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long lines or trawls, at depths of less than 75 m were
relatively unsuccessful. However, fishes were caught
at about 100 to 200 m. All these specimens were ripe,
unspawned females. This year it was possible to ex-
tend the fishing to later in the summer. From January
26 to February 8, eight unspawned females were
caught on lines in shallow water (10 to 25 m) in or
near Arthur Harbor. In the same area from February
15 to 19 four spawned-out female specimens were
caught. No unspawned specimens were taken during
this latter period. These observations tend to indicate
that C. aceratus migrates to shallower in-shore waters
f  spawning during the late summer. The fact that
thales were never caught on baited lines indicates that
tiey may show nesting and/or territorial behavior.

Effects of deep dives
on penguins and blue-eyed shags
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Observations and measurements on diving depth of
birds are uncommon. It has been determined that the
emperor penguin and some species of duck and loon
dive deeply (Kooyman et al., in press; Schorger,
1947). Because the respiratory system of birds is quite
different from that of mammals, consisting of a pro-
portionately larger gas volume due to the presence of
air sacs, the effect of hydrostatic pressure on gas cavity
equilibration and blood gas tension is of particular
interest.

Adélie and gentoo penguins, Pygoscelis adeliae and
P. papua, and blue-eyed shags, Phalacrocorax atriceps
(see cover), were observed in the field and studied in
the laboratory to determine certain behavioral and
physiological characteristics of their, dives. Since

Adélie penguins appear to feed far offshore, diving
observations were limited. Gentoo penguins commonly
feed near shore in the vicinity of the Port Lockroy
rookery, and observations on diving times and type
of food were possible. Similarly, shags feed near
Palmer Station and Cormorant Island, and observa-
tions were made in both places on food, dive times,
and depths. The gentoo appeared to be feeding on
a type of amphipod occurring in shallow water. The
shag was taking mostly fish, many of which are bottom
dwelling species.

In the laboratory a diving chamber was used to
simulate both surface dives and deep dives. Hydro-
static pressures equivalent to nearly 70 m depth were
reached in some dives. During the dives heart rate
was recorded continuously, arterial blood samples
were collected intermittently at various pressures, and,
from one bird, air sac samples were obtained. Oxygen,
carbon dioxide, and nitrogen gas tensions of the blood
were measured as well as pH and lactic acid. Pre-
liminary interpretation of the data suggests that there
is continuous gas exchange between the blood and
lungs during all dives and at all depths. In fact, pre-
dive ventilation on pure oxygen greatly extended the
breath-hold ability of the birds due to continuous
diffusion of oxygen from the air sacs and lungs to the
blood.
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Limnological investigations
at Palmer Station

GENE L. SAMSEL and EDMUND B. WODEHOUSE

Department of Biology
Virginia Polytechnic Institute and State University

During the austral summer of 1970-1971, several
meltwater lakes and ponds in the vicinity of Palmer
Station, Anvers Island, were revisited to resume
limnological research begun the previous summer sea-
son by Bruce C. Parker and Gene L. Samsel and con-
tinued in the laboratory at home. Emphasis was given
to the effects of limiting nutrient factors upon algal

July—August 1971	 95



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 acetone-
extractable 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 Univer-
sity, closed laboratory micro-ecosystems were con-
structed to closely simulate natural community struc-
ture 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 +) stimu-
lated 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 circum-
stances, 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. Sub-
stances chosen as natural sources of ammonium
(NH4 +) and phosphate (PO 4-3 ) included penguin
guano and elephant-seal manure. By raising the con-
centration 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.

Special attention was given to the movement of
ammonia (NH3 ) to the Humble Island lake basin
from the nearby penguin rookery. Experiments were
conducted to estimate the amount of ammonium
(NH 4 +) 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 an-
monium 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 ef -
fectiveness of our trapping. Present data suggest tht
substantial amounts of ammonia (NH3 ) 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 dis-
turbances to the seal colony. Scientific and U.S. Naval
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