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ABSTRACT: Seabirds in seasonal environments are often long-distance migrants and, for many spe-
cies and populations, their ranges throughout the non-breeding period are unknown. As conditions
during the non-breeding season often affect subsequent performance, the choice of migration strat-
egy can have major implications for timing of breeding and success and, ultimately, population
dynamics. We tracked south polar skuas Catharacta maccormicki from a single breeding population
at King George Island in the South Shetland Islands (Antarctica). Overall, 27 birds (69 %) migrated to
the northern Atlantic (3 regions), 10 birds (26 %) to the northern Pacific Ocean (2 regions), and 2 birds
wintered in the southern hemisphere. Individuals tracked in consecutive non-breeding seasons chose
the same ocean for wintering. Despite migrating to different oceans, birds showed a similar figure-of-
eight flight pattern and equivalent residency periods in the main wintering areas. In addition, 87 % of
the migrants used terminal stop-over sites off South America shortly before returning to the breeding
site. High diversity of migration patterns may buffer south polar skuas from climate change and other
anthropogenic threats.
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INTRODUCTION

Avian migration is driven primarily by seasonality in
environmental conditions, especially food availability
(Berthold et al. 2003). Amongst pelagic seabirds, there
are many long-distance, and some trans-equatorial
migrants (Shaffer et al. 2006, Gonzdalez-Solis et al.
2007, Egevang et al. 2010). The availability of marine
resources varies considerably in space and time, and
foraging seabirds concentrate in the areas of highest
prey abundance and predictability (Dingle 1996, Shaf-
fer et al. 2006). Migrants therefore often target conti-
nental shelf waters, shelf slopes and upwellings, and
other frontal systems (Phillips et al. 2006, Gonzéalez-
Solis et al. 2007, Guilford et al. 2009). There is growing

*Corresponding author. Email: hans-ulrich.peter@uni-jena.de

evidence that migration patterns are more variable in
time and space than previously anticipated and, at
least in birds, that they can change rapidly when condi-
tions alter (Pulido et al. 2001, Quillfeldt et al. 2010, Dias
et al. 2011). Thus, determining current levels of varia-
tion between individuals and populations is fundamen-
tal to predicting the flexibility and potential future via-
bility of species facing unprecedented global changes
in climate and other environmental characteristics.
South polar skuas Catharacta maccormicki are long-
lived predatory seabirds that breed in coastal Antarc-
tica and on adjacent islands. On the basis of observa-
tions at sea and along the coast of North America and
northwest Africa, this species was thought to under-
take a trans-equatorial migration (Furness 1987, Olsen
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& Larsson 1997). However, in the absence of tracking
data, there were no studies of the routes or wintering
destinations used by specific breeding populations.
The purpose of this study was to determine intra-
population variability in migration patterns of south
polar skuas breeding on King George Island, which
might theoretically overwinter in either the Pacific or
Atlantic oceans.

MATERIALS AND METHODS

We equipped 58 adult south polar skuas (27 females,
29 males, 2 unknown sex) with light recording geoloca-
tors (British Antarctic Survey, Cambridge) during 3
breeding seasons (2006-2008) at King George Island
in the Maritime Antarctic (62°12'S, 58°58'W). The
geolocators (MK5 and MK9) weighed 9.4 and 8.2 g in-
cluding the steel ring, respectively, which corre-
sponded to ca. 0.8% of the mean adult body mass.
Thirty-nine individuals (18 females, 20 males, 1 un-
known sex; all birds were later genetically sexed,
Fridolfsson & Ellegren 1999) were recaptured at the
same breeding site during consecutive seasons until
2010, resulting in 52 annual tracks. Re-sighting rate
did not differ between equipped birds (83 %) and
breeding birds without a device (78 %, logistic regres-
sion, Wald = 7.28, p = 0.393). Two positions per day
were calculated from light measurements using
TransEdit and BirdTracker software (British Antarctic
Survey, Cambridge), based on a standard approach
(Phillips et al. 2006). Positions that were derived from
interrupted light curves around dawn or dusk, that
were close to equinoxes, or were obviously erroneous,
were excluded, resulting in an average of 331 + 25 val-

idated positions/individual/season. Each data set was
split into periods of movement and residency; the latter
defined by positions which were both preceded and
succeeded by 2 other positions that were within a cir-
cle of 400 km radius (Bachler et al. 2010). Thereafter,
we applied kernel density analysis to locations during
residency periods in order to highlight wintering and
staging areas (ESRI ArcGIS 9.3, search radius: 500 km,
output cell size: 200 km). Timing of departure and
arrival refer to the date a bird crossed the boundary of
the 95% Contour Volume Plot (Beyer 2004). The geo-
graphical coordinates were transformed to the World
Winkel Tripel reference system prior to working with
geodata. Statistical analyses were performed in SPSS
16.0. Tests were 2-tailed and the presented values are
mean = SD, unless stated otherwise.

RESULTS

During the non-breeding season, south polar skuas
from King George Island migrated either into the
Atlantic (72 %, n = 28) or the Pacific Ocean (28 %, n =
11). There was no sex-specific preference for a particu-
lar ocean (x% = 0.77, p = 0.68). Choice of ocean was con-
sistent over 2 or 3 consecutive years (n = 11).

All birds showed a similar general structure to the
migration in that they spent a long period of residency
in the most northerly portion of the journey, i.e. in the
main wintering area, and used several short staging
areas during the autumn and spring migration.
Ninety-two percent of individuals overwintered in the
northern hemisphere at > 30°N; the remaining 2 indi-
viduals stayed in the southern hemisphere off Peru
and west of Gough Island (Table 1). Trans-equatorial

Table 1. Catharacta maccormicki. Characteristics of individual wintering areas of south polar skuas from a single breeding population on King
George Island. Areas and time periods are based on size and residency periods within the 95 % Volume Contour. Number of staging sites used
during north- (autumn) and southbound (spring) migrations; number of tracks and numbers of each sex are also given

Ocean Wintering area Geographical range Area Period Staging sites Tracks Male/
(x10°km?  (d)  Northbound Southbound female

Northern Newfoundland Basin 38-47°N, 30-50°W 255+6.1 1092 25+0.8 26+1.0 34 12/12 +

Atlantic 1 unknown
South of Georges Bank 35-43°N, 60-69°W 16.1+0.1 89«8 3.5+07 3.0+x14 2 0/1
Cape Verde Plateau 15-22°N, 16-19°W 14.5 96 3 1 1 0/1
off Mauritania

Southern West of Gough Island 40-50°S, 0-15°W 28.6 213 0 0 1 1/0

Atlantic

Northern Northwest of Hawaiian Ridge 30-40°N, 165°W-165°E 28.8+4.5 1129 1.8+1.3 2712 6 2/2

Pacific South of Gulf of Alaska 45-55°N, 135-150°W  31.7+94 1091 3.0+0.0 3.0x14 2 1/1
Hawaiian Ridge and Gulf of 423 +44 111+6 16+14 3.8+0.8 5 2/2
Alaska

Southern  Off Peru 13-22°S, 76-80°W 18.4 111 2 1 1 1/0

Pacific
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migrations showed a figure-of-eight pattern in both
flyways (Fig. 1). Individual wintering areas in the
North Atlantic were smaller than in the North Pacific
(24.6 = 6.5 x 10°km? and 34.6 + 8.2 x 10°km?, respec-
tively; Fj 49 = 19.6, p = 0.001). Mean residency period
in the main wintering area of each bird was 109 =+
18.4 d, with no significant difference between oceans
(F1,40 = 0.30, p = 0.59).

Birds using the Atlantic flyway departed on a bearing
of 350° from their breeding site and migrated in a broad
corridor parallel to the east coast of South America. Af-
ter crossing the equator, south polar skuas mainly
changed to a northwesterly heading, although one bird
continued to its wintering area off the coast of Maurita-
nia. On the northward migration, south polar skuas
stopped at 3 staging sites (median; range: 1 to 4) and ar-
rived at the main wintering area on 24 May (average;
range: 7 May to 4 June). Birds subsequently moved
eastwards by 1240 km (median). The return migration
started on 5 September (average; range: 22 August to 3
November). Birds departing from the east Atlantic (at
ca. 10°W) travelled to the west coast of Africa, and
when south of 10° N, headed southwest towards Brazil,
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100°W  20°W

whereas birds starting from the mid-Atlantic flew di-
rectly to this region. Both groups subsequently trav-
elled south parallel to the South American coast, and all
stopped in waters of the Patagonian shelf (30 to 50°S,
30 to 60° W) for up to 22 d (median: 10 d) before return-
ing to the Antarctic. While travelling south, birds typi-
cally used 3 staging areas (median; range: 1 to 5, com-
parison between north- and southward migration:
paired t-test: t=-0.26, df = 37, p = 0.79).

Birds using the Pacific flyway left the breeding site
on a bearing of ca. 300° and migrated along the west
coast of South America. After passing 30°S, they
headed northwest towards Hokkaido. South polar
skuas arrived in the primary wintering area on 14 May
(average; range: 28 April to 27 May), which was signif-
icantly earlier than the mean arrival date at the equiv-
alent area in the North Atlantic (F; 49 = 21.5, p = 0.001),
even though the numbers of stopovers were similar
(median: 2, range: 0 to 4, Mann-Whitney test: Z=-1.82,
p = 0.07). Birds wintering northwest of the Hawaiian
Ridge moved west by 965 km (median), whereas those
using the 2 North Pacific wintering sites moved east by
3320 km (median). All began the return migration on
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Fig. 1. Catharacta maccormicki. Wintering areas and migration routes of south polar skuas breeding at King George Island (@®).

Wintering areas are displayed as blue Percent Volume Contours (25, 50, 75, 90, and 95 % probability of presence) based on kernel

density estimation; red contours are terminal staging areas (25 and 50 %). Autumn migration routes and individual locations are

shown in green; spring migration and individual locations in red. Kernels were calculated for each flyway separately. Samples
sizes are n = 28 (Atlantic) and n = 11 (Pacific). Insets display the valid locations in the (a) Atlantic and (b) Pacific
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30 August (average; range: 23 August to 2 September).
The spring migration was more complex: most birds
(n = 9) started from the central North Pacific and the
Alaskan basin and travelled in a wide circle south and
southwest to waters north of New Zealand and Aus-
tralia, then turned east-southeast towards the Antarc-
tic Peninsula. Three others departed from the Alaskan
basin and flew directly south and then turned east-
southeast at ca. 40°S. Birds used more staging areas
(median: 3, range: 2 to 5) on the southward than the
northward migration (paired t-test: t = -2.16, df = 13,
p = 0.05). Similar to birds in the Atlantic flyway, 7 indi-
viduals (64 %) spent some time (median: 3.5 d, range:
1 to 12 d) in a pre-breeding staging site off southern
South America, at 40 to 60°S, 70 to 11°W, before
returning to the breeding site.

DISCUSSION

In this, the first tracking study of south polar skuas,
we found a striking degree of variability in migration
strategies within a single population. This included
trans-equatorial migration of most birds to the far
North Pacific or North Atlantic, and of one bird to the
coast of Mauritania, along with considerably shorter
migrations by single individuals to waters either off
Peru or in the central South Atlantic. Despite the dis-
parate primary winter destinations, the trans-equator-
ial migrants showed a common structure to their move-
ments, with figure-of-eight routes used in both oceans,
equivalent periods of residency in the main wintering
areas and comparable numbers of stopover sites. In
addition, almost all used a terminal staging some-
where in South American waters during the immediate
pre-breeding period.

The individual south polar skuas which spent the
winter in waters of the southern hemisphere were ex-
ceptional for our studied population. Because the
closely related brown skua Catharacta antarctica lonn-
bergi overwinter in the southern ocean (Phillips et al.
2007), and hybridize with south polar skua in our study
area (Ritz et al. 2006), the 2 focal specimens could be
hybrids between both skua species. However, a post-
hoc discriminant analysis including 33 south polar
skuas, 16 brown skuas and 9 hybrids (taxa identity was
established genetically, Ritz 2009), confirmed a 90 %
probability for classification as south polar skuas for
both individuals.

The figure-of-eight flight pattern used by the south
polar skuas is similar to that recently described for Arc-
tic terns Sterna paradisea which migrated from a
breeding site in Greenland to Antarctica (Egevang et
al. 2010). Elements of this pattern are also reflected in
some movement phases of other North Atlantic sea-

birds that are trans-equatorial migrants (Guilford et al.
2009). In general, it has been assumed that such a pat-
tern is dictated by the Coriolis force (Shaffer et al.
2006) and the exploitation of global wind circulation by
birds to reduce flight costs (Felicisimo et al. 2008). In
contrast, the longitudinal movements within the win-
tering areas were more likely to be caused by the
west—east orientation of ocean currents in the North
Atlantic (Gulf Stream, North Atlantic Drift) and North
Pacific (North Pacific Drift) and the West Wind Drift at
this latitude.

On the return (spring) migration, almost all individ-
uals stopped in terminal staging areas in the Pacific
or Atlantic off the South American coast that were ca.
3000 km from the Antarctic breeding site (Fig. 1).
Along their flyway, ocean waters differ largely in pri-
mary production with low productivity areas, i.e. the
big gyres in the Pacific and Atlantic (Mather et al.
2008, D'Hondt et al. 2009), and very productive areas,
i.e. the Brazil-Malvinas Confluence Zone in the Ar-
gentina Basin (Behrenfeld & Falkowski 1997, Pfeifer
et al. 2001) and the cold water of the South Pacific
Current. Therefore, we can assume that south polar
skuas used the terminal staging sites at about 50°S to
recover body condition lost during the energetically-
demanding southern migration through the compara-
tively unproductive tropical waters shortly before
they return to breed.

The extensive wintering range and diversity of
migration routes recorded in this study suggests that
south polar skuas experience a wide range of environ-
mental conditions during the non-breeding season, as
oceanography and climatic oscillations differ funda-
mentally between the North Pacific and North Atlantic
(Stenseth et al. 2003). This suggests a degree of flexibil-
ity in terms of habitat requirements, which might
buffer this species from possible adverse effects of
future climate change or other anthropogenic threats
in wintering grounds. Nevertheless, as conditions
experienced during one stage of the annual cycle can
have repercussions (Harrison et al. 2011), the adoption
of a particular migration strategy may affect body con-
dition on return to the colony, laying date, breeding
success or survival (Marra et al. 1998, Robb et al. 2008).
If this is the case, temporal changes in environmental
conditions will mean that certain strategies will offer a
selective advantage. Assuming spatio-temporal migra-
tion patterns are heritable this may have strong impli-
cations for population dynamics and genetic structure
in the future.
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