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Morphology and Morphogenesis of Lamtostyla edaphoni Berger and Foissner
ard Onychodromopsis flexilis Stokes, Tivo Hypotrichs (Protozoa: Cilio-
phora) from Antarctic Soils

Wolfgang PETZ and Wilhelm FOISSNER

Universität Salzburg, Institut für Zoologie, Salzburg, Austria I

Summary. The morphology and morphogenesis of Lamtostyla edaphoni Berger and Foissner, 1987 and Onychodromopsis flexilis
Stokes, 1887 were investigated using silver impregnation and scanning electron microscopy. Stomatogenesis of L. edaphoni
commences apokinetally near the leftmost transverse cirrus, like in L. perisincirua, L. hyalina and L. australis nov. comb. This
distinguishes I amtostyla from Amphisiella, whose oral primordium originates parakinetally from the amphisiellid median cirral r{w
(ACR). Five cirral anlagen develop. In the proter, the undulating membranes, the buccal cirrus and the cirrus left of the ACR each
provides one streak, two anlagen derive from the ACR. In the opisthe, the oral primordium produces the anlage for the undulating
membranes and very likely three cirral streaks; one anlage develops at the posterior end of the ACR. The new ACR is formed by
alignment of the two rightmost cirral anlagen, proving that Lamtostyla belongs to the Amphisiellidae. Based on these data, improved
definitions are given for all amphisiellid genera. Onychodromopsis flexilis is redescribed emphasizing somatic variation and the fine
structure of the oral apparatus. It has cortical granules and an oxytrichid FVT-cirral pattern but two to three right and one to two
left marginal rows. The morphogenetic processes are very similar to those of Oxytricha granuliftra.In the opisthe, cirrus Iy12,Yl
3 andY14 each provides one streak (anlagen 4-6), and three streaks (anlagen 1-3) originate from the oral primordium and/or the
posterior ends of anlagen 4-6. 'fhe anlagen of the proter originate from the paroral membrane, cirri lll2, llll2 and IV/3, and by
splitting of the opisthe's anlagen 5 and 6. Two marginal anlagen each develop in the outer right and inner left marginal row; the
inner right and outer left row remain unchanged and are later resorbed. Physiological regeneration resembles development in the
proter. However, cirrus V/3 is inactive and the anlagen 5 and 6 originate from cirri IY12 and V/4, respectively. The data show that
O. flexilis belongs to the Oxytrichidae and is closely related to Oxytricha.
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INTRODUCTION

The interphasic cirral pattern is a rather ambiguous
character for the generic classification of hypotrichs
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Salzburg, Institut für Zoologie, Hellbrunnerstrasse 34,
A-5020 Salzburg, Austria; FAX: +43 (0) 662 8044 5698;
E-mail: WOLFGANG.PETZ @ MH.SBG.AC.AT

because similar patterns may originate by different
ontogenetic processes (Eigner and Foissner 1994,Eigner
1995 ). Therefore, morphogenetic features are increas-
ingly used for distinguishing genera, families and orders
(e.g. Borror 1972, 1979; Wicklow 1982; Eigner and

Foissner 1994; Eigner 1995). In the present study, we
describe the morphogenesis of Lamtostyla edaphoni, an

amphisiellid hypotrich formerly assigned to the
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oxytrichids, and Onychodromopsis flexilis, a rather
poorly known oxytrichid ciliate.

MATERIALS AND METHODS, TYPE SLIDES

Lamtostyla edaphoni, population I, was collected on
14.11.1993 in the 0-0.5 cm soil layer at Casey Station, Budd
Coast, Wilkes Land, continental Antarctica, 66'17'S, 1 10'32'E,
ca. 40 m NN. The ice-free surface is a cold-desert soil consisting
of weathered charnockitic, granitic and gneissic debris (feeifield)
containing very little organic material, mainly from epilithic
algae and lichens; macroscopic vegetation is almost lacking.
Daytime temperature is generally distinctly higher in soil than
in air, i.e. often above freezing; it is usually below zero at night.
In winter the area is covered with snow and ice.

Immediately after collection, the soil was saturated with deion-
ized water in glass Petri dishes of 20 cm diameter, providing raw
cultures. Morphogenesis was studied in pure cultures initiated with
a few specimens from the raw cultures; a mixture of indigenous
bacteria and snow algae (Parmellopsis sp., Stichococcus sp.,

Macrochloris sp.) from cultures was used as food.
Population II was found in moss collected by Dr R. I. L. Smith

(British Antarctic Survey) on 23.03. 198 1 at Charlotte B ay, Andrde
Island, maritime Antarctic,64"3l'S, 61"30'W. The air-dried sample

was treated with the non-flooded Petri dish method (Foissner

1 987).
Onychodromopsis Jlexilis was found on 18.01.1993 in moss

collected by Dr J. Cooper (University of Cape Town) at the coast
ofCore Bay, Prince Edward Island, Prince Edward Islands, Suban-

tarctic, 46"35'S, 37'56'E (Foissner 1996). A raw culture was

established following the non-flooded Petri dish method (Foissner

1987). Morphogenesis was studied in pure cultures using a few
crushed wheat grains to support growth of bacteria and small
ciliates which served as food organisms.

Live observations and measurements are mostly from field
material (L. edaphoni) and raw cultures (O. flexilis) . The live
measurements provide only rough estimates but are valuable
because specimens usually shrink or contract during fixation
and preparation. Biomass was estimated from biovolume using
a conversion factor of 1 pm3 = I pg protoplasm (Finlay 1982);
volume was calculated using in vivo dimensions and applying
standard geometric figures to cells. Specimens from raw and/
or pure cultures were impregnated with protargol according to
Wilbert (1975) or Foissner's Protocol A (199 I ; population II of
L. edaphoni), and used for morphometry; counts and measure-
ments were performed at x 1000 magnification (l measuring
unit = 1.3 pm). Drawings were made using a camera lucida.
Statistics were calculated according to textbooks. Terminology
mainly follows Kahl ( 1932), Wallengren ( 1900) and Eigner and

Foissner (1994\.
Soil pH (in deionized water) was measured using an elec-

trode, humidity and loss-on-ignition (unsifted soil) were as-

sessed after air-drying and heating to 550"C, respectively.
Neotype slides of O. flexilis and voucher slides of

L. edaphoni are deposited in the collection of microscopic
slides of the Oberösterreichische Ländesmuseum in Linz
1LI1. Austria.

RESULTS

Morphology and morphogenesis of Lamtostyla
edaphoni Berger and Foissnerrl9ST

Morphology (Figs. 1-4, Table 1)

The Antarctic populations are very similar to the type
specimens found in a bundle of straw in Austria. Thus,
only supplementary observations of population I and a

comprehensive morphometric characterization are pro-
vided. In vivo 55-80 (rarely up to 120) x 18-25 pm,
flexible, usually rather transparent at low magnifica-
tion. Macronuclear nodules in vivo l5-18 x 7-8 pm.
One to four micronrclei,2.5-3 pm across in vivo, in
variable position attached to macronuclear nodules.
Contractile vacuole slightly anterior to or in mid-body,
on left margin, without collecting canals (Fig. 1). Food
vacuoles contained dark and bright green debris (flagel-
lates, algae), rarely fungi. Crawls moderately fast,
quickly going back and forth; thigmotactic, i.e. not easy

to take with pipette.
Frontal cirri composed of 2-3, all other cirri of

2 basal body rows; however, bases of frontal cirri,
buccal cirrus and cirrus left of amphisiellid median
cirral row (ACR, Eigner and Foissner 1994l. formerly
frontal row) slightly elongated and thus also larger (Fig.
Z).Yery rarely (in 2 out of about 70 specimens), a short
second row of 3-4 cirri left of ACR's posterior portion,
possibly remnants from last division (Fig.  ). Number
of marginal cirri distinctly higher in cultured speci-
mens, but other characters similar to field material
(Table l).

Buccal field very nalrow. Adoral zone of membranelles

aboü 307o of body length, cilia about 16 pm long.
Undulating membranes often almost parallel, posterior
portions rarely optically intersecting; each membrane
possibly composed of single basal body row, cilia in vivo
5-6 trrm long. Pharyngeal fibres 9-12pm long in protargol
impregnated specimens (Fig. 2).

Occurrence and ecology: Lamtostyla edaphoni
was found at two sites of the Budd Coast, viz. in
mineral debris overgrown with Usnea sphacelata (li-
chen) at Casey Station and in mineral debris cov-
ered with Prasiola crispa (alga) at the margin of a

small melt pool on Shirley Island (Windmill Is-
lands, 66"17'5, ll0"Z9'8, about 15 m NN). At
these sites, L. edaphoni occurred together with nema-

todes, rotifers, tardigrades, green flagellates and ciliates,
viz. Colpoda cucullus, Colpoda infl,ata, Euplotes sp.,
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Figs. 1-4. Lamtostyla edaphoni from life (1) and after protargol impregnation (2-4). I - ventral view of a typical specimen. Arrow marks
cytopyge; 2,3 - rnfractliature ofventral and dorsal side ofsame specimen;4 - ventral view showing surplus cirral row (arrorv) adjacent to ACR.
ACR - amphisiellid median cirral row, Em - endoral membrane, Pm - paroral membrane. Scale bar division 10 ;,rm

--,1-
t_,/i

:-,-

I

Holosticha sigmoidea, Keronopsis muscicola, Lepto-
pharynx costatus, Odontochlamys sp., Pseudo-
chilodonopsis mutabilis, Pseudoholophrya terricola,
Pseudoplatyophrya nana, Sathrophilus muscorum,
Spathidium sp n. and S. clavifurme. Environmental
pammeters in soil: humidity up to 26.6Vo of wet mass,

loss-on-ignition <l-7 .8Vo of dry mass, pH 5.1-6.6. Bio-
mass of 106 individuals: 16 mg.

Population II was associated with the moss
B rachythe c ium au stro - s al e bro s um.

Comparison with type specimens and related spe-
cies: The Antarctic specimens are very similarto those of
the type population (Berger and Foissner 1987). The most
conspicuous difference is the slightly higher number of
cirri composing the median cirral row in population I
(X = 9.5 vs. 8.0), which thus extends slightly beyond the
proximal buccal vertex. This number matches that of
L. lamottei Buitkamp, 1977 which has, however, three

cirri left of the ACR, suggesting that it develops six
frontoventral anlagen. Other minor differences to the
type specimens concern the size of the macronuclear
nodules (about 16-17 vs. 9-10 pm) and the position of
the contractile vacuole, viz. on left margin vs. displaced
towards the midline (Berger and Foissner 1987,1988).

These differences are considered to be dite-specific
variations insufficient for separating population I as a
distincttaxon. This is sustainedby the significantly changed

numbers of marginal cirri in specimens from pure cultures
(Table 1). Furthermore, the ACR of population II also

extends slightly beyond the proximal buccal vertex al-
though its cirral number is the same as in the type
specimens (Table 1).

Morphogenesis (Figs. 5- 16)

Ontogenesis is very difficult to study in L. edaphoni
because it is small and all cirri and primordia are very
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Table I . Morphometric characteristics from Inmtostyla edaphonil . First line: raw culture of population I; second line: pure culture of
population I; third line: raw culture ofpopulation II

Character CV

Body, length

Body, width

Anterior macronuclear nodule, length

Anterior macronuclear nodule, width

Posterior macronuclear nodule, length

Posterior macronuclear nodule, width

Micronucleus, length

Micronuctreus, width

Adoral zone, length

Paroral membrane, length

Endoral membrane, length

Apex to posterior end of ACR, distance

Macronuclear nodules, number

Micronuclei, number

Adoral membranelles. num-ber

Left marginal cirri, number

Right marginal cirri, number

Frontal cirri, number

Buccal cirri, number

76.8
19.8
57.5
21.4
30.8
t7.3
t6.4
18. r

1 1.82
'7.4

9.2
4.82

17.4
18.5

l

29.2
28.0
19.5
2.0
2.0
2.0
2.0
1.9

2.3
16.8
17.4
16.1

t7.7
25.4
15.3
18.2
24.4
15.5

3.0
3.0
3.0
1.0

1.0

1.0

0.08
0.09
0. l0
0.08
0.10
0.06
0.55
o.M
0.40
0.33
0.24

12.9
t4.5
15.1

12.9

16.3

12.9
13.1

8.4
7.9

t7.5
10.5

2.0
2.0
2.0
2.0
2.0
1.5

16.0
18.0
16.0
7.0
7.0

'7.0

6.5

19.0
23.0
17.0
2.0
2.0
2.0
1.0

1.0

1.0

14.0
16.0
15.0
13.0
20.0
13.0
15.0
21.0
13.0
2.0
3.0
3.0
1.0
1.0
1.0

78.0 10.4 1.87

81.0 7.4 2.05

s6.0 3.5 1.06

27.0 5.0 0.90
30.0 4.0 t.t2
17 .0 1.9 0.56
16.0 3.6 0.65
17.8 2.2 0.59
12.0 1.2 0.35
7.5 1.3 0.22
9.0 0.9 0.24
5.0 0.8 0.23

16.0 3.8 0.68
18.8 3.9 1.03

13.5

9.3
6.1

r 8.3
13. 1

t0.7
22.2
12.2
9.9

16.8

9.7
15.6
21.7
2t.o

109.0
92.0
63.0
39.0
38.0
20.0
25.0
22.5

13.0
10.0
I r.0
6.0

26.0
26.0

55.0
62.0
52.0
20.0
25.0
15.0
11.0

13.0
9.0
5.0
8.0
4.0

12.0
11.5

31

l3
ll
3l
13

11

31

t4
11

31

t4
11

31

)4

7.0
9.0

3.0
2.5
2.0

3.0
2.5
1.5

24.0
21.4
t].0
10.0
9.0

9.0
8.0

1.5
9.4

_3

2.9
2.6
2.1

2.9
2.4
1.6

23.2
20.9
17.0
10.3

9.0
_3

9.2
7.8
3

1.8

1.8

0.4
0.4
0.3
0.4
0.4
0.2
3.0
1.8

1.3

1.8

0.9

31

14

3l
r6
1l

3t
16

11

3r
16

11

30
15

28

14

12.0

13.0

4.0
3.0
3.0
4.0
3.0
2.0

29.O

25.0
20.0
13.5

10.0

0.33 24.6 4.5

0.17 18.7 7.0

38.0 3l
35.0 ls
22.0 1l

3.0 31

2.0 18

2.0 11

4.0 3l
3.0 17

3.0 l1
19.0 3l
19.0 31

17.0 11

26.0 3l
3l.0 12

20.0 ll
zt.o 3l
21.0 14

r8.0 rI
3.0 31

3.0 18

3.0 11

2.0 3l
1.0 n
1.0 1l

0.2t 12.3

0.24 t1.4

1.07 20.4
0.88 12.2

0.49 8.4
0.03 8.8
00
00
0.09 25.8
0.12 25.8
0.19 28.5

0.18 6.0
0.13 4.t
0.16 3.4
0.52 16.4
1.05 14.3
0.5't 12.5
0.31 9.6
0.47 7.1

0.49 10.5

0.03 6.1

00
00
0.03 1"t.4

00
00

1.1

0.9

6.0
3.4
1.6

0.2
0
0
0.5
0.5
0.6
1.0

0.7
0.5
2.9
3.6
1.9

1.7

1.7

1.6

0.2
0
0
0.2
0
0

I 1.0

9.0

30.0
21.5
19.0
2.0
2.0
2.0
2.0
2.0
2.0

17.0
17.0
16.0
18.0
24.5
15.0
18.0
24.5
16.0
3.0
3.0
3.0
1.0

1.0
1.0

SDMx SE Min Max
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Table 1 (con.)

Cirri in ACR, numbel

Transverse cirri, number5

Dorsal kineties, number

9.5 9.0
9.9 10.0
7.8 7.0
4.3 4.0
4.4 4.0
4.0 4.0
3.0 3.0
3.0 3.0
3.0 3.0

1.3

1.2
1.1

0.7
0.8
0.6
0
0
0

0.21
0.32
0.33
0.12
0.19
0.19
0
0
0

13.3
12.2
13.8
15.1

18.1

15.8
0
0
0

7.0
8.0
7.0
3.0
3.0
3.0
3.0
3.0
3.0

13.0
t2.0
10.0

6.0
6.0
5.0
3.0
3.0
3.0

35

14

11

31

t7
1t
30
l5
11

' Based on randomly selected, protargol impregnated and mounted non-dividers. Measurements in pm. Abbreviations: CV - coefficcient of
variation in Vo,M - median Max - maximum, Min - minimum, SD - standard deviation, SE - standard error of arithmetic mean, X - arithmetic
mean. 2 Not discriminated between anterior and posterior nodule.3 Not determined. a Without cirrus left of it. s Including ventral cirri ahead of
transverse cirri

close together. Thus, the origin of some anlagen could
not be clarified unambiguously.

Oral primordium and cirral streaks (Figs. 5-9,
ll-13, L5): Stomatogenesis commences with the
apokinetal proliferation ofbasal bodies close above the
left transverse cirrus (four cases observed; Fig. 5). The
anarchic field then elongates anteriorly to the parental
adoral zone. Simultaneously, the posteriormost cirrus
of the amphisiellid median cirral row (ACR) disinte-
grates and a small patch of basal bodies develops
posteriorly (Fig. 6). Whether this patch derives from a
dedifferentiated ACR-cimrs or originates de novo could
not be clarified. Furthermore, we could not determine
whether this field is incorporated into the oral primor-
dium or remains independent, forming only cirral
anlagen (Figs. 6, 7). The same problems exist
in L. australis and L. perisincirra (Berger et al. 1984,
Voss 1992).

Subsequently, the buccal cimrs and the cimrs left of
the ACR disaggregate, becoming proter's anlagen
2 and 3, respectively (Figs. 7, 8). Simultaneously,
additional cirri dedifferentiate at the posterior end of
the ACR, forming opisthe's anlage 5, which termi-
nates near the oral primordium and, respectively, the
basal body patch mentioned above (Figs. 7, 8). A
further ACR-cimrs then disintegrates anterior to an-
lage 5, providing streak 4 of the proter (Fig. 8, arrow).
The oral anarchic field differentiates membranelles
from right to left in a posteriad direction (Fig. 8). Basal
bodies right of these align to the primordium for the
undulating membranes (anlage 1) and also form cirral
anlagen 2 and 3 of the opisthe; some of the anlagen
occasionally contact the posterior end of the proter's
corresponding streaks (Figs. 8, 9, 11). The origin of
the opisthe's anlage 4 could not be clarified unam-

biguously; very likely, it evolves from the oral primor-
dium as stated in L. australis (Voss 1992).

The parental paroral membrane dedifferentiates next
and the endoral very likely becomes double-rowed, pos-

sibly incorporating basal bodies from the disaggregating
paroral, which appears as a loose row e4tending to the

opisthe's oral primordium. Finally, a conspicuous, double-
rowed anlage is recognizable, the anterior portion of
which becomes the leftmost frontal cimls, while the

posterior portion develops to the new undulating mem-
branes (Figs. 9, lI, 12). Streak 5 ofthe proter develops
anterior to anlage 4,very likely from a dissolving cimis of
the parental ACR (Figs. 9, 11). The streaks subsequently
elongate by basal body proliferation and five anlagen
each are recognizable in the proter and opisthe (Fig. 1 1).

Cirri differentiate in a posteriad direction as follows
(Fig. 12): left frontal cirrus and undulating membranps
from anlage 1; middle frontal, buccal and sometimes also

one transverse cimrs from anlage 2; right frontal, en-

larged cirrus (rarely two) left of ACR and one transverse

cimrs from anlage 3 ; a variable number of ACR-cirri and

usually one, respectively, two transverse cirri from an-

lagen 4 and 5.

When the new transverse cirri organize, anlage 4 mi-
grates backwards and aligns behind streak 5, both forming
the new ACR (Figs. 12,13,15). Some surplus basal body
pairs in the anlagen are apparently resorbed, as are all
parental cirri not involved inprimordia formation. However,

we cannot exclude that some cirri at the anterior end of the

old ACR remain because these are always very close to
anlage 5 (Figs. 12,13,15). The parental adoral zone is
apparcntly not renewed, but the pharyngeal fibres are

resorbed andrebuilt during cytokinesis and in postdividers.

Marginal and dorsal anlagen (Figs. 10, 12-16): Most
marginal cirri dissolve, forming two separate anlagen in
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Figs. 5- 1 1. Morphogenesis of Lamtostyla edaphoni,protargol impregnation. 5 - very early divider showing origin of oral primordium (arrows).
Arrowhead marks cirrus left of ACR; 6,7 - early dividers showing basal body patch (thick arrow) right of oral primordium. Thin arrows mark
disintegrating ACR- and buccal cirrus, respectively; arrowhead denotes disaggregating cinus left ofACR; 8, 9 - early dividers showing organization
of ciral anlagen. Arrows mark anlagen forproter's streak4 (Fig. 8) and 5 (Fig. 9); l0 - dorsal view of specimen shown in Fig.9; 1i - middle divider
showing five streaks each in proter and opisthe. ACR - amphisiellid median cirral row, Azm - adoral zone of membranelles, Fc - frontal cirri,
Lm - left marginal row, Pm - disintegrated paroral membrane, Rm - right marginal row, Tc - transverse ciri; numbers denote cirral anlagen. Scale
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Figs. 12-16. Morphogenesis of Lamtostyla edaphoni, protargol im-
pregnation. 12 - middle divider showing segregation of cirri and
development of marginal primordia; 13, 14 - ventral and dorsal view of
a late divider. Arrows mark migrating anlage 4; 15, 16 - ventral and
dorsal view of a very late divider. Anlagen 4 and 5 have aligned one
behind the other, producing the amphisiellid median cirral row (ACR).
Scalebardivision 10pm
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each row (Figs. 12, 13). The dorsal kineties develop by
intrakinetal basal body proliferation, i.e. according to
type 1 of Foissner and Adam (1983), commencing in the
anteriorportions of rows 2and3 (Figs. 10, 14, l6). The
anlagen in dorsal kinety 1 appear distinctly later. No caudal
cirri are formed.

Nuclear division (Figs. 14, 16): This proceeds as

usual, i.e. the micronuclei split once, very rarely twice; the
macronuclear nodules first fuse and then divide twice, the
second fission being completed after cytokinesis, i.e. in
postdividers.

Morphology and morphogenesis of Onychodrontopsis

flexilis Stokes, 1887

Improved diagnosis of Onychodromopsis Stokes,
1887: Flexible Oxytrichidae with 18 frontal, ventral and
transverse cirri; caudal cirri present. Undulating mem-
branes side by side. Several right and left marginal cirral
rows developing from at least two anlagen in a single right
and left row each; parental rows completely resorbed
during moqphogenesis.

Redescription of Onychodromopsis flexi /is Stokes, 1 887
(Figs. 17-32, 7 0a, Table 2)

Improved diagnosis: Field populations irz vivo abott
90-125 x 40-70pm, cultured stocks 100-200 x 40-80pm.
Cortical granules colourless, arranged in longitudinal rows.
2-3 right and l-2left marginal cirral rows. On average
33 adoral membranelles, 5 transverse cirri, 3 caudal cirri,
6 dorsal kineties, 2 macronuclei and 2 micronuclei. In
freshwater and soil.

Redescription (Figs. 17-32,70a, Thble 2): Specimens
in pure culture on average 24Tolarger than in raw culture
(mean length 112.8 ptm, SD 7.8, CV 6.9, extremes 98,
127 tpm mean width 55.4 pm, SD 6.0, CV 10.8, extremes
41,10 pm; n = 30). Body very flexible, broadly elliptical
and dorsoventrally flattened up to 2:l (Figs. 17, 20,21).
Macronuclear nodules ellipsoidal; nucleoli spherical to
ellipsoidal, I -4 pm across in protargol slides. Micronuclei
almost globular, usually one each in variable position in
indentation of macronuclear nodules. Contractile vacuole

with two collecting canals in mid-bociy near left margin.

Cortical granules 0.8-lptm across, arranged in rather nar-
rowly spaced rows underneath entire cell surface as in
Orytricha granuliferaFoissner and Adam, 1983, colourless
and rather compact, stain blue but become not extruded
when methyl green-pyronin is added (Figs.22,70a), im-
pregnate faintly to intensely with protargol depending on
method and bleaching time (Fig. 30). A second type of
granules, minute (< 0.2 pm) and invisible in live speci-

mens, occurs in great numbers between the larger granules

and stains red with methyl green-pyronin (Fig. 22); when
the stain is added, many of them become extruded and

adhere to ciri and adoral membranelles. Cytoplasm
colourless, in field populations with many about 1-4 prm

sized lipid droplets and 3-5 pm long, colourless crystals
mainly in posterior poftion (Fig. 23). Food vacuoles 15-20
pm across, often contain Colpoda steinii and Polytoma sp.;

in cultures feeding also onCyclidium glaucoma, starch and

up to 45 pm long, slender bacteria carried over from raw
culture. Glides moderately fast.

All cirri of field population about 13 pm long in vivo,
insert in shallow cortical pits (Fig. 3l). Cirral composition
as shown in Fig. 18, only slightly variable, i.e. one basal

body row more or less may occur in most FvT-cirri; first
cim;s of inner left marginal row usually composed of three
kineties. Transverse cirri only slightly projecting beyond
posterior body margin. Marginal cirral rows open at

posterior end, gap occupied by caudal cirri. Usually two
left (\lEo, n = 31) and two right marginal rows (86Vo,

n = 80); left outer row, however, frequently much less

conspicuous than right inner row because consisting on
average of five cirri only, in 79Vo of specimens even
lacking, one cell with short third row (Figs. 17, 18,26-28).
Rarely, a very short third right marginal row is present.

namely 1-l cirri left of inner row (6Vo) or 2-3 cirri between

inner and outer row (B7o); very likely, these are rernnants
from last generation and/or young postdividers with pa-

rental cirri still in resorption (Figs. 28, 57,Table2).
Dorsal cilia 3-5 pm long, insert in shallow cortical pits,

arranged in six kineties (Fig. 19):kineties l-3 almost as

long as body, kinety 4 curved and commencing
subequatorially, kinety 5 extends from anterior to mid-
body, kinety 6 consists of 4-5 bristles only; frequently,
some irregularly arranged cilia between kineties 3 and4,
very likely remnants from last generation. Three (4-5 in
six out of 34 specimens) caudal cirri attached to dorsal
kineties 1,2 and 4, inconspicuous because not elongated
and composed of four, rarely six cilia only (Fig. l8).

Adoral zone of membranelles conspicu ou s, ab ott 407o

ofbody length, distal portion ventrally covered by frontal
scutum, cilia gradually shortened from distal to proximal
end of zone, widest bases about 10 pm in vivo. Buccal
cavity occupying about one third of cell width, anteriorly
slightly curved and merging into frontal scutum, posteri-
orly gradually deepened and covered by buccal iip.
Buccal lip hyaline, bent upright to and continuous with
frontal cell surface, commences at level of buccal cirrus,
gradually widened posteriorly to form wedge-shaped
structure obliquely merging into posterior buccal ver-
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Table 2. Morphometric characteristics from Onychodromopsis flexihs in pure culturer

Character SD Max

Body,length
Body, width
Anterior macronuclear nodule,

Iength
width

Posterior macronuclear nodule,
length
width

Micronucleus, length
Micronucleus, width
Adoral zone, length
Paroral membrane, length
Endoral membrane, length
Apex to posterior end of inner

right marginal row, distance
Distance between macronuclear nodules
Macronuclear nodules, number
Micronuclei, number
Adoral membranelles, number
Marginal cirri, number in

outer right row
inner right row
inner left row
outer left row

Frontal cirri, number
Buccal cirri, number
Frontoventral cirri, number2
Ventral cirri, number
Transverse cirri, number
Caudal cirri, number
Dorsal kineties, number
Resting cysts, length3
Resting cysts, width3

139.6

63.1

194.0
83.0

38.0
17.5

139.0 t6.2
62.0 9.2

21.0 4.8
15.0 1.4

2.92 il.6 105

1.65 14.6 43

0.86 t7.0 »
0.26 9.5 12

0.8 16.7 »
0.36 11.9 13

0.07 9.5 4
0.06 8.4 3

0.60 6.2 47
0.39 7.7 25

0.47 9.0 25

2.68 13.4 72
0.92 33.1 4
002
0.1 25.3 1

0.3 5.0 30

0.39 7.6 24
0.62 203 10

0.46 r0.r n
0.65 79.5 0
0.03 6.1 2

001
004
005
005
0.08 14.9 3

0.05 3.7 6
0.65 7.1 '.36

0.64 '7.2 y

29.0
17.0
26.0
5.0
3.0
1.0
4.0
5.0
5.0
3.0
6.0

4t.0
40.0

28.2
15.1

26.8
16.6
4.4
4.1

54.0
28.3
29.2

111.1

15.5

2.0
2.3

33.0

28.8
17.1

25.6
4.6
3.0
1.0

4.0
5.0

5.0
3.2
6.1

41.0
39.7

25.0
t7.0
4.5
4.0

54.0
29.0
29.0

109.0
16.0
2.0
2.0

33.0

4.5
2.0
0.4
0.4
J.J
2.2
2.6

39.0
22.0

5.0
5.0

61.0
32.0
35.0

152.0
27.0

2.0
4.0

37.0

14.9
5.1

0
0.6
1.7

2.2
3.5
2.6
J.t
0.2
0
0
0
0
0.5
0.2
2.9
2.9

33.0
25.0
31.0
13.0
3.0
1.0

4.0
5.0
5.0
5.0
7.0

48.0
44.0

I Based on 31 randomly selected, protargol impregnated and mounted non-dividers. Measurements in pm. Abbreviations: CV - coefficient of
variation in Vo,M-median, Max - maximum, Min - minimum, SD - standard deviation, SE - standard errorof arithmetic mean, x - arithmetic
mean. 2 Excluding frontal and buccal cirri. 3 From three-week-old pure culture, meastxed in vivo

tex; longitudinally bipartite by deep cleft containing
proximal two thirds of paroral membrane, right sheet
nzrrower than left (Figs. 31, 32). Paroral membrane
anteriorly slightly curved, cilia about 8 pm long. Endoral
membrane straight, inserts on right wall of buccal cav-
ity, not recognizable in scanning electron micrographs
because underneath buccal lip. Paroral and endoral
usually side by side in silvered specimens, posterior
portions rarely slightly intersecting in surface view
of cell, both very likely composed of dikinetids (Fig.
18). Pharyngeal fibres 30-55 pm long in protargol
slides, originate from adoral membranelles and paroral
and endoral membrane.

R.esting cysts globular to slightly ellipsoidal (Figs.
24,29; Table 2). Cyst wall colourless, about 2 pm

thick, compact, surface studded with about 2 ttm
long, hyaline spines and sometimes separated by
narrow, transparent layer from compact part of wall
(Figs. 24, 25, 29). Cyst contents (cell) irsually con-
spicuously lobed, does not occupy entire cyst volume
(Fig. 29); however, when cyst is slightly pressed, its
contents expand, completely filling interior. Cortex
distinctly striated. Cytoplasm contains ryrany 1-3 pm
sized, colourless globules. Macronuclear nodules and

micronuclei do not fuse (Fig. 24).
Occurrence and ecology : Onychodromopsis flexilis

was found at two sites of the Prince Edward Islands, viz.
in a slightly saline and acidic (pH 6.1) grass sward on rock
at the seaward limit of vegetation on Marion Island and

in a slightly saline and acidic (pH 6.3) moss sample
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25

zzlr, ,,

Figs. ll -25.Onychotlrctmopsis flaxllls from life ( 17 ,20-25) and after protargol impregnation ( 18-, 19). 17 - ventral view of a typical specimen; 18,

l9-- infraciliatuie of ventrai anciclorsal side of same specimen. Arrowhead marks iurplus dorsal kinety seen_on1y,in this specimen, arrow denotes

interkinetal clorsal dikinetirl; 20 - broacl specimen; 21 - lateral view; 22 - corlical granulatior.r consisting of-srna1] and large granules; 23 -.cytoplasmic

..Vituf .; 24 - optical sectign of resting iyst; 2-5 - cletail of cyst wall. Cc - caudal cirri; numbers denote dorsal kineties. Scale bar division 10 pm
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collected between Poa and Callitricha vegetation near
a penguin rookery on Prince Edward Island (Foissner
1996). At these sites, O. flexilis occurred together with
Acineria uncinata, Colpoda aspera, C. cucullus,
C. inflata, C. steinii, Cyrtolophosis mucicola, Haplo-
c aulus te rrenus, Leptopharynx c o status, Niv aliella plana,
P laty o p hry a v o rax and P s e udop laQ o p hry a nana. B iom-
ass of 106 individuals: 80 mg.

The type population was found in a freshwater pond
with Lemna sp. (Stokes 1887). Later, Kahl (1932) rc-
ported O. flexilis from a sapropelic site near Hamburg
together with rhodobacteria and flagellates. Other popu-
lations or very similar species were found in a variety of
Antarctic and temperate freshwater and brackish habi-
tats (see comparison with related species). Thompson

Figs. 34-43. Literature drawings of nominalOnychodromopsis species
(34-36,39-41), synonyms of O. flexilis (37, 38, 42) and related
species (43). Al1 figures from life if not otherwise stated. 34-36 -
O. flexilis from Stokes ( 1 887), Stokes ( I 888) and Kahl (1932); 37 -
P le urotric ha sp. from Thomps on (197 2), Chatton-Lwoff silver nitrate
impregnation; 38 - Pleurotricha lanceolata from Smith (1978);
39 - Onychodromopsis sp. from Small and Lynn (1!85), protargol
impregnation; 40 - Onychodromopsis kahli ftom Srämek-Hu§ek
(1957); 41 - Onychodromopsis tihanyiensis from Gelldrt and Tamäs
(1958); 42 - Pleurotricha variabllis from Reuter (1961);
43 - Parurosoma granulifera from Foissner et al. (1991), protargol
impregnation

(1972), for instance, described and illustrated (Fig. 37)
a Pleurotricha sp. from an Antarctic tidal pool with
freshwater dilution. However, size and infraciliature of
this hypotrich are very similar to those of our specimens.
Likewise, Smith ( 1978) reported aPleurotricha lanceolata
(Fig. 38), which is, according to the arrangernent of the
transverse cirri, very likely O. flexilis, too, from Suban-
tarctic (South Georgia) and maritime Antarctic (South
Orkney Islands, Elephant Island) moss peats and soils.
Sandon and Cutler (1924) mentioned a Pleurotricha sp.
from soils of Tristan da Cunha (Southern Atlantic), but
did not provide a description or figure.

Comparison with related species: The Subantarctic
specimens were rather similar to the original description
by Stokes (1887), who mentioned, however, three right
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marginal rows (Fig. 34). Nevertheless, we consider our
populations to be conspecific because l4%o of the speci-
mens (including postdividers) had three right marginal
rows, too, and Stokes (1887), not having the advantage

of silver impregnation, could not provide data on vari-
ability. Furthermore, he did not recognize the cortical
granules, very likely because they are colourless.

The subsequent illustration by Stokes (1888) dif-
fers from the original in showing a straight row of
transverse cirri at right-angles to the main body axis
(Fig. 35). This difference appears to be an inaccuracy
by Stokes (1888). However, Onychodromopsis sp. in
Small and Lynn (1985) matches Stokes' (1888) figure
of O. flexilis in every detail (Fig. 39). Compared with
other populations of O. flexilis [Thompson 1972
(Fig. 37), Smith 1978 (Fig. 38), Lundin and West
19631, Stokes' (1887, 1888), Kahl's (1932), and Small
and Lynn's (1985) drawings (Figs. 34-36, 39) lack
some frontal cirri and are thus very likely incomplete
or, more likely, influenced by Stokes'(1887) figure.
Thus and in the absence of any type material, we fix
our population as neotype.

Onychoclromopsis kahli §rämek-Hu§ek, 1951
(Fig. a0) is obviously based upon his own and Kahl's
(1932) incomplete observations of O. flexilis and thus
cannot be recognized as distinct species.

Onychodromops is tihanyiensis Ge116rt and Tamäs,
1958 (Fig. 41), the third nominal species, has two
obliquely arranged ventral rows indicating that it be-
longs to another genus.

Pleurotricha variabilis Reuter, 1961 (Fig. 42) has,
unlike the type of the genus, a flexible body and transverse
cirri not separated into two groups. These characters
match those of Onychodroruopsis, to which Relrter's
species is thus transf'erred: O. vcrriabilis (Reuter, 1961)

nov. comb. According to Reuter's rather detailed live
observations on four cultured clones, his species differs
from O. flexilis in size (200-220 trrm), position of con-
tractile vacuole (in anlerior third of body) and in having
only a single left marginal row. However, these are weak
differences considering the high variability of O. flexilis
(Table 2). Parurosoma granultfera (Fig. 43), a nomen
nudum species in Foissner et al. (1991), very likely also
belongs to Onychodromopsis, although it has distinctly
curved and intersecting undulating membranes.

Morphogenesis (Figs. 33, 44-l 4)

Oral primordium and cirral streaks (Figs. 33,

44-63, 70): Stomatogenesis commences with the
apokinetal (?) proliferation of basal bodies close to the

left transverse cirri (Fig.  a). The anarchic field then
elongates anteriorly in a narrow streak. Simultaneously,
a small field of basal bodies appears adjacent to postoral
cirrus V/3, which disintegrates slightly later; both the

basal body field and the dissolved cirrus produce the
opisthe's anlage 6 (Fig.45). Very 1ikely, this anlage does

not contribute to the oral primordium because it is
slightly but distinctly separate from the oral anlage in
B17o of the cases observed (n = 16) and cirrus V/3 is
inactive during physiological regeneration. Slightly be-
fore or after disintegration of cirrus V/3, some basal
bodies separate from the anterior end of the oral primor-
dium, migrate anteriad and become the opisthe's anlage
2, seemingly touching the parental undulating mem-
branes (Figs. 46, 47, 58,59). However, scanning elec-
tron micrographs reveal that this streak is on the cell
surface and does not contact the parental membranes,
which are still intact and within the buccal cavity and the
longitudinal cleft of the buccal lip, respectively (Fig.

33); very likely, this streak does not contact the proter's
anlage 2 (dissolved buccal cirrus) either, although some-

times being rather close to it (Fig. 33).
Almost simultaneously with the dedifferentiation

of cirrus V/3, the middle postoral cirrus V/4 disag-
gregates, forming opisthe's anlage 5; in 287o of cases
(n = 18) it even dissolves immediately before cirrus
V/3 (Fig. 58). Membranelles begin to differentiate in
the oral anlage from right to left in a posteriad direction
(Figs. 47, 59). Subsequently, the anterior postoral
cirrus IV/2 breaks up into files of basal bodies aligning to
anlage 4 of the opisthe (Fig. a8). Simultaneously, the

opisthe's anlage 3 develops near, and possibly from, the
posterior ends of anlagen 5 and 6 or fiom remnants of the

oral primordium (Fig. 49). At this stage, the opisthe's
cirral streaks often appear to be connected with the oral
primordium (Fig. 50), which has, however, usually com-
menced to form adoral membranelles (Figs. 48,49,5l).

Posterior frontal cirrus IV/3 disintegrates next and
produces anlage 4 of the proter (Fig. 50). Then, frontal
cirrus III/2 and buccal cirrus IIl2 disaggregate almost
simultaneously, forming proter's anlagen 3 andZ, respec-

tively (Fig. 5l). Slightly later, the opisthe's primordia
5 and 6 separate in midregion. The anterior portions move
fbrward, as indicated by the decreased distance to
frontal cirrus VI/3, becoming proter's anlagen 5 and 6
(Figs. 33, 51-53). The origin of the opisthe's anlage 1

(undulating membranes) could not be clarified. It devel-
ops rather late from anarchic basal bodies located be-
tween the oral primordium and the posterior ends of
the cirral streaks. Finally, all primordia of the opisthe
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Figs. 64-69. Morphogenesis of dorsal infraciliature (64-66) and physiological regeneration (67-69) of Onychodromopsis flexilis, protargol
impregnation. 64-66 - middle and late dividers. Dorsal kinety 4 (arrows) splits from kinety 3; 67 - early reorganizer showing organization
of cirral anlagen. Arrow marks inactive cimrs V/3; 68, 69 - early reorganizers showing dedifferentiation of undulating membranes and
development of outer right marginal primordium (arrow). Arrowhead marks disintegrating cimrs V/3 seen only in this specimen, open arrow
marks dissolving adoral membranelles. Em - reorganizing endoral membrane; numbers denote ciral anlagen. Scale bar division 10 pm
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62). This anlage forms the leftmost frontal cirrus. The
endoral membrane, which is always separate from the
paroral anlage, is very likely also partially or completely
reorganized as indicated by its slightly loosened kinetids;
a special primordiurn is, however, not formed. When the
buccal cavity evaginates, the undulating membranes
become more narrowly spaced and optically intersect in
their posterior third. When the buccal field invaginates
in early postdividers, the membranes move apart and
thus do not intersect any longer
(Figs. 55-57). While the buccal cavity is restored, the
pharyngeal fibres are resorbed and rebuilt.

Marginal anlagen (Figs. 52-57, 6l-63): Differentia-
tion commences in middle dividers. The second (47Vo

of cases), third (35Vo) or, rarely, first (187o) cirrus of
the outer right row and, slightly later, invariably the
first cirrus of the inner left row commence anlagen
formation in the proter; the primordia for the opisthe
originate from parental cirri at about mid-body
(Figs. 52, 53). A few cirri each disintegrate into files of
basal bodies which align longitudinally to form a row.
These primordia subsequently become double-rowed
and elongate by basal body proliferation and incorpo-
ration of additional cirri at their posterior ends
(Figs. 53, 54, 6l). The inner right and outer left
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marginal row are morphogenetically inactive but origi-
nate from primordia formed at the anterior ends of the
remaining parental outer right and inner left marlinal
rows, respectively (Figs. 54, 62). The primordia in the left
marginal row are distinctly smaller than those in the right
row and thus produce fewer cirri.

The parental inner right marginal row is completely
resorbed only after cytokinesis. Therefore, specimens

having three right marginal kineties are very likely
postdividers t Fig. 57;.

Dorsal anlagen (Figs. 60,64-66)z The dorsal ciliature
forms according to type4 of Foissner and Adam (1983).
Kineties 1-3 develop anlagen anterior and posterior to the
prospective division furrow. Kineties 5 and 6 originate
very close to or from the anterior end of the primordium for
the outer right marginal row. Kinety 4 forms by posterior
fragmentation of the new dorsal kinety 3 (Figs. 60, 65).

Usually one, rarely two, caudal cirri each differentiate at the
posterior ends of kineties 1,2 ar,d a @ig. 66).

Nuclear division (Figs. 64-66): This proceeds as

usual, i.e. the rnacronnclear nodules first fuse and then
split twice, the last macronuclear division being completed
in the postdividers.

Reorganization (Figs. 67 -69, 7 l-7 4)z Physiological
regeneration largely resembles the development of the
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proter. Very early reorganizers cannot be distinguished
from early dividers because the oral primordium originates
in a similar way. Reorganizers are distinguishable from
dividers only after the first and second postoral cirrus
lYl2 and Yl4 have disintegrated and, in contrast to
division, the third postoral cirrus V/3 has remained un-
changed (Fig. 67). In one specimen however, cirrus V/3
probably proliferated some basal bodies (Figs. 67, 68).

Unlike in fission, cirrilY12 andY14 develop anlagen
5 and 6, respectively. As in division, frontal cini IV/3 and
III/2 produce anlagen 4 and3, respectively. An incon-
spicuous streak of basal bodies extends anteriorly at the
frontal end of the oral primordium. Later, this streak very
likely contacts anlage 2 produced by the dedifferentiated
buccal cirrus II/2 (Fig. 67).

The cinal streaks elongate by basal body proliferation,
seemingly contacting the oral primordium (Figs. 68, 69).
The paroral and endoral membrane lose integrity and are

reorganized (Figs. 68, 69,71). As in division, this process

is accompanied by an evagination of the buccal cavity and
the resorption of the buccal lip (Fig. 71).

Only few adoral membranelles differentiate at the
anterior portion of the oral primordium. They become
attached to the proximal end of the parental adoral zone
where some membranelles have been resorbed (Figs. 68,
69 , 7 I , 72). In spite of this resorption, the total number
of adoral membranelles is slightly increased temporarily
(X = 37.5, n = 11; TableZ). Subsequently, membranelles
at the posterior end of the adoral zone disintegrate and the
usual number is again attained (Figs. 7 1 , 12,7 4). The mid-
portion of the parental adoral zone is very likely also
reorganized, as indicated by shortened cilia, but without
a special primordium; we could not determine whether or
not the foremost membranelles are renewed (Fig. 71).
The elongate posterior portion of the oral primordium,
which is composed of unorganized basal bodies, is
obviously resorbed (Figs. 69, 7 l, 72).

Ciral differentiation in the FVT, marginal and dorsal
anlagen occurs as described in division (Figs. 68, 69,
72-14). The macro- and micronuclei fuse and redivide
(Fies. 13,74).

DISCUSSION

Morphogenesis and systematic position of Lamtostyla
and improved characterization of amphisiellid genera

Eignerand Foissner (1994) redefined the Amphisiellidae
emphasizing morphogenetic characters. According to their

diagnosis, L. edaphoni undoubtedly belongs to this
family. The pattern of ACR and transverse cirri
formation even suggests transferring L. edaphoni to
the genus Aruphisiella, i.e. to liquidate Larutostyla.
However, the type of Amphisiella, A. marioni Gourret
and Roeser, 1888, differs considerably in the origin
of the oral primordium, which derives from, or at
least develops in close contact with the ACR (Wicklow
1982). This applies also to most other genera as-
signed to the Amphisiellidae by Eigner and Foissner
(1994). Only Gastrosr-yla develops the oral primor-
dium apokinetally (Walker and Grim 1973) llke L.
edaphoni (Fig. 5), L. hyalina and L. perisincirra
(Berger et al. 1984), and L. australis (Voss 1992).
However, Gastrostyla is distinguished from
Lamtostyla by having caudal cirri, at least one
postperistomial cirrus and two dorsal kineties devel-
oping from t'ight marginal cirri (Walker and Grim
1973, Eigner and Foissner 1994).

Thus, there are obvior.rsly two groups of amphisiellids,
one developing the oral primordium in close contact with
the ACR (Aruphi siella, Amphisiellide s, H emiamphisiella,
P aragast ro styla, P aramphisieila, P s ewdouro leptus) and
another forming it apokinetally near the left transverse

cimrs, viz. Gastrostyla and l-omtostlnla (Walker and Grim
1973, Hemberger 1982, Wicklow 1982, Berger etal.1984,
Voss 1992, Eigner and Foissner 1994). Fufihermore, gen-

era having a rather short ACR (Amphisiellides, Lctmtostyla,
Paragastrostyla) commence anlagen formation at the pos-

terior end of the ACR, whereas those having a long ACR
(Amp hi s i e lla, G a s t ro s t y la, H e mi amp hi s i e I I a, P ar amp hi -

siella, Pseudouroleptus) develop them within-row. This
pattern is independent of the number of anlagen composing
the ACR, which is formed by three primordia in Para-
gastrostyla and by two in Amphisiellides and ktmtostyla.
In addition,i'1e miamp hi s ie lla, ktmt o s ty la, P a ramp hi s ie lla,
Psewdowroleplas and Amphisiellides atypicus agree in the
close contact of daughters' anlagen 1, which appear as a

single primordium in certain divisional stages (Fig. 9;

Hemberger 1 982, Eigner and Foissner 1994);inAmphisiella,
the anlagen are distinctly separate (Wicklow 1982). How-
ever, the significance of this character remains obscure
since the anlagen I are also clearly separateinAmphisiellides
illuvialis, and this detail is insufficiently known in
Gastrostyla and Paragastrostyla (Walker and Grim 1973,

Hemberger 1982, Eigner and Foissner 1994 ).
Based on these data, amphisiellid genera can be more

precisely characterized using the following 1 0 characters:
origin of oral primordium, site of anlagen formation in the
ACR and origin of the new ACR, origin of dorsal



kineties, number of cirri left and right of ACR, arrange-
ment and origin of transverse cirri, presence/absence of
postperistomial and caudal cirri.

Genus Amphisiella Gourret and Roeser, 1888: The
oral primordium originates in close contact with the
ACR. The ACR commences anlagen formation within-
row and originates from two rightmost anlagen. A1l
dorsal kineties develop intrakinetally. More than one

cirrus left of ACR. Transverse cirri obliquely arranged,
originate from more than one anlage. Caudal cirri
lacking.

This diagnosis does not match Amphisiella tericola
Ge1l6rt, 1955, which develops the oral primordium
apokinetally and the new ACR possibly from a single anlage

within the parental ACR (Hemberger 1982). This pattern is
quite similar to that of Othoamphisie llaEigner and Foissner,

1991, which lacks, however, transverse cini (Eigner and
Foissner 1991, 1993). Thus, a proper classification of
A. terricola must await more detailed investigations.

Genus Lamto styla Buitkamp, 197 7 : The oral primor-
dium originates apokinetally nearthe transverse cirri. The
ACR commences anlagen formation at its posterior end

and originates from two rightmost anlagen. All dorsal
kineties develop intrakinetally. At least one cirrus left of
ACR. Transverse cirri obliquely arranged, originate from
more than one anlage. Caudal cirri lacking.

This pattern is also found in Amphisiella australis
(Foissner 1988, Voss 1992), which is thus transferred
to Larutostyla: L. australis (Blatterer and Foissner,
1988) nov. comb. Likewise, Tachysoma perisincirra
Hemberger, I 985, included in Amphisiella by Eigner
and Foissner (1994), belongs to Lamtostyla as previ-
ously proposed by Berger and Foissner (1987). Other
Amphisiella species might also belong to Lamtostyla.
However, their proper classification must await mor-
phogenetic investigations because interphasic charac-
ters are identical in both genera.

The ontogenesis of L. australis and L. perisincirra
differs slightly from that of L. edaphoni in developing a
sixth ciral streak which results in the higher number of
cirri left of the ACR (Berger et al. 1984, Berger and
Foissner 1987, Foissner 1988, Voss 1992); furthermore,
the oral primordium of L. australis may originate either
parakinetally from, or apokinetally close to the transverse

cirri, and the proter's and opisthe's ciral anlagen are more
distinctly connected (Voss 1992).

It should be mentioned that the morphogenesis of
L. lamottei, type of Lamtostyla, is still unknown.
However, the interphasic cirral pattern of L. lamottei
is very similar to that of L. perisincirra whose mor-
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phogenesis nicely matches that described for
L. edaphonl. Thus, L. edctphoni, L. perisincirra and
L. uwstralis are very likely congeneric withl,. laruottei"

Genus Amphisiellides Foissner, 1988: The oral pri-
mordiurn originates in close contact with the ACR. The
ACR commences anlagen formation at its posterior end

and origina.tes from two rightmost anlagen. One dorsal
kinety develops from the right marginal row. More than
one cirrus left of ACR. Usually two cirri right of ACR"
Transverse cirri longitudinally aranged, usually originate
from single anlage. Caudal ciri present.

Genus GastrosrylaEngelmann, 1862: The oral prirnor-
dium originates apokinetaliy near the transverse cirri. The
ACR commences anlagen formation within-row and origi-
nates from three rightmost anlagen. Two dorsal kineties
develop from the right marginal row. One or two
postperistomial cirri originating from third anlage from
right. One cinus left of ACR. Transverse ciri obliquely
ananged, originate from more than two anlagen" Caudal
cirri present.

Genus Heruiaruphisiella Foissner, 1988: The oral
primordium originates in close contact with the ACR. The
ACR commences anlagen formation within-row and origi-
nates from three rightmost anlagen. All dorsal kineties
develop intrakinetally. [Jsually one postperistomial cimrs
developing from third anlage from right. One cimrs left of
ACR. Transverse ciri longitudinally aranged, originate
from single anlage. Caudal cirri present.

Genus Paragastrostyla Hemberger, 1985: The oral
primordium originates in close contact with the ACR. The
ACR commences anlagen formation at its posterior end

and originates from three rightmost anlagen. All dorsal
kineties develop intrakinetally. More than one cirrus left
of ACR. Caudal cirri present, transverse cirri absent.

Genus Pararuphisiel/a Foissner, 19BB: The oral pri-
mordiuin originates in close contact with the ACR. The
ACR commences anlagen formation within-row and origi-
nates from two rightmost anlagen. All dorsal kineties
develop intrakinetaily. One cimrs left of ACR. Transverse

cirri iongitudinally arranged, originate from single anlage.

Caudal cirri present.

Genus Pseudowroleplus Hemberger, 1985: The oral
primordium originates in close contact with the ACR.
The ACR commences anlagen formation within-row and

originates from three rightmost anlagen. All dorsal
kineties deveiop intrakinetally. Usually one post-
peristomiai cinus developing from third anlage from
right. One cirrus left of ACR. Transverse cinal row
almost as long as body, parallels ACR, originates from
single anlage. Caudal cirri present.



278 W. Petz and W. Foissner

Key to amphisiellid genera using interphasic (non-

morphogenetic) characters recognizable in protargol slides.

1 With (l or 2) postperistomial cirri ........2
- without postperistomial cirri .................4
2 Few or no ciri right of ACR................................... 3

- cirral row right of ACR, extending almost over entire
body length . PseudouroleptLts

3 Posterior end broadly rounded, transverse cirri con-
spicuous and obliquely amanged Gastrostyla

- posterior end pointed and/or elongate tail-like,
transverse cirri inconspicuous and longitudinally ar-
ranged........ Hemiamphisiella

4 With transverse cirri ............ ................... 5

-withouttransversecirri............ Paragastrostyla
5 With caudal cirri ............ ......................... 6
- without caudal cini ........... ... Amphisiella, Lamtostyla
6 Few cirri right of ACR ..... Amphisiellides
- without cirri right of ACR Paramphisiella

Morphogenesis and systematic position of Onycho-
dromopsis

The main characteristics of Onychodromopsis clearly
match those of oxytrichid hypotrichs. The FVT-cirral
pattern is identical with that of , e.g.,Oxytricha, Sterkiella
andStylonyclzia ( Foissner and Adam 1983, Berger et al.

1985, Wirnsberger et al. 1985a, 1986). Even the origin
of the pattern is highly similar, particularly to Oxytricha
granulifera Foissner and Adam, 1983 and
O. pseudosiruilis Hemberger, 1985, which also develop
anlagen 5 and 6 of both, proter and opisthe, from ciri
Y l4 andY 13,respectively ( Hemberger 1982, Foissner and
Adam 1983). Most other oxytrichids produce proter's
anlagen 5 and 6 de novo or either from cirrus IV/3 or
Y14, and those of the opisthe either from cirrus V/4 or
V/3 (Berger et al. 1985, Wirnsberger et al. 1985a, 1986,

Voss 1991a,b, Voss and Foissner 1996).
However, interphasic specimens of Onychodromopsis

are rather dissimilar to "typical" oxytrichids, for in-
stance Oxytricha and Stylonychia, due to their doubled
marginal rows. In this respect, Onychodrorttopsis rc-
sembles Plewrotrichq Stein, 1859, which is most similar
to O. flexilis not only in the ventral cirral pattern but also
in the macronucleus, whose nodules, unlike in some

other oxytrichids (Grimes 1973, Walker et al. 1975,
Jareno 1984, Ricci et al. 1985), do not fuse in the resting
cyst (see above; Jeffries 1956, Matsusaka i976). Un-
fortunately, the morphogenesis of Pleurotricha is
still unknown. However, it is distinguished from
Onychodromopsis by the lack of caudal cirri, the rigidity

ofthe body and the separation ofthe transverse cirri into
two distinct groups (Kahl 1932, Jeffries and Mellott
1968, Martin-Gonzälez et al. 1984). Thus, we do not
follow Bütschli (1889), Borror (1972) and others, who
synonymize d Ony c ho dromo p s i s w rth P le uro t ric ha.

Another genus matching the main characters of
Onychodromopsis is Paruroson'ta Gelei, 1954, originally
established as subgenus of Holosticlza. However, its
frontal cirri are arranged as in Urosoma (Foissner 1982)

and the posterior body portion is narrowed tail-like. Thus,
it might be a distinct genus within the oxytrichids;
Holosticha ruononucleata Gelei, 1954, which was found
together with Parurosoma dubium Gelei, 1954, is very
likely a reorganizer of P. dubium.

Al I otri c ha Sterki, I 87 8 (single species A. mo ll i s) has, lke
Onychodrontopsis,doubled marginal rows and a metabolic
body. Thus, Onychodromopsrs could be ajunior synonym
of Allotricha. However, the description of Allotrichalacks
any other details and also a figure. We thus suggest

considering A. ruollis as genus and species indeterminata.

Coniculostontum Niin6, 1979, usually also included
in the Oxytrichidae, develops, unlike Onyc llodromopsis,
only a single right marginal primordium and retains most
of the parental marginal and some dorsal kineties (Kamra
and Sapra 1990, Kamra et al. 1994). Based upon the

mode of marginal row formation, Eigner (1995) trans-
ferred C onicwlo s t omum to Kahliellidae.

Other genera very likely closely related to Onycho-

dromopsis ate l-aurentiellaDragesco and Njin6, 1971 and

Onychodrontrzs Stein, 1859. The former is distinguished
from O. flexllis by having only one right and left marginal
row, an increased number of FVT-cirri and some dorsal

kineties originating by multiple fragmentation of at leasttwo
primordia (Dragesco and Njind 1971, Martin et al. 1983,

Foissner et al. 1 987 ). The latter differs fro m O n1t s hscl vorucp s i s

by having ventral cirral rows and dorsal kineties also formed
by multiple fragmentation (Foissner et al. 1987 , Kamra and

Sapra 1993, Szabd and Wilbert I 995). Due to their peculiar
marginal row development, lnurentiella acuminata and

Onychodromus quadricornutLts were recently also trans-

ferred to the Kahliellidae (Eigner 1995).

Several other genera, e.g. Pctraurostyla Borror, l9l2
and Parakahliella Berger et al., 1985, also have more
than two marginal cirral rows and/or a few ventral cirral
rows and are thus superficially rather similar to
Onychodromopsls. However, they lack the typical
oxytrichid FVT-cirral pattern and develop the ventral
ciliature differently (Borror 1972, Grimes and
L'Hernault 1978, Berger et al. 1985, Wirnsberger et
al. 1985b, Berger and Foissner 1989, Eigner 1995).
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