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Research activities of the United States in the
Antarctic Peninsula were augmented during the
1970-1971 austral summer by an extensive physiologi-
cal research program on R/V Alpha Helix. Fifteen
scientists from six universities were involved in the
program, which was sponsored by the National Sci-
ence Foundation. Alpha Helix left Punta Arenas for
Palmer Station on December 28, 1970. Laboratory
work was started on arrival in Arthur Harbor on
January 2 and was completed on departure from
Deception Island on February 23, 1971. The vessel
returned to Punta Arenas 4 days later.

Alp 1 a Helix, a vessel 41 in with a displacement
of 464 metric tons, is operated by Scripps Institution
of Oceanography. It has accommodations for 10
scientists and carries a crew of 12. The vessel was
specifically designed and equipped for the use of
experimental biologists. There is one large laboratory
(about 7 by 8 m) on the main deck. Part of this is
a wet laboratory that can be independently tempera-
ture regulated. The lower deck has a smaller labora-
tQry, a darkroom, a freezer-laboratory combination
and a well equipped machine shop. The upper deck
has a library large enough for meetings and seminars.

The Antarctic Peninsula offered several important
advantages as the site of the expedition. The area has
aiti abundant and varied fauna, including one of the
f  accessible and large populations of the hemo-
glbin-free icefishes of the family Chaenichthyidae.
14 any weather-protected anchorages provide the sta-
bility needed for laboratory work. The nearby South
Shetland Islands would have been a suitable alterna-
tive site had heavy ice prevented operations farther
south.

Because of the unusually warm and calm weather
arid the absence of heavy sea ice during the stay in
Aitarctica, most of the collecting could be done with
the vessel's 5-m and 6-m utility boats. A total of 482
small boat trips were made during the expedition.
Since the vessel could be kept in anchorage in Arthur

Harbor for long periods, interruptions of laboratory
work were kept to a minimum. The stay in Arthur
Harbor offered many scientific and logistic advan-
tages. Valuable collaboration took place between the
Alpha Helix program and the USARP program at
Palmer Station. Some exchange and rotation of
equipment and personnel resulted in the most efficient
use of all facilities and greatly enhanced the overall
progress of the programs. The collaboration was
stimulating for all concerned and opened new avenues
for future physiological studies on the animals in the
area.

A wide variety of physiological problems em-
phasizing thermoregulatory and cardiovascular func-
tions were studied during the expedition. The studies,
which were often carried Out through team efforts,
involved the use of very elaborate physiological and
biomedical instrumentation. Some of the main re-
search activities are briefly mentioned here.

K. Johansen, R. W. Millard, and W. K. Milsom
of the University of Washington examined the cardio-
vascular physiology of penguins and the giant petrel.
Specific attention was paid to the importance of leg
blood flow in temperature regulation and to the
vasomotor control mechanisms that govern this flow.
Methods included calorimetry, ultrasonic and electro-
magnetic flow meters, and microthermistors. Radio-
telemetry was used to study the cardiovascular re-
sponses in penguins to exercise and diving in re-
strained laboratory situations and in unrestrained
activities on land and in the water. These investi-
gators also examined the postembryonic development
of the respiratory properties of blood in the Adélie
penguin.

Different though somewhat related thermoregula-
tory studies on the Adélie penguin were carried out
by F. N. White and K. R. Morgareidge of the Uni-
versity of California at Los Angeles. The roles of feet
and flippers in heat dissipation were quantitatively
assessed and related to blood flow studies and anatom-
ical studies with vascular casts. The role of shivering
in thermoregulation was examined. Methods included
xenon-133 tissue clearance rates and direct blood
flow measurements. Field studies were made on eggs
and free-roaming birds using temperature telemetry
from implanted transmitters.

July—August 1971	 91



r

The counter-current heat exchange in the respira-
tory nasal passageways of birds lessens their respiratory
heat loss. D. E. Murrish of Case Western Reserve Uni-
versity investigated this process in penguins and other
birds by measuring exhaled-air temperatures and nasal
temperature gradients. The nasal passages were stud-
ied anatomically, and findings were related to the
active and passive control of respiratory heat loss.

H. T. Hammel and L. Crawshaw of the Scripps
Institution of Oceanography studied the thermoregu-
latory responses to selective heating and cooling of
hypothalamic brain tissue in Adélie penguins through
the use of permanently implanted thermodes. The
primary goal was to determine the characteristics of
the central nervous system involved in the regulation
of internal temperature in these animals. In another
study, these investigators examined the ability of two
antarctic fish species to detect and react to changes
in environmental temperature (see p. 93).

Individual and collaborative studies by A. R.
Hargens, P. F. Scholander, and W. Urns, Scripps
Institution of Oceanography, were concerned with
several aspects of the colloidal osmotic pressures of
the blood and the interstitial fluid pressures in various
antarctic animals available near Arthur Harbor.
Hargens extended these studies to the problem of
freezing protection in fishes and intertidal limpets by
measuring blood freezing points and ice propagation
rates.

Two projects involved the coordinated use of

Palmer Station and Alpha Helix facilities. In one
(see p. 95), G. L. Kooyman and J . P. Schroeder,
Scripps Institution of Oceanography, and D. G.
Greene, State University of New York at Buffalo,
studied the physiological aspects of deep diving in
penguins and shags. Deep dives were simulated
through the use of a pressure chamber while blood
gas tensions and other parameters were measured.
The asphyxial tolerance of the animals was also in-
vestigated. In the other project (see p. 93), which
was started at Palmer Station before Alpha Helix
arrived, E. A. Hemmingsen and J . A. Smith, Scripps
Institution of Oceanography, and E. L. Douglas, Uni-
versity of Missouri at Columbia, studied the respira-
tory physiology of chaenichthyids, in particular with
respect to the adaptation of these animals to higher
temperatures. Values for such parameters as rate of
oxygen consumption, blood pressure, blood gas ten-
sions, and blood flow were obtained.

In addition to these more extensive studies, smaller
investigations included the respiration of chaenich-
thyid larvae (see p. 94), the properties and the func-
tion of myoglobin in penguin muscles, and the water-
vapor permeability of the shells of bird eggs.

Overall, the time in the field was efficiently used,
and no technical, weather or other problems were
encountered. The pre-expedition plans were followed
with only minor deviations. Excellent support was
rendered by Captain Robert B. Haines and his able
crew.

R/V Alpha Helix at Port Lockroy.
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