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FOR.EWORD 

The present paper was started as an investigation 

into the parallel variability of two species of Entodinium 

related to E. caudatum. It has shown, that all these 

species produce sets of forms with the "caudatum", 11 loboso

spinosum11 and 11 dubardi 11 types of the caudal sp ina ti on. 

It became obvious, that in the literature the specifie 

names of E. caudatum, E. loboso-spinosum and E. dubardi were 

used to designate assemblages of parallel forms belonging 

to different species of Entodinium. 

The transformation of the left lateral groove into 

a narrow furrow and the trend to ventrad displacement of the 

contractile vacuole in E. simulans sp. n. lead to the 

unorthodox comparison of the 11 left" body-side of Entodinium 

with the "right" body-side of Diplodinium. This resulted 

in the discovery of the rÔle of torsional displacement of 

structures in the origin of the higher Ophryoscolecidae and 

lead to a revision of sorne basic concepts of the comparative 

morphology of this family. 

An analysis of generic characters of the 

Ophryoscolecidae from the standpoint of the theory of 

torsional displacement of structures resulted in the 

reconstruction of the phylogeny of this family and in the 

establishment within it of three new subfamilies. 



PART I 

NEW SPECIES OF ENTODINIUM WITH THE "CAUDATUivi", 

11 LOBOSO-SPINOSUM11 AND 11 DUBARDI" FORMS AND SOME 

EVOLUTIONARY TRENDS IN THE GENUS ENTODINIUM. 

"Distinct species present analogous 
variations; and a variety of one species 
often assumes some of the characters of 
an allied species, or reverts to some of 
the characters of an early progenitor" 

Charles Darwin, The Origin of Species, 1859. 
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1. Introduction 

The present paper originated as the resul t of 

unexpected difficulties, experienced by the author in 

identifying sorne forms of Entodinium with caudal spinations 

similar to that of E. caudatum and E. loboso-spinosum. 

The new forms, found in the rumen-contents of domestic 

sheep and goats of Western Punjab, were easily identifiable 

with the aid of Dogiel's key to the genus Entodinium (Dogiel, 

1927). The result was, however, unexpected and somewhat 

discouraging, as the author was compelled, strictly following 

Dogiel's key, to identify three obviously different species 

of Entodinium as ~audatum, and three corresponding forms 

with another type of the caudal spination -- as E. loboso-

spinosum. It became clear, that the structure of the 

caudal spination is not a reliable guide to the identification 

of species related to E. caudatum. It was obvious, that the 

identification and description of the new forms was made 

difficult on one hand by the inadequacy of descriptions of 

sorne species of Entodinium, inc1uding E . caudatum, and on 

the other hand by the high envirorunental variability of this 

species (see Poljansky and Stre1kow 1934, 1938 and Stre1kow 

and Po1jansky 1937). A d~eper insight into the history of 

examination of E. caudatum and of related forms became 

therefore a necessity. 
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E. caudatum was described by Stein in a paper read 

before the Royal Society of Czekia on the 8th of Jiiiarch, 1858 

and published in the proceedings of this Society in 1859. 

The presence of two data, associated with the description of 
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E. caudatum and with the establishment of the genus Entodinium 

that of reading the paper and of its publication in the 

proceedings resulted in confusion as to the year of 

description of this species and genus. Thus, e. g., Dogiel 

(1927) in his well-known monograph of the family Ophryoscol

ecidae gives two different data of its description: 1858 

(l.c., p. 35) and 1859 (l.c., p. 61). Kofoid and MacLennan 

(1930, p. 496) give this year as 1858, whereas Bush and Kofoid 

(1948, p. 245) give it as 1859. Crawley (1923, p. 395), 

Bhatia (1936, p. 277), Poljansky and Strelkow (1938, p. 9) 

give this datum as 1859. According to the rules of zoological 

nomenclature the presentation of a paper before a meeting does 

not constitute a publication. Therefore the correct datum 

of description of E. caudatum (as well as of the genus 

Entodinium) is 1859. 

Stein's description of E. caudatum runs as follows: 

"Entod. caudatum zeichnet sich durch einen flachgewBlbten, 

muschelartigen KBrper aus, dessen einer Seitenrand nach 

hinten in einen langen gedrehten, schwanzartigen Stachelvortsatz 

ausllluft, w!lhrend der andere Seitenrandt hinten in zwei kurzen, 

zahnfBrmigen Spitzen endet 11 (Stein 1859, p. 58 ). (It has t o 

be noted, that what Stein described as lateral side with the 
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spine-shaped appendix is designated by later authors as dorsal 

side. Aut.) Thus Stein 1 s description of E. caudatum is 

limited to the characters of the caudal spination only. Such 

features as the position of the contractile vacuole and the 

development and shape of the left lateral groove are not 

mentioned by Stein. His description of E. caudatum is not 

accompanied by drawings. The second paper of Stein (l859b), 

concerned witr1 rumen ciliates, has added nothing to this 

description. Later Schuberg (1888) redescribed E. caudatum 

and gave gpod drawings of it (l.c., plate 12, Figs. 7 and 8. 

Fig. 8 reproduced by Doflein 1931, p. 1196; see also Fig. I 

of the present paper). The specimens, depicted by Schuberg, 

have a very long lateral groove, a contractile vacuole 

situated near the ventral body-side, ventrally to the left 

lateral groove (according to Schuberg 1 s nomenclature the 

contractile vacuole is situated near the right side of the 

body). Conspicuous in Schuberg's figures of E. caudatum 

is the length of the dorsal spine, which is equal to the body 

length of the depicted specimens. A similar specimen. of 

E. caudatum was depicted by Fiorentini (1889) in his Fig. 4 

of plate 4. 

Dogiel (1927) , in his monograph of the family 

Ophryoscolecidae, described E. caudatum Stein with a 

contractile vacuole near the dorsal side close to the 

anterior end of the macronucleus (see Fig. II). He believed 

this species to be conspecific with E. caudatum Stein sensu 



Schuberg, and sunnized that this last author had erroneously 

depicted the vacuole as being situated near the ventral 

surface of this ciliate. 

A few years later Kofoid and MacLennan (1930) 

described two new species of Entodinium -- E. laterale and 

E. rectangulatum -- with caudal spination similar to that 

of E. caudatum Stein but with the contractile vacuole 

situated 11 in middle of left side 11 of the body and projected 
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in side-view on the anterior part of the oesophagus (Fig. III). 

The situation of the vacuole in these two species of Entodinium 

is thus intermediate between that in E. caudatum Stein sensu 

Schuberg and in E. caudatum Stein sensu Dogiel. The shape 

and development of the left lateral groove in B. laterale and 

E. rectangulatum was neither described nor depicted by Kofoid 

and MacLennan, who adhered to the accepted custom of depicting 

Entodinium from the right side. On the basis of the peculiar 

position of the contractile vacuole in E. laterale and E. 

rectangulatum, Kofoid and MacLennan have separated these two 

species into the "laterale" group of Entodiniu..'11. They 

presumed that these species originated "from E. caudatum, or 

a similar form, by a change in the position of the contractile 

vacuole» (l.c., p. 519). 

The variability of E. caudatum and of sorne other 

species of the Ophryoscolecidae was studied experimentally 

in clones by Dogiel's pupils -- Poljansky and Strelkow (1934, 

1938) and Strelkow and Poljans ky (1937). In their paper of 
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1938 these authors have thoroughly redescribed E. caudatum 

Stein and have given the characteristics of two races of 

this species, designated by them as races "An and "B". 

The individuals of the race A are larger than those of the 

race B and have a better developed caudal spination. The 

most conspicuous morphological character by which these two 

races can be differentiated is the broadness of the base of 

the right ventral lobe in race A, this base extending over 

1/3 of the circumference of the body. In race B the base 

is narrow and the right lateral lobe has the shape of a 

pointed narrow triangle (l.c., p. 12, Fig. 11). These 

differences are similar to those existing between E. 

rectangulatum and E. laterale of Kofoid and MacLennan, the 

first species resembling . in the structure of the right 

ventral lobe . the race A, the second species -- the race B. 

Poljansky and Strelkow have shown, that both these 

races of E. caudatum are environmentally plastic and undergo 

considerable morphological changes under the influence of 

the diet of the host. They studied this influence exper

imentally in clones, derived from typical specimens of E. 

caudatum with well developed caudal spination. The clones 

were established in goats and sheep kept on a mixed diet of 

herbage and oats. One to six weeks after the establishment 

of the clone, E. caudatum exhibited wide variation in the 

development of the caudal spination. Individuals with 
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spination, typical of E. caudatum were present together with 

specimens with rounded posterior end;deprived of spines and 

lobes. The variability was continuous, the above mentioned 

extreme variants being connected by transitional forms. 

Poljansky and Strelkow distinguish 6 classes of for.ms in 

these continuous series of variation. Individuals of class 

9 

l have a well developed caudal spination, typical of E. 

caudatum, consisting of a long dorsal spine and well developed 

left and right ventral lobes. Individuals of class 2 differ 

from those of class l only in the shortness of their dorsal 

spine which is not longer than lOp. Glass 3 is characterized 

by the rounding u~ of tips of both ventral lobes. The 

individuals of this class may possess a dorsal spine and are 

then classified as typical class-3 individuals, or lack this 

spine , in which case th~ are designated as individual s of 

class 3a. Specimens of class 4 lack the right ventral lobe, 

but possess a well developed left ventral lobe and dorsal 

spine . The caudal spination of these form s is thus similar 

to that of E . loboso -spinosum Dog iel 1927 (see F i g . IV). In 

individuals of class 5 the dorsal spine and t be ventral lobes 

are very short. I n specimens of class 6 the caudal s pina tion 

is completely absent . Indivi duals of this class are, 

according to Poljansky and Strelkow, indistinguish~ble from 

E. simplex Dogiel 1925 (see Fig . V). 



1\ 
FIG. \ï. t " bl.:..~f' .. · ~k \;,ri:IJ.i hl· •l" ' "' , · 

~,, .. 1 .. 11 l . , .. ,,, fr.' 

Fig. V. Classes of fonns of Entodinium caudatum. 
(After Poljansky and Strelkow

1
l938) 

The relative frequency of individuals of different 

classes was shown to be dependent on the diet of the host: 

when the host animal was fed on herbs and hay, forms of the 

5th and 6th classes prevailed. When the food was rich in 

starch, forms of the classes 1 and 2 were prevalent. It 

has to be noted, that forms of class 4 -- those similar to 

E. loboso-spinosum -- were always scanty, comprising usually 

1-6 per cent of the total number of individuals and, in the 

experiments of Poljansky and Strelkow, have reached 12 per 

cent only on one occasion. 
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Another factor influencing the variability of ~ 

caudatum was shown to be the presence of predators (Strelkow 

and Poljansky, 1937). When the predatious E. vorax was 

introduced into a faunule, consisting of a clone of highly 

variable E. caudatum, it eliminated all the spineless 

individuals of the last species, leaving a population 

composed exclusively of long-spined forms of class 1. 

The experiments of Poljansky and Strelkow have 

11 

shown, that features, described by Stein as specifie characters 

of E. caudatum -- the structure of the caudal spination --

are environmentally variable, the food-induced polymorphism 

qf this species covering a range of characters, ~roper to 

several species of Entodinium. Whereas the individuals of 

class 1 have a caudal spination described by Stein (1859a) 

as typical of E. caudatum, those of class 4 possess a spination 

typical of E. loboso-spinosum Dogiel, and those of class 6 

closely resemble sorne tailless species of Entodinium. 

Soon after the publication of the preliminary 

communication of Poljansky and Strelkow {1934) there appeared 

a trend in the literature to regardE. loboso-spinosum and 

E. simplex as designations for variants of E. caudatum and, 

therefore to synonymize them with this last species (see e.g., 

Wertheim, 1935). Later, however (1938), Poljansky and 

Strelkow have shown that tbe species, identified by them as 

E. simplex Dogiel,does existas a separate species which is 

not able to produce tailed individuals under any known 
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conditions. It is highly probable also, that E. loboso-

spinosum Dogiel is not simply a designation ~or variants o~ 

E. caudatum belonging to the 4th class of Poljansky and 

Strelkow's classification, as these individuals, although 

similar in their caudal spination to Dogiel's E. loboso

spinosum, differ from this last species in their habitus. 

Moreover, they are comparatively rare variants in an obviously 

continuous series of variation, never occurrkg in considerable 

numbers. It is hard to believe that Dogiel could have 

described such variants as a good species. Moreover, 

Do giel' s description of E. loboso-spinosum doe s not men ti on 

the position of t he contractile vacuole which is also not 

depicted in his figures of this species. These figures 

(Dogiel, 1927, p. 60, Pigs. 27a-e) may represent an assemblage 

of fonns, belonging to different species, but possessing a 

common type of caudal spination (see Fig. IV on p. 7 ). 

Forms of Entodinium, found in my material, were 

characterized by the caudal spination similar to that of E. 

caudatum Stein and E. loboso-spinosum Dogiel but possessed, 

as a constant character, a lateral contractile vacuole 

characteristic of the "laterale" group of Entodinium o~ Ko~oid 

and MacLennan (1930). Corresponding tailless forms with 

lateral position of contractile vacuoles, connected to the 

"loboso-spinosum11 forms by transitional variants, were also 

present. On the other hand E . caudatum Stein sensu Dogiel 

(with the vacuole adjacent to the macronucleus )was found 



only in one faunule. This made possible the examination of 

the variability of the new forms, labelled by the lateral 

position of their vacuoles. In this paper . an attempt is 

made to describe these forms and to discuss their 

relationships. 

13 
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2. Materials and Methods 

The material -- rumen contents of 68 Jamnapari goats 

and of 59 sheep -- was collected in the butchery in Rawalpindi -

Cantonment, Western Pakistan, in the period between April 1950 

and June 1954. The collection had to be done at night-time, 

as the usual time of butchering in Pakistan is about midnight 

in surnmer and between 8 and 10 p.m. in winter. The technique 

of collection was as follows: the rumen contents were 

thoroughly mixed inside the intact rumen of the freshly 

slaughtered animal and a eut 3-4 inches long was made in its 

wall. A wide-meshed tea-strainer was pressed a gainst the 

eut and the fluid penetrating into the sieve collected into 

a wide-mouthed pipette. The gastric contents were mixed with 

an equal volume of 20 per cent formalin, the resulting mixture 

thus containing about 3.8-4.0 per cent formaldehyde . 

The material for temporary mounts was stained with 

Weigert 1 s iodine. In preparing permanent slides Westphal's 

method (1934), modified by the author, was used: a few drops 

of mate rial which were previously well shake n were introduced 

into a centrifuge tube filled with distilled water and the tube 

centrif u ged at about 600 rotations per minute for 3 minutes . 

The supernatant fl uid was discarded and the sediment washed 

a gain in a fresh portion of distilled water. After the 

second centrifugi n g the sediment was mixed with an equal 

volume of human serum . A drop of suspension was placed on a 



slide and spread to the size of a circle of about 18-20 mm. 

in diameter. The slides were placed in horizontal position 

in a glass jar containing cotton, soaked in undiluted 

formalin. In about 18-20 hours the films were coagulated, 

but even a 3-4 day long stay in formalin vapors did not 

damage t h e material. The coagulated films were hardened for 
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10 minutes in ?0 per cent alcohol, rinsed in water and stained 

with Heidenhain's iron haematoxylin or Ehrlich's haematoxylin, 

Mayer's acid haemalum in Hoare 1 s modification (Hoare,l949) or 

with Gower's carmin (Gower, 1939), A few films were counter

stained with orange G. The best results were obtained with 

Mayer's haemalum a nd Gower 1 s carmin. Drawings were made 

with the aid of a camera lucida or a drawing prism. 



3. Terminology 

A few words have to be added concerning the 

morphological terminology, used in tbe present paper; it is 

identical to that of Dogiel, Kofoid and :MacLennan and other 

recent authors. It has to be amphasized, however, that 

earlier authors, particularly Stein (1859a and b} and 

Schuberg (1888) used a different terminology. Thus Schuberg 

designated the nuclear body-side of Entodinium as left side, 

whereas at the present time it is designated as dorsal side. 

16 

It is obvious tba t formally iden tic al s ta tements, e. g. "The 

caudal spine of E. caudatum is bent to the left 11 have different 

meanings when used by Schuberg on the one hand, and by a 

contemporary author on the other . (see Fig. I, p. 7). 

At the present time the tem "body length" designates 

the distance from the anterior pole of the body to the anal 

opening, but in the paper of Schuberg, published in 1888, it 

meant the distance from the anterior pole to the end of the 

longest caudal spine. Thus the length to width relation, 

deduced from measurements given by Schuberg, can not be 

directly compared (as Dogiel did in his monograph, p. 62) with 

the length to width relation based on the modern way of 

measuring. These differences have to be kept in mind by 

everybody interested in the old literature on Ophryoscolecidae. 

In the present pape r the term.s 11 cauda tum- 11 , "loboso

spinosum-11 and "dubardi-"types will be used to designate 



forms of Entodinium produced by the intra-specific variability 

within different species of this genus. The term "caudatum-" 

type will be used to designate variants with one dorsal spine 

and two ventral lobes similar in the development of the caudal 

spination to E. caudatum as described by Stein (1859a). 

Schuberg {1888) and Dogiel (1927). By the term "loboso

spinosumUtype will be designated variants with one dorsal 

spine and only one the left -- ventral lobe, thus similar 

in the type of their caudal spination to E. loboso-spinosum 

Dogiel. Tailless variants, similar to E. dubardi Buisson 

1923, will be designated as the "dubardi-"type. 

E. dubardi is characterized by the length to depth 

relation not exceeding 1.55, and so are the tailless variants, 

described in the present paper. We have not found tailless 

individuals with length to depth relation of over 1.7 (which 

according to Dogiel is characteristic of E. simplex) and find 

therefore the term "simplex-"type to be inappropriate for 

their designation. 
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Species and fo~1s of Entodinium, described in the 

present paper, are obviously closely related both to E. 

caudatum and to species of the "laterale" group of this genus 

in the sense of Kofoid and MacLennan. All these forms, 

including E. caudatum, will be referred to in the present 

paper as fonns of the 11 caudatum-laterale" group of Entodinium. 

The following forms of Entodinium of this group were 

found in our material: 



4. Entodinium rectangu1atum 

Kofoid and MacLennan 1930 
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forma caudatum f. nova (Figs. 1 and 2) 

Diagnosis: Body near1y rectangular in side-view, 35 (23-47)p 

long and 29 (23-39)~ deep. Contractile vacuole on the middle 

line of the left side of the body on the level of the 

micronucleus ventrally to the broad left lateral groove. 

Two ventral lobes and one dorsal spine. Dorsal spine 

approximately as long as the dorso-ventral diameter, with a 

laterally compressed basis and a long and narrow distal part. 

Left ventral lobe fleshy, triangular, with the anal opening 

at the base of its mediodorsal surface. Right ventral lobe 

forming a thin plate with a nearly rectangular apex. 

Type host: domestic sheep. 

Type locality: Rawalpindi, W. Pakistan. Collected in 
June 1951. 

Measurements, shown in Table I, are based on lOO 

specimens from the rumen of sheep 48. The ciliates measured 

were stained with Mayer 1 s acid haemalum and mounted in Canada 

bals am. 

Description: Body nearly rectangular in side-view, 

1.16 (0.9-1.5) dorso-ventral diameters in length (see Figs. 1 

and 2). Oral area set nearly at right angles to the main 

body-axis. Ventral surface nearly flat, dorsal slightly 

convex, more so in its posterior part. Posterior end 

truncated at ri ght angl es . The base of the dorsal spine 
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Figs. 1 and 2 -- Entodinium rectangu1atum forma caudatum, 
forma nova. 

(Fig. 1 -- contracted specLmen; Fig. 2 -- expanded 
specimen) • 

Figs. 3 to 6 -- ~ cf. 1oboso-spinosum Dogie1 1927. 

A11 specimens from the faunule of sheep 48. 
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TABLE I 

Dimensions in J.l of E. rectangulatum f. caudatum from the 
rumen of sheep 48, based on measurements 

of lOO specimens mounted in Canada balsam. 

Observed limita 
M ± m er V(%) of variation 

Length 34.62 ! 0.44 !"4.42 12.77 23.0-47.0 

Dorso-ventral 
diameter 29.23 t 0.31 :I3.06 10.46 23.0-39.0 

Relative length 1.16 "'" 0.01 to.12 10.04 0.9-1.5 -
Length of + :!:3.80 macronucleus 21.32 - 0.38 17.87 11.0-31.0 

Diameter of 
oral dise 16.74 + 0.26 :!:"2.62 15.78 10.0-24.0 

Length of 
~ 

!3.85 dorsal spine 35.09 - 0.39 10.99 26.0-44.0 

Length of left 
+ t.l.85 ventral lobe 11.24 0.19 16.44 7.0-17.0 

Length of right 
+ !.1.48 ventral lobe 8.69 0.15 17.03 4.0-14.0 

set in sagittal plane, laterally compressed and plough-shaped; 

its distal part produced in a long, narrow, flexible thorn. 

The length of the dorsal spine equal to or longer than the 

dorso-ventral diameter (depth), and usually equal to the body 

length. Left ventral lobe fleshy, triangular, with an acute 

apex. Anal opening situated at the base of its mediodorsal 

surface, and continuing in caudal direction as a shallow 

furrow running along the mediodorsal surface of the left 



ventral lobe and nearly reaching its apex. The right 

ventral lobe is a thin plate with a nearly rectangular tip. 

Left lateral groove triangular with its apex 

situated between the micronucleus and the contractile vacuole 

just posterior to the base of the outer adoral lip. The 

ventral boundary of the left lateral groove is formed by 

the dorsal edge of the left ventral lobe and a fold on the 

left lateral surface of the body which is the anteriad 

extension of this edge. The dorsal boundary produced by a 

cuticular fold running close to the left ventral side of 

the nuclear apparatus from the base of the outer adoral lip 

caudad and reaching the dorsal side of the base of the dorsal 

spine on the level of the anus (Figs. l and 2). The base of 

the triangular left lateral 8roove, which is produced by a 

line connecting the anus with the dorsal edge of the dorsal 

fold on the level of the anus, usually equals half of the 

dorso-ventral diameter. 

The mouth is an ellipsoïdal opening with its long 

axis set transversally. The oesophagus is situated to the 

right from the anterior pole of the endoplasmic sac. It 

is bent dorsad and terminates in the vicinity of the 

micronucleus. The boundary layer is distinct. The rectum 

begins from the left side of the postero-ventral surface of 

the endoplasmic sac and terminates in the anal opening at 

the base of the left ventral lobe. 
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Macronucleus club-shaped with a broad anterior part. 

Its dorsal surface is closely applied to the body wall. The 

anterior end of the macronucleus nearly reaches the bottom 



of the outer adoral furrow. The length of the macronucleus 

is variable, but usually it does not exceed the dorsa-ventral 

diameter. The ellipsoidal micronucleus is situated near 

the boundary between the middle and anterior third of the 

macronucleus to the left of the sagittal plane. 

The contractile vacuole is situated near the middle 

line of the left lateral surface ventrally to the anterior 

end of the left lateral groove. The centre of the vacuole 

in side-view is always projected ventrally to the anterior 

part of the oesophagus. The food consists of chloroplasts, 

starch granules, plant debris, yeasts and bacteria. 

In Table I the results of measurements of lOO 

specimens of E. rectangulatum forma caudatum, taken at random 

from the faunule of the rumen of sheep 48, are summarized. 

The specimens measured were stained with Mayer's acid haemalum 

and mounted in Canada balsam. 

Occurrence: This form was found in 54 out of 59 sheep and in 

57 out of 68 Jamnapari goats examined. It comprized 3 to 

10.5 per cent of the total number of Entodinium and from 1.9 

to 7.5 per cent of the total infusorial population. It is 

rare in faunules from Bos indicus and Bubalus bubalus, and, 

if present in these, comprises less than l per cent of their 

infusorial population. 

Relationship: E. rectangulatum f. caudatum is simiiar in the 

development of its caudal spination to E. caudatum Stein 1859, 

E. acutonucleatum Kofoid and MacLennan 1930, and ~ 
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ovoidonucleatum Das Gupta 1935. (This last "species" is 

probably an exconjugant of E. caudatum.) E. rectangulatum 

f. caudatum differs from all these species in the position 

of its contractile vacuole. The lateral position of this 

vacuole in the new form of Entodinium rectangulatum is its 

constant character. We have not seen individuals of this 

form with the vacuole situated near the nucleus. Such a 

position is hardly thinkable, because in such a case the 

contractile vacuole would be situated at the bottom of the 

left lateral groove. Thus the new form resembles both 

hitherto known species of the "laterale" group of Entodinium 

-- E. lat erale and E. rectangulatum ::--in t he position of its 

contractile vacuole. The dimensions of E. rectangulatum f. 

caudatum nearly coincide with those of the t ypical for.m, with 

the exception of the l engt h of the dorsal sp ine, wh ich is 

much longe r in the new form: 35 (26-44)p as compared to 

6 (4-8)p in the typical form (see Table II). Slight 

difference in the body length may be correlated to the 

development of the cauda l sp ina tion; i t i s well known, that 

the grade of development of this sp ination is inv.e rsely 

correlated with the body length. It is remarkable that in 

our ma t e rial we have been unabl e to find the typica l short

spined form of E. rectangulatum. The length of the dorsal 

sp ine of t he new form is extreme -- it average s 101.2 per 

cent of t he body leng t h (see Table I ), t he c orresponding 

figures fo r t he race s "An and " B" of Entodiniwn caudatum 
-------------~~~~' 
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TABLE II 

Comparison of dimensions in ~ of E. rectangu1atum Kofoid and 
MacLennan 1930 andE. rectangu1atum f. caudatum f. nova. 

E. rectangu1atum E. rectangu1atum 
after Kofoid & MacLennan f. caudatum 

Body 1ength 35 (29-45) 35 ( 23-47) 

Relative length 1.26 (1.1-1.5) 1.16 (0.9-1.5) 

Dorso-ventral 
di ame ter 28 (23-35) 29 (23-39) 

Length of 
macronucleus 22 ( 14-30) 21 (11-31) 

Diameter of 
oral dise 16 ( 12-19) 17 ( 10-24) 

Length of 
(4-8) dorsal spine 6 35 ( 26-44) 

described by Po1jansky and Stre1kow (1938), ,being 83.5 and 

53.5 per cent of the body length respectively. 

The morpho1ogica1 simi1arity between E. rectangulatum 

andE. caudatum compe1ls one to expect that the variability of 

these two species will also be .similar. We were prepared to 

find in E. rectangu1atum a po1ymorphism, expressed mainly in 

the high continuous variabi1ity of deve1opment of the caudal 

spination. And indeed, in the f aunule of t he sheep 48 we 

found nmnerous forms of Entodinium of t he 11 loboso-spinosum11 

type with the lateral position of the contractile vacuole 

simi1ar to that of E . rectangulatum. But there were no 

transitiona1 forms between · the Entodinium of the "1oboso-



spinosum" type and tbe E. rectangulatum f. caudatum -- the 

variation was discontinuous. Moreover, the Entodinium of 

the "loboso-spinosum11 type were numerous, while in the 

populations of E. caudatum the "loboso-spinosum" forms are 

usually scarce. The Entodinium of the 11 loboso-spinosum11 

type, found in the faunule of the sheep 48 as well as in 

other sheep, was extremely similar to Entodinium loboso

spinosum Dogiel. As in Dogiel's description of this species 

(Dogiel 1925, 1927) the position of the contractile vacuole 

was not mentioned, it is impossible to decide whether the 

Entodinium of the 11 loboso-spinosum" type found by us is 
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identical to, or different from, Dogiel's species~ The re fore 

we shall discuss our form under the name E. cf. loboso

spinosum Dogiel 1927. 



5. E. cf. loboso-spinosum Dogiel 1927* 
(Figs. 3 - 6) 

Diagnosis: Body rectangular in side-view, 26 (18-33)p long. 

Contractile vacuole on the middle line of the left side of 

the body on the level of the micronucleus ventrally to the 

broad left lateral groove. One ventral lobe and one dorsal 

spine. Dorsal spine long wi th laterally flattened bas.is 

and a narrow, long distal part. Left ventral lobe fleshy 

and rounded. In big specimens this lobe is roughly 

triangular in side-view and covers the anus from the left 

si de. In small specimens it is small, rounded and does 

not caver the anus. Right ventral lobe absent. The 

measurements given in Table III are based on 100 specimens 

from the faunule of sheep 48. The ciliates were stained 

with Mayer's acid haemalum and mounted in Canada balsam. 

Description: Body nearly rectangular in side-view, 

1.3 (1.1-1.7) dorsa-ventral diameters in length. Oral area 

set nearly at right angles to the body axis. Ventral 

surface nearly flat, dorsal slightly convex, more so in its 

posterior part. Posterior end truncated nearly at right 

angles. 

The base of the dorsal spine set in sagittal plane, 

laterally compressed and plough-shaped. Its distal part 

~ E. loboso-spinosum was described by Dogiel in 1925 as a 
form of E. dubardi under the name E. dubardi forma loboso
spinosum-and promoted by him to the rank of species in 
1927. 

------ ------------------- -----· ---. -- · . 

26 



produced in a long, narrow, flexible spine. Dorsal spine 

usually shorter than the dorso-ventral diameter. Le ft 

ventral lobe fleshy, with a rounded apex. Its size is 

variable: in small specimens it is relatively shorter tr~n 

in big. Right ventral lobe absent. 

Left lateral groove is a triangle with its apex 

situated between the micronucleus and the contractile 

vacuole near the base of the outer adoral lip. Its ventral 

and dorsal boundaries are less prominent than in E. 

rectangulatum f. caudatum. The base of the triangular left 

lateral groove -- i.e. the line connecting its ventral and 

dorsal edge on the level of the anus -- is about half the 

length of the dorso-ventral diameter. 

TABLE III 

Dimensions in~ of ~cf. loboso-spinosum, based on 
measurements of lOO specimens mounted in Canada balsam, 

from the rumen of sheep 48. 
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lVI ±. m ~ v ( 1&) Observed limits 
of variation 

Body 1ength 26.4Qi0.34 .±~.39 12.84 18-33 

Dorso-ventra1 di ame ter 19.681::0.22 X2.24 11.32 13-25 

Relative length 1.34±:0.01 :tO.ll 8 . 21 1.1-1.7 

Length of macronucleus 13.32t0.25 .:t2.53 19.00 6-20 

Diarneter of oral dise l0.93tO .l6 "tl.62 14.86 6-15 

Length of dorsal spi ne 16 .39!.0.20 :t2.05 1 2 . 40 12-22 

Length of ventral lobe 3 . 53~0.12 ±1.18 33.14 0.7-7.0 



The mouth, the endoplasmic sack and the rectum 

are similar to those of =· rectangulatum f. caudatum. 

The macronucleus is club-shaped, with a broad 

anterior part, nearly triangular in side-view. It is 

closely applied to the dorsal body-wall and nearly reache s 

the outer adoral furrow with its anterior end. Its length 

usually does not exceed the dorso-ventral diameter. The 

ellipsoidal micronucleus is situated near the boundary 

between the anterior a nd middl e t hi rd of t he macronucleus 

to the left of the sagittal plane. 

The contractile vacuole is situated ne ar the 

middl e of the left bod y-surface ventrally to the left 

lateral g roove on the levelof the micronucleus. Although 

its position varies sli~htly, it neve r transgresses the 

ventral edge o f t he left lateral g r oove . 

The f ood consista of b a cte ria a nd yeasts. The 

results of measurements of lOO specimens of E. cf. loboso

s pinosum from the faunule of t he rumen of s heep 48 are 

s ummarized in Table I II . The stained specimens measured 

were mounted in Canada balsam. Thelr dimensions closely 

resemble those of E . la t erale Kofoid and MacLennan 1930 a s 

Table I V s hows. 

28 

Relationship: Entodinium cf. loboso-spinosum closely resembles 

E. loboso-spinos um Dog iel, but differs slightly from it in its 

si ze and p roportions ( see Table V). 

The outl i ne of E . c f . lobos o - s pino sum is similar 



TABLE IV 

Comparison of dimensions in~ of E. cf. loboso-spinosum 
Dogie1 1927 and E. laterale Kofoid and MacLennan 1930. 

E. cf. 
E. laterale loboso-sEinosum 

Body 1ength 25 (19-28) 26 ( 18-33) 

Relative length 1.28 (1.5-1.55) 1.34 (1.1-1.7) 

Dorso-ventra1 diameter 19 ( 18-21) 20 (13-25) 

Length of macronucleus 13 ( 8-18) 13 (6-20) 

Diameter of oral dise 11 ( 9-14) 11 ( 6-15) 

TABLE V 

Comparison of dimensions of E. cf. loboso-sEinosum 
andE. loboso-sEinosüill Dogiel 1927. 

Species Length Relative 

Entodinium cf. 

length 

loboso-sEinosurn. 
Dogiel 1925 26 (18-33) 1.34 (1.1-1.7) 

E. 1oboso-sEinosum Do giel 1925 
lrom Bubalus cokei (After Dogie1) 33 ( 30-35) 1. 57 

E. loboso-spinosum Dogiel 1925, 
from cattle (After Dogiel) 39 (30-46) 1.50 

to that of E. loboso-sEinosum, depicted by Dogiel (1927, Fig. 

27a, p. 60) (see p. 7 of the present paper). 

Dogiel states that both ventral and dorsal surfaces 

of E. loboso-spinosum are convex, but Figure 27"a" of his 

monograph, in which E. loboso-spinosum is depicted, shows an 
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Ent~~inium with a nearly flat ventral surface closely 

resembling in its outline ~cf. loboso-spinosum. The 

differences in dimensions and proportions of~ cf. loboso

spinosum andE. loboso-spinosum Dogiel probably lie within 
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the limits of individual variation. The position of the 

contractile vacuole in "E. dubardi f. loboso-spinosum", 

described by Dogiel in 1925, is not mentioned in this 

description, nor is it in his monograph of 1927, in which this 

"forma" has received the rank of a species. Therefore it is 

impossible both to differentiate or to identify ~ cf. loboso

spinosum with Dogiel's E. loboso-spinosum without a re

examination of the type-specimens of the latter species. 

Occurrence: E. cf. loboso-spinosum was present in 42 out 

of 57 goats and in 36 out of 54 sheep examined. 



6. The "dubardi" forms of E. cf. loboso-spinosum. 

Tailless forms of E. cf. loboso-spinosum were not 

found in the faunule of sheep 48 but were present in other 

faunules of both sheep and goats. Of these the faunule of 

the Jamnapari goat G59 was of special interest. In this 

faunule ~cf. loboso-spinosum was the sole species of 

Entodinium with the lateral position of the contractile 

vacuole. The range of variability of its caudal spination 

embraced short-tailed typical forms on the one hand and 

tailless forms of the "dubardi 11 type on the other, with a 

continuous series of intermediary variants between them 

(Figs. 7-10). 

The position of the contractile vacuole in these 

forms varied slightly: whereas in sorne specimens this 
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vacuole was situated ·near the ventral margin of the oesophagus 

(Figs. 9 and 10), in others it was shifted further ventrad, 

being situated in sorne individuals half way between the level 

of the oesophagus and the ventral side of the body (Figs. 7 

and 8). In these last forms the position of the contractile 

vacuole was similar to that in E. caudatum depicted by 

Schuberg (1888). 

The left lateral groove was present in the spinose 

forms but became progressively shallower as the length of 

the caudal spination decreased, and was not disce rnible in 

the tailless forms of the "dubardi 11 type. 



Figs. 7 to 10 -- ~ cf. loboso-spinosum from the faunule 
of the g oat 59. 

Note the variability of the caudal spination and the 
position of the contractile vacuole ventrally to the 
level of the oesophagus. 
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7. Entodinium simulans sp. n., 

forma caudatum f. nova 

(Figs. 11, 12, 17) 

Diagnosis: Body ovoidal in side-view, 35 (27-44)~ long : and 

28 (21-34)~ deep. Contractile vacuole on the midd le line of 

the left side of the body on the level of the micronucleus 

v :entrally to the left lateral gro ove. Left lateral groove 

narrow, long, slit-shaped in its anterior half. Its ant erior 

end extends to the distal margin of the outer adoral lip. 

Oral dise slanted to the left. Outer adoral lip very low in 

its left ventral part. Two ventral lobes and one dorsal 

spine. Dorsal spine much shorter than the dorso-ventral 

diameter-. Left ventral lobe fleshy, triangular, with the 

anal opening at its base. Right ventral lobe rounded with 

an acute apex. The description and the measurements compiled 

in Table VI are based on lOO stained and mounted specimens 

from the rumen of sheep 54. 

Type host: domestic sheep. 

~ locality; Rawalpindi, w. Pakistan. Collected in 
June 1951. 

Type specimens are preserved in the Instituts of Parasitology, 

Macdonald College, Province of Quebec, Canada. 

Description: Body ovoidal in side-view, 1.28 

(1.0-1.5) dorso-ventral diameters in leng th. Oral dise in 

side-view set nearly at right angles to the main body axis, 

but slanted to the left so that the free base of the outer 
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0 10 ;[0 30 40 soJII 
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Figs. 11 to 18 -- E. simulans sp. n. from the faunule of 
the sheep 54. 

Figs. 11 and 12 -- the 11 caudatum" type; Fig. 13 -
the 11 loboso-spinosurn11 type; Figs. 14 to 16 -
spineless forms with varying degrees of development 
of the caudal lobes. 
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adoral cilla lies on the level of the bottom of the outer 

adoral furrow. Outer adoral lip very low in its left 

anterior part. The apex of the left lateral groove extends 

as a narrow furrow to the anterior edge of the outer adoral 

lip. Posterior end of the body slightly tapered, ventral 

lobes being directed postero-dorsally. 

Dorsal spine much shorter than the dorso-ventral 

diameter. The base of this spine is set in sagittal plane, 

laterally compressed and plough-shaped. Its distal part 

produced in a narrow flexible spine. Left ventral lobe 

fleshy, triangular, slanted dorsally at an angle of about 

30-40°. The anal opening situated at the base of the left 

ventral lobe and continuing as a shallow furrow running in 

the direction of the apex of this lobe. Right ventral lobe 

rounded, with an acute apex. Left lateral groove narrow 

and long; its width at the level of the anus less than half 

the dorso-ventral diameter. At the level of the micronucleus 

the left lateral groove tapers to a narrow furrow, reaching 

the anterior end of the outer adoral lip. 

The mouth is an ellipsoïdal opening slanted to the 
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left. The oesophagus situated to the right from the anterior 

pole of the endoplasmic sac. It is bent dorsad and terminates 

in the vicinity of the micronucleus. The boundary layer is 

very distinct. The dark-stained endoplasm contrasts with the 

very light-stained ectoplasm. The rectum begins from the 
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left side of the posteroventral surface of the endoplasmic 

sac and terminates in the anal opening at the base of the left 

ventral lobe. Macronucleus club-shaped with a broad a nterior 

end, nearly triangular in side-view. It is closely applied 

to the dorsal body-wall and reaches the outer adoral fUrrow. 

The ellipsoïdal micronucleus is situated near the boundary 

between the anterior and middle thirds of t h e macronucleus. 

The contractile vacuole is situated at the level 

of the micronucleus ventra lly to the l e ft lateral g roove. 

In left side-view it is projected on the anterior part of 

the oesophagus and the anbrior pole of the endoplasmic sac. 

The food ronsists of bacteria and yeasts. Sp ores 

of fungi and fragments . of micelium, as well as starch granule s 

have been occasionally seen in the endoplasmic sac. 

Measurements, summarized in Table VI, were taken 

from lOO stained and mounted specimens of E . simulans sp. n. 

from the rumen of she ep 54. 

Occurrence: E. simulans was found in the faunules of 30 out 

of 59 sheep and 33 out of 57 Jamnapari goats examined. 

Relationship : In its caudal spination and t he pos i tion of t he 

contractile vacuole E. simulans i s simi lar to E. lateral e a nd 

E. rectangulatum described by Kofoid and MacLe nnan in 1930. 

It diffe rs f rom b o t h these s pecie s in h aving a very long and 

narrow slit-shaped left latera l g roove . The extens ion of 

t h is g roove on the outer adoral lip is a peculiarity not 

described in a ny othe r s pecie s of Entodinium. 



It has to be noted t~~t E. simulans exhibited in 

the faunule of sheep 54, as well as in other faunules, a 

continuous variation in the development of the caudal 

spination, similar to that of E. caudatum. Two forms, 

connected by transitional variants, could be distinguished 

-- the E. simulans f. loboso-spinosum andE. simulans f. 

dubardi; these forms are described below. 

TABLE VI 

E. simulans sp. n., f. caudatum f. nova 

Summary of measurements (in JJ.) of 100 specimens, 
stained and mounted in Canada balsam. 
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Observed limits 

Body length 

Dorsa-ventral diameter 

Relative length 

Length of macronucleus 

Diameter of oral dise 

Length of dorsal spine 

Length of left 
ventral lobe 

Length of right 
ventral lobe 

M ± m cr V( %) of variation 

35.47to.38 

27.62"t0.28 

1.28to.o1 

22. 57 .to. 30 
.,.. 

14.85-0.15 

17.05!0.35 

"t3. 82 

!'2.80 

!:O.lO 

:!:3.00 

~1.49 

:!:"3.52 

11.07 

10.14 

7.81 

13.29 

10.04 

20.64 

6.86tO.ll t1.12 16.33 

6.65ZO.l3 ~1.29 19.40 

27-44 

21-34 

1.0-1.5 

16-29 

10-18 

10-27 

2-10 

3-10 



8. E. simulans sp. n., 

forma loboso-spinosum, forma n. 

(Figs. 12, 13) 

Diagnosis: Similar to E. simulans f. caudatum, except in 

the development of the right ventral lobe which is absent 

or reduced to a narrow cuticular fold without pointed end. 

The le ft ventral lobe may be pointed, as in the "cau da tum" 

form, or rounded. This form was very rare in the faunule 

of sheep 54. The measurements, recorded in Table VII, are 

based on seven specimens from this faunule. 

TABLE VII 

E. simulans sp. n. forma loboso-spinosum f. nova 

Summary of measurements (in u) of 7 specimens, stained 
and mounted in Canada balsam, from the faunule of sheep 54. 

Observed mean and limits of variation 

Length 38 (25-46) 

Dorsa-ventral diameter 27 ( 22-34) 

Relative length 1.36 (1.10-1.50) 

Length of macronucleus 17 (12-23) 

Diameter of oral dise 14 (11-16) 

Length of dorsal spine 14 ( 10-17) 

Length of ventral lobe 7 (6 - 9) 
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9. E. simulans sp. n., forma dubardi, forman. 

(Figs. 16, 18) 
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Diagnosis: Similar to E. simulans f. caudatum andE. simulans 

f. loboso-spinosum except in the development of the caudal 

armature. Spines absent, right ventral lobe absent. Left 

ventral lobe and caudal lobe short, rounded, without pointed 

angles. Left lateral groove as in E. simulans f. caudatum, 

but sometimes shallow. Contractile vacuole always near the 

middle line of the left body side at a considerable distance 

from the nuclear apparatus. Measurements, summarized in 

Table VIII, are those of 100 stained specimens, mounted in 

Canada balsam, from. the faunule of ·sheep 54. 

E. simulans forma dubardi is a tailless form of E. 

simulans sp. n., analogous to forms of E. caudatQm, designated 

by Poljansky and Strelkow (1934, 1938) as "simplex" •. The 

grounds for designating these forms as 11 dubardi 11 forms were 

briefly stated in the chapter on materials and methods. 

Their further discussion necessitates an inquiry into the 

validity of Dogiel 1 s species E. simplex. 



Fig. 17 -- E . simulans sp. n. forma caudatum with a 
reduced right ventral lobe. Right -side 
view. 

Fig. 18 -- E. simulans sp. n. forma dubardi. 
side view of a dividing specimen. 

Right-
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TABLE VIII 

Dimensions (in p) of E. simulans f. dubardi from the rumen 
of sheep 54, based on measurements of lOO specimens, 

stained and mounted in Canada balsam. 

Length 

Dorso-ventral 
diameter 

Relative 
length 

Length of 
macronucleus 

Diameter of 
oral dise 

Length of 
dorsal lobe 

Length of 
ventral lobe 

Mtm 

31.92%0!57 ±"5.72 

:to .11 

12.26!:0.24 

6.05±"0.12 !t.22 

14.60 

15.04 

8.02 

20.11 

19.66 

34.38 

20.18 

Observed limits 
of variation 

21 - 47 

16 - 34 

1.2 - 1.7 

11 - .28 

8 - 20 

1.3 - 8.6 

2.7 - 10.0 
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10. E. simplex Dogiel 1925 -- a synonym of 

E. dubardi Buisson 1923. 
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Dogiel has described E. simplex in 1925 and given, 

as the sole cbaracter distinguishing this species from E. 

dubardi, its relative length, which in Dogiel's species is 

1.7-1.74, whereas in E. dubardi it is 1.55 (see Dogiel, 1927). 

However, the relation of width to length of 1.7-1.74 is not 

in agreement with Dogiel's drawings of E. simplex accompanying 

the description of this species (see Dogiel 1925b, p. 45, 

Fig. 2 and Dogiel 1927, p. 41, Figs. 3 and 4). Our measurements 

of these figures have shown that the length to width relation 

of the depicted specimens varies from 1.50 to 1.68 with the 

average of 1.62, which is very close to the length to width 

relation of 1.55 characteristic, according to Dogiel, of E. 

dubardi Buisson 1923. As the relative length is the sole 

character distinguishing E. simp1ex Dogiel 1925 from E. 

dubardi Buisson 1923, it has to be stated that the former 

species is a synonym of the latter. 

Eleven years after the publication of Dogiel's 

monograph on Ophryoscolecidae (1927), his pupils -- Poljansky 

and Stre1kow described a strain of what they ca11 "~ 

simp1ex Dogie1 11 (see pp. 72-77 of their paper of 1938). 

The variability of dimensions of 11E. simplex" of their clone 

is summarized by them in a table (see 1.c., table 36, p. 73), 

in which, however, at variance with Dogiel's monograph, the 



inverse relation -- that of width to length -- is given. 

Our recalculations of this table have given the following 

results: on September 11, 1934 the average length-to-width 

relation of E. simplex was 1.25 with limits of variation of 

1.06 to 1.56; on October 23, 1934, the averag e was 1.47 with 

limits of variation from 1.28 to 1.67, and on December 23, 

1934 the corresponding figures were 1.35 with limits of 1.04 

and 1.64. It is hard to conceive why a strain of Entoàinium 

with such characteristics should be identified as E. simplex. 

Poljansky and Strelkow 1 s illustrations are in full agreement 

with figures g iven by them in their tables. On measuring 

10 specimens of "E. simplex11 depicted by these authors in 

their Figure 23A (l .• c., p. 75) we found the length to width 

relations to be 1.45 with limits of variation of 1.33 to 

1.53, the corresponQing figures for their Figure 23B being 

1.55 (1.39 to 1.70), which is very close to the figures 

characteristic, according to Dogiel's monog raph, of E. 

dubardi. 

Describing the 11 simplex" forms of E. caud.atu.rn 

Poljansky and Strelkow state that "quand Ent. caudatum est 

a l'état de 11 simplex 11 son phenotype ne diff~re en rien de 
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celui du vrai Ent. simplex."(l.c., p. 74). The corresponding 

fig ures (l.c., Fig. 25, p. 76) represent 10 specimens of the 

11 Ent. caudatum a l'état 11 simplex""with the average length to 

width relation of 1.52 with variations from 1.43 to 1.60 -

again figures characteristic, according to Dogiel's monograph, 

---- - · · ··· · ···- · --· ·· 



of E. dubardi. Hence it follows, that the "vrai Ent. 

simplex11 of Poljansky and Strelkow is identical to E. dubardi 

Buisson 1923, and that the tailless forms of their class VI 

of E. caudatum are phenocopies of E. dubardi, not of "E. 

simplex". 

In their paper of 1938 Poljansky and Strelkow 

state that the variants of class VI are similar to both E. 

simplex and E. dubardi, but that 11Ent. dubardi forma dubardi 
, 

trouve dans Capreolus capreolus, Cervus canadensis et les 

Antilopes d'Afrique, vue la difference de l'hÔte, convient 

moin pour la comparaisonn (l.c., p. 20). 'Nhy this argument 

-- the difference of hosts -- should not be applicable to E. 

simplex, described by Dogiel from the reindeer ( 1925b), is 

hard to understand. 
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As E. simplex Dogiel 1925 is a synonym of E. dubardi 

Buisson 1923, we have de signated the tailless forms of E. 

simulans sp. n. as forms of the 11 dubardi" type. This 

designation is the more appropriate as the relative length 

of these forms is close to that of E . dubardi . 



11. E. caudatum Stein 1859 

E. caudatum Stein 1859 sensu Dogie1 1927 is simi1ar 

to the above described species of Entodinium, but differs 

from them by its more rounded body, larger size, shorter 

left lateral groove, and, before all -- in the position of 

its contractile vacuole which in this species is adjacent to 

the macronucleus. This species was found by us only once -

in the sheep N2 from Rawalpindi (see Figs. 19-24). 

The faunule of this sheep consisted of on1y 4 

species of Ophryoscolecidae and of one of Isotrichidae. 

The numerical interrelations between individuals belonging 

to these species were as fol1ows: 

E. caudatum 

E. longinucleatum 

E. ovinum 

Polyplastron multivesiculatum 

Isotricha prostoma 

93.0% 

2.5% 

2.5% 

+ 

2.0% 
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E. caudatum was represented by all 6 classes o~ 

development of the caudal spination, the continuous character 

of variation being obvious from first sight. The distribution 

of individuals among the classes was as follows: 



24 

0 JO zo :lO 4o so-4! 

Figs. 19 to 24 -- E . caudatum Stein 1859 from the rumen of 
sheep 2. Specimens of the I -VI classes. 

46 



TABLE IX 

Distribution of individuals of E. caudatum 
among the classes of development of the caudal spination. 

(Material from sheep 2) 

Classes I II III IV V VI 

Per cent individuals 9.0 4.5 1.5 0.5 4.0 80.5 

The character of distribution was thus similar to that 

observed by Poljansky and Strelkow in their clones of ~ 

caudatum. The fourth class -- that of individuals with the 

caudal spination of the loboso-spinosum type -- was 

represented by a few individuals only. The body-length in 

all classes varied from 28 to 65p, but that of the tailed 
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classes (I-V) -- only from 38 to 65f· The tailed individuals 

were thus on the average slightly larger than the tailless 

forms. The relation of length to width varied from 1.1 to 

+ 1.7 with the averag e of 1.37 - 0.01. This relation in 

individuals of the 6th (tailless) class alone was 1.39 t 0.01. 

The relation was thus closer to that of E. dubardi (1.55) than 

to that of Dogiel's "E. simplex" (1.70) as the case was in 

clones examined by Poljansky and Strelkow. The limits of 

variations of the relative length in the population of sheep 

2 was also comparable to that observed in clones of E. caudatum, 

studied by these authors. 



12. Discussion 

The species of Entodinium, described in the fore

going pages, are related to both E. caudatum Stein sensu 

Dogiel 1927 and E. caudatum Stein sensu Schuberg 1888, and 

exhibit an intraspecific variability, both continuous and 

discontinuous, producing series of forms, similar in the 

structure of their caudal spination to those of the forms 

of E. caudatum, described by Poljansky and Strelkow (1934, 

1938). Our material -- fixed faunules -- is unsuitable for 

an experimental analysis of the nature of this variability. 

However, with considerable degree of probability we can 

presume that both environmental and genetic factors 

participate in its production. 
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Due to the parallel variation of the caudal spination 

in E. caudatum on the one hand and in E. rectangulatum and ~ 

simulans on the other, three different forrns of the "caudatum" 

and the "loboso-spinosum" types were present in our material 

{see Figs. 26, 27, 29, 30, 32, 33). An attempt to identify 

these forms with the aid of the existing keys -- that of 

Dogiel (1927) and of Bhatia (1936) -- the last being based on 

the first -- would have lead to the discouraging result of 

being forced to identify three obviously different forms with 

the 11 cauda tum" type of the caudal sp ina ti on as E. cau da tum, 

and three corresponding forms with the 11 loboso-spinosum11 type 

of spination -- as E. loboso-spinosum. Such result depends 



on the principle, on which Dogiel's key was built -- i.e. 

on an attempt to define species of Entodinium as well as 

of the higher Ophryoscolecidae whenever possible on the 

basis of the character of their caudal spination. This 

usage was started by Stein in 1859 and perpetuated by all 

subsequent students of these ciliates, including Kofoid. 
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The use of the structure of body-appendages in the systematics 

of the Ophryoscolecidae seemed to be simple, convenient in 

practice, and, as far as could have been judged by analogy 

with other groups of animals, reasonably reliable. Zoology 

has originated basically on the foundation of studies on 

vertebrates and higher arthropods, and the practice has shawn 

that the structure of body-appendages in these groups is 

constant and therefore of considerable taxonomie value. It 

is natural that this practice was extended into the realm of 

zoology of lower animals, in which, however, it proved to be 

of limited value. Thus, e.g., the experimental study of 

temporal variation in Cladocera has shown that many morphological 

characters of this group, believed by early systematists to be 

of taxonomie value, as e.g., the length of helmet, of the 

rostrum and of the caudal spine, were environmentally variable, 

the intraspecific variability producing forms once believed to 

be good species and even to belong to different genera (Daphnia 

and Hyalodaphnia) (see Coker and Addlestine, 1948). Numerous 

species of Daphnia, Bosmina and of sorne ether genera have had 

to be suppressed. An analysis of environmental factors 



involved was started by Wesenberg-Lund (1900-1910), who found 

that seasonal changes of water temperature are the most 

important factor. Later Woltereck (1909-1921 and 1934) 

showed that the leading factor is the level of nutrition, 

associated with seasonal changes of the temperature. 

Recent investigations confirmed the participation 

of both temperature and nutrition in the causation of 

cyclomorphosis, but showed a1so that other factors, as e.g., 

turbulence of water (Brooks, 1947), participate in its 

production. However, the capacity to cyclomorphosis, the 

norm of reaction, is determined genetical1y. Within one 

species may exist severa1 races differing in the degree and 

character of their morphogenetic responses to environmenta1 

factors. 
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Another examp1e of confusion in systematics caused 

by pronounced environmental and genetica1 intraspecific 

variability is the well known history of examination of the 

brine-shrimp Artemia salina. Forms of this species, arising 

under the influence of salinity-changes were thought at the 

end of the last century to be good species, and sorne of them 

-- even to belong to a different genus (Schmankewitsch 1875). 

Experimental analysis of this variability has shown that both 

environmental and genetic factors participate in its causation 

(Gross 1932). Simi1ar examp1es can be drawn from the 

systematics of mo1luscs (e.g. Ostrea, Mytilis, Vermetus, 



Anodonta, and other genera) as well as from that of annelids, 

Bryozoa, and Rotatoria (Keratella, Brachionus et al.) 

(Wundsch 1921, and others). In all cases where a careful 

analysis of the nature of the variability was attempted, it 

was shawn to be produced by interaction of environmental and 

genetic factors. 

A similar type of variability in the fresh-water 

dinoflagellates was described by Wesenberg-Lund as early as 

1908. Later Kofoid reported the presence in chain-forming 

species of Ceratium of what he calls mutations, but what may 

well be modifications, affecting traits, usually evaluated 

as species-characters. 
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The systematics of Ophryoscolecidae are at the 

present time in a state comparable to that of the systematics 

of Cladocera and Dinoflagellata at the time when the basic 

concepts of the doctrine of cyclomorphosis have been evolved, 

i.e. half a century ago. The diagnoses of many species of 

the Ophryoscolecidae, and specially of those possessing caudal 

armature, are based on intraspecifically variable characters, 

and therefore forms belonging to one species are often split 

into several 11 species". This is the case not only within 

the 11 caudatum-laterale 11 group of Entodinium but also in sorne 

specie s of other genera of this family. Poljansky and 

Strelkow have shawn, e. g . that fo1ms of Eudiplodinium, 

described by Dogiel as E. neglectum f. dilobum, E. neglectum 

f . monolobum andE . neglectum f . bovi s , and promote d to the 



rank of species by Kofoid and :MacLennan in 1932 are 

environmentally induced modifications of one species, and 

not separate species, as Kofoid and MacLennan presumed. 

On the other hand it is nearly certain, that some other forms 

of Eudiplodinium neg lectum, described by Dogiel, as e. g . E. 

neglectum f. insigne, E. neglectum giganteum, which also were 

promoted by Kofoid and MacLe nnan to the rank of species, 
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really are g ood species. Poljansky and Strelkow have s h own 

that, whe reas sorne specie s of t he Ophryoscolecidae are ex treme ly 

environmentally plastic (e.g. Entodinium caudatum, Eudiplodinium 

neglectum f. dilobum), others, as e. g . Eudiplodinium maggii, 

Entodinium vorax) are stable . Woltereck, wh o ob s erved 

similar phenomena in Cladocera, has divided species, examined 

by him, into the g roup s of stenotypie species with a low g rade 

of i ntraspecific va riability and of schizotypic species with 

high intraspecific v a riab ility -- t e rms which roughly 

correspond to labile and stable species of Schmalhause n (1949). 

In these terms t he b asic diffi cul ty of t h e s ystematics of the 

Ophryos cole cidae c a n be de fined as the diff icul ty in dealin g 

with morpholog ical characters of labile s pecies. 

Another difficulty of the systematics of these 

cilia tes lies in the p res e nce of p a rallel f o rms in related 

species, whic h , when ident i fie d on the basi s of t he p a ralle l 

varyine characters, a r e lump ed toge ther i nto one s pecies . 

A complete r e c onstruction of the s ys temati cs of t he 

Ophryoscole c idae can be a chiev e d only on the basis of an 
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experimental analysis of variability in clones, maintained 

in experimental animals and in (anaerobie) cultures. A more 

or less complete study of the variability of their numerous 

species will require many decades of strenuous work. Life

time efforts of several generations of zoologists will probably 

be needed to conduct the systematics of the üplœyoscolecidae 

between the Scilla and Charybdis of environmental plasticity 

and of parallel variation to the safety of exact knowledge, 

based on experimental data. 

However, a mitigation of vices of the present-day 

systematics of the Ophryoscolecidae can be achieved by careful 

selection of characters used for identification of its species. 

Strict distinction should be made, whenever possible, between 

intraspecifically variable characters ("Gestaltmerkmale" of 

Woltereck), and stable characters of taxonomie value 

("Taxonomische Merkmale 11 of Woltereck) -- a distinction which 

to a certain degree coincides with Vavilow 1 s (1923) distinction 

between varietal characters and cbaracters belonging to 

11 radieals 11 of Linneons. 

Such distinction is of special importance in 

systematics of groups with parallel variation, due to 

possibility of confusion between intraspecifie and inter

specifie parallel variation. The intraspeeific variability 

often affects prominent charaeters, which sometimes can be 

mistaken for specifie characters. 
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25 

26 

28 29 

31 

Figs. 25 to 33 -- Parallel forms of Bntodinium of the 1baudatum
laterale11 group. Left column -- the 11 dubardi 11 types, 
middle column -- the "loboso-spinosum11 types, right 
column -- the 11 caudatum11 types. 

Fig. 25 

Fig. 2? 

Fig. 28 
Fig . 29 
Fig. 30 
Fig. 31 
Fig. 32 
Fig. 33 

The "dubardi 11 and Fig. 26 -- the 11 loboso-spinosurn11 

form of E. cf. loboso-spinosum Dogie l 192?. 
E . rectangulatum Kofoid and MacLennan 1930 f. 
cauda turn f. . n. 
E . simulans sp. n. f. dubardi f. n. 
E. s. sp. n. f. loboso-spinosurn f. n. 
E. s. sp. n. f. caudatum f. n. 
E. caudatum Stein 1859 f. dubardi. 
E . caudatum f. loboso-spinosum. 
E. caudatum f. caudatum. 



This source of errors exists both in zoological and 

botanical systematics, and becomes of considerable importance 

in cases of discontinuous intraspecific variability. 

"Varietal alternative characters," says Vavilow (1923) "were 

often mixed with those of radicals; particularly was this 

the case when descriptions of new genera and Linneons were 

made on single plants and samples collected in one district." 

Awerinzew and Mutafova (1914) who were the first to 

draw the attention to the parallelism of forms in 

Ophryoscolecidae, wrote, that these ciliates "··· in Reihen 

angeordnet werden k8nnen, die den Reihen elnes eigenartigen 

periodischen Systems entsprechen, so dass vermittels einer 

besonderen Tabelle die Formen erraten werden k~nnen, die 
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zun~chst weder gefunden noch beschrieben, wie es unsere Befunde 

teilweise zeigen, jedoch vorhanden sind und sp~ter aufgefunden 

werden k8nnen!' In this wording the term 11 species 11 in not 

used. Tables, illustrating parallelism of forms in the 

Ophryoscolecidae, were published in 1923 by Crawley and by 

Dogiel. Crawley, discussing taxonomie characters of the 

Ophryoscolecidae, states that "In the case of the Ophryoscolecidae, 

as has been pointed out, the generic characters are those which 

have to do with the cirrus system, the specifie being the size 

and the nature of the armature". Thus environmentally plastic 

characters were proclaimed by Crawley to be specifie characters. 

In a paper published simultaneously with that of Crawley, 

Dogiel (1923) says: "Meistens ist die Zahl der Dornen in jeder 



Art streng konstant, doch gibt.es Arten, wo diese Konstanz in 

sl:il tenen F !illen verloren geht, und auch andere, wo im 

Bereiche der Art mehrere "Formen" mit verschiedener Zahl der 

Dornen entstanden sind (O. fasciculus mit 6 verschiedenen 

"Formen11 , die 0 bis 5 Dornen besitzen) 11 (l.c., p. 108). In 
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his later papers Dogiel tended to unite series of forms into 

species, including in them, at least in sorne instances, 11 forms" 

which obviously are independent species. 

The tables of Crawley and of Dogiel, illustrating 

the parallelism of forms in the Ophryoscolecidae, have been 

compiled over 30 years ago and are now out of date. The 

data on .the intraspecific variability in this family now at 

hand are inadequate for a compilation of an up-to-date table. 

It is probable also, that a revision of sorne basic concepts 

of the comparative morphology of this family will be needed 

to obtain a deeper insight into the homologization of structures 

in the higher genera of this fM1ily with those of Entodinium. 

Parallelism of forms is not an exclusive trait of 

the family Ophryoscolecidae, but is known to exist in other 

classes of Protozoa as well. Hoare (1933), studying 

Eimeriidea from Uganda, has shown that 11 When the genera 

comprising this suborder (with a few exceptions) are arranged 

in the ascending order of the number of structural elements 

(sporocysts and sporozoites) contained in their o~cysts, they 

form parallel series or groups in the horizontal and vertical 



directions, which consist of homologous members, as 

represented graphically... The oBcyst characters of each 

genus are determined by those of its neighbours in the 

horizontal and vertical groups." In the graph, given by 

Hoare, were left vacant places for as yet undiscovered 

genera with predicted structure of o8cysts. At least three 

genera, filling the vacant places in Hoare 1 s graph, were 

described since the publication of his paper (Gouseff 1937, 

Ray et al 1942, Vincent 1936) -- a unique case of prediction 

of existence of new genera in zoological literature. 
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Parallelism of forms in Entodinium of the 11 caudatum

laterale11 group, described in the present paper, is expressed 

in repetition of types of caudal spination in different species 

of this group. The 11 caudatum", loboso-spinosum" and "dubardi 11 

types are produced by the intraspecific variability in E. 

caudatum, E. simulans, as well as in the g roup E. rectangulatum 

plus ~ cf. loboso-spinosum (see Figs. 25 to 33). The 

character of variation of the caudal spination in these species 

is, however, different. iVhereas in E. caudatum and E. simulaas 

the variation is obviously continuous and the percentage of 

the 11 loboso-spinosum11 forms extremely low, in the g roup E. 

rectangulatum and E. loboso-spinosum the percentage of 

"loboso-spinosum" forms is very high a nd the variation 

discontinuous. Our material is not suitable for an experimental 

analysis of relationship s between E . rectangulatum andE. cf. 

loboso-spinosum. Although these two f orms have b een found 



nearly always together, we have not found transitional forms 

between them. Two explanations of these findings are 

possible: 1. E. rectangulatum and E. cf. loboso-spinosum 

are distinct species, and 2. E. rectangulatum and~ cf. 

loboso-spinosum are forms belonging to one species. If 

this last presumption is accepted, we would have to explain 

the discontinuous character of variability in the species by 

participation of genetic factors, may be connected with 

polyploidy. These questions can, however, be further 

elucidated only by experimental methods. 

The stereotyped forms of the caudal spination in 
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the species of the "caudatum-laterale" group of Entodinium 

appear thus in at least three species of this group, differing 

from each other in essential morphologie characters -- the 

development and the shape of the le ft lateral groove and the 

position of the contractile vacuole. In E. caudatum the 

contractile vacuole is situatad near the anterior end of the 

macronucleus, as it is in the vast majority of specie s of 

this genus. The l eft lateral g roove in E. caudatum is less 

developed, than in E. rectangulatum and E. simulans. This 

compells us to re0ard E. caudatum as a primitive member of 

the " caudatum-laterale 11 group. In E. recta ngulatum and E. 

cf. loboso-spinosum the contractile vacuole became displaced 

ventrad to the level of the oesophagus, and the anterior end 

of the elongated left lateral g roove separates this vacuole 

from the nuclear apparatus. In E . simulans the e longation 



or the left lateral groove has resulted in its extension on 

the outer adoral lip. Simultaneously the left lateral 

groove became transformed in a furrow. This compells us to 

regard E. simulans as an advanced member of the "caudatum-

laterale" group. 

Thus in the "caudatum-laterale" group oi Entodinium 

exists an evolutionary trend to ventrad displacem nt of the 

contractile vacuole and to the transformation of the left 

lateral g roove into a long and narrow furrow, extending on 

the adoral lips. The probable significance of these 
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evolutionary trends in the macro-evolution of the Ophryoscolecidae 

shall be discussed in the second part of this p aper. 



PART II 

ON THE ORIGIN OF THE HIGHER 

OPHRYOSCOLECIDAE. 

" the idea of equivalency or 
proportion, as well as that of likeness, 
ought always to govern the labours of a 
classifier." 

Richard Owen, Lectures on the Comparative 
Anatom1, 1843-.--
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The family Ophryoscolecidae is divided into two 

groups: the lower Ophryoscolecidae, comprizing only one genus 

Entodinium, and the higher Ophryoscolecidae, comprizing all 

other genera of this family. The genus Entodinium is 

characterized by the presence of only one membranelle zone 

-- the adoral, of one contractile vacuole, and by the 

micronucleus situated ventrally to the macronucleus. 

Higher Ophryoscolecidae have two membranelle zones -- the 

adoral and the dorsal, two or more contractile vacuoles and 

the micronucleus situated dorsally to the macronucleus. 

There is no doubt that the higher Ophryoscolecidae 

originated from ancestors similar to existing species of the 

genus Entodinium (Dogiel 1923, Crawley 1923). According to 

Dogiel, the dorsal membranelle zone of Diplodinium s. str. 

(Dogiel's subgenus Anoplodinium of the genus Diplodinium s. 

lato) originated as result of dorsad growth of the left 

outer end of the oral membranelle zone of Entodinium which in 

the course of this growth bent to the left and thus produced 

the semicircular adoral zone of Diplodinium s. str. 

Simultaneously the contractile vacuole and the micronucleus 

were displaced dorsad and thus became situated dorsally to 

the macronucleus. Thus Dogiel takes it for granted, that 

t he dorsal side of higher Ophryoscolecidae is homologous to 

the dorsal side of Entodinium. In his paper on the phylogeny 

of Ophryoscolecidae, published in 1946, and later in his 



62 

textbook of general protozoology (1951, p. 430) Dogiel depicts 

a hypothetical Entodinium, ancestral to higher Ophryoscolecidae, 

with its micronucleus situated dorsally to the macronucleus --

a character not observed in any existing species of this genus. 

In 1923, Crawley wrote: "It is impossible to avoid 

the conclusion, that Diplodinium (s. lato; author) is derived 

from Entodinium. What apparently has happened is that the 

right and the left sides of the anterior surface of Entodinium 

have grown in, separating the originally large mouth into two 

portions. Of these, the larger ventral portion has continued 

as a functional mouth, while the smaller dorsal portion has 

become reduced to a pit extending but a short distance into 

the interior. At the same time, the original single system 

of cirri has also separated into two, producing one crown, 

which encircles the mouth and another which encircles the 

pit ••• " Dogiel (1927) correctly states, that there is no 

pit in the middle of the dorsal membranelle zone of Diplodinium 

" and that this zone does not form a closed spiral. Thus the 

morphological characters, required by the theory of Crawley, 

do not exist in the genus Diplodinium. 

* Crawley 1 s opinion on the existence of such a pit was 
probably based on the incorrect drawings of Eberlein, who 
has depicted such pits in Eudiplodinium maggii (= D. mag~ii) 
and D. dentatum (1895, plate 7, Figs. 8, 9 and 17) and o 
Awerinzew and Mutafowa, who have represented such pits in 
their figures of Ostracodinium dentatum (their "D. dentatum11 ) 

and Me tadinium medium (1914, plate 9, Figs. 1, 2 and 7). 
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A hypothetical reconstruction of tbe long series 

of ancestral forms, connecting typical higher Ophryoscolecidae 

to typical primitive species of Entodinium, meets with 

considerable difficulties. Morphological characters, which 

according to the views of both Crawley and Dogiel should be 

present in ancestral forms of higher Ophryoscolecidae, as 

e.g. the dorsad growth of the oral membranelle zone and the 

displacement of the micronucleus to the dorsal side in 

Entodinium, are not found in existing species of this primitive 

genus. In this paper an attempt will be made to interpret 

the morphology of the lower representatives of higher 

Ophryoscolecidae on the basis of evolutionary trends, observed 

in sorne higher representatives of the genus Entodinium. 

One of the most primitive genera of higher 

Ophryoscolecidae is doubtless the genus Diplodinium s. str. 

in the sense of Kofoid and MacLennan (1932). This genus lacks 

a skeleton, which is characteristic of all other genera of 

higher Ophryoscolecidae with the exception of Eodinium. 

Another peculiarity of Diplodinium is the localizat ion of the 

nuclear apparatus not near the dorsal side -- as is the case 

in all other genera of Ophryoscolecidae but near the middle 

of the right side of t he body. A long narrow longitudinal 

furrow is situated between the nuclear apparatus and the 

contractile vacuoles of Diplodinium s. str. and Eudiplodinium 

sensu Kofoid and MacLennan. Any theory aiming to explain 

the orig in of the higher Ophryoscolecidae must also explain 



the genesis of these peculiar traits of these two primitive 

genera of this group. 
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Studying the morphology of two species of Entodinium 

related to E. caudatum -- the E. rectangulatum Kofoid and 

MacLennan 1930 andE. simulans sp. n., we have noted that in 

the last two species of Entodinium exists a trend to anteriad 

elongation of the left lateral groove, which in E. simulans 

becomes transformed in a long and narrow furrow. The 

contractile vacuole in these species of Entodinium is shifted 

ventrad to the level of the mouth and becomes separated from 

the nuclear apparatus by the anterior portion of the elongated 

left lateral groove. 

The comparison of interrelations of organelles on 

the left body-side of Entodinium simulans with those on the 

right body-side of Diplodinium, e.g. D. dentatum (Figs. 37 and 

39) reveals a striking similarity in the shape and sequence of 

these organelles. In both cases they are (from left to right): 

contractile vacuole, longitudinal furrow, micronucleus and 

macronucleus. Two alternative explanations can be given to 

this phenomenon: 

(l) As the longitudinal furrow of Diplodinium is 

situated on its ri ght body-side, whereas in E. simulans (and 

in other species of Entodinium) it is situated on the left 

body-side, the furrow of Diplodinium is not homologous to 

the left lateral groove of Entodinium. The similarity in 

topographie interrela tions of the nuclear apparatus, 



longitudinal folds, and contractile vacuoles in these two 

genera is a mere coïncidence and therefore of no significance. 

(2) The similarity of topog raphie relationships of the 

nuclear apparatus, longitudinal fold and the contractile 

vacuoles in Entodinium of the caudatum-laterale group on the 

one hand, and in Diplodinium s. str. on the other is not 

accidental. The right lateral furrow of Diplodinium s. str. 

is homologous to the left lateral groove of Entodinium. The 

11 right 11 body-side of Diplodinium is homologous to the left 

body-side of Entodinium. 

The acceptance of the second thesis implies the 

following conception of the origin of the higher 

Ophryoscolecidae: 

Primitive representatives of the genus Dip lodinium s. 

str. originated from ancestors similar to existing species 
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of Entodinium of the caudatum-laterale group in such a way 

that the contractile vacuole, the nuclear apparatus and the 

furrow-shaped left lateral groove were shifted ventrad across 

the left body-side. The oesophagus followed the macronucleus. 

The apex of the left lateral furrow moved ventrad, separated 

the ventral membranelle row ("dorsal" zone) from the oral 

apparatus and was transformed in the operculum. The ventral 

side of Entodinium became 11 dorsal 11 side of Diplodinium. 

Phylogenetic phenomena, required by this conception~ 

are based on evolutionary trends, observed in the "caudatum

laterale" group of Entodinium -- trends to the transformation 



of the left lateral groove into a narrow furrow and to the 

ventrad displacement of the contractile vacuole (see Part I 

of the present paper). 

The following evolutionary steps can be traced 

from a study of existing species of the Ophryoscolecidae: 

Evolutionary Steps 
Existing Species 

similar to 
Ancestral Forms 

l. Primitive species of 
Entodinium with elongate 
body without caudal 
spination and lateral 
groove. 

E. elongatum~ 

2. Origin of forms with caudal 
spination of the E. caudatum 
type possessing a wide and 
comparatively short left 
lateral gro ove. 

3. Increase in length of the 
left lateral groove and 
ventrad shift of the 
contractile vacuole (cf. 7, 
p. 519). 

E. nanellum (Fig. 34) 
and others 

E. caudatum (Fig. 35) 

E. laterale, 
E. rectangulatum (Fig. 36) 

4. Left lateral groove becomes 
transformed into a narrow furrow, 
which extends to the anterior 
margin of the outer adoral lip 
and separates the contractile 
vacuole from the nuclear 
apparatus. E. simulans (Fig. 37) 

5. Further ventrad shift of the 
nuclear apparatus, left lateral 
furrow and contractile vacuole. 
The fold, produced by the 
anterior end of the left lateral 
furrow on the outer adoral lip, 
moving ventrad, separates the 
ventral membranelle row ("dorsal 
zone") from the adoral membranelle 

------------------- --- -------- --
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zone and becomes the 
operculum. The oesophagus 
follows the macronucleus. 
Advent of second contractile 
vacuole. Missing link (Fig. 38) 

6. Shifting further ventrad, the 
contractile vacuoles reach the 
ventral side of the body. As 
the angular velocity of rotation 
of the macronucleus is lower 
near the oral end, the macronucleus 
becomes flexed (boomerang-shaped). 
Left lateral furrow still persists. Diplodinium (Fig. 39) 

7. Further ventrad shift of the 
nuclear apparatus. The 
11 skeleton11 appears on the 
track of the macronucleus. 

8. Disappearance of the left 
lateral furrow and pressing 
of the macronucleus between 
the contractile vacuoles. 
Further development of the 
skeleton. 

Eudiplodinium (Fig. 40) > 
Eremoplas tron 

Metadinium (Fig. 41) and 
other genera of higher 
Ophryoscolecidae. 

The essential point of our conception of the origin of the 

higher Ophryoscolecidae is the transformation of the ventral 

side of Entodinium into the "dorsal" side of Diplodinium as 

a result of ventrad shift of the vacuoles, left lateral 

groove and of the nuclear apparatus. These phenomena can 

be described as torsional displacement of these structures 

across the left side of the body. This torsion occurred 

early in the evolution of Ophryoscolecidae and resulted in 

the advent of the higher genera of this family. The stages 
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of this process are shown on Figures 34 to 41 in which, however, 

all dra wings,with the exception of Figure38, are camera lucida 

drawings of existing spe cies of Ophryoscolecidae. Figure 38 
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Fig. 34.-- Entodinium nane11um Dogie1 1921 (x 800). 

E. caudatum Stein 1859 (x 630). Fig. 35 

Fig. 36 

Fig. 37 

Fig. 38 

Fig. 39 

E. rectangu1atum Kofoid and MacLennan 1930 (x 630). 

Fig. 40 

Fig. 41 

E. simu1ans sp •. n. (x 630). 

Hypothetica1 ancestor of the genus Dip1odinium s. str. 

Dip1odinium dentatum (Stein 1859) Schuberg 1888 
(x 450). 

Eudip1odinium maggii (Fiorentini 1889) (x 330). 

Metadinium tauricum (Dogie1 et Fedorowa 1925) 
(x 275). 

A11.figures, with the exception of Fig. 3~ are s1ight1y 
schematized camera 1ucida drawings of fixed and mounted 
specimens of Ophryosco1ecidae from sheep and goats, from 
materia1 co11ected by the author in Rawalpindi, W. Pakistan, 
in 1950-1954. 

Drawings are made at different magnifications to reduce the 
progressive increase in size from Fig. 34 to Fig. 41. 
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39 

Figs. 34- 41. 
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represents a hypothetical ancestor of the higher Ophryoscolecidae. 

The comparison of the left side-view of E. simulans with the 

"ri ght" side-view of Diplodinium dentatum (Figs. 37 and 39) 

makes the gap between the genera Entodinium and Diplodinium 

appear much smaller than it is usually believed to be. The se 

phylogenetic phenomena can be compared · to the processes of 

torsion (with subsequent detortion) frequently occurring in 

the life cycle of apostomatous ciliates. Indeed, the figures, 

representing the formation of the hypertomite in Phoretophrya 

nebaliae (Lwoff, 1950, p. 54) could serve as a good 

illustration of the origin of the genus Diplodinium. 

In terms of the usual terminology . the following 

table of homologies between Entodinium and Diplodinium can 

be compiled: 

Entodinium 

Dorsal side 
Left side 
Ventral side 
Right side 
Left lateral g roove 
Dorsal spine 

Diplodinium 

Ventral side 
Right side 
Dorsal side 
Left side 
Right cuticular furrcw 
Ventral spine 

This last point seems to be of special interest for sorne 

as pects of the problem of morphological parallelisms in the 

family Ophryoscolecidae. Discussing this problem, Dogiel 

(1927, p. 280) states, that there is no parallelism in the 

structure of caudal spination in three-spined species of the 

genus Entodinium on the one hand and three-spined species of 

Diplodinium, Epidinium and Caloscolex on the other, because 



in Entodinium the longest spine is always the dorsal one, 

whereas in the above-mentioned genera of the higher 

Ophryoscolecidae the longest spine is the ventral. From 

our standpoint, however, the so-called ventral spine of the 

higher Ophryoscolecidae is a homologon of the dorsal spine 

of Entodinium. Therefore the facts, which, from Dogiel's 

standpoint, disprove the presence of parallelism between 

Entodinium and the higher Ophryoscolecidae, are from our 

standpoint a proof of the existence of such parallelism. 

The new conception of tbe origin of the higher 

Ophryoscolecidae may provide a new approach to the evaluation 

of morphological parallelisms in this family and probably a 

new basis for the study of comparative morphology of this 

group. An attempt to reconstruct the phylogeny of the 

family Ophryoscolecidae on the basis of the new conception 

will be made in the third part of this paper. 
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PART III 

PHYLOGENY OF TlliS OPHRYOSCOLECIDAE 

BASED ON THEIR COMPARATIVE MORPHOLOGY. 

"Terms of art ••• may seem to 
correct the wrong acceptance of words; 
yet all this is insufficient to prevent 
the seducing incantations of names in 
numerous respects, their doing violence 
to the understanding, and recoiling 
upon it, from whence they proceeded." 

F. Bacon, Advancement of Learning, 1605. 
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1. Torsion as the Basic Phylogenetic Trend 

in the Family Ophryoscolecidae 

In the second part of this paper we have discussed 

the interrelations between Entodiniwn of the caudatum-laterale 

group and Diplodinium s. str., and concluded, that the last 

genus originated from ancestors similar to Entodinium simulans 

as result of torsion, which displaced the nuclear apparatus, 
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the left lateral groove, and the contractile vacuole of 

Entodini~~ from the dorsal side to the ventral, and that 

therefore the so-called "dorsal" side of the higher 

Ophryoscolecidae is homologous to the ventral side of Entodinium. 

In the present part an attempt is made to reconstruct the 

phylogeny of the Ophryoscolecidae on the basis of this 

conception. 

The literature on the problems of the phylogeny of 

the Ophryoscolecidae is seant. Only two papers are concerned 

with it: a paper of Crawley, published in 1923, and that of 

Dogiel, published in 1 946 . Crawley's paper is at present to 

a considerable extent outdated. Many morpholog ical features 

of the Ophryoscolecidae, on which his views were based, as 

e. g . the presence of a pit in the middle of the dorsal zone, 

and of a row of cilia , connecting the "dorsal" zone to the 

adoral, the production of cysts by these ciliates --

were shown to be non-existing. Crawley's conception of the 

evolution of this family has been summarized by him as follows: 



"Gene rie distinctions (in the Ophryoscolecidae, Aut.) 
are based on the form of the ciliary apparatus; 
specifie -- on the size and the nature of the armature 
which is present on the posterior end of nearly all 
the species. These two sets of characters vary 
independently, thus bringing about the unusual 
phenomenon of a change of genus without any change of 
species. This is shown with almost the precision 
of a mathematical demonstration for Entodinium and 
Diplodinium, and would probably also be shown in the 
same way for Diplodinium and Metadinium were our 
knowledge of this last genus as extensfve as that of 
the other two." 
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A detailed criticism of Crawleyts paper seems to be now out of 

place. It may be stated, however, that he has confused 

parallel variable characters -- those of the caudal spination 

-- with specifie characters and on this misinterpretation 

based his opinion on the "change of g enus without any change 

of species 11 • Dogiel's paper, published in Russian in 1946 

and in English in 1947, is concerned wi th the 11 Phylogeny of 

Stomach-Infusorians of Ruminants in the Light of Paleontological 

and Parasi tological Da ta". Analyzing the host-specificity 

of different genera and species of the Ophryoscolecidae, Dogiel 

came to the conclusion, that the genera Entodinium and 

Anoplodinium origina ted probably in Eocene, Epidinium and 

Eudiplodinium in Oligocene, Ostracodinium in Miocene, Caloscolex, 

Opisthotrichum, Ophryoscolex and Polyplastron in Pliocene. 

He states that "different genera of Ophryoscolecidae may be 

very easily arranged in a g radually ascending line of 

progressive evolution, illustrated by several systems of 

organelles. In this way the ciliary apparatus, originally 

consisting of a simp l e oral zone, b e comes comp l e t e d by another, 



dorsal zone; the number of contractile vacuoles gradually 

increases; skeletal plates, primarily wanting, later appear 

and increase in number and size; the posterior end of the 

body gradually develops a more and more complex array of 

caudal spines." 

"On the first step of this evolutionary ladder has 

remained the genus Entodinium: a simple adoral zone of 

membranelles, one contractile vacuole,_ no skeletal plates, 

and weakly developed caudal spines are the characteristics 

of this genus." 

"The second stage of the evolution is occupied by 

the genus Anoplodinium, possessing two ciliary zones, two 

vacuoles, but lacking the skeletal plates; the caudal spines 

are slightly more developed than in Entodinium." 

11 The third grade of morphological evolution is 

reached by the genus Eudiplodinium possessing two ciliary 

zones, two vacuoles, l-2 narrow skeletal plates, and a scanty 

caudal armature." 
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11 The i'ourth link of' our morphological chain includes 

the genera Epidinium, Ostracodinium, and Opisthotrichum; 

they exhibit two ciliary zones, 2-4 vacuoles, 1-3 broad 

skeletal plates covering the best part of the right side of 

the body, and well developed caudal spines." 

11 The fifth and the last stage of evolution is 

represented by Polyplastron, Caloscolex, and especially by 

Ophryoscolex. These genera possess two ciliary zones, a 



large number of vacuoles (7-15) often arranged in 1 or 2 

transverse rows, a highly developed skeleton consisting of 
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3-5 plates; the caudal spines reach in the genus Ophryoscolex 

their strongest development, forming from two to four concentric 

crowns." (See Dogiel 1947b, p. 337-338.) 

Dogiel's description of the evolutionary steps in 

the phylogeny of the family Ophryoscolecidae is illustrated 

in the Russian version (1946) by a scheme, which is, however, 

absent in the English version (1947a) • This scheme was 

reproduced by Dogiel in his textbook of general parasitology 

(1948, p. 83, Fig. 60) and later in his textbook of general 

protozoology pub1ished in 1951 (1951, p. 430, Fig. 257). 

This last scheme is reproduced in Fig. VI of the present paper. 

As evident from the above citation and from the scheme of 

evolutionary steps in the phylogeny of the Ophryoscolecidae, 

Dogiel was not concerned with the interrelations between the 

genera and has only sketched the general increase in complexity 

of these ciliates in the course of their evolution. His 

considerations about the time of origin of different genera 

of the Ophryoscolecidae are based exclusively on data concerning 

the evolution of their hasts. The aim of the present paper 

is to analyze the interrelations between the genera of the 

Ophryoscolecidae on the basis of morphological data. This, 

however, necessitates a revision of sorne basic concepts of 

their morphology. 
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Fig . VI . Steps of pro g res sive evolution in the family 
Ophryoscolecidae . (After Do giel, 1951, Fig . 257) 
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2. Displacement of Structures and 

the Morpholog~cal Terminology 
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On comparing genera and species of the Ophryoscolecidae, 

we will have to use terms, designating their body-sides and 

body-surfaces. It is usual to designate as "dorsal side 11 the 

body-side marked by the macronucleus. In an _early paper, 

Il ,.. , ' 
published in 1925, Dogiel wrote: Je rapporte le cote a 

macronucleus de l'Entodiniu~ aucôté macronucléaire des 

Diplodinium aplatis, c'est-à-dire au côté dorsal." Thus the 

dorsal side of Entodinium was defined as the side where the 

macronucleus is situated, and the identity of this side with 

the nuclear side of Diplodinium (sensu lato) was taken for 

granted. These views of Dogiel were shared by Kofoid and 

MacLennan who, five years later, wrote (1930, p. 475): 

"The side of the body (of Entodinium, Aut.), marked by the 

macronucleus, is cons ide red the dorsal surface. 11 In a 

subsequent paper on Diplodinium s. lato, published in 1932, 

these authors do not discuss the questions of prornorphology 

of the higher Ophryoscolecidae, simply stating that "The 

morphology of the Ophryoscolecidae shows few basic differences 

from genus to genus 11 (l.c., p. 62). In his well-known 

monograph of the family Ophryoscolecidae published in 1927, 

Dogiel attempted to introduce another criterion for the 

recognition of the "dorsal" side -- the position of the 

contractile vacuole . The se vacuoles are usually -- but not 



invariably -- situated near the macronucleus, and therefore 

the "dorsal" side so defined nearly always coincides with 
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the "dorsal" side as defined by the position of the macronucleus. 

This criterion,howeve~ is obviously not applicable to genera 

with numerous vacuoles arranged in transverse rows, as e.g. 

Ophryoscolex, Caloscolex and Polyplas tron s. s tr. • Moreover, 

this cr.iterion is confusing when strictly applied even within 

the limits of the genus Entodinium, because in Entodinium of 

the 11 laterale 11 group in the sense of Kofoid and MacLennan the 

vacuole is displaced ventrad and has shifted across the left 

body surface nearly 90° from the macronucleus. Dogiel' s 

criterion of the 11 dorsal 11 side as the side where the vacuoles 

are situated, was probably intended to circumvent the 

difficulties arising in the identification of the dorsal side 

of Diplodinium s. str. (Dogiel's subgenus Anoplodinium) in 

which, as Kofoid and MacLennan put it (1930, p. 67}, the 

macronucleus is located "near the middle of the right surface". 

Although the use of the position of the vacuoles as a criterion 

for the identification of the 11 dorsal 11 side of Diplodinium s. 

str. made its location in this particular genus unambiguous, 

it created serious difficulties in the identification of the 

dorsal side in the genera Ophryoscolex and Caloscolex (vide 

supra), and, moreover, tended to obscure the heuristic value 

of the unusual position of the macronucleus in Diplodinium s. 

str., this most primitive genus of the higher Ophryoscolecidae. 

However, the designation of the nuclear side of Entodinium as 
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the "dorsal" side, generally accepted now, is of comparatively 

new origin. Stein (1859 a and b), and Schuberg (1888) 

designated as "dorsal" the body-side of Entodinium now called 

right side. It has to be remembered, that these early 

authors described as "ventral" side the side of Entodinium 

to which the mouth is slanted. And as it is slanted (in 

the terms of the present-day nomenclature) both ventrad and 

to the left, at least two body-sides of this ciliate can be 

with equal right termed "ventral". The Entodinium, as well 

as the vast majority of other ciliates, are asymmetrical 

organisms, swimming in spirals, the body rotating on its own 

axis and simultaneously revolving around the axis of progression. 

Trying to establish the body axes of this asyrnmetrical, spirally

moving organism, a protozoologist feels himself in the position 

of Alice before the mushroom trying to decide which side is 

which. It is clear, that the designation "dorsal side", when 

applied to Ophryoscolecidae, is only a convention. This term, 

transferred from the morphology of bilaterally-symmetrical 

organisms into the morphology of the Ophryoscolecidae nearly 

a century ago, has carried with it not only its direct meaning, 

but also a complex of associated ideas, which -- consciously 

or unconsciously -- were accepted by all subsequent students 

of these ciliates. The term "dorsal side" implied the notion 

of permanency of the side termed "dorsal". The homology of 

the "dorsal side 11 of Entodinium to the "dorsal" (nuclear) 

side of the higher Ophryoscolecidae was accepted by 
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protozoologists as being self-evident, and was never questioned. 

In 1925 Dogiel has not questioned the homology of the dorsal 

(nuclear) side of Entodinium with that of Diplodinium (vide 

supra), nor has he questioned it in his text-book of general 

protozoology, written 26 years later (1951) in which, among 

other matters, he discusses the problems of evolution of the 

Opbryoscolecidae. For Kofoid and MacLennan (1932}, the 

homology of the dorsal sides of Entodinium with that of the 

higher Ophryoscolecidae was also beyond doubts. It was, to 

use Bacon's expression, the 11 seducing incantation" of the 

words "dorsal side 11 which made protozoologists believe in the 

permanency and immutability of the side, so termed. 

The irrational belief in the immutability of the 

position of the nuclear apparatus in the family Ophryoscolecidae 

has had also sorne practical consequences, which, in their turn, 

adversely influenced the development of the taxonomie studies 

of this family. The belief in the imrnutability of what was 

termed "dorsal" side of the Ophryoscolecidae resulted in the 

usage to depict representatives of this family always from 

the "sarne" side -- the right side of Entodinium and the so

called 11 right 11 side of the higher Ophryoscolecidae. In his 

monograph of the family O~scolecidae Dogiel says (1927, 

p. 33): "Um den Vergleich der verschiedenen Fonnen zu 

erleichtern, haben wir alle Vertreter der Famille von einer 

und derselben, und nftmlich von der rechten Seite abgebildet. 

Ich wUrde s~mtlichen Ophryoscolecidenforschern raten, diesem 



Beispiel zu folgen. An der rechten K8rperseite sind die 

meisten Organellen der Ophryoscolecidae gelagert (wie der 

Kernapparat, Schlund, Afterr8hre, Skelett), w[hrend die 
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linke K8rperhMlfte hauptsgchlich vom Entoplasmasack eingenommen 

ist." This is true in respect to the higher Ophryoscolecidae. 

However, the custom of depicting these ciliates from the 

"right11 side resulted in comparing the right side of Entodinium 

with the 11 right11 side of the higher Ophryoscolecidae, and lead 

therefore to lack of interest in such important structures of 

Entodinium as the left lateral groove and the position of the 

contractile vacuole. This is why the obvious similarity 

between the left lateral groove of Entodinium and the 11 right11 

dorsal furrow of Diplodinium s. str. has remained unnoticed, 

as was the close similarity of the sequence of organelles 

on the left body-side of Entodinium on the one band, and on the 

"right" body-side of Diplodinium on the other, this sequence 

being in both cases from left to right: macronucleus, 

micronucleus, longitudinal furrow, contractile vacuole. The 

customary comparison ot: the ri ght body-side of Entodinium 

with the "right side" of Diplodinium has necessarily lead to 

the conclusion tbat this last genus originated from Entodinium 

as result of the following changes: 

1. The micronucleus was displaced 11 dorsally 11 to the 

macronucleus. 

2. The contractile vacuole was displaced 11 dorsally" to 

the nuclear apparatus. 



3. The operculum was for.med, which 

4. Separated the adoral membranelle zone into the 

adoral and "dorsal" zones. 

The interdependence of these processes is not explained by 

the usual theory of the origin of the higher Ophryoscolecidae 

nor does this theory explain the peculiar position of the 

nuclear apparatus in Diplodinium s. str., in which this 

apparatus is situated in the middle of the 11 right 11 side of 

the body. This theory also does not explain the presence 
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of a longitudinal cuticular fold between the nuclear apparatus 

and the contractile vacuoles in Diplodinium s. str. and in 

other primitive genera of the higher Ophryoscolecidae. 

This fold, so peculiar for these genera, being irrelevant 

from the standpoint of the usual theory of the origin of the 

higher Ophryoscolecidae, is not represented on Dogiel's 

scheme of the steps of progressive evolution of this family 

(see Fig. VI, p. 77 of the present paper). Although the 

longitudinal fold (furrow) is represented on Kofoid and 

MacLennan's drawing of D. dentatum (1932, p. 64, Fig. A), it 

is not named in the legend, and not mentioned in the description 

of morphology of this species -- probably because of its 

irrelevancy. 



3. Displacement of Structures and 

the Phylogenetic Interrelations of Genera 

In the second part of this paper we have shown, that 

Diplodinium s. str. orig inated from ancestors similar to E. 

simulans as the result of torsion, which displaced the 

contractile vacuole, the left lateral groove, and the nuclear 

apparatus from the nuclear side of Entodinium to the opposite 

body-side. The displaced structures have undergone a 

rotation of about 90-1000 around the long itudinal body axis; 

as a result of this torsion the contractile vacuole, situated 

in Entodinium of the "laterale" g roup on the level of the 

oesophagus was shifted to the "ventral" side of the body 

(vide supra, p. 69, Figs. 37-39). The nuclear apparatus was 

displaced from its orig inal position to the middle of the 

left b ody-side. The slit-shap ed left lateral groove shifted 

with these organelles, preserving its position between the 

nuclear apparatus and the contractile vacuole. The anterior 

end of this groove, which already in E. simulans extends to 

the ante rior margin of the oute r adoral lip, has, in the 
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course of its ventrad s h ift, produced the operculum as an 

excresce nce of the distorted adoral lip. The po s terior e n d 

o f the ciliate, has , h oweve r, not parti c i pated in t h e rotation. 

If this conception is correct, one may expect t hat the 

configuration of organelles (nuclear apparatus and contractile 

vacuoles ) on the dorsal side of Entodinium of the "late r a le-



caudatu.'l11" group should be similar to the configuration of 

these organelles on the 11 right" side of Diplodinium s. str. 

(which from our standpoint, is homologous to the left body

sida of Entodiniurn). Figures 42 to 52 represent "dorsal" 

views of the nuclear apparatus, contractile vacuoles, and of 

the dorsal edge of the left lateral groove of several species 

of Entodinium. The lower row (Figs. 53-59) represents the 

nuclear apparatus and the contractile vacuoles of five species 

of Diplodinium and of one species of Eudiplodinium, viewed 

fran the "right11 side. The similarity in the relative 

position of the represented organelles and in the shape of 

the macronucleus is obvious. It becomes still more marked 

in cases when drawings are made from young specimens of 

Diplodinium and Eudiplodinium which possess only one 

contractile vacuole (Figs. 55, 56 and 59). The similarity 

between the relative position of the edge of the left lateral 

groove in Entodiniurn and the "right dorsal" furrow in 

Diplodinium is obvious. The resemblance of the dorsal aspect 

of' Entodinium to the "right" lateral aspect of' Diplodinium 

becomes still more obvious if we compare outlines of whole 

animals. Figures 60 to 62 represen t dorsal aspects of three 

species of Entodinium (E. longinucleatum, E . rectangulatum, 

and E. caudatum), Figures 63 and 64 -- "right" lateral 

aspects of Diplodinium crista-galli and D. laeve . (It is 

remarkable that the presence of the 11 ri ght 11 lateral -furrow in 
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Figs. 42-52 -- "Dorsal" view of the nuclear apparatus, left 
lateral g roove , a nd contra ctile vacuole of 
Entodinium. 

Figs. bo-59 -- "Right" lateral view of t h e nuclear apJ'aratus, 
"right 11 dorsal furrow and contractile vacuoles 
of Diplodinium and Eudiplodinium. 

Figs. 42-46 -- E. caudatum; Figs. 47 and 48 -- E. cf. 
!oboso-spinosum; Figs. 49 and 50 -- E . rectangulatum; 
Figs. 51 and 52 -- E . simulans f. caudaturn; Fig . 53 
Diplodi n ium dentatum; Fi6~ 54 -- D. anacanthum; 
Fig. 55 -- D. minor; Figs. 56 and 57 -- D. crista
galli; Fig. 58 -- ~enthacanthum; Fig. 59 -
Eud!plodiniUTI ~aggii. 

All drawine s were made with the aid of the camera lucida from 
stained and mounted material from sheep and Jamnapari g oats, 
collected in Rawalpindi, W. Pakistan, in 1950-1954. 
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Figs. 60-62 -- Dorsal aspects of Entodinium. 

Figs. 63 and 64 11 Right11 lateral aspects of Diplodinium. 

Fig . 60 E. long inucleatum; 
F i g . 62 E . caudatum; 

Fig . 61 -- E . rectangulatum; 
Fig . 63 -- D. crista-galli; 

Fig . 64 -- D. laeve. 



the last two species is not mentioned in their description 

in Dogiel's monograph of the Ophryoscolecidae.) 
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From our standpoint Diplodinium is a contorted 

Entodinium, in which the organelles, situated near the "dorsal" 

side of Entodinium, are displaced to the left body-side. 

This explains the similari~ between the left (usually called 

11 right 11 ) side of Diplodinium s. str. and the dorsal (nuclear) 

side of Entodinium. This torsional displacement of structures 

is the cause of the ~imilarity in the relative position of 

organelles on the ventral ("dorsal") side of Diplodinium and 

the left body-side of Entodinium. The resemblance, e.g. of 

the "dorsal" view of D. dentatum, represented by Kofoid and 

MacLennan (1930, p. 70, Fig. B6) with the left lateral view 

of E. simulans (see Figs. 65-67 of the present paper) is 

striking. The similarity between the "dorsal" aspect of 

Diplodinium s. str. and the left lateral aspect of Entodinium 

may possibly be the cause of the persistence in the 

protozoological literature of a non-existing species of 

Entodinium -- the E. dentatum Stein 1859. This species was 

depicted by Eberlein (1895)(his drawing is reproduced by 

Crawley, 1923, plate 28, Fig. A2 and by Dogiel, 1927, p. 66, 

Fig. 33; see Fig. VII of the present paper). It was not 

seen since 1895. Dogiel (1927) , discussing the morphology 

of E. dentatum, states that its micronucleus "nach Eberlein 

liegt dorsal vom vorderen Drittel des Macronucleus, was fUr 

uns ganz unglaublich erscheint". Another peculiarity of 



, 

Fig. 33. 
Al. dentatum nacb EBRRLEJN. 

Vergnlilerung 7f>O X . 

Fig. VII 

E. dentatum is its large size. According to Eberlein (1895) 

its length is 60-90~ , its width -- 30 - 50~ . The measurement 

of Eberlein 1 s Figure 21 (of his plate 19, see Fig . VII of the 

present paper) gives the bod! leng th as 80p , that of the 

caudal spination as 20v. The len:gth of Diplodinium dentatum 

is, ac c ording to Dogiel, 55- 70p , not including the length of 
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t h e caudal spination. Thus, contrary to what can be expected, 

E . dentatum is slightly larger than Diplodinium dentatum . 

All these peculiarities of E . dentatum can be explained if we 

assume that Ebe rlein ' s figure of this species is nothing else 

but a drawing of the ventral ("dorsal") aspect of Diplodinium 

dentatum, and that E . dentatum does not exist . 
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On studying the morphology of E. rectangulatum and 

E. simulans we have seen, that in these species the contractile 
. 

vacuole is displaced ventrad to the level of the oesophagus 

and separated from the nuclear apparatus by the anterior 

portion of the left lateral groove. The examination of 

numerous specimens of E. simulans from the faunule of the 

sheep 54 as well as from other faunules has shown, that the 

position of the nuclear apparatus in this species is slightly 

variable and that in sorne specimens the posterior end of the 

macronucleus is shifted ventrad (see Figs. 66 and 67). 

This ventrad displacement of the macronucleus is accompanied 

by a narrowing of the caudal end of the left lateral groove 

(compare Figs. 65, 66 and 67). The similarity between the 

left body-side of such specimens of E. simulans and the 

11 right 11 body-side of Diplodiniu.'TI s. str. is striking. 

Comparing the structure of E. simulans and of other 

related species of this genus not only with that of Diplodinium 

s. str., but also with the structure of other genera of the 

higher Ophryoscolecidae, we notice that the ventrad shift, 

which has displaced the nuclear apparatus to the middle of 

the left body-side in Diplodinium s. str. is proceeding 

further in other genera of this family, shifting the nuclear 

apparatus to the "ventral" side of these ciliates. This 

ventrad shift is accompanied by progressive development of 

the skeleton and, to a certain degree, by progressive 

increase in body-size. 
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0 10 zo 30 40 50~ 

Figs. 65-67 -- E. simulans sp. n. Variations in the position 
of the nuclear apparatus and the shape of the 
left lateral groove . 



Torsion of the body in sorne genera of the 

Ophryoscolecidae was known a long time ago. Dogiel in his 

monograph of the family Ophryoscolecidae (1927) describes 
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the torsion of the anterior part of the body of Opisthotrichum 

(l.c., p. 221), and the rotation of the skeleton of Caloscolex 

(l.c., p. 212). Kofoid and MacLennan (1933, p. 2), describing 

the morphology of Epidinium, state that "the main longitudinal 

axis is twisted, the anterior end of the body being bent 

ventrally and twisted to the right about the main axis. 

This twisting is particularly clearly shown in a dorsal view 

and involves the position of the skeletal plates, nuclei, 

contractile vacuoles, and spines as well as the general contours 

of the body. In other genera, such as Diplodinium, 

Eudiplodinium, and Ostracodinium, the body shows very little, 

if any, twisting around the main axis." 

However, the torsion is not an accidental morphological 

trait of a few genera of the Ophryoscolecidae, but the basic 

evolutionary process in the phylogeny of this family. Higher 

Ophryoscolecidae originated from ancestors similar to existing 

species of the "laterale'' group of Entodinium as a resul t of 

torsiorial displacement of structures, which produced a new 

type of organization endowed with high potential for further 

evolution. This major event in the phylogeny of the 

Ophryoscolecidae has to be regarded as an aromorphosis, breaking 

way for further progressive development of this group. 

Although Dogiel was not aware of the rôle of torsion in the 



evolution of the Ophryoscolecidae, he wrote: "Examining the 

picture of these complications (in the evolution of this 

family) we notice that they comprise such a diversity of 

characters, and are accompanied by such an intensification 

of functions, that the whole ladder of the progressive 

changes in the course of evolution of the family in sorne way 

does not fit in the frame of idioadaptation" (1951, p. 429). 

The development of the skeleton and of the caudal 

spination is closely connected with the grade and character 
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of torsion, as well as the shape and size of the body. The 

relations between different genera of the Ophryoscolecidae and 

the position of these genera in the dendrogramme of the family, 

can be determined on the basis of the following characters: 

l. The degree of torsion, i.e. the degree of the 

ventrad shift of the nuclear apparatus. 

2. The distance between the oral and the ventral 

("dorsal") zone of mffilbranelles. 

3. The development of the skeleton. 

4. The g rade of polymerisation of or ganelles. 

5. The size of the body. 

A dendrogramme of the family Ophryoscolecidae, based 

on these criteria, is represented on Plate 1. The most 

primitive genus of this family is beyond any doubt the genus 

Entodinium (Dogiel 1923, 1927; Crawley 1927). This genus has 

only one zone of membranelles -- the adoral -- and one 

contractile vacuole. It contains over 80 species, sorne of which, 



however, may prove to be forms produced by intraspecific 

variability of sorne plastic species. Although the family 

Ophryoscolecidae (with the exception of Polydiniinae) is 

confined to ruminants -- Pecora and Tylopoda -- the genus 

Entodinium contains one species parasitizing rodents -- E. 

lemmi Kopperi 1935 and one species inhabiting the colon of 

the Indian rhinoceros -- E. insolitum Watson 1945. All 

other species parasitize ruminants, and, with the exception 

of one species found in camels (E. ovum-rajaeDogiel, 1926), 

are confined to hosts of the suborder Pecora. All species 

of this genus are asymm.etrical, t:r ... e asymmetry being an 

ancestral character of this genus. Bilateral symmetry 
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at least in the outer shape of animals -- is imposed on them 

by the requirements of locomotion in straight lines, and was 

probably never proper to the ancestors of the Ophryoscolecidae. 

I·.Tany species of Entodinium obviously possess an asymmetrical 

body-shape adapted for spiraling, their spines, flanges and 

grooves being spirally contorted. Sœh adaptations are very 

prominent in Entodinium of' the "biconcavum" group, and 

specially in E. tricostatum, but are more or less expressed 

in all species of this e enus. Effective spiraling may 

facilitate penetration of Entodinium into lumps of food 

swallowed by the host and thus be of survival value for these 

ci lia tes. Although spiral structure is more or less marked 

in all species of Entodiniurn, the ventrad displacement of the 

contractile vacuoles is present only in four species of this 



genus: E. rectangulatum, E. laterale, E. simulans and 

probably in E. ovale, described by Jameson (1925). In a 

small percentage of specimens of E. simulans the nuclear 

apparatus also becomes slightly displaced ventrad (vide 
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supra, Figs. 66 and 67). Diplodinium, according to our 

conception, orig inated from ancestra l forms similar to E . 

simulans as the result of further ventrad shift of the 

contractile vacuole, the left lateral g roove, and of the 

nuclear apparatus. A hypothetic ancestral form of Diplodinium 

is represented in Plate I, Figure 7. This form was discussed 

in more detail in the second part of the present paper. The 

a~terior end of the l e ft latera l g roove , distorting the outer 

adoral lip, has for.med the ope rculum, and has pushed v e ntrad 

the outer row of membranelles of the adoral zone. This row 

in t he hypothetical ance stor is still continuous with the 

adoral zone. Further torsion resulted in the severa nce of 

the displaced row of membranelles from the adoral zone and in 

further ventrad shift of the nucle ar a pparatus. Thus the 

genus Dip lodinium orig inated -- a genus di ffe ring from 

Entodinium not only in its structure, but also in its size 

and its food habits. Most species of Diplodinium are larger 

than an ave rage EntodihiQm, a nd ingest plant fibres which they 

dig est wi th the a id of cell u l olytic f e r ment s (althou gh it is 

not clear whe ther the se ferments a re pro duced by the cilla tes 

themselves or by as sociated bacteria). The increase in body

s ize, permi t t ing to e ngulf and digest l arge r particles of 



cellulose, may be of survi val value for larger indi viduals, 

and therefore pro vide a base for the pro gres si ve increase in 

body-size in the evolution of cellulose-ingesting genera of 

the Ophryoscolecidae, genera differing from the primitive 

genus Entodinium bath morphologically and physiologicatly. 
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The most important peculiarity of the higher Ophryoscolecidae, 

from the morphological point of view, is the position of the 

nuclear apparatus, which, in terms of the usual terminology, 

marks the position of the "dorsal side 11 • The use of this 

terminology in discussing the comparative morphology of 

Entodinium on the one hand, and of the hi§her genera of the 

family on the othe r, shall inevi tably resul t in confusion of 

the nuclear ("dorsal") side of Entodinium with the nuclear 

("dorsal") side of the higher Ophryoscolecidae, which are 

not homologous. Therefore in the subsequent discussion of 

the comparative morphology of this family, we shall use the 

term "primary nuclear si de" or "dorsal si de" ta designa te 

the nuclear ("dorsal") side of Entodinium. It has to be 

remembered that the antinuclear side of the higher genera 

is homologous ta the nuclear side of Entodinium. The row 

of membranelles, severed from the adoral zone and shifted 

away from the mouth -- row, usually termed "dorsal zone" -

will be designated as "metoral zone" -- a neutral term not 

connected with necessarily conventional designations of the 

body-sides. Td facilitate the comparison of our descriptions 

with those of previous authors, we shall quote in brackets the 

corresponding terms of t he Usual terminology. 
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In the genus Diplodinium s. str. (Diplodinium Schuberg 

emend. Kofoid and MacLennan) the nuclear apparatus is situated 

half-way between the primary and the secondary nuclear side 

near the middle of the left ( 11 right 11 ) body-surface (see plate 

l, Fig. 8). As the grade of torsion decreases from the 

equator towards the poles of the body, the macronucleus becomes 

flexed and assumes the shape of a boomerang. The left lateral 

groove persists as a narrow furrow situated between the 

contra ctile vacuoles and the nuclear apparatus. Due to the 

torsion of the endoplasmic sac the anus opens into the 

posterior portion of the left lateral groove. The ventrad 

shift of the dorsal fold of this groove transforms its 

posterior portion into a wide iunnel, into which the anus 

opens. The anus of Diplodinium s. str. and of other genera 

of the higher Ophryoscolecidae is therefore homologous to the 

anus of Entodinium plus the caudal part o f the left lateral 

groove. Diplodinium s. str. lacks a skeleton a feature 

which it shares with only one genus of the higher 

Ophryoscolecidae -- Eodinium Kofoid and MacLennan 1932. 

This last genus (plate 1, Fig. 11) comprizes a few 

small species, in which the nuclear apparatus is shifted much 

farther ventrad ( 11 dorsad 11 ) as in Diplodinium s . str., and 

touches the v entral ("dorsal") body-wall. This genus is 

therefore more advanced than Diplodinium s. str. and may have 

ori g inated from this last as a r e sult of further ventrad 

shift of the nucl ear apparatus without tbe forma tion of a 
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skeleton. However, i t is possible a lso to regard this ge nus 

as be ing de ri ved from a higher ge nus, e. g. Metadi niurn, as a 

result of a secondary loss of the skeleton and decrease in 

body-si ze. In any case Eodi nium is not the most primitive 

genus of the higber Ophryoscolecidae, as its name may suggest. 

The genus Eremoplastron Kofoid and MacLennan 1932 

(see plate l, Fig. 10) is the most primitive of all genera of 

the family, possessing a skeleton. This skeleton is 

represented by only one narrow plate the primitiva. In 

all ether respects it closely resembles Diplodinium s. str.: 

the nuclear apparatus has not reached the ventral side of 

the body, and the left lateral groove still persista as a 

narrow furrow situated between the nuclear apparatus and the 

contractile vacuoles, although this furrow is usually (but 

not always) shallower than in Diplodinium s. str. The 

macronucleus is more or less straight but slanted in respect 

to the main body-axis, the posterior end of the macronucleus 

being much closer to the secondary nuclear side (the "dorsal" 

side), than the anterior. The trend to the production of 

caudal armature is far less expressed in Eremoplastron than 

in Diplodinium s. str. 

The genus Eudiplodinium (plate l, Fig. 9.) is closely 

related to Eremoplastron, differing from it only in the shape 

of the macronucleus -- which can hardly be regarded as a good 

generic cbaracter. In this respect one may agree with 

Wertheim (1935) who proposed to fuse the genera Eremoplastron 



Kofoid and MacLennan 1932 with Eudiplodinium s. str. into one 

genus, which, according to the priority law, has to bear the 

name Eudiplodinium Dogiel emend. Kofoid and MacLennan emend. 

Wertheim. 

The genus Diploplastron Kofoid and MacLennan 1932 

possesses two skeletal plates -- the primitiva and carina; 

however, his macronucleus is still at a considerable distance 

from the ventral body-side and not in contact with the 

vacuoles. The left lateral furrow is smoothened and nearly 

absent (see plate 1, Fig. 12). 

In the genus J</Ie tadinium Awerinzew and Mutafowa 

1914 emend. Kofoid and MacLennan 1932 (plate 1, Fig . 13) the 

skeleton is represented either by one wide plate split into 

two in its ante rior part or by two comparatively wide plates. 
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The macronucleus is shifted ventrad farther than in Eremoplastron 

and is partially pressed-in between the vacuoles. The left 

lateral furrow is completely absent. The ave rag e size of the 

species of Metadinium is much larger than that of Diplodinium 

and Eremoplastron . 

A further stage of the v entrad shift of the nuclear 

apparatus i s observed in Ostracodinium Dogiel 1927 emend. 

Kofoid and I'!IacLennan 1932 , in which the nucle ar apparatus is 

close ly pressed against the ventral body-side ("dorsal side 11 ) 

and has displa ced the contractile vacuoles to t he right 

ve ntral (11 left dorsal") part of the body. Only in O. gracile 

(plate 1 , Fig . 14), which pro b ably is one of the primi tive 

spe cies of thi s genus, are the shape of the macronucleus and 



the position of the contractile vacuoles in the depressions 

of the nucleus reminiscent of conditions typical for the 

genus Metadinium. The skeleton is represented by one very 

long and wide skeletal plate extending under the entire 

left ("right") body-surface and transgressing to the dorsal 

("ventral") side. Species with three skeletal plates, 

differing from all other species of this genus also in sorne 

other respects, have been separated by Kofoid and MacLennan 

(193~ into the genus Enoploplastron (plate 1, Fig . 17). 

100 

In the genus Polyplastron Dogiel 1927 emend. Kofoid 

and MacLennan 1932 the nuclear apparatus is still situated at 

some distance from the ventral ("dorsal") side of the body 

(plate 1, Fig. 15). This genus possesses a complex skeleton, 

consisting of five plates -- two comparatively wide plates on 

the left ( 11 right 11 ) si de of the body and three narrow incon-

spicuous ~la tes on the right ( 11 left") si de. The contractile 

vacuoles are numerous and situated not only near the nuclear 

apparatus, but also on the left ( 11 right 11 ) side of the body. 

The high degree o~ complexity is achieved in this genus not 

by further torsion, but by polymerization o f the organelles 

skeletal plates and contractile vacuoles. The same applies 

to the closely related e enus Elythroplastron Kofoid and 

MacLennan 1932 (plate 1, Fig . 16) which possesses only three 

contractile vacuoles situated near the macronucleus and three 

skeletal pla tes -- two on the le ft ( 11 ri ght") si de of the body, 

and one at the right ( 11left 11 ) side of it. 



All the above mentioned genera of the higher 

Ophryoscolecidae possess several common characters: their 

adoral and met oral ( 11 dorsal") zones of membrane lles are 

situated approximately at the same level; the multitude of 

their shapes depends mainly on the degree of torsion of 
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their body and on the polymerization of organelles. In 

another group of the higher Ophryoscolecidae to these factors 

is added the elongation of the anterior part of the body 

between the oral and the metoral ( 11 dorsal 11 ) membranelle zones. 

One of the primitive genera of this second group of 

Ophryoscolecidae is Bpidinium Crawley 1923 (see plate 1, 

Fig. 18). In this genus the a nterior part of the body -

the "pre zonal part" as Dogiel calls i t -- has grown, the 

body has become elongated and the operculum stretched and 

smoothened. As a result of this g rowth the metoral ("dorsal") 

zone of membranelles is situated about one-fourth of the body

leng th behind tbe oral zone. Epidinium has a highly-developed 

skeleton consisting of three ske le tal plates. This skeleton 

closely r e sembl e s that of' Enoploplastron Kofoid and ~JacLennan 

1932 (plate 1, Fig. 17). This last genus, consisting of 

only two species, has a skeleton composed of t h ree plates, 

which in E . confluens (Dogiel 1925 ) are fused together. Its 

metoral membranelle zone ("dorsal zone 11 ) is situated behind 

the adoral zone and the operculum flattened and elongated. 

It is probable that this g enus is related to the ancestors of 

Epidinium. The de s c ription of a new form of Enoploplastron , 



provided with a long caudal spine, similar to that of 

Epidinium -- Enoploplastron triloricatum f. dissimilis 

(Moriggi 1950)--supports this conception. However, the 
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exact position of this genus within the family Ophryoscolecidae 

is not clear. 

Other genera of this group -- Ophryoscolex Stein 

1859, Epiplastron Kofoid and MacLennan 1933, Opisthotricr1um 

Buisson 1923 and Caloscolex Dogiel 1926 -- probably originated 

from ancestors similar to Epidinium. The present writer has 

had no opportunity to examine representatives of the three 

last genera. The figures of Opisthotrichum, Epiplastron 

and Caloscolex (plate 1, Figs. 19, 20 and 22) are taken from 

Dogiel 1 s monograph (1927), and brought to the scale of other 

figures of Plate 1. 

Epiplastron (plate 1, Fig. 20), according to Kofoid 

and MacLennan (1933, p. 18), 11 appears to be an offshoot from 

Epidinium along the line of increase in the number of main 

skeletal plates from three to five and an increase in size of 

the whole skeletal complex". 

Opisthotrichum Buisson 1923 (plate 1, Fig. 19) has 

probably originated from Epidinium-like ancestors as a result 

of caudad displacement of the short metoral ("dorsal") zone, 

which has pushed caudad the nuclear apparatus and the 

contractile vacuoles. The skeleton is represented by one 

very wide twisted skeletal plate. 
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One of the most highly organized genera of the 

Ophryoscolecidae is the type-genus of the family -- Ophryoscolex 

Stein 1859 (plate 1, Fig. 21). It has probably originated 

from Epidinium in the way of further development of the 

anterior body-part, resulting in the shift of the metoral 

zone ("dorsal zone") closer to the equator, in the lengthening 

of this zone, in the increase in the number of contractile 

vacuoles, and in further development of the caudal spination, 

which in this genus reaches the highest grade of complexity. 

Caloscolex Dogiel 1926 (plate 1, Fig. 22) differs 

from Ophr~oscolex in possessing a higher degree of torsion 

of the skeleton (Dogiel, 1927, p. 212), a longer metoral 

("dorsal") membranelle zone, and in a lesser degree of 

development of the caudal spination. This genus has only 

one transverse row of contractile vacuoles, differing in 

this respect from Ophryoscolex, which has two rows of vacuoles. 

Discussing the comparative morphology of the 

Ophryoscolecidae, we came to the conclusion, that in the 

course of the evolution of this family the nuclear apparatus 

and the contractile vacuole have shifted from the primary 

nuclear side (the dorsal side of Entodinium) to the secondary 

nuclear side ( the "dorsal" side of the higher Ophryoscolecidae), 

a shift ran&ing from 100° to 180° on the circumference of the 

body. This conclusion was reached on tre basis of comparison 

of nu.--nerous species of the Ophryoscolecidae ranging from the 

most primitive to the most complex forms. Discussing the 



basic morphological traits of different genera of this 

family, we have had to refer to the primary and secondary 

nuclear sides, these notions being based on the comparative 

study of n~~erous species. But for the purposes of 

identification of species in the course of every-day work, 

in which comparative material is often absent, we have to 

use sorne criteria permitting us to identif) the position of 

the primary nuclear side in each individual ciliate, without 

resorting to comparative methods. Such means is provided 

by the constancy of the relative position of the micro- and 

macronucleus in the Ophryoscolecidae. In all genera of 

this family, whetl.Je r pr imi ti ve or advanc ed, the micronucleus 

is si tua ted ventrally to the macronucleus, the term "ventral 

side 11 being a designation of the anti-nuclear side of the 

body of Entodiniwn and of the secondary nuclear side of the 

higher Ophryoscolecidae, these sides being homologous. A 

line,drawn from the centre of the micronucleus through the 

axis of the macronucleus and normal to that axis, will show 

the direction of the primary nuclear side. This applie s , 

however, only to genera in which the toPsion does not exceed 

180°, but is not a~plicable to the subfamily Polydiniinae 

Kofoid 1935, possessing a much higher deg re e of torsion. 
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4. Grouping of Genera with~n the Family 

Ophryoscolecidae 
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The genera, briefly discussed above, despite their 

high diversity, are included in one family -- the 

Ophryoscolecidae -- a·nd not c;rouped into suofamilies, al though 

they obviously constitute several natural groups. Within 

the Ophryoscolecidae Kofoid has established one subfamily 

the Polydiniinae -- to include two genera of peculiar 

ciliates from an Indian elephant -- Polydinium and 

Elephantophilus Kofoid 1935. The remaining genera of the 

family were never subdivided into or united in a subfamily, 

although Bhatia in his book on Ciliophora of British India 

(1936, p. 275) states, that tbe subfamily Ophryoscolecinae 

was established by Kofoid in 1935, and characterizes this 

subfamily as follows: 

"Subfamily Ophryoscolecinae Kofoid 1935. Ophryoscolecidae 

wi th an adoral membranelle zone and with or wi thout a dorsal 

zone . One to five skeletal plates present. Contractile 

vacuoles u sually one to twelve in number, located on the 

dorsal si de adjacent to the macronucleus." 

Th is c haracteristic of t he subfamily Ophryoscolecinae 

obviously excludes from it all genera without skeleton, i.e. 

Entodinium, DiplodiniQm s. str. and Eodinium. On the other 

hand the statement, that the contractile vacuoles are 

located on the dorsal side adj a cent to the macronucl eus , 

would exclude from this subfamily tbe Genera Ophryoscolex, 

-----------------~--- ~--· ---
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Caloscolex and Polyplastron. A comparison of this character

istic of the subfamily Ophryoscolecinae, ascribed by B.hatia 

to Kofoid, with the text of Kofoid's paper of 1935 shows, 

that Kofoid has merely discussed in it the morphological 

characters of the family Ophryoscolecidae. "The 

Ophryoscolecidae", says Kofoid in this paper (1935, p. 502), 

"form a compact but structurally diversified assemblage 

characterized by an adoral membranelle zone, a heavy peripheral 

pellicle, permanently located excretory vacuoles, and a system 

of from one to five vacuolated 11 skeletal 11 plates arranged 

peripherally to the pharynx and projecting posteriorly along 

the side of the macronucleus. These plates are characteristic 

of all but a few of the most primitive genera of this family. 

A few of tbe higher genera, such as Epidinium, Diplodinium 

and Ophryoscolex, of the Ophryoscolecidae, add to the adoral 

zone of membranelles a second, always dorsal, membranelle 

zone, having no relationship to the feeding function, but 

accessory to the locomotor function. 11 And further: "The 

excretory vacuoles, from one to twelve in number, are 

located in the dorsal side adjacent to the macronucleus, 

except in those cases where the vacuoles are numerous, in 

which instances they have a. wider distribution." It is 

obvious, that Bhatia has compiled the diag nosis of the 

subfamily Ophryoscolecinae, the establishment of which he 

ascribes to Kofoid, from sentences, taken from Kofoid's 

description -- not diagnosis -- of the family Ophryoscolecidae. 
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Thus Kofoid can not be regarded as author of the diagnosis 

of the subfamily Ophryoscolecinae. Nor can Bhatia be 

considered as the author of this diagnosis, because he has 

obviously compounded it from Kofoid's sentences, taken from 

his discussion of morphological traits of the family 

Ophryoscolecidae. Besides that, Bhatia has badly distorted 

Kofoid's discussion by omitting several important points 

concerned wi th genera devoid of skeleton and with the 

position of the contractile vacuoles in sorne higher genera 

of the family. The whole incident with the diagnosis of 

t h e subfamily Ophryoscolecinae can therefore be simply 

dismissed as a vexa tious misunderstanding . 

All genera of the Ophryoscolecidae, discussed in 

the present pape r, wi th the exception of tre Polydiniinae, 

can be grouped into three followinG subfamilies: 

1. Subfamily Entodiniinae, subf. nova. 

One membranelle zone, one contractile vacuole. In side-view 

the macronucleus between the micronucleus and the nearest 

body-outline. Skeleton absent . 

Type genus: Entodinium Stein 1859. 

2. Subfamily Diplodiniinae subf. nova. 

Two membranelle zones situated approximately in one transverse 

plane. Two or more contractile vacuoles. In side-view the 

micronucleus situated between tbe macronucleus and the nearest 

body-outline . Skeleton absent or prese nt. Body more or 

less flattened. 



Type genus: Diplodinium Schuberg 1888 emend. Kofoid 
and MacLennan 1932. 

Other genera: Eodinium Kofoid and MacLennan 1932 

Eremoplastron Kofoid and MacLennan 1932 

Eudiplodinium Dogiel 1927 emend. Kofoid 
and MacLennan 1932 

Diploplastron Kofoid and MacLennan 1932 

Metadinium Awerinzew and Mutafowa 1914 
emend. Kofoid and MacLennan 1932 

Po1yplastron Dog :te1 1927 emend. Kofoid 
and MacLennan 1932. 

E1ytroplastron Kofoid and MacLennan 1932 

Ostracodinium Dogiel 1927 emend. Kofoid 
and MacLennan 1932 

Enop1oplas tron Kofoid and MacLerman 1932 

3. Subfamily Ophryoscolecinae subf. nova. 
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Two membranelle zones situated in different transverse planes. 

Two or more contractile vacuoles. In side-view the micro-

nucleus situated between the macronucleus and the nearest 

body-outline. Skeleton present. Body more or les s 

cyl indri cal. 

Type genus: Ophryoscolex Stein 1859. 

Other genera : Ep idinium Crawley 1923 

Opisthotrichum Buisson 1923 

Caloscolex Dogiel 1926 

Epiplastron Kofoid a n d MacLennan 1933 
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These three new subfamilies differ considerably in 

the grade and the character of torsion, as well as in sorne 

othe r respects. In the Entodiniinae -- the most primitive 

subfamily -- the torsion is absent or only slight marked 

(in the "caudatum-laterale" group of Entodinium). The 

nuclear apparatus is situated at the side which we have · 

designated as the primary nuclear side. It is obvious that 

this designation is a relative one, and means the primary 

side within the limits of the family Ophryoscolecidae. We 

do not know whether the ancestors of Entodinium have undergone 

a torsion in the process of their evolution, but it is highly 

probable that they have. 

In the Diplodiniinae the nuclear apparatus and the 

contractile vacuoles became shifted clockwise across the left 

( 11 right 11 ) body-side. The shift of the macronucleus in 

different genera of this subfamily ranged from about 100° 

(in Diplodinium s. str.) to 180° (in Ostracodinium), the 

development of the skeleton being directly proportional to 

the g rade of torsion. The metoral membranelle zone remained 

approximately in the same transverse plane as the adoral zone. 

Only in Enoploplastron the metoral zone is slightly shifted 

caudad -- a trend whi ch becomes pro minent in the evolution 

of the subfamily Ophry os co lecinae. The third subfamily --

the Ophryoscolecinae -- is characterized by a high degree of 

torsion , considerable development of the skeleton and of the 

caudal s pination, a nd -- before all -- by the e longation of 



the interzonal (or in Dogiel's terms -- prezonal) part of 

the body. \~ereas in the Diplodiniinae the highest degree 

of torsion takes place near the middle of the body (the 

equator), in the Ophryoscolecinae it is the anterior -

interzonal -- part of the body which undergoes maximal 

twisting. The nuclear apparatus, which in this subfamily 

is si tuated caudad to the zone of maximal twisting is -- at 

least in the primitive genera of this subfamily -- displaced 

clockwise less than 180°. 

It can be surmized, that the Ophryoscolecinae 

branched off from Diplodiniinae after the development of a 

fairly complex skeleton, but before tbe macronucleus had 

been pressed between the vacuoles, i.e. before the advent 

of the genus Metadinium. In contradiction to this 

llO 

suggestion is, however, the fact, that already the genus 

Epidinium -- one of the primitive genera of the Ophryoscolecinae 

-- has a skeleton composed of three plates, closely resembling 

that of Enoploplastron triloricatum (Dogiel 1925), which 

Dog iel placed in the g enus Ostracodinium. It is pos s ible, 

therefore, that the Ophryoscolecinae branched off from the 

Diplodiniinae later than is shown in Plate 1. 

The subfamily Polydiniinae Kofoid 1935 is closely 

related to, and probably orig inated from, the Ophryoscolecinae. 

It is characterized by a very high degree of tors ion, far 

exce eding 180° -- which is t he maximal tors ion observe d in 
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the Diplodiniinae. Both the genera of Folydiniinae inhabit 

the colon of the Indian elephant, thus differing from 

members of the previous three subfamilies, which are basically 

parasites of ruminants. 

In Plate 1 (drawn at a magnification of x200). the 

genera are representeà by species approximating the average 

size of species of the g iven genus. The plate shows clearly 

the increase in the average body-size of the Ophryoscolecidae 

in the course of their evolution. However, the largest sizes 

are attained not by representatives of the genera with the 

most complex organisation, but by species of ~remoplastron 

and Betadinium -- both comparatively primitive genera of 

Diplodiniinae (cf. Dogiel 1927, p. 26). Dogiel (1927) 

surmised that the increase in size of the O_f.Jhryoscolecidae 

in the course of t heir evolution is determineà by their 

parasitic way of life. This, however, does not explain the 

difference in oody-sizes in different subfamili e s of the 

Ophryoscolecidae. Later Dog iel (1951) pointed out, that 

the rumen can be c ompared in i ts volunw wi th the volume of' 

a small natural water-basin, and that the Ophryoscolecidae 

thus live under conditions similar to those of f re e -living 

organi sms , except that in the hostal environment food is more 

abundant. It might be surmised, that the increase in size 

of the Ophryoscolecidae in the cours e of evolution represents 

a particular cas e of the law of increas e of si z e in phylet i c 

branche s of Cope-De pére t. Howe v e r , this law was e stabli shed 
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by Cope on the basis of studies of evolution of vertebrates, 

and its inapplicability to the evolution of at least several 

branches of Protozoa was pointed out already by Dep~ret (1909). 

It is probable, that the difference s in the increase in body

size in the evolution of the different b ranche s of the 

Ophryoscolecidae depend on differences in food-habits. 

Whereas the increase in size may be of survival value f o r 

cellulose-feeders and predators, it may b e of no a d vantage 

to bacteria- or starch-feeders. This would explain t he 

large b ody-sizes attained by sorne genera of Diplodiniinae 

which are predominantly cellulose-feeders -- and t he nioderate 

sizes of t he Ophryoscolecinae , which are bas ically starch

feeders. 

Another remarkable character of t h e evolu tion of 

the Ophryoscolecidae is the dependence of the development of 

the caudal spination on the degree of torsion of the nuclear 

apparatus. Only primitive gene ra of the Diplodiniinae with 

nue 1ear appara. tus situa t ed at a. considera ble dis tance from 

the secondary nuc1ea.r side ("dorsal side 11 ), e. g . Diplodinium 

and to a les s er degree Eremoplastron, have s pecies with we ll

deve1oped caudal s p ination. Genera with nuclei near the 

s e condary nuclear s ide ("dors al side 11 ) -- e. g . Metadinium, 

Dip1oplast~, Po1yplastron and Elytroplastron ~-have n o armed 

species, or, as in Ostra.codinium, have only a few species 

with poorly de ve loped sp ination. A simi1a r regularity exists 

in the s ubfamily Ophryos colec i n ae : genera with the nucle a.r 



appara tus ne ar the middle of the le ft ( 11 right") s ide of the 

body -- Epidinium and Ophryoscolex -- have well developed 

caudal spination, whereas genera which have undergone 

further torsion -- Caloscolex, Opisthotrichum, as well as 
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the Polydiniinae -- have a poorly developed caudal spination. 

·Torsion is the basic factor in the evolution of 

the Ophryoscolecidae, determining the most important 

morphological features of this family. As a result of 

torsion the nuclear apparatus is displaced in the course of 

evolution of the higheP Ophryoscolecidae and shifts from 

100° to 180° across the body-side. Using the conventional 

designation "dorsal side" for the nuclear side of Entodinium 

-- the primary nuclear side -- we have to state, that in the 

course of e vol uti on of the higher Ophryoscolecidae the 

nuclear apparatus and the contractile vacuole were shifted 

from the dorsal side to the ventral. Higher Ophryoscolecidae 

-- Diplodiniinae and Ophryoscolecinae -- can be united in the 

group Ventronucleata and opposed to the primitive group 

Dorsonucleata, comprizing only one subfamily -- the Entodiniinae. 

Leaving aside the Polydiniinae, possessing a high degree of 

torsion, we can affirm that in all Ophryoscolecidae -- higher 

as well as lower 

the micronucleus 

tl~ macronucleus is situated dorsally to 

a character which helps to distinguish 

Dorsonucleata from Ventronucleata at first glanee. The se 

relations change and the structures become much more complicated 

when the torsion exceeds 180°, as the case is in Polydiniinae. 



From this standpoint it would be interesting to study the 

morphology of o ther cilla tes, and in the fir s t place -- of 

other groups of Entodiniomorpha. A detailed study of the 

genera Spirodinium, Cochliotoxum and Tetratoxum of the 

Cycloposthiidae should probably throw new light on the 

origin of this most interesting family and on its relations 

to tbe Ophryoscolecidae. 
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5. Sorne Conjectures and Problems 

On comparing morphological characters of Entodinium 

with those of the hi6her Ophryoscolecidae we have traced the 

torsional displacement of structures -- the contractile 

vacuoles, the left lateral groove and the nuclear apparatus 

-- in the course of their phylogeny. We do not know the 

causes of these processes -- as we do not know the causes 

of so many phylogenetic phenomena. However, it is hard to 

resist the temptation to put forward sorne hypothetical 

explanations. Trying to analyze the dynamics of the 

displacement of structures in the phylogeny of the 

Ophryoscolecidae, it is natural to regard it, to use Thompson 1 s 

(1942)' words, "as related to or resulting from the physical 

causes inherent in the entire system of forces to which the 

whole has been exposed, and under whose influence it has 

come into being 11
• Already a superficial study of the mode 

of life of these ciliates reveals the remarkable fact that 

they swim in rotating clockwise, whereas tbe structures are 

displaced counterclockwise. Their displacement can thus be 

described as the lagging of these structures behind the 

rotation of the body. This displacement was extremely slow 

-- the transformation of ancestral Entodinium into Diplodinium 

may have necessitated a time-span of the order of a geologie 

period. 



The occurrence of repeated torsions and detorsions 

in the life cycle of apostomatous ciliates, resulting in 

coiling and uncoiling of the ciliature, was studied by 

Walton and Lwoff (1935) and Lwoff (1950). A temporary 

displacement of structures in individual trichomonades and 

devescovinid flagellatesvas described by Kirby. In 

Devescovina lemniscata he observed 11 the rotation of entire 

system of organelles in a counterclockwise direction as 
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viewed from the rear11 (Kirby 1941, p. 62). In Macrotrichonympha 

restis 11 The axos tyle, parabasal body, and nucleus moved as a 

unit, the relative position of these parts undergoing no 

alteration" (Kirby 1942, p. 127). These phenomena of short 

duration occurring in flagellates with semi-fluid nude 

cytoplasm are but slightly reminiscent of the phylogene tic 

phenomena in the Ophryoscolecidae -- ciliates invested with a 

fairly resistant pe llicle and having a constant body-shape. 

We may conjecture, however, that the displacement of 

structures in the phylogeny of the Ophryoscolecidae in sorne 

way depends on their way of locomotion. Th e probable 

influence of such factors as the f riction and the viscosity 

of the medium, the speci f ie g ravity of the nuclear apparatus 

and the centrifugal force developed in the course of 

locomotion, the precise character of this locomotion, and 

that of the body-shape -- will probably have to be taken into 

account. The role of persistence o f characters, produced ih 

these ciliates by persisting environmental factors bas to be 
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consi de red. Trying to ana1yze t h e dependence of disp1acement 

of structures in the phy1ogeny of the Ophryosco1ecidae on 

their mode of 1ife, we are forced to resort to vague 

hypothesis, bordering on guesswork. At this point it is 

. safer to stop and to say 11 i gnoramus 11 , but not "ignorabimus " . 
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SUMMARY 

1. Examination of the rumen-faunu1es of domestic ruminants, 

co11ected in the Punjab, revea1ed a new species of 

Entodinium -- E. simu1ans sp. n. -- which produces sets 

of forms ("caudatum", 11 1oboso-spinosum", and 11 dubardi 11 ) 

para11e1ing those of E. caudatum Stein. 

2. A similar and hitherto unknown variability was found 

in E. rectangulatum Kofoid and MacLennan. 

3. It is shown, that in the literature the specifie names 

of E. caudatum, E. 1oboso-spinosum and E. dubardi were 

hi therto applied to para1lel forms wi th a common type 

of caudal spination, belonging to at least three 

different species of Entodinium. 

4. E. simplex Dogie1 1925 is regarded as a synonym of 

E. dubardi Buisson 1923. 

5. It is shown, that within ~.he 11 caudatum-laterale 11 group 

of Entodinium exists an evolutionary trend to the 

transformation of tbe 1eft lateral groove into a narrow 

furrow and to a ventrad displacement of structures 

across the left body-side. 

6. An unorthodox comparison of the left body-side of' ~ 

simulans sp. n. with the 11 right 11 body-side of' Diplodinium 

s. str. resulted in the discovery of the role of' torsional 

displacement of structures in the origin of the higher 

Ophryoscolecidae. 
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7. This new conception implies l) the homologization of the 

right dorsal furrow of Diplodinium s. str. with the left 

lateral groove of l:!;ntodi ni um of the 11 cauda tum-laterale 11 

group, and 2) the homologization of the dorsal side of 

the higher Ophryoscolecidae with the ventral side of 

Entodinium. 

8. The term "dorsal side", transferred from the morphology 

of higher animals into tbat of the Ophryoscolecidae, 

implied the constancy of the side termed "dorsal", and 

interfered with the discovery of the displacement of 

structures in their phylogeny, which is obvious for an 

unbiased observer. 

9. A comparative study of essential generic characters of 

the Ophryoscolecidae has shown, that the torsional 

displacement of structures was operative in the 

phylogeny of all genera of this family. 

10. The phylogeny of the Ophryoscolecidae is reconstructed 

on the basis of the new conception of their comparative 

morphology. 

ll. Three new sub:farnilies are est~blished V!i thin the farnily 

Ophryoscolecidae: the Entodiniinae, the Diplodiniinae 

and the Ophryoscolecinae. 

12. The Diplodiniinae and the Ophryoscolecinae are united 

into the group Ventronucleata and opposed to the 

primitive group Dorsonucleata which includes only one 

subfamily -- the Entodiniinae. 



13. It is sug~ested that the torsional disp1acement of 

structures might have been operative in the phy1ogeny 

of the re1ated fami1y Cyc1oposthiidae. 

14. An attempt is made to corre1ate the torsiona1 

disp1acement of structures in the phy1ogeny of the 

Ophryosco1ecidae with the mode of 1ife of these 

ci1iates. 
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PLATE 1 

A11 fi gures drawn at x200. Fig . 11 ad.apted from 
Kofoid and l\TacLennan ( 1932) , Figs. 19, 20 and 22 -- from 
Dogie1 (1927) . A11 other figures are camera 1ucida drawings 
of stained a r;.d mounted materia1, co11ected by the author in 
Rawalpindi, W. Pakistan, from the rumina of Bubalus buba1us 
(Figs. 4 to 6 and 14) and from those of domestic sheep and 
goats (al1 other figures). 

Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
Fig. 5 
Fig . 6 
Fig . 7 

Entodinium nane11um Dogie1 1923. 
E. rectangulatum Kofoid and I:IacLennan 1930. 
E. simu1ans sp. n. 
E. indi c um Kofoid and HacLennan 1930. 
E. bifidum (Dogie1 1927). 
E. tricostatum Kofoid and MacLennan 1930. 
Hy potbe tica1 ances tor o f t h e hi gher 
Ophryosco1ecidae. 

Fig. 
Fig. 
Fig . 
Fig . 
Fig . 
Fig . 
Fig. 
Fig. 

Fig . 
Fig . 
Fig . 
Fig . 
Fig. 
Fig. 
Fig . 

8 Dip1odinium laeve Dogie1 1927. 
9 Eudip1odinium maggii (Fiorentini 1889) . 
10 - Eremoplastr on dilobum (Dogie1 1927). 
11 - Eodinium loba tum Kofoid and 1\TacLennan 193 2 •. 
1 2 - Dip1op1astron aff ine (Dog ie1 and Fedo rowa 1925). 
13- Metadinium tauricum (Dog ie1 and Fedorowa 1 925). 
14 - Ostracodinium gracile (Dog ie1 1925) . 
15 - Poly1Jlas tron mu1 ti ve s icu1a tum ( Dog ie1 and 

Fedorowa 1925) • 
16 - E1ytrop1astron buba1 i (Do gie1 1928). 
17 - Eno->lo lastron triloricatum (Dogie1 1925). 
18 - Epidin i um cauda tum Fiorentini 1889). 
19 - Op isthotrichum j anu s (Dog i e 1 1923 ). 
20 - Epip1astron africanum (Dog ie1 192~) • 
21 - Op hryosco1ex caudatus Eber1e in 1895. 
22 - Ca1oscolex camelinus Dog i e1 1926 . 



0 

(.) 

"" 0 

ç. 

:( 
0 

"' N 

0 
0 
N 

0 

"' 
0 
0 

0 

"' 

0 

122 



123 

BIBLIOGRAPHY 

AWERINZEW, s. and MUTAFOWA, R. 1914. lVIaterial zur Kenntniss 
der Infusorien aus dem Magen der Wiedèrkluer. 
Arch. f. Protistenkunde 38 : 109-118. 

BF~TIA, B. L. 1936. Protozoa: Ciliopnora. In: Fauna of 
British India including Ceylan and Burma. London, 
Taylor and Francis, Ltd. 

BROOKS, J. 'L. 1946. Cyclomorphosis in Daphnia. I. 
Ecolog. Monogr. 16 : 409-447. 

BROOKS, J. L. 1947. Turbulence as an environmental 
determinant of relative growth in Daphia. Proc. 
National Acad. Sei. 33 : 141-148. 

BUISSON, J. 1923a. Les infusoires ciliés du tube digestif 
de l'homme et des mammifères. These. Paris. 
(Paris Le Gall). 200 pp. 

BUISSON, J. l923b. Sur quelques infusoires nouveaux ou 
peu connus parasites des marrunifères. Ann.de 
Parasit. l 209-246. 

BUSH, M. and KOFOID, C. A. 1948. Ciliates from the Sierra 
Nevada bighorn, Ovis canadensis sierrae Grinell. 
Univ. Calif. Publ. Zool. 53 : 237-262. 

CHATTON, 1 E. and LWOFF, A. 1935. Les Cilies apostomes. I. 
1 / 

Apergu historique et general; etude monographique 
des genres et des espèces. Arch. zool. exp. et 
gen. 77 : l-453. 

COKER, R. E. and ADDLESTONE, H. H. 1948. Influence of 
temperature on Cyclomorphosis in Daphnia longispina. 
Journ. Elisha Mitchell Sei. Soc. 54 : 45-75. 

CRAWLEY, H. 1923. Evolution in the ciliate family 
Ophryoscolecidae. Proc. Acad. Nat. Sei., 
Philadelphia 75 : 393-412. 

DAS GUPTA, M. 1935. Preliminary observations on the 
protozoan fauna of the rumen of the Indian goat, 
Capra hircus Linn. Arch. f. Protistenkunde 
85 : 153-172. 

/ 

DEPERET, c. 1909. The transformations of the animal world. 
London, Kegan Paul, Trench, TrÜbner and Co. 



DOFLEIN, F. 1929-1931. Lehrbuch der Protozoenkunde 
Bearbeitet von E. Reichenow. Ftlnfte Auflage. 
Gustav Fischer, Jena. 

DOGIEL, V. 1923. Die Artbildung in der Infusorienfamilie 
Ophryoscolecidae. Russk. Arkhiv Protist. 2 
89-104. (In Russian with German summary). 

DOGIEL, V. 1925a. Nouveaux infusoires de la famille 
Ophryoscolecid~s parasites d'antilopes africaines. 
Ann. de Parasit. 3 : 116-142. 

DOGIEL, ·v. 1925b. Neue parasitische Infusorien aus dem 
lVIagen des Renntieres (Ran fer tarandus). Russk. 
Arkhiv Protist. 4 : 43-65. In Russian with 
German summary) • 

DOGIEL, V. 1926. Sur quelques infusoires nouveaux 
habitant l'estomac du dromadaire (Camelus 
dromedarius). Ann. de Parasit. 4 : 241-271. 

124 

DOGIEL, V. 1927. Monographie der Famille Ophryoscolecidae. 
Arch. f. Protis tenkunde .. 59 : 1-288. 

DOGIEL, V. 1946. The phylogeny of the stomach-ciliates 
of the ruminants in the light of paleontological 
and ecologo-parasitological data. Zo8logich. 
Zhurnal 25 395-402. (In Russian). 

DOGIEL, V. 1947a. The phylogeny of the stomach-infusorians 
of ruminants in the light of paleontological and 
parasitological data. Quart. Journ. Micro. Soc., 
III series 88 : 337-343. 

DOGIEL, V. 1947b. Course in general parasitology. 
Second edition. (In Russian). Leningrad. 

DOGIEL, V. 1951. General protozoology. (In Russian). 
ivloscow. 

EBERLEIN, R. 1895. Ueber die lm WiederkHuermagen 
vorkommenden ciliaten Infusorien. Ztschr. f. 
Wiss. Zool. 59 : 233-304. 

FIORENTINI, A. 1889. 
dei bovini. 

Intorno ai protisti dello stomaco 
Pavia, tipogr. frat. Fusi. 

GOUSSEFF, W. F. 1937. Yakimovella erinacei n. gen. n. 
sp. a coccidium from the hedgehog. Journ. Roy. Micro. 
Soc. 57 : 200-202. 



GOWER, W. C. 1939. A modified stain and procedure for 
trematodes. Stain Technology 14 : 31-32. 

GROSS, F. 1932. Untersuchungen Uber die Polyploïdie 
und die Variabilitllt bei Artemia salina. 
Naturnissenschaften 20 : 962-967. 

125 

HOARE, C. A. 1933. Studies on sorne new ophidian and avian 
coccidia from Uganda, with a revision of the classification 
of Eimeriidea. Parasitology 25 : 359-388. 

HOARE, C.A. 1949. Handbook of medical protozoology. 
London, Bailliere, Tindall and Co. 

JAMESON, A. P. 1925. A note on the ciliates from the 
stomach of the mouse deer (Tragu1us memmina) with 
the description of Entodinium ovalis n. sp. 
Parasitology 17 : 406-409. 

KIRBY, H. 1941. Devescovinid flagellates of termites. I. 
The genus Devescovina. Uni v. Calif. Publ. Zool. 
45 1-92.-

KIRBY, H. 1942. Devescovinid flage1lates of termites. 
II. The genera Caduceia and Ivlacrotrichomonas. 
Univ. Calif. Publ. Zoo1. 45 : 93-166. 

KIRBY, H. 1947. 
flagel1ates. 

Disp1acement of structures in trichomonad 
Trans. Amer. Micro. Soc. 64 ~ 274-278. 

KOFOID, C. A. and MacLENNAN, R. F. 1930. Ci1iates from 
Bos indicus Linn. I. The genus Entodinium Stein. 
Univ. Ca1if. Pub1. Zool. 36 : 471-544. 

KOFOID, C. A. and MacLENNAN, R. F. 1932. Ci1iates from 
Bos indicus Linn. II. A revision of Dip1odinium 
Schuberg . Univ. Cali f . Publ. Zool. 37 : 53-152. 

KOFOID, C. A. and 1\lacLENNAE, R. F'. 1933. Ci1iates from 
Bos indicus Linn . III. Epidinium Crawley, ~pip1astron 
gen. nov. and Ophryosco1ex Stein. Univ. Ca1if. Pub1. 
Zoo1. 39 : 1-34. 

KOFOI D, C. A. 1 935 . On two r emarkab1 e c i1ia te Protozoa 
from the cae cum of the Indian elephant. Proc. National 
Acad. Sei. 21 : 501-506. 

KOPPERI, A. J. 1935. Ueb e r die nicht-pathogene 
Protozoenfauna des B1indda r mes e inige r Nagetiere. 
Suom. E1Hin ja Kasirt. Se uran Vanamon E1llintieteel1isi~ 
I ulkaisuja 3 : 92 pp . (German tex t, Fi nnish s ummary). 



LWOFF, A. 1950. Problems of morphogenesis in ciliates. 
John Wiley and Sons, New York. 

MORIGGI, M. 1950. ?rotozoa ciliata parasitica. 
di Biologia coloniale.lO : 103-134. 

Ri vista 

126 

POLJANSKY, G. and STRELKOW, A. 1937. Beobachtungen tlber 
die Variabilit~t einiGer Ophryoscolecidae (Infusoria 
Entodiniomorpha) in Klonen. 6ool. Anz. 107 : 215-220. 

POLJANSKY, G. and STRELKOW, A. 1938. Etude experimentale 
sur la variabilité de quelques Ophryoscolécidés. 
Arch. zool. exp. et gen. 80 : 1-123. 

RAY, H. N. and RAGHAVACEARI, K. 1942. Observations on a 
new coccidium, Octosporella mabuiae n. gen., n. sp. 
from the intestine of .Mabuia sp. Proc. Indian Sei. Congr. 
28 : 170. 

SCHMALHAUSEN, I. I. 1949. Factors of evolution. 'l'he 
theory of stabilizing selection. Blakiston Company, 
Philadelphia - Toronto. 

SCIBiANKEWITSCH, W. 1875. trber das Verhlll tniss der 
Artemia salina M. Edw. zur Artemia mtllllhauseni 
N. Edw., und dem Genus Branchipus Schaeff. z. 
zool., Supp1. to Vol. 25. 

SCHUBERG, A. 1888. Die Protozoen des Wiederk~uermagens. 
I. B~tschlia, Isotricha, Dasytricha, Entodinium. 
Zool. Jahrbuch 3 : 365-418. 

STEIN, F. l859a. ~er mehrere neue im Pansen der 
WiederkMuer lebende Infusionsthiere. Abhand1. 
K. Bhm. Gesellsch.~(l857-l859) 10 : 69-70. 

STEIN, F . l859b. Charakteristik neuer Infusorien
Gat tungen (Fortsetzung ). Lotos. Pra g . 9 : 57-69. 

STRELKOW, A. and POLJANSKY, G. 1937. On the process of 
natura.l selection in some Infusoria Entodiniomorpha. 
Zoo1. Zhurna1 16 : 77-87. (In .H.ussia.n). 

THOMPSON , D'A. W. 1942. On g rowth and form . Cambridge 
Univ. Press. 

VAVILOV, N. I. 1923. 'l'he law of homo1ogous series in 
variation. Journ. of Gene tics 12 : 47-89. 

VINCENT, ~ . 1936. 
peripates. 

Un nouveau t ype de coccidie de 
C. R. Soc. Biol . Paris 122 : 260-262. 



127 

WATSON, J. M. 1945. A new Ophryoscolecid ciliate, 
Entodinium insoli tum, sp. n. from the Indian 
rhinoceros. Proc. Zool. Soc., Pt. 4, 114 : 507-522. 

WERTHEI~VI, P. 1935. Infusorien aus dem Wiederk!l.uermagen 
vom Gebiete Jug oslawiens nebst einer Uebersicht dieser 
Tierchen von dem Balkanenhalbinsel-Bereich und ein 
kurzer Bericht ftber die Pferdedarminfusorien zugleich 
Revision der Famille Ophryoscolecidae. Veterinarkog 
Archiva 5 : 388-536. 

WESENBERG-LUND, C. 1900. Von dem Abh~ngigkeitsverh!l.ltnis 
zwischen dem Bau der Planktonorganismen und dem 
spezifischen Gewicht des SÜsswassers. Biol. Zbl. 
20 : 606-619 and 644-656. 

WESENBERG- LUND, C. 1908. Plankton investigations of 
Danish lakes. Glydendalske Boghandel, Copenhagen. 

WESENBERG-LUND, C. 1910. GrundzÜge der Biologie und 
Geographie des SÜsswasserplankton nebst Bemerkungen 
Uber Hauptprobleme zukÜnftiger limnolog ischer 
Forschungen. Internat. Rev. d. ges. Hydrobiologie 
3 Biol. Suppl. l : 1-44. 

WESTPHAL, A. 1934. Studien Uber Ophryoscoleciden in der 
Kultur. Ztschr. f. Parasitenkunde 7 : 71-117. 

WOLTERECK, R. 1908. Ueber nattlrliche und ktlnstliche 
Variet!l.tenbildung bei Daphniden. Verh. Deutsch. 
Zool. Ges, Leipzig 18 : 234-240. 

WOLTERECK, R. 1909. Weitere experimentelle Untersuchungen 
tlber Artver!l.nderung speziell Uber das Wesen 
quantitativer Artunterschiede bei Daphniden. Verh. 
Deutsch. Zool. Ges , Leipzig 19 : 110-173. 

WOLTERECK, R. 1913. ~er Funktion, Herkunft und 
Entstehungsursachen der sogenannten Schwebe-FortsHtze 
pelagischer Cladoceren. Zoologica 26 : 474-550. 

WOLTERECK, R. 1921. Variation und Artbi1dung . Internat. 
Rev. d. ges . Hydrobio1og i e 9 : l-151. 

WOLTERECK , R. 1934. Artdifferenzierung (insbesondere 
GestaltHnderung) bei C1adoceren. Ztschr. f. ind. 
Abs t. Vererbungslehre 67 : 174-196. 

WUNDSCH, H. H. 1921. Bei trage zur Frage nach dem Ein.f1uss 
von Temperatur und ErnMhrung auf die quantitative 
Entwicklung von SUsswasserorganismen . Zoologische 
Jahrbtlcher, Abt. f. Al1g . Zool. u- Phys. 38 : 1-48. 




