
Modern stromatolites—Adaptations to nonturbulence and meta-
zoan absence. Most of the benthic mats of the oasis lakes are being
preserved as ". . . organosedimentary structures produced by
sediment trapping, binding, and/or precipitation resulting from
metabolic activity and growth of organisms, primarily blue-
green algae" (Awramik, Margulis, and Barghoorn 1976, p. 149),
and hence are stromatolites. Diatoms and bacteria also occur in
most mat types presently known from Lakes Bonney, Chad,
Fryxell, Hoare, and Vanda. These stromatolites represent the
highest latitude (>77°S) and only known Recent, cold
stromatolites on Earth and, as such, may represent reasonable
analogs of the more abundant Precambrian stromatolites. Con-
sequently, they can serve as models for interpreting the de-
velopment, diagenesis, and paleoecology of ancient
stromatolites (Love, Simmons, Parker, and Wharton in press;
Parker et al. 1981; Wharton 1982; Wharton et al. 1982).

Metabolic activity of the antarctic stromatolite mats results in
calcite precipitation, especially under higher alkalinity condi-
tions (Wharton et al. 1982), and probably other minerals bio-
genically form (Parker et al. 1982). Metabolism and growth of
these organisms are influenced by light, temperature, salinity,
02/CO2, nutrient levels, turbulence, or mixing, all of which are
under investigation. Organic matter is also well preserved and
includes keragen (i.e., organic matter insoluble in organic sol-
vents) and geolipid (i.e., organic matter soluble in organic sol-
vents, e.g., chloroform), the amounts and components of
which are currently under investigation.

We are grateful for the support of this research by the Na-
tional Science Foundation under grant DPP 79-20805.

References

Allnutt, F C. T., Parker, B. C., Seaburg, K. C., and Simmons, G. M., Jr.
1981. In situ nitrogen (C2H2)-fixation in lakes of southern Victoria
Land, Antarctica. Hydrobiological Bulletin, 15, 99-109.

Awramik, S. M., Margulis, L., and Barghoorn, E. S. 1976. Evolutionary
processes in the formation of stromatolites. In M. R. Walter (Ed.),
Stromatolites. Amsterdam: Elsevier.

Cathey, D. D., Parker, B. C., Simmons, G. M., Jr., VanBrunt, M. R., and
Yongue, W. H. In press. Protozoan colonization of artificial substrates
in two antarctic lakes. Transactions of the American Microscopical Society.

Cathey, D., Yongue, W., Simmons, G. M., Jr., and Parker, B. C. 1981. The
microfauna of algal mats and artificial substrates in southern Victoria
Land lakes of Antarctica. Hydrobiologia, 85, 3-15.

Kaspar, M., Simmons, G. M., Jr., Parker, B. C., Seaburg, K. C., Whar-
ton, R. A., Jr., and Lewis-Smith, R. I. In press. The farthest south
deep water moss. The Bryologist.

Love, F G., Simmons, C. M., Jr., Parker, B. C., Wharton, R. A., Jr., and
Seaburg, K. G. In press. Modern Conophyton-like microbial mats
discovered in Lake Vanda, Antarctica. Geomicrobiological Journal.

Love, F G., Simmons, G. M., Jr., Wharton, R. A., Jr., and Parker, B. C.
In press. Methods for melting dive holes in thick ice and vibraconng
beneath ice. Journal of Sedimentary Petrology.

Parker, B. C., and Simmons, C. M., Jr. 1981. Biogeochemical cycles in
antarctic oasis lakes. Trends in Biochemistry, 6, 3-4.

Parker, B. C., Simmons, G. M., Jr., Seaburg, K. C., Cathey, D. D., and
Allnutt, F C. T. In press. Comparative ecology of plankton commu-
nities in seven antarctic oasis lakes. Journal of Plankton Research.

Parker, B. C., Simmons, G. M., Jr., Seaburg, K. G., and Wharton, R. A.,
Jr. 1980. Ecosystem comparisons of oasis lakes and soils. Antarctic
Journal of the U.S., 15(5), 167-170.

Parker, B. C., Simmons, G. M., Jr., Wharton, R. A., Jr., Seaburg, K. G.,
and Love, F G. 1982. Removal of salts and nutrients from antarctic
lakes by aerial escape of bluegreen algal mats. Journal of Phycology, 18,
72-78.

Priddle, J. 1980. The production ecology of benthic plants in some
antarctic lakes. I. In situ production studies. Journal of Ecology, 68,
141-153. (a)

Priddle, J . 1980. The production ecology of benthic plants in some
antarctic lakes. II. Laboratory physiological studies. Journal of Ecology,
68, 155-166(b)

Seaburg, K. C., Parker, B. C., and Simmons, G. M., Jr. 1981. Tempera-
ture-growth responses of algal isolates from antarctic oases. Journal of
Phycology, 17, 353-360.

Simmons, C. M., Jr., Parker, B. C., Wharton, R. A., Jr., Love, F G., and
Seaburg, K. C. 1981. Physiological adaptations of biota in antarctic
oasis lakes. Antarctic Journal of the U.S., 16(5), 173-174.

Wharton, R. A., Jr. 1982. Ecology of algal mats and their role in the formation
of stromatolites in antarctic dry valley lakes. Unpublished doctoral disser-
tation, Virginia Polytechnic Institute and State University.

Wharton, R. A., Jr., Parker, B. C., Simmons, G. M., Jr., Seaburg, K. C.,
and Love, F G. 1982. Biogenic calcite structures forming in Lake
Fryxell, Antarctica. Nature, 295, 403-405.

Wharton, R. A., Jr., Vinyard, W. C., Parker, B. C., Simmons, G. M., Jr.,
and Seaburg, K.G. 1981. Cryoconite holes in antarctic piedmont
glaciers. Phycologia, 20, 208-211.

Physiological adaptations of antarctic
terrestrial arthropods

RICHARD E. LEE, JR.* and JOHN G. BAUST

Department of Biology
University of Houston
Houston, Texas 77004

*presen t address: Department of Zoology, Miami University-Hamilton,
Hamilton, Ohio 45001.

In 1981, investigations of the adaptation of terrestrial arthro-
pods to low temperatures in the maritime Antarctic were ex-
panded to include seasonal monitoring throughout the year at
Palmer Station (64°46'S 64°03'W). During the austral summer
these species use one of two survival mechanisms, freeze toler-
ance or freeze avoidance (Lee and Baust 1981). The supercooling
point (sCP) refers to the temperature at which spontaneous
freezing of body water occurs. For species susceptible to freez-
ing, it represents the lower survival limit.

Freeze-tolerant larvae of the chironomid Belgica antarctica
maintained their SCP's at relatively high levels throughout the
year (table). Winter-acclimatized larvae were freeze-tolerant to
- 15°C. This level of tolerance is similar to that of larvae collected
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during the summer, indicating that cold-hardiness is retained
throughout the year (Lee and Baust 1981). Alternatively, freeze-
susceptible species avoid freezing by the selection of thermally
buffered hibernacula and seasonal depression of the sc!. Al-
askozetes antarcticus and Cryptopygus an tarcticus demonstrated
enhanced supercooling capacity through February and March,
reaching and maintaining sci's of between _200 and - 30°C
during the winter (table). Within the overwintering micro-
habitat of these species, an scp of -iO° to - 15°C should be
sufficient to protect tissue from freezing at any time of the year
(Baust 1980). High-performance liquid chromatographic analy-
sis of seasonal cryoprotectant levels for each species are in
progress (Baust and Edwards 1979).

Large colonies (numbering 1,000 or more individuals) of the
seabird tick Ixodes uriae were located on the periphery of Adélie
penguin rookeries (figure). Aggregations composed of all life
stages were found beneath large rocks in well-drained sites. At
Palmer Station this species apparently requires a minimum of 3
years to reach maturity, overwintering successively as an egg,
an engorged larvae, and an engorged nymph. Newly laid eggs
had the greatest supercooling capacity (- 29°C), followed by
larvae and nymphs, which freeze at between -15° and - 20°C.
This species is freezing-intolerant. Engorged nymphs did not
accumulate cryoprotectants (i.e., glycerol, sorbitol, or
trehalose) during the winter. Chill coma temperatures ranged
between -1.5° and - 5.0°C for adults and nymphs. Desiccation
stress had no effect on Sc!' values or glycerol levels in engorged
nymphs.

The elevation of basal metabolic rates in polar ectotherms as
compared with temperate or tropical forms is termed metabolic
cold adaptation. Block and Young (1978) reported elevated res-
piration rates in antarctic mites. Our studies of oxygen con-
sumption in B. antarctica and 1. uriae revealed no evidence of
metabolic cold adaptation in these species; however, the activa-
tion energies exhibited by the chironomid larvae indicate that
metabolic rate is relatively independent of temperature as com-
pared with temperate species (Lee and Baust 1982). Compensa-
tory acclimation refers to changes in the rate of metabolic pro-
cesses in response to altered environmental conditions.
Acclimation to 0° or 10°C for 1-2 weeks had no differential effect
on respiration rates in either species. These results suggest that
B. antarctica and I. uriae lack the capacity for compensatory
acclimation of respiration rate.

Most polar terrestrial arthropods tolerate temperatures great-
er than + 20°C for only a few hours. Females of I. uriae, however,
tolerated exposure to + 40°C. This limit agrees closely with the

Top: Aggregation of Ixodes ur!ae on the periphery of an Adélle
penguin rookery. Spatula is 22 centimeters long. Bottom: Close-up
of aggregation composed primarily of engorged nymphs.

thermal environment experienced during the ectoparasitic por-
tion of their life cycle.

This research was supported by National Science Foundation
grant DPP 78-21116. The field team included Richard E. Lee, Jr.
(December-March 1981), Dave Johnson, and Bob Watkins (De-
cember 1980-December 1981).

Seasonal supercooling points for terrestrial arthropods at Palmer Station, 1981 (mean °C ± standard error; n = 10-20)

Species	 Jan	Feb
	

Mar	May	July	Sept	Dec

Belgica antarctica (larvae)	 - 5.7	- 5.8	- 6.5	- 7.3	- 8.0	-11.5	- 7.0
± 0.2	± 0.3	± 0.4	± 1.1	± 0.9	± 1.3	± 0.4

Cryptopygus antarcticus	 -13.5	-19.3	-20.7	-25.4	-28.5	-25.4	-25.8
± 1.9	1.4	± 1.8	± 0.6	± 0.5	± 0.8	± 0.3

Alaskozetes antarcticus	 -11.1	-20.5	-23.5	-30.8	-28.8	-25.2	-14.9
+ 1.5	1.5	± 2.0

	0.4	± 1.1	± 1.0.	± 2.2
Ixodes uriae (nymphs)	 -11.5	-20.2	-18.7	-16.0	-15.1	-a	-20.2

± 1.9	± 0.6	± 1.6	± 0.7	±2.6	 ±0.9

Data not collected.
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