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We visited the waters of South Georgia aboard the R/V Polar
Duke in June and July 1991 to study the foraging dynamics of
winter resident seabirds. We focused our attention on antarctic
krill and those predators that feed upon krill, both because of
the prevalence of krill in the diets of antarctic seabirds (Prince
and Morgan 1987) and the ease with which krill can be detected
with echosounders and sonars (Miller and Hampton 1989). Our
major objective was to devise mathematical models that could
predict the spatial dispersion of a population of seabirds, based
on knowledge of the spatial dispersion of their major prey. To
this end, we collected extensive data on the foraging behavior
of the most common species of seabirds present. Our findings
are summarized below.
• We found that krill is abundant but highly dispersed at South

Georgia in winter. Our combined net and acoustic survey
(figure 1) showed that krill was abundant but rarely was
aggregated into large swarms, on the South Georgian shelf.
The largest swarm we detected was approximately 1,000 me-
ters across and 100 meters deep, and the total number of
swarms detected during 1,300 nautical miles of transect, was
86. We captured "subadult" (22-35 millimeters) krill (up to
50 individuals per haul) at 12 of 18 stations sampled over the
South Georgia shelf using a 1-meter Isaacs-Kidd Midwater
Trawl. Of 66 diving petrels that we caught on board at night,
30 contained food and 29 contained Euphausia superba (krill)
of the same size as those we caught in the nets. There were
30 trawlers fishing the area at the time, each apparently
catching up to 200 tons of krill per day. One of the only
quantified surveys of winter krill abundance at South Geor-
gia was conducted in 1983, an anomalously poor year for krill
in which many krill predators failed to raise young (Hey-
wood, Evenson, and Priddle 1985). During the 1983 cruise,
the mean krill catch was about six individuals per 100,000
cubic meters of water filtered with a net having an 8-square-
meter opening. We had no flowmeter, so we did not estimate
volume of water filtered, but we caught up to 50 individual
E. superba towing a net with a 1-square-meter opening: cer-
tainly such a disparity suggests that krill were much more
numerous at South Georgia in the winter of 1991 than in
1983.

• We found that birds that eat krill are statistically associated
in space with krill swarms. By catching birds on board at
night and pumping their stomachs, we were able to deter-
mine what they were eating. The only species we captured
in substantial numbers were common diving petrels (Peleca-
noides urinatrix exsul) and Kerguelen petrels (Pterodroma bre-
virostris); these were also two of the most abundant species

Figure 1. Distribution of subadult krill (Euphausia superba only) off
South Georgia, July 1991. Each dot represents a haul lasting 20
minutes and reaching a depth of 200 meters, using a 1-meter
Isaacs-Kidd Midwater Trawl. Largest dots represent more than 50
individuals per haul; open circles represent zeroes. Dotted line
indicated approximate position of the shelf edge.

we observed. Of 30 diving petrels whose crops contained
food, 29 contained F. superba. Of three Kerguelen petrels
whose crops contained food, all contained fish parts (most
likely lanternfish) but no krill. The difference in spatial as-
sociation between each of these two species and krill is clear
in figure 2: diving petrels, which eat krill, tend to track krill
in the environment, whereas Kerguelen petrels, which eat
other prey, apparently do not track krill.

0 From our data, we believe that foraging seabirds cue in on
groups of feeding fur seals. We found that each of the large
groups of feeding fur seals we encountered was attended by
numerous foraging seabirds. It was clear that the birds had
seen the groups of seals and were searching for food in their
vicinity. This association is consistent with the notion that
birds search for krill by investigating groups of feeding seals
that they encounter (Harrison et al. 1991).

• We observed that seabird species that feed on squid and fish
forage in different places than do species which feed on krill.
Krill specialists (common diving petrel, figure 3A; cape pi-
geon; black-browed albatross) were most numerous close to
shore, whereas species that eat squid and fish (Kerguelen
petrel, figure 3B) were more numerous offshore.

• We believe that pelagic birds alter their behavior near food
patches (auxiliary project with G.A. Nevitt). We conducted
preliminary experiments to determine whether artificial
patches (chum slicks) could influence seabird foraging be-
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Figure 2. Relationship between krill abundance, estimated from net
hauls, and abundance of two species of seabirds. Data summed
over 5-nautical-mile intervals. A. Common diving petrel. Spearman
r=0.607, p<.001. B. Kerguelen petrel. Spearman r= —0.202,
p zz0.05. (NM denotes nautical mile.)

havior. We found that blue petrels, cape petrels, antarctic
petrels, and southern giant petrels responded within 5 min-
utes to the ejection of a chum slick over the side of the ship
by flying in a zigzag searching pattern upwind toward the
slick, circling directly over the slick, or landing on the slick.
These behaviors ceased within 1 hour, when the slick had
dispersed, and did not occur in response to a "control" slick
consisting of vegetable oil. These observations support ear-
lier work (e.g., Hutchinson and Wenzel 1980) that procellarii-
formes are sensitive to olfactory cues.

S In an auxiliary project, "Stress Response by Seabirds to Ad-
verse Weather Conditions," John Wingfield, C. Troy Smith,
and their colleagues have recently uncovered evidence that
birds encountering stressful conditions (such as might result
from reduced rate of food intake due to bad weather) pro-
duce elevated quantities of corticosterone, which in turn af-
fect the birds' foraging and reproductive behavior. In light of
this finding, Smith measured blood corticosterone levels div-
ing petrels caught on board the Polar Duke. Diving petrels
caught during a storm on 5 July 1991 near Annenkov Island

Figure 3. Spatial distribution of two species of seabirds off South
Georgia, July 1991. A. Common diving petrel, a krill specialist. The
largest dots indicate densities of >500 birds per 5 nautical miles
of transect. Open circles indicate >1 bird per 5 nautical miles;
"zeroes" are not plotted. B. Kerguelen petrel, a squid and fish
specialist. Largest dots indicate densities of >50 birds per 5 naut-
ical miles; open circles are >1 bird per 5 nautical miles; "zeroes"
are not plotted.

had significantly elevated baseline levels of corticosterone,
relative to birds caught during calm weather. This important
finding suggests a route to understanding the physiological
basis for changes in foraging behavior that underlie the pat-
terns of population dispersion that we have been studying.
We have three goals in the analysis of data we have collected.

First, we need to examine our behavioral data in more detail,
in particular to determine the frequency with which certain
behaviors occur with increasing distance from krill swarms. For
example, can we determine a "radius of detection" around a
krill patch? Once we have quantified how birds' foraging be-
havior varies with distance from krill patches, we will then
build models that will attempt to predict the spatial dispersion
of a population of birds. The final step will be to compare the
predictions of these models to data collected at other times.
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In 1990-1991 field season, the study of Weddell seal popula-
tion dynamics in McMurdo Sound consisted of three research
activities:
• continuation of long-term monitoring of population dynam-

ics of Weddell seal by tagging and censuses;
• evaluation of transponders as a permanent marker for Wed-

deli seals; and
• recovery and redeployment of satellite-linked time-depth re-

corders on adult female Weddell seals.
Our field camp was established at Big Razorback Island, ap-

proximately 20 kilometers north of McMurdo Station, in mid-
October and was continuously occupied until early December.
We routinely visited seal colonies scattered in Erebus Bay and
tagged all newborn pups. In 1990, the first pup was tagged on
11 October, and the last pup was tagged on 20 November. Two-
hundred-and-twenty-four male and 209 female pups were born
in Erebus Bay in 1990. In order to maintain approximately 1:1
ratio of tagged-to-untagged seals in each colony, we newly
tagged 30 and retagged 262 adults. We took blood samples (5
cubic centimeters per individual) from 42 individuals for ge-
netic research being conducted by the Australian Antarctic Di-
vision.

Six census were conducted between 10 November and 7 De-
cember. We estimated the Weddell seal population in Erebus
Bay in 1990 to be 228 (standard error, 23) males and 633 (stan-
dard error, 26) females (excluding newborn pups). There was
no noticeable change in population size from the previous year.
Approximately 75 percent of the adult population of McMurdo
Sound returns to Erebus Bay each year (Testa and Siniff 1987).

Transponders are small electrical devices (10 x 2 x 2 millime-
ters) in which a unique 16-digit number is stored (Thomas et
al. 1987). When a hand wand is passed within 10 centimeters
of a transponder, the reader activates the transponder, and the
unique identification number can be read and recorded by the
reader. In the 1989 field season, transponders were implanted
at a base of tail on the lower back of 300 adult seals. We eval-
uated the effectiveness of these new tags by reading these tran-
sponders in 121 seals 1 year after implanting them. Results of
this study will be published elsewhere.

An important objective of this project was to develop satel-
lite-linked, time-depth recorders and use them to determine
the overwinter movements and diving behavior of female Wed-
dell seals. Roger Hill (Wildlife Computers, Woodinville, Wash-
ington) designed, tested, and obtained Argos certification for
a 1-kilogram satellite-linked, time-depth recorder (figure). We
employed 10 of these on adult female Weddell seals in McMurdo
Sound in January 1990. Three of those deployed in 1990 failed
within 4 days, three more over the next 4 months, and four
functioned as intended until October giving the most complete
overwinter records of movements and diving ever obtained on
a marine mammal. Unlike previous attempts in this area, we
were able to recover most of the 1990 devices and determine
that improvements were needed in the controller circuits and
in the pressure housing. This is the key to improving this tech-
nology. Sixteen new and refurbished satellite-linked, time-
depth recorders were deployed in February 1991.

Results for 1990 showed movements for some seals that ex-
tended north of McMurdo Sound as far as 76°S, but most seal
locations determined by satellite were within the sound. Diving
records confirmed a pattern similar to that seen in summer
(Kooyman 1968; Testa, Hill, and Siniff 1989), indicating that
foraging in winter continues to be in the midwater range (150-
400 meters), although occasional dives over 727 meters were
made by nearly all the telemetered seals. Winter movements in
1991 were primarily within McMurdo Sound until May, but
most seals had left the sound by June, and one had ranged as
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