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Abstract

Despite their importance in ecosystems, population sizes and trends are unknown for many seabirds, including in the Ant-
arctic. Here we report on the first comprehensive survey of south polar skuas Stercorarius maccormicki and Antarctic shags
Leucocarbo bransfieldensis in Ryder Bay, and collate previous count data. In austral summer 2017/18, totals of 259 skuas
at club sites and 978 occupied skua territories were counted in 2.3 km? of suitable habitat at Rothera Point and adjacent
islands. Based on the mean nearest neighbour distance (23.2 m), skua nest densities were comparable with colonies else-
where. Long-term monitoring of skuas at Rothera Point indicated considerable annual variation and overall increases of
1.9 and 1.3% per annum, respectively, in breeding pairs from 1975/76 to 2017/18, and occupied territories from 1988/89
to 2017/18. In total, 405 pairs of Antarctic shags bred at two known and one newly discovered colony in 2017/18. Previous
counts at the two known colonies indicated substantial annual variation and increases of 5.5 and 3.3% per annum, respectively,
from 1985/86 to 2017/18 and 1989/90 to 2017/18. Factors leading to overall increases in both species, and the intermittent
seasons of near-complete failure to breed, are unclear, but likely to reflect impacts of environmental change on their marine
prey or sea ice. The breeding populations of south polar skuas and Antarctic shags in Ryder Bay represent 10.3 and 3.5%,
respectively, of revised global estimates of 9500 and 11,684 breeding pairs. We recommend that the breeding colonies be
included as important bird areas (IBAs) and within the Antarctic Specially Protected Area (ASPA) system, and provision
made to conserve foraging areas at sea.

Keywords Antarctic Peninsula - Blue-eyed shag - Imperial shag - Important bird area - Long-term monitoring - Marguerite
Bay - Population trends

Introduction invasive species, habitat degradation, human disturbance and
direct exploitation at breeding colonies (Croxall et al. 2012;

Seabirds are often considered to be useful sentinels of the  Phillips et al. 2016).

health of the wider marine ecosystem (Constable et al.
2000; Einoder 2009). They are major consumers of marine
resources, harvesting as much prey in total as that harvested
globally by fisheries (Brooke 2004). In addition, predatory
seabirds can have dramatic impacts on populations of their
avian prey (Phillips et al. 1999b; Votier et al. 2004). World-
wide, many seabird populations are in decline; this reflects
diverse threats, particularly pollution, incidental mortality
(bycatch) and competition with commercial fisheries at sea,
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Despite their utility as biomonitors and their importance
in ecosystems, basic information on population sizes and
trends are missing for many seabirds, even for some of the
most tractable species such as the surface-nesting albatrosses
(Phillips et al. 2016). Data gaps are being filled by taking
advantage of new technologies, such as drones (unmanned
aerial vehicles or UAVs) and time-lapse camera networks
(Ratcliffe et al. 2015; Black et al. 2017; Borowicz et al.
2018). In addition, satellite remote-sensing is used increas-
ingly to detect previously unknown seabird colonies and,
in some species, to estimate population sizes (Lynch and
Schwaller 2014; Fretwell et al. 2015, 2017; Borowicz et al.
2018). However, most population data are still collected by
ground counts (Lynch et al. 2008; Carneiro et al. 2016; Che-
Castaldo et al. 2017; Schrimpf et al. 2018).

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00300-018-2432-0&domain=pdf

424

Polar Biology (2019) 42:423-432

Although the Antarctic region is often considered to be
amongst the most pristine on the planet, its seabird popula-
tions have shown direct and indirect responses to climatic
change, particularly its effect on winter sea ice (Fraser and
Hofmann 2003; Forcada et al. 2008; Che-Castaldo et al.
2017). At the Antarctic Peninsula, there are striking dis-
parities among species and sites in recent decades. Adelié
penguins Pygoscelis adeliae have decreased in the north and
west, and chinstrap penguins P. antarctica also appear to
have declined recently at most sites, whereas gentoo pen-
guins P. papua are increasing and establishing new colo-
nies (Hinke et al. 2007; Lynch et al. 2012; Casanovas et al.
2015). The more limited data for southern giant petrels
Macronectes giganteus indicate generally stable or increas-
ing populations (Lynch et al. 2008; Gonzalez-Zevallos et al.
2013). South polar skuas Stercorarius maccormicki have,
similarly, been stable or increased at most sites (reviewed
by Carneiro et al. 2016), except for a recent, steep decline
at King George Island, reflecting high rates of breeding
deferral (Graiia Grilli 2014; Krietsch et al. 2016). Trends in
Antarctic shags Leucocarbo bransfieldensis are highly vari-
able, with evidence of stable or declining populations over
much of the Peninsula, contrasting with increases in south-
ern Marguerite Bay (Schrimpf et al. 2018). Indeed, there
may be a transition for both shags and Adélie penguins at
Marguerite Bay, with positive population trajectories to the
south (Casanovas et al. 2015; Schrimpf et al. 2018). Many
of the overall trends are likely to be in response to warming
air temperatures until the late 1990s, and changes in sea-ice
extent affecting growth and recruitment of krill, and hence
food supply for krill-dependent predators (Smith et al. 1999;
Forcada et al. 2008; Turner et al. 2016). Conditions in Mar-
guerite Bay have probably been improving for marine preda-
tors, and it has been suggested that persistent phytoplankton
blooms are maintained in this region even if sea-ice extent in
the summer has decreased (Casanovas et al. 2015).

Despite the presence of a research station at Ryder Bay
(Adelaide Island), at the northern limit of Marguerite Bay,
little has been published on the local seabird populations
(Milius 2000). Two species breed there in considerable
numbers: the south polar skua, an opportunistic predator
and scavenger, widely distributed as a breeding species in
the Antarctic but absent from subantarctic islands (Higgins
and Davies 1996), and the Antarctic shag, which feeds on
demersal fish, particularly nototheniids, making it one of the
few potential indicators of changes in their stocks, which are
otherwise difficult to assess (Casaux and Barrera-Oro 2006).
This study reports on the first comprehensive survey of south
polar skuas and Antarctic shags at Ryder Bay. Previous pub-
lished and unpublished counts are also collated, providing
an indication of trends, and the results discussed in the con-
text of regional climatic changes and the importance of the
populations in global terms. Although the Antarctic shag is
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often treated as a subspecies of blue-eyed or imperial shag
Leucocarbo or Phalacrocorax atriceps, here we follow the
recent classification of cormorants based on extensive analy-
sis of mitochondrial and nuclear DNA sequence (Kennedy
and Spencer 2014), and consider it to be a separate species.

Materials and methods

The area of Ryder Bay surveyed for Antarctic shags and
south polar skuas included Rothera Point (Adelaide Island),
Killingbeck Island, the Léonie Islands group and, for shags
only, the Mikkelsen Islands (Fig. 1). Most of the islands have
patches of persistent snow, and Léonie Island (max. height
502 m a.s.l.) has a large permanent ice cap. The number of
breeding pairs (with eggs or chicks) of south polar skuas at
Rothera Point were first counted in the 1975/76 breeding
season, and have been monitored annually since 1988/89,
involving visits at least weekly to count occupied territories
and record breeding success. Dedicated visits to Killingbeck
Island and the Léonie Islands to count skuas were made
between 16 January and 5 February 2018, corresponding to
the late incubation to early chick-rearing periods. The count
unit was ‘occupied territory’, which is standard in skua cen-
suses (Phillips et al. 1999a; Carneiro et al. 2016; Krietsch
et al. 2016). Occupied territories are indicated by the pres-
ence of vigilant adults or an incubating bird visible from a
distance, and in the great majority of cases, birds actively
defended their territory by mobbing when approached. At
Rothera Point, Killingbeck, Kirsty, West Lagoon and East
Lagoon islands, the position of nests or the centre of occu-
pied territories was recorded using hand-held GPS loggers.
At Anchorage, Léonie and Donnelly islands, the number of
occupied territories was noted in subareas, using topography
and the presence of snow patches to minimise the risk of
missing or double-counting territories. In addition, the num-
ber of birds was counted at club sites (traditional roosting
and bathing areas used by nonbreeding and to some extent
also breeding skuas; Fig. 1).

The number of eggs and chicks at each skua territory
was noted opportunistically, but the data are not presented
here because of possible losses prior to the survey. Territory
occupancy rates were very high, based on the high densi-
ties of skuas on the islands and the presence of at least one
member of failed or nonbreeding pairs during twice-weekly
visits to the intensive-study colony at Rothera Point during
the survey period. No corrections were therefore made for
previous nest failure.

An image mosaic of the study area was available as the
electronic version of a published map (British Antarctic Sur-
vey BAS 25 Series, Sheet 3, Ryder Bay, Scale 1:25,000).
This was compiled from colour vertical aerial photographs
acquired on 20 January 2005, and a 3D surface model
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derived from photogrammetry. Snow patches marked on
this map appeared to cover almost exactly the same areas at
the time of the skua surveys in 2018, and were discriminated
from rock substrate in a GIS coverage according to spec-
tral analysis of the aerial photographs used as a base layer.
Skua nesting density (pairs per km?) in 2018 was calculated
in three ways according to (i) the planar (2D) area of each
island (excluding the ice cap on Léonie Island and adjacent,
unoccupied islets), and of the rock outcrop and adjacent
beach east of the station buildings at Rothera Point; (ii) the
planar area of suitable habitat (excluding snow patches at
all sites, the ice cap and scree slopes above 100 m a.s.l. on
Léonie Island, and unoccupied islets); and (iii) the ground
surface area of suitable habitat corrected for elevation (esti-
mated from the 3D surface model using the 3D Analyst
component of ArcGIS). In addition, minimum distances
between neighbouring nests or territories were calculated
for sites where locations were available from the hand-held
GPS loggers.

Previous surveys had recorded Antarctic shags breed-
ing at three locations in the Ryder Bay area: Mucklescarf
Island (Lagoon Islands), Killingbeck Island and adjacent
islet (these separated by only 100 m). The count unit was
either ‘active nest’ or ‘occupied nest site’, which are the
usual census methods for this species (Schrimpf et al. 2018).
In addition, nest contents (eggs or number of chicks at each
nest) were noted in some years. No data were available in
previous years to correct for earlier breeding failure, and
only counts made between early December and mid-Feb-
ruary are included here, as later counts will underestimate
breeding numbers if some chicks have already fledged. An
additional shag breeding site on Skart Island (Mikkelsen
Islands) was discovered and photographed from the air
in February 2018, and the number of occupied nest sites
counted from the images.

Results
South polar skuas

A total of 978 occupied skua territories were counted in
surveys during the late incubation to early chick-rearing
periods (16 January—5 February 2018) at Rothera Point,
Killingbeck, Léonie, Kirsty, West Lagoon, East Lagoon,
Trolval, Anchorage, and Donnelly islands in Ryder Bay
(Table 1). Skua territories were widely distributed across
snow-free ground on all islands, except on Trolval Island
(the smallest of the islands), and scree above 100 m on
Léonie Island (Fig. 1). Without correcting for habitat suit-
ability, other than excluding the ice cap on Léonie Island,
nesting densities ranged from 115 territories per km? at
Rothera Point to 544 territories per km? on East Lagoon
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(overall 288 territories per km?). Restricting the analysis to
areas of suitable habitat (excluding ice cap, snow patches,
and scree above 100 m a.s.l.), nesting densities ranged
from 174 to 634 (overall 447) territories per km?; correct-
ing for elevation, densities reduced slightly to 169-610
(overall 420) occupied territories per km? (Table 1).
Densities on the islands where the skuas were counted in
small subareas differentiated by local topography (Léonie,
Anchorage and Donnelly) were within the range of those
on islands where a GPS location was taken on each terri-
tory. Average nearest neighbour distances were greater at
Rothera Point than on the other more densely populated
islands (40.4 and 19.2-28.5 m, respectively). In addition,
a total of 259 birds was recorded at club sites on the three
islands with the largest breeding skua populations.

Long-term data indicated that the population size at
Rothera Point varied considerably between years, increas-
ing overall by 1.9% per annum from 11 breeding pairs in
1975/76 to 24 breeding pairs in 2017/18 (Fig. 2). Counts of
the number of occupied territories (i.e. including nonbreed-
ing birds holding territory) were available from 1988/89;
these showed less annual variation than breeding pairs, and
an increase of 1.3% per annum from 17 in 1988/89 to 25 in
2017/18.

Antarctic shags

In total, 405 pairs of Antarctic shags were breeding at the
colonies in Ryder Bay—Killingbeck Island, Muckles-
carf Island (Lagoon Islands) and Scart Island (Mikkelsen
Islands)—in 26 January-3 February 2018 (Table 2). An
additional nine and seven well-built, but empty nests were
recorded at Muckelscarf Island and Killingbeck Island on
the same dates as the 251 and 74 active nests, suggesting
failure rates prior to the surveys of 3.5 and 8.6%, respec-
tively (4.7% or 16/341 overall). Nevertheless, no correction
was made for previous failures to ensure counts could be
compared with those of active nests in earlier years. The
latter were available for Killingbeck Island (including the
adjacent islet) or Muckelscarf Island in nine seasons, and
showed substantial annual variation, including near-com-
plete failure to breed in the 1983/84, 1998/99 and 2016/17
seasons, and an apparent stepwise increase in the population
sometime in the late 1990s to early 2000s (Fig. 3). Exclud-
ing the three seasons when very few or no birds bred, the
long-term trend at Muckelscarf Island was an increase of
5.5% per annum from 45 to 251 breeding pairs in 1985/86
to 2017/18. Numbers at Killingbeck Island also increased,
at 3.3% per annum from 30 to 74 breeding pairs in 1989/90
to 2017/18 (for comparison, the trend at Muckelscarf Island
over the same period was an increase of 5.4% per annum).
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Fig.2 Changes in population sizes of south polar skuas at Rothera
Point, Ryder Bay (Antarctic Peninsula) from 1976 to 2018. Years
refer to the time of chick fledging (i.e. 1976 represents the 1975/76
austral summer)

Discussion

The survey methodologies followed standard approaches
for both skuas (Phillips et al. 1999a, 2004; Carneiro et al.
2016; Krietsch et al. 2016) and shags (Schrimpf et al.

2018). These have an associated observation error. For the
skuas, this includes potentially lower detectability of birds
obscured by local topography and possible over-counting
of birds in the air. However, densities on islands on which
the skuas were counted in subareas were in the middle
of the range of those where a GPS fix was obtained from
each territory, suggesting that count method was not a con-
founding factor. No attempt was made to correct for previ-
ous nest failure in either shags or skuas. In the skuas, this
was because in repeated visits at Rothera Point, at least
one partner was present at territories where the breed-
ing attempt had failed earlier in the season. In addition,
based on the small proportion of empty but well-built nests
(4.7%), apparently very few shags failed before the survey.
Overall, therefore, the error in our counts was expected
to be low.

The populations of south polar skuas (978 occupied ter-
ritories) and Antarctic shags (405 pairs) in the Ryder Bay
area counted in the 2017/18 breeding season are both of
major regional and international importance, and are well
above the threshold numbers —1% or more of the global
population—used recently to identify Important Bird
[and Biodiversity] Areas (IBAs) in Antarctica using crite-
ria adopted by BirdLife International (Harris et al. 2015).
A further 259 skuas were recorded at club sites during
the census (Table 1), most of which would not have been

Table 2 Counts of Antarctic shags at colonies in Ryder Bay (Antarctic Peninsula)

Site Coordinates Breeding season Date Number of
breeding
pairs

Killingbeck Island 67°34'15"S, 68°04'14"W 1989/90 3 December 1989* 30

1995/96 or 1996/97° n/a 30°
1997/98 n/a 7¢
2007/08 2 January 2008 67¢
2016/17 21 January 2017 0
2017/18 3 February 2018 74
Mucklescarf Island (Lagoon Islands) 67°35'38"S, 68°15'41"W 1983/84 9 February 1984 0?
1985/86 14 February 1986 454
1989/90 17 December 1989 58
1995/96 or 1996/97° n/a 50
1997/98 n/a 2
2006/07 24 January 2007 187
2007/08 2 January 2008 311
2016/17 2 January 2017 2
2017/18 26 January 2018 251
Skart Island (Mikkelsen Islands) 67°38'25"S, 68°1029"W 2017/18 31 January 2018 80

“Noted incorrectly as 12 March 1989 in supplementary material of Schrimpf et al. (2018)

bSeason unclear (Milius 2000)
“Includes birds on a nearby islet

dPoncet pers. comm.

@ Springer



Polar Biology (2019) 42:423-432

429

320
300 - 9\
280 —-O-—-  Mucklescarf Island
260 - —1— Killingbeck Island
240 -
220 A
200 A
180 A
160
140 A
120 4
100 4
80 +
60
40
20 A K
0Ly ; . . ; : . :
1984 1988 1992 1996 2000 2004 2008 2012 2016 2020
Year

Breeding pairs

Fig.3 Changes in population size of Antarctic shags at Mucklescarf
Island (Lagoon Islands) and Killingbeck Island, Ryder Bay (Antarctic
Peninsula) from 1984 to 2018. Years refer to the time of chick fledg-
ing (i.e. 1984 represents the 1983/84 austral summer)

territory-holders, indicating a substantial pool of nonbreed-
ers. Densities were 289, 447 and 420 occupied skua ter-
ritories per km?, respectively, either overall (excluding the
icecap), in suitable habitat (planar area) or suitable habitat
after correcting for elevation (Table 1). The average near-
est neighbour distance of 23.2 m is comparable with those
of south polar skuas elsewhere, including at Cape Royds,
Cape Hallett, Cape Crozier, Pointe Géologie, Anvers Island
and Edmonson Point (Higgins and Davies 1996; Pezzo et al.
2001). These densities are considerably higher than in brown
skuas Stercorarius antarcticus, of which the most densely
populated colony worldwide appears to be at Bird Island
(South Georgia), with 105 pairs per km? across the whole
island, 132 pairs per km? in suitable habitat, and an average
nearest nest distance of 44 m (Phillips et al. 2004).

The trend in skua numbers breeding at Rothera Point is
based on relatively few pairs, but if it applies to the other
islands, the local population of skuas is increasing. Infor-
mation on trends of south polar skuas is available for very
few sites, particularly for the last 10-20 years; however, the
limited data suggest that populations were generally sta-
ble or increasing until the 1990s or 2000s, although with a
recent decline in breeding numbers attributed to a high rate
of deferral at King George Island (Grafia Grilli 2014; Car-
neiro et al. 2016; Krietsch et al. 2016). Population increases
at skua colonies in the Antarctic and subantarctic, particu-
larly of brown skuas, are often attributed to anthropogenic
factors, including feeding on refuse at research stations, the
presence of alien mammals providing supplementary prey,
rapid increase in penguins (and therefore potential prey)
following the near-extirpation of most Antarctic whales,
or the increase in Antarctic fur seals Arctocephalus gazella
following the cessation of sealing, providing abundant

carrion (Hemmings 1990; Phillips et al. 2004; Ryan et al.
2009; Carneiro et al. 2016). There must be an alternative
explanation for the increase of south polar skuas at Rothera
Point as efficient waste management at the research station
ensures there is minimal refuse available, and there are no
alien mammals nor evidence for an increase in carrion from
seals. In the absence of brown skuas, which are larger and
competitively dominant, south polar skuas will exploit pen-
guins and other seabirds, scavenging or depredating eggs,
chicks or adults, depending on the species (Reinhardt et al.
2000). However, there are no penguin colonies in the Ryder
Bay area, and no seabird or seal remains were seen in skua
pellets or as dropped items, suggesting a diet of fish (Young
1990). Hence, this large population must feed predominantly
or entirely at sea, possibly on Antarctic silverfish Pleura-
gramma antarcticum, as do the south polar skuas breeding
around Palmer station (c. 370 km away) and some other
colonies to the north (Pietz 1987; Reinhardt et al. 2000).
Increased breeding numbers at Ryder Bay are therefore
likely to reflect greater availability of fish or other prey in
the marine environment.

The long-term increase in skuas at Rothera Point is
despite intermittent years of low breeding numbers (Fig. 2);
the latter presumably reflects occasionally high rates of
breeding deferral by established adults and potentially low
recruitment of new breeders, as in other skua populations
(Ainley et al. 1990; Catry et al. 1998). Around Palmer Sta-
tion, few skuas bred and no chicks hatched in a year of
persistent heavy ice (Parmalee et al. 1978). The proportion
of adults breeding also varies greatly in other species of
Antarctic seabirds depending on environmental conditions,
including sea-ice extent and duration (Olivier et al. 2005;
Che-Castaldo et al. 2017). The reasons for breeding defer-
ral in certain seasons by many skuas at Rothera Point are
unclear, but could include birds returning from migration
in poor body condition, late snow covering nest sites, low
marine productivity, extreme weather or unfavourable sea-
ice conditions. With regard to the sea ice, this can function
as a physical barrier over the water surface, preventing feed-
ing, or affect productivity and hence food availability for
the fish on which the birds seem to depend. Although sea-
ice cover around Antarctica has expanded slightly in recent
decades, there are opposing regional trends, partly driven by
changing wind regimes (Holland and Kwok 2012). Winter
sea ice in the Peninsula region has reduced in duration and
extent, and shown increased variability in recent decades
(Fraser and Hofmann 2003; Stammerjohn et al. 2012). As
this variability is predicted to increase (Bracegirdle et al.
2008), future conditions for the skuas are uncertain.

Although the first counts of south polar skuas at Rothera
Point were in the 1975/76 season, and annual monitoring
began in 1988/89, the presence of a major global popula-
tion of this species in Ryder Bay was undocumented in
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the published literature until estimates of 100s present on
Lagoon and Anchorage islands were noted as pers. comm. in
the supplementary material of Fretwell et al. (2015). Previ-
ous global totals estimated for this species are 5000-8000
breeding pairs in the mid-1980s (Furness 1987), and, just
recently, 8529 breeding pairs, including improved estimates
for Victoria, Marie Byrd and Ellesworth Lands based on
relationships between skua density and penguin numbers
(Wilson et al. 2017). With the addition of the 978 pairs in
Ryder Bay, an improved estimate of the global population of
south polar skuas is therefore 9500 breeding pairs, of which
the Ryder Bay population represents 10.3%. Our revised
global total is nearly double that used by Harris et al. (2015)
to establish a 1% threshold of 50 pairs of south polar skuas
used to identify sites as IBAs; as such, several IBAs in the
current list (one near Anvers Island and others in the Ross
Sea region) established solely on the basis of the local skua
population would no longer meet this criterion.

The Antarctic shag colony at the Mikkelsen Islands (Skart
Island) was a new discovery in 2018. The other two colo-
nies (Muckelscarf and Killingbeck islands) were taken into
account, using the combined total of 88 pairs in 1989/90
(see Table 2), in the recent review by Schrimpf et al. (2018).
Hence, our new data have only a small effect on the esti-
mated global population, increasing it from 11,366 breed-
ing pairs at 173 active colonies (Schrimpf et al. 2018) to
11,684 pairs at 174 active colonies. This excludes the shags
breeding in the South Orkney Islands, which are usually
assumed to be South Georgia shags Leucocarbo [atriceps]
georgianus, although apparently without strong genetic or
other evidence (Schrimpf et al. 2018). Based on this revised
total, the current population of Antarctic shags on the islands
in Ryder Bay represents 3.5% of global breeding numbers.
In addition, at 251 pairs, the colony on Muckelscarf Island
is unusually large for this species; only 11 other colonies
(<10% of those recorded) hold >200 pairs (Schrimpf et al.
2018). Although our results indicate only a minor change in
global breeding numbers of Antarctic shags, Schrimpf et al.
(2018) point out that seven of the sites identified as IBAs by
Harris et al. (2015) no longer qualify for this species because
the number of pairs has since declined to below the original
1% threshold (133 pairs).

Both south polar skua and blue-eyed shag sensu stricto
are currently listed as Least Concern by the World Conser-
vation Union (IUCN). Regardless, BirdLife International,
which is a global partnership of conservation organisations
that strives to conserve birds and their habitats, seeks to
identify sites of international conservation significance for
all birds, not limited to those on the IUCN Red List. Given
the presence of 10.3 and 3.5%, respectively, of global num-
bers, the populations of south polar skua and Antarctic shag
in Ryder Bay should be included in the list of BirdLife IBAs
for the Antarctic region. The other sites already designated
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as both IBAs and ASPAs for one or both of these species
in Marguerite Bay are Avian, Lagotellerie, Dion and Ston-
ington islands (Harris et al. 2015). In addition, part or all of
the Ryder Bay islands should be considered for designation
as an Antarctic Specially Protected Area (ASPA), to ensure
their intrinsic environmental value (as ‘major colonies of
breeding native birds’) is maintained while making provision
for scientific research (Hughes et al. 2013).

There is increasing recognition of the need for improved
marine protection not just within the Antarctic Treaty Sys-
tem, but to address the goal of the Convention on Biological
Diversity (CBD) to identify a comprehensive global network
of ecologically or biologically significant areas (EBSAs),
including those outside national jurisdiction (Grant et al.
2012). To date, development of the network of IBAs and
ASPAs in the region covered by the Antarctic Treaty Sys-
tem has focused much more on terrestrial than marine areas
(Grant et al. 2012; Shaw et al. 2014). Scaling up from the
estimated 3-5 tons of pelagic fish consumed annually by c.
50 breeding pairs of south polar skuas at King George Island
(Hahn et al. 2008), the total for the much larger population
of skuas in Ryder Bay (978 pairs) in 2017/18 would be in
the order of 60-100 tons. Hence, the marine foraging areas
on which they depend also need to be safeguarded, poten-
tially by designation as Marine Protected Areas (MPAs). In
addition, given the striking regional variation in population
trajectories of south polar skuas, Antarctic shags and other
seabirds, and the lack of reliable time-series for most colo-
nies (Hinke et al. 2007; Lynch et al. 2012; Casanovas et al.
2015; Schrimpf et al. 2018; this study), monitoring of their
breeding populations in Ryder Bay should be a priority.
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