
at different localities and dates around Cape Crozier.
Radiocarbon analysis of penguin carcasses, which
cover the surface layer of the colony in high numbers
(25 to 85 mummies per 25 sq m), will give another
way of determining recent and historic population
fluctuations. The carbon-14 method, in the same

anner, might be of value to find out the colonization
date of penguins at Cape Crozier.

The study was supplemented by visits to Cape
(oyds and Cape Bird, the other Adélie colonies on
Ross Island, in February, and to Cape Hallett in

ovember.
The study was supported by the National Science

foundation and the Deutsche Forschungsgemein-
chaft. I thank Dr. George A. Llano, National Science

foundation, and Dr. Dietland Müller-Schwarze, Utah
State University, for making possible my research
work in Antarctica, and I gratefully acknowledge
leld assistance of Christine and Dietland Muller-
Schwarze, Roberto P. Schiatter, and Robert C. Wood.
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Adélie penguin studies
at Hallett Station

JOHN R. BAKER

Department of Zoology and Entomology
Iowa State University

Four studies of the Adélie penguin were conducted
at Hallett Station during the 1970-1971 season.
Three concerned factors affecting embryo and chick
development:

J . A. Weinrich continued his study of the influence
of temperature on embryonic development. He col-
lected 112 first-eggs within 2 hours after laying and
incubated them artificially. The general results were:
ihe optimum incubation temperature is 34°C.; the
mbryos develop more rapidly but abnormally at

38°C. and 40'C. than at 34°C.; and the blastoderm
grows at 30°C., but the embryo does not differen-
tiate. Of the penguins whose first egg was taken,

percent laid a third egg.
D. V. Derksen continued his time-lapse motion

picture studies of the incubation behavior of nesting
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pairs. A frame-by-frame analysis of films from two
seasons of work is providing a detailed record of
behavioral activities influencing incubation of eggs.

C. L. Steffen studied two factors that control
clutch size. The number of eggs that can be success-
fully incubated by a pair of penguins was determined
by comparing the incubation period and hatching
success in artificial one-, two-, and three-egg clutches
with natural one- and two-egg clutches. The number
of young that can be successfully reared by a pair of
penguins was determined by comparing chick growth
and survival in artificial three-chick nests with natural
one- and two-chick nests.

The fourth study was related to pioneering of
nesting Adélies on land exposed by the cleanup of
debris at Hallett Station. Penguins are expected to
reclaim areas from which debris is removed, and
this increase in nesting area could cause the Adélie
penguin population to increase or shift. To measure
this change, an accurate yearly census is required.
L. H. Fredrickson obtained aerial photographs of
the rookery and compared counts made from these
photographs with counts he made on the ground.
Annual aerial photographs of the rookery are planned
to provide an accurate census.

Flipper banding of large numbers of chicks was
begun this year. More than 5,000 Adélie penguin
chicks were banded with USARP-type bands num-
bered O1T-00001 through O1T-05000 and fabricated
under the Iowa State University antarctic program.
These bands bear the address AVISE SMITHSONIAN,
WASHINGTON, D.C. U.S.A. Also used were USARP bands
bearing the usual F. & W. SERV. address and numbered
509-73536 through 509-73750. Among other things,
this program will help us to accurately estimate chick
survival and to determine what age class of penguins
will nest in the reclaimed areas.

Also banded this season were Adélie penguins of
unknown age (USARP bands 509-73497 through
509-73535) and skua chicks (USARP bands 727-
62750 through 727-62800).

Antarctic avian population studies,
1970-1971

R. C. WOOD and W. J . L. SLADEN

Department of Pathobiology
The Johns Hopkins University

The 10th successive season of Wood's skua studies
at Cape Crozier on Ross Island extended from
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South polar skuas taking an Adélie penguin chick. Note metal
and color bands around their trasi.

November 23 to December 21 (Wood et al., 1970).
The first 3 weeks of December was specifically chosen
because that period includes the courtship and egg-
laying of skuas banded as chicks (and thus of known
age) during the first 5 years of this program (see
photo).

All together, 160 skuas aged 5 to 9 years, exactly
twice as many as in the preceding season, were found
breeding. At least 55 of these were breeding for the
first time. In 17 pairs, both birds were of known
age. Most of these pairs were of similar ages or only
1 year apart, but one pair was composed of a 9- and
a 5-year old. As in the past 2 years, few birds changed
mates or territory, although such changes occurred
more often than in a study group of longer-established
breeders of unknown age.

During the courtship period the sex of 42 additional
skuas was determined, making a total of 108 sku.s
whose age and sex are known.

To determine the amount of dispersal between
natal and breeding areas, Cape Bird was visited fdr
48 hours on December 22 to 24 to search for breed-
ing skuas that had been reared at Crozier or else-
where. Only one such bird was found among 942
breeding or territorial skuas, but its band was too

Birds banded with USARP Bird Banding Program designed bands,' July 1970 to June 1971.

Species	 Organization	Area	 Bander	 Chick 2 Adult ' Total

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

USARP
NZARP
NZARP
USARP
USARP
USARP
USARP
UCT

C. Crozier
C. Bird
C. Royds
C. Hallett
C. Crozier
C. Hallett
Falkland Is.
Marion Is.

DM, HO, RS
ES
BS, ES
MC, DO, LF, CS
RS
MC, CS
RN
L

Totals

252	21
28

583
212	39
54
51

	

53	11

	

1,205	99

273
28

583
251
54
51

(4,508)'
64

1,304

1 Standard Fish and Wildlife Service bands were used on skua chicks at Hallett.
'Banded as chick and therefore a bird of known age.
'Banded as adult or subadult.
'Number of bands sent; no report available yet on the number used. Not included in totals.
The following additions to the 1968-1969 and 1969-1970 summaries have been received. Wandering albatross: two

adults and 28 chicks banded in 1968-1969; 16 adults banded in 1969-1970. Giant petrel: four adults and 17 chicks banded
in 1969-1970. All banded at Marion Island by University of Cape Town.

Approximately 50 sooty and yellow-nosed albatrosses have been banded by the University of Cape Town on Gough
Island and Tristan da Cunha; precise details have not yet been received.

Information received from Expeditions Polaires Françaises on penguin banding from 1966 to 1969 adds 545 Adélies,
1 chinstrap, and 1 royal to totals previously reported in LeResche et al. (1970) and Sladen et al. (1968a).

Bands designed (Sladen et al., 1968b) by the USARP Bird Banding Program bear the address: AVISE F. & W. SERv.,
WRITE WASHINGTON, D. C. USA.

Bands are provided by USARP in the interest of international cooperation. The organizations using them are responsible
for publishing their own recovery data.

Banders: MC, M. Coulter (ISU); DD, D. Derksen (ISU); LF, L. Fredrickson (ISU); L, Mr. Loots (UCT);
DM, D. Müller-Schwarze (USU); RN, R. Napier (JHU); HOT, H. Oelke (UG); BS, B. Spurr (NZARP); CS, C. Steffan
(ISU): ES, E. Spurr (NZARP); RS, R. Schiatter (JHU).

Organizations: ISU, Iowa State University; JHU, Johns Hopkins University; NZARP, New Zealand Antarctic Research
Programme; IJCT, University of Cape Town (Percy Fitzpatrick Institute of African Ornithology); UG, University of
Göttingen, Germany; USARP, United States Antarctic Research Program; USU, Utah State University.
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worn to determine whether it was from Crozier,
Royds, or Evans.

As in past years, bands designed for specific ant-
arctic birds were supplied to other countries (see
table). Recipients of these bands use them in their
own studies and are responsible for publishing their
own recovery data.

Each year the data we gather at Crozier are
supplemented by observations of banded skuas and
Adélie penguins sent to us by others, particularly the
University of Canterbury (New Zealand) team at
Cape Bird. This year we received from them records
of 29 skuas banded by us at Crozier, McMurdo,
Bird, and Beaufort Island, and of 13 Adélies banded
at Crozier. Of the 13 Adélies, one 6-year-old and
two 8-year-olds were breeding at Cape Bird, pro-
viding evidence of occasional dispersal of Adélies
from their natal rookeries.

Recoveries of albatrosses banded by W. L. N.
Tickell on Bird Island, South Georgia, from 1959
to 1964 are still received from the U.S. Fish and
Wildlife Service Bird Banding Laboratory. During
the time covered by this summary two black-browed
(Dioinedea melanophris) and 10 wandering (D.
exulans) albatrosses were reported. Most of the
wanderer recoveries were from D. Gibson in New
South Wales, Australia.

We are grateful to Roberto Schlatter for valuable
assistance with the south polar skua study at Cape
Crozier.
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Nonbreeding south polar skuas:
studies at Cape Crozier, 1969-1971

R. P. SCHLATTER and W. J. L. SLADEN

Department of Pathobiology
The Johns Hopkins University

Schlatter studied the south polar skua (Catharacta
maccormicki) at McMurdo Station (November 10 to
December 1, 1969) and at Cape Crozier, Ross Island
(December 2, 1969, to January 27, 1970, and Novem-
ber 24, 1970, to February 8, 1971).

Birds were recognized as individuals and by age
by reading band digits through a spotting scope and
observing the colored tape attached to them. Based
on this unique known-age population, the frequency
of the various age classes for both seasons was cal-
culated in three "clubs" (groups of predominantly
nonbreeding birds) at Cape Crozier (table 1). The
movements of skuas among the clubs, the effect of
weather on their composition, the interaction of
breeders with nonbreeders, and the behavior of the
birds with reference to hierarchy and age were
studied. Different kinds and sizes of territories were
recognized in the clubs. Interestingly, in one of the
clubs two pairs of skuas established territories and
laid eggs. This investigation will enable better under-
standing of the seasonal activities in the clubs, the
role young breeders of known age play in the estab-
lishment of breeding territories in a stable popu-
lation (Wood, in press), and population dynamics.

During observation of the clubs, 17 skuas (14 in
1969-1970 and three in 1970-1971) banded by the
New Zealand National Banding Scheme were sighted.
These were all nonbreeders originally banded at Cape
Bird (81 km away) or at Cape Royds (129 km)
and either of unknown age or of ages 3, 4, 5, and
6 years (C. J . Robertson, personal communication).
One south polar skua banded as adult on January
11 3 1969, at Petrel Island (66°40'S. 140°01'E.) in

Table 1. Number of skua chicks banded at Cape Crozier, 1961-1962 to 1968-1969, and number and percentage of those birds
seen in clubs at Cape Crozier, 1969-1970 and 1970-1971.

Year of banding	1961-62	1962-63	1963-64	1964-65	1965-66	1966-67	1967-68 1968-69

Number of chicks fledged	213	487	211	146	57	48	48	139
and banded

color of tape'	 black	red	yellow	green	blue	white	brown black
Number (and percentage)	32(15)	77(15.8)	27(12.8)	34(23.3)	13(22.8)	5(10.4)	2(4.2)	-

seen in clubs 1969-1970
Iumber (and percentage)	35(16.4)	73(14.9)	21(9.9)	30(20.5)	12(21.1)	7(14.5)	12(25.0)	-

seen in clubs 1970-1971

1 For the first 7 years, tapes were put on the upper part of the band; in 1968-1969, black was attached on the inferior
one to avoid confusion.
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