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Figure 2. Recoverability and conjugative F-plasmid expression in E.
coil (F-amp) exposed to the antarctic marine environment. Cells
were exposed as described in figure 1 for 21 d. Plate count
recoveries (n=5) on tryptone (solid circles), and tryptone-ampicillin-
streptomycin (open circles) agar media. CFU/ml denotes colony
forming units per milliliter.

by recoverability on plating media. Survival of EC19 was poor-
er than its parent plasmidless strain (T99 equals approximate-
ly 20 d), however (figure 1). Plate counts significantly under-
estimated substrate responsive cell numbers, which remained
within 2 logs of total cells numbers throughout the 54-d expo-
sure, indicating a progressive population shift to a viable, but

nonrecoverable, state with time of exposure (figure 1).
These results indicate antibiotic-resistance and conjuga-

tive plasmids are maintained and expressed in E. coli exposed
to the antarctic marine environment. In addition, low tem-
perature (-1.8°C) appeared to extend survival significantly
when compared to temperate environments (Lessard and
Sieburth 1983).

We sincerely thank A. Brown, S. Kottmeier, and J.M. Som-
mers for their logistical assistance on this project. This
research was supported by National Science Foundation
grant OPP 90-19059.
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Primary production in the Weddell Sea pack ice during the
austral autumn
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D
uring the drift (February to May 1992) of Ice Station
Weddell 1 (ISW-1), time-series investigations of micro-

bial communities were conducted within several types of
antarctic pack ice during the austral autumn and winter. The
results from these investigations are being analyzed to deter-
mine rates of primary production and nutrient dynamics
within the sea ice and water column in the western Weddell
Sea.

Two study sites (A and B) were established in second-
year ice; another (site J) was established in first-year ice in a
refrozen lead. Samples were collected on a weekly basis for
the determination of plant pigments, particulate organic car-
bon, particulate organic nitrogen, biogenic silica, cell num-
bers (bacteria and algal), inorganic nutrients, and salinity.
Sampling was coordinated with the Cold Regions Research
and Engineering Laboratories (CRREL) science team in order
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to have complementary information on the sea-ice structure
and mass and heat balance of the ice and snow (see Ackley et
al. 1992).

In situ incubations for measuring primary production
and algal growth rates were conducted during the early stages
of the study when the ice structure permitted in situ work. In
situ incubations were accomplished by extracting the top 10
to 20 centimeters (cm) of ice and snow and extracting intersti-
tial water with large [500-milliliter (mL)] syringes. The water
was placed in three light bottles and one dark bottle, all of
which were placed back inside the porous layer along with a
time-integrating irradiance (PAR) sensor (Biospherical Instru-
ments, QSI-140) and were incubated for 24 hours. Samples
were then removed and placed in dark insulated containers
and transported back to the lab where they were filtered and
processed for liquid scintillation counting as previously
described (Grossi et al. 1987).

During the transition from autumn to winter conditions,
there was an increase in vertically integrated pigments
(chlorophyll-a plus phaeopigments) at all study sites (figure
1). Site A, located in deformed second-year ice, was character-
ized by a hummocked surface and highly variable ice depth
[1.2 to 2.0 meters (m)] as well as variable snow cover (20 to 50
cm). Ice cores taken at this site showed no coherence in struc-
ture (V. Lytle, S. Ackley, and C. Fritsen unpublished data) sug-
gesting that deformation and/or rafting previously had
occurred in this area of the floe. The variability of the pigment
record (figure 1A) may be attributed, in part, to the heteroge-
neous nature of the ice and snow.

Estimated rates of net algal production in undeformed
second-year ice (site B) yielded 80-100 milligrams of carbon
per square meter per day (mg C m-2 d-') or net biomass spe-
cific growth rates of 0.13-0.14 d' during the period when ice
temperatures were above -1.8°C. In situ incubations yielded
higher specific growth rates of 0.15-0.3 d-'. As ice tempera-
tures dropped below -2°C (beginning on julian date 72),
growth rates measured by in situ incubations and estimated
from net pigment accumulations were approximately tenfold
lower than earlier estimates when ice temperatures were
higher.

At the study site established in the refrozen lead (site J),
pigments had accumulated to 5.4 mg m-2 when the ice was
only 50 cm thick (figure 1C). Integrated pigments increased by
only about 2 mg chlorophyll-a plus phaeopigments rn- 2 over
the next 30 d as the ice thickened to 88 cm. Following a defor-
mation event at site J (see Ackley et al. 1992), integrated pig-
ments decreased. Based on the initial increase in integrated
pigments, it is not possible to determine if pigments were
accumulating due to physical incorporation of algae during
ice growth or if in situ algal growth or pigment synthesis
occurred. The depletion of nitrate (figure 2), however, sug-
gests that site J contained a microbial community capable of
removing nutrients from the brine that was incorporated into
the ice as it was thickening. The nitrate depletions in sea ice
compared to ambient sea water (corrected for salinity differ-
ences) allow us to estimate a minimum amount of nitrate-
based production at 140 mg C rn- 2 (measured C:N = 6

mol:mol). This estimate is surprisingly close to the net prima-
ry production estimated at 156 mg C rn-2 based on a 2 mg m2
change in chlorophyll-a and a measured carbon to chloro-
phyll-a ratio of 78 but is well below the standing crop of car-
bon estimated to be 624 mg C m-2.

At all three of the main 15W-i study sites, increasing pig-
ments and nonconservative behavior of sea-ice nutrients pro-
vided evidence for net in situ primary production during the
autumn to winter transition. Ice cores taken during the recov-
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Figure 1. Time series of integrated pigments (chlorophyll-a and
phaeopigments) within sea ice studied at SW-i. A. Deformed
second-year ice at site A. B. Undeformed second-year ice at site B.
C. First-year ice in a refrozen lead at site J.
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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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Polarstern "ANT X13" austral autumn in the ice 1992:
Sea-ice community studies
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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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