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Abstract

Antarctic terrestrial ecosystems are briefly described, with emphasis on Signy Island in the maritime antarctic
region, and the McMurdo oasis, southern Victoria Land, and Vestfold Hills in the continental antarctic region.

Asthelargest and best known coastal ice-free oasis, the Vestfold Hills contain excellent examples of terrestrial
sublithic, epilithic, chasmoendolithic, epiphytic and terricolous algal communities, as well as epilithic, en-
dolithic, and epiphytic lichen communities, and moss communities. Many of the numerous lakes support

dense communities of aquatic algae.

Introduction

Little more than 1% of the 14 million km? of the
antarctic continent is ice-free. Terrestrial plant life is
restricted to the ice-free areas of coastal outcrops
and offshore islands, inland nunataks, mountain
ranges and ‘oases’. The flora is dominated by li-
chens, bryophytes and algae; only two species of vas-
cular plants occur on the continent, both restricted
to the north-west parts of the Antarctic Peninsula.

The distribution of antarctic terrestrial plant life
is determined by three principal factors — climatic
(temperature, incident radiation, availability of
moisture, wind, exposure, etc.), edaphic (substrate
characteristics) and biotic (animals and other
plants).

Schemes of phytogeographic subdivision of Ant-
arctica and adjacent ocean areas have been reviewed
by Pickard & Seppelt (1984a) and Smith (1984a). The
southern polar regions have been broadly subdivid-
ed into a subantarctic zone, generally between the
Antarctic Convergence and Divergence, and two ant-
arctic zones (maritime and continental) generally
south of the Antarctic Divergence.

There appears to be general agreement that at

least the north-west coast of the Antarctic Peninsula
belongs to the maritime antarctic zone, which in-
cludes Bouvetoya, the South Sandwich, South Or-
kney and South Shetland Islands (Holdgate, 1964;
Korotkevich, 1966; Longton, 1967; Markov et al,
1970; Lindsay, 1977; Pickard & Seppelt, 1984a;
Smith, 1984a) The two vascular plants occur
throughout this region (except Bouvetgya) as far
south as Marguerite Bay at the south of the Antarctic
Peninsula. The eastern coast of the Antarctic Penin-
sula and the remainder of the Continent together
with Peter I @y and the Balleny Islands form the con-
tinental antarctic zone.

A biogeographic zoning of Greater or East Ant-
arctica was proposed by Gollerbakh & Syroechkov-
skii (1958 — see Markov et al., 1970: 322). They dis-
tinguished four major ‘life arenas’ the continental
ice sheet, young antarctic oases, mature antarctic
oases, and offshore islands and sea ice. Bugaev (1960
— see Markov et al,, 1970: 180) subdivided continen-
tal Antarctica into three climatic subregions: the
central ice plateau above an altitude of about
2800 m, the ice slopes from this elevation to the sea,
and the coastal subregion. Weyant (1966) indepen-
dently proposed identical subregions which were
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later adopted by Holdgate (1970, 1977) and modified
by Smith (1984a).

The continental ice sheet appears devoid of life.
The ice slope subregion included isolated nunataks
and mountain ranges. Scattered local populations of
lichens, bryophytes and algae with associated inver-
tebrates occur on these outcrops and snow algae may
be found in surficial layers of ice and snow. The
coastal subregion includes ice-free oases, coastal
outcrops and islands, as well as ice shelves. The dis-
tribution of plant life in this subregion may be in-
fluenced significantly by wind-borne sea spray or the
activities of birds and seals, in regions where no ice
shelf or permanent dense pack-ice persists.

The climate of these subregions is described in de-
tail by Markov et al. (1970: 180) and by Walton
(1984). In the coastal subregion, summer air tempet-
atures rarely rise above 0°C or thereabouts. In the
ice slope subregion, mean monthly air temperatures
during summer (December to March) are generally
less than about — 5 °C, while the central ice plateau
is substantially colder, less than —15 °C. In the mari-
time zone, during at least one month in summer, the
mean air temperature rises above 0°C at sea level
while mean monthly winter temperatures rarely fall
below —10°C.

Discussion
Maritime Antarctic

Cryptogams dominate the vegetation of the mari-
time antarctic although there are small closed stands
of the only two phanerogams, Deschampsia antarc-
tica and Colobanthus quitensis (Fig. 1), present on
the antarctic continent. Mosses form closed stands
in wetter habitats with local accumulations of peat.
Lichens predominate in exposed and higher sites.
There are several species of macrofungi and snow al-
gae which may be abundant in summer months.
Signy Island, South Orkney Islands (60°S, 45°W)
falls within the maritime antarctic region (Holdgate,
1964). It lies 640 km from the Antarctic Peninsula,
the nearest land mass, 900 km south-west of the is-
land of South Georgia, and 1440 km south-east of
Tierra del Fuego. The climate is cold oceanic. The
topography is generally rugged. There are a number
of freshwater lakes and a small ice cap (Holdgate,
1967; Heywood, 1970). The vegetation of the island
is similar to that found elsewhere in the maritime
antarctic (Longton, 1967; Gimingham & Smith,
1970; Lindsay, 1971; Smith, 1972; Alison & Smith,
1972; Smith & Corner, 1973; Longton & Holdgate,

Fig. 1. Signy Island: Deschampsia-Colobanthus association. Typical maritime community in Maritime Antarctica.



1979). Intensive interrelated biological and microcli-
matic studies have been conducted at two reference
sites in contrasting bryophyte systems (Tilbrook,
1973).

The macrovegetation of Signy Island is
predominantly cryptogamic, with approximately
200 species of lichen, 75 mosses, 12 hepatics and
only two vascular plants. Floristic studies of the al-
gae are incomplete although Broady (1977a, 1977D,
1979a, 1979b) reported an algal flora of at least 162
species.

The most extensive closed stands of vegetation
have developed in the more stable areas of scree
slopes and valley floors, rocky ridges, plateaux and
headlands. More open communities occur in areas
subjected to cryoturbic disturbance. The more ex-
posed rock surfaces are colonized almost solely by
lichens. Caloplaca, Verrucaria and Xanthoria spe-
cies are abundant on rocks directly influenced by sea
spray. Nitrophilous species of Biatorella, Buellia,
Haematomma, Lecidea, Physcia, Rinodina and
Xanthoria are abundant near bird nesting sites on
cliffs and rocky slopes. On inland rocks, stands of
Lecidea, Ochrolechia, Pertusaria, Placopsis and
Rhizocarpon species are abundant. On the more sta-
ble lithosols and rock surfaces, communities domi-
nated by fruticose lichens, particularly Usnea and
Himmantornia, and cushion-forming mosses such
as species of Andreaea, Grimmia and Dicranoweisia
are common. The mosses are usually dominant
where there is a more stable substratum and abun-
dant water supply. Only 17 of the moss species pro-
duce sporophytes (Webb, 1973). In the wetter depres-
sions mosses such as Calliergon, Calliergidium and
Drepanocladus species predominate and lichens are
usually absent. Annual growth increments of species
in these wetter depressions may be as much as 4 cm
(Collins, 1973), contrasting with the lesser incre-
ments of only 3—35 mm for mosses in drier and un-
stable habitats (Webb, 1973).

The green alga Prasiola crispa (Lightf.) Menegh.
is locally abundant in permanently wet areas and in
pools or runnels enriched by seal excrement or near
penguin colonies. The cyanophyte Nostoc commune
Vaucher is also locally abundant on bare, wet
solifluction slopes supplied with slightly alkaline
meltwater (Horne, 1972).
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Snow algae, chiefly Chlamydomonas,
Rhaphidonema and Ochromonas species are com-
monly found on the surface of firm snow during
summer (Fogg, 1977).

Data from the many studies that have been con-
ducted in the dry moss turf community and wet moss
carpet community that comprise the Signy Island
Terrestrial Reference Sites have been synthesized by
Davis (1981). Such intensive integrated studies have,
as yet, no parallel in continental antarctic communi-
ties.

Continental Antarctic

A much less diverse flora with a narrow range of
cryptogamic communities is found in the extreme
cold and arid environment of continental antarctic
localities than in the maritime antarctic. Bare ground
predominates. Under such conditions water availa-
bility assumes great importance in determining
plant distribution (Llano, 1965; Rudolph, 1971).

1. Southern Victoria Land.

Longton (1973, 1979) reported few plant associa-
tions from Ross Island. The most widespread vegeta-
tion consisted of sparsely developed communities of
turf- and cushion-forming mosses in habitats rang-
ing from dry cinder slopes to sand and gravel in seep-
age areas and at the side of and in meltwater streams.
The bryophyte colonies seldom exceeded 4 cm in
depth and total plant cover was frequently under
5%. Sarconeurum was generally found in drier
habitats than Bryum species. Exposed rock habitats
usually supported only small scattered thalli of
crustaceous lichens such as Xawnthoria elegans
(Link) Th. Fr., Candelaria concolor var, antarctica
Murray, Caloplaca darbishieri Dodge & Baker and
Lecanora melanophthalma (Ram.) Ram. These
communities were similar to those described for the
Syowa Station area, Prince Olav Coast (Nakanishi,
1977) and the Mawson Station area, Mac. Robertson
Coast (Seppelt & Ashton, 1978) although species
dominance differed. Although no attempt was made
to classify the vegetation the communities at Cape
Hallett, nothern Victoria Land, also appear to be
similar (Rudolph, 1963).
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Detailed studies of the terrestrial algae of con-
tinental antarctic localities have been attempted only
in recent years. Broady (1981d, 1981e, 1983) has stud-
ied the ecology and taxonomy of the terrestrial algae
of southern Victoria Land. Other studies on soil,
epilithic and chasmolithic algae (Broady, 198la,
1981b) and on chasmolithic algae (Broady, 1981c) for
other coastal localities have also been made. The role
of endolithic cyanobacteria in the dry valley desert
environment of southern Victoria Land has been
discussed by Friedmann & Ocampo (1976) and
Friedmann (1977, 1980, 1982).

The dry valleys of southern Victoria Land (Fig. 2)
have been studied as examples of extremely arid,
cold environments where the importance of the
endolithic habitat occupancy as a niche for microbi-
al life could be investigated (Friedmann, 1977, 1980,
1982; Friedmann & Ocampo, 1976).

Fumarole vegetation has been studied on Mt Ere-
bus by Broady (1982, 1983, 1984). Heated soils
around fumaroles (Fig. 3) provide considerable zo-
nation of algal growth and, in addition, unidentified
moss protonema have been recovered. A well-
developed fumarole vegetation has also been report-
ed for the South Sandwich Islands (Longton &
Holdgate, 1979; Smith, 1984a, 1984b) and, following
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recent eruptions, on Deception Island (Collins,
1969) where areas of fumarole activity and their as-
sociated vegetation are ephemeral (Smith, 1984b).
Other geothermically heated areas on the island cur-
rently support a community of short turf-forming
mosses (Smith, 1984b, 1984c).

2. Vestfold Hills, Ingrid Christensen Coast

The Vestfold Hills ‘oasis’ is a 400 km? area of ice-
free rock mainly of low relief. Much of the landscape
is covered by moraines and tills (Fig. 4). The phys-
iography and biology of the region have been gener-
ally described by Johnstone ef al. (1973) while Bur-
ton & Campbell (1980) have discussed the climate. A
detailed discussion of the geology, geomorphology,
Cainozoic history, climate, vegetation, terrestrial in-
vertebrates and significance of the Vestfold Hills is
given in a recent book (Pickard, 1986a).

Davis Station (68°35'S, 77°58'E) is situated ap-
proximately 25 km from the continental ice plateau.
Consequently, katabatic winds, which play a signifi-
cant role in determining local plant distribution at
Mawson Station (Seppelt & Ashton, 1978), dissipate
before reaching the coastal perimeter near the Sta-
tion, and therefore have an effect only close to the
ice plateau.

Fig. 2. Taylor Valley: looking towards McMurdo Sound, with Lake Fryxell and Canada Glacier. Valley is approximately 5 km wide.
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Fig. 3. Mt Erebus: steaming ground near the summit.

Fig. 4. Vestfold Hills: typical coastal desert habitat with glacial till.

The flora of the Vestfold Hills comprises at least
82 species of terrestrial algae (Broady, 1986), six
moss species (Seppelt, 1986a) and at least 23 lichen
species (Seppelt, 1986b). The lichens and mosses are

distributed chiefly in the eastern or inland sector and
their distribution patterns reflect the availability of
drift snow, time since exposure of the substrate from
the ice plateau and time since the last glaciation, ele-
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vation, and proximity to saline waters (Seppelt et al,,
this volume). Very few occurrences of lichens or
mosses have been noted towards the coastal margin
where the low terrain is densely clothed with moraine
and till. Mobile sands in these areas may actively in-
hibit colonization by the extremely slow growing
lichens and mosses. In contrast, sublithic algae are
widespread in these till-covered areas (Broady,
1981a; Seppelt et al., this volume).

Notwithstanding sampling deficiencies in the
south-eastern and margins of the oasis, epilithic al-
gae (Broady, 1981b; Seppelt et al.,, this volume) ap-
pear to reflect closely the generalized patterns of
lichen and moss distribution. The epilithic algae are
chiefly encrusting growths of cyanobacteria on rocks
which receive fresh meltwater percolations. The
community does not appear to be salt tolerant.

Chasmoendolithic algae, growing in capillary-
sized cracks in boulders and in sifu country rock out-
crops, are no doubt far more widespread than
preliminary searches indicate (Broady, 1981c; Sep-
pelt et al, this volume). There are indications that
such algae are more abundant in coastal locations
than further inland. At least in coastal regions these
chasmoendoliths appear not to be associated with
chasmoendolithic lichens, such as Lecidea phillip-
siana Filson, Biatorella cerebriformis (Dodge) Fil-
son and Acarospora gwynnii Dodge & Baker, which
have so far been reported only from inland localities
and not the coastal margin.

Schofield & Ahmadjian (1972) have implicated
the absence of a freely available nitrogen source, to-
gether with other environmental factors, in account-
ing for the paucity of vegetation in the ice-free areas
of Antarctica. Nostoc may be an important source
of nitrogen fixation in the poorly developed antarc-
tic cold desert soils.

Although there are many communities of bryo-
phytes in the Vestfold Hills which have no obvious
algal associations, Davey (1982) reported Nostoc was
always associated with bryophytes. Nostoc may con-
tribute significant amounts of nitrogenous com-
pounds for bryophyte growth.

Communities of Nostoc commune are found in
association with bryophyte stands in areas of melt-
water runoff. Davey (1982) discussed in situ nitrogen
fixation by Nostoc commune in a stand of moss and

algae at a site near Crooked Lake. Submerged colo-
nies of Nostoc had the highest fixation rates with
decreasing rates of fixation as dryness of the sub-
strate or habitat increased. Fixation of nitrogen by
cyanobacteria is maximal during periods of optimal
microclimatic conditions. Davey (1983) reported di-
urnal fluctuations of nitrogenase activity and in-
creasing rates of fixation with increased tempera-
ture, Moisture levels also affect fixation rates (Davey,
1982). In situ determination of nitrogenase activity
showed that summer activity ceased when vegetation
surface temperatures fell below —7°C (Davey &
Marchant, 1983).

While there are no large colonies of snow petrels,
nesting sites are widely scattered in many parts of the
Vestfold Hills (Brown, 1966). Rich lichen growths,
particularly Xanthoria mawsonii Dodge, X. elegans,
Physcia caesia (Hoffm.) Hampe and Candelariella
antarctica Filson occur where meltwater runoff is
enriched by nutrients derived from such nesting
sites.

There are few localities with extensive moss beds
and these are generally restricted to inland areas
(Seppelt et al, this volume). As in many other con-
tinental localities, Bryum species predominate. The
taxonomy of this genus in Antarctica is confused but
recent studies (Seppelt & Kanda, 1986) have shown
that only two species — B. argenteum Hedw., and B.
pseudotriquetrum (Hedw.) Meyer, Scherb.,, &
Gaertn., — are represented in continental localities,
the latter species including all material formerly
identified as B. algens Card. (Seppelt, 1984). Bryum
species exhibit a wide range of morphological varia-
tion in response to environmental factors. When in-
undated by meltwater, shoots of Bryum may etiolate
conisderably (Seppelt, 1983). The aquatic B. korot-
kevicziae Savich-Lyubitskaya & Smirnova, which
has been found in a number of water bodies in the
Vestfold Hills, has been shown to be an aquatic
habitat-induced variant of the terrestrial B. algens
(Seppelt, 1983), although this species should now be
considered as B. pseudotriquetrum (Seppelt & Kan-
da, 1986). Etiolated shoots of this species have been
recovered from Holocene deposits near several water
bodies (Pickard & Seppelt, 1984b).

The terrestrial flora of the Vestfold Hills is
representative of most of continental Antarctica.



Thus, the oasis is not unique floristically. However,
the presence on intertidal rocks near Davis Station
of the lichen Verrucaria (Seppelt, 1986), the only rec-
ord of this genus on the antarctic continent beyond
the Antarctic Peninsula, and the deposits of subfos-
sil moss (see above) are of particular interest.

The Vestfold Hills, because of the area of ice-free
rock, geomorphic history and range of habitats, pro-
vide an excellent opportunity for the study of terres-
trial life in continental Antarctica. Much remains to
be studied of the taxonomy, ecology and physiology
of the biota. Soils and soil-forming processes have
not been addressed.

A complex relationship exists between plant dis-
tribution patterns and topography, proximity to the
continental ice cap, and past geomorphic history
(Seppelt et al,, this volume). Intensive field studies
will need to be undertaken in order to understand
these relationships. It is time to develop a fully in-
tegrated approach to the study of the terrestrial biol-
ogy of the region.

References

Allison, J. S. & R. 1. L. Smith, 1973, The vegetation of Elephant
Island, South Shetland Island. Bull. br. antarct. Surv. 33 & 34:
185-212.

Broady, P. A., 1977a. The Signy Island terrestrial reference sites,
VII. The ecology of the algae of Site 1, a moss turf. Bull. br.
antarct. Surv. 45: 47~62.

Broady, P. A., 1977b. The Signy Island terrestrial reference sites,
IX. The ecology of the algae at Site 2, a moss carpet. Bull. br.
antarct. Surv. 47: 13-29.

Broady, P. A., 1979a. Feeding studies on the collembolan Cryp-
topygus antarcticus Willem at Signy Island, South Orkney Is-
lands. Bull. br. antarct. Surv. 48: 37 —46.

Broady, P. A., 1979b. The terrestrial algae of Signy Island, South
Orkney Islands. Br. antarct. Surv. Sci. Rep. 98, 117 pp.

Broady, P. A., 1981a. The ecology of sublithic terrestrial algae at
the Vestfold Hills, Antarctica. Br. Phycol. J. 16: 231—240.

Broady, P. A., 1981b. Ecological and taxonomic observations on
subaerial epilithic algae from Princess Elizabeth Land and
Mac. Robertson Land, Antarctica. Br. Phycol. J. 16: 257 —266.

Broady, P. A., 1981c. The ecology of chasmolithic algae at coastal
locations in Antarctica. Phycologia 20(3): 259—272.

Broady, P. A, 1981d. Algae of southern Victoria Land, a taxo-
nomic and ecological study, 1980-81. Melb. Univ. Program An-
tarct. Stud. Rep. 31, 26 pp.

Broady, P. A., 1981e. Non-marine algae of Cape Bird, Ross Island
and Taylor Valley, Victoria Land, Antarctica. Melb. Univ. Pro-

183

gram Antarct. Stud. Rep. 37, 97 pp.

Broady, P. A., 1982. Algae from fumarolic soils on Mt Erebus,
Ross Island, Antarctica. Melb. Univ. Program Antarct. Stud.
Rep. 51, 48 pp.

Broady, P. A., 1983. Botanical studies at Ross Island, Antarctica
in 1982-83. Preliminary report. Melb. Univ. Program Antarct.
Stud. Rep. 58, 40 pp.

Broady, P. A., 1984. Taxonomic and ecological investigations of
algae on steam-warmed soil at Mt Erebus, Ross Island, Antarc-
tica. Phycologia 23: 257—271.

Broady, P. A., 1986. Ecology and taxonomy of the terrestrial al-
gae of the Vestfold Hills. In J. Pickard (ed.), Antarctic Oasis.
Terrestrial environments and history of the Vestfold Hills. Aca-
demic Press, Lond.: 165—202.

Brown, D. A., 1966. Breeding biology of the Snow Petrel,
Pagodroma nivea Forster. ANARE Sci. Rep. Publ. 89. Antarct.
Div., Sci., Melbourne, 64 pp.

Burton, H. R. & P. J. Campbell, 1980. The climate of the Vestfold
Hills, Davis Station, Antarctica, with a note on its effect on the
hydrology of hypersaline Deep Lake, ANARE Sci. Rep. Publ.
129. Aust. Govt. Publ. Service, Canberra, 50 pp.

Collins, N. J., 1969. The effects of volcanic activity on the vegeta-
tion of Deception Island. Bull. br. antarct. Surv. 21: 79—94,

Collins, N. ., 1973. Productivity of selected bryophyte communi-
ties in the maritime Antarctic. InL. C. Bliss & F. E. Wiegolaski
(eds), Primary Production and Production Processes, Tundra
Biome. Tundra Biome Steering Committee, Stockholm:
177-183.

Davey, A., 1982. In situ determination of nitrogen fixation in Ant-
arctica using a high sensitivity portable gas chromatograph.
Aust. J. Ecol. 7: 395-402.

Davey, A., 1983. Effects of abiotic factors on nitrogen fixation by
blue-green algae in Antarctica. Polar Biol. 2: 95—100.

Davey, A. & H. J. Marchant, 1983. Seasonal variation in nitrogen
fixation by Nostoc commune Vaucher at the Vestfold Hills,
Antarctica. Phycologia 22(4); 377—385.

Davis, R. C., 1981. Structure and function of two antarctic terres-
trial moss communities. Ecol. Monogr. 51(2): 125—143.

Fogg, G. E., 1967. Observations on the snow algae of the South
Orkney Islands. Phil, Trans. R. Soc. Lond. Ser. B. 252:
279—287.

Friedmann, E. 1., 1977. Microorganisms in antarctic desert rocks
from dry valleys and Dufek Massif. Antarct. J. U.S. 12: 26— 30.

Friedmann, E. 1., 1980. Endolithic microbial life in hot and cold
deserts. Proc. 4th College Park Colloquium on Chemical Evo-
lution. Limits of Life, University of Maryland, 1978. Origins
of Life 10: 223 —235.

Friedmann, E. 1., 1982. Endolithic microorganisms in the antarc-
tic cold desert. Science 215: 1045—1053.

Friedmann, E. I. & R. Ocampo, 1976. Endolithic blue-green algae
in the dry valleys: primary producers in the antarctic desert eco-
system. Science 193: 1247 —1249.

Gimingham, C. H. & R. I. L. Smith, 1970. Bryophyte and lichen
communities in the Maritime Antarctic. In M. W, Holdgate
(ed.), Antarctic Ecology 2, Academic Press, Lond.: 752—785.

Heywood, R. B., 1970. Ecology of the fresh-water lakes of Signy



184

Island, South Orkney Islands, I. Catchment areas, drainage
systems and lake morphology. Bull. br. antarct. Surv. 14:
25-43,

Holdgate, M. W.,, 1964. Terrestrial ecology in the Maritime Ant-
arctic. In R. Carrick, M. W. Holdgate & J. Prevost (eds.), Bi-
ologie Antarctique. Hermann, Paris: 181—194.

Holdgate, M. W, 1967. Singy Island. Phil Trans R. Soc. Lond.
Ser. B. 252: 173-177. )

Holdgate, M. W., 1970. Vegetation. In M.W. Holdgate (ed.), Ant-
arctic Ecology 2. Academic Press, Lond.: 729—733.

Holdgate, M. W., 1977. Terrestrial ecosystems in the Antarctic.
Phil. Trans. R. Soc. Lond. Ser. B. 279: 5-25.

Horne, A. J.,, 1972. The ecology of nitrogen fixation on Signy Is-
land, South Orkney Islands. Bull. br. antarct. Surv. 27: 1—18.

Johnstone, G. W., D. J. Lugg & D. A. Brown, 1973. The biology
of the Vestfold Hills, Antarctica. ANARE Sci. Rep. Publ. 123.
Antarct. Div,, Dept. Sci., Melbourne, 62 pp.

Korotkevich, Y. S., 1966. Gyebotanicheskoye raeonirobaniye.
(Geobotanical regionalization). Map 135. In Anon. (1966) At-
las Antarktiti (Antarctic Atlas). Glavnoe upravlenie geodezii i
kartografii Ministerstra geologii USSR: Moskva & Leningrad.
(Soviet Geography Review & Translation 8: 262~ 507).
[Russian]

Lindsay, D. C., 1971. Vegetation in the South Shetland Islands.
Bull. br. antarct. Surv. 25: 59-83.

Lindsay, D. C., 1977. Lichens of cold deserts. In M. R. D. Sea-
ward (ed.), Lichen Ecology. Academic Press, London.:
183-209.

Llano, G. A., 1965. The flora of Antarctica. In T. Hatherton (ed.),
Antarctica: A New Zealand Antarctic Society Survey.
Methuen, Lond.: 331-350.

Lognton, R. E., 1967. Vegetation in the Maritime Antarctic. Phil.
Trans. R. Soc. Lond. Ser. B. 252: 213--235.

Longton, R. E,, 1973. A classification of terrestrial vegetation
near McMurdo Sound, continental Antarctica. Can. J. Bot. 51:
2339—2346.

Longton, R. E., 1979. Vegetation ecology and classification in the
Antarctic Zone. Can. J. Bot. 57: 2264 —-2278.

Longton, R. E. & M. W, Holdgate, 1967. Temperature relation-
ships of Antarctic vegetation. Phil. Trans R. Soc. Lond. Ser. B.
252: 237-250.

Longton, R. E. & M. W. Holdgate, 1979. The South Sandwich Is-
lands: IV. Botany. Br. Antarct, Surv. Sci. Rep. 94.

Markov, K. K., V. 1. Bardin, V. L. Lebedev, A. I. Orlov & 1. A.
Suetova, 1970. The geography of Antarctica. Israel prog. Sci
Translation, Jerusalem (English translation of Markov, K. K.,
ctal. 1968. Geografiya Antarktidy. Izdatel’stvo Mysl, Moskva).

Nakanishi, S., 1977. Ecological studies of the moss and lichen
communities in the ice-free areas near Syowa Station, Antarcti-
ca. Antarct. Rec. 59: 68—96.

Pickard, J. (ed.), 1986a. Antarctic Oasis. Terrestrial environments
and history of the Vestfold Hills. Academic Press, Lond.,
367 pp.

Pickard, J., 1986b. Spatial relations of the vegetation of the Vest-
fold Hills, Antarctica. In J. Pickard (ed.), Antarctic Oasis. Ter-
restrial environments and history of the Vestfold Hills, Antarc-

tica. Academic Press, Lond.: 275—308.

Pickard, J. & R. D. Seppelt, 1984a. Phytogeography of Antarcti-
ca. J. Biogeog. 11: 83—102.

Pickard, J. & R. D. Seppelt, 1984b. Holocene occurrence of the
moss Bryum algens Card. in the Vestfold Hills, Antarctica. J.
Bryol. 13: 209-217.

Rudolph, E. D., 1963. Vegetation of Hallett Station area, Victoria
Land, Antarctica. Ecology 44: 585—586.

Rudolph, E. D., 1971. Ecology of land plants in Antarctica. In
L. O. Quam (ed.), Research in the Antarctic. Am. Soc. Adv.
Sci., Wash. D.C.: 191-211.

Schofield, E. & V. Ahmadjian, 1972. Field observations and
laboratory studies of some Antarctic cold desert cryptogams.
Antarct. Res. Ser. 20: 97—141.

Seppelt, R. D., 1983. The status of the Antarctic moss Bryum
korotkevicziae. Lindbergia 9: 21—26.

Seppelt, R. D., 1984. The bryoflora of the Vestfold Hills and In-
grid Christensen Coast, Antarctica. ANARE Res. Notes 20.
Antarct. Div., Dept. Sci. Hobart, 30 pp.

Seppelt, R. D,, 1986a. Mosses of the Vestfold Hills. In J. Pickard
(ed.), Antarctic Oasis. Terrestrial environments and history of
the Vestfold Hills. Academic Press, Lond.: 221—~245.

Seppelt, R. D., 1986b. Lichens of the Vestfold Hills. In J. Pickard
(ed.), Antarctic Oasis, Terrestrial environments and history of
the Vestfold Hills. Academic Press, Lond.: 247—274.

Seppelt, R. D. & D. H. Ashton, 1978. Studies on the ecology of
the vegetation at Mawson Station, Antarctica. Aust. J. Ecol.
3: 373-388.

Seppelt, R. D., P. A. Broady, J. Pickard & D. A. Adamson, this
volume. Plants and landscape in the Vestfold Hills. Hydrobi-
ologia.

Seppelt, R. D. & H. Kanda, 1986. Morphological variation and
taxonomic interpretation in the moss genus Bryum in Antarcti-
ca., Mem. Natl. Inst. Polar Res., Ser. E., No. 37: 27-42.

Smith, R. I. L., 1972. Vegetation of the South Orkney Islands
with particular reference to Signy Island. Br. Antarct. Surv. Sci.
Rep. 68.

Smith, R. I. L., 1984a. Terrestrial plant biology. In R. M. Laws,
(ed.), Antarctic Ecology, I. Academic Press, Lond.: 61—162.

Smith, R. I. L., 1984b. Colonization by bryophytes following re-
cent volcanic activity on an antarctic island. J. Hattori bot.
Lab. 56: 53—-63.

Smith, R. I. L., 1984c. Colonization and recovery by cryptogams
following recent volcanic activity on Deception Island, South
Shetland Islands. Bull. br. antarct. Surv. 62: 25—51.

Smith, R. I. L. & R. W. M. Corner, 1973. Vegetation of the Ar-
thur Harbour, Argentine Islands region of the Antarctic Penin-
sula. Bull. br. antarct. Surv. 33 & 34: 89122,

Tilbrook, P. J., 1973. The Signy Island terrestrial reference sites.
1. An introduction. Bull. br. antarct. Surv. 33 & 34: 65—76.

Walton, D. W. H., 1984. The terrestrial environment. In R. M.
Laws (ed.), Antarctic Ecology. I. Academic Press, Lond.: 1—60.

Webb, R., 1973. Reproductive behaviour of mosses on Signy Is-
land, South Orkney Islands. Bull. br. antarct. Surv. 36: 61—77.

Weyant, W. 8., 1966. The Antarctic climate. Antarct. Res. Ser. 8:
47-59.



