
results. Further, atmospheric and sea-ice data collected during
both legs have provided characteristic model parameter values
and ranges and representative atmospheric forcing. The data
have also helped resolve unknown parameterizations (e.g.,
lead parameterization). These have allowed the continuation of
the modeling component.

Modeling program results. To date, preliminary model results,
using representative atmospheric forcing, simulate the ob-
served slow growth/rapid decay of the sea-ice, the maximum ice
thickness and the length of the ice-covered season. For the
upper ocean, the model simulates the observed winter equi-
librium mixed layer depth (110-125 meters) and shows that
most of the expansion of the winter mixed layer occurs during
the first couple months of the cooling/ice-growth period--con-
sistent with initial data analyses. It also indicates that the mixed
layer depth and depth of convection are sensitive to the depth of
injection of meltwater. Finally, the model simulates two short-

lived deep convective events followed by a re-stabilization of
the surface mixed layer during the ice-covered period. This is
consistent with mooring data recently recovered from the Maud
Rise area as a component of Peter Koltermann's WWSP 86 pro-
gram. This may indicate a significant mechanism of deep-water
ventilation in the region.

The cooperation and assistance of the scientists, officers, and
crew onboard the Polarstern are gratefully acknowledged. This
research was supported by National Science Foundation grant
DPP 85-01976.
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The chemistry program during the Winter Weddell Sea Pro-
ject 1986 (wwsP 86; Polarstern cruises ANT V/2 and ANT V/3) was
designed to interact with and complement the physical and
biological investigations which were undertaken. An austral
winter chemical data set along the Greenwich Meridian where
there had recently been summer geochemical and physical
investigations offered an excellent opportunity to measure the
summer/winter changes in the mixed layer and underlying
Warm Deep Water (wDw). The unique interdisciplinary nature
of the wwsi' 86 cruise data should help us understand the
interaction of biological and physical processes in determining
the distributions of the dissolved inorganic nutrients and dis-
solved oxygen and to continue our studies of the cycling of
biogenic particulate silica in the southern ocean.

On both WWSP 86 cruise legs ANT V/2 and ANT V/3, the Oregon
State University AutoAnalyzer was used to measure nitrate,
nitrite, phosphate, and silicate concentrations both throughout
the water column and in ice core samples. Dissolved oxygen
samples were collected from the conductivity-temperature-
depth rosette and titrated using a Radiometer TTT80 autotitra-
hon system. During the northbound transect on ANT V/2 and
throughout the ANT V/3 cruise, samples were collected for filtra-
tion and subsequent analysis of particulate biogenic silica and
particulate carbon. Our West German colleagues performed
chlorophyll analysis at most of the stations where the biogenic
silica samples were collected.

One of the primary motivations of both the physical and
geochemical programs in WWSP 86 was to quantify the very
substantial seasonal changes in the surface mixed layer ob-
served during a limited penetration into the seasonal pack ice in
1981 (Jennings, Gordon, and Nelson 1984; Gordon, Chen, and
Metcalf 1984). The austral winter nutrient concentrations were
found to be substantially higher than in the summer, while the
wintertime concentrations of dissolved oxygen under the pack
ice were considerably lower than the saturation values observed
in the summer surface layer (Anonymous 1985).

The figure shows near-surface values of silicate and dissolved
oxygen along the Greenwich Meridian for the wwsi' 86 and
summer 1984 AJAX (Anonymous 1985) cruises to illustrate the
magnitude of the observed seasonal changes. As was the case in
1981, the surface mixed layer below the pack ice was vertically
homogeneous and varied in thickness from 60 to 100 meters.
The silicate values are some 15-25 percent higher in the winter
while the dissolved oxygen values under the pack ice decrease
from north to south to approximately 80 percent of the saturated
summer values at the extreme southern end of the section.
Gordon, Chen, and Metcalf (1984) observed this trend in the
1981 winter data and suggested that the undersaturation was
caused by mixing of the surface layer with the oxygen-poor WDW

which underlies it. The ice cover effectively blocks oxygen ex-
change with the atmosphere, so the extent to which the under-
ice surface layer is undersaturated with dissolved oxygen
provides a measure of the percentage of WDW which has been
mixed into the surface layer. This mixing acts to increase the
nutrient, salt, and heat content of the surface mixed layer.

The undersaturation of dissolved oxygen in the surface mixed
layer can be explained as a result of physical processes, and the
return to a saturated condition in the spring and summer is due
to both air-sea exchange and biological processes. Only uptake
by phytoplankton, which eventually sink or are removed from
the surface layer by herbivores, can explain the net loss of
nutrients in the summer relative to the winter surface mixed
layer. Our earlier work on this phenomenon (Jennings, Gor-
don, and Nelson 1984) was limited by the lack of high-quality
summer data and the incomplete winter transect made by the
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Comparison of austral summer (AJAX) and winter (wws 86) near-
surface properties along the Greenwich Meridian. ("1iM/1" denotes
"micromole per liter?' "ml/l" denotes "microliter per liter?')

RV Somov cruise, a joint U.S./U.S.S.R. project in 1981 to the
Weddell Sea. The wwsp 86 data set combined with the AJAX

summer data set should enable us to estimate more accurately
the productivity implied by the seasonal nutrient depletion.

One source of the high primary productivity implied by the
observed seasonal nutrient depletion could be the occurrence of
ice-edge phytoplankton blooms. Such blooms have been ob-
served frequently in the southern ocean and their relative bre-
vity and restricted spatial extent (following the receding ice
edge), would account for the lower estimates of primary pro-
duction based on open-ocean measurements of radiocarbon
and/or nitrogen-15 uptake. Although not all of the samples have
been analyzed yet, the preliminary indications are that even in
mid-winter there was significantly higher biomass associated
with the ice-edge region than was present under the ice or in the
open ocean away from the ice edge.

This work could not have been accomplished without the
generous and enthusiastic support of the officers and crew of RV

Polarstern and the scientific parties under the direction of chief
scientists E. Augstein (ANT V/2 and C. Hempel (ANT V/3). We are
particularly grateful to S.A. Moore, C. Dieckmann, and V.
Smetacek for their support and assistance.

This work was supported by National Science Foundation
grant DPP 85-01717.
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A cooperative study of upper ocean
particulate fluxes in the Weddell Sea
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During Ocean Drilling Program (ODP) leg 113, we used a free-
vehicle, drifting sediment trap array to investigate the summer
flux of natural particulate materials from Weddell Sea surface
waters. To carry out these upper ocean studies without interfer-
ing with downhole drilling, our program was based aboard the
ice escort vessel Maersk Master rather than on the driliship itself.

This arrangement was highly successful, allowing our array to
be deployed on 16 occasions for 23-59 hours each during the
course of the Master's ice-tending duties.

The array consisted of two sediment traps suspended on
braided nylon mooring line below a primary flotation sphere, to
which we tied a spar buoy outfitted with a radio beacon, flash-
ing strobe, radar reflector, and flag. We put the shallow trap at
100 meters, within the "winter water" temperature minimum
(about -1°C), while the deeper trap was below this tem-
perature minimum zone, at 200 meters.

Our traps were non-closing, gel-coated fiberglass cones of
Rice University design (Dunbar 1984), which are inexpensive to
fabricate, simple to operate, and easy to service on deck. These
cones have a collecting cross section of 1,600 square centimeters
baffled with a carbon fiber honeycomb material with cells 2
centimeters wide by 5 centimeters deep. Laboratory studies
indicate that a baffle with these dimensions prevents the pen-
etration of turbulent eddies into the trapping chamber (Dy-
mond et al. 1981), which our field experience on leg 113 con-
firmed. Flocculent material in the collecting chamber at the base
of the cone was not resuspended back up into the cone, even
when traps surged near the surface during recoveries in seas
running 2-3 meters.

Generally good weather during leg 113 allowed us to achieve
our principal goal of collecting consecutive, multi-day records
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