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Figure 2. Melting snow on northern ("warm") face of
Beacon sandstone boulder colonized by endolithic
microorganisms. Third eastern lateral valley of Beacon

Valley, 29 December 1977.14:00 hr.
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Airborne particles and electric
fields near the ground in

Antarctica
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During November and December 1977 we investigated
the kinds, numbers, and deposition of airborne particles
larger than 2 micrometers within 2 meters of the ground at
McMurdo Station and Arrival Heights on Ross Island, at
South Pole Station, and at the New Zealand Lake Vanda Sta-
tion. Elementary collecting devices were used: Rotorod
samplers and Tauber (static sedimentation) traps were used
at all four sites. A Staplex Hi-Volume sampler and
microscope slides coated with petrolatum were employed in
addition at McMurdo. At least one sample of freshly
deposited snow (13.5-18.5 liters water equivalent) was col
lected at each station and filtered for particles. Rotorod
samplers and the Staplex were operated for 2-hour periods.
Some Tauber traps were exposed for different periods rang-
ing from 4 hours to 1 month, and sets of these traps were
emplaced in wooden tripod supports for 1-year exposure at
each of the four localities.
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The airborne organic particles derived from indigenous
organisms were relatively few at Arrival Heights and Lake
Vanda, still fewer at McMurdo, and absent at South Pole
Station. The particles in this group identified so far are from
algae, fungi, lichens, a moss, and a very small arthropod.
Two categories of introduced organic particles caught by the
air samples greatly outweigh the numbers of native particles:
first, (a) cells and tissue fragments of conifer wood, most
abundant and pervasive; second, (b) clothing fibers, both
natural and synthetic. The wood cells undoubtedly are
derived from the wooden packing cases at camps and experi-
mental sites. Snow samples collected at South Pole Station
contained incompletely burned diesel fuel residue and small
quantities of mineral grains as well as conifer wood cells and
clothing fibers, all presumably introduced by station activity.
The results suggest the usefulness of air and snow sampling
for monitoring releases of airborne particles into the local en-
vironment.

The Tauber traps were modified by coating surfaces
around the aperture with conductive carbon paint. All these
traps were exposed in pairs, one earthed, the other not
(although earthing in the snow at South Pole is probably in-
effective). At the McMurdo sampling site, the Cosmic Ray
Laboratory, the electric fields were measured by a rotating

dipole instrument (Stanford Radioscience Laboratory field
ill 2) mounted on a wooden post 2.5 meters above the

ground. During periods of blowing snow and dust, the
electric field gradient was + 500 to + 2,500 volts per meter.
In those intervals the Tauber traps with earthed covers col-
lected two or more times as much snow and dust as the ones
with insulated covers. During periods of falling snow, the
electric field gradient was -1,000 to -1,500 volts per meter. In
those intervals the insulated traps collected more, and in
some instances almost twice as much, snow and dust as the
traps with earthed covers.

Dispersal of diaspores and minute organisms by wind over
snow and ice has long been recognized in the polar regions.
The relationships to electric fields shown here suggest that,
during periods of blowing snow and/or dust, greater numbers
of airborne particles would tend to be deposited on wet (i.e.,
earthed) soil or rock surfaces. This principle may be of basic
significance in processes of diaspore (i.e., viable reproductive
particle) lodgment and germination. The principle also may
apply to differential accumulation of fine material and
organic sediments on diversified terrain in cold or dry cli-
mates.

This research was supported by National Science Founda-
tion grant DPP 77-00202 to the University of Michigan.
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The strategies of low temperature tolerance utilized by
various species of terrestrial insects has been studied by
relatively few investigators. Cold hardiness, especially freez-
ing tolerance, is most frequently correlated with the presence
of cryoprotective compounds (Baust and Morrissey, 1977).
Salt (1959), Somme (1964, 1965), Asahina (1966), Baust
(1972), and Miller and Smith (1975) have described a variety
of single-type cryoprotectant systems that utilize low molecu-
lar weight polyhydric alcohols as antifreeze agents. Other evi-
dence now suggests that many species rely on mixed-type
cryoprotectants that are sequentially synthesized upon cold
exposure (Mansingh and Smallman, 1972; Morrissey and
Baust, 1976).

Following a first season of study (December 1977 and
January 1978) of two antarctic species resident to the Palmer

Station area (64°S.640 W.), Belgica antarctica and Cryptopygus
antarctica, two distinct mechanisms of adaptation have been
identified.

Belgica larvae are freezing-tolerant during the austral sum-
mer and are capable of elaborating an array of cryoprotectant
compounds. This species is the first identified to endure
freezing in a non-overwintering state. Ambient larvae pro-
duce a cryoprotectant profile containing erythritol, glucose,
sucrose, and trehalose. Adults are freezing-susceptible and
contain only trace amounts of protective agents (figure 1).
The identification of erythritol, a plant sugar derivative, has
not been made or associated with cryoprotective function in
other species.

Preliminary evidence (figure 2) suggests that, at tem-
peratures below 0°C, cryoprotectant accumulation is tem-
perature dependent and independent of nutrient (carbon)
source. Cryoprotectants include in increasing order of con-
centration: glycerol, erythritol, fructose, and glucose. At 0°C
the triggers become biphasic. Temperature induces shifts in
carbohydrate metabolism such that glycerol is built up.
Simultaneously, dietary carbon sources cause accumulations
of other protective sugars and/or polyhydric alcohols. A
glycerol diet results in increased fructose levels, an eryrhritol
diet in erythritol increases, a glucose diet in nonpatterned
profiles, and a sucrose diet in a profile similar to the -5°C
profile. It would be speculative to proceed with discussions of
intermediary metabolism beyond this point. However, the
Belgica data suggest a number of exciting prospects for con-
tinued study:

1. Erythritol metabolism and its apparent conversion to
glycerol imply that an undescribed metabolic pathway exists.

2. The mechanism (site) of influence by the dicotomous
triggers is unknown.
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