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Figure 3. View of Adélie penguin colony on Paulet Island (see figure
1 for orientation).

Two other aspects of the colony were notable. First, despite its
size, there were virtually no predators in attendance. We each
saw only 1 or 2 pairs of snowy sheathbills (Chionis alba) and the
same number of brown skuas (Catharacta skua lonnbergi), and
neither of us saw any evidence of egg predation, which is
conspicuous in colonies where avian predators are more abun-

dant. Mammalian predators were also uncommon. Jehi saw a
maximum of five leopard seals (Hydrurga leptonyx), most resting
on floes in areas slightly removed from the penguins' main
egress sites; Todd saw none.

Second, unlike many colonies elsewhere on the Antarctic
Peninsula, the one on Paulet was essentially continuous and not
divided into discrete subcolonies. Furthermore, thousands of
birds were nesting on very steep hillsides in habitats that are
typically occupied by chinstrap penguins (Pygoscelis antarctica).
Evidently, the Adélies occupied all of the area that was suitable
for nesting at the start of the season. This suggests that nest site
availability was the major factor regulating the size of the colony
in the 1984 - 1985 season.

We are indebted to T.C. Swartz and Werner Zehnder of So-
ciety Expeditions and Capt. Hasse Nilsson of the MIV Lindblad
Explorer for assistance and support of this study, and to Sally
Hawkins for her painstaking counts of the photographs. This
article is a contribution from the Hubbs-Sea World Laboratory at
Sea Project.
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Foraging characteristics of king
penguins from Saint Andrews Bay,

South Georgia

G.L. KOOYMAN and P.H. THORSON

Physiological Research Laboratory
Scripps Institution of Oceanography
University of California at San Diego

La Jolla, California 92093

Much emphasis has been placed on the abundance and
growth rate of those species of birds and seals that feed on krill.

However, population growth has been impressive, at least at
South Georgia among those species—elephant seals, Mirounga
leonina, and king penguins, Aptenodytes patagonicus—t hat do not
feed on krill and that forage in midwater to deep depths. This
fundamental difference, as well as several other striking dif-
ferences in king penguins compared to other penguins, prom-
pted continued work on this remarkable species (figure).

This study was an extension of a preliminary project begun in
February 1980 at Schleiper Bay, South Georgia (Kooyman et al.
1982). The objectives of the present study were to determine the
energy consumption rate of foraging trips and to divide the total
energy cost into the component parts of resting and swimming.
In addition, the foraging success will be estimated from the
energy consumed minus the energy returned to the colony.
Feeding behavior was determined by analyzing the dive dept
frequencies and determining the type of prey.
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Two king penguins at Saint Andrews Bay, South Georgia. One re-
markable bird (on the right) was all black except for the yellow
auricular patches. Several partially black penguins were also seen.

The data were obtained at Saint Andrews Bay, South Georgia,
during February and March 1985. Energy estimates were meas-
ured by the doubly labeled water method (Lifson and McClin-
tock 1966), in which the disappearance rate of the isotopes of
oxygen and deuterium were determined. This procedure was
the same as that used by Nagy et al. (1984) to estimate foraging
energetics of jackass penguin, Spheniscis demersus, and differed
from previous estimates of king penguin (Kooyman et al. 1982)
and gentoo, Pygoscelis papua, and macaroni Eudyptes
chrysolophus penguin (Davis et al. 1983) energetics, where sever-
al assumptions had to be made about food composition and
water uptake. Penguins were weighed before and after trips to
sea to determine foraging success by the criteria of weight gains
and losses, and energy content of the gain in mass. In addition,
some birds' stomachs were lavaged (Wilson 1984) to determine
amount of weight gain attributable to undigested food and to

determine the type of prey captured. Depth distribution of prey
was estimated by measuring the dive depths of penguins using
depth histogram recorders (Kooyman et al. 1983).

At this time, no analyses have been completed on energy
requirements of the birds, but average weight gain for birds
spending 7 days at sea was about 1.8 kilograms. Most of this
gain was undigested food in the stomach. The food appears to
consist mainly of fish. Dive depth records suggest that the fish
are midwater species. Based on 11 dive records which were
obtained from about 2 months at sea, we found that the fre-
quency distribution over nearly 7,400 dives seemed to be bi-
modal, with 27 percent of the dives deeper than 100 meters.

This research was supported by the British Antarctic Survey
and National Science Foundation grant DPP 83-16963. Collab-
orators in various aspects of this project were Randall Davis and
John Croxall. The captain and crew of RRS John Biscoe provided
transport of supplies to Saint Andrews Bay and transported
Thorson and me back to South America. Society Expeditions
provided transport from Punta Arenas, Chile, to South
Georgia.
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