
The penguins reacted to geometrical figures as
strongly as they did to bird models. Their response
seemed directly proportional to the size of the models.
In the course of the breeding season, the response
intensity increased, particularly from the late incuba-
tion period (late November) to the "guard stage,"
after the hatching of the chicks (late December).

The study was supported by NSF grant GA-14220.
Richard T. Paul and D. Andrew Saunders assisted in
the field and continued the work after the departure
of the principal investigator.
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time-lapse cameras. Eventually, it is hoped that the
rate of embryonic development can be estimated by
correlating recorded temperatures, incubation activi-
ty, and the development and temperature curves de-
termined in laboratory experiments.

Some of the factors under consideration which
may cause penguins to expose their eggs are: (1)
various levels of brooding experience, possibly related
to age; (2) the effect of social structure and inter-
actions of individuals; and (3) the effect of human
disturbance. Three time-lapse 8-mm movie cameras
were set up in different colonies within one area of
the rookery. From October 4 till December 28,
1969, these cameras were operated continuously at
1 to 2'/2 frames per minute to yield 2,100 feet of
film for analysis. The strip-chart recorders did not
arrive at Hallett until late in the season, so nest-
temperature data are available only for the period
December 4-21, 1969, from one experienced brooder.

Hopefully, correlation of these data will provide
insight into adaptation of incubation processes in
cold climates, and enable evaluation of incubation
behavior essential for successful incubation.

Studies of Incubation Behavior
and Embryonic Development

in the Adélie Penguin
JOHN R. BAKER

Department of Zoology and Entomology
Iowa State University

Two related studies of the embryonic development
of the Adélie penguin were done at Hallett Station
during the 1969-1970 season. One was a continua-
tion of studies initiated in November, 1968, to deter-
mine the rate and the upper and lower limits of de-
velopment at different temperatures under artificial
incubation. This season, we found that the upper and
lower limits are close to those established for do-
mestic chicken embryo development. For this incuba-
tion study, 150 first eggs were taken. (Observation
of each nest from which an egg was taken showed
that a replacement egg usually was laid.)

The second study was designed to: (1) correlate
the incubation intensity of Adélie penguins with de-
velopment of the embryos; and (2) determine innate
behavior and external disturbances which expose
the egg and thereby reduce incubation efficiency. The
technique for this study was to monitor egg and
nest temperatures with continuously recording ther-
moprobes, and simultaneously sample and record
major movements of the incubating penguins with

Antarctic Avian Population Studies
1969-1970

R. C. WOOD, D. G. AINLEY,
and W. J . L. SLADEN

Department of Pathobiology
The Johns Hopkins University

The USARP birdbanding program continued, for
the ninth consecutive season, a long-term study of
the ecology and behavior of Adélie penguins
(Pygoscelis adeliae) and south polar skuas (Ca-
tharacta maccormicki) at Cape Crozier, Ross Island
(Sladen et al., 1966, 1968a; Wood et al., 1967; Le-
Resche et al., 1970). Wilson House was occupied by
the Johns Hopkins party from October 19 to Febru-
ary 11. Blizzards were more frequent than in any
other season, with 9 days of winds exceeding 100
mph and 27 days of winds over 50 mph. The bliz-
zards caused mortality of both Adélie and skua chicks
and prevented adult skuas from foraging, but they
were also beneficial in that they periodically moved
the pack ice away from the rookery, giving Adélies
ready access to the sea and food supplies.

This season, 1,342 Adélies banded as chicks during
the first 8 years of the study were observed through-
out the rookery. In two study areas that were closely
followed, 8% of 157 3-year olds bred, 35% of 127 4-
year olds, 57% of 88 5-year olds, 76% of 51 6-year
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olds, 86% of 28 7-year olds, and 100% of 5 8-year
olds. Thus, for the first time in these study areas,
all Adélies in the oldest age group were breeding.

Some behavioral indicator of the effect of human
disturbance on Adélies has been sought for several
seasons. At least 22 comfort movements were de-
scribed and analyzed. During human disturbances,
the frequency of some movements doubled, others
tripled, while some remained the same as before the
disturbance. Their frequency also changed according
to the weather and during interactions with other
Adélies. Regular and predictable organization ex-
isted among comfort behaviors, and between com-
fort and other behaviors.

Three visits were made to the nearby emperor pen-
guin (Aptenodytes forsteri) rookery. A 3-year old
emperor, observed on the sea ice several hundred
meters from the rookery, was the first recovery from
329 chicks banded since the 1964-1965 season and
represents the first clue as to the age when emperors
begin to return to breeding areas. The age at which
emperors first breed is still unknown. Our annual
banding of chicks continued with 111 banded in
early December. The Teflon flipper bands (Penney
and Sladen, 1966), first used in 1964-1965, were
still in excellent condition.

Studies of skua population dynamics were con-
centrated on birds of known age. Seven cohorts, aged

2 to 8 years, were present. Eight percent of 2-year
Olds (chicks banded and fledged in 1967-1968) were
recorded, compared with 24-28% of 4- to 8-year
olds. The percent of returning birds levels off at the
fourth year.

Eighty skuas aged 5 to 8 years bred in 1969-
1970. Although 24 bred for the first time, the total
was lower than the 84 breeding in 1968-1969 (Le-
Resche et al., 1970). Several days of high winds and
drifting snow in mid-December interrupted observa-
tions, and probably some of the apparent non-
breeders laid eggs and lost them during this period.
Even at 8 years of age, only slightly more than half
of those present had bred.

The productivity of knqwn-age skuas remained
low, chiefly because they lay their eggs later than
most older skuas and thus are more vulnerable to
late-summer blizzards. None of the 80 known-age
breeders fledged a chick successfully in 1969-1970
and, over four seasons, only 6 chicks have been
raised to near-fledging in 165 known-age pairings.

A study was made of the Adélie chick corpses
whose abundance in exposed places is a prominent
feature of the Crozier rookery. Evidence was col-
lected that the corpses may have resulted from one
massive kill, perhaps during a storm, before the com-
mencement of Johns Hopkins' program at Crozier.
A film on adult and juvenile behavior of the Adélie

Birds banded with USARP birdbanding program designed bands,' July 1969 to June 1970.

Species

Adélie penguin

Adélie penguin
Adélie penguin
Adélie penguin
Emperor penguin
South polar skua
South polar skua
South polar skua
Black-browed albatross

Organization	Area

USARP	C. Crozier

USARP	C. Hallett
NZARP	C. Bird
NZARP	C. Royds
USARP	C. Crozier
USARP	C. Crozier
USARP	McMurdo Sta.
USARP	C. Hallett
USARP	Falkland Is.

Bander

DA, RP, DS,
RS, WS, RW
DD, JW, MW
ES, EY
ES, EY
DA, RW
RW
RS
DD, JW
RN

Totals:

	

Chick'	Adult 3	Total

	

5199	289	5488

	

283
	

55	338

	

12
	

135	147

	

511
	

511

	

111
	

111

	

54
	

131	185
51	51

	

49
	

49
(4508)'

	

6219
	

661	I	6880

'Standard Fish and Wildlife Service bands were used on skua chicks at Crozier and Hallett.
2 Banded as a chick and therefore a bird of known age.
'Banded as an adult or sub-adult.
4 Number of bands sent; no report available yet on the number used. These are not included in the totals.
Note. The following was received after publication of the 1968-1969 summary: 34 black-browed albatrosses, chicks (Napier, USARP,

Falkland Islands).
Bands designed (Sladen et at., 1968b) by the USARP birdbanding program bear the address: ADVISE F. & W. SERV., WRITE WASH.

D.C. USA.
Bands are provided by USARP in the interest of international cooperation. The organizations using them are responsible for pub-

lishing their own recovery data.
Banders: DA, D. Ainley (JHU); DD, D. Derksen (ISU); RN, R. Napier (JHU); RP, R. Paul (USU); DS, D. Saunders (USU); ES,

E. Spurr (NZARP); RS, R. Schiatter (JHU); WS, W. Sladen (JHU); JW, J. Weinrich (ISU); MW, M. Weller (ISU); RW, R. Wood
(JHU); EY, E. Young (NZARP).

Organizations: ISU, Iowa State University; JHU, Johns Hopkins University; NZARP, New Zealand Antarctic Research Programme;
USARP, United States Antarctic Research Program; USU, Utah State University.
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penguins started in 1964 was completed in February.
We gratefully acknowledge assistance in the field

by Mike Ellis and Peter Oliver (members of New
Zealand's Queen Scouts and Boys' Brigade, respec-
tively), Richard Paul and D. Andrew Saunders
(Utah State University), and Roberto Schlatter
(Johns Hopkins University).
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Comparative Biochemistry of Proteins
ROBERT E. FEENEY

Department of Food Science and Technology
College of Agricultural and Environmental Sciences

University of California, Davis

The program of our laboratory concerns the re-
lationship of the fundamental structure of proteins—
including enzymes—to function. Two main programs
related to adaptation and evolutionary changes are
under way: 1. Study of the proteins and enzymes
from cold-adapted antarctic fish, to determine the
causes of their unusual properties; 2. A program on
the egg-white proteins and blood proteins of pen-
guins, directed primarily at the taxonomic inter-
relationships of these animals.

During the 1969-1970 antarctic summer, a six-
member party from the University of California,
Davis, did biochemical research and collected spec-
imens on Ross Island. They were graduate students
Stephen Chan and Jack Vandenheede, student as-
sistant James Phillips, postdoctoral and former stu-
dent Dr. Frank C. Greene, faculty colleague Dr.
Richard C. Criddle, and project director Robert E.
Feeney.

The main program concerned the blood and mus-
cle proteins of the cold-adapted antarctic fish
Trematomus borchgrevinki. Approximately 3,000 T.
borchgrevinki were processed for blood and muscle
preparations. Hearts and livers were taken from ap-
proximately 300 individual fish, while lateral mus-
cles were taken from about 600. Plasma or serum
was prepared from blood taken from approximately
2,800 fish; the red cells were used to prepare he-
molyzed solutions of hemoglobin.

The blood serum and blood plasma obtained this
year have been used entirely for continuation of
our studies on the freezing-point-depressing gly-
coprotein (FPDG) reported by Arthur DeVries and
Donald Wohlschlag. Dr. DeVries has continued as
a senior investigator, working on the FPDG in our
laboratory together with three graduate students.
The main work has been on the primary structure—
the sequence of the amino acids—in the FPDG. Re-
sults show that at least part of the structure is a
repeating tripeptide unit of the amino acids alanine-
alanine-threonine, with a disaccharide of N-acetyl-
galactosaminylgalactosyl residue linked to the oxygen
of each threonine side chain. An inactive glycoprotein
fraction whose structure has many features in com-
mon with the active FPDG is also under investiga-
tion.

In the studies on muscle enzymes, the main work
has been with the muscle phosphorylase and lactic
dehydrogenase (LDH). The phosphorylase studies
are not sufficiently far along to be discussed. The
LDH studies show that, contrary to many species, the
enzymes from the heart and lateral muscles of the
cold-adapted fish have very similar properties. They
are also relatively insensitive to higher concentrations
of pyruvate, which is in keeping with a higher
pyruvate concentrations in tissues. Two new enzyme
systems were investigated this year. One is phospho-
fructokinase and the other is cytochrome c from
heart and liver mitochondria. This year's study
showed that the cold-adapted fish mitochondria
cytochrome c was not heat sensitive. Turnover num-
bers at low temperature will be completed this com-
ing antarctic season. A superficial investigation of
the phosphofructokinase indicated that it has no
properties particularly relative to cold adaptation.
Continued studies on the muscle enzyme glyceralde-
hyde-3-phosphate dehydrogenase have demonstrated
a clearcut difference in the effect of temperature:
the fish enzyme is not inactivated by ATP at low
temperatures, whereas the comparable enzyme from
warm-blooded species is inactivated.

Studies are also continuing on the penguin egg-
white proteins. In October, early in the antarctic
spring, three visits were paid to the emperor penguin
rookery at Cape Crozier for the purpose of obtain-
ing frozen emperor penguin eggs. A total of seven
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