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Abstract

Foissner W., Xu K. & Berger H. (Eds) (2025): Revision of some spathidiid genera
(Alveolata, Ciliophora, Spathidiida). — Ser. Monogr. Cilioph. 6: i-xv, 1-465.

This book deals with some spathidiid taxa. The following genera are treated and established,
respectively: Apospathidium Foissner et al., 2002; Centrospathidium nov. gen.; Epispathidium
Foissner, 1984; Latispathidium Foissner et al., 2005; Schmidingerophrya nov. gen.; Semibryo-
phyllum nov. gen.; Semispathidium Foissner et al., 2002; Supraspathidium Foissner & Didier,
1981; Pharyngospathidium nov. gen. (type genus of Pharyngospathidiidae nov. fam.); Neo-
spathidium nov. gen.; Neocultellothrix Foissner nov. gen. The latter genus “replaces” Culrello-
thrix Foissner, 2003, an unavailable genus because no holotype was fixed for the type species
in the original description. In addition, 12 Spathidium species are reviewed, and three new
species assigned to this genus are described. In total, four new subspecies, 19 new species, six
new genera, and one new family are described, 13 species are transferred to other genera, and
41 known species and two subspecies are reviewed. Further, three “Spathidium groups” are
discussed. The type slides of the new species and voucher slides of the redescribed species are
documented.

Key words: Alveolata; biogeography; Ciliophora; cyst; diversity; Haptoria; monograph;
morphogenesis; nomenclature; Protista; revision; soil biology; systematics; taxonomy






Chapter 6

Epispathidium Foissner, 1984 (Ciliophora,
Spathidiidae), a genus where the circumoral kinety is
completely separated from the somatic kineties'
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ZooBank registration of present chapter

urn:lsid:zoobank.org:pub:D01CC9BD-7B9A-4C7C-BBFE-1C44D17A0FAF

Abstract

In the species assigned to Epispathidium Foissner, 1984, the circumoral kinety is completely
separated from the anterior end of the somatic kineties. Further, the anterior end of the so-
matic kineties has a distinctly condensed ciliature which is curved ventrally on the left side
of the body and dorsally on the right side. One new species, Epispathidium salsum nov. spec.,
discovered in highly saline soil from the Pacific Coast of the USA, is described. Three species
(Epispathidium regium, type species by original designation; Epispathidium papilliferum,
Epispathidium securiforme) are revised in detail while three species (Epispathidium amphori-
forme, Epispathidium ascendens, Epispathidium terricola) are briefly reviewed. A key to the
species is provided. Spathidium macrostomum Wilbert, 1995 is a junior primary homonym
of Spathidium macrostomum Wang & Nie, 1933.; it is replaced by Spathidium canadense Wil-
bert nom. nov. Spathidium polymorphum Wenzel, 1955 is classified as objective synonym of
Epispathidium ascendens (Wenzel, 1955) Foissner, 1987 because both species are based on
the same clone. Epispathidium polynucleatum Foissner et al., 2002 is no longer classified in
the present genus; it was transferred to Spathidium: Spathidium polynucleatum (Foissner et
al., 2002) Jang et al., 2017.

! This chapter should be referenced as follows: Foissner W, Xu K. & Berger H. (2025): Epispathidium Foissner, 1984
(Ciliophora, Spathidiidac), agenus where the circumoral kincty is complctely scparatcd from the somatic kineties. — Ser.
Monogr. Cilioph. 6: 141-211.

For notes on “Material and methods”, see Chapter 1 (Berger ct al. 2025a).
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ForssNer W, Xu K. ¢ BERGER H.

Epispathidium Foissner, 1984*

1984 Epispathidium nov. gen.’ — Foissner, Stapfia 12: 81 (original description; for diagnosis sce below). Type
species (by original designation): Epispathidium regium Foissner, 1984.

2007 Epispathidium — Foissner & Xu, Monogr. biol. 81: 13, Fig. 8i, j (characterization of the Epispathidium
ciliature).

2007 Epispathidium Foissner, 1984 — Jankowski, Phylum Ciliophora, p. 564 (generic revision of ciliates).

2008 Epispathidium Foissner, 1984 — Lynn, Ciliated protozoa, p. 370 (familial revision of ciliates).

2017 Epispathidium — Jang, Vdacny, Shazib & Shin, J. nat. Hist. 51: 971 (discussion of validity of Epispathidium).

Nomenclature: No etymology has been provided in the original description or a later work.
Epispathidium is a composite of the Greek prefix epi+ (with many meanings; in present case
likely “on” or “beside” or “above” of a structure or “headwards”; Werner 1972, p. 65) and the
genus-group name Spathidium (for etymology of this name, see Chapter 2, that is, Berger et
al. 2025b). The name refers to the fact that the circumoral kinety is a closed row of dikinetids
and arranged “on” or “above” the anterior end of the somatic kineties. Like Spathidium of
neuter gender (Aescht 2001, p. 282).

Diagnosis (from Foissner 1984, slightly modified): Spathidiidae with circumoral kinety
completely separated from somatic kineties. Anterior end of somatic kineties with distinctly
condensed ciliature, on left side curved ventrally and on right side dorsally. Oral bulge in
top view clongate orthogonal, very distinctly set off from body proper, moderately strongly
slanted ventrally. Row 3 of dorsal brush shortened by about 50%, composed of much less
dikinetids than rows 1 and 2.

Species originally assigned: Epz’spﬂtbidium regium Foissner, 1984 (type species); Epis-
pathidium amphoriforme (Greeff, 1889) Foissner, 1984 (original combination Spathidium
amphoriforme); Epispathidium papilliferum (Kahl, 1930a) Foissner, 1984 (original combina-
tion Spathidium papilliferum). Foissner (1984, p. 82) mentioned “Spathidium (Epispathid-
ium?) bavariense Kahl, 1930”; however, this is not a formal combination and thus Spathid-
ium bavariense Kahl, 1930a (p. 384) is not a species originally included.

Species incorrectly assigned: Epispathidium polynucleatum Foissner, Agatha & Berger,
2002 (now Spathidium polynucleatum (Foissner et al., 2002) Jang et al., 2017; see Chapter
3, that is, Foissner et al. 2025).

Species now assigned (see remarks): Epispathidium regium Foissner, 1984 (type species);
Epispathidium amphoriforme (Greeff, 1889) Foissner, 1984 (original combination Spathidium
amphoriforme); Epispathidium ascendens (Wenzel, 1955) Foissner, 1987 (original combination
Spathidium ascendens); Epispathidium papilliferum (Kahl, 1930a) Foissner, 1984 (original com-
bination Spathidium papilliferum); Epispathidium salsum nov. spec.; Epispathidium securiforme
(Kahl, 1930a) Foissner, 1984 (original combination Spathidium amphoriforme var. securiforme);
Epispathidium terricola Foissner, 1987 (transferred to Spathidium by Jang et al. 2017, p. 971).

*Note by H. Berger: The genus section and the “Brief review of other species assigned to Epispathidium Foissner, 1984”
(p- 196) was not available in the raw manuscript of W. Foissner. These parts were written by H. Berger.

3 Foissner (1984) provided the following diagnosis: “Spathidiidae, deren circumorale Kinete vollstindig von den Soma-
kineten getrennt ist. Anteriore Enden der Somakineten mit deutlich verdichteter Ciliatur, verlaufen wegen ihrer starken
Abbiegung vorne annihernd parallel zur circumoralen Kinete und weisen links nach ventral, rechts nach dorsal. Mund-
wulst in Aufsicht lang orthogonal, sehr deutlich vom Kérper abgesetzt, mifig stark nach ventral geneigt. Kinete 3 der
Biirste um etwa 50 % verkiirzt und aus viel weniger Basalkérperpaaren aufgebaut als die Kineten 1 und 2.7
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Chapter 6: Epispathidium Foissner, 1984

Remarks: Foissner & Xu (2007, p. 13) described the Epispathidium ciliature as follows:
“The oral kinetofragments are aligned to a continuous circumoral kinety distinctly separate
from the ciliary rows. The anterior region of the somatic kineties is densely ciliated and
usually so distinctly curved dorsally (right side) or ventrally (left side) that the circumor-
al kinety is seemingly doubled, that is, the anterior region of the ciliary rows parallels the
circumoral kinety.” (see also Foissner 1984, p. 67). By contrast, the Spathidium pattern is
characterized by oral kinetofragments that are usually connected to the somatic kineties
from which they originated (Foissner & Xu 2007, p. 13). Arcuospathidium Foissner, 1984
has, like Epispathidium, an isolated circumoral kinety, but the somatic kineties are directed
dorsally on both sides (Foissner & Xu 2007, p. 13). Unfortunately, these morphological dif-
ferences are not reflected in the phylogenetic analyses based on gene sequence data, that is,
Epispathidium species do not form a cluster, but are distributed at various sites in spathidiid
phylogenies (see Fig. 16 in Jang et al. 2017, p. 969). Thus, most Epispathidium species have
been classified in Spathidium by Jang et al. (2017). Since the type species Epispathidium
reginm is not yet analysed molecular biologically a final decision about the validity of Epis-
pathidium is not possible at the present state of knowledge (for further discussion, see re-
marks at Epispathidium securiforme). In the present review we assign the species according to
the morphological data as discussed by Foissner (1984) and Foissner & Xu (2007). The fact
that the 18S rRNA tree of the spathidiids, published by Jang et al. (2017) contains 14 gen-
cra (Spathidium, Arcuospathidium, Lagynophrya, Enchelys, Balantidion, Apobryophyllum,
Cultellothrix, Trachelophyllum, Epispathidium, Enchelyodon, Pseudoholophrya, Acaryophrya,
Semispathidium, Protospathidium), with Spathidium species irregularly distributed over the
whole tree, indicates that the taxonomy and phylogenetic analysis of the spathidiids are still
in the early stages of development.

The separation of the species included in Epispathidium in the present revision is dif-
ficult in vivo. Protargol preparations should be made (i) to check if the specimens have a
continuous circumoral kinety and (ii) to count the somatic kineties.

Key to species

1 Oral bulge with 2 or 3 papillae .....ccccovevveiviineincinnnc Epispathidium papilliferum (p. 174)
- Oral bulge with no papillae ..o 2
2 Many (usually more than 50) macronuclear NOAULES ....couuveeereuceeereeriericieeeseceeeens 3
= Macronucleus NOT as ADOVE ...c.ucuuveeiceeiirceeireeeseiecrtie ettt saeane 4
3 Onaverage 41-49 (total range 36-57) SomMatic KiNEties .....ocwuuererrreerumreumcremerimcrisecniens

..................................................................................................... Epispathidium reginm (p. 144)
- Onaverage 33 (range 20-40) SOMAtic KiNETIES w.urvumrrerrmerrrererrirecrirecrinecieressereseeesseressanessenecses

................................................................................... Epispathidium salsum nov. spec. (p. 166)
4 (2) Extrusomes about 40 pm long .......cccccuvvereurecrrerncrinnnee. Epispathidium terricola (p. 196)
—  Extrusomes distinCtly SHOTTET ..uuvuuiueiiecrierierirerieciecenie s isssss e sssesssesssenene 5
S Onaverage 54 ciliary rows ....ccooeeeeveeeneecncecnecereceeneeenns Epispathidium securiforme (p. 154)
- Onaverage 19-28 (range 17-38) somatic KINETIEs wuuurvmerrrrercrrueerrrienresecessnesssesrerisnessione 6
6 On average 28 (range 24-38) somatic kineties ..... Epispathidium amphoriforme (p. 197)
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- Onaverage 19-21 (total range 17-25) somatic Kineties® .......cccovevurerurerererenerinecunecnnenns
............................................................................................... Epispathidium ascendens (p. 202)

Epispathidium regium Foissner, 1984
(Fig. 6.1a-p, 6.2a-o, Table 6.1)

1984 Epispathidium regium nov. spec.’ — Foissner, Stapfia 12: 82, Abb. 41a-f, Tabelle 21 (Fig. 6.1a~f; one type
slide [accession number 1984/8; sce Aescht 2008, p. 175, Fig. 13] with protargol-prepared specimens has
been deposited in the Biology Centre of the Upper Austrian Museum in Linz [LI], see nomenclature).

Nomenclature: Epispathidium regium is the type species of Epispathidium. No derivation
of the name has been provided in the original description or a later work. The species-group
name regi-us, -a, -um (Latin adjective [m, f, n]; royal, regal; Hentschel & Wagner 1996, p.
511) refers to the overall “majestic” appearance.

On the label of the slide which contains the type material of Epispathidium regium, W.
Foissner wrote “Epispath. regium (Holotyp)” (see Fig. 13 in Aescht 2008, p. 134). In the
work itself no holotype sensu stricto was fixed. However, Foissner (1984, p. 8) stated that
“from cach new species described in this work 1-3 holotype slides® have been deposited in
the Upper Austrian Museum in Linz (LI)”. From unpublished notes we can determine that
the specimen documented in Fig. 41e, f of Foissner (1984; = Fig. 6.1e, f in present work)
is the holotype specimen (ICZN 1999, Articles 72.4.1.1, 73.1.2). Four voucher slides (Fig.
6.2h-o0; accession numbers 2024/143, 144, 145, 146) of the population from Costa Rica
(Fig. 6.1g—p, 6.2a~g) are also deposited in the Biology Centre of the Upper Austrian Mu-
seum in Linz (LI).

Improved diagnosis (based on type population from Austria and on population from
Costa Rica): Body size about 180-200 x 5565 pm in vivo. Body spatulate with oblique,
oblong oral bulge about 1.0-1.6 times as long as widest trunk region. Macronucleus in scat-
tered in approximately 50-100 nodules. Two types of extrusomes: type I rod-shaped and
slightly curved, 6-12 pm long; type II rod-shaped and about 2 pm long. On average 41-49
ciliary rows, three anteriorly modified to ordinary dorsal brush occupying about 22-29% of
body length.

Remarks: The original description of Epispathidium regium is not very detailed because
only eight specimens were available for morphometry (Foissner 1984). None the less, it is
obvious that the Costa Rican population (Fig. 6.1g—p, 6.2a—g) is rather similar to the Aus-
trian specimens (Fig. 6.1a~f). The sole, distinctly deviating feature is the ratio of oral bulge
length to body width, which is on average 1.1:1 in the Austrian, but 1.6:1 in the Costa Rican
specimens, whose oral bulge is thus highly prominent (Fig. 6.2a, b). The number of ciliary
rows (49 vs. 41) and macronucleus nodules (about 52 vs. 100), and the length (12 um vs. 6-8
pm) of the type I extrusomes are also slightly different, indicating some biogeographic spe-
cialization. However, it would be premature to separate the populations at the present state

*Values from Foissner (1987, p. 233) and Jang et al. (2017, p. 945).

> Foissner (1984) provided the following diagnosis: “In vivo ungefihr 150-300 x 50-80 um grofles Epispathidium mit
etwa 100 linglichen Makronucleus-Teilen und deutlich schriig nach ventral abfallendem Mundwulst.”

¢ Note by H. Berger: A holotype is a single specimen, thus, only one holotype slide can exist.
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)

Fig. 6.1a~d Epispathidium regium Foissner, 1984 (from Foissner 1984. a—c, from life; d, protargol preparation). a:
Right side view of a representative specimen of type population, 200 pm. b, c: Right side views of shape variants,
about 130 pm, 180 um. d: Ventral view of ciliary pattern in anterior body portion, length of oral bulge 42 pm.
CK - circumoral kinety, MA — macronucleus nodules, OB - oral bulge.

of knowledge because all main features basically match, that is, only more or less conspicu-
ous morphometric differences occur, which must not be over-interpreted because the Aus-
trian data are based on only eight specimens having high variation coeflicients in body and
oral bulge size (Table 6.1). Thus, the diagnosis and description include both populations.
In the early 2000s, we observed two specimens each in vivo and in protargol slides from
a deciduous forest in Vienna, Austria (Johannser Kogel; see Foissner et al. 2005, p. 627 for
faunistic records). They largely match those from the type locality in Salzburg: length about
220 pm in vivo; body shape as in Epispathidium amphoriforme (p. 197) with oral bulge cir-
ca as long as trunk wide; many macronucleus nodules of highly variable size; extrusomes
rod-shaped with rounded ends, slightly curved, 10 pm long, no second type noted (over-
looked?); cortex with dense, plate-like cortical granulation, individual granules about 0.8 x
0.2 um; oral bulge circa 5 um high and 10 um wide in vivo; about 40 ciliary rows arranged
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in pronounced Epispathidium-pattern; anterior bristle of dorsal brush dikinetids clavate and
up to 4 um long, posterior only up to 1 um long, both V-like spread and decreasing in length
posteriorly, row 3 short but with monokinetidal bristle tail extending to near mid-body.

Fig. 6.1e, f Epispathidium regium Foissner, 1984 (from Foissner 1984. Protargol preparation). e, f: Right (¢) and

left (f) side view of holotype specimen (see nomenclature), 170 um. B1-3 — dorsal brush rows, EP - excretory

pores of contractile vacuole, MA — macronucleus nodule, N - nematodesmata.

Fig. 6.1g—p Epispathidium regium Foissner, 1984 (originals of specimens from Costa Rica. g, h, k, |, n, protargol —>
preparation; i, j, m, o, p, from life). g, I: A specimen (205 um; left side view) having just ingested a Colpoda (arrow

in g), still lying under the temporary cytostome (arrowhead in 1). h, k, n: Shape variants in left (h) and right (k,

n) side views, 206 um, 215 pm, 150 pm. Arrowhead in (n) marks temporary cytostome near dorsal bulge end. i:
Frontal view of oral bulge. j: Oral bulge extrusomes, length 12 um and 2 pm. m: Mid-region of dorsal brush. o,

p: Surface view and optical section showing cortical granulation. B1-3 — dorsal brush rows, MA — macronucleus
nodules, MI — micronucleus, OB — oral bulgc.
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Epispathidium regium is easily distinguished from the multinucleate congeners, viz.,
from Epispathidium salsum nov. spec. (body length 200 pm vs. 130 um; >40 vs. 33 ciliary
rows, extrusome length 10 um vs. 5 um) and Epispathidium papilliferum (with conspicu-
ous oral bulge papillac), and from Spathidium polynucleatum (length:width ratio 3:1 vs.
6:1; 41-49 vs. 22 ciliary rows on average; see Chapter 3, that is, Foissner et al. 2025). In
vivo, Epispathidium regium may be confused with Spathidium canadense Wilbert nom.

continued on p.149
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Fig. 6.2a—d Epispathidium regium Foissner, 1984 (originals of specimens
from Costa Rica. Protargol preparation). a, b: Left side view of body shape
of representative specimens. The arrowhead in (b) marks a just ingested
Colpoda (cp. Fig. 6.1g, 1). ¢, d: Left (c) and right (d) side view of anterior
body portion. Arrowheads mark the strongly curved ciliary rows, viz., the
Epispathidium ciliary pattern. CK - circumoral kinety, E - extrusomes,

MA - macronucleus nodules, N — nematodesmata.

Series Monographiae Ciliophorae, Number 6, Year 2025, pages 141-211 / 148



Chapter 6: Epispathidium Foissner, 1984

nov.” (= Spathidium macrostomum Wilbert, 1995; Spathidium ciliary pattern; body length
>150 um vs. <150 um), Spathidium seppelti etoschense Foissner et al., 2002 (Spathidium
ciliary pattern; body length usually >150 pum vs. <150 pm; 41-49 vs. 28 ciliary rows on
average), and Arcuospathidium multinucleatum Foissner, 1999 (Arcuospathidium ciliary
pattern; body length usually >150 pm vs. <150 um; 41-49 vs. 15 ciliary rows on average;
for revision, see Foissner & Xu 2007, p. 173). The multinucleate species of the new genera
Pharyngospathidium and Neospathidium have a permanent cytostome, i.e., a distinct con-
cavity in the oral bulge ((see Chapter 12, that is, Foissner et al. 2025a).

Description: The description is based on the Austrian type population and a population
from Costa Rica studied in 1991.

Body size highly variable both in vivo and in protargol preparations (Table 6.1): 150-300
% 50-80 um in vivo and 132-260 x 4272 pum, on average 166 x 54 um in protargol prepa-
rations of type population; 150-218 x 42-67 um, on average 185 x 55 um in protargol-im-
pregnated Costa Rican specimens. Taking into account the in vivo measurements and some
preparation shrinkage, an usual in vivo size of 180-200 x 55-65 pm and a length:width
ratio of about 3:1 can be calculated. Body shape also rather variable, viz., spatulate to almost
knife-like with usually distinctly narrowed neck separating the ellipsoidal trunk from the
axe-shaped, strongly oblique oral (anterior) portion on average as long as (type population)
or 1.6 times longer (Costa Rican specimens) than widest trunk region; hyaline oral area up to
3:1 flattened, trunk only slightly flactened and broadly rounded posteriorly (Fig. 6.1a-c, ¢, g,
h, k, n, 6.2a, b). Macronucleus composed of about 50 (Costa Rican specimens) to 100 (type
population) nodules scattered throughout trunk; nodule shape highly varies from globular
to clongate ellipsoidal and irregularly curved; many small nucleoli. Micronuclei scattered
between macronucleus nodules, 2-3 um across, exact number not recognizable due to many
similar-sized and impregnated cytoplasmic inclusions (Fig. 6.1a, d, ¢, g, h, 6.2a). Contractile
vacuole in rear body end, some excretory pores in pole area. Two types of extrusomes stud-
ded in oral bulge and scattered in cytoplasm (Fig. 6.1a, i, j, 6.2c—f): type I rod-shaped, 6-8
pm long, and not impregnated (Foissner’s method) in type population, while rod-shaped,
slightly curved, about 12.0 x 0.8 um in size, and strongly impregnated (Wilbert’s method)
in specimens from Costa Rica; type II inconspicuous, viz., rod-shaped and only about 2
um long, likely overlooked in type specimens. Cortex very flexible, studded with colourless,
about 1 pm long, ellipsoidal granules forming a plate-like structure. Cytoplasm colourless,
usually packed with lipid droplets up to 5 um across and food vacuoles containing remnants
of middle-sized prey ciliates, for instance Colpoda inflata, which is still intact when just in-
gested (Fig. 6.1a, g, 1, 6.2b). Glides slowly between soil particles and on microscope slides.

Somatic cilia about 12 pm long in vivo and narrowly spaced (Table 6.1), especially in
anterior portion of rows, where they form, together with the circumoral cilia, a conspicuous,

7 Note by H. Berger: Spathidium macrostomum Wilbert, 1995 (p. 274) is a junior primary homonym, but not a syno-
nym of Spathidium macrostomum Wang & Nie, 1933 (p. 25; original spelling “Spathidium macrostoma Wang & Nie,
1933”; Spathidium is of neuter gender [Aescht 2001, p. 300], thus macrostomum). According to ICZN (1999, Article
57.2), the junior name is permanently invalid. Thus, we introduce the replacement name Spathidium canadense Wilbert
nom. nov. for the species described by Wilbert (1995) from Canada. The species-group name canadens-is, -is, -e (m, f, n;
living/occurring in Canada; Hentschel & Wagner 1996, p. 150) is a composite of canad- (for Canada) and the Latin
suffix -ensis (Werner 1972, p. 44), referring to the location of the type locality. In future, this species has to be cited as
“Spathidium canadense Wilbert in Foissner, Xu & Berger, 2025”.
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Table 6.1 Morphometric data on Epispathidium regium from Austrian type locality (upper line, from
Foissner 1984) and from a population from Costa Rica (lower line, original data)?

Characteristic Mean M SD SE CV Min Max n
Body, length 166.4 160.0 41.6 14.7 25.0 132.0 260.0 8
184.8 185.0 209 4.6 11.3 150.0 218.0 21
Body, width 541 505 104 3.7 19.2 420 720 8
55.3  56.0 63 14 114 420 670 21
Body length:width, ratio 3.1 - - - - - - -
3.4 33 0.5 0.1 144 2.7 4.8 21
Oral bulge, length 57.1 575 102 3.6 17.9 42.0 72.0 8
90.0 90.0 148 3.2 164 620 118.0 21
Oral bulge length:body width, ratio 1.1 - - - - - - 8
1.6 1.6 0.3 0.1 18.5 1.3 2.6 21
Oral bulge, height” 4.5 4.0 09 02 19.2 3.0 7.0 21
Circumoral kinety to last dikinetid 373 39.0 50 1.9 135 280 420 7
of brush row 1, distance 52.9  50.0 59 1.8 112 450 o610 11
Citcumoral kinety to last dikinetid 37.3  39.0 50 19 135 28.0 420 7
of brush row 2, distance 52.8  52.0 56 1.7 10.6 460 060.0 11
Circumoral kinety to last dikinetid 153 14.0 3.7 14 241 10.0 20.0 7
of brush row 3, distance 152 12.0 48 1.5 317 10.0 240 11
Anterior body end to first - - - - - - - -
macronucleus nodule, distance 39.2 38,0 149 32 379 18.0 70.0 21
Macronucleus figure, length® 127.5 130.0 14.0 3.1 11.0 105.0 153.0 21
Macronucleus nodules, length 16.4 155 83 29 503 8.0  35.0 8
12.8  11.0 59 1.3 46.3 50 33.0 21
Macronucleus nodules, width 4.2 4.1 0.4 0.1 84 4.0 5.0 8
4.9 5.0 1.2 0.3 24.0 3.0 7.0 21

Macronucleus nodules, number about 100
51.7  52.0 81 19 157 38.0 650 19
Somatic kineties, number 414 41.0 35 1.2 84 36.0 46.0 8
48.7  48.0 36 08 74 420 570 21
Basal bodies in a right-side kinety, 86.3 97.0 33.7 11.9 39.0 80.0 115.0 8
number - - - - - - - -
Dorsal brush rows, number 3.0 3.0 0.0 0.0 0.0 3.0 3.0 8
3.0 3.0 0.0 0.0 0.0 3.0 30 21
Dikinetids in brush row 1, number® 52.0  52.0 8.1 24 155 390 650 11
Dikinetids in brush row 2, number” 50.0  50.0 57 1.7 11.5 40.0 60.0 11
Dikinetids in brush row 3, number” 154  15.0 46 14 300 10.0 28.0 11

* Data based on mounted, protargol-prepared (Foissner’s method, upper line; Wilbert’s method, lower
line), and randomly selected specimens from non-flooded Petri dish cultures. Measurements in pm.
CV — coefficient of variation in %, M — median, Max — maximum, Mean — arithmetic mean, Min —
minimum, n — number of individuals investigated, SD — standard deviation, SE — standard error of
arithmetic mean.

b Data refer to population from Costa Rica.

metachronically beating ciliary corona (Fig. 6.1a, d-f, 6.2¢, ). On average 41 (type popu-
lation) to 49 (Costa Rican specimens) bipolar, rather closely spaced ciliary rows arranged
in typical Epispathidium pattern anteriorly; rows of Costa Rican specimens anteriorly

continued on p. 152
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Fig. 6.2e-g Epispathidium regium Foissner, 1984
(originals of specimens from Costa Rica. e, f, protar-
gol preparation; g, from life, differential interference
contrast). e, f: Left side () and ventral (f) view of oral
bulge area showing the Epispathidium ciliary pattern,
that is, the ciliary rows; their densely ciliated anterior
end is curved so strongly that it runs almost in parallel
with the circumoral kinety (arrowheads in f). The ex-
trusomes are arranged right and left of bulge midline
leaving blank a broad stripe along the circumoral kine-
ty. g: Surface view of ventral half of oral bulge (margin
marked by arrows), showing the arrowhead-like pat-
tern formed by the cortical granules. CK - circumoral
kinety, E — extrusomes.
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Fig. 6.2h-k Epispathidium regium Foissner, 1984 (originals. Protargol

slides). h—k: Slides (h

,j) and protocols (i, k) of voucher specimens (V) and

voucher specimens drawn (VD) of population from Costa Rica. Accession

numbers (LI): 2024/143, 144.

often with small irregulari-
ties, such as minute breaks
and/or supernumerary ki-
netids outside rows. Dorsal
brush composed of diki-
and

of ordinary distinctness,

netids three-rowed,
that is, occupies 22% (type
population) to 29% (Costa
Rican specimens) of body
length; bristles in vivo up to
4 um long and occasionally
obliquely arranged in Costa
Rican specimens; all brush
rows commence with some
ordinary cilia, rows 1 and 2
end at nearly same level and
continue with ordinary cilia
posteriorly, row 3 shorter by
60-71% than rows 1 and 2,
but with a monokinetidal
tail of about 2 um long bris-
tles extending to posterior
body end (Fig. 6.1a, f). De-
tails (shape, length, etc.) of
bristles difficult to observe
due to their narrow spac-
ing, the strong flexibility of
the body, and the incessant
movement of the cells; possi-
bly as shown in Figure 6.1m.

Oral bulge slanted by
30° to 60°
because rather distinctly set

conspicuous

off from body proper, up to 7 um high, and about as long as (type population) or 1.6 times

longer (Costa Rican specimens) than widest trunk region, both in specimens prepared

with Foissner’s and Wilbert’s protargol protocol; surface slightly to distinctly convex in

lateral view, rarely flat; elongate elliptical in frontal view (Fig. 6.1a-i, k, n; 6.2a, b, e-g).

Temporary cytostome near dorsal end of bulge, distinct only in some well-impregnated and

oriented Costa Rican specimens, of which one contains a just engulfed, still intact, about 30

x 20 um-sized Colpoda underneath the cytostome, showing that it is the main gateway for

feeding (Fig. 6.1g, |, 6.2b). Circumoral kinety of same shape as oral bulge, continuous and

distinctly separate from somatic ciliary rows; composed of very narrowly spaced dikinetids

each associated with a cilium, a fine fibre extending into oral bulge, and a nematodesma.
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Fig. 6.21-o0 Epispathidium regium Foissner, 1984 (originals. Protargol
slides). I-o: Slides (1, n) and protocols (m, o) of voucher specimens (V) and
voucher specimens drawn (VD) of population from Costa Rica. Accession

numbers (LI): 2024/145, 146.

Oral  basket  moderately
conspicuous  in protargol
preparations, because com-
posed of more or less distinct
nematodesma bundles ex-
tending to second body third
(Fig. 6.1d, ¢, 1, 6.2a—f).

Occurrence and ecolo-
gy: The data below indicate
that Epispathidium regium is
arare, euryoecius cosmopoli-
tan leaf litter species. The big
size makes it unlikely that it
occurs in fine-pored mineral
soil. The type locality is soil
from an alder stand (about
49°07’N  13°07’E, about
1780 m above sea-level) on
the Stubnerkogel (Austrian
Central Alps) near the city
of Bad Gastein, Salzburg,
Austria (Foissner 1984, p.
S, 7, 82). The abundance
was low at the type locality,
a strongly acidic (pH 3.4 in
0.01M CaCl2 solution), raw
humus-like moder soil of an
Alnetum viridis stand (for
detailed description of site,
see “Taxotop D” in Foissner
& Peer 1985, p. 30).

Later, we found a few
specimens each in  moss
from a beech trunk near the

Tauernbach, a brook along the alpine street “Felber-Tauern-Strafle” (Carinthia, Austria),

and in litter from a mixed deciduous and coniferous forest near the University of the town
of Kaiserslautern in Germany.® Foissner et al. (2005, p. 627) studied the soil ciliates from

several natural forest stands in eastern Austria; the present species was recorded at all sites.

In Central America, Epispathidium regium was also rare in the non-flooded Petri dish

culture and occurred in highly saline (salt content >20%o0; pH 7.6) and sandy coastal soil
near Punta Pirikiki (9.659°N 82.749°W), a headland in Puerto Viejo de Talamanca, about

50 km south of the town of Puerto Limén, Caribbean coast of Costa Rica. The sample com-

8 Note by H. Berger: In the raw manuscript, W. Foissner did not provide references or more details on these sample sites.

I suppose that these are unpublished observations.
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prised humic sand, plant roots, and dry leaves from halophytes under coco palms. Foissner
(1998, p. 203) mentioned a palacotropic record.

Epispathidium securiforme (Kahl, 1930) Foissner, 1984
(Fig. 6.3a, b, e-n, 6.4a-1, Table 6.2)

1930 Spathidium amphoriforme vax. securiforme var. n. — Kahl, Arch. Protistenk. 70: 380, Fig. 90 (Fig. 6.3a;
original description; no type material available; see nomenclature).

1930 Spathidium amphoriforme var. securiforme Kahl, 1930 — Kahl, Tierwelt Dtl. 18: 166, Fig. 22, (Fig. 6.3b;
revision of ciliates).

1943 Sp. amphoriforme var. securiforme Kahl — Kahl, Infusorien, p. 27, Tafel VI, Fig. 9 (review of ciliates).

1984 Epispathidium amphoriforme (Greeff, 1889) nov. comb. — Foissner, Stapfia 12: 82, Abb. 42a—f, Tabelle 21
(combination of species and subtaxa with Epispathidium, see nomenclature).

1987 Epispathidium amphoriforme var. securiforme (Kahl, 1930) nov. comb. — Foissner, Arch. Protistenk.
133: 224 (combination of varicty with Epispathidium, see nomenclature).

Table 6.2 Morphometric data on Epispathidium securiforme from Brazil (original data)®

Characteristic Mean M SD SE CV  Min Max n
Body, length 190.0 192.0 16.0 3.5 8.4 162.0 210.0 21
Body, maximum trunk width 543 530 7.6 1.7 140 450 73.0 21
Body length:trunk width, ratio 3.6 3.6 05 01 139 2.3 4.4 21
Oral bulge, length of cord 94.1 93.0 93 20 9.9 73.0 111.0 21
Oral bulge length:trunk width, ratio 1.8 1.9 03 0.1 18.0 1.2 2.2 21
Oral bulge, height 4.6 50 05 01 116 3.5 5.0 21
Circumoral kinety to last dikinetid 59.2 580 6.0 1.3 101 500 78.0 21
of brush row 1, distance
Circumoral kinety to last dikinetid 584 570 59 13 100 50.0 75.0 21
of brush row 2, distance
Circumoral kinety to last dikinetid 133 120 22 05 165 100 18.0 21

of brush row 3, distance
Anterior body end to macronucleus, distance  82.0  83.0 16.1 3.5 19.6 53.0 125.0 21

Macronucleus figure, length 76.1 740 168 3.7 221 46.0 103.0 21
Macronucleus, length (spread, 304.3 320.0 - - - 180.0 430.0 21
thus approximate)
Macronucleus, width in middle third 5.5 50 0.7 02 137 5.0 7.0 21
Macronucleus, number 1.0 1.0 0.0 0.0 0.0 1.0 1.0 21
Micronuclei, diameter 2.1 20 02 00 8.7 2.0 2.5 21
Somatic kineties, number 53.8 54.0 32 0.7 5.9 48.0 60.0 21
Basal bodies in a right-side kinety, number 984 950 114 25 115 78.0 122.0 21
Dorsal brush rows, number 3.0 3.0 0.0 0.0 0.0 3.0 3.0 21
Dikinetids in brush row 1, number 55.0 550 53 1.1 9.6 44.0 67.0 21
Dikinetids in brush row 2, number 497 500 45 1.0 9.1 420 60.0 21
Dikinetids in brush row 3, number 13.0 13.0 29 0.6 226 8.0 19.0 21

*Data based on mounted, protargol-prepared (Foissner’s method), and randomly selected specimens
from a non-flooded Petri dish culture. Measurements in um. CV - coefficient of variation in %, M
— median, Max — maximum, Mean — arithmetic mean, Min — minimum, n — number of individuals
investigated, SD - standard deviation, SE — standard error of arithmetic mean.
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2017 Spathidium securiforme Kahl, 1930 stat. nov.” — Jang, Vda¢ny, Shazib & Shin, J. nat. Hist. 51: 961, Fig.

12a-c (description of Korean population from life, see nomenclature and remarks).

Nomenclature: No derivation of the name has been provided in the original description ora
later work. The species-group name securiform-is, -is, -e (axe-shaped) is a composite of securis
(Latin noun, the axe, the hatchet; Hentschel & Wagner 1996, p. 530), the thematic vowel -i-,
and -forme.is, -is, - (Latin adjective [m, f, n]; -shaped; see Hentschel & Wagner 1996, p. 274
at glémeriformis), and obviously refers to the large, convex oral portion.

No permanent preparations are available from the type population from Austria (Kahl
1930a). We do not neotypify this species via the Brazilian population described in the pres-
ent work because conspecificity is not beyond reasonable doubt and detailed data on the
European population are lacking. In addition, the sample sites are very far away (Austria vs.
Brazil; ICZN 1999, Article 75.3.6). We deposit three voucher slides (Fig. 6.4g-1; accession
numbers 2024/147, 148, 149) with protargol-prepared specimens from the population from
Brazil in the Biology Centre of the Upper Austrian Museum in Linz (LI).

Kahl (19304, b) treated the present taxon as variety of Spathidium amphoriforme Greeft,
1889 (p. 131)." According to ICZN (1999, Article 45.6.4), the rank of Spathidium am-

? Note by H. Berger: Jang et al. (2017) mentioned Kahl (1930b) as original description, which is, however, incorrect.
Correct is Kahl (1930a), a description which is much more comprehensive.

1 Note by H. Berger: Kahl (1930a) described two varieties (Spathidium amphoriforme rectitoratum and Spathidium
amphoriforme securiforme) deviating more or less distinctly from the stem form (“Stammform”), that is, Kahl accepted

continued on p. 157
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Fig. 6.3a—c Epispathidium securiforme (Kahl, 1930a) Foissner, 1984 (Spathidium amphoriforme securiforme; a,
from Kahl 1930a; b, from Kahl 1930b; ¢, from Gellért 1956. a, b, from life; ¢, composite from opal-blue prepared
specimens). a—c: Left side views, 200-300 um, 250 pm, 90-100 um. Note that Gellért’s figure likely shows a Pha-
ryngospathidium longichilum amphoriforme specimen.

Fig. 6.3d Epispathidium amphoriforme (Greeff, 1889) Foissner, 1984 (Spathidium amphoriforme rectitoratum
from Kahl 1930a. From life). Left side view, 200 um (Kahl 1930b, p. 161).
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Fig. 6.3e~i Epispathidium securiforme (Kahl, 1930a) Foissner, 1984 (originals of Brazilian specimens. e~h, from life; i,
protargol preparation). e: Posterior region of dorsal brush, bristles up to 5 pm long. f: Frontal view of oral bulge studded
with type Iand type Il extrusomes. g: Type I (length 13 pm) and type II (4 um) oral bulge extrusomes. h: Right side view
of a representative specimen, 220 pm. Note the oral bulge which is almost twice as long as the widest trunk region, while
about as long as trunk wide in the European population (Fig. 6.3a, b), a rather conspicuous difference indicating that
the Brazilian population might be a different (sub)species. Arrowhead marks end of monokinetidal bristle tail of brush
row 3, shown at higher magnification in (e). iz Dorsolateral view showing the right angle (arrow) between oral region
and trunk, a feature emphasized by Kahl (1930a, b); 208 um. Three types of extrusomes impregnated in the cytoplasm:
long rods, similar to those found in the oral bulge; fusiform rods, likely developmental stages of the long rods; and very
short rods, similar to those found in the oral bulge (however, these short rods could be the toxin-containing portion of
developing, long type I extrusomes). B1-3 — dorsal brush rows, CV - contractile vacuole, MA — macronucleus.

Fig. 6.3j, k Epispathidium securiforme (Kahl, 1930a) Foissner, 1984 (originals of Brazilian specimens. Protargol

preparation). j, k: Ciliary pattern of right side (j) and oral apparatus (k) of main Brazilian voucher specimen, 205
um. BA - oral basket, CK - circumoral kinety, MA - macronucleus, MI — micronucleus, OB - oral bulge.
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phoriforme securiforme in Kahl (1930a) is subspecific because published before 1961 and the

author used the term variety. In addition, Kahl (1930a, b) did not give the taxon expressly

three varieties within Spathidium amphoriforme. Interestingly, the full name of the stem form (Spathidium amphori-
forme amphoriforme Greeff, 1889) was never mentioned. For characterization of varieties in Kahl (1930a), see Table 6.6.
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infrasubspecific rank. Jang et al. (2017) raised the subspecies Spathidium amphoriforme se-
curiforme to species rank. This act does not change the authorship, that is, the correct name
in Spathidium is Spathidium securiforme Kahl, 1930a (ICZN 1999, Article 50.3.1).

Foissner (1984) established Epispathidium and transterred Spathidium amphoriforme
to this genus. Since Foissner (1984) did not remove the two varieties established by Kahl
(1930a) from Spathidium amphoriforme, we have to assume that the varieties have also been
transferred to Epispathidium by Foissner (1984). Consequently, the separate transfer of
Spathidium amphoriforme securiforme Kahl, 1930a and Spathidium amphoriforme rectitor-
atum Kahl, 1930a to Epispathidium by Foissner (1987a, p. 224; see list above) is super-
fluous. Please note that Epispathidium amphoriforme sensu Foissner (1984) is classified at
Epispathidium amphoriforme (p. 197), that is, the work by Foissner (1984) is listed in the
synonymy above only because of the transfer of the species and its subtaxa to Epispathidium.

Improved diagnosis (comprising data from type population [Kahl 1930a] and Brazil-
ian population [original observations]): Body size about 220 x 60 pm in vivo. Body shape
spatulate with axe-shaped, strongly oblique anterior (oral) portion on average 1.0-1.8 times
longer than widest trunk region. Macronucleus long and tortuous. Two types of extrusomes:
type I rod-shaped and slightly curved, about 13 um long; type II rod-shaped and about 3
long. On average 54 ciliary rows, 3 of them anteriorly differentiated to a moderately distinct
dorsal brush occupying about 31% of body length; brush rows subapically curved, wider
spaced, and with obliquely arranged dikinetids.

Remarks: In the light of the insufficient and confusing data from Greeff (1889, p. 131)
and Penard (1922, p. 24), Kahl (1930a) redescribed Spathidium amphoriforme from moss
and, concomitantly, established, beside the nominotypical variety (see nomenclature above),
two new varieties, namely Spathidium amphoriforme rectitoratum and Spathidium amphori-
forme securiforme. Spathidium amphoriforme rectitoratum differs from Spathidium amphori-
forme securiforme mainly by the straight (Fig. 6.3d) vs. convex (Fig. 6.3a, b) oral bulge, while
the latter has much more ciliary rows (up to 50 vs. 24-28) and longer extrusomes (11-15
pm vs. 5 pm) (Kahl 1930a, b; for comparison of varieties as characterized by Kahl 1930a, see
Table 6.6). Wenzel (1953, p. 78) did not accept the varieties because he observed transitions,
however, without providing quantitative data.

Based on the investigation of an Austrian population from mixed forest soil, Foissner
(1984) transferred Spathidium amphoriforme to Epispathidium, but he did not discuss the
two new varieties established by Kahl (1930a) and briefly reviewed by Kahl (1930b) in de-
tail. His population agreed with the nominotypical variety Spathidium amphoriforme am-
phoriforme Greeff, 1889 (“Stammform”) redescribed by Penard (1922) and Kahl (1930a, b).

Recent, unpublished investigations on an Epispathidium amphoriforme population from
another forest soil from Austria shows two forms with respect to the oral bulge, viz., one in
which it is slightly to distinctly convex, as usual for the nominotypical variety, and another
in which it is straight, as described by Kahl (1930a, b) for the variety Spathidium amphori-
forme rectitoratum. However, there are many transitions, and both forms match perfectly in
all other important features (data not shown). Thus, and because both types occur at the
same site (Kahl 1930a) and even in the same sample (our data), we agree with the synony-
my of Spathidium amphoriforme amphoriforme and Spathidium amphoriforme rectitoratum

continued on p. 160
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Fig. 6.31-n Epispathidium securiforme (Kahl, 1930a)
Foissner, 1984 (originals of Brazilian specimens. Protar-
gol preparation). I: Right side view of a specimen with
very large oral bulge more than twice as long as widest
trunk region, 190 um. In the European Epispathidium se-
curiforme, the oral bulge is about as long as trunk width
(Fig. 6.3a, b). This difference casts doubt on conspecificity
of the Brazilian and Austrian populations, although they
match perfectly in body size, macronucleus pattern, and
number of ciliary rows. m, n: Left side ciliary pattern of
the specimen shown in Fig. 6.3j, k, 205 um. Note the pro-
nounced Epispathidium ciliary pattern, viz., the strongly
curved anterior end of the ciliary rows, which are distinct-
ly set off from and almost concurrent with the circumoral
kinety. The dorsal brush rows commence with some ordi-
nary cilia and then curve so strongly dorsally that the dis-
tance between the individual rows markedly increases, a
special feature found in most specimens; further, the diki-
netids are very narrowly spaced and obliquely arranged in
the curved area. The monokinetidal bristle tail (marked by arrowheads in n) of brush row 3 extends only to second
body third. B — dorsal brush, B1-3 - dorsal brush rows, C - ordinary, somatic cilia, CK - circumoral kinety, CV -
contractile vacuole, MA — macronucleus, OB - oral bulge.
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proposed by Wenzel (1953, p. 79)." By contrast, Vd’any et al. (2014, p. 95) and Jang et
al. (2017, p. 959) classified Spathidium amphoriforme rectitoratum Kahl, 1930a as distinct
species in the genus Spathidium (Spathidium rectitoratum Kahl, 1930a; here preliminary
classified as synonym of Epispathidium amphoriforme, p. 197).

The Brazilian population described in the present work largely corresponds with the
variety Spathidium amphoriforme securiforme, especially in body and extrusome size, the
macronucleus pattern and, emphatically, the high number of ciliary rows. However, there
is also a difference, viz., the ratio of oral bulge length to trunk width, which is on average
1.8:1 in the Brazilian population, but only about 1:1 in Kahl’s (1930a) specimens (cp. Fig.
6.3a and 6.3h); in the illustration provided by Kahl (1930b) the ratio is in between, name-
ly about 1.3:1 (Fig. 6.3b). It is this difference that makes the Brazilian specimens looking
rather dissimilar to the European ones. However, the feature is highly variable in the Bra-
zilian population (1.2-2.2:1; Table 6.2), and detailed data on the European populations
of Epispathidium amphoriforme securiforme are lacking. Thus, the most practicable way is,
at present, to consider both populations as belonging to the same species, and to rank the
subspecies Epispathidium amphoriforme securiforme as a distinct species in Epispathidium,
as already proposed by Jang et al. (2017, p. 964). We do not fix the Brazilian population as
neotype of Epispathidium securiforme because conspecificity is not beyond reasonable doubt
and, more important, the two sample sites are very far away (see nomenclature).

Epispathidium securiforme differs from Epispathidium amphoriforme (Greeft, 1889) Foiss-
ner, 1984 (for brief review, see p. 197), which is likely the nearest relative, by the larger size
(180-250 pm vs. 90-150 um), the longer extrusomes (1213 pm vs. 5-7 um), and the much
higher number of ciliary rows (on average 54 vs. 28; data from Table 6.2 and from Foissner
1984, p. 149). It differs from Epispathidium regium (p. 144) mainly by the macronucleus
pattern (along and tortuous strand vs. many scattered nodules). Among the Pharyngospathi-
diidae, only Pharyngospathidium longichilum amphoriforme resembles Epispathidium securi-
forme. Indeed, these two species differ only by the macronucleus (long vs. short strand) and
the cytopharynx (permanent vs. temporary) (see Chapter 12, that is, Foissner et al. 2025a).

Jang et al. (2017) described a Korean population of the present species. However, since
they failed to make protargol preparations, their data, which are based only on in vivo ob-
servations, should not be over-interpreted. On the basis of their phylogenetic analyses based
on gene sequence data, Jang et al. (2017, p. 971) transferred all Epispathidium species to
Spathidium, except for the type species (Epispathidium regium) for which no gene sequence
data are available, that is, they did not formally classify Epispathidium as junior synonym of
Spathidium. We preliminary accept the morphology-based separation of Spathidium (cir-
cumoral kinety composed of anterior ends of somatic kineties and thus not isolated) and
Epispathidium (isolated circumoral kinety present) introduced by Foissner (1984, p. 67; sce
also Foissner & Xu 2007, p. 13) because neither Spathidium hyalinum Dujardin, 1841 (type
species of Spathidium) nor Epispathidium regium Foissner, 1984 (type species of Epispathid-
ium) have been analyzed in great detail.'? Since the type species defines a genus (ICZN

" However, note that we do not agree with the synonymy of the nominotypical variety and Spathidium amphoriforme
securiforme, likewise proposed by Wenzel (1953).

12 Note by H. Berger: Dujardin (1841, p. 457) established Spathidium with Spathidium hyalinum Dujardin, 1841
as type species by monotypy. Dujardin (1841, p. 458) himself discussed that his species is likely identical with

continued on p. 162
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Fig. 6.4a—c Epispathidium securiforme (Kahl, 1930a)
Foissner, 1984 (originals of Brazilian specimens. Pro-
targol preparation). a, b: Right (a) and left (b) side
view of representative specimens. Arrows mark the
right angle between oral region and trunk, a feature
already emphasized by Kahl (1930a, b) and causing
the axe-like appearance of the oral area. Arrowheads
(b) delimit the about 6 um high, massive oral bulge,
which is highly conspicuous because it is twice as
long as trunk width. In the type population, it is only
about as long as trunk width. Thus, conspecificity of
the Brazilian and Austrian population is questionable.
c: Ventral anterior region in left side view, showing the
strongly curved and densely ciliated anterior portion
of the ciliary rows, i.c., the Epispathidium ciliary pat-
tern. The cilia of the anterior end of the kineties and
those from the circumoral kinety form a conspicuous
corona. B — dorsal brush, BA - oral basket, C - cili-
ary corona, CK - circumoral kinety, CV - contractile
vacuole, MA - macronucleus, N — nematodesmata

forming the oral basket (BA), OB - oral bulge.

Series Monagraphiae Ciliophorae, Number 6, Year 2025, pages 141-211 /161



ForssNer W, Xu K. ¢ BERGER H.

1999, Article 67.1), a final decision on a synonymy of these two genera is not possible at
the present state of knowledge. More detailed studies on reliably identified populations are
needed to get a better estimation of the phylogenetic relationships of these taxa.

Gellért (1956, p. 83) redescribed the variety Spathidium amphoriforme securiforme from
Hungarian lichens and mosses (Fig. 6.3c), but his population is very likely identical with
Pharyngospathidium longichilum amphoriforme nov. subspec. (see Chapter 12, that is, Foiss-
ner et al. 2025a).

Description of type population from Austria (from Kahl 1930a, b): Body length
200-300 pm in vivo. Body shape rather similar to Epispathidium amphoriforme amphori-
forme, but distinctly stouter with massive oral bulge as long as body width; neck very dis-
tinct. Macronucleus long and tortuous. Contractile vacuole in rear body end. Extrusomes
studded in oral bulge and scattered in cytoplasm, 11-15 um long and thin; Kahl (1930a)
observed also specimens with extrusomes only 7-8 um long and he supposed, as the cells
were rather fragile, that the 11-15 um long extrusomes were partially exploded short
extrusomes; we would interpret the shorter extrusomes as developmental stages. About 50
somatic ciliary rows (up to 25 per side) in distinct furrows. Dorsal brush inconspicuous,
bristles 2.0-2.5 um long. All other features as in nominotypical variety according to Kahl
(1930a) (Fig. 6.3a, b).

Description of Brazilian population (original data; Fig. 6.3e—n, 6.4a—f; Table 6.2):
Body size 180-250 x 50-80 pum in vivo, usually about 220 x 60 pum, as calculated from some
in vivo measurements and the morphometric data (‘Table 6.2). Body shape spatulate with
very conspicuous, axe-shaped, strongly oblique anterior (oral) end about 1.8 times longer
than widest trunk region; length:width ratio 2.3-4.4:1 in protargol preparations, on average
near 3.6:1 both in vivo and prepared specimens; distinctly flattened only in oral region (Fig.
6.3h, j, 6.4a, b). Neck very distinct due to the large oral area less sharply defined dorsally
than ventrally, where it merges into trunk at almost right angles, especially when cells are
viewed dorsolaterally (Fig. 6.3i, 1, 6.4a, b), as emphasized also in the key of Kahl (1930b).
Trunk fusiform, dorsal side distinctly longer than ventral and conspicuously projecting an-
teriorly, anterior (oral) body end thus strongly slanted; posterior end moderately broadly
rounded. Macronucleus usually in posterior body half, very long and highly tortuous, fre-
quently forming 4-6, rarely up to nine coils; contains many nucleoli up to 2 um across. Many
globular micronuclei about 2 pm across near to and far from macronucleus, exact number
not recognizable due to many similarly sized and impregnated cytoplasmic inclusions (Fig.
6.3h-j, 6.4a, b; Table 6.2). Contractile vacuole in rear body end, several excretory pores in
pole area. Two types of extrusomes studded in oral bulge and scattered in cytoplasm (Fig.
6.3g-i): type I rod-shaped and slightly curved with ends bluntly pointed, about 13 pm long
in vivo and rather thin (about 0.5 um); certain cytoplasmic developmental stages impreg-
nate with the protargol method used, while those attached to the oral bulge never stain; type
IT extrusomes rod-shaped and about 3 um long, intensely impregnate both in oral bulge and

Enchelys spathula Miiller, 1773 (p. 38; now Spathidium spathula (Miiller, 1773) Biitschli, 1889; p. 1681). Unfor-
tunately, the taxonomic status of this species is still uncertain because a serious neotypification and gene sequence
data of a reliably identified population are lacking. The “ncotypification” of Spathidium spathula by Foissner (1984,
p- 70) mentioned by Aescht (2008, p. 179) is very likely invalid (for qualifying conditions, see ICZN 1999, Article
75.3), and for the sequence HM140392 (GenBank; Kahn & Shin, unpublished, submitted 2012) no morpholog-
ical data have been published.

continued on p. 164
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Fig. 6.4d—f Epispathidium securiforme (Kahl, 1930a) Foissner, 1984 (originals of Brazilian specimens. Protargol
preparation). d, f: Left (d) and right (f) side view of oral body portion, showing the massive oral bulge and the
Epispathidium ciliary pattern. e: In the curved region of the dorsal brush, the distance is enlarged between the

rows and the kinetids are obliquely arranged. B1-3 - dorsal brush rows, CK - circumoral kinety, N - nematodes-

mata, OB - oral bulge.

Series Monographiae Ciliophorae, Number 6, Year 2025, pages 141-211 /163



ForssNer W, Xu K. ¢ BERGER H.

cytoplasm. Cortex rather flexible. Cytoplasm colourless, often packed with lipid droplets,
extrusomes, and remnants of prey, including diatoms; flagellates; resting cysts of the sucto-
rian ciliate Podophrya; and other ciliates, as indicated by decaying membranelles and oral
baskets. Movement without peculiarities.

Somatic cilia about 12 pm long in vivo and rather narrowly spaced (about 2 pm; Table
6.2), especially in anterior portion of rows, where, together with the circumoral cilia, a con-
spicuous ciliary corona is produced; arranged in an average of 54 equidistant, bipolar, nar-
rowly spaced kineties anteriorly forming a pronounced Epispathidium pattern (Fig. 6.3h, j,
m, 6.4a—d, f; Table 6.2). Dorsal brush dikinetidal and three-rowed, of ordinary distinctness,
that is, occupies about 31% of body length with bristles up to 5 um long in vivo; dikinetids
obliquely arranged in anterior half of brush, where distances between rows abruptly increase
subapically, an unusual feature likely not caused by simple spatial constraints because the
neighbouring kineties are ordinarily spaced; a fourth row comprising 11-17 dikinetids oc-
curs ventral”® of row 1 in two out of 32 specimens analysed. Brush rows commence with
some ordinary cilia anteriorly, rows 1 and 2 end at nearly same level, continue with ordi-
nary cilia posteriorly, and comprise an average of 55 and 50 dikinetids, respectively; brush
bristles conspicuously soft, can beat up and down, anterior bristle pairs fusiform and about
5 um long, posterior pairs with anterior bristle slightly clavate and up to 3 um long, pos-
terior bristle rod-shaped and about 2 um long; row 3 shorter than rows 1 and 2 by about
78%, composed of an average of only 13 dikinetids with rod-shaped bristles, followed by a
monokinetidal tail extending to second body third and composed of rather closely spaced,
rod-shaped, about 2 um long bristles (Fig. 6.3¢, h, m, n, 6.4d, ¢; Table 6.2).

Oral bulge slanted by 45-60°, very conspicuous because on average 1.8 times longer than
widest trunk region, distinctly set off from body proper and up to 6 um high; bulge length
relative to trunk width, however, highly variable (ratio 1.2-2.2:1; Table 6.2), basically, the
stouter the specimens the lower the ratio and vice versa, as in Costa Rican population of
Epispathidium regium and in an Austrian population of Epispathidium amphoriforme in-
vestigated recently;' bulge surface convex, rarely flat when cell is viewed laterally, elongate
elliptical in frontal view. Circumoral kinety of same shape as oral bulge, continuous and
separate from ciliary rows; composed of very narrowly spaced dikinetids each associated
with a cilium, a fine fibre extending into oral bulge, and a long nematodesma. Oral basket
conspicuous in protargol preparations because composed of distinct, cuneate nematodesma
bundles extending to mid-body (Fig 6.3f, h-k, 6.4a—d, f; Table 6.2).

Notes on Korean population described by Jang et al. (2017): As mentioned in the
Remarks section, this population was described after in vivo observations only. Body size
is about 165 x 65 um, which is distinctly smaller than the populations described by Kahl
(1930a; body length 200-300 pm) and in the present work (180-250 x 50-80 pm). This
difference indicates that the identification by Jang et al. (2017) is somewhat questionable.

!> Note by H. Berger: In the raw manuscript, W. Foissner wrote that the fourth row is “right” of brush row 1. Tam
not certain what he exactly meant, because “to the right of ” is inexact in that case. I suppose that the fourth row is
ventral to row 1. “To the right of row 1” would mean that the fourth row is between row 1 and row 2. I did not check
the situation in the slides.

! Note by H. Berger: The “recently” is somewhat misleading in the present context because W. Foissner wrote this
text before about 20 years. Obviously, he meant the record of Epispathidium amphoriforme by Foissner et al. (2005).
These data are not included in the brief review of Epispathidium amphoriforme (p. 197).
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For further details (descrip-
tion and five micrographs,
showing, inter alia, macro-
nucleus and extrusomes), see
Jangetal. (2017).

Resting cyst (original
data from a population from
the Dominican Republic):
Cysts coloutless, covered by
an about 5 pm thick, mu-
cilaginous layer, 41-53 um
(mean = 47.3, n = 8) in di-
ameter; wall smooth and
1.5 um thick; macronucleus
shorter than in interphase
specimens; extrusomes
recognizable.

Occurrence and ecol-
ogy: The type locality of
Epispathidium securiforme is
moss on stones (gneiss and
slate) from the Zillertal (the
northern end of this valley is
about at 47.40°N 11.83°E;
Tyrol, Austria), where it was
common, but never abun-
dant (Kahl 1930a, p. 380;
exact sample site not men-
tioned). Later, he found it
(with exactly the same mor-
phology and sensitivity to
coverglass pressure) in moss
from an old tile roof in the
Lineburger Heide, northern
Germany (Kahl 1930a).

Fig. 6.4g-1 Epispathidium securi-
forme (Kahl, 1930a) Foissner, 1984
(originals. Protargol slides). g-1:
Slides (g, i, k) and protocols (h, j,
1) of voucher specimens (V) and
voucher specimens drawn (VD) of
population from Brazil. Accession

numbers (LI): 2024/147, 148, 149.
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In South America, Epispathidium securiforme occurred with low abundance in the sur-
roundings of Rio de Janeiro, Brazil, viz., in the shrub zone of the Restingha area about 1 km
off the Atlantic Sea coast (Fig. 6.3e—n, 6.4a—f). The sample, which consisted of surface litter
(0-2 cm), fine roots, and strongly decayed organic material sieved off from the upper 10 cm
sand layer, was very humic, slightly saline, and had pH 5.3 (in water). In the Dominican Re-
public, a small population developed in a non-flooded Petri dish culture with highly saline
soil and litter from a mangrove swamp.

Epispathidium salsum nov. spec.
(Fig. 6.5a-0, 6.6a-1, Table 6.3)

Nomenclature: The species-group name sals-us, -a, -um (Latin adjective [m, f, n]; salty,
briny, saline; Brown 1954, p. 678) refers to the highly saline site the species was discovered.

Diagnosis: Body size about 130 x 60 pm in vivo. Body shape bluntly spatulate with
oblique oral bulge about as long as widest trunk region. Macronucleus composed of about

N
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110 scattered nodules. Oral bulge extrusomes rod-shaped, 5-6 pm long. On average 33
ciliary rows, 3 anteriorly modified to ordinary dorsal brush occupying about 31% of body
length.

Type locality: Highly saline soil from Pacific coast at Mill Valley (37°30°N 122°30°W),
San Francisco, USA.

continued on p. 170

Table 6.3 Morphometric data on Epispathidium salsum nov. spec. (type population from USA, orig-
inal data)®

Characteristic Mean M SD SE CV Min Max n
Body, length 109.2 103.0 13.3 3.1 122 97.0 145.0 19
Body, width 51.7 50.0 8.8 2.0 17.1 390 77.0 19
Body length:width, ratio 2.1 2.1 02 0.1 8.7 1.9 2.5 19
Oral bulge, length 483 500 9.8 22 202 310 700 19
Oral bulge length:body width, ratio 0.9 09 01 01 128 0.7 1.1 19
Oral bulge, height 3.5 3.5 - - - 3.0 4.0 19
Oral bulge, width in frontal view 7.1 7.0 1.1 03 156 6.0 10.0 15
Circumoral kinety to last dikinetid 292 270 56 1.3 19.0 230 45.0 19
of brush row 1, distance
Circumoral kinety to last dikinetid 335 310 58 13 172 260 50.0 19
of brush row 2, distance
Circumoral kinety to last dikinetid 121 120 1.3 03 11.0 10.0 15.0 19
of brush row 3, distance
Macronucleus nodules, length 6.6 70 32 0.7 493 25  15.0 19
Macronucleus nodules, width 3.5 3.0 14 03 387 2.0 8.0 19
Macronucleus nodules, number® 109.8 120.0 - - - 50.0 156.0 19
Micronuclei, diameter 1.9 2.0 - - - 1.5 2.5 19
Micronuclei, number® 17.1  18.0 - - - 50 27.0 19
Somatic kineties, number 33.2 330 27 06 7.9 200 40.0 19
Basal bodies in a right-side kinety, number 492 50.0 127 29 258 30.0 84.0 19
Dorsal brush rows, number 3.0 3.0 0.0 0.0 0.0 3.0 3.0 19
Dikinetids in brush row 1, number 263 260 57 13 215 19.0 40.0 19
Dikinetids in brush row 2, number 30.1 300 55 1.3 182 230 45.0 19
Dikinetids in brush row 3, number 11.6 110 1.8 04 156 10.0 16.0 19

* Data based on mounted and protargol-prepared (Foissner’s method) specimens from a non-flooded
Petri dish culture. Specimens were selected for cells with ordinary nuclear apparatus (see text). Mea-
surements in um. CV - coefficient of variation in %, M - median, Max — maximum, Mean - arith-
metic mean, Min — minimum, n — number of individuals investigated, SD - standard deviation, SE
- standard error of arithmetic mean.

® Approximate values because number of macronuclear nodules difficult to count due to the high
number and/or similar-impregnated cell inclusions.
b d/ 1 pregnated cell incl

Fig. 6.5a—e Epispathidium salsum nov. spec. (originals. a—d, from life; e, protargol preparation). a: Left side view
of a representative specimen, 130 um. The cell is packed with lipid droplets, macronucleus nodules and clavate
cortices of partially digested Euglena sp. b: Frontal view of oral bulge studded with extrusomes. ¢: Oral bulge
extrusome, length 5-6 pm. d: Left side view of campanulate shape variant. e: Right side view showing that the oral
basket extends beyond mid-body, 100 pm. Arrowheads mark circumoral kinety. B — dorsal brush, BA - oral basket,
E - extrusomes, LD - lipid droplet, MA — macronucleus nodule, OB - oral bulge.
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Fig. 6.5i-n Epispathidium salsum nov. spec. (originals. i1, n, protargol preparation; m, from life). i, j: Right side
ciliary pattern (i) and nuclear apparatus (j) of a specimen with meridionally extending ciliary rows, 100 um. Ar-
rows mark irregularities in ciliary pattern. k, n: Left dorsolateral views showing specimens with slightly disturbed
(k) and undisturbed (n) dorsal brush, length of second brush row 33 pm and 36 pm. I: Ventral view showing the
30 um long oral bulge. m: Anterior and posterior region of dorsal brush. B — dorsal brush, B1-3 - dorsal brush
rows, C — ordinary somatic cilium, CK - circumoral kinety, MA — macronucleus nodules, MI - micronuclei,

OB - oral bulge.

<— Fig. 6.5f-h Epispathidium salsum nov. spec. (originals. Protargol preparation). Ciliary pattern of right (f) and left
(g) side and macronucleus apparatus (h) of holotype specimen with obliquely extending right side ciliary rows,
135 pm. Arrows mark cortices of partially digested Euglena specimens. B — dorsal brush, EP — excretory pores.

Series Monographiae Ciliophorae, Number 6, Year 2025, pages 141-211 /169



ForssNer W, Xu K. ¢ BERGER H.

Type material: The slide (Fig. 6.6¢) containing the holotype (Fig. 6.5fh; accession
number 2024/150) and three paratype slides (Fig. 6.6g-1; accession numbers 2024/151,
152, 153) have been deposited in the Biology Centre of the Upper Austrian Museum in
Linz (LI).

ZooBank registration: urn:lsid:zoobank.org:act:B98CA626-6A3E-4813-A67F-F12
C5429511C

Remarks: The Epispathidium ciliary pattern is rather indistinct in this species because
the cilia are only moderately condensed in the apical region of the kineties and few of the left
side rows are curved so strongly ventrally that they run in parallel with the circumoral kinety.
On the other hand, the circumoral kinety is continuous and distinctly separate from the cili-
ary rows in the about 40 specimens investigated. Thus, the population cannot be assigned to
Spathidium. The taxonomic significance of the oblique arrangement of the right-side ciliary
rows remains obscure. Likely, it is a population-specific feature because some specimens have
ordinary, meridionally extending rows. Thus, this feature was excluded from the diagnosis.

Epispathidium salsum is rather similar to Epispathidium regium, differing from that spe-
cies by the much less distinct Epispathidium ciliary pattern (see above), the body size (about
110 x 50 um vs. 170 X 55 um in protargol preparations), the body length:width ratio (about
2.1:1 vs. 3.1:1 in preparations), and the number of ciliary rows (33 vs. 41-48 on average),
and the number of dorsal brush dikinetids (68 vs. 117 on average). Epispathidium salsum
also resembles Spathidium canadense Wilbert nom. nov. (for note on new name, see Epi-
spathidium regium, p. 144) which, however, has a Spathidium ciliary pattern, a much shorter
brush, and an oral bulge about twice as long as the widest trunk region. Finally, the body

continued on p. 172

Fig. 6.50 Epispathidium salsum nov. spec. (original. Protargol preparation). A specimen with four large macronu-
cleus nodules and two wrinkled micronuclei (arrows), 125 pm.

Fig. 6.5p—r Comparison of body shape of protargol-prepared, representative specimens of Epispathidium salsum
(p), Epispathidium regium (q), and Spathidium canadense (r).
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Fig. 6.6a-d Epispathidium salsum nov.
spec. (originals. Protargol preparation).
Body shape, nuclear apparatus, and ciliary
pattern. a, b: Right and left side view of
same specimen. Arrows mark the ciliary
pattern which is Epispathidium-like on
the right side of the cell, while Spazhid-
ium-like on the left side. Arrowhead
marks the cortex of a partially digested
cuglenoid flagellate. ¢: Left side view of
a shape variant with partially digested
cortices of euglenids (arrowheads). d: A
specimen with four large macronucleus
nodules. Arrowheads mark the oral bulge
which is about 5 um high. B1, 3 - dorsal

brush rows, MA — macronucleus nodules,

N - nematodesmata, OB - oral bulge.

Series Monagraphiae Ciliophorae, Number 6, Year 2025, pages 141-211 /171



ForssNer W, Xu K. ¢ BERGER H.

I —— Fig. 6.6e-h Epispathidium salsum

£ 3 A a | nov. spec. (originals. Protargol
:EP'SPaﬂlldlum SRR e e U'GOA" {‘ slides).i, f: Slideg(e) and proto%ol
| GQISDM e Qw e San :FMC&O (f) containing holotype (H) and
‘Hoth RIS G ot -Fmta‘gok paratypes (D). Acccssm'n number

oll{/'f ) A ° (‘F ] 3 ‘ (LI): 2024/150. g, h: Slide (g) and
?'WWW R ‘ it 0iss. methd | protocol (h) containing paratypes
e e T " ge > ——""HNe drawn (PD) and paratypes (P). Ac-

cession number (LI): 2024/151.

Epispathidium D)
salsum ® m : shape is rather different in
HOLDJ(gFQ @ ] these three species (Fig.
U 6.5p-r): stout and spathidi-

ISSNER 1940 0

. :Fo . .qq ; % : 2?2 4/ //bv  f§ id in Epispathidium salsum;
of usual length:width ratio
and epispathidiid in Epis-

ST P W

3glsum : o) SanFranciso | and axe-shaped in Spathid-
?GNTSPe O T k o Postarvol 1 ium canadense. Nonetheless,
D20 e, (Foiss ‘:dD : care is needed in identifying
'fNSSlUL'W‘(w ek e : these species because they
omr— = 9  are rather similar in size and

shape of body and extru-

EPiSP‘ﬂlidium 0 somes and, especially, the
Selsom ® @ ‘ nuclear pattern.

(®) Description: Body size

Paratupe ~ P ’
p ® 7B? 100-160 x 45-90 um in
202411541 P vivo, usually about 130 x 60
ettt ‘ um; length:width ratio 1.9-
2.5:1, on average 2.1:1 in
protargol preparations (Ta-
ble 6.3). Body shape bluntly spatulate, rarely amphoriform or campanulate with slightly to

ordinarily oblique oral bulge, short neck, and narrowly to broadly rounded posterior body
end; widest usually in mid-body much more narrowing posteriorly than anteriorly; laterally
flattened up to 2:1 (Fig. 6.5a, d, e, h, i, 6.6a~d). Nuclear apparatus scattered throughout
body, except for apical and terminal regions. Usually about 110 macronucleus nodules of
very different shape and size, as shown in Fig. 6.5h, j. Micronuclei about 3 um across in vivo,
spherical to broadly ellipsoidal, usually impregnate deeply with protargol. About 40% of
specimens have only four large, discoidal, rather faintly impregnated macronucleus nodules
with a conspicuous nucleolus each; micronuclei are lacking or resorbed to some wrinkled
structures surrounded by a distinct membrane (Fig. 6.50). These specimens, which have an
ordinary ciliary pattern, are smaller on average (minimum body length 60 pm) and con-
tain few or no food inclusions. Contractile vacuole in posterior body end, some excretory
pores in pole area. Only one type of extrusomes studded in oral bulge and scattered in cyto-
plasm, do not impregnate with the protargol method used, not even those in the cytoplasm.
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Fig. 6.6i-1 Epispathidium salsum

i E i$ -““ iU-m ] s ] nov. spec. (originals. Protargol
[FPePe d ol RE e U'S‘A‘ slides). i-1: Slides (i, k) and proto-
salsum ‘ . -
S o an ?mnCISCO ‘ cols (j, 1) containing paratypes drawn
TGmJGj fia 3 ’Pm L (PD) and paratypes (P). Accession
202"/4 S BT G { numbers (LI): 2024/152, 153.

?ossﬁm'quv L e I T

Individual extrusomes in-

EPlﬁPaﬂlldlUm ® conspicuc.)us, that is,.rod-
cal shaped with bluntly pointed
Pl ends and 5.0-6.0 x 0.3-0.4
'Partﬂ‘&ae. um in size (Fig. 6.5a-c).
202‘//452 . Cortex very flexible, con-
e ——— ] inc about eight rows of
colourless granules between

S:"F i. h e 7 ° y $ Ratcd U S A ” cach two kineties; individ-
F pispathid ivm St Y Y 5 1‘ ual granules compact and
| Salsum "f"_‘;)- @ gty L nnFrancisco | thus rather refractive in vivo,

?mtargot ‘ about 0.8 x 0.4 um in size
202'2453 : °W‘ ; | 8% 04 .
ssum??o ; Of | Gltss meth)

e | k rainssomefoodvacuolesand
many lipid droplets up to 10

. L0 um across in well-nourished

EP"‘G’“‘“"““‘“ ®(@ % specimens. Feeds on hypo-
salﬁbm trichous ciliates digested in
. ?ﬁl‘ﬂf%fe up to 60 pum-sized vacuoles

1 2024/153 (ﬁ % and on Euglena sp., whose

| cortex becomes conspic-

Cytoplasm colourless, con-

uously drumstick shaped
during digestion (Fig. 6.5a,
h). Glides and swims moderately rapidly on microscope slide.

Somatic cilia about 10 um long in vivo, arranged in an average of 33 bipolar, ordinarily
spaced and ciliated rows extending meridionally on left side, while more or less obliquely on
right in most specimens (Fig. 6.5f, g); rarely, rows extend meridionally on both sides and
have small irregularities, for instance, overlapping breaks (Fig. 6.51). Ciliary rows distinctly
separate from circumoral kinety in 40 specimens investigated, Epispathidium pattern, how-
ever, rather indistinct on left side because cilia only slightly condensed apically, and most
rows fairly inconspicuously curved ventrally. Right side ciliary rows densely ciliated sub-
apically, while loosely so apically and in neck area, those near ventral side strongly curved
dorsally and extending side by side with circumoral kinety, producing distinct Epispathid-
ium pattern (Fig. 6.5a, f, g, i, 6.5a, b; Table 6.3). Brush on dorsal side, of ordinary structure
and distinctness, that is, bristles up to 3 um long and longest row 2 occupying 31% of body
length on average; frequently with small irregularities, such as minute and/or overlapping

breaks and some dikinetids out of line (Fig. 6.5a, g, k, m, n, 6.6b; Table 6.3). Rows 1 and 2
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of nearly same length, row 3 shortened by almost two thirds, but with monokinetidal tail
of 3 um long bristles extending behind mid-body; anterior portion of rows not composed
of ordinary cilia, as usual, but of 3-7, about 7 um long, rod-shaped bristles. Bristles of indi-
vidual dikinetids of similar length in rows 1 and 2, those of row 1 fusiform, those of row 2
slightly inflated distally; anterior bristle of row 3 dikinetids slightly shorter than the 3 um
long, distally inflated posterior bristle.

Oral bulge slanted by only 15-35° and usually slightly sigmoidal, in frontal view oblong
with both ends rounded; conspicuous both in vivo and in preparations because about as
long as widest trunk region, circa 5 um high, and bright due to the many refractive extru-
somes contained (Fig. 6.5a, d-1, i, 6.6a; Table 6.3). Circumoral kinety oblong with bluntly
pointed ventral end, distinctly separate from ciliary rows, usually except for one or few ki-
neties in variable position; composed of narrowly spaced dikinetids forming a continuous,
conspicuous row. Individual dikinetids associated with a 12 um long cilium and a rather fine,
wrinkled (by preparation?) nematodesma extending beyond mid-body in dorsal half of cell;
oral basket thus conspicuous, but often only faintly impregnated (Fig. 6.5¢-g, i, |, n, 6.6a;
Table 6.3).

Occurrence and ecology: As yet found only at the type locality (see above), that is, a
highly saline (>20%o) soil sample with pH 6.5 from the USA. Epispathidium salsum was
moderately abundant in the non-flooded Petri dish culture. As the sample site is flooded
from time to time, we cannot decide whether Epispathidium salsum is a marine or terrestrial
species.

Epispathidium papilliferum (Kahl, 1930) Foissner, 1984
(Fig. 6.7a-k, 6.8a-v, 6.9a-1, 6.10a-q, 6.11a—o0, 6.12a~p, Tables 6.4, 6.5)

1930 Spathidium papilliferum spec. n. — Kahl, Arch. Protistenk. 70: 386, Fig. 7f, f , 91 (Fig. 6.7g—i; original
description; no type material available, see nomenclature).

1930 Spathidium papilliferum Kahl, 1930 — Kahl, Tierwelt Dtl. 18: 164, Fig. 24, (redrawing of Fig. 6.7g; revi-
sion of ciliates).

1943 Spathidium papilliferum Kahl — Kahl, Infusorien, p. 26, Tafel VI, Fig. 3 (redrawing of Fig. 6.7g; revision of
ciliates).

1984 Epispathidium papilliferum (Kahl, 1930) nov. comb. — Foissner, Stapfia 12: 84, Abb. 43a-h, Tabelle 21
(Fig. 6.7a~f, j, k; description of German population and Austrian population; combination with Epispathid-
ium; avoucher slide with protargol-prepared specimens from Germany [accession number 1984/65; Aescht
2008, p. 171] is deposited in the Upper Austrian Museum in Linz [LI], see nomenclature).

2007 Vartospathidium papilliferum comb. n. - Jankowski, Phylum Ciliophora, p. 565 (fixation as type species of
Vartospathidium Jankowski, 2007; combination with Vartospathidium).

Fig. 6.7a-i Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (a—f, from Foissner 1984; g—i, from Kahl
1930a. a—c, g—i, from life; d-f, protargol preparation. a—e, population from Germany; f, specimen from Austria;
g, h, population from Mittenwald, Germany; i, type population, from Zillertal, Austria). a: Right side view of a
representative specimen, 150 um. b: Resting (10-12 x 0.5 pum; left figure) and exploded (length 30 pm; right
figure) extrusomes. Shape of extrusomes not studied in detail, according to the original notes; thus, they might
have been slightly acicular, as shown, for instance, in Fig. 6.9¢. c: Dorsal view. d, e: Right (d) and left (¢) side view
of ciliary pattern, 129 um. The macronucleus consists of many nodules. f: Right side view of ciliary pattern of a
specimen with three papillae, 105 pm. g-i: Left side (g, i) and transverse (h) views, 170-260 um. MA - macro-
nucleus nodules.
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2017 Spathidium papilliferum Kahl, 1930 - Jang, Vd‘a¢ny, Shazib & Shin, J. nat. Hist. 51: 951, Fig. 5a-k, 6a—j,

(description of Korean population from life, see nomenclature and remarks).

7a—i, Table 2

Nomenclature: No derivation of the name is given in the original description or later works.

The species-group name papillifer-us, -a, -um (Latin adjective [m, £, n]; bearing papillae)

isa
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composite of the Latin noun papilla (wart; Hentschel & Wagner 1996, p. 455), the thematic
vowel -i- (Werner 1972, p. 37), and the Latin verb ferre (carry, bear; Brown 1954, p. 187); it
obviously refers to the unique feature of this species, viz., the papilla-like extrusome protu-
berances (warts) on the oral bulge.

Kahl (1930a) did not make permanent preparations and therefore no type material is
available. Foissner (1984, p. 8) obviously deposited one protargol slide (accession number
1984/65) in the Biology Centre of the Upper Austrian Museum in Linz (see list above).
However, the neotypification by Foissner (1984) mentioned in Aescht (2008, p. 171) is
invalid (for details on a valid neotypification, see ICZN 1999, Article 75; see also Aescht
2008, p. 132). We do not neotypify Epispathidium papilliferum because (i) its identity is
not threatened; (ii) Foissner’s (1984) redescription and preparations are of a quality allow-
ing the specific features to be clearly recognized; (iii) Foissner (1984) deposited reference

continued on p. 179

Fig. 6.7j, k Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (from Foissner 1984. Protargol preparation).
Right (j) and left (k) side view of ciliary pattern in anterior body portion of a German specimen with two oral
papillae and many scattered macronucleus nodules. B1-3 - dorsal brush rows, MA - macronucleus nodules, N —
nematodesmata.
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Fig. 6.8a—m Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (orig-
inals. a—j, from life, a, d-g, redrawn from video records; k-m, protargol
preparation). South African specimens with tortuous macronucleus. a: Left

side view of a representative specimen, 160 um. b: Frontal view of oral bulge.
c: Surface view showing cortical granulation between somatic kineties. d—f:
Right side and dorsal views of same specimen. g: Right side view of another
specimen. h: Posterior portion of dorsal brush, longest bristles 6 pm. iz Ex-
ploded toxicysts, length 30-45 um. j: type I (12-13 x 0.2 um) oral extru-
somes, drawn to scale. k: Ventral view showing oral papillae and circumoral
kinety. 1, m: Right (1) and left (m) side view of ciliary pattern and nuclear
apparatus of main voucher specimen, 150 yum. B — dorsal brush, B1-3 - dor-
sal brush rows, CK - circumoral kinety, CV - contractile vacuole, EP — ex-
' cretory pores, MA — macronucleus, MI — micronucleus, N — nematodesmata,

OB - oral bulge, OP - oral papilla.
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'5": Fig. 6.8n-v Epispathidium papilliferum (Kahl, 1930) Foiss-

,": — B3 ner, 1984 (originals. Protargol preparation). South African

2‘: population comprising specimens with tortuous, more or less

ol y— B2 moniliform macronucleus (n—r, u, v) or many macronucleus
T nodules (s, t). n, o: Ventrolateral and left side view of ciliary
t :J pattern and nuclear apparatus of two specimens, 136 pm, 140
L 'f% — B1 um. p—r: Variability of body shape and macronucleus, 130 um,
e ..';: 130 um, 140 um. s: Ventrolateral view of a specimen with two
'.. .":: oral papillae. t: Left side view of ciliary pattern of a specimen

with two oral papillac and numerous scattered macronucleus

. o

nodules, 163 um. u, v: Details of dorsal brush from specimens
shown in Fig. 6.80 (u) and Fig. 6.8m (v). Brush rows 1 and 2
end at nearly same level, and most dikinetids of brush row 1

0

are obliquely arranged. B1-3 — dorsal brush rows, CK - cir-
cumoral kinety, E - developing extrusome in cytoplasm, F —
fibres, MA — macronucleus and macronucleus nodules, MI —
Vv micronuclei, N — nematodesmata, OB — oral bulge, OP - oral

papilla.
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material in the Biology Centre of the Upper Austrian Museum in Linz, and (iv) our new
data show that Epispathidium papilliferum is perhaps a cluster of two or more (sub)species.
We deposit voucher slides with protargol-prepared specimens from the South African pop-
ulation (four voucher slides, Fig. 6.12a~h; accession numbers 2024/154, 155, 156, 157) and
North American (USA) population (four voucher slides, Fig. 6.12i-p; accession numbers
2024/158, 159, 160, 161) in the collection mentioned above. One of us (H. Berger) checked
the whereabout of the voucher slide(s) of the population from Seekirchen, Salzburg, Austria

Fig. 6.9a-j Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (originals. a-d, fj, population from USA; e,
population from Austria. a—g, from life [f, g, redrawn from video records]; h—j, protargol preparation). a: Outline
in left side view of a representative specimen, 150 um. b: Frontal view of oral bulge containing extrusomes only in
the papillae. c: Cortical granulation between ciliary rows. d: Acicular type I (10.0 X 1.0 um) and rod-shaped type
II (length 2 pm) oral bulge extrusomes of a specimen from the USA, drawn to scale. e: The Austrian specimens
have only type I extrusomes, which are indistinctly acicular and about 12.0 x 0.7 um in size. f, g: Left (f) side and
dorsal (g) view of a specimen with distinctly curved oral bulge. h: Ventrolateral view showing oral papillac and
circumoral kinety. i, j: Left side view of ciliary pattern and nuclear apparatus, 138 um. B - dorsal brush, CK -
circumoral kinety, E — extrusomes, F - fibres, MA — macronucleus nodules, OB - oral bulge, OP - oral papilla.
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(Fig. 6.7f; sce Foissner 1984, p. 84). However, we could not locate them within a reasonable
time, neither in the Biology Centre of the Upper Austrian Museum in Linz (LI) nor in the
private archive of W. Foissner in Salzburg.

Note that Jangetal. (2017, p. 951, 955) did not mention the original description by Kahl
(1930a), but the revision of Kahl (1930b). In addition, the major part of the description by
Foissner (1984) is not based on an Austrian population, as indicated by Jang et al. (2017),
but on a population from Germany. Further, the Chinese workers obviously overlooked the
transfer of Spathidium papilliferum to Vartospathidium by Jankowski (2007).

Diagnosis (based on literature data and new observations on four populations):
Body size usually about 140-170 x 30-50 um in vivo. Body shape spatulate with oblique
oral bulge about as long as widest trunk region and containing two or three extrusome

continued on p. 187

Fig. 6.9k, | Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (originals of population from the USA. Pro-
targol preparation). Specimen with widely open oral bulge (mouth), likely enclosing a large prey item lost by the
preparation procedures, 100 um. Arrowheads mark split oral papilla. Arrow in (1) denotes the Epispathidium cili-
ary pattern, which is maintained even if the oral bulge is opened widely. B — dorsal brush, CK - circumoral kinety,
E? - extrusomes(?), MA —macronucleus nodules, OB - oral bulge.
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Fig. 6.10a-d Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (originals of population from South Africa.
a, from life; b—d, silver carbonate preparation). a: Right side view of a slightly squeezed specimen showing the
three extrusome papillac (arrowheads) and the tortuous macronucleus. b-d: Long (arrows) and short (arrow-

heads) extrusomes in the oral papillae and cytoplasm. CV - contractile vacuole, E - extrusomes, FV - food vacu-
ole, LD - lipid droplets, MA — macronucleus.
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Fig. 6.10e-j Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (originals of population from South Africa.

¢, g—j, from life; £, silver carbonate preparation). e: Left side view of a squeezed specimen showing the Epispathid-

ium ciliary pattern (arrows) and the dorsal brush. f: Left side view of the anterior body portion showing long and
short extrusomes in the oral papillac and in the cytoplasm. g—j: The long extrusomes are acicular, slightly curved,
and about 12-13 x 1 um in size. B — dorsal brush, E — extrusomes.
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Fig. 6.10k-q Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (k, n, q, originals of population from USA;
I, m, o, p, originals of population from South African. Protargol preparation). k, q: Same specimen with three oral
papillac and many macronucleus nodules. Note the pronounced Epispathidium ciliary pattern (arrows in q). I: A
specimen with two oral papillac and many macronucleus nodules. m, p: Same specimen with three oral papillae
and a tortuous macronucleus. n: A specimen with widely opened mouth showing the Epispathidium ciliary pattern
maintained. o: Nuclear apparatus. B — dorsal brush, CK - circumoral kinety, F - fibres, MA — macronucleus and
macronucleus nodules, MI — micronuclei, N - nematodesmata, OP — oral papillae.
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Fig. 6.11a-g Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (originals of population from Vienna,

Austria. From life, differential interference contrast). The specimens have two oral papillac and many macronu-

cleus nodules. a: Right side view of a slightly squeezed specimen. b-e: The extrusomes are indistinctly acicular
and about 12 x 0.7 um in size. f, g: Anterior body portion in right side view showing the dorsal brush and the ex-
trusomes in the oral papillac. B — dorsal brush, CK - circumoral kinety, CV - contractile vacuole, E — extrusomes,

LD - lipid droplets, MA — macronucleus, OB - oral bulge, OP - oral papillae.
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Fig. 6.11h-j Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (originals of specimens from Salzburg [h]
and Vienna [i, j]. h, from life; i, j, SEM). h: Right side view of a slightly squeezed specimen. i, j: Brush rows 2 and
3 have a cluster of elongated bristles subapically (arrowheads in i). Note the long, monokinetidal tail (arrow in i)

of brush row 3. B1-3 — dorsal brush rows, C - ordinary somatic cilia, CV - contractile vacuole, OP - oral papillac.
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Fig. 6.11k-o Epispathidium papilliferum (Kahl, 1930) Foissner, 1984 (originals of specimens from Vienna [k, 1]
and South Africa [m-o].k, |, SEM; m, n, from life; o, silver carbonate preparation). k, I: Overview of dorsal brush

showing a cluster of elongated bristles (arrowheads) in subapical region of rows 2 and 3. Note the long, monoki-
netidal bristle tail of brush row 3 (arrows). m-o: Long and short (arrowheads in o) extrusomes. B1-3 - dorsal
brush rows, C - ordinary somatic cilia, E — extrusomes.
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Fig. 6.12a-f Epispathidium pa-
pilliferum (Kahl, 1930) Foissner,
1984 (originals. Protargol slides).
a—f: Slides (a, c, e) and protocols
(b, d, f) of voucher specimens
(V) and voucher specimens drawn
(VD) of population from South
Africa. Accession numbers (LI):

2024/154, 155, 156.

papillae. Macronucleus usu-
ally composed of several
to many scattered nodules,
rarely of a tortuous strand.
One or two types of extru-
somes: type I studded in oral
papillae and scattered in cy-
toplasm, rod-shaped to acic-
ular and 10-13 x 0.5-1.0
um in size; type II, if pres-
ent, rod-shaped and fine,
1.5-2.0 um long. About 28
ciliary rows, three of them
anteriorly modified to rath-
er distinct dorsal brush rows
occupying about one third
of body length; brush dik-
inetids obliquely arranged
in anterior three quarters,
at least in row 1; row 3 dis-
tinctly shortened.

Remarks (Table 6.5):
Epispathidium  papilliferum
is unique in having oral
bulge papillae, a striking
feature other

degrading

main characteristics, such
as the macronucleus pattern
and extrusome shape. Kahl
(1930a) found a single, “ab-
normal” specimen of Epi-
spathidium papilliferum with
only two papillae (dorsal one
lacking) in Germany (Fig.
6.7g) and many “typical’
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Fig. 6.12g-1 Epispathidium pa-
pilliferum (Kahl, 1930) Foissner,
1984 (originals. Protargol slides).
g, h: Slide (g) and protocol (h)
of voucher specimens (V) and
voucher specimens drawn (VD)
of population from South Africa.
Accession number (LI): 2024/157.
i-l: Slides (i, k) and protocols (j,
1) of voucher specimens (V) and
voucher specimens drawn (VD) of
population from USA. Accession

numbers (LI): 2024/158, 159.

specimens with three papil-
laec in Zillertal in Austria
(Fig. 6.7i). Foissner (1984)
observed two populations,
viz., one invariably with two
papillac in Germany (Fig.
6.7a-¢, j, k) and another
with three warts in Austria
(Fig. 6.7f). Further popula-
tions show that this species
has either two papillae (e.g.,
in a Salzburg and a Vienna
population) or three (e.g., in
another Vienna population
and in specimens from Ber-
lin, Finland, and the USA;
Fig. 6.11h-1). Further, both
types may occur together, as
shown by the South African
and Slovakian populations
(Table 6.5; Tirjakova et al.
2002, p. 238, their Fig. 5).
Jang et al. (2017, their Fig.
7a-i) also found specimens
with two or three papillae in
the same population.

All these and several
other populations observed
over the years have scattered
macronucleus nodules ac-
companied by either two

oral papillae or three. Thus,
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wise, we cannot exclude

acicular shape of the long

the occurrence of a second
extrusome type, viz. short,
indistinct rods, in most populations. However, the new observations on Vienna specimens
show that there are indeed populations without the second type, indicating that this feature
is variable and should not be over-emphasized at the present state of knowledge. All these
observations indicate distinct subpopulations, probably (sub)species in status nascendi.
Epispathidium papilliferum is either a species with considerable variability, a species just
splitting into several subspecies, or a complex of three different species/subspecies, whose di-
agnostic features, however, do not match. Thus, it would be premature to split it at the present
state of knowledge. Clearly, Epispathidium papilliferum is a challenge for gene sequence stud-
ies which show that the populations studied so far are not closely related in molecular trees
(Jang et al. 2017, their Fig. 16; Pomahat et al. 2023, their Fig. 11; see also note on p. 211).
Vuxanovici (1959, p. 323, Plansa VI, Fig. 42) described the species Spathidium papil-
latum. However, the extrusome warts of this species are not on the oral bulge, but on the
anterior body half. Perhaps it is related to Legendrea Fauré-Fremiet, 1908 which also has the
warts (tentacles) on the body (Pomahac¢ et al. 2023, Weiss et al. 2022).
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Jankowski (2007) fixed Spathidium papilliferum as type species of Vartospathidium be-
cause he considered the extrusome warts on the oral bulge as especially important. More de-
tailed data are needed to support or disprove the hypotheses if the current species belongs to
Spathidium, Epispathidium, or to Vartospathidium. In the tree published by Pomahat et al.
(2023), Spathidium papilliferum sequences are distributed throughout the spathidiid tree.

Description: The description is based on the literature cited above and four further
populations studied over the years. The individuals from South Africa ((Fig. 6.8a-v, 6.10a—j,
1, m, o, p, 6.11m-o0) and North America (USA; Fig. 6.9a-d, f-1, 6.10k, n, q) were investi-
gated in detail, while the specimens from Vienna (Fif. 6.9¢, 6.11a-g, k, 1) and Salzburg (Fig.
6.11h) were identified routinely in vivo by the main features, namely, the oral papillae, ex-
trusomes, and macronucleus pattern. Interestingly, three types were observed with respect to
the oral papillaec and macronucleus pattern (Table 6.5): (i) three papillac and many scattered
macronucleus nodules in the USA population; (ii) two papillae and many scattered macro-
nucleus nodules in the Vienna and Salzburg populations; and (iii) a combination of (i) and
(ii) in the South African specimens, where 172 cells were analysed: 45 had two papillac and
many scattered macronucleus nodules (SAN-type, South African Nodules), as usual, while
127 had three papillac and a single, more or less moniliform macronucleus strand (SAS-type,
South African Strand). The proportion of the SAS-type to SAN-type specimens was about
2:1 ten days after wetting the soil sample and increased to 3:1 on day 20. The two types of
South African specimens match well each other and other populations in almost all other
main features. Thus, conspecificity is likely and the population with the single macronucleus
included in the following description. For detailed description of two Korean populations,
see Jang et al. (2017); their data are not included in the text below, but they agree well with
the compilation below.

Body size and length:width ratio of individual populations moderately variable in vivo
and protargol preparations (Table 6.4): in vivo 170-260 pm with a length:width ratio of
4:1 in type population (Kahl 1930a, b); 100-200 x 30-60 um in vivo, 115-170 x 27-42
pm, on average 138 x 34 um in protargol preparations of the German population described
by Foissner (1984); 109-144 x 31-66 pm, on average 126 x 45 pum in protargol-prepared
specimens from the USA; 114-161 x 22-42 pm, usually about 139 x 31 um in protar-
gol-prepared South African population. Taking into account some shrinkage and previous
data, a usual in vivo size of 140-170 x 30-50 um and a length: width ratio of about 4:1 can
be estimated. Body narrowly spatulate with oblique anterior (oral) end highly conspicuous
due to the two or three extrusome papillae; neck ordinarily distinct, trunk widest behind
mid-body, posterior end broadly rounded; laterally flattened up to 3:1, especially in hyaline
anterior body portion (Fig. 6.7a-c, g-i, 6.8a, d-g, 6.9a, f, g, 6.10a, k-m, 6.11a, h). Macro-
nucleus divided into seven to about 100 scattered nodules, rarely in a tortuous, more or less
moniliform strand, viz., in the South African specimens (see above). Individual nodules el-
lipsoid to globular, contain several globular nucleoli. Micronuclei scattered in middle body
portion, globular and about 2 pm across, clearly recognizable only in SAS-type of South
African specimens (Fig. 6.7d, f, g, i, 6.8m-~r, t, 6.9j-1, 6.10a, k-m, o; Tables 6.4, 6.5). Con-
tractile vacuole in rear body end, several excretory pores in pole area. One or two types of
extrusomes in the oral papillae and scattered in cytoplasm, type I lacking in oral bulge be-

tween papillac (Fig. 6.7a, b, g, i, 6.8a, 1, j, r, 6.9a, d, ¢, k, 6.10a-d, f-j, 6.11b—¢, m—o; Table
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6.5). Type I extrusomes conspicuous, rod-shaped and about 13 pm long according to Kahl
(1930a); rod-shaped and 10.0-12.0 x 0.5 um in German population described by Foissner
(1984); indistinctly acicular and about 12.0 x 0.7 um in a population from Vienna (Fig.
6.11a-g); almost rod-shaped to acicular and about 10.0 x 0.7 um in Salzburg population;
almost acicular, slightly curved, and about 10 x 1 pm in USA population; almost rod-shaped
and about 11 um long in SAN-type, while acicular, straight to slightly curved, and 12-13 x
1 um in SAS-type of South African specimens; do not impregnate with protargol. Type II,
if present, easily overlooked because minute, but definitely lacking in a Vienna population;
fine and rod-shaped, about 2 um long in USA population, and 1.5 x 0.2 um in SAS-type of
South African specimens. Exploded type I extrusomes of typical toxicyst structure, about
25-45 um long in vivo. Developing extrusomes scattered in cytoplasm, fusiform and 8-11
um long, frequently impregnate with protargol in SAS-type of South African specimens.
Cortex flexible and about 2 um thick, contains loosely spaced granules about 0.2 um across
in South African specimens; frequently impregnate with protargol in SAS-type, but never
in SAN-type contained in same preparations (Fig. 6.8c, 6.9c). Cytoplasm colourless, often
packed with lipid droplets up to 10 um across, extrusomes, and 7-15 pm-sized food vacuoles
containing definitely bacteria in some Vienna specimens; remnants of ciliate prey (Frontonia
depressa) in USA population, where a specimen with widely opened mouth was found in the
preparations, showing that even the papillae split when the bulge opens (Fig. 6.9k, 1, 6.10n);
and mainly flagellates in SAS-type of South African specimens, which frequently have a
subterminal vacuole with indigestible debris. Glides slowly on microscope slide (German
population) or swims rather rapidly (South African specimens).

Somatic cilia about 12 um long in vivo and ordinarily spaced (2.0-2.5 pm on average),
except for anterior end of rows, where closely spaced cilia produce distinct kinetofragments,
forming, together with the circumoral cilia, a conspicuous corona; arranged in 22-36, usu-
ally near 28 equidistant, bipolar rows anteriorly arranged in a pronounced Epispathidium
pattern, which is, unexpectedly, maintained even in a specimen with widely opened mouth
(Fig. 6.9k, 1, 6.10n; Table 6.4). Dorsal brush dikinetidal and three-rowed, rather distinct
because occupying an average of 27-39% of body length and bristles up to 4-6 um long
in vivo; all rows commence with some ordinary cilia anteriorly, rows 1 and 2 end at nearly
same level and continue with ordinary cilia posteriorly. Row 1 composed of an average of
35-56 densely spaced dikinetids obliquely arranged in the anterior three quarters, occasion-
ally mixed with some monokinetids posteriorly in SAS-type of South African specimens;
row 2 composed of an average of 28-37 dikinetids comparatively loosely spaced in posterior
half and anteriorly slanted in German specimens; row 3 distinctly shorter than rows 1 and
2, composed of an average of only 9-20 dikinetids anteriorly slanted in German specimens,
followed by a monokinetidal tail of rod-shaped, about 2 pm long bristles extending to mid-
body. Brush bristles slightly clavate, decreasing in length from 5—6 pm anteriorly to 2.5-3.0
pm posteriorly in rows 1 and 2 of South African specimens both in vivo and protargol prepa-
rations; up to 5 um long anteriorly, decreasing to about 3 um posteriorly in a Salzburg (Gais-
berg area) population, where the anterior bristles of the dikinetids are only half as long as
the posterior ones. Details of the dorsal brush could be studied in SEM-micrographs from
two specimens of a population from the surroundings of Vienna (Fig. 6.11i-1): (i) the brush
rows extend in distinct furrows separated by broad, flat ridges; (ii) the narrowly spaced and

continued on p. 194
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Table 6.4 Morphometric data on several populations of Epispathidium papilliferum. SAS, SAN: South
African population (original data) 10 d after wetting the sample, separated in specimens with macro-
nucleus either in a tortuous strand (SAS) or in many scattered nodules (SAN); USA: North American
population (original data); GER: population from Rauisch-Holzhausen, Germany (from Foissner 1984)*

Characteristic Pop  Mean M SD SE CV Min Max n
Body, length SAS 142.2  142.0 9.2 21 6.5 1250 161.0 19
SAN 136.0 136.0 120 2.7 8.8 114.0 158.0 19
USA 126.1 124.0 10.1 22 8.0 109.0 144.0 21
GER 1379 140.0 194 7.4 14.1 1150 170.0 7
Body, width SAS 32.1 30.0 46 1.1 145 26.0 42.0 19
SAN 30.3  30.0 52 1.2 17.1 22.0 40.0 19
USA 45.0 46.0 87 19 192 31.0 66.0 21
GER 33.6 35.0 59 26 176 27.0 420 5
Body length:width, ratio SAS 4.5 4.5 0.5 0.1 11.8 3.5 53 19
SAN 4.6 4.6 0.6 0.1 12.7 3.7 5.9 19
USA 2.9 2.8 0.5 0.1 18.1 2.2 4.0 21

GER about 4.1
Oral bulge, length SAS 375 36.0 49 1.1 132 30.0 52.0 19
SAN 38.0 384 45 1.0 11.9 30.0 46.0 19
USA 27.6 264 3.8 0.8 13.8 220 36.0 21
GER 36.6 38.0 34 15 94 31.0 400 5
Oral bulge, width between papillae  SAS 2.3 2.3 - - - 2.0 26 4
SAN 2.6 2.5 - - - 2.4 3.0 5
USA 2.0 2.0 - - - 1.8 24 5
Oral bulge, height between papillae  SAS 2.3 22 - - - 2.0 2.6 19
SAN 2.3 2.4 - - - 2.0 2.4 19
USA 2.6 2.4 - - - 1.8 42 19
Oral papillae, number SAS 3.0 3.0 0.0 0.0 0.0 3.0 3.0 19
SAN 2.0 2.0 0.0 0.0 0.0 2.0 2.0 19
USA 3.0 3.0 0.0 0.0 0.0 3.0 3.0 21
GER 2.0 2.0 0.0 0.0 0.0 2.0 2.0 15
Oral papillae, across SAS 4.0 4.0 - - - 3.8 42 4
SAN 4.6 4.7 - - - 4.2 48 S
USA 3.5 3.5 - - - 3.4 36 5
Oral papillae, height SAS 3.9 3.6 0.7 02 187 3.0 6.0 19
SAN 4.7 4.8 0.9 0.2 189 3.6 6.0 19
USA 3.7 3.6 0.5 0.1 139 2.4 48 21
Circumoral kinety to last dikinetid ~ SAS 44,6  46.0 49 15 109 370 520 11
of brush row 1, distance SAN 52.6  53.0 47 1.8 89 47.0 600 7
USA 339 340 33 0.8 9.7 30.0 41.0 19
Circumoral kinety to last dikinetid ~ SAS 44.0  42.0 46 14 105 37.0 520 11
of brush row 2, distance SAN 50.1  50.0 37 14 74 460 560 7
USA 323 340 3.6 0.8 11.0 250 41.0 19
GER 39.2  40.0 30 13 75 350 430 5
Circumoral kinety to last dikinetid ~ SAS 11.9 120 33 1.0 28.0 7.0 18.0 11
of brush row 3, distance SAN 13.7 13.0 3.0 1.1 219 11.0 190 7
USA 13.3 120 5.3 1.2 399 7.0 26.0 19
GER 13.8  10.0 8.3 3.7 599 8.0 280 5
Macronucleus figure, length SAS 439  43.0 92 2.1 209 260 620 19
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Table 6.4 Continued
Characteristic Pop  Mean M SD SE CV Min Max n
Macronucleus figure, length SAN 78.8  82.0 87 2.0 11.0 56.0 920 19
USA 79.5 77.0 9.1 20 114 66.0 100.0 21
Anterior body end to anteriormost ~ SAS 69.4 68.0 15.1 3.5 21.7 47.0 94.0 19
macronucleus nodule, distance SAN 39.3  41.0 46 1.1 11.8 28.0 46.0 19
USA 30.4  30.0 37 0.8 12.1 24.0 38.0 21
Macronucleus, length (spread) SAS 90.8  90.0 - - - - 118.0 19
Macronucleus nodules, length SAN 7.5 7.2 1.7 04 225 50 11.0 19
USA 8.0 7.2 23 05 282 5.0 13.0 21
GER 5.3 5.6 0.9 03 16.1 4.0 7.0 11
Macronucleus, width SAS 5.5 5.0 0.9 0.2 15.6 4.8 8.0 19
Macronucleus nodules, width SAN 2.9 2.4 0.8 0.2 279 2.2 4.8 19
USA 2.8 2.6 0.7 02 247 1.8 4.5 21
GER 2.2 2.0 0.5 0.1 214 1.6 2.8 11
Macronuclei, number SAS 1.0 1.0 0.0 0.0 0.0 1.0 1.0 19
SAN 774 79.0 14.0 49 18.1 540 98.0 8
USA 59.6 58.0 12.1 2.8 204 350 80.0 19
GER about 100 nodules
Micronuclei, diameter SAS 1.8 1.8 0.3 0.1 153 1.5 2.4 19
Micronuclei, number SAS 13.6  14.0 32 0.7 238 9.0 21.0 19
Basal bodies in a right-side SAS 582  56.0 64 29 11.0 520 680 5
kinety, number SAN 58.8 58.5 7.3 2.1 125 500 75.0 12
USA 65.8 65.0 112 29 170 50.0 83.0 15
GER 78.0 80.0 16.1 7.2 20.6 55.0 1000 5
Somatic kineties, number SAS 29.8 28.0 37 1.1 124 250 35.0 12
SAN 28.1 27.0 23 06 82 250 33.0 17
USA 244 25.0 14 03 56 220 28.0 21
GER 333 33.0 1.5 06 45 320 360 6
Dorsal brush rows, number SAS 3.0 3.0 0.0 0.0 0.0 3.0 3.0 19
SAN 3.0 3.0 0.0 0.0 0.0 3.0 3.0 19
USA 3.0 3.0 0.0 0.0 0.0 3.0 3.0 21
GER 3.0 3.0 0.0 0.0 0.0 3.0 3.0 S
Dikinetids in brush row 1, SAS 37.0 38.0 37 1.1 10.0 30.0 41.0 11
number SAN 43.6  44.0 32 12 72 39.0 470 7
USA 34.5 35.0 45 1.0 13.0 24.0 41.0 20
GER® 56.0 - - - - 540 580 2
Dikinetids in brush row 2, SAS 29.0 29.0 29 09 101 25.0 34.0 11
number SAN 31.0 31.0 42 1.6 137 230 360 7
USA 27.7  28.0 28 0.6 102 220 32.0 20
GER® 37.0 - - - - 350 39.0 2
Dikinetids in brush row 3, SAS 9.7 9.0 3.1 09 322 5.0 16.0 11
number SAN 11.6 11.0 2.1 0.8 18.6 9.0 140 7
USA 10.1 9.0 3.1 0.7 30.5 7.0 17.0 20
GER® 20.0 - - - - 19.0 21.0 2

* Data based on mounted, protargol-prepared (Foissner’s method), and randomly selected specimens
from non-flooded Petri dish cultures. Measurements in um. For abbreviations, see footnote a of Table

6.3.

® From figures.
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Table 6.5 Comparison of some main features in Epispathidium papilliferum populations*

Population® P Macronucleus Type I extrusomes, n
shape and length

Zillertal (from Kahl 1930a) 3 7-10nodules rod-shaped, 13 um many?
Mittenwald (from Kahl 1930a) 2 7 nodules ? ?
Gieflen (from Foissner 1984) 2 about 100 nodules rod-shaped, 10-12 um 15
Seekirchen (from Foissner 1984) 3 many nodules ? few
Vienna® 2 many nodules indistinctly acicular, 12 pm  several
Salzburg? 2 50-100 nodules rod-shaped, acicular, 10 um  several
Pennsylvania 3 35-80 nodules almost acicular, 10 um 50
South Africa (SAN-type) 2 54-98 nodules almost rod-shaped, 11 um 45
South Africa (SAS-type) 3 atortuous strand acicular, 12-13 um 127

* Abbreviations: n — number of specimens analysed, P — number of papillae.

® For detailed description of sample sites, sce occurrence and ecology. Data in lines 5 (“Vienna”) to 9
(“South Africa (SAS-type”) are original observations.

¢ Floodplain near Vienna (Austria) in 2002.

4 Beech forest in the Gaisberg area (Salzburg, Austria) in 1997.

obliquely arranged dikinetids in the anterior portion of rows 1 and 2 are also prominent in
the SEM, however, only in one of the two specimens: the brush furrows are distinctly wid-
ened in this region and the brush rows appear doubled due to the zigzagging kinetids; (iii) a
cluster of distinctly elongated, slightly clavate bristles occurs in rows 2 and 3 at level of tran-
sition zone of dikinetidal and monokinetidal portion of row 3; (iv) the bristles are slightly
clavate in one specimen and rod-shaped in the other; (v) the anterior bristle of the dikinetids
is slightly shorter than the posterior one in one of the two specimens; (vi) the bristles of the
monokinetidal tail of row 3 are rod-shaped.

Oral bulge slanted by 30-60°, about as long as widest trunk region, 4-6 um high in vivo,
very conspicuous because bearing two (invariably ventral and middle) or three (ventral,
middle, and dorsal) extrusome papillae; in frontal view oblong with base of papillae slight-
ly inflated; surface bent dorsally from middle to dorsal end in type population and USA
specimens, slightly curved or sigmoidal in German, Austrian (Foissner 1984), and South Af-
rican specimens; individual papillae with minute concavity apically, 3.5-4.6 um across and
3.7-4.7 um high in protargol preparations. Circumoral kinety of same shape as oral bulge
when viewed frontally, continuous, and distinctly separate from ciliary rows; composed of
dikinetids each associated with an oral basket rod, a fibre extending into bulge and to papillae
centre, and a cilium about 12 um long in South African, 15 um in USA, and 18 pm in German
specimens. Oral basket rather distinct, composed of nematodesma bundles originating from
circumoral kinety (Fig. 6.7j, 6.8b,k, |, g—t, 6.9h, 1, 6.10a, k-m, p, q, 6.11a, f-h; Tables 6.4, 6.5).

Resting cyst: Jang ct al. (2017, p. 954) described the resting cyst (about 40-45 pm in
diameter, wall smooth) of a Korean population.

Molecular biology: 18S rRNA gene analyses were performed by Stridder-Kypke et al.
(2006; GenBank accession numbers DQ411857, isolate A; DQ411858, isolate B; both iso-

lates are from a population from a forest soil from the Miillerboden, Austria; details on
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sample site, see Foissner et al. 2005, p. 619; identification by W. Foissner). For Korean se-
quences KY556645 and KY556649, see Jang et al. (2017, p. 941). As expected, the two
Austrian sequences cluster together because they are from the same population. However,
the Korean sequences are widely separated from ecach other and the Austrian population
(e.g., Chi et al. 2022, p. 3/15; Jang et al. 2017, p. 969; Jang et al. 2022, p. 7/11). Whether
these different positions in molecular trees reflect the true relationships (different species
with oral bulge papillac due to convergent evolution) or are due to methodological problems
must be analyzed by detailed studies based on reliable identified populations.

Occurrence and ecology: The data below show that Epispathidium papilliferum occurs
in all main biogeographic regions, except of Antarctica and Palacotropis (Foissner 1998, p.
203; for a record from South Africa, see below). It is a rather common, but rarely abundant
terrestrial species which probably prefers acidic to circumneutral environments. No records
are known from saline habitats.

Kahl (1930a) found this species in two sites, which are, however, only about 50 km away
from each other. At first, he found a single specimen (Fig. 6.7g, h) in lime-rock moss from
Mittenwald, a municipality in the district of Garmisch-Partenkirchen, Upper Bavaria (this
is the southern portion of Bavaria), Germany; later he found two further specimens likewise
with only two warts on the same locality (Kahl 1930a, p. 387). The second population (Fig.
6.71) showed high abundance and was isolated from moss from the Zillertal (the northern
end of this valley is about at 47.40°N 11.83°E; Tyrol, Austria); in the legend to Fig. 6.7i,
Kahl (1930a, p. 390) wrote “Sp. papilliferum typische Form” indicating that he considered
the Austrian specimens as type population.

Foissner (1984, p. 6, 7) found a population cach in wall moss from the village
Rauisch-Holzhausen (about 50.758°N 08.882°F) near Giefen, Germany (rare; Table 6.4)
and in leaf litter from a mixed forest near the townlet Seekirchen (about 47.89°N 13.12°E),
Salzburg, Austria (very rare; Fig. 6.7g; Foissner 1984, p. 84). Foissner W. also observed it
in soil from a beech forest of the Gaisberg area (local mountain east of city of Salzburg,
Austria), at pH 5.0-6.7 (Fig. 6.11h); soil/litter from a mixed forest from the surroundings
of Berlin, Germany; moss from a coniferous forest in Lapland, Finland, at pH 4.3; and soil
from deciduous and coniferous forests near Vienna, Austria, at pH 4.5-7.4 (e.g., Foissner et
al. 2005, p. 627; unpublished observations). In North America, Epispathidium papilliferum
occurred in leaf litter (pH 5) of American Helmlock trees at the trailhead of the Gifford
Pinchot trail system in the Lackawanna State Forest, Lackawanna County (about 41.45°N
75.61°W), Pennsylvania, USA (sample likely provided by A. Berthold, original observa-
tions). In South Africa, it occurred in mossy bark (pH 6.3) mainly from “Hard Pear” (Olinia
ventosa) trees in the Kirstenbosch Botanical Garden, viz., at the trailhead (about 33.987°S
18.431°E) of the Skeleton Gorge trail to the Table Mountain (original observations).

Tirjakovd et al. (2002) found Epispathidium papilliferum in one (leaf-litter) out of 15
samples from acidic (pH ~4) oak-hornbeam forests of western Slovakia. The Korean popula-
tions studied by Jang et al. (2017) are from leaf litter and soil from Jungjok mountain, Joil-ri,
Samdong-myeon, Ulju-gun, Ulsan (35.456°N 129.136°E) and from leaf litter and soil from
the Ssanggyesa temple, Sacheon-ri, Uisin-myeon, Jeollanam-do (34.468°N 126.308°E).

There exist several records not substantiated by morphological data (however, due to
the papillac a confusion with other species is very unlikely) showing that Epispathidium
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papilliferum prefers terrestrial habitats': dry moss from Bavaria (surroundings of the city
of Erlangen, Géfweinstein, or Seeon), Germany (Wenzel 1953, p. 71, 79); Melico-Fagetum
soil from Erminger forest (about 48.38°N 09.88°E), Germany (Lehle 1989, p. 133, 140);
dry moss in Slovakia (Tirjakova & Matis 1987, p. 10; Matis et al. 1996, p. 11); leaf licter and
moss (pH 5.1) in the Brisbane Water National Park, Australia (Blatterer & Foissner 1988,
p. 7); litter and roots (pH 5.7) from an Eucalyptus forest in the Belair National Park near
Adelaide, Australia (Blatterer & Foissner 1988, p. 7); soil (pH 7.2) from Hawaii, together
with drcuospathidium cultriforme cultriforme (Penard, 1922) Foissner, 1984 (original obser-
vation)'®; South America (Foissner 1998, p. 203; without details on site).

Only Grabacka (1977, p. 380) recorded Epispathidium papilliferum from freshwater,
viz., the upper 5 mm mud layer of a Polish fishpond, which received sugar factory wastes.
Details were not provided; thus, misidentification cannot be excluded, though this is not
very likely considering the highly characteristic extrusome papillac. Biomass of 10° speci-
mens about 135 mg (Foissner 1998, p. 203).

Brief review of other species assigned to Epispathidium Foissner, 1984

Epispathidium terricola Foissner, 1987

1984 Spathidium muscicola Kahl, 1930 — Berger, Foissner & Adam, Zool. Jb. Syst. 111: 358, Abb. 48-51, Ta-
belle 6 (description of Austrian population; likely a misidentification, see nomenclature and remarks).

1987 Epispathidium terricola nov. spec.' — Foissner, Sber. 6st. Akad. Wiss., Mathematisch-naturwissenschaftli-
che Klasse, Abt. I 195 (year 1986): 234, Abb. 11a-i, 12, Tabelle 2 (original description; the slide containing
the holotype [accession number 1988/151; holotype not designated in original description] and one para-
type slide [1988/152] have been deposited in the Biology Centre of the Upper Austrian Museum in Linz
[LI]; see Aescht 2008, p. 182).

2006 Epispathidium terricola Foissner, 1986 — Alckperov & Sadikhova, Turk. J. Zool. 30: 400, Fig. 2A, B (de-
scription of population from Azerbaijan using wet silver nitrate preparation method; site were voucher
slides deposited not mentioned).

2007 Spathidium terricola — Foissner & Xu, Monogr. boil. 81: 38 (non-formal combination with Spathidium, see
remarks).

2016 Epispathidium terricola Foissner, 1987 — Rajter & Vdaény, Zool. Scr. 45: 202 (gene sequence analyses of 2
terrestrial populations from Slovakia based on non-clonal specimens identified in vivo).

2017 Spathidium terricola (Foissner, 1987) comb. nov. — Jang, Vda¢ny, Shazib & Shin, J. nat. Hist. 51: 971
(combination with Spathidium).

Nomenclature: No etymology has been provided in the original description. For derivation
of the species-group name terricola, see Berger (2011, p. 419). Voucher slides of the popula-
tion studied by Berger et al. (1984) have not been found in the Biology Centre of the Upper

' Note by H. Berger: W. Foissner wrote this part in the early 2000s. Thus, younger records are not included. I refrained
from a detailed update of the records not substantiated by morphological data for time reasons.

!¢ Note by H. Berger: Likely this sample is from the “Hawaii, Big Island site 39” sample mentioned by Foissner & Xu
(2007, p. 236).

7 Written by H. Berger. For figures, see individual papers mentioned in list of synonyms.

'8 Foissner (1987) provided the following diagnosis: “In vivo etwa 120-160 x 35-60 um grofies, spathidiformes, farb-
loses Epispathidium mit ungefihr 40 um langen Extrusomen, bandférmigem Makronucleus und durchschnittlich 39
Somakineten. Verbreitet in edaphischen Biotopen.”
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Austrian Museum in Linz (LI). Further, they could not be localized in the private collections
of W. Foissner and H. Berger in Salzburg within a reasonable time.

Diagnosis (from Foissner 1987, slightly modified): Body size about 120-160 x 35-60
pm in vivo; body shape spathidiforme; body coloutless; extrusomes about 40 um long; mac-
ronucleus ribbon-like, serpentine; on average 30 somatic kineties. Common in terrestrial
habitats.

Remarks: According to Foissner (1987, p. 237), Spathidium muscicola Kahl, 1930a (p.
377) sensu Berger et al. (1984) is likely a misidentification and belongs to the present species.
Alekperov & Sadikhova (2006) incorrectly assumed that the type locality of Epispathidium
terricola is in Austria; it is in Germany (see below). The specimens from Azerbaijan agree
very well with those from the type locality, indicating that the identification is correct. Jang
etal. (2017) transferred the present species to Spathidium because Epispathidium species do
not group together in molecular trees. Since Foissner & Xu (2007, p. 38) made no formal
combination, Jang et al. (2017) should be accepted as combining author when the species is
classified in Spathidium.

Description: For description of type population, see Foissner (1987). For brief descrip-
tion of population from Austrian Alps, see Berger et al. (1984). For characterization of ter-
restrial population from Azerbaijan, see Alekperov & Sadikhova (2006).

Molecular biology: For gene sequence analyses of two populations, see Rajter & Vdaény
(2016). Accession numbers of 18S rRNA in GenBank: KT246082, KT246083.

Occurrence and ecology: A very common species in all biogeographic regions in soil,
less common in mosses (Foissner 1987, p. 237; 1998, p. 203; Foissner et al. 2005, p. 627).
The type locality is soil (mainly the organic upper layer; pH ~3; sea level about 613 m) from
a spruce forest (Picea abies) near the city of Ulm (48.39°N 09.98°E), Germany (Foissner
1987, p. 218, 234; for details, see Lehle 1989, p. 133, 140, sites UINF, U1DF). Berger et al.
(1984) found “Spathidinm muscicola” in experimentally compacted alpine pasture soil (0-5
cm; 47.1458°N 13.0570°E) from the Schlof8alm area, Bad Hofgastein, Salzburg, Austria (for
details on this site, see Berger et al. 1985, p. 98, 107). Alekperov & Sadikhova (2006 p.
399) isolated the present species from soil from the Pirgulian State Reserve (about 40.77°N
48.50°E), near the city of Shemakha, eastern Azerbaijan. For details on sample sites of Slova-
kian populations, see Rajter & Vda¢ny (2016, p. 202). Biomass of 10° specimens about 101
mg (Foissner 1998, p. 203).

Epispathidium amphoriforme (Greefl, 1889) Foissner, 1984
(Fig. 6.3d, 6.13a—f)

1889 Spathidium amphoriforme, nov. spec. — Greeff, Sber. Ges. Beférd. ges. Naturw. Marburg 1888: 131 (orig-
inal dcscription, no illustration and no type material availablc).

1922 Spathidium amphoriforme Greeff 1888 — Penard, Infusoires, p. 24, Fig. 17, ,, 18, , (redescription; no
voucher material available).

1930 Spathidium amphoriforme Greef (1888), Penard (1922) — Kahl, Arch. Protistenk. 70: 377, Fig. 7e (de-
scription of Bavarian population; no voucher material available, incorrect spelling of Greeff).

1930 Spathidium amphoriforme var. rectitoratum var. n. — Kahl, Arch Protistenk. 70: 380, Fig. 9q (Fig. 6.3d;
original description of variety; no type material available).

1930 Spathidium amphoriforme Greef (1888) - Penard (1922) - Kahl, Tierwelt Dtl. 18: 166, Fig. 24, (revision
of ciliates; incorrect spelling of Greeff).
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1930 Spathidium amphoriforme var. rectitoratum Kahl, 1930 — Kahl, Tierwelt Dtl. 18: 166, Fig. 22, (revision
of ciliates).

1943 Spathidium amphoriforme Greef-Penard — Kahl, Infusorien, p. 26, Tafel VI, Fig. 8 (review of ciliates;
incorrect spelling of Greeff).

1943 Spathidium amphoriforme var. rectitoratum Kahl — Kahl, Infusorien, p. 27, Tafel VI, Fig. 10 (review of
ciliates).

1966 Spathidium amphoriforme Greef — Dragesco, Arch. Protistenk. 109: 175, Fig. 19 (description of French
population from moss; incorrect spelling of Greeff).

1975 Spathidium amphoriforme Greef 1888 — Fryd-Versavel, Iftode & Dragesco, Protistologica 11: 511, 4C,
5C, 6 (description of French population; incorrect spelling of Greeff).

1984 Epispathidium amphoriforme (Greeff, 1888) nov. comb. — Foissner, Stapfia 12: 82, Abb. 42a—f, Tabelle
21 (description of Austrian population; combination with Epispathidium; 2 slides [accession numbers
1981/10, 1984/64] have been deposited in the Biology Centre of the Upper Austrian Museum in Linz [LI];
for details, see nomenclature).

1986 Spathidium amphoriforme (Greef, 1888) Penard, 1922 — Dragesco & Dragesco-Kernéis, Faune tropicale
26: 153, Planche 21E-G (revision of ciliates from Africa; incorrect spelling of Greeff).

1987 Epispathidium amphoriforme var. rectitoratum (Kahl, 1930) nov. comb. — Foissner, Arch. Protistenk.
133: 224 (combination of variety with Epispathidium, see nomenclature).

1989 Spathidium amphoriforme (Greeff, 1888) — Fyda, Acta Protozool. 28: 231, Fig. la—e, 2, 3a, Planches I, II,
Tableau 1 (dcscription of Polish population, including cell division; site were voucher material dcpositcd
not mentioned).

2016 Epispathidium amphoriforme (Greeff, 1888) Foissner, 1984 — Rajter & Vdaény, Zool. Scr. 45: 202 (gene
sequence analyses of 2 terrestrial populations from Slovakia based on non-clonal specimens identified in vivo).

2020 Epispathidium amphoriforme (Greeff, 1888) Foissner, 1984 — Kim, Omar & Jung, J. Species Res. 9: 259,
Fig. 9A-C (description of Korean population after protargol preparation; two slides with protargol-pre-
parcd specimens were dcpositcd at the Nakdonggang National Institute of Biological Resources; accession
numbers NNIBRPR11670, NNIBRPR11671).

Nomenclature: The species-group name amphoriform-is, -is, -e (amphora-shaped) is a com-
posite of the Latin noun amphora (vessel, flagon, pitcher, flask, bottle, jar; Brown 1954,
p- 86), the thematic vowel -i-, and -form-is, -is, -e (Latin adjective [m, f, n]; -shaped; see
Hentschel & Wagner 1996, p. 274 at glémeriformis), and refers to the jug- or bottle-shaped
body (Greeft 1889). There is some uncertainty about the publication year of the work by
Greefl. The work is contained in volume 1888 (“Jahrgang 1888”) of the journal. However,
in the lowest line of the frontpage of the volume the year 1889 appears, indicating that the
volume was published just in 1889. Detailed analysis necessary.

The species-group name rectitoratum is perhaps a composite of the Latin adjective rectus,
-a, -um (straight, upright, proper, right; Brown 1954, p. 650), a thematic vowel (?), the Lat-
in noun o7z (margin, edge, coast; Brown 1954, p. 157), and the sufhix at.us, -a, -um (having
a feature; Werner 1972, p. 42). Likely it alludes to the fact that the anterior body portion
(bearing the oral apparatus) is strongly bent ventrally during swimming (Kahl 1930a, p.
380). Needs more detailed analysis by a linguist.

According to Aescht (2008, p. 142), Foissner (1984) neotypified this species. However,
the “neotypification” by Foissner (1984) mentioned in Aescht (2008) is invalid (for details
on a valid neotypification, see ICZN 1999, Article 75; see also Aescht 2008, p. 138). A
neotypification (which is necessary because the taxonomic status of the present species is
uncertain) has to comprise a detailed morphological description including a comprehensive
morphometry, preferably also the analysis of the cell division, and molecular analyses. In
addition, the neotype has to come as nearly as practicable from the original type locality

(ICZN 1999, Article 75.3.6).
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Fig. 6.13a—f Epispathidium am-
phoriforme (Greeff, 1889) Foissner,
1984 (originals. Protargol slides).
a—f: Slides (a, c, e) and protocols
(b, d, f) of voucher specimens
(V) of population from Styria,
Austria. Accession numbers (LI):

2024/162, 163, 164.

We deposit three vouch-
er slides (Fig. 6.13a-f;
accession numbers  [LI]
2024/162, 163, 164) of an
Epispathidium
forme population from Neu-
wald in Styria (Austria); W.
Foissner labeled the slides,
but the raw manuscript did

amphori-

not contain data on the
morphology (for details on
sample site “Neuwald”, see
Foissner et al. 2005, p. 619).

Brief characterisa-
tion according to Foissner
(1984): Body size in vivo
about 90-150 x 35-65
um. Body shape distinct
amphoriform, oral bulge in
badly nourished specimens
slightly longer than largest
body width, in well-nour-
ished individuals somewhat
smaller; in anterior body
portion 2-3:1 flatted, be-
hind only slightly to not
flactened. Oral bulge dis-
tinctly set off from body
proper, about 5 pm high,
slightly convex, moderately
strongly slanted ventrally; in
top view narrowly orthogo-
nal and densely filled with
about 7 um long, slightly
curved, rod-shaped extru-
somes. Macronucleus long,
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Table 6.6 Comparison of varicties of Spathidium amphoriforme Greeff, 1889 described by Kahl (1930a)

Characteristic Variety of Spathidium amphoriforme
amphoriforme* rectitoratum® securiforme®
Body, length 160 pm, little varying ~ 200-240 um (in older 200-300 um
cultures 130-160 um)
Body, width 16-25% of bodylength  about 28% of body about 40% of body
length! length?
Body, shape cylindrical basically as plump
amphoriforme, anterior
portion abruptly
compressed
Somatic kineties, about 20 about 24-28 in large specimens up
Number to 50
Somatic cilia, length 10 um as in amphoriforme(?) as in amphoriforme(?)
Oral bulge, shape convex straight as in amphoriforme
Oral bulge, slope 30° about 35% as in amphoriforme
Oral bulge, extrusomes 5 um long 5 um long, also very 11-15 pm, fine (in
numerous in cytoplasm some specimens only
7-8 um)
Dorsal brush bristles, 6.0 um 4.0 um 2.0-2.5 um
length

Nuclear apparatus

Macronucleus very

Macronucleus very

as in amphoriforme

long, constricted, long, entwined;

entwined; many micronuclei?®
micronuclei, adjacent
to macronucleus
Figure 7e in Kahl (1930a)

6.3d in present work 6.3a in present work

* Full name when classified in Spathidium: Spathidium amphoriforme amphoriforme Greeff, 1889. Data
from Kahl (1930a, p. 379, diagnosis). Classified as Epispathidium amphoriforme (Greeff, 1889) Foissner,
1984 in present work.

* Full name when classified in Spathidium: Spathidium amphoriforme rectitoratum Kahl, 1930. Data from
Kahl (1930a, p. 380). Preliminary classified as synonym of Epispathidium amphoriforme (Greeff, 1889)
Foissner, 1984 in present work.

¢ Full name when classified in Spathidium: Spathidium amphoriforme securiforme Kahl, 1930. Data from
Kahl (19304a, p. 380). Classified as Epispathidium securiforme (Kahl, 1930) Foissner, 1984 in present work.
4 From Fig. 6.3a in present work.

¢ From Fig. 9q in Kahl (1930a).

fFrom Fig. 6.3d in present work.

often strongly tortuous and distinctly nodulated, with many, very small nucleoli. Contrac-
tile vacuole terminal, with several excretory pores. Somatic cilia about 13 pm long, dorsal
brush bristles about 5 pm long. Between somatic kineties each about six rows of tiny cortical
granules. Cytoplasm colourless, with moderately many 3-6 pm sized, globular, yellowish
inclusions, many, about 6 pm long spindle-shaped extrusomes and many food vacuoles with
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loose content. On average 28 (range 24-38) somatic kineties, longitudinally arranged, an-
teriorly very densely ciliated, on both sides completely separated from circumoral kinety;
those of left side so strongly curved ventrally that they are arranged in parallel to circumoral
kinety. Circumoral kinety long orthogonal, composed of basal body pairs from which the
nematodesmata originate which extend to mid-body. Dorsal brush shorter than length of
oral bulge, kinety 1 and 2 about of same length, kinety 3 only about 40% as long as kineties
and 1 and 2.

Remarks: Spathidium amphoriforme was originally described relatively detailed, but
without an illustration (Greeff 1889). Its taxonomic status is not finally clarified, inter alia,
because some important data (e.g., body size, number of somatic kineties) are not known
from the original description. There exists a relatively high number of redescriptions (see
list above). However, likely not all deal with the same species as indicated, inter alia, by the
rather different number of somatic kineties. Kahl (1930a) splic Spathidium amphoriforme
into three varieties, Spathidium amphoriforme amphoriforme Greeff, 1889, Spathidium am-
phoriforme rectitoratum Kahl, 1930a, and Spathidium amphoriforme securiforme Kahl, 1930a
(for note on rank of these “varieties’, see Nomenclature at Epispathidium securiforme, p. 154;
for brief morphological characterisation, see Table 6.6). According to the characterisation by
Kahl (1930a; see Table 6.3), at least the populations described by Fryd-Versavel et al. (1975)
and Kim et al. (2020) belong to Epispathidium securiforme (Kahl, 1930a) Foissner, 1984 be-
cause of the high number of somatic kineties (for review, see p. 154). By contrast, Spathidium
amphoriforme rectitoratum is (preliminary) classified as synonym of Epispathidium amphori-
forme in the present review (for another opinion, see remarks at Epispathidium securiforme).

We suppose that a neotypification (see above) and detailed revision is necessary for a
“final” decision about the taxonomic status of Epispathidium amphoriforme, including the
decision about the generic classification (Epispathidium vs. Spathidium).

Description: For characterization of population described by Foissner (1984), see
above. For description of various populations see individual works mentioned in list of syn-
onyms. However, note that likely not all entries refer to the present species (see remarks).

Resting cyst: Cyst of Type V according to Foissner & Xu (2007, p- 38, Fig. 28V).

Molecular biology: For gene sequence analyses of two populations from Slovakia, see
Rajter & Vdaény (2016). Accession numbers of 18S rRNA in GenBank: KT246079 and
KT246080.

Occurrence and ecology: Likely a cosmopolitan because recorded from all main bio-
geographical regions, except for Antarctica (Foissner 1998, p. 203); occurs mainly in terres-
trial mosses and leaf litter. The type locality of Epispathidium amphoriforme is moss from
a wall of the Schlossberg (castle hill; about 50.809°N 08.766°E) of the city of Marburg,
Germany (Greeft 1889, p. 131). Penard (1922) found it in mosses from forests and walls
from Geneva, Switzerland (see also Kahl 1930b, p. 166). Kahl (1930a, p. 377; 1930b, p.
166) recorded it from terrestrial mosses from Mittenwald, Upper Bavaria, Germany. The
type locality of Spathidium amphoriforme rectitoratum is the Zillertal (the northern end of
this valley is about at 47.40°N 11.83°E; Tyrol, Austria), where Kahl (1930a) found it in
(terrestrial) mosses.

Further records substantiated by morphological data: dry mosses and leaf litter, Bavaria,
Germany (Wenzel 1953, p.79); terrestrial? mosses in Villefranche-sur-Mer, France (Dragesco
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1966); peat bog in Granvaux near Brinon-sur-Sauldre (47.56°N 02.25°E), France (Fryd-Ver-
savel etal. 1975, p. 511); upper soil layer (0—5cm) of a mixed forest (about 48°22°N 15°34’E,
Aescht 2008, p. 142) near the village of Baumgarten, Lower Austria (Foissner 1984, p. 6, 7,
for details, see site “FO 16”); forest preservation sites in Eastern Austria, including the sam-
ple site “Neuwald” (47°46’N 15°32°E) in Styria (Foissner et al. 2005, p. 627); Yaoundé, Cam-
eroun (Dragesco & Dragesco-Kernéis 1986); mosses from Beskid Niski, Poland (Fyda 1989);
leaf litter and terrestrial moss from Slovakia (details see Rajter & Vdaeny 2016, p. 202); ter-
restrial moss from Mt. Yeonhwasan, South Korea (details see Kim et al. 2020, p. 259).

Epispathidium ascendens (Wenzel, 1955) Foissner, 1987
(Fig. 6.14a-r, 6.15a-k)

1955 Spathidium ascendens n. sp. — Wenzel, Arch. Protistenk. 100: 515, Abb. 1a, b, 2a—j, 3a, b, 4a—c, Sa—c, 6-8,
Tabellen 2, 3 (Fig. 6.14a~r; original description; no type material available).

1955 Spathidium polymorphum n. sp. — Wenzel, Arch. Protistenk. 100: 531, Abb. 10a, b, 11, 12, 14, 15a-j, 16,
17,18a,b,19,20,21a, b, Tabellen 4, 5 (Fig. 6.15a—k; original description; no type material available; new|?]
synonym).

1987 Epispathidium ascendens (Wenzel, 1955) nov. comb. — Foissner, Sber. ést. Akad. Wiss., Mathema-
tisch-naturwissenschaftliche Klasse, Abt. I 195 (year 1986): 231, Abb. 10a-i, Tabelle 2 (description of an
Austrian population, combination with Epispathidium, and neotypification; the neotype slide [accession
number 1988/104] has been deposited in the Biology Centre of the Upper Austrian Museum in Linz [LI];
Aescht 2008, p. 144; see nomenclature for details).

2004 Epispathidium ascendens — Xu & Foissner, ]. Euk. Microbiol. 51: 613, Fig. 40-42 (brief description of early
stage of conjugation).

2017 Spathidium ascendens Wenzel, 1955 — Jang, Vda¢ny, Shazib & Shin, J. nat. Hist. 51: 947, Fig. 3a—m, 4a—m,
Table 2 (detailed description of Korean population from life and after protargol preparation; locality were
voucher material is deposited not mentioned).

Nomenclature: No derivation of the name has been provided in the original description or
a later work. The species-group name ascendens (from the Latin ascend, ascéndens) means
climb, rise, grow, ascend according to Brown (1954, p. 647) and Hentschel & Wagner (1996,
p- 106). We do not know to which feature the species-group name refers. The species-group
name polymorph-us, -a, -um ([m, f, n]; New Latin, from Ancient Greek; polymorphous,
polymorphic; https://en.wiktionary.org/wiki/polymorphus; accessed 14 Oct 2024) obvi-
ously refers to the variable morphology of this population/species.

Aescht (2008, p. 144) wrote that the neotypification is not mentioned in Foissner
(1987). This is, however, incorrect because Foissner (1987, p. 234) wrote that the neotype
is deposited in the Biology Centre of the Upper Austrian Museum in Linz. However, the
question is whether the “neotypification” by Foissner (1987) is valid because the qualifying
conditions necessary for a neotypification have not been provided in all details (ICZN
1985, Article 75d; 1999, Article 75.3). For example, Foissner (1987) did not fix the new
type locality in the publication because he provided a description composed of data from
three populations (Salzburg, Austria; Lower Austria; Greece); according to Aescht (2008,
p. 144), the slide of the Salzburg population has been fixed as neotype slide. Jang et al.
(2017) obviously did not recognize that Foissner (1987) made a neotypification. The con-
clusion is that this neotypification needs a detailed analysis to show whether or not it is

valid.
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Fig. 6.14a-1 Epispathidium ascendens (Wenzel, 1955) Foissner, 1987 (from Wenzel 1955. From life?). a, b: Right
lateral view of two characteristic specimens, ca. 130 um, ca. 87 um. No details have been provide in the figure leg-
end about the method. We suppose that the body shape is from life while the ciliature is shown after osmium-tolu-
idin method. c-1: Shape variants in lateral view, ¢ = ca. 55 um (all specimens drawn to scale). CV - contractile
vacuole, DB - dorsal brush, MA — macronucleus, OB - oral bulge.

Characterisation of population described by Foissner (1987) (neotype population,
see nomenclature; for illustrations, see Fig. 10a-i in Foissner 1987):" Body size in vivo
130-200 x 25-50 um. Body outline typically spathidiforme, anteriorly slightly to distinctly
slanted, posteriorly tapered and narrowly rounded. Neck region about 2:1 flattened, pos-
teriorly round in cross-section. Oral bulge about 5 um high, wider than the neck-region,
in middle portion slightly to distinctly recessed, ventrally and dorsally slightly opened and
widened, in top view thus dumbbell-shaped; packed with 8-12 pum long, rod-shaped ex-
trusomes, many of them also present in cytoplasm. Macronucleus long ribbon-like, in the
Austrian populations only rarely (likely accidentally), in the Greece population usually with
a straight, middle portion. Micronuclei lacking (or overlooked? See Table 2 in Foissner et
al. 1987 and comment below). Contractile vacuole terminal; many excretory pores in the

1 The in vivo observations are based on three populations from various localities (details, see occurrence and ecology).
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Fig. 6.14m~r Epispathidium ascendens (Wenzel, 1944) Foissner, 1987 (from Wenzel 1955. m, Feulgen-staining; n,
o, gallocyanin; p, after stimulation with formol, darkfield; q, r, from life). m-o: Specimens with partly fragmented
macronucleus, ca. 115 um, ca. 73 um, ca. 103 um. p: Ejected extrusomes, ca 10 um long. q: Resting cyst, ca. 40 um.
r: Cyst wall, about 3 um thick.

centre of the posterior pole. Somatic cilia about 10 um long, bristles of dorsal brush about 2
um long. Several rows of small, coloutless granules (mucocysts) between each two somatic
kineties. Cytoplasm colourless, usually hyaline, with few globular inclusions and 2-5 pum-
sized, vacuoles which appear to be empty. Movement moderately rapid gliding or slowly
rotating about main body axis.

On average 21 (range 20-25) moderately densely ciliated somatic kineties, usually dis-
tinctly set off from the circumoral kinety which is composed of dikinetids; somatic kineties
anteriorly only moderately densely ciliated; kineties on left side not always distinctly curved
ventrally. Kineties of dorsal brush almost of equal length, middle one usually longest. Cy-
topharynx strong.

Remarks: The populations described by Wenzel (1955), Foissner (1987), and Jang et
al. (2017) agree in all main features indicating that they are conspecific. Foissner (1987, p.
234) discussed that the classification in Epispathidium is not always obvious because the
somatic kineties on the left side are not distinctly curved ventrally in each specimen. Jang et
al. (2017) preferred a classification in Spathidium because the oral ciliature is more reminis-
cent to Spathidium than to Epispathidium and, in addition, because it clusters with other
Spathidium species (e.g., Spathidium stammeri Wenzel, 1959; Spathidium sp.; Spathidium
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Fig. 6.15a-k Spathidium polymorphum Wenzel, 1955, classified as synonym of Epis-
pathidium ascendens in the present work (from Wenzel 1955. From life?). a: Left lateral
view of a typical specimen showing, body shape, somatic kineties (dotted lines), con-
tractile vacuole(s), macronucleus, and extrusomes in oral bulge, ca. 197 um. b-k: Shape
variants of the small form (b to “about” g) and the giant form (“about” hto k), b=ca. 72
k

um (all specimens drawn to scale).

polynucleatum (Foissner et al., 2002) Jang et al., 2017 [see Foissner et
al. 2025]) in their molecular phylogeny.
Spathidium polymorphum is a clonal descendant of Spathidium
ascendens. It differs very strongly from Spathidium ascendens in some
morphological and physiological features causing Wenzel (1955) to establish a new species
for this giant form. We preliminary classify Spathidium polymorphum as objective synonym
of Epispathidium ascendens because all these cells are from the same clone. More detailed
studies are needed to support one of these two hypotheses (one species vs. already two spe-
cies).

Jangetal. (2017) reported that the micronuclei are near or attached to the macronucleus at
varying positions; the exact number was difficult to determine due to similar-sized cytoplasmic
globules nearby. By contrast, the clone studied by Wenzel (1955) was amicronucleate
according to analyses of several hundred specimens stained by various methods (Wenzel
1955, p. 521). Foissner (1987) made no specific comment on this feature, that is, he did not
mention this organelle in the text, and from his “Tabelle 2” it is unclear if he checked this
feature at all.
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Description: For detailed description of German populations, see Wenzel (1955, p. 518,
531; in German); for brief morphological characterisation of both Epispathidium ascendens
and its supposed synonym Spathidium polymorphum, see next paragraph. For characteriza-
tion of neotype population, see above (for problems on neotypification, sece Nomenclature).
For detailed description of Korean population, see Jang et al. (2017, p. 947).

Epispathidium ascendens (from Wenzel 1955; Fig. 6.14a-r; for more figures and more
data, see Wenzel 1955): Body size rather variable, on average 135 x 36 um (n =342; method
not indicated). Body outline highly variable (Fig. 6.14a-1). Macronucleus long band-shaped
(Fig. 6.14a, b); in some cases, fragmented (Fig. 6.14m-o0). Clone analysed without micro-
nucleus. 8-14 somatic kineties per side, rarely only five (n = 72; Fig. 6.14a, b). Contractile
vacuole in rear body portion, during diastole originating from several vacuoles. Cytoplasm
of starving cells translucent and finely granulated. Extrusomes very fine, difficult to recog-
nize when not ejected; on average 8.5 pm (range 6-11 pm, n = 86) long according to Tabelle
2 in Wenzel (1955; state [resting or ejected] not clearly indicated); ejected extrusomes very
fine and slightly curved (Fig. 6.14p). Somatic cilia about 6.5 um long (n = 40; method [in
vivo or after fixation] not indicated); cilia of circumoral kinety about 9.5 um long (n = 40);
dorsal bristles about 1.5 pm long (n = 20); dorsal brush 20-35 um long (n = 25); width of
oral bulge (“Lippenbreite”) 1.6-3.0 pm (n = 35).

Spathidium polymorphum (from Wenzel 1955; Fig. 6.15a-k; for more figures and more
data, see Wenzel 1955): Body size highly variable (Fig. 6.15a-k; n = 680; sce Tabelle 4 in
Wenzel 1955); body length ranges from size-class 40-70 pum to class 281-310 pm, most
specimens within class 161-190 um; body width 10-25 um to 101-103 pm, most within
class 41-55 pum. Body outline highly variable (Fig. 6.15a-k). Macronucleus band-shaped,
often thicker, and always longer and stronger than in Epispathidium ascendens (Fig. 6.15a).
Contractile vacuole, extrusomes, details of ciliature (length of cilia, etc.) as in Epispathidium
ascendens (for details, see Tabelle 5 in Wenzel 1955). 9-30 somatic kineties per side (n = 74).
Cytoplasm (except in neck region) opaque due to glycogen globules.

Resting cysts: Resting cyst of Epispathidium ascendens 30-44 ym, on average 38 pm (n
= 31) in diameter; wall about 3 pm thick, smooth, clear translucent (Fig. 6.14q, r; Wenzel
1955). This agrees with the detailed description by Jang et al. (2017, p. 949) who character-
ize the cysts as colourless, about 25-40 pm across, and with a smooth wall.

Resting cyst of synonym Spathidium polymorphum 30-88 um (on average 65 pm) in
diameter (n = 48; Wenzel 1955, p. 535).

Cell division and budding: In Spathidium polymorphum, Wenzel (1955, p. 525) report-
ed ordinary cell division, but also budding (e.g., his Abb. 10a, b, 11, 12, 17). For details, see
original description.

Conjugation: Wenzel (1955, his Abb. 8) found five conjugating pairs (for details, see
Wenzel 1955, p. 524). For the ciliary pattern in the oral region of three early conjugating
pairs, see Xu & Foissner (2004). For some information on conjugation of the

Molecular biology: For gene sequence analyses of the Korean population, see Jang et al.
(2017, p. 941, 969). Accession number of 18S rRNA in GenBank: KY556643.

The tree based on 18S rRNA shows that Spathidium is likely a non-monophyletic group.
Besides many Spathidium species, the cluster contains members of the genera Arcuospathid-
ium, Teuthophrys, Lagynophrya, Enchelys, Balantidion, Apobryophyllum, Cultellothrix,
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Trachelophyllum, Epispathidium, Enchelyodon, Pseudobholophrya, Acaryophrya, and Semi-
spathidium (Jang et al. 2017, their Fig. 16). This demonstrates that we are just at the begin-
ning of understanding the phylogeny of this group of ciliates.

Occurrence and ecology: According to Foissner (1998, p. 203), Epispathidium ascen-
dens is a true cosmopolitan species because recorded from all main biogeographic regions.
Wenzel (1955) discovered it in moos lawn collected from the Botanical Gardens of the Bo-
tanical Institute of the University of Erlangen, Bavaria, Germany; the sample was collected
on 10 Jul 1953 (Wenzel 1955, p. 516, footnote 1). All cultures studied by Wenzel (1955) are
clones of a single specimen of Spathidium ascendens (Wenzel 1955, p. 516). Wenzel (1955,
p- 516) used a 6-14 days-old suspension of yolk in tap water. To this medium a Dexiostoma
campylum clone was added serving as food for Epispathidium ascendens.

The in vivo observations of Foissner (1987) are based on three populations (Seekirchen,
Austria; Tullnerfeld, Austria; Peloponnese, Greece); however, the description of the cilia-
ture and the morphometry is based on protargol preparations from the population from
Seckirchen; thus, this area is the new type locality (see, however, nomenclature for problems
with the neotypification): upper soil layer (0-10 cm) of a conventionally farmed field (pH
5.7; 600 m above sea-level) near the village of Seckirchen am Wallersee (47.89°N 13.12°E),
Salzburg, Austria (Foissner 1987, p. 217, 218; see also experimental area “Versuchsfliche
H” in Foissner et al. 1987, p. 334). The Korean population was isolated from leaf litter and
soil from Daewangam Park (35.494°N 129.443°E), Ilsan-dong, Dong-gu, Ulsan (Jang et al.
2017, p. 941).

Epispathidium ascendens feeds on ciliates (Colpoda fastigata; Foissner 1987, p. 234). Bio-
mass of 10° specimens about 64 mg (Foissner 1987b, p. 123; 1998, p. 203).
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Systematic index

The index contains all ciliate names mentioned in the book, including vernacular names for
example, haptorids. Designations as, for example, “haptorid ciliates” are mentioned under the
corresponding vernacular name, that is, “haptorids” in present example. Names in singular (e.g.,
haptorid) are mentioned under the plural version (e.g., haptorids). The index is two-sided, that
is, species appear both with the genus-group name first (for example, Apospathidinm atypicum)
and with the species-group name first (atypicum, Apospathidium). Valid (mainly in W. Foissner’s
judgement) species and genera treated in detail are in boldface italics print. Valid taxa not treat-
ed in detail in the present book, invalid taxa, junior homonyms, synonyms, outdated combina-
tions, incorrect spellings, and nomina nuda are not in bold. Suprageneric taxa are represented in
normal type, valid ones treated in detail in the present work in boldface. A boldface page num-
ber indicates the beginning of the description of a valid taxon. “T” indicates the location of the
table with the morphometric characterisation; “K” marks a key (e.g., of the genus Apospathid-
ium) and the page where a taxon is mentioned in a key. The names on the slide figures and the
names of the subchapter “Summary of nomenclatural acts and taxa described in Chapters 1-13”

(see Chapter 1, pp. 18-20) are not included.

Acaryophrya 143,207

aciculare, Spathidium 33, 62T, 64T, 65, 68,
220T,227

acrostoma, Semiplatyophrya 9

Actinobolidae 28

Actinobolina multinucleata 8

Actinobolinidae 28

affine, Gonostomum 381, 382

africana etoschensis, Rostrophryides 9

africanum, Neospathidium 367, 395, 400,
400K, 401, 418, 427T

africanum, Trachelophyllum 8

Afrothrix 434

Akidodes 435

Akidodes henleae 435

Abidodes symmetricus 435

Alveolata xv, 1

amicronucleata, Colpoda cavicola 9

amphoriforme  amphoriforme, Epispathidium
162

amphoriforme amphoriforme, Spathidium 157,
158,200T, 201

amphoriforme rectitoratum, Epispathidium 198

amphoriforme rectitoratum, Spathidium 155,
158,160, 197, 198, 200T, 201

amphoriforme securiforme, Epispathidium 154,
160

amphoriforme  securiforme, Spathidium 142,
154, 155, 157, 158, 160, 62,2007, 201, 380

amphoriforme, Epispathidium 141, 142,
143K, 145, 158, 160, 164, 197, 200T, 211,
368,372,385

amphoriforme, Epispathidium amphoriforme
162

amphoriforme, Pharyngospathidium longi-
chilum 155, 160, 162, 367, 369, 369K, 370,
370T, 371T, 378, 380, 401

amphoriforme, Spathidium 142, 155, 157, 158,
197, 198, 200T, 201

amphoriforme, Spathidium amphoriforme 157,
158,200T;, 201

Anatoliocirrus capari 9

anguilla, Spathidium 33, 34,71, 74, 91, 92T,
276
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angusta obovate, Frontonia 9

Apertospathula 239,241,283

Apertospathula cuneata 6

Apertospathula lajacola 6

Apertospathula longiseta 6

Ap ertospathula pelobia 6

Apertospathula similis 6

Apertospathulidae 25,27

Apobryophyllum 143,206

Apobryophyllum schmidingeri 445

Apobryophyllum vermiforme 8

Apocolpodidium Apocolpodidinm etoschense 9

Apocolpodidium etoschense, Apocolpodidium 9

Apocolpodidium Phagoon macrostoma 9

Apocyclidium obliquum 4

Apometopus Apometopus pyriformis 16

Apometopus pyriformis, Apometopus 16

apospathidiforme, Spathidium 33, 34, 35, 37,
38,38T,43,44T, 112,114, 119, 301

Apospathidium xv,28, 43,111, 112K, 312

Apospathidium atypicum 3,112,117

Apospathidium longicaudatum 3, 43, 47, 65,
67,111,112,112K 113T, 114, 117

Apospathidium terricola 111, 112K, 112,
113T, 119, 343

arboricola, Latispathidium 213, 214, 215K,
229,236T, 266

arcuospathidiid 241

Arcuospathidiidae 25,27, 433

Arcuospathidium 11, 12,26, 85, 143, 149, 206,
214,281, 283,286,336, 362, 445, 447

Arcuospathidium atypicum 440

Arcuospathidinm australe 439, 440, 441, 442,
443

Arcuospathidium bulli 41, 85

Arcuospathidinm coemeterii 443

Arcuospathidium cultriforme 446

Arcuospathidium cultriforme cultriforme 196

Arcuospathidium cultriforme lionotiforme 446

Arcuospathidium cultriforme scalpriforme 447

Arcuospathidium deforme 6

Arcuospathidium japonicum 435, 445

Arcuospathidium Lionotiforme 446, 447

Arcuospathidium multinucleatum 149

Arcuospathidium muscorum rhopaloplites 6

Arcuospathidium namibiense 11, 12, 214, 233,
235,258,266

Arcuospathidium pelobium 6

Arcuospathidium vermiforme 270

Arcuospathidium virugense 7

Arcuospathidium virungense7

Arcuospathidium viassaki 214

arenicola, Protospathidium S, 8

Armatospathula7

Armatospathula costaricana7

Armatospathula periarmata7

Armatospathula plurinucleate 7

armatum, Semispathidium 311, 312, 3137,
315K, 315, 320, 328

armatum, Supraspathidium 8,335, 336, 337,
338K, 344T, 345T, 348, 353, 360

ascendens, Epispathidium 43, 141, 142,
144K, 202

ascendens, Spathidium 142,202,207

astyliformis, Vorticella 103

atypica, Cultellothrix 440

atypica, Neocultellothrix 18, 117, 241, 242,
243, 433,435, 436K, 439

atypicum, Apospathidium 3,112, 117

atypicum, Arcuospathidium 440

atypicum, Spathidium 117,435, 439, 441, 442,
443

australe, Arcuospathidium 439, 440, 441, 442,
443

australiensis, Bilamellophrya 134

australiensis, Levisparha 418

Australothrix 434

Balantidion 143,206

bavariense bavariense, Spathidinm 398

bavariense simplinucleatum, Spathidium 398,
399

bavariense, Pharyngospathidium 367, 369,
369K, 390, 392, 395, 398, 399, 400

bavariense, Spathidium 142, 369, 389, 398,
400

bavariense, Spathidium bavariense 398

bavariense, Spathidium Epispathidium? 142

Series Monographiae Ciliophorae, Number 6, Year 2025, pages 453-465 / 454



Index

bavariensis, Gastrostyla 15

bavariensis, Gastrostyla Kleinstyla 14, 15

Belonophryina 26

Bilamellophrya australiensis 134

bimacronucleatum, Latispathidium trunca-
tum 215,217T, 219, 220T, 220K, 222

binucleate, Parakabliella 14

bisticha, Schmidingerophrya 257,258, 258K,
266,267,268T,270,271,272

blattereri, Enchelydium 129, 134, 414, 415

bonneti, Protospathidium 10

bonneti, Spathidium 11,12, 13, 266,275

brachycaryon, Edaphospathula 7,238,242

brachyoplites, Latispathidium 213,214, 215K,
245,251T

brachystichos, Neospathidium 265, 266, 267,
400, 401K, 401, 422, 424, 427T

brachystichos, Spathidium 265

bradburyarum, Colpodidium Pseudocolpodidi-
um 8

brasiliensis, Cephalospatula 87, 434, 437, 438,
439,441, 442

breviarmatum, Semispathidium 311, 312,
315K, 325, 328

bromelicola group, Spathidium 33, 34, 61,
62T, 68

bromelicola, Spathidium 33, 61, 62T, 62,
63T, 68,92

Bryophyllum 281,283,289, 304

bulli, Arcuospathidium 41, 85

Bursaria fluviatilis 418

campylum, Dexiostoma 207

canadense, Spathidium 141, 147, 170, 172,
367,372

canaliculatum, Spathidium 336

canaliculatum, Supraspathidium 336, 337

capari, Anatoliocivrus 9

cavicola amicronucleata, Colpoda 9

Centrospathidium xv, 28, 127, 136, 138

Centrospathidium faurei 127, 128, 128K,
134,136

Centrospathidium minutum 127, 128, 128K,
137,138

Centrospathidium verrucosum 127, 128K,
128, 1297, 138

Centrospathidium verruculosum 129, 134, 135

Cephalospatula brasiliensis 87, 434, 437, 438,
439,441, 442

chilensis, Epitholiolus 14

Ciliophora xv, 25, 33, 111, 127, 141, 213, 257,
281,335,367

cithara, Spathidium 285

claviforme group, Spathidium 233

claviforme, Spathidium 215,233

Clavoplites edaphicus 8

coemeterii, Arcuospathidium 443

coemeterii, Cultellothrix 3, 444

coemeterii, Neocultellothrix 3, 433, 43S,
436K, 443

coemeterii, Spathidinm 435, 443

Colpoda 152

Colpoda cavicola amicronucleata 9

Colpoda fastigata 207

Colpoda formisanoi 9

Colpoda inflata 149

Colpoda manpasi 103

colpodid(s) 1

Colpodidium Colpodidium horribile 8

Colpodidium Colpodidium microstoma 8

Colpodidium Colpodidium trichocystiferum 8

Colpodidium horribile, Colpodidinm 8

Colpodidium microstoma, Colpodidium 8

Colpodidium  Pseudocolpodidium — bradbur-
yarum 8

Colpodidium trichocystiferum, Colpodidium 8

Condylostomides trinucleatus 9

costaricana, Armatospathula 7

costaricensis, Maryna namibiensis 9

Cranotheridium 283, 285, 294, 303, 304, 360,
361

Cranotheridium elongatum 336, 359, 360

Cranotheridium elongatus 360

Cranotheridium
359, 360

Cranotheridium foliosum 304, 306

Cranotheridium foliosus 303, 304

Cranotheridium Ps.? elongatum 360

elongatus,  Pseudoprorodon
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Cranotheridium taeniatum 285, 294, 305

Cultellothrix xv, 7, 143, 206, 233, 433, 434,
435, 440, 444, 446, 447, 448, 449

Cultellothrix atypica 440

Cultellothrix coemeterii 3, 444

Cultellothrix japonica 445

Cultellothrix lionotiforme 447

Cultellothrix lionotiformis 446

Cultellothrix paucistriata 7,435, 448

Cultellothrix tortisticha 7,435, 449

Cultellothrix velhoi 6, 433, 434, 435, 436, 437,
438

cultellum, Semibryophyllum 281, 282T, 283,
285K, 285,291, 293, 303, 306

cultriforme cultriforme, Arcuospathidium 196

cultriforme lionotiforme, Arcuospathidium446

cultriforme scalpriforme, Arcuospathidium 447

cultriforme, Arcuospathidium 446

cultriforme, Arcuospathidium cultriforme 196

cuneata, Apertospathula 6

curvioplites, Spathidium saprophilum 33,
62T,67,70,71,73T

cylindricum, Spathidium 314

deforme, Arcuospathidium 6

depressa, Frontonia 191

depressum, Spathidinm 289

Dexiostoma campylum 207

Dexiotricha plagia 339

Didiniina 25, 26

Dioplitophrya otti 8

dispar, Spathidium 33, 34, 37, 38, 38T, 41,
44T, 59

dragescoi, Nassula 8

Dragescozoon terricola 9

Drepanomonas revoluta 373, 379

duschli, Spathidium 33, 34, 37, 38, 38T, 59,
60T, 90,91

edaphicus, Clavoplites 8

Edaphospathula brachycaryon 7,238, 242
Edaphospathula fusioplites 5,224,227,228,276
Edaphospathula gracilis 7,238, 242
Edaphospathula inermis 8

Edaphospathula paradoxa 5, 8,250

elegans, Isiella 9

elmenteitanum, Spathidium 67

elongatum group, Spathidium 33, 34, 44T,
61,91

elongatum, Cranotheridium 336, 359, 360

elongatum, Cranotheridium Ps.? 360

elongatum, Supraspathidium 335,337,338K,
339,358, 359, 362

elongatus, Cranotheridium 360

elongatus, Pseudoprorodon Cranotheridium 359,
360

Enchelydium 368, 414

Enchelydium blattereri 129, 134, 414, 415

Enchelydium thecatum 414, 415

Enchelyina 111, 112

Enchelyodon 143,207,311,312,314,315,318,
320, 322,368

Enchelyodon kenyaensis 9, 10

Enchelyodon megastoma 8

Enchelyodon terrenus 315,316, 320

Enchelyodon vermiformis 314, 320

Enchelyodontidae 368

enchelyodontides, Semispathidium 311, 312,
313T, 315K, 315, 320, 322, 328

Enchelyotricha jesnerae 8

Enchelys 143,206, 315, 320

Enchelys gigas 361, 362

Enchelys longitricha 8

Enchelys polynucleata 326

Enchelys spathula 162

Enchelys terricola 315

Epispathidinm xv, 26, 27, 28, 34, 89, 91, 97,
141, 142, 224, 290, 336, 367, 368, 369, 372,
374, 385,395,401, 423

Epispathidium amphoriforme 141, 142,
143K, 145, 158, 160, 164, 197, 200T, 211,
368,372,385

Epispathidium amphoriforme amphoriforme 162

Epispathidium amphoriforme rectitoratum 198

Epispathidium amphoriforme securiforme 154,
160

Epispathidium ascendens 43, 141, 142, 144K,
202
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Epispathidium papilliferum 141, 142, 143K,
147,174, 1927, 194T, 211

Epispathidium polynucleatum 34, 91, 96, 141,
142

Epispathidium regium 141, 142, 143, 143K,
144, 150T, 160, 164, 170, 172, 395, 423

Epispathidium salsum 141, 142, 143K, 147,
166, 167T

Epispathidium securiforme 141, 142, 143,
143K, 154, 154T, 200T, 201, 372

Epispathidium sp. 211

Epispathidium terricola 141, 142, 143K, 196,
224,228,372

Epispathidium? bavariense, Spathidium 142

Epitholiolus chilensis 14

etoschense, Apocolpodidium Apocolpodidinm 9

etoschense, Spathidium 33, 62T, 64T, 65, 214,
220T, 225,227,276

etoschense, Spathidium seppelti 149, 423

etoschense, Supraspathidium 8, 335, 336,
338K, 344T, 345T, 345, 346, 354, 360

etoschensis, Nassula 8

etoschensis, Parabryophrya 9

etoschensis, Pseudokreyella 9

etoschensis, Rostrophryides africana 9

Etoschophrya oscillatoriophaga 9

extensum, Spathidium 35

falciforme, Spathidium 230,233

fastigata, Colpoda 207

Sfaurefremieti, Spathidium 33, 41, 86, 87T,
337,358

faurei, Centrospathidium 127, 128, 128K,
134,136

Jaurei, Spathidium 86, 136

fenestrate, Rostrophrya 14

fluviatilis, Bursaria 418

Jfoliosum, Cranotheridium 304, 306

Jfoliosum, Semibryophyllum 281, 283T, 283,
285, 285K, 291, 303

Jfoliosus, Cranotheridium 303, 304

foliosus, Pseudoprorodon 283, 303, 304, 306

formisanoi, Colpoda 9

[fraterculum, Semispathidium 311,312,315K,

328,329,330

Frontonia angusta obovate 9

Frontonia depressa 191

fusioplites, Edaphospathula 5, 224, 227, 228,
276

fusioplites, Protospathidinm 224

Gastrostyla bavariensis 15

Gastrostyla Kleinstyla 15

Gastrostyla Kleinstyla bavariensis 14, 15

Gastrostyla minima 14

Gigantothrix 434

gigas, Enchelys 361,362

gigas, Pseudoprorodon Spathidium 361, 362

gigas, Spathidium 336,361,362

gigas, Supraspathidium 335, 336, 337K, 358,
361

Gonostomum affine 381, 382

Gonostomum strenuum 319

gracilis, Edaphospathula 7,238,242

granata, Nassula 8,353

group, Spathidium bromelicola 33, 34, 61,
62T, 68

group, Spathidium claviforme 233

group, Spathidium elongatum 33, 34, 44T,
61,91

group, Spathidium procerum 34, 65, 90, 91

group, Spathidium wolfi 33, 34, 85

gymnostomatid 368

gymnostomes 324

halophila, Parakabliella 9
halophilus, Plagiocampides 9
Haptoria xv, 25, 26,433
haptorids 25

henleae, Akidodes 435
Heterometopus meisterfeldi 1,15, 16,17
Heterometopus palaeformis 1,16
histriomuscorum, Sterkiella 416
Holophrya 257

Holophryidae 27

holsatiae, Spathidium 414
Homalozoon 359, 360

Homalozoon vermiculare 359, 360
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horribile, Colpodidium Colpodidium 8
hyalinum, Spathidium 3,28, 38, 160
hypotrichs 83

Isiella elegans 9

inermis, Edaphospathula 8
inflata, Colpoda 149
inflatum, Spathidium 289

Jjaponica, Cultellothrix 445

Jjaponica, Neocultellothrix 433, 435, 436K,
445

Jjaponicum, Arcuospathidinm 435, 445

japonicum, Pseudomonilicaryon 8

Jjaponicum, Spathidium 446

jesnerae, Enchelyotricha 8

kenyaensis, Enchelyodon 9, 10

Kleinstyla 15

Kleinstyla bavariensis, Gastrostyla 14, 15
Kleinstyla, Gastrostyla 15

Kreutzophrya 312,314

Kreutzophrya sphagnicola 312, 314
Kuehneltiella namibiensis 9

Kuklikophrya ougandae 353

Lacrymaria 219, 338

Lacrymaria teves 335, 336, 337, 338

Lacrymaria truncata 218,221

Lacrymaria truncatum, Spathidium 219,221

Lacrymaria, Spathidinm 219

lagyniforme, Semispathidium 311, 312, 313T,
315K, 315, 320, 322, 328

lagyniforme, Spathidium 312

Lagynophrya 143,206

lajacola, Apertospathula 6

laminarius, Metopus 15, 16

Lamtostyla 277

lanceoplites, Latispathidium 213,214, 215K,
215,217T, 225

lanceoplites, Spathidium 213,215

Latispathidium xv, 28, 213

Latispathidium arboricola 213, 214, 215K,
229,236T,266

Latispathidium  brachyoplites 213, 214,
215K, 245,251T

Latispathidium lanceoplites 213, 214, 215K,
215,217T,225

Latispathidium simile 213, 214, 215K, 232,
238,244T, 443

Latispathidinm truncatum 213, 214, 215K,
218,221,249

Latispathidium truncatum bimacronuclea-
tum 215,2177T,219,220T, 220K, 222

Latispathidium truncatum truncatum 215,
219,220K,221,223,224,226,227

latissimum, Spathidium 33, 89, 336

latissimum, Supraspathidium 89, 336, 337

Legendrea 28,211

Legendrea loyezae 211

Levispatha australiensis 418

Levispatha muscorum 43,47, 58

lieberkuehnii, Myriokaryon 358, 360, 362

lieberkuehnii, Prorodon 336, 337

lieberkuehnii, Pseudoprorodon 360, 361

lieberkuehnii, Spathidium 337

lieberkuehnii, Supraspathidium 336, 337

lieberkiihni, Spathidium 136, 337

lieberkiibnii, Provodon 337

lionoliforme, Spathidium 447

lionotiforme, Arcuospathidium 446, 447

lionotiforme, Arcuospathidium cultriforme 446

lionotiforme, Cultellothrix 447

lionotiforme, Spathidium 435, 446, 447

lionotiformis, Cultellothrix 446

lionotiformis, Neocultellothrix 289, 433, 435,
436K, 445, 446

Lionotus 447

Litonotus 447

Litonotus vermicularis 359, 360, 361

Litostomatea 25

loeffleri, Wolfkosia 9

longiarmatum, Semispathidium 311, 312,
315K, 326, 329, 330

longicaudatum, Apospathidium 3, 43,47, 65,
67,111,112, 112K 113T, 114,117

longicaudatum, Spathidium 117,119

longichilum amphoriforme, Pharyngospathid-
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ium 155, 160, 162, 367, 369, 369K, 370,
3707, 371T, 378, 380,401

longichilum longichilum, Pharyngospathid-
ium 367, 369K, 370, 3717, 372, 373, 374,
375,376,377,378, 386,387,401

longichilum, Pharyngospathidium 367, 369,
369K, 370,378

longichilum, Pharyngospathidium longichi-
lum 367, 369K, 370, 3717, 372, 373, 374,
375,376,377,378, 386,387,401

longicolum, Spathidinm 314

longinucleatum, Neospathidium 129, 134,
367,400, 400K, 401, 413T, 422

longiseta, Apertospathula 6

longitricha, Enchelys 8

loyezae, Legendrea 211

lucidum, Spathidinm 414

macrostoma, Apocolpodidium Phagoon 9

macrostoma, Spathidium 149

macrostomum, Spathidium 141, 149, 367, 372,
374

macrothrix, Schmidingerophrya 257, 258,
258K, 258, 268T, 272,275, 425

magna, Pseudofuscheria 418

maldivensis, Rostrophrya namibiensis 9

Maryna namibiensis costaricensis 9

Maryna namibiensis namibiensis 9

maupasi, Colpoda 103

megastoma, Enchelyodon 8

meisterfeldi, Heterometopus 1, 15, 16, 17

metabolicum, Spathidium 92

Metacineta namibiensis 8

Metacystis mucosa 1, 15

Metopus laminarius 15, 16

microstoma, Colpodidium Colpodidinm 8

microthoracids 83

minima, Gastrostyla 14

minutum, Centrospathidium 127,128, 128K,
137,138

minutum, Spathidium 339

maucosa, Metacystis 1, 15

multinucleata, Actinobolina 8

multinucleatum, Arcuospathidium 149

multistriata, Supraspathidinm 339

multistriatum, Supraspathidium 335, 336,
337,338K, 339, 344T, 345T, 345, 346, 348,
356

muscicola, Protospathidium 5, 12,326

muscicola, Spathidium 41, 61,196, 197, 443

muscorum rhopaloplites, Arcuospathidinm 6

muscorum, Levispatha 43,47, 58

Myriokaryon 337,360, 361

Myriokaryon lieberkuehnii 358, 360, 362

Myriokaryonidae 337, 368

namibicola, Protospathidinm 354

namibicola, Spathidium 346

namibiense, Arcuospathidium 11, 12,214, 233,
235,258,266

namibiensis costaricensis, Maryna 9

namibiensis maldivensis, Rostrophrya 9

namibiensis namibiensis, Maryna 9

namibiensis namibiensis, Rostrophrya 14

namibiensis, Kuehneltiella 9

namibiensis, Maryna namibiensis 9

namibiensis, Metacineta 8

namibiensis, Plagiocampa 9

namibiensis, Rostrophrya namibiensis 14

Nassula 357

Nassula dragescoi 8

Nassula etoschensis 8

Nassula granata 8, 353

Nassula tuberculata 14

Neocultellothrix xiii, xv, 213, 214, 241, 433,
434, 436K

Neocultellothrix atypica 18, 117, 241, 242,
243,433,435, 436K, 439

Neocultellothrix coemeterii 3, 433, 435,
436K, 443

Neocultellothrix japonica 433, 435, 436K,
445

Neocultellothrix lionotiformis 289, 433, 435,
436K, 445, 446

Neocultellothrix paucistriata 433, 435, 436K,
448

Neocultellothrix tortisticha 245, 433, 435,
436K, 449
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Neocultellothrix velhoi 18, 87, 289, 433, 435,
436K, 436

Neospathidinum xv, 149, 367, 368, 369K, 400,
400K

Neospathidium africanum 367, 395, 400,
400K, 401,418, 427T

Neospathidium brachystichos 265, 266, 267,
400,401K, 401, 422, 424,427 T

Neospathidium longinucleatum 129, 134, 367,
400,400K, 401, 413T, 422

obliquum, Apocyclidium 4
obovate, Frontonia angusta 9
oscillatoriophaga, Etoschophrya 9
otti, Dioplitophrya 8

ougandae, Kuklikophrya 353

palaeformis, Heterometopus 1, 16

palustre, Semibryophyllum 281, 282T, 283,
285, 285K, 291, 306, 308

pannonicum, Trachelophyllum 8

papillatum, Spathidium 189

papilliferum, Epispathidium 141, 142, 143K,
147,174, 192T, 194T, 211

papilliferum, Spathidium 142, 14, 180, 189,
190

papilliferum, Vartospathidium 174

Parabryophrya etoschensis 9

paradoxa, Edaphospathula 5, 8,250

Paraenchelys pulchra 8

Parakahliella binucleate 14

Parakabliella halophila 9

paucistriata, Cultellothrix 7,435, 448

paucistriata, Neocultellothrix 433, 435, 436K,
448

pelobia, Apertospathula 6

pelobinm, Arcuospathidium 6

pentadactyla, Plagiocampa 9

periarmata, Armatospathula7

peritrich 9

Phagoon macrostoma, Apocolpodidium 9

Pharyngospathidiidae xv, 18, 25, 27, 367,
369K

pharyngospathidiids 368

Pharyngospathidium xv, 149, 318, 367, 368,
369K, 369, 369K, 401

Pharyngospathidium bavariense 367, 369,
369K, 390, 392, 395, 398, 399, 400

Pharyngospathidium longichilum 367, 369,
369K, 370,378

Pharyngospathidium longichilum amphori-
Jforme 155, 160, 162, 367, 369, 369K, 370,
370T, 371T, 378, 380, 401

Pharyngospathidium longichilum longichi-
lum 367, 369K, 370, 3717, 372, 373, 374,
375, 376,377,378, 386,387,401

Pharyngospathidium pseudobavariense 367,
369,369K, 370T, 371, 389, 398, 422

Pharyngospathidium simplinucleatum 367,
369, 369K, 391, 399, 401, 403, 425

Phialina servanoi 1,15

plagia, Dexiotricha 339

Plagiocampa namibiensis 9

Plagiocampa pentadactyla 9

Plagiocampides halophilus 9

Plesiocaryon terricola 9

plurinucleate, Armatospathula’7

plurinucleate, Spathidium spathula 90

plurinucleatum, Spathidium 90

Podophrya 164

Podophrya tristriata 8

polymorphum, Spathidium 202,205, 206

polynucleate, Enchelys 326

polynucleatum, Epispathidium 34, 91, 96, 141,
142

polynucleatum, Spathidium 33, 34, 91, 96,
104T, 141, 142, 147,205

polyvacuolatum, Spathidium 33, 90, 336

polyvacuolatum, Supraspathidium 90, 336, 337

procerum group, Spathidium 34, 65,90, 91

procerum, Spathidium 34, 35,91, 94, 95,250

Prorvodon lieberkuehnii 336, 337

Prorodon lieberkithnii 337

Protista xv

Protocyclidium terricola 103

protospathidiids 245

Protospathidium 11, 12,27, 35, 38, 50, 59, 61,
75,83, 143,216,239, 261, 266,276,312
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Protospathidium arenicola 5, 8

Protospathidium bonneti 10

Protospathidium fusioplites 224

Protospathidium muscicola 5,12, 326

Protospathidium namibicola 354

Protospathidium serpens 12,250

Protospathidium terricola 215

Protospathidium vermiculus 8,215

Protospathidium vermiforme 10, 266,276

Protospathiidiidae 25, 27

Ps.? elongatum, Cranotheridium 360

psendobavariense, Pharyngospathidium 367,
369,369K,370T, 371, 389, 398, 422

Psendocobnilembus sp. 270

Pseudocolpodidium, bradburyarum, Colpodid-
ium 8

Pseudofuscheria magna 418

Pseudoholophrya 143,207

Pseudokreyella etoschensis 9

Psendomonilicaryon japonicum 8

Pseudoprorodon 303, 359, 360, 361, 362

Pseudoprorodon Cranotheridium elongatus 359,
360

Pseudoprorodon foliosus 283, 303, 304, 306

Pseudoprorodon lieberkuehnii 360, 361

Pseudoprorodon Spathidium gigas 361, 362

pulchra, Paraenchelys 8

pulchrum, Semispathidium 311, 312, 315K,
328,329,330

pyriformis, Apometopus Apometopus 16

pyriformis, Tetrabymena 416

rectitoratum, Epispathidium amphoriforme 198

rectitoratum, Spathidium 160

rectitoratum, Spathidium amphoriforme 155,
158, 160, 197, 198, 200T, 201

regium, Epispathidium 141, 142, 143, 143K,
144, 150T, 160, 164, 170, 172, 395, 423

revoluta, Drepanomonas 373, 379

rhopaloplites, Arcuospathidium muscorum 6

Rostrophrya fenestrate 14

Rostrophrya namibiensis maldivensis 9

Rostrophrya namibiensis namibiensis 14

Rostrophryides africana etoschensis 9

rusticanum, Spathidium 4, 33, 62T, 68, 74,
82T, 425

salsum, Epispathidium 141, 142, 143K, 147,
166,167T

saprophilum curvioplites, Spathidium 33,
62T,67,70,71,73T

saprophilum saprophilum, Spathidium 33,
62T, 66,67,68,73T, 74

saprophilum, Spathidium 33, 67, 68, 69, 74,
75,95

saprophilum, Spathidium saprophilum 33,
62T, 66,67,68,73T, 74

scalpriforme, Arcuospathidium cultriforme 447

schmidingeri, Apobryophyllum 445

Schmidingerophrya xv, 28,257,258K

Schmidingerophrya bisticha 257, 258, 258K,
266,267,268T,270,271,272

Schmidingerophrya macrothrix 257, 258,
258K, 258, 268T, 272,275,425

securiforme, Epispathidium 141, 142, 143,
143K, 154, 154T, 200T, 201, 372

securiforme, Epispathidium amphoriforme 154,
160

securiforme, Spathidium 155, 158

securiforme, Spathidium amphoriforme 142,
154, 155, 157, 158, 160, 62,200T, 201, 380

Semibryophyllum xv, 28,258,281, 285K

Semibryophyllum cultellum 281, 282T, 283,
285K, 285,291,293, 303, 306

Semibryophyllum foliosum 281, 283T, 283,
285, 285K, 291, 303

Semibryophyllum palustre 281, 282T, 283,
285,285K, 291, 306, 308

Semiplatyophrya acrostoma 9

Semispathidium xv, 28, 143, 207, 311, 312,
315K

Semispathidium armatum 311, 312, 3137,
315K, 315, 320, 328

Semispathidium breviarmatum 311, 312,
315K, 325, 328

Semispathidium enchelyodontides 311, 312,
313T, 315K, 315, 320, 322, 328

Semispathidium fraterculum 311,312, 315K,
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328,329,330

Semispathidium lagyniforme 311,312,313T,
315K, 315, 320, 322, 328

Semispathidium longiarmatum 311, 312,
315K, 326, 329, 330

Semispathidium pulchrum 311, 312, 315K,
328,329,330

Semispathidium sp. 326

seppelti etoschense, Spathidium 149, 423

seppelti seppelti, Spathidinm 423

seppelti, Spathidinm 395, 423

seppelti, Spathidium seppelti 423

serpens, Protospathidium 12,250

serpens, Spinispatha 250

serranoi, Phialina 1,15

simile, Latispathidium 213, 214, 215K, 232,
238,244T, 443

similis, Apertospathula 6

simplinucleatum, Pharyngospathidium 367,
369, 369K, 391, 399, 401, 403, 425

simplinucleatum, Spathidium 369,399

simplinucleatum, Spathidium bavariense 398,
399

sp., Epispathidium 211

sp., Pseudocobnilembus 270

sp., Semispathidium 326

sp., Spathidium 221,423

Spathidia 29

spathidiid(s) xiii, 1, 3, 25, 26, 143, 368

Spathidiida 25, 26, 27K

Spathidiidae 25, 26, 27, 33, 111, 112, 127,
141, 142,213,214,257,281, 283, 312, 335,
336,337,367,368

Spathidiina 26, 368, 434

Spathidium xv, 1,2, 3, 11, 12, 25, 26, 27, 28,
29, 33, 34, 38, 39, 43, 53, 59,75, 83, 85, 91,
97,103, 111, 127, 136, 141, 142, 143, 160,
170, 190, 197,204, 213, 214, 224, 228, 258,
260,276, 283,290, 306,311, 312,314, 319,
320,335, 336, 337, 338, 361, 362, 367, 369,
374,395,400, 401, 403, 423

Spathidium aciculare 33, 62T, 64T, 65, 68,
220T, 227

Spathidium amphoriforme 142, 155, 157, 158,

197, 198,200T, 201

Spathidium amphoriforme amphoriforme 157,
158,200T, 201

Spathidium amphoriforme rectitoratum 155,
158, 160, 197, 198, 200T, 201

Spathidium amphoriforme  securiforme 142,
154, 155, 157, 158, 160, 62, 200T, 201, 380

Spathidium anguilla 33, 34,71, 74, 91, 92T,
276

Spathidium apospathidiforme 33, 34, 35, 37,
38,38T,43,44T, 112,114, 119,301

Spathidium ascendens 142,202, 207

Spathidium atypicum 117,435, 439, 441, 442,
443

Spathidium bavariense 142, 369, 389, 398, 400

Spathidium bavariense bavariense 398

Spathidium bavariense simplinucleatum 398,
399

Spathidium bonneri 11,12, 13,266,275

Spathidium brachystichos 265

Spathidium bromelicola 33, 61, 62T, 62, 63T,
68,92

Spathidium bromelicola group 33, 34, 61,
62T, 68

Spathidium canadense 141, 147, 170, 172,
367,372

Spathidium canaliculatum 336

Spathidium cithara 285

Spathidium claviforme 215,233

Spathidium claviforme group 233

Spathidium coemeterii 435, 443

Spathidium cylindricum 314

Spathidium depressum 289

Spathidium dispar 33, 34, 37, 38, 38T, 41,
44T, 59

Spathidium duschli 33, 34, 37, 38, 38T, 59,
60T, 90,91

Spathidium elmenteitanum 67

Spathidium elongatum 3, 33, 34, 35, 36, 38T,
57

Spathidium elongatum 3, 33, 34, 35, 36, 38T,
57

Spathidium elongatum group 33, 34,447, 61,
91

Series Monographiae Ciliophorae, Number 6, Year 2025, pages 453-465 / 462



Index

Spathidium Epispathidium? bavariense 142

Spathidium etoschense 33, 62T, 64T, 65, 214,
220T, 225,227,276

Spathidium extensum 35

Spathidium falciforme 230,233

Spathidium faurefremieti 33, 41, 86, 87T,
337,358

Spathidium faurei 86,136

Spathidium gigas 336,361, 362

Spathidium gigas, Pseudoprorodon 361, 362

Spathidium holsatiae 414

Spathidium hyalinum 3,28, 38, 160

Spathidium inflatum 289

Spathidium japonicum 446

Spathidium Lacrymaria 219

Spathidium Lacrymaria truncatum 219,221

Spathidium lagyniforme 312

Spathidium lanceoplites 213,215

Spathidium latissimum 33, 89, 336

Spathidium licberkuehnii 337

Spathidium lieberkithni 136,337

Spathidium lionoliforme 447

Spathidium lionotiforme 435, 446, 447

Spathidium longicandarum 117,119

Spathidium longicolum 314

Spathidium lucidum 414

Spathidium macrostoma 149

Spathidium macrostomum 141, 149, 367, 372,
374

Spathidium metabolicum 92

Sparhidium minutum 128, 138

Spathidium muscicola 41, 61,196, 197, 443

Spathidium namibicola 346

Spathidium papillatum 189

Spathidium papilliferum 142, 14,180, 189,190

Spathidium plurinucleatum 90

Spathidium polymorphum 202,205, 206

Spathidium polynucleatum 33, 34, 91, 96,
104T, 141, 142, 147,205

Spathidium polyvacuolatum 33, 90, 336

Spathidium procerum 34, 35,91, 94, 95,250

Spathidium procerum group 34, 65, 90, 91

Spathidium rectitoratum 160

Spathidium rusticanum 4, 33, 62T, 68, 74,

82T, 425

Spathidium sapropbilum 33, 67, 68, 69, 74,
75,95

Spathidium saprophilum curvioplites 33, 62T,
67,70,71,73T

Spathidium saprophilum saprophilum 33,
62T, 66,67,68,73T, 74

Spathidium securiforme 155, 158

Spathidium seppelti 395, 423

Spathidium seppelti etoschense 149, 423

Spathidium seppelti seppelti 423

Spathidium simplinucleatum 369, 399

Spathidium sp. 221,423

Spathidium spathula 162,219, 368, 414

Spathidium spathula plurinucleate 90

Spathidium stammeri 41, 65, 204

Spathidium teres 338

Spathidium terricola 196,228

Spathidium truncatum 219,221

Spathidium turgitorum 34, 35, 39, 47, 58, 59,
91,92,214

Spathidium vermiculus 138

Spathidium vermiforme 87,336, 357

Spathidium wolfi 33, 85, 87T

Spathidium wolfi group 33, 34, 85

spathula plurinucleate, Spathidium 90

spathula, Enchelys 162

spathula, Spathidium 162,219, 368, 414

sphagnicola, Kreutzophrya 312,314

Spinispatha serpens 250

stammeri, Spathidium 41, 65,204

Sterkiella histriomuscorum 416

strenuum, Gonostomum 319

Supraspathidium xv, 28, 85, 89, 90, 335, 335,
337K

Supraspathidium armatum 8, 335, 336, 337,
338K, 344T, 345T, 348, 353, 360

Supraspathidium canaliculatum 336, 337

Supraspathidium elongatum 335,337, 338K,
339,358, 359, 362

Supraspathidium etoschense 8, 335, 336,
338K, 344T, 345T, 345, 346, 354, 360

Supraspathidium gigas 335, 336, 337K, 358,
361
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Supraspathidium latissimum 89, 336, 337

Supraspathidium lieberkuehnii 336, 337

Supraspathidium multistriata 339

Supraspathidium multistriatum 335, 336,
337,338K, 339, 344T, 345T, 345, 346, 348,
356

Supraspathidium polyvacuolatum 90, 336, 337

Supraspathidium teres 335, 336, 338K, 338,
358,359, 360

Supraspathidium vermiforme 87, 335, 336,
338K, 339, 345, 348, 357, 360

symmetricus, Akidodes 435

taeniatum, Cranotheridium 285, 294, 305

teres, Lacrymaria 335, 336,337, 338

teres, Spathidium 338

teres, Supraspathidium 335, 336, 338K, 338,
358, 359, 360

terrenus, Enchelyodon 315,316, 320

terricola, Apospathidium 111, 112K, 112,
113T, 119, 343

terricola, Dragescozoon 9

terricola, Enchelys 315

terricola, Epispathidium 141, 142, 143K,
196, 224,228,372

terricola, Plesiocaryon 9

terricola, Protocyclidium 103

terricola, Protospathidium 215

terricola, Spathidium 196,228

Tetrahymena pyriformis 416

Teuthophrys 206

thecatum, Enchelydinm 414, 415

tortisticha, Cultellothrix 7,435, 449

tortisticha, Neocultellothrix 245, 433, 435,
436K, 449

Trachelophyllum 143

Trachelophyllum africanum 8

Trachelophyllum pannonicum 8

trichocystiferum, Colpodidium Colpodidium 8

trinucleatus, Condylostomides 9

tristriata, Podophrya 8

truncata, Lacrymaria 218,221

truncatum bimacronucleatum, Latispathidi-
um 215,2177T, 219, 220T, 220K, 222

truncatum truncatum, Latispathidium 215,
219,220K, 221,223,224, 226,227

truncatum, Latispathidium 213, 214, 215K,
218,221,249

truncatum, Latispathidium truncatum 215,
219,220K,221,223,224,226,227

truncatum, Spathidium 219,221

truncatum, Spathidium Lacrymaria 219,221

tuberculata, Nassula 14

turgitorum, Spathidinm 34, 35, 39, 47, 58, 59,
91,92,214

Vartospathidium 174, 180, 190

Vartospathidium papilliferum 174

velhoi, Cultellothrix 6,433, 434, 435, 436, 437,
438

velboi, Neocultellothrix 18, 87, 289, 433, 435,
436K, 436

vermiculare, Homalozoon 359, 360

vermicularis, Litonotus 359, 360, 361

vermiculus, Protospathidium 8,215

vermiculus, Spathidium 138

vermiforme, Apobryophyllum 8

vermiforme, Arcuospathidium 270

vermiforme, Protospathidium 10,266,276

vermiforme, Spathidium 87,336, 357

vermiforme, Supraspathidium 87, 335, 336,
338K, 339, 345, 348, 357, 360

vermiformis, Enchelyodon 314, 320

verrucosum, Centrospathidium 127, 128K,
128, 1297, 138

verruculosum, Centrospathidium 129, 134, 135

virugense, Arcuospathidium 7

virungense, Arcuospathidinm 7

vlassaki, Arcuospathidinm 214

Vorticella astyliformis 103

wolfi group, Spathidium 33, 34, 85
wolfi, Spathidium 33, 85, 87T
Wolfkosia loeffleri 9
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Spathidium elongatum group 38

Spathidium elongatum, Spathidium dispar, Spathidium apospathidiforme 44
Spathidium duschli 60

Spathidium bromelicola 62

Spathidium bromelicola 63

Spathidium aciculare, Spathidium etoschense 64

Spathidium sapophilum, Spathidium saprophilum curvioplites 73

Spathidium rusticanum 82

Spathidium wolfi, Spathidium faurefremieti 87

Spathidium anguilla 92

Spathidium polynucleatum 104

Apospathidium terricola, Apospathidium longicaudatum 113

Centrospathidium verrucosum 129

Epispathidium regium 150

Epispathidium securiforme 154

Epispathidium salsum 167

Epispathidium papilliferum 192

Epispathidium papilliferum 194

Spathidium amphoriforme 200

Latispathidium lanceoplites, Latispathidium truncatum bimicronucleatum 217
Latispathidium truncatum bimicronucleatum, Spathidium aciculare, Spathidium
etoschense 220

Latispathidium arboricola 236

Latispathidium simile 244

Latispathidium brachyoplites 251

Schmidingerophrya macrothrix, Schmidingerophrya bisticha 268
Schmidingerophrya macrothrix 272

Semibryophyllum cultellum, Semibryophyllum palustre 282

Semibryophyllum foliosum 283

Semispathidium enchelyodontides, Semispathidium armatum, Semispathidium lagy-
niforme 313

Supraspathidium etoschense, Supraspathidium armatum, Supraspathidium multistri-
atum 344

Pharyngospathidium longichilum amphoriforme 370

Pharyngospathidium longichilum longichilum, Pharyngospathidium longichilum
amphoriforme, Pharyngospathidium psendobavariense 371

Neospathidium longinucleatum 413

Neospathidium africanum, Neospathidium brachystichos 427
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