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The primary objective of our investigation of antarctic lake
physiological adaptations is identification of physiological
adaptations to environmental extremes in the numerous
microhabitats of the highly diverse lakes of southern Victoria
Land. A secondary objective is assessment of the degree to
which the native biotic communities of these lakes change
their lacustrine environment. To obtain data we took samples
from the lake surface and, using SCUBA, collected lake benthos
through dive holes cut through the thick (4-6 meters) per-
manent ice (fieldwork conducted October 1980 through Janu-
ary 1981). These field studies serve to identify potentially
interesting biological adaptations and processes, which then
can be explored more thoroughly in a laboratory, using sim-
ulated microcosms. On the basis of earlier studies we have
identified adaptations to the major environmental variables of
light, temperature, salinity, turbulence, oxygen, and nutrient
availability as of special interest. In this report of our first field
season, we address primarily the benthic algal mats, which
were observed and collected in all four lakes visited during the
1980-81 field season: Lakes Bonney, Hoare, Fryxell, and
Vanda. Many of these mats, when they bind sediment and/or
precipitate minerals such as calcite, are preserved in these
lakes as nascent stromatolites.

On the basis of data collected this past season, we suggest
that algal mats growing beneath permanent, poorly transpar-
ent lake ice have adapted to the lower available light by making
more photosynthetic pigments per amount of organic matter
than do mats growing beneath water not covered by ice. The
antarctic lake algae appear not to possess any unique photo-
synthetic pigments. The ratio of chlorophyll a to adenosine
triphosphate (ATP) is consistently greater for extracts of mats
collected below the permanent ice. This greater ratio, we
believe, is due to two factors: (1) production of more chloro-
phyll relative to the amount of ATP present in the dimly lit lake
habitats and (2) slower or less completely degraded chlorophyll
in the nonliving layers of the mats beneath permanent lake

ice. An unusual state of chlorophyll a preservation in lake
sediment is shown in the table. Other cores showed preser-
vation in only the top two layers.

Adaptations to salinity have been observed in Lake Bonney,
where chemical stratification going from fresh to very saline
water is pronounced. The SCUBA reconnaissance in the east
lobe found a striking change in appearance of the algal com-
munity with changing depth beneath the permanent ice down
to approximately 16 meters, below which no attached mat
community was found (i.e., approximately 78,000 micromhos
per centimeter). Other variables may also be involved.

The significance of the nascent stromatolites within these
lakes was recognized only a few years ago. First, at least three
of the lakes (Bonney, Fryxell, and Hoare) have rather ephem-
eral nascent stromatolites. These stromatolites, which consist
of blue-green algal mats in the shallower waters beneath the
4-5 meters of permanent ice, produce excesses of photosyn-
thetic oxygen. Gas bubbles form and sometimes grow as large
as 1 centimeter in diameter. By remaining trapped in the algal
mat, they aid upward growth of the mats. Some of the mats
tear loose, float upward, and freeze within the new lake ice.
A significant amount of this mat frozen in the lake ice ulti-
mately reaches the upper ice surface. There, the mat's selec-
tively accumulated minerals and entrapped sediments lyoph-
ilize and blow away. We propose that this process of mat
escape from these arheic lakes has had a dramatic effect on the
geochemistry of the lakes' shallow waters (Parker and Sim -
mons 1981; Parker, Simmons, Wharton, Love, and Seaburg
1981). The more permanent stromatolites are forming deeper
in these lakes, at depths where surface-ice abrasion and exces-
sive photosynthetic-oxygen production and accumulation do
not occur.

For 2 years our research has included study of stromatolites
in southern Victoria Land lakes. Stromatolites are represented
in the fossil record for the past approximately 3.5 billion years,

Relative abundance of chlorophyll a and ATP (adenosine
triphosphate) and their ratios in a 32-centimeter benthic core

Depth	Chlorophylla	ATP	Ratio

	

- 1 c	 Xa	 X	Low

	

5— 5 c	—.35X	 .07X	High

	

20-22 cm	---.04X	 None	-
detected

	

30-32 cm	--21X	 None	-
detected

= amount of chlorophyll a measured at the surface of the mat.
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but their prevalance in the fossil record was drastically reduced
during the lower Paleozoic (Awramik 1981). Their decline is
thought to be due to the evolution and diversification of
eucaryotes and metazoans (Garrett 1970). Modern stromato-
lites are restricted to extreme environments that preclude
organisms that either compete with or destroy algal mats and
their resultant sedimentary structures. Recognition of their
presence in antarctic lakes constitutes the first observation of
polar stromatolites (Parker, Simmons, Wharton, and Seaburg
in press). Because these lakes exhibit a paucity of metazoans
and turbulence and low light intensities, they may represent
reasonable analogs of Precambrian ecosystems.

Our investigations show that Phormidium frigidum is the
dominant species in all of these mats. Therefore, the various
stromatolitic morphologies in these lakes reflect adaptation to
various combinations of ecological properties (i.e., light, tem-
perature, and water chemistry) and/or variations in the com-
ponents of mat communities. Observations this past year
revealed types of mat growth that strongly resemble fossil
stromatolites that became extinct at the end of the Precambrian
(Raaben 1969). Lake Fryxell contains mat that is precipitating
columnar calcite casts. This is apparently the result of the high
water hardness of this lake. This year also marked the first
time a vibracorer was used beneath the ice in Antarctica (fig-
ure). A vibracorer is specially designed to collect soft sedi-
ments with a minimum of distortion. Penetration was made
to till in two lakes.

Antarctic lakes are valuable natural laboratories. Because
they lack higher invertebrates and vertebrates, they resemble
in many ways ecosystems that occurred more than 600 million
years ago. The result is that we have the opportunity to study
analogs of ancient ecosystems and, by manipulating these
communities under controlled, artificial laboratory conditions,
we can gain insight into the effects of different environmental
conditions in the past on stromatolite morphology.
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Endolithic microorganisms in the dry
valleys of Antarctica
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From 8 December 1980 to 7 January 1981, my associates and
I continued the survey of microorganisms and the study of
microclimate in the mountainous regions of the dry valleys.

Over 100 samples of cryptoendolithic lichens were collected
from different localities. On the basis of their infrequent sexual
stages, three genera (Buellia, Lecidea, and Acarospora) could be
identified. These genera are unrelated and belong to different
families. Yet, their cryptoendolithic stages, which are sterile,
are morphologically similar and distinguishable only on the
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