
basis of chemical characteristics. It remains to be investigated
whether cryptoendolithic lichens are growth forms of epilithic
species or exist only as cryptoendoliths, having been perma-
nently adapted to their environment.

Microclimatological parameters (rock temperature at differ-
ent depths, light, and relative humidity inside rocks and of
the air) were continuously recorded on Linnaeus Terrace
(77 036'S 16105'E) (Asgard Range), near the site of the automatic
weather station. There is indication that the principal reason
for the absence of life forms on the rock surface is the rapid
rate of alternate freezing and thawing. Thus, on 25 December,
during a period of 42 minutes (starting at 8:30), temperature
on the rock surface moved across 0°C no less than 14 times. At
the same time, temperature in the lichen zone (3 millimeters
below the surface) was more stable and always above freezing
point. The rapid alternation of freezing and thawing is a phys-
iological stress with which most organisms are unable to cope.
The cryptoendolithic way of life (inside porous rocks) presup-
poses a specific morphogenetic adaptation that enables organ-
isms to penetrate the rock substrate, thus evading the extreme
and stressful conditions on the surface and take refuge in a
protected niche. Some results were presented in a paper at the

Symposium on Subantarctic Terrestrial Ecosystems, organized
by the Comité National Français des Recherches Antarctiques
at the University of Rennes, France, (Friedmann, Friedmann,
and McKay in press).

Aseptic samples of rocks and of adjacent soils were used to
culture algae, fungi, and bacteria. Cultures of bacteria were
sent to P. Hirsch, University of Kiel, Germany, and yeast
cultures to H. Vichniac, Department of Microbiology, Univer-
sity of Oklahoma, Stillwater, for further study.

Members of the field party were: Mason E. Hale (lichencol-
ogy), Eliezer Kashi (geology), Christopher P. McKay (micro-
meteorology), Roseli 0. Friedmann (microbiology), and E. I.
Friedmann.

This research was supported by National Science Founda-
tion grant DPP 77-21858.
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Adaptative potential of terrestrial
invertebrates: Maritime Antarctica

JOHN C. BAUST and RICHARD E. LEE, JR.

Department of Biology
University of Houston
Houston, Texas 77004

Terrestrial invertebrates of the maritime antarctic (Palmer
Station, 64°46'S 64°03'W) endure prolonged freezing and near-
constant low temperatures (Baust 1980, 1981). Typical micro-
habitats do not afford ample periods of elevated temperatures
that might permit completion of a life cycle. At best, a few
days of relatively warm temperatures (5°-10°C) during the
austral summer may provide an opportunity for adult emer-
gence, egg laying, and hatching (Edwards and Baust 1981).
The immature stages must, however, maintain life processes
at or below freezing for 90 percent of the year.

Two groups of free-living terrestrial arthropods dominate in
this region. Insects are represented by a holometabolous dip-
teran, Belgica antarctica, and a few collembolan species, of
which Cryptopygus antarcticus is most abundant. Mites rep-
resent a second major group. As illustrated in figure 1, these
groups use two distinct hardening strategies. Belgica is freez-
ing-tolerant and elevates supercooling points (sCP) to approx-
imately —5.4°C with the onset of "winter." This SCP elevation
suggests a recruitment of endogenous ice nucleators (Baust
and Zachariassen in press) as found in other polar insects. The
diminution of supercooling capacity is adaptive in that it
ensures early freezing during occasional exposures below
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Figure 1. Seasonal changes In microhabitat temperatures
recorded 1 centimeter below the surface and supercooling points
(scP) of three dominant terrestrial arthropods of the Palmer Station
area. B = Belgica antarctica; C = Cryptopygus antarcticus; A =
Alaskozytes antarcticus.
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-5°C and thereby reduces the probability of intracellular ice
formation (Baust and Lee in press).

The collembolans and mites, as represented by Cryptopygus
and Alaskozetes antarcticus, respectively, are freezing-intoler-
ant but depress SCP to levels well below extreme winter micro-
habitat temperatures (Baust 1980). Each species produces an
array of antifreeze/cryoprotective agents that afford protection
by as yet unknown mechanisms. These protective agents
include glycerol, glucose, fructose, and trehalose. In addition,
Belgica demonstrates a novel metabolic flexibility in that it
produces either glycerol or erythritol as a cryoprotectant. The
nature of the control that allows for such a metabolic shift is
unknown since the glycolytic branch points are decidedly dif-
ferent. It has been reported that dietary carbon sources may
have an effect on cryoprotectant composition in Belgica (Baust
and Edwards 1979). The hypothesis suggesting that cryopro-
tective agents may be directly sequestered from food sources
requires further study. If substantiated, it would represent a
unique variation in hardening strategies.

An additional inference supporting this hypothesis may be
drawn from the observation that separate populations of Be!-
gica have qualitatively identical but quantitatively different
cryoprotectant compositions (figure 2). Species collected on
the same days from different islands having nearly identical
microhabitat temperatures contained erythritol, glucose, and
trehalose as the predominant protective agents. However, the
levels and patterns of change were quite dissimilar. The total
protective potential of these agents, as indicated by collective
hydroxyl equivalents, was not significantly different between
subpopulations.

In addition to its ability to survive continually low temper-
atures, Belgica endures prolonged freshwater immersion dur-
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Figure 2. Patterns of cryoprotectant-concentration variability in
subpopulations of Belgica antarctica found in the Palmer Station
area. Nor = Norsel Point; Hum = Humble Island; Tor = Torgersen
Island; Bon = Bonaparte Point; (jig/mg) = micrograms per milli-
gram.

ing melt periods, saline immersion during evaporation of melt
ponds, desiccation during late summer microhabitat drying,
and anaerobiotic conditions resulting from either encasement
in ice (up to 7 months) or residence in decaying seal detritus.
Belgica will tolerate, with 100 percent survival, 28 days of
immersion in fresh water, 7 days in 1.0 molar saline, and 28
days under nitrogen (all at 0°-6°C). Remarkably, within the
summer ambient temperature range (0°-10°C), it can with-
stand a loss of 60 percent of its body water without mortality.
This loss yields a total body water content as low as 35 percent
(figure 3).

Figure 3. Time rate of water loss and survival of Belgica antarctica
when exposed to 0 percent relative humidity at 00 and 10°C.

These presumed stresses are experienced concomitantly
with low temperatures. There are no separate stress indicators
that would facilitate the identification of each environmental
variable on cryoprotectant metabolism. It is known, however,
that each of these potential stressors is capable of eliciting
similar metabolic responses in other, nonpolar invertebrates
(i.e., glycerol and trehalose accumulations).

This work was supported by National Science Foundation
grant DPI' 78-21116 to J . C. Baust. The 1980-81 field team
comprised Richard Lee (December—March 1981), David John-
son, and Robert Watkins (December 1980—December 1981).
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