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Rumen Ciliate Biota of Domestic Cattle (Bos taurus taurus) in İstanbul, 
Turkey and Infraciliature of Metadinium medium (Entodiniomorphida, 
Ophryoscolecidae)
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Abstract: The species composition and distribution of ciliates were investigated in the rumen contents of 15 domestic cattle (Bos taurus 
taurus L.) living in the European part of İstanbul, Turkey. Thirty-five species and 13 morphotypes belonging to 13 genera were identified. 
The density of rumen ciliates in cattle was 31.8 (± 21.3) × 104 cells ml−1, and the mean number of ciliate species per host was 12.9 ± 4.4. Of 
the ciliate species, Dasytricha ruminantium, Entodinium simulans, and Isotricha prostoma were the most abundant, each with a prevalence 
of 93.3%, whereas Diplodinium anisacanthum, D. dogieli, D. rangiferi, Enoploplastron triloricatum, Metadinium medium, and Ostraco
dinium munham were detected only in one animal (6.7% prevalence). Eodinium posterovesiculatum m. bilobosum and D. dogieli are new 
host records for cattle in Turkey. The infraciliature of M. medium (Entodiniomorphida, Ophryoscolecidae) was examined and detected for 
the first time. The buccal infraciliature of M. medium was composed of three polybrachykineties, a kinety loop, and paralabial kineties. 
A large dorso-adoral polybrachykinety, a gentle S-shaped curved vestibular polybrachykinety, and a kinety loop between the dorso-adoral 
polybrachykinety and adoral polybrachykinety were characteristics. Because of these features, M. medium-type buccal infraciliature was 
between the Ostracodinium gracile-type buccal infraciliature and the Ostracodinium mammosum-type buccal infraciliature.
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INTRODUCTION

All ruminants are dependent on the microorganisms 
that live in their rumen to breakdown ingested feed 
into a form that the host animal can utilize. Protozoa 
are part of this complex ruminal population and are es-
sential for the nutritional well-being and productivity 
of the host ruminant (Williams and Coleman 1992). 

The majority of these protozoa in the rumen are ciliates 
(Dehority 1986; Ogimoto and Imai 1981). These cili-
ates are endocommensal and are transmitted only by di-
rect contact with the host during their lives, suggesting 
that the composition of rumen ciliate species has pecu-
liarly evolved in narrow and limited areas (Imai 1988). 
Comparative studies of the ruminal ciliate populations 
of various hosts in different areas should provide the 
phylogenetic relationships between rumen ciliates and 
the host ruminant (Dehority 1978; Dogiel 1927; Gürelli 
2014; Ito and Imai 1990) because the diversity of the 
present day ruminant ciliates is so overwhelming that 
it may be assumed that at least part of the diversity 
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evolved recently parallel to the radiation of their pre-
sent day hosts (Moon-van der Staay et al. 2014).

The city of İstanbul is a bridge between Europe and 
Asia, so it has geographical importance. No animal 
transportation is permitted between the Anatolian part 
and the European part of İstanbul to prevent transmis-
sion of some animal illnesses.

The aims of this study were to identify the ruminal 
ciliate biota in domestic cattle (Bos taurus taurus) liv-
ing in the European part of İstanbul, Turkey, describe 
the infraciliature of Metadinium medium (Entodini-
omorphida, Ophryoscolecidae), and discuss the evolu-
tion of rumen ciliates.

MATERIALS AND METHODS

Samples of ruminal contents were obtained from 15 domestic 
cattle (B. taurus taurus) held at slaughterhouses around the Eu-
ropean part of İstanbul, Turkey from October 2014 to September 
2015. Cattle were mostly fed on pasture before slaughter because 
they were outdoor-kept cattle. After slaughter, the rumen was cut 
open with a knife. A well-mixed ruminal digesta sample was im-
mediately obtained by inserting a ladle into the open rumen and 
fixed with an equal volume of 18.5% formalin (Dehority 1984). An 
aliquot of each sample was stained with methyl green formalin sa-
line (MFS) solution for total and differential cell counts (Ogimoto 
and Imai 1981). MFS was also used as a nuclear stain, and Lugol’s 
iodine was used to visualize the skeletal plates (Gürelli 2016a).

Ciliate densities were calculated at 400× magnification with 
a Neubauer hemocytometer counting chamber. Differential counts 
of species were estimated from 50 to 800 cells on smear slides of 
each species (Gürelli 2016b). 

The orientation of the ciliates for description was adopted from 
Dogiel (1927), in which the side closest to the macronucleus was 
called the dorsal side and the opposite side was called the ventral 
side.

The infraciliary bands were stained using the pyridinated silver 
carbonate impregnation method (Ito and Imai 1998). The term poly-
brachykinety was used for infraciliary bands composed of numer-
ous, short, parallel kineties (Fernández-Galiano et al. 1985; Ito and 
Imai 1998, 2006).

Some samples were examined with a scanning electron micro-
scope (SEM). MFS-fixed specimens were washed in distilled water 
overnight and post-fixed in a 2% (w/v) osmium tetroxide aqueous 
solution for 4 h at room temperature. After five washes in distilled 
water, the specimens were dehydrated through an ethanol series 
(20 min in each concentration) and dried in a CO2 critical point 
dryer (Imai et al. 1992). The dried specimens were sputter-coat-
ed with gold and examined under a FEG 250 SEM (FEI-Quanta, 
Kastamonu, Turkey).

The classification and identification of the species were based 
on previously published species descriptions and taxonomic lists 
(Dehority 1993; Dogiel 1927; Ito and Imai 2003; Kofoid and Mac-
Lennan 1932; Lynn 2008; Ogimoto and Imai 1981).

RESULTS

The mean number (± SD) of ciliates in the ruminal 
contents from 15 domestic cattle (B. taurus taurus) was 
31.8 (± 21.3) × 104 cells ml−1. Values ranged from 4.5 
to 79.0 ×104 cells ml−1. Thirty-five species and 13 mor-
photypes belonging to 13 genera were detected. Of the 
ciliate species, Dasytricha ruminantium, Entodinium 
simulans, and Isotricha prostoma were the most abun-
dant, each with a prevalence of 93.3%, whereas Diplo
dinium anisacanthum, D. dogieli, D. rangiferi, Enoplo
plastron triloricatum, M. medium, and Ostracodinium 
munham were detected in only one animal (6.7% preva-
lence) (Table 1). The total number of species per ani-
mal ranged from 5.0 to 19.0, with a mean of 12.9 ± 4.4 
(SD). In general, the ruminal ciliate fauna of cattle in 
İstanbul, Turkey was primarily composed of Entodin
ium species (mean: 61.8%; range: 36.5–83.1%). Eod
inium posterovesiculatum m. bilobosum and D. dogieli 
are new host records for cattle from Turkey.

Infraciliature of Metadinium medium (Entodini-
omorphida, Ophryoscolecidae)

The buccal infraciliature was composed of three 
polybrachykineties, a kinety loop, and paralabial ki-
neties. The adoral and dorso-adoral polybrachykine-
ties surrounded the vestibular opening, a kinety loop 
connected them, and the vestibular polybrachykinety 
extended inside the vestibulum. The wide, adoral po-
lybrachykinety encircled most of the circumference of 
the vestibular opening, which arched ventrally from 
its right to left side, and inclined ventrally. The large 
dorso-adoral polybrachykinety was located at the dor-
sal side of the vestibular opening. The adoral poly-
brachykinety and the dorso-adoral polybrachykinety 
were connected by a kinety loop. This kinety loop was 
a very narrow polybrachykinety by kineties in which 
each kinety row decreased in length. The vestibular 
polybrachykinety extended along the dorsal wall of 
the vestibulum from the dorsal edge of the vestibular 
opening to the level of the anterior part of the macro-
nucleus. The vestibular polybrachykinety had a gen-
tle S-shaped curve. Paralabial kineties were observed 
along the ventral side of the adoral polybrachykinety. 
The number of these kineties was four. Kinetids in the 
paralabial kineties were slightly larger than the kinet-
ids in the other polybrachykineties. The dorsal poly-
brachykinety extended laterally along the dorsal side 
of the body (Figs 1, 2).
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Table 1. Frequency of appearance and percentage composition of ciliates in the rumen contents of 15 cattle living in İstanbul, Turkey.

Genus/species/morphotype Frequency appearance (%)
Percentage composition (%)

Mean ± SD Range

Charonina Strand, 1928 40 1.7 ± 3.1 0–11.8

C. ventriculi (Jameson, 1925) 40 1.7 ± 3.1 0–11.8

Dasytricha Schuberg, 1888 93.3 6.5 ± 6.5 0–24.4

D. ruminantium Schuberg, 1888 93.3 6.5 ± 6.5 0–24.4

Diplodinium Schuberg, 1888 46.7 2.6 ± 4.6 0–14.7

D. anisacanthum Da Cunha, 1914 6.7 0.5 ± 2.0 0–7.9

m. anisacanthum Da Cunha, 1914 6.7 0.5 ± 2.0 0–7.9

D. dentatum (Stein, 1858) 40 0.9 ± 1.4 0–4.1

D. dogieli Kofoid and MacLennan, 1932 6.7 0.8 ± 3.2 0–12.2

D. rangiferi Dogiel, 1925 6.7 0.3 ± 1.3 0–5.0

Enoploplastron Kofoid and MacLennan, 1932 6.7 0.1 ± 0.4 0–1.6

E. triloricatum (Dogiel, 1925) 6.7 0.1 ± 0.4 0–1.6

Entodinium Stein, 1859 100 61.8 ± 16.6 36.5–83.1

E. bifidum Dogiel, 1927 20 1.4 ± 3.9 0–15.1

m. bifidum Dogiel, 1927 13.3 0.8 ± 2.4 0–9.0

m. monospinosum Ito et al., 1994 20 0.9 ± 2.1 0–6.1

E. bimastus Dogiel, 1927 26.7 0.8 ± 1.5 0–4.5

E. bursa Stein, 1858 33.3 1.2 ± 1.9 0–5.4

E. dilobum (Dogiel, 1927) 40 1.2 ± 1.6 0–4.1

E. dubardi Buisson, 1923 33.3 4.7 ± 7.4 0–20.0

E. ellipsoideum (Kofoid and MacLennan, 1930) 53.3 4.2 ± 5.5 0–16.1

E. exiguum Dogiel, 1925 20 1.1 ± 2.2 0–6.1

E. longinucleatum Dogiel, 1925 80 9.5 ± 6.5 0–22.0

E. minimum Schuberg, 1888 60 4.7 ± 4.9 0–15.8

E. nanellum Dogiel, 1923 46.7 5.9 ± 7.5 0–19.8

E. rostratum Fiorentini, 1889 40 4.9 ± 8.0 0–25.8

E. simulans Lubinsky, 1957 93.3 16.1 ± 9.2 0–35.6

m. dubardi Lubinsky, 1957 26.7 4.7 ± 7.4 0–20.0

m. lobosospinosum Lubinsky, 1957 26.7 1.5 ± 2.8 0–8.9

m. caudatum Lubinsky, 1957 86.7 9.9 ± 5.6 0–18.6

E. triacum Dogiel, 1927 53.3 4.8 ± 3.0 0–22.3

m. triacum Dogiel, 1927 53.3 4.8 ± 3.0 0–22.3

Eodinium Kofoid and MacLennan, 1932 20 0.7 ± 1.6 0–5.9

E. posterovesiculatum (Dogiel, 1927) 20 0.7 ± 1.6 0–5.9

m. monolobosum (Hsiung, 1932) 13.3 0.5 ± 1.5 0–5.9

m. bilobosum (Dogiel, 1927) 6.7 0.2 ± 0.7 0–2.6

Epidinium Crawley, 1923 53.3 8.6 ± 10.4 0–28.2

E. ecaudatum (Fiorentini, 1889) 53.3 8.6 ± 10.4 0–28.2

m. ecaudatum (Fiorentini, 1889) 20 1.1 ± 2.6 0–8.9

m. caudatum (Fiorentini, 1889) 53.3 7.1 ± 8.9 0–26.3

m. quadricaudatum Sharp, 1914 6.7 0.4 ± 1.4 0–5.4

Eudiplodinium Dogiel, 1927 26.7 2.7 ± 4.8 0–13.8
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Genus/species/morphotype Frequency appearance (%)
Percentage composition (%)

Mean ± SD Range

E. dilobum (Dogiel, 1927) 13.3 0.6 ± 1.8 0–6.5

E. maggii (Fiorentini, 1889) 13.3 0.7 ± 2.0 0–7.4

E. rostratum (Fiorentini, 1889) 20 1.4 ± 3.0 0–9.5

Isotricha Stein, 1859 93.3 5.1 ± 3.6 0–15.5

I. intestinalis Stein, 1858 33.3 0.4 ± 0.7 0–1.8

I. prostoma Stein, 1858 93.3 4.7 ± 3.8 0–15.5

Metadinium Awerinzew and Mutafowa, 1914 66.7 3.4 ± 3.9 0–13.6

M. affine (Dogiel and Fedorowa, 1925) 60 2.5 ± 2.7 0–7.7

M. medium Awerinzew and Mutafowa, 1914 6.7 ˂ 0.1 ± 0.1 0–0.4

Ophryoscolex Stein, 1859 46.7 1.1 ± 1.4 0–3.8

O. purkynjei Stein, 1858 46.7 1.1 ± 1.4 0–3.8

m. purkynjei Stein, 1858 46.7 1.1 ± 1.4 0–3.8

Ostracodinium Dogiel, 1927 53.3 1.2 ± 1.4 0–4.8

O. dogieli (Dogiel, 1927) 26.7 0.5 ± 0.8 0–2.4

O. gracile (Dogiel, 1925) 13.3 0.3 ± 0.8 0–2.8

O. mammosum (Railliet, 1890) 6.7 0.3 ± 1.2 0–4.8

O. munham Ito et al., 1994 6.7 0.1 ± 0.6 0–2.2

Polyplastron Dogiel, 1927 60 2.3 ± 3.9 0–15.7

P. multivesiculatum (Dogiel and Fedorowa, 1923) 60 2.3 ± 3.9 0–15.7

Total species, morphotypes, and genera number: 33, 13, and 13.

Fig. 1. Schematic figure of infraciliature of Metadinium medium 
from the right side, after pyridinated silver carbonate impregnation. 
AP – adoral polybrachykinety, DAP – dorso-adoral polybrachyki-
nety, DP – dorsal polybrachykinety, KL – kinety loop, PK – parala-
bial kineties, VP – vestibular polybrachykinety.

Fig. 2. Photomicrographs of M. medium, after pyridinated silver 
carbonate impregnation. a, b – from the right side, c, d – from the 
left side. AP – adoral polybrachykinety, DAP – dorso-adoral poly-
brachykinety, DP – dorsal polybrachykinety, KL – kinety loop,  
PK – paralabial kineties, VP – vestibular polybrachykinety.
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Division was by transverse binary fission, perpen-
dicular to the longitudinal axis. The buccal and dorsal 
polybrachykineties of the opisthe formed without any 
relationship to the polybrachykineties of the proter. 
Division began when the three ciliary bands appeared. 
Three ciliary bands; that is, the dorsal, ventral, and left 
primordia, were composed of numerous short, oblique 
kineties during division. The right end of the ventral 
primordium extended dorsally as a band that was nar-
row in the middle and wide at its extremity. The wid-
ened part of the ventral primordium extended and grew 
into a right primordium. The ventral and right primor-
dia were connected by a narrow polybrachykinety. The 
primordium of the paralabial kineties arose along the 
ventral side of the ventral primordium. The left primor-
dium was at the same level of the ventral and dorsal 
primordium and under the right primordium. The left 
primordium tilted obliquely relative to the longitudinal 

axis of the body. The right primordium and the dorsal 
extremity of the left primordium approached each oth-
er. The ventral, right, left, and dorsal primordia develop 
into adoral, dorsoadoral, vestibular, and dorsal poly-
brachykineties of the opisthe, respectively, after binary 
fission. The kinety loop of the opisthe originated from 
the kineties between the ventral and right primordia 
(Fig. 3).

DISCUSSION

In this study, 35 species and 13 morphotypes be-
longing to 13 genera were detected in the ruminal con-
tents of 15 cattle (B. taurus taurus L.) living in the Eu-
ropean part of İstanbul, Turkey. E. posterovesiculatum 
m. bilobosum and D. dogieli are new host records for 
cattle from Turkey, but no novel species were observed. 

Fig. 3. Photomicrographs of M. medium in binary fission from the right side, after pyridinated silver carbonate impregnation. AP – adoral 
polybrachykinety, DAP – dorso-adoral polybrachykinety, DP – dorsal polybrachykinety, DPR – dorsal primordium, KL – kinety loop,  
LP – left primordium, NP – narrow polybrachykinety between ventral and right primordia, PK – paralabial kineties, RPR – right primordium,  
VP – vestibular polybrachykinety, VPR – ventral primordium.
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Fig. 4. SEM images of Diplodinium dogieli. a – from the left side, b – from the right side, c – from the right side in binary fission. AL – ado-
ral lip, DCZ – dorsal ciliary zone, DL – dorsal lip, O – operculum. Narrow longitudinal thickening of the pellicle (arrowheads).

D. dogieli is found principally in wild ruminants, such 
as reindeer, deer, and musk-ox (Dehority 1985; Dehor-
ity et al. 1999; Dogiel 1925; Imai et al. 2004; Lubinsky 
1958), but three records of it exist from domesticated 
animals, such as alpaca, cattle, and sheep (Del, Valle 
et al. 2008; Hukui 1940; Marinho 1983). This is the 
second report from cattle after the record from Japanese 

cattle by Hukui (1940). This ciliated species is ellipsoi-
dal with a truncated anterior and rounded posterior end. 
A narrow longitudinal thickening of the pellicle extend-
ed along the right dorsal surface from the anterior end 
to the cytoproct (Figs 4, 5).

Mean ciliate density in the ruminal contents of do-
mestic cattle living in the European part of İstanbul 
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Fig. 5. Photomicrographs of D. dogieli. a, b – in MFS and Lugol’s iodine from the right side. CV – contractile vacuole, MA – macronucleus, 
MI – micronucleus. Narrow longitudinal thickening of the pellicle (arrowhead).

(31.8 ± 21.3 × 104 cells ml−1) was less than that of cattle 
in Kastamonu (Gürelli 2016b) and cattle in İzmir (Göç-
men et al. 2003), which are both in the Anatolian part of 
Turkey. This variation may be due to their different geo-
graphical locations, their respective diets, the number 
of hosts examined, or a combination of these factors.

Of the ciliate species, Dasytricha ruminantium, En
todinium simulans, and Isotricha prostoma were most 
abundant, each with a prevalence of 93.3%, whereas 
Diplodinium anisacanthum, D. dogieli, D. rangiferi, 
Enoploplastron triloricatum, Metadinium medium, and 
Ostracodinium munham were detected only in one ani-
mal (6.7% prevalence). Dasytricha, Entodinium spp., 
and Isotricha spp. are very common ciliates in the ru-
men, possibly due to the very widespread distribution of 
these species or the animal’s diets. Entodinium spp. rap-
idly grow, and their relative frequency increases when 
the host is fed a concentrate-rich ration (Hungate 1966).

In this study, the infraciliature of M. medium (Ento-
diniomorphida, Ophryoscolecidae) was examined and 
detected for the first time. M. medium has a different 
buccal infraciliature pattern from that of other ophry-
oscolecid species. However, the M. medium-type buc-
cal infraciliature pattern looks like that of the Ostra
codinium gracile-type and O. mammosum-type buccal 
infraciliature patterns. Ito et al. (1997), Ito and Imai 
(1998), and Ito et al. (2001) studied buccal infracili-
ature of Ostracodinium spp. and three buccal infracili-
ature patterns, such as the O. gracile-type, O. mammo
sum-type, and O. damaliscus-type were detected. The 
O. mammosum-type buccal infraciliature pattern has 
a small, drop-shaped dorso-adoral polybrachykinety, 
a gentle curved vestibular polybrachykinety, and a ki-
nety loop between the adoral and dorso-adoral poly-
brachykineties (Ito et al. 2001). However, the shape 
of the dorso-adoral and vestibular polybrachykineties 
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of the M. medium-type buccal infraciliature differs from 
that of the O. mammosum-type buccal infraciliature. 
The O. gracile-type buccal infraciliature pattern has  
a large dorso-adoral polybrachykinety, S-shape curved 
vestibular polybrachykinety, and adoral polybrachyki-
nety like the M. medium-type, but no kinety loop is 
between the adoral and dorso-adoral polybrachykinety 
(Ito and Imai 1998). The shape and position of the dor-
sal poly brachykinety are the same in the three buccal 
infraciliature patterns. The dorso-adoral and vestibular 
polybrachykineties are slender in the O. damaliscus-
type buccal infraciliature, and the kinety loop is well 
developed between the adoral and dorso-adoral poly-
brachykineties (Ito et al. 1997).

M. medium has a tubular vestibulum like Ostraco
dinium, Epidinium, Ophryoscolex, Enoploplastron, 
and Eodinium, whereas the vestibulum in Entodinium, 
Diplodinium, Eudiplodium, and Polyplastron is fun-
nel-shaped (Ito and Imai 2003, 2006, 2005; Ito et al. 
2002; Mishima et al. 2009). According to Ito and Imai 
(2006), when the funnel-shaped vestibulum changed 
to become tubular, the dorso-adoral polybrachykinety 
and the kinety loop appeared, and the vestibular po-
lybrachykinety became slender. The buccal infracili-
ature patterns reveal the evolutionary relationship in 
the family Ophryoscolecidae. Until now, there were 12 
buccal infraciliature patterns described for representa-
tives of the family Ophryoscolecidae, including the 
Entodiniumtype, Diplodiniumtype, Diplodinium po
lygonaletype, D. lechetype, D. nanumtype, Eodinium 
posterovesiculatumtype, O. gracile-type, O. mammo
sumtype, O. damaliscustype, Enoploplastron stokyi 
type, Epidiniumtype, and Ophryoscolextype (Ito and 
Imai 2003, 2006, 2005; Ito et al. 1997, 1998, 2001; 
Mishima et al. 2009; Noirot-Timothée 1960). The 
Entodinium-type buccal infraciliature has only adoral 
and vestibular polybrachykineties with the same width 
(Ito and Imai 2006; Mishima et al. 2009). Ruminal 
ciliates with the Entodinium-type buccal infraciliature 
could be ancestral in the family Ophryoscolecidae (Ito 
and Imai 2005). The Diplodinium-type has adoral, ves-
tibular, and dorsal polybrachykineties, and the adoral 
and vestibular polybrachykineties have the same width 
(Ito and Imai 2003). The D. polygonale-type, D. leche-
type, and D. nanum-type have adoral, vestibular, and 
dorsal polybrachykineties. However, the direction of 
the vestibular polybrachykineties of these types dif-
fers from that of the Diplodinium-type, so these types 
of buccal infraciliatures could be intermediate between 
the Entodinium-type and Diplodinium-type buccal in- 

fraciliatures (Ito and Imai 2003, 2005). The Ostracod
inium-types and M. mediumtype buccal infraciliatures 
have an additional polybrachykinety, called the dorso-
adoral polybrachykinety. However, no kinety loop oc-
curs between the adoral and dorso-adoral polybrach-
ykineties in O. gracile-type buccal infraciliature but 
the kinety loop exists in the O. mammosum-type and 
O. damaliscus-type buccal infraciliatures (Ito and Imai 
1997, 1998, 2001). Ito and Imai (2006) proposed the 
evolution of the O. mammosum-type buccal infracili-
ature from the O. gracile-type buccal infraciliature. Ac-
cording to the present results, M. medium-type buccal 
infraciliature could have evolved from the O. gracile-
type and has an intermediate position between the O. 
gracile-type and O. mammosum-type buccal infracilia-
ture. Taken together, if the buccal infraciliature patterns 
compare in Ophryoscolecidae, the evolutionary rank of 
the buccal infraciliature is Entodinium-type, D. polygo
nale-type, D. leche-type, D. nanum-type, Diplodinium- 
type, O. gracile-type, M. medium-type, O. mammosum-
type, O. damaliscus-type, Enoploplastron stokyi-type, 
Epidinium-type, and Ophryoscolex-type, respectively. 
However, the Eodinium-type buccal infraciliature has 
not been placed in this rank because this species dis-
plays an exceptional vestibular polybrachykinety in the 
family Ophryoscolecidae (Ito and Imai 2003).

There are thirteen buccal infraciliature patterns with 
together M. medium-type in Ophryoscolecidae and phy-
logenetic relationships between six of them, Entodini
um-type, Diplodinium-type, O. gracile-type, O. mam
mosum-type, Epidinium-type, and Ophryoscolex-type 
were also confirmed with the molecular study (Rossi 
et al. 2015).

The buccal infraciliature is an important character 
for understanding the evolutionary relationships among 
the rumen ciliates in family Ophryoscolecidae, and 
more studies on rumen ciliates are necessary to reveal 
unknown buccal infraciliature patterns.
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