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The objective of our ecosystem comparisons of oasis lakes
and soils is to understand the interaction between dry valley
(oasis) lakes and their associated soil and glacial meltstream
ecosystem and to assess the importance and magnitude of
biotic processes influencing the development and evolution of
these arheic antarctic lakes.

During the 1977-78 austral summer, we surveyed 10 lakes
of southern Victoria Land and collected (1) surface topogra-
phy/geology, (2) properties of associated soils and glaciers,
(3) approximate lake size, depth, ice thickness, (4) lake water
column profile parametry (i.e., temperature, conductivity,
salinity, dissolved oxygen, light penetration), (5) surface
measurements of incident radiation, including short- and
long-term ultraviolet, (6) adenosine triphosphate (ATP) con-
tent at selected depth intervals, (7) fluorometric measurement
of chlorophyll, (8) native microbial biota in water and associ-
ated soils for subsequent identification, culturing, and/or
enumeration, (9) carbon-14 primary productivity studies to
evaluate photosynthetic rates, (10) particulate and dissolved
organic matter in water, (11) phosphorus-33 uptake studies,
under various conditions, to test for phosphorus limitations,
(12) tritium-3 and carbon-14 labeled organic substrate
studies to assess heterotrophic (decomposer) activities, and
(13) acetylene reduction and nitrogen-15 iacorporation
studies to evaluate the extent of nitrogen fixation.

We also conducted a reconnaissance during January
around these 10 lakes to collect moat water, meltwater, and
foam from the lakes and water from associated glacial
meltstreams, including the Onyx River (Wright Valley).

While detailed specific productivity values from all
parameters await calculation for detailed comparisons, it is
clear that a significant range in plankton productivity (carbon
cycling) exists in these 10 lakes. Few places in the world have
such a diverse collection of lakes within such a small region
(approximately 2,500 square kilometers).

Most of the lakes had a benthic (attached) algal mat com-
munity. These mats were well developed in Lakes Hoare and
Fryxell and Canopus Pond (near Vanda) and poorly
developed in House, Vanda, Bonney—west, Chad, and
Brownworth.

Moat water during the 1977-78 field season did not show
higher or drastically different values for phytoplankton prod-
uctivity relative to the water beneath the permanent ice cover.
This finding may relate to the unseasonably cold and snowy
weather during the 1977-78 austral summer. Thus, relatively
little glacial meltwater flowed into these lakes. Three of the
lakes visited twice during the season showed a decline in
productivity on the second visit; this decrease may have been
a response to a nutrient limitation (e.g., PO4=) caused by the
lack of inflowing glacial meltwater as a result of the cold
austral summer.

Wherever foam was collected (i.e., Sollas-Lacroix glacial
metlstream pond just east of Lake Bonney, Brownworth,
House, and Miers-west end), it was very high in chlorophyll,
ATP, and cell numbers. Apparently these natural arenicolous
(foam-inhabiting) communities have not been described or
studied in Antarctica previously.

In the deeper, arheic and nonmixing lakes such as Bon-
ney, Vanda, Fryxell, and Chad, much of the fluorescence
near the saline bottom was phaeophytin (a major decomposi-
tion product of chlorophyll), suggesting a long history of
productivity. In contrast, Miers, Joyce, and Hoare, with
relatively fresh bottom water, had little phaeophytin. These
lakes may be younger or may be aging more slowly because of
the excessive meltwater from glaciers entering annually.

Phosphate in all lakes was scarce relative to N01,
NH 4 -i-, Si02:1 and certain other potential nutrients. This
finding and the phosphorus-33 uptake data (incompletely
analyzed) suggest that phosphorus may be the major nutrient
limiting productivity in these lakes. Lakes, soils, and other
terrestrial ecosystems on the Antarctic Peninsula are limited
by available nitrogen (Parker, 1972; Samsel and Parker,
1971, 1972a, b). The phosphorus-33 uptake data also are
consistent with the various productivity data that suggest the
sequence Fryxell-to-Vanda for maximum-to-minimum prod-
uctivity/volume.

We isolated and established unialgal cultures from
plankton and mats. Thus far, we have.more than 30 unialgal
cultures belonging to four major groups: Bacillariophyceae
(diatoms), Xanthophyceae (yellow-green algae),
Cyanophyceae (blue-green algae), and Chlorophyceae
(green-algae). Diatoms from this region have not been ob-
tained in unialgal culture by previous investigators (Holm-
Hansen, 1964). The only major group of algae present in
these lakes and not yet in culture is the Chrysophyceae, of
which Ochromonas is one genus. The, high diversity of algal
and microfaunal species from these lakes also was unex-
pected.

Results of initial temperature-growth experiments with
selected unialgal cultures have been obtained, and we ap-
parently have been successful in obtaining the first
phychrophilic freshwater algae from Antarctica. Figure 1
shows the growth response of two Chlamydomonas species from
Canopus Pond mat and Lake Chad plankton respectively.
The Lake Chad isolate did not grow above 15°C. The same
results were obtained for the diatom, Hantzschia, isolated from
Lake Miers mat, while Navicula sp. from Canopus Pond mat
grew best at 20°C (figure 2).
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Figure 1. Average growth rates of Chiamydomonas sp. 1 and
Chlamydomonas sp. 2 at 5 temperatures over a period of 9

days.
Figure 2. Average growth rates of Hantzschia sp. and
Navicula sp. grown at 5 temperatures over a 12-day period.

Despite the high concentrations of NO3-and NH 4 + in
glacial ice and lake water, acetylene reduction studies showed
that nitrogen fixation by benthic algal mats takes place. This
is interesting because excess available NO 3 and/or NH 4 + is
known to inhibit nitrogenase. One explanation is that the
algal mats constitute an impervious tissue to diffusion and en-
try of fixed nitrogen. Thus, the bacteria or blue-green algae
within the mat are free of fixed nitrogen and the nitrogenase
system continues nitrogen fixation.

We have begun to test hypotheses of lake aging or develop-
ment. Since the lakes are artheic and meromictic it appears
there would be a relationship between the age of a lake and its
stability (or resistance to mixing if the ice cap were not pre-
sent). We have modified Schmidt's (1928) thermal stability
and applied the modification to the equation in antarctic dry
valley lakes. This modification is based on the method of
determining lake stability by Idso (1973) and Saunders
(1975). We have calculated stability values for three lakes in
Taylor Valley: Joyce, 2609.4 gm cm/cm 2 ; Fryxell, 1141.8 gm
cm/cm 2 ; and Chad, 553.0 gm cm/cm2. Additional correla-
tions are being made.

We are grateful for support of this research through Na-
tional Science Foundation grant DPP 76-23996. Also, we
acknowledge other members of our field research team: T.
Allnutt, D. Brown, D. Cathey, C. Churn, H. Cox, L.
Heiskell, C. Rodgers, K. Seaburg, and R. Stroheker. Finally,

we thank Ellen Spalding for special laboratory experiments
with algae.

References

Holm-Hansen, 0. 1964. Isolation and culture of terrestrial and fresh-
water algae of Antarctica. Phycologia, 4: 44-51.

Idso, S. B. 1973. On the concept of lake stability. Limnology and
Oceanography, 18: 681-683.

Parker, B. C. 1972. Conservation of freshwater habitats on the Ant-
arctic Peninsula. In: Proceedings of the Colloquium on Conservation
Problems in Antarctica (B. C. Parker, ed.). Allen Press, pp. 143-162.

Samsel, G. L., Jr., and B. C. Parker. 1971. Comparisons of two ant-
arctic lakes with different trophic states. Virginia Journal Science, 22:
177-182.

Samsel, G. L., Jr., and B. C. Parker. 1972a. Nutrient factors limiting
primary productivity in simulated and field antarctic
microecosystems. Virginia Journal Science, 23: 64-71.

Samsel, G. L., Jr., and B. C. Parker. 1972b. Limnological investiga-
tions in the areas of Anvers Island, Antarctica. Hydrobiologia, 40:
501-511.

Saunders,J. F., III. 1975. A Study of the Zooplankton Communities of Lake
Anna, 1973-74. Unpublished master's thesis, Virginia Polytechnic
Institute and State University, Blacksburg, Virginia.

Schmidt, W. 1928. Uber Temperatur and Stab[ litatsverhältnisse von
seen. Geographiska Annaler, 10: 145-177.

169
October 1978


