las posiciones medias de todos los lances de los barcos utilizados
en los analisis de datos durante las temporadas de 2000, 2001 y 2002.

Mapa de Georgia del Sur que muestra las posiciones donde se observaron orcas durante el virado de los
palangres en las temporadas de 2000, 2001 y 2002.

Mapa de Georgia del Sur que muestra las posiciones donde se observaron cachalotes durante el virado
de los palangres en las temporadas de 2000, 2001 y 2002.



