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One goal of the project described in this article is to deter-
mine the population structure and demography of south polar
skuas (Catharacta maccormicki) nesting at Cape Crozier, Ross
Island. To do this we are collecting data on age-specific annual
survivorship, fecundity, and emigration. Another goal is to
determine the way age affects aspects of the species' life his-
tory, including such elements as arrival date, laying date,
clutch size, fidelity to mate and territory, and nesting success.
The project was begun during the 1961-62 austral summer
when Robert C. Wood of Johns Hopkins University banded
all chicks that survived to at least 3 weeks of age. He did
likewise in each succeeding season through 1970-71. During
those 10 years he gathered data on known-age skuas that
survived their early years to return to Crozier. In 1974-75 and
1975-76 we returned to Crozier and censused known-age
skuas again.

During the austral summer of 1980-81, with the indispens-
able help of Bob Wood, we began a final 3-year study of the
dynamics of the banded skua population. In December, Bob,
Steve Morrell, and I located 216 known-age individuals and

rebanded 200 of them with highly resilient stainless steel
bands. The birds were 10 to 19 years old. (The ages of skuas
studied in earlier years had ranged from 2 to 14 years.) In the
following months we summarized all data collected during
this and previous years and are now preparing the data for
computer analysis. In the summers of 1981-82 and 1982-83
we will again census the Crozier known-age skuas and will
also visit other skua rookeries to look for Crozier-born birds.
These data will provide insight into emigration rates, annual
survivorship, and the probability of sighting among older age
classes. Following the third season (1982-83) all data collected
since 1962-63 will be analyzed.

Trends visible in the data collected to date, though expres-
sible now only in qualitative terms, are that Crozier skuas
have extremely low fecundity, probably live 30 to 40 years once
they reach breeding age, and remain attached to Cape Crozier
and the sea in spite of the large, reliable food source 150
kilometers away in McMurdo (I refer here to the dump). It also
is apparent that fecundity is highly sensitive to factors inde-
pendent of population density and is especially sensitive to
weather. This results in a very uneven age structure in the
Crozier population. For instance, more than 50 percent of the
banded population alive in 1980-81 were born in 1962-63
(and thus were 18 years old in 1980-81), and only two other
age cohorts made up the majority of the other individuals.
Such a structure is not typical in populations of long-lived
birds.

This project is being supported by National Science Foun-
dation grant DPP 79-20796.
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Countercurrent heat exchange in the respiratory passages of
birds has been shown to result in substantial savings in met-
abolic heat and body water (Murrish 1973; Schmidt-Nielsen,
Hainsworth, and Murrish 1970). This energy and mass
exchange is based on simple physical principles. During
inhalation, the incoming air is warmed and humidified by the
mucosal lining of the nasal passageways. The mucosa is cooled
by convection and evaporation. During exhalation, air at body
temperature and saturated with water vapor passes over these
cool tissues and gives up heat. Water vapor then condenses
on the mucosa. The amount of heat and water savings can be
determined by measurement of the temperature of the exhaled
air.

Giant petrels (Macronectes giganteus), Wilson's storm petrels
(Oceanites oceanicus), south polar skuas (Catharacta maccoT-
micki), and blue-eyed shags (Phalacrocorax atriceps) were cap-
tured as needed from islands near Palmer Station. Birds were
released immediately following the experiment.

Measurement of respiratory air temperatures were made on
unanesthetized birds lightly restrained to a wooden frame
with cloth strips. Body temperature was determined by a ther-
mistor inserted into the esophagus to the vicinity of the crop.
The rapidly fluctuating temperatures within the nasal passages
were measured with a calibrated microbead thermistor (time
constant = 0.05 second in air moving 100 centimeters per
second). The microbead thermistor was one arm of a wheat-
stone bridge; the null balance was determined with an oscil-
loscope.

Plastic casts were made of the nasal air passages to determine
their geometry and dimensions. (The casts were made on dead
animals collected for other studies.)

Temperatures of the exhaled air of the two species of petrels
and the skua are shown in figure 1. At ambient air tempera-
tures of 00 to 30°C, the temperature of the exhaled air was well
below body temperature. Body temperatures (with standard

148	 ANTARCrIc JOURNAL



U	10	20	30 40 bU bu

(-)
0

uJ

F-

w
F-'

deviations) were: giant petrels, 39.2 ± 0.2°C (N = 8); Wilson's
storm petrels, 39.5 ± 0.4°C (N 5); and south polar skuas, 39.3
± 0.3°C (N = 5). Representative temperature profiles within
the nasal passages of the birds at an air temperature of 0°C are
presented in figure 2. For all three types of birds, the gradients
for temperatures taken within the passages were steep. Tem-
peratures at the internal nares approached those of bodies.

The nasal passages of these polar birds consist of a system
of turbinates similar to those of other birds (Bang 1966;
Schmidt-Nielsen et al. 1970). The lengths of the main air stream
channels were: giant petrel, 70 millimeters; Wilson's storm
petrel, 17 millimeters; and south polar skua, 52 millimeters.
The mean distances from the center of the air stream lumen to
a nasal surface for the three birds were 0.5, 0.1, and 0.2 milli-
meter, respectively. The pathway for air movement is char-
acterized by a large surface area and a short distance from the
center of the air stream to the nearest mucosal wall.

AMBIENT TEMPERATURE o

Figure 1. Temperature of the exhaled air of three species of ant-
arctic birds at various air temperatures. Regression lines fitted by
least squares method to points below 20°C.

The external nasal passages of the blue-eyed shag are less
than 0.2 millimeter in diameter. They do not communicate
with the external nares and, thus, do not function for respi-
ration. The internal nares of shags serve to eliminate secretions
from the nasal salt glands (Schmidt-Nielsen, Jorgensen, and
Osaki 1958).

The south polar skuas were able to decrease their exhaled
air temperatures below those of the other two birds. The respi-
ratory heat budget of the skua is given in the table. Heating
1 liter of air from 0°C to 39°C requires 9.8 calories. The heat of
vaporization to saturate the liter with water vapor is 29.8 cal-
ories. A skua must then add 39.6 calories to every liter of 0°C
air it inhales. Upon exhalation of the liter of air at 7°C, satu-
rated, 83 percent of the heat is recovered. This amount of heat
is important to the heat budget of the bird. If one assumes a

DEPTH, mm

Figure 2. Temperatures at various depths in the nasal passages
of three species of antarctic birds breathing air at 0°C.

skua extracts 20 percent of the oxygen (42 milliliters) from the
liter of inhaled air, the metabolic heat production would be
202 calories (4.8 calories per milliliter of oxygen). If the bird
were to exhale the air at body temperature, 39.6 calories would
be lost. This is approximately 19.6 percent of the simultaneous
metabolic heat produced. Calculations for the two petrels
reveal similar heat savings.

Calculated heat required for warming and humidifying 1 liter of air
(STP) from 0°C, 75 percent relative humidity, to 39°C, saturated,
during inhalation, and the heat recovered by cooling the same air
to 7°C, saturated, upon exhalation.

Heat recovered	Percent
Heat added	upon	savings

	

upon inhalation exhalation	upon
(calories)	(calories)	exhalation

Heating of air	9.8	 8.0	820/6
Heat of

vaporization	29.8	24.8	830/6
Total heat	 39.6	32.8	830/6

The volume of respiratory water saved by cooling the
exhaled air also can be estimated. One liter of air, standard
temperature and pressure, at 0°C, assuming 75 percent relative
humidity, contains 3.6 milligrams of water. Warming the air
to 39°C, 100 percent relative humidity, increases the carrying
capacity to 48.6 milligrams of water. Of this amount, the respi-
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ratory tract of skua would have to add 45.0 milligrams of water.
If the bird exhaled air at body temperature, saturated, all of
the water would be lost. However, by exhaling at 7°C, satu-
rated, only 7.8 milligrams of water would be lost, and 37.2
milligrams of water would be recondensed onto the nasal lin-
ings. This is an 82.7 percent recovery of the water added to the
inhaled air. The two petrels would have slightly less efficient
water recovery.

This work was supported in part by National Science Foun-
dation grants DPP 74-18368 and DPP 77-21861.
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Pygoscelid penguin research in
Admiralty Bay
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Our field team was based at the Polish Academy of Science's
Arctowski Station at Point Thomas on King George Island from
12 February to 2 March 1981. Our efforts were directed pri-
marily toward preparations for the 1981-82 and 1982-83 field
seasons. This involved censusing and banding penguins and
flying birds in five rookeries in the Admiralty Bay area, as well
as coordinating our research with that of our Polish colleagues.

Chinstrap (Pygoscelis antarctica) penguin chicks that sur-
vived to creche age (3-4 weeks) were counted and banded at
the Point Thomas, Sphinx, DeMay, Uchatka, and Stranger
Point rookeries (figure); gentoo(P. papua) penguin chicks were
censused and banded at the first two sites. Estimates of the
reproductive success of chinstrap and gentoo penguins were
made on the basis of the number of breeding pairs at each
rookery in 1977-78. Chinstrap penguins fledged a mean of
0.45 chicks per pair, and gentoo penguins, a mean of 0.30
chicks per pair. In contrast, during 1977-78, chinstraps fledged
1.06 chicks per pair, and gentoos, 1.12 chicks per pair (Trivel-
piece unpublished doctoral dissertation; Trivelpiece and Volk-
man 1979). The primary cause of the relatively low productivity
in 1980-81 may have been severe storms in December and
January which deposited 1-2 meters of snow on penguin nest-
ing areas (Jablonski personal communication). Although all
Ade'lie (P. adeliae) penguin chicks had fledged prior to our
arrival, a similar low productivity was indicated by the
hundreds of dead 5- to 7-week-old chicks (estimated by degree
of molt) found in the Point Thomas, Sphinx, and Stranger
Point rookeries. The cause of this mortality, thought to be a
pathogen, is being investigated by B. Jablonski of PAS. Several
breeding adults that had been banded between 1976 and 1978
were sighted at Point Thomas this season. Among them were
3-year-old Ade'lie (n = 4) and chinstrap penguins (n = 9) that
had been banded as chicks in 1977-78. Sighting of the chin-
straps gives us the first data on the age of first breeding of this
species. The sex of these breeders was not determined.

Finally, we censused breeding brown (Catharacta lonnbergi)
and south polar (C. maccormicki) skuas and American sheath-

bills (Chionis alba) in the Point Thomas and Sphinx rookeries.
Brown skuas banded in 1977-78 experienced 90 percent mor-
tality among the territorial pairs at Point Thomas. The cause
of this high mortality is unknown, but the situation appears
to be similar to that recorded at Palmer Station, Anvers Island,
in 1978-79 (Parmelee, Maxson, and Bernstein 1979). However,
all known skua territories at Point Thomas were re-occupied
by new breeding pairs. Reproductive success of brown skuas
in 1980-81 was 0.68 chicks per pair, 40 percent lower than in
1977-78; south polar skua and American sheathbill productiv-
ity was similar to that in 1977-78-0.40 and 1.1 chicks per
pair, respectively.

This research was supported by National Science Founda-
tion grant DPP 79-20424. We thank K. Birkenmajer, com-
mander, Arctowski Station, for his hospitality and helicopter
transport, which greatly facilitated our research. B. Jablonski
kindly shared his 16 months of research data with us and
recorded the breeding of penguins we had banded in 1976-78.
We also thank Capt. P. Lenie and the crew of the 1w Hero for
logistical support.

Mackellor
Inlet	 Martel

Inlet

KING
GEORGE	

AD

ISLAND

 ADMIRALTY
BAY

Map of Admiralty Bay showing locations of rookeries being studied
by our group.
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