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Abstract
Leopard seals (Hydrurga leptonyx) occur mainly south of the Antarctic Polar Front, but immatures, in particular, season-
ally move beyond this range during the austral winter and spring, typically under increased sea ice conditions. Extralimital 
occurrences of leopard seals can be observed at several sub-Antarctic islands where they haul out to rest. We present new 
records of leopard seal sightings at Marion Island, southern Indian Ocean, from 2006 to 2024 and discuss fluctuations in their 
seasonal and annual abundance (drawing on data collected since 1980) and body condition based on regular surveys. The 
eastern beaches at Marion Island were surveyed every 7–10 days while the western beaches were visited monthly. Observed 
leopard seals were photographed and given a body condition score based on the visibility of bony protrusions. From 2006 to 
2024, we identified 35 presumed unique immature leopard seals between July and November, with a peak in September, all 
being immatures. Individuals to which we could assign body condition scores were either in good or excellent condition. This 
contrasted with the prevailing hypothesis that leopard seal body condition deteriorates with decreasing latitude. However, 
we could not determine whether this was because of an actual shift in body condition or because we used a different scoring 
system from other studies. We recommend adopting a standardised scoring system for visually estimating pinniped body 
condition and a global repository to monitor leopard seal haul-outs. As an apex predator, leopard seals may be important 
indicators in Antarctic and sub-Antarctic ecosystems, and monitoring changes in their distribution and body condition may 
indicate environmental and biological changes in these remote regions.
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Introduction

Leopard seals (Hydrurga leptonyx) are pagophilic (pref-
erence or dependence on sea ice) pinnipeds with a cir-
cumpolar distribution in the Southern Ocean (Rogers 
2018). They occur mainly south of the Antarctic Polar 
Front (APF), between 50° and 80° S, especially in the 
outer areas of the Antarctic pack ice (Bester et al. 1995, 
2002; Meade et al. 2015). While leopard seals primarily 
rely on sea ice as a platform for breeding, moulting and 
resting, year-round sightings have been recorded at Heard 
Island (Gwynn 1953), Îles Kerguelen (Bester 1981; Borsa 
1990), South Georgia (Walker et al. 1998) and locations 
well north of the APF, including South America (Aguayo-
Lobo et al. 2011; Borras-Chavez et al. 2024) and New 
Zealand (Hupman et al. 2020). Regular seasonal sightings 
of leopard seals on other extralimital sub-Antarctic Islands 
(McDonald, Macquarie and Marion; Bester et al. 2006; 
van der Linde et al. 2022) and the Falkland Islands (van 
der Linde et al. 2022), and sporadic sightings as far north 
as South Africa (34° S; Vinding et al. 2013), Australia 
(33° S; Shaughnessy et al. 2012) and the Cook Islands 
(21° S; Berry 1960) have also been reported.

The seasonal occurrence of leopard seals at locations 
north of the APF is associated with increased sea ice 
extent and decreased sea surface temperatures at high lati-
tudes during the austral winter (Rounsevell and Eberhard 
1980; Bester and Roux 1986). As the sea ice around the 
Antarctic continent extends, leopard seals move north-
wards towards the marginal ice zone. Seasonal transients 
at extralimital sites north of the APF are typically imma-
ture seals that are generally reported to be in poor body 
condition, suggesting an inverse relationship between 
latitude and body condition (Rounsevell and Pemberton 
1994; van den Hoff et al. 2005). It is possible that these 
immature leopard seals periodically extend the northern 
extent of their distribution due to intraspecific competition 
for food resources, aggression from conspecifics, to exploit 
a seasonally abundant food resource and/or juvenile dis-
persal/exploration (Bester and Roux 1986; Rogers 2009; 
Aguayo-Lobo et al. 2011).

The number of leopard seal haul-outs at extralimi-
tal sites north of the APF oscillates on a 3–5 year cycle 
(Rounsevell and Eberhard 1980; Walker et al. 1998), with 
higher numbers, earlier arrivals and longer periods of 
residency coinciding with years of above-average win-
ter sea ice extent and lower-than-average winter sea sur-
face temperatures (Jessopp et al. 2004). Despite annual 
fluctuations, some sites north of the APF have reported 
an increased number of leopard seal haul-outs in recent 
years; 2009–2023 in South America (Borras-Chavez et al. 
2024), 2015–2018 in New Zealand (Hupman et al. 2020) 

and 2017–2022 in Australia (Shaughnessy et al. 2024). 
Whether this is a local or global trend is unknown, as is 
the cause, with hypotheses including increased observer 
effort, population growth, and environmental modification 
due to climate change (Vaughan et al. 2003; Aguayo-Lobo 
et al. 2011).

Leopard seals are key apex predators in Antarctic waters 
and could be used as an indicator species of environmental 
change or disruptions to the food web (Croxall et al. 2002; 
Krause et al. 2017). However, the species’ behaviour and 
population dynamics remain poorly understood, largely due 
to their solitary behaviour, aquatic lifestyle and low natu-
ral densities (Southwell et al. 2008; Bengtson et al. 2011; 
Bender et al. 2023). It is important to continue reporting 
on opportunistic leopard seal sightings at the distributional 
edge of their natural range (e.g. Bester 2021; van den Hoff 
2024), and note any shifts in population demographics or 
distribution to improve our understanding of the species and 
its environment (Bester 2021; Bender et al. 2023).

Marion Island (46°54’S, 37°45’E) is an extralimital haul-
out site for leopard seals located north of the APF at the 
edge of their core distribution. Regular surveys of discrete 
beaches on this sub-Antarctic island between 1980 and 2005 
recorded 19 immature leopard seals in both poor and good 
condition (Bester et al. 2006). These sightings suggested 
that leopard seals at Marion Island should be regarded as 
seasonal transients rather than vagrants. This study provides 
a follow-up synthesis and discussion of leopard seal sight-
ings at Marion Island from 2006 to 2024 to establish if there 
have been any changes in their frequency of occurrence and 
body condition.

Methods

A long-term mark-recapture study of southern elephant 
seals (Mirounga leonina) using plastic flipper tags was 
formalized at Marion Island (Fig. 1) in 1983 to replace 
earlier sporadic recordings of seals that were tagged with 
monel-metal tags from 1974 to 1980 (Condy and Bester 
1975; Condy 1979; Bester et al. 2011). Trained observ-
ers conducted tag-resight surveys and counts of southern 
elephant seals on all beaches on the eastern side of Marion 
Island (32 beaches along a 51.9 km coastline) every 7 days 
(but since 2020, every 9 days) during the breeding season 
(mid-August to mid-November) and every 10 days dur-
ing the moulting period (mid-November to mid-April) 
each year from 1983. Surveys were also conducted every 
10 days during the winter (mid-April to mid-August) since 
1990. Beaches on the western side of the island were vis-
ited monthly during the moulting period from 1983 to 
1990 and monthly year-round from 1990. Leopard seal 
sightings were recorded during these regular surveys, with 
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incidental sightings obtained from other field assistants 
stationed at the island also included in the database.

When a leopard seal was observed, the location, date, 
general condition, age class and behaviour were noted, and 
whenever possible, the seal was photographed for indi-
vidual identification (Forcada and Robinson 2006) and 
post-hoc assessment of body condition (Gray et al. 2009; 
Hupman et al. 2020). Each seal’s condition was scored 
on a five-point scale, based on the visibility of bony pro-
trusions on leopard seals following Hupman et al. (2020) 
(see also Gray et al. 2009). A side-view photograph of 
each seal was assessed and scored according to visible 
protrusions of the sagittal crest, zygomatic arch, neural 
spines, rib bones and pelvic bones, with each feature either 
given a score of 0 (no protrusion visible) or 1 (protrusion 
visible), resulting in an overall score of 0 (no protrusions 
visible) to 5 (all bony protrusions visible). Body condi-
tion scores can be interpreted as: 0 (excellent condition); 
1–2 (good condition); 3–4 (poor condition); and 5 (severe 
condition) (Hupman et al. 2020). To maintain consistency 
in body condition analysis, only seals pictured in side-view 
photographs were scored. Body condition was scored by a 
single observer, with 9 of 28 scored seals verified by a sec-
ond, independent observer. Leopard seals observed within 
a year were individually identified based on photographic 
comparison. In cases where there were no photographs, 
a leopard seal was assumed to be a unique individual if 
the sighting occurred more than a month apart from other 
sightings. Given that all sighted leopard seals were imma-
ture, and considering the relatively short time they spend 
in this life history phase (Rogers 2009), we treated sight-
ings between years as unique, as did Bester et al. (2006), 
further facilitating comparisons.

Results and discussion

We recorded 35 presumed individual leopard seals at Marion 
Island over 19 years between 2006 and 2024 (approximately 
two individuals per annum over 52 km of coastline; Fig. 1). 
The number of seals varied annually (range 0–6) (Fig. 2), 
with sightings usually recorded from July to November, most 
occurring in September (Fig. 2). All leopard seals observed 
at Marion Island were immature, and those whose condition 
could be scored from photographs (29 of 35 seals) were in 
either good (n = 15) or excellent condition (n = 14; Fig. 2). 
Some were reported to have superficial injuries, and one had 
a suspected broken jaw and deep lacerations.

Leopard seal sightings were distributed on the eastern 
side of Marion Island, with a relatively even split between 
sightings on the north- and south-eastern coastlines (Fig. 1). 
This is likely a function of the island’s geography as the 
eastern aspect of the island has pebble and boulder beaches, 
which are mainly absent from the western, windward coast 
(Rudolph et al. 2022), rendering the latter largely inacces-
sible to leopard seals.

Our study confirms that leopard seals are regular sea-
sonal visitors to Marion Island. After one was recorded in 
the period of southern elephant seal monitoring 1974–1985 
(MRI Unpublished Records), Bester et al. (2006) reported 
five assumed unique seals in the following decade 
1986–1995, and 13 between 1996 and 2005. We recorded 
slightly higher occurrences, with 15 presumed unique indi-
viduals in the decade 2006–2015 and 20 from 2016 to 2024. 
Various studies have reported recent increases in leopard 
seal haul-outs, including those in Chile (271% increase in 
sightings between 2009 and 2023 compared to pre-2009) 
(Aguayo-Lobo et al. 2011; Borras-Chavez et al. 2024), New 

Fig. 1   a Marion Island’s location in the Southern Ocean and its prox-
imity to the Antarctic Polar Front (solid black line; frontal data from 
Orsi et al. (1995)). b Heatmap showing the locations and density of 
leopard seal haul-outs at Marion Island between 2006 and 2024. The 

beaches along the eastern aspect of the island (shown in green) were 
typically surveyed every 7 to 10  days, while the beaches along the 
western aspect (shown in grey) were surveyed monthly year-round
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Zealand (n = 171 sightings between 2000 and 2009; n = 2101 
between 2010 and 2018) (Hupman et al. 2020), and South 
Australia (sightings rates increased from 1.2 seals per year 
between 1979 and 2009 to 2.8 seals per year between 2017 
and 2022) (Shaughnessy et al. 2024). The studies in Chile, 
New Zealand and Australia relied primarily on opportunistic 
reporting, except for a component of Borras-Chavez et al. 
(2024), and as a result, researchers had difficulty quantifying 
the contribution of increased observer effort and/or better 
reporting to these elevated number of observations. Vari-
able observer effort should have much less effect at Marion 
Island, where regular surveys across the same area have been 
routinely made over the past 40 years. However, even with 
regular surveys, some factors (e.g. the number of observ-
ers present, and amount of time observers spent conduct-
ing surveys or other non-survey work) probably affected 
observer effort over time. Despite these caveats, Marion 
Island remains one of few sites in the Southern Ocean with 
relatively consistent long-term survey effort for seals (Bester 
et al. 2011). While slightly more leopard seals have been 
observed on Marion Island since 2006, there is no evidence 
for large shifts in haul-out patterns, as observed at Chile 
and New Zealand (Aguayo-Lobo et al. 2011; Hupman et al. 

2020; Borras-Chavez et al. 2024). We also did not find a 
multi-year cyclical pattern in occurrence of leopard seals, 
as observed at some other sites north of the APF (Roun-
sevell and Eberhard 1980; Walker et al. 1998; Shaughnessy 
et al. 2024). Relative consistency in haul-out patterns across 
years may suggest stability in environmental conditions, 
food availability and population demographics of leopard 
seals during the study period.

The prevalence of immature leopard seals at Marion 
Island support the hypothesis that primarily immature leop-
ard seals are found north of the APF (Siniff and Stone 1985; 
Rounsevell and Pemberton 1994; Bester et al. 2006). This 
does not appear to hold true elsewhere with New Zealand 
reporting sightings of mainly adult seals, even in the north-
ern parts of North Island (~ 35° S) (Hupman et al. 2020), and 
Chile similarly reporting primarily adults (Borras-Chavez 
et  al. 2024). Peak haul-out from August to October as 
observed in this study is consistent with sightings reported 
by Bester et al. (2006) for Marion Island, where the peak was 
also September, as was recorded at Îles Kerguelen (Bester 
and Roux 1986; Borsa 1990), South Australia (Shaughnessy 
et al. 2012), South Georgia (Walker et al. 1998) and New 
Zealand (Hupman et al. 2020). Sightings peaked slightly 

Fig. 2   Leopard seal sightings at Marion Island over two survey periods (1980–2005 and 2006–2024) according to a year, b month of the year, 
and c body condition
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earlier in Chile, from July to August (Aguayo-Lobo et al. 
2011). Antarctic sea ice is at its maximum extent during 
September (Parkinson and Cavalieri 2012), likely facilitating 
the northward movement of leopard seals.

The immature leopard seals seen on Marion Island are 
likely seasonal transients (Bester et al. 2006). Typically, 
seasonal transients remain hauled-out for only a few days 
(Forcada and Robinson 2006). While this was the general 
pattern on Marion Island, at least five individuals remained 
at the island for longer than a week, and two were seen mul-
tiple times over the course of five weeks. One was seen on 
three occasions between 23 September and 27 October 2013 
at two different beaches, while the other was seen on four 
separate beach check occasions between 15 September and 
22 October 2022 at the same beach. These observations of 
individuals leaving and returning to the island throughout 
the five-week sighting period, coupled with no visible dete-
rioration in body condition during this time, suggests that at 
least some leopard seals feed within the vicinity of Marion 
Island. This is further supported by observations of three 
leopard seals defecating, the scat of one containing penguin 
feathers, the other two probably euphausiids. King penguins 
(Aptenodytes patagonicus) and gentoo penguins (Pygoscelis 
papua) are present at Marion Island during August to Octo-
ber, and macaroni penguins (Eudyptes chrysolophus) from 
early October (Ryan and Bester 2008). All three species are 
preyed upon by leopard seals at other island sites (Bester and 
Roux 1986; Borsa 1990; Walker et al. 1998). The general 
transient nature of immature leopard seals is highlighted by 
the presence of goose barnacles on one individual, suggest-
ing that it had been at sea for an extended period (Setsaas 
and Bester 2006). This represents the third record of bar-
nacles on a leopard seal, following records from Tristan da 
Cunha (Bester et al. 2017) and Australia (Shaughnessy et al. 
2024).

Despite a few seals being recorded with superficial inju-
ries and one with a suspected broken jaw, all were in either 
good or excellent condition, which is in line with recent 
studies from New Zealand and Chile (Aguayo-Lobo et al. 
2011; Hupman et al. 2020; Borras-Chavez et al. 2024). 
However, it is in contrast to previous findings from Mar-
ion Island, where individuals were often in poor condition 
(Bester et al. 2006). We suggest three possible explana-
tions for an apparent shift in body condition scores: 1) 
chance, 2) an actual shift in body condition, or 3) utilizing 
different body condition scoring methods. It is unlikely 
that 29 seals (6 seals did not receive a body condition 
score) were all in good or excellent condition by chance 
with none in poor condition, when the prevailing belief 
is that many should be in poor condition and Bester et al. 
(2006) reporting 7 of 19 sighted leopard seals to be in poor 
condition. Previously, body condition was estimated by 
researchers on site who did not receive specific training 

regarding the evaluation of the body condition of leop-
ard seals, as they mainly worked with elephant seals. It is 
therefore plausible that leopard seals, which are naturally 
slimmer than elephant seals (for descriptions see Bester 
2014a, 2014b), were considered to be in poorer condi-
tion than their more robust beach companions (Duignan 
2003). In this study, we utilized the classification method 
employed by Hupman et al. (2020) that was specifically 
developed for leopard seals, and only on seals for which 
there were side-view images. Given our concerns about 
the comparability of body condition scores, we are unable 
to disentangle whether our scores result from an actual 
shift in body condition or a different method of evaluat-
ing seal condition. To mitigate issues of inconsistent body 
condition classification in the future, we suggest the use of 
photographs to score animals and the adoption of a stand-
ardized leopard seal scoring system such as proposed by 
Hupman et al. (2020).

Because of their reliance on sea ice and their trophic 
position, leopard seals could be used as indicator species, 
highlighting environmental and biological changes in the 
remote Antarctic and sub-Antarctic regions (Gray et al. 
2009; Krause et al. 2017; Bender et al. 2023). While our 
knowledge of leopard seal ecology has increased consid-
erably, particularly with the development of telemetric 
devices (Staniland et al. 2018), there is a need to con-
tinue reporting their haul-out patterns and any observable 
changes therein. To facilitate this process, we recommend 
creating a global repository or the universal adoption of 
existing repositories (e.g. iNaturalist, GBIF etc.) to con-
solidate records and other information about this elusive 
predator to enable indirect monitoring of changes in the 
Antarctic and sub-Antarctic regions.
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