
vented the British ship RRS John Biscoe from enter-
irg Arthur Harbor on November 10, 1974. As a
giest of the British Antarctic Survey, and later of
the Swedish-American ship Lindblad Explorer, Dr.
Parmelee visited the Falkland Islands (Islas Malvi-
nas) three times, South Georgia twice, and the Ork-
neys once, in addition to numerous stops at the
Suth Shetlands and along the Antarctic Peninsula.
Many observations of birds were made during these
travels, especially at South Georgia where a number
oF tern and other specimens were obtained.

Although study of charadriiform birds at Palmer
had been delayed nearly 6 weeks by the time Dr.
Parmelee arrived there on December 24, it was still
possible to work with breeding pairs on Bonaparte
Point and outlying islands, including several of the
J oubin group. Quite a few terns had renested fol-
lowing loss of early clutches and young, and the
breeding cycle of many skuas was not far advanced.
Gulls, however, were far along in their nesting.

Our initial work was concerned with marking ter-
ritories, banding and color coding breeding adults
and their young. The banding program proceeded
well, especially following the arrival of Messrs.
Fraser and Neilson at Palmer on January 11, 1975.
To date we have marked 120 terns, 188 gulls, 435
skuas of both forms (lonnbergi and maccormicki), in-
cluding 13 F 1 hybrid young. Also banded was a pair
o American sheathbills at their nest on Cormorant
I land, the first recorded nesting of the species in
ti te Palmer area and outside of the Joubin Islands.
Other species being banded at present are giant
p trels, and Wilson's and black-bellied storm

trels.
Dr. Parmelee left Palmer on January 26, and Mr.

F raser left on February 27. Mr. Neilson is carrying
oan ornithological program at Palmer this austral
winter.

This research was supported by National Science
Fundation grant o pp 74-21374.

Behavioral studies of
Adélie penguins

DAVID G. AINLEY
Point Reyes Bird Observatory
Bolinas, Cal[ornia 94924

Our research at Cape Crozier during 1974-1975
wts successful beyond expectations. The work on

Adélie penguins (Pygoscelis adelia) was conducted
from October 22, 1974, toJanuary 27, 1975. Rather
mild weather allowed observations to be made al-
most daily, which is somewhat unusual for Cape
Crozier. Because the project is scheduled for com-
pletion during the 1975-1976 field season, what
follows is a report on trends apparent from a pre-
liminary and superficial review of the data collected.

Our observations centered on Adélie penguins
banded as chicks during the 1961-1962 through
1969-1970 field seasons (Wood et al., 1970) by re-
searchers from The Johns Hopkins University. We
located about 1,700 of these birds, ages 5 to 13
years, during 1974-1975. When finished we hope to
compare the population dynamics of Adélies with
those of the yellow-eyed penguin (Megadyptes anti-
podes) of New Zealand. The latter species is one of
the few seabirds whose population biology has been
studied (Richdale, 1957). The yellow-eyed penguin
is a sedentary, noncolonial subantarctic species,
but the Adélie penguin is a migratory colonial
species of the Antarctic. The contrast should be
interesting and instructive.

It appears that Adélies do not live as long as the
17 to 19 years (or more) reported for yellow-eyed
penguins. Only three 13-year-olds remained in the
banded Adélie population, one of which disap-
peared (assumed to have died) during 1974-1975.
Thus 18 of the 20 oldest banded Adélies disap-
peared since my last visit to Cape Crozier in 1969-
1970. Another readily apparent difference between
the two penguin species relates to the sex of the
oldest birds. Richdale (1957) reported that the old-
est birds were females, but in Adélies almost all
birds older than 11 years are males. It is still too
early to speculate on specific reasons for these dif-
ferences, but in general they may relate to the more
rigorous environment of the Adélie, including pre-
dation by leopard seals (Hydrurga leptonyx).

We also sought to learn more about why certain
members of an Adélie penguin population fail to
breed or even to pair. The very youngest of these
birds, both males and females, are physiologically
immature (Ainley, 1974a); some of the older ones,
almost all males, behave inappropriately during
social interaction (Ainley, 1974b). In 1974-1975 the
nonbreeders included birds as old as 11 years but
mostly included males 5 and 6 years old. We found
that these physiologically mature males that do not
pair were less active socially than those that did
eventually pair. This helps to explain why the non-
breeders are unsuccessful in the competition for
mates, but we may never learn the reasons for their
inactivity.

I gratefully acknowledge the help of Steve Mor-
rell during our 1974-1975 field work. The aid, com-
radeship, and cooperation of Ann Bekoff, Marc
Bekoff, Paul Belanger, and Ron Butler made our
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Radiograph of spinal thermode and hypothalamic thermoC
in an Adélie penguin. Spinal thermode Is  PE 50 poiyethyle
tubing inserted between the second and third thoracic ver
brae and extending to a hairpin bend at the second cervi
vertebra (tubing filled with mercury to render It opaque
X-rays). Two pairs of stainless steel thermodes straddle I

anterior hypothalamus.

4-month tenure at Cape Crozier that much more
pleasant. This research was supported by Na-
tional Science Foundation grant Opp 74-15582.
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Thermal stimulation of the spinal
cord and hypothalamus in

Adélie penguins

H.T. HAMMEL, E. SIMoN, C. SIMON-OPPERMANN,
R. KAUL, and J . MAGGERT

Scripps Institution of Oceanography
La Jolla, California 92037

and
Max Planck-Intitut

fur Physiologische and Klinische Forschung
Bad Nauheim, West Germany

ture decreased, vasoconstriction of skin vessels
induced by spinal canal cooling seemed to be is
proportion to the drop of spinal thermode tempera-
ture. Heating the spinal cord above normal core
temperature reduced vasoconstrictor tone in the
skin.

In a 10°C. environment, cooling the hypothala-
mus 2° to 5°C. below normal temperature either did
not affect oxygen consumption and vasoconstric-
tion or reduced oxygen consumption by a few per-
cent and reduced vasoconstriction appreciably
depending on the extent of cooling. Heating the
hypothalamus at this ambient temperature marked-
ly decreased vasoconstrictor tone and increased
wing temperature to above 30°C. At an ambient
temperature of —200C., and while the penguin
was shivering, cooling the hypothalamus lessened
or inhibited shivering for 15 minutes depending on
the extent of cooling. Cooling the hypothalamus
to below 33°C. could reduce vasoconstriction re-
sulting in an increase in wing temperature even
at —20°C. Heating the hypothalamus to about
40°C. increased shivering and oxygen consump-
tion by a few percent whereas stronger heating to
41 0 to 41°C. was able to reduce or inhibit shiver-
ing.

These results are as we anticipated. Neurones
in the spinal cord can transduce temperature in
the hypo-, normo-, and hyperthermic range with
the effect of negative feedback control of deep
body temperature. However, the magnitude of the,
response to a given alteration in spinal cord
temperature seems to be less than the response

Under anesthesia, a thermode was placed in the
spinal column and thermodes were implanted
around the rostral brainstem of Adélie penguins
(figure 1). By controlling the temperature of water
circulating through these thermodes the tempera-
tures of the hypothalamus and the spinal cord
could be varied independently between 32° and
42°C. After 1 week, shivering and blood flow to the
wing was investigated in these penguins in response
to altering spinal and hypothalamic temperatures.

In an environment at —201C., the Adélie penguin
usually shivers. Cooling the spinal canal increased
shivering and oxygen consumption, and heating
the spinal cord decreased shivering and oxygen
consumption, or inhibited shivering for up to 15
minutes. Heating the cord at this ambient tempera-
ture also decreased vasoconstriction as it occasional-
ly induced a small increase in the wing temperature.

In a 10°C. environment, cooling the spinal cord
slightly increased oxygen consumption by shivering
and increased vasoconstriction. As flipper tempera-
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