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While the evolutionary basis of insect freezing adapta-
tions remains unknown, we now know that temperate,
alpine, and polar species demonstrate similar mechanisms
(Baust and Edwards 1979; Baust and Morrissey 1977). Three
basic survival strategies have evolved. First, insects may be
tolerant to the presence of extracellular ice for prolonged
periods (Salt 1961) and simultaneously accumulate high
levels of cryoprotective agents (i.e., polyols and/or low mo-
lecular weight saccharides). Second, some species avoid ex-
tracellular ice formation by extended supercooling (scP)
(Baust, Grandee, Condon, and Morrissey 1979). The exten-
sion of scp is also accomplished by the accumulation of

antifreeze compounds identical in nature to cryoprotect-
ants. The third mechanism has an ontogenetic component
and involves a sequencing of the first two strategies. During
certain larval and adult stages, a species may be capable of
extended Sc' as an avoidance mechanism, while during
other stages it may be freezing-tolerant (Baust and Mor-
rissey 1977).

The antarctic insects would be expected to utilize one of
these basic mechanisms to ensure survival. Annual ambi-
ent air temperatures fluctuate between austral summer
highs of 10°C to winter lows of — 40°C (Palmer Station,
64°46'S 64°03'W). Resident terrestrial ectotherms must
therefore develop under continual "winter" conditions.
One species, Cryptopygus antarcticus (Collembola), uses the
avoidance mechanism (Somme 1979). However, a second
species, Belgica antarctica (Diptera), only partially conforms
to these strategies. Belgica antarctica, the only free-living,
holometabolous insect of the antarctic continent, does not
demonstrate the adaptative capacity necessary for survival
following predicted low temperature extremes (-30°C).

During the course of a three-season study, supercooling
points (scp) were observed not to vary (-5.4° ± 0.20°C)
(figure 1). Attempts to induce changes in SC? by thermal
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Figure 1. Annual variations in air and microhabitat temperatures and supercooling points (scp) of larval Belgica antarctica

(1978-79).
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and/or dietary variations proved unsuccessful until tem-
peratures exceeded the normal ambient upper limit of
10°C. At temperatures between 15° and 20°C, so' remained
constant despite high mortality. Lower lethal temperatures
(LLT) were unexpectedly high for a freezing-tolerant polar
species (figure 2). As with many animal systems, a cooling
rate optimum is suggested at — 0.1°C per minute. At the
optimal cooling rate, the LLT -160C and LLT 1 :5
—25°C.
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Figure 2. Lower lethal temperatures for larval Belgica ant-
arctica frozen at indicated rates.

B. antarctica synthesizes an array of potentially cryo-
protective agents which exceed in diversity those found in
other species. Glycerol is the predominant agent, with peak
levels approaching 200 milligrams per gram. Levels varied
seasonally but at relatively constant ambient temperatures.

SUMMER	WINTER

Fructose levels remained constant throughout the season
while glucose varied inversely with trehalose and sorbitol.

B. antarctica presents an apparent paradox for a freezing-
tolerant polar insect. In view of the extremes in ambient
temperatures and the relatively minimal ability to endure
bouts of freezing, this species appears adaptively ill-suited
for residence in the Antarctic. LLT and Sc? do not vary
seasonally. Attempts to acclimate B. antarctica to tem-
peratures either below — 5° or above 5°C according to step-
wise or chronic exposure procedures routinely employed
with arctic or temperate species have been unsuccessful.
Cryoprotectant profiles appear to have a mixed dependence
on temperature and carbon source (diet) (Baust and Ed-
wards 1979). Yet when maintained on a constant diet at
0°C, cryoprotectant levels, especially glycerol, cycle in a
pattern not unlike those observed over an annual period in
northern species. These variations suggest that the glyco-
lytic scheme is a function of earlier genetic programing for
seasonal variations and may be independent of seasonal
cues. Maintenance of specimens in continuous light or dark
did not affect cryoprotectant metabolism.

It has been suggested that the presence of high levels of
cryoprotectants alone cannot be viewed as prima facie evi-
dence for changes in the degree of freezing tolerance. This
species is minimally freezing-tolerant throughout the year
but has an apparent "excess" of protective compounds that
in other species would afford survival at lower temper-
atures. The evolutionary basis of freezing-tolerance de-
velopment is unknown. Cryoprotectant patterns in this
species appear similar to those found in arctic and north
temperate species experiencing low temperatures. SCP's re-
main elevated, suggesting high ice nucleator content and
insuring the early freezing essential to extended survival in
the frozen state. Yet freezing is rarely encountered within
the natural habitat (figure 3). LLT's also remain invariate
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Figure 3. Schematic rep-
resentation of heat flow

.1 0 between seawater, rock
substrate, sun, and micro-
habitat during summer and
winter. Dotted area repre-
sents ice or snow.
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during acclimation attempts. Adaptation to low tempera-
tures is certainly indicated. However, the sum of these
adaptive processes suggest that this species is an evolution-
ary relict.

The apparent paradox mentioned earlier is readily ex-
plained by the observation that microhabitat temperatures
demonstrate an unexpected seasonal stability (figure 1). The
antarctic ice piedmont at Anvers Island extends to the sea
except for occasional rock outcrops and small, low-elevation
islands. These outcrops rarely extend for more than a few
dozen meters between the sea and ice cap. Annual varia-
tions in ambient air and substrate (1 centimeter depth)
temperatures are illustrated (figure 1). Strikingly, substrate
temperature remains at 0° to — 2°C for over 300 days of the
year. Rarely do temperatures approach lower levels. The
extreme low temperature record of — 7° was reached only
twice during the year. During the warmest austral summer
period, substrate temperatures did not exceed 8°C.

The basis of this thermostability is illustrated in figure 3.
Seawater temperatures seasonally range between -1.8*
and 0°C. The organic layer rests directly on the bedrock and
rarely exceeds 4-6 centimeters in sites containing B. antarc-
tica. The bedrock and thin organic layer remain in thermal
equilibrium with the seawater because summer insolation

is not effective in substantially warming the substrate. It
should be noted that sites with more extensive organic
carpets (up to 20 centimeters) warm on occasions to 20°C.
However, B. antarctica does not inhabit these sites.
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