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Figure 3. DIel vertical distribution for all fishes in the Scotia Sea.
Each box in the figure represents the depth stratum sampled and the
number of fish captured in a single trawl. The dashed line represents
a trawl with an extraordinarily large catch. ("m" denotes meter;
"Nos. of Fish 10,000 rn -3" denotes number of fish per 10,000 cubic
meters.)

bers of saips deeper in the water column as the study
progressed.

Our data at the present stage of analysis suggest the following
conclusions concerning the micronekton of the study area:
• The area up to 300 kilometers north of the marginal ice zone is

a biologically rich area with wet weight biomass comparable

to the highest reported in the literature (cf. Wiebe etal. 1979).
• Beyond 300 kilometers north of the marginal ice zone there is

a sharp drop off in biomass. This could be due to the absence
of ice-edge influence, water mass effects, or patchiness. The
latter possibility is unlikely.

• There was a trend toward increased fish biomass and num-
bers of species in the southern portions of the study area with
increasing time in the study area. This trend mirrored the
observed intensification of an ice-edge bloom in the southern
portion of the study area.
The authors gratefully acknowledge the help of Bob Wilson of

the Scripps Institution of Oceanography for technical assistance
beyond the call of duty. Captain Haines and the fine crew of the
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AMERIEZ 1983: Oceanographic factors
affecting seabird occurrence in the

Scotia and Weddell Seas
D. C. AINLEY and W. R. FRASER

Point Reyes Bird Observatory
Stinson Beach, California 94970

It is becoming increasingly clear that pelagic seabirds, even
with their great powers of mobility, are constrained as are many

other marine organisms to specific, physically defined water
masses and water types. It is also becoming more clear that
within respective ranges, seabird occurrence is affected strong-
ly by those oceanographic phenomena which increase prey
availability (for example, environmental discontinuities such as
fronts). Previous work in the Antarctic has indicated the exis-
tence of two especially distinct assemblages of pelagic seabirds
separated by a particularly obvious environmental discon-
tinuity: the presence or absence of pack ice. Also indicated is a
marked increase in the abundance of seabirds at the marginal
ice zone. In conjunction with AMERIEZ, we studied the pack-ice/
open-water system in greater detail than ever before to deter-
mine whether occurrence patterns of seabirds were responses
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to changes in prey availability and prey types or to changes in
the physical features of the environment. Essentially, we were
looking for overlaps and discontinuities in species distributions
relative to the pack-ice edge, and we were looking for corre-
sponding changes or similarities in diets. Other components of
AMERIEZ were important to our work because they supplied
information on the physical environment as well as the avail-
ability of potential prey. We made observations from both USCGC
Westwind and R/vMelville: a summary of the cruise is provided in
the article by Ainley and Sullivan (Antarctic Journal, this issue).
Data on abundance, distribution, and diets of seabirds north
and south of the marginal ice zone were obtained through 421
half-hour strip censuses and the collection of 329 specimens of
12 seabird species. Specimens were collected with the intent of
sampling diet in different habitats, including interior pack ice,
the ice-edge zone and ice-free water, as well as different water
types.

The changes we observed in the overall abundance and dis-
tribution of seabirds relative to the ice edge and to other impor-
tant oceanographic feaures are indicated in figure 1, which
summarizes data gathered on the last pass of Westwind from
deep within the pack (at 63°S) of the Weddell Sea to the pack
edge and a continuation of that track by Melville from the ice
edge well north into the Scotia Sea (to about 57°S). Birds were
most abundant at the pack-ice edge, particularly the edge of the
consolidated pack, and at the confluence of the Scotia and
Weddell Seas about 600 kilometers north of the ice-edge zone. A

Figure 1. The biomass, species diversity (Shannon-Weaver diversity
Index), and density of seabirds along a cruise track In the Weddell
and Scotia Seas, November and December 1983. Distance Is from
63°S. ("km" denotes kilometer; "Km 2" denotes square kilometer;
"Kg/km2" denotes kilogram per square kilometer.)
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Figure 2. The biomass, species diversity and density of seabirds
along a cruise track in the Weddell and Scotia Seas during mid-
November (thin lines) and 2 weeks later (thick lines). The data Indi-
cated by thick lines are also Included in figure 1. Distance is from
630S. ("km" denotes kilometer; "Km 2" denotes square kilometer;
"Kg/km2" denotes kilogram per square kilometer.)

minor peak occurred about 120 kilometers north of the ice edge.
A pass along this track by the Melville, 2 weeks earlier, indicated
that the ice-edge peak and the smaller peak between the ice-
edge peak and the peak associated with the confluence had both
migrated south with the ice (figure 2). Chlorophyll con-
centrations, as well as other factors, also indicated generally
greater biological activity in these same areas. South of the ice
edge, seabird concentrations were associated with both increas-
ing biological activity in the lower food web and with distinct ice
types, including floes exhibiting especially high organic
activity.

Seabird diets changed to some degree from one area or hab-
itat to another, but within these habitats the diets of individual
species overlapped broadly. In the pack ice, large amphipod
and decapod crustaceans predominated, while euphausiids
and myctophid fishes increased in importance in the marginal
ice zone. In open water, the predominance of myctophids,
euphausiids, amphipods, and salps shifted in the diets; overall,
the importance of these prey changed in approximately the
order just listed. Surprisingly, few seabirds ate squid. Results
indicated that physical features of the environment are impor-
tant in affecting seabird occurrence in the pack-ice/open-water
situation; however, distributions of the few species exhibiting
more specialized diets especially squid eaters, indicated that for
these birds, prey availability may have been relatively more
important in affecting their occurrence. One totally unex-
pected, but particularly interesting observation was the pre-
dominance of deep-water organisms in the diets of surface-
feeding seabirds of the inner areas of heavy pack ice. Several of
these prey had never before been known to occur in waters
shallower than 300 meters. This discovery underlined the po-
tential importance of the study of top trophic predators as a
means to learn more about trophic interactions among organ-
isms of the pelagic community. Why the deep-water micronek-
ton occurred at the surface in heavy pack ice and their potential
significance to seabirds during winter conditions will be impor-
tant questions for future research.
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Aerial census of seals, whales, and
penguins in the pack ice of the

northwestern Weddell Sea, November
1983

A. W. ERICKSON

Fisheries Research Institute
University of Washington
Seattle, Washington 98195

In November 1983, an aerial census was taken of seals,
whales, and penguins distributed within the pack ice of north-
western Weddell Sea, Antarctica, as part of the joint Antarctic
Marine Ecosystem Research at the Ice-Edge Zone (AMERIEZ)
project. The census consisted of north-south transect strips
centered on the oceanographic stations of the AMERIEZ project
(figure 1). The transects extended one-quarter nautical mile to
either side of the survey helicopter, were flown at an elevation of
300 feet, and were otherwise taken according to the SCAR-1310-

MASS format (Laws 1982). I made the counts and ice classifica-
tions from the copilot's seat and relayed them to a recorder.

I censused a total of 598 square nautical miles of pack ice
yielding a count of 830 seals (or a density of 1.39 seals per square
nautical mile) and counts of 548 Adélie penguins (Pygoscelos
adeliae), 319 chinstrap penguins (P. antarctica), and 13 emperor
penguins (Aptenodytes forstori), and four minke whales (Bal-
aenoptera acutorostris) (table 1). The species composition of the
censused seal population was 77 percent crabeater seals (Lob-
odon carcinophagus), 18 percent leopard seals (Hydrurga leptanyx),
4 percent Weddell seals (Leptonychotes weddelli), and 0.4 percent
Ross seals (Omatophoca rossi).

As shown in figure 1, the distribution of the aerial census
effort was irregular throughout the study area. Inclement
weather hampered aerial flight operations during the startup of
the AMERIEZ field studies, and coordination difficulties pre-
cluded censuses during the project's termination phase. De-
spite these difficulties, enough censuses were performed to
permit a meaningful evaluation of the seal populations present
in the study area once the data have been corrected for diurnal
effects. The basic data together with related information have
been placed in a permanent data file in preparation for analysis.

The population density of seals observed in the AMERIEZ cen-
sus was lower than population densities observed during the
1968 and 1969 International Weddell Sea Oceanographic Expe-
ditions (IwSOE) (Siniff, Cline, and Erickson 1970; Erickson et al.
1971). Unadjusted crabeater seal densities for the IWSOE surveys
were 1.87 (1968 count) and 3.34 (1969 count) seals per square
nautical mile, as compared with a density of 1.06 seals per
square nautical mile in the AMERIEZ study. However, there were

major differences between the two census efforts. The IWSOE
censuses were conducted during the late austral summer when
the extent of the ice pack is markedly reduced and seals become
concentrated. Also, the IWSOE studies were dispersed widely
along the outer eastern periphery of the entire Weddell Sea ice
pack. Conversely, the AMERIEZ censuses were concentrated
within a 3,600-square-mile study area and the census effort was
dispersed more deeply into the ice pack where lesser seal densi-
ties occur (Gilbert and Erickson 1977). Furthermore, approx-
imately 50 percent of the AMERIEZ census effort occurred during
the midday peak haulout period for seals; in contrast, only
approximately 15 percent of the IWSOE census taking occurred
during this period (Condy 1976, 1977; Gilbert and Erickson
1977). The significance of these differences remains to be
assessed.

Table 2 presents uncorrected population density data for cra-
beater, leopard, Weddell, and Ross seals observed during the
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Figure 1. Aerial seal census transects AMERIEZ project, 1983.
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