
collected grew at low as well as high (+ 20°C. and
probably above) temperatures, demonstrating that
these organisms are indeed adapted to low tempera-
tures, but that they also grow well at temperatures
above 0°C., which occur frequently in the natural
microenvironment during the austral summer. In
other experiments, the photosynthetic and respiratory
rates as a function of temperature (-5° to + 20°C.)
were determined under controlled conditions utilizing
a Warburg apparatus. Oxygen evolution was ob-
served to vary according to the algae strain employed.

To determine the variations in the metabolic pro-
cesses (particularly the carbon assimilation patterns)
dependent upon temperature, carbon-dioxide as-
similation experiments were conducted utilizing
C 1402. Algae samples in special vessels were incu-
bated in a C 1402-enriched atmosphere under con-
trolled light and temperature conditions for one hour.
At the end of the incubation period, the algae
cells were harvested and extracted with methanol.
The labeled compounds in the methanol extract
were separated by thin-layer chromatography and
thin-layer electrophoresis before identification by
autoradiography. It was possible by this technique
to determine carbon fixation at levels too low to
detect by manometric means. It was also possible to
determine the effect of a decrease in temperature up-
on carbon fixation by following the changes in quan-
tities of radioactive photosynthates as a function of
temperature. In this manner, it was found that, at
temperatures just above those at which carbon as-
similation ceased, phosphoglycerate, glyceraldehyde-
phosphate, and glutamate were the only photosyn-
thates present in relative abundance.

Studies of C 14-distribution in the isolated metab-
olites, the role of these metabolites in the biochemical
processes of photosynthesis, and the mechanisms of
the principal processes are currently under way in
our laboratory.

Biological Weathering in Antarctica
F. C. UG0LINI and JAMES BOCKHEIM

College of Forest Resources
University of Washington

The objectives of the 1969-1970 field project were
as follows: (1) continue the study of ionic movement
by the use of radioisotopes; (2) collect additional
samples for assessing biological weathering of moss-
and guano-covered soils; and (3) identify, delineate,
and map major soils of Beacon Valley and relate
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Figure 1 (above). Soil at the center of well-defined (young) poly-
gons, east end of Beacon Valley, Antarctica. The first 12 cm
beneath desert pavement features massive structure, breaking
down to single grain, and slightly coherent consistence. The sub-
soil is structureless and has a loose, non-coherent consistency.
Ice-cemented permafrost exists at a depth of 28 cm. Somewhat
angular diorite boulders lacking desert varnish exist on the

surface.

Figure 2 (below). Soil at the center of diffuse (old) polygons, cen-
tral Beacon Valley, Antarctica. The soil in the first 9 cm beneath
the desert pavement is high in salts and slightly coherent.
Weathered diorite and sandstone fragments are distributed
throughout the profile. The subsoil is finer textured than that of
Fig. 1, and the ice-cemented permafrost is below 90 cm. At the
surface, sub-angular diorite boulders are flaked, deeply pitted,
and covered by desert varnish. Cavernously weathered diorite

fragments are also present.

them to land forms and age of the glacial deposits.
In pursuit of the first objective, three sites were

chosen in the lower Wright Valley that differed in
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soil texture, depth to the ice-cemented permafrost, and
salt content. At each of the sites, three soil profiles
were excavated and described. Bulk density was meas-
ured by the irregular-hole method, and samples were
obtained for chemical analyses and moisture deter-
minations. Although the average moisture content is
below 2%, its dynamic status is indicated by the
change in distribution with the thermogradient in the
soil.

In each of the three profiles, 20 pc of Na 22 in the
form of sodium chloride were placed at the surface
of the ice-cemented permafrost. The profiles will be
sampled in two years to determine the movement of
the Na22 in the soil.

At Kar Plateau and Cape Royds, additional sam-
ples of moss- and guano-covered soils were collected.
Limited micrometeorological data were also taken
at Kar Plateau.

In cooperation with Mr. G. Linkletter and his
party from the Department of Geological Sciences,
University of Washington, a glacial-geology and soil-
mapping project was completed in Beacon Valley.
Nineteen different soils were identified as occurring
on the following land forms: ground moraine, lateral
moraine, talus cone, alluvial fan, debris bench, rock
glacier, old lake basin, and rock outcrop. Three
(unidentified) ages are implied by the varying de-
grees of soil development. The youngest soils (Fig.
1) are oxidized only at the surface, show little struc-
tural development, have a coarse texture and loose
consistency, are shallow above the ice-cemented
permafrost, and contain a few salt encrustations. The
older soils of the valley floor (Fig. 2) are deeply oxi-
dized; they have high salt content, fine texture, and
firmer consistency; show better structure develop-
ment; and in general are more highly weathered than
the younger soils. The oldest soils occur on high-
altitude lateral moraines. These soils are very highly
oxidized and very deep, have a fine texture, and con-
tain morphological evidences of advanced weathering.
A representative profile of each of the soils identified
will be analyzed chemically at a later date for fur-
ther characterization.

Low-Temperature Physiology
of Antarctic Arthropods

FRANK E. STRONG, R. L. DUNKLE, and R. L. DUNN

University of California, Davis

Collembola in Antarctica provide a unique op-
portunity to study the physiology of cold-adapted
insects. These tiny animals are active at 0°C., a

temperature at which most insects are in cold stupor.
During the austral summer of 1969-1970, two pro-
jects were initiated on low-temperature respiration
of Collembola at Hallett Station.

First, an attempt was made to determine the spe-
cific activity of pyruvic kinase and to assess the rela-
tive amounts of Types L and M to elucidate their
postulated roles in low-temperature respiration.
These attempts were unsuccessful, primarily due
to the relative paucity and small size of the insects.
On a warm afternoon in mid-December, two col-
lectors could gather Ca. 2,000 Collembola (Isotoma
klovstadi) which, when homogenized, yielded an
insufficient quantity of enzyme preparation for the
assay being used. This project was abandoned in
late December.

The objective of the second project was to deter-
mine the respiration rate of collembolans at various
temperatures. In vivo measurements of oxygen con-
sumption, which is indicative of metabolic activity,
are technically difficult on very small organisms. This
difficulty was overcome with the development of an
electronic respirometer capable of measuring ac-
curately 0.01 pl 02. The device, patterned after an
original design by A. A. Ileusner (Department of
Physiology, University of California, Davis), pro-
duces 02 by electrolysis of a CuSO 4 solution as the
insect consumes it. The current flow during electrol-
ysis is recorded on a digital readout; each unit of
the readout is equivalent to 0.0025 ul 02.

Eight respirometers were operated simultaneously
at temperatures between —4°C. and +22'C.
Measurement below —4°C. is not possible with
the present setup, for the CuSO4 solution freezes
at —5°C.

Adults and last instars of I. klovstadi were taken
by permit from the talus slopes in the Protected Area
at Cape Hallett. The insects, normally found in as-
sociation with the mosses, were collected at weekly
intervals and were held in the biological laboratory
at 2°C. until needed. (Living specimens collected
February 4, 1970, were transported in an ice-filled
thermos from Hallett Station to the University of
California. Those maintained at 2°C. were still liv-
ing three months later.)

The results of the manometric measurements indi-
cated that these insects have a relatively high res-
piration rate. A maximum 0 2 consumption of about
4500 mm3/g of living tissue per hour occurred at
18°C. At 22 0 C., 02 consumption dropped to 1100
mm/g/hr and the insects survived a maximum of
only 6 hrs. At —4°C., 02 consumption averaged 400
mm3/g/hr. These relatively high rates of metabolism
at low temperatures, which are undoubtedly related
to the adaptive ability of the antarctic species, are
being compared with the respiration rates of col-
lembolans from the temperate zones.
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