parison with the pattern of purified chicken albumin.
One-way analysis of variance indicated significant
statistical differences in the RM of peaks 3 and 4
for the penguin plasma. The RM values (mean
±SEM) for peak 3 from gentoo, chinstrap, and
Adélie penguins were 22.4 ±0.2 (N= 10), 20.2 ±0.1
(N=9), and 20.9 ±0.3 (N=9), respectively. Values
for peak 4 are 32.2 ±0.2, 21.1 ±0.2, 30.5 ±0.3.
Scheffe analysis revealed that the RM values for both
peaks from the gentoo penguins were significantly
different from the other two species (P<0.05) and
that there are no significant differences between
these peaks for the chinstrap and the Adélie penguin.
As a group, the penguins had a greater total protein concentration in their plasma than the other
birds (table). This has been correlated with the
greater apparent viscosity of the blood of the penguins at blood temperatures below the body core
(Block and Murrish, 1974).
When values for protein concentration for the
three pygoscelid penguins were analyzed statistically, wide variations were noted between the gentoo penguins and the other two species. However,
there were no significant differences between the
protein concentrations of the chinstrap and the
Adélie penguins. The following were found to be
significantly different when the gentoo was compared to chinstrap and Adélie penguins: total
plasma protein (P<0.01), electrophoretic peak 2
(P<0.05), peak 3 (P<0.01, peak 4 (P<0.01, and
area 5a (P<0.02). The albumin concentration (peak
6) of the gentoo penguins was significantly different
from that of the Adélie penguins (P<0.03) but was
not different from the chinstrap penguins (P>0.05).
The close correlation in both the relative mobility
and concentration of the plasma proteins of the
chinstrap and Adélie penguins and the profound
differences that exist between these parameters for
the gentoo penguins and the other two pygoscelids
suggests that chinstrap and Adélie penguins are
taxonomically much more closely related to each
other than they are to gentoo penguins.
Purified avian fibrinogen was run simultaneously
with the albumin standard. Ninety percent of the
fibrinogen was within an RM range of 5 to 12. The
RM of fibrinogen and other avian proteins of low
mobility is sufficiently different to allow the provisional identification of peak 2 as being primarily
fibrinogen. The mean protein content of peak 2 for
the six antarctic birds is 10.3 percent (range 8.7 to
12.1 percent). Values for fibrinogen content of
birds from temperate regions are: for the duck 15.5
percent, the pheasant 16.3 percent, the pigeon 17.4
percent (Deutsch and Goodloe, 1945), and the
chicken 14 percent (Saunders et al., 1944).
The larger, asymmetrical protein molecules such
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as fibrinogen and some globulins give rise to the
yield shear stress observed in the blood of vertebrates (Chien et al., 1971). The yield stress is a shear
force that is a measure of the static structure within
a stationary fluid. It represents the forces that must
be overcome within the fluid for it to begin to flow.
At low temperatures, yield stress for antarctic birds
is considerably lower than that for temperate birds
(Guard and Murrish, 1975). Presumably this is a result of the reduced fibrinogen content of the plasma
of antarctic birds. This reduction in yield stress
allows the continuous flow of blood at low velocity
during the cold tissue temperatures experienced by
the legs and feet of these birds. This flow is essential to prevent the freezing of tissue.
Dr. Murrish was at Palmer Station from January
10 to March 10, 1975. This work was supported
by National Institutes of Health grant HL-14640
and National Science Foundation grants GV-35343
and O pp 74-18368.
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Ornithological investigations at
Palmer Station
DAVID F. PARMELEE, WILLIAM R. FRASER, and
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An early attempt by Dr. Parmelee to reach his
study area near Palmer Station failed when ice preANTARCTIC JOURNAL

vented the British ship RRS John Biscoe from enterirg Arthur Harbor on November 10, 1974. As a
giest of the British Antarctic Survey, and later of
the Swedish-American ship Lindblad Explorer, Dr.
Parmelee visited the Falkland Islands (Islas Malvinas) three times, South Georgia twice, and the Orkneys once, in addition to numerous stops at the
Suth Shetlands and along the Antarctic Peninsula.
Many observations of birds were made during these
travels, especially at South Georgia where a number
oF tern and other specimens were obtained.
Although study of charadriiform birds at Palmer
had been delayed nearly 6 weeks by the time Dr.
Parmelee arrived there on December 24, it was still
possible to work with breeding pairs on Bonaparte
Point and outlying islands, including several of the
J oubin group. Quite a few terns had renested following loss of early clutches and young, and the
breeding cycle of many skuas was not far advanced.
Gulls, however, were far along in their nesting.
Our initial work was concerned with marking territories, banding and color coding breeding adults
and their young. The banding program proceeded
well, especially following the arrival of Messrs.
Fraser and Neilson at Palmer on January 11, 1975.
To date we have marked 120 terns, 188 gulls, 435
skuas of both forms (lonnbergi and maccormicki), including 13 F 1 hybrid young. Also banded was a pair
o American sheathbills at their nest on Cormorant
I land, the first recorded nesting of the species in
ti te Palmer area and outside of the Joubin Islands.
Other species being banded at present are giant
p trels, and Wilson's and black-bellied storm
trels.
Dr. Parmelee left Palmer on January 26, and Mr.
F raser left on February 27. Mr. Neilson is carrying
oan ornithological program at Palmer this austral
winter.
This research was supported by National Science
Fundation grant o pp 74-21374.

Behavioral studies of
Adélie penguins
DAVID

G. AINLEY
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Our research at Cape Crozier during 1974-1975
wts successful beyond expectations. The work on
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Adélie penguins (Pygoscelis adelia) was conducted
from October 22, 1974, toJanuary 27, 1975. Rather
mild weather allowed observations to be made almost daily, which is somewhat unusual for Cape
Crozier. Because the project is scheduled for completion during the 1975-1976 field season, what
follows is a report on trends apparent from a preliminary and superficial review of the data collected.
Our observations centered on Adélie penguins
banded as chicks during the 1961-1962 through
1969-1970 field seasons (Wood et al., 1970) by researchers from The Johns Hopkins University. We
located about 1,700 of these birds, ages 5 to 13
years, during 1974-1975. When finished we hope to
compare the population dynamics of Adélies with
those of the yellow-eyed penguin (Megadyptes antipodes) of New Zealand. The latter species is one of
the few seabirds whose population biology has been
studied (Richdale, 1957). The yellow-eyed penguin
is a sedentary, noncolonial subantarctic species,
but the Adélie penguin is a migratory colonial
species of the Antarctic. The contrast should be
interesting and instructive.
It appears that Adélies do not live as long as the
17 to 19 years (or more) reported for yellow-eyed
penguins. Only three 13-year-olds remained in the
banded Adélie population, one of which disappeared (assumed to have died) during 1974-1975.
Thus 18 of the 20 oldest banded Adélies disappeared since my last visit to Cape Crozier in 19691970. Another readily apparent difference between
the two penguin species relates to the sex of the
oldest birds. Richdale (1957) reported that the oldest birds were females, but in Adélies almost all
birds older than 11 years are males. It is still too
early to speculate on specific reasons for these differences, but in general they may relate to the more
rigorous environment of the Adélie, including predation by leopard seals (Hydrurga leptonyx).
We also sought to learn more about why certain
members of an Adélie penguin population fail to
breed or even to pair. The very youngest of these
birds, both males and females, are physiologically
immature (Ainley, 1974a); some of the older ones,
almost all males, behave inappropriately during
social interaction (Ainley, 1974b). In 1974-1975 the
nonbreeders included birds as old as 11 years but
mostly included males 5 and 6 years old. We found
that these physiologically mature males that do not
pair were less active socially than those that did
eventually pair. This helps to explain why the nonbreeders are unsuccessful in the competition for
mates, but we may never learn the reasons for their
inactivity.
I gratefully acknowledge the help of Steve Morrell during our 1974-1975 field work. The aid, comradeship, and cooperation of Ann Bekoff, Marc
Bekoff, Paul Belanger, and Ron Butler made our
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