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We examined the distribution of bacterial cells and biomass
and rates of bacterial biomass production and macromolecular
synthesis along east-west transects of the marginal ice zone in
the western Weddell Sea. The results demonstrated clear spatial
gradients in all parameters examined. Our objective was also to
determine the relationship between heterotrophic microbial
features and prominent physical and biological features such as
the sea ice, ice edge, pycnocline, and algal abundance/primary
production in sea ice and open waters of the marginal ice-zone
ecosystem.

One poorly understood component of the marginal ice-zone
ecosystem is the influence on ecosystem productivity of the
microbial loop (dissolved organic matter to bacteria to micro-
zooplankton to krill) (Azam et al. 1983) compared to the con-
ventional antarctic food chain (diatoms to krill to whales). We
wanted to know if bacteria in the marginal ice zone use a
substantial fraction of primary production, since this may pro-
foundly influence the amount of carbon available to higher
trophic organisms as is argued by Pomeroy and Deibel (1986).
They point out that transfer of carbon through the microbial
loop is inherently less efficient than the direct channeling of
carbon to higher trophic organisms. Thus, if microbial loop
processes are minimal in polar regions or if bacterial metabo-
lism is uncoupled from primary production, the reduced im-
portance of the microbial pathway may account for the paradox-
ically high standing stocks of higher trophic organisms,
characteristic of polar seas, because of the higher efficiency of
carbon transfer through the conventional food web.

We measured bacterial and sea-ice microalgal biomass, pro-
duction, and metabolism along transects which crossed the
marginal ice zone from open ocean to deep pack ice. Bacterial
biomass production (tritiated thymidine incorporation) in the
water column was estimated at all depths and stations of both
rapid transects. During slower, more detailed transects incor-
poration of hydrogen-3-thymidine, hydrogen-3-uridine, and
hydrogen-3-leucine was measured at 10 hydrostations aboard
Melville and at six hydrostations and eight sea-ice stations
aboard Glacier. The effect of various inhibitors of mac-
romolecular synthesis and the kinetics of incorporation of these
substrates were also determined in order to calibrate the meth-
ods for high-latitude seas.

Bacterial biomass and activity were detected in all samples of
sea ice, at all depths of selected sea-ice cores, and in the water
column down to 150 meters throughout the marginal sea-ice
zone. Peak bacterial activity was greatest in surface water down
to the depth of the pycnocline/halocline (20-40 meters) with a
marked decline below that as shown by bacterial production
rates during the southern rapid transect aboard Glacier (see

figure la, Sullivan and Ainley, Antarctic Journal, this issue). In
water associated with ice floes, bacterial activity was greatest in
surface ponds, followed by pore water, and then least in under-
lying seawater. Among different ice floes, peak potential bacte-
rial production was found at the surface, middle, or bottom
layers of floes and was as much as 20 times higher than that
found in a comparable volume of seawater collected from be-
neath the ice. Sea-ice bacterial production along ice profiles will
be correlated with sea-ice bacterial and algal biomass, micro-
algal production, and heterotrophic microbial biomass studied
by other investigators. These investigations will attempt to de-
scribe elements of the microbial loop in sea ice and their
dynamics.

Bacterioplankton biomass and biomass production rates in
the upper 150 meters of the water column showed clear gra-
dients across the marginal ice zone (figures 1 and 2). Bacterial
biomass generally decreased two- to four-fold with depth at all
locations; biomass was lower under the pack ice but doubled in
the upper 50 meters seaward of the ice edge. The distribution
pattern for bacterial biomass production differed from that for
bacterial biomass. Bacterial biomass generally increased two-
fold in surface waters from deep ice to the open ocean, whereas
bacterial biomass production rates were 10 to 20 times higher in
the area 100-200 kilometers seaward of the ice edge as com-
pared to rates in the water column beneath the pack ice. The
area of enhanced bacterioplankton production was coincident
with the region of elevated phytoplankton biomass and sil-
iceous biogenic particulate matter as described by Nelson,
Smith, and Gordon (Antarctic Journal, this issue).

In addition to gaining information on the distribution of bac-
terioplankton production in the ice-edge zone, several other
problems relevant to AMER!EZ objectives and to polar microbial
ecology generally will be addressed using the AMERIEZ data sets.
• A preliminary comparison of bacterial production rates with

primary production data from Nelson, Smith, and Gordon
(Antarctic Journal, this issue) showed that the relative contri-
bution of bacterioplankton to seasonal production exceeded
that for phytopoankton in the Weddell Sea ice-edge eco-
system during March. This indicates a significant role for
microbial loop processes in autumn.

• We expect to determine seasonal changes in the rates of
growth and metabolic status of bacteria and ice microalgae/
phytoplankton in the marginal ice zone by comparing
AMERIEZ 1983 with AMERIEZ 1986 data. This will contribute
previously unavailable information on ecosystem production
for the southern ocean marginal ice zone.

• The coherent data sets from AMERIEZ investigators will allow
us to test the hypotheses of Pomeroy and Deibel (1986) di-
rectly by determining whether bactericiplankton metabolism
is selectively inhibited, compared to phytoplankton produc-
tion, by low temperatures.

• Indicators of the physiology, metabolism, and growth of bac-
teria described here and those of phytoplankton and ice
microalgae described by SooHoo et al. (Antarctic Journal, this
issue) taken together and compared with the fine structural
information obtained by Fryxell, Kang, and Reap (Antarctic
Journal, this issue) and Garrison and Buck (Antarctic Journal,
this issue) will provide clues as to how these organisms
prepare themselves for surviving the polar winter which was
about to begin as we ended our investigation of the seasonal
characteristics of the Weddell Sea ice-edge ecosystem in early
April, 1986.
The authors thank D. Robinson and Mona Gilstad for assist-

ance on Melville and B. Jones for expertise in computer graphics.
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Figure 1. Oceanographic section through the ice-edge zone showing data for bacterioplankton biomass distribution in the upper 150 meters of
the water column, during AMERIEZ 1986 (AM-2 on figure). Shaded section indicates portion of water column covered by sea ice. Data from
southern rapid transect includes stations 1,2,3,4, 5,6, and 7, from Glacierand 10, 9,8,7,6,5,4,3, and 2, from Melville See figure lb Sullivan and
Ainley, Antarctic Journal, this issue. ("m" denotes "meter:' "Km" denotes "kilometer:' "mg Cfrh3Id" denotes "milligrams of carbon per cubic
meter per day:')
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Figure 2. Oceanographic section through the ice-edge zone showing estimates of bacterioplankton biomass production in the upper 150
meters of the water column, during AMERIEZ 1986 (AM-2 on figure). Shaded section indicates portion of water column covered by sea ice.
Stations as in figure 1. ("m" denotes "meter:' "Km" denotes "kilometer:' "mg CIrh3Id" denotes "milligrams of carbon per cubic meter per day:')
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