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Our team of four arrived at the Polish Academy of Sciences'
Arctowski Station, Point Thomas, King George Island, South
Shetland Islands (6210'S 58°30'W) on 6 October 1981. We de-
parted in groups of two on 20 February and 21 March 1982. This
year we collected data on breeding success, breeding syn-
chrony, nest relief intervals and behaviors, diets, and the
growth of chicks of sympatric Adélie (Pygoscelis adeliae),
chinstrap (P. antarctica), and gentoo (P. papua) penguins.

A total of 800 Adélies, 300 chinstraps, and 400 gentoos reared
1.02, 0.97, and 0.90 chicks per pair, respectively, to creche age
(3 + weeks). These data, combined with those we collected in
1977-78 (Tnvelpiece 1981), indicate that the pygoscelid penguins
did not differ with regard to breeding success. However, al-
though Adélies were proficient at hatching eggs, especially in
comparison with chinstraps, they were the least successful in
rearing chicks.

For a study of breeding synchrony among the species, we
determined the sex of and banded 200-300 pairs of each species
and followed these pairs daily to obtain precise egg-laying
dates. We found that the three species had very different in-
cubation strategies. After clutch completion, Adélie males re-
mained at the nest for an average of 12 days, after which the
females took an incubation shift averaging 12 days. Chinstraps
had shorter incubation shifts (about 5 days), and preliminary
analyses indicate that females were as likely as males to take the
first incubation shift. In contrast, gentoos did not fast during
incubation, but relieved each other at about 24-hour intervals.
During the chick phase, data on nests of each species were
collected throughout all daylight hours for 5-8 consecutive
days. Preliminary analyses of these data indicate that during
this phase nest relief intervals were shorter than those pre-
viously reported.

Complete stomach samples were collected from 20 Adélie, 25
gentoo, and 20 chinstrap penguins that were feeding chicks.
Diets of penguins in 1981-82 were similar to those we found in
1977-78 (Volkman, Presler, and Trivelpiece 1980). Adélie and
chinstrap penguins ate krill almost exclusively; gentoos also ate
mainly krill, but 15 percent of their diet was fish. Interestingly,
in both years, male gentoos accounted for the majority of fish
eaten by this species. These data suggest that all the pygoscelids
except male gentoos rely heavily on krill as a food source during
the breeding season.

We recorded the presence of 1-year-old chinstrap and gentoo
penguins at Point Thomas: 4.9 and 7.8%, percent, respectively,
of all chicks banded in 1980-81. This represents the first report
that these species return to their natal rookeries as 1-year-olds;
in contrast, Adélies do not return until 2-3 years of age.

Finally, we collected data on the growth of biomass, culmen,
and tail retrix of 65 Adélie, 45 chinstrap, and 45 gentoo penguin
chicks from hatching to fledging. Adélie and chinstrap chicks
fledged at a mean age of 54 days, gentoo chicks at 74 days. Data
from this study will be compared with similar data from 1977-78
to assess year-to-year variability in chick growth and to generate
average growth curves for the pygoscelid penguins. Data on
chick growth, breeding success, population numbers, diets,
and nest relief intervals will be valuable in assessing any future
impact on penguins of the commercial exploitation of krill.
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All avian eggs are produced by similar physiological mecha-
nisms: lipoproteins synthesized in the liver are deposited
around a developing ovum while it is held in an ovarian follicle.
When whole yolks are frozen, preserved, stained with po-
tassium dichromate, and sliced, a pattern of light and dark yolk
rings becomes apparent. These ring pairs correspond to night
and day deposition of yolk, indicating a diurnal rhythmicity in
yolk development. Layering is related to feeding cycles, but it is
also present in fasting birds. The number of ring pairs and the
rate of yolk deposition remain essentially the same for individu-
als within a species. This predictability in the timing of egg
formation has led us to investigate how egg formation is inte-
grated into the reproductive biology of a given species.

Adélie penguins arrive at the Cape Crozier rookery in late
October after traveling across miles of Ross Sea ice. While still in
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open water, the penguins feed on euphausiids, which are rich in
red-orange carotenoids, and thus deposit pigmented yolk
which appears in rings of cross-sections. The transition from
these "feeding" rings to "fasting" (creamy white and homoge-
neous) rings is conspicuous. Because carotenoids apparently
are not stored in body fat, we consider this position in the yolk
to mark the time when the penguins stopped feeding and
began their sea ice trek.

Using methods developed by Grau (1976) and by Astheimer,
Roudybush, and Grau (1980), we gave oral doses of a lipophilic
dye (Sudan black B) to prelaying female penguins. The dye was
deposited in developing yolk within a few hours of dosing,
producing a blue ring in the yolk; this ring served as a date
marker. The chronology of egg formation was determined by
yolk-ring analysis in conjunction with arrival dates of individual
penguins (see figure).

Two of us (Astheimer and Boekelheide) arrived at Cape
Crozier on 30 October, and on 31 October and 1 November we
captured and marked 60 penguins as they arrived at the rook-
ery. Later we found 28 females of this group after they had
paired. Oral doses of dye were given to these penguins and to
an additional 132 mated females. Nest sites were identifed by
stakes and dosed females were marked on their breasts with
rhodamine dye.

Nests were checked daily; a total of 150 fresh eggs were
collected, including 84 first, 54 second, and 12 third eggs. Third
eggs are not common, but some females were induced to lay a
third egg by removal of their first two eggs. No fourth eggs were
laid, suggesting that only three follicles were actively
developed.

Preliminary analysis of yolk rings shows a period of rapid
yolk deposition of 14 to 16 days in all eggs regardless of order
laid. This corroborates our data on egg composition, which
indicates that, although total egg mass is less in second and
third eggs, yolk mass within a clutch is essentially constant. An
example of one typical clutch is given in the table. Our data
suggest that yolk production is a deterministic process—possi-
bly important for ensuring an adequate nutrient supply to the
developing embryo.

Time-marking of yolk rings with Sudan black B dye proved
exceptionally successful. At this point the following con-
clusions can be drawn:

• Yolk production is initiated while the females are still at sea.
Therefore, proximal cues such as sea-ice breakup and food
supply, as well as photoperiod, may stimulate the onset of
rapid yolk deposition, which takes place over a period of 15
to 17 days.

• In 1981, yolk deposition in first eggs began 10 to 12 days
prior to cessation of feeding, indicated by the clear change
from carotenoid-pigmented to nonpigmented yolk. Sec-
ond and third eggs were begun 3-4 and 6-8 days after the

Central slice of an Adélie penguin egg yolk. A: yolk deposited during
the feeding period; B: yolk deposited while fasting; C: a diffuse layer
of Sudan black B dye. This slice was not treated with potassium
dichromate, which greatly enhances ring definition despite
seemingly homogeneous yolk.

first. Hence, formation of all three yolks was begun long
before the first egg was laid.

• On the basis of the feeding-cessation yolk ring, we estimate
that the time birds spent traveling across sea ice was 1 to 3
days.

• In all eggs, there is a 4-6-day lag between yolk completion
and egg laying. This phenomenon is unknown in domestic
species, which deposit albumen, membranes, and shell
within 1 day of yolk completion. This lag period is typical of
crested penguins (Grau 1982), emus (Hirsch and Grau 1981)
and Cassin's auklets (Astheimer et al. 1980). In auklets, the
yolk is held in the follicle (L. Astheimer unpublished data,
University of California, Davis, 1982) and, as in other birds,
fertilization of the ovum occurs after ovulation but before
albumen deposition. The lag period may provide time for
mobilization of amino acids for synthesis of albumen pro-
teins, or of calcium for shell formation, or both. Or it may
simply provide additional time to ensure that the female is
successfully mated and thus may guarantee the high fertil-
ity that is common in wild birds. Ainley and LaResche
(1973) noted that the peak arrival dates at Cape Crozier may
vary by a week or more annually, depending on sea ice
conditions. Thus, a female penguin, even if delayed in
crossing the sea ice, could arrive at the colony with a

Composition of eggs In a typical clutch (nest 188)

Egg No.	Total mass(g)	Mass(g)

1	 135.45	16.93
2	 126.27	16.92
3	 116.54	17.34

1982 REVIEW

Shell

% of total mass

12.5
13.4
14.9

Yolk
Mass(g)	% of total mass

23.09	 17.0
22.54	 17.9
22.89	 19.6

Albumen

Mass(g)	% of total mass

95.43	70.5
8681	68.7
76.31	65.5
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completed yolk in a follicle, and because of the lag period,
still have 4 days for courtship and mating before laying her
first egg. However, we have no evidence, that the lag
period varies according to environmental conditions or
behavior, or that it is restricted to species that begin yolk
formation prior to the stimulation of mating behavior.

• The time between arrival and laying varied from 8 to 14
days, with a mean of 10.3 ± 1.55. When added to the sea ice
sojourn of at least 1 day and the 3 to 4 days that elapsed
between laying of the first and second eggs, the total time
that females spent away from the sea in their initial visit to
the colony was 13-22 days.

This research was supported by National Science Foundation
grant DPP 81-00159.
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Circadian rhythms in the body
temperature of Adélie penguins
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Many behavioral, physiological, and biochemical characteris-
tics of organisms are not constant in time, but rather exhibit
pronounced variation. Variations that occur with a daily
periodicity are called circadian rhythms. The term circadian is
used because when there is no temporal information from the
environment, the natural period of such rhythms normally is
still approximately 24 hours. In nature, 24-hour environmental
cues serve to reset the "biological clock." This process, known as
entrainment, ensures that the period of these rhythms is exactly
24.0 hours, thereby permitting a constant phase relationship
with solar time. The light-dark cycle experienced by an organ-
ism is one of the most potent synchronizers for circadian
rhythms. In Antarctica, the natural lighting varies from contin-
uous light during the austral summer to continuous darkness
during the winter. This situation raises interesting questions
regarding the 24-hour rhythms of organisms that live in these
latitudes.

We examined the natural circadian rhythm of body tempera-
ture of Adélie penguins, Pygoscelis adeliae, during the austral
summer of 1981-82. During the study there was no time of
complete darkness, but there were some hours of twilight each
night. The lighting intensity at these latitudes in January varies
from greater than 50,000 lux during sunlight days to less than
1,000 lux during twilight (Gallardo and Piezzi 1973). Light inten-
sity and quality during the study varied considerably during
the day because of cloud cover.

Six Adélie penguins were captured in the vicinity of Palmer
Station. Each bird was anesthetized with halothane, and a body
temperature transmitter (AVM Instruments, Inc.) was im-
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Figure 1. Rhythm In body temperature of a representative Adéile
penguin. Each point is the average of data at each time for an 8-day
period.

planted in its abdominal cavity. Lidocaine was used as a local
anesthetic. After recovery, the penguins were confined in out-
door cages that were partially protected from the weather. Read-
ings of body temperature were taken at half-hour intervals
throughout the 5-10-day study period.

A representative body temperature rhythm of an Adélie pen-
guin is shown in figure 1. The temperature values are averages
of temperatures at identical times of day over 8 days. For this
bird, the acrophase of the body temperature rhythm—that is,
the high point of the cycle—occurred at 1400 hours. The acro-
phase for all the penguins was between 1400 and 1700 hours.
The nadir, or low point, for each bird occurred approximately 12
hours later. The day-night temperature difference for all the
birds averaged 1.00 ± 0.3°C.

To characterize the periodicity in the data, spectral analysis
was used. The data were analyzed by a computer program that
fits cosine functions to the raw data. Using a least squares
technique, the periods with the maximum amplitude were de-
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