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Abstract South polar skuas, SPS, (Catharacta mac-
cormicki) and brown skuas, BS, (C. antarctica lonnbergi)
are regarded as opportunistic predators. When breeding in
sympatry, BS feed mainly on penguin eggs and chicks,
while SPS forage almost exclusively at sea. The objective
of this study was to determine the diet composition of adult
SPS and BS breeding in sympatry, in order to assess food
resource partitioning between these species. The total
number of food items consumed was 375 for BS and 682
for SPS in 1992-93, and 427 for BS and 579 for SPS in
1995-96. The pellets composition was significantly corre-
lated between skua species for the same breeding season
(rs =0.67, p=0.0062 and r,=0.81, p <0.001, for
1992-93 and 1995-96, respectively), and between breeding
seasons for the same skua species (rs = 0.71, p = 0.001
and ry = 0.81, p < 0.001, for SPS and BS, respectively).
Trophic niche breadth of BS was wider than that of SPS
(BA(BS) = 0.28 and BA(SPS) = 024, Z = 767, p< 0001)
The trophic niche overlap between BS and SPS was over
65% in both breeding seasons. In agreement with other
studies on the diet of these skua species in situations of
sympatry, SPS consumed more fish and BS consumed more
birds.
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Introduction

Skuas of the genera Catharacta and Stercorarius have
remarkably diversified diets in different localities where
they breed (see reviews in Furness 1987). The most com-
mon Antarctic skua species, the south polar skua, SPS
(Catharacta maccormicki) and the brown skua, BS
(C. antarctica lonnbergi), are regarded as opportunistic
predators, scavengers and kleptoparasites, on a wide vari-
ety of organisms (e.g., Eklund 1961; Miiller-Schwarze and
Miiller-Schwarze 1977; Moors 1980; Maxon and Bernstein
1982; Osborne 1985; Green 1986; Pietz 1987; Norman and
Ward 1990; Young 1990; Zipan and Norman 1993;
Norman et al. 1994). During the reproductive period, they
may feed on terrestrial resources (Furness 1987) and
despite their opportunism, they depend primarily on a few
prey types (Pietz 1987).

Although these skua species usually breed in disjunct
areas, they nest sympatrically in a hybrid zone at the
Antarctic Peninsula, between 61 and 65°S (Pietz 1987; Ritz
et al. 2006). When breeding in sympatry, some authors
have stated that BS feeds mainly on penguin eggs and
chicks, while SPS forages almost exclusively at sea
(Parmelee et al. 1978; Trivelpiece et al. 1980; Hemmings
1984; Pietz 1987; Peter et al. 1990). However, other studies
have shown that the feeding habits of skuas and the
selection of their breeding areas are largely dependent on
penguin rookeries in combination with food availability at
sea (Young 1963; Miiller-Schwarze and Miiller-Schwarze
1973; Trillmich 1978; Hull et al. 1994).
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The objective of the present study was to determine the
diet composition of adult SPS and BS breeding in sympatry
at Cierva Point, Antarctic Peninsula, in order to assess food
resource partitioning between these species.

Materials and methods

The study was carried out during the austral summers
(from December to February) of 1992-93 and 1995-96 at
Cierva Point, Danco Coast, on the west side of the Ant-
arctic Peninsula, between Gerlache Strait and Cierva Cove
(64°09’S, 60°57'W). This location is composed of a het-
erogeneous mosaic of different habitat types in a relatively
small area (c. 3 km?). General geomorphological features
and the particular climatic conditions provide a variety of
microhabitats and shelters for birds (Agraz et al. 1994).

The area supports a high-avian diversity including two
small colonies of gentoo (Pygoscelis papua) and chinstrap
(P. antarctica) penguins (Quintana et al. 2000). Important
sympatric breeding colonies of SPS and BS were observed
during the studied periods. In 1995-96, for example, the
total number of breeding pairs of both skua species was
182 (93 SPS, 26 BS, eight mixed pairs and 55 pairs not
classified; Quintana et al. 2000).

A total of 212 (56 from BS and 156 from SPS) and 201
(92 from BS and 109 from SPS) regurgitated pellets were
collected during the breeding seasons of 1992-93 and
1995-96, respectively. All the pellets were collected fresh
(still wet inside), in the proximity of nests of those
breeding pairs that could be identified as SPS or BS.
Identification of skua species was made by reference to
morphological features and plumage colours. Sample
design followed the outlines of Design #1 stated by Tho-
mas and Taylor (1990).

Pellets were dried at room temperature, placed in nylon
stockings and stored in cardboard boxes for their transpor-
tation to Argentina. Once in the laboratory, each pellet was
placed into a petri dish and disaggregated in 75% EtOH to
separate contents, which were classified according to the
following food item categories: remains of chicks and adult
birds (bone fragments and feathers), eggshell fragments,
and fish remains (otoliths, scales and bone fragments).
Other pellet components, such as vegetation, pebbles,
refuse, seashells and arthropods were also identified.

Most of the fish otoliths were identified to species level
by comparisons with reference material at the Museo
Argentino de Ciencias Naturales “B. Rivadavia” (MACN),
and using specialized literature (Hetch 1987; Williams and
McEldowney 1990; Reid 1996). The otoliths belonging to
specimens of each species were sorted into right or left in
order to estimate the number of fish per sample. Otolith
length and width were measured to the nearest 0.01 mm
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and the size of each fish species was determined using the
equations proposed by Hetch (1987) and Reid (1996). The
length of Pagetopsis sp. was calculated with the formula
used for a related species (Chaenodraco wilsoni), while
that of Trematomus sp. was calculated with the formula for
T. newnesi (Hetch 1987).

Results were expressed as frequency of occurrence
(FO), which was calculated by the formula FO = (f/N),
where f; is the number of pellets with item i and N is the
total number of pellets. Relative frequency of food items
RF = (fi/Zf;) was estimated as the number of times food
item i was found as a percentage of all food items found.
Although FO indicates, how common an item is in the
pellets, RF provides a better indication for how often an
item is consumed because it accounts for multiple items
being found in a pellet (De Villa Meza et al. 2002). Con-
sequently, RF data were used for the subsequent analysis.

The two-tailed Spearman rank correlation coefficient
(Zar 1996) was used for comparisons of the diets between
breeding seasons for each skua species and between skua
species for the same breeding season. The y* test (Siegel
and Castellan 1988) was performed to test for differences
in the consumption of the main food items between
breeding seasons for each skua species and between skua
species for the same breeding season. The two species
showed a high frequency of pellets with skua remains. This
fact could result in an increased similarity of their diets,
and therefore both analyses were repeated after the removal
of pellets containing skua remains.

The trophic niche breadth was calculated with the
standardized Levins’ index, B, (Hurlbert 1978; Krebs
1999), using the average data from the two breeding sea-
sons. A bootstrap technique was used to estimate niche
breadth values and their associated variances (Jaksic and
Medel 1987). Differences in niche breadth between skua
species were assessed using a Mann—Whitney normal
approximation test (Zar 1996). Finally, the percentage
overlap index (Krebs 1999) was used to evaluate the
overall niche overlap between BS and SPS.

Results

The total number of items consumed was 375 for BS and
682 for SPS in the breeding season 1992-93, and 427 for
BS and 579 for SPS in the breeding season 1995-96
(Table 1). Pellets contained not only animal remains but
also vegetation (mainly mosses), pebbles, and, to a lesser
extent, refuse from the Antarctic station “Primavera”
(Table 1). The moss Polytrichum alpestre was the only
item found in 32 pellets of SPS and nine pellets of BS for
1992-93, and in nine pellets of SPS and two of BS for
1995-96.
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Table 1 Food item categories recorded in the regurgitated pellets of brown skua (BS) and south polar skua (SPS) at Cierva Point, Antarctic

Peninsula, for the breeding seasons 1992-93 and 1995-96

Food items BS 1992-93 (N = 56) SPS 1992-93 (N = 156) BS 1995-96 (N = 92) SPS 1995-96 (N = 109)
NO FO RF NO FO RF NO FO RF NO FO RF
Penguin 30 0.08 0.23 47 0.07 0.15 87 0.20 0.38 33 0.06 0.11
Adult 13 0.23 0.10 18 0.12 0.06 19 0.21 0.08 9 0.08 0.03
Chick 13 0.23 0.10 18 0.12 0.06 59 0.64 0.25 19 0.17 0.07
Eggshell 4 0.07 0.03 11 0.07 0.03 9 0.10 0.04 5 0.05 0.02
Skua 19 0.05 0.15 44 0.06 0.14 9 0.02 0.04 53 0.09 0.18
Adult 12 0.21 0.09 20 0.13 0.06 3 0.03 0.01 21 0.19 0.07
Chick 5 0.09 0.04 9 0.06 0.03 5 0.05 0.02 28 0.26 0.10
Eggshell 2 0.04 0.02 15 0.10 0.05 1 0.01 0.00 4 0.04 0.01
Storm Wilsons petrel (adult) 1 0.02 0.01 4 0.03 0.01 0 0.00 0.00 0 0.00 0.00
Antarctic tern (adult) 0 0.00 0.00 0 0.00 0.00 1 0.01 0.00 0 0.00 0.00
Unidentified birds 6 0.11 0.05 6 0.04 0.02 1 0.01 0.00 0 0.00 0.00
Total birds 56 0.15 0.43 101 0.15 0.31 98 0.23 0.42 86 0.15 0.30
Fishes 69 0.18 0.53 208 0.30 0.65 133 0.31 0.57 202 0.35 0.70
Electrona Antarctica 33 0.59 0.25 115 0.74 0.36 87 0.95 0.38 131 1.20 0.45
Pleurogramma antarcticum 9 0.16 0.07 9 0.06 0.03 2 0.02 0.01 15 0.14 0.05
Protomyctophum choriodon 18 0.32 0.14 21 0.13 0.07 22 0.24 0.09 32 0.29 0.11
Trematomus sp. 4 0.07 0.03 0 0.00 0.00 6 0.07 0.03 4 0.04 0.01
Gymnoscopelus nicholsi 0 0.00 0.00 0 0.00 0.00 0 0.00 0.00 1 0.01 0.00
Protomyctophum tenisoni 0 0.00 0.00 0 0.00 0.00 1 0.01 0.00 1 0.01 0.00
Pagetopsis sp. 0 0.00 0.00 0 0.00 0.00 1 0.01 0.00 2 0.02 0.01
Unidentified fishes 5 0.09 0.04 63 0.40 0.20 14 0.15 0.06 16 0.15 0.06
Invertebrate 3 0.05 0.02 10 0.06 0.03 1 0.01 0.00 0 0.00 0.00
Seashells 2 0.04 0.02 2 0.01 0.01 0 0.00 0.00 1 0.01 0.00
Vegetation
Polytrichum alpestre 56 1.00 116 0.74 64 0.70 102 0.94
Other Mosses 8 0.14 15 0.10 19 0.21 62 0.57
Deschampsia antarctica 10 0.18 10 0.06 12 0.13 7 0.06
Lichens 9 0.16 25 0.16 20 0.22 60 0.55
Prasciola crispa 3 0.05 16 0.10 0 0.00 0 0.00
Pebbles 158 2.82 159 1.02 76 0.83 55 0.50
Refuse 1 0.02 20 0.13 4 0.04 4 0.04

N number of analysed pellets, NO number of occurrences, FO frequency of occurrence, RF relative frequency

The composition of regurgitated pellets was signifi-
cantly correlated between skua species for the same
breeding season (ry = 0.67, n =15 p = 0.0062 and
rs = 0.81, n = 18, p < 0.001, for 1992-93 and 1995-96,
respectively), and between breeding seasons for the same
skua species (r; = 0.71, n = 18, p = 0.001 and ¢ = 0.81,
n = 18, p < 0.001, for SPS and BS, respectively).

After the removal of the pellets with skua remains, both
species still showed a high correlation between their diet
composition in 1992-93 (r; = 0.83, n =8, p = 0.01),
whereas this was not the case in 1995-96 (r, = 0.09,
n =29, p=0.83). The diet composition of each species
between the two reproductive seasons correlated in BS

(rs =0.73, n =9, p = 0.03) but not in SPS (r, = 0.20,
n=29,p=0.60).

In both breeding seasons, SPS consumed more fish and
BS consumed more birds (Tables 1, 2). When the diets of
SPS and BS were compared for the same breeding season,
there was a significant difference in the occurrence of fish,
penguin, and total birds. In contrast, when the diets of SPS
and BS were compared between the two breeding seasons,
they only differed significantly in the occurrence of pen-
guin in BS diets (Table 2a, b). The removal of the pellets
containing skua remains showed significant differences in
the diets of SPS and BS only in 1995-96. Likewise, the
occurrences of fish, penguin, and total birds differed
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Table 2 Comparison of the
relative frequency of fish,

Between species

Between season

penguin, and birds (including 1992-93 1995-96 SPS BS

penguins) with respect to the B B 5 B

remaining food items, between b P X P b P X P

skua species for the same T

breeding season and between Considering all analysed pellets

breeding seasons for each skua Fish 4.88* 0.03 8.32% <0.01 1.57 0.21 1.53 0.22

species Penguin 4.07* 0.04 47.92% <0.01 1.12 0.29 46.9 <0.01*
Total birds 5.00% 0.03 8.24%* <0.01 0.14 0.71 0.001 0.97
After removal of pellets with skuas remains
Fish 0.37 0.54 45.85% <0.01 222 0.14 9.22 <0.01*
Penguin 0.06 0.81 45.85* <0.01 14.80 <0.01* 9.22 <0.01*
Total birds 0.37 0.54 45.85* <0.01 18.71 0.14 4.07 0.04*

* Significant differences

significantly between breeding seasons for BS, whereas
penguin content was the only food item differing signifi-
cantly in the diets of SPS (Table 2c, d).

Niche breadth of BS was wider than that of SPS
(BA(BS) = 0.28 and BA(SPS) = 024, Mann—Whitney Z test:
Z ="17.67, n =50, p <0.001). The trophic niche overlap
between BS and SPS was 69.0% in the breeding season
1992-93 and 65.3% in the breeding season 1995-96.

We recovered 313 fish otoliths (215 from SPS and 98
from BS pellets) and 463 fish otoliths (296 from SPS and
167 from BS pellets) during the breeding seasons of 1992—
93 and 1995-96, respectively. Seven fish species were
identified (Table 1), of which, the most frequent was
Electrona antarctica, followed by Protomyctophum
choriodon and Pleuragramma antarcticum. Tables 3 and 4
show the length and width of otoliths and the estimated size
of fishes consumed by the two skua species during the
studied breeding seasons. For the breeding season 1992—
93, the size of consumed fishes was 8.57-28.59 cm for BS
and 6.43-30.50 cm for SPS, while during 1995-96, this
range was 6.43-21.22 cm for BS and 4.72-18.31 for SPS
(Table 4).

Discussion and conclusions

Using regurgitated pellets is a commonly used method for
determining the diet of seabirds (Furness and Hislop 1981;
Duffy and Jackson 1986; Green 1986; Norman and Ward
1990; Young 1990; Casaux and Barrera-Oro 1993; Mund
and Miller 1995; Jahncke and Rivas 1998; Moncorsps et al.
1998; Favero et al. 2000; Kubetzki and Garthe 2003; Votier
et al. 2001; 2003, 2004a). According to Votier et al. (2003),
regurgitated pellets are cast in large numbers, can be col-
lected with limited disturbance and generally easy to
classify to prey type. In the present study, regurgitated
pellets were used to analyse the feeding habits of sympatric
SPS and BS. This method not only offered a fast and easy
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way to obtain material for further analysis, but also allowed
to identify the consumed fish species by otolith examina-
tion, because of their low degree of erosion. It should be
noted that there is no general consensus on the effective-
ness of regurgitated pellets in determining the diet
composition of seabirds. Some authors consider that this
method provides accurate information (Mund and Miller
1995; Jahncke and Rivas 1998), but others argue that it can
lead to misleading results because of differential digest-
ibility of food items or underestimation of soft prey items
such as fish or carrion flesh (Duffy and Jackson 1986;
Young 1990; Schulz and Gales 2004). On the other hand,
Votier et al. (2003) have pointed out that regurgitated
pellets may provide the best index of relative importance of
prey types among time periods or localities, but caution
that they do not provide the best absolute measure of diet
composition. According to Carss et al. (1997) and Barrett
et al. (2007), pellet analysis is better used for determining
diet composition than for quantification of consumption
due to several biases (e.g., variation in number of pellets
produced by day, variation in proportion of otolith recov-
ered, absence of hard parts of small prey in the pellets,
etc.). However, the other sampling techniques also have
many limitations (Gales 1985; Jackson and Ryan 1986;
Jackson et al. 1987; Mund and Miller 1995; Votier et al.
2003).

Summarizing, as was pointed out by some authors
(Mund and Miller 1995; Votier et al. 2003), the use of
regurgitated pellets is a valuable method to analyse the diet
of skuas, especially in studies like this one, which includes
comparisons between species and reproductive seasons.
However, it should be noted that the used method could
have underestimated penguin consumption because skuas
usually feed only on muscle and other soft body parts of
penguin chicks, and pellets contain only indigestible
material (Votier et al. 2003).

The composition of regurgitated pellets of BS and SPS,
was similar for both skua species in each breeding season
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fTrzlr:]leo?olil:LSshirS]pre:;Eigi(:zg(liﬁed Fish species N ' N N . Length Width
pellets of brown and south polar (right)  (left) (Und)* = D Sie 7 D Sie
skuas at Cierva Point, Antarctic (mm) range (mm) range
Peninsula, during the breeding (mm) (mm)
season 1992-93 and 1995-96
Brown skua
1992-93
Electrona antarctica 20 27 6 2.8 0.8 2.0-55 24 1.3 1.6-50
Pleuragramma antarcticum 11 3 0 22 0.8 2.0-35 21 09 1.6-35
Protomyctophum choriodon 14 12 1 2.9 1.0 2.1-53 23 0.7 1.64.0
Trematomus sp. 1 1 2 2.5 1.9 12-38 2.1 1.3 1.2-3.0
1995-96
Electrona antarctica 65 59 2 2.5 05 1538 20 03 13-28
Pleuragramma antarcticum 1 2 1 1.8 03 1520 1.8 03 1.5-2.0
Protomyctophum choriodon 13 13 0 32 0.6 2.0-38 24 0.3 2.0-28
Trematomus sp. 6 2 0 1.7 1.0 1.1-3.0 14 06 1.1-3.0
Protomyctophum tenisoni 0 1 0 2.5 - - 2.0 - -
Pagetopsis sp. 0 0 1 1.3 - - 1.3 - -
South polar skua
1992-93
Electrona Antarctica 83 87 6 2.7 0.8 15-55 21 0.6 1142
Pleuragramma antarcticum 7 5 0 2.1 0.7 1138 20 0.8 1.1-35
Protomyctophum choriodon 15 7 1 3.8 1.4 20-58 3.0 1.1 1.6-44
Trematomus sp. 2 1 1 1.9 1.5 1332 15 0.8 1.1-25
1995-96
Electrona Antarctica 122 104 10 2.8 05 1.1-38 22 04 1.0-28
Pleuragramma antarcticum 8 5 0 1.9 03 1.0-20 19 03 1.0-2.0
Protomyctophum choriodon 21 18 0 34 0.6 2.1-3.8 25 03 1.8-3.0
N otolith number, X total mean Trematomus sp. 1 0 3 2.0 09 1125 20 09 1.1-25
of otolith length and width, SD Gymnoscopelus nicholsi 1 0 0 7.0 - - - 4.0 -
standard deViaFion ?r‘ld size . Protomyctophum tenisoni 0 0 0 - - - - - -
range, Und unidentified otoliths .
Pagetopsis sp. 1 0 1 1.0 03 0812 1.0 0.3 0.8-1.2

# Eroded or broken

Table 4 Species and size of fishes (SL) consumed by brown skua (BS) and south polar skua (SPS) at Cierva Point, Antarctic Peninsula, during
the breeding seasons 1992-93 and 1995-96 based on otolith length using the equations proposed by Hetch (1987) and Reid (1996)

Fish species Equation BS SPS

Fish size Median Fish size Median

range (cm) size (cm) range (cm) size (cm)
Electrona antarctica SL = 42.69686 OL + 0.278033 6.4 233 13.5 2.8 26.3 13.9
Pleuragramma antarcticum SL = 76.67621 OL + 17.5014 13.3 28.6 18.6 9.4 30.5 17.1
Protomyctophum choriodon SL = 53.753 OL - 21.95 8.6 26.3 12.1 8.6 28.7 15.3
Trematomus sp. SL = 58.14674 OL + 37.74691% 10.2 259 10.8 10.2 21.2 12.5
Gymnoscopelus nicholsi SL = 28.61827 OL - 20.7910 - - - 18.0 - -
Protomyctophum tenisoni SL = (OL - 0.416) / 0.0222 9.4 - - - - -
Pagetopsis sp. SL = 63.92876 OL + 5.743653" 8.9 - - 5.7 8.3 -

Fish size range was obtained considering the minimun and maximun length of otoliths from each fish species

OL otolith length
? Based on Trematomus newnesi

® Based on Chaenodraco wilsoni
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and for each skua species between the two breeding sea-
sons. This fact is also reflected in the relatively high trophic
niche overlap between skua species (>65%) in both
breeding seasons. For the breeding season 1995-96, there
were differences in the diet composition between the two
skua species after the removal of pellets with skua remains;
the observed differences were due to differential con-
sumption of penguins, as indicated by the significant
decrease in their frequency of occurrence in SPS pellets.
The low penguin consumption in 1995-96 also resulted in
the significant differences found for SPS between seasons.
In the remaining comparisons, SPS consumed more fish
and BS consumed more birds in general and penguins in
particular. In this sense, a segregation in resource use was
observed in the studied locality, in agreement with that
proposed by other authors for cases, in which, BS and SPS
live in sympatry (Parmelee et al. 1978; Trivelpiece et al.
1980; Hemmings 1984; Pietz 1987; Peter et al. 1990), even
when the method used might have underestimated penguin
consumption. In the South Shetlands and Orkney Islands,
Raya Rey and Montalti (2000) pointed out that both skua
species consumed a similar proportion of penguin and fish.
However, in the present paper, the main prey consumed by
BS and SPS was fish, while in that of Raya Rey and
Montalti (2000), it was penguin. In this regard, our results
differed from those of Pietz (1987), who stated that both
studied skua species prefer to feed on penguins. Further-
more, some authors have observed that SPS defend
penguin colonies as feeding territories in the absence of
BS (Trillmich 1978; Young 1963; Miiller-Schwarze and
Miiller-Schwarze 1973).

Taking into account that the breeding colony sizes of BS
and SPS at Cierva Point, the abundance of skuas in this
area might have led to an increased demand for food.
Penguins usually provide a spatially and temporally pre-
dictable food supply for skuas, while availability of marine
food sources is affected by the skuas’ ability to gain access
to them (Pietz 1987; Reinhardt et al. 2000). In addition,
penguin chicks represent a better food resource for skuas
because of the greater biomass and energy content (more
than double) compared to fish species (Norman et al. 1994;
Votier et al. 2004b). The important contribution of fish to
the diet of BS and SPS observed in the present study could
be due to the small size of the penguin colonies at Cierva
Point (e.g., the Gentoo Penguin colony comprised only 890
and 1,041 breeding pairs for the breeding seasons 1992-93
and 1995-96, respectively; Quintana et al. 2000). This is in
contrast to other Antarctic localities where penguin colo-
nies with thousands of breeding pairs are available for
skuas (Favero et al. 1991; Young 1994; Emslie et al. 1995;
Coria et al. 1996; B6 and Copello 2001; Montalti and
Soave 2002). On the other hand, Young and Millar (1999)
observed that skuas do not forage at sea when the penguin
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colonies are sufficient to meet their food requirements. In
our study, skuas were frequently observed feeding at
Cierva Cove, and no breeding pairs of BS specialized in
monopolising parts of the penguin rookery could be iden-
tified, as reported for huge penguin rookeries from other
Antarctic locations (e.g., Trivelpiece et al. 1980; Young
1994; Hahn and Peter 2003).

Reinhardt et al. (2000) pointed out that the present
intensive use of fish by SPS could be related to an increase
in the abundance of krill and its predators, fish included
(e.g., E. antarctica and P. antarcticum; Hemmings 1984).
This fact, together with the presence of small colonies of
penguins at Cierva Point, may account for the important
contribution of fish to the diet of both skua species.
Alternatively, Votier et al. (2007) pointed out that in larger
skua colonies like these, there would be a density-depen-
dent effect, with more fish consumption, apparently due to
an increasing interference competition with conspecifics
for highly caloric bird meat. This fact may also explain the
contribution of fish in the diet of the studied skuas.

On the other hand, the presence of adult penguin
feathers in regurgitated pellets is not a direct indicator of
predation. These feathers may have rather resulted from
scavenging on penguins that had died by other causes, such
as predatory attacks from leopard seals Hydrurga leptonyx
or giant petrels Macronectes spp. (Young 1990; Mund and
Miller 1995; Schulz and Gales 2004). Besides, Baker and
Barbraud (2001) documented that skuas usually fed on
faeces of the leopard seal, which are also sources of pen-
guin remains (Green 1986). In fact, field observations at
Cierva Point indicated that skuas attacked only penguin
chicks and eggs.

In regard to birds other than penguins, skuas themselves
emerged as a relatively important food item for the two
studied species. This fact contributed to homogenisation of
the diet between both species, at least for the reproductive
season 1995-96. Cannibalism of adults on eggs and chicks
seems to be a frequent behaviour at Cierva Point on the
basis of direct observations and prey remains recorded in
the field. In a survey conducted in the same locality
(Quintana, RD, unpublished data), the mortality rate of SPS
offspring due to cannibalism was 77.6%. Likewise, evi-
dence of cannibalism on injured or dead skua adults has
also been observed in the study area. From an evolutionary
point of view, a high-intraspecific predation risk favours
fast chick growth and strong selection pressure promotes
the production of high-quality chicks (Ritz 2007).

The frequency of Wilson’s storm petrel (Oceanites
oceanicus) in skua pellets was very low in our study.
Nevertheless, the frequent occurrence of remains of this
petrel in the field (bones and feathers) suggests that their
contribution to skua’s diet was underestimated in our
results. Indeed, Wilson’s storm petrels are very abundant at
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Cierva Point, with an estimated population size of 6,500—
7,000 pairs (Quintana et al. 2000). According to Mougeot
et al. (1998), the incidence of minor prey species, like this
petrel, in skua diets does not reflect local abundance. These
authors pointed out that evidence provided by studies
involving both pellets and prey remains indicates that these
methods underestimate the incidence of small prey, pre-
sumably because small birds may often be swallowed
whole by skuas.

The low occurrence of the Antarctic tern (Sterna vittata)
and the absence of the kelp gull (Larus dominicanus) in the
regurgitated pellets may be explained by their low abun-
dance at Cierva Point (about 4 and 60 breeding pairs in the
area, respectively; Quintana et al. 2000), on the basis that
skuas feed preferentially on the most abundant and readily
obtainable prey species (Norman and Ward 1990; Mougeot
et al. 1998).

Fish was a food resource for both skua species, with
E. antarctica being the main fish species in their diet.
Similarly, at the South Shetlands and Orkney Islands, SPS
mainly consumed E. antarctica followed by Gymnoscope-
lus nicholsi, but Notothenia nudifrons, Gobionotothen
gibberifrons and unidentified notothenids were the main
fish items of BS (Raya Rey and Montalti 2000). Pleura-
gramma antarcticum was also present in the diet of both
skua species at Cierva Point but to a lesser extent. In con-
trast, this species was an important item in the diet of SPS in
other Antarctic localities (Eklund 1961; Young 1963, 1970,
1994; Le Morvan et al. 1967; Norman and Ward 1990;
Mund and Miller 1995; Reinhardt 1997). At Cierva Point,
G. nicholsi was not an important food item for SPS, but
P. choriodon, which has not been mentioned in previous
studies, was relatively common in the diet of BS and SPS.
Therefore, differences in the fish species consumed by BS
and SPS between Cierva Point and other locations may
reflect their abundance at each site.

Raya Rey and Montalti (2000) found refuse in regurgi-
tated pellets of SPS deriving from Antarctic scientific
stations, but made no reference to its presence in those of
BS. In our study, refuse occurred in regurgitated pellets of
both skua species during both breeding seasons. In 1992—
93, refuse was found in a higher proportion in SPS pellets
but in a lower proportion in 1995-96. The most likely
explanation for this finding is that during the first study
period, organic garbage was available at the Argentinean
scientific station “Primavera” because it was stored in
uncovered containers prior to open burning; to improve
waste management in the station, a refuse shed was built
thereafter, and skuas had access to garbage by accidental
spills only.

The trophic niche of BS was significantly broader than
that of SPS, suggesting a more generalist diet. Conversely,
some authors (Young 1978; Furness 1987; Ryan and

Moloney 1991; Moncorsps et al. 1998; Mougeot et al.
1998) have reported that BS exhibits a very selective diet,
especially in Antarctic localities (Mougeot et al. 1998),
where they rely mainly on penguin colonies (Trivelpiece
et al. 1980; Pietz 1987; Peter et al. 1990; Hahn and Peter
2003). This selectivity for a particular food item could be
linked to its high abundance and the maximization of the
benefit-to-cost ratio (Moncorsps et al. 1998), as well as to
local availability of resources (Moors 1980; Osborne 1985;
Zipan and Norman 1993). BS at Cierva Point may have
been forced to feed on fish and other seabirds thus broad-
ening their trophic niche because, as stated above, penguins
could not fulfil their food requirements.

The present study, conducted at Cierva Point, revealed
that during the two studied breeding seasons, SPS con-
sumed more fish and BS more birds, although there was a
relative overlap in their diets. Such overlap might possibly
be due to, firstly, the important number of skua breeding
pairs in the locality, and, secondly, the small penguin
colonies, which could not support the food requirements of
local skuas, thereby forcing them to supplement their diet
by preying on pelagic fish. Further studies on prey avail-
ability, foraging strategies and competitive relationships
will provide a better understanding of the trophic rela-
tionship between both skua species at Cierva Point.
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