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We investigated the distribution and abundance of marine
birds and antarctic fur seals (Arctocephalus gaze/la) with respect
to the distribution and abundance of a major prey species,
Euphausia superha, near the western end of South Georgia Island
from 4 February to 5 March 1986. Concurrently, J . Croxall and P.
Prince investigated the reproductive biology and foods used by
marine birds on nearby Bird Island (54°S 38°W), thereby provid-
ing an integrated study of predator reproductive performance,
prey use, foraging distribution, and prey distribution.

To characterize the abundance and distribution of both pre-
dators and prey, we designed a set of radial transects centering
on Trinity Island (54°00.3'S 38°10.2'W) in the Willis Islands
(figure 1). The inshore end of the first set of 20 transects com-
menced 10 nautical miles off shore of the center and extended to
65 nautical miles off shore. A second set of radial transects was
concentrated to the north and south of Bird Island and com-
menced as close to land as possible. These transects extended 45
nautical miles off shore to the north and 65 nautical miles off
shore to the south, the distances being set to permit crossing of
the shelf break to deep water on each transect. The offshore
ends of the first set of transects were separated by 17.5 nautical
miles, while on the second set, the outer ends to the north and
south were separated by 5.0 and 8.5 nautical miles, respectively.
Transects were run such that diurnal patterns of bird movement
could be separated from spatial pattern. This design thus
provided thorough coverage of waters likely to be available to
fur seals and avian predators such as macaroni penguins (Eu-
dyptes chrysolophus) breeding on Bird Island or the Willis Islands.

All transects were run during daylight hours with continuous
concurrent recording of bird, seal, and krill density; nighttime
observations were also made along several transects. Daytime
bird and seal observations were made from the bridge wing of
the British Antarctic Survey ship RRS John Biscoe (height 10
meters above sea level). Birds and seals were counted out to 300
meters from directly in front of the bow to 90° off the side of the
ship with the best visibility. On all transects, two observers

counted birds and seals, dividing between them the species to
be covered as best met the changing conditions. A third person
entered all observations into a small waterproof microcomputer.
Data from this computer were transferred at the end of each day
to a larger microcomputer for storage. Custom software permit-
ted immediate inspection of the results of transects which facili-
tated design of other elements of the study requiring informa-
tion on the location of concentrations of birds or seals.

Nighttime observations of birds were made in several in-
stances to determine if the pattern found in daytime reflected
nighttime foraging activity. For these surveys, observers were
stationed in the wheelhouse and counted through 7 x 42 bin-
oculars all birds present in the beam of the ship's searchlight
where it hit the water. Identification to species was possible in
some cases, but often birds could be identified only to a broader
category.

A calibrated SIMRAD EK-400 Echosounder interfaced to a
SIMRAD QD digital integrator was used to estimate krill abun-
dance in 10 layers between 10 and 200 meters from the surface
along the transects. Aimed net hauls using a multiple RMT8
system (Roe and Shale 1979) were used to confirm that the
swarms seen on the echosounder were krill. The majority of net
hauls were made at night to minimize the effects of net avoid-
ance (Everson and Bone in press) and to ensure that representa-
tive samples of krill present were obtained for comparison with
krill obtained from predators.

The majority of the krill found during our survey was concen-
trated in a large patch 5-10 miles south of Bird Island in shallow
water (e.g., figure 2). Large amounts of krill were encountered
in this area over a 3-week period. In contrast, in sectors A, B,
and C krill patches were relatively uniformly distributed with
respect to water depth. Most large krill patches were encoun-
tered in sectors C and D.

The distribution of antarctic fur seals and penguins fre-
quently reflected the distribution of krill (figures 2 and 3). Seals
were most commonly encountered close to the islands on the
south and southwest sides (sectors C and D) in areas where krill
was abundant. Macaroni and gentoo penguins (Pygoscelis pa-
pua) were also concentrated inshore. Persistent, large aggrega-
tions of penguins and seals were found south of Bird Island
associated with the large krill patch. Large numbers of penguins
were also seen on the two easternmost north-side radials, again
over krill. It was exceptional to encounter major concentrations
of seals or penguins associated with krill near the shelf break or
in deeper water.

Prions (Pachyptila sp.) and diving petrels (Pelacanoides sp.)
were found primarily off shore (figure 2). Most diving petrels
were encountered at or near the shelf break to the south of Bird
Island. Smaller numbers of diving petrels were encountered to
the north and west and in Stewart Strait. Prions were con-
gregated in immense flocks over the mid-shelf and outer shelf
to the south of Bird Island. Large flocks of prions were also
found foraging in Stewart Strait.

In some cases nighttime observations confirmed the presence
of penguins and foraging albatrosses in locations where they
were encountered in high concentrations during the day. Prions
were seen throughout the night in Stewart Strait. Elsewhere
over the shelf at night, prions generally were found after 0100 in
areas where they had been seen in daylight. The absence of
large flocks of prions before midnight coincided with the period
when shore-based observers found prions feeding young.

Daytime collections of birds yielded stomach samples replete
with fresh food indicating that diurnal foraging for krill and
plankton occurs. Not only did macaroni penguins take krill in
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Figure 1. Study area and survey design. ("nm" denotes "nautical miles:' "km" denotes "kilometers.")

the daytime, but surface foraging species found associated with
penguins and seals in mixed flocks also had krill. In general, the
predators took a preponderance of large, adult knit. Large krill
were a major segment of the krill population samples with net
hauls, a result differing from that of Croxall and Pilcher (1984)
who found large krill in the predators, but not in net samples,
many of which were obtained in daytime.

Our results will permit the examination of predator distribu-
tion with respect to prey distribution at a variety of spatial and
temporal scales. It is now clear on the basis of both collections
and nighttime observations that daylight counts of birds on the
water are useful indices of where birds may be obtaining food.

This research was supported in part by a grant to G.L. Hunt
from the National Science Foundation DPP 83-18464 and by the
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Figure 2. Bathymetry, krill density, and bird abundance on a typical
transect to the south of the islands (sector D). ("m" denotes "meter:'
11 #/m3" denotes "number per cubic meter." "#Inm" denotes
"number per nautical mile." "nm" denotes "nautical mile.")
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Figure 3. Bathymetry, krill density, and bird abundance on a typic.!
transect to the north of the islands (sector A). ("m" denotes "meter:'
11 #1m 3" denotes "number per cubic meter." "#/nm" denotes
"number per nautical mile:' "NM" denotes "nautical mile.")
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Most research on the distributions and diets of antarctic birds
has been restricted to the austral summer when ship travel is

least impeded by ice. During Polar Duke cruise 85-5 (WinCruise
1), we had an opportunity to make observations along the Ant-
arctic Peninsula during late winter. Our primary objectives were
• to document the distribution of birds at sea in relation to

numerous parameters (e.g., ocean temperature, sea-ice
cover, proximity to land) and

• to collect specimens of several species to examine their diet in
different ice habitats and to examine their fat content and
plumage condition.
Between 22 August and 22 September, we conducted 96 30-

minute strip censuses using methods described by Ainley,
O'Connor, and Boekelheide (1984). Census transects covered
areas from the northern Drake Passage (56°30'S) to the north
edge of Marguerite Bay (67°30'S). Twenty species of birds were
recorded between these latitudes (table 1). Transect data will be
analyzed by computer and compared with similar data sets
collected in austral summer by D. Ainley and W. Fraser of Point
Reyes Bird Observatory. Preliminary analyses suggest that
snow petrels (Pagodroma nivea) and Adélie penguins (Pygoscelis
adeliae) were the species most strongly associated with sea ice.
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