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ABSTRACT

The South Polar Skua is a bird well known to those who have spent time in Antarctica. For
many it is the only seabird they encounter during their time in the region. It has a
reputation as a hostile species, and in many ways is poorly understood. The common
perception that all South Polar Skuas rely on penguins for food is unfounded. Research
into the phylogenetics of the skua family has shown classification within the group to be
problematic. One of the members of the family, the South Polar Skua, has been the
subject of research in the Antarctic since the early days of Antarctic exploration. The
species is widely distributed around the Antarctic coastline. In the Ross Sea area, work
over the last 40 years has provided a good understanding of distribution, with the total
population in the region estimated to be about 15,000 individuals. Research into the
feeding ecology of the South Polar Skuas shows that their foraging method depends on
the particular environment they inhabit as well as the presence of competing species.
Siblicide is relatively common in South Polar Skuas, but questions remain as to why the
behaviour occurs in some broods and not others. Significant opportunities exist in research
relating to South Polar Skuas, with a need for long-term studies to assist in answering

some questions.
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1. INTRODUCTION

Skuas are a widespread group of birds, inhabiting temperate and polar habitats in both
hemispheres (Ritz et al. 2008). They are a group of birds that have been the focus of
considerable research and have been the subject of several long-term studies (Catry et al.
1997). It is well established that gulls are the closest relatives of skuas (e.g. Furness 1987,
Cohen et al. 1997, Andersson 1999a), but despite their similarities, there are some key
differences between the two groups of birds. Skuas have converged with birds of prey to
become efficient hunters, sometimes taking relatively large vertebrate prey (Andersson
1999a). They have toes with hooked claws to aid in this behaviour (Furness 1987). They
exhibit strong sexual size dimorphism, with females larger than males (Andersson 1999a),
like other birds with raptorial tendencies (Catry et al. 1999). In some cases, there is colour
dimorphism with pale and dark morphs of both sexes (Andersson 1999a), although skuas

are predominantly brown or dark grey (Furness 1987).

There is considerable variety within the group (Fig. 1), but classification has proven to be
problematic (Reinhardt et al. 1997 and see discussion below). In the Antarctic is one of the
most fascinating members of the skua family, the South Polar Skua, traditionally known as
Catharacta maccormicki.

Adult male and female South Polar Skuas differ slightly in size, with females slightly larger
and heavier than males (Ainley et al. 1985). Females also tend to be paler in colour. While
determining the sex of adult birds is sometimes possible on the basis on morphometrics
and physical features, juveniles and chicks are indistinguishable (Miller et al. 1997).

The South Polar Skua is a pelagic seabird, breeding around the Antarctic coast and on
offshore islands (McGarry 1988). Pairs nest at sites free of snow and ice (Peter et al.
1990) and usually lay two eggs (Spellerberg 1971a). Breeding colonies vary markedly in
size, with the largest colony numbering approximately 1000 breeding pairs, at Cape
Crozier, Ross Island (Ainley et al. 1986). South Polar Skuas are thought to be the
southernmost breeding bird in the world, with individuals recorded at Amundsen-Scott
Station at the South Pole (McGarry 1988).



Chilean Skua

South Polar Skua

Figure 1. Representatives of the Skua family. For many forms
(e.g. the Arctic Skua) there are several colour morphs. Only one
morph is shown for such taxa. Photo credits:

Long-tailed skua: http:www.hughharrop.com/gallerylbirds/iong-tailed-skua-norway 0707.ipg

Arctic Skua: http://i.pbase.com/06/62/722262/1/81555729.iCFOnIkA.DSC_0037pbase.jpg
Great Skua: http://farm2.static.flickr.com/1313/615851248 1a6f373927.jpg?v=0
Pomarine Skua: http:/farm3.static flickr.com/2227/2494923669_b1ef3a5dfc.jpg?v=0

Chilean Skua: nttp://farm1.static flickr.com/211/460615817 7dfaf59f2c.ipg?v=0

Brown Skua: http://www.greglasley.net/Images/BrownSkual.jpg

South Polar Skua: ap. Given



They are long-lived birds, with individuals first breeding at seven to nine years of age
(Reinhardt 1997). A study at Cape Crozier showed the breeding span of South Polar
Skuas to be almost 16 years (Wood 1971). Mates are retained for multiple seasons and
pairs tend to breed in the same location every year (Wood 1971).

South Polar Skuas show a variety of foraging tactics (Pezzo et al. 2001), but rely largely
on penguins and pelagic fish (Young 1963b). Many skuas breed in association with Adelie
Penguins (Young and Millar 1999) and are regarded as the only avian predator that is
likely to have a major impact on populations of breeding seabirds in parts of the Antartic
(Norman and Ward 1990).

Skuas have an interesting reputation, reflected in the following quotes:

“During the South Georgia expedition of 1912-13 | have become extremely well
acquainted with the Brown Skua, which has left, | believe, a more vivid impression on my
memory than any other bird | have met. The skuas look and act like minature eagles. They
fear nothing, never seek to avoid being conspicuous, and, by every token of their
behaviour, they are Lords of the far south.”

(Murphy 1936 in Furness 1987)

“Finally, grateful appreciation goes to all my companions at Wilkes Station who helped me
while suffering through this study of the Antarctic eagle”
(Eklund 1961 in reference to his study of the South-Polar Skua)

“Skuas rank with stinkers at the foulest of plunderers”
(Mary Gillham 1967 in Young 1999)

“The drama of Antarctic birdlife is not without its villain. Theft and pillage, murder,
cannibalism, infanticide, these crimes are all in the repertoire of the South Polar Skua”
(in Young 2008)



OVERVIEW OF THE PROJECT

The aim of this project is to provide a summary of what is currently known regarding the

South Polar Skua and to identify future areas of research focused on this species.

| begin with an overview of skua phylogenetics and classification, looking at the history of
research in this area as well as its current status. | then focus on the most southern of the
skua taxa, the South Polar Skua. | look at three key areas of South Polar Skua research:

distribution, feeding habits and siblicide.

Finally | discuss the future of South Polar Skua research, highlighting some potential

guestions for future research.



2. SKUA PHYLOGENETICS AND CLASSIFICATION

Classification within the group has proven to be problematic (e.g. see Cohen et al. 1997,
Andersson 1999a and 1999b and Braun and Brumfield 1998 and the discussion below).
However, it is generally agreed that there are nine taxa within the group, with traditional

classification (Furness 1987), largely based on plumage and morphometrics, as follows
(Fig. 2):

Genus: Stercorarius

1. Long-tailed Skua = Stercorarius longticaudus
2. Arctic Skua = Stercorarius parasiticus
3. Pomarine Skua = Stercorarius pomarius

Genus: Catharacta

1. Great Skua = Catharacta skua skua

2. Falkland Skua = Catharacta skua antarctica
3. Tristan Skua = Catharacta skua hamiltoni

4. Brown Skua = Catharacta skua lonnbergi
5. Chilean Skua = Catharacta chilensis

6. South Polar Skua = Catharacta maccormicki

e

FAMILY Stercorariidae Laridae

&;ulls)

GENUS Stercorarius Catharacta
(small skuas) (large skuas)
SPECIES longicaudus parasiticus pomarinus maccormicki skua chilensis
(Long- (Arctic) (Pomarine) (South Polar) (Chilean)
tailed)
SUBSPECIES pallescens longicaudus hamiltoni lonnbergi antarctica skua
(Tristan) }(Brown) |(Falkland) (Great
Skua)
AUTHORITY LOPPENTHIN VIEILLOT LINNAEUS TEMMINCK SAUNDERS HAGEN MATHEWS LESSON BRUNNICH BONAPARTE
1932 1819 1758 1815 1893 1952 1912 1831 1764 1857

Figure 2: Skua Phylogeny from Furness (1987) based on plumage and morphometrics



Skua classification has always been a difficult task, in part because of the age-related
plumages that appear in many species (Furness 1987). There were also numerous
mistakes in the 1600s and 1700s as much identification was based on skins (Furness
1987). This improved as ornithologists began making visits to skua breeding grounds.
Furness carried out some of the pioneering work in regards to improving the
understanding of skua biology. In terms of classification within the group, Furness
addressed the question of whether or not there should be two separate genera within
skua. Due to the marked differences in plumage, size and distribution, Furness (1987)
supported the separation of the group into the two genera Stercorarius (including the
Long-tailed, Arctic and Pomarine Skua) and Catharacta (including the Great, Tristan,
Brown, South Polar, Chilean and Antarctic Skua). Furness did not support the placement
of the Pomarine skua into the Catharacta group on the basis of similarities in behaviour as
had been suggested by Andersson (1973). “Few systematists would wish to classify large
skuas and the Pomarine Skua in one genus but the Arctic and Long-tailed in another!”
(Furness 1987). Instead Furness (1987) saw the splitting of skua into two genera as well
supported by the current data. “Since barring of the juvenile plumage in Pomarine Skuas is
clearly homologous with barring in juvenile Arctic and Long-tailed Skuas, Brooke’s
argument seems to me to win the day. The Pomarine Skua must have branched from a
common ancestor with the Arctic and Long-tailed Skuas which had evolved barred juvenile
plumage after branching from the common ancestor with the large skuas. The separate
genera Catharacta and Stercorarius are thus justified according to this picture of the

evolutionary history of skuas” (Furness 1987).

In 1997, Cohen et al. attempted to resolve phylogenetic relationships amongst skua taxa
(Fig. 3). They used a range of data types including mitochondrial DNA sequence data
(cytochrome B and 12 S), Restriction Fragment Length Polymorphisms (RFLPS), Random
Amplified Polymorphic DNA (RAPD), allozymes and information regarding parasites.
Cohen et al. (1997) highlighted the difficulties in the current classification of skuas. While
the Pomarine Skua (Stercorarius pomarius) is similar to the other Stercorarius species in
terms of plumage, size, breeding behaviour and distribution (being a northern hemisphere
species), the molecular and ectroparasite data suggested it was most closely related to the
Great Skua (Catharacta skua). For example, all Catharacta skua species and the
Pomarine skua share the feather louse Saemundssonia stresemanni which is absent in
both the arctic and long-tailed skua. Furthermore, the fact that the louse subspecies
Quadraceps normifer stellaepolaris is only present on Great and Pomarine skua provides
further evidence for the close relationship between the species.

9
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Figure 3: Skua Phylogeny from Cohen et al. (1997) based on molecular data

Cohen at al. (1997) explored several possible explanations for the supposed close
relationship between the Great Skua and the Pomarine Skua. One possibility is that the
similarity is due to ancestral polymorphism. An alternative hypothesis is that the Pomarine
skua is the result of hybridization between Great Skua and a Stercorarius skua (possibly
Arctic skua), followed by several rounds of backcrossing. The resulting individuals would
have been reproductively isolated from the parental forms due to behavioural barriers
(Cohen et al. 1997). Cohen et al. (1997) acknowledge the numerous assumptions and
difficulties in this hypothesis, but concluded that the current evidence does not exclude this

as a possible explanation for the origin of the Pomarine Skua.

They finished with the following, illustrating the inherent difficulties in resolving
relationships amongst skua taxa: “The true history of this species (Pomarine Skua) is likely
to remain enigmatic unless future morphological work sheds light on skua relationships, or
new molecular work uncovers diagnostic nuclear markers or a greater variety of
mitochondrial genotypes. Further work on the evolution of the Stercorarridae is desirable”
(Cohen at al. 1997).
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In response to Cohen et al. (1997), Bruan and Brumfield (1998) made the point that the
conflict between morphology and molecular data is not an uncommon occurrence. They
also pointed out that the conclusions drawn by Cohen et al. (1997) were largely based on
the mitochondrial dataset. When Bruan and Brumfield (1998) reanalyzed the data, they
found that there was some support for the monophyly of the Catharacta taxa with the

Pomarine Skua the sister taxa to this group (Fig. 4).

Bruan and Brumfield (1998) discussed the need to address classification within the Skua
group. The treatment of the Pomarine Skua as a member of the Stercorarius genus was
not supported by molecular data. They suggested there are two options; (1) the single
genus Stercorarius could be used for all skua or (2) the genera Stercorarius and
Catharacta could be retained and a separate genus (Coprotheres) could be applied to the

Pomarine Skua to recognize its distinctiveness.

- C. antarctica

C. chilensis

C. hamiltoni 72
C. lonnbergi

C. maccormicki

C. skua
f[ S. pomarinus

58

%

S. longicaudus

S. parasiticus

Larus canus 0.1 ENSS

Figure 4: Skua Phylogeny Bruan and Brumfield (1998) based on re-analysis of molecular data
from Cohen et al. 1997. Numbers at the nodes are bootstrap values indicating the level of support

for the various parts of the tree.
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Andersson (1999a and 1999b) focused attention once again on the issue of phylogentic
relationships amongst skuas and in particular attempted to provide further clarity to the
evolution of the Pomarine skua. Andersson concluded that it is highly unlikely that the
close evolutionary relationship between Great skua and Pomarine skua is due to ancestral
polymorphism, one of the hypotheses put forward by Cohen et al. (1997). Instead
Andersson (1999a and 1999b) favoured the suggestion that the Pomarine skua was the
result of hybridization. Andersson (1999b) concluded by making some suggestions
regarding classification. Due to the overwhelming evidence, the traditional classification in
which skua are divided into two genera (Catharacta and Stercorarius), with the Pomarine
skua placed within the latter, should be abandoned (Andersson 1999b). Instead, a single
genus Stercorarius should be adopted for skua, or the Pomarine skua could be included
within the Catharacta genus.

EVOLUTION OF THE “SOUTHERN” SKUAS

The evolution and classification of the Catharacta skuas is an equally difficult issue. The
Catharacta group are largely southern hemisphere in distribution (Fig. 5). They breed
predominantly on the coasts of Antarctica, sub-Antarctic islands and southern South
America with only the Great Skua present in the northern hemisphere (Cohen et al. 1997).
It is generally agreed that the Catharacta skua formed when a Stercorarius-like ancestor
from the northern hemisphere founded a southern hemisphere population (Ritz et al. 2008,
Furness 1987). During a period of geographical separation, the northern hemisphere
Stercorarius and southern hemisphere Catharacta diverged (Cohen at al. 1997). The
southern population spread around the Antarctic and then the sub-Antarctic region,
evolving into the various forms that exist today (Ritz et al. 2008). At some point, one of
these southern forms is thought to have re-invaded the northern hemisphere, giving rise to
the Great Skua (Furness 1987). There is some suggestion that the Tristian Skua, being
closest to the Atlantic Ocean, represents the most likely candidate for having made this
journey to the north, founding the Great Skua population (Furness 1987).

The southern hemisphere group are very closely related and relatively poorly differentiated
due to their recent radiation (Cohen at al. 1997). Of the five southern hemisphere taxa, the
South Polar and the Chilean skua appear to be the most distinct (Furness 1987). The
Brown Skua shows a relatively high degree of genetic structure perhaps due to its

existence on a series of disconnected sub-Antarctic Islands (Ritz et al. 2008).

12
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Figure 5: Map showing the distribution of the Southern Hemisphere skua taxa. From Ritz et al.
2008. The red dots indicate populations that were sampled for the study conducted by Ritz et al.

2008, while the black dots were populations not sampled but included in their analysis.

The recent radiation of the Catharacta skua appears to be only part of the reason for the
lack of differentiation between taxa. Analysis of mitochondrial sequence data has revealed
that there is still significant gene flow between populations of different southern taxa (Ritz
et al. 2008). Hybridization amongst individuals of different southern taxa is relatively
common and may be preventing further differentiation between taxa. For example,
hybridization between Brown Skua and the South Polar Skua has been documented for
more than 100 years, particularly on the Antarctic Peninsula (Ritz et al. 2006). In South
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America, successful mating between Chilean and Falkland Skua has also been recorded
(Reinhardt et al. 1997). Recently, the presence of hybrids from South Polar and Chilean
Skuas on King George Island has been confirmed using analysis of mitochondrial DNA
(Reinhardt et al. 1997).

The genetic similarity of the southern skuas, combined with the evidence for ongoing
hybridization between taxa means making decisions regarding classification within the
group difficult. The following was proposed by Sibley and Monroe (1990) on the basis of
DNA-DNA hybridization (with no mention of the Tristan Skua):

Great Skua = Catharacta skua
Falkland Skua = Catharacta antarctica
Brown Skua = Catharacta lonnbergi
Chilean Skua = Catharacta chilensis

South Polar Skua = Catharacta maccormicki

This method of classification recognizes the differences between the species, but appears
unwarranted given the recency of divergence in the group and the apparent prevalence of
hybridization between taxa. It would seem more appropriate to maintain the use of
Catharacta skua for the northern hemisphere Great Skua and use Catharacta antarctica
for the southern species with southern taxa differentiated at the subspecies level as

follows:

Great Skua = Catharacta skua

Falkland Skua = Catharacta antarctica antarctica
Tristan Skua = Catharacta antarctica hamiltoni

Brown Skua = Catharacta antarctica lonnbergi
Chilean Skua = Catharacta antarctica chilensis

South Polar Skua = Catharacta antarctica maccormicki

14



3. SOUTH POLAR SKUA POPULATION STUDIES

Breeding colonies of South Polar Skua in the Ross Sea region are restricted to snow and
ice-free land with access to the open ocean (Harper et al. 1984). The first work dedicated
to determining the status of the South Polar Skua in the region began in the early 1960’s.
All skua chicks at Cape Crozier that survived to two weeks of age were banded in order to
better understand the structure of the population (Ainley et al. 1984). The Cape Crozier
population is the largest south polar skua colony in the Antarctic (Ainley at al. 1990), with
an estimated population of 1000 pairs, 500 more than the next biggest colony (Ainley et al.
1986). The south polar skua breeding colony at Cape Crozier is particularly large,
particularly when compared to the average colony size in the region of 94 individual birds
(Ainley et al. 1986).

The study at Cape Crozier continued from the early 1960’s until 1970. More data was
collected in the breeding seasons, 1974-75, 1975-76, 1980-81, 1981-82 and 1983-84. At
this time the total population of South Polar Skua in the Ross Sea region was estimated at
3,900 breeding pairs. It was also determined that skuas at Cape Crozier had low fecundity
but were long lived, often reaching 30-40 years of age (Ainley 1981). The age structure of
the population also appeared to be rather uneven, with a predominance of older birds. For
example, more than 50% of the banded adult population alive in the 1980-81 breeding
season were birds born in 1962-63 (Ainley 1981). Ainley (1981) also noted that despite the
existence of a fairly large and reliable food supply at the McMurdo station dump,
approximately 150 km away, South Polar Skua remained at Cape Crozier and nearby
areas (Ainley 1981).

Watson et al. (1971) produced a summary of South Polar Skua distribution in the Ross
Sea Region using previous studies carried out in the area. Most of the 21 colonies
identified at the time were located along the Victoria Land coast and offshore islands
(Watson et al. 1971).

Between 1980 and 1983, ground and aerial surveys were carried out to improve
understanding of skua distribution in the region (Ainley et al. 1986) (Fig. 6). These surveys
involved ground counts at a number of locations, where the number of nests or defended
territories were recorded (Ainley et al. 1986). Aerial surveys were also conducted, and at
some sites, both methods were employed to determine the accuracy of the aerial method
(Ainley et al. 1986).

15
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Figure 6: South Polar Skua colonies in the Ross
Sea region (left). Colonies are represented by
numbers. On the right is a close-up view
highlighting Ross Island and McMurdo Sound
colonies (from Ainley et al. 1986).

When population estimates at locations in the Ross Sea region were compared from year
to year, it was revealed that while some populations were increasing, others were
decreasing (Ainley et al. 1986). For example, at southern McMurdo Sound colonies, skua
numbers increased in the 1960’s and 1970’s (Ainley et al. 1986). This was attributed to the
presence of human refuse at McMurdo Station, a reliable source of food for skuas in the
region. Evidence for this was provided by the presence of items such as bones of chicken,
lamb and beef at skua sites (Ainley et al. 1986). Jouventin and Guillotin (1979) proposed a
similar cause for the doubling of skua numbers at Pointe Geologie, Terre Adelie. In recent

years, efforts have been made to improve the storage and processing of human refuse at
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many Antarctic bases, and it would be interesting to see whether this has had a negative

impact on South Polar Skua numbers nearby.
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4. FEEDING ECOLOGY OF SOUTH POLAR SKUAS

A major misconception in relation to the feeding habits of South Polar Skua is that they are
reliant on penguin colonies for food. Much of the earlier literature regarding the skuas,
were “popular accounts dealing with the villainous part the bird plays with relation to the
Adelie penguin, one of its prime food sources during the nesting season” (Ekland 1959).
Some even suggested that without Adelie Penguins as a food source, South Polar Skua
would not be able to survive in the Antarctic, reflected in the following statement by Maher
(cited in Trillmich 1978): “It is probable that the skua could not maintain itself in Antarctica
if it were not for the Adelie”. While it is clear that South Polar Skuas do take penguin eggs
and chicks e.g. Mund and Miller 1995, the species predominantly feed on the pelagic
Antarctic silverfish (Pleuragramma antarcticum) (Young 1994, Hemmings 1984) as well as
Electrona antarctica (Hahn et al. 2008). Studying South Polar Skua at Potter Peninsula,
King George Island, Hahn et al. (2008) found that each skua pair required approximately
140 kg of pelagic fish per breeding season, an indication of the importance of these fish in
the diet of South Polar Skua. Research has also shown that skuas are not the
“opportunistic feeders” they are often labeled. Instead they appear to be quite choosy in
what they consume (Reinhardt et al. 2000).

Reinhardt et al. (2000) reviewed the literature relating to diet of Southern Hemisphere
skuas, concluding that southern species feed on a variety of food types, as is the case for
their northern hemisphere relatives. While data was lacking for some of the southern
species (e.g. Chilean and Falkland Skuas), the literature clearly showed that the South
Polar Skuas fed on both terrestrial colonies of seabirds (e.g. Adelie Penguins) and on
pelagic fish (Reinhardt et al. 2000). Of interest is when and why skuas choose these food

sources.

As has been mentioned previously, many of the South Polar Skua breeding localities are
not in close proximity to Adelie Penguin breeding sites (Ainley et al. 1986a), supporting the
suggestion that the species is not reliant on penguins for food. However, in cases where
skuas and penguins do breed together, the diet of the skuas is often made up
predominantly of penguin chicks and eggs.

At Cape Royds and Cape Bird, both locations where Adelie Penguins and South Polar
Skuas breed together, only some of the breeding pairs foraged off penguins (Young and

Millar 1999). These pairs were those which had territories among the penguin colony.
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Other skuas were excluded from feeding on penguins and were “forced” to feed at sea
(Young and Millar 1999). However, while some skuas do take penguin chicks and eggs,
there is little food available for them from mid January onwards meaning skuas could only
rely on penguins for food for a short period in the middle of summer (Young 1994). There
is a potential advantage to feeding on penguins. During breeding seasons when sea-ice
conditions are extreme or when fog or wind makes access to open ocean difficult,
breeding may be limited to those skua pairs with access to penguins (Parmelee et al.
1978). Breeding in association with penguins also has its costs. Eggs and chicks are often
lost through negligence and eggs are also lost due to attacks by penguins (Young 1994,
Hagelin and Miller 1997). Frequent foraging trips into the penguin colony also increased
the chances of chick predation from other skuas. “The allure of penguin food, however,
appeared to encourage higher levels of territory desertion by foraging skuas, leaving
chicks unprotected and exposed to skua predation” (Young and Millar 1999).

Young and Millar (1999) studied the foraging behaviour of skuas at Cape Crozier, the
largest of the Ross Sea skua colonies. The relationship between South Polar Skua and the
Adelie Penguin was slightly different to that described at Cape Royds and Cape Bird. At
Cape Crozier, skua breeding sites were located away from the penguin colony, but most
skuas could still forage throughout much of the colony. In contrast, at both Royds and Bird,
only skuas with territories within the penguin colony had access to the penguins as a food
supply (Young and Millar 1999). The key difference at Cape Crozier was that there were
no skuas actively defending the central part of the penguin colony. At Cape Crozier,
despite over 25 hours of observations of 1000 pairs of birds, there was no evidence of
birds foraging out at sea (Young and Millar 1999). During the middle part of the breeding
season, the large penguin colony at Cape Crozier appeared to be adequate in fulfilling the
dietary requirements of the resident skua.

Obtaining food easily and relatively quickly, as appears to be the case during the middle
part of the breeding season at Cape Crozier, has a direct benefit on reproductive success.
It reduces the time adults need to spend away from the nest, and the resulting higher nest
attendance means chicks are better protected (Young and Millar 1999, although see
discussion above regarding the higher levels of desertion and the resulting skua
predation). A reliable food source also means that chicks are less likely to starve,
increasing the chances that they will survive to fledge. Overall breeding success is higher
at Cape Crozier when compared to the other colonies studied (Royds and Bird) with more
parents successfully raising two chicks (Young and Millar 1999).
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Another similar study looked at foraging of South Polar Skua at Edmonson Point, Victoria
Land (Pezzo et al. 2001). The population was similar to Cape Crozier in that the skuas
were breeding in association with Adelie Penguins. However, there were some significant
differences. Firstly, the number of Adelie penguins at the location was much lower (2000
breeding pairs at Edmonson Point (Pezzo et al. 2001) compared with 150,000 pairs at
Cape Crozier (Young and Millar 1999)). Furthermore, the number of pairs of skuas also
differed (101 at Edmonson Point (Pezzo et al. 2001) compared with 1000 pairs at Cape
Crozier (Young and Millar 1999)). The ratio of skuas to penguins was therefore much
higher at Edmonson Point (1:20) when compared to the ratio at Cape Crozier (1:150).
Unlike Cape Crozier, where large parts of the penguin colony were undefended, skua pairs
actively defended feeding territories that included penguin nests at Edmonson Point.
Nesting close to penguin was clearly advantageous with those pairs defending feeding
territories having higher breeding success (Pezzo et al. 2001). Pairs with access to
penguins could also feed at sea, but the extensive ice cover in the region made this a less

favourable option (Pezzo et al. 2001).

It is interesting to note that South Polar Skuas are also found breeding in association with
seabirds other than Adelie Penguins. For example, in the eastern Larsemann Hills, the
most abundant seabird species in the vicinity is the Snow Petrel Pagodroma nivea (Zipan
and Norman 1993). Analysis of regurgitated pellets and food remains indicated that the
petrels made up the vast majority of the skuas diet at the site. This provides further
evidence for the fact that South Polar Skua are not reliant on Adelie Penguins as a food

source and will forage on other species where they are available.

Perhaps most fascinating is the foraging behaviour of South Polar Skua when they are
sympatric with Brown Skuas as is the case in a number of locations on the Antarctic
Peninsula. In a study of skua near Palmer Station over two seasons (1979/80 and
1980/81), Pietz (1987) found that the diet of the two taxa differed markedly. While more
than 70% of the diet of Brown Skua was made of penguin chicks and eggs, pelagic fish
formed about 70% of the diet of South Polar Skua at the same site (Pietz 1987). Breeding
success of Brown Skua was higher when compared to South Polar Skua, and was
attributed to their ability to forage on penguin, a more predictable food supply that fish
(Pietz 1987). In addition to this, feeding at sea, as was the case for South Polar Skua at
the site, required more time, reducing attention at the nest. Some South Polar Skua were
able to feed on penguins and these pairs fledged more chicks than those that fed primarily
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at sea, providing more support for the suggestion that both species preferred to feed at the

penguin colony (Pietz 1987).

Malzof and Quintana (2008) looked at the diet of Brown and South Polar Skua at Cierva
Point, Antarctica Peninsula over two seasons (1992/93 and 1995/96). While they found
that South Polar Skua consumed more fish than Brown Skua, for both species, fish was
still the most common prey item (Malzof and Quintana 2008). It may have been that the
small size of the penguin colony at the site (only about 1000 breeding pairs) was unable to

meet the dietary needs of the skuas.

It appears that on the Antarctic Peninsula, where the two taxa breed in close proximity,
South Polar Skua are prevented from feeding on penguins (Young 1994). In some
situations (e.g. Pietz 1987), data regarding breeding success suggests that penguins
represent the most desirable food type. South Polar Skua appear to be outcompeted by
the larger and more aggressive Brown Skua, who can therefore monopolize the penguin

colony as a food source (Pietz 1987).

Foraging of South Polar Skuas appears to be affected by a number of factors. The
presence of South Polar Skuas with Adelie Penguin colonies appears to be largely due to
the common need for ice and snow free ground for breeding (Young 1963b). When these
penguin colonies are large enough, they represent a reliable food source for part of the
breeding season. This seems to be particularly true in locations where the sea ice makes
access to open water difficult, and weather conditions make foraging trips difficult.
However, in many locations (e.g. those without penguin colonies or other seabirds),
pelagic fish make up the majority of the diet of South Polar Skua. This is also the case
where South Polar Skua breed sympatrically with Brown Skua, and in association with
penguin colonies. In these locations, South Polar Skua are largely excluded from feeding
within the penguin colonies and instead forage at sea. At these sites, breeding success of
South Polar Skua pairs is often lower, a result of their inability to utilize the reliable penguin

food supply.
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5. SIBLING AGGRESSION AND SIBLICIDE IN SOUTH POLAR SKUAS

Like all other skua species, South Polar Skuas usually lay two eggs (Furness 1987) with
eggs laid one to four days apart (Spellerberg 1971a). First eggs are normally marginally
larger than second laid eggs (Wang and Norman 1993) with eggs incubated by both
parents (Spellerberg 1971b) for an average of 29.5 days before hatching (Reid 1966). The
two eggs normally hatch a few days apart and due to the hatching asynchrony, there is
normally a significant difference in weight and the stage of development of the two chicks
once the second hatches (Furness 1987). While it is possible for two chicks to be raised to
fledging (Young and Millar 2003), in many cases the second chick does not survive
(Furness 1987). Aggression shown by the chick hatching first has been shown to be a

primary reason for the death of younger chicks, a phenomenon termed ‘siblicide’.

Siblicide has been observed in a number of other birds including pelicans, boobies,
gannets, eagles, egrets and kittiwakes (Gerhardt et al. 1997). However, while siblicide
appears to be relatively widespread in the South Polar Skua (Young and Millar 2003), it is
largely undocumented in other skua taxa (although it has been recently documented in the
Brown Skua (Capuska et al. 2008)). Despite siblicide being observed in South Polar Skuas
across the range of the species, the rate at which it occurs appears to vary.

In other bird species in which siblicide has been described, the chicks are confined to the
nest. In South Polar Skuas, this is not the case, with chicks evicted from the nest able to
survive (Young and Millar 2003). Young and Millar studied South Polar Skua siblicide at
Cape Crozier during the 1993/94 breeding season. In this study, 69 nests were monitored,
all of which contained two eggs. Nests were regularly checked, with chicks weighed,
growth rates determined and observations of behaviour made from hides (Young and
Millar 2003).

In 49 of the 69 nests, two chicks were hatched, with 18 of these pairs of chicks surviving to
fledge (Young and Millar 2003). In 27 nests, only a single chick survived with 26 of these
chicks being the first hatched of the two. In many cases, aggression shown by the chick

hatching first was seen as the major cause of death in the younger chicks.

Despite the fact that second eggs laid by South Polar Skua are often smaller than first laid
(Furness 1987), there was no significant difference in chick weight at the time of hatching.
However, due to the fact that second chicks hatched between 1.5 and 3.5 days later than
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first chicks, there was a significant difference in weight by the time the second chick
hatched (Young and Millar 2003). For example, the average weight of first chicks was
102.3 grams, 30 grams more than second chicks by the time the younger chick hatched
(Young and Millar 2003).

During the study, 14 cases of older chicks attacking their younger siblings were observed.
The older chicks attacked their siblings soon after they hatched and attacks always
occurred relatively close to the parents (Young and Millar 2003). Attacks were generally
very aggressive, with the attacker continuing until the younger chick escaped, or one of the
parent birds intervened. Younger chicks appeared unable to fight back, opting instead to
crouch and endure the attack or attempt to escape (Young and Millar 2003). “The
participants are so unequal that there is little if any fighting: there is only an attack by the
first chick on the more or less unresisting second” (Young and Millar 2003). In one case,
an attack was observed in which the two chicks ran a circular course around the territory
covering over 40 metres (Young and Millar 2003). In some cases, parents intervened in
attacks, attempting to end the aggression by feeding chicks, charging their offspring or
brooding them. However, in the long term, parental intervention appeared to be unable to
prevent continued attacks on their younger offspring.

Younger chicks were not killed during the aggressive encounters. However, 12 of the 26
second hatched chicks that did not survive to fledging, were observed being chased from
their nests or were subsequently seen at locations away from their original nest site
(Young and Millar 2003). Most of these chicks appear unable to survive, being either
attacked and eaten by other skuas or dying of starvation (Millar, Lambert and Young
1997). However, in one case, a chick was observed surviving for 20 days after expulsion,
before being killed by a predator (Young and Millar 2003). Three second hatched chicks
were also successfully adopted by other breeding pairs, with one of these subsequently
displacing an egg in the nest and then the younger chick (Young and Millar 2003). Using
DNA minisatellites, Millar, Lambert and Young (1997), detected a possible case of
adoption in South Polar Skua.

Despite a good understanding of how and where siblicide occurs there is still a lack of
understanding as to why the behaviour occurs. While siblicide was observed in the Cape
Crozier colony, in 37% of two chick broods, no siblicide occurred with both chicks surviving
to fledge. The question of why siblicide occurs in some broods but not in others remains
unanswered. Young and Millar (2003) concluded that the degree of hatch asynchrony was
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not an important factor in terms of whether or not siblicide occurred. Because of the time
between hatching of first and second chicks, older chicks were always at an advantage
even if the gap between hatching was minimal. The difference in weight of the two chicks
also failed to explain the occurrence of siblicide (Proctor 1975), with broods in which
siblicide occurred no different in terms of mass difference to broods in which both chicks

survived (Young and Millar 2003).

Rates of siblicide have been shown to vary across the range of South Polar Skuas. On
Ross Island, the incidence of siblicide and its subsequent impact were lower at Cape
Crozier than at colonies at Cape Royds and Cape Bird (Young and Millar 2003). This is
illustrated by the number of pairs raising two chicks, with 38.6% of pairs doing so at Cape
Crozier compared to very low numbers at Cape Royds and almost none at Cape Bird
(Young and Millar 2003). The key difference in these colonies is the way food is obtained
during the time that skua chicks are raised. At Cape Crozier (as discussed previously), the
skua colony is supported by a large Adelie Penguin colony (Young and Millar 1999). Due
to the size of the colony, all skuas appear to have access to the central part of the penguin
colony, providing adult skuas with a reliable source of food for offspring. A similar situation
occurs at Magnetic Island, where the skuas have access to a relatively large penguin
colony, and low levels of sibling aggression are observed (Hull et al. 1994). In contrast,
only some skua pairs at Cape Bird and Cape Royds have access to penguins, holding
territories including pairs of breeding penguins (Young and Millar 1999). Skuas without
easy access to penguins have to resort to feeding at sea, an approach that takes more
time, is less reliable and reduces time at the nest.

While the availability of food appears to help explain why rates of siblicide are lower at
Cape Crozier when compared to Cape Bird and Cape Royds, the question remains as to
why siblicide is observed in some broods and not in others. Young and Millar (2003)
suggest several possibilities that warrant further work in an attempt to better understand

this behaviour in South Polar Skuas.

Firstly, it would be interesting to investigate whether or not the make-up of two chicks
broods in terms of sex has an impact on the incidence of siblicide. Frank et al. (1991)
found that siblicide in spotted hyenas was most common in same-sex litters, with both
siblings in mixed-sex litters surviving. Molecular work carried out on samples from Brown
Skuas from the Chatham Islands revealed that there was an unbiased hatching sex ratio
and equal numbers of sex combinations in a sample of two-chick broods (cited in Young

24



and Millar 2003). Despite this, it would still be worthwhile to investigate whether or not
there is any link between the sex makeup of broods and the incidence of siblicide.

Another area of potential research focuses on the “quality” of parents. While most of the
focus of siblicide studies has been on the chicks, the quality of the parents may have an
impact. It may be that younger, less experienced parents are unable to forage efficiently
and this leads to siblicide in offspring. It has been suggested that the factor that most
affects breeding success is breeding age with a significant increase in breeding success
up to a certain age (Reinhardt 1997). At Cape Crozier, where a relatively high proportion of
pairs raise two chicks, it would be interesting to determine the factors that lead to higher
breeding success as these may shed further light on why siblicide occurs in broods of less

successful pairs.

While many questions remain, siblicide does seem to be facultative, varying in the rate at
which it occurs. As with spotted hyenas (Smale et al. 1999), siblicide in South Polar Skua
appears to largely occur when resources are insufficient to successfully raise two

offspring.
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6. FUTURE DIRECTIONS IN SOUTH POLAR SKUA RESEARCH

POPULATION GENETICS OF ROSS SEA SOUTH POLAR SKUA

Previous work has shown that South Polar Skuas tend to breed at the same colony, in the
same territory and often in the same nest scoop each season (Wood 1971). This would
suggest that there would be a high degree of genetic structuring within the Ross Sea
region. While Ritz et al. (2008) looked at phylogeography of the southern skua complex, a
more detailed investigation of population genetics within the South Polar Skua would be
interesting. Use of hypervariable control region sequences (as used in Ritz et al. 2008)
and polymorphic microsatellites (e.g. Tirard et al. 2002) could be used on South Polar
Skua samples from throughout the Ross Sea to determine the degree of genetic
structuring in the region. This would shed further light on the amount of gene flow that
exists between the various colonies within the Ross Sea.

SYSTEMATICS

More work will no doubt be carried out in an attempt to clarify relationships amongst the
various skua taxa. Of particular interest is the classification of the Pomarine Skua (as
detailed above). However, it appears that like other groups of closely related taxa, such as
the Herring Gull complex (Liebers et al. 2004), classification will continue to be difficult due
to regency of divergence and relatively frequent hybridization between taxa. It would be
helpful if agreement could be made as to the most appropriate names to use for the
various skua taxa. For example, the use of both Catharacta maccormicki (e.g. Ritz et al.
2006) and Stercorarius maccormicki (Ritz 2007) as names for the South Polar skua is

confusing.

HYBRIDIZATION

The issue of hybridization in the South Polar Skua is one that merits further work. There
have been a number of studies describing the phenomenon, particularly on the Antarctic
Peninsula where the species interbreeds on occasion with Brown Skua (e.g Ritz et al.
2006, Reinhardt et al. 1997). Large scale sequencing of mitochondrial DNA (e.g. control
region) from Brown Skua and South Polar Skua in these hybrid zones as well as
genotyping using fast-evolving markers (e.g. microsatellites) would shed light on how
prominent hybridization is in these regions. Sequencing and genotyping of Red-billed Gulls
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(Larus novaeholladiae scopulinus) and Black-Billed Gulls (Larus bulleri) in New Zealand
revealed relatively high levels of hybridization, despite limited evidence from field studies
(AD Given and AJ Baker, unpublished data).

SIBLICIDE

While there has been dedicated research into the issue of siblicide in South Polar Skua
(e.g. Young and Millar 2003), understanding of the phenomenon is still not complete.
Young (2007) stated that it is an issue that “has to be looked at again” and that it was
something on which he had been “so wrong, so often”. Improving our understanding of
South Polar Skua siblicide will require intensive observations of chicks in the nest, but can
be assisted by the use of cameras to record multiple nests in a single season. As
discussed earlier, the question of why siblicide occurs in some nests and not in others
remains unanswered. Utilizing molecular tools (see above) the effect of the sex of chicks
on siblicide could also be investigated. Another potential area of interest would be
investigating the impact of parental quality on siblicide. Do “high quality” parents who are
able to adequately provide for two offspring reduce the probability of siblicide within their
brood?

THE START AND THE END OF THE BREEDING SEASON

We now have a good understanding of many aspects of the breeding biology of South
Polar Skua. However, the majority of this knowledge pertains to what occurs after birds
have established themselves early on in the season. Little is known about what goes on at
the start and the end of the breeding seasons (Young 2007). South Polar Skuas breeding
at Ross Island arrive in the McMurdo Sound area during October and disperse towards the
middle of March (Spellerberg 1969). When the timing of South Polar Skua studies in the
Ross Sea Region is considered (Fig. 7), it is clear that little research in the region
corresponds to the very early and the very late stages of the skua breeding season. The
window of opportunity for research in the Antarctic field is limited, with access to field sites
determined by sea ice and general climatic conditions. However, South Polar Skua field
research at some of the Ross Island colonies early in the season could improve
understanding of how the breeding season commences. For example, it is not clear how
skuas establish their feeding territories, associated with breeding Adelie Penguins.

Similarly, research late in the breeding season (e.g. February/March) would shed light on

27



— Period of time Skuas inhabit the Ross Sea Region (Spellerberg 1969)
| Cape Crozier 1961-1968 (Wood 1071)
| Cape Royds 1959/1960 (Young 1963 a & b)
| Cape Bird 1966/1967 (Proctor 1975)
_ McMurdo Sound 1968 (Schlatter and Sladen 1971)
Cape Crozier 1969/1970 (Schlatter and Sladen 1971)
Cape Crozier 1970/1971 (Schlatter and Sladen 1971)

- ] Cape Hallett 1971/1972 (Trilimich 1978)

Cape Crozier 1974-1976 (Ainley et al. 1978)

_ Cape Royds 1982 (Ainley et al. 1986)

Cape Crozier 1993/1994 (Young and Millar 2003)

-] Edmonson Point 1998/1999 (Pezz0 et al. 2001)

October November December January February March

Figure 7: Graph showing the time in the breeding season research has been carried out on South Polar Skua in the Ross Sea region. The
figure was limited to publications which stated the time research was conducted within the season. Many research activity was excluded
because the publication simply stated “during the austral summer” or “during the breeding season”. Shown in black at the top of the figure is
the approximate time during which South Polar Skuas inhabit the Ross Sea region (from Spellerberg 1969).
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what happens at the end of the season. It is well established that once Adelie Penguin
chicks are large enough, they are able to defend themselves and cease to be a reliable
source of food for South Polar Skuas. Research at the end of the season would allow a
better understanding of how foraging changes at colonies that are reliant on penguins
during the middle of the season. How skuas leave the breeding areas (i.e. do chicks leave

first?) would also only be answered by dedicated study during the latter months.

OTHER AREAS OF RESEARCH OPPORTUNITY

Young (2007) highlighted several other areas of potential research focused on South Polar
Skuas. He pointed out that very little work has been carried out on the physiology of the
species. There is also a lack of knowledge regarding the migration of South Polar Skuas,
who every year migrate to the Northern Hemisphere during the austral winter. The way
South Polar Skuas forage at sea is also poorly understood. It is well established that the
species feeds predominantly on the pelagic Antarctic silverfish (Pleuragramma
antarcticum) when foraging at sea (Young 1994, Hemmings 1984). However, how the
birds are able to obtain the large quantities of this fish species, which is not found near the

surface of the sea, is a mystery (Young 2007).

THE FUTURE

Despite the efforts of names such as Young, Spellerberg and Ainley, the South Polar Skua
represents a species which has received little attention in terms of research when
compared to some other species in the region. The lack of knowledge regarding the
species can not simply be attributed to the harsh climate that skuas inhabit. The volume of
research carried out on South Polar Skua pales into insignificance when compared to the
research carried out on Adelie Penguins. Searches were made of three publication
databases (Scopus, Web of Science and the Antarctic New Zealand database) for
literature on South Polar Skuas and Adelie Penguins. In all three databases,
approximately 80% of the literature obtained related to Adelie Penguins, meaning there
were approximately four papers on Adelie Penguins for every paper published on South
Polar Skuas (Fig. 8). One of the major weaknesses of current scientific endeavors in the
Antarctic is the lack of opportunity for long-term population studies. The large body of
knowledge regarding the Great Skua (Catharacta skua) is largely due to the more than 25
year of research carried out by Bob Furness at Foula, Shetland (e.g. Furness 1987).
Perhaps the best way to improve our understanding of South Polar Skuas is to initiate and



commit to long term studies of the species, something which appears unlikely given the

challenges in securing funding for multi-season science.

South Polar Skua and Adelie Penguin Publications

90 ~
80 -
70 A

60 -

O Antarctic NZ
® Scopus
40 - 0O Web of Science

50 A

% of publications

30 -

20 A

10 ~

South Polar Skua Adelie Penguin

Figure 8: Graph showing the relative number of publications relating to research
on South Polar Skuas (left) and Adelie Penguins (right). Three independent
publication databases were searched (Antarctic New Zealand, Scopus and Web

of Science).

7. CONCLUSION

The South Polar Skua is a fascinating seabird with an interesting reputation. While
research has improved our understanding of this species in terms of its distribution,
foraging and breeding biology, many questions remain. More research is required,
particularly long-term studies, to better understand one of Antarctica’s most enigmatic

species.
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