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SUMMARY 

In the course of examining rumen contents obtained from 25 domestic cattle (Bos taurus) 
in the vicinity of Izmir, Turkey, two somewhat similar but unusual forms of entodinia were 
observed. These ciliates were observed in three of the animals and this study reports on 
their classification into two species, Entodinium dalli Dehority, 1974 and a new species, 
Entodinium williamsi n. sp. All the protozoa identified as belonging to E. dalli were dis- 
tinguished as a new forma, E. dalli f. rtrdidorsospinatum n. f. of the basis of their caudal 
spines. The species Entodinium williamsi n. sp. was also divided into two formae, E. wil- 
liamsi f .  williamsi n. f.  and E. williamsi f. turcicu~n n. f. The morphological characteristics 
of these protozoa are described and their relationships to similar entodiniid species are 
discussed. 

Introduction 

The composition of the rumen ciliate protozoal pop- 
ulations of domesticated ruminants have been surveyed 
by many investigators [4,6, 8-12, 15, 16,20-30,32- 
34,37,39,44]. However, there is little published infor- 
mation on the ciliated protozoa occurring in domestic 
ruminants from Turkey, which is the bridge connecting 
the continents of Europe and Asia. 

Comparative studies of the rumen ciliate populations 
of various hosts in different regions should provide in- 
formation on phylogenetic relationships between the 
rumen ciliates and the host ruminants [31,42]. It is evi- 
dent from earlier studies on the ciliate populations of 
domesticated numinants that although the species com- 
position was generally similar, some characteristic geo- 
graphical variations in the occurrence of some species 
occurred. Specifically, some species and formae were 
detected only in certain areas and host species [24,33]. 

As there was no data available on the rurnen ciliate 
composition of Turkish domestic ruminants we exam- 
ined the rurninal ciliates of domesticated cattle, Bos 
taurus [17,43]. In this study, we describe a new species 
belonging to subfamily Entodiniinae (Ophryoscoleci- 
dae) and a new forma belonging to Entodinium dalli 
Dehority, 1974. Statistical analysis, as used by Dehor- 
ity [I41 to determine morphological variation lines 
within the species, Entodinium dubardi Buisson, 
1923 in the blue duiker, was applied to determine in- 
terrelationships between these ciliates; these findings 
are discussed. 

Material and Methods 

Samples of rumen contents were obtained from 25 adult 
domestic cattle, Bos taurus which were slaughtered at the 
slaughterhouse of Izmir from March 1990 to April 1994. 
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The cattle had been fed approximately 4 kg of mixed food 
(composed of oat hay, clover and white beet molasses) twice 
a day at 080° and 160°. Samples of ruminal contents after the 
080° h feed were collected. The rumen wall was cut with a 
knife and the sample removed via a cathater. Samples were 
immediately fixed and stained in methylgreen-formalin-saline 
(MFS) solution [42]. A part of each sample was stained with 
Mayer's hematoxylin, Heidenhain's iron-hematoxylin, and 
Chatton-Lwoff's silver impregnation technique [42], and pre- 
pared as permanent slides. Some specimens were also stained 
with 2% borax-methylen blue [5] after fixation with 10% 
formaldehyde solution for photography. Total ciliate numbers 
were determined by means of a Neubauer hemocytometer. 
Differential counts of species were calculated using smear 
slides as the number per total 250 or 500 cells. 

Drawings of new ciliates were based on the photomicro- 
graphs and observations of the cells stained with MFS. All 
of the cell measurements were made with a calibrated ocular 
micrometer according to the system used by Dogiel [15], KO- 
foid & MacLennan [34], and Dehority [ I  1 ]. Specimens were 
examined by Jena "NF-binocular" microscope and "MF" 
photomicrography accessory. 

The terminology for orientation used in describing the 
structure of new ciliate species conforms to the conventional 
system of the ciliate kingdom proposed by Dogiel [I51 and 
Grain [ I  81. This system appears to be more logical for general 
usage since the same terms are used for all members within the 
ciliate kingdom. According to this convention, the buccal side 
is considered as the ventral one, while the opposite side or the 
body surface closest to the nuclear apparatus is termed the 
dorsal one. A new terminology used by Grain [I81 for the 
morphological structure of the order Entodinimorphida 
was taken into consideration when describing new ciliates. 

Identification of the genus Entodinium and the species En- 
todinium dalli was based mainly on the descriptions of Kofoid 
& MacLennan [34]. Bush & Kofoid [3] and Dehority [7], and 
also the original photomicrographs of E. dalli kindly pro- 
vided by Prof. Dr. Burk A. Dehority (The Ohio State Univer- 
sity, Ohio, U.S.A.). 

Data of various morphological characteristics (i.e., the 
length of body [L], the width of body [W], the length to width 
ratio [ L N ] ,  the macronucleus length [MALI and the length to 
macronucleus length ratio [LIMAL]) were analyzed by the 
least squares analysis of variance [19] and the coefficient dif- 
ferences values [40]. The graphics of least squares differences 
[LSD] range tests of the analysis of variance [ANOVA] were 
obtained using STATGRAPHICS procedures [45]. The fre- 
quency histograms were calculated using MINITAB proce- 
dures [41]. 

Results 

This study reports for the second time the presence of 
Entodinium dalli Dehority, 1974 in herbivorous mam- 
mals: it is the first reDort of its occurrence in domesti- 
cated cattle, Bos taur'us. The specimens of E. dalli were 
observed in low numbers (17.13% and 0.60% of total 
ciliate protozoa in cattle nos. 9 and 23, respectively), 
and appeared to differ from the species description 
with regard to the length of posterior spine on the dor- 
sal side (Figs. 1, 2, 8 and 9). A new morphologically 
distinct form is, therefore, proposed. The original spe- 
cies description of E. dalli Dehority, 1974 [7] has been 
amended to include the differences observed in our spe- 

cimens and comprises two formae, E. dalli f. dalli n. f. 
Dehority [7] and E. dalli f. rudidorsospinatum n. f .  
which was found in the rumen contents from Bos 
taurus in Turkey. 

A second form resembling E. dalli was observed only 
in cattle nos. 23 and 24 (Figs. 3-7 and 10-13). How- 
ever, some differences between the two ciliates were 
evident. The length, width and length to width ratio 
of the latter form was higher (Table 1) and the central 
periplasm (ectoplasm) on the dorsal side of the body 
was thicker than that on the ventral side. In addition, 
the caudal spination differed from that of E. dalli. Mea- 
surements made on E. dalli f. rudidorsospinatum n. f. 
from animal 9 and on the second form from animal 23 
were analysed statistically. Figure 14 compares these 
values according to the frequency histograms of the 
ciliates in mixed models. The protozoal populations 
were significantly different in all characteristics 
(p  < i.e., L, W, L/W ratio, MAL, LIMAL ratio 
(Table 1). Histograms of these criteria for total 52 cells 
(26 cells per each ciliate population) (Fig. 14) indicate 
conclusively that two different populations or species 
are present because the values for all criteria are bimod- 
ally distributed, with no indication of symmetrical or 
normal distribution. The differences in size, L/W ratio 
and MAL are significant. Therefore, the second form 
which was found in the rumen contents of B. taurus 
was considered to be a new species, Entodinium wil- 
liamsi n. sp., with two formae. The descriptions of 
these new ciliates follow. 

Entod in ium dalli Dehority, 1974 

Diagnosis. Body roughly spherical to ellipsoid; dor- 
sal side of the body generally convex, ventral side gen- 
erally has a weak and wide depression in the body wall 
at the level of the base of adoral ciliarv zone (ACZ) or 
smoothly convex; posterior end termiiates in'a loni or 
rudimentarv mine on the dorsal side. a blunt lobe on 
the left venirai side and a short spine 'on the right ven- 
tral side. The left ventral lobe follows the curvature of 
the ventral side wall terminating as a bluntly rounded 
triangle directed towards the dorsal side of the cell and 
also protrudes outward from the main body axis. On 
the right ventral side of the posterior extremity a short, 
acutely pointed spine is present; macronucleus is spher- 
ical to ellipsoid lying generally at the level of the base of 
ACZ; micronucleus is ellipsoid or spherical and 
situated at some distance posteriorly from the base 
of the ventral edge of the macronucleus. 

Type  forma. Entodinium dalli Dehority, 1974 forma 
dalli n. f. 

Entod in ium dulli Dehority, 1974 forma dalli n. f. 

Diagnosis. On the dorsal side of the posterior end of 
the cells a long spine (22 -25 pm in length) is present; A 
lobe and short spine are present on the ventral side. In 
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few individuals, the dorsal spine was absent or only ru- Entodiniurn dalli Dehority, 1974 forma 
dimentary (unpublished data, personal communication rudidorsospinaturn n. f. (Figs. 1, 2, 8 and 9 )  
Prof. Dr. B. A. Dehority). 

Description. E. dalli f. dalli n. f .  is the "nominate" Diagnosis. The dorsal spine is generally absent or ru- 
form and has been described by Dehority [7] and is dimentary (2.5-3.0 pm), rarely very short with a 
not described further here. length between 4.5-12.0 pm. The rudimentary spine 

Figs. 1-7. Drawings of 
Entodinium dalli f. rudi- 
dorsospinatum n. f. and 
E.williamsi n. sp. - 
Figs. 1, 2. E. dalli f. rudi- 
dorsospinatum n. f.  from 
the right side (1) and from 
the left side (2), illustrat- 
ing the variation of the lo- 
cation of the macro- 
n.ucleus as found in some 
specimens. - Fig. 3-7. 
E.williamsi n. sp. - 
Figs. 3-5. E. williamsi f. 
williamsi n. f. from the 
right (3), left (4) and dor- 
sal (5) sides. Figs. 6-7. 
E. williamsi f. turcicum 
n. f. from the right (6) 
and left (7) sides. 
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hgs.  8-13. Photomicrographs of kntodrnrum dalli f. rudidorsospinatum n. f. and E. williamsi n. sp. from Turkish domestic 
cattle. - Figs. 8-9. Entodinium dalli f. rudidorsospinatum n. f. - Fig. 8. Cell focused on the left side to show the dorsal spine 
(arrow) and the left ventral lobe (arrowhead) (fixed and stained with iMFS solution). - Fig. 9. Cell focused to show the short 
spine (arrow) on the right ventral side (fixed with Champy's solution and stained with silver impregnation method). - Figs. 10-  
13. E. williamsi n, sp. - Fig. 10. E. williamsi f. turcicum n. f. cell focused on the left side of the body to show the location of 
contractile vacuole, micro- and macronucleus (arrow indicates the rudimentary dorsal spine) (fixed and stained with MFS). - 
Figs. 11-12. E. williamsi f. williamsi 11. f. cells fixed with 10% formaldehyde and stained with 2% borax - methylene blue, 
demonstrate that the central periplasm is lying beneath of the adoral ciliary zone (arrows show the tapering part of the dorsal 
spine and arrowhead indicates the spinated lobe on the right ventral side of the cell). - Fig. 11. From right side, - Fig. 12. From 
left side. - Fig. 13. A cell of E. williamsi f. williamsi n. f. from right side (fixed and stained with MFS) shows some variation in 
the general shape (arrow shows the left spine). Photos in Figs. 8 , 1 0  and 13 were taken using phase contrast microscopy (Bars = 
20 pm). 
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Fig. 14. Histograms of 
L / W  RATIO MACRDNUCLEU~ [MA] the mixed cell measure- 

ments of Entodinium dalli 
f .  rudidorsospinatum n. f. 
and E. williamsi n. sp. (a 
total of 52 cells, 26 cells 
from each domestic cattle, 
nos. 9 and 23) indicating 

cn] 
1 % 18.23 I that two populations or 

I1 - species are present, since 
the frequency histograms 
do not show a gradual 
change, i. e., normal distri- 
bution curve in all charac- 
teristics (except LIMAL 

I 
ratio). The horizontal bar - at the top of LIMAL histo- 
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gram represents the range 
in value that encompasses 
the 69.23% of all cells (n = 
number of cells). 

curves to the dorsal and left side of the cell. A lobe and 
spine are present on the posterior ventral side as in the 
preceding form. 

Description. The body is almost spherical to ovoid in 
left or right view (Figs. 1 and 2), but the ventral side 
generally has a weak and wide depression in the body 
wall at the level of the base of the adoral ciliary zone 
(ACZ). Body length 34.52 (26.00-41.25) pm, width 
30.45 (25.00-37.50) pm, with L/W ratio 1.13 
(0.87-1.13) (n = 26). A left ventral blunt lobe, a short 
right ventral spine and a rudimentary or very short dor- 
sal spine are present at the posterior extremity of the 

body. The left ventral lobe follows the curvature of 
the ventral side wall, terminating as a bluntly rounded 
triangle directed towards the dorsal side of the cell; this 
lobe protrudes outward from the main body axis at an 
angle of ca. 45". The right ventral spine is acutely 
pointed. The posterior dorsal spine is generally absent 
or rudimentary (69.23%) with a maximal length of 
3.00 pm or occasionally very short (30.77%) with a 
length between 4.5 -12.0 pm. It has a relatively narrow 
base. The rudimentary form curves to the left and dor- 
sal side of the cells. The ACZ is nearly at a dorsal angle 
to the main body axis. 
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The macronucleus is ellipsoid to spherical in shape 
and located at the level of the ACZ. The micronucleus 
is ellipsoid or spherical and situated at some distance 
posteriorly from the base of the ventral edge of the 
macronucleus. 

One contractile vacuole lies to the ventral of the pos- 
terior end of the macronucleus, generally just anterior 
to  the micronucleus (Fig. 1) and rarely just posterior to 
it (Fig. 2). 

The vestibulum and nasse (oesophagus) is funnel- 
shaped and bends to the dorsal, generally terminating 
in the region either posterior to the macronucleus or 
rarely just posterior of the contractile vacuole. 

The peripheral periplasm (endoplasm) occupies most 
of the body, but does not enter into the spine or lobes. 
The central periplasm (ectoplasm) of the dorsal side of 
the body is thicker than that of the ventral side. The 
cytoproctal tube is short and terminated at the cyto- 
proct which opens to near the base of the left ventral 
lobe. 

Measurements of 26 specimens of E. dalli f .  rudidor- 
sospinatum n. f. from cattle no. 9 are given in Table 1. 

Variations. Body size and shape are fairly constant. 
However, the dorsal caudal spine or this form can vary 
in length: It is rudimentary or very short. In a few cells, 
the contractile vacuole is situated just posterior of the 
micronucleus, but generally it is located to the anterior 
of the micronucleus. This variation was not, however, 
significant and does not affect species designation. 

Type host and locality. Domestic cattle, Bos taurus, 
in Izmir, Turkey 

Habitat. Rumen 
Occurrence. This new form constituted 17.13% and 

0.60% of total ciliate protozoa in cattle nos. 9 and 23, 
respectively, with an appearance frequency of 8.00%. 
Total ciliate protozoa numbers per millilitre rumen 
contents in both cattle were determine as 5.05 x lo5. 

Etymology. E. dalli f. rudidorsospinatum n. f. is 
named after the possession of a rudimentary dorsal 
spine (in Lat. dorso- or dorsum, dorsal; rudimentum, 
very imperfectly developed or represented only by a 
vestige and spinum, spine). 

Type material. This is deposited in the rumen ciliates 
of cattle (RCC) collection of the Zoology Section, De- 

partment of Biology, Faculty of Science, Ege University 
(ZSBEU), Izmir, Turkey on the slides nos. ZSBEU - 
RCC. 1lPN 75-86 dated on May 9th, 1990. 

Entodiniurn williarnsi n. sp. (Figs. 3 -7 and 10-1 1) 

Diagnosis. Body ovoid or quadriangular to ellipsoid, 
generally widest at the midpoint along the length of the 
body; there are 2 spines and a "spinated lobe" at the 
posterior end of the body. One of the spines is situated 
on the dorsal side, the other one on the left side, and the 
spinated lobe on the right ventral side; the lobe and the 
left spine are approximately the same size. The lobe is 
acutely pointed as a spinated form and the left spine is 
roughly triangular or beak shape; the other spine has a 
heavy base and curves acutely towards the direction of 
the right surface and the dorsal side and then projects 
and tapers outward from the body axis with a length 
between 8.75-16.25 pm. The macronucleus is spheri- 
cal to elli~soid in side view. The micronucleus is usuallv 
ellipsoidil, rarely ovoid in shape and situated on thk 
left ventral wosterior e d ~ e  of the macronucleus. The " 
contractile vacuole lies to the ventral side and partially 
the left of the macronucleus. The central ~eriwlasm 
penetrates beneath the adoral ciliary zone (Aci) and 
is very thick on the dorsal side of the body. 

Description. In side view (Figs. 3 ,4 ,6 ,7  and 10-12), 
the body is roughly ovoid or quadriangular to ellipsoi- 
dal in shape, generally the widest diameter occurs at the 
level of mid-body. Body length 56.73 (37.50-67.50) 
pm width 40.64 (28.75-51.25) pm, with LIW ratio 
1.40 (1.14-1.69) (n = 26). Ventral and dorsal body 
sides are nearly smooth or occasionally convex 
(Fig. 13). The ACZ is slightly slanted away from 
macronucleus and extends approximately 113-114 of 
the cell length from the anterior end. The adoral (or 
paraciliar) lips are thick and do  not protrude beyond 
the convex curve of the anterior end of the body. 
The ~oster ior  end of the bodv terminates in two swines 
and lobe which has a sharpiy pointed end. ~herLfore, 
the lobe is named as a spinated lobe (Figs. 10 and 12). 
One of the two spines is situated on the dorsal side of 
the body and has a heavy base, it curves acutely to- 

Table 1. Dimensions of Entodinium dalli f. rudidorsospinatum n. f. and Entodinium williarnsi n. sp. L (length), W (width), LI 
W (length to width ratio), MAL (macronucleus length) and LIMAL (length to macronucleus length ratio) [n = 26 per each 
bopulation; SE = standard error; SD = standard deviation; CD = coefficient differences]. The protozoa are significantly different 
in all characteristics (p < 

Entodinium dalli f. rudidorsospinatum n. f. Entodinium williamsi n. sp. 

Mean Range SE SD Mean Range SE SD CD 

L 34.52 26.00-41.25 0.81 4.13 
W 30.45 25.00-37.50 0.61 3.1 1 
LIW 01.13 00.87-01.35 0.02 0.09 
MAL 09.92 06.00-15.00 0.42 2.14 
LIMAL 03.60 02.54-05.50 0.12 0.63 
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wards the right surface, bends to the dorsal side, and 
then immediately projects and tapers outward from 
the main body axis with a length between 8.75- 
16.25 pm; this tapering part of the spine is occasionally 
absent or rudimentary. The other spine at the left side is 
localized centrally and is roughly triangular, resembling 
the beak of a crow in shaoe. The soinated lobe on the 
right ventral side and theleft spine' are approximately 
the same size. 

The macronucleus is spherical, occasionally ellipsoi- 
dal, and lies on the dorsal side generally below the base 
or rarely at the level of the ACZ. In the specimens 
viewed from the dorsal side of the body it covers the 
micronucleus. The micronucleus is ellipsoid or occa- 
sionally ovoid in shape and is situated ventral of the 
macronucleus. 

The contractile vacuole lies below the ACZ on the 
left dorsal side of the cell and the ventral left surface 
of the macronucleus. 

The vestibulum and nasse is funnel-shaped, they do 
not have a pronounced curvature towards the macro- 
nucleus as being more nearly parallel to the long body 
axis, generally at an angle of 15"-25", and extend for 
approximately 112 of the length of the cell. 

The peripheral periplasm does not penetrate into the 
caudal spines and spinated lobe. The central periplasm 
of the dorsal side is thicker and also the central periplasm 
diffuses the zone beneath the ACZ. The peripheral peri- 
plasm occupies approximately 112-213 of the cell. 

The cytoproctal tube is relatively long and narrow, at 
an angle of ca. 45" to main body axis. The cytoproct 
opens near the midpoint of the left spine. 

Measurements of 26 cells of Entodinium williamsi n. 
sp. from Turkish domestic cattle no. 23  are given in Ta- 
ble 1. 

Variations. This species appears to be fairly constant 
in size and morphological characters, although the gen- 
eral shape can be more regularly ellipsoidal (Fig. 13) or 
rectangular in few individuals and the direction of the 
dorsal spine varies between specimens. In some individ- 
uals, the dorsal spine curves sharply towards the left 
side, instead of the right side, and projects to the dorsal 
side at different angles to the body axis within the range 
between 45"-135". In some cells, the tapering part of 
the dorsal spine was absent or rudimentary, but the 
heavy base was always present. 

Type host and locality. Domestic cattle, Bos taurus, 
in Izmir, Turkey. 

Habitat. Rumen. 
Occurrence. Entodinium williamsi n. sp. constituted 

8.87% and 1.20% of total ciliate protozoa in Turkish 
domestic cattle nos. 23 and 24, respectively, with the 
frequency appearance of 8.00%. Total ciliate protozoa 
numbers per ml rumen contents in these cattle were 
5.05 x l o 5  and 3.75 x lo5, respectively. 

Etymology. Entodinium williamsi n. sp. is named 
after the rumen microbiologist Dr. Alan G. Williams 
(Hannah Research Institute, Ayr, Scotland, U.K.) in 
recognition of his work on various aspects of rumen 
protozoology. 

Type material. Holotype and paratypes are kept on 
the slides numbered ZSBEU - RCC .3/PN 98-100 and 
in MFS-glycerine media (in a 1:l ratio) dated on May 
17th, 1993. The specimens are held in the rumen cili- 
ates of cattle (RCC) collection of the Zoology Section, 
Department of Biology, Faculty of Science, Ege Univer- 
sity (ZSBEU), Bornova, Izmir, Turkey. 

Two formae may be distinguished on the basis of the 
shape of the dorsal spine. 

Entodinium williamsi forma williamsi n. f. (Figs.11, 
12  and 13)  

Diagnosis. The dorsal spine has a heavy base. It 
curves acutely towards the right surface and bends 
to the dorsal side, and then immediately projects and 
tapers outward from the main body axis. The spine 
is 8.75-16.25 pm in length. 

Frequency. In 8.00% of cattle (nos. 23 and 24) sur- 
veyed. 

Etymology. This forma is named after the surname of 
Dr. Alan G. Williams and considered "nominate" form 
by us. 

Entodinium williamsi forma turcicum n. f. (Figs. 6 ,  
7 and 10) 

Diagnosis. The tapering part of the dorsal spine is 
absent or rudimentary; the heavy base is always 
present. 

Freauencv. In 4.00% of cattle (no. 24) surveved. 
~ t ~ h o l o i ~ .  This forma is named after the pla&, Tur- 

key, where this new species was found. 

Discussion 

A new species of rumen ciliated protozoa, Entodi- 
nium dalli, was described by Dehority [7] in 1974. 
The organism was observed in the rumen contents of 
two Dall mountain sheep, Ovis dalli from the Alaskan 
mountain range, Alaska, USA. There have not been 
other reports on the occurrence of this species prior 
to the survev reoorted here. A new forma based on , L 

the caudal spination, was observed in the rumen con- 
tents from domestic cattle of Turkev. The main mor- 
phological characters such as macronucleus and 
micronucleus shape, the location of the micronucleus 
and the body shape are similar to those of E. dalli, 
but there are differences in the caudal armature struc- 
ture and localization of the contractile vacuole. These 
differences are not significant enough to affect species 
designation. 

Many reports [15, 24, 33, 461 suggested that the 
shape and number of caudal spines were poor charac- 
ters for the determination of species, because wide and 
continuous variation has been observed in these char- 
acters in some rumen ciliates. Thus these features are 
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considered to be unsuitable taxonomical characteris- 
tics for an assignment to species. In addition, the var- 
iation of caudal projections has been recognized in 
protozoa from the same host by Ito & Imai [33]. A si- 
milar variation was also observed in the individuals of 
Entodin ium williamsi n. sp. confirming the observa- 
tions of Ito & Imai [33] and indicating that variations 
in these features are more appropriate for the classifi- 
cations of formae, since it is a neutral category in sys- 
tematic zoology [40]. 

Variations in the caudal projections of E. dalli there- 
fore served as criteria for the creation of two new for- 
mae, E. dalli f. dalli n. f. which was described by 
Dehority [7] in Dall sheep and E. dalli f. rudidorsospi- 
na tum n. f., and of two new formae belonging to E. wil- 
liamsi n. sp.; e.wil l iamsi  f. williamsi n. f. and 
E. williamsi f. turcicum n. f. which were found in 
the present study. 

Dehority [7] describes the contractile vacuole posi- 
tion of E. dalli as being situated to the ventral of the 
posterior end of the macronucleus, and generally just 
anterior to the micronucleus. In this study, the contrac- 
tile vacuole was rarely found to be posterior to the 
macronucleus. Latteur [35,36] classified the entodiniid 
ciliates into several types according to the relative posi- 
tions of the macronucleus and contractile vacuole. 
However, Poljansky & Strelkow [1938, cited in 141 
and also Wilkinson & van Hoven [46] reported consid- 
erable variation in the vacuolar position in some ento- 
diniid species. Therefore, this character does not 
always appear to be appropriate for distinguishing spe- 
cies in the family Entodiniidae. Because of the marked 
variability of the vacuolar position, it is better to detail 
the individual locations of the organelles, not their rel- 
ative positions. Despite the above observations, there is 
a general agreement among researchers in this field on 
the constancy of the contractile vacuole position in en- 
todiniid ciliates [3,4, 6, 7, 14, 15,20,34-37, 42, 431. 

E. dalli and its formae closely resemble to Entodi- 
n ium ekendrae Das-Gupta, 1935 [6] and Entodin ium 
bicaudatum Bush & Kofoid, 1948 [3] in body size 
and shape and the size, shape and location of the 
macronucleus; these latter two ciliates were observed 
and described from the rumen contents of two Indian 
goats, Capra hircus and a Sierra Nevada bighorn sheep, 
Ovis  canadensis, respectively. However, E. dalli differs 
from these species because their contractile vacuoles 
are located on the anterior end of the macronucleus. 
It also differs in the variable possession of a posterior 
dorsal spine. 

E. dalli also resembles Entodinium williamsi n. sp., 
since the shape and location of the macro- and micro- 
nucleus and the general morphology of the adoral re- 
gion are similar. However, E. williamsi n. sp. is 
distinguished from E. dalli by the following points: 

(1) The central periplasm occupies more of the body 
in E.  williamsi than in E. dalli, 

(2)  The body of E. williamsi is more elliptical than 
that of E. dalli. The length to width ratio of the body 
of E. dalli I. dalli is given by Dehority [7] as 1.12 which 

is consistent with the figure of 1.13 found in this study 
for E. dalli f. rudidorsospinaturn n. f. However, the L/ 
W ratio determined for E. williamsi was 1.40, 

(3) The location of the contractile vacuoles differs. It 
is situated on the ventral of macronucleus in E. wil- 
liamsi n. sp.; whereas, in E. dalli it lies on the ventral 
side of the posterior end of the macronucleus, generally 
just anterior of the micronucleus and rarely just poste- 
rior of it. 

(4) The length and orientation of the cytoproctal 
tube. It is relatively long and narrow at an angle of 
ca. 45" to the main body axis i n  E. williamsi n. sp.; 
whereas, in E. dalli it is short and slightly parallel to 
main body axis, 

(5)  The obliaue bend in vestibulum + nasse and the 
lodation of its A d .  This organelle does not bend sharp- 
lv towards the macronucleus and it is more nearlv Dar- 
illel to long body axis and also, its end is localikeh at 
the midpoint of the main body axis in E. williamsi n. 
sp.; whereas, in E. dalli it sharply bends to the macro- 
nucleus and terminates in the quite dorsal side of main 
body axis. 

E.  williamsi n. sp. is also closely related to Entodi- 
n i u m  fujitai Imai, 198 1 [25] and Entodinium caudatum 
Stein, 1859 [3, 341 in the relative positions of macro- 
nucleus and contractile vacuole, both species belonging 
to the same type of Latteur's classification [35, 361, the 
"lateropulsatum" type. It is, however, distinguished 
from E. fujitai by the shape of body, macronucleus 
and caudal spination. It is also easily distinguished 
from E. caudatum by the length and shape of the 
macronucleus. In addition, E. williamsi n. sp. resem- 
bles Entodin ium ovoido-nucleatum Das-Gupta, 1935 
[6] concerning shape of the body and possession of 
an anterior short macronucleus. However, it is very dif- 
ferent from E. williamsi n. sp. by (1) the presence of its 
contractile vacuole on the anterior dorsal side of 
macronucleus and (2)  the ~ossession of a short and nar- , . 
row cytoproctal tibe. In other words, this species be- 
longs to the "dorsopulsatum" type, while E. williamsi 
n. sp. is of the "lateropulsatum" type in the classifica- 
tion system proposed by Latteur [35, 361. 

Several studies have indicated that the size of a ciliate 
can vary and is not a reliable taxonomic feature [ I ,  2 ,4,  
13,33,43]. Statistical analysis confirmed that two spe- 
cies were Dresent and there was not a eradual change in 
size fromihe small form, E. dalli f .  r;didorsospinGum 
n. f. to the large form, E. williamsi n. sp. The differ- 
ences in LIW ratio and morphology support the conten- 
tion that E. williamsi is not a larger form of E. dalli f. 
rudidorsospinatum n. f. 
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