
episodic deposition of sediment predicted by this model is
consistent with the uneven sedimentation rates determined
from cores in Lake Vanda by Lyons et at. (1985).

The cycle outlined above would be modified if there were
changes in the local climatic conditions. However, the thickness
of the ice cover would tend to average out variations on time-
scales of a few years or less.

An interesting aspect of sediment deposition in antarctic
lakes is its impact on the formation of stromatolites. Several
types of stromatolites are forming in the antarctic lakes as a
result of sediment trapping and binding by benthic microbial
mats (Parker et al. 1981; Wharton et al. 1982, 1983). If the sand/
ice scenario presented above is valid, then it may be possible to
use information contained in the antarctic stromatolites to make
inferences about local climate in the southern Victoria Land dry
valleys over the past 100,000 years.

Another interesting feature of the antarctic lakes is their pos-
sible relevance as analogs to ice-covered lakes which may have
existed on the primordial Mars (McKay et al. 1985; Nedell 1986).
The equatorial canyons of Mars, the Valles Marineris, contain
sedimentary deposits exhibiting rhythmic horizontal layering
suggesting a lacustrine origin (Nedell and Squyres 1984; Nedell
1986). These paleolake sediments may hold clues to the early
martian environment (which was warmer than the present
Mars) and the possible origin of life on Mars. As in Antarctica,
sand/ice interactions may have partially determined the be-
havior of the martian paleolakes.

We wish to thank Cot. Linton Leary for invaluable field assist-
ance. This research was supported by National Science Founda-
tion grant DPP 84-16340 and National Aeronautics and Space
Administration grants NCA2-2 and NCA2-1R675-402.
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Antarctic cryptoendolithic microbial
ecosystem research, 1986-1987

E.I. FRIEDMANN and M.A. MEYER

Polar Desert Research Center
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Florida State University
Tallahassee, Florida 32306-2043

The apparent lifelessness of the Ross Desert* is in marked
contrast to the diversity of cryptoendolithic microorganisms
inhabiting the interstices of sandstone rocks. The endolithic
habitat provides a protective niche for lichens, bacteria, algae,
and fungi, enabling them to exist in an extremely dry and cold
climate. Composed solely of microorganisms living under the
surface of rocks and totally lacking animals and protozoa, this

*Ross Desert" refers to the desert areas of southern Victoria Land and
extends mostly, but not exclusively, to the area of the McMurdo dry
valleys.

ecosystem is controlled by measurable physical variables and
well suited for ecosystem study and modeling. The work of the
antarctic cryptoendolithic microbial ecosystem research group
has involved physical measurements of nanoclimate (microbial
environment inside rocks) (Friedmann, McKay, and Nienow
1987), taxonomy (Darling, Friedmann, and Broady 1987; Hale
1987), microdistributjon, organism-substrate interactions in-
cluding the ongoing process of fossilization (Friedmann and
Weed 1987), physiological ecology, and quantification of the
nitrogen economy.

This past season, field camps were established on Linnaeus
Terrace (Asgard Range) and on Battleship Promontory (Convoy
Range). On Battleship Promontory, extensive and diverse cryp-
toendolithic cyanobacterial communities exist, which show a
vertical zonation of organisms similar to that known to occur in
lichen-dominated communities (Friedmann, Hua, and Ocam-
po-Friedmann in press) that had been described earlier (Fried-
mann 1982). The reason for this diversity in cryptoendolithic
communities may lie in physical factors. Therefore, a Campbell
21X datalogger was used to measure rock conductivities (indica-
tive of water) and temperatures across a lichen/cyanobacterial
transition zone. These data are being compared to Linnaeus
Terrace recordings where lichen communities predominate.

This past year's field work has seen the fruition of several
long-range projects. Eight temperature-clocks, placed 2 years
ago on Mount Fleming, University Valley, and Mount Lister,
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have been recovered. Measuring the time above the tem-
perature limit of possible metabolic activity will help to deter-
mine whether cryptoendolithic communities could have sur-
vived glaciation in the McMurdo dry valleys. Due to the newly
instituted 12,000-foot (3,700 meter) ceiling for helicopter opera-
tions, the recovery of the temperature-clocks from Mount Lister
required a climbing team composed of Tim Axelson, Jim
Crump, Bill Danford, and Chuck McGrosky. We are indebted to
their careful and thorough work. The second project was the
retrieval of sandstone rock slabs that have trapped the dry fall-
out of combined nitrogen for 2 years on Linnaeus Terrace,
University Valley, and Mount Fleming. As shown earlier (Fried-
mann and Kibler 1980), abiotically fixed nitrogen is the main
source of nitrogen for the cryptoendolithic community, and the
new data will permit the quantification of the nitrogen budget
for the ecosystem. Third, a colonization experiment for soil and
rock microorganisms that was initiated in the field during the
1985-1986 field season has been retrieved.

For subsequent characterization and for comparison to sever-
al soil and rock sites sampled during this and previous seasons,
microorganisms were isolated from Linnaeus Terrace and Bat-
tleship Promontory. Peter Hirsch sampled for bacteria; Roseli
Ocampo-Friedmann isolated cyanobacteria, algae, and fungi;
and Maosen Hua sampled and isolated cryptoendolithic
cyanobacteria. Robie Vestal conducted carbon uptake experi-
ments on lichen and cyanobacterial communities and con-
tinued long-term experiments on in situ carbon incorporation
into phospholipids. He studied with Carl Johnston the effects of
iron and phosphate interactions on photosynthetic rates.
Michael Meyer conducted preliminary studies on potential
viability assays and installed new instrumentation for nanocli-
mate measurements. Imre Friedmann worked on characteriza-
tion of the different endolithic communities and studied the
process of trace fossil formation. Members of the 1986-1987 field
team of the antarctic cryptoendolithic microbial ecosystem re-

search group were: E.I. Friedmann (Florida State University,
Polar Desert Research Center), P. Hirsch (Universität Kiel,
Federal Republic of Germany), M. Hua (Academica Sinica,
Qingdao, Peoples Republic of China), C. Johnston (University
of Cincinnati), M.A. Meyer (Florida State University, Polar Des-
ert Research Center), R. Ocampo-Friedmann (Florida A&M
University), and R.J. Vestal (University of Cincinnati).

Research has been supported by National Science Foundation
grant DPP 83-14180 to E. I. Friedmann and National Aeronautics
and Space Administration grant NSG7337 to E.I. Friedmann
and R.O. Friedmann through Florida State University.
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