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During the austral spring and summer, land-fast sea ice of
McMurdo Sound supports the growth of rich and diverse sea-
ice microbial communities composed of psychrophilic micro-
algae, bacteria, and protozoans (Bunt and Wood 1963; Pal-
misano and Sullivan 1983; Grossi, Kottmeier, and Sullivan 1984;
Sullivan and Palmisano 1984). In addition, a cryofauna (animals
associated with sea ice) consisting of pteropods, copepods,
amphipods, fish, and seals has been described (Dayton,
Robilliard, and DeVries 1969; Bunt and Lee 1970; Bradford
1978). Thus sea ice may be of importance not only in primary
productivity but also in the secondary productivity of McMur-
do Sound (Palmisano and Sullivan 1983; Sullivan and Palmisano
1984).

Research during the 1984— 1985 season began at winter fly-in
(last week of August). A light-perturbation experiment was
initiated to study the effect of extremes in downwelling irra-
diance on the growth and development of the sea-ice microbial
community. The following questions addressed the ecology of
the sea-ice microbial community during the seasonal transition
from winter (low irradiance) to summer (high irradiance):
• What are the seasonal patterns of temperature gradients in

sea ice under variable snow cover?
• How does the spectral composition and total downwelling

irradiance change during this seasonal transition?

• How does the growth and metabolism of the sea-ice microbial
community change during this seasonal transition?

• What is the effect of salinity on metabolism of the sea-ice
microbial community?

• What are the dominant "cryopelagic" fauna (Golikov and
Scarlato 1973) in McMurdo Sound and the trophodynamics of
these organisms?
Vertical profiles of temperature for sea ice in the light-pertur-

bation experiment were obtained by freezing duplicate strings
of thermocouples (copper constantan with Teflon insulators
and oversheaths) in 4-inch diameter holes made by a Jiffy Drill.
From early October to mid-December, sea ice without snow
cover exhibited temperatures ranging from - 18° to - 1.9°C at
25 centimeters above the surface of congelation ice, - 24° to
- 1.9°C at the surface of congelation ice, to - 1.9°C at the inter-
face of the congelation/platelet ice layers, the platelet layer, and
sea water beneath the sea ice (figure, A and B). During the same
period, sea ice under a 1 meter of snow cover exhibited a range
of temperatures from - 18° to + 4°C at 25 centimeters above and
at the surface of the snow cover, - 4° to - 1.9°C at the surface of
the congelation ice, to - 1.9°C at the interface of the congelation/
platelet ice layers and deeper. An RTD (copper constantan) was
lowered into the seawater beneath the sea ice to determine its
temperature. Seawater was isothermal down to 19 meters and
warmed only slightly from —1.91 to - 1.76°C during the sea-
son. Because the majority of the sea-ice microbial community
biomass is found in the bottom 20 centimeters of congelation ice
(Palmisano and Sullivan 1983; Sullivan and Palmisano 1984) and
in the platelet ice layer (Bunt and Wood 1963), growth and
metabolism of the sea-ice microbial community occur at tem-
peratures of - 1.9°C or lower.

Diel patterns of surface and sub-ice photosynthetically active
radiation (PAR) (400 to 700 nanometers) were determined during
the seasonal transition. A hemispherical irradiance sensor
(QSR-240, Biospherical Instruments) was mounted on the roof
of our dive hut, a spherical profiling irradiance sensor (QSP-200,
Biospherical Instruments) was moored beneath the platelet ice
layer, and a spectroradiometer with a cosine collector
(MER-1000, Biosphencal Instruments) was moored beneath the
congelation ice and connected via cable to a DEC 350 Professional
Computer in the heated dive hut to collect irradiance data.
Preliminary analysis of the irradiance data indicates that peak
surface irradiance increased from approximately 100 microEin-
stems per square meter per second in mid-September to more
than 1,600 microEinsteins per square meter per second from
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late October through early January, when there was continuous
light. During this period, peak downwelling irradiance beneath
congelation ice without snow cover decreased from approx-
imately 30 to 2 microEinsteins per square meter per second, and
its spectral composition changed due to blooms of microalgae
(Sullivan, Palmisano, and Soo Hoo 1984; Sullivan et al. in press).

During the first week of October, blooms of microalgae oc-
curred in both the congelation and platelet ice layers of sea ice.
In 1 week, carbon fixation per square meter increased an order
of magnitude. When melting of the congelation ice began in
early December, a second intense bloom was observed pri-
marily in the upper 10 centimeters of the 45-centimeter thick
platelet layer. No blooms were observed in sea ice covered with
1 meter of snow.
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Vertical profile of temperature for sea ice in a light perturbation
experiment. Open circles denote 0-centimeter snow cover, while
closed circles denote 100-centimeters snow cover. Circle is the
mean of duplicate thermocouples whose range is denoted by the
horizontal line. ("cm" denotes "centimeter.")

Bacterial production in sea ice without snow cover paralleled
carbon fixation more closely in the platelet layer than in the
congelation layer of sea ice. Bacterial production per square
meter of sea ice was equivalent to that found in a 1,000- to
10,000-meter integrated column of sea water from McMurdo
Sound. These results lend further support to the ideas that the

sea ice is an extended phycosphere and that blooms of micro-
algae may stimulate bacterial growth in sea ice as hypothesized
by Grossi et al. (1984).

In salinity experiments, sea-ice microbial community slurries
derived from congelation ice were gradually acclimated to a
range of salinities from 5 to 90 parts per thousand over 24 hours
at 0°C in the dark. Slurries were then incubated in a tem-
perature-controlled incubator at - 1.9°C under simulated in situ
downwelling irradiance. Peak carbon fixation, and thymidine
and leucine incorporation occurred at 30 to 32 parts per thou-
sand, approximately the salinity of the water perfusing the
bottom layer of congelation ice where sea-ice microbial commu-
nities are concentrated.

The largest concentrations of cryopelagic fauna, except seals,
were observed primarily in relatively shallow, snow-free lo-
calities of McMurdo Sound, where blooms of microalgae also
occurred. Low concentrations were observed in areas over deep
water, even if microalgae were present. Amphipods, Paramoera
walkeri and Cheirimedon fougneri, were the most conspicuous
cryopelagic organisms, reaching a biomass of 6 grams per
square meter in some areas. Chlorophyll a analysis of gut con-
tents from freshly collected animals and laboratory feeding
experiments using carbon 14-labelled microalgae revealed that
these two amphipods include microalgae in their diets. These
two species have diets similar to another amphipod, Pon togeneia
antarctica, described at Signy Island, Antarctica (Richardson
and Whitaker 1979). Less conspicuous but quite abundant in
the platelet layer were copepods and ostracods. These organ-
isms, and C. fougneiri, were found in the stomachs of small
Pagothenia borchgrevinki, a fish living in the platelet layer. Larger
P. borchgrevinki had carnivorous hyperiids and Orchornene spp. in
their stomachs. These results, similar to those of Eastman and
DeVries (1985), suggest that a food chain with three or more
trophic levels may be associated with land-fast sea ice in
McMurdo Sound.

Our continuing studies suggest that sea-ice microbial com-
munities are well adapted for growth in sea ice and play impor-
tant roles in primary and secondary productivity of polar
oceans.
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We used phospholipid ester-linked fatty acids to characterize
and distinguish the microbial populations at three different
sites in McMurdo Sound: Cape Armitage, Cape Evans, and
New Harbor. Biological marker compounds, which can be used
to estimate the contribution of source organisms in sediments,
were compared for antarctic benthic sediments, a preliminary

sediment-trap sample, and selected biota. Differences were ap-
parent in microbial activity—measured using carbon- 14-acetate
(incorporated into microbial lipids) and hydrogen-3-thymidine
(incorporated into bacterial deoxyribonucleic acid [DNA])—
when comparing sediment samples collected in late November
and early January which correspond to periods before and
during the annual Phaeocystis diatom bloom respectively on the
east side of McMurdo Sound.

A brief description of one of the sampling sites (Cape Armi-
tage) together with sample work-up procedures has been pre-
viously reported (White, Smith, and Stanton 1984). A detailed
description of the labelling procedures used is found in Findlay
et al. (1985).

Hydrogen-3-thymidine incorporation into bacterial DNA
showed only a slight increase during the sampling period. The
New Harbor site showed the only significant (p is less than 0.05,
table 1) increase in activity. The increase in activity at the New
Harbor site may be associated with land run-off because the
Phaeocystis bloom did not reach this site during the study
period. No significant difference was seen between any of the
study sites during the prebloom analyses. The sites were
shown to be significantly different from each other in incorpora-
tion in the early January sampling (table 1). Due to the long
incorporation time of 8 hours, necessary because of the low
activity measured in this environment, the hydrogen-3-thy-
midine was not incorporated into eukaryotic DNA as shown in
parallel studies using the eukaryotic inhibitor cycloheximide.
Eukaryotic DNA synthesis, ranging from 3.5 percent at the Cap
Armitage 18-meter site to 33 percent at the Cape Evans site, wa
detected.

Carbon-14-acetate incorporation (8 hours) into total sedimen
lipid revealed a statistically significant (p is less than 0.05) in
crease in activity in the early January samples at the Cape Evan
and Cape Armitage anchor-ice (14-meter) sites (table 2). An
increase in activity, although not statistically significant, was
also observed at the Cape Armitage spicule mat (20-meter) and
New Harbor sites. The lowest activity was observed for the New
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