
antarctic fulmars), however, turning frequency tended to
increase with increasing hill abundance (figure 3). This find-
ing is encouraging because it suggests that bird behavior can
be used as an index of the availability of krill to the predators
that depend on it for food.

The distribution of cetacean biomass during both Leg I
and Leg II was different from the distribution of bird biomass.
Instead of being clustered near the islands, peak numbers of
whales occurred along 57°W, due east of King George Island
(mainly humpback whales) and at the shelf break northwest
of Elephant Island (mostly beaked whales, pilot whales, and
hourglass dolphins). The elevated density of cetaceans east of
Elephant Island was associated with elevated densities of bill,
as suggested by net haul data (Loeb and Siegel, Antarctic Jour-
nal, in this issue), and the concentrations of beaked whales
northwest of Elephant Island was associated with a large,
acoustically detected patch of krill (Hewitt and Demer,
Antarctic Journal, in this issue). The lack of bird aggregations
at either locality suggests that whales and birds may use dif-
ferent cues for locating prey. For example, whales may choose

dense swarms of bill that are too far below the surface for for-
aging birds to reach.
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AMLR program: Fur seal and seabird studies at Seal Island,
South Shetland Islands, during the 1992-1993 austral summer
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T
he National Marine Mammal Laboratory's Antarctic
Ecosystem Program conducts pinniped and seabird

research as part of the Convention for the Conservation of
Marine Living Resources (CCAMLR) Ecosystem Monitoring
Program (CEMP). The underlying objectives of this research
are to determine what factors are primarily responsible for
influencing the population dynamics of antarctic pinnipeds
and seabirds, to detect significant changes in key components
of the southern oceans ecosystems, and to distinguish
between changes due to commercial fisheries and those due
to natural causes. An important aspect of this work is focused
on understanding the relationships among land-breeding
seabirds and pinnipeds, their prey, and environmental condi-
tions. Studies are conducted annually at the National Oceanic
and Atmospheric Administration (NOAA) field camp at Seal
Island, near Elephant Island in the South Shetland Islands,
Antarctica. Major objectives of the Seal Island research activi-
ties are as follows:

To assess long-term trends in pup growth rates and atten-
dance patterns ashore of adult female antarctic fur seals
(Arctocephalus gazella) according to CEMP protocols;

• To conduct directed research on fur seal pup production
and on female foraging behavior, diet, abundance, sur-
vival, and recruitment;

To evaluate long-term patterns in the breeding success,
reproductive chronology, foraging behavior, chick diet,
abundance, survival, recruitment, and fledgling size of
chinstrap penguins (Pygoscelis antarctica) and macaroni
penguins (Eudyptes chrysolophus) according to CEMP pro-
tocols;
To conduct directed research on penguin chick growth
and condition, seasonal patterns in diving behavior, and
changes in foraging patterns throughout the breeding sea-
son;

• To assess the reproductive success and survival of cape
petrels (Daption capensis) breeding on Seal Island; and

• To investigate the relationships among seabirds' and pin-
nipeds' performance (behavior and vital rates), prey avail-
ability, and environmental features.

For the field study of antarctic fur seals, growth rates of
fur seal pups were measured by weighing pups at intervals of
approximately 2 weeks between 30 December 1992 and 25
February 1993. Male pups grew at a mean rate of 134.6 grams
(g) per day (SE=5.7), and female pups grew at a mean rate of
100.6 g per day (SE=4.5). Biweekly mean estimates of mass
for both sexes in the 1992-1993 season were lower by
500-1,500 g than comparable measurements from the
1991-1992 season.
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During their 4-month lactation period, female antarctic
fur seals make a series of feeding trips to sea, returning to
shore between each trip to suckle their pups for 1-2 days. Lac-
tating females' attendance on the rookery beach was moni-
tored continuously for 40 females using radio transmitters
and an automated radio reception/data-logging system. For
the 21 females that completed six trips to sea without losing
their pups (CEMP Standard Method C.1), the average forag-
ing-trip duration was 107.2 hours (SD=45.5, n=126 trips).
Mean trip duration for the 1992-1993 season was greater than
averages recorded in the 1991-1992 season for all of the first
six trips, with the exception of trip 1, which was approximate-
ly 2.7 hours longer than the mean duration in 1992-1993.

Fifteen female fur seals in the foraging-trip/attendance
studies were also instrumented with time-depth recorders
(TDR5) to document diving behavior as a measure of foraging
effort expended while at sea. Some of these TDR-instrument-
ed fur seals were at sea during the small-area survey conduct-
ed by the NOAA ship Surveyor (see other AMLR program
papers in this volume), which will allow subsequent compar-
isons of fur seal dive profiles and the distribution of antarctic
krill (Euphausia superba) as detected acoustically.

At least 306 fur seal pups were born on Seal Island during
the 1992-1993 season, a small increase (5 percent) over the
previous season. A census of the breeding colony of fur seals
on nearby Large Leap Island (1 kilometer north of Seal Island)
produced a count of 304 pups on 21 January 1993, an increase
of 46 pups over the previous season's total.

For the field study of seabirds, a total of 21,717 chinstrap
penguin nests was counted during an islandwide census of
Seal Island at the beginning of the field season, a level close (4
percent less) to that observed during the previous season. The
island's breeding population of macaroni penguins (266
nests) was slightly larger (5 percent) than the previous year.
Observations at a chinstrap penguin study plot revealed that
of nests active at the start of observations on 13 December,
1.3 chicks per active nest were raised to creching. Chinstrap
chick weight at fledging was similar to the 2 previous years'

values [3.1 kilograms (kg) in 1992-1993; 3.1 kg in 1991-1992;
2.9 kg in 1990-1991]. The number of macaroni penguin chicks
per active nest raised to creching was 0.85; the fledging suc-
cess rate (chicks that survived to fledging) was 0.77 fledglings
per active nest.

The chronology of penguin reproductive events from
hatching through creching was documented for comparisons
to other years. For chinstrap penguins, hatching occurred 21
December to 28 January; creching began 25 January; and
fledging occurred 13 February to 8 March. For macaroni pen-
guins, hatching occurred 24 December to 12 January; creching
began 18 January; and fledging occurred 19 to 26 February.

Preliminary analyses of chinstrap penguin diet indicated
that, as in past seasons, krill was the major prey species evi-
dent from stomach lavaging. However, evidence of fish prey
was present in diet samples taken from birds returning from
nocturnal feeding trips. Sixty percent of the samples taken
from nocturnal/early morning foragers (n=15) contained fish
in addition to krill. In contrast, only 10 percent of the samples
taken from diurnal foragers (n=20) had evidence of fish.

The durations of foraging trips of 40 chinstrap penguin
adults were monitored by radio transmitters to determine the
amount of time at sea required by breeding adults to meet
their own energetic needs and procure food for their chicks.
In addition, TDRs were deployed on 49 chinstrap penguins to
obtain detailed information on their diving behavior at sea.

The breeding success of cape petrels at Seal Island in
1992-1993 (0.90 chicks per active nest) was intermediate
between values for the two previous seasons (0.93 vs. 0.62 for
1991-1992 and 1990-1991, respectively). The mean mass of
cape petrel chicks (540 g, n=76) just prior to fledging was
comparable to that observed in 1991-1992 and 1990-1991
(570 g and 630 g, respectively).
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logistical support. This research was supported by NOAA' s
National Marine Fisheries Service, as part of its Antarctic
Marine Living Resources (AMLR) Program.

AMLR program: Interannual variability in the Elephant Island
surface waters in the austral summer

ANTHONY F. Amos, University of Texas atAustin, Marine Science Institute, PortAransas, Texas 78373

T
he austral summer of 1992-1993 was the fourth field sea-
son of the U.S. Antarctic Marine Living Resources (AMLR)

program (Rosenberg, Hewitt, and Holt, Antarctic Journal, in
this issue) that included a physical oceanography component
to study the Elephant Island regional hydrography. A grid of
conductivity-temperature-depth (CTD)/rosette stations
around the Elephant Island group has been occupied annual-
ly during the summer since 1989-1990. Each year, two

month-long cruise legs are so planned that Leg I stations will
be made from early January through early February and Leg II
stations from mid-February through mid-March. The bulk of
CTD stations are done on a grid during the large-area surveys.
The grid is repeated during Leg II. Cross-shelf transects of
more closely spaced stations are usually done on each leg. A
Sea-Bird SBE 9 (upgraded for AMLR 1993 to SBE-9 Plus) CTD,
with fluorometer, beam-transmissometer, and dissolved oxy-
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