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As part of a project to study the formation of Antarctic Bot-
tom Water in the Weddell Sea, an oceanographic expedition
was conducted in the northwestern sector of the Weddell Sea.
Part of the scientific party embarked on RIV Polar Duke at King
George Island on 5 February 1991 to set up scientific equipment;
the remainder of the scientific party embarked on 10 February
1991 also at King George Island. The scientific work was com-
pleted on 5 March 1991, but the field personnel did not return
to Punta Arenas, Chile, until 15 March 1991. The northwestern
Weddell Sea was mostly covered by loose ice pack during the
period of the expedition, thus we were disappointed that we
were not able to extend the southern leg of the cruise into the
continental shelf. Figure 1 shows the cruise track and the po-
sitions of the hydrographic stations in the Weddell Sea. During
our study, we occupied 150 hydrographic stations for a total of
220 conductivity-temperature-depth/rosette casts. While at sea
we analyzed 205 water samples for salinity and 369 samples for
oxygen. In addition, we collected 19 surface-water samples for

lead isotope analysis, 110 samples of mainly bottom water for
oxygen-isotope analysis, and we made three vertical profiles of
water samples for cadmium analysis. As part of a cooperative
program with the British Antarctic Survey, we filtered 257 water
samples to obtain samples of the suspended matter in the sea-
water. In cooperation with the Instituto Antartico Argentino,
we obtained about 120 seawater samples for microzooplankton
analysis and a similar number of seawater samples for micro-
phytoplankton analysis.

The second major aim of this expedition was to retrieve cur-
rent-meter moorings that we set out in 1987 to monitor the flow
of newly formed bottom water out of the Weddell Sea and, thus,
to estimate the formation rate of Antarctic Bottom Water. Un-
fortunately, the expedition originally scheduled to recover
these moorings in February 1989 was canceled, and the batter-
ies in the acoustic releases that we would have used in 1989
were dead by 1990 when we made an attempt at retrieval. This
year the trawl winch on RIV Polar Duke failed on our first at-
tempt at grappling for these moorings just as it had when we
tried grappling in 1990. We did set out seven new current-meter
moorings this year which, according to the original plan, we
would have retrieved in February 1992 using the new research
icebreaker, RIV Nathaniel B. Palmer.

Because the seawater samples we collected have not yet ar-
rived in the United States, we have no results to report from
our chemical investigations. Nearly all of our electronic equip-
ment stored in Punta Arenas after the cancellation of the 1989
expedition was severely damaged by corrosion; thus, the com-
puters that we usually use to obtain real-time analysis of our
temperature and salinity data were inoperable. We have, there-
fore, analyzed only a small fraction of these data. A preliminary
analysis of the potential temperature data from the shelfbreak
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Figure 1. The track of the R/V Polar Duke while in the Weddell Sea
from 11 February to 5 March 1991. Asterisks indicate the positions
of hydrographic stations. Circles indicate the positions of stations
where current meters are moored.
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Figure 2. Potential temperature (degrees Celsius) in the short sec-
tion crossing the continental shelf break in the northwestern
Weddell Sea.
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region on the long hydrographic section is shown in figure 2.
The structure of the temperature field is similar to that obtained
in 1987 in this section with the exception of the top 100 meters
or so where there is some effect of seasonal differences in the
two sections. The region of newly formed bottom water, indi-
cated by the water at temperatures below - 1 °C, along the
continental slope was, to our surprise, at about the same depths
as in 1987. This may be evidence that bottom water forms all
year long in the western Weddell Sea; however, we will need
the current-velocity and temperature records from the current-
meter moorings to prove this conjecture.

The field party consisted of Theodore D. Foster, Laura L.
Graham, Clarence Low, Nathaniel G. Plant. and Sergio
Sanudo-Wilhelmy from the University of California, Santa
Cruz; Douglas M. Masten and James A. Schmitt from the Uni-
versity of California, San Diego; Viviana A. Alder from the
Instituto Antartico Argentino; and Marion E. Barber from the
British Antarctic Survey. In general, the crew of the RIV Polar

Duke and the Antarctic Support Associates personnel provided
excellent support to our program.
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From mid-November through late December of 1990, ana-
lysts from our laboratory participated in the Summer Weddell
Gyre Study 1990 (SWGS 90) during RIV Polarstern cruise ANT
IX/2. In collaboration with French and German colleagues, we
measured the distributions of dissolved inorganic nutrients
along a section from the Antarctic Peninsula to Cape Norwegia.
The SWGS 90 program continued a multiyear study of the cir-
culation of the central Weddell Gyre. This cruise was the second
in a planned series of four hydrographic transects across the
Weddell Gyre which began with the Winter Weddell Gyre
Study 1989 (WWGS 89) in September and October 1989. Our
chemical observations shed light on the circulation of the Wed-
deli Gyre, its temporal variability, and the global budgets and
fluxes of nutrient elements. These topics are basic to assessing
the role of the Weddell Sea in reaction to and as a possible
moderating influence upon global climatic change.

Except for deviations caused by Polarstern's drift during ice
deformation studies during WWGS 89, the cruise tracks of
the WWGS 89 and SWGS 90 cruises were almost identical
(figure 1). In this article, we compare the surface mixed-layer
nutrient and dissolved-oxygen concentrations found during the
two cruises in an effort to assess its interannual and wintertime
variability. Despite its name, the SWGS 90 cruise took place in
early spring when the region was still covered with seasonal
pack ice. The ice-covered surface mixed layer in the Weddell
Gyre is quite homogeneous vertically in all chemical and phys-
ical properties throughout the winter and early spring (Gordon
and Huber 1990; Gordon and Jennings 1990). It remains ho-
mogeneous until solar heating and ice-melt dilution can estab-
lish the seasonal pycnocline and facilitate the summer phyto-
plankton bloom. Keeping in mind that mixing from below with

Warm Deep Water and some biological changes do continue
during the period of ice cover, we can examine and compare
the mixed-layer observations on the two cruises by a plot of
near-surface values vs. latitude or longitude as in figure 2. Our
objective is to estimate the typical interannual and spatial var-
iability of the chemical constituents of the surface winter water.

In an earlier work (Jennings, Gordon, and Nelson 1984), we
noted that winter water and winter mixed-layer properties in
the northeastern Weddell Gyre near the Greenwich Meridian
were virtually identical in data sets collected nearly a decade
apart. Our WWGS 89 and SWGS 90 data allow us to compare
the latitudinal differences observed on cruises separated by
only a year and located in the northeastern and central Weddell
Sea.

The chemical distributions were not necessarily meridionally
homogeneous in the winter, but the pattern of these distribu-
tions has been very similar in both summer and winter data
(Jennings et al. 1987; Gordon and Jennings 1990; Weiss et al.
1979). For example, the pattern of very high surface concentra-
tions of silicic acid at the northern extreme of the Weddell Gyre,
which decreases to the south and then increases at the southern
edge of the gyre, is typical of both summer and winter obser-
vations.

The temperature and salinity results (figure 2, A and B)
clearly indicate that along the entire tracks there were meas-
urable differences at the same location in salinity and often in
temperature. Salinity was lower in 1990 by 0.05 to 0.15 practical
salinity units. Dissolved oxygen (figure 2C) was generally
higher, but remained undersaturated as was observed in 1989
(Gordon and Jennings 1990). The distribution of silicic acid in
the mixed layer does not exhibit the same degree of variability
apparent in the salinity and other nutrients (figure 2D). Note
that nutrient concentrations shown in figure 2 have been nor-
malized linearly to a salinity of 34.5 to minimize the effects of
dilution with melt water or addition of brine having regional
surface-water salt composition. Along much of the cruise track,
the silicic acid concentrations observed during SWGS 90 were
nearly identical to those observed in WWGS 89. In contrast,
the SWGS 90 mixed layer appeared to be measurably lower in
phosphate (figure 2E) and nitrate plus nitrite (N + N) (figure
2F) along most of the cruise track. For both phosphate and
N + N, between 66.5°S and 67.5°S, concentrations were nearly
identical in the 2 years. This location is very close to the center
of the Weddell Gyre identified by Fahrbach, Knock, and Ro-
hardt (in press).
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