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Synopsis. The pro top lasm-drople t s f r e sh ly genera ted f r o m plasmodia l 
ve ins by ca f fe ine t r e a t m e n t a re rounded f o r m s wi th reduced mot i le ac-
t ivi ty . Such forms , w i t h the cytoplasm separa ted into hya lo - a n d g r a n u -
loplasm, m a n i f e s t spontaneous de tach ing of optical ly dense pe r iphe ra l 
hya lop la sm layers f r o m the p l a sma m e m b r a n e a n d the i r sh i f t ing t o w a r d 
t h e g ranu lop lasmic core. This p h e n o m e n o n is r egu la r ly r epea t ed every 
6-15 s. T h e separa t ion of the cort ical sheets f r o m the m e m b r a n e is s t ron-
gly p romoted by some local anaes the t ics which a f fec t t he m e m b r a n e 
p roper t i es a n d membrane -cy toske l e ton links, especial ly by 3°/o e thanol . 
I n the ca f fe ine -p roduced p lasmodia l drople ts var ious fo rms of p inocy-
tosis m a y be provoked by s t a n d a r d cat ionic inducers , as KC1 a n d NaCl. 
Bo th observed p h e n o m e n a m a y be a wi tness to high dynamic ac t iv i ty 
of t he f i l amen tous layer associated to the cell m e m b r a n e of p lasmodia l 
d rople t s p roduced by the caffe ine , in spi te of the i r m o m e n t a r y incapa -
bil i ty of migra t ing . 

The dynamics of the contacts between the plasma membrane and 
the contractile filamentous layer leaning its cytoplasmic surface is cru-
cial for the mechanism of amoeboid movement and endocytosis. The se-
paration of the successive cortical layers from the plasma membrane 
and the reconstruction of the contractile apparatus beneath plasmalem-
ma was recently described by G r ę b e c k i and K w i a t k o w s k a 
(1988) in the hyalospheres, which are spherical forms of Amoeba pro-
teus obtained by a heat shock, and characterized by the separation of 

1 This s tudy was suppor ted by the Research P ro jec t C P B P 04.01 of the Polish 
Academy of Sciences. 
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hyaloplasm (around the periphery) and granuloplasm (in the centre). 
The dynamics of membrane-cortex interactions in this cell model can 
be seen in spite of the momentary loss of ability to locomote. Detaching 
of the new contractile layers from the plasmalemma is a spontaneous 
phenomenon, though it may be also provoked and intensified by some 
organic solvents and local anaesthetics, influencing the properties of the 
plasma membrane and its interactions with the cytoskeleton. The simi-
lar or possibly the same phenomenon was described in the slime moulds 
microplasmodia (K u r o d a 1979, K u k u l i e s et al. 1984) and in the 
fibroblasts ( H e a t h and D u n n 1978, S o r r a n o and B e l l 1982, 
H e a t h 1983). 

It may be expected therefore that the separation of the contractile 
peripheral sheets of cytoplasm from the plasma membrane is a pheno-
menon occurring not only in amoeba hyalospheres, but may be mani-
fested by other cell systems characterized by the presence of micro-
filamentous layer beneath the plasma membrane. Plasmodium of the 
acellular slime mould Physarum polycephalum is one of the best inves-
tigated examples of such systems. The plasmodium of Physarum is too 
large to be easily controlled under the microscope. Small plasmodial 
fragments, microplasmodia, obtained from the mature plasmodium are 
therefore often used for experiments. One of the better ways to obtain 
them is the caffeine method (H a t a n o and O o s a w a 1971, M a t t -
h e w s 1977, A c h e n b a c h et al. 1979, K u k u l i e s et al. 1983). 
A brief incubation of plasmodial fragments in 5-10 mM solutions of 
caffeine results in the formation of numerous spherical microplasmodia, 
called "caffeine 'droplets". Many caffeine droplets present the form mor-
phologically identical to the hyalospheres of Amoeba proteus: stratifica-
tion of the contents into a wide hyaloplasmic ring and central granulo-
plasmic core. All caffeine-induced protoplasmic droplets are membrane 
covered. They have a reduced motile activity (no locomotion), but the 
granular protoplasm inside them may display rhythmic or continuous 
motion (M a 11 h e w s 1977, K u r o d a 1979). The incapability of loco-
moting is caused by a characteristic caffeine effect, which delays the 
development of the plasmalemma invagination system, necessary for 
migration of a microplasmodium (H a t a n o and O o s a w a 1971, 
A c h e n b a c h et al. 1979, K u k u l i e s et al. 1983, K u k u l i e s and 
S t o c k e m 1985). On the other hand, the caffeine does not inhibit the 
fibrillogenesis and does not suppress the contraction activity in the drop-
lets. The drug influences only the functional interactions between the 
plasma membrane and the contraction system beneath it (A c h e n-
b a c h et al. 1979), which is of greatest interest to the aspects of mem-
brane-cytoskeleton dynamics approached in this study. 
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M a t e r i a l s a n d M e t h o d s 

Plasmod ia of Physarum polycephalum we re cu l t iva ted according to the me thod 
of C a m p (1936). The veins of P lasmodia migra t ing on the s u b s t r a t u m w e r e punc -
tured w i t h a steel needle. The p ro top la sm f lowed out t h rough the p u n c t u r e and 
f o r m e d a clot on the veins su r face . The clots we re l e f t on the p lasmodia l s t r ands 
for 10 m i n and then immersed in the 5 mlvl ca f fe ine solution in distil led wa te r . 
A f t e r 10-15 min incubat ion at room t e m p e r a t u r e n u m e r o u s spher ica l drople ts of 
p ro top la sm were fo rmed . Thei r behav iour (the i n t e rna l moti l i ty) was observed in 
the c a f f e i n e solution e i ther a lone or w i th 5-10 m M CaCl2 . 

In o rde r to p romote a more in tense separa t ion of the s u b m e m b r a n e o u s con-
t rac t i l e layers , the caf fe ine drople ts w e r e incuba ted in some organic solvents k n o w n 
as local anaes the t ics : 3% e thanol , 5 m M benzamide and 100 m M dimethy l su l -
phox ide (DMSO). 

Pinocytot ic act ivi ty was induced by appl ica t ion of 50-100 m M NaCl, or 20-40 mM 
KC1 in distil led w a t e r and the anaes the t ics ment ioned above. The inducers we re 
added to the caf fe ine solution conta in ing the p lasmodia l droplets . 

T h e Biolar microscope wi th the d i f f e ren t i a l i n t e r f e r ence cont ras t was used 
for observa t ions , t ak ing p ic tures and c inema tography . The 16 m m f i lms w e r e 
recorded at the speed of 4 f r a m e s per second wi th a combined Bolex and Robot 
equ ipmen t . 

R e s u l t s 

The protoplasmic droplets freshly generated from plasmodial veins 
by the caffeine treatment were rounded forms, 50-300 ^M in diameter. 
Their motile activity was reduced, under the influence of the caffeine, 
to the internal movements (without locomotion). Morphologically they 
were much alike the spherical cells of Amoeba proteus preincubated in 
high temperature and called the hyalospheres by G r ę b e c k i and 
K w i a t k o w s k a (1988). Like N a c h m i a s and M e y e r s (1980), 
we observed the cytoplasmic caffeine droplets in three states: (1) relax-
ed, (2) active and (3) contracted ones (PI. I 1). In the relaxed forms the 
granular cytoplasm uniformly filled the entire droplet (PI. I la). 
The active state of spheres was characterized by spontaneous and regu-
lar motion of the central granular cytoplasm. The granules situated la-
terally on the granuloplasm periphery were flowing forth into the sur-
rounding hyaloplasm, while the others formed an axial backward stream 
returning to the central mass (PI. I 1 b). In the contracted droplets the 
cytoplasm was also separated into the granuloplasmic core and surroun-
ding clear hyaloplasm. The granulo-hyaloplasm border in them was dis-
tinct and rather stable, because there was no internal circulation inside 
the central mass in that case (PI. I 1 c). 
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The state of droplets was not immutable, but it might change with 
time of incubation in the caffeine solution. The relaxed droplets had the 
ability to transform into the active or contracted ones. We did not ob-
serve, however, any inverse transformation leading from the contracted 
drops back to the active or relaxed forms. 

The contracted droplets with distinctly marked stratification into 
the granuloplasm and hyaloplasm were used for experiments. A spon-
taneous detaching of an optically more dense peripheral layer from the 
plasma membrane and its centripetal shifting took place in such sphe-
res. The separation of submembraneous hyaloplasmic sheets could occur 
along the major part of the droplet's periphery, when the granuloplasm 
was situated in the centre of the sphere (PL I 2 a). In other cases, when 
the granuloplasmic core was asymmetrically located, approaching by 
one side the drops perimeter, the detachment of cortical hyaloplasm 
occurred at much smaller area at the opposite pole (Pl. I 2 b, c). The 
separated peripheral layers of the hyaloplasm moved toward the border 
of granuloplasm, where they disappeared. Sometimes, however, they 
were not dissociated, but accumulated one on the other in the form oi 
a pile, near the granuloplasm perimeter (Pl. I 3). Occasionally, the suc-
cessively detached cortical sheets pushed toward the granuloplasm some 
inclusions situated inside the hyaloplasmic ring just below the plasma 
membrane, for example the vacuoles (Pl. II 4). 

The separation of the peripheral hyaloplasm layer f rom the plasma 
membrane was a serial phenomenon. Several, sometimes above ten suc-
cessive sheets were formed beneath the plasmalemma in the same re-
gion of the droplet. Their formation was regularly repeated. The time 
needed by each successive sheet to be detached and transported f rom 
the plasmalemma down to the granuloplasm border was nearly constant 
and characteristic for each droplet (with differences not exceeding 1-2 s). 
It ranged within 6-15 s, depending on the individual variation among 
the observed droplets. 

The separation of the peripheral hyaloplasm layers f rom the plasma-
lemma was distinctly promoted by some anaesthetics and organic sol-
vents, which are known to affect the membrane properties. We tested 
the effects of three such agents for their ability to promote the deta-
ching and shifting the hyaloplasmic sheets from the plasma membrane. 
The best results were obtained after a brief (5-10 min) incubation of 
caffeine droplets in 3°/o ethanol. It resulted in doubling the number of 
droplets manifesting this type of cortical activity (from about 10°/« to 
24°/o in the population of 104 droplets). The benzamide and DMSO had 
a weaker, but still positive effect of promoting the detaching of hyalo-
plasm. On the other hand, the frequency of the formation of the succe-
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ssive sheets separated from the plasmalemma was the same, both in the 
unstimulated caffeine droplets and in the droplets incubated in the 
anaesthetics solutions. 

In the plasmodial caffeine droplets incubated in the solutions pro-
moting the separation of the hyaloplasm (ethanol, benzamide and DMSO) 
sometimes we noticed the formation of pinocytotic channels or other 
forms of pinocytosis. The attempts to provoke pinocytosis by using its 
standard inducers, as KC1 and NaCl, were also successfull. The admini-
stration of 20-40 mM KC1 or 50-100 mM NaCl to the caffeine droplets 
induced the pinocytosis within a few minutes. The pinocytosis observed 
in the caffeine-produced droplets from Physarum polycephalum was 
comparable with this phenomenon described in the hyalospheres of 
Amoeba proteus induced by heat (G r ç b e c k i and K w i a t k o w s k a 
1988). Pinocytosis occurred only in the so-called contracted droplets, in 
which the protoplasmic movement was stopped. We have never noticed 
this phenomenon in the relaxed or active caffeine droplets. Several forms 
of pinocytosis were observed: 

(1) Short funnel-like channels with very wide orifice, conically nar-
rowing inside (Pl. II 5 a-c). In many cases we observed regular pulsa-
tion of the channel's conical opening (Pl. II 5 a). Presumably it reflec-
ted the rhythmic immersion and intake of the deeper segments of the 
channel (which were not always visible). Such pinocytosis suggested 
a rhythmic inflow of the liquid into the droplet. The inflow cycles we-
re repeated many times by the same spot on the droplet's surface. It 
was the form of pinocytosis most often observed in the plasmodial drop-
lets produced by the caffeine treatment. 

(2) Long and narrow pinocytotic channels with weakly marked ori-
fice (Pl. II 5 d, e). There were sometimes a few long channels present 
at the same point of the droplet's periphery. Several endosomes could be 
formation was not repeated in the same area of the droplet. 

(3) Pinocytosis without channels. The spherical or other endosomes 
were produced just beneath the plasmalemma and were displaced across 
the hyaloplasmic ring toward the central granuloplasm. The formation 
of those endosomes was most often cyclically repeated, several times 
at the same point of the droplet's periphery. Several endosomes could be 
simultaneously seen moving one af ter another toward the granuloplasm 
(Pl. II 5 f). This form of pinocytosis was not connected with the forma-
tion of a pinocytotic channel. 

We could not confirm the dependence of the form of pinocytosis 
on the kind of the inducer applied, as described in othe^ cells. In the 
caffeine-induced plasmodial drops all forms of pinocytosis occurred in 
NaCl as well as in KC1 solutions. 
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It seems, that the localization of an area predisposed to pinocytosis 
was dependent on the position of the granuloplasmic core, respective 
to the hyaloplasmic ring. When the granuloplasm was concentrated near 
one pole of the droplet, the pinocytosis more often occurred on the 
same side, where the granuloplasm was close to plasmalemma (PL II 
5 a, b, d). In other cases, when the granuloplasm occupied a central 
position, there was no favoured area of pinocytosis and it could occur 
everywhere along the hyaloplasmic periphery of the droplet. 

D i s c u s s i o n 

The subplasmalemmal microfilament system which is responsible for 
various manifestations of the tisue cell motility plays also a dominant 
role in the amoebae and slime moulds. It is involved in the maintenance 
and changes of their cell shape ( K l e i n and S t o c k e m 1979, K u-
k u l i e s and S t o c k e m 1985), the protoplasmic streaming ( R h e a 
1966, U s u i 1971, K e s s l e r 1972, K u k u l i e s and S t o c k e m 
1985, I s h i g a m i 1986) and endocytotic food ingestion ( S t o c k e m 
1977, K l e i n and S t o c k e m 1979, T a y l o r et al. 1980 a, b). Some 
of these phenomena are difficult to control in a so large system as 
Physarum polycephalum plasmodium. Therefore many experiments are 
performed by using as models the small plasmodial fragments: caffeine 
or adenine droplets ( M a t t h e w s 1977, N a c h m i a s and M e y e r s 
1980, K u k u l i e s et al. 1984, K u k u l i e s and S t o c k e m 1985), 
endoplasmic drops ( G o t z von O l e n h u s e n and W o h l f a r t h -
B o t t e r m a n n 1979, B a r a n o w s k i 1980, K u k u l i e s et al. 1983, 
K u k u l i e s et al. 1984) or thin-spread macroplasmodia ( K u k u l i e s 
et al. 1984, I s h i g a m i 1986, I s h i g a m i et al. 1981). The investiga-
tion of the spatial organization and dynamics of the cortical contractile 
system and its involvement in various morphogenetic and motion acti-
vities is easier in that simplified fragments of mature plasmodium. 

The caffeine droplets used as a model in our experiments were obtai-
ned from the endoplasmic drops. Such drops were produced by punctu-
ring plasmodial veins and left on the veins surface for 10-15 min. Accor-
ding to B a r a n o w s k i (1980), in this time the endoplasmic drops or-
ganize de novo an extensive peripheral fibrillar system. The rebuilt 
actomyosin structures display a contraction behaviour characteristic for 
intact plasmodium (W o h l f a r t h - B o t t e r m a n n and S t o c k e m 
1970, I s e n b e r g and W o h l f a r t h - B o t t e r m a n n 1976, G ó t z 
von O l e n h u s e n and W o h l f a r t h - B o t t e r m a n n 1979, B a -
r a n o w s k i 1980). 
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The spontaneous or stimulated separation of the peripheral hyalo-
plasm from the plasma membrane which has been observed by us in 
the caffeine droplets of Physarum polycephalum plasmodium demonstra-
tes the high dynamics of the association of the filamentous layer to the 
droplets membrane. The actin nature of these ectoplasmic sheets deta-
ched from the inner side of the droplets membrane appears evident in 
light of the earlier results of K u k u l i e s et al. (1983, 1984, 1985) who 
demonstrated that in the caffeine droplets the microfilamentous actin, 
identifiable by electron microscopy and immunofluorescence, is accumu-
lated on the hyalo-granuloplasm border, while new actin layers are for-
med on the cytoplasmic side of the membrane. So, the centripetal t ran-
sport of successive contractile sheets from the droplets periphery across 
the hyaloplasmic ring, as described in vivo in the present study, com-
pletes the picture. 

K u k u l i e s et al. (1984) also described the detaching of a fluoro-
chromed actin layer from the plasma membrane and its movement in-
ward, which resulted in filtration of peripheral hyaloplasm and its sepa-
ration from central granuloplasm, in caffeine droplets and endoplasmic 
drops of Physarum. However, in this instance, the phenomenon had to 
be stimulated by an increase of the external Ca++ concentration, and 
just one contraction of the whole droplet could be produced in each 
case. In contrast to these earlier results, we were able to demonstrate 
that: (1) The detachment of cortical filamentous layer from the mem-
brane may be spontaneous, (2) it can be serially repeated during long 
periods of time with a frequency characteristic for the droplet, (3) this 
type of cortex dynamics is promoted in the presence of some local ana-
esthetics which affect the stability of membrane-cytoskeleton linkage. 

Analogous phenomenon of rhythimc detaching and shifting an opti-
cally more dense layer from the plasmalemma toward the granuloplas-
mic core was described by G r ^ b e c k i and K w i a t k o w s k a (1988) 
in the heat-shocked amoebae. Examination of this layer by electron and 
fluorescent microscopy (K 1 o p o c k a et al. in press) showed, that the 
layer is made up of the network of actin filaments and its rhythmically 
repeated movements probably depend on their contractile activity. Also 
H e a t h and D u n n (1978) and H e a t h (1983) noticed the birefrin-
gent arcs, formed near the leading edge of the lamella of migrating fi-
broblasts. These crescents moved back toward the nucleus, where dis-
appeared. Similar structures have been described also in spreading epi-
thelial cells ( M a s a y o s h i and S a t o 1978) and spreading fibroblasts 
(S o r r a n o and B e l l 1982). The last authors interpreted these mo-
ving arcs as "condensations of a microfilament network that move to-
ward the nucleus as compressional waves". All mentioned observations 
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8 J. KOŁODZIEJCZYK A N D A. GRĘBECKI 

showed that repeated detaching of the actin layer from plasmalemma 
and its shifting toward the cell centre is a phenomenon which can be 
observed in various types of cells. 

The pinocytosis has been observed in the plasmodial caffeine drop-
lets for the first time. It seems also to depend on the high dynamics 
of the filamentous layer associated with the cell membrane of droplets. 
It is well known, that microfilaments are involved in endocytosis as 
well in the tissue cells as in amoebae (see A l l i s o n 1973, S t o c k e m 
1977). The pinocytosis described here resembled this phenomenon in 
heat-shocked amoebae (G r ę b e c k i and K w i a t k o w s k a 1988) and 
in untreated Amoeba proteus. During the induced pinocytosis amoeba 
changes its shape and becomes spherical. This general process, as well 
as the invagination of each channel, seem to be correlated with the contr-
actions of the cortical layer, shifting toward the cell centre ( K l e i n 
and S t o c k e m 1979, S t o c k e m 1979). The formation of the pinocy-
totic channel can be repeated many times in the same area of the dro-
plet. This fact is also in agreement with the serial formation of channels 
and cortex retraction in the hyalospheres of Amoeba proteus. It seems 
that the fur ther examination of pinocytosis in the caffeine-derived drop-
lets of slime mould protoplasm should give a valuable contribution to 
the biology of Physarum, because as yet it could never been successfully 
observed in vivo in a normal large Plasmodium. 
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1: Three f o r m s of p lasmodia l p ro top lasm drople ts obta ined by incubat ion of la rge 
endoplasmic drops in 5 m M caf fe ine solut ion: a — re laxed s ta te wi thou t in te rna l 
s t ra t i f ica t ion, b — sta te wi th act ive g ranu lop la sm (arrows), c — p resumab ly con-
t rac ted s ta te wi th fu l l and s table separa t ion of t h e g ranu lop lasm (G) and hyalo-
plasm (H) 
2: Detaching of the optically dense layers of pe r iphe ra l hya loplasm f r o m the 
p l a sma lemma and the i r r e t rac t ion t o w a r d the g ranu lop la sm (arrows), induced by 
3°/« e thanol 
3: Successive layers of the pe r iphe ra l hya lop lasm re t r ac ted to the hya lo -granu lo-
plasm border (double a r rows in a), and accumula ted in the f o r m of a pile (bundle 
of a r rows in b) 
4: A vacuole pushed by the successive contrac t i le layers of hyaloplasm (arrows 
in a,c,f) f r o m the p l a s m a l e m m a toward the drople t cen t re 
5: Pinocytosis induced in the ca f fe ine -der ived p lasmodia l droplets by 20-40 m M 
KC1 (a,e,f) or 50-100 mM Na CI (b,c,d): a — rhy thmica l ly pulsa t ing orif ice of a chan-
nel (ar row-head) , b, c — large conical channe ls w i t h funne l - l i ke openings (a r row-
heads), d, e — long and th in type of channels (arrows), f — ser ia l in take of endo-
somes (arrows) wi thou t developing a cont inuous channel . Ca l ibra t ion ba r 100 um 
in all p ic tures 
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Synopsis. Ma t ing phe romone (MP) excre ted by mat ing type II (MT II) 
cells of the ciliate Dileptus anser was charac te r ized and par t ia l ly pu r i -
f ied . At a concen t ra t ion lesser t h a n 10~9 g r a m m per mil l i l i ter par t ia l ly 
pur i f i ed M P II specifically induces the sexua l behav iour of complemen-
t a r y ma t ing type cells (MT I or III) and the i r con juga t ion wi th MT II 
cells. MP I I shows the rmos tab i l i ty (100°C — 30 min) in a acidic (2-4) 
and neut ra l pH of the medium. It was ident i f ied as a polypept ide (its 
act ivi ty w a s fu l ly destroyed by some proteases whe reas RNAse and 
DNAse and micrococcal nuclease did not a f fec t it). T h i n layer ch roma-
tography of cell f r e e f lu id (CFF) f r o m MT II cells on Silufol plates (pi-
r id ine — acet ic acid — n-bu tano l — w a t e r 40:14:68:25) revealed the 
presence of 5 spots s ta ined w i t h n inhydr in . The only component pos-
sessing MP II act ivi ty had low mobil i ty (Rf = 0.08) in this system. Ra t -
her an ef f ic ient method for concent ra t ing and desal t ing M P II was 
a p ressure u l t r a f i l t r a t i on of C F F (MP II fa i ls to pass t h rough the Ami-
con UM 05 membrane) . By gel f i l t ra t ion of the C F F concen t ra te on 
a Bio-Gel P-6 column M P II was 100-fold pur i f ied . I ts molecular 
weight was def ined by the gel f i l t r a t ion me thod to be ca. 3000 Da. 

Ciliates are among most promising objects for studying the evolu-
tion of intercellular communication and recognition mechanisms (L u-
p o r i n i and M i c e l i 1986 a). In these unicellular animals the sexual 
process occurs during cell conjugation. In a great number of species so-
me stages of interaction between individuals leading to the formation 
of pairs are highly specific, in a sense they are realized only between 
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ciliates that belong to different (complementary) mating types (G r e 1 1 
1973). In some of the species studied preconjugational interactions are 
mediated by specific substances excreted to medium which are known 
as mating pheromones (MPs) (L u p o r i n i and M i c e l i 1986 b). The 
presence of MPs was revealed in several species of Blepharisma (B. ja-
ponicum — M i y a k e 1968, B. americanum, B. musculus, B. stoltei, 
B. tropicum — M i y a k e and B l e y m a n 1976, Blepharisma sp. — 
R i c c i and E s p o s i t o 1981), in some Euplotes species (E. patella — 
K i m b a l l 1942, K a t a s h i m a 1959, 1961, A k a d a 1985, E. eury-
stomus— K a t a s h i m a 1959, E. octocarinatus — H e c k m a n n and 
K u h l m a n n 1982, E. raikovi — L u p o r i n i et al. 1983), in Oxy-
tricha bijaria ( E s p o s i t o et al. 1976), in Dileptus anser (T a v r o v-
s k a j a 1979), in Tokophrya infusionum and T. lemnarum ( S o n n e -
b o r n 1978). 

Biochemically, MPs were first investigated in Blepharisma japoni-
cum. One of two MP types detected in this ciliate is presented by a ba-
sic glycoprotein with the molecular weight of about 20 kDa ( M i y a k e 
1974 a, b, M i y a k e and B e y e r 1974) and the second, by a low mo-
lecular substance, a derivative of tryptophane — Ca-3-(2'-formyl amino-
5'-hydroxybenzoil)-lactate (B r a u n and M i y a k e 1975, E n t z e-
r o t h and J a e n i c k e 1981). The latter MP affects other Blepharisma 
species too while the high-molecular MP is species specific ( M i y a k e 
and B l e y m a n 1976). In the last few years a study has been made 
of MPs in other ciliates having multiple mating types. Thus it has been 
shown that two from four different MPs in Euplotes patella of syngen 2 
are low-molecular proteins that behave similarly during electropho-
resis in gels ( A k a d a 1986). In E. octocarinatus all four MPs are pro-
teins (glycoproteins?) with the molecular weight of ca. 20 kDa (M i y a-
k e and N o b i l i 1984, W e i s c h e r et al. 1985, S c h u l z e D i e c k -
h o f f et al. 1987). In E. raikovi MPs are presented by a family of ho-
mologous proteins (M.w. 10-12 kDa) ( L u p o r i n i et al. 1986, L u -
p o r i n i and M i c e l i 1986 b, R a f f i o n i et al. 1987). 

Such investigations should be expanded to other ciliate species ex-
creting MPs because we want to know how systems of mating types 
originated and developed in ciliates and how MPs and mechanisms of 
their reception evolved. A most promising new object for such studies 
is Dileptus anser, another ciliate species f rom a primitive group Gymno-
stomatida. This fact is of evolutionary importance because all previously 
reported species that excrete MPs, belong to two systematically distant 
and evolutionary more advanced groups Heterotricha and Spirotricha. 
D. anser has only three mating types and each of them excretes its own 
MP. The MP activity can be detected through the use of various biolo-
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gical reactions induced in the cells by heterologous culture media (T a v-
r o v s k a j a 1974, A f o n ' k i n and S k o v o r o d k i n 1986, A f o n ' -
k i n and Y u d i n 1986). The present communication gives a prelimi-
nary biochemical characterization of one of the three MPs in this spe-
cies. 

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

Clones of Dileptus anser we re cu l tured according to N i k o l a e v a (1968) at 
:25cC. To ob ta in ce l l - f ree cu l tu re f lu id (CFF) a mass cu l tu re (about 150,00 cells 
per l i tre) was f i r s t g r o w n in vessels (0.5 1). To get r id of debris and food organisms 
(Tetrcihymena pyriformis GL) di leptuses w e r e t r a n s f e r r e d ca re fu l ly to a f r e s h 
cu l tu re m e d i u m (Presco t t -Car r i e r salt solution — P r e s c o t t and C a r r i e r 
1964). For th is purpose D. anser mass cu l tures w e r e poured into na r row-necked 
glass f l a sks (1-2 1) and 1-2 h la te r ciliates accumula t ing in the uppe r pa r t of 
the f lask w e r e sucked out using a pipet te . The mechan i sm of this reac t ion of 
di leptuses is not k n o w n (negat ive geotaxis?) bu t it m a y be used fo r collecting 
or par t ia l concent ra t ing ci l iates which do not s tand cen t r i fuga t ion . 

A g rea t e r pa r t of t he cells kep t in a f r e s h por t ion of med ium dur ing 24 h 
wi thout food was r emoved f o r f u r t h e r g rowth . The m e d i u m the di leptuses w e r e 
t a k e n f r o m , wi th f e w r e m a i n i n g cells and excre ted phe romone was f i l te red 
t h rough cot ton wool and t h e n th rough cellulose f i l te rs to obta in CFF. 

As a source of MP clone No. 20 (MT II) isolated f r o m na tu r e in 1984 was 
used ( Y u d i n and A f o n ' k i n 1987). According to the p re l iminary da t a (T a -
v r o v s k a j a 1974) suppor ted by our e x p e r i m e n t s M P of this type is a t h e r m o -
stable subs tance . 

Ce l l - f ree f lu id (CFF) showing M P II act ivi ty was 50-fold concent ra ted in 
a ro ta t ion e v a p o r a t o r u n d e r low pressure at 65°-70°C dur ing severa l hours. A smal l 
prec ip i ta te was removed by cen t r i fuga t ion (20 m i n — 100,000 g). Thus c leared 
s u p e r n a t a n t could be s tored f rozen for 1 or 2 m o n t h wi thou t essent ial change 
in M P II act ivi ty . I n some of the expe r imen t s the C F F s u p e r n a t a n t was f u r t h e r 
concen t ra ted and desal ted by the p ressure u l t r a f i l t r a t ion method to a smal l volume 
(MP II act ivi ty was re ta ined by the Amicon UM 05 membrane ) . 

Th in - l aye r c h r o m a t o g r a p h y of C F F concen t ra te desal ted by u l t r a f i l t r a t ion 
was car r ied out on Si lufol p la tes (CSSR) in the m i x t u r e of pi r idine — acetic 
acid — n -bu t ano l — w a t e r (40:14:68:25). Pep t ide components were detected 
by the n i n h y d r i n me thod (0.2°/o n i n h y d r i n in n -bu t ano l — acetic acid 95:5) 
wi th subsequen t hea t ing at 140°C ( D e v e n y i and G e r g e l y 1974). To iden t i fy 
M P II immedia te ly a f t e r c h r o m a t o g r a p h y the Silufol pla tes we re cut into severa l 
zones cor responding to the pep t ide components revea led wi th n inhydr in . The m a -
te r ia l was e lu ted by the w a t e r (1 ml) dur ing 15 h (at 25°C) and assayed biologically 
f o r M P II act ivi ty. 

T h e me thod of enzymat ic des t ruc t ion was used to iden t i fy the M P II na tu re . 
C F F concen t ra te was t r ea t ed by var ious proteolyt ic enzymes in the concent ra t ion 
r ange of 0.5-2.0 mg per ml dur ing 2 h at 37°C and pH 7.2. The rac t ion was s topped 
by boiling of the m e d i u m f o r 10 min since the l a t t e r p rocedure did not destroy the 
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M P II activity. Samples of the CFF concentra te t reated wi th prel iminari ly the r -
moinact ivated enzymes were used as a control. 

Lyophilized CFF (2 mg in a volume of 100 was subjected to SDS-polyacry-
lamide gel electrophoresis according to L a e m m l i (1970) wi th subsequent Co-
omassie Bril l iant Blue staining. 

The protein content was determined according to L o w r y et al. (1951) or 
using the microbiurhet method ( D e v e n y i and G e r g e l y 1974). 

Gel f i l t ra t ion of the CFF concentrate was per formed in a Bio-Gel P-6 columm 
(14 X 830 mm). Elut ion medium contained 20 mM Tris HC1 pH 7.2 plus 50 mM 
NaCl, the f low ra te being 9 ml/h. The volume of f rac t ions was 2 ml. The protein 
content of the f ract ions was determined simultaneously by several methods — by 
'light absorpt ion at 230 and 280 nm, according to L o w r y et al. (1951) and by 
microbiurhet technique (for identif icat ion of peptides of var ious amino acid com-
position). Before f ract ions were tested for pheromone activity they were diluted 
prel iminarly 30-100-fold since 2 mM NaCl is toxic for cells. The pheromone mole-
cular weight was determined under the same conditions on a column calibrated 
with appropr ia te molecular weight markers . 

For determining the MP activity in CFF and its f rac t ions one of the effects 
produced by pheromone was utilized, namely ability to induce addit ional "conjuga-
t ional" divisions in cells of complementary mat ing type ( T a v r o v s k a j a 1974). 
Ten cells f r o m a tester clone (one day a f t e r feeding) in their "own" cul ture me-
dium were placed into each of the 6 micropla te wells (A f o n ' k i n and Y u d i n 
1935) the reupon fluid to be tested was added its concentrat ion being diluted two-
fold. In 18-20 h the number of cells was counted in the microplate wells and 
thus the percent of cells tha t had undergone division was determined. There was 
a control for each exper imenta l series (6 microplate wells each containing 10 cells 
in the i r "own" cul ture fluid). "Chi-square" test was applied to evaluate the 
significance of differences between the exper iment and the control at a 5°/o signi-
ficance level. 

R e s u l t s a n d D i s c u s s i o n 

A 10-50-fold CFF concentrate is a viscous yellowish fluid of acidic 
pH (5.4-6.1). The protein content of CFF detected according to L o w r y 
et al. (1951) is 1-1.5 jAg/ml being consistent with values given in litera-
ture for other ciliate species excreting mating pheromones ( L u p o r i -
n i et al. 1986). Biological activity of a 10-fold CFF concentrate could 
be demonstrated even at its 2000-fold dilution (10 - 8 g/ml protein con-
centration) (Fig. 1). 

To test the specificity of MP II excreted by clone No. 20 we studied 
its biological action on various mating type cells (clones No. 11, 52, 59 — 
mating type I; clones No. 19, 20, 61, 73 — mating type II; clones 
No. 8, 28 — mating type III). Actually, the MP II action was highly spe-
cific and was displayed only with regard to complementary mating type 
cells (mating types I and III). Various clones of the same mating type 
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Fig. 1. Biological act ivi ty of 10-fold C F F concen t ra te (clone No. 20) at successive 
di lut ions 

Abscissa, C F F di lut ions (0-, 2-, 4-fold, etc.); ordinate, percent of cells tha t u n d e r -
wen t division Tes ter clones No. 11 (1) and 52 (2). Vert ical bars , 95°/o conf idence 
in te rva ls ; dashed line, s ta t is t ical ly s ignif icant d i f fe rence f r o m the control in this 

e x p e r i m e n t 

differed in their sensitivity to MP II (Fig. 1), clone No. 11 being more 
sensitive compared to clone No. 52. The action of MP II on complemen-
tary mating type cells was dose-dependent with a pronounced satura-
tion effect (Fig. 1). Its activity fully retained upon 500-fold dilution of 
CFF concentrate and lowered with fur ther dilution. The saturation e f -
fect and high sensitivity seems to indicate the presence of a receptory 
stage in the action mechanism of MP II. A similar suggestion was made 
for MPs of other ciliate species. 

MP II appeared to be a thermostable substance: it did not lose its 
activity after boiling (100°C — 30 min) in an acidic (2-4) and neutral 
pH of the medium, whereas in basic pH (8.5-10.0) its activity was ful ly 
destroyed. 

Dialysis through cellophane bags as well as lyophilization of CFF re -
sulted in significant (more than 100-fold) loss of MP II activity. 

To identify the chemical nature of MP II the method of enzymatic 
destruction was applied. It was shown that the treatment of CFF by 
various proteases (trypsin, pronases P and E, proteinase K) results in 
a complete loss of MP II activity. At the same time the treatment with 
nucleases (DNAse, RNAse, micrococcal nuclease) and hyaluronidase did 
not change its activity. These data allow the conclusion that MP II has 
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a peptide nature, its molecular weight is probably small since MP II is 
a dialyzable substance. The conclusion is supported by results of the 
CFF lyophilisate SDS-electrophoresis in 12% polyacrylamide gel with 
subsequent staining with Coomassie Brilliant Blue. Since no protein 
bands were detected with this method, it was concluded that proteins 
from CFF of the clone 20 had molecular weight smaller than 10 kDa. 

Thin-layer chromatography of CFF concentrate enabled to demon-
strate the heterogeneity of its peptidic composition (Fig. 2). By means 

1 2 3 

Fig. 2. Th in - l aye r ch roma tog raphy of C F F concen t r a t e a f t e r p ressure f i l t ra t ion 
th rough Amicon UM 05 m e m b r a n e on Si lufol pla tes s ta ined wi th n inhydr in 

Dashed lines designate zones in c h r o m a t o g r a m m e cut out fo r e lut ion for the m a -
ter ia l and its subsequen t tests fo r M P II act ivi ty . 1 — C F F concent ra te , 2 — re-
ch roma tog raphy of M P II act ive mater ia l , 3 — c h r o m a t o g r a p h y of par t ia l ly pur i f ied 

M P II ma te r i a l 

of ninhydrin staining five coloured spots (Rf = 0.08-0.35) were detec-
ted. After chromatography (without any staining) and evaporation of 
organic solvents the material contained in the detected zones was eluted 
with water and tested for its biological activity. The MP II activity was 
revealed only in a low mobility fraction (Rf = 0.08) stained violet with 
ninhydrin (Fig. 2). Hence, not all peptide components in CFF have MP 
activity and the problem is to purify MP f rom the CFF original mate-
rial. It must be specially emphasized that prior to determination of bio-
logical activity we had to dilute significantly eluates from separate zones 
because of the toxic effect of organic solvents. This does not rule out 
the existence of other regions of lower MP activity not detectable by our 
test. 

Concentration of the CFF to a small volume was the first step in 
purification of MP II. It presented a problem since MP II was a dia-
lyzable protein (through cellophane bags that were at our disposal) and 
lost its activity during lyophilization. This inactivation was probably 
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due to various salts that are contained in culture medium and, therefore, 
in CFF (8 fiM MgS04 , 30 |iM CaHP04 , 80 ^M KC1, 90 ^M CaCl2, 300 \xM 
NaCl — P r e s c o t t and C a r r i e r 1964). Their concentration ob-
viously increased during concentration of the CFF. 

The CFF ultrafiltration through Amicon UM 05 membrane proved to 
be an adequate method for concentrating and subsequent desalting MP II 
(MP II itseelf was retained by the membrane). The procedure of MP II 
purification was as follows. CFF (20 1) was concentrated at reduced pres-
sure in a rotatory evaporator to 0.5 1 at 65°-75°C. Further concentration 
was achieved by ultrafiltration through Amicon UM 05 membrane to 10 ml 
at +4°C. A portion of the material obtained (2 ml) was chromatogra-
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phed on a Bio-Gel P-6 column (separation limits 1000-6000 Da). Elution 
medium contained 20 mM Tris HC1 pH 7.2 plus 50 raM NaCl. The chro-
matography made it possible to separate effectively fractions with the 
MP II activity f rom the main protein peak (Fig. 3). It should be noted 
that fractions in the MP II activity peak failed to stain after L o w r y 
et al. (1951) and showed no absorbance at 280 nm. These results suggest 
that MP II has a low content of aromatic amino acids. All the mate-
rial stained according L o w r y et al. (1951) and characterized by ab-
sorbance at 280 nm displays no MP II activity. The degree of MP II 
purification achieved by gel filtration on Bio-Gel P-6 was more than 
95% (based on protein content). 

The fractions in the MP II activity peak (Ve = 65-75 ml) were pooled, 
concentrated on air, dialyzed 1 h against water to low salt content and 
chromatographed on Silufol plates as described above. Two spots — 
one major (Rf = 0.17) and the other suppplementary ( R f = 0 . 0 9 ) stained 
violet by ninhydrin were detected. 

The MP II molecular weight estimation was carried out on Bio-Gel 
P-6 column which was preliminarily calibrated with adequate molecu-

Fig. 4. M P II molecular weigh t de t e rmina t ion on Bio-Gel P-6 column. Molecular 
we igh t m a r k e r s used: E — eledoisine (1190 Da), B — baci t rac in (1450 Da), A — 

a p a m i n (2030 Da), G — glucagon (3500 Da), I — insul in (5600 Da) 
Abscissa, lg M.w.; ordinate, V e /V 0 ; VQ aws eva lua ted using D e x t r a n Blue 
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lar weight markers (eledoisine — 1190 Da, bacitracin — 1450 Da, apa-
min — 2030 Da, glucagon — 3500 Da, insulin — 5600 Da). The value 
obtained is ca. 3000 Da (Fig. 4). It should be noticed that with increase 
in the NaCl content in the elution medium to 200 mM supplementary 
peaks of the MP II activity with a smaller molecular weight (1450 and 
lesser) appeared. It may therefore be assumed that MP II is represented 
by some peptide monomeres capable of associating and dissociating 
under different ionic conditions without a significant loss of its biolo-
gical activity. 

In some experiments when testing fractions most active in respect 
of inducing cell divisions, selfing pair formation was observed. Such 
pairs were never noted with fractions devoid of division-inducing acti-
vity. This observation suggests that factors inducing selfing and conju-
gational divisions are the same thing. At the same time, we failed to 
observe pair formation when diluting the fractions proved to be active 
for selfing, though cell divisions were still induced in several successive 
dilutions. It suggests that higher concentrations of the pheromone are 
required for selfing than for cojugational cell divisions. Similar obser-
vations were made with other two mating pheromones of D. anser; at 
present their isolation and partial purification are nearing completion. 

Conjugational divisions are likely to be necessary to synchronize 
cells that come into sexual interaction. However, the induction of such 
cell divisions with mating pheromones seems to be unique for D. anser 
and was never reported for other pheromone-excreting ciliates. It fa -
vours the hypothesis that mating pheromones might originate f rom au-
tocrinous cell regulators (L u p о r i n i and M i c e l i 1986 b). 

To summarize, the mating pheromone of type II (MP II) excreted 
by the ciliate Dileptus anser (clone No. 20 belonging to mating type 
II) and affecting specifically the complementary mating type cells (I and 
III) is a thermostable in acidic and neutral pH polypeptide with the 
molecular weight ca. 3000 Da. The latter value is significantly lower 
than the molecular weights of other known proteinaceous mating phe-
romones excreted by other ciliate species. Biochemical characterization 
of two other mating pheromones of D. anser (MP I and III) will enable 
us to compare the system of intercellular communication in this species 
with that of other ciliates using mating pheromones. 

A C K N O W L E D G E M E N T S 
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Synopsis. The presence of succinate dehydrogenase , ma la t e dehydroge-
nase, isoci t rate dehydrogenase , lac ta te dehydrogenase , a -g lycerophos-
pha te dehydrogenase , [3-hydroxybutyrate dehydrogenase and g l u t ama t e 
dehydrogenase in Parastasia fennica and P. macrogranulata, the Eugle-
nida infest ing the a l imenta ry canal of copepods, was inves t igated using 
cytochemical methods . Di f fe rences in the act ivi ty of enzymes of the 
citr ic acid cycle and of the glycolytic p a t h w a y discovered in the endo-
genous and exogenous phases of t he paras i tes ' l ife-cycles suggest a f l ex -
ibility of cell oxidat ive metabol i sm in both Parastasia species, which 
m a y be e i ther aerobic or anaerobic depending on the l i fe-cycle phase 
and the env i ronmen ta l oxygen content . 

Knowledge of metabolism and its regulation in the cells of endopa-
rasitic Euglenida which infest the copepod alimentary canal is lacking. 
Studies on the morphology and life-cycles of Parastasia fennica (M i-
c h £ j 1 o w 1966) and P. macrogranulata Wita, 1985 have demonstrated 
that large amounts of paramylon collect in the cytoplasm of the cells 
of t'.ie two species. This polysaccharide, which is specific for Euglenida, 
constitutes the essential reserve substance, being the main energy source 
lor both species. The paramylon stored in the course of these tropho-
zoites' endoparasitic life is intensively utilized at the time of palintomic 
division and the emergence of flagellate forms in the external envi-
ronment. The trophic (endogenous) and reproductive (exogenous) phases 
of the life-cycles of P. fennica and P. macrogranulata occur in envi-
ronments differing in oxygen content. The aim of the present study was 
to i ientify the distribution and cytochemical activity of certain enzy-
mes of the oxidoreductase class in the cells of both Parastasia species. 
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M a t e r i a l a n d M e t h o d s 

The s tudy included two species of the genus Parastasia Michaj low, 1966, name ly 
Parastasia fennica and Parastasia macrogranulata. They a re endoparas i tes of t he 
copepod a l imen ta ry canal and the i r r ep roduc t ive phase occurs outside the host 
( M i c h a j l o w 1966, 1978, W i t a 1984). The copepods w e r e collected f r o m smal l 
reservoi rs of still w a t e r in the area of Len ing rad in the s u m m e r of 1984. 

Using the commonly employed methods of cytochemical dehydrogenase detec-
t ion described by B a r k a and A n d e r s o n (1963), and P e a r s e (1972) t h e 
presence of the fol lowing coenzyme — linked dehydrogenases was d e m o n s t r a t e d : 
ma la t e dehydrogenase (NAD), isoci t rate dehydrogenase (NAD, NADP), (3-hydroxy-
b u t y r a t e dehydrogenase (NAD), a -g lyce rophospha te dehydrogenase (NAD, NADP). 

Succinate dehydrogenase was detected according to the me thod of Nachlas 
et al. ( N a c h l a s et al. 1957) as modif ied by B a r k a and Anderson (B a r k a and 
A n d e r s o n 1963). Lac ta te dehydrogenase (NAD) was revealed by m e a n s of 
a me thod original ly proposed by Jacobsen ( J a c o b s e n 1969, B e y e r et al. 
1977 b, c, 1978 a, b), The basic incubat ion solut ion for all enzymat ic reac t ions con-
ta ined n i t ro-b lue te t razol ium. 

The enzymes w e r e detected in intact t rophozoi tes immedia te ly a f t e r the i r r e m o -
val f r o m the host gut well as in consecut ive s tages of pal in tomic division and 
in f lagel la te f o r m s resul t ing f r o m pal in tomy. The organisms were placed on micro-
scopic slides, dr ied at room t e m p e r a t u r e and t h e n incubated in acetone at 0°C and 
in ch lo roform at — 15°C to r emove lipids f r o m the cells, which distort the no rma l 
p ic ture of t he his tochemical reac t ion ( J a c o b s e n 1969, B e y e r et al. 1977 a -c , 
1978 a, b). 

The dehydrogenases unde r s tudy w e r e inves t iga ted s imul taneous ly in all de-
ve lopmenta l s tages of each species in o rder to obta in comparab le results . Incuba t ion 
was carr ied out at room t e m p e r a t u r e (for all enzymes) fo r 30 min, which was es tab-
lished a f t e r a series of t r ia ls as the op t imum period for the s tudies in ques t ion . 
A longer incubat ion was found to resul t in a too in tense background s ta ining. The 
incubat ion solut ion was used wi th or wi thou t phenaz ine me thosu lpha te (PMS). A f t e r 
incubat ion, the cells w e r e f ixed in a 15% f o r m a l i n solution, r insed in w a t e r and 
stained, if necessary, wi th neu t r a l red or me thy l green. Subsequen t ly the specimens 
were embedded in glycerol — gela t ine or, a f t e r dehydra t ion , in C a n a d a ba lsam. 
Control specimens were incuba ted in solutions f r e e of t he subs t ra tes . The incuba t ion 
solution was checked on mouse l iver cells placed at the o the r end of the microscopic 
slide. 

The cytoenzymat ic resul t s w e r e in t e rp re t ed by compar ing the in tens i ty of 
f o rmazane precipi ta t ion, a n indicator of enzyme act ivi ty, in the e x p e r i m e n t a l cells. 
Drawings w e r e m a d e using a c a m e r a lucida wi th a 15 X eyepiece and 40 X objec t ive . 
Pho tographs we re t a k e n wi th the aid of a Ze topan l ight microscope unde r no rma l 
l ighting conditions. A detai led s tudy of dehydrogenase localizat ion was ca r r i ed out 
unde r a microscope wi th a 20 X eyepiece and 90 X and 100X object ives. 

R e s u l t s 

Parastasia fennica. The following enzymes of the citric acid cycle 
were found to be active in this parasite species: succinate, malate and 
isocitrate dehydrogenases. 
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Trophozoites studied immediately after removal from the host gut 
strongly demonstrated succinate dehydrogenase activity (PI. I 1 a). 
A particularly strong reaction was observed in the cells undergoing di-
vision (PL I 1 b), in the cytoplasm of which numerous formazane gra-
nules could be seen filling the entire cell except the nucleus. The fla-
gellate forms, soon after their emergence, displayed an equally strong 
reaction to succinate dehydrogenase (PI. I 1 c), although the reaction 
gradually became weaker as the organisms stayed in water and used up 
paramylon and other reserve substances, which enable them to live in 
the external environment. The flagellate forms live in water for a few 
days and then perish, unless they have been ingested by the host in 
the meantime. Dying organisms displayed an almost total absence of 
succinate dehydrogenase activity. 

The activity of malate dehydrogenase in trophozoites removed from 
the host gut was also pronounced (PI. I 2 a). The higher enzyme activity 
was displayed by the organisms undergoing palintomic division (PI. I 
2 b) as well as by the descendant flagellate forms (PI. I 2 c). The ma-
late dehydrogenase activity increased in the course of P. fennica deve-
lopment in the outer (aerobic) environment and subsequently dimin-
ished in dying flagellate forms not swallowed by their host. 

In trophozoites (PI. I 3 a) studied immediately after their removal 
from the host gut, isocitrate dehydrogenase activity was less pronoun-
ced than in cells undergoing division by palintomy (PL I 3 b). A simi-
larly intense reaction was observed in the invasive flagellate forms in 
the initial period following their emergence. With time, as they inha-
bited water, the enzyme activity gradually weakened and in dying or-
ganisms, which had not been swallowed by the host, isocitrate dehydro-
genase disappeared. 

The activity of lactate dehydrogenase was established in all stages 
of the P. fennica life-cycle, with the exception of the flagellate forms. 
The most pronounced reaction was elicited in trophozoites, both young 
and mature, soon af ter their removal from the host gut (Fig. 1 a, PI. II 
4 a). In trophozoites remaining in water for about 24 h prior to pa-
lintomic division, lactate dehydrogenase activity was lower (Fig. 1 b). 
Only a trace activity of the enzyme was found in the invasive flagellate 
cells during the entire period of their life in water (Fig. 1 c). 

The activity of «-glycerophosphate dehydrogenase was investigated 
in trophozoites of various sizes immediately after their removal from 
the host gut as well as in the cells in the course of their palintomic di-
vision and the descendant flagellate forms. The «-glycerophosphate de-
hydrogenase activity in trophozoite cells was comparatively high and 
expressed by a considerable number of formazane granules filling the 
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entire cell (PI. II 5 a). In the course of their stay in the outer environ-
ment the enzyme activity decreased from moderate, in the division sta-
ges and the flagellate forms soon after their emergence (PI. II 5 b, c), to 

Fig. 1. Dis t r ibut ion of lac ta te dehydro-
genase in P. jennica. a — a t rophozo-
ite immedia te ly a f t e r its r emova l f r o m 
the host gut, b — a t rophozoi te which 
has s tayed in w a t e r f o r ca. 24 h, c — 
a f lagel la te f o r m (af ter the last di-

vision) 

Fig. 2. Dis t r ibut ion of (3-hydroxybuty-
r a t e dehydrogenase in a t rophozoi te 
of P. jennica immedia te ly a f t e r its re -

moval f r o m the host gut 

weak in the flagellate forms which had lived in water for several days. 
The activity of glutamate dehydrogenase was detected in all stages 

of the P. jennica life-cycle (PI. II 6). 
The activity of fi-hydroxybutyrate dehydrogenase was high in all 

stages of the life cycle in P. jennica (Fig. 2, PI. II 7 a-c). 
Parastasia macrogranulata. The activity of enzymes of the citric 

acid cycle and of the glycolytic pathway was investigated mainly in 
trophozoites of different sizes and thus of different ages. 

As in P. jennica, the enzymes of the citric acid cycle were studied 
in this species as follows: succinate dehydrogenase, malate dehydroge-
nase and isocitrate dehydrogenase. Parastasia macrogranulata cells in-
vestigated immediately after their removal f rom the host gut demon-
strated a moderate activity of succinate dehydrogenase (PI. Ill 8 a) with 
a subsequent marked increase of activity in the course of their stay in 
water. The activity became high in the pre-division forms (PI. I l l 8 b) 
and post-division forms soon after division (PI. Ill 8 c). The latter live 
in water for a period of time but their enzymatic activity gradually 
decreases as they stay longer in the outer environment and they perish 
af ter their energy reserve has been exhausted unless they have been 
ingested by the host (PI. I l l 8 d). 
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Malate dehydrogenase also demonstrated high activity. No significant 
difference in the dehydrogenase activity was established between the 
trophozoites studied immediately after their removal f rom the host gut 
and those which were investigated following a stay in water of vary-
ing duration (PL III 9 a-c). 

The study of isocitrate dehydrogenase, the activity of which was 
very pronounced, yielded similar results. The entire trophozoite cyto-
plasm was filled with formazane granules (PI. I l l 10 a-c). 

Fig. 3. Presence of lec ta te dehydro- Fig. 4. Dis t r ibut ion of ß -hyd roxybu ty -
genase in a t rophozoi te of P. macro- r a t e dehydrogenase in a t rophozoi te of 

granulata P. macrogranulata 

Enzymes of the glycolytic pathway in P. macrogranulata demonstra-
ted a fairly low activity. Lactate dehydrogenase activity seen in the 
trophozoite cytoplasm was small and only a few formazane granules 
were seen near large paramylon grains (Fig. 3, PI. IV 11 a-c). 

Low activity is also characteristic of another enzyme of the glyco-
lytic pathway, i.e., «-glycerophosphate dehydrogenase. Small formazane 
granules deposited in the trophozoite cytoplasm were scarce (PI. IV 
12 a-c). ^-hydroxybutyrate dehydrogenase demonstrated a fairly high 
activity in P. macrogranulata. The position of mitochondria with clear re-
actions of the enzyme close to the paramylon grains is noteworthy 
(Fig. 4, PI. IV 13). 

Glutamate dehydrogenase in the Parastasia macrogranulata cell is 
evident, which confirms its fairly high activity in all trophozoites inves-
tigated. However, there are only a few formazane grains in the cyto-
plasm (PI. IV 14). 

D i s c u s s i o n 

The present study was the first investigation ever of dehydrogenases 
in the cells of P. jennica and P. macrogranulata. The two Parastasia spe-
cies selected for the study differ in a number of morphological features 
and the life-cycle (M i c h a j 1 o w 1966, W i t a 1984). All the dehydro-

http://rcin.org.pl



28 

genases investigated are known to constitute an important link in the 
reactions of biological oxidation and are the typical eukaryotic cells. 
In Euglenida they have been most thoroughly studied in E. gracilis 
( B u e t o w 1968, 1982, L l o y d and C a n t o r 1979). The present 
studies have revealed that the investigated enzymes of the citric acid 
cycle are characteristic of both the endogenous and exogenous phases 
of the life-cycle in the two Parastasia species, although particular stages 
within each species, and between both species differ in their enzyme 
activity. The enzymes are characteristically more active in the exoge-
nous phase with all stages in an environment rich in oxygen. 

Also enzymes of the glycolytic pathway, i.e., lactate dehydrogenase 
and a-glycerophosphate dehydrogenase, are present in P. jennica and 
P. macrogranulata cells throughout all stages. Differences in enzyme 
activity between particular developmental stages of both species are 
more pronounced in enzymes of the glycolytic pathway than in enzymes 
of the citric acid cycle. The high activity of lactate dehydrogenase and 
a-glycerophosphate dehydrogenase discovered in the P. jennica tropho-
zoites studied immediately after their removal f rom the host gut shows 
that the glycolytic processes are very intensive. A decreased activity of 
the enzymes after the trophozoites have entered water is associated 
with an increased activity of the citric acid cycle and suggests the pre-
dominance of aerobic processes in cell metabolism. 

P. macrogranulata cells demonstrate a lower activity of lactate de-
hydrogenase and a-glycerophosphate dehydrogenase than cells of 
P. jennica. A comparatively weak cytochemical reaction for lactate de-
hydrogenase activity was observed in the cytoplasm of trophozoites im-
mediately after their removal from the host gut. This might suggest 
that, in contrast to P. jennica, the aerobic type of respiration predomi-
nates in P. macrogranulata cell metabolism, p-hydroxybutyrate dehydro-
genase has been found to be highly active in the two Parastasia species 
and this tends to confirm an intensive oxidation of fa t ty acids. 

Glutamate dehydrogenase, the more important enzyme of cell me-
tabolism in P. jennica and P. mecrogranulata, is responsible for amino 
acid synthesis f rom keto acids and ammonia. It demonstrates high activi-
ty in trophozoites from the host gut as well as in they stages occurring 
in the outer environment, an increase in the activity being observed 
outside the host. 

The findings seem to indicate that energy metabolism in the cells 
of P. jennica and P. macrogranulata is of a mixed nature, i.e., it in-
volves both anaerobic and aerobic reaction sequences showing a change-
able intensity rate. Such a kind of cell oxidative metabolism has been 
seen also in other endoparasitic protozoa that live in environments 

http://rcin.org.pl



D E H Y D R O G E N A S E ACTIVITY OF PARASTASIA 29 

with a d i f fer ing oxygen content ( M o n t a l v o et al. 1971, B e y e r 
et al. 1977 a-c, 1978 a, b, G u t t e r i d g e and C o o m b s 1977, M a r r 
1980, B e y e r and S i d o r e n k o 1983, U s p i e n s k a y a 1984, 
M c L a u g h l i n and A l e y 1985). It appears that in P. femiica, in the 
endogenous phase of its life-cycle, anaerobic respiration predominates 
while in P. macrogranulata a weak aerobic respiration is observable 
in the same phase. Entering water leads to the intensification of oxida-
tive processes in trophozoites and, in this exogenous phase, in both 
species, aerobic respiration predominates, being more effective in sup-
plying energy necessary for movement and proliferation. 

The present findings confirm that metabolism in the Parastasia spe-
cies under s tudy is flexible and is adjusted to the conditions in which 
it occurs and to the particular phases of the life-cycles occurring in 
environments with a differing oxygen content. 
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E X P L A N A T I O N OF P L A T E S I - I V 

1: Succ ina te dehydrogenasce in P. fennica, a — a t rophozoite , b — pal in tomic divis ion, 
c — cells a f t e r t he last pa l in tomic division pr ior to f l age l lum fo rmat ion . 
2: Mala te dehydrogenase in P. fennica, a — a t rophozoi te , b — a cell u n d e r g o i n g 
pal in tomic division, c — f lagel la te f o r m s 
3: Isoci t ra te dehydrogenase in P. fennica, a — a t rophozoi te , b — a cell u n d e r g o i n g 
division 
4: Lac ta t e dehydrogenase in P. fennica — a t rophozoi te 
5: a -g lyce rophospha te dehydrogenase in P. fennica, a — a t rophozoite , b — f lage l -
late f o r m s a f t e r pa l in tomic division 
6: G l u t a m a t e dehydrogenase in P. fennica — f lagel la te f o r m s 
7: (3-hydroxybutyrate dehydrogenase in P. fennica, a — a t rophozoi te , b, c — f lage l -
la te f o r m s 
8: Succinate dehydrogenase in P. macrogranulata, a — a t rophozoi te i m m e d i a t e l y 
a f t e r its removal f r o m the host intest ine, b — a predivis ion t rophozoi te , w h i c h has-
stayed in w a t e r fo r some t ime, c — a f lage l la te f o r m 
9: Mala te dehydrogenase in P. macrogranulata, a-c — trophozoi tes 
10: Isoci t ra te dehydrogenase in P. macrogranulata, a, b — trophozoi tes 
11: Lac ta te dehydrogenase in P. macrogranulata, a, b — trophozoi tes 
12: a -g lycerophospha te dehydrogenase — a t rophozoi te 
13: (3-hydroxybutyrate dehydrogenase in f l age l l a te f o r m of P. macrogranulata 
14: G l u t a m a t e dehydrogenase in P. macrogranulata, a,b — f lagel la te f o r m s 
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Sur la multiplication de Centropyxis discoïdes et l'influence 
du milieu sur la morphologie de la thèque (Rhizopoda testacea) 
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Sciences Agronomiques de l 'Etat , Gembloux , Belgique 

Received on 7 March , revised on 27 Apri l 1988 

Synopsis. Nous décr ivons une expér ience d 'é levage de Centropyxis dis-
coides dans u n mil ieu mix te , a f in de contrôler le peup lemen t obtenu 
sans r enouve l l emen t du milieu. 

Cet te expér ience , p e r m e t éga lement de noter les var ia t ions i n t r a -
spécif iques dans u n mil ieu res t re in t , proche des condit ions nature l les . 
Nous obtenons ou t re une bonne pro l i fé ra t ion pendan t les quinze pre-
miers jours, une réduc t ion sensible de la tai l le et une disposit ion a n a -
chron ique des cornes. Les p remières mani fes ta t ions d ' enkys tement , sont 
appa rues au 16° jour. 

Chez les Thecamoebiens, au cours des générations, la morphologie 
de la thèque s'organise progressivement en fonction du milieu qu'ils 
colonisent. Cette faculté, se démontre expérimentalement par des éle-
vages en milieux conditionés. 

Dans cette expérience, nous avons utilisé Centropyxis discoides (Pe-
nard) Deflandre; espèce aquatique, commune également parmi les Mous-
ses humides et les Sphaignes. 

La structure de la thèque est principalement constituée d'un vernis 
organique souvent de teinte verte, généralement incrusté de particules 
minérales, de plaquettes siliceuses polymorphes ou de Diatomées rema-
niées ou non. 

M a t é r i e l e t m é t h o d e 

Deux Centropyxis discoides typiques , p rovenan t d 'un dépôt lacustre , ont é t é 
mis en é levage dans un mi l ieu mixte , cons t i tué d 'une solut ion de Ringer addi t ion-
née de que lques gout tes d ' eau d 'origine, de que lques mi l l ig rammes de P r o t e n u m 
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Neut re (Chardez 1986) et de micromorphol i thes de silice: ces f ines par t icules mi -
néra les , sont obtenues en b royan t du sable m a r i n au mor t ie r , puis t r a i t é pa r l 'acide 
n i t r ique à chaud pour é l iminer toutes mat iè res organiques , ensui te , lavé soigneus-
e m e n t par l 'eau distillée à plusieurs reprises . 

L 'élevage est réa l i sé en boite de Pé t r i de 9 cm de d i a m è t r e à la t e m p é r a t u r e 
a m b i a n t e et sous éclairage na ture l . 

Sans au t r e appor t , des Bactéries et des Ciliés amenés pa r l 'eau d 'origine, p e u -
ven t éga lement se développer dans ce milieu. 

Seule l ' évapora t ion est compensée régu l iè rement par de l ' eau distillée. 
Les carac tér i s t iques des deux C. discoides implan tés sont les su ivantes : 
(1) Diamèt re de la thèque 210 ^im, n o m b r e de cornes 6 
(2) D iamè t re de la t hèque 148 ^m, nombre de cornes 5 
La thèque des deux spécimens é t a i t incrus tée de f ines par t icu les minéra les et 

de quelques Diatomées remaniées . 

R é s u l t a t s 

Sans renouvellement du milieu, l 'expérience a duré 20 jours, et 
a donné un développement maximum de 409 espèces actives, avant les 
premiers enkystements apparus au 16° jour; au 18° jour, de nombreu-
ses thèques étaient soit: vides, soit: envahies par des Bactéries. 

Le dénombrement exacte devenant impossible, on peut dire que cet 
élevage a donné un rendement en flèche du 8° au 15° jour (Fig. 1). 

En même temps que les Centropyocis, se sont développés des Ciliés 
des Genres Paramecium, Chilodonella, Vorticella et un Rotifère du 
Genre Monostyla. 

Chez les Centropyxis, les modifications les plus importantes résident 
dans une réduction de la taille de la thèque et du nombre de cornes; 
sur 100 individus pris au hazard, nous comptons 30 spécimens possédant 
de 5 à 6 cornes, 58 de 1 à 4 cornes, ces cornes sont disposées irréguliè-
rement et souvent assez courtes ou tordues, enfin, 12 spécimens sans 
corne, elles sont souvent remplacées par des éléments pierreux (Pl. I 5). 

La teinte des thèques, ne subit pas de grands changements, habitu-
ellement plus claires au début de l'élevage elle fonce au bout de quel-
ques jours. 

Le nombre de premières formes prékystiques, apparues après 16 jours, 
augmente assez rapidement en raison de l 'appauvrissement du mileu. 

C'est à ce moment, qu'il convient de renouveler le milieu si l'élevage 
doit être continué. Les Thecamoebiens adherent sur le fond de la 
boite de Pétri donc, il suffi t de verser lentement le liquide surnageant 
et de le remplacer par une solution conforme à celle du départ. 

Chez les Thecamoebiens, la forme prékystique qui précède normale-
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ment la formation du kyste véritable (Pl. I 7) peut durer longtemps, tant 
que la disette persiste, c'est une attente de conditions nutritionnelles plus 
favorables. 

n 

Ce cas est habituel chez les espèces aquatiques adaptées à des milieux 
soumis à des périodes de sécheresse et d'humidité alternatives, telles que 
les Mousses, ou les Sphaignes sur sol. 

C o n c l u s i o n 

Ce type d'expérience, permet de mettre en évidence des phénomènes 
de microendémicités chez certaines espèces vivant en milieux restreints, 
phénomènes qui se passent courament dans la nature et expliquent cer-

3 — Acta Protozoo l . 1/89 
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laines variations entre populations de même espèces, vivant dans les 
grandes pièces d'eau et les petites mares de la plaine. 

Ces modifications se rencontrent en particulier chez les espèces dont 
la thèque est consolidée par des matériaux d'origine exogènes, la mor-
phologie générale de la thèque est naturellement conditionée par les ma-
tériaux présents dans le milieu. 
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SUMMARY 

We describe a cul t iva t ion e x p e r i m e n t of Centropyxis discoides in a m i x e d 
med ium, in order to control t h e n u m b e r of ind iv idua ls obta ined wi thout m e d i u m 
renovat ion . This expe r imen t also allows the observa t ion of in t raspecif ic va r ia t ions 
in a res t ra ined m e d i u m close to n a t u r a l condit ions. We obtain, beyond a good p ro -
l i f e ra t ion dur ing the f i r s t f i f t e e n days, a sensible r educ t ion of t he test size a n d 
an anachronic disposit ion of the korns . The f i r s t man i fes t a t ions of encyst ing a p p e a r e d 
on the 16th day. 

E X P L I C A T I O N DE P L A N C H E I 

1: Spéc imen imp lan t é à 6 cornes 
2 a 7: Descendants possèdent 4, 3, 2 et sans cornes (les f lèches ind iquent les pseudo-
podes) 
6: P r ékys t e (X 200) 
7: Kys te de rés is tance (X 400) 
8: Micromorphol i thes de silice, obtenus pa r b royage de sable m a r i n (X 600) 
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Synopsis. T h e morphology and l i fe-cycle of a n e w gregar ine , of t h e 
order Eugregarinida, Retractocephalus melanopli sp. n. f r o m the midgu t 
of an o r thop te rous insect Melanoplus sp. is described. The ear ly s tages 
of the deve lopment of the paras i te a re in t race l lu lar . E p i m e r i t e : 
12.0-24.0 urn hyaline, bu t ton- l ike wi th a smal l depress ion could be r e -
t rac ted in to a cup- l ike depress ion in the pro tomer i te . S p o r o n t s : 
132.0-576.0 X 34.0-180.0 iim wi th a subspher ica l pro tomer i te . S p o r a -
d i n s : biassociat ive. P r i m i t e : globular and small . C y s t s : spher ica l 
208.0-310.0 iim in d iamete r . G a m e t e s : isogamous, oval, 8 . 0 X 4 . 0 | im. 
S p o r e s : ba r re l - shaped wi th th in wall , 12 .8X5 .6 urn. Dehiscence by 
simple r u p t u r e . 

H a l d a r and C h a k r a b o r t y (1976) established a new genus 
Retractocephalus to accommodate a parasite f rom the midgut of Rha-
phidopalpa ( = Aulacophora fabecollis). They characterized the genus by 
the presence of an epimerite which can be retracted into the protomerite. 
Since then five species, R. aulacophora, R. spatulatus, R. spinosus, R. ha-
licus Haldar and Chakraborty, 1982 and R. waltairensis Rajakumari and 
Narasimhamurti, 1984 were added to the genus. All the species described 
so far are f rom coleopterous insects. 

The present parasite is from the gut of Melanoplus sp. (Orthoptera) 
and differs considerably form all the species described so far. For rea-
sons discussed later in this paper it is considered new to Science. 

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

Melanoplus sp. collected f r o m d i f f e ren t a reas in and a round the Unive r s i ty 
Campus at Wal ta i r (Andhra Pradesh , India) dur ing the w in t e r mon ths ( N o v e m b e r -
Janua ry ) we re b rough t to the l abora to ry decapi ta ted and e x a m i n e d for g r ega r ine 
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parasi tes . Smears p repa red f r o m the infected insects w e r e f ixed e i ther in hot 
Schaudinn ' s f lu id or in Carnoy 's f lu id and stained using rou t ine histological t echn i -
ques such as Heidenhain ' s i ron haematoxyl in , Ehr l ich ' s acid haematoxyl in , Dela-
f ield 's haematoxy l in or t r ea t ed according to the Feulgen ' s technique . G a m e t o -
cysts we re collected f r o m the h indgut and were kep t in 2.5% aqueous po tass ium 

Fig. 1. Retractocephalus melanopli sp. n. 1-2 — Endogenous stages in the midgu t 
epi thel ia l cell, 3 — Young cephalont a t tached to the epi thel ia l cells, 4 — Cepha lon t 
w i t h fu l ly ex tended epimer i te , 5-7 — M a t u r e cephalonts w i t h re t rac ted epimer i te , 
8 — Sporont , 9 — Associat ion stage, 10 — Gametocys t , 11 — Gametes , 12 — Te-

t r anuc lea t e spore, 13 — Spore w i t h sporozoites 

A b b r e v i a t i o n s : C, D—Cup-l ike depression, D — Deutomer i te , E — Epimer i te , 
HCN — Host cell nucleus, ICS — In t race l lu la r stage, N — Nucleus, P — Pro to-
mer i te , P r i — Pr imi te , RE — Ret rac ted epimer i te , Sat — Satell i te , V — Vacuole 
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d ich roma te at 25-28°C to observe gametogenesis and sporogony. Fo r s tudy ing t h e 
endogenous stages, guts of t he infec ted hosts we re f ixed in the Bou in -Duboscq 
f luid , sectioned at 8 nm th ickness and s ta ined sui tably. 

O b s e r v a t i o n s 
Retractocephalus melanopli sp. n. 

H o s t : Melanoplus sp. 
S i t e o f i n f e c t i o n : Midgut 
L o c a l i t y : Wal ta i r , A n d h r a P r a d e s h (India) 
T y p e s l i d e s : Au tho r s ' collections and D e p a r t m e n t of Zoology, A n d h r a U n i -
vers i ty , Wal ta i r 

Eighty to ninety per cent of adult Melanoplus sp. collected during 
November-January period were infected with this parasite. 

Endogenous stages observed in the epithelial cells of the midgut 
were spherical measuring 22.0-48.0 îm in diameter with a vesicular 
nucleus containing a eccentric endosome. Parasites were always found in 
vacuoles (Fig. 1 1). With the growth of the parasite the body showed 
a demarcation into two segments, presumably representing the proto-
merite and deutomerite. The segmented stages were oblong or oval and 
they measured 52.0-75.0X24.5-32.6 |am with two equal segments and 
a clear septum dividing them. The nucleus was situated in one of the 
two segments (Fig. 1 2). 

Young cephalonts attached to the epithelial cells of the midgut meas-
ured 60.5-94.5X32.5-56.5 nm. The epimerite was simple, globular and 
button-like with a small depression in the centre and it measured 
10.0-12.0X12.0-24.0 |am. The protomerite was rectangular with rounded 
corners and it measured 18.0-38.0X32.0-52.0 ^im. A lightly stained hya-
line area was present in the protomerite just below the epimerite 
which appeared like a hollow cup-like depression. In this region the 
septum was indistinct (Fig. 1 3 and 4). Various stages of sinking of the 
epimerite into the depression of the protomerite were observed in smears 
(Fig. 1 5-7). The cytoplasm was deeply stained. The variety of deutome-
rite shapes was observed: subspherical, oblong, elongated or cylindrical. 
The nucleus was vesicular with a distinct nuclear membrane and two 
or three karyosomes. The cytoplasm was finely granular. Mature cepha-
lonts were fonud free in the lumen of the midgut and they measured 
96.0-160.0X44.0-72.0 |im. They exhibited characteristic curling move-
ments (Table 1, 2). 

Sporonts measured 132.0-576.0X34.0-180.0 \im. They had a subsphe-
rical protomerite and an elongated deutomerite. The hyaline cup-like 
area present in the cephalont was not clear, but it appeared more deeply 
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Table 1 
Retractocephalus melanopli sp. n. Body measurements of cephalonts and sporonts (in microns) 

Cephalonts Sporonts 

Range Mean Range Mean 

Total length of 
body (TL) 60.5-160.0 121.25 132.0-576.0 354.12 
Width of body 
(WL) 32.5-72.0 52.56 34.0-180.0 152.25 
Length of 
protomerite (LP) 18.0-38.0 23.00 24.0-96.0 60.00 
Length of 
deutomerite (LD) 72.0-128.0 102.10 96.0^180.0 288.96 
Width of 
protomerite (WP) 32.0-52.0 42.00 30.0-192.0 110.00 
Width of 
deutomerite (WD) 44.0-72.0 58.50 34.0-180.0 
Size of epimerite 8.0-12.0x12.0-24.0 
D L : TL 1 : 1.5 1: 5.23 
LP: TL 1 : 8 1: 6.8 
WP: WD 1 : 1.5 1: 1.833 
LP: LD 1 : 6.4 1: 4.2 

stained than the rest of the cytoplasm. Hence it was presumed that 
when the cephalonts separated from the epithelial cell the epimerite 
instead of getting detached, got retracted gradually into the hya-
line cup and was finally absorbed into the cytoplasm (Fig. 1 7 
and 8). 

Table 2 
Retractocephalus melanopli sp. n. Comparative body meas-

urements of primite and satellite 

LP: TL LD: TL WP: WD 

Primite 1:10.5 1:2.863 1: 1.9 
Satellite 1: 18.0 1: 2.36 1: 2.117 

Sporadins were biassociative. Association was caudo-frontal. Primite 
was always globular and smaller than the satellite (Fig. 1 9). 

Cysts were spherical having a diameter of 208.0-310.0 [im and they 
passed out at a very early stage of development. The ectocyst was 
25.0 |j.m thick (Fig. 1 10). Gamete formation was completed in 36-38 h 
af ter the cysts passed out. They were isogamous and oval (8.0X4.0 jj.m) 
with an anteriorly placed vesicular nucleus and a deeply stained endo-
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some (Fig. 1 11). Sporogenesis was completed in 84-90 h. Dehiscence 
was by simple rupture. Spores were barrel-shaped with a thin wall and 
they measured 12.8X5.6 |im. They were octozoic (Fig. 1 12 and 13). 

S y s t e m a t i c P o s i t i o n 

The new parasite is included in the genus Retractocephalus Haldar 
and Chakraborty, 1976 because of the presence of a hyaline knob-like 
epimerite which can be completely retracted into a depression in the 
protomerite and biassociative sporadins. A comparison of the cephalonts 
and sporonts with the species already described showed that it comes 
closest to R. rhapidopalpae and R. halticus measuring 87.5-360.0 urn and 
210.0-440.0 |im respectively. The cephalonts of the new species are big-
ger than those of all the previously described ones. The epimerite in 
the new form is hyaline, button-like with a small depression, unlike in 
the other species described so far where it is simple and globular. 
A detailed comparison of the species discribed is given in Table 3. 

Because of the morphological differences of the devlopmental stages 
and since this parasite is the first case of Retractocephalus f rom an 
orthopterous insect, Melanoplus sp., it is considered a new species for 
which the name Retractocephalus melanopli is proposed, after its host. 
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Synopsis. Adul t s of Galerucella nymphaeae L. collected in Augus t 1987 
on Nymphaea alba L. in L a k e Monate close to Varese (Nor thern Italy), 
w e r e infected by eug rega r ine Gregarina nymphaeae sp. n. T h e gregar ine 
inhabi t s t he in tes t ine , and its sporonts f o r m syzygies of two individuals . 
T h e m a x i m u m length of sporonts being in syzygies is 250 ^im whi le of 
sol i tary sporonts r eady f o r syzygies is 205 ^ira. The ra t io of length of 
p ro tomer i t e to to ta l l eng th (LP:TL) of p r imi te sporonts ranges be tween 
1:3.1 and 1:5.6. The t axonomic posit ion of Gregarina nymphaeae sp. n. 
and Gregarina munieri (Schneider) k n o w n to parasi t ize in severa l ch ry -
somelid species is discussed. 

A leaf beetle Galerucella (Hydrogaleruca) nymphaeae L. is a common 
insect feeding on leaves of an aquatic plants Nymphaea spp. and Nuphar 
spp. G e u s (1969) lists G. nymphaeae among big group of hosts for 
parasitic eugregarine Gregarina munieri (Schneider). In this paper we 
describe a newly recorded gregarine from G. nymphaeae with differs 
morphologically from G. munieri in so many respects that it justifies 
describing it as a new species named Gregarina nymphaeae sp. n. 

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

The adul ts and l a r v a e ' of Galerucella nymphaeae w e r e collected in Sep tember , 
1987 on Nymphaea alba L. g rowing in L a k e Mona te close to Varese (Nor thern 
Italy). Insects w e r e dissected a n d the content of the i r gut was examined mic ro -
scopically at the magn i f i ca t i on of 100X to 400 X. Observed gregar ines w e r e m e a s -
ured and pho tographed in a sal ine solut ion at da rk f ield or a t no rma l l ight i l lumi-
nat ion. 
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The holotype slide is deposited in the collection of the Ins t i tu te of P l a n t 
Pro tec t ion in Poznań ; the pa r a type slides a re deposi ted in the Is t i tu to Entomologia 
Agra r i a in Bari . 

Key to abbrev ia t ions used in tables and in the t ex t is as fol lows: T L — to ta l 
length of cephalont or sporont ; L P — length of p ro tomer i t e ; LD — length of deu to -
mer i t e ; W P — wid th of p ro tomer i t e ; WD — w i d t h of deutomer i te . 

R e s u l t s 

Morphology 
• 

C e p h a l o n t s. The youngest cephalonts observed are f rom 48 to 
61 ^m long. The body is divided by septa into the epimerite, protomerite, 
and deutomerite (PL I 1,2). The epimerite is globular and up to 6.8 fim 
in diameter (PL I 2). 

The protomerite of the cephalont is elongated and narrowed in 
front, and this shape is f requently preserved in young sporonts (Pl. I 3). 
Septum and constriction is well seen. Endocyte is granular. 

The deutomerite is elongated and narrows slightly at the posterior end. 
The ectoplasm is thin and the endocyte is moderately granular and part-
ly translucent. 

The ratio of length of protomerite to total length (LP:TL) is 1 : 3.45 
and varies from 1 : 3.2 to 1 : 3.9 (Table 1). 

S p o r o n t s s o l i t a r y . Young sporonts being solitary differ f rom 
sporonts being in syzygies, and are from 109 to 205 fxm long (Table 1). 
The protomemrite of solitary sporont f requent ly preserves the feature of 
protomerite of cephalont as it is elongated and sometimes club-shaped 
(Pl. I 3,4). There are, however, also solitary sporonts with hemispherical 
protomerite (Pl. I 5). 

The deutomerite of solitary sporont is elongated with posterior end 
truncated. The ectocyte is thin and the endocyte has fine granulation 
and is partly translucent (Pl. I 3-5). The nucleus is at the posterior end 
of deutomerite, occasionally in the middle, and contains a single 
karyosome. 

The ratio of length of protomerite to total length (LP : TL) is 1 : 4.45 
and varies f rom 1 : 3.8 to 1 : 5.5 (Table 1). 

S p o r o n t s in s y z y g i e s . Sporonts being in syzygies differ 
morphologically from solitary sporonts. Although primites are slightly 
smaller than satellites their morphological features are very much alike 
(Pl. II 6,7), The length of primites varies f rom 99 to 223 |im and of satelli-
tes from 115 to 250 \im (Table 1). 
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The protomerite of primites and satellites is ovoidal, longer than wide, 
with slight constriction and well seen septum (PI. II 6, 7). Ectoplasm is 
very thin and endoplasm is moderately granular, having the same granu-
lation as the deutomerite what is well seen in the dark field illumina-
tion (PI. II 6). Plasmolysis effect is seen in case of water mount or pro-
longed mounting in saline solution (PI. II 7). 

The deutomerite of primite and satellite is cylindrical, and narrows 
slightly towards the posterior end. The ectoplasm is thin and the endo-
plasm is moderately granular. 

The nucleus is at the posterior end of the deutomerite and contains 
a single karyosome (PI. II 6). 

The nucleus has a diameter of about 21 urn, and the karyosome of 
about 12 [im. 

In case of primite the ratio of length of protomerite to total length 
(LP: TL) is 1 : 4.4 and varies from 1 : 3.8 to 1 : 5.5. In case of satellite 
the ratio LP: TL is 1 : 4.9 and varies from 1 : 4.1 to 1 : 6.5 (Table 1). 

C y s t s . In insects examined in August 1987 practically only cepha-
lonts and sporonts were observed. However a lew non-matured cysts 
(PI. I l l 8) having diameter from 210 X 120 to 280 X 160 ^m were obser-
ved in three host insects. 

Infection Level and Intensity 

Infection is prevalent among larvae and pupae as the parasite was 
present in 98°/o of examined larvae. In case of adult insects the infection 
level decreases to 31%. This indicates that infected larvae die or that 
during pupation period some insects are able to escape from infection 
due to removal of parasitic gregarines with disintegrated larval tissues. 

The intensity of infection, that is the number of parasites inside the 
gut of host insects, particularly in larvae, is very high (PI. Ill 9, 10) which 
evidently causes some harm to them. 

Taxonomic Position 

Although no data on sporoducts are available since only non-matured 
cysts were observed but the morphological features of the cephalonts and 
sporonts indicate that this gregarine belongs to the genus Gregarina. 

G e u s (1969) lists Galerucella nymphaeae among 79 species of Chry-
somelidae family as host for Gregarina munieri ( S c h n e i d e r 1875). In 
fact G. munieri is quite polyphagous as indicated by studies of T h e o -
d o r i d e s and J o l i v e t (1959), L i p a (1967) and L i p a and S i m -
c h u k (1979). 
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However, the gregarine recorded in Galerucella nymphaeae and stu-
died by us cannot be identified as G. munieri due to clearly different 
morphological features and due to fact that it forms syzygies of only two 
individuals while G. munieri f requently forms syzygies with two satelli-
tes ( L i p a and S i m c h u k 1979, G e u s 1969). 

As seen in Table 2 such features like length and width of primite-
sporont, ratios of LP : TL and WP : LP, shape of protomerite and deuto-
merite and location of nucleus in deutomerite strongly indicate that gre-
garine recorded in Galerucella nymphaeae is a new species for which we 
propose a name Gregarina nymphaeae sp. n. 

D i s c u s s i o n 

L i p a and S i m c h u k (1979) reporting infection of Chrysomela 
menthastri (Suffr.) by Gregarina munieri (Schneider) and G. crenata 
(Bhatia et Setna) emphasized that gregarine infections among chryso-
melids were recorded in different parts of the world. However, some 
authors believe that these infections are caused only by one or two gre-
garine species. T h e o d o r i d e s (1954) synonimized Gregarina diabro-
tica Kamm-Watson (1918) described in North America with Gregarina 
munieri S c h n e i d e r (1875) described f rom other hosts in Europe. 

G e u s (1969) listed G. munieri as parasite of 79 species of Chryso-
melidae family. In fact G. munieri seems to have a world-wide distribu-
tion and to be quite polyphagous. L i p a (1967) recorded it in Chryso-
mela coerulans Scriba while L i p a and S i m c h u k (1979) found it in 
Chrysomela menthastri Suffr . However, the oppinion expressed by 
T h e o d o r i d e s and J o 1 i v e t (1959) that G. munieri has host insects 
in families Chrysomelidae, Clytriidae, Cassidae and Curculionidae has 
not been confirmed and creates some doubts. 

It is doubtful to consider that species belonging to such a big family 
like Chrysomelidae, having world-wide distribution feeding on so many 
plant species and inhabiting so many biotopes would be parasi-
tized only by one gregarine species, namely Gregarina munieri. Al-
though G e u s (1969) listed only G. munieri and Steinina ellip-
soidalis Zwetkow from 79 chrysomelid species L i p a and S i m-
c h u k (1970) proved that Chrysomela menthastri is parasitized by 
Gregarina munieri and Gregarina crenata B h a t i a et S e t n a (1924). 

L i p a and S i m c h u k (1979) emphasized that there is a lack of 
data on variations in the size, morphology and life cycle of G. munieri 
developing in various hosts occurring in different geographical regions. 
Such a study would be of great value as it would provide information on 
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biotypes and varieties of G. munieri which probably exist due to the 
great number of suspected hosts and the broad distribution. 

As seen in Table 2 there is a quite big variation in mean length and 
mean width of primite-sporonts of G. munieri reported by G e u s (1969), 
L i p a (1967), L i p a and S i m c h u k (1979) and T h e o d o r i d e s 
and J o l i v e t (1959). However, such features like shape of protomerite 
and deutomerite, location of nucleus in deutomerite and ratios LP : TL, 
WP : WD and LP : TL indicate that in fact this is G. munieri mentioned 
by the above authors. 

However, as seen in Table 2 the size parameters and morphological 
features of G. nymphaeae sp. n. recorded in Galerucella nymphaeae L. 
so greatly differ from size and morphological features of G. munieri that 
this justifies to consider it as a new species named G. nymphaeae sp. n. 
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E X P L A N A T I O N OF P L A T E S I - I I I 

1-2: Young cephalonts of Gregarine nymphaeae sp. n. wi th body divided to ep ime-
r i te (E), p ro tomer i t e (P), and deu tomer i t e (D) 
3-5: Soli tary sporonts of G. nymphaeae sp. n. showing some var ia t ions in the shape 
of p ro tomer i t e and deu tomer i t e 
6: Sporont of G. nymphaeae sp. n. in syzygies pho tographed at da rk f ie ld mic ro -
scopic i l luminat ion, a nucleus, w i th single karyosome, located at the pos ter ior end 
of deutomer i tes is well seen 
7: Sporonts of G. nymphaeae sp. n. in syzygy, pho tographed at no rma l microscopic 
i l luminat ion; a plasmolysis process is observed condensing endocyte in cen t r a l 
pa r t s of deu tomer i tes 
8: U n m a t u r e d cyst of G. nymphaeae sp. n. in in tes t ine of adul t host insect 
9-10: Groups of gamonts and sporonts of G. nymphaeae sp. n. in squashed gut t is-
sues of G. nymphaeae 
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Role of Environmental Factors in the Incidence of Two New 
Species of Apicomplexan Parasites, Hirmocystis lophocateri sp. n. 

and Hirmocystis triboli sp. n. from Coleopteran Insects 
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Univers i ty of Kalyani , Ka lyan i 741235, West Bengal, India 
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Synopsis. The p a p e r deals w i th the role of env i ronmen ta l f ac to rs on the 
incidence of in fec t ion of Hirmocystis lophocateri sp. n. and Hirmocystis 
triboli sp. n. f r o m Lophocateres pusillus (K.) and Tribolium castaneum 
(Herbst) respect ively . The s t r u c t u r e and af f in i t ies of the gregar ines a re 
also g iven in this paper . 

Eugregarines found as parasites in the gut of insects are know to 
cause extensive damage in the host gut epithelia during their early deve-
lopment. Literature on their morphology and life cycle is extensive. 
W a t s o n (1916), L i p a (1967), H a l d a r et al. (1986) and others have 
suggested that these parasites may be used for the biological control of 
ha rmfu l insect pests. However, it was felt necessary that the successful 
use of eugregarines as possible agents for the biological control of insect 
pests will be possible only when the nature of their incidence is known 
in detail. The present paper incorporates the role of environmental fac-
tors on the incidence of two new species of eugregarines (Apicomplexa : 
Sporozoea) belonging to the genus Hirmocystis Labbe. 

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

Insect hosts w e r e collected f r o m spices and nu t s at grocers ' shops in the loca-
li ty those w e r e exposed to a lmost t h e same n o r m a l outs ide t e m p e r a t u r e s and h u m i -
dity. These we re b rough t al ive to t h e l abora to ry f o r examina t ion . The hosts w e r e 
e x a m i n e d sys temat ica l ly f o r s tudy ing t h e seasonal in tensi ty in the incidence of 
infect ion. Var ious meteorological da t a l ike t e m p e r a t u r e and humid i ty we re m a i n -

4 — A c t a Protozool . 1/89 
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t a ined to de te rmine the corre la t ion be tween the f ac to r s and incidence of in fec t ion 
of t he paras i tes in the hosts. The da ta we re plot ted in composi te curves . F o r 
s tudying paras i tes ' s t ruc tures , slides we re s ta ined w i t h i ron-a lum haema toxy l in a n d 
fo r t he deve lopment of the gametocyst t he t echn ique of S p r a g u e (1941) w i t h 
minor modi f ica t ion was adopted. 

Table 1 
Showing the monthwise data of number of hosts examined, number of hosts parasitized, percent-
age of infection, average temperature and average humidity with reference to Hirmocystis lopho-

cuteri sp. n. in Lophocateres pusillus (K.) (adults) infesting Arachis hypogea L. 

Month 
Number of 

hosts 
examined 

Number of 
hosts 

parasitized 

Percentage 
of infection 

Average 
temperature 

(°C) 

Average 
humidity 

(%) 

1983 

June 25 6 26.0 34.3 80.1 
July 30 11 36.0 31.1 88.8 
August 32 15 49.0 31.0 85.9 
September 49 15 32.0 31.5 82.7 
October 61 12 20.0 31.5 79.5 
November 72 Nil Nil 23.9 72.8 
December 28 Nil Nil 22.5 71.5 

1984 

January 49 Nil Nil 23.7 75.8 
February 27 Nil Nil 24.0 69.3 
March 54 Nil Nil 25.9 68.8 
April 29 Nil Nil 30.2 68.5 
May 58 10 18.0 33.0 70.7 
June 32 8 25.0 35.6 80.5 
July 31 14 45.0 36.5 80.2 
August 26 14 54.0 33.5 84.7 
September 17 7 41.0 32.5 75.2 
October 13 2 15.0 26.0 73.5 
November 12 Nil Nil 24.0 71.2 
December 12 Nil Nil 25.2 70.4 

1985 

January 15 Nil Nil 22.5 62.5 
February 10 Nil Nil 23.9 64.9 
March 17 Nil Nil 31.3 60.6 
April 15 Nil Nil 33.3 67.9 
May 7 2 28.0 33.0 68.0 
June 25 14 56.0 31.7 86.3 

Total 746 130 17.42 
(average) 

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

Factors Influencing Infection 

The insect hosts Lophocateres pusillus (K.) and Tribolium castaneum 
(Herbst) have been systematically examined for gregarine parasites. In 
the case of L. pusillus first indication of infection was found in the month 
of June, 1983 and the examination of the hosts was then continued up to 
June, 1985. During this period a total of 746 hosts were examined, of 

Fig. 1. Composi te curve showing re la t ion be tween env i ronmen ta l f ac to rs and i n -
fec t ion of H. lophocateri 

Abbreviations: J a n — J a n u a r y , F e b — F e b r u a r y , M a r — March , Apr — April,. 
May — May, J u n — June , J u l — July , Aug — August , Sep — September , Oct — 

October , Nov — November , Dec — December . 
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which 130 were positive (Table 1). It has been noted that moderate to 
heavy infection is found during May to October in every year (1983-1985) 
af ter when it gradually declines to zero. 

Table 2 
Showing the monthwise data of number of hosts examined, number of hosts parasitized, percentage 
of infections, average temperature and average humidity with reference to Hirmocystis triboli 

sp. n. in T. castaneum (Herbst) (adult) in Cuminum cyminum L. 

Month 
Number of 

hosts 
examined 

Number of 
hosts 

parasitized 

Percentage 
of infection 

Average 
temperature 

(°C) 

Average 
humidity 

(%) 

1983 

May 30 6 20.0 32.3 80.2 
June 35 8 22.0 34.3 80.1 
July 51 29 57.0 31.1 88.8 
August 49 17 36.0 31.0 85.9 
September 61 9 25.0 31.5 82.7 
October 40 6 15.0 31.5 79.5 
November 54 Nil Nil 23.9 72.8 
December 79 Nil Nil 22.5 71.5 

1984 

January 40 Nil Nil 23.7 75.8 
February 47 Nil Nil 24.0 69.3 
March 68 Nil Nil 25.9 68.8 
April 52 Nil Nil 30.2 68.5 
May 24 6 25.0 33.0 70.7 
June 31 12 38.0 35.6 80.5 
July 20 8 40.0 36.5 80.2 
August 40 24 60.0 33.5 84.7 
September 20 6 30.0 32.5 75.2 
October 20 2 10.0 26.0 73.5 
November 10 Nil Nil 24.0 71.2 
December 11 Nil Nil 25.2 70.4 

1985 

January 9 Nil Nil 22.5 62.5 
February 9 Nil Nil 23.9 64.9 
March 8 Nil Nil 31.3 60.6 
April 20 1 5.0 33.3 67.9 
May 15 2 15.0 33.0 68.0 
June 32 17 55.0 31.7 86.3 
July 29 10 35.0 28.9 87.2 
August 54 17 32.0 30.2 86.8 
September 35 10 30.0 30.1 86.9 
October 25 Nil Nil 25.4 70.5 

Total 1018 190 18.7 
average 

- -
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It is very interesting to find that the incidence of infection has a di-
rect relation with humidity and temperature. The high incidence in 
August, 1983 (49%), August, 1984 (54®/o) and June, 1985 (56%) is accom-
panied by a favourable daily average temperature of 31.0°C and humi-
dity of 85.9% in 1983; 33.5°C and 84.7% in 1984; and 31.7°C and 86.3% 
in 1985 respectively. From the data recorded during the 25 months in 
course of this investigation it becomes clear that this particular parasite 
requires a specific range of humidity of 84.7% to 86.3% together with 
average daily temperature ranging from 31.0°C to 33.5°C for maximum 

Fig. 2. Composi te curve showing corre la t ion b e t w e e n e n v i r o n m e n t a l fac tors and 
incidence of in fec t ion of H. triboli 

For. abbrev ia t ions see Fig. 1. 
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sporulation and propagation. It will be evident from Fig. 1 and Table 1 
that variations in either of these factors adversely affect the incidence of 
infection in the host. For example, the percentage of humidity in July, 
1983 is 88.8% and daily temperature is 31.1°C. Similarly in May, 1984 the 
average humidity is 70.7% while daily temperature is 33.0°C. In/both the 
cases the incidence of infection is appreciably less than in August, 1984 
and June, 1985, when both the factors are favourable for parasites to 
sporulate. 

In case of T. castaneum the infection was noticed in May, 1983, whe-
re af ter the examination was continued up to October, 1985. During this 
period 190 out of 1018 hosts were found infected with gregarines (Table 2). 
As in the previous case the infection is altogether absent f rcm No-
vember, 1983 to March, 1984 and again from November, 1984 to March, 
1985, when the overall climatic condition is dry with very low tempera-
ture and humidity. As expected, moderate to heavy infection is obtained 
f rom May to September in all the years when average daily temperature 
ranges from 28.9°C to 36.5°C and humidity 70.7% to 88.8%, the most 
favourable conditions for sporulation; however, for the peak of infection 
in each year a particular range of temperature and humidity i.e., 31.1°C^ 
33.5°C and 84.7%-88.8% respectively are required which are recorded 
in the months of July, 1983, August, 1984, and June, 1985 (Fig. 2). 

The findings recorded above tempt us to suggest that individual gre-
garine species require specific environmental factors for successful spo-
rulation and propagation in newer hosts. 

Table 3 
Showing the statistical relationship between the environmental factors and the incidence of 

infection in the two species of Hirmocystis Labbe 

Name of the T vs. I H vs. I T vs. I H vs. I 
parasite P value P value t value t value 

Hirmocystis r > 0.69 r > 0.80 t > 0.05 / > 0.001 
lophocateri sp. n. P< 0.01 P< 0.001 
Hirmocystis r > 0.68 r > 0.69 / > 0.01 t> 0,001 
triboli sp. n. P< 0.01 P< 0.01 

Abbreviations: T — Temperature, I — Infection, H — Humidity 

The relationship between the rate of infection in the two cases and 
various environmental factors has been found statistically significant and 
has been depicted in Table 3. 
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Structures and Affinities 

Examinations of histological sections of infected host guts have re -
vealed that both the gregarines undergo early intracellular development 
in the intestinal epithelia before becoming free in the host gut lumen. 
However, the gregarines exhibit certain features of their own which are 
described separately. 

The gregarines (Fig. 3 3-9) parasitizing L. pusillus (K.) have the fol-
lowing features: 

T r o p h o z o i t e . Solitary, elongated in shape with dome-shaped 
epimerite when fully expanded. The protomerite is short, pea-shaped and 

SO pm 

Fig. 3. C a m e r a lucida d rawings of the s t r uc tu r a l f ea tu re s of H. lophocateri 
sp. n. 3 — e longated t rophozoi te wi th dome-shaped epimer i te , 4-6 — sporad ins of 
var ious shapes and sizes, 7 — syzygy, 8 — ovoidal gametocyst , 9 — ovoidal spore 
Abbreviations: e p m — epimer i te , p r m — pro tomer i te , dem — deutomer i te , n u — 
nucleus, pr i — pr imi te , sa t — satell i te, cw — cyst wall , spw — spore wall , spo — 
sporozoite, end — endosome. 
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typically broader than long. A slightly concave septum separates the 
protomerite from the cylindrical deutomerite. The nucleus is rounded 
in shape with a clear endosome. Epicyteal striations are not observable. 

S p o r a d i n. Solitary as well as biassociative. Ovoidal to elongated 
in shape with hemispherical or tongue-shaped protomerite. The deuto-
merite is ovoidal to elongated in shape. 

A s s o c i a t i o n . Caudo-frontal. The primite and satellite are morpho-
logically different. The primite is larger than the satellite and the pro-
tomerite of the primite is tougue-shaped or ovoidal whereas the proto-
merite of the satellite is more or less conical. 

G a m e t o c y s t a n d s p o r e . Blackish white in color and ovoidal 
in shape. The gametocyst measures 96.6 fim in length and 38.4 jim in 
width. The outer wall of the gametocyst is thicker. The central portion 
of the gametocyst is more condensed than the peripheral portion. The 
cyst dehisces by simple rupture at 40 h and liberates the spores in chains. 

Double-walled, ovoidal spores measure 5.7 [tm X 3.3 jam in the aver-
age. After 72 h of development inside the moist chamber eight rod-like 
sporozoites are developed in each spore (Biometry — Table 4). 

Table 4 
Showing number (w) examined, average (x), standard deviation 0 ) and coefficient of variation (v) 

of Hirmocystis lophocateri sp. n. infecting Lophocateres pusillus (k) 

n X s V 

Total length 35 56.7 30.45 53.7 
Length of epimerite 5 7.2 2.07 28.75 
Length of protomerite 35 16.7 5.43 32.51 
Length of deutomerite 35 42.6 26.31 61.76 
Length of nucleus 35 7.47 2.24 29.98 
Width of epimerite 5 6.9 1.33 19.27 
Width of protomerite 35 18.8 6.07 32.28 
Width of deutomerite 35 22.1 9.36 42.35 
Width of nucleus 35 8.09 3.02 37.33 
Length of protomerite/ Total length 35 3.37 1.24 36.79 
Width of protomerite/Width of deutomerite 35 0.94 0.33 35.1 

A f f i n i t i e s . The frequent occurrence of biassociative sporadins, 
dehiscence of cyst by simple rupture and ovoidal spores at once place the 
parasite under the genus Hirmocystis Labbé. The parasite shows close 
similarités with H. polymorpha Labbé and H. pseudoductis Haldar and 
Chakraborty in having spherical nucleus, solitary as well as biassociative 
sporadins and ovoidal spores but differs in all other characters, i.e., shape 
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of the epimerite, protomerite, deutomerite, gametocysts, ratios of LP : TL 
and WP : WD. However, LP : TL and WP : WD ratios are closely related 
with H. theodoridesi Kundu and Haldar. Its dome-shaped epimerite, 
pea-shaped deutomerite and ovoidal gametocysts differ from all other de-
scribed species under the genus. It is, therefore, considered as a new spe-
cies for which the name Hirmocystis lophocateri sp. n. is given. 

H o l o t y p e : In slide No. LB/6, p repa red on 12.7.1984. 
P a r a t y p e s : In the above-ment ioned slides and in o ther slides p repa red on 
d i f f e r en t dates. 

The gregarines (Fig. 4 10-17) f rom T. castaneum (Herbst) have the 
following characters: 

T r o p h o z o i t e . Vase-like with tongue or papilla-like epimerite. The 
protomerite is dome or hat-shaped. The deutomerite is more or less glo-
bular in shape with a slightly tapering posterior end. The deutomerite 

z o JJm 

SO p m 

Fig. 4. C a m e r a lucida d rawings of t he s t ruc tu ra l f e a t u r e s of H. triboli sp. n., 
10, 11 — fu l ly g rown t rophozoi tes of d i f f e ren t shapes and sizes, 12-14 — sporadins of 
var ious shapes and sizes, 15 — association, 16 — gametocyt , 17 — spore wi th eight 

sporozoites 
Abbreviations: epm — epimer i te , p r m — pro tomer i te , dem — deutomer i te , nu — 
nucleus, pri — pr imi te , sat — satell i te, cw — cyst wall , spw — spore wall , spo — 
sporozoite. 
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is separated from the protomerite by a slightly concave septum. The 
nucleus is spherical and situated at the middle region of the deutomerite. 

S p o r a d i n. Solitary or biassociative. Cylindrical in shape with hat-
or spade-shaped protomerite. The cylindrical deutomerite encloses a roun-
ded to spherical nucleus with prominent nuclear membrane. 

A s s o c i a t i o n . Caudo-frontal. 
G a m e t o c y s t a n d s p o r e . Whitish, double-walled spherical in 

shape measuring 119.7 jim X 96.6 (im. The central portion of the gameto-
cyst is more condensed than the peripheral part. An ectocyst is present 
surrounding the cyst. The gap between the ectocyst and the gametocyst 
is about 23.1 jim. After 96 h of development the cyst bursts by simple 
rupture releasing the spores in masses. 

Double-walled, rounded spores are 5.5 |im in average dimensions. After 
30 h of development inside the moist chamber eight rounded sporozoites 
are developed in each spore (Biometry — Table 5). 

Table 5 
Showing the number (n) examined, average (x), standard deviation (s) and coefficient of variation 

(v) of Hirmocystis triboli sp. n. infecting Tribolium castaneurti (Herbst) 

n X 5 v 

Total length 20 41.55 18.85 45.37 
Length of epimerite 8 6.07 1.32 21.79 
Length of protomerite 20 11.67 4.34 37.2 
Length of deutomerite 20 27.44 16.36 59.63 
Length of nucleus 20 6.06 1.67 27.68 
Width of epimerite 8 5.7 0.85 15.07 
Width of protomerite 20 13.22 5.19 39.3 
Width of deutomerite 20 14.09 4.37 31.07 
Width of nucleus 20 5.92 1.71 29.03 
Length of protomerite/ Total length 20 3.48 0.43 12.63 
Width of protomerite/ Width of deutomerite 20 1.11 0.29 26.63 

A f f i n i t i e s . The gregarine has close similarities with H. ventri-
cossa Labbe and H. pitcharis Haldar and Chakraborty ony in LP : TL 
ratios but differs from these two species in all other characters. The gre-
garine possesses tongue- or papilla-like epimerite and spherical gameto-
cyst which are close to H. asidae Leger and H. ventricossa Labb6. Howe-
ver, these species differ widely in the LP : TL and WP : WD values. The 
gregarine also exhibits some resemblances with H. oxeata Ghose et al. 
in the shape of the sporadin, association and host species but differs in 
the shape and size of trophozoite, gametocyst, spore and LP : TL and 
W P : WD values. 
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It is interesting to find that the same host insect (i.e., Tribolium cas-
taneum) has been found to harbour two distinstly different species of 
parasites, viz., H. oxecLta and the gregarine under report. However, the 
former has been obtained from hosts infesting walnuts (Juglans regia L.) 
while the presently described form has been collected from hosts infes-
ting the common spicy frui ts of Cuminum cyminum L. It has already 
been pointed out by L i p a (1967), S e n g u p t a and H a l d a r (1986), 
G h o s e e t a l . (1987) that the food habits of insects have some role in the 
distribution as well as morphological variations of gregarine fauna in 
their guts. The present investigation fur ther confirms their contentions. 
All these features definitely just i fy that the gregarine f rom T. castaneum 
in the fruits of Cuminum cyminum L. is a new species which is named 
Hirmocystis triboli sp. n. af ter the generic name of its host. 

Holotype: In slide No. JT/3, p r e p a r e d on 2.5.1984. 
Pa ra types : In the above-ment ioned slide and in other slides p repa red on d i f -
f e r e n t dates. 

D i s c u s s i o n 

It is very clear from the present investigation that for the gregarine 
infection a particular range of temperature and humidity is required. The 
spores of the gregarines, as a rule, undergo development (i.e., sporulation) 
outside the hosts' gut. During high temperature in summer and lojw 
temperature in winter when there is minimum humidity, the spores are 
subjected to desiccation and hence the incidence of infection is at a low 
level in these months. During the rainy season, the average daily tempe-
rature ranges between 30.1 °C to 36.5°C but there is sufficient humidity 
(80.1% to 88.8%) particularly in the Gangetic West Bengal, and there-
fore, the spores are subjected to least environmental hazards and sporu-
late normally. In a recent in vitro s tudy P a t i 1 et al. (1985) have shown 
that temperatures of 30°C-40°C are optimum for sporocyst formation 
and maturity, while 35°C and below are most favourable for sporocyst 
viability. The present study also confirms thier results in vivo. 

As the insect hosts as well as their gregarine parasites are very active 
during the months of June to September in a year, all measures for the 
biocontrol of the pests must be taken during this period. Since spore via-
bility is very important for any effective programme, June-September 
may be considered most ideal and favourable for maintaining them in 
vitro and vivo. 

As already pointed out by G h o s e et al. (1986) the incidence of 
infection of gregarines may be considered an additional distinguishing 
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feature for determining the taxonomic position of this group of parasites. 
This study also confirms their contention that a particular species of gre-
garines has a peak of incidence depending upon favourable conditions of 
temperature and humidity. 

The slides containing the holotype and paratype materials of the two 
new species have been deposited in the Department of Zoology, Univer-
sity of Kalyani. 
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Synopsis. A n e w species of t he genus Trachelocerca, T. obscura sp. n., is 
descr ibed f r o m m e d i u m - g r a i n sand of the uppe r subl i t tora l of t h e J a p a n 
sea. The species is charac te r ized by an e longated sp indle-shaped body 
w i t h a "head" and a pointed r e a r end, bu t w i thou t a ta i l - l ike extension, 
a l eng th of 1.5-2 m m a n d a da rk b r o w n p igmenta t ion . The n u m b e r of 
k ine t i e s is 56 to 60; n to 14 macronucle i and 2 micronuclei a re assembled 
into a loose g roup , „j. compar i son is d r a w n wi th some previously known 
species in the g e n e r a Trachelocerca and Tracheloraphis. 

The vast family Trachelocercidae, uniting almost exclusively obliga-
tely psammophilic marine ciliates, presently includes three genera (Tra-
chelocerca, Tracheloraphis and Trachelonema) and at least 60 valid spe-
cies, among them at least 40 species belonging to the genus Tracheloraphis 
( D r a g e s c o 1960, 1963, 1965, R a i k o v 1962, 1963, B o r r o r 1963, 
1973, A g a m a l i e v 1966a, b, K o v a l e v a 1966, R a i k o v and K o-
w a l e v a 1968, K o v a l e v a and G o l e m a n s k y 1979, W r i g h t 
1982, and others). Species of this family play a leading role in many ma-
rine psammonic communities and, moreover, present a cytological inte-
rest. As all other representatives of the order Karyorelictida, they have 
macronuclei which are relatively poor in DNA (paradiploid) and unable 
to divide. Respectively, differentiation of some micronuclei into a new 
macronuclei occurs in the cycle of every cell division of these ciliates 
(review: R a i k o v 1985). 

The form described below belongs to the genus Trachelocerca which 
is characterized by uniform ciliation, i.e., by the absence of a non-ciliated 
stripe or body side ( D r a g e s c o 1960). 
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M a t e r i a l a n d M e t h o d s 

Numerous individuals of t he n e w species have been collected in Augus t -Sep-
t embe r 1982 nea r the m a r i n e biological s t a t ion "Vostok" of the Ins t i tu te of M a r i n e 
Biology (Vostok bight, Pe t e r t he Grea t gulf , J a p a n Sea). The ciliates we re f o u n d 
in samples of oligosaprobic m e d i u m - g r a i n sand t a k e n under a w a t e r dep th of 
1.5-2 m in the F i rs t P r iboyna ia bay. They w e r e ex t rac ted f r o m sediment samples 
by the action of cold w a t e r obta ined by t h a w i n g sea w a t e r ice in Uhlig's a p p a r a -
tuses (U h 1 i g 1964, 1968). The cil iates w e r e s tud ied in vivo and f ixed (with s imul-
taneous adhes ion to slides) w i t h N i s s e n b a u m ' s (1953) f ixa t ive . The p r e p a r a -
tions we re s ta ined w i t h Mayer ' s hema lum, me thy l g reen and pyronin , or a f t e r 
Feulgen. 

Description of Trachelocerca obscura sp. n. 

Living stretched ciliates have a very elongate fusiform, almost un-
flattened body with a length-to-width ratio of about 20 : 1 (Fig. 1 a). The 
body length of such specimens is about 1.5-2 mm. The contractility is 
moderate: upon stimulation and during fixation the ciliates contract to 
about one-third, i.e., to 500-700 jxm (Fig. 1 b). Living ciliates are con-
spicuously pigmented: with incident illumination, they appear dark 
brown, their coloration being so intense that it is comparable only with 
the pigmentation of Geleia orbis and by far exceeds that of any other 
trachelocercid (e.g., Tracheloraphis dogieli or Tr. serratus). With trans-
mission illumination, their cytoplasm looks dark and hardly transparent 
(hence the proposed species name *). 

The body smoothly narrows anteriorly into a flexible "neck" which car-
ries an inflated apical "head". The rear end of the body is pointed but 
does not form a noticeable tail-like process (Fig. 1 a, b). The head is f i l -
led with refringent granules. There is no permanent mouth opening, the 
buccal zone being represented by a circular apical area of naked cyto-
plasm limited by only the plasma membrane 2 and surrounded by a pe-
ribuccal crown of cilia (Fig. 1 b). 

The ciliature consists of 56-60 longitudinal kineties (in the middle 
part of the body). The non-ciliated (or glabrous) stripe is absent, which 
is a character of the genus Trachelocerca. However, there are an anterior 
and a posterior suture lines, which occur on one and the same ciliary 
meridian (Fig. 1 b). Up to 20 kineties, lying mainly to the right of this 

1 The best n a m e f o r this species would h a v e been the ad jec t ive "b runa" , bu t 
t ha t has a l ready been used to des ignate one prac t ica l ly un iden t i f i ab le f o r m ( n o m e n 
nudum) of Trachelocercidae f r o m the Black Sea, p robab ly belonging to the genus 
Trachelonema (L e p § i, 1 9 6 2). 

2 This has also been ver i f ied by e lec t ron microscopy. 
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meridian, s tar t f rom the anterior suture line and terminate against the 
posterior suture line (Fig. 1 b). The rest of kineties reach the anterior 
and the posterior body ends. 

The brown body color depends on a multitude of pigment granules 
(protrichocysts), some 0.5 pirn in diameter, which lie beneath the pellicle 
in the ridges between the ciliary rows (Fig. 1 c). 

Fig. 1. Morphology of Trachelocerca obscura sp. n.: a — au t l ine of a moving speci-
men, b— f i x e d spec imen (hemalum staining) showing the su tu re l ines (SL) and t h e 
nuclear g r o u p (NG), c — region of t he cell s u r f a c e wi th in te rk ine t ic p igment g r a n u -
les (in vivo)-, d — nuc lea r g roup (Feulgen — light g reen staining): Mi — mic ronu-
clei, Ma — macronuc le i , M a A — m a c r o n u c l e a r an lagen (developing macronuclei ) 
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The nuclear apparatus consists of a single rather loose group of nuc-
lei located in the middle part of the body (Fig. 1 b). The group comprises 
7 to 14 (most frequently 10) oval macronuclei, some 10 ja.m in size, and 
two rounded micronuclei measuring about 6 fxm (Fig. 1 d). The macro-
nuclei are placed rather randomly within the group and never form 
a compact nuclear complex. 

T y p i c a l l o c o m o t i o n : sliding on a substratum. The thigmotaxis 
is very strong: stimulated and contracted ciliates firmly adhere to the 
surface of glass. 

B i o t o p: medium-grain oligosaprobic sand of the upper sublittoral 
of the Japan Sea. 

The type preparations are stored at the Laboratory of Cytology of 
Unicellular Organisms, Institute of Cytology of the USSR Academy of 
Sciences, Leningrad. 

Discussion and Differential Diagnosis 

The species described above needs to be compared with three other 
species of the genus Trachelocerca — T. multinucleata Dragesco, T. geo-
petiti Dragesco and T. variabilis Kovaleva (see Table 1). All these forms 
are large (more than 1 mm in length), more or less similar in body form, 
all have many (up to 60 or more) kineties. However, Table 1 shows that 
T. obscura differs from T. multinucleata by its larger body size and an-
other composition of the nuclear apparatus; f rom T. geopetiti—by its po-
inted rear end, a higher number of macronuclei, and the looseness of the 
nuclear group; and from T. variabilis — by the presence of a "head" and 
another structure of the nuclear apparatus. The character most sharply 
distinguishing T. obscura from all the three species at once is, however, its 
conspicuous dark-brown body color depending on pigmentation of its 
protrichocysts. 

It is useful to compare T. obscura also with those species of the 
neighbouring genus Tracheloraphis which are recorded to have a very 
narrow non-ciliated stripe (as narrow as the place occupied by 1 or 2 
kineties). Though formally T. obscura clearly belongs to the genus Tra-
chelocerca, the problem is that during fixation of some Trachelocerca 
species the suture lines tend to "open up" and then can be mistaken for 
exactly such narrow glabrous stripes. Therefore, included in Table 1 are 
also four species of Tracheloraphis showing very narrow non-ciliated 
stripes (Tr. vermijormis, Tr. indistinctus, Tr. niveus, and Tr. lacteus), and 
one species (Tr. serratus) with a somewhat wider glabrous stripe but, 
for that, with a brown pigmentation of the body. All five species have 
their nuclei gathered into a single group. 
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Table 1 shows that T. obscura cannot be identified with any of the 
above-named Trachelor aphis species even if one does not take into ac-
count the presence or absence of the glabrous stripe. In fact, T. obscura 
differs from Tr. vermijormis by the presence of a distinct "head", the 
lack of a tail-like process, and by the number of nuclei. From Tr. indis-
tinctus, it differs by the existence of a "head", a higher number of kine-
ties, and more numerous macronuclei; from Tr. niveus •— by a pointed 
rear end and more numerous kineties and macronuclei; from Tr. lacte-
us — by a less inflated "head", pointed rear end and other numbers of 
both macronuclei and micronuclei. From all four species just mentioned, 
T. obscura clearly differs by the strong pigmentation of its body and 
protrichocysts. Finally, from Tr. serratus, a form with rather similar, 
though smaller nuclei, the species described here differs by the presence 
of a "head", more numerous kineties, and a darker brown color of the 
body. Moreover, the non-ciliated stripe is well expressed in Tr. serratus 
and it hardly can be an artifact of fixation, since pigmented protricho-
cysts are arranged onto it in a particular zig-zag fashion (this pattern 
is clearly seen in vivo as well). 
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Vol. 28, No. 1, pp. 69-75 (1989) 

Ein neuer hypostomer Ciliat, Pseudochlamydonella rheophila sp. n. 
(Pseudochlamydonellidae fam. nov., Pseudochlamydonella gen. n.) 

im Aufwuchs eines Baches1 

U. B U I T K A M P 2 , W. S O N G und N. W I L B E R T 3 

2 S taa t l iches A m t f ü r Wasser - und Abfa l lw i r t s cha f t , D 4780 Lipps tad t und 8 Zoolo-
gisches Ins t i tu t der Univers i tä t Poppe l sdor fe r Schloss, D 5300 Bonn, Bundes r epub l ik 

Deutsch land 

Received on Is t F a b r u a r y , revised on 20th May 1988 

Synopsis. Pseudochlamydonella rheophila sp. n., gen. n., f am. n., lebt 
im A u f w u c h s von Quel len und Bächen des Saue r l ands und Kot t en fo r s t e s 
bei Bonn (Nordre ihen-Wes t fa len , BRD). Die Ar t weist Bosonderhe i ten 
der In f r ac i l i a tu r auf , die es rech t fe r t igen , ihr in der U n t e r o r d n u n g 
Chlamydodontina e ine eigene Fami l i e e inzur ichten . Pseudochlamy-
donella rheophila ha t 1 Dorsa lbürs te , ven t r a l 7 Kine ten , davon 3 
postorale . Die pe r iphere Kine te liegt apikal . Kennze ichnende Fami l i en -
m a r k m a l e sind Kine ten aus gepaa r t en , z ick-zackförmig geste l l ten Kine to -
somen sowie das Feh len p r aeo ra l e r - und c i rcumora le r Kine ten . 

Nach Untersuchungen von D e r o u x (1970, 1976 a, b), D e r o u x und 
D r a g e s c o (1968), D r a g e s c o (1966), F o i s s n e r (1979), H e u s s 
und W i l b e r t (1973), P ä t s c h (1974) und W i l b e r t (1971) sind 
hypostome Ciliaten in der Hauptsache Weidegänger, die sich von Ba-
kterien und Algen ernähren. Ihr Habitat sind die verschiedenartigsten 
Substrate der Gewässer. Sie kommen im Süßwasser und besonders a r -
tenreich auch in marinen Lebensträumen vor. Hier soll nun ein sehr 
e igenar t iger Vertreter dieser Gruppe beschrieben werden, der im Auf -
wuchs von Fließgewässern lebt. 

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

Zur G e w i n n u n g von A u f w u c h s w u r d e n in der Quel l region der A lme (Saue r -
land) und in Bächen des Ko t t en fo r s t e s (Bonn) O b j e k t t r ä g e r zur Besiedlung ausge -
bracht . Nach e iner mehrwöch igen Exposi t ionszei t w u r d e die gesamte A u f w u c h s -
gesel lschaf t des O b j e k t t r ä g e r s nach der Methode von Wilber t (1976) p r ä p a r i e r t . 

1 Gewidmet H e r r n Prof . Dr. K. E. W o h l f a r t h - B o t t e r m a n n zum 65 Gebur s t ag . 
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Ergebnisse 

O r d n u n g : Cyrtophorida Faure-Fremiet, 1956 
U n t e r o r d n u n g : Chlamydodontina, Deroux, 1976 

F a m i l i e : Pseudochlamydonellidae fam. n. 
F a m i l i e n d i a g n o s e : Hypostome Ciliaten, deren Bewimperung 

ventral aus Dikineten besteht und dorsal bis auf die Dorsalbürste re-
duziert ist. Praeorale und circumorale Kineten fehlen. Makronucleus ho-
mogen, nicht in verschiedenartige Hälften zerlegt. Reusenapparat vom 
Chilodonella-Typ. Körper im Umriß breit-oval, ventral flach, dorsal 
gleichmäßig schwach gewölbt. 

T y p u s g a t t u n g : Pseudochlamydonella gen. n. 
T y p u s p r ä p a r a t : Zoologisches Institut der Universität Bonn. 
G a t t u n g s d i a g n o s e : Bogenförmig verlaufende Ventralkineten 

aus gepaarten Kinetosomen umgreifen das mediane Cytostom und ein 

Abb. 1. Pseudochlamydonella rheophila sp. n. 
Vent ra lans ich t (a) und Sei tenans icht (b) nach Lebendbeobach tungen CV — kon t r ak t i l e 
Vakuole, DB — Dorsa lbürs te , Ma — Makronuc leus , Mi — Mikronucleus , NV — 

Nahrungsvakuo le , P K — pe r iphe re Kinete , R — Reuse 
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postorales Wimperfeld. Dorsal und der Vorderkante die periphere Kinete, 
dahinter in einer Depression die Dorsalalbürste. Der Reusenapparat 
gleicht im Bau jener von Chilodonella. Er ist dorsalwärts nach vorne, 
dann abwinkelnd nach hinten gebogen. 

T y p u s a r t : Pseudochlamydonella rheophila sp. n. 

Pseudochlamydonella rheophila sp. n. (Abb. 1, 2) 

In vivo 17-26 (im X 10-17 [im, Gestalt konstant, linke Seite schwach 
konkav, rechts ausgeprägt konvex. Dorsal gewölbt, ventral mehr oder 
weniger flach, je nach Ernährungszustand. Kontraktile Vakuole zentral, 
links unter dem Cytostom. Cilien etwa 5 [im lang. Die einzelnen Kineten 
in Furchen, weshalb der Ciliat von der Seite betrachtet deutlich gerippt 
erscheint. Cytostom in Zellmitte. Reusenapparat aus etwa 10 kräftigen 
Trichiten, die zunächst nach vorn, dann um den Makronucleus herum 
nach hinten ziehen. Einheitlicher, homogener Makronucleus, häufig in bis 
zu 4 kugelige Fragmente geteilt. 

7 ventrale Kineten aus Dikinetiden: 4 von ihnen von links präoral 
nach rechts caudal ziehend und 3 kurze Kineten postoral. Dorsal, am 
vorderen Rand die periphere Kinete. Abhängig von der Zellteilung kann 
sie auch fehlen. In weitem Abstand dahinter die Dorsalbürste aus 6 bis 
9 einzelnen Basalkörpern. 

Abb. 2. Pseudochlamydonella rheophila sp. n. 
In f rac i l i a tu r der Dorsal - (a) und Vent ra l se i te (b) nach P r o t a r g o l i m p r ä g n a t i o n DB — 

Dorsa lbürs te , P K — per iphe re Kine te 
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Tabelle 1 
Pseudochlamydonella rheophila sp. n. 

Milieuspektrum: 

Temperatur °C 4,2-15,4 
pH-Wert 7,6-8,2 
Leitfähigkeit mSx m - 1 83-420 
Chlorid (C1-) mg/l 82-124 
Sulfat ( S O p mg/l 20-21 
Sauerstoff (0 2 ) mg/l 8,6-11,8 
Kaliumpermagnat-
vebrauch (KMNO*) mg/l 3,9-4,7 
TOC (C) mg/l 0,54 
Phosphat (P0 4 ) mg/l < 0,02-0,2 
Ammonium (NH4-N) mg/l < 0,01-0,1 
Nitrit (NOz-N) mg/l > 0,01-0,01 
Nitrat (N0 3 -N) mg/l 4,1-8,2 
Calcium (Ca) mg/1 86,8-88,5 
Magnesium (Mg) mg/l 11,9-12,2 
Kalium (K) mg/l 3,6 
Natrium (Na) mg/l 65-80 
Eisen ges. (Fe) mg/l < 0,1 
Mangan (Mn) mg/l < 0,05 

Tabelle 2 
Biometrische Charakteristik von Pseudochlamydonella rheophila Alle Daten von protargolimprä-

gnierten Individuen 

Merkmal Min Max X S Sx V n 

Länge in |i.m 18 25 21,2 2,19 0,53 10,3 17 
Breite in ^m 11 16 13,4 1,47 0,34 10,6 17 
Länge des Makronucleus in (im für 
1-kern Individuen 5 7 6,1 0,78 0,19 12,8 17 
Breite des Makronucleus in um für 
1-kern Individuen 4 6 5,2 0,64 0,15 12,3 17 
Anzahl der Basalkörper der Dorsalbürste 6 9 6,9 0,86 0,21 12,5 17 
Anzahl der Makronucleusteile 1 4 1,9 1,27 0,31 67,4 17 
Anzahl der Mikronuclei 1 1 1 0 0 0 9 
Anzahl der postoralen Kineten 3 3 3 0 0 0 17 
Anzahl der perioralen Kineten 4 5 4,2 0,39 0,10 9,4 17 
Anzahl der Basalkörper paare in 10 jj.m 13 17 14,6 1,37 0,33 9,4 17 
Anzahl der Trichiten 8 11 8,8 0,95 0,23 10,8 17 
Anzahl der Basalkörperpaare der 
1.postoralen Kinete 5 7 5,5 0,78 0,19 14,0 13 

n — A n z a h l der u n t e r s u c h t e n i n d i v i d u e n , X — M i t t e l w e r t , S — Mitt lerer F e h l e r des Mi t t e l -
wer te s , Sx — S t a n d a r d a b w e i c h u n g , V — Var iab l i tä t sabweichur ig 
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Angaben zur Autökologie 

Pseudochlamydonella rheophila kommt regelmäßig in den Quellen der 
Alme, einem Fließgewässer im Sauerland, vor. Der größte Teil des Quell-
gebietes — mit 104 Einzelquellen das bedeutedsste des Briloner Kalkmas-
sives- wird in limnologischer Hinsicht vom Typ der Limnokrene reprä-
sentiert . Der Gesamtabfluß aus allen Quellen beträgt etwa 400 1/s. Der 
Chemismus des Quellwassers wird entscheidend durch die geologischen 
Verhältnisse geprägt. Örtliche Unterschiede im Temperatur- und Chlo-
ridgehalt sind in dem ca. 1 ha großen Gebiet feststellbar, doch jahreszeit-
lich bedingte Schwankungen der die Wasserqualität kennzeichnenden 
Parameter treten kaum auf. Das Alme-Quellwasser in seiner Gesamtheit 
kann als Calziumbikarbonat- Natriumchlorid- Magnesiumsulfat- Wasser 
charakterisiert werden (Analyse des Quellwassers vom Staatlichen Amt 
fü r Wasser und Abfallwirtschaft, Lippstadt. Tab. 1, 2). 

Pseudochlamydonella rheophila ist ein typischer Aufwuchsbewohner, 
der bei Beunruhigung haptisch reagiert, indem er sich fest ans Substrat 
hef tet . Der Aufwuchs, in dem der Ciliat vorkommt, ist in der Haupt -
sache von Kieselalgen dominiert. Hohe Bestandsdichten erreichen Ach-
nanthes lanceolata, Achnanthes minutissima, Cocconeis placentula, Dia-
toma hiemale und Meridion circulare. Die kleinsten Formen wie A. lan-
ceolata und A. minutissima sind die Hauptnahrung, Das Abundanzmaxi-
mum der Diatomeen im Früh jah r ist daher mit einem Populations-
maximum des Ciliaten korreliert. Andere vagile Ciliaten, meist in größe-
rer Abundanz, treten als Nahrungskonkurrenten auf: Gastronauta clat-
ratus Deroux Chilodonella uncinata Ehrenberg, Chlamydonella pseudo-
chilodon Deroux und Glaucoma spec. An räuberischen Begleitformen 
wurden hauptsächlich gefunden: Litonotus cygnus O.F.M., Loxophyllum 
meleagris Dujardin., Lacrymaria olor O.F.M. und eine Sphaerophrya spec. 
Pseudochlamydonella rheophila ist kaltstenotherm, ähnlich wie die Be-
gleitarten Gastronauta clatratus Deroux und Chlamydonella pseudochilo-
don Deroux. Pseudochilodonella rheophila kommt auch in den Waldbä-
chen des Bonner Kottenforstes vor. Nach von J u t r c z e n k i (1978) sind 
dies oligo- bis ß- mesosaprobe Gewässer mit einer jährlichen Temperatur-
amplitude von etwa 4-15°C. 

D i s k u s s i o n 

Ein kennzeichnendes Merkmal vieler Cyrtophorida ist die von D e-
r o u x (1970, 1976 a,b) so bezeichnete "cin£tie droite externe" (cde), ein 
System von Kineten, das aus einem ventralen und einem bis drei dorsalen 
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Anteilen bestehen kann. Die dorsalen Teile ist die Dorsalbürste dieser 
Ciliaten. Bei der Teilung entstehen die Dorsalbürsten aus Kinetosomen, 
die vom ventralen cde-Teil proliferieren. Dies hat zur Folge, daß der 
Aspekt der cde abhängig vom Teilungszustand ausgesprochen variabel 
sein kann. Dies tr i ff t hier auf die periphere Kinete zu. Die neue Familie 
PseudochlamycLonellidae hat ein ventrales Kinetom ans gepaarten, zick-
zackförmig stehenden Kinetosomen. Die Infracil iatur der Kineten, das 
Fehlen circumoraler und praeoraler Kineten sind die familientypischen 
Merkmale, welche die Pseudochlamydodontidae von den anderen Fami-
lien der Unterordnung Chlamydodontina (Chilodonellidae, Chlamydodon-
tidae, Lynchellidae) unterscheidet. 

SUMMARY 

Pseudochlamydonella rheophila sp. n., gen. n., f a m . n., a n e w cil iate f r o m t h e 
pe r iphy ton in brooks in Nordhe in -Wes t f a l en (FRG) is descr ibed. T h e typica l p a t -
t e rn of the in f rac i l i a tu re : 7 ven t r a l k inet ies — 4 ones on the r igh t going in a semi-
circle a round the cytostome, 3 postoral ones. T h e "cde" is apical ly located. The 
oral a p e r t u r e is rounded and suppor ted by s t rongly developed t r ichi tes . The re is 
one dorsal brush . Cha rac t e r of the new fami ly : t he k ine tosomes in the kinet ies 
a re a r r anged in a zigzag, preora l and c i rcumora l k ine t ies a re absent . 
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Synopsis. A popula t ion of Euphausia superba Dana which occur red 
in the A n t a r c t i c south of Aus t ra l i a was infes ted by Ciliates; in ave rage 
55% by Ephelotidae and in 100% by Apostomatida. Severa l to severa l 
dozen Ephelotidae and f e w h u n d r e d Apostomatida w e r e found on in-
d iv idua l specimens of E. superba. Ephelotidae occurred most numerous ly 
on t h e v e n t r a l side of the a b d o m e n be tween the 2-nd and 4- th pleopods, 
wh i l e Apostomatida w e r e found on the body on the thoracic l imbs a n d 
o n the pleopods and on setae. Wi th in both protozoans which belong to 
d i f f e r e n t t axonomic groups of Ciliophora a n u m b e r of f o r m s w e r e 
f o u n d which va r r i ed in size and body s t ruc tu r e : they infes ted kr i l l 
in d i f f e r e n t degrees and in d i f f e r en t places. 

Only some papers and one note pertain to protozoans epibionts asso-
ciated with the Euphausiidae. N i c o 1 (1984) noted the presence of Ephe-
lota sp. on the body of Meganyctiphanes norvegica in the Bay of Fundy. 
S t a w i s z y r i s k a - J a n a s and K i 11 e 1 (1982) reported Ephelota sp. 
infesting krill in the Admiralty Bay (King George, South Shetland Is-
lands) and R a k u s a - S u s z c z e w s k i and F i l c e k (1988) reported 
Apostomatida infesting krill during the year. L i n d l e y (1978) found 
that nine north-Atlantic species of Euphausiidae were infested by Apo-
stomatida. Both these ciliates are also known as epibionts on copepods, 
amphipods and decapods (S e w e 1 1 1953, S h e r m a n and S c h a n e r 
1965, S a w y e r et al. 1976). The present work is to call attention to 
the common presence of protozoans on the bodies of Antarctic krill. 
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M e t h o d s 

Kr i i l w e r e caugh t du r ing t h e J a p a n e s e S I B E X - B I O M A S S 1983-84 exped i t ion 
of t h e vessel H a k u h d - M a r u sou th of Aus t r a l i a (Fig. 1). We h a v e e x a m i n e d samples 
of E. superba ob ta ined at t h r e e s ta t ions : G-2 (65°32'S. 149°57.1'E) 22 December 1983, 
I K M T ne t ; 5 (64°55.5'S, 117°59.l'E) 20 J a n u a r y 1984, I K M T ne t ; P- I -3-4 (64°38.4'S, 
127°09.8'E) 18 J a n u a r y 1984, O R I - n e t . 

Fig. 1. Chosen J a p a n e s e S I B E X - B I O M A S S s ta t ions (1983/84) w h e r e kr i l l in fes ted 
by pro tozoans w e r e caugh t 

T h e length of E. superba w a s m e a s u r e d f r o m r o s t r u m to the end of te l son 
w i t h the accur racy of 1 m m . T h e su r f ace of the body w a s e x a m i n e d u n d e r b ino-
cu la r and the n u m b e r of pro tozoa of the f ami ly Ephelotidae was counted . Al to-
g e t h e r 100 spec imens f r o m s ta t ion G-2, 142 f r o m s ta t ion 5-1-3-3-4 and 148 f r o m 
s ta t ion 5 w e r e m e a s u r e d and e x a m i n e d . Since the m a t e r i a l w e w o r k e d wi th h a d 
been ear l ie r used, t he n u m b e r of Ephelotidae which a re p re sen ted here migh t be 
u n d e r e s t i m a t e d , because of the easy w a y t h a t protozoa b r eak off f r o m the body of 
t h e host. In the p resen t w o r k w h i c h has b e e n done on the m a t e r i a l p re se rved by 
f o r m a l i n w e have decided not to d i s t inguish the gene ra and species of the protozoa. 
Descr ip t ion of the new species is possible only a f t e r the recogni t ion of its l i fe -
cycles. 

I n the second pa r t of the inves t iga t ion t e n spec imens of E. superba w e r e t a k e n 
at r a n d o m f r o m each of the s t a t ion : 5, P-I -3-4 , and they w e r e e x a m i n e d u n d e r 
microscope. Among the 3 f o r m s of protozoans , wh ich belong to Apostomatida 
(cf. R a k u s a - S u s z c z e w s k i and F i l c e k 1988), t he mos t n u m e r o u s f o r m 
No. 1 was counted. 
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In o rde r to calculate the vo lume of f o r m s 1, 2, 3 a plastic clay model w a s 
m a d e ident ical w i th the shape and size of protozoans; it was reshaped into a ball 
to m e a s u r e its d iamete r and vo lume (in (tm3). The sys temat ic te rminology of t he 
inves t iga ted protozoa has been adap ted de P u y t o r a c et al. (1984) and K u d o 
(1977). 

R e s u l t s 

The boby of Euphausia superba Dana were infested by protozoans 
belonging to two groups: genus Ephelota (Ephelotidae, Suctorida) and 
family Foettingeriidae (Apostomatida). E. superba is a host to at last 
three species with characteristics of the genera Ephelota. 

The smallest Ephelota had the following measurements: body width 
ca. 100 urn; width of stalk at the connection with body ca. 75 jam; length 
of prehensile tentacles 100-125 ^m; length of suctorial tentacles at the 
apex of the body about 25 |nm. 

Fig. 2. Total number s of Ephelotidae f o u n d on d i f f e r e n t body par t s of all t he e x a -
mined indiv iduals of E. superba 
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Medium size Ephelota had: body width 200-250 [im; body height 
150-175 ^m; length of prehensile tentacles ca. 175 |xm; length of stalk 
500-750 ^m. Disc at the point of attachment to E. superba had a dia-
meter 35 |im and stalk width was 25 (im. 

The lagest Ephelota had: body width 450-500 jam, body height 250-
350 jim, a distinct depression at the apex, length of stalk to 1 mm, f la t -
taned body. Some individuals of Ephelota were in a state of reproduction 
through the characteristic exogenous budding. Larvae of the largest 
Ephelota forms had a diameter reaching 90 um and ciliae ca. 15 fim. 

On the body of E. superba from station G-2 a single specimen of pro-
tozoa was observed having ad different body structure from that of the 
genera Ephelota. It was half-moon shaped transversely flattened, the 
width was 225 jim, height in the central part 100 |im. Prehensile tentac-
les were short and thick (1 (j.m) at the base. Suctorial tentacles were 
thick and pipe-like. Stalk consisted of a double ring; the part attached 

Length in mm 

Fig . 3. L e n g t h d i s t r i bu t i on of t h e p o p u l a t i o n of E. superba a n d i n f e s t a t i o n by 
Ephelota (dot ted bars ) in d i f f e r e n t l e n g t h c lasses of k r i l l 

http://rcin.org.pl



8 1 

t oo the host had vertical stripes, was darked, and had a diameter 25 ^m. 
DDisc with a diameter 60 |nm, was surrounded by thick ring. 

Distribution of Ephelota on the body surface of E. superba is very 
chharacteristic (of. Fig. 2). Mostly, the individuals are attached to the 
ve^entral side of the body and the inner part of the tergites of abdomen 
boetween the 2-nd and 4-th pleopods, as well as on the basipodite and 
erendopodites 2, 3, 4 of pleopods. They are rarely found on the exopodites. 
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F i j i g . 4. Length d is t r ibut ion of E. superba and intensi ty of infes ta t ion ( l ines -num-
ber of Ephelota) in re la t ion to length classes of kr i l l popula t ion 

A similar distribution of Ephelotidae on E.superba, both on juvenile 
annd adult forms of krill was ascertained at three investigated station 
(FFig. 3). Altogether, of the 384 individuals of E superba with size between 
19 9 and 58 mm more than 55°/o (35°/o to 72%>) were infested with Ephelo-
tiddae. A greater infestation was found in a jounger population of E. su-
peerba, where the numbers of Ephelotidae would approach sometimes se-
ve:eral dozen on a single specimen of krill. On the average, one specimen 
of f krill was host to a few Ephelotidae (Fig. 4). 
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Protozoans of the family Foettingeriidae were found on the body sur-
face of E. superba. Hundred percentage of krill examined from three 
stations were infested by forms 1, 2, 3 (described by R a k u s a - S u s z -
c z e w s k i and F i l c e k 1988) belonging most likely of the phoron 
stage (resting stage). On the body of krill the most f requent ly occurring 

Fig. 5. Total numbers of Apostomatida found on the d i f f e r en t body pa r t s of 
£. superba in all indiv iduals examined 

were forms 1. It occurs in groups mainly on the distal segments of en-
dopodites; found less frequently on exopodites of thoracic limbs, endo-
podites and exopodites of pleopods and uropods, on the antennules, an-
tennae and uropods (Fig. 5). Form 1 has the length 35-45 |xm and body 
volume is about 9800 îm 3. Form 2 has the length 75-87 [xm and body 
volume about 30 000 (im 3 occurred more frequent on the plumose setae 
exopodites than on endopodites of thoracic limbs. Form 3 has a round 
base and body height 35-50 nm, volume about 11 000 |im3 occurred sin-
gly in place devid of setae. Only form 1 was counted on the body of krill. 
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D i s c u s s i o n 

The few works about Antarctic Protozoa which have been published 
pertain mainly to parasites of fish ( N o b l e 1984) or amphipods ( L i p a 
and R a k u s a - S u s z c z e w s k i 1980). In spite of the many investiga-
tions on krill conducted so far little attention has been paid to the in-
festation of E. superba by protozoan epibionts (cf. R a k u s a - S u -
s z c z e w s k i and F i l c e k 1988). As shown by the present results, 
more then 55% of individuals of E. superba at three off shore stations 
were inhabited by Ephelotidae and 100% by Apostomatida. The observed 
infestation of the krill also strongly depends on moulting but because 
our materials were preserved, we can not to make any far ther conclu-
sions. 

Ephelotidae occur most numerously between 2-nd and 4-th pleopods 
settlement on the ventral side of krill body, in places washed by the 
strongest water current during movement of krill (cf. Fig. 6). Undoubted-

Fig. 6. R e d r a w n f r o m Kils (1981) Fig. 11, f l ow f ield of an in tense pleopods bes t 
dur ing swimming of E. superba. The length of t he a r rows is a m e a s u r e for t he 
f lowing speed. The thick line indica te the f l ow bounda ry of the "propuls ion s t r e a m " 

ly there are currents close to the body surface, between the pleopods 
which enable the attachment of the free swimming larvae of Ephelo-
tidae. 

Foettingeriidae occur on appendages which are filtering water very 
intensively (thoracic limbs and pleopods on setae and between them). 
They are also found at joints of segments, antennules and antennae, in 
the area of rostrum and in depressions of carapace where microcurrents 
are formed which facilitate the attachment of protozoans. 

1 crn 3 cm-s 
veloci ty vector 
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Ephelotidae and Foettingeriidae belong to different groups within 
Ciliophora (de P u y t o r a c et al. 1984). Both grups of protozoans in-
fested on the different parts of the body of krill. 

As reported by S t a w i s z y r i s k a - J a n a s and K i t t e l (1982) 
on average of 18°/o of E. superba and 52°/o E.crystallorophias f rom the 
Admiralty Bay were infested by Ephelota sp. E. superba from Admiralty 
Bay was infested also by Apostomatidae ( R a k u s a - S u s z c z e w s k i 
and F i l c e k 1988). These results show that infestation of E. superba 
by both group of protozoans is a circum-Antarctic phenomenon and it 
occurs equally in the nearshore zone of the South Shetland Islands and 
in an offshore area south of Australia. 

Ephelotidae are reproducing by f ree slowly-swimming larvae ( K u d o 
1977) which produce a stalk after reaching the host. The high infestation 
found in E. superba is undoubtedly related to the formation of swarms 
by this species. 

In the northern hemisphere N i c o l (1984) found that 8 to 82% of 
M. norvegica in the Bay of Fundy was infested by Ephelota sp. 

Infestation of E. superba by Apostomatida was much greater in the 
Antarctic than that observed by L i n d l e y (1978) for the north-Atlan-
tic Euphausiidae (3.4°/o to 16% of individuals infested). L i n d l e y (1978) 
also observed seasonal differences in infestation and its relationship to 
the length of host and a higher infestation in the inshore zone. In Antar-
ctic the numbers of forms 1 and 2 found on the body of E. superba are 
greater in autumn than in spring ( R a k u s a - S u s z c z e w s k i and 
F i l c e k 1988). Protozoans as a epibionts of the krill is undoubtedly an 
important, but not investigated so far element of the Antarctic ecosystem. 
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Synopsis. N u m b e r of bac ter ia counted in Euphausia superba Dana 
s tomach is about 260 thousand t imes h igher t h a n tha t i n su r round ing 
sea wa te r . It m a y suggest t ha t the in te r ior of s tomach crea tes f avour -
able condit ions for bac te r ia m a n y of which a re at the s tage of dividing. 
The su r f ace of kri l l body is re la t ive ly f r e e of bacter ia . 

The total count of free-living bacteria in water of the surroundings 
of krill in the Antarctic is of an order of 106-108 per dm3 ( H o d s o n et 
al. 1981, K o g u r a et al. 1985, Z d a n o w s k i 1985, B a i l i f f et al. 
1987). The major part of these bacteria belong among osmotrophic plank -
tobacteria with low affinity to nutrient-rich surfaces (S i e b u r t h 1979). 
The minor part of bacteria (of an order of 102-104 CFU per dm3, Z d a -
n o w s k i 1985), representing in free-living form "starving transients" 
(S i e b u r t h 1979), are classed among osmotrophic epibacteria with 
great affini ty to surfaces. Probably only the bigger ( ^ 1 |im) free-living 
bacteria, being scarce in the Antarctic sea ecosystem, can be taken up by 
krill directly from outside by filtration (cf. M a r s c h a 1 1 1985). The 
most frequent, fine (0.2-0.6 jim) osmotrophic planctobacteria, unavailable 
by this route, can be taken up provided that they have earlier 'been in-
gested by protozooplankton. Osmotrophic epibacteria occurring in the 
form of aggregates on the surface of living sea organisms ( S i e b u r t h 
1979, R a k u s a - S u s z c z e w s k i 1988) and in detritus ( Z d a n o w -
s k i 1981) have a much greater chance of landing directly in krill sto-
mach. The bacteria in the krill stomach can be a source of enzymes co-
operating with the highly specific enzymes of krill ( T u r k i e w i c z et 
al. 1985, M a y z a u d et al. 1987) in digestion of very differentiated na-
tural and experimental food (diatoms, protozoa, dinoflagellata, chlorella, 
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zooplankton, other Euphausia or Artemia eggs) and in the autoproteolytic 
processes ( K o ł a k o w s k i 1986). It seems that the part played by 
bacteria in krill nutrition is more important than it has so far been 
assumed. 

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

The 21 Euphausia superba Dana individuals caught in the vicini ty of E lephan t 
I s land in J a n u a r y 1984 were analyzed. The total bac ter ia l count (TC) was de t e rmi -
ned of 21 kri l l s tomachs . The m e a n wet weight of kr i l l was 430 mg ± 132 mg and 
the m e a n wet weigh t of a s tomach was 2.47 ± 0.78 mg. The s tomachs examined were 
ev iden t ly f i l led wi th food. S tomachs were homogenized in 10 ml of redis t i l led 
w a t e r in a glass homogenizer wi th a Tef lon sha f t ( Z d a n o w s k i 1981). The 
homogena te was cen t r i fuged at 200 g fo r 1 min to sepa ra te the bigger remnants . . 
T h e s u p e r n a t a n t was f i l te red th rough po lyearbona te f i l te rs (pore size 0.2 [im). TC 
was de te rmined under an epif luorescence microscope (EFM) a f t e r s ta in ing wi th 
acr id ine o range ( Z i m m e r m a n and M e y e r - R e i l 1974, H o b b i e et al. 1977). 
Also, SEM mic rographs were t a k e n of bac te r ia f r o m s tomach contents of kr i l l 
caught in J a n u a r y 1987 in the vicinity of E lephan t Is. Bac ter ia set t led on mi l l ipore 
f i l t e r s (pore size 0.2 [im) w e r e not der ived f r o m homogenate , bu t or iginated f r o m 
s tomach contents t a k e n wi th a microcapi l la ry tube. 

R e s u l t s a n d D i s c u s s i o n 

The mean krill stomach weighing 2.47 ± 0.78 mg was found to con-
tain 1.4 X 10~7 of bacteria which is on the average 260 thousand times 
more than the surrounding sea water, when calculated per volume unit. 
The major part of stomach-derived bacteria were spherical and were 
about 1 (im in diameter. If it is assumed: that krill filters only particles 
greater than 1 jxm ( B o y d et al. 1984, M a r s c h a l l 1985), that the 
major part of free-living bacteria in sea water are much smaller in dia-
meter, and that the volume of water filtered is only 0.36 dm3 per hour 
and per individual (Q u e t i n and R o s s 1985), then the efficiency of 
filtering seems to be too low to account for the high concentration — in 
the stomach — of bacteria derived from the water column. So high a con-
centration of bacteria (less than 1 ,um in diameter) must be largely due 
to in situ growth of bacteria developing on the nutr ient rich stomach 
content of krill (PI. I. 1 a, b). The biomass of bacteria seems to be small, 
and thus of low significance as a source of food. On the other hand, the 
total surface of bacterial cells is enormous. Such a population may play 
an important par t as e.g., a source of amino acids or vitamins or as a so-
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urce of enzymes co-operating with krill enzymes in digestion of the grea-
tly differentiated plant and animal food of krill. Particularly in winter 
the importance of the bacteria in krill nutrition may grow. The bacteria 
were found also on krill carapace but not very abundante. Individual 
bacteria or small colony attached the surface of krill. 
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E X P L A N A T I O N OF PLATE I 

1 a, b: Scanning e lect ron mic rographs of bac te r ia f r o m kri l l s tomach content . T h e 
mate r i a l was collected f r o m kr i l l s tomach wi th a micropipe t te and p repared fo r 
SEM on an Acrodisc Fi l te r (pore size 0.2 ^m) 
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Oddział w Warszawie Nr 1658-201045-139-11. Wysyłka za granicę pocztą zwykłą jest droższa od 
prenumeraty krajowej o 50% dla zleceniodawców indywidualnych i o 100% dla zlecających 
instytucji i zakładów pracy. 

Termin przyjmowania prenumerat na kraj i za granicę: 

- do dnia 10 listopada na I półrocze roku następnego i cały rok następny, 
— do dnia 1 czerwca na II półrocze roku bieżącego. 

Bieżące i archiwalne numery można nabyć lub zamówić we Wzorcowni Ośrodka Rozpowszech-
niania Wydawnictw Naukowych PAN, Pałac Kultury i Nauki, 00-901 Warszawa. 
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