
Reproductive effort and foraging energetics in Adélie penguins
DONALD N. JANES, VAUGHAN H. SHOEMAKER, MARK A. CHAPPELL, and COREY J. PETERSON, Biology Department,

University of California, Riverside, California 92521

Wof
continued our studies of the physiology and behavior
 Adélie penguins (Pygoscelis adeliae) at a rookery near

Palmer Station, Antarctica. Our project concerns reproductive
effort in males and females in a species with a monogamous
breeding system and extensive parental care by both sexes.
This season we concentrated on studies of energetics and
osmoregulation in Adélie penguin chicks.

Adélie penguin chicks are fed regurgitated food from the
parents within several hours after hatching. Adélies eat
almost exclusively antarctic krill (Euphausia superba), so this
is what is fed to the chicks (Volkman, Presler, and Trivelpiece
1980). All marine invertebrates, including krill, have high elec-
trolyte concentrations in their extracellular body fluids
(Schmidt-Nielsen, Jorgensen, and Osaki 1958). We are inter-
ested in how small, altricial chicks handle such apparently
high salt loads and how their salt-handling changes as they
develop. When measuring reproductive effort, it is also inter-
esting to know how much food energy is delivered to the
chicks and how the chicks allocate that energy.

In our study, we are using a combination of field and lab-
oratory techniques to measure input and output of energy,
salts, and water in Adélie penguin chicks. To measure input,
we used isotopic measurements of field metabolic rate and
water turnover. We also measured the energy, salt, and water
contents of the regurgitated food. Using these measurements,
we can calculate the total input rates of energy, salt, and
water into chicks of different sizes. To measure output, we
collected urine, feces, and salt-gland secretion samples in the
field and measured the caloric content, the salt content, and

the water content of each sample. We also brought chicks into
the laboratory, where we either administered an oral salt load
or fed the chicks for several days. During these experiments,
we collected and weighed all excreta. Thus, we intend to con-
struct total budgets for energy, salt, and water for chicks and
to calculate how these budgets change as chicks grow to
fledgling size.

Our field team arrived at Palmer Station on 9 December
1992. We counted 2,400 breeding pairs in our study colonies.
This is about 400 fewer breeding pairs than during the previ-
ous 2 years. Approximately 100 birds banded previously
returned this year to breed. We banded an additional 65
adults, most of which were unbanded mates of previously
banded birds. There was only one hatched chick in our
colonies on 9 December 1992, and we consider that to be the
date of first hatching. To establish a population of known age
chicks to study, we recorded hatch dates for all chicks of
banded birds. We collected regurgitated food samples and
excreta samples from these chicks during the entire breeding
season. We also marked a group of 25 chicks and measured
their growth periodically until fledging.

We have discovered a positive relationship between urine
solute concentration and chick mass (figure 1). Further, the
smaller chicks excrete less of a salt load via the salt glands
than the larger chicks (figure 2). In both large and small
chicks, however, more of a salt load is excreted via the urine
than via the salt glands. These differences may reflect differ-
ences in diets of small vs. large chicks. Regurgitated food con-
tained equal concentrations of sodium (Na) [129 micromoles

1000

900

Urine	800
osmolality
(m0sm/kg)

700

600

500
0	500	1000	1500 2000	250C

Chick mass (grams)

6

5-I.

S
4

- - - - lanncSodium
excretion 0

(moI NaIg hr) 3	 0

	

-	sahglsnd

	

0	------ -
0	 02	-.	 o

[00
i-I	 I	I	I	I

0	500	1000	1500	2000 2500
Chick mass (grams)

Figure 1. Relationship between total urine solute concentration (in
milliosmoles per kilogram) and body mass in Adélie penguin chicks
at Palmer Station, Antarctica. Urine was collected from chicks in the
field, and osmolality was measured on a Wescor Vapor Pressure
Osmometer (Wescor, Inc., Logan, Utah). Each point represents
urine collected from a different individual.

Figure 2. Relationship between the rate of sodium excretion and
body mass in Adélie penguin chicks at Palmer Station, Antarctica.
The top line represents sodium excretion via the kidneys, and the
slope is not significantly different from zero. The bottom line repre-
sents sodium excretion via the salt glands, and the slope is signifi-
cantly different from zero (r=0.41, P<0.05).
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of Na per milliliter (tmo1 Na/mL) free water in food], regard-
less of the size of the chick, but the food—water content and
isotopically measured mass-specific water intake rate are sig-
nificantly higher in small chicks than in large chicks (figure 3).
Although, based solely on our data from this study, we cannot
rule out physiological changes that may occur as chicks devel-
op, we hypothesize that the relatively lower water intake of
large chicks creates a higher demand for use of the salt glands
to excrete a salt load. The salt glands can excrete large
amounts of salt with very little concomitant water loss. Small
chicks are less water limited and use their kidneys to excrete
more of the salt load than do larger chicks.

This research was supported primarily by National Sci-
ence Foundation grant OPP 89-17066. We are very grateful to
the Palmer Station staff for their invaluable assistance at vari-
ous stages of our work. We especially thank Mark Melcon and
Jim Close, who often worked long hours to meet our con-
struction and boating needs.
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Figure 3. Relationship between food-water content and the mass of
the Adélie penguin chicks being fed that food, and the relationship
between isotopically measured water influx and body mass in
Adélie penguin chicks at Palmer Station, Antarctica.
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Continuing studies of the demography and
foraging behavior of the Pygoscelis penguins
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W
e were at Copacabana Field Station, Admiralty Bay,
King George Island, from mid-October 1992 to the end

of February 1993. The bay and surrounding waters were ice
free upon our arrival and had been for most of the winter (X\TI
Polish Expedition members personal communication). Polish
scientists at nearby Arctowski Station reported that the winter
had been mild and that most of the snow and ice in evidence
at the time of our arrival was from recent storms.

Our research consisted of three interrelated projects: the
continuation of the previous years' demographic study on the
Adélie, gentoo, and chinstrap penguin populations; a study of
Adélie foraging behavior; and a study examining penguin
band loss using implanted transponders. Adélies reoccupied
their colonies in early October and began laying eggs shortly
after our arrival. A severe snow storm in late October deposit-
ed several feet of heavy snow on the nesting Addlies, resulting
in large egg losses throughout the rookery. Gentoos and chin-

straps, which began egg laying in mid to late November, were
unaffected by the storm.

The demographic study followed the methodology of
previous years. A random sample of 200 breeders of each
species, as well as all known-age birds, were followed
throughout the reproductive season. Adélies fledged less than
one chick per pair, about average for Addlies; however, gen-
toos and chinstraps fledged well over one chick per pair.
These results suggest that food availability was high in the
1992-1993 season and that all three species would have had
high reproductive success if not for the adverse effect of envi-
ronmental factors on the Adélies.

The Adélie foraging behavior study involved epoxying
radio transmitters to the back feathers of 20 adults with
chicks. The transmitters were left on for 4 weeks, from mid-
December 1992 to mid-January 1993. A data logger, hooked
up to a receiver, automatically recorded the times on land
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