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such a recent colonizer of the Antarctic that no such
mechanism has evolved.
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In November 1967 at Hallett Station, I found that
when the Adélie penguin (Pygoscelis adeliae) egg is
laid, the embryo is at the same stage of development
and of the same size as the unincubated chick blasto-
derm. The naturally incubated penguin embryo
reaches the primitive streak stage in 3-4 days com-
pared to 15-18 hours for the artificially incubated
chick embryo. In November 1968 at Hallett Station,
two studies were done to determine whether this slow
development is due to egg exposure or is the natural
rate of development at any temperature.

For the first study, eggs 0-4 hours old were col-
lected and stored 1-5 days at 15°C. The eggs were
then incubated artificially in two groups, one at 34°C.
and the other at 38°C. Development was followed to
stage 13 of Hamburger and Hamilton (1951), equiva-
lent to a 2-day, 19-somite chick embryo. The rate of
development at 34°C. was similar to that reported by
Herbert (1967). Even with incubation at a constant
34°C., the Adélie penguin embryo required 3-4 days
to reach the primitive streak stage. Therefore, cooling
by exposure is not the only cause of the slow early
development observed with natural incubation. Incu-
bated at 38°C., the penguin embryo required 2-3
days to reach the primitive streak stage, and reached
stage 13 in 5 days. At 34°C., the penguin embryo
reached stage 13 in 7 days. Some factors in addition to
temperature must control the rate of development of
the penguin embryo since it could not be accelerated
to that of the chick by incubation at 38°C.

For the second study, my assistant (Mr. DeVere
Burt) observed the brooding behavior of pairs with
eggs of known (to within 4 hours) incubation age. At
comparable incubation periods, these embryos were
compared to embryos artificially incubated at 34°C.
The poor-brooding peripheral pairs lost so many first
eggs that it was not possible to compare the rate of
development of embryos incubated by good and poor
brooders. The rate of development, even with good
brooders, was found to be more variable than with
embryos incubated artificially at 34°C., probably due
to cooling of the egg associated with movements of
the brooding penguin.

This cooling is rapid under the severe conditions
under which these penguins breed. It would seem ad-
vantageous for a bird breeding in the cold to hold the
egg (in the uterus) until embryo heat production is
higher than heat loss. The Adélie penguin may be
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Adélie Penguin Orientation under the
Northern Sun
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Aclélie penguins (Pygoscelis adeliae) artificially dis-
placed to featureless snow areas in Antarctica use the
sun azimuth and a biological clock to steer straight
courses NNE with respect to their home longitude.
This behavior necessitates a clockwise compensation
for sun azimuth motion at the rate of 15° per hour
(Emlen and Penney, 1964; Penney and Etnlen, 1967).
Adlie penguins released under the northern sun and
using the same system of orientation should make
errors averaging 30° azimuth per hour because of the
apparent reversed sun azimuth motion. The purpose
of the present experiment was to determine if such
errors were indeed observable.

On November 30, 1968, five pairs of penguins were
captured at 2100 hrs. (0900 hrs. GMT) at Cape Cro-
zier, Ross Island, Antarctica (77°28'S. 169°14'E.),
and confined to individual transport boxes. By heli-
copters, trucks, and jet aircraft, the birds were trans-
ported to Grand Forks Air Force Base, Grand Forks
Co., North Dakota (47°47'N. 97°25'W.), within 58
hours of capture. During this period and the next six
days, the birds were subjected to varying light intensi-
ties and possible photoperiodic phase shifts due to
intermittent confinement in semidarkened boxes and a
small room with one window, and constant low-inten-
sity fluorescent lighting.

All releases were made under clear skies on Parti-
ally snow-covered fields between 0900 and 1600 hrs.
local time (CST). Two different release sites were
used. The first, used on December 3, was a stubble
field extending approximately 650 m E-W and 900
mu N-S. The second site, used on December 5 and
6, consisted of stubble and plowed fields extending
approximatel y 800 m E-W and 750 m N-S, with few
visible landmarks.
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