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Abstract

Brown Skuas (Stercorarius lonnbergi) are known to feed on other birds or eggs during the breeding season. In some cases,
however, a few pairs monopolize a penguin colony, and the other skuas mainly forage in the sea. We installed automatic
camera traps to monitor two groups of breeding Brown Skua pairs on King George Island: the nests of Group A were located
near a Gentoo Penguin (Pygoscelis papua) colony, while those of Group B were relatively far away. From the resulting
photographs, we were able to distinguish the food items that parents brought to the nest and could confirm the egg hatching
date. Overall, 97.1% of the food items that group A brought to the nest were from the penguin colonies, while 94.1% of the
prey items of group B were fish. Group A had a hatching date at least 8 days earlier than Group B. Our results show that
a few Brown Skua pairs that bred near the penguin colony fed primarily on penguin nest contents such as eggs or chicks
within their feeding territory and had earlier hatching dates. The Brown Skuas that nested close to penguin nests may have

had advantages in foraging and breeding performance.
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Introduction

Brown Skuas (Stercorarius lonnbergi) and South Polar
Skuas (S. maccormicki) breed in the Antarctic Peninsula
region during austral summer (Pietz 1987; Ritz et al. 2006).
Many studies on the feeding ecology of both species during
the breeding season have provided information on their diets
(Reinhardt et al. 2000; Malzof and Quintana 2008; Carneiro
et al. 2015). Both Antarctic skuas are known to mainly prey
on chicks and eggs of other birds and marine life, but South
Polar Skuas primarily rely more on marine organisms such
as fishes, invertebrates, and crustaceans, including krill
(Mund and Miller 1995; Baker and Barbraud 2001), while

P< Jeong-Hoon Kim
jhkim94 @kopri.re.kr

Division of Life Sciences, Korea Polar Research Institute,
Incheon, Republic of Korea

Research Center for Endangered Species, National Institute
of Ecology, Seocheon, Republic of Korea

Department of Biotechnology, Korea University,
Seoul 02841, Republic of Korea

Brown Skuas mainly rely on terrestrial resources, such as
carcasses, garbage from Antarctic stations, and seabirds,
including penguins (Pietz 1987; Reinhardt et al. 2000; Phil-
lips et al. 2004). In some penguin breeding sites where both
species nest sympatrically, interspecific partitioning of the
dietary niche occurs (Pietz 1987; Malzof and Quintana 2008;
Grilli and Montalti 2012). Carneiro et al. (2010) reported
that the monopoly of penguin colonies by Brown Skuas
led to a separation of food sources between two skua spe-
cies. Interspecific dietary segregation in skua species has
been reported, and several past studies have revealed that
some South Polar Skua or Brown Skua pairs make feed-
ing territories and defend penguin subcolonies from other
skua individuals (Trillmich 1978; Trivelpiece et al. 1980;
Pietz 1987; Young 2005). On King George Island and Avers
Island, located near the northern part of the Antarctic Pen-
insula region, only a few pairs of breeding Brown Skuas
occupy nest sites close to Pygoscelis penguin subcolonies
and the feeding territory includes penguin subcolonies
(Hahn and Peter 2003). Therefore, the skua nest distance
from the penguin subcolonies may be related to their feed-
ing ecology in these areas. Nevertheless, there have been
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no studies focusing on dietary partitioning among breeding
Brown Skua pairs in the South Shetland Islands.

Moreover, differences in diet could influence the breeding
performance of seabirds, including Brown Skuas (Crawford
and Dyer 1995; Golet et al. 2000; Kitaysky et al. 2006; Hahn
and Bauer 2008; Christensen-Dalsgaard et al. 2018). In most
seabirds, the laying date can be used as a breeding index
to compare breeding quality, as earlier breeders have better
breeding success (Moreno et al. 1997; Lepage et al. 2000;
Arnold et al. 2006). In the case of Brown Skuas, the timing
of breeding can partly reflect the quality of breeding perfor-
mance and earlier breeders have higher hatching success and
feeding ability than delayed breeder (Anderson et al. 2009;
Carneiro et al. 2015). Therefore, we compared the feeding
resources and hatching dates of Brown Skua pairs by the
distance from the nearest penguin colony to the skua nest.

Materials and methods

We performed this study at Nargbski Point (Fig. 1;
62°14.3’S, 58°46.5’W) on King George Island, Antarctica,
during austral summer, from December 2016 to January
2017. In this region, approximately 3,000 pairs of Chin-
strap penguins (Pygoscelis antarcticus) and 2,500 pairs of
Gentoo penguins (P. papua) breed (Fig. 1) (ATCM 2019).
Approximately 7 pairs of Brown Skuas nest near penguin
subcolonies almost every year (ATCM 2019). To investi-
gate intraspecific niche segregation, we studied only Brown
Skuas, which mainly depend on penguins, although more

Fig. 1 The map of Nargbski

58°46'30"W
1

than 40 pairs of South polar skuas breed sympatrically at
Nargbski Point (Ministry of Environment 2017). During the
2016/17 breeding season, nine pairs of Brown Skuas nested
in this area (Ministry of Environment 2017). To periodically
observe breeding and feeding behaviors without time con-
straints and human disturbances (Reif and Tornberg 2006;
Hinke et al. 2018), we used autonomous camera traps. When
a Brown Skua nest with at least one egg was observed, we
labeled them with a wooden stick and installed trail cam-
eras (Bushnell Trophy Cam, Model 119437C; © Bushnell
Outdoor Products, Kansas, USA) more than two meters
from the nests to monitor the breeding behavior of nestling
Brown Skuas. Trail cameras were made to be motion active,
and the red LED light was also activated for night shooting.
Monitoring cameras were installed near eight nests found
in December 2016; one nest built in early January 2017 was
excluded from this investigation. The nests were classified
into two groups on the basis of their GPS (Oregon® 550,
Garmin, Olathe, KS, USA)-based distance from penguin
subcolonies: those within 50 m of the penguin subcolonies
(five nests; Group A) and those that more than 100 m from
the penguin subcolonies (three nests; Group B).

To compare the breeding performance between the two
groups, the hatching date was recorded as the time of the
first photograph in which hatchlings or hatching eggs were
observed. The prey items that could be distinguished clearly
in the images were separated into three categories: penguin,
fish, and crustacean, which adults bring to the nest or regur-
gitate for chick feeding (Online Resource #1). The images
were counted by three different researchers and classification
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Point in the 2016/2017 breed-
ing season. Gentoo Penguin
(Pygoscelis papua) subcolonies
(black polygons) and Chin-
strap Penguin (P. antarcticus)
subcolonies (gray polygons) and
two groups of monitored breed-
ing Brown Skua (Stercorarius
lonnbergi) nests are marked
with blue circle (Group A) and
yellow rectangle (Group B)
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was confirmed when two or more researchers identified the
same category. The difference in the prey item composition
ratio between the two groups was analyzed by Fisher’s exact
testin R (R Core Team 2020). A p value lower than 0.05 was
considered significant.

Results and discussion

Since two (BS2 and BS9) of the five nests of Group A were
destroyed by snow accumulation after a blizzard, the images
obtained from six nests (3 nests each from Group A and B,
Table 1) were analyzed for this study. The comparison of
prey items between the two groups showed a distinct dif-
ference. The main prey items that parent brought to their

nest in Group A were penguins (64.4%) and crustaceans
(32.7%), whereas the predominant prey items in Group B
were fishes (94.1%) (Fisher’s exact test, p <0.0001, Fig. 2).
Since the crustaceans identified in Group A were thought
to come from the stomach contents of penguin carcasses
(Stonehouse 1956), it is estimated that 97.1% of the prey
items in this group originated from penguins (Online
Resource #2). This result indicates that the skuas in Group
A relied on penguins as a main food source, while the skuas
in Group B mostly foraged for fish at sea. The difference in
the composition of the prey items between the two groups
was similar to the findings reported by previous studies
focused on territorial and nonterritorial skua pairs near a
penguin colony (Trillmich 1978; Trivelpiece et al. 1980;
Hahn and Peter 2003; Carneiro et al. 2010). According to

Table 1 Information on Brown Skua (Stercorarius lonnbergi) nests recorded by the monitoring cameras

Group NestID Breeding parameters

Distance from

penguin sub-colony

Clutch size Ha.tched Hatching date (1st egg) Hatching date (2nd egg) (m)
chicks

A BS1 2 2 22 Dec 2016, 13:44 25 Dec 2016, 05:36 15
BS2 2 0 Failed due to snow accumulation (27 Dec 2016) 37

BS4 2 2 20 Dec 2016, 08:54 21 Dec 2016, 16:28 38

BS6 2 2 25 Dec 2016, 14:37 26 Dec 2016, 18:00 6

BS9 2 0 Failed due to snow accumulation (28 Dec 2016) 13

B BS34 2 1 04 Jan 2017, 03:02 - 169
BS50 2 1 02 Jan 2017, 10:00 Deserted (02 Jan 2017, 23:55) 137

BS73 2 2 07 Jan 2017, 15:26 08 Jan 2017, 15:28 332

The nests are divided into Group A and B according to distance from the nearest penguin sub-colony. Breeding parameters in the survey area

were shown
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the results obtained in this study, Brown Skuas breeding at
Nargbski Point seem to be separated into territorial pairs
and nonterritorial pairs, depending on the distance from
the nearest penguin colony to their nest. The pairs that bred
close to penguin nests exploited the penguin subcolonies as
their feeding territory (territorial pairs; Group A), whereas
the other pairs, which bred away of the penguin colonies
mainly foraged at sea (nonterritorial pairs; Group B). Fur-
thermore, breeding Brown Skuas in Group A (with their
feeding territory) had relatively earlier hatching dates than
the skuas in Group B (without feeding territory) in this study
(Table 1). Skuas that breed early may have access to more
nutritious foods and high food availability (Hahn and Peter
2003; Anderson et al. 2009) and have various advantages in
breeding success (Wood 1971). In addition to the advantages
of early breeding, compared to skuas without feeding terri-
tory, territorial skua pairs have some benefits in breeding
performance. First, territorial pairs receive a steady food
supply from their feeding territory (Hahn & Bauer 2008).
In particular, in years in which marine production is poor,
the breeding success of nonterritorial breeders may be criti-
cally impacted, while that of territorial breeders may not be
directly affected (Hahn et al. 2007). Second, skua pairs with
their own feeding territory can defend their nests efficiently
(Trillmich 1978; Trivelpiece et al. 1980). Skuas without
feeding territory need to spend more time foraging, which
may reduce the effectiveness of nest guarding (Caldow and
Furness 2000). Finally, Brown Skuas that breed at Nargbski
Point have more chances to gather food without the risk of
losing eggs to penguins when they build nests near pen-
guin subcolonies (Hagelin and Miller 1997; Young 2005).
Generally, there is a trade-off in nesting around colonies
of the Adelie penguin (P. adeliae) which enhances acces-
sibility to penguin nests but increases the possibility of egg
trampling by penguins (Hagelin and Miller 1997). However,
there have been no reports of skua egg loss due to Gentoo
Penguins and even penguin interference with breeding skua
nests was not observed in this study. Therefore, at the study
sites, establishing skua nests near penguin nests confers the
advantage of efficient foraging without the additional threat
of losing eggs.

Many studies have estimated the feeding habits of breeding
skuas using pellets or food remains (Osborne 1985; Moncorps
et al. 1997; Malzof and Quintana 2008), but there are limits to
the quantitative estimation that can be performed with these
methods (Moncorps et al. 1997; Barrett et al. 2007a, b). In this
study, we used camera traps to observe nests without produc-
ing a variety of error-inducing effects (such as observation
error, nest abandonment, and the digestibility of food) that
can occur when using the aforementioned method (Carney and
Sydeman 1999). Although the accurate identification of food
sources is limited due to the low quality of some photographs
taken at a distance, using the motion detection mode makes it

@ Springer

possible to monitor nests for long periods of time and observe
special events without time constraints.

In this study, we obtained reliable breeding and foraging
data using autonomous camera trap monitoring. We found
that the different prey sources of Brown Skua pairs depend on
the location of nests relation to penguin rookeries. The pairs
breeding near the penguin colony, which predominantly fed on
penguins rather than fishes seemed territorial, while the other
pairs, which primarily fed on fishes, seemed nonterritorial.
Additionally, the eggs of the former group hatched earlier than
those of the latter, which suggest that territorial pairs have bet-
ter breeding conditions than nonterritorial pairs. At the study
sites, skua pairs breeding near the penguin colonies and occu-
pying the feeding territory would have breeding advantages,
with better food access and the ability to efficiently defend
their nests. Later, monitoring tagged breeding skuas through
consecutive years and tracking with GPS loggers could reveal
the details of their breeding ecology.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00300-021-02971-9.
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