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Diving development and survivorship in Weddell seal pups
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T
his project has focused on understanding the develop-
ment of diving in Weddell seal pups and correlating

health indexes with survivorship of those pups. Consequently,
several major components constitute the project:
• diving patterns vs. age in pups,
• blood chemistry development in intensively studied pups,
• blood chemistry profiles of a subsection of the pup popu-

lation, and
• population parameters of the Weddell seals near McMurdo

Station.

Divingpatterns vs. age in pups

W
eddell seal pups in McMurdo Sound, Antarctica, were
outfitted with time-depth recorders (TDRs) to monitor

the development of their diving behavior during the austral
spring and summer of 1992 and 1993. Pups (n=18 and 20 for
1992 and 1993, respectively) carried TDRs for several day peri-
ods biweekly between the ages of 2 and 13 weeks. To track
dive behavior throughout the fall and winter, satellite-linked
time-depth recorders (SLTDRs) were deployed in January
1993 on seven of the pups that had carried TDRs during the
spring of 1992.

Pups began to dive within 2 weeks of birth. The number
of dives per day and the mean depth and duration of dives
increased significantly over the first 13 weeks. Both the TDR
and SLTDR records reveal diel effects in measured parame-
ters. The longest and deepest dives occurred during the after-

noon period, night dives were short and shallow, and the
morning and evening dives were intermediary. Dive frequen-
cy was highest during the night, and lowest during the after-
noon. This pattern is less evident in the TDR records because
of the rapid increase in pup diving ability.

When 1992 SLTDR and TDR data were combined, sea-
sonal trends in dive behavior were suggested, although the
pattern was confounded by pup age. Mean dive depth and
duration increased throughout the study only during the
afternoon period, the hours of maximum light. In all other
periods, measured parameters declined or remained con-
stant. In combination, depth, duration, and frequency data
suggest that dives were more shallow and less frequent later
in the season in periods when light was limited. The diurnal
and seasonal pattern in dive behavior is consistent with the
hypothesis that pups are foraging throughout the day on ver-
tically migrating prey species.

Blood chemistry development in intensively studied
PUPS

W
eddell pups accompany their mothers into the water
beginning at about 2 weeks of age. Pups spend the

remaining 4 to 6 weeks of the nursing period developing their
diving skills with periodic forays into the water, at most times
accompanied by their mothers. It has been impossible to
determine, however, if the pups were supplementing their
milk diet with independent foraging (for squid or fish) during
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the nursing period, or if they begin to feed on solid food only
after weaning. If the latter is the case, do these pups also
undergo a postweaning fast before feeding independently?
Plasma chemistry was monitored during the first 3 months of
life every 2 weeks in 23 pups (through the nursing period, over
weaning and independent foraging) to determine whether
this species undergoes a postweaning fast. The data suggest
that these animals do experience a 1- to 3-week fast following
weaning before feeding independently.

During the same period that plasma chemistry was used
to determine feeding success, values for blood-chemistry oxy-
gen-carrying capacity were determined. Like most other
mammals, Weddell pups are born with a relatively elevated
hematocrit (Hct; percentage of red blood cells in the whole
blood), which decreases during the first few weeks. Their Hct
soon increases, however, as they become better divers. Like-
wise, the rheological properties of the blood (for example, vis-
cosity) alter quickly in these pups as they assume adult pat-
terns. Reactions of the red blood cells to pressure incubation-
simulating deep dives also suggest that pup red blood cells
and adult cells are similar.

In total, these data indicate that Weddell pups mature
quickly in terms of diving adaptation via physiological sys-
tems such as blood chemistry.

Blood chemistry profiles of a subsection of the pup
population

U
sing the patterns of critical blood indexes determined on
intensively studied pups (see above), 89 additional pups

(total number of pups born in 1993 was 417) were captured

once near weaning and profiled for body condition (length,
weight, girth) and for blood metabolites. These data have been
analyzed and archived and will be repeated in 1994. The pups
were also tagged for population studies (see below). The long-
term goal of this section of the study is to correlate the body
and blood chemistry indexes with survivorship of those pups
over the coming years. Consequently, no results are available
at this time other than population-level profiles and distribu-
tions of these parameters. Determining their relationship to
survivorship will take 5 to 6 years of follow-up population data.

Population parameters of the Weddell seals near
McMurdo Station

I
nkeeping with the population database of Weddell seals
near McMurdo Station—a database that has been updated

every year for over 25 years—all new pups (n=417) were
tagged, six weekly censuses were conducted in November and
December, and population estimates were calculated. Based
on these surveys, about 829 Weddell seals (not counting
pups) were in the study area from Scott Base out to the Del-
bridge Islands. Of these, 183 were males, and 646 were
females. Approximately 57 percent of all adult male seals and
61 percent of all adult females in this study group are tagged.
Tests were begun to relate pup survivorship over the last
decade to patterns of good and bad years of reproductive suc-
cess by Weddell cows.
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free-diving Weddell seal

KEVIN S. STANEK, JESSE D. ROBERTS, JR., and WARREN M. ZAPOL, Department ofAnesthesia, Massachusetts General Hospital,
Boston, Massachusetts

KONRAD J. FALKE, Universitätsklinikum Rudolf Virchow, Frei Universität, Berlin, Germany
SIR GRAHAM C. LIGGINS and JACQUELINE LIGGINS, Postgraduate School of Obstetrics and Gynecology, National Women's

Hospital, Auckland 3, New Zealand

T
he Weddell seal (Leptonychotes weddellii) has evolved
mechanisms that permit dives up to 500 meters (m) for

nearly 90 minutes and rapid ascent without developing either
nitrogen narcosis or decompression sickness. At the initiation
of each dive, the Weddell seal forcibly exhales. This exhalation
reduces alveolar gas volume and buoyancy. With subsequent
diving, indirect evidence from arterial blood-gas tensions sug-
gests increased thoracic compression caused by increased
water pressure causes a graded reduction of lung volume.
Kooyman and coworkers, using x-ray examination of a young
Weddell seal in a simulated dive to 300 in a compression
chamber, demonstrated that the bronchioles and trachea
maintained constant diameters (Kooyman 1981). The proxi-

mal airways are resistant to collapse because they are
armored by rings of cartilage and muscle (Scholander 1940).
These observations suggest that as the alveoli collapse during
descent, their gas volume is forced into the reinforced proxi-
mal airways. Our previous studies measuring nitrogen uptake
into arterial blood from alveoli during the free diving of Wed-
dell seals suggest that alveoli collapse at approximately 30-50
in (Falke et al. 1985). It is unknown whether this reduc-
tion in alveolar gas volume is reflected by a fall in thoracic cir-
cumference during free dives of the Weddell seal.

Several additional mechanisms have evolved in the Wed-
deli seal to permit prolonged periods of breath holding. Dur-
ing prolonged dives, the seal releases adrenergic hormonal
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