temperatures; temperature stratification within the
water was most pronounced in shallow ponds. Oxygen
concentration was high at all locations, with pH values
always on the basic side. Conductivity readings indicated high electrolyte concentration in certain ponds,
which may be explained by their close proximity to
the ocean, soil leaching, wind-borne material, or contamination by birds. For instance, when melted, the
ice of Coast Lake at Cape Royds containing skua fecal
material indicated variable readings from 68 to 1,200
inhos.
PO4 and iron were found to be low at all sites, as
was NH 3 . The one exception was Pony Lake ("Home
Lake") at Cape Royds, which is adjacent to a penguin
rookery and sources of human contamination. NO3
and NO2 were low or absent at most sites except in
the cheisiocime of Lake Vanda and Pony Lake. SO4
varied between collection sites, but was highest at
"Pond II" on Cape Evans.
The I)1ysio(11e1nical information will be compared
at a future date with statistical data of protozoan
populations from identical sites as indicated.

Biology of Deep Diving in Antarctic
Birds and Mammals
G. L. KOOYMAN and W. B. CAMPBELL, JR
Scripps Institution of Oceanography
University of California, San Diego

This first season's field work on the study of various
behavioral and physiological aspects of deep diving
was primarily concerned with the emperor penguin
(Aptenodytes forsteri) and the Weddell seal (Leptonychotes weddelli).

The late-winter flight to McMurclo Station, Antarctica (September 3, 1968), permitted us to conduct

some experiments on behavioral responses to night
diving in Weddell seals. Procedures similar to past
work were used in these and later experiments with
emperor penguins (Kooyman, 1968). Winter-night
observations are of particular interest because of the
navigational problems inherent in finding isolated
holes under such low levels of light. Thus far, our
results indicate that the seals are quite conservative in
their diving efforts at night. However, confirmation of
any general trend will require more experiments.
Efforts to obtain certain physiological parameters
from unrestrained Weddell seals were initiated. Heart
rates on freely diving seals and complete recordings of
short dives, some lasting slightly over five minutes,
were obtained. Rates were also obtained from seals
sleeping in ice holes and in post-dive states, some after
dives of over 40 minutes.
An analysis of certain pulmonary functions was also
begun on seals diving from our ice station by inducing
them to breathe between dives into a small two-way
valve mounted over the breathing hole. One seal
became so adjusted to the valve arrangement over the
hole that she slept under it for a number of hours.
This method enabled us to determine post-dive tidal
volumes and oxygen consumption rates and should
work equally well for measuring alveolar gas composition and total lung capacity.
Applying techniques similar to those used in diving
studies of Weddell seals, we analyzed the diving capacities of emperor penguins. We observed dives of
this largest of aquatic birds in excess of 15 minutes,
longer than those reported for any other freely diving
bird. We also began to compare these and other observations made at the dive station with behavior in
more open water. These latter studies are still in progress.
Reference
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Photo: G. L. Kooyman
Emperor penguins diving from an isolated hole in thin sea ice. The 10-foot diameter hole was at
times occupied by as mcny as 30 birds simultaneously.
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