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A major research goal of the National Marine Mammal Labo-
ratory Antarctic Ecosystem Program is to understand the rela-
tionships between seabirds and pinnipeds and their primary
prey, krill (Euphausia spp.). Specifically, a suite of parameters
that may be affected by changes in krill availability is measured
annually on Seal Island, a small island in the South Shetland
Islands archipelago north of the Antarctic Peninsula. These
parameters provide a data base for detecting and quantifying
perturbations in the antarctic ecosystem. The studies being
undertaken are part of the ecosystem monitoring program estab-
lished under the auspices of the Convention for the Conservation
of Antarctic Marine Living Resources (CCAMLR). In order to
accomplish this goal, the objectives of the research program on
Seal Island are:
• to monitor pup growth rates and adult female foraging pat-
terns of antarctic fur seals (Arctocephalus gazella) according to
CCAMLR Ecosystem Monitoring Program (CEMP) protocols;
• to conduct directed research on pup production, female forag-
ing behavior, diet, abundance, survival, and recruitment of ant-
arctic fur seals;
• to monitor the abundance of all other pinniped species ashore;
• to monitor the breeding success, reproductive chronology,
foraging behavior, chick diet, abundance, survival, recruitment,
and fledgling size of chinstrap (Pygocelis antarctica) and macaroni
(Eudyptes chrysolophus) penguins breeding on Seal Island accord-
ing to CEMP protocols;
• to conduct directed research on chick growth and condition,
seasonal patterns in diving behavior, and changes in foraging
patterns throughout the breeding season;
• to assess the reproductive success and survival of cape petrels
(Daption capensis) breeding on Seal Island; and
• to investigate the relationship between the foraging behavior
of penguins and fur seals and the distribution and abundance of
their prey.

Fur seal pups were weighed at intervals of approximately 2
weeks between 30 December 1991 and 27 February 1992. Male
pups grew at a mean rate of 124 grams per day (SE 9.0), and female
pups grew at a mean rate of 94 grams per day (SE 5.2). Pups
weighed during January were on average about 1 kilogram heav-
ier than those weighed on the same dates in 1990-1991, but by the
end of February the weights were about the same as those in 1990-
1991.

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. Attendance
at the rookery beach by 40 lactating fur seals was monitored
continuously using radio transmitters and an automated receiv-
ing system. For the 34 females that completed six trips to sea
without losing their pups (CEMP Standard Method C.2), the
duration of the average foraging trip was 3.98 days (SD 1.43,
n=204 trips).

Sixteen of the females in the attendance study were fitted with
time-depth recorders (TDRs) to monitor foraging effort during
the suckling period. Fourteen of these TDRs were recovered, and
analysis of the dive records will provide estimates of the foraging
effort required by females to raise pups and sustain themselves.
Four females with TDRs were at sea during the small-area acous-
tic survey (Survey B) conducted by the National Oceanic and
Atmospheric Administration ship Surveyor during Leg I
(Rosenberg et al. 1992). Therefore, subsequent analyses will
allow a comparison of the dive profiles of the fur seals with the
distribution of krill as detected acoustically.

At least 291 fur seal pups were born on Seal Island during the
1991-1992 season. Subjective observations (relatively short fe-
male fur seal feeding trips and high pup weights early in the
season) suggested that fur seals may have had more success in
obtaining food early in the season than in previous years. How-
ever, pup growth rates over the entire season were not signifi-
cantly different from those obtained in previous years (1988
through 1991) P = 0.15, female pups; P = 0.26, male pups).

An island-wide census of Seal Island at the beginning of the
field season revealed that the breeding population of chinstrap
penguins (22,800 nests) was approximately 45 percent larger than
that observed the previous season, while the breeding population
of macaroni penguins (254 nests) was about 13 percent smaller
than the previous year. However, the nesting success of those
birds that did breed was similar to that observed the previous
year. Observations of two study plots (each of at least 100 nests)
revealed that the timing of breeding (peak hatching and start of
creche) was delayed I day (to 27 December and 23 January,
respectively) from that observed the previous year, while fledg-
ing of chicks (beginning on 19 February) commenced 3 days later
than the previous year. Chicks grew at an increased rate com-
pared to 1990-1991, and peak chick weight (3.4 kilograms) was
slightly higher than observed in 1990-1991. In contrast, chick size
at fledging was similar to the previous year's values (2.9 kilo-
grams in 1990-1991 vs. 3.1 kilograms in 1991-1992). Preliminary
analyses of penguin diet indicate that meals delivered tochinstrap
penguin chicks consisted almost exclusively of krill.

The reproductive success of cape petrels in 1991-1992 was 32
percent higher than 1990-1991 (0.62 vs. 0.93 chicks per active nest
in 1990-1991 and 1991-1992, respectively). However, the size of
cape petrel chicks just prior to fledging was similar to that
observed in 1990-1991 (0.63 kilograms vs. 0.57 kilograms in 1990-
1991 and 1991-1992, respectively).

The duration of foraging trips of 40 chinstrap penguin adults
was monitored to determine the amount of time at sea required
by breeding adults for their own energetic needs and to procure
food for their chicks. In addition, to provide detailed information
on intra-annual changes in chinstrap penguins' diving behavior
at sea, a total of 42 penguins was equipped with TDRs. Nine of
these deployments during the creche stage occurred simulta-
neously with the small-area acoustic survey (Survey B) of krill
distribution offshore of Seal Island (Rosenberg etal. this issue) to
assess the relationship of chinstrap diving behavior and prey
distribution. The results of these studies and a directed study of
the relationship between foraging effort and food load delivery to
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chicks await further analysis at the National Marine Mammal
Laboratory.

Fur seal pup weights during January and February were
higher than in previous years, and the number of chinstrap
penguins and cape petrels attempting to breed on Seal Island was
the highest recorded since observations began in 1987-1988. The
number of chicks that hatched was also relatively high, and fur
seal foraging trips were shorter than in 1990-1991. These patterns
suggest that the conditions (e.g., local food availability) prior to
the initiation of breeding and early in the breeding season (early
lactation and egg laying and incubation periods) were relatively
good. Survival and growth of chicks were also slightly higher
than that observed in 1990-1991. However, the significance of
these observations awaits further analyses.

We therefore tentatively conclude that the favorable condi-
tions present earlier in the season may have persisted through the
penguin guard and early creche stages. The observations that the

size and weight of fledglings in 1991-1992 were similar to those
observed in 1990-1991 suggest that prey availability may have
been reduced during the later portion of the breeding season.
These tentative hypotheses are supported by the observations of
cape petrel reproductive success, which was particularly high
during the 1991-1992 season. More petrels attempted to bree,
and most of the chicks that hatched survived to fledging. How-
ever, the weight of cape petrel chicks prior to fledging was similar
to the previous year. Further laboratory analyses of penguin an
fur seal foraging behavior patterns and diet in relation to pre
distribution should help to elaborate on these conclusions.
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to the west and northeast of Elephant Island; greatest abundanc
(89.1 per square meter) was at station A53 off the northeast tip o
the island. Small or no krill catches were characteristic of the are
south of the island (figure 1).

Due to bias by the large catch of predominantly small juve
niles at station A53, these data are excluded from descriptions of
the krill demography. Reproductively mature (43.8 percent) and
juvenile (37.1 percent) forms dominated and were fairly evenly
represented, while immature stages made up only 19.1 percent of
the total. Juveniles generally dominated the larger samples
collected within the Weddell-Scotia Confluence (WSC) water
mass, which extended from the southwest to northeast of El-
ephant Island (Amos and Lavender 1992). Mature or mixtures of
mature, immature and juvenile stages predominated to the north
(figure 1). Males outnumbered females by 1.7:1. Only 54 percent

Net sampling operations during the Antarctic Marine Living
Resources (AMLR) program's 1991-1992 field season provided
data on krill (Euphausia superba) stock structure in the Elephant
Island area. Information on the length, sex ratio, reproductive
condition, and maturity states was derived from oblique tows in
the upper 200 meters made with a 6-foot Isaacs-Kidd Midwater
Trawl (IKMT) fitted with 505-micrometer mesh plankton net. A
total of 130 tows were made during large-area surveys; 31 addi-
tional tows were made during cross-shelf transects north of
Elephant Island (Rosenberg et al. 1992). Sample processing was
done on board using fresh material. Measurements were of total
length; stages werebased on the classification scheme of Makarov
and Denys (1981). The results from the large-area surveys (sur-
veys A and D) are summarized here.

A total of 6,120 krill were collected during survey A. The
median abundance was 0.9 krill per square meter. The catch sizes
roughly corresponded to the overall pattern of acoustically de-
tected biomass (Hewitt and Demer 1992) with the largest values

Figure 1. Krill abundance and maturity stage composition in IKMT
samples collected during survey A, 19 January to 2 February.
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