
Soviet parties, for example, have all been at or very
near the coast. This may be a consequence of either
the dearth of inland ice-free areas or the lack of inten-
sive exploration along most of the periphery of the
continent. In 1966, a remarkable sighting and capture
of a live crabeater seal pup at an elevation of 920 m
occurred in Marie Byrd Land 113 km from the coast.

A distinctive pattern of cusps on the cheek teeth
provides a means of ready identification of crabeater
seals. The skulls of many of the seal bodies in southern
Victoria Land have been removed by souvenir collec-
tors or normal ice and sand abrasion. However, 95
percent of those bodies still retaining cheek teeth are
of crabeater seals. Body lengths indicate that almost
all of the carcasses, whether complete or not, are of
pups not more than 6 months old; some were hardly
more than newborn.

There is an extremely wide range in the degree of
preservation of the seal bodies. Some are complete
even to whiskers, the pelt soft and pliable, body
fluids still exuding. The majority are dried and
shrunken, truly mummified, and have suffered erosion
of upper surfaces by windblown ice crystals and sand.
Others have been reduced to a few bare bones still ar-
ticulated by remnants of ligaments. Close juxtaposition
of seals showing sharply contrasting preservation sug-
gests that there is a considerable range in the ages of
the carcasses. Determination of these absolute ages is a
problem yet to be completely solved.

A seal found on the ice of Lake Bonney in Novem-
ber 1966 is believed to have died within the preceding
week or two. The trail it left on the gravel surface was
readily traceable from Nussbaum Riegel to the lake, a
distance of 3 km. During 1966 and 1970, three other
seal trails were found in the middle part of Taylor
Valley. Comparison with manmade trails and other
fettures of known age indicated that a trail is easily
viible for only a year or two and will disappear after
5 eears

Radiocarbon analysis of specimens obtained from
mummified seals in southern Victoria Land has
yi ided ages ranging from 615 to 4,600 years. How-
ever, antarctic sea water has significantly lower
ca bon-14 activity than that accepted as the world
standard. Therefore, radiocarbon dating of marine or-
ganisms yields apparent ages that are older than true
ages, but by an unknown and possibly variable
aniount. Therefore, the several radiocarbon ages de-
ter-mined for the mummified seal carcasses cannot be
accepted as correct. For example, the apparent radio-
carbon age of the Lake Bonney seal known to have
be n dead no more than a few weeks was determined
to be 615 ± 100 years. A seal freshly killed at
M Murdo had an apparent age of 1,300 years.

n the basis of all data available from repeated
Fie d observations between 1965 and 1970, the writer
e ieves that the slightly desiccated seals have been

dead only a few years, that the mummified remains
that still have intact or nearly intact pelts are no more
than 20 to 30 years old, and that none of the bare
skeletal remnants are more than 200 to 300 years old.

A more complete report, with a full bibliography,
will be published elsewhere.

Surface distribution of microorganisms
in antarctic dry-valley soils:

a Martian analog
R. E. CAMERON, H. P. CONROW, D. R. GENSEL,

G. H. LACY, and F. A. MORELLI

Bioscience Section
Jet Propulsion Laboratory

California institute of Technology

Planners for future soft landings on Mars need to
know whether a single soil sample taken near the
point of landing is likely to be adequate for analysis
and life detection or whether several samples taken at
various locations would be better. A Jet Propulsion
Laboratory project in the barren dry valleys of Ant-
arctica is helping to resolve that problem and others
related to Martian exploration.

Two antarctic dry valleys, McKelvey Valley and
Pearse Valley, were selected for systematic sampling of
the surface 2 cm of soil to determine if a sterile soil
could be found in a specified area of the dry valleys
and to determine the distribution, abundance, and
kinds of microorganisms present within a given area.
Samples were taken within a grid of 7,000 sq m (see
fig.), chosen for its value in criminology (Hoffman et
al., 1969), and were collected by aseptic techniques to
minimize external contamination. The samples were
kept below 30°C. at all times until they had been ana-
lyzed for microorganisms and soil properties at the Jet
Propulsion Laboratory (Cameron and Conrow, 1968).

In the laboratory, an aliquot of each sample was
analyzed for pH, Eh, EC, H 20 content, color, and
Munsell Notation. Detailed soil analyses were per-
formed only for the center pits, numbered 772 in
McKelvey Valley and 777 in Pearse Valley. Both pits
contained brownish or grayish oxidized dolerite-de-
rived sands with 0.001 to 0.006 weight percent organic

This paper presents the results of one phase of research
carried out under National Aeronautics and Space Admin -
istration contract NAS 7-100. Logistic support and facilities
for the investigations in Antarctica and additional laboratory
support at the Jet Propulsion Laboratory were provided
under National Science Foundation contract NSF-0585.
R. B. Hanson provided assistance in sample collection. Bac-
terial identification and physiology were given by R. M.
Johnson, Arizona State University.
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Grid plan for soil sampling locations in McKelvey Valley and
Pearse Valley, Antarctica. (No. 7 samples were not taken for
McKelvey Valley. No. B3 sample for Pearse Valley was broken in

transit.) Scale: A2 to B2 distance is about 82.5 m.

(Kjeldahl) nitrogen and 0.01 to 0.09 weight percent
organic (Allison) carbon, less than 0.1 milliequiva-
lent (me) per 100 g cation exchange capacity, and
less than 0.5 me per 100 g buffer capacity. The Mc-
Kelvey Valley pit contained more salts than the' Pearse
Valley pit, indicating that it was less "leached"; the
McKelvey Valley pit had 400 parts per million Na+
as the cation present in largest concentration, and 260
ppm NO as the maximum anion. For all the
McKelvey Valley soils, the pH values ranged between
7.2 and 8.0, Eh ranged between +200 and +280 my
(uncompensated), electrical conductance was 88 to
3,600 mhos per cm at 25°C., and H 20 was 0.4 to 25
(average 2.1) weight percent. For all the Pearse Val-

ley soils, the pH values ranged between 7.4 and 8.3,
Eh was +210 to +330 m y (uncompensated), electri-
cal conductance was 51 to 6,400 mhos/cm at 25°C.,
and H20 was 0.16 to 0.56 (average 0.29) weight per-
cent.

In general, Pearse Valley was of more recent age
than McKelvey Valley, as indicated by soil properties
and other factors. The most significant environmental
and sampling factor for microorganisms in McKelvey
Valley was proximity to snow patches, which would
account for a higher moisture content in some sam-
ples. At the Pearse Valley site, biotic influx and fall-
out could be expected from easterly winds sweeping
across algae-containing local ponds as well as from
Lake Bonney and the hut in Taylor Valley.

Microbiological analyses were primarily for bacteria
as determined on triplicate spread plates of trypticase
soy agar incubated at 20°C. However, the plates also
were checked for fungi (yeasts and molds), which fre-
quently appear on these plates. Following serial dilu-
tions and plating aliquots of the original 10 g of soil
suspended in 40 ml H 20, 10 ml of Thornton's salt so-
lution was added to the milk dilution bottles, and they
were placed in an environator at 20°C. and 25 to 150
footcandles with a diel cycle of 16 hr illumination.
These bottles were subsequently examined for growth
of algae and Protozoa.

The results of bacterial abundance are shown in
table 1 for the two grids. For McKelvey Valley, the
numbers of bacteria for 25 samples ranged from 70 to
29,500 per g soil, with an average of 2,890 per g for
all samples. For Pearse Valley, a similar range was ob-
tained for 30 samples, with 190 to 13,000 (average
2,790) per  soil.

For finding culturable microorganisms in antarctic
soils, one sample may be almost as good as another on

Table 1. Bacterial abundance in grid samples from McKelvey and Pearse Valleys, Antarctica.'

Grid segment

Arm AC (SE x NW)
Arm BD (SW x NE)
Al through A5
Bi through B5
C  through C5
Dl through D5
Al, Bl, Cl, Dl
A6, B6, C6, D6
A7, B7, C7, D7
Total (all points)

McKelvey Valley

	

Average	 Range

	

1,150
	

100 to 4,850

	

2,790
	

500 to 7,500

	

3,130
	

70 to 14,500

	

8,290
	

1,100 to 29,500
595
	

100 to 1,200

	

1,100
	

100 to 2,750

	

620
	

350 to 1,150

	

2,175
	

1,150 to 4,550

	

2,890
	

70 to 29,500

Pearse Valley

	

Average	 Range

	

2,740
	

350 to 13,000

	

3,650
	

190 to 11,300

	

500
	

350 to	900

	

4,370
	

610 to 8,000

	

2,020
	

500 to 5,1 iOO

	

3,040
	

190 to 11,500

	

3,710
	

610 to 11,500

	

2,450
	

1,000 to 5,500

	

5,090
	

810 to 13, 00

	

2,790
	

190 to 13, 00

1 Algae present:
MçKelvey Valley samples: A6, A7, B2.
Pearse Valley samples, Pit 777: A3 through A6; Bi, B2,

Protozoa present:
McKelvey Valley samples: None.
Pearse Valley samples: A6, Bi, B6, Cl, C2, C6, D3, D7.

B4 through B7; Cl through C6; Dl, D3, D5, D6, D7

Possible cysts in B4 and C4.
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Table 2. Kinds of microorganisms in grid samples from
McKelvey and Pearse Valleys, Antarctica.

BACTERIA

Diphtheroids (Nocardioids)	Nondiphtheroids
Arthrobacter citreus	Bacillus subtilus
Arthrobacter globiformis	Micrococcus candidus
Arthrobacter simplex	Micrococcus fiavus
Arthrobacter tumescens	Micrococcus luteus
Brevibacteriurn incertum
Brevibacterium sulfureum
Corynebacterium bovis
Corynebacterium equi
Mycococcus ruber
Nocardia albicans

ALGAE

Blue-greens	 Greens
I Coccochioris stagnina	Chlorococcum humicola

Microcoleus vaginatus
Schizothrix calcicola

PROTOZOA

Amoeboids and amoeboid flagellates
Mastigamoeba longifulum
Valkampfia limax

a random basis—but not on a selective basis, which
considers physiographic characteristics and the mi-
croenvironment. However, in consideration of the rel-
atively low abundance of microorganisms and the in-
homogeneities of antarctic soils, and especially for
automated life detectors that may sample small ali-
quots (less than 1 g soil), the chances of a successful
experiment are enhanced by collecting samples con-
taining more than 10,000 microorganisms per g soil,
rather than one with fewer than 100 per g soil.

The kinds of microorganisms cultured from our
samples are shown in table 2. Supporting previously
determined ecological theory for the dry valleys, the
kinds of microorganisms, their complexity, and their
abundances increase as environmental characteristics,
especially the hydrothermal regime, become more fa-
vorable (Cameron, 1971). No Streptoinyces spp or
fungi were cultured, although the streptomycetes
may occur abundantly as a single population in moist
are is (Benoit and Hall, 1970). If the molds are in-
dee1 absent, then the Protozoa must be living off the
al4te.

he species of microorganisms cultured from our
ples also support previous work on antarctic soils
he prevalence of members of the diphtheroid (no-
hold) group of bacteria. Beige colonies, or white
ivory colonies that sometimes changed to beige

i age, were the most abundant. They were also the
colonies to appear on the agar plates, in about 4

;. Pinpoint coral colonies appeared last, usually
un 10 to 14 days of a 6-week incubation period.
ynebacterium bovis was the most abundant and
st growing microorganism cultured from our
it usually grew best at +25°C. and also in liquid

Burk's N-free medium but not in trypticase soy broth
(TSB) with 5-percent added salt (Prof. Roy M. John-
son, personal communication). (Five-percent salt is
already in the bottled commercial TSB.) In compari-
son with the bacteria, algae required at least 25 days
to more than 6 months before macroscopic growth
was evident. The algae were generally blue-greens, and
predominately of the filamentous oscillatorioid form
Schizothrix calcicola, which is prevalent as an eco-
phene throughout the world (Drouet, 1968). Only S.
calcicola was present in McKelvey Valley, which is
consistent with the versatility of this species and its
adaptation to drier desert environments. The samples
containing algae did not show any obvious correlation
with the abundance of bacteria, but the slow recovery
of algae in culture may indicate many years of inactiv-
ity. Protozoa also apparently have great survival pow-
ers. Valkampfia umax, a small amoeboid protozoan,
was most frequently observed in the algal cultures,
and it has been observed in many other desert soils
containing algae. Possibly, it too could remain viable
for many decades as cysts in the dry valley soils.

Whether or not there is any life in a Martian soil
remains to be seen. The antarctic dry valleys are lush
by comparison with known Martian environmental
conditions. Although no sterile samples were found in
the present study, our own previous studies and those
of others (Horowitz and Cameron, 1971) have shown
that some antarctic soil samples contain no viable or
culturable microorganisms. In consideration of these
factors, the possibility of Martian life forms in random
samples is small, and it is important that persons who
must devise methods of extraterrestrial sampling, life
detection, and quarantine give consideration to the
Antarctic as a Martian analog.
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