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As part of the Arms Control and Disarmament (ACDA) cir-
cumnavigation cruise of the antarctic continent from 21 January
to 6 March 1983, we studied bird species distribution and abun-
dance in the East Wind Drift off Antarctica and off southern
South America aboard the USCGC Polar Star. We were especially
interested in examining the variation in bird species composi-
tion and density between distinct hydrographic boundaries
such as the fronts associated with the antarctic continental slope
(Ainley and Jacobs 1981), or the interface between the open
ocean and the pack ice. We also sought data on the geographical
distribution of bird species in the sectors of the southern ocean
which to date have received little ornithological coverage.

Between Anvers Island and McMurdo Station, Veit con-
ducted 101 counts, each of 10 minutes duration and separated
by intervals of 1/2 to 1 hour. From McMurdo Station westward to
the Antarctic Peninsula, however, we took continuous, or near-
ly continuous, 10-minute counts for up to 22 hours per day,
depending upon daylength. We thus accumulated a total of
2,701 10-minute counts over a 41-day period. Between Val-
paraiso, Chile and Anvers Island 101 additional counts were
taken, 16-24 December 1982 between Anvers Island and Rio de
Janeiro, Brazil 469 additional counts were taken between 7-18
March 1983.

Counts were taken from either the flying bridge (16 meters
above the sea surface) during fair weather or from within the
pilot house (13 meters above the sea surface) during inclement
weather. All birds within an arc of a 300-meter radius extending
out from the beam to the bow of the ship were recorded as
"within zone." Ship-following birds were recorded when they
first appeared within the transect zone but were excluded from
all subsequent counts. We recorded all large concentrations of
birds and uncommon species regardless of their location or
distance from the ship; however, birds seen outside our transect
zone will be excluded from calculations of density and biomass.
Our data are being prepared for automatic data processing, and
estimates of density and biomass should be available by late
1984. We summarize here our most interesting observations.

Concentrations of birds. Our observations suggest that seabird
distribution in the East Wind Drift is extremely patchy. We saw
several very large concentrations of birds but also traversed
extensive areas where birds were scarce. Off Adélie Land (near
66°S 140°E) we saw approximately 500,000 sooty shearwaters
(Puffinus griseus), 500 light-mantled sooty albatrosses (Phoebetria
palpebrata), 500 mottled petrels (Pterodroma inexpectata), and 150
white-headed petrels (Pterodroma lessoni). There were two Jap-
anese krill trawlers fishing in the immediate vicinity. Although
we could not determine on what the birds were feeding, they
were not taking refuse from the trawlers.

On the shallow continental shelf off Enderby Land (near 66°S
51°E), we saw an aggregation of feeding antarctic petrels which

we estimated to contain on the order of 1 million birds. Russian
trawlers were fishing in the vicinity and Fanning and Vargo
(personal communication) reported seeing krill drawn in
through the Polar Star's sea chests at the same time that we
observed this flock. It is possible that the birds had aggregated
to feed upon a krill swarm.

We conducted two transects in the western portion of Prydz
Bay (68° 75'E), an area which has been reported to support large
populations of marine mammals but few birds. We noted un-
usually high densities of Adélie penguins, snow petrels,
Wilson's storm-petrels, and cape pigeons over ice-covered wa-
ters but few birds to the north of the ice over open water.

During late February, we observed large flocks of emperor
(Aptenodytes forsteri) and Adélie penguins (Pygoscelis adeliae) on
ice floes in the Weddell Sea. We counted nearly 500 emperor
penguins, including one flock of 365 on thick multi-year ice of 80
percent cover near 74°18'S 34°26'W, about 50 miles from open
water. We saw thousands of Adélie penguins concentrated
along the northeastern edge of the pack ice between 69°58S
39°31'W and 68°10'S 48°51'W, usually within 10 miles of open
water. The Adélie penguins were mostly clustered in groups of
10-100 birds near pressure ridges and were reluctant to enter
the water at the approach of the ship. The penguins were molt-
ing and flocks were surrounded by dense patches of feathers
and excrement. These observations support those of Cline,
Siniff, and Erickson (1969).

Distribution patterns. We found that Adélie penguins, snow
petrels (Pagodroma nivea), and arctic terns (Sterna paradisaea)
were characteristic of waters with substantial ice cover (30 per-
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Figure 1. Antarctic petrel (Thallasoica antarctica). (Photo by R. R.
Veit.)
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cent to 80 percent) and were fairly evenly distributed around
the entire continent. Both antarctic petrels (Thalassoica ant-
arctica) and antarctic fulmars (Fulmarus glacialoides) were abun-
dant, but they seemed to be segregated such that large numbers
of one species occurred where the other was scarce. Thalassoica
was most numerous in the Ross Sea and just north of the ice
edge between Enderby Land and the Weddell Sea, while
Fulmarus was the dominant species in waters near the Antarctic
Peninsula and in the Bellingshausen Sea. Wilson's storm-petrels
(Oceanites oceanicus) were patchily distributed and were never
encountered in large concentrations.

We noted an apparent segregation between the distributions
of three closely related species of gadfly petrel, Pterodroma inex-
pectata, P. brevirostris, and P. mollis, which significantly modify
the pelagic ranges of these species as described by Watson
(1975, pp. 132-137). Pterodroma inexpectata was numerous near
(but not south of) the edge of the pack ice between 137°W and
55°E while P. brevirostris was found over waters of similar tem-
peratures and salinities as P. inexpectata between 60°W and 80°E.
P. mollis was found over slightly warmer and more saline waters
north of the Antarctic Peninsula, where we observed it in con-
siderably larger numbers than have previously been reported
(cf. Brown et al. 1975).

Birds and oceanography. Our observations of the influence of
the pack-ice edge upon the variation in bird density largely
agree with those of Ainley and Jacobs (1981). We noted a pro-
nounced increase in bird numbers (mainly Adélie penguins,
snow petrels, and arctic terns) near the interface of the pack ice
and the open water in regions where the water was 30-60
percent covered by floes. We had several opportunities to con-
duct transects across the shelf break around the continent in
areas that were sufficiently ice-free to allow an investigation of
the effects of the shelf-break in isolation of ice effects. Although
we have yet to analyze our data statistically, we did not observe a
pronounced change in bird density in the vicinity of the shelf
break front, except around the South Orkney Islands.

We noticed a clear transition in species composition between
cold (- 2° to - 1°C) waters of low (approximately 31 parts per
thousand) salinity associated with the pack ice and the warmer
(0° to 2.5°C), more saline (31 to 34 parts per thousand) waters
10-30 kilometers seaward of the ice edge. On each of the trans-
ects that we conducted between these habitats, we noted an
appearance of such subantarctic species as wandering (Di-
omedea exulans) and black-browed (Diomedea melanophris) al-
batrosses, white-chinned petrels (Procellaria aequinoctialis),
white-headed petrels, and antarctic prions (Pachyptila desolata)
associated with a rapid increase in surface temperature and
salinity.

South Orkney Islands. We had the unique opportunity at the
end of the ACDA cruise to conduct a series of five radial transects
around the South Orkney Islands from 28 February to 2 March
1983. The ship made five transects, each from 90 nautical miles
offshore to within 5 nautical miles of the shore to the southeast,
northeast, northwest, and southwest of the islands. We
dropped a series of expendable bathythermographs on one
transect (to the northeast) in order to determine the presence of
a front associated with the shelf break. On each crossing of the
shelf break, we observed a pronounced concentration of birds.
The species composition of these concentrations on each trans-
ect was distinct; antarctic fulmars were most numerous to the
southwest of the islands, black-browed and gray-headed (D.
chrysostoma) albatrosses to the northwest, antarctic prions to the
northeast and chinstrap penguins (P. antarctica) and antarctic

Figure 2. Antarctic prion (Pachyptiia desolata). (Photo by A. R. Veit.)

prions to the southeast. We also recorded a marked decline in
chinstrap penguin density roughly 60 nautical miles offshore
from the islands. In some instances this drop-off in numbers
corresponded to the location of the shelf break.

Mammals and birds. We have the impression that there may be
a negative association between bird and cetacean abundance in
the East Wind Drift. However, north of Elephant Island (66°S
55°W), we observed a pod of about 40 pilot whales (presumably
Globicephala melaena) which were closely pursued by a cluster of
seabirds including black-browed, grey-headed, and wandering
albatrosses; southern giant petrels (Macronectes giganteus); cape
pigeons (Daptian capensis); and antarctic fulmars.

South America. On the transect between Punta Arenas, Chile
and Rio de Janeiro, Brazil, Veit made a series of 10-minute
counts which revealed significant concentrations of seabirds
associated with hydrographic fronts and pronounced changes
in bird species composition between distinct water masses. A
concentration of approximately 50,000 immature black-browed
albatrosses was observed feeding on offal around 25 trawlers
over the Argentine continental slope at 43°50'S 59°10'W. There
was a clear transition between species associated with shallow
(60-80 fathoms) shelf waters (Puffinus gravis, P. puffinus, P.
griseus, Eudyptes chrysocome, Sterna hirundinacea) and warmer,
deeper, more saline waters (Pterodroma incerta, P. mollis, P. mac-
roptera, Calonectris diomedea, and Stercorarius longicauda). An ob-
servation of 42 long-tailed jaegers between 43°10'S 58°00'W and
38°00'S 54°30'W suggests that this species winters in waters
over the shelf break of eastern South America. This observation
represents the only winter concentration of long-tailed jaegers
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yet recorded, aside from storm-blown birds seen from land
(Murphy 1936, p. 1039; Bartle 1983).

This research was supported by National Science Foundation
grant DPP 82-06052 to George L. Hunt, Jr. We thank the officers
and crew of the USCGC Polar Star for a most enjoyable and
productive cruise.
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Although the environmental conditions that control the rate
of photosynthesis (nutrients, light, temperature) are fairly uni-
form in waters south of the Antarctic Convergence, there ap-
pears to be much patchiness in phytoplankton distribution. The
antarctic circumnavigational cruise (27 December 1982 to 6
March 1983) offered a unique opportunity to document phy-
toplankton concentrations around the entire continent and to
correlate these observations with observed bird and mammal
concentrations. Our specific objectives were: (1) to document
the biomass and cell-size distribution of phytoplankton in sur-
face waters as related to water depth (shelf versus deep waters)
and to degree of ice cover, (2) to determine the ratio of hetero-
trophic to autotrophic biomass in the microbial fraction, (3) to
estimate the magnitude and effects of the grazing pressure
exerted by heterotrophic microplankton organisms on the spe-
cies composition and biomass of the nanoplankton, and (4) to
determine the chemical composition and growth rates of phy-
toplankton as a function of light intensity. Except for four sta-
tions where we obtained water samples down to 200 meters, all
water samples were obtained close to the surface with polyvinyl
chloride (Pvc) samplers which could be used when the ship
steamed at 16 knots.

Phytoplankton biomass and distribution. Only three areas of phy-
toplankton blooms (over 2.0 micrograms chlorophyll a per liter)

were encountered during our entire cruise: (1) a Phaeocystis
dominated bloom in shelf waters at about 92°E longitude, (2) a
diatom bloom in shelf waters close to Davis Station (77°08'E),
and (3) extensive diatom blooms over most of the shelf waters
traversed in the Weddell Sea. A total of approximately 350 water
samples were analyzed for both total chlorophyll a content and
chlorophyll a content in the nanoplankton fraction (cells pass-
ing through a 20 micrometer nylon mesh net). These data are
shown in the figure, together with water depth. The mean
chlorophyll a concentration for all samples between McMurdo
and the Greenwich meridian was 0.41 micrograms per liter (0.26
± 0.19 in the nanoplankton fraction and 0.15 ± 0.28 in the
microplankton fraction); for all stations between 00 longitude
and Palmer Station, the total chlorophyll concentration was 1.12
micrograms per liter (0.65 ± 0.56 in the nanoplankton and 0.47
± 0.61 in the microplankton).

Five intensive sampling routines (560 samples) were per-
formed for periods of 6 hours each to determine the degree of
patchiness of the phytoplankton, especially in regard to trans-
ects across the continental shelf break. In both the Weddell Sea
and in transects north and south of the South Orkney Islands,
phytoplankton biomass was high (greater than 1.0 microgram
chlorophyll a per liter) in shelf waters and decreased dramat-
ically to low values (about 0.2 microgram chlorophyll a per liter)
when the depth exceeded 1,000 meters. Similar results have
been recorded in the Ross Sea (El-Sayed, Biggs, and Holm-
Hansen in press).

The primary mission of the circumnavigational cruise placed
some constraints on scientific studies, so we were unable to
conduct any ice-sampling studies; however, we noted that the
biomass of phytoplankton associated with ice cover was visu-
ally impressive. This was true for the epontic layer on the
underside of the ice, as well as for the layers of algae contained
within the ice. On three or four occasions, we saw large num-
bers of krill awash over the bottom side of these algae-covered
ice floes when the floes were turned over by the force of the
USCGC Polar Star's passage. In the shelf portions of the southern
Weddell Sea, very high phytoplankton biomass (greater than
100 micrograms chlorophyll a per liter) was found to be associ-
ated with the very thin, newly formed nilas ice. This is reminis-
cent of the extensive blooms reported in this area by El-Sayed
(1971). Our data do not show, however, any significant enhance-
ment of phytoplankton biomass in waters close to the ice edge.

Ratio of heterotrophic to autotrophic biomass. Once or twice a day
larger volumes of water were collected for chemical analysis of
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