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Newly hatched chicks of seabirds differ in their ability to
maintain their body temperatures at a high level. At one ex-
treme, the hatchlings of altricial species have no down, are
incapable of generating heat in response to cold stress, and
must be brooded by their parents to maintain a high body
temperature. At the other extreme, precocial species hatch with
a thick layer of down, are capable of generating body heat,
principally by shivering, and require relatively little brooding
by their parents (Nice 1962). Between these two extremes is a
range of developmental types. Regardless of the level of home-
othermy at hatching, the subsequent increase in temperature
regulation during the development period depends on an in-
crease in the chick's ability to generate heat combined with a
decrease in thermal conductance across the chick's surface.
Increase in metabolic response to cold stress normally is associ-
ated with an increase in the size and degree of functional matu-
rity of skeletal muscles (Calder and King 1974). Decreased ther-
mal conductance results from the development of a thick layer
of down, which eventually is replaced by feathers in the juve-
nile bird (see, e.g., Spiers, McNabb, and McNabb 1974).

One goal of our research on the energetics of reproduction in
seabirds at Palmer Station during January and February 1981 was
to characterize the development of homeothermy in the large
seabirds that inhabit the area (see Parmelee, Fraser, and Neilson
1977). Although all the species are exposed to extremely cold
temperatures, generally in the range of 0° to 5°C, seabirds
exhibit a variety of development types, ranging from an ex-
treme altricial species, the blue-eyed shag (Phalacrocorax
atriceps), to a precocial species, the south polar skua (Stercorarius
maccormicki). Intermediate between these are two species, the
Adélie penguin (Pygoscelis adeliae) and the southern giant
fulmar (Macronectes giganteus), whose hatchlings are downy but
are brooded by their parents for an extended period. This article
reports on body temperatures of undisturbed chicks, as an
index to the normal temperature during early development,
and on the rate of decrease in body temperature when exposed
to cold stress.

Body temperatures were measured by inserting a thermistor
(Yellow-Springs Instruments) into the proventriculus. Air tem-
perature was measured by placing the same thermistor probe in
a shady spot 0.5 meter above the ground. Loss of body heat was
determined by placing chicks in wire baskets in a location simi-
lar to the natural nest site and recording the body temperature
at the beginning and end of a 30-minute trial period. Air tem-
peratures during these experiments varied between 0° and 10°C.
Temperature loss is presented as the coefficient of
homeothermy:
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Figure 1. Body temperatures of chicks of four species of seabirds at
Palmer Station, plotted as a function of body mass. Note the dif-
ferent scale for the south polar skua. Approximate ages of the
chicks, In days, are shown Just above the horizontal scales.

where T is the ambient air temperature, Ti is the initial body
temperature of the chick, and T is the body temperature at the
end of the trial period. H is the gradient between the tempera-
ture of the chick and that of its surroundings at the end of a 30-
minute period, expressed as a percentage of the gradient at the
beginning of the period. When there is no change in body
temperature during the trial, the coefficient is 100 percent. If
body temperature were to drop to the ambient temperature
during the trial, the coefficient would be 0 percent.

Body temperatures of chicks at their nests are presented in
figure 1. Temperatures are plotted with respect to the mass of
the chick so that comparisons among the species can be made
on a mass-specific basis. Comparisons among adult birds have
shown the relationships between heat generation and con-
servation to be closely related to size (Calder and King 1974). For
convenience, figure 1 gives approximate ages of chicks, in days,
along with the mass scale. Of the four species, the blue-eyed
shag had the most variable body temperatures during the early
growth period and was the last to develop effective control of
body temperature. The other three species exhibited decreased
body temperatures only during the first couple of days after
hatching. The two low values (between 30° and 31°C) for the
southern giant fulmar were obtained from recently hatched
chicks whose down had not yet fully dried. After homeothermy
had been achieved, the body temperatures of chicks were be-
tween 36° and 38°C in the shag, about 38°C in the penguin and
giant fulmar, and between 38° and 40°C in the skua.

The coefficient of homeothermy is plotted as a function of
body mass in figure 2. Both the skua and giant fulmar had well-
developed homeothermy, virtually from hatching, when ex-
posed to temperatures of between 0° and 10°C. Two coefficients
of homeothermy (H) of less than 80 percent were obtained from
skuas less than 1 day old. Subsequently, all skua chicks had
values of H greater than 90 percent. Within 5 days of hatching,
all giant fulmar chicks had values of H greater than 90 percent.
The shag and, to a lesser degree, the penguin had poorly
developed homeothermic abilities at hatching. Hatchling pen-
guins exhibited H values of about 60 percent, but even after 1
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Figure 2. Coefficient of homeothermy for four species of seabirds at
Palmer Station, plotted as a function of body mass. The values were
determined at ambient temperatures between 0 0 and 10°C over peri-
ods of 30 minutes.

week shag chicks had values below 50 percent. Penguin chicks
achieved H values exceeding 90 percent at a mass of about 300
grams (about 1 week), but shag chicks did not achieve a similar
level until about 600 grams (about 14-15 days after hatching).
Homeothermic capacities, as illustrated by the coefficient H,
agree quite well with the variability in body temperatures of
chicks at the nest during the early part of the growth period. The
relatively constant body temperatures of penguin chicks, even
from an early age (figure 1), indicate the effectiveness of parent-
al brooding in maintaining body temperature. The considerably
more variable body temperatures of shags indicate less precise
control.

Since rate of heat loss is a function of both the ability of the
chick to generate heat and the capacity of the chick to retain that
heat by surface insulation, it is not surprising that the coefficient
of homeothermy is closely related to the length of the hatch-
ling's down: 0 millimeters in the shag, approximately 7-10 milli-
meters in the penguin, 15-20 millimeters in the skua, and 25-30
millimeters in the giant fulmar.

Variation among species in the development of homeothermy
is not clearly related to characteristics of the environment. Ther-
mal conditions at the nests of all four of the species in this study
are similar. Yet the type of development and the corresponding
intensity of parental care vary considerably between the altricial
shag and the precocial skua. Development type is consistent,
however, within a taxonomic category (Nice 1962). For example,
all shags and cormorants exhibit altricial development, regard-
less of the climate. The double-crested cormorant in Maine, for
example, achieves a value of H of 75 percent at about 500 grams
body mass (Dunn 1975), which is similar to the blue-eyed shag.
The Guanay cormorant of Peru achieves homeothermy at about

the same pace (Duffy and Ricklefs 1981). In contrast to the shags,
most species of skua and their close relatives, the gulls, exhibit
relatively little brooding by the parents and an early develop-
ment of temperature regulation regardless of geographical lo-
cality. Among the petrels and their relatives (Procellariiformes),
most of the species that nest on the ground surface have a
period of parental brooding, usually 1 to 2 weeks long. Gener-
ally, these species do not hatch with fully develped temperature
control, whereas their close burrow-nesting relatives, for exam-
ple, shearwaters and much smaller storm-petrels, are essen-
tially thermally independent from hatching (Ricklefs, White,
and Cullen 1980'.

The extent of parental brooding does not appear to be corre-
lated to the distance between breeding sites and foraging areas.
The shags and the skuas feed close to the nesting areas and yet
exhibit the extremes in development type. Both giant fulmars
and Adélie penguins feed at some distance from their nests,
returning infrequently to their chicks, but they brood their
young for periods of up to 2-3 weeks.

Predation might affect the pattern of parental care. The threat
of predators, principally the south polar skua in the Palmer
Station area, requires the parents in several species to guard
their chicks for extended periods. Shags, penguins, and skuas
themselves are particularly vulnerable to attack during the early
part of the growth period. It is not known whether giant fulmar
chicks are susceptible to skua attack at an early age, but parents
do stay at the nest site for a week or more after they stop
brooding the chick. Again, there seems to be no relationship
between presence at the nest site to defend the chicks against
predators and the development of temperature regulation by
the chicks.
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