
species of Crustacea (all from the orders Euphau-
siacea and Amphipoda), at least three species of
fish, one species of Cephalopoda, and minor amounts
of marine algae, parasites, stones and other debris.
By weight, the identifiable food items were in the
following proportions: Crustacea, 60 percent; fish
remains, 39 percent; and miscellaneous, one per-
cent. The high percentage of fish in the stomachs
is surprising, as earlier work done in other parts
of the Antarctic usually makes reference only to
krill, Euphausia superba, in stomachs collected.
Not only was the proportion of fish quite high but
the common food organism E. superba, found in
stomachs of Adélies in most other areas studied,
was replaced in the Crozier birds by the much
smaller E. crystallorophias.

This study was continued and expanded during
the 1965-1966 season. A technique was devised
whereby food could be removed from the stomachs
without harming the birds, thus making the col-
lection of a large number of samples possible.
Twenty kilograms of samples, collected during the
1965-1966 season, are now being analyzed.

Studies of the south polar skua have continued
for four seasons in a study area containing about
115 pairs of breeding birds. Of 205 banded
breeders present in 1964-1965, 197 (96 percent)
returned in 1965-1966. This figure and data from
previous years indicate an annual mortality of breed-
ing adults of 4 to 8 percent, 12 to 18 percent annual
breakup of mated pairs, and a high degree of nest-
site tenacity.

Totals of 9 two-year-old, 117 three-year-old, and
51 four-year-old skuas were recorded, all banded
at Crozier as chicks. None of these was known to
breed although three- and four-year-olds have bred
in other areas, possibly reflecting a lower mortality
of established breeders at Crozier and a stable and
undisturbed population.

During a visit to Beaufort Island, 80 kilometers
(50 miles) from Cape Crozier, further evidence of
the wandering behavior of immature skuas was
gathered when a three-year-old, banded originally
at Crozier, was observed. This bird was also re-
corded at Crozier 10 days before and 17 days after
the Beaufort sighting. Crozier skuas were observed
feeding 80 kilometers (50 miles) away at the Mc-
Murdo Station garbage dump early in the season.
Evidence of longer travels during winter comes from
a one-year-old skua found dead on a beach in south-
eastern Australia. This is the fourth recovery of a
banded skua north of Antarctica and, to our knowl-
edge, the sixth observation of a one-year-old bird
after fledging.

The presence of DDT and its residues in Adélie
penguins and a crabeater seal, Lobodon carcino-

phagus, was reported (Sladen et al., 1966) for the
first time in Antarctica from specimens collected in
February 1964. This report has been confirmed
from analysis made from Adélies, skuas, and one
fish, Rhigophila, collected in December 1964 and
January 1965 (George and Frear, in press). Speci-
mens of muscle and heart collected from Adélies in
extremes of physiological conditions during the
breeding season have demonstrated the stability of
the isozymes of lactate dehydrogenase (Markert and
Sladen, 1966).

References
George, J. L. and D. E. H. Frear. (in press). Pesticides in

the Antarctic. Journal of Applied Ecology. [Supplement].
Markert, C. L. and W. J. L. Sladen. 1966. Stability of lactate

dehydrogenase isozyrne patterns in penguins. Nature, 210
(5039): 948-949.

Sladen, W. J. L. 1958. The Pygoscelid penguins: 1, Methods
of study; 11, The Adélie penguin. Falkland Islands De-
pendencies Survey Scientific Reports, No. 17. 97 p.

Sladen. W. J. L., C. M. Menzie and W. L. Reichel. 1966.
DDT residues in Adélie penguins and a crabeater seal
from Antarctica. Nature, 210(5037): 670-673.

Biotelemetry Studies on Penguin
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The purpose of this program is an investigation

of the adaptive mechanisms permitting the emperor,
Aptenodytes forsteri, and the Adélie, Pygoscelis
adeliae, penguins to survive the rigorous antarctic
environment. Special emphasis is being placed on
the physiological and behavioral mechanisms of
thermoregulation in these species (Goldsmith and
Sladen, 1961; Prévost, 1961). The new techniques
of biotelemetry (the means of gaining and trans-
mitting information from an organism to a remote
observer) were used for the first time to monitor
the body temperature in these species. Previous bio-
telemetry investigations in Antarctica have involved
measuring the incubation temperatures of eggs (Ek-
lund and Charlton, 1959) and tracking the move-
ments of Adélie penguins (Penney, 1965).

This work and related studies on the breeding
biology of the emperor penguin began on October
14, 1965, from a temporary field station on the sea
ice below the Ross Ice Shelf at the Cape Crozier
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emperor rookery.
The early part of the season was spent testing

telethermometer equipment and exploring the tech-
niques for anaesthesia and surgery. Halothane anaes-
thesia proved ideal. It produced rapid induction and
relaxation, had a wide margin of safety, and allowed
the penguins to return to their normal activities a
few minutes after the operation. Fourteen plastic
dummy transmitters were implanted subcutaneously
or into the body cavity to test surgical procedures.
Of five sites tested, the one in the abdominal cavity
proved superior.

Internal body temperatures recorded from a
thermistor probe introduced into the stomach by
swallowing were monitored from two adult emperors
for over two days in a pen on the sea ice at the
emperor rookery. Internal temperatures averaged
38.7CC. (range 37.6°C. to 39.7°C.) and 38.6°C.
(range 37.8°C. to 39.3°C.), respectively. A captive
emperor at the Adélie rookery was monitored in this
manner for over three days after implantation of a
dummy transmitter and the average temperature was
38.6°C. (range 37.8°C. to 39.0°C.), thus indicat-
ing that the effects of transmitter implantation on
body temperature are minimal.

Biotelemetering started in late December. The
transmitters, designed and constructed by Kenneth
Bindle, were placed in plastic capsules measuring 7.0
by 1.6 by 1.6 centimeters. Weighing 18 grams, they
had a battery life of up to two months. The ttans-
mitted pulses, the rate of which varied according
to the body temperature, could be received up to a
distance of 20 meters (65 feet) from the bird.
Transmitters were surgically implanted into four
adult and two chick Adélies. Three of the birds
were free-living and were monitored from a tent
alongside a colony. The others were confined to a
pen but still able to move around freely.

Continuous data on body temperature fluctuations
were collected from both probes and transmitters
in individual birds for as long as 14 days in an
adult Adélie (average 38.7° C., with a range from
37.7°C. to 39.6 0 C.). As a check on the accuracy of
telemetered data, simultaneous recordings of body
temperature were made from thermistor probes intro-
duced into the proventriculus. It was found, from
simultaneous probe recordings at both body sites, that
the abdominal cavity registered a temperature about
0.3°C. lower than that of the proventriculus. With
this factor taken into account, our most stable trans-
mitter, in 23 hours of simultaneous recording, gave
an estimated average abdominal body temperature
0.1°C. higher than the corrected average probe
reading. Of particular interest were the fluctuations
in body temperature recorded from birds in loud mu-
tual display, a behavioral pattern occasioned by plac-

ing together a pair of adults for the first time: a 1.0°
C. rise in 15 minutes was noted. Similar fluctuations
were noted when birds were disturbed by helicopters.

Other general observations on the breeding habits
of the emperor penguin were made. A new design
of flipper band (Penney and Sladen, in press), made
of Teflon and placed on emperor penguins in Oc-
tober 1964 by Richard L. Penney and Rear Admiral
James R. Reedy, was found to be in perfect condi-
tion after one year on the birds. One emperor
banded with a pre-crèche chick in 1964 was again
seen guarding a chick. This appears to be the first
evidence that these birds have an annual breeding
cycle despite their very long breeding season of
almost 10 months.

Studies were made of the movements of the em-
peror rookery along the Ice Shelf; of the rate of
growth of chicks to compare with the work of Pré-
yost (1961); and of the winter and spring mor-
tality of eggs and chicks (from well-preserved
frozen remains on the sea ice). Environmental con-
ditions affecting the rookery in the drift zone at
the base of the cliffs were noted. A fracture in the
sea ice, apparently caused by the same factors de-
scribed by Dubrovin and Konovalov (1964), devel-
oped during a severe storm and caused losses among
the emperor chicks and damage to the field station.
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The Ecology of Antarctic Seals
CARLETON RAY

New York Zoological Society
During this third year of investigation into the

ecology, including the underwater aspects, of the
lobodontine seals (Weddell, crabeater, Ross, and
leopard), the icebreaker USS Burton Island sup-
ported a cruise from December 29, 1965, through
.January 13, 1966, in the western Ross Sea from
McMurdo Sound to Cape Adare and Robertson Bay
in a quest for seals. The ship's helicopters were
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