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-f-HE pleurostomatid ciliates have attracted comparatively
I few ciliatologists, possibly because they are well circum-

scribed and their close relationship with haptorid ciliates has
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ABSTRACT. The morphology and infracilialve of Siroloxophyllum utriculariae (Penard, 1922) n. g., n. comb. were studied in live
cells, with the scanning and transmission electron microscope, as well as in specimens impregnated with protargol and silver carbonate.
The new genus , Siroloxophyllun, belongs to the Loxophyllidae and has a specific combination ofcharacters, viz. an oral bulge surrounding
almost the entire cell, three perioral kineties, a single brush kinety, and a single right dorsolateral kinety. The ecology and faunistics of
S. utriculariae are reviewed. It is a rare and infrequent predator preferring clean freshwaters. The somatic monokinetid of S. utriculariae
has typical haptorid ultrastructure, including two transverse microtubular ribbons. The oral bulge is patterned stringJike with riffies
containing the transverse microtubular ribbons originating from the oral kinetids. Perioral kineties I and 2 consist ofdikinetids having
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and three families (Amphileptidae, Litonotidae, Loxophyllidae n. fam.) are recognized and defined.
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never been questioned. However, many new species have been
described since the revision by Kahl [28], most by Vuxanovici
145,461 and Song & Wilbert l4ll. Foissner's group studied the
infraciliature of representatives of most known genera and pro-
vided improved diagnoses for Amphileptus U 31, Litonotus ll3l,
Acineria tl I and Loxophyllum [231. Foissner U21 also estab-' To whom correspondence should be addressed.



lished a new genus, Pseudoamphileptus, for Amphileptus ma-
crostoma and rediscovered the long missed genus Opisthodon
[ 3], already placed on the nomina oblita list by Corliss t5l.
These data and some electron microscope studies [2, 37] pro-
vided a firm base for an improved classification of the group

1211.
More recently, Lipscomb & Riordan l34l destroyed the ho-

mogeneity of the pleurostomatids by including typical haptorids
like Spathidium and Didinium. This view is not supported by
the present results which emphasize the structural and onto-
genetic peculiarities of the pleurostomatids, setting them up
clearly from the haptorids s. str.

MATERIALS AND METHODS
Organisms and preparations. The two populations of ,S. utri-

culariae studied were isolated from a slowly running strean+ in
Berlin and from the sludge of a rapid gravity filter of the Bad
Füssing waterworks near Munich [ 8]. Both populations could
be cultured for some time on diluted lettuce medium enriched
with dried yolk to provide bacterial food for their prey, mainly
Glaucoma scintillans and Cinetochilum margaritaceum.

Cells were studied in vivo using a high-power oil immersion
objective and differential interference contrast [4]. Protargol
[16; protocol l] and silver carbonate [l5] were used to reveal
the infraciliature. Preparations for scanning (SEM) and trans-
mission (TEM) electron microscopy were performed as de-
scribed previously lL7 , 321.

Counts and measurements on silvered specimens were per-
formed at a magnification of x 1,000. In vivo measurements
were conducted at a magnification of x 100-1,000. Although
these provide only rough estimates it is worth giving such data
as specimens usually shrink in preparations or contract during
fixation. The standard deviation and coefficient of variation
were calculated for morphometric data. Drawings of live spec-
imens are based on free-hand sketches, those of impregnated
cells were made with a camera lucida.

Terminology. Standard terminology as outlined in [5, 35] is
applied for the light and electron microscope data. A few un-
common terms used in the light microscope description and the
generic key are explained in the following paragraphs.

Dorsal brush. Row(s) of shortened, paired cilia near the an-
terior dorsal margin of the cell (Fig. 3, 7, 29).Usually, these
rows are continuous with the anterior ends of one or several left
lateral somatic kineties.

Dorsolateral kineties. Two kineties at the right (Loxophyllum
123D, or one kinety each at the right and left (Siroloxophyllum,
Fig. 6, 19, 30) maryin of the dorsal side; distinguished from
regular somatic ciliary rows either by shortened cilia and/
or in extending around the posterior end of the cell, forming a
more or less distinct suture with the abutting posterior ends of
the regular somatic kineties.

Oral bulge. A nonciliated eminence along the oral slit, often
indistinct in pleurostomatids. Appears more or less distinctly
string-like patterned in SEM-micrographs (Fig. 10, 29).The
actual oral opening is defined as the bulge region which is ac-
companied by that portion of perioral kineties I and 2 which
has paired basal bodies and nematodesmata.

Perioral kineties. Two or three kineties lining the oral bulge,
usually continue posteriorly as somatic ciliary rows. I(ineties I
and 2 always composed of paired basal bodies, at least along
oral opening (Fig. 7 , 8, I 1, 26). Perioral kinety I lines the left
bulge wall, kineties 2 and 3 the right tl3l.

Spica. A suture formed by shortened ciliary rows in the mid-
line of the anterior right body half; typically found in Amphi-
leptus (Fig. 49).
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RESULTS
Siroloxophyllum n. g.

Diagnosis. Loxophyllidae with oral bulge surrounding almost
entire cell. Three perioral kineties extending from anterior end
to mid-body. Single brush kinety near dorsal margin. Single right
dorsolateral kinety.

Type species. Amphileptus utriculariae Penard, 1922.
Etymology. Composite from the Greek words siro (string),

loxos (oblique) and phyllum (leaf). Neuter gender. Name refers
to string-like appearance of oral bulge.

Type specimens. One holo (genus) type slide and one voucher
slide of protargol impregnated Siroloxophyllum, Munich pop-
ulation, have been deposited in the collection of microscope
slides of the Oberösterreichische Landesmuseum in Linz (LI),
Austria. Accession numbers: 26, 27 /1994. The slides also serve
as neotypes for the species, Amphileptus utriculariae Penard,
1922 t361, because Song & Wilbert t41l made no mention of
deposited neotype material.

Redescription of Siroloxophyllum utriculariae
(Penard, 1922) n. comb.

Light and scanning electron microscopy. Morphometric data
shown in Table I are repeated in this section only as needed
for clarity. Many characters of ,S. utriculariae and of other pleu-
rostomatids [ 1 3, 23) vary greatly, as indicated by the rather high
coefficients of variation (most = l5o/o).

Size highly variable within and between populations, in vivo
65-270 x 20-80 pm according to our observations and litera-
ture data127,28,36,411, usually about 140-200 x 30-60 LLm;
up to 3Oo/o contractile, fixed and stained speoimens thus smaller
due to contraction and shrinkage. Shape likewise highly vari-
able, often, however, lanceolate with widest portion in or close
underneath mid-body, anterior half usually more distinctly nar-
rowed than posterior and slightly curved dorsally, but not snout-
like as in Loxophyllum; anterior end narrowly rounded, pos-
terior end broadly rounded to elongated. Field material flattened
leaf-like (up to 4:1), with very flat and hyaline, about 7 *rm wide
fünge containing extrusomes. Right side flat to slightly concave,
left more or less distinctly vaulted bearing 3-8 distinct crests in
central third; crests 2-5 LLm high and 2 pm wide, gradually
flattened toward body ends, become inconspicuous and even
disappear in well-fed specimens (Fig. 1,4,5, 1,4, 15,21,22).

Nuclear apparatus in or near centre of cell, stands out as bright
blister against darker, granulated cytoplasm (Fig. I ). Usually
two macronuclear nodules and one micronucleus; number con-
stant in Berlin and Bonn population, highly variable in speci-
mens from Munich with, however, a median of two as in the
other populations (Table I ). Macronuclear nodules small as

compared to size of cell, slightly ellipsoid, often close together
(= 2 pm), micronucleus then not within but on cleft; nucleoli
roundish, distributed throughout nodules (Fig. 7, 14, 15, 18).
Micronucleus slightly ellipsoid, 2-3 x 2 pm, within or on cleft
formed by macronuclear nodules (Fig. I ).

Two contractile vacuoles, each with numerous excretory pores
on right surface (Fig. 24), in anterior and posterior third of cell,
respectively; anterior vacuole near ventral side, posterior vac-
uole near dorsal side, thus forming highly characteristic diagonal
pattern with nuclear apparatus in between (Fig. l, 14, 2l).

Extrusomes (toxicysts) 6-8 pm long, thin (diameter about 0.4
pm) and slightly curved, both ends evenly rounded (Fig. 2, 17,
18, 33); anchored in single line, and possibly in pairs (Fig. l0),
to oral bulge, some scattered in cytoplasffi, never aggregated to
warts as in some Loxophyllum species; form conspicuous layer
in marginal fringe of cell, lacking only in anterior dorsal area
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Table 1. Morphometric data of Siroloxophyllum utricularrae populations."

Character
Popula-

tionb SD SD* CV Min Max

Body, length

Body, maximum width

Macronuclear nodule, length

Macronuclear nodule, width

Micronucleus, largest diameter

Right lateral somatic kineties, number
(incl. right dorsolateral kinety)

Left lateral somatic kineties, number
(incl. dorsal brush row and left
dorsolateral kinety)

Macronuclear nodules, number

Micronuclei, number

Contractile vacuoles, number

Berlin
Munich
Bonn
Berlin
Munich
Bonn
Berlin
Munich
Bonn
Berlin
Munich
Berlin
Munich
Berlin
Munich
Bonn
Berlin
Munich
Bonn
Berlin
Munich
Bonn
Berlin
Munich
Bonn
Berlin
Munich

133.0
146 .2
199.6

3 r.0
54.6
s3.8
10.7
13.9
14.8
7.8

10.8
2.4
2.9

t2.0
16.3
16.2
6.7
6.2
6.0
2.0
2.t
2.0
1.0
1.0
l.0s
2.0
2.0

135.0
140.0

?

29.5
55.0

?

I 1.0
14.0

?

7.5
I 0.5
2.2
3.0

12.0
16.0

?

7.0
6.0
6.0
2.0
2.0
2.0
1.0
1.0

?

2.0
2.0

23.8
20.8
28.9
t.l

1 0.8
5.4
1.5
1.5
2.5
1.1

2.2
0.5
1.0
2.6
1.9

?

0.7
1.2
0.0
0.0
0.s
0.0
0.0

0;
0.0

3.6
3.7
8.3
l.l
2.0
t.7
0.2
0.3
0.7
0.2
0.4
0. I
0.2
0.6
0.4

?

0. I
0.2
0.0
0.0
0. l
0.0
oj

0.0
0.0

17.9
| 4.2
t4.5
22.9
19.8
10. l
14.0
10.9
t6.9
r4.r
20.0
19.4
35.4
22.0
l 1.9

?

10.6
19.5
0.0
0.0

26.1
0.0
0.0

0;
0.0

65
100
165
t6
30
44

8

ll
13

6

7

1.5
2

11

t2
l5

5

4
6

2

I
2

I
I
I
2
2

180
194
264

45
75
62
l3
l8
l7
ll
l6
4
6

t4
20
t9

8

9

6

2

4
2

1

2

2
2

2

44
29
r2
44
29
t2
40
3l
T4

40
31

32
29
18

30
ll
36
29
11

4l
30
20
4l
30
20
22
20

'Data based on randomly selected, protargol-impregnated and mounted specimens from exponentially growing cultures (Berlin and Munich
populations) and field material (Bonn population). Measurements in pm. CV, coefficient of variation in 0/o; M, median; Max, maximum; Min,
minimum; n, number of observations; SD, standard deviation; SD*, standard deviation of the mean; x, arithmetic mean. r

b Data ofBonn population from [41]; very likely incorrect, at least partially, because the length ofthe figured, protargol impregnated specimens
is smaller (142 pm) than the minimum value (165 pm) provided! Similar discrepancies exist with the number of somatic kineties.

where oral bulge is absent (Fig. 1, 16,18, 19); stain heavily with
silver carbonate (Fig. l6), but not with protargol.

Cortex thin, highly flexible, without special granules, e.g. mu-
cocysts. Cytoplasm colourless, in central region of cell more or
less densely filled, depending on food supply, with brightly shin-
ing fat globules and food vacuoles; no special cytoplasmic crys-
tals. Feeds on small and medium sized ciliates (Glaucoma scin-
tillans, Cinetochilum margaritaceum, Colpidium colpoda) and
probably also on bacteria and/ or detritus. Moves slowly, glides
with densely ciliated right side on flat substrates or crawls ele-
gantly on and between detritus aggregations showing great flex-
ibility and deformation of body.

General plan of somatic and oral infraciliature as in other
members of order [ 3]. In an old culture, most specimens had
greatly reduced numbers of kineties, viz. 4-7 on right and 3-4
on left side, while body size was not markedly reduced.

Right side densely ciliated, kineties with cilia about 7 pm long
successively shortened along anterior half of perioral kinety 3

and in posterior region of cell, where some abut to right dor-
solateral kinety and third perioral kinety. Right dorsolateral
kinety very near to dorsal margin of cell, bears regular somatic
cilia and fibrillar associates, commences at anterior end of cell
and curves around its posterior end (Fig. 6, I l, 2l).Left side
more sparsely ciliated than right, its ciliature consists of somatic
kineties, ä brush kinety, and a dorsolateral kinety (Fig. 3, 7 , 8,
12, 22, 28-30). Somatic kineties in central third of cell on top
of cortical crests, distinctly shortened anteriorly and posteriorly,
cilia reduced to l-2 ptm long stumps and about twice as widely
spaced as on right side. Brush kinety in anterior third of body
between leftmost somatic ciliary row and left dorsolateral ki-

nety, about 4 pm apart from dorsal margin of cell, consists of
30-50 very closely spaced dikinetids having 1-3 pm long cilia
in anterior third of cell and of closely spaced, nonciliated mono-
kinetids in posterior portion ("tail"), which extends left of a flat
cortical crest (cp. Fig. 7 ,28); anterior portion ofbrush on bottom
of depression formed by anterior end of oral bulge, often frag-
mented, right fragments sometimes connected with crest kine-
ties; cilia of dikinetids cylindroid to slightly inflated distally,
anterior cilium usually slightly longer than posterior, length of
cilia decreases from anterior to posterior (Fig. 28, 29); dikine-
tidal axis usually parallel to main body axis, rarely oblique or
almost transverse, especially if anterior portion is fragmented.
Left dorsolateral kinety very near dorsal margin of cell, extends
along its whole length and is thus continuous with perioral kinety
I at both ends, bears about 2 *rm long cilia and is thus easily
distinguished from the almost adjacent right dorsolateral kinety
which has regular (long) somatic cilia (Fig. 7 , 13, 30).

Oral bulge surrounding almost entire cell, leaving blank only
small area at anterior end of dorsal side (Fig. l, 3, 12, 13,20,
29), about 2 pm high and thus difficult to recognize in the light
microscope (Fig. 15, 18, 20). Anterior end of bulge curved to
left surface of cell, producing inconspicuous crest right of which
brush kinety commences. Bulge surface patterned string-like,
with small hemispherical structures between riffies, possibly tips
of toxicysts (Fig. l0). Nematodesmata very fine, originate from
barren basal bodies of perioral dikinetids (see TEM section),
recognizable only up to mid-body, indicating that functional
mouth is much shorter than oral bulge. Perioral kinety 1 at left
margin of oral bulge, merges into left dorsolateral kinety ante-
riorly and posteriorly, anterior half composed of regularly spaced
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dikinetids, posterior portion made of equidistantly spaced
monokinetids; anterior basal body of dikinetids lighter stained
than posterior one, bears about 2 pm long, cylindroid ciliary
stump (Fig. 3, 8, 12, 13, 27, 29, 30); dikinetids orientated
obliquely to kinety axis, i.e. parallel to main body axis, without
kinetodesmal fibres in silver carbonate impregnated specimens
(Fig. 26). Perioral kinety 2 at right margin of oral bulge, com-
posed of tightly spaced dikinetids, at least in anterior half, as
indicated by distribution of nematodesmata; anterior or pos-
terior basal body of dikinetids with regular, about 7 pm long
cilium; dikinetids orientated obliquely or almost transversely
to main body axis, without kinetodesmal fibres in silver car-
bonate stains (Fig. 6, I l, 17 , 19, 26). Perioral kinety 3 right of
and very close to kinety 2, ends indistinctly separate from right
dorsolateral kinety, composed of monokinetids throughout; ki-
netids with normal long cilia and conspicuous kinetodesmal
fibres orientated more laterally than those of somatic kinetids,
at least in anterior half (Fig. 6, I I , 17 , 19, 24).

Transmission electron microscopy. The fine structural in-
vestigations are not very detailed because they were not the
main objective of the study. Thus, the description will be brief,
emphasizing some new findings.

The somatic kinetids of S. utriculariae have typical haptorid
pattern, including two transverse microtubular ribbons (Fig. 3 1).
The first transverse ribbon extends obliquely anteriad and is
longer than the second ribbon, which extends transversely (ra-
dially). Both ribbons originate near triplets 3-5. The postciliary
microtubules are very long and form distinct stripes recogniz-
able in protargol stains (Fig. 9, 3l).

The string-like pattern of the oral bulge is conspicuous also
in ultrathin sections (Fig. 32). The riffies contain the transverse
microtubular ribbons originating from the nonciliated basal
bodies of the perioral dikinetids (Fig. 32-35). There is no per-
manent oral opening.

Perioral kinety I is composed of oblique dikinetids. The an-
terior basal body bears a short cilium and inconspicuous post-
ciliary and transverse microtubular ribbons; the posterior basal
body is not ciliated and associated with a conspicuous nema-
todesma and a transverse microtubule lamella extending into
the oral bulge (Fig. 7,33-35). Perioral kinety 2 consists of di-
kinetids as kinety l. Its structure could not be unequivocally
clarified. One basal body of the dikinetids, possibly the anterior,
is nonciliated and associated with a nematodesma and a long
transverse microtubule ribbon extending into the oral bulge; the
other basal body bears a normal long cilium (Fig. 25) and is
possibly associated with a postciliary and/ or transverse micro-
tubule ribbon (Fig. 32-35). The kinetids of perioral kinety 3 are
ciliated and look like somatic kinetids, except of the kineto-
desmal fibres which extend more obliquely (Fig.6, 17,24,25,
32). They form typical triads with the dikinetids of perioral
kinety 2 (Fig.32), as described by Bohatier & Njine [21 in Li-
tonotus.

Divisional morphogenesis. Stomatogenesis and cell division
of ,S. utriculariae proceed as described by Fryd-Versavel et al.
1241 rn Amphileptus pleurosigma. we thus provide only a sum-
mary of our observations. Proliferation of basal bodies occurs
intrakinetally in all kineties, migrating kinetofragments do not
occur, and the parental infraciliature is apparently retained un-
changed. The most conspicuous event is the appearance of paired
brush cilia close underneath the prospective division furrow
(Fig. 23).These cilia very likely grow out from the nonciliated
monokinetids found in the rear ("tail") of the parental brush
kinety (Fig. 7). The new tails produced in the proter and opisthe
are also barren. Thus, the brush kinety shows a nonciliated pre-
equatorial and posterior portion throughout the entire division
process (Fig. 23). How the dikinetids for the opisthe are pro-
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Fig. 1-5. Siroloxophyllum utriculariae from life (Munich popula-
tion). 1. Right lateral view of typical specimen. Scale bar divisiön 

-: 
20

pm.2. Extrusomes are 6-8 pm long and curved.3. Anteriorend of left
side. The oral bulge (arrow) ends close to the top of the cell, leaving
blank only a small area at the anterior dorsal margin. 4,5. Dorsal and
transverse view showing flattening of cell. The left surface is distinctly
furrowed and bears shortened cilia. B, dorsal brush; CV, contractilä
vacuoles; E, extrusomes; FV, food vacuole; LK, left lateral somatic
kineties; MA, macronuclear nodule; oB, oral bulge; p I , perioral kine-
tv l.

duced, i.e. by rearrangement of tail monokinetids or by addition
of new basal bodies to existing monokinetids, could not be
ascertained and needs TEM investigation ofdividing specimens.

The macronuclear nodules fuse and the micronucleus divides
during the early stages of stomatogenesis, i.e. before the division
furrow is reco gnizable. After the division furrow has appeared,
the roundish macronuclear mass divides into two noduläs which
migrate into the proter and opisthe, respectively, where they
divide again to produce the interphase pattern.

Ecology. This section is a compilation of the faunistic and
ecological literature available on ,S. utriculariae. Few records
are known, most are from running and stagnant freshwaters;
those from mosses and soils in Germany t48] and New Zealand,
[43, 44f are very likely misidentifications, because the species
died in our cultures without forming permanent (resting) cysts,
indicating that it cannot live in soil. Furthermore, we hav. rrär.,
found it in the more than 1,000 soil and moss samples inves-
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Fig.6-13. Siroloxophyllum utriculariae. 6-9. protargol impregnation.10,12,13. drawn from scanning electron micrographs. 11. silver
carbonate impregnation. (6-10, 12, 13 from Munich population; l1 from Berlin population). 6-8. Infraciliature of right and left side of specimen
with fragmented dorsal brush (enlarged detail, 8). Arrow marks right dorsolateral kinety curving around posterior end. Perioral kinety I has ciliary
stumps originating from the anterior basal body of the oral dikinetids, perioral kineties 2 and 3 have normal cilia. 9. Long ribbons of postciliary
microtubules extend between somatic ciliary rows. 10. Surface view ofanterior end oforal bulge. 11. Infraciliature in anterior region ofright
side. Note different orientation ofkinetodesmal fibres (arrows) in perioral kinety 3 and somatic kinetids; perioral kinety 2 lacks kinetodesmal
fibres. 12, 13. Ciliary pattern in left anterior and posterior region. Perioral kinety 1 and left dorsolateral ciliary row are continuous at posterior
end. The oral bulge surrounds almost the entire cell, leaving blank only a small area at the anterior dorsal margin (arrow). B, dorsal brush; BB,
basal body; C, cilium; E, extrusomes; LD, left dorsolateral kineties; LK, left lateral somatic kinety; N, nematodesmata; OB, oral bulge; Pl, 2, 3,
perioral kineties; RD, right dorsolateral kinety; RK, right lateral somatic kineties. Bar division : l0 pm.
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Fig. 26-30. Siroloxophyllum utriculariae. 26. silver carbonate impregnation. 27-30. SEM micrographs. Inset in 30 is light micrograph of fixed
specimen. (26-28 from Berlin population; 29-30 from Munich population). 26, 27 . Oralinfraciliature. Perioral kineties I and 2 consist ofdikinetids
having only anterior or posterior basal bodies ciliated (cp. 6, 7). 28, 29. l-ßft anterior ends of strongly furrowed specimens. The length of the
dorsal brush cilia decreases gradually from anterior to posterior and no ciliary stumps are recognizable in the furrow extending posteriorly of the
brush kinety although basal bodies are present (cp. Fig. 7). The oral bulge surrounds almost the entire cell, leaving only a small area at the anterior
dorsal side blank (arrows). 30. Left posterior end in the light (inset) and scanning electron microscope. Perioral kinety I and left dorsolateral
kinety are continuous and the oral bulge has a distinct stringJike pattern recognizable even in the light microscope (arrows). B, dorsal brush; LD,
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Fig. 31-35. Siroloxophyllum utriculariae, TEM micrographs from Berlin population. 31. Tangential section of right side showing ultrastructure
of somatic cortex and monokinetids. 32. Oblique longitudinal section showing rifles of oral bulge and triads formed by kinetids of perioral
kineties 2 and 3.33-35. Oblique serial section of oral area showing details of kinetids from perioral kineties I and 2. BB, basal body; E, extrusome
(toxicyst); KD, kinetodesmal fibre; N, nematodesma; PC, postciliary microtubular ribbon; Pl,2,3, perioral kineties; R, rifles of oral bulge; RK,
right lateral somatic kinety; T, transverse microtubular ribbons of oral kineties;Tl,T2, transverse microtubule ribbons of somatic monokinetids.
Bars: I pm.
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tigated during the last decade. Thus, all reliable records are from
freshwaters of central and eastern Europe and Mexico [40]. It
seems that ,S. utriculariae is a rare species, usually occurring
with low abundance.

Penard t36] and Kahl 127 ,281 found ,S. utriculariae between
Utricularia weed in Geneva (Switzerland) and Hamburg (Ger-
many), respectively. Several records [7, 11] are available from
the Danube river, where ,S. utriculariae lives in the periphyton
of stones, and from oligosaprobic and mesosaprobic rivers,
brooks and ponds in Germany 13,221, Bulgaria [6, 7] and Mexico
t40]. Detcheva t6l provides the following abiotic parameters
from a single record in a beta-mesosaprobic river in Bulgaia:
pH 7 .7 , 8 mg/L 02 (94o/o saturation), 3.6 mg/L biological oxygen
demand (5 days), 12.6 mg/L chemical oxygen demand, I 18

mg/LCa2+,24 mg/LMg'+,0.25 mgLNHo*-N, 1 .9 mg/LNOr--
N, 0.06 mg/L NOr--N, 0.2 mg/L Fe2+, 0.2 mg/L Mn2*, 0.06
mg/L phenols. We found S. utriculariae infrequently and with
low individual numbers in beta-mesosaprobic to alpha-meso-
saprobic rivers near Munich, Germany (t22) and Fig. 36). It
occurred more regularly and abundantly in the sludge of rapid
gravity filters of some waterworks in this region; the abundance
variations observed could be not correlated with specific biotic
and process parameters tl 8]

Siroloxophyllum utriculariae glides slowly and elegantly in
the periphyton of natural and artificial substrates. Like other
members of the group it is a predator. However, detailed ob-
servations from natural populations are not available. In cul-
tures it feeds on small to medium-sized ciliates, like Glaucoma
scintillans and Colpidium colpoda, which are apparently quickly
digested because the cells are usually rather hyaline and rarely
contain identifiable prey residues; bacteria and/or organic de-
tritus are probably also ingested. Biomass of 106 medium-sized
(150 x 50 x 20 pm) cells about 90 mg 1231. Slädeöek et al. t39I
and Wegl l47l consider ,S. utriculariae as an excellent indicator
of beta-mesosaprobic conditions and provide the following va-
lency spectrum: beta-mesosaprobic; oligosaprobity (o) - 1, be-
tamesosaprobity (b) - 8, alpha-mesosaprobity (a) - 1, indica-
tion weight (I) - 4, saprobity index (SI) - 2.0. However, the
data available indicate that the oligosaprobic proportion should
be increased in the valency; but this needs further investigations
1231.

DISCUSSION

Siroloxophyllum Ls a new genus. Kahl t28l transferred Am-
phileptus utriculariae [36] to Loxophyllum. This was accepted
by Song &" Wilbert 1417, who reinvestigated the species using
protargol impregnation (Fig. 4348). Our investigations show
that A. utriculariae belongs neither to Amphileptus nor Litonotus
(because it lacks a median suture and has a right dorsolateral
kinety) nor to Loxophyllum, whose left anterior end is occupied
by a conspicuous field of paired brush cilia l23l which was
overlooked by Song & Wilbert [41].

The most conspicuous character of Siroloxophyllum is the
string-like patterned oral bulge surrounding almost the entire
cell, leaving blank only a small area at the anterior dorsal end
(Fig. 3, 12,29).This feature is not easily recognized in living
and protargol impregnated cells. However, if one is aware of its
existence, it can be seen well under interference contrast (Fig.
20).Recent SEM observations showed that the oral bulge of
rrery likely all pleurostomatid ciliates is patterned string-like
1231. The distinctiveness of the pattern varies; usually it is most
conspicuous in suboptimally prepared specimens. Thus, the pat-
terned oral bulge of Siroloxophyllum rs not unique, but it is
exceptional in surrounding almost the entire cell. It is not known
whether S. utriculariae can open the whole bulge during feeding
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Fig. 36. Frequency and rated abundance [semi-logarithmic scale: I
(rare), 2, 3, 5, 7,9 (very numerous)] of S. utriculariae in 379 samples
collected during 1987-1991 in beta- to alphamesosaprobic Bavarian
streams.

or-like other members of the family lz3l-only that portion
which is accompanied by the paired basal bodies of perioral
kineties I and 2. Likewise, the mechanism which unlocks the
bulge between perioral kineties I and 2 is obscure. Possibly, the
transverse microtubular ribbons of the oral kinetids are in-
volved.

An even more difficult character is the dorsolateral kineties.
A left dorsolateral kinety is very likely present in all pleuro-
stomatids (although often not designated or recognrzed as such),
possibly with the exception of Loxophyllum nneleagris, and lo-
cated between the dorsal brush kinety and the rightmost somatic
ciliary row or the right dorsolateral kinety [19, 231.The left
dorsolateral kinety, which was considered as regular left lateral
somatic ciliary row by most previous authors, differs clearly
from the left lateral kineties by being continuous with the mono-
kinetidal tail of perioral kinety I (Fig. 7 ,30); from the rightmost
somatic ciliary rows of the right side and from the right dor-
solateral kinety it differs by the short, stump-like cilia (Fig. 28,
30). Right dorsolateral kineties are present only in Loxophyllum,
which has two 1231, and in Siro loxophyllum, which possesses
only one (Fig. 6, 19). The right dorsolateral kinety(ies) differs
from the right lateral ciliary rows by surrounding the posterior
end of the cell, forming a more or less distinct suture with the
abutting ends of the regular somatic kineties.

The structure and/or location of the dorsal brush of Siroloxo-
p hyllumdiffer distinctly from Loxop hyllum, Pseudoamphileptus
and Opisthodon, but are similar to LitonotLts, Acineria and Am-
phileptzs (Fig. 49).

Thus, none of the four characters given in the genus diagnosis
is unique to Siroloxophyllum, i.e. it is only the specific com-
bination of the characters which separates the new genus from
its relatives.

Species assignable to Siroloxophyllum. A reinvestigation of
the protargol impregnated type slides of Loxophyllum australe
tl 9l showed that it has the main characteristics of S. utriculariae.
Thus, it has to be transferred to this genus: Siroloxophyllum
australe (Foissner & O'Donoghue, 1990) nov. comb. The two
species differ mainly in the number of macronuclear nodules,
usually two in S. utriculariaeand four in S. australe. The number
of right end left lateral somatic kineties is slightly higher in ,S.

utriculariae than in S. australe. Very likely, other species will
be added, e.g. Loxophyllum carinatumYuxanovici and L. semi-
lunare Vuxanovici (both redescribed in [41], but seemingly with-
out dorsolateral kineties and thus not definitely assignable).
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Fig. 37-48. Published drawings of S. utriculariae. 37-39. Left lateral and dorsal view and nuclear apparatus from life, length 65-120 pm.
Arrows mark contractile vacuoles. From [36]. 40.l-eft lateral view from life, length 100 pm. From 1271. 4l.l,eft lateral view from life, length
150 pm. Arrows mark contractile vacuoles. From [28]. 42. Left lateral view from life, size not indicated. Arrows mark contractile vacuoles. From
{401. 4348. Left (43, 46), ight (45) and ventral (48) views from life (43) and after protargol impregnation (45, 46,48); extrusomes (44) from
life, silverline system (47) after dry silver nitrate impregnation. From [41]. B, dorsal brush; CV, contractile vacuoles; M,], macronucleus; MI,
micronucleus; OS, oral slit (mouth entrance); Pl, 2, 3, perioral kineties.
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Comparison of descriptions of ^S. utriculariae. Our obser-
vations basically agree with those mentioned in the original
description t36l and the two redescriptions [28, 4l]. Thus, we
do not doubt the identification and conspecifity of all popula-
tions. However, some differences should be noted. Penard [36]
drew the anterior contractile vacuole near the dorsal margin and
the posterior vacuole near the ventral side (Fig. l, 2l ), whereas
Kahl t28] and Song & Wilbertl4ll definitely stated an opposite
location (Fig. 41, 43, 45), which agrees with our observations
(Fig. l, 14, 18, 2l). Thus, it may be assumed that Penard's
indication is a simple mistake, all the more so as he did not
definitely describe the location of the vacuoles. Another differ-
ence concerns the extrusomes which, according to Penard [36],
are elongated in the strongly flattened and slightly protruding
oral area (Fig. 37), whereas Kahl t28l and Song & Wilbert [41]
found them to be of the same length over the whole perimeter
of the cell (Fig. 41, 43), which matches our observations (Fig.
I , l6). Although the shape and size of the extrusomes are im-
portant species characteristics in gymnostomatid ciliates [13,
23), this difference cannot be weightened heavily because Penard
t36l never used oil immersion objectives and thus very likely
could not ascertain the real length of the extrusomes in the
thicker, opaque parts of the cell.

Song & Wilb ert l4l I redescribed S. utriculariae very briefly,
but provided some elegant drawings (Fig. 43-48) which, how-
ever, do not give any indication of dorsolateral kineties. We
suppose that Song & Wilbert overlooked them because their
description contains also other unfortunate mistakes. They fig-
ure all oral kineties as being composed of dikinetids and the
oral slit between perioral kineties 2 and 3 (Fig. 48). Both ob-

servations are clearly disproved by our data (Fig. 8, 11, 32-35)
and literature evidence [2, 13, 23].

Ultrastructure. The fine structure of the somatic kinetids of
S. utriculariae is very similar, if not identical, to that of haptorids
like Spathidium 1491and trnchelydium 1201. The second trans-
verse microtubular ribbon was apparently overlooked in pre-
vious descriptions of pleurostomatids, but can be recognized in
published micrographs of Loxophyllum meleagris (Fig. 16, 17
in t37l). Siroloxophyllum utriculariae is thus a ditransversal
ciliate in the sense of Leipe & Hausmann 1321.

The interpretation of the oral structures is more difficult. As
concerns perioral kinety l, our results agree with previous de-
scriptions [2, 371, while the structure of perioral kineties 2 and
3 appears different in several respects. Whether these differences
are genus specific or caused by interpretation problems needs
further investigations. At least some data in Bohatier & Njine's
12) paper appear doubtful, for instance that perioral kineties 2
and 3lack cilia. In S. utriculariae they are ciliated (Fig.25) and
form the typical mane recognized earlier by Kahl [28] in many
pleurostomatids. A second problem is posed by the kinetodes-
mal fibre, which is, according to Bohatier & Njine [2], associated
with the posterior basal body of the dikinetids of perioral kinety
2. Our data show that it originates from the monokinetids of
perioral kinety 3 (Fig. 17 , 19), which is more likely since the
haptorid oral dikinetids generally lack a kinetodesm a ß4l. Peri-
oral kinety 3 is very likely a speci alized somatic kinety, anal-
ogous (because it apparently lacks nematodesmata) to the or-
alized somatic kinetids found in several haptorids [21]. A third
problem concerns the species investigated by Bohatier & Njine
l2l. Their figures doubtlessly show a Litonotus species, as in-
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Litonotus Acinetia Sirol-oxophgT 7um LoxophgTlum

SPICA

oB--:

AmphiTeptus PseudoanphiTeptus Opisthodon

Fig. 49. Genus distinction in the order Amphileptida by the arrangement of the right lateral ciliary rows (with spica rn Amphileptus, Pseu-
doamphileptus, Opisthodon), the number of perioral kineties (three in Litonotus, Acineria, Siroloxophyllum, Loxophyllum; two in others), the
presence (Siroloxophyllum, Loxophylluz)/absence ofright dorsolateral kineties, the shape ofthe anterior body end (curved in Acineria, anow),
the dorsal brush (large field in Loxophyllum, pocketed in Opisthodon, very near oral bulge in Pseudoamphileptus, sir$e row in others) and the
length ofthe oral bulge (extending to posterior er,d, it Loxophyllum and Pseudoamphileplzs, surrounding cell in Siroloxophyllum, extending to
mid-body in others). Note that Pseudoamphileptus and Opisthodonarestill insufficiently defined, i.e. need redescription based on better impregnated
specimens. Heminotus is excluded because its infraciliature is not known. B, dorsal brush; OB, oral bulge; Pl, 2, 3, perioral kineties; RD, right
dorsolateral kinety.
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dicated by the triads forlned by the kinetids of perioral kineties
2 and 3, but very likely nol L. quadrinucleatzs which lacks,
according to Dragesco & Njine [8], perioral kinety 3 but has a
conspicuous spica, indicating that it belongs to the genus Am-
phileptus ll31. IJnfortunately, Bohatier & Njin e 12) did not men-
tion the source of their material.

Systematic relationships of Siroloxophyllum and classifica-
tion of pleurostomatid ciliates. Traditionally, all pleurosto-
matid genera are lumped in a single family, Amphileptidae
Bütschli 14, 5, 287. However, Foissner & Foissner [21] split the
pleurostomes into two suborders, viz. Amphileptina and Liton-
otina and recognized two families, viz. Amphileptidae and Li-
tonotidae. More recently, Lipscomb & Riordan l34l suggested
a very different classification based on cladistic methods, using,
however, many unproven character states. They assigned to the
pleurostomes not only lacrymariids and didiniids but also clas-
sical haptorids like Spathidium, Bryophyllum and Homalozoon.
We believe that this was an unsuccessful upset, simply because
the distinct asymmetry of the pleurostomatid oral and sornatic
ciliature is hardly found in any classical haptorid, with the no-
table exception of Homalozoon, z highly thigmotactic and spe-
cialized predator. Furthermore, Lipscomb & Riordan l341did
not take into account the different types of stomatogenesis oc-
curring in pleurostomes s. str. (monotelokinetal) and haptorids
s. str. (holotelokinetal; see [33] for definition of terms and lit-
erature). Obviously, their classification neglects two main fea-
tures and is thus very likely artificial.

The classification suggested here thus follows Foissner & Fois-
sner l2ll and includes the data mentioned in their publication
and in the present study.

Order Pleurostomatida Schewiakofl 1 896

Oral area flattened along ventral margin of laterally com-
pressed body, surrounded by toxicysts; rhabdos made of three
microtubular components: transverse ribbons originating from
the oral dikinetids and in suborder Litonotina also from somatic
monokinetids, nematodesmal bundles originating exclusively
from oral dikinetids, and bulge microtubules; somatic ciliature
with distinct left-right differentiation, including dorsal brush
and, in some genera, one or two dorsolateral kineties; free-living
and parasitic on other ciliates (mainly peritrichs), often large,
lengthy voracious carnivores; widely distributed in freshwater,
marine, and interstitial habitats. Type: Amphileptina Jankows-
ki, 1967 1261.

Suborder Amphileptina Jankowski, 1967

Cytostome surrounded by a right and a left perioral kinety
composed of dikinetids; right somatic ciliature with spica. Type:
Amphileptidae Bütschli, 1889 l4l.

Remarks: This suborder is monotypic, i.e. includes only the
family Amphileptidae Bütschli with the characteristics given for
the suborder. The genera Amphileptus [10, 13; type by virtual
tautonymyl , Opisthodon [13, 421 and Pseudoamphileptus ll2l
belong to this family. Hemiophrys t50l is a junior synonym of
Amphileptus t I 3l . Amphileptus carchesii Stein very likely needs
a separate genus, because it has a heavily ciliated groove which
secretes a loop-like structure anchoring the ciliate to the prey
1231. However, the separation should await a detailed study of
its infraciliature.

Suborder Litonotina Foissner & Foissner, 1988

Cytostome surrounded by a right and left perioral kinety com-
posed of dikinetids, right kinety accompanied by (oralized ?)
somatic monokinetids forming a distinct 3rd perioral kinety
whose transverse microtubular ribbons contribute to the rhab-
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dos; right lateral ciliature with or without dorsolateral kineties,
ciliary rows successively shortened along perioral and dorso-
lateral kineties. Type: Litonotidae Kent, 1882 t3 11.

Remarks: This suborder includes the families Litonotidae Kent
and Loxophyllidae n. fam., differing mainly by the absence/
presence of right lateral dorsolateral kineties.

Family Litonotidae Kent, 1882 t3 I ]: Litonotina without rieht
dorsolateral kineties. Type: Litonotus Wrze§niowski, 1870 [50].

Remarks: This family includes the genera Litonotus [3, 50],
Acineria ll, 9l and, possibly, Heminotus l29l whose infracilia-
ture has been not yet described.

Family Loxophyllidae n. fam.: Litonotina with dorsolateral
kineties. Type: Loxophyllum Dujardin, 1841 t9l.

Remarks: Jankowski also mentioned a new family "Loxo-
phyllidae" without, however, providing any characteization or
type genus (Jankowski, A. W. 1975. A conspectus of the new
system of subphylum Ciliophora Doflein, 1901. Abstract. In:
Balashov, I-I. S. (ed.), Account of Scientific Sessions on Results
ofScientific Work, Year 197 4: Abstracts ofReports. Akad. Nauk
SSSR, Zool.Inst. Leningrad. Pp. 26-27 [in Russian]). Thus, the
name is illegitimate, i.e. not in accordance with the rules of
nomenclature. According to Grain!25l, Dujardin [9] also found-
ed a family Loxophyllidae. However, this is not confirmed by
an inspection of the original literature. Dujardin t9] included
Loxophyllum and other pleurostomes in his new family Para-
meciidae.

The family includes two genera , viz. Loxophyllum 19, 231and
Siroloxophyllum n. g. Loxophyllum was formerly l21l assigned
to the Amphileptina because the dala available suggested that
it lacks perioral kinety 3. This was disproved by a reinvestigation
1231. Very likely, some ofthe many marine a+d interstitial Loxo-
phyllum species are not congeneric. Unfortunately, their infra-
ciliature is not known and any separation would be premature.

Key to pleurostomatid genera. The following key uses data
from the present study and the literature [1, 12, 13, 19,23,281.
No reliable information is known from Heminotus, which is
thus excluded. For definition of specific morphological terms
see Foissner I I 3], material and method section and Fig. 49.
Differences between some genera are clearly recognizable only
after protargol impregnation. Likewise, the proper generic clas-
sification of most species requires protargol impregnation or at
least careful examination of living specimens with interference
contrast.

l. Two perioral kineties. Right side somatic kineties shortened in
midline of cell, forming more or less distinct suture (spica) in
anterior half of ciliate. Right dorsolateral kineties absent 2

Three perioral kineties. Right side somatic kineties shortened
anteriorly and abutting to perioral kinety 3. With or without
right dorsolateral kineties 4

2- Left anterior end smooth 3
Left anterior end with small cavity containing anterior end of

dorsal brush kinety . Opisthodon
3. Oral bulge indistinct. Dikinetidal portion of perioral kineties

extends to mid-body Amphileptus
Oral bulge distinct. Dikinetidal portion of perioral kineties ex-

tends near posterior end of cell Pseudoamphileptus
4. With right dorsolateral kineties. Single brush kinety or dense

field of short, paired cilia in anterior region of cell 5

without right dorsolateral kineties. Single brush kinety 6
5. Oral bulge extends along ventral side. Two right dorsolateral

kineties. Many brush kineties continuous with anterior end
of left lateral kineties . . Loxophyllum

Oral bulge surrounds almost entire cell. Single dorsolateral ki-
nety. Single brush kinety at dorsolateral margin of cell

Siroloxophyllum
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6. Oral bulge and perioral kineties terminate at anterior end of cell
. Litonotus

Oral bulge and perioral kineties distinctly curved to left anterior
surface of cell . Acineria
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