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Abstract 

Berger H. (2018): Cyrtohymena citrina (Berger & Foissner, 1987) Foissner, 1989 (original combination: Steinia 

citrina Berger & Foissner, 1987) (Ciliophora, Hypotricha): update 1.0 on monographic treatment. – Ser. Monogr. 

Cilioph. 1: 1–16. 

The present work is mainly a literature update to the monographic treatment by Berger (1999). Steinia citrina 

was discovered by Berger & Foissner (1987) in soil from Greece. In 1989 it was transferred to Cyrtohymena by 

Foissner. Later, it was classified in the nominotypical subgenus Cyrtohymena (Cyrtohymena) by Foissner (2004). 

However, the current systematic status is again Cyrtohymena citrina (Berger & Foissner, 1987) Foissner, 1989 

because division of Cyrtohymena into subgenera has been overruled. So far, populations from Germany, Greece, 

Turkey, India, and Korea have been described more or less detailed. All relevant contributions are listed in a 

detailed synonymy. Type slides of C. citrina are deposited in the Biology Centre of the Upper Austrian Museum 

in Linz (LI). A brief morphological characterisation, based on the available descriptions, is provided. For details 

on morphology and for illustrations and micrographs the reader is referred to the original papers and revisions. 

In molecular trees, Cyrtohymena citrina usually clusters with Paraurostyla weissei. It is included in about 110 phylo-

genetic studies; references are listed separately for each sequence. The sequences available so far do not form 

a monophyletic group. Faunistic records are available from Europe, Asia, North, Central, and South Americas, 

Africa, as well as Australia. Cyrtohymena citrina is moderately common and occurs in terrestrial and limnetic 

habitats. 145 references dealing with this species are listed. The ZooBank registration number of C. citrina is: 

urn:lsid:zoobank.org:act:50B6E92E-26AF-4346-82DA-71340A61A2BB. 

Key words: bibliography; guide; literature; monograph; nomenclature; review; revision; taxonomy 

Introduction 

teinia citrina was discovered by Berger & Foissner (1987) 

in Greece, but the first illustrated record was provided 

by Kahl (1932), who, however, misidentified his popu-

lation as Histrio inquietus Stokes, 1887. Foissner (1989) trans-

ferred S. citrina from the genus Steinia Diesing, 1866 to the 

newly established genus Cyrtohymena because of distinct differ-

ences in the pattern formed by the undulating membranes. 

Cyrtohymena citrina is a moderately common oxytrichid inhab-

iting both terrestrial and limnetic habitats. 

In the revision of the oxytrichids I provided a detailed over-

view about C. citrina (Berger 1999). Since then, three rede-

scriptions and several other studies have been published, 

largely dealing with faunistics and phylogeny. The present 

work is thus mainly an update and supplement to the 1999 

revision, where some particulars, for example nomenclature, 

have not been treated in detail. 

Material and Methods 

In this section the various parts of the paper are explained. 

Heading. The heading consists of two parts, namely the 

current name (above) and the original combination (ICZN 

1999, see recommendation 51A for term; often also named 

basionym, a term not used in the ICZN 1999, but in botany), 

including authors and year. The original combination is men-

tioned in the heading because it never changes. By contrast, 

the current name is usually the combination most recently 

published. 

List of synonyms. The list of synonyms contains all taxo-

nomically and nomenclaturally important contributions, that 

is, the original description, all combinations, redescriptions, 

and other taxonomically important papers. Papers where 

solely molecular data are published are usually not included; 

these studies can be found in the chapter phylogeny and clas-

sification (see below). Each entry consists of the following 

components: year of publication; name of taxon as written in 

the paper, including “author(s), year”, and/or nomenclatural 

terms like, for example, “comb. nov.” (all these parts are in 

bold); the n-dash (–) separates the taxon from the biblio-

graphic data of the work containing this name; author(s) of 

work; name of journal or (brief) title of book; volume of jour-

nal or book series; page number where description begins or 

where nomenclatural act is made (a page number with the let-

ter K means a page where the taxon is mentioned in a key); 

figures and tables referring to taxon; in brackets, brief expla-

nation of content, accession numbers of slides, problems, 

etc.). 

The entry of the original description contains also the 

ZooBank registration number. Note that the registration in 

ZooBank (zoobank.org) is a prerequisite for the valid publi-

cation of a new taxon/nomenclatural act in online-only (elec-

tronic-only) journals since 2012 (ICZN 2012, Article 8.5), that 

is, online-only works which do not contain the registration (or 

at least a hint that registration has occurred) in the work itself 

are not published and thus the taxa described therein are not 

valid. An example for such an invalid original description is 

Shao et al. (2014). The corrigendum, which represents now 

the original description, was published by Shao et al. (2017). 

S 
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Brief characterisation. The brief characterisation is based on 

the original description and other papers dealing with mor-

phology (see list of synonyms). It is a summary of the main 

features and not an “improved diagnosis” or detailed descrip-

tion. The features are arranged as in my monographs. For de-

tails on morphology (e.g., exact arrangement of cirri and dor-

sal kineties), see text and figures in the original description, 

redescriptions, and revisions mentioned in the list of syno-

nyms. 

Nomenclature. In the chapter nomenclature the species-

group name is explained and nomenclatural problems are dis-

cussed. 

Valid names. This chapter lists all names validly published 

including original author(s) and combining author(s) and 

years. The names are listed chronologically. 

Remarks. In the remarks section, taxonomic topics and is-

sues are discussed more or less detailed. 

Morphology. This chapter is usually brief because contain-

ing only hints to the original description, redescriptions, and 

revisions. Since the page numbers are mentioned you can find 

the data rather easily in the various publications, which are 

sometimes rather voluminous. My monographs usually con-

tain most or even all relevant figures published until that time. 

Later papers are mostly available as PDFs in the www and 

thus (almost) instantly accessible. 

Cell division etc. Chapters on cell division, physiology, or 

other issues are optional, that is, only available when data on 

these topics have been published. 

Classification and phylogeny. The classification and phylog-

eny section begins with a brief comment on the supposed 

phylogenetic position. When sequences are available the 

origin (direct submission or via a paper) is mentioned as indi-

cated in NCBI data base. In addition, all papers using the se-

quence are listed. When more than one sequence is published, 

then the references are kept separate. 

Further literature. In this chapter papers are listed which 

cannot be assigned to other chapters. 

Occurrence and ecology. The chapter occurrence and 

ecology provides a brief comment on the main habitats and 

the geographic distribution. Usually you will find a hint to 

the same chapter in the corresponding monograph (Berger 

1999, 2006, 2008, 2011) where most or even all records are 

considered in detail. In addition, “all” records not considered 

in the corresponding monograph are listed. In the present 

case, this chapter contains all records published so far. The 

records are arranged according to continents; within the con-

tinents, the countries are listed alphabetically. 

References. The reference section contains all papers men-

tioned in the present study. Papers not dealing with the pre-

sent species (e.g., Diesing 1866, ICZN 1999) are marked with 

an asterisk. 

Systematic index. This index contains all scientific names. It 

is two-sided, that is, species names (e.g., Cyrtohymena citrina) are 

mentioned as follows: citrina, Cyrtohymena and Cyrtohymena 

citrina. 

The present review and the corresponding monograph 

(Berger 1999 in present case) contain “all” works dealing with 

Cyrtohymena citrina. However, I cannot exclude that papers in 

which the species is misidentified (e.g., as Cyrtohymena muscorum 

(Kahl, 1932) Foissner, 1989) are lacking. Such problems will 

be discovered when C. muscorum is updated. 

For general terminology, see Corliss (1979) and Lynn 

(2008), for terms specific for hypotrichs, see Berger (1999, 

2006, 2008, 2011), and Foissner & Al-Rasheid (2006). 

Cyrtohymena citrina (Berger & Foissner, 1987) 

Foissner, 1989 (current name) 

Steinia citrina Berger & Foissner, 1987 (original combina-

tion) 

1932 Steinia (Histrio) inquieta (Stokes, 1887) – Kahl, Tierwelt Dtl., 25: 

613, Fig. 1204 (Fig. 96e in Berger 1999; misidentification; for correct 

name see nomenclature). 

1985 Steinia citrina Foissner – Foissner, Peer & Adam, Mitt. öst. bodenk. 

Ges., 30: 109 (nomen nudum). 

1987 Steinia citrina nov. spec. – Berger & Foissner, Zool. Jb. Syst., 114: 

225, Fig. 81–84, Table 11 (Fig. 96a–d in Berger 1999; original descrip-

tion; the holotype slide [registration number 1986/83] and one para-

type slide [1986/84] have been deposited in the Biology Centre of the 

Upper Austrian Museum in Linz [LI]; Aescht 2008, p. 149). ZooBank 

registration number of Steinia citrina: urn:lsid:zoobank.org:act:50B6E9 

2E-26AF-4346-82DA-71340A61A2BB (registered by H. Berger on 

2017.01.09). 

1988 Cyrtohymena citrina (Berger & Foissner, 1987) – Blatterer & 

Foissner, Stapfia, 17: 7, 70 (see nomenclature). 

1989 Cyrtohymena citrina (Berger & Foissner, 1987) nov. comb. – 

Foissner, Sber. öst. Akad. Wiss., 196: 239 (combination with Cyrtohy-

mena Foissner, 1989). 

1999 Cyrtohymena citrina (Berger & Foissner, 1987) Foissner, 1989 – 

Berger, Monographiae biol., 78: 281K, 293, Fig. 96a–e, Table 20 (de-

tailed revision). 

2001 Cyrtohymena citrina (Berger & Foissner, 1987) Foissner, 1989 – 

Berger, Catalogue of ciliate names 1. Hypotrichs, p. 79 (nomenclator 

containing all original combinations, combinations, and higher taxa of 

hypotrichs and euplotids). 

2003 citrina Steinia Berger & Foissner 1987 – Aescht, Beitr. Naturk. 

Oberösterreichs, 12: 383 (catalogue on type material deposited in Up-

per Austrian Museum in Linz). 

2004 Cyrtohymena (Cyrtohymena) citrina (Berger & Foissner) – Foiss-

ner, Denisia, 13: 370 (classification in nominotypical subgenus; see no-

menclature). 

2007 Cyrtohymena citrina (Berger and Foissner, 1987) – Çapar, Hacet-

tepe J. Biol. & Chem., 35: 47, Fig. 3a–c (description of Turkish popu-

lation; site where voucher slides deposited not mentioned; see re-

marks). 

2007 Cyrtohymena citrina (Berger et Foissner, 1987) – Jankowski, Phy-

lum Ciliophora, p. 463 (revision of ciliates). 

2008 citrina, Steinia Berger & Foissner, 1987 – Aescht, Denisia, 23: 149 

(catalogue on type material deposited in Upper Austrian Museum in 

Linz). 

2012 Cyrtohymena citrina (Berger and Foissner, 1987) Foissner, 1989 

– Kim, Lee, Kwon & Shin, J. Species Res., 1: 79, Fig. 2A–I, Table 1 

(description of Korean population; see remarks; site where voucher 

material deposited not mentioned). 

2012 Cyrtohymena citrina (Berger and Foissner, 1987) Foissner, 1989 

– Shin, Invertebrate Fauna of Korea, 1: 28, Fig. 9A–I, Plate 4E–J, Table 

4 (description of Korean population; see remarks and entry above). 

2015 Cyrtohymena citrina (Berger and Foissner, 1987) Foissner, 1989 

– Singh & Kamra, Eur. J. Protistol., 51: 281, Fig. 1A–C, 2A–G, 4A–C, 

5A–G, Table 1 (description of Indian population, morphogenesis, and 

deposition of nucleotide sequence at GenBank, accession number 

KC182574; all data from same clone; voucher material deposited in 

Natural History Museum in London, accession number NHMUK 

2015.3.23.1). 
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Brief characterization. Body size (from life unless other-

wise indicated): 120–150 × 35–45 µm (Berger & Foissner 

1987; width estimated via length to width ratio [3.3:1] of spec-

imen shown in Fig. 96a in Berger 1999); 90–100 × 25–30 µm 

(Çapar 2007); 145–210 × 30–55 µm (Kim et al. 2012); 80–125 

× 25–40 µm (Singh & Kamra 2015b). Total range thus 80–

210 × 25–55 µm. Body: outline in ventral view elongate ellip-

tical, sometimes somewhat S-shaped, left margin slightly con-

vex, right almost straight, both ends more or less broadly 

rounded; flexible, moderately contractile. Nuclear appa-

ratus: two macronuclear nodules; 1–4, usually two micronu-

clei. Contractile vacuole: close to left cell margin about in 

mid-body, with two collecting canals. Cortical granules: 

about 0.5–1.5 µm in diameter, mainly around cirri and dorsal 

cilia, yellow to orange-yellow, make cells yellow at low magni-

fication. Movement: without peculiarities, that is, moderately 

rapid. Oral apparatus: adoral zone formed like a question 

mark, composed of 31–43 (31–37, mean = 33.6, n = 11, Ber-

ger & Foissner 1987; 35–43, mean = 38.8, n = 20, Singh & 

Kamra 2015b) membranelles; undulating membranes in Cyrto-

hymena-pattern. Ventral ciliature: an 18-cirri oxytrichid, that 

is, three frontal cirri, one buccal cirrus, four frontoventral 

cirri, three narrowly spaced postoral ventral cirri, two pre-

transverse ventral cirri, and five transverse cirri. Right mar-

ginal row composed of 18–25 cirri (18–25, mean = 21.1, n = 

11, Berger & Foissner 1987; 20–24, mean = 22.8, n = 20, 

Singh & Kamra 2015b), commences at level of frontoventral 

cirri, ends slightly subterminally; left marginal row composed 

of 17–26 cirri (17–24, mean = 21.5, n = 11, Berger & Foissner 

1987; 21–26, mean = 23.5, n = 20, Singh & Kamra 2015b), 

begins left of buccal vertex, terminates at rear end of cell. 

Dorsal ciliature: usually six dorsal kineties including two dor-

somarginal kineties, kinety 3 with fragmentation; bristles 

about 3 µm long; each one caudal cirrus at end of kineties 1, 

2, and 4. Ecology: moderately common in terrestrial and lim-

netic habitats. Geographic distribution: reliably recorded 

from Europe (type locality in Greece), Asia, North America, 

Central America, South America, Africa, and Australia (details 

see below). 

Nomenclature. No derivation of the species-group name 

has been provided in the original description or a later paper. 

The name citrin·us, -a, -um (Latin adjective [m, f, n]; lemon yel-

low; www.frag-cesar.de, accessed 21.09.2016) refers to the yel-

low to orange-yellow cortical granules. Since Cyrtohymena and 

Steinia are of feminine gender (Aescht 2001, p. 280, 301), 

citrina is the correct spelling of the species-group name (ICZN 

1999, Article 31.2). 

Kahl (1932, p. 611) classified Steinia Diesing, 1866 as sub-

genus of Oxytricha Bory de Saint-Vincent in Lamouroux, Bory 

de Saint-Vincent & Deslongchamps, 1824 (Kahl 1932, p. 599). 

Thus, the correct name in his revision is Oxytricha (Steinia) 

inquieta (Stokes, 1887) Kahl, 1932 (the current systematic sta-

tus of Histrio inquietus Stokes, 1887 is Rigidohymena inquieta 

(Stokes, 1887) Berger, 2011; p. 548; for revision, see Berger 

1999, p. 313). 

                                                           
1 The “nov. comb.” in the chapter “Species assignable” in Foissner (2004, p. 371) was superfluous because the generic classification did not change (ICZN 1999, 
Article 51.3.2).  

Steinia citrina in Foissner et al. (1985) is a nomen nudum be-

cause it fails to conform Article 13 of the ICZN (1999; see 

there for details). Since a nomen nudum is not an available 

name, the same name is available later for the same (present 

case) or a different concept (ICZN 1999, p. 111). 

The combination Cyrtohymena citrina was already used by 

Blatterer & Foissner (1988) although the genus Cyrtohymena 

was just established by Foissner (1989, p. 238). Thus, Blatterer 

& Foissner (1988) cannot be the combining authors because 

in that case the combination would have been made before 

the genus was available. 

Foissner (2004, p. 371) established the subgenus Cyrtohy-

mena (Cyrtohymenides) with Cyrtohymena (Cyrtohymenides) aspoecki 

Foissner, 2004 as type species. Thus, he automatically acti-

vated the nominotypical subgenus Cyrtohymena (Cyrtohymena) 

Foissner, 1989. The second species assigned to C. (Cyrtohymen-

ides) Foissner, 2004 was Cyrtohymena australis Foissner, 19951. 

Consequently, all other species (including Cyrtohymena citrina) 

previously classified in Cyrtohymena by Foissner (1989) and 

Berger (1999) have been automatically assigned to the nomi-

notypical subgenus Cyrtohymena (Cyrtohymena). Recently, how-

ever, Cyrtohymena (Cyrtohymenides) has been synonymized with 

Australocirrus Blatterer & Foissner, 1988 by Kumar & Foissner 

(2015, p. 211, 226), that is, Cyrtohymena (Cyrtohymena) is also 

obsolete and thus the current systematic status of the present 

species is again Cyrtohymena citrina (Berger & Foissner, 1987) 

Foissner, 1989. 

Incorrect subsequent spelling: Cyrtohymena citrine (Li et al. 

2008, p. 120). 

Valid names. All valid names published so far are listed 

chronologically: Steinia citrina Berger & Foissner, 1987. Cyrto-

hymena citrina (Berger & Foissner, 1987) Foissner, 1989. Cyrto-

hymena (Cyrtohymena) citrina (Berger & Foissner, 1987) Foissner, 

1989 in Foissner (2004). 

Remarks. For brief comparison with Cyrtohymena primicir-

rata (Berger & Foissner, 1987) Foissner, 1989 (for revision, 

see Berger 1999, p. 300) and C. australis Foissner, 1995 (cur-

rent systematic status: Australocirrus australis (Foissner, 1995) 

Kumar & Foissner, 2015; for revision, see Berger 1999, p. 

296), see Berger (1999, p. 294). For key to species, see Berger 

(1999, p. 280) and Berger (2018, in preparation). 

The specimens of the populations studied by Çapar (2007) 

and Singh & Kamra (2015b) are somewhat smaller (90–100 × 

25–30 µm in vivo; 80–125 × 25–40 µm) than those described 

by Berger & Foissner (1987; body length 120–150 µm) and 

Kahl (1932; body length 100–170 µm). In addition, Çapar 

(2007) did not mention the colour of the cortical granules so 

that the identification is not quite certain. 

By contrast, the Korean specimens analysed by Kim et al. 

(2012) are larger (in vivo 145–210 × 30–55 µm) than those of 

the type population (Berger & Foissner 1987) and that studied 

by Kahl (1932); however, the cortical granules are yellow as in 

the type population. Kim et al. (2012, p. 82) wrote that five 

(rarely six according to their Table 1) prominent transverse 

cirri are present. Interestingly, the specimen shown in their 
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Fig. 2B has only four transverse cirri indicating that something 

(perhaps the illustration?) is wrong. 

Morphology. For detailed description of morphology see 

original description (Berger & Foissner 1987, p. 225) or revi-

sion by Berger (1999, p. 293); this review also comprises the 

data of the population studied by Kahl (1932, p. 613). For 

characterization of Turkish population, see Çapar (2007, p. 

47); for description of Korean population, see Kim et al. 

(2012, p. 79) and Shin (2012, p. 28); and for Indian population, 

see Singh & Kamra (2015b, p. 281). 

Cell division. For details on this part of the life cycle, see 

Singh & Kamra (2015b, p. 282). As is usual for non-sty-

lonychid 18-cirri hypotrichs, cirrus V/3 (= rearmost postoral 

ventral cirrus) is involved in anlagen formation (see Berger & 

Foissner 1997, p. 137 and Berger 1999, p. 71 for details on 

this feature). 

Cyst. Resting cysts smooth, about 40 µm across (Singh & 

Kamra 2015b, p. 282). 

Classification and phylogeny. Cyrtohymena citrina is, ac-

cording to morphological and ontogenetic data, a flexible and 

thus non-stylonychine 18-cirri oxytrichid (dorsomarginal ki-

neties and simple dorsal kinety fragmentation [of kinety 3] 

present). 

In many molecular trees, Cyrtohymena citrina clusters with Pa-

raurostyla weissei (Stein, 1859) Borror, 1972 (original combina-

tion Urostyla weissei Stein, 1859) (type of Paraurostyla Borror, 

1972; for revision of P. weissei, see Berger 1999, p. 844, 846), 

for example, Hewitt et al. (2003, p. 262) and Chen & Song 

(2001, p. 298). In the tree published by Foissner & Stoeck 

(2008, p. 16), one population of C. citrina is more closely re-

lated to Neokeronopsis (Afrokeronopsis) aurea Foissner & Stoeck, 

2008 (now Afrokeronopsis aurea (Foissner & Stoeck, 2008) 

Foissner, Shi, Wang & Warren, 2010) than to a second C. 

citrina population (cause unknown). According to the tree by 

Kim et al. (2014, p. 530), the populations represented by the 

four sequences mentioned below (AF164135, AF508755, 

AY498653, KC182574) are not very closely related. Accord-

ing to the tree published by Jung et al. (2015, p. 293), C. citrina 

(AY498653) is not very closely related with the type species C. 

muscorum (Kahl, 1932) Foissner, 1989; the reasons are unclear. 

In the tree published by de Castro et al. (2016, their Fig. 18), 

the sequences KC182574, AY498653, and AF164135 do not 

form a monophyletic group indicating misidentifications. 

A search in NCBI database provided four results under the 

nucleotide section (accessed 2017.09.06). Within the sequence 

paragraphs, the references are arranged chronologically. 

AF164135 (direct submission by Prescott and co-workers 

on 1999.07.22). Papers dealing with this sequence: Chen & 

Song (2001, p. 292, 296, 298); Snoeyenbos-West et al. (2002, 

p. 1905); Liu et al. (2010, p. 707); Küppers et al. (2011, p. 117); 

Chen et al. (2013b, p. 1919); Lv et al. (2013, p. 462, next rela-

tive Neokeronopsis aurea); Singh et al. (2013, p. 295); Foissner et 

al. (2014, p. 62, 69); Kim et al. (2014, p. 530); Fan et al. (2014a, 

p. 4057; 2015, p. 381); Lv et al. (2015, p. 394); Shao et al. 

(2014b, p. 3023; clusters with Cyrtohymena shii (Shi, Wei & 

Wang, 1997) Shao et al., 2012; now Australocirrus shii (Shi et 

al., 1997) Kumar & Foissner, 2015); de Castro et al. (2016, p. 

25/34); Paiva et al. (2016, p. 258); Li et al. (2017, p. 88). 

AF508755 (direct submission by Hewitt and co-workers on 

2002.05.02 and Hewitt et al. 2003, p. 259, 261). According to 

Hewitt et al. (2003, p. 259), the population from Maroon 

Creek, Aspen, Colorado, was identified by Wilhelm Foissner 

(Salzburg); in spite of that we could not exclude that the iden-

tification is doubtful (Foissner et al. 2004, p. 267). Papers deal-

ing with this sequence: Coleman (2005, p. 70); Gong et al. 

(2007, p. 476); Schmidt et al. (2007, p. 203–205); Sonntag et 

al. (2008, p. 284); Paiva et al. (2009, p. 226, 231); Huang et al. 

(2010, p. 411, 412; 2012, p. 599; 2014, p. 339; 2016, p. 105, 

106); Vd’ačný et al. (2010, p. 320, 329); Zhao et al. (2012, p. 

321, 325); Singh et al. (2013, p. 295, next relative Cyrtohymena 

(Cyrtohymenides) shii); Chen et al. (2013b, p. 1919; 2014, p. 606; 

2015, p. 2299); Kim et al. (2014, p. 530); Shao et al. (2014, p. 

377, next relative Neokeronopsis aurea; the valid publication is 

Shao et al. 2017); Xu et al. (2014, p. 182); Chen et al. (2015, p. 

318, next relative Neokeronopsis aurea); Luo et al. (2015, p. 467); 

Zhao et al. (2015, p. 241), Lu et al. (2016, p. 875). 

AY498653 (direct submission by Foissner and co-workers 

on 2003.12.10 and by Foissner et al. 2004, p. 267, 273). Papers 

dealing with this sequence: Berger et al. (2004); Gong et al. 

(2006, p. 64, 71; next relative “Oxytricha ferruginea”); Schmidt 

et al. (2007, p. 203–205; 2008, p. 404, 405); Yi et al. (2009, p. 

230, 232, 233); Paiva et al. (2009, p. 226, 231); Dai & Xu (2011, 

p. 1494); He & Xu (2011, p. 336); Hu et al. (2011, p. 98); Küp-

pers et al. (2011, p. 117); Yi & Song (2011, p. 5); Zoller et al. 

(2012, p. 647); Chen et al. (2013, p. 596); Chen et al. (2013, p. 

1200); Chen et al. (2011, p. 499; 2011a, p. 660; 2013, p. 464; 

2013a, p. 1162; 2013b, p. 1919); Li et al. (2013, p. 254); Li et 

al. (2008, p. 120, 122); Jiang et al. (2013, p. 89); Singh & Kamra 

(2013, p. 608, next relative Paraurosomoida indiensis Singh & Ka-

mra, 2013); Weisse et al. (2013, p. 264; next relatives are P. 

weissei and Onychodromopsis flexilis Stokes, 1887); Bharti et al. 

(2014, p. 2629; 2015, p. 768); Fan et al. (2014, p. 85); Heber et 

al. (2014, p. 271, next relative Oxytricha ferruginea Stein, 1859); 

Jung et al. (2014, p. 204; 2015, p. 293; 2015a, p. 378; 2016, p. 

259); Kim et al. (2014, p. 530); Kumar et al. (2014, p. 257; 

2015, p. 95; 2017, p. 14/19); Lu et al. (2014, p. 534; 2015, p. 

3222); Shao et al. (2014a, p. 602, next relative Notohymena 

apoaustralis Lv et al., 2013); Bourland (2015, p. 368); Xu et al. 

(2015, p. 191; the presence of the stylonychine Onychodromus 

grandis Stein, 1859a close to C. citrina is likely a mistake); Yang 

et al. (2015, p. 460); de Castro et al. (2016, p. 25/34); Fan et 

al. (2016, p. 104); Kim et al. (2016, p. 141); Li et al. (2016, p. 

69); Luo et al. (2016, p. 782; 2017, p. 484, C. citrina + ((Parau-

rostyla weissei + Notohymena apoaustralis) + (Paraurosomoida indien-

sis + Cyrtohymena muscorum)); Bharti et al. (2017, p. 687); Jung 

et al. (2017, p. 15); Kim et al. (2017, p. 881); Lu et al. (2017, p. 

643); Park et al. (2017, p. 112); Park et al. (2017a, p. 454); Park 

et al. (2017, p. 122). 

KC182574 (direct submission by Sing and Kamra on 

2012.11.19; corresponding publication is Singh & Kamra 

2015b, p. 281). Singh & Kamra (2015b, p. 287) found the fol-

lowing relationships: Cyrtohymena citrina KC182574 + (Parauro-

somoida indiensis JX139117 + C. muscorum KM061384) + (Uro-

somoida agilis KJ864926 + C. citrina AY498653) + (Notohymena 

apoaustralis KC430934 + Paraurostyla weissei AF164127). The 

other Cyrtohymena citrina sequences (AF164135, AF508755) are 
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somewhat set off, indicating that these populations have been 

misidentified. Thus, I recommend using the sequences 

KC182574 and AY98653 in futures studies. Further papers 

dealing with KC182574: Kim et al. (2014, p. 530); Singh & 

Kamra (2014, p. 634, clusters as follows: (Paraurostyla weissei + 

Notohymena apoaustralis) + Paraurosomoida indiensis + Cyrtohymena 

citrina); Singh & Kamra (2015a, p. 63); de Castro et al. (2016, 

p. 25/34); Dong et al. (2016, p. 229); Kumar et al. (2016, p. 

213); Wang et al. (2016, p. 87); Yang et al. (2016, p. 460); 

Bharti et al. (2017, p. 643); Chen et al. (2017, p. 138); Jung 

et al. (2017, p. 15); Wang et al. (2017, p. 9; 2017a, p. 191; 

2017b, p. 240). 

Papers in which no GenBank accession numbers have been 

mentioned: Foissner & Stoeck (2006, p. 262; 2008, p. 16; 2011, 

p. 47; each two sequences); Gao et al. (2010, p. 546; 2010a, p. 

94); Li et al. (2009, p. 441; 2009a, p. 771); Shao et al. (2007, p. 

262, next relative “Oxytricha ferruginea”; 2008, p. 2968, acces-

sion numbers available in supplement). 

Further literature. Berger (2011, p. 547); Berger & Al-Ras-

heid (2008, p. 72, 76, 90). 

Occurrence and ecology. Cyrtohymena citrina is moderately 

common in terrestrial and limnetic habitats. Likely with cos-

mopolitan distribution because so far recorded from Europe, 

Asia, North America, Central America, South America, Af-

rica, and Australia (for individual records see below). This 

chapter contains all published records of C. citrina. Of course, 

I cannot exclude that one or another record was overlooked. 

Type locality is a goat pasture (altitude about 1000 m) be-

tween the cities Nafplio and Tripoli, Peloponnesus, Greece, 

where Cyrtohymena citrina was discovered in the litter and upper 

layer of a very shallow soil (Berger & Foissner 1987, p. 194, 

195, 225). 

Further records of Cyrtohymena citrina substantiated by mor-

phological data: katharobic waters with Utricularia and Hot-

tonia, likely in or near Hamburg (Germany) where Kahl lived 

and worked (Kahl 1932); semiterrestrial soil from flooded 

zone of Gelinüllü Dam Lake, Yozgat Province, Central Ana-

tolia Region, Turkey (Çapar 2007; see also Çapar 2007a, p. 

208; the mention in the Turkish paper by Çapar 2008, p. 362 

likely also refers to this record); soil from Barsey Rhododen-

dron Sanctuary (27°19′42′′N 88°11′83′′E), Sikkim, India (Singh 

& Kamra 2015b); fallen leaves and soil under false acacia tree 

(Robinia pseudoacacia) in Jeokseong-myeon (37°01′07′′N 128° 

18′31′′E), Danyang-gun, Chungcheong-buk-do, Korea (Kim 

et al. 2012, see also Jung et al. 2017a, p. 246; Shin 2012). 

Records of Cyrtohymena citrina not substantiated by morpho-

logical data. Europe: soil from four Austrian forest preserva-

tion sites and beech forest in Salzburg, Austria (Foissner et al. 

2005, p. 626); stagnant water bodies on alpine pasture (Palfner 

Alm) in the Seidlwinkl Tal, a valley in Salzburg, Austria (Gros 

et al. 2012, p. 43); detritus of a freshwater aquarium (24 °C; 

together with Tetmemena pustulata, Anteholosticha monilata, Euplo-

toides patella, Vorticella campanula, Mesodinium pulex, Chilodonella 

acuta, Frontonia leucas, Urocentrum turbo)2 in Salzburg, Austria 

(Berger 1999, p. 296); floodplain soil from near the junction 

of Enns River and Danube River, Lower Austria (Foissner 

                                                           
2 The original source of the material (plants, sediment) in the aquarium is not known. 

2004, p. 370); various rivers (Schwemmbach, Enknach, 

Aschach, Dürre Aschach, Wegbach, Antiesen, Pollinger Ache, 

Pram, Kutschermüllerbach, Welser Grünbach, Enns, Per-

wender Bach, Traun, Feldaist, Große Naarn, Kleine Naarn, 

Naarn, Große Mühl, Kleine Mühl, Steinerne Mühl, Oster-

bach, Pesenbach, Große Rodl, Krems, Ager) in Upper Austria 

(Aescht 2012, p. 93, 127, 139, 143, 160, 177, 195, 200, 214, 

233, 257, 268, 272, 275, 324, 343, 361, 363, 372, 398, 412, 433, 

436, 445, 448, 459, 465, 481, 500, 512, 516, 532, 647; personal 

communications by H. Blatterer to E. Aescht); betameso-

saprobic rivers (Ager, Alm, Krems, Traun; Steinerne Mühl, 

Große Mühl; Große Rodl) in Upper Austria (AOÖLR 1997a, 

p. 51, 59, 70, 112; 1997b, p. 105; 1997c, p. 98; all identifica-

tions by H. Blatterer); in October between leaves in the clean 

Illach River, Bavaria, Germany (Foissner 1997a, p. 183); soil 

from former industrial area (textile industry) in Nordhorn, 

Germany (Niebuhr 1989, p. 82; identification by W. Foissner 

and J. Niebuhr). 

Asia: upper litter and soil layer (0–2 cm) of vegetable field 

about 40 km north of Riyadh and upper litter and soil layer (0–

5 cm) of leguminose field in Al-Hassa oasis, few kilometres 

east of town of Al-Hofuf, Saudi Arabia (Foissner et al. 2008, 

p. 319); soil from Valley of Flowers, India (Kamra et al. 2008, 

p. 375); soil from grassland and sand dune from east coast of 

Singapore Island (Foissner 2008, p. 84). 

North America: Maroon Creek, Aspen, Colorado, USA 

(Hewitt et al. 2003, p. 259; identified by W. Foissner according 

to Hewitt et al. 2003, p. 259, but in spite of that identification 

perhaps not correct, see Foissner et al. 2004, p. 267). 

Central America: upper soil and litter layer (0–3 cm) about 

5 km east of ranch house “La Casona” near small path to Pa-

cific Ocean in Santa Rosa National Park, Costa Rica (Foissner 

1995, p. 38; marked with “?”, indicating that identification not 

quite certain). 

South America: dark brown soil from Amazonian rain for-

est near Iquitos, Peru (Foissner 1997, p. 321); soils from six 

sites in Venezuela (Foissner 2016, p. 27; detailed description 

of sites and samples, see this paper).  

Africa: upper litter and sandy soil layer under a leguminose 

tree in forest near Sheldrick waterfalls, Kenya (Foissner 1999, 

p. 322); four soil samples from Namib Desert, including Etosha 

Pan, Namibia (Foissner et al. 2002, p. 48, 59, 64). 

Australia: upper soil layer (0–5 cm) from bush in Royal Na-

tional Park, south of Sydney, and saline soil from shore of 

Lake Alexandrina (Point Pelican) near Adelaide, Australia 

(Blatterer & Foissner 1988, p. 7). 

For details on food and biomass, see Foissner (1987, p. 127; 

1998, p. 201) and revision by Berger (1999, p. 296). 
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This index contains all scientific names 

of ciliates. It is two-sided, that is, the 

name of a species (e.g., Cyrtohymena 

citrina) is mentioned as follows: (i) 

citrina, Cyrtohymena and (ii) Cyrtohymena 

citrina. Note that “citrina” is not the spe-

cies name, it is the “species-group 

name”. The species name (= name of 

the species) is Cyrtohymena citrina (for de-

tails, see ICZN 1999). 

Afrokeronopsis aurea 7 

(Afrokeronopsis) aurea, Neokeronopsis 7 

acuta, Chilodonella 8 

Anteholosticha monilata 8 

apoaustralis, Notohymena 7, 8 

aspoecki, Cyrtohymena (Cyrtohymenides) 6 

aurea, Afrokeronopsis 7 

aurea, Neokeronopsis (Afrokeronopsis) 7 

aurea, Neokeronopsis 7 

australis, Australocirrus 6 

australis, Cyrtohymena 6 

Australocirrus 6 

Australocirrus australis 6 

Australocirrus shii 7 

campanula, Vorticella 8 

Chilodonella acuta 8 

Ciliophora 1, 2, 4, 16 

citrina 6 

citrina, Cyrtohymena 1, 2, 3, 4, 5, 6, 

7, 8, 16 

citrina, Cyrtohymena (Cyrtohymena) 5, 6 

citrina, Steinia 1, 2, 4, 5, 6 

citrine, Cyrtohymena 6 

Cyrtohymena 4, 6 

Cyrtohymena australis 6 

Cyrtohymena citrina 1, 2, 3, 4, 5, 6, 7, 

8, 16 

(Cyrtohymena) citrina, Cyrtohymena 5, 6 

Cyrtohymena citrine 6 

Cyrtohymena (Cyrtohymena) 4, 6 

(Cyrtohymena), Cyrtohymena 4, 6 

Cyrtohymena (Cyrtohymena) citrina 5, 6 

Cyrtohymena (Cyrtohymenides) 6 

Cyrtohymena (Cyrtohymenides) aspoecki 6 

Cyrtohymena (Cyrtohymenides) shii 7 

Cyrtohymena muscorum 5, 7 

Cyrtohymena primicirrata 6 

Cyrtohymena shii 7 

(Cyrtohymenides) aspoecki, Cyrtohymena 6 

(Cyrtohymenides), Cyrtohymena 6 

(Cyrtohymenides) shii, Cyrtohymena 7 

Euplotoides patella 8 

ferruginea, Oxytricha 7, 8 

flexilis, Onychodromopsis 7 

Frontonia leucas 8 

grandis, Onychodromus 7 

(Histrio) inquieta, Steinia 5 

Histrio inquietus 4, 6 

Hypotricha 1, 2, 4, 16 

indiensis, Paraurosomoida 7, 8 

inquieta, Oxytricha (Steinia) 6 

inquieta, Rigidohymena 6 

inquieta, Steinia (Histrio) 5 

inquietus, Histrio 4, 6 

leucas, Frontonia 8 

Mesodinium pulex 8 

monilata, Anteholosticha 8 
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Neokeronopsis (Afrokeronopsis) aurea 7 
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Notohymena apoaustralis 7, 8 

Onychodromopsis flexilis 7 

Onychodromus grandis 7 

Oxytricha 6 

Oxytricha ferruginea 7, 8 

Oxytricha (Steinia) inquieta 6 

Oxytrichid(s) 4 

Paraurosomoida indiensis 7, 8 

Paraurostyla 7 

Paraurostyla weissei 4, 7, 8 

patella, Euplotoides 8 

primicirrata, Cyrtohymena 6 

pulex, Mesodinium 8 

pustulata, Tetmemena 8 

Rigidohymena inquieta 6 

shii, Australocirrus 7 
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The present work is mainly a literature update to the monographic treatment by Berger (1999). Steinia citrina 

was discovered by Berger & Foissner (1987) in soil from Greece. In 1989 it was transferred to Cyrtohymena by 

Foissner. Later, it was classified in the nominotypical subgenus Cyrtohymena (Cyrtohymena) by Foissner (2004). 

However, the current systematic status is again Cyrtohymena citrina (Berger & Foissner, 1987) Foissner, 1989 be-

cause division of Cyrtohymena into subgenera has been overruled. So far, populations from Germany, Greece, 

Turkey, India, and Korea have been described more or less detailed. All relevant contributions are listed in a 

detailed synonymy. Type slides of C. citrina are deposited in the Biology Centre of the Upper Austrian Museum 

in Linz (LI). A brief morphological characterisation, based on the available descriptions, is provided. For details 

on morphology and for illustrations and micrographs the reader is referred to the original papers and revisions. 

In molecular trees, Ccyrtohymena citrina usually clusters with Paraurostyla weissei. It is included in about 110 phylo-

genetic studies; references are listed separately for each sequence. The sequences available so far do not form 

a monophyletic group. Faunistic records are available from Europe, Asia, North, Central, and South Americas, 

Africa, as well as Australia. Cyrtohymena citrina is moderately common and occurs in terrestrial and limnetic 

habitats. 145 references dealing with this species are listed. The ZooBank registration number of C. citrina is: 

urn:lsid:zoobank.org:act:50B6E92E-26AF-4346-82DA-71340A61A2BB. 
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