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Abstract. This paper examines the species composition of endobiotic ciliates
in the faecal samples from domestic Marwari horses (Equus caballus) from
the Thar Desert, Rajasthan, India. We discovered nine species of ciliates from
the Cycloposthiidae, Buetschliidae, Blepharocorythidae, Spirodiniidae, and
Paraisotrichidae families. We also emphasise that Marwari horses differ
considerably from domestic horses in other geographical regions by the
species composition of endobiotic ciliates. We assume that such difference
may be due to their diet, which is largely based on peanut roughage.

Keywords: symbiotic ciliates, Trichostomatia, Equus caballus, Marwari
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AHHOmayus. VIccAepOBaH BUAOBOI COCTAB SHAOOMOHTHBIX MHGY30pUiT B
npobax pekaauit oomaiunen asoumwaau Equus caballus mopoabl MmapBapu 13
mycteiiu Tap (Pecriybamxa MHpms, PapxacTxaH). OOHapy>keHO A€BSITh
BuAOB Hy3opuit — npeacrtaBureaei cemelicts Cycloposthiidae, Buetschliidae,
Blepharocorythidae, Spirodiniidae u Paraisotrichidae. [Toxasano, uto mo
BUAOBOMY COCTaBy MH(}Y30pUII-9HAOOMOHTOB NCCAEAOBAHHbIE HAMMU
MapBapCKye AOMIAAU 3HAUUTEABHO OTAUYAIOTCSI OT AOMAIIHIIX AOLIAAEI 13
APYIUX reorpadu4ecKkux pernoHoB. I[IpeATIOAOKUTEABHO TTI0AOOHbIE PABANYMST
00yCcAOBA€EHBI creliPUKOIL IUTAHUS AOLIAAEI, OCHOBY PaLiMOHa KOTOPBIX
COCTaBASIIOT IPy0ble KOPMa U3 OTXOAOB IIPOM3BOACTBA apaxuca.

Karouesote crosa: cumbuoTnyeckne nueysopuu, Trichostomatia, Equus
caballus, nomapy mopopbl mapsapu, Cycloposthium, Blepharocorys,
Spirodinium, Paraisotricha
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Endobiotic ciliates of Marwari horses from the Thar Desert, India

Introduction

Among all the Equus species, the fauna
of endobiotic ciliates is best studied in the
domestic horse (Equus caballus). Endobiotic
ciliate communities have been analysed in
horses across various geographical regions,
with a total of at least 78 ciliate species
identified in the intestines of this host (Cedrola
et al. 2019; Kornilova et al. 2019). However,
data available on the species diversity of
endobiotic ciliates in domestic horses from
long-isolated geographical populations have
been scarce and patchy so far. Meanwhile,
such studies can be of great interest given the
specific transmission pathway of endobiotic
ciliates: most of them do not produce cysts and
are mainly passed from one host to another
via grooming or coprophagy (Kornilova
2004). We can thus assume a stark difference
in the structure of endobiotic communities
across various geographical domestic horse
populations and even the presence of ciliate
species that are specific to a certain host
population (Kornilova 2006). Such differences
may be linked to both the founder effect and
the influence of various environmental factors
such as diets.

We provide a comparative study of the
species composition of endobiotic ciliates
in the faecal samples of domestic Marwari
horses (E. caballus) from the Thar Desert,
India.

Material and methods

In January 2015, we collected faecal samples
from six Marwari horses at the Mahansar Fort
(Rajasthan, India) in the north-east of the Thar
Desert (N28°12'0”", E75°2'53"). Local horses
mostly feed on Arachis hypogaea L., 1753
peanut roughage — rhizoma peanut hay — and
shelled peanuts. Marwari horses have been
bred in the Thar Desert since the 12 century.
Intensive selective breeding efforts produced
sturdy cavalry horses with unique performance
and external characteristics (Rousseau 2014).
According to the analysis of the Marwari horse
genome, this breed is closely related to Arabian
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and Mongolian horses in contrast with other
native Indian horses (Jun et al. 2014).

In the 19" and early 20" centuries, the
population of Marwari horses slumped, but
was restored in the late 20™ century. At present,
Marwari horses are prohibited from being
exported from India, but can be temporarily
taken to international shows in very limited
numbers (Rousseau 2014). The studied horses
have never contacted any imported horses or
left India.

The samples were fixed in 96% ethyl alcohol
(1:1) and kept in the dark at room temperature.
The ciliates were stained by methyl green 1%
solution in 1% acetic acid in order to visualise
the nuclei. The ciliates were observed and
photographed on glass object slides using a
Leica DM 2500 microscope equipped with
differential interference contrast (DIC) and a
digital camera Leica DFC495 (8.0MP).

To identify the features of the
ciliature organization, the method of
immunofluorescence microscopy was used.
The samples for immunofluorescent staining
and microscopy were prepared according to
a previously published protocol (Kornilova
et al. 2019).

The total number of ciliates in a fixed
volume of liquid (100 pl) was counted on the
slides. Identification and taxonomy of ciliate
species and genera was mainly based on the
studies of Gassovsky, Hsiung, Strelkow, and
Lynn (Gassovsky 1919; Hsiung 1930; Strelkow
1931; 1939; Lynn 2008). Statistical data
processing was carried out using Past 3.0.

Results and discussion

The faecal samples from Marwari horses
revealed a total of nine ciliate species (Table 1,
Fig. 1). All of them are typical representatives
of the endobiotic ciliate fauna of this host. The
ciliate species composition is generally similar
in all the six horses although horses No. 1 and
2 had much fewer species than all the others.
Meanwhile, the total number of endobiotic
ciliate species in the studied horses from the
Thar Desert was extremely low compared to
the available data on the diversity of endobiotic
ciliate species found in domestic horses from
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Fig. 1. Ciliates from the faeces of domestic Marwari horses from India: A — Spirodinium
uncinucleatum; B — Spirodinium equi; C — Cycloposthium bipalmatum; D — Alloiozona
trizona; E — Paraisotricha colpoidea; F — Blepharocorys uncinata; G — Fiorentinus ovalis,
H — Blepharoprosthium polytrichum; I — Polymorphella ampulla. Ma — macronucleus;
mi — micronucleus; v — vestibulum. Scale bars: A—-C — 50 pum; D—I — 20 pm

Puc. 1. Vndysopun n3 dexarmit AOMALIHUX AOLIAAEN TIOPOABI MapBapu us VMuamm: A —
Spirodinium uncinucleatum; B — Spirodinium equi; C — Cycloposthium bipalmatum;
D — Alloiozona trizona; E — Paraisotricha colpoidea; F — Blepharocorys uncinata; G —
Fiorentinus ovalis; H — Blepharoprosthium polytrichum; I — Polymorphella ampulla. Ma —
MaKpOHYKA€YC; mi — MUKPOHYKAeyC; v — BecTnOyaym. Macurrabubie auneiiku: A—C —
50 mxm; D—-I — 20 MKM
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Table 1

Composition and number of species of endobiotic ciliates in the faecal samples
of domestic Marwari horses from India. The numbers indicate the number of cells
in 100 pl, + — single ciliate individuals discovered

TabAumna 1

BuaOBOIi COCTaB M YICAEHHOCTb 3HAOOMOHTHBIX MH(}Y30puii B mnpoodax ¢pexasuii
AOMAIITHNX AOIIAAEN MOPOABI MapBapu u3 llHaun

Horse No.

Family/Genera/Species

1 2 3 4 5 6

Cycloposthiidae Poche, 1913

Cycloposthium Bundle, 1895

1 | C. bipalmatum (Fiorentini) 1890

20 | 50 | 50 | 40 | 50 | 50

Spirodiniidae Strelkow, 1939

Spirodinium Fiorentini, 1890

2 |S. equi Fiorentini, 1890

3 |S. uncinucleatum Hsiung, 1935

Blepharocorythidae Hsiung, 1929

Blepharocorys Bundle, 1895

4 | B. uncinata (Fiorentini, 1890)

Paraisotrichidae da Cunha, 1917

Paraisotricha Fiorentini, 1890

5 | P. colpoidea Fiorentini, 1890

Buetschliidae Poche, 1913

Fiorentinus Jankowski, 1986

6 |E ovalis (Fiorentini, 1890)

20 | 10 | 10 | — 10

Blepharoprosthium Bundle, 1895

7 | B. polytrichum Strelkow,1939

- - 10 | 10 + 20

Alloiozona Hsiung, 1930

8 |A. trizona Hsiung, 1930

- - 10 | 10 + 10

Polymorphella Corliss, 1960

9 | P ampulla (Dogiel, 1929)

— — 10 + — +

Total species

1 2 8 9 6 8

Note: numbers — the number of cells in 100 pl; + — single ciliate individuals discovered
TpumenaHue: 4ucAa — KOAUIECTBO KA€TOK Ha 100 MKA; + — 0OHapy>KeHbI eAUHUYHBIE 0CO0U UHPY30pUIL

other habitats (Cedrola et al. 2019; Kornilova
etal. 2019). The samples showed a total of four
species from the Buetschliidae family and no
species of the Bundleia genus whatsoever,
which is extremely rare for endobiotic ciliate
communities in equine intestines. Meanwhile,
the discovered buetschliids — Fiorentinus
ovalis, Polymorphella ampulla, Alloiozona
trizona, and Blepharoprosthium polytrichum —
are rather frequent in Marwari horses.

The samples contained virtually no
representatives of the equine endobiotic
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ciliate fauna typically found in horses, e. g.,
Blepharocorythidae family species. Horse
No. 4 was the only one to show single
individuals of the rather rare Blepharocorys
uncinate species. No suctorians
(Allantosomatidae family) were detected,
either. The samples were clearly dominated
by Cycloposthium bipalmatum, whereas no
other cycloposthiids were found. Overall,
the ciliate species composition discovered in
the faecal samples collected from Marwari
horses of the Thar Desert is largely different
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Fig. 2. Bray-Curtis dendrogram of cluster analysis of the species composition of endobiotic
ciliate communities in Equus caballus from different geographical regions

Puc. 2. AeHpoporpamma, MOAy4YeHHasi IO pe3yAbTaTaM KAACTEPHOIO aHaAl3a BUAOBOTO
cocTaBa coob1ecTB MHPY30pui-sHAOOMOHTOB Equus caballus n3 pasHbIX reorpapmiecKux
PEruoHOB C UCMoAb30BaHueM Koadduunenta bpes-Képruca

from the one in domestic horses from other
geographical regions (Table 2). The lowest
number of common species was identified in
horses from Brazil, Iceland, and Cyprus.
According to the results of cluster analysis,
the ciliate communities of horses from India
form a separate branch on the dendrogram,
demonstrating the presence of significant

Amurian Zoological Journal, 2024, vol. XV1I, no. 2

differences in species composition compared
to the communities of endobiont ciliates of
horses from other regions (Fig. 2).

The overwhelming majority of endobiotic
ciliates in the mammalian intestinal tract
are uncapable of producing cysts and are
generally passed from one host to another via
grooming and coprophagy (Kornilova 2004).
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Table 2
Comparative analysis of the species diversity of endobiotic ciliates in domestic horses
from different regions (localities)
TabAuma 2
CpaBHUTEABHBII AaHAAN3 BUAOBOTO Pa3HO00pa3us MHPY30pUii-9HAOOUOHTOB
AOMAIIIHEl AOIIAAY 13 Pa3HBIX PETMIOHOB

1] 2 3 4 | 5] 6] 7 8 9 [ 10 | 11 | 12
Numberof | o | 52 | 30 | 56 |37 | 56| 65 | 39 | 3¢ | 50 | 21 | 24
species
Number of
common 7 7 8 8 8 8 7 5 8 2 3
species
Serensen 044 | 038 | 025 |0.36]0.25| 022 | 033 | 0.26 | 0.27 | 0.17 | 0.22
coefficient

Note: 1 — present study; 2 — Scotland (Adam 1951); 3 — China (Hsiung 1936); 4 — Far East; 5 — Middle Asia
(Strelkow 1939; Girelli et al. 2015); 6 — Yakutia, Russia (Kornilova 2006); 7 — Japan (Ike et al. 1983; 1985; Ito
et al. 1996; Cedrola et al. 2019); 8 — Tirkiye (Girelli, Go¢gmen 2011; 2012; Giirelli 2012); 9 — Iceland (Kornilova
et al. 2019); 10 — USA (Hsiung 1930; Cedrola et al. 2019; Giirelli et al. 2019); 11 — Cyprus (Cedrola et al. 2019);
12 — Brasil (Cedrola et al. 2019)

Tpumeuanue: 1 — Hacrosimee nccaepoBanne; 2 — llloraanpms (Adam 1951); 3 — Kurait (Hsiung 1936); 4 —
AaapHuit Bocrox; 5 — Cpeansist Asus (Strelkow 1939; Giirelli et al. 2015); 6 — fAxyrus (Kornilova 2006); 7 —
Anonus (Ike et al. 1983; 1985; Ito et al. 1996; Cedrola et al. 2019); 8 — Typuus (Giirelli, Go¢gmen 2011; 2012;
Grelli 2012); 9 — Vicaauaus (Kornilova et al. 2019); 10 — CIIIA (Hsiung 1930; Cedrola et al. 2019; Giirelli et al.
2019); 11 — Kumnp (Cedrola et al. 2019); 12 — Bpasuaus (Cedrola et al. 2019)

The development of a certain endobiotic
ciliate fauna in Marwari horses could have
been driven by contacts with Mongolian and
Arabian horses during selective breeding. It

A certain species composition of endobiotic
communities largely develops in foals during
the first weeks after birth (Ike et al. 1985).
Ciliates are transmitted to them from the

horses that they are in close contact with
during that period — their mothers, in the
first place. Besides, the composition and
structure of endobiotic ciliate communities
depend on the host’s diet and intensity of
contacts with other species (Strelkow 1939;
Kornilova 2004). We suppose that the species
composition of ciliate communities in the
studied Marwari horses is largely determined
by their specific diet, which is dominated
by peanut roughage. Therefore, it is worth
mentioning that the cytoplasm of the vast
majority of the ciliates we discovered was
filled with nutrient granules.

would therefore be instructive to examine
endobiotic ciliates in Arabian and Mongolian
horses in their native habitats and in
Indian breeds that are beyond the scope of
the reported study.
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