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Figure 2. Site J nitrate concentrations vs. salinity. The line
represents the salinity/nitrate ratio within the mixed layer of the
water column. Ice having nitrate concentrations greater than this
ratio are enriched in nitrate and points below are depleted in nitrate.
The majority of the ice at site J was depleted in nitrate.

ery of the ice station also show evidence for in situ primary
production during the austral autumn. These results suggest
that the perennial pack ice of the western Weddell Sea sup-
ports an autumn bloom that may be a significant source of

new production within this ice-covered region. Continuing
analysis of samples taken during the recovery of the ice sta-
tion and ice cores archived at CRREL are allowing us to deter-
mine more accurately the variability of the Weddell Sea sea
ice as well as the dynamics of particulate matter within other
types of ice that could not be analyzed during routine ISW- 1
operations.

This work may represent the first time-series investiga-
tions of pack-ice microbial communities in antarctic waters.
These studies will contribute to a better understanding of the
seasonal sea-ice dynamics and the influence of sea-ice biota
on the cycling of materials in the southern oceans.

We wish to acknowledge A. Gordon and V. Lukin for orga-
nization and management of ISW- 1 and associated cruises; J.
Ardai and D. Bell for logistic support; S. Ackley, I. Melnikov, V.
Lytle, and B. Elder for field assistance. This research was sup-
ported by National Science Foundation grant OPP 90-23669.
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T
he composition and dynamics of sea-ice assemblages in
the pack-ice regions are still poorly known because most

comprehensive studies have been recent and spatial, and
temporal coverage is sparse (Garrison 1991; Palmisano and
Garrison 1993). Pack ice in the southern oceans ranges from
approximately 55 0 to 750S, so that organisms occupying this
habitat may be exposed to a wide range of atmospheric tem-
peratures and solar radiation during the course of the annual
cycle (Garrison and Close 1993). As part of the "ANT X13"
research cruise aboard the icebreaker Polarstern (27 March to
19 May 1993), we examined the ecology of ice biota in the
southeastern Weddell Sea (approximately 68-70.50S 6-120W)
during the autumn-to-winter transition. Our studies focused
on the following:
• incorporation, activity, and survival of organisms in newly

formed and older sea ice;
• a comparison of the planktonic and ice assemblages; and

• systematic studies of some of the previously neglected
and/or more unusual ice-associated flagellates.

Samples were collected from pack ice ranging in age from
newly forming ice through older ice floes greater than 1 meter
(m) in thickness. All ice samples were melted in large volumes
of filtered sea water at -1.0°C to minimize loss of organisms
from osmotic changes as the ice melted (see Garrison and
Buck 1986 and Garrison and Close 1993 for more details
about our methods).

We used carbon-14 ( 14C) uptake-rate measurements and
fluorescent vital stains to assess the effects of low temperature
and high salinity on the survival and activity of ice algae. Ice
samples were incubated in a deckboard incubator at near
ambient conditions under natural irradiation except that a
plexiglass cover was used that attenuated about 17 percent of
the ambient solar irradiance. To infuse ice samples with
radioactive bicarbonate solution before incubations were
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started, ice samples were collected during the day and
allowed to melt in freeze-concentrated filtered sea water or
brine in the dark in a cold room at -1.0°C. Brine and ice vol-
umes were selected so that melting would take place at
approximately less than -5°C. When melting was completed,
approximately 50 microcuries (tCi) of 14C bicarbonate was
added. The samples were returned to the deckboard incuba-
tor at night and incubated for approximately 24 hours (h).
Freezing of the water in the deckboard incubator was pre-
vented by the addition of salt to approximately 250 per mille
(%o); however, samples within polycarbonate dark-light bot-
tles suspended in the incubator usually refroze during the
night when they reached ambient temperatures. Thus, ice
algae would be experiencing approximately in situ tempera-
ture and salinities before light-induced 14C uptake. Incuba-
tions were terminated after sundown, and samples were
again allowed to melt in the dark at -1°C before we collected
particulate material on GF/F filters. Parallel incubations were
run at -1.5°C at constant light levels of 40-50 micromoles per
square meter per second (tMoles rn- 2 sec- 1 ) in a deckboard
incubator. Samples were counted aboard ship using a liquid
scintillation counter.

The viability of organisms from ice and those exposed to
simulated in situ incubations were also examined using the
fluorescent vital stain Fluorescence Diacetate (FDA). Organ-
isms collected from natural populations before and after
incubation were examined by concentrating samples
[200-250 milliliter (mL)J with a centrifuge, incubating sam-
ples with FDA for approximately 10 minutes, and then exam-
ining individual cells with a fluorescent microscope (see
Dorsey et al. 1989 for information on interpretation of this
method).

Supporting information on pigments, particulate organic
carbon and nitrogen (POC and PON), ATP, and ice structure
was also collected. Aliquots of most ice samples were pre-
served for light and electron microscopy studies. In addition,

many of the organisms were examined live in a -1°C cold
room, and observations were recorded using video
microscopy. Results of these studies will be reported at a later
time.

Air temperatures during the cruise were usually below
-5°C and sometimes reached below -20°C (figure 1). In situ
temperatures measured within ice floes reached as low as
-10°C with corresponding salinities reaching greater than
150%. During the April-May period, photosynthetically avail-
able radiation ranged from 5 to more than 60 l.tMoles rn-2
sec- 1 (24-h average; see figure 2).

Low temperature-high salinity simulated in situ produc-
tion measurements at ambient surface irradiance levels indi-
cated significant uptake of 14C at temperatures of -12°C with
corresponding salinities of 158%o, although these rates were
lower than those measured at similar light levels (but at
-1.5°C) in the deckboard incubator (figure 3). In spite of con-
siderable time required to complete these experiments (for
example, 2-3 days), our incubation procedure appears to be
one solution to the problem of assessing carbon fixation rates
at approximate in situ salinity, temperature, and light condi-
tions.

The most useful fluorescent stain to assess single species
viability and activity proved to be the vital stain FDA. Exami-
nation of ice samples incubated with this stain confirmed
activity for several Fragilariopsis (=Nitzschia) species both
before and after low temperature-high salinity exposure.
These species also predominated in the ice samples. Other
species common in ice (for example, Tropidoneis, Nitzschia
subcurvata, N. lecointei) often showed little FDA activity. In
one incubation from the bottom layer of young nilas ice (for
example, see figure 3), FDA clearly showed the retention of
activity by most diatoms before and after incubation at low
temperature but a loss of metabolic activity (as indicated by
FDA) for autotrophic dinoflagellates. Other tests also suggest-
ed that diatoms retained viability after low temperature incu-

April	 May

Figure 1. Atmospheric temperatures during Polarstern "ANT X/3"
cruise. Solid line is atmospheric temperature. Arrows with numbers
and bars indicate the six incubation experiments. The bars indicate
temperatures within the simulated in situ deckboard incubator.

April	 May

Figure 2. Photosynthetically available radiation (in microeinsteins
per square meter per second). Solid line is continuous record.
Dotted line is daily 24-hour average radiation. Arrows and numbers
indicate days of experiments.
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Figure 3. Results of 14C uptake measurements under simulated in
situ vs. sea-surface temperature control. Experimental conditions
are shown for each treatment. Sample was taken from the lower
layer of young, white Nilas ice. (ChIa denotes chlorophyll-a.
uE/m2/sec denotes microeinsteins per square meter per second.)

bation, but the loss of activity by dinoflagellates was not con-
sistent. One limitation of using vital or mortal stains (or any
other technique that requires rapid single-cell examination by
microscopy) is that statistically meaningful information can
be obtained only on the dominant species constituting the
assemblage.

Although Palmisano et al. (1987) reported that primary
production of some diatoms ceased at salinities greater than

60%o, Bartsch (1989) reported that cell division continued at
salinities of 90%o and that survival continued at even more
extreme temperatures and salinities. Our 14C and vital stain
studies suggest that algae survive and have photosynthetic
activity within ice floes well into the austral autumn under
natural conditions of low light, low temperatures, and high
salinities.

This work was supported by National Science Founda-
tion grant OPP 91-17794 to D.L. Garrison. We thank our col-
leagues on ANT X13 for use of supporting data, and we thank
the crew of Polarstern for logistic support.
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Primary productivity of the Antarctic Peninsula
region during November 1992
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Knoxville, Tennessee 37996

C
oastal regions have been shown to be the most produc-
tive of all antarctic systems (see, for example, Holm-

Hansen and Mitchell 1991) and as such are considered to be
important as sites of material and energy transfer within the
food web. This is especially true of the Antarctic Peninsula,
which is often considered to be a critical area for the repro-
duction of antarctic krill, Euphausia superba (Huntley et al.
1991). Coastal regions may also be affected by anthropogenic
changes such as the introduction of pollutants (from acciden-
tal oil releases) and enhanced fluxes from ultraviolet radiation
caused by the destruction of ozone by volatile, chlorinated
organic compounds. We presently know little about the sea-
sonal and temporal patterns within natural, unperturbed sys-

tems to compare the changes that are induced by human
activity.

During November 1992, a cruise was conducted on the
R/V Polar Duke (PD92-09) to the Antarctic Peninsula to inves-
tigate the coupling between phytoplankton and bacteria. We
also wanted to test the relationships between nitrate and
ammonium as nitrogen sources for phytoplankton and bacte-
ria, because bacteria have been shown experimentally to be
quantitatively important in nitrogen cycles in the subarctic
Pacific (Wheeler and Kirchman 1986), and a significant role
for heterotrophs has been inferred from results from the Arc-
tic and Antarctic (Smith and Harrison 1991). As part of these
objectives, we measured the biomass and productivity of the
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