
maintain their condition throughout courtship and incubation
via small daily intakes of food. The gentoo's strategy of short
daily feeding trips appears to be much more successful during
years of low food availability.

This year we collected 39, 23, and 34 complete stomach con-
tents of breeding Adélie, chinstrap, and gentoo penguins, re-
spectively, using a modification of the stomach pumping meth-
od described by Wilson (in press). The diets of pygoscelid
penguins in Admiralty Bay are very consistent year to year. As
in two previous seasons (1977-1978 and 1981-1982), Adélie and
chinstrap penguins ate 99 percent krill (Euphausia superba), and
gentoo penguins ate 84 percent krill and 16 percent fish. Other
findings consistent over the 3-year period were (1) Adélies
returned with the most digested stomach contents, gentoos the
least, and (2) Adélie mean relief times during the chick guard
phase were significantly longer than gentoo or chinstrap. These
results suggest that Adélie penguins feed further offshore than
do either of its congeners.

Interestingly, we continued to find differences in the diets of
male and female gentoo penguins. Gentoo penguins ate on
average 16 percent fish, however, males ate 23-32 percent fish
and females ate only 2-15 percent. Comparing the bill sizes of
Adélie, chinstrap, and gentoo penguins revealed that whereas
the first two species had an 80 percent overlap in bill size

between sexes, gentoos had only a 10 percent overlap. Di-
morphism indices (DI, after Storer 1966, Ainley and Emison
1972), for bill size (the square root of culmen length x bill depth
at nares) indicated that in all three species, males were larger
than females and that the gentoo was the most sexually di-
morphic species (DI = 7.3, 8.2, and 11.3 for Adélie, chinstrap,
and gentoo penguins, respectively). The greater degree of sex-
ual dimorphism in bill size and diet of gentoo penguins may
reflect the fact that, unlike its congeners, it is nonmigratory
during the winter when food availability may be low, and intra-
specific competition for it intense.

This research was supported by National Science Foundation
grant DPP 81-17205.

References

Ainley, D. G., and W. B. Emison. 1972. Sexual size dimorphism in
Adélie penguins. Ibis, 114, 267-271.

Storer, R. W. 1966. Sexual dimorphism and food habits in three North
American accipiters. Auk, 83, 423-436.

Wilson, R. P. In press. An improved stomach pump for penguins and
other seabirds. Journal of Field Ornithology.

The effect of lighting conditions on
circadian rhythmicity in the body
temperature of Adélie penguins

SHARON A. SICKLES and DAVID E. MURRISH

Department of Biological Sciences
State University of New York-Binghamton

Binghamton, New York 13901

Biological rhythms have been observed in organisms ranging
from single-celled eukaryotes to the most complex multicellular
plants and animals. Many behavioral and physiological func-
tions exhibit variation according to the time of day. These varia-
tions have been termed circadian rhythms because the period of
the rhythm is approximately 24 hours even when there are no
temporal cues from the environment. Normally, 24-hour en-
vironmental cues serve to reset the "biological clock" so that the
rhythm remains in the correct phase relationship with the en-
vironment and with the other rhythms of the organism. The
primary synchronizer of the circadian timing system is the
light-dark (LD) cycle experienced by the organism.

The natural lighting in polar regions provides periods of
relatively constant lighting conditions with continuous light in
summer and continuous dark in winter. The other seasons
subject organisms to varying LD cycles. Muller-Schwarze (1968)
found that Adélie penguins, Pygoscelis adeliae, exhibited circa-
dian rhythms in activity during the austral summer. It is not

known if polar organisms display prominent circadian rhythms
throughout the year. We did a preliminary set of experiments to
see if circadian rhythms in a physiological variable exist in a
polar bird.

The core (body) temperature of free-ranging and captive
Adélie penguins was monitored by radio telemetry in De-
cember 1982. The nonincubating members of four pairs of birds
with eggs were captured, anesthetized with halothane and
temperature transmitters (AVM Instruments, Inc.) were placed
in the peritoneal cavity. The birds were released near their nests
and were monitored continuously for 2 days to assure recovery.
Body temperatures were again determined from these birds in
the rookery in early January. Following this, the birds were
recaptured and placed in a communal outdoor pen. They were
maintained in the natural photoperiod of continuous light (LL)
for 4 days. The light intensity in these latitudes varies from
greater than 50,000 lux during sunny middays to less than 1,000
lux at twilight (Gallardo and Piezzi 1973). Cloud cover also
caused the intensity of light to vary.

Body temperature data were analyzed using period-and-
phase analysis on a microcomputer (Sulzman 1982). This al-
lowed us to characterize the periodicity of the data and to
establish the presence or absence of rhythmicity.

The body temperature of an Adélie penguin under different
lighting conditions is shown in the figure. Analysis indicated
that in the natural photoperiod, the body temperatures of both
penned birds and birds in the field were arrhythmic (block A of
the figure).

The birds were placed on a LD cycle following the LL exposure.
The light period of 16 hours was natural sunlight and the dark
period of 8 hours was obtained with a light-tight cover on the

210	 ANTARCTIC JOURNAL



TIME MRS)

4'

4

39

38

37

36

41

4

39

F—	38

37

36

4'

4

CL

M 37

36

Body temperatures of a penned Adélie penguin measured between 9
January 1983 and 19 January 1983: "A" shows the body temperature
In the natural photoperiod (LL), "B" In a light/dark (LD) 16-to-8 pho-
toperiod; "C" in constant dark conditions (Do).

pen. This LD 16:8 cycle entrained the birds to a 24-hour period
(block B of figure). Body temperatures were considerably higher
during the day and lower during the night as is typical of
diurnal homeotherms. There was also an anticipatory increase

in body temperture shortly before lights on suggesting that the
rhythm is endogenous in nature (Fuller, Sulzman, and Moore-
Ede 1979).

One bird was placed in complete dark (CD) for 2 days follow-
ing the LD 16:8 portion of the study. The body temperature
rhythm of the bird persisted although the mean was lower than
in LD conditions (block C of figure). The persistence of the
rhythm in constant dark demonstrated the endogenous nature
of the rhythm and that an LD 16:8 cycle was an effective syn-
chronizer of body temperature. The lower range of temperature
values in the rhythm is typical of a diurna homeotherm in DD

conditions because light intensity has been shown to influence
the level of body temperature (Fuller et al. 1981). Organisms
often lose rhythmicity in constant conditions after a period of
time. This gradual loss of rhythmicity is called damping out.
The present study was not long enough to determine if damp-
ing out occurs in the body temperature rhythm of Adélie
penguins.

Circadian rhythms in antarctic organisms have not been ex-
tensively investigated. This preliminary research clearly de-
fines the need for considerable study of examine the effects of
the extreme photoperiods on the circadian timekeeping system
of organisms indigenous to the polar regions.

Sharon Sickles and David Murrish were at Palmer Station
from 24 December 1982 to 17 February 1983. This work was
supported by National Science Foundation grant DPP 80-19988.
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