
exposure of eggs or chicks, which is particularly impor-
tant in Antarctic penguins for two reasons. First, ex-
posed eggs or chicks may be chilled, and second, they
may be preyed upon by south polar skuas (Catharacta
maccormicki) within a few seconds.

Our work has been supported by National Science
Foundation grants GA 23494 and GV 33215. We thank
the crew of the si/v Hero and the personnel of Holmes
and Narver, Inc. for support in the field.
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Status of high antarctic penguin
colony in San Diego, California

FRANK S. TODD

Hubbs/Sea World Research Institute
San Diego, California 92109

I have described previously the establishment and his-
tory of the colony of Adélie penguins (Pygoscelis adeliae)
and emperor penguins (Aptenodytesforsteri) in San Diego,
California (Todd, 1977; Todd, 1978). This year we did
not alter the maintenance and husbandry techniques
used previously. Very few of the adult penguins died
(less than 1 percent) and no problems with aspergillosis
or "bumblefoot" were encountered. This is considered
significant because both of these maladies have been
major problems in the past for penguins within a con-
trolled environment.

We again achieved breeding success with the Adélie
penguins. In early October, we covered one-third of the
freezer facility with nesting rocks. Courtship activity
commenced on schedule late in October; 54 pairs of
penguins established and defended territories and 49
ultimately produced eggs. To facilitate behavioral re-
search, we installed a television camera with pan, tilt,
and zoom capabilities, and we videotaped activities of
interest. All penguins were banded with color-coded
bands with numbers large enough to be read on the
remote television monitor.

Infertility appears to have been the main reason that
only 21 of the 96 eggs hatched. The amount of research
and other activity carried out in proximity to the pen-
guins may have been a major disturbing factor. By con-
trast, a small experimental unit in the Orlando (Florida)
facility, which is relatively free from disturbance, was
successful in fledging 5 young from 6 pairs of adults.

Adélle penguins at Hubbs/Sea World Research Institute, San
Diego, California.
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Of the 21 hatched chicks at San Diego, 15 ultimately
fledged. We hand-raised 12 of these chicks, which grew
at a more rapid rate and were larger at fledging than
the parent-raised chicks. Given our success with hand-
rearing, it is anticipated that we will modify our man-
agement techniques during the next breeding season.

The young of the previous season (1977-78) were
observed closely throughout the year. The darkening of
their white throats, which had proceeded considerably
by July, suggested a gradual molt in that region. This
does not conform with the normal penguin molting pat-
tern of simultaneous molting of all feathers. The im-
matures did commence their major molt late in Novem-
ber, approximately a month before the breeding adults.
Following the molt, they resembled adults, but averaged
several pounds lighter in weight.

Thus far, no success has been achieved in breeding
the emperor penguins. Hormone analysis suggests that

the population is still subadult, although some courtship
behavior has been noted and nearly all the birds respond
immediately by calling when played recordings of the
wild emperors at Cape Crozier with their chicks. As was
noted the previous season, the emperors were very in -
terested in the Adélie chicks and would attempt to brood
them if a chick left the security of the rock pallets.

This project has been supported in part by National
Science Foundation grant DPP 76-20746 to the Hubbs/
Sea World Research Institute.
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Diving characteristics of free-
ranging Weddell seals

G. L. KOOYMAN, M. S. CASTELLINI, D. P. COSTA,

J . 0. BILLUPS, and S. J . PIPER

Physiological Research Laboratory
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92093

During the 1978-79 field season, we investigated the
diving characteristics of 25 adult Weddell seals in areas
several kilometers off Cape Evans and near White Is-
land. This investigation, which began in September soon
after the winter fly-in and ended in mid-January, rep-
resents a continuation of the previous season's investi-
gation of the blood chemistry of voluntary diving seals.

White Island, about 25 kilometers south of the north-
ern edge of the McMurdo Ice Shelf, was of special in-
terest because the seals there seem to be a permanent
colony. At this site, the ice is very thick other than in the
immediate vicinity of the island's shoreline.

Our basic method was to attach time-depth recorders
to seals found hauled out near their breathing holes.
Then, several days later, the seals would be recaptured
and the recorders removed. In total, we obtained about
138 days of recordings from the time-depth recorders
and logged about 4,100 dives. We are now formatting
data for detailed computer analysis (figure 1).

WEOCELL I

Computer plot of 4 days diving activity of an adult Weddell
seal. Total length of the record Is about 10 days. The times-
of-day baseline Is divided Into 1-hour Intervals and 12-hour

cycles (0 = midnight; 12 = noon).

In general, it can be said that the seals' rigid diurnal
pattern breaks down as the austral summer progresses.
It also appears that the depth of dives made by the seals
differs according to season. In September, many deep
dives in excess of 300 meters are made, whereas, in Jan-
uary, there is a preponderance of shallow dives. Finally,
although Weddell seals are capable of remaining sub-
merged for more than one hour (Kooyman et al., 1971),
they do not use this capacity under free-ranging con-
ditions.

This work has been supported by National Science
Foundation grant DPP 78-21862.
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