
Measurements of blood ph, pQ, and pCO, were
made on the spot with a Radiometer blood gas ana-
lyzer, using blood drawn from a catheter implanted
retrograde in the left common carotid artery and
flushed periodically with heparinized N-saline. Bio-
electrical potentials from the brain, eye, nuchal muscu-
lature, heart, and chest wall of the animal were fed to
a Beckman biomedical recording and display system
for amplification, conditioning, and recording on a
seven-channel Ampex Model SP-300 FM magnetic
tape recorder. Signals were simultaneously monitored
on a four-channel oscilloscope as they went on or off
the tape.

The electrical activity of the brain, the eye move-
ments, muscle tonus, heart heat, and respiratory ex-
cursions of the chest wall were thus continuously sur-
veyed in clinical fashion while experimental breath-
holding (diving) asphyxia and pure nitrogen
breathing experiments were carried out in serial
fashion, interspersed with periods of normal aeration
of lung tissue with pure oxygen. The change in brain
rhythms from resting alpha and low-voltage fast to
high-voltage delta was taken as a measure of brain
tissue metabolic impairment, following which time
and degree of recovery were assessed by restoration of
normal vital signs and alpha-blocking response under
J)hotic stimulation. Serial measurements of carotid
blood pH, pO, and pCO9 were made at critical
points.

After a breath-holding dive of 65 minutes and a
second asphyxial period of 30 minutes of pure ni-
trogen, the first adult was released to return to the
colony in apparently normal condition, but was not
seen again. The second and third adults and all three
US were eventually experimentally dived to exitus.
Normal profiles of blood pH, pO 2 , and of brain,

heart, muscle, eye movement, and impedance pne1mo-
grain were established for the adult and immature
seals, and approximate hypoxia thresholds for irrevers-
ible brain-tissue impairment, with death as an even-
tual end point, were established. These data suggest
that Weddell seals J)OSSCSS an increased brain-tissue
tolerance for low oxygen tension when compared with
comparable data from terrestrial mammals.
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Circulatory Responses to Asphyxia in
Pregnant Weddell Seals

ROBERT ELSNER*
and DOUGLAS D. HAMMOND

Scripps Institution of Oceanography
University of California, San Diego

The second season of a study of physiological re-
sponses of diving Weddell seals was carried out in
McMurdo Sound during September, October, and
November 1968. Investigations of the first season
(Elsner et al., 1968) were centered on the determina-
tion of natural diving times of pregnant animals, res-
piratory properties of maternal and fetal blood, and
preliminary measurements of uterine artery blood
flow in the pregnant seal during the prolonged as-
phyxia of simulated dives.

The natural diving time studies were completed
during the past season. A total of 5 pregnant animals
were tested, and 41 dives lasting longer than 20 min-
utes were recorded. Maximum diving times for these
seals ranged from 39 to 60 minutes (Elsner et al.,
1969). The observations of both seasons suggest that
pregnancy does not seriously interfere with natural
diving since they compare favorably with Kooyman's
(1966) study of nonpregnant animals.

A prolonged dive by a pregnant seal might well be
an extreme example of maternal and fetal adaptation
to asphyxia. In an attempt to determine what special
physiological adjustments may occur and how these
might be related to the well-known circulatory redis-
tribution in diving seals for protection of vital organs
like the brain, blood-flow studies were carried out in
five pregnant Weddell seals. Doppler ultrasonic
blood-flow transducers were implanted aseptically
around uterine arteries of four animals. Since renal
blood flow has been shown to react to diving as-
phyxia by profound reduction, one animal was instru-
mented by implantation of a blood-flov transducer
on the renal artery.

After recovery from surgery, the animals were sub-
jected to experimental simulated dives while blood
flow was recorded. Asphyxiation always produced a
prompt and extreme slowing of the heart rate, as has
been noted in a great variety of diving mammals and
birds, as well as terrestrial animals and man during
submersion. Blood flow in the renal artery was
promptly reduced to about one-tenth of the resting
value, but uterine artery flow was reduced only
slightly and was sometimes unimpaired.

The maintenance of adequate uterine circulation is

*Now at the Department of Human Physiology and Phar-
macology, University of Adelaide, South Australia.
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essential for the fetus. The mechanism displayed in
Weddell seals is probably adapted to assure that,
through a long dive, the fetus can draw on the source
of oxygen stored in the large maternal blood volume.
The first season's studies of respiratory characteristics
of Weddell seal blood showed a very large maternal
blood volume with high oxygen capacity. These char-
acteristics, combined with increased affinity of fetal
blood for oxygen, suggest enhancement of gas ex-
change at the placenta. Thus several factors can be
seen to operate to protect the fetus.

This study has been supported by National Science
Foundation Grant GA-1215, National Institutes of
Health Grant HE-08323 and NIH Research Career
Development Award 5 K03 HE07469.
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Population Studies of Weddell Seals
at McMurdo Station

DONALD B. SINIFF, JOHN R. TESTER
and LARRY B. KUECHLE

Museum of Natural History
University of Minnesota

To obtain information on the population dynamics
of antarctic seals, one must study census methods,
migration patterns, population discreteness, and other
areas which aid in interpreting changes in population
levels. During the 1969 field season at McMurdo, we
carried out three distinct projects: (1) conducted te-
lemetry studies to gather information on the activity
patterns of Weddell seals, (2) collected blood samples
from seals around the Ross Sea area for electrophor-
etic analysis, and (3) initiated an aerial census based
on photographs made with a mapping camera of the
U.S. Navy's Antarctic Development Squadron Six
(VXE-6).

For the telemetry studies, a small fish house was
located at Hutton Cliffs, approximately 10 miles from
McMurdo Station. Small radio transmitters broad-
casting a continuous signal around 50 Mhz were
attached to Weddell seals with suture material (Figs.
I and 2). The signal was received and converted to a
voltage output which triggered an Esterline-Angus

mom
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Fig. 1 (top). Radio transmitter being attached to female Weddell
seal.

Fig. 2 (center). The seal with transmitter in place.
Fig. 3 (bottom). Recorder used to monitor the seals' activities.
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