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Sea ice in McMurdo Sound forms every year and usually
persists for 9 months or more. Initial freezing occurs in March or
April and by November annual ice throughout the sound is
about 1.5 to 3 meters thick. The lower surface of the ice at the ice-
seawater interface is physically, chemically, and biologically
dynamic. This interface varies spatially and temporally. At sev-
eral locations sampled over 3 years, we have observed an inter-
face consisting of a hard congelation ice surface with numerous
brine channels in the bottom 20 centimeters and abundant ice
stalactites extending 1 meter or more into the water column. On
other occasions we have found an interface much as Bunt (1963)
described, a loosely consolidated layer 0.5 to 1 meter thick made
up of underwater platelet ice (Lewis and Weeks 1970) with large
chambers of interstitial water between lamellar crystals. At our
major study site near Cape Armitage the interface was hard
congelation ice during the field seasons of 1980 and 1981. Dur-
ing the 1982 season, however, the 2-meter congelation ice had a
0.25- to 1-meter thick platelet layer beneath it. We studied the
sea-ice microbial community (SIMCO) which inhabited both
brine channels of the congelation ice and interstitial waters and
crystal surfaces of the platelet ice layer.

Our field season activities covered the period 7 October 1982
to 7 January 1983. During this time we documented a cycle of
microbial development in the sea ice which may include: seed-
ing and early development, active growth to bloom conditions,
decline, release to the water column, and sedimentation to the
benthos. Special areas of emphasis for this investigation were
the responsibilities of individual field personnel: Grossi, algal-
bacterial interactions and algal growth rates; Kottmeier, bacteri-
al growth rates; Palmisano, under-ice light spectra, photo-
synthesis-light relationships, and algal heterotrophy; Moe, un-
derwater sampling and photography; Taylor, protozoa; and
Sullivan, sources and sinks of amino acids and overall program
coordination.

A large-scale light attenuation experiment was carried out on
the sea ice near Cape Armitage during the 3-month field sea-

son. The purpose of the experiment was to determine the influ-
ence of light on development and growth rate of the SIMCO and
in turn to determine the influence of the SIMCO on the under-ice
light field (irradiance and spectral composition). The experi-
ment was constructed by field personnel, with the assistance of
ITT/Antarctic Services, Inc. who prepared dive holes and dive
huts. The U.S. Navy provided a D-6 bulldozer and an operator
to move large amounts of snow. Irradiance under ice of uniform
thickness was manipulated using various depths of snow,
which has a high light extinction coefficient. Five pairs of quad-
rats 100 square meters each were prepared with the following
snow depths: 0, 5, 10, 25, or 100 centimeters. The natural snow
cover was 25 centimeters and these quadrats were left un-
disturbed to serve as a control. Since inorganic nutrient levels in
the water column are high and temperatures relatively constant
(-1.86 ± 0.2°C), we were able to conduct a highly controlled
experiment in nature by regulating light levels with various
snow covers.

The quadrats were surveyed by SCUBA divers Moe and Taylor
to determine the irradiance and spectral composition of light
under each quadrat during the course of the experiment. Mea-
surements of incident and under-ice irradiance were made with
a MER-1000 spectroradiometer with cosine collector (Bio-
sperical Instruments, San Diego, California; figure 1). We ob-
served in situ growth of the SIMCO during a 3-month period at
approximately 10 percent to less than 0.01 percent surface irra-
diance. In addition, we were able to measure how the growth

Figure 1. Spectroradiometer deployed in underwater platelet ice
layer to collect downwelling irradiance and spectral composition
data near Cape Armitage in McMurdo Sound.

1983 REVIEW	 177



INCIDENT0 ------ (%"'^ 
--^0_0. \0

1

CONGELATION
ICE

CONGELATION
&PLATELET ICE

SINCO

and accumulation of SIMCO attenuates the under-ice light field.
Under the snow-free quadrats, by 7 November the platelet ice
layer turned a rich golden-brown color characteristic of diatom
dominated communities. Sequentially, in order of increasing
snow depth, the remaining quadrats developed color except for
the quadrat covered with 100 centimeters of snow which re-
mained colorless throughout the study period. The pattern of
sequential increase was also found for algal and bacterial cell
numbers, chloropyll a, photosynthetic rate and 3H-thymidine
growth rate. Late in the season, numerous ciliates and micro-
flagellates appeared in some quadrats.

Growth of the SIMCO, especially within the platelet layer, had
two significant effects on the physical character of the ice. As
the season progressed, the irradiance was attenuated and spec-
tral composition of the under-ice light field was altered. Figure 2
illustrates typical light spectra and photosynthetically active
radiation (PAR) of downwelling irradiance at the ice surface,
under 2 meters of congelation ice, and under congelation ice
plus platelet ice containing the SIMCO. The spectrum depicted at
the bottom of figure 2 shows that light passing through ice
containing SIMCO has a maximum transmission between 540
nanometers and 620 nanometers. These data are not unlike
those presented by Maykut and Grenfell (1975) for arctic ice, but
here light attenuation is much stronger. We suspect that the
spectrum of transmitted light is largely a function of absorption
by the photosynthetic pigments of the sea-ice algae as indicated
by differences in the bottom two curves of figure 2. We predict
that the spectral composition of the under-ice light field will
vary depending upon the nature of the microalgal flora of the
SIMCO and their associated primary and accessory photo-
synthetic pigments. Studies are currently underway to compare
absorption spectra of intact sea-ice algae measured in the labo-
ratory with absorption spectra of the sea ice plus SIMCO
measured in situ by SCUBA divers.

Several reports indicate that the dominant microflora of sea
ice is spatially and temporally variable in both the Antarctic and
the Arctic (Ackley, Buck, and Taguchi 1979; Homer and
Schrader 1982; Hsiao 1980; Sullivan et al. 1982). Thus, we pre-
dict that under-ice light fields vary in spectral composition at
different times and in different regions of the polar oceans.

Irradiance and spectral composition have profound implica-
tions for photoautotrophic growth of ice algae as well as for
phytoplankton in the underlying water column. Forcing func-
tions of photoadaptation by these organisms are low irradiances
and altered light spectra. We are endeavoring to understand the
mechanisms which underlie photoadaptation of photosynthetic
organisms growing within the unique sea-ice habitat as well as
in the underlying water column.

The second major effect of the SIMCO was on the integrity of
the underwater platelet ice. Melting of the platelet layer ap-
peared to be mediated by the presence of., darkly pigmented
algae growing on the ice-crystal surfaces. It was first observed
under the snow-cleared quadrats where algal growth was most
rapid. As growth became dense, the algae absorbed some light
energy passing through the ice, and the platelet layer became
loose and less consolidated. The layer then began disintegrating
from the center of the quadrat toward the edges and completely
disappeared over a 3-4 week period. Most of the algal contents
from the melting platelets were released to the water column
where they rapidly sedimented to the benthos in large aggre-
gates. Some of the algal colonies remained attached to the
underside of the ice as long strands, apparently anchored by
cells which grew within the brine channels of the congelation
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Figure 2. Spectral downweiiing irradiance and total photo-
synthetically active radiation (PAR) at sea-ice surface, under 2
meters of congelation ice. and under 2 meters of congelation Ice
plus platelet Ice layer containing sea-ice microbial community (sIM-
co). ("A" denotes wavelength in nanometers and "tiE M -2 S" de-
notes microElnstelns per square meter per second.)

ice. The surrounding ice with a natural snow cover of 25 cen-
timeters and all other quadrat areas retained the platelet layer.

Our continuing studies have demonstrated that SIMCO's are
not only a significant source of primary and secondary produc-
tion (Palmisano and Sullivan in press; Sullivan and Palmisano
1981, in preparation) but that they also influence the physical
environment of polar ecosystems in important ways.

This research was supported by National Science Foundation
grant DPP 81-17237.
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Studies of ice-algal communities in
the Weddell Sea
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In 1980 we began a study of algae in sea ice and in the water
column of the Weddell Sea (Ackley et al. 1980; Foster et al. 1980).
We have previously described our sampling methods and our
studies of algal biomass and nutrient distributions in these
environments (Garrison and Buck 1982; Garrison, Buck, and
Silver 1982). In the present report, we summarize the results of
our population studies, indicating a close coupling between
algal assemblages in ice and water and suggesting the source of
ice-algal populations.

We identified and counted species of major algal groups in
both ice and water using light and electron microscopy (Buck
and Garrison 1982, in press; Mitchell and Silver 1982). We iden-
tified species associations by using a species affinity index and
cluster analysis and compared algal assemblages in ice with
those in the water column using a percent similarity analysis
(Garrison and Buck in preparation).

Many algal species were common to both ice and water, but
none were exclusively associated with ice. Phaeocystis pouchetii
and several diatom species were the numerically important
algae (table). Differences between algal assemblages in ice and
water resulted from altered relative abundance of these few
species rather than from changes in species composition. Our
similarity analysis identified groups of open-water stations, ice-
edge stations, and under-ice stations that possessed similar
species assemblages (figure 1). Algal assemblages in ice floes
were distinct from those in the water column and could be
urther divided into upper and lower floe populations (figure 2).

Species arrays in newly forming ice were not significantly dif-
ferent from those in the water column (in their relative abun-
dance relationships), but algal populations were considerably
more concentrated.

Our observations on newly forming ice suggested that algal
populations in these samples were initially entrapped but also
concentrated during frazil ice formation (Ackley 1982; Garrison,
Ackley, and Buck in press). Because growth of in situ popula-
tions could not account for the very high biomass (up to 50 times
more concentrated than water) that rapidly accumulates in day-
old ice, the algae must be concentrated by some physical pro-
cess. Ackley (1982) and Garrison, Ackley, and Buck, (in press)
describe how frazil ice crystals, which form around suspended
algal cells in the water column and harvest algal cells on the ice
crystal surface as crystals rise to the surface, could explain the
dense populations we observed in new ice. This hypothesis is
further supported by our nutrient studies, which indicated that
there was no nutrient reduction by algal uptake in the brine of
newly forming ice, and by our population studies, which indi-
cated that populations in newly forming ice were nearly identi-
cal with those in the water column. Accumulation by frazil ice
may be important in the formation of ice-algal populations in
the Weddell Sea, since studies by Cow et al. (1981) indicate that
ice floes from this region are primarily composed of frazil ice,
suggesting that frazil ice is continually produced. We have
suggested that sustained frazil ice production may account for
internal algal populations in floes from the Weddell Sea (Gar-
rison, Ackley, and Buck in press) and may be an important
mechanism to ensure that resting stages of pelagic forms are
seasonally incorporated in sea ice (Mitchell 1982).

We conclude that planktonic algae are regularly incorporated
into sea ice, that they overwinter in ice, and that they are
released into the water column during ice melting in the spring
and summer over a prolonged period, thus explaining the
marked similarity between ice and water column assemblages
in this region.

This study was supported by National Science Foundation
grant DPP 80-20616 to M. W. Silver and J . S. Pearse. Field per-
sonnel were Buck and Garrison; dates in field were January and
February 1980.
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