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Because land-breeding predators such as antarctic fur seals
(Arctocephalus gazella), chinstrap penguins (Pygoscelis antarctica),
and macaroni penguins (Eudyptes chrysolophus) are tied to colo-
nies ashore during their breeding seasons, these species have
relatively fewer options for foraging areas during these periods
compared to flighted birds or ice-breeding seals. Changes in
prey availability or environmental conditions in marine habitats
adjacent to the colonies ashore influence predators' reproduc-
tive success, growth and condition, feeding ecology, and be-
havior. Linking the results of pelagic studies on prey and en-
vironmental features with data obtained from land-based
monitoring of predators (see accompanying fourteen AMLR
articles in this section of Antarctic Journal, this issue) is a vital
step in elucidating the potential effects of natural and human-
caused perturbations on various components of the antarctic
marine ecosystem.

During the 1990-1991 austral summer field season, we un-
dertook studies to identify and describe the ecological charac-
teristics of the foraging areas of antarctic fur seals and penguins
breeding at Seal Island, Elephant Island (60°59.1'S 55°23.1'W).
This research, which was part of the Antarctic Marine Living
Resources (AMLR) program, had three principal objectives:
• To follow antarctic fur seals, chinstrap penguins, and maca-

roni penguins during their feeding trips to sea to pinpoint
important foraging areas,

• To compare predator foraging areas used early and late in
the reproductive season to determine the extent to which
these areas change within a season, and

• To use hydroacoustic and net sampling in these areas to eval-
uate the distribution and abundance of prey species such as
antarctic krill (Euphausia superba).
There were two phases of field work: early January (aboard

the Japanese research vessel Kaiyo Maru) and mid-February
(aboard the Chilean research vessel Alcazar). A comprehensive
survey of biological and physical features in the tracking area
was also conducted by the National Oceanic and Atmospheric
Administration (NOAA) ship Surveyor during the second phase
in February. In preparation for tracking operations, radio trans-
mitters and time-depth recorders were attached to antarctic fur
seals, chinstrap penguins, and macaroni penguins. The time-
depth recorders were programmed to sample the depth in the
water column every 10 seconds, providing a record of the times
and depths of fur seal or penguin feeding dives. Subsequent
analyses will compare the dive profiles of predators (time-depth
recorder data) with the results of acoustic and net sampling of
prey. A radio direction-finding system was installed aboard the
research vessels to allow tracking the movements of the instru-
mented fur seals and penguins at sea. This system worked well,

with a working radio reception range of approximately 5 kilo-
meters from the vessel for penguins to 15 kilometers for fur
seals.

The Kaiyo Maru supported tracking operations from 1-8 Jan-
uary 1991. Tracks to foraging areas were completed for four
chinstrap penguins (six trips), one macaroni penguin, and one
fur seal (table 1). Most penguins were followed for the majority
of an entire feeding trip to sea; however, the one fur seal fol-
lowed was monitored on its outbound journey only until it
appeared to have reached the outer limit of its foraging range
(on the third day of an 8-day foraging trip). During tracking
operations, Japanese scientists conducted acoustic and net sam-
pling to characterize the prey field.

Antarctic fur seals were tracked from 13 to 22 February
aboard the Alcazar. Although the initial plan had included
tracking both penguins and fur seals, unavoidable scheduling
delays required that actual tracking operations be limited to fur
seals alone because penguin chicks had already started to
fledge. A total of eight tracks of female fur seals during offshore
feeding trips was obtained (table 2). During this period, acous-
tic and net sampling of zooplankton was undertaken aboard
the Alcazar and Surveyor.

The results of this study suggest that foraging locations
change within a breeding season as well as between years (see
Bengtson, Boveng, and Hewitt 1990). Of course, the only direct
comparison that can be made within this season is for fur seals.
Although only one fur seal was tracked during January, its
feeding area was quite different from those used by other fe-
males later in the season (or observed in previous years of
tracking)—over four times farther out to sea than the farthest
ranging fur seal in February. Moreover, the chinstrap penguin
records from January indicated that penguins were feeding up
to twice as far offshore as observed in previous seasons.

The locations of foraging areas correspond to the preliminary
analyses of acoustic and net sampling for prey. In January,

Table 1. Results of tracking antarctic fur seals,
macaroni penguins, and chinstrap penguins

to their foraging areas near Seal Island, Antarctica,
from 12 to 20 January 1991

NOTE: Maximum distance away from Seal Island is indicated. Compass
bearing from Seal Island to the last position observed is also noted.

Maximum
Elapsed distance

Identification	Tracking times	time	(in kilo-
number	Start track	End track (in hours) meters) Bearing

Fur seal
900	4 Jan: 2030 7 Jan: 2000	71.5	240	047
Macaroni penguin
350b	3 Jan: 0800 3 Jan: 1842	18.2	15	332
Chinstrap penguin
762C	1 Jan: 1725 2 Jan: 0825	14.0	23	027
660b 2 Jan: 0834 2Jan: 1424	5.8	6	040
820b	3Jan: 0327 3Jan: 1005	6.6	7	345
372b	3 Jan: 2015 4 Jan: 0250	6.6	25	030
762C	4Jan: 0240 4 Jan: 1353	11.2	11	044
660b	4Jan: 1539 4 Jan: 2030	4.9	18	019

a Partial track of feeding trip (outbound portion only).
b Partial track of feeding trip.

Complete track of feeding trip.
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Table 2. Results of tracking antarctic fur seals
to their foraging areas near Seal Island, Antarctica,

from 14 to 22 February 1991
NOTE: Maximum distance away from Seal Island is indicated. Compass
bearing from Seal Island to the last position observed is also noted.

Maximum
Identification	Tracking times	Elapsed distance

time	(in kilo-
number	Start track	End track (in hours) meters) Bearing

790a	14 Feb: 1849 15 Feb: 0730	12.7	23	340849b	15 Feb: 2015 l7 Feb: 0428	32.2	49	036810a	17 Feb: 2057 l9 Feb: 0725	34.5	41	330750b	19 Feb: 0002 19 Feb: 0719	7.3	14	011
830b	19 Feb: 0417 19 Feb: 1338	9.3	14	086790a	19 Feb: 2000 20 Feb: 1223	16.4	36	319957 a	20 Feb: 2226 21 Feb: 0850	10.4	18	341770b	21 Feb: 2052 22 Feb: 0600	9.9	35	030

that patches of krill were present throughout the area; feeding
trips of fur seals during this period were shorter (1-3 days)
than in January. This pattern suggests that predator foraging
areas may change within seasons in direct response to prey
distribution and abundance.
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Ishii, A. Mujica, and M. Naganobu. We are grateful to the
officers and crews of the three ships for providing excellent
logistic support and for helping to make our field experience
so enjoyable. This research was supported by the National
Oceanic and Atmospheric Administration as part of its AMLR
program.

a Complete track of feeding trip.
b Partial track of feeding trip.
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Seabirds have been identified as potentially important mon-
itors of offshore prey resources (Boersma 1976; Crawford and
Shelton 1978; Anderson and Cress 1984; Cairns 1987; Williams
and Croxall 1990). As part of the Commission for the Conser-
vation of Antarctic Marine Living Resources (CCAMLR) Eco-
system Monitoring Program (CEMP), chinstrap penguins (Py-
goscelis antarctica), macaroni penguins (Eudyptes chrysolophus),
and cape petrels (Daption capensis) have been studied since 1987
at Seal Island, South Shetland Islands (60°59.2'S 55°23.1'W).
The reproductive performance, demography, and behavior of
these species are monitored annually in an effort to understand

the relationships of these predators to prey and other environ-
mental conditions.

The goals of the 1990-1991 field season on Seal Island (4
December 1990 to 11 March 1991) were to
• monitor the breeding success, chick growth, fledgling size,

reproductive chronology, foraging behavior, diet, abun-
dance, survival, and recruitment of chinstrap and macaroni
penguins,

• investigate the diving behavior of chinstrap penguins to as-
sess changes in foraging behavior and effort as the breeding
season progressed,

• assess the reproductive success of cape petrels,
• evaluate the potential effects of electronic instruments on the

behavior of penguins, and
• measure the energetic cost of reproduction as chinstrap pen-

guins incubate, guard, and creche their chicks.
We report here some of the results of reproductive factors

measured for chinstrap penguins during the 1990-1991 breed-
ing season on Seal Island, and compare these results with ob-
servations from previous years.

We estimated chick production by censusing creched chin-
strap chicks present in nine geographically discrete colonies
undisturbed by other activities (table 1), and we assessed the
mean reproductive success of individual nests and nesting
chronology by monitoring the number of incubated eggs or
brooded chicks until the chicks at individually identified nests
in two colonies (of 124 and 113 nests each) had creched (table
2). Hatching peaked on 24 December 1989 and 29 December
1990 and fledging began on 3 February 1990 and 13 February
1991 in the 1989-1990 and 1990-1991 austral summers.
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