
should be higher, because the vertical tows did not adequately
sample the E. superba population observed. The increases in
zooplankton abundance and biomass at the ice edge parallel the
increase in chlorophyll a and photosynthesis reported by
Marra, Burckle, and Ducklow (Antarctic Journal, this issue).

T. macrura was present throughout the pack ice, reaching a
maximum abundance of 9 per cubic meter in the upper 200
meters and accounting on average for 32 percent and 27 percent
of total biomass in the upper 200 meters and 500 meters, respec-
tively. Since all of the hydrographic stations during WEPOLEX

were within the ice (figure 3 of Gordon, Antarctic Journal, this
issue), it was possible to collect many specimens of T. macrura.
Total length and stage of sexual maturity were determined for
more than 1,000 individuals (figure 2). The T. macrura popula-
tion sampled consisted of three groups: post-larvae (secondary
sexual characteristics not visible), juveniles (immature males
and females and females with spermatophores), and adults
(mature males and females with ripening gonads). The de-
velopmental stage of the ovaries of the ripening adult females
suggests that spawning had not begun. Females spawn at stage
IV, yet all females examined were in stage II or III (Roger 1974). It
is known that under the proper conditions the ovaries can
mature to stage IV within a week (Zhuravlev, personal com-
munication). Chlorophyll levels beneath the ice were low (0.1
microgram per liter) (see Marra, Burckle, and Ducklow, Antarc-
tic Journal, this issue), and gut fluorescence measurements and
visual examination of stomach contents indicated that T. macrura
were not feeding. Perhaps the springtime retreat of the ice,

which brings increased productivity in the formerly ice-covered
water column, triggers the maturation of the ovaries to stage IV,
thus initiating spawning by T. macrura in the Weddell Sea. Such
a spawning response is possible since T. macrura is known to
spawn in the Scotia Sea in spring (Makarov 1979).

D. Boardman, D. Clarke, and V. Zhuravlev assisted in the
collection of samples. V. Zhuravlev measured T macrura and
determined stages of maturity, and C. Newcomer provided
technical assistance. This research was supported by National
Science Foundation grant DPP 80-08011.
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Sea ice and water column plankton
distributions in the Weddell Sea

in late winter

JOHN MARRA, LLOYD H. BURCKLE, and HUGH W. DUCKLOW

Lamont-Doherty Geological Observatory
of Columbia University

Palisades, New York 10964

During the joint U.S.-U.S.S.R. Weddell Polynya expedition
(wEPOLEx-81) (see Gordon, Antarctic Journal, we measured chlo-
rophyll a, phytoplankton photosynthesis parameters, diatom
distributions, and bacterial densities, in both the sea ice and the
water column. Our investigations were part of a larger effort to
obtain a comprehensive set of oceanographic data for winter-
time conditions in the Weddell Sea. The measurements were
carried out aboard the Soviet ship Mikhail Somov. Somov entered
the pack ice at approximately 57S 4°E on 20 October 1981 and
proceeded south about 300 nautical miles (550 kilometers) into
the pack ice before returning to the ice edge 24 days later.

Water column distributions. We collected water samples by
bucket and, at discrete levels throughout the upper water col-
umn, using Niskin samplers attached to the conductivity-tem-
perature-depth (cTD) rosette. Chlorophyll a concentrations
(analyzed fluorometrically) were very low beneath the pack ice
and increased by a factor of 2 at the ice edge (figure 1). According
to the thermohaline distribution, the water column may have
been more stable at the ice edge than beneath the pack ice.
Diatom populations at the ice edge station were dominated by
Corethron hystrix and Chaetoceros sp. Beneath the pack ice, a
variety of species was found, including Nizschia closterium, N.
curta, and Tropidoneis vanheurckii.

The pack ice and ice edge populations differed most strikingly
in their photosynthetic characteristics. Surface samples col-
lected from each locale were incubated aboard ship in fluores-
cent light incubators under a range of light intensities (3-1,000
microEinsteins per square meter per second) and at near-am-
bient temperatures. Photosynthetic carbon fixation (as car-
bon-14 uptake) was plotted against the light intensity of incuba-
tion. For stations in the pack ice, maximal photosynthesis
(normalized to chlorophyll a), or P,ax, averaged 1.5 (standard
error, ± 1) and the initial slope of the photosynthesis-light
intensity relationship (a) averaged 0.014 (standard error, ±
0.010). No significant photoinhibition was observed. At the ice
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edge, Ps,,,, and a increased fourfold. Since the only environ-
mental parameter that changed significantly between the pack
ice stations and the ice edge was ice cover, the higheriax and a
values at the ice edge may represent an adaptation to higher
light intensities in the water column resulting from lower cellu-
lar chlorophyll a contents.

Sea ice communities. The late winter pack ice contained an
active community of microorganisms. Ice cores, obtained with
the Cold Regions Research and Engineering Laboratory ice
augur (Clarke and Ackley, Antarctic Journal, this issue) and
sectioned and analyzed aboard ship, showed chlorophyll a con-
centrations that were an order of magnitude greater than those
beneath the ice, typically ranging from 0.5 to 3 micrograms per
liter. The diatom community was similar to that in the water
column. In the top portion of the ice column, the flora was
dominated by N. closterium or T vanheurckii. There were rela-
tively few diatom cell fragments. The middle and lower portions
of the ice column had a more diverse assemblage (e.g., N.
closter,u pn, N. curta, N. turgiduloides, and T. vanheurckii), and the
ratio of whole cells to cell fragments was low, about 1.

Bacteria in the ice were enriched relative to the water below.
Within the ice, and at the depth of the chlorophyll maximum,
bacterial density was approximately 109 cells per liter, while in
the water below density was approximately 108 cells per liter.
However, the cell counts mask large differences in cell sizes
between the populations (figure 2). Using a carbon conversion
factor based on cell volume, the bacteria in the ice would repre-

Figure 2. Epifluorescent photomicrographs of the heterotrophic
T (°C)	 community components In the ice column. The bacteria are about

-3 -2 -I 0 I	CHLa (Mg t')	 1.0 micrometer long. Note also the unidentified flagellates, which
0 I	- 0 2	 number approximately 10 per liter, and the Fragilarla sp. and the N.

I	 I	 closterium cells.

sent about 700 milligrams of carbon per cubic meter, while the
bacteria in the water column would represent only 0.7 milligram
per cubic meter.

6) While most of the diatoms may be incorporated into the ice
during ice formation, the further growth of N. closterium and T
vanheurckii is indicated by their numerical dominance and by
their occurrence in regions where the ratio of whole cells to
fragments is high. Also, the large, abundant, and mor-
phologically distinct bacteria found within the ice implies an
active, heterotrophic community. If true, this is to our knowl-
edge the first example of both active algal and bacterial growth
within the pack ice of the Weddell Sea.

D. Boardman and D. Clarke performed the at-sea collections.
We thank S. F. Ackley for providing the ice core samples and for
comments on the manuscript. This research was supported by
National Science Foundation grant DPP 80-08011.
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