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As part of the ongoing comprehensive study of the cryptoen-
dolithic microbial community in the ice-free valleys of southern
Victoria Land, thermal properties of the soil and the ultraviolet
radiation regime were measured. Although soil temperature
profiles have been measured in the ice-free valleys (e.g., Cam-
eron et al. 1970; Cameron 1972), these are the first such data
from higher elevations. This is apparently the first time the
ultraviolet radiation regime has been measured in the Antarctic.

Thermal properties of the soil. The physical characteristics of the
soil habitat are of interest because the soil harbors a community
of psychrophilic yeasts, several of which are endemic to the area
(Vishniac 1985). In addition, viable cryptoendolithic micro-
organisms reach the soil as a result of the exfoliative weathering
of colonized rock surfaces (Friedmann 1982). These micro-
organisms are potential colonizers of fresh rock surfaces.

The soil is a coarse-grained mixture of weathering products
from the sandstone and dolorite rocks of Linnaeus Terrace. This
mixture rarely forms a layer more than a few centimeters thick.

Soil temperatures were measured during the latter part of
December. The probe consisted of a series of copper-constantan
thermocouples attached at 4-centimeter intervals to a wooden
dowel about 2 centimeters in diameter. The lower 16 cen-
timeters of the probe were buried in the soil on 19 December
1985. Bedrock began just below the lower end of the probe.

Temperatures were recorded by a Campbell 21X micrologger
(Campbell Scientific Instruments, Logan, Utah). Recordings
were made at 15-minute intervals for 120 hours, ending 31
December 1985 (figure 1). The surface of the soil was covered by
snow at the beginning and at the end of the recording period,
and the nearby automatic environmental monitoring station
indicated that fresh snow fell during the recording period

(Friedmann, McKay, and Nienow in press). Thus, these data
may not be representative of bare soil.

Under the assumptions of the standard model for soil tem-
perature profiles, the temperature at each depth fluctuates
about the same diurnal average, while the amplitude of the
fluctuation decreases with depth (Marshall and Holmes 1979).
However, as seen in figure 1, the temperatures deeper in the soil
profile are lower than the average at the surface. This situation
may result from the combination of an insulating, IR-opaque
layer of snow at the surface and the presence of bedrock (a
massive heat sink) at the lower boundary of the soil. We there-
fore treat the soil as a homogeneous slab 16 centimeters thick
with the temperature at the upper surface fluctuating with a
period of 24 hours and the lower surface constant at -12.5°C. In
this case, assuming the absence of transients, the dependence
of amplitude on depth, A(z), is given by

- sinh(K*z*(1+i))
A(z) - sinh(K*L*(1 + i))

where z is distance from the upper surface of the slab, L is the
thickness of the slab, and K is a constant equal to (w/2k)0)0.5. w
equals 2*piIT, T is the period of fluctuation (24 hours), and k is
the thermal diffusivity (Carslaw and Jaeger 1959). The shape of
A(z) was calculated for a number of values of k with L fixed at 16
centimeters and T at 24 hours, and the results compared with
figure 1. For the four complete temperature peaks, the thermal
diffusivity was calculated to be 0.0017, 0.0015, 0.0015, and
0.0035 square centimeters per second, respectively. The first
three values are in the range reported for dry shady soils (Car-
slaw and Jaeger 1959) and are used to estimate the thermal
diffusivity of Linnaeus Terrace soil as 0.0016 square centimeters
per second. The value for the last peak is more representative of
moist soils and may be indicative of snowmelt. This finding
suggests an alternative method of determining the presence or
absence of water in the soil.

Ultraviolet radiation regime. A puzzling feature of the ice-free
valleys of southern Victoria Land is that, although colonized
rocks can be locally prevalent, the surfaces of these rocks are
essentially abiotic (Friedmann 1982). One factor suggested as
being responsible for this situation is the ultraviolet radiation
regime. In addition, the discovery that Deinococcus radiopug-
nans, a microorganism resistant to ultraviolet radiation, is a
common inhabitant of the ice-free valleys habitats (Gallikowski
1985; Counsell and Murray 1986) raises the question of whether
this attribute confers any selective advantage under natural
conditions.

Calculations of the spectral distribution of ultraviolet radia-
tion, based on a simple model of the absorption of radiation in a
clean, dry atmosphere (solar spectrum data from Koller 1965;
parameterization of absorption coefficients from Green, Cross,
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Figure 1. Soil temperature profile from Linnaeus Terrace. ("cm" denotes centimeter:')

and Smith 1980) indicated that the maximum flux of ultraviolet
radiation in the ice-free valleys is lower than the maximum flux
in other habitats. Actual measurements of the ultraviolet regime
in the Antarctic were made in December 1985 as a check of these
calculations.

Measurements were taken with a UVX radiometer (UVP,
Inc., San Gabriel, California) with three sensors of different
spectral sensitivities. Because the sensors are sensitive over a
wide band of wavelengths, their spectral responses, supplied
by the manufacturer, are shown in figure 2, and their expected
responses to the calculated antarctic ultraviolet spectrum are
shown in figure 3. Clearly, care must be taken when results
from these sensors under natural light conditions are
interpreted.

These sensors are-not suitable for use over long periods of
time or for remote recording. Accordingly, measurements were
limited, by weather conditions and other field activity, to one 12-
hour period of relatively clear skies beginning at 08:00 local solar
time on December 18; conditions worsened to snowfall at 20:00,
at which point measurements were discontinued.

The results are shown in the table. Because the nominal
wavelength may not be a true indicator of wavelengths meas-
ured, we have included the expected response of the sensor to
the calculated ultraviolet spectrum; these values are listed in
parentheses. We have also included the calculated energy flux
in a 10-nanometer band about the nominal wavelength. Al-
though the predicted response of the sensors to the calculated
spectrum consistently over-estimates the measured flux of ul-
traviolet radiation at the shorter wavelengths and under-esti-
mates the measured flux at longer wavelengths, it is clear that
the measured values are consistent with energy-flux calcula-
tions. Improving the model by the addition of terms to account
for the presence of water vapor, diffuse sky radiation, and
reflected ground radiation would have only a minor effect.

We conclude that the flux of ultraviolet radiation in the ice-
free valleys of southern Victoria Land, especially at wavelengths
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shorter than 300 nanometers, is too low to be solely responsible
for the abiotic nature of rock surfaces and too low to confer a
selective advantage to ultraviolet-resistant microorganisms.

Field research was supported by National Science Foundation
grant DPP 83-14180 to E. Friedmann. Members of the field
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Figure 2. Spectral response of ultraviolet radiation sensors. ("cm"
denotes "centimeter:' "nm" denotes "nanometer:')
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Figure 3. The expected spectral response of sensors to the calculated ultraviolet spectrum on Linnaeus Terrace. The sensors' response is
indicated by the shaded region. ("nm" denotes "nanometer?')

Flux of ultraviolet radiation on horizontal surfaces in
Antarctica-measured and expected for the three nominal

wavelengths of the sensors. Values in the second line of each
time represent the calculated energy flux in a 10-nanometer band

centered at the nominal wavelength of the sensor. Units are
microwatts per square centimeter. The value at 10:00 was

discarded because of a poor connection between the sensor and
the reader.

254	 310	 360
Time	nanometers	nanometers	nanometers

08:00	28.0 (50.0)	280 (432)
	

1390 (956)
<0.000001	 5.0

	
460

10:00	- (64.6)	371 (600)
	

1648 (1250)
<0.000001	10.0

	
600

12:00	39.6 (70.2)	430 (668)
	

1330 (1360)
<0.000001	13.0

	
650

14:00	43.0 (64.6)	443 (600)
	

1750 (1250)
<0.000001	10.0

	
600

16:00	27.0 (50.0)	280 (432)
	

1165 (962)
<0.000001	 5.0

	
460

18:00	16.3 (31.6)	156 (239)
	

740 (601)
<0.000001	 1.3

	
290

20:00	Snowing; measurements discontinued

party participating in this work were E.I. Friedmann, C. Gal-
likowski, M.A. Meyer, and J.A. Nienow.
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