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Fig. 11. Ring-canal of Limnostrombidium viride in the transmission electron microscope. The transverse section of the organelle shows its 
position between the anterior furrow (asterisk) and the stripe of extrusome attachment sites (arrow denotes the electron-dense cap of an 
empty “extrusome chamber”). Vesicles are adjacent to the irregular anterior membrane portion of the canal, while the posterior portion is 
underlain by two layers of perpendicularly orientated microtubules. ML, two layers of microtubules; PE, perilemma; RC, lumen of ring-
canal; V, vesicles of unknown function. Scale bar: 1 µm.

L.  pelagicum (Agatha 2004a, c; Agatha and Strüder-
Kypke 2014). The cells investigated are identified as 
L. viride (Stein, 1867) Krainer, 1995 based on several 
characters. They differ from L. pelagicum (Kahl, 1932) 
Krainer, 1995 in the possession of sequestered plastids, 
larger cell sizes, more buccal membranelles, and more 
dikinetids in the ventral kinety [for a detailed species 
comparison see Foissner et al. (1999)]. The species had 
originally been described by Stein (1867) as Strombid­
ium viride and had been transferred by Krainer (1995) 
to the genus Limnostrombidium.

The sequences of the small (accession no. KU525754) 
and large (accession no. KU525737) subunit ribosomal 
rDNA genes of L. viride were analysed by Gao et al. 
(2016); however, the identification of the specimen se-
quenced cannot be verified as the authors merely pub-
lished a stamp-sized micrograph of a protargol-stained 
specimen that is assumed to be conspecific.

The present study is the first providing transmission 
electron microscopical details on L. viride, as the data 
published by Rogerson et al. (1989) on our species (re-
ported as Strombidium viride) might actually refer to 
Pelagostrombidium mirabile. The authors mention the 
lack of a somatic ciliature and the occurrence of an ar-
gyrophilic “circumferential paratene at the equator” in 
silver nitrate-stained cells, and the cells possess a long 
buccal portion of the adoral zone. The term circumfer-
ential paratene was occasionally used for the girdle ki-
nety plus the stripe of extrusome attachment sites [e.g., 
Krainer (1991), Foissner (1994)]. The term “circumfer-
ential paratene“ is defined, following Lynn (2008) as 
“repeating kinetid patterns at right angles to the longi-
tudinal axis of the ciliate’s body..”. Since the kinetids 
of the paratenes thus do not form a true kinety, the term 
should be abolished in the descriptions of oligotrichids 
(Agatha 2004a).
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Fig. 12. Neoformation organelles in dividers of Limnostrombidium viride in the transmission electron microscope. (A) Oblique section of 
the organelle’s distal (asterisk) and proximal portions with the outgrowing cilia of the oral primordium. The axonemes (arrowheads) are 
very short, lack the central pair of microtubules, and are bulbous because being embedded in many vesicles. (B) Cross section of cilia. Their 
axonemes already possess the “9×2+2” ultrastructure (arrowheads). (C) Tangential section of the neoformation organelle showing cross 
sections of cilia (arrowheads) and vesicles with electron-dense content of unknown function. (D) Longitudinal section of the posterior cell 
portion. Both the unciliated (arrowhead) and ciliated (double arrowhead) portions of the organelle are shown twice in cross section. MB, 
cell membrane; PE, perilemma; V, vesicles. Scale bars: 1 µm (A–C), 5 µm (D).
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Oral ciliature

In oligotrichids, choreotrichids, and the halteriid hy-
potrichs, the apically located adoral membranelles are 
not only employed in upstream filtration, but also in 
locomotion. The acquisition of this additional function 
is considered an adaptation to the planktonic life style 
(Lynn and Kolisko 2017). In contrast to oligotrichids 
and choreotrichids, a separation in “collar” and “buc-
cal” membranelles differing in the length of their cilia 
and width of their polykinetids is usually not found in 
euplotids and hypotrichs.

Ultrastructure of membranelles. The euplotids, 
hypotrichs (incl. halteriids), oligotrichids, and chore-
otrichids differ in the number of square-packed basal 
body rows constituting the paramembranelles. In oli-
gotrichids and choreotrichids, the adoral polykinetids 
are composed of three almost equally long rows of 
basal bodies, except for the two-rowed proximalmost 
polykinetid (Fauré-Fremiet and Ganier 1970, Laval 
1972, Grim 1987, Petz and Foissner 1992, Modeo et 
al. 2003). The membranelles of euplotids and typical 
hypotrichs are four-rowed, except for three-rowed ones 
at the distal end of the membranellar zone and a two-
rowed membranelle at the proximal end (de Puytorac et 
al. 1976, Wirnsberger and Hausmann 1988, Wirnsberg-
er-Aescht et al. 1989).

The links between the basal bodies are very simi-
lar in hypotrichs (Grain 1972, Grim 1972, de Puytorac 
et al. 1976, Bakowska and Jerka-Dziadosz 1978), the 
oligotrichid L.  viride (this study), the aloricate chore-
otrichid Rimostrombidium (Grim 1987), and the tintin-
nids (Laval-Peuto and Brownlee 1986). Kinetodesmal 
fibrils are absent in the membranellar polykinetids of 
all aforementioned groups (Lynn 2008). The fibres as-
sociated with the membranelles in L. viride match the 
situation in hypotrichs [incl. Halteria; Grain (1972), 
Grim (1972), de Puytorac et al. (1976), Bakowska and 
Jerka-Dziadosz (1978), Lynn (2008)]. In the aloricate 
choreotrichid Rimostrombidium lacustre (reported as 
Strobilidium velox), the microtubules originating at the 
third basal body row have a different position and extend 
obliquely anteriorly and posteriorly; the first row has as-
sociated several radiating microtubules (Grim 1987). 
Tintinnids have microtubule bundles that originate in the 
first and third rows and connect neighbouring polykinet-
ids (Hedin 1976, Laval-Peuto and Brownlee 1986).

Parasomal sacs occur between the basal body rows 
in the hypotrich and euplotid adoral polykinetids 
(Gliddon 1966, Grain 1972, Grim 1972, Bakowska 

and Jerka-Dziadosz 1978), whereas they were neither 
mentioned nor illustrated in the aloricate choreotrichid 
Rimostrombidium (Grim 1987) and tintinnids (Laval-
Peuto and Brownlee 1986, Laval-Peuto 1994) and were 
not recognisable in L. viride (this study).

Ultrastructure of endoral membrane. Owing to its 
position on the inner wall of the buccal lip, the single 
undulating membrane in oligotrichids had been homol-
ogised with the hypotrichs’ endoral membrane (Agatha 
2004c). It is most parsimonious to consider the mem-
brane extending across the peristomial field in chore-
otrichids to be also an endoral membrane. 

Interestingly, the endoral membrane is recognis-
able in scanning electron micrographs of hypotrichs, 
oligotrichids, and choreotrichids only when a membra-
nous structure is partially or entirely destroyed [L. viri­
de: Fig. 3A; Foissner et al. (1999), Foissner and Al-Ras-
heid (2006), Agatha and Tsai (2008)]. The transmission 
electron microscope reveals that these structures are 
usually composed of multiple membranous layers and 
are not only found in the buccal cavity of oligotrichids 
but also of tintinnids, hypotrichs, and euplotids (Lupor-
ini and Magagnini 1970, Nobili and Rosati Raffaelli 
1971, Sokolova and Gerassimova 1984, Laval-Peuto et 
al. 1986, Sokolova et al. 1986, Foissner et al. 2005); the 
homology of these structures is uncertain.

Several protargol-stained species and some trans-
mission electron microscopic studies reveal the en-
doral to be composed of a single row of basal bodies; 
contradicting descriptions (Krainer 1991, Modeo et al. 
2003) could not be confirmed and are highly unlikely. 
Thin sections show that the basal bodies are identically 
orientated in many/all hypotrichs [incl. Halteria; Grain 
(1972), Grim (1972), Bakowska and Jerka-Dziadosz 
(1978)] and the Oligotrichea (this study, Laval-Peuto 
et al. 1986, Grim 1987, Modeo et al. 2003); hence, it is 
a stichomonad membrane in the sense of de Puytorac 
and Grain (1976). Yet, the organisation of stichomonad 
membranes is imprecisely defined and varies (Wirns-
berger and Hausmann 1988).

Our findings are similar to those of Bakowska and 
Jerka-Dziadosz (1978) concerning the electron-dense 
material obliquely linking the endoral basal bodies and 
the microtubules extending on both sides of the endoral. 
The aloricate choreotrichid Rimostrombidium has the 
endoral basal bodies associated with nematodesmata 
and two short rows of microtubules on their left sides, 
which extend parallel to the peristomial field and the 
endoral cilia; the basal bodies are linked on their right 
sides (Grim 1987). Tintinnids have microtubular bun-
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dles extending perpendicularly on both sides of the ba-
sal bodies and deep nematodesmata (Laval-Peuto and 
Brownlee 1986, Laval-Peuto 1994). The endoral of 
L. viride deviates from the previous patterns, possess-
ing two diverging bundles of microtubules on the basal 
bodies’ left sides and microtubular ribbons extending 
obliquely anteriorly on their right sides (Fig. 3D). The 
microtubules originating in the endoral membrane ap-
parently support the buccal cavity, the cytopharynx, and 
the lip in hypotrichs (Bakowska and Jerka-Dziadosz 
1978) and L. viride (this study) and the peristomial field 
in Rimostrombidium (Grim 1987).

Parasomal sacs associated with the endoral are 
found in at least some hypotrichs (Wirnsberger and 
Hausmann 1988), while they were not mentioned in the 
aloricate choreotrichid Rimostrombidium (Grim 1987) 
and tintinnids (Laval-Peuto and Brownlee 1986) and 
were not visible in L. viride (this study).

The concealment of the endoral by the membranous 
sheet could suggest that it has lost its function. How-
ever, the moving endoral cilia underneath the membra-
nous layers might nevertheless cause pumping move-
ments of the peristomial field carrying food items into 
the buccal cavity; such movements are extremely dis-
tinct in tintinnids (SA own observ., Laval-Peuto et al. 
1986).

Somatic ciliature

Dikinetids are assumed to represent the plesiomor-
phic character state in euplotids, hypotrichs, and Oli-
gotrichea (Agatha 2004a, Agatha and Strüder-Kypke 
2007). Following the hypothesis on the evolution of 
somatic ciliary patterns in Oligotrichea, only each (pre-
viously) anterior dikinetidal basal body has associated 
a  usually 2–6 µm long and thus clearly recognisable 
cilium in euplotids (Ruffolo 1976), hypotrichs (Berger 
1999, 2006, 2008, 2011), oligotrichids (Fauré-Fremiet 
and Ganier 1970, Modeo et al. 2003), and an alori-
cate form supposedly branching basally in the chore-
otrichids [Leegaardiella ovalis; Agatha (2004a), Aga-
tha and Strüder-Kypke (2007), Agatha (2011), Agatha 
and Strüder-Kypke (2014)]. In the latter group, there is 
a somewhat greater variability in length and orientation 
of the somatic cilia, ranging from short and inconspicu-
ous ones extending parallel to the cell surface in stro-
bilidiids (Agatha et al. 2005) to long and highly mobile 
ones in tintinnids (Fauré-Fremiet 1924, Agatha and Tsai 
2008).

The cilia of the somatic kineties in euplotids, hy-
potrichs, oligotrichids, and choreotrichids are normally 

shaped, except for the club-shaped girdle cilia in Lim­
nostrombidium, which were previously considered to be 
an apomorphy for the genus (Agatha 2004c). Electron-
dense material which is associated with the axonemes 
and causes the conspicuous shape of the girdle cilia 
in L. viride (this study; Figs 4A, 5A, D) has also been 
found in other oligotrichids, namely in Strombidium 
sulcatum (Fauré-Fremiet and Ganier 1970) and S.  in­
clinatum (Modeo et al. 2003); however, it is less volu-
minous in these species. Despite the uncertainties in the 
determination of the species sequenced, the topology 
of the most recent 18S phylogeny (Santoferrara et al. 
2017) suggests that the occurrence of electron-dense 
material in somatic cilia is not restricted to the genus 
Limnostrombidium or another monophyletic grouping.

Kahl (1932) hypothesised a  sensory function for 
these cilia, which are apparently not or not considerably 
involved in locomotion of oligotrichids and hypotrichs. 
Fauré-Fremiet and Ganier (1970) actually named the 
electron-dense structures associated with the axonemes 
in Strombidium sulcatum paraflagellar bodies as in eu-
glenoids, for which a photoreceptor function has been 
demonstrated (Häder and Iseki 2017). Club-shaped cil-
ia with a potentially sensory function are found in the 
brush rows of a large variety of ciliates. The brush cilia 
vary in their axonemal structures, i.e., the structure is 
retained (Hiller 1993), the links between the microtu-
bules are missing (Golińska 1982), or the central micro-
tubules are absent (Bardele et al. 2017). Data on protists 
and metazoans indicate that a  sensory function is not 
restricted to primary (sensory) cilia with “92+0”-
axonemes (Hubert et al. 1975, Fenchel and Finlay 1986, 
Ibañez-Tallon et al. 2003, Bloodgood 2010, Satir 2017). 
Hence, the somatic cilia of L. viride, especially those of 
the girdle kinety, might have a sensory function despite 
their common “92+2”-axonemes. While we could 
not find any clue which stimulus (light, mechanical, or 
chemical) is perceived by the girdle cilia in L. viride, at 
least some support for their sensory function could be 
provided by the discovery of highly ordered intramem-
branous particles as typical for sensory cilia up to mam-
mals [Figs 5B, C; Bardele (1981), Schrenk and Bardele 
(1987)].

A detailed comparison with somatic cilia in chore-
otrichids is currently impossible owing to the scarcity 
of data. Neither the study on Rimostrombidium lacus­
tre [reported as Strobilidium velox; Grim (1987)] nor 
the investigations on tintinnids reported electron-dense 
material associated with the axonemes in a  way we 
found it (Laval 1972, Hedin 1975, Laval-Peuto 1975, 
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Hedin 1976, Laval-Peuto et al. 1979, Sokolova and 
Gerassimova 1984, Sokolova et al. 1986), and none 
of the studies performed freeze-fracture analyses. In-
terestingly, the hypotrich ciliate Halteria grandinella 
is more similar to a Strombidium species than to hy-
potrichs and euplotids in its particle arrays in the 
cell membrane of somatic cilia despite their different 
lengths (very long vs. very short) and functions [jump-
ing vs. perception of stimuli; Bardele (1981)]. The 
polarised arrangement of lasiosomes (dense arrays of 
granules close to the anterior portion of the axoneme) 
in the dorsal bristle cilia of the euplotids Euplotes and 
Certesia might indicate a  sensory function in these 
ciliates (Görtz 1982), while such structures had neither 
been found in other euplotids (Aspidisca, Discoceph­
alus, Euplotidium, Uronychia) and hypotrichs nor in 
L. viride (this study, Ruffolo 1976, Görtz 1982, Wick-
low 1982, Dallai and Luporini 1983, Wicklow 1983, 
Rosati et al. 1987, Lenzi and Rosati 1993, Morelli et 
al. 1996, Lynn 2008).

Condylocilia, a  kind of clavate cilia, are associ-
ated with (i) the posterior dikinetidal basal bodies in 
euplotids, in which they lack the central microtubules 
(Grimes and Adler 1976, Ruffolo 1976, Görtz 1982, 
Morelli et al. 1996, Lynn 2008), and (ii) the right girdle 
basal bodies in L. viride (this study). Very short and dis-
tinctly bent cilia are associated with the posterior ven-
tral basal bodies in L. viride like in two Strombidiidae, 
which have similar cilia also at each right girdle basal 
body (Fauré-Fremiet and Ganier 1970, Modeo et al. 
2003). The discocilia (paddle cilia) described by Wasik 
and Mikołajczyk (1991) in the tintinnid Cymatocylis 
convallaria are very likely artefacts, as the same phe-
nomenon was only found in insufficiently fixed tintin-
nids (e.g., Agatha 2010) but never during detailed live 
observations.

According to the hypotheses on somatic ciliary pat-
tern evolution in Oligotrichea, the somatic dikinetids in 
euplotids, hypotrichs, and oligotrichids are considered 
homologous, i.e., the previously anterior dikinetidal ba-
sal bodies become the left basal bodies in the curved 
girdle kinety (Agatha 2004a, Agatha and Strüder-Kypke 
2007, Agatha 2011, Agatha and Strüder-Kypke 2012); 
the orientation of the ventral dikinetids has usually not 
changed. While some ultrastructural data are available 
on euplotid and hypotrich dikinetids (Lynn 2008), this 
is the first description of a dikinetid and its associated 
structures in oligotrichids.

In the dorsal dikinetids of euplotids, the anterior ba-
sal body has associated a  tangential transverse ribbon 

and sometimes a single postciliary microtubule, while 
the posterior basal body has a divergent postciliary rib-
bon and a  laterally-directed, striated kinetodesmal fi-
bril. In hypotrichs, the ultrastructure of the dorsal diki-
netids is more variable, but typically matches that of the 
euplotids, except for the absence of parasomal sacs and 
the generally transient kinetodesmal fibril (Lynn 2008).

The studied girdle dikinetids of L. viride differ from 
the dorsal dikinetids in euplotids and hypotrichs by 
(i) permanent kinetodesmal fibrils (vs. transient in hy-
potrichs), (ii) the absence of a single postciliary micro-
tubule at the anterior basal bodies (vs. usually present 
in euplotids and hypotrichs), and (iii) the lack of para-
somal sacs (vs. present in euplotids). Furthermore, the 
dikinetids have an electron-dense hook-shaped struc-
ture originating from triplets 1 and 2 of the right basal 
body and an electron-dense structure extending tangen-
tially near triplets1and 2 of the left basal body (Figs 4B, 
5E); both had not been reported from the supposedly 
homologous dikinetids in euplotids and hypotrichs. The 
presence of transverse ribbons associated with the left 
girdle basal bodies in L. viride is uncertain and requires 
verification.

In tintinnids, the somatic ciliature consists of some 
dikinetids and many monokinetids, but merely the ul-
trastructure of monokinetids had been described as yet 
(Hedin 1976, Laval-Peuto and Brownlee 1986, Laval-
Peuto 1994); a detailed investigation on Schmidinger­
ella meunieri will soon be published (Gruber et al. 
2018). Interestingly, the postciliary ribbons extend par-
allel to the kinety axis and terminate posteriorly to the 
second following kinetid, overlapping the postciliary 
microtubules of the next kinetid; such a pattern is not 
found in L. viride.

In L. viride (this study), Strombidiidae (Agatha and 
Riedel-Lorjé 1997, Agatha 2004b), and the aloricate 
choreotrichid Strombidinopsis minima (Agatha 2003b), 
the dikinetids are anticlockwise inclined to the kinety 
axis (surface view), while clockwise inclined in eu-
plotids (Ruffolo 1976, Wicklow 1983, Morelli et al. 
1996) and hypotrichs (Grimes and Adler 1976, Wirns-
berger-Aescht et al. 1989). The dikinetidal basal bodies 
extend parallel to each other in euplotids (Ruffolo 1976, 
Wicklow 1983, Lenzi and Rosati 1993) and hypotrichs 
(Grimes and Adler 1976), while the posterior ventral 
and left girdle basal bodies of oligotrichid dikinet-
ids are obliquely orientated (this study, Fauré-Fremiet 
and Ganier 1970, Modeo et al. 2003); data for chore-
otrichids are not available, but will soon be published 
for a tintinnid (Gruber et al. 2018).
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Cortex

Although its nature and function are unknown, the 
perilemma had been used for defining the Perilemma-
phora, which unite the hypotrichs, oligotrichids, and 
choreotrichids (Berger 2008); accordingly, its occur-
rence in L. viride (this study) was not surprising. Like-
wise, electron-dense particles on and underneath the 
perilemma had already been reported from some oli-
gotrichids (Rogerson et al. 1989, Modeo et al. 2003), 
but seem to be absent in choreotrichids.

In oligotrichids, the cell membrane is underlain by 
small alveoli and a layer of densely spaced, longitudi-
nally orientated microtubules followed by a  layer of 
polygonal polysaccharidic platelets constituting the 
hemitheca in the cell portion posteriorly to the girdle 
kinety (this study, Fauré-Fremiet and Ganier 1970, Mo-
deo et al. 2003). The hemitheca is considered a synapo-
morphy of the oligotrichids (Agatha et al. 2005), while 
layers of longitudinally orientated microtubules as in 
L.  viride (this study) are known from the hypotrich 
cortex and the ventral side of euplotids (see survey by 
Fleury 1988).

Nuclei

The macronuclei of spirotrichs, except for licno-
phorids, are characterised by the occurrence of replica-
tion bands in dividers (Lynn 2008). The present study 
is one of the very few ultrastructural investigations 
on macronuclei in oligotrichids and choreotrichids 
(Laval 1972, Salvano 1974, Hedin 1975, Salvano 1975, 
Sokolova and Gerassimova 1984, Laval-Peuto and 
Febvre 1986). The most detailed study on the replica-
tion band is from Salvano (1974, 1975) on Strombid­
ium sulcatum and matches perfectly the observations 
in L. viride, except for a separation of the bright zone 
(site of beginning biosynthesis) from the zone of DNA 
replication with its fine structure.

Extrusomes

In former times, the proteinaceous trichites of oli-
gotrichids were occasionally considered skeletal ele-
ments (Fauré-Fremiet 1924, Fauré-Fremiet and Ganier 
1970) or contractile fibres (Lohmann 1908), but Kahl 
(1932) noticed an ejection of these organelles like in 
other extrusomes. These observations are supported 
by Penard (1920), Montagnes et al. (1988), Modeo et 
al. (2001), Rosati and Modeo (2003), Agatha (2003a), 
Agatha et al. (2005), and the present study (Figs 9A, 
D). In L.  viride (this study), triggering extrusion was 
difficult and the elongation of ejected extrusomes found 

in other oligotrichids could not be observed possibly 
because they were fixed during extrusion. Attachment 
rosettes with an “8+1”-pattern of intramembranous 
particles at the tips of the trichites, as typical for most 
extrusive organelles in ciliates (except for Suctoria with 
a “12+1”-pattern; Bardele, unpubl. observ.), were seen 
in freeze-fracture micrographs (Fig. 10A). As yet, it 
is unknown whether the extrusomes are used for food 
capture or for defence against certain predators.

The arrangement of trichites in clusters or rows 
and their associated fibrillar structures are considered 
a promising character complex for future cladistic ana
lyses, disentangling the non-monophylies emerging in 
genetic phylogenies (Agatha 2004c).

The ultrastructure of the extrusome girdle had been 
described in three oligotrichids, i.e., the strombidiids 
Strombidium sulcatum, S.  inclinatum, and Novistrom­
bidium testaceum, and illustrated in the tontoniid La­
boea strobila (Fauré-Fremiet and Ganier 1970, Modeo 
et al. 2001, Agatha et al. 2004). The extrusomes in these 
species match rather well those in L. viride, except for 
the hexagonal lumen, which seems to be restricted to 
immature organelles, while the mature trichites have 
an electron-dense “core”. Likewise, the electron-dense 
rings projecting into the lumen at certain distances in 
the other oligotrichids could only be found in the im-
mature organelles of L. viride (cp. Figs 9C, D with Figs 
10B, C). The extrusomes misinterpreted as nematodes-
mata by Rogerson et al. (1989) in Pelagostrombidium 
mirabile (reported as L. viride) possess like L. viride an 
electron-dense “core”. In contrast to our specimens and 
Laboea strobila, the individual extrusomes of Strom­
bidium inclinatum, S. sulcatum, and Novistrombidium 
testaceum are not enclosed by a membrane.

While the formation of two-rowed units is recognis-
able in scanning electron micrographs of the monotypic 
genus Laboea, TEM sections do not show such a (dis-
tinct) separation of the units as in L.  viride. Further, 
the grouping of these units into larger clusters seems 
to represent a new feature demonstrated by L.  viride. 
Electron-dense material underlays the cortex in L. viri­
de, Strombidium inclinatum, and S. sulcatum and forms 
a cap for each extrusome (this study, Fauré-Fremiet and 
Ganier 1970, Modeo et al. 2001).

To our knowledge, there are no detailed studies of 
the development of the oligotrichid extrusomes. Rosati 
and Modeo (2003) suggested an involvement of the en-
doplasmic reticulum or the Golgi complex. Here, we 
present preliminary observations, which fit structures 
recognisable in the tontoniid Laboea strobila [Fig. 4i in 
Agatha et al. (2004)].
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Ring-canal

The maintenance of a hyperosmotic internal state is 
characteristic of freshwater and brackish water ciliates 
and is performed by one or several contractile vacuoles. 
It is assumed that the Oligotrichea evolved in the sea 
and entered freshwater at least eight times indepen-
dently. A typical contractile vacuole has been reported 
from freshwater strombidiids, aloricate choreotrichids, 
tintinnids, as well as from a  brackish water aloricate 
choreotrichid (Foissner and Wilbert 1979, Foissner et 
al. 1988, Petz and Foissner 1992, Krainer 1995, Agatha 
and Riedel-Lorjé 1998, Foissner et al. 1999, Küppers et 
al. 2006, Potapskaya and Obolkina 2012).

While Roux (1899) observed also a  typical con-
tractile vacuole in L. viride, other live observations de-
scribed a unique, potentially osmoregulatory organelle, 
which had neither been observed in its congener L. pe­
lagicum nor in Pelagostrombidium species (Penard 
1920, Kahl 1932). The latter species apparently also 
lack common contractile vacuoles. Here, the first trans-
mission electron microscopic data on the ring-canal are 
presented, but its functionality remains obscure. The 
different position of the organelle in our specimens and 
those described by Penard (1920), namely anterior vs. 
posterior to the extrusome attachment sites is attributed 
to the difficult live observations.

Neoformation organelle and cell division

The neoformation organelle is one of the most 
fascinating organelles of the Pelagostrombidiidae. It 
was assumed quite early by Penard (1920) that this 
subsurface tube is the place of hypoapokinetal stoma-
togenesis, which was supported by data from live and 
silver-stained specimens (Kormos and Kormos 1958, 
Krainer 1991, Foissner 1996). For the first time, the 
formation of the new oral cilia within the proximal 
portion of the tube has here been documented by 
transmission electron micrographs. The constitution 
of the wall in the unciliated tube portion fits that of 
the cortex. In the proximal tube portion, the numer-
ous small vesicles around the growing axonemes are 
interpreted as stocks of membrane material allocated 
for the further outgrowth of the membranellar cilia. 
The countless mitochondria accompanying the neo-
formation organelle provide the energy necessary for 
stomatogenesis, i.e., the formation of the oral ciliature 
including the complex assembly of the three-rowed 
adoral membranelles.

Nomenclatural acts

Data gathered during the past years, including those 
of the present study and particularly the conclusive 
exclusion of the halteriids from the Oligotrichea and 
their affiliation with the hypotrichs by Lynn and Ko-
lisko (2017), necessitate the improvement of several 
diagnoses.

Class Oligotrichea Bütschli, 1887

Improved diagnosis. Cell usually globular to ob-
conical. Macronucleus with replication band. Adoral 
zone of membranelles conspicuous, occupies apical 
cell portion. Adoral membranelles three-rowed, except 
for two-rowed proximalmost ones. Somatic kinetids as 
monokinetids, dikinetids with two cilia, dikinetids with 
cilia at the (initially) anterior or posterior basal body. 
Reorganisation of ciliature indistinct or absent. Endoral 
membrane stichomonad, originates probably de novo, 
might secondarily be lost (Cyrtostrombidiidae); paro-
ral membrane secondarily absent. Stomatogenesis hy-
poapokinetal, cell division enantiotropic. Mainly ma-
rine plankton.

Order Oligotrichida Bütschli, 1887

Improved diagnosis. Adoral zone of membranelles 
C-shaped with distinct ventral gap. Endoral membrane 
extends on inner wall of buccal lip, might secondar-
ily be lost (Cyrtostrombidiidae). Peristome usually 
spoon-shaped to funnel-shaped, parallel to main cell 
axis. Mostly with acicular or rod-shaped extrusomes 
of trichite-type. Usually polysaccharidic cortical plate-
lets in posterior cell portion. Somatic ciliature gener-
ally comprises two kineties, a curved girdle kinety and 
a usually longitudinal ventral kinety. Somatic kineties 
composed of dikinetids, each has associated a clearly 
recognisable cilium only with the (initially) anterior 
basal body; kinetodesmal fibril and postciliary micro-
tubular ribbon at the (initially) posterior basal body; 
presence of transverse microtubular ribbon uncertain. 
Often mixotrophic owing to presence of sequestered 
plastids. Stomatogenesis in subsurface tube. Mainly 
marine plankton.

Family Pelagostrombidiidae Agatha, 2004

Improved diagnosis. Oligotrichida with collar and 
buccal membranelles and endoral membrane. Somatic 
cilia and ventral kinety might secondarily be absent 
(Pelagostrombidium). Nuclear apparatus comprises 
one macronucleus and one micronucleus. Stomatogen-
esis in neoformation organelle. Freshwater.
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Genus Limnostrombidium Krainer, 1995

Improved diagnosis. Pelagostrombidiidae with gir-
dle kinety and ventral kinety. Apical protrusion spoon-
shaped. Clavate cilia and condylocilia in girdle kinety, 
normally shaped and stubby cilia in ventral kinety. 
Neoformation organelle tube-shaped. Buccal zone por-
tion continuous with collar portion, extends obliquely, 
terminating anteriorly to level of girdle kinety. Ring-
canal with supposed osmoregulatory function might be 
present.
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