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Abstract Soon after longlining on Patagonian toothfish
(Dissostichus eleginoides) started in the Southern Ocean
in the second half of the 1980s, interactions of cetaceans
with these fisheries became apparent. The two species
primarily involved were orcas (killer whales) (Orcinus
orca) and male sperm whales (Physeter macrocephalus).
Both species took substantial number of fish from the
line primarily during day light hours. Catch rates of
longliners declined to less than 50% when orcas occurred
close to longline vessels while the loss to sperm whales
was much less obvious. They were seen diving close to the
line down to 400 m where they apparently took fish.
Their impact on catch rates was much less notable.
Sperm whales became frequently entangled in the line
and part of the line was lost in a number of cases. Other
cetaceans were rarely seen in the vicinity of longline
vessels. They became entangled in the line only occa-
sionally and one whale (presumably a minke whale) died.

Introduction

Fisheries in the Southern Ocean are regulated by the
Commission for the Conservation of Antarctic Marine
Living Resources (CCAMLR). A number of fisheries are
currently in use to harvest fish stocks and krill:
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— Longline fisheries around various sub-Antarctic
islands on Patagonian toothfish (Dissostichus elegi-
noides) (CCAMLR Subareas and Divisions 48.3, 58.6,
58.7, 58.5.1, 58.5.2, and 58.4.4),

— Exploratory longline fisheries on Antarctic toothfish
(D. mawsoni) in parts of the Ross Sea (CCAMLR
Subareas 88.1 and 88.2),

— A pelagic trawl fishery on mackerel icefish (Champ-
socephalus  gunnari) around  South  Georgia
(CCAMLR Subarea 48.3),

— A bottom trawl fishery on mackerel icefish around
Heard and McDonald Islands (CCAMLR Division
58.5.2), and

— A pelagic trawl fishery on krill (Euphausia superba)
in the western Atlantic Ocean sector (CCAMLR
Subareas 48.1, 48.2, and 48.3)

In addition to commercial activities, CCAMLR re-
ceives applications for a large number of exploratory
longline fisheries in almost all of its Statistical Subareas
and Divisions (Fig. 1) and exploratory trawl fisheries in
some Subareas and close to the Antarctic continent in
the Indian Ocean sector in each year (SC-CAMLR
2004).

The fishery on the two toothfish species is currently
the most important in terms of catch value. The fishery
on Patagonian toothfish has declined substantially in
recent years and a number of stocks in these fisheries are
over-exploited mostly due to illegal, unreported and
unregulated (IUU) activities in particular in the Indian
Ocean sector of the Southern Ocean since the mid-1990s
(Duhamel 2003).

Interactions of fisheries in the Southern Ocean occur
on a much larger scale with respect to albatrosses and
larger petrels than with cetaceans and other marine
mammals (e.g. Anon. 2000, 2001, 2002, 2003, 2004;
Kock 2001; Purves et al. 2004). Interactions with ceta-
ceans were first reported to CCAMLR from South
Georgia in 1994 when scientific observers onboard three
fishing vessels described how orcas (Orcinus orca) and
sperm whales (Physeter macrocephalus) were foraging
for fish caught on longlines and sometimes became



380

{‘f\f{;\) _,]\(?(ZAMI.R

Rl

Bounduws of S
Raencal

A m e
Soutrwer Ocear

LG

— GTATISTICAL AFEA
BOME STATISTIOUE
CTATHCTHNECKMA PAROI
NREA BSTADISTICA

we s+ STATISTCAL SUDARCA
SOUS J0ME STATISTIOUE
CTATHETINECION noAP AROR
SUDARCA ESTADETICA

ANTAFCTIC CONVERGENCE
COMVERGENCE ANTAFCTOLE
ANTAPETHUECEAS EOIRERT amst
CONVERCENCIA ANTARTICA

CONTNINT, IBLAND
CONTINENT, LE
MATIPHE OCTPOR
CONTMNENTE, ELA

Fig. 1 Map of CCAMLR Statistical areas, Subareas and Divisions (courtesy: David Ramm, CCAMLR secretariat)

entangled in the line and destroyed the line or parts of it
(Anon. 1994). Since then, such observations are regu-
larly reported by scientific observers. More systematic
observations, such as on the amount of fish taken from
the line in proportion to the catch per set, are scarce and
largely restricted to South Georgia and to a lesser extent
the Prince Edward Islands (e.g. Ashford et al. 1996;
Tilney and Purves 1999; Purves et al. 2004).

In this paper, we review the current information on
cetacean and fisheries interactions in the Southern
Ocean. We have restricted ourselves to considerations of
the bottom — set longline fisheries. Pelagic longlinging is
not conducted in the Southern Ocean. We refer here to
CCAMLR Statistical Areas, Subareas and Divisions
(Fig. 1) which are different from those statistical areas in
use by the International Whaling Commission (IWC) for
the Southern Ocean.

Standardization of observer data from South Georgia
and the Prince Edward Islands

Interaction as defined for the purpose of this paper is the
presence of cetaceans in the immediate vicinity of fishing
vessels (Purves et al. 2004). Observations on interactions

of fishing vessels in the Southern Ocean are collected in a
systematic fashion under the auspices of the CCAMLR
International Scheme of Scientific Observation
(CCAMLR 2005). Observer coverage is 100%, i.e. each
vessel during each cruise carries a scientific observer on
board (CCAMLR 2005). However, data collection has
not been standardized for the fisheries in the different
CCAMLR Subareas and Divisions. Observations on
cetaceans were predominantly taken during day light
hours between nautical twilight in the morning and in
the evening. The fishery for Patagonian toothfish is only
open after 1 April each year and is closed by CCAMLR
when the total allowable catch in a Subarea or Division
is reached. Given the inaccessibility of the Ross Sea in
winter, the fishery for Antarctic toothfish in Subareas
88.1 and 88.2 is also open during austral summer
(CCAMLR 2005).

At South Georgia, the observer protocol was stan-
dardized after the 2000 fishing season in that after the
start of each of six-hourly hauling observations con-
ducted per day the abundance of cetacean species in the
vicinity of the fishing vessel was noted. These hauling
observations were selected at random intervals in order
to cover as much as possible of the period when lines
were being hauled in the course of a day. Observations



were not standardized for the other CCAMLR Subareas
and Divisions. Log books of the fishing vessels con-
tained, at most, unsystematic observations on cetaceans
in the vicinity of the fishing vessel and were not suitable
for analysis here.

Observations were conducted from a fixed position
on the deck in the vicinity of where the lines were being
hauled. In most cases, the observer was stationed di-
rectly above the line hauler on the starboard side of the
vessel. The standard survey area was defined as being
within a radius of 500 m around the vessel. Weather
conditions, such as fog and limited visibility during the
night, influenced observations (Purves et al. 2004).

Interactions with fishing operations and the number
of damaged fish observed were only recorded at South
Georgia in 2001/02. These included observations during
which cetaceans were not necessarily interacting with
fishing operations but were observed in the vicinity of
the vessel. The reason for this was that interactions
with fishing gear, in particular those involving sperm
whales, were often difficult to identify (Purves et al.
2004).

Impact of cetaceans on fisheries

Interactions of cetaceans with longline fisheries in the
Southern Ocean are numerous though rarely fatal for a
cetacean. Interactions of cetaceans with trawl fisheries
both on fish and krill have not yet been recorded.
Interactions occur mostly with orcas and sperm whales
and have been reported at South Georgia (CCAMLR
Subarea 48.3), at the Prince Edward Islands (Subareas
58.6 and 58.7), Crozet Islands (Subarea 58.6), Iles Ker-
guelen (Division 58.5.1) and from Ob and Lena Banks
(Division 58.4.4). Interactions are much less common
and have been reported much less frequently from other
areas and/or with other cetaceans.

What is lacking are estimates of how many cetaceans,
both sperm whales and orcas, are involved in interac-
tions with fisheries in individual Subareas or Divisions.
An increasing number of photographs of individual
whales close to fishing vessels exists from scientific
observers in the Southern Ocean which may provide
some insight if to what extent individual cetaceans or
pods of cetaceans are more often involved in interactions
with fisheries than others.
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Longlining and cetaceans

Longlining started at South Georgia in the Atlantic
Ocean sector in 1985/86 and around Iles Kerguelen in
the Indian Ocean sector in 1991/92. It spread over most
of the Southern Ocean in the 1996/97 season and the
seasons thereafter (David Ramm, pers. comm.). Only a
few years after longlining began at South Georgia, orcas
and sperm whales appeared in the vicinity of longline
vessels, in particular when the vessels did not move far
between sets. Information provided to CCAMLR was
mostly restricted to South Georgia, Crozet and the
Prince Edward Islands (e.g. Anon. 1996, 1997, 2001,
2002; Kock 2001). No such interactions with longline
vessels have been reported for the Ross Sea (Subareas
88.1 and 88.2) fishery despite sightings of orcas from the
fishing vessels on most cruises (e.g. SC-CAMLR 2002).

Considerable variation (5-70%) existed in encounters
with cetaceans between longline voyages within one
season at South Georgia (Table 1; Ashford et al. 1996;
Purves et al. 2004). A documented decline in the number
of orcas in Subarea 58.6 was considered, at least in part,
to be a result of the use of fircarms and explosive
deterrents by IUU longline vessels (Anon. 2003).

Longlining around South Georgia occurred around
all of the island and Shag Rocks, west of the island
(Fig. 2). Most interactions occurred during daylight
hours from 6:00 to 18:00 h (Table 2). Figure 3 shows the
positions where orcas were sighted around South
Georgia, Fig. 4 where sperm whales were sighted. There
were no particular areas where orcas concentrated while
sperm whales seemed to be more numerous north and
south of the South Georgia shelf whereas they were less
frequently observed to the southwest of the island and
south of Shag Rocks (Figs. 3 and 4). It should be noted,
however, that such conclusions may be biased by the
uneven distribution of fishing effort and that effort was
not standardized, for example by the number of whales
seen per 100 h or per 100 hauls. Furthermore, all
sightings (and not only sightings in good visibility and
below a certain sea state) were taken into account.

Sperm whales were often solitary when seen close
to fishing vessels but two or three sperm whales were
also fairly common (Table 3). Most groups of orcas
seen were small and consisted of five or fewer animals
but larger pods up to 15 animals were not uncommon
(Table 3).

Table 1 Longline cruises where interaction with sperm whales and killer whales occurred (SC-CAMLR 2001, 2002)

Subarea Season No. of cruises Sperm whales Killer whales

South Georgia (Subarea 48.3) 1999 17 1 (5.9%) 12 (70.5%)
2000 26 3 (11.5%) 6 (23.1%)
2001 15 4 (26.7%) 5(33.3%)

Prince Edward Islands’ subareas 58.6/58.7 1999 12 4 (33.3%) 6 (50.0%)
2000 11 6 (54.5%) 7 (63.6%)
2001 3 0 1 (33.3%)
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Fig. 2 Map of South Georgia
showing the mid-positions of all
the hauls of vessels fishing in the
course of 2000, 2001 and 2002
seasons (from Purves et al.
2004)

Table 2 The times at which interactions occurred with killer whales and sperm whales at South Georgia (Subarea 48.3) during the 2001

and 2002 seasons (from Purves et al. 2004)

Period (time of day) Number of killer

% of killer whale

Number of sperm % of sperm

whale interactions interactions whale interactions whale interactions
00:00-06:00 7 34 2 0.2
06:00-12:00 68 32.9 374 43.1
12:00-18:00 95 459 489 56.4
18:00-24:00 37 17.9 2 0.2
Total 207 867

Hooks with toothfish lips or jaws were more prevalent
when sperm whales were sighted in the vicinity of long-
line vessels. It is likely that they take fish from the line
underwater down to several 100 m deep (Ashford et al.
1996). CCAMLR observers reported, for example, that
sperm whales have been observed in the 1999/2000
season around Iles Crozet and Prince Edward Islands
where they took up to 80% of the fish from the lines
(Kock 2001). However, depredation was less obvious
when fish catches were compared for periods when sperm

whales were present to those when they were absent from
the neighbourhood of the longline vessel. Catches were
not significantly different from hauls without depreda-
tion (Table 4) (Purves et al. 2004). Sperm whales became
entangled regularly and often caused break in the fishing
line (Anon. 2000, 2001, 2002, 2003, 2004).

A considerable loss of fish to orcas was reported in
the past 10 years (e.g. Anon. 1996; Kock 2001). Most of
the reports are still anecdotal. When comparing the
amount of fish caught while orcas were present or absent

Fig. 3 Map of South Georgia
showing positions where killer
whales were sighted during
hauling of longlines in the

N

course 2000, 2001 and 2002
seasons (from Purves et al.
2004)
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Table 3 The frequency at which specific group sizes of killer whales (n=186) and sperm whales (7 =_836) were observed at South Georgia
(Subarea 48.3) in the 2001 and 2002 seasons (from Purves et al. 2004)

Killer whales

Sperm whales

Group size Number % of total Group size Number % of total
(n) of observations observations (n) of observations observations
1 27 134 1 361 43.2

2-3 47 253 2 265 31.7

4-5 25 134 3 146 17.5

6-8 34 18.3 4-5 56 6.3

9-10 20 10.8 6-10 7 0.8

11-15 21 11.3 >10 1 0.1

16-20 12 6.5

21-30 2 1.1

Table 4 Catch rates of toothfish at South Georgia in the 2001 season, for hauls during which interaction occurred with killer whales and
sperm whales, compared to the catch rate of hauls when no cetacean interaction with fishing operation occurred (from Purves et al. 2004)

CPUE CPUE Number
(kg/hook) (fish/1,000 hooks) of observations

Killer whale interaction 0.15 21.47 27

Sperm whale interaction 0.32 51.87 129

Sperm whale interaction 0.25 33.89 74

(without southeast Shag Rocks data)

No cetacean interaction 0.29 48.86 556

No cetacean interaction 0.28 46.09 491

(without southeast Shag Rocks data)

(Table 2) often more than 80-90% of a catch was lost
due to depredation. The anecdotal nature of many re-
ports and the fact that solid data are only available from
South Georgia for one or two seasons makes it currently
too tentative to estimate, how much fish is lost due to
depredation in a particular season and a particular
Subarea or Division of the Southern Ocean.

Other cetaceans

A dolphin (species unknown) was seen caught in a
longline at South Georgia in 1999, but released alive

(Anon. 1999). Long-fin pilot whales (Globicephala melas)
have been observed in the vicinity of two hauling oper-
ations at Iles Kerguelen in February 1996 (Capdeville
1996). Long-finned pilot whales have been seen driven
off by a sperm whale from the vicinity of a longline
vessel at South Georgia (Purves et al. 2004).

Minke whales (Balaenoptera bonaerensis) were occa-
sionally seen for a short period of time not far from
longline vessels in the Ross Sea (Baird 2000). One inci-
dental mortality of a whale was observed in longline
fisheries in the Ross Sea in 2004 (CCAMLR Subarea
88.1), possibly a minke whale although its identification
has yet to be confirmed. The whale was entangled in the

Fig. 4 Map of South Georgia
showing positions where sperm
whales were sighted during
hauling of longlines in the
course of the 2000, 2001 and
2002 seasons (from Purves et al.
2004)
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main line of a longliner (Anon. 2004). One humpback
whale, Megaptera novaeangliae, in 2003 and an un-
known small cetacean in 2001 were tangled in lines in the
Ross Sea (CCAMLR Subareas 88.1 and 88.2). They
were released alive (Baird 2004).

Discussion

Male sperm whales migrate into and out of Antarctic
waters over an extended period of time (Kasamatsu and
Joyce 1995). Females hardly penetrate further south
than the subtropical convergence. Male sperm whales
have formed a valuable catch in commercial whaling in
the Southern Ocean with 3-10,000 whales per year from
early 1930s to early 1980s. Sperm whales feed primarily
on squid (Kawakami 1980). Sperm whales are also
known to feed on Patagonian toothfish in north and
south of the Southern Polar Frontal Zone (SPFZ)
(Korabelnikov 1959; Solyanik 1963; Yukhov 1972,
1982) though the quantities they take are unknown.
Antarctic toothfish have been described being taken by
sperm whales as well (Abe and Iwami 1989).

Orcas are abundant in the Southern Ocean. Encounter
with orcas increase south of 62°S with a peak south of
66°S and southernmost sightings at 78°S in the Ross Sea.
Areas of concentration occurred from 70° to 130°E
(Dahlheim 1981). Orcas appear in the Southern Ocean in
late November/early December (Mikhalev et al. 1981).
Total abundance in the Southern Ocean was 80,000 orcas.
Their abundance in the Atlantic and Indian sectors was
higher than in the South Pacific (Kasamatsu and Joyce
1995). Their pattern of migration appears to be syn-
chronous with the migratory pattern of minke whales
(Kasamatsu and Joyce 1995). By April, most orcas have
left the Southern Ocean (Mikhalev et al. 1981). They have
been exploited on a small scale ( < 100 whales per year) by
pelagic whaling fleets from 1954 onwards. It was only in
1979/80 that Soviet whalers took 906 orcas from 60° to
150°W (Dahlheim 1981). Catches of orcas on a similar
scale (<250 whales per year) were also known from other
areas of the world ocean before the early 1980s, such as
the North Atlantic (Christensen et al. 1982).

Orcas feed on a large range of prey, which includes
fish, small cetaceans and pinnipeds north of the SPFZ.
Their main prey south of the SPFZ, minke whales,
pinnipeds and penguins is closely associated with the
pack—ice edge (Budylenko 1981; Mikhalev et al. 1981;
Kasamatsu and Joyce 1995). Toothfish are abundant
only in deeper water well outside the diving range of
orcas. They have been reported to strip fish off the line
north of the Southern Ocean, such as tunas and billfish
in eastern Australia (Young 1999). Such behaviour had
also been reported from the Southern Ocean soon after
longline fishing started.

Interactions of cetaceans, in particular orcas and
sperm whales, with longline fisheries worldwide are
numerous (Northridge 1984, 1991a, b; Northridge and
Hofman 1999). They are well documented for most parts

of the world ocean (Yano and Dahlheim 1995; Secchi
and Vaske 1998; Visser 2000; Donoghue et al. 2002)
including those adjacent to the Southern Ocean, such as
on the Patagonian shelf and the waters off Chile (Ash-
ford et al. 1996; Crespo et al. 1997, 2000; Anon. 2000;
Donoghue et al. 2002; Gonzales and Olavarria 2002;
Hucke-Gaete et al. 2002; Purves et al. 2002; Dans et al.
2003; Hucke-Gaete et al. 2004; Purves et al. 2004).

Interaction with cetaceans in the Southern Ocean is
mostly confined to sperm whales and orcas while inter-
action of longline fisheries with other cetaceans rarely
occurs. The main reason is that only bottom set long-
lines are employed in the Southern Ocean. Pelagic
longlining is used only in tropical, subtropical and
temperate waters on a large scale to catch tuna and
billfish (Donoghue et al. 2002; Secchi et al. 2005).
Interactions have been reported to be costly and often
disastrous for fishermen when orcas were involved.

There were considerable differences in the encounter
of longliners with cetaceans at South Georgia both be-
tween longline cruises and years. The high inter-vessel
difference in the percentage of sets where cetaceans were
present was probably mainly due to differences in fishing
grounds around the island and the number of sperm
whales and orcas occurring on these grounds at a par-
ticular time of the year. Some vessels appear to attract
more cetaceans than others. Factors that might play a
role are differences in noise levels emitted by the line
haulers or the engine of the vessel. Longline operators
attempt to make fishing operations less noisy (Purves
et al. 2004). It is unclear at present, however, if these
measures are effective and subsequently may attract
fewer cetaceans.

Areas which are known to be frequented by sperm
whales and orcas, such as Shag Rocks to the west of
South Georgia, are avoided by longliners. The appear-
ance of fish—oil slicks on the sea surface, together with
frenzied seabirds feeding activity over these slicks sug-
gested that orcas were taking hooked Patagonian
toothfish. Toothfish heads on the longline following
such observations supports this assumption (Tilney and
Purves 1999).

Depredation if occurring at a large scale, is also a
management concern which stock assessment models for
toothfish should ideally take into account (Donoghue
et al. 2002; Purves et al. 2004). However, it is still diffi-
cult to assess how much toothfish is taken from longlines
both with respect to orcas and to sperm whales.
Observations which would allow an estimate on how
much toothfish is depredated are only available for
South Georgia and the Prince Edward Islands for
individual cruises within one season. Depredation on
average by orcas was more than 50% of the catch. Often
80-90% of the line is plundered. Fishing vessels often
leave the ground when orcas are present.

Sperm whales are likely to be attracted to areas with
high catch rates of toothfish (Hucke-Gaete et al. 2004).
Sperm whales have not been observed directly to take
toothfish off the line close to the surface (see also



Fig. 5 Head of a Patagonian
toothfish (Dissostichus
eleginoides) depredated by a
sperm whale at South Georgia
(Photo: Michael Unwin)

Northridge 1991a, b). Their frequent diving in the
vicinity of lines down to more than 400 m deep and
damage to the fishing gear, and the occurrence of
toothfish heads, lips and jaws (Figs. 5, 6) seem to indi-
cate that sperm whales strip fish off the line at some
depth (Ashford et al. 1996; Purves et al. 2004; M. Un-
win, pers. comm.). Observers in the South Georgia
fishery did not report seeing sperm whales taking either
offal or discarded by-catch (Purves et al. 2004). A
comparison of sets with and without sperm whales
present close to the line indicates that sperm whales on
average take only a few percent of the catch. However,
depredation between individual sets may range 0—-100%.

Fig. 6 Front part of a
Patagonian toothfish
(Dissostichus eleginoides)
depredated by a killer whale
(Photo Michael Unwin)
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Similar observations of only a few percent of toothfish
taken off the line have also been obtained off the
southern Chilean coast (Hucke-Gaete et al. 2004). In
areas where the catch of toothfish was lower, such as in
the Prince Edward Islands or the Falkland/Malvinas
Islands, depredation of catches by sperm whales can
become a significant problem (Purves et al. 2004;
M. Unwin, pers. comm.) as it is also known from the
longline fishery on sablefish (Anoploma fimbria) off
Alaska where catch rates were on average 23% lower for
sets with evidence of depredation by sperm whales than
for sets without evidence of depredation (Straley et al.
2002).
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Orcas appear to be selective at South Georgia when
taking fish off the line. They take only toothfish while
they leave by-catch species, such as grenadiers (Mac-
rourus spp.) and the morid Antimora rostrata. Similar
observations have been obtained off New Zealand
(Visser 2000) and at the Falkland/Malvinas Islands
(Nolan et al. 2000).

There appear to be ‘problem’ animals among orcas
with respect to the depredation events. At South Geor-
gia, there is at least one pod, which is a consistent
problem. The pod has been photo-identified and two
biopsy samples have been collected. The pod is readily
recognizable by the presence of a male with a large v-
notch in the trailing edge of the dorsal fin (M. Unwin,
pers. comm.). Some sperm whales appear to be inter-
acting more frequently with fishing vessels than others.
Some observer reports at South Georgia contain infor-
mation where the same sperm whale individuals were
repeatedly observed interacting with hauling operations.
The ‘adapted foraging behaviour’ of orcas close to
longline vessels results in a change away from their
natural diet. Current observations indicate prey spe-
cialization among orcas (M Unwin, pers. comm.).

Interaction of orcas, sperm whales and other ceta-
ceans with longliners is still difficult to quantify. Orcas
and sperm whales were often in attendance simulta-
neously, diving next to the line during hauling opera-
tions (Tilney and Purves 1999). Sperm whales tend to
group into tight parallel formation when orcas are
present (Hucke-Gaete et al. 2004). Nolan et al. (2000)
reported an aggressive interaction between sperm whales
and orcas in the Falkland Islands fishing zone over fish
captured in the course of longline operations. A number
of cases where sperm whales appeared to have been
displaced, attacked or even killed by orcas have also
been reported from South Georgia and the Prince
Edward Islands (Ashford et al. 1996; Tilney and Purves
1999) and elsewhere (Silber et al. 1990; Jefferson et al.
1991; Yano and Dahlheim 1995; Pitman et al. 2001).

Orcas have also been observed attacking humpback
whales close to longline vessels at South Georgia. Orcas
approached humpback whales and acted aggressively or
even attacked them. A large amount of splashing was
involved and humpback flukes and pectoral fins were
thrown into the air. No blood was seen. The humpbacks
were then pursued away from the area. The orcas re-
joined the fishing vessel 8 h later (M. Unwin, pers.
comm.).

Since more than 10 years interactions between sperm
whales and orcas and longline fishing operations are a
continuing problem in the Southern Ocean for which
there is no obvious solution (SC-CAMLR 1997). The
use of acoustic deterrents, for example, may mediate the
problem for orcas (Mate and Harvey 1987; Richardson
et al. 1995; Jefferson and Curry 1996; Morton and
Symonds 2002). Their use with respect to sperm whale,
which appear more resistant to acoustic deterrents
(André 1997), however, remains doubtful. A summary

of deterring methods in various longline fisheries
worldwide has been provided by Donoghue et al. (2002).

There have been remarkably few systematic studies
on cetaceans and how they interact with fisheries in the
Southern Ocean up to now compared to the large
number of studies on longline-seabird interactions (e.g.
Kock 2001; SC-CAMLR 2001, 2002, 2003, 2004). Fur-
ther research is needed in order

— To determine the spatial and temporal pattern of
longline—cetacean interactions,

— To address the problems of longline—cetacean depre-
dation,

— To identify identities of animals involved in depre-
dation,

— To standardize observer protocols to ensure the col-
lection of valuable data, and

— To assess and implement mitigation strategies under
controlled experimental conditions.
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