feeding territory is defended against conspecifics
by a breeding pair of skuas, and active territorial
defense is most pronounced at the onset of Adélie
chick hatching. Among other factors, the spatial
pattern of the feeding territories depends on the
size of the penguin rookery; while the small rookery
at Cape Royds (approximately 1,400 breeding
pairs) is completely divided into skua feeding territories (Young, 1963), the much larger Adélie
rookery at Cape Crozier (approximately 175,000
breeding pairs) supports stabile, functional feeding
territories only at its periphery (Müller-Schwarze
and Müller-Schwarze, 1973).
During the 1974-1975 field season we examined
the following aspects of skua feeding territories
at the Cape Crozier rookery:
(1) the extent of the feeding territories, the number of penguins breeding in each, and the potential amount of food available to each pair of territorial skuas;
(2) a comparison of the breeding success of skuas
that do maintain feeding territories with those that
do not;
(3) a comparison of the breeding success of
Adélie penguins nesting in skua feeding territories
with those that nest elsewhere in the rookery.
Some of the preliminary results obtained this
season follow:
(1) Skua feeding territories extended from 31.7
to 91.1 meters into the penguin rookery, and
ranged in area from 726.3 to 2,870.7 square meters.
In late December the number of penguin nests in
skua feeding territories ranged from 179 to 711.
From these data we can determine the potential
food supply available to a skua pair by utilizing
estimates of penguin egg and chick production,
chick growth, and egg and chick mortality. Preliminary calculations indicate that under optimum
conditions a feeding territory must contain a minimum of 230 penguin nests to completely support
a pair of skuas incubating a chick.
(2) The breeding success of skuas that defend
feeding territories tended to be slightly greater
(.647 chicks per pair) than that of nonterritorial
skuas (.591 chicks per pair) at the last census on
January 10, 1975. However, the true adaptive advantage of territoriality may be more accurately
revealed in comparisons of chick weights of terri
torial and nonterritorial skuas. The skua chicks
that maintained feeding territories tended to weigh
more on several weighing dates during January
than those of nonterritorial birds.
(3) The breeding success of penguins living within skua feeding territories was not lower than that
of conspecifics elsewhere in the rookery. This
demonstrates that the existence of feeding territories does not mean a disadvantage for penguins
breeding within them, as might be expected. Sur122

prisingly, scavenging and predation pressure aie
actually lower in feeding territories than elsewhere
in the rookery (Müller-Schwarze and MU1leSchwarze, 1973).
In summary, last season's field work at Care
Crozier gave new insight into some aspects of ftc
intricate predator-prey relationships of antarctic
vertebrates.
This research was supported by National Science
Foundation grant oii 74-08677.
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Blood plasma proteins of
antarctic birds
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The temperature of the legs and the feet of antarctic birds exposed to cold often approaches that
of the environment. The blood flowing into these
limbs is cooled and its viscosity increases 2 to 3
percent for a decrease of each degree Centigrade
of temperature (Merrill et al., 1963; Guard and
Murrish, 1975). Other factors that affect the viscosity of blood are hematocrit, erythrocyte size,
and plasma protein concentration. We have determined the effect of these parameters on the viscosity of blood from several species of antarctic
birds (Block and Murrish, 1974). In this study we
have examined the plasma of six species of polar
birds by means of disc electrophoresis to determine
the role of various blood proteins on the viscous
behavior of blood.
The birds used were gentoo penguin (Pygoscelis
papua), chinstrap penguin (Pygoscelic antarctica),
Adélie penguin (Pygoscelis adeliae), blue-eyed shag
(Phalacrocorax atricips), south polar skua (Catharacta
skua mccormicki), and giant petrel (Macronectes giANTARCTIC JOURNAL

gantelLs). Blood samples were taken by venipuncture
into heparinized syringes from animals captured in
the vicinity of Palmer Station, Antarctic Peninsula.
Blood was centrifuged and the fractions separated.
The plasma was placed in sealed plastic vials and
quickly frozen. Some of the erythrocytes were
frozen to be used as hemoglobin markers. The
samples were sent to our laboratory at Case Western Reserve University where the work was completed.
Total protein concentration was determined by
either Lowry or biuret methods. Protein fractions
were determined by disc electrophoresis in a continuous, glycine-tris buffer system at pH 8.3. Gels
were prepared with 7.5 percent polyacrylamide in
6-millimeter (inside diameter) by 120-millimeter
tubes. Plasma samples of 2 microliters (approximately 100 micrograms of protein) were layered
under glucose on the gel surface. Bromophenol
blue served as a tracking dye.
The standard for protein concentration, 70
micrograms of bovine albumin fraction V, was run
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with each set of tubes. Electrophoresis was performed at 10°C. with a constant voltage of 150 volts
and a starting current of 5.5 milliamperes per tube
for 3.5 hours. Gels were stained with 1 percent
fast green dye, washed in 7 percent acetic acid,
and scanned on a Gilford 2400-S recording spectrophotometer at 650 nanometers. The concentration
of protein in each peak was integrated gravimetrically. Values for relative mobility (RM) were calculated by dividing the migration distance of each
protein peak by the migration distance of bovine
albumin standard and then multiplying by 100.
Pherograms of plasma proteins for the six species
of antarctic birds are shown in figures 1 and 2.
The electrophoretic patterns vary considerably
because of the taxonomic separation of the birds.
However, the overall patterns compare favorably
with those of the chicken and of other penguins
(Allison and Feeney, 1968). The protein fraction of
all birds, which was most acidic and showed the
greatest concentration (table), was peak 6. This
peak was identified tentatively as albumin by corn-
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Figure 1. Pherograms for the blood plasma of three species
of antarctic penguins. Numbers for reference to only the
major electrophoretic peaks.
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Figure 2. Pherographs for the blood plasma of three species
of antarctic birds. Numbers refer to major peaks, and
homology between numbers is not necessarily implied.
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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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An early attempt by Dr. Parmelee to reach his
study area near Palmer Station failed when ice preANTARCTIC JOURNAL

