
or just under the ice and excreta from higher trophic level
animals which occur in higher numbers in the banded ice
region between about zero and 60 kilometers on the section.

One prominent feature in the ammonium section is difficult
to explain. This is the column of very high concentrations at
about 95 kilometers. This feature appears to be real. Its source
appears to be from just below, or deep in the mixed layer, as
shown by the vertical gradient. The maximum concentration
reached nearly 0.8 micromolar at 120 meters and while the 150-
meter concentration was slightly lower at 0.75 micromolar the
difference is not statistically significant. Therefore, it is difficult
to specify that the source depth lay at 120 meters, 150 meters,
somewhere between, or just below 150 meters. At 500 meters,
the ammonium concentration had dropped to undetectable
levels (less than about 0.1 micromolar), and we did not sample
between 150 and 500 meters. The silicic acid section presents
a corresponding feature. This station also exhibited silicic acid
mixed-layer concentrations higher than at the adjacent sta-
tions. In contrast, both nitrate and phosphate concentrations
were lower here. The temperature, salinity, and density sec-
tions (Muench, Gunn, and Husby 1989) indicate a bolus of
relatively homogeneous water lying approximately between
100 and 150 meters at this station so physical processes of some
sort appear to have produced this anomaly in the nutrient
distribution.

In winter, the physical processes of advection and mixing
clearly predominate over biological uptake and regeneration
in controlling the major features of the nutrient distributions.
Thus we see the usual, high-nutrient concentrations through-
out but impressed upon that background the lower nutrient
source waters derived from the Scotia Sea and points west
appear to the north of the Weddell-Scotia Confluence; to the
south of the Confluence, higher concentrations representative
of the Weddell Sea are apparent. Finally, features of mesoscale
and somewhat larger scale, representing effects of eddies and
filaments (or "blobs") of water of locally modified properties,
show up in the section as in the case of the ammonium and
silicic acid feature which appears in the Confluence zone. Al-
though the Confluence does not appear so strongly in many
of the other temperature, salinity, and density sections drawn
from the other transects occupied during the expedition (Husby
et al. 1989), the nutrients demonstrate its presence quite clearly
(Gordon, unpublished data).

In summary, we have mapped nutrient distributions along
six north-south sections occupied in the Scotia Sea during the
austral winter, 1988. These distributions appear to be strongly
controlled by the hydrographic conditions but also display a
discernible connection with biological processes similar to those
observed at other times of the year. This work was supported
by National Science Foundation grant DPP 84-20204.
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From 9 June to 13 August 1988 (during austral winter), we
studied the distribution of phytoplankton biomass (as chlo-
rophyll a, particulate carbon, and particulate nitrogen) and
primary productivity near the seasonal ice edge of the Weddell
Sea as part of the Antarctic Marine Ecosystem Research at the
Ice-Edge Zone (AMERIEZ) program. Distributions of phyto-
plankton biomass in the upper 150 meters were mapped on
six transects normal to the ice edge during the AMERIEZ 1988
cruise (see Muench, Gunn, and Husby, Antarctic Journal, this
issue, for station locations). A total of 123 stations was sampled
for biomass and 54 for primary productivity (see Smith and
Nelson in press, for complete description of methodology).
The goals of our project, in collaboration with the other com-
ponents of AMERIEZ, were to assess the controls (physical
and biological) on phytoplankton biomass and growth, deter-
mine the relative importance of the ice algal community and
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the water-column microplankton, and improve our under-
standing of the seasonal patterns of ice-edge phytoplankton
blooms in the Weddell-Scotia Sea and their contribution to
annual carbon budgets of the southern ocean.

The results of these six sections suggested that biomass dis-
tributions were closely related to hydrographic structure and
that biomass accumulations were largely controlled by physical
processes in the marginal ice zone in winter. The euphotic
zone (the surface layer above the 0.1 percent optical depth)
and the surface mixed layer (the layer with a homogeneous
density distribution) in the study area averaged approximately
120 meters and 100 meters, respectively. Phytoplankton bio-
mass was usually distributed uniformly throughout the surface
mixed layer. There were, however, slightly elevated levels of
chlorophyll (approximately twice as great) associated with re-
gions of enhanced stability (figure; also see Muench et al.,
Antarctic Journal, this issue); biomass maxima always occurred
within meltwater lenses seaward of the ice edge. In general,
the study area was characterized by deep mixed layers and
low phytoplankton biomass. Chlorophyll levels in surface lay-
ers of open water ranged from 0.10 to 0.33 milligrams of chlo-
rophyll per cubic meter, whereas concentrations below the
mixed layer and under the pack ice were generally less than
0.10 milligrams of chlorophyll per cubic meter. Over the entire
region chlorophyll values in the euphotic zone averaged only
0.11 milligrams of chlorophyll per cubic meter. These chloro-
phyll concentrations are typical of values reported for austral
winter in Bransfield Strait (Brightman and Smith 1989) and
open ocean regions of the southern ocean in summer.

Almost half of the 54 stations, where primary productivity
was measured, had some pack ice present. The potential in-
fluence of snow and pack-ice cover confounds the interpre-
tation of simulated in situ uptake measurements and makes
extrapolated estimates of in situ production problematic. The
mean areal productivity for all stations, however, was 24 mil-
ligrams of carbon per square meter per day, with values rang-
ing from 2 to 86 milligrams of carbon per square meter per
day. This average value is several times higher than mean
estimates of productivity for an area west of the Antarctic
Peninsula during June 1987 (Brightman and Smith 1989) but
represents a very low rate of photosynthesis and growth. Val-
ues of biomass and production seemed to increase slightly
throughout the cruise, which may have been in response to
increasing day length and mean daily irradiance. Marra and
Boardman (1984) reported early spring (20 October to 14 No-
vember) values of approximately 1 milligram of chlorophyll
per cubic meter and 300 milligrams of carbon per square meter
per day for localized maxima within a marginal ice zone in the
eastern Weddell Sea. Previous productivity observations in the
marginal ice zone of the Weddell Sea during austral spring
and fall averaged 490 and 126 milligrams of carbon per square
meter per day, respectively, in open water areas (Smith and
Nelson in press). Measurements of simulated in situ produc-
tion exhibited no evidence of photoinhibition by surface irra-
diance levels. Chlorophyll-specific productivity for all depths
and stations averaged approximately 0.12 milligram of carbon
per milligram of chlorophyll per hour.
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Chlorophyll a distribution along a north-south transect through the
marginal ize zone at 44 0 W. The approximate position of the ice edge
is shown at the top along with the station numbers and the south-
ernmost station is 113. Chlorophyll has units of milligrams per cubic
meter and distance is in kilometers. (m denotes meters. km  denotes
kilometers.)

The presence of slight biomass maxima near the ice edge
suggests that marginal ice zones are loci for primary produc-
tivity even in winter and may, in contrast to biomass accu-
mulated by frazil ice (Garrison, Ackley, and Buck 1983) or
produced within sea ice, provide an energy source for heter-
otrophs throughout the austral winter. The absolute produc-
tivities, however, are very low, and it does not appear that
the large biomass accumulations and productivities observed
in other regions during different seasons are general phenom-
ena (e.g., Marra and Boardman 1984; Smith and Nelson in
press).

This research was supported by National Science Founda-
tion grant DPP 84-20213. We thank M. Culver and M. Steis-
slinger for assistance with the field work, and H. Kelly and J.
Rich with data analyses.

References

Brightman, RI., and W.O. Smith, Jr. 1989. Photosynthesis-irradiance
relationships of Antarctic phytoplankton during austral winter. Ma-
rine Ecology Progress Series, 54, 144-151.

Garrison, D.L., S.F. Ackley, and K.R. Buck. 1983. A physical mech-
anism for establishing algal populations in frazil ice. Nature, 306,
363-365.

Marra, J., and D.C. Boardman. 1984. Late winter chlorophyll a dis-
tributions in the Weddell Sea. Marine Ecology Progress Series, 19, 197-
205.

Muench, R.D., J.T. Gunn, and D.M. Husby. 1989. Mid-winter 1988
physical oceanographic observations in the Scotia Sea. Antarctic Jour-
nal of the U.S., 24(5).

Smith, W.O. Jr., and D.M. Nelson. In press. Phytoplankton growth
and new production in the Weddell Sea marginal ice during austral
spring and fall. Lininologi and Oceanograpliii.

1989 REVIEW	 153




