
onies per gram of soil). Also, time did not permit a second
plating.

In most instances the appreciably higher numbers of col-
onies on PYSA plates were due to numerous small mucoid
pink colonies, only a relative few of which developed on TSSA
plates. We plan to examine these isolates to better under-
stand their physiology. Similar pink colonies also were not
common in soils from the dry valleys of southern Victoria
Land grown on both TSSA and PYSA plates, although the soils
were collected, stored, and processed similarly to those from
the Dufek Massif. Further, a more extensive survey of
microbial abundance in soils of New Harbor, Barwick
Valley, and other locations in the dry valleys of southern
Victoria Land during the 1976-1977 field season failed to

Abundance of aerobic bacteria in soils of the Dufek
Massif area (per gram of soil).

	Sample	 TSSA*	PYSA5
	number	Soil description	15°C	15°C

	

S-i	Medium-coarse silty and
sandy gabbroic gruss	 80 >15,000

	

S-2	Like S - i. Also, damp from
melting snow	 117 >15,000

	

S-S	Medium-coarse silty and
sandy anorthositic gruss	 33	2,200

	

S-4	Like S-3, but somewhat finer	218 >15,000

	

S-S	Fine-medium, silty and sandy
gabbroic gruss	 34	7,570

	

S-6	Like S-5. From summit of
Brown Nunataks	 50	900

	

S-7	Like 5-5. Beneath cobbles
with white salt crusts	 50	17

	

S-8	Silty and sandy anorthositic
gruss. Also, damp from
melting snow	 50 >15,000

	

S-9	Like S-8. Beneath cobbles
showing white salt crusts	 834 >15,000

	

S-10	Sandy gabbroic gruss. Damp
from melting snow	 17 >15,000

	S-il	Like S-10. Damp from
melting snow	 17 >15,000

	

S-12	Like S-10, but dry	 15,000 >15,000

	

S-iS	Like S-b, but dry	 33 >15,000
	S-14	Like S-10, but dry	 17	200
	S-15	Like S- 10. Damp from snow

melt. From top of nunatak
near Lewis Spur	 17 >15,000

	S-16	LikeS-15	 3,538 >15,000

	

S-17	LikeS-15	 17 >15,000

	

5-18	LikeS-15	 52 >15,000

	

S-19	Like S-15	 50 >15,000

	

S-20	Like 5-15, but dry	 220 >15,000

	

S-21	Like 5-15, but dry	 17
	100

	

S-22	Like S - iS, incl. damp	 0
	

683

	

S-23	Sandy anorthositic gruss	 0	237

5TSSA = Trypticase Soy Soil Extract Agar
PYSA = Peptone Yeast Extract Soil Extract Agar

show the striking result that PYSA enabled development of
greater numbers of microorganisms than TSSA. Finally, only
13 of the 138 Dufek Massif soil spread plates had any fungi,
and by far most of the microorganisms were heterotrophic
aerobic bacteria.

Cameron and Ford (1974) report aerobic bacteria of 0,
less than 10, and 10 per gram of soil collected from Mount
Lechner and 50, 250, and 1,800 per gram of soil collected
from Cordiner Peaks. Only in two of 23 soils did our aerobic
bacteria exceed 1,800 per gram of soil when TSSA medium
was used. These results suggest that TSSA and probably the
Tripticase soy agar (without soil extract) as used by
Cameron and Ford (1974) may not be a good medium for
microorganisms native to the remote Antarctic soils of the
Pensacola Mountains and the Dufek Massif. Thus, a
reevaluation of different media and culture conditions for
growth, isolation, and/or relative abundance studies of ant-
arctic soil microorganisms is perhaps essential to any future
work in this area.

This study of Dufek Massif soils i g only preliminary.
Mount Lechner and the Cordiner Peaks generally are colder
and windier than the north side of the Dufek Massif from
which many soil samples were taken. The south side of the
massif, however, is cold and windy (e.g., S-23 in table).
Thus, numerous variables are not included in this brief
survey of the massif soils.

This research was supported by National Science Founda-
tion grant GV-35171.
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Microorganisms in antarctic
desert rocks from dry valleys and

Dufek Massif

E. IMRE FRIEDMANN

Department of Biological Science
Florida State University

Tallahassee, Florida 32306

Following the first report (Friedman and Ocampo, 1976)
on the occurrence of endolithic cyanobacteria in rocks of the
dry valleys of southern Victoria Land, several dry valley
localities were surveyed during the 1976-1977 austral sum-
mer. A varied flora of endolithic microorganisms was found
in light colored porous rocks (Beacon sandstone, weathered
granite, and marble) but not in dark volcanic rocks like
dolerite: endolithic organisms in hot deserts were reported
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Figure 1. Endolithc microorganisms in the dry valleys col-
lected during the 1976-77 austral summer. Asterisks:
Beacon sandstone. Circles: granite. Squares: marble. Ac-
tual numbers of collecting sites in clusters are larger than

indicated.

Figure 2. Cryptoendolithic microorganisms in vertically
fractured Beacon sandstone: (a) lichen (small black bodies
between rock particles), (b) zone of fungus filaments, (C)
yellowish green zone of unicellular eucaryotic alga, (d)blue-
green zone of unicellular cyanobacterium. The color dif-
ference between (C) and (d) is not apparent in black and
white photograph. Sample A 76-77/36, north of Mount Dido,

elevation 1750 meters, magnification X4.5.

to show a similar preference in rock substrates (Friedmann,
1971).

Endolithic microorganisms that form visible growth pat-
terns inside rocks were collected from over 50 localities in
the dry valleys (figure 1) and an additional sample (in anor-
thosite rock) was collected by A.B. Ford in the Dufek Massif.
In granite, marble, silicified sandstone, and anorthosite the
growth is chasmoendolithic (the organisms colonize existing
fissures in the rock), while in porous sandstone the dominant
form is cryptoendolithic (growing in the internal airspace

•;
-

Figure 3. Silicified Beacon sandstone rock fractured ver-
tically along an existing fissure showing chasmoendolithic
lichen with no apparent reproductive structures. Sample A
76-77/9, valley between Mount Thor and Mount Baldr, eleva-

tion 1575 meters, magnification X 3.3.

system of the porous rock and forming a more or less con-
tinuous horizontal layer under the surface*).

In this preliminary report only a few general and rather
incomplete statements can be made about the varied en-
dolithic microbial flora of the Antarctic deserts. In friable
Beacon sandstone the dominant organism is an unusual type
of lichen: it is cryptoendolithic, growing inside the porous
rock and forming a thin layer a few millimeters below the
surface. Sexual fruiting bodies were not seen and are prob-
ably absent, although formation of conidia has occasionally
been observed. This lichen is often (but not always)
associated with a characteristic exfoliating weathering pat-
tern of the rock. The principal phycobiont is a eucaryote.
The unicellular eucaryotic phycobiont (or perhaps other
similar eucaryotic algae) as well as cyanobacteria also occur
in a nonlichenized (free-living) state. These organisms often
colonize the rock in the vicinity of lichens and form a com-
plex pattern of zonation. In the sample shown in figure 2 the
organisms appear in horizontal zones formed uppermost by
a lichen, then fungus hyphae (probably the mycobiont in a
free state) followed by a non-lichenized unicellular
eucaryotic alga and finally by a nonlichenized unicellular
cyanobacterium.

The present survey showed that monospecific endolithic
cyanobacterial growths such as described earlier from the
dry valleys (Friedmann and Ocampo, 1976) are rather infre-
quent, although this type of growth is common in hot deserts
(Friedmann, 1972). Silicified sandstones may not support a
cryptoendolithic microbial flora, but often harbor chas-
moendolithic lichens in fissures of weathering rocks (figure
3). The chasmoendolithic flora of granite consists of

*For a detailed description of endolithic terminology see Golubic,
Friedman and Schneider (in preparation).
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Figure 4. Chasmoendolithic growth in granite. Under side
of thin weathered crust removed from the rock, colonized
by lichen with no reproductive structures. Sample A
76•77139, valley west of Mount Cerberus, elevation 1300

meters, magnification X 4.4.

Figure 5. Chas moendolithic growth in vertically fractured
friable marble showing rich growth of various eucaryotic
algae and cyanobacteria. Sample A 7677I42, Gneiss Point,

elevation 50 meters, magnification X 1.3.

unicellular cyanobacteria or of lichens with eucaryotic
phycobionts and no fruiting structures (figure 4).
Weathered marble rocks are colonized by a conspicuous
dark green chasmoendolithic growth which is easily exposed
by breaking the friable rock (figure 5). Both eucaryotic
algae and cyanobacteria are represented by several
unicellular and filamentous forms. Such a rich microbial
flora sharply contrasts with the comparatively sparse chas-
moendolithic microbial growth in hot desert rocks (Fried-
mann, 1972; Friedmann and Galun 1974, Friedmann et al.,
1967). Weathered anorthosite in the Dufek Massif is colo-
nized by at least two chasmoendolithic cynobacteria that
form horizontal zones in rock fissures. A large-celled

Figure 6. Chasmoendolithic growth in vertically fractured
weathered anorthosite. Near the surface, a dark-walled
cyanobacterium forms small blackish colonies (a). Deeper
in the rock, extended areas are covered by an other
cyanobacterium (b). The color of the latter is not apparent in
black and white photograph. Sample A .2, west spur of
Walker Peak, Dufek Massif, elevation 1070 meters,

magnification X 3.75.

cyanobacterium with dark pigmented cell walls forms
blackish colonies near the rock surface. Pigmentation
decreases as the organism penetrates deeper into the rock
tissue. Farther below, a small-celled and vivid green
cyanobacterium colonizes the rock (figure 6).

The cryptoendolithic and chasmoendolithic lichens of the
dry valleys show little similarity to known endolithic lichens
having fruiting bodies above the surface of the rock
substrate. No part of the crypto- and chasmoendolithic
lichens seems to be exposed at the rock surface, and as in-
dicated above they conspicuously lack fruiting bodies.

Factors affecting the distribution of endolithic
microorganisms in the dry valleys are not yet fully
understood. Beside geological conditions (rock type),
microclimate— notably the duration of daily insolation—is
probably of fundamental influence. Northern exposure or,
in narrow and deep valleys, exposure towards the opening of
the valley results in longer insolation, and it is usually here
where endolithic microbial colonization of rocks can be
found.

Microclimate measurements (figures 7, 8) in two valleys
document the temperature difference that may exist be-
tween two faces of a rock boulder: endolithic micro-
organisms occur only at the "warm" face. The measure-
ments also show that a significant temperature gradient ex-
ists between the warmer rock interior (where microorgan-
isms occur) and the colder rock surface. This is different
from hot desert conditions where temperature of the rock in-
terior closely follows the temperature of the rock surface
(Friedmann, 1972). The lower rock surface temperatures in
the dry valleys may be attributed to the cooling effect of the
nearly continuously blowing katabatic winds there.
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Figure 7. Daily variations in temperature of air and of
Beacon sandstone rock. Valley between Mount Thor and
Mount Baldr, elevation 1575 meters. "Warm" face of rock
(with cryptoendolithic lichen) facing northwest: (a) surface
of rock, (b) 3 centimeters deep in the rock. "cold" face of
rock facing southwest (no lichen), (c) surface of rock, (d) 3

centimeters deep in rock, (e) air.

Jon 0. Brunson participated in the field work at McMur-
do Station. His constant help and cooperation in collecting
and in meteorological measurements is acknowledged.
Roseli Ocampo- Friedmann helped in preparation of the
manuscript. This research is supported by National Science
Foundation grant DPP 76-15517.
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Figure 8. Daily variations in temperature of air and of
Beacon sandstone rock. Third lateral valley on east side of
Beacon Valley, open to northwest, elevation 1900 meters.
"Warm" face of rock (with cryptoendolithic lichen) facing
southwest (a) surface of rock, (b) 3 centimeters deep in
rock; "cold" face of rock facing southeast (no lichen), (C)

surface of rock, (d) 3 centimeters deep in rock, (e) air.
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Microbial distribution and activity
in and around McMurdo Sound
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Our objectives in 1976-1977 were (a) to evaluate the im-
portance of microbial populations in food chain dynamics in
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