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Abstract

Interactions of sperm whales (Physeter macrocephalus) and killer whales (Orcinus orca)
with Patagonian toothfish (Dissostichus eleginoides) fishery operations were assessed in
southern Chile during surveys with observers on board industrial fishing vessels between
April 2002 and March 2003. For the 180 hauls monitored, the evidence of damaged catch
when cetaceans were present included toothfish lips (n = 121), heads (1 = 16) and trunks
(n = 3). The mean rate of depredation was 3% (+2% CI 95%; n = 180 sets) and ranged
between 0 and 100%. Considering that no interactions were recorded in 153 (84%) of the
effectively monitored sets, and that the mode and median of the depredation rate was 0,
the global impact of cetaceans on the fishing yield is considered to be low. When mixed
sightings of killer and sperm whales were encountered (1 = 12), the rate of depredation
decreased to 0%; this could be the result of killer whales preferring to predate on sperm
whales rather than on the fish caught on the line, as suggested by the response of sperm
whales to the presence of killer whales (grouping into tight parallel formations). High
sperm whale densities were found to be associated with various ‘hotspots” which had
high fishing yields. This relationship tends to support the hypothesis that the richest
fishing grounds are also traditional feeding grounds for sperm whales. Financial loss
associated with operational interactions involving depredation was US$92 684 (CI 95%
US$47 302-153 745) for the whole fleet, with a mean loss per set of US$138 (CI 95%
US$74.76-249.3).

Résumé

Les interactions de cachalots (Physeter macrocephalus) et d'orques (Orcinus orca) avec les
opérations de péche a la 1égine australe (Dissostichus eleginoides) ont fait 1'objet d'une
évaluation dans le sud du Chili au cours de campagnes d'évaluation menées en présence
d'observateurs d'avril 2002 & mars 2003 sur des navires de péche industrielle. Pour les
180 poses surveillées, I'évidence d'une capture de légine endommagée lorsque des cétacés
étaient présents comprenait : levres (1 = 121), tétes (n = 16) et troncs (1 = 3). Le taux moyen
de déprédation était de 3% (+2% intervalle de confiance a 95%; n = 180 poses), variant
de 0 a 100%. Etant donné qu'aucune interaction n'a été relevée sur 153 (84%) des poses
effectivement surveillées, et que le mode et la médiane du taux de déprédation étaient
de 0, il est considéré que l'impact des cétacés sur le rendement de la péche est faible. Lors
des observations a la fois d'orques et de cétacés (n = 12), le taux de déprédation tombait
a 0%; ce résultat pourrait s'expliquer par le fait que les orques préferent attaquer les
cachalots plutdt que les poissons capturés sur les palangres, ce que suggere la réponse des
cachalots a la présence 1'orques (regroupement en formations paralleles serrées). Les fortes
densités de cachalots semblaient étre associées a divers "points chauds" qui affichaient des
rendements de péche élevés. Ce rapport tend a conforter I'hypotheése selon laquelle les
lieux de péche les plus productifs sont également des secteurs d'alimentation traditionnels
des cachalots. La perte financiere associée aux interactions opérationnelles provoquant
une déprédation représentait 92 684 dollars américains (intervalle de confiance a 95%
47 302-153 745 dollars américains) pour la totalité de la flottille, avec une perte moyenne
par pose de 138 dollars américains (intervalle de confiance a 95% 74,76-249,3 dollars
américains).
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Pesrome

Orenka B3aumozeiicTeus kamanotoB (Physeter macrocephalus) u kocarok (Orcinus
0rca) ¢ mpOMBICIIOBBIMU OIIEPAIIMsIMU TTaTaroHcKoro Kibikada (Dissostichus eleginoides)
Obuta mpoBesieHa Ha fore Umim Bo BpeMsl CheMOK IPHM HAIWYWU HaOltofarened Ha
MPOMBINUICHHBIX TTPOMBICIIOBEIX CylaxX B mepuoa Mexnay amperneM 2002 ©. U MapToMm
2003 1. B xone 180 HabmromaBmmxcs BHIOOPOK CBUICTEILCTBA MOBPEIKICHHON PHIOBI B
yII0OBe, KOTa KUThI ObUIM MOOIM30CTH, BKIIO4anu Tyobsl (N = 121), ronoser (N = 16) u
tynosuwa (N = 3). Cpeanuil nokasarens omycromeHus cocraBun 3% (2% CI 95%; n
= 180 mocraHoBOK) 1 Komedancs B npenenax ot 0 mo 100%. [Ipuanmast Bo BHIMaHHE
ToT (akt, yto B ciydae 153 (84%) BHMMarenbHO HaAOMIONABIIMXCS IOCTAHOBOK HE
OBUIO 3apErHCTPUPOBAHO HHUKAKOTO B3aUMOJCHCTBUS, a MOJIa M MEAMaHA IOKAa3aTels
OITyCTOMICHUS paBHUUCH (), BO3ICHCTBIE KUTOB HA MIPOMBICIIOBBIN YIOB B TII00aIHHOM
MacIiiTade CuuTaeTcs HU3KUM. YPOBEHbB OIyCTOIIEHUs cHIbKamcs 10 0%, Korma KocaTKu
Y KalllaJoThl HaOMonaIuch BrepemMeky (N = 12); BO3MOXKHO, 3TO OOBSACHSAETCS TEM, 4TO
KOCATKH B Ka9€CTBE JOOBIUHY MPEAIOYNTAIOT KAIIAIOTOB, a HE TIOMMaHHYIO Ha SIpYyC PBIOY,
0 YeM CBHJCTEIBCTBYET PEAKIINS KAlIaIOTOB Ha MPUCYTCTBHE KOCATOK (TPYIIHPYIOTCS B
TECHBIE MapayIeIbHbIe Psabl). BpuIo 00HAPYKEHO, YTO BBICOKAS IJIOTHOCTH KAlllaJIOTOB
CBSI3aHA C PA3IUYHBIMU «TOPSYUMH TOYKAMH», TIE BBICOKH IPOMBICIOBEIC YIIOBEL
OTa CBSI3b TOBOPHUT B MOJIB3Y TUHOTE3BI O TOM, YTO OOTaThie MPOMBICTIOBBIE TUIOIIAIKH
SBJISIFOTCSA  TakXKe TPaTUIIMOHHBIMA KOPMOBBIMH IUIOIIAJAKAMH IS KalllaJOTOB.
OUHAHCOBBIN yIEpO, CBI3aHHBINA C ONMEPAIMOHHBIM B3aUMOJICHCTBHEM, BKIIFOYAFONITHM
omnycroienue, cocrasun US$92 684 (CI1 95% US$47 302—153 745) nnst Beedt dnoTuiuu,
npu cpeanem yuiepde US$138 (CI 95% US$74.76-249.3) i onHOM MOCTAaHOBKH.

Resumen

Las interacciones operacionales entre cachalotes (Physeter macrocephalus) y orcas (Orcinus
orca) con la pesqueria industrial de austromerluza negra (Dissostichus eleginoides), fueron
evaluadas a través de viajes de pesca en buques industriales con observadores cientificos
a bordo, entre abril del 2002 y marzo del 2003. En 180 lances observados la evidencia de
dafios cuando los cetdceos estuvieron presentes incluyeron: labios (1 = 121), cabezas (1= 16)
y troncos (n = 3). La tasa promedio de depredacion fue 3% (+2% IC 95%; n = 180 lances)
y vari6 entre 0% y 100%. Considerando que no se observé interaccion en 153 (84%) de los
lances efectivamente observados, y que la moda y la mediana de la tasa de depredacion
fue cero, el impacto global de los cetdceos sobre el rendimiento de pesca se considera bajo.
Cuando se avistaron grupos mixtos de cachalotes y orcas (n = 12) la tasa de depredacion
disminuy¢ a cero; lo anterior podria deberse a que las orcas prefieren depredar sobre los
cachalotes que remover peces de los espineles, como lo sugiere la respuesta defensiva
de los cachalotes frente a las orcas (agrupamientos en formaciones paralelas). Altas
densidades de cachalotes fueron encontradas asociadas con varios caladeros que tuvieron
altos rendimientos de pesca. Esta relacién tiende a apoyar la hipétesis que los caladeros
de mayor produccién pesquera son también zonas de alimentacién tradicional de los
cachalotes. La pérdida monetaria asociada con interacciones operacionales vinculadas
a la depredacion fue de USD 92 684 (IC 95% USD 47 302-153 745) para la flota completa
durante la temporada, con un promedio de pérdida por lance de USD 138 (IC 95%
74,76-249,3).

Keywords: Physeter macrocephalus, Orcinus orca, Dissostichus eleginoides,
tisheries interactions, South America, depredation, CCAMLR

Introduction

Interactions between marine mammals and
Patagonian toothfish (Dissostichus eleginoides) fish-
ery operations have been reported to occur in the
Atlantic sector of the Southern Ocean, mainly
off South Georgia, primarily with killer whales
(Orcinus orca) and secondarily with sperm whales
(Physeter macrocephalus) (e.g. Ashford et al., 1996).
Other areas in which interactions have been
reported include the Falkland/Malvinas Islands
and the southern coast of South America (Ashford
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et al., 1996). In particular, off southern Chile, little
information is available on the magnitude of these
interactions, in spite of anecdotal and unpublished
information from fishers and scientific observers
suggesting that interactions are frequent, with
negative consequences for both cetaceans and
the fishery (Salas et al., 1987; Ashford et al., 1996;
Donoghue et al., 2003).

The Patagonian toothfish fishery began as ex-
ploratory during 1955 in Chile (Gonzélez, 1962)
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and now extends throughout the country, with
southern Chile being the area of best yields
(Lemaitre et al., 1991). The fishery is segregated
between artisanal and industrial operations. While
the former operates north of 47°S, does not have
fishing quotas and is limited only by vessel size
(maximum 18 m) and longline length (maximum
12 000 hooks per line), the latter, operating south
of 47°S, is subject to an individual quota that cor-
responds to a percentage of the total allocated catch
as determined by public auction.

Measures used by fishers to counteract the
interactions are only suspected and the impact
of marine mammals on the fishing yield has not
yet been assessed. Current knowledge indicates
that killer whales may consume an important
proportion of the fish caught, while sperm whales
may occasionally become entangled with the
longlines, leading to damage to or loss of gear
(Ashford et al., 1996).

For the reasons outlined above, the Chilean
Government, through the Fisheries Research
Fund (Fondo de Investigacion Pesquera), issued
a call to develop a project to assess the problem
of interactions between marine mammals and
the industrial and artisanal Patagonian toothfish
fishery in southern Chile (39°S-57°S). The specific
objectives of this investigation were: (i) to deter-
mine the marine mammal species interacting with
the fishery, and (ii) to characterise and quantify the
interaction of marine mammals and the fishery on
a spatial and temporal basis. This paper deals only
with observations derived from industrial fishing
vessels operating in the vicinity of the CCAMLR
Convention Area.

Materials and methods
Study area

The region surveyed comprises the slope waters
lying between 47°S and 58°S at the southwestern
tip of South America (Figure 1). Southern Chile is
in immediate proximity to Subareas 48.1 and 88.3,
in both of which fishing for finfish is prohibited.
This region is in close proximity to fishing grounds
to the east within the CCAMLR Convention Area
(Subarea 48.3) and probably shares the same
populations of marine mammals and Patagonian
toothfish stocks.

Observer coverage

Seven surveys were completed on board fishing
vessels between April 2002 and March 2003. A total
of 222 hauls were observed and 1310 585 hooks

were monitored. Of these, 180 hauls were selected
for inclusion in this analysis because of the par-
ticular attention paid by the observers to marine
mammal interactions, as the study also included the
assessment of seabird interactions with the fishery.
Temporal distribution of effort was markedly
influenced by the seasonal pattern of the fishery,
i.e. low during late autumn and winter, reaching a
peak during September and October and gradually
decreasing throughout the austral summer.

Observer protocol

Trained scientific observers used specially
designed forms to record a number of parameters
(e.g. geographic position, meteorological condi-
tions, catch, number of damaged fish, marine
mammal species present in the vicinity of the
line, description of the fishing method through
direct observation of the operation, with particular
emphasis on line hauling).

Fish remains, as well as damaged fish attributed
to marine mammal depredation, were measured
to compare this information with allometric
relationships and to evaluate whether marine
mammals preferred particular species or sizes of
captured fish.

Analysis

Depredation rates (TDLC(%)) were calculated
as the proportion of damaged fish landed per line
and per fishing trip according to the following
relationship (modified from Yano and Dahlheim,
1995):

ND

TDLC(%) = (—
NT + ND

)*100

where ND is the number of damaged fish,
ascertained by the number of remaining heads,
lips or trunks, and NT is the total number of fish
showing no evidence of damage.

To assess if the same whales were interacting
with the vessels, photo-identification techniques
were used because of the proximity of whales to
the vessels (particularly sperm whales) using a
digital8 video camera. This tool was included as
a pilot effort to understand cetacean population
structure and distribution by comparing the results
of this study with existing photographic databases
from the eastern South Pacific (Hal Whitehead,
Dalhousie University, Canada).

Observation data were initially analysed with
descriptive statistics in order to determine the
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Figure1:  Study area in which operational interactions of marine mammals with the Patagonian

toothfish fishery were examined.
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Figure 2: Sperm whale (open circles) and killer whale (closed circles) sightings in relation to
areas in which interactions between cetaceans and the Patagonian toothfish fishery
occurred (grey squares).
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Figure 3: =~ Number of individuals of most recurrent cetacean species — (a) sperm whales;

(b) killer whales — associated with fishing operations for Patagonian toothfish,
per month and number of hauls observed.

frequency of occurrence of different phenomena,
as well as associated probability parameters on a
spatio—temporal scale. To make robust estimates
of confidence intervals (Cls) for depredation rates
and financial loss, a bootstrap using 1 000 iterations
was performed (Manly, 1997). A Geographic Infor-
mation System (GIS) was used to assess the spatial
and temporal extent of interactions, as well as to
identify interaction ‘hotspots’ by overlapping geo-
referenced hauls with marine mammal sightings
and interaction locations.

Results and discussion

Marine mammal species observed
during fishing operations

Five species were recorded in the vicinity of
fishing operations: sperm whales, killer whales,
long-finned pilot whales (Globicephala melas), South
American sea lions (Otaria flavescens) and South

American fur seals (Arctocephalus australis). During
navigation to and from fishing grounds, six sight-
ings of 10 sperm whales were made, five of sea
lions and two of fur seals.

During setting operations, 24 groups of sperm
whales were sighted (n = 41 individuals) and dur-
ing hauling operations, 108 groups of sperm whales
(n = 674, mean group size = 6), 18 groups of killer
whales (1 =77, mean = 4) (Figure 2) and one group
of pilot whales (1 = 15) were recorded. Interactions
with fishing operations, however, were only evi-
dent when sperm whales and/or killer whales
were present.

Sperm whales were present with higher fre-
quency than any other species on the fishing
grounds (Figure 3). In 60% of all monitored sets
sperm whales were present, while killer whales
were observed in only 10% of these.
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Figure 4:

database.

The encounter dynamics of both species during
the hauls suggests that sperm whales tend to be
present with higher frequency when killer whales
are not, while killer whales tend to occur with
higher frequency when sperm whales are present.
This suggests that the presence of one species is
not independent of the presence of the other (Chi-
square(gs, 1 g = 2.7238, p = 0.0989). The sighting
frequency of the most regularly sighted species
(sperm and killer whales) was closely related to
observer effort (Figure 3) and September was the
month when most sightings of both species were
made.

Photo-identification

A total of 35 sperm whales was individu-
ally photo-identified as well as two killer whales.
The quality of photographs and video sequences
varied considerably between days and individu-
als, however, the observations conducted allowed
the feasibility of the method to be confirmed
(Figure 4). Only one re-sighting was confirmed
and corresponded to a sperm whale coded as
PM10-Fip-020914 which was first sighted on
14 September 2002 at 57.037°S 67.517°W. This
individual was re-sighted on 21 September 2002 at
57.126°S 67.320°W by a different ship. All records
obtained were included in a photo-identification
database for further analysis and subsequent com-
parison with other areas.
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Examples of records from the sperm whale (left) and killer whale (right) photo-identification

Operational interactions

No direct observations were made of cetaceans
attacking the line. However, when killer whales
were present and damaged fish were being hauled,
frenzied activity was observed on several occa-
sions near the line and close to the surface some
50-100 m from the vessel where large numbers
of seabirds congregated, possibly to feed on the
remains of fish depredated by killer whales.

Only one fatal entanglement of a sperm whale
with the line was recorded during an exploratory
trip undertaken during late 2001, suggesting that
this issue does not pose a major threat to cetacean
populations. However, this is a problem that needs
to be studied in more detail, particularly north
of 47°S in Chile where some artisanal fishers use
illegal counter measures such as ramming, shoot-
ing or even explosives to deter sperm whales or
any other marine mammal that may affect the
fishery.

Damaged catch

Three types of evidence were found on the
hooks after depredation on the line had occurred:
lips, heads and trunks. Considering the difficulty
of differentiating between probable ‘culprits” such
as cetaceans, sharks, squid or the effect of mechani-
cal drag caused by hauling the line, most of this
damaged catch (unless obviously attributable
to other sources) was attributed to the category
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‘depredated by marine mammals’. Although this
possibly maximises the depredation rate attrib-
utable to killer and sperm whales, it could also
account for those fish which were taken but of
which no evidence was left. Whichever is the case,
and in spite of observers making every effort to
identify other possible causes of damage, this
highlights the need to develop more effective
methods of assessing this interaction.

It is assumed that by-catch was not consumed
by cetaceans as no evidence for damaged individ-
uals from species other than Patagonian toothfish
was found. A total of 121 lips, 16 heads and 3 trunks
were recovered which suggests the loss of at least
140 toothfish in the portions of hauls observed.
Extrapolating this value to complete hauls (100%
coverage) increases this figure to 199 individuals.
Considering that monitored vessels caught 15 135
toothfish during the study period, cetaceans would
have consumed only 1.73% of the total catch (IC
95% 0.887-2.883) as estimated through a bootstrap,
which means that on average only one toothfish
would be depredated per set.

An analysis regarding the size of depredated
tish in relation to the catch indicates that sperm
and killer whales would have consumed toothfish
of all size classes from the fishing gear (Figures 5a
and 5b), and this is substantiated by Yukhov’s (1972)
observations (as identified by Ashford et al., 1996)
of stomach contents of sperm whales in the south-
ern Indian Ocean. This is important as it means
that whales would not be selecting larger fish from
the line as expected.

Frequency of occurrence of heads and trunks
was noted to be higher when killer whales were
present, suggesting that this species bites and tears
the fish from the line. The characteristics of the
damage left by killer whales on depredated fish are
similar to those described by Yano and Dahlheim
(1995) and Secchi and Vaske (1998). In contrast,
when only sperm whales were present, mostly lips
were found on the line. Due to the position of the
sperm whale’s mouth in relation to the rest of its
head, these animals presumably take the fish with
the body in a sideways, or possibly upside-down,
position by pulling or sucking the whole fish from
the hook while leaving the weakest link attached
to it, the lip.

Depredation rates

Given that observers have multiple tasks on
board, the whole of the line cannot be monitored.
For this reason, the observed depredation rate was

extrapolated to the whole line in order to com-
plement the unobserved portion. This approach
possibly maximises (or may even minimise) the
actual depredation rate given that depredation
does not necessarily occur uniformly along the
line.

The mean depredation rate was 3% (+2% IC
95%; n = 180 sets) and ranged between 0 and 100%.
Considering that in 153 (84%) of the actually moni-
tored sets there was no interaction whatsoever and
that the mode and median was 0, the global impact
of cetaceans on the fishing yield is considered to be
low (Figure 6).

Mixed sightings of killer and sperm whales were
observed on 12 occasions and no depredation was
observed during most of these events (Figure 7). A
possible explanation for this is that some groups
of killer whales prefer to attack aggregated sperm
whales rather than to take fish from the line. This is
further supported by the observations made when
killer whales arrived in the area and sperm whale
surface behaviour was modified by their group-
ing into tight parallel arrangements (possibly a
defensive formation). This is consistent with the
feeding habits and ranging patterns of type A killer
whales as described by Pitman and Ensor (2003).
This inter-specific interaction would be positive
to the fishery due to the reduction in depredation
from the longline.

Spatio—temporal distribution
and intensity of interactions

Most interactions with whales occurred along
the middle of the Pacific-South American continen-
tal shelf slope as well as near relevant bathymetric
features such as islands (Figure 8).

Given that observation effort was inconsistent
and subject to the decisions of the fishing master(s),
it is difficult to identify temporal patterns of rela-
tive abundance. However, some patterns can be
tentatively identified. High sperm whale densities
were found to be associated with different hotspots
such as: (1) 57°S 68°W (slope lying west and south
of Diego Ramirez Archipelago), (2) 55.5°S 71.5°W
(south of Ballenero Channel) and (3) 53°S 75°W
(western mouth of the Magellan Strait) (Figure 8).
Most interactions occurred in hotspots 1 and 2, both
of which had high fishing yields. As a comparison,
the high number of sperm whales observed during
September 2002 (54 groups of 512 individuals) is
slightly lower than historical records of the total
number of sperm whales observed (not captured)
between 1958 and 1981 along the entire central
coast of Chile (n = 571) (Aguayo-Lobo et al., 1998).
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Figure 6:  Total catch of Patagonian toothfish by the commercial longline fleet off southern Chile
(black) versus depredation attributed to cetaceans (white) in 180 monitored sets during
2002.
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Figure7:  Three-dimensional representation of individual and mixed effect of the number of
killer whales (Orcinus axis) and sperm whales (Physeter axis) on the depredation rate
(Depredation axis). The central plane presents low values (mixed effect) while those
closer to the axes are considerably higher (solitary effect), particularly (and almost
exclusively) when sperm whales are present.
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Figure 8:  Yields from the Patagonian toothfish fishery in southern Chile (legend indicates number

of fish per set) and locations of operational interactions as evidenced by remains of
depredated Patagonian toothfish (grey circles). Boxed hotspots of interaction correspond
to: (1) Diego Ramirez Archipelago and surrounding waters, (2) south of Ballenero
Channel, and (3) western mouth of the Magellan Strait, which are also sectors in which
large aggregations of sperm whales were observed (see also Figure 2).

If the catch-per-unit-effort (CPUE) is considered
to be an index of Patagonian toothfish abundance
and observations are classified with respect to
sperm whale sightings, a positive but non-signifi-
cant relationship (Mann-Whitney U-test, p = 0.408)
is found between the fishing yield and sperm
whale presence (Figure 9). This relationship (not-
withstanding its non-statistical significance) tends
to support the hypothesis that the richest fishing
grounds are also traditional feeding grounds for
sperm whales (Figures 8 and 9) and therefore a
spatio—temporal overlap between the fishery and
feeding sperm whales occurs. More dedicated data
accumulated over the years could shed further
light on this issue.
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Financial loss

Taking into account the observations on the
total amount of damaged fish, the financial loss
associated with longline depredation amounts to
US$15 522 (conversion factor = 7.8 kg/individual
at US$10 per kg). Extrapolating to the whole fleet
and applying a bootstrap, this figure increases to
US$92 684 (C195% US$47 302-153 745) with amean
loss of US$138 per set (CI 95% US$74.76-249.3).

Interestingly, despite the low depredation
levels found, the financial loss may be significant
(at least from a scientist’s point of view). However,
these values have to be taken with caution given
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Figure 9: CPUE of Patagonian toothfish by the Chilean commercial longline fleet under two

scenarios: presence and absence of sperm whales in the vicinity of the fishing operation

(Mann-Whitney U-test, p = 0.408).

that they are probably maximised by the current
low yield of the fishery and the actual high value
of Patagonian toothfish on the market. In this
analysis the cumulative effect of other operational
interactions, such as entanglement of the line (due
to its infrequent occurrence) or the loss (of time
and money) incurred when the ship reacts to the
presence of cetaceans by moving to another setting
spot was not taken into account.

Conclusions

Operational interactions between cetaceans and
the Patagonian toothfish fishery in southern Chile
were evident when sperm whales and/or Kkiller
whales were present. However, complementary
evidence suggests that these species are not the
only ‘culprits” and highlights the need to better
understand the species and processes involved
in the interactions by using additional research
techniques such as video cameras attached to
the longline (longline-cam). Acoustic monitoring
could also prove useful for detecting whales at
night and for examining the relationships between
the type and rate of vocalisation and the rate of
depredation. Photo-identification techniques were
also successfully implemented during this study
in order to identify recurrent individual whales to

the fishery, but in view of the varying quality of
the photographs, future studies could benefit from
using faster high-resolution digital cameras.

Although the global impact of killer and sperm
whales on the fishing yield is considered to be low,
financial loss can be significant. An apparent (but
not significant) relationship tends to support the
hypothesis that the richest fishing grounds are also
traditional feeding grounds for sperm whales. This
needs to be further investigated since the industry
might be able to mitigate the problem by compro-
mising between avoiding hotspots or expecting
that there will be a high probability of interaction
with killer and/or sperm whales.

In this regard, independent investigations of the
ecology of species involved in interactions with
longline operations should be encouraged, since
there is a considerable lack of knowledge on the
distribution, abundance and ranging patterns of
most marine mammal species in Chile. Examples
of this were the unexpected large aggregations
of sperm whales found in some areas off the
southern tip of South America. Such studies
should complement the implementation of
scientific observer programs that use standard
protocols which include detailed, controlled and
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careful experimentation aimed at mitigating
these occurrences (see Donoghue et al., 2003 for
a detailed list). Partnerships between the industry
and the scientific community are essential to ensure
that such investigations take place.
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Liste des figures

Zone d'étude dans laquelle ont été examinées les interactions opérationnelles des mammiféres marins et
de la pécherie de légine australe.

Observations de cachalots (cercles vides) et d'orques (cercles pleins) en fonction des secteurs dans
lesquels se sont produites des interactions entre les cétacés et la pécherie de légine australe (carrés gris).

Nombre d'individus des espéces les plus fréquemment rencontrées — (a) cachalots; (b) orques — dans les
opérations de péche de la légine australe, par mois et nombre de poses observées.

Exemples de photos tirées de la base de données d'identification du cachalot (a gauche) et de l'orque (a
droite).

(a) Relation allométrique entre la longueur de la levre et la longueur standard de la légine australe du
Chili du Sud (n = 202); (b) fréquence des longueurs de la légine australe capturée a la palangre (barres
noires) et de celle attaquée par les cachalots et les orques (barres blanches) au Chili du Sud, d'apres le
calcul de la longueur de la lévre et la fonction linéaire décrite dans (a).

Capture totale de légine australe par la flottille commerciale a la palangre (noir) par rapport a la
déprédation attribuée aux cétacés (blanc) lors de 180 poses surveillées en 2002.

Représentation en trois dimensions des effets individuels et mixtes du nombre d'orques (Orcinus axis)
et de cachalots (Physeter axis) sur le taux de déprédation (axe Déprédation). Le plan central présente
des valeurs faibles (effets mixtes); les valeurs plus proches des axes sont nettement plus élevées (effet
solitaire), notamment (et presque exclusivement) lorsque des cachalots sont présents.

Rendements de la pécherie de légine australe du Chili du Sud (la légende indique le nombre de poissons
par pose) et emplacements des interactions opérationnelles mises en évidence par les restes de légines
attaquées (cercles gris). Les secteurs d'interaction les plus importants sont encadrés et correspondent a :
(1) archipel Diego Ramirez et eaux adjacentes, (2) sud du canal Ballenero et (3) embouchure ouest du
détroit de Magellan. Ce sont des secteurs ol ont été observées d'importantes concentrations de cachalots
(voir également la figure 2).

CPUE de la légine australe par la flottille commerciale chilienne selon deux cas de figure : présence et
absence de cachalots autour des opérations de péche (Mann-Whitney U-test, p = 0,408).

Cnucok pucyHKOB

Pailon uccnenoBanuii, rae U3y4aaoch ONEPANMOHHOE B3aUMOJECHCTBHE MOPCKUX MIIEKOMHUTAIOLIUX C
MIPOMBICJIOM TTaTarOHCKOTO KJIbIKAaYa.

Habnronenne kamanoToB (He3aMKHYTBIE KPYXKKH) U KOCATOK (3aMKHYTBIE KPY)KKH) IT0 OTHOIICHHIO K
paiioHaM, TJe MPOUCXOMUIO B3aUMOJACHCTBHE MEXKIY KHTaMH M IPOMBICIIOM MATarOHCKOTO KITbIKAda
(cepble KBazmparsl).

KomnuecTBo ocobeli Hanboliee YacTo BCTPEYANOIIUXCSA BUAOB KUTOB — (a) KamanoTos; (b) KocaTok
— CBSI3aHHBIX C IMPOMBICIIOM MMATAarOHCKOTO KJIbIKa4a, MO MecslaM M KOJMYeCTBY HaOIIOMaBIIMXCS
BEIOOPOK.

[Ipumeps! u3 GoTonaeHTH(HHUKAMOHHON 0a3bl JAHHBIX KaIllaJOTOB (CJIeBa) M KOCATOK (Crpasa).

(a) Amromerpuueckas 3aBHCUMOCTb MEXIY [UIMHOW pbUIa M CTAaHIAPTHOW JUIMHOIM NaTaroHCKOTO
kibikaya Ha tore Ywmmm (n = 202); (b) pa3sMmepHBId COCTaB MATAarOHCKOTO KIIbIKaya, MOWMaHHOTO
Ha spyc (4epHBbIC MPSMOYTOJIBHHMKH) M TIOABEPIIIETOCS HaIaJeHUI0 KallaJoTOB M KOCaTokK (Oelbie
MPSIMOYTOJIBHUKHM), Ha fore UWiau — BBIBOABI CICNAaHBl HA OCHOBAHWHW JUIMHBI PhbUIA W JTHHEHHOW
(yHKIIUH, IPUBEICHHOI B (a).

OOmui BBUIOB IMATarOHCKOTO KIIbIKa4a KOMMEPUECKOW SPYCOJOBHOW (IOTHIHEH BOJIM3H FOXKHOTO

nobepexpst Ui (4epHbIe) MO OTHOIIECHHWIO K OIYyCTOIICHHUIO, MPHUITHChIBAEMOMY KuTam (Oelbie) B
180 mabmronaBmuxcsa nocragoskax B 2002 .
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TpexMepHOe H300pakeHHe HHINBUIYaIbHOTO M CMEIIAHHOTO BO3/ICHCTBUSI ONPEAEICHHOT0 KOJIMUeCTBa
kocarok (ock Orcinus) u kamanotoB (ock Physeter) na yposens omycromenus (ock Depredation). B
[EHTPE TPEICTABICHB HHU3KHE 3HAYCHUS (CMEIIAHHOE BO3ICHCTBHE);, 3HAYEHUS, PACIIONOKECHHBIC
OJTKe K OCSIM, 3HAUYMTENIBHO BHIIIC (€AMHUYHOE BO3JEHCTBYE), 0COOCHHO (M MOYTH UCKIFOUUTEIBHO),
KOI'Zla ITPUCYTCTBYIOT KallalOThl.

V0BBI, NONY4YEHHBIE B XOJI€ MPOMBICIA NMATArOHCKOTO KiblKada Ha fore Ywin (yka3zaHO KOJIUYECTBO
PBIOBI Ha TOCTAHOBKY ), I MECTa OIIEPAIIIOHHOTO B3aUMOACHCTBHSA, CBHIETEITHCTBOM KOTOPOTO SIBIISIFOTCS
OCTaTKH CHEJCHHOTO IAaTarOHCKOTO KIIbIKada (Cepble KPY)KKH). 3aK/IIOYeHHBIE B IPSIMOYTOJBHUKH
«TopsYHMe» TOYKH B3auMojeicTBus oTHocsTcs K: (1) apxunenary [luero Pammpec u ero axBaropuu,
(2) roxHOM yacTu kaHana bamnenepo u (3) 3amazHoMy ycTbhio MaresjuiaHoBa IpoOJIMBa — BCE 3TO
YYaCTKH, T7I€ OBbLIM 3aMeUeHBI OOJIBITNE CKOTUICHHUS KalllajJoToB (CM. Takxe Puc. 2).

CPUE nararoHckoro Kjblkaya, IMOJyYeHHbIE KOMMEPUYECKOH sipycoioBHON (roTunueit Ynnu B ABYX
Pa3HBIX CiIydasx: NMpH HAJWMYMA M B OTCYTCTBHE KamlaJOTOB IMOOJM30CTH OT MECTa HpPOBEIEHHS
npoMbIcoBol onepanuu (Mann—Whitney U-test, p = 0.408).

Lista de las figuras

Area de estudio en la cual se observaron las interacciones de los mamiferos marinos con las operaciones
de pesca de austromerluza negra.

Avistamiento de cachalotes (circulos abiertos) y orcas (circulos cerrados) en relacién con las dreas donde
ocurrieron interacciones entre cetdceos y operaciones de pesca de austromerluza negra (cuadrados
grises).

Numero de animales (barras) de las especies de cetdceos observadas con mayor frecuencia en las
operaciones de pesca de austromerluza negra, por mes y numero de lances observados (linea):
(a) cachalotes; (b) orcas.

Ejemplos de registros de cachalotes (izquierda) y orcas (derecha) de la base de datos de foto-
identificacion.

(a) Relacién alométrica entre el largo del labio y la longitud estdndar de la austromerluza negra en el
sur de Chile (n = 202); (b) frecuencia de tallas de los ejemplares de austromerluza negra capturados en
los palangres (barras negras) y los ejemplares objeto de la depredacién por parte de cachalotes y orcas
(barras blancas) en el sur de Chile, derivada de la longitud del labio y de la funcién lineal descrita
en (a).

Captura total de austromerluza negra extraida por la flota de palangreros industriales en el sur de Chile
(negro) en relacién con la depredacién atribuida a los cetaceos (blanco) en los 180 lances observados
durante 2002.

Representacion tridimensional del efecto individual y combinado del niimero de orcas (eje Orcinus) y
cachalotes (eje Physeter), sobre la tasa de depredacion (eje depredacion). El plano central presenta valores
por lo general bajos (efecto mixto), mientras que los valores cercanos a los ejes son mucho mas altos
(efecto individual), en particular, y casi exclusivamente, cuando se encuentran cachalotes presentes.

Rendimiento de la pesqueria de austromerluza negra en el sur de Chile (la leyenda indica el niimero de
peces capturados por lance) y ubicacién de las dreas donde se observan interacciones de cetdceos con
las operaciones de pesca, como lo indican los restos de austromerluza negra producto de depredacién
(circulos grises). Los focos de mayor interaccién corresponden a las casillas: (1) Archipiélago Diego
Ramirez y aguas circundantes, (2) sur del Canal Ballenero, y (3) la boca occidental del estrecho de
Magallanes, que también son dreas donde se observaron importantes concentraciones de cachalotes
(véase la Figura 2).

Captura por unidad de esfuerzo (CPUE) de las operaciones pesqueras de la flota industrial de
palangreros chilenos bajo dos condiciones: presencia y ausencia de cachalotes en los alrededores de las
operaciones de pesca (Mann-Whitney U-test, p = 0,408).



