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In order to extend our previous biobehavioral ob-
servations (1967 and 1968) of sleeping and waking
patterns in human beings, several related studies were
made on the Weddell seal (Leptonycliotes weddelli)
at Turtle Rock, Erebus Bay, near McMurdo Station,
Antarctica, in November 1968, and in the marine
aquarium laboratory at Scripps in La Jolla, Cali-
fornia, in December 1968.

Suitable needle electrodes were hand-implanted in
a mature, 850-lb., nonlactating female confined in a
small pen on the ice and temporarily immobilized
with an intramuscular injection of Sernylan and
TranVet. Her bilateral brain wave and single chan-
nels of her eye movements, cardiogram, muscle tone,
and heart and respiratory rates were electrograph-
ically recorded on magnetic tape continuously for 30
hours through several periods of behavioral sleep and
waking.

A second, similar 30-hour recording was made from
a 12-week-old, 200-lb. female seal pup stranded and
confined in the channel of the marine aquarium labo-
ratory at Scripps. Finally, continuous behavioral ob-
servations of 1 male and 1 fema 1 e Weddell pup in the
ring tank at Scripps were recorded for 48 hours to
determine the spontaneous aflocation of time between
activity, alert inactivity, and behavioral sleep under
natural 24-hour light-and-dark cycles.

At this time it is possible to report only that, during
both continuous summer sunlight on the ice at Turtle
Rock and the 24-hour light-dark cycles at La Jolla,
there are periods of behavioral sleep, alert inactivity,
and active movement interspersed in each 24-hour
period, with no apparent fixed intervals between
cycles. Further, from qualitative inspection only, it is
possible to discern EEG patterns within the sleeping
periods which are closely similar to, if not identical
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with, human patterns classifiable as Rapid-Eye-Move-
ment (REM) and Slow-Wave (delta) sleep, with in-
termediate stages in the non-REM portion. Quantita-
tive analyses of periodic phenomena and sleep pat-
terns remain to be completed.
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This joint project for a preliminary, correlated
biochemical and electrographic study of the phy-
siology of diving asphyxia in the Weddell seal fol-
lowed on earlier work by Kooyman (1966), which
determined the natural diving time and depth of
Weddell seals to be in the order of 40 to 50 minutes
and at least 600 m, and by Elsner et al. (1968),
which determined circulatory changes in the pregnant
female seal and fetus during diving asphyxia.

Since the extreme sensitivity to hypoxia of the
mammalian brain makes 6 to 8 minutes the outer
limit for breath holding without irreversible brain
damage in man and in most terrestrial mammals, it is
of interest to understand brain tissue response in the
marine mammal, where natural dive times are in-
creased by a factor of 10.

Using deep intramuscular injections of succinyl
choline chloride, which produces extremely long (up
to 3 hours) periods of respiratory paralysis, we sub-
jected, in November 1968, three adults and three pups
of the Weddell seal species captured from the Turtle
Rock colony in McMurdo Sound to repeated sitnu-
lated dives by disconnecting the oxygen flow from a
Bird respirator or by 100 % nitrogen administration.
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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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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
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