
Antarctic Journal, in this issue) and rates of primary produc-
tion (Holm-Hansen et al., Antarctic Journal, in this issue). The
results of these calculations will provide insight into the
importance of nutrient recycling in maintaining relatively
high nutrient concentrations in the euphotic zone and also
will help researchers estimate the relative loss of organic mat-
ter to deep water by settling of cells or through grazing by
zooplankton.
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AMLR program: Foraging behavior and spatial
pattern of pelagic birds at sea

RICHARD VEIT, GABRIELLE NEVITT, EMILY SILVERMAN, MARTHA GROOM, BEVERLY AGLER, DANIEL
GRUNBAUM, and DAVID SECORD, Department ofZoology, University of Washington, Seattle, Washington 98195

O
ur aim during Antarctic Marine Living Resources (AMLR)
1993 was to assess the spatial association at sea between

seabirds and swarms of krill and to quantify the birds' forag-
ing behavior to determine whether changes in bird behavior
might provide a reliable cue to the location of krill swarms. A
description of cruise activities is given by Rosenberg, Hewitt,
and Holt (Antarctic Journal, in this issue). We used standard
strip-transects (Tasker et al. 1984) to map the positions of
birds. We conducted the strip-transects while the ship was
underway between stations, concurrent with acoustic mea-
surements of krill abundance (Hewitt and Derner, Antarctic
Journal, in this issue). We counted birds in a 100-meter (m)
strip centered on the track followed by the acoustic towed
body and partitioned our continuous counts of birds into
0.1-nautical-mile (nmi) intervals. We lagged the bird counts
in such a way that they were temporally aligned with the
acoustic data (that is, since the acoustic array was towed off
the fantail, records of birds preceded estimates of krill by
about 40 seconds). To quantify behavior of birds, we needed
to use two teams of observers working simultaneously; one
team recorded counts of birds within the 100-rn strip men-

tioned above, while the second team recorded the actions of
individual birds. To do this, one observer picked a bird at ran-
dom and followed it until it disappeared from view. While the
bird was in view, the observer noted whether it was flying, sit-
ting, or feeding and, if flying, the direction of flight. All behav-
ioral data were entered into a microcomputer that had a cali-
brated clock, so that we could subsequently calculate propor-
tions of time that birds devoted to each of the activities that
we recorded.

To assess spatial association between krill and krill
predators, we focused our analyses on the numerically domi-
nant species of the Elephant Island area that are known to
feed substantially upon hill: chinstrap penguins (Pygoscelis
antarctica) and antarctic fulmars (Fulmarus glacialoides). At
the scale of the whole survey (lOs to lOOs of kilometers),
aggregations of chinstrap penguins coincided with aggrega-
tions of hill, whereas aggregations of antarctic fulmars did
not (figure 1). The penguin/hill spatial association was inex-
act when examined at finer scales; we calculated pearson cor-
relation coefficients between penguin and krill abundance
using as samples intervals ranging in size from 0.1 nmi up to
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Figure 1. Spatial distributions of chinstrap penguins and antarctic
fulmars, two species that specialize on antarctic krill, from Survey A.
Bird numbers integrated over 0.1-nmi intervals.
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Figure 2. Spatial distribution of white-chinned petrels from Survey A.
Zero values are not plotted. Birds are summed over 0.1 -nmi inter-
vals.

1.6 nmi, and we obtained values of 0.1 to 0.33. The maximum
correlation occurred for samples of length 1.0 nmi. This mag-
nitude of spatial coherence is similar to that recorded for
macaroni penguins (Eudyptes chrysolophus) near South Geor-
gia (Veit, Silverman, and Everson in press). We saw several
aggregations of up to 1,000 antarctic fulmars, but none of
these was associated with a large swarm of krill. The largest
fulmar aggregation was located north of Elephant Island
beyond the shelf break. The acoustic trace revealed a large
patch of plankton directly beneath the fulmars, but the patch
appeared to contain mostly salps. In contrast to the penguins,
several species of birds that do not feed mainly on krill had
distributions that were dissimilar to the distribution of krill.
For example, white-chinned petrels (Procellaria aequinoc-
tialis), which feed primarily on fish and squid, were distrib-
uted offshore in Drake Passage water (see Amos, Antarctic
Journal, in this issue) (figure 2).

To see whether birds behaved in a predictably different
fashion when near krill swarms, we chose a type of behavior
that was both easily measurable and likely to reflect detection
of prey on the part of the bird: frequency of direction change
during flight. Our rationale for this choice was that a foraging
bird is likely to continue traveling in a straight line when no
prey is present but to double back on its track or to "mill
around" when it detects prey. We counted the number of
direction changes greater than 45° that a bird made during
the time interval that we watched. We anticipated that this
turning frequency should be larger in hill-rich than in krill-
poor areas. For antarctic fulmars, we found no relation
between turning frequency and krill abundance, but because
the vast majority of fulmars that we saw were sitting on the
water, we suspect that most of their feeding was done at
night. For cape pigeons (Daption capensis) (another krill spe-
cialist, though not as abundant near Elephant Island as
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Figure 3. Rate at which cape pigeons changed their flight direction
in relation to krill abundance. Units of krill abundance are backscat-
tering strength within a 0.1-nmi interval in which the bird was first
sighted.
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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
JOHN L. BENGTSON, JOHN K. JANSEN, WILLIAM R. MEYER, R.V. MILLER, MICHAEL K. SCHWARTZ, and BRIAN

R. WALKER, National Marine Mammal Laboratory, Alaska Fisheries Science Center, National Marine Fisheries Service, National
Oceanic and Atomospheric Administration, Seattle, Washington 98115

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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