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ABSTRACT

A sURVEY was made of the terrestrial protozoan fauna of 97 sites located in eight sub-Antarctic and
maritime Antarctic island groups, extending from lat. 51° to 68° S. The habitats investigated included
glacial and volcanic mineral materials, guano of marine birds and mammals, moss peats, and soils and litters
with herbaceous, grass, dwarf-shrub or woodland vegetation. 124 species of Protozoa were recorded
from the samples: 31 flagellates, ten naked amoebae, 35 testate amoebae and 48 ciliates. 83 of the species
are considered to be definitely established members of the sub-Antarctic and maritime Antarctic fauna,
the other 41 species being insufficiently observed. The ecology and geographical distribution of these 83
species are reviewed, and direct and inverse association analyses of the distributional data are given. The
results of these analyses are combined to form a matrix showing the tendencies of eight communities of
Protozoa to occur in six habitat classes, the habitat classes being distinguished by their geographical zone,
pH and organic matter content, and by the presence or absence of vegetation or enrichment by marine
animals. An artificial key to the genera and a glossary are provided.

RESUME

ON a procédé & un examen des protozoaires terricoles de 97 stations situeés dans huit groupes d’iles
sub-antarctiques et antarctiques oceaniques, qui s’étendent de la latitude 51° jusqu’a 68° S. Les biotopes
examinés ont compris des matiéres minerales glaciaires et volcaniques, le guano des animaux marins,
des tourbes de mousse, et des sols et litiéres & végétation herbacée, graminée, de I’arbrisseau nabougrie
ou boisée. 124 espéces de protozoaires ont été observées dans les échantillions: 31 flagellaires, 10 amibes,
35 thécamoebiens et 48 ciliés. Il semble que 83 des espéces sont établies d’une maniére bien determinée
parmi la faune sub-antarctique ou antarctique oceanique; les 41 autres especes ont été insuffisamment
observées. Un compte rendu est fait de I’écologie et de la répartition géographique de ces 83 espéces, et des
analyses d’association directe et inverse sont réalisées sur les données de la répartition géographique.
Les resultats des analyses sont combinées sous la forme d’une matrice montrant les dispositions de huit
communautés d’espéces de protozoiares qui se présentent dans six catégories de biotopes; les biotopes
sont distingués par leur zone géographique, pH, et la teneur en matiéres organiques, et par la présence
ou I'absence de végétation ou par I'amandement par les animaux marins. Une clé artificielle des genres
et une glossaire sont fournis.

* Present address: Department of Biological Studies, Faculty of Applied Science, Lanchester Polytechnic, Priory Street,
Coventry CV1 5FB
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I. INTRODUCTION

THIS report is a comprehensive account of the distribution and ecology of the terrestrial Protozoa observed
in samples taken from 97 sites on a number of islands in the Southern Hemisphere during a programme of
protozoological research undertaken between 1968 and 1973. The islands from which the samples were
taken fall into eight discrete island groups:

lat. long.
Tierra del Fuego 54°48'S., 68°19'W.
Falkland Islands 51°42'S., 57°52'W.
Iles Crozet 45° 26’ S., 51°45’E.
South Georgia 54°20"S.,, 36°40' W,

South Orkney Islands 60°40’ S., 45°40'W.
South Shetland Islands 61°-63° S., 55°-60° W.
Argentine Islands 65°15'S., 64°17" W.
Islands in Marguerite Bay 67°-68°S., 67°-69° W.

Whilst these islands show considerable differences in their geological origin and present-day geomor-
phology, climatically they represent a continuous cline from the southern fringes of the southern cool-
temperate region, through the sub-Antarctic to the southern end of the maritime Antarctic. The island
groups are therefore listed above in order of increasing climatic severity. Tierra del Fuego and the
Falkland Islands are situated north of the Antarctic Convergence, Iles Crozet lie on the Convergence and
the other islands are south of it (Fig. 1). Although any sub-division of a continuous variable into discrete
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FIGURE 1
Sketch map of the Antarctic zone showing the island groups included in the present study.
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categories is necessarily arbitrary, it is convenient to designate the climate of the islands north of lat. 60° S.
as sub-Antarctic and the climate of those south of lat. 60° S. as maritime Antarctic. Correlated with the
cline of increasingly cold climates are gradients of decreasing vegetation cover and decreasing diversity
of vegetation and soil types. In view of the range of environmental conditions experienced by these islands,
a survey was undertaken of the terrestrial Protozoa, encompassing all the island groups, in order to provide
data from which the composition of the protozoan fauna could be related to environmental variables, both
in regard to local ecological factors and at the regional geographical scale.

II. ENVIRONMENT OF THE AREAS INVESTIGATED

A. GEOLOGY AND TOPOGRAPHY

With the exception of the Falkland Islands and Iles Crozet, all of the island groups are geographically a
continuation of the Andean cordillera. The Antarctic Peninsula forms the Antarctandes which are linked
to Tierra del Fuego by the Scotia Ridge, on which are situated South Georgia and the South Sandwich,
South Orkney and South Shetland Islands. The geology of the Antarctic Peninsula and the islands off
the west coast is dominated by the igneous rocks of the Andean Intrusive Suite with associated volcanic
rocks (Elliot, 1964; Hobbs, 1968; Dewar, 1970; personal communications from T. G. Davies and A. C.
Skinner). The South Orkney and eastern South Shetland Islands are dominated by a petrographically
distinct sequence of quartz-mica-schists (Matthews and Maling, 1967; West, 1968; Thomson, 1968,
1971, 1973, 1974 ; Dalziel, 1971). Deception Island, near the southern end of the South Shetland Islands,
is a volcanic caldera composed of pyroclastic rocks and their alteration products (Baker and others, 1975).
South Georgia, the largest island of the Scotia Ridge, is composed mainly of slightly metamorphosed
sedimentary rocks—greywackes and tuffs—with a small igneous complex at the south-eastern end (Trendall,
1953, 1959; Skidmore, 1972). The Falkland Islands are composed almost entirely of Palaeozoic
and Mesozoic sedimentary rocks. They are considered to be an isolated fragment of the former Gond-
wanaland continent; they have been stratigraphically correlated with eastern South Africa (Maling,
1960) but recent work by Greenway (1972) suggests that they are related to the Deseado Massif of southern
Argentina. Iles Crozet, situated in the southern Indian Ocean, are Tertiary volcanic islands composed
mainly of plagioclase-basalt (Philippi, 1908; Dreux and Rémy, 1963).

All of the islands, except the smallest, are mountainous with highly indented coastlines; the Falkland
Islands alone lack steep impressive montane scenery. All exhibit the topographic features of previous
glaciation: cirques, troughs and patterned ground. Many possess raised beaches, though the Falkland
Islands appear to have a submerged coastline (Hobbs, 1968 ; Clapperton, 1971; Greenway, 1972; Thomson,
1974). The Falkland Islands and Iles Crozet have no permanent snow cover and their lowland areas have a
more or less continuous vegetation cover of a rough moorland type. Above 100 m. altitude on Iles Crozet
and 180 m. on the Falkland Islands the terrain is of the fell-field type, stony with sparse vegetation (King
and others, 1969; Davies, 1973). Tierra del Fuego is the only island with forest, small trees of Notho-
fagus spp., which reaches to an altitude of 400 m. Above 1,000 m. there is permanent snow.

All the islands south of the Antarctic Convergence have high ground extensively covered with snow and
ice which extends to the coast as glaciers. The cover of permanent snow is interrupted by rocky peninsulas
and cliffs around the coast and inland by nunataks which are free of snow each summer. In some areas
there are extensive coastal lowlands with inland valleys bounded by scree slopes which are also clear of
SNOW in summer.

B. CLIMATE

The islands of the sub-Antarctic and maritime Antarctic experience an oceanic climatic regime, dominat-
ed by the prevailing westerly air flow which circulates across the southern Pacific, Atlantic and Indian
Oceans. Seasonal variations in temperature are small compared with those in continental areas; the annual
range of monthly mean temperatures never exceeds 20° C and in the lower latitudes may be as low as 6° C.
A summary of meteorological observations on these islands is given in Table I.

The islands north of the Antarctic Convergence have monthly mean temperatures above zero all year
and most of the precipitation falls as rain, evenly spread throughout the year, though snow may fall at



TABLE I

SUMMARY OF DATA FROM METEOROLOGICAL STATIONS ON SUB-ANTARCTIC AND MARITIME
ANTARCTIC ISLANDS

Tierra del Falkland lles Crozet South South Orkney South Shetland Argentine Islands in
Fuego Islands Georgia Islands Islands Islands Marguerite Bay
Meteorological station Ushuaia Stanley e de la Grytviken Signy Island | Elephant  Deception Galindez Stonington
Possession Island Island Island Island
Period of observations 1931-60 1951-64 1965-73 1951-64 1948-71 December 1951-64 1951-64 1946-49
1970—
March
1971
Temperature (°C)
Monthly means:
January +9-2 + 8-7 + 79 + 4-4 + 0-8 — 02 + 1-6 + 0-5 + 0-7
July +1-6 + 2:2 + 3-0 —1-5 — 9.9 -_— — 9.4 —13-8 —16-4
Overall mean + 5-5 + 55 + 4-8 + 2-0 — 36 —_ — 32 — 54 —
Extremes
Mean highest
summer
maximum — +20-0 +19-9 +18-4 + 8-6 — + 7-8 + 6:3 + 6-7
Mean lowest
winter
minimum — — 50 — 4-4 — 98 —29-7 —_ —19-7 —30-3 —37-5
Overall highest
summer
maximum — +25-0 +22:0 +22-8 +13-9 +15-0 +11-1 +11-7 + 7-8
Overall lowest
winter
maximum —_ - 78 — 70 —13-3 —34-4 — —27-8 —43-3 —39-4
Wind speed (m./sec.),
mean — 89 11-0 4-3 7-4 57 70 4-0 4-3
Prevailing wind
directions — NW; SW w NW; SE W/NW; SE \'' ENE; W N/NE; S E/SE
Sunshine (hr.),
mean/day — 45 34 4-4 1-5 — 1-7 2-1 —
Cloud cover (octas),
mean — 5-8 — 5-6 6-9 7-0 6-7 6-4 61
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any time except mid-summer. The seas are always ice-free. Very strong winds are continually experienced
by these islands, particularly by Iles Crozet.

The islands south of lat. 60° S. have a maritime Antarctic climate with sub-zero mean temperatures,
though at least 1 month each summer has a mean air temperature above 0° C (Holdgate, 1964). However,
ground temperatures may rise to +17° C or more (Longton and Holdgate, 1967). Soil-temperature
records on Signy Island (Smith, 1973b) show that during one summer the top few centimetres of soil
experienced mean temperatures greater than +2° C, between 09.00 and 16.00, for at least 4 months.
Most precipitation throughout the year falls as snow; there is some rain in summer. The coldest months
of the year are June-September when monthly means below—10° C are common. The seas are usually
ice-free in summer but in some years they are blocked by heavy pack ice. Icebergs are always present.
Sea ice is often present between May and October but it may be broken up by gales.

C. TERRESTRIAL HABITATS—SOILS AND VEGETATION

Ground which is free of snow, in summer at least, is potentially available for colonization by living
organisms. Exposed surfaces vary considerably and include bare rock faces, scree slopes, glacial deposits,
open and closed stands of vegetation, and areas habitually occupied by marine birds or mammals.

A classification of vegetation types in the maritime Antarctic has been proposed by Longton (1967).
Following a survey of the soils on Signy Island in 1962 (Holdgate and others, 1967), a classification of soil
types was proposed by Allen and Heal (1970). Consideration of the data in these publications, together
with the author’s original observations, led to the construction of a classification of terrestrial habitats
in the sub-Antarctic and maritime Antarctic as a framework for subsequent studies on the protozoan
fauna of terrestrial habitats. This classification is given below with brief descriptions of each habitat type.

1. Non-vegetated habitats

These are areas which are potentially available for colonization by plant life; they are without vegetation
either because they have been released from permanent snow cover for too short a time, or because the
exposure of the areas causes them to have too unfavourable a micro-climate, or because the substrate is
too unstable owing to continual weathering and erosion, or to periodic agitation by marine birds or mam-
mals.

1. Glacial moraines and mineral debris (Min). Raw mineral material occurs as glacial moraines or as
debris from weathered rock outcrops. Particle sizes vary from coarse gravel to fine clay. These
materials constitute primitive “soils”, in which little leaching has so far occurred, and they are
frequently base rich having a pH greater than 5-0. Where the parent material is quartz-mica-schist,
as in the South Orkney Islands and Elephant Island (Thomson, 1968, 1971, 1973, 1974; Roxburgh
and Burkitt, 1971), they have a pH between 6-5 and 7-5. Mineral materials do contain some organic
matter but this may be barely detectable and is almost always less than 2 per cent. In the Falkland
Islands and Iles Crozet, mineral material covers large areas of the fell-field which occurs at altitudes
above 150 m.

ii. Volcanic ash (VA). Recent volcanic ash occurs on Deception Island, South Shetland Islands (Fig.
11), where there have been three pyroclastic eruptions since 1967 (Baker and others, 1969, 1971,
1975). The pyroclastic materials vary from large bombs, through cinders and lapilli, to fine ash and
dust, and consist largely of dark scoriaceous rocks. Recently deposited ash has a barely detectable
organic content (0-04 per cent or less) but this increases slowly with time at the rate of approximately
0-3 per cent per year in the absence of colonization by mosses (Smith, 1974b). Its pH varies between
4-8 and 7-2. In areas influenced by fumaroles, some colonization of the ash by a moss species of the
family Funariaceae has occurred (Collins, 1969).

iil. Marine bird guano (ChPG, APG, GPG, KPG, ShG). Three penguin species of the genus Pygoscelis—
P. antarctica (chinstrap) P. adeliae (Adélie) and P. papua (gentoo)—and Aptenodytes patagonica
(king penguin) breed in the sub-Antarctic or maritime Antarctic in colonies numbering tens of
thousands, so that large areas of coastal land are covered with extensive guano deposits. This is
a brown or black reducing mud, alkaline (pH 6-5-8-2), containing nitrogen, phosphorus and
potassium in high concentrations (Holdgate and others, 1967). The trampling and nest-building
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activities of the penguins results in the guano becoming mixed with the underlying mineral matter;
it thus has a low organic content (3040 per cent). Similar accumulations of guano are found around
the nesting colonies of Phalacrocorax atriceps (blue-eyed shag).

Elephant seal wallow grounds (ESW). Elephant seals (Microunga leonina) moult ashore in wallow
grounds wherein compacted hair, excrement and faeces form a black reducing mud with physical
and chemical properties similar to those of penguin guano, though being less agitated it has a higher
organic content, about 70 per cent. The concentration of ammonium-nitrogen is particularly high
(Holdgate and others, 1967).

2. Vegetated habitats

These are areas where vegetation in macroscopic quantities has become established, providing habitats
for a diverse terrestrial fauna. Two major formations are recognized in the Antarctic zone (Longton, 1967):
the phanerogam formation, in which herbaceous or woody angiosperm vegetation occurs, and the crypto-
gam formation in which only thallophytes or bryophytes occur. Within each of these, several sub-format-
tions can be readily identified. It was therefore found convenient to classify vegetated habitats according
to the vegetation they bear at the formation and sub-formation level.

a. Cryptogam sub-formations

1.

ii.

1ii.

iv.

Thallose alga (Pras). Penguin guano deposits and elephant seal wallows (when not physically agitated)

and other areas, which are subject to heavy contamination by sea birds, become colonized by the

green alga Prasiola crispa which forms extensive thallose mats (up to 70 per cent cover over several
hundred m.2). The material under the Prasiola has a pH of 5-5-6-0, distinctly lower than that of
uncolonized penguin guano. It also has a higher organic content (50-60 per cent). The degree of
ground cover by Prasiola in such areas appears to be closely correlated with the moisture content
of the substratum, Prasiola being susceptible to die-back during dry weather in summer (Smith,
1973¢).

Moss cushions (MCu). Certain moss species can grow directly on glacial moraines, scree slopes
and bare rock surfaces in the form of small cushions or mats. Most of these belong to the genera
Andreaea and Grimmia in the maritime Antarctic and the genus Rhacomitrium in the sub-Antarctic.
The cushions accumulate little organic matter beneath them (usually less than 7 per cent), so that
the cushion material is almost as basic as the uncolonized mineral matter with a relatively high pH
in the range 5-0-7-0.

Moss-turf peat (MTP). Polytrichum alpestre and Chorisodontium aciphyllum are tall turf-forming
mosses. Stands of these species, either separately or mixed, sometimes with Rhacomitrium spp.,
may cover large areas up to several thousand m.2. The moss shoots are erect, densely packed and
sparingly branched. They overlie compact fibrous peat which builds up into banks (exceptionally
up to 3 m. deep) with little compression. The fibres do not degenerate into the amorphous peats
which are common in temperate blanket bogs. The peat is acid (pH 3-0-4-5), almost entirely organic
(90-98 per cent) and usually holds 500-800 per cent dry weight of moisture. During dry weather in
mid-summer the moisture may drop as low as 200 per cent (Smith, 1973b).

Moss-carpet peat (MCP). The pleurocarpous mosses Brachythecium sp., Calliergon sp. and Drepano-
cladus uncinatus form spongy carpets, usually in wetter and less stable areas than the turf-forming
species, which overlie a layer of peat a few centimetres thick. Carpets may be formed of any one,
two, or all three species and, like the turf-forming species, may cover large areas. Carpet peat is
less acid than turf peat, having a pH 4-0-5-5, and it has a very variable organic content (50-90 per
cent). It is frequently very wet with moisture in the range 500-2,000 per cent dry weight, though moss
carpet consisting of Drepanocladus only may occur in dry exposed situations with the moisture
content as low as 50 per cent (Smith, 1974a).

b. Phanerogam sub-formations

i.

Fuegian meadowland soil (MS). On the north side of the Beagle Channel, Tierra del Fuego (Fig. 2),
east of the town of Ushuaia, the Nothofagus woodland is flanked by small knolls (up to 20 m.
high) covered by mixed herbaceous vegetation. This contains several composite species, including



ii.

iii.

iv.

VI.

vii.

viii.

ix.
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Erigeron sp., as well as the genera Cerastium, Phleum and Acaena (personal communication from
R. I. L. Smith). The soil is black, compact and peaty; it has a pH between 5-2 and 5-6 and an
organic content of 75 per cent.

Nothofagus litter (NL). Woodland consisting of the southern beech species Nothofagus antarctica and
Nothofagus pumilio occurs on Tierra del Fuego, but on none of the other islands. The litter of the
woodland floor consists of dead and decaying leaves aggregated with mineral material from the
underlying soil; it has a pH which varies from 4-8 to 6-2 and an organic content of about 50 per
cent.

Lowland bog peat (LBP). Much of the lowland ground in the northern part of East Falkland is covered
by bog formed under conditions of impeded drainage. The dominant vegetation is the association
Astelia pumila and Rostkovia magellanica (King and others, 1969). The soil is wet, black acid peat,
having a high organic content (87 per cent) and a low pH of 4-2.

Dwarf-shrub peat (DSP). Peat formed under the dwarf-shrub formation is common on the sub-
Antarctic islands. It usually occurs as a shallow layer about 20 cm. deep in moist but well-drained
locations such as the foot of scree slopes. In the Falkland Islands, Empetrum rubrum (Diddle-dee)
is the commonest component of the vegetation in association with Blechnum penna-marina and Gun-
nera magellanica. On Iles Crozet and South Georgia, Acaena is the dominant genus, sometimes in
association with the moss Tortula. Empetrum peat is the more acid, having a pH of 4:0-4-5 and a
higher organic content, about 90 per cent, whilst Acaena peat is relatively basic, having a pH of
5:0-6-0, and well mixed with mineral material, having an organic content of 60-70 per cent.
Tussock peat (TP). Tussock peat is formed from the accumulated litter and root stocks of the tall-
growing grass Poa flabellata. This species occurs as a coastal fringe around the sub-Antarctic islands.
It has a high nitrogen requirement and derives nutrient income from sea spray and the excreta of
marine animals (King and others, 1969). The peat is moderately acid, having a pH in the range 42—
5-6. Its organic content is usually very high, about 90 per cent, but where there has been contamina-
tion by marine birds or mammals the organic content may be much lower.

Grass-marsh peat (GMP). Grass-marsh peat accumulates up to 30 cm. deep in areas of impeded
drainage under vegetation dominated by graminae species: Cortaderia pilosa (white grass) in the
Falkland Islands and Deschampsia antarctica in South Georgia. The vegetation and the physical
nature of the peat represents a transition between the hydromorphic lowland bog and the drier
grass heath. The peat is acid, commonly having a pH of 4-0 but varying between 3:6 and 5-6.
It has a high organic content, about 80 per cent. Unlike many peaty soils, it contains a small but
detectable amount of exchangeable calcium—about 0-5 m.e./100 g. (King and others, 1969).
Grass-heath peat (GHP). Grass-heath peat occurs as a shallow layer, about 20 cm. deep, in the
inland areas of the sub-Antarctic islands where there is good drainage. Festuca erecta is the dominant
grass; it occurs either in almost pure stands or in association with Cortaderia in the Falkland Islands
and with Acaena in South Georgia. There is more aggregation of the peat with mineral matter than
occurs with marsh peat; it thus has a higher pH, between 4+5 and 60, and a lower organic content,
between 50 and 60 per cent.

Pringlea litter (PL). Pringlea antiscorbutica is a large cruciferous plant which grows on the sub-
Antarctic islands in the southern Indian Ocean, including Iles Crozet. At the stem bases accumulate
dead and decaying leaves, still attached to the main stems. These decompose into a rich, moist
mucilaginous litter which has a high organic content, 85 per cent, and it is also alkaline or only
slightly acid, the pH ranging from 5-4 to 7-8.

Azorella cushion (AzCu). Azorella selago is an umbelliferous plant in the form of wind-resistant
cushions in the exposed fell-field of Iles Crozet (personal communication from L. Davies). The
cushion material is dry and intimately mixed with the underlying mineral material. It thus has a
low organic content (10-16 per cent) and at pH 5-0 it is only slightly more acid than uncolonized
mineral matter.

. Grass soil (GS). The grass Deschampsia antarctica, either in pure stands or in association with the

small herb Colobanthus crassifolius, is the only form of angiosperm vegetation in the Antarctic south
of lat. 60° S. It grows in small patches (usually less than 10 m. across) on sheltered north-facing
slopes. The sites are usually flushed and enriched by sea birds. A dark loam-like soil is developed
below the grass sward which shows a much greater degree of microbial cellulolytic activity than the
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Antarctic moss peats. Its structure is similar to that of temperate brown earths with an intimate
mixture of organic and mineral material. It has a variable organic content (2075 per cent) and is
acid with pH 4-5-5-5.

III. REVIEW OF THE LITERATURE

THE earliest records of terrestrial Protozoa from sub-Antarctic islands occur in the publications of Richters
(1907, 1908), who examined mosses collected by the German and Swedish South Polar Expeditions
(1901-03) from Iles Kerguelen, Iles Crozet, Heard Island, South Georgia, the Falkland Islands and
Tierra del Fuego. Richter’s records were confined almost entirely to testate amoebae, particularly the
genera Arcella, Difflugia, Euglypha, Nebela and Trinema; he also recorded a single naked amoeba species,
Amoeba terricola, and the colonial ciliate Epistylis sp.

Following the British Antarctic Expedition (1907-09), Murray and Penard published the first records
of Protozoa from continental Antarctica. Murray’s (1910) report mentioned the ciliate genera Vorticella
and Nassula but it is otherwise in the form of drawings of unidentified flagellates, Rhizopoda and ciliates,
Penard recorded testate species observed in mosses from both Cape Royds (Ross Island) and Macquarie
Island. He listed genera previously observed by Richters (1907, 1908) and also Assulina, Centropyxis,
Heleopera and Phryganella. Further records of these testate genera were made by Penard (1913) from moss
samples collected from the South Shetland Islands and the Antarctic Peninsula by the Nimrod and Pour-
quoi Pas? expeditions (1908-10).

The first positive identifications of flagellates from the Antarctic were made by Sandon and Cutler
(1924), who recorded five flagellate species from a sample of glacial moraine collected from Elephant
Island, South Shetland Islands, by the Quest expedition (1921-22). Their list included the three common
flagellates Oikomonas termo, Cercomonas crassicauda and Spongomonas sp. From South Georgia they
recorded the testate genera Gromia and Microgromia as well as 14 testate species belonging to the genera
already mentioned.

There were no further records of Protozoa from the Antarctic for 36 years. However, in the period since
1960 there have been a large number of studies on the different protozoan groups in fresh water, semi-
aquatic and truly terrestrial habitats. Earliest of the modern observations were those made by Flint and
Stout (1960), who recorded the chloromonad flagellate Chlamydomonas, some unspecified naked and
testate amoebae, and four ciliates including Colpoda cucullus from moss, algae and soil around McMurdo
Sound. C. cucullus is a very common soil protozoan (Sandon, 1927) but it is extremely rare in the Antarctic
(Smith, 1973d).

American and Japanese scientists have given detailed attention to the Protozoa of lakes, melt-water
pools and moss water (Armitage and House, 1962; Hada, 1964; Sudzuki, 1964; Dillon, 1967; Dillon and
others, 1968; Bierle, 1969; Thompson, 1972). Ciliates were given special attention by Bierle (1969), who
listed 48 species from a fresh-water lake in Victoria Land, and by Thompson, who made exact taxonomic
descriptions of 24 marine and fresh-water species and recorded four species new to science.

Testates have been given detailed study by the European scientists Decloitre, Heal and Grospietsch.
Decloitre (1960c, 1964) recorded seven testate species from a variety of terrestrial habitats in Terre Adélie
following the 8th and 12th French Antarctic Expeditions. Heal (1965) recorded 18 testate species from grass
soil on Signy Island, seven of which were also found in moss peats. Following the South African expedition
to Marion and Prince Edward Islands (1965-66), Grospietsch (1971) recorded a total of 53 testate species
from a wide variety of habitats on Marion Island. He compiled a most valuable comparative table of all
records of Testacida from the Antarctic and sub-Antarctic.

A wide diversity of flagellates, naked and testate amoebae, and ciliates has been recorded by Smith
(1972, 1973a, 1974a, 1975) from Elephant Island (following the Combined Services Expedition, 1970-71),
the South Orkney Islands and Iles Crozet. Flagellates and ciliates have also been observed in the volcanic
tephra of Deception Island (Smith, 1974b). The results of these recent observations are incorporated in the
present report.

As a result of observations made during the last 15 years, the species diversity and range of habitats of
Antarctic Protozoa are now considerably better known. Present records are still very incomplete as a des-
cription of the total fauna. Frequently, samples were examined for only one group of Protozoa; only rarely
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were attempts made to sample all possible habitats in a locality or to relate the distribution of species to
environmental conditions. The use of different sampling and laboratory methods by different workers
renders valid comparisons difficult. However, the records are ample evidence that the Antarctic is far from
devoid of Protozoa and, as has been pointed out by Penard (1913), Heal (1965) and Smith (1973a), the
diversity of species in the richest habitats is only slightly less than in temperate moorland soils.

A summary of the principal published records is given in Tables Il and III.

IV. METHODS

THE present study was initiated as a comprehensive survey of the protozoan fauna of Signy Island during
the summer 1968-69; it was subsequently extended to the rest of the South Orkney Islands and other
island groups in the sub-Antarctic and maritime Antarctic, as opportunity permitted, during the years
1970-73.

To sample the total snow-free ground on even a small island like Signy Island (7-2 km. by 5-0 km.),
and then analyse the samples for Protozoa, was quite impossible. Therefore, in order to achieve as com-
prehensive a survey as possible in the time available, it was decided to concentrate effort on 13 sites
widely distributed through the island, selected so as to encompass the complete range of major terrestrial
habitats. A series of samples was thus obtained which, it was hoped, were representative of the whole
island. Samples taken from these sites were analysed for Protozoa in the laboratory at the Signy Island
station, Factory Cove (Fig. 7), to obtain species lists for the sites. Measurements of the physical properties
of the samples were also made. It was hoped that the results would show some pattern whereby species
distribution could be related to habitat factors.

Samples from islands other than Signy Island were collected as opportunities arose. On some occasions
it was impossible for the author to take samples himself; in these cases, instructions were lodged with the
Captains of the British Antarctic Survey’s research vessels, and personnel on board were requested to
collect samples when practicable. Inevitably, these collections were less comprehensive than those made on
Signy Island but they were sufficient to demonstrate the variety of habitat types and species composition of
the terrestrial protozoan fauna throughout the sub-Antarctic and maritime Antarctic.

A. FIELD METHODS

At each of the sites selected for study, material was taken from the 0-5 cm. horizon, there being six random-
ly selected sub-sampling points within each site. Each sample was labelled with the date and precise
location. Vegetated soils and peats were sampled using a steel corer (25 cm. diameter) with a toothed
cutting edge. Other materials like penguin guano, screes and moraine clays were sampled with a trowel.
Sampling instruments were sterilized before each period of field work and extracted samples were transport-
ed to the laboratory either in sterilized Kilner jars or in new unused polythene containers to minimize
contamination of the samples. Samples collected outside Signy Island were stored at 4° C during transport
to either the Signy Island station or the United Kingdom for analysis.

B. LABORATORY METHODS
1. Analysis of samples for Protozoa
Information on the protozoan fauna of each set of six sub-samples was obtained by two laboratory

procedures: culturing, using Singh’s (1955) method for flagellates, naked amoebae and ciliates, and direct
examination, using Couteaux’ (1967) method for testate amoebae.

a. Culturing. Sterile petri dishes with 15 ml. of soil-extract agar poured into each were used. The soil extract
was prepared by soaking 250 g. of grass soil in 1 1. of cold tap water and immediately steaming for 2 hr.
After cooling, the supernatant was filtered and the filtrate gelled with 3 per cent agar after adding 05 per
cent NaCl. Soil extract instead of nutrient agar was used so that the growth of bacteria, possibly toxic to
Protozoa, was not unduly favoured, while the growth of Protozoa was encouraged. Aerobacter aerogenes



T ABLE 11

SUMMARY OF PUBLISHED RECORDS OF TERRESTRIAL PROTOZOA IN SUB-ANTARCTIC AND
ANTARCTIC REGIONS

Authority Location Latitude Longitude Habitat Protozoan group Number of
studied species recorded
lichters (1907) Iles Kerguelen 49° 46°S. 69° 03'E. Mosses Amoebida 1
Testacida 7
Ciliata 1
Iles Crozet 45° 25°S. 51° 45'E. Mosses Testacida 8
Ciliata 1
Heard Island 53°04°S. 73° 24’E. Mosses Testacida 6
ichters (1908) Tierra del Fuego 54° 48°S. 68° 19'W, Mosses Amoebida 1
Testacida 5
Falkland Islands 51°42'S. 57° 52'W. Mosses Amoebida 1
Testacida 8
South Georgia 54° 16°S. 36° 30'W. Mosses Testicida 5
furray (1910) Ross Island 77° 33’S. 166° 09E. Lake moss Mastigophora 3
Rhizopoda 3
Ciliata 9
enard (1911) Ross Island 77° 33°S. 166° 09E. Mosses, moraine Testacida 13
Macquarie Island 54° 33’S. 159° 00’E. Compacted moss Testacida 22
enard (1913) Antarctic Peninsula 63-70° S. 60-70°W. Mosses Testacida 21
andon and South Georgia 54° 16°S. 36° 30'W. Organic soil Mastigophora 3
Cutler (1924) Testacida 3
Grass soil Mastigophora 5
Organic soil Mastigophora 6
Amoebida 1
Testacida 12
Ciliata 1
Elephant Island 61° 10’S. 55° 14'W. Glacial moraine Mastigophora 5
Amoebida 3
ecloitre (1960c) Terre Adélie 66° 44°S. 140° 00’E. Mosses Testacida 1
rmitage and Ross Island 77° 33°S. 166° 09’E. Melt-water pools Ciliata 7
House (1962)
ecloitre (1964) Archipel de Pointe 66° 40°S. 140° 01'E. Prasiola Testacida 3
Géologie
Ile Lamarck 66° 40°S. 140° 02'E. Prasiola Testacida 1
Rochers Mathieu 66° 20°S. 136° 49'E. Prasiola Testacida 3
Nunatak du Bon 66° 40°S. 140° 02'E. Pool near an Testacida 3
Docteur Adélie penguin
colony
ndzuki (1964) Langhovde 69°13'S. 39° 45’E. Moss water Mastigophora 9 (all uncertain)
Amoebida 5 (3 uncertain)
Testacida 30 (6 uncertain)
Ciliata 24 (17 uncertain)
ada (1964) Syowa station 69° 08’S. 39° 48E. Fresh water Ciliata 9
eal (1965) Signy Island 60° 43°S. 45° 36'W. Grass soil Testacida 18
Mosses Testacida 7
Marble debris Testacida 4
illon (1967) Ross Island 77° 33°S. 166° 09E. Soil and melt water | Mastigophora 3
illon and others Amoebida 6
(1968) Ciliata 16
erle (1969) Victoria Land 72° 20°S. 170° 26’E. Lake Ciliata 48
rospietsch (1971) | Marion Island 46° 53°S. 37° 52'W. Fresh-water algae Testacida 15
Humus with Testacida 17
lichens
Liverwort humus Testacida 13
Moss peat Testacida 33
Peat with
flowering plants Testacida 13
Elephant-seal
wallows Testacida 6
rompson (1972) Anvers Island 64° 35'S. 63° 30'W. Fresh-water pool Ciliata 12
Humble Island 64° 46°S. 64° 06'W. Melt-water pool Ciliata 3
Litchfield Island 64° 46°S. 64° 06'W. Melt-water pool Ciliata 2
Torgersen Island 64° 46'S. 64° 05'W. Melt water pool Ciliata 1
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TABLE III

SUMMARY OF PUBLISHED RECORDS OF TERRESTRIAL PROTOZOA INCORPORATED IN THIS REP(

Authority Location Latitude Longitude Habitar Protozoan group Number
Studied species rece

Smith (1972) Elephant Island 61° 13S. 55° 09'W. Moss peat Mastigophora 15

Amoebida 4

Testacida 12

Ciliata 14

Grass soil Mastigophora 7

Testacida 9

Ciliata 9

Glacial moraines Mastigophora 7

Ciliata 3

Chinstrap penguin Mastigophora 6

guano Ciliata 1

Smith (1973q) Signy Island 60° 43°S. 45° 36'W. Moss peat Mastigophora 16

Testacida 17

Ciliata 17

Smith (19744) South Orkney 60° 40°S. 45° 40'W. Moss peat Mastigophora 11

Islands Amoebida 14

Testacida 9

Ciliata 16

Smith (1974b) Deception Island 62° 59°S. 60° 43'W. Volcanic tephra Mastigophora 6

Ciliata 7

Smith (1975) Ile de la 45° 25°S. 51° 45'E. Moss peat Mastigophora 4

Possession Testacida 6

Ciliata 11

Tussock peat Mastigophora 4

Amoebida 1

Testacida 5

Ciliata 8

Acaena peat Mastigophora 4

Testacida 6

Ciliata 5

Azorella peat Mastigophora 3

Testacida 4

Ciliata 3

Pringlea litter Mastigophora 2

Amoebida 1

Testacida 6

Ciliata 10

Mineral soil Mastigophora 2

Ciliata 2

(NCIB strain 418) was supplied as food for the Protozoa because it is known to be an organism on which
many Protozoa species thrive (Singh, 1955). Aerobacter was cultured separately on a rich nutrient agar:

Beef extract

Bacteriological peptone

Yeast extract

10 g.
6g.
2g.

NaCl
Agar
Distilled water

S5¢g.
15 g.
1L

After 3 days’ incubation at 25° C, the bacterial culture was harvested with a glass spatula and spread over
the surface of the soil-extract agar. 2 g. of each field sample were immediately inoculated on to the agar,
moistened with sterile 0-5 per cent NaCl and incubated at 12° C, a suitable temperature for both meso-
philic and psychrophilic organisms. The petri-dish cultures were examined for Protozoa species after being
incubated for 1, 3, 7, 15 and 30 days; a final examination was made between the fiftieth and sixtieth days.
Cultures were examined by placing drops (about 0-05 ml.) of the culture fluid on glass slides and observing
under the microscope by transmitted light and by phase contrast. Observations were normally made on
fresh material. To aid recognition, the movement of highly motile cells was slowed down either physically,
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by adding a drop of 2 per cent methyl cellulose, or chemically by adding a drop of 0-1 per cent NiSO,.
In addition, preparations were stained with Noland’s stain fixative (Noland, 1928) in order to make cilia
and flagella more conspicuous. Species observed were identified morphologically and a species list was
built up for each field site.

b. Direct examination. A small sub-sample of field material, about 025 g., was placed in Bouin’s fixative
for 24 hr. The fixative was removed by centrifugation (5 min. at 1,500 r.p.m.). The residue was then rinsed,
suspended in distilled water and made up to 250 ml., thus diluting the original material by a factor of 1,000.
After being stirred for 2 hr., 20 ml. aliquots of the suspension were passed through 0-45 grade membrane
filters. The filters, bearing the residue, were air dried at room temperature. Sections of the filters were placed
on slides, cleared in xylene and mounted in Canada balsam. Six replicate slides were made for each site.
This treatment destroyed cytoplasmic structures but the siliceous or chitinous tests of testate amoebae
remained intact, allowing microscopic identification.

2. Physical properties of samples

The pH of each field sample was measured as soon as possible after collection (with minimum wetting
with distilled water when necessary) using a glass electrode and a pH meter.

The loss on ignition (per cent dry weight), an estimate of organic content, was assessed by ashing oven-
dry material in a muffle furnace at 450° C. Samples collected early in the course of the field work were
ignited to constant weight; later a period of 10 hr. ignition was adopted as the standard time.

C. IDENTIFICATION OF PrROTOZOA

The earliest phase of the present study was undertaken as a preliminary to intensive ecological studies on
the terrestrial Protozoa of Signy Island. While it was hoped that the results would provide valuable bio-
geographical and distributional information about terrestrial Protozoa, it was important that collecting
the data should not occupy too much time. It was recognized that many of the taxonomic problems
which inevitably arose in the course of the survey would require almost unlimited time for their definitive
solution. It was therefore decided that identifications of the Protozoa observed would proceed as far as
possible in the limited time available, but that no attempt would be made to solve outstanding taxonomic
problems. Accordingly, many identifications had to be left at the genus level.

There is no single scheme of taxonomy for the phylum Protozoa which is universally recognized and
therefore the acceptance of a particular one for any given group involved value judgements. In particular,
there are considerable differences of opinion regarding the classification of the naked amoebae. The identi-
fications here are intended to be a means of recording observations made, using names for which there is
independent authority. They are not intended to be taxonomically definitive. Observations were made on
fresh preparations as often as possible, since behavioural characteristics were frequently as useful as mor-
phological features for identification. Protozoa belonging to four groups are commonly found in terres-
trial habitats: Mastigophora, Amoebida, Testacida and Ciliata. The problems involved in identification
are different for each group. The means whereby these problems were tackled for each group are explained
below.

1. Mastigophora

The main difficulty in identifying flagellates is their small size; many are under 20 um., some are as
small as 4 um. Also, morphological differences between congeneric species are often very slight. Fortu-
nately, the identification manual for soil Protozoa by Sandon (1927) is particularly comprehensive for this
group, so that with experience flagellates could be identified to the species level with this book and with
occasional reference to Kudo’s (1966) manual.

2. Amoebida

The naked amoebae which occur in terrestrial habitats are small species (usually less than 50 um.) and are
very difficult to identify. The taxonomic literature on this group is extremely confusing. The life histories
of many species are unknown; Protozoa belonging to other groups sometimes possess an amoeboid stage;
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individual specimens of amoebae can show considerable changes in morphology from one minute to
another. The manuals by Sandon (1927) and Kudo (1966) were found to be inadequate for the identification
of this group. It was decided to adopt the taxonomic scheme of Schaeffer (1926) which is based on observa-
tions of the larger free-living amoebae. The advantage of this scheme is that it uses morphological patterns
of the amoebae as they appear in “normal” existence. Schaeffer did not provide for the identification of
small amoebae, such as occur in terrestrial habitats, but studies by Bovee (1953), using phase-contrast
microscopy, showed that the scheme could also be used for small species. Using this scheme, it was found
that amoebae observed could be identified to genus level, though very few to species. The book by Jahn and
Jahn (1949) was occasionally consulted. More recently, papers by Page (1967, 1968, 1972, 1974) have
made a considerable contribution to clarifying and defining the taxonomic criteria for naked amoebae.

3. Testacida

Testate amoebae are probably the best described group of Protozoa in the published literature because
the species-specific features of their tests are more easily recognizable than the cytoplasmic features which
characterize non-testate groups. The manuals by Sandon (1927), Deflandre (1959) and Kudo (1966) were
used extensively for identification. When more detail was required, reference was made to monographs on
particular genera (Deflandre, 1928, 1936; Gauthier-Lievre, 1958; Decloitre, 1960a, 1962, 1969a) or to
published lists of species where full species descriptions are given (Jung, 1942; Hoogenraad and Groot,
1948; van Oye, 1956; Chardez, 1969b; Delhez and Chardez, 1970). The Penard Slide Collection at the
British Museum (Nat. Hist.) was also consulted and this was a considerable aid to the identification of

species.

4. Ciliata

Ciliates are usually large enough (30-120 pm.) for morphological features to be distinguished relatively
easily. However, they are difficult to observe because of the very high motility of most ciliate species;
killing them with a fixative often distorts cytoplasmic features so as to make them unrecognizable; also,
there is frequently considerable individual variation within species. Cautious use of physical or chemical
“slowing-down’” agents usually enabled sufficient detail of ciliary arrangements to be observed to identify
ciliates to genus level, but in many instances it was not possible to identify species. Sandon (1927) was of
limited value for identifying ciliates; Kudo’s (1966) manual and the large monograph by Kahl (1935) were
used extensively. The illustrated key by Curds (1969) was useful for some species. The genus Vorticella
was speciated following the work of Noland and Finley (1931).

D. ASSOCIATION ANALYSIS

The results obtained from analysing all the samples for Protozoa constituted a raw data presence-absence
matrix with the axes species against sites. In this raw form it was difficult to draw conclusions from so large
a quantity of data about the distribution of the fauna in relation to their environment. In order to reduce
the information content of the results to a more compact and comprehensible form, the data were subject
to direct and inverse association analyses. This involved grouping sites together on the basis of their
tending to have similar fauna, and grouping species together on the basis of their tending to occur together
or be absent together in sites. In direct analysis, the sites were divided into groups on a hierarchical system.
At each stage in the hierarchy the sites were divided dichotomously into those with and those without a
certain selected “divider” species, the “divider” being the species carrying the highest total x* calculated
by the method of Williams and Lambert (1959). In inverse analysis, species were divided dichotomously
into those which did and those which did not occur in a “divider” site selected by the same calculation
procedure. The calculation of highest total x2 was performed on the Edinburgh Regional Computing
Centre’s IBM computer using the programme written in IMP language (see p. 15).

The results of the direct and inverse analyses were plotted as dendrograms and combined to form a
matrix showing the tendency of groups of species to occur in particular groups of sites by the following
procedure:

Each group of sites in the direct analysis dendrogram, containing two or more sites, was assigned a

number; each group of species in the inverse analysis dendrogram, containing two or more species,
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//EBFR14AA JOB (R=192K), 'SMITH,ANTARCTIC'
/7 EXEC IMP
//C.SYSIN DD*

%COMMENT SINGLE STAGE OF ASSOCIATION ANALYSIS PRINTS DIVIDER
%BEGIN
%INTEGER
READ(P) ;READ(Q)
%BEGIN
%INTEGER 1,J,K,A,B,C,D,DIVIDER
%INTEGERARRAY E(1:Q, 1:P)
%REAL MAXCHISQ
%REALARRAY CHISQ(1:Q,1:Q),TOTCHISQ(1:Q)
%CYCLE I=1,1,Q; CHISQ(I,I)=0
%CYCLE J=1,1,P
READ (E(I,J))
%REPEAT
%REPEAT
%CYCLE I=1,1,Q-1
%CYCLE J=I+1,1,Q
A=03;B=03;C=0;D=0
%CYCLE K=1,1,P
%IF E(I,K)=E(J,K) %THEN GO TO 1
%IF E(I,K)=1 %THEN B=B+1
%IF E(I,K)=2 %THEN C=C+1
GO TO 2
1: %IF E(I,K)=1 %THEN A=A+1
%IF E(I,K)=2 %THEN D=D=1
2: %REPEAT
CHISQ(I,J)=(.00001+(A*D-B*D)**2*P)/(.000011+(A+B)*(A+C)*(B+D)*(C+D))
CHISQ(J,I)=CHISQ(I,J)
%REPEAT
%REPEAT
%PRINTTEXT *'CHISQ' 'TOTALS'
MAXCHISQ=0
%CYCLE
TOTCHISQ(I)=0
%CYCLE J=1,1,Q
TOTCHISQ(I)=TOTCHISQ(I)+CHISQ(I,J)
%REPEAT
PRINT(I,3,0);PRINT(TOTCHISQ(I),6,4) NEWLINE
%IF TOTCHISQ(TI)=MAXCHISQ %THEN GO TO 3; GO TO 4
MAXCHISQ=TOTCHISQ(I)
DIVIDER=I
%REPEAT
%PRINTTEXT'DIVIDER' 'IS'
PRINT(DIVIDER,4,0)
%END
%ENDOFPROGRAM
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was assigned a letter. Each group containing only one site or species was then allocated to the numbered
or lettered group which it most closely resembled. The species list for each site in turn was inspected in
order to determine which groups of species occurred in it. Where half or more of the species in a given
group of species was found to occur in half or more of the sites in a given group of sites, that group of
species was said to “tend to occur” in that group of sites. A presence-absence matrix of groups of species
in groups of sites was then drawn up. By inspection, the groups of species were aggregated into *“com-
munities” and the groups of sites into “habitat classes”. The matrix could then be plotted so as to show
the tendencies of each community of protozoan species to be positively or negatively associated with
each habitat class.

V. DESCRIPTION OF SITES SAMPLED

SAMPLES were collected from 97 sites distributed as follows:

Tierra del Fuego (Fig. 2) 2 sites
Falkland Islands (Fig. 3) 5 sites
1les Crozet

Ile de la Possession (Fig. 4) 7 sites
South Georgia (Figs. 5 and 6) 15 sites
South Orkney Islands

Signy Island (Fig. 8) 13 sites

Coronation Island and associated islands (Fig. 7) 7 sites

Laurie Island and the eastern islands (Fig. 7) 9 sites
South Shetland Islands

Elephant Island (Fig. 9) 23 sites

Livingston Island (Fig. 10) 1 site

Deception Island (Fig. 11) 5 sites
Argentine Islands

Galindez Island (Fig. 12) 4 sites
Islands in Marguerite Bay

Avian Island (Fig. 13) 1 site

Cone Island (Fig. 13) 2 sites

Pourquoi Pas Island (Fig. 13) 3 sites

These sites, with details of sample-collection dates, the nature of the materials sampled and the physical
properties of the samples are listed in Tables IV-VIIIL. Each site is prefixed by a code containing two
blocks of letters; the first block denotes the island or island group on which the site was located ; the second
group denotes the nature of the sample as indicated in the classified list of terrestrial habitats (p. 6-9).
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Sketch map of Tierra del Fuego.
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TABLE IV
LISTS OF SITES SAMPLED IN TIERRA DEL FUEGO, FALKLAND ISLANDS AND ILES CROZET

Code Location of site Date of collection Nature of samples pH of samples* Loss on ignition
of samples*
(per cent dry
weight)

TF-MS-1 Tierra del Fuego, meadowland, 24 April 1971 Peat soil below meadow 5-44+0-2 75+11
east of Ushuaia vegetation

TF-NL-1 Tierra del Fuego, woodland 24 April 1971 Litter of Nothofagus spp. 5:340-6 49423
scrub east of Ushuaia

FI-LBP-1 Falkland Islands, east end 21 April 1971 Lowland bog peat 4:240-1 8741
of Stanley Common (Rostkovia—Astelia)

FI-DSP-1 Falkland Islands, west coast 13 November 1969 Dwarf-shrub peat 4:14+0-3 —
of Cape Dolphin (Empetrum)

FI-DSP-2 Falkland Islands, east end 21 April 1971 Dwarf-shrub 