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Laboratory of General Parasitology, Department of Parasitology, 
Polish Academy of Sciences, Warszawa 22, Pasteura 3 

S t a n i s ł a w L. K A Z U B S K I 

Studies on the parasitic ciliate Thigmocoma acuminata Kazubski 
( Th igm otricha-Th i g m o com idae) 

Badania nad pasożytniczym orzęskiem Thigmocoma acuminata Kazubsk i 
(Thigmotricha-Thigmocomidae) 

Thigmocoma acuminata — one of several ac tual ly k n o w n ciliates, paras i -
tes of land Gastropoda — had been found in a u t u m n 1957 in the Ca rpa th i an 
snai l Oxychilus (Cellariopsis) orientalis (Cless.) in the e n v i r o n m e n t of Sanok 
(south-east Poland). The descript ion of the species was publ i shed in 1958. 
A t t en t ion was called to some charac te r s d i f f e ren t f r o m those in o ther Thig-
motricha a n d , t he re fo re the separa te genus and f ami ly had been es tabl ished. 
This publ ica t ion ( K a z u b s k i 1958 b) being a p re l imina ry note , comprised 
only a morphologica l descr ipt ion of the t rophic form w i t h o u t any m o r p h o g e n e -
tic, biological or ecological da ta of this species. 

In the fol lowing years , when s tudying the cil iate pa ras i t es of land snails, 
a more ex tens ive ma te r i a l was collected for the s tudy of morphology , biology 
a n d ecology of Thigmocoma acuminata and the d i s t r ibu t ion of this species in 
its t e r r i t o ry was invest igated. The new mate r ia l gave possibil i ty to discuss 
aga in the sys temat ic specif i ty of t he fami ly Thigmocomidae Kazubski , 1958 in 
the sys tem of Thigmotricha. 

I wish to express m y h e a r t y g ra t i tude to Prof . Dr. Z. Raabe fo r his gu idan -
ce of my research and for his va luable suggest ions and generous help in the 
course of m y protozoological invest igat ions. My t h a n k s a re also due to Prof . 
Dr. W. Micha j low for his constant care of m y s tudy ca r r i ed out in the Depa r t -
m e n t of Paras i to logy of the Polish Academy of Sciences. I also wish to record 
my thanks to Dr. Z. Zarzycki f rom the Ins t i tu t e of Bo tany in K r a k ó w for his 
botanical and to Dr. A. Riedel for malacological consul ta t ions a n d for hav ing 
g iven me access to the malacological collection of the Zoological Ins t i tu te of 
t he Polish Academy of Sciences in Warszawa. 

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

By m e a n s of the me thod of paras i to logical dissection, 5451 specimens of 
snai ls f r o m the t e r r i t o ry of Poland were s tudied. The snai ls belonging to 92 
species r ep re sen t ed almost all the fami l ies occurr ing in Poland . In th is 
n u m b e r 2531 specimen belonging to 71 species 1 o r ig ina ted f r o m the C a r p a -

i In Poland 151 species are known to. occur; in the Polish Carpathians and in 
adjacent territories — 117 species of land snails have been reported. 
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th ian te r r i to ry and 80 specimens were collected in the Transcarpathian 
distr ict of Ukraina . Dissection of metanephr id ium and of ure ter of some 
snail specimens of the genus Oxychilus Fitz. collected in the Eeastern 
Carpath ians , in the Balkan peninsula, in the countries of the Near East and 
in Caucasus was executed; this last mater ia l was f ixed in alcohol and stored 
in the Zoological Ins t i tu te of the Polish Academy of Sciences. 

About 300 specimens of snails belonging to the family Zonitidae were s tu-
died under living conditions. In this number 259 specimens belonged to the 
species Oxychilus orientalis. 

Snails were collected f rom different sites and studied mostly on the spot, 
soon a f t e r collection. If t ransported, the mater ia l was protected against over -
heat ing, because the tempera ture of about 30°C involves death of some species 
of ciliates, among others of Thigmocoma acuminata. 

In the laboratory, snails were placed in glass containers with some humid 
moss and kep t in ice-chamber at the t empera tu re of about + 7 °C. In such 
conditions Oxychilus orientalis infected with Thigmocoma acuminata, was kept 
for several months , fed with other species of snails and with Tubifex. 

The following method of dissection was applied: the shell of the snail was 
removed with dissection needles and the body (whole or in parts) was sl ightly 
pressed be tween two glass slides. The prepara t ion was observed under micro-
scope (objective X 3, eyepiece X 10). 

For the vital microscopic examination of the detected ciliates, an appo-
chromatic , phase contrast and anoptral optics were used. Fixed prepara t ions 
were t rea ted with various techniques: smear preparat ions were fixed with the 
Schaudinn ' s f luid, and stained with iron haematoxyl in of Heidenhain and with 
acid haemalaun of Meyer. The ciliary system was revealed af ter the Klein 's 
silver n i t r a t e impregnat ion. 

For the s tudy of nuclear apparatus the Zenker-Helly fixed mater ia l was 
s ta ined a f te r Feulgen method. The 6 \x sections of snail renal organ containing 
Th. acuminata were f ixed in the Zenker-Helly f luid and stained with Feulgen 's 
fuchs ine and l ight-green. Those sections were prepared in the Laboratory of 
the Unicel lular Organisms, of the Cytological Inst i tute of the Academy of 
Sciences of USSR in Leningrad. 

In al l cases a possibly high number of specimens was studied in order to 
character ize the individual variation. The photographic method was largely 
applied, and gave especially good results in the study of the argentophil ic 
system for comparison of more complex s t ructures and for a r ranging them into 
sui table series. 

From f ixed snails preserved in alcohol, the ureter and "metanephr id ium" 
was taken out and f ragmented with dissection needles in the mater ia l passaged 
in wa te r . The ciliates found in the host were stuck to the slide with gelatin, 
mounted in Canada balsam and examined under phase contrast optics. Some 
observations concerning biology and behaviour of Th. acuminata were made on 
living ciliates in the host organism. The method of those observations (K a -
z u b s k i 1961 a) consisted in i l luminating the snail by a strong light beam 
using the low power of microscope. It may be applied only to snails with 
a fa i r ly t r ansparen t shell. Moistening the shell makes the observation easier. 
This method gave excellent results in observation of ciliate parasites of Oxy-
chilus orientalis and permit ted the exact s tudy of localization of Th. acuminata, 
of its behaviour , of t iming and f requency of division etc. Infection even with 
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S T U D I E S ON THIGMOCOMA ACUMINATA 239 

single ind iv idua l of Th. acuminata may be detected, which is not a l w a y s a t t a i n -
able by ¡means of dissection. 

Descr ip t ions of f ield condit ions and of localities, in wh ich Oxychilus orient-
alis occurs , w e r e p e r f o r m e d in the course of the m a t e r i a l collection a n d based 
on pho tograph ic records. The measu remen t s of t e m p e r a t u r e w e r e m a d e w i t h 
a soil t h e r m o m e t e r 5 cm long, assur ing a reading accuracy of 0.2 °C. T h e t e m -
p e r a t u r e of a spot just le f t by the snai l was measu red by pu t t i ng t h e gauge 
of t h e t h e r m o m e t e r into contact wi th it. The the rmic res is t iv i ty of t h e snails 
w a s inves t iga ted in the Brabende r o. H. (Duisburg a. Rhein) c l imat iza t ion 
c h a m b e r , type KSG. 25. B. 

M o r p h o l o g y a n d m o r p h o g e n e s i s o f Thigmocoma 
acuminata 

Morphology of Th. acuminata was discussed only in the descr ip t ion of t h e 
species ( K a z u b s k i 1958 b). Never theless th is descr ip t ion w a s not fu l l : 
the va r i ab i l i t y of the ciliates, their division and con juga t ion w e r e no t t rea ted . 

Morphology of the t rophic fo rm 

Body shape 

The body shape of the ciliate is very charac ter i s t ic (Fig. 1, a n d PI. I 1—2): 
l ike in m a n y o the r Thigmotricha it is la tera l ly f l a t t ened , w i t h the m o u t h sh i f t -
ed to the v e n t r a l m a r g i n of the body. The dorsal m a r g i n is also v e r y dist inct . 
The an te r io r end of the body is round, the posterior is s h a r p and ben t t oward 
the dorsal side. The r i g h t of t he ciliate is s l ight ly convex, w h e r e a s t h e l e f t — 
di rec ted to the subs t ra te — is s l ight ly concave. The b roades t p a r t of t he body 
as wel l as the center of the concavity located at a d is tance of Vs of t he body 

Fig. 1. General view of Th. acuminata-, A — from the right side, B — from the 
ventral margin 
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length f rom the anter ior end. The cytostome is disposed at the distance of 
Va—V2 of the body length f rom the anter ior end ; on the ven t ra l margin in 
a slight depression which forms a shallow and ra the r broad buccal cavity. This 
region is covered f rom above by a small lobe of the ciliate body. 

The body shape of Th. acuminata is usually r a the r constant. Yet some de-
viations a r e possible; they are caused by the s ta te of the ciliate, e.g. in the 
na r row ¡and small specimens all depressions and convexities are more dist inct-
ly marked than in the broad and big ones which may have a more rounded 
shape. The body shape of dividing ciliates and of very young individuals — 
several hours a f t e r division — differs distinctly f rom the typical trophic form. 
Those dif ferences will be discussed later. 

Dimensions of the body 

The length of Th. acuminata amounts 45—100 |LI, in most cases (about 60% 
of measurements) being 60—75 |a. The ar i thmet ica l mean f rom 190 measurem-
ents amounts 69.84 ¡a. The curve of the body length based on 190 measurem-
ents of specimens f ixed with Schaudinn 's f luid is presented in the diagram 

(Fig. 2). The length of the dividing individuals, especially in the advanced 
phase of fission, may much exceed the -maximal length reported above. The 
width of the body amounts 26—68 ix in most cases 30—50 p,; the ar i thmet ica l 
mean is 43.17 ¡a.. 

The more extensive s tudy of the body dimensions of Th. acuminata in dif-
ferent phases of its life was carr ied out on preparat ions impregnated wi th 
silver n i t ra te . This method revealing the argentophil ic system made possible 
the examinat ion of a large number of individuals. On the other hand, the 
Klein's procedure involves some changes in the dimensions of the ciliate caus-
ed by compression and dessication of the body, and makes the results incomp-
arable wi th those obtained by means of cytological f ixat ing solutions as e.g. 
the Schaudinn 's f luid. The data f rom the analysis of over 8500 ciliates are 
presented in the Table 1. They concern the thropic, the dividing, the post-
division and the conjugat ing individuals. 

The analysis of the trophic fo rms allows to classify the trophic individu-
als of Th. acuminata into 5 groups (Table 1, par t 5). Since a dist inct succession 
in the argentophil ic systems of these groups, suggesting the development, is 
plainly observed, it may be supposed tha t each of the groups presents a suc-
cessive stage in the growth process of the ciliate. In this sense the groups will 
be t rea ted in the following considerations. 
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Ci l ia tu re 
Ci l i a tu re of Th. acuminata is not u n i f o r m over the whole su r face of the 

body. Most cilia occur on the an te r io r body pa r t ; he re the i r d i s t r ibu t ion is 
dense and the i r d imens ions a re m u c h smal le r t han on the pos ter ior body par t . 
Some regions of t he ci l iate: a n area a round the cen t re of the r i gh t s ide and the 
concave p a r t of t he le f t side, a re comple te ly devoid of cilia. 

Fig. 3. Scheme of the argentophilic system of Th. acuminata, 
A — from the right side, B — from the left side 

Cilia a r e 6—10 JLL long in the an t e r io r and 8—15 n in the pos ter ior p a r t of 
the cil iate. The t e r m i n a l region of the body bears a m o r e r igid, cu rved caudal 
ci l ium 18—27 ja long. 

In the c i l iary sys tem of Th. acuminata severa l complexes m a y be d is t inguish-
ed; these a re : t he buccal , the genera l , the th igmotact ic c i l ia ture and shor t 

ABC 

Fig. 4. Scheme of the buccal cilia-
ture of Th. acuminata 

rows of cilia or even s ingle cilia in the pos ter ior pa r t of the body (Fig. 3 a n d 
PI. II 5—6). 

B u c c a l c i l i a t u r e l ike in o ther Thigmotricha consis ts of a s o m a t o g e -
nic k ine ty ' T ' a n d of a polykine t ies zone cor respond ing to the e lements ABC of 
C h a t t o n et L w o f f (Fig. 4). 
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The s tomatogenic k ine ty or "1" usua l ly ini t ia tes at the d is tance of abou t 
73 of t he body length f r o m the an te r io r end, on the ven t r a l m a r g i n below the 
lobe cover ing the cytostome. This -kinety is compara t ive ly shor t , crooked a t 
its end; it soon en te r s into the buccal cavi ty (PI. II 7). A shor t f i b r i l 2 ex tends 
u p w a r d s f r o m the an ter ior end of t he k inety . The s tomatogen ic k ine ty — 
especial ly on its fu l l l eng th — is r a t h e r ra re ly seen in silver, impregna t ed 
p repara t ions . 

The po lyk ine ty producing the adora l zone of membrane l l e s ABC ini t ia tes 
s o m e w h a t above the apex of the body 3, in the lower pa r t of t he an te r io r su ture , 
on the l e f t th igmotac t ic side of the c i l ia te and runs nea r the v e n t r a l m a r g i n of 
the body, on the l e f t s ide of the lobe over the cytostome. In i ts f u r t h e r course , 
the p o l y k i n e t y cont inues to r un on the r igh t side of the c i l ia te a n d t e rmina t e s 
s o m e w h a t be low the beginning of t he k i n e t y "1". Two s e g m e n t s of the poly-
k ine ty a r e seen: one on the lef t th igmotact ic side of t h e c i l ia te a n d ano the r , 
v e r y shor t one , r u n n i n g towards the buccal cavi ty on t h e r i g h t side. A sho r t 
f ib r i l is somet imes impregna ted be tween those two segments . P robab ly it 
should be assumed tha t the longer p a r t ly ing on the l e f t s ide of t h e cil iate is 
composed of AB elements , and the shor te r par t — bound to the per i s tome — 
of C e l emen t s of the polykinety . 

The adora l zones of m e m b r a n e l l a e especially in young ind iv idua ls a r e 
r a t h e r b road and consist of very t iny kinetosomes dispersed a t r andom. In big 
ind iv idua ls they seem to be more n a r r o w , especially in the lower pa r t of the 
segment AB which in some places has a cha rac te r of a s ingle row of k ine to-
somes (PI. II 8). On the sur face of the per is tomal field, severa l f ib r i l s converg ing 
in the pe r i s tomal region a r e seen (PI. II 7). 

G e n e r a l c i l i a t u r e spreads over the whole right convex side of t h e 
ci l iate body a n d also over a smal l p a r t of t he lef t side, n e a r the dorsal marg in . 

The f i r s t k ine ty of the genera l c i l i a ture — according to C h a t t o n et L w o f f ' s 
n o m e n c l a t u r e : the k ine ty "2" — is placed to the r igh t of t he buccal c i l ia ture . 
It in i t ia l ly r u n s as a broad arc along the m a r g i n of the body lobe above the 
per i s tome and t h e n becomes the r igh t boundary of t he pe r i s tomal f ield. This 
k ine ty t e r m i n a t e s much below the pe r i s tome, about 2/s of t h e body length 
f r o m the a n t e r i o r marg in . 

The nex t k ine ty "3" runs in its uppe r pa r t as a r a t h e r sma l l a rc at a ce r ta in 
d i s tance f r o m the body margin , and in this segment i t is not d i f f e r ing f r o m 
the r e m a i n i n g kinet ies of the genera l ci l iature. Still it is much longer t h a n the 
o thers because its length is near ly equal to tha t of the k ine ty "2" . In its pos te-
r ior pa r t , be low the peris tome, it s l ight ly bends dorsal ly p roduc ing a small 
f ie ld to w h i c h the a d j a c e n t contract i le vacuole is opening. In the an te r io r 
moie ty of t h e ciliate, be tween the k ine t ies " 2 " and "3", a smal l n a k e d f ie ld is 
seen w i t h 2 or 3 t r ansverse f ibr i ls as revea led by the s i lver impregna t ion . 

2 In this study, the term "fibril" is used exclusively in the descriptive meaning 
and correspond to the French "argyroneme". 

3 In the previous publication ( K a z u b s k i 1958 b) only the inferior part of 
the polykinety ABC was desoribed and represented in the Fig. 4, whereas its super-
ior segment was then unknown to the author. On the other hand, ¡the superior part 
of the polykinety ABC was shown in the Fig. 3 and erroneously marked as the row 
"1". Now — in agreement with the nomenclature introduced by C h a t i t o n et 
L w o f f — as the row "1" the stomatogenic kinety, belonging to the general ciliat-
ure, was marked. As a result, the determination of the general ciliature, in Fig. 2, 3 
and 4 as well as in the text of the publication from 1958 are incorrect and require 
revision. 
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Then nex t k ine t ies of the genera l ci l iature have no s u p p l e m e n t a r y f u n c t -
ions. The i r l eng th amount ing ini t ia l ly about V-j of the body length , g r adua l ly 
increases so as to a t t a in in the last k ine ty 2/3 of the body length . Those k ine t -
ies a r e s t ra igh t , s l igh t ly converging towards the an te r io r pa r t of t he body, a n d 
reach at the i r a n t e r i o r end the su tu re which lies a long the a n t e r i o - v e n t r a l m a r -
gin of t he body on i ts le f t th igmotact ic side. Severa l last k ine t ies of t he genera l 
c i l i a tu re converge a n d reach the s u t u r e s imul taneous ly all toge ther . T h e ge-
n e r a l n u m b e r of mer id iona l kinet ies of the genera l c i l i a ture a m o u n t s about 
28; 21—24 a re on the r ight , and 4—7 on the le f t side of the body. Kine tosomes 
f o r m i n g the rows of genera l c i l ia ture are compara t ive ly big. They a r e located 
n e a r one a n o t h e r . Only in the te rmina l segment the i r p a t t e r n is m o r e loose. 
This t endency is especial ly dis t inct in the last k ine t ies of t he gene ra l c i l ia ture 
and in big ind iv idua l s of Th. acuminata. Kinet ies are connec ted w i t h one ano-
t h e r b y rows of t r ansverse f ibri ls , more regu la r in the an t e r io r p a r t of the 
cil iate. 

In the pos ter ior pa r t , the rows of genera l c i l ia ture a re p ro longed as f ibr i l s 
devoid of k inetosomes. Their cont inuat ion is an i r r e g u l a r n e t w o r k of f ibr i l s 
of a r a t h e r cons t an t pa t t e rn which undergoes some changes w i t h the age of 
t he cil iate. Near the posterior marg in especially towards the v e n t r a l marg in , 
a ce r t a in n u m b e r of k inetosomes occur; they a re organized in shor t k inet ies , 
3—4 corpuscles in each of them, or dispersed a t r a n d o m (the pos ter ior ci l ia-
ture) . In some indiv iduals those corpuscles may be ve ry scarce or they may 
be a lmost invisible . 

A s t rong t h i g m o t a c t i c f i e l d is found on the l e f t th igmotac t ic side 
of t he cil iate. It is composed of the proper th igmotact ic c i l i a tu re a n d of n u m e -
rous shor t k ine t ies of the poster ior ci l iature. A pa r t of the genera l c i l i a ture of 
t he l e f t s ide is ac t ing together wi th the described system. The midd le l e f t side 
of t he body shows no presence of any kinetosomes. 

T h e t h i g m o t a c t i c c i l i a t u r e is composed of 29—35 shor t 
k ine t i e s r u n n i n g as a n arc. Their an te r io r ends reach as f a r as t he an te r io r 
s u t u r e ly ing along the an te r io -ven t ra l body marg in . The th igmotac t i c k ine t i e s 
a r e ly ing nea r one ano ther ; the f i rs t longest pa rador sa l k ine t ies a r e 
s e p a r a t e d by a shor tes t dis tance whereas the last , the sho r t e s t ones — by 
a most cons iderable in terval . In some cases be tween the last k ine t i e s t r a n s -
ve r se f ib r i l s a r e seen. Kinetosomes of the th igmotac t ic ci l iary rows a re some-
w h a t smal le r ' than those of the general c i l ia ture . 

A f a i r l y broad un-c i l ia ted meridional s t r ipe is s epa ra t ing the th igmotac t ic 
k ine t i e s f r o m the genera l ci l ia ture. Some t r ansverse f ib r i l s cross the s t r i pe 
f r e e f r o m cilia. The th igmotact ic kinet ies t e r m i n a t e a t about ili of t he body 
l eng th f r o m the an te r io r marg in . Here they pass into f ibr i l s wh ich join one 
a n o t h e r and this reduced n u m b e r of f ibr i ls cont inues as f a r a s t he poster ior 
end of the body. 

T h e pos ter ior p a r t of the le f t side is occupied by a f ib r i l l a r n e t w o r k 4 which 
looks as if it w a s fo rmed by branch ing of the f ib r i l s o r ig ina t ing f r o m 
some las t th igmotac t ic f ibri ls , namely the neares t the v e n t r a l marg in , and 
also f r o m f ibr i l s crossing the middle region of the body o r ig ina t ing f r o m the 
r e m a i n i n g th igmotac t ic rows. This f ib r i l l a r ne twork comprises a cons iderable 

4 The origin of this part of the argentophilic system of Th. acuminata will be 
discussed after the description of division and reconstruction of the ';normal" shape 
of the ciliate. 

http://rcin.org.pl



S T U D I E S ON THIGMOCOMA ACUMINATA 2 4 5 

n u m b e r of k inetosomes organized into smal l kinet ies each of t h e m conta in ing 
severa l k inetosomes (the posterior cil iature). Dis t r ibut ion of k ine tosomes and 
the p a t t e r n of the n e t w o r k is — like on the lef t body s ide — more r egu la r 
in young individuals than in the old and big ones. 

N e a r the poster ior end of the body, the f ibri ls of the l e f t s ide bound to 
the th igmotac t ic c i l ia ture , join the f ibr i l s which a re the con t inua t ion of the 
last rows of the genera l ci l iature. 

The last k ine ty of the le f t side is the very long n o n - b r a n c h i n g ,,nM, ini-
t i a t ing at a h igher point t han the last rows of the th igmotac t ic c i l i a tu re . This 
k ine ty is the r igh t bounda ry of t he thigmotact ic area. It s u b s e q u e n t l y r u n s 
a long the ven t r a l m a r g i n of the body and passes to the r i gh t s ide somewha t 
below the per is tome. The k ine ty ,,n" is the left bounda ry of the per i s tomal 
a rea . The t e rmina l segments of the last rows of the f ib r i l l a r n e t w o r k of the 
le f t s ide m a y also p e n e t r a t e to the r igh t aspect of the body. 

Fig. 5. Argentophilic system of Th. acuminata segregated into growth groups; right 
side. (Figures 5, 6, 8, 9 and 10 are executed in the same scale) 
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The a rgentophi l i c sys tem in the g rowth pe r iod of t he ci l iate 
The post-divis ion indiv iduals have an ovoid shape , somet imes the division 

m a r g i n is s t i l l m a r k e d on t h e m . The adoral po lyk ine ty is un i fo rm. On t h e l e f t 
s ide, the gene ra l c i l ia ture covers abou t 2/3 of t he body su r face , t he pos te r io r 
c i l i a ture of th is body side is most ly scarcely d i f f e r e n t i a t e d a n d is st i l l l ack ing 
nea r the pos ter ior m a r g i n of the body On t h e l e f t side, t he th igmotac t i c 
c i l i a ture is n o r m a l l y developed and covers about V3 of th is body sur face . 

Fig. 6. Argentophilic system of Th. acuminata segregated into growth groups; 
left side 

Shor t k ine t ies of the pos ter ior side a re a l ready developed but t h e pos te r ior 
c i l i a tu re fa i l s to a s sume as ye t i ts typical f e a t u r e because the pos ter ior end 
of the body is n o t def in i te ly shaped (Fig. 5 A and 6 A). 

G r o u p I. Cil iates in t h e phase of f o rma t ion of the typical t roph ic f o r m . 
In t h i s phase the pos ter ior body pa r t is developing rapid ly . P r o b a b l y t hen 
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rup tu re of the polykinety ABC occurs. Short kinet ies of the left side take their 
proper position near the posterior body margin. The meshes of the f ibr i l lar 
ne twork are very elongate. At the conclusion of this phase the ciliate assumes 
its fea tures typical for the trophic individual (Fig. 5 B). 

G r o u p II. The shape is elongate, the ciliates are comparat ively slender. 
The general ci l iature occupies somewhat less than V2 and more than V3 of 
the r ight body surface and the thigmotactic ci l ia ture — about V4 of the left 
side. The elongate meshes of the f ibr i l lar ne twork of the lef t side are regular . 
The short kineties of the posterior ci l iature on both aspects of the ciliate are 
also very regular and are located near one another (Fig. 5 C and 6 B). 

G r o u p III. As to their dimensions the ciliates of this group occupy the 
centra l position in the studied material . They are less slender, more rounded 
than in the fo rmer group. The general cil iature occupies approx. Vs, and the 
thigmotact ic — approx. V4 of the body length. The f ibr i l lar ne twork in the 
posterior pa r t of the r ight side is sti l l regular but its meshes a re already 
ra ther broad. Short rows of kinetosomes of the poster ior cil iature, as well on 
the r ight as on the lef t side show no disturbances; yet they are becoming 
more distant f r o m one another (Fig. 5 D and 6 C). 

G r o u p IV. The ciliates keep their shape almost unchanged. The general 
ci l ia ture occupies already less than Va, and the thigmotactic less than XU of 
the body length. In the course of the f ibr i l lar ne twork and in the pa t te rn of 
kineties of the posterior ciliature, some disturbances begin to manifes t (Fig. 
5 E and 6 D). 

G r o u p V. Ciliates are very big. The character is t ic shape of Th. acumina-
ta begins to change: the body becomes rounded. The rat io of the ciliated par t 
to the length of the body remains the same as in the preceding group. The 
disturbances in the f ibr i l lar network of the posterior pa r t of the cil iate are 
so fa r advanced that even breaking of single f ibri ls and désintégrat ion of 
the short kinet ies occur. Kinetosomes of the posterior body end are disposed 
more or less i r regular ly (Fig. 5 F and 6 E). 

The comparison of the argentophilic system of Th. acuminata in the growth 
groups just described revealed that in spite of considerable differences in 
the dimensions of the ciliates, the length of corresponding rows is almost 
the same as it was when they were fo rmed dur ing division. Insignif icant dif-
ferences which m a y be observed must probably be accounted for by the 

individual variabi l i ty of the ciliates and also by the process of s t retching 
of rows and shi f t ing of (kinetosomes which was noticed somet imes in big 
individuals. No increase of kinetosomes number in the shor t rows of the 
posterior body p a r t was stated. Formation *of new kinetosomes and elongation 
of kineties was observed only in the initial phase of division (see p. 254). As 
conclusion of wha t was s ta ted above, it may be assumed tha t in the course 
of individual life and division of Th. acuminata, the length of kineties and 
presumably also the number of kinetosomes remains unal tered . 

In te rna l s t ruc tu re 

The protoplasm of Th. acuminata is l i t t le ¡differentiated. The single macro-
nucleus is sh i f ted .somewhat fo rwards f rom the center of the body. The 
per inuclear protoplasm is less intensely stained with haematoxyl in than the 
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per iphera l zone. Numerous food vacuoles and a single contract i le vacuole 
a re seen in the cytoplasm. 

F o o d v a c u o l e s occur before all in the posterior par t of the ciliate. 
They rarely reach f a r t h e r fo rwards than the anter ior margin of macronucleus. 
The number of vacuoles is relat ively small in young individuals, increasing up 
to 20—30 in the big ones. In the last case vacuoles fill up the posterior pa r t of 
t h e body behind the macronucleus. Their average dimensions are f rom 2 to 
6 In single cases bigger vacuoles reaching 10—12 ¡a, were observed in big 
individuals. Then the size of the ingested „bit" amounted most ly 2—4 but 
food particles much bigger, up to 8 ¡a- in diameter were also observed. They 
seem to have ar isen by clumping together some smaller particles. 

The food part icles in the vacuoles of Th. acuminata have a f ine granula ted 
s t ructure . The Feulgen reaction reveals the presence of f ine granula ted 

Schiff-posit ive substance which occurs also in small amounts in the vacuole 
outside the food particle, showing a l ight-pink colour. 

The c o n t r a c t i l e v a c u o l e is single, s i tuated behind the macronu-
cleus, about V4 of the body length f rom the posterior end of the ciliate. The 
contracti le vacuole pore opens between the 2nd and 3rd kinet ies of the ge-
neral ci l iature behind the oral opening. The vacuole is acting very intensely in 
the ciliates immerged in water . Its activity was not noticed in the individuals 
remaining inside the snail ure ter . 

M a c r o n u c l e u s in very young individuals, just a f t e r completion of 
division, lies almost in the center of the body. In all the la ter stages it lies 
neare r the anter ior end, wha t is connected with the increase in size of the 
posterior ipart of the body. This position shows some slight changes connected 
with the growth of the ciliate, and reaches in big individuals the distance of 
73 of the body length f rom the anter ior end (Fig. 1 and PI. I 1, 2, 4). 

The shape of macronucleus varies wi th the age of the ciliate. In the young 
individuals (up to approx. 60 ¡a, in length) it is usually round or slightly ovoid, 
the long axis of the oval being or iented almost parallel to the longi tudinal or 
to the t ransverse axis of the body. Both variat ions a re equally f requen t . The 
increase of t he t ransverse macronucleus axis rises wi th the size of the ciliate 
and in the big specimens C>75 ¡a.) the a^ces reach the ratio 1:1.7—1.9 and 
sometimes even much more . The longer axis is then oriented obliquely, incli-
ned towards the cytostome. The ra the r regular shape of macronucleus in young 
individuals becomes gradual ly less regular in the big ones. Especially the 
posterior margin of nucleus becomes considerably deformed. Yet even big 
individuals may be found with very big round macronuclei. 

The macronucleus is f la t tened in the direction perpendicular to the th igmo-
tactic surface, so that in the side view it has the shape of a s t rongly convex 
lens. This shape is due to the general f la t ten ing of the body. 

The dimensions of macronucleus as stated a f t e r 74 measurements of 
Th. acuminata are; the length of the longitudinal axis — 8—33 u; 
a r i thmet ica l mean 18.0 m about 70°/o of measurements gave the value 13—22 j.i; 
the length of the t ransverse axis — 7.5—38 ¡a, the mean: 21.7 ¡a, about 70%> 
of measurements gave 14 — 29.5 ¡n. 

A distinct and ra the r high positive correlation may be s ta ted between 
the mean dimensions of the macronucleus and the size of the ciliate (Fig. 7). 

The s t ruc ture of macronucleus was studied on the Zenker-Hel ly f ixed m a -
ter ial stained with Feulgen fuchsine. The result was an intense staining prov-
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ing a h igh DNA (chromatine) content . Especial ly the round or s l ight ly 
ovoid macronucle i of young cil iates s ta in deep. They show a f ine g r a n u l a r 
s t r u c t u r e nea r ly homogenous, wi th t iny ves icular vacuoles devoid of ch roma-
tine. Wi th the increase of size of macronuc leus i ts g r anu la t i on becomes be t te r 
visible and the ba l l - shaped s t ruc tu re s wi th no D N A — bigger ,nad more 
dist inct . Wi th the subsequen t increase of the macronuc leus its s t r u c t u r e be-
comes g radua l ly loose and the out l ines of the non-s t a inab le vesicles d isappear . 
In ve ry big individuals , t he big ovoid macronuc leus shows a spongy con-
sistence. In such big individuals , the in tens i ty of t he genera l s ta in ing of 
macronucle i is lower t han in the young Th. acuminata. 

The i m i c r o n u c l e u s of Th. acuminata is v e r y smal l , s l ight ly f l a t t ened . 
Its d imensions are: 1 — 1 . 5 X 2 — 2.5 ji. I t most ly adhe re s closely to the 
macronuc leus f r o m the side of the per is tome. In this place, on the su r face of 
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Fig. 7. Correlation between the mean dimensions of macronucleus and the body-
length of Th. acuminata 

macronuc leus a small concavi ty is seen. A f t e r haema toxy l in s ta in , the micro-
nuc lear m e m b r a n e and the deeply s ta ined , nea r ly homogenous cen t ra l chro-
m a t i n e mass a r e seen. A f t e r the Feulgen reac t ion only the nea r ly homogenous 
c h r o m a t i n e is s ta ined, usual ly less in tense ly t han in the macronucleus . 

T h e above descript ion and body dimensions concern only the Th. acumina-
ta l iv ing in O. orientalis. 

Ciliates f o u n d in O. syriacus (Kob.) f r o m Lebanon a n d O. duboisi (Mouss.) 
f r o m Caucasus a re of the s ame shape and of s imi lar p a t t e r n of c i l ia ture but 
the i r d imens ions are much smal le r . The d i f f e rence m a y p r o b a b l y be evoked 
by s h r i n k a g e a f t e r f ixa t ion wi th alcohol inside the host ' s body. 

http://rcin.org.pl



2 5 0 S - L ' K A Z U B S K I 

Th. acuminata f r om O. syriacus (measurements of 7 individuals) has the 
body 52.0 — 71.6 ¡a long, the ar i thmet ica l mean 63 u. The width 27.0 — 41.6 n, 
the ar i thmet ica l mean 36.2 |i. The macronucleus is ovoid, or iented obliquely; 
its dimensions: length of the longitudinal axis 10.4—13.5 fi, the mean 11.6 JUL; 
length of the t ransverse axis 12.5 —16.6 |i, the mean 14.4 ii. 

Th. acuminata f rom Oxychilus duboisi (measurements of 47 individuals) 
has the body length 41.6 — 64.7 \i, the mean 50.8 M.; 'the width 20.8 — 37.0 
the mean 29.6 The macronucleus is ovoid, rare ly round, its dimensions (in the 
same sequence as in the ciliate f rom O. syriacus): 8 .3— 11.6 M-, the mean 10.9 
9.2 —16.2 in, the mean 12.4 ]*. 

* 

In the s t ruc ture of Th. acuminata some characters a r e noticeable which 
a r e also peculiar to o ther parasit ic ciliates. Before all the s t rong f la t ten ing 
of the body should be pointed out. This character of ten occurs in parasites, 
especially ectoparasites and also in some species l iving inside the internal 
organs. 

Por most Thigmotricha the lateral f la t ten ing is a character is t ic fea ture . 
The r ight side of the body remains slightly convex and on the lef t — a more 
or less distinct depression is formed. The cilia which cover this place produce 
a thigmotactic sucker. A similar system exists also in Th. acuminata (PI. I 3) 
in which the depression on the lef t side is distinctly m a r k e d and the sucker, 
formed by the ciliary system of this side, is very strong. 

The presence of the s t rong thigmotactic sucker in Th. acuminata as well 
as in other Thigmotricha is of a great impor tance in their parasit ic way of 
l ife: it enables the paras i te to remain on its p roper spot of the host surface. 
R a a b e 1947 b assumes the format ion of clinging elements as one of the im-
por tan t adapta t ions to the parasi t ic way of life. 

When examining the shape of Th. acuminata, a t tent ion should be paid to 
a cer tain elongation of its body. In this fea tu re Th. acuminata exhibits a t en-
dency peculiar to parasi t ic ciliates living in the lumen of organs e.g. in the 
intest ine ( R a a b e 1947 b). Their elongation and s t ream-l ined body 
shape surely per form an impor tan t role for those organisms living in 
a liquid ¡medium, which is in permanent motion. Presence of the caudal cilium 
in Th. acuminata is a character is t ic fea ture , recorded also in some other 
Thigmotricha e.g. in Ancistrumina limnica (Raabe, 1947). In this way in 
Th. acuminata, besides the adaptat ions to the parasit ic life, some adaptat ions 
specific to rheobiontic organisms may be observed (the s t ream-l ined out l ine 
of the body, the caudal cilium). 

The peris tome of Th. acuminata like in Myxophyllum steenstrupi (Stein, 
1861) and in numerous Conchophthiridae Kahl , 1931 is protected against the 
direct cur ren t of the l iquid and against various contaminations, by the lobe of 
the ven t ra l body marg in over the peris tome. 

The most s t r iking f ea tu re of the ciliary system of Th. acuminata is the 
s t rong shor tening of the kinet ies in relation to the body length. Among other 
Thigmotricha-Stomodea, shortening of kinet ies may be observed in Hemispei-
rinae König, 1894, whereas in Conchophthiridae Kahl, 1931 and Protophryinae 
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Cepede, 1910 only a more loose disposition of kinetosomes, proceeding back-
wards , may be stated. The thigmotactic kineties are most considerably short-
ened. A similar reduction of length of rows occurs also in numerous Thigmo-
tricha-Rhynchodea, but here it is accompanied by the general reduct ion of 
the number of kineties and is connected with the sedentary way of life. 
Nevertheless this reduction of c i l ia ture in the actively swimming forms is not 
so f a r advanced as it may be observed in Th. acuminata in which it must be 
compensated by migrat ion of some segments of those rows to the posterior 
body end in order to form an effect ive sucker and probably also to gain the 
stabil i ty of the ciliate in the s trong current of liquid. More so, a n effect ive 
dis tr ibut ion of cilia was at tained, since they are absent in some places where 
the intensi ty of their function would be low e.g. on the depressed surface of 
the sucker. 

Another character is t ic of the ciliary system of Th. acuminata is a consi-
derable specialization of its regions, which is especially clear in the thigmotact ic 
ci l iature. Rows belonging to this system are very short, closely distr ibuted, 
with smaller kinetosomes; they plainly differ f rom the general ci l iature. The 
meridional rows of cilia in Th. acuminata deviate towards the ven t ra l margin 
in the i r an t e r io r segments. It especially concerns the rows of thigmotact ic 
ci l ia ture which probably express a morphological adaptat ion of those ciliary 
systems to their thigmotactic functions. Some tendencies to such deviation 
of cil iary rows is already observable in Myxophyllum steenstrupi (Stein, 1861), 
and in some Conchophthiridae e.g. Conchophthirus discophorus Mermod, 1914 
and C. unionis Raabe, 1933 (according to R a a b e 1934) as well as in Cochlio-
philus minor Kozloff, 1945. However in none of those species this process 
is so f a r advanced as in Th. acuminata. 

The buccal cil iature of Th. acuminata is constructed in the same manner 
as in the representat ives of Protophryinae Cepede, 1910 and in the Hemispei-
rinae Konig, 1894. It consists of the stomatogenic k inety "1" and of m e m b r a -
nellae ABC. The difference concerns the polykinetic zone of membranel lae 
which in Th. acuminata is very long, begins somewhat below the apex of the 
body and ends at the upper par t of the peristome, whereas the stomatogenic 
k inety is very short and lies slightly above the middle of the body length. 

Like in imany other Thigmotricha: Ancistrum mytili (Quennerstedt , 1867) 
Maupas, 1883; Ancistrumina limnica (Raabe, 1947) Raabe, 1959; Eupoterion 
pernix Maclennan et Connell, 1931 — in Th. acuminata the kinet ies "2" and 
" n " sur rounding the peristomal f ield are outstanding, being much longer 
than the remaining general and thigmotactic ciliatures and fail to undergo 
the secondary division. In Ancistrum mytili (Quennerstedt , 1867), or Pro-
boveria loripedis Ch. et Lw., 1936 they only slightly go beyond the end of 
the buccal rows or accompany them along a certain segment but in the case of 
Th'. acuminata they run much f u r t h e r backwards than the buccal rows. It 
seems tha t their essential role — support ing the peristomal field, remains 
the same. 

The in ternal s t ruc ture of Th. acuminata does not deviate general ly f rom 
the s t ruc tu re of other Thigmotricha wi th one round or slightly ovoid macronu-
cleus, one micronucleus and one contracti le vacuole opening near the peristo-
mal f ield. 
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Fig. 8. Division of the argentophilic system ¿n Th. acuminata; right side 
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Division and stomatogenesis 

In Th. acuminata division is ini t iated in individuals which may be included 
into the III (central) and IV groups of growth on account of their body shape 
and s t ruc tu re of their argentophil ic system. The size of the individuals in the 
initial phase of division seems to support this s ta tement (Table 1, p. 2). 

In the division process of Th. acuminata 5 steps were dist inguished. 

Stage I 
Division begins by the intense growth of the body near the anter ior margin, 

accompanied by format ion of the zone where kinetosomes ar ise (PI. I l l 9—10), 
similar to tha t as described by F r e n k e 1 1960 in Glaucoma chattoni. Leng-
thening of kineties just in this place is also indicated by the increase of the di -
stance between the t ransverse f ibr i ls joining the anter ior segments of the 
general ci l ia ture rows. This process is seen in some specimens (Fig. 8 A and B). 
The growth of the ciliate near the anter ior margin involves also the or ien-
tation of all the kinet ies of the general c i l ia ture to the direction para l le l to 
the longitudinal body axis (Fig. 8 B) as well as extension and s t ra ightening of 
the thigmotactic ci l iature rows. They become near ly parallel to the longi tudi-
nal body axis (Fig. 9 A), being simultaneously ar ranged in a more loose pa t te rn . 
Probably in this stage occurs also the extinction of activity of the oral opening 
and the stomatogenic kinety "1" s t ra ightens and occupies its meridional po-
sition. 

Stage II 
The rup tu r e of the meridional kineties of the general ci l iature occurs near 

the anter ior end of the body, probably in the middle length of the rows which 
are s t re tched uip to their double length. Unfor tuna te ly no mater ia l i l lustrat ing 
this rapid process was available. The specimens 9 B and 9 C seem to indicate 
that besides the principal division of kineties separat ing the segments which 
are to belong to the daughter individuals and consti tute the proper fission 
line — several small groups (3—4 kinetosomes in each) are detaching; they will 
belong to the proter being the pr imordium of i ts posterior ci l iature. Separa-
tion of those groups f rom the segments of the opisthe kineties occur later on, 
and is much less distinct on the r ight aspect of the ciliate. The fission line 
runs in this per iod obliquely being bent towards the cytostome (it is probably 
connected wi th the length and inclination of the kineties and wi th the po-
sitions of macronucleus) and is shi f ted subsequently towards the center of 
the body. Even a f t e r formation of the fission line, the ciliate keeps its body 
shape ressembling to the outline of the normal trophic individual even with 
its distinctly sharp posterior end (Fig. 9 B and 9 C). Gradual ly the ciliate as-
sumes the ovoid shape. 

The thigmotactic kineties of the proter begin already to aggregate and 
assume the shape of arcs whereas the disposition of the rows belonging to the 
opisthe is still loose and — except several kineties nearest the dorsal marg in — 
follow a course almost meridional (Fig. 9 C). 

Simultaneously the buccal cil iature of the mother individual desintegra-
tes. Elongate f ields arise consisting of very small basal bodies; the polykinety 
ABC undergoes some less significant t ransformat ions than the stomatogenic 
k ine ty "1", like in Proboveria loripedis as repor ted by C h a t t o n et 
L w o f f 1936. 
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Stage III 
As soon as the fission line on the ventra l surface of the animal has reached 

approximately the middle position of the body length, the dividing ciliate 
assumes a near ly ovoid shape (Fig. 8 C, 8 D and 9 D). The most re ta rded me-
ridional kineties are then approx. at a distance of 1/s of the body length f rom 
the anterior end of the body. Near the ends of the rows "3" of general ci-
l iature, in both daughter individuals excretory pores of the contract i le vacuole 
arise. In those places the kineties "3" sh i f t somewhat aside f rom the kinety 
"2" leaving small fields between them. The old ciliature of the posterior body 
part , as well on the r ight as on the left side gradually disappears. 

In 'this step very complex processes occur leading to format ion of new 
peristomes in both daughter individuals, similarly as it was described by 
C h a t t o n et L w o f f 1936 in Proboveria loripedis. As it was previously 
ascertained, the polykinety of the mother individual a f t e r an insignif icant 
reconstruction remains subsequently as a whole in the p ro te r , undergoing no 
considerable a l tera t ions (Fig. 9 D). In contrast to this, the stomatogenic k ine ty 
forms the organization field extending along the ventra l marg in of the body. 
Approximately in the middle of the body length this f ield becomes in te r -
rupted and the fu r the r organization of the new peristomes in the proter and 
in the opisthe proceeds independently (Fig. 8 C and D). 

In the anter ior part of the oral field, two bands of kinetosomes may be 
distinguished which give origin to a new stomatogenic k ine ty of the proter , 
as well as a few groups of bodies which probably may be considered as groups 
analogous to E and F a f te r C h a t t o n et L w o f f 1936. Those s t ructures to-
gether with the polykinety on the left side of the ciliate, are to fo rm the 
buccal cil iature of the proter . 

In the stomatogenic field of the opisthe a very elongate meridional group 
of kinetosomes arises and gives origin to the fu tu re stomatogenic kinety. It 
also gives origin to the group of kinetosomes A* and to the obliquely oriented 
groups G, H, I ( C h a t t o n et L w o f f 1936) and also to an undef ined by 
those authors group of granules near the stomatogenic field, named by R a a b e 
1963 the group K. Af te r C h a t t o n et L w o f f 1936, the groups G and I, 
together with the group A* participate in formation of the polykinety ABC 
of the opisthe (PI. I l l 11—12). 

Stage IV 
The division continues fu r the r as follows. The line of division approaches 

along its fu l l length the middle of the body, the kineties of the general 
and of the thigmotactic cil iature lengthen slightly. The excretion pores 
a re formed. The old cil iature of the body end disappears a t all. The ciliate 
gradual ly elongates and, when the division line reaches the middle region of 
the body, a constriction appears in the place of the fu tu r e fission (Fig. 8 E 
and F, 9 E and F). On the oral fields the stomatogenic kineties of both daughter 
individuals are organized as well as the adoral polykinety ABC. 

Stage V 
In the last step of division the fission fu r row deepens up to a complete 

separat ion of the daughter individuals. On the right side, the rows of the 
general cil iature assume the same form as they have in the t rophic indi-
viduals. The shor t kineties of the posterior ciliature a re not yet on their 
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places in the daughter individuals (Fig. 8 G). On the left side, the thigmotac-
tic kineties aggregate and assume their specific arched shape; the short ki-
neties of the posterior ciliature pass upon the posterior par t of the body of 
both daughter individuals (Fig. 9 G). The buccal ciliature of both individuals 
is almost formed, although its final shape and pat tern are not yet developed. 

In the moment of fission, the daughter individuals are ovoid. Kineties 
have already reached their normal length. The ciliature of the right body 
side is not completely evolved — the posterior kineties are indeed deve-
loped, but they remain still distant from the body end. Some differences a re 
noticeable in the number and size of such detaching kineties in both daugh-
ter individuals: in the proter they are more numerous than in the opisthe. 
As result of this di f ference between the proter and the opisthe, some adult 
individuals occur with few or not kinetosomes on the posterior of the right 
body region. In contrast to the right, the ciliature of the left body side is 
formed and the thigmotactic area is functioning. 

In the division of the argentophilic system, the rule holds true that be-
fore division, the more complex structures are simplified (straightening of 
the general and thigmotactic ciliature) and af ter division the most funct ion-
ally indispensable f ragments (thigmotactic ciliature) are reconstructed 
earlier. 

In the available material of Th. acuminata, the division process in the 
nuclear apparatus could not be followed in details. The observation of living 
material and some fragments of nuclei preserved af ter impregnation with 
silver n i t ra te indicate that in the initial phase of division, the macronucleus 
assumes an elongate shape, its longer axis running parallel to the longitu-
dinal body |axis. It lftes initially in the anterior part of the body and then 
shifts gradually towards the central region. The division of macronucleus 
initiates when its central position is reached, which occurs more or less 
simultaneously with the a.ppearence of the fission furrow. The karyoplasma-
tic bridge persists for some time and remains visible even in much con-
stricted dividing individuals. 

* 

Division of Th. acuminata is essentially the same as in other related 
Holotricha. Same differences may be noticed in the division of the ciliary 
system. They are involved by the specificity of the argentophilic system of 
Th. acuminata: location of the meridional rows only in the anterior part 
of the body, and a high specialization of each part of this system. A similar 
course of division of the argentophilic system -may be stated in the Thig-
motricha with a similar differentiation and reduction of ciliature e.g. in Pla-
giospira crinita Issel, 1903. According to C h a t t o n et L w o f f 1949, in this 
species like in Th. acuminata in the phase prior to division, the systemati-
zation of the kineties pattern occurs and they assume a position more related 
to the meridional . The fission line of P. crinita runs at f i rs t also obliquely to 
the longitudinal body axis. But in the more advanced phases, some differences 
in respect to Th. acuminata manifest: the fission fu r row in Th. acuminata 
arises only when the fission line reaches approximately the middle region 
of the body, whereas in P. crinita — as represented in the f igure of C h a t -
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t o n et L w o f f 1949 (p. 219, Fig. 15, the first left) fo rmat ion of this f u r -
row takes place earl ier , before the fission line has reached the middle of 
the longi tudinal body axis. But in the more advanced phases, some differences 
and wi th a d i f ferent position of its thigmotactic surface. Besides, the fission 
line in Th. acuminata appears much higher than in P. crinita, which is invol-
ved by the fact that the meridional rows in Th. acuminata t ake considerably 
less place on the body surface than the rows in P. crinita. 

Another specific fea ture of the ciliary system in Th. acuminata is the 
secondary division of daughter kineties and formation of shor t rows in the 
poster ior cil iature. Such a process has never been described as yet in any 
representa t ive of Thigmotricha. The divided segments comprising several 
kinetosomes each, shif t subsequently backwards occupying posit ion near the 
posterior margin of the daughter individuals. The new poster ior ci l iature of 
the opisthe pushes somewhat the old posterior cil iature of the mother indivi-
dual in the course of its shift ing backwards. This process secures the gradual 
replacing of ci l ia ture in the posterior daughter individual. Similar complex 
reconstruct ion processes were known till now in various Spirotricha. 

As ment ioned above, the stomatogenesis of Th. acuminata is almost in 
agreement wi th this process described by C h a t t o n et L w o f f 1936 in 
Proboveria loripedis Ch. et Lw., 1936. Some ra the r s ignif icant differences 
shows the stomatogenesis in Conchophthirus unionis Raabe, 1933 as described 
by R a a b e 1936. In this species, the new cytostome arises at the tip of the 
f ibr i l lar th read (argyronéme "s" — R a a b e 1963) running backwards f rom 
the stomatogenic kinety "1". Except for this f ibri l lar thread, the organization 
area of the new cytostome has no other connections with the mother cytostome, 
which a f t e r some reorganization remains within the anter ior individual. On 
the cont ra ry the organization processes of the new cytostome in Conchoph-
thirus a re much similar to those occurring in stomatogenesis of Proboveria lori-
pedis and Th. acuminata. Namely in Conchophthirus unionis several (four or 
sometimes more) t ransverse fields of kinetosomes arise. They subsequent ly 
become ra ther paral lel to the longitudinal axis of the body and give fea tures of 
buccal polykineties. Thus within Thigmotricha some common features of 
s tomatogenesis distinctly manifest: the formation of several t ransverse poly-
kinet ic fields of kinetosomes, which indicates a phylogenetic uni ty of this 
group of ciliates. 

In the recent publications a theory is being put fo rward ( C o r l i s s 1960, 
1961) tha t the centra l group of Holotricha are the Tetrahymenina in the mean-
ing of C o r l i s s and that they gave origin to the other groups of ciliates — 
among others — also to Thigmotricha. In the light of this theory it becomes 
in teres t ing to compare the morphogenesis — before all the stomatogenesis — 
in Thigmotricha wi th analogical processes in Tetrahymenina. In this group, 
the stomatogenesis of Glaucoma chattoni has been described by F r e n k e l 
1960 and i l lustrated wi th good photographs. 

When comparing the process of stomatogenesis in both groups, the fol low-
ing dif ferences may be noticed: in Glaucoma chattoni and presumably also in 
o ther Tetrahymenidae, only three t ransverse adoral membranel lae are 
formed, whereas in Proboveria loripedis and in Thigmocoma acumi-
nata four of them arise, and in Conchophthirus unionis — according to R a-
a b e 1963 — more t h a n four polykinetic zones are present. There exists pro-
bably another fundamenta l difference: in Glaucoma chattoni t he adoral mem-
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branel lae a re detached as s t ructures parallel to the stomatogenic kinety 
(F r e n k e 1 1960, ip. 366, Fig. 9 and 10) and in Thigmotricha (as shown in 
Fig. II and III of C h a 11 o n et L w o f f 1936) they are perpendicular to 
this row. The mater ia l of dividing Th. acuminata on which this s tudy has been 
based seems also to support the opinion about format ion of the polykinetie 
zone as a s t ruc ture oriented transversally. This problem should be more inve-
st igated especially in the aspect of processes occuring in Thigmotricha. 

The differences discussed above would indicate that in spite of certain 
simili tudes no conclusion can be drawn in favour of a direct derivat ion of 
the adoral zone membranel lae of Thigmotricha f rom te t rahymenium which is 
an example of the highly specialized buccal appara tus of ciliates. For tha t 
reason, the initial form should be looked for among some other ciliates groups 
with a less specialized oral system. For the solution of this problem a profound 
knowledge of morphogenesis and especially of stomatogenesis in ciliates is 
indispensable. 

Conjugation 

Conjugat ion occurs among very small and — judging f rom their ci l iature — 
very young individuals. Dimensions of the major conjugant which a f te r the 
silver impregnat ion technic remains not deformed, correspond approximate ly 
to the size of the f irs t growth group (Tab. 1, p. 4). 

The conjugants join by their peristomes being or iented in the same direct-
ion with their anter ior ends. This may occur only when one of the ciliates is 
facing the subs t ra te with its left and the other with its r ight side. Such pictures 
are seen in impregnated preparations. The observation of living mater ia l 
shows also that the conjugat ing ciliates are inclined obliquely to each other . 
It is caused by the position of the peristome and the shape of the ven t ra l 
margin. 

The ci l iature of conjugat ing individuals shows no di f ference f rom tha t 
of the .normal trophic form. The buccal ciliature remains general ly unchanged 
and is revealed by silver impregnation. On one side of the conjugat ing pa i r , 
the f i rs t stomatogenic kinety of the individual, which faces the observer 
wi th his r ight side, is seen and closely by, the polykinety ABC of the second 
conjugant , seen f rom the right side. The stomatogenic kinety "1" begins much 
below the anter ior su ture and is ra ther short. The polykinety ABC showing 
no par t i t ion into segments begins near the apex of the ciliate and continues 
near ly as f a r as the middle of its length. Between both systems, the su ture 
runs, joining both conjugating animals. In some cases this impregnated su tu re 
looks like a line running between the kinety "1" of one conjugant and the 
polykinety ABC of the other (Fig. 10). 

Conjugat ion is a process which only casually may be observed in the ciliat-
es which cannot be cult ivated in vitro. As result of this, most informat ions 
concerning conjugat ion are based on the study of species which may be cul t iv-
ated in labora tory; the data concerning the parasitic Thigmotricha-Stomodea 
are very scarce. K i d d e r 1933 a, b describes the conjugat ion in Kidderia 
mytili (De Morgan, 1925) Raabe, 1934 and in Ancistrum isseli Kahl , 1931 con-
centra t ing his s tudy mostly on the phenomena occuring in the nuclear ap-
para tus . R a a b e 1934 presented a drawing of a presumable conjugat ion in 
Conchophthirus discophorus Mermod, 1914. K a c z a n o w s k i 1961 describ-
es this process in Protoptychostomum simplex (André, 1915). It follows f rom 
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t h e above publ icat ions , tha t the reciprocal position of both c o n j u g a n t s is 
d i f f e r e n t in var ious cases. In m a j o r i t y of conjugat ing species ci ted above, the 
c o n j u g a n t s join by the i r cytostomes; then their position depends on the lo-
ca t ion of t he pe r i s toma l appa ra tus a n d on the shape of the adora l body pa r t . 

So is also the case w i t h Th. acuminata. Protoptychostomum simplex devia tes 
f r o m this scheme since i ts con jugan t s join by thei r opposite body poles. There 
is no i n f o r m a t i o n w h e t h e r in other Thigmotricha like in Th. acuminata only 
young ind iv idua l s a r e con juga t ing . May be it is a special case caused by the 
fac t t h a t in the young indiv iduals of Th. acuminata the cytos tome is not com-
ple te ly developed and tha t they d i f fe r in their shape f r o m the aged forms. 
Those fac t s fac i l ia te or even enable the i r conjugat ion. 

The local izat ion of the paras i te in the host, the in tens i ty a n d ex tens i ty 
of infec t ion and the ecological env i ronmen t of the host w e r e on ly shor t ly 
descr ibed in the descr ipt ion of the species ( K a z u b s k i 1958 b). The subse-
quen t s t udy on biology and ecology of this ci l iate was ca r r i ed out in the lSbor-
a to ry and as f ie ld invest igat ion. This s t u d y had to be res t r i c ted to the re la t ion 
of Th. acuminata to a s ingle host — Oxychilus orientalis (Cless.), and to th is 
pa r t of the ci l iate a r e a which is s i tua ted in Poland. 

Local izat ion a n d food r e q u i r e m e n t s 
Th. acuminata previous ly ( K a z u b s k i 1958 b) was f o u n d to paras i t i se 

" in t h e r e n a l o r g a n " of the snail. The recent precise e x a m i n a t i o n of l iving 
m a t e r i a l r evea l ed tha t the p a r t of t he u re te r ad jacen t to the n e p h r i d i u m of 
the snai l , i.e. the p r i m a r y or 1st o r d e r ure te r , is the real localizat ion of Th. 
acuminata. 

The ci l ia te swims f r ee ly in the u r e t e r r a the r near the wal l of the o r g a n 
a lmost touch ing it w i t h concave th igmotact ic side. It sw ims f o r w a r d w i t h 
i ts r o u n d e d end. Near the wall , the ciliates usual ly advance a long s t r a i g h t 
l ines, bu t somet imes — probably being a t f a r t h e r dis tance f r o m the wal l — 
they r o t a t e r ound the t r ansve r se b.ody axis , which is pe rpend icu l a r to the i r 
th igmotac t i c su r face . The ciliates aggrega te most f r e q u e n t l y in the p rox ima l 
pa r t of t he u r e t e r n e a r the cana l jo ining the m e t a n e p h r i d i u m w i t h the u re t e r . 

Fig. 10. Conjugation of Th. acumi-
nata] argentophilic system 

B i o l o g y a n d e c o l o g y o f T h. acuminata 
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When th rown aside by the motion of the liquid medium, they r e tu rn to this 
place. They show a distinct positive rheotaxis. 

A few ciliates were also observed in the mant le cavity of the snail where 
they pene t ra te f rom their usual place along the ure ter of the second order. 

The number of individuals l iving in one snail (intensity of infection) may 
amount up to several hundreds of specimens and depends — before all — 
on the size of the snail. 

The ciliates involve no appreciable harm to their hosts. Even in a prolong-
ed cul ture of infected snails no cases were observed suggesting that the death 
of the snail was evoked by its parasi te — Th. acuminata. The high extensi ty 
of infection (which Will be discussed later) would not speak in favour of 
a pathogenic action of the parasite. 

Another evidence in this subject may be provided by the study of food of 
Th. acuminata. In the preceding chapter a comparat ively high number of 
food vacuoles in Th. acuminata was reported and some granules of a Schif f -
positive substance were described. It may be supposed that the ciliates feed 
on f r agmen t s of the epithelial cells lining the ure ter . Yet no lesion was found 
in the section preparat ions, besides — the chromatine bodies of those cells 
are much bigger than the Schiff-positive granules found in the food vacuoles 
of the ciliate. Another possibility might be the ingestion of some cell r emn-
ants excreted f rom metanepbr id ium, but this is l i t t le probable because in 
this case some adaptat ions for captur ing the part icles should be expected 
which was not ascertained. 

The content of food vacuoles mostly ressembles to the Schiff-posi t ive g ran-
ules found on the surface of the epithel ium lining the in ternal surface of the 
snail ureter . Probably the ciliates swimming along the wall of the ure te r 
ingest those granules. Nothing can be said about their na tu re as yet. In pre-
parations, those granules cover the ureter epithel ium almost ent irely producing 
sometimes big accumulations. In some places those granules seems to form 
the base of the cilia-like s tructures, 6 \i in length; they stain p ink a f t e r the 
Feulgen reaction. The granules cannot be therefore nei ther cilia nor their 
basal granules since those s t ructure should not be Schiff-posit ive. It might be 
concluded that they are some bacterial symbionts. Evidently this problem 
should be exactly investigated in f u r t he r study. 

Reproduction 
The ontogenesis of Th. acuminata occurs ent irely within the ure ter of the 

snail. In the ma te r i a l from the Oxychilus crientalis u re ter , all steps of 
growth may be observed as well as the division and conjugation. 

As ment ioned above, the allometric growth of Th. acuminata evokes at 
f i rs t the s t re tching of the argentophilic net in the posterior pa r t of the ciliate 
and subsequent ly its disturbances and breaking which is visible best in the 
group compris ing the biggest individuals. Distinct a l terat ion bound to the 
growth are also occurring in the macronucleus which f rom a compact ball-
shaped s t ruc tu re is t ransformed in big individuals into a voluminous spongy 
macronucleus. Those processes are irreversible and prove the advancing senility 
of the ciliate. Similar changes in the s t ruc ture of macronucleus are also repor t -
ed by R u d z i ń s k a 1961 in juvenile and old individuals of Tokophrya in-
fusionum (Stein). As an additional prove of ageing in Th. acuminata the fact 
should be stressed tha t the division occurs only in the individuals of the III 
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and IV g r o w t h groups and t he re is no evidence of diviskm of the oldest and 
biggest individuals . 

D i v i s i o n s occur in Th. acuminata ve ry rare ly . This is shown by the 
direct s tudy of clones in the host (K a z u b s k i 1961b) car r ied out on l iv-
ing m a t e r i a l of snai ls infected exper imenta l ly . The f r e q u e n c y of division was 
de te rmined by measu r ing the t ime be tween the f i rs t division of the s ingle 
ci l iate p resen t in the host, and the subsequen t divisions of t he daugh te r in-
dividuals . Only those snails could be used for this e x p e r i m e n t which were 
in fec ted w i t h a s ingle specimen of the ciliate. In one case, a snai l (E2) wi th 
two paras i te ind iv idua ls was used because both f i rs t divisions occurred the 
same day. Resul t s a re summar ized in the d iag ram (Fig. 11). Divisions occurr-

A E; 

D< 

28VMk 16m 

A 
A 
f A 

A QV? 

Fig. 11. Frequency of divisions in Th. acuminata 

ed: in the clone Ai a f t e r 6 and 7 days, in the clone Di a f t e r 8 a n d 10 days, in 
E2 a f t e r 5 and days. In the clone A2 the f i r s t division occurred a f t e r 11 days, the 
second division was not inc luded into the resul ts of expe r imen t because the 
dividing ind iv idua l migh t had or ig inated as well f r o m the f i r s t as f r o m the 
second division. As ave rage t ime of genera t ion 7.5 days w e r e f ixed (the a r i t h -
metical m e a n f r o m the expe r imen t described above amount s 7.57 days). 

The division process is developing r a t h e r slowly. The division of an indivi -
dual in E 2 , f r o m the m o m e n t w h e n the constr ict ion was discernable , up to the 
separa t ion of d a u g h t e r indiv iduals (this per iod corresponds app rox ima te ly to 
the IV and V stage) las ted 2 hrs 40 min . The t ime of o the r divisions observed 
was not m e a s u r e d precisely bu t it was expressed in the va lues of the same 
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range . The f r e q u e n c y of occurrence of dividing individuals r e l a t e d to the 
genera l n u m b e r of the cil iates observed in silver i m p r e g n a t e d ma te r i a l 
a m o u n t e d 0.42% (Table 2). 

Table 2 

Frequency of dividing and conjugating individuals of Th. acuminata 

Months V VI VII VIII 
1 

IX X XI 2 

S
n

a
i

l
s 

Number of snails exa-
mined 68 89 89 27 72 86 26 457 

S
n

a
i

l
s 

Number of infected snails 
/o 

48 
70.5 

75 
84.2 

47 
52.8 

17 
62.9 

59 
81.9 

57 
66.3 

20 
76.8 

323 
70.7 

S
n

a
i

l
s 

Number of snails with 
dividing ciliates 

% 
6 

12.5 
1 
1.1 

3 
6.4 

3 
17.6 

6 
10.2 

7 
12.3 I 26 

8.05 S
n

a
i

l
s 

Number of snails with 
conjugating ciliates 

% 
— — 1 

1.1 
2 
7.4 _ 

2 
2.3 

5 
1.1 

C
i

l
i

a
t

e
s 

Number of ciliates exa-
mined 988 3057 993 603 1113 1264 514 8536 

C
i

l
i

a
t

e
s 

Number of dividing 
ciliates 

% 
11 
1.11 

1 
0.03 

3 
0.30 

5 
0.83 

8 
0.72 

8 
0.63 

— 36 
0.42 

C
i

l
i

a
t

e
s 

Number of conjugating 
pairs of ciliates 

% 
— — 1 

0.10 
6 
1.C0 

— 4 
0.32 

11 
0.13 

The compar i son of f r equency of divisions in Th. acuminata in d i f f e r e n t 
m o n t h s (Table 2) indicates tha t the dividing cil iates were found most ly in 
May, t hen in Augus t and in the fo l lowing a u t u m n m o n t h s up ti l l October . 
The division n u m b e r 3.6 pfer 7 m o n t h s is to low for p e r m i t t i n g to d r a w any 
conclusions abou t the connection of division in Th. acuminata w i th t he a n n u a l 
cycle of t he snail . 

Regula t ion of the populat ions size 

The ins ign i f i can t f r equency of division involves also the slow increase of 
popula t ion of Th. acuminata w i th in the host (Fig. 11). A per iod of seve ra l 
m o n t h s f r o m the m o m e n t of infect ion is necessary tha t the " n o r m a l " level of 
the ci l ia te n u m b e r in the snai l was reached. 

The increase of the popula t ion a b u n d a n c e is modera te , being r egu la t ed 
not on ly by the low ra t e of division but also by e jec t ing the super f lous c i l ia tes 
into the m a n t l e cavi ty f rom the u re t e r and hence outside to the medium. 
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The observation showed the following mechanism of this process. As men-
t ioned above, the ciliates aggregate in the proximal par t of the ure ter near the 
canal leading to metanephridium. When very numerous, they occur also in 
o ther par ts of the organ. Since they freely swim in the liquid filling the 
ure te r , the ab rup t motion of the liquid in -moment of evacuation drives the 
ciliates away to the mant le cavity. The number of paras i tes ejected in this 
way is in harmony with the number of ciliates in the distal par t of ure te r 
i.e. wi th the size of population. The ciliates may be also driven away when 
the snail wi thdraws its body into the shell and when its in terna l organs shrink. 

At a low intensity of infection, e.g. in the exper imenta l clone cul tures in 
which the papulat ion scarcely amounts several specimens, the ciliates leaving 
the u re te r were never observed. 

The parasi tes driven away into the mant le cavity aggregate there for some 
time, and then get into the medium. This process is not connected with any 
def in i te phase of their life cycle. As shown by observation, the migrat ion 
of the ciliates f rom the mant le cavity into the medium occurs in d i f ferent cir-
cumstances. They may be driven away together with clumps of mucus. In this 
case they cannot move f ree ly and remain alive as long as the medium is moist. 
They m a y also leave the host's body in water . It was of ten observed that they 
appear in wa te r a few minutes af ter the infected snail has been placed into 
it. They were found ei ther in mucus part icles or f ree swimming. 

In wa te r medium the ciliates move along straight lines in various direction 
or sometimes they per form rotations round their t ransverse body axis. In 
wa te r a slight swelling of the body is observed as well as an intense activity 
of the contracti le vacuole; its contractions appear at f ew minu tes intervals. 
The f r ee l ife of a ciliate is not long. Af te r about 20—30 min the vacuole slack-
ens its work and f inal ly its action ceases. The excretory vesicle swells un-
na tu ra l ly and a f te r 30—40 min f rom the moment of immersion the ciliate dies. 
In this exper iments tap water at room temperature was used. 

Modes of infection 
In Th. acuminata nei ther cyst formation nor a f ree l iving fo rm are known. 

So the infection is possible only by more or less direct contact of the hosts. 
Observat ion show that such contact may occur ra ther f requent ly . Oxychilus 
orientalis occurs in great number and several individuals a re of ten observed 
crowded one close to another . It is possible that in win te r they aggregate in 
large groups taking shelter in various crevices. In their migra t ions they habi t -
ually creep over such obstacles as other molluscs met on their way. Those con-
tacts must be considered as excellent chance of infection and of exchange of 
the ciliate parasi tes , the more so as usually they are "a t h a n d " in the mant le 
cavity. A convenient moment may also be the copulation of snails: the long 
and close contact gives an excellent occasion for infection wi th ciliates. But 
this factor should not be over-est imated because the development of the go-
nad and possibility of the copulation — as communicated by Dr. A. Riedel — 
take place in O. orientalis only when the width of the shell reaches about 
7 mm. The mater ia l presented in Table 3 indicates tha t over 60°/o of snails 
4.5—5.5 m m in width — beyond doubt — young and unmatu re , are infected 
wi th Th. acuminata. As consequence, the casual contacts should be looked 
upon as mostly responsible for the mutua l transmission of infection. 
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The possibi l i ty of indirect contact be tween snails t h rough w a t e r o f f e r s also 
a way of infect ion. As a l r eady ment ioned , a f t e r immers ion into w a t e r t he cil iate 
may keep al ive fo r some t ime and then the possibi l i ty of m u t u a l infec t ion is 
probable . 

The above possibi l i tés of t r ansmi t t ing infect ion w e r e to some degree proved 
by expe r imen t s . The pa ras i t e - f r ee and infected snails were p u t toge the r on 
a P e t r i dish. In o rder to avoid the possible e r ror , t he ma te r i a l w a s selected 
so tha t bo th ca tegor ies d i f fe red s t r ik ingly in the i r size. A flock of mois t cotton 
wool and some moss w e r e added to keep humidi ty , which is essent ia l fo r the 
ac t iveness of snai ls . Dishes were kept in c l imat izat ion c h a m b e r a t + 12 °C and 
a t a r e la t ive h u m i d i t y of 70—100%. Snails w e r e control led by the observat ion 
in vivo. In fec t ion of d i f f e ren t specimens occurred a f t e r 1, 3, 6, 7, 19, 24 and 34 
days. In 4 e x p e r i m e n t s 7 specimens were infec ted; among t h e m some 
w e r e b rough t non- in fec ted f r o m na tu ra l med ium whi le others w e r e s ter i l ized 
a t + 30 °C in t h e l abora to ry . So in Oxychilus orientalis no acqui red i m m u n i t y 
aga ins t in fec t ion w i t h Th. acuminata seems to exist . 

Ex t ens i t y of infec t ion 
In the f o r m e r publ ica t ion (K a z u b s k i 1958 b) as resu l t of 49 dissections 

of O. orientalis f r o m the Sanok envi ronment , the ex tens i ty of infec t ion wi th 
Th. acuminata a m o u n t i n g 69.4% was repor ted . In subsequent yea r s f u r t h e r 
ma te r i a l concern ing the infect ion of snai ls was collected. The s tudy wTas ca r -
r ied out as wel l by m e a n s of dissection as of observat ions of l iving mate r ia l . 
Since a p a r t of those observat ions w e r e executed in the l abora to ry in Warsza -
wa, the snails suspected to have lost the i r ci l iates dur ing the t r anspor t , 
w e r e exc luded f r o m the count. Final ly , 711 specimens of the snails w e r e consid-
ered. In th is n u m b e r , 555 snails were infected wi th Th. acuminata. The gene-
ra l ex tens i ty of infect ion amounted 78.08% of the examined mate r i a l . 

100 -

5 6 7 8 9 

Snail width (mm) -

Fig. 12. Extensity of infection of O. orientalis 
with the ciliate Th. acuminata. in relation to 

the size of snails 

The f igu res obta ined for d i f fe ren t Polish C a r p a t h i a n distr icts were fa i r ly 
var ious and a m o u n t e d 45—84.6%. A more ca re fu l l s tudy proved tha t those 
d i f fe rences m a y be involved by the fac t tha t the level of infect ion depends on 
the size of snails . In consequence the resul t of count is in f luenced by the ra t io 
of big and smal l specimens in the sample s tudied. Dur ing 4 yea r s the shells of 
506 spec imens of snai ls were measured . The resu l t s a r e summar ized in the 
Table 3 and in d i ag ram (Fig. 12). 
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The above data indicate tha t the juveni le indiv iduals of O. orientalis fa i l 
to be infec ted w i t h Th. acuminata. The smallest specimen of snai l in which 
the pa ras i t e w a s detected measured 3.8 m m in wid th . Genera l ly the ci l iates 
occur red only in the specimens measur ing over 4,5 m m in wid th . T h e absence 
of paras i tes in the very young forms may be accounted fo r by the i r n a r r o w 
u r e t e r of the 2nd order, so tha t the passage of ci l iates t h rough it ¡is impos-
sible. 

Table 3 

Infection extensity of O. orientalis with Th. acuminata as depending 
on the size of snails 

Class of size (width of 
the shell of snail in mm) 

1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 

Number of snails examined 1 7 20 66 72 95 125 87 29 4 506 

Number of infected snails 
0/ /o 

— — 5 
25.0 

42 
63.6 

58 
80.6 

87 
91.6 

121 
S 6.7 

85 
97.7 

29 
100 

4 
100 

431 
85.2 

In the classes of the snails of g rea te r size the pe rcen tage of infect ion in-
creases ve ry rapid ly , so tha t in the classes compris ing the snai ls of the w id th 
over 9.5 m m all the specimens a re infected. Since the size of the snails cor-
responds f a i r ly well to the i r age, especially in young forms, it m a y be a s sum-
ed tha t the r i se of the infect ion ex tens i ty is connected w i t h the age of the 
hosts and is involved by the possibility of contacts be tween them. 

The re la t ive ly high d i f fe rences of infect ion depending on the size of the 
snai l indicate tha t the genera l va lue of extens i ty of infect ion w i thou t r ega rd 
to the age charac ter i s t ic of the populat ion gives no exact in fo rmat ion , since 
it may depend on the dominat ion of m a t u r e or juveni le host individuals . 

Co-paras i tes 

Except Th. acuminata some other species of paras i tes occur in O. orientalis. 
These a re : ci l iates — Semitrichodina sphaeronuclea (Lom, 1956) (Peritricha-
Urceolariidae) and Tetrahymena sp. Kazubski , 1960; the l a rva of the cestode 
Choanotaenia crassiscolex (Linstow, 1890) (Cyc lophy l l idea-Di lep id idae ) ; the m e -
tacercar ia of a t r ematode Brachylaime fulvum D u j a r d i n , 1843 (Digenea-Bra-
chy la imidae) and nematodes 5. F requen t ly snails were observed infec ted wi th 
Th. acuminata and wi th one or several o the r paras i te species s imul taneous ly . 
In one case the normal increase of popula t ion of Th. acuminata (a f ter ex -
per imenta l inoculation) in a snail infected wi th Brachylaime fulvum Du j . 
1843 was observed for m a n y weeks . This snail was also in fec ted wi th no rma l ly 
developing cysticercoids of Choanotaenia crassiscolex (Linstow, 1890). 

The data of the s imul taneous infect ion of O. orientalis w i t h Th. acuminata 
and 4 o ther paras i tes a re summar ized in the Table 4. The d iag ram is based 
on i n fo rma t ions o b t a i n e d a f t e r dissection of snails w i t h t h e shell widithj of 
over 5 m m . The infer ior l imit of the snail wid th 5 m m was chosen in order to 
e l imina te the smal l specimens which migh t have been not in fec ted wi th p a r a -
sites on account of thei r age, as it occurs wi th Th. acuminata. 

5 The extensity of infection with nematodes was not registered because of the 
unsatisfactory knowledge of this group and of difficulty to distinguish the parasites 
from casualy occurring soil inhabitants and saprobiontic forms. 
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Figures show the infect ion wi th o the r paras i te in the whole of t he e x a m i n -
ed m a t e r i a l and in this pa r t of it which was in fec ted wi th Th. acuminata. In 
all cases, t he pe rcen tage of infection wi th the second p a r a s i t e in the snai l 
g roup w i t h Th. acuminata is equal ly high or even h igher t h a n in the whole 
ma te r i a l r ep re sen t ing the populat ion of snails. This fac t ind ica tes t h a t t he 
s imul taneous occur rence of both paras i tes in the same host spec imen is f o r -
tu i tous and proves the lack of antagonism be tween them. 

Table 4 

Simultaneous infection of O. orientalis with the ciliates Th. acuminata 
and some other parasite species 

Number of Infection with Infection with Infection with Infection with 
specimens S. sphaeronuclea Tetrahymena sp. Ch. crassiscolex B. fulvum 
infected 

with other 
parasite 

s t s t s t s t 

N 84 83 10 10 51 46 4 4 
% 33.7 38.8 4.0 4.7 20.5 21.5 1.6 1.9 

s = in total material examined, which amounted 249 anails. 
t = in a part of material infected with Th. acuminata, which amounted 214 snails. 

A n o t h e r n o t e w o r t h y fact is tha t up till now no other ci l ia te pa ras i t e s w e r e 
r epo r t ed in O. orientalis, Myxophyllum steenstrupi (Stein, 1861), Tetrahymena 
rostrata (Kahl, 1926) and T. limacis (Warren, 1932) a re all pa ras i t e s of ve ry 
n u m e r o u s species of snails occurr ing sometimes in ve ry s imi lar ecological con-
ditions, bu t w e r e not found in O. orientalis. It is d i f f icul t to decide which f ac -
tor involves this phenomenon , whe the r it is due to the an tagonis t i c re la t ions 
be tween those paras i t es and Th. acuminata which ¡is the domina t ing pa ras i t e , 
or it is involved by the defense reaction of the host. Possibly the e x p e r i m e n t -
al s t udy migh t solve this question. 

Specif ic i ty of Thigmocoma acuminata 

In the f o r m e r s tudy ( K a z u b s k i 1958b) occurrence of Th. acuminata 
was r epor t ed as res t r ic ted to the Carpa th ian species O. orientalis. The subse-
quen t s tudy c o n f i r m e d the lack of other hosts of this ci l iate in Poland . 

In 1956—62 over 5000 specimens of the snails belonging to 92 species w e r e 
dissected. A half of this number belonging to 71 species w e r e col lected in the 
Ca rpa th i ans , o f t en in the localities of the occurrence of Oxychilus orientalis 
in fec ted wi th Th. acuminata. In the course of those inves t iga t ions the r e p r e -
sen ta t ives of m a j o r i t y of species belonging to the f ami ly Zonitidae occur r ing in 
Po land w e r e examined ; among them 7 species occur toge ther w i th O. orient-
alis. The list of inves t iga ted snails belonging to this f ami ly is p resen ted in the 
Table 5. 

A l though an ex tens ive faunis t ic research w a s car r ied out, t he occur rence 
of Th. acuminata in Poland in any other snail except O. orientalis was not 
s ta ted . Howeve r the research should not be cons idered as conclusive because 
about 60 snai l species occurr ing in Poland had been not ye t inves t iga ted , in 
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th is number — also some species of Zonitidae e.g. Oxychilus cellarius. How-
ever , the m a j o r i t y of t h e m are species exis t ing in qui te d i f f e r e n t ex te rna l con-
dit ions t h a n O. orientalis: l iving in soil, unde r plant roots , in w a r m and dry 
places. Smal l f o rms a re dominat ing. To such groups less r ep re sen t ed in the 
s tudied ma te r i a l belong the families: Acmidae, Vertiginidae, Valloniidae, Eni-
dae, Ferussaciidae and the xerophil ic represen ta t ives of Helicidae. For t ha t 
reason f ind ing of ano ther hosts of Th. acuminata except O. orientalis in Po land 
can hardly be expected. 

Table 5 
List of dissected snails of the family Zonitidae collected in Poland 

Number of collected snails 

Snail species from the 
Polish 

from the 
Polish 

in the 
area of 

in locali-
ties with 

territory Carpathians 
territory 

Th. acu-
minata 

Th. acu-
minata 

S u b f a m i l y Z o n i t i n a e 

Aegopinella pura (Aid.) 41 25 17 11 
Ae. nitidula (Drap.) 7 — — — 

Ae. nitens (Mich.) 19 19 — — 

Ae. minor (Stab.) 2 2 2 0 
Ae. epipedostoma (Fagot) 109 104 104 63 
Nesovitrea (Perpolita) radiatula (Aid.) 30 12 3 0 
Oxychilus (Oxychilus) cellarius (Müll.) 0 0 — — 

O. (O.) draparnaldi (Beck) 2 — — — 

O. (Ortizus) alliarius (Mill) 39 — — — 

O. (O.) helveticus (Blum) 23 — — — 

O. (Riedelius) inopinatus (Ulicny) 0 0 0 — 

O. (R.) depressus (Sterki) 1 1 1 0 
O. (Morlina) glaber (Fer.) 51 51 21 11 
O. (Cellariopsis) orientalis (Cless.) 516 516 516 504 

S u b f a m i l y V i t r e i n a e 
Vitrea crystallina (Müil.) 5 5 3 0 
V. contracta (West.) 0 0 0 o 
V. diaphana (Stud.) 124 122 113 92 
V. subrimata (Reinh.) 0 0 0 0 
V. transsilvanica (Cless.) 26 26 26 16 

S i b f a m i l y D a u d eb a r di i n a e 
Daudebardia (D.) rufa (Drap.) 2 2 0 0 
D. (D.) brevipes (Drap.) 0 0 — — 

Carpathica calophana (West.) 6 6 6 5 

S i b f a r n i l y G a s t r o d o nt in a e 
Zoiitoides (Zonitoides) nitidus (Müll.) 844 17 17 0 

Total 1847 908 829 702 

Tie symbol "—" means the absence of the cited snail species in the territory, "0" means 
that this species occurs in this territory but is not represented in the material studied. 
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The dissections of the fo l lowing species of Oxychilus F i tz inger , 1833 origi-
na t ing f r o m the Balkans , Near East and Caucasus w e r e car r ied out : 4 speci-
mens of Oxychilus (Cellariopsis) syriacus (Kob.) f r o m Lebanon, 6 of Oxychilus 
f r o m the g roup dalmatinus (A. J . Wagner) = macedonicus Riedel f r o m Yugo-
slavia , 5 of O. (Hiramia) camelinus camelinus (O. Bttg.) f r o m L e b a n o n and 
Syr ia , 5 of O. (Schistophallus) duboisi (Mouss.) f r o m Caucasus, 1 of O. (Sch.) 
elegans (O. Bttg.) f r om Iran , 1 of O. (Sch.) horsti (O. Bttg.) f r o m Caucasus , 
1 of O. (Sch.) oscari (Kimak.) f r o m Bulgar ia , 3 of O. discrepans (Ret.) f r o m 
Caucasus , 1 of O. difficilis (O. Bttg.) f r om Caucasus a n d 2 of O. (Oxychi lus ) 
sucinacius (O. Bttg.) f r o m Caucasus. All the specimens w e r e f ixed in alcohol 
and s to red in the Zoological Ins t i tu te of the Polish Academy of Sciences in 
Warszawa . 

Dissect ion showed the presence of Th. acuminata in all examined spec imens 
of Oxychilus (Cellariopsis) syriacus f r o m Lebanon and in 2 spec imens of Oxy-
chilus (Schistophallus) duboisi f r o m Caucasus. The resu l t of inves t iga t ion sug-
gests t h e conclusion tha t Th. acuminata belongs to the species of a n a r r o w spe-
cif ic i ty and t h a t it is associated wi th the genus Oxychilus F i tz inger , 1833. P r o -
bab ly the occur rence of this paras i te is even l imi ted to the r ep re sen t a t i ve s 
of two r a t h e r r e l a ted subgenera : Cellariopsis A. J . W a g n e r 1915 a n d Schisto-
phallus A. J . Wagne r 1914 (i. This is also suggested by the fac t tha t in the P o -
lish t e r r i t o ry , w h e r e only one rep resen ta t ive of this g roup occurs — O. orient-
alis — this one is the host of Th. acuminata which fa i ls to occur in t h e o the r 
Zonitidae a l though they live in the same condi t ions and even in the same 
hab i ta t s . 

E x t e r n a l env i ronmen t 

The knowledge of ex te rna l condit ions in which the host lives is — as 
a ru l e — of f u n d a m e n t a l impor tance for e lucidat ion of m a n y biological and 
ecological phaenomena of l i fe of the parasi te . The re fo re it seems advisable 
to a n a l y s e ce r t a in problems concerning the biology a n d ecology of: Oxychilus 
(Cellariopsis) orientalis (Cless.), O. (C.) syriacus (Kob.) and Oxychilus (Schi-
stophallus) duboisi (Mouss.) which a re hosts of Th. acuminata. 

Th. acuminata was found in O. orientalis collected in the m a j o r i t y of t he 
locali t ies in t h e Carpa th ians invest igated in the p resen t s tudy. It may be assu-
m e d t h a t th is ci l iate a lways accompanies O. orientalis and t h a t the condi t ions 
in which the snail occurs cor respond to the pa ras i t e r equ i r emen t s . 

T h e C a r p a t h i a n host of Th. acuminata — the snai l O. orientalis — usua l ly 
occurs in leaf -woods: in Querceto-Carpinetum medioeuropaeum Ti ixen 1936 
and in Fagetum carpatticum Kl ika 1927 of the submoun ta in region and of the 
lower " r e g i e l " 7 . In the spruce fores ts of the upper " reg ie l " this snail was 
f o u n d only by L o z e k 1949, 1951, 1957 on the Stozek and Velki K ' lak (Mu-

6 The groups Schistophallus A. J. Wagner 1914 and Cellariopsis A. J. Wagner 
1915 are now included to genus Oxychilus Fitzinger 1833 as two separate sub-
genera or as one subgenus Schistophallus. Recently Riedel (personal communicat-
ion) accepts Cellariopsis as a separate subgenus of the genus Oxychilus and includ-
es to it: O. (C.) orientalis (Cless.), O. (C.) cyprius (L. Pfr.), O. (C.) macedonicus Riedel 
and O. (C.) syriacus (Kob.). 

7 Lower „regiel" and upper „regiel" are two zones of the mountain forest in 
Carpathians. 
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ransky Kras) and in the Kralowa Hol'a massif in the eastern p a r t of the 
Lower Tat ra . 

O. orientalis occurs on the shore of small s t reams and in areas of resurgences, 
in humid and shady places grown by hydrophilic vegetat ion. Its habi ta t is the 
surface of soil. They are found si t t ing under the stones, pieces of wood, fal len 
leaves, or creeping on the soil. Sometimes they pene t ra te deeper inside the 
soil layer and there may be found in crevices be tween the stones at a depth 
down to 50 cm. L o z e k found them under stones near the en t rance to caves. 

The humid banks of s t reams — places of O. orientalis occurrence — are 
the envi ronment in which numerous ar thropods, soil nematodes and some 
other small inver tabra tes occur. This fact is of impor tance for O. orientalis 
which is a predatory animal. It may also feed upon cadavers of some small 
animals and on plant detri tus. 

Usually O. 'orientalis appear collectively. In some places, in especially 
favourable conditions they form large agglomerations. The density of such 
aggregat ion amounts sometimes up to 30—50 specimens in 1 m2. Sometimes 
under one stone over 10 snails close one to another may be found. The tem-
pe ra tu re of places in which O. orientalis occurs 'is r a the r low and constant , 
humidi ty is usually high. The direct observat ions showed that the t empera -
tu re of the subs t ra te on which the individuals of O. orientalis s tayed, f luc tu-
ates wi th in the limits: 5.4—16.8°C. In most cases it reaches only up to 12°C. 

Af te r having studied the main out l ine of the habi ta t conditions in which 
O. orientalis occurs (see above) it seemed reasonable to elucidate the response 
of Th. acuminata to some environmenta l factors. The t empera tu re is the factor 
potential ly the most var iable and not controlled by the host organism. The 
action of this envi ronment f a c t o r ' is pe rmanen t whereas other fac tors a re 
act ing directly only when the ciliate leaves the host organism. 

The resistivity of ciliates to the action of t empera tu re was studied expe-
r imental ly . The snails infected wi th Th. acuminata were kep t in cl imatization 
chamber and then subjected to rises and falls of t empera tu re (depending on 
the series of experiment) at a relat ive humidi ty of a i r = 70—100%. As the 
s tar t point the t empera tu re of 7—12°C was f ixed. In this t empera tu re the 
snails were kept for a long time. Every one or th ree days the t empera tu re was 
raised or lowered by One or two snai ls were dissected every day. Two 
series of exper iments wi th the rising and fal l ing t empera tu re were per formed. 
The results of exper iments conducted in d i f fe ren t seasons: in summer and 
in winter , were near ly the same. 1 

The above study indicate t h a t ; the ciliates are able to support the low 
t empera tu re and die only at — 5°C even when the host survives this fall . 
In contrast to this, at — 3°C ciliates are able to live even for 3 days. 

The upper limit of resistance of Th. acuminata is about + 28°C which 
is su rv ived only by few specimens for 1 day. Tempera tu r e of + 30°C is 
lethal even when acting only for a few hours. This t empera tu re was a lways 
applied wi th sat isfactory result for sterilizing the host pr ior to exper iment . 
The snails suppor t the t empera tu re of -f 30°C and even more, acting for se-
veral hours wi thout showing any ha rmfu l consequences. 

The following exper iment was executed for proving the action of ab rup t 
changes of t empera tu re upon Th. acuminata. Infected ciliates were kept for 
a prolonged t ime at the t empera tu re of + 7°C and then t r ans fe r r ed for one 
day to: 0°C, — 2°C, — 4°C, — 5°C, — 7°C, or to: + 22°C, + 24°C, + 26°C, and 

3 Acta Protozoologies VI 
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+ 28°C. Then the parasitological dissection was executed. No notable dif-
ferences in the survival of Th. acuminata when compared wi th the previous 
exper iments were to be repor ted. Also in this exper iment cil iates died only 
in the t empera tu re — 5°C and + 28°C. 

As it seems, the ab rup t changes of t empera tu re fail to exer t any significant 
noxious inf luence upon Th. acuminata. 

Considering the l imits of t empera tu re in which the species Th. acumi-
nata lives in the Polish te r r i to ry it may be assumed tha t the average tem-
pera tu re of about + 10°C up to + 11°C is the optimal for this fonmi This 
supposition is suppor ted by observations in na tu ra l envi ronment — occurren-
ce of infected snails in places of a similar t empera tu re — and also by the 
results of several mon ths long observat ion of snail cu l ture wi th normal ly 
developing ciliates in the laboratory at + 12°C. 

The very high sensi t ivi ty of ciliates to the raised t empera tu re is obvious. 
In spring and in a u t u m n O. orientalis together wi th its paras i tes are subjected 
to slight frost . On the con t ra ry in thei r na tu ra l env i ronment they a r e seldom 
exposed to a h igher t empe ra tu r e (20—28°C). So their adapta t ion to the last 
is much lower. 

The ecological informat ions about other hosts of Th. acuminata a re very 
scarce. Oxychilus (Cellariopsis) syriacus (Kob.) lives on sh rubby rocks shel te-
red in crevices. Mass occurrence of those snails is also known in the caves 
( R i e d e l 1962). 

Oxychilus (Schistophallus) duboisi (Mouss.) occurs in humid leaf-woods 
with a rich underg rowth , and also on humid l ime-stone debris overgrown 
with vegetation. There it lives in the cool and humid spaces be tween the 
rocks. 

It follows f rom this review that the na tura l conditions in which the snail 
host of Th. acuminata occurs have many common fea tures : shade, high hu-
midity and — involved b y ' them — the low t empera tu re of envi ronment . 
These conditions a re favourab le for the ra ther motile mode of life. Besides 
all the described species occur collectively and — like o ther species of the 
genus Oxychilus Fitz., are ei ther predators or omnivorous. 

The facts presented above indicate a s t r ik ing harmony of d i f fe ren t eco-
logical r equ i rements of Th. acuminata and of its host. This concerns before 
all the t empera tu re , shadowing and humidi ty . A ' fac t most f avorab le for 
the paras i te is the collective occurrence of the host and its act ive mode of 
life as a preda tory animal . As r e su l t , ' nea r ly 100% of big individuals of 
O. orientalis were found infected wi th Th. acuminata i r respect ively of the 
site of origin, which proves a high mutua l adaptat ion of both organisms. 
On the other hand it also indicates a long-last ing l ink be tween them. P r o -
bably the relat ions of Th. acuminata and its other hosts are similar. 

Geographical distr ibution 
The geographical"dis t r ibut ion of Th. acuminata was as yet discussed in 3 

publications. In the f i r s t ( K a z u b s k i 1958 b) the description of the species 
and its typical locality, "locus typicus", in the envi ronment of Sanok (south-
-east Poland) was reported. In the .next papers (1959. 1960) wi th the progress 
of investigations, the known geographical a rea of the ciliate ex tended g ra -
dually over the large te r r i to ry of the Polish Carpathians . A suggestion was 
also expressed (1960) tha t this species may be l imited in its dis t r ibut ion to 
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t h e C a r p a t h i a n s only. P r e s e n t l y 40 locali t ies of Th. acuminata occur rence 
a r e k n o w n . The d i s t r ibu t ion of th is ciliate* in the Pol i sh t e r r i t o ry is k n o w n 
best (29 localities). Th. acuminata occurs in this coun t ry in the en t i r e C a r -
pa th i ans , ; f r o m the moun ta in Luboń Wielki in the Besk id Wyspowy cha in 
up to t h e eas te rn f r o n t i e r of the count ry . The n o r t h e r n b o u n d a r y of this a rea 
r u n s more or less along the line: Tarnów—Dębica—Rzeszów—Przemyś l . Th. acu-
minata has not been f o u n d in the Ta t ra Mounta ins , in Si lesian Beskid and 
in e n v i r o n m e n t of Ojców, biocoenotical ly re la ted to some S u b c a r p a t h i a n 
regions . In the Pol ish t e r r i to ry , the boundar ie s of Th. acuminata and of 
Oxychilus orientalis a reas exact ly coincide. F u r t h e r ' e a s t w a r d s Th. acumina-
ta w a s f o u n d in the snails collected in USSR on the slopes of Połonina Rov-
na , in the dis tr ict of Hover la (upper P r u t val ley); in Roumania in P u t n a 
(Radaut i env i ronment ) and in the region of Sinaia Pass 8. 

P r o b a b l y Th. acuminata occurs all over the a rea of O.orientalis, which e m -
braces a p a r t of Wes te rn C a r p a t h i a n s (as f a r as the Besk id Wyspowy, B e l a n -
ske Ta t ry , t he eas te rn pa r t of the Lower Ta t ra , S lovenska Rudohora and the 
Biikk moun ta in s inclusively) and the whole Eas te rn C a r p a t h i a n s . 

T h e d i s t r ibu t ion of o t h e r hosts of Th. acuminata has been l i t t le s tudied. 
Oxychilus syriacus is k n o w n to occur in severa l locali t ies in Lebanon mos t ly 
on the sea coast, an f r o m Baalbek in the Bakaa val ley. It was also r epor t ed 
f r o m T a r t u s in Syr ia and f r o m I s k a n d e r u n in T u r k e y ( R i e d e l 1962). 
Th. acuminata has been s ta ted in this host in the ma te r i a l collected in the N a h r 
el Ke lb va l l ey nea r Beyrou th . O. duboisi occurs only in Caucasus in Georgia ; 
t he snails in fec ted w i t h Th. acuminata o r ig ina ted f r o m the e n v i r o n m e n t s 
of Kuta i s i . 

P r o b a b l y Th. acuminata is as ' common p a r a s i t e of those two snails a s it is 
of t he C a r p a t h i a n O. orientalis. The re is also no reason to bel ieve tha t t he 
a rea of Th. acuminata does not include — except the above men t ioned r eg -
ions — also the moun ta in s of the Ba lkan peninsula and of Asia Minor, w h e r e 
a n o t h e r host of this ci l iate m i g h t be expected since t h e a rea of its k n o w n 
hosts is r e s t r i c t ed and the i r d i s t r ibut ion is vicar ious. The n a r r o w specif ic i ty of 
Th. acuminata a l lows- to a n t i c i p a t e ' t h a t the new, not r ecorded hosts in those 
regions migh t be Cellariopsis and Schistophallus or some o ther species closely 
r e l a t ed to them. 1 

T h e t e r r i t o r y of the Black Sea basin and the N o r t h - e a s t e r n p a r t of t he 
M e d i t e r r a n e a n region being the main hab i t a t of m a j o r i t y of species a n d sub-
species of t h e genus Oxychilus ( including Cellariopsis and Schistophallus) is 
p robab ly also the c e n t r e out of which Th. acuminata began to ex tend . In t h e 
Pol ish t e r r i t o ry Th. acuminata a p p e a r e d probably toge the r w i th i ts host a n d 
w i t h the beech woods a f t e r the recession of t h e last g lacia t ion. According 
to S z a f e r 9 the expans ion of the beech over the C a r p a t h i a n s took place 
a f t e r the r e f r i g e r a t i o n and humid i f i ca t ion of the c l ima te in t h e Polish t e r -
r i to ry in the per iod of 2500—500 yea r s be fo re our era . This expans ion proceed-
ed f r o m the cent res in the Sou th -eas t Ca rpa th i ans . L o ż e k 1957 recorded 
the occur rence of O. orientalis shells in the M u r a n s k y Kras , in the layers 

8 A detailed list of localities of Th. acuminata occurrence will be included in 
the paper discussing some biological and ecological problems and the distribution 
of O. orientalis. The paper will appear in „Fragmenta faunistica". 

9 S z a f e r W. 1959: Szata roślinna Polski. PWN, Warszawa (v. i, p. 586; v. II, 
p. 333). 
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be tween the lower and upper holocen, toge ther wi th o t h e r species of snails 
connec ted w i t h the biotop of Abies and Fagus. Never the less in the collection 
of t h e Zoological I n s t i t u t e of Pol ish Academy of Sciences a shel l of O. orient-
alis is kep t , d e t e r m i n e d by A. J . W a g n e r , o r ig ina t ing f r o m the p le is tocen 
l imetuff of A j i voigy in H u n g a r y . 

T h e gene ra l conclusion should be ascer ta ined tha t the c i l ia te Th. acumin-
ata of our f a u n a belongs to the m o u n t a i n e lements of the Pon t i c or igin. 

S y s t e m a t i c p o s i t i o n o f Thigmocoma acuminata 

In the discussion of sys temat ic posi t ion of Th. acuminata ( K a z u b s k i 
1958), t he conclusion w a s d r a w n tha t th is species is d is t inct f r o m all t h e e ther 
Thigmotricha a n d a n e w genus and n e w fami ly w e r e es tab l i shed fo r it. Be-
yond doubt , th is species should be included to the Thigmotricha by reasons 
of i ts d is t inct th igmotac t ic f ie ld a n d its buccal c i l ia ture typical fo r th is group. 
The f o r m a t i o n of a s e p a r a t e genus Thigmocoma Kazubsk i 1958 evoked no ob-
ject ion f r o m any pa r t . Discussion arose only because of t he n e w sepa ra t e f a -
mily Thigmocomidae Kazubsk i 1958 to which this genus was inc luded . C o r -
l i s s 1961 cancel l ing t h e fami l ies wh ich included only one genus and — accord-
ing to his v i e w — w e r e suppor ted by scarce records, inc luded the family 
Thigmocomidae Kazubsk i 1958 i n t o the Hemispeiridae Konig 1894. ci t ing ho-
w e v e r its diagnosis and express ing his opinion tha t a f t e r a m o r e detai led 
s tudy it migh t be recognized as a s e p a r a t e taxonomic ent i ty . In consequence , 
t h e r e exis t a jus t i f i ed necessi ty to reconsider this p rob lem bas ing on n e w m a -
te r ia l con ta ined in the p re sen t paper and to discuss some consequences which 
a r e involved by es tab l i sh ing this n e w fami ly in the sys tem of Thigmotricha. 

T h e group, subo rde r or order — Thigmotricha was 'es tabl ished by C h a t -
t o n et L w o f f and conta ined then 4 famil ies : Thigmophryidae Ch. et Lw. 
1923; Ancistridae Issel 1903; Hypocomidae Biitschli 1889 and Sphaeno-
phryidae Ch. et Lw., 1921. The nex t yea r s b rough t some n e w publ ica t ions 
wh ich in t roduced a huge ma te r i a l of fac t s to the knowledge of those paras i t ic 
c i l ia tes and also some in te res t ing taxonomica l concept?. This g roup conta ins 
p re sen t ly about 150 species be long ing to 58 genera ( C o r l i s s 1961). In the i r 
m o n o g r a p h C h a t t o n et L w o f f 1949, 1950 r a n k among Thigmotricha 
6 fami l ies , g rouped in to 2 t r ibes : Stomodea Ch. et Lw., 1939, w i t h the fami l ies 
Thigmophryidae Ch. et Lw., 1923, Conchophthiridae Kah l 1931 and Hemispei-
ridae Kon ig 1894; a n d the t r ibe Rhynchodea Ch. et Lw., 1939 w i t h the f ami l -
ies Hypocomidae Bii tschli 1889 sensu Ch. et Lw. 1939; Ancistrocomidae Ch. et 
Lw. 1939, a n d Sphenophryidae Ch. et Lw. 1921. R a a b e 1939, 1949 included 
the f a m i l y Hysterocinetidae Diesing 1866 into Thigmotricha. Th is change was 
recognized by K u d o 1954 and by C o r l i s s 1961. To Thigmotricha-

Stomodea was inc luded also the f ami ly Thigmocomidae Kazubsk i 1958. 

T h e f ami ly Thigmocomidae Kazubsk i 1958 may be cha rac te r i zed 10 in the 
fo l lowing diagnosis . 

Thigmotricha ' f l a t t ened la tera l ly , w i th a s t rong, morphologica l ly developed 
th igmotac t i c f ie ld which is s i tua ted on t h e le f t side of the body. The mer id iona l 
r o w s t end to sho r t en and fa i l to ex t end over the whole su r f ace of the ci l ia te . 

1(> This characteristic of the family Thigmocomidae and of the genus Thigmo-
coma contains some new elements when compared to the former diagnosis publish-
ed in 1958. 
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In division, besides the general fission of rows into f ragmented segments which 
a r e to belong to the proter and the opisthe, secondary fission occurs resul t ing 
in the detachment of short segments of the posterior ciliature. The buccal ci-
l ia ture consists of the kinety "1" of a soma togen ic haplokinety type and of 
adoral membrane l lae ABC of the polykinety type. This ci l ia ture tends to 
shorten and to migra te towards the centre of the body. 

Paras i tes of in ternal organs of land snails. 
The type-genus: Thigmocoma Kazubski 1958 comprises the ciliates wi th 

strongly f la t tened body sides and a d i f fe rent ia ted ciliary system, composed of 
the general , the thigmotactic and the posterior ciliatures. The meridional rows 
of the general and thigmotactic cil iatures show a strong reduction and occupy 
only the anter ior body par t ; most shortened are the thigmotactic rows. The po-
sterior ci l iature of the r ight body side tends to a considerable reduct ion or 
even to complete absence. Between the general and thigmotactic ci l iatures, 
unciliated zone is present . The buccal ci l iature developed in its typical fo rm 
lies on the ven t ra l marg in , the cytostome — more or less in the middle of the 
body length. 

The type-species: Thigmocoma acuminata Kazubski, 1958. 

A detailed comparison of Thigmocomidae wi th other families leads to the 
following conclusions. 

Thigmocomidae show few fea tures common with Thigmophryidae and Con-
chophthiridae. The representat ives of both families have a un i form ci l ia ture 
over the whole body surface consisting of a great number of closely set mer id-
ional rows. Although the thigmotactic area is a l ready slightly marked , but it 
consists — in some species e.g. Conchophthirus discophorus Mermod — of the 
anter ior segments of the meridional rows of the left body side which show neit-
her any distinct al terat ions nor reduction. 

The s t ruc ture of the buccal appara tus has been little investigated. In Thig-
mophryidae, the buccal rows were not described. They probably fai l to occur 
in the trophic form ( R a a b e 1936, C h a t t o n et L w o f f 1949). In Concho-
phthirus unionis Raabe and C. curtus Engelmann two buccal rows were de-
scribed by R a a b e 1963; one of them is considered as s tomatogenetic "1" and 
the second — as membranel lae ABC. A certain simili tude to Thigmocomidae 
would follow f rom these s ta tements but the differences in s tomatogenesis 'in 
Conchophthirus and in Thigmocoma — as mentioned above — speak against 
a close relat ion of those two families. 

The only plain simili tude between Thigmocomidae and some represen ta t -
ives of the families under discussion e.g. Myxophyllum steenstrupi (Stein) or 
Conchophthirus unionis Raabe concern only the body shape and the general 
s t ruc ture of the thigmotactic sucker. The similar way of life is surely respons-
ible for those simili tudes and they should be looked upon as convergent fea -
tures. In conclusion, the famil ies Thigmophryidae and Conchophthiridae 
should be ascer ta ined as distant f rom Thigmocomidae. 

The Thigmocomidae show much more of common with Hemispciridae sen-
su C h a t t o n et L w o f f 1949. Their simili tudes concern before all the 
di f ferent ia t ion of the general and the thigmotactic ci l iatures and also the 
reduction of the number of meridional rows and of kinetosomes in each row. 
Also the elements of the buccal ci l iature a re the same and the course of sto-
matogenesis is ful ly similar. 
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The family Hemispeiridae has been studied in details by C h a t t o n et 
L w o f f 1949. They dist inguished two subfamil ies in it: Protophryinae Ce-
pede 1910 and Hemispeirinae König 1894 — both with distinct evolut ionary 
tendencies. Protophryinae a re character ized by the origin of their thigmo-
tactic field f rom the anter ior segments of the meridional rows on the left 
body side. Those rows keep their normal length and reach as f a r as the su-
ture on the posterior body pole. In Hemispeirinae, the thigmotact ic field is 
formed by the dorsal kineties, which are much reduced and closed, as if in 
parantheses, by the nea res t kineties of the general ciliature. In both subfami-
lies, the peris tomal kinet ies mig ra t e backwards and twist round the posterior 
body pole. 

In Thigmocomidae some propert ies may be observed which a r e charac te r -
istic for one subfamily and simultaneously excluding them f rom the other. 
Thigmocomidae as well as Protophryinae are f la t tened lateral ly; thei r thigmo-
tactic area lies on the lef t body side but it is formed by the whole th igmotac-
tic rows and not only by their anter ior segments as it is in Protophryinae. As 
in Hemispeirinae the rows are much shortened, especially the thigmotactic 
rows are strongly reduced; they a r e highly d i f ferent ia ted morphologically 
and owing to their la tera l position they are not confined by the system of 
"paran theses" by the general ci l iature. For tha t reason, the Thigmocomidae 
should ra the r be t rea ted as a t least a taxonomical uni ty equivalent to Proto-
phryinae and to Hemispeirinae. 

There are yet some fea tu res essentially d i f ferent in Thigmocomidae and in 
both subfamilies discussed. Those d i f ferences concern the abili ty to secondary 
fissions of kineties, fo rmat ion of the posterior cil iature, the tendency of the 
buccal ci l iature to migra te towards the center of the body and the dominat-
ion of the membrane l lae ABC over the stomatogenic k inety . The known re-
presentat ives of Protophryinae and Hemispeirinae are parasi tes of aquatic 
animals: molluscs, holothurians; they live on walls of various organs washed by 
wa te r (e.g. the man t l e cavity and gills of molluscs and water lungs of holothu-
rians). 

In contrast to the fo rmer , the Only species of Thigmocomidae is the endo-
parasi te of land snails. It shows a profound biological and ecological adap t -
ation to the parasi t ism in this group of land inver tabrates . Its close and pro-
longed connection wi th the host is proved by its high specificity. 

All those dif ferences induce to support the theory put fo rward in 1958: 
Thigmocomidae occupy an independent position among Thigmotricha being 
distinct f rom Hemispeiridae König 1894 sensu Chat ton et Lwoff 1949. 

The comparison of Thigmocomidae to other families of Thigmotricha p re -
sents no special diff icul ty. They differ f rom Hysterocinetidae by the lack of 
the character is t ic naked sucker; f rom other Thigmotricha-Rhynchodea they 
a r e distinguished by the presence of the peristomal apparatus , a l though in 
Ancistrocomidae a similar reduction of the kineties in length and number is 
observed. 

It seems to fol low f rom the above discussion that the analysis of the mutua l 
relations of the subfamil ies: Protophryinae Cepede 1910 and Hemispeirinae 
König 1894, included present ly into the family HemAspeiridae König 1894 sensu 
Chat ton et Lwoff , 1949 would be of great importance. Both subfamil ies show 
some essential d i f fe rences concerning — before all — the position of the thig-
motactic area (on the left side in Protophryinae and on the dorsal in Hemi-
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speirinae) and also the mode of the reduc t ion of c i l ia ture . In Protophryinae 
t h e rows keep the i r l eng th s imi lar to the body l eng th a n d the reduc t ion of 
c i l i a tu re is expressed in the more scarce d is t r ibut ion of k ine tosomes in the 
pos ter ior segments of rows, w h e r e a s in Hemispeirinae, r educ t ion concerns 
t h e l eng th of rows, especial ly of the th igmotac t ic rows. I t seems obvious tha t 
both groups w e r e developing independen t ly f r o m one ano the r . 

As a most i m p o r t a n t f ea tu re , common to both subfami l i e s in t h e f ami ly 
Hemispeiridae, C h a t t o n et L w o f f 1949 pu t f o r w a r d the s t ruc tu re of the 
adora l rows. However the presence of a s imi lar cons t ruc t ion of the buccal 
c i l ia ture can scarcely be looked upon as an essent ia l l ink of those two s u b f a m i -
lies, since the buccal c i l ia ture of Thigmocomidae and Conchophthiridae is f o r -
med also on the same principle , a s wel l as p robab ly t h a t of o the r groups no t 
be longing to Thigmotricha. As conclusion, it seems jus t i f i ed to suppor t t he 
concept of dis t inct ion of those two subfami l i e s as s e p a r a t e famil ies . As the 
p resen t discussion is not exhaus t ing the p rob l em which should be solved in 
re la t ion to the en t i r e sys tem of Thigmotricha, the decisive conclusion m u s t 
be l e f t to the f u t u r e revis ion of Thigmotricha. 

Some concepts ar ise concern ing the posit ion of the f a m i l y Thigmocomidae 
in the sys tem of Thigmotricha. The p resen ted ma te r i a l ind ica tes t ha t Thig-
mocomidae should in no case be bound w i t h the g roup of the famil ies : Thig-
mophryidae, Conchophthiridae and Hysterocinetidae cha rac te r i zed by the i r 
dense, non reduced ci l ia ture . In cont ras t to this the re la t ionsh ip is d is t inct ly 
percept ib le in the case of Protophryinae, Hemispeirinae a n d Ancistrocomidae, 
in which the c i l i a tu re is never so dense and even shows the t endency to r e -
duct ion as well of the mer id iona l rows as of the k ine tosomes in each row. The 
Protophryinae and Hemispeirinae a r e r e la ted to Thigmocomidae by the com-
mon type of buccal c i l i a tu re a n d by the s imi lar course of s tomatogenes is — 
whereas Hemispeirinae and Ancistrocomidae a r e l inked to Thigmocomidae by 
the reduc t ion of the i r c i l i a tu re and before all — by t h e dis t inct ion of shor t 
rows of the th igmotac t ic c i l ia ture . 

S u m m a r y 

Thigmocoma acuminata Kazubski , 1958 (Thigmotr icha-Thigmocomidae ) is 
one of t he severa l p resen t ly k n o w n ci l iates pa ras i t e s of t he l and Gastropoda. 
The p resen t s tudy is a monograph ic account of inves t iga t ions t r ea t ing of d i f -
f e r en t p rob lems of morphology, morphogenes i s as wel l as biology and ecology 
of this species. T h e morpho logy of the t rophic fo rm, i ts division a n d c o n j u g a t -
ion, the a rgen tophi l i c sys tem and its changes in the g r o w t h process, t he m o r -
phogenet io a n d s tomatogenet ic reorganiza t ion in division — have been ana lyz -
ed in details . 

The biological and ecological r esea rch concerned t h e fo l lowing problems: 
localization of the paras i t e inside the host u re t e r , i n t ens i ty of infect ion of 
snails, h a r m f u l n e s s of the paras i t e to the host , the p resence of some seni le in -
dividuals incapab le to division, the low f r e q u e n c y of division involving the 
low ra t e of t h e popula t ion increase in the host, t h e mechan i sm of regula t ion 
of n u m b e r s in the popula t ion , t he ways of infect ion, t he ex tens i ty of infec t ion 
in the C a r p a t h i a n snai l Oxychilus orientalis (Cless), r e la t ion of Th. acuminata 
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to o ther pa ras i t es of O. orientalis, specif ic i ty of Th. acuminata as a paras i te 
and t h e descr ip t ion of t he e n v i r o n m e n t of t h e host occurrence. 

T h e ci l ia te occurs in the C a r p a t h i a n s (in Po land , USSR and in Roumania) 
as a pa ras i t e of Oxychilus (Cellariopsis) orientalis (Cless.), in Lebanon in 
O. (C.) syriacus (Kob.) and in Caucasus in O. (Schistophallus) duboisi (Mouss.). 

S u p p l e m e n t a r y diagnoses of t he genus Thigmocoma Kazubsk i 1958, and of 
t he f a m i l y Thigmocomidae Kazubsk i , 1958 w e r e prec ised and the dist inctness 
of Thigmocomidae as a s epa ra t e f ami ly a m o n g Thigmotricha was reconsidered. 

In f a v o u r of d ivers i ty of the f ami ly Thigmocomidae f r o m the subfami ly 
Protophryinae Cepede 1910 the reduc t ion of the i r c i l ia ture , f r o m the sub fa -
mi ly Hemispeirinae Kon ig 1894 localizat ion of the i r th igmotact ic area , and 
f r o m t h e whole f a m i l y Hemispeiridae Kon ig 1894 sensu C h a 11 o n et 
L w o f f 1949 — the i r abi l i ty of deve lopment of the pos ter ior c i l ia ture and the 
t endency of the i r pe r i s tome to sh i f t backwards , w e r e pu t f o r w a r d . 

STRESZCZENIE 

Thigmocoma acuminata Kazubski, 1958 (Thigmotricha-Thigmocomidae) jest jed-
nym z kilkunastu, znanych obecnie, orzęsków pasożytujących u lądowych Gastro-
poda. Przedstawiona praca jest monograficznym opracowaniem tego gatunku. 

W pracy szczegółowo omówiono morfologię postaci troficznej Th. acuminata oraz 
morfologię podziału i konjugacji. Szczególną uwagę zwrócono na struktury argen-
tofilne. Omówiono między innymi zmiany zachodzące w układzie argentofilnym 
w czasie wzrostu oraz procesy morfogenetyczne i stomatogenetyczne w czasie po-
działu orzęska. 

W części poświęconej biologii i ekologii Th. acuminata rozpatrzono między in-
nymi: lokalizację orzęska w moczowodzie ślimaka, intensywność zarażenia ślima-
ków oraz kwestię szkodliwości tego orzęska dla żywiciela. Przy omawianiu rozrodu 
Th. acuminata zwrócono uwagę na obecność osobników, które uznano za starcze, 
i które prawdopodobnie nie przystępują już do podziałów. U Th. acuminata wy-
stępuje niska częstotliwość podziałów, wiąże się z tym także niskie tempo wzrostu 
populacji tego orzęska w żywicielu. Omówiono również istniejący mechanizm re-
gulacji populacji Th. acuminata, sposoby zarażania nowych osobników ślimaków: 
ekstensywność zarażenia karpackiego ślimaka Oxychilus orientalis (Cless.), stosunki 
Th. acuminata do innych pasożytów występujących u O. orientalis, specyficzność Th. 
acuminata oraz środowisko zewnętrzne, w jakim występują żywiciele tego paso-
żyta. Th. acuminata występuje w Karpatach (w Polsce, ZSRR i Rumunii) u Oxychi-
lus (Cellariopsis) orientalis (Cless.), w Libanie u O. (C.) syriacus (Kob.) i na Kau-
kazie u O. (Schistophallus) duboisi (Mouss.). 

Podano uzupełnione diagnozy: rodzaju Thigmocoma Kazubski 1958 i rodziny 
Thigmocomidae Kazubski 1958 oraz rozpatrzono samodzielność rodziny Thigmoco-
midae w obrębie Thigmotricha. Thigmocomidae różnią się od podrodziny Proto-
phryinae Cepede 1910 redukcją urzęsienia, od podrodziny Hemispeirinae König 
1894, odmiennym umiejscowieniem powierzchni tigmotaktycznej, a od całej rodziny 
Heimispeiridae König 1894, sensu C h a t t o n et L w o f f 1949 zdolnością do wytwa-
rzania urzęsienia tylnego oraz brakiem tendencji do przemieszczania się gęby na 
tylny koniec ciała orzęska. 
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EXPLANATION OF PLATES I—III 

I—2: Thigmocoma acuminata Kazubski, 1958, living, lens X 20, anoptral contrast 
system, Reichert 
3: Th. acuminata, ciliary waves on the thigmotactic area, Zenker-Helly fixation, 
Feulgen, immersion, phase contrast optics, Reichert. 

4: Th. acuminata, living, the thigmotactic rows and the granular structure of ma-
cronucleus are seen, immersion, phase contrast, Reichert. 

5: Th. acuminata, argentophilic system, right side, AgNOs, immersion. 

6: Th. acuminata, argentophilic system, left side, AgN03 , immersion. 

7: Th. acuminata, buccal ciliature, right side of the ciliate, stomatogenic row "1" 
and the proximal segment of the adoral polykinety are seen, AgN03, immersion. 

8: Th. acuminata, buccal ciliature, left side of the ciliate, the anterior segment of 
the adoral polykinety is seen, AgN03 , immersion. 

9—10: Th.acuminata, initial phase of division, zone of rise of the kinetoso-
mes number, AgN03 , immersion. 

II—12: Th. acuminata, division, stomatogenesis, occurrence of transverse groups of 
kinetosomes, AgN03 , immersion. 
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J i r i L O M and J i r i V Ä V R A 

Fine morphology of the spore in Microsporidia 
U l t r a s t r u k t u r a spor mik rospor id i i 

Microspor id ian spores a r e k n o w n to be a notor ious ly d i f f icu l t object for 
obse rva t ions in l ight-microscopy. The i r small d imens ions and th ick spore ca-
ses caused the lack of exact knowledge of the i r i nne r morpho logy un t i l the f i r s t 
e lec t ron microscope inves t iga t ions of W e i s e r 1959 a n d H u g e r 1960. The 
most pecul ia r and till recent t ime also the most en igmat ic s t r u c t u r e of t he 
spore is the p o l a r f i l amen t , which can be e x t r u d e d out of t he spore in response 
to a g iven s t imulus . The expl icat ion of th is process w a s dependen t on the 
knowledge of t h e s t r u c t u r e of t he f i l amen t , so t ha t this ques t ion has a t t r ac ted 
the a t t en t i on of K r i e g 1953 be fo re the two papers men t ioned above. We 
have been ab le to obse rve the process of ex t rus ion in deta i l (L o m and V a -
v r a 1963) a n d it was necessary to comple te it w i th e lec t ron optic observat ions 
p re sen ted here . 

M e t h o d s 

The fo l lowing species of Microsporidia w e r e used in our s tudy : Plistophora 
hyphessobryconis Schaperc laus f r o m Carassius auratus f. bicaudatus, Bacilli-
diurn cyclopis Vav ra f r o m Acanthocyclops americanus, Bacillidium sp. f r o m 
tub i f i c id Oligochaetes , Glugea (Pyroteca) sp. f r o m Eucyclops serrulatus. The 
spores , f r e sh ly r emoved f r o m the i r hosts, w e r e f ixed in Pa l l ade ' s and W o h l -
f a r t h - B o t t e r m a n n 1957 f lu id and embedded into Vestopal W.; 1% phos-
pho- tungs t i c acid in 75% acetone w a s used fo r s ta in ing dur ing dehydra t ion . 
Th in sect ions w e r e cut on Reicher t OMU u l t r amic ro tome and examined wi th 
Ekn i skop I S iemens and Tesla BS 242 e lec t ron mic roscopes . 1 

In o rde r to ob ta in e x t r u d e d f i l amen t s in Plistophora hyphessobryconis, we 
app l i ed the h y d r o g e n perox ide in a p p r o x i m a t i v e ^ 5 % concent ra t ion . Since 
the r e m n a n t s of t he H 2 0 2 reac ts s t rongly wi th osmic acid in f ix ing f lu ids , 
p roduc ing i n n u m e r a b l e bubbles , which p r even t t he f o r m a t i o n of a pel let su i t -
ab le fo r f u r t h e r dehydra t ion , w e employed the po tass ium chromic su lpha te 
so lu t ion for w a s h i n g the e x t r u d e d spores be fo re f ixa t ion . For detai ls in a r t i -
f icial ex t rus ion of microspor id ian spores see L o m and V a v r a 1963. 

i We are greatly indebted to Dr. J. Rozsival, director of the Institute of the 
Physics of Solid Materials of CSAV and to Drs. M. Rysava and V. Matena from 
the Institute of Physics of CSAV for allowing us generously to use their electron 
microscopes. 
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R e s u l t s 

The s p o r e c a s e is of compound s t r u c t u r e , consis t ing of t h r e e d i f f e r e n t 
layers . A v e r y th in i nne r m e m b r a n e adhe re s to the sporoplasm and a v e r y thick 
midd le l aye r f o r m s the p rope r solid envelope of the spore vis ible as l ight in 
e lec t ron mic rog raphs because of i ts t r an spa rency in e lec t ron beam. T h e th i rd 
ou te r l aye r is f ine ly w r i n k l e d , and is ev ident ly composed of two to t h r e e ve ry 
th in addi t iona l layers . T h e to ta l spore case wid th on the whole spore su r f ace 
is about 0.1 a (in P . hyphessobryconis) w i th the excep t ion of t he a n t e r i o r pole, 
w h e r e the m e m b r a n e becomes cons iderably th in (about one f i f t h of i ts th ickness 
on the r e m a i n i n g sur face ) and as a f ine l aye r covers a s t r u c t u r e of e lec t ron 
dense ma te r i a l i den t i f i ed wi th "McManus posi t ive c a p " ( V a v r a 1959 and 
H u g e r 1960). 

The con ten t of the spore shell is composed of fou r m a i n cons t i tuen t s : t he 
polaroplas t , the sporoplasm itself , the coiled f i l a m e n t and the h i n d e r vacuole. 

The p o l a r o p l a s t — this t e r m in t roduced by H u g e r 1960 is i den t -
ical wi th t h e o f t e n desc r ibed " a n t e r i o r vacuole" . It occupies the a n t e r i o r th i rd 
of the spore in spores of "Nosema type" , in spores of Bacillidium it e x t e n d s 
more deeply. The polaroplas t is a l i t t le def ined s t r u c t u r e wh ich is d i f f icu l t to 
p rese rve in in tac t s t a t e du r ing f ixa t ion because of its enormous swel l ing abi l i -
ty. The swel led polaroplas t may be f o u n d to p r o t r u d e into the pos te r ior va -
cuole (PI. 12, P i ) . In re la t ive ly in tac t spores, f ixed in isotonic solut ions, it is 
f o r m e d by m i n u t e tubu l i and granules . A f t e r f ixa t ion in the usua l Pa lade ' s 
f ix ing f lu id (i.e. hypotonic) it is demons t r a t ed as consist ing of i r r e g u l a r l ame l l ae 
(in P. hyphessobryconis — PI. I 1—2, P) or vesicles in Glugea (Pyroteca) sp. T h e 
polaroplas t causes by i ts swel l ing t h e ex t rus ion of t he polar f i l a m e n t ( L o r n 
and V a v r a 1963). 

The p o l a r f i l a m e n t is the most conspicuous organe l le of t h e w h o l e 
spore. It is ev iden t f r o m long i tud ina l sect ions t h rough the spore tha t t he f i l a -
m e n t is coiled in one to severa l l ayers a r o u n d the wal ls in the h inde r half of 
the spore, the t h r e a d s f o r m i n g the l imits of the pos ter ior vacuole (PI. 11—2, F). 
The most an te r io r t h r e a d of t he f i l amen t def lec ts into the midd le of the spore, 
ex t end ing in the d i rec t ion of the long i tud ina l axis, p e n e t r a t e s t h e polaroplas t 
(PI. I 2) a n d is a t t a ched to the apex of the spore (PI. I 6). 

In all Microsporidia of t h e " N o s e m a t ype" , we f o u n d the s ame a r r a n g e m e n t 
of po l a r f i l a m e n t w i t h i n the spore. In spores w i t h a sho r t e r polar f i l amen t it is 
coiled in a s ingle l ayer a round the wal ls of the spore. In P. hyphessobryconis 
w h e r e t h e fu l l y e x t r u d e d polar f i l amen t reaches 500 ¡x, t h e r e a r e up to f o u r 
l ayers (PI. 11—2, F). The f i l a m e n t is a complex s t r u c t u r e consis t ing of seve ra l 
in te rposed l a m i n a r concent r ic l ayers m a k i n g in cross section t h e impress ion 
of a cen t ra l f i b r e and s u r r o u n d i n g r ings (PI. 11—3, F). We suppose tha t it is 
due to a cons iderab le compress ion of the f i l amen t w i th in the spore . The t r u e 
tube- l ike n a t u r e of t he f i l amen t can be c lear ly seen on ly in sect ions of e x -
t r u d e d f i l amen t s , the d i ame te r of which is f a r more g r e a t e r w i t h the wa l l s 
consis t ing of about f ive couples of l aminae (PI. 14—5, L) s u r r o u n d i n g the c e n -
t ra l hol low tube. T h e w i d t h of the po la r f i l a m e n t wi th in t h e spore var ies on ly 
ins ign i f ican t ly a long i ts whole l eng th . Only the shor t s t r e t c h benea th t h e 
apex of the spore is of w ide r d iamete r , p e r h a p s because of a g r e a t s t r a i n , 
exe r t ed upon th is p a r t of f i l amen t du r ing the f i r s t s tage of f i l a m e n t ex t rus ion . 

In spores of t h e genus Bacillidium, t he i r special organel le — m a n u b r i u m — 
reveals a s t r u c t u r e comparab l e to t ha t of the polar f i l a m e n t . M a n u b r i u m is 
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a tube; in cross sections it is composed of several concentric s t ruc tures whose 
appearance and number changes according to the position of the cross section 
(PI. II 8, M; 8a). The whole diameter of the m a n u b r i u m decreases wi th growing 
distance f rom the anter ior end of the spore. Our observat ions do not supply yet 
a complete idea of the construction of the manubr ium, however , the concentric 
s t ruc ture r emember ing that of polar f i lament as well as the abili ty to be ever t -
ed in the same manner as the f i lament , suggest tha t they a r e qui te homologous. 
For the t ime being we can distinguish at least f ive layers in the manubr ium: 
a thick outer wal l consisting of two not distinct layers; its inner limit is re-
presented by a double membrane . Inside the circle fo rmed by this membrane 
there appears a thick f ibre which seems to be absent in cross sections taken 
at some levels (PI. II 8, M). In such cases the axial pa r t is occupied by four 
very inconspicuous f ibres (PI. II 8a). 

The s p o r o p l a s m was badly preserved in our mater ia l and no organel-
les such as mitochondria or Golgi appara tus could be detected. In some prepa-
rations an imperfec t ly preserved nucleus could be observed (PL 11—2, S). 

The p o s t e r i o r v a c u o l e , a typical character of microsporidian spo-
res, shows no regular s t ruc tu re in electron microscope. It is most probably 
due to the f ixa t ion that the originally thin f luid of this vacuole is i r regular ly 
floculated (Pl. 11—2, V). 

D i s c u s s i o n 

The comparison of results achieved in our s tudy of d i f fe ren t microsporidian 
spores with data of H u g e r 1960 indicate that there is a unique plan in their 
s t ructure. They all possess a spirally coiled polar f i l ament which in the family 
Mrazekiidae is modified, being s t ra ight , relat ively shor t and thick. 

Although our present knowledge still contains some gaps in explanation 
of the exact s t ruc tu re of the polar f i lament in intact spores (e.g. the presence 
of the central black dot — " f i b r e " — in the cross sectioned f i lament) it is quite 
clear that the f i l ament is a hollow tube which is proved by its funct ion (L o m 
and V a v r a 1963) as well as by electron micrographs of ex t ruded f i laments 
presented here (Pl. I 4—5). Thus our results do not agree wi th K r i e g's 1963 
opinion that the f i lament is a solid s t ructure . Recently P u y t o r a c 1962 gave 
a pre l iminary repor t on the u l t ras t ruc tu re of Mrazekia lumbriculi, the man-
ubr ium of which is composed of th ree concentric layers and of a polar f i lament 
passing whole the length through. His pictures remind ou r observations on the 
spores of Bacillidium. 

Being a p ipe- l ike organella, the microsporidian polar f i l ament can be homo-
logized wi th the f i lament of myxosporidia. Nowadays the exact funct ion of 
myxosporidian polar f i lament is r a the r enigmatic, but f r om optical observa t -
ions it has been known since long t ime that its mode of extrusion is also the 
eversion. Our pre l iminary observat ions on the u l t r a s t ruc tu re of the spores of 
Henneguya psorospermica conf i rm the fact tha t the polar capsule contains 
a coiled, inver ted, hollow f i lament . The f ine s t ruc ture of myxosporidian fi la-
ment di f fers a t f i rs t sight f rom tha t of microsporidia by the lack of concentric 
laminar s t ruc tures in intact state. Moreover the f i l ament appears to be spi-
rally twisted longi tudinaly (Pl. II 9). C h e i s s i n et al. 1961 investigating the 
spores of Myxobolus uniporus and Myxobolus carassii described the f i lament 
as consisting of two f i laments closely coiled together . Our observations in 
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H. psorospermica whose d imensions a re f a r more g rea t e r t h a n t h a t of two 
Myxobolus species men t ioned above , revea l c lear ly t ha t t h e r e is a s ing le f i l a -
men t twis ted into sp i ra l folds w i t h i n the polar capsule. H a v i n g these facts in 
mind we can compare the f i ne s t r u c t u r e of myxospor id ian f i l a m e n t s w i t h the 
u l t r a s t r u c t u r e of s tenote les of Hydra as r ep re sen t a t i ve of c o e l e n t e r a t e nema-
tocysts. The l a t t e r a r e pr inc ipa l ly of t he s ame s t r u c t u r e as t h e po la r capsules 
of myxospor id ia ( C h a p m a n and T i 1 n e y 1959). The c o e l e n t e r a t e f i l a -
ment r eminds in its twis ted fo lded appea rance (no c i rcu lar sect ions as in Mi-
crosporidia) much more the s i tua t ion in myxospor id i an polar capsules t h a n tha t 
of Microsporidia. 

A common f e a t u r e of all s t r u c t u r e s conta in ing polar f i l a m e n t s c apab l e of 
ex t rus ion is a mass ive ou te r envelope, p r e s e n t in the spore case in Microspo-
ridia, in the envelope of t he po la r capsu le in Myxosporidia a n d in t h e n e m a t o -
cysts in Coelenterata. This i s ev iden t ly necessary to p r e v e n t t h e r u p t u r e of 
the f o r m a t i o n du r ing the ex t rus ion wh ich is supposed to be evoked b y swel l ing . 
E.g. ou r data (L o m and V a v r a 1963) ind ica te tha t t h e i n t r a s p o r a l pres-
sure causing ex t rus ion in microspor id ian spores can reach va lues c o m p a r a b l e 
wi th the osmotic tension as h igh as 60 a tmospheres . The spore m e m b r a n e is 
th ick and unelas t ic and all force o r ig ina t ing f r o m the swel l ing s t r u c t u r e s 
wi th in the spore is directed to eve r t the f i l amen t . 

S u m m a r y 

Elect ron microscopic examina t ion of u l t r a t h i n sect ions of spores, r ep re -
senta t ives of severa l mic rospor id ian species and genera , r evea l t h a t al l types 
of spores a re p r inc ipa l ly of the s ame s t ruc tu re compr i s ing f i ve chief cons t i tu -
ents. 

The s p o r e c a s e has a composi te f i ne s t r u c t u r e consis t ing of t h r ee 
d i f f e r en t layers . The p o l a r o p l a s t is a t u b u l a r or g r a n u l a r f o r m a t i o n 
capable of enormous swel l ing a n d supp ly ing the energy fo r t he ex t ru s ion of 
polar f i l amen t . P o l a r f i l a m e n t is a tube- l ike f o r m a t i o n , cons is t ing 
of th in lamel lae as shown on sect ioned f i l amen t s e x t r u d e d a r t i f i c ia l ly by hy-
drogen peroxide . The m a n u b r i u m of the r ep resen ta t ives of f a m i l y Mrazekiidae 
is however a modi f i ed polar f i l amen t . On the apex of the spore t h e r e is t he 
polar cap consis t ing of e lec t ron dense ma te r i a l to which the beg inn ing of the 
f i l amen t adheres . It is supposed to be the sensi t ive spot , t h r o u g h wh ich the 
s t imulus for ex t rus ion is accepted. The s p o r o p l a s m is s i t ua t ed b e t w e e n 
the polaroplas t a n d the f lu id - f i l l ed p o s t e r i o r v a c u o l e . 

The s t ruc tu ra l re la t ions be tween microspor id ian , myxospor id i an and coel-
e n t e r a t e e x t r u d i n g f i l amen t s a re discussed. 

SOUHRN 

Elektronova mikroskopie ultratenkych fezu sporami ruznych druhu a rodu mi-
krosporidii ukazuje, że vśechny typy spor maji v zasadę stejnou stavbu. Sestavaji 
z peti hlavnich komponent. 

O b a l s p o r y ma slożitou strukturu ze 3 dalśich vrstev. P o l a r o p l a s t ma 
ultrastrukturu z jemnych tubulu nebo granul, ktera je schopna enormniho bobtnani 
ćimż je dodavana energie pro vystreleni spory. P o l a r n i v 1 a k n o je trubicovite 
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a jak ukazuji rezy vlakny umele vystrelenymi vlivem peroxydu vodiku, sestava 
z jemnych lamel. Manubrium zastupcu ćeledi Mrazekiidae je pouzu modifikovane 
polarni vlakno. Zaćatek vlakna je pripevnen k t.zv. polarni ćepićce — vrstvicce 
hmoty malo prostupne pro elektrony, ktera je umistena na spicce spory. To je zrej-
rae citlive misto, kterym prochazi podnety vedouci k vystreleni spory. S p o r o -
p l a s m a je polożena mezi polaroplastem a z a d n i v a k u o l o u ktera je napl-
nena tekutinou. 

Jsou diskutovany strukturalni vztahy mezi polarnimi vlakny mikrosporidii, my-
xosporidii a lackovcu. 
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Note added in proof 
The following papers referring to the fine structure of microsporidian spores 

appeared after this paper has been submitted to publication: K u d o R. R. and 
D a n i e l s E. W. 1963: An electron microscope study of a microsporidian Thelo-
hania californica. J. Protozool. 10, 112—120; P u y t o r a c P. de 1962: Observations sur 
l'ultrastructure de la microsporidie Mrazekia lumbriculi, Jirovec. J. de Microsco-
pie 1, 39—46; S c h o l t y s e c k E. und D a n n e e l R. 1962: Über die Feinstruktur 
der Spore von Nosema apis. Deutsche Entomol. Zeitschr. 9, 472—476. Their findings 
corroborate in main outlines our observations. A detailed discussion is beyond the 
scope of this note. 
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EXPLANATION OF PLATES I—II 

1: Longitudinal section through the spore of Plistophora hyphessobryconis-, in the 
right upper corner a part of a tangentially sectioned spore; W — the spore wall; 
L,, L2, L3 — the inner, the middle and outer layer of the spore wall; F — cross-sectio-
ned coiled filament; Fj — the filament in longitudinal section; V — the space of 
the posterior vacuole; P — the swelled polaroplast; S — the sporoplasm. 
2: Longitudinal section of a spore in which the swelled polaroplast is shown (P) 
penetrating into the space of the posterior vacuole Pi. 
3: A cross section of polar filament (F) coiled about the spore wall. Note its inner 
concentric structure. 
4—5: Longitudinal and oblique section through the tube of the extruded filament. 
L — double layers of fine lamellae, composing the wall of the filament. 
6: Longitudinal section through the apex of the spore, with the origin of the polar 
filament (O), attached to the polar cap structure (PC). 
7: A section through the special part of the myxosporidian, Henneguya psorosper-
mica: J — the place of the junction of the two shell valves; C — polar capsules with 
intracapsular matter (I M) and polar filament itself (F). 
8: An oblique section through the spore of Bacillidium cyclopis\ at rigth a cross 
section; W — wall of the spore; M — manubrium; P — polaroplast, partly swelled. 
Inset 8 a: another cross section of manubrium. 
9: Longitudinal section through the polar capsule of Henneguya psorospermica. 
F — windings of the coiled polar filament; A — the part of the polar filament, 
ascending to the apex of the capsule; IM — intracapsular matter; W — wall of the 
polar capsule. 
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PLATE II 

J. Lom et J. Vavra auctores phot. 
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Nassula ornata and Loxodes magnus 

4)0T0MeTpnHecK0e M3yHeHMe coflepjKaHMH flHK B Manpo- m MWKpoHyKJieycax 
Paramecium caudatum, Nassula ornata M Loxodes magnus 

Recent resea rch has shown , t ha t the macronuc leus of the m a j o r i t y of 
ci l iates is a h ighly polyploid nucleus . A r g u m e n t s for this conclusion w e r e ob-
ta ined by means of var ious me thods . The macronuc leus divides by s imple con-
s t r ic t ion, be ing capable also to m u l t i p l e division and even to r egene ra t ion 
f r o m a smal l f r a g m e n t . Never the less , S o n n e b o r n 1947 found the m a c r o -
nucleus to be genet ica l ly act ive, its geno type r e m a i n i n g una l t e r ed du r ing clon-
al mut ip l ica t ion . These p rope r t i e s of the macronuc leus can be exp la ined by 
a d m i t t i n g its polyploid n a t u r e ( S o n n e b o r n 1947; G r e 1 1 1950, 1953; 
F a u r e - F r e m i e t 1953). 

The polyploidy of the macronuc leus is con f i rmed also by s tud ies of its 
s t ruc tu re . In developing macronuc le i , endomitot ic dupl icat ion of chromosomes 
was obse rved repea ted ly ( P o l j a n s k y 1934; P e s c h k o v s k a y a 1936, 
1948; G r e l l 1949; S a i t o a n d S a t o 1961b). In a d u l t mac ronuc le i of 
a n u m b e r of species, a vas t n u m b e r of t h r ead - l i ke chromosomes was recorded 
( G r e l l 1952; S c h w a r t z 1958; R u t h m a n n und H e c k m a n n 1961, 
R u t h m a n n 1963). Somet imes i t w a s possible to fol low the i r endomi to t ic 
dupl ica t ion w h e n macronuc le i a r e p repa r ing to division ( S a t o and S a i t o 
1959; S a i t o and S a t o 1961 a; S a i t o 1961; K a n e d a 1961; R a i k o v 1962). 

Ano the r proof of the theo ry of macronuc lea r polyploidy can be f o u n d in 
q u a n t i t a t i v e cy tochemica l da ta , ma in ly in compar ison of DNA con ten t s in m a -
cro- and micronucle i . These f i nd ings show t h a t the macronuc leus conta ins 
m a n y t imes as much DNA t h a n t h e micronucleus of the s ame species, t hus in -
dicat ing polyploid natu |re of t he f o r m e r ( M o s e s 1950, and o t h e r s — see 
Table 5). 

Q u a n t i t a t i v e cy tochemica l and au to rad iograph ic inves t iga t ions al lowed 
also to asce r ta in , t h a t D N A syn thes i s (replication) occurs usual ly du r ing i n t e r -
phase in mac ronuc l e i as wel l as in micronucle i ( S e s h a c h a r 1950 a; W a l -
k e r and M i t e h i s o n 1957; K i m b a l l and B a r k a 1959; K i m -
b a l l and P e r d u e 1962; G u t t e s a n d G u t t e s 1960; P r e s c o t t 
1960; W o o d a r d et al. 1961; M c D o n a l d 1962; C h e i s s i n et al. 1963). 
I n t e r p h a s e mac ro - and mic ronuc le i can have two levels of DNA conten t — re-

4 Acta Protozoologica VI 
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spectively a lower or p r e s y n t h e t i c one, and a p o s t s y n t h e t i c 
one, the la t te r being twice as high as the former . Thus ciliate nuclei behave 
like nuclei of the major i ty of metazoan cells. However, in Euplotes macro-
nuclear DNA replicates dur ing in terphase , while micronuclear DNA performs 
replication dur ing anaphase and telophase of mitosis (P r e s c o 11 et al. 
1962). 

Along wi th ciliates wi th polyploid macronuclei , an appreciable number of 
lower holotrichs was recent ly found, which have comparat ively chromatin-
poor macronuclei (genera Trachelocerca, Tracheloraphis, Trachelonema, Lo-
xodes, Remanella, Geleia and others). Cytological studies of these forms 
( F a u r e - F r e m i e t 1954; R a i k o v 1958 a, b, 1959 a, b, 1963 a, b) allowed us 
to suppose the d i p l o i d charac ter of their macronuclei (see R a i k o v 
1958 a, 1963 c). This assumption was based on low DNA content of these nuclei 
and on the absence of signs of endomitosis dur ing their development . Accord-
ing to this view, macronuclei of the above-mentioned forms are phylogenetic-
ally more pr imit ive than polyploid macronuclei of the higher ciliates. But the 
supposition of macronuclear diploidy in these lower ciliates has not yet been 
checked by means of quant i ta t ive methods. 

The task of the present work is to compare the DNA quant i t ies in the two 
types of nuclei in ciliates wi th polyploid macronuclei (Paramecium caudatum, 
Nassula ornata) as well as in a representa t ive of the previously mentioned 
lower ciliates — Loxodes magnus. 

M a t e r i a l a n d t e c h n i q u e s 

A clone of Paramecium caudatum grown at 22 °C in the mineral salt med-
ium of L o s i n a -L o s i n s k y 1931 was used. The ciliates were fed periodic-
ally with yeast cell suspension. 

The specimens of Nassula ornata belonged also to one clone cultured in 
Peters ' salt medium at 12—18°C and fed with blue-green algae Oscillatoria sp. 
(see R a i k o v 1962). Up to now, nobody succeeded in obtaining clonal cul-
tures of Loxodes magnus; there fore we had to use specimens f rom a natura l 
population of a pond near Leningrad. 

Nuclear DNA was measured on whole Feulgen stained mounts by the photo-
graphic method (for theory see B r o d s k y 1956). The ciliates were f ixed 
with N i s s e n b a u m's 1953 subl imate mixture , which sticks them to the 
slides, and stained according to the s tandard Feulgen technique (hydrolysis 
t ime 6 min.). Then they were photographed on a special microscope MUF-6 in 
monochromatic green light (546 mfx line of the mercury arc lamp SVD-120A). 
An optical wedge wi th fields of known optical density was photographed sim-
ultaneously on the same plate. 

The densities of the negatives were measured with a scanning microphoto-
meter MF-4 at 10-fold magnif icat ion. The mean elevation of each curve over 
the background was determined planimetr ical ly and compared with the curve 
obtained f rom the corresponding optical wedge. This permi t ted to f ind the 
mean extinction of each nucleus (E). For the macronuclei , this procedure was 
repeated twice, and the average value of E was taken as the f inal f igure. 

The DNA content of a nucleus was calculated in a r b i t r a r y units by mult i -
plication of its mean extinction by i ts area (Q = ES). For determinat ion of 
nuclear areas (S) the negative image was projected by means of a photomagni-

http://rcin.org.pl



D N A IN P A R A M E C I U M . NASSULA A N D LOXODF.S 291 

f ier on paper , the outlines of nuclei were traced and measured with a plani-
meter (in square centimeters). 

Invest igat ion of macronuclei of Loxodes presented a special technical dif-
f iculty. They have a large central nucleolus, which is Feulgen negative, but, 
nevertheless , gives a picture of "false absorpt ion" because of its strong re-
f r ingence resul t ing in non-specific light scattering. DNA is localized in these 
nuclei only in a thin peripheric layer. 

For excluding this false absorption and obtaining more precise data on 
DNA content of macronuclei, the following procedure was used. Only the peri-
pheric ipart of the macronucleus, projected on the photographic plate as an 
absorbing " r ing" (see PI. II 3, Ma), was measured dur ing negat ive scanning. 
The ext inct ion of this " r ing" was multiplied by its area (i.e. nuclear area minus 
nucleolar area); thus the quant i ty of DNA (Qr) was determined in this "r ing". 
However, the ful l DNA content of the macronucleus (Q) is g rea te r than the 
value obtained, for this method does not take into account the DNA located 
over and under the nucleolus. 

Assuming that the DNA might be evenly dis t r ibuted under the nuclear 
membrane , a correcting coefficient (c) was found, which allows the calculat-
ion (Of DNA content in the whole nucleus, provided the quant i ty of DNA in 
the " r i ng" is known. This coefficient depends on the relation between the 
nuclear radius (R) and the nucleolar one (r): 

c - R 

]/K2 - r-

To de termine the DNA content of the whole macronucleus of Loxodes, the 
quant i ty of DNA calculated for the " r i ng" was multiplied by this coefficient. 

Q = Qr• - R 

]/R2 - r2 

The nuclear area (S), measured planimetrical ly on enlarged drawings , is 
a2 t imes g rea te r tha>n the t rue nuclear area on the prepara t ion , a being the 
total l inear magnif icat ion at drawing the nucleus. Therefore comparable data 
on DNA content in nuclei drawn at d i f ferent magnif icat ions could be obtained 
only a f t e r dividing the DNA quant i ty (Q) by the square of magnif icat ion 

Qo = — ) or, which is the same, a f t e r mult iplying the fo rmer by a coefficient 
a21 

inverse to the square of magnificat ion (Q0 = Q-k, where k = 1/a2). The total 
magnif icat ion was obtained by mult iplying the magnif icat ions of the objective 
lens, the ocular and the iphotomagnifier. 

Paramecium caudatum and Nassula ornata were photographed wi th a 50 X 
(n.a. 0.65) objective, Loxodes magnus — with a 90 X (n.a. 1.25) oil immersion 
lens. The magnif icat ion of the ocular was in all cases 3 X , that of the photo-
magni f ie r — 15 X. Thus, the coefficient (k) was 1.97« 1 0 - 7 for P. caudatum 
and N. ornata, and 0.6097-lO - 7 for L. magnus. All f inal resul ts are given in 
X ' 1 0 - 7 a r b i t r a r y units od DNA. 

The au thors wish to express their gra t i tude to G. V. Selivanova for her 
valuable advices concerning photometric techniques, and to G. I. Sergejeva for 
help in the mathemat ica l processing. 
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R e s u l t s 

Paramecium caudatum 
The nuc lea r a p p a r a t u s of P. caudatum consists of an oval macronuc leus 

and one micronucleus close to it. The content of nuc lear DNA was measu red 
in 25 indiv iduals , the resu l t s being r ep resen ted in Table 1. 

Table 1 
DNA content of Paramecium caudatum nuclei (arbitrary units • 10—") 

Category 
of individuals 

Num-
ber 
of 

indi-

DNA content 
of Ma 

DNA content 
of Mi 

Relation bet-
ween DNA con-

tents of Ma 
and Mi 

Aver-
age 

poly-
ploidy 
deg-
ree 

of Ma 
vidu-

als 
Extre-

mes 
Mean Extre-

mes 
Mean Extre-

mes 
Mean 

Aver-
age 

poly-
ploidy 
deg-
ree 

of Ma 

I. Presynthetic 10 11.8—17.4 14.71 0.13—0.22 0.19 58—103 79.5 i 
159 n 

Ma and Mi 
10 11.8—17.4 14.71 0.13—0.22 0.19 

1 1 

i 
159 n 

II. Presynthetic Ma 4 12.5—17.6 15.05 0.24—0.36 0.22 
44—53 47.0 

and postsynthetic Mi 4 12.5—17.6 15.05 0.24—0.36 0.22 
1 1 

III. Synthetic Ma 
5 17.7—21.7 20.10 0.18—0.22 0.19 

100—109 104 
and presynthetic Mi 5 17.7—21.7 20.10 0.18—0.22 0.19 

1 1 
IV. Synthetic Ma 

6 19.3—22.2 20.40 0.26—0.38 0.33 
52-77 61.8 

124 n and postsynthetic Mi 6 19.3—22.2 20.40 0.26—0.38 0.33 
1 1 

124 n 

It has been es tabl ished ear l ie r for the same s t ra in , tha t DNA synthes is in 
the macronuc leus takes place dur ing the second half of the in terd iv is ion i n t e r -
val ( C h e i s s i n et al. 1963). Dur ing the f i r s t 8—10 hours a f t e r divis ion, 
t he D N A conten t of this nucleus r ema ins on a cons tant low level (presynthe t ic 
period). D u r i n g the second half of the in te rva l , the quan t i t y of macronuc lea r 
DNA g rows g radua l ly , being doubled only dur ing p lasmotomy 1. This per iod of 
t ime ( f rom 10—12 to 18—19 hours) is charac te r ized by a h igher DNA conten t , 
which approaches the pos t syn the t ic one. 

DNA m e a s u r e m e n t s w e r e car r ied out on paramecia a t r andom stages of 
t he in t e rphase , which resu l ted in ob ta in ing va r iab le f igu res cor responding to 
the p r e s y n t h e t i c as well as to the syn the t ic periods. 

According to DNA content of the m a c r o n u c l e u s , all ind iv iduals can 
be divided into two groups. Macronuclei of the f i r s t g roup a re in the p r e s y n t h e -
tic per iod, those of the second g roup — in the syn the t i c one. Macronucle i of the 
2nd g roup w e r e not f o u n d to conta in a double amoun t of DNA as compared 
wi th those of the f i r s t group, since we did not measu re the i r DNA conten t just 

i The process of DNA synthesis in the macronucleus of P. aurelia, according to 
K i m b a l l and B a r k a 1959 and K i m b a l l and P e r d u e 1962, is also grad-
ual and is completed only just before division. The graduality of macronuclear DNA 
synthesis was recorded also for Stentor (G u 11 e s and G u t t e s 1960). It is most 
clearly expressed in Euplotes, where DNA replication takes place in the so-called 
reorganization band, moving slowly along the macronucleus ( G a l l 1959; K i m b a l l 
and P r e s c o t t 1962; P r e s c o t t . K i m b a l l and C a r r i e r 1962). 
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before and dur ing division, when the DNA quant i ty is known to reach its 
max imum and when replication of DNA is being completed in all genomes of 
the polyploid macronucleus. Into the group of synthet ic macronuclei we includ-
ed nuclei at d i f ferent stages of DNA synthesis, having f rom 17.7 to 
22.2'10—7 a rb i t ra ry units of DNA. In presynthet ic macronuclei , the DNA con-
tent varies f rom 11.8 to 17.6 units; this variabi l i ty apparent ly depends on ini-
tial d i f ferences of DNA quant i ty among individuals belonging to one clone 
( O v c h i n n i k o v a et al. 1963). 

In the m i c r o n u c l e i , the DNA content is clearly represented by two 
levels — a 'presynthetic and a postsynthetic one. DNA synthesis in the micro-
nucleus goes on ra the r rapidly, and ei ther nuclei wi th low DNA content (less 
than 0.22 »lO - 7 units), or those with greater , practically doubled content 
(0.24—0.38 • 10~7 units) are met. 

Comparing DNA levels in macro- and -micronuclei, 4 categories of indi-
viduals can be distinguished (Table 1). 

The f i rs t category is characterized by low DNA levels in both types of nuc-
lei. These a re individuals, in which DNA synthesis has not yet begun a f t e r 
division (presynthetic condition). The second category is composed of spec-
imens having macronuclei with presynthet ic DNA content , and postsynthet ic 
micronuclei. The existence of this category shows, that micronuclear DNA 
synthesis may begin and end earl ier , than the macronuclear one. The animals 
of the th i rd category have synthetic macronuclei and presynthet ic micronuc-
lei. Thus, contrary to the category II, DNA synthesis begins here in some m a -
cronuclear genomes earl ier than in the micronucleus. Final ly, specimens of the 
four th category have synthetic macronuclei and postsynthet ic micronuclei , 
which corresponds to the second half of the interdivision interval . 

Str ic t ly speaking, only individuals of the f irs t category must be taken in to 
account while determining the degree of macronuclear polyploidy, for only 
they have the most characterist ic DNA content, unchanged by synthet ic 
processes and comparable in both nuclei. We may consider also the category 
IV, but the quant i ty of DNA in these animals is not yet fu l ly doubled in the 
macronucleus, while in the micronucleus it has a l ready reached the postsyn-
thetic level. Therefore the polyploidy degree obtained by comparison of m a -
cro- and micronuclei of individuals of the category IV turns out somewhat 
underes t imated. 

The comparison of nuclei of the f i rs t category of animals shows, tha t the 
average DNA content of the macronucleus surpasses tha t of the micronucleus 
80 times, the relation varying in some individuals f rom 58 to 103 times. This 
fact may be explained by the instabili ty of DNA quant i ty in macronuclei 
among individuals of one clone ( O v c h i n n i k o v a et al. 1963). In the catego-
ry IV, the mean relat ion of DNA quanti t ies in macro- and micronuclei is 62. 
Taking the micronucleus for a diploid nucleus, we can de termine the average 
degree of macronuclear polyploidy as 160 n (from 116 to 206 n in individual 
cases). 

Nassula ornata 
The nuclear appara tus of N. ornata is represented by a large spherical or 

oval macronucleus (diameter ca. 40 ^i), and by several micronuclei ad jacen t to 
it (Pl. 11). The number of the la t ter varies f rom 2 to 14; most individuals ha-
ve f rom 4 to 8 micronuclei (R a i k o v 1962). 
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Table 2 
DNA content of Nassula ornata nuclei (arbitrary units • 10—7) 

Category of indi-
viduals 

Speci- DNA Micronuclei Relation 
between Polyploidy 

Category of indi-
viduals 

men content Num- DNA content DNA 
contents of 
Ma and Mi 

degree Category of indi-
viduals No. of Ma ber Extremes Mean 

DNA 
contents of 
Ma and Mi 

of Ma 

I. Presynthetic 4 40 2 0.2—0.32 0.28 143: 1 283 n 
Ma and Mi 8 46 3 0.34—0.40 0.38 121:1 242 n 

II. Postsynthetic 1 55 3 0.22—0.38 0.31 177:1 — 

Ma and presyn- 2 52 1 0.36 0.36 144:1 — 

thetic Mi 6 57 5 0.24—0.46 0.37 154: 1 — 

9 £7 2 0.24—0.30 0.27 203: 1 — 

11 56 2 0.32—0.34 0.33 170:1 — 

III. Postsynthe- 3 €3 2 0.59—0.61 0.60 105: 1 210 n 
tic Ma and Mi 5 56 2 0.53—0.63 0.58 96.5 : 1 193 n 

7 55 2 0.42—0.57 0.50 110:1 220 n 
10 58 3 0.47—0.59 0.51 114: 1 228 n 

Average polyploidy degree 230 n 

The DNA conten t of mac ro - and micrcnucle i was measu red in 11 spec im-
ens of N. ornata. Only these micronuclei , which were not ove r shadowed by 
the macronucleus , could be measured . The resul ts of DNA de t e rmina t ion are 
g iven in Table 2. 

The analys is of the data shows, t ha t according to the i r DNA conten t the 
m a c r o n u c l e i fa l l into 2 groups — wi th a lower p re syn the t i c (Nos. 4 
a n d 8) and a h igher pos t syn the t ic (other animals) DNA quan t i ty . T h e f o r m e r 
have 40—46-10" 7 a r b i t r a r y DNA uni ts , the l a t t e r — more than 52 (up to 63) 
uni ts . The presence of nuclei wi th i n t e rmed ia t e DNA content indicates the g r a -
d u a l l y of DNA repl ica t ion in macronucle i of this species also. However , whi le 
inves t iga ted microscopical ly, endomitot ic chromosomes in the macronuc leus 
of Nassula spli t synchronous ly (R a i k o v 1962). Obviously, e l e m e n t a r y DNA 
f ibr i l s migh t rep l ica te in d i f f e r en t genomes of this nuc leus at d i f f e r en t t ime; 
th is process becomes comple ted in all macronuc lea r genomes just be fore divi-
sion, and only a f t e r t h a t microscopical ly visible synchronous chromosome spi-
ra l iza t ion and sp l i t t ing (endomitosis) begins. 

According to DNA con ten t of the i r m i c r o n u c l e i , the an imals can be 
divided also in two groups . The individuals of the f i r s t one (Nos. 1, 2, 4, 6, 8, 9 
a n d 11) have micronuc le i wi th l i t t le DNA quan t i t y (0.22—0.46, t he m e a n s 
f r o m 0.27 to 0.38«10—7 a i 'b i t ra ry units). Specimens of the second g roup (Nos. 
3, 5, 7 and 10) conta in cons iderably more DNA in micronucle i — f r o m 0.42 to 
0.63, the m e a n s f r o m 0.50 to 0.60-10~7 a r b i t r a r y uni ts . DNA levels f o u n d in t h e 
micronucle i obviously cor respond to the per iods before and a f t e r DNA rep -
l icat ion. 

The syn thes i s of DNA takes place more or less synchronous ly in d i f f e r e n t 
micronucle i of one an imal . This is conf i rmed by the fac t t ha t al l micronuc le i of 
a s ingle an ima l usual ly appea r to be e i ther p resynthe t ic cr pos tsynthet ic . This 
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observation corresponds well with the synchrony of micronuclear mitoses at 
division in this species (R a i k o v 1962). 

The comparison of DNA levels in macro- and micronuclei allows to distin-
guish 3 categories of individuals of N. ornata (but not 4, as in the case of 
P. caudatum). The f i rs t category (Nos. 4 and 8, Table 2.) is characterized by 
a low presynthet ic DNA level in the macronucleus as well as in the micro-
nuclei. Apparent ly , these are recently divided animals. Macronuclei with 
a postsynthet ic or in termediate (No. 2) DNA content and presynthet ic micro-
nuclei a r e characterist ic for the ciliates of the category II (Nos. 1, 2, 6, 9 and 
11). The existence of this category shows that in Nassula macronuclear DNA 
synthesis precedes the micronuclear one. Animals of the th i rd category (Nos. 
3, 5, 7 and 10) have postsynthetic macronuclei and micronuclei. These are 
obviously predivision stages. Thus individuals of Nassula belonging to the 
categories I, II and III correspond to the categories I, III and IV of Para-
mecium respectively. No cases of micronuclear DNA synthesis preceding the 
macronuclear one (as in the category II of Paramecium) were found in Nas-
sula. 

The comparison of DNA content of Nassula macronuclei with that of the 
micronuclei gives the lowest f igures in the category III, and the highest — 
in the II (see Table 2). Obviously, the degree of macronuclear polyploidy 
should be determined by comparing presynthet ic micronuclei wi th p resyn th -
etic macronuclei , and postsynthetic micronuclei — with postsynthet ic macro-
nuclei. Individuals of the category II should not be taken into account at all, 
since their nuclei represent d i f ferent stages of DNA replication and cannot 
be compared directly. 

Admit t ing the micronucleu^ to be diploid, the degree of polyploidy of pre-
synthet ic macronuclei proves to be 242—286 n, and tha t of the postsynthetic 
ones — 193—228 n. At average, the macronucleus of N. ornata is consequently 
230-ploid. 

These results are in sharp disagreement with our previous data. Morpholog-
ical studies of N. ornata macronuclei revealed chromosomes therein, which 
split ted longitudinally short ly before cell division, i.e. became duplicated by 
endomitosis (R a i k o v 1962). Chromosome numbers were counted in macro-
and micronuclei (although very imprecisely, because of their great number 
in both types of nuclei and due to the fact that counts were carried out on 
sections). The chromosome number in the macronucleus was tentat ively est im-
ated at 400—800, whereas in the diploid micronucleus it is ca. 40. Thus the hap-
loid number (n) of this species may be about 20. Assuming tha t macronuclear 
chromosomes are not complex "Sammelchromosomen" (i.e. chain-like aggre-
gates of t rue chromosomes), a conclusion was drawn, tha t the macronucleus 
may be ca. 20—40-ploid (most probably 32-ploid). 

According to the theoretical considerat ions of G r e 1 1 1953, 1962 the exis-
tence of "Sammelchromosomen" in the ¡macronucleus of ciliates is most prob-
able. Recently, this opinion found some confirmation in studies carried out on 
Bursaria truncatella by R u t h m a n n und H e c k m a n n 1961 and on Lo-
xoph-yllum meleagris by R u t h m a n n 1963. However, in Nassula any mor-
phological signs of a complex na tu re of macronuclear chromosomes failed to 
be found. 

According to photometric data, the macronucleus of N. ornata is at average 
230-ploid. Consequently, if it contained separate chromosomes, the number of 
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the la t ter should exceed 4000 (230-20 - 4600), i.e. it should be 5 to 10 limes 
greater than the counted number . Such a big error of chromosome counting 
is highly im|tirobajble, the more so tha t the process of count ing on sections 
could ra the r resul t in a tendency to overest imate thei r number (a cut chromo-
some is being held for two or three), than to underes t imate it. 

The presence in the macronucleus of N. ornata of DNA quanti t ies 7—8 
times grea ter than it could be expected f rom chromosome counts may be ex-
plained in two ways. 

First ly, the imacronuclear chromosomes of this species may be still complex 
("Sammelchromosomen"), though morphological boundaries of t rue chromo-
somes in the chain are indist inguishable. I t is diff icul t to de te rmine the exact 
chromosome length on sections, where they were counted. Therefore it is pos-
sible, that macronuclear chromosomes are longer than previously admitted, 
and represent complex aggregates. 

If it is the case, wha t should be the number of "Sammelchromosomen" in 
the Nassula macronucleus? It is most probable, tha t complex chromosomes are 
formed by a l inear aggregation of all the chromosomes of each haploid genome. 
Only in this case the whole genomes ("Sammelchromosomen") could become 
segregation units at macronuclear division, the la t ter condition being necessary 
to avoid increasing aneuploidy in daughter nuclei (G r e 1 1 1953). Taking this 
opinion as a working hypothesis, we should expect that the number of complex 
chromosomes in the Nassula macronucleus would be equal to its polyploidy de-
gree, i.e. approximate ly 230. This f igure is 2—3 times smaller than those ob-
tained by chromosome counting. However , because counting on sections tends 
to yield overest imated f igures, we believe this in terpre ta t ion to be acceptable. 

Secondly, the discrepancy between morphological and photometrical data 
could be explained by polyteny of macronuclear chromosomes. Its degree 
should be in this case approximately 8 (3 successive reduplications of chromo-
nemata). Up to now polyteny is described only for micronuclear chromosomes 
of Tetrahymena (A 1 f e r t and B a 1 a m u t h 1957). The solution of this quest-
ion might be apparent ly obtained through electron microscopic studies of 
Nassula nuclei. 

Loxodes magnus 
Loxodes magnus is a mult inucleate ciliate belonging to the lower Holotricha 

and having f rom 8 to 31 macronuclei and f rom 5 to 32 micronuclei (PI. 12). Re-
cently, the nuclear appara tus of this species was studied in detail by F a u r é-
F r e m i e t 1954 and R a i k o v 1958 b, 1959a. The macronuclei (Pl. 113, Ma) 
have a spherical form, with the diameter of ca. 7 \i only, and contain a very 
large central nucleolus. Unlike macronuclei of the major i ty of ciliates, t i e m a -
cronuclei of L. magnus a re stained fa in t ly by the Feulgen technique; only 
small chromat in elements in their peripheric layer give a positive reaction 
(Pl. II3). The micronuclei (Pl. I I3 , Mi) are, on the contrary , compact and 
sharply Feulgen positive. It is very remarkable , tha t macronuclei of Loxodes 
are incapable to divide: at cell division they are passively dis tr ibuted between 
the daughter individuals. The micronuclei divide mitotically, the mitoses oc-
curr ing asynchronously. A number of micronuclei becomes t r ans fo rmel f r o m 
time to t ime into macronuclear anlagen (Pl. II 3, MaA), which grow later into 
adul t macronuclei . The anlagen differ f rom the la t ter by the absence oi a la r -
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ge cen t ra l nucleolus; they have e i ther no nucleoli at all, or conta in 1—3 s.-nall 
nucleoli . 

As men t ioned above, it was suggested previously (R a i k o v 195ÎJ a) 
tha t the mac ronuc le i of Lpxodes r e m a i n diploid; t hus they d i f f e r f r o m t h e 
macronucle i of h ighe r ciliates, which become polyploid. In the p r e s e n t s:udy 
we t r ied to check w h e t h e r Loxodes macronucle i a re real ly diploid, by means 
of pho tomet r ic de t e rmina t ion of the i r DNA content . 

The resu l t s of DNA m e a s u r e m e n t in the nuclei of 12 indiv iduals of 
L. magnus a r e r ep re sen t ed in Table 3; in all 66 micronuclei , 22 macronuc lea r 
an lagen and 63 adu l t macronuc le i w e r e measured . 

Like in both species discussed above, the m i c r o n u c l e i of L. magnus 
fal l in to 2 classes of DNA content . P re syn the t i c micronucle i contain 
f r o m 0.14 to 0.22-10~7 a r b i t r a r y DNA uni ts , the mean being 0.181 - lO" 7 . Post-
synthe t ic micronucle i a r e charac te r ized by a h igher DNA conten t — from 
0.23 to 0.45-10~7 un i t s (mean — 0.283•lO"7) . Be tween these two levels , some 
t rans i to ry va lues (0.20—0.24) can be s ta ted , which correspond to micronuclei 
f ixed du r ing DNA repl icat ion. This resu l ted in the fact tha t the m e a n DNA 

Fig. 1. Mean DNA content of presynth-
etic micronuclei (Mi I), postsynthetic 
micronuclei (Mi II), macronuclear an-
lagen (MaA) and adult macronuclei 
(Ma) of Loxodes magnus (in arbitrary 

units* 10 
Lines on the tops of co lumns represent 3 

standard errors in each direct ion of the mean 
va lue (M ± 3m), thus corresponding to 99.7"/« 
c o n f i d e n c e l imits. 

values of p re syn the t i c and pos tsynthe t ic micronucle i show the re la t ion less 
t han twofo ld (the DNA content of the f o r m e r being at average 64% f r o m tha t 
of the l a t t e r ; see Table 3 and Fig. 1). 

Unl ike N. ornata, the ma jo r i t y of indiv iduals of L. magnus conta in a mix -
t u r e of p re syn the t i c and pos tsynthe t ic micronucle i in d i f f e r en t p ropor t ions (see 
Table 3). This is jus t w h a t could be expected , because in L. magnus micro-
nuc lear mitoses a re a synchronous ( R a i k o v 1959 a). 

The mean DNA content of developing m a c r o n u c l e a r a n l a g e n 
(0.288*10—7) p roved to be ve ry close to the DNA level of the pos tsynthe t ic 
micronucle i (0.283), t he d i f f e rence being only 2 % (Table 3). Table 4 shows tha t 
this d i f f e rence is s ta t i s t ica l ly uns ign i f i can t (t = 0.315, P > 0.5). This fact p ro -
ves tha t mac ronuc lea r an lagen or ig ina te in the ma jo r i t y of cases f r o m pos tsyn-
thet ic micronucle i , and do not unde rgo any endomitot ic polyploidizat ion dur -
ing the i r deve lopment . At average , they r e t a in the DNA content cor respond-
ing to the diploid pos tsynthe t ic level (Fig. 1). 

The m e a n DNA conten t of adu l t m a c r o n u c l e i is only by 11% h ighe r 
than tha t of pos t syn the t i c micronucle i (Table 3, Fig. 1). This d i f f e rence is 
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s ta t is t ica l ly s igni f icant (0.05 > P > 0.01; see Table 4). The d i f f e rence be tween 
D N A quant i t ies of developing an lagen and adu l t macronucle i is 9%, but due 
to a g rea te r s t a n d a r d e r ro r of the m e a n DNA content of t he an lagen it proved 
to be of a l i t t le s ignif icance (0.2 > P > 0.1). In any case, t h e r e exist no m a n i -
fold (even twofold) DNA changes dur ing the deve lopment of macronucle i in 
Loxodes; t h e r e fo r e any polyploidizat ion of developing and adu l t macronucle i 
is he re 'ou t of quest ion. The macronuc le i conta in a m e a n q u a n t i t y of DNA 
pract ica l ly equal to tha t found in diploid pos t syn the t ic micronucle i (Fig. 1). 

Table 4 
Significance of differences between mean DNA quantities in Loxodes magnus nuclei 

Postsynthetic 
Mi, M ± >m = 
0.283 ± 0.009' 

Ma-anlagen 
M ± m = 

0.288± 0.013 

Adult Ma 
M± m = 

0.314± 0.010 

Presynthetic 
Mi, M ± m = 
0.181 ± 0.005 

t = 10.25 
0.001>P 

t = 7.65 
0.001>P 

t—12.1 
0.001 > P 

Postsynthetic 
Mi, M ± m = 
0.283± 0.009 

t = 0.315 
P>0.5 

t = 2.32 
0.05>P>0.01 

Ma-anlagen 
M ± im = 

0.288± 0.013 

t= 1.56 
0.2>P>0.1 

The l i t t le increase of DNA conten t in adu l t macronuc le i in re la t ion 
to the developing ones m i g h t be pe rhaps connected w i t h an accumula t -
ion of the so-called metabol ic DNA of the he t e roch roma t in as a resul t of gene 
act ivat ion, the l a t t e r undoub te l ly occur r ing at t r a n s f o r m a t i o n of micronuclei 
into nuclei tha t a r e biochemical ly act ive and r ich in RNA. Analogous pheno-
mena w e r e found in metazoan nuclei , for ins tance, in the "Ba lb ian i r ings" of 
d ip te ran sa l iva ry g land chromosomes (B r e u e r and P a v a n 1956; F i c q 
a n d P a v a n 1957). 

A detai led analys is of Table 3 shows, however , tha t mac ronuc lea r an lagen 
can somet imes ar i se f r o m presyn the t i c «micronuclei also. In th is case, the mac ro -
nuclei r e ta in a lower (diploid presynthe t ic ) DNA content . All t he measured 
macronucle i 2 of the specimen No. 8 can be given as an e x a m p l e (Table 3). In 
a n u m b e r of o t h e r individuals , the popula t ions of both developing and adul t 
macronucle i a re he te rogenous , some nuclei showing pos tsynthe t ic , o the r s — 
presyn the t i c DNA levels (Nos. 2, 12). This is easily unde r s t andab l e , since the 
macronucle i of Loxodes a r e a lways of u n e q u a l age, some of t h e m being f o r m -
ed recent ly , o thers being received f r o m the mo the r ind iv idua l (F a u r e - F r e-
m i e t 1954; R a i k o v 1959 a). Never the less , macronucle i w i t h pos tsynthe t ic 
DNA con ten t s t rong ly p redomina te . 

2 As the measurements were done by the photographic method, not all the 
nuclei of an individual were measured, but only those which appeared in focus on 
the negative plate. 
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The da ta con f i rm, consequent ly , our p rev ious supposi t ion about the d i -
p 1 o i d y of Loxodes macronucle i and the absence of a n y s igni f icant DNA 
synthes is du r ing the i r deve lopment . 

D i s c u s s i o n 

A cons iderable body of evidence concern ing DNA conten t of c i l ia te nuclei , 
ob ta ined main ly f r o m photomet r ic s tudies of Feulgen s ta ined p repa ra t ions , 
has now accumula ted in the l i t e ra tu re . If the micronuc leus is considered to 
be diploid in all cases :î a compar ison of DNA contents of the micro- and t h e 

macronuc leus al lows to d r a w a conclusion about the polyploidy degree of t he 
la t t e r . L i t e r a t u r e data of this k ind , toge ther w i th the resul ts p resen ted above, 
a re b r o u g h t toge the r in Table 5. 

Table 5 

DNA content of macro- and micronuclei and polyploidy degree 
of macronuclei in different ciliates 

Species 

Relation 
of DNA 

contents in 
Ma and Mi 

Degree 
of poly-
ploidy 
of Ma 

References 

Paramecium 
caudatum 40:1 80 n M o s e s 1950 
The same 25—30:1 50—60 n W a l k e r and M i t c h i -

4) s o n 1957 

i The same ~ 7 5 : 1 ~150 n B l a n c 1962 
G The same 58—103:1 ~160 n This paper 
O Paramecium W o o d a r d , G e l b e r and 
U aurelia 430:1 860 n S w i f t 1961 
CO 
B Chilodonella 

uncinata ~35:1 ~70n S e s h a c h a r 1950b 
Tetrahymena 

o limacis 10—50:1 20—100 n ¡ D y s a r t , C o r l i s s and 
a 
>5 Tetrahymena patula 100—400:1 200—800 n i D e l a T o r r e 1962 

Nassula ornata 115:1 230 n This paper 

CU Epistylis articulata ~7o0:1 •' ~1400n S e s h a c h a r and D a s s, 
1954 

Eursaria truncatella 2500:1 5000 n R u t h m a n n und H e c k -
m a n n 1961 

D
ip

lo
-

id
 

M
a 

Loxodes magnus 1.11:1 2 n This paper 

3 It is by far not always the case. In particular, micronuclear heteroploidy has 
been described in Paramecium bursaria and in some stocks of P. caudatum ( C h e n 
1940), tetraploidy — in a clone of Tetrahymena pyriformis (R a y 1958), and polyteny 
of micronuclear chromosomes — in another stock of T. pyriformis ( A l f e r t and 
B a l a m u t h 1957). 
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As it is seen in this table, the macronuclei of the major i ty of ciliates are 
highly polyploid, the degree of their ploidy vary ing widely in d i f ferent species 
as well as wi thin one species (Tetrahymena limacis, T. patula). The var ia-
bil i ty of data repor ted in four separate papers on Paramecium caudatum 
could be probably explained by stock differences. The stocks might have dif-
fe ren t absolute DNA quantit ies not only in the macronuclei , but also .in the 
micronuclei. The la t te r might be connected wi th micronuclear heteroploidy 
known for this species ( C h e n 1940). 

A sharp di f ference exists between the degree of macronuclear polyploidy 
of two closely related species — P. caudatum and P. aurelia (Table 5). Never-
theless, the dimensions of the macronuclei of these species are more or less 
alike; probably, their absolute DNA contents d i f fer not very much f rom each 
other . Alike a re abto their body dimensions. In this case, the d i f fe rence of 
ploidy degrees might depend not on the f inal DNA content of the macro-
nucleus, but on the difference of initial DNA contents in the micronuclei. The 
micronucleus of P. aurelia is in fact much smaller and contains less DNA than 
does tha t in P. caudatum. Numerous observat ions show tha t no correlation 
exists between DNA content and the dimensions of micronuclei, on one hand, 
and the body size of a ciliate, on the other. Thus e.g., large-sized Spirostomum 
has exceedingly small micronuclei. On the contrary , macronuclear dimensions 
do correla te clearly with the body size, the absolute DNA content of the ma-
cronucleus being probably determined pr imar i ly by the amount of cytoplasm. 
This content is reached by endomitotic polyploidization of the micronucleus, 
the number of endomitoses necessary for it being the grea ther , the smaller 
and DNA-poorer the micronuclei of the species are. Therefore a higher degree 
of polyploidy is needed to reach the necessary DNA content in the macro-
nucleus of P. aurelia than in that of P. caudatum. 

A conclusion can be drawn of the above-said, tha t the degree of macro-
nuclear polyploidy represents only a comparat ively poor correlat ion with the 
systematic position of the given ciliate (leaving aside the lower ciliates with 
their diploid macronuclei). It depends much s t ronger on the relation of body 
size to micronuclear size. According to this, the highest degrees of macronu-
clear polyploidy are met in large ciliates having small micronuclei (Bursaria 
truncatella). Spirostomum ambiguum is expected to give even a greater f igure, 
but this species has not yet been studied photometrical ly. 

Quite apar t f rom the others is the group of lower Holotricha having compa-
rat ively DNA-poor macronuclei. In all these forms, including Loxodes, these 
somatic nuclei are incapable to undergo division. The present investigation 
has shown, tha t the macronuclei of Loxodes a re real ly not polyploid, but re t -
ain a diploid character , just as we supposed previously. A study of other forms 
of this kind (Trachelocercidae, Geleia, Remanella) would probably give analog-
ous results, since morphological and cytochemical peculiari t ies of their macro-
nuclei resemble extremely those in Loxodes. Consequently, the results obtain-
ed conf i rm the hypothesis postulat ing that the evolution of nuclear dualism in 
ciliates has passed two phylogenetic stages: tha t of p r i m a r y d i f f e r e n t -
i a t i o n of diploid macronuclei and that of their p o l y p l o i d i z a t i o n 
<see R a i k o v 1963 a, c). 
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C o n c l u s i o n s 

1. Two levels of DNA content can be d is t inguished in the mac ro - and micro-
nuclei of Paramecium caudatum and Nassula ornata — a presyntheti ic and 
a pos t syn the t ic one. 

2. A p re syn the t i c macronuc leus of t he s t ra in of P. caudatum unde r s tudy 
conta ins at ave rage 80 t imes more DNA t h a n a p resynthe t ic micronucleus . The 
degree of macronuc lea r polyploidy in this s t ra in is consequen t ly about 160 n. 

3. In some cases, DNA synthes is in the micronuclei of P. caudatum can 
begin ear l ier , t h a n tha t in the macronucleus , whi le in o thers — it ini t ia tes 
la ter . Thus , the t ime of DNA synthes is in both types of nuclei is not s t r ic t ly 
corre la ted . 

4. In the macronuc leus of Nassula ornata DNA repl icat ion beg ins ear l ie r 
t h a n in the micronuclei . 

5. The mac ronuc leus of N. ornata conta ins 96—143 t imes m o r e DNA than 
a single micronuc leus of the same specimen. The macronuc leus of th i s species 
is a t ave r age 230-ploid. 

6. The d iscrepancy be tween the degrees of macronuc lea r polyploidy in 
N. ornata d e t e rmined by chromosome count ing (about 32 n) and by DNA mea-
s u r e m e n t (230 n) could be exp la ined by admi t t i ng e i ther a complex n a t u r e 
of macronuc lea r chromosomes ( "Sammelchromosomen") , or the i r polyteny. 

7. The mic ronuc le i of a given specimen of Loxodes magnus a r e usual ly 
a m i x t u r e of p r e syn the t i c and pos tsynthe t ic nuclei; this is connected wi th 
a synch rony of mic ronuc lea r mitoses. 

8. The m e a n DNA conten ts of p re syn the t i c and pos tsynthe t ic micronuclei , 
macronuc lea r an lagen and adul t macronucle i of L. magnus a r e re la ted as 
0.64 : 1 : 1.02 : 1.11 respect ively . Thus the macronucle i of this species or ig ina te 
usual ly f r o m pos t syn the t ic micronuclei and re ta in a diploid cha rac t e r . A l i t t le 
(ll°/o) increase of DNA content of adu l t macronucle i might be expla ined by 
he t e roch roma t in accumula t ion . These data complete ly exclude a possibili ty of 
endomitot ic polyploidizat ion dur ing development of macronucle i in Loxodes. 

P E 3 I O M E 

KojiMnecTBo , 5 H K B H f l p a x Paramecium caudatum, Nassula ornata M Loxodes 
magvus onpeflejifljiocb nyTeM c}D0T0MeTpwp0BaHMH OKpameHHbix no <£>ejibreHy TO-
TajibHbix n p e n a p a T O B . I I p e c M H T e T M H e c K M M M a i t p o H y K j i e y c P. caudatum c o ^ e p j K M T 
B c p e f l H e M B 8 0 p a 3 6 o j i b i n e flHK, n e M n p e c H H T e T M H e c K w i i M w c p o H y K j i e y c , M H B j i n e T C H 

npn6jiM3MTejibHO 160-njionflHbiM. KojiMnecTBo /JHK B MaKpoHyKjieyce N. ornata 
n p e B o e x o f l M T T a K O B O e B M M K p O H y K . n e y c e B c p e f l H e M B 115 p a 3 . H e c o o T B e T C T B M e M e a t f l y 

CTeneHbio nojmnjiOMAHOCTM: MaKpoHyKJieyca 3Toro BMfla, onpeflejieHHoii no KOJIW-

necTBy ^ H K ( 2 3 0 n) n NYTEM NOFLCNETA XPOMOCOM (OKOJIO 3 2 n), MOJKCT 6biTb oG-bji-
CHeno JIMSO cSopHbiM xapaKTepoM XPOMOCOM MaKponyKjieyca, JIMGO H X NOJIMREHNEII. 

B CBH3M c HecHHxpOHHOCTbK) M M T 0 3 0 B y Loxodes magnus MMKpOHyKJieycbi B npe-
flejiax OFFHOII OCO6M oSbiMHo npeflCTaBJieHbi cMecbio NPECMHTETMHECKWX M nocTCMHTe-
TMHecKHx Hflep. CpeflHee COFLEP«<AHME AHK B NPECMHTETMNECKMX M NOCTCMHTETMME-

CKMX M M K p o H y K J i e y c a x , 3 a n a T K a x M a K p o H y K J i e y c o B M B 3 p o c j i b i x M a K p O H y K J i e y c a x 

3 T o r o B M f l a OTHOCMTCH K a K 0 . 6 4 : 1 : 1 . 0 2 : 1 . 1 1 . M a K p o H y K J i e y c b i L . magnus, c j i e f l O B a -

TejIbHO, o6pa3yK)TCH 0 6 b I H H 0 M3 nOCTCMHTeTMHeCKMX M M K p O H y K J i e y C O B M COXpaHHIOT 
AHnjiOMflHbiii xapaKTep, HTO noflTBepjKflaeT Bb ic -KA3AHHOE HQMM paHee npeflnoJiojKeiiiie 
06 O T C y T C T B M M 3HflOMMTOTMHeCKOM nOJIMnJIOMflI13aUMM M a K p o H y K J i e y c o B L o x o d e s . 
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1: Section through the macronucleus and one micronucleus of Nassula 
ornata. Feulgen reaction, photomicrograph, 1800 X (from R a i k o v 1962). 
2: General view of Loxodes magnus. Hernalum stained whole mount, 
photomicrograph, 290 X (from R a i k o v 1958 b). Ma — macronuclei, 
Mi — micronuclei. 
3: Nuclei of Loxodes magnus. Whole mount, Feulgen reaction, photo-
micrograph, 2000 X. Ma — macronuclei, Mi — micronuclei, MaA — 
macronuclear anlagen. 

I. B. Raikov et al. auctores phot. 
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L e s z e k K U Ź N I C K I 

Reversible immobilization of Paramecium caudatum evoked by 
nickel ions 

Badania nad odwracalną immobil izacją Paramecium caudatum 
wywołaną przez jony n ik l awe 

The problem of s lowing the movemen t of Protozoa or the i r comple te im-
mobil izat ion is in te res t ing for protozoologist not only fo r its methodologica l 
aspect . It also of fers possibil i tés to ana lyse the activity1 of the ci l iary a p p a r a t u s 
and o ther cell func t ions . 

G e l e i 1935 ascer ta ined the immobi l iz ing act ion of N i 2 + sal ts (NiCl2 , 
NiSÛ4, Ni(NC>3)2) upon Paramecium caudatum.. He also descr ibed the 
in f luence of N i 2 + on the act ion of the cont rac t i le vacuoles a n d the i r in jec t ion 
canals , on the cyclosis of endoplasm, on ingest ion, on excre t ion of food vacuoles , 
on the s i lver l ine sys tem and on the co-ordinat ion of the c i l iary appa ra tu s . 
Those p r i m a r y in fo rma t ions on the biological act ion of Ni 2+ ions fa i led to evo-
ke a special in teres t of scientists and the method of immobi l iza t ion of ci l iates 
by m e a n s of Ni2+ ions was not recorded in the protozoological m o n o g r a p h s 
except for the publ ica t ions of T a r t a r 1950, 1961. Only T c h a k h o t i n e 
1938 and la te r T h o m a s 1953 t r ied to ana lyse — more fu l ly than G e l e i — 
the anes the t ic (immobilizing) action of NiS04 upon Paramecium. 

J u s t recent ly the inf luence of nickel salts on protozoa began to evoke a v i -
vid in te res t . This fac to r is being appl ied and ana lysed in d i f f e r en t ways 
(B o v e e 1958, S e r a v i n 1961, 1962 a, 1962 b, P â r d u c z 1962, P i t e 1 k a 
and P â r d u c z 1962, P u y t o r a c , A n d r i v a n et S e r r e 1962). 

In l ight of the recen t s tudy, nickel sal ts migh t be recognized as one of the 
most e f fec t ive and un iversa l immobi l iza tory agents fo r protozoa. Despi te of 
t h e p rogress in this f ield, some prob lems connected wi th the immobi l iza t ion 
of Paramecium caudatum — t h e ci l iate which has been most inves t iga ted — 
r e m a i n obscur , cont rovers ive or a l toge ther open. 

1. The high d i f fe rences of concent ra t ion at which in s imi lar t ime immobi l -
izat ion was a t t e ined by d i f f e r en t au tho r s a re confus ing and involve d i f f icu l ty 
in exact de te rmina t ion of opt imal concent ra t ions . In this ques t ion t h e most 
f i r m posit ion is assumed by G e l e i 1935. According to th is au tho r it is im-
possible to de t e rmine the opt imal concen t ra t ion for s ingle species because — 
expec t the clonal d i f fe rences — the res is t ib i l i ty of ci l iates aga ins t the im-
mobi l iz ing action of nickel ions shows cons iderable f luc tua t ions connected wi th 
t h e cha rac t e r of med ium (kind of the nu t r i en t , degree of oxygen supply etc.). 

5 Acta Protozoologica VI 
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2. The re is a g r e a t d ivergence in the opinions on fac tors evoking immobi l i -
zation. The v iew of G e 1 e i 1935 was in this subjec t not de te rmined . He ex -
pressed the opin ion t h a t the nickel ions act upon the co-ord ina t ing sys tem, or 
t h a t they r a t h e r m a k e impossible the e f fec t ive movemen t of cilia wh ich norm-
ally advance the ci l ia te fo rwards . 

T h o m a s 1953 ob ta ined the best immobi l izat ion e f fec ts wi th the concen t r -
a t ion 0.02% N i S 0 4 in the cu l tu re med ium. In those condit ions, t he m o v e m e n t 
of the ci l iate is comple te ly inhib i ted a f t e r 2 hrs. This s ta te is cal led by the 
a u t h o r " t h e pe r iod of s leep" and is charac te r ized by the immobi l iza t ion of 
cilia in some regions of the body, sp read ing g radua l ly over the r e m a i n i n g reg-
ions, a l though the immobil ized cilia m a y r e s u m e the i r w o r k f o r shor t mo-
ments . Only a p ro longed s tay of immobil ized cil iates in the solut ion of Ni S 0 4 
evokes a fu l l immobi l iza t ion of all the cilia — including the per i s tomal — a l t h -
ough wi thou t t he i r i m p a i r m e n t . 

S e r a v i n 1961 repor t ed tha t N i S 0 4 in concen t ra t ion 0.01—0.001% stops 
the m o v e m e n t of Spirostomum, Euplotes, and Paramecium w i thou t inh ib i t ing 
the act ivi ty of the i r cilia for 1—3 hrs. According to S e r a v i n the immobi l -
izing act ion of th is f ac to r consists in suppress ing the spontanic m e t a c h r o n a l 
impulses which co-ord ina te the whole ac t iv i ty of the motor sys tem in cil-
iates. , 

Those d iscrepancies a re also re f lec ted in the te rminology which is not wel l 
es tabl ished. Some au tho r s r e f e r to narcosis occurr ing in Protozoa, o ther to 
anaes thes i s or c i l ia ry anaesthesis , some o the rs — to para lys is . 

In the p resen t p a p e r the t e r m immobi l iza t ion will be used as the most des-
cr ip t ive and gene ra l , w i thou t deciding about the n a t u r e of the phenomenon . 

3. The r e t u r n to no rm a f t e r immobil izat ion wi th nickel salts r ema ins an 
open quest ion. Only T h o m a s 1953 repor t ed tha t pa ramecia may r e t u r n to 
n o r m w h e n t r a n s f e r r e d to the cu l tu re m e d i u m 30 min. a f t e r t he onset o\f 
N i S 0 4 act ion i.e. w h e n the s lowing of mot ion, according to the a u t h o r s obse r -
va t ions , just begins. Yet in his opinion, the case of N i S 0 4 ac t ion m a y be con-
s idered as a r eve r s ib le narcosis of Paramecium caudatum. 

The p re sen t p a p e r is an a t t e m p t to a n s w e r the 3 above quest ions . 

M e t h o d s 

Paramecium caudatum was used for expe r imen t s in severa l clones o r ig in -
a t ing f r o m cu l tu res g r o w n for m a n y yea r s on the milk nu t r i en t . C o n c u r r e n t l y 
cu l tu res on l e t tuce in fus ion innocula ted wi th Aerobacter aerogenes w e r e r u n . 
The t e m p e r a t u r e of rooms in which the cu l tu res w e r e kep t was 18 + 1 °C. 

For e x p e r i m e n t s cil iates w e r e t aken f r o m the th igmotac t ic r ings , a f t e r r e -
moval of su spended de t r i tus . For a t t a in ing the sui table densi ty which amoun ted 
ca 100 indiv. /ml , the ca lcula ted q u a n t i t y of the f i l t e red m e d i u m of the s ame 
cu l tu res on le t tuce in fus ion inocula ted wi th Aerobacter aerogenes w e r e r u n 
( tap wa te r , dis t i l led w a t e r or buf fe r ) , ci l iates were collected du r ing the r i n s -
ing f r o m the i r geotact ic aggrega t ions . 

All solut ions w e r e p r epa red on bidis t i l led water . The solut ion being ex-
p e r i m e n t e d was added to the cil iate sample in the vo lume ra t io 1 : 1 and s t i r -
red a f t e r mix ing . Each concent ra t ion w a s tes ted in 20 samples . 

The p r e l i m i n a r y observa t ions concerned the immobil iz ing act ion of n ickel 
su lpha t e and ch lor ide and revea led no essent ia l d i f fe rences in the e f fec t s of 
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those two compounds. Consequently, the immobilization is evoked exclusively 
by the action of the nickel ions; in subsequent exper iments only nickel chlor-
ide was used. Its toxic concentrat ion was determined previously (G r Q b e c k i 
and K u z n i c k i 1955, 1956). For Paramecium caudatum f rom milk cul ture 
it amounted for 24 hrs L D 5 0 = 0.008 mM which was supported by recent ex-
per iments in the same medium conditions. 

One of the causes of diverse opinions upon the problem of immobilization 
by action of chemical agents introduced into the medium is the lack of com-
parable cri teria of immobilization. Such f ixed cri teria — if even a rb i t ra ry — 
seem to be absolutely necessary for the quant i ta t ive comparison of results. 

The following criteria for analysis of the immobilizing action of NiCl2 on 
Paramecium caudatum were set up: 

1 As the state of immobilization such a l imitat ion of the ciliate move-
men t will be considered, in which it cannot swim (in any direction) along 
a distance exceeding its body length and its ro tary movement is limited to 
180°. 

2. In a sample containing about 100 individual, at least 90% of ciliates 
should show immobilization simultaneously. 

3. Ciliates should remain immobilized for no less than 30 min. and the 
general percentage of ' immobilized individuals should not diminish. 

4. The factor evoking immobilization should not cause perceptible patho-
logical changes typical for paranecrosis ( M a k a r o v 1935, 1938) and, before 
all, should not deform the shape of the cell. 

5. Af te r the t ransfer to the initial medium or a f t e r rinsing, the normal-
ization of movements and of o ther funct ions should concern at least 50% of the 
ini t ia l n u m b e r of ciliates. The exper iment set in this way allows to1 ascer-
tain in which conditions (concentration, t ime of action) depending also on the 
character of medium, nickel ions may evoke a reversible cutoff of the motory 
appara tus , without impairing the cell itself. 

Another problem analysed in the present study — the behaviour of the 
mo to r ' appara tus during immobilization — was studied in living mater ia l in 
the dark f ie ld and phase contrast optics. 

T h e i n f l u e n c e o f t h e i o n c o m p o s i t i o n 
o f m e d i u m u p o n i m m o b i l i z a t i o n 

The pre l iminary observations carr ied out on a clone grown on milk nu t r -
ient and on let tuce infusion gave str ikingly high differences of concentrations 
in which nickel chloride produced1 s imilar intensity of immobilization. These 
results conf i rm the observations of G e 1 e i 1935 about the inf luence of the 
na tu re of medium upon the immobilizing action of the nickel ions. The behav-
iour of d i f fe ren t clones grown on the same nut r ien t showed less essential dif-
ferences. Subsequent exper iments had in view to detect the cause of this 
phenomenon. 

Ciliates" originat ing f rom the same milk nutr ient were divided into 3 groups. 
The f i rs t g roup was rinsed with distilled water , the second — with tap water , 
the thi rd — with phosphate-ci tr ic buf fe r applied by D r y 1 1959. Then the 
range of the nickel chloride concentrat ions was determined which give similar 
immobilization effects in the same period of time in all three groups. The 
results (buffer : 0.4—2 mM, tap wate r 0.02—0.08 mM, distilled water 0.008— 

5* 
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0.03 mM) show tha t t he dynamic of the immobi l iza t ing act ion of n ickel ions 
upon protozoa depends on the presence and concent ra t ion of o t h e r ions in t h e 
med ium. 

The cu l tu re m e d i u m wi th protozoa was di luted 200 t imes w i t h disti l led 
w a t e r in o rde r to ascer ta in the in f luence of the biologically i m p o r t a n t ions 
(Ca 2 + , M g 2 + , N a + , K + ) upon the dynamic of immobi l iza t ion processes. Then, 

mM 
W 

zTo.1 

o> 

007 

CaCL? 
2mM 

rigCl2 
2mH 

20' 30' 40' 
Time of immobilization 

Fig. 1. The influence of Ca2+, Mg2+, K+, Na+ on the dy-
namics of the immobilizing action ofNi2+ on Paramecium 

caudatum 

5 hrs l a te r the whole m a t e r i a l w a s distr ibuted1 into 5 samples . In one of them 
the ci l iates w a r e l e f t in dist i l led w a t e r whi le the o thers w e r e r in sed in ' fo l -
lowing solut ions: 2 m M NaCl, 2 m M KC1, 2 m M MgCl 2 , 2 m M CaCl 2 . 

A f t e r 1 h, solut ions of d i f f e r en t concent ra t ions of n ickel ch lor ide w e r e 
added and the t ime was measu red when immobi l izat ion of more t h a n 90% of 
ind iv idua l s i n the sample occurred . In this w a y it was possible to es tabl ish 
which of t he cat ions plays' t he decisive pro tec t ing role agains t t he immobi l iz ing 
action of nickel ions. The resu l t s a re r ep resen ted in the d i ag ram (Fig. 1). 

http://rcin.org.pl



N I C K E L I M M O B I L I Z A T I O N OF PARAMECIUM 3 0 5 

When compared with the 200 t imes with distilled wa te r di luted cul ture 
medium, the exper iment indicates tha t the Na and K ions slightly accelerate 
the immobilization, whereas the Mg and Ca ions play a protect ive role. The 
differences are t remendous. For instance, 0.1 mM nickel chloride solution 
evokes the immobilization of all the individuals wi th in 5 min. in presence of 
KC1, but it fails to act in presence of CaCb at all. In this case, 50°/o of ciliates 
survive 24 hrs. 

In the subsequent exper iments the course of immobilization depending on 
Ca concentrat ion in the medium was to be stated. A series of exper iments was 
carr ied out in which the ciliates were r insed in distilled wate r (according the 
former procedure) ' and placed in the solution of CaCl2 of d i f fe ren t concentra-
tions. Then the t ime of the onset of immobilization evoked by 0.5 mM NiCl2 
wTas determined. 

The protective action of Ca was s tated already in the concentrat ion 0.05 m M 
CaCl2 in the ' cu l tu res diluted 200 times wi th distilled water . It was also stat-
ed that for the protect ive inf luence of the calcium ions is not essential whe the r 
this factor has been added to the cul ture before the action of the nickel salts 
or together with them. 

The above exper iments a l l ow ' to conclude that the decisive factor of dif-
fe rent dynamics in the immobilization activity of the nickel ions upon Para-
mecium caudatum is surely the calcium ions concentrat ion in the medium (the 
magnesium ions concentrat ion being of a minor importance). Other factors 
play a ra ther secondary role. 1 

B e h a v i o u r o f t h e m o t o r a p p a r a t u s 
i n t h e c o u r s e of i m m o b i l i z a t i o n 

The immobilization of ciliates evoked by the nickel ions is a character is t ic 
phenomenon uniform for all the individuals of a sample except some individ-
ual differences in resistibil i ty of single ciliates. This uni formi ty manifes t the 
more distinctly the more rapid is the action of the nickel ion. This is i l lustrated 
by the case described below, when all the individuals were immobilized wi th -
in 32 min. 

In the course of 10—12 min. f rom the beginning of the exper iment , the 
velocity of swimming falls, s imultaneously the spiralization diminishes and the 
rotary movement round the long body axis becomes slower. In this phase the 
ciliates collect in the lower layer of the medium as resul t of their passive fall 
to the bottom of the vessel. For the next 5—6 min. ciliates do not swim but 
their movement becomes a short of crawling. Their rotat ion is near ly stopped. 
The ciliate stops more and more f requent ly , per forms short reversions and at 
last its progressive movement becomes thoroughly inhibited. Frequency of 
short reversions increases distinctly but they gradual ly last shorter . Up f rom 
this moment it is possible to consider the immobilization as accomplished 
al though the characteris t ic "winces" of the ciliate body still occur. The course 
of this process suggests that the immobilization evoked by nickel chloride pro-
ceeds gradual l ly as result of the fall of effect ive action of cilia. 

The ciliates immobilized by nickel chloride pe r fo rm short reversions at 
intervals of several seconds. Those reversions involve quick wi thdrawa l s of the 
ciliates V2—2/3 of their body length, and then a quick r e t u r n to thei r exit 
position. This character is t ic phenomenon has not been described as yet by 
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any au thor . The ro ta t ion movemen t is thoroughly suppressed. The behav iour 
of the ci l iate p roduces impress ion as if it t r ied in va in to overcome an invis ible 
obstacle. In this case the def in i t ion " immobi l i za t ion" is in h a r m o n y wi th the 
cr i ter ia of immobi l iza t ion phenomenon as es tabl ished in the in t roduct ion . 

The observa t ions in the phase con t ras t ing optics and in the da rk f ield 
seem to indica te t ha t any of the theor ies of the immobil izat ion mechan i sm put 
f o r w a r d till p re sen t t ime is not sa t i s fac t ionary (G e 1 e i 1935, T h o m a s 1953, 
S e r a v i n ' 1961). 

P r io r to comple te immobil izat ion the me tach ron i sm and the co-ordinat ion 
of the ci l iary m o v e m e n t persist . 

In the " immobi l iza t ion phase" , cilia of the whole body keep work ing till 
percept ib le pre-imortal changes of t he ci l iate appear . Howeve r the w o r k of 
cilia is not no rma l since they a re not able to p e r f o r m an e f fec t ive s t roke and 
the i r movemen t s occur only on a l imi ted w a y which produces an impress ion 
as if they w e r e stiff and ad ju s t ed at a cons tant angle to the body sur face . 

In this s i tua t ion no me tach ron i sm is observed . It does not prove a fu l l 
suppress ion of co-ordinat ion because shor t revers ions still occur as resu l t of 
a synchronic s t roke of all the cilia f r o m the poster ior end fo rwards . The cil-
ia ry movemen t is l imi ted and the synchronic s t roke is fo l lowed by r e t u r n of 
cilia to the i r in i t ia l posit ion and — in consequence — by r e t u r n of the ci l ia te 
to its f o rmed place. Fig. 2 i l lus t ra tes the behav iou r of P . caudatum and its 
locomotory a p p a r a t u s a f t e r immobi l iza t ion wi th nickel chlor ide . 

The f r e q u e n c y of revers ions which appear a f t e r immobi l izat ion every 
4—10 sec. g r adua l ly fal ls when the ci l iates r ema in in the nickel chlor ide solu t -

Fig. 2. Diagram illustrating the behaviour of P. caudatum and its ciliary apparatus 
after immobilization with Ni2+ 

A — character of movements which may be performed by the immobilized ciliate, 
B — ciliary apparatus after a full immobilization of the ciliate, C — ciliary appa-
ratus during the short-lasting reversion, D — return of cilia to their exit position 

involving the shift of the ciliate to its former place. 
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ion for a prolonged time. The disappearence of this reaction indicates the 
beginning of typical pre-mortal changes. The macronucleus becomes distinctly 
visible, the body is being deformed and large areas wi th immobile cilia ap-
pear. The movement of all the other cilia is chaotic. The contracti le vacuoles 
enlarge unnatura l ly . The peristomal cilia keep their movement longer than the 
somatic ones so that their part ial immobilization may be observed only in 
those individuals which are distinctly deformed. The per is tomal appara tus — 
like in the case of chloral hydrate (G r Q b e c k i and K u z n i c k i 1961, K u z-
n i c k i 1963) — shows a much stronger resist ibil i ty against the action of 
immobilizing factors. 

C o n d i t i o n s of r e n o r m a 1 i z a t i o n 

The nickel salts may evoke the immobilization of ciliates or may fail to 
evoke it, depending on the calcium and magnesium ions concentrat ion in the 
medium. It may also be stated that ' the time of action of the nickel salts solut-
ion before the deformation of the cell sets on, depends on the t ime w h e n ' i m -
mobilization occurred. It was s ta ted that the most convenient for pract ical 
reasons are such concentrations of nickel salts which evoke immobilization 
within 30—60 min. In those cases almost 100%> of individuals become im-
mobilized simultanously and show no deformation of the body for over 30 min. 
i rrespectively of the concentration applied. 

The individual differences of resistibility are considerable. Single ciliates 
may persist in the" state of immobilization up to 4 hrs wi thout signs of p re -
mortal changes. If they are to be used for subsequent exper iments , they should 
not stay in the nickel salts solutions longer than 45—60 min. f rom the moment 
of immobilization, because the sensibilization to s trong light and to mechanical 
stimuli gradual ly develops in all the ciliates even in those which are not 
deformed. In order to decide whether the nickel sal ts may be considered as 
a ful ly effect ive immobilizer for P. caudatum, it seems essential to ascertain 
in which degree the immobilized individuals may a t ta in the renormalizat ion. 
Therefore a series of experiments was executed on the ' c i l i a t e s of one clone 
kept in d i f fe ren t media: in milk nutr ient , let tuce infusion, a f t e r r insing with 
the phosphate-ci t r ic buffer , with tap water or wi th distilled water . In each 
case, such a concentration of nickel chloride was ad jus ted that the immobiliz-
ation of 90% of individuals occurred within 40—50 min. Then, 30 min. a f t e r 
immobilization, ciliates were rinsed, every series in its p r imary medium. Rins-
ing was* repeated 4 times diluting the medium 1 : 10 every t ime which resul t -
ed in 10 000 dilution of immobilization medium. Af t e r 12 hrs the percentage 
of individuals which recovered their normal movemen t was calculated in the 
sample. A f t e r r insing with distilled water all the ciliates die and the in-
toxication occurs within the same period of t ime as in the samples where the 
ciliates still remained in the nickel chloride solution. Af te r r insing with tap 
water , milk nut r ien t , lettuce infusion or phosphate-ci t r ic buf fer , 20—45%> of 
individuals recovered their normal conditions. 

Quite d i f fe rent results were obtained a f te r r insing the ciliates wi th 5 mM 
calcium chloride solution in distilled water . In all cases irrespectively of the 
character of medium, 95—100% of ciliates recovered their movement . The 
action of calcium ipns involves a ful l res t i tut ion of v i ta l funct ions even in 
those ciliates in which some paranecrotic changes appeared . When solution of 
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calcium chloride is applied, a mass renormalizat ion way be evoked even in 
the ciliates which remained in immobilizied conditions for 60 min. or more. 

In several series of exper iments were applied various concentrat ions of 
nickel chloride for immobilization and d i f fe rent media for the subsequent rins-
ing which resul ted in di f ferent percentage of renormalizat ion. For this ex-
per iment , ciliates f rom a milk cul ture were used. Their milk medium was dil-
u ted 200 t imes with distilled water prior to addition of nickel chloride solut-
ion. 

The above exper iments indicate that the Ca ions per form not only a protect-
e e role agains t the toxJic and immobilizing action of nickel chloride salts, 
but tha t they exer t a decisive inf luence in renormalizat ion of inhibi ted vital 
func t ions in the immobilizied ciliates. Consequently, for a mass recovery of 
immobil ized ciliates, 2—5 mM solution of calcium chloride should be always 
used. Higher concentra t ions of calcium salts fail to increase essential ly the 
s t imula t ing action of this factor which seems to depend on the presence of 
sodium and potassium ions in the medium. This accounts for the fact that cal-
cium chloride is the most effective antidote against nickel salts when traces 
content of sodium and potassium is present . 

In the course of renormalizat ion of movement in ciliates, processes develop 
mostly in a reverse sequence to those which occur in immobilization. The cha-
racter is t ic "s t i f fness" of cilia gradually disappears and the ampl i tude of their 
s t roke increases. Init ially the ciliate movements show an increased f requency 
and lengthening of paths of their short- last ing reversions. Together wi th the 
onset of fo reward swimming, the ro tary movement appears a l though it is not 
f luen t . The nex t step is the recovery of spiralization of movement bu t the 
velocity of swimming is still lowered. 

The t ime of onset of the progressive movement and its fu l l renormal iza t -
ion depends on the t ime which is necessary for immobilization and also on the 
length of the period when they were immobilized. In the case when im-
mobilization occured wi thin 40—50 min. and ciliates were rinsed in 5 mM solu-
tion of calcium chloride 30 min. a f t e r the onset of immobilization, the progres-
s iva movements of 50% of individuals in a sample appear a f te r 75—90 min. 
The ful l normalizat ion of the movement ra te in all the ciliates appears only 
a f t e r 8—11 hrs. Divisions of immobilized ciliates are observed only 72—85 hrs 
a f t e r the moment of rinsing. 

Similar ion relat ionships as for P. caudatum were also s tated in immobil-
izing act ion of N i 2 + upon some other ciliates (P. aurelia, P. bursaria, Tetra-
hymena pyriformis, Colpidium colpoda and Spirostomum ambiguum). In all 
cases the renormalizat ion of immobilized ciliates shows a mass character only 
a f t e r r insing them wi th calcium chloride. 

D i s c u s s i o n 

The above resul ts indicate that in sui tably adjus ted conditions the action 
of N i 2 + ions on Paramecium caudatum may : 1. evoke the immobilization of 
the cil iate as a mass phenomenon, 2. keep the ciliates in the s ta te of im-
mobilization for more than 30 min. wi thout involving perceptible patholo-
gical changes, 3. allow a f te r rinsing a ful l recovery of movement and of other 
vi ta l funct ions of immobilized ciliates. Consequently the nickel ions fu l f i l l all 
cr i ter ia of effect ive immobilizer. 
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The ionic composition of medium plays the most impor tan t role as well in 
the immobilization phenomena as in those of renormalizat ion. The decisive 
fac tor is here the calcium ions concentrat ion. The absolute concent ra t ion of 
Ca ions is the principal factor evoking d i f ferent dynamics of immobi l iza t ing 
act ion of Ni 2 + in the same concentrat ion. The concentrat ion of magnes ium ions 
m a y also be of some importance but their concentrat ion in the media most ly 
applied and their protective inf luence are much infer ior to tha t of the Ca2"1" 
ions. In contrast to this the concentrat ion of univalent ions as N a + or K + 

w h e n similar to that of na tura l media, has no essential inf luence upon the 
dynamics of immobilizing action of nickel ions. 

In the l i te ra ture some cases of the protective role of calcium ions against 
d i f ferent noxious agents in ciliates were repor ted (C h a 1 k 1 e y 1930, E i-
s e n b e r g-H a m b u r g 1932, L o s i n a -L o s i n s k y 1948, S e r a v i n 1958). 

All those informat ions seem to suppor t the general cytological regular i ty 
concerning the fal l of the membrane permeabi l i ty influenced by calcium (or 
magnesium) ions and the antagonist ic action of the sodium and potass ium ions. 
This regular i ty has been i l lustrated on the protozoa mater ia l by T a r t a r 
1957 in his s tudy on shedding the p igment by the action of d i f f e ren t fac tors 
in Stentor coeruleus. 

The »protective role of calcium ions against the immobilizing action of N i 2 + 

as well as in the renormalizat ion process — as stated in the present s tudy — 
is a new a rgument in favour of the great importance of this fac tor in the pro-
cesses occurring in the cortical s t ruc tures and in the cytoplasmic memb ran es 
of ciliates. 

The exper iments concerning the inf luence of the ion composition of m e d -
ium upon the dynamics of immobilization process seem to indicate plainly tha t 
the protective action of calcium and magnes ium ions is the resul t of changes 
of the permeabi l i ty of the cytoplasmic membranes in ciliates. This action 
is so strong tha t it cannot be accounted for by the changes in the ions 
Ni2+ activeness only. Some sl ight di f ferences between the pheno-
mena occurr ing in the KC1 and NaCl solutions and in the 200 t imes diluted 
cul ture medium respectively, might be the results of in te r fe rence of two oppo-
site factors: changes of permeabi l i ty and of the n u m b e r of thermodynamica l ly 
active Ni2+ ions. Similar results were found by P u y t o r a c , A n d r i v a n 
et S e r r e 1962, as follows f rom their concise abstract . 

For the s t imulat ing action of calcium ions in the renormal iza t ion process 
(following the immobilization wi th nickel salts) no sat isfactory explanat ion 
was found. It may be assumed that in the superf luous calcium content in the 
medium, a more rapid and effect ive el imination of Ni 2 + f r o m the cortical layer 
of the immobilized ciliates occurs. It should be also remembered t ha t magne-
sium and calcium ions activate the pyrophosphatase in cilia ( C h i l d 1961). 

The most disputable problem connected wi th the action of Ni2_t" is t he 
mechanism of immobilization. Some controversies in the views on this sub -
ject may be due to the d i f ferent exper imenta l conditions. Some dif ferences in 
the behaviour of ciliates and of their motor appara tus may be observed in 
connection with the d i f ferent period of t ime between the addi t ion of N i 2 + 

and the onset of immobilization. In the case of high concentra t ions w h e n the 
immobilization occurs at once or wi th in a f ew minutes in most individuals , 
ciliates behave in very d i f fe rent manners : some of them die a t once, o the r s 
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stop and discharge their trichocysts, shedding also their cilia in some body 
regions, some are immobilized with no perceptible pathological changes. But 
in the last of the mentioned groups, the behaviour of the ciliary apparatus is 
not uniform. Some keep their ciliary movement over the whole body surface 
while in the others some regions of immobilized cilia appear. 

A similar variety of behaviour may be observed in very low concentrations, 
when immobilization occurs later than af ter 60 min., or fails to concern a part 
of individuals. One of the manifestations of those differences is the inversion 
of the left spiraling to the right, as described recently by P a r d u c z 1962 in 
Paramecium multimicronucleatum. The most uniform is the behaviour of ci-
liates in those experiments when the immobilization as a mass phenomenon 
occurs within 20—60 min. Neither death of ciliates nor pathological changes 
nor discharging trichocysts are then observed. In the paramecia immobilized in 
this manner , the movement of cilia persists for a long time. In the case just 
described as well S e r a v i n 1961, 1962 a as P a r d u c z 1962 are inclined to 
consider the immobilization of the ciliates as result of suppression of conduct-
ivity and of disturbances in the co-ordination of ciliary movement. This view 
is based on the absence of metachronal waves and on the non-coordinated act-
ivity of cilia in the immobilized individuals. The absence of metachronal wa-
ves is a fact but it might be also the consequence of a limited possibility 
of effective ciliary work and not the direct cause cf immobilization. The con-
stant occurrence of short reversions in immobilized individuals disagrees with 
the postulation of lack of generation and propagation of metachronal impuls-
es. The a t tempt to explain the origin of short-lasting retreats by some other 
co-ordination mechanism in reversion ( S e r a v i n : personal communication) 
seems not to be satisfactory because the reversion is followed by a co-ordin-
ated stroke of cilia beating backwards, and >— as result of it — the ciliate 
re turns to its exit (position. So in the course of nickel immobilization, t h e 
conductibility remains, as well as the capacity of co-ordinated action of ci-
lia in the forward movement and in the reversion. 

M a k a r o v 1935, 1938 claimed that the immobilization of ciliates must 
always be the result of far advanced paranecrotic changes. In the light of 
informations supplied by the study of immobilization with nickel salts, this 
view seems to be unjust i f ied since in suitable conditions Ni 2 + induce a rever-
sible paralysis of movement in Paramecium without any perceptible patho-
logical changes in the cell. 

It remains to discuss the question whether the reversible immobilization 
of ciliates by action of Ni 2 + may be considered as narcosis. This is not only 
the mat te r of terminology since the acceptation of existence of narcosis phe-
nomena serves as an argument in favour of functional analogy between the 
conductive system in Protozoa and the nervous system of higher organisms. 

The narcosis in ciliates would be real only in this case if the immobilizat-
ion induced by suppression of propagation of impulses by a selective action 
of a substance upon the conductive system, could be successfully ascertained. 
In the case of immobilization evoked by nickel salts such phenomena are not 
observed. Immobilization is ra ther the result of a reduced possibility of per for -
ming the effective work by cilia. In the immobilized individuals, during their 
temporary reversion and re turn to their exit position, the conduction of im-
pulses occurs along the whole body. The movement of all the cilia — as 
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W|ell in t h e f o r w a r d as in the b a c k w a r d s t roke — seems to be co-ord ina ted . 
Owing to th is fact , despite the considerable l imi ta t ion of the e f fec t ive w o r k 
of cilia, t h e sh i f t ing of the body is possible. 

All t h a t fac t s seem to jus t i fy the v iew tha t immobi l iza t ion evoked by 
Ni 2 ~ ions cannot be included to the phenomena of narcosis . 

The immobi l i za t ion evoked by Ni2+ shows a cer ta in ana logy to t h a t involv-
ed by t h e homological an t i se rum t r e a t m e n t in Paramecium. I t seems adequa t e 
to app ly the t e rm " immobi l iza t ion" to all the phenomena discussed above 
a n d to the case ana lysed in the p resen t s tudy — the "n icke l immobi l iza t ion" . 

• 

S u m m a r y 

The dynamics of immobilizing N i 2 + action upon Paramecium caudatum 
depends ch ie f ly on the Ca 2 + concent ra t ion in the med ium. The inf luence of 
M g 2 + is m u c h w e a k e r and that of the un iva len t cat ions ( N a + , K + ) is of a sec-
onda ry impor tance . The increase of Ca2+ concent ra t ion r equ i r e s a much h igher 
ra i se of N i 2 + concent ra t ion for producing a s imi lar immobi l iza t ion effect . The 
s t rong pro tec t ive action of C a 2 + may be accounted for by the fa l l of p e r m e a -
bi l i ty of cytoplasmic membranes for the N i 2 + . Calcium ions p l ay also a deci-
sive role in the renormal iza t ion of the immobil ized ci l iates. The mass r e t u r n 
to no rm in P. caudatum occurs only a f t e r r ins ing t h e m in 2—5 mM solution 
of Ca2"1" in the presence of trace quan t i ty of Na4" or K + ions, if they r ema ined 
immobi l ized longer t han 30 min. The immobil izat ion of P. caudatum by nickel 
ions (occurr ing as a mass process a f t e r 30—60 min.) t akes place as resu l t of 
l imi ta t ion of the capaci ty of pe r fo rming the e f fec t ive w o r k of cilia. The ci l iary 
m o v e m e n t itself and the possibility to pe r fo rm the co-ord ina ted work as also 
to conduct impulses — remain. Consider ing the above fac t s , the immobil izat ion 
of ci l iates by the action of Ni2+ ions cannot be qual i f ied as narcosis pheno-
menon. 

STRESZCZENIE 

Dynamika immobilizującego działania jonów Ni2-l- na Paramecium caudatum 
zależy w głównej mierze od stężenia Ca2+ w środowisku. Wpływ jonów Mg2+ jest 
znacznie mniejszy, zaś koncentracja kationów jednowartościowych (Na+, K+) ma 
znaczenie drugorzędne. Wzrost stężenia Ca2+ wymaga dla uzyskania podobnych 
efektów immobilizacyjnych znacznego podwyższenia koncentracji Ni2+. Wybitnie 
osłaniające działania Ca2+ daje się wyjaśnić zmniejszeniem przepuszczalności błon 
cytoplazmatycznych wymoczków wobec Ni2+. Jony wapnia odgrywają również de-
cydującą rolę w renormalizacji immobilizowanych wymoczków. Masowy powrót do 
normy P. caudatum przebywających w stanie unieruchomienia dłużej niż 30 min. 
następuje jedynie po przepłukaniu wymoczków 2—5 mM roztworami chlorku wap-
nia, przy śladowych obecnościach jonów Na+ lub K+. Immobilizacja P. caudatum 
pod wpływem jonów niklu (występująca jako zjawisko masowe po 30—60 min.) za-
chodzi w wyniku ograniczenia możliwości wykonania efektywnej pracy przez rzę-
ski. Ruch jednak samych rzęsek i możliwość wykonania przez nie skoordynowanych 
ruchów, jak i przewodnictwo impulsów, pozostają nadal zachowane. W związku 
z tym unieruchomienie wymoczków pod wpływem jonów Ni2+ nie może być za-
kwalifikowane jako zjawisko narkozy. 
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M a r e k D O R O S Z E W S K I 

The response of Dileptus and its fragments to the puncture 

Reakcjef Dileptus i jego f r a g m e n t ó w na ukłucie 

Expe r imen t s dealing wi th the react ions of Dileptus anser O.F.M. to v a r -
ious k inds of mechanical s t imula t ion w e r e described in the prev ious pape r s 
( D o r o s z e w s k i 1961, 1962, 1963). All these researches w e r e car r ied ou t 
upon h igh ly mobi le ciliates; most of them was p e r f o r m e d upon s w i m m i n g in-
dividuals . S t imula t ion by the punc tu r e w a s especially d i f f icu l t to p e r f o r m 
and the ci l iary movement diff icul t to observe . C o m p l e m e n t a r y expe r imen t s 
r epor ted in the present p a p e r were ca r r i ed out when a more su i tab le mate r ia l 
was avai lable . On par t ly d i f fe ren t ma te r i a l some prev ious e x p e r i m e n t s could 
be r epea ted in a modif ied version. The purpose of this s t u d y is to f ind the 
areas in which ciliates and their f r a g m e n t s a re sensible to p u n c t u r e . 

The a u t h o r wishes to express his g r a t i t ude to Docent Dr. S. Dry l f o r r e a d -
ing the (manuscript and to Miss K. Gol ińska for the technica l ass is tance and 
pe r fo rming the f igures. 

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

Expe r imen t s were pe r fo rmed upon the species of Dileptus p rovis ional ly 
de t e rmined as Dileptus gigas grojecensis Wrześn., 1870, iden t i f i ed by the 
au thors (cf. J o n e s and B e e r s 1953) wi th Dileptus cygnus Clap. et. Lachm., 
1859. The f ina l de te rmina t ion is postponed unt i l the r e su l t s of t he revision of 
t he genus now carr ied out by Dragesco wil l be publ ished. 

The n a t u r a l s tat ion of this cil iate was found in the pond nea r Sadyba , 
Warszawa. In spite of D. anser this species is r a the r s e d e n t a r y and the d i f -
f e r e n t s t r u c t u r e of Ma gives also some exper imen ta l advan tages . The cil iates 
were cul t iva ted by the means of the me thods a l ready descr ibed ( D o r o s z e w -
s k i 1962). The p repa ra t i on of ma te r i a l fo r the t r e a t m e n t was also s imilar to 
tha t used in the ment ioned work. 

The exper imen t s were p e r f o r m e d upon individuals placed in de Fonbrune ' s 
oil c h a m b e r s . When it was necessary to obta in a l a rge r q u a n t i t y of c i l ia te 
f r a g m e n t s in the shor tes t possible t ime, the ciliates w e r e bisected f r e e - h a n d 
by m e a n s of a spear -po in t needle and placed la ter in the c h a m b e r s for expe -
r iments . Sha rp ly po in ted glass needles of the s t anda rd shape a n d dimensions, 
made by m e a n s of de Fonbrune ' s microforge , were used for t he s t imula t ion . 
The location of p u n c t u r e s could be reg is te red by pho tomic rographs . The moving 

6 Acta Protozoologica VI 
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pic tures were t a k e n and anal ized (PI. I 5). The depth of the drop of w a t e r was 
so a d j u s t e d as to secure the f r e e d o m of the movement for t he c i l ia te under 
invest igat ion. 

React ions to touching 
The in tac t ind iv idual placed in the de Fonbrune ' s camera was t es ted as to 

the react ions to touching by m e a n s of the glass needle. Whi le the c i l ia te was 
res t ing and the cilia in var ious pa r t s of the body w e r e touched, a dis t inct 
react ion was observed when the cytostomal area or the proboscis was s t i m u l a t -
ed. In th is case the rap id b a c k w a r d wi thd rawa l was executed by t h e ci l ia te , 
accompanied by a cont rac t ion of the proboscis. The dist inct ci l iary w a v e s w e r e 
appea r ing on the proboscis. If the larger surface of the ci l iary coat w a s touched 
the reac t ion was easier to evoke. 

The fo l lowing e x p e r i m e n t was per fo rmed to s ta te w h e t h e r t h e reac t ion 
depends on the direct ion of the s t imulus applied or upon location of t he 
s t imula ted place in the cell. The touching of the ci l iary su r face w a s execu ted 
f r o m the end of the poster ior sprout in the direction of the an te r io r pole of t he 

Fig. 1. The stimulation by the touching of cilia. When the needle is moved from 
position (a) till (b) the withdrawal reaction is evoked 

body. In the m o m e n t when the needle reached the cytos tomal a rea a r a p i d 
w i t h d r a w a l of the an ima l was observed. The location of the recept ion a r ea 
is shown upon the Fig. 1. If the poster ior end of the cell was touched t oge the r 
wi th the cilia a rap id s t a r t ing in the fo rwa rd direct ion could be obse rved 
in some cases. 

React ions to p u n c t u r e 
The p u n c t u r e s w e r e pe r fo rmed by means of an u p w a r d movement of t h e 

glass needle pe rpend icu la r ly to the length of the body in the direct ion of t he 
cover glass (Fig. 2, 3). The react ions of the ciliate to the p u n c t u r e s app l i ed in 
var ious points w e r e invest igated. All the exper imen t s b e g u n whi le the c i l ia te 
was res t ing , execu t ing only the typical searching movement s of the proboscis . 
When the p u n c t u r e was p e r f o r m e d across the pos te r io r sprout the rapid s t a r t -
ing of t he an ima l in the f o r w a r d direction was evoked. The s imilar e f f e c t 
fo l lowed the p u n c t u r e of the whole posterior p a r t of t he cell. It could occur t h a t 
the f o r w a r d movemen t was so rap id tha t the an imal rushed f o r w a r d w i t h t h e 

E x p e r i m e n t a l r e s u l t s 

The s t imula t ion of the whole indiv idual 

b a 
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R E S P O N S E OF DILEPTUS TO P U N C T U R E 
i 

r u p t u r e of the pellicle by the needle near the puncture . The an te r io r border of 
t he f o r w a r d response area is shown upon the d rawing (Fig. 4). In the middle 
p a r t of the cell the responses are r a the r weak, and it is not c lear w h e t h e r the 

/I 
/I 

/'J 
S s 

/ 

Fig. 2. The puncture and the releasing of the needle is followed by 
the withdrawal 

starting forward 

unsuscept ib le band exists or not. The punc tu res executed in the an t e r io r pa r t 
of the body evoked the wi thd rawa l , beginning the cycle of avoid ing react ion 
if the re was room enough. The r u p t u r e of the pell icle could also occur. The 
a rea nea r the cytos tome was the most susceptible. The punc tu re s th rough pro-
boscis itself w e r e not executed due to the technical di f f icul t ies . It was also 
possible to f i x the an imal on the spot by the punc tu re and, a f t e r some seconds, 
to obtain the b a c k w a r d movement when the needle was re leased (Fig. 2, 3). 
While the an ima l was held the cilia were moving as in the s t a t e of revers ion. 

The s t imulat ion of the f r a g m e n t s 

React ions to bisection 
In response to the t ransversa l bisection of the individual pos t -opera t ional 

cil iary revers ion upon the poster ior f r a g m e n t was observed as in the case of 
Dileptus anser. The resul ts were s imi lar to those previous ly r epor t ed ( D o r o -
s z e w s k i 1962). The d i f fe rences concerned the position of the border l ine 
be tween the poster ior par t of the cell reac t ing wi th revers ion to the bisection. 

6* 

http://rcin.org.pl



316 M. DOROSZEWSKI 

Fig. 4. The reception areas sensitive to puncture in the whole ciliate and 
its fragments after the bisection 

a— forward response area, b— backward response area. The numbers indicate 
the t ime after the bisection. • 

This l ine is s i tua ted in the case of other species more an te r io r ly (Fig. 4), w h e r e 
the pos te r ior f r a g m e n t not capable of response is p ropor t iona l ly m u c h larger . 

React ions to punc tu re 

Immed ia t e ly a f t e r the t ransect ion of the body by the means of the mic roma-
nipula t ion the react ions to p u n c t u r e of the f r a g m e n t w e r e inves t iga ted . The 
special a t t en t ion was paid to the posterior f r a g m e n t . When the level of cu t -
t ing was s i tua ted in the f r o n t pa r t of the cell (Fig. 4) the s t imula t ion of the 
an te r io r p a r t of the f r a g m e n t evoked the revers ion and the w i t h d r a w a l of the 
an imal . In o ther cases, however , this e f fec t was not obta ined. On the con t ra -
ry , the p u n c t u r e executed in any one point of the f r a g m e n t caused the f o r w a r d 

motion. 
The shape of f r a g m e n t responding only wi th the s t a r t i ng f o r w a r d is shown 

on the Fig. 4. In the cases he re repor ted only the react ions of the pos ter ior 
f r a g m e n t s conta in ing the nuclear mater ia l and hence capable of r egene ra t ion 
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were investigated. The length of the f ragments not react ing wi th wi thdrawal 
is below one half of the intact individual (proboscis not included). In the f u r -
ther course of exper iments the puncture was applied to the series of f r agments 
of the shape shown in Fig. 4. As a rule each f r agment was »punctured only 
once to avoid the addit ional effects of the previous punctures. Af t e r 35 minu t -
es the f i rs t f r agment when stimulated in its anterior area reacted with the 
wi thdrawal . The mean durat ion of t ime af te r the bisection, suff ic ient to the 
recovery of this d i f ferent ia l response, was 45 minutes. At this t ime the re-
generat ion of the anter ior par t of the f ragment was al ready on its course 
(Fig. 4, Pl. 14). 

The stimulation of the most anterior tip of the f r agmen t may, however, 
remain without response. 

As to the anter ior f r agment , its general behaviour is more complex due to 
the presence of the proboscis and its locomotory role, and in consequence all 
the observations a re less conclusive. Af te r the bisection, however , while deal-
ing with the f r agment shown upon the drawing the s t imulat ion of the post-
erior area evokes only wi thdrawal . The recovery of the f o r w a r d s tar t ing 
response in anterior f r agmen t to the stimulation of its posterior par t lasted 
longer than the rest i tut ion of the backward response area in the posterior 
f r a g m e n t (Fig. 4). In the middle f ragment (containing the border line of the 
areas) the different ial react ivi ty was observed. In the course of exper iments 
200 poster ior f r agmen t s were investigated. 

D i s c u s s i o n 

The reaction to touching has a ra ther high threshold so that only some 
exper iments of this kind were possible, revealing the specific receptive role 
of the cytostomal area and the proboscis. As to the reactions to puncture we 
have to do with the effect of s tart ing fo rward in the response, to the s t imulat-
ion of the posterior par t of the body and the one of wi thdrawal following the 
st imulat ion of the f ronta l area. Both effects were already repor ted by C l a r k 
1946 for Spirostomum and by Se r a v i n 1962 for several ciliates including 
Dileptus anser. 

As compared to the results obtained with the reactions of Dileptus to 
touching we have here to do with the greater stability of the reception areas 
location. 

The observation of sensitivity of the f ragment to punc ture in the f irs t 
30—40 minutes a f te r the operation resembles ra ther the resul ts of C l a r k 
on Spirostomum then the previous results of the author ( D o r o s z e w s k i 
1961) obtained with the tactile stimulation. In the case of the f r agmen t s de-
scribed in the present report the reactivity to puncture is localized in respect 
to the position in the whole individual. The different iat ion of response due to 
the place of s t imulat ion occurs when the regenerat ion is a l ready in its fu l l 
course. The recovery of reactivity occurs earlier than in the case of Spirosto-
mum but this difference corresponds well to the different speed of regenera t -
ion in both ciliates. The location of the susceptibility to punc tu re may be more 
stable than in the case of the tactile stimulation. The responses to cutt ing 
correspond to that found by the author previously in Dileptus anser and resem-
bles the f inding of H o l m e s 1907 in Loxophyllum. 
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The l a rge r dimensions of the pos ter ior f r a g m e n t showing no response to 
p u n c t u r e of a n t e r i o r area correspond here to the l a rge r d imens ions of t he 
f r a g m e n t s not reac t ing to the bisection. The s imilar t r a u m a t i c n a t u r e of the 
both s t imul i becomes here evident. 

The d i f f e r ence be tween the conclusions of J e n n i g s and J a m i e s o n 
1902 and H o l m e s 1907 on the one hand and tha t of C l a r k 1946 on the 
o t h e r consists in the dura t ion of the recovery of reac t iv i ty in the c i l ia te f r a g -
ments . According to J e n n i n g s it is immedia te whi le according to C l a r k 
it t akes place w h e n the morphological regula t ion is accomplished. As to the 
resu l t s of s t imula t ion of the dividing ciliates the p a p e r of S e r a v i n 1962 can 
be consul ted. In the exper iments described above deal ing wi th react ions of 
Dileptus to p u n c t u r e it was found tha t it occurs whi le process of r egenera t ion 
is still f a r f r o m being f inished. Dur ing the division of ci l iate the no rma l be-
hav iour of opis the is observed immedia te ly a f t e r the separa t ion of daughter 
individuals , wh i l e i ts size and shape a re stall f a r f r o m no rma l and t h e probos-
cis is compar t ive ly smal l . 

In the case he re described the del iverance f r o m the dominance of an te r io r 
pole a f t e r the bisection is not by itself the suff ic ient condi t ion of t he recovery 
of reac t iv i ty ye t the d i f fe ren t ia l react ivi ty appears before the comple te rege-
ne ra t ion of the cel lular s t ructures . Under the n a t u r a l condi t ions t h e react ion 
to touch ing c a n be t r ea t ed as the negat ive th igmotax is connec ted wi th t h e 
avoid ing of t he noxious s t imulus. Such in te rp re ta t ion is however compl icated 
by t h e lack of the direct connection be tween the direct ion of s t imula t ion and 
reac t ion . 

S u m m a r y 

The react ions.of the cil iate Dileptus to the local p u n c t u r e w e r e inves t iga ted 
by the use of de Fonbrune ' s micromanipula tor and the movie camera . In the 
res t ing ind iv idua l the s t imula t ion of the an ter ior pa r t of the c i l ia te evokes 
a b a c k w a r d w i t h d r a w a l , whi le the s t imulat ion of poster ior p a r t resul t s in 
s t a r t i ng of the movemen t in the f o r w a r d direct ion. 

These responses depend on the location of the s t imula ted pa r t on the cell, 
no t upon t h e direct ion of the s t imulus. Immedia te ly a f t e r the bisect ion the 
pos te r io r f r a g m e n t w h e n s t imula ted in any place by the punc tu r e , can react 
only w i t h the f o r w a r d movement . When the regenera t ion is a l r eady in i t s 
course, t he d i f f e r en t i a t ed react ivi ty appears and the s t imula t ion of an te r io r 
a n d 'posterior pa r t s evokes the normal react ions. 

The resu l t s a re compared wi th the analogous f ind ings of C l a r k and of 
S e r a v i n. 

STRESZCZENIE 

Badano reakcje wymoczka Dileptus na ukJucie igłą szklaną przy użyciu mi-
kromanipulatora de Fonbrune'a i zastosowaniu zdjęć kinematograficznych. U osob-
nika znajdującego się w stanie spoczynku podrażnienie przedniej części komórki 
powoduje cofnięcie się, a podrażnienie części tylnej ruch naprzód. 

Reakcja nie zależy od kierunku działania bodźca, a od miejsca podrażnienia 
komórki. Po przecięciu na odpowiednim poziomie osobnika fragment tylny przy 
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podrażnieniu wykazuje jedynie reakcje ruchu naprzód, podobnie jak część tylna 
całego osobnika. Zróżnicowanie reakcji przy drażnieniu przodu lub tyłu fragmentu 
pojawia się wraz z postępującą regeneracją. 

W dyskusji przeprowadzono porównanie z analogicznymi wynikami C l a r k a 
i S e r a v i n a. 
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EXPLANATION OF THE PLATE I 
1: The whole ciliate. The posterior sprout is touched by the needle (magn. ca 100 X). 
2: Touching of the proboscis. 
3: The puncture executed through the fragment (magn. ca 200 X). 
4: The shape of the posterior fragment 45 min. after the bisection (magn. ca 200 X). 
5: An example of the moving picture registration of experiments. The proboscis is 

cut off (the speed of the camera 16/sec. — each second shot is presented). 
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A. E. K A R A P E T J A N 

Determination of growth rate of Lamblia intestinalis 
cultivated in vitro 

Onpe^ejieHMe TeMna pocTa Lamblia intestinalis B KyjibType 

Till recent t ime, de terminat ion of g rowth ra te 1 of Lamblia was impossible 
because cu l tu re methods of this paras i te were not developed. Now the d e t e r m -
inat ion of g rowth ra te of microorganisms and of f r e e ly suspended protozoa 
in monobacter ia l cu l tures p resen ts no special d i f f icul ty . 

B o t e r o 1961 for de te rmina t ion of g r o w t h r a t e of t he cu l tu re of Entamoe-
ba histolytica, sampled mate r ia l for count f r o m the same test tubes at def i -
ni te intervals . The resul t ing f igures w e r e placed in curves . 

In contras t to Amoeba, the Lamblia cu l tu re is successful on ly in p resence 
of symbionts : yeas t and yeas t - l ike fung i ( K a r a p e t j a n 1960, 1962). Di-
vision of Lamblia in cu l tu re occurs only w h e n the protozoa a d h e r e (with suck-
er disks) to the inner sur face of f lask. Under those condit ions, t he usual m e t h -
ods of de te rmina t ion of the g rowth r a t e proved to be inappl icable . It shou ld 
be pointed out t ha t the s imul taneous g rowth of two d i f f e r en t mic roorgan i sms 
cul tures in the same f lask involves a r a t h e r rap id exhaus t ion of the n u t r i e n t 
med ium and its acidif icat ion wi th the metabol ism products . The eve ryday r e -
placing of the nu t r i en t by the f resh one and removal of the yeas t deposi t 
proved to be indispensable fo r the sa t is fac tory g r o w t h and division of Lam-
blia. All the fac ts ment ioned above involve a r a t h e r slow g r o w t h of Lamblia in 
the cu l ture and make their count in the same f lask prac t ica l ly impossible the 
more so as shak ing delays in some way the division of paras i tes . Cons ider ing 
all s ta ted above it becomes obvious tha t some o ther be t t e r appl icable me thods 
should be found. 

* 

For exper iments , cu l tures of Lamblia intestinalis toge ther wi th Candida 
guilliermondi w e r e used, passaged approx . 20 t imes wi th in 7 months . The p a r a -
sites spread cont inuously over the wal l of the glass f l a sk of 5 ml of capac i ty 
(4*105—5»105 of Lamblia individuals /ml of medium). For de t e rmina t i on of 
g rowth ra te two media of d i f fe ren t composit ion w e r e appl ied . The f i r s t — 
Li-2 medium consisted of: f i l t r a ted h u m a n se rum 40%, chick embryo ex-
t rac t 5°/o, Henks ' salts solution 55°/o. 

i In this case "growth rate" means the time necessary for the Lamblia culture 
to double the number of individuals. 
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The second — Li-3 medium contained: f i l t r a ted h u m a n s e r u m 25°/o, triptic 
b r e w of Ha t t i nge r 20%, chiok embryo ex t rac t 5°/o, Henks ' sa l t solut ion 50%. 

In each ser ies of exper iments , the g r o w t h r a t e of Lamblia in cu l tu re was 
de t e rmined s imul taneous ly in 16—20 flasks. Before inocula t ion, Lamblia in-
dividuals w e r e sampled f rom the content of several f lasks , s t rong ly shaken 
pr ior to sampl ing . Medium was changed previously. A f t e r the count of Lam-
blia and of Candida in 1 m l of m e d i u m using the chamber of Gor j aev , each 
f lask was inocula ted wi th exact ly 3 ml of d i lu ted cu l ture . So e.g. the count 
revea led tha t in the f i r s t series of exper imen t s the n u m b e r of inocu'.ated 
Lamblia was 8000/ml and in the second ser ies — 37500/ml. A f t e r inoculation 
Lamblia w e r e incuba ted in f lasks at 37°. Subsequen t ly f r o m each series of 
f lasks con ta in ing the same m e d i u m , one f lask was t aken eve ry day for the 
count of Lamblia and of yeas t - l ike fungi . 24 h la te r , a f t e r a s t rong shaking 
(till the change of medium), the number of pa ra s i t e s in the f i r s t series of 
f lasks was de te rmined . The next day the count was execu ted in the second 
series of f lasks , the th i rd day in the th i rd series a n d so on. In the remain ing 
f lasks , t he eve ryday change of med ium and r emova l of Candida f r o m the 
f lask bo t tom was done. 

In the Table 1, resul ts of the everyday count of Lamblia in 1 ml of cu l ture 
med ium (medium Li-2 and Li-3) f r o m d i f f e r en t f l asks are p re sen ted . Fig. 1 
and 2 show logar i thmic curves of g rowth and division of Lamblia and yeast-
like f u n g i in the two media: Li-2 and Li-3. As clear ly seen in the d iagram, 

the curves of g r o w t h and division of Lamblia a re r a t h e r s imi l a r to those of 
o the r protozoa and microorganisms. Compar ison of the p r e sen t ed d iagrams 
shows t h a t the r a t e of division of Lamblia is changing w i t h t h e composition 
of m e d i u m used. So in the m e d i u m Li-3 which is more r ich in n u t r i t i v e sub-
stances, t he cu l tu re of Lamblia is more e f fec t ive and its g r o w t h is quicker 
t h a n in t h e m e d i u m Li-2. 2 

2 Those differences might also depend on the fact that the medium Li-3 was 
initially inoculated by a higher number of individuals. This factor may be the reason 
why the cultures in Li-3 reach sooner the maximum of growth, whereas the more 
abundant store of food in the medium Li-3 is probably responsible for the maxim-
um of growth being reached at a higher level of density. 

Fig. 1. Logarithmic curve of growth and division of Lamblia 
intestinalis in medium Li-2 

t — t ime in days, D — number of Lamblia!1 ml. 
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Since the everyday change of the nu t r i en t med ium is indispensable , the 
delay of growth and division of Lamblia occurs not only as resu l t of accumul-
at ion of metabolism products and of exhaus t ion of med ium — but main ly in 
consequence of g radua l increase of n u m b e r of Candida in the f lask. The ex -
per iments prove that the number of yeas t - l ike fung i adhe r ing to the wal ls of 
the f lask and not removed a f t e r the everyday change of med ium, increases 

Fig. 2. Logarithmic curve of growth and division of L. intes-
tinalis and Candida guillermondi in medium Li-3 

Full l ine — curve of division of Lamblia, dotted l ine — curve of 
division of yearst- l ike fungi , other explanat ions — as in Fig. 1 

every day. In this way the curve of division of the yeas t - l ike f u n g i (Fig. 2) 
shows only the approx ima te number of Candida ind iv iduals in the m e d i u m 
wi th no regard to the individuals adher ing to the wall of the f lask . 

For de terminat ion of the growth r a t e of Lamblia in the logar i thmic phase , 
the following fo rmula (F r e y t a g und F r e y t a g 1956) was appl ied: 

x I g b - l g a 
t • lg 2 

(a — number of Lamblia ind./ml in the beginning of expe r imen t , 
b — number of Lamblia ind. at the end of exper iment , 
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t — dura t ion of exper iment , 
X — n u m b e r of divisions in 1 h.) 
Counts execu ted wi th the aid of this fo rmula show tha t in the mixed 

cu l tu res of Lamblia and Candida in the med ium Li-2, w h e n t h e chick embryo 
ex t r ac t kep t fo r 1 m o n t h in —• 20° is used, the g r o w t h r a t e of Lamblix in 
the logar i thmic phase is approx. 38 h, and in the med ium Li-3 — 36 h. 

Table 1 

Growth of population of Lamblia intestinalis in cultures (ind./ml.) 

~ . Nutrient medium: Li-2 Li-3 
Initial 

number 8 COO 37 500 

Days 

1 12 500 80 000 
2 15 000 115 000 
3 20 000 150 000 
4 30 000 270 000 
5 45 000 287000 
6 107 000 360 000 
7 100 000 365 000 
8 95 000 340 000 
9 90 000 320 000 

10 85 000 277 000 
11 82 500 237 000 
12 80 000 217 000 
13 75 090 147 500 
14 65 000 135000 
15 62 000 87 500 
16 65 000 82 500 
17 62 500 — 

18 56 0C0 — 

19 56 000 — 

A prolonged observat ion of the Lamblia cu l tu re shows tha t the g r o w t h ra te 
of Lamblia m a y somet imes deviate f r o m the above resul t s , depend ing also 
on the f r e shness of t he chick embryo ex t rac t , age of the cul ture , composit ion 
of the n u t r i e n t , t i m e of inoculat ion, n u m b e r of Candida ind iv idua ls in the 
f lask and, possibly on some other non-^precised fac tors . Besides the di rect 
count of pa ras i t e s each day of incubat ion , some o ther tests de t e rmin ing the 
condi t ions of t he cu l t u r e more exact ly seem to be exped ien t for the eva lua t ion 
of t he condi t ion of the cul ture and also for the compar ison of g rowth in se-
vera l Lamblia cu l tures . So e.g. for compar ing the r a t e of division in Lamblia 

http://rcin.org.pl



G R O W T H OF LAMBLIA IN VITRO 3 2 5 

of d i f f e ren t cul tures , the potency of g rowth was de te rmined and expressed as 
the rat io of the f ina l number of Lamblia to the number of inocula ted pa ras i t -
es, in the same period of t ime. 

In the above expe r imen t s w h e n t h e medium Li-2 was appl ied , the potency 
of g r o w t h was 1.6 (24 h a f t e r inoculat ion) and in the m e d i u m more rich in the 
nu t r i t i ve substances (Li-3) it r eached the value 2.1 in the same period of t ime. 

A s tudy of the mi to t ic act iveness was advisable for de t e rmina t ion of the 
physiological viabi l i ty and in tens i ty of division in Lamblia. The mitot ic 
act iveness could be easily de t e rmined by the count of d iv id ing paras i tes out 
of 1000 individuals in the cu l ture . So in the second ser ies of expe r imen t s 
(using the Li-3 medium) in the logar i thmic phase this ra t io was expressed by 
the number s 180—200/1000, in t h e s ta t ionary phase — 100—120/1000, and 
in the phase of decline — 60—80/1000. 

No doubt, this count may revea l only the individuals in the i r f ina l s tage 
of division whi le the ini t ial s tages pract ical ly cannot be detec ted in the low 
magnif ica t ion. Never the less in some cases this test seems to be usefu l for eva-
luat ion of the viabi l i ty of the Lamblia cul ture . In single cases it seems ne-
cessary to count the dead individuals . In present e x p e r i m e n t s (Fig. 2) the 
in tense death of Lamblia is observed in the f ina l per iod of the s t a t iona ry 
phase (200—400/1000). In cont ras t to this resul t , in the beg inn ing of t he 
s ta t ionary phase the n u m b e r of dead individuals is ins igni f icant (10—50/1000). 

S u m m a r y 

The growth r a t e of Lamblia cu l tu re was de te rmined by means of a spe-
cial method using two media of d i f fe ren t composit ion. For inoculat ion 
a 7-month old cu l ture of Lamblia intestinalis mixed w i t h Candida guillier-
mondi was applied. In the mixed cu l tu re of L. intestinalis and C. guilliermondi 
the growth r a t e is 36—38 hrs. In the medium Li-3 which was m o r e r ich in 
nu t r i t ive substances the g r o w t h is more intense than in the med ium Li-2. The 
g rowth ra te depends also on the p resence of chick embryo ex t r ac t and on the 
age of the cu l tu re . 

РЕЗЮМЕ 

При помощи специально разработанной методики был определен темп роста 
лямблий в культуре при использовании двух различных составов питательных 
сред. Для опытов использовалась 7-ми месячная культура ЬатЫга intestinalis 
совместно с Candida guilliermondi. В совместной культуре L. intestinalis и 
С. guilliermondi темп роста лямблий равняется 36—38 часам. На более богатой 
питательными веществами среде Li-З рост интенсивнее, чем на среде Li-2. Темп 
роста зависит также и от присутствия в культуре куриного эмбрионального 
экстракта и от возраста культуры. 
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