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It is still difficult for marine biologists to accept
the findings that some marine organisms are now
more contaminated with persistent industrial and
agricultural chemicals than are their terrestrial counterparts that live in the immediate vicinity of the
sources of these pollutants. The chlorinated hydrocarbons, such as p,p'—DDE, one of the DDT compounds, and the polychlorinated biphenyls, used in
industry as plasticizers and as additives to some
paints, lubricants, and insulators, are among the
persistent pollutants now found in the sea. Their concentrations are especially high in the petrels and
shearwaters, species that feed largely upon the planktonic organisms at the surface of the open ocean far
from land, and in fish-eating species of coastal waters
such as the brown pelican and double-crested cormorant.
A considerable amount of evidence now suggests
that the DDT compounds are dispersed primarily
through the air rather than by ocean currents. Relatively little is known about the dispersal mechanisms
of the polychlorinated biphenyls, although they have
been detected in rainwater. PCBs might also enter
the sea by leaching from waste materials. In each
of the several areas of the oceans so far studied, the
amounts and proportions of the pollutants tend to
be characteristic of the region. It is becoming possible to tell from what area of an ocean an individual
organism has come or inhabits.
The antarctic and subantarctic regions are the
breeding areas of many of the species of petrels and
shearwaters. Some of these range widely during
the non-breeding season. Among the species nesting
on the Antarctic Peninsula, for example, the Wilson's
petrels spend the northern summers in the North
Atlantic, where they are familiar birds to ocean
travellers. The cape pigeons and the giant fulmars
also migrate northwards, but usually do not cross the
Equator. Each of these species would therefore carry back to the Antarctic and deposit in their eggs
the characteristic ratios of pollutants found in those
areas where they had been feeding. The resident
species that do not travel past the Antarctic Convergence can be expected to carry only the pollutants
that reach the Antarctic by aerial fallout or ocean
currents, or that originate in the waste discharged
at the scientific stations. By analyzing eggs or tissues
of sea birds inhabiting each of the major regions of
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the sea, we hope to obtain a better idea of the fallout pattern of pollutants around the world and of
the dispersal mechanisms that contribute to the
fallout.
The problem of waste discharge at several of the
scientific stations is becoming serious. Food refuse
at Palmer Station is now being wrapped in plastic
bags before being deposited on ice floes. Do these
plastic bags, which are used because of their strength
and durability, contain polychlorinated biphenyls or
other persistent molecules that will contaminate the
local ecosystem?
To collect eggs and tissues of birds that might
yield such information, we spent a month at Palmer
Station this past season. The samples have only recently arrived in the United States and have not
yet been analyzed. We expect that the data will provide some information about the current pollution
patterns in the Atlantic and in the area of the Antarctic Peninsula. They will be valuable in the formulation of a program for monitoring the buildup of
all pollutants in the sea. They will also provide some
information about the extent of contamination of
the ecosystem in the vicinity of Palmer Station resuiting from the current waste-disposal practices.
The Wilson's petrel will be one of the species
chosen to monitor for marine pollutants. It is perhaps the world's most abundant species of bird and
is found over most of the oceans. It can, therefore,
be used to compare one area with another. The few
Wilson's petrels that have been collected for analysis in the northern Atlantic have been heavily contaminated with chlorinated hydrocarbons. On the
basis of a comparison with the other species so far
studied, we might expect some effect upon reproduction. Eggshell thinning is a symptom of impairment
of reproduction caused by the chlorinated hydrocarbons. Measurements of the eggs collected at
Palmer Station will, therefore, tell us whether
chlorinated hydrocarbons are now also threatening
the survival of the Wilson's petrel.
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Where there is predation, the prey animals have
to be constantly on the qui vive. This predatorANTARCTIC JOURNAL

Figure 1 (above). A young leopard seal pursues
Adélie penguins on the ice. This behavior is unusual: The seal typically hunts in the water. No
penguin was captured. Cape Crozier, December 2,
1969.
Figure 2 (above, center). Adult penguin charges and
chases away a south polar skua. The encounter occurred on "neutral ground," between colonies.
November 16, 1969.
Figure 3 (right). A skua model is moved over a
penguin colony. Birds in the path of the model
charge with open bill or point with bill closed. Birds
on either side watch the model. November 8, 1969.
Figure 4 (extreme right). The experimental situation. A dummy is suspended on nylon lines and moved over a colony by a crank handle.

avoidance behavior permeates all other behavior.
The chief predators on Adélie penguins (Pygoscelis
adeliae) during the breeding season are the leopard
seal (Hydrurga leptonyx) and the south polar skua
(Gatharacta maccormicki).
The objective of our 1969-1970 field work at Cape
Crozier was to start a study of the strategies employed
by the penguins for avoiding predation, including the
reactions of individuals and groups to the predators,
predator recognition, "prophylactic" measures in the
absence of predators, and changes of responsiveness in
time. Leopard-seal interactions with Adélies were observed during a total of 108 hours. Up to six seals
worked the rookery beaches at a time, and the rate of
predation varied from 0.37 to 1.0 kill/hr. These figures confirm the findings of Penney and Lowry
(1967) in the same area. Low tide increased the predation (1.0 kill/hr), because the penguins could not
jump the 2-3 m high ice foot. At medium and high
tides, 0.47 kills/hr were recorded.
The activity cycles of prey and predator are not
fully synchronized. The seals were most active between midnight and 0600 hrs*; whereas most penguins were swimming back to the rookery between
0600 and 1200 hrs. The diurnal rhythms of activity
are significant (leopard seal: p<O.Ol; Adélie penguin: p=0.001). The rank correlation between the
two cycles is +0.582 (p<0.05). The "nocturnal"
activity of seals was described earlier for the Weddell seal, Leptonychotes weddelli (Müller-Schwarze,
1965), and later confirmed by Stirling (1967).
* Local times.
July—August 1970

The adaptive value of being social to minimize predation is much discussed. Adélie penguins dispersed
from a group on the fast ice during an attack by a
leopard seal showed overt signs of additional vigilance required in this situation. The dispersed penguins turned their heads 11 times/mm, while birds
remaining in a group turned their heads only 6
times/mm (difference: p<0.Ol).
Eighty-two hours were spent observing skua-penguin interactions. Actual defense occurs when the
skua flies 1 m or lower over the incubating penguins.
With closed bills, the penguins point toward skuas
1-2 m above them, look only when skuas fly 2-12 m
high, and seem to ignore them when the skuas are
higher than about 12 m. The penguins have to cope
with individually acquired attack patterns of some
skuas: one skua was observed pulling the tails of
incubating penguins until the eggs were exposed and
could be taken.
The dense groups of flightless birds on their breeding territories offer a unique opportunity to study
predator recognition and response intensities. This
experiment was accomplished by using two-dimensional models of skuas which were moved overhead
(e.g., Miiller-Schwarze, 1961). In 82 series of 8 exposures each, we pulled skua dummies and circles
and ellipses over colonies at a speed of about 1 m/sec.
For each experiment, we used a new, naive group.
The penguins responded to the low-flying models
as if they were real skuas, attacking or pointing closed
bills toward them. Afterwards, many birds shook
their heads as they usually do after a disturbance.
These motor patterns indicated the response intensity.
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The penguins reacted to geometrical figures as
strongly as they did to bird models. Their response
seemed directly proportional to the size of the models.
In the course of the breeding season, the response
intensity increased, particularly from the late incubation period (late November) to the "guard stage,"
after the hatching of the chicks (late December).
The study was supported by NSF grant GA-14220.
Richard T. Paul and D. Andrew Saunders assisted in
the field and continued the work after the departure
of the principal investigator.
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Studies of Incubation Behavior
and Embryonic Development
in the Adélie Penguin

time-lapse cameras. Eventually, it is hoped that the
rate of embryonic development can be estimated by
correlating recorded temperatures, incubation activity, and the development and temperature curves determined in laboratory experiments.
Some of the factors under consideration which
may cause penguins to expose their eggs are: (1)
various levels of brooding experience, possibly related
to age; (2) the effect of social structure and interactions of individuals; and (3) the effect of human
disturbance. Three time-lapse 8-mm movie cameras
were set up in different colonies within one area of
the rookery. From October 4 till December 28,
1969, these cameras were operated continuously at
1 to 2'/2 frames per minute to yield 2,100 feet of
film for analysis. The strip-chart recorders did not
arrive at Hallett until late in the season, so nesttemperature data are available only for the period
December 4-21, 1969, from one experienced brooder.
Hopefully, correlation of these data will provide
insight into adaptation of incubation processes in
cold climates, and enable evaluation of incubation
behavior essential for successful incubation.
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Two related studies of the embryonic development
of the Adélie penguin were done at Hallett Station
during the 1969-1970 season. One was a continuation of studies initiated in November, 1968, to determine the rate and the upper and lower limits of development at different temperatures under artificial
incubation. This season, we found that the upper and
lower limits are close to those established for domestic chicken embryo development. For this incubation study, 150 first eggs were taken. (Observation
of each nest from which an egg was taken showed
that a replacement egg usually was laid.)
The second study was designed to: (1) correlate
the incubation intensity of Adélie penguins with development of the embryos; and (2) determine innate
behavior and external disturbances which expose
the egg and thereby reduce incubation efficiency. The
technique for this study was to monitor egg and
nest temperatures with continuously recording thermoprobes, and simultaneously sample and record
major movements of the incubating penguins with

The USARP birdbanding program continued, for
the ninth consecutive season, a long-term study of
the ecology and behavior of Adélie penguins
(Pygoscelis adeliae) and south polar skuas (Catharacta maccormicki) at Cape Crozier, Ross Island
(Sladen et al., 1966, 1968a; Wood et al., 1967; LeResche et al., 1970). Wilson House was occupied by
the Johns Hopkins party from October 19 to February 11. Blizzards were more frequent than in any
other season, with 9 days of winds exceeding 100
mph and 27 days of winds over 50 mph. The blizzards caused mortality of both Adélie and skua chicks
and prevented adult skuas from foraging, but they
were also beneficial in that they periodically moved
the pack ice away from the rookery, giving Adélies
ready access to the sea and food supplies.
This season, 1,342 Adélies banded as chicks during
the first 8 years of the study were observed throughout the rookery. In two study areas that were closely
followed, 8% of 157 3-year olds bred, 35% of 127 4year olds, 57% of 88 5-year olds, 76% of 51 6-year
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