MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 538: 229–237, 2015
doi: 10.3354/meps11465

Published October 28

FREE
ACCESS

Population-specific wintering distributions of adult
south polar skuas over three oceans
H. Weimerskirch1,*, A. Tarroux2, O. Chastel1, K. Delord1, Y. Cherel1, S. Descamps2
1

Centre d’Etudes Biologiques de Chizé, UMR 7372 du CNRS-Université de La Rochelle, 79360 Villiers-en-Bois, France
2
Norwegian Polar Institute, Fram Centre, 9296 Tromsø, Norway

ABSTRACT: Migratory routes and the areas used during winter have probably been selected to
maximize fitness by providing favorable environmental conditions outside the breeding season. In
polar environments, because of the extreme winter weather, most breeding species migrate to
encounter better conditions in areas that can differ between and also within species. Using geolocation sensors, we found that south polar skuas Catharacta maccormicki from 2 distant populations breeding on the Antarctic continent along the Atlantic and Indian Oceans migrate northward to winter in tropical Indian Ocean and in temperate North Pacific waters, respectively. Most
individuals from each population winter in different environmental conditions, with water temperatures ranging from 16 to 29°C. Nevertheless, they have very similar activity patterns, spending
more than 80% of their time on the water, and their feather δ15N values suggest that they probably
feed at similar trophic levels during the molt. During overwintering, the overall and constant low
activity level may be partly imposed by molting constraints, but it also suggests that trophic conditions are good for skuas. The wintering areas of the species correspond to sectors of high concentrations of breeding or wintering tropical, Northern, and Southern Hemisphere seabird species
that are likely to be kleptoparasitized by skuas. A certain degree of individual variation exists
within each population, which induces a spatial overlap in the wintering grounds of distant breeding populations. These results have potential important consequences in terms of fitness, genetic
divergence, and susceptibility to climate change and marine pollution.
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Migratory behavior is considered to be driven by
environmental changes during and outside the breeding season such that during the non-breeding season,
individuals migrate to find more favorable conditions
at sites often located far from those where breeding
occurs (Alerstam & Lindström 1990, Alerstam 2011).
This is particularly relevant for most birds breeding
during the short polar summer that migrate to temperate or tropical environments, with some species
undergoing trans-equatorial migration and wintering
in the opposite hemisphere to take advantage of a

second summer season (Alerstam et al. 1993). Among
these trans-equatorial migrating species are several
seabirds, especially Procellariiformes, that follow the
longest migration routes on earth (Shaffer et al. 2006,
Egevang et al. 2010). During migration, they use specific routes to take advantage of the oceanic wind
regimes (Felicísimo et al. 2008).
South polar skuas Catharacta maccormicki (hereafter SPS) are long-lived seabirds that breed in
coastal Antarctica and sometimes inland. During the
austral summer, they feed on eggs and chicks of penguins, on other seabirds, or marine mammals, scavenge on land, at sea, or in the pack-ice, and can also

*Corresponding author: henri.weimerskirch@cebc.cnrs.fr

© Inter-Research 2015 · www.int-res.com

INTRODUCTION

230

Mar Ecol Prog Ser 538: 229–237, 2015

forage for fish or krill at sea (Furness 1987, Olsen &
Larsson 1997). Breeding grounds are abandoned
during the inter-nesting period. Visual observations
and ring recoveries showed that juveniles and immatures are long-distance migrants, some performing
among the longest known migrations of any bird
between the breeding and wintering grounds (Furness 1987, Olsen & Larsson 1997). In contrast, adult
birds were presumed to winter in the pack-ice of the
Southern Ocean, probably close to their breeding
grounds (Furness 1987, Olsen & Larsson 1997). This
traditional view was recently challenged by the
tracking of adults from a population located in the
Antarctic Peninsula, with birds migrating to the
northern Atlantic and Pacific Oceans, where they
winter in temperate waters (Kopp et al. 2011).
SPS have breeding areas that are discretely distributed all around Antarctica, and the wintering areas
of the different populations are unknown except for 1
population (Kopp et al. 2011). Hence, determining
the wintering areas of birds breeding in distant localities of the Southern Ocean is of particular interest,
since northern migration routes could bring different
populations either to contrasted environments if individuals simply head north, or to common oceanic sectors shared by all populations. The results have
potential important implications in terms of population structure, dynamics, and genetics since spatial
segregation during the non-breeding period may
reflect genetic divergence (Friesen et al. 2007,
Rayner et al. 2011).
Here, we studied the migratory behavior of 2 populations of SPS (Dronning Maud Land and Terre
Adélie) breeding 4000 km apart along the Antarctic
continent. Birds were equipped with miniaturized geolocators (global location sensors, GLS) to delineate
their non-breeding distribution at sea (Shaffer et al.
2006), and feathers were collected to examine the
birds’ isotopic niche (as a proxy of the trophic niche)
on the molting (non-breeding) grounds (Cherel et al.
2000, Newsome et al. 2007). Moreover, GLS data from
the third population breeding on the Antarctic Peninsula (Kopp et al. 2011) were used to map the routes
and wintering areas of birds breeding within the 3 major oceans to examine whether adults’ winter behavior
reflects population-specific migratory strategies.

MATERIALS AND METHODS
SPS breeding adults were tracked from Svarthamaren, a nunatak located 200 km inland in Dronning
Maud Land (72° S, 5° E), and from the Pointe Géologie

Archipelago, Terre Adélie (66° S, 140° E). Between
2007 and 2012, 49 SPS were equipped with GLS
light-immersion loggers (British Antarctic Survey).
GLS were fixed with cable-ties to a plastic leg band.
Birds were equipped when on their nest, and the devices were retrieved after 1 or 2 yr. SPS weigh between 1000 and 1700 g, so that the total mass of devices (2 g) was always far below the recommended
3% threshold (Phillips et al. 2003). A total of 13 and 36
birds were tracked from Svarthamaren and Terre
Adélie, respectively, with 4 Terre Adélie birds and 2
birds at Svarthamaren tracked over 2 successive seasons. GLS loggers record sunrise/sunset, thus allowing the calculation of latitude and longitude except
during 2 to 3 wk around the equinoxes, when only an
estimation of longitude is reliable. GLS light data
were analyzed following Afanasyev (2004), Phillips et
al. (2004), and Egevang et al. (2010) to estimate locational information accurate to 170 km on average. As
positions obtained from GLS have a relatively low accuracy, we used a conservative approach to filter data
with maximum speeds and to calculate distance covered. Daily speeds higher than 40 km h−1 were excluded since birds spend on average > 80% of time
sitting on water (see ‘Results’). In addition to light levels, GLS loggers recorded salt water immersion, allowing the estimation of time spent in flight or sitting
on the water. The raw immersion data values ranged
from 0 (no immersion) to 200 (permanently immersed), indicating the number of 3 s periods during
10 min blocks when the sensor was immersed in saltwater. Immersion data were used to estimate the
daily percentage of time spent on the sea surface (activity) separately for diurnal and nocturnal periods
(based on local sunset and sunrise times derived by
analysis of the daylight curves processed using the
BASTrak software package). The mean percentage of
time spent on the water (wet) was calculated daily
during each period of phenology (breeding and interbreeding) to provide information on seasonal variations in foraging behavior. Conversely, the time spent
dry is generally interpreted as a bird being either on
land at the colony or flying, and therefore could be
assumed not to be foraging but traveling, at least during the non-breeding season. The duration of daylight
and darkness each day (consecutive light and dark
period) was assessed directly from the logger daylight
data. GLS also recorded sea surface temperature
(SST) (sensor range: −20 to 60°C) when the logger
was immersed for at least 10 min. The average SST
recorded in July was used as an indicator of the water
masses where the birds foraged in the middle of the
wintering period.
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Following Jaeger et al. (2009), carbon and nitrogen
stable isotope ratios (δ13C and δ15N) were measured
on 4 different body back feathers that were collected
upon recapture of each individual, thus corresponding
to the previous molting period at sea recorded by the
GLS. In seabirds, including SPS, feather isotope
values represent the foraging habitat (δ13C) and diet/
trophic position (δ15N) during the non-breeding
period because adult birds replace their plumage at
that time (Higgins & Davies 1996, Cherel et al. 2008).
Feather preparation and isotopic analyses were detailed by Jaeger et al. (2009). In brief, feathers were
cleaned using a 2:1 chloroform:methanol solution and
then oven-dried for 48 h at 50°C. Every single whole
feather was homogenized by cutting it with scissors
into small fragments, and a subsample
of ~0.3 mg was packed into tin containers for stable isotope analysis. The
relative abundance of carbon and nitrogen isotopes were determined with
a continuous flow mass spectrometer
(Thermo Scientific Delta V Advantage)
coupled to an elemental analyzer
(Thermo Scientific Flash EA 1112). Results are presented in the usual δ notation relative to Vienna PeeDee Belemnite and atmospheric N2 for δ13C and
δ15N, respectively. Replicate measurements of internal laboratory standards
(acetanilide) indicated measurement
errors < 0.15 ‰ for both δ13C and δ15N
values.
To assign feather signatures to sites,
we first looked at the GLS tracks of
birds that wintered in only 1 marine
area to assign the corresponding
feather isotope values to that area. We
then carefully examined the feather
isotope values of the few birds that
wintered in more than 1 area to correctly assign the isotopic values.
Statistical analyses were performed
in STATISTICA 12.0. Tests were 2tailed, and the presented values are
given as mean ± SD unless stated
otherwise.

RESULTS
When the breeding season ended in
March, adult SPS left the breeding
grounds to move northward. All but 1
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SPS from Svarthamaren migrated into the tropical
Indian Ocean to winter in 3 main areas, namely the
Mozambique Channel (SST in July: 22.9 ± 0.2°C),
Seychelles area (28.3 ± 1.3°C), and the Bay of Bengal
(28.2 ± 1.2°C), including coastal Sri Lanka. The remaining bird migrated to the North Atlantic to winter
off Newfoundland (Fig. 1). Svarthamaren birds first
moved northward with a north-eastern movement in
April to stop for several days to weeks (30 ± 15 d,
range 12−62 d) in 1 or 2 staging areas located in subtropical waters of the southern Indian Ocean, mainly
north of the Crozet-Kerguelen Islands; they then
headed to their wintering areas in tropical waters in
May and June (Fig. 1a,b) where they stayed for 140 ±
21 d (range 110−192 d). Duration of overwintering

Fig. 1. (a) Kernel densities (utilization densities [UDs]: 25, 50, 75, and 95%) of
non-breeding south polar skuas Catharacta maccormicki from Terre Adélie
(green) and Svarthamaren (brown). (b) Locations of tracked south polar skuas
showing the routes taken by Terre Adélie birds (green) to winter off Japan,
and by Svarthamaren birds (red) wintering in the Indian Ocean. Routes and
wintering areas of birds from the Antarctic Peninsula are indicated in blue
(Kopp et al. 2011). Continuous and dotted lines depict the outward and return
flights to the breeding grounds, respectively
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including the stopover periods lasted 167 ± 23 d
(138−211 d). The return flights had a southerly direction to the edge of the Antarctic Continent, with birds
subsequently flying to the west until reaching the
coasts off the colony (Fig. 1b).
In contrast, all but 3 SPS from Terre Adélie migrated directly to the North Pacific, without marked
stopovers, to winter off eastern Japan at latitudes of
35 to 45° N (Fig. 1), which are characterized by SST
averaging 16.7 ± 0.8°C in July. Birds arrived mainly
off Japan and progressively shifted eastward in the
North Pacific. The total duration of wintering was
141 ± 19 d (range 91−190 d), and was much shorter
than the total wintering period of Svarthamaren birds
wintering in the tropics (F1, 42 = 19.3, p < 0.001), but
was very similar to the wintering period in tropical
waters of Svarthamaren birds when excluding the
stopovers (F1, 40 = 0.02, p = 0.918). Of the 3 remaining
birds from Terre Adélie, 2 moved to the Bay of Bengal (28.9 ± 1.1°C), and 1 wintered in coastal southern
Australia (18.0 ± 2.0°C). Locations showed that during their trans-equatorial migrations, Terre Adélie
birds followed a corridor to move to a well-defined
wintering area off eastern Japan. The trans-equatorial migration had a specific pattern, with the northward movement being shifted eastward and the
return movement being more direct (Fig. 1). Thus
although inter-individual variations exist, most SPS
from Svarthamaren wintered in tropical environments, whereas most birds from Terre Adélie wintered in temperate northern waters (Fisher’s exact
test, p < 0.01). At the intra-individual level, all 4 SPS
from Terre Adélie and the 2 birds from Svarthamaren
that were tracked during 2 successive years returned
to the same areas each year (3 off eastern Japan, 1
twice in the Bay of Bengal, and 2 off the Seychelles
Islands; Fig. 2).
Activity patterns (% time spent on the water or in
flight) were measured during the migration, stopover,
and wintering periods (Fig. 3). Activity patterns
varied extensively according to the stage of wintering
phase and according to the sector visited (during the
day, F7, 31 = 30.0, p < 0.001, at night F7, 31 = 25.4, p <
0.001; Fig. 4). During the outward and return migrations, birds spent 40 to 50% of their time in flight during the day as well as at night, whereas on the staging
and wintering grounds, they spent between 65 and
95% of their time on the sea surface (Fig. 4). Interestingly, activity patterns differed significantly between
the oceanic areas where birds wintered. In the tropics
(Bay of Bengal and Seychelles−Somalia sectors) and
in the North Pacific off Japan, birds spent most of their
time sitting on the water, whereas in the Mozambique

Fig. 2. Migratory movements of 2 South polar skuas Catharacta maccormicki (green and blue) from Terre Adélie during
2 consecutive years (dark and light colour for first and second
year, respectively), showing site fidelity to wintering areas
from year to year

Fig. 3. Activity pattern (% of time spent on the water versus
time of the year, fitted curve in red) during migration and
wintering (when time spent on water attains a plateau) of an
individual south polar skua Catharacta maccormicki from
Adélie Land in 2009

Channel and in the North Atlantic, birds were more
active, spending a significant part of the time in flight,
especially during the day (Fig. 4). During wintering,
SPS spent the same relative amount of time sitting on
the water, although daytime duration was twice as
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ues (Fig. 5). Within each locality, δ13C and δ15N values
of feathers molted in different habitats were overall
significantly different (ANOVA; Adélie Land: F4, 80 =
280 and 64, Svarthamaren: F6, 51 = 913 and 214 for δ13C
and δ15N, respectively, all p < 0.0001). Notably, (1)
very few body feathers from a fairly small number of
adults birds grew in Antarctic waters, (2) most
feathers that were synthesized in different tropical
oceanic habitats retained similar isotopic values, (3)
the highest δ13C and δ15N values were found in a single bird that wintered in coastal Sri Lanka, and (4) the
δ15N values corresponding to the staging area in the
southern Indian Ocean of Svarthamaren birds were
surprisingly low (Table 1, Fig. 5).

DISCUSSION
Fig. 4. Mean ± SE activity pattern (% of time spent in flight)
during the day (white circles) and at night (black circles) of
south polar skuas Catharacta maccormicki from Svarthamaren and Adélie Land during the outward and return
phases of migration and on stopovers and wintering grounds
in the tropics and the Northern Hemisphere. Wintering
grounds are shown in Fig. 1

Our study indicates that most SPS adults from
Svarthamaren and Terre Adélie migrated to different
marine habitats and, surprisingly, wintered in very
different environmental conditions, namely in tropical and temperate Northern Hemisphere waters, respectively. Not only did the SSTs differ (12°C warmer
in the tropics), but day length was twice as long at
temperate latitudes. However, some birds from both
Svarthamaren and Terre Adélie showed different
behaviors, thus indicating a significant level of interindividual variability in migratory strategies of SPS at

long for birds wintering in the Northern Hemisphere
compared to tropical waters (Fig. 4). On the wintering
grounds, birds spent almost the entire night resting on
the sea surface, whereas they were slightly more active during the day, although
Table 1. Isotopic niches of south polar skuas Catharacta maccormicki according to
they spent only 20% of their
various molting areas. Note that some individual birds molted in more than 1 area.
time in flight (Fig. 4).
Values are means (± SD) of all body feathers synthesized within the same habitat.
A close examination of feather
Within each locality, values sharing the same superscript are not significantly differisotopic values with GLS tracks
ent at the 0.05 level (Tukey’s honestly significant difference tests)
allowed assigning almost all individual feathers to a given
Localities and
Individuals
Body
Feather
Feather
C:N mass
molting area (Fig. 1, Table 1).
habitats
(n)
feathers (n) δ13C (‰)
δ15N (‰)
ratio
We were unable to reliably asAdélie Land
sign isotopic signatures to a win10.4 ± 0.6a 3.13 ± 0.02
North Pacific
4
13
−19.7 ± 0.6a
tering area for only very few
12.7 ± 0.5b 3.13 ± 0.01
Japan
15
52
−18.0 ± 0.5b
feathers using the described 212.9 ± 0.6b 3.11 ± 0.01
East Central Indian
2
6
−15.5 ± 0.3c
14.2 ± 0.1c 3.13 ± 0.01
South Australia
1
3
−17.2 ± 0.3d
step protocol (see ‘Unknown’ in
Antarctica
2
2
−22.0 ± 0.6
13.1 ± 0.2
3.11 ± 0.01
Table 1). Feather isotopic values
Unknown
3
4
−
−
−
indicate that 62.0 and 34.5% of
12.3 ± 0.5b 3.12 ± 0.01
Chicks (Antarctica)
11
11
−22.1 ± 0.3e
SPS molted in 1 and 2 different
Svarthamaren
habitats, respectively (Table 1).
Mozambique Channel
3
9
−16.7 ± 0.3a
14.1 ± 0.3a,b 3.14 ± 0.02
b
13.7 ± 0.6a,d 3.14 ± 0.04
West
Central
Indian
3
12
−16.1
±
0.4
Only a single bird showed 3 difa,b
13.5 ± 0.6a,d 3.13 ± 0.02
East
Central
Indian
2
6
−16.2
±
0.3
ferent δ13C values among its 4
14.6 ± 0.2b 3.12 ± 0.01
Sri Lanka
1
4
−13.8 ± 0.3c
body feathers, indicating that
7.9 ± 0.5c 3.14 ± 0.03
South Indian
3
8
−18.6 ± 0.4d
these feathers grew in 3 distinct
Antarctica
1
1
−23.9
12.4
3.15
13.0 ± 0.1d 3.14 ± 0.02
North Atlantic
1
4
−17.3 ± 0.4e
isotopic habitats. Feathers from
Unknown
1
1
−
−
−
SPS wintering in different areas
12.1 ± 0.2e 3.14 ± 0.05
Chicks (Antarctica)
15
15
−23.4 ± 0.3f
segregated by their isotopic val-
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Fig. 5. Body feather δ15N versus δ13C values of adults (circles) and chicks (diamonds) of south polar skuas Catharacta
maccormicki from (a) Adélie Land and (b) Svarthamaren according to their molting habitats. Values are means (± SD) of
all body feathers synthesized within the same habitat
(Table 1). Chick values are indicative of food brought by
parents molting in high-Antarctica (δ13C) and feeding on
other seabird eggs and chicks (δ15N)

the population level. Activity patterns in the contrasted tropical and temperate waters were very similar on average, but differed according to oceanic
areas within each environment. Birds spent more
than 80% of their time sitting on the water over the
entire wintering period in some habitats, while they
were more active in others. Yet overall activity level
during wintering was low, suggesting strong energetic constraints and/or high food availability.
SPS juveniles and immatures are known as longdistance trans-equatorial migrants, with adult birds
expected to winter within the Antarctic pack-ice
(Furness 1987, Olsen & Larsson 1997). The species
was regularly recorded in the northern Atlantic and
Pacific Oceans, but the populations of origin were
unknown, and most SPS off Japan were considered

to be immature birds (Furness 1987). Hence, together
with Kopp et al. (2011), our study adds substantial
information to the wintering biology of the species.
As also indicated for the Antarctic Peninsula population (Kopp et al. 2011), our results confirm that no
adult SPS remained in the Southern Ocean (south of
40° S) during the non-breeding period. The isotopic
data are in agreement with wintering far away from
the breeding grounds, since no bird showed the typical very low δ13C values that characterize organisms
living in high-Antarctic waters (Cherel et al. 2011).
Three birds presented a single feather (out of 4) with
Antarctic δ13C values, thus indicating a partial molt at
high latitudes. However, the exact timing of growth
of those feathers remains unknown, and it cannot be
excluded that they were built up at the end of the
breeding season. Although molting during breeding
is considered a rare event (Higgins & Davies 1996),
molting of body feathers was observed at Svarthamaren on several individuals.
A second major finding is that birds from 3 distant
colonies partition the world’s major oceans, with wintering strategies that differ among populations (Fig. 1),
although significant variation exists within populations. Breeding adult SPS from the Antarctic Peninsula (Kopp et al. 2011) migrate either to the North
Atlantic or to the North Pacific in different geographical areas but similar water masses to those used by
Terre Adélie birds (Fig. 1b). Conversely, all but one
tracked Svarthamaren birds moved rapidly in a
north-eastern direction that brought them into the
Indian Ocean where they wintered, instead of heading into the ocean basin directly north of the colony.
Thus, by migrating into the Indian Ocean, they cannot move farther north to temperate waters. This suggests that the evolution of migration strategies in
trans-equatorial migrating species may be to some
extent canalized by the possibilities of access to
northern temperate waters. In accordance with this
hypothesis, it is interesting to note that whereas SPS
moving with a north-eastern flight from Svarthamaren winter in the tropical Indian Ocean, no individual moving with a northern flight heading from
the Antarctic Peninsula or Terre Adélie stopped in
tropical Pacific or Atlantic sectors. They all crossed
tropical areas, or zones of upwelling such as the
Benguela or Patagonian shelf sectors that are potentially as favorable as Indian Ocean hot spots, but
instead moved directly to the temperate Northern
Hemisphere. Interestingly, the duration of the wintering period was similar between birds moving in
the Northern Hemisphere and those staying in the
tropical Indian Ocean, whereas the route to reach the
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former area is much longer than the latter. This is
explained by the specific behavior of birds moving to
the tropics whereby they make stop-overs, whereas
birds moving to the Northern Hemisphere do not
stop en route.
A last relevant finding is that partitioning of the
world’s oceans is not absolute, with some SPS deviating from the wintering behavior of their population of
origin. Two birds from Terre Adélie migrated northwest to the tropical Indian Ocean, as Svarthamaren
birds did, and 1 bird from Svarthamaren wintered in
the North Atlantic, as some of the Antarctic Peninsula SPS did (Kopp et al. 2011). This intra-population
variability in migratory strategies could be explained
by the presence of birds of different origins within a
given population. The hypothesis is suggested by the
important exchanges of SPS between breeding sites
as indicated by band re-sightings, e.g. Weimerskirch
et al. (1985), and as suggested by Kopp et al. (2011)
for SPS from the Antarctic Peninsula. Intra-population variability in wintering areas is rare or absent in
some seabird species (Thiebot et al. 2011, 2012), but
is a common strategy in others (Ramos et al. 2009,
Weimerskirch et al. 2015). However, the number of
individuals tracked in Svarthamaren is small, and a
larger sample size may allow us to verify the variability in this population.
Activity logger data indicate that SPS spend most
of their time on the water, day and night, similar to
other great skuas (Phillips et al. 2007, Magnusdottir
et al. 2014). The almost complete inactivity of SPS at
night is not surprising, since most seabirds generally
rest at night. However, the fact that SPS spent less
than 20% of their day time in flight in most wintering
sites indicates a low level of foraging activity. This
could be interpreted as SPS having little difficulty
finding food and needing little time in flight. Alternatively, rather than energetic abundance, low activity
could be due to the energetic constraints of flight
feathers molting (see Gutowsky et al. 2014). There is
some evidence that SPS exhibit a rapid flight feather
molt, replacing up to 3 feathers at once in 45 to 60 d
(Ginn & Melville 1983, Olsen & Larsson 1997), and
thus low activity may be the result of the reduced
ability of birds to fly. However, daily activity patterns
show that although activity is low on average, birds
can still be active occasionally (Fig. 3), suggesting
that SPS may be mainly staying at the surface because of molting, but may have periods of higher
activity to meet their energy requirements.
The feeding tactics of skuas on wintering grounds
are poorly known, but the few recorded visual observations indicated SPS chasing other seabirds and
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robbing their food (Furness 1987). In the tropical
Indian Ocean, SPS winter in areas of high densities of
seabirds that include the very abundant sooty tern
(Le Corre et al. 2012). Farther south, the staging area
of Svarthamaren SPS lies in the northern vicinity of
the Subtropical Front that is also marked by high
densities of seabirds (Delord et al. 2014) and closely
matches a recently discovered staging area of
migrating Arctic terns (Fijn et al. 2013). Differences
in activity patterns between tropical wintering areas,
with higher activity in the Mozambique Channel
compared to the Seychelles and Bay of Bengal areas,
may be related to differences in communities of prey
and/or species subject to kleptoparasitism. Similarly,
the SPS wintering areas in the northern Atlantic and
Pacific Oceans are residence areas for huge numbers
of seabirds, including both breeding birds from the
Northern Hemisphere and migrants from the Southern Hemisphere. For example, the main wintering
area of SPS from Adélie Land corresponds in space
and time to the wintering grounds of the super abundant sooty and short-tailed shearwaters in the North
Pacific (Shaffer et al. 2006, Carey et al. 2014), and
wintering grounds of SPS from the Antarctic Peninsula and of some individuals from Svarthamaren
overlap with a well-known hot spot for foraging seabirds (Frederiksen et al. 2012), including migrating
sooty shearwaters (Hedd et al. 2012). Again, differences in activity patterns between the North Atlantic
and North Pacific may be related to differences in
seabird communities.
Together with GLS locations, feather isotopic values indicated that a majority of individual SPS molted
in a single habitat. This was exemplified by the similar high δ13C and δ15N values of the 4 feathers of the
single SPS that wintered off coastal Sri Lanka, which
are in agreement with the well-known inshore−
offshore isotopic gradients in the marine environment. δ15N values of feathers that grew in oceanic
waters remained elevated overall (10.4−14.1 ‰), independent of the population and for all but 1 area
(i.e. the South Indian Ocean). In particular, the δ13C
and δ15N values of feathers from Svarthamaren birds
that grew in different oceanic tropical environments
(Mozambique Channel, Seychelles, Bay of Bengal)
were similar (Table 1). This suggests no major
change in the trophic levels of SPS molting in different water masses. Different habitats, and hence
different ecosystem δ15N baseline levels, preclude a
more precise comparison, but it is likely that Svarthamaren birds that molted in the southern Indian
Ocean fed on lower trophic level prey items that remain to be determined (δ15N = 7.9 ‰; Fig. 5). Remark-
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ably, feather δ13C and δ15N values of SPS that molted
in the Mozambique Channel and off eastern Japan
were similar to the feather isotopic values recorded
for winter-breeding sooty terns from Europa Island
(chick values: −16.6 ± 0.2 and 13.7 ± 0.3 ‰, respectively), and from sooty shearwaters wintering off
Japan (adult values: −18.2 ± 0.6 and 12.3 ± 0.8 ‰),
respectively (Cherel et al. 2008, Thompson et al.
2015). The isotopic similarity can result from 2 nonexclusive explanations: SPS either feed on the same
prey as do terns and shearwaters, or they kleptoparasitize these other seabirds. The foraging ecology at
depths of shearwaters (Shaffer et al. 2006) precludes
the former explanation, while the latter is supported
by observations of SPS chasing shearwaters off
Japan (A. Takahashi & Y. Watanuki pers. comm.) and
harassing bridled terns (which are closely related to
sooty terns) off Sri Lanka (De Silva 2011). Hence,
both the selection of seabird hotspots by wintering
SPS and their feather stable isotope signatures concur to suggest a kleptoparasitic way of life of SPS
during the non-breeding period. Together with the
high range of wintering environments, this feeding
strategy emphasizes the high level of foraging plasticity of this species, which is known to use different
techniques, including fishing at sea, preying upon
seabirds on land, or scavenging on the coast during
the breeding season in high-Antarctica (Furness
1987). However, additional direct observations on
wintering grounds are necessary to definitely determine whether SPS are mainly kleptoparasitizing
other seabirds or feeding at the surface on the same
prey as the other seabirds.
Our study has revealed important differences between SPS populations in their wintering behavior,
but also some variability within populations. In addition, we showed that individuals seem faithful to
their wintering grounds from one year to the next, as
has been found in other seabird species in which
some variability exists (Quillfeldt et al. 2010). Such a
variability between and within populations of the
same species should not only have consequences for
the evolution of life history traits and for genetic
divergence, but also in terms of susceptibility to climate changes. Indeed, the conditions encountered in
tropical and in temperate waters are likely to change
in the future at different rates, and will thus likely
affect populations differently. Moreover, conditions
in the different wintering grounds are likely to differ
in terms of many other environmental stressors such
as contaminants. For example, SPS from Adélie Land
winter just off Japan where Fukushima-derived radionuclides have been found in all marine biotas in this

area (Buesseler et al. 2012) and in other top predators
such as tunas (Madigan et al. 2012). Monitoring of
these different populations in relation to wintering
conditions would be an important topic of future
research in evolutionary ecology in the context of
global change.
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