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A flagellate- and ciliate-dominated microbial community has
recently been described from brine channels and pockets in the
upper land-fast ice in McMurdo Sound (Stoecker, Buck, and
Putt 1990). This community is distinct from the diatom-domi-
nated sea-ice microbial communities found in the lower con-
gelation ice and in the underlying platelet layer (Grossi and
Sullivan 1985; Garrison, Sullivan, and Ackley 1986) but has
similarities to the assemblages reported from antarctic pack ice
(Garrison and Buck 1989). An important feature of this com-
munity is the dominance of athecate, photosynthetic dinofla-
gellates (Stoecker et al. 1990).

During late austral spring and early summer of 1990-1991,
we sampled the brine from the upper 50 centimeters of the
approximately 175 centimeters of annual ice in McMurdo Sound
using previously described techniques (Stoecker et al. 1990).
Sampling locations were distributed throughout McMurdo
Sound; 12 were on the east side and 7 on the west side of
McMurdo Sound. At all locations, we observed athecate, pho-
tosynthetic dinoflagellates and/or their cysts (figure 1) which
together accounted for 82 percent in December and 54 percent
in January 1991 of the autotrophic biomass in the brine.

The most common dinoflagellate was a small (approximately
6 x 10 micrometer) photosynthetic gymnodinoid species (figure
1). This dinoflagellate numerically accounted for ^!67 percent
in December and =-2:97 percent in January of the photosynthetic
dinoflagellates. Heterotrophic dinoflagellates were rare com-
pared to phototrophic dinoflagellates in the brine. In late No-
vember, when brine salinities were >50 parts per thousand, 5-
10 percent of the small dinoflagellates were dividing cells and
by late December, dinoflagellate cell densities of >10 per mil-
liliter of brine were often encountered (figure 2A). Water-col-
umn densities of autotrophic dinoflagellates in antarctic waters
are usually one or two orders of magnitude lower than those
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Figure 1. Scanning electron micrographs of the small photosyn-
thetic dinoflagellate (A) and its cysts (B) characteristic of the upper
ice brine. Specimens were critically point dried. Scale bar for A =
2.3 micrometers; scale bar for B = 76 micrometers.

that we observed in the brine (Buck and Garrison 1983; Putt
and Stoecker, unpublished data). In January 1991, the densities
of brine dinoflagellates were lower than in December (figure
2A). This reduction in dinoflagellate numbers per unit brine
may be partly accounted for by increases in brine volume and
brine flushing in late spring (Weeks and Ackley 1982) and pre-
dation on small dinoflagellates by heterotrophs within the brine
community (Stoecker et al. 1990, unpublished data).

Encystment (formation of thick-walled hypnozygotes) was
also a factor leading to reduction in the number of vegetative
cells within the brine. Fusion of two vegetative cells is neces-
sary for the formation of a hypnozygote. Beginning in late
December, we observed dinoflagellate cysts, approximately 12
micrometers in size, with distinctively recurved spines in the
brine (figure 1A). In some samples, cells undergoing encyst-
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ment were observed, and we believe that the cysts are the
hypnozygote of the small dinoflagellate. Densities of cysts in-
creased as densities of vegetative cells decreased; in some sam-
ples >3 x 10 cysts were observed per milliliter of brine (figure
2B). By January, dinoflagellate cysts were observed at all sam-
pling locations and the salinity of the brine had dropped to <32
parts per thousand (figure 3), and brine volumes were high
(^E!!10 percent of ice volume in the upper sea ice). At this time,
we observed the dinoflagellate cysts in the upper 50 meters of
the water column, indicating that brine flushing was occurring
(Stoecker and Putt unpublished observation). By late January,
some samples contained cysts but no vegetative cells (figure 3).

Autotrophic dinoflagellates and cysts have been previously
reported from pack-ice, and it has been suggested that this
habitat is an over-wintering site for dinoflagellates (Garrison
and Buck 1989). The dinoflagellate cysts we observed in land-
fast ice are morphologically indistinguishable from the cysts
observed in pack-ice (Buck et al. in press). Our data demon-
strate that the photosynthetic dinoflagellates found in the up-
per land-fast ice at McMurdo are part of an actively growing
assemblage and, in fact, are a characteristic component of the
brine during the austral spring. The resting cysts may be a
mechanism by which brine dinoflagellates survive release from
the sea ice and dispersal in the water column until new ice is

Figure 2. Abundance of small (approximately 6 x 10 micrometers)
photosynthetic dinoflagellates (A) and dinoflagellate cysts (B) in
the brine collected from the upper 50 centimeters of land-fast ice
in McMurdo Sound during spring and summer 1990-1991. Densi-
ties are per unit brine volume. One to four samples were collected
at each sampling location/sampling time; each data point (sample)
is presented. (ml denotes milliliter.)

Figure 3. Average brine salinity at each sampling location/time and
presence of vegetative cells of photosynthetic dinoflagellates (cir-
cles), vegetative cells and dinoflagellate cysts (squares), or cysts
only (diamonds). (0/00 denotes parts per thousand.)

formed. The complete life cycle of brine dinoflagellates remains
to be elucidated. We do not know what factors trigger sexuality
and encystment, in what form and how the dinoflagellates or
their cysts return to the ice during its formation, nor do we
know the factors that trigger excystment in the water column
or ice. Extremes of temperature and salinity occur in the upper
sea ice and in particular, high salinities are thought to limit the
distribution of many microorganisms to the lower sea ice (Kott-
meier and Sullivan 1988). The brine dinoflagellates, however,
appear to be characteristic of this unique environment and to
thrive in it. If their cysts are preserved in the sediments, they
should be an indicator for sea ice in the fossil record.

We thank J. Altstatt and T. Moisan for technical assistance,
the staff at the Eklund Biological Laboratory and the helicopter
crews from VXE-6 and the Polar Sea for making our field work
possible. This work was supported by National Science Foun-
dation grant DPP 89-16668 to Mary Putt and Diane K. Stoecker.

References

Buck, K.R., PA. Bolt, W.N. Bentham, and D.L. Garrison. In press. A
dinoflagellate cyst from Antarctic sea-ice communities. Journal of Phy-
cology, 28, 15-18.

Buck, K.R., and D.L. Garrison. 1983. Protists from the ice-edge region
of the Weddell Sea. Deep-Sea Research, 30, 1261-1277

Kottmeier, S.T, and C.W. Sullivan. 1988. Sea ice microbial communities
(SIMCO). 9. Effects of temperature and salinity on rates of metabo-
lism and growth of autotrophs and heterotrophs. Polar Biology, 8, 293-
304.

Garrison, D.L., and K.R. Buck. 1989. The biota of Antarctic pack ice in
the Weddell Sea and Antarctic Peninsula regions. Polar Biology, 10,
211-219.

Garrison, D.L., C.W. Sullivan, and S.F. Ackley. 1986. Sea ice microbial
communities in Antarctica. BioScience, 36, 243-250.

Grossi, S. McGrath, and C.W. Sullivan. 1985. Sea ice microbial com-
munities: V. The vertical zonation of diatoms in an Antarctic fast-ice
community. Journal of Phycology, 21, 401-409.

Stoecker, D.K., K.R. Buck, and M. Putt. 1990. A flagellate- and ciliate-
dominated microbial community in the land-fast ice. Antarctic Journal
of the U.S., 25(5), 197-199.

Weeks, WE, and S.F. Ackley. 1982. The growth, structure, and properties
of sea ice (CRREL Monograph 82-1). Hanover, N.H.: U.S. Army Corps
of Engineers, Cold Regions Research and Engineering Laboratory.

144	 ANTARCTIC JOURNAL


