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Figure 2. A typical core profile (core 9-1/N) showing salinity (solid
line), fluorescence (dashed line), nutrients (in micromolars; SiO4,
silicate; NO2, nitrite; NO 3, nitrate; PO4, phosphate), and structure
versus depth. In upper profile, arrows indicate which scale should
be used. In the structural cartoon, circles indicate frazil ice structure
and vertical lines show congelation or columnar ice structure.

Further confirmation of this comes from K. R. Buck (personal
communication), who has identified isogametes from two pen-
nate species in cores 22-10/N, 24-11/N, and 26-13/N. The presence
of these isogametes, which are formed as part of the sexual
cycle, substantiates our belief that the diatoms are reproducing
in the surface layers of ice cores.

With the remaining seven cores we will be able to sample for
each parameter at 10-centimeter intervals, rather than integrate
several levels as we did for chlorophyll a and diatom species in
the shipboard analysis. In addition to this refinement in sam-
pling technique, we anticipate using a multivariate analysis of
all the parameters rather than a simple comparison of two
parameters.
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Mikhail Somov for their support, as well as our colleagues Edgar
Andreas, David Boardman, Kurt Buck, Joe Jennings, David
Woodroffe, and Alexander Samoshkin for their technical assis-
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National Science Foundation grants DPP 80-06922 (to the U.S.
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Zooplankton in the Weddell Sea,
October-November 1981

JEANNE C. STEPIEN

Lamont-Doherty Geological Observatory
of Columbia University

Palisades, New York 10964

Zooplankton was collected beneath the pack ice of the Wed-
dell Sea and at the ice edge during the Weddell Polynya expedi-
tion (wEP0LEx-81) (Gordon, Antarctic Journal, this issue). The
Soviet research vessel Mikhail Somov entered the ice in mid-
October near 56.5°S 5°E and penetrated as far south as 62.5°
before leaving the ice in mid-November at approximately 58°S.
To characterize the Weddell Sea zooplankton community, with
special emphasis on the distribution, abundance, biomass,
feeding habits, and reproductive state of krill, mac-
rozooplankton was collected beneath the ice and at the ice edge.
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Paired 500-micrometer and 1,000-micrometer mesh, 0.75-meter
nets were fished routinely from 0-200 meters and 0-500 meters
and occasioally from 0-1000 meters. Ice conditions limited the
sampling to vertical hauls. Krill also were collected for feeding
studies using the gut fluorescence method (Mackas and Bohrer
1976) and microscopic examination aboard ship.

The results show several striking differences between the
pack ice and ice edge (see figure 2 of Gordon and Huber, Antarc-
tic Journal, this issue) in October-November in terms of species
of krill and total zooplankton abundance and biomass.
Euphausia superba, the dominant species of antarctic krill, was
observed at the ice edge in both mid-October and mid-Novem-

Figure 1. Silhouette photographs (Ortner et al. 1979) of typical zoo-
plankton samples taken within the pack ice (top panel) and at the ice
edge (bottom panel). Both samples were collected with a 500-mi-
crometer mesh net hauled vertically from 0 to 200 meters. Photo-
graphs show one half of the original sample.

F

LENGTH (mm)

Figure 2. Total length of i macrura post-larvae, juveniles, and adults
collected within the pack ice.
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ber, although not in swarm concentrations. With the exception
of a few isolated juveniles, however, this species was not col-
lected or observed within the pack ice, where Thysanoessa mac-
rura was the dominant species at all stations. There was a dra-
matic difference in total zooplankton biomass and abundance
between the pack ice and ice edge (Figure 1). Biomass in the
upper 200 meters and 500 meters increased from means of 1.2
and 1.0 milligrams per cubic meter beneath the ice to 2.9 and 4.5
milligrams per cubic meter at the ice edge; total abundance in
the upper 200 meters and 500 meters increased from 3 and 5 per
cubic meter beneath the ice to 25 and 42 per cubic meter at the ice
edge. Biomass and abundance figures at the ice edge actually
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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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