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The annual sea ice in McMurdo Sound provides a substrate
for the growth of a complex microbial community that was
described first by Bunt and Wood (1963). Diatoms, which
dominate this community, undergo a spring "bloom," turning
the bottom of the ice a golden brown color. Microalgae, bac-
teria, and protozoa apparently live and grow within sea-ice
brine channels and attached to ice-crystal surfaces at the ice-
seawater interface. Cellular metabolism occurs in a harsh
environment where ambient temperatures are below -1.86°C
(and possibly as low as -4°C) and where light is strongly
attenuated. Under-ice light is reduced to less than 1.0 percent
that of the light at the ice surface. Furthermore, while light is
continuous during the summer months, the photosynthetic
diatoms are subjected to almost 6 months of continual darkness
during winter.

During the 1980-81 field season, we addressed the following
questions concerning the population ecology and the phys-
iological ecology of the sea-ice micro-organisms: (1) What fac-
tors affect the distribution and abundance of sea-ice organ-
isms? (2) What are the interactions between the members of
the microbial community? (3) How are the sea-ice micro-
organisms adapted to the conditions of low light and low
temperature? (4) How do the photosynthetic microalgae sur-
vive the long antarctic winter? We have only begun to answer
these questions and report here our preliminary findings.

We examined the areal distribution of the algal and bacterial
components of the sea-ice community in 30 cores taken at six
stations in McMurdo Sound during the 1980-81 austral sum-
mer. The mean chlorophyll a content was 114 ± SD 112 mil-
ligrams per square meter; the mean concentration of bacteria
was 3.9 x 10 11 ± SD 2.1 x 10 11 cells per square meter, as
determined by a direct count of acridine orange-stained cells
by means of epifluorescence microscopy.

We found that the levels of chlorophyll a per square meter
associated with the New Harbor area, West Sound (x = 188,
SE = 58) were not significantly different than the levels in the
East Sound (x = 142, SE = 36). This observation is particularly

interesting because previous workers have characterized the
West Sound as oligotrophic (deficient in plant nutrients) and
East Sound as eutrophic (rich in dissolved nutrients). Dayton
and Oliver (1977), for instance, reported an order of magnitude
difference in infaunal densities. Further, the oligotrophic
nature of the West Sound relative to the East has been con-
firmed by measurements of bacterioplankton standing stocks
and secondary production made by Holm-Hansen and asso-
ciates (1977), Fuhrman and Azam (1980), and Hodson and
associates (1981).

While our tests are preliminary, they suggest the following:
1. In contrast to the planktonic and benthic communities,

there seems to be little difference between the East and West
Sounds in the sea-ice microbial standing crop.

2. West Sound benthic fauna may receive a significant por-
tion of their carbon and energy from sea-ice community pro-
duction.

3. Growth of the sea-ice community may not be nutrient-
limited.

Vertical profiles of chlorophyll a, phaeopigments, adenosine
triphosphate (Alp), and bacterial concentrations showed con-
sistent patterns in all the annual sea-ice cores examined. In
general, the bottom 20 centimeters of the core contained 100
to 1,000 times more chlorophyll a and phaeopigments than the
remainder of the core; chlorophyll a concentrations were as
high as 2.10 milligrams of chlorophyll a per liter. The mean
chlorophyll a:phaeopigment ratio was greater than 1.0 for the
bottom 20 centimeters of the core, while the ratios for the
upper sections of the core and for seawater phytoplankton
samples were consistently less than 1.0.

The lower 20 centimeters contained bacterial concentrations
as high as 6 x 109 per liter. The bacteria in this section were
relatively large, often occurred as paired or dividing cells, and
frequently were found in chains of 10 to 30 cells. In the upper
sections of the ice core, bacterial concentrations were an order
of magnitude lower, and the size and morphology of the bac-
teria were strikingly different. Bacteria were usually single
cells, small (<0.8 micrometer in diameter) and similar to those
found as bacterioplankton in the water column.

In examining the interrelationships of members of the bot-
tom-ice microbial community, we found that bacterial cells
were frequently in close physical association with certain dom-
inant species of diatoms of the genus Amphiprora (figure). A
variety of morphological types of bacteria, often in chains and
filaments, appeared to colonize the exterior of the diatom
valve. It is not uncommon in nature to find bacteria colonizing
detritus, including dead and decaying diatoms; however, the
colonized Amphiprora cells were not senescent. Cytological
analysis using phase-contrast microscopy and epifluorescent
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Scanning electronmicrograph of bacteria associated with the ice diatom Amphiprora sp. Sample was collected from sea Ice at site 2 (Cape
Armitage) by divers. The material was rapidly fixed with 2 percent glutaraldehyde In seawater at —2°C and prepared by critical-point drying
before observation through a Cambridge microscope. (a) Indicates the specificity of the bacterial association with Amphiprora sp.; bacteria
seldom are associated with other diatoms. (Magnification 380X) (b) Depicts the morphological diversity of Ice bacteria observed In
association with Amphiprora sp., including rods, cocci, filaments, and prosthecate bacteria. (Magnification 1,550X)

illumination of DAPI and acridine orange-stained cells indi-
cated that the cells were intact and performing normal meta-
bolic processes.

The large size of the bacteria associated with the bottom-ice
community suggests that they are physiologically active, while
the presence of multiple cells and chains suggests that the
bacteria are growing and dividing. The brine channels that
harbor sea-ice organisms may have a relatively high concen-
tration of dissolved organic matter due to the release of pho-
tosynthate by ice algae, which could then be utilized by the
associated sea-ice bacteria.

To determine the effect of changing light intensities on the
physiology of sea-ice algae, we conducted a controlled light
perturbation study on the sea ice at McMurdo Station. Light
penetration to the underlying ice algae was reduced by more
than 90 percent in a 100-square-meter experimental quadrat
by covering the ice surface with tarps and snow; an adjacent
control quadrat was left uncovered. We were assisted in this
experiment by George Simmons and his field team. Under-ice
samples and light measurements were taken by divers Dale
Anderson, Arpad Vass, and John Wood. The results of this
experiment are currently being analyzed.

Little is known about the capacity of ice microalgae to sur-
vive the polar winter when absence of light precludes photo-
synthetic nutrition. In our laboratory at the University of
Southern California, three polar sea-ice diatoms, isolated in
unialgal, axenic culture, were subjected to a 30-day simulated
summer-winter transition. Light and temperatures were
decreased and salinity was increased to mimic seasonal
changes for ice-covered polar seas reported previously. The
diatoms responded to these changes by a reduction in cellular
metabolism, as indicated by (1) a decline in growth rate and
photosynthetic rate, (2) a decrease in cellular ATP, and (3) the

storage and subsequent utilization of endogenous carbon
reserves. In addition, heterotrophic potential of the three
clones increased by as much as 60-fold. In some cases, the
decrease in light intensity characteristic of the onset of polar
winter alone was sufficient to trigger these physiological
changes. Survivorship of cells subjected to the summer-winter
transition,then kept in complete darkness at 0°C for 6 months,
ranged from 0.1 to 10 percent of the population.

In conclusion, our combined field and laboratory studies
have indicated that the sea ice-microbial community is very
rich and active. Because of this any studies attempting to
evaluate the carbon and energy flow through polar ecosystems
must include this conspicuous and important aspect of the
environment.
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