productivity in two of the larger lakes near Palmer
Station.
After a preliminary limnological survey during the
1969-1970 season, we chose for more intensive study
two lakes having strikingly different trophic states.
The larger and deeper of the two was behind the old
British and U.S. bases at Norsel Point. The smaller
and shallower lake was on nearby Humble Island.
About 0.6 km apart, the lakes were similar except
for certain nutrient concentrations: chloride (Cl-),
ammonium (NH 4 +), and phosphate (PO 4-3 ) were
many times higher in the Humble Island lake than in
the Norsel Point lake. An Adélie penguin rookery
100 m from the Humble Island lake was the cause of
the nutrient enrichment of that lake. Total acetoneextractable chlorophyll and rate of carbon fixation
indicated that productivity rates were many times
higher in the eutrophic Humble Island lake than in
the oligotrophic Norsel Point lake.
At Virginia Polytechnic Institute and State University, closed laboratory micro-ecosystems were constructed to closely simulate natural community structure and nutrient concentrations measured in the two
lakes. Nutrients were added singly and in combination
to the Norsel Point lake's micro-ecosystem to approach
those concentrations recorded in the Humble Island
lake. Of the several chemical nutrients used, only
phosphate (PO4-3 ) and ammonium (NH 4 +) stimulated algal productivity in the Norsel Point lake's
laboratory micro-ecosystem. Ammonium (NH4+)
proved to be the nutrient in critical supply, increasing
productivity threefold when the laboratory ecosystem
was increased from Norsel Point lake to Humble
Island lake concentrations. Under the same circumstances, phosphate (PO 4-3 ) produced less than a
1.5-fold increase in productivity.
Critical-factor experiments were conducted at the
two lakes during the 1970-1971 season to further test
the hypothesis that ammonium (NH 4 +) was limiting
there. Large (20-cm diameter) plastic cylinders were
pounded into the sediments to isolate sections of water
in each lake. To the cylinders were added nutrients
from both reagent salts and natural supplies. Substances chosen as natural sources of ammonium
(NH4 +) and phosphate (PO 4-3 ) included penguin
guano and elephant-seal manure. By raising the concentration of nutrients within the cylinders at the
Norsel Point lake to levels near to those routinely
recorded in the Humble Island lake, we hoped to
determine the critical factors.
As yet, not all data from our field work have been
compiled. However, from extractable chlorophyll and
carbon fixation rates measured within the cylinders,
it appears that lack of ammonium (NH 4 +) is indeed
the limiting factor involving the growth of algae in
the Norsel Point Lake. Phosphate appears to play a
secondary limiting role.
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Special attention was given to the movement of
ammonia (NH 3 ) to the Humble Island lake basin
from the nearby penguin rookery. Experiments were
conducted to estimate the amount of ammonium
(NH4 +) dissolving in the lake's slightly acidic (pH
6.2-6.4) waters from ammonia (NI-I 3 ) passing over
its surface. From 1 to 15 mg per sq m per day of anmonium nitrogen (N), depending on wind direction
and distance from the rookery, was collected in glacial
meltwater traps situated along the Humble Island
lake. Additional experiments at Virginia Polytechni
Institute and State University will determine the effectiveness of our trapping. Present data suggest tht
substantial amounts of ammonia (NH 3 ) transported
through the air are contributing to the eutrophication
of the Humble Island lake.
It is hoped that results from these studies will
provide a better understanding of the process of
eutrophication of antarctic lakes as a result of natural
nutrient enrichment. What we learn about natural
eutrophication in Antarctica can contribute to a better
understanding of accelerated eutrophication caused
by pollution of lakes in other parts of the world.

Thermal regulation in Weddell seal pups
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Weddell seals give birth to their pups on the sea
ice during the austral spring, when winds and subzero
temperatures are common. The newborn has only a
coat of lanugo fur for protection against the cold
(fig. 1). In 4 to 6 weeks the mother seal will have
left her pup. By this time the young seal will have
molted its lanugo fur, gained more than 60 kg, and
learned to cope with the environment on its own.
We studied the means by which seal pups keep
warm during the first few weeks of life. Field work
for the second year's study began October 21, 1970,
when three huts (living quarters, generator, and
laboratory) were set up on the sea ice close to a seal
colony at Turtle Rock, an island in McMurdo Sound.
The station enabled the four-man team to experiment
and analyze on location and minimized the disturbances to the seal colony. Scientific and U.S. Naval
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personnel were most cooperative by scheduling in
advance their visits to the research area.
Four main tasks were completed. First, the population of the colony was counted daily for 4 weeks, giving an accurate picture of the age distribution and
activities of the mothers and pups. Second, deep body
temperatures of several pups were obtained in the
fi'eld at various ages for periods up to 18 hr at a time
th determine and record normal unrestrained body
core temperature under natural conditions. Third,
pups were measured for oxygen consumption, weight
gain, thickness of fat, rate of carbon dioxide production, and deep body temperatures under fixed
efivironmental conditions in a metabolic chamber.
These studies were repeated at weekly intervals
through the first 4 weeks of life. Fourth, we observed
tlie effect of immersion in sea water (-1.8°C.) upon
the deep body temperature of two pups in the first
day of life and again 1 week later.
Secondary studies were also completed. Tissue
biopsies and histological examinations were made for
determination of brown fat in newborn seals. Brown
fat differs from other fat tissue by being highly vascularized, and it is a rapid source of heat. Although
brown fat is found in many newborn animal species,
our examination failed to reveal its presence. Seven
lungs of seals of various ages were examined to determine the mechanical properties of their expansion
and collapse with respect to the seals' ability to resist
decompression sickness.
Circulatory changes during thermal stress in Weddeli seals were examined with radiological equipment
at Massey University's School of Veterinary Medicine
in New Zealand. In an 8 2 -hr flight on December 9,
1970, four Weddell seals were transported from McMurdo to the University. The temperature of the
cargo space was kept at 0°C. while the plane was
airborne, and the animals appeared to take to the
trip well. Successful animal transport was the result
of careful preparation at McMurdo and by the officers and crew of Antarctic Development Squadron
Six. Circulatory changes were recorded on video tape
and cine film by angiographic X-ray techniques
(fig. 2). A contrast fluid was injected into the arterial

Figure 2. Radiograph showing circulation pattern and
skeletal structure of hind flipper of a Weddell seal.

supply to the flipper during periods of X-ray exposure. In this manner we were able to determine
circulatory patterns during thermal stress. We have
found evidence that during combined warming and
diving experiments some blood flow was maintained to
the flipper, overriding the usually vigorous diving
vasoconstriction. On completion of the experiments,
the seals were transferred to Hawkes' Bay Aquarium,
Napier, New Zealand.

Population dynamics and behavior
of Weddell seals at McMurdo Station
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Figure 1. Newborn Weddell seal pup and mother.

July—August 1971
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During the 1970-1971 field season, underwatertelevision and radio-telemetry studies were continued
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