order to collect airborne plant propagules. Less than
10 percent of the exposed petri dishes showed signs
of fungal colony formation, and this was by
members of the genus Penicillium; most of these
fungi are being studied in the laboratory. The living
algae collected were frozen and returned to Ohio
State University, where they resumed growth under
controlled environmental conditions.
The air temperatures recorded at the base camp
by the U.S. Navy aerographer are given in the
graph. Rock-surface, subsurface, and water temperatures were taken at many localities. Temperatures taken simultaneously on rock surfaces and two
feet above them ranged from 10°C. to +20'C.
and from —11°C. to +7°C., respectively, the air
temperature always being the lower of the two. The
highest rock-surface temperatures were recorded in
mid-January on Mounts Gray and Giles. The water
temperatures, all of which were taken in January,
ranged from —0.1°C. to + 14°C.; the highest reading (14°C.) was taken in the Chester Mountains on
January 1, and the second highest (11°C.) was tak-

en in a pond in the Phillips Mountains on January
15. The pH of the water tested ranged from 5.6 to
9.0. The three highest readings (9.0, 8.9, and 8.6)
were made in the Phillips and Chester Mountains
and at Cape Burks, respectively. These three aquatic
localities were characterized by luxuriant algal
growth.
Some animals were observed. Unbanded skuas
flew over camp, and snow petrels flew overhead in
large numbers at camp and field locations. The nesting sites of both birds were found among the rocks
on several of the mountains visited. Two young seals
were seen inland, heading away from open water,
one on December 8 about 55 miles from the coast,
and the other on December 12 about 70 miles inland. The latter seal, a male crabeater pup that
weighed 57 pounds, was captured on the Balchen
Glacier and brought back to camp, where he was
fed fish. Two days later, he was flown to McMurdo,
where he was tagged and released on the sea ice (cf.
Antarctic Journal, vol. II, No. 1, p. 24).
A search was made for arthropods, but none were
found.

Other Scientific Programs
BIOLOGY
Biotelemetry of Penguin
Body Temperatures, 1966-1967
JOHN C. BOYD and
WILLIAM J. L. SLADEN
Department of Pat ho biology
Johns Hopkins University
and
HOWARD A. BALDWIN
Sensory Systems Laboratory
Tucson, A rizona
This program concerns an investigation of the
factors important in the adaptation to the antarctic
environment of the emperor penguin, Aptenodytes
forsteri, and Adélie penguin, Pygoscelis adeliae,
particularly with respect to the interaction of
physiological and behavioral mechanisms of thermoregulation. The field work carried out during the
1965-1966 season (Sladen et al, 1966) introduced
to Antarctica new techniques of biotelemetry (the
instrumental technique for gaining information from
July-August, 1967

a living organism and transmitting it to a remote
observer) in order to monitor deep-body temperatures in the Adélie penguin.
Deep-body temperatures of these species had
been studied previously by means of a mercury thermometer inserted deeply into the cloaca (Eklund,
1942; Prévost, 1961; Prévost and Sapin-Jaloustre,
1964) and by means of a thermistor probe placed in
the proventriculus (Goldsmith and Sladen, 1961).
Before our 1965-1966 study, biotelemetry had been
used in Antarctica for determining the incubation
temperatures of penguin eggs (Eklund and Charlton, 1959).
Our telemetry system, designed and built by Sensory Systems Laboratory, Tucson, Arizona, included
several implantable thermistor-transmitter units
measuring 3.7 )< 1 .5 X 1.8 cm and weighing 20 g.
These units broadcast a 27-me/s pulsed signal
whose rate varied with temperature and whose range
from a free-living bird was 9-12 m. A multichannel
receiver picked up the signal, which was then
modified and transmitted to decade counters that determined the time between pulses; this information
was relayed to a chart recorder. After recalibration
of the transmitters in the field (required because
of component instability), the maximum difference
observed in absolute temperature recorded simultaneously by cloaca] mercury thermometers and
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Observation lint with telemetr y antenna at Cape Crozier
Adélie penguin rookery.

abdominal thermistor-transmitter units was 0.5°C.
at 39.0OC.*
The heart rates of small Adélie chicks were determined with an electrode-transmitter ECG unit, and
body temperatures were monitored by thermistor
probes, which were inserted 2-3 cm into the abdominal cavity and sutured externally. Skin temperatures of flippers and feet were monitored by flat
thermistor probes attached at proximal and distal
points of those extremities.
Field experiments were conducted from October
26, 1966, to February 8, 1967, at an observation
hut erected last season at the Cape Crozier Adélie
penguin rookery. Continuous telemetered recordings
were made of abdominal temperatures of six nesting
Adélies, as well as of one adult and three chick
Adélies and three adult and four chick emperors in
enclosures. The temperatures of four nesting
Adélies, one of which was free-living, recorded continuously for 40 hours averaged 38.9°C. and ranged
from 37.5° to 40.0°C.
The possibility that seasonal variation in mean
body temperature is related to the nutritional state
and behavior of Adélies was suggested by the following observation: A significant difference was noted
between the mean body temperature of a bird incubating during the longest fasting period at the beginfling of the season (38.0°C.) and that of an incubating bird just two days after its return from the
sea at egg-hatching time (39.6°C.). Changes in
posture, such as from standing to prone positions,
sometimes resulted in rapid fluctuations of as much
In the 1965-1966 season, dummy transmitters were implanted in adult birds, which were then banded and released. Our examination of two of these birds more than 12
months after the implantations had been made revealed no
ill effects. Five other birds with dummies implanted this
season will be examined in later seasons to study possible
long-term effects.
-1:
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as 0.7°C. over a period of 30-60 minutes; such fluctuations were also noted to occur upon the introduction of a strange bird into a nesting pair's enclosure.
However, no diurnal fluctuation in temperature was
observed, and little or no change in temperature was
noted during or after copulation or when, on one
occasion, a skua tried to take the eggs from an incubating bird.
Body temperatures of Adélie chicks were moni tored continuously while the birds were on the nest
under a parent. They ranged between 25° and
39°C., depending upon the age of the chicks, the
cover afforded by the parent, and the ambient conditions. The telemetered abdominal temperatures of
two chicks five and seven weeks old averaged
39.0°C. and ranged from 38.3° to 39.9°C., which
are not significantly higher than those of the adults.
A preliminary survey of the data obtained from these
two chicks shows that there is little relationship
between their temperatures and the ambient temperature, but that there is a relationship between their
temperatures and their behavior.
The abdominal temperatures of one molting and
two nonmolting adult emperors were monitored for
a total of nine hours. The temperatures of the molting bird averaged 38.8°C. (range: 38.1°-39.0°C.),
whereas those of the two nonmolting birds averaged
37.9°C. (range: 37.2°-38.5°C.). During a total of
23 hours, the abdominal temperatures of two large
emperor chicks were significantly higher than those
of the adults, averaging 39.5°C. (range: 38.6°40.2°C.).
In order to study the development of thermoregulation, the abdominal temperatures and heart rates
of Adélie chicks of known age (1-26 days) were
studied while the chicks were exposed to various
ambient temperatures. Results showed that the age
first associated with independent thermoregulation is
dependent upon the individual circumstances and
the ambient conditions, but probably is 15 days for
most birds, as reported by Sapin-Jaloustre (1960)
and Goldsmith and Sladen (1961). Temperature
fluctuations of the flippers and feet were monitored
from both Adélie and emperor chicks. These extremities are the most poorly insulated areas of the
body and thus play an important role in thermoregulation. The ability to reduce heat loss along an
extremity during cold weather was noted in the
older Adélie and emperor chicks, but it was found to
be lacking in an 11-day-old Adélie chick.
Nine visits were made by helicopter to the emperor
rookery, which last season consisted of two parts
—one in the first enclave of the ice shelf and the
other 2 km south of that site in a more protected
area. (Since 1964, there had been only one rookery,
located in the first enclave.) Eleven adults banded
ANTARCTIC JOURNAL

last year were observed , and modified Teflon flipper
bands (Penney and Sladen, 1966) were put on 27
other adults and 143 chicks. Data collected on chick
growth rate at approximately weekly intervals (160
weights taken from six samples) and on the movement of the rookery along the shelf cliffs (2.3 km in
42 days) agreed closely with those taken in the
1965-1966 season.
On December 12, after several days of southerly
winds, the chicks of the more exposed enclave were
seen floating to sea aboard pieces of broken ice.
Chicks of the other enclave, which may be the site
of the entire rookery next season, did not go out to
sea until almost three weeks later, when the ice at
that locality broke up. The consequences of the
different times of rookery breakup are uncertain.
The departure of the chicks of the more exposed
enclave may have been premature, but many of
them, under a partial covering of down, were well
feathered and fat.
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Entomological Studies at Hallett Station
ELMER E. GLESS*
Department of Entomology
Bernice P. Bishop Museum
During the 1966-1967 austral summer, the second season of intensive study of mite life cycles was
completed at Hallett Station.
* Permanent address: Department of Zoology and Entomology, Iowa State University.
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During this second season, for the first time in
Antarctica, a mite, Stereotydeus belli (Troussart,
1963) was reared in vitro from the tritonymph stage
through adulthood, after which one of its offspring
was reared through all immature stages to the adult
stage.
Throughout the season, mites were kept in dishes
containing an artificial medium upon which algae
and moss were grown to supply natural food. These
dishes were placed in refrigerated incubators and the
mites were observed daily. The morphological
changes that characterize each stage of growth were
determined, enabling future identification of individuals in each stage.
A new species of mite of the family Eupodidae
and genus Protereunetes was found and is being described. It was reared in vitro from the adult stage
through all immature stages, but it did not complete
the life cycle before the season ended. Two other
species, Eupodes wisei Womersley and Strandtmann
and Coccorhagidia gressitti Womersley and Strandtmann, were also reared in vitro from the adult
stage through the tritonymph stage but not to
adulthood again. These specimens did not survive
the trip from Antarctica to the United States (Iowa
State University).
Microclimatological data were accumulated and
are being analyzed for a better understanding of the
mites' ability to live in the harsh antarctic environment.

Snow Blindness in Animals
F. A. HEMMINGSEN and E. DOUGLAS
Scripps Institution of Oceanography
University of California (San Diego)
Part of a comparative study of snow blindness in
animals was carried out at McMurdo Station in November 1966.
Several animals were irradiated with
known levels of short-wavelength ultraviolet light in
order to determine the amount necessary to produce
threshold corneal-tissue damage. Daily microscopic
examinations of each eye were performed to assess
the extent of the "snow blindness" that occurs and
the condition of the cornea during the various stages
of recovery. A complete series of observations was
made of Adélie penguins and skuas. Incomplete
measurements were made of emperor penguins and
Weddell seals.
The unexpected findings showed that even though
these animals are normally exposed to a very high
level of ultraviolet radiation during the summer
months, their tolerance levels are approximately the
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