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Figure 3. Distribution of temperature (°C) at 50 meters in the southern Scotia Sea during 18 July to 13 August 1988. Contour interval is
0.5°C. Light dashed contours represent 1,000 fathom bottom depths from Admiralty Chart 3200 (corrected 1986). Note surface traces of
warm core anticyclonic (clockwise) eddies indicated as elevated temperatures at northern ends of 40°W and 480W north-south transects.
(T denotes temperature. m denotes meter. km  denotes kilometer.)
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During the 1988 Antarctic Marine Ecosystem Research at the
Ice-Edge Zone (AMERIEZ) field program, we measured nu-

trient distributions along several north-south sections through
the ice-edge region. Ainley and Sullivan (Antarctic Journal, this
issue) have presented a general overview of the AMERIEZ
program and the 1988 field work in particular, and we will not
repeat that discussion here. Our focus in this brief presentation
will be upon the nutrient distributions we observed.

We used a Technicon AutoAnalyzer II system to measure
the concentrations of phosphate, silicic acid, nitrate plus ni-
trite, nitrite, and ammonium. For all but ammonium, we used
the methods of Atlas et al. (1972). To analyze for ammonium
on leg I, we followed the method given by Whitledge et al.
(1981) and on leg lithe method given by Head (1971). Within
the precision of the two methods, we are confident that the
results are comparable. We obtained our nutrient samples from
the conductivity/temperature/depth casts (Muench, Gunn, and
Husby, Antarctic Journal, this issue), sampling from almost all
casts, from the surface to the maximum depths. We arranged
the sample depths to emphasize the upper 200 meters on leg
I and the upper 150 meters on leg II.
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The figure presents nutrient sections obtained on the tran-
sect along 44°W during the second leg of the cruise (see figure
2, Ainley and Sullivan, Antarctic Journal, this issue, for the
station positions). Our preliminary examination indicates that
hydrographic processes primarily controlled the nutrient dis-
tributions. Biological effects were evident but appeared to con-
trol the distributions to a lesser extent. (See Michel 1984 for a
description of a summertime water column structure in this
region.)

A comparison of the nutrient sections with those of tem-
perature obtained by Muench et al. (Antarctic Journal, this issue)
along the same transect illustrates the strong physical control.
Virtually all the nutrient sections display intense vertical gra-
dients, or "nutriclines," at the same depth as the thermocline
(figure, blocks a-e). Only the ammonium distribution in the
northern half of the section fails to show this correspondence
and that is the result of the very low ammonium concentrations
in both surface and deep waters. Another example of the con-
trol by physical processes occurs in the northern edge of the
Weddell-Scotia Confluence, around 100 kilometers from the
southern end of the section. Here, silicic acid drops from more
than 80 to about 70 micromolar in only about 10 kilometers.
This gradient almost coincides with the horizontal temperature
gradient and the Confluence, closely marked by the —1.5 de-
gree isotherm at the surface.

Biological processes exerted a weaker, yet recognizable, in-
fluence on the nutrient distributions. This is evident by ex-
amination of the nutrient sections themselves and also upon
comparison with biomass distributions (Cota and Smith, Ant-
arctic Journal, this issue). The nutrient sections show minima

in silicic acid, phosphate, and nitrate in the mixed layer at
about 140 kilometers from the southern end of the section
although the nitrate maximum is almost undetectable. Some-
what stronger minima occur in these three nutrients further
north, at about 200 kilometers. All the minima are more intense
than dilution of deeper seawater concentrations by ice/melt-
water would produce and coincide with maxima in chlorophyll
a. We conclude that these weak minima result from nutrient
uptake by phytoplankton. Similar relationships between the
biomass and nutrient fields have been observed during the
spring and fall AMERJEZ cruises, with much more pronounced
biomass maxima and nutrient minima (Nelson et al. 1987; Nel-
son et al. 1989). These effects thus remain detectable, though
considerably weaker, in winter.

We observed modest accumulations of nitrite and ammo-
nium at several locations in the mixed layer (figure, blocks b
and c). Neither is thermodynamically stable in well oxygenated
seawater and their presence is an indication of recent decom-
position of organic material or excretion by living organisms
during the recent history of the water. Thus, the maxima in
both nitrite and ammonium in the mixed layer at the location
of the chlorophyll maximum (at 140 kilometers on the section)
indicate a possible heterotrophic source of the nitrite and am-
monium at these locations. There were, however, even higher
concentrations of both nitrite and ammonium, up to 0.35 and
0.55 micromolar, respectively (see figure), under the ice where
chlorophyll concentrations were very low (Cota and Smith,
Antarctic Journal, this issue). Possible sources of these elevated,
under-ice nitrite and ammonium concentrations include ex-
cretion and microbial decomposition by organisms living within
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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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