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Abstract

Interactions between killer whales (Orcinus orca), sperm whales (Physeter macrocephalus), 
fur seals (Arctocephalus spp.) and longline fi shing operations were reported by observers 
on board fi shing vessels targeting Patagonian toothfi sh (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 fi shing areas. 
The effect of depredation was assessed by comparing catch-per-unit-effort (CPUE) (fi sh 
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-identifi cation effort, primarily focussing on killer 
whales, allowed a total of 103 individual whales to be identifi ed. The analysis of photo-
identifi cation indicated that a small number of individual killer whales were responsible 
for most of the interactions with the fi shery. 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 pêche à la palangre ont été enregistrées 
par les observateurs à bord des navires de pêche visant la légine australe (Dissostichus 
eleginoides) dans les Zones Économiques Exclusives (ZEE) des îles 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 espèces 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 espèces, ensemble ou séparément, ont 
été observées lors de 54% des 6 262 poses de palangre. Des interactions ont été observées 
sur l’ensemble des secteurs de pêche. L’effet de la déprédation a été évalué en comparant 
la capture par unité d’effort (CPUE) (poids du poisson/hameçon) de chaque palangre 
posée, en l’absence et en présence des espèces de mammifères 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 espèces étaient 
présentes simultanément. Un effort important d’identifi cation photographique, consacré 
essentiellement aux orques, a permis d’identifi er 103 individus différents. L’analyse 
des résultats de photo-identifi cation indique qu’à elles seules, quelques orques étaient 
responsables de la plupart des interactions avec la pêcherie. Dans la ZEE de Kerguelen, ce 
sont les cachalots qui, seuls ou en association avec les otaries, auraient un impact négatif 
sur la CPUE. 

Резюме

О взаимодействии между косатками (Orcinus orca), кашалотами (Physeter 
macrocephalus), морскими котиками (виды Arctocephalus) и ярусным промыслом 
сообщали наблюдатели, находившиеся на судах, ведущих промысел патагонского 
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Introduction

Over the past decade, pelagic fi sheries, and 
longline fi shing in particular, have undergone a 
rapid expansion. Since the United Nations’ pro-
hibition of large-scale high-seas driftnet fi shing in 
1994, a number of fl eets have increased their long-
line effort. Furthermore, some demersal longline 
fi sheries have also expanded rapidly. Concomitant 
with the expanding longline fi shing effort, the 
scale of interactions between longline fi sheries 
and cetaceans has increased (Donoghue et al., 
2002). Interactions are classifi ed as either biologi-
cal or operational. While biological interactions 
are indirect, and involve competition between 
fi sheries and marine mammals for food sources, 

operational interactions are direct, and include the 
removal of fi sh from lines or nets by marine mam-
mals, or entanglements with equipment. Reports 
on the removal by marine mammals of fi sh 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 fi sheries (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 toothfi sh (Dissostichus eleginoides) fi sh-
ery operations have been reported in the Southern 
Ocean (Kock et al., 2006), off South Georgia (Ashford 

клыкача (Dissostichus eleginoides) в исключительных экономических зонах (ИЭЗ) 
о-вов Крозе и Кергелен в период 2003–2005 гг. В ИЭЗ о-вов Крозе сообщалось 
о взаимодействии с косатками и кашалотами. Эти два вида, по отдельности или 
вместе, наблюдались в 71% всех постановок яруса (1308). В ИЭЗ о-вов Кергелен 
сообщалось о взаимодействии с кашалотами и морскими котиками. Эти два вида, 
по отдельности или вместе, наблюдались в 54% всех наблюдений ярусов (6262). 
Взаимодействия наблюдались во всех промысловых районах. Результат нападения 
хищников оценивался путем сравнения улова на единицу усилия (CPUE) (вес рыбы/
крючок) для каждой постановки яруса при наличии/отсутствии видов морских 
млекопитающих поодиночке или вместе. Было подсчитано, что в ИЭЗ о-вов Крозе 
CPUE сокращался на 22.5% при наличии косаток, на 12.1% при наличии кашалотов 
и на 42.5%, когда присутствовали оба вида вместе. Была проведена большая работа 
по фото-идентификации, в основном, косаток, которая позволила идентифицировать 
в общей сложности 103 отдельных кита. Анализ результатов фото-идентификации 
показал, что большинство взаимодействий с промыслом приходится на небольшое 
количество отдельных косаток. В ИЭЗ о-вов Кергелен было выявлено, что только 
кашалоты, иногда совместно с морскими котиками, отрицательно воздействовали 
на CPUE. 

Resumen

Observadores a bordo de barcos dedicados a la pesca de palangre de austromerluza 
negra (Dissostichus eleginoides) en las Zonas de Exclusividad Económica (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 fi nos (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 sí solas o en conjunto. En las interacciones observadas en 
la ZEE de Kerguelén participaron cachalotes y lobos fi nos. En 54% de los 6 262 lances de 
palangre observados se detectó estas dos especies actuando por sí solas o en conjunto. 
Se observaron interacciones en todas las zonas de pesca. El efecto de la depredación 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 mamíferos marinos 
observadas, ya sea separadamente o en conjunto. Se encontró que la CPUE en la ZEE 
de Isla Crozet disminuyó 22.5% en presencia de orcas, 12.1% en presencia de cachalotes 
y 42.5% en presencia de ambas especies. La intensa labor de identifi cación fotográfi ca 
dedicada principalmente a las orcas permitió identifi car un total de 103 ballenas. El análisis 
de la identifi cación fotográfi ca indicó que un pequeño número de orcas solitarias fue 
responsable de la mayoría de las interacciones con la pesquería. En la ZEE de Kerguelén 
se encontró que sólo los cachalotes, por sí solos o conjuntamente con los lobos marinos, 
afectaron negativamente la CPUE. 

Keywords: Crozet EEZ, Kerguelen EEZ, fi shery, depredation, killer whales, 
Orcinus orca, sperm whales, Physeter macrocephalus, légine, 

Patagonian toothfi sh, Dissostichus eleginoides, CCAMLR
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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 fi shery (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 fi sh stock management and marine mammal 
conservation. Losses due to depredation are in fact 
not usually accounted for in fi sh 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-
fi sh fi shery in the Crozet Exclusive Economic Zone 
(EEZ). Two possible explanations for this CPUE 
decrease are proposed: (i) an overexploitation of 
the fi sh stock due mainly to the high total remov-
als in 1996 and 1997; and/or (ii) a possible cumula-
tive effect of fi shing in combination with the killer 
whale depredation on longlines. Indeed, observers 
reported that Crozet archipelago killer whales use 
Patagonian toothfi sh 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 fi shery; (ii) to assess the level of 
depredation, and the consequent fi nancial losses, 
caused by the various marine mammal species; 
and (iii) to identify the marine mammal species 
which interact with the fi shery in the Crozet and 
Kerguelen EEZs, and in the case of the Crozet EEZ, 
to use the photo-identifi cation method to identify 
individual killer whales which interact with the 
fi shery.

Materials and methods

Between 9 September 2003 and 3 October 2005 a 
total of 1 308 and 6 263 longlines were set by seven 
fi shing 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 fi shery was closed in accordance 
with measures aimed at reducing incidental seabird 
mortality (Weimerskirch et al., 1999). During this 

period, three different species of marine mam-
mals were observed to be interacting with the 
fi shery: 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 fi sh 
when the longlines are hauled to the surface, and 
consequently have to come close to the fi shing ves-
sel to retrieve the fi sh. 

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

Observer protocol

Fishery observers on board fi shing vessels were 
required: (i) to collect data for fi shery management 
purposes (e.g. species targeted, tonnes landed, 
area fi shed) and assessment of resources (e.g. sam-
pling of fi sh 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 fi shery 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 fi sh-
ing activities. In this paper the interaction between 
marine mammals and the fi shery is defi ned 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 fi shing sectors in the Crozet EEZ, and (b) the 
10 fi shing 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 fi shing 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 fi shing 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 fi shing vessel.

The assessment of fi sh damaged by depreda-
tion was mostly qualitative. However, as gener-
ally agreed, depredation often results in many 
fi sh being entirely removed from the longlines, 
and taking into account damaged fi sh 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 fi shing 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 fi shing sectors and fi shing periods.

Photo-identifi cation

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

In the case of killer whales, close-up photo-
graphs of dorsal fi ns and saddle patches allowed 
individuals to be identifi ed from natural features 
or ‘marks’ on their dorsal fi ns (shape, notches, 
scars); (Bigg et al., 1983) and characteristics of 
their saddle patch(es) (colour, form and scars). 
Individuals without dorsal fi n notches were only 
identifi ed from their left saddle patch. The anterior 
part of the eye patch was also used as an identi-
fi er 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 identifi ed individual. Photo-identifi ed killer 
whales observed interacting with fi shing vessels in 
offshore waters of the Crozet and Kerguelen EEZs 
were compared with the existing database of killer 
whales identifi ed from Possession Island, in the 
Crozet archipelago. 

The work on the photo-identifi cation 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 fi shery 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 
fi shery. 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 signifi cantly 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 fi sh-
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 = 2 459, 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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The effect of fi shing 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 fi shing sectors when no marine mammals were 
detected interacting with the fi shing operations. 
No signifi cant effect and no discernable trend in 
CPUE could be detected in the data for any period 
in any given fi shing sector. 

CPUE was found to vary according to fi shing 
sector (F = 8.3, ddl = 9, P < 0.001) and category of 
interaction (F = 17.0, ddl = 3, P < 0.001), while fi sh-
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, signifi cantly higher CPUEs were 
obtained in their presence (Table 2). Sperm whales 
alone and in co-occurrence with fur seals had a sig-
nifi cant negative impact on CPUE in several fi shing 
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 fi shing sectors, CPUE was sig-
nifi cantly and negatively related to the presence of 
sperm whales during the depredation events. No 
signifi cant effects (positive or negative) were found 
for the remainder of the fi shing 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, 

and sperm whales in co-occurrence with fur seals, 
resulted in the loss of 176 and 172 tonnes respec-
tively of Patagonian toothfi sh which, combined, 
comprised 3.2% of the total catch of 10 902 tonnes. 
Consequently, it was estimated that the actual 
removal of Patagonian toothfi sh from the Kerguelen 
EEZ amounted to 11 250 tonnes (i.e. 10 902 tonnes 
caught plus 348 tonnes depredated from the 
long lines by sperm whales and fur seals). With a 
selling price of Patagonian toothfi sh 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 
fi shery (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 
1 291 longline sets were analysed.

Both killer whale and sperm whale interac-
tions with longlines were observed over the whole 
range of the fi shery. However, the level of interac-
tion varied according to the fi shing 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. 

Table 1: 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 2 839 45.3
A. spp. 4 0.3 1 313 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 1 148 18.3
Pm + Oo 386 29.5 11 0.2 
Pm + Oo + A. spp. 2 0.2 0 0 

Total 1 308 100 6 263 100 
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The effect of fi shing 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 fi shing sectors when no marine mammals 
were detected interacting with the fi shing opera-
tions. No signifi cant effects and no discernable 
trends in CPUE could be detected in the data for 
any period in any given fi shing 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 fi shing 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 fi shing sec-
tors and the four categories of interactions previ-
ously defi ned. Results are summarised in Table 4. 
Depredation was assessed for each of the fi shing 
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.

None of the tests performed revealed any sig-
nifi cant 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 
fi shing sectors (Table 4). However, for seven of 
the nine fi shing 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 fi shing sectors, 
while no signifi cant 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 fi shing 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 fi shing sectors. 

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

Overall, by comparing CPUE in the presence 
or absence of cetaceans, sector by sector (Figure 3), 

Figure 2: Rate of interaction in the Crozet EEZ per fi shing sector and marine mammal species.
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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 
fi sh 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 fi shing 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 fi sh (i.e. 33%) of a total 
declared catch of 991 tonnes. Consequently, it was 
estimated that the actual removal of Patagonian 
toothfi sh from the Crozet EEZ was 1 324 tonnes 
(i.e. 991 tonnes fi shed 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 toothfi sh of around US$12/kg, losses 
estimated due to depredation by marine mammals 
would amount to approximately US$2million/year 
in the Crozet EEZ.

Photo-identifi cation 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-identifi cation 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 fi sh-
ery to be identifi ed (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 identifi ed killer 
whales was highly variable (Figure 5). Of the iden-
tifi ed individuals, 60% were photo-identifi ed on 
two or three occasions, while three individuals 
were observed interacting with the fi shery more 
than 20 times. 

Discussion

Interactions between sperm whales and long-
line fi sheries 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 

Figure 3: CPUE relating to species and fi shing 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 fi shing sectors in which signifi cant differences were observed 
in the absence or presence of both sperm whales and killer whales (stippled bars). 
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Figure 4: Total number of killer whales photo-identifi ed offshore 
from operating fi shing vessels between 2003 and 2005.
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Figure 5: Frequency of observation for the most commonly encountered killer whales. 
The x-axis represents the number of times any given killer whale was identi-
fi ed and the y-axis represents the number of identifi ed individuals (e.g. the 
bar on the left represents 25 killer whales photo-identifi ed twice and the 
bar on the right represents two killer whales identifi ed on 23 different occa-
sions).
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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 confi rm these 
reports, as sperm whales were found to interact 
with the Patagonian toothfi sh fi shery 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 
refl ect 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 signifi cant 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 toothfi sh (Abe and Iwani, 1989; 
Korabelnikov, 1959; Vukhov, 1972) and unlike 
killer whales, their diving ability allows them to 
reach this fi sh species without interacting with the 
fi shery. Presently it is not known whether sperm 
whales interact with the longline only during the 
haul, which allows them to retrieve fi sh from a 
shallower depth, and/or when the longline is 
still on the sea fl oor. However, we could postulate 
that it would be easier and require less effort to 
remove the fi sh from the longlines when the fi sh 
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 fi shery was twice as 
great in the Crozet EEZ than in the Kerguelen EEZ. 
Ninety-six different killer whales were photo-iden-
tifi ed interacting with the fi shery, but only a few 
(~58) were involved in most of the interactions when 
photo-identifi cation 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 fi sh-
ing operations. 

The individual identifi cation of sperm whales 
interacting with the fi shery 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.

However, and surprisingly, in some fi shing 
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 fi sh-
ing sectors with high CPUE. One hypothesis for this 
is that sperm whales tend to concentrate in areas 
of high density of Patagonian toothfi sh, on which 
they prey naturally. Similar results were found in 
South Georgia (Purves et al., 2004). The relation-
ship of fur seals with Patagonian toothfi sh abun-
dance is more likely to be an indirect one, with fur 
seals concentrating in areas where the usual prey of 
Patagonian toothfi sh (myctophids and squids) are 
also abundant.

Previous studies have suggested differences 
in the level of interaction between fi shing 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 fi shery activities were 
almost exclusively observed in the Crozet EEZ. To 
the authors’ knowledge, this is the fi rst time that the 
loss of Patagonian toothfi sh due to sperm whales 
and killer whales has been quantifi ed. However, 
losses estimated in the Kerguelen EEZ are likely 
to increase signifi cantly 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 fi rst time, killer whales interacting with the 
fi shery in the Crozet EEZ were also observed in 
interaction with this fi shery within the Kerguelen 
EEZ (unpublished data).

In order to address problems arising from marine 
mammal and fi shery interactions, additional stud-
ies have been planned to assess fi shing effi ciency in 
areas in which: (i) the presence/absence of sperm 
whales have been previously detected (killer whales 
are generally silent); and/or (ii) new fi shing 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 fl oor during the haul) will have the added 
benefi t of eliminating the incidental by-catch of 
seabirds on longlines and  depredation by marine 
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mammal species. It would also allow fi ner manage-
ment of the Patagonian toothfi sh stocks by avoid-
ing fi sh 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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Figure 1: Distribution spatiale des poses de palangre dans (a) les neuf secteurs de pêche de la ZEE de Crozet, et 
(b) les 10 secteurs de pêche de la ZEE de Kerguelen, entre 2003 et 2005. Les traits noirs fi ns représentent 
les limites des ZEE ; les traits noirs épais représentent les limites des secteurs de pêche.

Figure 2: Niveau d’interaction dans la ZEE de Crozet par secteur de pêche et par espèce de mammifère marin.

Figure 3: La CPUE selon les espèces et les secteurs de pêche de la ZEE de Crozet. Les barres noires représentent 
la CPUE en l’absence de mammifères 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 espèces étaient présentes. 
* représente les secteurs de pêche dans lesquels des différences signifi catives ont été observées selon que 
les cachalots et les orques étaient absents ou présents (barres pointillées). 

Figure 4: Nombre total d’orques identifi ées au large par photographie depuis des navires de pêche en opération 
entre 2003 et 2005.

Figure 5: Fréquence d’observation des orques rencontrés le plus souvent. L’axe des x représente le nombre de fois 
qu’une orque donnée était identifi ée et l’axe des y, le nombre de spécimens identifi és (par ex., la barre 
de gauche représente 25 orques identifi ées par photographie deux fois, celle de droite représente deux 
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Список таблиц

Табл. 1: Количество и доля ярусов, с которыми, по наблюдениям, взаимодействовали виды морских 
млекопитающих в разных комбинациях (Orcinus orca – Oo; Physeter macrocephalus – Pm; виды 
Arctocephalus – A.spp.), в ИЭЗ о-вов Крозе и Кергелен в период 2003–2005 гг.

Табл. 2: Количество выставленных крючков, CPUE в г/крючок (±CV) в отсутствие морских млекопитающих 
(MM) и при наличии китовых в различных комбинациях, а также результаты парного t-теста 
для CPUE при отсутствии или наличии морских млекопитающих (значимые величины показаны 
жирным шрифтом, а минимально значимые – курсивом) по промысловым секторам в ИЭЗ о-вов 
Кергелен (см. рис. 1b). Physeter macrocephalus – Pm; виды Arctocephalus  – A.spp.

Табл. 3: Корреляция между CPUE и количеством кашалотов, взаимодействующих с ярусом, для 
10 промысловых секторов ИЭЗ о-вов Кергелен (см. рис. 1b).

Табл. 4: Количество выставленных крючков, CPUE в г/крючок (±CV) в отсутствие морских млекопитающих 
(MM) и при наличии китовых в различных комбинациях, а также результаты парного t-теста 
для CPUE при отсутствии или наличии морских млекопитающих (значимые величины показаны 
жирным шрифтом) по промысловым секторам ИЭЗ о-вов Крозе (см. рис. 1b). Курсивом показаны 
промысловые сектора, по которым не имеется достаточного количества данных, чтобы провести 
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Список рисунков

Рис. 1: Пространственное распределение постановок ярусов в (a) 9 промысловых секторах ИЭЗ о-вов 
Крозе, и (b) 10 промысловых секторах ИЭЗ о-вов Кергелен в период 2003–2005 гг. Тонкими 
черными линиями показаны границы ИЭЗ; жирными черными линиями показаны границы 
промысловых секторов.

Рис. 2: Уровень взаимодействия в ИЭЗ о-вов Крозе по промысловым секторам и видам морских 
млекопитающих.
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Рис. 3: CPUE, связанные с видами и промысловыми секторами в ИЭЗ о-вов Крозе. Черными столбиками 
обозначены CPUE в отсутствие морских млекопитающих, заштрихованными столбиками 
обозначены CPUE при наличии только кашалотов, белыми столбиками обозначены CPUE при 
наличии только косаток, а столбиками с точками обозначены CPUE при наличии обоих видов 
вместе. * показывает промысловые сектора, где наблюдались существенные различия между 
отсутствием и наличием как кашалотов, так и косаток (столбики с точками). 

Рис. 4: Общее количество косаток, идентифицированных по фотографиям в море с судов, которые вели 
промысел в период 2003–2005 гг.

Рис. 5: Частота наблюдений наиболее часто встречающихся косаток. На оси x показано количество раз, 
когда та или иная косатка была идентифицирована, а на оси y показано число идентифицированных 
особей (напр., столбик слева обозначает 25 косаток, которые были фото-идентифицированы 
дважды, а столбик справа – двух косаток, идентифицированных в 23 различных случаях).
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Figura 1: Distribución 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 líneas negras delgadas representan 
los límites de las ZEE; las líneas negras más gruesas delimitan las zonas de pesca.

Figura 2: Tasa de interacción en la ZEE de Isla Crozet por zona de pesca y especie de mamífero marino.

Figura 3: CPUE para cada especie y zona de pesca en la ZEE de Isla Crozet. Las barras negras representan la 
CPUE en ausencia de mamíferos marinos; las barras achuradas representan la CPUE en presencia de 
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Figura 5: Frecuencia de observación de las orcas encontradas habitualmente. El eje x representa el número de 
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(p.ej. la barra de la extrema izquierda indica que 25 orcas fueron identifi cadas dos veces de fotografías, y 
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