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The 1967-1968 summer marked the seventh consecutive season of the USARP Bird Banding Program, a long-term study on the ecology and social
behavior of the Adélie penguin, Pygoscelis adeliae,
and the south polar skua, Catharacta maccormicki.
The study is being carried out in a rookery of about
300,000 penguins and 2,000 skuas at Cape Crozier,
Ross Island (Sladen et al., 1966; Wood et al., 1967).
The Johns Hopkins biologists were at Cape Crozier
from October 19 to February 14. Through the SCAR
Working Group on Biology's Subcommittee on Antarctic Bird Banding, cooperation is effected with other
nations working in antarctic ornithology (cf. Sladen
et al., 1968). The table summarizes banding activities
in the Ross Sea area, Adélie Coast, and the Falkland
Islands.
At Cape Crozier, where a total of 32,748 Adélies
have been banded since the study started (all but
2,665 as chicks), observations were made of 948 birds
of known age ranging from 6 to 2 years. In addition,
approximately 250 other banded Adélies were followed for comparative purposes. 'These adults were
either from two control colonies, or birds that had
bred with known-age penguins in previous years.
The percentages of Adélies of each age group
marked as chicks that returned to the rookery in subsequent years remained low, confirming heavy
mortality during early life in this species, with fewer
than 10 percent of fledged chicks surviving until the
third year. Of those that did return to the rookery,
the proportion of each cohort breeding (producing
at least one egg) increased with age, from about 4
percent of 3-year-olds to more than 20 percent of 4year-olds, 40 percent of 5-year-olds, and over 60 percent of 6-year-olds.
The productivity of fledged young increased similarly with age, but showed a definite upward inflection between the fifth and sixth year. Evidence that
most breeding 6-year-olds had at least one year's
previous breeding experience, whereas few younger
birds were experienced, suggests that an experience
factor is operating. This factor does not appear to
affect the earlier stages of breeding (i.e., pairing, egglaying, and incubation) nearly as much as it does
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the chick-rearing stage, when most of the 4- and 5year-old breeders lost their young.
In marked contrast to adults, young breeders exhibited only minimal faithfulness to mate and territory. After breeding at one site, young males returned to the site for their next breeding nearly 100
percent of the time, whereas young females changed
sites moire than 60 percent of the time, returning to
within 1 meter of their former site in only 40 percent
of the cases observed. In contrast to the 83 percent of
adult breeders that reunited when both birds returned
in Penney's (1964) study, only about 30 percent of
young breeders retained their mates in subsequent
years, the "divorce" rate being 70 percent as compared to 17 percent in Penney's supposedly established adults.
A method has been perfected at Crozier for accurately determining the sex of the Adélie by cloacal
examination with a special instrument, the "cloacascope." The great majority of known-age breeders
were females. The percentage of males in the total
number of known-age breeders increased with age
from 0 in 3-year-olds (i.e., all were females), to 17
percent of 4-year-olds and up to 36 percent of 6-yearolds.
The above indications that Adélies are still not
maturely "established" breeders by the age of 6 years
are corroborated by birds that have been followed for
as many as 4 consecutive seasons. These, as 6-yearolds, bred less successfully than fully established
breeders and changed mate and nest more frequently
than the latter.
The nearly 85 percent of known-age birds that did
not breed provided extensive data on the behavior of
young birds in the years before breeding, and indicated the steps involved in the development of breeding behavior consistent with the population norm
(Sladen, 1958). Young birds return later to the rookery after winter than do the older ones, and consequently pair and lay later. Nonbreeders (all 2-yearolds, about 96 percent of the 3-year-olds, and almost
80 percent of the 4-year-olds) wander through the
rookery, establish territories and "keep company" but
do not produce eggs, either because of physiological
inability (preliminary examination of gonads collected from 3-year-olds indicate breeding capabilities
at this age, however), late arrival at the rookery, or
behavioral limitation. The general sequence of behavioral development from pre-breeder to pre-established breeder to established breeder seems to be one of
wandering in a large area, wandering in a more restricted area, holding territory (males) or "keeping
company" (males and females), breeding temporarily
and often unsuccessfully with more than one mate
and, finally, breeding permanently with a single mate
at a single site with maximum productivity.
In conjunction with studies of parental care, the
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Adélie penguin rookery at Cape Crozier, November 1967.
(Above and below)
(Photo by W. J. L. fladf'n)
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Aftermath of the storm: dead Adélies among frozen eggs.

Adélie chicks' metabolic demands and physical tolerances to acute hypothermia were studied in the field.
Core-temperature and cardiac and metabolic responses were measured in chicks less than 10 days of
age that were acutely exposed to ambient temperatures near 0°C.
248

Body core-temperatures (Tb ) decreased to nearly
ambient (T.) in all chicks exposed before the ninth
day of age, with the rate of decline decreasing with
age. Lag time between lowering of Ta and the first
decrease in T b increased with age until, by the ninth
day, chicks maintained normal T b at 0°C.
Pronounced bradycardia and eventual cardiac arrest occurred in all (4) chicks less than 9 days old,
yet all chicks recovered normal function following
rewarming. Cardiac cessation occurred when Tb
reached 6-12°C., and recovery of heartbeat occurred
at 12-22°C.
Metabolic rates measured indirectly in an openflow system decreased with decrease in Ta, Tb , and
heart rate at relatively constant rates through the
fourth day; BMRs at normal T b increased from
0.023 cc 0 2/g/min at one day of age to 0.045 cc
02/g/min at 3.5 days, then decreased to 0.015-0.018
CC 02/g/min in partially fledged chicks. The comparative adult BMR measured in the field was near
0.012 cc 02/g/min.
Predation by the leopard seal, Hydrurga leptonyx,
was observed for an average of about two hours daily
from November 24 until the end of the season. The
results indicate that the seals are taking far fewer
Adélies than reported by Penney and Lowry (1967)
from the same area. The time of the season (i.e., in
terms of Adélie activities) and shoreline conditions
contributed much to this variability, as did the behavior of the seals, which seemed to eat to satiation
and then hunt less intensively for one to several days
afterwards.
Data were gathered on the behavior and on the
frequency and location of sighting of 275 different
known-age skuas (2 2-year-olds, 29 3-year-olds, 37
4-year-olds, 156 5-year-olds, and 51 6-year-olds),
representing about 25 percent of the chicks originally banded. Almost no skuas return to their natal area
(Cape Crozier) in their first year, and only a few return as 2-year-olds. The percentage of return increases rapidly in the third and fourth years and
levels off through the fifth and sixth years. Sixteen
known-age skuas bred at Crozier in 1967-1968, one of
them a 9-year-old hatched at Cape Hallett. Of the
other 15, 8 were 5 years old and 7 were 6 years. All
were unsuccessful breeders; only 3 were known to
hatch an egg and all 3 chicks were lost within 2 weeks
of hatching. Two of the 6-year-old breeders that had
bred the previous season retained the same mate and
nested in the same territory, a faithfulness equal to
that of the great majority of older, experienced
breeders. Only 2 of the 16 breeders had mates with a
known breeding history (the majority was unbanded).
Since about 80 percent of the Crozier breeding
population is banded, it may be assumed that most
of these unbanded mates had not bred previously.
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The extent of interchange of Adélies and skuas
between rookeries is still largely unknown. Young
birds, 2 to 5 years old, wander widely as shown by
observations of a Crozier-banded Adélie at Cape Hallett, 565 km (320 miles) from Crozier, and a Crozierbanded skua at Dumont d'Urville Station, 2,000 km
(1,250 miles) coast-wise from Crozier. Searches made
of rookeries within 160 km (100 miles) of Crozier
have in the past few years given sightings of 22 skuas
and 46 Adélies, all banded as chicks at Crozier. None
of these birds was breeding, so to date, we have no
evidence of emigration of Crozier birds from their
natal rookery. That this could occur is indicated by
the 9-year-old Hallett skua that bred at Crozier after
being observed at Crozier as a nonbreeding 4-, 7- and
8-year-old.
A skua that was known to have bred in 1963-1964
at Crozier was found breeding at Cape Evans, 71 km
(44 miles) away, in 1967-1968. Unfortunately, nothing is known of this bird's birthplace or its breeding
experience prior to 1963-1964.
Unusual bird records at Crozier were a silver-gray
fulmar, Fulmarus glacialoides, on December 19, and
a great skua, Catharacta skua lonnbergi, noosed and
banded on December 12. The fulmar was a first
record for Crozier; the skua had been seen for the
first time last season. The first known observation of
a Weddell seal, Leptonychotes weddelli, killing and
eating an Adélie penguin was made on January 31
when the young penguins were departing.
Weather was unusually bad at Crozier early in the
season. One storm with winds reaching over 100 mph
was experienced on October 26, but had little effect

on the Adélies. Another, on November 9-10, with
winds estimated at 140 mph, forced Adélies to
abandon their nests during egg-laying. Many hundreds
of adults were killed and many thousands of eggs
destroyed. A storm of similar severity must have occurred during the winter, for last season's two iceshelf fingers and their sea-ice enclaves where the
emperor penguins, Aptenodytes forsteri, had bred,
were gone. On October 19, about 500 adult emperors
were seen in a small, newly formed ice enclave close
to the Crozier land cliffs, but there were no chicks,
indicating a total loss of all offspring for 1967-1968.
We are most grateful to William R. Harrison and
Frederick J . Pitzman for assistance during the season
at Crozier, and to D. Greegor and S. Mackey for assistance in the banding.
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Birds marked with USARP bird-banding program bands, July 1967 to June 1968.'
Banded as
Species

Organization 2

Emperor penguin
Adelie penguin

USARP
USAR?

do.
do.
do.
do.
Black-browed
albatross
Giant petrel
Great skua
South polar skua
do.
do.
do.

EPF
USARP
NZARP
NZARP
USARP
USARP
USARP
USARP
USARP
USARP
USARP

Area
Cape Crozier
Cape Crozier
Ad1ie Coast
Hallett Stn.
Cape Bird
Hallett Stn.
Falkland Is.

WS, RL
WS, RL, RW,
FP, DG, SM
DT
EY
TC
RN

Cape Crozier
Cape Crozier
Cape Crozier
McMurdo Stn.
Cape Royds
Cape Evans

'All bands used were provided b y USARP in the interest of
international cooperation. They bear the address: "Advise Fish
and Wildlife Service, Write Washington, D.C., U.S.A." The expeditions using them are responsible for publishing their own recovery data.
'EPF, Expeditions Polaires Francaises; JHU, Johns Hopkins
University; NSF, National Science Foundation; NZARP, New
Zealand Antarctic Research Programme; OSU, Ohio State University; USARP, United States Antarctic Research Program;
UWis, University of Wisconsin.
8 DG, D. Greegor (OSU); DT, D. Thompson (UWis); EY, E.
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Bander'

RW, FP, RL
RW
RW
RW
RW
RW
Totals:

Adult or
Chick Sub-Adult
5,000

100
279
49
5,428

Total

33
446

33
5,446

195
296
292
110

195
296
292
210
279

2
1
277
46
17
69
1,784

2
1
326
46
17
69
7,212

Young (NZARP); FP, F. Pitzman (JHU); RL. R. LeResche
(JHU); RW, R. Wood (JHU); SM, S. Mackey (NSF); TC, T.
Choate (NZARP); WS, W. Sladen (JHU); RN, R. Napier (JHU).

The following totals were received after publication
of the 1966-1967 summary (Wood et al., 1967)
19 Adélie penguins, adults (Feeney, USARP, Crozier)
75 Adélie penguins, adults (Young, NZARP, Cape Bird)
137 Adélie penguins, adults (Choate, NZARP, Hallett)

NOTE.
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