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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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the field season included temperature, pH, nitrate and
nitrite nitrogen, ammonium nitrogen, orthophosphate-
phosphorus, oxygen, alkalinity, chlorides, and total solids.
Most of the analyses were performed at least once per
week from each of two stations, though for some analyses
the frequency was greater. Two other sampling stations
were established but were abandoned after a brief period
of data collection. Meltwater streams from the glaciers
also were sampled occasionally. In addition, large vol-
umes of water were collected and transported to the
University for other types of analyses, such as element
composition via atomic absorption and emission spectro-
scopy, sulfate, Kjeldahl nitrogen, and total phosphate.
These data are still under examination.

It is clear that a better understanding of Lake Bonney's
physical and chemical characteristics has resulted, much
of which will contribute to an understanding of the
biology and ecosystem dynamics of this unique lake of
the dry valleys. For example, the water chemistry and
temperature differences with depth indicate that the east
and west lobes of Lake Bonney are drastically different;
consequently the two lobes, although connected by
a narrow, shallow isthmus, remain essentially separate
as two separate lakes. Glacial meltwater input is signifi-
cant for both lobes, the west lobe clearly reflecting chemi-
cal input from the Taylor Glacier, which is associated
with a salt deposit including high iron and manganese
contents. As for the east lobe, the repeatable pattern of
chemical concentration reduction at about 11 meters oc-
curred above the chemocline during December and Janu-
ary, suggesting fresh water input from glaciers such as
the Matterhorn, Hughes, LeCroix, and Sollas. Further,
striking increases in dissolved oxygen near the bottom of
Lake Bonney's east lobe (31.5 meters) suggest the possi-
bility of subterranean water input of probably high
salinity.

Use of the molybdate-stannous chloride colorimetric
method for phosphate analyses proves impossible at
depths at and below the chemocline (13 meters) owing
to salt interferences and heavy precipitate formation. We
now have evaluated three methods of phosphate analysis
in highly saline waters and are confident that phosphate
is not present in concentrations as high as reported by
several earlier investigators. Indeed, in opposition to
previous tentative conclusions suggesting nitrogen as the
limiting nutrient, we propose that phosphate is an equally
probable candidate for this role in Lake Bonney.

Another finding of interest was that the percent of
incident radiation penetrating the ice at Lake Bonney
was an order of magnitude lower than that previously
reported. It may prove to be that lack of light is equally
as important as lack of phosphorus and nitrogen in
limiting the growth of phytoplankton in the water
column.

Phytoplankton algae and bacteria were sparse and ap-
peared sporadically at various depths in Lake Bonney.

Chiorella-like algae, a larger green coccoid alga, several
oscillatoriaceous algae, and Chiamydomonas sp. were
observed, confirming collectively the reports of previous
investigators. The oscillatoriaceous algae were most abun-
dant under the ice, which contrasts with previous studies.
During the peak field season an attached water-edge algal
community developed in the zone of clear ice, which
melted, forming a moat around the lake's periphery.
These mats contained predominantly the oscillatoriaceous
algae with lesser amounts of all other algae observed in
the phytoplankton collections and also some pennate dia-
toms. This water-edge mat community, which developed
to nearly 1 centimeter in thickness, also contained roti-
fers, tarigrades, a nematode, several ciliate protozoa, and
aquatic fungi. In contrast, zooplankton were not found
in Lake Bonney, thereby confirming the relatively simple
food chain and energy-flow for this lake.

Apparently not previously discovered or reported, a
benthic algal mat of about 5 centimeters in thickness is
attached to the substratum beneath the permanent ice of
Lake Bonney. Field team 2 first noticed large clumps of
algae, representing the oscillatoriaceous forms predomi -
nantly, rising through cracks in the permanent ice. Field
team 3 made several random boreholes and collected
bottom samples. While this study was not exhaustive, it
appears that a thick benthic algal mat community occurs
down to the depth of the chemocline, while at greater
depths no mat community was found. It would appear
that investigators have missed detecting this benthic
community by concentrating attention on the deep water
columns in both lobes of Lake Bonney. We suggest, on
the basis of biomass differences, that the benthic algal
mats beneath the permanent ice of Lake Bonney may
contribute the bulk of primary productivity to that lake
and that greater emphasis should be given to this benthic
mat community in future studies. While in different pro-
portions, many of the same algae as found in the plank-
ton also occur in the benthic algal mat community, such
that the mat community may be the seed source for the
sparse and sporadically appearing phytoplankton. One
exception is Nostoc, a probable nitrogen fixer, found
abundantly in the benthic mats but not in the phyto-
plankton. To our knowledge only one algal species has
been obtained in culture previously. Using a different
culture medium than those previously reported, we believe
we have, in actively growing cultures, most of the algae
seen in the field. None presently are axenic, nor are all
unialgal, but we are working toward these goals. Bac-
terial and fungal cultures also are being purified for
physiological and toxonomic studies.

Primary productivity via the carbon-14 method was
determined for phytoplankton at various depth incre-
ments to the bottom of each lobe of Lake Bonney. Much
variation in apparent 14CO 2 uptake rates occurred, but
at least some tentative generalizations can be made.
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Primary productivity was extremely low in the first few
Meters of water beneath the ice, but increased appreciably
as one approached the depth of the chemocline. Carbon-
14 uptake apparently occurred below the chemocline also.
High dark bottle carbon-14 uptake occurred frequently
and at many depths. Preliminary laboratory studies of
carbon-14 uptake by algal communities from Lake Bon-
ney under temperature, light, and water chemistry con-
ditions simulating those of the lake indicate that ex-
tremely high percentages of carbon-14-fixed extracellular
organic matter are produced. This extracellular organic
matter must be included in future estimates of production
in this lake. In this connection, the dissolved organic
matter in Lake Bonney constitutes an appreciable poten-
tial reservoir of substrate for dark or photo-assimilation.

We are grateful to our consultants for advice in in-
terpreting our first field season's data and helping to
redesign the coming second field season's research for
optimum data collection. During the coming field season
we plan to place some new emphasis on (1) benthic
algal mat metabolism, (2) monitoring and tracing glacial
meltwater inputs, (3) select aspects of sediment chemis-
try, (4) establishing further baseline data for the mathe-
matical model and future pollution monitoring, and (5)
primary productivity experiments aimed at photorespira-
tion, extracellular product production and assimilation,
etc.

This work was supported by National Science Founda-
tion grant GV-35 171.

Microbiology and immunology of
south polar antigen deprivation
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This was the first formal field season for the micro-
biology and immunology portion of a new project,
sponsored jointly by the Oklahoma Medical Research
Foundation, the Veterans Administration Hospital, and
the Departments of Psychiatry, Microbiology and Medi-
cine (Infectious Disease Section), College of Medicine
of the University of Oklahoma Health Sciences Center.
The project is directed at a coordinated study of the
biomedical aspects of human adaptation to complex
south polar stresses.

Stateside baseline specimens were collected at Davis-
ville, Rhode Island, naval base, and the Skyland, Vir-
ginia, U.S. Antarctic Research Program orientation
program in September 1972. Specimens were collected
at South Pole Station, McMurdo Station, and Christ-
church, New Zealand, in October and November 1972,
from volunteers recruited from the Naval and USARP
personnel of the 1972 and 1973 wintering parties for
South Pole Station. Data were collected personally by
Dr. Muchmore, project director, assisted by Nan Scott
and Lt. John E. Webster, U.S. Navy Medical Corps,
at Davisville and Skyland, and by Lt. Mario Costaldi
and Lt. Lynn Solem, U.S. Navy Medical Corps, at South
Pole Station and McMurdo. All procedures were ap-
proved by the Committee on Human Experimentation of
the University of Oklahoma Health Sciences Center, and
informed consent was attested by individual signatures
of volunteers.

This project grew out of the long standing polar
legends concerning the good health of men during pe-
riods of prolonged polar isolation, with frequent respira-
tory infectious disease episodes following closely upon
renewed social contact with persons residing outside the
polar zones. Observation of neutropenia in serial leuko-
cyte counts by Lt. A. B. Blackburn, U.S. Navy Medical
Corps, during the 1967 Plateau Station winter season
(Muchmore, 1970), and publications by Sladen (1965),
Tikhomirov (1964), and Watanabe et al. (1967), plus
a preliminary survey with interviews and samples taken
at South Pole Station on a visit by Muchmore in Novem-
ber 1970, indicated the potential medical usefulness
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A typical skin culture taken from the forehead of one of the South
Pole Station personnel, using a Rodac plate. The culture medium
is Sabouraud-dextrose agar with added antibiotics. There are two

species of Penicillium and one of Aspergillus.
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