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Taxonomic Revision and Neotypification of Zosterodasys transversus 
(Kahl, 1928), with Description of a Mirror-Image Doublet (Ciliophora, 
Phyllopharyngea, Synhymeniida)

Peter VĎAČNÝ and Eva TIRJAKOVÁ

Comenius University, Department of Zoology, Bratislava, Slovakia

Summary. The present work describes the morphology and morphometry of a freshwater ciliate, Zosterodasys transversus, using live ob-
servation and protargol impregnation. The population from the River Ipeľ, Slovakia is designated as a neotype because (i) no type material is 
available from the species described by Kahl (1928); (ii) the neotype is consistent with Z. transversus as described by Kahl (1928); (iii) the 
neotype is from the same biogeographic region as Kahl’s (1928) populations; and (iv) there are several similar species (e.g., Z. agamalievi) 
whose identity is threatened by the species to be neotypified. The main features of Z. transversus are: (i) a body size of 120–240 × 50–115 
µm in vivo; (ii) a broadly to narrowly obovate or elliptical body; (iii) a spherical to very narrowly ellipsoidal macronucleus with a single 
globular micronucleus nearby; (iv) several scattered contractile vacuoles; (v) an average of 82 ciliary rows, most of which are interrupted 
by a synhymenium incompletely encircling the body; and (vi) an average of 14 nematodesmal rods strengthening walls of the cyrtos. In the 
well-growing neotype population, a single cell of a mirror-image type was found. Most of the structures of this monster specimen are similar 
to those from ordinary cells, except for the double cytostome and cyrtos.
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INTRODUCTION

Zosterodasys transversus is an alpha- to beta-meso-
saprobic ciliate that lives in the periphyton and organic 
mud of running and stagnant freshwaters, but rarely has 
been very likely erroneously reported from brackish 
and marine environments (for review, see Foissner et 

al. 1994). Kahl (1928) originally described this species 
in the genus Chilodontopsis Blochmann, 1895. Three 
years later, Kahl (1931) synonymized his species with 
Chilodontopsis vorax (Stokes, 1887). This name was 
used for Z. transversus until nearly the end of the last 
century (e.g. Šrámek-Hušek 1956, 1957, 1958; Drages-
co 1960; Buck 1961; Webb 1961; Burkovsky 1970; 
Czapik 1982; Grabacka 1982 etc.), when Foissner et 
al. (1994) re-investigated this ciliate using detailed 
live observation and various silver staining techniques. 
These supported the validity of Kahl’s species and also 
showed that it belongs to Zosterodasys. This genus was 
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established by Deroux (1978) with Z. agamalievi as 
the type species. Zosterodasys is characterized by an 
ovoid to reniform body carrying (i) a conspicuous cyr-
tos, i.e. a tubular cytopharyngeal apparatus whose walls 
are strengthened by nematodesmata and lined with 
extensions of postciliary microtubules, and (ii) a spe-
cial ciliary structure, the so-called synhymenium or 
hypostomial frange, a band of longer cilia transversly 
interrupting most of the somatic ciliary rows (Deroux 
1978, Fernandez-Leborans 1990, Fernandez-Leborans 
and Alekperov 1996, Kivimaki et al. 1997, Jankowski 
2007, Lynn 2008). 

The genus Zosterodasys was revised by Fernandez-
Leborans and Alekperov (1996). However, they did not 
include Z. transversus in their treatise, but recognized 
several nominal species that highly resemble it. Most 
of those species were discovered/recorded in fresh-
water reservoirs from the former USSR by Alekperov 
(1984), Aliev (1990), and Asadullayeva and Alekperov 
(2007). However, neither Alekperov (1984) nor Aliev 
(1990) compared their new taxa with Z. transversus. 
Moreover, the diagnostic characters used to discrimi-
nate those species are similar or overlapping, usually 
completely falling within the natural variability of Z. 
transversus. This has stimulated us to critically review 
all data available on Z. transversus and related species/
populations, including new data on a Slovak population 
from the River Ipeľ. Our taxonomical examination has 
shown that it is wise to define Z. transversus objective-
ly by designation of a neotype, as recommended by the 
International Code of Zoological Nomenclature (1999) 
and Foissner (2002).

In the well-growing Z. transversus population from 
the River Ipeľ, we have also found a monster cell of 
a mirror-image type, the so-called jumelle (e.g. Tchang 
and Pang 1965). The mirror-image doublet is a morph 
in which the two cell components are joined laterally 
(Frankel 1989). Doublets are mostly known in hypo-
trich ciliates, where they may occur spontaneously or 
be induced by exposure to UV light, a laser beam, an 
intense electric field or microsurgery (e.g. Jerka-Dzia-
dosz 1983, Shi and Frankel 1990, Berger 1999, Dias et 
al. 2007). Monsters occur also in rapacious spathidiids, 
where they have been observed in both the non-flooded 
Petri dish (raw) cultures, though very rarely (< 1%), and 
in the semipure cultures, where they are comparatively 
frequent (~ 14%; Xu and Foissner 2005). We believe 
that we have reported for the first time a mirror-image 
doublet in a species from the order Synhymeniida. This 
monster morph is thus described here in detail.

MATERIAL AND METHODS

Sampling

The source of the River Ipeľ is in Central Slovakia, specifically, 
in the Slovenské rudohorie (Slovak Ore Mts.) from where it flows 
southwards to the Hungarian border. Then the Ipeľ turns southwest, 
west and again south along the border until it flows into the River 
Danube near the town of Szob in Hungary. The neotype population 
of Z. transversus was found in the Slovak part of the Ipeľ near the 
village of Chľaba in a littoral sample collected on November 10, 
2008. The sample contained mainly fine organic mud and decaying 
tree leaves. The organic matter was isolated by using a sharp edged 
tube inserted 10 cm into the substratum. The bottom was thoroughly 
agitated several times and 0.5 litre of river water was taken from the 
water column. The collected material was transported to the Depart-
ment of Zoology, Comenius University in Bratislava, Slovakia in 
a 1-litre thermos bottle, and was processed within a maximum of 24 
hours after the sampling.

Morphological methods and terminology
Cells were studied in life using, inter alia, a high-power oil im-

mersion objective and phase contrast optics. Live measurements 
were made at magnifications of 100–1000 ×. Although in vivo val-
ues are more or less rough estimates, it is worth giving such data as 
specimens usually contract during fixation or shrink in preparations. 
The ciliary pattern was revealed with the protargol method accord-
ing to protocol A in Foissner (1991). Counts and measurements on 
prepared specimens were performed at a magnification of 1000 ×. 
Illustrations of live specimens are based on free-hand sketches, 
while those of prepared cells were based on micrographs. Terminol-
ogy is according to Deroux (1978), Foissner and Xu (2007), and 
Lynn (2008). The higher classification of Z. transversus follows 
Gong et al. (2009).

RESULTS AND DISCUSSION

Zosterodasys transversus (Kahl, 1928) Foissner et al., 
1994

1928 Chilodontopsis transversa spec. n. Kahl, Arch. 
Hydrobiol. 19: 78, Fig. 15b (Fig. 53; partim).

1931 Chilodontopsis (Chilodon) vorax (Stokes, 
1887) – Kahl, Tierwelt Dtl. 21: 225, Fig. 35, 2 
(Fig. 54; erroneous synonymization of C. trans-
versa with C. vorax).

1957 Chilodontopsis vorax Stockes – Buchar, Čas. 
Národ. mus. 126: 138, Fig. 1G (Fig. 55; incor-
rect subsequent spelling of species author name; 
misidentification). 

1957 Chilodontopsis vorax (Stokes 1887) – Šrámek-
-Hušek, Věstn. Čs. zool. spol. 21: 12, Fig. 14 
(Fig. 57; misidentification).
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1960 Chilodontopsis (Chilodon) vorax (Stokes) Kahl 
– Dragesco, Trav. Stn biol. Roscoff (N. S.) 122: 
251, Fig. 129A (Figs 58–60; misidentifaction). 

1961 Chilodontopsis (Chilodon) vorax (Stokes) – 
Buck, Jh. Ver. vaterl. Naturk. Württ. 116: 202, 
Fig. 14 (Fig. 56; misidentification).

1968 Chilodontopsis vorax (Stokes, 1887) – Chorik, 
Svobodnoživuŝie infuzorii vodoemov Moldavii, 
p. 73 (without figure; misidentification).

1990 Zosterodasys azerbaijanicus sp.n. Aliev, 
Zool. Ž. 69: 14, Fig. 1 (Figs 68–71; supposed 
synonym).

1990 Zosterodasys shumerica sp.n. Aliev, Zool. Ž. 69: 
16, Fig. 2, II (Figs 76–78; supposed synonym).

1990 Zosterodasys kurensis sp.n. Aliev, Zool. Ž. 69: 
19, Fig. 4, I (Figs 83–86; supposed synonym).

1990 Zosterodasys jankowskii sp.n. Aliev, Zool. 
Ž. 69: 18, Fig. 4, II (Figs 72–75; supposed 
synonym).

1990 Zosterodasys sp. – Aliev, Zool. Ž. 69: 23, Fig. 5, 
II (Figs 79–82).

1994 Zosterodasys transversa (Kahl, 1928) nov. 
comb. – Foissner, Berger and Kohmann, In-
formationsberichte des Bayer. Landesamtes für 
Wasserwirtschaft 1/94: 418, Figs 1–29 (Figs 
61–67; taxonomic revision).

1996 Zosterodasys azerbaijanica Aliev, 1990 – 
Fernandez-Leborans and Alekperov, Zoosyst. 
Rossica 4: 5, Fig. 3 [taxonomic revision; incor-
rect emendation of species group-name to femi-
nine gender without reasoning; figures redrawn 
from Aliev (1990)].

1996 Zosterodasys fluviatilis sp.n. Fernandez-Leb-
orans and Alekperov, Zoosyst. Rossica 4: 10, 
Fig. 10 [a new species for Zosterodasys sp. 
sensu Aliev (1990); figures redrawn from Aliev 
(1990); supposed synonym].

1996 Zosterodasys jankowskii Aliev, 1990 – Fernan-
dez-Leborans and Alekperov, Zoosyst. Rossica 
4: 10, Fig. 12 [taxonomic revision; figures re-
drawn from Aliev (1990)].

1996 Zosterodasys kurensis Aliev, 1990 – Fernan-
dez-Leborans and Alekperov, Zoosyst. Rossica 
4: 13, Fig. 14 [taxonomic revision; figures re-
drawn from Aliev (1990)].

1996 Zosterodasys shumerica Aliev, 1990 – Fernan-
dez-Leborans and Alekperov, Zoosyst. Rossica 
4: 16, Fig. 18 [taxonomic revision; figures re-
drawn from Aliev (1990)].

2007 Zosterodasys transversus (Kahl, 1928) – 
Jankowski, Protista II, p. 729 (emendation of 
species group-name to masculine gender with-
out reasoning).

2009 Zosterodasys transverses – Gong, Stoeck, Miao, 
Zhang, McL. Roberts, Warren and Song, J. Eu-
karyot. Microbiol. 56: 341 [18S rRNA gene se-
quence of a South Korean population (accession 
number EU286812); incorrect subsequent spell-
ing and therefore unavailable according to Arti-
cles 33.3 and 33.5 of the ICZN (1999)].

non Chilodontopsis vorax (Stokes) Kahl – Agama-
liev, 1967, Cah. Biol. mar. 8: 20, Figs 9–10, 
Pl. II (marine; Agamaliev, 1983, Infusoria of 
the Caspian Sea, p. 71 assigned his specimens 
from 1967 to Zosterodasys agamalievi Deroux, 
1978).

non Chilodontopsis vorax (?) Stokes, 1887 – 
Burkovsky, 1970, Acta Protozool. 7: 54, Fig. 
9 (marine; ventral kineties produce a suture in 
meridional posterior half of cell, and thus con-
specificity with Z. transversus can be excluded). 

Nomenclature, synonymy and taxonomy: Zos-
terodasys transversus was originally described as Chi-
lodontopsis transversa by Kahl (1928). Foissner et al. 
(1994) re-investigated this species with modern mor-
phological methods and combined it with the genus 
Zosterodasys, but without changing the species group-
name to masculine gender. This was done by Jankow-
ski (2007) but without providing any reason. According 
to Articles 30.2.4, 31.2 and 34.2 of the ICZN (1999) we 
support Jankowski’s mandatory change because Zos-
terodasys is masculine gender (Aescht 2001).

Kahl (1928) mentioned two possible older syn-
onyms of Z. transversus: Nassula oblonga Maupas, 
1883 and N. pseudonassula Penard, 1922. Three years 
later, Kahl (1931) synonymized his species with “Chi-
lodontopsis (Chilodon) vorax (Stokes, 1887).” How-
ever, these synonymies were refuted by Foissner et al. 
(1994) because the synhymenium, an important feature 
of Z. transversus, was neither mentioned nor illustrated 
by Maupas (1883) and Penard (1922). Further, Stokes’ 
(1887) species was recognized by Foissner et al. (1994) 
to be a poorly observed Trithigmostoma. As later au-
thors followed Kahl’s classification, Z. transversus was 
usually erroneously identified as C. vorax in faunistic 
studies (e.g. Šrámek-Hušek 1956, 1957, 1958; Buchar 
1957; Dragesco 1960; Buck 1961; Webb 1961; Rivera 
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Figs 1–22. Zosterodasys transversus, neotype specimens from life (1, 5, 6, 15, 16) and after protargol impregnation (2–4, 7–14, 17–22). 
1 – ventral view of a representative specimen; 2 – surface view of cortex showing a fibre bundle extending parallel to and right of the somatic 
kineties; 3, 4 – ventral view of ciliary pattern and nuclear as well as oral apparatus of main neotype specimens; 5 – lateral view; 6 – surface 
view showing cortical granulation; 7 – ventrolateral view of a specimen packed with six diatoms; 8–14 – variability of macronucleus which 
ranges from roundish (13), broadly ellipsoidal (12), ellipsoidal (10) to very narrowly ellipsoidal (8). Rarely it is lenticular (11), curved (9) or 
obclavate (14); 15, 16 – ventral view of specimens with strongly vacuolated cytoplasm. Drawn to scale; 17–22 – variability of body shape 
and size as well as of nuclear apparatus. Drawn to scale. BB – basal bodies, C – cilia, CV – contractile vacuoles, D – ingested diatoms,  
G – cortical granules, MA – macronucleus, MI – micronucleus, OA – oral apparatus, PB – pharyngeal basket, PM – postciliary microtubules, 
SY – synhymenium, V – vacuoles. Scale bars: 50 µm (1, 3, 4, 7) and 100 µm (15–22).
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Figs 23–30. Zosterodasys transversus, neotype specimens after protargol impregnation. 23, 25 – ventral view of ciliary pattern and oral 
apparatus of normal specimens; 24 – ventral view of ciliary pattern and oral apparatus of an abnormal specimen having a double cytostome 
and cyrtos; 26 – dorsal view of ciliary pattern showing synhymenium extending onto dorsal side; 27 – ventral view of the monster whose 
anterior body portion is shown in (24); 28 – ventrolateral view of a specimen having some breaks in synhymenium (asterisks); 29, 30 – ven-
tral and dorsal views of ciliary pattern in posterior body portion showing that somatic kineties extend meridionally, i.e. do not form a suture 
or spica. Arrowheads denote slit-like cytopyge. CY – cytopyge, D – diatoms, MA – macronucleus, OA – oral apparatus, PB – pharyngeal 
basket, SK – somatic kineties, SY – synhymenium. Scale bars: 20 µm (28), 30 µm (23–26, 29, 30), and 50 µm (27).
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Figs 31–32. Zosterodasys transversus, neotype specimens from life. All specimens are from a field sample processed within 24 hours of 
collection. 31 – ventral view of a representative neotype cell with an ingested diatom; 32 – variability of body shape and size. Note that 
the largest specimen (arrow) is almost twice the size of the smaller ones (arrowheads). D – diatoms, OA – oral apparatus, PB – pharyngeal 
basket. Scale bars: 50 µm (31) and 100 µm (32).

et al. 1979; Czapik 1982; Grabacka 1982; Detcheva 
1986; Pettigrosso and Cazzaniga 1987).

Agamaliev (1983) considered Chilodontopsis vo-
rax (i.e. Z. transversus) as a synonym of Z. agama-
lievi. Indeed, both species are highly similar, but can 
be distinguished by the body size (120–250 µm in Z. 
transversus vs. 80–150 µm in Z. agamalievi) and, es-
pecially, habitat (freshwater vs. saltwater). Considering 
that few ciliates live in both, limnetic and saline en-
vironments, we keep Z. transversus and Z. agamalievi 
separate, assigning limnetic records to the former and 
saline ones to the latter. This is also supported by the 
18S rRNA gene data, according to which Z. transversus 
differs from Z. agamalievi by approximately 2% (Gong 
et al. 2009, Kivimaki et al. 2009). Thus, Kahl (1928) 
very likely mixed Z. transversus with Z. agamalievi. 
We consider Kahl’s specimens from a duck puddle near 
Gasthof Saselbek as Z. transversus, while those from 
Oldesloer saltwaters as Z. agamalievi.

Proposed new synonyms: Aliev (1990) and Fer-
nandez-Leborans and Alekperov (1996) described five 
nominal freshwater Zosterodasys species, viz., Z. azer-
baijanicus, Z. fluviatilis, Z. kurensis, Z. jankowskii, and 
Z. shemerica, which strongly resemble Z. transversus. 
Specifically, they have a similar body shape and size 
as well as the number of the nematodesmal rods as Z. 
transversus (Table 1). As concerns the contractile vacu-
ole pattern, neither Aliev (1990) nor Fernandez-Lebo-
rans and Alekperov (1996) mentioned it in live speci-
mens and figured only fixed cells, in which contractile 
vacuoles are very difficult to discern. There is only one 
feature, i.e. the number of the ciliary rows, that can be 
seemingly used for separating those species from Z. 
transversus (50–70 vs. 74–95). However, data of Aliev 
(1990) and Fernandez-Leborans and Alekperov (1996) 
came from limited material (n = 4–6), giving a poor 
reflection of intraspecific variability. Moreover, Aliev 
(1990) and Fernandez-Leborans and Alekperov (1996) 
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Figs 33–42. Zosterodasys transversus, neotype specimens after protargol impregnation. 33 – ventral view of ciliary pattern, nuclear and oral 
apparatus of a main neotype specimen; 34, 39, 40 – frontal (34) and lateral (39, 40) views of oral apparatus which consists of a central deeply 
impregnated pharyngeal tube and nematodesmal rods arranged in a ring. The nematodesmata are straight for most of their length but curve 
toward the oral opening at their distal end, where they are capped by a capitulum. Arrowheads (39, 40) note the site where the cytopharyn-
geal tube radiates fibres towards the nematodesmata; 35 – dorsal view of ciliary pattern showing synhymenium extending onto dorsal side 
(opposed arrowheads); 36 – surface view showing a fibre bundle extending in parallel and right of the somatic kineties; 37, 38 – dorsal and 
ventral views of ciliary pattern in posterior body portion. The somatic kineties extend meridionally, i.e. do not form a suture. Arrowheads in 
(37) denote the slit-like cytopyge. 41, 42 – lenticular and globular macronucleus. CA – capitulum, CV – contractile vacuole, CY – cytopyge, 
MA – macronucleus, OO – oral opening, NE – nematodesmal rods, PT – pharyngeal tube, SK – somatic kineties, SY – synhymenium. Scale 
bars: 10 µm (34), 20 µm (39–42), 30 µm (35–38), and 50 µm (33).
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Table 1. Comparison of Zosterodasys transversus populations and supposed synonyms of that species. 

Species/Population Body size Number of nema-
todesmal rods

Number of ciliary 
rowsa

Reference

Chilodontopsis transversa Kahl, 1928b 90–120 µm long in vivo 12–16 ? Kahl (1928)

Chilodontopsis (Chilodon) vorax  
(Stokes, 1887)

120–160 µm long in vivo, 
180 µm according to figure legend

16 ? Kahl (1931)

Zosterodasys azerbaijanicus Aliev, 1990 140–150 µm long after fixation,  
up to 200 × 50–55 µm in vivo

10–12 50–55 in mid-body Aliev (1990)

Zosterodasys fluviatilis Fernandez-Leborans 
and Alekperov, 1996c

135–145 × 60 µm after fixation 15 about 70 Aliev (1990)

Zosterodasys jankowskii Aliev, 1990 170–180 µm long after fixation, 
210–230 × 40–45 µm in vivo (n = 6)

15 55–60 in mid-body Aliev (1990)

Zosterodasys kurensis Aliev, 1990 220 × 90 µm after fixation 14–15 60–65 in mid-body Aliev (1990)

Zosterodasys shumerica Aliev, 1990 150–160 µm long after fixation, 
160–180 × 50–55 µm in vivo (n = 4)

13 60–65 in mid-body Aliev (1990)

Zosterodasys transversa (Kahl, 1928), 
Austrian population

130–250 × 65–90 µm in vivo 12–18 79–120 in total Foissner et al. (1994)

Zosterodasys transversus (Kahl, 1928), 
Slovak neotype population

120–240 × 50–115 µm in vivo 12–16 74–95 in total Present study

a  Aliev (1990) slightly underestimated the total number of the ciliary rows, because he counted them in mid-body and not posterior to the level of the synhy-
menium, where their number is higher by about 5–10 as several marginal ciliary rows do not reach mid-body.

b Some of the data might refer to Z. agamalievi because Kahl (1928) very likely mixed this species with Z. transversus. 
c Fernandez-Leborans and Alekperov (1996) established this species for Zosterodasys sp. sensu Aliev (1990).

slightly underestimated the total number of the cili-
ary rows, because they counted them in mid-body and 
not posterior to the level of the synhymenium, where 
their number is higher by about 5–10 as several mar-
ginal ciliary rows do not reach mid-body (Figs 68, 72, 
75, 76, 78, 81, 85). When this value is added, the to-
tal number of the ciliary rows is close or matching the 
lower limit of the neotype specimens (Table 1). There-
fore, we suggest Z. azerbaijanicus, Z. fluviatilis, Z. ku-
rensis, Z. jankowskii, and Z. shemerica as subjective 
junior synonyms of Z. transversus at the present state 
of knowledge. However, if further research shows that 
this morphometric difference is stable and statistically 
significant, these species can be resurrected as subspe-
cies of Z. transversus according to the species/subspe-
cies concept of Foissner et al. (2002) and Foissner and 
Xu (2007).

Neotypification: We neotypify Z. transversus with 
a Slovak population from the River Ipeľ for the follow-
ing objections: (i) it is generally known that no type 
material is available from species described by Kahl 
(1928); (ii) there is strong evidence that the neotype is 
consistent with Z. transversus as originally described 
by Kahl (1928) and revised by Kahl (1931) although 

synonymized with Chilodontopsis vorax; (iii) the neo-
type is from the same biogeographic region; (iv) the 
existing descriptions are decisively incomplete, e.g. 
they lack detail morphometric data; (v) there are sev-
eral similar species (e.g. Z. agamalievi) whose identity 
is threatened by the species to be neotypified; and (vi) 
neotype slides are of a good quality allowing the spe-
cific features to be clearly recognized.

Improved diagnosis (neotype population): Size 
about 120–240 × 50–115 µm in vivo. Body shape 
broadly to narrowly obovate or elliptical. Macronucle-
us roundish to very narrowly ellipsoidal with a single 
globular micronucleus nearby. Several scattered con-
tractile vacuoles. On average 82 narrowly spaced cili-
ary rows: 44 ventral and 37 dorsal. Synhymenium com-
posed of about 72 dikinetids ventrally and 17 dikinetids 
dorsally, occupies 48% of body length, and incomplete-
ly encircles cell. On average 14 (12–16) nematodesmal 
rods. Freshwater.

Type locality: Kahl (1928) mentioned two sites, 
i.e. duck puddle near Gasthof Saselbek and Oldesloer 
saltwaters, but did not fix any as the type locality. The 
neotype is from fine organic mud and decaying tree 
leaves from the River Ipeľ near the village of Chľaba, 
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Figs 43–52. Zosterodasys transversus, neotype specimens after protargol impregnation. 43 – ventral view of ciliary pattern, nuclear and oral 
apparatus of a neotype specimen; 44 – ventral view of ciliary pattern and oral apparatus of a mirror-image cell; 45 – dorsal view of double 
pharyngeal tube of the monster shown in (44); 46 – lateral view of oral apparatus. The nematodesmal rods are straight for most of their 
length, but curve toward the oral opening at distal end (arrowhead); 47, 48, 52 – shape variability of macronucleus. Most specimens have an 
ellipsoidal macronucleus (47), while some display a curved (48) or a clavate (52) macronucleus; 49 – ventral view of anterior body portion 
showing oral apparatus and synhymenium; 50 – synhymenium extends obliquely interrupting most of the ciliary rows. It is composed of 
narrowly spaced dikinetids, except for the posterior tail, where they are spaced comparatively loosely (arrowheads); 51 – ventrolateral view 
of a specimen having some breaks in synhymenium (asterisks). CA – capitulum, D – ingested diatom, MA – macronucleus, MI – micronu-
cleus, OA – oral apparatus, OO – oral opening, NE – nematodesmal rods, PT – pharyngeal tube, SK – somatic kineties, SY – synhymenium. 
Scale bars: 20 µm (47, 48, 50–52), 30 µm (44–46, 49), and 50 µm (43).
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Figs 53–67. Zosterodasys transversus and its supposed synonyms from life (53–64), after protargol impregnation (65, 67), and after methyl 
green-pyronin stain (66). After Kahl 1928 (53), 1931 (54); Buchar 1957 (55); Buck 1961 (56); Šrámek-Hušek 1957 (57); Drageso 1960 
(58–60); and Foissner et al. 1994 (61–67). 53 – C. transversa, length 90–120 µm; 54 – C. vorax, length 180 µm; 55 – C. vorax, length 200 
µm; 56 – C. vorax, length 175 µm; 57 – C. vorax, length not given; 58–60 – C. vorax, total dorsal view, length 185 µm (58); frontal view of 
oral apparatus (59); and lateral view of nematodesmal rods (60); 61–67 – Z. transversa, optical section (61) and surface view (62), showing 
cortical granulation and vacuolated cytoplasm; the nematodesmal rods are anteriorly curved (63); total ventral view, length 160 µm (64); 
ventral (65) and dorsal (67) views of ciliary pattern and nuclear apparatus, length 185 µm; with methyl green-pyronin staining the cells are 
first covered by a red substance of small plates which later becomes blue and structureless (66). CA – capitulum, CV – contractile vacuoles, 
D – ingested diatoms, EP – excretory pores, G – cortical granules, MA – macronucleus, MI – micronucleus, NE – nematodesmata, PB – 
pharyngeal basket, SL – slime layer, SK – somatic kineties, SY – synhymenium, V – vacuoles.
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Figs 68–71. Zosterodasys azerbaijanicus after protargol impregnation (from Aliev 1990). 68, 70, 71 – ventral, lateral and dorsal views of 
ciliary pattern and nuclear as well as contractile vacuole apparatus, length 150 µm, 125 µm and 150 µm; 69 – ciliary pattern in oral region.
Figs 72–75. Zosterodasys jankowskii after protargol impregnation (from Aliev 1990). 72, 75 – ventral and dorsal views of ciliary pattern and 
arrangement of contractile vacuoles, length 190 µm; 73 – detail of ciliary pattern in anterior body portion; 74 – nuclear apparatus.
Figs 76–78. Zosterodasys shumerica after protargol impregnation (from Aliev 1990). 76, 78 – ventral and dorsal views of ciliary pattern and 
nuclear as well as contractile vacuole apparatus, length 225 µm and 190 µm; 77 – oral apparatus.
Figs 79–82. Zosterodasys fluviatilis after protargol impregnation (from Aliev 1990). This species was designated as Zosterodasys sp. in 
Aliev (1990). 79 – oral apparatus and short portion of synhymenium; 80 – nuclear apparatus; 81, 82 – ventral and dorsal views of ciliary 
pattern and contractile vacuole apparatus, length 145 µm and 150 µm.
Figs 83–86. Zosterodasys kurensis after protargol impregnation (from Aliev 1990). 83 – oral apparatus; 84 – nuclear apparatus; 85, 86 – ven-
tral and dorsal views of ciliary pattern and nuclear as well as contractile vacuole apparatus, length 215 µm. CA – capitulum, CV – contractile 
vacuoles, CY – cytopyge, MA – macronucleus, MI – micronucleus, NE – nematodesmal rods, OA – oral apparatus, SY – synhymenium. 
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Slovakia (47°49′N18°49′E). According to Article 76.3 
of the ICZN (1999), the place of origin of the neotype 
becomes the type locality of the nominal species-group 
taxon, despite any previously published statement of 
the type locality.

Type material: No type material is available from 
Kahl’s specimens. We deposit four neotype slides with 
hundreds of protargol-impregnated specimens from the 
neotype locality in the Biology Center of the Museum 
of Natural History of Upper Austria, Linz (LI). Rele-
vant specimens are marked by black ink circles on the 
coverslip.

Etymology: Not given in the original description. 
The Latin adjective transvers·us, -a, -um ([m, f, n]; 
transverse, oblique) obviously refers to the course of 
the synhymenium that transversely extends over the 
ventral side of the cell.

Description of neotype population: Size in vivo 
variable, usually about 120–240 × 50–115 µm (Figs 31 
and 32). Body slightly flexible and acontractile. Shape 
broadly to narrowly obovate or sometimes elliptical, 
i.e. length:width ratio 1.8–2.7:1, averaging 2.3:1 after 
protargol impregnation (Table 2); may be strongly de-
formed in over- or under-nourished cells. Anterior end 
arched, while posterior one tapering, narrowly rounded 
or rarely broadly rounded; body margins more or less 
convex depending on nutritional state; inconspicuous 
snout-like projection on left side margin where synhy-
menium extends onto dorsal side (Figs 1, 3–5, 15–22). 
Ventral side flat, dorsal one more or less vaulted; dors-
oventrally flattened about 3–4:1 (Fig. 5).

Nuclear apparatus usually in mid-body, but some-
times localized only slightly posterior to level of oral 
opening or displaced to rear body end in protargol im-

Table 2. Morphometric data on the neotype population of Zosterodasys transversus from the River Ipeľ, Slovakia. Data based on mounted, 
protargol-impregnated (Foissner’s method), and randomly selected specimens from a field sample. Measurements in μm. CV – coefficient 
of variation in %, Max – maximum, Mean – arithmetic mean, Min – minimum, n – number of specimens investigated, SD – standard devia-
tion, SE – standard error of arithmetic mean.

Characteristics Mean M SD SE CV Min Max n

Body, length 148.2 144.0 25.6 0.9 17.3 109.0 206.0 27

Body, width 66.2 67.0 12.9 0.5 19.5 43.0 98.0 27

Body length:width, ratio 2.3 2.3 0.3 0.0 11.2 1.8 2.7 27

Anterior body end to cytostome, distance 16.1 15.0 2.5 0.1 15.6 13.0 20.0 21

Cytostome, largest diameter 15.3 15.0 1.9 0.1 12.5 12.0 19.0 21

Nematodesmal rods, number 14.0 14.0 1.0 0.0 7.0 12.0 16.0 21

Cyrtos, maximum length 72.0 70.5 8.9 0.4 12.4 59.0 87.0 21

Anterior body end to macronucleus, distance 63.1 60.0 19.3 0.9 30.6 32.0 122.0 21

Macronucleus, number 1.0 1.0 0.0 0.0 0.0 1.0 1.0 27

Macronucleus, lengtha 36.0 34.0 6.9 0.3 19.1 27.0 50.0 21

Macronucleus, widtha 25.1 26.0 6.8 0.3 26.9 14.0 37.0 21

Macronucleus, length:width ratioa 1.5 1.3 0.4 0.0 28.2 1.0 2.4 21

Micronucleus, number 1.0 1.0 0.0 0.0 0.0 1.0 1.0 3

Micronucleus, largest diameter 3.7 4.0 – – – 3.0 4.0 3

Ventral somatic kineties, numberb 43.7 43.0 4.4 0.2 10.0 36.0 52.0 23

Dorsal somatic kineties, numberb 36.5 36.0 3.6 0.2 9.9 30.0 43.0 17

Somatic kineties, total number 82.4 81.0 6.2 0.5 7.6 74.0 95.0 13

Somatic basal bodies in mid-body in 10 µm, number 3.6 4.0 – – – 3.0 4.0 21

Anterior body end to posterior end of synhymenium, distance 66.0 66.0 8.9 0.4 13.4 49.0 83.0 21

Synhymenium, % of body length 47.6 46.9 8.4 0.4 17.7 35.4 69.0 21

Dikinetids in ventral portion of synhymenium, number 71.8 72.0 8.5 0.4 11.8 53.0 94.0 21

a Specimens with a narrowly to very narrowly ellipsoidal macronucleus were not included in this morphometric analysis.
b Counted at level slightly posterior to synhymenium, i.e. not in mid-body.
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pregnated specimens (Figs 1, 3, 4, 7, 15–22, 33, 43; Ta-
ble 2). Invariably a single macronucleus, rather variable 
in shape and size, ranging from spherical to very nar-
rowly elliptical, or rarely lenticular, curved and clavate 
(Figs 8–14, 41, 42, 47, 48, 52; Table 2). Nucleoli evenly 
distributed, globular to lobate, 1.5–3 µm in diameter af-
ter protargol impregnation (Figs 3, 9–13, 41, 42, 47, 48, 
52). Invariably a single globular to broadly ellipsoidal 
micronucleus usually positioned close to mid-portion 
of macronucleus; approximately 4 µm across in protar-
gol preparations where sometimes surrounded by a thin 
hyaline capsule; usually not impregnated with the pro-
targol method used (Figs 14, 52; Table 2).

Several to many irregularly distributed contractile 
vacuoles, posterior one sometimes distinctly enlarged; 
difficult to recognize in specimens with strongly vacu-
olated cytoplasm (Figs 1, 15, 16). Cytopyge slit-like, 
located on dorsal posterior portion of cell, sometimes 
impregnates deeply with the protargol method used 
(Figs 30 and 37, arrowheads). Cortical granules (very 
likely mucocysts) loosely spaced, colourless, only 
about 0.8–1 µm across and thus inconspicuous, impreg-
nate faintly with protargol (Fig. 6). Cytoplasm colour-
less, usually strongly vacuolated, packed with granules 
and food vacuoles containing pennate, rarely centric, 
diatoms (Figs 1, 7, 15, 16, 31, 32). Movement unrest-
ing, swims by rotation about main body axis, also jerks 
to and fro, or glides and roots between particles of or-
ganic mud.

Somatic cilia about 10 µm long in vivo; ordinarily to 
widely spaced, i.e. intrakinetidal distance usually about 
2.5–3.5 µm after protargol impregnation; somatic basal 
bodies associated with (postciliary?) fibres extending 
backwards on right side of kineties (Figs 2, 36, 38). 
Ciliary rows equidistantly and narrowly spaced, that is, 
intrakinetal distance on average 1.5 µm ventrally and 
1.8 µm dorsally. On average 82 (74–95) ciliary rows: 
36–52 ventrally and 30–43 dorsally. Preoral kineties 
start on anterior side of synhymenium arching over 
cytostome, while postoral kineties commence slightly 
posterior (2–3 µm) to synhymenium extending meridi-
onally to rear body end, i.e. not forming a suture or 
spica (Figs 3, 4, 23, 25, 29, 30, 33, 38, 43). Left dor-
sal kineties begin on posterior side of synhymenium, 
while right dorsal kineties curve up toward anterior 
pole and then bend down to abut on anterior side of 
synhymenium (Figs 26, 35). Synhymenium an oblique 
row of paired cilia incompletely encircling body, i.e. 
extending from left dorsal surface through ventral side 
to reach right dorsal surface; on average occupies 47% 

of body length; composed of densely spaced dikinetids, 
except for posterior tail where arranged comparatively 
widely (Figs 3, 4, 23, 25, 26, 33, 43, 49, 50); very rarely 
with some breaks (Figs 28 and 51, asterisks). Number 
of synhymenial dikinetids: 53–94 ventrally and about 
15–20 dorsally (Table 2).

Cytostome usually in anterior 1/10 of body length on 
mid-ventral surface, approximately 15 µm in diameter 
after protargol impregnation (Table 2). Cyrtos a promi-
nent obconical structure anteriorly associated with cyto-
stome and penetrating deep into cytoplasm, composed 
of (i) nematodesmal rods arranged around cytostome 
in a ring and (ii) a central cytopharyngeal tube lined by 
postciliary microtubules (Figs 3, 4, 23, 25, 33, 34, 39, 40, 
46, 49). On average 14 nematodesmal rods per cyrtos; 
individual nematodesmata about 59–87 µm long after 
protargol impregnation, straight for most of their length 
but curving toward oral opening at their distal end, where 
capped by a capitulum about 3 µm across (Figs 34, 46, 49;  
Table 2). Cytopharyngeal tube 15–20 µm long, deeply 
impregnated with protargol, its proximal portion radiates 
fibres contacting nematodesmata and then extending to 
their posterior end (Figs 39 and 40, arrowheads).

Description of mirror-image doublet (Figs 24, 27, 
44, 45): A single monster cell of a mirror-image type 
was found in a field sample, containing more than 300 
cells from the neotype population of Z. transversus. 
Most of the structures of the doublet are similar to those 
from singlets, except for the oral apparatus.

The doublet measures 164 µm long and 81 µm 
wide after protargol impregnation, and is obovate in 
shape, i.e. has a length:width ratio of about 2:1. The 
macronucleus is situated in the third body quarter and 
has a size of approximately 50 × 25 µm. The small to 
medium-sized globular nucleoli are evenly distributed 
over the macronucleus. The micronucleus is not rec-
ognizable. There are about 47 postoral ventral ciliary 
rows which are interrupted by an obliquely extending 
synhymenium composed of about 72 narrowly spaced 
dikentids. The distal preoral kineties curve over the 
double cytostome, while some of the proximal preoral 
kineties bend only over the left, slightly larger compo-
nent. The left cytostome is approximately 15 µm in di-
ameter and it is supported by 12 nematodesmata, while 
the right cytostome is 12 µm across and is associated 
with 10 nematodesmata. The left cytopharyngeal tube 
is 19 µm long, while the right one is shorter measuring 
12 µm. At least one of the cytostomes can participate 
in food acquisition, as shown by three ingested pennate 
diatoms having a length of 25–120 µm.
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Comparison with related species: There are sev-
eral freshwater Zosterodasys species that resemble Z. 
transversus. Zosterodasys kasymovi Aliev, 1990 and 
Z. mirabilis Alekperov, 1984 are distinguished from 
Z. transversus by the much larger body (300–350 µm 
vs. 120–250 µm), while Z. alizadei Aliev, 1990 and Z. 
debilis Alekperov, 1984, on the contrary, by the much 
smaller one (50–70 µm, rarely up to 90 µm). Zostero-
dasys raikovi Aliev, 1990 and Z. derouxi Aliev, 1990 
differ from Z. transversus by the higher number of the 
micronuclei (1–3, usually 2 vs. invariably 1) and, es-
pecially, by the course of the ventral postoral ciliary 
rows (forming a suture vs. extending meridionally). 
In contrast to Z. transversus, Z. henarensis Fernandez-
Leborans and Alekperov, 1996 displays a much longer 
synhymenium which completely (vs. incompletely) en-
circles the body. On the other hand, Z. serrani Fernan-
dez-Leborans, 1990 has a synhymenium restricted to 
the ventral side (vs. extending onto the dorsal side in Z. 
transversus) and a much higher number of nematodes-
mal rods (20–24 vs. usually 12–16, rarely up to 18). 

Occurrence and ecology: These were reviewed by 
Foissner et al. (1994). In the studies published before 
1994, Z. transversus is called Chilodontopsis vorax be-
cause the determination followed Kahl (1931). 

Zosterodasys transversus has been as yet recorded 
only from two main biogeographic regions, viz., the 
Holarctic (e.g. Kahl 1928, 1931; Buck 1961; Czapik 
1982; Foissner et al. 1992, 1994 etc.) and the Neotro-
pics (e.g. Pettigrosso and Cazzaniga 1987), indicating 
a restricted distribution. It occurs in the periphyton 
and organic mud of running and stagnant waters with 
peak abundances in spring (Kahl 1928, Foissner et al. 
1994), or during fall according to Detcheva (1986) and 
our experience from the River Ipeľ. Rivera et al. (1979) 
observed Z. transversus also in tap water from Mexico 
City. Feeds exclusively on small to large diatoms, pre-
ferring pennate ones (Kahl 1928, 1931; Czapik 1982; 
Foissner et al. 1994). Biomass of 106 middle-sized 
specimens is approximately 300 mg according to Foiss-
ner et al. (1994).

Locus classicus of Z. transversus is fine organic 
mud and decaying tree leaves from the River Ipeľ near 
the village of Chľaba, Slovakia. We consider the locus 
classicus of Chilodontopsis transversa to be a duck 
puddle near Gasthof Saselbek, Germany (Kahl 1928). 
Locus classicus of Z. azerbaijanicus is benthos of tem-
porary pools of the Ohčularčaj [Okhchularchay] River, 
Šamhor [Shamkhor] Region, Azerbaijan, where Aliev 
(1990) found it at 18–22°C, pH 7.5 and 8.9 mg/l O2. 

Zosterodasys fluviatilis [= Zosterodasys sp. sensu Aliev 
(1990)] was recorded at the same place as Z. azerbai-
janicus but, additionally, also in the Rivers Dzegamčaj 
[Dzegamchay] and Dašbulag [Dashbulag], Šamhor 
[Shamkhor] Region, Azerbaijan in sands of varied grain 
size at 18–20°C, pH 7.5 and 10.2 mg/l O2 (Aliev 1990, 
Fernandez-Leborans and Alekperov 1996). Zostero-
dasys jankowskii was discovered between water plants 
in the middle region of the Džandar [Dzhandar] Lake, 
Kazah [Kazakh] Region, Azerbaijan at 18–20°C, pH 
7.0 and 10.1 mg/l O2 (Aliev 1990). Locus classicus of 
Z. kurensis is benthos of temporary pools of the Rivers 
Dzegamčaj [Dzegamchay] and Ohčularčaj [Okhchular-
chay] by the village of Dašbulag [Dashbulag], Šamhor 
[Shamkhor] Region, Azerbaijan, where Aliev (1990) 
reported numerous specimens at 17–25°C, pH 8.9 and 
8.5–10.5 mg/l O2. Locus classicus of Z. shumerica is 
benthos of the Fatmai Lake, Apšeron [Apsheron] Pen-
insula, Azerbaijan, where Aliev (1990) found very high 
numbers of cells at 25–28°C, pH 6.5, 8.5–10.5 mg/l O2, 
and 4.5‰ salinity.

Records from running waters: frequently and nu-
merous in various beta-mesosaprobic running waters 
in Nordwürttemberg, Germany (Buck 1961); common 
in beta-mesosaprobic rivers in Bayern, Germany and 
Austria (Foissner et al. 1992, 1994); widespread but 
achieving low abundances in beta-mesosaprobic (rate 
in alpha-mesosaprobic) streams and rivers in Poland 
(Czapik 1982, Grabacka 1982) and the Czech Repub-
lic (Šrámek-Hušek 1956, 1957, 1958; Buchar 1957); in 
various spring areas and rivers from Slovakia (Tirjaková 
1997a, b, 2003; Tirjaková and Stloukal 2004); in the al-
pha-mesosaprobic Sava River, Croatia (Primc 1988); in 
various slightly to strongly polluted Italian rivers (Ma-
doni and Bassanini 1999, Madoni 2005, Madoni and 
Braghiroli 2007); in the strongly polluted Tisza River, 
Hungary (Jósa 1974); in the Dniester and Byk Rivers, 
Moldavia (Chorik 1968); in a beta-mesosaprobic Argen-
tinean river (Pettigrosso and Cazzaniga 1987). 

Records from stagnant waters: rarely in the aero-
bic freshwater organic mud of the Elbe estuary, Ger-
many (Pfannkuche et al. 1975); in the aerobic sedi-
ment of a eutrophic lake in England (Webb 1961); fine 
sand from the Excenevex beach, Lake Léman, France 
(Dragesco 1960); up to 500,000 ind./m2 in Dubossarsk 
water reservoir, Moldavia (Chorik 1968); in a littoral 
rocky pond near Incheon, South Korea (Gong et al. 
2009); in a pond from Michigan, USA at 24°C and pH 
7 (Cairns and Yongue 1966); in a shallow puddle at 
15–17°C (Gittleson and Ferguson 1971). 
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Records from brackish or sea waters are very likely 
misidentifications (e.g. Bock 1960, Agamaliev 1967, 
Burkovsky 1970, Küsters 1974, Knüpling 1979, Gong 
et al 2009). Most of them possibly refer to Z. agama-
lievi, while the population of Burkovsky (1970), whose 
ventral kineties produce a suture in meridional and pos-
terior half of cell, could be a distinct species.

Saprobic classification: Foissner et al. (1994) clas-
sified Z. transversus as a beta-mesosaprobic ciliate with 
the following valencies: o = 1, b = 7, a = 2, I = 3, SI = 
2.1. For further details, see Foissner et al. (1994).

Acknowledgements. We are grateful to Prof. Dr. Wilhelm Foissner 
and Dr. William A. Bourland for their help with obtaining the litera-
ture. Financial support was provided by the Slovak Scientific Grant 
Agency (VEGA projects 1/0600/11 and 1/0124/09).

REFERENCES

Aescht E. (2001) Catalogue of the generic names of ciliates (Proto-
zoa, Ciliophora). Denisia 1: 1–350

Agamaliev F. G. (1967) Faune des ciliés mésopsammiques de la 
côte ouest de la mer Caspienne. Cah. Biol. mar. 8: 359–402

Agamaliev F. G. [Agamaliev F. G.] (1983) Infuzorii Kaspijskogo 
morâ. Sistematika, èkologiâ, zoogeografiâ [Infusoria of the Cas-
pian Sea. Systematics, ecology, zoogeography]. Nauka, Lenin-
grad (in Russian)

Alekperov I. K. [Alekperov I. H.] (1984) Novye vidy 
svobodnoživuŝih infuzorij (Hypostomata) vnutrennih vodoe-
mov Azerbajdžana  [New species of free-living ciliates (Hy-
postomata) in the inland water bodies of Azerbaijan]. Zool. Ž. 
63: 1250–1253 (in Russian with English title translation and 
summary)

Aliyev A. R. [Aliev A. R.] 1990. Novye vidy infuzorij roda Zostero-
dasys (Synhymeniida) iz estestvennyh vodoemov Azerbajdžana 
[New species of infusoria (Synhymeniida) of the genus Zostero-
dasys from natural water bodies of Azerbaijan]. Zool. Ž. 19: 
13–23 (in Russian with English title translation and summary)

Asadullayeva E., Alekperov I. (2007) Free-living ciliates of the 
Anzali Wetland of the Caspian Sea. Turk. J. Zool. 31: 143–149

Berger H. (1999) Monograph of the Oxytrichidae (Ciliophora, Hy-
potrichia). Monographiae biol. 78: 1–1080

Bock K. J. (1960) Biologische Untersuchungen, insbesondere der 
Ciliatenfauna, in der durch Abwässer belasteten Schlei (westli-
che Ostsee). Kieler Meeresforsch. 16: 57–68

Buchar J. (1957) Fauna nálevníků dolního úseku potoka Botiče. 
Čas. Národ. mus. 126: 137–143 (in Czech with German sum-
mary)

Buck H. (1961) Zur Verbreitung der Ciliaten in den Fließgewässern 
Nordwürttenbergs. Jh. Ver. vaterl. Naturk. Württ. 116: 195–217

Burkovsky I. V. [Burkovskij I. V.] (1970) Infuzorii mezopsammona 
Kandalakšskogo zaliva (Beloe more). II [The ciliates of the 
mesopsammon of the Kandalaksha Gulf (White Sea). II]. Acta 
Protozool. 8: 47–65 (in Russian with English title translation 
and summary)

Cairns J. Jr., Yongue W. H. Jr. (1966) A checklist of the fresh-water 
protozoa of the Douglas Lake Region, Michigan. Notul. Nat. 
383: 1–10

Chorik F. P. [Čorik F. P.] (1968) Svobodnoživuŝie infuzorii vodoe-
mov Moldavii [Free-living infusoria of water bodies of Mol-
davia]. Akademiâ Nauk Moldavskoj SSR, Kišinev (in Russian)

Czapik A. (1982) The effect of waste water on ciliate communities 
in the Biała Przemsza River. Acta Hydrobiol., Kraków 24: 29–37

Deroux G. (1978) The hypostome ciliate order Synhymenida: from 
Chilodontopsis of Blochmann to Nassulopsis of Fauré-Fremiet. 
Trans. Am. Microsc. Soc. 97: 458–469

Detcheva R. B. [Dečeva R. B.] (1986) Sostav i razpredelenie na 
ciliatite (Protozoa, Ciliata) ot r. Tundža [Composition and distri-
bution of the ciliates (Protozoa, Ciliata) from the Tundža River]. 
Hidrobiologiâ, Sofia 28: 61–65 (in Bulgarian with Russian and 
English title translations and summaries)

Dias R. J. P., Paiva T. S., Silva-Neto I. D., D’Agosto M. (2007) 
Description of a mirror-image doublet from a Brazilian strain of 
Gastrostyla setifera (Engelmann, 1862) Kent, 1882 (Ciliopho-
ra: Stichotrichia). Eur. J. Protistol. 43: 179–184

Dragesco J. (1960) Ciliés mésopsammiques littoraux. Systéma-
tique, morphologie, écologie. Trav. Stn biol. Roscoff (N. S.) 122: 
1–356

Fernandez-Leborans G. (1990) The morphology and the taxonomic 
position of a protozoan of the genus Zosterodasys (Ciliophora, 
Nassophorea). Zool. Jahrb. Abt. Anat. Ontog. Tiere 120: 81–91

Fernandez-Leborans G., Alekperov I. K. (1996) Revision of the 
genus Zosterodasys with description of new species (Protozoa, 
Ciliophora). Zoosyst. Rossica 4 (year 1995): 3–16

Foissner W. (1991) Basic light and scanning electron microscopic 
methods for taxonomic studies of ciliated protozoa. Eur. J. Pro-
tistol. 27: 313–330

Foissner W. (2002) Comments on the neotypification of protists, 
especially ciliates (Protozoa, Ciliophora). Bull. Zool. Nomenc. 
59: 165–169

Foissner W., Xu K. (2007) Monograph of the Spathidiida (Cilio-
phora, Haptoria). Vol. I: Protospathidiidae, Arcuospathidiidae, 
Apertospathulidae. Springer Verlag, Dordrecht

Foissner W., Unterweger A., Henschel T. (1992) Comparison of di-
rect stream bed and artificial substrate sampling of ciliates (Pro-
tozoa, Ciliophora) in a mesosaprobic river. Limnologica, Berlin 
22: 97–104

Foissner W., Berger H., Kohmann F. (1994) Taxonomische und öko-
logische Revision der Ciliaten des Saprobiensystems. Band III: 
Hymenostomata, Prostomatida, Nassulida. Informationsberich-
te des Bayer. Landesamtes für Wasserwirtschaft 1/94: 1–548

Frankel J. (1989) Pattern formation. Ciliate studies and models. Ox-
ford University Press, New York, Oxford

Gittleson S. M., Ferguson T. (1971) Temperature-related occurrence 
of protozoa. Hydrobiologia 37: 49–54

Gong J., Stoeck T., Yi Z., Miao M., Zhang Q., Roberts D. McL., 
Warren A., Song W. (2009) Small subunit rRNA phylogenies 
show that the class Nassophorea is not monophyletic (phylum 
Ciliophora). J. Eukaryot. Microbiol. 56: 339–347

Grabacka E. (1982) Stream ecosystems in mountain grassland (West 
Carpathians) 7. Ciliata. Acta Hydrobiol., Kraków 24: 367–373

International Commission on Zoological Nomenclature (1999) In-
ternational Code of Zoological Nomenclature. 4th ed. Tipografia 
La Garangola, Padova

Jankowski A. W. [Ânkovskij A. V.] (2007) Tip Ciliophora Doflein, 
1901 [Phylim Ciliophora Doflein, 1901]. In: Protisty: Rukovod-
stvo po zoologii, č. 2 [Protista: Handbook on zoology, 2nd part], 
(Ed. A. F. Alimov). Nauka, St. Petersburg, 415–993 (in Russian 
with English title translation)

Publikacja objęta jest prawem autorskim. Wszelkie prawa zastrzeżone. Kopiowanie i rozpowszechnianie zabronione.  
Publikacja przeznaczona jedynie dla klientów indywidualnych. Zakaz rozpowszechniania i udostępniania serwisach bibliotecznych



P. Vďačný and E. Tirjaková54

Jerka-Dziadosz M. (1983) The origin of mirror-image symme-
try doublet cells in the hypotrich ciliate Paraurostyla weissei. 
Roux’s Arch. Dev. Biol. 192: 179–188

Jósa Z. (1974) Effect of town waste-water on the development of 
ciliata plankton in the Szolnok section of the Tisza. Disserta-
tiones Biologicae a Cellegio Exploratorum Fluminis Tisciae 
Editae, Szeged 9: 53–63

Kahl A. (1928) Die Infusorien (Ciliata) der Oldesloer Salzwasser-
stellen. Arch. Hydrobiol. 19: 50–123

Kahl A. (1931) Urtiere oder Protozoa I: Wimpertiere oder Ciliata 
(Infusoria) 2. Holotricha außer den im 1. Teil behandelten Pro-
stomata. Tierwelt Dtl. 21: 181–398

Kivimaki K. L., Riordan G. P., Lipscomb D. (1997) The ultrastruc-
ture of Zosterodasys agamalievi (Ciliophora: Synhymeniida). 
J. Eukaryot. Microbiol. 44: 226–236

Kivimaki K. L., Bowditch B. M., Riordan G. P., Lipscomb D. L. 
(2009) Phylogeny and systematic position of Zosterodasys (Ci-
liophora, Synhymeniida): a combined analysis of ciliate rela-
tionships using morphological and molecular data. J. Eukaryot. 
Microbiol. 56: 323–338

Knüpling J. (1979) Ökologische Untersuchungen an Aufwuchsci-
liaten im Brackwasserbereich des Elbe-Aestuars. Arch. Hydro-
biol. 43 (Suppl.): 273–288

Küsters E. (1974) Ökologische und systematische Untersuchungen 
der Aufwuchsciliaten im Königshafen bei List/Sylt. Arch. Hy-
drobiol. 45 (Suppl.): 121–211

Lynn D. H. (2008) The ciliated protozoa. Characterization, classi-
fication, and guide to the literature. 3rd ed. Springer, Dordrecht

Madoni P. (2005) Ciliated protozoan communities and saprobic 
evaluation of water quality in the hilly zone of some tributaries 
of the Po River (northern Italy). Hydrobiologia 541: 55–69

Madoni P., Bassanini N. (1999) Longitudinal changes in the cili-
ated protozoa communities along a fluvial system polluted by 
organic matter. Eur. J. Protistol. 35: 391–402

Madoni P., Braghiroli S. (2007) Changes in the ciliate assemblage 
along a fluvial system related to physical, chemical and geomor-
phological characteristics. Eur. J. Protistol. 43: 67–75

Maupas E. (1883) Contribution a l’etude morphologique et anato-
mique des infusoires ciliés. Archs Zool. Exp. gén. 1: 427–664

Penard E. (1922) Études sur les infusoires d’eau douce. Georg & 
Cie, Genève

Pettigrosso R. E., Cazzaniga N. J. (1987) Registro de tres especies 
de Aspidisca (Ciliophora: Hypotrichida) en la Argentina. An. 
Mus. Hist. nat. Valparaíso 18: 5–12

Pfannkuche O., Jelinek H., Hartwig E. (1975) Zur Fauna eines Süß-
wasserwattes im Elbe-Aestuar. Arch. Hydrobiol. 76: 475–498

Primc B. (1988) Trophic relationships of ciliated protozoa devel-
oped under different saprobic conditions in the periphyton of 
the Sava River. Biol. Glasn. 90: 349–353

Rivera F., Ortega A., López-Ochoterena E., Paz M. E. (1979)  
A quantitative morphological and ecological study of protozoa 
polluting tap water in Mexico City. Trans. Am. Micorsc. Soc. 
98: 465–469 

Shi X., Frankel J. (1990) Morphology and development of mirror- 
image doublets of Stylonychia mytilus. J. Protozool. 37: 1–13

Šrámek-Hušek R. (1956) Spoločenstva nálevníků z povodí 
Moravice a jejich vztahy k čistotě vody [Die Ciliatengemein-
schaften aus dem Flussgebiete von Moravice und ihre Bezie-
hungen zur Wasserverunreinigung]. Věst. Čsl. zool. spol. 20: 
75–85 (in Czech with German title translation and summary)

Šrámek-Hušek R. (1957) K poznání nálevníků Ostravského kraje 
[Zur Kenntnis der Ciliaten des Ostrauer-Gebietes (Tschechoslo-
vakei)]. Věst. Čsl. zool. spol. 21: 1–24 (in Czech with German 
title translation and summary)

Šrámek-Hušek R. (1958) Die Rolle der Ciliatenanalyse bei der 
biologischen Kontrolle von Flußverunreinigungen. Verh. int. 
Verein. theor. angew. Limnol. 13: 636–645

Stokes A. C. (1887) Some new hypotrichous infusoria from Ameri-
can fresh waters. Ann. Mag. Nat. Hist. 20: 104–114

Tchang T., Pang Y. (1965) Conditions for the artificial induction of 
monster jumelles of Stylonychia mytilus which are capable of 
reproduction. Sci. Sin. 14: 1332–1338

Tirjaková E. (1997a) Nálevníky (Ciliophora) prameniska pod 
Veľkým Javorníkom [Ciliophora of the spring area below the 
Veľký Javorník]. Folia faunistica Slovaca 2: 7–22 (in Slovak 
with English title translation and summary)

Tirjaková E. (1997b) Nálevníky (Ciliophora) NPR Rozsutec (NP 
Malá Fatra) [Ciliophora of the National Nature Reserve Ro-
zsutec (National Park Malá Fatra Mountains)]. Folia faunistica 
Slovaca 2: 23–29 (in Slovak with English title translation and 
summary)

Tirjaková E. (2003) Micro- and meiozoobenthos with focus on 
ciliates (Ciliophora) of the Gidra River basin. Acta zool. Univ. 
Comenianae 45: 29–40

Tirjaková E., Stloukal E. (2004) Structure and dynamics of ciliated 
protozoa (Protozoa: Ciliophora) in an acidified spring area of 
the Malé Karpaty Mts. Biologia, Bratisl. 59 (Suppl. 15): 11–21

Webb M. G. [Guthrie D. M.] (1961) The effects of thermal stratifi-
cation on the distribution of benthic protozoa in Esthwaite Wa-
ter. J. Anim. Ecol. 30: 137–151

Xu K., Foissner W. (2005) Morphology, ontogenesis and encyst-
ment of a soil ciliate (Ciliophora, Haptorida), Arcuospathidium 
cultriforme (Penard, 1922), with models for the formation of the 
oral bulge, the ciliary patterns, and the evolution of the spathidi-
ids. Protistology 4: 5–55

Received on 21st November, 2011; Revised on 20th December, 2011; 
Accepted on 30th December, 2011

Publikacja objęta jest prawem autorskim. Wszelkie prawa zastrzeżone. Kopiowanie i rozpowszechnianie zabronione.  
Publikacja przeznaczona jedynie dla klientów indywidualnych. Zakaz rozpowszechniania i udostępniania serwisach bibliotecznych




