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Faunistics, Taxonomy and Ecology of Moss and Soil Ciliates (Protozoa)
Ciliophora) from Antarctica, with Description of New Species, Including
Pleuroplitoides smithi gen. n., sp. n.

Wilhelm FOISSNER

Universität Salzburg, Institut für Zoologie, Salzburg, Austria

Summary. Fifty nine moss and soil samples from the maritime and continental Antarctic were investigated for their ciliate fauna using the

non-flooded Petri dish method. Collections were made from a variety of biotopes covering most principal soil and vegetation types of the

region following a cline from 60'-78"5, i.e. of increasing climatic severity. Sixty four species were found: 5 l in region A (Signy Island and

Livingstone Island), 16 in region B (Antarctic Peninsula), and 14 in region C (continental Antarctic, viz. Ross Island and South Victoria Land).
Twenty nine out of the 64 species were first records for the region, and 5 of them were new species. Mean species number per sample was

markedly higher in region A (9.6) than in region B ( 1 .0) and region C (0.9), reflecting a dramatic faunal pauperization with increasing climatic
severity and, respectively, decreasing soil fertility. This is strengthened by the observation that all samples from region A contained ciliates,
whereas they were lacking in half of the collections from regions B and C. This highly patchy distribution, as yet not found elsewhere, is

very likely caused by the severe environment allowing few pioneers to establish perrnanent populations. As compared with temperate and

tropical regions, the Antarctic ciliate species richness is decreased by at least one order of magnitude. The fauna is dominated by r - selected,

bacteria and fungi feeding colpodids. The most frequent species were Colpoda ecaudata,C. steini, C. inJlata, Pseudocyrtolophosis alpestri,s,

Pseudoplatyophrya nana, andCyclidium muscicola, clearly proving Smith's ( 1973a) bi-polar biogeography of Colpodatobe a methodological
artifact. Nine ciliate species are described or redescribed using standard methods: Pleuroplitoides smithi sp. n., Protospathidium serpens,

CycLidiumglaucoma,Notohymenaantarcticasp.n.,Sterkiellathompsonisp.n.,Urosomoidagranuliferasp.n.,U. antarcticasp.n.,Oxytricha
lanceoLata, and Paruroleptus notabiLis. The genera Pleuroplites Foissner, 1988 and Pleuroplitoides gen. n. (dorsal brush isomorphic and

composed of 2 rows with paired, shortened cilia) are united in the family Pleuroplitidae fam. n. (Acropisthiina with extracytostomal extrusome
bundle on ventral side; dorsal brush composed of few isomorphic or many heteromorphic kineties).
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INTRODUCTION

Reliable investigations on soil and moss ciliates from
Antarctica are very sparse. The most detailed studies were
performed by Smith ( 1978), who reviewed the older litera-
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ture and recorded about 50 species, many of which were

determined, however, to genus level only. More recently,

some small contributions were published, mainly describing
new species (Blatterer and Foissner 1 988, Ryan et al. 1 989,

Eigner and Foissner 1993, Foissner 1993).

The present study, which is based on a large collec-
tion of samples, is thus the first which provides reliable
data on soil and moss ciliates from Antarctica. The
results show that Antarctic terrestrial biotopes contain a
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rather c'liverse, but highly patchiiy distributed ciliate fäuna

and unmask Srnith's (1913a,1978) bi-polar biogeography
of Colpoda as a methodological artifact.

MATI'RIALS AND I\{ITTHODS

Samples. Collections q,ere obtained from thrce regions, all
located in the rraritirne and continental Antarctic, following a cline
lrom 60"-78"S, i.e. of increasing clinratic severity (Fig. I ). Collec-
tions were made from a great variety of biotopes covcring nro\r
principal soil and ve-qetation types of the rcgion. Details, as far as

rvere available, of cach site including date of collection, location,
dorniuant associated plant species. ancl pH are givcn in the far-rrristic

section of the rcsults. pH u,as nreastrred in probes rewetted with
distillcd rvatcr for at least five hours. See Snrith ( t978) and 13lock

(1994) l'or a concisc description of geology, topography, clinratc,
habitats, soils, and vcgctation of the area.

Signy Island, South Orkney Islands ancl Livin-tstone Island. South
Shetlancl Islands (60".10'-62'3E'S,.15"40'-6 1 "04' W; Ilegion A). Samples

rvcrc oLrtlinecl b1,H. G. Srnith (Coventry Polytcchnic, England) ancl

collcctccl and investigated in 19821 (No. I 3) and 1985 (No .1 7).

Sanrplc 8 frorn Livingstone Island was collcctcd in 198 I by It. l. L.
Srruth and invcsti_rlatecl in l9E7 (cp. next paragraph).

Arttarctic Peninsula (6-1"-6E"S. -55"-69,,W; Region B). Sanrples
(No. 9-45) were collecrcd l98l by l{. l. L. Snrith, srorecl ar 4.C in
sterilc polythcne bags, ancl clispatchcil to me in I985 by W. BI,rck
(British Antarcric Survcy). They werc inspecterj for ciliatcs in
I987. 'fhese samples were studied also for nematophagous fungi
(Gray lncl [-cwis Snrith 1984)

iloss Island and Sourh Victoria Land (77"-78.S, l6O,LI68,'E,
li.er:ion C). Samples (No. 46 59) u,ere collcctcd by W. Block (13ritish
Antarctic Survey) a( the rurn of 1,ears 1984/85. In 1986 they wcrc
dispatclrcd and invcsti-9ated by nte. Most of these collectious \\,erLl
very sruall. Thus, several rvere bulked to soml: larger sarupies, unitin-9
sinrilar habitats and locations.

I"arrnistic nrethods. All santples obtarncd \\,ere stored at 4,,C in
SalzbLrrg in the original package and air driecl fbr for-rr r.veeks bcfort
investigation.'Ihen the1,\uere treate(l s,ith thc non-floodecl Petri dislr
metho(l as described by Iroissner ( l9fl7a, 1992). 13rie11y. this sirlplc
ttrcthotl involves placinl l0-50 g oieir-clried moss, littcrancl/ttr soil in
a Petri dislr (10-15 cm in diantcrer) and sarurating but nor 1-looding it
with clistilled water. Such cultu|es were grown at roont tellperatilrc
artd artalyzcd for ciliates on davs 2. 7. I :1. 2 I and 28 by insprectinr: about
2 ntl erch of the run-ol'I'. '['he non-l-looclecl [rctri ciish ntethoc] is rrot
perli'ct. i-c. not all spccies prcscnt can lre reactivatccl üont the resting
cysts. htrt probably thc ntosr el1-icicnt ntethod availablc. Ilcptratecl
ittvc'sliga(ions of sornc soils sirou,t--ri tttat 2--5 s:rrnplcs distr rbuteil ovc-r

ttt.tt 1'car pnxluced 50 80% o1'thc s4-cics lirr-rnd in l0 sanrplcs rnvestisat.d

Fig. I . Sketch map of the Antarctic zone showing sites included in the present study (from Smith 1978, modified)

,
,
I
t

it{n
l\,\\

r\



ovcr t\\'o years (Foissncr 1987a). Thus, the samples investigated very likely

contain nrore spcies tlian shown in Table l. Fr.rrthermore, trensportation

and storage of the samples rnay have caused some loss of species.

Identification, temrinology and nomenclature are according to litera-

ture cited in Foissner (1987a, 1993) and Foissneret al. (1995). Most of
the species found were described by myself and my students. Thus,

determinations were done on live specimens using a high-power oil

immersion objective. However, difficult species were checked in silver

slides.

Cytologicrl methods.'fhe species described were studied lrz vivo

using a high power oil immersion objective. The ciliary pattern

(infi-aciliature) r.vas revealed by various silver impregnation techniclues,

preferably protar-eol, all describcd in detail by Foissner (1991). The

dcscriptions are based on rarv ntaterial obtained with the non-flooded

Petri dish method mentioned above. i.e. no purecultures \vere set up.

Counts and measuremcnts on silverecl specimens were pcrformed

at a magnification o1' x 1000. /ri vlvo tneas urcments werc conducted at

a magnification of x 40 1000, AltiroLrgh thcse providc only rough

estimates it is worth giving such data as specimcns usually shrink irr

preparations or contract during fixation. Standard deviation and coef-

ficient of variation rvere calculatecl according to statistics textbooks.

Illustrations of live specirnens are based on free-hand sketchcs and

micrographs, those of irnpregnated cells rvcrc made with a canlere

lucida. All figures are oncntate d with the anterior end of thc orgartisnr

ciirectcd to top of page.
'Iype slides. Two typc slir-les each of the new species de-

scribed and at Ieast onc voucher slide of the species redescribed

have bcen deposited in the Oberösterreichische Landesmuseum
in Linz (LI), Austria. 'lhe slides contain many protargol impreg-
nated cells. relevant speciniens are markcd by a black ink circle
an the cover glass.

RESULTS AND DISCUSSION

Sample description and ciliates recorded

No. 1: January 1984; Signy Island (6040'5,45%0'W);
Drepanocladus moss. Ciliates recorded: Colpoda steinif
(very abundant).

No. 2: January 1984; Signy Island (6tr40'S,45%0'W);
Chorisodontium aciphyllum moss. Ciliates recorded:
Cyclidium glaucomn, Gonostomum affue, Plntyophyra
nurc rostonut, P le uroplitoide s smithi, P s eudocyrtolop ho s is
alpestris, Pseudoplatyophrya nann.

No. 3: January 1984; Signy Island (6040'5,45%0'W);

$ass sward Deschampsia antarctica on loamy soil.
Ciliates recorded : P lntyo phrya mac rustontq P rutospathidium

serpens.

No. 4: March 6, 1985; Signy Island (6040'5,45%0'W);
Andreaea moss, pH 4.8. Ciliates recorded: Acineria unci-
nata, Cyclidium muscicola, Fuscheria terricola,
H emis incirra ge lle rti, H o lostichn s i gmoidea, Izptophnrynx
costatus, P s eudochilodonops is mutabilis.
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No.5: March 6, 1985; Signy Island (60"40'S,

patch of a sheltered north-facing slope, pH 4.4. Cili-
ates recorded: AmphisielLa (?) sp. (very likely a new
species but only I specimen found), Blepharisma
hyalinum, Bresslaua sp., B ryometopus pseudochilodon,
Colpoda inflata, C. henneguyi, C. lucida, C. steinii,
Cyclidium muscico la, Cy rto lo p ho s is muc ico la, D ile pt us

alp inus, D imac roc a ryo n amp hi le ptoide s, D re p ano monas
pauciciliata, Enchelys (?) sp., Epispathidium terricola,
Frontonia depressa, Gonostomum affine, G. kuehnelti,
G ross glocl«teria ac uta, Halte ria grandine lla, H emis incirra
gellerti, H. polynucLeata ('?), Holosticha bergeri,
H. multistilata, H. sigmoidea, Leptopharynx costatus,
Nivaliella plana, Notohymena antarctica, Oxytricha
op his tomusco rum, P a rae nc he ly s te rric o la (with unusu-
ally short, 5;-rm, extrusomes), Platyophrya vorax,
Pleuroplites australis. P seudochilodonopsis mutabilis,
P s e udocy rto lop ho s i s al p e s t r i s, P s e udop laty o p hry a nana.
Sathrophilus musco rlt n':, S te rkie lLa histriomus co ruru, Vo r-
t i c e I la asty liforntis.

No. 6: March 6, 1985; Signy Island (60"40'S,45"40'W);
P oly t richum alpe s t re and C ho risodontium ac ip hy llu nt

moss, pH 4.0. Ciliates recorded: Cyclidium muscicola,
Gonostomum affine, Holosticha sigmoidea,
Fseufucyrtolophosis alpestris (very abundant).

No 7: March 6, 1985; Signy Island (60%0'S,45%0'W);
Drepanocladus uncinatus moss, pH 5.2.Ciliates recorded:

Cyrtolophosis mucicola, Leptopharynx costatus,
Microdiaphanosoma arcuatum (very abundant),
Opercularia Sp., Oxytricha ophisthomltscorum,
Pleuritplitoides smithi, Sterkiella thompsoni.

No. 8: March 28, 198 I ; Byers Peninsula (Sealer Hill),
Livingstone Island, South Shetland lslands (62'38'S,
61S4'W);Drepanocladus uncinatus moss, pH 6.9. Cilia-
tes recorded: Blepharisma hyalinum, Colpoda cucullus,
Cyclidium muscicola, Cyrtolophosis acuta, C. mucicola,
Dileptus alpinus, Gonostomum affine, Paraenchelys
terricola, Paruroleptus no tab ilis, P le uroplitoide s smithi,
P seudocyrtolophosis alpe stris, U rosomoida granulife ra.

No. 9: March 27,l98l; Mt. Alexander, Hadden Bay,

Joinville Island (63"18'S, 55"48'W); Drepanocladus
uncinatus moss, pH 5.1. Ciliates recorded: Vorticella
astylifurmis.

No. l0: March 27,1981; Mt. Alexander, Hadden Bay,

Joinville Island (63"18'S, 55"48'W); Polytrichum alpestre

moss, pH 5.8. Ciliates recorded: Colpoda steinii (very
abundant), Cyclidium muscicola.

No. l1: March 28, 1981; Active Sound, Joinville Island
(6325'5,56CI9'W); Andreaeasp. moss. No ciliates found.
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No. 1 2: March 26, 198 I ;Scar Hills, Hope Bay (63"25' S,

57"01'W); gull nest material, mainly Usnea antarctica
and feathers, pH 6.8. No ciliates found.

No. 13: March 26,1981; Near Lake Boeckella, Hope

Bay (63"24'5, 56o59'W); Ad6lie penguin guano/mud,

pH 6.5. No ciliates found.
No. 14: March 24,1981:, NearShenell Point, Astrolabe

Island (63"20' S, 5 8'4 1' W) ; D re panoc ladw uncinat us moss

with some soil, pH 6.6. No ciliates found.
No. 15: March 24,1981; Near Sherrell Point, Astrolabe

Island (63"20'S, 58"41'W); Polytrichum alpestre moss
with some soil, pH 6.1. Ciliates recorded: ColpodainJlata
(very abundant), C. steinii, Platyophrya vorax.

No. 16: March 24,l99l;Cape Roquemaurel (63"33'S,

58'57'W); Drepanocladus uncinatus moss, pH 5.3.
Ciliates recorded: Nivaliella plana.

No. 17: March 23, l98l Andrde Island, Charlotte
Bay (64'3i'S, 61'30'W); Brachythecium austro-
salebrosum moss, pH 5.9. Ciliates recorded: Acineria
uncinata, Colpoda ecaudata, Cyclidium glaucoma,
G ro s s g lo ckne r ia ac uta, lamtosty la e dap honi.

No. 18: March 23,1981; Andrde Island, Charlotte
Bay (64'31'S, 61o30'W); Bryum argenteum moss.
Ciliates recorded: Colpoda ecaudata, Crytohymena
quadrinucleata.

No. 19: March 23, l98l;Meusnier Point, Charlotte Bay
(64o32'5, 61"37'W); Drepanocladus uncinatu.s moss,

pH 6.0. Ciliates recorded: Pl"atyophrya vorax.

No. 20: March 23,1981; Meusnier Point, Charlotte
Bay (64'31'S, 61o30'W); Polytrichum alpinum moss,
pH 5.2. No ciliates found.

No. 21: March 23, I98l; Meusnier Point, Charlotfe
Bay (64'32'S, 61o37'W); Brachythecium austfo-
salebrosum moss, pH 6.7. Ciliates recorded: Kahlil:em-
ärs sp. (single specimen).

No. 22: March 21, l98l; Cuverville Island, north
side (64'41'S, 62'38'W); Polytrichum alpestre moss,
pH 5.7. Ciliates recorded: Pseudoplatyophrya nana.

No. 23: March 22,1981; Gamma Island, Melchior
lslands (64o20'S, 63"00'W); D repanocladus ancinatus
moss, pH 6.8. Ciliates recorded: Cyrtohymenacandens.

No. 24: March 19, 1981; Cape Tuxen, GrahamCoast
(65'16'S, 64"08'W); Polytrichum alpestre moss, pH 5.2.
Ciliates recorded: Pseudocyrtolophosis alpestris,
P s e udoplatyophrya nana.

No. 25: March 19, 1981; Cape Tuxen, Graham
Coast (65' 1 6' S, 64o08' W); C ho r i s o dont ium acip lryllum
moss, pH 4.4. Ciliates recorded: P seudocyrtolophosis
alpestris.

No.26: March 19, 1981;Cape Tuxen, Graham Coast
(65o16'5, 64"08'W); Drepanocladus uncinatus moss,
pH 6.2. No ciliates found.

No. 27: March 20, 1981; Island off Takaki Promon-
tory, Graham Coast (65"33'S, 64'13'W); Drepanocladus
uncinatus moss, pH 6.6. Ciliates recorded: Colpoda
ecaudata, Cyclidium gLaucoma.

No. 28: March 20, 1981; Island offTäkaki Promontory,
Graham Coast (65'33'S, 64o13'W); Polytrichum alpestre

moss, pH 4.9. Ciliates recorded: Pseudocyrtolophosis
alpestris (very abundant).

No. 29: March 15, 1981; Piflero Island (north end)
(67"33'S, 67"50'W); DrepanocLadus uncinatu.t moss,
pH 6.4. No ciliates found.

No. 30: March 14, 1981; Jenny Island (north side),

Marguerite B ay (67 " 44' S, 68"23' W) ; P o ly t r ic h um a I p e s t re

moss, pH 5.3. Ciliates recorded: Pseudocyrtolophosis
alpestris.

No. 31: March 14, l98l; Jenny Island (north side),

Marguerite Bay (67'M'S, 68'23'W); DrepanocladLts
uncinatus moss, pH 6.2. Ciliates recorded: Colpoda
ecaudnta, C. steinii.

No. 32: March 14, l98l; Courtier Island, Dion Islands,
Marguerite Bay (67'52'5, 68"43'W); Drepanocladus
uncinatus moss, pH 6.9. No ciliates found.
. No. 33: March 14, 1981; Emperor Island, Dion Is-
lands, Marguerite Bay (67'52'5, 68"43'W); Prasiola
crispa algal mat on soil (partly Addlie penguin guano),
pH 6.0. No ciliates found.

No. 34: March 14, 1981; Emperor Island, Dion Is-
lands, Marguerite Bay; Prasiolacrispa algal mat on soil
(partly on shag guano), pH 6.3. No ciliates found;
remoistened sample soon became putrid.

No.35: March 10, l98l; l,agotellerie Island (north side),

Marguerite Bay (67"53'5, 67'Z'W); Drepanocladus
uncinatus moss, pH 5.9. No ciliates found.

No.36: March 10, 1981; Lagotellerielsland (north side),

Marguerite Bay (67"53'5, 67"2'w); Brachythecium
austro-salcbrusummoss, pH 5.8. Ciliates recorded: Colpoda

ec audata, M ic rodiaphanosotTw arc Lotwn.
No. 37: March 10, 1981; Lagotellerie Island, Mar-

guerite Bay (67'53'5, 67o24'W); Bryum a/gens moss,

pH 5.8. Ciliates recorded: Colpoda ecaudata, C. inflata.
No. 38: March 10, l98l; Lagotellerie Island (north

side), Marguerite Bay (67o53'S, 67"24'W); Addlie pen-

guin guano, pH 7.3. No ciliates found.
No. 39: March 10, l98l; Lagotellerie Island, Mar-

guerite Bay (67'53'S,6724'W); Pohlia nutans. Ciliates
recorded: Microdiaphanosoma arcuatum.



No.40: March 13, l98l; Dismal Island, Faure Islands,

Marguerite Bay (68"06'5, 68o50'W); Drepanocladus
uncinatus moss, pH 5.0. No ciliates found.

No. 4l : March I 3, 198 1 ; Dismal Island, Faure Islands,

Marguerite B ay (68"06' S, 68"5 0' W) ; Andre ae a re g ulari s
moss, pH 7.0. Ciliates recorded: Colpoda inflata (very
abundant).

No. 42: March 12, l98l; Roman Four Promontory,
Marguerite Bay (68"13'5, 66'56'W); Phormidium sp.

(dry cyanobacteria mat which quickly became active
when the sample was remoistened; many fungal hyphae

and bacteria developed). No ciliates found.
No.43:March 11, 1981; Refuge Islands, Marguerite

Bay (68'21'S, 67"10'W); Drepanocladus uncinatus
moss. No ciliates were found, but abundant growth of
testate amoebae (Trinema Lineare, Assulina muscorum,
Corythion dubium and Euglypha sp.) occurred.

No. 44: March I I , 198 1 ; Refuge Islands, Marguerite
Bay (68"21'S, 67o10'W); Bryum algens moss, pH 5.9.
Ciliates recorded: Colpoda ecaudata, C. inflata.

No.45: March 11, 1981; Refuge Islands, Marguerite
Bay (68"21'S, 67"10'W); Cephaloziella varians moss,

pH 7.0. No ciliates found.
No. 46: December 10, 1984; Cape Bird, Ross Island,

Keble Valley (168"E,77"50'S);4 small samples bulked:
dry ridge area, open mineral soil with salt crust, moist;
dry ridge area, mineral soil under rock, moist; dry ridge,
mineral soil, dry; dry ridge, mineral soil under stone,
moist. pH of bulked sample: 9.5. No ciliates found.

No.47: December trO, 1984; Cape Bird, Ross Island,
Keble Valley (168"E,77"50'S);5 small samples bulked:
dry moss patch (Bryum sp.) beside meltstream; wet
moss patch (Bryum sp.) beside meltstream; algae from
flowing meltstream; stream side, soil algal crust be-
tween stones; stream side, wetBryumwithalgal growth:
Ciliates recorded: Homnlogastra setosa, Lamtostyla
perisincirra (?), Nassula picta, Sphaerophrya terricola.

No. 48: December 31, 1984; Cape Royds, Ross lsland
(168"E,77"50'S);3 small samples bulked: dry soil from
"badlands" near NZARP camp; moist soil from near snow
patch at Blue Lake; soil from under Bryum moss at
Collembola Heights. No ciliates found.

No. 49: December 30, 1984; Garwood Valley, S

Victoria Land; 3 small samples bulked: dry soil from
stone pavement surface; soil from Polygon edge ("dyke");
wet soil from stone pavement surface. Ciliates recorded:
P s eudoplatyophrya nana.

No. 50: December 30, 1984; Garwood Valley, S

Victoria Land; 3 small samples bulked: "salt" soil from
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near Garwood glacier; dry soil from "flood plain" of
meltstream; rock flour from glacial outflow stream. Cili-
ates recorded: Urosomoida antarctica.

No. 5l: December 30, 1984; Garwood Valley, S

Victoria Land; 3 small samples bulked: wet Bryum moss
from edge of meltstream; algae from meltstre am; Bryum
moss from dry area near stream. Ciliates recorded:
Colpoda steinii, Icptopharynx costatus, Oxytricha
lanceolata, Vorticella astyliformis.

No. 52: Ianuary 2, 1985; Lake Fryxell, Taylor
Valley, S Victoria Land (160"E, 78"S); 3 small samples
bulked: damp soil near Burn's Pool; wet moss and
Nostoc from near Burn's Pool; dry Bryum moss
away from meltstream near-Burn's Pool. Ciliates
recorded: Colpoda cucullus, Drepanomonas sphagni,
Fuscheria lacustris, Homalogastra setosa, Oxytric ha
opisthomuscorum.

No. 53: January 2, 1985; Lake Bonney, Taylor
Valley, S Victoria Land (160"E, 78"S); moist soil and
glacial debris with salt from stream side. No ciliates
found.

No. 54: January 3, 1985; Lake Vanda, Wright
Valley, S Victoria Land (160"E, 78"S);4 small samples

bulked: dry soil from shore of lake; damp granitic soil
from shore oflake; very wet soil from shore of lake; clay
soil from shore of lake. No ciliates found.

No. 55: January 6, 1985; West Beacon Mountains, S

Victoria Land (l6OE, 78'S); 2 small samples bulked: soil
from near camp site; soil from ridge site. Ciliates re-
corded: Colpoda steinii.

No. 56: January 12,19851, Cape Crozier, Ross Island
(168'8, 77'50'5); 2 small samples bulked: Prasiola alga
from snow melt area near Post Office HilL' Prasiola
alga near penguin rookery. No ciliates found.

No. 57: January 13, 1985; Cape Crozier, Ross
Island (168"E, 77'50'S); 2 small samples bulked: soil
from moss (Bryum) patch near snow patch at
Xanthoria site; soil from Xanthoria site, snow melt
area. No ciliates found.

No. 58: January 10, 1985; Cape Crozier, Ross Island
(168"E, 77"50'S); 4 small samples bulked: Bryum moss
from Xanthoria site; Bryum moss and Xanthoria (li-
chen) from Xanthoria site; mineral soil and soria from
Xanthoria site; soil beneath old skua nestnearXanthoria
site. No ciliates found.

No. 59: January l0 - 12, 1985; Cape Crozier, Ross

Island (168'E, 77'50'5); 2 small samples bulked:
Xanthoria (lichen) from Xanthoria site; Prasiola alga
from near Xanthorta site. No ciliates found.
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Table l. Spccies recorded, their frequency and distribution in 59 moss and soil sarnples from Antarctica

Species

Regionr)

ABC
Total

frequency2) I II
(qn)

Habitatsr)

IIIIVV VI VII

Acineria uncinata'Iucolesco, 1962

Ampltisiella ('!) sp.
Blepharisma hyalinurn Perty, 1849'

Bresslaua sp.
B ryome to p u.s p.s e udoc hi I odon Kahl, 1932'
CoLpoda cur:uLlus (Müller, 1773)

Colpodct ecaudatn (Liebmann, 1936)

Colpoda inflala (Stokes, I884)
CoLpoda ltenneguyi Fabre-Domcrgue, I 889'
Colpoda /acrdz Greeff, 1888'
Colpoda srelnil Maupas, lB83
C ),c I idiunt. g lauc o rttct N'ltillcr, I 773

CycLidiunt tntt.tc icola Kahl, I 93 I

C7' rto h y- nte na ca nde ns (Kahl, I 932)'
Cyrtohyntena quadrinucleata (Dragesco & Njin6, l97l)'
C),rtoLophosi.s acuta KahL |926'
CyrtoLophosis rttucicola Stokes, 1885

Dileprus aLpirtLt.r Kahl, 1932'
I)intacrocnrron antphileptoide.r (Kahl, 193 i )
Drepanontortus pttuciciliata Foissner. 1987
Drepatonnnas spltagrti Kahl, l93l'
Encfte11,s (?) sp.
Epispatl'Lidiun-L terricola Foissner, 1982'
Frontonia depressa (Stokes, 1886)
Fusclteria lctcLtstris Song & Wilbert, l9E9'
Fuscheria Ierricola Berger, Foissner & Adanr, I 993-
Gonostomum affne (Stein, 1859)

Gonostontunt kuehnelti Foissner, 1982"
Grossglockneria acuta Foissner, 1980
Halreria grandineLla (Müiler, 1773)

Hemisincirra gelLerti (Foissner, 1982)
Hemisincirra polynucleata (?) Foissner, 1984
Holosticha bergeri Foissner, 1987'
H o lo st ic ha muLtist ilata Kahl, 1928'
Holosticha sigmoidea Foissner, 1982'
Homttlogastra setosa Kahl, 1926'
KahliLembus sp.
Ittmtostyla edaphoni Berger & Foissner, 1987'
Itmt o s ty La p e ri s inc i r ra ( ?) (Hemberger, I 9 85 )
kptopharynx costatus Mermod, l9l4
Microdiaphanosoma arcuatum (Grandori & Grandori, 1934)
Nassula picla Greeff, 1888'
NivalielLa p/ana Foissner, 1980
Notohymena antarctica sp. n.'
Opercularia sp.
O xyt ric ha lanc eo Lata Shibuya, 1930
Oxytricha opisthomuscorum Foissner et al., l99l'
Paraenc helys terricola Foissner, I984'
Paruroleptus notabiLis Foissner, 1982'
P latyophrya macrostoma Foissner, 1980
PLatyophrya vorcr Kahl, 1926
Pleuroplites australis Foissner, 1988'
Pleuroplitoides smithi gen. n., sp. n.'
Protospathidium serpens (Kahl, 1930)
PseudochiLodonopsis ntutabiLls Foissner, I 98 I '
PsewlocyrtoLophosis alpestris Foissner, 1980
P s eudo p latyo p hrya nana (Kahl, I 926)
Sathrophilus muscorum (Kahl, l93l)
Sphaerophrya terricola Foissner, 1986'
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1.7

1.7
11.9
5.1
8.5
1.7
1.7
1.7
5.1
3.4
t.7
1.7
1.7

1.7
1.7
t.7
t.7
1.7

6.7
1.7
3.4
t.7
3.4
1,7
r.7
1.7

5.1
3.4
1.7
1.7
1.7
6.7
5.1
1.7
3.4
1.7
t.7
t.7
5.1
3.4
1.7

3.4
5.1
t;7
5.1
1.7
3.4

13.6
8.5
1.7
t.7
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Table l. (con.)

SterkielLa histriomu.rcorunz (Foissner et al., l99l)
SterkieLla thompsotti sp. n.'
Urosomoida lntarctica sp. n.'
Urosomoida granuliferct sp. n.'
VorticeLkt asty,liformis Foissrrer, l9E I

+
+

+
+

+
+

+
++ +

moss (8 sites), V Andreaea sp. moss (3 sites), VI other mosses (l I sites), VII barren soil (7 sites). 'First record for the maritime and continental
Antarctic. Other species have been recorded previously by Suclzuki (1964, 1979), Snrith (197E) and/or Foissner (1996)

t.l
1.7

t.7
t.7
5.1

Faunistics and community structure (Tables 1, 2)

Sixty four species were found (Table I ): 5 I in region
A (Signy Island and Livingstone Island;8 samples), 16 in
region B (Antarctic Peninsula; 37 samples), and 14 in
region C (continental Antarctic; 14 samples). These
figures are comparable to those reported from islands in
the Southern Ocean (Foissner 1996; Table 2) and alpine
grassland and shrub soils above the timberline (Foissner
198la; Table 2), but much smaller than those reported
from temperate grassland and lowland sites (Foissner et
al. 1985; Table 2) and certain tropical forests where a
single sample may contain 80 species (Foissner 1995).
However, because the total number of species is an
ambiguous measure if sample sizes differ, the mean
number of species per sample was calculated (Table 2).

This showed that the samples from Signy Island, which
is least severe as concerns the climate, contained the
highest numberof species (9.6), followed by the Antarctic
Peninsula (1.0) and the continental Antarctic (0.9). On
average, 2.2 species occurred in the Antarctic samples,
which was an order of magnitude lower than in alpine
(12.3) and temperate(12.1) soils from Austria (Table 2).

There is thus a distinct pauperization of the ciliate fauna
with increasing latitude and environmental severity, as

known also for many other organism groups'(Fra nz 197 5).
For testate amoebae Smith and Wilkinson (1987) found a
loss of 3.3 species for every l'C drop in mean January
temperature.

Of the habitats investigated, those with a grass sward
and/or moss contained the richest fauna, whereas few
species could be isolated from barren soils, lichens, and

Table 2. Main characteristics of ciliate communities in Antarctic (this study), sub-Antarctic (Gough and Marion Islands), alpine, and
temperate terrestrial biotops

Region/tlabitat CtP No. of samples
quotient2) investigated

Number of Mean species Number of
species number per sampler) new species

Region A (Signy Island)
Region B (Antarctic Peninsula)
Region C (Continental Antarctic)
Habitat I 3)

Habitat IIr)
Habitat III3)
Habitat [V3)
Habitat V3)

Habitat VIr)
Habitat VII3)
Antarctic sites combined
Gough Islanda)

Marion Islanda)
Cough and Marion combineda)
Alpine soil sites in Austria5)
Temperate soil sites in AustriaT)

8

37
t4
2

t8
3

I
3

ll
7

59
7

20
27
58
70

1.0
2.7
0.8
l.l
1.3

3.0
2.5
0.5
1.6
2.0
0.7
2.5
t.4
t.4
0.8
0.5

4
0
I
I
3
0
0

5

2
2
4
_6)

6)

5l
l6
l4
39
25

7
8

8
2t

3

@
39
39
60
8l

t32

9.6
r.0
0.9

1.8

1.7

2.5
0.4
2.2

14.0

/.ö
12.3
12.1

')Calculated only if sample size > 7.2)Ratio of colpodid/polyhymenophorid (hypotrichs, heterotrichs, oligotrichs) ciliates (Lüftenegger et
al. 1985). 3)As defined in footnote 3 of Table l. a)From Foissner (1996). s)From Foissner (l98la). 6)Many, becauso terrestrial ciliates
were very insufficiently known at that time. 7)From Foissner et at. (1985)



102 W. Foissner

bird-influenced sites (Tables l, 2). This is in accordance

with previous investigations (Smith 197 3b, 1978, Foissner

1996). In many samples only l-3 species occurred,
however, often with great abundances, possibly due to the

lack of competition. No ciliates could be isolated from
many samples of the Antarctic Peninsula and the conti-
nental Antarctic although they consisted of moss and

humic soil (e. g. samples 11,,1,4,20,29,35,48,58), which
is usually an unfailing indication for the presence of
ciliates. I very rarely found such samples in other regions
of the world, not even in arid deserts. Thus, the patchy
distribution of the ciliates is a conspicuous peculiarity of
the Antarctic region and very likely related to the extreme

environmental conditions allowing few pioneers to es-

tablish stable populations.
Most species with medium and high frequency values

(> 8Vo, Table l) belonged to the class Colpodea
(Pseudocyrtolophosis alpestris, Colpoda ecaudata,
C. steinii, C. inflata, Pseudoplatyophyra nana), except
for Cy6lii;um ruttscicola, a very tiny (14-20 pm)
hymenostome. All are small to medium-sized bacteria
feeders, except for P. nana, an obligate fungal sucker,

and are widespread in soils worldwide (Foissner 1987a,

1993). The dominance of colpodids was reflected by the

high values of the C/P quotient (Table 2), which has been
suggested as a measure of biotope extremity (Lüftenegger
et al. 1985). Although there was some bias in detail, most
quotients were near or above 1, indicating that the

habicats investigated favoured r - selected "reproduc-
ers" (colpodids) rather than K - selected "persisters"
(polyhymenophorans).

Twenty nine of the 64 species found have been not
reported previously from the maritime and continental
Antarctic; and most others have been recorded very
recently (Foissner 1996), showing our ignorance regard-
ing the Antarctic soil and moss ciliate fauna. Very likely,
many other species will be found in other regions of the
Antarctic and if a larger sample collective is carefully
analysed. However, very few new species were found,
indicating a predominance of ubiquists and an absence of
endemits.

Smith's bi-polar biogeography of Colpoda is a meth-
odological artifact

Colpoda is the most widespread and most abun-
dant of all genera of ciliates in terrestrial biotopes
(Smith 1978, Foissner 1987a, 1993). Very likely, this
is due to its r - selected survival strategy (Lüftenegger
et al. 1985, Foissner 1993): it can increase its popu-
lation density very quickly by multiple division and

excyst or encyst within one hour if the environmental
variables become favourable or adverse, respectively.

Smith (1973a, 1978) and Smith and Crook (1995)
concluded from a detailed literature survey and many
original investigations that Colpoda is present in Arctic
and sub-Antarctic but absent in maritime Antarctic
biotopes. As a possible explanation, Smith (1973a) and

Smith and Crook (1995) suggested that Antarctic sum-
mers are too cold, and each day has too few degree-hours
above critical threshold temperature, to permit Co lpoda to
establish permanent populations. He corroborated this
hypothesis not only by meteorological data but also by
some laboratory experiments indicating that Colpoda
does not grow and survive at 0"C, which was later
supported by Kracht (1982).

Smith's hypothesis of a bi-polar distribution of the
genus Colpoda is clearly disproven by the present re-
sults which show not only the occurrence of several
CoLpoda species in terrestrial biotopes of the maritime
and continental Antarctic but also that they are among
the three most frequent species found (Colpoda
ecaudata, C. steinii, Pseudocyrtolophosis alpestris).
Furthermore, active cells of Colpoda were observed
by Petz (unpubl.) in freshly sampled soils of the
continental Antarctic.

.How can this discrepancy be explained ? I suggest
that it is mainly caused by methodological shortcom-
ings. Smith (1978) used very small quantities (1-2 g)
of soil, moss, etc. and inoculated them on agar plates
amended with a single strain of bacteria, Aerobacter
aerogenes. This is very different from the non-
flooded Petri dish method applied in this study, where
huge amounts of material without additives, except
for water, were used. Thus, a more natural biotope
was simulated, giving even small populations a fair
chance to develop and grow on the natural microflora
and microfauna.

Although the field results of Smith must be rejected, his
basic idea is very likely correct. It was indeed surprising
and most uncommon that several soil and/or moss samples
did not contain a single species of Colpoda or any ciliate
at all (see Sample description and species recorded). This
patchy distribution might well be caused by the unfavourable
climate allowing few specimens to establish permanent
populations, i.e. local extinction possibly occurs fre-
quently. However, this certainly applies not only to
members of the genus Colpoda but also to most other
species, possibly even to a greater extent because they
were less frequent (Table l). Furtherniore, such a patchy
distribution of the ciliates was also observed in soil and



moss samples from Marion and Gough Island (Foissner

1996).

Description of new and insufliciently known species

Morphometric data shown in Täbles 3-8 are repeated

in this section only as needed for clarity. AII observations
are from field material, i.e. not from clone cultures.
Thus, it cannot be excluded that similar, but different,
species were mixed, although this is unlikely because I
excluded all specimens which deviated in at least one
prominent character. Certainly, this can generate some
bias in the data if used too uncritically. However, I
usually exclude only such specimens which have, e.g.,

a different nuclear structure (very likely often
postconjugates), a distinctly deviating ciliary pattern (very
likely often injured, regenerating or malformed speci-
mens), or an unusually small size (very likely often
degenerating, just excysted or divided specimens). The
inclusion of such individuals, which sometimes might
belong to another species, would artificially increase
variability.

Family Pleuroplitidae fam. n.

Diagnosi s : Acropisthiina Foissner and Foissner, I 98 8

with subapical, i.e. extracytostomal extrusome bundle on
ventral side. Dorsal brush composed of few isomorphic
or many heteromorphic rows. Type genus: Pleuroplites
Foissner, 1988.

Comparison with related families: Pleuroplites
Foissner, 1988 and the new genus Pleuroplitoides, de-
scribed below, are unique among gymnostomatids
(= haptorids) in having the extrusomes located not within
and/or around the oral basket but in a distinct subapical
bundle on the ventral side (Figs. 2, 5). Certainly, this is
an extraordinarry evolutionary branch which needs to be
separated aLfamily level at least. Formerly I classified
Pleuroplitei with the Trachelophyllidae, simply to avoid
establishing a monotypic family (Foissner 1988).

The Pleuroplitidae are very likely related to the
Acropisthiina because of distinct homologies in the
structure of the oral basket, which is composed of
nematodesmata originating not only from tlre oral dikinetids
(as is usual) but also from ciliated oralized somatic
monokinetids (Fig. 7). On the other han d., Pleuroplitoide s
(and very likely Pleuroplites, too, but this species is so
small that details are hardly recognizable light
microscopically) has bifurcated nematodesmal bundles
(Fig. 7), acharacter typical of the suborderl-acrymariina
(Grain 1984). However, bifurcated nematodesmata are
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widespread also in prostomatids (e. g. Dragesco et al.
l974,Hiller l99l ) and thus possibly a weaker character
than the oralized somatic monokinetids.

Genus Pleuroplitoide.s gen. n.

Diagnosis: Pleuroplitidae with isomorphic dorsal brush
composed of 2 rows of paired, shortened cilia.

§pe species: Pleuroplitoides smithi sp. n.
Etymology: composite of pleuroplites (laterally armed

soldier) and oides (similar, to Pleuroplites). Masculine
gender.

Comparison with related genera: Pleuroplitoides
is distinguished from Pleuroplites, the sole other
member of the family, by the structure of the dorsal
brush. It consists of 2 rows in Pleuroplitoides and
more than 3 rows in Pleuroplires. Furthermore and
more importantly, the rorvs of Pleuroplitoides are
isomorphic, i.e. consist of pairs of basal bodies
(dikinetids), while those of Pleuroplites are hetero-
morphic, i.e. composed of normal somatic cilia
(monokinetids) interspersed between dikinetids with
shortened cilia (Foissner 1988).

Pleuroplitoides smithi sp. n. (Figs. 2-9, Table 3)

Diagnosis: size in vivo about 70-110 x 30-40 pm.
Twenty threeciliary rows on average, 2 of them differen-
tiated to brush in anterior quarter. Extrusomes rod-shaped,
very slender, about 5 pm long, form elliptical patch
between two ventrolateral ciliary rows. Macronucleus
reniform, micronucleus globular.

Tlpe location: Chorisodontiwn aciphyllwn moss from
Signy Island, South Orkney Islands, Antarctica (6040'5,
45'40'W).
' Dedication: named in honour of Professoi Dr H. G.
Smith (Coventry Polytechnic, England), who undertook
many intercsting studies on Antarctic soil protozoa.

Description: slightly reniform to bursiform, dorsal
side convex, ventral slightly concave (Figs. 2, 9);
prepare{ specimens ellipsoid or pyriform, i.e. in-
flated in mid-body (Fig. 6) or at posterior end. Ante-
rior end transverse truncate, posterior broadly rounded.
Transverse section roundish, with sharp ribs left of
ciliary rows (Fig. 3). Macronucleus in or near centre
of cell, with many globular and ellipsoidal nucleoli.
Micronucleus near macronucleus. Contractile vacu-
ole in posterior end. Fifty to hundred extrusomes in
dense, elliptical bundle located ventrolaterally, i.e.
about 130" clockwise from dorsal brush, between two
slightly widened ciliary rows; individüal toxicysts
very fine and thus easily overlooked in live cells, distal



104 W. Foissner

ffi.

Figs. 2-8. Pleuroplitoides smithi from life (2-3), after dry silver nitrate (4) and protargol impregnation !5-q). 2-- right lateral view of typical
späcimen;3-anieriorpolarview;4-silverlinesystem;5-6-infraciliatureofventralanddorsalside;7-fibrillarsystemoforalapparatus;
d- dorsolateral view shöwing extrusome bundle beiween two somatic ciliary rows. B - oral basket, CK - circumoral kinety, E - extrusome bundle,
OB - oral bulge, OK - oralized somatic kinetids, I -2 - dorsal brush rows. Scale bardivision l0 pm
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Figs. 9- 12. Light micrographs of some of the species described. 9 - Freely moving specimen of Pleuroplitoides snifri. Arrows mark inconspicuous
oral bulge; lD-ll - Protospathidium serpens, dorsal and right lateral views. Arrows mark circumoral kinety composed of isolated dikinetidal
fragments; 12 - Urosomoida granulifera, surface view of posterior region showing patches of cortical granules (arrows). D - dorsal brush,
MA - macronucleus, OB - oral bulge

t

{0

end however strongly argyrophilic and thus very promi-
nent in prepared specimens (Figs. 1, 5, 8). Cortex
flexible, distinctly flrrowed by ciliary rows. Cyto-
plasm usually with many 2-51tm sized, colourless fat
globules and few, large food vacuoles containing
residues of ingested ciliates (Gonostomum affine).
Swims rather slowly by rotation about main body
axis.

Cilia 8- 10 pm long, rather widely spaced, arranged
in longitudinal rows commencing closely underneath
circumoral kinety. Dorsal brush cilia very closely
spaced, in vivo about 4 pm long and slightly inflated
at distal end (Fig. 2). Oral bulge very similar to that
of Papillorhabdos, i.e. flat, inconspicuous and slightly
depressed in centre (Figs. 2,7,9). Circumoral kinety
at base of oral bulge, composed of dikinetids having
only posterior basal body ciliated. Oral basket incon-
spicuous in live cells, but rather distinct in protargol
impregnated specimens, composed of bifurcated
nematodesmata originating from oral dikinetids.
Nematodesmata also originate from 3-5 monokinetids
at anterior end of all somatic kineties and extend
obliquely to oral basket (Figs. 5, 7, 8).

Silverline system very fine-meshed, as in other
gymnostomatids (Fig. 4).

Comparison with related species: Pleuroplitoides
smithi differs from Pleuroplites australis Foissner,
1988, which also occurs in Antarctica (site 5), not
only by the generic characters mentioned but also by
its larger size (70-l00pm vs. 35-50 pm) and extrusomes
(5 pm vs. 2.5pm) as well as by thereniform (globular
in P. australls) macronucleus and the higher number
of somatic kineties (23 vs. 14). These species are thus
easily distinguished even in live condition. However,
P. smithi is easily confused with Fuscheria Ierricola,
also occurring in Antarctica (site 4). This species highly
resembles P. smithi in all characters, except for the
extrusomes, which are located in the centre of the oral
bulge, a very useful character for distinguishing
P. smithi and E terricola in live condition.

Distribution: found at three mossy sites, viz. in
samples 2,'1, and 8, but also in a subalpine grassland
soil in Austria (Foissner 1987b; designated "genus
non det." in Table l); thus, very likely distributed
worldwide, but rare. The unusual location of the
extrusomes suggests a special mode of predation.

1i.':
t!!,
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Table 3. Morphometric data from Pleuroplitoides smithi (upper line) and Protospathidiunt serpens (lower line)'

Character x M SD SDi CV Min Max

Body, length

Body, maximum postoral width

Distance anterior end to macronucleus

Distance anterior end to extrusome patch

Distance anterior end to end oi extrusome
patch

Oral bulge, width at circumoral kinety

Chord of macronucleus, respectively,
nuclear f,rgure, length

Macronucleus, width

Micronucleus, diameter

Macronucleus, number

Micronucleus, number

Somatic kineties, nunrber in mid-body

Basal bodies in a ventral somatic kinety,
number

Dorsal brush, number of rows

Brush kinety l, length

Brush kinety 2, len-eth

Brush kinety 3, length

Brush kinety 4, length

Dikinetids in brush kinety

Dikinetids in brush kinety

Dikinetids in brush kinety

I, number

2, number

3, number

77.7
78.8
3t.1
18.5
22.9
21.9
t4.3

74.5
77.0
32.0
18.0
23.0
25.0
14.0

9.0
9.0
4.t
2.5
5.1
6.9
3.6

2.9
2.3
1.3

0.1
1.6
1.8

I.l

I r.6
I 1.5

12.9
t3.7
22.2
24.9
24.9

65
63
24
l3
t7
20
9

r0
t5
t0
l5
l0
l5
r0

90
95
37
22
3l
46
22

26.2 26.0 l036t819.41.65.1

6.1

1.6
29.5
31.3
9.2
5.1
4.9
t.1
1.0
t.0
1.0

3.3
23.1
I 1.6

32.1
30.1
2.0
3.5

14.0
)-+
6.1

4.3

6.0
8.0

29.0
30.0
9.0
-5.0
5.0
1.8

1.0

1.0

1.0
3.0

23.o
I 1.0
3 r.0
30.0

2.0
4.0

14.0
3.0
6.0
4.0

0.9
1.0
5.1
6.1
1.3

1.2
0.5
0.2
0
0
0
1.2

1.6

0.1
5.0
5.6
0

1.5

0.6
0.7
r.2

0.5
0.2
0.2
0.3

t4.4
13.0
11.2
19.6
t4.3
24.3
10. I

8.9
0
0
0

35.6
6.6
6.4

15.6
18.2

0

r 0.6
18.6
t2.1
27.3

5

27
r3
40
40

2
4

l8,4
8
'l

l0
l5
r0
l5
10

t5
l0
15

l0
l5
l0
l5
l0
15

l0
l5
l0
l5
l0
l5
r0
t5

0.3
0.3
r.6
I.6
0.4
0.3
0.2
0.r
0
0
0
0.3
0.5
0.2
1.6

1.4

0

7

9
42
42
l1
8
6

52

5

6
22
20

1

4
4

2

27
ll
25

20
2

3

l3
z
5

3

r0.5

9.4
14.2

1.9

6.4
3.0

I 1.0

t0.0
14.0
2.0
6.0
3.0

2.1

1.6

t.7
0.5
t.4
0.8

20.3

16.5

I 1.9

27.7
22.3
25.2

l5

l5
10
t5
l0
l5

0.6

0.4
0.5
0.1
0.5
0.2

7

7

t2
I

5

2

l4

ll
l7
J

l0
4

0.4 17.2
Dikinetids in brush kinety 4, number

0.2 13.0

'Data based on protargol-impregnated and mounted specimens from field. Measurements in pm. Abbreviations: CV - coefficient of variation
in Vo, M - median, Max - maximum, Min - minimum, n - number of individuals investigated, SD - standard deviation, SD X - standard
deviation of mean, x - arithmetic mean

15t21.58.08.5

l50.75.05.2

Protospathidium serpens (Kahl, 1930) Foissner, 1981
(Figs. 10, ll, L3-24, Table 3)

Protospathidium serpens belongs to a group of small
spathidiids which are poorly known and thus difficult to
identify. The Antarctic population basically matches the
original description (Kahl 1930) and the redescription
by Foissner (l98lb). The population studied by Berger
et al. (1984) agrees with Kahl's and Foissner's descrip-

tions in size, shape and number of ciliary rows, but has

l5-30 ellipsoidal macronuclear nodules. Thus it might
be a race of P. muscicola Dragesco and Dragesco-
Kerneis, 1979, which, however, has l0-12 ciliary rows,
similar to the Antarctic population of P. serpens. Obvi-
ously, the macronuclear configuration is rather variable
in P. serpens and some other spathidiids. Thus detailed
data are needed from several populations for a reason-
able conclusion on the systematic status of P. serpens
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Figs. I 3-25- Protospathidium serp91s,from life ( I 3- 16, 20-22) and after protargol impregnation ( l7 -19,23 - 25). 13 - left lateral view of typical
specimen; l4 - frontal view of oral bulge; l5 - extrusome; l6 - broad specimen; l7- 19 - infraciliarure of ventral, right and left side. Arrowhead
marks pores-ofcontractile vacuole; 20-21 - optical section and surface view of resting cyst; 22 - dorsal brush; 23-14 - infraciliature of anterior
rig_ht and left side (cp. Figs. l0-11);25 - specimen with ellipsoidal macronucleus. D - dorsal brush, E - extrusomes, MA - macronucleus,
MI - micronucleus, OB - oral bulge, S - somatic monokinetids with normal cilia. Scale bar division l0 pm
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108 W. Foissner

and P. ntuscicoLa.The follor.ving description is based, if not
stated otherwise, on the population found at site 3.

Description (Figs. 10, ll, 13-24, Table 3): size in vivo
about 70-100 x l2-18 pm. Shape slender, slightly to
distinctly sigmoidal, inconspicuously flattened laterally,
general appearance thus cylindroid. Macronucleus rather
variable, three modifications were found in 79 specimens
analyzed: nodular (48 cases; Fig. l7), rodlike (27 cases;

Fig. 1B), ellipsoidal (4 cases; Fig.25). Micronuclei of
variable position, i.e. not at fixed site and attached to or
rather distant from macronucleus. Contractile vacuole
terminal, with 3-6 excretory pores. Extrusomes invari-
ably rod-shaped with rounded ends (Fig. l5), 3 pm long
in popLrlation from site 3, 2 pm in specimens from USA
and 2-2.5 x 0.5 pm in Greek population; arranged in
2-3 rough circles around central depression oforal bulge
(Fig. l4). Cortex colourless, flexible, in population from
Marion Island (Antarctica) with about 5 rows of minute
(< 0.3 ptm), pale granules between each 2 ciliary rows.
Cytoplasrn rather hyaline, contains some 1-4 pm sized,
colourless fat droplets, obviously digestion products
from ingested heterotrophic flagellates and/or bacteria
because no ciliates were present when P. serpens fl,o:ur-
ished. Moves slowly.

Somatic infraciliature without peculiarities, dorsal
brush, however, highly differentiated (Figs. 10, 13, 19,

22,24). Anterior cilium of first dikinetid distinctly elon-
gated in each brush row, easily confused with cilia from
circumoral kinety segments which, however, lack distal

inflation; kinety 3 extends above mid-body, as indicated
by shortened cilia, although basal bodies not paired in
posterior brush half.

Oral bulge conspicuous, i.e. refractile and compact
because packed with extrusomes, oval in frontal view
(Fig. la), centre usually distinctly depressed, rarely
almost most flat. Segments of circumoral kinety dis-
tinctly separate, adhere to somatic ciliary rows, associ-

ated with long, fine nematodesmata forming wedge-
shaped bundles (Figs. I I, 17, 18,23,24).

Resting cysts 28-32 Ltm (x =29.8, n = 8) in diameter,
brownish, wall about 2 lt^ thick, highly refractile,
contains conspicuous, compact granules causing cyst
surface to become studded and, respectively, honey-
combed in lateral and surface view (Figs. 20, 2l).
Cytoplasm finely granulated, macronucleus tortuous.

Distribution: Protospatltidium serperzs is very likely
distributed worldwide and not strictly associated with
terrestrial biotopes because the type population was

found in a small, flooded trench. However, all popula-
tions mentioned above are from mosses and soils, sug-
gesting that P serpens pref'ers such biotopes.

Cyclidium ghucoma Müller, 1773 (Figs.26-30, Table 4)

This species has been frequently reported from terres-

trial biotopes worldwide, including Antarctica (Smith
1978). However, most records are very likely
misidentifications because C. glaucoma is a typical
freshwater ciliate and thus very rare in moss and soil,

Table 4. Morphometric data from Cyclidium glaucoma'

Character Min MaxSDxSD

Body, length
Body, width in lateral view
Body, width in ventral view
Distance anterior end to proximal vertex

of paroral membrane
Distance anterior end to adoral membranelle I
Distance anterior end to proximal

end of adoral membranelle 3

Distance anterior end to macronucleus
Distance anterior end to excretory pore
Macronucleus, length
Macronucleus, width
Macronuclei, number
Somatic kineties, number
Kinetids, number in somatic kinety 8

18.2
I 1.5
r0.0
10.4

1.6
7.2

2.8
17.3
4.1
4.3
1.6

r0.0
10.4

18.0
I I.0
10.0
10.0

1.5

7.0

3.0
17.0
5.0
4.0
1.0

t0.0
I r.0

1.9
1.4
1.1

0.5

0.4
0.6

0.3
1.3

0.5
0.8
0.9
0.6
0.8

0.6
0.4
0.3
0.2

0. I

0.2

0.1
0.4
0.1
0.2
0.2
0.2
0.2

10.7
I r.9
I t.0
4.9

24.0
8.4

12.0
7.8
9.9

18.4
56.5

6.3
7.8

2L
l5
t2
11

t5
l0

8

r0

ll
ll
ll
ll

ll
ll

ll
ll
ll
il
t4
il
lt

2

8

3

t9
5

5

4
ll
il

I

6

2

l5
4
J

I

9
9

' Data based on silver nitrate-impregnated (wet method) and mounted specimens from field- Measurements in pm. Abbreviations:
CV-coefficientofvariationinVo,M-median,Max-maximum,Min-minimum,n-numberofindividualsinvestigated,SD-standard
deviation, SD X - standard deviation of mean, x - arithmetic mean
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Figs. 26-30. Cyclid.ium glaucoma from life (26) and after wet silver nitrate impregnation (27 -30).26 - right lateral view of typical specimen;
27 - oblique- posterior polar view..Arrow marks pore of contractile vacuole; 28-29 - infraciliature of venträl and dorsal side. Ärrow marks pore
of contractilevacuole; 30-anteriorpolarview.Arrowmarksparoralmembrane.P-paroralmembrane.scalebardivision l0pm
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where C. muscicola and C. terricola are much more
frequent (Foissner 1987a; Table l). These species differ
from C. glaucoma by the distinctly subterminal location
of the contractile vacuole (Foissner 1995).

The Antarctic specimens from sites l7 and27 largely
match the freshwater populations studied so far (for
review see Foissner et al. 1994). Thus, only a brief
description is provided which should, in connecrion
with the detailed morphometry and figures, suffice to
recognize and characterize the terrestrial populations
from Antarctica.

Sizn in yiyo about 11-22 x 8-ll pm, usually 19 x 9
pm. Ellipsoid with narrowed, rather distinctly set off
anterior end (frontal plate), laterally slightly flattened
(Fig. 26). Macronucleus invariably in anterior third of
cell, disintegrated to 2-4 small globules in about half of
specimens (Table 4). Micronucleus in anterior indenta-
tion of macronucleus, compact and thus conspicuous in
live cells, rarely and only faintly impregnates with

protargol. Contractile vacuole invariably in posteriorend of
cell, with single excretory pore (diameter about I pm) at end
of kinery 2, rarcly between kineties 2 and 3 (Fig.27).

Somatic cilia in vivo abrlut 8 pm long, basal bodies
paired in anterior third of cell, however, not all dikinetids
have both basal bodies ciliated (Fig. 28). Caudal cilium
conspicuous, about 20 1tm long. Cilia not condensed in
posterior half of frst kinery left of oral apparatus, unlike
some, but not all, freshwater populations (Foissner et al.
1994). Oral structures very much like described by Didier
and Wilbert ( I 98 I ) and Foissner et al. ( 1994); basal bodies
not paired in anterior half of paroral membrane.

Notohymena antarctica sp. n. (Figs. 31-35, Table 5)

Diagnosis: size in vivo 80-ll0 x 30-40 pm. Cortical
granules yellow, mainly around cirral bases and dorsal
bristles. On average 31 adoral membranelles, 17 right
marginal cini, l8 left marginal cirri, 5 transverse cirri,
3 caudal cirri, and 6 dorsal kineties.

!..

a::..'j'

1P

,' ,'\it,.

.r'{(z
.: t 1:1

\::N.



110 W. Foissner

Type location: Deschnmpsia antarctica grass sward
from Signy Island, South Orkney Islands, Antarctica
(60.40's, 45"40'W).

Etymology: named after the continent found.
Description: shape prolate ellipsoidal, right side straight

or slightly concave, left ratherdistinctly convex, both ends

broadly rounded, flattened laterally up to 3 : I
(Figs. 3 L,34). Flexible like, e. g.,Orytricha granulifera.
Macronuclear nodules distinctly ellipsoidal (2: l), rather
close ( x = 7 pm) together in middle third of body to left
of midline. Usually one globular micronucleus attached to
each macronuclear nodule. Contractile vacuole in mid-
body at left margin, with two inconspicuous collecting
canals. Cytopyge in posterior end between transverse cirri
and left marginal cirral row; fecal balls contain yellowish
globules like those found in cytoplasm. Pellicle colourless,

flexible; cortical granules arranged in groups around cirral
bases and dorsal bristles (Fig. 33), yellow to yellow-green,
give cell yellowish colour at low magnification ( < x 100),

do not stain with protargol. Cytoplasm colourless, con-
tains some I -4 pm sized, yellowish fat globules and rather
many l-3 pm long crystals, mainly in posterior half
(Figs. 31, 32). Feeds on ciliates, heterotrophic flagellates
and, possibly, on bacteria. Scrabbles rather fast amongst
soil particles.

Marginal cirri about l5 pm long, frontal, transverse and
caudal cirri about 201tm long. Gap between posterior end

of marginal rows indistinct because left row extends to
midline of cell and indistinctly separate from caudal cirri.
Arrangement of ventral cirri oxytrichid, cirral number very
constant, i.e. 18, unlike as in N. austalis (Foissner and

O'Donoghue, 1990). Dorsal cilia about 3 pm long in vit,o,
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Figs. 3l-35. Notohlmsno antarctica from life (31-33) and after protargol impregnation (34-35). 3l - ventral view of typical specimen;
32 - cytoplasmic crystals; 33 - cortical granulation on dorsal side; 34:35 - infraciliature of ventral and dorsal side. Arrow marks hooked anterior
portion of paroral membrane, i- e. the genus character. Scale bar division l0 pm
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Table 5. Morphometric data from Notoltvntenaantarctica (upper line) and Sterkiella tltontpsorti (lower line)'

Character M SD SDX CV Min Mar

Body, length

Body, width

Anterior somatic end to proximal
end of adoral zone, distance

Posterior somalic end to posteriormost
transverse cirrus, distance

Distance between macronuclear nodules

Maclonuclear nodules, length

Macronuclear nodules, width

Micronuclei, length

Micronuclei, width

Macronuclear nodules, number

Micronuclei, number

Adoral membranelles, number

Right marginal cini, nr,rmber

Left marginal cirr-i. number

Anterior frontal cirri, number

Posterior frontal ciri, number

Buccal cirri, number

Postoral cirri, number

Ventral cirri ahead of transverse cirri,
number

Transverse cirri, number

Caudal cirri, number

Dorsal kineties, number

8-5 5

91 .0

30.4
40 1

32.4
403
30

87.0
97.0
310
380
32.0
41.0

1.0

5.8
t0,3
2.1

1.1

2.2
3.0
0.6

1.1

2.1

0.6
I.ti
0.1
08

^-)

61
107
1.0

tl .'/
6.8
1.4

21 .t

ll
l5
ll
I5
il
15

ll

10 91

82 lr5
28 34

31 56

7E 35

35 18
24

1.71.06.5 0.5 26.3 il

t2.9
r3l
1t
E9
3.2
2.4
2.8
t.9
?0
l0

2.0
302
34..1

16.8

223
t].9
17.8

3.0
3t
4.t)
4.0
1.0

1.0

3.0
3.t
2.0
2.0

5.0
5.1

3.0
2.0
6.0
4.0

r 3.0
13.0
10
90
3.0
2.1

3.0
2.0
20
30
2.0
1.0

I1.0
34.0
t] .o

27.0
r 8.0
t].0
3.0
1.0
,1.0

4t)
1.0

1.0

3.0
3.0
2.0
2.0

5.0
5.0
3.0
2.0
6.0
4.0

2.t
3.5
0.4
1.5

0.3
0.4
0.3
0.2
0
0.2
0.7
t.7
1.9

2.1

1.2

r.8
1.3

2.2
0

0
0
0
0
0
0.6
0
0
0

0
0
0
0

0.6
0.9
0.1
0.4
0.1
0.1

0.1

0.1

0
0.1

0.2
0.5
0.6
0.5
0.4
0.5
0.4
0.6
0

0
0
0
0
0
0.2
0
0
0

16.0
26.5

5.6
t].0
10.6
16.6

9.4
I r.6
0
15

)c <

84.2
64
60
69

1.3
12.4

0

II
l-5

il
l5
ll
14

ll
I4
ll

t20
I
I3
II
l5
l1

15

ll
t5
il
l5
ll
15

ll
l-5

1l
l5
ll
l5
lt
l5
ll
l5
1l

t5

l r 18

924
78
tt2
34
23
2.5 3

1.5 2.1.

22
24
l3
r6

n33
32 39

15 t9
19 25

16N
15 24
33
34
44
44
It
1l
33
25
22
22
55
56
JJ
22
66
44

0
0
0
0
0

19.3

0
0
0

0
0
0
0

;
0
0
0

'Data based on protargol-impregnated and mounted specimens from field. Measuremcnts in pm. Abbreviations: CV - coefficient of variation
inVo,M - median, Max - maximum, Min - minimum, n - numberof individuals investigated, SD - standard deviation, SD i - standard deviation
of mean, X - arithmetic mean

arranged in 6 rows (Fig. 35): rows 1 and4 slightly shortened
anteriorly, rows 2 and 3 as long as body, row 5 terminates
sub-equatorially, row 6 consists of about 5 dikinetids only
and ends pre-equatorially.

Ora[ apparatus and adoral zone of membranelles
conspicuous, occupy about3TVo ofbody length. Buccal
field rather large and deep, anterior portion semicircularly
curved, similar as in Cyrtohymena. Paroral and endoral
membrane conspicuously curved, intersect optically in

mid-portion, paroral distinctly longer than endoral, its
distal endhooked (main genus character), both very likely
composedof dikinetids (Fig. 3a).

Comparison with related species: Notohymena
antarctica is very similar to N. australis (Foissner and

O'Donoghue, 1990) Blatterer and Foissner, 1988 as

concerns size, shape, and cortical granules. However, it
has fewer adoral membranelles and marginal cirri and,

more importantly, only 3 caudal cirri. The unusual high
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number, viz. 6-8, of caudal cirri in N. austraLis has been

confirmed in a German population (Foissner, unpubl.) and

is thus a constant character.
Notohymena australis is also easily confused with

C),rtolrymena citrina, which is very similar in allcharac-
ters, except for the undulating membrane, which lacks the

anteriorly directed hook (Fig. 34). This character, which
is rather difficult to recognize, has been confirmed by
ontogenetic studies (Voss 1991).

Sterkiella tltompsorti sp. n. (Figs. 36-41 , Table 5)

Diagnosis: size irt vivo about 90-130 x 40-60 pm.
Three macronuclear nodules. On average 34 adoral
nrembranelles,22 right marginal cirri, l7 left marginal

cirri, and 5 transverse cirri. Four dorsal kineties with I

caudal cirrus each associated with kineties I and 3.

Type location: Drepanocladus uncinarzs moss frorri
Signy Island, South Orkney Islands, Antarctica (60'40'S,
45"40'W).

Dedication: named in honour of Jesse C. Thompson
Jr. (Roanoke College, Virginia, USA), who provided the
first reliable description of this species, but did not
establish it as a new taxon because he considered his data
as insufficient (see species comparisor-r); an honourable
practice which should be applied more often!

Description: usually broadiy parallel-sided, rarely
slightly bursiform (Fig. 36, 38), anterior end broadly
rounded, posterior narrowly rounded and often incon-
spicuously pointed. Rather rigid like, e. g., Sterkiella
hi s t r i o nt us c o ru nt and S ty lo nyc ltia p ust ulata,dorsoven-

?§
liE t

ffi,
a

t'
a

a

a

a

t .l

l' , t
l' I

a

a

,

a
a

I\,
\,

Figs.36-41 .Sterkiellathonrp.sonifromlife(36-38),afterwetsilvernitrateimpregnation(39)andprotargol impregnation(40-41).36-ventral
view of typical specimen;37-38 - lateral and ventral view of oviform specimen; 39 - ventral infraciliature of Oxytricha sp. (from Thompson
I 972), length about l00pm; 40-41 - infraciliature ofventral and dorsal side. Note that S. thompsoni has only three macronuclear nodules,
which is its main species character. Fusiform fibre bundles surround dorsal bristles (short arrows). Dorsal kinety 4 is shortened posteriorly
(long arrow). CV - contractile vacuole. Scale bardivision l0pm
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trally flattened up to 2: 1. Usually 3, very rarely 2 (ir-r

6 out of 120 specimens, Table 5; possibly postdividers)
or 4 slightly to distinctly ellipsoidal macronuclear
nodules in median of middle third of cell; middle
nodule often slightly smaller than anterior and poste-
rior ones. Micronuclei globular, number highly vari-
able, however, most specimens have only one (Table
5). Contractile vacuole in mid-body at left margin,
with 2 long collecting canals extending anteriorly and
posteriorly, anterior canal often with small dilatations
at level of buccal cavity (Fig. 38). Cortex colourless,
rigid, without special granules. Cytoplasm colourless,
contains many small, yellowish crystals, some 2-6
pLm sized, colourless fat globules, and food vacuoles
up to 10 pm in diameter. Feeds on bacteria, het-
erotrophic flageliates, green algae, diatorns and wheat
starch. Moves moderately fast, often resting for some
time and thus easy to observe.

Anterior frontal cirri, transverse cir ri and caudal cirri
about 30 pm, other cini 25 pm long. Marginal rows
open at posterior end, gap occupied by caudal cirri right
of cell median. Ventral cirral pattern as in other
oxytrichids s. str Dorsal cllia in vi vo about 3 pm long,
associated with distinct, oblique fibrillar structures
(Fig. al); arranged in 4 rows which, according to some

divisional stages found, originate as follows: row I
slightly shortened anteriorly and associated with right
caudal cirrus; row 2 as long as body; row 3 also extends
along whole body length but is associated with left
caudal cirrus; row 4 slightly but invariably shortened
posteriorly, originates close to right marginal row. Dor-
sal rows l-3 simply divide, i.e. none originates by
fragmentation as in many other oxytrichids, for in-
stance, S. histriomuscorum (Berger et al. 1985).

Oral apparatus and adoral zone of membranelles
conspicuous, occupy about42Vo ofbody length. Buccal
cavity rather large and deep, right margin thickened,
possibly by fibres or backwardly directed endoral cilia,
right half of cavity covered by hyaline lip. Paroral and
endoral membrane slightly curved, inconspicuously to
distinctly intersecting optically, both very likely com-
posed of dikinetids. Pharyngeal fibres inconspicuous.

Comparison with related species and generic classifi-
cation: Sterkiella thompsoni differs from its congeners by
the unusual number, viz. 3, of macronuclear nodules.
All other oxytrichids s. srr either have 2,4 or more
nodules. Thus, at first I supposed that S. thompsoni
could be a teratological population of .§. histriomus-
corum (2 nodules) or S. cavicola (4 nodules), especially
because some specimens with 2 or 4 macronuclei were
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found (see description). However, some variability is also
apparent in binucleate and quadrinucleate species, when
a large number of cells is analysed (Berger and Foissner
1987). Furthermore, the Antarctic population remained
constant over 4 weeks and some dividing cells showed that
only 3 macronuclear nodules are generated.

Finally, a detailed literature search showed that
oxytrichids with 3 macronuclear nodules have been
reported several times and, most surprisingly, mainly
from Antarctica. Thompson (1972) described and fig-
ured (Fig. 39) an Oxytricha sp. from a rock pool of the

Antarctic Peninsula having the same characteristics as

my specimens. Likewise, Sudzuki (1964) mentions an

Antarctic Opisthotricha with 2-3 macronuclei and a size

of 96-120 x 40-80 pm. All these forms are very likely
conspecific and S. thompsotti is thus obviously wide-
spread in Antarctica.

Seshachar and Kasturi Bai (1963) described an

Oxytricha sp. from a fish tank in India, which "differs
markedly in its nuclear constitution from the other
known species of the genus". This still unnamed
and very briefly described population has, iike
S. rltompsoni, 3 macronuclear nodules propagated
through many generations in ordinary laboratory cul-
tures. However, the Indian species is much larger
than 5. thompsoni, viz.200-450 x 100-150 pm. It is
thus very likely that several distinct oxytrichids with
3 macronuclear nodules exist.

The generic classification of §. thompsoni is difficult
and tentative because it possesses characters of several
oxytrichid genera, and S te rkie lla (formerly H istric ulus ;

Foissner et al. 1991) is still vaguely separated from
S4,lonychia arld Oxytriclra (Wirnsberger et al. 1986).

However, at least the general appearance, the inflexibil-
ity of the body, and the structure of the oral apparatus

strongly resemble S. histriomuscorum (Foissner 1982,
Berger et al. 1 985) and S. c avic ola (Berger and Foissner
1987). On the other hand, the simple dorsal infraciliature
of S. thompsoni is completely different from that of
Sterkiella (Berger et al. 1985), Stylonychia
(Wirnsberger et al. 1986) and Orytrichn (Foissner and

Adam 1983a), but highly reminiscent of Urosomoida
(Foissner and Adam 1983b, Ganner et al. 1987) and
Urosoma (Foissner 1983). Finally, the distinct fibres
around the dorsal bristles and the rigidity of the cortex
resemble stylonychid oxytrichids and Sty lonychia which,
however, has parallel undulating membranes. To sum
up, S. thompsoni is a further example of the bewildering
and still poorly understood diversity of oxytrichid
hypotrichs.
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Figs.42-47. IJrosomoida granulifera from life (42-45) and after protargol impregnation (46-47).42 - ventral view of-typical specimen;
43=- dorsal view showing cortiöal granule patches, i. e. the späcies öharacier; 44-45 - ventral and lateral view of broad specimen;
46-47 - infraciliature of ventral and dorsal side. Scale bar division I Opm

Figs.48-52.tJrosontoidaantarcricafromlife(48-50)andafterprotargolimpregnation(51-52).48-ventral viewoftypicalspecimen; 49-50-ventral
anälateralviewofbroadspecimen;51-52-infraciliatureofventralanddorsalside.Notethat U.antarcticahasonlytwopostoralcirri(arrow).
MI - micronucleus. Scale bardivision l0pm
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Urosomoid.a granuffira sp. n. (Figs. 12,42-47, Thble 6)

Diagnosis: size in vivo about 70-100 x 20-30 pm.
Cortical granules colourless, about I pm in diameter,
form smal[, irregularly arranged patches. On average 23
adoral membranelles, 24 right marginal cirri, 23 left
marginal cirri, 4 transverse cirri, and 2 caudal cirri.

Type location: Drepanocladus uncinalzs moss from
Livingstone Island, South Shetland Islands, Antarctica
(62"38'S, 61"04'W).

Etymology: granulifera (bearing granules) refers to the
main species character, viz. the cortical granules.

Description: shape highly variable, slenderly to
broadly elliptical or parallel-sided, sometimes slightly
fusiform, both ends narrowly to broadly rounded
(Figs. 42-44). Flexible like, e. g., U. agiliformis and
Oxytricha granulifera, dorsoventrally flattened up to
2 : 1. Usually 2, very rarely 3 distinctly ellipsoidal
macronuclear nodules in middle third of cell to left of
midline. Micronuclei ellipsoidal, number highly vari-
able, however, most specimens have 2 (Table 6).
Contractile vacuole in mid-body at left margin, with
2 inconspicuous collecting canals extending anteri-
orly and posteriorly. Cortex colourless, flexible, cor-
tical granules inconspicuous because colourless,
minute and sparse, form irregular groups composed
of up to 30 granules (Figs. 12, 43). Cytoplasm
colourless, contains many small, yellowish crystals.
Possibly feeds on bacteria. Movement moderately
rapid, scrabbling amongst soil particles.

Anterior frontal cirri, transverse cirri and caudal cirri
about 18pm, other cini 12pm long. Marginal rows open
at posterior end, gap occupied by posteriormost trans-
verse cirrus and caudal cirri. Ventral and dorsal
infraciliature very similar, if not to say identical to that
of U. agilifurmis (cp. Ganner et al. 1987). Dorsal cilia
4;rm long in vivo.

Oral apparatus and adoral zone of membranelles also
very similar to that of U. agiliformis,i.e. inconspicuous,
occupy about 347o of body length, bases of largest
membranelles in vivo about 7 pm wide. Buccal cavity
narrow and flat, right half and posterior third of adoral
zone covered by hyaline lip. Paroral and endoral mem-
brane almost straight, extend side by side diverging
posteriorly. Pharyngeal fibres inconspicuous.

Comparison with related species: the new species
is most similar to U. agildorzis Foissner, 1982 as
concerns size, shape and most morphometric and
morphologic characteristics of the infraciliature. How-
ever, U. agilifurmis and other similar oxytrichids
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discussed by Ganner et al. ( 1987) lack cortical granules. In
this respect, U. granulifera resembles U. agilis whose
granules, however, usually have a yellowish to reddish
colour. Furthermore, U. agilis has 3 caudal cirri and its
posterior portion is always more or less distinctly elongated
(Berger and Foissner 1987, Foissner 1982). Urosomoida
minima Hemberger, 1985 has only 14-15 adoral
membranelles and an unusual number, viz. 5, of posterior
frontal cirri. Urosomoida perthensis Foissner and
O'Donoghue, 1990 has 3 caudal cirri and a single micro-
nucleus interposed between the macronuclear nodules.

arosomoida antarctica sp. n. (Figs. 48-52, Thble 6)

Diagnosis: size in vivo about 60-7 5 x 25-35 pm. Two
postoral ventral cirri,2 caudal cini, 4 dorsal kineties. On
average 20 adoral membranelles, l7 right marginal cirri,
l9 left marginal cirri, and 5 transverse cimi.

Type location: soil from Garwood Valley, South
Victoria Land, Antarctica (about 160"E, 78"S).

Etymology: named after the continent found.
Description: shape broadly elliptical, posteriad usu-

ally slightly widened, both ends broadly rounded
(Figs.48, 49). Flexible like, e. g.,Oxytricha granulifera
and U. granulifera, and dorsoventrally flattened up to
2 : l. Macronuclear nodules distinctly ellipsoidal, in
middle third of cell to left of midline. Micronuclei
slightly ellipsoidal, number rather variable, if only I is
present it is usually attached to the anterior macro-
nuclear nodule. Contractile vacuole in mid-body near
left margin, without distinct collecting canals. Cortex
colourless, flexible, without special granules. Cyto-
plasm colourless, contains many 2-3ytmsized, colourless
fat globules, some small vacuoles with yellowish,
crystalline content, and many 4-6 pm sized food
vacuoles. Feeds on bacteria and, possibly, also on
heterotrophic flagellates and small naked amoebae.
Moves slowly.

All cirri strikingly thin, anterior frontal cirri, trans-
verse cirri and caudal cirri about 18 pm, other cirri
l2 pm long. Marginal rows open widely at posterior end,
gap occupied by posteriormost transverse cirri and cau-
dal cirri. Ventral and dorsal infraciliature very similar to
that of U.agiliformis (cp. Ganner et al. 1987), except for
the lackipg third postoral cimrs and the normal set of
transverse cirri (Fig. 5l). Dorsal cilia 3 pm long; kinety
I shortened anteriorly , kinety 4 terminates pre-equatorially
(Fig.52).

Oral apparatus and adoral zone of membranelles
inconspicuous, occupy about32Vo of body length, bases
of largest membranelles in vivo about 6 pm wide.
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Table 6. Morphometric data from IJrosornoida granulifera (upper line) and U. antorctica (lower line)'

Character SD SDX Min Max

Body, length

Body, rvidth

Anterior somatic end to proxtrlal end

of adoral z-one, distance
Distance bctween rnacronuclear rlocir-r lcs

lv'lacronuclear nodules, length

Macronuclear nodules, width

Micronuclei, length

N{icronuclei, wiclth

Macronuclear nodulcs, nuurber

Micronuclei, numbet

Adoral membranelles, number

Riglrt rnarginal ciri. ntruber

Lc[t rrrrrginel citri. tttrmlrcr

Anterior frontel cirri, nun'rber

Posterior frontal cirri, nutnbct

Buccal cirri, nurrber

PostoraI cirri, number

Ventral cirri ahead of transverse
cirri, number

Transverse cirri, number

Caudal ciri, number

Dorsal kineties, number

13.9
6r.6
2t.5
21.3
1r' Q

19.6

29
5..1

t5.6
ll5
5.1
76
3r)
2E
24
)_1

2l
20
3.i
I .-5

23.7
19 5

24.1

t7 t)

23i
19.9

3.0
3.0
39
4.0

1.0

1.0

2.9
2.0
2.0
2.0
3.9
5.1

7.0
2.0
4.0
4.0

(r2.0

2r.5
28.0
24.5
20.0

3.0
50

l_5 5

li.0
_5.-5

1o
3.0
23
2)
2.-5

2.0
2.0
2.0
t0

230
200
140
17 0

23.0
r9.0
3.0
30
,1.0

4.0

1.0

1.0

_3.0

2.0
2.0
2.0
4.0
5.0
2.0
2.0
4.0
4.0

0
2.1

0.1
19
0.8
31
I2
3.2
2.1

0
0

t2.4
8.9

14.6
t2.t
8.7
5.3

73.8
41.2
16.3

I 1.6

13.7

t3.1

I1.8
t8.1
t7.3

0
61.0
45.2
1.9
4.0

t5.2
1.2

13.1

10.3

0
0

90
70
29
33
29

2t
7

l0
20

t7
1

l0
3.5
3

3

2.8
3

2

8

3

2l
2t
30
19

»
24

3

3

4
4
I

I
3

2
2
2
4
6
2
2
4
4

t2
t3
I2
t3
t2
l3
t2
l3
t2
t3
t2
l3
t2
l3
t2
t3
t2
I3
t2
l3
12

t3

17

r3
t2
r3
12

l3
t2
t3
12

13

t2
l3
12

13

12

13

12

l3
t2
13

2.1
l.-5

0.9
0.9
0.6
0.3
0.6
0.6
0.1
0.4
0.2
03

9.2
5.4
3.1

J.J
2.2
1.0

2.2
2.2
2.5
r.6
0.8
1.0

0.3
0.5
0.4

59
52
l1
22
22
l8
0
2

t2
ll
5

6
3

1.8

2

1.6

2

2
2

1

2t
l8
16

14

t7
t7

3

3

3

4
1

I

2

2

2

2
J
5

2
2
4
4

0
0
0

0
0
0

0
i)
0
0

0. 1

0. 1

0. I

0
06
0.2
05
0.2
l.t
0.3
0.9
0.6
0
0

0
0
0

0
0
0

;
0
0
0

' Data based on protargol-impregnated and mounted specimens from field. Measurements in pm. Abbreviations: CV - coefficient of variation

in Vo, M - mediän, Mäx - maximum, Min - minimum, n - number of individuals investigated, SD - standard deviation, SD X - standard

deviation of mean, x - arithmetic mean

Buccal cavity niurow and flat. Paroral and endoral

membrane almost straight, slightly intersecting opti-
cally. Pharyngeal fibres inconspicuous.

Comparison with related species: the generic clas-
sification of U. antarctica is uncertain and requires
ontogenetic data. The arrangement of the undulating
membranes and the full set of transverse cirri indicate
that it might belong to Oxytricha, whereas the re-
duced number of postoral and caudal cirri and the

simple dorsal infraciliature resemble U rosomoida. In

any case, this species has a unique combination of
characters (see diagnosis) not found in any other
known species.

Oxytricha lanceolatn Shibuya, 1930 @gs. 53-56, Thble 7)

This species is well-known (Berger and Foissner
1987, 1989) and mentioned in some detail only be-

cause it is one of the many examples that geographi-
cally widely distant ciliate populations are often sur-
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Figs. 53-56. Orytricha lanceolata from life (53-54) and after protargol impregnation (55-56). 53 - ventral view of typical specimen;
54 - development of cytoplasmic crystals; 55-56 - infraciliature of ventral and dorsal side. Arrow marks a short, fifth dorsal kinety found in
few specimens. Scale bar division l0 pm
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prisingly similar. This is sustained by recent molecular
biological data (Bowers and Pratt 1995). The Antarctic
population of O. lanceolatais morphologically and mor-
phometrically inseparable from the European populations.
The median values of the main characters (see below) match
exactly Clable 7).

Taking the 3 populations investigated so far,
O. lanceolata can be characterized as follows: length uz

vivo 80-L20 pm (75-l l0 pm in protargol slides), 2 macro-
nuclear nodules, 2 micronuclei, 23-30 (M = 27 -28) adoral
membranelles,25-33 (M = 28-29) right marginal cirri,
25-35 (M = 3l-32) left marginal cirri, 5 transverse cirri, 3
caudal cirri,4 dorsal kineties. The most importantcharacter,
as compared with the typicaloxytrichid ventral cirral pattem

and number, is the reduced number of dorsal kineties with
kinety 4 distinctly shortened posteriorly. Furthermore, all
populations lack special cortical granules, which $eatly
facilitates in vivo separation from an other frequent and

rather similar soil species, viz. O. granulifera.

Paruroleptus notabilis Foissner, 1982 (Figs. 57-63,
Table 8)

Description of Antarctic population: sizein vivo 90-
140 x 15-20pm. Slenderly ellipsoid to slightly sigmoi-
dal and/or pisciform, i.e. rather distinctly narrowed
posteriorly (Figs. 57,59). Very flexible and dorsoven-
trally inconspicuously to distinctly (up to 2 : 1)
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Table 7. Morphometric data from Orytricha lanceolata. Upper [ine: Antarctic population; middle Iine. Austrian population (frorn

Berger and Foissner 1987); lower line: population from Madeira, Portugal (fronr Berger and Foi.ssner I989)'

Character SDx CV Max

Body, length

Body, width

Anterior somatic end to proximal end

of adoral zone, distance

Distance be$veen nracronuclear nodules

Macronuclear nodules. Iength

Macronuclear nodules, width

Mrcronuclei, length

Micronuclei, width

Macronuclear nodules, number

Micronuclei, number

Adoral membranelles, number

Right marginal cirri, nr:mber

Left marginal cirri. number

Anterior frontal cirri, number

Posterior frontal cirri, number

Buccal cirri, number

Postoral cirri, number

Ventral cirri ahead of transverse cirri, number

Transverse cirri, number

Caudal cirri, number

93.s
87.9
94.5
34.9
30.8
34.2
29.4
27.5
30. l
4.5
3.9
8.5

16.5
15.3
13.9
9.0
7.8
6.9
4.0
2.8
2.8
3.7
2.7

2.6
2.0
2.0
2.0
2.0
2.1

1.8

27.9
26.5
27.6
28.8
28.4
28.5
30.0
3t.4
3t.7
3.0
3.0
3.0
4.6
4.0
4.0
1.0
1.0
1.0

3.0
3.0
3.0
2.1
2.0
2.0
5.2
5.1

5.0
3.0
3.6
3.0

9t.0
89.s
96.0
34.0
30.0
34.5
29.0
27.5
31.5
4.0
3.0

10.0
16.0
14.5

t4.5
9.0
7.0
7.0
4.0
2.8
2.8
3.5
2;t
2.6
2.0
2.0
2.0
2.0
2.0
2.0

28.0
27.0
28.0
29.0
29.0
28.0
31.0
3r.5
32.0
'3.0
3.0
3.0
4.0
4.0
4.0
1.0
1.0
1.0

3.0
3.0
3.0
2.0
2.0
2.0
5.0
5.0
5.0
3.0
3.0
3.0

1.1

1.3
t2.2
4.8
3-5

1_4

l.r1

ll
3.5

1.5

3.0
2.1
2.3
2.3
r6
1.3

l.l
09
0.3
02
0t
02
0. I

0.7
0
0
0
0
0.7
0.6
1.4

1.5

0.8
2.2
2.0
1.9

2.6
2.6

3.6
0
0
0
1.0

0.4
0
0
0
0
0
0
0

22
2.1

3.8
1.-5

t0
l.l
0.4
0l
l.l
05
09
0t
l)l
o1
0.5

0.4
0.3
0.3
0. l

0l
0.1

0.1

0. I

0.1

0
0
0
0
0.2
0.2
0.4

0.4
0.3
0.1
0.6
0.6
0.8
0.8
II

0
0
0
0.3
0.1

0
0
0
0
0
0
0

1.6

83
129
13 8

I 1.4

r 0.0
4.6
3.9

l 1.6

332
1l .3

320
t4)
t49
I l._5

14.9

13 6

12.1

16
5.1
2.2
6.1

-53
6.0
0
0
0
0

32.1
35. l
5.2
5.5
3.1

1.6
1.1

6.7
8.8
8.4

I 1.3

0
0

0
22.1

10.7

0
0
0
0
0
0
0

87

75

70
28

n
29

2'7

25

24

2

I

3

13

t3
10

1

1

5

3.5

25
fo

3.5

2.5

2
2

2

2

I

I

/f)
23
'2-6

25

25
'26

25

n
1)

J

3

J
4
3

4

ll0
r00
l0E
46

39

42

32

2L)

?A

1

t7
lt
20

2t
t5
ll
10

8

4.5

-1

3

1.2
3

2.E

2
2

2

2

3

3

30
28

29
33

32

32

34

35,x

3

3

3
'1

5

4

000
000

0;0
000
t.3 0.4 36.6
000
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Tabte 8.(con)

Dorsal kineties, number

'Data based on protargol-impregnated and mounted specimens from field. Measurements in prm. Abbreviations: CV - coefficient of variation
in7o,M - median, Max - maximum, Min - minimum, n - number of individuals investigated, SD - standard deviation, SD X - standard
deviation of mean, x - arithmetic mean
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att,

Figs. 57-63. Paruroleptus notabilis from life (57-59) and after protargol impregnation (60-63 ). 57 -59 - ventral views of typical specimens;
'58-corticalgranulationaroundcirrianddorsal bristles;60-61-infraciliatureofventralanddorsal sideofspecimenwithfewmacronuclearnodules;
62-63-variabilityofnuclearapparatus.Ml-micronucleus.Scalebardivision l0pm
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flattened. Macronuclear nodules globular to ellipsoidal, ar-

ranged in 2-3 loose rows mainly in left half of cell (Figs. 6l -
63). Micronuclei conspicuous because compact and large,in
vivo up to 7 x 3 pm, usually 1 each near end of macronuclear
chain, stain weakly with protargol. Contractile vacuole
slightly above mid-body. Cortex flexible, contains tiny
(diameter < 0.5 p.m), colourless granules mainly around
cirral bases and dorsal bristles. Cytoplasm colourless,
without crystalline inclusions, posterior portion usually
filled with 2-51tm sized, colourless fat globules. Glides
and swims rather slowly.

Somatic and oral infraciliature as described in the
other populations, differing mainly in some morpho-
metric characteristics (Table 8). Transverse and cau-
dal cirri distinct; 1 isolated cirrus at end of midventral
row (n = 10). Oral apparatus inconspicuous, adoral
zone of membranelles occupies only about 24Vo of
body length, bases of largest membranelles 6 pm
wide in vivo. Buccal cavity narrow and flat, almost
entirely covered by very hyaline lip. Faroral and

endoral membrane slightly curved, intersect optically,
paroralconspicuously short, i.e. about half the length
ofendoral (Fig.60). Pharyngeal fibres conspicuous but
not surrounded by special structures as in Austrian and
A ustral ian populations.

Comparison with other populations (Table 8): as

Blatterer and Foissner (1988) mentioned, P. notabiLis is

a difficult species. As yet, four populations have been

studied (Table 8). All differ in some important details. The
Antarctic specimens resemble the German population
best, especially in the inconspicuous cortical granules.
However, they have slightly more adoral membranelles,
a distinctly higher number of marginal cirri, and fewer
macronuclear nodules and dorsal kineties. Furthermore,
the macronuclear nodules are more regularly arranged
than in the other populations in which they are irregularly
distributed. Similar differences are found also between
the other populations. Thus, it seems reasonable to
consider all populations as conspecific, at least at the
present state of knowledge.

Table 8. Morphometric data from Paruroleptus notabilis.lst line: Antarctic population; 2nd line: Australian population (from Blatterer
and Foissner 1988);3rd line: German population (from Berger and Foissner 1987);4th line: Austrian type population (from Foissner
1982)'

Character MaxMinSDx

Body, length

Body, width

Anterior somatic end to proximal end
of adoral zone, distance

Anterior somatic end to proximal end
of midventral row, distance

Macronuclear nodules, length

Macronuclear nodules, width

Micronuclei, length

Micronuclei, width

103.5
158.8
93.6

163.3
14.9
36.5
r6.5
17.3
23.8
40.4
21.2
32.7
54.7
80.2
32.s
74.0

5.0
5.0
4.9
5.0
2.9
3.1
2.7
2.2
3.5
4.0

l0 1.5

153.0
94.0

15.0
38.0
15.0

24.0
41.0
2t.0

54.0
83.0
32.0

5.0
4.6
5.0

3.0
3.0
2.9

3.5
3.9

I 1.4
21.8
n.2

1.4

6.9
3.9

2.0
4.t

-2.3

8.0
9.3
4.3

1.3

1.9
1.0

0.2
0.2
0.4

0.5
0.9

3.6
6.6
).4

o.t
2.1

t.2

0.6
1.2
0.7

2.5

2.8
1.3

0.4
0.6
0.3

0. I

0.1
0.1

0.2
0.3

r 1.0

13.7
I 1.9

9.7
r8.8
23.3

8.4
10. I

10.9

14.6

IL6
13.3

24.9
37.8
20.4

1.3
6.5

14.6

l5.l
23.0

81
136
14

150
l3
23
t3
t3
20
35
l8
3Z
42
67
25
61

3.5
3

3

3.9
2.5
2.8
2

t.7
3

2.8

130
198
110
180

17

46
25
20
26
47
27
.5 -t
'tr
95
39
8l

7

7.6
6
6
3

3.5
3

2.7
4
6

l0
lt
l1
3

l0
n
il

3

10

1t
tl

3

l0
lt
ll
2

10

l1
l0

3

l0
ll
l0

3

l0
lt

l0
lt

2

1.5

2.8 3.0 0.3 0.1
2.4 2.3 0.6 0.2

r r.8
27.2

3

3.2

,j



Moss and soil ciliates of Antarctica l2l

Tabte 8.(con.)

Macronuclear nodules, number

Micronuclei, number

Adoral membranelles, number

Right marginal cirri, number

Left marginal cirri, number

Midventral pairs, number

Anterior frontal cirri, number

Frontoterminal cirri, number

Buccal cirri, number

Ventral cirri ahead of transverse cirri,
number

Transverse cirri, number

Caudal cirri, number

Dorsal kineties, number

23.4
55.5
30.6
about 70

2.4
2.2

24.5 5.5 t.7
55.0 6.9 2.t
3 r.0 3.1 0.9

2.5 0.'t 0.2
2.0 0.8 0.2

23.3
12.5
10.2

tz
41
25

29.t l
34.4 I

t0
ll
ll
3

l0
ll

30
69
35

3

4

21.3
3t.6
t6.1
29.1
30.s
33.5
22.5
36.3
30. r

39.5
24.0
39.5

8.0
9.5
6.5

r0.0
3.0
3.0
3.0
3.0
2.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
1.6
1.8

21.5
3 r.0
t7.0

30.0
33.0
23.0

3 r.0
39.0
24.0

8.0
9.0
6.0

3.0
3.0
3.0

2.0
2.0
2.0

1.0

1.0
1.0

4.4
3.1
2.2

4.1
o_4

1.3

1.2

7.4
10.0
3.9

t4.4
I 1.0

9.6

r 5.7
16.3

5.3

14.4

,;

:
0
0
0

0
0
0

43.7
25.8

t9
26
l6
10

28
l8
)z
22
32
22
32

6
1

4

9
3

2

3

3

2

2
2

2
I

I

I

I

I

I

l0
ll
ll
3

l0
il
il
3

t0
1l
1l
4

r0
ll
ll
2

l0
ll
1l

-)

l0
ll
ll

1

t0
l1
lt
3

l0
t2

23
36
l8
35
39
4l
25
42
38
55
27
45
t0
l3

7

l0
3

4

3

3

2

2

2

2

l0
l1
ll
5

l0
lt
ll
3

3

tl
ll
J

.
28.5

0
0
0

0.'t 0.2
0.9 0.2
0 7 0-.2

00
0.7 0.2

00
00
00

4.1
2.9
1.7
4.2
3.1
3.0
2.3
3.0
3.0
4.0
4.0
3.0

1.6

3.2
0.1

05
1.0

0.2

t.4
t.l
0.7

1.5

1.9

0.4

0.4

00

00
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