
The biomass of these sediments calculated from the extracta-
ble phospholipid and polar lipid ester-linked alkyl FAME
showed levels equal to those in a highly productive Florida
estuary. The antarctic sediments contained about 10 times the
biomass of a deep-sea area subjected to abyssal storms [high
energy benthic boundary layer experiment (HEBBLE)], and 100
times that of the relatively undisturbed deep sea (Venezuela)
(see table). The antarctic sediments showed a diversity essen-
tially equivalent to that of the subtropical Florida estuary. The
sponge spicule mat contains a rich microbial (algal and bacteri-
al) community.

These antarctic microbial communities are probably very old.
In preliminary experiments the bacterial rate of synthesis of DNA
from thymidine was some 300-fold slower than that in the
Florida sediments. A six-fold decrease would be expected on
the basis of temperature. A three-fold increase in bacterial DNA
synthesis in the nonspicule mat sediments occurred late in the
summer season as the ice algal "rains" began. In collaboration
with A.C. Palmisano, we were able to prepare carbon-13-la-
beled Nitzschia cylindrus which was injected into perspex cores
in the nonspicule mat areas. This attracted starfish who de-
stroyed some of the experiments possibly consuming the algae.
The Phaeocystis bloom precluded recovery of the starfish or
sediments for examination of carbon-13 incorporation rates.
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In collaborative work with A. C. Palmisano, the sponge
spicule mats were shown to contain a giant diatom Trachyneis
aspira as a major component. This algae has a low light satura -

tion level and no evidence for photoinhibition of carbon fixation
(Palmisano et al. in preparation).

The dynamics of the benthic food web and the regulation of
microbial metabolic activity will be the focus of our study during
next year's field season.

This work was supported in part by National Science Founda-
tion grant DPP 82-13796-01. We thank A.C. Palmisano, S.
Kottmeier, and J. Wood who made our first season productive;
J. S. Nickels and P. S. Vashio for help with the fatty acid analysis;
and L. Burckle and D. Hope for identifying the benthic diatom
and the spicule mat nematode.
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The surface sediments used in this study were collected from
box core tops (0-1 centimeters) derived from the coring pro-
grams of North Carolina State University, Kiel University, and
the Alfred-Wegener-Institute, für Polarforschung and grab
samples, Phleger, and trigger coretops collected by Rice Univer-
sity. Samples consisting primarily of sands and gravels were not
analyzed. All samples were ground and sieved through a 500-
micrometer screen to remove ice-rafted debris. Organic carbon
and carbonate contents were determined by standard LECO
techniques. Biogenic silica content was measured by a silica
dissolution technique modified from DeMaster (1981).

Biogenic silica contents of antarctic shelf surface sediments
range from less than 1 percent to 48 percent by weight (figure 1).
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During the 1983-1984 austral summer, large numbers of sur-
face sediment samples were collected from the Ross Sea (by the
USCGC Polar Sea) and the Antarctic Peninsula/Weddell Sea region
(Antarktis 1113, FS Polarstern). These samples supplement those
collected during previous expeditions: austral summer
1978-1979 (George V Coast), austral summer 1979-1980 (Ross
Sea and Pennell Coast), austral summer 1980-1981 (Amundsen
Sea and Bransfield Strait), austral summer 1981-1982 (Penin-
sula), austral summer 1982-1983 (Ross Sea and Sulzberger Bay).
With a data set of more than 500 samples, we have begun to map
the distribution of organic carbon, biogenic opal, and calcium
carbonate in surface and near-surface sediments of the antarctic
continental shelf. Our principal objective is to provide a base-
line study of the variability in styles of organic sedimentation on
the antarctic shelf during an interglacial interval. We view this
as a necessary first step in the interpretation of downcore proxy
records of paleoceanographic events in the antarctic seas. Sec-
ondary objectives are to estimate the degree of sediment re-
working based on biogenic components and to assess preserva-

tion in the sediments of patterns of primary productivity in
surface waters.
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Figure 1. The percent by weight of organic carbon vs. blogenic silica
in surface sediments from all study areas on the antarctic continent-
al shelf. (Samples were taken during austral summers 1978-1979,
1979-1980,1980-1981,1981-1982,1982-1983, and 1983-1984 from
the USCGC Polar Sea and during Antarktls 11/3 from the FS Polarstern.)
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Organic carbon contents range from 0.1 percent to nearly 2
percent by weight. In general, the siliceous sediments are also
enriched in organic carbon. We note that the average organic
carbon/opal ratio in antarctic shelf sediments is low (approx-
imately equal to 1A5) compared with siliceous shelf sediments
from mid-latitude areas [approximately equal to 1/2 in Santa
Barbara Basin and the Monterey Formation and approximately
equal to 1/7 in the Gulf of California (Dunbar in press; Donegan
and Schrader 1981)]. We believe this is due in part to greater
degradation of organic carbon compared with silica dissolution
during deposition on the antarctic shelf. Although considerable
scatter is evident in figure 1, samples from specific geographic
locations often exhibit a very well defined relationship between
organic carbon and opal contents. We believe this ratio may be
of value as a diagnostic tool to determine environment of depo-
sition and the degree of reworking.

Siliceous, organic rich sediments are accumulating at depths
between 500 and 1,000 meters (figure 2) in many deep basins
and glacial troughs of the antarctic shelf. At depths shallower
than 300 meters, organic carbon and opal are removed from the
sediments by dissolution, degradation, and transport under the
influence of bottom currents. The basins apparently act as sedi-
ment traps for material which is winnowed from shallower
regions. The moderate opal contents at depths greater than 1
kilometer represent sediments accumulating in the Bransfield
Strait basins of the Antarctic Peninsula, where biogenic sedi-
mentation is masked by a significant supply of terrigenous
material. In contrast, the high biogenic content of the Ross Sea,
George V Coast, and Pennell Coast basins reflects only minor
input of terrigenous material from the continent in these higher
latitude glacial settings. The observation that sedimentation
rates in basins and other protected shelf areas may be as high as
2-3 millimeters per year (Cochran and DeMaster personal com-
munication) suggests that significant quantities of organic car-
bon may be sequestered on the antarctic shelf.

Surface sediment collection by Mike Smith (Rice University)
during austral summer 1983-1984 has resulted in a sample
coverage of sufficient density to produce a map of biogenic
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Figure 2. Weight percent biogenic silica vs. depth for antarctic shelf
surface sediments. (Samples were taken during austral summers
1978-1979, 1979-1980, 1980-1981, 1981-1982, 1982-1983, and
1983-1984 from the USCGC Polar Sea and during Antarktis 11/3 from
the FS Polarstern.)

Figure 3. Biogenic silica concentrations in surface sediment sam-
ples from the southern Ross Sea shelf (light contours indicate depth
in meters, heavy contours, weight percent blogenic silica). Black
circles indicate sample locations.

components in surface sediments of the southern Ross Sea
(figure 3). The increase in silica content from east to west has
been previously noted by Truesdale and Kellogg (1979) and
DeMaster, Nittrouer, and Hoffman (1983). This distribution
may partially be due to greater net productivity in the western
Ross Sea but also reflects the influence of shelf currents. Re-
working by impinging bottom currents is a major process con-
trolling the distribution of biogenic components in the eastern
Ross Sea. Transport of winnowed material to the south and west
is reflected by the accumulation of biogenic sediment in the lee
of banks. Evidence for reworking and transport is provided by
the occurrence of siliceous (greater than 20 percent opal) sedi-
ment depleted in organic carbon (less than 0.5 percent) in
shallow shelf basins of the central Ross Sea adjacent to the ice
shelf (figure 3). Deep circulation in the western Ross Sea may be
more sluggish resulting in the accumulation of biogenic sedi-
ments over an extensive area. The high biogenic contents on the
southern flank of Crary Bank represent deposition on a quies-
cent region of the seafloor sufficiently shallow so as not to be
diluted by terrigenous material which is trapped in deep basins
adjacent to the Victoria Land coast.

This work was supported by National Science Foundation
grants INT 83-14541 and DPP 83-12486.
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Benthic life under thick ice

P. K. DAYTON, G. L. KOOYMAN,
and J. P. BARRY

Scripps Institution of Oceanography
La Jolla, California 92093

The Ross Ice Shelf in southern McMurdo Sound is an impen-
etrable barrier to marine biologists; however, there are a few
spots where biologists have set traps or made scuba dives (Lit-
tlepage and Pearse 1962; Dayton and Oliver 1977) and sampled
isolated spots. Our field team used a deep submersible camera
(figure) to make several benthic photographic surveys along
tidal cracks and rifts at White Island (50-, 140-, and 150-meter
depths), Heald Island (130- and 200-meter depths), The Strand
Moraines (140-meter depth) and near Scott Base (200- and 316-
meter depths). While the early workers assumed that life in
these areas was sparse, our results corroborate more recent
work at White Island (Dayton and Oliver 1977; Knox 1981;
Kooyman unpublished photographs) which shows that the
strong southerly current advects nutrients to support a rich and
varied biota and 25-30 well nourished Weddell seals. The cam-
era surveys cover many meters each and give good data on the
degree of patchiness of the bottom fauna.

Preliminary analyses of these photo transects show that the
Scott Base and White Island bottom communities are similar to
those off McMurdo Station -in that they are dominated by rich
associations of sponges and bryozoans (Dayton et al. 1974). The
pattern from McMurdo Station—that zonation of bryozoans
becomes more dominant than sponges in deeper depths
(Dayton 1979)—appears to hold on some transects of the pres-
ent survey but not in others. This may result from growth
differences on very steep cliffs (Scott Base) and steep unstable
cobble (White Island) bottoms. Both The Strand Moraines and
the shallow Heald Island surveys showed benthic communities
intermediate between those observed at White Island and Car-
wood Valley (Dayton and Oliver 1977) because they had patches
of bryozoans on a cobble bottom. The deeper Heald Island
transect was over a muddy bottom reminiscent of the relatively
depauperate New Harbor sites (Dayton and Oliver 1977).

The explanation of these patterns rests with understanding
the complicated hydrographic regimes of southern McMurdo
Sound. Preliminary analysis of the oceanographic data taken
with each transect supports the rough model of strong shallow
southerly flow at Hut Point and White Island advecting much
pelagic plankton and a weak (perhaps deeper) northerly flow
along the west sound with no plankton (Dayton and Oliver
1977; Heath 1977).

Deep submersible camera suspended 30 meters below a seal hole.
This camera Is being used to survey by photographs the bottom of
the areas under shelf Ice. (Photographed by R.W. Davis.)

This work was supported by National Science Foundation
grant DPP 83-00189. We appreciate field support of R. Davis, T.
Williams, and P. Mauluf. We are especially grateful to the many
antarctic support personnel who have helped in so many ways.
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