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PREFACE

This.thesis is submitted to the University of Edinburgh in
accordance with regulations prgscribed for the degree of Ph.D.

Tﬁe work reported here was underééken_while I was under>contract
to the British Antarqtic Survey to carry out research on the terrestrial
protozoa oleritish'Antarctic Territory - the land sbuth_of 60°S and
bounded by longitudés.ZOOW and édow. |

Work in the Antafctic wés carried out chiefly from the base on
Signy Island, SoqthIOrkney Islénds, which‘cﬁmprisés a biological feseérch
laboratory and a meteorological station. During the southern summer
1968-69, I made a survey‘of the terrestrial protozoan faupa of Signy
Islénd; the sgrvey wés subsequently extended to other islands in the -
~South Orkney grdup and to other island groups.

From November 1969 to April 197i I undertbok intensive studies upon
the population ecology of selected protozoan species in contrasting
terrestrial habitats on Signy Iélahd;

I returned to the U.K._iﬁ June 1971 and since then was resident at
Edinburgh University doing iaboratdry work in the Department of Forestry
and ﬁatural Resources upon stored material brought from the Antarctic'in.
a'refrigerated condition. This‘work'included analysis of samples..
obtéined by the Combined Services Expédition’to Elephant Island, South
Shéfland Islands, 1976—71. SubSequently I have performed eiperimén;s
using single species cultures of selected profozoa. | |

bit‘is intended.that the material of Chapter'II will be incorporated
in abménggraph upon‘the terrestrial prdtozoa of the mari;ime Antarctic,‘
sub-Antarctié and.coolftemperate south.Atlaﬁtié, to be submitted for
publica;ion as a British Antarctic Survey Scientific Report. The

material of Chapters III and IV has been accepted for publication as



il

paﬁers in the British Antarctic Survey Bulletin and these are now in
press. It is intended that the material'of Chapter V wiil be submitted
as a paper for publication in the British Antarctic Survey Bulletin.
The raw data and field notes on which this thesis is based are at
present in my possession. During or before July 1974 they will be
. deposited in the library of the British Antarctic Survey (Zooldgical
Section), Monks Wood Expérimental StéEion,-Abboté Ripton, Huntingdon.
I declare that'this.thesis is my own work and has not been
submitted for any degree other than_Fhat of Ph.D iﬁ the University of

Edinburgh.

Humphrey G. Smith

April 1973
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ABSTRACT

The maritime Antarctic region comprises the islands of the Scotia
Riage and the islands and west coastal lands Qf the Antarctic Peninsula.
This region has an oceanic climate with at least one month each summer
when the mean temperature exceeds.OOC. Land mammals are absent and
flowering plants rare; but bryophytes and lichens cover large areas and

\

‘the soils contain a diverse microflora and invertebrate fauna.

Between 1968 and 1971 a survey ﬁég made of the protozoa occurring
in terrestrial habitats on maritime Antarctic islands. Habitats
" investigated included clay of glacier moraines, volcanic ash, moés peats,
grass soil and guano.of penguin colonies and elephant seal wallows.
Samples from 68 sites were analysed for protozoa,ﬁy culturing and direct
examiﬁation. 96 species of protozoa were observed (27 Mastigophora,
32 Rhizépoda, and 37-Ciliaté). The results suggested that the remoteness
of Antarctica is not a geographical barrier to the dispersal of protozoa,
" but that the composition of the fauna is determined by local ecological
conditions.“Mastigophora were the most'ubiquicous group, naked amoebae
were rare, testafe amoebae shoﬁed a clear preference for acid vegetated
habitats and.ciliateé occurred in vegetated habitats and in mineral and

guano habitats which were species-rich.

The numbers of the testate amoeba Corythion dubium Taranek in three

horizons of moss turf peat were determined on 16 occasions over ‘15 months
together with observations on the physical properfies and microclimate of
the peat and on the climatic environment of the site. No consistent
differences between the three horizons in numbers of C..dubium were
detected. Seasonal fluctuationé in population size followed the annual

cycle of temperature, a spring bloom occurring with the thawing of the



peat during October and November; numbgrs remained relatively high until
the onset of freezing conditions at the end of March when the population
once again déclined. It appeared that the'mid—summer popuiation was
limited by.moisture - either directly'or as a result of low moisture

restricting the microflora.

Observations on the protozoan fauna of the guano of chinstrap penguin
colonies led to the formation of a hypothesis describing the influence of
the penguin population upon the guano fauna through their effect upon

physical and chemical properties of the guano. In one colony, the numbers

of three guano-specific species of protozoa (Tetramitus rostratus Perty,

Philaster sp., and Vorticella microstoma Ehrenberg) in an experimental
area from which penguins were artificially excluded, and in a control area,
Qere determined on 16 occasioﬁs over 15 months, together with observations
on guéno properties.. Seasonal variation and differences between the
expefimental and control areas were examined in an attempt to distinguish
kbetween the influence of climate and that of the penguin population upon
the protozoa in the guano. The guano in the experimental area had a lower
pH than that in the control area and became overgrown by the alga Prasiola
crispa. N§ significant chénges in the protozoan fauna of the exclosed
guano had been observed by the end of the third summer since the erection

of the exclosure.

No species of the ciliate genus Colpoda was qbsefved during these
studies - a surprising result because Colpoda spp have been frequently
recorded from soils in ﬁemperate and Arctic regions. Previous work
suggested that resting cycts of Colpoda could certainly survive maritime
Antarctié winters; It was therefore suggested that it was Antarctic
summers which were too cool and short for Colpoda spﬁ to maintain active

multiplication phases long enough to establish themselves in terrestrial



habitats, and that it was because those Arctic lands which support a
terrestrial fauna have longer warmer summers that Coigoda_has been
detected there. This hypothesis was supported by experiments with

single-species cultures in which Colpoda cucullus showed poorer ability

to survive at 0° and 4°C than three species of protozoa which do occur

in the maritime Antarctic, and by comparative meteorological data which
showed that Arctic 1oéa1ities from which Colpoda has been recorded have
‘warmer summers than do maritime Antérctic islands‘from which it has not,

even though they may have colder winters.

Taking together the data in all the studies, it was concluded that
vegetation, marine animals and possibly geology influence the distribution

of terrestrial protozoan species in the maritime Antarctic; while

temperature and sometimes moisture influence their numbers.



CHAPTER I

THE MARITIME ANTARCTIC



INTRODUCTION AND DEFINITIONS

The Antarctic zone of the Earth may bé defined as the continent
of'Antarctica toéether with the seas and islandé soufh of the Antarctic
Convergence - the circuﬁpolax liﬁe at which the céld surface waters
of the Southern Ocean sink below the warmer Qaters of the southern
Atlantic, Indian and Pacific Oceans (Fig., 1), This line (Mackintosh,"
1946) varies between 4éo and 62°ASo |

Within fhe Antarctic zone there is éonsiderable diversity in the
geographical and climatié conditions, .Subdivision of the zome into
regions is necessarily arbitra?y as condifions ére continuously variable;
_ however geographical discoqtinuitigs and the.correlated vegetational
differences of‘many of the areas involved makes classification convenient,
The cléssification of Holdgate (1964) is adopted here:

Sub=Antarctic. region

Monthly mean temperatures are greater than 0°C for at least 6
months each yéar,'bqt never greater than +8?C and never lower than -2°C°
There are no trees; vascular plants afe abundant in 1owlénd areas,
bryophytes and lichens in highland, =~ o
'Exampieéz South Georgia, Macquarie Island (Figo 2 and Fig. 1)

Maritime Antarctic region

Monthly mean temperatures are usually sub-zero,Abu;Aexceed OOC
for at least oneimonth each summer, are never greatef than +4°C and never
lower than -ZO?C° Some-of the precipifatiop in éummer falls as ftain,
Bryophyte vegetation covers large areas of the lleands; two

- angiosperm species = Deschampsia antarctica and Colobanthus

- quitensis occur infrequently,
Examplés:lslénds of the Scotia Ridge, Palmer Archipelago and the west

coast of the Antarctic Peninsula (Fige 2).
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" Continental Antarctic region

Monthly mean temperatures never exceed OOC; they are freéﬁently
below -20°C in winter, Vegetation is absent or vefy sparse -
occasional mosses and lichens on isolated snow-free rocky outcropse.

The studies reported in this thesis were made_on material
obtained from the following island groups within the maritime Antarctic
region: -

. . - : —

South Orkney Islands 60° 409 S; 45° 40° W,

South Shetland Islands . 61° to 63° §; 55° to 60° Wl
Argentine Islands 65° 15%..S; 64° 17" Wy |

Islands in Marguerite Béy 67° to 68° S; 67° to 69° W,

~ GEOLOGY AND TOPOGRAPHY

Géomorphologigally these islands are a continuation of the
Andean cordilleraé The Antarctic Peninsula forms thé Aﬁtarctandean
Ridge (Harrington{ 1965) which is liﬁked to South America b& the Scotia
Ridge from which rise South Georgié and the Souﬁh Sandwhich, South
Orkney and South Shetland islancis° The geology of the Antarctic
Peninsula‘and associated islands is dominated by igneoﬁé rocks of the
Andean Granite~Gabbro Intrusive Suite (Harfingfon, 1965); the South
Orkney and eastérn South>Shetland Iélands are dominated by a
pétrographically distinct sequence of quartz-mica-séhists (Thoméon,‘
11968), | |

All the islands, except the smaliest islets are mountainous with
highly indented coastlines, High ground is extensively covered with
snow and ice which eXtend to the coaét as‘glaciers. The cover of-
perménent snow 1is interruéted by rocky peninsulas and cliffs around the
coast, 'and by nunataks inland, which are snow free for at least two
months each summer, ‘Plates 1 and 2, taken from Signy Island when
looking towards Coronation Island.in the South Orkney;, show character-.

istic scenery in summer and winter, In some areas there are extensive
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Plate I. Summer scenery in the South Orkney Islands:

Island viewed from Signy Island, January 1969
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Coronation
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Plate 2. Winter scenery in the South Orkney Islands: Coronation

Island viewed from Signy Island, August I970
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coastal lowlands with inland valleys bounded by scree slopes which are
also clear of snow in summer, Plate 3 shows an area of this kind-on

the east coast of Signy Island,

CLIMATE

Islands in the maritime Antarctic experience an oceanic climate
regime, dominated by the prevailing westerly airflow and with relatively
small annual variations in temperature compared with the continent,

At least one month each summer has a mean air temperature greater than
OOCO, while summer ground temperatures may rise to +15°C. or more
(Longton and Holdgate, 1967), The seas are usually ice-free in summer,
but are blocked some years by heavy pack-ice, Ice-bergs are always
presento. Most precipitation throughout the year is in the form of

snow; there is some rain in summer, The coldest months of the year are
June to September when monthly means around -lOOC° are usual, Sea-ice
is often present between May and October, but it may be broken up

by gales,

A summary of meteorological observations in the region are shown
in Table 1, These are abstracted from Pepper (1954), the Annual
Meteorological Tables published by the British Antarctic Meteorological
Service (1951-1963) and Tables of Temperature, Relative Humidity and
Precipitation for the World, Part II, published by H.M.S.0. (Met,
0,61,7b), The figures for Signy Island are supplemented from base records
and the author's original observations, The figures for Elephant Island
are obtained from the observations made by the Combined Services'

Expedition there, 1970-71 (R,M.G, O'Brien, personal communication).

HABITATS OF THE TERRESTRIAL FAUNA
Ground which is free of snow in summer is potentially available
for colonisation by living'organisms° Exposed surfaces vary considerably

and include bare rock faces, scree slopes, glacial clays, open and closed



Plate 3. Topography of Signy Island:

valleys on the east coast, January 1971

Snow—free hills and
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TABLE 1:

Period of observations

TEMPERATURE (°C):
-Monthly mean (January)
Monthly mean'(Juiy)
Overall mean
Extremes
Mean highest summér maximum
Mean lowest winter minimum
| Overall highest summer maximum

Overall lowest wintér minimum
- WIND SPEED (kpots): Mean

' ?REVAILING WIND DiRECTIONs:
SUNSHINE (houfs):‘ Me;n per day

OVERCAST DAYS (frequency)::

SIGNY
ISLAND

- 194.8-1970 Dec. 1970~
March 1971

+0.8
—909 ‘.

-3.6 .

+8.6

-29.7 .

+13.9
”3#0#

4.3
W/ W,
1.5

71%

ELEPHANT
ISLAND

-0.2

SE W

(mean cloud
cover
= 7 oktas)

SUMMARY OF DATA FROM METEOROLOGICAL STATIONS ON ISLANDS OF THE
SCOTIA RIDGE AND OFF THE WEST COAST OF THE ANTARCTIC PENINSULA

DECEPTION
ISLAND

1951-196k

. +1.6
’90A

-3.2

+7.8
-19.7
+11.1
-27.8

130
ENE, W
1.7

67%

ARGENTINE
ISLANDS

1951~196k

"+0.5
—1308
_BOA

+6.3
-20.3
¥11.7
“43.3 -

7.7
N/NE, S

2.1

65% - -

 MARGUERITE
. BAY

1926-199

+0.7
~-16.4
.=7.6

+6.,7

—3705
+7.8

-39.4
8.3

E/SE

52%

krdl
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stands of vegetation, and areas habitually occupied by marine birds or
mammals, A classification of vegetation'types in the maritime Antarctic

- was proposed by Longton (1967); this'was subsequently elaboratea by
Gimingham and Smith (1970), Following a survef of soils on Signy

Island in 1962 (Holdgate et al,, 1962), a classification of soil types

was proposed by Allen and Heal (1970), Consi&eration of the data in these
publications together with the author"s“priginal observations led to the
constrﬁctioh of a classification of terrestrial habitats in the

maritime Antarctic was a framéwork for the studies on protozoa described
in Chapter II; This classification is presented below'witﬂ ﬁhotographic

illustrations taken from Signy Island,

NONfVEGETATED HABITATS‘

- These are areas whiqh‘are potentiélly available for colonisation .
4by plant life; they are withbut vegetation either beéause they have beeﬁ
released from permanent snoﬁ cover for_téo short a timé, or because the .
substfate ié too unstable - owing'to continual weathering and eroéion

or as a result of agitation by marine birds or mammals,

1, Glacier moraines and mineral debris (Plate &) _

Rawvmine;al material occurs as glacier moraines or as debris
from weathered outcrops of rock, ?article sizes var& from coarse
gravel to fine clay, The material is frequently base-rich and,

- where the parent material is quartz—mica-séhist ér marble (as on
Signy Island and Elephant Island), it has a pH of 6.5 - 7.0,
It has a very low organic conéent-(loss on ignition = 2% or less),

but it does contain a sparse microflora and protozoan fauna,

2, Volcanic ash

Most of the rock types in the métitime Antarctic are pre-
_cambian metamorphics or early Tertiafy intrusives, However recent
volcanic ash occurs. on Deception Island, South Shetland Islands
(Fig°>3), where there have beén three pyroclastic eruptions since

1967 (Baker et al,, 1969, 1971), The pyroclastic materials vary



Plate 4. Lateral moraine

January 1969

of the Orwell Glacier, Signy

Island,

16
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from large bombs, through cinders, to fine ash and dust, and
consist largely of dark scoriaceous glass, Deposited ash, although
it has a barely detectable organic content (loss on ignition =
0,04% or less) has become colonised by some microorganisms where

it has stabilised. It has a pH of c. 6,5, In areas influenced

by fumaroles some colonisation of the ash by a moss species of the
Funariaceae family has occurred (Collins, 1969), providing a

habitat for a more diverse, but still very sparse,microfauna.

3, Penguin Guano (Plate 5)

Three penguin species of the genus Pygoscelis - P, antarctica
(chinstraé), P, adeliae (Adelie) and P, papua (gentoo) - breed in
the maritime Antarctic in numbers large enough to produce extensive
deposits of guano in their breeding colonies, The guano is a
brown reducing mud, alkaline (pH = 6.5-8,2), containing nitrogen
phosphorus and potassium in high concentrations., The trampling
and nest building activities of the penguins result in the guano
becoming mixed with underlying mineral material, It has a loss on
ignition of 30-45% and is inhabited by a restricted microflora
and fauna of protozoa and nematodes, Detailed studies upon this
habitat are reported in Chapter IV,

Similar accumulations of guano are found around the nesting

colonies of blue-eyed shags (Phalacrocorax atriceps).

4, Elephant Seal Wallow Grounds (Plate 6)

Elephant seals (Mirounga 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 - the concentration of ammonium-nitrogen

being particularly high, Its fauna is very similar to that .of



Plate 5. Breeding colony

December 1969

of chinstrap penguins on Signy

Island,
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Plate 6.

Elephant seal wallows on Si

oY1

Island, January I969
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penguin guano,

VEGETATED HABITATS

These are areas where vegetation in macroscopic quantities has
become established, providing habitats for a diverse terrestrial fauna,
Two formations can be readily identified: one in which only algae and
bryophytes occur; the other has grasses and herbs, The major vegetation
sub-formations which occupy extensive areas are listed below,

A, ANTARCTIC CRYPTOGAM FORMATION - Four sub-formations

1, Thallose alga (Plate 7)

Those penguin guano deposits and elephant seal wallow grounds
~which are not physically agitated, and other nutrient-rich
areas subject to heavy contamination by sea-birds, become colonised

by the green alga Prasiola crispa which forms extensive thallose

mats (up to 70% cover over several hundred sq m), The material
under Prasiola has a pH of 5,5 = 6,0 - lower than that of un-
colonised penguin guano, It has a higher organic content (loss
on ignition = 50-65%) and contains a richer fauna, The influence
of Prasiola colonisation upon the protozoan fauna and upon the
physical and chemical properties of penguin guano is discussed

in detail in Chapter IV,

2, Moss cushions (Plate 8)

The mosses Andreaea sp, and Grimmia sp. grow directly upon

glacier moraines, scree slopes and bare rock faces in the form of
small cushions or mats, They accumulate little organic matter
beneath them (loss on ignition = ¢, 7%) and the basic nature of

the substrate is not greatly altered (pH = 6,0-7.0), The

cushions do however provide a habitat for a diverse fauna including

protozoa, nematodes and arthropods,
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Plate 7. Thallose met of alga Prasiola crispa which has colonised

an area which was apparently once an elephant seal wallows, Signy

Island, January 1969



Plate 8. Moss

moraine, Signy

cushions Andreaea sp.

Island, January 1969

cclonising a glacial

22
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3, Moss turf peat (Plate 9)

Polytrichum alpestre and Chorisodontium aciphyllum are tall

turf-forming mosses, Stands of these species consist of densely
packed, erect, sparingly branched shoots and may cover considerable
areas - several thousand sq, m, Moss shoot remains overlie
compact fibrous peat which builds up into peat banks (exceptionally
~up to 3 m, deep ) with little compression, The fibres do not
degenerate into the amorphous peats common in temperate blanket
bogs, The peat is acid (pH 3,0-4.5), almost entirely organic
_(loss on ignition = 93-98%) and usually moist (moisture = 300 -
800% dry weight), It is a habitat for a diverse fauna of protozoa
(particularly testacida), nematodes, rotifers, tardigrades and
arthropods, The ecology of testacida in moss turf peat on Signy

Island is discussed in detail in Chapter III,

4, Moss carpet peat (Plate 10)

The pleurocarpous mosses Brachythecium sp.,, Calliergon sp.

and Drepanocladus uncinatus form spongy carpets, usually in wetter

and less stable areas than the turf-forming species, which overlie
a layer of peat a few cm, thick, Carpets may be formed of any one,
two or all three species, and like the turf-forming species may
cover considerable areas, Carpet peat is less acid than turf

peat, having a pH of 4,0-5,5 and may contain some mineral matter
(loss on ignition = 50-90%), It is frequently very wet (moisture =
500-1000% or more), It contains the same faunal group as turf

peat,

B, ANTARCTIC PHANEROGAM FORMATION
Grass soil (Plate 11)

The grass Deschampsia antarctica, often in association with bthe




Plate 9. Moss turf Polytrichum—-Chorisodontium, Signy Island,

January I969

2y



Plate I0. Moss carpet Drepanocladus uncinatus, Signy Island,

February I9TL

25



26

Plate 11, Profile of the soil under grass Deschampsia antarctica,

Signy Island, January 1969. The white marker is 15 cm long.
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small cushion-forming herb Colobanthus crassifolius, grows in

small patcﬁes (uéually less than 10 m acrosé) on sheltered north-
facing slopes, The sites are usuallf flushed and enriched by
sea=birds, A dark loam-like soil is_developed,belqw the grass
swardsg‘which has a mﬁch greater degree of microbial activity
and gfeater mineral nutrient availability than the moss peats,
Its structure is similar to that'éf temperate brown earths,
with an intimateimixturg of mineral and organic material, The
amountrof organic ﬁattef is variable (loss on ignition = 20-75%)
and the soil is fairly:acid‘(pH ;.4;5-5.5:) It contains the same

faunal groups as the moss peats but usually in greater numbers,

It is apparent that, déspite‘sevgre climatic conditioné, a
considerable diversity of terrestrial habitats exists in the maritime
Antarcfic, supporting a diverse fauna, An abundance of life is févoured
by a supply of mineral nutrients from the base-rich parent rocks, from
séa spray carried inland and from the activities of breeding sea-birds.
quther.direct radiant héating of the ground produces microclimates more
favourable to living organisms than the ambient temperatures suggest,

The temperature regime of a moss turf peat on,Signy Island 'is discussed

in detail in Chapter III,

Thewméritime'Antarctic has an abundant microflora of bacteria,
algae,lyeésts and fungi and a faﬁna of protozoa, rotifers, tardigrédes,
nematodes, collembola and acari (Tilbrook, 1967). Enchytraeid‘
oligochaetes are present but rare (Holdgate:§§L§1;3 %967)i;ilumbricid
.oligochaetes and myriapods - the animals chiefly.respoﬁsibie for séil

mixing in temperate regions -.are absent and mature soils are not

developedo



CHAPTER II

SURVEY OF THE PROTOZOAN FAUNA
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REVIEW OF LITERATURE

Protozoa belonging to four groups aré commonly found in éoils and
other terrestrial habitats (Sandon, 1927, for‘example):
Masfigophora |
Rhizopoda: Aﬁoebida
Rhizopoda: Testacida.

"Ciliata,

29

Since 1911 species in each of these groups have been reported from some

part of the Ahtafctic, but none is spé;ific‘to the Antarptic° The
records to date, which are summarized in Table 2, afe incomplete,ag
descfiptioné of the totalvprotozoén fauna; 'freqdenﬁly samples were
examined for.Testacida only, and not all the possible habitats in any
one locality were invéstigated; The most comprehensive list of species
is tﬁat'of Sudzuki (1964);‘ however mény of his identificatiops were
uncertain and much of his list must be regarded as doubtful; Few
publicatioﬁé give estimates of numbers of pfotozoa or attempt to relate
the distribution of species tovenvironmental conditions, Howevér the
records are ample evidence that the Antarctic is far from devoid of
'protozoa and, as pointed out by Penard (1913)’and.Heal (1965), thé
species diversity of Testacida in the richest habitats in the maritime
Antarctic iocalities is only slightly less than in nofthern temperate
mosses and mooriand solils,

Quantitativé data on protozoa were giﬁen by Heal (1965) who

reported a count of 4047 x 103 testacida per g dry weight, or 890+150

2 :
X 106 per m , in the 0-8 cm horizon of grass soil on Signy Island, South

Orkney Islands; these figures do not differ significantly from those

obtained for temperate samples, A surprising result was Heal's
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a>TABLE 2: SUMMARY OF PUBLISHED RECORDS OF TERRESTRIAL PROTOZOA IN THE ANTARCTIC

LOCATION Latitude = Longitude . HABITAT . PROTOZOAN = NUMBER OF SPECIES AUTHORITY
. | . | o ‘TAXON RECORDED N
% Ross Island ‘ ‘ 77033' S 166009' E . Lake moss . Mastigophora A 3 Murray (1910)
' ' o ' ' o Rhizopoda 3 :
Ciliata 9
xxRoss Island 77°33t 5 166°09' E.  Moss, moraine, Testacida 13 . Penard (1911) -~
- : _ , _sediment : S -
. . o_.0 . 0 % i | L
% South Shetland 62°=70" 8 57 =76 Moss and -  Testacida , 21 _ Penard (1913)
. Islands, Antarctic : ' .~ sediment - - o ' : : '
Peninsula ' ' B .
Cx Elephant Island 61101 'S 55014' W ;'vMorainez : ’Ma§tigoghora 5 Sandon and Cutler (192%)
. ‘ ’ o S : o Rhizcpoda , 3 o e
*» Terre Adelie 67°?s _ '1410 E . |Moss - . Testacida o »1}" L . Decloitre (1960) . .
#x Terre Adelie 67° s 1% B Prasiola . Testacida ' -.‘ "73 - ) Decloitre (196L)
- w=Lenghovde . 69%131 s 39%5t W  Moss water ‘Mastigophora™ 9 (all uncertain) Sudzuki (1964)
. . e e ST - Rhizopoda 35 (9 uncertain) :
;o . Ciliata 2l (17 uncertain)
« Signy Island, 603t s - 457360 W Grass soil = Testacida - © 18 Heal (1965)
South Orimey o Mosses -Testacida 7 ' :
Islands o o ' » : _Marble debris Testacida ) : Lo
’ “** Ross Island ' 77033‘ S - 166009' E  Soil and - A Mastigophora '3 "Dillon (1967)5 Dillon
o SR S ' - meltwater - Rhizopoda .6 et al, (1968)

Ciliata 16

* Maritime Antarctic‘region
** Continental Antarctic region

0¢
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observation that a single species of testate Corythion dubium Taranek
constituted 72% of all testates observed in his samples of grass soilj;
single species dominance being a feature not recorded in temperate

soil,

THE PRESENT STUDY

The aim of the présent-study was to make, as far as:practicaﬁle,

a comﬁrehensive survey. of the protozoan fauna of Signy Island; the survey
‘ ﬁo beiextended to the rést of fhe South Orkney Islands and othér island
groups in the maritime Antarctic as'oppbrpunity'permitted;

To sample the total snow-free‘ground'dn even a small island like
Signy (7.2 x 5,0 km), and subsequently analyse for protozoa, was quite
* impossible, in ordér, therefore, to achieve as coﬁprehensive a survey
as possible in the time available,. it was dgcided to concentrate effort
.on 13lsites widely diétributed fhrdpgh the»Islaﬁdov-These covered'the.
complete range of térrestrial habitats listed.in-Chapter I (except
volcanic ash), and a series-of.éamples was4obtained whiéh, it was hoped,
were'representativerf the whole of thé island, Samples taken from these
sites.wére analysed for protozoa in the.laboratory at the Base, Fécﬁory '
Cove, Signy Island, in order to obtain speciesnlistélféf the.siﬁeso It
wasihopéd that the resqlts would shpw some>pattern whereby species
distriﬁution could be felated to habitat factors.,

Samples ffom islandé other than Signy Island were collected és
oéportunitigs arose, Frequently it was impossible‘for the ;uthor to
take samples himself;. in these cases instructions were lodged with the
Captains_df the>British Antarctic Survéy ships, énd personnel on boérd
were requested to collect sampyes when précticableo' Inévitabiy these

collections were less comprehensive than those made on Signy Island, but
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were sufficient to demonstrate the variety of habitats and species’

composition of the protozoan faunas throughout the maritime Antarctic,

FIELD METHODS

From each of 13 sites'selecéed for sﬁudy,_materiai was taken from
to 0-5 cm horizon, there being six randomly selected sub-sampling points
at each site, Moss peéts and grass soil were sampled using a steel cérer

(2,5 cm diameter)'with a toofhed cutting edge, Other materialsxlike
penguin‘guano and moraine cla&s were sampled with a trowel, Extracted
material was carried for laboratory examination in sealed polythene
containers; Precaﬁtions weré taken.to avoid. contamination of samplés
dﬁring extraction and transport,

i The followiﬁg sampling instructions were provided for Survey
personnel: |
V"On any island wheré_it is possible to make collections, select (as

available and convenient) a site of each of the following types:

l, Moss turf peat (Polytrichum-Chorisodontium)

2, Moss carpet peat (Brachythecium-Calliergon-Drepanocladus)
3, Grass |
4; Clay of glacier ﬁoraines
50 Guano of penguin-coloniés
" "Sample material from six randbm points within each site, Take
méteriél from the 0-5 cm layer, Label eéch sample.with date and precise
"-location° |
"A sterile'trbwel for sampling is provided, Take samples from virgin
untrodden ground and clean the trowel as thoroughly as possible betﬁeeﬁ
taking one sampie and the next (this is to avoid cOnﬁamination of one sample
with material properly belbnging tovthe one before)., A rinse in boiling

water when possible is a good idea,’
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2 "Store collected samples between 0o and 4OC, completely sealed |

in polythene bags. Outside deck temperatures are suitable while the ship
is south of Port Stanley,'’

As an introddcﬁion, personnel requested to do collecting were’
shown examples on Signy Island of what was meant by "moss turf" and
"mpss'carpe}t"°

In addition to tﬁe 13 samples takén on Signy‘Island, the éuthor
was able to‘collect a‘further 16 sampleé from other iélands in thé
South Orkney grbup, while athér cbliectors obtained 39 samples from the

South Shetland Islands, Argentine Islands and islands in Marguerite Bay,

LABORATORY METHODS: A, ANAL&SIS |
OF SAMPLES FOR PROTOZOA

Ihformation on the protozéan faﬁna of "each set of sixAsub-samplés
- was obtained by two laboratory procedures: culture methods (Siﬁgh3 1955)
for flagellates, naked amoebae and ciliates; direct examination
(Couteaux, 1967) for‘testate amoebae,
1. Cultures

Sterile petri dishes were used with 15 ml soil ektract agar poured
into each, The soil extract was prepared by soaking 250 g grass soil in
1 1 cold tap water and immediétely steéming for 2 hours, 'Aftér cddling '
the supernatant was_filtéred and the filtrate gelled with 37 agar after
adding 0,5% NaCl, Soil extract instead of nutrient agar was used so that
the g:owtﬁvof bacteria, poésibly toxic'to‘protozoa, was not unduly
fa?oured, whilé the growth of profozoa was encouraged (Stoug, 1965),

Aerobacter aerogenes (NCIB strain 418) was supplied as food for the

protozoa because it is known to be an organism on which many protozoa
thrive (Singh, 1946 and 1955), Aerobacter was cultured separately

on a rich nutrient agar -
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Beef extract - 10 g NaCl | 5¢g
Bacteriological peptone 6 g Agar 15 g
Yeast extract 2 g " Distilled water 1 1 .-

and incubated at 2§°Cf After 3 days the Eacterial _culture was

harvested with a glass spatula aﬁd spread over the surface of the soil
extract agar, 2 g of each field sample were immediately inoculated onto
the agar, moistened'wighvsterile 0,5% NaCl aﬁd incubated at 12°¢ -

a suitable temperature for béth mespphilic and psychrophilic organisms
(R4A, Herbert, personal.comﬁunicatioﬁ)° The petri-dish cultures (Plate 12)
weré éxamined for protozoa séecies afﬁéf‘being ihcubated for 1,3,7,15 and
50 days; a final ekamiﬁation’was méde beﬁween the 50th and 60th days,
Cultures were examined by placing drops (ébout 0,05 ﬁl) of liquid from

the plates upon glass slides and‘observingAunder_the microscope by
transmitted light and‘by phaée contrast, 'OSservations were normally made
on'fresh‘materialoi To aid :ecogﬁition, the movement'of motile éells

>_ﬁas slowed down either physicélly, by adding a drop of 2% methyl cellulose,
or‘cﬁemically by adding a drop of O.IZANiSO4. In addition preparations
were stained with Noland'®s stain/fixativé (Noland, 1§28) to make cilia

and flagella.more conspicuous, 'Species observed were idep;ified

morphologically and a species 1ist’wéé~bui1£:up for éach fieéld-site,

2, Direct examination

A‘sméll sub—samble of field materiél, aboﬁt O.ZSIg, &aé placed in
»Bouin's fixative for 24 hogrs. ‘The fiﬁative was removed by
centfifugatidn (5 minutes at~1,500.r§m5°- Tﬁe residﬁe was ﬁhen rinsed,
suspended in distilled water and made up to:250lm1, so diluting the .
oriéinal materiai by a factor of 1000, After being stirred for two
hours, 20 ml aliquots.of the sﬁspension Qere passed through 0045 grade

membrane filters, The filter bearing the previously suspended material
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Plate I2. Petri-dish cultures with an inoculum of moss turf peat

on a base of soil extract agar



- was air-dried at room temperature, Sectlons of the filter were placed
on slldes; cleared in x&lene and mounted in Cenaoa balsam, 6
‘replicate slides were made for each site, This treatment destroyed
oYtoplasmic-structures, but the siliceous or chitinous tests.of
testate amoeba remained intact, sopallowing microscopic
'identificationb

LABORATORY METHODS B, MEASUREMENTS OF
PHYSICAL AND CHEMICAL PROPERTIES OF SAMPLES
1., The pH of ‘each field sample was measured as- soon as possible
after collection. (w1th minimum wettlng w1th dlstllled water where
necessary) using a glass eleCtrode and a.pH'meter-° ‘
2, . Loss on 1gn1t10n (per cent dry weight) - a crude estimate of

: organlc content - was assessed by ashlng oven—dry mater1a1 in a muffle
furnace at 450 = 500° Co Samples collected early in the'survevaere
vlgnrted to constant'welght;'later a‘period of lO hours was adopted as
the stanoaro time,b
3. ..Beoause the distribution of mosses on Siény lsland»is influenced
to some'extent by the nature of the bedrock (Allen, et alb, l96l), it
seemed;posslble that geology mightAbe an ecologically relevent factor

" for the terrestriel fauna, Attempts mere therefore made to ascertain the
geology of the-areas from the samples in the present survey were taken,

either from the publlshed literature or by personal communication w1th

field geolog;sts°

IDENTIFICATION OF PROTOZOA > POLICY ON TAXONOMY
_The survey of protozoa described here was an essential preliminary
to subsequent intensive ecological studies, While it was hoped. that the

.survey would provide worthwhile biogeographical and distributional data
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Amoebida

The‘naked amoebae which occur in terrestrial hqbitatsAare small
species (usually less than 50lm) and are very difficult to identify,
The taxonomic literature on this group is extremely confused, The life
histories of many sbecies are unknown; protozoa belonging to other:
groups sometimes possess an amoeboid stage; individual amoebaé can
show considerable changes in morphology -from minute to minute, The
" manuals by Sandon (1927)Aand'Kudo (1966) were found to be inadequate
for the ideﬁtificaﬁion of tﬂis‘group; It was decided tc employ the
taxanomic scheme of Schaeffer (1926) wﬁigh is based on the larger free-
living amoebae, 'The advantage of this scheme is that it uses moréhological
" patterns of the amoebae as they appear in "normal’ exisﬁenced Shaeffer
‘did not provide for ﬁhe identifiCation of small amoebae, suéﬁ aéloccur
in terrestrial habitats, but studies by Bovee (1953), using phasevcontrést
- microscopy, showed that the scheme coﬁld_be used fof small species also,
Using this scheme, the amoebae observed éould be identified to genus
1evei, though very few to species, The book by‘Jahn and Jahﬁ'(l949)
was occasionally consulted, |
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 recognisable than fhe cytoplasmic features which
characterise nonftestaté gfoups° The manualg by Sandon (1927), Kudo (1966)
. and Deflandre (1959) wefg used extensively fo? identification. Where
moreAdetail was required reference was made to monographs on parﬁicular
~ genera (Deflahdre, 1928 and 1937; Chardez, 1969) and to published species
lists Qhere descriptions of the species are given (Hoogenragd and Groot,

19483 Oye, 1956), The Penard Slide Collection at the British Museum



39

(Natural History) was consulted, gnd was a considerable aid'to the
ideﬁtification of species,
Ciliata

Ciiiates are usually large enough (30-120ym) for morphological
features to be distinguished relatively easily, However they are
" difficult to observe because of the high motility of most ciliate
~speciesy killing them’with a fixative often distorts cytoplasmic
features so as to make themgunrecogniseable; also:there is frequently
considerable individuai vafi;tion within spegies° Cautious use of
physical or chemical-ﬁslowing-down" aééﬁts usually enabled sufficient
~detail of ciliary arrangements to be observed to identify ciliates to
| genus level but in many instances. it Qas not possible to 1dent1fy species,
Sandon (1927) was of limited value for 1denL1£y1ng c111ates~ Kudo
| (1966):and'the large monograph by Kahl (1935) were used extensively,
The illustrated key by Curas (1969) wasrusefui for séme species, The

genus Vorticella was speciated following Noland and Finley (1931),

SITES INVESTIGATED
The 68 samples from which éamples were analysed were distributed

-as follows:

South Ofkney Islands (Figs. 4 and 5) | 29 sites
"Elephant Lsland (Fig. 6) 23 sites
Livingston Island (Fig.7) . . . | 1 site
Deception Island (Fige 8) - i o B 5 sites
-Argéntine Islands (Figo 9) - -. - | 4 sites
Islands in Marguerite Bay (Fig. 10) | . 6 sites

These sites with details of collection dates, ground cover, geology

and sample properties are listed in Tables 3, 4 and 5



Figurce fer pH and % L.0.I. are means + 95% confidenco limits

LOCATION OF SITE

CODE
SO-MIN-1 Signy Island, Moraine of Orwell
Glacier
SO-MIN-2 Signy Island, Marble Krolls
SO-PG-1 Signy Island, Norih Point
S0-PG~2 Signy Island, Spindrift Rocks
S0-PG~3 Signy Island, North Point
$0-ShG~1 Signy Island, Shegnast Islet
SO-ESW-1 ‘Signy Island, Gourlay Peninsula
SO—-PRAS-1 ' Signy Island, Gourlay Peninsula
SO-PRAS-2 Fredriksen Island
SO0-MCu-1 Signy Island, Moraine of Orwell
Glacier
50-MCu~-2 ‘Signy Island, Marble Knolls
S0-MTP-1 . Signy Island, Rethval Peint
SO-MCP-1 - Coronation Island, Mensfield Point
SO-MCP~2 Carcration Island, Meier Point
SO-¥CP-3 Gosling Island
SO-XCP-4 Corcration Island, Return Point
SO-MCP-5 Morxroe Island
S0-¥CP-6 Matthews Island
SO-MCP~7 Christoffersen Island
SO-MCP-8  Michelsen Island
S0-MCP-9 Leurie Islané, Davis Point’
SO-MCP-10 .  Leurie Island, Valavielle Point
SO-MCP-11 Laurie Island, Cape Geddes
SO-¥CP-12 Saddle Island, east end
SO-¥CP-13 Laurie Island, Cape Dundas
SO-NCP~14 Corcration Island, Olivine Point
SO-¥CP-15 Fredriksen Island
S0-4CP-16 Signy Island, Clowes Moor
S0-GS-1. Signy Island, below Observation
Bluff
Avbreviations: % L.0.I.
Q.M.S. Quertz-mice~schist

Loss on ignition, per cent dry woight

DATE CF NATURE OF SAMPLES
COLLECTION OF .
SAMPLES
7. 1.€9 Moraine clay
17. 2.€9 Marble debris
11,12.€8 Chinstrap penguin
guano
26, 3.71 Adelie penguin gﬁano
4e .74 Gentoo penguin gueno
1. 2,70 Shag guano
_17. 1.€9 Elephant sea}vwallo-ws
17. .j .69 ‘P‘ra‘siol‘a' S
29. 3.70 Prasiola
7. 1.€9 Moss cushion
Andreaea
17. 2.69 Moss cushion
Grimmnia
11. 1.70 Moss turf peat
9. 2.71 Moss carpet peet
9. 2.71 Moss carpet peat
9. 2.71 Moss cerpet peat
10. 2.71 Moss carpet peat
10. 2.'71 Moss cerpet peat
11. 2.71 Moss carpet peat
11. 2.71 Moss carpet peat
11.:2.71 Moss carpet peat
v12,~ 2,71 . Moss carpet peat
13, 2.71 Moss cerpet peat
13. 2.71 Moss carpet peet
14 2,71 Moss cax.r'pet peat
15. 2.7_1 Mc.;ss carpet peat
16, 2.71 Moss carpet peat
29. 2.70 Moss carpet peat
16, 3.71 Moss carpet peat
27. 1.69 Gross soil

- TABLE 3: LI1ST OF SITES SAMPLFD IN THE SOUTH ORKNEY ISLANDS

pH OF
SAMPLES

é.S:O.Z

7.430,2

7.€40.2
6.7+0.2

c. B.2

7.040.2
5.640.7 '

5.740.4
6.4+0.2
6.8+0.3

3.610.3
5.510.2

" 5.540.2

5.120.3
L.510.3
4.940.2
501404

4.240.2
4.010.5

4.540.2
4.€40.4
4.420.3
6.C+0.4
5.240.2
4.4+0.2

4.510.1

4.,640.1
4.640,2

% L.0.I.
OF SAMPLES

c., 1.0

c. 2.0

3945

4845
3043
c. 70
c. 25°
5748

c. 2,0
c. €.0

9711

' 7844
8346
8442
5616
8646
81418.

8149
7247

8712
9041
8742
8534
8744
5446 -
84l

9344
7716

Geologicel authorities:
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GEQLOGY OF ARFA
IN WHICH SITE

LOGATED
Q.M.8. 1)
Marble (1)
Q.M.S. (1)
Q.M.S. (1)
Q.M.S. (1)
Q.M.S. (1)
Q.M.S., (1) -

Qs T ay
Greywacke (.Tnz.lley,

1935)

Q.M. 8. (1)
Merble (1)
Q.M.S. (1)
Q.M.S. (2)
Q.M.S. (2)
Q.M.S. (2)
Q.M.S. (2)

© Q.M.S. (West, 196€8)

Conglomerate
(Thomsen, 1971)

Conglcomerate
(Thomsen, in press)

Conglomerete
(Thomson, in press)

Greyvacke-Shale (3)
Greywacke-Shele (3)
Greyvacke-Shale (3)
Greywacke~Chele (3)

Greywacke-Shele (3)

.'Q..M,S. (2)
Greyvwacke (Tilley,

1935)
Qu.s. (D)
Q.M.8.

(1

(%) Matthews and Meling (1967)

(2) Matthows (Perszonal communication)
(3) Dalziel (1971)
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TABLE 4: LIST OF SITES SAMPLED ON ELEPEANT ISLAND, SOUTH SHETLAND ISLANDS

CODE LOCATION OF SITE DATE OF  NATURE OF SAMPLES  pH OF % L.0.I. GEOLOGY OF AREA IN WHICH
. COLLECZION . SAMPLES OF  SAMPLES ) SITE LOCATED
OF SAMFLES ’
E-MIN-1 Moraine of Endurance Glacier 13.3.7 Moraine clay 8.040.1 "ho121.6 © Q.M.S. (%)
(chinstrep penguin moulting :
site) .
E-MIN-2 Moraine below Mount Elder 16.3.71 Moraine clay 7.110.1 1.50.2 Q.M.S. (%)
E-MIN-3 Moraine below Mount Elder 16.2.71 Moraine clay . 7.520,2 0.9+0.3 Q.M.S. (%)
E-MIN-Y4 Moraine of Encurance &lacier 16.2.71 . Moreine clay 7.0+0.6 1.640.6 Q.M.S. (&)
E-MIN-5 . Moraine of Endurence Glacier 16.2.71 Moraine clay 7.340.3 1.240,2 CoQM.s.. (W)
B-PG-1 Chinstrap penguin colony, south 13.3.71 Chinstrap penguin 6.8+0.1 4942 Q.x.s. (&)
- of Base Cemp guano
E-PG-2 Chinstrap penguin colony near 13.2.71 . Chinstrap penguin 8.110.1 2145 Q.M.8. (4)
Base Cemp . guano : ’ - :
E-PG=3 Chinstrap penguin colory, south 13.3.71 Chinstrap penguin : : 8;240.1 - 2342 Q.M.58. (&)
side of Endurance Glacier . guano :
E-PG-l - Chinstrap penguin colory, south 16,3.71 Chinstrap penguin . °7.1+0.1 534k Q.M.8. (&)
of Base Camp. . guano
E-PG-5 Chinstrap penguin colony, south 16,3.71 Chinstrap penguin  8.2:0.1 3942 Q.M.S. ) .
side of Endurence Glacier gueno
‘E~MTP-1 "Chinstrap Camp" 25.2.71 Moss turf peat 4.5+0.3 58+11 Phyllite (4)
E-MTP-2 South of Base Camp ) - 18.3.7 Moss turf peat 5.940.2 - 4748 Q.M.S. (&)
E-MTP-3 South of Base Cemp 18.3.71 Moss turf peat 5e420.1 4245 Q.M.S. (&)
E-MTP~4 Bluff above Base Camp 23.2.71 Moss turf peat 5.6+0.1 6244 Q.M.S. (%)
E-MCP-1 "Chinstrap Camp" ’ ) 25.2,71 Moss carpet peat 5.040,2 6844 Phyllite (%)
E-MCP-2 . Point Belsham 4.3.71 . Moss carpet peat 4.940.1 . 3645 Phyllite (&)
E-MCP-3 South of Endurance Glacier C13.3.71 Moss carpet peat - 3,9+0.4 4045 Q.M.8 (%)
E-MCP=4;. Stinker Point 211,71 Moss carpet peat 4.740.3 6+1 Q.M.S. (%)
E-MCP-5 Bluff above Base Camp 23.3.71 Moss carpet peat 4.7+40.1 Lhat3 Q.M.S. (&)
'E-GS~1 South of Endurance Glacier ©o13.3.7 Grass soil L4300y 741 Q.X.S, (&)
E-GE8-2 - South of Base Camp 18.3,71 Grass soil 4.840.2 3048 Q.M.S, (&) -
E-GS-3 - South of Base Camp 18.3.71 Grass soil 4.6#0.2 3044 Q.M.S. (%)
E-GS-4 . Stinker Point . 21.3.71 Grass soil ’ 4,740.1 2845 Q.M.8. (&)
Abbreviations: % L.0.I. .Loss on ignitior per cent dry weight Geological authority
Q.M.S. Quartz-mica-schist . oo (4): Roxburgh (1971)

Pigures for pH and % L.0.I. are means + 95% confidence limits
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CODE

- LIV-MCP-1
D-VA-1
L-VA-2

D-VA-3

D-VA-,
D-VA-5
A-MTP-1

. A-MTP-2
A-HCP-1
A-¥CP-2
MB-HIN~1
MB-PG-1
MB-MTP-1
MB-CP-1

MB-MCP-2

ME-MCP-3

Abtreviations:

TABLE 5: i..IST OF SITES SAMPLED ON LIVINGSTON ISLAND, DECEPTION ISLAND,

ARGENTINE ISLANDS AND ISLANDS IN MARGUERITE BAY

. LOCATION OF SITE

Livingston Island, Cape
Sherrif

Daception Island, new island

.in Telefor Bay, northeast end

Deception Islond, new island
4in Telefon Bay, southwest end

Deceptior Islané, land centre
of 1967 eruption.

Deception Island, Cathedral
Cresggs

Deception Island, Collins Point

Argentine Islands, Galindez
Island

Argenﬁne Islands, Galindez
Island

Argentine Islands, Galincdez
Island .

Argerntine Islands, Galindez
Island

Marguerite Bay, Pourquoi Pas
Island

Marguerite Bay, Cone Island
Marguerite Bay, Pcuquoi Pas
Island

Marguerite Bay, Pourquoi Pas

. Island

Merguerite Bay, Avian Island
Ma.rguerité_ Bay, Core Island

% L.0.I.
D.S.G.

DATE OF

COLLECTION
OF SAMPLES

19.

2.71

11.12,69

11.12.69

11,12.€9

27.11.69

11,12.69

21,

21,

21,

21.

21.

23.

21,

21,

9.

23,

1.70

1.70

1.70 -

1.70

2,70

2.70

2.70

2.70°

2,70

2.70

Dark scoriaceous glass

NATURE QF SAMPLES

Moss carpet peat

Velcanic ash, two

years old

© Volcaric ash, two

years old

Volcanic ash, two

years old, with moss

(Collins, 1569)

Volcenic ash, ten
months old

Volcenic ash, ten

- morths old

Moss turf peat

. Moss turf peat

Moss carpet peat
Moss carpet peat
Moraine clay

Adelie penguin

. gusno

¥oss turf peat
Moss carpet peat

Moss carpet peat

Moss carpet peat

Loes on ignitiorn, per cent dry weight

Figures for pH and % L.0.I. ere means + 95% confidence limits

pH OF
SAMPLES
4.740.1
6.840.1

6.5+0,2

5.540.5

3.920.1
4'.91;).2
8.240.1
4.640.1
l+.7l+_9.2

5.040.5

L.420.2

% 1.0.1.
OF SAMPLES
123_)4-
0.310.1
0.340.1

2.110.5

0.04+0.01

051540.06
9941
9841
Y
88,2

0.810.1

3612
51415
5046

9012

894

GEOLOGY OF AREA IN
WHICH SITE LOCATED

Basalt and sandstone
(Hobbs, 1968)

D.S.G. (5)
D.S.G. (5)
D.S.G. (5)
D.S.G. ‘ (5)
D.S.G. (5)

Porphyritic andesite .’
(€)

Porphyritic andesite

(6)
Porphyritic andesite
: (6)

Porphyritic andesite
- (6)

Diorite (¢))
Andesite (Dewar, 1970)
Diorite (
D;'Lorite 7)

Quartz-feldspar tuff
(Skinner, perscral
communicetiorn)

Andesite (Dewar, 1970)

‘Geologicel authorities:

(5): Baker, Davies and Roovol (19€9)

(6): Elliot (19€4)

(7): T.G. Davies (persoral commurication)’
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Fig. 7: Sketch map of Livingston Island, South Shetland Islands
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Fig. 8: Sketch map of Deception Island, South Shetland Islands,

during 1968 (after Collins, 1969)
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Fig. 9: Sketch map of Argentine Islands (after Elliot, 1964)
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COMPOSITION OF THE FAUNA

From observations made, 96 species of protozoa were recorded:

~ Mastigophora
Rhizopoda: Amoebida
'Rhizopoda: Testacida

Ciliata

MASTIGOPHORA
PHYTOMASTIGIA

CHRYSOMONADIDA

PHYTOMONADIDA

EUGLENOIDIDA

ZOOMASTIGIA

PROTOMONADIDA -

27 species

8 species
24 species

37 species

Cephalothamnium cyclopum Stein

Oikomonas mutabilis Kent

Oikomonas teimo Ehrenberg

Polypseudopodius bacterioides Pusch

Chlamydomonas sp, Ehrenberg

Petalomonas angusta (Klebs) Lemmerman

Petalomonas mediocanellata Stein

Polytoma uvella Ehrenberg

Allantion tachyploon Sandon

Bodo caudatus Dujardin

Bodo celer Klebs

" Bodo saltans Ehrenberg

Bodo terricolus Martin

Cercobodo agilis Martin

Cercobodo vibrans Sandon

Cercomonas crassicauda Alexeieff

Cercomonas longicauda Stein

Heteromita lens Muller

Heteromita obovata Lemmerman

Heteromite globosa Stein




POLYMASTIGIDA

'RHIZOPODA

_AMOEBIDA

TESTACIDA
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Phalansterium solitarium Sandon

Pleuromonas jaculans Perty

Sainouron mikroteron Sandon

Spongomonas uvella Stein

Spironema multiciliata Klebs

Tetramitus pyriformis Klebs

- Tetramitus rostratus Perty

Astramoeba radiosa Ehrenbefg

Flabellula mira Schaeffer

Hyalodiscus sp, Hertwig and Lesser

Mayorella sp, Schaeffer
Metachaos sp. Schaeffer

Naegleria gruberi (Schardinger) Wilson

Thecamoeba verrucosa Ehrenberg

Valkampfia sp, Chatton and Lalung-Bonnaire

Arcella vulgaris Ehrenberg

Assulina muscora.Greef

Clzpeolina spe Penard

Corythion dubium Taranek

‘Difflugia constricta Ehrenberg

Difflugia lucida Penard

Difflugia penardi Wailes

Difflugiella sp, Cash

Diplophrys archeri Barker

Euglypha ciliata (Ehrenberg) Leidy

Euglypha laevis (Ehrenberg) Perﬁy

Euglypha rotunda Wailes and Penard




52

Heleopera sp, Leidy

Hyalosphenia elegans Leidy

Hyalosphenia minuta Cash

Lecythium hyalinum (Ehrenberg) Hertﬁig &
Lesser :

'Nebela minor Penard

‘Nebela wailesi Deflandre

Parmulina cyathus Penard

Phryganella acropodia (Hertwig and Lesser)
Hopkinson ‘ :

Pseudé&ifflugia gracilis Schlumberger

Trinema enchelys (Ehrenberg) Leidy

',Trinema lineare Penard -
CILIATA
HOLOTRICHA

AN

-GYMNOSTOMATIDA " Chillodonella sp, Strand

‘Choenia SPo Quennersﬁedt‘
‘Chiiophrza spe. Kahl
Diiei)tus_sp° Dujardin -
'Enche1y§ sp; Hill
'Holophfza spo‘Ehrénberg-
Lagynophrya sp. Kahl' 
;Litonotus Sp, Wresniowski
.Loxoghxlﬁnﬁsp. Dujardin

Nassula elegans Ehrenberg

Spathidium sp, Dujafdin

Urotricha agilis Stokes
SUCTORIDA » ' 'Hallezia sp. Sand
Podophrya sp, Ehrenberg

TRICHOSTOMATIDA Leptopharynx sbhagnetorum (Levander) Mermod
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Microthorax simulans (Kahl) Engelmann

HYMENOSTOMATIDA Cryptochilium nigricans (Muller) Maupas

Cyclidium glaucoma Muller

Dichilium cuneiforme Schewiakoff

Glaucoma pyriformis Ehrenberg

Philaster sp, Fabre-Domergue

.PERITRICHIDA : .' 'Voftiéelia microstoma Ehrenbe;g
| o A‘ Vorticella striata Dujardin var octava Stokes
SPIROTRICHA » |
HETEROTRICHIDA - ' vBlephaﬁ]':ﬂi'ér'na sp. Perty
OLIGOTRICHIDA Halteria grandinella Muller
" HYPOTRICHIDA | | ﬁuplotes sp. Ehrenberg

Gonostomum affine Stein .

Holosticha sp. Wresniowski

- Hypotrichidium sp, Ilowaisky

Keronopsis sp, Penard

Onychodromus sp, Stein

Oxytricha fallax Stein

Oxytricha pellionella (Muller) Ehrenberg

Oxytricha setigera Stokes

Pleurotricha lanceolata (Ehrenberg) Stein
-Uroleptus sp, Ehrenberg'

Urostrogylum contortum Kahl

All these genra and species of protozoa have been recorded in
temperate regions of the Earth, The species occurring in the maritime
Antarctic are therefore not endemic to the region; instead they are types

with an ability to tolerate diverse conditions including those of the
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Antarctic, Interestingly the ciliate species-Colpoda steini, usually
considered to be the commonest of terrestrial protozéa (Sandon, 1927;
Stout and Heal, 1967) and the Eest adapted to soil habitat conditions
(Stout, 1955), was absent, A possible explanation of the absence of
Colpoda spp, is given in Chapter V, A considerable number of protozoa
species are present, however, suggesting that the remotenéss of -
Antarctica is no geog?aphical barrier_to the diséersal of protozoa
(presumably as wind-borne ;ysts), but that the composition of the
fauna of any one Site.is detérminea principélly by loéal ecological
- conditions,
'The species diveréity'of the fauna of e;ch site is shown in
" Tables 6, 7, 8 and 9‘where the number$ of species éf flagellates,
rhizopods, ciliates and total protozoa identified in samples from each
" site ére reéordéd° The’full list of records for each species in éach

site is given in Appendix I,

ASSOCIATION ANALYSIS

The results of the survey of the protozoan fauna, given in full
inAAppendix i, constitutéia présence/absence_matrix of 96 species in
68 siteé° in this raw form it was difficult to draw conclusions about
-the distribution of the protozoan fauna in relation ?o,habitat type from
- so -large a quantity of data, ansequeﬁtly fhe data were subject to
~ direct and inverse association analysés>in_ordef to make.the resulfs
‘more compact and more comprehensible° These. involved grouping sites
t&gethet on the basis of fheir‘tending to have similar faunas, and group-
ing species tégether on-the.basis of their tending to occur or Be
._»ébsent together'iﬁ'sites. | |
In direct analysis the sites were_divided’dichotomouslj ingo
_ groups on a hierarchical system, .At»éach stagevthe sites were divided
dichotomously into those with and those without the bbest" species,

)



TABLE 6: NUMBERS OF SPECIES OF MASTIGOPHORA OBSERVED IN SAMPLES
FROM EACH SITE

No., of

species’

Site  No. of  Site  No. of Site

code species ~  code speoies code

SO-MIN-1 SO-MCP-13 4 E-GS-1 )

N

. S0-MIN-2 SO-MCP-14 4 E-GS-2

 50-PG~1 SO-MCP-15 L4 - pgs-3

S0-PG-2

S0-PG=3

. S0-ShG-1

SO-ESW~1

. SO-PEAS-1

v

' 50-PRAS-2

. 50-MCu~1

;SO-MCu-Z
' 50-MTP-1

SO~-MCP-1

SO-MCP-2 .

SO-MCP-3

1 S0-MCP-l. -

' S0-MCP-5

 S0-MCP-6
SO-MCP-7
~ S0-MCP-8

. S0-MCP=9

SO-MCP-10 .

© S0-MCP-11

S0-MCP~-12

o, & o W

M .

oW owmom W

1

N £ W N (&N

(S} W W W

~

| S0-GS-1
| 'j.».' E-MIN-1 _ 3

S paim-2 3

. E-MIN-3

E~MIN-).

E~-MIN-5

E-PG-1

E-PG-2 .

E-PG-3 -

E-PG=Y

- E-PG-5
 BwTP-1
.'EA—MII‘P—2A
s
E WP,

- E-MCP~1
E-MCP-2
E-MCP-3

E-MCP- -

E-MCP-5

© S0-MCP-16 10 -

wow W W N,

BEC TG L C i NI I

E-GS-4.

LIV-MCP-1

D-VA-1

" D=-VA-2
. D-VA-3

D-VA-5

A-MTP~1

: A-MTP-2
| ASMCP-1
L AAMep-2

0 MB-MIN-1 -
4:'~,E.':_MB-PG-1 |

" MB-MTP-1

MB-MCP-1

- MB-MCP-2

., MB-MCP-3

O W W W

oL W W

W, 0N W
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TABLE 7: NUMBERS OF SPECIES OF RHIZOPODA OBSERVED IN SAMPLES
. FROM EACH SITE . - '

No. of

speocies

No. of -  Site

. site  No. of = - Site .
speoies - code

code speoies ~ code
'SO-MCP-13 6

 S0-MIN-1 = O E-GS—1

© S0-MCP-14 6 . E-GS-2

- 50-PG-1 1

S0-PG-2 -

- S0-PG-3
S0-ShG~1

- SO-ESW-1

- SO-PRAS-1

' S0-PRAS-2
SO-MCu~1
j,;sb-MCuéz
50-MTP-1
. S0-MCP-1

. S0-MCP-2 .

. S0-MCP-3

SO-MCP-Y

".'SO-MCP—S ,

~ 80-MCP-6
SO-MCP=7
_ S0-MCP-8

* S0-MCP=9

SO-MCP-10

. S0-MCP-11

* 80-MCP-12

Lo

<

-—

TR

-

Rt

S0~-GS~1

- E-MIN-1
E-MIN-2
| :.:E—MIN-_B
o E-MIN-h
s
.ff PG
T B-PG-2
. E-PG-3
“E4n4,

. B-PG-5
pmeet
ENTP-2
BNTP-3 -2

o B-MTP-

E-MCP=-1

E-MCP-2

" E-MCP-3
- . E-MCP-4

' E-}CP-5

L S0-MCP-15 2
"fxso—Mcé-16 10
| e
-

o oo

o ‘o

A+

N

W OW U

- E-6S-3

. BGS-h
U LIV-MeR-1
O

" D-VA-2

D-VA-3

© DeVA
| . D-VA-5
:-2:AFMTP-1‘
=J!g--Mtl:p«-:z.”‘
‘{&"_A*MCP41
A;i A-MCP-2
'fiM&an1
FA;AMB-PG-1
. MB-MTP-1 a
" MB-MCP-1
L MB-CP-2

. MBSMCP-3

NN W

F R W o

e

o

YERGE

N ;f;i



TARLE 8::. NUMBERS OF SPECIES OF CILIATA OBSERVED IN SAMPLES

Site

‘code

SO-MIN-1

SO-MIN-2

S0-PG-1

S0-PG-2
| © 50-PG-3

S0~ShG~1
SO-ES -1

SO-PRAS~-1

© SO-PRAS-2

S0-MCu-1
 S0-MCu-2
SO-MTP-1
SO-MCP-1

SO-MCP-2
. S0-MCP-3
SO-MCP-4

SO-MCP-5

* 50-MCP-6

| S0-MCP-7

" 50-MCP-8

SO-MCP=9

SO-MCP-10
| S0-MCP=11

. S0-MCP-12

No. of

species

L

13  .{'

o

o w

’Uj .

11

(K

1

"

o £ o o

~

(SR

FROM EACH SITE

Site

code

SO-MCP-13 3
- S0-MCP-15

. 50-GS-~1

E-MIN-1

E-MIN-2
- - E-MIN-3
C E-MIN-L,

s

 BPee

 E-PG-2

E-PG-3

' E-PG-h
- E-PG-5

| E-MTP-1

E-MTP-2

 E-MTP-3
L Bampa
L BeMePeg
o " EMCP-2 "
- E-MCP-3
' »:‘-'_E-’MCP-A

" E-MCP-5

No. of

species

L S0-MCP-14 b
6

. 50-MCP-16 10 7

Site

code

. E~GS~-1

o E-GS-2

" pes3
T Eeseh
D

LIV-MCP-1
CpvA-
- D-VA-2
- D-VA-3
DAL
o | DVA5 :
A-NTP-1

: A-MTP-2

© A-MCP-1
L A-MCP-2
" MB-MIN~1
o MB-Pe-1
| MB-MTP-1
 MB-MCP-1
T yparcp-2

" MB-MCP-3 -

No. of

species

5,
.
.
8




TABLE 9: TOTAL NUMBERS OF SPECIES OF PROTOZOA OBSERVED IN
- SAMPLES FROM EACH SITE . o

Site No. of . Site  No. of ~ Site No. of

code speoles

SO-MIN-1 7 .

code

SO-MCP-13

species

15

code

. E-GS-1

species

13

o soMIN-2 22 SO-MCP=1k 14 BGS-2 "
S0-P6-1 9 SO-MCP-15 . 12 B6s-3 15
S0-PG-2 o | S0-MCP-16 39 ~_ | E<GS-y :_1'0;' '
S0~PG=3 7 50-65-1 35 . 'LIV-'MCP-'IA: 15
SO:—ShG-ﬁ, | > EMIN-1 . - 6 DVA-1 o
| SO-ESW-1 8. . E-MIN-2 3 D-VA-2 0.
.. SO-PRAS-1 19 E-MIN-3 2 DVA-3 7
.so-mizis-z ‘1'2'" E-MIN 3 ’ D.'.VA_# -_ 5
© soaMCu-1 15 CEMIN-S . 3  D-VA-5 2
- S0-MCu-2 19 :Y'E—PG-f k 52 . A-MTP-1 ‘.:?'
SO-MTP-1 39 E-PG-2° "'4 . AANTP-2 12
© S0-MCP-1 44 " E-PG-3 L,. A=MCP-1 6
SO-NCP-2 12 ~ E-PG-. 4 413 f:A—MCP-Z ig‘
S0-MCP-3 9 E-Re-5 4 . MB-MIN-1 4
SO-MCP-4 10 E-MTP-1 . '6'"}" " MB-PG-1 1.
 S0MCP-5 9 BUTP-2 - 13 " MB-MTP-1 10
s0-MCcP-6 3 o . E-MTP-3 8" ' MB-MCP-1 | 11,
s SO-MCP=7 15 CE-NTP, -_9  - MB-MCP-2 '134' |
. S0-MCP-8 8 . BOP-f 0 MBMCP-3 7
 S0-MCP=9 13 - E-MCP-2 15 .
SO-MCP-10 10 . Bace-3 13
SO-MCP-11 9 EMCP~ 12
50-MCP-12 8 _ EMCP-5 8
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The '"best" species was the one carrying the "maximum total 'XZ;
calculated by the method of Williams'aﬁd'Lambert (1959). The working
-of this technique may be explained ﬁy giving three selected examples of
the results: |

(i) In the first stage of direct analysis the "best" species was
g y k p

.Halteria grandinella, a small ciliate species, which out of the 68
sites investigated occurred in only. two exceptionallyﬂspecies rich
sites (one grass and one moss turf), which were thus divided from

the other 66 sites,

(ii) In the 9th stage, the '"best'" species was a testate amoeba,

Corythion dubium, a frequent and.abundant species in moss peats and

grass soils, to which it is specific, It occurred in 15 of the 53
sites béing analysed at this stage which were thus divided from the

other 38 sites,

(iii) In the 10th stage, the "best" species was the ciliate

Philaster spo which is specific to animal guano habitats, Of the 38

sites being analysed at this stage, it occurred in 5 sités, all of
these being heavily enriched by penguins or eléphant seais, which were
" thus divided from the other 33 sites, | .

Tﬁe analysis ran to 19 stages and the results_we;e plotted as
é dendrogram, (Fig. 1l1),

In inverse analysis the species were divided into groups, at
each stage by thé "best'" site, using ghe same method, Again thréé.
selected examples may be used to explain this operation:

(i) At the first stage of the inverse analysis, the-"best"-sitevwas

one of penguin guano (E-PG-1) which contained, out of 96 species of

_protozoa, only three: Oikomonas termo, Bodo saltans and Tetramitus

-rostratus, T, rostratus was specific to animal guano sites; the other
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Fig. 11 DENDROG;RAM: Association analysis of 68 sites

on the basis of their protozoan fauna

}

S0-MCP-16 SO-PRAS- LIV-MCP-1 'E-GS-1 S0-PG-1 D-VA-3 E-MCP-5 A-MCP# E-PG-1 SO-PG-2
E-GS-2 S0-PG-3 SO-MCP- 4 MB-MIN-1 £-PG-2 MB-PG-1
E-GS-3 SO-ESW-1 $0-MCP-10 | £-PG-3 D-VA-1
E-GS-4 S0-PRAS-2 MB-MCP-3 E-PG-4 D- VA-2
E-MIN-1 E-MCP-1 E-PG-5 D-VA-4
S0-ShG -1 D- VA-5
A 11 5 6 12
SO-MTP-1 SO-MCu-1 MB-MCP-2 E-MTP—Z SO-MCP-1 A-MTP-1 MB-MTP-1 SO-MCP-5 SO-MIN -1 SO-MCP-B SO- MCP-6
S0-GS-1 S0-MCu-2 ' SO-MCP-2 A-MTP-2 MB-MCP-1 SO-MCP-11 E-MTP-1 E-MIN -2
- SO-MIN- 2 : SO-MCP-7 A-MCP-2 SO-MCP-12 E-MIN -3
E-MCP-6 SO MCP 8 '
SO-MCP-3  E-MTP-3 E':m;
| SO-MCP-13 E-MTP-4
| SO-MC P-14 E-MCP-3
; SO-MCP-15 E-MCP-4 |
1 g 2 3 7 8 10
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two species occurred also in some moss peats, These three species
were divided from the other 93 species which did not occur in this
site,

(ii) At the 5th stage, the "best" site was one of moss carpet peat
(S0-MCP-1) which contained, out of 81 species still being analysed at

this stage, four ciliate species: Cyclidium glaucoma and three species

of Oxytricha, a grouﬁ specific to moss peat habitats, which were thus

divided from the other 77 species,
" (iii) At the 7th stage, the "best" site was a glacier moraine,
occupied by a colony of moulting chiﬁstrap penguins (E-MIN-1), It

. contained, out of 74 species still being analysed at this stage, three

ciliate speciéé: Spathidium sp., Philaster sp, and Vorticella microstoma,
a gfoup specific to animal guano habitats, which were-thus divided
from the other 71 species, |
‘The inverse analysis ran to 29 étages and the results were
plotted as a dendrogram.(Fig° 12), 4
. Both dendrograms (Figs, 11 and 12) show 'chaining" throughout and
"some of fhe Ygroups’ contain only one sife or species., This indicates
the existence of considerable heterogeneity in the composition of the
faunas of the different sites, This is possibly an artefact of thé
survey policy which was déliberafely designéd to include samples from
:as wide a range of habitats as possible, Despite the heterogenei;y, it
proved possible to -combine the_résults of the direcﬁ and inverse
analjsgs into a matrix showing the tendency of certain groups of
_épecies to occur in certain groups of sites, using the following
proéedurez | -
Eacﬁ group of sites in the direct analysis containing two or more
_sites was assigned a number, and each group of'specigs in the inverse

analysis containing two or more species was assigned a letter (Figs,-1l1
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Fig.12 DENDROGRAM: Association analysis of 96 species of

protozoa on the basis of their occurrence in 68 sites
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and 12), Each group containing only one site or species was then
allocated to the numbered or lettered group which it most néarly
reéémbled° Those which showed no tendency to resemble any group were
designated as Dunclaséifiable residuals® and were mnot considered further.
The species list of each site was then iﬁspected in order.to determine
whicﬁ groups of species tended to occur in it. Where half or mofe of
the spgpiésfin X (whe;e X is a lettered group of species) were found

: to.occur in half or more of the sites in N (wheré N is a numbered group
 of sites), then X was-saia to vtena to occur® in N, A presence/absence
.matrix of 20 groups of épecies in liuéroups of éites was then drawn

up, By inspection the 20 groups of species were aggregated in?o é
'communities“land thé 12 groups ofvsites inté 6 ’habitat classes’,

This matrix with aggregations into communitieé and habitat classes is
.shown in Fig, 13;

‘Examination of the ptopérties of the sites in gach.habitat class
sho%ed~that the sites, on the basis of their protozoan faunas, hgd been
grouped (by“association aﬁalysis folléwed by aggrega#ion)'into three
fairly discrete typés:~ |
l, - Acid moss.peat or grass soil habitats Qith high organic content

'(Classes'I(i) and I(ii)).

2,  Near-neutral mineral habitats with low organic content (Classes II

(i) and II(ii)).

3. ;Alkaline animal guano habitatsAwith intermediate organic

content (Classes ITII(i) and II]‘.(l:L))o

Each of these three types was divided into relatlvely species- r1ch
'”and species-poor, thus giving 6 habitat classes,

Examination of the species lists of the sites in each habitat

class showed that there were considerable differences between the

habitat classes in the relative proportions of the different taxonomic



Fig. 13: Distribution of the terrestrial protozoan fauna in relation to habitat:
Presence/absenoe matrlx of 20 groups of speoles in 12 groups of sites

with aggregation into 6 communities and 6 habitat classes
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groups constituting the protozoan fauna (Fig. 14). Mastigophora were the

most ubiquitous group as they constituted a substantial proportion of

the protozoan fauna in all habitat classes and almost the total fauna in

those mineral and animal guano habitats which were species-poor,

Testacida showed a clear preference for the acid vegetated habitats and

. were rare or absent in the others, Ciliata also occurred frequently

in vegetated habitats§. they also constituted the most prominent faunal

group in mineral and animal guano habitats which were species-rtich, but

~were absent or very rare in those which were species-poor, Naked amoebae

were absent or rare and their few occurrences showed no detectable
pattern in relation to habitat type,

There was no detectable pattern in the distribution of the

_ protozoan fauna in relation to the geology of the areas in which the

sites were located,

The habitat ciasséslwith site properties and the species
composition of each community are listed below::
CLASS I(i)

Moss peat and grass soil habitats; acid with high organic’

content; relatively species rich; testacida a substantial proportion

of the fauna,

pH 3,6-5,9, mean 4,7 o Loss on ignitioﬁ 13-97% mean 63%
Number of protozoa species obser&éd'perAsite: 8-39, mean 14

Mean qomposition of the protozoan fauﬁa: A

M;scigophora 29% (11-57%) . Amoebida 2% (0-15%)

Testacida 35% (18-58%)

Ciliata 37% (13-57%).

CLASS I(4i)

Moss peat habitats; less acid and slightly lower organic content

5than Class I(i); relatively species-poor; testacida a smaller

‘proportion of the fauna; mastigophora a greater proportion.
pH L.4-6.8, mean 5.0 Loss on ignition 1-94%, mean 60%
Number of protbzoa‘species observed per site: L4-10, mean 8

‘Meah composition of the fauna:
Mastigophora 4.8% (29-100%) Amoebida 3% (0-15%)
| Testacida 20% ( 0= 55%) Ciliata  28% (0-57%)
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Fig., 14: Cofnpa;f'ison of the mean, composition of the'protozoan

fauna, by taxonomic'grbups,' in each habitat class

HABITAT CLASS I(ii)
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SPECIES-POOR MOSS PEATS

GRASS SOIL AND SPECIBS-RICH MOSS PEATS

PABITAT CLASS II(41)
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SPEIEvS-BICH MINERAL HABITATS

HABITAT CLASS IIT(41)
SPECIES-POOR ANIMAL GUANO

HABITAT CLASS ITI(4)
SPECIBS-RICH ANIKAL GUANO

S |

AMOEBIDA TESTACIDA CILIATA
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CLASS ‘II(i) )

Mineral habita;s;A slightly écid'with low organic confent;
relatively species-rich; fauna.predominanily ciliata anq mastigophora,
téstécida a.small proportion'only; vegetation absent or lichen and
moss'.cushion°
pH 4,9-6,9 mean 6.3 ."Loés Onvignition 2-36%, mean 12%

.Number of protozoan séecies observed per site§_13-22, "mean 17
Mean coﬁposition of the fadﬁa: |
‘Mastigophora 27% (20-36%)' - Ampeﬁida 5% (0-8%)

Testacida  12% (05-21%)  Ciliata 59% (46-73%).

CLASS T1I(ii)

Minerél habitats; slightly acid or aikaline with low organic
content; relatively species-poor; fauna.almost entirely'méstigophofa,
testacida absent or rare, ciliata absent, vegetafﬁwnabsent or sparse
moss; |
pH 5.,1-7,5, mean-6°8 | Loss 6ﬁ ignition l-lé%, mean 17%

Number of protozoan.speéies observéd per sites 2f3, mean 2,8
Mean compbsition of the fauna: | |
Mastiéophorg 93% (67<100%) Amoebida 0% .

Testacida 7% (00-33%) Ciliata 0%

CLASS III(i)

4Anima1-éuaﬂo habitats; slightly acid or alkaline Qith’
intermediaté'organic conten#; relatngly species-rich; fauna predominantly
mastigophora and ciliata, testacida absent or fafe;v vegetafion spafse
or Prasiola only,. | |
pH 5,6-8,0, mean 6.7 Loss on ignition 4-70%, mean 38%
Number of protozoan speéies observed per site: 3-19, mean 10

Mean composition of the protozoan fauna:
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Mastigophora 35% (26-45%) Amoebida 2% (0-11%)

Testacida 4% (00-16%) , Ciliata  55% (44-71%)

CLASS III(ii)

Animal guano habitatsj . alkaline with intermediate orgaﬁic
content; felgtively species=-poor; fauna almosf‘entirely mastigophora,
testacida absent,-;iliata absent or rare; vegetation absent,

"pH  6,8-8,2, mean 7.8  Loss 6n’iggition 21-53%, mean 37%
Number of4protozoan species gpserved per sité; 2-4, mean 3,5

Mean COmpositdn;of the protﬁééan faﬁna: |

Mastigophora 96% (75-100%) Amoebida 0% |

| Testacida 0% o "Ciliata.» 4% (0-25%)

CCMMU&ITY A contains spécies from all téxa and tends Lo occur.in all

types of habitat except the most alkaline animal guano,

Oikomonas mutabiiis Naegleria gruberi o Dileptus sp.
‘Chlémydomonas SPe ' 44 Assulina guscora | Enchelys sp,.
Bodo caudatus | .v | Corythion dubium " - Holophrya SPe
_ Cercobodo vibrans | Difflugiella sé. ' Urotrichavagilis
Cercomonas_crassicauda Phryganella acropodia Leptopﬁarnyx sphagnetorum
Cercomonas longicauda - pseudodifflugia gracilis Vorticella striata
Heteromita.lens n Trinema enchelys Cyclidium glaucoma
| Trinema 1inéare : Euplétes SPe.

Gonostomum affine

Oxytricha fallax

Oxytricha pellionella

a , ' . Oxytricha setigera

Uroleptus sp,

COMMUNTIY B contains a small group of common flagellate species and

tends to occur in guano, species-rich moss peats and grass soil,



Oikomonas termo

Bodo saltans

Tetramitus rostratus

~ COMMUNITY C contains species
peats and grass éoil.

Polypseudopodius bacterioides
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_from all taxa and tends to occur in moss

Metachaos spo 'Lagxnoghrzalsp.

Petalomonas angusta

Cercobodo agilis

Phalansterium solitarium

Sainouron mikroteron

Spongomonas uvella’

. COMMUNITY D contains species
species~-poor moss'peats only,

‘Cephalothamnium cyclopum

Petalomonas mediocanellata

Diplophrys archeri Litonotus sp.

Euglypha rotunda Glaucoma pyriformis

Lecythium hyalinum Cryptochilium nigricans

from all taxa and tends to occur in

Mayorella sp, Loxophyllum sp.

. Bodo terricolus

Polytoma uvella

Arcella vulgaris Microthorax simulans
Clypeolina sp, Dichilium cuneiforme

-Difflugia constricta Blepharisma sp.

Allantion tachyploon

Bodo celer

Heteromita globosa

Heteromita obovata

Pleuromonas .jaculans

Spironema multiciliata

Difflugia lucida Halteria grandinella
Difflugia penafdi ~ Hypotrichidium sp,
Euglypha ciliata - Pleurotricha lanceolata

Euglypha laevis

Euglypha strigosa

Heleopera sp.

Hyalosphenia elegans

‘Hyalosphenia minuta

Nebela minor

‘Nebela wailesi

Parmulina cyathus
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COMMUNITY E contains a small group of ciliate species and tends to

. occur in mineral habitats only,

Chilodonella sp;

Chilophrya sp.

Urostrongylum contortum

- COMMUNITY F containé a small group of ciliate species and tends‘to
-occur in animal guano habitats only,
~ ‘Spathidium ép.
Philaster sp;

Vorticella microstoma

RESIDUALS

Rare species which show no detectable pattern of distribution in this

survey
ATetramitus pyriformis Astramoeba radiosa  Choenia sp.A
Flabellula #ira _-Nassula elegans -
-1 Hyalodiséus SPe | -Hallezia SPe

- "Thecamoeba verrucosa Podophrya SPe

Valkampfia sp. Holosticha sp.

Keronopsis sp.

Onychodromus sp,



 CHAPTER III

POPULATION ECOLOGY OF Corythion dubium TARANEK

(RHIZOPODA: TESTACIDA) IN MOSS TURF PEAT
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INTRODUCTION

Corythion dubium Taranek is a commonly occurring species of

testate amoeba in northern temperate moorland soils; it is described
by Heal (1961, 1964) as a eurytope épecies of acid fens and bogs.:
Heal (1965) also observed that it was the most abundént testatevspecies
in samples'ffom Signy Island, taken during a soil survey (Holdgate |
et al, 1967). My results (Chapter II) confirmed and extended those of
Heal, C. dubium being wide;préad in moss peats and grass soils but
entirely absent from animal guano. R

A study of this species, to describe its seasonal fluctuations in
numbers and to determine how these are influenced b§ environmental
factors, in a moss turf peat on Signy Island, was made from-January

1970 to the end of March 1971.

FIELD SITE

The site chosen for the study was located on the north-west face
of a knqli 500 m squth—west of Rethval Point (Chapter II, Fig;‘4). It
was subject to the general oceanic climate of-Signy Island: a relatively
small temperature range, frequent precipitation and overcast skies; it
was particularly influenced by the prevailing westerly and north-westerly
winds which blow onto the slope across the McLeod Glacier; but was
sheltered from cold south-easterly winds. The site consisted of two
stands of moss in an area of more or less continuous bryophyte vegetation
interrupted by small rock outcropé and deposits of drift and scree, most
of which were lichén covered, lying between the 40 m and 60 m contéurs

and ‘having an average slope of 1 : 3.9 (Fig. 15).
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Fig. 15: Sketch map of field site near Rethval Point, Signy Island, used in

studying the ecology of the testate amoeba Corythion . dubium, Showing positions

of stands of Poiytrichum-chorisodbntium moss (after original survey,

N.J. Collins, O0.H.S. Darling, H.G. Smith and V.W, Spaull, January 1970)



Plate I3. PField site used for the study on the population

ecology of Corythion dubium in moss turf peat. The site is

viewed from 200 m away locking south-east, January I971

74
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Plate 13 is a view of the site from 200 m away, looking south-
east.
Plate 14 is a close view of the ‘eastern moss stand.

The moss was predominantly the Polytrichum alpestre -

Chorisodontium aciphyllum association of the moss turf sub-formation

(Longton, 1967). An acid peat had built up below the moss. The mid-
summer depth of unfrozen peat, in January 1970, was 21 + 1 cm (minimum
13 cm, maximum 32 cm). Properties of the 0-9 cm horizon of peat at

this time are shown below:

Peat horizon Peat properties + 957 confidence limits
Moisture Loss on ignition
pH Z dry weight Z dry weight
0-3 cm 4.1 + 0.3 365 + 57 89 + 5
3-6 cm 3.8+ 0.3 450 + 83 97 + 4
,6;9 cm 3.; + 0.4 3318352 95 + 4

In the association analysis of the data collected in the survey of
the protozoan fuana (Chapter II), this site was allocated to habitat
class I(i). It was particularly species-rich: 39 species were observed
in samples from this site (14 flagellate, 14 rhizopod and 11 ciliate

species).

METHODS

LABORATORY DETERMINATIONS UPON CORES OF PEAT

On 16 occasions, at approximately monthly intervals, a random sample

of six cores of peat was taken from the site using a steel corer 2.5 cm in
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diameter. They were cut into 3 cm horizons with a sharp knife and each
fresh core was weighed. For each of three horizons, 0-3 cm, 3-6 cm and
6-9 cm, the following measurements were made:

1. Total numbers of testacida

2. Numbers of Corythion dubium

3. Mean pH

4, Mean moisture, per cent dry weight

5. Mean loss on ignition, per cent dry weight.
Populations of testacida were determined by Couteaux' (1967) direct
examination technique. For each 3 cm horizon, the peat from six cores
was mixed and a single sub-sample of 250 mg was treated with Bouin's
fixative for 48 hours, after which the fixative was removed by
centrifugation (5 minutes at 1500 rpm). Subsequently the residue was
rinsed, suspended in distilled water and made up volumetrically to
250 ml (a 1/1000 w/v dilution). After stirring for two hours, 20 ml
aliquots of the suspension were filtered under pressure through grade
0.45 membrane filters, so that each filter carried about 20 mg of peat
(Plate 15). The filters were air dried and portions of each filter, one
tenth its total area - bearing about 2 mg peat material - were cleared
in xylene and mounted on glides in Canada balsam (Plate 16). To avoid
any bias which might arise from the peat material being unevenly
distributed from the circumference to the centre of the filter, the
selected portions were taken along a radius of the filter. The slides
were examined microscopically and counts made of C. dubium and of total
testacida. Entire tests, presumed to have contained live amoebae at the
time the cores were taken, were counted. It proved impossible to
differentiate encysted from active individuals, and this was not attempted.
Empty tests of dead individuals were usually too fragmented to be

recognised reliably so no count was made of these. Since each filter bore



78

Plate I5. PFiltration apparatus used in the preparation of slides

of moss turf peat for the enumeration of testacida by Couteaux!

(I967) method
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Plate I6. Slides of moss turf peat prepared for the enumeration

of testacida by Couteaux!' (I967) method
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on average 2 mg of peat, an estimatg of,numbers per g‘was obﬁained by
multiplying the count per slide by 500. Numbers per g fresh welight in
a 3 cm horizon wére converted to numbers per cm2 by a factor equal fo‘
-three times the density of .the c&re. Ten replicate counts were made
. allowing an estimate of experimental variénce'to'be obtained. Eecausé
the peat}from cores randomly distribu;ed through the site was pooled, -
‘the results ébtéined by thi§,method did not give any estimate of site
variance. . -

Measurements of pH wefe.made with a glaés electrode and a pH meter
imﬁediately uﬁon arrival at tﬁe-labof;foryAafter the cores had been
téken. Moisture was determined by oven-dryiﬁg at 100°C for 48 hours,
4and:ioss on ignition bf ashing in a muffle fur@acé_at 450—500°C for 10

‘hours.

METEOROLOGICAL OBSERVATIONS AT THE SITE

Dufiﬁg thé Qinfer’monthé_(M;y to October 1970) the foilowing spof
~observations ﬁepe'made at weekly infervals:f

'Snow depths,;

"Air temperature‘ét 1.5 m

- Moss surfécevteﬁperature.
Early in Noveﬁber 1970 a thermdgraph station was estgblished on the site,
at an a1titude of 48 m. ,it gave a continﬁous recérd of temperatures at
76 tm above the moss surface from vaeﬁbef until the end of March 1971.
"Duripg these summer months the following spot observations were made
three times weekly befween_the hours of 0900 and 1600:

Air temperature at 1.5 m ' |

Air temperature at 76 mm

Moss surface temperature



Plate I7.

The meteorological office, Signy Island Base, showing

the autographic recorders:

Mercury-in-steel thermograph
Wind direction recorder
Wind speed recorder

Barograph
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Fig. 16:

Fluctuations in the
numbers cf C. dubium

';in three 3 -~ cm

]

‘horizons«of moss
;turf peat. during
the period January
1970 to March 1971

Figures plotted
are means + 95%

corifidence limits

NUMBERS OF C.dubium » 10° PER CM? IN 3-CM HORIZONS

PEAT FROZEN

PEAT UNFROZEN]

10

6-9cm

PEAT FROZEN . PEAT UNFROZEN

Mean of three horizons
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© TABLE 10: MEAN NUMBERS OF C. dubium IN THREE HORIZONS OF MOSS TURF PEAT + 95 % CONFIDENCE LIMITS

DATE -

16. 1.70
8. 2.70

6. 3.70

11, 4.70
15.75,70
12, 6.70
8. 7.70

5. 8.70.

L. 9.70
+6.10.70
‘9.11.70
5.12.70
5. 1.71
6. 2.71
L

. 371

29- 3-71

0 = 3 cm HORIZON

Numbers/cm? .

5,240+ 520

1,390+ 560
- 2,460+1,100

1,460+ 410
3,650+ 960

930+ 460 -
1,110+ 730
1,300+ 480

1,550+1,050
6,4.60+1,960

. 3,61041,280

5,050+1,300

4, 740+1,150

3,250+ 970
7,060+1,520

. 2,900+1,470

% Total
testacida

46+ 5
$ 36412
35+ 8
29+ 8
L9x12
3927

 43a22

bhx 9
i1

51+ 9 -

36+12
53+ 8
40+ L
42+ 8
47+ 6
L6410

3 - 6 cm HORIZON

Numbers/cm? -

7,220+1,860
3,140+ 910
2,280+ 660
2,350+ 830

2,300+ 720

1,030+ 390
1,160+ 500

1,300+ 140

900+ 530
2,410+1,090
7,380+1,120

3,600+1,070
4,570 970
3,33041,380 .

8,420+1,850

2,660+ 770

% Total
testacida

b9+ 5
36412
L3+11
L2+ 9

" L4+10

32+12
15+25
40+13
L0+23
Lh+ 9
61+ 5
L5+ 8
L6 L
38+ 7
L5+ 6
L+ 8

6 - 9 om HORIZON

Numbers/cm2

9,250+2,010

. 3,700+ 360

1,980+ 580

1,680+ 570

3,120+1,450
1,190+ 500
3,470+1,210

1,600+ 750

620+ 520
1,760+ 910

1,650+ 470 -

4,520+1,560

3,690+ 740 -

2,850+1,010
6,460+ 960
4,650+ 800

% Total
testacida

L5+ 6
40+ 4
41+ 8
LS+ 8
37412
32414
54410
b5
L2+2l
49i164'
L2+ 8
5C+10
35+ 3.
38+ 9
57+ 5
Lh+ 5
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Fig. 17: Fluctuations in mean numbers of C. dubium in the 0-9 cm
horizon of moss turf peat, monthly mean air temperatures

and peat moisture
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The pH of the peat however was fairly constant, being always
between 3.5 and 4.5 in all three horizons. The loss on ignition of the
peat was similarly constant beihé always bétwgen 94 and 977 (Appendix II).

The micrpclimate temperature regime of the site is plotted'in
Fig. 18. Temperatures are plotted as mean values for the periods between
saﬁpling occasions (of approximately one month). The values for 24 hours
. are exact means calcuiated from continuous thérmograph records. The
values for 0900-1600 are estimated means calculated from'the thrice
weékly tﬁermometer reaaingé; ‘thesé are plottéd with stapdard err&rs
attached. Comparison of 77 temperatuféAreadings of the air at 1.5 m. at
thelsité with the mercury-in-steel thermograpﬁ record of screen
temperatures at Factory Cove revelaed a mean difference between them of
only 0.1°C which does not deviate significantly from zero (t-test:
0.4<:'p<::0.5); Mean temperatures for month-periods calculated from the
Factory Cove thermograph record are therefore considered to be accurate
for the site # O.1°C. The mean temperatures for the air at 76 mm. _
(24 hour values) are calculated from the continuous bimetallic thermograph
record in site. The trace recorded showed a clear diurnal cycle of
temperature with peaks at mid-day. Typicai examples of thermograph traces
are shown in Fig. 19. The thermograph was subject to errors owing to
heating of the screening box in sunlight; the trace was therefore
‘corrected by the thermometer readings. |

Other factqrs of the physical environment, for the same periods,
are plotted in Fig. 20. The valves for mean wind speed (index of
convectional cooling) and for meaﬁ sﬁnshine per day (index of ihcident
radiation) refer to Factory vae and are only an approximate gQide to
conditions at the sitg. Values of mean snow cover refer to the site;
owing to extremely uneven cover of the moss s?ands by snow, the variance

about these means is high, and they have standard errors of about * 3 cms.
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This means that the deep snow cover during the months July to early
September 1970 is significantly_gieater than that before June and af&er
 September; otherwise the mean values for consecutive months are nof
signifigantly different. The data are therefore méreAusefui in a

qualitative sense - denoting the presence or absence of snow.

DISCUSSION
" VERTICAL DISTRIBUTION OF C. dubium

N6 consistent differences in the numbers of C. dﬁbium between the
three horizons were apparent (Fig. 16). There was no evidence either
of the sharp drop in ﬁumbers below thé 0-3 cm horizon shown by ﬁetazoan
species in similar habitats (Tilbrook, 1967), or of the increase in

numbers with depth shown by bacteria (Baker, 1970).

SEASONAL VARIATION IN NUMBERS OF C. dubium

The data for the 15-month period of study (Fig. 16) show that there
was a considerable difference in the numbers of C. dubiuﬁ between winter
and summer. In each horizon a dramatic increase in nﬁmbérs occurred with
thé thawing of the peat during September to November 1970; this was
possibly causally related to peaﬁs in the numbers of yeasts and bacteria
which have been obéerved following a thaw iﬁ a similar moss turf peat
(Baker, 1969). Increaseé in extractable phosphate, ammonium and sodium
ions have also been shown to occur in peat on Signy Island at this time
of year (Northovef and Allen, 1967). 'This-"spring bloom" in the population

of C. dubium occurred progressively later at increasing depths\of peat as
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the thaw extended downwards (Figy 16). The thawing occurred while-the
air temperatures were still sub-zero (Fig. 17); presumably the necessary
heat came from absorbed radiant energy. After increasing during October
to December, the numbers of C. dubium remained relatively high until the
onset of freezing conditions at the end of March, when numbers again
decreased. |
Air temperatureé at 1.5 m (Fig. 17) show that the summgr of 1970;71
Was'considerablyvmilder tha; that of 1969-70, the period September 1970
to March 1971 béing coﬁsisfegtly wérﬁer by an average of 1.6°C than the
same period the previous year. Givenwthis difference between the yéars,
it is possible that the high numbers of C. dubium in January 1970 represeqtgd
a single mid-summer bloom in a cold short summer (though the absence of
population data for 1969 means that this cannot be proved), while the long
mild summer of 1970-71 allowed both an early spring bloom and a late

autumnal bloom (Fig. 16).
SHORT-TERM VARIATION IN NUMBERS OF C. dubium

Whilst the numbers of C. dubium follow the annual cycles of
temperature (airectly)-and peat moisture (inversely) on a seasonal seale
(Fig. 17), there are no simple correlations between numbers and environ-
mental factors on a month to month basis. The data therefore require more
sophisticated'scrutiny. The data ploﬁted in Fig. 16 refer to the standing
c;oﬁ populatioﬂ of C. dubium at points in time; for an understanding of
this species' ecology, its rates of activity ovér periods of time are more
useful. To aid interpretation the data have been converted using tHe
logistic equation:

loge Nt/ No .
T
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where NO = Number of C. dubium on a sampling occasion (at time Q)
Nt = Number of C. dubium on the next sampling occasion (at time t)
T = Time in days between consecutive sampling occasions

(time t = time 0).
r is the geometric raté of populatioq growth or ﬁortality; it constitutes
an index of the net activity of the population (positive or negative) over
the period of time T. - |

To obtain a measure of the activity of the C. dubium population

relative to the total testate fauna, the following equation has been used:

o Ni. oo N,
BN = (rxnoo) - (K_x1oo)

t o

where A Number of all testacida at time O

A Number of all testacida at time t.

t

A positive value of d7N indicates that the C. dubium population has growﬁ
more rapidly (or died off less rapidly) than the rest of the ﬁestate
fauna§ a negative value indicates the reverse. The ﬁarameters r and 47N
for each of the three peat horizons are plotted in histogram form iﬁ
Figs. 21, 22 and 23.'

The plots of x for all horizons show the burst of spring activity
in September, October or November 1970,fﬁrther aétivity in Febfuary-March
1971, and the highvmortality at the onset of winter in late March. An
apparent anomaly is the high positive value for r in the 6-9 cm horizon
in the'middle of winter (Fig. 23). This is possibly a result of sampling
error - when numbers are lpw‘as they are in winter, a small increase in
absolute numbers, due to random error, will appear as a relatively large
geometric increase.

An interesting feature of the plots (Figs. 21, 22 and 23) is the

correlation of r with d7N which is significant for the 0-3 cm and 3-6 cm
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horizons: Spearman's rank correlation coefficient:

- 0-3 cm € =0.81 ' P < 0.001
3-6 cm - € =o0.70 P < 0.01
6-9 cm @ =0.35 P<0.2

If all species of testate in the peat showed simultaneous growth and.
mortality, gzg.would be independent of r. That this is not so indicates
that the growth and mdftality of the C. dubium popuiation was in some.
dégrée asynchronous with the rest of the testate fauna - when C. dubium . °
increased, other speciés‘did'not behave similaply.v It is possible that
C. dubium responds more rapidly to changés in environmental conditions
than other speciés and so has come to occupy a dominant position in the
fauna. |

Figs. i8 and 20 show that, during the summer 1970-71, the warmest
period and also the peribd of maximum sunshine was 5th January to 6th
February, yét ddring this period there was net mortality of the C. duﬁiuﬁ.
population in all horizons (Figs. 21, 22 and 23). However this wasbalso
the period of minimum peat moisture (Fig. 17). Previous observations:on
a similar moss turf peat by Baker (1969) indicated that lack of moisture .
in mid-summer may cause the numbers of bacteria to decline, and these:
were supported by exﬁeriméntal evidence-which suggested that low mdisture o
content depressed the repiration rate of the total peat community. It .
is therefore possible that, at this time of yeaf,'the'C. dubium popﬁlation
was limited by moisture - either directly or as a result of limited
moisture restricting the peat microflora. Furfher the mean temperature
of the peat, between 0900 and 1600 (the time of maximum heating by
radiation), was‘lower.during this mid-summer pefiqd than'durihg.the
periods immediately before and after (Fig. 18), despite maximum air
temperature and maximum incident radiation (Figs. 18 and 20). This is
an anomaly for which the data available are insufficient to account

completely; however the following hypothesis provides a possible
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explanation:

During the summer daytime the‘moss absorbs solar radiation
resulting in surface temperatures considefably greater thaq those of the
ambient air (+ 17.5°C was recorded on 26 December 1970). The peat'beiow
is heated by conduction from the surface at a rate which depends upon

the thermal diffusivity of the peat.

d.s

_ where D = Thermal diffusivity
K % Thermal conductivity
d = Densify |
8 = Specific heat.

As the peat beéomgs drier water is removed from interstitial spaces and
is replacea by air. This process will affect all three properties of

the peat mentioned above, but will,redﬁce conductivity more. than density
or specific heat since the conductivity of water is approximately 30
times that of air and (assuming there is no heat transfer by convecfion
or percolation ﬁithin the peat) fhe boundary layer resiétance to the flow
of heat from'peat particle to air spéce'is approximately 150 times that
tq-the flow from peat particle to water space (Péttén, 1909). The low
moisture content of the peat in January 1971 will-thus redﬁce‘the thermal
diffusivity of the peat and so impede conduction of heat from the moss
surface. Evidence in support of thié is the fact that the mean temperature
gradient below the moss surface, during the hours of maximum incident

radiation (0900-1600) was at q'maximum during this period: -
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Period Temperature gradient from surface to 45 mm
' depth (°C per cm) + standard error

5. 1.71 - 0.98 + 0.15

5.12.70 -

5. 1.71 - 6. 2.71 - 1.42 + 0.24
6. 2.71 - 4. 3.71 - - 0.59 + 0.14
4. 3.71 - 29. 3.71 . - 0.36 + 0.11

The slightly gfeater wind speed during January 1971 (Fig. 20) will also
cause an increase in evaporétion rate and consequently have a greater -
cooling effect on the moss sﬁrface{ It is possible that the combination
of these two effects could hgve resuited in the observed lowér

temperatures of the moss peat.
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INTRODUCTION

On the coast of Signy Island there are several large areas
occupied from late October to late April each year By colonies of

breeding, and later moulting, chinstrap penguins - Pygoscelis antarctica
[ d

(Chapter I, plate 5).. Chicks are present during January and February.
Penguins are completély'absenf in winteé. Full details of the annual
cycle of the chinstr#p penguin on Signy Island are des;ribed by Coﬁroy
et al. (in press). The penguins deposit on the ground acid excreta

(pH c. 5.9) and moultéd feathers which, as a result of physical agitation
by the penguins' feet and nest-ﬂuilding activities, become intimately
mixed with previously deposited material and mineral material derived
from the substratum. They decompose into guano described by Holdgate

et al. (1967) as a black, alkaline, reducing mud containing high |
concentrations ofleXtractable potassium, phosphorus and nitrogen. .

While making the survey of terrestrial protozoa of the maritime
Aptarctic (Chaptér I1), it was found that the guano of chinstrap penguin
colonies was.inhabited_by a small gfqup of protozoan species, some of
which occurred only in penguin colonies or othér areas heavily
contaminated by marine birds and mammalé. In the association analysis
these habitats were allocated to habitat classes III(i) and III(ii).
Three species specific to such areas were:

Tetramitus rostratus Ferty (Mastigophora: Polymastigida)

Philaster sp.'Fabre-Domergue (Ciliata: Hymenostomatida)

Vorticella microstoma Ehrenberg (Ciliaté: Peritrichida).

T. rostratus is known as a 'coprozoic' or 'coprophilic' species (Bunting,

1926; Brent, 1954); V. microstoma is very common in activated sludge

particularly when the effluent is of inferior quality (Curds, 1969) and



101
is an excellent indicator of 'polysaprobic' conditions (Kolkwitz and
Marsson, 1909). Specimens of Philaster could not be identified to

species level; they resembled Philaster (= Philasterides) armata Kahl,

but were mgch smaller.

~ Penguin guano then, is.a habitat for a group of_protozba adapted
to alkaline (pH = 6.5f8.0), eﬁtrophic,'mobile conditions, with low
organic content (loss on igpition = 30-457), where the major habitat-
determining factor is the biotic iqfluence of penguins. It contrasts
markedly with the acid (pH = 5.0-4.5), oligotrophic, stable conditions
of moss peats with high organié contgnfs (loss on ignition = 80-98%),
where the major habitat-determining influence is vegétation. Testacida,
whiéh are abundant in moss peat (Chapter III), are entirely absent from
penguin guano. -

Areas on Signy Island which apparently were once penguin colonies

or elephant éeal wallows, but from which animals had been absent for an

unknown number of years, were observed to be overgrown by Prasiola crispa

_Meneghini - a green alga described by Prescott (1954) as typical of
arcto—alpine'habitats and common on soil fich in nitrogen. One such area
contained the three guano-specific species of protozoa listed above, and
also some of thg species belénging to 'Community A' (Chapter 1II,
Association analysisj which tends to occur in mineral habitats and acid
grass soils and ﬁoés peats:

Phryganella acropodia (Hertwig and Lesser) Hopkinsoﬁ (Rhizopoda:
Testacida) '

Oxytricha fallax Stein (Ciliata: Hypotrichida)

Uroleptus sp. Ehrenberg (Ciliata: Hypotrichida).
Material from this Prasiola-covered area had a pH of 5.6 and a loss on
ignition of 50-607%, characteristics intermediate between those of alkaline

guano and acid moss peat,
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A parallel phenomenon was observed in the nematode fauna by

V. W. Spaull (personal communication): Caenorhabditis sp. (Osche)

Dougherty was with rare exceptions the only nematode observed in chinstrap
penguin guano, and it did not occur outside areas contaminated by animals.,

Areas which had become overgrown by Prasiola also contained Panagrolaimus

sp. Fuchs, a species commonly occurring in animal-enriched habitats.
In view of their distinct habitat preferences, the three guano-
specific species of protozoa already mentioned were selected as useful

species for an intensive ecological study.

MODEL

In order to provide a conceptual framework~for the study, a
hypothetical moéel was constructed showing the relationships of
ecological factors affecting the protbzoan fauna. In the model the
~protozoa and the components of their environment were considered to form
a web of depéndent and independent variables (Fig. 24), the direction
of causality linking two variables being indicated by an arrow. The model
did not aim to represent the total environment of the protozoa - for
.instance the abundance in guano of bacferial food was not considered. It
atteﬁpted to describe specifically the biotic influence of pénguins upon
tﬁe protozoan fauna through their effe;t upon some readily measureable
properties of the guano: pH, moisture (per cent dfy weight) and loss on
ignition (per cent dry weight). It-was considered that the significant
effects of penguins were the supply of nutrients:through the deposition
of penguin litter (excreta and moult feathers), which supports the guano

fauna and ﬁicroflora, and physical agitation of fhe'guano (trampling and
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nest building), which prevents the gréwth of vegetation. It was then
predicted that, if‘penguins cease to occupy an area where guano had
accﬁmﬁlated, the effects of their removal would be: a drop in guano pH,

overgrowth of the guano by Prasiola crispa, increase in organic content

(higher loss on ignition) and colonisation of the guano by more acid-
tolerant pfotozoa. - It was ﬁof known at what speed these changes would
occur. Studies upon‘an Adelie penguin colony on Inexpressible Island
. (Campbell and Claridge, 1966)_indicated that the abandonment of nesting
sites by penguins resulted in chemical decomposition of the colony "soil"
and Ieaching of éarbon; nitfogen and phosphorus from the site, but they
~gave no indication of thé time-scale of these procegées.

There would Se a lag between the attainment of suitable conditionms
for other protozoan species and the colonosation by them of the guané,
However, since there is.presumably a céntinual'influx of wind-blown cysts
of pfotozoa from other habitats in the vicinity, it was assumed that,
despite a lag, once suitable conditions for the development of these
species existed in the guano, their presence would be detectable the

same season.

PENGUIN EXCLOSURE EXPERIMENT

To test the hypothesis a study of the guano-specific specieé of

protozoa (Tetramitus rostratus, Philaster sp. and Vorticella microstoma)

was carried out betweén December 1969 and April 1971, at a site within a
chinstrap penguin colony at North Point, Signy Island (Fig. 25), consisting
of an experimentai‘area, from which penguin had been artifically excluded

since September 1968, and an adjacent control area. On sixteen occasions
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at approximately monthly intervals the -following measurements were made
‘on a sample of guano, consisting of material from the 0-5 cm horizon,
taken from six points at random, Eoth within the exclosure.and from the
control area: |

1. Total numbers each of T. rostratus, Philaster sp. and V. microstoma

2. Numbers of each of these species in an encysted state

3. Guano pH |

4. Moisture (per éent dry weight) of guano

5. Loss on ignition (per cent dry yeigﬁt) of guano.
The depths‘of anw and ice, if any, covering the site were measured on
each sampling occasion. During the summer months thé numbers of penguins
occﬁpying the cont£01 site were counted. Both adults and chicks were
counted, and the adults classified as breeding (nesting, incubating or
brooding), imoulting orvpost—moulting. While the colony was snow—freé
duriﬁglthe second summer (November 1970 to March 1971),'fortﬁight1y
measurements were made of the per cent area of guano in the exclosuré
colonised by macroséopic thalli of Prasiola, and of the rate 6f
production of litter (excreta and feathers) per penguin per day in the
vcontrol area. | | ’
No assessment was made of the local élimate of the‘site, or of the
~ microclimate of the guano. Throughout the period of the study,
'meteorological obéervations‘were made at the British Antarctic Survey

base at Factory Cove, Signy Island, 4.3 km distant.



106
THE EXPERIMENTAL SITE .

The site selected for study was an area of flat ground in the
middle of the Chinstrap penguin colony at North Point (Fig. 25). The
exclosure had been erected, and an unfencedvcontrol area staked out
immediatély adjacent to it, by V. W.'Spaull in September 1968, before
the arrival of the first penguins of the 1968-69 season. The colony was
still under snow at this time and no preliminary tests were made for
homogeneity of the guano in fhe exclosuré and the control area. The
exclosure had an area of 68 m2, its size Beiﬁg limited by the
availability of fencing materials, and the control an area of 1§8 m2;
it was hoped that these‘areas_wpuld be large enough to include sufficient
within site variation to minimize variation between the exclosure aﬁd-
the control area. They had apparently the same local ciimate and
drainage; and had snow cover of even depth in winter.

A view of the exclosure in November 1970 (eafly in the penguin
breeding season) is shown in Plate 18.

Tﬁe exclosure was a fence 80 cm high of chicken wire supported by
woodenkstakes held in stone-filled oil drums, and reinforced at the
corners with guy-ropzs. It wés kept repaired as necessary. The fence
was observed to have been breached by 30 moulting penguins on éSth
February 1970; they were removed. Moulting penguins do not normally
appear on the colonies in great numbers till after the beginning of
March (Conroy et al, in press), so the breach must have occufred only a
few days before it was observed. The influence of the intruders was

therefore considered to have been minimal.
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Plate I8. Penguin exclosure in the chinstrap penguin colony

at North Point, Signy Island, November I970
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FIELD METHODS

Guano was sampled with a tro&él in sﬁmmer and with an ice-axe in
winter. .Samples were transported for laboratory examination in polythene
containers.

Prasiolé cover was measured by the point—quadrat'metﬁdd (Goodall,
1952). The éuadrat frame was a one-metre length of wood beéring five
15 cm nails at random intervgls. The nail points were sharﬁened to
100k m digmeter. 400 points fhrougbout the area within the exclosure
were examined by this method and scor;&.a; positive or negative for
Prasiola.

The-  rates of litter deposition per peﬁguin per day were obtaiﬁed
from pairs of penguins placed in a cage, lined with a pdlythene sheet,
for 96 hours. The sheet was weighed at the beginning and end of the
96-hour period to detefmine thé fresh weight of litter deposited;

samples of the ‘material were taken for dry weight determinations.

LABORATORY METHODS AND CALCULATION PROCEDURES

Protozoa in the guano samples were enumerated by a modification

. of Singh's (1955) dilution-culture method. A suspension of 5 g fresh
guano in 20 ml 0.57 sterile saline was’ used to prepare a series of
doubling dilutions of guano: 1/5, 1/10, 1/20, 1/40 and 1/80. Cultures
ﬁere established by inoculating 0.10 ml of each dilution into polypropylene
rings (eight repiicates at each ievel) on ﬁ soil extract agar base with

Aexobacter aerogenes (NCIB 418) as food organism (Plate 19). Cultures

were kept moist with 0.57 saline; incubated at 12°C for 14 days, then

inspected for the development of protozoa. Each of the three species was
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scored as present or absent in each ring culture. Note was also taken
of aﬁy hitherto unobserved species appearing in cultures of guano from
the exclosure. A replicate enﬁmeration pfocedure” was performed on each
sample using guano whiéh had been treated with 2% HCl for 12 hours, the
aim being to kill active célls, but to leave cycts unaffected._ Numbers
of protozoa per g of guano fresh weight were calculated from their

frequency in the ring cultures by Fisher's method (Fisher and Yates,
y .

1963):
0 _ Antilog (%%' log a - K)
1 ) d. v
where Q, = Number of species 'i' per g of guano fresh weight’
X; = Frequency of species 'i' in fing cultures irrespective of
dilution level
n =.Nﬁmbet of replicates at each level
a = Serial dilution factor
" d = Dilution at highest level
‘v = Volume of inoculum in ml

K is obtained from Fisher and Yates (1963) Table VIIIZF

. o s - X, . ‘ .
95% confidence limits were attached to i using as the mean value of its
n.

. log 2
variance —.
n log a.

Separate upper and lower limits for each value of Qi
could then be calculated.
The pH of each sample was determined electrometrically; moisture

by oven-drying at IOQOC for 48 hours; loss on ignitibn by ashing in a
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muffle furnace at 450-500°C for 10 hours.
The quantify of penguin litter (excreta and feathers) deposited

on the control area was calculated as:

n(b).f(b) + n(ﬁ).f(m) + n(p-m).f(p-m) +.ch.f(ch)

T A .
where T = Quantity of litter deposited per m2 per day

" n(b) = Nuﬁber of bréeding adults present on the site
n(m) = Number of mqulting adults present on ﬁhe site -
n(p-m) = Number of.poét-moulting adults present on the site
ch = Number of chicks p?e;;ﬁt.on the site
£(b) = Quantity of litter deposited per breeding adult per day
f(m) = Quantity of litter deposited pef moulting adult per day
f(p~m) = Quantity of 1itter_deposited per post-moulting adult per

day o ‘

f(ch) = Quantity of litter deposited per chick per déy
A = Area on control site in m2.

Because there seems to be virtually no diurnal rhythm in the behaviour of
“breeding chinstrap penguins (Conroy et al, in press), counts of penguins
present 6n the control area made at any time of day were considered to be
representative of the 24 hours.

The per cent cover of the guano in the exclosure'by Prasiola;was'

calculated from the point quadrat results:

Number of points positive for Prasiola . 1097

Number of pointé examined

From data given by Gooaall (1952, Table 1), it was estimated that, since
the nails éf the point-quadrat were sharpened to 100Mm diameter, the
error owing to the finite- size of the.'point' woﬁld be about 1 or 2%.
Significant changes in cover, increases of decréases, with time were

assessed from‘x? values calculated from 2 x 2 contingency tables.
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Plate I9. Culture plate used in the enumeration of protozoa
by Singh's (I955) method.
I. Polypropylene rings embedded im soil extract agar base

2. Aerobacter aerogenes supplied as food source for

protozoa
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RESULTS

Numbefs-of the_three protozoa species per g-fresh.weight of guano
are plotted in Figs. 26, 27 and 28. The popula;ions of Teframitus were
'very:much smaller than those of the_ciliate species; their winter |
minima were almost undetectably low, while the1r summer peaks were
.'always 1ess than 100 per g (Flg 26). /Phllaster was at all times the
largest populatlon, its numbers exceeding 100 per g on neafly-every
sampllng occas1on and a peak in the second summer reachlng almost 1000
per g (Flg. 27), wh11e the numbers of Vortlcella dropped below 50 per g
in winter and were_never~greater than_400 per g in summer (Fig. 28).
.Owinguto.;he large estimétioh errors inhereﬁt'in tﬁe dilutibn4qdlture-
method of enﬁmefatiqn; no-significénce'qén-be'étgacﬁed to:thé month to
ﬁonfh variation in meaﬁ'nﬁmbéfs during the ﬁiﬁte;. Significant'reéults
aré the summer'péaké'in the numbers 6f all three sbécieé, aﬁd that the
‘total populatiohs‘ovér-ﬁinter ip}an eﬁtysﬁed state. There apbeat to be
no'consiStent_differences between the excloéufe'and control area in
numbers of protdzoa; No_evidehcé was obtained of the guano in the
exclosuré becoming coionised by differenf species. .

In‘order to elucidate the relationship bétween seasonal changes
in the protozoah populatiéﬁs*énd thqseVih the physical environment, the
indgx Ij was calculated for botﬁ the exclosure and contrql area on éach.

sampling occasion:

Z( %5 - @)

3
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where Qij is the number of species 'i' per g fresh weight of guano

on sampling occasion 'j'

-— 1y

Qi' is the mean number of species 'i' per g fresh weight of
' guano for the calendar year 1970.

Ij is an index'of theVCOnditioﬁ, on a sampling o;casion, of all ghrée
protozoan populations combined, with equai weight giQen to each of the
three'popﬁlations. Its values for the study period are plotted in
" Fig. 29 together with the depths of snéw and ice at the site and the
.ménthly mean air températpresArecorded in the Sfevenson screen at ﬁhe
meteorological_station, Factofy Cov’é..__Ij shows a similar seasonal
pattern for both the exclosure and_contfbl areé,Awith peaks in summer
and low values in winter. From being snow—frge in mid—sgmmer 1969—70,
the.sife experienced a build-up of snoﬁ and ice througﬂ the autumn
and winter until the thaw in September when the snow rapidly disappearéd.'
The site was snpw-free from early November 1970 until lafe March 1971.
%he~pH, mbisture (Z dry weight) and loss on ignition (Z dry weight)
of the guano, together Withvthe differences between the exclosure and
control for each of these properties, are plotted in Figs. 30, 31 and 32.
.Thére was considerable variation in all three properties dﬁring the
period of study, but the only one showing a consistent difference between
the exclosure and contfbl was‘pH,'which was always lower (by an average
of 1.0 pH points) in the exclosure than in the control. L
.The rates qf litter deposition per penguin per day, determined

from caged penguins, were:

£(b) = 5.67 + 0.44 g
£(m) = 26.14 + 0.64 g
f(p-m) = 14.79 g

£(ch) = 10.64 + 2.31 g
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The figures are means with QSZ confidence limits, calculated from
replicate measurements made on caged penguins. There were no replicate
estimates of f(p-m), but as the number of post-moulting penguin was
always very low (Fig. 33:A) any inaccuracy in the value of f(p-m) had
a negligible effect. jMoulting penguins showed a higher rate of litter
deposition, and were present on the control area in greater numbers
than ﬁenguins at other stages of the breeding cycle. They are therefore
responsible for the greafer part of the 1ittef deposited on the control
area, as shown by thé coincidénce of peaks in the numbers of moulting
penguins (Fig. 33:A) with peaks in th;wrate of litter deposition per m2
per day (Fig. 33:B) in March 1970 and March 1971. These peaks do not
coincide with peaks in the numbers of protozoa which occur earlier in
~ the suﬁme; (Figs. 26, 27 and 28).

No macroscopic thalli of Prasiola were ever observéd in the control
area but the guano in the egclosure was observed.in both summers to be
extensively colonised. The first quantitative measurement of Prasiola
cover iﬁ November 1970 showed that the guano in the exclosure had 36%
co&er by macroscopic thalli (Fig. 34:A). During dry weather in December
1970 and January 1971 when guano moisture was extremely low (Fié. 34:B),
there was considerable die—back of Prasiola; the thalli became dry and
lost green pigmént. They recovered rapidly with the return of moist-
conditions in February (Fig. 34:B). Between November and mid-March there

was a small but significant net increase in cover of 10%.

DISCUSSION.

The results suggest that variation in the quantities measured in

this study can be attributed to three causes:
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1. The influence of physical factors - pafticularly the annual
cycle of ambient temperatures

2. The instantaneous influence of the presence or absence of
penguins ,

3. The long-term influence of the presence or absence of
penguins. ‘

Clearly seasonal climate was fesponsible for the summer peaks in
éhe numbers‘of'all three protozoa species (Figs. 26, 27, 28 and 29). It
is interesting to note that there were high numbers in early January
1971 (and a'large proportiongof these active) when the guano was
extremely dry (Fig. 315. This contrasts with observations upon the
testacida population in moss turf peat (bhapter ITI, Fig. 16) which
showed a decline in numbers during this period. ' .

Ihé instantanéous influence of penguins is indicated by the figures
for loss on ignition of the guano which shéwed no consistent.difference
between the exclosure and control, but did show a seasonal difference
(Fig. 32); Whilsg lifter was being depositedv(Fig. 33:B) it had the
effect of ﬁaintaining a higher concentration of mineral matter in the
guano so that the guano in control area‘had a 1ower loss on ignition than
that in the exclosure during the summer. It is also possible that
photosynthetic production by Prasiola was contributing organic matter to
.the.guano in the exclosure. These influences did not operate in winter,
and the guano in the control area had a higher loss on ignition than that
in the exélosure. |

‘The long-term inflpence of penguins is indicatgd by the consistent
differences in pH and Prasiola cover of the guano between the exclosure
and the control area (Fig. 30). Within seas;n variation in Prasiola
cbver of the guano in the excldsure is positively corfelated with guano
moisture (Fig. 34): rank'corfelation o eﬂ~= 0;84, P < 0.01. This
suggests that it_was necessary fo; the ﬁhysica1>agitation of guano by the

penguins to be stopped for macroscopic thalli of Prasiola to grow, but
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that the extent to which it could maintain cover depended upon an
adequate supply of moisture. However, during January 1971 the guano
in the exclosure, though very dry compared with its state the rest of
the year,‘was significantly moré moist than the guano bf the control
area (Fig. 31). 1It'is possiblé that this was a feedback effect of the
Prasiola cover upon the guano: the cover conserving moisture in the
guano by reducing evaﬁoration from the.-surface.
Seasonal variations i; guano pH in both the exclosure and the
control area are also ﬁosifivély cofrelafed with moisture.
Raﬁk correlations: Exclosufé', € =o0.89, P < 0.001
Control € = 0.46, P < '0.65
However, the differences in pH between the exclosure and control are
ﬁot correlated with differenceé in moisture (fank correlation € = 0.19,
f < 0.5). It seems likely therefore that the consistently lower pH in
the guano in the exclosure was.Cauéed by the absence of the penguins.
The results did not provide any evidence.that the protozoan féuna
of the guano in the exclésure had responded to changed conditions. No
different species were observed ;nd the numbers of the guano-specific
species were rarelyAsignificantly different from those in the control.
A study of the nematode fauna of the guano in the exclosure and
control area frbm 1968 to 1970 gave similar results (Spaull, personal

communication). Apart from a few isolated specimens of Panagrolaimus,

Caenorhabditis was the only nematode observed in the guano over the

period of two years.
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CONCLUSION

'The predictions made by the original hypothesis regarding a
decrease in guano pH and overgrowth of the gueno by frasiola in the
absence of penguins have been fulfilled. It appears however that
changes in the phy31ca1 and chemical properties of the guano must
proceed further before changes are observed in the protozoan fauna

of the guano.



CHAPTER V

" THE TEMPERATURE RELATIONS AND BI-POLAR

BIOGEOGRAPHY OF THE CILIATE GENUS Colpoda
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INTRODUCTION '

Colpoda Ehrenberg is the most abundant and most widespread of

soil ciliate genera. Colpoda cucullus Muller and Colpoda steini Maupas

were recorded by Sandon (1927) from 103 soils in the tropics, northern
and southern temperate zones and the Arctic. They haQe also been
recorded from many parfs of ;he Qo;ld by other investigators (e.g. Dixon;
1939; Horvath, 1949; Gellert, 1955; Stout, 1963; Nickolyuk, 1963;
Chardez, 1967; Bamforfh, 1969).‘ A.survey of ciliates and testates in
North America by Bamforth (1971) indicated that, in most of the soils

and litters investigated (which extended from Alaska to sub-tropical
Louisianna), more than halfbthe ciliate population belonged to these
species. Less frequently recorded than these two species but still

common in soils are Colpoda maupasi Enriques (Sandon, 1927; Horvath, 1949;

Nickolyuk, 1963%; Chardez, 1967) and Colpoda inflata Stokes (Horvath, 1949;

Gellert, 1955; Chardez, 1967; Stout, 1970).

Studies by Stout (1955) suggested that Colpoda spp have
exceptionaily good adaptation to soil habitats: smail size, capacity
to multiply rapidly under favourable conditions and ability to encyst
rapidly in response co adverse conditions and excyst rapidly.and confinde

“growth and multiplication when favourable conditions return. The cysts
can withstand extreme temperaturesv(Taylor and Strickland, 1936);

they can remain viable for years (Goodey, 1915; Dawson and Mitchell,
1929). : - N

Before the present studies on Antarctic'protozoa were begun,
it was confidently anticipated (in view of the observations reviewed
above) that, if any ciliates at all were to be found in terrestrial

" habitats in the Antarctic, then Colpoda spp wouid be prominent

members of the fauna.  In the event, 37 species of ciliates were
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recorded from the maritime Antérctic, but none of the genus Colpoda
(Chapter II1). Nor have any other investigators (with one exception)
observed Colpoda in the Antarétic. The exceﬁtion was Sudzuki (1964)
who recorded 'Colpoda ép" from moss water at Langhovde (69°13'S;
39045'E). However, many of his identifications are uncertain and

- this record must be regarded as doubtful.

The remarkable ébsence of Colpoda‘was all the moré surprising
because C.steini was observed in peat samples from the cool-temperate
Falkland Islands, and both C. cucullus and C. steini in peat samples
from sub-Antarctic South Georgia (unpublished observatioﬁs, 1969-71).

| The absence of a species from a particular locality may be
aﬁtxibutable éither to restrictions imposed by geographical barriers,
or to the unsuitability of the local environment. As far as species
of Colpoda are concerned, geographical barriérs do not seem to be
the cause: the maritime Antarctic islands are certainly remote, but
this has ﬁbt prevented their acquiring a fauna of many spécies of
protozba and other taxa; also C. cucullus and C. §teini are present
in the soils of-Tfistan da Cunha and St. Helena (Sandoﬁ and'Cufler,
1924) which are islands equally remote. It éeems likely, therefore,
that some environmental factors are~résponéib1e for the absence of
Colpoda from the Antarctic - low temperatures being the most obvious
possibility. It may be objected that Colpoda spp have been recorded
froﬁ several Arctic localities whére mean temperatures are as low as,
or lower than, those in the maritime Antérctic. However, there is
also evidence from léboratory studies that Colpoda may be particularly
sensitive to low temperatures: in the course of experiments using
C. steini, Darbyshire (1972)'was unable to detect any Colpoda cells
in a culture which had been incubated at +5°C for one month, altﬁough
they grew and multiplied in identical cultures incubated at 15° and

- 20%.
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HYPOTHESIS

From observations on the temperature relaéions and longevity
of Colpoda (Dawson and Mitchell, 1929; Stout, 1955), it appears
;hat'resting cysts of Colpoda could certainly survive maritime
Antarctic winters. However, since any terrestrial organisms which
survive polar winters do so under an insulating layer of snow, it
is the summer and not the winter temperatures that are of critical
importance. It is,therefore,'suggested that it is the Antarctic
summer which isitoo ;ool and short fo;nColgoda spp to maintain active
multiplication phases sufficient to establish themselves in
terrestrial habitats, and tﬁat it is because Arctic lands which
support a terrestrial fauna have longer warmer summefs that Colpoda
has been detected there.

This hypothesis may be examined in two ways:

(1) Compare the ability of Colpoda with that of other protoéoan
genera, which do occur in the maritime Antarctic, to survive and grow
in single—sﬁecies 1aboratofy cultures incubated at low temperatures.

(2) Compare thevclimatic temperature regimes of the Arctic
locali;ies where Colgoda has been recorded with those of the maritime
Antarctic islands where it has not. Ideally, ground and soil
temperatures (those actually experienced by the protozoa) should be
uséd, but because they are mﬁstly unavailable, screen temperatures
have been employed. However, areas with higher air temperatures than
others will tend té have higher soil femperatures also, so air

temperatures can be used for comparative purposes.
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(1) CULTURE EXPERIMENTS

MATERTALS -AND METHODS

A series of culture experiments was performed in order to compare

the temperature relations of Colpoda cucullus (CCAP 1615/2) with those

of three other species (one flagellate, Bodo saltans CCAP.1907/2; one

rhizopod, Euglypha rotunda CCAP 1520/1; and one ciliéte, Philaster sp.
original isolation) thch had been observed to o;cuf in the‘maritime
Antarctic (Chapter II).

Colgoéa was cultured on lettuce infusion, 1.5 ¢ dried‘lettuce
were soaked in 1 litré distilled water and boiied for two hours. After
cooling, the infusion was filtered.and its pH adjﬁsted to 6.8-7.0 with
CéCO . Test—tube'cultures.were prepared with 5 ml of mediﬁm per tube.‘

3

The tubes were autoclaved, inoculated with Aerobacter .aerogenes

(NC1B 418) when cool and incubated at 20°¢. Protozoa were inoculated
after 24 hours.

Bodo and Euglypha were cultured on Erdschreiber medium. Stock

solution was prepared by boiling 500 g stgrilized soil with 1 litre of

tap water for two hours and, after settling, pipetting off the supernatant.
-‘The liquid was then centrifuged and the supernatant diluted:. 50 ml stock
made up to 1 li;re with tap water. This 57 solution was ﬁastéurised for
two héurs,at 80°c. To every. 20 ml of solution used, 0.05 ml of

3 2H‘POZ"solution was addéd.

For Bodo test-tube cultures were prepared: 5 ml aliquots of

47 NaNO, + 0.67Na
pasteurised erdschreiber were poured - aseptically into autoclaved test-
tubes and a wheat grain, surface sterilised in boiling water, placed in
each tube.

For Euglypha plate cultures were prepared using 36 mm petri-dishes;

the bottom was covered with a thin layer of 1.57 agar and a surface
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sterilised wheat grain inserted just before the agar set; 5 ml
aiiquots, of erdschreiber were poured - aseptically onto the agar
dishes when cool.

Immediatély after preparation the tubes or plates of media were

inoculated with Bodo or Euglypha.

_Philaster was cultured on liver infusion medium prepared from:

Liver infusion (Oxoid L25) 20 g
Bacteriological peptone 10 g
NaCl ' | : 5¢g
Distilled Qater- _ ”'- | 1 litre

and used without filtration. Test—tube cultures were pfepared‘with 5 ml
of medium per tube. The‘tuﬁes were autoclaved, inoculated with
Aerobacter when cool and incubated at 20°C. Protozoa were inoculaped
after 24 hours,

Protozoa were inoculated into media at room temperature (180—2000)
and cultures subsequently transferred to incubators at experimental
temperatures. The temperatureé of cultures to be incubated at 12°C_or
less were decreased gradually (at a rate of -2% per hour); similarly
that were increasedlgradually to room.temperature at the end of the
experimental period of incubation.

Test-tube cultures were stoppered with cotton-&ool bungs.whiéh
effectively prevented losses by evapogation. To keep the atmosphere
around plate cultures humid, they were placed inside larger‘petri-dishes
together with a small open dish of disfilled water, |

‘Stock cultures of Colpoda, Bodo and Euglypha were grown at room

temperature. Philaster did not grow successfully at room temperature;
_— . . ‘
stock cultures were grown at 12°C.
The densities of protozoa in cultures were determined by counting

the numbers of cells in samples of culture fluid of known volume.

~Colpoda, Bodo and Philaster were motile cells at densities of the
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order of 104 per ml or more. To kill the cells 0.01 ml of Noland's
stain-fixative (Noland, 1928) was added to a 0.05 ml sample of culture
fluid. A éount of the cells was then made with a haemocytometer.

“Euglypha was more difficult to count as the cells in culture formed
into clumps. Cells adhering to the agar base were first scraped clear
with a micro-épatula so that they were suspended in the culture fluid.
The fluid was pipetted into a Jorgensen bottle and shaken for 5 minutes
to break up the‘clumps.and disperse the individual cells. Because the
cells were at densities of 10.2 br 103 per ml (too 16& for haemocytometer
counting) a sample of culture fluid, ;olume 0.05 ml, was taken with a
calibfated pasteur pipette and the total number of cells in it counted.
As the cells were virtually non-mdtile, it was not necessary to kill them
before counting. |

‘Nine replicate counts were made on each culture so that a mean

figure with 957 confidence limits could be obtained.

EXPERIMENTAL

Experimental cultures of each species were incubated at 7
temperatures;
, 18° and 25°C.
(The 10° and 18° cultures of Philaster were omitted;) Each culture of
5 ml was inoculated with 0.05 ml of a growing stoék culture of known
density, so that the initial den;ity of the experimental culture could be
'calcuiated. Three replicate cultures were established at each temperature.
After 14 days' incubation, the densities of the cultures at each
temperature was measured. (Euglypha, being a testate rhizopod and
growing more slowly than the other species, was incubated for 25 days.)
When no cells could be detected, or only cysts Qere observed, incubation

‘ . ‘ o .
of the culture was continued at room temperature (12 for Philaster)

.



and a sample of the culture inoculated into fresh media:. After a
further 14 days these were inspected for the growth of protozoa, a
positive result indicating that the original culture contained viable

cells at the end of its experimental incubation period.

RESULTS

: Thé initial and final densities of culfures of eéch species are
shown in Table 11. In the 0°C culture‘of Colpoda and the 25%¢ culture‘of
Philaster no cells could be detected at the end of incubation, and no
evidence of cells having survived was obfained from further incubation or
from‘inoculation-of sampies into fresh media.w In the Oo, 4° and 15°¢
cultures of Philaster, cysts were detected in numbérs t§o low for a count
to be made. Further incubation at 12°C showed these cysts to be viable.
The survival of each species at each temperature at thé end of incubation
is éummarised in Table 12,

In‘ordef to make a graphical comparison of the performances in culture

of the different species, the ratio: final density : initial density was

plotted against incubation temperature. Graphs for Colpoda, Bodo and
Euglypha are shown 'in Fig. 35. There was insufficient numerical data on

Philaster for a graph to be plotted. The parts'of the graph below the

Final density
Initial density

line = 1 indicate the relative ébility of the different
species to survive at low temperatures. The parts of the giaph above this
line indicate their relative growéh performances at more favourable |
témpera;ures. Bodo showed faster growth and better.survival than Colpoda
at 511 temperatures; Euglypha showed slower growth thaq COlEOAa above
“about 4°C, but considerably better survival below this temperature. In all

three species, increased temperatures resulted in increased growth rates,

though these appeared to be levelling out at about 25°¢.



TABLE 11:  INITIAL AND FINAL DENSITIES OF FOUR SPECIES OF PROTOZOA IN EXPERIMENTAL CULTURES INCUEATED AT A RANGE OF TEMPERATURES
SPECIES | InCUBATION |  INITIAL FINAL DENSITY (cells/ml) AFTER INCUBATION AT (°C):
TIME DENSITY o 4 10 12 15 18 25
(days) (cells/ml) .
Colpoda 1 6.841.6 x 10° totorea 129810 x 107 | 38419 x 107 4817 x 107 [ 95436 x 107 | 340487 x 107 426182 x 10°
Bodo 1 0.920.1 x 10* [ 0.320.1 x 10* | 3.640.7 x 10* 3123 1 10% asa1s x 10* | 5045 x 10* 66410 x 10 | 109419 x 10
2 2 2 2 2 2 2 2
Suglypha 25 14202 X 107 | 0.3:0.1 x 107 0.640.2 x 10° [ 0.830.2 x 10 [ 1,0:0.3 x 102 |7.3,1.6 x 10 24 2 x 10 69+ 5 x 10
. ; Cysts Cysts 3 " '
Fhilaster 1% 0.840.1 x 10° e, proaent 119361 x 10 Cysts None
] . present detected

9¢1
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TABLE 12: THE INFLUENCE OF INCUBATION TEMPERATURE ON THE PRESENCE OF VIABLE CELLS IN
: EXPERIMENTAL CULTURES OF FOUR SPECIES OF PROTOZOA o

SPECIES ~ INCUBATION VIABLE CELLS PRESENT IN CULTURE AFTER INCUBATTON AT (°):
o TIME o k. 10 12 15 - 18 25
(dzys) L - .
Colpoda - 1w - s ot o+ . o+
‘Bodo - : o + e E ot S +
Buglypha = 25 - . N - P e T,
. . N N . \
Philaster 14 o o+ _ ‘...A S+  »+ " eee -

iq"



'Ratio Final density/Initial density (log scale)

138

1000 -

R !

0 5 10 _ 15 20 .25
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Fig; 35: Influence of incubation temperature ® Bodo
on..thé growth and survival of three species of

protozoa in single~species culture
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DISCUSSION

The results show that viable cells of the three species recorded
froﬁ the maritime Antarctic‘could be recovered froﬁ,cuftures which had
been incubated at 0°C for 14 days (25 days for Euglypha), but that none
was recovered from Colpoda cultures at the same temperature. Laboratofy
cultured organisms are in a highly artificial environment, go'this data
should not be considéred as giving a pfecise indication of the ability
of fhese protozoan species fo_survive_or grow at various températurés in
their natural habitats. They do, however, allow inter—-specific compérisons
to be madé, and the resulgs show that Cdlpoda has less abilitf to tolerate
ldwitemperatures than thé other three species; This result is consistent
with the original hypothesis.

‘The fact that Euglypha grows less répidly than Colgoda_above 4°¢
(Fig. 35) might be thought to indicate that its numbers should, tﬁerefore,,
increase less_rapidly than those of Colpoda during’fhe Antarctic summer,
and so the fact that it does occur in the maritime Antarctic in numbers
sufficient to be detected reduires further explanation. Data on the
diurnal cycle of temperatures in moss peat on Signy Island (Longtoﬁ.and
Holdgate, 1967) indicate that the temperatures of terrestrial habitats
in the maritime Antarctic may oscillate very freqﬁently anvé and below
4°C during the summer - perhaps once evefy 24 hours. If‘this is so, then
the balance between growth and mortality under such environmental -
éonditions might result in a net éain in the numbers of Euglyphé but a
net loss in the numbers of Colpoda, so thét Colpoda-would never become
estaﬁlished in the fauna.

The results for Philastgr are incomplete. It was found impossible
to grow stock cultures of Philaster at room temperature and viable cells
could not be recovered from the experimentai,culfure incubated-at 25°C,

though they could be recovered from cultures at 0° and 4°C. This suggests
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that Philaster might be an obligate psychrophile but further

investigation would be required to prove this.

(2) BI-POLAR BIOGEOGRAPHY

DATA COLLECTION

' After a search of,the literature, a list of sites in Spitsbergen,
Greenland and Northwest Territory, Capada,vfrom which oné or more species
of Colpoda had been recorded, was prepared together with a list Qf
meteoroloéical stations,'each being the nearest one to the site of the
Colﬁoda record for which température records were available. The following
data were abstracted from the pubiished meteorological records of each
station: H

1. Annual mean temperéture

2. Monthly mean temperature (warmest month)

3. Monthly mean temperature (coldest ﬁonth)

4, Mean teﬁperatufe of the four warmest months.

Data for one cool—;emperate site, the Faroe>Islands, from which
- Colpoda had been recorded, Qas addéd to the list.

For comparison, a list of three maritime Antarctic areas, which had
been examined for protozoan faunav(Chapter II) but had féiled to_reveél
the ﬁresencé of Colpoda, together with the same.meteorological parameters,
was prepared in a similar way. In this lisf, data for one éub—Antarctic
site (South Georgia) and one southern cool-temperate site (Falkland
Islands), from both of which Colpoda had been recorded, were included.also{

The lists are shown in Table 13.



TABLE 13

SITE

NORTHERN HEMISPHERE

Faroe Islands, Nolsoy

Canada, Northwest Territory

Fort Resolution

Mission Providence

Spitsbergen

Prince Charles Foreland

Wast Greenland

Bisko Island

East Greenland,

Angmagssalik

East Greenland, Scoresby Land

Schaffhaverden
Kap Petersens
"Base Camp"

Mestersvig

SOUTHERN HEMISPHERE

Falkland Islands,

Stanley Common

- I -

South Georgia

Hestesletten

South Orkney Islands
29 sites

Elephant Island
- 23 sites

~ Argentine Islands

4 sites

L

POSITION

62°00'N ;

61°10'N;

6°40'W

114%0"'w

61°22'N; 117%59'w

78°30'N;

69°30'N;

1
65°40'N;

72°14'N;
L]

72%25'N
72920°N;

72°14'N;

51042'8;

54°17's;

60°36' to
44%26' to

61°04' to
54°40' to

65°15's;

11°%00'E
53%35'w
37%40'w
25%30"W
24%30"w

24%15'W

23%55'w

57°%48"w

36°30" W

60945'8;
46°07'w

61°14's;
55%4'w

64°16'W
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t

HABITAT

Peat

Coarse soil with humus

Soil deficient in humus

Black peat

Soil

Peat

Flushed soil, no
vegetation
Outwash suands

Lichens and algae

Salix soil

Heath peat
(Empetrum rubrum)

Tussock grass peat
(Poa flabellata)

Moraines, mineral debris,
moss peats, grass soil,

animal guano.

Moraines, moss peatg,
grass soil,
penguin guano

Moss peats

C. cucullus, C,

RECORDS OF GENUS COLPODA AND TEMPERATURE IN POLAR AND COOL-TEMPERATE REGIONS

SPECIES Or
COLPODA RECORDED

steinii

C.steinii

C. steinii

L. cucullus

C. cucullus, C. maupassi

C., steinii

C. steinii

£. cucullus

C. steinii

C. cucullus, €, inflata

C, steinilil

C, cucullus, C, steinii

NEGATIVE

NEGATIVE

NEGATIVE

AUTHORITY

Original observation
1967

Sandon, 1927

Sandon, 1927

Sandon, 1924

Sandon, 1927

Dixon, 1939

Stout, 1970

Stout, 1970
Stout, 1970

Srout, 1970

Original observation,
1971

Original observation
1969

Chapter 11

Chapter II

Chapter II

METEOROLOGICAL
STATION

Thorshavn

Fort Smith

Isfjord Radio

Jacobshavn

Angmagssalik

Scoresbysund

Myggbukta

Stanley

Grytviken

Signy Island

Orcadas

Elephant Island

Argentine
Islands

- SOURCES:

POSITION -
62°01'N;  6%4a'w
60°00'N; 111%52'¥
78°04'N; 13%38'E
69°13'N; 51%02'w
65°37'N;  37%34'w
70%25°'N;  21%5a'w
73%0'N;  21%4'w
51%12's; 57%2'w
54°16's; 36°30"W

o]
60°43'S; 45°36'W
60°44's; 44%39°w
61°12's; 55°09'w
65°15's;

64°16'W

ANNUAL
MEAN

+7.1

-0.,5

+95,5

+2.0

AIR TEMPERATURES

MONTHLY

MEAN OF
WARMEST
MONTH

°c

+11,1

+5,0

+7.9

+7.3

+3.0

+4,0

+9,0

+5,3

+0,9

+0,.4

-0.1

MONTHLY
MEAN OF
COLDEST

MONTH

°c

+3.9

-25.4

-11,9

-14,3

-16.5

-20.4

+2.,2

-12.8

MEAN
OF FOUR
WARMEST

MONTHS

°c

+10,3

+3,.,3

+5,8

+6,0

+1,9

+2,0

+8.4

+4,5

-0.6

PERIOD QOF

OBSERVATIONS

1931-60

1831-60

1951-60

1921-50

1931-60

1948-60

1932-39 and
1947-50

1951-60

195160

1948-70

1931-60

December 1970 -
January 1971

1951-60

hJ

SOURCE OF

DATA

(1)

(1)

(1)

(2)

(1)}

(1)

(1)

(3)

(1)

(4)

(1)

(2)

(1) Climatic Normals for Climat and Climat Ship Stations For the period 1931-1960 WMC/OMM No.117 TP.,52 (1971)

(2) Clayton (1934);

Clayton and Clayton (1947);

Conover' (1959)

(3) Base records of British Antarctic Survey Base H (Signy Island)

(4) Observations of the Combined Services Expedition to Elephant Island, 1970-71, (R.M.G. O'Brien, personal

communication)
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DISCUSSION

Table 13 shows that the mean mid-summer temperatures for the Arctic
areas from which Colpoda has been recorded, are in the raﬁge +3° to +16°C,
whereas those for the maritime Anfarctic areas are below +1°C, in spite
of éome of the Arctic areas being at much higher latitudes. The annual
mean temperatures of these Arctic areas are mostlf'siﬁilér to those of
the:maripime Antarctic, though Angmagséalik, Greenland, is milder through-
0utAthe year, and in summer is even milder than sub-Antarctic South
Georgia. Séoresby Land, Greenland, the coldest of the Arcfic areas
investiga;ed, has an annual mean temperéture.3° to 6°C lower than that
of the maritime Antarctic, but still has a summer about_ZOC warmer.

Forf;Smith, situated in the middle of the continenta¥ land mass of
Canada, has the greatest annual temperature range: 1its coldest month
being 12°C colder than that in the maritime Antarctic; while its warmest
month is about ISOC'warmer. Its summer is eQen warmer than those of the
cool-temperate islands in both hemispheres: Faroe Islands and Falkland
Islands.

" The data in Table 13 are fully consistent with the hypothesis‘that,
deépite having colder winters, Arctic areas have summers warm enough to
permit Colpoda toxbe present in detectable numbers, while the maritime
" Antarctic summers are too.cold for this:to happen. The data suggest that
the climatic temperature threshold for conditions to be suitable'for,
.Colgoda to become established is a mean for the four warmest months of

between +O.4o and +1.9°C.
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CHAPTER VI

’

CONCLUSIONS ABOUT THE DISTRIBUTION AND ABUNDANCE

OF TERRESTRIAL PROTOZOA IN THE MARITIME ANTARCTIC



-4h4

Superficial observations of maritime Antarctic islands suggests
that, whilé the seas contain an abundance of life of many kinds, the
land is almost lifeless, a few stunted mossés and lichens eking out a
precarious existence on cold windswept rocks. However, detailed
research during the last 10 years has reveéled a very different picture.
} Whilé land mammals are absent and flowering plants rare, bryophytes and
llichens cover extensive areas (Longton, 1967) énd the soils contain a
diverse microflora (Heal-g£_31,1967) and invertebréte fauna (Heal, 1965;
Tilbrook, 196?; Spaull, in press). The results of the present survey
of the protozoan fauna (Chapter II) confirm and extend previous
observations, the species diversit& of the'protozoan fauna in the
mafitime Antarctic being only slightly less than that in temperate
;egions.

Taking together the data presented in Chapters I.to V, it is now
possible to come to some conclusions about how the environment of the
méritime Antarctic influences the distribution and abundance of the
terrestrial protozoa found there. Five environmental factors are
considered here: temperature, moisture, geology, vggetation and‘marine

animals.

TEMPERATURE

Compared witﬁ temperate 1ands,lthe most distinctive features of
tﬁe Antarctic environment are low temperatures (Fig. 36). There is
evidence (Chapter V) that they are the cause of the apparent absenﬁev
from the maritime Antarctic of Colpoda, the most common of all ciliate
genera found in soils. Otherwise temperature appears to have
suprisingly little determinant influence on the distribution of species.’
Tﬁis is probably because the temperatures actually experienced by the

protozoa are, for much of the time, less extreme than the meteorological
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Fig. 36: Comparison of mohthly mean temperatures in two island groups:

Lerwick, Shetland Islands (ndrthern temperate zone) and Signy

Island, South Orkney Islands (maritime Antarctic region)

+12 ~ — ]

LERWICK

+«10 | Latitude.
60°08' N

02__

o T

b SIGNY
ISLAND

_ gl Latitude -
60°43' s

-10 Lo . __.[_'

Sources of the data: Lerwick - Climatological normals for climat and
climat ship stations for the period 1931-60 (VMO No,117; TP 52, 1971);
Signy Island - Signy Island Base meteorological records, 1947-70
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data (Chapter I, Table 1) suggest. Microcliméte reasurements (Fig. 18)
show that during one summer, between the hours 0900 and 1600, the top
few centimetres of a moss peat on Signy Island experienéed mean
temperatures greater than + 2°C for at least fbur months.

By contrast, seasonal‘temperatures appear to be an'inf;uence of
dominating importance upon the population sizes of protozoan specieé
)(Chapters IIT and IV). In the two habitats studies intensively, the
seasonal fluctuations in popplation sizes followed the annual cycle of
temperatures (Figs. 17, 2é, 27, 28 aﬁq 29), numbers in summer being on
average about ten times those in winter. Protozoa in laboratory‘cultures
showed, as might be expected, strong positive correlations bgtween growth

rates and incubation temperatures (Fig. 35).
MOISTURE

There is no evidenée that moisture influencés the distribution of
species. It was not possible during tbe survey (Chapter II).to
distinguish between'habitats on the basis of moisture because it varies
considerably with time within habitats of all kinds. Considering the
greatiseasonal variability of moisture observed in both moss peat and
penguin guano (Figs. 17 and 31), it méy be assumed that the terrestrial
 protozoa in the Antarctic are,.és in othervparts of the Qorld, iﬁose
species which can tolerate wide fluctuations in moisture.

Given s;itable temperatures, the numbers of teétate amoebae in moss
peat do éeém to be strongly influenced by moisture (Chapter iII) and
experience mortality when the peat is dry; but no correlation is
apparent between moisture andlthe numbers of flagellates and ciliates

inhabiting penguin guano (Chapter IV).
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GEOLOGY

Aslstated in Chapter II, there seems-to be no detectable pattern
in the distribution of-protozoan species in relation to géoiégf.
‘However, two unvegetatedlmineral habitats on Signy Island, where the
material was derived from quartz-mica-schist or marblé, and had pH's of
'16.8 and 6.9, contained 7 and 21 protozban species (Chapter IT);
whereas a similé: habitat_o; South Georgia (which has a milder climate,
Chapter V, Table 13), where the material was derived from quartzése
and tuffaceous greywackes; and had a pH of 5.2, contained only 3
protozoan specieé (Smith, unpublished observations). Therefore it is

possible that the base-richness of much of the rock in the maritime

Antarctic is in part responsible for the richness of the fauna.
VEGETATION

The organic matter which accumulates under stands of moss and

grass provides habitats for many acidophilic species 6f flagellates,
rhizopods and ciliates - an influence particularly éiear for testate
amoebae which are almost entireiy absent from npn—vegetated habitats.
Out of the 96 species observed in the survey (Chapter II) 48 occurred
“only in acid vegetated habitats. Vegetation is therefore an extremely
important influence upon the distribution of protozoan species. The
data are not sufficient to establish whether or not differences in tfpes
of veéetation affect the sizes of the population of protozoa associaféd

with them.
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MARINE ANIMALS

Ifhe alkaline guano deposits of marine birds and mammals provide
suitable conditions for a small group of flagellate and ciliate species
specific fo saprobic habitats. The activities of marine animals are
thereforelap ektremel& impprtant factor &etermining.the distribution
of these species and, further, seem to have a lasting effect: 1In tﬁe
intensive study of protozoa in chinstrap penguin guano (Chapter IV),
penguins were artificially excluded from an area of their colony, so
breventing any further deposition of litter. The guano alreédy in this
area continued to be a habitat for guano-specific species of protozoa,

without becoming colonised by other species, for at least three years.

In conclusion, the results suggest that vegetation, marine animals
and possibly geology influence the distribution of terrestrial protozoa
species in the maritime Antarctic; while temperature and sometimes

moisture influence their numbers.
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APPENDIX I

-Appendix to Chapter II

Complete lists of protozoan species observed in samples from

68 sites in the maritime Antarctic

SOUTH ORKNEY: ISLANDE
Table 1: Mastigophora
Table 2: Rhizopoda

Table 3: Ciliata

ELEPHANT ISLAND
Table L: Mastigophora
‘Table 5: Rhizopoda

Table 6: Ciliata

LIVINGSTON ISLA.Nb, DECEPTION ISLAND, ARGENTINE ISLANDS AND
: ISLANDS IN MARGUERITE BAY

| Ta-blé 7: Mastigophora

Table 8: Rhizopoda

Table 9: Ciliata



KEY TO SITE CODES

LOCALITIES

S0

E

LIV

D

South Orkney Islands
Elephant Island
Livingston Island

Deception Island

A Argentine Islands

GS

Islands in Marguerite Bay

MB
HABTITATS
MIN Mineralvdebrié and moraine clay
>VA Volcanic ash
PG Penguin guano
ShiG Shag guano
i ESW Elephant seal wallows
PRAS Prasiola
v»MCu Moss cushion
MIP  Moss turf peat
MCP Moss carpet peat

Grass soil
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Appendix to Chapter IIT:

pH, moisture and loss on ignition of cores of peat taken from three
horizons of moss turf on sixteen occasions between January 1970 and-

March 1971
"Table 1: Horizon 0-3 cm
Table 2: Horizon 3-6 cm

.Table 3: Horizon 6-9 cm

Figures are means + 95 % confidence limits



TABLE 1: HORIZON O-3 cm

DATE pH MOISTURE LOSS ON IGNITION
' (% dry weight) (% dry weight)

29. 3.71

li-..1i0.3

| 5661 76

16. 1.70
9. 2.70 340.4 3004 64
| 6. 3.70" 4;310.2 ' "'3431 59 97.8+1.0
_ 11. %.70 | 4;3i0.1 4654+ 60 | 96;9_+_o‘.7
15, 5.70 4.2_to.é 5421 78 9f.310.4
:12. 6.70 1.610.1 '653_4_ 82 95.740.7
8. 7.70 4.250.1 596+ 49 97.4+0.6
5. 8’70 4.3+0.2 671+ 95 96.8+0.9
b 9.70'. 4.1io;2 : 677i 86 - 96.2:+1.1
6.1-0.70 | © 3.9:0.3 }'4’631 28 96.240.6
9.11.70 - 3.916.é W7kt 75 9‘6.'610.8
" 5.12.70 3.740.1 38ux 36 96.7+1.5
5. 1.71 - 3.540.3 215+ 20 96.0+0.7
6. 2.71 3.'510,2 3114 99 97.041.3
L. 3;71 3.640.2 . 3201 69 97f010'4
3.910.1 14201 36 96.940.4



TABLE 2: HORIZON 3-6 cm

DATE . pH . MOISTURE LOSS ON IGNITION

(% ary weight) (% ary weight)
16, 1.70 - 3.éio.3 ' 715;192}
9. 2.704 4.340.2 ]- 449+ 82
6. 3.70.  14.140.3 | .“'393; 85 98.340.9
1. 4.70 © 4.240.1 | 556+ 65 97.0+0.8
15. 5.70 | 42030, 1 | 6931 67 o 96.5+0.5
12, 6§7§ A 1.240.2 5961 57 © 95.841.5
8. 7.70 41201 6734121 | 96.210.9
5. 8.70 | 4.5+0.3 |  698+124 ‘ §7.oio.6f
k. 9.70 ‘3.919.2 _. 7194132 | W 5el.9
6.10.70 3.9:0.3 . 482+ 27 | | 96.5:0.7
9.11.70 k004 m370 k7116
- 5.12.70 L 3.710.2 4495416 ‘ ;96.0i1.7
5. 1.71 3.8:0.2 . 311+ 37 © 93.741.6
6. 2.71 '3.6i0.9 | 3713 65 _‘ 96-11045
he 371 3.840.2 4102 48 95.9+0.9

29. 3.71 3.610.2 564+ 73 96,7411




TABLE '3: HORIZON 6-9 cm

LOSS ON IGNITION
(% ary weight)

DATE . - pH MOISTURE
(% dry weight)

~16. 1.70 3.730,3'1 699138 L
9. 2.70 L.340.2 | | h28s 71 .
6. 3.70 4.240.2 380+ 66 98;3ip.

11. 4.70 .00, 1 488+ 42 9fx&p.

15. 5.70 L.bx0.1 691+ 32 " 96,540,

12, 6.70 4.34+0.3 591% 17 95.84+1.

- 8. 7.%0 4.0+0.3 661+ 19 “96.2io
5. 8.70 4.3¢0.2 7584121 97.040.
4.‘3;n3 4.020.2 7514219 94;334.
:6.10.70 | 3.&10;3 785+ 75 96.5+0.
9.11.70 3;9ip.1 650+ 48 N 741,
5.12.70 3.840.1 491+ 47 96,041,

5. 1.7 3.940.2 3334 28 o 741,
6; 2.?1 3.610.2 3641436 96.1+0.
b 3.71 | 3f6:0F1 383+ 30 95.9:0.

29. 3.71 3.8+0.2 493+ 28 ‘ 7+1.



