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Fig. 1a—¢ Schemaltic illustrations o explain some general terms used in the species descriptions (tom
Berger 2008). a: Ventral view. Asterisk marks buccal cavilv/Tield. b: Lell Tateral view. ¢: Dorsal view. A
= distal (= frontal = collar) portion of adoral zone of membranelles, AZM = adoral zone of membranelles,
B3 = proximal {= ventral = lapel) portion ol adoral vonc ol membranclles, C = gap in adoral xone of mem-
branelles {present in only some taxa), CC = caudal cirri, CV = contractile vacuole with collecting canals,
DE = distance between anterior body end and distal end of adoral zone, E = endoral. FF = frontal field
{urea right of undulating membranes extending posteriorly to level of buccal vertex), MA — macronuclear
nodule. MI = micronucleus, P = paroral, W = width oI’ (Jargest) adoral membranelles, 1, 2, 3 = dorsal kine-
ties with bristles (1 = leftmost kinety; kineties not shown in full length in [a. ¢]).

ample, Rigidothrix Foissner & Stoeck, 2006a or Urospinuta Corliss, 1960 (Foissner
1983). The adoral zone of membranelles, the most prominent part of the oral appara-
tus, is in the left anterior body portion and usually occupies about 30-35% of body
length, in some gonostomatids up to 50%. [or some general terms used in the de-
scriptions, see Fig. la—c.
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Oxytricha (Opisthotricha) elongata Grandori & Grandori, 1934. Remarks: Ber-
ger (2008, p. 477) supposed that this little known species will be briefly treated in a
supplement to Gonostomum. However, the habitus and especially the long caudal
cirri are more reminiscent of Trachelochaeta bryophila, than on Gonostomum spe-
cies (Fig. 56a—c). Thus, I preliminary put it into 7rachelochaeta, however, without
formal combination (see p. 306).

Key to Gonostomum species

Identification of Gonostomum species is difficult and should be confirmed by protar-
gol preparations, especially in the group with postorally extending frontoventral
cirri. Note that G. terrestre and Urosoma macrostomum are only insufficiently de-
scribed so that the key is probably inexact for these taxa. If you find a Gonostomum-
like population with tailed body and lacking transverse cirri, see Paragonostomum.
When the postoral area bears two cirral rows (except the marginal rows), see Wal-
lackia and Neowallackia. All these species have a gonostomatid oral apparatus (Fig.

Posterior body end more or less "/ tailed (Fig. 22a—j)
Gonostomum namibiense (p. 140)
Posterior body end not distinctl
Two macronuclear nodules. . .
More than 2 macronuclear nodu
Four (3-6) macronuclear nodules (Fig. 21a—j)
Gonostomum albicarpathicum (p. 135)
10—19, usually about 14 macronuclear nodules (Fig. 123a—f in Berger 1999; Fig.
Gonostomum kuehnelti (p. 109)
(2) Postoral area without frontoventral cirri (e.g., Fig. 18a, b, 3a)
Frontoventral cirri extending onto postoral area' (Fig. 23a, d, i, 25a, 26a)
Paroral composed of 3—6, usually 4 cilia (Fig. 18a, b, q)
Gonostomum algicola (p. 116)
Paroral composed of 5 or more, usually more than 10 cilia (e.g., Fig. 3a)
Paroral composed of 5-20, usually about 9—14 cilia; usually 11 (sometimes a lit-
tle less) frontal-ventral cirri on frontal area (e.g., Fig. 3a, 11j, 12a—f)
Gonostomum affine (p. 68)
Paroral likely composed of more than 20 cilia (values uncertain), that is, paroral
rather long (Fig. 27a—c, 28a)
Only 8 (variability not known) frontal-ventral® cirri on frontal area (Fig. 28a). . . .
Urosoma macrostomum (p. 168)

' Sometimes the cirri extend only very slightly behind the level of the buccal vertex (Fig. 23g).
* Frontal, buccal, frontoterminal, frontoventral, and “postoral” ventral cirri included.

Saudithrix

b ]

Fig, 1081-r Saudithrix terricola (from Berger et al. 2006b. 1, from life; m-r, protargol impregnation), I:
Oral region ol a squeered speeimen showing, inter alia. the deep buccal cavity and the sickle-shaped buc-
cal lip. m: Infraciliature of ventral side of anterior body third. Arrow marks buccal cirri. n: The anterior
cirr1 ol the [rontal and lronloventral rows become gradually smaller posierorly and form a multicorona,
that is. four or more bows (arrows: note that these bows are pseudorows). o: Macronuclear nodule with
globular and branched {arrow) chromatin aggregates. p: Lhe rightmost transverse cirrus is sometimes
slighily separated lrom the other transvorse ¢irri (arrow). ¢ The middle portion of the paroral is widened
and ¢ongists ol several kinglofragments, r: Anwerior portion of dorsal inlraciliature showing, inter alia, the
remnants ol the parental kineties between kineties 1 and 2. AZM — adoral zone of membranelles. BL —
buccal lip, E = endoral. FV1, 5, X = frontoventral rows 1, 5, X (= outermost right marginal row), K1-3 =
dorsal kinctics, MA = macronuclear nodule, P = paroral, TC = transyerse ¢ieri, T, VTIT = ¢irral anlagen,
Scale bars = 30 pm {1, m), 20 pm {n—1). Page 648.

Fig. 108h—k Saudithrix terricola (from Berger et al. 2006b. Protargol impregnation). by k: Tntraciliature of
ventral side of a paratype specimen, 290 um. Arrows in (h) mark supernumerary cirri between frontoventral
rows 3 and 4 and between the main left marginal row (right) and an additional row (left). Arrow in (k) de-
notes distal end of adoral zone, Broken lines conncet ¢irrt which origmate from the same anlage (not shown
for all rows). it The paroral 15 widened in the central portion. j: Infraciliature of dorsal side and nuclear ap-
paratus ol a paratype specimen, 262 pm. Arrow marks rightmost Irontoventral row (= oulcrmost right mar-
ginal row). Note scattered parental bristles belween kineties | and 2. AZM = adoral xone, BC = buccal cirri,
CR = short cirral rows, CY = evtopharynx, E = endoral, FR1, 4 = frontal rows, FV1, 9 = frontoventral rows,
T.MR = main I¢cfi marginal row, P = paroral, TC = transyerse ¢irri, T, VI = cirri anlagen T and VT, Page 648.
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Characterisation (A= supposed apomorphy): Non-dorsomarginalian Hypotricha.
Oral apparatus gonostomatid (A). More or less strongly modified 18-frontal-ventral-
transverse cirri pattern, that is, taxa with roughly 18 frontal-ventral-transverse cirri,
but also with distinct rows due to strongly increased number of cirri per anlage in-
cluded. Usually one left and one right marginal row. Mostly three bipolar dorsal ki-
neties with each one caudal cirrus. Dorsomarginal kineties and kinety fragmentation
lacking.

The ground pattern of the Gonostomatidae: Below the supposed ground pat-
tern of the Gonostomatidae is briefly discussed (see also remarks). For a brief expla-
nation of the term ground pattern, see chapter 2.2 of the general section of Berger
(2008, p. 23).

Apomorphy of the Gonostomatidae: This group has — at the present state of know-
ledge — only one morphological apomorphy, namely, the striking “gonostomatid”
oral apparatus (e.g., Fig. 3a, 24a—d; Fig. 20c, 21d in Berger 1999). The adoral zone
is not shaped like a question mark as in most other hypotrichs (e.g., Fig. 6a in Ber-
ger 1999), but the middle portion is straight and extends along the left body margin,
causing the proximal portion to become abruptly bent (knee-shaped; see etymology
of genus-group name) towards the centre of the cell (Berger & Foissner 1997, Berger
1999). The paroral consist of (commonly) few, usually widely spaced cilia and ex-
tends beyond the anterior end of the endoral, which is more or less of ordinary struc-
ture (Fig. 24d). The buccal cavity is very small and flat. For a general description of
the oral apparatus of the hypotrichs, see Berger (1999) and Foissner & AL-Rasheid
(2006). Perhaps the gonostomatids have further apomorphies, for example, morpho-
genetic ones. But at present, too few d 'ata are available. In addition, I cannot
exclude that one or two genera includ = re insically no gonostomatid.

The plesiomorphies of the gonoston (e.g., two marginal rows, caudal cirri
present, three bipolar dorsal kineties) me as for the Hypotricha. Thus, refer
to chapter 2.2 of the general section « o .2008).

Remarks: Previously I classified Gonostomum, whose type species Oxytricha af-
finis has a slightly modified 18-cirri pattern', in the Oxytrichinae because we sup-
posed that the 18-cirri pattern is an apomorphy of the oxytrichids (Berger & Foiss-
ner 1997, Berger 1999). Therefore we had to assume that the simple dorsal kinety
pattern of Gonostomum — three bipolar kineties with one caudal cirrus each (Fig.
15b) — evolved from the much more complex Oxytricha pattern (Fig. 24a in Berger
1999) via a loss of the kinety fragmentation (Urosomoida pattern; Fig. 24b in Berger
1999) and a further loss of the dorsomarginal kinety (Gonostomum pattern; Berger
1999, p. 73). Consequently, the Gonostomatidae became a junior synonym (or sub-
group) of the oxytrichids in the first volume of the revision. However, a re-evaluation
of the morphological and morphogenetic data and the broader molecular analyses
available since then strongly indicate that the 18-cirri pattern is not an apomorphy of
the oxytrichids, but of the Hypotricha, that is, this pattern likely evolved in the last

! Some left transverse cirri and pretransverse ventral cirri are usually lacking and the “postoral” ventral
cirri are right of the adoral zone (cp. Fig. 2a with Fig. 3a).
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Table 22 Morphemetric data on Kahliella acrobares (acl, Irom Horvith 1932; ac2, synanym Uroleptopsis
multiseta [Fig. 63a] from Dragesco 1970) and Kahliella simpiex (sil, from Berger & Foissner 1987, si2,
[rom Eigner 1993: i3, Colonou population lrom Drageseo & Dragesco-Kernéis 1986)

Charactetistics® Species mean M SD SE Ccv Min

Body, length ac2 - - - - - 750
sil 1146 108.0 31 11.8 92.0
si2 1401 142.0 - 9.8 1000
Body, width sitl 442 430 : 1.0 101 36.0
si2 30.0 30.0 } - 12.6 36.0
Adoral zone of membranelles, length sil 416 42.0 A G4 36.0
si2 471 460 - 42 440
Anterior body end 10 anterior end of sil 304 2590 s : 47 2290
[rontoventral row V. distance
Anterior macronuclear nodule, Tength ac2’ 11.9
si2 ; Bt 20.0
Anterior macronuclear nodule, width si2 i g . 7.0
Posterior macronuclear nodule, length sil 3 . 13.0
512 i 240
Posterior macronuclear nodule, width sil : : } ; 7.0
512 - : 5 7.0
Macronuclear nodules, distance sil . 7.0
in between
Micronucleus, diameter sil S ; 3.4
Adoral membranelles. number acl f . —
sil
5i2
si3
Trontal cirri, number sil
Enlarged cirri in frontal ficld, numbers si2
Buceal cirri, number! 512
Frontoventral row 1, number of cirri 512
I'rontoventral row I, number of cirri ¢ sil
512
Frontoventral row 111, number of cirri® < sil
512
Frontoventral row 1V, number of cirri®  sil
512
Fronioventral row V, number of cirri® sil
512
Trontoveniral row Va, number ol cirri ' si2
TFrontoventral tow VI number of ¢irri® - sil
5i2
TFrontoventral row VI (+1), number " sil
ol ¢irri 5i2
Frontoventral row VI (+2), number sil
of ¢im 512
Frontoventral row V1 (+3), number * 511
of cirri 512
Right marginal row, number of ¢irri® sil
512
Left marginal row, number of cirri® sil
si2
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1999, p. 75; Guidolin & Coppellotti Krupa 1999, p. 76); geothermal sulphur spring in
province Piacenza, Northern [taly (Madoni & Uluhogian 1997, p. 165); polluted running
water (saprobic index 2.2 to 3.4) in northern Italy (Madoni & Bassanini 1999, p. 394);
in the biofilm of sand filters and 17 ind. ml" in granular activated carbon filters of a
drinking water biofilter in Northern Italy (Madoni et al. 2001, p. 459); St. Petersburg,
Russia (Eichwald 1844, p. 583; Weisse 1845, p. 22); dominant in the polluted Man-
zanares River near the village of La Pedriza, Spain (Fernandez-Leborans & Novillo
1996, p. 315); ponds with spring water in Switzerland (Perty 1852, p. 154); eutrophic
pond, Karasu river, and other Turkish running waters (Senler et al. 1996, p. 186, 187;
1998, p. 40, 41; Senler & Yildiz 1998, p. 5; 2004, p. 248).

Record of the synonym Oxytricha micans not substantiated by morphological data:
Warsaw, Poland (Wrzesniowskiego 1866, p. 18).

Freshwater records of H. kessleri (for explanation, see remarks): Tundza River, Bul-
garia (Detcheva 1986, p. 63); Schwalm River, Germany (Heuss et al. 1972, p. 93); small
ditches in Germany and throughout the year with maxima during fall and winter in al-
phamesosaprobic running waters near the German city of Krefeld (Heuss 1975, p. 151;
1976, p. 146, Table 14); in March about 20 ind. cm™ on slides exposed in the Poppels-
dorfer Weiher, a eutrophic pond in the German city of Bonn (Wilbert 1969, p. 491);
dominant at a rate of flow of 0.3-0.5 m s in the beta- to alphamesosaprobic river Rhine
near the German city of Bonn (Schmit> 2295); Lake Lough Neagh, the largest
freshwater lake in Northern Ireland (X 1999, p. 105); Stirone stream, northern
Italy (Madoni 2000a, b); River Lielupe, iepa 1973, p. 33); Turiec river, Slova-
kia (Tirjakova 1993, p. 133); Zemplit ‘AW a reservoir in eastern Slovakia (Matis
1977, p. 30; as variety H. kessleri aquac.=""",; dead arm of Danube River in Slovakia
(Matis & Tirjakova 1994, p. 51); submerged and wet mosses in Slovakia (Tirjakova &
Matis 1987a, p. 8); brook and thermal lakes in Bojnice spa, Slovakia (Matis &
Strakova-Strieskova 1991, p. 114); Hanjiang River, China (Shen et al. 1994, p. 207);
Yellow River in Lanzhou, China (Ma 1994, p. 95); river and lake in China (Ma & Dang
1994, p. 453); freshwater sites from the Yuelushan area, China (Yang 1989, p. 157; fur-
ther record from China: Su et al. 1988, p. 3); Chaohu Lake, China (Xu et al. 2005, p.
188); during April in the Savannah river, USA (Patrick ct al. 1967, p. 320); in July in
the lake of the extinct volcano Tantalus, Oahu, Sandwich Osland (Schewiakoff 1893, p.
67).

Freshwater records of Holosticha diademata (for explanation, see remarks): Eng-
land (Craigie 1921, p. 119); dominant (up to 12 ind. ml™) in the slightly to distinctly
polluted, eutrophic (about 0.6 mg 1! PO,*-P) La Dore River, France (Groliére et al.
1990, p. 387; Sparagano & Groliére 1991, p. 53); brook (Duvebach) in the Rhineland,
Germany (Pitsch 1974; Fig. 26w); alpine brook polluted by waste water, south Ger-
many (Bauer 1987, p. 19); mesosaprobic brooks and river Rhine near the German city
of Bonn at a streaming velocity of 0.30-0.49 m s (Jutrzenki 1982, p. 108; Schmitz
1983, p. 4); common and often abundant in the aufwuchs, only once in the plankton
community, of a cooling system of a conventional power station in Germany (Bernerth
1982, Table 14); brook in Hungary (Vorosvary 1950, p. 376); spring in Italy (Stella

(Ciliophora,
Hypotricha)
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1987 Gonostomum Sterki, 1878 — Tuffrau, Annls Sci. nat. (Zool.), 8: 115 (revision of hypotrich orders).

1994 Gonostomum Sterki, 1878 — Tuffrau & Fleury, Traite de Zoologie, 2: 143 (revision of hypotrich
families).

1994 Gonostomum Sterki, 1878 — Shin, Dissertation, p. 105 (systematics of Korean hypotrichs).

1997 Gonostomum Sterki, 1878 — Berger & Foissner, Arch. Protistenk., 148: 145 (phylogenetic analyses
and generic revision of oxytrichids; for ¢! -isation, see Berger 1999).

1999 Gonostomum Sterki, 1878 ' — Berger, . iae biol., 78: 367 (detailed revision).

1999 Gonostomum Sterki, 1878 — Shi, Acta Zo¢ dca, 24: 259 (generic revision of hypotrichs).

1999 Gonostomum Sterki, 1878 — Shi, Song & . yress in Protozoology, p. 108 (generic revision of
hypotrichs).

2001 Gonostomum Sterki 1878 — Aescht, De. o (catalogue of generic names of ciliates).

2001 Gonostomum Sterki, 1878 — Berger, Catalogue of ciliate names 1. Hypotrichs, p. 29 (nomenclator
containing all basionyms, combinations, and higher taxa of hypotrichs).

2002 Gonostomum Sterki, 1878 > — Lynn & Small, Phylum Ciliophora, p. 459 (guide to ciliate genera).

2007 Gonostomum Sterki, 1878 — Jankowski, Phylum Ciliophora, p. 464 (generic revision of ciliates).

2007 Plagiotricha Kent, 1882 — Jankowski, Phylum Ciliophora, p. 464 (generic revision of ciliates).

2008 Gonostomum Sterki, 1878 — Lynn, Ciliated protozoa, p. 361 (revision of ciliate families).

Nomenclature: A derivation of the genus-group name Gonostomum was provided
neither in the original description, the review by Berger (1999), nor in any other pa-
per. Gonostomum is a composite of the Greek substantive ke gonia (knee, corner,
angle), the thematic vowel -o-, the Greek substantive fo stdma (mouth, opening;
Hentschel & Wagner 1996, p. 278, 559), and the suffix -um. It obviously refers to
the angled (knee-shaped) adoral zone of membranelles. Neuter gender (Aescht 2001,
p. 284). Gonostomum Sterki, 1878 is the name-bearing type genus of the Gono-
stomatidae Small & Lynn, 1985 and Gonostomidae Culberson, 1986, but not of the
Gonostomidae Goode & Bean, 1895 v is based on the fish genus Gonostoma
Rafinesque, 1810°. Plagiotricha is a site of the Greek adjective plagios (ob-
lique) and the Greek noun trichos f s in present case) (Kent 1882). Likely,
it refers to the “one or more obliqu entral setae”.

The type fixation in Gonostomum ymewhat cryptic at the first glance and
caused some authors (Borror 1972, Jankowski 1979) to assume that Oxytricha stre-
nua Engelmann, 1862 is the type species of Gonostomum. However, this is incorrect
and because the paper by Sterki (1878) is in German I explain the situation in detail.
Sterki (1878, p. 36) included in Gonostomum “Oxytricha affinis Stein, Oxytricha
strenua Engelmann and two or three new species”, that is, at this site of the paper he
did not fix a type. In the appendix, Sterki (1878, p. 57, point 6) defined Gono-
stomum as follows (see footnote 1 on p. 58 for original German version): “Further,

" Berger (1999) provided the following characterisation (based on Berger & Foissner 1997): Adoral zone
of membranelles and undulating membranes in Gonostomum pattern. Frontoventral cirri roughly in V-
shaped pattern. Postoral ventral cirri right of adoral zone. Usually fewer than 4 transverse cirri. One right
and 1 left row of marginal cirri. Three dorsal kineties. Caudal cirri present. Primary primordia. Dorsal
morphogenesis in Gonostomum pattern.

? Lynn & Small (2002) provided the following characterisation: Paroral and endoral parallel to each other
with endoral anterior to paroral; some frontoventral cirri form a file along anterior right border of peri-
stomal area; transverse cirri; caudal cirri, posterior and dorsal.

3 Paper not mentioned in reference section.

Kahliella

Fig, 651, ¢ Kakliella simplex (from Berger & Toissner 1987, Protargol impregnation). Infraciliature of
ventral and dorsal side and nuclear apparatus of neotype specimen, 120 pm. Arrowhead in (f) marks left
lrontal cirrus (= cirrus 1/1), arrow n (I3 denoles a very shorl additienal parental lell marginal row not con-
sidered In the morphometry. Arrow in (g} marks two (parental?) dorsal bristles. AZM = adoral zone of
membranclles, CC = caudal cirti (= rear portion ol dorsal kinety 13, LMR = lell marginal row, TMR(+1),
LMR(+2) = left marginal rows of previous generations, MA = macronuclear nodule, MI = micronucleus,
RMR = right marginal row, I-VI = lrontoventral cirrn rows, VI(+1), VIi+2), VI{=3) = l[ronloventral row VI
of previous generations, 1-4 = dorsal kinetics (4 1s a dorsomarginal kinety), Page 367,

(Aescht 2003, p. 396; 2008, p. 178). However, since our paper {Berger & Foissner
1987) does not contain any hint on such a nomenclatural act, this “neotypification™
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Abstract

The Hypotricha are a major taxon of the spirotrichous ciliates (12). They are
the sistergroup of the mainly pelagic oligotrichs (e.g., Tintinnidium, Limno-
strombidium, Halteria). The hypotrichs are, inter alia, an important group of the
microbial community of limnetic habitats, including hypersaline inland waters
where mainly cladotrichids live. About 1000 nominal species are described
from freshwater (ca. 300), soil, and the sea, and it is estimated that ca. 800 of
them are valid. Since 1999, six major groups have been revised in detail and
published in the renowned book series Monographiae Biologicae (MB, Sprin-
ger; editors Dumont & \Werger): Oxytrichidae (MB 78), Urostyloidea (MB 85),
Amphisiellidae and Trachelostylidae (MB 88), Gonostomatidae and Kahliell-
idae (MB 90). The penultimate volume deals mainly with the uroleptids while
the last part treats the remaining groups, for example, the Stichotricha species,
which often occur in ponds and running waters, and Hypotrichidium which
comprises only pelagic species. All volumes contain detailed keys so that even
workers which are not familiar with this group can identify these organisms.
For further details, see www.protozoology.com/monograph and exhibits.
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