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Rumen Ciliate Protozoal Fauna of Reindeer in Inner Mongolia, China
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ABSTRACT. Rumen ciliate species and composition were surveyed on the reindeer kept in Inner Mongolia, China.  As a result of survey,
all the reindeer had the same 18 species of 8 genera  of the ciliates in their rumen.  Appearance of Entodinium parvum is the first record
in this host species.  Of the species detected, 15 species including Entodinium anteronucleatum, E. bicornutum, Enoploplastron confluens
and Epidinium gigas which have been detected only from reindeer were common with those in the reindeer kept in the other areas, such
as Alaska, Russia and Finland, indicating that every rumen ciliate faunae in reindeer has high similarity to each other, and suggesting
that these hosts have been isolated from the other ruminants for long time and established characteristic ciliate fauna.  The ci liate density
was estimated as 1.1–2.5 × 106/ml, which value was fairly higher than those in domestic ruminants.  Surface structures of characteristic
species were observed by SEM.
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Reindeer (Rangifer tarandus) is a cervid ruminant inhab-
iting tiga and tundra of north hemisphere, where average
temperature is very low and snow covers on the earth for 6
to 10 months.  Although various ruminants have distributed
on worldwide, only a few of them inhabits Frigid Zone,
because herbivorous mammals need a large amount of
plants as their food, whereas the Frigid Zone is a poor area
for growing plants.  Reindeer are considered to adapt to such
severe cirfumstance by eating moss plants during winter
season [1].  These animals in the Eurasian Continent have
been kept in semi-domesticated condition where the animals
usually have been released free in wilderness, and gathered
when the keepers want to take fur and meat as well as antlers
[1].  This characteristic ruminant is expected to have charac-
teristic rumen microbial fauna and flora.  Rumen ciliate fau-
nae of reindeer have been reported from Germany [6],
Finland [10, 11, 15], Russia [3–5], Canada [12, 13] and
Alaska [2], however, no survey has been performed in north
China where is southern limit of the breeding range of this
animal.  This report deals with the rumen ciliates composi-
tion of Chinese reindeer and relation to those of reindeer
kept in the other areas.  In addition, surface structures were
obserbed by scanning electron microscopy to examine their
peculiarity  by comparison of them in respective species.

Rumen contents were collected from three adult semi-
domesticated reindeer kept independently from the other
areas for long time by the Evenc tribe in Tahsinganling,
Inner Mongolia, China, which had been generally reared
freely outdoor as a large flock.  Samples were collected
through a rumen catheter when reindeer were gathered to be
cut their antlers in early summer.  The collected contents
were immediately fixed and stained macronucleus with
seven times volume of methyl-green formalin saline (MFS)
solution [14], sealed up and stored in the dark place until
examination.  The samples were examined under a light
microscope for identification and counting.  Identification

of genera and species of the ciliates was mainly based on the
former descriptions [3–5, 12–15].  The 300 cells in each
sample were used for estimation of generic composition.
Ciliate density was calculated by a plankton-counter slide-
glass with lines at 0.5 mm intervals on the surface [14].  A
part of the MFS-fixed sample was washed with distilled
water and post-fixed with 2% (w/v) OsO4 aqueous solution
for 2 hr at room temperature, washed five times with dis-
tilled water, dehydrated in an ethanol series, freeze-dried by
a JFD-300 freeze-drying device (JEOL, Tokyo), coated with
platinum-paladium in a JFC-1100E ion sputter device
(JEOL, Tokyo), and examined with a JSM 6100 scanning
electron microscope (JEOL, Tokyo).

The species detected from the reindeer examined are
shown in Table 1.  Eighteen species of 8 genera were found
from all reindeer examined.   Twenty six species have been
described from the wild and semi-domestic reindeer of var-
ious localities [2–5, 12, 13, 15] up to this time (Table 1).  All
of the ciliate species detected in the present examination
were of those found from the animals formerly described,
except Entodinium parvum which has been widely
described from temperate domestic ruminants [14].   Entod-
inium parvum is the first record from reindeer.  On the other
hand, four species, Entodinium anteronucleatum, E. bicor-
nutum, Enoploplastron confluens and Epidinium gigas,
which had been considered to be characteristic in reindeer
[2–5, 12, 13, 15], were also found in the present examina-
tion.  None of photomicrographs of these species have been
presented by the former investigators, thus light photomi-
crographs and SEM micrographs of these species are shown
in Figs. 1–8.

Rumen ciliate composition of reindeer was first examined
on those kept in zoological gardens of Germany [6] and Fin-
land [10, 11], where the ciliate compositions were similar to
those of the other temperate ruminants kept in the same
places.  After that, Dogiel [3–5], Lubinsky [12, 13], Wester-
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ling [15] and Dehority [2] examined wild and semi-domes-
ticated reindeer in Frigid Zone, and they found some
characteristic species.  As compared the present data with
those in various localities, the homology on the rumen cili-
ate faunae of Chinese reindeer was 85% (17/20) with Fin-
land reindeer [15] , 87% (13/15) with wild Russian reindeer
[3–5], 79% (15/19) with semi-domesticated Russian rein-
deer [3–5] and 70% (14/20) with Canadian reindeer [12,
13].  Of all 26 ciliate species detected from reindeer, 9 spe-
cies were detected from all the 6 localities examined includ-
ing China and 4 species from 5 localities.  On the other
hand, all the 3 reindeer examined in this survey had the same
18 species of the ciliates.  About a half number of these spe-
cies were of little detected from general domestic ruminants
[4, 14].  These findings indicate that rumen ciliate fauna in
reindeer has high similarity to each other, and suggest that
these hosts have been isolated from the other ruminants for
long time and established characteristic ciliate fauna
because of their severe habitat.  All other ciliate species
including E. parvum, which appeared with relatively low
incidences were common with those in the other domestic
ruminants such as cattle and sheep [4, 14], suggesting that
these species invaded into the rumen of reindeer from these

domestic ruminants by any chance of contact with each
other.

Surface structures of four characteristic species detected
in this survey were examined by SEM to examine their spe-
cific peculiarity.  They are shown in Figs. 9–12.  Entodinium
bicornutum (Fig. 10) and Epidinium gigas (Fig. 12) had
similar striations on their body surface, but the pattern of E.
anteronucleatum (Fig. 9) was slightly winding striations and
of Enoploplastron confluens (Fig. 11) was furcated ridges.
These patterns of body surface coincided in genus level with
those reported previously [8, 9].  It may support a hypothesis
that the ciliates of the genus Epidinium is rather closely
related to those of Entodiniinae than Diplodiniinae [7].

The generic compositions of ciliates in the samples exam-
ined and of those in the other localities are shown in Table
2.  In every host examined in this survey, the composition of
Entodinium was the highest, which value was 70.4% on
average (Range, 64.8–73.3%).  Eudiplodinium and Epidin-
ium followed Entodinium, in contrast, Metadinium appeared
with the lowest composition rate.  These values were very
similar to those in the reindeer kept in Finland [15] and
Alaska [2], also indicating that the ciliate compositions of
reindeer show little geographical variation.

Table 1. Rumen ciliate species detected from reindeer

Species C* Fin* Ca* Rd* Rw* Alk*

Entodiniinae
Entodinium anteronucleatum + + + + + +
E. bicornutum + + + + + +
E. quadricuspis + + + + + +
E. longinucleatum + + + + – +
E. dilobum + + + + – +
E. exiguum + + + – – +
E. nanellum + – – + + –
E. parvum +  – – – – –
E. simplex – + + + + +
E. damae – + + – – +
E. dubardi – + +  – – +
E. minimum – – + – – –

Diplodiniinae
Diplodinium rangiferi + + + + + +
D. dogieli + + + + + +
Eudiplodinium impalae + + + + + +
Eu. spectabile – + + + – +
Eu. maggii – – – – + –
Metadinium magnum + + + + – +
Enoploplastron confluens + + + + + +
Eno. triloricatum + + + + + +
Ostracodinium obtusum + + + + + +
Polyplastron arcticum – – + – – –
P. multivesiculatum – – – + – –

Ophryoscolecinae
Epidinium ecaudatum + + – + + +
Ep. gigas + + + + + –

Isotrichidae
Dasytricha ruminantium + + – + + –

No. of species appeared 18 20 20 19 15 18

*: C. China (present examination),  Fin. Finland [15],  Ca. Canada [12, 13], Rd.
domestic reindeer in Russia [3–5],  Rw. wild reindeer in Russia [3–5],  Alk.  Alaska [2].



211RUMEN PROTOZOA OF REINDEER IN CHINA
The total ciliate density per milliliter of rumen contents of
the hosts examined was 1.88 × 106 on average, with the
highest value 2.54 × 106 and the lowest 1.13 × 106.  These
values were also similar to those in the reindeer of Finland
[15] and Alaska [2], and relatively higher than those of
domestic ruminants in normal condition [14, 16].  This
might be due to high nutritive value of foods for the hosts in
the period collected samples, such as true grasses and leaves
of willow and birch tree in addition to reindeer-moss which
is main food for reindeer during winter.

This work was supported in part by Grant-in-Aid for Sci-
entific Research (C) 14560255 from the Japan Society for

Figs. 1–4.  Light photomicrographs of the ciliate species considered as characteristic in the rumen of reindeer. 1. Entodinium anteronu-
cleatum. 2. Entodinium bicornutum. 3. Enoploplastron confluens.  4. Epidinium gigas. All bars=30 µm. Figs. 5–8. Scanning electron
micrographs of characteristic species in the rumen of reindeer. 5. E. anteronucleatum. 6. E. bicornutum. 7. Eno. confluens.  8. Ep.
gigas. All bars=20 µm. Figs. 9–12. Scanning electron micrographs of body surface of characteristic species in reindeer. 5. E. antero-
nucleatum. 6. E. bicornutum. 7. Eno. confluens.  8. Ep. gigas.  All bars=3 µm.

Table 2. Generic composition of rumen ciliates
in reindeer

Genus C* Fin* Alk*

Entodinium 70.4 76.7 85.6
Eudiplodinium 11.6 12.1 6.9
Epidinium 6.1 4.4 2.8
Diplodinium 4.5 2.8 1.8
Enoploplastron 2.8 2.1 1.4
Ostracodinium 2.2 1.3 1.4
Dasytricha 2.1 0.4 0
Metadinium 0.3 0.2 0.1

*: C. China (present examination), Fin. Finland
[15], Alk. Alaska [2].
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