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revious research has shown that common diving petrels
(Pelecanoides urinatrix) show a classical increase in plas-

ma levels of corticosterone in response to stress such as cap-
ture and handling. In other avian species, it has been shown
that increases in plasma levels of corticosterone following
acute stress trigger alternate behavioral patterns that appear
to reduce the likelihood that an individual will become
severely debilitated. For example, violent and unpredictable
storms may potentially result in severe stress for individuals
while breeding. Transitory increases in corticosterone as a
result of the storm, however, suppress reproductive behavior
and potentiate survival behaviors such as increased foraging,
movements away from the source of stress, and mobilization
of glucose. These alternate behavioral patterns reduce the
potential for chronic stress, and when the source (e.g., the
storm) passes, corticosterone levels wane, and the individual
returns to renest. This alternate behavioral pattern can also
apply to other processes in the life cycle such as migration or
winter foraging ranges.

In the common diving petrel, Smith, Wingfield, and Veit
(1994) showed that a severe storm in midwinter resulted in
high levels of corticosterone accompanied by massive flights
of diving petrels toward islets off South Georgia. Recently, we
found that a more pelagic species, the blue petrel (Halobaena
caerulea), showed the classical increase in corticosterone lev-
els following an acute stress such as capture and handling but
did not show any increase of circulating corticosterone during
a severe storm. The day after the storm, however, baseline
levels of corticosterone were elevated suggesting that the
storm did eventually result in stress responses. We also know

that when breeding, the king penguin (Aptenodytes patagoni-
cus) may fast voluntarily for up to 60 days. Although fasting
would constitute a severe stress for most other vertebrate
species, by retaining low levels of corticosterone, the king
penguin is able to tolerate the fast (Cherel, Leloup, and LeMa-
ho 1988). We showed that although these birds appear resis-
tant to chronic stress such as fasting when breeding, they still
show a dramatic increase in corticosterone in response to
acute stress such as capture and handling.

Our data from three species indicate that the mecha-
nisms of control of glococortico steroid release differ in chron-
ic and acute stress. This is a unique finding and may have
considerable import for the modulation of alternate behav-
ioral patterns (and foraging distributions in southern
seabirds) triggered by stress. The mechanisms underlying
these modulations may provide us with a greater understand-
ing of how animals live in extreme environments.
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Foraging ecology and reproductive energetics of
antarctic petrels
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T
his multiyear study is examining the foraging ecology and
reproductive energetics of snow petrels (Pagodroma

nivea) and cape petrels (Daption capense)in the Rauer Islands,
Antarctica (68 050'S 77°50'E). The 1993-1994 season was the
first season in a 3-year study of interannual and interseasonal
variation in adult foraging strategies, parental reproductive
effort, and nestling energy requirements.

The concept that reproductive performance is an indica-
tor of food availability, and thus of the status of marine ecosys-
tems, has generated considerable interest (Croxall and Prince
1980; Wanless et al. 1982; Ricklefs, Duffy, and Coulter 1984;

Cairns 1987; Croxall et al. 1988). If a direct link can be estab-
lished between food availability and some aspect of reproduc-
tive performance, then ecosystem-level processes might be
evaluated relatively simply. This premise rests on the assump-
tion that seabird reproduction is energy limited such that in
years of low food availability reproductive performance is
impaired. The form of this relationship between reproductive
performance and food supply is unclear. If seabird perfor-
mance is to be considered a useful indicator of environmental
condition, a correlation between performance and food avail-
ability must exist over a wide range of conditions.
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Thus far, most assessments of the potential link between
seabird reproductive performance and food supply have
focused on chick growth rate, maximum chick body mass, or
mass at fledging (e.g., Ricklefs et al. 1984; Croxall 1984).
Growth rate is thought to be particularly sensitive to varia-
tions in the rate of food delivery, which in turn is assumed to
correlate with food availability (Barrett et al. 1987; Mon-
aghan et al. 1989). Critical evaluations of the link between
food supply and reproductive performance will benefit from
direct examinations of the magnitudes and patterns of ener-
gy flow, from marine environment through parents to off-
spring.

Most studies of seabird energetics have focused on adults
(reviewed by Green and Brothers 1989) and our understand-
ing of the adult-offspring energy dyad is incomplete. Knowl-
edge of nestling energy requirements and how they relate to
organismal traits and environmental conditions is essential to
evaluating the putative link between food supply and repro-
ductive performance.

There is considerable international interest in the role of
seabirds in antarctic marine ecosystems and how human
activities may affect seabird populations. Instantaneous and
cumulative food consumption and energy flux are crucial
indices of the impact of petrels on the marine ecosystem and,
in turn, of the possible consequences of ecosystem changes
(e.g., large-scale krill harvesting) on petrel populations. By
studying diet, energy metabolism, and chick growth over
three consecutive breeding seasons, valuable insights will be
gained into the interannual variation in population energetics
at Prydz Bay and how such variation affects seabird reproduc-
tive performance.

The field site for this study is Hop Island in the Rauer
Island group, approximately 40 kilometers south-southwest
of Australia's Davis Station. The field season began on 5
November 1993 and continued until 18 February 1994. Due to
shipping schedules we were unable to remain in the field
through the end of the fledging period. This first season pro-
vided baseline data on attendance patterns throughout the
breeding season, laying dates, incubation period, hatching
dates, and nestling survival through the late-nestling period.
Chick growth curves were generated from daily nestling mor-
phometric measurements.

Measurements of field metabolic rates of chicks and of
breeding adults of both species were made using the doubly
labeled water (DLW) technique. Diet samples were collected
from breeding adults of both species. Preliminary analysis of
samples indicates that snow petrels fed primarily on fish
whereas the diet of cape petrels was composed primarily of
krill. Fecal samples from chicks were collected to establish diet
from stable isotope analysis (ratio of nitrogen-15 to nitrogen-
14) of the feces. Feeding rates and meal sizes were determined
from observations of nest sites and from overnight chick
weighing measurements.

This research was supported by National Science Founda-
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Antarctic procellariiform seabirds can smell krill
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p
rocellariiform seabirds (i.e., the petrels, albatrosses, and
shearwaters) have an exquisitely developed olfactory sys-

tem (Bang 1965, 1966). The olfactory prowess of these birds
has been documented for a number of different species
(Hutchinson and Wenzel 1980; Jouventin and Robin 1984;
LeQuette, Verheyden, and Jouventin 1989; Clark and Shah

1991). Still, why these birds have evolved such a keen sense of
smell or precisely how they use olfactory information in the
wild remains a mystery.

Procellariiform seabirds are readily attracted to fishy
smelling oils deployed at sea (e.g., cod liver or tuna oil, fish
homogenate), suggesting that olfactory cues might be used to
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