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Abstract

Observer data collected on longliners between 2003 and 2009 were analysed to look
at the levels of depredation caused by killer whales (Orcinus orca) and sperm whales
(Physeter macrocephalus) around South Georgia. Since 2003, cetaceans have been observed
on 22% of 14 300 observed lines, with killer whales present on 3.8% and sperm whales
on 17.7% of lines. Killer whales appear in pod sizes normally of 4 to 10 animals, and
often appear to actively seek out fishing vessels and ‘strip” the line of a large number of
toothfish, usually depressing CPUE by about 50%. Sperm whales occur in smaller pod
sizes, normally between 1 and 4 animals, and have a relatively lower impact on catches,
depressing CPUE by up to 20%. Sperm whales have been more frequently encountered in
recent years, occurring in larger pod sizes, whereas killer whale encounters and pod sizes
have remained relatively constant. Most interactions from sperm whales occur during
May at the start of the season with the sightings becoming fewer towards the end of the
season in August. Killer whale interactions appear to be more consistent with no obvious
pattern between months. Both species demonstrate an east to west migration throughout
the season that is not related to the pattern of fishing effort. By comparing catch rates
with and without the presence of cetaceans, accounting for other determinants of toothfish
CPUE through a generalised linear model, it is estimated that the amounts of toothfish
removed from longlines by cetaceans have varied between 1% and 8% of the declared
catches over the period 2003-2009, with an average of 3.6%.

Résumé

Les données collectées par les observateurs sur les palangriers de 2003 a 2009 ont été
analysées afin d'examiner les niveaux de déprédation exercée par les orques (Orcinus orca)
et les cachalots (Physeter macrocephalus) autour de la Géorgie du Sud. Depuis 2003, on note
la présence de cétacés sur 22% des 14 300 palangres observées, dont 3,8% concernent des
orques et 17,7%, des cachalots. Les orques, qui apparaissent généralement en troupeaux
de 4 a 10 individus, semblent souvent rechercher activement les navires de péche et
«arrachent » un grand nombre de légines des lignes de péche, entrainant généralement
une baisse d'environ 50% de la CPUE. Souvent en plus petits troupeaux de 1 a 4 individus,
les cachalots ont un impact relativement moins important sur les captures, pouvant faire
baisser la CPUE de 20% au maximum. Ces derniéres années, la présence de cachalots
est plus fréquente et la taille des groupes, plus importante. Par contre, les rencontres
d'orques et la taille de leurs troupeaux sont restées relativement constantes. La plupart
des interactions avec des cachalots ont lieu en mai, au début de la saison, et les rencontres
s'atténuent vers la fin de la saison en aofit. Elles semblent plus homogenes avec les orques
et aucune tendance n'est mise en évidence entre les mois. Les deux especes migrent d'est
en ouest pendant la saison sans que cela soit lié a la tendance de l'effort de péche. Une
comparaison des taux de capture avec ou sans la présence de cétacés, compte tenu d'autres
déterminants de la CPUE de légine par le biais d'un modele linéaire généralisé, il est estimé
que les quantités de 1égine prélevées des palangres par les cétacés ont varié entre 1% et 8%
des captures déclarées pendant la période de 2003 a 2009, soit une moyenne de 3,6%.
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Pesrome

Bbiy npoaHanu3upoBaHbl JaHHbIE HAOMIOAAaTENeH, COOpaHHbIE Ha SIPYCOTI0BaX B MEPHOL
2003-2009 T, ¢ 1eTIbIO BEISICHEHHUS YPOBHEH XUITHUYECTBA CO CTOPOHBI KocaTok (Orcinus
orca) u kamanotoB (Physeter macrocephalus) Bokpyr HOxuoii I'eoprum. Hauumnas
¢ 2003 r. xutel ObuIM 3ameueHsl Ha 22% u3 14 300 HaOIrOAABIINXCS SIPYCOB, U3 HUX
Kkocarku — Ha 3.8%, a kamanotsl — Ha 17.7% spycos. KocaTku nosBISIIOTCS rpynmamuy,
00BIYHO BKITIOYAIOIUMHU OT 4 110 10 KUTOB, H, KaK MPEACTaBISETCS, 3a9aCTyI0 aKTHBHO
Pa3BICKUBAIOT IIPOMBICIIOBBIC Cy/ia M ""CHUMAIOT" € IPyCOB OOJIBIIIOE KOTHMYECTBO KIIbIKAUa,
kak npasuio cokpamas CPUE nmoutu Ha 50%. Kamanorsl BcTpedaroTcs MEHBIIUMH
rpymnmnaMu, oObIYHO HACYMTHIBAIOIIUMHU OT 1 10 4 KUTOB, U OKa3bIBAIOT OTHOCUTEIHHO
MeHbIee Bo3zaeiicTere Ha ynoBsl, cHmkas CPUE ne Gonee wem ma 20%. B mocnename
TOJIBI KallaJIOTHI CTAJIM BCTPEUAThCs Yalle U 00ee MHOTOYHMCIICHHBIMHI TPYTIIIaMH1, TOT/a
KaK BCTPEYaeMOCTb U pa3Mephl IPYII KOCATOK OCTAIOTCA OTHOCUTENBHO MOCTOSHHBIMHU.
Bonblie Bcero B3auMMOAEHCTBUI € KallaJIOTAMM IPOMCXOAUT B Mae, B Hadaje CE30Ha,
a 1o Mepe NPpUOIMKEHNST OKOHYAHMS CE30HAa B aBIyCTE MX HAOIIOAAETCS BCE MEHbIIE.
B3aumoneiicTBre ¢ Kocarkamu, 10 BUIUMOMY, 00Jiee IIOCTOSIHHO W HE MMEET SIBHOTO
pacmpenienieHuss O MecsaM. B TedeHme Bcero ce3oHa 00a BHAA OCYHIECTBISIOT
MUTPALMIO B HANlPaBICHUM C BOCTOKA HA 3amaj], YTO HE CBS3aHO C pacIlpeelieHueM
npoMbIciioBOro ycuiust. Ilytem cpaBHeHHsS KO3(QUIMEHTOB BBUIOBA NPH HAIUYUH U
B OTCYTCTBHE KHTOB U TPHHATHSA BO BHUMAaHUE JIPYTHX OMPEEISIONNX (PaKTOpOB s
CPUE kipikada B 0000MIEHHOW THHEHHOW MOJACTH OBLIO OMPEIEIICHO, YTO KOJHYECTBO
KJIbIKaua, CHATOTO C ApycoB KuTamu, B nepuoz 2003—2009 rr. u3MeHsI10Ch B IIpesienax oT
1% 1o 8% 3asBIEHHOTO BBIJIOBA TP CpeTHEM 3HaueHUH 3.6%.

Resumen

Se analizaron los datos de observacién recolectados a bordo de palangreros entre 2003
y 2009 para evaluar el nivel de la depredaciéon llevada a cabo por orcas (Orcinus orca)
y cachalotes (Physeter macrocephalus) alrededor de Georgia de Sur. Desde 2003, se ha
registrado la presencia de cetdceos en 22% de las 14 300 lineas observadas, observandose
orcas en 3.8% de estas lineas y cachalotes en 17.7% de las mismas. Las orcas son observadas
normalmente en grupos de 4 a 10 animales, y a menudo parecen estar persiguiendo
activamente a los barcos de pesca y arrebatando un gran niimero de austromerluzas del
palangre, reduciendo por lo general la CPUE en un 50% aproximadamente. Los cachalotes
andan en grupos menos numerosos, generalmente de 1 a 4 animales, y tienen un impacto
relativamente menor en la captura, disminuyendo la CPUE hasta un 20%. En los tltimos
afios los encuentros con cachalotes ocurren con mayor frecuencia, siendo sus grupos mas
numerosos, mientras que la frecuencia de los encuentros con orcas y el tamafio de los
grupos de este cetdceo han permanecido relativamente constantes. La mayoria de las
interacciones con cachalotes ocurre en mayo, al comienzo de la temporada, disminuyendo
los avistamientos paulatinamente a medida que se aproxima el fin de la temporada. Las
interacciones con las orcas son mas constantes, y no se observa ninguna tendencia mensual
obvia. Ambas especies se desplazan de este a oeste durante la temporada, y esta migracion
no esta relacionada con la distribucién del esfuerzo pesquero. A través de la comparacion
de las tasas de captura en presencia y ausencia de cetdceos y tomando en cuenta otros
determinantes de la CPUE de austromerluza con un modelo lineal generalizado, se estimé
que la cantidad de austromerluzas sacada de los palangres por los cetdceos varié entre
1% y 8% de las capturas declaradas durante el periodo 2003-2009, siendo el promedio
de 3.6%.

Introduction

Interactions involving sperm whales (Physeter
macrocephalus) and killer whales (Orcinus orca) in
the Southern Ocean have been well documented
in recent years, most recently by Kock et al. (2008).
Around South Georgia they were first recorded by
Ashford et al. (1996) and more recently by Purves
et al. (2004). Purves used CCAMLR observer data
collected from around South Georgia to look at
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interactions between 2000 and 2002 and concluded
that there was a high inter-vessel variation of
sightings and that interactions were concentrated
around geographical ‘hotspots’. The catch-per-
unit-effort (CPUE) was found to be slightly higher
when sperm whales were seen but significantly
lower in the presence of killer whales, suggesting
that sperm whales are attracted to areas of high
catch rates.
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Since 2002, anecdotal information from both
fishers and scientific observers suggest an increase
in the numbers of cetaceans and in the overall
levels of depredation which will affect both the
fishing industry and fishery management. Industry
perceives marine mammals as direct competi-
tors for a resource, with economic losses coming
directly from loss of catches and indirectly from
the increased effort associated with avoiding the
cetaceans (by relocating the vessel) and replacing
the lost catch. In addition, fishery managers must
decide how to account for what can be considered
an unattributed source of fishery-related mortal-
ity. For instance, in the sablefish fishery that oper-
ates off the coast of Alaska, the Bearing Sea and
Aleutian Islands, a scientific longline survey is
used as an indicator of stock biomass in the assess-
ment. Survey and commercial line sets affected by
killer whales are excluded from the assessment,
although during 2007 it was found this had no sig-
nificant effect on CPUE (Hanselman et al., 2008).
Sets affected by sperm whales, however, are not
excluded as their effects are considered minimal.

Within the Southern Ocean, cetacean—fisheries
interactions have been recorded around South
Georgia (Subarea 48.3), Crozet and Kerguelen
Islands (Subareas 58.6 and 58.5) and Prince Edward
Island (Subarea 58.7). In the Crozet and Kerguelen
fishery, depredation has been estimated since 2001.
Standardised CPUE indices are adjusted accord-
ing to estimated levels of depredation, which have
varied from year to year since 2001 (SC-CAMLR,
2007a). Currently only limited data on depredation
levels from the Prince Edward Islands exist with
one observer estimating that during the 2004/05
season two fish were being taken for every one
hauled. This is not taken into account when estimat-
ing total mortality and the impact of depredated
lines is not built into any assessment (SC-CAMLR,
2007b).

This paper examines data collected by observers
in Subarea 48.3 between 2003 and 2009 and deter-
mines the distribution and extent of the depreda-
tion by cetaceans around South Georgia.

Methods

From 2003 to 2009, scientific observers on all
longline fishing vessels operating in South Georgia
were required to collect information on the abun-
dance of cetaceans around their vessels during
each observed longline haul during the fishing sea-
son (May to August). In addition to the presence or
absence and abundance of cetaceans, their distance
from the vessel and whether they were observed

feeding on the line were also recorded (CCAMLR,
2009). The proportion of observed hauls was above
85% for most years.

Both sperm whales and killer whales take fish
off the lines, and in some cases it was possible
to observe the direct impacts of depredation on
hooked toothfish, for instance when fish had clearly
been bitten or only fish lips remained attached to
hooks. However, in many cases it was not pos-
sible to directly observe predation activities, for
instance when fish were completely removed from
the line. Therefore, an alternative method for esti-
mating the weight of toothfish taken from the line
was used. Since they take fish off the lines, cetacean
depredation should lead to a reduction in CPUE,
expressed as kg of toothfish per thousand hooks,
and depredation can therefore be inferred from the
relative reduction in CPUE on lines with cetaceans
present compared to lines without any cetaceans
present. However, many other factors influence the
CPUE of longlines, including year, vessel national-
ity, depth, month and area of capture (Hillary etal.,
2006). Therefore, generalised linear models (GLMs)
and generalised additive models (GAMs) were
constructed with these various factors to investi-
gate the impacts of depredation on longline CPUE.
For the purpose of this analysis it was assumed
that whenever cetaceans were present they were
feeding off the line.

Results
Patterns of interaction

There are some seasonal and spatial patterns to
the behaviour of cetaceans at South Georgia. The
highest rate of sperm whale interactions occurs
during May, when they are observed on approxi-
mately 26% of the lines. This drops off in June and
July to around 16% and finally in August to under
12%. This trend is significant (R? = 0318, n = 27,
P < 0.01). There was no such trend in killer whale
interactions (R? = 0.0003), although the pod size
appears to be lower in the middle of the fishing sea-
son (Figure 1). These observations are not a reflec-
tion of the level of fishing activity, which declines
only slightly towards the end of the season; over
the seven years, 27% of observed sets have been set
in May, 26% in June and July, and 21% in August.

Figure 2 shows the distribution of interactions
for both species by month during the season based
on the aggregated data from 2003 to 2009. During
May, sperm whale interactions are spread around
the island, with a large proportion taking place in
the south. In June and July these interactions move
away from the south to the north and west, with
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all the sightings in August to the northwest of the
island and north of Shag Rocks. Killer whales show
a more obvious east-west movement with interac-
tions concentrated to the northeast during May
and spreading across the island during June and
July. Nearly all the interactions occur to the west in
Shag Rocks during August. This east-west move-
ment can also be seen in Figure 3 which shows the
proportion of sightings of each species in each area,
assuming the split between east and west at 39°W.
Killer whales are clearly shifting areas, sperm
whales appear to move back to the east during
August, although sightings drop everywhere dur-
ing this month but proportionately more in Shag
Rocks. Examination of the fishing effort data over
the same time does not indicate that this movement
is simply following the fishing fleet; for example,
August has the least amount of fishing effort in
Shag Rocks but this is where the majority of sight-
ings are for both species.

Estimation of cetacean impact

The number of observed sets affected by ceta-
ceans is shown in Table 1. Over the whole period
there has been some variability in the proportion
of sets affected, with high points being 2005 and
2006 for both species, and 2009 for sperm whales.
In 2006 and 2009, in particular, there was a high
abundance of sperm whales around longline sets.
Overall, 4% of sets were affected by killer whales
and 18% by sperm whales.

A GAM, constructed with year, vessel nation-
ality, depth, month, area and number of cetaceans
present, is shown in Figure 4. In general, as has
been demonstrated by toothfish assessments in
Subarea 48.3 (Hillary et al., 2006) toothfish CPUE
is significantly affected by the vessel’s flag state
(which is usually a function of the fishing strategy
adopted by that nationality, and the gear used), the
depth at which fishing occurs, the month of fishing
and the area in which fishing occurs. Overlaid on
top of this pattern one can see the influence of ceta-
ceans: killer whales tend to remove large amounts
of the catch from longlines, and arrive in pods of
4 to 10 animals, although larger numbers of ani-
mals do not have a greater impact on CPUE. Sperm
whales, on the other hand, tend to arrive in pods
of 1 to 4 animals, and the amount of fish removed
appears to be linearly related to the pod size.

Another feature that deserves mention is the
tendency for sperm whales to be more frequently
encountered in areas of high CPUE. Killer whales
do not show this behaviour to the same extent
(Figure 5).
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In order to estimate the impact of cetacean dep-
redation on total extractions, the declared catches
were corrected to take account of the CPUE reduc-
tion when cetaceans are present. A generalised
linear model was constructed along the lines of
Figure 4, using all sets monitored by observers
(representing between 75% and 95% of all sets
made during a season) but with the impact of ceta-
ceans expressed as presence/absence rather than
by number of animals. This was undertaken for
each of the years 2003 to 2009; the proportionate
decline in CPUE predicted by the model attribut-
able to having sperm whales, killer whales or both
present during a set was calculated and these data
were used to correct declared catches on sets hav-
ing those interaction types:

3 C,.
T,=Cyu+ Z °
=1 “y,l

where T is the corrected total catch in year y for
observed sets, C, , is the declared catch in year y on
observed sets which had no cetacean interactions,
C,, is the declared catch in year y on observed sets
which had interactions of type [, and e is the ratio
of CPUE (kg/hook) between observed sets having
interactions of type I and sets having no cetacean
interactions. The three interaction types were killer
whales, sperm whales and both species. An overall
correction factor for the year can then be calculated
as T divided by the sum of the individual Cs.

Noting that some high CPUE areas were dispro-
portionately affected by sperm whales, the analysis
was repeated for two sets of fine-scale rectangles:
high CPUE areas and all other fine-scale areas. The
choice of the high CPUE areas was made according
to two schemes:

(a) three fine-scale rectangle squares qualita-
tively chosen as displaying the highest CPUE
and sperm whale occurrence: the gully area,
which is the fine-scale rectangle centred on
53.75°S 40.5°W in Figure 2, western Shag
Rocks (53.25°5 42.5°W) and SE South Georgia
(565.25°5 36.5°W);

(b) the five fine-scale rectangles with the highest
CPUE in any one year.

The results confirm the much higher impact of
killer whales, with CPUE usually being reduced
by 50%, but no consistent pattern between high
and low CPUE areas. The results for sperm whales
confirm that the impacts are lower than for killer
whales (up to 20% reduction), but the results in
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terms of proportional reduction between high and
low areas under schemes (a) and (b) are different
(Figure 6).

The total number of fish deaths caused by fish-
ing can be assumed to be the sum of the recorded
catch and the losses to cetacean depredation, and
can be calculated by correcting for the reductions
in CPUE calculated by the linear models. The cor-
rection factors changed only fractionally when the
two-stage models were considered, compared to
the simple model, since most of the catches were
taken from the non-high CPUE areas (Table 2).

The maximum effect of cetaceans appears to
have been to increase the apparent catch by 3.6%,
but with no general trend during the time period
from 2003 to 2009 (Table 2). The large difference
in CPUE caused by killer whales does not trans-
late to a very large difference in unrecorded catch,
because the proportion of sets where they are
present is between 3 and 5%. Over the seven years
of study, mean pod size for killer whales actually
dropped (significantly: individual ¢-tests on years
2003 and 2004 compared to 2008 and 2009, P < 0.01)
(Figure 7). On the other hand, the pod size of sperm
whales has increased slightly (again, significantly,
t-test on 2009 against 2003, P < 0.05), particularly in
some years, which combined with the high levels
of encounter in these years significantly increased
the nuisance value of sperm whales in 2006 and
2009 (Table 1).

Discussion

A symposium held in Samoa in 2002 concluded
that using fish-remains on the line could provide
a standardised method of estimating number of
fish lost by calculating number of remains or dam-
aged fish as a percentage of the total fish caught
in a given fishery (Donoghue et al., 2003). This
method was first suggested by Yano and Dahlheim
(1995) when calculating loss due to killer whales
in the southeastern Bearing Sea. However, it may
be problematic to try to assess the impacts of dep-
redation directly from evidence of damage to fish,
as anecdotal information from observers at South
Georgia suggest that remains very rarely come up
when cetaceans are present, as the whole fish are
often taken, and this would ultimately lead to an
underestimate of the amount of fish lost. Thus, the
comparison of standardised CPUE is potentially a
more reliable method of estimating total losses.

Although sperm and killer whale interactions
are perceived to interfere with the operation of the
fishery in Subarea 48.3, results of this study suggest
that the mitigation measures employed by fishing

vessels — tying-off lines when whales are present,
and taking avoidance measures — are being effec-
tive in minimising the impact of depredation.
Although catch rates of affected lines are signifi-
cantly depressed, the overall additional tonnage
taken by whales is estimated to be relatively steady
at about 3.6% per year.

The method adopted in this paper appears to be
applicable to estimating the impacts of cetaceans on
longline catches of toothfish in the Southern Ocean,
but it does rely on there being sufficient data from
every fine-scale area to be able to estimate well the
depressive impact of cetaceans on CPUE. This is
likely to be the case only when there are sufficient
numbers of ‘no cetacean’ longline sets, because
cetacean presence is only one of the potential fac-
tors that may influence CPUE - the others, clearly
being time of year and vessel and/or national-
ity. The results presented in Table 2 suggest that,
although it was technically important to undertake
the analysis separately for fine-scale rectangles with
high and low CPUE, for South Georgia this had
very little practical impact on the results, adjusting
the correction factors. This may not be the same in
other areas of the Southern Ocean, where cetacean
impacts are higher, such as at Crozet (Roche et al.,
2007).

There wasno evidence of increasing trends in the
number of killer whales present around vessels, nor
the number of lines that are affected. However, this
study confirms that there was a trend of increasing
interactions between sperm whales and the fish-
ery over the years 2003 to 2006, followed by two
years of low interaction, and finally another year
of very high interaction in 2009 (Table 1). This has
been caused by an increasing incidence of sperm
whales, and some small increases in their pod size.
Although this has not led to more losses, fishing
vessels are increasingly required to take avoidance
actions — tying-off the lines to return at a later date,
or steaming to another part of the fishing grounds
— which increases their fishing effort and costs.

Because killer whales cannot dive to the depths
inhabited by adult toothfish (tagging studies have
recorded a maximum diving depth of 265 m (Baird
et al., 2005)) and sperm whales are thought to be
able to reach up to 3 000 m (Whitehead, 2002), bring-
ing toothfish into range, it might be suggested that
depredation by killer whales represents additional
mortality that would not naturally occur; and that
by sperm whales probably represents an alternative
natural predation. The correlation between high
toothfish CPUE and the presence of sperm whales,
which is not evident in the case of killer whales,
supports the hypothesis that sperm whales may be
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gathering in areas of high toothfish concentration
as part of their normal foraging strategy. A similar
conclusion was reached by Roche et al. (2007) from
Crozet and Kerguelen Islands.

Using the estimates of total toothfish losses to
the cetaceans (Table 2), and the number of cetaceans
observed (Table 1) it is possible to estimate the aver-
age consumption per animal. For killer whales,
this has fluctuated at around 90 kg/day which is
consistent with estimates of daily energy require-
ments (Perez and McAlister, 1993; Sigurjénsson
and Vikingsson, 1997). For sperm whales, this has
declined annually at South Georgia from approxi-
mately 150 kg/day in 2003 to 25 kg/day in 2009.
This is much lower than their estimated daily
energy requirements (equivalent to 400-500 kg,
using the estimates for daily energy requirements
of between 600 and 830 000 kcal/day, and assuming
a fish/squid diet energy equivalent of 1.3 kcal/g).
Thus, sperm whales feeding in the area of vessels
must still be obtaining most of their diet from their
own foraging activities.

Moreover, it is not clear that sperm whales natu-
rally feed on large quantities of toothfish. Studies
of sperm whale diets point to them being pre-
dominantly made up of squid (Santos et al., 2001;
Clarke and Pascoe, 1997; Clarke, 1996), and that
in the Antarctic the cranchid Mesonychoteuthis and
onychoteuthid Kondakovia make up the majority
of the total tonnage consumed by sperm whales
(Santos et al., 2001), although there have been sug-
gestions that these studies are biased because of
different retention properties of toothfish and squid
hard parts in sperm whale stomachs. The predomi-
nant occurrence of sperm whales over the north-
western South Georgia shelf could be linked to the
potentially higher abundance of squid in this area
(Gonzalez and Rodhouse, 1998; Xavier et al., 2002),
as well as the opportunity to forage on toothfish.
Thus, it is considered precautionary to include in
assessments the removals from longlines by sperm
whales, as additional mortality that would not nec-
essarily occur in the absence of fishing.

There are a number of possibilities for the appar-
ent seasonal movement demonstrated in Figure 2.
The more obvious trend is in the killer whale move-
ment which shows the majority of sightings at the
start of the season in the east and at the end to
the west, which could imply that the animals are
coming in from another area to coincide with the
toothfish fishing season and leaving at the end as
part of a migratory cycle. Pitman and Ensor (2003)
identified three different forms of killer whale that
operate around Antarctica; based on body size,
markings, habitat type and diet they were classi-
fied as Types A, B and C. Through observer pho-
tographs the killer whales at South Georgia have
been identified as Type B, which have been most

commonly sighted off the Antarctic Peninsula,
although other sightings do indicate a circumpolar
distribution.

It is thought that killer whales in general leave
Antarctica and travel north during the austral win-
ter, and although little is currently known about the
particular migration of Type B whales, they have
been identified off the Falkland Islands (Pitman and
Ensor, 2003) indicating that they do follow a north-
ward migration pattern. Itis possible, therefore, that
they migrate northwards from the peninsula dur-
ing the austral winter, following the Antarctic ridge
and arriving at South Georgia from the east at the
beginning of May, continuing westwards towards
the end of the season and moving on towards the
Falkland Islands or South America, although posi-
tive identification through photographs has yet to
confirm this. Other areas where they could migrate
from are the islands to the east, Kerguelen, Crozet,
Prince Edward and Marion Islands, which are also
known to suffer depredation. However, the fish-
ery at Kerguelen and Crozet is year-round with
no detectable seasonal variation, the whales have
been identified tentatively as Type A, and with
possibly one Type C sighted, different types, and
most pods have been recognised as being present
all year round (P. Tixier, pers. comm.). The fishery
at Prince Edward and Marion Islands is also open
all year but currently only one licensed vessel oper-
ates there, this would not be sufficient to support
the normal population apparent at South Georgia.

The other possibility is that there is no migra-
tory pattern and that the there is a resident killer
whale population present year-round at South
Georgia. During the season it has been possible,
through studying of markings from observer pho-
tographs, to identify 34 individuals (M. Unwin
and P. McCarthy, unpublished). They have also
been sighted outside the season; most significantly
a large group of killer whales, estimated at 30-
40 individuals, was sighted in coastal waters, and
has been associated with longliners, having been
spotted interacting during line-weighting trials in
February (A. Black, pers. comm.). Acoustic surveys
conducted during the austral summers of 1998,
1999 and 2000 also detected the presence of killer
whales, although numbers could not be estimated
(Leaper et al., 2000). This would also suggest that
some form of prey-switching is occurring, since
Type B killer whales are not thought to be fish feed-
ers, being normally observed feeding on seals, pen-
guins and possibly other species of whale. During
the fishing season, however, they are seen feeding
on toothfish, presumably as it requires less effort to
hunt when they are around than mammals. Type B
have also been observed as being innovative hunt-
ers, for example by knocking iceflows to dislodge
seals (Pitman and Ensor, 2003); taking fish from
lines can be seen as another form of innovation.
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The data suggest that sperm whales are at a
maximum abundance in May and June, reducing
somewhat in July and August. The cause of this
northwestwards movement may be to take advan-
tage of the large spawning of I/lex squid north of the
Falkland Islands in July and August. Sperm whales
around South Georgia are all thought to be male, so
breeding migrations to the tropics are also poten-
tially important. However, there may be some resi-
dent populations at South Georgia. An acoustic sur-
vey for sperm whales, conducted during 1998/99
and 2000, indicated the presence of 42 individuals
(giving a population density of between 0.13 and
0.19 animals per 1000 km?) (Leaper et al., 2000).
Historical records also show that they were caught
in low numbers when whaling was permitted,
although this shore-based whaling was restricted
to the summer months (Moore et al., 1999).

Further work needs to be done to find out more
about the movements of these animals, both during
the season and outside it. Attempts to tag the ani-
mals in the past have been unsuccessful, due to the
difficulties of doing this from the vessel, however,
sightings of animals in other areas can be verified
through building up a photo library of both species
and coordination between researchers in different
areas.

Conclusion

The amount of toothfish removed from long-
lines by cetaceans varied between 1% and 8% of
the declared catches over the period 2003-2009,
with an average of 3.6%. There was no evidence of
increasing trends in the numbers of killer whales
present around vessels, nor the number of lines
that are affected. However, we confirm that there
was a trend of increasing interactions between
sperm whales and the fishery over the years 2003
to 2006, followed by two years of low interaction,
and finally another year of very high interaction in
20009. The actions taken by fishing vessels to avoid
actions such as tying off the lines to return at a later
date, or steaming to another part of the fishing
grounds appear successful in reducing interactions
but result in an increase in fishing effort and costs
to the vessel.
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Proportion of lines reporting encounters with cetaceans (left) and average pod size during encounters

(right) for killer whales (closed circles) and sperm whales (open circles). Estimated 95% confidence
intervals are plotted. The left-hand figure presents average of the proportion of observed lines within
one year that encountered cetaceans, and therefore 1 = 7 for each point. The right-hand plot presents,
for sperm whales, the average pod size for all sets in which sperm whales were encountered over the
whole time period, and likewise for killer whales. For killer whales, the number of observed lines was
181, 102, 172 and 108 for May—August respectively. For sperm whales, the number of observed lines
which encountered whales was 969, 639, 609 and 363 respectively.
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(right) whales encountered over the whole period from 2003 to 2009 divided by the total number of lines
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Figure 4:  Analysis of cetacean interaction data from South Georgia, 2003-2009. The first seven plots

(top to bottom, left to right) show the partial effect on CPUE of each of the parameters of a
generalised additive model (GAM) on CPUE (kg/hook) — fishing season, vessel nationality,
fishing depth (2 = 500-1 000 m), month (May to August), fine-scale rectangle, sperm whale
(SPW) and killer whale (KIW) abundance — where data are individual hauls monitored by
observers. Histograms of abundance of killer and sperm whales are also shown (y-axis is
the number of records over the period 2003-2009).
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Tableau 1:

Tableau 2:

Tableau 3:

Figure 1:

Figure 2:

Figure 3:

Figure 4:

vessels in Subarea 48.3.

Liste des tableaux

Nombre de poses observées, affectées par des cétacés de 2003 a 2009. KIW = orques, SPW = cachalots.
A noter que l'ensemble du jeu de données des observateurs a été ajusté pour en supprimer les
enregistrements ayant eu lieu en dehors de la saison de péche (de mai a aofit) et les poses en eaux trés
peu profondes ou extrémement profondes car il s'agissait généralement de poses de recherche.

Calcul de la capture totale corrigée pour tenir compte de la déprédation par les cétacés. A noter que dans
la méthode (a), trées peu de poses chaque année issues de certaines zones de forte CPUE ont été effectuées
en présence des deux cétacés, et de ce fait on a appliqué pour ces zones des réductions proportionnelles
de la CPUE égales a celles des secteurs de faible CPUE. La capture totale des secteurs de forte CPUE
en présence des deux cétacés étant inférieure a 0,2% de la capture totale de 2003 a 2009, cet ajustement
n'entraine en fait aucune conséquence importante sur les résultats.

Estimation des pertes totales de légine dues a la déprédation (tonnes), calculées par le modele (b) a
2 étapes.

Liste des figures

Proportion de lignes pour lesquelles la présence de cétacés a été signalée (a gauche) et taille moyenne des
troupeaux durant les rencontres (a droite) pour les orques (ronds pleins) et les cachalots (ronds ouverts).
Les intervalles de confiance a 95% estimés sont tracés. La figure de gauche présente la moyenne de la
proportion de lignes observées en une année avec présence de cétacés, et de ce fait, n = 7 pour chaque
point. Le graphe de droite présente, pour les cachalots, la taille moyenne des troupeaux pour toutes les
poses effectuées en présence de cachalots pendant toute la durée de la période, et de méme pour les
orques. Pour les orques, le nombre de lignes observées était respectivement de 181, 102, 172 et 108 de mai
a aotit. Pour les cachalots, le nombre de lignes observées avec présence de cétacés était respectivement de
969, 639, 609 et 363.

Distribution mensuelle des observations visuelles de cétacés. Les données représentées graphiquement
correspondent au nombre de cachalots (a gauche) et le nombre d'orques (a droite) rencontrées pendant
la période de 2003 a 2009, divisé par le nombre total de lignes ayant été observées pendant cette période.
Le quadrillage correspond aux rectangles a échelle précise de la CCAMLR.

Proportion d'observations visuelles de cétacés pendant toute la saison a I'est et a I'ouest de 39°W.
Analyse des données d'interaction avec des cétacés de Géorgie du Sud, 2003—2009. Les sept premiers

graphes (de haut en bas et de gauche a droite) montrent 1'effet partiel sur la CPUE de chacun des
parametres d'un modele additif généralisé (GAM) de CPUE (kg/hamecon) — saison de péche, nationalité
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du navire, profondeur de péche (2 = 500-1 000 m), mois (de mai a aofit), rectangle a échelle précise,
abondance des cachalots (SPW) et abondance des orques (KIW) —les données correspondant a des traits
de chalut individuels suivis par les observateurs. Les histogrammes de I'abondance des cachalots et
des orques sont également indiqués (en ordonnée figure le nombre d'enregistrements pour la période
2003-2009).

Relation entre la fréquence des cétacés et la CPUE de légine (2003-2009) pour (a) le cachalot (SPW)
(corrélation : R? = 0,180, p < 0,05) et (b) I'orque (KIW) (corrélation : R? = 0,044, p > 0,05). Chaque rectangle
a échelle précise est représenté par un point.

Impact estimé des orques (KIW) et des cachalots (SPW) sur la CPUE dans des secteurs de forte CPUE
et des secteurs de faible CPUE, calculé par deux méthodes ((a), a gauche et (b), a droite ; voir le texte
pour d'autres explications) d'identification des secteurs de forte CPUE. Symboles : triangles = cachalots,
ronds = orques ; symboles pleins = forte CPUE, symboles ouverts = faible CPUE.

Moyenne (IC +95%) de la taille des troupeaux d'orques et de cachalots observés autour des navires de
péche dans la sous-zone 48.3.

Crucok Taduig

KomnmuecTBO HaOMIOTABIINXCS TTOCTAHOBOK, MOABEPTIIIXCS HamaaeHuio kutoB B 2003-2009 rr. KIW =
kocarku, SPW = kamanorel. Yurure, 4To Bech HabOp JaHHBIX HaOtonareseil Obll OTKOPPEKTHPOBAH
C IIEJBI0 yIaJICHHs JaHHBIX, BEIXOAAIINX 32 PAMKH OCHOBHOTO IPOMBICIIOBOTO CE30HA (Maii—aBIyCT),
a TAKXKXEC OYCHBb MCJIKHMC HJIHN OYCHb rny601<ne IIOCTaHOBKH, HOCKOHBKy 3TO B 6OJ'II)I_HI/IHCTBC CBOCM
HCCJICAOBATCILCKUE II0CTAHOBKH.

Pacder 00111ero BEUTOBA € IOMIPABKOM Ha XUIITHUIECTBO KUTOB. YUTHTE, UTO B PAMKaX METO/A (@) KayKIbIi
roJ1 OBUIO OYEHb HEMHOTO TIOCTAHOBOK B psijic paifoHoB ¢ BeicokuMm CPUE, xorna mpucytcTBoBaiu 00a
BUIa KUTOB, TIO3TOMY JIJISI 3TUX PAfOHOB OBLIIO YCTAHOBJICHO TAKOE JKE IPOIIOPIIHOHATBHOE COKPAIIICHIE
CPUE, kak u st paiionoB ¢ Hu3kuM CPUE. O61mii BbutoB B paiionax ¢ BeicokuM CPUE npu Hanmuuun
00onx BHIOB KUTOB cocTaBiisu1 MeHee 0.2% obmiero BeutoBa B iepuon 2003—2009 ., BCIencTBUE YeTo
9Ta MMOMpaBKa HE OKa3ajla CyIECTBEHHOTO BO3/ICHCTBUS Ha PE3YIbTaT.

OO01He OICHOYHBIC MTOTEPU KITBIKaUa B PE3YJIbTaTe XUIIHUICCTBA (T), PACCUUTAHHBIC 110 JBYX3TAITHON
monend (b).

CHucox puCyHKOB

Jlomnst spycoB, TIO0 COOOIICHUSM, TIOBEPTIINXCS HAIAICHUIO KUTOB (ClIeBa) U CPEAHUHN pasMep cTajaa
IpU BCTpede (CrpaBa) Ui KOCATOK (3aKpalleHHbIE KPY)KKH) U KaIlaJoToB (HE3aKpaIIeHHBIE KPYKKH).
[Toxa3zans! orieHOUHBIE 95% MOBEepHUTEIBHBIC HHTEpBaAIEL. Ha rpaduke cieBa moka3aHo cpeHee roI0BOe
3HAYEeHUE JOJTH HAONIONABIINXCS SPYCOB, TMOABEPTIINXCSA HAMAJACHUIO KHUTOB, IMO3TOMY Ui Ka)KIOH
Touku n = 7. Ha rpaduke cripaBa moka3aH CpeHUN pa3Mep CTaja KallajdoToOB [UIS BCEX MOCTAHOBOK,
TIPA KOTOPBIX OTMEYAJIOCh NPHUCYTCTBHE KAIIAJIOTOB B TCUCHHE BCETO IMEPHOa BPEMEHH, U TO K
camoe JIJIsl KocaTok. B ciiyyae KocaTok KOJIMYECTBO HAOIFOIABIIUXCS IPYCOB B TICPHOJI C Mas 110 aBIyCT
coctaBysito cooTBeTcTBeHHO 181, 102, 172 1 108. B ciryyae KamaioToB KOJIMYECTBO HAOIIOMABIIAXCS
SIPYCOB, TIOABEPTIINXCS HAMTAJCHUIO KUTOB, COCTABIISIIO COOTBETCTBEHHO 969, 639, 609 1 363.

ExxeMecsuHOE pacmpenerieHue HaOmoneHuid KuToB. J[aHHBIE Ha rpaduKe MOKa3hIBAKOT KOJIHMYCCTBO
KaImaaoToB (cleBa) WM KOCaTOK (CIpaBa), BCTPEUCHHBIX B TedeHHe Bcero mepuoma 2003-2009 rr.,
MOJICTICHHOC Ha 00IIee KOIMYSCTBO SIPYCOB, HAOMIOMABINUXCS B ATOT nepuon. CeTka MpeIcTaBisieT
coboii menkomacmrabuble K1etTku AHTKOM.

Jlosst KUTOB, HAOIOMABIIMXCS B TCYCHUE BCETO CE30HA K BOCTOKY M 3amaay oT 39° 3. 1.

AHanu3 JaHHbIX 0 B3anMoyeiictBun ¢ kutamu y FOxxnoi ['eoprun, 2003—2009 rr. ITepBbie cemb rpadMKoB
(cBepxy BHM3, ClIeBa HAIIPaBO) MOKa3bIBAIOT YacTuaHOE Bo3aeiicTBre Ha CPUE (Kr/kprovok) Kask0oro u3
rapameTpoB 00001IeHHOH amuTuBHON Monen (GAM) — MpOMBICIOBOTO CE€30Ha, TOCY/IapCTBa Cy/IHa,
mryounsl JoBa (2 = 500-1 000 M), Mecsma (Maif—aBrycT), MEITKOMACIITa0OHOH KIETKH, YHCICHHOCTH
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Impact of cetaceans on D. eleginoides fisheries at South Georgia

karranotoB (SPW) u kocarok (KIW), rme nmaHHBIC MPEICTaBISIFOT COOOH OTHCIbHBIC BBIOOPKH,
MOHHUTOPHHT KOTOPBIX BeJicsl HabmroaarensiMu. [1oka3anbl TAK)Ke THCTOrPAMMbI YHCIICHHOCTH KOCATOK
1 KaIlIauaoToB (0Ch Y — KOMIMYECTBO 3aPETUCTPUPOBAHHBIX TaHHBIX 32 epuox 2003—-2009 rr.).

CootHomrenne Mexy BcrpedaeMocThio kntoB 1 CPUE kibikaga (2003-2009 rr.) st (a) KamanoTos
(SPW) (xoppensius: R> = 0.180, p < 0.05) u (b) xocarox (KIW) (koppensuus: R> = 0.044, p > 0.05).
Kaxnast MmenkomMaciTaOHast KJIeTKa IpeICTaBIeHa OT/ACIbHON TOYKOH.

Ornenounoe Bo3neiicTerue kocatok (KIW) u xamamnoros (SPW) va CPUE B paiionax ¢ Beicoknm CPUE
u Hu3kuM CPUE paccunthiBaniocsh aAByMs pasHbiMu MeTonamu ((a), ciesa u (b), crpasa; moapoOHOe
0OBsICHEHHE CM. B TEKCTE) onpesienieHns paifonoB ¢ BeicokuM CPUE. YcnoBHBIE 3HAKN: TPEYTONBHUKH
= KaIlIaJIoThl, KPY’KKH = KOCAaTKH; 3aKkpamieHHbie 3Hakn = Beicokuii CPUE, He3zakpamieHHbIe 3HaKH =
nuskuit CPUE.

Cpennee 3nagenue (+95% JIM) pasmepa cTaj KOCaTOK M KallaJOTOB, HAOIIOZABIINXCS BOKPYT
MIPOMBICIIOBBIX Cyn0B B IToapatione 48.3.

Lista de las tablas

Numero de lances observados afectados por la depredacion de cetdceos en el periodo de 2003 a 2009.
KIW = orcas, SPW = cachalotes. N6tese que las observaciones registradas fuera de la temporada de pesca
principal (mayo a agosto) o en lances efectuados en aguas de muy poca o de gran profundidad fueron
eliminadas del conjunto completo de datos de observacién, ya que estos lances por lo general fueron
lances de investigacién cientifica.

Captura total corregida para dar cuenta de la depredacion llevada a cabo por los cetaceos. Nétese que
con el método (a) hubo muy pocos lances cada afio para algunas de las dreas con alto indice CPUE en
que estuvieron presentes ambos cetdceos, y por lo tanto la reduccién proporcional en la CPUE para estas
areas fue considerada igual a la reduccién en dreas de baja CPUE. La captura total en las areas de alta
CPUE donde ambos cetdceos estuvieron presentes fue inferior al 0.2% de la captura total del periodo
2003-2009, y por consiguiente, este ajuste no tuvo un efecto apreciable en los resultados.

Estimacién de la pérdida total de austromerluzas (toneladas) debido a la depredacién obtenida con el
modelo de 2-etapas (b).

Lista de las figuras

Proporcion de lineas para las cuales se notifico encuentros con cetaceos (izquierda) y tamafio promedio
del grupo (derecha) para orcas (circulos rellenos) y cachalotes (circulos sin rellenar). El grafico incluye
estimaciones de los intervalos de confianza del 95%. El gréfico a la izquierda presenta la proporcién
promedio de lineas que tuvieron encuentros con ceticeos en un afio, siendo por lo tanto n = 7 para
cada punto. El grafico a la derecha presenta el tamafio promedio de los grupos de cachalotes y de orcas
observados en todos los lances durante todo el periodo. El niimero de lineas para las cuales se observé
encuentros con orcas fue 181, 102, 172 y 108 para los meses de mayo a agosto respectivamente. El ntimero
de lineas para las cuales se observ encuentros con cachalotes fue 969, 639, 609 y 363 para los mismos
meses respectivamente.

Distribucién mensual de avistamientos de cetdceos. Se grafic6 el niimero de cachalotes (izquierda) o de
orcas (derecha) encontrados en el periodo 2003 a 2009 dividido por el namero total de lineas observadas
en ese periodo. El cuadriculado corresponde a los rectangulos en escala fina de la CCRVMA.

Proporcién de avistamientos de cetdceos durante la temporada al este y oeste de 39°W.

Andlisis de los datos sobre interacciones con cetaceos en Georgia del Sur, de 2003 a 2009. Los primeros
siete graficos (de arriba a abajo, de izquierda a derecha) muestran el efecto parcial de cada uno de los
parametros del modelo aditivo generalizado (GAM) en la CPUE (kg/anzuelos) — temporada de pesca,
nacionalidad del barco, profundidad de la pesca (2 = 500-1 000 m), mes (mayo a agosto), cuadriculas
en escala fina, abundancia de cachalotes (SPW) y abundancia de orcas (KIW) — representando los datos
lances individuales vigilados por los observadores. También se muestran histogramas de la abundancia
de orcas y de cachalotes (el eje de las ordenadas (eje y) representa el niimero de registros para el periodo
2003 a 2009).
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Relaciéon entre la presencia de cetdceos y el indice CPUE de austromerluza (2003-2009) para (a)
cachalotes (SPW) (correlacién: R? = 0.180, p < 0.05) y (b) orcas (KIW) (correlacién: R? = 0.044, p > 0.05).
Cada rectdngulo en escala fina ha sido representado por un sélo punto.

Impacto estimado de las orcas (KIW) y cachalotes (SPW) en la captura por unidad de esfuerzo (CPUE)
en areas donde este indice es alto y bajo, calculado utilizando dos métodos ((a), izquierda y (b), derecha;
ver el texto para obtener mayores detalles) para identificar las areas de alto CPUE. Simbolos: tridngulos
= cachalotes, circulos = orcas; simbolos rellenos = alta CPUE, simbolos sin rellenar = baja CPUE.

Promedio (+95% CI) del tamafio de los grupos de orcas y de cachalotes observados cerca de los barcos de
pesca en la Subarea 48.3.



