
P O L I S H A C A D E M Y O F S C I E N C E S 

N E N C K I I N S T I T U T E O F E X P E R I M E N T A L B I O L O G Y 

ACTA PROTOZOOLOGICA 

VOLUME 17 
' - .. - y '• ' _ - .VrL.,. ' 

Number 3 

W A R S Z A W A 1 9 7 8 

http://rcin.org.pl



P O L I S H A C A D E M Y O F S C I E N C E S 

N E N C K I I N S T I T U T E O F E X P E R I M E N T A L B I O L O G Y 

ACTA PROTOZOOLOGICA 

International Journal of Protozoology 

Editors 

Stanis law DRYL and S tan is law L. K A Z U BSK I 

Editorial Board 

C h a i r m a n : Leszek K U Ź N I C K I 
Vice -cha i rman : A n d r z e j GRĘBECKI 

M e m b e r s 

S tan is ław DRYL 
Vassil GOLEMANSKY 
Witold K A S P R Z A K 
Stan is ław L. K A Z U B S K I 

J i r i LOM 
Georg Ivanovic P O L J A N S K Y 
Igor Borysovic R A I K O V 
Ksenia Mironovna S U K H A N O V A 

Managing Editor and Editorial Board Secretary 

Ju l i t t a P łOSZAJ 

Manuscr ip t s m a y be submi t ted to the Edi tor ia l Off ice : Acta Protozoologica, 
M. Nencki Ins t i tu te ' of Expe r imen ta l Biology, 02-093 Warszawa , 3 Pas t eu r Street , 
Poland, or to each m e m b e r of the Editor ial Board. 

A subscr ipt ion order s tat ing the period of t ime, along wi th the subscr iber ' s 
n a m e and address can be sent to your subscr ipt ion agent or direct ly to Foreign 
Trade Ente rpr i se Ars Po lona-Ruch , 00-068 Warszawa, 7 Krakowsk ie Przedmieście , 
P.O. Box 1001, Poland. Please send p a y m e n t s to the account of Ar s -Po lona Ruch 
in B a n k H a n d l o w y S.A., 7 T raugu t t Street , 00-067 Warszawa , Poland . 

ACTA PROTOZOOLOGICA appears quar te r ly . The indexes of previous volume 
will appea r in No. 1 of the nex t volume. 

Indexed in Cur ren t Contents . 

http://rcin.org.pl



A C T A P R O T O Z O O L O G I C A 
VOL. 17 (No. 3) W A R S Z A W A , 31 X 1978 pp . 399-418 

Laboratory of Invertebrate Animals, Biological Research Institute of Leningrad State Univer-
sity, Leningrad V-164, USSR 

L, N. S E R A V I N and Z. P. G E R A S S I M O V A 

A New Macrosystem of Ciliates 

Synopsis. A n e w m a c r o s y s t e m of c i l ia tes h a s b e e n p roposed . As t h e 
b a s e f o r d iv i s ion of Ciliophora i n to m a c r o t a x o n s t w o f e a t u r e s h a v e b e e n 
u s e d : p a r t i c u l a r i t i e s of t h e u l t r a s t r u c t u r e of t he ec top la smic f i b r i l l a r 
s y s t e m a n d g e n e r a l c h a r a c t e r of s t r u c t u r e of t h e c i l i a ry s y s t e m . T h e 
p h y l u m Ciliophora h a s b e e n d i v i d e d in to t w o c lasses : Kinetodesmato-
phora ( hav ing k i n e t o d e s m s ) a n d Postciliodesmatophora ( hav ing p o s t -
c i l iodesms) . T h e class Kinetodesmatophora i nc ludes t w o r e l a t e d s u b -
classes: Homoiotricha w i t h 4 o r d e r s p r e v i o u s l y a s s igned to t h e subc la s s 
Holotricha a n d h a v i n g k i n e t o d e s m s , a n d t h e second subc lass Peritricha. 
T h e class Postciliodesmatophora i n c l u d e s 5 subclasses . A s t he in i t i a l 
one t h e subc l a s s Homotricha is r e g a r d e d ; i t e m b r a c e s t he o r d e r s p r e -
v ious ly a t t r i b u t e d to Holotricha b u t h a v i n g pos tc i l iodesms . O t h e r s u b -
c lasses a s s igned to t h i s c lass a r e : Dystricha (— Suctoria), Chonotricha, 
Spirotricha a n d Syntricha (Entodiniomorpha a n d Blepharocorythida). 

During last years a tendency for serious reconsideration of the ciliate 
macrosystem has appeared. A long time only the S t e i n ' s system created 
in 1855 and slightly modified later, has prevailed in protozoology. As it 
is known, S t e i n divided the ciliates into 4 main groups: Holotricha, 
Heterotricha, Hypotricha, and Peritricha. After K a h l (1930-1935), main 
taxons of ciliates (orders according to this classification) were the follow-
ing: Holotricha Spirotricha, Peritricha, Chonotricha. The Suctoria were 
assigned the rank of a subclass. Similar systems were constructed by 
some other authors as C o r l i s s (1961), D o g i e l et al. (1962), R a a b e 
(1964) etc. 

J a n k o w s k i (1967), basing on some details of the buccal apparatus 
in ciliates, has deprecated from the traditional macrosystem giving a new 
one. He divided the subphylum Ciliophora into 3 classes: Gymnostomea 
(having no special preoral ciliature), Ciliostomea (having the preoral 
ciliature of various types), and Tentaculifera (deprived of primary mouth 
and cilia in mature stage, having tentacles). On the base of some particu-
larities in the structure of the preoral ciliature J a n k o w s k i divided 
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the class Ciliostomea into 3 subclasses: Fragmophora (having kinetofrag-
mon), Tetrahymenophora (having tetrahymenium), and Polyhymenophora 
(having polyhymenium). 

Although J a n k o w s k i (1973) returned to the classical system, the 
basic ideas of his system have been accepted by other authors. De 
P u y t o r a c et al. (1974) and C o r l i s s (1974) have published new 
macrosystems based on J a n k o w s k i ' s ideas. The Ciliophora has been 
considered by them as a phylum comprising 3 classes: Kinetofragmophora, 
Oligohymenophora and Polyhymenophora. Under the influence of these 
works J a n k o w s k i <1975) proposed the new macrosystem. similar to 
that, published by him in 1967. 

The previous as well as the present systems of ciliate classification 
seem to show that all protozoologists systematists consider this group of 
protozoans as a great monophyletic taxon (phylum or subphylum) of 
unicellular organisms. At the base of such systems a group of contempo-
rary ciliates is laid (usually Gymnostomata at the rank of order or sub-
class) regarded as an initial one for more advanced Ciliophora. 

In contemporary approaches to the problem of a new ciliate macro-
system formation the structure of the buccal apparatus is considered to 
be a fundamental feature. It includes: (a) position of the oral opening, (b) 
its connection with special ciliary system and (c) the character of structure 
of the preoral ciliature (kinetofragmon, oligo- or tetrahymenium, polyhy-
menium etc.). But, basing only on the characters as mentioned above, it 
is very difficult (practically impossible) to establish a correct macro-
system. Firstly, in many ciliates the oral opening and the buccal apparatus 
are strongly reduced or lacking (Apostomata, Astomata), or some other 
organelles, not homologous to the oral opening, serve for feeding, e.g., in 
Suctoria. No wonder that such groups are placed arbitrarily in the system. 
For example de P u y t o r a c et al. (1974) and C o r l i s s (1974, 1975) 
place suctorians within Kinetofragmophora (although Suctoria have no 
kinetophragmon), while J a n k o w s k i (1975) separates them into an 
idependent group at the same rank as Kinetophragmophora. But in fact 
there are no objective criteria for the first, as well as for the second 
opinion. 

Up to now the knowledge of the structure of the oral apparatus in 
ciliates for systematic purposes is based mainly on light microscope 
investigations. It is very insufficient at present. Many authors have shown 
that undulating membranes and membranelles, connected with buccal 
apparatus, may have different ultrastructure in various ciliates, thus being 
not homologous (L o m and C o r l i s s 1971, G r a i n 1972). This fact 
makes difficult proper arrangement of many ciliates within the system. 
For example the representatives of the order Nassulida have numerous 
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membranelles, so it would be logical to place them within the subclass 
Polyhymenophora. But as the structure of membranelles in nassulids 
differs from that of the typical Spirotricha J a n k o w s k i puts them 
into Tetrahymenophora (although they have no tetrahymenium). Their 
arrangement into Kinetojragmophora (de P u y t o r a c et al. 1974, 
C o r l i s s 1974) is also unjustified because nassulids have the structure 
analogous with developed polyhymenium. 

In order to construct the proper system of ciliates it seems inevitable 
to find any morphological structure which, contrary to the buccal appa-
ratus, persists in all forms (or in some developmental stages at least), 
and is fairly conservative in principal features. It would give the possibi-
lity to elucidate the phylogenetic affinities between greater taxons of 
ciliates. 

In our investigations we have found that the ectoplasmic fibrillar 
system (EFS) of the ciliates may be used for these purposes (S e r a v i n 
and M a t v e j e v a 1971, G e r a s s i m o v a 1975, G e r a s s i m o v a 
and S e r a v i n 1976, S e r a v i n and G e r a s s i m o v a 1976, S e r a-
v i n and G e r a s s i m o v a 1977 a, b). 

Now let us gone to consider the principles of the EFS structure in 
ciliates as well as some particularities of its evolution within the phylum. 

As it has been known due to numerous electron microscopic investiga-
tions (cf. P i t e l k a 1969, G r a i n 1969) somatic kinetosomes of ciliates 
have a characteristic standard (or classical according to some authors) 
pattern of fibrillar structures getting out from them at the same, proxi-
mal level. From each kinetosome there are 3 such derivatives going toward 
cytoplasm: kinetodesmal filament (KD filament), postciliary fibre (Pc 
fibre), and transverse fibre (T fibre). 

The kinetodesmal filament, being in from of electron dense, trans-
versely striped, thread-like structure gets off from the kinetosome at a 
zone of triplet 7 (according to G r a i n 1969). Sometimes however, the 
base of this filament is dilated, covering triplets 5-7. The postciliary fibre 
is composed of a band of parallel microtubules; it gets off always from 
triplet 9. The transverse fibre, beginning at a zone of triplets 3 and 4, 
is also composed of a band of microtubules. These three derivatives, get-
ting off from numerous somatic kinetosomes and spreading in a defined 
way in the ectoplasm (cortex) of ciliates, form the ectoplasmic fibrillar net 
(EFS) beneath the pellicule. 

In various species of ciliates particular derivatives of kinetosomes may 
be differently developed. When feebly developed the derivatives do not 
overpass the proper kinetosomal territory, while being strongly developed 
they may extend along some neighbouring kinetosomal territories. 

In a series of cases some additional fibrillar elements appear in the 
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EFS. For example in Rhynchodida, beside the classical derivatives of 
kinetosomes, there are ribbons of subkinetal microtubules (Lorn and 
K o z l o f f 1969). Sometimes, complete disappearance of some derivat-
ives may be observed. The reduction of Pc fibrilles was observed in the 
representatives of the order Astomata (de P u y t o r a c and G r a i n 
1974, G e r a s s i m o v a 1977). 

We have tried already to distinguish the most common features of 
the EFS organization and to prepare their primary classification (S e r a-
v i n and M a t v e j e v a 1971, G e r a s s i m o v a 1975, G e r a s s i -
m o v a and S e r a v i n 1976). It has been proposed to classify the types 
of EFS according to the development of the classical derivatives of kine-
tosomes. E.g., in the case of strongly developed KD filaments the EFS 
represents the kinetodesmal type (KD type of EFS), when Pc fibrilles 
are more developed the EFS belongs to the postciliary type (Pc type of 
EFS), etc. 

As only three derivatives of kinetosomes (included into the classical 
pattern) are used in the analysis of the EFS structure, then, theoretical-
ly, 7 following types of the EFS might have been expected: (1) KD type, 
(2) Pc type, (3) T type, (4) KD-T type, (5) KD-Pc type, (6) Pc-T type, 
and (7) Pc-T-KD type. 

Already the first investigators of subpellicular structures in ciliates 
have found the EFS which ought to be regarded as the KD type. In 
Paramecium, Tetrahymena, Colpidium, and others, long KD filaments 
were found, overcrossing several neighbouring kinetosomal territories 
along their ciliary rows. The Pc and T fibrilles in these v forms were 
feebly developed (P i t e 1 k a 1961, 1963, 1965, A l l e n 1967, etc.). Long 
KD filaments, going off from 7th triplet of kinetosomes, run to the right 
from the ciliary row toward the anterior body end of a protozoan, joining 
one with the other and forming one organelle — the kinetodesma. 

The Pc type of EFS is also well known in ciliates; it has been found 
for example in Brooklinella, Dileptus, Tracheloraphis etc. ( G r a i n and 
G o l i ń s k a 1969, L o m and C o r l i s s 1971, R a i k o v et al. 1975). 
Strongly developed Pc fibrilles, going off from one ciliary row, join into 
an organelle, called by us postciliodesma (by analogy to kinetodesma) 
( G e r a s s i m o v a and S e r a v i n 1976). 

The analysis of greater material (from literature and own data as well) 
has shown that there are no ciliate having simultaneously strongly developed 
KD filaments and Pc fibrilles — they would have not kinetodesms and 
postciliodesms at the same time. So we have come to a conclusion that 
the existence of such forms is not possible ( S e r a v i n and M a t v e j e -
v a 1971, G e r a s s i m o v a 1975). In this connection the "rule of closely 
lying triplets" has been formulated ( G e r a s s i m o v a 1975, G e-
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r a s s i m o v a and S e r a v i n 1976), showing that the more close the 
one from the other kinetosome, giving rise to any classical derivatives, 
is lying, the more pronouncod is the inhibitory influence of one of them 
against the other. It is known that the bases of KD filaments and Pc 
fibrilles are close (triplets 7 and 9). So, according to the rule of closely 
lying triplets, not only Pc-KD type of EFS is impossible, but also Pc-
T-KD type can not exist. 

The electron microscopic studies have revealed the occurrence of 
Pc-T type of EFS in ciliates. It was found in a series of representatives 
of the order Heterotricha ( K e n n e d y 1965, Y a g i u and S h i g e n a-
k a 1963, P e c k et al. 1975). Together with typical postciliodesms these 
ciliates have T fibrilles going off from their ciliary rows toward neigh-
bouring rows of cilia and crossing over several kinetosomal territories. 
Strong development of T fibrilles in Heterotricha has a secondary charac-
ter and may be lacking. Just in Stentor ( G r a i n 1968) these fibrilles 
are very short, ending within the ranges of their own kinetosomal terri-
tories. In such way the Pc-T type of the EFS seems to be derived from 
the Pc type. 

Up to now the ciliates having T type and KD-T type of the EFS 
have not been found. There are some premises that T type of the EFS 
is "forbidden" for ciliates — it can not exist at all. For this speaks the 
fact that in flagellates such as Opalina and Hypermastigina, having 
greater number of undullipodia (flagella or cilia) some rudiments of the 
EFS appear and their structural elements usually join the kinetosomes 
of one row, being thus longitudinal ( N o i r o t - T i m o t h £ e 1959, W e s-
s e n b e r g 1966, H o l l a n d e and V a l e n t i n 1967, H o l l a n d e 
and C a r r u e t t e - V a l e n t i n 1971). Transverse derivatives of 
kinetosomes (analogous to T fibrilles) have been found only in Hyper-
mastigina, but together with obligatory occurrence of longitudinal ones. 

Although we do not know exactly the cause, in all studied cases 
(in flagellates as well as in ciliates) the longitudinal derivatives are the 
most important for junction of somatic kinetosomes, the transverse ones 
have only an auxiliary role. So, the occurrence of strongly developed 
T fibrilles simultaneously with feebly developed KD filaments and Pc 
fibrilles seems to be little probable. Then, it seems that the species 
having the EFS of the transverse type will never be found. Simulta-
neously there is no evidence against the hypothesis on the origin of KD-T 
type of EFS from the KD type. It is quite probable that such ciliates 
will be found during further investigations. 

The ciliates appeared when somatic kinetosomes of their ancestors 
had assumed three standard derivatives (KD filament, Pc and T fibril-
les). As in all contemporary Ciliophora these derivatives get off from 

http://rcin.org.pl



4 0 4 L. N. S E R A V I N a n d Z. P. GERASSIMOVA 

the same points of the kinetosome triplets there are no doubts that they 
all originated from the only one initial group, Protociliophora. These 
ancestrine forms might have had somatic kinetosomes with three feebly 
developed derivatives of the classical pattern. Further evolution of ciliates 
might have run along two independent ways. In some species the develop-
ment of the EFS has been achieved by growing length of kinetosomal 
filaments anad kinetodesms formation, in the other ones — due to 
stronger growth of postciliary fibrilles leading to postciliodesms forma-
tion. According to the rule of close triplets any crossing of these two 
phyletic lines was not possible in the process of evolution. 

F o u n d a t i o n s of t h e N e w M a c r o s y s t e m of C i l i a t e s 

Due to the electron microscope the EFS has been investigated up to 
now in all basic orders of ciliates. All the facts uphold the opinion about 
great conservativeness of the EFS type of structure and, what will be 
shown further, its preservation in larger taxons of Ciliophora. This gives 
the possibility to use the EFS type of structure as the foundation of the 
systems and phylogeny of ciliates. 

If the type of structure of the EFS is used for construction of the 
ciliate macrosystem two main classes may be distinguished without any 
difficulty the first class Kinetodesmatophora which includes the ciliates 
having a characteristic ectoplasmic fibrillar system with kinetodesms, 
and the second one — Postciliodesmatophora comprising the ciliates with 
developed postciliodesms in the EFS. 

In the classical systems (e.g., D o g i e l et al. 1962) the group Holo-
tricha was regarded as the initial class or subclass. In the contemporary 
systems this group is rather regarded as artificial or compound one (de 
P u y t o r a c et al. 1974, C o r l i s s 1974, J a n k o w s k i 1975). Elec-
tron microscopic investigations have ascertained such point of view. Only 
a part of orders, previously assigned to Holotricha, may be placed 
within Kinetodesmatophora. 

Strongly developed KD filaments were found in all examined re-
presentatives of the order Hymenostomata ( P i t e l k a 1961, 1965, 1969, 
A l l e n 1967, N i l s s o n 1969, D i d i e r 1970, K a t t a r 1973, Be-
a m s and K e s s e 1 1973, D i d i e r and D e t c h e v a 1974, G e r a s -
s i m o v a 1976 a, b etc.). In Astomata the EFS is practically composed 
of kinetodesms, as it was described in a series of papers (de P u y t o r a c 
1961 a, b, 1963 a, b, G e r a s s i m o v a 1975, 1977). 

The kinetodesmal type of the EFS occurs also in ciliates of the order 
Apostomata ( B r a d b u r y 1966, 1974, B r a d b u r y and P i t e l k a 
1965, de P u y t o r a c and G r a i n 1975). Finally, strongly developed 
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kinetodesms occur in the representatives of the suborder Arhynchodina 
(L o m et al. 1968, K h a n 1970, A n t i p a 1971), previously arranged 
into a compound order Thigmotricha, regarded at present as independent 
order Thigmotricha ( J a n k o w s k i 1975). 

All these data bear witness for phylogenetic nearness of the above 
considered groups of ciliates. The totality of orders, previously attributed 
to Holotricha but having kinetodesms, we propose to separate into a new 
subclassis Homoiotricha (from Greek homoios = similar). 

The recognition of structure of the buccal apparatus in the represen-
tatives of the subclass Peritricha has shown its relation with the structure 
of this organellum in Homoiotricha. So, some authors regard Peritricha 
to be phylogenetically related with Homoiotricha (de P u y t o r a c et al. 
1974, C o r l i s s 1974, 1975). Such point of view is supported also by 
the data on the EFS structure in Peritricha. In mature forms of Peritricha 
somatic ciliature is completely reduced and the corresponding EFS is 
lacking, but it occurs in disperse stages of these ciliates. The electron 
microscopic investigation carried by us have revealed that in swarmers 
of Vorticella the EFS of locomotory ciliature (cyclokineties) is organized 
according to the kinetodesmal type. In Opisthonecta, retaining a zone of 
cilia in mature stage, the ectoplasmic fibrillar system is strongly modified 
and the type of its structure remains obscure ( B r a d b u r y 1965). 
Occurrence of kinetodesms in the EFS of the representatives of subclass 
Peritricha gives final account for including this group into Kinetodes-
matophora. 

To the class Postciliodesmatophora the group of these orders should be 
assigned at first which have been previously ranged within the class 
Holotricha. but have postciliodesms instead of kinetodesms. The post-
ciliodesms have been found in all examined representatives of the order 
Gymnostomata ( G r a i n and G o l i n s k a 1969, de P u y t o r a c and 
K a t t a r 1969, Bo h a t i e r 1970, R i e d e r 1971, S o l t y n s k a 1971, 
S e r a v i n and M a t v e j e v a 1971, R a i k o v 1971-1972, H o l t et 
al. 1973, K i n k 1973, B o h a t i e r and N j i n e 1973, K o v a l e v a 
1974, R a i k o v et al. 1975, de S a n t a R o s a and D i d i e r 1975, 
etc.). Postciliary fibrilles, taking a part in their construction, form narrow 
or fairly broad bands composed of microtubules. 

It has been found that in the cortex of Gymnostomata the postciliary 
fibrilles are arranged in two different modes, but they may give also 
some transitory variants. In the first mode the Pc fibrilles are arranged 
subpellicularly. The narrow subpellicular Pc fibrilles occur only in 
these gymnostomatous ciliates which have the somatic ciliature formed 
of single cilia ( G r a i n and G o l i n s k a 1969, de P u y t o r a c and 
K a t t a r 1969, B o h a t i e r 1970, G r a i n 1970, S e r a v i n and M a -
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t v e j e v a 1971, K i n k 1973, B o h a t i e r and N j i n e 1973, M a -
t v e j e v a 1973, etc.). In such case the Pc fibrilles rise up towards the 
pellicula and, lying one near the other, form a flat postciliodesma, lining 
up the inner membranella of the pellicule. The second mode of Pc fib-
rilles arrangement is lateral. In general it is characteristic of these 
Gymnostomata which have the somatic cilia arranged in pairs (or only 
the kinetosomes are paired), and give rise to wide Pc fibrilles. Such 
fibrilles are known in Trachelocercidae (R a i k o v and D r a g e s c o 
1969, P i t e l k a et al. 1971, K o v a l e v a 1974, R a i k o v et al. 1975), 
in Loxodes (de P u y t o r a c and N j i n e 1970), in Kentrophoros 
( R a i k o v 1971-1972). As a rule, the lateral wide Pc fibrilles do not 
rise up towards pellicule but extend at the right side of each ciliary 
row forming postciliodesms, composed of thick bundles of parallel post-
ciliary bands, each of them being formed of greater number of micro-
tubules. 

In Brooklinella the Pc fibrilles are in form of not so wide and 
numerous bands, lying in bundles at the left side of neighbouring inter-
ciliary row (L o m and C o r l i s s 1971). This is an intermediate variant 
between subpellicular and lateral patterns of these structures. Thus, there 
exist three main types of arrangement of postciliodesms beneath pellicule 
(subpellicular, lateral and intermediate), characteristic of all ciliates 
having developed Pc fibrilles. 

The junction of cilia into pairs ought to be regarded as the initial, 
progressive stage in the change of ciliature in ciliates foregoing the 
development of more complicated structures, such as membranelles, cirri, 
etc. So, it may be supposed that not wide subpellicular postciliodesms, 
occurring in some Gymnostomata in the kineties with singular cilia, have 
been the base for development of intermediate and lateral postciliodesms 
in other gymnostomatous ciliates. 

The order Trichostomata comprises the ciliates having the EFS orga-
nized according to postciliary type, similar to gymnostomatous ciliates. 
However, in some representatives of this order some peculiar structures 
may be found in the organization of this system. In Paraisotricha, Balan-
tidium, and some other forms (de P u y t o r a c and G r a i n 1965, 
G r a i n 1966, P a u l i n and K r a s c h e n i n n i k o v 1973) the post-
ciliodesms occupy intermediate position, as in Brooklinella (L o m and 
C o r l i s s 1971). However, the EFS of such Trichostomata as Colpoda 
cucculus (D i d i e r and C h e s s a 1970), Colpoda steini and Tillina magna 
( L y n n 1976, G e r a s s i m o v a 1976 a, b) has somewhat different 
structure. In all three species the somatic cilia are paired and not wide 
postciliodesms are situated subpellicularly. 
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Recently, a tendency has arisen to separate Colpoda from Trichosto-
mata and to establish an independent order Colpodida for these ciliates 
(de P u y t o r a c et al. 1974, C o r l i s s 1974). The electron microscope 
data ascertain such point of view. Besides, some already known facts 
prove that duplication of somatic cilia not necessarily leads to changes 
in position of postciliodesms (as it has been observed in Gymnostomata). 

The postciliary type of EFS organization has been found in ciliates of 
the suborder Rhynchodina, formerly arranged within Thigmotricha, but 
now forming a special order Rhynchodida (de P u y t o r a c et al. 1974, 
C o r l i s s 1974, 1975, J a n k o w s k i 1975). The postciliodesms were 
found in all species of Rhynchodida that have been examined in this 
respect ( L o m and K o z l o f f 1969, K h a n 1969). The EFS of these 
ciliates is closely related to that found in gymnostomatids of the type 
Brooklinella ( L o m and C o r l i s s 1971) and in trichostomatids of the 
type Paraisotricha and Balantidium ( G r a i n 1966). 

We propose to combine the ciliates having postciliodesms and formerly 
included into subclass Holotricha (orders Gymnostomata, Trichostomata 
and Rhynchodida) into a subclass Homotricha (from Greek homos = 
equal). Thus, the former subclass Holotricha has been divided into two 
independent subclasses — Homoiotricha and Homotricha related to two 
different classes: Hom.oiotricha to Kinetodesmatophora and Homotricha 
to Postciliodesmatophora. The names of these subclasses, bring out their 
succession from Holotricha. 

In most up to now examined representatives of the order Heterotricha 
(subclass Spirotricha) the EFS is alike. Out of the classical pattern of 
kinetosomal derivatives two elements are more strongly developed — 
wide Pc fibrilles, being lateral in most cases, and T fibrilles which extend 
subpellicularly. Consequently, the EFS of the postciliary-transverse type 
is formed. KD filaments in Heterotricha are feebly developed; they do 
not overpass their kinetosomal territories. There are no doubts that 
Heterotricha can not be regarded as descendants of Hymenostomata, as 
it has been supposed by some authors (de P u y t o r a c et al. 1974, 
C o r l i s s 1974, J a n k o w s k i 1973, 1975 and others). In contrast, all 
premises support the view that Heterotricha originated from any Gymno-
stomata, having wide postciliodesms ( G e r a s s i m o v a 1975, R a i k o v 
et al. 1975, G e r a s s i m o v a and S e r a v i n 1976). 

The data, although not numerous, on the EFS structure in other 
representatives of Spirotricha (T u f f r a u et al. 1968, G r a i n 1972, 
L a v a l - P e n t o 1975 and others) ascertain the supposition that this 
subclass ought to be placed within Postciliodesmatophora. 

The suctorians (subclass Suctoria or Tentaculifera) have no cilia in 
mature stage. Remnants of the EFS are preserved in form of a field of 
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kinetosomes situated in the region of contractile vacuole (M i 11 e c c h i a 
and R u d z i ń s k a 1972). But in swimming migratory forms the struc-
ture of EFS is fairly well developed and corresponds to the postciliary 
type ( M i g n o t and de P u y t o r a c 1968, B a t i s s e 1972 and others). 
Besides, the elements of EFS, by the grade of development, character of 
connections among them, and distribution under the pellicule, correspond 
with those in Gymnostomata. Consequently, the suctorians ought to be 
phylogenetically related with any Gymnostomata. 

The representatives of the subclass Chonotricha have the ciliary system 
only in a zone of a "funnel". It is a ciliature of preoral apparatus, however 
a small part of somatic ciliature is also preserved. The electron microscopic 
study of the EFS in this body part, carried on Chilodochona quennerstedti 
( G r a i n and B a t i s s e 1974), has ascertained that the ectoplasmic 
fibrillar system of chonotrichous ciliates is related with the postciliary 
type. Thus, the former supposition that Chonotricha are the derivatives 
of Gymnostomata ( J a n k o w s k i 1973) has been confirmed by the struc-
ture of their EFS. 

A peculiar feature of ectoplasmic fibrillar system in the migratory 
forms of suctorians and chonotrichs is the occurrence of additional fibril-
les — subkinetal bands of microtubules. Similar fibrilles are present in 
some Gymnostomata (e.g., in Brooklinella) and in Rhynchodida. The 
occurrence of this element in the EFS, not present in other ciliates, gives 
the ground for supposition that these groups of protozoans are phylo-
genetically related. 

Lately, the systematists have approached Suctoria to Rhynchodida (de 
P u y t o r a c et al. 1974, C o r l i s s 1974). The occurrence of common 
structures in the EFS of both these groups of ciliates confirms the genui-
ness of such point of view. 

Taking into account the fact that Suctoria have lost (in adult stage) 
their ciliature in the process of evolution, we propose to change the name 
of this subclass into Dystricha (from Greek prefix dys- = to lose sth.). 
This name expresses, similarly as in other subclasses, the state of the 
ciliary system in a group of ciliates. 

Excellent papers on Blepharocorythidae by W o l s k a (1966, 1967, 
1971) have shown that these ciliates, previously included within the order 
Gymnostomata, ought to be separated into an independent order Blepha-
rocorythida, closely related to Entodiniomorpha. Thus, already at light 
microscope level the relationships between these two orders and the most 
primitive representatives of Postciliodesmatophora, i.e., Gymnostoma\a, 
have been proved. 

A common evolutive feature of both Blepharocorythidae and Entodi-
niomorpha seems to be oligomerization of ciliature and close approach of 
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kinetosomes of all kineties in a zone of the anterior and the posterior 
body ends (in Ophryoscolecidae the cilia at the posterior body end are 
completely reduced). In these body parts some larger, not fragmented 
fields of kinetosomes are formed ( N o i r o t - T i m o t h e e 1960, N o u-
z a r e d e 1965, G e r a s s i m o v a and S e r a v i n 1978 a, b). These 
fields of closely arranged kinetosomes (with or without cilia) we propose 
to name synal fields (from Greek syn- = together). In Blepharocorythida 
and Entodiniomorpha practically the whole ciliature is in form of synal 
fields of kinetosomes. So, the group comprising Blepharocorythida and 
Entodiniomorpha may be named Syntricha. The more so, the cilia in these 
ciliates are frequently fused into larger complexes — syncilia. 

The EFS in Syntricha is greatly modified. Unfortunately, there are 
only a few electron microscopic investigations on the structure of cortex 
in these ciliates ( N o i r o t - T i m o t h e e 1960, R o t h and S h i g e-
n a k a 1964, N o u z a r e d e 1965, S e n a u d and G r a i n 1972 and 
others). These studies concern, however, only the cortex of Ophryoscole-
cidae. In all examined representatives of this group the kinetosomes of 
syncilia are provided with KD filament and T fibre. Both these deriv-
atives are feebly developed. However, there is always one more, well 
developed derivative of a kinetosome, namely the so called retrociliary 
fibre, getting off from the proximal end of kinetosome and running 
toward endoplasm (Noirot-Timothee 1960). It is composed of microtubules. 
The complex of retrociliary fibrilles of each syncilium, forming an orga-
nellum, we propose to name retrociliodesme by analogy to kinetodesme 
and postciliodesme ( G e r a s s i m o v a and S e r a v i n 1978 a, b). 

The recent electron microscopic investigations on the representatives 
of the family Ophryoscolecidae — Entodinium simplex and Epidinium 
ecaudatum ( G e r a s s i m o v a and S e r a v i n 1978 a, b) have four-
nished the data on possible homology of retrociliodesms with organelles 
of the buccal apparatus — nemadesms, as well as the EFS in Syntricha. 
composed of cuticular microtubules, with postciliodesms. However, further 
investigations are necessary to upheld this supposition. 

Particular structure of the ciliary system in Syntricha is connected 
with unique structure of the cortex and with other parts of their cyto-
plasm as well ( G e r a s s i m o v a and S e r a v i n 1978 a, b). All these 
data prove that the opinion pronounced by some authors that Blepharoco-
rythidae and Entodiniomorpha ought to be regarded as the members of 
one group at the rank of order (de P u y t o r a c et al. 1974, C o r l i s s 
1974) is virtually right. We agree with J a n k o w s k i (1975) who places 
Entodiniomorpha (however, without Blepharocorythida) at the rank of 
subclass. In our opinion the Syntricha (Blepharocorythida and Entodinio-
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morpha) ought to be arranged as the subclass within the class Postcilio-
desmatophora. 

In such way we propose the following macrosystem of the phylum 
Ciliophora: 

cl. Kinetodesmatophora Seravin et Gerassimova, 1977 
(1) subcl. Homoiotricha Seravin et Gerassimova, 1977 
(2) subcl. Peritricha Calkins, 1933 

cl. Postciliodesmatophora Seravin et Gerassimova, 1977 
(3) subcl. Homotricha Seravin et Gerassimova, 1977 
(4) subcl. Dystricha Seravin et Gerassimova, 1977 
(5) subcl. Chonotricha Calkins, 1933 
(6) subcl. Spirotricha Butschli, 1889 
(7) subcl. Syntricha Seravin et Gerassimova, 1977 

When we take into account that all contemporary ciliates originated 
from any closely related forms of Protociliophora, the phylogenetic rela-
tions of greater taxons of ciliates (at the level of classes or subclasses) 
would be following: 

subcl. subcl. subcl. subcl. subcl. 
Dystricha Chonotricha Spirotricha Syntricha Peritricha 

subcl. Homotricha subcl. Homoiotricha 

cl. Postciliodesmatophora cl. Kinetodesmatophora 

— Protociliophora 

Thus, the evolution of contemporary ciliates has run through two 
main independent pathways. More advantageous appeared to be this one 
which had taken place in ciliates having postciliodesms. 

S h o r t C h a r a c t e r i s t i c of T a x o n s 

The distribution of ciliates into classes has been accomplished at the 
base of structure of the EFS and on some particularities of structure of 
the ciliature. 

(A) Class Kinetodesmatophora — comprises ciliates which in adult 
or other developmental stage in the somatic ciliature have the most devel-
oped KD filaments out of the classical pattern; it leads to kinetodesms 
formation. This feature is expressed in the name of the class. The Pc 
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fibrilles never overpass the ranges of their kinetosomal territories; some-
times they are reduced. The kinetosomes of the preoral apparatus may 
have relatively well developed postciliary fibrilles. 

(B) Class Postciliodesmatophora — comprises the ciliates which, in adult 
or any developmental stage, have the most developed Pc fibrilles in the 
somatic ciliature. This feature is emphasized in the name proposed for 
this class. The KD filaments never overpass the ranges of their kinetoso-
mal territories; sometimes they may be reduced. In some groups, together 
with Pc fibrilles also T fibrilles may achieve stronger growth. It results 
in formation of the postciliary-transverse type of EFS which may be 
regarded as a descendant of the postciliary type. The kinetosomes of the 
preoral ciliature have fairly well developed T fibrilles. 

In the process of evolution of ciliates the changes of structure of the 
somatic ciliature have taken place. In lower, more primitive ciliates of 
both classes the body is covered with more or less equally arranged rows 
of cilia. As the evolution proceeded two directions of changes in the 
ciliature might have been distinguished: 

(1) Reduction or oligomerization of the ciliary apparatus. 
(2) Approaching of ciliary rows and cilia. 
The latter leads to the synal fields formation and, subsequently, to 

formation of other structures as syncilia, membranelles, cirri. 
The processes of approaching of kinetosomes (and cilia) are the most 

common in formation of the buccal apparatus of ciliates. In a series of 
cases, especially in sedentary and parasitic forms, the reduction or oligo-
merization of the somatic ciliature reaches so far that the basic locomotory 
function of the ciliature is performed by the ciliary system connected 
with buccal apparatus. 

Separation of ciliates into classes is done by us on the base of sub-
stantial modifications of the ciliature and the EFS, attained by ciliates 
in the process of evolution. 

(A 1) Subclass Homoiotricha 
In the adult stage the kineties of somatic ciliature preserve the EFS 

of the kinetodesmal type. The cilia, taking a part in the motion of ciliates 
(together with cilia of peristomal field), have the same or similar dimen-
sions. This feature has contributed to the name of the taxon. 

(A 2) Subclass Peritricha 
The somatic ciliary apparatus of these ciliates is reduced totally or in 

greater part. In adult forms the KD filaments are lacking in the EFS. 
However, the kinetodesmal type of structure of the EFS occurs in disper-
sal stages (swarmers). The cilia of the peristomal field are arranged in 
rings contributing to the name of the taxon. 
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(B 1) Subclass Homotricha 
In the adult stage the ciliates have the EFS of the postciliary type. 

The cilia (including these in peristomal field), taking a part in the motion 
of ciliates, have approximatively the same length. Hence the name of the 
taxon. Membranelles, if persist, in the oral aperture, are never spiral 
shaped. 

(B 2) Subclass Spirotricha 
In adult stage the ciliates preserve the postciliary type of the EFS, or, 

they assume often the postciliary-transverse type. Beside single or double 
somatic cilia in the movements of these ciliates take a part the peristomal 
membranelles forming a spiral. This has contributed to the name of the 
taxon. The somatic cilia may be grouped and some complexes are formed; 
the most complicated are cirri. 

{B 3) Subclass Syntricha 
The EFS of these ciliates is represented by transformed postciliodesms. 

The somatic ciliature is in a great part or totally reduced. The kineto-
somes are grouped into greater synal fields and the cilia are joined to-
gether to form synal fields and syncilia. This feature is marked in the 
name of the taxon. 

(B 4) Subclass Chonotricha 
The somatic ciliature is strongly reduced, up to a small piece, a group 

of undullipodia. Their kinetosomes are connected with the EFS of the 
postciliary type. The cilia of the preoral apparatus are situated at a 
peculiar "funnel" which contributed to the name of the taxon. 

(B 5) Subclass Dystricha 
Former name — Suctoria or Tentaculifera. In adult stage the ciliates 

are completely devoid of cilia. Only a small synal field of kinetosomes 
with reduced EFS is preserved. In migratory juvenile stages the EFS of 
the postciliary type occurs. 

Wide and intensive studies carried at present on the structure of the 
ciliature connected with the oral apparatus of ciliates have contributed 
to désintégration of old orders and to establishing numerous new ones. 
Thus, in the traditional system created by D o g i e l et al. (1962) were 
16 orders, in the system proposed by J a n k o w s k i (1975) this number 
was raised up to 40. We agree with the opinion that the structure of the 
ciliature of the buccal apparatus is one of the most important features for 
establishing the system at the level of orders. However, it is necessary, 
in order to avoid mistakes, to elucidate with the aid of electron microscope 
the basal principles determining the changes which occur in the EFS 
when the kinetosomes are approaching, e.g., in the formation of synal 
fields of various types, giving rise to various complicated ciliary struc-
tures as syncilia, membranelles, cirri etc. 
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A R e v i e w of t h e N e w M a c r o s y s t e m 

The macrosystem proposed by us basically differs from any other up 
to day existing systems by the use of a new feature for its formation — 
the type of the structure of the EFS. It gives the ground to suppose that 
the evolution of ciliates has been achieved by two independent pathways. 
However, about the Protociliophora, the ancestors of the contemporary 
Ciliophora, only retrospective extrapolation may give some information. 

The approach accepted by us has shown that the principle of subse-
quent evolution of the ciliary system in connection with the buccal appa-
ratus (which may be expressed in a following formula: kinetofragmon — 
tetrahymenium — polyhymenium), formulated by F u r g a s o n (1940) 
and serving up to now as a base of the ciliate system is not right. Due 
to the studies on the EFS of ciliates it has been found that Spirotricha 
(having polyhymenium) originated from Gymnostomata (having kineto-
fragmon) and not from Hymenostomata (having tetrahymenium). 

The approaching of cilia, formation of synal fields of kinetosomes and 
membranelles or membrane-like organelles might have taken place inde-
pendently or parallelly in various groups of ciliates. This is ascertained 
by electron microscope investigations (N i 1 s s o n 1969, L o m and C o r -
l i s s 1971, T u c k e r 1971, G r a i n 1972, and others). 

The macrosystem proposed by us is phylogenetic, i.e., based on rela-
tionships between greater taxons which was not the case of other systems 
based on peculiarities of the buccal apparatus structure. Thus, de P u y -
t o r a c et al. (1974) and C o r l i s s (1974) approach Apostomata, Rhyn-
chodida and Suctoria, although the Apostomata are typical representatives 
of Kinetophragmophora, phylogenetically inevitably related with Hyme-
nostomata and not with such representatives of Postciliodesmatophora as 
Rhynchodida and Suctoria are. 

The systematists usually derive the Astomata and Hymenostomata 
from Gymnostomata, i.e., the forms having kinetodesms from those with 
postciliodesms. Taking into account the rule of approaching triplets it is 
impossible to accept such point of view. 

Recognition of the EFS gives also the possibility to bring a series of 
important particularities in the macrosystem of ciliates and to establish 
correct phylogenetic relationships between greater taxons in contrast to 
previous attempts. 

Finally, our macrosystem is fully consistent with other contemporary 
systems of ciliates what ascertains the entity of data, although the ways 
which have led to these results were substantially different. 
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РЕЗЮМЕ 

Обосновывается новая макросистема инфузорий. При делении типа Ciliophora на ма-
кротаксоны использованы два признака: особенности ультратонкого строения эктоплазма-
тической фибрилларной системы и общий характер строения ресничной системы. Тип Cilio-
phora разделен на два класса: Kinetodesmatophora (имеющих кинетодесмы) и Postciliodesma-
tophora (имеющих постцилиодесмы). Класс Kinetodesmatophora включает два родственных 
подкласса: п/кл Homoiotricha, к которому принадлежат 4 отряда инфузорий, ранее отно-
сившиеся к п/кл Holotricha и имеющие кинетодесмы, второй — п/кл Peritricha. Класс Post-
ciliodesmatophora включает 5 подклассов. Исходным является п/кл Homotricha он содержит 
те отряды, которые ранее принадлежали к п/кл Holotricha, но имеющие постцилиодесмы. 
Остальные подклассы следующие: Dystricha (= Suctoria), Chonotricha, Spirotricha, Syntricha 
(Entodiniomorphida, Blepharocorythida). 
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Morphology of some Free-living Ciliates of the Caspian Sea 

Synopsis. T h e m o r p h o l o g y of c e r t a i n f r e e - l i v i n g c i l ia tes of t he C a s p i a n 
sea h a s b e e n s t u d i e d w i t h s i lver i m p r e g n a t i o n a c c o r d i n g to C h a t t o n a n d 
L w o f f a n d w i t h o t h e r cytologica l m e t h o d s . A n e w species, Plagiopyla 
binucleata sp. nov. , is descr ibed , a s w e l l a s t h e m o r p h o l o g y of 18 
e x i s t i n g spec ies w h i c h a r e c h a r a c t e r i s t i c of t h e C a s p i a n sea m i c r o b e n -
thos , p e r i p h y t o n a n d p l a n c t o n : Holophrya simplex, Enchelyodon trepida, 
Prorodon mimeticus, Chaenea tesselata, Coleps tesselatus, Chlamydodon 
triquetrus, Kentrophoros uninucleatum, Trithigmostoma cucullulus, Pla-
giopyla nasuta, Paramecium woodrujji, Uronema nigricans, Ophryo-
glena atra, Cyclidium citrullus, Anigsteinia salinara, Oxytricha marina, 
Oxytricha halophila, Stylonychia mytilus, Euplotes affinis. V a r i a b i l i t y 
of s o m e m o r p h o l o g i c a l c h a r a c t e r s of t he se spec ies is s t a t e d . 

The present paper contains descriptions of one new and 18 previously 
known ciliate species of the Caspian sea. Most of the latter have been 
described very briefly and/or using only in vivo observations. They are 
rather abundant either in the microbenthos, or in the plancton, or else 
in solid surface overgrowth (periphyton) of the Caspian sea and deserve 
more thorough morphological characterization. Most descriptions which 
follow are based on both in vivo observations and permanent preparations 
impregnated by the C h a 11 o n-L w o f f silver nitrate method ( C h a t -
t o n et L w o f f 1930), the latter method giving valuable information 
about the somatic and buccal infraciliature. The nuclear apparatus has 
been studied on Feulgen or Mayer's hemalum stained preparations. 

The author wishes to express his gratitude to Prof. G. Poljansky and 
Dr I. B. Raikov for constant guidance and advice. 

D e s c r i p t i o n s of S p e c i e s 

Holophrya simplex Schewiakoff, 1893 (Fig. 1) 

This species was first found by Schewiakoff on the Hawaii. It is 
abundant in both the mesopsammon and the periphyton of the Caspian 
sea. Both living and fixed animals were studied. 
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Fig. 1. Holophrya simplex Schewiakoff , 1893, a — ven t r a l view, b — dorsal view, 
c — v e n t r a l a r g y r o m e (silver impregna t ed whole mounts ) ; d — nuclei (Feulgen 

reaction) 

Body form ellipsoid, sometimes almost spherical (Fig. 1, a); cytoplasm 
transparent. Cytostome apically located, funnel-shaped, and surrounded 
with indistinct fibrils. 

Ciliature uniform, consisting of 18-20 meridional rows of cilia (Fig. 
1 a, b). The meshes of the argyrome are more or less rectangular (Fig. 1 c). 
Contractile vacuole single, terminal. 

One oval macronucleus, about 5 |im long, and one spherical micro-
nucleus adjacent to it (Fig. 1 d). 

Body length of living animals, about 50 [im; fixed ones measure 
35-40 fim in length and 25-30 |im in width. 

Common in fine and very fine sand of the Caspian sea, as well as in 
overgrowth of rocks, stones, hydrotechnical constructions, and experiment-
al glass slides. 

Enchelyodon trepida (Kahl, 1925) Borror, 1965 
(Fig. 2, PI. I 1-3) 

This ciliate has been described by K a h l (1928) as Trachelocerca 
trepida. B o r r o r (1965) transferred it into the genus Enchelyodon and 
gave its re-description. Numerous specimens of this ciliate have Deen 
found in overgrowth of natural objects (rocks, stones) on the west coast 
of Middle Caspian (near Sumgait). They are described using in vivo 
observations and silver impregnated material. 
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J i g . 2. Enchelyodon trepida (Kahl, 1933) Borror , 1965, a — v e n t r a l v iew, b — a n t e -
r io r end, dorsal v i ew (silver impregna t ion) ; c — macronuc leus (Feulgen react ion) 

Body form bottle-like, symmetrical, with tapering neck-like anterior 
and broadly rounded posterior end (Fig. 2 a, PI. I, 1). Contractile vacuole 
single, terminal (Fig. 2 a). Cytostome apical, surrounded by 4 or 5 girdles 
of prominent closely spaced kinetosomes bearing long cilia (Fig. 2 a, b, 
PI. I 2). Anterior end usually filled with refringent granules. No pericyto-
stomal fibrils have been found, neither in vivo, nor in silver impregnated 
preparations. A thigmotactic row starts at the mouth rim and proceeds 
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meridionnally along the entire "neck", for about 50 [im (Fig. 2 a; PI. I 1, 
2). It consists of closed-up kinetosomes bearing longer cilia. 

Ciliature uniform, consisting of 24-26 meridional kineties with paired 
kinetosomes (Fig. 2 a, b, PI. I 2, 3). 

One C-shaped macronucleus (Fig. 2 c); no micronucleus has been 
found. 

Body length 150-200 fim. Common in the Caspian sea periphyton. 

Prorodon mimeticus Kahl, 1930 (Fig. 3) 

a 
Fig. 3. Prorodon mimeticus Kahl , 1930, a — genera l aspect (silver impregna ted 

whole mount) , b — nucle i (Hemalum staining) 
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This brackish-water ciliate has been found in the Northern and other 
regions of the Caspian sea. 

Body cylindrical (Fig. 3 a). Cytostome subapical, very slightly displaced 
to one side, funnel-shaped, surrounded by a girdle of strong cilia. Cyto-
pharyngeal basket visible. 

Thigmotactic apparatus consisting of three very closely adjacent rows 
of kinetosomes bearing longer cilia (Fig. 3 a). The anterior kinetosomes 
of the somatic kineties are clearly aligned into several concentric peri-
cytostomal circles across the actual kineties (the so-called "adesmokine-
ties"). 

Ciliature dense, uniform consisting of 65-80 meridional rows starting 
at the mouth rim. Two shorter kineties start behind the thigmotactic 
apparatus (Fig. 3 a). 

Macronucleus single, spherical, about 15 |im in diameter; several 
micronuclei adjacent to it (Fig. 3 b). 

Body length 120-150 jim, sometimes up to 200 |im. 
Biotop: fine and medium sand and periphyton of the Caspian sea. 

Chaenea tesselata (Kahl, 1933) Dragesco, 1965 
(Fig. 4, PI. I 4-5) 

This species, first described by K a h l (1933) as Trachelocerca tesse-
lata, has later been transferred by D r a g e s c o (1965) to the genus 
Chaenea and provided with a brief description based on in vivo obser-
vations. We found this ciliate in big quantities at the west coast of the 
Middle Caspian (Sumgait region). It is described using both observations 
of living animals and studies of silver impregnated preparations (Chatton 
and Lwoff's technique). 

Body fusiform (Fig. 4 a, b, PL I. 4). Living ciliates are transparent 
except the anterior region which is filled with inclusions. "Head" conical, 
with apical cytostome surrounded with short "trichites" which are seen 
only in vivo. Thigmotactic apparatus consisting of a single row of large 
closely implanted cilia (Fig. 4 b, c). Rear third of the body more narrow, 
contains a single terminal contractile vacuole. 

The ciliature consists of 18-21 meridional kineties; "adesmokineties" 
(transverse alignments of kinetosomes) exist throughout the body. The 
kinetosomes seem to be paired (Fig. 4 b, PI. I 5). 

Single macronucleus (Fig. 4 d). No micronucleus has been found in 
our material. 

Body length of living ciliates 300-350 um, of fixed ones, 140-150 [im. 
Biotop: overgrowth of stones. 
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Fig. 4. Chaenea tesselata (Kahl , 1933) Dragesco, 1965, a — l iv ing an imal , b — 
genera l aspec t of a si lver i m p r e g n a t e d whole m o u n t , c — an te r io r body end (silver 

impregna ted ) , d — mac ronuc l eus (Feulgen react ion) 

This species may deserve separation into a new genus, since, in other 
species of Chaenea, no thigmotactic apparatus is known, and the anterior 
ends of the somatic kineties are helical. 

Coleps tesselatus Kahl, 1930 (Fig. 5, PI. II 6) 

This ciliate is widely distributed in the Caspian sea, being abundant 
in the microbenthos as well as in the plancton and the periphyton. 

Body oval (Fig. 5 a, PI. II 6), covered by skeletal plates. Living animals 
appear dark in incident light. Cytoplasm filled with inclusions. Cytostome 
large, apical. 

Ciliature uniform, consists of 18-20 longitudinal kineties. Each kine-
tosome is accompanied by two smaller argentophilic granules (Fig. 5 a; 
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m 

a 
Fig. 5. Coleps tesselatus Kahl , 1930, a — genera l v i ew of a si lver impregna ted 

spec imen, to — a rgy rome , c — nuclei (Feulgen react ion) 

PI. II 6). The kinetosomes are aligned into 12 or 13 regular transverse 
rows throughout the body. The argyrome consists of rectangular meshes 
(Fig. 5 b). 

Nuclear apparatus consisting of an oval macronucleus, about 10 jim 
long, and of an adjacent spherical micronucleus (Fig. 5 c). 

Body length 50-60 x̂m, body width 38-40 jam. Contractile vacuole 
single, terminal; its pore is prominent in impregnated animals (Fig. 5 a). 

Bio top: fine saprobic sand, surface overgrowth and plancton; especially 
abundant in spring and autumn. The Caspian form seems to be entirely 
identical to the previously described forms of this species. 

Chlamydodon triquetrus O. F. Miiller, 1786 (Fig. 6, PL II 7) 

Mesosaprobic species often found also in polysaprobic sands of various 
seas. D r a g e s c o (1963) first gave a detailed description of this species 
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a 
Fig. 6. Chlamydodon triquetrus O. F. Mül le r , 1786, a — v e n t r a l v iew, b — dorsa l 
v i e w (silver impregna t ion) ; nuclei f r o m a Feulgen s ta ined a n i m a l a re shown in b 

using silver impregnated material from Roscoff. Found in the Caspian sea 
microbenthos, plancton, and periphyton. The description below is based 
mainly on Chatton-Lwoff silver impregnated animals. 

Body lanceolate, strongly dorso-ventrally flattened (Fig. 6 a, PL II 7). 
Anterior body edge curved, with a weak projection at the left side. Pos-
terior body end vaguely pointed. Living ciliates yellowish-white in inci-
dent light. Cytoplasm granular, opaque. 

Cytostome oval, opening in the anterior third of the ventral body 
side and surrounded with a pharyngeal basket of 13-15 nemadesmata. 

The ciliature is largely ventral (Fig. 6 a). It consists of 48-50 kineties 
which slightly bend to the left near the posterior end. Five kineties start 
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from behind the cytostome and reach the rear body end; 16-18 kineties 
pass left of the cytostome, and 26-28 kineties right of it. Anterior to the 
mouth, the latter bend to the left and end against the left body edge. The 
preoral ciliature consists of three specialized kineties located along the 
suture between the left and the right ciliary fields (Fig. 6 a). 

The dorsal body side carries only the so-called striated ribbon, run-
ning along the body edges but interrupted posteriorly (Fig. 6 b). It consists 
of many short rows of closely packed kinetosomes, 3 to 4 in each row. 

Macronucleus single, oval, 25-30 iim long, heteromerous (consisting 
of an orthomere and a paramere). It is surroun-
ded by 3 or 4 spherical micronuclei (Fig. 6 b). 

Body length 120-140 \im, width 45-50 \im. 
Biotopes: fine homogeneous sand, algal de-

tritus, surface overgrowth, and plancton of the 
Caspian sea. 

r 0 

100M' 

Kentrophoros uninucleatum Raikov, 1962 (Fig. 7) 
This species, first found by R a i k o v (1962) 

in the White sea, has been discovered also at 
the Apsheron peninsula coast, Caspian sea. 

Body form lanceolate, elongated, dorso-ven-
trally flattened (Fig. 7 a). Anterior end forming 
a thin and pointed rostrum. Rear end pointed 
and forms a transparent "tail" (Fig. 7 a). 

Ciliature unilateral, consists of 15-17 longi-
tudinal rows of cilia. Nonciliated left (physio-
logically dorsal) body side covered with a uni-
form layer of sulphur bacteria, attached per-
pendicularly to the body surface. Only the 
rostrum and the "tail" are free from bacteria. 

Nuclear apparatus represented by a single 
nuclear complex ("complex nucleus") located in 
the middle region of the body. The nuclear 
complex consists of 2 central micronuclei and 
several peripheral macronuclei with indistinct 
boundaries, containing nucleoli and chromatin 
granules (Fig. 7 b). Body length 500-600 |im. 

Biotop: fine, moderately saprobic sand 
(0.52% of organic matter). 
Fig. 7. Kentrophoros uninucleatum Raikov, 1962, a — 
gene ra l aspect of l iving ciliate, b — nuc lear complex 

( h e m a l u m staining) 
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Trithigmostoma cucullulus (O. F. Müller, 1786) 
Jankowski, 1967 (Fig. 8, PI. II 8, 9) 

This ciliate has long been considered a species of Chilodonella, until 
J a n k o w s k i (1967) separated it into a new genus. T. cucullulus is 
mainly a freshwater form; nevertheless, it has been found in big quanti-
ties in both the plancton and the periphyton of the North Caspian and 
of the west coast of the South Caspian (near the Kura delta). 

Body lanceolate, strongly flattened dorso-ventrally (Fig. 8, a, PI. II 8). 
Living ciliates brownish-white in incident light. Cytoplasm filled with 
inclusions and ingested diatoms. Anterior body end curved, forming 
a slight bulge at the left-anterior edge (Fig. 8 a, PL II 8). Cytostome 
circular, located near the anterior end. 

The entire ventral body side is ciliated. Anteriorly, the kineties ter-
minate against both sides of the preoral suture (Fig. 8 a, PL II 8). Ten 

a 
Fig. 8. Trithigmostoma cucullulus (O. F. Müller) J ankowsk i , 1967, a — v e n t r a l 

v i e w of si lver i m p r e g n a t e d specimen, b — nuclei (Feulgen react ion) 
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kineties pass to the left of the cytostome, six kineties, to the right of it. 
Three kineties begin behind the cytostome (Fig. 8 a, PL II 9). In all, there 
are 19 to 20 ventral kineties. The kinetosomes are large, narrowly spaced 
(Fig. 8 a, PI. II 9). The preoral specialized kineties are typical of Trithig-
mostoma; the third one of them skirts the cytostome anteriorly (Fig. 8 a, 
PI. II 8). 

Macronucleus single, ovoid, about 10 |im long; micronucleus single, 
spherical (Fig. 8 b). Body length 130-150 am, body width about 60 um. 

Biotops: overgrowth of algae and the plancton of the Caspian sea. 

Plagiopyla nasuta Stein, 1860 (Fig. 9) 

Descriptions of this species have been given by K a h l (1931), J a n-
k o w s k i (1964), and B o r r o r (1972 a). It proved to be abundant in the 
Caspian sea periphyton. Silver impregnated material has been used for 
the following description. 

Fig. 9. Plagiopyla nasuta Stein, 1860, a — v e n t r a l v iew, b — dorsal v iew (silver 
i m p r e g n a t e d whole mounts ) ; c — nuclei (Feulgen react ion) 
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Body form oval, with rounded extremities (Fig. 9 a). Living ciliates 
opaque in incident light, cytoplasm filled with inclusions. Mouth slit-like, 
surrounded by closely set anterior cilia of the somatic kineties. Cytopha-
rynx short, displaced to the left side of the buccal cavity. A wide, curved, 
transversely striated ribbon approaches the buccal field from the dorsal 
body side. Posteriorly, this ribbon ends at 20 um distance from the rear 
body end (Fig. 9 b). 

Ciliature dense, consisting of 60-70 kineties. Some of them reach the 
rear body end, others terminate against other kineties not far for it 
(Fig. 9 b). 

The nuclear apparatus occupies the body centre and consists of a 
single oval macronucleus and of an adjacent micronucleus (Fig. 9 c). 

Body length 90-110 fim, body width 50-60 jim. 
Biotops: epiphytic on both natural objects and experimental slides, 

Plagiopyla binucleata sp. nov. (Fig. 10, PL III 10, 11) 

This ciliate has been observed in the periphyton of the west coast of 
the Middle Caspian. Both in vivo observations and impregnated material 
have been used. 

Body form oval, somewhat flattened (Fig. 10 a, Pl. III 10). Mouth 
transverse, slit-like, located in the anterior body third, and surrounded 
by a zone of numerous enlarged cilia (Fig. 10 a, Pl. III 10). The latter are 
derivatives of the closely set anterior kinetosomes of the somatic kineties. 
Cytopharynx short, conical, visible on both living and fixed animals. 

Cytoplasm opaque, filled with inclusions. Contractile vacuole single, 
posteriorly located. 

Ciliature dense, consisting of 60-70 meridional kineties. Ventral meri-
dians start behind the mouth slit and proceed parallel to each others 
until the rear end. Dorsal kineties, which also start from the mouth slit, 
proceed at first anteriad, then bend onto the dorsal side (Fig. 10 a, b. 
Pl. III 11). A wide, curved, transversely striated ribbon, characteristic of 
the genus Plagiopyla, joins the mouth slit from the dorsal side. Ventral 
argyrome formed by irregular meshes (Fig. 10 c). 

Nuclear apparatus consisting of two rounded macronuclei and a single, 
intermediate, spherical micronucleus (Fig. 10 d). 

Body length 80-100 um, width 60-70 \im. 
Biotop: periphyton on stones. 
This species is characterized by presence of two macronuclei and a 

single micronucleus. No Plagiopyla species with such a nuclear apparatus 
have so far been described. This form shows also a peculiar shift of the 
contractile vacuole pore — cytopyge complex towards the rear body end, 
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Fig. 10. Plagiopyla binucleata sp. nov., a — v e n t r a l v i ew , b — dor sa l v i ew , c — 
a r g y r o m e (s i lver i m p r e g n a t i o n ) ; d — nucle i (Feu lgen r eac t ion ) 

as well as a greater length of the dorsal cross-striated ribbon which here 
almost reaches the rear end. In other Plagiopyla species this ribbon 
usually terminates somewhat behind the body equator. 

Paramecium woodruffi Wenrich, 1928 (Fig. 11, PI. Ill 12, 13) 

Polysaprobic brackish-water species, described by W e n r i c h (1928) 
from salt marshes of the USA. Later J a n k o w s k i (1969) observed it in 
slightly brackish localities of the Leningrad district; he also cultivated 
this ciliate and studied its morphology. 

We observed P. woodruffi in mass quantities in polluted regions of the 

3 — Acta Protozool. 17/3 
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Fig. 11. Paramecium woodruffi Wenr ich , 1928, a — v e n t r a l v iew, b — f r o n t a n d 
r e a r ends (silver i m p r e g n a t e d whole mounts ) ; c — nuclei (Feulgen react ion) 

5C jam 

Caspian sea, especially in saprobic sands near Sumgait and on the Pescha-
nyi island. It is abundant also in overgrowth of stones in the above 
regions. 

Body shoe-shaped with rounded ends (Fig. 11 a). Living ciliates brown-
ish-white in incident light. Endoplasm filled with inclusions. Trichocysts 
apparent in living specimens but lacking in fixed ones. 

Ciliature dense, consisting of 80-85 kineties. Mouth slightly behind 
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the body equator. A well-developed system of secondary peristomal rows 
of kinetosomes (the adesmokineties), perpendicular to the real kineties, is 
apparent in the peristome region (Fig. 11 a, PI. Ill 12). There are 18-20 
adesmokineties at the right side of the peristome. Usually two contractile 
vacuoles, but sometimes 4, 5, and even 6, their pores are well visible in 
impregnated animals (Fig. 11 b, PL III 13). Kinetosomes of the dorsal 
somatic kineties appear to be paired (Fig. 11 b). 

There is one spherical macronucleus, 25 [im in diameter, and 3 or 4 
micronuclei located near the anterior body end. The micronuclei either 
form a compact group near the body end, or surround the macronucleus 
(Fig. 11 c). In the former case, the distance between the macronucleus and 
the micronuclei is about 20-25 |.im. 

Body length 160-180 um, body width, about 70 \im. Biotop: fine poly-
saprobic sand and periphyton of the Caspian sea. 

Uronema nigricans O. F. Muller, 1786 (Fig. 12, PL IV 14, 15) 

Detailed descriptions of this ciliates have been given by T h o m p s o n 
and E v a n s (1968) and P u y t o r a c et al. (1974). It has been found 
in mass quantities in the microbenthos, the plancton, and the periphyton 
of the Caspian sea and is described using silver impregnated material. 

Body oval, with rounded ends (Fig. 12, Pl. IV 14, 15). Buccal apparatus, 

Fig. 12. Uronema nigricans O. F. Mül le r , 1786, a — v e n t r a l view, b — bucca l 
in f rac i l ia ture , c — dorsa l v i e w (silver impregna t ion ) ; d — nuclei (Feulgen react ion) 
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reaching until the body equator, consists of an undulating membrane (UM) 
and three membranelles (M1; M2, M3) (Fig. 12, a, b, PI. IV 14). The UM 
is about 10 ium long, and the whole body cavity, about 18-20 \im long. 
The Mj is rather anteriorly placed and consists of a single row of argen-
tophilic granules. It is separated from the M2 by a space about 2.5-3 ^im. 
The M2 begins at the same level as the UM and consists of two rows of 
granules. The M3 is near the M2 and is formed by irregularly placed 
granules (Fig. 12 a, b). 

The somatic ciliature comprises 13 kineties; two of them, located to 
the right of the buccal cavity, do not reach the rear body end and ter-
minate at the level of the rear end of the cytopyge. The first kinety to 
the left of the buccal cavity starts at the level of the anterior end of the 
M x and not at the apical pole. The rest of the kineties reach the edges of 
both polar nonciliated plates, the front one and the rear one. Each ventral 
kinety contains at average 17 kinetosomes. Contractile vacuole single, 
posterior, with a pore which opens at the end of the right second kinety 
(Fig. 12 a). 

Dorsal body side carrying 5-6 kineties, with 12 to 14 kinetosomes in 
each. Argyrome with rectangular meshes (Fig. 12 c). 

Nuclear apparatus central, consisting of a single oval macronucleus 
and a single micronucleus (Fig. 12 d). 

Body length of fixed animals about 30-40 |im, width 20 [xm. 
Biotop: fine sand, periphyton, and plancton. The Caspian form of 

U. nigricans is almost identical to the forms described in the literature. 
However, it is slightly larger than both T h o m p s o n and E v a n s ' 
form (21-29 [Am) and the form of P u y t o r a c et al. (20-30 iim). 

Ophryoglena atra Kahl, 1932 (Fig. 13, PI. IV 16) 

This fresh-water form proved to be abundant in both the microbenthos 
and the plancton of the North Caspian. 

Body oblong, almost non-contractile, with rounded ends (Fig. 13 a, 
PI. IV 16). Left body side always slightly convex, right side nearly 
straight. Cytoplasm filled with various inclusions. Living ciliates brownish 
white in incident light. Cytostome located between the first and the 
second thirds of the body length. A watchglass-like body, with an adjacent 
black pigmented spot, is localized at the left anterior corner of the buccal 
cavity; both are well visible in fixed cells (Fig. 13 a, PL IV 16). Buccal 
ciliature typical for Ophryoglena. 

Ciliature dense, consisting of 200-230 meridional kineties with small, 
closely inserted kinetosomes. Fourteen to 16 kineties begin behind the 
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buccal cavity and proceed until the 
rear body end. The other kineties 
start anteriorly at both sides of the 
preoral suture (Fig. 13 a). Endoplasm 
strongly vacuolized. Contractile va-
cuoles numerous, with pores clearly 
visible in impregnated animals. 

Macronucleus single, elongate (up 
to 100 jxm long), with an adjacent 
large micronucleus (Fig. 13 b). Body 
length about 200-250 \im, body width 
50-60 um. 

Main biotop: very fine and fine 
sand of the Caspian sea. 

Cyclidium citrullus Cohn, 1865 
(Fig. 14) 

Detailed. descriptions of both the 
somatic and the buccal ciliatures of 
this species have been given by 
B e r g e r (1959) and C z a p i k 
(1963). Our form, found in the peri-
phyton of the west coast of the Middle 

Fig. 13. Ophryoglena atra Kahl , 1932, 
a — ven t r a l v iew of a si lver impreg-
na ted specimen, b — nuclei (hemalum 

staining) 

Caspian, proved to be somewhat different from the forms already known; 
it is here described using both living and impregnated material. 

Body form ovoid, with rounded ends (Fig. 14). Buccal cavity 20-25 \xm 
long, occupies about 2/3 of the body length. Buccal organelles represented 
by an undulating membrane and three membranelles (Fig. 14 a). Cytopyge 
located immediately behind the buccal cavity, on a surface free from 
somatic kineties (Fig. 14 a). 

Ciliature consisting of 14-15 meridional rows. All of them start at 
the level of the front end of the undulating membrane and proceed until 
the level of the rear end of the cytopyge. Two kineties, one on each side 
of the buccal cavity, have more closely implanted cilia than others. Con-
tractile vacuole single, posterior; its pore opens behind the second right 
kinety (Fig. 14 a). Dorsal body side with 7-8 kineties (Fig. 14 b). 
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Nuclear apparatus anteriorly located, consisting of one large rounded 
macronucleus (8 (im in diameter) and a single micronucleus adjacent to it. 

Body length of fixed animals about 30 |im, body width 20-25 \im. 
Biotop: overgrowth of rocks, stones, underwater constructions, and 

experimental slides. 

Fig. 14. Cyclidium citrullus Cohn, 1805, a — v e n t r a l view, b — dorsa l v i ew (silver 
impregna t ed whole mounts) 

The Caspian form of C. citrullus is similar to those of B e r g e r and 
C z a p i k, except for a larger buccal cavity and for a somewhat smaller 
number of kineties (14 to 15 in our form, vs. 16 in C z a p i k ' s form). 

This species, formerly known as Blepharisma salinarum, has been 
separated by I s q u i t h (1968) into a new genus Anigsteinia (together 
with B. clarissimum). A. salinara is a polysaprobic form, widely distributed 
in polluted regions of the Caspian sea. The description is given using 
both living and fixed material. 

Body lanceolate, laterally flattened (Fig. 15 a, PI. IV 17). Rear end 
with a single large contractile vacuole. Posterior body region transparent, 
anterior region brownish, filled with inclusions. Adoral zone of membra-
nelles (AZM) proceeding along the ventral body edge for a distance less 

a b 

Anigsteinia salinara (Florentin) Isquith, 1968 
(Fig. 15, PI. IV 17) 
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i m p r e g n a t e d specimen, b — nuclei (Feulgen react ion) 

than or equal to the half of the body. Undulating membrane (UM) occu-
pying the right side of the peristomal cavity. AZM consisting of 50-60 
membranelles. 

The somatic ciliature consists of 20 to 26 kineties. Kineties of both 
the right and the left body sides terminate against the post-oral suture 
(Fig. 15 a). 

Many (50 to 130) small macronuclei, scattered in the anterior body 
region (Fig. 15 b). Body length (fixed cells) about 170-200 jam. 

Biotop: very fine and fine sands as well as periphyton of the Caspian 
sea. 

Oxytricha marina Kahl, 1932 <Fig. 16) 

This species is widely distributed in the periphyton, the microbenthos, 
and the plancton of the Caspian sea. 
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Body elongate oval, dorso-ventrally flattened (Fig. 16 a). Cytoplasm 
opaque, filled with ingested diatoms and other inclusions. Peristome 
large (45 |im), occupies slightly less than a half of the body length. AZM 
consisting of 30 to 35 membranelles. Ventral body side carrying two rows 
of marginal cirri, 24-26 cirri in the right row and 18-20 in the left one. 
Eight frontal, 5 transversal, and 5 ventral cirri are present. Contractile 
vacuole single, with a pore located to the right of the peristome (Fig. 16 
a). Dorsal body side with three kineties, each carrying 16 to 23 bristles 
(Fig. 16 b). A single short row of very closely inserted argentophilic 
granules is apparent in the left posterior region of the dorsal side (Fig. 
16 b). 

Two oval macronuclei, with two or three micronuclei (Fig. 16 b). 
Body length 90-120 (im, width about 50 |im. The Caspian form seems to 
be almost identical to the forms described by K a h l (1932) from th$ 
Baltic sea and by B o r r o r (1972 b) from the Atlantic coast of the USA. 

Fig. 16. Oxytricha marina Kahl , 1932, a — ven t r a l view, b — dorsal v iew (silver 
impregna ted whole m o u n t s ; nuclei included in b f r o m a Feulgen s ta ining p r e -

para t ion) 
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Oxytricha halophila Kahl, 1933 (Fig. 17) 

A brief in vivo description of this species has been given by K a h l 
(1933). It is abundant in the Caspian sea microbenthos, plancton, and 
periphyton. Silver impregnated material has been used for the following 
description. 

Body elongate, dorso-ventrally flattened (Fig. 17 a). Living ciliates 
yellowish-white in incident light; cytoplasm filled with various inclusions. 
Contractile vacuole single, with a pore opening to the left of the rear 
part of the AZM (Fig. 17 a). Anterior body end rounded, slightly bent 

Fig. 17. Oxytricha halophila Kah l , 1933, a — v e n t r a l view, b — dorsal v iew (silver 
impregna t ed whole mounts ) ; c — nuclei (hemalum staining) 
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to the left. Peristome relatively small, about 45 |im long, occupying about 
1/3 of the body length. The AZM consists of 34 to 38 membranelles. The 
right anterior end of the AZM proceeds posteriad until or below the level 
of the third frontal cirrus (Fig. 17 a). There are two rows of marginals, 
with 28 to 35 cirri in each; 8 frontal, 5 ventral, and 5 transversal cirri are 
present (Fig. 17 a). Dorsal body side with three main rows of bristles, 
17 to 20 units in each, and a short additional row of closely set bristles 
in the rear left region <Fig. 17 b). The number of the latter is 18-20. 

Two oval macronuclei, and 2 or 3 micronuclei are present (Fig. 17 c). 
Body length 130-140 \im (160-180 jim in living animals), body width 

40-50 um. 
Main biotops: fine sand, algal detritus, and periphyton of the Caspian 

sea. 

Stylonychia mytilus Ehrenberg, 1838 (Fig. 18) 

This wide-known fresh-water species has been re-described by K a h 1 
(1932), T u f f r a u (1965), and D r a g e s c o (1966). It was found in 
large quantities in both the periphyton and the plancton of the North 
Caspian. 

Body elongate, with broader anterior end (Fig. 18 a). Peristome reach-
es almost to the half of the body length. The AZM consists of 36-38 
membranelles. There are two rows of marginals, 23 to 33 cirri in each, 
as well as 8 frontal, 5 ventral, and 5 transversal cirri (Fig. 18 a). Dorsal 
side with three rows of bristles, 13 to 19 bristles in each (Fig. 18 b). 
Contractile vacuole single, with pore opening to the left of the rear end 
of the AZM (Fig. 18 a). 

Two oval macronuclei and two micronuclei are present (Fig. 18 b). 
Body length of fixed animals 90-120 jam, body width about 40 jim. 

Biotop: periphyton and plancton of low salinity regions of the Caspian 
sea. 

Euplotes affinis Dujardin, 1842 (Fig. 19) 

This fresh-water form has been found in the periphyton of both the 
North Caspian and the east coast of the South Caspian. 

Body form oval (Fig. 19 a). Cytoplasm filled with inclusions. Peristome 
longer than a half of the body (about 25-30 îm in length). The AZM 
consists of 28-30 membranelles. The ventral side carries 9 fronto-ventral, 
5 transversal, and 4 caudal cirri. Some specimens have 3 caudal cirri. 
Ventral argyrome with irregular meshes, of the type of E. harpa. Con-
tractile vacuole single (Fig. 19 a). 
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Fig. 18. Stylonychia mytilus E h r e n b e r g 1838, a — v e n t r a l v iew, b — dorsal v i e w 
(silver impregna t ed whole moun t s ; nucle i inc luded in b f r o m a h e m a l u m s ta ined 

p repa ra t i on ) 

There are 6 dorso-lateral rows of bristles, with 5 to 6 bristles in each 
(Fig. 19 a, b). Dorsal argyrome with two rows of large rectangular meshes 
in each interkinetal interval, thus belonging to the E. harpa type (Fig. 
19 b). 

Nuclear apparatus consisting of one C-shaped macronucleus and a 
single micronucleus (Fig. 19 c). Body length about 40 \im, width about 
30 um. 

Biotop: overgrowth of both natural substrata and glass slides. 
This species belongs to the group including Euplotes bisulcatus, E. ro-

tunda, E. moebiusi, E. elegans var. littoralis, E. gracilis, and E. zenke-
witchi. However, E. affinis differs from them by the structure of its 
dorsal argyrome, by the number of its dorso-lateral rows of bristles, and 
by the body size. 

http://rcin.org.pl



442 F. G. AGAMALIEV 
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Fig. 19. Euplotes af finis D u j a r d i n , 1842, a — v e n t r a l v iew, b — dor sa l v i e w (s i lver 
i m p r e g n a t e d w h o l e m o u n t s ) ; c — nuc le i (Feulgen r eac t ion ) 

Р Е З Ю М Е 

Изучена морфология некоторых свсбодноживущих инфузорий Каспийского моря с по-
мощью импрегнации по Шаттону и Львову, нуклеальной реакции Фельгена и окраски кислым 
гемалауном. 

В статье дается описание одного нового (Plagiopyla binucleata sp. nov.) и 18 известных 
видов (Holophrya simplex, Chaenea tesselata, Coleps tesselatus, Chlamydodon triquetrus, Kentro-
phoros uninucleatum, Trithigmostoma cucullulus, Plagiopyla nasuta, Paramecium woodruffi, Uro-
nema nigricans, Ophryoglena atra, Cyclidium citrullus, Anigsteinia salinara, Oxytricha marina, Oxy-
tricha halophila, Stylonychia mytilus, Euplotes affinis), наиболее характерных для микробентоса, 
перифитона и планктона Каспийского моря. Отмечена вариабельность некоторых морфо-
логических признаков у этих видов. 
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1-3: Enchelyodon trépida (Kahl) Borror , 1 — genera l v i ew (silver impregna t ion , 
800 X), 2 — an te r io r body end (silver impregna t ion , 1350 X), 3 — in f r ac i l i a tu re 
(silver impregna t ion , 1350 X) 
4-5: Chaenea tesselata (Kahl) Dragesco, 4 — genera l v i e w (silver impregnat ion , 
800 X), 5 — ci l ia ture of the poster ior body end (silver impregna t ion , 1350 X) 
6: Coleps tesselatus Kah l , gene ra l v i e w (silver impregna t ion , 1350 X) 
7: Chlamydodon triquetrus O. F. Müller , v e n t r a l v i ew (silver impregna t ion , 900 X) 
8-9: Trithigmostoma cucullulus (O. F. Müller) J a n k o w s k i , 8 — v e n t r a l v iew (silver 
impregna t ion , 800 X), 9 — m o u t h region (silver impregna t ion , 1350 X) 
10-11: Plagiopyla binucleata sp. nov., 10 — v e n t r a l v iew (silver impregnat ion , 
800 X), 11 — dorsal v i e w (silver impregna t ion , 800 X) 
12-13: Paramecium woodruffi Wenr ich , 12 — c i rcumora l adesmokinet ies (silver im-
pregna t ion , 1350 X), 13 — dorsal v i ew showing contract i le vacuo le pores (silver 
impregna t ion , 800 X) 
14^15: Uronema nigricans O. F. Müller , 14 — v e n t r a l v i ew (silver impregnat ion , 
1800 X), 15 — dorsal v i ew (silver impregna t ion , 1800 X) 
16: Ophryoglena atra Kahl , v e n t r a l v iew (silver impregna t ion , 400 X) 
17: Anigsteinia salinara (Florentin) I squi th , l e f t side v iew (silver impregnat ion, 
800 X) 
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Ecology, University of Łódź, Banacha 12/16, 90-237 Łódź, Poland 

M a r i a W O L S K A 

Triadinium caudatum Fiorent. Electron Microscope Examinations 

Synopsis. I n t h e co r t ex of T. caudatum s t rong ly deve loped s y s t e m of 
l o n g i t u d i n a l m i c r o t u b u l e s a n d b a r s of t h e d e n s e m a t e r i a l u n d e r l y i n g 
t h e m is o b s e r v e d . B e t w e e n t h e g r o u p s of m i c r o t u b u l e s t he ves ic les w i t h 
g r a i n y c o n t e n t s a r e r e g u l a r l y a r r a n g e d . I n d e e p e r l a y e r of t h e c y t o -
p l a sm, b e y o n d t h e c i l ia ry zones , b a r r e n k i n e t o s o m e s a r e s c a t t e r e d . 
A typ ica l ly f o r m e d c y t o p h a r y n x is s u r r o u n d e d by t he " n a s s e " b u i l t of 
a l aye r of s m a l l n e m a d e s m a t a a n d a s t r u c t u r e l e s s shee t . L a r g e n e r a a -
d e s m a t a l ie o u t s i d e i t . Bo th t h e c o r t e x a n d t he " n a s s e s " a r e s i m i l a r to 
t h o s e in Cochliatoxum periachtum. In t h e a n t e r i o r p a r t of t h e b o d y , 
a b o v e t he a d o r a l zone t h e r e is a d e e p p o u c h w i t h s h o r t swo l l en cil ia. 
P r e s e n c e of t h e p o u c h in T. caudatum is s t a t ed fo r t h e f i r s t t ime . I t is 
supposed t h a t t he cilia enc losed in t h e pouch a r e s enso ry o rgans . 

The need of investigations of the ultrastructure of ciliates inhabiting 
the intestine of Equidae have been accentuated by some authors (S e-
n a u d et G r a i n 1972, W o 1 s k a 1978 a). It is reasonable to perform 
such investigations on the species which have been studied with the aid 
of silver-impregnation technique. One of few species submitted to silver-
impregnation is Triadinium caudatum ( W o l s k a 1970). This species has 
been choosen as the object of the present study. 

Basing on thorough morphological and cytological investigations, 
S t r e l k o v (1939) separated genera Ditoxum Gass., Tetratoxum Gass., 
Cochliatoxum Gass. and Triadinium Fiorent. from the family Cycloposthii-
dae Poche (order Entodiniomorphida) and included them to the new 
established family Ditoxidae. Diagnostic features of this family were 
assumed to be the lack of the skeleton, and unretractable ciliary zones. 
Typical representatives of the family were recognized in the genera 
Ditoxum, Tetratoxum and Cochliatoxum, with their elongated bodies' 
having the adoral zone situated at the anterior-end. The genus Triadi-
nium, however, with its strongly shortened body and the adoral zone 
distinctly shifted to the posterior and situated at the ventral side was 
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considered by S t r e l k o v as a descendant of the typical representative 
of Ditoxidae whose originally elongated body had been bent ventrally. 

In the classification established by S t r e l k o v several species were 
assigned to the genus Triadinium Fiorent., some of which (T. caudatum 
Fiorent., T. minimum Gass., T. galea Gass.) are endocommensals in horses. 

Basing on results obtained with the silver impregnation technique, 
W o l s k a (1970) concluded, however, that the evolution of T. minimum 
must have followed quite a different course. The species has been sepa-
rated from the genus Triadinium Fiorent. and included to a new genus 
Circodinium (W o 1 s k a 1971). 

The new-named species, Circodinium minimum (Gassovsky), has been 
included to the family Blepharocorythidae Hsiung, the reason for such an 
decision being the structure of its oral apparatus. 

As to the derivation of T. caudatum, the view of S t r e l k o v seems 
to be justified, although W o l s k a (1970) ponders on another possibility. 

L a t t e u r et D u f e y (1967) reformed the systematics of the family 
Cycloposthiidae Poche. The upshot was that the genera that belonged to 
the family Ditoxidae Strelkov were included into a new family Spirodi-
niidae, subfamily Spirodiniinae, together with the genus Spirodinium 
Fiorent. In the Strelkov's system Spirodinium Fiorent. belonged to the 
family Ophryoscolecidae which contains protozoa characteristic of ru-
minants. As can be seen, there is a number of different opinions on the 
taxonomy of Ciliata occurring in horse intestine and further studies in 
question are needed. Moreover, the comparison of ultrastructure between 
many species may be fruitful for phylogenetic consideration. 

Triadinium caudatum Fiorent. (PI. VII 29) has got, apart from the 
adoral zone of syncilia, the two additional somatic zones, and a tuft of 
cilia on the caudal process. The detail description of the species was 
given by S t r e l k o v (1939) who used the classical, cytological tech-
nique. W o l s k a (1970) described the infraciliature in which a new group 
of kinetosomes, situated near the adoral zone, was recognized and con-
sidered as an equivalent of "free cilia" of other Entodiniomorphida, or as 
that of "special kinetosomes" of Blepharocorythidae ( W o l s k a 1971). 

The aim of the present study, was to examine just this group of 
kinetosomes (most likely bearing cilia), the structure of the cortex and the 
oral apparatus. 

M a t e r i a l a n d M e t h o d s 

Contents of horse colon were collected to a t he rmos bot t le immedia te ly a f t e r 
the horse was s laughte red at the knacke ry at K o n s t a n t y n ó w near Łódź. The found 
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c i l i a t e s w e r e p r e p a r e d to e l ec t ron mic roscope e x a m i n a t i o n s accord ing to t h e p r o -
c e d u r e r e c o m m e n d e d b y G r a i n (1966). 

Sec t ions w e r e ou t on I I I L K B u l t r a m i c r o t o m e . F o r m w a r - c o a t e d gr ids w e r e 
e x a m i n e d w i t h a n e l ec t ron mic roscope Tes la B S 513A. 

R e s u l t s 

The body of Triadinium caudatum, Fiorent. is covered with a single 
membrane, more or less undulating, and coming off the underlying thin 
structureless sheet of epiplasma (PI. I 1, 3). Deeper on regularly grouped 
longitudinal microtubules are situated. Each group may contain a dozen 
or so microtubules arranged in three or four layers, each of several 
tubules (PI. I 1). 

Around the ciliary zones the microtubules are less numerous. At the 
base of the lip surrounding the adoral ciliary zone the microtubules lie in 
two layers only, two or at most three in each (PI. II 5). No microtubules 
occur in the internal side of the lips (PL II 7). Between the bundles of 
microtubules there are vesicles filled with grainy substance or empty (PI. 
I 1, 2). The empty vesicles are open from the outside. Just beneath the 
bundles of microtubules, bars of electron dense material spread out (PI. I 
1, 2, 3). The bars are oblong, circular in cross-section, and very regularly 
arranged like the groups of microtubules (PI. I 3, PI. II 5, 6). Disturbances 
in the arrangement of bars are very rare (PI. I 4). Transverse strands of 
structureless substance, which is less dense than that of the bars, connect 
them at the level of their distal surfaces (PI. I 1, PI. II 5, 8). Proximal 
surfaces of the bars are linked by the layer of microfibrils (PI. I, 1, 2, PI. 
II 5). Under this layer the barren kinetosomes are scattered throughout 
the body (PI. I 2, PI. II 6, 8). In some body regions greater agglomerations 
of microfibrils can be observed. They cross the base of lips surrounding 
cilia (PI. II 5) and underlie the ciliary zones. Gathered in strands they 
interlace abundantly posterior part of the protozoan's body. Deeper away 
from the kinetosome layer flattened vesicles of ergastoplasm are arranged 
in rows parallel to the cell surface (PI. II 5, 6). 

The kinetosomes of T. caudatum are open. The base of each kineto-
some is surrounded by a low ring of dense material which also partly 
underlies the kinetosome narrowing inside the diameter of kinetosome 
cylinder. From each ring the double longitudinal branches spring, linking 
the nearest kinetosomes of the same row, the lateral ones connect the 
parallel neighbouring rows (PI. Ill 10, PI. V 18), and still another ones 
are directed deep into the cytoplasm to interlock a thick strand (PI. V 
16, PI. VI 23). All this forms a complicated spatial net. 

Nemadesmata arise from the deep, thick strand, so not directly from 
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kinetosomes (PL III 9, Pl. V 19). Intermediary strands between the base 
of the kinetosome and the nemadesma may be very long as can be seen 
in Phot. 19. Each kinetosome contains one or more axial grains (Pl. III 9). 

The examined kinetosomes are associated with transverse and kineto-
desmal fibrils (Pl. III 10). 

Primordia of the ciliary zones arise in infracytoplasmatic vacuoles 
(Pl. V 17). 

The margin of the adoral zone is slightly and irregularly bent inwards 
a depression leading to the cytostome. Transverse fibrils originating from 
the marginal kinetosomes (Pl. IV 13, Pl. VI 22) produce "rideaux de 
tubules" which equip the barren part of the depression (vestibulum) and 
cytopharynx (Pl. III 11, 12, Pl. IV 13, 14, Pl. VI 22). 

The cytopharynx is surrounded by small nemadesmata, whose connec-
tions with kinetosomes can, however, hardly be ascertained (Pl. VI 22). 
Along with small nemadesmata the structureless sheet adhering them 
from the outside, and the bundles of microfibrils lying a bit apart 
the structureless sheet, enter the cytoplasm (Pl. VI 22). In this way the 
cytopharynx is bordered with a wall consisting internally of nemadesmata 
and externally of the structureless sheet. This border may be compared 
with that surrounding the cytopharynx of Gymnostomata, and will be 
termed as "nasse" after S e n a u d and G r a i n (1972) when describing 
Cochliatoxum. The "nasse" is surrounded by large nemadesmata that orig-
inate (indirectly) from the kinetosomes situated farther than the cyto-
stome (Pl. VI 22) and alternating bundles of microfibrils. It can be seen 
in some sections that outside this system the ergastoplasm borders the 
layer of large nemadesmata and microfibrils (Pl. VI 22). 

The "rideaux de tubules" disappear very soon but the folded "nasse", 
large nemadesmata and microfibrils continue one's way (Pl. IV 15). The 
cytoplasm that fills the cytopharynx and the space outside it, enclosed 
with the large nemadesmata, have a character of phagoplasm (Pl. VI 21, 
Pl. IV 15). At the terminal part the "nasse" is not bordered with large 
nemadesmata, but only with the layer of microfibrils (Pl. VI 21). 

On the right body side, above the adoral zone near the ventral margin, 
that is in the place where the silver impregnation blackens a group of 
kinetosomes ( W o l s k a 1971), the electron microscope revealed a hollow 
(a deep pouch) which communicates with the outer world through a short 
duct (Pl. V 20). The duct is covered with the same sheets as the rest of 
the body, and the pouch is lined with cell membrane, epiplasma, and 
a single layer of microtubules (Pl. VII 25). The opening of this duct is 
directed backward similarly as the mouth. The bottom of the pouch is 
longitudinally folded. In furrows between the folds there lie rows of kine-
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tosomes with short, deformed cilia. The kinetosomes are open and surro-
unded by dense material at their proximal ends; they contain axial grains 
but typical septa and axosomes are lacking (PI. VII 26). The cilia are 
swollen or flattened, being trapeziform, triangular, or elliptic in 
crosssection (PL VII 24, 25). The number of peripheral fibres not always 
equals nine. The fibres are irregularly arranged. In strongly flattened 
cilia they lie in the same row and join together. Because of such an 
arrangement of fibres and variations in their number, the presence or 
absence of central fibres can not be ascertained. Only in a few cilia the 
peripheral fibres are regularly arranged, in such cases the cilia lack the 
central fibres (Pl. VII 25-28). Dense material surrounds the proximal parts 
of kinetosomes and branches out sidewardly and downwardly. Nemades-
mata arise from the deep layer of dense material (PL VII 27). Perhaps they 
form greater agglomeration, which can be visible with the light micro-
scope as a thick strand linking the adoral zone with the anterior wall 
of the body, and running between the anterior end of the nucleus and 
the pouch of "free cilia". Some nemadesmata of this strand can be seen 
in Pl. V 20. 

D i s c u s s i o n 

The cortex of Triadinium caudatum resembles much that of Cochlioto-
xum periachtum investigated by S e n a u d and G r a i n (1972). This 
resemblance consists first of all in the presence of longitudinal bars of 
the dense material lying between the microtubular and microfibrilar layers. 
Dense material is better developed in Cochliatoxum, where it is in form 
of plates going deep into the cytoplasm. In Triadinium caudatum the layer 
of bars of dense material is thinner, the difference being most probably 
due to different body sizes of the two species. Both Cochliatoxum and 
Triadinium, like all the Ditoxidae, lack a polysaccharide skeleton which 
reinforce the bodies of other Entodiniomorphida. The dense material seems 
to substitute it. As large protozoan as Chochliatoxum periachtum is, (being 
up to 380 ,um in length and 170 jam in width according to S e n a u d and 
G r a i n 1972), needs to have its body surface consolidated with a well 
developed system of the dense material. Triadinium caudatum, with its 
much smaller size (its dimensions do not usually exceed 100 by 60 urn) 
and more compact body, does not need so much developed supporting 
structures. 

Another similarity in the cortex between T. caudatum and C. periach-
tum consists in the presence of secretoty vesicles. Their function in 
C. periachtum has been convincingly elucidated by S e n a u d and 
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G r a i n (1972). As concerns T. caudatum, one may understand their 
significance from that the cell surface happens to be covered with a thin 
sheet of fuzz. 

In T. caudatum like in C. periachtum the electron micrographs re-
vealed kinetosomes situated in different body regions. The presence 
of barren kinetosomes in naked body regions was exhibited in Tripal-
maria dogieli as well (W o 1 s k a 1978 b). Whether this is a character of 
all the Entodiniomorphida, it cannot be stated yet. Electron microscope 
studies on Cycloposthium by G r a i n (1966) and on Ophryoscolecidae by 
N o i r o t - T i m o t h e e (1960) have brought no certain information in 
question, but the possibility of the occurrence of kinetosomes in non-
ciliated regions is quite conceivable. T. caudatum is characterized by the 
occurrence of undulating cell membrane on the greater part of its body 
surface and by the presence of a thin, osmiophilic structureless sheet 
preceding a layer of microtubules. This is a difference between the cortex 
of T. caudatum and that of C. periachtum as in the latter the cell mem-
brane adhere immediately to the layer of microtubules. That is just a 
similarity between the cortex of T. caudatum and that of Cycloposthium 
( G r a i n 1966) and Ophryoscolecidae ( N o i r o t - T i m o t h e 1960). 

Kinetosomes of T. caudatum are partly open like in C. periachtum. 
The system of dense material enveloping kinetosomes is much the same 
as that in C. periachtum. 

According to S t r e l k o v (1939), in Ditoxidae the ectoplast containing 
the nucleus and contractile vacuoles is strongly reduced and situated ante-
riorly on the right body side. In other body regions the cytoplasm appears 
to be not differentiated into the ectoplast and the digestive cytoplasm, i.e., 
the endoplast. The "cuticula", as named by S t r e l k o v , adhere nearly 
all around to endoplasmic sack. It is confirmed by electron-microscope 
observations. Most sections obtained from T. caudatum revealed no delim-
itation of ectoplasm by fibrous layer. The cytoplasm in which the 
barren kinetosomes occur, is separated from the digestive plasm only by 
vesicles of ergastoplasm. Sometimes, in frontal sections, a fine layer of 
microfibrils can be seen nearer the right body side, which confirms the 
of external nemadesmata being richer in C. periachtum. 

The oral apparatus of T. caudatum is similar to that of other Cyclo-
posthiidae Poche. The bare part of the vestibulum and the cytopharynx is 
equiped with the "rideaux de tubules". The folded "nasse" of T. cauda-
tum is formed similarly as that of C. periachtum except for the layer 
of external nemadesmata being richer in C. periachtum. 

New ciliary zones originate in a way characteristic of Entodiniomorphi-
da, that is, in vacuoles. 

The altered, swollen cilia of T. caudatum, that lie in folds of the pouch, 
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should be considered as sensory cilia. Such structure of single cilia, 
which are assumed to be receptors, were described in some free-living 
Ciliates as "soies sensorielles" ( G r a i n and G o l i n s k a 1969), "cils 
claviformes" ( G r a i n 1970), or "clavate cilia" ( H o l t et al. 1973). 

Among Entodiniomorphida the ultrastructure of cilia of the similar 
type was already recognized in some Ophryoscolecidae by B r e t s c h-
n e i d e r (1962) and by R o t h and S h i g e n a k a (1964). B r e t S c h -
n e i d e r named that group of cilia "Paralabialorgan" supposing them 
to do a sensory function. R o t h and S h i g e n a k a described them in 
details but did not express their opinion on the role the cilia could play. 
The ultrastructure of swollen cilia of T. caudatum fits this description 
very well. Another mention about short, swollen cilia of Ophryoscolecidae 
can be found in N o i r o t - T i m o t h e e (1960), who observed them to 
occur in foldings of the cuticula outside the adoral zone; her research, 
however, did not comprise a study of the infraciliature in silver-impreg-
nated preparations. N o i r o t - T i m o t h e £ believed those cilia to be 
a continuation of the adoral zone of syncilia. 

Earlier, using the silver impregnation technique, F e r n a n d e z -
G a l i a n o (1958) indicated that the adoral zone in Cycloposthium eden-
tatum is differentiated, and described an isolated group of kinetosomes 
("cinecias independientes") situated near the main part of the adoral zone. 
He considered them to be a remnant of somatic cilia. W o 1 s k a (1965) 
proved that in the infraciliature of Ophyoscolecidae this very group, the 
so-called "free cilia", stood apart the synciliary zone. Small, groups of 
kinetosomes distinguished in T. caudatum and Tripalmaria dogieli were 
subsequently described by W o 1 s k a (1970, and 1978 a, respectively). 

The observations presented herein as well as other, so far unpublished 
ones, allow us to believe that the presence of this group of cilia is char-
acteristic of all the Entodiniomorphida. Considering also descriptions of 
their ultrastructure, it can be assumed that Entodiniomorphida have got 
receptors of some stimulus. Moreover, in Ophryoscolecidae and Cyclo-
posthiidae these cilia lie at the base of the ciliophore surrounded with 
plasmatic lips, so they are protected from any mechanical injury even 
when the ciliophore becomes devaginated. In T. caudatum, however, they 
lie in a considerable distance of the adoral zone, beyond the lips surround-
ing it, but still they are sheltered by the special pouch they are in. Such 
a location of the "free cilia" proves that they cannot simply be the 
remnants of somatic cilia, but rather the organelles having essential 
meaning for the protrozoan. 

In my earlier studies on ciliates of horse intestines with the use of 
optical microscope, I admited that Entodiniomorphida are closely related 
to Blepharocorythidae. C o r l i s s (1974, 1975) in his new classification 
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of ciliata, having raised the Blepharocorythidae to the rank of the subor-
der Blepharocorythina, places these two groups of ciliates close together. 
A question arises whether the "special kinetosomes" (should read: "special 
cilia"), as described by W o l s k a (1966), are of the same nature in Ble-
pharocorythina as the "free cilia" are in Entodiniomorphida. A trial of 
answer to this question will be a topic of the next researches. 

R É S U M É 

Très a b o n d a n t sys tème de mic ro tubu les longi tudina les et de t r avées denses 
sous - j acen t s carac té r i se le cor tex de T. caudatum. E n t r e les groupes de mic ro -
tubu les se t r o u v e n t des vésicules r égu l i è r emen t disposées avec le ma té r i e l g r a n u -
leux. Dans la couche de p ro top lasme plus profonde, horse de zones ciliaires, des 
cinétosomes g labres sont dispercées. Le cy topharynx d 'une s t ruc tu re t ip ique est 
en touré pa r le "nasse" fo rmée d 'une couche de pet i tes némadesmes et d ' u n e 
couche a m o r p h e ; ex t é r i eu remen t sont disposées des g randes némadesmes . 

P a r le cha rac t è re du cor tex et de la "nasse" T. caudatum r essemble Coch l i a -
toxum periachtum. 

Dans la pa r t i e an te r i eu r du corps, non loin de la zone adorale, s 'ouvre u n e 
p ro fonde poche avec les cils cour ts et gonflés. La p résence de la poche chez T. 
caudatum est décr i te pour la p remiè re fois. Les cils eachées dans la poche sont 
considérés c o m m e les cils sensoriels. 
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E X P L A N A T I O N O F P L A T E S I - V I I 

Triadinium caudatum F iorent in i 

1: The section p e r p e n d i c u l a r to the su r f ace of the non-c i l i a ry pa r t of the body. 
Cell m e m b r a n e (M), ep ip lasm (Ep), mic ro tubu les (T), long i tud ina l ba r s of the dense 
mate r i a l (Lt), t r ansver se s t r ands of t he dense ma te r i a l (Ts), microf ibr i l s (Mf), 
vesicles (V), X 40 200 
2: The section para l l e l to the su r face (slightly oblique). Micro tubu les (T), longi-
tud ina l ba r s of t he dense ma te r i a l (Lt), microf ibr i l s (Mf), vesicles (V), k inetosomes 
(K), X 44 200 
3: The section pe rpend icu l a r to the sur face , X 11200 
4: The section para l l e l to the sur face , X 11 200 
5: The section th rough the region of t h e lip of the adora l zone (the f ron t of the 
body). Microtubules (arrowed) , t r a n s v e r s e s t r ands of the dense ma te r i a l (double 
ar rowed) , X 21 200 
6: The section para l le l to the sur face . K ine tosomes (arrowed) , X 11 200 
7: The section th rough the l ip of t he adora l zone on t h e v e n t r a l side, X 21 200 
8: The oblique section th rough the region of the lip of t h e adora l zone. T r a n s -
ve r se s t r ands of the dense ma te r i a l (arrowed), X 12 300 
9: The longi tudina l section th rough the cilia in the somat ic zone. N e m a d e s m a t a 
(arrowed), X 11200 
10: The section pe rpend icu la r to the k ine tosomes of t he ado ra l zone. T ransve r se 
f ib r i l s (Tr), k ine todesmal f ibr i l (Kd), longi tud ina l s t r ands of the dense ma te r i a l 
(arrowed), X 12 300 
11: The slightly oblique section t h r o u g h the wa l l of t he ves t i bu lum, X 11200 
12: A f r a g m e n t of phot . 11, X 44 200 
13: The section th rough the v e s t i b u l u m a n d the beg inn ing of the cy topharynx , 
X 12 300 
14: The cross-sect ion th rough a f r a g m e n t of the ves t ibu lum, X 12 300 
15: The obl ique section t h r o u g h the "nasse" , X 11 200 
16: The sl ightly oblique section th rough k ine tosomes of the somat ic zone, X 12 300 
17: The section th rough the an lage of t h e ci l iary zone, X 11 200 
18: The oblique section th rough k ine tosomes of the adora l zone. T ransve r se s t rands 
of t h e dense ma te r i a l (arrowed), X 25 500 
19: The longi tudina l section th rough k ine tosomes of the a d o r a l zone (the an te r ior 
part) , X 23 200 
20: The section th rough the pouch and " f r e e cilia", X 5800 
21: T h e oblique section of t he "nasse" in i ts t e r m i n a l pa r t , X 25 500 
22: The section in f r o n t a l p lane t h r o u g h the ves t ibu lum and the cy topha rynx 
bo rde red wi th the "nasse" and l a rge n e m a d e s m a t a , X 11 200 
28: The section at the level of t h e deep b ra id of the dense ma te r i a l , X 18 600 
24: A f r a g m e n t of t he section th rough the pouch. In the m i d d l e a t r i angu la r 
out l ine of cilium, X 23 300 
25: The cross-sect ion t h r o u g h t h e fo lds and cilia of the pouch . Mic ro tubu les in 
the wal l of the pouch a n d in fo lds (ar rowed) , X 23 300 
26: The section t h r o u g h t h e pouch. K ine tosomes and cilia cu t longi tudina ly , sligh-
tly obliquely, X 23 300 
27: T h e oblique section th rough k ine tosomes of t he pouch. N e m a d e s m a t a (arrowed), 
X 12 300 
28: A f r a g m e n t of phot . 20 X 15 600 
29: A genera l v iew of T. caudatum, l e f t side. Pho tographed in opt ical microscope, 
X 1000 
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Department of Zoology, Andhra University, Waltair, Andhra Pradesh, India 

C. K A L A V A T I and C. C. N A R A S I M H A M U R T I 

A New Microsporidian, Octosporea porcellioi sp. n. from 
Porcellio laevus Latr. (Oniscidae, Isopoda, Crustacea)1 

Synopsis. T h e m o r p h o l o g y a n d l i f e - h i s t o r y of a m i c r o s p o r i d i a n pa ra s i t e , 
Octosporea porcellioi sp. n. i n f e c t i n g t h e h y p o d e r m a l cel ls l in ing t h e 
i n s i d e of t h e b o d y wa l l , t h e cel ls f o u n d in t h e h a e m o c o e l i c f lu id , t he 
cel ls l i n ing t h e o u t s i d e of t h e g u t w a l l a n d t h e b o d y m u s c l e s of t h e 
t e r r e s t r i a l i sopod, Porcellio laevus L a t r . (Onisc idae , Isopoda, Crustacea) 
is desc r ibed . T h e p a r a s i t e causes loss of t o n u s of t h e b o d y m u s c l e s of t h e 
hos t , l i m p i n g a n d f i n a l l y dea th . 

Microsporidian parasites are reported from different groups of arthro-
pods but a perusal of the literature showed that three has so far been only 
one microsporidian parasite belonging to the genus Mrazekia from 
isopods ( L e g e r and H e s s e 1976). The present paper gives an account 
of the morphology and life-history of another microsporidian, Octosporea 
porcellioi sp. n. from the terrestrial isopod, Porcellio laevus Latr. (Onisci-
dae, Isopoda, Crustacea). 

M a t e r i a l a n d M e t h o d s 

T h e i sopods w e r e co l lec ted f r o m u n d e r n e a t h t h e d r i e d a n d decay ing leaves , 
s l igh t ly b u r i e d u n d e r t h e loose soil a m o n g t h e c a s h e w - n u t p l a n t s in t h e A n d h r a 
U n i v e r s i t y C a m p u s a t W a l t a i r ( A n d h r a P r a d e s h , Ind ia ) d u r i n g J u l y 1975-Ju ly 1976. 
A s soon a s t hey w e r e b r o u g h t t o t h e l a b o r a t o r y t h e y w e r e i so la ted a n d k e p t s ingly 
in p e t r i d i shes a t t h e b o t t o m of each of w h i c h a mo i s t b l o t t i n g p a p e r w a s p laced . 
T h e y r e m a i n e d ac t ive f o r a b o u t 7-10 days . 

S m e a r s of the h a e m o c o e l i c f l u id a n d t h e i n t e r n a l o r g a n s of t h e i n f e c t e d hos t s 
w e r e e i t h e r a i r -d r i ed , f i x e d in m e t h y l a lcohol a n d s t a ined w i t h G i e m s a or f i x e d 
e i t he r w i t h S c h a u d i n n ' s o r C a r n o y ' s f l u i d a n d s t a i n e d e i t he r w i t h H e i d e n h a i n ' s i ron 
h a e m a t o x y l i n or a c c o r d i n g to P A S t e c h n i q u e . M a t e r i a l f o r s ec t ion ing w a s f i x e d in 

1 A b s t r a c t p r e s e n t e d a t t he I X I n t e r n a t i o n a l C o l l o q u i u m on I n v e r t e b r a t e 
P a t h o l o g y he ld a t K ings ton , On ta r io , C a n a d a , d u r i n g A u g u s t - S e p t e m b e r 1976. 
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alcoholic Bouin 's f lu id , sect ioned at 8 u m th ickness and s ta ined w i t h iron h a e m a t o -
xyl in . All the d rawings we re m a d e wi th t h e a id of a camera lucida. 

Observations 

Octosporea porcellioi sp. n. 
Host : Porcellio laevus La t r . 
S i te of infect ion: H y p o d e r m a l cells 
Local i ty: A n d h r a Univers i ty C a m p u s at Wal t a i r (Andhra , India) 
Type slides: Zoology D e p a r t m e n t A n d h r a Univers i ty , Wal ta i r . 

2-3% of the isopods examined were found infected with a microspori-
dian parasite belonging to the genus Octosporea. Healthy isopods were 
very active and when disturbed darted forwards or alternatively curled 
themselves up in the form of a small pebble so that they easily escaped 
attention in their natural surroundings. The infected forms on the other 
hand appear flaccid because they have lost the tonus of the body muscles. 

The parasites are found in the hypodermal cells lining the inside of 
the body wall, in the cells found in the haemocoelic fluid (oenocytes and 
haemocytes), in the cells lining the outside of the gut wall and in the 
body muscles. 

Infected hypodermal cells are narrow at the base and are expanded 
distally and appear bulb-like (Fig. 1). When the bulb-like portion is filled 
with pansporoblasts the cell is nipped off at the base and is released into 
the haemocoelic cavity. All the stages of development of the parasite are 
found in these cells. 

The cells lining the outside of the gut wall are conspicuously hyper-
trophied and are nearly twice the size. The nucleus is pushed to a side 
and the nuclear membrane of the host cell nucleus sometimes disintegrates 
releasing the chromatin material into the cytoplasm (Fig. 3). In early 
infections a periparasitic vacuole is seen around the growing schizonts 
(Fig. 2). 

Infected haemocytes do not show hypertrophy. Inspite of examining 
several infected cells the earlier stages of development of the parasite 
were not observed in these cells. All of them showed only the pansporo-
blasts. It is assumed that on account of the phagocytic habit of these cells 
they engulfed the pansporoblasts present in the haemocoelic cavity which 
are released by bursting of the infected cells from different sources. Even 
though the sporoblasts were phagocytosed they apparently remained 
viable as evident by the fact that such spores also released the polar 
filaments when treated appropriately. This shows that the cells found in 
the haemocoelic fluid which engulfed the pansporoblasts were only partly 
successful in that they were able to engulf the spores but not digest them. 
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Fig. 1-3. Octosporea porcellioi sp. n. 1 — Section showing paras i t i sed hypodermal 
cell, 2 — Oenocyte w i t h g rowing schizonts: Note the per iparas i t i c vacuole, 3 — 
Oenocyte wi th pansporab las t s . Exp l ana t i on : CCr — C h r o m a t i n re leased into the 
cy toplasm, HCN — Hos t cell nuc leus , P P V — Per ipa ras i t i c vacuole , S — Spores, 

Sch — Schizont 

The earlier stages in the life-history of the parasite found in the 
hypodermal cells and oenocytes are elongated and have an amoeboid 
appearance. They range in size from 5.0-12.5 X 3.0-3.6 jxm and have 
4-8 deeply stained nuclei placed in the strongly basophilic cytoplasm 
(Fig. 4, 5). During the course of further development they undergo division 
and give rise to binucleate (Diplokaryon) bodies measuring 3.6 X 1.6 \xm 
(Fig. 6). Diplokarya in which the two deeply stained nuclei are placed 
closely together and also show a small filamentous structure between 
them. The nuclei have an incipient but intact nuclear membrane which 
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wi th haematoxyl in , 12 — Spore s ta ined according to Feulgen ' s technic, 13 — Spores 
s ta ined according to P A S technique , 14 — Spore w i t h e x t r u d e d po la r f i l amen t . 
Fig. 5-8 in the same scale. Exp lana t ion : P F — Polar f i l ament , P C — Pola r cap. 

eliminates the possibility of their becoming stages of division. Such stages 
are seen fairly frequently. Diplokarya inside the cells probably divide to 
form sporogonial mother cell. However, stages leading to the formation of 
the sporogonial Plasmodium have not been observed. Numerous sporo-
gonial plasmodia, each containing 8 paired nuclei and measuring 
9.0-10.5 X 7.0-10.0 îm are seen in smears prepared from the haemocoelic 
fluid (Fig. 7). The cytoplasm is finely alveolated and the nuclei are deeply 
stained and are surrounded by a clear halo all round. The sporoblasts 
which are formed from the sporogonial Plasmodium are arranged in the 
form of a rosette, a characteristic feature of the family Caudosporidae. The 
rosette stages vary in size from 11.6-15.2 X 9.5-14.0 jim. In subsequent 
stages of development of the rosette stages, the cytoplasm is thrown into 
8 finger shaped lobes and each lobe contains a pair of nuclei (Fig. 8). The 
cytoplasm is granular and the nuclei are deeply stained. Each nucleus is 
surrounded by a clear halo, but a distinct nuclear membrane could not 
be seen. 
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The pansporoblast measures 12.0-14.0 X 10.0-12.0 fim. An outer limit-
ing membrane is not seen ^clearly in the fresh preparations (Fig. 9). The 
usual number of sporoblasts formed from each pansporoblast is 8 but the 
number may vary between 6-12. The spores have a typical shape of 
Octosporea. They are cylindrical, sometimes slightly curved and without 
any ornamentation. The spores measure 9.0-10.0 X 3.6-4.0 îm in the 
fresh condition. They have a large anterior polaroplast and a small 
posterior vacuole (Fig. 10). In haematoxylin stained preparations the 
sporoplasm is seen extending in the form of a band extending between 
the polaroplast and the posterior vacuole. The nuclei are faintly stained 
(Fig. 11). Spores stained by the Giemsa and Feulgen's stain also revealed 
essentially the same structure (Fig. 12). Spores treated according to PAS 
technique showed a PAS positive polar cap lying anterior to the polaro-
plast. A faintly stained polar filament could be seen coiled inside the spore 
(Fig. 13). The polar filament is released by the addition of a drop of 
hydrogen peroxide to the wet or air dried smears. The polar filament is 
uniformly thin and measures 220-300 jim in length and the proximal 3At 
part of the polar filament is highly sinuous. 

D i s c u s s i o n 

The microsporidian infecting the terrestrial isopod, Porcellio laevus 
Latr. is placed in the family Cougarellidae because the sporoblasts are in 
the form of a rosette and also because of the absence of pansporoblast 
membrane. It is placed in the genus Octosporea because the spores are 
cylindrical, sometimes slightly arched and each sporont gives rise to 
variable number of spores although the usual number is 8 (S p r a g u e 
1974). Several species of Octosporea have been described from arthropod 
hosts but so far there is no record of a microsporidian parasite belonging 
to this genus from isopods and from the present host and hence it is 
considered a new species for which the name Octosporea porcellioi sp. n. 
is proposed. 
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R É S U M É 

On décri t la morphologie et le cycle de déve loppement de l 'Octosporea porcellioi 
sp. n., microspor id ie p a r a s i t a i r e de l ' isopode t e r r é s t r e Porcellio laevus L a t r . (Onisci-
dae, Isopoda, Crustacea). L e pa ras i t e in fes te les cellules hypode rmiques t a p i s s a n t 
l ' i n t é r i eu r de la pa ro i d u corps, l ' ex te r i eu r de la paro i de l ' in tes t in , et les muscles . 
Sa p ré sence p rovoque u n e p e r t e du tonus muscu l a i r e chez l 'hote, son e x t é n u a t i o n 
et f i n a l e m e n t sa mor t . 
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A New Microsporidian, Pleistophora blatellae sp. n. from the 
Malpighian Tubules of Blatella germanica 1 

Synopsis. A n e w spec ies of a m i c r o s p o r i d i a n p a r a s i t e , Pleistophora 
blatellae p a r a s i t i c in t h e e p i t h e l i a l cells of t h e M a l p i g h i a n t u b u l e s of 
Blatella germanica is desc r ibed . 

During the period 1972-1974 cockroaches belonging to the genus 
Blatella have been examined on several occasions for microsporidian 
parasites and on two occasions they were found harbouring a microspo-
ridian parasite belonging to the genus Pleistophora which for reasons 
given below is considered new to science and the name Pleistophora 
blatellae sp. n. after the host is proposed. 

M a t e r i a l a n d M e t h o d s 

T h e hos t cock roaches , Blatella germanica w e r e col lec ted f r o m t h e k i t c h e n s a n d 
s t o r e r o o m s in W a l t a i r ( A n d h r a P r a d e s h , Ind ia ) . T h e r e a r e no e x t e r n a l i nd i ca t i ons 
of i n f e c t i o n and h e n c e a l l t he s p e c i m e n s h a d to b e d e c a p i t a t e d , d i ssec ted a n d 
e x a m i n e d mic roscop ica l ly b e f o r e i n f e c t i o n could be de tec ted . S m e a r s w e r e p r e p a r e d 
f r o m the i n f e c t e d o r g a n s a n d e x a m i n e d in t he f r e s h cond i t ion b o t h u n d e r b r i g h t 
f i e l d a n d u n d e r d a r k g r o u n d i l l u m i n a t i o n . S m e a r s w e r e a i r d r ied , f i x e d in m e t h y l 
a l coho l a n d s t a ined w i t h G i e m s a so lu t ion . S m e a r s w e r e a lso w e t - f i x e d in S c h a u -
d i n n ' s or C a r n o y ' s f l u i d , h y d r o l y s e d in 1 NHC1 a t SO^C f o r 10 m i n a n d s t a ined e i t h e r 
w i t h H e i d e n h a i n ' s i r on h a e m a t o x y l i n o r F e u l g e n ' s s t a in . S m e a r s s h o w i n g t he spo res 
w e r e s t a ined a c c o r d i n g to t h e P A S t e c h n i q u e . M a t e r i a l f o r sec t ion ing w a s f i x e d in 
a lcohol ic Boin 's f l u i d , sec t ioned a t 8 n m t h i c k n e s s a n d s t a i n e d w i t h H e i d e n h a i n ' s 
i ron h a e m a t o x y l i n . M e a s u r e m e n t s of t h e spo res w e r e m a d e in the f r e s h cond i t ion . 
T h e p o l a r f i l a m e n t s w e r e r e l ea sed by us ing c o n v e n t i o n a l m e t h o d s . 

O b s e r v a t i o n s 

Pleistophora blatellae sp. n. 
H o s t : Blatella germanica 
S i t e of i n f ec t i on : E p i t h e l i a l cel ls of M a l p i g h i a n t u b u l e s 

1 A b s t r a c t p r e s e n t e d a t t he I X I n t e r n a t i o n a l C o l l o q u i u m on I n v e r t e b r a t e P a t h o -
logy he ld a t K i n g s t o n , On ta r io , C a n a d a d u r i n g A u g u s t - S e p t e m b e r 1976. 
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Local i ty : Wal t a i r (Andhra , India) 
Type slides: Zoology D e p a r t m e n t A n d h r a Univers i ty , Wal ta i r . 

2-3% of the cockroaches, Blatella germanica examined revealed an 
infection with a microsporidian parasite belonging to the genus Pleisto-
phora. The infection was usually restricted to the Malpighian tubules but 
on one occasion the infection was found to extend to the hepatic caeca 
and adipose tissue also. Infected tubules appeared opaque white and 
slightly bulged in contrast to the transluscent appearance of the healthy 
tubules. On microscopic examination it was found that the appearance is 
due to the tubules being filled with masses of pansporoblasts and spores 
of the parasite. Even the pressure of the cover slip resulted in bursting of 
the tubule and the release of the pansporoblasts and spores. Sections of 
the Malpighian tubules showed that the parasite undergoes its develop-
ment in the epithelial cells. The host cell is hypertrophied and the host 
cell nucleus is pushed to a side or to the base of the cell (Fig. 1). With 
the growth and differentiation of the parasite, the cell cytoplasm is utili-
zed and the cell is filled with pansporoblasts and spores of the parasite. 
Heavily infected cells burst and release the spores into the lumen of the 
Malpighian tubules. 

The pansporoblast in the fresh condition is irregular in shape and 
measures 20-28 X 16-20 [im. It has an outer delicate limiting membrane, 
clearly seen in smears stained according to the PAS technique. The pan-

Fig. 1-2. Pleistophora blatellae sp. n. 1 — Sect ion of the Malp igh ian t ubu l e showing 
the pansporob las t s and other stages in the l i fe-cycle . Note a burs t cell re leas ing 

the spores, 2 — A pansporob las t 
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Fig. 3-13. Pleistophora blatellae sp . n. 3 — A f r e s h spore , 4 — A spore s t a ined 
acco rd ing to P A S t e c h n i q u e , 5 — A s p o r e s t a i n e d w i t h G i e m s a , 6 — A spore 
s t a ined a c c o r d i n g to F e u l g e n ' s t e c h n i q u e , 7-8 — S t a g e s of m e r o g o n y s h o w i n g 
v a r i a b l e n u m b e r of nucle i , 9 — A m e r o n t s h o w i n g p a i r i n g of nuc le i , 11-12 — 

S t a g e s of spo rogony , 13 — A s p o r e w i t h e x t r u d e d po la r f i l a m e n t 

sporoblast encloses about 32-48 spores (Fig. 2). The spores are oval with 
rounded corners and measure 6.5-8.5 X 2.3 urn. A large conspicuous pola-
roplast which appears in the form of a clear vacuole is present at the 
anterior end (Fig. 3). A posterior vacuole could not be seen either in the 
fresh or stained preparations. The entire space beneath the polaroplast 
is occupied by the sporoplasm. In Giemsa and Feulgen stained preparations 
the sporoplasm showed two deeply stained nuclei placed towards one side 
in the sporoplasm (Fig. 5, 6). Spores treated according to the PAS tech-
nique showed a PAS positive polar cap lying at the anterior end in front 
of the polaroplast (Fig. 4). The polar filament is released by the addition 
of a drop of hydrogen peroxide either to the fresh or air dried smears. 
The polar filament is uniformly thin and measures 45-50 um in length 
(Fig. 13). 

Different stages of merogony were observed in the epithelial cells of 
the Malpighian tubules, particularly in light infections. The earliest stage 
in the development of the parasite was irregular in shape with lightly 
stained finely alveolated cytoplasm and containing 4 dot-like nuclei 9 
(Fig. 7, 8). Each of the nuclei is surrounded by an incipient nuclear mem-
brane. Meronts of different sizes containing a variable number of nuclei 
have been observed. The largest meront measured was nearly rounded 
and measured 9-14 X 8-13 {.im and contained a maximum number of 24 

5 — Acta Protozool. 17/3 
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nuclei. In some of the meronts there was pairing of nuclei and the cyto-
plasm around each pair of nuclei could be distinguished from the rest of 
the cytoplasm because it is slightly darkly stained (Fig. 9). A discontinuity 
between the ground cytoplasm and the cytoplasm around the paired 
nuclei could also be observed in some cases. Meronts showing lesser 
number of nuclei did not show any pairing of nuclei. Smears prepared 
from lightly infected individuals showed a large number of sporogonial 
Plasmodia along with the pansporoblasts. The sporogonial plasmodia are 
irregular in shape and have a deeply stained cytoplasm (Fig. 11, 12.) They 
contained a variable number of nuclei. The largest sporogonial Plasmo-
dium measured 15-20 X 14-18 |im. We were unable to find the interme-
diate stages between the merogonic stages showing paired nuclei and the 
sporogonial plasmodia. We did find some doubtful stages showing paired 
nuclei but we were unable to confirm if they represent sporogonial mother 
cells which grow into the sporogonial plasmodia or not (Fig. 10). 

D i s c u s s i o n 

P e r n i n (1906) reported a microsporidian belonging to the genus 
Pleistophora f rom the midgut of two species of cockroaches, Periplaneta 
americana and P. orientalis collected in England and Brazil. This was first 
reported as Nosema periplanetae by L u t z and S p l e n d o r e (1903) 
(= Pleistophora Mercier). G e o r g e v i t c h (1927) described the schi-
zonts, spores and polar filaments in P. periplanetae. Subsequently a num-
ber of workers studied the sporozoan parasites of cockroaches and dis-
cussed the taxonomic position of Pleistophora and Coelosporidium Schau-
dinn, 1902 (Haplosporidia). S p r a g u e (1940) discussed at length the 
taxonomic position of Coelosporidium periplanetae and stated that "... 
G e o r g e v i t c h reported that he had observed both the polar capsule 
and polar filament and all other characters of a true cnidosporidian. These 
observations are entirely at variance with the results obtained by all other 
workers. One is strongly impelled to agree with D e b a i s i e u x (1927) 
who believed that G e o r g e v i t c h was probably dealing with a mixed 
infection..." S p r a g u e and R a m s a y (1941, 1942) described P. kudoi 
from the fa t bodies of Blatella orientalis. They stated that "... this parasite 
may be identical with the one of undetermined nature observed by P e r -
n i n (1905) although the spores he saw were about 1.2 X 0.5 jim in per-
manent preparations which were somewhat smaller than those described 
below in the living condition...". The authors did not make any mention 
of G e o r g e v i t c h ' s (1927) paper. W e i s e r (1960) added another 
species P. blattae from the gut epithelium and caeca of Blatta orientalis 
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from the USA. T h o m s o n (1960) and W e i s e r (1961) listed all the 
microsporidian parasites of insects including both P. periplanetae and 
P. kudoi. W e i s e r (1961) giving due consideration to G e o r g e v i t c h 
(1927) stated that "... Auf Grund des beschriebenen Materials wei auch 
auch eigenen material gehort die Art zur Gattung Pleistophora. Es ist 
cosmopolitisch verbreitet wir ihr wirt." (On the basis of the described 
material, however, the unique material belongs to a species of the genus 
Pleistophora. It is cosmopolitan in distribution). Unfortunately we have 
not seen the original descriptions of P e r n i n (1905) and G e o r g e -
v i t c h (1927) and hence followed W e i s e r (1961) and treated P. peri-
planetae as a microsporidian. 

A comparison of a 11 species of microsporidians described from cock-
roaches shows that the one described in the present paper differs consi-
derably from them. The spore in the present case is bigger than both that 
of P. kudoi and P. blattae. P. kudoi is from the gut epithelium and caeca 
of Blatta orientalis occurring in west Virginia, USA and the spores are 
reniform and they measure 3.2 X 1.75 urn. P. blattae is from the adipose 
tissue of Blatta orientalis occurring in the USA and the spores measure 
5-6 X 2.5-3.0 nm. P. periplanetae is the only species described from the 
Malpighian tubules of two species of cockroaches, P. periplaneta and 
P. orientalis. The spores are dimorphic and occur in two sizes: the micro-
spores measuring 5-6 X 2.5-3.0 am and the macrospores measuring 6.5-
7.0 X 3.5 um and the polar filament is 150 îm in length. In the present 
form the spores are larger than even the macrospores and the fully 
released polar filament is only 45-50 |nm long in contrast to 150 um in 
P. periplanetae. The details of the pansporoblasts are not given for P. pe-
riplanetae and hence a comparison could not be made with that of the 
present form. In view of these differences between the present form and 
those that have already been described from cockroaches and also because 
the present form is from a new host and a new geographical locality it 
is considered a new species for which the name Pleistophora blatellae 
n. sp. after the host is proposed. 

A C K N O W L E D G M E N T S 
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R É S U M É 

Une nouvel le espèce de microspor id ien est décri te, Pleistophora blatelle sp. n. 
paras . ta i re des cellules epi thel ia les de les Malp igh ian tubu les du Blatella germanica. 
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B a r b a r a K A L I S Z - N O W A K 

Experimental Study on Locomotion of Amoeba proteus. 
II. Reactions to some External Stimuli in Amoeba proteus- and its 
Fragments from which a Part of the Cytoplasm has been Removed 

Synopsis. P r i m a r y r e s p o n s e s to m e c h a n i c a l s t i m u l a t i o n , p s e u d o p o d i a -
i n d u c i n g c h e m o t a c t i c a g e n t s a n d p i n o c y t o s e - i n d u c i n g so lu t ions w e r e 
o b s e r v e d a n d a n a l y s e d in i n t a c t s p e c i m e n s of Amoeba proteus a n d i ts 
f r a g m e n t s , f r o m w h i c h e n d o p l a s m h a d b e e n r e m o v e d by h igh speed 
c e n t r i f u g a t i o n . I t w a s f o u n d t h a t t h e f r a g m e n t s in w h i c h t h e ec top la smic 
c y l i n d e r w a s a b s e n t r e a c t e d to m e c h a n i c a l s t i m u l a t i o n a n d c h e m o t a c t i c 
a g e n t s in a r a t h e r s imi l a r m a n n e r as did t h e i n t ac t spec imens . T h e 
p r i m a r y r e s p o n s e s to c h e m o t a c t i c a g e n t s w e r e f o u n d to b e loca l ized in 
t h e p l a s m a l e m m a a n d h y a l i n e e c t o p l a s m . T h e h y a l i n e p s e u d o p o d i a w e r e 
f o r m e d in t h e i n t a c t s p e c i m e n s b e f o r e a n y d i s t i n g u i s h a b l e c h a n g e s in t h e 
e c t o p l a s m i c c y l i n d e r a n d e n d o p l a s m i c s t r e a m i n g w e r e de tec ted . T h e s e 
l as t a l w a y s f o l l o w e d a n d n e v e r p r o c e e d e d the local ized c h a n g e s in cell 
p e r i p h e r y a n d took p l ace on ly w h e n a p s e u d o p o d i u m h a d j u s t b e e n 
f o r m e d a n d h a d b e g u n to e x t e n d . A b s e n c e of t h e e c t o p l a s m i c c y l i n d e r in 
a m o e b a f r a g m e n t s m a d e t h e s e f r a g m e n t s i n sens i t i ve to p inocy tose — 
i n d u c i n g so lu t ions . T h e s e r e s u l t s a r e d i scussed a n d it is sugges t ed t h a t 
p s e u d o p o d i u m i n i t i a t i o n a n d e x t e n s i o n is a m u l t i s t e p p h e n o m e n o n . 

In the recent work of K a l i s z and K o r o h o d a (1976) it has been 
shown that small, nucleated fragments of Amoeba proteus can locomote 
even when their granular endoplasm has been removed by high speed 
centrifugation. These fragments, though originating from Amoeba proteus, 
showed significant differences in the pattern of their locomotion when 
compared to the intact specimens. As in small amoebae their cytoplasm 
did not differentiate into a relatively stationary ectoplasmic cylinder and 
a streaming endoplasm but was transported in volume at a speed similar 
to the speed of progressive migration of the fragment. Moreover, the 
surface of these fragments was smooth in the posterior regions. Because 
of these differences it seemed desirable to compare responses to some 
external stimuli in these fragments with responses in the intact specimens. 
The results of these experiments are presented in this communication and 
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discussed from the point of view of functions of hyaline ectoplasm and of 
the ectoplasmic cylinder in motile activities of Amoeba proteus. 

M a t e r i a l a n d M e t h o d s 

Amoeba proteus (Pr inceton strain) was cu l tu red as a l ready descr ibed (K a 1 i s z 
and K o r o h o d a 1976). For the e x p e r i m e n t s t he in tac t specimens washed in 
Cha lk leys m e d i u m and the amoeba f r a g m e n t s ob ta ined according to the m e t h o d 
descr ibed by K a 1 i s z and K o r o h o d a (1976) w e r e used. Responses to mechan ica l 
s t imula t ion of amoebae a n d thei r f r a g m e n t s a s we l l as to the chemotac t ic agen t s 
w e r e observed and pho tog raphed as descr ibed by K o r o h o d a (1977). For induc t ion 
of pinocytot ic ac t iv i ty in a m o e b a e solution of 0.125 M NaCl and 0.125 M g l u t a m a t e 
a d j u s t e d to pH 8.0 wi th N a O H were used (cf. C h a p m a n - A n d r e s e n 1962, 
K a l i s z 1973). 

R e s u l t s 

Stimulation of Amoeba proteus and its Fragments with a Microneedle 

When the intact specimens of Amoeba proteus are stimulated with 
a microneedle the cell response depends on the strength of the stimulus 
and on the position of the cell region to which the stimulus is applied 
( J e n n i n g s 1904, H y m a n 1917, G o I d a e r e 1952). In agreement 
with all previous descriptions of the responses to mechanical stimulation 
in the intact specimens of Amoeba proteus ( J e n n i n g s 1904, H y m a n 
1917, G o I d a e r e 1952) it was observed that when the stimulus was 
applied to the tip of an extending pseudopodium the first cell response 
was to cease for a while endoplasmic streaming and cell movement. Then, 
if the stimulus was not too strong, a new pseudopodium was formed and 
extended near the originally dominant one. The stimulated pseudopodium 
at the same time retracted and gradually withdrew (PI. I 1 a-c). When a 
stronger stimulus was applied to the side of an extending pseudopodium, 
after primary inhibition of all cell motion, several new pseudopodia were 
formed at the opposite side to the stimulated one. This response is shown 
in PL I 2 a, b and it corresponds to that described by J e n n i n g s (1904). 
When the pseudopodium was very gently touched with a microneedle, 
only sporadically did not retract and even reassumed normal extension 
after a short cessation of motion (less than one second). 

The immediate inhibition of all motile activities was also observed 
when the nucleated, monopodially locomoting hyaline fragments were 
stimulated. This was followed by an appearance of some folding of the 

http://rcin.org.pl



L O C O M O T I O N O F AMOEBA PROTEUS 469 

fragments surface. The inhibition of movement lasted up to 5 s and only-
then was a new pseudopodium formed and the old one retracted as shown 
in Pl. 3 a-d. Full reversion of the direction of the fragments' locomotion 
was never observed. 

Primary Responses of Amoeba proteus and its Fragments to Locally 
Applied Anaesthetics 

General anaesthetics such as benzene, chloroform or ether when locally 
applied were found to induce pseudopodia formation in intact specimens 
of Amoeba proteus as well as in their nucleated and enucleated fragments 
( K o r o h o d a 1972, 1977). Therefore it seemed interesting to observe 
the first responses of the amoebae to the local application of benzene. 

a 
J ' - J 
J / / J 

• I / " /1 

/1 T 
• • I 
* ' i V i 

t i n 
1 2 3 

• ^ 
• • • 

. • »» —̂ 
• • x —• _ —— 

Fig. 1. Schemat ica l ly presen ted , sequence of events dur ing fo rma t ion of pseupodia 
induced by locally appl ied anaes the t ic . A r r o w s point to: 1 — endoplasmic s t r e a -
ming, 2 — ectoplasmic cyl inder, 3 — hya l ine ec toplasm; b and c cor respond to 
p r imary stages in the response w h e n endoplasmic s t r eaming and the ec top lasmic 
cylinder a re not d i s tu rbed and w h e n the cell react ion is res t r ic ted to the hya l i ne 
ectoplasm; d and e cor respond to the s tages when , du r ing f u r t h e r extens ion of 
the induced pseudopodium, a vo lume in f low of endoplasm s tar ts and no rma l con-

vers ion of the endop lasm into ec toplasmic cyl inder begins 
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When a very narrow capillary (approx. 2 urn in diameter) filled with the 
benzene — saturated medium, was placed on one side of a monopodially 
locomoting intact Amoeba proteus, the first cell response involved only 
the plasmalemma and hyaline ectoplasm. This last locally increased in the 
thickness and became convex. Then small hyaline pseudopodia-like 
protuberances of this hyaline ectoplasm were formed and these extended 
towards the tip of the microcapillary (Pl. Ill 4 a-d). At that time the 
ectoplasmic cylinder had not yet changed and endoplasmic streaming 
continued in the original direction, perpendicular to the direction of 
extension of the hyaline pseudopodia. Only when these pseudopodia had 
fused together and a visible break in the structure of the cylinder took 
place did the granular endoplasm start to flow into the recently induced 
pseudopodium, which gradually started to dominate (Fig. 1 and Fig. 1 in 
K o r o h o d a 1977). It should be pointed out that even the extension of 
a large pseudopodium did not for a moment inhibit the further extension 
of an originally dominating, old pseudopodium. At the beginning the 
endoplasm streamed into the induced pseudopodium only from the 
posteriorly located cell regions and from the base of this pseudopodium 
whereas a wave of reversion in the endoplasmic stream direction travelled 
relatively slowly towards the tip of the old pseudopodium. The complete 
change in the direction of cell locomotion and withdrawal of the old 
pseudopodium lasted 30 to 60 s. In small fragments of amoebae the pri-
mary reactions occurred in a similar manner. In pseudopodia induced by 
local application of anaesthetics a well distinguishable hyaline cap was 
always present (Pl. IV 5-7). 

Induction of Pinocytotic Activity 

Induction of pinocytotic activity in Amoeba proteus by 0.125 M NaCl 
and 0.125 M glutamate resulted, as described in literature ( B r a n d t 1958, 
C h a p m a n - A n d r e s e n 1962) in disorganization of polarization of cell 
locomotory activity, cessation of cell locomotion and formation of so 
called pinocytotic resette. Formation of pinocytotic channels, according to 
S t o c k e m and K l e i n (1977) results from an extension of hyaline 
pseudopodia in which the cell surface complex is locally anchored to the 
cylinder by bundles of cytoplasmic filaments. It was observed that the 
pinocytose-inducing solutions which in intact Amoeba proteus induced 
rosette formation in 100% of specimens were quite ineffective for nucle-
ated or enucleated hyaline fragments of Amoeba proteus, from which 
granular cytoplasm was removed by high speed centrifugation. These 
fragments in which differentiation of the loose cytoplasm into a cyto-
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plasmic cylinder and streaming endoplasm was absent showed no res-
ponse to these solutions. This cannot be explained as a result of cell 
enucleation since enucleated fragments obtained by amoeba dissection 
and containing normal, granular cytoplasm reacted normally (cf. aslo 
C h a p m a n - A n d r e s e n 1962). 

D i s c u s s i o n 

Effects of factors which induce modifications in motile activities of 
Amoeba proteus were compared in intact specimens and fragments of 
Amoeba proteus from which granular cytoplasm had been removed by 
high speed centrifugation. These experiments were carried out to gain 
some insight into functions of the ectoplasmic cylinder and hyaline cor-
tical ectoplasm in locomotion of Amoeba proteus. As has been shown 
(K a 1 i s z and K o r o h o d a 1976) the activity of the cell surface comp-
lex consisting of plasmalemma and cortical ectoplasm is responsible for 
locomotion of small fragments of Amoeba proteus (cf. also G r ^ b e c k i 
1976, 1977). The presence of an ectoplasmic cylinder as well as the occur-
rence of polarized conversions of streaming endoplasm into a stationary 
cylinder and vice versa seem to be associated with the locomotion of 
intact specimens and represent their accomodation to the problem of 
migration caused by their relatively great size and mass (cf. K a 1 i s z 
and K o r o h o d a 1976, G r ^ b e c k i 1977). 

The majority of workers studying mechanical stimulation of amoebae 
( J e n n i n g s 1904, H y m a n 1917, G o l d a c r e 1952, M a s t 1926) 
have assumed that a cell response resulting in local "shortening" of the 
ectoplasmic cylinder accompanied by an outflow of cytoplasm from sti-
mulated regions reflects contractile processes. However, it should be 
noticed that the mechanical stimulation itself lasts for a very short period 
of time and the observations concern the cell responses which occur after 
the stimulus ceases to act. Only the immediate inhibition of motile acti-
vity in Amoeba proteus and its fragments, which is not restricted to the 
cell region directly stimulated but extends over the whole amoeba, can 
be considered as the direct result of stimulation. Subsequent responses, 
that is the formation of new pseudopodia and retraction of the stimulated 
one (if the stimulus was strong enough) or the reassumption of extension 
by the weakly stimulated pseudopodium, represent amoebic reactions 
taking place during the recovery of the cells from the action of the sti-
mulus. In particular the responses to very gentle mechanical stimulation 
seem to correspond to events occurring in Xenopus laevis eggs electrically 
stimulated for a short time, where short lasting contraction evoked by 
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the stimulus is followed by local relaxation whereas a contraction shifts 
posteriorly (cf. K o r o h o d a and R z e h a k 1972). If the above is true 
one can postulate that ectoplasmic contractions could be initiated in the 
vicinity of the tips of extending pseudopodia and gradually strengthen 
being transmitted posteriorly through the cell surface complex (cf. 
M a r s l a n d 1964, K o r o h o d a and S t o c k e m 1975). Observations 
that hyaline fragments of amoebae react to mechanical stimulation by 
cessation of movement and reassumption of locomotion in a new direction 
suggest that primary responses are associated with functions of the plas-
malemma and subjacent hyaline ectoplasm. This does not, however, 
exclude involvement of the ectoplasmic cylinder in the responses of 
large, intact amoebae. 

The responses of amoebae to locally applied anaesthetics concern cell 
motile activities which are observable when the stimulus continuously 
acts upon the cell. From the results shown in PI. Ill and Fig. 1 is evident 
that the first changes in cell body contour associated with the pseudo-
podia initiation do not result from the endoplasmic streaming. Quite to 
the contrary the changes in endoplasmic streaming and the ectoplasmic 
cylinder always follow primary modifications of activity in the cell peri-
phery. Local changes in the thickness of the hyaline ectoplasm correspond 
to those changes described in amoebae which have been immersed in an 
anaesthetic containing medium ( H i i l l s m a n n et al. 1976). Since anae-
sthetics are known to prevent cytoplasmic contraction by inhibition of 
calcium release from the smooth reticulum ( F e i n s t e i n and P a i m r e 
1969, G a i l 1973, B r a a t z 1975) one can expect that induction of 
pseudopodia is associated with a decrease of contractile tension in cell 
periphery, which later is followed by local damage of the ectoplasmic 
cylinder. It is rather difficult to explain the formation of small hyaline 
pseudopodia on the edge of the cell as resulting from the gradient in the 
hydrostatic pressure within the cell. This last, which according to the 
hydraulic pressure theories of amoeboid locomotion is responsible for 
streamings of endoplasm (J a h n and B o v e e 1964, R i n a l d i et al. 
1975), can be effective only at the stage at which a volume inflow of 
endoplasm into the pseudopodium which has just started to extend begins. 

From observations of the primary events accompanying induction of 
pseudopodia by locally applied anaesthetics one can conclude that the 
basic phenomena which determine localization and extension of new pseu-
dopodia take place in the plasmalemma and in the cortical hyaline cyto-
plasm. Therefore, the extension of pseudopodia in intact specimens of 
Amoeba proteus should be considered as a complex phenomenon in which 
several processes localized in particular cell structures, that is in the 
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plasmalemma, hyaline ectoplasm, ectoplasmic cylinder and streaming 
endoplasm, occur simultaneously and cooperate. Only under experimental 
conditions can these processes be separated one from another and, in 
future, be analysed in detail. 

The inability of the amoebic fragments in which the ectoplasmic 
cylinder is absent to respond to pinocytose inducing solutions strongly 
supports a recent suggestion of S t o c k e m and K l e i n (1977), who 
postulates the important role in the pinocytotic channel formation of 
the gelified ectoplasmic cylinder. 

RÉSUMÉ 

O n a ana lysé les p r e m i è r e s résponses à le s t imula t ion m é c a n i q u e et a u x agen t s 
ch imiques p r o v o q u a n t la f o rma t ion des pseudopodes ou la pinocytose, chez les 
cel lules in tac tes de l'Amoeba proteus et chez les f r a g m e n t s dont l ' endop la sme a é té 
évacué p a r la cen t r i fuga t ion . La réact ion des f r a g m e n t s dépourvus du cy l ind fe 
éc top l a smique a u x s t imu lan t mécan iques et ch imiques est p lu tô t pare i l l e à celle 
des amibes in tactes . L e p r emiè r e réponse est localisée dans la p l a s m a l e m m e et dans 
l ' ec top lasme hyal ine . Les pseudopodes hyal ines sont f o r m é s a v a n t que des change -
men t s dans le cy l indre ec toplasmique et dans le couran t endop la smique soient 
visibles. Ces de rn ie r s sont tou jour s pos tér ieurs à des changemen t s localisés dans la 
pé r iphére de la cellule et n ' in te rv iennen t qu ' ap rès la fo rma t ion et le débu t de 
l ' extension du pseudopode . Les f r a g m e n t s sans cyl indre ec top lasmique sont incapa-
bles de la pinocytose. La f o r m a t i o n d 'un pseudopode a p p a r a i t comme u n p h é n o m è n e 
composé des p lus ieu res é tapes . 
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E X P L A N A T I O N O F P L A T E S I - I V 

1 a - c : React ion of Amoeba proteus a f t e r the modera t e s t imula t ion of an e x t e n d i n g 
pseudopodium wi th a microneedle , 2 a, b — react ions of Amoeba proteus a f t e r 
s t rong s t imula t ion of one side of domina t ing pseudopodium. P ic tu res t a k e n at 30 s 
in te rva l s 
3 a - d : Response of a small , nuc lea ted f r a g m e n t of Amoeba proteus to s t imula t ion 
wi th a microneedle . P ic tu res t aken a t 30 s in te rva l s 
4 a - d : S u b s e q u e n t stages in p r i m a r y response of Amoeba proteus to local app l ica t ion 
of benzene, P h o t o g r a p h s t aken at 2 s i n t e rva l s 
5-7: Responses of Amoeba proteus f r a g m e n t s obta ined by high speed c e n t r i f u g a t i o n 
(5 a, b) a n d by sect ioning (6 a, b) to local appl ica t ion of benzene (7 a, b). I n 
all induced pseudopodia a hya l ine cap is clearly d is t inguishable 
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S t a n i s ł a w D R Y L and J a c e k K U R D Y B A C H A 

Galvanotactic Response in Paramecium caudatum at Various 
Levels of External Calcium Ions 

Synopsis. In Paramecium caudatum t h e g a l v a n o t a c t i c t h r e s h o l d w a s 
a l m o s t cons t an t (vol tage g r a d i e n t 0.1-0.5 V cm—1) w i t h i n w i d e r a n g e 
of e x t e r n a l c a l c i u m ions p C a 2-5. Th i s f i n d i n g sugges t s t h a t s o m e m i n i -
m u m d e p o l a r i s a t i o n of t he cell m e m b r a n e on t h e c a t h o d a l s ide of a n i m a l 
a n d a m i n i m u m h y p e r p o l a r i s a t i o n of t h e cell m e m b r a n e on t he a n o d a l 
s ide — a r e r e s p o n s i b l e f o r i n d u c e d c i l ia ry r e s p o n s e l e a d i n g to c a t h o d a l 
o r i e n t a t i o n of c i l i a te in e lec t r i c f i e ld . T h e g a l v a n o t a c t i c t h r e s h o l d w a s 
10-20 t i m e s h i g h e r in m e d i a c o n t a i n i n g l o w c o n c e n t r a t i o n s of c a l c i u m 
pCa 6-8. I t is n o t c l ea r w h e t h e r t h e p r e s e r v e d r e s p o n s e to d.c. s t i m u l a -
t ion shou ld be a t t r i b u t e d to an r e l e a s e of c a l c i u m ions f r o m t h e h y p o -
t h e t i c a l i n t r a c e l l u l a r s to res w i t h i n c a t h o d a l r eg ion of cell or it d e p e n d s 
on t he p e r s i s t e n c e of a u g m e n t e d c i l ia ry b e a t w i t h i n a n o d a l r eg ion of 
ci l iate . 

The significant role of external calcium Caex for excitability and motor 
response of ciliates to potassium and other cations was stressed by a num-
ber of authors (K a m a d a and K i n o s i t a 1940, D r y l 1961, J a h n 
1962, G r e b e c k i 1964,1965, K u z n i c ' k i 1966, K i n o s i t a et al. 
1964 a, b). It was found that potassium-induced ciliary reversal (CR) lasts 
longer at lower concentrations of Ca2 + but disappears in "absence" of 
calcium (K a m a d a 1940, K a m a d a and K i n o s i t a 1940). N a i t o h 
(1968) suggested that during induced CR calcium ions are released from 
their binding sites within cation exchange system in the cell membrane 
by other cations and are causing in this way CR due to direct action on 
the contractile elements within cilium in presence of ATP and calcium-
activated ATP-ase. E c k e r t (1972) put forward hypothesis that ciliary 
reversal in Paramecium is caused by the transmembrane influx of external 
calcium ions due to an increase of calcium conductance of the cell mem-
brane by the other cations or by external stimuli of other modality. This 
hypothesis found support in experimental results obtained, by N a i t o h 
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and K a n e k o (1972), who demonstrated a direct role of calcium ions in 
inducing CR within paramecia models extracted by detergent Triton 
X-100, and afterwards exposed to various concentrations of calcium ions; 
CR appeared only at concentrations of calcium higher than 10 -6 M. It 
should be pointed out in this respect that recently H i l d e b r a n d and 
D r y 1 (1976) noticed that in Paramecium caudatum potassium-induced 
CR can be evoked only at concentrations of external calcium higher than 
0.3 X 10 - 6 M, and that previous incubation of animals in calcium reach 
medium does not change this threshold. D r y 1 and K u r d y b a c h a 
(1977) found that P. caudatum and P. aurelia show linear increase of 
negative chemotactic thresholds in response to Quinine hydrochloricum 
solutions parallel to decrease of Caex within range between pCa 2-pCa 5 
while response to chemotactic stimuli is no more detectable in concen-
trations pCa 7-8. The aim of the present study was to check how import-
ant is the level of Caex for response of Paramecium to d.c. stimulation. 

M a t e r i a l a n d M e t h o d s 

As an e x p e r i m e n t a l m a t e r i a l Paramecium caudatum, s t ra in isolated in 1965 
f r o m sur roundings of War saw , was used. Pa ramec ia w e r e cul t ivated in le t tuce 
m e d i u m according to S o n n e b o r n (1950). 18-24 h be fo re s t a r t ing the e x p e r i -
ments , pro tozoans we re washed and concent ra ted geotact ical ly in 1 m M Tris 
(F lukka) — HC1 + 1 m M CaCl2 b u f f e r solution of p H 7.1, un t i l t h e di lut ion over 
1000 t imes was ob ta ined . 

E x p e r i m e n t s w e r e car r ied out in expe r imen ta l camera , s imi lar to tha t used 
in p rev ious expe r imen t s ( D r y l and K u r d y b a c h a , in press) wi th set of 
p l a t i n u m - p l a t i n u m black nonpolar ized electrodes. The d is tance be tween electrodes 
was 6 cm. The cross section of the camera was 0.2 cm2. P a r a m e c i a we re i n t ro -
duced to the cen t ra l p a r t of the camera , sepa ra ted f r o m the o ther pa r t s those wi th 
e lec t rodes buil t in, by smal l sheets of paper , to e l imina te the in f luence of the 
p roduc t s of electrolysis on the an imals . 

To compare the s t reng th of t he s t imulus in va r ious m e d i u m s applied, the 
vo l tage g rad ien t (v/cm) w a s m e a s u r e d ( K o r o h o d a and K u r o w s k a 1970, 
F a b c z a k et al. 1973) du r ing the series of e x p e r i m e n t s P a r a m e c i a we re s t imu-
la ted by d.c. of desired s t reng th cont inuously dur ing 15 s; va r ious vol tage g ra -
dients be tween 0.1-10 V c m - 1 we re appl ied. As a s t imulus source a high capaci ty, 
special ly bui l t s t imula tor wi th set of s tabi l izers was used. The va lue of appl ied 
vol tage w a s measu red by Digital mu l t ime te r 1331. Conduct ivi ty of the med ium w a s 
checked by the CDM-3 RADIOMETER Conductometer . 

E x p e r i m e n t a l med ium, conta ined Tr i s solut ion (Flukka) wi th va r ious f r e e ca l -
c ium ions concentra t ion, Ca /EGTA (Sigma) buf fe r s , we re p r e p a r e d according to 
P o r t z e h l et al. (1964), as it was descr ibed e lsewhere ( D r y l and K u r d y -
b a c h a 1978, in press). 

The m o v e m e n t of pa r amec i a and direct ion of sw imming was recorded dur ing 
las t 3 s of d.c. s t imula t ion by long-exposure pho tomacrograph ic t echn ique of D r y l 
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<1958), so t h a t on f i lm nega t ives t h e or ienta t ion of al l pa r amec i a p resen t in the 
s a m p l e and n u m b e r s of a n i m a l s sw imming t o w a r d s ca thode or anode could b e 
e a s y es tab l i shed (Pl. I 1). 

The d o u b t f u l cases w h e n an ima l s w e r e or iented t ransversa l ly or pe rpend icu l a r ly 
to the l ines of electr ic f ield, w e r e omit ted. Threshold va lue for each vol tage g r a -
d ien t in each Ca 8 + concen t ra t ion was es tabl i shed a rb i t r a ry , w h e n 7(MJ0°/o of 
a n i m a l s , w e r e sw imming t o w a r d s cathode. The es t imat ions of th resho ld v a l u e w a s 
r e p e a t e d 10 t imes, and so each point of the cumula t ive d i ag ram rep resen t s m e a n 
v a l u e f r o m 10 calculat ions. 

R e s u l t s 

Paramecia showed no disturbance of movement in concentrations of 
f ree calcium ions pCa 2-4. Spontaneous short lasting CR reactions (with 
frequency below 3-4 CR cycles per min) were observed at the level of 
calcium pCa 5. However, typical periodic ciliary reversal (PCR) appeared 
in animals exposed to external medium containing calcium ions in concen-
tration pCa 6. It should be pointed out that paramecia showed forward 
movement (without any CR responses) at levels of free calcium ions lower 
than pCa 7; at these concentrations the animals could survive 3-5 min 

9 8 7 6 5 A 3 2 pCa 
Fig. 1. Thresho ld of ga lvano tac t i c response in Paramecium caudatum a t va r i ous 
concent ra t ion of f r e e ca lc ium ions (Ca -EGTA buf fe r s ) in e x t e r n a l m e d i u m con-
ta in ing 1 m M Tr is -HCl , p H 7.1. Thresho ld was es tabl ished a r b i t r a r y in ca. 50 
spec imens as ra t io 70-80%> of ca thodal ly or iented animals . Ga lvano tac t i c response 
was pho to - r eco rded (D r y 1 1958) 12-15 s a f t e r the beg inn ing of d.c. s t imula t ion . 
Ordinate: Vol tage g rad ien t of appl ied electr ic f ield (V • cm—x). Abscissa: Molar 

concen t ra t ion of f r e e ca lc ium ions in e x t e r n a l m e d i u m 
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Table 1 

Threshold of galvanotactic response in Paramecium caudatum 
at various concentrations of free calcium ions (Ca-EGTA 

buffers) 

pCa V • cm- 1 

Mean number SD in 50 specimens 
of Paramecium caudatum showing 
cathodal orientation. Data based 
on 10 series of experiments 

2 
0.02 
0.09 
0.14 

26.20 2.74 
35.70 4.74* 
41.30 2.41 

3 
0.05 
0.24 
0.38 

26.90 3.07 
35.40 5.48* 
43.30 3.09 

4 
0.29 
0.48 
0.59 

33.50 4.50 
40.50 2.72* 
45.40 2.95 

5 
0.29 
0.48 
0.59 

26.60 2.83 
36.20 4.26* 
43.30 3.16 

6 
2.40 
3.01 
4.58 

27.80 2.44 
36.10 4.36* 
42.70 3.09 

7 
4.88 
6.09 
7.34 

31.20 2.78 
36.70 4.35* 
38.70 3.95 

8 
6.17 
7.40 
8.64 

33.80 4.34 
36.60 4.95* 
38.50 3.69 

N 9 
7.89 
9.44 

10.52 

30.20 3.99 
36.00 3.77* 
38.50 3.69 

* Indicates the threshold of galvanotactic response in Paramecium esta-
blished arbitrary in 50 specimen as 70-80°/o of cathodally oriented animals. 

only, but this was sufficient time for external electric stimulation and for 
recording of movement. 

The preliminary observations revealed that paramecia show no detec-
table response to d.c. stimulation at voltage gradient of electric field below 
0.2 V • cm - 1 . The cathodal orientation of animals appeared gradually at 
higher voltage of applied electric current. The direct microscopic obser-
vations showed that the animals oriented parallel (or almost parallel) to 
lines of longitudinal electric field responded to d.c. stimulation at lower 
voltage than those oriented more or less perpendicularly. Physiological 
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state of animal could be also responsible for individual differences in 
sensitiveness to d.c. stimulation. 

The arbitrary established threshold for galvanotactic response (i.e., 
70-80% of animals swimming towards cathodal) proved to be very re-
liable and convenient method for measuring reaction at various external 
conditions. 

The data included in Table 1 and Fig. 1 indicate that the threshold for 
galvanotaxis was 0.1 and 0.25 V • cm - 1 for pCa 2 and pCa 3 and 0.48 
V • cm-"1 for pCa 4 and pCa 5 respectively. This is evident that within 
wide range of higher concentrations of calcium ions the threshold value 
for galvanotaxis was almost constant. 

The dramatical increase of threshold for galvanotaxis at pCa 6 to 
3.01 V • cm - 1 was probably associated with PCR response which obviously 
inhibited oriented movement of animals towards cathode; PCR disappear-
ed almost completely at applied electric fields of voltage equal or higher 
than threshold current. 

Extremely high threshold for galvanotaxis at calcium ions level lower 
than pCa 7-6.1-9.4 V • c m - 1 suggests that in this case we deal with 
strongly marked decrease of sensitivity of paramecia to d.c. stimulation. 
In medium with low concentration of calcium paramecia could resist sti-
mulation with d.c. of high voltage gradient only for very short time, 
surviving usually not longer than 25-40 s. This made very difficult a 
careful analysis of polar effect of electric current on the ciliary activity 
at cathodal and anodal end of animal. Direct microscopical observations 
of slowly swimming animals towards cathode didn't reveal any evident 
signs of CR on cathodal side of the cell, although some augmentation of 
ciliary beat was noticed at the anodal end. However, it should be empha-
sized with this regard that it is not easy to observe cathodal CR at galva-
notactic threshold d.c. stimulation even in animals kept in medium with 
higher content of calcium ions. 

D i s c u s s i o n 

Two interesting conclusions can be drawn from present -study on 
galvanotactic response of P. caudatum at various Caex levels. 

(1) Unlike in the case of chemotactic stimuli (D r y 1 and K u r d y-
b a c h a 1977), the galvanotactic threshold does not undergo much change 
within wide range of Caex (pCa 2-5) and 

(2) Galvanotactic response is still preserved even at lowest concentra-
tions of Caex (pCa 7-9), although its threshold is highly increased. 

6 — Acta Protozool. 17/3 
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The first finding can be explained by assumption that a minimum of 
cell membrane depolarization on the cathodal side of the body and a mi-
nimum cell membrane hyperpolarisation on the anodal side — are neces-
sary to evoke ciliary response which determines orientation of ciliates 
parallel to electric lines. 

The preserved response to d.c. stimulation at very low levels of Caex 

might be explained either by release of calcium ions from their hypo-
thetical intracellular stores ( K u z n i c k i 1973) or by persistance of 
augmented beat of cilia at anodal end of Paramecium. It is believed that 
this interesting problem will be elucidated by planned in the near future 
studies on galvanotactic response in behavioral mutants of Paramecium 
aurelia. 

R É S U M É 

Le seuil de la ga lvano t ax i e du Paramecium caudatum res te p r e s q u e constant 
(entre 0.1-0.5 V • cm—1) dans des l a rges l imi tes de concent ra t ion du ca lc ium ex-
té r i eur (pCa 2-5). Ce r é su l t a t suggère q ' u n e dépolar isa t ion m i n i m a l e de la m e m -
b rane cél lular ie du côté de la ca thode et son hyperpolar i sa t ion m i n i m a l e du côté 
de l 'anode, p r é sen t en t les f a c t e u r s qu i p r o v o q u e n t la r éponse ci l iaire about i ssan t 
à l 'o r ien ta t ion ca tod ique du cilié dans le c h a m p électr ique. L e seuil de la ga lvano-
tax ie dévient 10-20 fois p lus é levé dans les mi l i eux con tenan t moins du calc ium 
(pCa 6-8). Il n 'est pes clair si la pe r s i s t ance de la réac t ion à la s t imula t ion é lec t r i -
q u e est due à la l ibéra t ion des ions Ca 2 + d 'une hypo thé t ique r e s è r v e in t r acé l lu -
lar ie dans la région tournée vers la ca thode ou bien si celle dépend de la pe r -
s is tance de l ' in tens i f ica t ion des b a t t e m e n t s ci l iaires du côté anod ique du cilié. 
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E X P L A N A T I O N OF P L A T E I 

Mac ropho tog raphs of recorded m o v e m e n t of pa r amec i a immersed in solut ion: 
1 m M CaCl2 + 1 m M Tris/HCl, p H 7.1 s t imula ted by d.c. dur ing 15 s. E x p o s u r e 
t ime — 3 s. The b r igh t dots at t he ends of recorded pa th s ind ica te the direct ion 
of swimming. 1 — P a r a m e c i a s t imu la t ed by sub thresho ld d.c. w i t h vol tage g rad ien t 
0.05 V/cm. T h e cil iates a re sw imming va r ious direct ions; no ga lvanotax is . 2 — 
P a r a m e c i a s t imula ted by d.c. w i th vo l tage g rad ien t 0.38 V/cm. The ca thode on 
the lef t . Pos i t ive ga lvanotac t ic r e sponse 
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N O T I C E TO A U T H O R S 

A C T A P R O T O Z O O L O G I C A is i n t e n d e d as a j o u r n a l s e r v i n g f o r t h e p u b l i c a t i o n 
of o r ig ina l p a p e r s e m b o d y i n g t h e r e s u l t s of e x p e r i m e n t or t h e o r e t i c a l r e s e a r c h 
in al l f i e l d s of p ro tozoo logy w i t h t he e x c e p t i o n of f a u n i s t i c no t i ce s of t h e loca l 
c h a r a c t e r a n d p u r e l y c l in ica l r epo r t s . T h e p a p e r s s h o u l d b e concise a n d wi l l no t 
b e accep ted if t h e y h a v e b e e n p r e v i o u s l y p u b l i s h e d e l s ewhe re . A f t e r a c c e p t a n c e 
by t h e E d i t o r s p a p e r s wi l l b e p r i n t e d in t he poss ib ly s h o r t e s t t ime . 

P a p e r s a r e a c c e p t e d in Eng l i sh , F r e n c h , G e r m a n a n d Russ i an . E v e r y p a p e r 
shou ld begin wit'h t h e n a m e a n d p o s t a l a d d r e s s of t h e l a b o r a t o r y n a m e a n d t h e 
s u r n a m e of t h e a u t h o r a n d t i t l e in t he l a n g u a g e of t h e t e x t . T h e t i t l e s in G e r m a n 
a n d F r e n c h shou ld be t r a n s l a t e d in to in to Eng l i sh a c c o r d i n g to t h e d e m a n d s of 
C u r r e n t Con ten t s . T h e p a p e r shou ld b e a c c o m p a n i e d by synops i s in t h e l a n g u a g e 
of t he t e x t no t e x c e e d i n g 100 w o r d s a n d b y s h o r t s u m m a r y in one of 4 l a n g u a g e s 
a c c e p t e d in t he J o u r n a l . In t h e R u s s i a n t e x t also t he n a m e a n d t h e p o s t a l a d d r e s s 
of t h e l a b o r a t o r y , l e g e n d s of t ab les , p l a t e s a n d t e x t i l l u s t r a t i o n s m u s t be t r a n s -
l a t ed , t h e t r a n s l a t i o n of t h e s u m m a r y m a y b e s o m e w h a t m o r e ex t ens ive , a n d t h e 
n a m e of t he a u t h o r shou ld b e g iven a d d i t i o n a l l y a lso in t h e L a t i n c h a r a c t e r s . 

M a n u s c r i p t s shou ld b e d o u b l e s p a c e d t y p e s c r i p t (30 l ines on one s ide of a sheet) 
w i t h a n o r m a l m a r g i n . No e l e m e n t s of t h e t e x t shou ld b e f u l l y t y p e d in c a p i t a l s 
no r in spaced set (only u n d e r l i n i n g w i t h penc i l is a d m i t t a b l e ) . In dec im f r a c t i o n s 
poin tę no t c o m m a s should b e used . T h e g e n e r a l l y a c c e p t e d a b b r e v i a t i o n s a n d 
.symbols a r e r e c o m e n d e d . N o m e n c l a t u r e m u s t a g r e e w i t h t h e I n t e r n a t i o n a l Code 
of Zoologica l N o m e n c l a t u r e , L o n d o n 1961. T h e o r i g ina l a n d o n e c a r b o n copy of 
t h e w h o l e t e x t m a t e r i a l shou ld be supp l i ed . R e f e r e n c e s m u s t b e c i ted in t h e t e x t 
I n d i c a t i n g only t h e a u t h o r a n d y e a r t h u s : 

" K i n o s i t a (19'54) f o u n d t h a t , e tc ." O n l y a l l r e f e r e n c e s c i ted in t h e t e x t s h o u l d 
b e l i s ted . T h e l ist m u s t be a r r a n g e d as f o l l o w s : E h r e t C. F. a n d P o w e r s E. L. 1959: 
T h e cell s u r f a c e of P a r a m e c i u m . Int . Rev. Cytol., 8, 97-133. 

Ge le i J . v o n 1939: Das a u s s e r e S t u t z g e r u s t s y s t e m des P a r a m e c i u m k o r p e r s . A r c h . 
P r o t i s t e n k . , 92, 245-272. 

T i t l e s of r e f e r e n c e s a r e g i v e n in t h e i r o r ig ina l l a n g u a g e (not t r a n s l a t e d ) . I n 
p a p e r s w r i t t e n in Eng l i sh , F r e n c h or G e r m a n , t h e Cyr i l l i c t y p e of t h e R u s s i a n 
r e f e r e n c e s is t r a n s l i t t e r a t e d a c c o r d i n g to t h e i n t e rna t iona i l sys t em (ISO R e c o m m e n -
d a t i o n R 9 S e p t e m b e r ) . Th i s r e g u l a t i o n is n o t a p p l i e d to n a m e s if t h e r e ex i s t s 
i n t h e i r t r a d i t i o n a l spel l ing . Also a u t h o r m a y f r e e l y choose in t r a n s l i t e r a t i o n of 
h is o w n n a m e . I n R u s s i a n p a p e r s , t h e R u s s i a n r e f e r e n c e s a r e c i ted i n Cyri l l ic , t h e 
o the r s in t h e L a t i n c h a r a c t e r s , b u t t h e y m u s t b e l i s t ed al l t oge the r in t h e L a t i n 
a l p h a b e t i c a l o rde r . 

T h e f o l l o w i n g m a t e r i a l s h o u l d b e s u p p l i e d on s e p a r a t e shee t s 1. t h e r u n n i n g 
t i t l e f o r t h e p a g e head l ine s , 2. t ab l e s , 3. l e g e n d s f o r t e x t f i gu re s , 4. l e g e n d s f o r 
p l a t e s . L i n e - d r a w i n g s wi l l b e p u b l i s h e d in t h e t e x t , p h o t o g r a p h s a n d r a s t e r 
f i g u r e s on s e p a r a t e p l a t e s . N o co lou red p h o t o g r a p h s c a n be p u b l i s h e d p r e s e n t l y . 
L e t t e r i n g on p h o t o g r a p h s a n d d r a w i n g s shou ld b e m a r k e d in penci l . W i t h W i t h no 
r e g a r d to t h e l a n g u a g e of t h e t ex t , on ly t h e L a t i n l e t t e r i n g a r a b i e n u m e r a l s or 
g e n e r a l l y a c c e p t e d s y m b o l s a r e a d m i t t a b l e f o r m a r k i n g on i l l u s t r a t i ons . N u m b e r i n g 
of t e x t - f i g u r e s , p l a t e s a n d t a b l e s m u s t b e a lso m a r k e d in penc i l , a s we l l in t he 
l egends as in t he t e x t . 

Ga l l ey p r o o f s a r e s e n t t o t he a u t h o r s . A u t h o r s r e c e i v e 75 r e p r i n t s wi thout 
covers . 
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Chemoreceptor Proper t i es of Cell Su r face in Dileptus cygnus 

W a r u n k i p r e n u m e r a t y 

Cena p r e n u m e r a t y k r a j o w e j 
rocznie zł 200,— 
półrocznie zł 100,— 

P r e n u m e r a t ę p r z y j m u j ą Oddziały RSW „Pra sa -Ks i ążka -Ruch" oraz urzędy pocztowe 
i doręczyciele w t e r m i n a c h : 
— do dnia 25 l i s topada na styczeń, I kwar ta ł , I półrocze i cały rok nas tępny. 
— do dnia 10 każdego mies iąca (z w y j ą t k i e m grudnia) poprzedzającego okres p re -
numera ty . Jednos tk i gospodarki uspołecznionej , ins ty tuc je i organizacje społeczno-
-pol i tyczne oraz wszelkiego rodza ju inne zakłady p racy sk łada ją zamówienia 
w mie jscowych Oddziałach RSW „Prasa -Ks iążka -Ruch" . 
Zak łady p racy w miejscowościach, w których nie m a Oddziałów RSW, oraz p r e n u -
mera to rzy indywidua ln i z a m a w i a j ą p r e n u m e r a t ę w urzędach pocztowych lub u do-
ręczycieli. 
P r e n u m e r a t ę ze z leceniem wysyłki za granicę, k tó ra jest o 50°/o droższa od p r e n u -
m e r a t y k r a j o w e j , p r z y j m u j e Biuro Kolpor tażu Wydawnic tw Zagranicznych RSW 
„Prasa -Ks iążka -Ruch" , ul. Wronia 23, 00-958 Warszawa . 
Bieżące i a r ch iwa lne n u m e r y można nabyć lub zamówić we Wzorcowni W y d a w -
nic tw Naukowych PAN-Osso l ineum-PWN, Pa łac Ku l tu ry i Nauki (wysoki par ter ) , 
00-901 Warszawa, oraz ks ięgarniach naukowych „Domu Książki" . 
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Cena zł 50,— 
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C. C. N a r a s i m h a m u r t i a n d C. K a l a v a t i : A N e w Mic rospor id i an , 
Pleistophora blatellae sp. n. f r o m t h e M a l p i g h i a n T u b u l e s of Blatella 
germanica 461 

B. K a l i s z - N o w a k : E x p e r i m e n t a l S t u d y on Locomot ion of Amoeba pro-
teus. II . Reac t ions to some E x t e r n a l S t imu l i in Amoeba proteus a n d its 
F r a g m e n t s f r o m w h i c h a P a r t of t he Cy top l a sm has b e e n R e m o v e d . . 467 

S. D r y l a n d J . K u r d y b a c h a : G a l v a n o t a c t i c Response in Paramecium 
caudatum a t Var ious Leve l s of E x t e r n a l Ca lc ium Ions 475 

Państwowe Wydawnictwo Naukowe — Oddział we Wrocławiu 

Nakład 489 + 101 egz. Ark. wyd. 8; ark. druk. 5lh + wkl. kred. Pap. druk. sat. kl. III, 
70 X 100. 80 g. Oddano do składania w kwietniu 1978 r. Podpisano do druku w listopadzie 1978 r. 

Zamówienie nr 290/78. Cena zł 50,— 
Wrocławska Drukarnia Naukowa, Wrocław, ul. Lelewela 4 
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