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Abstract Two adult female leopard seals (Hydrurga
leptonyx) were tagged with satellite-linked dive recorders
off Queen Maud Land, Antarctica, just after moulting in
mid-February. The transmitters transmitted for 80 and
220 days, respectively. Both seals remained within the
pack ice relatively close to the Antarctic Continent until
early May, when contact was lost with one seal. The one
remaining seal then migrated north, to the east side of the
South Sandwich Islands in 3 weeks, whereafter it headed
east, until contact was lost at 55°S in early September.
From mid-May to late September this animal always stayed
close to the edge of the pack ice. Both seals made mostly
short (<5 min) dives to depths of 10-50 m and only
occasionally dove deeper than 200 m, the deepest dive
recorded being 304 m. A nocturnal diving pattern was
evident in autumn and early winter, while day-time diving
prevailed in mid-winter. Haul out probability was highest
at mid-day (about 40% in late February and more than 80%
in March and April). From May till September the
remaining animal mainly stayed at sea, in the vicinity of
the pack ice, with only occasional haul outs. These data
suggest that a portion of the adult leopard seals may spend
the winter mainly in open water, off the edge of the pack
ice, where they primarily hunt near the surface. In that
case, it is likely that krill (Euphausia superba), as well as
penguins, young crabeater seals (Lobodon carcinophaga)
and a variety of fish are important prey items.
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Introduction

The leopard seal (Hydrurga leptonyx) is a solitary animal
that is frequently seen all around the Antarctic Continent,
but it is nowhere common. The animal is mostly found
within 300 m of the edge of the pack ice, or near leads and
polynias close to the Antarctic Continent, during austral
summer (Condy 1977; Bester et al. 2002), when most
observations of this elusive animal have been made. Rogers
et al. (2005) studied for the first time the spatial distribution
of 11 adult leopard seals in the Prydz Bay area by use of
satellite tags and found that they stayed within 320 km of
the tagging site. It is well known, however, that the sub-
Antarctic islands, like South Georgia, Kerguelen, Heard
and Macquarie, are frequently visited by leopard seals
during austral winter, and, in spite of the fact that only four
of their animals transmitted for more than 2 months,
Rogers et al. (2005) argued that those that migrate north are
primarily juvenile animals (Walker et al. 1998; Forcada
and Robinson 2006), while their own animals showed
behaviour more typical of adults.

Kuhn et al. (2006) have provided the one and only study
of leopard seal diving behaviour in one juvenile off the
coast of the Antarctic Peninsula in August and found that it
stayed in the same area for 3 weeks, while performing
short (<2 min) and shallow (<40 m) dives. Based on this
information they argued against the commonly held belief
that krill (Euphausia superba) is the primary prey of
leopard seals during winter (e.g., @ritsland 1977; Hofman
etal. 1977; Lowry et al. 1988), since the krill were found at
deeper depths at that time (Ashjian et al. 2004; Lawson
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et al. 2004). Moreover, Walker et al. (1998) have reported
that Antarctic fur seals (Arctocephalus gazella) and pen-
guins are important prey for leopard seals that haul out
along the beaches of the sub-Antarctic islands during
winter, but that does, of course, not imply that penguins
and fur seals are important for those that do not.

The above clearly demonstrates that information on
leopard seal annual distribution, diving behaviour and diet
is scarce, while the art of speculation has been prominent.
In the present study, we obtained data that shed new light
on winter location, diving behaviour, haul out of leopard
seals from two adult animals that were tagged with satel-
lite-linked dive recorders (SDRs) in mid-February off the
coast of Queen Maud Land.

Materials and methods
Capture and tagging

In the period between 6 and 17 February 2001, 19 leopard
seals (H. leptonyx) were located by helicopter in the pack
ice off Queen Maud Land, Antarctica (69°S, 1-2°W),
during the Norwegian Antarctic Research Expedition
(NARE 2000/01). Sixteen of these were observed and
inspected at close range in the period between 14 and 16
February. Of these, four had not finished moulting, nine
took to the water and escaped before they could be
immobilized, and one was found unsuitable for tagging
for other reasons. The two remaining adult leopard (%)
seals were immobilized by use of an intra muscular
injection of tiletamine-zolazepam (~ 1.0 mg-kg t?oldymass)
Zoletile100, Reading, L’Hay-Les-Roses, France, delivered
by use of a dart gun, measured (standard body length),
(Table 1) and equipped with SDRs, on their heads
according to the general procedures described by Blix and
Nordgy (2007).

Satellite-linked dive recorders

The tags were 9 cm x 7.5 cm x 3.5 cm, 335 g, epoxy-
casted 0.4 W SDR-T16 (Wildlife Computers, Redmond,
WA, USA), powered with 2 C-cells, giving an expected
transmission capacity of 60,000 transmissions, and had

a 0-1,000 m range pressure transducer with a depth
resolution of =4 m. Saltwater switches ensured that
transmission only occurred while the seals were at the
surface. The SDRs transmitted with an approximate repe-
tition rate of one transmission every 50 s when wet and one
every 90 s when dry. The SDRs operated on a daily basis
with a daily allowance of 200 transmissions.

Data collection

The SDR units sampled time and pressure (depth) every
10 s and stored derived values of dive depth (DEPTH,;
maximum depth of a dive) and dive duration (DURA-
TION) into bins with ranges that were user-defined before
SDR deployment. Programmed bin ranges for dive DEPTH
were: 12-52 m (1), 52-100 m (2), 100-200 m (3),
200-300 m (4), 300-500 m (5), >500 m (6) and for
DURATION 0-5 min (1), 5-10 min (2), 10-15 min (3),
15-20 min (4) 20-30 min (5), >30 min (6). Binned data
were collected into 6-h DEPTH and DURATION histo-
grams. Histograms were generated for the periods 21.00-
03.00 (night), 03.00-09.00 (morning), 09.00-15.00 (day),
15.00-21.00 (evening), (GMT + 1 h, local time). The
transmitters also collected information on daily haul out
pattern by TIMELINE messages, where each timeline
message covers a 24-h period (midnight—-midnight). The
24 h are divided into 20-min increments, and the SDR
assesses the conductivity readings for each 20-min period
and reports whether the majority of the readings during that
20-min period were “wet” or “dry”. The collected data
were stored until transmitted and relayed via polar-orbiting
National Oceanic and Atmospheric Administration satel-
lites, using the CLS Argos system.

Location data analyses

CLS Argos assigns a location class (LC = 3,2, 1,0, A or
B) to the calculated locations which indicates the accuracy
of the location, LC 3 being the most accurate with 68% of
the calculated latitudes and longitudes guaranteed to be
within 150 m of true location. CLS Argos does not give
guarantees with regard to the accuracy of locations of
LC =0, A or B, which tend to predominate in marine

Table 1 Details on seal number, sex and size (standard body length) as well as position and date of tagging, date of last location/uplink and
calculated longevity for two adult leopard seals tagged off Queen Maud Land, Antarctica, in February 2001

Seal # Sex Standard body Tagging position Tagged Last location SDR longevity
length (cm) (dd-mo-yy) (dd-mo-yy) (days)
F 311 69°28'S 01°46'W 14-02-01 04-05-01 80
2 F 280 69°29'S 01°28'W 16-02-01 23-09-01 220
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mammal studies (e.g., Nordgy et al. 1995; Folkow et al.
1996). However, a study on grey seals (Vincent et al. 2002)
suggests that the quality of LC = A may be quite accept-
able, and even the quite poor accuracy of LC = B may be
of interest in dealing with the distribution of seals that
make large-scale movements within relatively short peri-
ods of time.

Ice charts

Information on pack ice coverage and distribution was
obtained from the U.S. Navy/NOAA joint Ice Center
(Naval Polar Oceanography Center), Washington, DC.

Results
Animals and tag performance

Based on data for the relationship between standard length
and body mass from various sources (Hofman et al. 1977,
Nordgy and Blix unpublished; Kuhn et al. 2006), the body
mass of the two leopard seals that were tagged, were
estimated to 320 and 400 kg, respectively, and judged to be
adults. The two tags lasted 80 (seal #1) and 220 (seal #2)
days, respectively (Table 1).

Diving duration and dive depth data for a total of 26,622
and 23,951 dives, respectively, were collected into 917 and
845 DURATION and DEPTH histograms. Based on these
histograms, data on diving behaviour was obtained for
about 73% of the tracking period. A total of 811 (seal #1)
and 1,021 (seal #2) locations were obtained. Overall,
28.2% of the locations were of LC > 0, 21.9% of LC = 0,
21.4% of LC = A, and 28.4% were of LC = B. Tracks of
individual seals were constructed based on LC = A, or
better. On average, the two seals were located on 88% of
the days that the transmitters were active.

Seal movements

Figure 1 shows an overview of the movements of the
leopard seals between 14 February and 23 September 2001.
Both seals remained in the pack ice the first few days after
tagging, but left the ice edge on 20-22 February for a
period of 10 and 14 days, respectively, reaching 67° 40'S
in open water (Fig. 2). During the first week of March they
both returned to the pack ice and hauled out regularly. In
late March both seals moved SW into the Weddell Sea,
whereafter they began to move north with the expansion of
the pack ice while hauling out at mid-day in early April
(Figs. 2, 3). In May and June the one remaining seal con-
tinued to move north, passing the eastern side of the South

60°
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70° 15 Apr
Weddell
Sea

Queen Maud Land
40° W 20° 0°

Fig. 1 Movements of two female leopard seals tagged with satellite-
linked dive recorders in the pack ice off Queen Maud Land. The two
tracks show the movements between 14 February and 23 September.
The tag of leopard seal #1 (red track) stopped transmitting on 5 May,
while the tag of seal #2 (white track) stopped transmitting on 23
September. Monthly average pack ice distribution (ice class 4 or
higher) is shown by yellow lines and months are indicated by capital
letters. SG South Georgia, SSI South Sandwich Islands

66°
67°
68°
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Fig. 2 Details of the movements of the two adult female leopard
seals shown in Fig. 1. The two tracks (in red and white) show the
period between 14 February and 5 May, when contact was lost with
one of the transmitters (red track). The tracks are based on all daily
average locations of class (LC) A and better

Sandwich Islands (Fig. 1) in June, to reach 57°S by the end
of the month. In July, it remained fairly stationary at this
latitude between 20 and 25°W before it ventured due east
in August and September along the edge of the pack ice
until contact was lost, south of Bouvet Island on September
23 at 2°E, having reached its farthest north at 55°S on
9 September (Fig. 1).

Seal #1 travelled a distance of 3,300 km (#2 had trav-
elled 3,900 km at the same time) in the 80 days it was
tracked, giving an average travel speed of 1.7 km h™',
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Fig. 3 The monthly (February, March and April) average diurnal
haul out probability of two female adult leopard seals. The data are
based on the timeline haul out messages obtained from the SLDR’s
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Fig. 4 Monthly average diving activity (dives day™'). The bars
represent an average of the two seals in the period February—May.
Only dives deeper than 12 m are included

while seal #2 travelled a total of 9,500 km in 220 days,
giving an average travel speed of 1.8 km h™".

Diving behaviour
Diving activity

The leopard seals were diving (deeper than 12 m) at a high
rate of 160 dives day ' after tagging in February and
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Fig. 5 The monthly average per cent distribution of diving activity
between four time periods of the day: morning (03.00-09.00); day
(09.00-15.00); dusk (15.00-21.00) and night (21.00-03.00). Bars
show the average of two seals for the period February—May

maintained a high rate of diving activity in March and
April, dropping off in May, to reach the low level of 3040
dives day_1 in mid-winter (June—August) (Fig. 4).

Diel diving activity

During the very active period of diving in February—April,
40-50% of the dives were done in the 6-h night-time period
(21.00-03.00), while only 5-15% were done at day-time
(09.00-15.00) (Fig. 5). In mid-winter, however, the
remaining seal instead became more active at day-time
with as much as 50% of its dives during day-time and only
5-10% during night-time in August.

Haul out

During February—April both seals had maximum haul out
probability at mid-day. Thus, in February, the mid-day haul
out probability was about 40%, increasing to 80-90% in
March and April (Fig. 3). The haul out probability con-
tinued to be at a maximum in midday until contact was lost
in September in the one remaining animal. During this
period, however, the mid-day haul out probability was only
around 50%, and while the animals hauled out almost
every day in February—April, the remaining animal often
were at sea for several days at a time, and haul out only
occurred in 30-50% of the days, in May—September. From
the timeline haul out data it can, moreover, be estimated
that the two leopard seals hauled out in pack ice for an
average of 5 h per day in February, increasing to 11 and
8 h per day in March and April, respectively.

Diving duration and depth

The monthly overall relative distribution of diving dura-
tions and diving depths is shown in Fig. 6a, b. During the
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Fig. 6 Overall frequency (% distribution) of dive duration (a) and dive depth (b) of two female leopard seals. Diagrams for the period February—

May are averages for the two seals

entire period from February to September short duration
dives of less than 5 min dominated and contributed 70-
90% of all dives. A significant proportion of dives (5-25%
on a monthly basis) were of 5-10 min duration, but only
one dive was longer than 15 min (Fig. 6a).

The monthly overall relative distribution of dive depths
(Fig. 6b), clearly indicates that the leopard seal is a shal-
low diver with as much as 50-90% of the dives shallower
than 52 m for the entire period between February and
September. In February, there was a tendency towards
deeper diving, compared to the other months, with some
25% of dives in the 100-300 m depth interval, but in
March and April the seals were diving shallower and less

than 10% of all dives were deeper than 52 m. In the period
May-September, the fraction of deeper dives again
increased, but still less than 25% of dives were deeper
than 52 m, and less than 1% were in the 200-300 m depth
interval.

Maximum daily dive depth

Individual maximum daily dive depth varied considerably,
from only 8 to 304 m, the latter being the deepest dive
recorded in this study (Fig. 7). Average maximum daily
dive depth was 140 £ 8 m (SEM, n = 68) and 108 £ 7 m
(SEM, n = 93) for the two seals, respectively.
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Fig. 7 Maximum daily dive depths (m) for a female leopard seal (#2/
01) for the period 16 February-23 September, the deepest dive on
record being 304 m

Discussion
Capture and tagging method

Of the 16 “adult-sized” leopard seals that were
approached at close range in mid-February, at least, 4
were still in a very early stage of moulting. It is worth
noticing that in the study by Rogers et al. (2005) the
tags that were deployed in November and December
stopped transmitting in January, and the two tags that
lasted much longer than the others were deployed on 3
and 14 February, respectively, which is about the same
time we deployed our tags. This suggests that moulting
takes place in the latter part of February in the Queen
Maud Land sector, a notion which is further supported
by the fact that, in ship surveys undertaken from 23
January—30 January and aerial surveys undertaken from
31 January—17 February no leopard seals were observed
until 6 February, while Ross seals (Ommatophoca rossii)
were observed repeatedly throughout the entire period
(Nordgy and Blix unpublished).

The two tags that were deployed stopped transmitting
after 80 and 220 days, respectively. At that time plenty of
battery power remained and only 75% of the programmed
number of bytes had been spent even at day 220. These
durations are considerably shorter than what we achieved
with most of our Ross seals, that were tagged in the same
place and season (Blix and Nordgy 2007). Rogers et al.
(2005), however, obtained longevities of a similar distri-
bution as in the present study. Given our long experience in
using satellite tags, and our exceptional success of their
deployment on Ross seals in the same season, we can only
assume that some sort of mechanical failure, or the demise
of the animal, was the reason for the relatively short lon-
gevity of the tags.

@ Springer

Movement patterns

After tagging in mid-February our animals moved west
(Fig. 1), probably due to the westward movement of the
ice, caused by prevailing westerly winds and currents in
this area, that may reach a speed of 10 km day™' (Fahr-
bach et al. 1992; Harms et al. 2001). In late February both
seals left the ice for the open ocean for a 2-week period,
before they returned to the pack ice in early March,
whereafter they moved further west into the Weddell Sea,
all the time in contact with the pack ice. This initial
movement pattern is reminiscent of that of the crabeater
seal in the same area in 1993 (Nordgy et al. 1995) and in
1997 (Nordgy and Blix unpublished), but differs remark-
ably from that of the Ross seal (Blix and Nordgy 2007).
Thus, so far, the movements of our leopard seals did not
differ all that much from those of the animals studied by
Rogers et al. (2005). But, contrary to their findings, our two
seals started to move north with the expansion of the pack
ice in April, and the remaining seal reached the area east of
the South Sandwich Islands in late June (Fig. 1), which is
consistent with numerous observations over the last century
of leopard seals at the sub-Antarctic islands in winter
(Rogers et al. 2005, for several references). It is further
important that this exodus to lower latitudes was not a “hit
and run” operation on account of our animal, that contin-
ued to operate mostly in open water north of the pack ice
for several months in mid-winter. The lack of such
behaviour in the two animals studied by Rogers et al.
(2005), that transmitted long enough to be relevant in this
context, can therefore hardly be explained as a phenome-
non typical of adult animals. So, obviously, much more is
to be learnt about the winter distribution of the leopard
seals.

Diving behaviour

This study has shown a striking reduction of the diving
activity of the leopard seal down to only 20% of the
summer values in mid-winter (Fig. 4). There is no other
direct information in the literature about seasonal diving
activity of leopard seals, but both Ross seals (Blix and
Nordgy 2007) and crabeater seals (Nordgy et al. 1995)
show a similar, but less pronounced, tendency towards
reduced diving activity in mid-winter, being 53 and 60% of
the summer value, respectively.

Diving duration and depth
The dive durations of our leopard seals were consistently

short, 80-90% lasting less than 5 min (Fig. 6a), with only
one dive recorded in the 15-20 min bin throughout the
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study period. This is similar to the 2 min average, and
9.35 min maximum, dive duration of the juvenile studied
by Kuhn et al. (2006) in August, and seems to establish the
leopard seal as the most short-time diving phocid seal in
Antarctica.

The dive depths of our leopard seals were also consis-
tently shallow, with more than 70% of all dives shallower
than 52 m (Fig. 6b) in the entire period between March and
September. This is again consistent with the data from the
juvenile studied by Kuhn et al. (2006) for which 63% of all
dives in August were less than 50 m. However, both our
adult seals and the juvenile of Kuhn et al. (2006) occa-
sionally did dive to depths between 300 and 400 m
(Fig. 7).

Winter diet speculations

Based on the telemetry studies of Rogers et al. (2005),
Kuhn et al. (2006) and the present, it is, of course, any-
body’s guess what the leopard seals eat at sea during
winter. However, the winter location and diving behaviour
of our animal, which was quite reminiscent of the winter
location and diving behaviour of the crabeater seal, seems
to indicate that krill might, indeed, be an important prey
item during winter, as originally suggested by @ritsland
(1977) based on analysis of stomach contents. It follows,
that the suggestion of Kuhn et al. (2006), that krill is not
important during winter, should, for the time being, only be
applied to juveniles in near coastal waters. Even if, at the
end of the day, it should turn out that krill, surprisingly,
really is the winter diet of leopard seals, it is well docu-
mented that some of these animals supplement their diet at
times with fur seal and crabeater seal pups, as well as with
a variety of penguins (see: e.g., Walker et al. 1998; Hiruki
et al. 1999, for numerous references). In this context, it is
tempting to suggest that the reason for the few and seem-
ingly senseless deep dives of the leopard seal might be
caused by an occasional “hot pursuit” of such animals, or,
alternatively escape from predators, such as killer whales
(Orcinus orca).

Haul out behaviour

In late February the mid-day haul out probability of our two
animals was only about 40%, but increased to about 80% in
March and April, with a haul out probability of close to zero
during mid-night for the whole period (Fig. 3). This mid-
day haul out during summer is consistent with our obser-
vations of a low diving activity during the day (Fig. 5) and
with the observations of Gilbert and Erickson (1977),
Rogers and Bryden (1997) and Hiruki et al. (1999). But, the
low haul out probability in February, possibly also in mid-
summer, when population censuses are often carried out,

has not been known, and may imply that existing population
estimates for this species are considerably undervalued.

Leopard seal abundance

In a recent paper Southwell et al. (2008) raise the question
of whether the leopard seals are uncommon or cryptic
based on the finding of only 12 sightings in 5,978 km of
aerial surveys in east Antarctica, from 4 December to 10
January, which is supposed to overlap with the breeding
season of the species. In the present study we made 16
definite sightings in 3 days of modest aerial survey effort
from 14 to 16 February, which is supposed to overlap with
the moulting season of the species. Southwell et al. (2008)
expressed concern that not all animals were available for
survey at the time of their effort, and the present study may
indicate that a significant proportion of the population
could have been at sea at the time, and that the best time for
surveys of leopard seals is February—March rather than
December—January.

Acknowledgments We thank the crew of Court Helicopters from
Cape Town, South Africa, for excellent service during flight opera-
tions, the crew of R/V Lance for help and assistance throughout the
expedition, and Rod Wolstenholme for help with the graphics. Sup-
ported in part by the Norwegian Research Council and the Norwegian
Polar Research Institute as part of the NARE 2000/2001 expedition.
The capture was done under permit from the Norwegian Polar
Institute and tagging of the animals carried out under permit from the
Norwegian National Animal Research Authority.

References

Ashjian CJ, Rosenwaks GA, Wiebe PH, Davis CS, Gallager SM,
Copley NJ, Lawson GL, Alatalo P (2004) Distribution of
zooplankton on the continental shelf off Marguerite Bay,
Antarctic Peninsula, during austral fall and winter. Deep Sea
Res Part 1I 51:2073-2098

Bester MN, Ferguson JWH, Jonker FC (2002) Population densities of
pack ice seals in the Lazarev Sea, Antartica. Antarct Sci 14:123—
127

Blix AS, Nordgy ES (2007) Ross seal (Ommatophoca rossii) annual
distribution, diving behaviour, breeding and moulting, off Queen
Maud Land, Antarctica. Polar Biol 30:1449-1458

Condy PR (1977) Results of the fourth seal survey in the King
Haakon VII Sea, Antarctica. S Afr J Antarct Res 7:10-13

Fahrbach E, Rohardt G, Krause G (1992) The Antarctic Coastal
Current in the southeastern Weddell Sea. Polar Biol 12:171-182

Folkow LP, Martensson P-E, Blix AS (1996) Annual distribution of
hooded seals (Cystophora cristata) in the Greenland and
Norwegian Seas. Polar Biol 16:179-189

Forcada J, Robinson SL (2006) Population abundance, structure and
turnover estimates for leopard seals during winter dispersal
combining tagging and photo-identification. Polar Biol 29:1052—
1062

Gilbert JR, Erickson AW (1977) Distribution and abundance of seals
in the pack ice of the Pacific sector of the Southern Ocean. In:
Llano GL (ed) Adaptations within Antarctic Ecosystems.
Smithsonian Institution, Washington, DC, pp 703-748

@ Springer



270

Polar Biol (2009) 32:263-270

Harms S, Fahrbach E, Strass VH (2001) Sea ice transports in the
Weddell Sea. J Geophys Res 106:9057-9073

Hofman RJ, Reichle RA, Siniff DB, Miiller-Schwartze D (1977) The
leopard seal at Palmer Station, Antarctica. In: Llano GA (ed)
Adaptations within Antarctic Ecosystems. Smithsonian Institu-
tion, Washington DC, pp 769-782

Hiruki LM, Schwartz MK, Boveng PL (1999) Hunting and social
behaviour of leopard seals (Hydrurga leptonyx) at Seal Island,
South Shetland Islands, Antarctica. J Zool (Lond.) 249:97-109

Kuhn CE, McDonald BI, Shaffer SA, Barnes J, Crocker DE, Burns J,
Costa DP (2006) Diving physiology and winter foraging
behaviour of a juvenile leopard seal (Hydrurga leptnyx). Polar
Biol 29:303-307

Lawson GL, Wiebe PH, Ashjan CJ, Gallager SM, Davis CS, Warren
JD (2004) Acoustically-inferred zooplankton distribution in
relation to hydrography west of the Antarctic Peninsula. Deep
Sea Res Part 11 51:2041-2072

Lowry LF, Testa JW, Calvert W (1988) Winter feeding of crabeater and
leopard seals near the Antarctic Peninsula. Polar Biol 8:475-478

Nordgy ES, Folkow L, Blix AS (1995) Distribution and diving
behaviour of crabeater seals (Lobodon carcinophagus) off Queen
Maud Land. Polar Biol 15:261-268

@ Springer

@ritsland T (1977) Food consumption of seals in the Antarctic pack
ice. In: Llano GA (ed) Adaptations within Antarctic Ecosystems.
Gulf Publishing Co., Houston, pp 749-768

Rogers TL, Bryden MM (1997) Density and haul-out behaviour of
leopard seals in Prydz Bay, Antarctica. Mar Mamm Sci
13(2):293-302

Rogers TL, Hogg CJ, Irvine A (2005) Spatial movement of adult
leopard seals (Hydrurga leptonyx) in Prydz Bay, Eastern
Antarctica. Polar Biol 28:456-463

Southwell C, Paxton CGM, Borchers D, Boveng P, Rogers T, de la
Mare WK (2008) Uncommon or cryptic? Challenges in
estimating leopard seal abundance by conventional but state-
of-the-art methods. Deep Sea Res I 55:519-531

Vincent C, McConnell BJ, Fedak MA, Ridoux V (2002) Assessment
of Argos location accuracy from satellite tags deployed on
captive grey seals. Mar Mamm Sci 18:301-322

Walker TR, Boyd IL, McCafferty DJ, Huin N, Taylor RI, Reid K
(1998) Seasonal occurrence and diet of leopard seals (Hydrurga
leptonyx) at Bird Island, South Georgia. Antarct Sci 10:75-81



	Movements and dive behaviour of two leopard seals�(Hydrurga leptonyx) off Queen Maud Land, Antarctica
	Abstract
	Introduction
	Materials and methods
	Capture and tagging
	Satellite-linked dive recorders
	Data collection
	Location data analyses
	Ice charts


	Results
	Animals and tag performance
	Seal movements
	Diving behaviour
	Diving activity
	Diel diving activity
	Haul out
	Diving duration and depth
	Maximum daily dive depth


	Discussion
	Capture and tagging method
	Movement patterns
	Diving behaviour
	Diving duration and depth
	Winter diet speculations
	Haul out behaviour
	Leopard seal abundance

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


