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Figure 3. Vertical profiles Indicating bacterial cell numbers and biomass concentrations and standing crops for two sea ice core samples. Ice
cores H and K were collected at Westwind stations 8 and 13, respectively (see Ainley and Sullivan, Antarctic Journal, this issue, for station map).
("MgC/M 2" denotes milligrams of carbon per square meter; "mgC/M 3" denotes milligrams of carbon per cubic meter.)
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During November and early December of 1983 we conducted
a coordinated two-ship study of the phytoplankton and nu-
trient dynamics of the marginal ice zone of the Weddell Sea
aboard the oceanographic research vessel! RIv Melville and the
USCGC Westwind. This work was performed in connection with
the National-Science-Foundation-supported Antarctic Marine
Ecosystem Research at the Ice-Edge Zone (AMERIEZ). The
Melville, with the larger scientific party and greater sampling
capabilities, directed its efforts at the open-water areas to the
north of the ice edge, while the icebreaker Westwind worked
primarily in areas of significant ice cover. Data collected at every
station included nutrients (nitrate, nitrite, ammonium, silicic
acid, and phosphate), chlorophyll, particulate carbon and nitro-
gen, and biogenic and mineral particulate silica. At most sta-
tions carbon-14, nitrogen-15, and silicon-30 tracer experiments
were performed to measure rates of production of biogenic
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particulate matter by the phytoplankton. In addition, silicon-29
tracer experiments to measure biogenic silica dissolution rates
and settling column experiments to measure particle sinking
rates were conducted at selected Melville stations.

The ice-edge zone has often been reported to be the site of
intensified phytoplankton biomass and primary production in
both northern and southern polar regions (e.g., Marshall 1957;
El-Sayed 1971; McRoy and Goering 1974; Alexander 1980; El-
Sayed and Taguchi 1981). We had previously observed elevated
biomass and production levels near the circumpolar ice edge
southeast of New Zealand (Nelson and Gordon 1982) and an
intense phytoplankton bloom at the Ross Sea ice edge near
Victoria Land (Smith and Nelson in preparation). Calculations
based upon the seasonal nutrient depletion predict that there
should be an ice-edge bloom in the Weddell Sea of sufficient
magnitude to increase estimates of the annual primary produc-
tivity of the Weddell Sea by approximately 100 percent (Jen-
nings, Gordon, and Nelson 1984).

During the AMERIEZ cruise we observed a phytoplankton
bloom in the marginal ice zone of the Weddell Sea that was of
approximately the right magnitude to confirm our earlier pre-
dictions. The figure shows the distributions of chlorophyll and
nitrate in relationship to the ice-cover field along a 600-kilo-
meter north-south transect through the marginal ice zone. (See
Miller et al. Antarctic Journal, this issue.) The high biomass core
of this bloom (greater than 1 microgram chlorophyll per liter)
had a north-south extent of 200-250 kilometer and began some-
what to the north of the ice-edge (figure). (It is difficult to define
exactly the location of the "ice edge" because of the complexity
of the ice field, but the bloom began about 100 kilometers north
of the zone where the north-south gradient in ice cover was the
greatest.) The high-biomass core of the bloom had associated
with it a zone of surface nutrient depletion (figure). Comparison
of this nutrient section with the salinity data of Huber and
Mountain (unpublished data) indicates that the nutrient deple-
tion was too severe to have been produced simply by meltwater
dilution. Thus both the chlorophyll maximum and the nitrate
minimum shown in the figure were primarily the result of active
phytoplankton growth within the water column, rather than
simple release of algae-rich, nutrient-impoverished water from
the melting ice.

While all nutrient distributions showed minima at the site of
the bloom, the absolute concentrations of all nutrients re-
mained very high by oceanographic standards (approximately
23 micromolar nitrate, 1.4 micromolar phosphate, 75 micro-
molar silicic acid). These concentrations are well above those
that have been shown to limit phytoplankton growth. Thus,
while nutrients transported to the surface by wind-driven up-
welling have been implicated as a possible mechanism for gen-
erating ice-edge phytoplankton blooms in northern polar seas
(e.g., Alexander and Niebauer 1981) processes other than nu-
trient transport must be involved to produce the Weddell Sea
bloom. One of the central aims of the AMERIEZ project is to
understand what the causal mechanisms are that initiate and
sustain phytoplankton blooms in the marginal ice zone of the
southern ocean.

Our scientific party was divided between the two ships as
follows: aboard the Melville were Walker 0. Smith and Tina
Johnson of University of Tennessee and Joe C. Jennings, Jr.,
Julie A. Ahern, and Margaret Sparrow of Oregon State Univer-
sity; aboard the Westwind were David M. Nelson of Oregon
State University and James Elser of University of Tennessee.
This research was supported by National Science Foundation
grant DPP 82-18758.
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Distributions of chlorophyll (top) and nitrate (bottom) along a north-
south transect through the marginal Ice zone of the Weddell Sea in
late November of 1983. See Miller et at. (Antarctic Journal, this issue)
for exact station locations.
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As a part of the Antarctic Marine Ecosystem Research: Ice-
Edge Zone (AMERIEZ) project, collections from the water column
and the ice were made on board the USCGC Westwind, 2
November to 7 December 1983. The icebreaker penetrated
deeply into the sea ice, returned to the edge of the ice for a
rendezvous with the iJv Melville, and then penetrated 190 nau-
tical miles into the ice by 24 November 1983. In the stations
farthest south that still had ice cover and other near-winter
conditions, the phytoplankton from net hauls from the top 200
meters were sparse but diverse, with few resting spores. The
classical antarctic flora was present, mostly diatoms. Chains of
cells were short; single cells were common. There were only a
few dinoflagellates, mostly in the genera Dinophysis and Pro-
toperidinium. There were many empty thecae, but phy-
toplankton in the vegetative stage evidently survived the
winter in cold storage and darkness under the ice.

Small grazers were abundant in all net tows at the farthest
south stations, as were fecal pellets. Animals were more abun-
dant in net hauls than had been expected. The food web is
apparently complex.

In the transect out of the ice after Thanksgiving (24
November), the phytoplankton in the net tows became more
and more abundant. Chains of cells became longer, with some,
such as Eucampia antarctica (Castracane) Mangin, forming spi-
rals, and others, such as Corethron criophilum Castracane (inerme
form) and Rhizosolenia hebetata forma semispina (Hensen) Gran,
forming long, straight golden chains. Thalassiosira tumida (Cas-
tracane) Hasle (figure 1) was well represented and was isolated

*present address: Great Lakes Research Division, University of Michigan,
Ann Arbor, Michigan 48109

**present address: Center for Coastal Marine Studies, University of Califor-
nia, Santa Cruz, California 95064

Figure 1. This Thalassiosira tumida (Janisch) Hasle in a long chain
in the water column outside the ice is living material showing
growth. (Taken 1 December 1983 on board the USCGC Westwlnd.)
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