
STUDIES on SOME PARASITIC PROTOZOA 
In SOMf tnVfRTfBRATfS tn DARJffLin6 

[ GREGARINES IN EARTHWORMS ] 

DEVIKA FRADHAN 
DA ~ ING T CO G 

DARJEELING 

W ST BENGA ltiDIA 

THESIS SUBMITTED FOR THE DEGREE OF DOCTOR OF PHILOSOPHY ( SCIENCE ) 

OF THE UNIVERSITY OF NORTH BENGAL 

1980 





AN EX PLANA TORY NOTE REGARDING 

THE TITLE OF THE WORK. 

At the outset { 1975 ) I had intended to work 

on the parasitic protozoa of some invertebrates in 

Darjeeling. As the work progressed, it became 

increasingly apparent 1hat a full account of all 

parasites of invertebrates wouto ll;:)u~~ .~ :'"' Mlition 

which would be too voluminous and which would 

involve a far greater period of time. 

ln view of practical considerations, the present 

volume has been limited to a study of one particular 

group of protozoa i.e. the gregar.ines infecting just 

one member of the invertebrates i.e. earthworms. 
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In Nematocyst1a n .sp. (a), \'lhen stained 11ith per!oaic/ac::id 

chif£ method, there was either a complete absence of 

paraglycogen granules o~ i f present1these were very £aw 

in number. 

(11.) 

Part III includes cases of gregarines being parasitised 

by organisms apparently of microbial nature. It 1s snown 

that such cases of hyperparasit1sation, may lead to ohangea 

in the staini1~ chardcterietic• of the host greBarinea• 

finally leadine to their death, in some instances. Intra• 

cellular bacteria apparently of ha~ess nature are also 

reported. 

Part IV records that a heavy concentr tion o~ Lregarinea 

occurring in ~1a coelomic fluid of ppo~~ctodea trapezoiue~ 

may lead to the death of the host. 

Gro\1th of a new species o~ Apolooyst~ on the dorsal 

blood vess 1 o:f Pheretima robusta1 is shmm to b correlatea 

to the phenomenon of au~otomy ~·• amputation of certain 

parts of the bOdy of the host. Cystic bodiee representi ng 

another new species or Apolecystia are found to exert 

physical pressure on the alirnentary canal of the host, which 

as a consequence tend to f l a .. ~t&n at the po.int o:f such 

paras1 tic gra•th. 



P R T I 

ORPHOI..OGY ~D SY TiM.4liC POSITION OF 

nm GRLCU\RINI::. PARAJIXES 

(In this ccount aev ntean ne pecie ana t\.o 

now genera are proposed; new nameu will be a~signed 

to these p raai tes at the time ol: ctua1 publication 

so a~ to aatiof'y the conditions of <.<ova1lab1lity, and 

as per ARTICLES 9, 10, and 11 of the International Code 

of zoological Nomenclature. 

After publication the h olotypes Will be deposited 

wi th t he Zoologi cal Survey of Indi a . ) 
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I N T R 0 D U C T I 0 N 

thworo J.s one of tile mo t common representa.ti vo 

of the Ollrochaeta found in different parts o:f tr o "'or-ld. 

Much work has been done on varioua spects of b1olo£Y of 

this Annelid. c p alirt gre -arines paraai tic i.n 

Olir.oc''iaetes hav received the a·ttention of var1ous inveat1-

ators from time to time. The heckliat prepnred by Levine 

(1977) mentions bout 187 species in the ~ m1ly 1onocystidae 

alone. To dutc, 1400 apecios have b n nom d in 37 ~am111es. 

It is h~1ev r, noticed that parasitea of earth~orms in the 

hill areas ot r jeelint <il.utrict were not tudied c:.rlier 

and therefore the present work as und.ertak • 

s·tudy h .. a revealed the existance of 11 cephaline 

ne\ to science, present in the earthworms of the 

The pres nt 

regarines 

tudy rea. 

The presence o:C certaJ.n b.yp rpar.usitic microbes· 1n 

some of these gr earines. and theit erfect on their respective 

hosts has been repol"ted j_n the course of the present i.nvesti• 

gat i on. Tho present study also reveals the p ossible 

del et erious ef1'ect of heavy paraaitisation, by at l east two 

,of the grcgarines studi ed, on the bost Oligochaete. Such 



parasitisation has fatal effect. 

An attempt has also been made t o underteke 

fluorescent microscopic studies on som~ of the gregnrines 

reported here . 

r,m., names huvc not b en provided for the arot arines 

mentioned in the thesis. In lieu of this capital. l.etters 

~· 1 ·-' ~. <;, etc . have been uaed to oenote a no 1 enua, 

anc s .3.11 letters .:!!!.•, ~. ~ c. etc. to <.tenote ne\. Rpcc1ea. 

rh1o proceo.ure has been toll owed to rutiu.f'y t l(J Cri terin 

of vailab11.1ty ( 1 rticles 9, 10, 11) of' t~.w Intr:rnutional 

Code o~ .. oolo~ical ~ornencluture. 



REVIEW OF LITERATURE 

According to Lev.ine ( 1977) gregarine a have bean 

known £or over 150 yeare, and bout 1400 species in 37 

mili s have been discovered as o~ date. 

n literature on gregarines !a widely distributed 

and the ork o:f Levin (1977) in providiug ch c.k.list 

of th gari.nee belonging to varioun Familie ha.o bean 

of par. ount importance to t xonoL~ats orking in th 

f1 l.d. 

In an earlier review of :ork on gr arin , ataon 

(1916) m ntioned that Rcdi wa th £1r t person evet to 

describe a gregarine; but Dufour$ ( 1828) ~ork en 

GreGarina ovata parasitic in n ins ct, is the first 

·uthentic ocount of a regarine. 

Dujardin (1635) de cril>ed a. gr g rine J?roeteuo 

3 

tenax ! or the :first time !n an cartlntorm Lumbricut 

terrestria • Stei n {1848) later trans~er.red this parasite 

to genus !4onocyatis, e.nd renamed 1 t 14onocxst1s Milia. 

Th same al.d:llor ( 1848) a1so d scribed a gre6ar1ne rina 



comata (ayn. Zygocyst1a comata) in Lumorious t erreat r i s. 

Subsequently, the work on eregarin\:S was systematically ,.. 
extended by Butschli ( 1881 ) . 

B dd rd (1888) d sorib d a new peciea and named 

it Gregarina par1Chaetaa. It as later renamea 

~onocyatis per1chaetae (LabbA 1899). 

bsequently, oaanquet (1894) de~ ct d •bite 

bod1 that fill d th hind p rt of Lumbriglil !) rculeus, 

d id ntif'ied th e bodies 88 J]onocyatia nerculea. 

LatE·r on f.. 1er (19.56) transferr d ue pa~ i.t to g nus 

par 

Drm v tskJ.y (1907) cr at d genus tomatopho:rn,, 

with d scription of ~h type species toqatoEhor, 

..2,2!·onata. He also deacri bed a n pPecies onocystia 

c1J.i.ata from the coelom and set!linal ves1Qles of -=----
..!:,.lolobopho~ 

Hesse (1909) published a systematic study of ~h 

gregarine parasi tea of earthworms and created three new 

gEnera !!!•, RhynChocxsti~, Pleurocxatis , and e.atocxati a, 

Boldt (1910) erected genus Rhapdocyotl~,and further 

4 



extended the \Jorlt on Monocystid gregarine a. 

also worked on Monocyatids. 

f.ilulsow ( 1911) 

c -· 

Cognetti, in a scri s of publioatia.na (1911, 1918, U921, 

1923, 1925, 1926) deiJlt witll d.ifferent species of 

Monocystis nd erected 1X n~ en ~ v1z.APqlgcyat1s, 

D1rhynchocyst1s, Cr t ~ocyatis, 

eccaricyst1s. 

Berlin (1923, 1914) urvcyacJ the e rth~o:>rms frOI:l 

Garmany and er cted a number of n species under the 

Family onocyo·tidne. 

Gatos (1926. 1933) dcscribea ~..wo no en ro 

~~kinetocyst1~ and Ne~locrotis from ~.o dit erant cnera of 

eortln·•ori!ls. 

Loubatier s (1955), l'u et Glld :..Ou ti.erca (1946) 

orked on aevaral ne\ speci G bElonging to 3cnera !1onocy tig, 

Rb. bdocystis, Apolocy. t1a, ~ocyst1.s, 

P.hynchocystis ·nd ·.chinocyatis ( m Dirhptch_q_cyatia). 

Meier ( 1956) a l so \forked on earthworms ana created 



several new speciea under the genua Rbabdocxatla and 

Zuocyatia, 

Boisaon (1957) described a number of new species 

belonging to genera M9nocxat1a, ,Ne~&tooxatio, 

D1rhxncboqat1!1 and Craterocxatite 

Diseanaike (19.53) created a new genua @YlaMcxati.a, 

with a description of the type spec1ea ~Ylap!pYttia burtt, 

from the seminal ~siclea of Phereti!@ P•auaD!• 

Ruston (1959) added one more species to the genus 

Dirhynchocyatia. 

Reea ( 1961, -1963) who did considerable work on 

earthworm gregarine• erected two genera C.P4Qalocxsta1a, 

and Dendrocxatia (• Arborocyat1t) 1 and described several 

neu species under the genera Apolocxst1.! and l'enocyatia. 

Coa: (1967) described a new species Adel.phocyatia 

from the coeloa of Keffia variab111a, 

Seg\Dl ( 1971, 1971a, 1972, 1978) a1ao Mde valuable 

contributions to the study of acepbal1ne gregarinea froa 

Europe and Nigeria, 

6 



----
l1ohe.~d and Ramadan (1971 , 1972) bave added t o our knowla ge o~ 

-- ----
acephaline gregarine& £rom Egypt by describing a few 

new speoi ea under the genera N~~atocxatia and Zxgocratia. 

RK DONE IN I NDIA1 

A revi of l i t ratur 8how th t Ghosh (1923) 

carried out a eyste.atic study of the gregarine& fOQDd 

in the rtbworms ot calcutta. ntough valuable, the 

te s om of his work s n prov d to 1nad 

d acr.1!>t1ona ar not ccollfJ!UU.ed by 11lustrat1ons. 

oreover. h1s d criptions not sufficient. 

t i a (1924, 1930) s on jor work ln h 

:field in India. In 19241 h r view d the rk don 

by Drzhevetaldy (1901) on outophora coronata, and 

dded one ore specie under the genua, He also 

revi ed (1919) and g v concise ccaunt of th 

distribution of gr iDes in Oligochaet • 

Bhatia and Chaterjee (1925) created number 

of new speci es under genera N!!atocYtt1a, Rhmcbooxat1a J and 

7 



D1rbmchoc,vat1a (• ayn. Ech&noqatLa). 

lllatia and s •tna (1926) alao described a-. MW 

species UDder genera ~tocxatia, Apo1ocxtt1•, and 

Rhxnchocyatit. 

etna (1927) cr ted emw praxallia. 

elaon (1970) baa rJ. tly mentioned in a 

concluding par raph on 11teratur r v~e that, 

• h list of gr gar~n s lowly ccumulat d ov r 

th y ar • een no ~·heno11enal explosion 

t lor to t t fhich s ccur 

of c1 In 11 lik llhood, 

d in many other re a 

h lit r tur w111 

continue h1 low ere ar al.llost c rtainly 

many n s.p ci of gr garln yet to dJ.scov r d.' 



Map of Darjeeling district showing the sites of 

Collection. 

1. Darjeel1ng, North point (alt. 2001a)w 

2. Jor- p,okhar1 (alt. I27I m). 

3. sencha1 (alt. 2669.6911). 

4. Mangpoo(alt.2164.75m). 

5. Kalimpong, Echay Buatee (alt. 1249.Vrn). 

6. Pedong (alt. 1209111). 

7. Goomti (alt. 1372a). 
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NEW GlmGJ•Fii NE PAhASITE ( No. 1) 

Monocyat1a n.sp. (a) 

(Plate 1, F1gs. 1- 4) 

Occurrence 

The r.stsi te has oeen detect e... in th~:.o limonr o£ the 

seninnl ves~ole of nnorecto ( ee), an 

9 

Oligoch3ete col~eeted .in Octobex" nd Novc.::mo 1977 t ~enc.bal 

(altitude 2269.66 m) in D:lrjeeling D1r3trtc·t, est Bengal . 

Morphology 

The trophozoi tes .. ro elon ted 1n form and a1"e more 

or lee~ c 11ndrical. The two endB of' the body are blunt. 

In acme cuses one end i nar~o-wer than the other end. The 

middle p._.Lrt o:f t.ile body reprooru1t the ~fidest part . 

CytoplaGlll 1.o al.veolatod in appearance, ana packed with 

paraglycogen g~~nulos. l\ ucleus is eccentric in position and 

spherical. 1n shape though in some cases it may be sllghtl.y 

ovoid. An endos ome in not visible. /hen viewed in 

saline water, th~ trophozoite exhibits slug~ish movement 

oaus~d by the £low of protopla sm. 



Gametocyats are slightly ellipsoidal in shape. 

Most of the gametocysts have an empty space between the 

gametocyst wall and the aggregation of spor s as seen in 

stained preparations. At times residual cytoplasa ia 

seen in the centre. 

ores ar typically bi.conical J.n pe ith their 

nas drawn out. Plate I. F1g.3. 

For sur nt e Tabl I. 

D1 cu a1on 

Du to pr aenee of typictilly b1con1ca1 ~or 

th par, site under discu ion 1 a 1gn d to y 

Monocyatidae. Th p raaite bm~ev r do not r aembl any 

known species under thi genus, tho h th re 1 light 

res mbl nee to onogyst1 (Scgun, 1901) o far 

the hap of th para 1 t l.s concern d. owev r th 

poster,! or 

a V shape, unlike the species under report. Moreover a 

mucron which is present .in M9nocxat1a !!!!!liae ia obsent 

in the ap ciea under report. The most strikina difference 

between the two is the absence of cytophilia in the present 

parasite. 



T A B L .E I 

MeaSU4'ements ·of Monocystis n. sp. ~(a) 

RANG.b A V".lffiAGE 

Length 43 .02 }.1 - 185.4 }J. '99 .u 
Breadth 10. 8 u - 48.6 p. 24.23 )l 

Nucleus 6.48 p. - 12.60 u 8 . 53 J1 

Gametocy.st l ength 90 }l - 111.6 Jl 108.36 p 

Gametocyst breadth 72 p. - 111.6 }1 92.88 .u 

Spores 1 ength '9 .'94 p. - 11.36 p 10.5 ;u I 
' 

Spores breadth 3.97 )l - 4.26 }1 4.23 }1 
--------- --

~ 



Figs. 1 - 2 . 7wo form of MonocY.atl! n.ap .• (a) 

15 X 40X 

orea ot ;oqocystis n.ap.(a) 

15 .K 100X 

F1g.4 • ~tur• gamatocyst. Note the s~e oetween 

th gametocyst wall nnd the eggrebat1on of 

sporeti. 15 40 

r 

,.. 
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T.he paracite under report ia also clearly 

dJ.stinguiahable from r-1. acuta (Berlln 1924) on account ·Of -
the sharply tapering end of the latter. The species 

under report also differs considerably in size ana in 

other particulars from all other Monocystid species 

recorded from Oligochuete worms. Conaid~ring all aspects 

o~ the matter it oUld ppear th t the parasite under 

report may aa.fely be recc1rded dS new spcciea. 

Diagnosis 

Family Monocystidae HUtac~li 

~pores ap1ndle-ahaped. 

T 1e parasite is plncec.t unaer tho .fe1mily on 

account of this. 

Genus Monocyst1s stein 

Trophozoitou variable in .form; solitary, 

motile; incomplete nporulat1on in cyst; 

pore~ b1con1cal; in coolom or seminal vesicle 
e 

of Oligoch~es. 

The pttroai te i:;J pluceu under the r;enus . 

Specific charactersz 

Trophozoite elongated and more or less 

cylindrical; Nucleus is ec~antric and 



spherical; endosome is not v1siblea 

cytoplasm is alveoleted; spores biconicalJ 

octozoic; coelozoic. 

1 3 

l"or the preaent the parasite is re!erreu to 

aa Monocystls n.sp.(a) 

Host: ppor_ectodea trapezoiaes Du es ( Oli.gocru ta}. 

Bite of 1nfec:tion: &lmiml vesicles. 

Loculity: s enchal (u1titude 2269.66 m) Darjeeling, 

West Bencal. 



NL GREG \RINE PARAcll ,.'1:.. (No. 2) 

Nematocygti~ n . sp.(a) 

(Pluta 2, F1g~.l - 5) 

Occurrence 

The parasite ha ;) b en observed in the coelomic 

fluid of Apporectodea trapezoid~ (Dugas} - an 

Oligocheete coll cted in th · montr of f~rch anu •pril 

1978, t ~nchaJ. (alt. 2269.66 m) i.n JJarJeelJ.ng 

d1Dtric·t, West Bent. al. 

Morphology:-

fhe trophozoite is vermicular. One en a 1 a nurro1 

una the othr r enu 1~ somewhat rounded anc.J ·tcrminut1118 in 

a majority of caaes. in a pol.ntcd r~ucron. The body is 

surrounded by a fine nolliclc. ~ 1 rge nuubor of tiny 

vacuolar otruct ~s lie sc~tto£ed in tho endoplasm. The 

rest of tha endoplasm is :faintly stained \11th He1denhain • s 

haematoxy11n. T.he endopla~m has very 11ttle storage 

material. Some tro bozo1teo are practically devoid of 

pa.ra~lycogen gr nules. Faint striations which cross the 



PLATE II 

~"'igs. 1 - 2: FJematocystia n •. ap.(a), two forma 

without mucron. 6 X 45X. 

Figs. 3 - 4a Paras.itos wi·th mucron. Note the 

Fig. 5 I 

tiny vacuol.arareas within. 6 X 4SX. 

Photomicrograph of Nematocyatis n.sp.(a) 

6 X 40X. 

r 
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body diagonally are present throughout the ent11e 

lenr,th. Those striations ar~ seen clearly under oil 

immersion lens. The nucleus is large, slightly 

ell1nso1dal in shape, and occu~ies any position within 

the body. It is homog~neously, but £uintly, stained. 

An endosome in present only in orne casas. lig1tly 

lighter area is seen within the nucl~~s i n some cas a. 

For measurements see Tabl II. 

Discussion 

Due to t1e pro nee o£ bicon1cal spor y th­

prosent p rasite hus been pluced under th hamily 

onocystida • 

Close resemb1anoe 1 een to J1onocystis cuta, 

(.Berlin 1924), in its '~o~m-like shape, dfld in its 

varying breadth at both ends. However, ther are 

significant disnimiluriti~a; £or xample, th nuclcuo 

of. !• acuta, is ofton m..trkec!ily elonguted, \oberea.., in 

thEJ gregarine under report, the nucleus is ellipsoidal. 

Moreover thr; present pa~asite has hardly any paraglyco,;en 

granules, a substClllce \'lhich has been enmnaaiaed in 

~.scuta (Berlin 1924), and also noted by ~Jrak (1967). 

i 



r - " 1 C 

I 
:t. .. =--

... 
II\ t ~ ~ 0 • • • • 
! r;t ~ ~ ..: 

....... • -• I 
• ::t. :1.. 2.. :1._ 
a ~ ~ ~ co • • • • .... .... 1 U"\ N N 

.::t "' N 

~ • I I I 
~ ..., 

~ =-... :t_ ... 
-
[""' ~ .. 

N N N ~ • • 
""'" ~ It\ • • 

" ~ ~ 

j 
b 
I 

~ ~ r J ... 

j a I i 
I J i 



l'hc: di a o.na1 striutions and the more or less constant 

presence of a mucron that are preaent in this ne\'.1 

parasite have not also ber2n mentioned in the case of 

~..::;a.,.cu .... · ...,t ... a. 

' 

und po ne ses a mucron. 

elobular anterior end 

l'he poa er.tor end in nal''roltJ 

and tail-like. The preacnt p raui .. e has the preo,;Jence 

of mucron and e tail-l.ilh• o terior end, but th vc1 y 

f~ct trut tb m: cr-on in the caue of r ... caudata is -
connecte to the body by a ~rrm neck, Ui£.ercnt1 te~ 

th t\·o pa.rasi" s d1 tlnctly. 

s nod crlbed m~mber of ttis cnus res mb~e 

tnt= par J.si te under report, 1 t 1a pro osoa ~o 1 vc tslis 

parauit a nat ·p .c1.f1c a .u t.us. 

Il1.agnos1s 

Family Monocystidae BUtschli 

Spores spindle-shaped. 

:rhe parasite is placed under this .fumil.y 

on account of thia. 

1 7 
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Genus Nematocystis He.ae 

Trophozoites large; cylindroid, 

nem:1toi d, often wi th a mucron at the 

antel"ior end; solitary; spOJ4 es b1conicul. 

The par~altc ba been pluccu unfier this 

genus. 

Specific characters: 

Body elongated w.itll a blunt ~!lllterior encl 

and a tail-like ~osterior end; presence of 

mucron t anterior and. ~~Gonal 

atr.iati ns present throuchout the body 

len~~ ovoidal n cleus eccentric in 

pouiti n; sporL~ b1conic~l; octozoic; 

coelozoic. 

The parasi~e ig referred to ~ 

Nematocystis n.sp.(a). 

Host:- pnorectodea trapezoides Uugea (Oligochaeta) 

Site of infection:- Coelomic .fluid. 

Locali ty:- ~encr~l (alt . 2269.66 m) Darjeeling. 

ltlea t Bengal . 
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Additional Observational 

The paras1 te when v.iewed 1n fresh smeara present a 

a transparent appearance. TlU.s could be due to the dearth 

of storage material.s. The greearine is bO\'Iever very actl ve. 

The manner in which the parasite moves no vigorously and 

carrie• out its metabolic act1vit1e& ith hardly an, £ood 

reserves as a source of energy is a probl rn hicl:l rr;1gllt 

re~uire elucidation by fUture workers. 



Occurrence 

NEW GREG JU:NU P. RASI Xt; (NO. 3) 

Neaatocyat1a n.ap.(b) 

(Plate ,, Fig. 1. ) 

The parasit has b en detected ln the coelomic 

.fluid of Pberetima c;u.tp;Wena (Baird) - n Ol.ifiochaete 

collected .in y 1978. at Goomt1 (alt. 1372m) in 

rjecling d~Ltrict. e~t Bengal. 

orphology 

20 

The tro hozoi e .i long, vermi:form ana cyl.indricul 

but not of e ual br dth throuc.h ut it leJlt,th. One 

end 1 rurro· nd the other end 1a b~ d. 

end la rm.t.nated in a bulbous rea followed by a 

cort.StricteJ) neck. 'l'he broad end is provided J.th 

flattened ria. ~doplasm is granular. r.he bo y is 

encloaed by a fine pelliCle. Nucl~us ig elongated and 

situated 110re towards the narro\1 end of th'"' body. Four 

karyoa011es are present within the nucleua. These are 

deeply stained bodies surrounded by lightly stained areas. 

For neasuremen·ta sec Table III. 



~UTE III 

'ig.1. N!!QSOCX!\&1 n.ap. (b) 

10 ~ 45X. 
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T 1~ B L I:. III 
~ 

suremcnta of __ ~ __ -, ___ _ n.ap. (b) 

{single speci.men ) 

.RANGE AY.t:.HAGE 

Length Z/3.22 p 2:73. 22" 

Breadth 30.78 J1 3() .• 78 }J 

rrucleus length i 25.84 }1 25,.84 J1 
J 

! I 

Nucleus breadth 11.4 ~ 11.4 l1 • 

Karyosomes '1.2 p 7 .• 2 p 

t-0 

' 



Discusaion: 

The paraai te under rE..~ort is unique ln having 

two d1saJ.m1.lar poles 1 , e , one end 1a mrro. with a 

constricted neck terminating in bulbouo area, while 

the oth.r end is broad ending in a flattened r1•• It 

bear a no rese1. blance to any o£ thL specie a ·rL"POrte<l so 

f r un er the enu tis. 

A ne spec1%1c otutu £or the ure ~rine ~a 

just1t'iec1. 

Dia noa1s: 

F rnily Monocystlda aUtsOhli 

Spore p1ndle-ahapcd 

l'he par itc: J.w pl c o uncl r the £ mily 

on account of tlds. 

Genus ~emntocyst~~ He oe 

Tro hozoit ~ larg : cylindroid, 

n matoid, often ~1 th mu.cron t th 

anterior end; solitary; sporos blconical. 

The pdrnsite h s been placed under this 

genus. 



Specific c~racterss 

Tropbozoi te 1a elcl18ated, narrow at 

one pole and increases in ~idth towarda 

the middle; the blunt end terminatlng 

in n flattcne rim. I~cleus elongated 

ith £our karyosomes, Coelozoic. 

For the present the parasite is ref~rred 

to as ematocyst1s n.ap.(b). 

HostJ ~her~ima d1f~r1ns~ Baird 011gocbaeta 

it of 1nfact1one Coelomic fluid.. 

Locality: Go~mt1 (alt. 1372m), 

e t ~ul. 

rje 11 d1 tr1ct, 



Occurrence 

I-m\1 GREGARINE PA SITE(No. 4) 

Nemotocxatia n.sp. {c) 

(Plate IV. F1g1 • 1) 

Tb p r site has b en dcv~ctcd in the mear of 

th C!minal v icle of H:HtYphoeps 6QM1e1 (lled ard), 

n OllBochaete collected tn uguat 1978, at · ngpoo 

( lt. 2164.7Sm), ~rjeelLn district, ~at Be dl. 

f~orpbolOB}'S 

The trophozoitcs are very l r e an they can be 

en vi th the nah.ed eye as fine w!d.tu thr In stain 

prep rat! s they occur a twiut d wor~lik bodi s 

often thrown into coila. In some individual one end 

is club-shaped thile th other is pointed, but in others 

both the ends are blunt. Howev l'' ln mo t o one 

end is broa~er than the other. 

£1ne and the epicyte is clear. 

Pellicle ~s smooth and 

Very fine longl tud.inal 

s triations run ol.ong the length of the body. 1'hcae 

ntrlationo converge at both ends. Endoplawn has a l rge 

number of paraglycogen granules which a1 e usua..l.ly elona ted 

and occasionally ellipsoidal in hape. These reserve 
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food granules are not uniformly distributed ~n the endoplasm. 

Areas w1 th.Ln the endoplasm oro encountered 1;bat are 

completely devtid of these granules . The nucleus is larBe 

and elongated. It is stained homogeneously with 

haematoxyl.in. l ucleus does not occupy "'"' lmec1f1c location 

within the body, e 1ze o! the nucleus v ries in d.lfferent 

individuals. For measurements aee Table IV. 

cussionc 

1he parasite de cribed her ta identified as 

belonging to th gehus Nematocy5ti on accoant of 1.ta elongated 

netatode- llke body. 

known, f ,., m asure two lillim tere or ore. e,g. I!• psuilla (jJesse t9()1.V 

&.ou bali~ T«! s :1955 
easures 2080 p by 40 p, while !i• tuzeti fmeasures 9000 }1 by 

40 lJ - 360 Jl• Tll p raaite under report undoubtedly belongs 

to thi variety of the larger types. If length 1 taken 
~e>uba..t- .... T'<'S 195$ 

into consideration then the pa~aaite com~s be~veen L•nav1£Ul!f 
(Mo~amme.U. &. ~'Tna.<ian 197~) 

(2415 p by 180 p) nd !i•earens1s,[C 25SOJ.l by· 75 )l), s it 

measures 2523.04 ~ by 107.3 p. Tbere is however, an 

important orphological difference. 1,~.the• apparent bsonoe 

of endcsome in the present parasite. The host is al.so 

dif.ferent . The bove ~evidence is enough to justify inclusion 

of the present parasite a new apoc1ea. 

' 



PLA'!E IY 

Fig.1 • Photoaicrosraph o~ N-'tgcut1a n.ap. (c) 

6 J( 10X 

, 

,.. 





D1annoo1s: 

Family lllonocystidae BU'C;f:h11 

Spores spindle-shaped 

• 

Th par site is placed undur thu fumily 

on sec unt of this. 

G nuo Nemato.cystis Hesse 

Tropbozo1tea 1~rgea cylindroid, 

nematoid, often with mucron t the 

1or dJ ol1tary; spores biconical. 

The para ... ! t G been pl cCJd un ar thi 

genus. 

Specific d~acters: 

Host: 

ody lone and v rm1£orm; elonent d nucleus 

y take up an.. position in the body. 

Long1 tudinal Gtrintiona run along the length 

of the ody an · co ::v re t oth ends • 

.Lpicyte clear, body loosely paCked ldtb 

paraglycogen granules that are elong ted; 

Coelozoic. 

txphoeue a~e1 eddard (oligochaete.-) 



Site of infection: Seminal vesicles 

Locality: t~oo (alt. 2164. 7511), Da.rjeeling diutrict 

~est Bengal . 

T B L E IV 

Measurements of :ematocystis n.sp.(c) 

HAI~GE ~A\'1:'1\AGE 

Length 939.9 }l - 2523.04 p 1785.7S JJ 

Bre3dth 49.S p - l<Y1.3 }J. ?9.57 }l 

Nucloue lenetb 36., }1 - 98.8 }l 71.87 ,u 

T>lueleue bre dtb 13.2 p - 28.2 ,u 19.66 }J. 



Occurrence 

NE\ GREC \Rl:NI:; PAH.J1 UtE (No. 5) 

Neaatocvst1a n. ap. (d) 

(Plat v. F~aa. 1 & 2) 

Tho parasite has been observed in th coelomic 

11u1d of Pheretima 41ffr1nsens (Baird) - an Oligocbaete 

collect d in y 1978 at Goomtl (al,t. lJ72m), rjeeline 

d1 trict, est ngul. 

Klrphology: 

The tr~hozoito is long, verm1forrn and ribbon-Ghaped. 

In ta1ned ara th rth.:ri te .1s ecn a curvea. somm~ollut 

straight or as deeply groove t intervals al.ong i.tG length. 

One of ita poles shows a ve1;y distinct fUnnel-like 

otructure. The r gion bel.ow thi tunnel is alway 

constrict d to form th neck. The o~hcr extre•1ey 1 

rather blunt. In some individuals the blunt end 1G club-

shaped lihile in others 'the blunt end shO\-:s a distinct 

collar-like structure. 

Body is enclosed by pellicle. 

dotted with loo~ely packed gr nulca which take up the 

haematoxylin a in well . Nucleus 1.s elongated and narro\'JS 



Fig.1. 

Fig. 2. 

PLATE V 

Photomierograph of Ne.atooystis n.sp.(d) 

6 X 10X 

Camera lucida drawing of ~!!'tocxat1s 
n. sp. (dl) , showing the bocl.y greoved at 

intervals. 6 X 10X 



-----
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down towards the two ends. 

in the body is inconstant. 

The position ,of the nucleus 

T ~o entire nucleua takc..:5 up 

e deep stain and an endoaome is not visible. The 

parasite is vary activo aa seen ln £rcsh uears. For 

caaurcmenta ae able v. 
Discussion a 

The r rin und r report belo s to th g :nu 

Nematoc stiG on ccount of 1-ts clone;ateo and cyllndrical 

body. 

The ~·o ends of tho diff r nt f'ro 

ach oth~r. Tile ~unnel-a ped txuctur t on nd 1 

lnv riably prec ed by neck r ~ion. 

blunt nd in oat ca 

The other end is 

tructur that 

rea blea folde coll r. In ost ai 

species tb t h vc ell r ported oo ~ar • the t\to 

extremities are ~ ther al1k or if unlike, their poles 

or rather rounded t one end pering off towards 

th other. Th pr ent p r sit aoes not rea bl 
(}lesse 1909) 

io 

1.!a, verlll1cu1ar1a,L in that it do not have haira t are 

d.1rected bnckvarda. a 1..., the en e \11t,l the latter. 

Most of the Nematocystie species ar uaually 

found in the eminal ve..,iclos. except in a few like 



T L v 

RANG!:. 

Length 212.76 J1 - 444.'6 )1 

Bread.tb 14;.76 )' - 55.10}1 

Nucleus length 14.76 }1 ... 30.04u .. 

Nucl,eus breadth 6.84 ,. .... l3.30J,t 

.sp .• ~(d) 

AVE.IV~GE 

.348.44 }1 

29.35 J1 

25.82 Jl 

9.16 }l 

I 

II 

w 
0 



!!• tuzet1 (Loubat1eres ~905) 1 .! • !laaae (Cognett1 1921) 1 

! • elmnss1an1 (Hesse 1909) 1 H• endrobaenae (.)egun 19i71 ) 

and the present sraoite. ~part £rom th f ct th~t the 

3 

parasite under consideration belong~ to a differen~ boat, 

morphological differences noted are ouf!~oient to justifY 

th conclu~1on that the p.rcoent p site is n ddition 

to th 

D1 OJlOGiS t 

I • 

Family f*lnocyst1dn tschli 

pores spindl hap d 

rh par<:.:iai-.c is pluo (A un 

on ccount of this. 

rrop~ozoit s l rge; cyl~ndro1d1 

ne toio, of·cn with • cr-on t 1th 

nt rior nd; solit ry; spores biconical. 

Cbe par 1te a been pl c under this 

genua. 

Specific characters: 

The paraoita is elongated and ve:&-1Diform and 

occosionally deeply grooved. nucleus does not 

occupy a definite locution Within the body. 



Hoatc 

Endosome is not v.1s1ble,. The two 

terminal ends are unl.ike. One end is 

:tunnel- ,shaped a nd the other is ,collw·-

like. Coelozoic. 

For the present the paraa1 Je is r ferred 

to as Nematocyatis n .sp.(d) 

Site of infection: Coelomic fiU1d. 

Locality: aoomt1 (alt. l372m), Ulrjeel1ng district, 

eat ngal. 

32 



Occurrence 

NE\~ GR8G ~JUNE PARASI l'E (No. 6) 

Neaatocystis n.sp. (a) 

(Plate 6. F'l e;. l ) 

The paruai te haa been detected 1n the smear of 

th eminal v sicle o£ rutxphotus cmaun1e1 ( Beddara.) -

nn Oligochaete collected in uguat 1978 ~ ~oo 

(alt. 2164.75m), rjeelins di~rict, st ng 1. 

Morphology: 

The body is long and v rmifonn. l:he two ends of 

th body ~ not alwaya a1mll r. At tim one end of th~ 

body is club-sh pad v11 r s the other no is slender and 

evon tapers to a tail-like structure. ~metimea both 

ends re lent.er and "' poring. he entire body 1 

enclo~eo by G 3mooth a co 1 te pell1cle. lhe epicyte 

is clear and th!.n. The endoplaam has lar;;e and elongatea 

paraglycogen granules \ hich are loosely packed. 

Long! tudinal striations Eire pl"eoent a1ong tbe letlL-rth of 

the purasite . These converae nt both ends. Nucleus 

1 long and spindle-shaped, tapering t both endr>. The 



PLATE VI 

F~g. 1. Ne~tocys~ n.sp.(e). 6 X 40X. 

F1g.2. rucleus of Nematocyatis n.sp. (e) 

h0\1ing deeply stained karyoaome 

surrounaed by l~ght area. 

10 ~ 100X. 
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nucleus does not occupy a definite pou1t1on within 
0 

the body. The karytaome is surrounded by a faintly 

st 1n1ng area. For mo surements soe Table VI. 

Discusaia~u 

1\le to 1 ta uorm-llke body, the p rasi te under 

disausaJ.on h.ls be n ia nt1fied atJ Nematocxt£1!, 

,. 

(&"'a..ha &t Se\ona :1S~&) 
The pr sent pa~ ita re embles !• stephenaoniL 

in tb site of infection and in the presence of a 

nucleus hich beside not havine fixed poaition 

its lon~. atea axis ly1 , p rallel to th l.ong axis of 

th body. Both the raBltcs hav 
0 

kar~ome - b t 

1n the caa of !i• .. tephenaoni, it is either roundec. or 

oval. In tb ra it unt1 r discuQsi.on th t ucleue 

1a a~ tinctly elongatea. A lightly tuined ar a aurz 0\Lld 

in the k.ryosome 1o present in both the pazaaites. rhia 

~ightly at ined rea a been described aa a cl ar halo 

by Bhatia ond S eJ;no. (1926). BUt part f'rom t e 

rather close 1 esemblancea nf the nucl ar ;tructur , jor 

differences are present as re.;;Jarda the s1z of tbe 

trophozoite& c ncerned nd in their ~choice of host , 

(Louba1: ..:e~~s J9Ss) ([ ..... r.et .a.Lo •• batlev-es 16~1 

J!• vermicul.arJ.s, !• pavicula~ und ! • pUoaaL di£ ... e:rs 



TABLE VI 

' 

RAJIGE 

Length 760 }' - 1339•9 }1 

Breadth 77 . -52p. - 150.48 ~ 

lfucleue Length 64.6 J1 - 83.6 }l 

Nuclaus breadth 19 ~ ·- 26.9 Jl 

Karyo_. 13.5)1 
L___ I 

<•> 

.AVERAGE 

1172 J1 

I 

97.96 J.l 

67.61 p 

.24.14 Jl 

13.:5 Jl 

--

i 

: 

r ) 

~Jl 



£rom the preaent paruaito in tho pr; senc of hairs in 

th body. 

!• carensia ia c l.indrical throughout the J.engtil 

Of th body. Nono of the pecics of Ncmatocy~ti~ 

r corded o £ar bsolut ly r a bloa the pre ent 

Ncrnatocystis. Therefore. it ppear~ ncceso ry to 

conoider this para~it s a ne11 sp cies. 

Di.agnosist 

Family Monocysti e B\itschll 

pores incUe- p • 

para i.to 1a placed under the ... a.mily 

on ccount of this. 

G nuo mDJ.tocx.st1 H s <:; 

Tro hozoite large; C'linllroid, 

nematoid, often with a ucron t th 

ant r1or end; solitary; spor a bicon1.eal. 

I par Git a boen pl c ~ un r this 

genus . 

Specific cbnract ra: 

Body long na va:naifona. The tl-IO ends ar 

d1ss1m11 r . Elongated and ap1ndle-3haped 



Host: 

nucleus. 11th karyosome that does 

not occupy flxed position; pa1l1Cle 

1 smooth, epicyte clear; longitudinal 

atriations run along the leneth of the 

body nd conv r at both ends. 

Coelozo1c. 

rna par~sit ia re~err d to her as 

~ematocyst1s n. p.(e) 

ac rd L011gocba ta,;} 

1te of infection m vesicles. 

Local.1tyJ · n oo ( 1..:. 2164.75m), uarj elint; di.strict, 

eat Bonnc.U. 



NE~ ORLG Rllf.-... PAl SI.d~(No. 7) 

zxsocystia n.sp. ( ) 

(Plates VII-IX. Fi gs .l-9) 

Occurrence 

Th parao1te has been detecv d in the Qear of 

3 8 

th s inal v AA].1forn1ca 

(Kinberg) - Ol1Kochaete coll cted throughout tho year-1976, 

at Kalimpong ( lt.l249.7 ), rj eli d1 trict, t c~~. 

~ornbology ~ 

T-rophoz~1te r ovate 1n hape en t r t. h n 

obscrv d in o 11ne at "" tb y re tound to b v .l y motiil.e 

oft n aa um1.nt; v rJ. bl mp • , thicll pel~J.cl urroun fJ 

tb trophozoit • Cytopl sm ia pc ck d ~th p ruglycocen 

granules which remain enm shed in a tenuous matr.'Lx of 

cytopl.a • cuoles., on or two in number, y occur 1.n 

th cytopla. • Th •de r n rally cleu un no inol.union 

or gr nule can b detect> d J.n tll m. cl.eua J.u round d 

occasionally ellipsoidal in s pe. It is eithe cen~r.ally 

pl aced or it may occur towarda the perip.leey. A nuclear 

mer:Jbranc 1e not visible in smear preparati ons, but cun 
. 

easi ly be decected in sact1ons. Endoplasm shows darl,ly-

stained area : un er hieh magni.ficatJ.on theDe d;..t.I'k ur as r 



1 - s. 
FL•t'E VII 

Varlo~s l'ort'JJ3 of I,V10CYft1s n. ap. ~c) 

!0 X 45X 
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PLATE VIII 

F1g.5. Zygocyatia n.sp.(a). Clear vacuole 

seen at broad end of body. IO X 4'5X 

Fig.6. Clear vacuoles are present during syzygy. 
IO Y: 45X 
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seen to consist of .fine granular structures. 

irqphoaoltea o~ten occur in paira1 lyLng closely 

apposed to each other t:.long their breadth, \;;here the cup­

shaped concavity of one f ts into th • cone- snaped proJection 

of the other. This can b r ferred to a the 'cup and 

socket• junction as described by Huxley (1910) es 

t ·etde~. At later stag the apposing ends flatten 

out. 

..-cocysta a~e Liflhtly J.lipsoid&l in lbpo. 

i.1"'oO es re .imperfectly biconlcal. asumina th 

nape of t • barrel w1th distinct plugs at both ends. or 

ee T b1e VII. 

urOTOMY 

(Plate LX., fi a. , - 3) 

I~ quite a nw.ber of c~sea, pi cea o~ the body 

hese thrown of! pieces are d void of 

nucleus . This peculiar phenomenon is ident~fled as 

autotomy, 

O"isos o:f autotomy have been recorded by Tro1s1(1933) 

in Rhxnc~ocystis ~ilosa in whicll the posterior portion of 

tbe body io thrown of;f before syzygy. Tlle causa of utotomy 



Fig. 7. 

Fig. a. 

P LA 1' E IX 

AutotOIIY. The aarputated piece does 

not possess a nucleus . 

15 X 40X 

The lower ha~£ ,o£ the photomicrograph 

sbows the pe.raa1 te undergoing 

autotomy. i e ampu·tated piece does 

not possess t he nuclaua. 

1.5 x 4ox 

\ 

... 





could be the alterations in the nucleo-cytoplasmic ratio 

of the gregarine, The nucleus 1a known to be able to 

control the actiVity of just a l11l1ted quantity o.f cytoplaea. 

\'Then the amount of cytoplaem J..ncreases beyond the 

eontrollin power of the nucleus only then, a portion of 

be cytoplasm will b amputated o that the original 

nucleo-cytoplasaic ratio may 
et at 

r atored, as 8 at d 

by De Roberti ~1975). 

LIFE HISTO Y 

(Plate X) 

Encyst tiona 

ture tropllozoitea eome together d attaOh 

thems 1v by their broad ends. If th- trophozoit 

re alre dy 1n a state of eyzy,gy, then this itself eta 

as the beginning of the encystation phase .• ssociat1on 

tween two individuals occur irr ectiv of the izes 

of th individuals concerned. At the beginn1ng1 two 

mature tropbozo1.tes associate by the typical 1 ball o.nd 

socket• junction described earlier. The two paraa1 tea 

then appear to secrete the cyst forlling substance which 

hardens around them. Meamthlle the two 1n01v1duals 

shorten and become more or less spherical in ehapea the 



PLATE X 

F1g. 9. L1£e history of zxgocxstis n.sp.(a) 

1 • Trophozoi tc 

2-3. Early ayzyeY and fo~t1on of garnotocyst. 

4. rhe nucl 1 of the two gametocytes break 

dm1n to forrn several nuclei. 

s. Gametes aligned at the periphery of the 

gametocyst. Residual cytoplasm seen in 

the centre of the gametoc;st. 

6. ~ygote formation. 

1. orm tion of sporocysta. :ext to it is an 

{ndiv1dual spore. Note th wo plugs ut 

either end. 

8 - 9. Develop1J1G tropho:i:.oites within the sperm 

morul • 

F1g.9a. Photomicroeraph of gametocyst w~th the 

gametes at .be periphery. A few are in a 

state of isogamy. I5 X 40X 



' 



mature gametocyst is ell~psoidal in shape. 

Gamete format1ona 

Once the ge:metocyat is .formed. the nucleua of each 

gametocyte atarts to .fragment and a l.arl)e number ,of 

nuclai are tormed. A little bit of cytoplasm collecta 

around each of the nuclei and t.lus the game1.es are .formed. 

The gametes are sot!let-:hat sph rical in .abape~ They arrange 

theasel vea long the per.iphery o~ the gametocyst • The 

dividing wall between the b.'O g etocytee di.eappears. The 

ga t a look alike in a11 respects, and hence can be 

regarded a lsogametea. 

In a g :netocyst w1 th 1mmatur .spores, there 1 

lways a sa o£ rea1dual cytoplasm in the centre. 

Spore formations 

The zygotes ecret wall around th maelves 

and are transfonned into sporea. hese are barrel-shaped 

bod.iea, with distinct pluga at both ends. A fully mature 

gametocyst is aeen to be packed with auch transparent sporea. 

The nucleus in the spore divides until. a stage is 

reached ¥hen e~ght sporozo1tes are f or ed. Sporozoitee 

49. 
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ar~ e1ongated ~n appearance. 

The trophozoites deve1op intracellularly w~thin 

the sperm .orula, in the seminal vcsiclea. Tbey grow 

at the expense o.t the 1ost genn cells which continue to 

develop producing the spermatogonia, spe matids and ~· 

spermatozoa on its sur£uce. Finally tha host cells are 

reduced to a mere membrane surrounding the gregarine. 

The latter h~ the appe ranee of havi many cilia. The 

apparent c111a r ctually th alla of th att ched 

ape 1:0208. ... ventually the etnainJ o.. the llout cella 

rur)ture and a .tully grown gre arine emeruea to start 

the life cycle all over ga1n. 

Discussion~ 

The paro.a1 -.e under report llBs spore a which are 

biconical in shape nd possess peculiar thickening& at 

both poles. :this charact r tas b en quoted :for 

Faadly 2ygocyatidae, and hence the par li1 tv has been 

placed under the above Family. 

Previous workers have stated tbat ZX1ocxatit 

ie always associated in ~~rs- b~ Troisi (1933) has 

observed single indlviduals in l• '"'-'nr1Ch1. Single 



individuals have likewise been observed in the present 

parasite., but indivi duals in a stat of associati on are 

a more common aight. 

Otber recorded members of th genus poasesu some 

distinct morphological char~cteri tics, suCh s the 

pr ence of posterior tuft of fin proces e in 
Cs.te.l.'T\• l84g) (L()"bab:e-r~s 1955) 

l• co•ata,Lcaud l br-istles in •· cordif0fl!1t.[ the 

longi tudJ.nal stri t1ons 1hich run off the body to fo 

tuft of hairs ln ~- &nr1ra· and th long tion 
~e.sse. i9o9) 

of th post r1or nd in ~· leaerl.L These f tur a do 

not exist in the pr nt paranitc. 

Another dlstinguL nine feutur of the prea~nt 

r 1t is it l 1z ~ co re to tb recor e 

mbers of the enus. 
& R a'W\ a..ota n 

Mohammed[l91l) has some similarities 11th the parasite 

Hcno1ev 1, z. -
under discunsi on. th the snocieg hav been found in 

. -
4· 4 

the se:n!nal ve~icl.es of Pheret1Jge (• J1!taph1re) cal.i!orn!ca. 

Both of them are much smaller 1n size than th other apecios, 

but differ aaong themselves in size, as shown below& 

l • aemt.t.asa 32].1 - 48p X 2,._ - 36)1 (t\-,o syzygitea) . 

zuocxet&;a n.ap.(n) 97 }l - 129 Jl X 30·4Jwi-47f-1- (twosyz.yqt.tes) 



Apn!'lt :froo tlw size differences 1 t 1a aJ.so noticed 

that tho prese:,t porasi te occurs s!i.rlBly- u factor not 

found 1n ~· aeromuaga. ocorcU.na to Lavina ( 19'71) • 

A· goagtp hoa · en rocordcd frorl din earlier. This ia 

t1o aeoond reoord of the BOl'WS oc~ in India. 

I't 1s also • noted hero t•tf\t this 1a the first tino 

't~1at tho arthwom PJJoxr:ttir¥J ( c (~atgphi,EQ.) gaJ.:LfQ.rt\100 ls 

1""0001'4 f tlli 6 001.1!ltcy. 

1~o1o: 

~cr.lily Zy[Jocy ticloo B h a1:ia. 

, 'ZW.JeY cxtr oly nrJ.y or om ant; oooy ts 

nv.tcu1.ors conor;1lly 1n the a - noJ. vooicl.en 

or coalom of Ollgoehootco. 

... ~ 
I -

dul t troplmzoi to crlara:L'ly P"Jrifom; oceur 1n 

01Jo" or ~upo o£ t.~ce; occasio ally GiM].c 

(u~'Oiai 1933). pore~ co111cal. 11 ·h poet\Uor 

i11ckcn11lut?S at both polco; octozoic; ln tho 

aotninol vonlclca or codlro of Ol!.eoohaotcn. 

'i'he parasite llaa boon p1aecd under the ganuo. 



t f. 
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SpecUic cbaraotersa 

Body ovate ;.;hen at rest and often in a state 

o.f syzygy. Nucleus either at the centre or 

the periphery,. Gametocyet slightly ell1paoidal; 

B!>Ores barrel Shaped :ith plugs at both ends; 

Octozolca Coelozoic. 

The parasite has been reZerred to ere as 

Zygocystia n. ap. (a) 

f{osta Phereti!B!! ( c: l.eta;ehire) californica Kinbera 

(011 .. oeh eto.J 

Site o~ infections Seminal vesicles. 

Locali~yz Kalimpong( alt. 1249.7m), 

·'eat Bengal.. 

rjeeling aistrict. 



Occurr.enc 

NI:.~ G'lliGARif u; PAf AJJ:T~ (No. 8) 

Apolocxstis n . ap. (a) 

(Plu~e XI-XII, figs.l- 5) 

47 

Tho p:.:tr sites ure aeon as small ~ te apheres with 

minute cranulot1ono on tb ur.faca. Th GC 8p0 .JT closely 

dhcr nt to the oraal blood ves el of neretima robuata;:: Perrier) 

collect ~ t orth Point campus, Lhrjeeling. (alt.200lm). 

~om tropbozoites nd metocyst lao occur 1.re in the 

co lo • In eases her infection is not very 1e vy, 

th par site r restrictc to the post_rior two-thirds 

of th orsal blood ves el. In other o th pur ites 

ext nd alone; 'th dorsal blood v llo1nt Wll r 

the intestinal caeca bronch oxt' from th W.i ant ry canal. 

e a cirJens ere collec1;ed throughout the yell.r. 

Morphology: 

fheQe are spherical in shape nd arc often in a state 

of ay~gy . They appear 1remob1le when placed ~ saline 

ter but cytopl.asmlc granules \11 thin the endoplasm show 

acti ve movement . C,ytoplaarn stuins deeply ~1th haem~toxylin. 



F1g.1 • 

Fig. 3. 

PLATE XI 

Dissection of the posterior and of 

pherettM rgbUsta &h0\\'1ng the growth 

of the cystic bodies on the doraal 

blood veaael. 

~po1ocxatis n.sp.(a), magnified 

1 5X 40X. 

ARolocyat1a n.sp.(a), ma~fied 

1 5 A 10A. 



• 
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ut r p ll1cle 1. t tin c pl e th r 1 

no ectoplaa~c pro~o • a 1 round n nr . 

nd doos not "'en ou ly 1th toxyl1n. 

11ere r r 

c nt 11 !ltlv 1: in • 
uc~e?J nnot 1. til ~ • 

pl c n r 1n h 01: th yor 

1& tt t rip ry. 

0 v t.a 

1 .. ..... ~ y 

c 1 rally 0 oint o con ct ot 

t 0 ocyt e. 0 

t ol r ntll on y ndrl'IO 11n ins. 

tt.tr t 1 round i 811 ly 

1 r&r n h tur 0 • It 1 cro 'tl. 

tr. n or • 

lconi • t ronoun c1 

trunc t s. 0 truncut 

out 1.1 htly. 1 ur.t' C· o£ l por t.~ a •1 b 

fin 
~tiofl5 

l which y en cl arly Wl Gr oil 

1 r 1on len • TheG nulos or oft n ceo n1e 

by blue 1 nt ot • ent .&: blo VIII. 



r tt. B L rl VIII 

Meaaw·ementa .for Apolocyo ~ia n.ap. (a) 

RAtlli 

Tropbozol te di&~~eter 54}1 - 100.8 )I 

Nucleua dlueter ll.88 "' - 18)1 

Mature gametocyat .a&J.t )I - llJ.6p 

Spores length 14.~ - l5.62J.l 

Spores breadth 5.9p - 7 .l.OJ.I 

.4. Vi.'D A~t.-
I 

I 

! 

84. 6 ~ l 
15. 1 jj l - · 

~ 9Sfi· 

14.86 Jl 
I 

I 

6.98).1 
I 

A 
·.-) 



Lili'E HISTORY 

(Plate XIII. Fig. 1 ) 

The ·trophozoltes come toge~her in syzygy, 

irrespective ot their Gizea. 

When th adul.ts hav re chefi sexual m turity, t .o 

tro~hozo1ten pnroach one nothor. At the po1nt of 

contact an empty sp ce is visible; especially so 1n th 

middle re ion. Ao the gamctoc.ytea tur the ce 

narro~s down. ext thoy secret cy t all round 

themselves, for,ming the gametocyst. The diameter of 

the gam toe at is lightly less than th actual size 

of the two g metocytes. 

oon the nucleus s... rts to dJ. vide und a. large 

nunbcr of am tea arc formed ~ ccumulation of a bit 

ot oytopla round ach nucleus. Xh nuclei pre ant 

a large variety of for.ms antl do no~ a~ in ho o eneou ly. 

The gametes that are formed are nev~r alignQd to 

~he periphery as 1s the case in all co.mon gre8 arinea, 

but then re-.1n scattered w1 thin the gametocyte 

50 

cytoplasm. The diViding Wall between the t\iO enmetocytea 



disappears. The 2ygot- thut is f .onn d by t !e fu ion 

of the gametes is 1r rGgular in outline nd size, nnd 

are l~aphazardly clio.:~tributecl :ithin the gametocyat. 

~he zygotes produce a chitonouG s crction around 

tb~aelv 8 un~ each of them develops 1nto boat-a 1 ped 

spore. r~ biconical wltb truncated ends and 

the ed cs of the trunc ted ends win,g out W.ightly. 

foUlly- formed g m tocyats re packsd with spor a of this 

kind. Ther ~e eight 

Residunl cytop sm oe 

111 cussionc 

oro2o1tes ~ a spore. 

not occur in the gametocyat. 

5 .. 

The ra 1te bears oli/l'lt ro emblunce to d• ......,.......,.......,. ... : 

(13os uet 1894) in the f~ ct th t oth the pwra itcs 

ppear s numerous ~t c~at~ attachea to ome internal 

or anB 1n th po terior re ion o~ the body of the earthworm. 

o ~v r tb p1es nt r e1 is found r~dinc on be doraul 

blood Vesael While • Qerculaa, Wd Seen attu'- d to the 

alimentary canal. The two par l tes al~o diff r in 

their choice of the host, and in thoir size. 



PLATE XII!\ 

1. Trophozoite. 

2.., 3. Early syzygy and .formation of gametocyst. 

4. ~'u(:lei of the two g_ametocytes break down. to 

fo1~ several nuclei. 

5. Bamtetes haphazardly distributed in the 

gametocytes. 

6. Isogamy and formation of zygotes. 

7. Sporoblasts within the gametooysto 

8. Formation o£ sporocyats. 

9. Individual spore. Note the two truncated ends. 
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Fig. 4 • 

l'ig.5. 

PLATE XII B 

Photomicrograph o~ a mature gametocyet 

packed with transparent spores. 

15 X 40X. 

Photomi,croeraph of the aporoblas ta 

magnified 7 X 100X. Black pigments 

re seen 1n the cytoplaaa. 



PLATE XIII 



The pre ent p rasite resembles 

(Reea7 1963) in the granular nature of tbu ectosarc 

i . e. in both the c o the ectosaro is ranular not 

ppearing as a clc r re ion of cytoplasm a ~ the 

case ln. moat of the sp c.i c; of Monocysti e. part 

:fro this, other jor mo hologicnl dJ.fi rene a al o 

exist botwe n the present para .1~e and ria. 

For exam~e, th hap and iz of the n cleu differ, 

~ a karyosome is pre ant 1.n _ • .....,.;o,:;;;;;;...:;;:;.; while it 1 

b ent in th pr sent a 1 e. h . G1. t o inf eot1on 

also di.f£er , _. 

only, hile th es nt para.ite 1 found att ch d to 

th dorsal blood vassal. 

p aaitc under d1scu ion in ita ito of infection 1e. -
it is £ound in he genital se ant of the 1oot. e 

G1f£ez in thelr r apecti e iz a. 

Ho cv ~ both peas sa densely r nul r anaopla m and 

both re practically inactive individuals. 

!i• per.fi da (Re s,l963) is found in the body 

cavity of _. chlorotica. It has aensely g:unular 

endopl sm, po sessea a karyosome, and its ctopla is 

52 
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differentiated unli~e the pregent puraaite. In 

c ntrast to the present paraoite A• perfida, ia found 

nonmally covered by densE amoabocyteu. 1'he body 

mea urem nta Sl.so vary in th tuo paras! tea. 

lbe presenc of hair-like ectopl.asm1c processes 
(Rues f.~.s3) IT 

:h1cb occur in the body of A• pinoaa,L 4!• e1gflllteai\! ~oCs<. 1s~;) 
(\-\esse -1.9o9) 

A,• villoDa.[ ond _. 1umbr1c1, are absent in the para .... 1te 

un~er report. The above four speci s do not also 

occur attached to th dorsal blood vasse1 of th host. 

Finally it may be emp siBed that the porou of 

the ras1te undet di~cusaion ar ~QUe 1n posse aing 

l rply truncated end. the ed£; s o:f 'lhich wl. out 

slightly. This ·ind of spore n v r en reported 

ttunce 

th nr.une polocysti~ n.sp. (a) justifies its inclusion 

n pecie under the enua. 

Family Monocyatidae BUtacbli 

Spo tes spindle-shaped. 

The pa~asite is placed unde1 the 

~ly on account of this. 



., 1"7'\ 

Genus .~olocystis Martiis 

Trophozoites arc spherical.; solitary; 

absence of any polarity. Spores 

biconical; in th seminal ves1cl s 

or coelo of Ol~eodha tea. 

he p r site is pluc a under th 

Specific char cters: 

enus . 

'ph rical body; nucleus is ither in the 

c ntro or eccentric; Lmmatur g m tocyst 

ll ltly 11 1 thun h ture onea. 

BicoiUco.l upor ;.) 1 th truncutcci endo anu 
Che d£ei.1 of the trunca \. d \::na ... wing out 

li{llt1y. Coelozoio; Octozo1c. 

or the pre nt the par aite 1G re.erred 

to a n.s.P.(a) 

Host: Phcretima robusta Perrier (Oligoc 1aetaJ 

~1te ot infection: It 1 t ch d to tho oatorior 

Locality: 

part o! th dora 1 blood vessel in the 

form of small white sphwes. In he..1~ 

i~fectlon it grows all long the blood 

vessel, up to the point of the intestinal 

caeca. 

North Point, Del~jeeling, (alt.200lm) eat Bcngdl. 



Occurr nee 

NE • GH.~C L't{INB P SI~ ... (No,. 9) 

polocysti s n . sp . {b) 

(Pl. e XIII.F'i · 1 - 5) 

•• . 

rhc trophozoi~es ore seEn s rr~ll. Rite upharc 

1 h minute r lUl. .. ions on th ir au t'ace. 

closely athercnt to tbe uorO)I..:l blood vo:Js 1 of n 

Olir,:ochee'te -.....-..:...;..;;;.;;,;:;,;,;::. .... ......,........, ... t_a ns ln the c~~e of 

polocy~t1 n.sn.(a). e 'ten aloA t e 

dorsal blood ves 1 u to th point w.rtere tl'u. 1nt 1na1 

cooc b ancnrs of t~m ~h 11m nt y canGl . then 

1nf' ctio. 1B not v y he vy th par J. e ar c ni:in 

to the t>OSterior two thirds Of the blood VC 8 1. r 1e 

ap c1m nu 1ere collecte~ throughout the Yt~l. 

bGlical. in outline. ~olitnry 

i'OI'Ij)8 o .... cur but m ny w. e found in a ~ta·to of syzygy. 

Xheae have ~ thin and complet& pellicle, devoid of any 

ectoplasmic proces~es. Cytoplasm ~ f~ely grunular. 

·rrophozoi t cs pp •ur 1t=mobil <Jhon placed !n saline watc::r. 

rr: - ... ~ 



but a brisk movement of the Cjtoplasmic sranul a ia 

noticed. Nucleus is spherical ana eccent~ic in 

position. ~~clear membrane is clearly seen. and there 

is an unataineo urea around th€ deeply•stainea karyosome. 

1he k&eyosome does not occupy a central position i.n 

th nucleus. 

In one caa~ a binucleate condition of tho 

tro:Phozoite haG boen encountered. In another inst ce 

binucleate gametocyte has b en noticed 1·,1thin a newly 

fo ed gam tocyat. 

n i.amatur gam tocyst havln the imulature 

g metocyteo within, is Gl.ig"ltly a aller 1n aize than 

tb ture g etoeyst. All the g· ~tocyats r spherical 

in sh pe. J.'be •ture g tocysts are found to b 

pack d with large sporeu. 

Spores belonging to this p cios ro b1con1cal 

and with flatten d ends. Th n sporen v grJnul ~ions 

on their urface often aceomp ni d by black pi menta 

whi ch are little •ore prominent here than in th~ case 

of the spores of Apolocystis n . ap,. (a) ,. b'or measurements 

soc Tabl e IX. 



T L :r 
nsur.aents of Apolooystln n. sp. (b) 

RAOOE 

'l.Tophozoite dla.a4rter 61.2 ~- 115.2p 

W clata d1a-ter 14.4 ]J - ,29.16 Jl 

Karyoao. 4.32 J.1 - 9).1 
-

Mature g..etocyat 1'09 ,u - 1~3 ... ).1 

Sporea length < 14.2 J1 

Sporea breadth 7.10 }l 

AVERAGE 

93.2U 

21 .07 p 

5··65 J1 

726~ 

14. 2 "' 

'7 . 10 Jl 

'·., 
-.J 



PLATE XIII 

Fig. 1. A'f!olocyst1a n.sp. (b) 10 X 45X. 

Figs. 2- 3. Trophozoite& in y2ygy. A 

Fig. I.a. 

Fig. 5. 

binucleated condition is noticed Ln 

one of the gawetocytea. 

i.)porea mapi.fj.ed 10 X 100X. 

Photomicrocraph of two gametocytcs. 

15 X 10X. 
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Dlacuas1on1 

The parasite under report does not have a 

definite polarity and is spherical in BhapeJ it is 

therefore classified as genus Apolocxst1a. It differs 

distinctly from Apolocyst~~ n .ap .{a)in the possession 

of a very diatinct karyosome with a clear area around 

it and 1n the occurr~nce of cccaslonal b1nucleat 

forms . The spores also differ in shap markedly. 

In view of the di~ferenc a noted above, a new 

pec1f1c status is considered necess ry !or ccomou ting 

tho parasite under report. 

Diagnosis I 

F mlly ~1onocyst1aae ·· t cbli 

Spores apindl haped. 

Th parasit has been placed under 

the r. mily on ccount of this. 

Genus polooyst1s Mart11s 

r.rophozoitea are sphericala solitary, 

absence of any polarity; spore~ biconicalJ 

r - ( 

in seminal ves~clea or coelom of Oligochaetes. 



Specific charactGra 

.Spherical bodies; nucleus eccentric 

in position. r.hero is a clear area 

arounu the karyoso~e. Immature 

gamPtocysts oro slightly amaller than 

the ~ature ones. ~ore ar b1con1cal 

1th flattened ends·; Coelozoic. Octozoic. 

For the ""t'O er1t the par s1 e s ben 

re!'err0o to as Apolocxatiq n.sp.(b) 

iost a flhoretima r-obuuta Perrier l Ollcocnaete. J 

1te of 1nfect1ona On th~ doraal blood vessel. 

Localityt North Point, .Ab.rjeeling (ult1tude 2001m), 

West ngal. 

r::: o 
J . 



Occurrence 

NEW GREGARINE P SITE (No.10) 

Apolooxat1! n.ep.(c) 

(PlateXIV, l''iga. 1 - 5 ) 

The parasite has b en found crowing cloa ly tt Ched 

to the antero-dorsal pnrt o~ th intestin of rat.J:.m! 

( = n:ynthas) alexandri ( eddard), an Oligoc s 

numerous \1h1 t globular cystic bodl.ea. e ., ci ons e 

collected 1n the onth of Octob r 1978, t Ec y te , 

60 

Kalimpone (altitude 1249-.ln} jaelinc district, est ngal. 

Morphology a 

Trophozol t is sph r.ical in outlin • Ch p ll1cl 

is fine nd ooth ur1d 1s devoid o£ any ctoplQsmic processes. 

~en pl c d in aal1n trophozoites ppcar 1 ob1l • 

In stained pr r tiona o1nut nule r .found to occur 

in the cytoplasm, catter d in tlrloen tiny vacuo"! s. 

Tho nucleus is accentr1c in po•ition and spherical in shape. 

There is . well-defined nuclear membrane enclosing a aeeply 

stained ka ryosome which is rounded in shape. The karyosoae 

is situated a l itt l e wny from the centre of the nucleus. 



Fig. 1. 

Fi.g. 2-3. 

PLATE XIV 

Diaaection of the anterior part of 

Pheretima a1•xandri showin8 the growth 

ot tbe cystic bod1ea on the alimentary 

canal. 

polooystis n.ap.(c) 10 X 10X. 

lrucleus of the parasite magnified 

10 X 45X. Vacuoles ana the apherical 

black bodies are sean inside. 

, 
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Vacuoles 'b;o to 1 ht i n number antl of v~ing obnpe and 

size occur in tb nucleus. Very o!ten deoply-stained 

bocUea varying in number a1•e also present io the :nuclou~. 

e ground subat nee of th ttucl~u• under oU illllt!or ion 

lena pear r;n nu-'lated. Fol~ e sur JM~:nts aeo l'ab1e • 

1ectaa1ont 

Apolocystis n.ap. (c), dO(ifl .no't rase:; ul<: "':ny ~.0\,n 

BrGCies ot tte Ho rever, 1 t o ~ot 

pp r nt ain:ilari ty ~1 'th Apolocy:s't1 Lo 1 B~) 

1 that 1 t .1 ., ounu wlli te cy 'tic oLi • a 1..rlc on o 

of t ul1r. ntary cun.al. :.tt 'tu resent dll ... ors 

1 

.......,....._.......,....,.,.....,. ... n.s..,. (c), o.;... o't v cuol 

o not ·tallv 

~ nts d 

c1 s o the 

te 1t1o~ 01 

l a ai te lao .1 t 

pction of th bcmy f'rn!~ t.11 ot. r 

rocor c o f r. 

C~il'" an -cim ~ ol A•fr!flantge ( 'l'roisi 19-i.J) h ve 

been .foLnd to abo ir. ddi tian to th karyonome mall 

p erical ody • 'hi cl'l pro bly could correspond. to the 

et!!all p hrical bodies encount cd in the paras1to u.miar 

•d1 cussion. l'ro1s1 uns usw.n •d tncir s ructu~e to be 



probabl.y ' lipoid in nature•. 

The marked differences mention·d above, warrants 

the erection of a specific status £or the gragar~ne under 

report .. 

Di nouieJ 

mily ~onocyst1dae BUtscbli 

Spores p~dle sha»ed. 

• 

The parasi to s been placed under the • m1ly 

on ccount of this. 

Genu Apolocyst1s ~brt11s 

Xrophozoitas are aphcrJ.cal, ollta.ry, bsenc 

of any polarityl spor s biconic3la in th 

seminal vesicles or coelom of Oligochnete • 

Specific characterat 

~ hcrical bodyJ cytopla prDv1(J.ed with granul 

int rapersed ~n between tiny ~ cuole a 

spherical nucleus eccont~ic in pos1t1on and 

possessing two to eight vacuoles. Karyosome 

spherical and eccentric in positionJ Coelozo1c. 

Host 1 Pheretilla ( g AJgYnthaa) a,l·exand£1 adard ( Oligochaete) 

Site of infectiont Attached to the anterior part of the 

intestine·. 

Localitys Kalimpong (altitude 1249. 7rn) rjecling district, .D. 



Occurrence 

l~ GREGARINE PARASITE(Uo. 11) 

polocxatia n. sp. (d) 

(Plate XV, Pig • 1 ) 

I " uJ 

The parasi t has been observed in th . coelomic fl.uJ.d 

o:t fherot1ma diffr1M~!l!l { :Lrd) an 011gocb 4lt coll cted 

1n the ontb of y 1978, at Goomtl { l.t1tudo 1.37Gm) 

rjeels.ng district. .Jt ngal. 

orphology 

1e trophozo1t J.s :more or lena spherical. tl bo6.y 

is boun cd by a a1 tLnct pellicl • 1 ondopla is 

pack d •1 th p:lragl.ycogen gra.nul a. In betwe n th e granule 

there occur large number of deeply stained boaies. 

Th nucleus is round to ellipsoidal in shape and 1 t does not 

occupy d finite position in the cel.l ody.. I"n l'.aryosame 

is not cl arly visible thoUGh a fuint dark ody can 

occasi onally be located .in the nucleus. 

see Table XI 

l· or r eaaw~ements 



f 

[mgl.oqyQ1;\I n. ap. (d) 

1 ) X 4..,.>: 

.. 





TABLE X 

Meaauremente of Apolocxatit n.ap.(c) 
(5 speciaeu ) 

GE 

Diaaeter 228 }J - 235.60 )I 

NUcleus 39.52 p. - 45.06 }1 -
Karyosom I 14.4 p- 18" 

1 bodi 1.eo p. - 3.6 p 

TA L E XI 

RANGE 

Diameter 57.6 

10.2 

cleus breadth 

.,. (.4 

,. 
;:. . 
AYERAGO 

230.34 }l 

42.116 p 

16.94 )l 

2.01 )l 

AVERAGE 

98.62 }l 

18.6 }l 



Discussion 
, 

• present pa~aa~te differs from other members of 

the genua Apo1osx•M•· _., ige,ntea. A• v111o!! , A• apipoM, 

_. pertide , and A• l!!l!bri.c1 have the presence of 

ectoplasmic procesaeta present on the body aurface. Thia 

featur~ ~s not found in the parasite under report. 

Although _. m).nuta ( ll'roisi 1933) resembles thi new 

parasite in haV1J18 the cytoplasm pack d lttith paraglyco en 

granules, the nucl ar atructure is entirely different; the 

ite of infection is so different. ccording to th 

checklist prep red by Levine (1977), only one apecias of 

.. polocyatis 

• matha!l ( -
th 

s b en diacovared 1n Ind1a so far • 

atia and et 1926) ~as found occuring in 

It di:f'!era 

rkedly from the present parasite in 1ta body 

measurements, choice of he host and in th possession of 

n eccentric k ryoaom and alao in the 1te of infection. 

A comparative t ble of the four new peciea of 

ROlOeyltia deacribed in the thes1a ~s given on the 

follow.tng page. l:kle to its spherical shape the present 

parasite llas been placed under the genua f\Rol.O<:Yatia . 



mparat1V' blo Of 4 c1~ 

her1cal; 
84.6 )1 I Spherlcal; 

93.2)l I Spher.1calJ 
23(),.34 J1 I 

,Spherical; 
98. 62 y. -

nranuJ.ar Granular JU.Vicolatcd Granul.ar . 
t:Ucleus I Snber1c81; Spherical. I Gpher1cal ~& Spher.lcal to _ 

15.19 }1 21.01 }1 vucuolated 42.116 J1 ~oll1pao1dal 19.1~ 

t~ot visible I Present I Present I Not Visible 

Site of I Cy.stic bod.les on 
infection the dorsal blood! 1 tbe dor.Gal blood I dorual aspect of I Coelomic fluid 

vessel. vessel:. alJ.centarY canal.. 

Host I Pheretima rc:b&l 
{Perrier r--

Locality Darjeeling iLr3eeJ.lnB J(a].lcQ1onB Goomti 
(alt.2001 m) (alt. ,2001 m) (alt. 1249 m) (alt. 1372 m) 

r" 
0" 



Diagnosis 

Family Monocystidae ~~tschli 

Spores spindle shaped. 

The paraai tc has been pluced under tho Fatui.ly 

on account of th1a. 

Genus :polocystis t.'oartii~ 

ophozoites re opheric l; solitary; 

bsence of any polarity. upor s biconicul. 

In the seminal vesicles or co la of 

Oligoc etes. 

The parasit is placed under the genu • 

'pecific churacters& 

Body spherical I enr oplaDm ~lckee! 1 th 

/ ~ 
'-· I 

paraglycogen bodies. In be~~oen thp bo~es 

there are darkly stained granules. 

spherical; karyosome not visible. 

Host a Pheretima diffriooens Bairu {Oligochaote ) 

Site of infection• Coelomic fluid 

.,ucleus 

Localityz Goomt1 (altitude 1372m) rjeeltng district, 

West Bengal. 



Occurrence 

NE\v GREGARINE PARASITE (No.12) 

Stomatophora n.sp. (a) 

(Platexvr , Figs. 1,2,3.) 

~1e parasite has b en detected in tho mear of th 

seminal vesicle of gheret1pe d~ffr1ngens (Baird), an 

Oligochaate collect d ttroughout the ye r t Pedona, 

( lt1tude 1l'09 ) , 1n j eling dis"t;rict. W st b ngal. 

Morphology 

Trophozoitea have the form of a disc flattened 

between two pole ; thea parasite ur solitary by nature 

and appenr immobile when placed in no 

outline of the par1asite is :Javy, but 1n some cases the pell1ol 

dips down t several plac s giving th parasite petaloid 

appearance. '!'he pel licl is .fine. In the centre of tlle 

disc shaped body there is a sucker. The suCker has a 

central mucron, which is a cl.ear ring like structure. In 

moat caaea the part o! the sucker aurroundina thia mucron is 

distinctly petaloid• in. other caaea this feature 1e not so 

\IT ell marked. Epicytal striations are also present. These 



extend :tr0111 the mucron to soae distance towarda the 

periphe17. Nucleus is cenerally round to ellipsoidal in 

shape. It is eccentric .1n poa1t1on. A karyoao.e ia not 

visible in mater1&1 stained 1n iron alu. Ha-toxylin, but 
' 

it cOUld b~ detected u~J.ng toauidine blue stain. 

For -aur-•nta aee Table XII. 

Diacusaion 

The paraalte under consideration differ• £rom other 

apeciea tbat have been described under the genua 

stwtopbom. It di.tfers frOID .:..• corcmata ( Heaae 1909) 1 

~.a111J?lu: ( Bhatia 1924} and .§. bul.W•ra ( Bhatia 1924) :1n 

that 1t is spherical ln shape and has a centrally placed 

sucker. The other species have an ovoidal to pear shaped 

body llnd the sucker is placec1 at the anterior encl. 

The present paras! te ~s•bl•• ~· corOM1ja. 1n the 

petaloid nature of the suCker, but the s11l1larity enda here. 
(~~ 1Ql4) 

The epicytal str1at1ona of tbe ,sucker ot e• diad'll[givea 

rJ.ae to distinct lobes in the body. SUch lobe• ~e not 

present in the species under report. rhere ia alao a .marked 

<llf:terence 1n tbe abape and size of the body in these two 

ca•••• These pecular1t1ea are auft'icient to aeperate the 



PLATE XVI 

Fi«•• 1 • 3. 

Various £orms of tOIICltophOf! n.sp. (a) 

10 X 45X 

y 



LA 1 

2 

3 



TAB L E XII 

asureJMmta of -----c==~-

RM:GE 
" 

Body dialleter ' 4).2 1J - 82.8 ~ 

Nucleus 10.8 1.2 - 25.2 ·~ 

Sucker 9 ~ ·- 36JJ 

Mucron 4.32 ~ ·•10.0 }1 

av.£RAGE 

6.3.12 ;u 

15.21 ~ 

25. 6 }l 

I 8.04 }1 

-

I 
I 

1 

1 

') 

_, 
0 
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present parasite from the previously described onea. 

This necceaslates the erection of a new speciea. 

:magnosi.e 

Family 4:»tomt~hor1~e BhatLa 

ophozoitea ar pherical to cylindrical or 

cup-shaped with sucker like epimerite a spores 

ar navicular, ands truncated. 

aemjnal ve51clea of fberetl!p. 

Genus .~omatQRhora DMU1evetakiy 

0otozo1c1 in 

b'pherical or ovoid J anterior end 1 tb suck r 

l1k pimer1te with central muoronJ s.pore 

vicular. 

ot Ol:Lsocllaetea. 

Spec1£1c chnr.nctersa 

ody opherical. ;. p riphery of th body is o:t:ten 

deeply indented giving the parasite a petalo1d 

appearance. Presence of a central sucker which 

haa a small mucron. Nucl.ewa ia eccentric in 

position and s riher1ea1. C,ytopla .. alveolated. 

orea naVicular and truncatecl. Coelozo1c. 

fhe parasite has been reierred ~c nere as 

Stoma~oohora n . sp . (a) 



Hoatc Pheret1u cliftriMeM Ba1rcl(Ol1gochaete,. ) 

Si. te of 1:n.fect1ona Selll1nal veaJ.clea. 

LocalityJ Pedong ( al.t1tude 1209 m), ~jeelin8 cU.str1ct1 

Weat Bengal. 



Occurrence 

NEW GREGARINE PMiASITE (No.13) 

stopp)apbarl n . ap. (b) 

( Pla'te XVJ;I 1'J.c•• 1• 2 ) 

..., .... 
I ... 

The paraaite haa been detected in the smear o~ tbe 

seminal vea1cle ot Pbereti!a 4&tfr1pi!Q! ( Baird), an 

Oligochaete collected throuabout the year t dong alt.1209 m) 

rjeelin8 district, est Bengal. 

Morphology 

l'he trophozoite• bave the form ot d.iac that has be n 

f1attened 1:\-1 en two poles. Tbey r solitary and lie 

immobile ln salino water. 'l'he outline of the body ia wavy, 

but at certain pointa the 1~ellicle dips down giving riee to 

a petalold appearance of the body. 

diac- shaped body there 1e sucker 

In the centre of the 

ith 1i d mucron whiCh 

ia filled with -.all vacuole like areaa. SUrrouncl1ng the 

a:acrcm. clear petal like structures are observed.. i'bese 

atnaoturea are ..all and unequal. in aize. Nucleus 1• 

round and takes up an unit' ora bl.ack ata1D with Heidenbain 

iron alum Haematoxylin. In a t.w 1natancea the nuoleua waa 



PLATE XVII 

F1ga. 1 - 2. Photomicrographs or 
Stomatophora n.ap(b). 

1. 10 X 100X. 

2. 10 X 40Y. 
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ellipsoidal in shape. ~itb toluidine blue stain there 1a 

an indication of the presence of a small karyosome. 

Gametocyate that are o~erved are always spherical. 

The spores are irregularly crowded vith1n the cyst. 

Spores are navicular. 

For meAsurements see Table XIII 

LIFE HISTORY 

(Plate XVIII) 

/hen ~ o trophozoite& ecome mature, they approach 

ch other. ttach and their sucker i'Uae d.issapearina 

there ter. Both the metocytes ecrete a cyst wall round 

themselves. r o gametocyte& enclosed by o cyst wall un ergo 

reduction 1n vo1ume. s u result the gametocyat that is £orrned 

1 much .allar in size than the ctual izcs of the two 

initial gametocytea. In fixed and atai.ned smeara, a 

cons1rle~able ·pace be~~een the cyst w 11 and the gametocytes 

is occassionally seen. ~s y be an nrti.fact. caused by 

the action of the fixat1vea. The gametocyat 1a always 

apher.lcal in shape. 

Gametes are fol"'led by the d1 viaiOD o:f the nucleua 

and the accumulation of n bit of cytoplaa• around each o£ 



I 

I 

,Body dla-ter 

Nucleua 

Sucker 

Mucron 

Spores length 

Sporea breadth 

Gametocyata 

Gametes 

T A B L E XIII 

f.leasurements of Stomatophora n .ap. 1(b) 

I 
RAJ~ AVERAGE 

50.4 u - 93.6 }J. 71 .• 64 p 

10.8 p. - 18 Jl 1:5.00 }l 

21.6 JJ· - 39.6 p. 29 .• ,28 Jl 
- . 

10.8 )1 - 28.8 }J 19.26 J1 

7.10 :JJ 7.1 J1 

.3.55 .P - 4.4 J1 4.02 )l 

90ll - 118.8 u 110.16 Jl 

1o42 U - ;..> • 1 U 1.86 )l 
-·-----~--

J ,, 



FitJ. , 

1c. 2 

·ig. 3 

•1g. 4 

' ,. 5 

e. 6 

Fig. 7 

Fia. a 

fLAm XVIII 

<J1triiM'\f'•n zoi to. ap.(b) 

~Y~ml· 

r ... UOl.ear fisSion in the tvo ' ctoc"Jt o. 

ton, fomod by tlla OCtDUl.atlon of ~p'loro. 

cb nucl. o or ol.iC~'1. !n parlp .. 1ery 

of he otoc".tat. o31<1u31 1a ~ ............. 

0 :tr . 

om tlo of OI'OCIJS~ lnai<lc 

lOturO cto<r;at l)O.c.i~od \1.1. tll 

IM! V1duol. oporcn 10 X 1000C 

cvclq}.Xlo..'lt o~ a yoanu 

ool'Ula. 

o otooyot. 

cyott;. 
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tho prodUctb of d1 vioion. ~he 1ina of demarcotion 

bct\1ccn tho trJO amotoayats is st!.l.l disccrn1 ble at this 

stase. O:nctas orransc tha!1Bel vcs alexl.!! the periphery 

of tho goootocy.ata. ~o BC:J otea ez-1 vod from ono aamoto-

cyto the..~ ruse m th tl10ae dor1 vod fror.t tho othor. 

· ct1 1ndJ. Vidual eyeoto acretos a lm.nl chi tinoutl 

mlll. ho B ctocyat elwaya 

hwo c t of r sMual O.,lfto})loso wh1c.trt ooo 1 d1GOl:)Dcurn. 

turu notoc rat 1 o'tdly ao ·cd rl th pores. 

'0 octozo.tc. 

scu0Ilion1 

tool'top ora n.sp.(b) e b'lc , 1m 

eoies oocribe.::L oo £er rndor he e.."lUS. t dif oro f: 

gJ.adtpa, in the pos1 tion 

of the sucker. It hns close "'erlbJ.ancc to Stspatopborg 

• sp. (n) CY..oez)t tbat cron in nc paras! t tU¥\ar 

ro:oort £a \'llde SBOU. wet!O'lnr otructur a. 

he pn ctorn of tllo suckor oJ.oo varlos. he paraai tes 

under report al.eo dif.fars bttl ep. (a) 

1n the ~errts of the body and can safely be 

reaardod os a distinct spoc!.es. 
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Diagnosis 

mily omatophoridae Bhat i.a 

Trophozoite& are spberica1 to cylindrical or 

cup-. shaped with sucker-like ep1mer1teaJ spores 

r navicular, ends truncated. 

eminal v aiel a o£ Pheret1ms. 

Octozoic• 1n 

0 nu o.atopho~a Drihevetskiy 

pher1cal or ovoid; anterior end with a suck r-

11~ ep1mer1t with a centr l cronJ por 

navicular. Usually in th n minnl v icl 

of Oll ochaetee. 

c1f1c character 

Body pherieal; p .rlphecy of the body is often eeply 

1nd nted giv1na a petuloid pp ranc to tho 

body. Presence of a c ntral sucker with wid 

mucron filled with v cuol lik reaa. 

is eccentric in position and ph rical. 

ucl us 

cytoplasm 1a alveolated. Spore vicular d 

truncated. Coelozoic. 

Host 1 Pheretima c11f£rtMena Baird (oligochaeta..) 

Site of infection: Se~nal vesicles. 

Locality& Pedong( altitude 1209 ) tm-Uo ling dJ.strict, est 

Bengal. 



Occurr nc 

NEW GI\EGA'RINE PARASITE (l~o.14) 

omatophorp n.sp. (c) 

(Plate XIX, F1g~1-2) 

78 

le paras! te has been detected in the ar of th 

se 1nal v oicle of Pheretlma an 

Ol1goc t collGct d. in the onth of July 1978, t Jor 

rbarl (altitude 2171m), j e11ng diatr~ct, eat Bencal. 

orphology 

Trop .ozo1 tea ar-e apheri cal 1.n bape and ar 

aurround d by fin pellicle. Cytopla 1a lveol t d. 

cleu.a 1 1 tuated ne r the periphery of the body. It is 

pherical in bape and takes up a dark ataln uniformly. A 

taryosom is not visible. The 

cha~ oter1st1c f _tur of th 

ucker is the o t 

ros1te. It is or 

centrally pl ced. A mucron la not di.stinguishable. 

or 1 s 

• om 

the sucker blunt and lon prolongations rad1 te outwards. 

The number of these prolongationa vary !'rom one indi v.1dual 

to another. Tb ent1r sucker is surrounded by a do.rk halo. 

For easuremonta see T ble XIV. 
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PLATE XIX 

F1ga.1 • 2. stomatophora n.op.(c) 10 X 45X. 

F.ig. 3. SlRfMtOphOfi n. sp • (b) 10 X 45X. 
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Diagnosis 

Fa•ily Stomatophoridae BhatLa 

TrOphozoites are spherical t o c.yl1ndr1cal or 

cup- shaped with ucker like epimerite• spores 

are navicular, endS truncated. Octozoica in 

Genus stomatophora Drzhevetekiy 

Spherical or ovoldJ anterior end with sucker 

like epimerite wi tb central mucron; spores 

vlcular. Usually in the s m1nal v eicle 

of 011 ochaetea. .L'he oara"""'~te- Oc.l. .... oLen P-"-d'-' ·a 

under .... he )enus . 

pacific character 1 

dy spherical; riphe~ of the body is 

un bvok..e f) J_v:ing the ras1te u s.phe W"il!.a! 

ppearance. Pr a nee of a central ucker which 

has 40 central mucron. Nucleus is ccentric 1n 

position nd spherical. CYtoplasm is 

.alveolated. Sporea navicular und truncated. 

Coelozoic. For the pres~nt the parasite has 

been referred to as Stoma~ophora n.sp.(c). 



8 0 

Hoat: •r!UM al!!f!!dri Beddard {01igochaet a.. ) 

te of 1nf'ect1ont 1ie&1Dal. veaicl .. 

LocaU'tya Jor I?okharl ( altitude 1271a), rjeG.lng cllatrtct, 

••t llen£al· 

i' A B L E IV 

easurements of ~~omatophora n.ap. (c} 

RANGE VERAGE 

Body diameter 30- 6 p - 9:'7t~u ,b.~ J.l 

Nucleua lo·B p -.25-Z ~ 14. 6 ~ 

SUcker J.1.6 }J -~,.'(; J.l ~.~ p 



Occurrence 

NEW GREGARINE PARAHITE (No.15) 

A (A) n.gen., n.-.p. 

(Plates XX • XXII, Fia•• 1 - 3) 

The parasite baa been detected tn the aear of tbe 

coelomic fluid of Allptl')U ha!&Y!Jl\1! (Roaa), an 011gocbaete 

COllected in the montba ot October, ovember, May, June and. 

July 1976, at Goollti (al t1 tud 1372al), Dar3eeli:Dg diatrlct, 

est al. 

Mol1lbologya 

o fo of the trophozoite w r encountered. 

1 rger .form aft4 a 

rg r ~o : 

_ 1 r form. 

oatly ol1tary trophozoite• w re o aerve n on 

instance which ppeared to be n arly gametocyst tage. 

regarin a re slightly curved ~odiea concav on one 

side and ulgl out at the other. e to ctive 

movement the parasite exhlbita large variety of pea 

that range :trom a rotund ~onn to an elongated one .• 

A thin pellicle eneloaea the bo<ly. The cytoplaa• ia 

alveolated and packed with paraglycogen granules. At the 

8 t 



t\1o terminal ends of the body two epimel'i tea occur. These 

epimerite& are the characteristic features ot the parasite. 

· ch epimerite conoista of short, thLn and contractile 

processes, four to seven in number, arranged in the .form of 

crown at each end of the trophozoite. The processes ar 

extremely mobile nd due to contractile nature they p ar 

to change their shape fr quently. lbe granular part of the 

cytopl sm, 1,e.the endosarc 1 clea~ly vts1ble within th s 

processes. Th granular part is surrounded by clear 

extentlon of th body all.. :Ucleus 1s ore or le a 

elonznt d nd gently tapers t the end • It ia ccentr1c 

in po ition. A karyosome 1 not visible, though a l1gntly 

stain d urea occur in th centre in terial.s stoJ.ned with 

iron al Hae toxylin tain. 

in £resh tarlal examined ~ 

karyo ome io 1owev r, en 

lin wuter. The cytcplaum 

1G heavily laden with rea rve p·raglycoeen mass san 

up deep taln. 

ll r formsr 

l'heae ar very much like th b1 ger !orma, e.xc pt t 

there is a slight var~ation in the hape. The individual 

is sausage shaped and is occaa1).onally bent in the middl•. 

Epimeritea consiDting o~ flexible processes are present at 

the t\;o extremitiea as in the cas~ of the bigger foraa. 
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PLATE XX 

Fig,. 1. Camera lucida drawing ot A (!) n.g •• 

n.ap. (larger form). 10 X 45X. 

Fig. 2. camera lucida drawing of the smaller 

form of A (A)• n.gen •• n.sp. 

10 X 4SX. 

Fi g . 3. Epimerite of~ (~). 10 X 100X. 



PLATE JqT 

Figs. 1. Smaller form of A(~) n.gen. n.ap. 
15 X 40%. 

Fig. 2. Larger :tona of A(~) n.gen. n. ap. 
15 x 4ox. 

Fig. J. Photomi¢rograph of a.11 enlarged 
view of the epimerite of'~). n.gen. 

1' X lOOX. 



:1. 



PLATE XXlJ 

F1J.1. Spore of ! (&) n.gen,n.ap. 
10 X 100X. 

• 



P L A T B XXIl 

• 
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The smaller form has a greater degree of flexibility and aa 

euch they present a greater variety of shapes. The 

nucleus is eccentric in position. s in the caae of the 

bi~ger form the nucleus tapers gant1y at the two ends . 

Cytoplasm of the smaller form pos eases scanty paraglycogen 

~ terialD nd takes up light stain. 

rhe spores ere biconical in shape. 

For easure~nt see Ea.ble XV a) & .~: b1e Jtvl (b) 

.ncussiont 

!(s.)n.gen. ,n. ~· D o-w cer in 1m1larit1e ~ith 
(~ees 1.964) 

ndrocystis (~ Arborocxotia)pirifor.mes[in that the 

pimer1te is COIDtlosed of blunt fiex1ble processes cono1st1ng 

of irlternal granular endosarc ourrounded by ~;. clear octosarc. 

The present parasite has two u~ epimeri tea t the ~·o 

poles in ontrast to a 1ng1o epimerite 'Whicll occurs in 

Dendrocyatie(• Arboroc!•tia) piriformoa. part from this 

difference, the t\io parasites also differ in their choice oZ 

hoat and in their choice of the site of infection, and also 

in morphological chnracter1st1ca. 



1' A B L E XV (a.) 

easurements ~of ,a(!Vn.gen •• n.sp. 

Laree:r t:~ 

{ l' 
- NGE I AVERAGE 

Length p 2~.68 p 

Breadth 57 .• J1 104.88 )J. 

Nucleus length )4.16 }J 

llacleu.s breadth 12..60 17 .• ·66 }l 

"! 

C:l 
h 



IAJtltlt 

Breaftb 

Nucleua leJCt:h 

*cl- breadth 

T A B L E XVI (b) 

Mea~s of A'Wft•B•••n•ap• 

S..llal"' 

RANGE 

54.84 Jl. ·- 172.44 J1 

14.4 ,.. - .53 " 

14.76 )1 - .29.52 ,)1 

:5.76 )1 - 17.64 }I 

AYERAOB 

106.68 }I 

29·12 )1 

21.8' ~ 

9.86 Jl 

I 

r-:> 
Ul 
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~1rlier report of a gregarine possessing two ep1mer1tea 

of the described nature does not exist J.n the liter·ature. 

D~e to the occurrence of bicon1cal spores and .alao 

due to the fact t t the gregarine possess epimer~tea 

consisting of flexible processes comparable to that in 

_ndrocyatia (a t\fborocxst1a) J21r1tonM•· tho par~as1 te nnder 

report han been placed under the Family Monocyst1dae. 

nm1 generic name J.s proposed to be asa1gned to tllis parasite. 

Diagnosis a 

Family r·1onocyst1dae BUtschli 

pores spindle-aha ed. 

The p rns1t has been placed unaer t he Family 

on ccount of this. 

Genus !! n.gen. 

Sol1ta:ryJ presence of sucker-like epimeritea 

t botb nds of the body; body lonaate, 

generaLly cone ve on one ide and convex t 

the other. Nucleus eccentric and eloll[,;B.ted. 

Spores biconie&ll Coelozoic. 

Specific characteraa 

Two apimoritea consisting of variable number 



ot flexible processes occur one at each 

end of the body. Body is conwave on one 

side and 1s convex on the other aide. 

trucleus eccentric 1n position. 

b1con1cal. Coelozoic. 

Spore a 

G? 

Host 1 wa,yanus Rosa { OlJ.gochaeta ) 

SJ.te of infection• Coelomic fluid . 

L~calityJ Ooomt1 (altitud 1372m), Darjeeling district, 

.est engal. 

DDITIOR4L OBSERVATIONt 

Fro• tho aurvey undertaken in the ~ourae of the 

present tudy it ~ £ound tnat th parasite is aonal, that 

is to ay that they re av 11 'ol only t certain p riocio of 

the year. In the month of October, th host rthwo a 

showed a very hiah ~ncidonce of infection. 1'he collection 

in th month of y, hawed far lesaer incidence and the 

few par sites th t occurred ere 1 obil • COllection.. of 

the samples made in the month of July revealed total absence 

ot the parasite. 



Occurttnce 

NEW GREGARINE PARASI'lE (No.16) 

.1! (a) n.aa., n. ap. 

(Plate XXIII, Fig. 1 • 4) 

.. n r 

'l'he para.ai te haa aen detecte<l 1n th aaaar of the 

coelomic fluld o~ App0£!Ctg,4H trm•:o14t• ( ea) an 

011 oohaete collects in the ontha o.f March nd pril 

1978, t nchal (altitude ~9.66m) r~eel1ng di trlct, 

eng 1. 

orphologyJ 

rrophozott Qhang nap constantly t o h t 

ret 1n &n longated J?P in geu • 
constant ~ ture s. napu is t d ia 

blunt and rounded hil th othar p rs to a point. Th 

ntirc body 1 enclo ed by thin pelliCle. cytopl a is 

filled w11tb lar elong te p re. lyc,,g gr nul , 

interspers d 1n between theae gr nuloa there coeur 1arge 

nueaber of deeply atsined bodies whic h are spherical in 

ahape and variable in size. ucleu.'i :tlowa al.ong with the 

current of c,-toplaa. and J.n tJ.xed a11d stained aateriala 

1t occupies different poaitiona in the body. uclous ia 
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ellipsoidal in shape but in occasional specimens it is 

slightly spherical . Nuclear memberane 1a very thick at 

certain places, thl.n elsewhere , and is unevenly stained \'lith 

iron alum haematoxylin. Karyosome is variable in shape 

and size nd consists of darkly atained and ligltly stained 

areas. The whole atructurc of the karyosome is 

suspended within the nucleua by some thin connections 

extending towards the nuclear membrane. The empty areas 

in between these conn ctions give the nucleu. a vacuolated 

anpearance. 

Spores are large and typi.cally biconicw in ohape. 

For me sur menta see Table tvll. 

scussion 

On account o£ the typicu .~y b1con1cal spore that 

have been found aloDB w1 th the trophozo1 tes, th parasite 

s b en placed under the ~tunily 1onocyat1 • i o ember 

of the various genera that come under this Famlly have aey 

similar! ty with the gregarine under report, which is unique 

1n exhibiting a constant change of' shape in the living 

condition. The only other member of th Family 

onocystidae, havj_ng an elongated shape is Nen¥~t.ocystia. 



PLATE XXIII 

Figa. 1 - 2. '1\fo rorma of tho pa~eitc 

j(&) n.gan. n.sp. i'hc deep atainad 

bodiea are seen il'lteraperaed 1n the 

endopla••· 6 A 4SX. 

Fig. 3 • 4. Enlarged view of the nuClei of tbe 

bOve parasites. 10 X 1oox. 

Fig. 5. · otoai.Cl"Or'raJ>h of Jj {!!)n.gen., 

sh. ;uJ.ng the nucleus and the d&op 

tn1ned botiiea. 10 X 40X. 



rig 
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T.he r·as1 te under report, however, ot.w.nt;es 1 ts .form 

constantly unlike l•er;atocyst1s , and exhibits cliatinct polarity 

ln having rounded end nd a tapering end, characiera 

not s een in ematocystia. The nucleus of this parasite 

also possessea peculiar f turea not comparable to anything 

oaen in the nucleus of gregarlnes belonginc to other genera. 

In view of these peculiarities it 1s proposed to 

create a n enua .for r ceivinC! this pa~ site. 

Din mo~is 

Family onocystida ··t chli 

~pores vpLndle ah red . 

l'he po.rasi t 8 n pl cea unacr ~1e 

F m1l.y on ccount of this. 

Genus B n.gen., n.ap. -
Solitarya chane nape conotantly thougn they 

retain an nupe 1.n gen ral. 

~ores biconical. Coelozolc. 

The parasite aa been placed under thig genus. 

Specific charactersa 

SolitaryJ body chan«•• shape constantly 

~hlle retaining its elon ated appearance in 

general. One end 1s rounded and blunt and 
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PLATE XXIII A 

B,POroa of Jl(Jl) goo. • n. ®• 

to x •oox 





TAB L .E XVII 

ea:aurements ,of B(£)n,gen.,n.sp. 

RANGE 

Length 254.22 ~ ·- 448.4 p 

.Breadth 34 •. 2 Jl - 183.~2 .J.l . 

Nucleua length 19 p- 38)1 

NUeleu.a brekdth 17.10 J1 ·- 25.2 J1 

Per aglycogen granul·es .• 28 p- 4.40 Jl 

Deep ~ta1ned . bod1es ,.28 "' - 3. 55 J1 

~rea 29. '52 )1 .X 10.8 J1 
--- ----

AVERAGE 

320.836 p 

.51.796 u 

26•95 J1 

l9.9't Jl 

·2.72 J1 

:1.715 J1 

29.5 )1 X 10.8 p 

i 
I 

I 

I 

I 

') 

... 
~ 
~ 
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the other end tapers to a po1nt. Hucleua 

ellipaoidal, with a thick nuclear membrane. 

Karyosome variable in ohape and size and 

consisting of deeply stained and lightly 

stained areas ••• suspended within the 

nucleus by thin filam ntous connections. 

no 
I ~-

Cytoplasm dotted with deeply staining bouies; 

Spores b1con1cnl; Coelozoic. 

iost: ,Enorectodea trapezoides 

!te of infection: Coelom!\; fiuid. 

es ( Olic;oclla te...) 

Local1tyz .,enchal (altitude 2269.66m) mrjeel1ng, ent Ben,eal. 



Occurrence 

NEW GREGARINE PARASITE (No. 17) 

~ (,2)n. gen., n. sp. 

(Plate XXI" Figs.1 - 4 ) 

The parasite has been detected in the smear of the 

coelomic £luid of Apporectodea ~rapezoides ( Dugea) an 

Oligochaete collected in the months of March and April 19781 

at Senchal (altitude 2269.66m), Darjeeling, est Bengal. 

orphology 

Trop!lo oi tes c:te.nge shape actively,, .forming in a 

majority of cases one or two elonL~ted processes of the 

pellicle,at the terminal ends of the body, i hil the 

rest of the body, cons1st1ng mainly of endop~asm occur as 

an elongation or as a temporary bulge. Endoplasm is packed 

with large elongated paraBlycogen granules, but scattered in 

between these there occur a r1umber of deeply staining 

spherical bodies. Nucleus is ellipsoidal in shape, but 

spherical ones have also been encountered. In freah smears 

the nucleus flows along with the endoplasm. In stained 

preparations the nucleus takes up various positions. A 



PLATB XXIV 

Figa. 1 .. 4. Various forma ot li(l) n.gen. 

n.sp. Ths pell1C\ll.a!' ex~o.ent1ona aeon 

vary 1D numb&~. 6 X 45X. 
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pher1cal c1 deeply taiDe . karyo•-., eccentric 1D 

o 1t1on 16 prea nt 1n <th nucleua. 

pore a are large and icon1 cal in ahape. 

or nt •• ble VIII. 

,c d una r 

., 9 4 

onooyot1da conical. ores. 

nt1o 

d 

1925). 

e1a1 howeY , 

1n 

because in 

proc 8 1n sJ:t 

teupor ry 1n nature. 

_D.s].oboaa t.s restricted to tile 0011• of P1J•nrS'M 
bereaa 



• 

• 

I 
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the prenent :parasite occurs in the coelomic f~uid of 

Anporect~dea ~rapezoides . 

'l'he pa~asite di.ffe:r•a :from !! (!!)n . gen. , n.Bp. in the 

structure of the nucleus and in po sesslng extcntions of 

th body form d of p llicl alone. 

9£ 

In view of the inconstant shape oi' th body, 1 t has 

be n placed und r genus !! , and due to the pre enc of 

occasional t mporary pellicular p~oject1ons 1mulat1ng 

»ermanent srin lik nroceas s of Dirhypc ogvatia, features 

founo nmfh r ele in oth r re ar~ s, it 1o ~el~ 

nccessaey to erect a De\'1 pecies to r ce1v this rasi.te. 

Diagno is: 

mily onocyst.1 Biitchl.1 

por ni.ndla ped. 

e paraa1t s b~en placed undor tho 

Fainily on 'count of this. 

a llU8 a n •. p;en. 

3ol1tary; changes shape constantly though 

they retain an eloll8ated appe ranee in 

general . ~~ores b1con1call Coelozo1c. 



Spcc1~1c charactera2 

Trophozoi tes ~change abape acti V t ly., and 

in a major! ty o£ case a produce a one or two 

elongated p ll1cul~r projectiona, the reat 

of the body consists of cmdoplaa~ which is 

either elongated or appear s a temporary 

bulge. Nucleus Bphcrical to ll1p6oidal 

with a 1arge spherical karyosome. 

97 

l:.ndoplaam do"Ctea with soveral deeply st l.nina 

bodies. ~~ores bicon~cal. Coelozo1c. 

test o ;Eeorectodea ,tropezo1des lllget; ( Ol1goebaetc.. ) 

S~te ot 1ntect1on: Coelomic flu~u. 

Locality: SenChal (altitud 2269.66m) DnrJeel1ng, est 

engal. 



NEW HOST RECORD 

Stomatopho~a coronata has been previously 

recorded by Hesse (1909) from Pheretima hawayanq; 

9 f 

and Bhatia (1924) from Pheretima barbadensia. 

During the present investigation it was :found 

that this parasite occurred also in Pheretima californica, 

differing only in measurements. 

0El\1ERAL CHARACTERS of Stomatophora coronata. (Hesse) 

:Body ellipsoidal; sucker present at the anterior 

end. The sucker consists of a central mucron surrounded 

by a crown of petals, which are variable in number. 

The nucleus is spher1ca1. See Table No. XIX for a 

comparison of stomatophora coronata discussed earlie1 

and the same parasite reported here. 

DISCUSSION 

From the above data, it is clear that the 

species obtaine~from Kalimpong are u~ch smaller in 



in size than the one described by Hesse (1909) and Bhatia 

(1924). Apart from the size factor, the 

general body outline of the parasite, spores and sucker 

are more or leas s~lar ae also the various stages of 

the l.ife cycle of the parasite. 

It is possible that the variations J.:n tho size 

could be due to environmental factors, particularly so as 

the ltitude of Kalimpong is much Jligher than that of 

Punj b or Labore. 

ltence to tf! it can be concluded that u~omatophora 

coronata • ha been recorded £rom India for the econd 

tim(~ ith ita host being Ph l"et1mu californ1ca; the 

specit:ens were collected .from Kalimpong (alt. 124 ) • 

mt Labore 

by .Bllut1a. 

It •Y also be entionad nere that Pheret~ cali arnica 

has been recorded for "Cht: first time from India. (~oota 19'17). 

It ~ recorded previously from everal separated areas 

outside India. 



CCff.PARISON 

Length 

.Spores 

Host 

ncu.an 
Locality 

l'JillL.ts 1\0.: XIX 

EEN .:!• ""oronlll.ta ( HJ:;S~E 1'909) & .,e. coronata UNDl!.R RbPORr. 

s 

11 }1 """ 72 }J 

Macro - ·9 }1~11 'l1 by 5 p-6 Jl 
10.8 )l by 5.4 )l 

Pheretima ~badensis 

-------- ·--------~ 
Punjab & Lahore ,Kalimpong 

_. 
0 
0 



RCVI .. · " AND CHECKLIST OF TH ACLPHALINl:. ORilli~RIN.c.S 

FOUND IN TH .... TERf<ESTRI L OLIGOCHAETES (E;ARlHu;OBM3) 

IN INDIA 
( * indicates n~ s nec1es described i n the thesis) 

Famllyl- Monocyatida ···tschli, 

• 
Genua:- Monocystis tein 

1. 1:1• be rd1 Ghosh 1923 

1 0 1 

In th seminal vesicl s of ........ .._.. ...................... oni_. 

coll ctod tro Calcutta, t Ben;sal. 

2. ~· b ngalen~1s Gho~l 1923 

In th erninal vesicles of P1e~tima eoathuma, 

collect d. .fro Calcutta, est Benvu,. 

.:1· _. lloidi Ghosh l92J 

In th seminal vosicles of Pheret1 posthum collect eo 

.from ~1 cutta, est Deng 1. 

4. fl• J2heretim1 utia et ~..aterJee, 1925 

In the 1nal. ve icl of ph rct1 poothut , collected 

!rom Punjab and Bombay. 

5. *Monocxsti~ n.sp.(a) 

In the seminul vesicles of Apporectodea tJ•apezoides, 

~collected from :3enchal (ill. t . 2269.66 m), Jhrjeel.i ng . 
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Ocnus:-

6 . ~· tia ot Cnuterjee, 1925. 

In the seminal vesicles 

collected from Punjab. 

7 . !.• ~1Jtaryoaomata t1a e't Cha'terjee 19t!5. 

In the seminal vesicles of · aenia f oetidll , collected ---
fr unj b no aaaul.1. 

s . l • otephenson1 lliati et etna 192b. 

In th eminul vea1clos of ~tvphoeu 

collect d f~ Punjab on Kn aul1. 

-• verrn1cularis le o 1 • 

In th seminal vea1cl s o£ ~~~ 

coll ctea from Punjab. 

10. * c~atocyG~ia n . Ep. (a) 

• 

In the coel~~c fluid o~ nporectod a -.-.--~--~· 

collected £rom Sencbal ( alt . 2269.66 ) , rjecl1ng. 

11. « ~emntocyatis n. ap. (b) 

In the coelomic fluid of haretima --~~-.--~ 

collect d from Goomt1 ( alt . 1j7~). rjeel1ng a1otr1ct . 

12. Nematocxat1s n. sp. {c) 

In the seminal vesicles or _ tYphoeus mamm1c1, collected 

f rom ft.angpoo ( lt. 2164 . 75m), jeel..t.llg district . 

13 . • ematocystia n . sp. (d) 

In tho coelomic .fluid of Phereti ma dif.f'r.ity;ena, 
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collccte f o Goomti (alt . 137~). ~j elinu uis~rict . 

14 ... n. p( ) 

In tn of ~xphoeu __ aammtei, collcctea 

fro Wlfl)O'> ( lt. 64.75mJ. Jeeling (i1atr1ct . 

Genu : Apolooyatis Co1notti u rt11a 

In the oem1 V'E) iclea o:t J,ec.ascolu trUo'batua, 

collect d from Bo bay. 

16. * polocysti n.ap.( ) 

18. 

In the co lo , gra: 1ne ou top of th dora 1 ves>Jel of 

from ~ j eling lt. 200lm) 

In the co lorn, fWOillng on top of h doraul vessel or 
Pher tima robuata, coll ct d ~r{)Ll UJrj cling (alt . 200lm) 

In tho co lo , gr-o; ing on t o of th imentary 

canal ( nterlor r ion) of l'leret1ma collecteu 

.from Wl1mpoll8 ( lt. 1249. 7m) Jllrjeel1 district. 

In th coelomic flu1u of Pher t1ma dlt~ringens, collect d 

fr Goomti (alt. 1372m), l.:arj l ing diDtrict. 
FamiLy :ZygocystLdae BhatLa 

Genusa Zygooyst1s Ste1• 

20. p. ( ) 

In th a 1nal fluid ot eretima californlca. collected 
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fro Kal1 01 (al • 1249. 7m}, larjeelin& d1at~1ct. 
Family~ Stornatophon.da e P.hatta 

Genus& ~tomat~ora zhev ' 1y 

21 • • bulbl fera h3t1 an 
... 'II!' . ....... 

tna 1926 

In th 

fron Bom • 

1 v sicles oi her et 1ma ongata. collecte~ 

22. ~· coronata ti 19~4. 

23. 

24 .• 

fro Punjab. 

• - i adema Dhat1 1924. 

In th o 1!!11 1 veaicl of Pner•t1ma barbadenaia 

co~1ect u from nj b, 

colle~t d ~om Calcutta • 

eret1Jie. posthw 

....., ...... ......,o....,n; .... h ... o...,ra ... n . • (a) 

In the ern! 1 ve~iclea of Phereti~ ~ffringena, 

co11 cte fro P ong ( aJ. t . 12091\) • rjecling distr ict. 

In th a nal v icles f r1.n,gena -
coll etc fro J?eaon.::. ( lt.1209m ), Ulrje el1DB dist r i ct. 

26. ora n. sp. (c) 

In th ~ mnal v •..,icl o Ph reti ma 

collect u .frol!l Jor Pokh ri ( l t. 2ln m) , Darjeeli 

aistrict. 



Oenua: _ n.g n-

27. * _ {_) n.een. n.sp. 

In th coelomic fluid of Am!nt s 

collect d trcm Goo t1 ( t . 1372m), 

Genus: _ n.gen. 

28. * ! (~) n.g n. n.ape 

yanua, 

rj eling district. 

In tb co lomic fluid of pporecto e trapezo1dea, 

collect d fro o nchnl ( lt. 2269.66 ), rjeeling. 

29. * ! (!) n.gen. n.sp. 

In th co lomic fluid of A~porectod 

collecte~ from nchal ( lt. 2269.66 ), jeeli ng. 



fbilo rGViewing tho lltorature on grogarlnea clea­

ar.lbed ft'ool Indian earth torrl81 I haVn ea e ncroas 

deacriptlons of t\100ty eavon new t.."UC8 proposed by or. A. 

Chatter3ee in hls thesis oubnltted :for tho Ph.D. degree 

of tbo Un.tvoroi ty of Cal.cutta1 197'. 

CollaidGratJ.on of th so taxa pooed o problm1 as 

the proposed sc1errtitJ.c naaea Pmain urpJ.blished. The 
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matter was referred 1:10 • a.v. ~elviUo, Socretozy, I~ 

national Ccanlssion on Zoolo81081. IloDenCl.a1m'e, and he 

kindly opined that under tbo circm~ 1 t v1U be 

right to ignore Dr. Chatterjao •s neY names, aa Ills work 

does not sat1~ Art1Clea a- 9 of the ntornat1onBl 

Code of Zoolog1cnl om nclc.tture. 

It rmy bo oootionad here, that llOno o:t the 61"Qgarlnee 

daeorlbed by me in the thGals restnbl.e t•tose described 

by Cbattori)oe, 197t. 

:..:ho 'letter f:ror) r. elvJ.Uo is @van 1n too 

Appendlx. 



P A R T II 

cr.rocHBMICAL B!UDIES OF 1'HE GREGARINES 

STUDIED IN PART I 



.. . 

Ii ODUCTIO 

Gregarines ve been the objects of great 

interest ana much orlt has be n don on t 1eir systemati cs . 

However. little information h been done on 'tlleir cyto­

chemical nature. 

The polysaccharide content of the greear1nes have 

been of intere to ~any workers in th field. It haa 

been founc to present in a maller or larger quanti ty 

in all th gr rin a tudied so far. The ltnO\tJled, e 

on the chemical n ture of th paraglycogen has been 

extended by ,erei r, Jchrevcl and 't rk ( 1 ~/:;), who have 

classified the reserve polysaccharide 1~ Gregarina blattarum 

ns an amylopectin. In t.1e present study the presence of 

uch reserve bodiea rcact1ns pos1t1vuly for polysaccharides 

has been traced in t 1£ ditferent t ges ot th l1.f cycles 

of various gregarin s of' rt~n Ol a. ch study on n earth .orm 

gre arine lTas unCiertaken earlier y thatmnt mn (1977) 

The pr sence of DNA in the nucleus and RNA in toe 

nucleolus ana cytoplasm 1s 'ottell kno m. The presence of 
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extranuclear DNA in aporozoa bas evOked the intereat 

ot Mny 1nveatigatora in the fie~d. ( PrHr 1950, 

Lwoff 1952, Ray and. Gill 1955, Daagupta 1959). They 

asawaed theae structures to be of bacterial or viral 

nature. In the present study toluidine blue and 

Fluorescence microscopy have been used for studyin& the 

Feulgen-poa1tlve and •ethyl green poa1t1ve bodiea in the 

cytopla8111 o:r gregarinea. 

In this part of the 1nveat1gat1on (Part II), a 

c~lete cytocbem1 cal study on the polyaacchar1c1e and 

nucleic acid contents in the different stagea ot the 

li~e ,cyclea of the gregarinea including the abnoraal 

tropbozoitea that bave been studied in Fart I of the 
• 

thesis is : eported. 



MATERIAL AND METHODSa-

Earthworms from various localities in 

Darjeeling district were brought to the laboratory, 

dissected, and smears of the coelomic fluid as 'Well 

as of the seminal vesicles and cysts were prepared 

on clean dry glass slides. 

Where sections ere required seminal vesicles 

were taken out and fixed in freshly prepared Carnoy's 

fixative for about ten minutes, dehydrated and 

infiltrated with cedarwood oil overnight, cleared in 

Xylol and embedded in paraffin for one hour at 60°C. 

Sections were cut at 6 and 3 p. thickness, the latter 

being used for ~~uorescence icroscopy. 

The follo 1ng histochemical staining methods 

'~ere used. 

A. Feulgen Reaction (Feulgen and Rossenbeck 1924, 

modified after Pearse 1968) to detect the presence 

of DNA. 

B. Detection of DNA and RNA by 

(1) Methyl green-pyronin stain after Kurnick 1955 

1 0 .J 
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(11) Acridine Orange me~hod for nucleic acida 

(DNA and RNA) by Fluorescence method after 

Armstrong, 1956 · 

c. Periodic Acid- ~chiff method after Glick 

1949, was us d i'or the detection of 

Polysaccharides. 

D. carmine stain for glycogen (see Glick 1949) 

and Bauer Feulgen (see Glick 1949) for 

glycogen was used. 

E. Toluidine m.ue tain (Bee Pearse 1968) 

vac used for .studying basophilia. 

1 1 0 



PERIODIC CID/ ..)CIUFJ RL iCUOU IN ;JOI~~ 

OF THi: GREOA IN J TUDIED IN B T I 

(Plut.cs XXV Figs 1 - ~ ) 

polocyatis n.sp(a) 

Trophozo1t s:-

Th react1n 3Ub3tnnce occw rea ao red 

spherical bod! s. o;)cuch bodiev .fil~ d up the 

cytoplasm. The nuclear r· appear a colourless. 

Gametocyten:-

Cytonlaam of the gwn tocyt s w s filled up 

with sph rleal bodJ.es similar to thoae a~,;;en in the 

trophozoites, Th wall of the gam ~o~st was 

negative to P l technique. 

G metes:-

The cytoplasm of the gametes took up 

deep red colour. 

Spores:-

Spor wu. fdntly positive toP w re ct1on. 
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polocystis n.sp.(b) 

The colour reaction in the trophozoite&, gametocytes, 

gametes 1md sporoblaats was similar to that seen in the 

correspo11ding stages of the parasite, Apolocyatis n.ap.(a). 

The colour reaction in the spores differed from that 

seen 1n the spore of the parasite described earlier, in that 

the polar ends of the spores took up deep red colour while 

the main part of the walls of the spores was negative to 

the reaction. 

In both the above ~=es the reacting materials could 

be eliminated by treatment with saliva at 37°C1 for an hour. 

Apolocystis n.sp. (c) 

Bue to the paucity of materials, cytochemical work 

on Apolocystis n.sp.(c)could not be carried out. 

Apolocystis n.sp.(d) 

Normal trophzoitesa 

The cytoplasm was filled with minute spherical bodiea 

positive to PAS reaction. 

in the nucleus., 

A negative r.~ction was noted 



Abnormal trophozolteas 

Black patches described in page l27, seen in the 

abnormal forma of the par.asfte were negative to tne 

reaction, but took up Delufiela baematoxyltn which was 

used as a counterstain. Certain ~ nules in between the 

reacting bodies were alao stained with haematoxylia, When 

treated With saliva at 37"C for bout an bour the reacting 

bodies disappeared. 

A\9.) n,gen. ,n.sp. 

rrophozoltesa 

The ~o :forma of the parasite (larger and the smaller 

f orm) varied i n their ~eaction. 

Larger forma: 

The cytopla of these f orms were packed. with 

bodie which took up deep red. colour \tJhile the 

nucleus did not react to the tain. 

Tlte nature of the rcactipg JJUbstanee coula be 

confirmed with :uer Feulgen method. 

I'! ller .formsa 

With tbe E technique the reacting aubatance waa 

found t(l occur as red aph r i cal granules but these granulea 



were t 1 r in nwnb nd widely scattered. 

fh rc t of tbe dy loOke citll blue - When 

lafleld haetliltoxyltn w uaed as counterataill. In 

both the bov cases the re cti aubatance could 'be 

r llOVed by trea-:ment 1th iva. 

Trophozoite 1 

cytopl 811 a packe w1 th deeply staining sraDUJ.ea. 

In a011e cas thea granul 8 lay scattered in the 

cytoplaaa. 

G&Htocysta 

Th all of the gametocyat dld not take up stain. 

The reaid cytopl m in the g.ametocyst occurred •• 

deep re sso 

Zygot o; 

Cytopl . of th g tea and zygotes l OOked red. 

~orea1 

or u wer :faintly po 1t1v o the reaction. I n 

all the tag s ention . d ov , the reacting uterial 

dlaappeared When treated th saliva :for about an hour 

at 37•c. 
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toJDatoph9ra n. p. (b) 

~1e staining reaction of this parasite was the saae 

s in the ¢orweaponding tage of toeatophora n.sp. (a). 

gygocxst& n. p.(a) 

Normal trOJ,hzOi te 1 

The trophozoitea both solitary and in a state of 

syzygy sh~ed stro !flnity to periodic cid/Sch1tl method. 

The intensity of at 1n1ng re ction varied froa one in<U vidual 

to another. Under hi h magnification, the reacting materials 

were f ound to b d eply stained on the p riphery and lightly 

in the middl • Th trophzo1tea ined r d with Beat Carmine 

methoci. 

Abnormal trotihozoitess 

Th bnor l tr mhozoi tes w'"'re distinctly negative 

to p r1od1o cid/ chif! aet o • In c a ~ere the infection 

occurred ln tone•, th nomal cytopla stained red wl th 

the ta1n, but the tnt cted reaa remained colourleaa. 

Ga etocystt 

e wall of th tocyot w~a nag tive to the react1on1 

the residual cytoplas was ho ever atrongly positive to the 

reaction. 

• 
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orozoit c• 

cyt as positiv to h periodic 

cid/Schiff et1on. 

ores a• 

w r action wa d t cted in the vall of tbe 

apore. o lus•lik structures pre ent at tbe two 

ends or were n g tiv to tb re ct ion. 

Th pos:lt1 v r ct1on tn al:L the stage a meJitiODad. 

bov could 

t J7°C. 

remov d by the tr-e t M nt wi th aaliva 

~) n. en. n.a.p,. 

Cytopl s of th gr garlne wa filled with large 

elongated bodl e that took up red oolour very deeply. 

In tween the re ct1 t rlnla, hae..-toxyl1n-atainec1 

round bodi r isl'bl • iva controls could not 

estecl du to t lack Of su.tf1c1 nt mterial. 

Th1 

th cytopl 

ubstanee • 

f!!toeyst l n.sp( ) 

lte pr ont very raarJtable s tudy 

rdly contained any reactins 

'er encoUiltered where tbiere 

were no signs of tb re cting material, and. yet otnera 



PLA1'E XXV 

Fig. 1. Photolh1crograph ot ~toeyati:,~ n.,sp(a) 

sbowins the r<Jri ty of p raglycoge:t 

graina. About 6 can be seen 1n 

the cytopla • 6 X 4 OX 

Fig. 2. Photomicrograph of B(a) ahowl.ng the 

par glycogen granules. ote th blacJt 

bodies in the cytoplamn. Nuclau.a 

1 .. s. 

1s mask d by the par. glycogen granules 

10 X lOX 

ho 

10 K 10A. 



t ID 



were present which possess d about 1X or seven such 

granule • li va controls could not be tested tor 

paucity of tex·ial. 

ematoCJatia n.ap.(c) 

TJ-,ophozoitea &• 

cytoplasm vas strongly poaitive to per1od1o acid/ 

chif.t reaction. ne tl ve reaction was noticed 1n 

the nucleue. 

; Q2)n.gen.,n.~. 

~rophozoites1• 

Cytopluaft wa strongly positive and appeared 

urpllsh red to periodic c1d/ 8ch1£f reaction. ~he 

nucleus wae ne at1ve to th reaction. 

DISOUSSIO 

Paraglyco en ia known to constitute the largest 

granUlar inclusions 1n the cytc:wlatsm of gragarinea in 

general, and the cost idely dis ribute polyJQccharidea 

of parasites 1 \L~doubtedly glycogen (von ndt 1966). 

cb material has lso been considered to represent 

mylopectin J.n om of tbe greg rines ( Merwier, 

Schrevel and rk 1973). However 1 1n most ot the 

' I 
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ca e tudl d h , th oly cc rid r sent could lM 

11 tion method. 

In AC!.)n. n.. ~uocyat1s ( presence of 

glyco en could 1 1 uQr--FeUlgen 

nd at thod r ctlvely. results recorded 

her r 1 o in cont~ t o t t repor d y tta (1962), 

who tat d th t raglyco en pr in stwtopbo!)l g*•clall! 

cons1 t d of n ·trel poly eel 

In t cour ot tb r 

1n the two " .. .,, .... ~ 

ide otuer 

tudy th r 

an @..yeoaen. 

materials 

and 

.;.,;o;:;.;:;;;;;~~-- ne~SJh( ), coul ident1fi. d glycogen by 

usi Bali v 41ga tlon thod. 

In th 

n oted 

eriodic 

of th pre ent inv tigatlon it baa 

tth 

fro on r s1tt~ to 

herical 

long ted in the di.f.t nt 

lo ted in ). In 

gr nule 

th ~y tt d 

r cti o itlvely to the 

ried in ahap and size 

1n Apo10SY•t1 • 

es were 

but m spherical to 

c1e of Me!iosYati·a. al1d 

tanc raglycosen 

ghtly curved. .All 

localised 1n any 





of the parasite to tide ovor the unfu.vorable cond.itiona 

outside the host, implyi thereby that these stages 

would remain dornant and survive lone periods before 

infecting anoth r host. 

In ZYgocystis n.sp.~a), th entir area of the 

cytoplasm in ome case asumed a brilliw1t colour, 

whil yet others presented the reacting materials as 

numerous Tanulea sc ~t red all over the cytoplasm. 

In the .norrol individuals of the same parasite, 

the infected patchea !aUed to respond to the pe~1odic 

acid/Schiff methodJ the only plausible explanation 

that can b civan is t~t the raa~e products and secre­

tions given out by the hyp rp rasites represented areas 

which yielded negativ re ction to tho P S technique. 

1 £ f) 

In A~olocyst~~ n.cp.(d), the presence o! the patChes 

of cytoplasmic J.nclus.iona, appeared to have no effect on 

the number nd concentration of the paraglycoaen granules 

lying eloewh~r ~ in the cytoplusrn of tho host . 

In the studies me.ete ra0 urding th distribution ol: 

para.glycogen granule in the different tagas of the 

life eyelet 1 t ts en noted th t the r!lount i s heaV.f 



in the trophozoite and th gametocytu t es . wring 

n:etogenes1 , th resioual cytoplasm shows strong 

positive reaction to PA technique. Lat r on the 

positively reactina te,ial is entir ly used up 

hen the spor at rt developine. 

The trophozoite imbibes s much food as poasible 

and build up ROOd elycoflen reserve which is utilized 

subs uently by th pa sit • s the ametea and the 

spor s atart to devf}}op theae r serve food mater.lals 

re udually used up. Finally when the spores are 

fUlly formed. ll the glycogen reserve 1 terials are 

used up. 

No differ nces in the amount of polyaacehariues 

·aa noted ~h n studios • r 

easono of the yeut. 

de in the dif1erent 

very intereati 

esse .in tlu t the lycogcn granules wore :fetr and could 

b counted e sily. Instances where juat one or two 

gr 'nule::. wer f'r a nt \'.'er many and in a fm., indi vi<luals 

cornnlcte bsenoe of h~ renotine ~~ter~al was noced. 

surv y of liter till e reveal..;> that all reearines 

should .. ve a Bl! ller or larger a"or of polysacchari des. 



.. 

The ra pi di t y 1 h !~hi ch .-.;:;;e•~ :;:.;;.;;;.;;.~~--. 

the mannel" in 't'lhich it c t.rrles out ita m tubolic 

ct1v1t1 s ith hardly any reserve food terials aa 

source of nergy is a mutt r ~hich n ed further 

investiga.:ion. 

:runt of 

glycogen re erveB were far less in amoun·t than in 

the bigger forma. Tlus could m an th~t these were 

the younger ~ .. s of the para ite, ana as they 

grm up they ccumuluta4more a11a mor· or th glycogen 

which 1u further Dtorod up ln th cytopla m • 

In the above investigation which has been conducted 

to stuliy th polysaccharide contQlt in the different 

mt ges of tb~ life cycles ot gregartng o~ eartbvor.a, 

the follow!~~ conclusions ve been reaChed:-

1. Th polysaccharide present 1n the dif:f'erent 

ata es of th 11fe cycle 1 undoubtedly 

glycogen. 



2. Th polyaacehar1c1 content 1• -.x111.111 in 

th trophozoit and ga~~etocyte atages aad 

deer se ~ dually during developaat. 

3. Inf'e;cted are of *"OCXR1 n, sp(a) 

f. 11 d ~o ho any presance of polyaaccbarides. 

4. N.ato sti n.ap(a) la unique in tbat lt 

h rdly pos8eaea such reserv bodies 1n its 

cytoplas • 



TUr; s~ MY Ol' UGL :tC AClilS I OOi 1$ Or' ~ ·~ tXWU:lll!."3 

S :JitJJi ~at I 

lPlttO 26, •iBs.1-2) 

(Plato 271 •ies.1-2) 

nPOl09Y~~ n. sp.(a) 

l'hc fll.tolrr..aa of h~ trot>hazo1 to \1< s d1at1nctly 

noP.at1vc to 'cul.~on rc~)ction. coruli.!l ifuttvictual 

- 1 2 t 

tr phozoi tea wore .tomul to 1arbour Feulfl'Cn-pou1 ti ve bodies 

in tho eytopl B.:J. 

of mnuto ramlles. 

Is L.'1l.ly tbeac bodies 1arc J.n the fom 

tronhozoi tes n!lo\Jed ntch s of ~eule;rut- losi ti ve orcas ln the 
sta.\:n. 

cytopla • J. e use of pyr'Onin""i"ethy'l r D'lfproclucOd 

comparoblc rcaul ts J.n tbat the n' toleun ahowC!d no trace cr! 

ethyly (Wee!!. T'1c l'tclorir enbrume rur~ the area adjoining 

the rn h"'nn wo up t~ID ;Jronin a ta1n deeply 1 neooo1ng 

11 btoYI to ~:"lrds th.e centrel ro3lo . • 

Violet 1f't.h1c~t 'O:aOGY <:a noticed in tt-u~ n tclear 

cnbrnne md h ar o 1 1e wentral 

or a of ~10 n el.mw wos lis tl.y 3taina1. Several 

mowch .. onatic Gr :nulos "e:r prcsant 111 e 6If0 d matrix 

of cytonl s mim1te dots. 



tocyt .a-

Th P. tocy~ er utinctly eulgen-n b~t1ve 

and p ~ph ry 

o-r th nucl • 

ot a:-

cl 1 in t t o~ divlolon n h etocyte 

or v ry fain ly ·u 

methyl gr an • 

tbyl .:r 

1tbin 

y_.ot ·­• 

. tatu. 

ocyat. 

1 o took up :f int 

t s •.i:h1 it 

c1 e th ey ot lyi ow1 thin ·the 

tocyat w tron ly <!n-;po.1 ive, 

atro ly ith ethyl en. 

poro~o1t o:-

t • aporozoi t o · eul n-positiv • 

bov , n u of 

te 



pyronin ethyl gr n hm~ d that th cytoplaSil always 

stained deep red with pyron1n. A flllnt ano uneven stain 

with pyron1n as o noticed ln th nucleu of the 

trophozoite nd th ametocyte • 

Yello.~ f'l.uorescenc W"t!B noticed in the nucleus of 

11 the different stac s of the life cycl e:xClud.ing the 

tropho oit and am t ocytes in wbl.ch posStive result 

with Feulgen ethod wa not obt in • 

AEolocyst1s n. sp. ( ) 

1'h colour ctlona 1n th t rophozoite, gametocyte•, 

gamete• and zygote er tho same as se in the correaponding 

tage of th parasite described bove, though ~ith a 

difference ~· the para 1te polocyst1• n. u.p. ( b) has a very 

prominent nucleolus whicb too up very atz'ong pyronin 

stain and shm~oct mctachro sy ith t oluid.inn blue. · i t h 

acridin orange. th nucl ol show d erange fluorescence 

and th nucleus pp ar \'11th a om what clc!ar rea around it. 

Apolocyetis n.sp. (d) 

pbozoitesa 

ucleus a Feulgen- n gative. e t r ophozoites 



P L A 1' Jil 'XXV! 

Figa. 1 & 2. 

The inclusion bodies i n the. eytoplaa · 

of Apolocyatis n.sp(d) Show red 

metachromasy when st ained with toluidine 

blue. 10 X 46 \ 

/ 

\ 
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P L A T E YJC\711 

Figs. 1 & 2. 

Feulgen positive inclusion bodies 1n 

the cytoplasm of ApOlocystie n. ap(d) 

10 x 46x 

\ 
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were encountered, h r Feul en-positive dies appe~red in 

the cytopl m. In one !natant these Feulgen-poa1t1ve bodies 

ere o numerous t t th gr g rine took up pinkish hue. 

i'h nucleus toOk up a faint pyronin stain and the cytoplasm 

took up th stain d eply. 

Th inclu ions in the cytoplasm which presented variou 

shapes (generolly spherical) and which st ined 1ntenaely with 

iron aluc haa.atoxyl1n. corr·spond d to the Feulgen-po•1t1ve 

ar as. 'rhea . are e occurring in patohoa did not appear 

boaogeneoua, a n .1n iron alum haematoxylin ata1n. The 

patches appeared to rbour ranular 1ncl.us1oDS whiCh were 

very strongly eulgen-poa1t1va, and which occurred in a 

faintly Feulgen-positiv trix. Prominent metachromasy 

was observed in areas corresponding to th Feulgen-positive 

patche • !L'he granular inclusions are believed to be 

inclusion bodies f bacterial or viral origin. These bodies 
~ 

did not stain ith tht! al,!91an 'blue. In f cases one 

or two ortho--chro tic dots w r noticed when at ined with 

toluidine blue. \11th pyronin m thyl green the entire 

cytoplasm took up the pyr.oni.n ... ta1n while methyl green 

stained ar as corr sponded to Feulgen-poait1ve areas noted 

above. The nucleolu took up pyronin stain very deeply. 



Strong yell~ fluoreacenc with acridine orange waa . 
noticed in areas in the cytoplae which exh1b!ted Feulgen -

po 1t1v r ct1on. 

zYgocxstis n.sp.( ) 

Trophozo1tess 

e cytoplasm as ell s th nucleu of the trophozoite• 

were Feulgen- n tive. With pyronin ethyl green ata~ 

th cytople m took up faint red colour o.nd tb r1ucleua also 

took up a faint r a co•our, 

cytoplaan1 of th tropho£.0oi t 

o ign of t chro~~asy in the 

a not10ed, bu'C the nucleus 

xhibitec f 1nt violet metachromasy. lth acridine orange 

th entire e.ytoplasm was orang includi the nucleua 

which took up ligA'ltly 11 hter colour t.:OfiU'ared to the 

surrounding cytopl sm. 

Ga tocyt SJ 

Tn nucleus Feulgen-negati~ and stain&d red 

with pyronin. 'am of th s hat"ed blec pigments. The 

residual cytopla81l showed red metac. ro sy (probably 

repres nt1ng rnucopolys ccharidea). 
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Gamete a a• 

cleus of th gamete was faintly Feuleen- poaitive, 

and stained faintly with methyl greEm. Th gametes 

showed faint etachro sy. 

Zygot~••· 

Nuel us of th zygot a strongly Faulgen - poaitive. 

Sporozoit az• 

Nucleus of th porozoit baAed positive reaction 

to Feulgen ethod and took up ethyl green stain. · 

) n.gen.,n.up. 

Trophozo1 tes a-

In o t ot th ca es, innumer~bl Feulgen - poaitive 

bodies occurring 1.n dot lik form were round lyin& 

scattered in th cytopl sm. In one inst nee 1 t was noted 

that these bodie er longated in eha»a• Both tbe 

bigger s well a 11 r forms ot th paraa1te 

appeared to v th s Feul n • pos1t1 bod1ea in the 

cytopla • Th nucleus w s Feulgen negative. These 

~d1 1 o took up tbyl gr n at in. 

ytoplas tain d r d ~1th pyronin nd the 

i took up deep r pyronln tain. In some cases very 



v ry faint eulg~ait1v 

in the cytopl a. 

tches were H o'bael"ftd 

1th cr1d1ne oraJ18e he cytopla :tluoreacecl 

brlght ora-e. In this bright oraJ18e trix "there 

occurred llinut granule that ~luoresce bright yellow. 

Tbeae appeared o correapo o the Faulgen-poa1t1ve 

bodies. the nucleoli loolc.ed pale orang With a 

allghtly darker re in th centre. In aoae caaea 

however, the nucl fluor ced f tntly. 

The Cker fluoresced orange only 

lightly and appeared transparent. 

An interest1ng obaerv t1on va -.de in tbe 

cytoplasaic region. Cytoplasa instead of Ml.D& of 

unifora texture, eeMd to ow blotChy picture. Aa 

aach the o • colour alao appeared 1n blotch••• 

Tro.Phozo1tes1• 

oleu as Feulgen-negative. In ane or two 

instance there were num r ot Feulg8Jt1)0a1t1vtt 

sranules lyina ttered 1n th cytopl •· The re&l-.a 

of the sucker and th cron were al o eulgea-Mgat 1 ve. 

Cytopla and th nucleu toOk ~ pyronin ata1n. 

3 0 



1th toluldin blu t ~ a lurg number of a ehromat1o 

n tn h • oyto au. nucleus 

tic. 

t ta-

nuol uG o1 th 

o·.lt1ve n t irttly ... c t 1 h -· 
porozm!te 1-

rlucl W:! o th p ow1 t 

and ala() took up th 

.(b) 

cl ua in . trop ozo1 te 

nnd 1n tll gn tocytea. hil 11 1 R 

Ol~oblaDtB nu DOrozott d ul n• Bit~v nucleus. 

0 

1 BUbjoet< to UDr cenc ci~opy 1;h 

Bt tophom n. P• ( ) 

anu 1n the nucl o11. 

1nt fiuore cenc • Yel.low 

nuor ac nee o otic 1Jl tb <;;ytoplo 1n the 

to of rnnul • 



In .._tooxatia n.ap. (d) ataJ.lar F.ul.ga­

poaitlve granules ere obaerv d, lyJ.ng scattered 1n tbe 

cytopla•• ese gT&JlUl a stained with JM'tbyl 

sreen. 



DISCUSSION 

The nucleic acieis, {DNA and. RNA) have been of 

gr at interest to invest! ators in the fJ.eld of 

Protozoology. Feulgen and Rossenbeck (1924) designed 

and utilised their w~ll l<nown reaction for the detection 

of DNA. The use of buGic dye pyronin a.to11e with methy~ 

green to distinguish bet' en the two nucicic acids la 

1 3 ~ 

well knovm (see Pearse 19GB). sin~ obaerv tiona gained 

by means of J.'eulgen reaction it has been founcl tha"t the 

nuclei of moat of tbe parasitic snecies contain DNA. 

On the other hano, the grow1d cytopla.am of all tlle stages 

of "the l1f cycle. especially of the greeal·1nes, contain 

RNA. RN also occurs in th·-- nucleoli (von and 1966) . 

In the course of the cytocher.:.ical worlt carriea 

nut on vurious protozoa, metachromasy has often been 

noticed in tho nucleoli nd aloo in the cyto aam. In 

most cases there was violot metachroway 1n the 

nucleolus and a fainter violet stain in tbe l"eat of the 



nucleus. Red metachro y was observ d in the residual 

cytoplasm of the etocyst and gametes of xeocxstis 

n.ap. (a). While viol t metachroma y could represent 

nucleic clds, th r d etachromasy could poss1.bly be due 

1 , ~ 
.. t, 

to the presence of copolyaaccharides. gupta (1961) con-

duct~d a eerie of studies on certain aporozoans wherein 

be encountered mucopolysaccharides. 

S1rlin (19 O), n von Brand (1966) have proved that 

th nucleolus 1e the cl1!ef site of RNA. '!'he use of 

toluidine blue and pyronin- methyl green v confirmed 

this finding. ith toluidin blu , metachro · sy was 

observed in the nucl olus and lso faint ort DOchromat1o 

tain was s en in th nucl us. Pyronin, ned the 

nucleolus v ry deeply and the nucleus faintly. Since 

pyron!n stains RN.h and the la..ter polymers of DNA as well, 

it can be said that RNA i s present in the nucleolus in 

hea\~ concentration. Mctuchro sy in the cyt~lasm aa 

well as pyronin staining in the same 1mpliee that the nucleio 

cid (RNA) is present in a les er or greater quantity itl 

the cytopla lao. 

In Apolocys is n.ap.(a), metachromasy existet in 



i r. 
.... -

e1 t y djoin1118 it. 

re lta r obtai d 1n the c1ea atuined 

~1 th thyl gr n pyron1n. central o the nucleus 

took up h t 1n 11 htly. cleolu conaidered to 

b th tor , hie ructur be rently alNient 

in th1 cl s Apolqc~: t:ls• 1t is pot5a1bl ·hut " 

( e eentlal for tein synth sie) 1 loc 1 in area 

op cif1 .£or t d. 1 t 1n h er1pt.t.on. 

In the cour of h pr cnt 

rtb arm gr I coun 

uniform tt rn o c11 tr1'butlon 

tlon on 

or le a a 

1n tbe v r1ous 

tropbozo1 te , 

cl 1 ne atlv to the ~eulgen-

r ction. owev r, ht r nuclei 

Th t d f intly by tbyl re8'Jl. 

nucleuo of the zy t 1n l par sites s atro ly 

lg n-po 1t1v • rrucl of tb orozoite too 

chowea s1mllar r(J ct1o 1tb In all the 

bov can s ( Gt eporozol'tes) 

th nucl 1 1n d w11:h hyl en. 
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Daniels (1938) renort d Fculgen-ne~ative reaction 

for DNA in grefi8r1.ne • Uut~s 1902) alno reported 

Feuluen-neeative ~action in ile nucleus of itOf'latophora 

dlademn. rllstolo ical literature reveals th t the 

nucleus generally always sh~s a positive reaction f or 

t eulgen' techni ue. But histochemical ork on most of 

tbc er c;arines ur.d r :r port, l0\'1 that thi.~ is not so. 

thananthnn ( 1917) hae however • de tee tea u: in the 

nocystis 1;1. 

'' cas of Feulecn-ne ti vo reaction in the nuclelks 

was reportPd by nar~ ( 1954) in Hepatozoon argantia where 

the zy otc nucleus wae Feul.g n-ncgcitivc, tl1ough the nuclei 

during e sporogony ere F ulgen-positivc. Dasgupta and 

Meedeniya {19 ), and sgupta (1959) made comparable 

observations o j. __ ci_ur__.i. 

~ rvcy of litoz~tur reve~s tnat external factors 

rn::.y soi!lehow 1nflue:1cc the J"'eeul t of Feul n reat!on in 

protozoa £u;.. • etarvat1on. oxyc n de.f1cienay and low temp­

erature may l cc.\ to a diminution of ili conten't in the mac~o­

nucleus of JSramascium aurelia (Gromov 1941) 1 or death an 

df,t;e eration could mean the loss of Feuleen-pos1t1ve 

appearance in tne nacl us of th CI l. thl.diae of 



TrypanosC?.!!!f1 melophae;11Dl (van Thiel 1925). But 1'1.1 the 

course of the present atudy ll the gregarineB when 

subjected to the Feulgen t chnique have failed to show 

.. ,. ~ 
1 """ I 

any trace of FeulGen-positive material in the uclei. ~a 

finding ,.,as confirmed by staining with methyl green. 

DNA is well known to be mainly responsl. ble i'or 

nuclear division nd to bo closely associated with the 

chromosomes tba:t ar present in the nucleus. The use 

of FluoresconcP. microscopy rovealed the presence of DNA 

in th nu~lei of ~he trophozoites and the gametocytes, 

where a poaitive re ction of the FeulG~~ tecnnique was 

not obtained. 

Jud i4g from tne bove, the appur nt absence of 

DNA in the nucleus of all the gregarines studied here, 

does not necessarily ~ean the conpleto bsence of DNA. 

~niele (1938) 1 ou rested 'that the negative Feulgen reaction 

could be du to th tact that th chromatin in the 

gr~garines probably existed .in a very (.IJ.speraad condition 

hich could r,ot even be a n \11th the oil irnmera1on lens. 

Ray and Gill's work(1955) brought forward a similar 

o.rguernent regarding the ga etoeytes of Eimeria. Daagupta(1959) 



made ainaar observ tions on Plasmodium and meria, and 

von Brana (1966) referred to the aamc. 

A plausible e~lat~tion for the nosative Feulgen 

reaction in the trophozo1tcG and the Gam toc~rtea, and the 

poa1t1v reaction 1n the gametes, zygotes and the aporozoites 

can b~ fornulet d thuaa 1'bc .lmount of DNA in the tropho2.oites 

and the gametocyte st4ges bei~ in a highly dispersed 

condition could r-ot e~en be detectea by the feulGen methoa . 

During gametogene: is, there is a co11aidcru le increase il'l 

the nucluoprotcir, ~hich probably results in the deep 

Feulgon stalnirlfi of the mat~ricl. 

01! greate: 1ntt:rt.:st ia tne extranuclear occurrenc::e 

of DNA especia.Lly so in th cytopl¥11m. urtranuclear lll'"lb1. 
1\ 

baa been found to colLci.dc i tn the 5 ecific C} toplaarnic 

organellae such La t11e blopl1 ~ropJ.aat-k.inetoplaat COii•pl ex 

of the trypunosoues. I-'reor( 1 ~so) demo:nstra ted m:tcroscopic 

Fo~lgen•poaitiv bedies in poramaecta. LWOff(19~2) lao 

described oert 111 Foulten-positive bodies, the pro-virus 

particles, 1n certain 1yoo enic blicteri a. hay nd Gill 

(1955) showed th pr~senco o~ l.li\IA particles in the cytopluwn 

of 10 of the oocysta of ,e. tenella. unagupta(1959) showed 



• 

eillilar occurrenc ot in cytopla of tha sta~ea 

of-! t1!da•· 
th~ t xt. 

pre nt atuoy 1 on Gd d :.<ample to 

ny Feul 

ln th cytopl 

t~atophora n.~.(a), 

n.sp.(d) an~ (_). e 

1nut granul s on io o 

nd _(~), th y were pr 1n 

tc:rials hav n noticed 

n rally in th !om of 

tches. In 1ffioloexst1 . n. • (d) art v r, ul en-pos1tiv 

nulea 1n n er t u uo 1.n the 

cyto la It y be aumed thnt th ae eul e positive 

t r1 1 r of viral or c:t ri 1 ~tur • OcClU'Tenc 

o~ auch mic~obeB w :rller p t d 11 th~ oocyE:t of 

--..~eaM___., by Y kimoff onfi imof ef (1940). upta (1959) 

al 0 B ch case 1. 

La"tely, 

cyto ot the oocyst of 
& Wa...Lku· 

ckenzicf(l97~) reported 

th prcacnc ot uch microb a J.D th cyt a of -t•twt~.· 

h n tur ot th s eul qn...po 1tiv bod 1 ur v 11 mer 

conv1nc1n 1n th or th bociie ;,:lOW 

rod-like or cocco1 p a. 



In the cours of the pre ent 1nvest1Jat1on 1 t naa 
been found that e nuclei of all. the gregarinea studied 

howed a n tive respons to ethyl green and Feulgen•a 

technique. Tills could b du to the fact that the 

chromatin irt t 1c gregarines exJ.sted in auch a dispersed 

condition that it could not be seen even under oil 

immersion lens. How ver, the use of Fluoreacence 

microscopy showed the presence of DNA in the nucleus of 

most of the aregarlnes. 

A large number of extra- nuclear Feulgen-pos1t1ve 

bodies were noticed in some of the gregurines studied 

in Part I. l e e were •1 ther cattered as minute 

e~herical bodies or pre ent s inclusion bodies 1n the 

cytoplasm of APolocyatls n.sp. d). These bodies were 

Feuleen-positiv , methyl green positive, showed red 

met chromasy and fluor seed y llow when subjected to 

Fluorescence microscopy, 

or viral nature. 

These could be of bacterial 
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INTROWCTION 

1.1k .-ta:zoan orgam.em.e th protozoa re leo 

uacept1ble to r.aa1t1c ~action. 

orgaal- 11 vin ~ on nd ln proto 

'lbe problam of 

s diacuaaed t lCll{Jth 

by .lrby ( 1941) Fro hls r view 1 t auld ppear that 

vnrJ.ou proto oa !!l1 n: infect d by chi!;OftYC: tea, by 

or nisms o£ uncerto.ln systematic pc ... it1cm. .!.\&• .rl)'comycet a, 

l'l ell 

a by erparaait1c protoz(&. 

nlew of 11 t roture rn s t t onocJ·st.td re&ariruts 

re no 'lxcept1one~ ~.:n y tee laVe often c:n tound 1nf ctod 

by liliero-or anio h1.ch of'tet led to air < c true ion. 

For example, 

p raaitea. 

eaae(1909) ! aund tl t ~yo~is 1um~~ci11&, 

• mnchooya 1.11! p1lo •• 

p eul.f..ar oterial 

ch cter1a, apparently •lOlllJ!.flB ·o 

!chiz~cet••• v ried in di!feTQnt peciea of are ar1noa 

~void to f ilamentous ~orma. !be presence o;C web 

·c1t1c bacteria in the me.jorJ.ty of e:t.sea appea~ 

1ental. to the gre ar1nea. For , xruaple. Heaae(1909.) 



mentioned 1\:hat bacterial paraai tea notttd by him were 

uncommon ana when preaent attacked host inaividuala of 

t he species often leading to their death. To date, the 

asaociation between a bacteria and its hoat (eapecially 

gregarinea) have usually been cases of endopara itiaa. 

Recently a case has b en reported where bacteria hav been 

cen lying ttaChed to the sur£ac of Poroapora, a 
~· TheocloYi..l..es 

gr garine ( DesportesL1977). ctcria in thi case 

h v been found inserted betwe n th epicytic £olds of 

the gr ~arinea, pparently inducing morp11olo leal changea 

1m1lar to tho notic d t the 1 vel of the junction 

bet~ en two b~asaociativ gregarine • e author liev d 

that in this ca. e th gregarin constituted sub trata 

for the cteria, all of t1 u 1ng forth ir £ooa the 

intestinal content of' th host. 

ckenzie and al.ker (1979) r porteu the pr aenoe of 

ct ria- 1 • tructures in the enuopl BIB of Gregarina 

B rnhami. tructur s r negntiv • 

According to Le er and boscq (1909) , •nztl.ina! 

cGntoreta, a gregarine, paraai'tJ.Md by ••••• 11-enul.i.nae. 

developed nonnally up t o a certain po11R onl.y • 'tAe 

4'" 



forn: tlon of th etea not taking pJ.ace at a11. 

, " ......... 

Caullery and Mean.il ( 1919) stated that Metchnikovellidae, 

ploapor-idJ.ana, paraal tic on gregarine a (host- pec1:t1c) ,, 

d little thogen1c ction on tn hoEt, rticularly on 

th v etotlv ga , thour)h th uthor d ot ru1 out 

rn o icol injury in e ot avy :1ntectlon. 

ccor t.o ckinnon and R y (1931) the aa of 

__t.chnikovelUd@ e caped f:r their ey t into tn 

0~ th 

Q.)lo poridl.a.D, rP.lea~ d e'tocyt s 1 thin "h ho t 

...,....,...__.,... .....,....,liiiioiOi...,, by ruptur o.t ae cy.rrt. 

edUction ll1v1s1on too c , r ultl.Jl8 in th ~a tian 

of he ~etea, hich d rwent rert111zat1on 1 &di to 

1\lrth r d velop .entt ll th pl c within the 

r nt ot tb 

ccor cU.ng to Ommpo.t1 "lei ~y r (1937), cytopl.G.aa1 

of Lecud1n;!. braZUi, d1cyat1d gregarine, could be packed 

l th cynts of h:lplospor.1d1an resul tl in a mia-shnpen 



body ot the host and a 'Clegaerati.. nucleus. c:h 

paraa1 tieed gregarlnea ere net fow1d to asaociate, thus 

giv1na riae to the belief that heavily lntected gregarine 

could net ca.plete seXUal ~evelopment. (• .. Caull•ry 

nd ·esn1l. 1919). 

1)resencc of crystallin 1nclusicna r n bl.u:; 

• A 

Vil~ t1<Jlea bave lao t;J(;Jl I~ porte in c rt:ain p ra 1 tic 

protoz~m j.nclucU.r!e tJ.ru•U\1 raJS1toll I 

\ ~"i:B 1968, 
~ l;ot.vc.lb 

rzaki 1 )9, v1eaL1971) • ar1 parnaltea 

rDcrurl. 1uch 1.ncl.uatona v :tln r · ort to un er o 

death nd dn encrntion• td th aigni.t1cunc of th 

reaence of 1ncl iona r in to b cl ifi a. 

certaln 

nd Pcrchet and VLvier (1971). 

tho cnic ~ff 1. ts ·~ r lso described 1n p~otozoa 

Oth r tb:m aregarilliiiJJ OJ ex88$pl t Bourn (1 91} nd 

er ard (189.5) ent1oaed that Ptl91YR \':as ener lly 1 y 

paras1t1sed. by endobiotic cteria. euvy infection led 

t o hypertrophy, ulteration J.n ti.~v bo4y, ncl .finally to 

the d1s1nte ration ·ot the ho:st (l.Atiner 1924). 



Similar observations were made by l~agler (1910) and 

Epstein (1935) who worked on two different v rietiea of 

amoeba parasitised by micrococci. 

Fatal effects ware noticed by enr1.ch (1937) on 

Iodamoeba bUtscbl11, £ndamoe)bs citelli ( cker 1926) 

and Nyc;ot1~~ hich had cronucleor infection 

by microoreanisms ( ssuchin 192a). Protozo parasi~ised 

by cleo'Dllaga cont1nu s 1 ts cti vi ty with no chan{;e in 

protoplaseic structure. Lavier ( 19.:>5) notlced hypertro hy 

o:t the ucleus of t 1 paras1t;a.seo :.nd.amoeba narmr 

and rele ated it to a sort of de£enae c ohun1am o t e 

part of th o ba • 

... 
M "~eo phys1.olog.ical. cnange 86 obsarv d iu 

para.r!lecia inf ct d with epanos111ra, ~.t'irilJ.aceae, 

~he developm~ 't n th h'}st was rapia 

followe< by tne dr'rJin[" up of h nucl ar cor1te.rts. douer 

(1924) and Fiveiskaj (1929) noted vacuities in Paramecia 

1n£ected with macronuclear infection. at aroplcts 

increased in amount, tricnocyata were disarranged, :food 

vacuoles stopped 1'orm1ng1 leading to the disappearance of the 

moutb1 gu1let and the cytopyge. The host died eventually. 

It seemed that che bove bacteria had a ce~~ in indirect 

' 



action on the host cell, the secretions and waste products 

of the hyperparasite& seeping into the cyto~lasm and 

resulting in the intoxication of the nucleus. 

stentor coaruleua infected with bacilli, lost their 

bright green colour and their capacity for motor response• 

(Hetherington 1932). ccordi.ng to Kirby (1941) many 

observers had reported the death of th hont 1nf cted with 

phaar,t.ta. LBngearci (1889, 1895) Puymaly(1927),JU.tchell 

(1928) and Jahn (1933) atated that &98l!AI when paras1tised 

by phaerita lost chromatophor~a, uttered inhibition of 

flat;ellar movements and ch YlBe& in nuclt:ar true ura. 

It finally burst to libarat the zoospore. 

In view of 11 the :t eta stated bove1 it \tould 

appear that there is enough scope of work on the preaenc 

ot parasitic infection in variouo gregar.ines occurring in 

nature . In the course of the present work an effort has been 

made to detect ny such cases of hyperparaa1t1sation tmd 

bnormal1 ties 1n staining reactions in tlle ere arines 

studied nd an effort haa been made to elucidate the c ·uoea 

of such dif.fer~nces in s ·t inin cha.racteriatica. 



Observ tiona 

The abnormal ~orms of Lygocystis n,sp.(a), 

were chardcterised by l~1tly stained areas in the 

cytoplamn, as seen in iron al.um huematoxylin stain. 

"' A .., 
I .., J 

In quite a number of cases it was observed that the entil"e 

trophozoites were lightly stained. Such lightly tained 

individuals were tho abnormal forms of the spocies. 

The abnormality ros as a small lightly tain u 

patch in the cytoplasm of an othen.i e normal trophozoite, 

The patch ext ndea and such extended ub1ormal rea 

t nd d to lose compactneas, As rcsul t the tro lhozoites 

tenaed to lose charact riatic shape. More patellas 

developed and expunded, oJUch patcllcs later on became 

confluent until the whole body of the trophozoite 

assumed a lightly-stained condition. In t 11 final 

otage the trophozoite was again seen in it old 

characteristic shape. 

These ligbtly-stained tropbozoites appeared to 

harbour bacteroids. possibly of the kind r .eported by 

Hesse (1909). These ±~arted a £aintly rosy hue to 

the cytoplasm. .:~~ome of these bacteroida '\11ere seen to 

be in a atage of binary fission. Lightly-stained 



single trophozoite& were occasiormlly found . In 

such caaea the nucleus lltas either in a £ragmented or in a 

d~fruae condition. FUrthermore, in some of the lightly 

stained indiViduals, black refractile pigments were found 

to be pr nt .• 

pigment granules 

Those posseaaing these black refractile 

a th claus in a dlsin~ erattng 

cond1t1on. The phenomenon of autotomy is also noticed 

in the abnor.m l forms of Z~,ocystia n. p.( ). 

lll n nt ined with Feulgen's ethod, th bnormal 

patches took up faint green sta.1n with 11ght green, 1n 

contv t to th urrounding a hJ.dl took up deeper 

tain. o trace of Feulgen-pos1t1v body w a noted 

in the eytopl of the e fo:nna. 

When stained with pyronin-metllyl gr en, the abnormal 

patche took up light r colour with pyronin than the 

surrounding raaa. ith toluidln~ blue ta1n1 th 

patchea did not take qp ny tain as compared to the normal 

of A 0 
I~ C 

areaa. i'he nucleus in t he bnormal gam tocyte was negative 

to toluidine blue but in ome caaes metachromasy bas bea 

observed 1n the nucleolus. 

With acridine orange (Fluoreacenoe microscopy) , 



P L A 'X E XXVIII 

FJ.g.l. Patch foraing in a trophozoite, wb.i.ch 

tendD to lose its Shape. 

15 X 40X. 

F1e.2. AssoCiation between a normal. and arJ 

abnormal trophozoite. Not~ the 

nuclear change 1n the abnormal one. 

15 X 40X. 

F1g.3. Debenerating trophozoite. Nucleus 

llas dis.tntegra ted. 15 Jt 40X. 

F1g.4. Inclu510 . .t t>oclies in the cytoplasm 

o£ Apolocxet1s n.sp(d) 15 A 40X 
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an interesting phenomenon has been obaerved. The 

1 A ~ 

' '"'t 

cytoplasm of these .forma did not exhibit orange fluorescence 

as aeen in the n~rmal trophozoitea. But scattered in the 

cytoplau were a DWiber o.f minute bodies, whic.1 fiuoreacitd 

bright yellow apparently repre~enting DNA present in the 

mi.e:nrorgani.sms. The nucleus of uch trophozoite• 

showed no indJ.cation of n v1ng any tr ce of or RIU. 

Apolocystia n . sp.(d) 

98 of tb bove gre ar1nea possessed one or more 

darkly-stuinAd tchea scattered t ~ ndom in the cytopln~m. 

Th se patches were circul r cr irregular 1n outlin • It 

was noticed t t v ry youn trophozoite (50.4 p in diameter) 

might have such tc~ ~bile n olaer on (104.4 p ln d1 oeter) 

as rl tnout such a patch. 

'ith euleen' s method, the nucleus did not tC1He up 

the stain. Some trophozoitea were encountered in ~hicb 

Feulgen-poaitlve bou1e ppe red in th cytoplasm. In one 

instance these · u1 en-posi t1 ve bodies were so nUiil roUJI that 

the gregarine took up a pinkish hue. 



·. 5 () 

The patches in the cytoplaom, hich represented 

various shapes (eenerally aphericnl) and whicb stained 

deeply \>lith iron alum hacmatoxyli·n, col"reoponded to F'euluen-

positive crea.e. Those arcus occurring in patches did not 

appear homogeneous. as eecn J.n the iron alum stain. 

The patches harboured granular inclusions which ~ere 

strongly Feulgen - positive, nd which appeared in a 

faintly Feulgen-positivu matr~. Prominent red metachromasy 

was observed in areas corresponding to l,;'eulgen- positive 

patcijea ( when stained \lith toluidine blue). and these areas 

are believed to repra ... ent 1ncluo1on bod1 • of bac'terial or 
r-. 

viral origin. ch patc1es diu not atain with tllfciun 

blue. On or two orthochro tic dot& ucre uoticea in "'be 

)eneral cytoplaom. 

1Jhen pyronin-methyl green \\u6 used, the entiro 

cytoplasm took up the pyronJ.n sta1n, h11e areas correspondit:JG 

to the Feulgen-positivc ~atch a too~ up rnathy1 grean. lhe 

nucleolus took up th pyronin Jt iu very deeply. 

11th ucrldine orange (l'luorescence microscopy), strong 

yellow fluorescence was noticed in the Feulgan-poaitive 

patches occurring in ·the cytopla~m. 



Besides the bove two, other abnormalities were 

encountered in the course of the present investigation. 

In ! (a ), innumerable Feul.gen-posi ti ve bodies 

occurring in dot-like .forms were foWld o lie catte d 

1n the cytoplasm. In one instanc 1 "t was not d that 

thea bodies wer elongated in hap • Both th larger 

a ell aa th ll r fo of the parasite ppeared to 

hav the Feulgen-po 1ti v bo 1 a in th • In 

~ 5 1 

bout two instnncea, how v r, v ry faint teh o:f Feulg n .. 

positiv r en. h nucleus aa F ul en•.l ati.v • 

lh bodi lao took up thyl green ataln. 

ith cridi e orang , th ntire cyto;pl fluoresc d 

or ng • ow v r, the bright o cytopla did not 

pp ar h but s bunched up J.n 1 , pr enti 

blotchy PI> ranc • '!".he nucl o11 loOked pa1 orans 

1 th lightly darker ar J.n th centr • In om 

a s,. how v r 1 the nucl fluor c faintly y llo • 

~inute Feulgen-posit1v bodies were lso found 

scattered in the cytopla .. of jQ!!tophO£! n. ap. (a) . 

L1kew1•e, a large number ot similar F,eulgen- positive 

bodies which stained ~ith methy1 gre n were found in the 



1 c:: r 
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cytoplat.m of N.matocysti}l n . sp. (d). 

DISCUSSION 

The difference in staining reaction either in on. 

or 'both the members of a pair o1 Zxgocystia n.sp.(a). could 

possibly be due to the difference iu the quantity and 

d1stri~~t1on of cytoplasmic inclusions. lar observations 

ere nlao de by IMiihl. ( 1921) and Joyet- Lav.erpe ( 1926 ) who 

useci n tral red. 'T'hese uthoro 

t o tb dlfferenc in the oxidation-reduction potentials 

of the two gametocyte a and al o 1n 'th unnti ty nd 

diatl"'l.butJ.on of the cytopl smJ.c inclusion • 

Th ~'1ndi:ng nf the ~ra cnted or dl:ff'uoe nucleus in 

the abnormal forms may 1 d to anotber assumption that the 

bres.ki.D/j dcnm of th nucleus 1 in orne ay re pona1blti! 

for the diff r nc notic d in th stain1ng reaction of the 

cyt;oplaam. 

We n:ay however, .rule out t~ above poss1bllit1ea on 

account of t he ~act that al~ these lightly stained parasites 

showed extensiv cytoplasmic invasion by the bac "'eroida, 



which are definitely not normal 1nc1ua1ona in the 

species. Mlcro~or~sma resembling these bacteroid& 

and referred to aa bacteria occurring in Monocyatia 

species, and alao ion Rbmchocxatia piloa anci stw'OJ)hora 

coronata \1/ere reported by Heaae ~ 1909) • he bac'teroid.a 

,.. 

under consideration are variable in form i.e~espherical, 

while other ar rod•shaped. These divide by b~ury fission. 

Gradually th ~ncreaae of the hyperparaa1tea witlin the 

boat, leade to ta alterations 1n the nucleus. i'he 

chanc s re degenerative. rhe nucl s oon fra~enta 

and eventually d1 inte rate • rhu ! i lly to invaaion 

of th cter1 1 p r sites l da to tlla struc ion f. 

th gr g rine ho t. 

irnilur k~ds of nuclear diaint grat1on, n11Ch led 

to th death of the host, ve een r ort 

verrucoaa ! a e ttes 1924) nd ee Kirby 

194·1), which wer infected by :.rucleophaia. 

descr1 a P•loplJ'9 hyperpa s1t1sed by • dothrix eelO!IYXI• 

a bacteriUII. 

Caullery and Meanil (1897) stated that hetclmJ,kovtlla 



MMlltai, a hy'peJ'l)anlait tn greg&r.ln•, •a .. to 

h.av llttle patbogaic e.t.fect on 'the oat 1 pan1.-alarly 

on the vesetativa atas •• t 1113\&I'Y cbere :s.a, .la 

• chanical, wbtn in.tecUon 1 

• vy r att1aatlon -·~-­

roduct cretlona 

I" ault 1n 

rp site 

in the eytoplaa ,f e oat lie lll&ht 'ln'lll~ 

th Met bolla• Of th gr• tr1n le dl to b 11 ly -

tain ~ condition. 

d th 

r ctly 

a blch oo 

to th 

• 

t 1 

Ch1 1n1 t1 occur 

ucro-or an1.e ~ r- aulttng 1n 

tr< c:til ~ tur., 

slnt t • 

a od. t1on th DO 

tn 

~h0zo1 tea, daea not lead to tb .fo~t1on o.t the 

, ... tooyat. A as••lar obaen t1on vas •d• 'by cauJleJ7 

ud Jlle.mil (1919) and Ganapatl and ..U.yar (19l7). 1M 

latter bowevt!r uenttomd t "tbe rea1t1aed gre rlnea 

t':t - . 



did not associate 1n the case of Metcllnikovellidae. 

In the course of the presen~ study it has been found 

that association of this ort took place 1n ,.,~ysocyst1a 

n.sp.(E), but development ceaGed ltogethar fter this. 

A £~1 c~ses, where both th gametocytes wer bnor 1 

w re also encountered. assumption can b 

wnen ansociution ju t occurred, only one of the e bers 

of a air was paraaitised by the ct ro1ds; infec ion 

spread ~ p1dly to the ther ember, unt1l both of t 1 m 

er buavily .1n£ected an G.1 not e up t e etain. 

ho nuclei in uch cu .. es ar not norzr:al and are in 

tat · of d.isint w t1on. 

~ e bov instanc o~ hyp rparas1t1 t1on proved 

to be I tal to th oat. towever in the cour c of the 

tudy• \~ ve co o cross nether caae of hyper-

parasi·ti t1on, 'Which does not >P o use n..v 

del terious e!f ct. or xample about 98 of the 

trophozo1tes of APolocxat1s n.sp.(d) barbour.ed 

bacteroida1 which were not apread throughout the 

cytopla2•, but remained .t.n aggregat:ea, forming some sort 

o.t inclusion bodies. Uo defin.ite membrane was 

observed eround theae aggregates. The n gregEU:ea 



consisted of granules . These granules were grouped i.n 

manses o:t. irregular form. 

The asaoclat~on between the paraaitea and the 

host ia ore or le~s constant one., and can often 

m1otukan !or normal tructurea of th boat ~t el£. 

eytochemicdl ~tudies have r veal d no dr stic chang s 

in th poly ccharide contents of the hostJ thi~ in all 

probab1lity could mean that the inclusion bodies re 

n ct detrimental to the host. In Kirby' or ( 1941 ) , 

' Th y have co e to occupy nor 

m tabclism of the combination•. 

'lace in the 

ch e~ gates of miero-oreanisms h ve also been 

found to be pre ent in v scovina &J:a by Ora 1 

and F()a (1911). 

Th micro-organisms in th otb r gregarin s reported 

her nlao do not cause ny harmful ffect on th bo t. 

Their variab111ty in nwnber nd the fact that they do not 

o ccur in all specimens is ev~dence enough that they are 

not normal inclusions of the host body. Ho\1ever, gregat"inea 

harbouring uCh inclusions ppear to lead a nonnal life. 



PART IV 

A NOTE ON THE HARMFUL EFFECTS OF .LHL GREOARINES 

OJf THE HOST EARTDO .. 



.. ., 

The 1nvaa1on of the paraaitea into the annelid body 

can at times lead to detectable injuries. In some caaea 

eerious eff eta resulting 1n th death of the host has 

been noticed. Instances of responses of the ho t to · ns1 tic 

1nv eion 1s lao on record and y nnelid ve developed 

eans to def nd th sel. vas. The coelom 1n at 

Polychu es and Oligochaet a have co ~o ocyte , ~hich 

phn ocytos for ign terial.s. L ches h ve botryol 1 

t i su ;hich ccumul alien ial by hagocyto 1 • 

Th earthworms def nd th.m lv by utotom1.1 their 

po t ri.or a nt • In thi 

terl 1 n alsc co 1omic pe~ 1tes1 

th posterior segment o:t th body. 

y void r1ny unwanted 

hleh liCC ulat t 

Kell!n(1925) hao suacested autotomy oi th heat as 

a mode of liberation ot the coelomic paraeitan from tll body 

of the arthworm. 

cameron (1932) &nd Bc:mg (1973) have observed the 

reaction of the amoebocyte• to l ar go foreign bodies ~ the 

coelom of earthworms. Bang pointed out that tho~1 



encapsu~atlon of the experJ.mental'ly introduced f oreign 

obJectu took place, phagocytouis could not occur as the 

objects ~ere too large. However, parasite.a like 

ne.atodes were f'ound to be encapsulated. ~ibrous capsules 

\rtere 1:ound to form around Monocystid gregarines. 

stephenson (1930) reported that adult gregarines of 

Oligochaetes wore not attaCked, but c.ysts were encapsul ted 

thoul'·h the sporozo1tes were not affected. 

In the course of the prco nt tudy, thre instance 

havu been ncountered, where the paraai tes concerned 

affected the host in ome way. 

In one 1nstanc , A.1!Yntha lexandri had white 

globular cystic bodies - Apolocystl s n . sp.{c) growing 

on th dor al spect of the anterior r e1on of the 

1rtteut1..ne. ( ee page 60). Clo e scrutiuJ revealed 

the pr aenoe of a :fine tr. naparent membrane covering 

thea. 

EXalllination of sectioned material C.)f the 1nteotea 

intestine reveal that these cysts which contained adult 



tropbozo1 toe t1arc coopoaOd of an outer t.~l tomod from 

tho pori tonool layer of tho hOst ntcstinc. 'l'blo layer 

seperated the Paras1tos f oo tho Wld~y1ng ousCJ.c layers 

Gnd tbo 1ntest1nal. muoeaa. Thin cou'ld be a case o£ 

response coollanl 

by t'1c pranenco of tho parasi tea. 

cyatlc dlas mrorto a preoauro on tho dl!rilcntory catl&.''il 

flo'ttcr11na 1 t to c a1n extent. 

A s1n11or o::mo a em ottcod 1n the CO'.Jrae of 

b coti. ation in £berow. l m't!.!Q1iQ uhict 

... .......::O<!W.i~-o n.ap.( ) at Apg'lQcy:ntig G1.lb), gror. 

1 ta raul. bl.ooel vonacl.. 'l'll oro 

o nti tol.y ottac 

d.islod ,c h 1 

he attar. 

!lc or ~ vc o1 ... t 

Jture nc1 c tine f 

In conoa of heavy infection tha Qntiro r ol ood 

v ry tcm 

me 1nteet t!luo ere ooan to auto s thair p ntcrior 

se~onts, the othor half o'f tho b6cly loading nomal. life. 

:be nutotoclloOd parts. 1hcn dioooot d \~ore can to 

rcDlotc \11th tho parasi tag and cysts. 

Prior o utotoniootlon, tho blood vc:Jaclo constricts, 



PLATE XXIX 

~·'D&tiea o~ the sectlonoc:t oater.Lal. a.ppoars to 

lndioote tbtlt tbe c nt1nu.ltr of' the ap1tho1.1o1 layer 

le interrupted ot tho point , •. !lore tho poraDi ts.c 

r.taaa preeaea o~o.inet t11o intcntine. uch 

interruption 1n the oon't1ml ty of the cvi tllol.ial. 

l.ayor latar on oxtcnds towe:rde the oiaoo. 

10 X 10X 





due to the lfeight of the paraai tic bodiea. The blood 

veaael kept ,constricting until cessation of blood flow 

resulted, This is the beginniDB of autotomy. 

In contrast to the above two paraaitea, another 

ea e has been encountered, in wluch the presence of 

coelomic parasites proved fatal to the host. 

pporectodea ~rapezoidea, has been £ound to be 

infected with a v~ry he vy population of ~(Ji), .§<J!), and 

nematopyat1s n.op.( ) • rtm1orma infected with these 

three ~ecies of gregarines, invariably alwaya died. 

The infection led to tho body of the rtlluona 

accwrulating exc sa co lomi.c Ouid, ' .dch au.oed a dirty 

yello·.., colour. Tlae body blonted to such an oxter1t trmt 

it lost ita usual body contour. In some J)lucea the s ollen 

p rt or the body had excesa fluid• Wld the res~ of the body 

had nona. 'l'"ne latter region ppeared wr.1nkled, ~· e body 

became very soft to the touCh. Constrict~one occurred 

at several points of the body, tollowed by tho ligation of 

the body at these points. Earthworms died soon a.fterwarda. 

Putrefaction set in rapidly after death. 
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When dissections were made t the sttge when the 

body was extremely bloated, it was found that parts of the 

internal organs ~.,stomach, and the .intestine were in 

state of evagination. 

e rs prep red c£ the coelomic fluid of the 

utotomized portions showed a very heavy concentration 

of ematocystis n.sp.(a). The oth~r two gtecarines ~· 

~{~), and H(~) though present in the arlier atagc 

(before autotomy) wer . str n ely osent. In one or ~~o 

lnt~tancee , one or 'h:o of th a could b found. 
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(Opy ot Dr.R.v. ~lv11le•a letter Ret.No.Z.N.(O) dated 

11th Jlarch 1980. 

Dear Miss Pradhan, 

Thank you tor your letter ot question 

bout public tion. I can ssure you th t your earlier 

letter of 28 January has not bean received. 

.84 

Certalnly, lf .Cbatterjee•a th au of 1m ha never en 

ublish d, bia na.e cwnnot ter into zoological no•~ 

elature. lii mea ot o pcail¥! nu • 

noaen nudua 1 normally na11 that 1 published but 

ltbout t1stytng th provi ion• of Art1cl 10 to 20 - a 

es. 

thes1 does not COlle bl1 h d orit rely ~ ,-~~. 

depqa1t d in library 1ro which copies can be upplled on 

d • th oth r rid, o e th r 8 nuinely 

publish d1 ttt" X811})le, ome German unlveral t1 :requir 

100 printed COJJies of theais to be su"-itted, and in 

both Ger.any and France I have seen theses pulalished and on 

88le as aeparate worka, or published as papera in atandard 

clenti.fic pertocl1cala. So it is not the slJIPle .tact that 



a work 1• a tbeaia tbat prevents l t being publ1anedJ 1 t 

•Y well 'be publiahed U • and when • it aatl~l•a Art1clea 

8 and 9 of tbe Code. 1'he availability of 'the naJ~ea 1n a 

publlahed werk 1• then a aeparate -tter , to lie CXB.IIinecl 

1n the l1gbt ot Articles 10 to 20. 

I h~e th1 la elptul &nS\fttr. Certainly., on the 

sl of what you tell •• you re right to 1gnor • 

ttcrjn' new DaMa. 

ou~ lncerely, 

d./• R. V .Mel YUle 
ecn!tary. International ea-t 8 ion 

on Zoolo 1cal a.nclature 


