
undersides of rocks were 10.5 0 to 12.2°C. In the latter
instance, surface temperature was 10.0°C.; 2 centimeters
down it was 11 0C.; 4 centimeters down, 9.3°C. The
foregoing is true on sunny days.

An estimate of density was made in a typical area
below a snow bank at Cape Royds. A typical area is one
that is moist from melting snow or ice and has a sandy
substrate, on the surface of which are pebbles of various
sizes. A barely visible flush of green or blue-green algae
lines the margins of the pebbles on the under side. A
count of total mites was made in three 400-square-centi-
meter areas, and an average of seven mites per area was
found under the pebbles. The sand beneath these pebbles
to a depth of 2 centimeters was then washed in water,
and an additional twenty mites per area were gathered
by flotation. This turns out to be about 650 mites per
square meter and represents what we call a moderately
dense population. By applying this fairly educated guess
of density to other areas, we have come up with the
following population estimate: small, 20 to 50 mites per
square meter; medium, 100 to 250 per square meter;
dense, 500 to 1,000 per square meter.

Compared to areas like Signy Island where Tilbrook
(1967) found mites in the range of 20,000 to 50,000
per square meter, these numbers are very low. However,
considering that there is apparently nothing but a barely
visible wash of algae for the mites to feed on, the num-
ber seems quite high.

Applying this scale to the areas collected, the mite
population of Cape Roberts was very dense (perhaps as
high as 2,000 per square meter); medium to dense at
Spike Cape, Marble Point, Garwood Valley, Cape Choco-
late, Miers Valley, Canada Glacier, and Cape Royds;
medium at Hart Glacier, Rhone Glacier, Gondola Ridge,
and Kar Plateau; small at Black Island, Observation
Hill, and Hut Point, zero along the Onyx River in
Wright Valley, Lake Bonney and the Taylor River in
Taylor Valley, and on the broad moraine near the tip of
Minna Bluff.

At present, we cannot explain the total absence of
mites along the Onyx and Taylor Rivers, Lake Bonney,
and the Minna Bluff moraine. Moisture and soil condi-
tions seemed ideal, but we found no evidence of algae
or any other life.

This work was done between December 4 and Decem-
ber 26, 1972. The dominant mite was Stereotydeus
mo//is Womersley and Strandtmann. Nanorchestes ant-
arcticus Strandtmann was present in small numbers at
most places. The small Tydeus setsukoae Strandtmann
probably was also present, but we have not yet done the
special preparations necessary for identifying it. For esti-
mates of density, all three species are lumped together.

Assisting in this program were two graduate students,
William Graham and Allen Crooker. Graham and
Crooker joined us at McMurdo in late December after
spending a year at Palmer Station. A report on their

activities will appear in a later Antarctic Journal.
This work was done under National Science Founda-

tion grant GV-24359.
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Aerobiological monitoring
of dry valley drilling sites

R. E. CAMERON and F. A. MORELLI

Bioscience and Planetology Section
Jet Propulsion Laboratory

California Institute of Technology

R. C. HONOUR

Department of Plant Pathology
University of California, Riverside

Air and soil sampling during the 1972-1973 austral
summer took place primarily at the drilling site at Mc-
Murdo Station and at prospective drilling sites in the
dry valleys: New Harbor, Lake Fryxell, Lake Bonney,
Don Juan Pond, Lake Vanda, and Lake Vida. Additional
samples, with reference to environmental impact of
manned facilities, were taken within and adjacent to the
McMurdo dump, the Lake Bonney hut, and the Lake
Vanda Station. The environmental field monitoring
team consisted of the three authors.

Similar instruments and methods were used as for
previous soil and aerobiological monitoring in the Ant-
arctic (Lacy et al., 1970; Cameron et al., 1971; Morelli
et al., 1972; Cameron et al., 1972). Based on previous
years' experience, the three most efficient air samplers
were the Reynier slit sampler, the Staplex high velocity
sampler, and the Roto-rod sampler (fig. 1). The Reynier
and Roto-rod samplers were operated for 1 hour and
the Staplex for 30 minutes.

This paper presents the results of one phase of research
carried out under Nationl Aeronautics and Space Adminis-
tration 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.
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Figure 1. Assembling Reynier
slit air sampler at McMurdo
Station drill site. Staplex high
velocity air sampler is at the

extreme right.
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Figure 2. Soil sampling and implantation of biological "collectors"
at a prospective Dry Valley Drilling Project site in New Harbor,

Taylor Valley.
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Table 1. Efficiency of air samplers tested at McMurdo
dump, McMurdo drill site, Lake Vanda Station, and
prospective dry valley drill sites for 1973-1974 austral

summer.

Staplex	 Reynier
high velocity	slit

Location	 sampler	 sampler

McMurdo drill site	 0.071	 0.640
(1/12/73)

McMurdo drill site	 0.042	 0.095
(1/28/73)

McMurdo dump, north	 0.930	 4.700
side

Taylor Valley,	 0,001	 0.030
New Harbor

Taylor Valley,	 0.001	 0.000
Lake Bonney

Taylor Valley,	 0.002	 0.025
Lake Fryxell

Wright Valley,	 0.002	 0.008
Lake Vanda

Wright Valley,	 0.168	 1.100
Vanda Station

Wright Valley,	 0.008	 0.000
Don Juan Pond

Victoria Valley,	 0.002	 0.000
Lake Vida

Efficiency is given in microorganisms per cubic foot of air
sampled. 900 cubic feet of air was collected with the Staplex
high velocity air sampler at a rate of 30 cubic feet per minute.
60 cubic feet of air was collected with the Reynier slit sampler
at a rate of 1 cubic foot per minute.
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Results obtained for the Reynier (60 cubic feet of air)
and the Staplex (900 cubic feet of air) gave efficiencies
rated on the bases of viable numbers of bacteria and
fungi recovered on culture media per cubic foot of air
sampled (table 1). Colony counts were converted to
microorganisms per cubic foot of air according to the
formula

C
N =-

RP
where C is total plate count, P is air sample duration per
minute, R is air flow per cubic foot per minute, and
N is the number of microorganisms collected per cubic
foot of air. As expected, the Reynier slit sampler, with a
modified cornstarch agar medium, was more efficient
than the Staplex sampler, which had a filter paper mem-
brane, especially in areas of activity: McMurdo drill site
and dump, and Lake Vanda Station. However, the
Staplex is excellent in areas where there are very few
microorganisms and it is necessary to sample large vol-
umes of air.

Bacteria isolated from the air samples at McMurdo
are identified in table 2. Although most of these were
reported previously (Cameron et al., 1971; 1972a;
1972b), three new isolants are reported which have not
been listed previously for the McMurdo area: Brevibac-
terium ammo genes, Brevibacterium sulfureum, and No-
cardia albicans. A comparison with previously listed
isolants and their habitat indicates the nonindigenous
source of a number of these species, e.g., B. ammo genes
from putrefying materials and C. sepedonicum, first iso-
lated from rot-ring of potato tubers. M. flavus is found
in skin glands, secretions, and dairy products. B. sul-
fureum is found in air, and although P. fragi is found in
both soil and water, we have so far found it only in air
samples. No Bacillus species were recovered.

Soil samples were obtained at all sites, including pros-
pective drilling sites where various materials were buried

to trap microorganisms during the tenure of the Dry
Valley Drilling Project (fig. 2). Abundances of micro-
organims at the seven drill sites are shown in table 3.
Microbial counts were similar or slightly higher than for
the previous year (Morelli et al., 1972).

It is evident that man's activities have a significant
effect on the fragile antarctic ecosystem. The lasting effect
and recovery rate of these perturbations is still unknown,
and they will be followed carefully during the tenure of
the Dry Valley Drilling Project to provide additional
knowledge on antarctic ecosystems.
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Table 2. Species of bacteria isolated from air at
McMurdo Station, Ross Island, Antarctica.

McMurdo dump	 McMurdo drill site

Art hro bacter citreus	 Arthrobacter citreus
Brez'ibacterium ammoniagenes	 "	simplex
Corynebacterium sepedonicum	 "	tumescens
Micrococcus candidus	 "	ureafaciens
Micrococcus flavus	 Bret'ibacterium ammogenes
Pseudomonas fragi	 11 sulfureum

JY	 fulvum
Micrococcus flavus
Micrococcus ruber
Nocardia albicans

Species identifications by Roy M. Johnson, Prof. of Micro-
biology, Department of Botany, Arizona State University, Tempe,
Arizona.

Table 3. Abundance of microorganisms at Antarctic drill sites;
microorganisms per gram of soil to 2 centimeters depth.

Sample	Aerobic	Aerobic	Aerobic Microaero- Nitrate

	

no.	bacteria	bacteria	bacteria	philes a reducers b Fungi	Fungi

	

986	1.lxlO5	1.8x106	20	106	+	4.1x103	670

	

976	2.3x10°	6. 1X105	<10	iO°	+	<10	7x103

	

978	<10	4.5x105	<10	106	+	<10	<10

	

977	4.3x104	9.5x104	<10	106	+	<10	<10

	

980	<10	1.lxlO3	<10	106	-	<10	<10

	

979	2.0x105	1.7x105	<10	106	-	<10	<10

	

981	TNTCc	790	<10	10°	+	TNTCc	<10

	

Fluid	Nitrate Sabouraud Sabouraud

	

Trypticase	Trypticase Trypticase	thiogly- reduction dextrose	dextrose

	

soy agar	soy agar	soy agar	colate	broth	agar	agar

	

+5°C.	+20°C.	+55°C.	+20°C. +20°C. +5°C.	+20°C.

Location

McMurdo Station
Taylor Valley, New Harbor
Taylor Valley, Lake Bonney
Taylor Valley, Lake Fryxell
Wright Valley, Lake Vanda
Wright Valley, Don Juan Pond
Victoria Valley, Lake Vida

Culture medium
Incubating temperature

a Positives at highest dilution.
b Nitrate reduction confirmed by sulfanilic acid naphthylamine test. Red color = positive reaction.
c Too numerous to count—many colorless pinpoint colonies which developed after 3 weeks incubation.
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Ecological model for Lake Bonney,
southern Victoria Land, Antarctica

BRUCE C. PARKER, ROBERT C. HOEFIN, and
ROBERT A. PATERSON

Department of Biology
Virginia Polytechnic Institute and State University

During the 1972-1973 field season three overlapping
field teams of six persons each devoted the first field
season's effort toward establishing baseline data on the

Lake Bonney ecosystem. These data will aid ultimately
the development of a mathematical model describing
the energy- and carbon-flow for that lake. Field teams
included Ph.Ds, graduates, and undergraduates from
Virginia Polytechnic Institute and State University; all
had undergone a special laboratory and field training
program. The assistance of undergraduate students, in-
cluding undergraduate women, constitutes an innovation
for research programs in the Antarctic.

The original plan to study Lake Bonney from mid-
September to mid-February proved too optimistic. The
first field team did not reach Lake Bonney in the Taylor
Valley until late October (fig.). They had time only to
drill holes through the ice in east and west lobes of the
lake and to complete the construction of a new 12- by 12-
foot chemistry laboratory adjacent to the Lake Bonney
hut. In spite of these initial problems, the second and
third field teams collected a large amount of data which
probably constitutes the most detailed and thorough
biological and chemical information ever to be amassed
for this lake over a continuous period (October to
February).

Chemical and/or physical parameters measured during
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L)gr hatcher
Virginia Polytechnic Institute team drills a hole through 3.5 meters of ice at the east lobe of Lake Bonney, Taylor Valley. Hughes Glacier

is in the background.
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