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The largest ice-free region in Antarctica is the approximately
5,000-square-kilometer "Ross Desert" (unofficial name for the
area of "dry valleys") of southern Victoria Land. This area is ice-
free primarily because it was cut off by the Transantarctic Moun-
tains from the flow of ice from the east antarctic ice sheet.
Extreme arid conditions prevail due to scant precipitation, low
albedo, and downslope winds. In this cold desert there is no
visible sign of life on soil or rock, and water stress plays a key
role in the abiotic nature of exposed surfaces. Below the surface
of porous rocks, however, a rich community of microorganisms
exists (Friedmann and Ocampo 1976; Friedmann 1982). Field
studies conducted during the past nine austral summers dem-
onstrated that environmental conditions in this endolithic zone
are very different from the macroclimate (Friedmann 1977; Kap-
pen and Friedmann 1981; McKay and Friedmann 1985-a).
Water, unavailable on the rock surface, is trapped in the pore
spaces of the rock providing the moisture necessary to support
life. Water enters the rock from the melting of the occasional
snowfalls (Friedmann 1978), and leaves by diffusion through
the porous crust.

As part of a concentrated effort to study the cryptoendolithic
microbial community, we developed automatic data-acquisition

systems capable of year-round recording of biologically signifi-
cant environmental data (McKay and Friedmann 1985-b). To
monitor the water cycle in the rocks, a method of detecting both
moisture in the rocks, and snowfall was required. In this paper
we describe a simple, reliable method for detecting the pres-
ence of snow on rock surfaces.

The study site is Linnaeus Terrace (77°36'S 161°05'E, 1,600
meters altitude) on the southern slope of Wright Valley, an area
particularly rich in cryptoendolithic microbial life. McKay et al.
(1984) reported unusually large snowfalls at this site in De-
cember 1980 and discussed the timescale for recycling of large
drifts and accumulations.

Thompson, Craig, and Bromley (1971-a, 1971-b) have pub-
lished temperature and snowfall data over a 2-year interval from
the floor of Wright Valley, indicating extreme variability in snow-
fall for years with comparable temperature profiles. They re-
ported snow on 62 days in 1969 but only on 8 days in 1970
(Thompson et al. 1971-a). Keys (1980) recently reviewed data on
precipitation in Wright Valley during the summer months as
well as studies of precipitation balance in snow-covered areas.
He suggests that a 100-millimeter water equivalent is a reason-
able estimate of the average annual precipitation in the area
with very high variability both in time and in location (east-to-
west along the valley). These considerations suggest that results
from other stations or mesoscale meteorological calculations
would not be sufficient to characterize any particular study site
and direct monitoring of snow is necessary.

Instruments for monitoring snow reported in the literature
are essentially snow catchers (see e.g., Goodison 1978) and are
not suitable for continuous unattended operation. Walton
(1982) has recently reviewed instruments for use in polar and
high alpine environments, including moisture measurement
techniques. None of these methods is capable of giving either
quantitative or qualitative information on snow in a continuous
unattended operating mode.

We constructed a simple qualitative snow monitor based on
measuring conductivity of a salt-impregnated porous disc
placed on the surface rocks. The disc is about a 5-centimeter
diameter glass microfiber filter disc (e.g., Whatman GF/D)

soaked in 1 mole sodium chloride solution and dried. The disc is
placed in a glass petri dish, covered by a perforated black plastic
disc (or a flat piece of rock) and attached to a voltage source by
two metal clamps (figures 1 and 2). When snow is present, the
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resulting salt-water solution increases conductivity compared
to the dry disc. The method is theoretically capable of detecting
snow at temperatures as low as the eutectic point of sodium
chloride/water solutions of - 21.1°C and, in fact, did respond at
daily average temperatures as low as —23°C.

Figure 1. Snow monitors in the field. In some, the disc is covered by a
flat piece of rock and in others by a perforated plastic disc as shown
in figure 2.

GLASS MICROFIBER FILTER DISK SOAKED IN NaCI

Figure 2. Diagram of snow monitor.

Preferably the resistance should be measured with alternat-
ing-current excitation to prevent polarization of the solution or
chemical alteration of the electrodes. We have used this method
successfully with a data handling and recording system that
provides an alternating-current signal. However, for certain
types of data systems, alternating current was not available and
direct-current excitation had to be used. We found that when
the snow monitor was in series with a large resistor (approx-
imately 200 kiloohms) to limit the conduction current and the
sensing voltage is applied only during periods of actual mea-
surements (pulses of about '/16 of a second every 200 seconds)
the direct-current excitation did not result in any degradation
due to polarization over a 1-year interval with about 30 days of
snow.

A sample output of the snow monitor for December 1984 is
shown in figure 3 (from Friedmann, McKay, and Nienow in
preparation). Full peaks of different widths indicate intervals of

snow during which the sensors were saturated while the small-
er peaks probably represent light snow flurries insufficient to
saturate the sensors.

It should be kept in mind that the instrument monitors the
presence of snow on the disc rather than the amount of snow or
snowfall. Yet, for characterization of the biological effect of
snow, it is the snow cover on the rocks (rather than the amount
of fallen snow that may be removed by wind or sublimation) that
is the significant parameter. Snow on the rock surface can melt
under suitable conditions (Friedmann 1978), providing water
source for the microbial community. This fact has now been
verified by measurements of the conductivity of the rock (Fried-
mann et al. in preparation).

We thank the members of the field party for assistance in
deployment of the equipment. This work was supported by
National Science Foundation grant DPP 83-14180 and National
Aeronautics and Space Administration grant 7337 to E.I.
Friedmann.

References

Friedmann, E.I. 1977. Microorganisms in antarctic desert rocks from
dry valleys and Dufek Massif. Antarctic Journal of the U.S., 12(5), 26-
29.

Friedmann, E.I. 1978. Melting snow in the dry valleys is a source of
water for endolithic microorganisms. Antarctic Journal of the U.S.,
13(5), 162 - 163.

Friedmann, E.I. 1982. Endolithic microorganisms in the Antarctic cold
desert. Science, 215, 1045 - 1053.

Friedmann, El., and R. Ocampo. 1976. Endolithic blue-green algae in
the dry valleys: Primary producers in the Antarctic desert ecosystem.
Science, 193, 1247 - 1249.

Friedmann, El., C. P. McKay, andj.A. Nienow. In preparation. Satellite-
mediated continuous monitoring of biologically significant environ-
mental data from Antarctica.

Goodison, B.E. 1978. Accuracy of Canadian snow gage measurements.
Journal of Applied Meteorology, 17, 1542 - 1548.

Kappen, L., and E.I. Friedmann. 1981. Ecophysiology of lichens in the
dry valleys of Southern Victoria Land, Antarctica. I. Microclimate of
the cryptoendolithic lichen habitat. Flora (Jena), 171, 216 - 235.

Keys, J. R. 1980. Air temperature, wind, precipitation and atmospheric h u midi-
ty in the McMurdo region. (Victoria University of Wellington Antarctic
Data Series No. 9, Wellington, N.Z.)

McKay, C. P., R. Weed, D. A. Tyler, J. Vestal, and E. Friedmann. 1984.
Studies of cryptoendolithic microbial communities in the antarctic
cold desert. Antarctic Journal of the U.S., 18(5), 227 - 228.

McKay, C.P., and E.I. Friedmann. 1985-a. The cryptoendolithic micro-
bial environment in the Antarctic cold desert. Temperature variations
in nature. Polar Biology, 4, 19 - 25.

McKay, C.P., and E.I. Friedmann. 1985-b. Continuous temperature
measurements in the cryptoendolithic microbial habitat by satellite-
relay data acquisition system. Antarctic Journal of the U.S., 19(5), 170-
172.

Thompson, D.C., R.M. Craig, and A.M. Bromley. 1971-a. Climate and
surface heat balance in an Antarctic dry valley. New Zealand Journal of
Science, 14, 245 - 251.

Thompson, D.C., R.M. Craig, and A.M. Bromley. 1971-b. Ground
temperatures in an Antarctic dry valley. New Zealand Journal of Geo-
logical Geophysics, 14, 477 - 483.

Walton, D.W.H. 1982. Instruments for measuring biological micro-
climates for terrestrial habitats in polar and high alpine regions. A
review. Arctic and Alpine Research, 14, 275 - 286.

180	 ANTARCTIC JOURNAL



C) W

U,

BI	2.0	 ggg	19.02	12.91	NAI	19.	19.11	2g.1	22.9	24.1a	2GAI	29.01	31.01
DEC EM ER

Figure 3. Output of snow monitor for December 1984, on Linnaeus Terrace, northern Victoria Land.
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Photosynthetic activity of the cryptoendolithic microbial
community in Beacon sandstone (Friedmann 1982) at Linneaus
Terrace was studied under controlled conditions. Phycobionts
of lichens and nonlichenized green algae and cyanobacteria are
the primary producers of this unique ecosystem. Light inten-
sity, temperature, and moisture are major environmental fac-
tors affecting this biota. We studied the effects of light intensity
on the metabolic incorporation of bicarbonate with carbon-14
(' 4C-bicarbonate) into the cellular lipids of the microbial com-
munity. In a previous report (Vestal, Federle, and Friedmann
1984), the effects of light and temperature on the uptake of 14C_

bicarbonate were shown. In that report, the maximum light
intensity used was 120 microEinsteins per square meter per
second. It was assumed that because light intensities much
above that would rarely be found inside the rock matrix, this
was an adequate intensity to use for in vitro studies. This report
differs from the previous report (Vestal et al. 1984) in that the
effects of light intensity up to about 1,000 microEinsteins per
square meter per second were studied. In addition, the incor-
poration of ' 4C-bicarbonate into a stable cellular component, the
lipids, was used to measure the metabolic activity of the micro-
biota. The results may help to explain how these physical factors
affect the metabolism of the microbiota in nature.

The biotic zones of colonized rocks were excised and
p wdered, using a mortar and pestal, to the consistency of
s nd. This homogenous material was kept at a temperature
b low 10°C during manipulation and stored at —20°C. One-
ad-one-half grams of sand were placed into '/4-dram glass vials
c ntaining 0.38 milliliter of cold (1°C) bicarbonate (0.1 milligram
p r milliliter; pH 7.5) buffer containing 4.99 microCuries of 14C-
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bicarbonate (0.008 milligram per milliliter; specific activity of
52.0 milliCuries per millimole. Dark controls were covered with
aluminum foil. The vials were capped with parafilm-covered
corks.

The effects of various light intensities and temperatures were
studied using an apparatus called a "photosynthetron"
provided by Anna Palmisano at the Eklund Biological Center at
McMurdo Station. This apparatus contains a high-intensity
street light which shines up through a bath containing an eth-
ylene glycol solution connected to a continuous flow bath to
regulate temperature. Within the bath are 35 separate cylin-
drical containers, each with a different screen filter covering the
bottom. The small glass vials containing the samples were
placed in these containers and incubated for 8 hours at the
appropriate temperatures. At the end of the experiment, the
vials were placed into 20-milliliter scintillation vials and
crushed. The lipids were immediately extracted with chlo-
roform (2.5 milliliters) and methanol (5.0 milliliters) as pre-
viously described (McKinley, Federle, and Vestal 1982). The
radioactivity of the extracted lipids was then analyzed in a
scintillation counter.

The figure shows the effects of light intensity and tem-
perature on the metabolic incorporation of ' 4C-bicarbonate into
the lipids of the cryptoendolithic microbiota. As had been
shown previously with uptake studies (Vestal et al. 1984), meta-
bolic activity was a function of temperature and light intensity.
In this study, it was shown that appreciable activity was seen at
15°C compared to 7.5°C which was greater than 0.0°C. Even at
0°C, measureable activity was seen. Other work (not reported
here) on the effect of temperature on incorporation of labeled
bicarbonate into lipids indicated that optimum incorporation
occurred at 15 to 20°C by the cryptoendolithic microbiota using
the same assay system. It can also be seen from the figure that
there is apparently no photoinhibition of the algae at light
intensities up to 1,000 microEinsteins per square meter per
second and that the maximum light intensity for maximum
metabolic activity was about 500 microEinsteins per square
meter per second. Even though the ambient light intensity at
Linneaus Terrace in Wright Valley on a cloudless day during the
middle of summer reaches 1,500 to 1,800 microEinsteins per
square meter per second, this intensity would never be found
within the rock itself (Nienow and Friedmann 1984). Measured
light intensities in the lichen zone within an intact rock are in
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