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Figure 2. Oxygen consumption at different combinations of ambient
temperature and wind speed in blue-eyed shag adults and chicks.
(V denotes wind speed. m/s denotes meters per second. ml/kg
min denotes milliliters divided by kilograms times minutes.)

while that of 1-kilogram chicks was 20-40 percent of the resting
metabolic rate.

This research was supported by National Science Founda-
tion grant DPP 85-35157. We are grateful to R. Robbins, S.
Akely, and the rest of the Palmer Station staff for their assis-
tance.
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Physiology of diving in
Weddell seals and emperor penguins
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McMurdo Sound forms a unique, natural laboratory in which
to study the behavior and diving physiology of the Weddell
seal. The fast ice that forms during the winter remains stable
enough through most of the summer for surface travel and
establishment of laboratories on the ice. For nearly three de-
cades, scientists have taken advantage of these ice conditions
to study the biology of Weddell seals intensively. The purpose
of our project was to continue detailed studies of the physi-
ology of diving in the Weddell seal and to extend these studies
to the emperor penguin. The main objective was to investigate
the way these animals manage their oxygen stores while div-
ing. The specific variables to be measured during routine div-
ing cycles were:
• oxygen consumption,
• swim velocity,
• blood and muscle oxygen, and
• distribution of body oxygen store.

The variables provide us with a means of assessing the total
oxygen store, its rate of utilization, and what regions of the
body are the principal consumers.

Following well-established procedures, we captured Wed-
dell seals at traditional haul-out areas and transported them
to the sea-ice laboratory. After preparation for the experiment,
they were released into the experimental dive hole (Kooyman
1981). The preparation for release usually involved attaching
a submersible microprocessor similar in principle to that de-
scribed by Hill (1986). One or several variables were measured
with appropriate transducers.

Emperor penguin experiments were conducted in a similar
manner with three major differences:
• Birds were captured and held for 2 weeks before any diving

was done. During that time, they were hand fed and allowed
to adjust to the environment and the investigators.

• A sub-ice observation chamber was used to observe their
behavior in the vicinity of the dive hole.

• The birds were released into the water as a pair or as a group
of individuals. Paired or group diving was similar to what
we observed in free birds diving from natural penguin holes
about 25 kilometers from our camp.
The data obtained from these tests are being analyzed. In

brief, the metabolic rate of the seals appeared to be about the
same as that noted earlier (Kooyman et al. 1973). Most seal
swim velocities fell within the range of 2.0 to 2.5 meters per
second. In the course of these measurements, the seals made
a full range of dives from over 1 hour long exploratory dives
to numerous routine 10-15-minute feeding dives. One sub-
adult would frequently bring live Pleuragramma antarcticum to
the surface and play with them. One adult brought to the
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surface a moribund squid, Psychroteuthis glacialis. It was taken
from the seal, and to our knowledge, it is the first intact squid
collected in McMurdo Sound and the first record of this species
within the Ross Sea.

The emperor penguins were always anxious to enter the
water and dove without reluctance under the 2-meter thick
ice. Swim velocities were about 1.5 times that of the seals. The
birds readily swam between holes spaced 100 meters apart and
frequently made exploratory dives (>10 minutes) that were
well beyond any of the experimental exit holes. Much of their
behavior around the hole was easily observed from the sub-
ice observation chamber due to the approximately 100 meters
of horizontal visibility. Occasionally, fish would come into the
vicinity of the holes when the birds were absent. When the
birds entered the water, some of the fish were avidly consumed
while the others dispersed rapidly or hid in the under-ice plate-
let layer.

Project personnel plan to return in the 1988-1989 field season
to continue work on oxygen-utilization patterns in freely div-
ing seals and penguins.

This work was supported by National Science Foundation
grant DPP 86-13729.
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Patterns of underwater calls
from Weddell seals
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The Weddell seal (Leptonychotes weddellii) is an extremely
vocal pinniped, producing a variety of frequency-modulated
sweeps, pulse trains, and whistles. Initial studies of their vocal
behavior were conducted at the Bay of Whales by Lindsey
(1937). In the late 1960s, other investigators made recordings
at McMurdo Sound (Kooyman 1968; Poulter 1968; Ray and
deCamp 1969; Schevill and Watkins 1971). Thomas and Kuechie
(1982) developed a classification system to describe Weddell
seal sounds. Using playbacks, Thomas, Zinnel, and Ferm (1983)
assigned meanings to most sounds that are associated with
breeding activities. Thomas and Stirling (1983) documented
geographic variation between calls at McMurdo Sound and
Palmer Peninsula. Recordings near Davis Station extended our
understanding of geographic variations (Thomas et al. in press).

Collectively, these studies demonstrate that Weddell seals call
primarily during the breeding season. Males, females, adults,
and pups produce different kinds of sounds. Weddell seals
from different areas of the Antarctic exhibit different kinds of
sounds.

During the austral springs of 1976 and 1978, we made hourly
recordings of underwater calls of Weddell seals at the Hutton
Cliffs breeding colony in McMurdo Sound, Antarctica. Our
objectives were to document changes in underwater call rates
related to annual changes in the population, weekly variations
associated with breeding, and diel changes in haulout.

Recordings were made automatically for 2.5 minutes every
hour from 22 October to 10 December 1976, from 19 October
1977 to 4 January 1978, and from 10 October to 21 November
1978. Even though bad weather and low batteries caused some
loss of data, the number of recordings was large: 1976 = 413,
1977 = 777, 1978 = 497. A Superscope C101A cassette recorder
(frequency response 0.20-10.00 kilohertz) and a battery-op-
erated digital timer were warmed in an insulated box with a
chemical heatpack. An Interoceans R130 hydrophone (fre-
quency response 0.03 to 10.00 kilohertz ± 3.0 decibel) was
dropped through a seal breathing hole to a depth of 6 meters
and connected to the recorder with a waterproof connector.
Data from a 24-hour period were stored on one side of a 90-
minute cassette. A tone generated by the timer separated each
hourly recording on the cassette.

One of two authors listened to each cassette and scored
sounds into the five most common McMurdo Sound calls ca-
tegorized by Thomas and Kuechle (1982): MT, MC, MP, MK,
and MR. Pup calls were assigned the new category of MQ.
Although the recordings did not cover the entire frequency
range of Weddell seal sounds, enough information was re-
corded for audible recognition of each category. Data were
sorted into three time intervals: year, week, and hour of the
day. For each call in each time interval, we calculated the mean
rate per minute plus or minus the 95 percent confidence in-
terval.

Yearly variation. The relative proportion of underwater calls
in each category remained about the same across years (figure
1A), with MT being the most prevalent. The total number of
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