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Summary
Currently, gene sequence genealogies of the Oligotrichea Bütschli, 1889 comprise only few
species. Therefore, a cladistic approach, especially to the Oligotrichida, was made, applying
Hennig's method and computer programs. Twenty-three characters were selected and discussed,
i.e., the morphology of the oral apparatus (five characters), the somatic ciliature (eight characters),
special organelles (four characters), and ontogenetic particulars (six characters). Nine of these
characters developed convergently twice. Although several new features were included into the
analyses, the cladograms match other morphological trees in the monophyly of the Oligotrichea,
Halteriia, Oligotrichia, Oligotrichida, and Choreotrichida. The main synapomorphies of the
Oligotrichea are the enantiotropic division mode and the de novo-origin of the undulating
membranes. Although the sister group relationship of the Halteriia and the Oligotrichia contradicts
results obtained by gene sequence analyses, no morphologic, ontogenetic or ultrastructural
features were found, which support a branching of Halteria grandinella within the Stichotrichida.
The cladistic approaches suggest paraphyly of the family Strombidiidae probably due to the scarce
knowledge. A revised classification of the Oligotrichea is suggested, including all sufficiently
known families and genera.
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INTRODUCTION
Since the Oligotrichea have not, except for the tintinnids, left fossil records, their phylogeny
can only be reconstructed from the known features of extant species. In 1992, Petz and
Foissner proposed the first cladistic system for the Oligotrichea on suprafamilial level, using
morphologic and ontogenetic features. According to their genealogy and revised
classification, the Halteriia are an adelphotaxon to the subclass Oligotrichia, which contains
two orders, the Strombidiida and the Oligotrichida with the suborders Tintinnina and
Strobilidiina (Fig. 1a). In earlier and even some recent classifications, however, the
halteriids are a sister taxon to the strombidiids (Fig. 1b; Kahl 1932, Fauré-Fremiet 1970,
Corliss 1979, Small and Lynn 1985, Maeda 1986, Montagnes and Lynn 1991, Laval-Peuto
et al. 1994, Song et al. 1999, Lynn and Small 2002). Likewise, gene sequence analyses do
not reflect the results of Petz and Foissner (1992) and of the other authors mentioned
because Halteria grandinella clusters with the stichotrich Oxytricha granulifera (Fig. 1c;
Baroin-Tourancheau et al. 1992, Hoffman and Prescott 1997, Shin et al. 2000, Bernhard et
al. 2001, Snoeyenbos-West et al. 2002, Croft et al. 2003, Hewitt et al. 2003, Modeo et al.
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2003, Strüder-Kypke and Lynn 2003, Agatha et al. 2004). On the other hand, the separation
of the tintinnids and strobilidiids from the Oligotrichida, based on the shape of the
membranellar zone (closed vs. C-shaped), is widely accepted and supported by gene
sequence data (Small and Lynn 1985, Petz and Foissner 1992, Laval-Peuto et al. 1994, Lynn
and Small 2002); only Song et al. (1999) followed Kahl's (1932) classification in assigning
the aloricate Strobilidiidae, Strombidiidae, and Halteriidae to the same suborder
Oligotrichina separated from the loricate tintinnids.

Although molecular methods are frequently regarded as superior to traditional ones, using
the subjective evaluation of morphologic characters, different molecules and methods often
provide conflicting conclusions (Chen and Song 2002, Mayr and Bock 2002). Furthermore,
currently too few gene sequences of Oligotrichea are available to elucidate their
phylogenetic relationships at familial and generic level. Thus, a cladistic approach was made
based on morphologic, ontogenetic, and ultra-structural data, and especially on the evolution
of the ciliary patterns suggested by Agatha (2004).

MATERIALS AND METHODS
Cladistic analyses

The phylogenetic relationships within the Oligotrichea, with emphasis on the Oligotrichida,
were elucidated by applying Hennig's argumentation method (Hennig 1982, Ax 1984,
Sudhaus and Rehfeld 1992) and the computer programs PAUP 4.0b10 (Swofford 2002),
HENNIG86, and FreeTree (http://www.natur.cuni.cz/~flegr/programs/freetree) with the
Hypotrichea, i.e., the hypotrichs and stichotrichs, as out-group. The parsimony tree
generated by the PAUP-program was founded on differently weighted features (for details,
see Table 2), while equivalent weighting was used for the parsimony calculations with
HENNIG86 and in the distance matrix cladogram produced with FreeTree (Jaccard index,
UPGMA average linkage method, bootstrap re-sampled 1,000 times). The cladograms were
printed by TreeView (http://taxonomy.zoology.gla.ac.uk/rod/treeview.html). Morphologic,
ontogenetic, and ultrastructural data from the original literature were the basis for the
analyses (Grim 1974, Mirabdullaev 1985, Foissner et al. 1988, Song 1993, Agatha and
Riedel-Lorjé 1998, Agatha 2003b, as well as the papers cited in Maeda 1986 and Agatha
2004). However, only sufficiently known genera were considered, i.e., Cyrtostrombidium
Lynn and Gilron, 1993; Laboea Lohmann, 1908; Limnostrombidium Krainer, 1995;
Novistrombidium Song and Bradbury, 1998; Parallelostrombidium Agatha, 2004;
Paratontonia Jankowski, 1978; Pelagostrombidium Krainer, 1991; Omegastrombidium
Agatha, 2004; Pseudotontonia Agatha, 2004; Spirotontonia Agatha, 2004; Spirostrombidium
Jankowski, 1978; Strombidium Claparède and Lachmann, 1859; and Tontonia
FauréFremiet, 1914. Other genera, such as Echinostrombidium Jankowski, 1978,
Lissostrombidium Jankowski, 1978, Metastrombidium FauréFremiet, 1924,
Peristrombidium Jankowski, 1978, and Seravinella Alekperov and Mamajeva, 1992, were
not taken into account because their type species are insufficiently known. Twenty-three
characters were selected.

Terminology
Halteriids have two undulating membranes (Figs 2a, b): the inner membrane is named
endoral, while the outer membrane is called paroral; both are assumed to correspond to the
endoral and paroral of the Stichotrichida (Szabó 1935). In long-term cultures of halteriids,
the paroral is occasionally reduced (Foissner, pers. commun.), a process which probably
happened also in the evolution of the Oligotrichia (see below). The homology of the inner
membrane of halteriids and oligotrichids is indicated not only by the same position, but also
by the de novo-origin, monostichomonad structure, and perilemma cover (Petz and Foissner
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1992, Petz 1994, Song and Wang 1996, Agatha 2003a, Agatha et al. 2004). Thus, the inner
membrane of the Oligotrichia should likewise be called endoral (Figs 2c, d). The direction
of the spiral of the girdle kinety is determined in top view according to Montagnes and
Taylor (1994).

The taxonomic ranks used in the present paper follow the revised classification shown in
Table 3.

RESULTS AND DISCUSSION
Characters, character states, and convergences considered

The Oligotrichea share several features with the Hypotrichea: a macronuclear replication
band (Salvano 1975, Raikov 1982); an apokinetal development of the oral primordium
(Foissner 1996); a conspicuous membranellar zone; and stichomonad undulating membranes
on the right side of the buccal cavity (Grain 1972, Laval 1972, Grim 1987, Agatha 2003a).
According to Corliss (1979), a stichomonad undulating membrane consists of a single row
of identically orientated basal bodies. This is also shown in transmission electron
micrographs of Strombidium and Novistrombidium provided by Modeo et al. (2003),
although a dikinetidal structure of the endoral is described in the text.

In the Hypotrichea, and at least in dividing cells of Halteriia, the somatic kineties are
composed of dikinetids, bearing a distinct cilium only at each anterior basal body (Szabó
1935, Grain 1972, Grim 1974, Ruffolo 1976, Petz and Foissner 1992); even the cirri of some
stichotrichs show a dikinetidal composition (Wirnsberger-Aescht et al. 1989). In contrast to
the Hypotrichea and Halteriia, most Oligotrichida have only a single longitudinal kinety, i.e.,
the ventral kinety. Nevertheless, its structure is identical to that of the hypotrich and halteriid
kineties, and even the girdle dikinetids bear only a single distinct cilium at each left basal
body (Fauré-Fremiet and Ganier 1970, Agatha 2003a, Modeo et al. 2003, Agatha et al.
2004). This peculiarity led to the evolution of the ciliary patterns discussed by Agatha
(2004). In the Choreotrichida, however, the somatic kinetids are probably subject to several
secondary modifications (Hedin 1976, Grim 1987, Lynn and Montagnes 1988, Montagnes
and Lynn 1991, Agatha 2003b).

The cladistic analyses are founded on four groups of characters: the morphology of the oral
apparatus (characters 1-5), the somatic ciliature (characters 6-13), special organelles
(characters 14-17), and ontogenetic particulars (characters 18-23). The characters and their
states are summarized in Table 1 and their distribution over the taxa is summarized in Table
2.

Character 1: Number of undulating membranes—Stichotrichs and some hypotrichs
have two undulating membranes. Likewise, halteriids have an endoral and a minute paroral
(Figs 2a, b; Szabó 1935, Grain 1972, Petz and Foissner 1992); the latter may be reduced in
long-term cultures (Foissner, pers. commun.). Thus, it is assumed that the ancestor of the
Hypotrichea (hypotrichs and stichotrichs) and Oligotrichea had two undulating membranes,
of which the outer was lost in the Choreotrichida, the Oligotrichida, and convergently in
some Hypotrichida, e.g., Euplotes (Grain 1972; Ruffolo 1976; Grim 1987; Petz and Foissner
1992; Agatha 2003a, b; Agatha et al. 2004). The Cyrtostrombidiidae lack any undulating
membrane (own observ.; Lynn and Gilron 1993).

Character 2: Arrangement of membranellar zone—The adoral zone of
membranelles is C-shaped and extends on the ventral side of the Hypotrichea. In the
Halteriia and Oligotrichida, it is also C-shaped, but occupies the apical cell end. This
arrangement is regarded as apomorphy.
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Character 3: Shape of membranellar zone—In contrast to the Hypotrichea, Halteriia,
and Oligotrichida, the adoral zone of membranelles of the Choreotrichida is circular and
thus probably represents a derived state (Fig. 2d).

Character 4: Ventral membranelles—In the Oligotrichea and some stichotrichs, the
adoral zone of membranelles is bipartited into large distal and small proximal membranelles.
In three oligotrich genera, however, the ventral (proximal) portion is absent:
Cyrtostrombidium Lynn and Gilron, 1993; Metastrombidium Fauré-Fremiet, 1924; and
Seravinella Alekperov and Mamajeva, 1992. This is likely an apomorphy.

Character 5: Cyrtos—The pharyngeal fibres of Cyrtostrombidium Lynn and Gilron, 1993
are thick in protargol preparations, resembling the cyrtos (cytopharyngeal basket) of the
Nassophorea, Phyllopharyngea, and Prostomatea (Lynn and Small 2002). Since the fibres of
the other Spirotricha are distinctly finer, this feature is probably derived, especially, as it is
accompanied by the lack of an endoral and ventral membranelles.

Character 6: Reduction of somatic ciliature—The ancestor of the Hypotrichea and
Oligotrichea is supposed to have several longitudinal kineties, which were reduced to two
ciliary rows in the Oligotrichida (Fig. 3b; Agatha 2004). The nature of the tail cilia in the
tontoniids (Lynn and Gilron 1993, Suzuki and Song 2001) is uncertain; ontogenetic
investigations are required.

Character 7: Dextral spiral of kineties—According to the proposed evolution of the
ciliary patterns (Agatha 2004), the two remaining kineties (see Character 6) were located on
the dorsal side and performed a dextral rotation parallel to the proximal portion of the adoral
zone of membranelles (Fig. 3b). Further, the left kinety, i.e., the future ventral kinety,
shortened anteriorly. Probably, this torsion of the oral apparatus is recapitulated during
ontogenesis (see Character 20).

Character 8: Orientation of ventral kinety—Due to the dextral spiral of the posterior
cell portion, both the ventral and girdle kinety were parallel to each other (Fig. 3b; Agatha
2004). Therefore, a longitudinal orientation of the ventral ciliary row is interpreted as an
apomorphy (Fig. 3c).

Character 9: Girdle kinety patterns—Three patterns evolved from the dextrally
spiralled course of the girdle kinety, as described by Agatha (2004) and briefly explained in
the explanation of Fig. 3.

The lack of a ventral kinety in Pelagostrombidium, some Strombidium species, and probably
also in Laboea strobila is difficult to interpret but is apparently only a species-specific
feature and developed convergently several times.

Character 10: Shape of somatic cilia—Although detailed data are lacking for most
Oligotrichia, the occurrence of clavate somatic cilia seems to be restricted to the freshwater
genus Limnostrombidium (Kahl 1932; Krainer 1991, 1995; Foissner et al. 1999). Since cilia
are usually rod-shaped or fusiform, clavate ones probably represent the derived state and
developed convergently in the gymnostomatid ciliates.

Character 11: Lack of somatic cilia—Live observations, protargol impregnations, and
ultrastructural studies show that the somatic kinetids are ciliated in the Hypotrichea,
Halteriia, Choreotrichida, and Oligotrichida, except for those of Pelagostrombidium
(Foissner et al. 1999). The latter state is therefore considered as an apomorphy.

AGATHA Page 4

Acta Protozool. Author manuscript; available in PMC 2010 April 14.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Character 12: Bristle complexes—Separate cilia are the common state of the ciliature;
accordingly, the bristles complexes of Halteria Dujardin, 1841 and Pelagohalteria Foissner,
Skogstad and Pratt, 1988, that are composed of closely spaced dikinetids with one cilium
each (Song and Wilbert 1989, Petz and Foissner 1992), likely represent the derived state.

Character 13: Fibrillar associates of somatic basal bodies—Hypotrichida have
typical somatic dikinetids, i.e., with a kinetodesmal fibre, a transverse ribbon, and a
postciliary ribbon, while the kinetodesmal fibres are resorbed during late ontogenetic stages
in the Stichotrichida (Foissner 1996, Lynn and Small 2002). Data on the kinetid structure of
Oligotrichia are only available for Halteria and three choreotrichids. While a kinetodesmal
fibre is apparently lacking in Halteria grandinella (Grain 1972), Strobilidium velox (Grim
1987), and Petalotricha ampulla (Laval 1972), a short one occurs in Cyttarocylis brandti
(Laval-Peuto 1994). In this cladistic approach, the lack of a kinetodesmal fibre is also
assumed for morphostatic Oligotrichida and is regarded as the apomorphic state, that
developed convergently in the Stichotrichida and Oligotrichea.

Character 14: Cortical platelets—Alveolata are characterized by cortical alveoli, which
occasionally contain platelets. Polysaccharidic cortical platelets are restricted to the
Oligotrichida (Kahl 1932, Laval-Peuto and Febvre 1986), the heterotrich family
Sicuophoridae (Tuffrau 1994), and the dinoflagellates (Taylor 1987); likely, they developed
convergently.

The distended cell surface in the posterior cell portion of the Oligotrichida is possibly
correlated with the occurrence of the polysaccharidic cortical platelets.

Character 15: Perilemma—A perilemma, i.e., an additional layer probably covering the
whole plasma membrane, was revealed by ultrastructural investigations of the Oligotrichida
Strombidium, Novistrombidium, and Tontonia (Fauré-Fremiet and Ganier 1970, Laval-
Peuto and Febvre 1986, Modeo et al. 2003), Tintinnina (Laval 1972, Laval-Peuto 1975,
Hedin 1976), and several Stichotrichida (Bardele 1981, Wirnsberger-Aescht et al. 1989). A
structure interpreted as perilemma was also recognized in TEM micrographs of Laboea
strobila kindly provided by Per R. Jonsson (Tjärnö Marine Biological Laboratory,
University of Göteborg, Sweden) and in the halteriid Meseres corlissi (Foissner; pers.
commun.). Therefore, fixation problems might have caused the loss of the perilemma in
Halteria grandinella (Grain 1972) and the choreotrichid ciliate Strobilidium velox where
alveoli are also absent (Grim 1987). On the other hand, it is apparently lacking in the
Hypotrichida (Bardele 1981). Bardele (1981) considered the perilemma as a temporary
structure in stichotrichs, which is often renewed. Since the cyst wall is formed between the
perilemma and the plasma membrane in stichotrichs, it might be a protection for the
precursor of the cyst wall (Grimes 1973). Lynn and Corliss (1991) suggested that the
perilemma might be a special preparation artifact of the glycocalyx. Nevertheless, its
occurrence is apparently restricted to the Oligotrichea and Stichotrichida.

Character 16: Extrusomes—The trichites of strombidiids are extrusomes that differ
distinctly in structure, size, and location from the extrusomes of hypotrichs, tintinnids, and
strobilidiids (own observ.; Laval-Peuto and Barria de Cao 1987, Wirnsberger and Hausmann
1988, Modeo et al. 2001, Rosati and Modeo 2003, Agatha et al. 2004); thus, they are
regarded as an autapomorphy.

Character 17: Tail—The contractile tail is an apomorphy of the tontoniids due to its
complex and unique ultrastructure (Greuet et al. 1986, Agatha 2004).
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Character 18: Division mode—The enantiotropic division mode is the most important
autapomorphy of the Oligotrichea, although a modified (probably convergently developed)
form is found in the prostomatid Pseudobalanion (Foissner et al. 1990, Petz and Foissner
1992, Foissner 1996). The Choreotrichida show a less pronounced kind of enantiotropy
compared to the Halteriia and Oligotrichida (Petz and Foissner 1992, 1993; Dale and Lynn
1998; Agatha 2003b). This difference is probably correlated with the formation of the oral
primordium within a pouch and the circular arrangement of almost all membranelles on the
oral rim, a structure restricted to the choreotrichids (Fig. 2d).

Character 19: Stomatogenic mode—When Petz and Foissner (1992) established their
phylogenetic system, the general validity of the hypoapokinetal stomatogenic mode in the
Oligotrichia was uncertain. However, recent studies on Strombidium (Petz 1994, Song and
Wang 1996, Agatha 2003a), Novistrombidium (Agatha 2003a), Laboea (Agatha et al. 2004),
Strombidinopsis (Dale and Lynn 1998, Agatha 2003b), Pelagostrobilidium (own observ.),
Spirotontonia (own observ.), and tintinnids from marine and freshwaters (own observ.; Petz
and Foissner 1993) support their hypothesis. Thus, stomatogenesis takes place on the cell
surface, except for the Oligotrichia (Anigstein 1913; Fauré-Fremiet 1912, 1953; Penard
1916, 1920, 1922; Buddenbrock 1922; Yagiu 1933; Kormos and Kormos 1958; Deroux
1974; Petz and Foissner 1992; Petz 1994; Song and Wang 1996; Agatha and Riedel-Lorjé
1997, 1998; Montagnes and Humphrey 1998; Suzuki and Song 2001), Hypotrichida
(Ruffolo 1976, Song and Packroff 1993), and entodiniomorphids (Noirot-Timothée 1960);
transitions to a subsurface development of the oral primordium are also found in some
Stichotrichida (Foissner 1983). The hypoapokinetal stomatogenesis is therefore regarded as
derived state and developed probably convergently in the taxa mentioned above, as other
argumentations are less parsimonious (Petz and Foissner 1992). The assumption by Kahl
(1932), that the subsurface development of the new oral apparatus became necessary when
the membranelles undertook the cell's movement, cannot be supported; some data even
indicate that this is not so: (i) in the related planktonic Halteriia, the new oral apparatus
originates on the cell surface and (ii) a subsurface development of the new oral apparatus
occurs in the benthic Hypotrichida and the endocommensalic Entodiniomorphida. The rigid
cortex (polysaccharidic or proteinous cortical platelets in the Hypotrichida and Oligotrichida
and skeletal plates in the Entodiniomorphida) possibly causes the special mode of
stomatogenesis in these taxa.

The shape of the subsurface organelle, in which the oral primordium originates, probably
depends on the shape of the adoral zone of membranelles, i.e., a C-shaped zone necessitates
a tube, while a closed zone requires a pouch. Accordingly, it is reasonable to assume a
parallel development of the closed zone and the subsurface pouch (cp. Character 3). In
contrast to the suggestion by Petz and Foissner (1992), the pouch, not the tube, thus
represents the derived state.

Since a temporary structure in which stomatogenesis occurs, as in the Hypotrichida and the
Oligotrichia, is considered as plesiomorphic, a permanent one (neoformation organelle) is a
strong synapomorphy of the genera Limnostrombidium Krainer, 1995 and
Pelagostrombidium Krainer, 1991.

Character 20: Rotation of oral primordium—Although stomatogenesis of the
Halteriia and Oligotrichia is similar at first glance, there is a difference, supporting a closer
affiliation of the former with the Hypotrichea, viz., a pronounced anticlockwise rotation of
the anterior end of the oral primordium (Fauré-Fremiet 1953, Ruffolo 1976, Petz and
Foissner 1992, Song 1993, Berger 1999, Agatha 2004). This rotation is apparently lacking in
the Oligotrichia or is, at least, less pronounced (Fauré-Fremiet 1953; Deroux 1974; Petz and
Foissner 1992; Petz 1994; Song and Wang 1996; Dale and Lynn 1998; Agatha 2003a, b;
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Agatha et al. 2004). On the other hand, the posterior end of the oral primordium performs a
distinct clockwise torsion, which is absent or less conspicuous in the Halteriia and the
outgroup Hypotrichea. Accordingly, the distinct clockwise torsion is assumed to be
apomorphic.

Character 21: Origin of undulating membranes—The undulating membranes of the
outgroup Hypotrichea are generated by the oral primordium or cirral anlagen (Song and
Packroff 1993, Berger 1999, Foissner et al. 2002, Song 2003), while they originate de novo
in the Oligotrichea (Petz and Foissner 1992, 1993; Petz 1994; Song and Wang 1996; Dale
and Lynn 1998; Agatha 2003a, b; Agatha et al. 2004). Since the oral anlage usually derives
from the parental somatic or oral ciliature (Foissner 1996), the de novo-origin is regarded as
apomorphy.

Character 22: Origin of somatic ciliature—The entire somatic ciliature of the
Oligotrichia as well as the marginal and dorsal rows of the Hypotrichea are usually
generated by intrakinetal proliferation of kinetids (Petz and Foissner 1992, 1993; Petz 1994;
Song and Wang 1996; Dale and Lynn 1998; Berger 1999; Agatha 2003a, b; Agatha et al.
2004); only very rarely, de novo-formation occurs, e.g., in Engelmanniella (Wirnsberger-
Aescht et al. 1989). Thus, the development of the girdle kinety within the neoformation
organelle, as mentioned for Pelagostrombidium fallax (Petz and Foissner 1992), is
considered to be a misobservation. In contrast to the intrakinetal proliferation, the de novo-
generation of the entire somatic ciliature is regarded as the autapomorphy of the Halteriia.

Character 23: Reorganization of somatic ciliature—The somatic ciliature is usually
not distinctly reconstructed during ontogenesis (Foissner 1996); thus, the extensive
reorganization in the Hypotrichea is regarded as apomorphy, and the reorganization of the
entire somatic ciliature in the Halteriia as a convergence (Petz and Foissner 1992, Song
1993). This explanation is more parsimonious than to assume a common ancestor of the
Hypotrichea and Halteriia, which would require the assumption of several convergences in
the Halteriia and the Oligotrichia (the enantiotropy, the de novo-origin of the undulating
membranes, and the apical membranellar zone).

Characters not considered
Although occasionally mentioned in discussions, the following features were not included in
this approach as they are plesiomorphies, convergences or require further investigations:
structure of the membranellar zone, chromosomal fragmentation, arrangement of the
extrusomes and their fibrillar associates, shape of the neoformation organelle, ontogenetic
behaviour of the macronuclei, number of anlagen per somatic kinety, reorganization of the
parental oral ciliature, arrangement of the cortical platelets, resting cysts, and fate of the
somatic ciliature in encysted cells.

Comparison of morphological cladograms
There are few morphologic phylogenetic systems available for the oligotrichs, and all are
confined to higher taxonomic levels (Puytorac et al. 1984, 1994; Petz and Foissner 1992).
Although several new features (Characters 1, 2, 4-17, 20, 21, 23; Table 1) are included, the
Hennigian tree matches that of Petz and Foissner (1992) very well (cp. Fig. 1a and Figs 4,
5). The monophyly of the Hypotrichea (hypotrichs and stichotrichs) and Oligotrichea bases
on the macronuclear replication band; the apokinetal stomatogenesis is a newly introduced
strong synapomorphy. Since the perilemma is apparently absent in the Hypotrichida, it is not
a synapomorphy of the Hypotrichea and Oligotrichea, as suggested by Petz and Foissner
(1992), but possibly developed convergently in the Stichotrichida and Oligotrichea.
Otherwise, it is a synapomorphy of the Oligotrichea and Stichotrichida, and the cirri are
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either a convergence in the Hypotrichida and Stichotrichida or a symplesiomorphy which
was lost in the Oligotrichea. However, there are no morphologic or ontogenetic data that
support these two latter explanations. The Oligotrichea are mostly characterized by the
enantiotropic division mode and the de novo-formation of the undulating membranes (a
newly included character). With respect to the position of Halteria, the tree is supported by
the parsimony analyses chiefly of ultrastructural data (Puytorac et al. 1984, 1994), in that the
cluster of Halteria and the tintinnid Petalotricha ampulla forms a sister group with the
monophyletic Hypotrichea. The unique feature of the Halteriia is the de novo-origin of the
entire somatic ciliature, whereas the Oligotrichia are characterized by convergences (the
hypoapokinetal stomatogenesis and the absence of a paroral), except for the rotation of the
oral primordium, which is a potentially useful feature; more data are, however, required to
support its significance. Since a concomitant development of the closed adoral zone of
membranelles and the subsurface pouch is assumed (see Characters 2 and 19), two
apomorphies characterize the Choreotrichida, instead of only one, as in the scheme of Petz
and Foissner (1992).

More detailed tree comparisons are impossible because the present cladistic approach is the
first that investigated the genealogy of the families and genera of the Oligotrichida.
Although the tail cilia in tontoniids might represent a third kinety besides the ventral and
girdle kinety, the reduction of the somatic ciliature is distinct and represents together with
the extrusomes (trichites) and the proposed dextral spiral of the kineties the main
autapomorphy of the Oligotrichida. Like the neoformation organelle in the
Pelagostrombidiidae and the oral structures of the Cyrtostrombidiidae (cyrtos-like
pharyngeal fibres, no undulating membrane and ventral membranelles), the tontoniid tail is a
good apomorphy due to its unique ultrastructure. The remaining apomorphies within the
Oligotrichida, such as the ciliary patterns, are interpreted as convergences, or further
ultrastructural data are needed to evaluate their importance and distribution. The cladistic
relationships of the Oligotrichida on generic and familial level are mainly based on the
evolution of the ciliary patterns proposed by Agatha (2004).

The attempt to reconstruct a phylogenetic tree for the Oligotrichida, using the Hennigian
method, revealed that the family Strombidiidae is paraphyletic, which might be due to the
scarce knowledge of the group (Fig. 4). The Hennigian scheme postulates that every split in
the cladogram produces two new clades; diverging from each other and the parental
phenotype multiple speciation and budding processes are excluded. Thus, the many
unknown apomorphies in the cladistic scheme of the Oligotrichida are not only caused by
the lack of data but also by the applied method. There are many good examples for the
separation of new lineages, while the parental persists virtually/essentially unchanged (Mayr
and Bock 2002). Furthermore, the Hennigian method uses the principle of parsimony as a
methodological instrument, while the assumption of a parsimonious evolution is unfounded
and many more than only the nine convergences in the evolution of the Oligotrichida might
exist (Ax 1984, Moore and Willmer 1997). Therefore, phylogenetic trees do not represent
reality, but can merely be a theorem of probability (Bachmann 1995, Haszprunar 1998).

All computer-generated cladograms support the monophyly of the Hypotrichea,
Oligotrichea, Halteriia, Oligotrichia, Oligotrichida, and Choreotrichida found in the
Hennigian scheme (Figs 4, 5; trees from HENNIG86 and FreeTree not shown). Likewise,
they show a sister group relationship of the Halteriia and Oligotrichia. The classical and
PAUP tree reveal a monophyly of the Tontoniidae and Pelagostrombidiidae due to the tail
and the neoformation organelle, respectively. The cladograms generated with the
unweighted data and the programs FreeTree and HENNIG86, however, place the genera
mainly according to girdle kinety patterns, which have been developed convergently,
according to the Hennigian scheme.
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Comparison with cladograms inferred from gene sequence data
The Oligotrichia comprise at least 19 sufficiently known genera with about 180 species
(Table 3; Fig. 4), while gene sequences are available from about twenty Choreotrichida and
ten Oligotrichida species from the genera Strombidium, Laboea, Novistrombidium, and
Spirostrombidium. Due to undersampling and unequal sampling, the gene trees are not
comparable with the morphology based cladistic approach at familial and generic level
(Agatha et al. 2004).

All molecular trees differ from the morphological cladograms in the position of the
halteriids. They consistently reveal Halteria grandinella not as an early branch of the
stichotrichs, but within this taxon as sister group to Oxytricha granulifera (Baroin-
Tourancheau et al. 1992, Hoffman and Prescott 1997, Shin et al. 2000, Bernhard et al. 2001,
Snoeyenbos-West et al. 2002, Croft et al. 2003, Hewitt et al. 2003, Modeo et al. 2003,
Strüder-Kypke and Lynn 2003, Agatha et al. 2004). A placement of the Halteriia within the
Stichotrichida is less parsimonious than the assumption presented above, as it requires
several other convergences: (i) the diplo-/polystichomonad undulating membrane structure
and the cirri in the Stichotrichida and Hypotrichida; and (ii) the enantiotropy, the apical
adoral zone of membranelles, and the de novo-origin of the undulating membranes in the
Halteriia and Oligotrichia. Shin et al. (2000) as well as Strüder-Kypke and Lynn (2003)
argued that the enantiotropic division mode may be an adaptation to the planktonic lifestyle.
Indeed, this might be true, although there are no evidences for this assumption (Foissner et
al. 2004). Additionally, this argument does not favour an arrangement of the Halteriids
within the Stichotrichida but also supports my cladistic scheme because it is more
parsimonious to assume that the ancestor of the Oligotrichea was possibly a planktonic
ciliate that developed enantiotropic division as an adaptation to this habitat.

Besides the sequence of the small subunit rRNA gene, there are morphological features
suggesting a close relationship between the halteriids and stichotrichs: (i) the stomatogenesis
on cell surface (plesiomorphic as it is present in most other ciliates); (ii) the four-rowed
ventral membranelles (probably a plesiomorphy); (iii) the two undulating membranes
(probably a plesiomorphy); (iv) the bristle complexes, which are absent in the halteriid
Meseres (Fig. 2a; Petz and Foissner 1992) and whose homology to cirri has yet to be tested;
and (v) the two distinct anlagen per somatic kinety in dividers, which also occur in some
Hypotrichida, e.g., Diophrys (Song and Packroff 1993), and possibly the Oligotrichida.
Finally, there are no derived morphologic, ontogenetic, or ultrastructural characters left, that
support the position of Halteria within the stichotrichs. In agreement with Petz and Foissner
(1992) and my results, the halteriids are, however, still the closest oligotrich relatives to the
hypotrichs and stichotrichs. As discussed by Foissner et al. (2004), even the assumption that
halteriids have developed from stichotrichs by an involution of the ventral and an extension
of the dorsal side connected with a reduction of all cirri does not explain the enantiotropic
division mode and the de novo-origin of the undulating membranes. Thus, the topologies of
the gene and traditional trees concerning the position of the halteriids cannot be reconciled,
especially, as nothing is known about the possible correlation between the evolution of the
rRNA molecules and the selection of the phenotypes in ciliates (Puytorac et al. 1994).
Accordingly, an exclusion of the Halteriia from the Oligotrichea, as suggested by Modeo et
al. (2003) and Strüder-Kypke and Lynn (2003) seems to be unfounded, as genealogical
analyses of the α-tubulin nucleotide sequences corroborate the cladistic scheme presented
here by showing a closer relationship of H. grandinella to the Oligotrichia than to the
stichotrichs (Snoeyenbos-West et al. 2002). Furthermore, molecular homologies are not
always more accurate than morphological ones (Puytorac et al. 1994, Moore and Willmer
1997), and morphological characters, the product of a large number of genes, are usually
quite reliable in phylogenetic analyses (Mayr and Bock 2002). However, the gene trees
match the cladistic approach in other cases very well, e.g., in the close relationship between
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Meseres and Halteria (Katz and Foissner, pers. commun.) and between Novistrombidium
and Spirostrombidium (both with a dextrally spiralled girdle kinety); the latter form a cluster
separate from the Strombidiidae with a horizontal or sinistrally spiralled girdle kinety
(Strüder-Kypke, pers. commun.). In summary, the SSrRNA trees alone do not solve all
evolutionary problems, but together with other characters, such as morphologic, ontogenetic,
and ultrastructural ones as well as other gene loci, they contribute to a better understanding
of the phylogenetic relationships in ciliates (Moore and Willmer 1997, Hewitt et al. 2003).

Classification of the Oligotrichea and diagnosis of some taxa
The results obtained by the present cladistic approach match the findings of Petz and
Foissner (1992). Accordingly, I follow mainly their classification and add all sufficiently
known families and genera (Table 3). The permissibility of paraphyletic taxa in a
classification is controversially discussed: it is supported by the evolutionary systematics,
but rejected by the cladistic systematics (Sudhaus and Rehfeld 1992). In favour of simplicity
and to provide a “user-friendly” classification, I follow the evolutionary systematics, i.e., the
paraphyletic family Strombidiidae is not eliminated, however, it is marked as such. The
members of the Strombidiidae are easily recognized, although the family is characterized
only by plesiomorphies, as revealed by the cladistic analyses. The included genera are
mostly arranged, following the sequencing convention (the first taxon represents the sister
group to the remaining taxa and so on; Ax 1984). Additionally, no taxa have been
established for the newly recognized sister groups, viz., for Tontonia and Paratontonia or
Spirotontonia and Pseudotontonia.

The fact, that the ICZN (1999) does not govern the nomenclature above the familial level,
causes some confusion within the Class Oligotrichea. Small and Lynn (1985) introduced the
order Choreotrichida for taxa with a closed adoral zone of membranelles (strobilidiids and
tintinnids) and assumed that the Halteriidae and Strombidiidae are adelphotaxa. The
phylogenetic results of Petz and Foissner (1992), however, suggest a closer relationship of
the strombidiids to the tintinnids and strobilidiids than to the halteriids; thus, the authors
excluded the halteriids from the subclass Oligotrichia and established the subclass Halteriia
(Fig. 1a). They summarized the Oligotrichia with a C-shaped membranellar zone in the
order Strombidiida Jankowski, 1980. Petz and Foissner (1992) argued that the order
Choreotrichida is superfluous and summarized the Oligotrichia with a closed membranellar
zone in the order Oligotrichida. However, the terms “oligotrichs” for ciliates with a C-shape
zone and “choreotrichs” for those with a closed zone have widely been accepted, not only in
ecological papers but also in taxonomic publications. To avoid further confusion, and to be
in accordance with the principle of an ascending and descending nomenclature used on
subordinal levels (ICZN 1999), I reject the order Strombidiida Jankowski, 1980 and use the
order Oligotrichida Bütschli, 1889. This seems especially justified as Jankowski (1980) only
established a suborder Strombidiina, which is a junior synonymy to the suborder
Oligotrichina Bütschli, 1889 used by Corliss (1979).

Based on the new characters, the diagnosis of some taxa are improved. Moreover, the lack
of a type species in the genus Meseres, as recognized by Aescht (2001), is remedied by
designating a type.

Class Oligotrichea Bütschli, 1889
Improved diagnosis: Cell usually globular to obconical. Macronucleus with replication
band. Adoral zone of membranelles conspicuous, occupies apical cell end. Kinetodesmal
fibres of somatic kinetids absent in at least morphostatic specimens. Undulating membranes
monostichomonad, originate de novo. Stomatogenesis apokinetal, division enantiotropic.
Mainly planktonic species.
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Comparison with related taxa: The members of the class Hypotrichea, i.e., the hypotrichs
and stichotrichs, are mainly dorsoventrally flattened benthic organisms, which can be
distinguished from the Oligotrichea by the cirri, the division mode (homothetogenic vs.
enantiotropic), the arrangement of the membranellar zone (mainly ventral vs. apical) as well
as by the origin and structure of the undulating membranes (diplo-/polystichomonad
structure and originating from the oral primordium or cirral anlagen vs. monostichomonad
structure and originating de novo).

According to Lynn and Small (2002), the spirotrich ciliates comprise five subclasses (Fig.
1b): the Hypotrichia, Stichotrichia, Oligotrichia, Choreotrichia, and the Protocruziidia. The
affiliation of the last of these with the spirotrichs is based only on gene sequence analyses as
the morphologic and ontogenetic features (unusual nuclear complex, stichodyad undulating
membrane, kinetid ultrastructure; Ammermann 1968, Ruthmann and Hauser 1974, Grolière
et al. 1980, Song and Wilbert 1997) indicate rather a relationship to the heterotrichs; thus, a
morphologic comparison of the Protocruziidia and the Oligotrichea is not necessary.

Subclass Halteriia Petz and Foissner, 1992
Improved diagnosis: Oligotrichea with endoral and minute paroral. Somatic ciliature
comprises more than three kineties or bristle complexes, develops de novo, and reorganizes
completely during ontogenesis. Oral primordium originates epiapokinetally and its anterior
end rotates rightwards.

Comparison with related taxa: The Halteriia differ from the Hypotrichea and Oligotrichia
in the origin of the somatic ciliature (entirely de novo vs. partially or completely by
intrakinetal proliferation). The Oligotrichia are also distinguished by the stomatogenic mode
(hypo- vs. epiapokinetal), the number of undulating membranes (one vs. two), the
reorganization of the somatic ciliature (entire vs. none or indistinct), and the shaping of the
new membranellar zone (rightwards rotation of proximal vs. distal end).

Order Halteriida Petz and Foissner, 1992
Improved diagnosis: With character of the subclass.

Type family: Halteriidae Claparède and Lachmann, 1859.

Family Halteriidae Claparède and Lachmann, 1859
Improved diagnosis: With characters of the order.

Type genus: Halteria Dujardin, 1841.

Genus Meseres Schewiakoff, 1892
Diagnosis: Halteriids with somatic kineties composed of dikinetids each with a cilium only
at the anterior basal body. With perilemma.

Type species: Meseres cordiformis Schewiakoff, 1892.

Remarks: In 1892, Schewiakoff established the genus with M. cordiformis and M. stentor
but did not fix any as type. Nevertheless, the genus name is available as it is accompanied by
an indication, i.e., satisfies article 12.2.5. of the ICZN (1999). Following the
recommendations of the Code, concerning the eligibility of species for type fixation (article
69A.10.), Meseres cordiformis is selected because it is the first species cited not only in
Schewiakoff (1892) but also in Schewiakoff (1893), which includes drawings of the species.
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Comparison with related genera: Meseres differs from Halteria Dujardin, 1841 and
Pelagohalteria Foissner, Skogstad and Pratt, 1988 in the arrangement of the somatic ciliature
(in long kineties vs. bristle complexes).

Subclass Oligotrichia Bütschli, 1889
Improved diagnosis: Endoral on inner wall of buccal lip in Oligotrichida or extending
across peristomial field into oral funnel in Choreotrichida. With perilemma. Somatic
ciliature entirely generated by intrakinetal proliferation, parental one not reorganized or
without special anlagen. Oral primordium originates hypoapokinetally and its posterior end
rotates rightwards.

Comparison with related subclass Halteriia: See discussion of Halteriia.

Order Oligotrichida Bütschli, 1889
Improved diagnosis: Adoral zone of membranelles C- shaped with ventral gap. Endoral on
inner wall of buccal lip. Somatic ciliature reduced to usually a girdle kinety and a ventral
kinety. Kineties composed of dikinetids each with a cilium only at the left, respectively,
anterior basal body. Stomatogenesis in a subsurface tube. Polysaccharidic cortical platelets.

Comparison with order Choreotrichida: In contrast to the Oligotrichida, the
Choreotrichida have a circular adoral zone of membranelles which originates in a subsurface
pouch. Their endoral extends across the peristomial field into the oral funnel and their
somatic ciliature usually comprises more than three kineties.
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Figs 1a-c.
Cladograms showing different models of the phylogenetic relationships within the
Spirotricha. a - according to Petz and Foissner (1992); b - according to Lynn and Small
(2002); c - according to Strüder-Kypke and Lynn (2003).
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Figs 2a-d.
Generalized ventral (a-c) and dorsal (d) views, illustrating some diagnostic features of the
halteriid genera Meseres (a - modified from Petz and Foissner 1992) and Halteria (b -
modified from Song 1993) as well as the oligotrichid genus Strombidium (c - from Agatha
2004) and the choreotrichid genus Rimostrombidium (d). The halteriids Meseres and
Halteria have two undulating membranes, i.e., an outer paroral and an inner endoral, while
the Oligotrichida and Choreotrichida possess only an endoral. AM - anterior polykinetids/
membranelles, B - bristle complexes, E - endoral, EM - external polykinetids/membranelles,
GK - girdle kinety, IM - internal polykinetids/membranelles; P - paroral, SK - somatic
kineties, VK - ventral kinety, VM - ventral polykinetids/membranelles.
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Figs 3a-g.
Evolution of the ciliary patterns in the Oligotrichida (from Agatha 2004). a - ancestor with
many longitudinal somatic kineties, whose dikinetids bear a distinct cilium only at each
anterior basal body (see detail); b - reduction in kinety number to two. The clockwise
torsion of the proximal end of the membranellar zone and the cell proper caused the
dextrally spiralled pattern of the girdle and ventral kinety; c - the ventral kinety orientated
longitudinally; d - the right portion of the girdle kinety migrated posteriorly; both kinety
ends are thus close to the cell's posterior on ventral side; e - the posterior portion of the
girdle kinety curved anteriorly and is thus inversely orientated to the parallel ventral kinety;
f - the left portion of the dextrally spiralled girdle kinety migrated anteriorly, causing a
horizontal orientation; g - the right portion of the horizontal girdle kinety spiralled sinistrally
to the rear end. The number of whorls performed by the girdle kinety is possibly positively
correlated with the cell size because Tontonia turbinata with a length of 50-80 μm after
protargol impregnation has ~ 1.5 whorls, while T. grandis with a size of up to 180 μm has
3-3.5 whorls (Song and Bradbury 1998, Suzuki and Han 2000, Agatha et al. 2004). Arrows
indicate orientation of kineties. GK - girdle kinety, VK - ventral kinety.
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Fig. 4.
Cladistic scheme generated by Hennig's argumentation method. For character coding, see
Table 1 and section on character states. Apomorphies are marked by black squares,
convergences are starred. a - Meseres corlissi Petz and Foissner, 1992 (modified from Petz
and Foissner 1992); b - Halteria grandinella (Müller, 1773) Dujardin, 1841 (modified from
Song 1993); c - Parallelostrombidium rhyticollare (Corliss and Snyder, 1986) Agatha, 2004
(modified from Petz et al. 1995); d - Tontonia appendiculariformis Fauré-Fremiet, 1914
(from FauréFremiet 1924); e - Paratontonia gracillima (Fauré-Fremiet, 1924) Jankowski,
1978 (from Lynn et al. 1988); f - Pseudotontonia cornuta (Leegaard, 1915) Agatha, 2004
(modified from Suzuki and Song 2001); g - Spirotontonia grandis (Suzuki and Han, 2000)
Agatha, 2004 (from Suzuki and Han 2000); h - Omegastrombidium elegans (Florentin,
1901) Agatha, 2004 (from Song et al. 2000); i - Spirostrombidium urceolare (Stein, 1867)
Lei et al., 1999 (from Lei et al. 1999); j - Novistrombidium apsheronicum (Alekperov and
Asadullayeva, 1997) Agatha, 2003 (from Agatha 2003a); k - Laboea strobila Lohmann,
1908 (from Montagnes et al. 1988); l - Strombidium sulcatum Claparède and Lachmann,
1859 (from Song et al. 2000); m - Limnostrombidium pelagicum (Kahl, 1932) Krainer, 1995
(from Krainer 1991); n - Pelagostrombidium mirabile (Penard, 1916) Krainer, 1991 (from
Krainer 1991); o - Cyrtostrombidium longisomum Lynn and Gilron, 1993 (from Lynn and
Gilron 1993).
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Fig. 5.
50% majority-rule consensus tree (tree length = 74, retention index = 0.85, rescale
consistency index = 0.68) computed with the maximum parsimony analysis of PAUP*
version 4.0b10 (Swofford 2002), using the Hypotrichea, i.e., the hypotrichs and stichotrichs,
as out-group (for feature matrix, see Table 2). The numbers represent the bootstrap values
out of 100 re-samplings of the data set. The main apomorphies are marked by black squares;
convergences are starred.
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Table 1

Character states and coding used for the construction of the traditional cladogram shown in Figure 4.

Character states

Apomorphy Plesiomorphy

1 Paroral lacks (coded 1), paroral and
endoral lack (coded 2)

Endoral and paroral (coded 0)

2 Membranellar zone apical (coded 1) Membranellar zone ventral (coded 0)

3 Membranellar zone closed (coded 1) Membranellar zone C-shaped (coded 0)

4 Without ventral membranelles (coded 1) Ventral membranelles (coded 0)

5 Cyrtos-like pharyngeal fibres (coded 1) Common pharyngeal fibres (coded 0)

6 Reduction of somatic ciliature to ≤
2 kineties (coded 1)

Comprehensive somatic ciliature (coded 0)

7 Dextral spiral of somatic kineties (coded 1) Longitudinal somatic kineties (coded 0)

8 Ventral kinety longitudinal (coded 1) Ventral kinety dextrally spiralled (coded 0)

9 Ends of girdle kinety near posterior end
of ventral side (coded 1), posterior portion
of girdle kinety inversely orientated and parallel
to ventral kinety (coded 2), girdle kinety
horizontal (coded 3), girdle kinety sinistrally
spiralled (coded 4)

Girdle kinety dextrally spiralled (coded 0)

10 Somatic cilia clavate (coded 1) Somatic cilia rod-shaped or fusiform (coded 0)

11 Somatic kinetids bare (coded 1) Somatic kinetids ciliated (coded 0)

12 Somatic cilia arranged in bristle complexes (coded 1) Somatic cilia arranged in ordinary rows (coded 0)

13 Kinetodesmal fibre of somatic kinetids lacking or
transient (coded 1)

Kinetodesmal fibres of somatic kinetids
permanent (coded 0)

14 Polysaccharidic cortical platelets (coded 1) No or other cortical platelets (coded 0)

15 Perilemma (coded 1) Without perilemma (coded 0)

16 Oligotrichid extrusomes (trichites; coded 1) No or other extrusomes (coded 0)

17 Tail (coded 1) Without tail (coded 0)

18 Enantiotropy (coded 1) Homeotropy (coded 0)

19 Stomatogenesis hypoapokinetal in temporary
tube (coded 1) or pouch (coded 2) or permanent
neoformation organelle (coded 3)

Stomatogenesis epiapokinetal (coded 0)

20 Posterior end of oral primordium performs
clockwise rotation (coded 1)

Anterior end of oral primordium performs
anticlockwise rotation (coded 0)

21 Undulating membranes originate de novo (coded 1) Undulating membranes originate from oral
primordium or cirral anlagen (coded 0)

22 Entire somatic ciliature originates de novo (coded 1) At least parts of somatic ciliature originate
by intrakinetal proliferation (coded 0)

23 Extensive reorganization of somatic ciliature (coded 1) No or indistinct (intrakinetal) reorganization
of somatic ciliature (coded 0)
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Table 3

Revised classification of the Oligotrichea (for further explanations, see “Classification of the Oligotrichea and
diagnosis of some taxa”).

Superclass Spirotricha Bütschli, 1889

Class Hypotrichea Stein, 1859

Order Hypotrichida Stein, 1859

Order Stichotrichida Fauré-Fremiet, 1961

Class Oligotrichea Bütschli, 1889

Subclass Halteriia Petz and Foissner, 1992

Order Halteriida Petz and Foissner, 1992

Family Halteriidae Claparède and Lachmann, 1859

Genus Halteria Dujardin, 1841

Genus Pelagohalteria Foissner, Skogstad and
Pratt, 1988

Genus Meseres Schewiakoff, 1892

Subclass Oligotrichia Bütschli, 1889

Order Choreotrichida Small and Lynn, 1985

Suborder Strobilidiina Jankowski, 19801

Family Strobilidiidae Kahl in Doflein and Reichenow, 1929

Genus Strobilidium Schewiakoff, 1892

Genus Rimostrombidium Jankowski, 1978

Genus Pelagostrobilidium Petz, Song and
Wilbert, 1995

Family Strombidinopsidae Small and Lynn, 1985

Genus Strombidinopsis Kent, 1881

Family Leegaardiellidae Lynn and Montagnes, 1988

Genus Leegaardiella Lynn and Montagnes,
1988

Family Lohmanniellidae Montagnes and Lynn, 1991

Genus Lohmanniella Leegaard, 1915

Suborder Tintinnina Kofoid and Campbell, 1929

Order Oligotrichida Bütschli, 1889

“Family Strombidiidae Fauré-Fremiet, 1970”2

Genus Parallelostrombidium Agatha, 2004

Genus Omegastrombidium Agatha, 2004

Genus Spirostrombidium Jankowski, 1978

Genus Novistrombidium Song and Bradbury,
1998

Genus Laboea Lohmann, 1908

Genus Strombidium Claparède and Lachmann,
1859

Family Tontoniidae Agatha, 2004

Genus Tontonia Fauré-Fremiet, 1914

Genus Paratontonia Jankowski, 1978

Genus Spirotontonia Agatha, 2004
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Genus Pseudotontonia Agatha, 2004

Family Cyrtostrombidiidae Agatha, 2004

Genus Cyrtostrombidium Lynn and Gilron,
1993

Family Pelagostrombidiidae Agatha, 2004

Genus Pelagostrombidium Krainer, 1991

Genus Limnostrombidium Krainer, 1995

1
Again established by Small and Lynn (1985).

2
The paraphyly is indicated by quotation marks and the genera are, as far as possible, arranged according to the sequencing convention (Ax 1984).

Acta Protozool. Author manuscript; available in PMC 2010 April 14.


