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Abstract

Interactions between killer whales (Orcinus orca), sperm whales (Physeter macrocephalus),
fur seals (Arctocephalus spp.) and longline fishing operations were reported by observers
on board fishing vessels targeting Patagonian toothfish (Dissostichus eleginoides) in the
Crozet and Kerguelen Islands Exclusive Economic Zones (EEZs) between 2003 and 2005.
In the Crozet EEZ, the reported interactions involved killer whales and sperm whales.
These two species, alone or in co-occurrence with each other, were observed in 71% of the
1 308 longlines set. In the Kerguelen EEZ, the reported interactions involved sperm whales
and fur seals. These two species, alone or in co-occurrence with each other, were observed
in 54% of the 6 262 longlines monitored. Interactions were observed in all fishing areas.
The effect of depredation was assessed by comparing catch-per-unit-effort (CPUE) (fish
weight/hook) of each longline set in the absence/presence of marine mammal species
alone or in co-occurrence. In the Crozet EEZ, CPUE was found to be reduced by 22.5% in
the presence of killer whales, 12.1% by sperm whales, and 42.5% when both species were
present together. An extensive photo-identification effort, primarily focussing on killer
whales, allowed a total of 103 individual whales to be identified. The analysis of photo-
identification indicated that a small number of individual killer whales were responsible
for most of the interactions with the fishery. In the Kerguelen EEZ only sperm whales,
alone or in co-occurrence with fur seals, were found to impact negatively on CPUE.

Résumé

Les interactions entre les orques (Orcinus orca), les cachalots (Physeter macrocephalus), les
otaries (Arctocephalus spp.) et les opérations de péche a la palangre ont été enregistrées
par les observateurs a bord des navires de péche visant la légine australe (Dissostichus
eleginoides) dans les Zones Economiques Exclusives (ZEE) des iles Kerguelen et Crozet
entre 2003 et 2005. Dans la ZEE de Crozet, les interactions signalées concernaient des
orques et des cachalots. Ensemble ou séparément, ces deux especes ont été observées lors
de 71% des 1 308 poses de palangre. Dans la ZEE de Kerguelen, les interactions signalées
concernaient des cachalots et des otaries. Ces deux espéces, ensemble ou séparément, ont
été observées lors de 54% des 6 262 poses de palangre. Des interactions ont été observées
sur 'ensemble des secteurs de péche. L'effet de la déprédation a été évalué en comparant
la capture par unité d’effort (CPUE) (poids du poisson/hamecon) de chaque palangre
posée, en I'absence et en présence des especes de mammiféres marins seuls ou ensemble.
Dans la ZEE de Crozet, la CPUE a été trouvée réduite de 22,5% lorsque les orques étaient
présentes, de 12,1% en présence de cachalots et de 42,5% lorsque les deux especes étaient
présentes simultanément. Un effort important d’identification photographique, consacré
essentiellement aux orques, a permis d’identifier 103 individus différents. L'analyse
des résultats de photo-identification indique qu’a elles seules, quelques orques étaient
responsables de la plupart des interactions avec la pécherie. Dans la ZEE de Kerguelen, ce
sont les cachalots qui, seuls ou en association avec les otaries, auraient un impact négatif
sur la CPUE.

Pe3rome

O BzaumopeitctBun Mexay kocatkamu (Orcinus orca), xamanoramu (Physeter
macrocephalus), mopckumu kotukamu (Buasl Arctocephalus) u sipycHBIM TPOMBICIIOM
coo0many HabIoaTeN Iy, HaXOAUBIIHECS Ha Cylax, BEAYIIHX MPOMBICEI ITaTarOHCKOTo

67



Roche et al.

kibikada (Dissostichus eleginoides) B nckmrounTenbHBIX 3KOHOMHUYECKUX 30Hax (MD3)
0-BoB Kpose u Keprenen B mepuon 2003-2005 rr. B 33 o-BoB Kpose coolmanock
0 B3aMMOJICHCTBHU C KOCATKaMH M KallaJoTaMH. DTH J1Ba BUAA, MO OTACIBHOCTU WIH
BMecTe, Habmomamuch B 71% Bcex moctanoBok sipyca (1308). B 193 o-Bos Keprenen
CO00IAJIOCh O B3aUMOJICHCTBHUH C KaIlaloTaMH ¥ MOPCKHUMHU KOTHKaMH. DTH IBa BUAA,
10 OTNENBHOCTH WA BMeCTe, Habmomamuch B 54% Bcex HaOmomeHuil spycoB (6262).
BsanmMoneiicTBrs HaOIIONATNCH BO BCEX MPOMBICIOBBIX paiioHaX. Pesynprar HanmameHus
XHUITHIKOB OLIEHUBAJICS IIyTeM cpaBHEeHNs yioBa Ha equauIy yemnus (CPUE) (Bec peiOsr/
KPIOYOK) U KaXXJOH IMOCTaHOBKM sIpyca IpPW HAJIMYHH/OTCYTCTBHH BHIOB MOPCKHX
MJIEKOITUTAIOLIUX MOOJUHOYKE Wi BMecTe. bbuio nmoncunrano, uto B 1933 0-BoB Kpose
CPUE cokpamancs Ha 22.5% npu HaIM4nuu Kocarok, Ha 12.1% mpu Haau4uy KamaaoToB
n Ha 42.5%, xorna npucyTcTBOBaNM 00a BUa BMecTe. bruta mposeneHa Oosbinas padoTa
110 GOTO-NACHTH(HUKALINH, B OCHOBHOM, KOCATOK, KOTOPast I03BOJIMIIA MICHTU(UIIUPOBATh
B o0meit cinokHocTH 103 OTAENBHBIX KUTA. AHAIN3 PE3yNIbTaToB (POTO-UICHTU(DHUKAIIIN
I10Ka3aJl, 4To OOJIBIIMHCTBO B3aMMOACHCTBUI C TIPOMBICIIOM IPUXOJMUTCS HAa HEOOIIBIIOE
KOJINYECTBO OTJEIBbHBIX Kocarok. B 133 o-BoB KepreneH ObUIO BBISBICHO, YTO TOJBKO
KaIllaJOThl, UHOTJIa COBMECTHO C MOPCKUMH KOTHKaMM, OTPUIATEIbHO BO3/AEHCTBOBAIN
Ha CPUE.

Resumen

Observadores a bordo de barcos dedicados a la pesca de palangre de austromerluza
negra (Dissostichus eleginoides) en las Zonas de Exclusividad Econémica (ZEE) de las
Islas Crozet y Kerguelén entre 2003 y 2005 informaron sobre las interacciones entre las
orcas (Orcinus orca), los cachalotes (Physeter macrocephalus), los lobos finos (Arctocephalus
spp.) y las operaciones de pesca. Las interacciones observadas en la ZEE de Isla Crozet
comprendieron orcas y cachalotes. En el 71% de los 1 308 lances de palangre se observaron
estas dos especies actuando por si solas o en conjunto. En las interacciones observadas en
la ZEE de Kerguelén participaron cachalotes y lobos finos. En 54% de los 6 262 lances de
palangre observados se detect6 estas dos especies actuando por si solas o en conjunto.
Se observaron interacciones en todas las zonas de pesca. El efecto de la depredacion fue
evaluado comparando la captura por unidad de esfuerzo (CPUE) (peso del pez/anzuelo)
para cada lance de palangre en ausencia/presencia de las especies de mamiferos marinos
observadas, ya sea separadamente o en conjunto. Se encontré que la CPUE en la ZEE
de Isla Crozet disminuy6 22.5% en presencia de orcas, 12.1% en presencia de cachalotes
y 42.5% en presencia de ambas especies. La intensa labor de identificacién fotogréfica
dedicada principalmente a las orcas permiti6 identificar un total de 103 ballenas. El anélisis
de la identificacién fotografica indic6 que un pequefio ntimero de orcas solitarias fue
responsable de la mayoria de las interacciones con la pesqueria. En la ZEE de Kerguelén
se encontrd que soélo los cachalotes, por si solos o conjuntamente con los lobos marinos,
afectaron negativamente la CPUE.

Keywords: Crozet EEZ, Kerguelen EEZ, fishery, depredation, killer whales,
Orcinus orca, sperm whales, Physeter macrocephalus, 1égine,
Patagonian toothfish, Dissostichus eleginoides, CCAMLR

Introduction

Over the past decade, pelagic fisheries, and
longline fishing in particular, have undergone a
rapid expansion. Since the United Nations’ pro-
hibition of large-scale high-seas driftnet fishing in
1994, a number of fleets have increased their long-
line effort. Furthermore, some demersal longline
fisheries have also expanded rapidly. Concomitant
with the expanding longline fishing effort, the
scale of interactions between longline fisheries
and cetaceans has increased (Donoghue et al.,
2002). Interactions are classified as either biologi-
cal or operational. While biological interactions
are indirect, and involve competition between
fisheries and marine mammals for food sources,
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operational interactions are direct, and include the
removal of fish from lines or nets by marine mam-
mals, or entanglements with equipment. Reports
on the removal by marine mammals of fish caught
on commercial longlines (depredation) indicate an
increase in both the frequency of such events and
in the number of cetacean species involved. The
problem is now documented in all oceans and con-
cerns many fisheries (Barlow et al., 1994; Mussi et
al., 1998; Space et al., 1998; Lauriano et al., 2004;
Baird and Gorgone, 2005).

Interactions between marine mammals and
Patagonian toothfish (Dissostichus eleginoides) fish-
ery operations have been reported in the Southern
Ocean (Kocketal.,2006), off South Georgia (Ashford



et al.,, 1996; Purves et al., 2004), the Falkland/
Malvinas Islands (Nolan et al.,, 2000), Crozet,
Kerguelen (Capdeville, 1997) and Heard Islands
(unpublished data). Killer whales (Orcinus orca) and
sperm whales (Physeter macrocephalus) are the two
main cetacean species reported as interacting with
this fishery (SC-CAMLR, 2003; Hucke-Gaete et al.,
2004). However, further investigations are needed
to address the problems of cetacean depredation on
longlines which could have serious implications on
both fish stock management and marine mammal
conservation. Losses due to depredation are in fact
not usually accounted for in fish stock assessment
and quota allocation processes. Depredation could
also have a serious impact on marine mammal spe-
cies by increasing the risk of mortality by entangle-
ment and also modifying marine mammal foraging
behaviour and energy balance by providing access
to a source of prey usually inaccessible or not part
of their usual diet. This is particularly important
within the context of a rapid decrease in the popu-
lation numbers of Crozet archipelago killer whales
(Poncelet, 2003). Moreover, a major decrease in the
standardised catch-per-unit-effort (CPUE) from
2000 to 2003 was reported by the Patagonian tooth-
fish fishery in the Crozet Exclusive Economic Zone
(EEZ). Two possible explanations for this CPUE
decrease are proposed: (i) an overexploitation of
the fish stock due mainly to the high total remov-
als in 1996 and 1997; and/ or (ii) a possible cumula-
tive effect of fishing in combination with the killer
whale depredation on longlines. Indeed, observers
reported that Crozet archipelago killer whales use
Patagonian toothfish on the longlines opportunisti-
cally as a source of food.

The objectives of this study were: (i) to charac-
terise and quantify interactions between marine
mammals and the fishery; (ii) to assess the level of
depredation, and the consequent financial losses,
caused by the various marine mammal species;
and (iii) to identify the marine mammal species
which interact with the fishery in the Crozet and
Kerguelen EEZs, and in the case of the Crozet EEZ,
to use the photo-identification method to identify
individual killer whales which interact with the
fishery.

Materials and methods

Between 9 September 2003 and 3 October 2005 a
total of 1 308 and 6 263 longlines were set by seven
fishing vessels in the Crozet and Kerguelen EEZs
respectively. The vessels operated all year round,
with the exception of February in the Kerguelen
EEZ when the fishery was closed in accordance
with measures aimed at reducing incidental seabird
mortality (Weimerskirch et al., 1999). During this
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period, three different species of marine mam-
mals were observed to be interacting with the
fishery: sperm whales, killer whales and fur seals.
Both single- and mixed-species interactions were
observed.

Fishing technique

Fishing vessels operating in the Crozet and
Kerguelen EEZs use autoline-system longlines set
in a series of 1 km long sections (up to eight sec-
tions) with 1 000 hooks each. Longlines are main-
tained at depths ranging between 800 and 1 200 m
by weights attached to each end of the line. While
sperm whales are able to dive to these depths,
killer whales (Bowers and Henderson, 1972) and
fur seals (Arctocephalus spp.) can only access fish
when the longlines are hauled to the surface, and
consequently have to come close to the fishing ves-
sel to retrieve the fish.

Fishing grounds in the Kerguelen EEZ were sub-
divided into 10 contiguous fishing sectors (labelled
from 1 to 10), and those in the Crozet EEZ, into nine
fishing sectors (labelled from 11 to 19) (Figures la
and 1b). In this paper, depredation is defined as the
loss of longline-caught fish to marine mammals.

Observer protocol

Fishery observers on board fishing vessels were
required: (i) to collect data for fishery management
purposes (e.g. species targeted, tonnes landed,
area fished) and assessment of resources (e.g. sam-
pling of fish lengths and weights); (ii) to record the
by-catch level (e.g. number of non-target species
landed); and (iii) to record interactions between
the fishery and protected species (e.g. species and
number of seabirds and marine mammals present
in the vicinity of the longlines, incidental seabird
mortality).

Interaction and depredation level estimates

During each haul, observers had to follow a pre-
cise protocol for recording data on the presence of
marine mammals. They were required: (i) to note
the species involved — killer whales, sperm whales
and/or fur seals; (ii) to estimate visually the total
number of animals and, if possible, to evaluate the
number of males and females; and (iii) to report
interactions between different marine mammal
species and /or between marine mammals and fish-
ing activities. In this paper the interaction between
marine mammals and the fishery is defined as an
event during which marine mammals remained
in the vicinity of the longline during the haul for a
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Figure 1: =~ Spatial distribution of longline sets in (a) the nine fishing sectors in the Crozet EEZ, and (b) the
10 fishing sectors in the Kerguelen EEZ, between 2003 and 2005. Narrow black lines represent the
boundaries of the EEZs; thick black lines represent the boundaries of the fishing sectors.
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period extending from 5 minutes to hours. Initially,
no data on the arrival and/or departure time
of marine mammals from the line-hauling site
were recorded. Only their presence was therefore
recorded. The co-occurrence of two species was
recorded as an event during which animals of both
species were reported at least once during the same
haul.

The rate of interaction with killer or sperm
whales for a given fishing sector was expressed
as the ratio of the number of longline hauls in the
presence of cetaceans divided by the total number
of longlines set by a given fishing vessel.

The assessment of fish damaged by depreda-
tion was mostly qualitative. However, as gener-
ally agreed, depredation often results in many
fish being entirely removed from the longlines,
and taking into account damaged fish only would,
therefore, lead to an underestimate of the depreda-
tion level. In order to assess whether depredation
rates vary through the year, comparisons of CPUE
were performed during the fishing season in the
absence of marine mammals and in the presence of
any combination of the three marine mammal spe-
cies. Analysis of covariance (ANCOVA) was used
to compare the mean CPUE in different combina-
tions of marine mammal species observed within
each of the fishing sectors and fishing periods.

Photo-identification

Five observers were asked to take as many pho-
tographs as possible of killer whales and sperm
whales interacting with the fishery, in order to
photo-identify them. Observers took photographs
of completely exposed dorsal fins and saddle
patches of surfacing killer whales and dorsal fins
and tail flukes of sperm whales.

In the case of killer whales, close-up photo-
graphs of dorsal fins and saddle patches allowed
individuals to be identified from natural features
or ‘marks’ on their dorsal fins (shape, notches,
scars); (Bigg et al, 1983) and characteristics of
their saddle patch(es) (colour, form and scars).
Individuals without dorsal fin notches were only
identified from their left saddle patch. The anterior
part of the eye patch was also used as an identi-
fier in this study. A database of all killer whales
observed around Crozet was created with details
on sighting location and other relevant data, and
a catalogue produced, showing the best image of
each identified individual. Photo-identified killer
whales observed interacting with fishing vessels in
offshore waters of the Crozet and Kerguelen EEZs
were compared with the existing database of killer
whales identified from Possession Island, in the
Crozet archipelago.

Marine mammals and demersal longline fishery interactions

The work on the photo-identification of sperm
whales observed in the Crozet and Kerguelen EEZs
is still in progress and has not been included in this
study.

Results

Estimates of interaction
and depredation levels

Sperm whales were commonly encountered
interacting with the fishery both in the Crozet
(57.6% of the longlines set) and Kerguelen (33.6%
of the longlines set) EEZs, alone or in co-occurrence
with other species.

A difference in the interactions of the main
species of marine mammals with longlines dur-
ing the haul was observed between the Crozet
and Kerguelen EEZs. In the Crozet EEZ, interac-
tions with killer whales occurred in 43% of the
hauls, whereas in the Kerguelen EEZ it occurred
in less than 1%. However, as regards fur seals in
the Kerguelen EEZ, interactions were observed in
39.3% of the longlines hauled, but in the Crozet
EEZ, only in 1% (Table 1). In the Crozet EEZ, both
sub-Antarctic fur seals (Arctocephalus tropicalis) and
Antarctic fur seals (A. gazella) breed, and it would
be possible for both species to interact with the
fishery. Therefore, in the Crozet EEZ, both species
are referred to as fur seals (Arctocephalus spp.). In
the Kerguelen EEZ on the other hand, A. gazella is
the only breeding species. Therefore, in this area,
fur seals are referred to as Antarctic fur seals only.

Due to the difference described above and the
fact that CPUE in the absence of marine mammals
was significantly higher in the Kerguelen EEZ com-
pared to the Crozet EEZ, data from both localities
were analysed separately.

Kerguelen EEZ

The mean numbers of killer whales, sperm
whales and fur seals observed in longline fish-
ery interactions were 4.8 = 1.7 (n = 18, range
1-7),2.5 £ 1.8 (n =2 097, range 1-15), and 5.7 + 5.6
(n = 2459, range 1-50) individuals respectively.

Due to the low number of observed killer whale
interactions in the Kerguelen EEZ over the study
period, depredation was only estimated for the fol-
lowing four categories of interactions: (i) fur seals
only; (ii) sperm whales only; (iii) sperm whales and
fur seals together; and (iv) no marine mammals. A
total of 6 244 longline sets were analysed.
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Table1:  Number

and percentage of

longlines observed with

interactions involving different combinations of marine
mammal species (Orcinus orca — Oo; Physeter macrocephalus —
Pm; Arctocephalus spp. — A. spp.), in the Crozet and Kerguelen
EEZs, between 2003 and 2005.

Type of interaction Crozet EEZ Kerguelen EEZ

Number % Number %
No marine mammals 373 28.5 2839 45.3
A. spp. 4 0.3 1313 21.1
Oo 178 13.6 7 0.1
Pm 361 27.6 944 15.1
Oo + A. spp. 0 0 1 0
Pm + A. spp. 4 0.3 1148 18.3
Pm + Oo 386 29.5 11 0.2
Pm + Oo + A. spp. 2 0.2 0 0
Total 1308 100 6263 100

The effect of fishing period on CPUE was tested
for different time groupings of the data, from one
month to the whole study period, and for the differ-
ent fishing sectors when no marine mammals were
detected interacting with the fishing operations.
No significant effect and no discernable trend in
CPUE could be detected in the data for any period
in any given fishing sector.

CPUE was found to vary according to fishing
sector (F = 8.3, ddl =9, P < 0.001) and category of
interaction (F = 17.0, ddl = 3, P < 0.001), while fish-
ing period was not found to have an effect.

Compared to observations where no marine
mammals were present, fur seals had no signifi-
cant negative effect on CPUE. But in three of the
cases analysed, significantly higher CPUEs were
obtained in their presence (Table 2). Sperm whales
alone and in co-occurrence with fur seals had a sig-
nificant negative impact on CPUE in several fishing
sectors (Table 2) and, when present, were responsi-
ble for a mean decrease in CPUE of 12 + 23% and
21 + 15% respectively.

In four of the 10 fishing sectors, CPUE was sig-
nificantly and negatively related to the presence of
sperm whales during the depredation events. No
significant effects (positive or negative) were found
for the remainder of the fishing sectors (Table 3).
CPUE was found to be negatively correlated with
the number of fur seals depredating on the line for
three of the 10 sectors, while a positive correlation
was found for one sector, and no relationships for
the other six sectors.

Overall, taking into account the observed

level of interaction of each marine mammal cat-
egory, it was estimated that sperm whales alone,
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and sperm whales in co-occurrence with fur seals,
resulted in the loss of 176 and 172 tonnes respec-
tively of Patagonian toothfish which, combined,
comprised 3.2% of the total catch of 10 902 tonnes.
Consequently, it was estimated that the actual
removal of Patagonian toothfish from the Kerguelen
EEZ amounted to 11 250 tonnes (i.e. 10 902 tonnes
caught plus 348 tonnes depredated from the
longlines by sperm whales and fur seals). With a
selling price of Patagonian toothfish of around
US$12/kg, losses estimated due to depredation by
marine mammals would amount to approximately
US$2.1million/year in the Kerguelen EEZ.

Crozet EEZ

During the observation period in the Crozet
EEZ, fur seals were recorded interacting with the
fishery (alone or in co-occurrence with other spe-
cies) only 10 times and therefore were not ana-
lysed. The following four categories of interactions
were analysed: (i) no marine mammals; (ii) killer
whales only; (iii) sperm whales only; and (iv) killer
whales and sperm whales together. In addition,
seven longline sets from outside the Crozet EEZ
were excluded from the analyses, i.e. a total of
1291 longline sets were analysed.

Both killer whale and sperm whale interac-
tions with longlines were observed over the whole
range of the fishery. However, the level of interac-
tion varied according to the fishing sector for killer
whales, and to a lesser extent for sperm whales
(Figure 2). The mean number of killer whales and
sperm whales observed interacting was 8.2 + 4.7
(n = 552, range 1-20) and 4.1 + 3.4 (n = 737, range
1-30) individuals respectively.
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Figure 2: Rate of interaction in the Crozet EEZ per fishing sector and marine mammal species.

The effect of fishing period on CPUE was tested
for different time groupings of the data from one
month to the whole study period, and for the dif-
ferent fishing sectors when no marine mammals
were detected interacting with the fishing opera-
tions. No significant effects and no discernable
trends in CPUE could be detected in the data for
any period in any given fishing sector. No seasonal
trends in the level of interaction were found for
sperm whales or killer whales.

The CPUE of longlines was found to vary signifi-
cantly according to fishing sector (F = 36.8, ddl = 8,
P < 0.001) and category of interaction (i.e. killer
whales only, sperm whales only, and killer whales
and sperm whales) (F = 25.9, ddl = 3, P < 0.001)
(Figure 2).

Consequently, analyses were conducted over
the whole study period for the nine fishing sec-
tors and the four categories of interactions previ-
ously defined. Results are summarised in Table 4.
Depredation was assessed for each of the fishing
sectors independently according to the four com-
binations of cetaceans observed in the Crozet EEZ.
For each sector, t-tests were performed on the CPUE
in the presence of sperm whales only, killer whales
only, and sperm whales and killer whales together,
and compared to the CPUE when no marine mam-
mals were observed.
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None of the tests performed revealed any sig-
nificant effect of sperm whale depredation on
CPUE. A negative effect on CPUE in the presence
of sperm whales was detected in only one of the
fishing sectors (Table 4). However, for seven of
the nine fishing sectors, mean CPUE was lower
in the presence of sperm whales than it was when
no marine mammals were present, and in one sec-
tor, a higher CPUE was obtained in the presence
of sperm whales. Killer whales alone were found
to negatively affect CPUE in three fishing sectors,
while no significant effect could be detected in
the other sectors. The simultaneous occurrence of
killer whales and sperm whales was found to nega-
tively affect CPUE in six of the nine fishing sectors.
Furthermore, compared to the presence of sperm
whales alone, CPUE was found to be lower when
killer whales only were present for seven of the
nine fishing sectors.

When killer whales only were interacting with
the fishery, the number of killer whales involved in
the depredation event was found to have no signifi-
cant effect on CPUE for any of the fishing sectors.
When sperm whales only were interacting with the
fishery, the number of sperm whales involved in
the interaction events was found to impact nega-
tively on CPUE for three of the nine Crozet fishing
sectors.

Overall, by comparing CPUE in the presence
or absence of cetaceans, sector by sector (Figure 3),
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Figure 3:
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CPUE relating to species and fishing sector in the Crozet EEZ. Black bars represent CPUE in the absence

of marine mammals, hatched bars represent CPUE when sperm whales only were present, white bars
represent CPUE when killer whales only were present and, stippled bars represent CPUE when both
species were present together. * represents fishing sectors in which significant differences were observed
in the absence or presence of both sperm whales and killer whales (stippled bars).

it was estimated that killer whales alone, sperm
whales alone and the combined presence of killer
whales and sperm whales resulted in a mean loss of
fish of 22 + 21%, 12 + 27% and 42 + 33% respectively
when compared to CPUE in the absence of marine
mammals. Taking into account the level of interac-
tion by fishing sector, the presence of sperm whales
alone, killer whales alone and sperm whales and
killer whales together, the estimated losses were
53, 58 and 222 tonnes of fish (i.e. 33%) of a total
declared catch of 991 tonnes. Consequently, it was
estimated that the actual removal of Patagonian
toothfish from the Crozet EEZ was 1324 tonnes
(i.e. 991 tonnes fished plus 333 tonnes depredated
from the longlines by killer whales and sperm
whales) over the two-year study period. This cor-
responds to a loss of one-third (333 tonnes) of the
total declared catch (991 tonnes) due to depreda-
tion by marine mammals. With a selling price of
Patagonian toothfish of around US$12/kg, losses
estimated due to depredation by marine mammals
would amount to approximately US$2million/year
in the Crozet EEZ.
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Photo-identification of killer whales
in the Crozet EEZ

Photographs of killer whales have been taken
in the Crozet EEZ since 1998. However, most of
the offshore photo-identification effort was carried
out between 2003 and 2005. The 4 546 photographs
taken during these three years allowed a total of
96 different killer whales interacting with the fish-
ery tobe identified (Figure 4), nine of which had pre-
viously been sighted along the coasts of Possession
Island (Guinet, 1991; Guinet et al., in press).

The frequency of observation of identified killer
whales was highly variable (Figure 5). Of the iden-
tified individuals, 60% were photo-identified on
two or three occasions, while three individuals
were observed interacting with the fishery more
than 20 times.

Discussion

Interactions between sperm whales and long-
line fisheries have been well documented in the
Southern Ocean, in particular off South Georgia, the
Kerguelen Islands, and southern Chile. Such inter-
actions include entanglements in gear (Ashford
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Figure5:  Frequency of observation for the most commonly encountered killer whales.

The x-axis represents the number of times any given killer whale was identi-
fied and the y-axis represents the number of identified individuals (e.g. the
bar on the left represents 25 killer whales photo-identified twice and the
bar on the right represents two killer whales identified on 23 different occa-

sions).

et al., 1996; unpublished data from Kerguelen)
and whales following vessels for periods of days
(Ashford et al., 1996; Capdeville, 1997) or observed
feeding off gear (Crespo et al., 1997). This evidence,
combined with anecdotal reports, reveals that
interactions between sperm whales and longline
operations are widespread in Southern Ocean
waters. The results presented here confirm these
reports, as sperm whales were found to interact
with the Patagonian toothfish fishery over its whole
range both in the Crozet and Kerguelen EEZs. On
the other hand, killer whale and fur seal interac-

tions were mostly observed in the Crozet EEZ
and the Kerguelen EEZ respectively. These differ-
ences in the level of interaction between localities
according to marine mammal species are likely to
reflect differences between localities in terms of
population size or density of these marine mam-
mal species.

Estimates of the level of depredation by
marine mammals in the Southern Ocean are rare
(Capdeville, 1997; Gonzales and Olivarria, 2002;
Kock, 2001). However, a significant impact on
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CPUE by killer whales and sperm whales when
present together and of sperm whales has also
been reported in South Georgia waters (Purves et
al., 2004).

Sperm whales are known to feed naturally
on Patagonian toothfish (Abe and Iwani, 1989;
Korabelnikov, 1959; Vukhov, 1972) and unlike
killer whales, their diving ability allows them to
reach this fish species without interacting with the
fishery. Presently it is not known whether sperm
whales interact with the longline only during the
haul, which allows them to retrieve fish from a
shallower depth, and/or when the longline is
still on the sea floor. However, we could postulate
that it would be easier and require less effort to
remove the fish from the longlines when the fish
were closer to the surface. When killer whales and
sperm whales are present simultaneously, interac-
tions between both species have been reported and
demonstrated by the defensive behaviour of sperm
whales (tight grouping of individuals, synchronous
diving...; Pitman et al., 2001). When these species
occur together, sperm whales, due to their greater
diving abilities, are likely to interact with the lon-
gline at a greater depth than killer whales, but this
requires further investigation.

The number of both killer whales and sperm
whales interacting with the fishery was twice as
great in the Crozet EEZ than in the Kerguelen EEZ.
Ninety-six different killer whales were photo-iden-
tified interacting with the fishery, but only a few
(~58) wereinvolved in most of the interactions when
photo-identification was conducted. This suggests
inter-individual, or more likely inter-social group
differences (i.e. long-lasting social bonds between
individuals are observed in this species (Heimlich-
Boran, 1986)) in the levels of interaction with fish-
ing operations.

The individual identification of sperm whales
interacting with the fishery still requires more com-
prehensive and dedicated work on photo-identifi-
cation analyses.

The negative impact exercised by marine
mammals on CPUE was highlighted by the fact
that CPUE was (i) negatively affected in the pres-
ence of these species; and/or (ii) by the negative
correlations found for several sectors of the Crozet
and Kerguelen EEZs between the number of sperm
whales and fur seals present and CPUE. This sug-
gests a cumulative effect of the number of animals
present on the depredation rate. Such a relation-
ship was not found for killer whales.
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However, and surprisingly, in some fishing
sectors of the Crozet and Kerguelen EEZs, CPUE
was higher in the presence of fur seals and sperm
whales. Furthermore there was a tendency for
sperm whales to be present more frequently in fish-
ing sectors with high CPUE. One hypothesis for this
is that sperm whales tend to concentrate in areas
of high density of Patagonian toothfish, on which
they prey naturally. Similar results were found in
South Georgia (Purves et al., 2004). The relation-
ship of fur seals with Patagonian toothfish abun-
dance is more likely to be an indirect one, with fur
seals concentrating in areas where the usual prey of
Patagonian toothfish (myctophids and squids) are
also abundant.

Previous studies have suggested differences
in the level of interaction between fishing vessels
(Hucke-Gaete et al., 2004). Further studies within
the Kerguelen and Crozet EEZs should be con-
ducted in the near future to investigate the matter
in greater detail.

Conclusion

The level of depredation is nearly 10 times as
high in the Crozet EEZ (33%) as it is in the Kerguelen
EEZ (3.2%). This appears to be the result of: (i) the
greater number of sperm whales and killer whales
involved in the interactions in Crozet waters com-
pared to Kerguelen; and (ii) the fact that killer
whale interactions with the fishery activities were
almost exclusively observed in the Crozet EEZ. To
the authors’ knowledge, this is the first time that the
loss of Patagonian toothfish due to sperm whales
and killer whales has been quantified. However,
losses estimated in the Kerguelen EEZ are likely
to increase significantly in the coming years due to
an increasing trend in the number of interactions
involving killer whales (171%, unpublished data)
between 2003 and 2005, and due to the fact that,
for the first time, killer whales interacting with the
fishery in the Crozet EEZ were also observed in
interaction with this fishery within the Kerguelen
EEZ (unpublished data).

In order to address problems arising from marine
mammal and fishery interactions, additional stud-
ies have been planned to assess fishing efficiency in
areas in which: (i) the presence/absence of sperm
whales havebeen previously detected (killer whales
are generally silent); and/or (ii) new fishing tech-
niques are in use (e.g. shorter longlines, potlines).
Fishing with potlines, in spite of some disadvan-
tages (e.g. damage of benthos by pots dragged over
the sea floor during the haul) will have the added
benefit of eliminating the incidental by-catch of
seabirds on longlines and depredation by marine



mammal species. It would also allow finer manage-
ment of the Patagonian toothfish stocks by avoid-
ing fish losses due to depredation and the need
to take the effects of depredation into account for
stock assessments and quota allocations.
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Liste des tableaux

Nombre et pourcentage de palangres pour lesquelles des interactions avec diverses combinaisons
d’espéces de mammiféeres marins (Orcinus orca — Oo ; Physeter macrocephalus — Pm; Arctocephalus spp.

Nombre d’hamecons posés, CPUE en g/hamegon (+CV) en l'absence de mammiferes marins (MM)
ou pour différentes combinaisons de cétacés présents, et résultats du test ¢ par paires sur la CPUE en
I'absence et en présence de mammiferes marins (les valeurs significatives sont indiquées en gras, les
valeurs peu significatives en italique) par secteur de péche pour la ZEE de Kerguelen (voir figure 1b).

Corrélation entre la CPUE et le nombre de cachalots observés a proximité de la palangre pour les

Tableau 1:
— A. spp.), ont été observées dans les ZEE de Crozet et Kerguelen, entre 2003 et 2005.
Tableau 2:
Physeter macrocephalus — Pm ; Arctocephalus spp. — A. spp.
Tableau 3:
10 secteurs de péche de la ZEE de Kerguelen (voir figure 1b).
Tableau 4:
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Nombre d’hamecons posés, CPUE en g/hamegon (+CV) en l'absence de mammiferes marins (MM)
ou pour différentes combinaisons de cétacés présents, et résultats du test f par paires sur la CPUE en



Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Tabm. 1:

Tabm. 2:

Tabm. 3:

Tabm. 4:

Puc. 1:

Puc. 2:
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I'absence et en présence de mammiféres marins (les valeurs significatives sont indiquées en gras) par
secteur de péche pour la ZEE de Crozet (voir figure 1b). Les secteurs de péche pour lesquels les données
sont insuffisantes pour permettre une comparaison sont indiqués en italique.

Liste des figures

Distribution spatiale des poses de palangre dans (a) les neuf secteurs de péche de la ZEE de Crozet, et
(b) les 10 secteurs de péche de la ZEE de Kerguelen, entre 2003 et 2005. Les traits noirs fins représentent
les limites des ZEE ; les traits noirs épais représentent les limites des secteurs de péche.

Niveau d’interaction dans la ZEE de Crozet par secteur de péche et par espéce de mammifére marin.

La CPUE selon les espéces et les secteurs de péche de la ZEE de Crozet. Les barres noires représentent
la CPUE en I’absence de mammiféres marins, les barres hachurées représentent la CPUE lorsque seuls
les cachalots étaient présents, les barres blanches représentent la CPUE lorsque seuls les orques étaient
présentes, et les barres pointillées représentent la CPUE lorsque les deux especes étaient présentes.
* représente les secteurs de péche dans lesquels des différences significatives ont été observées selon que
les cachalots et les orques étaient absents ou présents (barres pointillées).

Nombre total d’orques identifiées au large par photographie depuis des navires de péche en opération
entre 2003 et 2005.

Fréquence d’observation des orques rencontrés le plus souvent. L’axe des x représente le nombre de fois
qu'une orque donnée était identifiée et ’axe des y, le nombre de spécimens identifiés (par ex., la barre
de gauche représente 25 orques identifiées par photographie deux fois, celle de droite représente deux
orques identifiées en 23 occasions différentes).

Crucok TaluIg

KonmdectBo u 1051s1 IpyCOB, C KOTOPBIMH, II0 HAOMIOICHMSIM, B3aMMOICHCTBOBAIM BHIBI MOPCKHX
MIICKOITUTAIONIMX B pa3HbIx KomOuHamsx (Orcinus orca — Oo; Physeter macrocephalus — Pm; Bumst
Arctocephalus — A.spp.), B D3 o-BoB Kpose u Keprenen B nepuox 2003-2005 rr.

Kommuectso BeicTaBineHHbIX KproukoB, CPUE Br/kpiouok (=CV) BOTCYTCTBHE MOPCKUX MIICKOTTU TAFOIITHX
(MM) u npy HaJMYMK KUTOBBIX B Pa3IMUHBIX KOMOMHAIMSIX, a TAKXKE PE3yNlbTaThl MapHOro t-recra
st CPUE nipn 0TCYTCTBHH WIIM HAIMYNU MOPCKHUX MIICKOTIUTAIONIHNX (3HAYNMbIE BEJIMUMHBI TOKA3aHbI
JKUPHBIM IIPUPTOM, & MUHUMAJIBHO 3HAYMMBbIE — KYPCHUBOM) I10 ITPOMBICIIOBBIM cekTopam B 1193 0-BoB
Keprenen (cum. puc. 1b). Physeter macrocephalus — Pm; sumsr Arctocephalus — A.spp.

Koppensiuus mexny CPUE u KonuyecTBOM KallajlOTOB, B3aUMOIEHCTBYIOUIMX C SIPYCOM, JJIst
10 npombicioBeix cekropoB D3 o-BoB Keprenen (cm. puc. 1b).

KonuectBo BricTaBneHHbIX kproukoB, CPUE B1/kprouok (+CV) BOTCYTCTBHE MOPCKHX MIICKOITUTAFOLIHX
(MM) u npy HaJIMYMK KUTOBBIX B Pa3IMYHBIX KOMOMHAIMSIX, a TAKXKE PE3yNlbTaThl MapHOro t-recrta
qust CPUE nput OTCYTCTBUM MJIM HAJIMYMU MOPCKUX MIICKOITUTAIONIHMX (3HAYMMBbIE BEJIMYMHBI TI0KA3aHbI
JKMPHBIM IPUQTOM) T10 TPOMBICIOBEIM cekTopam 193 0-BoB Kpose (cum. puc. 1b). KypcrBom nokazansl
MPOMBICIIOBBIE CEKTOPA, 110 KOTOPHIM HE HMEETCSI I0CTATOUHOTO KOJIMUECTBA JIAHHBIX, YTOOBI IPOBECTH
CpaBHCHHE.

CHucox pucyHKOB
[IpocTpaHCTBEeHHOE pacIpeelieHne TTOCTaHOBOK APYCOB B (a) 9 MpOMBICIOBBIX cekTopax 133 o0-BoB
Kpoze, u (b) 10 mpombiciioBbix cekropax D3 o-Bo Keprenern B mepuon 2003—-2005 rr. Tonkumu
YEepHBIMU JIMHUSIMU TOKa3aHbl TpaHuiibl D3 KUPHBIMU YEpPHBIMU JIMHUSIMK TOKa3aHbl TPAHHUIIBI

HMPOMBICIIOBBIX CEKTOPOB.

VYposens B3aumoneiicteus B VO3 o0-BoB Kpos3e 1mo NmpOMBICIOBBIM CEKTOpPaM M BHAAM MOPCKHX
MJIEKOITUTAIOIIUX.
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CPUE, cBs13aHHbIE C BUAAMHU U TPOMBICIOBBIME cekTopamu B 193 0-BoB Kpo3se. UepHbIME cTOTOHKaMU
o6o3nadensl CPUE B OTCyTCTBHE MOPCKHMX MIICKONUTAIOUIMX, 3alITPUXOBAHHBIMU CTOJIOMKAMHU
o6o3nayensl CPUE npu HanmMuuu TOJIBKO KallaiaoToB, OesibiMu cTosionkamu o6o3zHadensl CPUE npu
HAJIMYUU TOJIBKO KOCATOK, a cTojioukamu ¢ Toukamu o0o3Hadenbl CPUE npu Hamuunu 000MX BUIOB
BMecTe. * IMOKa3bIBaeT IPOMBICIOBBIE CEKTOpa, Iiie HAOMIONAINCh CYIIECTBEHHBIC PA3IHUMs MEXIY
OTCYTCTBHEM M HAJIMYMEM KaK KallaJoTOB, TAK U KOCATOK (CTOJIOUKHU C TOUKAMH).

OO0111ee KOJIMYECTBO KOCATOK, UICHTU(HULIMPOBAHHBIX 110 (poTorpadusm B MOpE € CyI0B, KOTOPbIE BEJIH
npomsbicen B nepuon 2003-2005 rr.

Yacrora HabOmoneHNH HanboJIee 9acTo BCTPEUaloIUXCst KocaTok. Ha ocH X 1oka3aHo KOJIMYEeCTBO pas,
KOIJIa Ta WJIM MHasl KocaTka Obliia MCHTH(UIIMPOBaHA, a HA OCH y TIOKa3aHO YUCII0 HACHTHOUIIMPOBAHHBIX
ocoleii (Hamp., CTOIOUK ciieBa 0003Ha4YaeT 25 KOCATOK, KOTOpble ObUIM (POTO-HAEHTH(UIIMPOBAHBI
JIBX]IbI, @ CTOJIOUK CIIpaBa — IByX KOCATOK, MACHTH(OUIIMPOBAHHBIX B 23 Pa3IMYHbIX CIy4asx).

Lista de las tablas

Numero y porcentaje de palangres observados donde se presenciaron interacciones entre la pesca y
distintas combinaciones de especies de mamiferos marinos (Orcinus orca — Oo; Physeter macrocephalus
— Pm; Arctocephalus spp. — A. spp.), en las ZEE de las Islas Crozet y Kerguelén, entre 2003 y 2005.

Numero de anzuelos calados, CPUE en g/anzuelo (+CV) en ausencia de mamiferos marinos (MM) o para
distintas combinaciones de cetdceos presentes; y resultados de la prueba t para muestras apareadas de
la CPUE en ausencia o presencia de mamiferos marinos (los valores significativos se indican en negrita,
mientras que los valores ligeramente significativos se indican en cursiva), por zona de pesca en la ZEE
de Kerguelén (véase la figura 1b). Physeter macrocephalus — Pm; Arctocephalus spp. — A. spp.

Correlacion entre la CPUE y el niimero de cachalotes que interactuaron con la linea en las 10 zonas de
pesca de la ZEE de Kerguelén (véase la figura 1b).

Numero de anzuelos calados, CPUE en g/anzuelo (+CV) en ausencia de mamiferos marinos (MM) o para
distintas combinaciones de cetdceos presentes; y resultados de la prueba t para muestras apareadas de
la CPUE en ausencia o presencia de mamiferos marinos (los valores significativos se indican en negrita),
por zona de pesca en la ZEE de Crozet (véase la figura 1b). Las zonas de pesca para las cuales no hay
suficientes datos para efectuar una comparacion se indican en cursiva.

Lista de las figuras

Distribucién espacial de los lances de palangre en (a) las nueve zonas de pesca en la ZEE de Crozet, y
(b) las 10 zonas de pesca en la ZEE de Kerguelén, entre 2003 y 2005. Las lineas negras delgadas representan
los limites de las ZEE; las lineas negras mas gruesas delimitan las zonas de pesca.

Tasa de interaccion en la ZEE de Isla Crozet por zona de pesca y especie de mamifero marino.

CPUE para cada especie y zona de pesca en la ZEE de Isla Crozet. Las barras negras representan la
CPUE en ausencia de mamiferos marinos; las barras achuradas representan la CPUE en presencia de
cachalotes solamente; las barras en blanco representan la CPUE en presencia de orcas solamente; y las
barras punteadas representan la CPUE en presencia de ambas especies. * representa las zonas de pesca
donde se observaron diferencias significativas en ausencia o presencia tanto de cachalotes como de orcas
(barras punteadas).

Numero total de orcas identificadas en alta mar mediante fotografias tomadas desde los barcos de pesca
que operaron entre 2003 y 2005.

Frecuencia de observacién de las orcas encontradas habitualmente. El eje x representa el niimero de
veces que se identificé una orca en particular y el eje y representa el nimero de animales identificados
(p-¢j. la barra de la extrema izquierda indica que 25 orcas fueron identificadas dos veces de fotografias, y
la barra a la extrema derecha indica que dos orcas fueron identificadas en 23 ocasiones distintas).



