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Don Juan Pond, a shallow, saline, closed lake in
the polar climate area of the south fork of Wright
Valley, is a unique ecosystem which was recently
studied as a site for the Dry Valley Drilling Project
(Morelli et al., 1972). The pond had previously been
studied with regard to physical and chemical characteristics (Tedrow et at., 1963; Toni and Ossaka,
1965), as well as microbiology (Hall, 1968; Meyer
et al., 1962), and lately as a study area in relation to
possible Maitian life detection (Horowitz, 1971; Horowitz etaL, 1972).
This paper presents the results of one phase of research
carried out under National Aeronautics and Space Administration 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 for the study
of antarctic microbial ecology. Prof. R. M. Johnson, Arizona
State University, Tempe, Arizona, identified the aerial and soil
bacteria. D. R. Gensel performed some of the microbiological
tests. H. P. Conrow performed some of the soil analyses.
Other soil and water analyses were performed by Elek Microanalytic Laboratory, Torrance, California, E. S. Babcock and
Sons, Riverside, California, W. E. Gardner, Sloan Research
Industries, Inc., Riverside, California, and S. P. Vango, Jet
Propulsion Laboratory, Pasadena, California.
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For the subject study, a camp of 12 people was
established December 10, 1971, and abandoned December 16, 1971. A soil profile, collected to a depth of
15 centimeters in January 1967, was also examined in
1971 for soil and microbial characteristics. For periods
of two days, air samples were collected up- and downwind of the campsite, northeast of Don Juan Pond,
using Staplex, Roto-rod, Reynier slit, and Andersen
cascade air samplers.
Except for the Reynier sampler, which was run for
1 hour, all samplers were operated for 30 minutes, at
heights of 30 or 100 centimeters above the soil surface.
Only the Staplex and Reynier samplers were operated
concurrently.
On December 11, during sampling upwind and east
of the camp, air temperatures ranged from 8° to
13°C. (the highest values we have ever recorded in
the dry valleys), relative humidity was 37 to 42 percent, and winds were 4 knots. On the following
day, approximately 1.7 kilometers downwind and west
of the camp, air temperatures at the time of sampling
were 4 1 to 6 0 C., relative humidity was 45 percent
(the same as for water activity of Don Juan Pond),
ANTARCTIC JOURNAL

Table 1. Abundance of bacteria and molds obtained during air sampling at Don Juan Pond, Wright Valley, Antarctica.
Sampler type
Staplexa
Roto-rod
Reynier
Andersen

Incubation medium
Upwind samples
Downwind samples

Trypticase soy
agar
0 bacteria
1 mold
4 bacteria
6.5 molds

Cornstarchb
agar
298 bacteria
0 molds
1 bacteria
1 mold

Cornstarchb
agar
6 molds
1 bacteria
0 bacteria
0 molds

Cornstarchb
agar
1 bacteria
0 mold
11 bacteria
1 mold

a Includes average of results for samples collected at 100 and 30-centimeter heights.
b Low temperature cornstarch agar also used for collection purposes.

and the wind from the east was 8 knots. Microbiological results of air sample incubations at 20°C. on trypticase soy agar (TSA), or corn starch agar, are shown
in table 1. A list of identified species is given in table 2.

above. Soil profile 565-567, collected January 18,
1967, was obtained approximately 15 meters from the
water's edge, from visibly wet soil containing salt
evaporites.

At the pond, water samples were collected from the
east side on December 10, 1971. Twelve liters was
collected 100 meters from the water's edge to a depth
of 25 centimeters, 8 liters was collected 50 meters
from the water's edge to a depth of 15 centimeters,
and 4 liters was collected 1.8 meters from the eastern
edge of the pond at a depth of 5 centimeters. Water
temperature at all depths and locations was 8°C.
Chemical analyses of the pond water sample collected
100 meters from the shore are given in table 3.

These latter samples were collected from the surface and from depths of 1, 1 to 7, and 7 to 15 centimeters. Relative humidity was 21 percent. Air temperature at 1 meter was 9°C.; the soil surface was
13°C.; 2 centimeter depth, 7°C.; 7 centimeter depth,
5°C; and 15 centimeter depth, 3.5°C. The soil
was soft, with unconfined compressive strength of less
than 0.25 kilogram per square centimeter, but increasingly compact below the surface: 4.0 to 4.5 at
7 centimeters and over 4.5 kilograms per square centimeter at 15 centimeters. (Soil dried at 105°C. was
brick-like). Salt evaporites were white, with a Munsell
notation of 10 YR 8/1, and the soil beneath was yellowish-brown, with a Munsell notation of 10 YR 5/4.
Additional physical, physico-chemical, and chemical
analyses not included in this report deviated to some
degree from the pond water analyses and showed the
ameliorating influence of the soil substrate.

The pond water was tested using methods similar to
those for soils (Cameron, 1971) to determine presence
and abundance of a variety of physiological groups of
microorganisms.
In addition, 8 Millipore filters (0.45 micron diameter pore size) were used to filter 25 ml aliquots of
pond water. The filters were aseptically removed and
incubated in duplicate at 5°, 22°, and 37°C. One set
of filters also was incubated anaerobically (Gas-Pak)
at 22°C. TSA also was prepared using a filtrate of the
pond at a ratio of 2: 1, filtrate: distilled water, and 24
petri plates were poured and slanted to provide gradient plates. Duplicate gradient plates were layered with
Millipore filters treated and incubated as above. A
second duplicate set of gradient plates was inoculated
with untreated (unfiltered) pond water and also incubated as above. Finally, a third duplicate set of
trypticase soy agar petri plates was inoculated with
a 1: 1 and 2: 1 extract of pond soil 567; distilled water
dilutions of 1 milliliter of pond water were incubated
as above at 22°C. at 10_2 and 10-s dilutions. All tests
were subsequently repeated, except the incubations on
soil extract agar.
Soils were procured aseptically from the eastern side
of the pond. At the edge of the pond, soil profile 950952 was collected from the surface and from depths
of 2, 15, and 30 centimeters. Soil profile 953-955 was
taken approximately 3.5 meters east of the water's
edge, at the very margin of visible, surficial salt evaporite, and included samples from the same depths as
November-December 1972

Tests for microorganisms in the soil samples were
performed according to methods used for other antarctic soils (Cameron, 1971), including incubation at the
in situ moisture content, with several grams of soil
Table 2. Aerobiology of samples at Don Juan Pond, Wright
Valley, Antarctica.
BACTERIA

Bacillus cereus var. mycoides
Bacillus coagulans
Bacillus subtilis
Brevibacterium tegumentacola
Corynebacterium sepedonicum
Micrococcus/lavus
Micrococcus roseus
Streptomyces sp.

(U)
(U)
(U)
(U)
(U)
(U, D)
(D)
(U)

MOLDS

Monodictys austrina (?)
Paecilomyces sp.
Penicillium spp.

(U)
(U, D)
(U, D)

(U) = upwind isolant, collected east of camp and northeast of pond.
(D) = downwind isolant, collected west of camp and
west of pond.
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sprinkled on the surface of TSA petri plates. This
method provided for a nutrient and water activity
gradient and resembled capillary enrichment methods.
Duplicate sets of plates were incubated at 20°C. in
a humidity chamber equilibrated to 45 percent to
simulate the water activity of the pond at the time of
the latest collections.
The microbiology of the pond is not well understood, and previous reports on presence or growth of
microorganisms are contradictory (Hall, 1968; Meyer
et al., 1962). Our studies also gave contradictory results, ranging from growth to no growth, even with the
same culture media subjected to the same environmental conditions for incubation purposes. In general,
many of our preliminary results were negative for
growth of microorganisms, but later it could be shown
that toxicity is undoubtedly an important factor in the
pond (Horowitz et al., 1972). Microorganisms are
Table 3. Analysis of Don Juan Pond water, Wright Valley,
Antarctica.
Analysis performed
Result
Chemical j0j-a

Calcium
1245000 ppm
Chlorine
2455000 ppm
Sodium
10,000 ppm
Magnesium
2,000 ppm
Potassium
250 ppm
Phosphate
6 ppm
Iron
1.6 ppm
Molybdenum
0.2 ppm
Manganese
0.1 ppm
Zinc
0.1 ppm
Organic (Kjeldahl) nitrogen 1 0.004%
Organic (Allison) carbonb
0.03%
Carbonate (Allison) carbonb
0.002%
13.3%
Organic C/N
Buffer capacity
0.5 me/1
pH
3.8
Eh (uncompensated)
+ 375mv
EC (X lO 6 mhos/cm at25°C.) 210,000
Osmotic pressure
75.6 atmos.
Freezing pointc - 53°C
Specific gravity
1.292 at 24°C
Solubility
37.3 g/ 100 g of
solution
at 0°C
31.8 g/lOOg of
solution
at - 45°C
a The following ions were less than 0.1 ppm: sulfate,
nitrate, nitrite, ammonia, bicarbonate, copper and boron.
b Determined on precipitates of 200 milflliters of water.
Methods also included gas chromatography, infrared spectrometry and mass spectrometry.
C Did not freeze when covered with dry ice during transport from McMurdo Station to JPL. A freezing point of
— 53°C. was determined by differential scanning calorimetry.
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Environmental monitoring at Don Juan Pond, a potential drilling
site for the antarctic Dry Valley Drilling Project.

present, and gelatin phosphate at pH 7.2 with distilled
water plus 2.7 percent trypticase soy broth (TSB)
gave an average of 2 bacterial colonies at 10_ 2 dilution
and over 90 to numerous colonies at 10 dilution
when incubated at 20°C. In regard to inconsistency
of results, and as an indication of the toxicity of the
pond water, one assay of the material retained on the
Millipore filters yielded positive results for bacteria,
not only on di Menna's medium (pH 4.5), but also
on TSA, Burk's nitrogen-free "ion" agar, and actinomycete agar. Aqueous media of fluid thioglycollate,
nitrate reduction broth, and TSB were positive in 48
hours when inoculated with undiluted pond water,
and lactose broth was positive in 24 hours. The only
microorganism recovered from the pond water was
Achromobacter parvulus. It grew exceptionally well
upon restreaking on Burk's nitrogen-free "ion" agar,
but not on TSA. Radio respirometric tests with the
pond water also failed to yield any significant positive
results (J . S. Hubbard and A. B. Miller, personal communication). Incubation of inoculated media equilibrated at a 0.45 did not show any growth of microorganisms after more than 6 months incubation.
Incubations of soil samples also failed to yield consistent results in repeated testing, although in nearly
ANTARCTIC JOURNAL
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Monitoring exhaust of turbo-jet helicopter at Lake Fryxell in Taylor Valley.

all cases some bacteria were eventually cultured from
each of the nine soils on all media (table 4). Two
subsurface soils also showed the presence of yeasts and
molds. The yeasts were represented by the black Pullulana pidlulans (Aureobasidiuin spp.) and the common
white Cryptococcus albidus. The molds were Penicilhum spp. All have been found previously in Antarctica, as well as in other regions. The only alga was
Anacystis montana. Filamentous blue-green algae are
the most predominant taxa in antarctic soils and freshwater habitats (Drouet, 1962). The bacteria so far
identified from the soils are a single species, Achromobacter parvulus. Two strains of this species tested had
a salt tolerance of 5 percent in TSB (which contains
5 percent NaCl). They also showed variable growth
on an extract of salty temperate desert soil. However,
one strain which survived 55°C. incubation (but

would not grow at this temperature) subsequently
grew at 60 or 25°C. and on Burk's nitrogen free "ion"
agar, but this was not true for another strain isolated
at 20°C. A. parvulus is not unusual in antarctic soils.
It was also isolated from a soil pit east of Lake Vanda
in January 1967. Other species isolated from this same
pit included Arthrobacter tumescens, Brevibacterium
fulvum, Corynebacterium equi, C. sepedonicum, C.
pseudodiphthericum, Micrococcus can didus, M. flavus, and Streptomyces sp. Except for C. pseudodipthericum and Streptomyces sp., which grew best at
37 0 C., the other isolants and strains grew best at
25°C. and more than half also grew at 6°C. No bacillus spp. were isolated from the 1967 soil pit.
Although our work lends support to previous work
in regard to correlation of air sample isolants with

Table 4. Abundance of microorganisms in soils of Don Juan Pond, Wright Valley, Antarctica (per grain of soil).
Sample
Micro- Lactose fer_ Nitrate
Nitrogen
depth
Aerobic
Aerobic
Aerobic
Yeasts
Molds
Yeasts
Molds
bacteria aerophiles a menters a reducers a fixers a
(cm)
bacteria
bacteria
103
0
0
50
100
90
0
Surf. 1
130
10
50
10
8.8 x 104 630
200
0
1.3 x 104
100
<10
45
1-7
5 x 10
100
10
104
0
0
0
0
1.1 x 104
100
100
100
250
7-15
100
0
0
0
0
100
100
Surf. 2 1.2 x 103 1.1 x 103
<10
10
<10
103
0
0
0
0
15
210
700
100
100
100
<10
103
0
0
0
0
100
30
25
100
<10
50
<10
103
103
0
0
0
0
100
10
Surf. 2 6.8 )< 103 3.3 )< 103
<10
0
0
0
0
580
280
100
100
<10
100
15
<10
0
0
0
0
<10
130
10
100
10
950
30
<10
Nitrate reFluid
DiDiDiDiTrypticase Trypticase Trypticase
thiogly- Lactose
duction
Burk's b Menna's c Menna's c Menna's c Menna's c
collate
broth
broth
soy agar soy broth*
Medium
soy agar
Incubation Temperature +5°C
+20°C +20°C +20°C +20°C +20°C +20°C +5°C +20°C +5°C +20°C
a Positives at highest dilution. No growth was obtained for streptomycetes, anaerobic, coliformic, sulfate-reducing, and
obligate thermophilic bacteria. Algae (1:5 dilution of 10 grams soil) were found only in No. 950. Soil No. 566 and 567
contained bacteria that survived 55°C. incubation, i.e., they did not grow at 55°C. but later grew at 20°C. when plates were
removed from the 55°C. incubator.
b Burk's nitrogen-free "ion" agar.
C DiMenna's dextrose neopeptone agar, pH 4.5.
Sample
No.
565
566
567
950
951
952
953
954
955

November-December 1972
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those of coastal soil (Meyer, 1962), an earlier report
of negative results for aerial organisms at Don Juan
Pond (Meyer et al., 1962) is no longer valid, as shown
in table 2; nonindigenous soil microorganisms were
obtained in the air samples.
Bacteria, as well as molds, were obtained from air
samples taken both up- and downwind of the campsite at the pond. The aerial environment is obviously
no longer sterile, and it is certainly significant that at
least the bacteria probably arose from the camp, its
personnel, and their activities in the area, or from
some other contamination source.
It also is noteworthy that seven bacterial isolants
and three mold isolants were obtained from samples collected upwind of the camp, indicating that
they could have arisen from pollution foci east of the
pond, such as Lake Vanda and McMurdo Station.
The listed bacteria have been isolated from sources
considered pollutants (Cameron et al., 1972). Except
for the micrococci and C. sepedonicum, which grew
optimally at 25°C., the isolants grew best at 37° or
45 0 C.,. indicating nonindigenous antarctic sources.
Penicillium spp. are known to exist in the valleys
and other areas of the Antarctic, and both this mold
and Paecilomyces sp. have been reported previously
for aerial propagules obtained at Cape Hallett (Rudolph, 1970). Monodictys austrinia was previously reported as an isolant from soil at McMurdo (Tubaki
and Asano, 1965), an obviously contaminated area.
Whether or not populations occur in the dry valleys
is not known, and this aerial propagule could have
been carried by the wind or carried from the McMurdo staging area to the camp at Don Juan Pond,
along with personnel and their equipment.
Concluding remarks

The unusual geochemical composition (table 3)
and associated physical properties of Don Juan Pond
provide an important aquatic-soil interjacence ecosystem surrounded by a cold, barren, arid environment. Water is not lacking, and algae and associated
microfiora can grow at the stream inlet to the pond,
but microorganisms do not grow in the pond per Se,
nor in moist soil equilibrated at the low water activity
(a0.45 of the pond. Achromobacter parvalus is presently the sole survivor in the pond, although it is not
thriving there. However, since it is also found in the
adjacent soil, it may eventually overcome biotically
detrimental features of the pond, such as toxicity, high
osmotic pressure, salt imbalance, low temperature,
and water activity.
The possibility also exists, shown by the presence of
aerial microorganisms, that nonantarctic forms—for
example, Bacillus spp.—have been brought into the
258

area of the pond, increasing the likelihood that adaptive forms will develop.
Horowitz et al. (1972) point out that leaching of
rocks is unlikely on Mars, so that an environment of
concentrated CaC1 2 , such as occurs in Don Juan
Pond, may not be present. However, examination of
Mariner 9 photographs indicates that aquatic erosional features may have occurred on Mars. This
greatly increases the value of Don Juan Pond, not only
as a unique antarctic ecosystem, but in relation to the
biological exploration of Mars and the selection of
biologically important landing sites. With further activities, including the Dry Valley Drilling Project,
planned for Don Juan Pond, it is essential that this
ecosystem be conserved as much as possible.
Continual monitoring of this ecosystem and the degree of disturbance by human activity should be undertaken. The presence of aerial microbial contaminants during the tenure of the December 1971 camp,
compared to negative results reported in 1962, shows
that contamination has already taken place.
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