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PRF.FAC!:: 

the ca:~r:' f) ,- 0ourmets' favourlt~s ,such as nrm·ms, lob~t~rs 

fishinr: ')'.-.-:--ssures on thE" wild fir;r- 9tocks ',:}:ic"1 ar~ in 

effort, over the yp'ars, has l·~3 to a .' ~clinr' in thf:" 

: l ........ i·-,~ :'"1,'" - "-(9) .~. \.. . h., \...... • j ) • 

1th t1;e 

th~ ''lqxir::ur~ o'!' ?, 22. 750 torm~s in 1975. ·~.ry,·'-vcr. frcm the 

fluct'Jati'ns in the ex:-!loit~.:~ t:":c'1itional ','i 1 -, stock of. 
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:"'<:'l"ming of prawns afY: fi:::hes 1n t:-if' brackish \.18ter 

fields has be~n a "".,.ry ol~ iIlnC ~u8t.inin0 "":',ractice in 

nr<lcti :~('. fol1c-.. led in this tra·: i ti:mal syst:1"'I ,·,hich cov~rs 

to hanr,":.:t them peoric:.'.ically ill:"ound th~ n(?~·.! mooh and full 

is foun, to vary frem about 10,0 KO to 1000 lu"/ha for a 

r 

indl~cr:r.tinat~ ~nd uncontrol1·~·~) stockinc: of ~(~eds, 

relativf",ly sh~rter time allm,!"(~ to grow th0 ~red before 

harV"~~:i:y! and no eratic?tion or control of nr0c!atory anc 

comnl"titi'.'c sn<!'cies 1n the fielC'!.. the quality aM ruantity 

oF. the n'::cY'uction have been found to be r('l::-:tively l~'. In 

rAc~nt ~:" <:1r9. an improvt-C'o system involvinc' cra.:'icati.-:m of 
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deman~~. it; be"inn lntrO'luc~d. "hi!; sfrni-int~nsive syst€"n 

Of pr~'"!"l culture is now rapi~Uy !!~r~ad1M and (jaining 

im-portancc 1n the country. Further. thf.' 1."("nlisation of 

the qrcClt 0rowth potential of &quaculture of prawns in the 

country and its significant role 1n the rural develotment 

haS nran""'ted both the eentral and state c.:cv'.:'rrments to 

ass1qn hi':yh priority for 1ts (1ovel~ent. everal schemes 

and pr0j<:'cts are beinq formul&t~d and i~f'!nl(_~."1cnt..,·d to brin7 

in a'''''·''·r-·ciable areas un,~cr nruT!n culturE" t:n"' to ~s~ablisl~ 

hatc1"'''rict~ ::md oth€'r infrstructural -F"acili-ti""5 by 'afferent 

-"art t1 ,10 stat,-s ~.Surin" th~ rv(:>nt?1:- ive "('3I' lan pf"rioo. 

Cne of the major factors thAt lii'7dt the succ~s~ful 

cul tu!:'c C'T)e>r 3tion and Sl1pre~5 its full nrn',~th not~ntial ha:! 

b!'en i('(>ntifj.~d to be the cl::::eases aff('ctinc the principal 

snf"ci· .... ::- ~v"l~ct("'(! for cul tur~. : VE"n in the' :-::1tural 

PO...,UL1t L'n, the ',tide fluctuat i,~"m of the C'itC:1 is often 

aA5ir;n~-:'" to the naturnl mortuli ty arY: onC' (): the resT)onsi'",1e 

caU$pS 0";:- tr:is natural mortal! ty is foun( to he the 

occurrc":cr of dlseas~5. ;or.~.ali ties, aono:.""':ali tics anc" 

810\-7 '-.r.0uth (1Ue to ('::isei1s~5 from si0nific<-mt aetE'rrants. 

and o~ten lead to consic:era;)le 10s5 to the nror~uctlon. 

t~rawns. "'lS in the case of othc-r or0anis!'ln, })cc~e su.cpnti~lc 

to :'i~':-Q!;C~1 whenever cer-ta.in '3~bnoImal biolc( ieal. 

physlo1 r :'cal or enviromental chan(Jcs h::t.:r:ninn their oorr:lc.~1 

life occu,'C.~oof. hf:'slth anc1"""rowth of tb'"' -\:-G~,-m<:: arp. 

rr.aint,:i.ir..cd when the r~latlon5htp b~tween t;lA 1')ra"ln. 



pathogen and the environment I;: halanced. hen this relation

ship !;:;·.:isturbed. disease problems arise nnd reduced growth 

man1!eDts. and when it deteriorates further, overt disease, 

poor growth and JIlOrtalit1e. occur. Ses1df'-s biotic and 

abiotic dlseaaes# prawns are also 8uscepti~1~ to nutritional 

and genetic diseases. Beln0 g(merally ~cnr'it:y (~~pf:'tV_' nt, t'!o 

(}!scs;'c h~.:::ards are encounteree more in thi' r~ulture fis'hl"rlc's 

than in the capture flsheories. 

uriIl0 the cast tv-'o (:ccadt"'s tl"v'r{' h~ been 

con51d~.!.",ple advance in the knovlecge of (i:;('ases affecting 

the princinal aquaculture s'Df'cies of nrmms. their diaqnosis 

anr~ c'''Introl. "-!owevE'r, infor:':<-lti(')n on c.~i!:ca8es affectin.'; 

p "nnei(; --.. m·ms of In('iia is 11,,11 t:C(? to a :r,1',r ':::~nScr ittir.:-ns ~1"'r 

lists of ?~<1rasites an::I th~ir biolo0ica1 con!"~i'~r>rations. ;\11 

In(?ia i- "'"'0i.!ted for 1:lr0~ !>celc (~ev!:'1or.:mc!1~. of acuaculturc 

of ~r2·.1"'::; < ,ith a stress on hi1~ '-:f"nslty ~r-' ~,-intcnsiv~ or 

int~ns i','r. r:ul tlJ.re syste-r., it if; natural t r
.",:: C:'7">ect incr,,'an 1~ 

hazard~ 0 ;~'is~~ase5 in th0S€' svstfY~;S. ..,~ inee the knOl,,,lrog() 

of such '.·\isf"'ases, their causative 8Sfl!>nts t:'!;;'" ('tiology i~ 

b~slc to control, the l")r""sc'nt invl,I:'~ti'''n.tiGn ·~n the 

diseases of pen~e1d nrawM has been takl?n u~ for this 

fJoctora1 tlv'sis. 

-,~~,:", thesis 1s presented in c- i17(" c~a~t('rs.-::'hapter 1 

r;eals Hi::h t'he rf'vie\-J of the 11 tcrature on t1~e nenaeid 

"'"lrawn (~i:c:·-\cs(?S fran In(ia ~n(: abroad.;; i~ is foll(y. .. ?ed by 
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& ehaptc.!" on the matE-rial and General f"\~t~:ns C!nplOY'?d duril'l0 

the invr-stj,~:ctlon. ':-'he study '/!a5 initiated l)y unde rtaki!Y,'f • 

base-line survey at c~rta1n centres in th~ ~outhew8t and 

southeast coasts of Indi&,to collect info~ut1on and to 

understand the eannon diseases and abnorm.'llities encountered 

in the ca:t':1CI'cially important penae1d prnt·ms. Ten cases of 

diseasec <1n<~ ahnormalitics enc':)untered aurin!} the survey ~re 

present'·,:: an(~~ discussed in Cha'!"ter 3. One Cl ~ the c ispases 

caus(>d '~V the :nicros'OOrician na.r'sites 1s f"oond to brinl'" 
\.. .... ~ 

!"opulaU.· '-: ~articularly th,"(t contributro by • c-naeus 

sem1sulc,J.tu,l, exploited on the southeast CO::l.Gt of India. 

of thE' im'<?stigation on the strueture, 11 Cc history. 

histon(~:-'i,',lcx:;y and other aspects of microsnorl' iosis in 

~. !ern!2ulcntus and :·~tm?!:naeu::;, affinis arc p"ovldee an<.: 

discus~('>(~ in :~hapter 4. ~ inally, in \:ha""t--::.:' 5, an attempt 

is rna::r:- ~:(; ,":i5CUSS the contr.ol r:1casures ::c:: ':arlous diseases 

paraSites Z1nc: t;,~ ~ls('as~ C8USC".] by then. nresented in 

:ha!'t\~r 4. form 11 ccmnr~hensiv~ ':$or1<:.~'hr - sp(>cies of 
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a1c:ro8pori::Hans eol1(~etcd and ':~flcrib!d in -the present 

investigatil')n are ~ to selenee. (i.~8e ae~. and 

Oibaervation..cs made in the ~ymptans of ml~rosnor:1('ics1s caused 

by OJ)e of -the m1erosporir3ian parasites. stu~ie's,m the 

histopat!-',ology of various tissues of the !n~(:-ct~ ~rawns. 

transmission experiments and biochemical ar:::.lyr;is of the 

infectec: anC normal prm"n tisnue consti tu t.r.- Dj'i('inal com; ri-

bution -3.r~ - considerably a:3\] to the -r>rf!sent ~:':1'~"':l('dge on the 

hosts. 

:r "ould like to take this onpertur:i +-:y to exnr~ss lr.y 

gratltuc:e tor. r. V~'avyasaao. :::"f:nlor cl' ntir;t an.;.~ : 'nad 

I) un" er '::71:05(; 

'r. :.. • il:"'~. fOI1iVr irf'ctor, C :, I anc' ub-fr0jeet 

coordin,::.t,':r. Centre of ',dv:'"lDC(,i.2 :'tudit's in arlcnlture. too;< 

keen int:."r-st in my rf',."ear-ch ",.rork uno r.av~: "31ua,1)le sur.;qeations, 

help an:- .:--ncoura(1em~nt throur.hout the ~,.'or':. r eY""It'eSS m~' 

--tltucc to 'hhT'. I 21sI') ta'l-:e thin)r.'!nortunity to 

"i '~"'cl1iti" ~ to C'"'~'-l 1 ''',t.-, +-'",-,·i'" • ... !ork. a'~F':I -Cor ('xteno nry ,,. ~ v<-" " L ' <:> 
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CHAPTER 1 

GENERAL INTROJUCTlON 

It 1. axiomatie that the information bue cm di ...... 

in marine fishes and shellfishes has closely followed the 

development of exploitation of the •• resource.. Most of 

the scientific .tudies on the subject have. however. cane 

fraft only durin9 the pa.t four decades. In 1970. Sindermann# 

canpilJ.nq the information available up to that tfm- on the 

Cl iseases of eaamereially important apecies, provided an 

excellent re'liew and a bibliography. A perusal of this 

literature reveals that the significant contributions 

published prior to 1970 Oft the diseases of crustaceans 

relate to the works by Rainhard (1956) on parasitic 

castration and to the accounts by Gorden (1966), sindermann 

and ~{osenfield (1967) and Johnson (1969). l\nderson and 

Conroy (1968) ~1.cu8sed the role of diseases In the 

aquacul ture of crustaceans. 

Hith the grOWing importance of crustacean eul=re 

dur ing the past one and hal f decades, a series of studies 

on the pathology of cultivable species were carrl('~ out, and 

this pav(!d the way for accumulation of valuable information 

and oonslcerable expansion of our knowl~qe about their 

diseases and the technology of disease control. The most 



japon_t work. brouc:ht out since 1970 wera by Bang (1970, 

1'.3). Jobnaon (1970). E~o .. n (1970). Sprague (1970, 1978), 

aln4e~ann (1971_. 1971b. 1977. 1979. 1981). Alderman 

(1973). u.e8tam (1973). Pauley (1974. 1915). Stewar~ (197., 

1983). AQUACOP (1977). Overstreet (1978. 1979. 1983). Lew18 

aD4 Leonq (191g), L1Qhtner (19t?1), Coueh O,9rtl, 19(3) and 

John.on (19r3a. 1983b. 1ge4). 

Among the different groups of crustaceans. muc.'l 

emphasis of disease 1nv •• t1g~t1on8 has been on prawns end 

ahr1.mps, obviously due to their E'Conanic valUQ and. demand. 

Several excellent rev1et118 by HuttCll it.l1. (1959a), Kruse 

(1959). Johnaon (1977. 1978), ~1ghtner (1975. 1977. 1983'. 

Couch (1970) are now available. Be.idea these, the 

valuable studies by villella £1~. (1970>. ~ontain. (1971). 

Barkate (1972), Fe1genbaum (1975). Fontainc and ::~jak (1973), 

Fontaine w,d ~19htner (1973. 1974, 1975), Lightner (1973. 

2 

1978.>. Darkate 11 ..... (1974), Johnson (1974a,Liontaine ~~. 

(1975). L1qhtnar .. Al. (1975), ~elves-Droughton an~ ~oupard 

(1976). 0a.C!Utan I.t. ..... (1977). 1..1&0.11 s.1... ,(1977). Lightner 

and r~edman '1977). Nurdjna ~ ..... (1977) and ',eroz Alvidres 

(1977) have greatly contributed to the fund of data on the 

diseases 0: these antmals. It 1z also si~nificant to note 

that most of these ·.';or'Ks pel."tain to (l!senses of e1th~r 

capturee or cultured penaeid T'rawns of .. :.m0rica, lfawuii. 

i?olynes1a and Japan. 
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While the knowledge on crustacean dise.... in general 

.ad Oft penae1d prawn diseases in particular Is fairly 

d ... loped and proqressive 1n the advanced countries .. 

r ... a1ed from the above cited several investigations and 

r .. i_. the information on the subject fran India 18 

l1ntited. hnonq the earlier work •• the most significant 

contribution to the knowledge of crustaeean parasites waa 

~ Olopra (1923). Paradoxically, further interest and 

endeavours to study the subject came forth only since the 

l .. t decade. 

In the following section, an atterm;>t is made to 

briefly review the mo~t valuable studies carried out on 

penaeid pr~ ~is.ases ~~road and in India. 

AD overview of the studie. carried out abroad 

C::r anisms ~lonq1n? to (~lfferMt groups such as 

Viruses, iiacterle., Fungi. i:irotozoa, trematode., cestod ••• 

nemat~es# and parasitic crustacean. cause diseases in 

penaeid prawns. Apart from t~es.. dietary deficiencies. 

environmental stress .. well as pollution and toxic algal 

blocrns in the water also bring forth diseuea. 

Viral dlseue. 

Among the infectious diseases of cultivated penae1d 

prawna. those resulting from viruses are important. After 



the 4iacoV'ery of viru. particles 1n the Mpetopanc:reu ~ 

"' .. duo.rH'!R frart the northem Gulf of Hexieo by Couch 

(1"'.). five di •••••• of viral etiology have so far been 

ct .. er1bed. 'nle8. are the three bac:ulov1rusea, namely, 

SlCVloyirua pen,,! (BP)(Couch. 1974b, Summ~r., 1977). 

l'Iloftodon baculovirus (M9V) (Llghtn(!r and i1edman, 1981, 

Liqhtner ~ Al., 1933a) ana baculovir31 midgut gland 

fte<:rosi~ v.1rus (m1Nv) e3ano ~ .Al. •• 1991) I 3 probable 

pleornavirua. known as Int' ~"et loos hypodt!rmal anel 

haematopoi~tle necrosis virus (nr'\N"'/') (Ug;1tner ~ Al •• 1983b, 

1981cI Bell and t.ightner, 19~3. 1984) and the fifth one, 

suspeetee to be a parvovirus and nllfted aa Hepa~opancr.atlc: 

Parvo-11Jee Virus (HPV) (Llghtner and Redman. 1985). 

Unnamed v1rus.l1lte particles have l!lso been observed 1n an 

apparently healthy .c. UteSUI fran fJlissiasippi. U.S.A. 

(i'oater ss. Al. .. 1991). 

'the '3P 1s rE'porte~ to occur in several penaeida such 

as f. ID;.crruJlfl. r,. "teas. r,. §stiferu!;. r.. YlPnarn" and 

f.. IItt11rcs;tril cultured on thE: northern':':'.llf of j·1exico and 

the Pftcif1= eoast of Central Ameriea (Lightner. 1993). MBV 

i. ~rlnci~ally encountered in i. mgncdQD L~ Ph111ppL,ea, 

Taiwan. T~hiti. Hawaii and 2:(!xico (r .. 1r;htnc!' anc. r ... edman, 1981, 

Llqhtner 1G. !l.. 1983a) while the BI;~ is fcunO in l!.. 

1,noni;y~ cultured in 80utharn Japan (Sano ~ Al., 1981). 

These naculav1ruaes commonly infect the hapatopancreatic 
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epithelial cells and less commonly. the anterior midgut 

epithel!\.I'n of the host. The infection results in high 

.orte1ity in postlarvae, juveniles as well as adults. 

There 18 also Safte evidence that the Br cause. epizootic 

.orta11ties in wild shrimp populations in the Gulf of 

Mexico (Couch 11 Il., 1975). ';'he viral attaclc in the 

epithelial cella caus •• nuelp.&r h~rtrOphy. ~rolif.r.tlon 

Of nuclear membrane, chranatin diminution and nuelear 

degeneration. The greatly hypertroph1ed nuclei of the 

affect('!o cells contain free viz:ions in the case of BMN 

c!i.eue ~,hereas 1n BP and l-4B dis~as_. occluded polyhedral 

inclusion bodies are nror1lJced. coueh (197G) was unable to 

inerease ::,l§c'Jloviry' prevalence in naturally inf~eted .f.. 

SU2r 'FHm by experimentally expoSing them to low level. of 

polyehlo.:: inated, bl~henyl (-,"CB) insecticide and cadmiun. 

However # ,'-,cuo, anC' Courtney (1977) werE:' able to induce a 

50 per e~~t increas. in BaCV1oyifU! prevalence in captive 

shrimp pcpu laticns eXpOsed to ,::u!Jlethal levEls of ~,c.s. 

'rransm1z~icn of Bacu10vlrys penae1 in nature probably takes 

plaee ~ cannibalism of th~ infee~ed prawn by the non

infected ones (Couch. 1979>. 8ral inoculation was found to 

be suecQs~ful in th~ infectivity trials carried out for 

J.penes~ virus, BHNV (Sano Stl.t1., 19~1). 

The 11 IHNV 1s reported in .f. :"'tylirostEy and !!. 

r..,1 fran Hawaii and in !!. mon04on fran GUaft (Lightner 

5 



_.' 1981b, 1983e, Bell end Lightner. 1983, 1984). This 
.,1 . t . 

' ... 14JJ1e ... 18 diagnoeed by the pre.ence of aos1nophilic 

..... l_toa bodies within the nuclei of cuticular hypoderrn18, 

"-atopOiet1c or eontlective tissue cella which are 

.... letel!' d •• ~royed in acute c..... The recently discovered 

"" ,. fOUftl1 ~o affeet cultured pOpulatione of 1. lJ!lgYl!n81! 

iD Singapore. f. monMon 1n ~hl11p~·lnf!s, .E.. Qrlenta\H in 

Chill. and 1!. 'cmi!Jul£8tu! in Kuwait (tJiqhtn€'r an~ Redman, 

",.S). It. is cb •• rved that: 1n !. m~rmttfm!!1! and !. 

Itm'lSlcetys. aecumulativ@ mortelity rates due to HPV di ..... 

1ft e-pb~oot1es r ... eh ss high at! 50 to 1nO per eent. Prawns 

with HPV disease ar~ e~a~act~rls~ by ~or ~rowth rate. 

anorexia. reduCftd preeninq .etlvi~, tnerea~ surface 

foul1nq end oce •• itmal oopaelty of tall mueulature. '!'hi-

41aeee is dl~08.s by neerOflia and ~tr~hy of the 

beJ).t~8ner.,.u, eeetwm:')Mlled by "re • ...,c .. '!Jf luqe nraninent 

basophilic, P~S-n.q.tlv.. ?eu}gen-noeltlve lntr&nuclear 

b~l.. in affected h~atopancrp~~le ~ubule ~lth.llal cells. 

Bacterial diseases 

Meet Of the iftform.~ion on the bacterial di.e .... 

of penaeide concern with c~ptlve and cultured population •• 

In majority of the caa.8 Of bacterial ulreetions, the 

iaolated bacteri3 such a~ Vibrio ~19inolyti£U!, ~. 

pv§haemolyt19W5 and Y,. smqu111amil • P.!rU§anouq app •• 

MWOJUW 81"P., Benedseft tip.. F~avob'cterMml Bp., PMteurellt 

ap •• and ~;~9rfXel!1 sp. are repox+..ed to be cidtinoclutic: 

6 



in nature and characterised by motl1e, .. ~ran-negat1ve short 

roda. 

'~"'he bacteria Ciffect all the life stages of penaeid 

prawns (r..i0'htner, 1977}. Their infeet10n cause. localised 

pits 0: r::~~l.anip.eC! crC(~1C'ns 0: cuticle on the general bcdy 

Gur£ace, 'Z Ills er lIr~~~f!ag(:s {:ndersoo ;m(~_ Ccnroy, 1968, 

"osen, 1970, Co,.,k _~(l ::ofton, 1973, C1priani ~.Al .. 198D) 

or abS(,,('fl:;es in the <,:;ut, mu~ch? an·.; gi1..1s (Ligh'*:ner, 1978 b) 

or t:-.e-.f :?rctuce grm"";-sli::::(.:!<l ::'leptlc~emia (, i!]htner a!1d -:. etYi., 

1975, .- l..:-lves-Broughton an ('1 ':cupani, 1976). • ~!ile acme of 

the bactcr-ial (11seases caueeO by ~/1brit) ;ll.'C consi(-;"rec5 to be 

o~ pr1r.~~.l ctiolo:;::y (Nic'kelson ~nd Vanderzant, 1971, COOK 

and Loft_:l:, 19731 lewis, 1973, !..lghtne: an-.:: l.e\'!is, 1975), 

most bact,~_~11.l1 ('lsea~e8 are c: 5econ .... ~ary cticlogy w1th 

different (iieease IrjTlcrC!:lcs {'gusa ~ ~.'. 1974, Hood and 

>.:eyers, 1977, Llghtner. 1971. 1978, 19['3, Couch, 1978) and 

play ci~,~r:ificant role as oppcrtuni!:,tic pat~.o~ens that 

typically cause C:i.!iecse in severely 5trc!J!"ed prawns or as 

s'!con(~ . .:l.ry invader::! in prawns 'i11 th weakened ,~efence 

mechanisms due to wound. or other diseases (L1ghtner. 1977). 

(f the variou~ f:l)eci(>s of bacteria causing in:::ect1on, 

V1bri9 a:-c important in the eC01o<JY am: survival of 

cultured penae1d prawn populations (··i .. "!.(-:c~:ann, 19 r 1i and 

have been i."1plicatec as 6 major cause C'f :nortality 1n 

juvenile pcnael('e in culture sy:::::tens (!'in()('rman~. 1971A). 

7 
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":$1IEf!ao1U1n., which cause; an in~F.'ctious fe-od poil'lor.ing 

. .,..... _d qa.~roenteritit: in J~m\ and in th. United 

' ..... (}(rants .Il Al •• 1969, Nickel.on end "':l\n(!@rzMt. 1971), 

... " been found to be l.thel to e~rim~ntal pcpulaticns of 

~1'GWn shrimp. .f. IzteS!! by Vanderzant tt~. (1970). 

".equent studies hav., .hown that haemocoe11e infections by 

oth.r vlbr10e .uch .. ~. 1D9u111arurn and ~. 010inolytiCUI 

would also cause epizootie. and mortaliti~s in brown, pink 

and white shrimp (Lewl., 1973, l.i.nhtn .. r and Lewis, 1975). 

The latter spt='cie. has been found to be responsible for the 

mass ~rtality in a c~ercial ~atc~ery in the United states 

in 1972 and 1973 (Llghtner, 1975>. teong and Fontaine (1979) 

have ~nsessed the virulence of four species of Vibrio on the 

white shrL~p, ~ •• et1ftrU! by cosage-mortality and time

mortality relationship! through intramucculer injections. 

vibrip s~. a~ well as m~bers of the genera Pen!qk,. and 

P'!UdomgnAl with chitinolytic ca~aelties arp. also r~pons1ble 

for 1.Inoth~r ~lgnificant sh~ll clisesse in cultured penaei~. 

(Cook ~~d ~ofton. 1913). Ciprian1 ~~. (1980) have 

transmittEd nnell d1se8~e to th" shri.ornp, Z. a;tecu! and 

,f. l§t1fSru;. end conclud~ that only shri.rttp ,,·ith abraded 

cutile arc nuscept1ble to eXpP.rfmental infection. Besides 

these, c~itinoclastic bact~rla, Ley.cothri~· mucor end 

Leucothfk~-like filamentous ~ctocommftnsal bacteria are 

foun~ to L~f.~8t th~ ~ill5 ane .~p~c8qea of larval. 



pcetlarval, juvenile and adult penaeid ~r~¥ns in culture 

eystems ryarticularly when stoCking censity 1~ high. the 

1'rt!'va11n (-:shlkaw8. 1966, 1967, darkate ~ al. •• 1974, 

Johnson, 1974al Lightner. 1975. 1977, 1978a. 1983, Ll~htn~r 

It.!l.. 1975, ~)teenberQer an(! '~chanlro. 1976). In acute 

eases. .:il:In(:'ntous baeterial infC"station i""."""~irs respiratlr:-·n. 

feedin', 2,r)ccrnotion and moul tin'7. and occa::~ i-::n~l heavy 

mortali ~:jl :-'in:! occur fr~ hY1")oxia (IR"Iikro':<1, 1<)6<1, 1967, 

Bar'katf' ~.i!..., 1974,: i"htn("'~, 1077. 197':." 1"-~3) • 

. at ic~r~,",~ 1 ('"\ 7''"' ) . .; i .... '_' '~,,'; ... # ..l. • 
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Atk1n'1e~§ PYRi' in f. IIt,CUI (L1ghtner. 1901). HallpthorOf 

""1"lar!' ar::' --;lan(, 1~77), ll. ~hl11I(~lnensi' in l,:. monodon 

(;atai d al •• 1990) and an unldentifif"d nhyconycp.te in E. 

aztceus (Cverstrect, 1973) have also b~en ('nccunter~d. The 

in~(ctic!l ~,J./' ~Jagenlclwn and :::!rclnldium to the larval shrimp 

occurs tllrou<;Jh the parent brood stoek or throuqh thE" carrier 

hosts in th~ sea ,.vatf!'!r supply, when a fun 'Cll zoos!'ore attaehes 

to and (~ncvst in the egg or the lArva (1.i··ht.ner, 19~3). The 

pathO<}(""ncsis of this infcetiou$ ':'!i5ease, ,":~ieh is also known 

prO<'}ucticn anc'l release of zocsr:o.ces into t~o larval I'f"'-"lrinq 

disease h:ls been described in detail by :.ic)"htner and 

. 'onta!nc O?73) and Llq)--,tner (19£:1). 

~'hC' only recor·~led imperfect fUn0tlS r:-uusing serious 

dls~as0 in ~~naeic ~rawn~ is ~Usarium eolaq! ,ihich has ?een 

re-nortf't: frcm.:.,. 1§p9Dieyl (r;gusa and Le<~a, 1972, ?ulruyo, 

1914,.ukuyo and -;:l]Usa, 1974, "uary U. Mu 1974, .~'JU,l\Cop. 

19771 :;atni tl !l., '.978) f £. a:ztecus (Johnson, 1974b), 

.!:. duorarmn (NimmO!:! Al •• 1977), 1:. Setifr>fUs, 

,f. occ1<'lr.:ntali! <r-1<7h tner, 1977), E.. ealiforniens!s, 

~. stylir:ontr!s and !:. vanD5E'Wi (:"lC1htner, 1~;75, LarJ!!more 

.!1.u.., 1977, Llghtner tt ~ •• 1~79a). ':ni~ is an 

op~tun:f.c·tic pathogen" ubiquitous in ristribution 

(Licr1~tn:.'.;:-, 19B1)" anc-: has been responsible <:or morta11tie!1 
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1ft eantive pOnulationa of several sneeles of penaelda (John. on. 

1983b). It infect. dead or (!amaqed tissue. wounds resulting 

fr<n crowd,1nf1, <1111s dam.qed fran ch_teal treatm4tnts or 

lesions fran other d1aea8e t)t"oc@se suc:h as -.'hell "1 •• ase" . ~ 

(L1Qhtner ~ a. 1919&). Leslon. due to Fusarl\1\1 tnf.C!tlon 

typically b~qln as 1nconspicuou~ foeal le~ion. in the 01118 

or on the apN"nC=:al7'~8 or on the exo8lceletcn proper, and as the 

lesions expand, they bC"cane 1ner~ll~inoly lnJ!"laonm~ 8~ ~rossly 

apnear (l!;~ {iarkene<'! melani7ec' lesions (Llqhtner, 191?,1). These 

melani:ed. lesions heve 91v~n ri~e to thp. n~e'8 "hladc ql11 

int>ctr::-·-: ?1",:st {'~u~ to tl~!!Ue d~:'"truction (r l~htn~r .§ Al •• 

lq79a) by toxins proc~ucod by th·~ /Iun'"l\ll'll (Hn~(" ftt !! .• 1994). 

rhe dh1stop&thology of "bl-~ck :-;111 dis~;~!!f!'t. ~ausAd by I,. 

solan~ 1n :. ~'")n1C"W! ~:1S Of!:C"rI t"c!'kfMt1 out 1)1' Pian ~d l-"'t;Usa 

(19nl) 1,.;~"!11~-o11nq1 an(! ~ 1 .... ~tn"!r (1976) 'h~,v~ stu~lf!'d the 

path(YJlm"'~1s of i. 101.,1 hns been studied in 

naturally and artificially infected E. sty11rostril and 

!. cali,fornlenslaby Liahtner J1". (1981) and 1ft 

artificially infeeted £. sallfQ£DitD!l. by Hoe. J1 Al. (19q4). 

~on9 the paraSites or pathogen. causing diseases in 

penaeic1 pralYns, protozoana are the m~t ccmuClft and videspreae. 
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~ are fcund &Sacci.tee! with pl'1!!'tffta _ eccRi"enaala. ayIIb10Dts. 

~ .. it_ aDd pathogena. ::prague (1970). en<! reeen~lY'. Couch 

(19.') Nw. r.viewed the protozoan par .. ltea ana hJperparulte. 

Of dectlPOd cru.taoe •• while Sprague ~ ~ (1971) b..,. 

91.811 _ .-motaUd list of protoa~ par_it.. bype~ .. 1t .. 

Md caanens&l. Qf decapoc! eruatacuna. The flaqelllrt. 

protosom ltIPSiPADM ~ •• an oppcrtunl.t:le invader of week.Md 

.hr_ luv_. U reported to eau .. 1ft". 1'AOfta11ty infecttnv 

the ha-.oooel. abdcaen and the appedtIgN of proto.oeal Dd 

.ya'8 ataqe. of 1. .,... (Coueh, 1"8). 

iInong other protozoan parult .. , Oreqar!ftea IIUIWy 

belongin'J to the two QeMra ot !.n9plll and Ctphal9bo1uI, 

are fount! in the wild an~ th@ pclft" re~ 1. ut'nI' 1. 

duor&DE~ 1:- IItiferu;, 1. yn .. ' and Z. W.1~1In.1I 
(Hgtta"l G ale .. 1959., Km,., 1959, Spregue end Couch, 1971, 

o.ereueet. 1973, 1911, r.1genb..... 1!75, Johnson, 19'781 

COI&CIh. 1'18). AlthOUQh eanMon .tnhabl1:~t. of the 4198.1:1-

tr-*. they are not thouqht to cause any alrmlfletmt diaeMe 

(J~ 1978). Haploapor1dlana are found to be rare ill 

penaei4a and ~ only en. report by' o.lves-!!rcaqh~on aft(! 

Pou.pud (19") 1ft(l1eatM the pre-.ee of the spore. of 

yrO!JlQE¥U .• iD the qutend muacle tissue 0", a .inqle 8'pecim~n 

of- 1. Si.WM- en the ~'1er hand, mleronpor1d1ans are 

frequently encountered 1n penaeida causinq a aerlaa. diu .... 

known u "~tcIl" or ttmilk ahrimp c1:t .... e" both 1ft the wUd 

.. v.l1 ea pond cultured prawna ineurrlnq eoftslt11erabl. lon 



to ch~ ~lohcr.men and f1ah farmer. (~rus.. 1959, OVer.treet. 

1973. 1978, J'ohnson. 1978, Liqhtner. 19'7}. Prawft. with 

alcrosporidian lnfQCtJ.on have d1st1nctly opaque ... culat1ara 

and ovaries ad of1len have dadt .1_ or blackUh 41.eo1cur

.t1on 0_ to exp&naion of the cuticulu chrcaatophol"" 

(L1ghtner. 1981). L19htMr (1915) reponed 1Ibca~ 11 to 1. 

pf:"reen't of "cottOft .hrimp d1seu." jncideneM in the 

eommerd.ally reued Z. ."U.., in F1Gl'ida and '1'exe8. 

Sanetime. microaporlcU .• tnfeot:J.on "'ay be preeent: et 

~izootJ.c level (Cou.eh. 1983). Ff!lUr trpeC!ee of pe~oqM1c 

microapor1diana ue known to ooc:ur in the pm .. l~ prawn.: 
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VIruM (1RIwa) Ulasm& u fOQDd 1ft the mu.cl. of -t. USISW!

L w'f?AIW .ad £. .'&&InI (Spr_. 19.0, Hutton Jl. al •• 
1959., o.er.treet. 19", LlQhtner, 1"5, COUCh. 1'''), 

._. <-:rbt""."> _M' 1Dtec:u the blOCK! ve ... l •• 

foregut. h1ndQU.'t. ooa*ta .ne! oce .. lonally the lftUselea of 

l. '.IliUS£MI (Spraoae. 1.50, Htlttcn &t 11.. 1'59., ONratreet. 

19'" R1g&n IS. Al.. 1915), • similar but uruUlne<! sJ)eeie. 

Utfeet1nq tnar1_ of r.. "mum,1. hu been ~eaer1bed by 

a.t1ca1ce (1980>, • thtftlll1ero'porlc!1e. lb.1 •• " duprv,. 

ha. been reponea ., iftfeet •• cle. 9Qft.t. ad other organ 

~1.S\lU of .t. __ • £. s!pQrNW ant! t. \?'Milltp'!.I 

(!versflll end Mantt!nq. 1t., Kru8e. 1959, lvera_ and Van 

,Meter, 196t, OWerstreft. lt73) an4 the fOUXtll mierOSl'Orldlan, 

P&'l'~QtIlQra ep. and p1tytmftera -U' have been ~0Uftd 

1nfec:ting the ~lfferent 'tissues of E. ",p'. ~. ItS!fe£»! 



~ t. .01"1"11 (Enter .G a.. 1'70, CenatranaJ.tClh. 1970, 

Ipr~. 1910, O¥eratr •• t. 1971). 

_t.dea the eo.. proto.o.., th~ cl1iat" are foun<,; 

to __ ftI'Y ~b_ pt"OtcIlou .-oct.t .. oft:en eneoant~red In 

or .ttaeh~ _ peIl .. 1d prawns. sulked per1trichB euch as 

V9R&.11a ap •• ioot;b-'lD -p.. iRMVly S}). ~ Lagenopbm 

taUB' are oateraUy found attached en the 91118 •• 'PPen1aryea 

end Mc1y aurfao. Of ~. lene1, pon,l ..... 1. jw.nil. and adult. 

...... ld. 1ft ealture .,..tema 1Ift(l, Wen IIbwldant on the autaee 

of the g111~. can eau .. h?poxla ~ death (OVer.~r.et, 1973; 

1''', Johnson. 19' •• , Liql'rtner, 1''', 1.n, Llgh1:n*r d. Al., 
1915, ca.~, 1.'8). An eneye1!ed fOft (J)horont) of an 

unldentifl~ apoetGMe el1l.te, ... oet.~ed wl~ blaCk 9111 

dl ..... in ,t. tuOJ'''''I. hu been d.soribed by Couc!h(197S>. 

HeaYy 1nf~tetlon of .hi_ ciliate occurs on giUe of pI"awns 

durtnq periods of warm to ~er.t.ly 0001 weethe.r when prawns 

are hel~ Wlder erowd .... eaftd11J1Oft. (caueh, 1975). Another 

etliate~ £".£RI.' .-p •• hu been cb •• ~ by Coueh (1919) 

1ft ~ haanoeoel of protozoaa. tllYste ~ juvenile ataqes et 

I1vtnq. mor1btal4 _4 deed r.. __ I. Suetori •• nch -

"einU' ap. (Jobuon. 19?8),. hb'J.9t1 ep. (Couch. 1'.,,) 
... ~ .1. gwniRH" (Gaeutan .!1 11., 1''79a' h~ also 

oce.~ionel1y been eneCUftt~red on ~h~ bCI!y ~ ql11s of 

peft_l~ prawn.. Coueh (1983) has pointed ottt that certain 

spee1N of the qeneua rAbUsrt. 1ftay aet ae !\tre88 or in 

infested prll"m., while i. a .. lw, tnfeetatlon on 



I. ,,-.. lan .. 1n rearing tank", has been 1!:m11rat~ for 

vea1ceft1ftQ and IBCrtallty of the nopulation (~"'~cutan Si 11 •• 
1'79.>. 

~rl .. of 

helllJath parult .. nch .. dl0_nle t.r ... t~, oeated_ 
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.. ~ _4 bopJ'rld 1aopoda. HoIHIt'er" th ... 

oro_.uma eppear to c ... ins1qniflcMt .ff~ OIl the !,rmms 

(Couch, 1978). CJ'ne.sd larval e'taq" of the helminth 

CWU'ultea are 9_er.lly fouDd in the __ cul.tun, h..".to

pan.re_. ift'teatSae or h~l. The dlq.etie trematodH 

reoorded Ja penael.4 "rem. u. !1'Vos;'lI"llU 8p. (Hut'tm 

al .&1.. US... lIMIt, Ohratretrt. 19") Perorlb" ttp. 

(Johuoo. 1975) .a4 illSRi10i.4M ~"r1" (Over.treat,,19?]), 

"hUe t:he cutode par"l~ .. iDcl\1d. Pmcb~l.'ll. 

b,"W (-,£. .. _1) (Xftlle. 1959, A.ldrlch, 1965, o.erstre~t. 

1913, 19181 ~~. and Fofttain81 1913, Young and Xruae, 1974, 

F.~ Md CU'IIRtccto, 1.76, i...oueh. 1975)" Par'9br1~t, •• 11a 

.PP., (Kruae, 1959, Corkern, 1"0, ?l~eftbeam. 1~15), 

!\ta1!mJ,lNa .... (I'.~. 1915)" cyelophyll ideaft and 

LeaD~e1jd 1...... (JohMon. 191.) and an unld(llftt1fled 

oeaWJde la.rYel ataoe (HuttOll J1 .11.. 1959., Rru.ee,1959, 

o.en1:ftet. 19.,3, "jqenbawn. 1"5, Coueh, 1978). 'l1le 

~t n..atode parult_ abeerw.4 in pen .. ld prawn. are 

1'hYMMsarl.! ap. (.ccmtr,cMS"D ~) (MutteR.I1 11 .. 1959., 



Xru •• 19H, Corkun. 19'0, OYerstree1:. 1'''7', Morris an4 

o..~. 19'6). Sp&E9aM11au .1'1"". J.4ptt\ ... 

11 

ap., Aeceropbi. ap. .. cOJ'Ocn I ap. (~, 1n,. 191'h 

Job .. en. 1".). tM boprrit1 1aopoda have be.n reported to 

~r .. 1tJM the -.r.ach1a1 ch-.ber ol JMmaeid prawns iD fta~ 

(O_on. 1918, Turn.. 1967, AhIIad. 1971, Chenq ant! Teeq.1982, 

P.11... 1992, Ab\t.H.ld... 1984). A1 thalgh the bopyr14 

Iftf •••• ioas •• aot Cl_rally ifth1bi~ t:he 0row1:b of' ~e hoets. 

_hey «Ift81der.,ly aft.- the gonadlal 44rvelopllWtftt. ofun 

e ••• lng l:UJ.rs!litie euUatJ.oa iD ~. bona (TtBa. 1.", 

Alm-Haklma. 1'94). 

Nutritional ol ••• ea 

Beside. the di...... ceuae4 by biol~leel agent. 

d •• crlbed briefly above. .. vu;},l abiotic aoent. !ftel~ift9 
'the envirotlMlltal Jlabaluc •• affect the pen.e.t.e! prawns • 

.... lth the inar ... 1Ilo .tre.. ca •• i-intenaive anCI intens!ve 

eultue .,.at_. 1ft the recent yean. e~e4 ~t.t. ~c 

_haee the (fl'OWth .ad aurvl..-.1 of the fumed populatloft 

are beJ.ftq fr.qa_tly _ed .1~.r 'C auppt_ent tbe ft.tua1 

foed avaUebl. in the eultur. 'b ... or .. a eoaplne 41t1t 
\ 

in control1f:1d eul~ur. O!)eretloa. The ~.fic1eney of 

eertatn vital ift9redi_t. 1ft the artifieial diet or the 

allatox1ns due ~o 1:heir lID-.e1ant1f1c: preparRion Md 

pr .. ervat1on ha •• led u e .... certain nutrltioaal 

4efloieney t'!1 •• u •• 1ft the fcm~ stook.. One suab ~-



reportcC cQa~nly ~ the aaeorbie ~C1u deficienCy disease, 

popularly known .. "black death diaeaaeH
• obaerved in 

of. .t.I..fgm'.'H. of. 1tiY1ir"trl" ~. MkSM and 

~ tlPZ'iSll (De.h~.a Kurdd.. 1916, L19h"er, 1911, 

1983, Liqhtner as...... 1911, 149b=- .. ..... 197., 

Meqarelli Il.ll.,. 1979). Black d •• i:b diSeaS! produc .. 

characrtQrist10 hl __ • ., (melan1aed) haeaocytJ.c aeerot1c 

le.ton. in 1:be ellitbelial end ..m-~J.tb.11a1 eaaecrtl,.e 

tt.811ft of the ._.ech and gill., aubeutiaul ar tl.s",.. at 

the junction of the body .~ent. end ~.. and the 

100 •• connective tl .... of hepatopancr.... nene eord _d 

eye aulldHun".r 11.11., 1.", L.iQhtfter S1 a.,1"9b). 
Qaae .19ft- of the diM ... DetWMMt eppuwl't. tme affected 

pr.... do not feed and death usually followa within 24 to 

36 Jloun (LjqhtMr, 1.,7). :JnhiJllen and Kurdri (1976), 

Liqhtru.r .IS. ale (I'.,.) .ad Maguellt • Al.. (1t,,) ban 

r.'Ported that • dietary HqU:lreMft~ of 2000 to 3000 1ftg of 

the ueot'b1e acid per ld.l09ram Of feec! is n.ceII.er,- to 

control the 418 ..... 

Su ... COIt4J:Uoaa such aa aupersaturation of 

.taoapberie 9--, low d1 •• o1ved oxygen levels, eudcSeft 

temperature or sal1A1_ chan90. 0'18,1' cro.d1Dq .n4 rOQ9h 

handl1nq le.s .0 unhealth7 state 111 prawns. _a ~ ... ere 

ea ... , lew! to large sc&1 • .ortalit1... "G .. bubble-
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diseu. occurs when the prawn!! are subject0d to '·ISt::".rs 

supersaturated with the atmosnheric gases, p~rtlcularly 

when the Gi~solved oxygen level r~adhes or ~xoeede 250 

'Per cent of the ftormal saturation of the ",.".dilZll (r.ightncr 

~ AL., 1974, supplee and Liryhtner,1976, Lirih tn er, 19P3). 

Gas bubbl('~ are formfl'(1 in the haemolymph arK1 d~ath 

results if larqe amount of bubblfnn occurs (Johnson, 1975). 

The eorreetiv~ measur~. involve vi~rous aeration ~d 

lower1no. of the- dissolved 0XYl"rjl!ln l~vel Of th~ Y1at~r 

(.:u-pplM cmd Liqhtner, 1976). Seversl oth~!r cis~asea 8uch 

a. muscle narosi. or spontaneous muscle necrosis(Qiqdon 

and 3axt~r# 1970, Venkatarami8h, 1971a, 1971b, Lak8hmi 11A1.# 

1978), cr~d tail condition (Johnson, 1975, 1978, Lighter, 

1977, )..1ao At. .Al., 1977) cc broKen back S}"ndrane (Couch, 

1979) occur due to channC's 1n r:mvironm~'ntal ~aetor8. The 

spontaneous muscle necrosis follows periods of severe 

stress such as over crowding, low d1~solvecl oxyoen 

levels, sud~:en temperature or $alinity char.'7~s and rough 

handl1nc.' (Lak8hmi G J1.., 1979) .~hrimps recover in many 

c:a-'es, how:nrer, if stress ceases (Couch, 1978). The 

eramped tail eondl t.ion ap~ears to bE' rf"> late<! to sudden 

increase in the temperature of water and air (Llghtner, 

1983). -::he tail is drawn und~r thf:' hof'y ana becomes rig-id 

to the point that it cannot be .trai''''nten~ (Johnson,1978). 

Broken back syndrane ap,",~ars to b~ relnted to severe 

salinity, cold temperature and handling str~~~es whIch, 1n 

combination, display a Characteristic dorsal separation of 



the pleural plates covering the third and fourth abdcrninal 

.egmenta (COUCh, 1975). 

Toxic diseas .. 

':'h::: toxic diseases manife.t mainly from two sources. 

toxigenic al(]~ am pollution of pater by pesticides or 

. industrinl chemicals. chlorinated hydroc<irbon. petroleun 

or 011 prG{~t1cta and certain hravy metals. Blooms of the 

diatom. ShAetogeroe QEac111;, certain dinoflagellates and 

filamcntous blue green algae such as : ch1zothrix 9&19i9011. 

Epirulina subsala and l11£foco,ey.!: lyngbyaceus are reported 

to be toxic to the cultured populations of ~. sty,lf9strls, 

E. YIQParoe1 and ~. califOrnians!. (Llghtner, 1975b. 1993, 

Lightner ~ Al •• 1978, S~on.19781 Lightner ~ A1 •• 1980). 

The d~of13~el1ate8 may affect prawns during moulting 

(Sievers. 1969). ~ dinoflagellate. tlmRhora sp. may infect 

the haemocoel of prawn and cause melani~aticn in the gills 

(Cverstre~t and ~afford. 1980). The blooms of blue-green 

a10ae are shown to cause haemocytie enteritis (HZ). 

partleularly in juveniles. when necrosis anJ i-1aernoeytie 

inflammation of the mucosal epithelium of those portions of 

gaatrointestinal tract that lacK a c.hlt1n~lS l1n1ng occur 

(Lightnar. 1978b. 1983, Lightn~r !1~. 1979). This leads 

not: only to csrnot.ic .imb~l(;lnccs nnc. poor 1msorption of 

nutrients. but also to secon' ary bacterial 1nf.~ctlon. 
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(Lightner. 1978b. 1983, Li~htnGr ~ Al •• 1978; Lightner ~ ~.# 

1900). 



Toxic responses of penaeld prawns to pollution have 

been rE:vi<'Wed in depth by Couch (1979. 1979). ne,vera! years 

of experimentation have rcv~alcd that pE'n,'1t'i."s are. in fact, 

more 8ensitie to toxic effects of most in!lcct1cldes than 

the flslY S or molluscs (couch, 1978). Cr~'al,cchlorines such 

.a ':';',ir. ::iielcrin, ~<irnx and :<:013, orqanophosphates such as 

Baytex. ,:llir:crn. ~~alathlon and :' arath10n anc: carbamate such 

as ~:;evir:. have adverse effects on penselds, usually 

affecting the physiological p:'ocE'sses of hq::-;1topancreas 

and resultino 1n -1f:"ath of the anir.al (.;?utlf'r and Sprinqcr, 
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19631 ~Jutlcr. 1966, Duke .!to .!.1:.., 1970, NJrnmo.G .11.,19701 

Lowe tt .11 •• 1971, N1mno !S.s!.u 1971a; tz~o n .!l •• 1971b, 

Nimmo and :-::lackman, 1972, Parrish tt !i.. 19731 Coppage and 

~'atth~s, 1~74, Couch and ramno, 1974a. 1974b, !:ansen 1$. .al., 

1974., ;::ansen n Al., 1974b, Conte end rarkcr, 1975, Couch. 

1978, ;'-chocr and 3rauBch, 19B') .,\lthouqh little information 

is aval1ahl~ on the effects of pctrolE'tIn on penaeid prawns, 

fuel oils, T)8rticularly the napth"lE'nes and son1fled crude 

011. ar~ known to be very toxic to penaeld prawns as they 

accunulate 1n the animal tl!~ su!"'s and/or proi~uce nl?crotic 

lesions 00 the body, gilhl, l1ninq of the ;:-<ostrlc mill and 

eyes (MiJl~ and Culley, 1971, Mnderson Z. al..,,1974, Cox ~~ a.l 
-...l< _" > 

1975, Yarborough and ~'~1nchew. 1975, Neff .Go .I!... 1976, 

M1nch~ et al." 1979~ --



Penaeie pr~":ns are also s~nsi tive to c~rt3in heavy 

metal pc'llutants. c-xpoBure of nrm-.'TlS to cno~"mium causes 

black gill syn~~rome by kl1lin-- th~ (")'111 ce-lls and 

consequcn Lly lead to the (e-ath of the anlmnl (Bahner, 19751 

Couch, 1977: ramrno ~ .!l., 1977). ~~ereury is aecttnulat~ 

by I'enne!ds and may interf~re vith theoir OS"1'lOre0'11atory 

abilities (Couch, 1915}. 

experimentally shown that .xp~~ure of br~m shrtmp. 

~ •• atScus to mercuric chlorice results 1n 1nt~rferencc of 

prawn's ability to ~djust its intp-rnC\l inn levels to the 

efternal chanqes which may be detrimental to prawn •• 

Ni';'!'-c::e::, which enters culture systef'ls primarily as 

organic ccnpoun(is that are :1'10t;-mr"")lized to <Tl..'""'!onia, nitrite 

also toxic to cuI turcr.l crust"1ceans i."lclu:: in.<: ;)f:'<naeld nrawns 

mostl:oxic o:~ the three compoun°. s ~\11th ~:f::eGtive 

concentl. a!:ions of about O.5mn NO,/11 ertr.lOni,l ndversely 

affects the "Oo!:a~o"71. at about 1.1T:; arrrnon!a/l and nitrate. 

the least toxic. at 12.5m'i. t~03/1 C~ick1ns. 1976, 

Armstrong. 1919). 

Toxic effects of chemotherapeutic chemicals 

:ana o~ the ehe":'!otht-"rapE:'ut:ic c-hemlca1s us@(! routinely 

in the t:rO(lbnont of fish diseases ar~ foun~ to be toxic to 

penaeid !."r'a"ms nt e(?rtain ec·ncentr<!lti<:".ns {Johnson. 19'74e. 
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1916&, Hanks 1976). Gacutan ~ §l. (l979b) have determined 

the Optimum expoaure time of .2. monodon to furanaee bath •• 

::'chnlc'k ~ al. (1979) hwe listed. nl.lnber of chemother

apeutants and an •• thetica with their relative toxicity to 

crustaceans ineluding penaeid prawns. while Eat.i .!.$ .11.. 

(1974) dealt with the toxicity of a numbpr of fungicide. 

on the .fV,safiYnl causing black 0111 di •• ue of E-. 1tponlCUJe 

!\ceording to Llghtner (1977). use of potassium J)ermangnate 

as antibiotic at 5 to 10 ppm for one hour to treat 

f ilam"~ntcus bacterial gill disease may cause severe gill 

dalnaqe. ,or the s 1milar dlse;"!se, L1C1!1tner and Supplee 

(1q76) have found that use of Cutrine plus at 0.1 and 

0.5 mq/l conc~ntratlons was toxic to ~e calif0fnlepsla. 

~c~si~,es the aforanention. c diseases, there are 

reports er. ~~V0ral other eiseasas and aJno~allt1e. which 
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are ,itr1('.'r of uncertain etiology or not believed to be 

serious c iscases of p<":nael<: pra\ffis. ',;.bE:se include tumour

like groF't;"t "parks and Lightner. 1973) .. harna.rtcma 

(Overstrect and 'van Devender. 1978) .. blisters (Liqhtner.1977; 

John son. 197H). Hgolden" shrimp (John.on. 1978, 

L1ghtner, 19G3) blue diseue (Li0htner. 1983, Lightner &. ... , 

1983b). blue or white eye disease (L1ghtn~I .. 1ge3). 

amoebasis of larvae (unelassif led amoeba) (Larsnore Mt! 

~!arkate. 1979).. larval eneru~-tat!on. mul ti'.:ocal oJ)ae1 ties 
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(L1qhtner, 1983). qut and nerve syn<'lrane or a::.:. (L1qhtner 

u.,&1.. 19n4). white J)leura (Ueease (Ar~u;\. __ :op. 1977, L1ghtner. 

1983). red ai.ea.. (L1ao ~~ •• 1977, Llqhtner and Redman. 

1985), nerve disease syndrome (Y-atzen !Lt .5ll.# 1904', 

aflatOXioosis (Lightner n ~ .. 1982, ;'1!8«1an U &1 •• 1982) 

and fatty infiltration of h~~atopancreaB ( alser S1 AL •• 

1978, Li(:htner, 19(3). 

St~die5 carried out in India 

/.bout 62 species o~ prawns and shrinm5 helonalng to 

the family i·'ena~1dae occur in !ndiar;·dat~~rs.,'he important 

of th' se suppor'Cing th~ canmerc1al marine:ishery of the 

country at present are ;:enaeu; (Fennlropenaeus) ~ndicul· 

H. nl1ne ~ d' ~arcs, £,. (penaey,l) m,:>nodoD* ~abricius,f. (l'!nae'd~) 

MetapenKus dob,on~ (;11ers), ~ monocE'r9,! ("'abricius). 

ti. saff in1:r; Cl. r'"!11ne ~:d,.,ard8). Pa£ApenA~sis stylifera 

(" 1 ' I)' ere). 

c1\-,'ards}. 2.. ssu1pt1Ji§ (Hel1r->r). i,. hardwic:lsii 

olenocera crasslcorn1; IH. ~'ilne ~:d"a!:'ds) and non-

penaeld prm.;ns such as EmippolVSffia1;A eni!;irostri! (vemp). 

* Specie!> na."11e glvE!'n h'.?r~ -f'o110'<Js I!olthiu!'1. ! .F~. (19BO) '~"(' 
s!,eci0s cataloque, '/01. 1 - Shri.rftops and T:'\;.a'·ms of the 
world. ....:£ ;:"1sh. SynOp., 125. 1-261 pn. ::owever, in 
oth~r ~arts of the thesis. the s~cies are referr~~ to 
as z. ~-:l1CtJ.i; E. monoOon. I. stm1sul~atu~ and 
E,. mer0Jiens without th~ sub-generic name. 
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several bopyr1d parasites aloo9' with their qe00raT>hical 

dlstribution end lceys for identification. l-'ollowinq this, 

there have been only occasional and isolat('d studiY on 

diseases of prawns. ~be noteworthy among these are the 

bacterial dlsea.~g such as myxobaeterlosis. haemorrhagie 

septi~se~ia. vibriosis and enteric bacterial Infection. ~e 

myxobacterial lnf~ction caused by qhopdrococcys 8". i. 
reported in l.. indlC'U1I .e. mongdcn. ti. aff1.TJU and !i.dobsoni 

cultur~1 in earthern pond. in the braCkishwater ar@8S while 

Paeudanon§s flyoressrence. causin(J haemorrhagic septicaemia. 

1s encountered mainly in r. ind l£Us and !:l. IDOD0gerO! 

(Hahade-van n:t.ll .. 1978). Among the bacterial disease •• 

vihriosis caused by ~. tpcu&llarurn is the most fr~auent 

disease found in £. aPd1SUS cultIvated in the brackiehwater 

fields (,'Mad~van !1 -Al. .. 1978). RecM'ltly. brown spat' 

e iseesc cu.used by V1l?£l,o and Aeromog!! Bp. ar@ also reported 

in E. 1n(~1QJ1 (Lalusmanperumalsany S u., 1.9~2). The 

. bacterium. :~ssherleh1' W! is found to lnfr.ct the la!'VM 

of E. Wd1cUf (Vahadevan £~ 11.. 19'8). 

lmong the diseases cznwed by fun:,!!. la.rqe scale 

mortality in the larvae and juveniles of ~. mOOodon raised 

in the hatchery has b~n reported due to hf':avy infection by 

fungus, :"ooenidium ap. (~F~I report; unpublished). 

Similarly. the funqi s.prolegn1a ptrts1tic! and Ltptolf9Ri. 

ma,,", are recorded frcm the juveniles r.aur'i'ht fraa the 
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backwaters of Cochin (GOpa1an.2.t .Il.# 1980). In the giant 

freshwater prawn. !llCfobrachiym ro,enbEroii •.. hah ~ .fil. 

(1977) reported five different fungi, namely, Saprolegn19 

.P., iiSblXe .P.. AmancmxCfi' 51',. Prthium SP. and Leptgni tys 

·P •• 

l~e protozoan parasites reoorted from the Indian 

,!,rawns are ···96hpn1\1l! riqic11UT'i1 ~ Stenctor coerulen, in 

~. monOCe.rO:'J (Santhalrumari and Gop~la':# 1980). ne8idea 

these.-Ebstvlis sp. together with ~'ootharmi~ ap. 1s also 

encount(>re·~ in i. mon9don causin? hypoxia (IEwac l-\ajendran 

d .11.., 1982). (;ceuionally. these pl."otozoans are fOUllO to 

affect thE:· juvenile prawns in tl12 culture Den··s where <-'ls301ved 

oxygen lCVGl in pond water <.It'crI;;H'tSf':'S to 1.0 vt:m due to non

flushin<J uf pone! water with ti·al wat,'r (Issacajen'.:'ran 

f;:t !l.., 19[";2). 

-11(' "cotton" or ttmilk s'hrim"!)u (':;i5~asl2 caused by 

~lcr:'o~""o:,:,i(~ien ,..,."r~slt,.s in th/"l natural 'l'.Y'nulatlons of 

,:. inr) lc:u.~, :.. sem is'J lCt'\tu~, L1.&. monoc~ros ;;.n(~ ~. brev1sorn1s 

cauqht o£-e ;·adr<"'I~# l:an1ap&"n, '!.'uticorin and ":ochin h:1.s bc>en 

r~port(;'(: on sev~r~l oc~atdons ( ubrahm!"..ny~'~, 19741 ·!bomas. 

19761···,~nt1-'r:'.1nln'larl and~70!'alan. 19~O, 'iO'O€lan ~ .!!. .. 19A2, 

Palania""'.....,~ ~ ~., 19q21 C"."l:~':~! renort, UJmubll~h~). 

Large mDber of metacercarial cysts infectinq 

!i. 1J900ccrol inhabiting the Cochin backt4aters have been 

reported by C;opalan ~ Al. (1982) end SyNi lsrnail t.aya 



and Hohanc1as (1982). Instancl."s of isopod bopyrld parasites 

infeBting the branchial eh~r or attaching to the 

ap~ndages have been r~rttKi in li. monos;er9!. of. atylifer •• 

,E. 'ern,su1s:t.ty and Pllaemon tenuiP" fron natural 

J)OpUlat1oos and they vere found to affect the primary and 

s~oary sexual organs of the host which remain ~perfeetly 

deYeloned or rudimentary or in deqen@rated condition (f"1enon. 

1953, ~;awant and Kewalrananl. 1964, Thanas, 1977). 

:rnonry the farmed l. ip:·ac3t§ 1n the br 2ck isnwater 

fields, an important disease syncirane- repo:::-t(,·r; and being 

investiqatc<' at the Central ~';arine Fisheries ~eseareh 

Institu-<:e is ~"hat is referred to eanmonly as "soft prawns" 

(Mah~.d<",van tt .!l •• 1978, Rajernani. 1982, ;::80 1983). 'Tha 

f! 1seas~ I!!yncrane in cultured prawns Is 0~nerally eneount~red 

durinl"l' a;~v('rse eeoloqieal eonditions such as low st:llinltl~s 

an~ combination of higher te-mperature and ~alinlties. It is 

~ore frcMl.('?ntly encountl?rec1 in culture operations involving 

r~lativE-"ly hlghe>r stocking ,~ensities and often resulte in 

con8i~erablp. 108e of ~rawn OOPulation in the field and 

~conomic 10s9 to th~ f8~~rs. In a rec~nt ~tudy. Natrajan 

!!. .Il. (19P2) ci)serv~ black spot diseue on ey.os"kelp.ton. 

1 arge nuit..l~)(:~r of protozoan cysts on th~ body. a bopyrid 

lsopod. t'[obopxrns s!'. in the branchial ch8r.'!ber. blister. 

on the c'!£f(:"r("'nt bor'1y r>arte anc' a tumour on the carapace of 

freshwater prawn. ~'acrC'brachiw equidens fr~ Nethravath1 

river ofcl':!"':hin Karmada. 
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~ec~l~lng the importance of 0isease diagnos18 and 

control in the context of rapid developnent 0: ar:uaculture 

1n the country. to facilitate exchange of information and 

to gather the scatter~l information available on the 
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diseases Of finfishes and 8hellfish~'s in ::ntia, the UnivE!'r~1ty 

of t'.q.rico"!ltural .soiences. COll0ge ofishrics, ~'an~;alore, 

organiscC a national symposium on the subject in 1982. At 

this symposium' papers rf?lating to the dcseases of p.r.C'!'!:ms 

were nr'··~cnted. Later. the Central 'iarine ·is1'1pries :("sf'~re"l 

Institl;.tf'.". r:OChin. held a '.'orks7::)p on ',,!,,-,ro::chcs to f inf1sh 

and shell-':ish pathology investi~3tion' 1n January, 19P3 

Where t~c r~idelln~s in the iJentificati0n of di5~8se 

problems and the rational 3pproachcs to he unc'lertaken to 

tackle the same werE' discussed. 

~'h(' variou!t projections &ttenpted on the a~'1eulture 

of pr€:' "r:s have inc icated oreat Gro,..~th potential in India 

and in e';is c:evelor:ment, an un~;erstanclng of th!' diseases 

affcctin'~ 4::::~ farm"d stocks and th~lr control has a 

:.:ignific::n~: role to nlay. In t~i8 'Pf·rsoective, the pres~nt 

investiqati0n i~ taken un to facilitate imry'-ovement a.-,d 

accelcr'~,;t, .. - t(>V~lOl:'1nent of cultur~ fisheri"". [or prai'~8 

throur:1h better management an.' (!1s~ase control so as to 

obtain hinh~:"r survival and pro.:uction 1n th~ cultul:-e 

operc:.t ion n • 
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Although diseases, parasites and abnorrc~alit1e. have been 

ob.erved in several pen_ids such .s £. ~nd1cus, I. monodon, 

,'f. umisu1catH • ...!i. d9b'qli end 11. aff in1s during the present 

investigation. frequently eneounter~d cases of diseases have 

been mai:1ly 1n ,'f. 1n~1cu, and E. senisulclltU;;. Brle-f notes 

on th~sc two sneeiee are oiven below. 

B!naeus indicus H. M1lne :"d'Haros, 1837. (Pl.I. F1g.1). 

'!'hie specie!! 1s populiU'ly lcno~rn as Inr~lan "",hite pr~wn and 

forms ~ :1mportant ccmnereisl S~Ci~8 occurin,.., along both 

the east anci ~·1('8t coasts of Inc1ia. Its ~~{~r?\l d t~tribut1on 

ranqf'S ::ran the east and southeast coaAte of ;.trica to South 

China. ~;c'W:~uinea and Northe.rn,ustra11a. In the marine 

region it occurs up to 90m (iepth and gen~rall)" lnhabit~ the 

muddy or ::;andy bottcm. In the adult 'Phas~ it 9u~"""rts a 

fishery in the inshore waters. and juvenilrs ~re c~ught from 

estuarios and backwaters. It also foms an important species 

in the P<:l<':y-cun-prawn farming of Kerala <!nd to a lesser 

extent in the brackishwater fish fanning of west Ben(!al. 

Karnataka aTl<1 C;oa. It qrow8 to a !"'!Plyin'n.ml total len,·th of 

184 mm in male and 228 mm 1n the female. 

Penaeus 'sm i ,ulsa1juI de Eaan. 1844 a (PI.I. Flg.2). 

popularly ltnown a. green tiger prawn. It is more canmon 

OD ~he east coast of India than on the west coast. It 

supports an important' flshflry on the south"ut coast. Ita 



'ibe Inc11.m tlh1te prMm. :'IllMUs iOCl91i! 
H. Filne Edw8J:'d~, 1837. 

-:h(') •. reen t1qer T.)rawn. Penaeys pcmisylcatus 
de t:CWl. 1@44. 

'~'ho \-:hits streak in the photOql-ilphs ie clue 
to .:::'.:::flc,etion o'~ l1qht. 
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.,.era! distribution ranges fran ~~ed sea. ~·.a5t and Southeast 

Africa to Japan. Korea. the Valay Archenelaqo and northern 

Australia. In the eastern ":;,tlantlc. the sDecles occurs fro:n 

the eastern . ~editerranean through the suez Canal and is also 

found all along the coasts of ~qypt. Israel. Lebanon. Syrra 

and southern ·~·urkey. In the marine rElK'fion, it is reeorOen 

upto 130 m r':ppth. ,\s 1n th" case of P.a. In6ici,. it inhabits 

muddy or -~a.'1r~y bottom. --- clu.l·:.s ar€' foun,:: in the marin~ rf"ryicr. 

and juv.eniles in the- estuar1~s. It attains the maximum te>tal 

length of 180 nrn in male and 228 mm in :~m·3le. It plays a 

role in t~f? ~:!C~ field prawn ~3.nn1ng in the -'anoes Ctelta. 



~he ~esent work was carried out fr~ U0ust 1982 to 

:i.)ecernb('r 1984, and it involvr>d a !1urvey I)r ';1rmm diseases '1t 

certai - "~entr""s along the GOUt)''''''1E~SC ani-1 ~out1'~ast coasts of 

India, t>r clinIcal examinati0n to r=: iagn, 'Sf:' thE: Ciis.a.a by 

means ot' :".:}cro-an(1 microscopicnl obs,f"rvatirms ane detailed 

studies on the rr.icrospori<"lan 'Par"sit~s infr~ctlng the 

penaei( "l',:\uns. ':'he methor,:s 0: coll.;-cti0:1 of sampl#lOs for 

envirorrcr:tal parameters and of data pertaining to infeet:~1 

a'hno:rrr:<il ,'\rrr'ns as well as the t"?chniques inv01ved for 

m icrc" c0"'"'ic exam ination nf trc c.pecime:ls, cctnl~ii)n to all 

stu(li('s~ nr'2 presented in t:lis c:',apter. : :ltr:'rials and 

sr-ecir.:!.(" ··',::thods emnloye(; for 0xncr1mc~ts ~~,n tra:ls'nir:sion 

of one- ,.,- t,:'-;r- m icror;pori(' fan s'0t'?cies ;'md fer thE'> det('>rmina

t10n o~ Dr.-o~-:imatc composlt18n o~ nomal un;:; microsporl1!an 

lnfectr-(; ~ "&oms have been ,)iven in the rell::'vant chaptl"rs. 

~;urvey 

'he survey on prawn ?ls~ase8 was c<lr=lee out fron 

two r('("d";':~;: (1) frcm Cochin on the southwest coast of In?! •• 

and (2) from Lanrlapam on the southeast co;;st (f'l. 11) • t,t 

Cochin, t~1~ samplea of abnormal or ~lgeas,'d ~rawn~ 'Wer~ 



Map showinq the location Of collecticn 
sitc;~ around Cochin on the scutbwest 'eoast 
of ::rX!1a. 

;1ap showing location ef collection sites 
arcuncl : ~anda~ on thE> southeu't eoar;t 
of India. 
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collect ... <.1 frem rr:~gular fortnir;htly visits to the prawn 

cultul-e :ir1. s at the Vypeen isltmd and the Cochin flsl-~ln9 

harbour. .'he Vypeen island lif's parallel to the mainland 

of Cochin a:1d is surrounded on thr~ ~idf'S by brac:kishwater 

while on the western si,3e it fT.!CCS the .rCl-'ian sea. It 15 

2 about 25 ~ long, with a total area of 69.63 km. The 

island '1'~,:, extensive marshy low lands, pad~.l fields, and a 

nptwork 0 tidal canals "avincf tynically b!:"aelcish .. ~a.ter. 

/'Dout 1, 737 ~a o~ the br~ckis'1 .. ;'t('>r ~r~a i~ ur.Ni at present 
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c:ontrihutc to about A6.5 ~rc0nt and th~ ri$~,' S t)ccount ::r--,r 

the r,-~~t. :' djori ty of thE' cases of dis("ascn and' abllormal1ties 

-'he ,":ochin fishinry 'larbour ~oriS an important fish 

... 0 met!'rs depth zones and 1,3nd th(:'ir c,')tchc·s. The ~rawn 



constituter~ by~. !ndiSUS, L. m2nodon• !:le dohSCI1i. 

;:. monocc!:"os, t. &ffin1. and VarapsmllOpSis stylifer •• 

A few eases of brown spot di.ease and ciliate infestation 

r~ported in the pr.sent study were eollectid fran 'thi. 

centre. 

The- survey of "i8~ase8 in penaeid !"ra',ms we-re also 

carri~r.' out at different fish lsnd inq centrf:'S along the 

came either frcrn the ;: alk :1ay or the culf of j' annar. ':'hE' 

prat-m~ Here ":1a1nly cauqht by mechan1st~(! fishinq vf>5sels 

(9.14 m,,'ter long and above) operatln'J' otter t,cawls. ~on9 

the -prl'r.:'I1 c<:1'tches" .£. sero1sulcatu8 was the r.1sjor s}'f':'cies 

ccntribu~:inq to the nrawn fis":-ri~s at thc'se centres 

folloH.'(, ~~, ... - ",' 
"·1 ;.,.. affinis. 
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In addition to the above. collectir'ms wer~ al~o made 

in the . L!}}~ ·,ay and the ~;ulf of >'21.nnar by u!'dnq ftCac:al:ninll 

(13.25 ~'1"tcr long) ":ish1na vessel belonqinq to the HE:gional 

Centre of the ';~entral :·,arine .;·isherifl'S :,psearch Institute 

1_- . -.., I) 
.t .~ ., • .t. • •• ~be po~tlarvae and juveniles 

of l:. 1n,·:icus and '£. ymlsulcAtp' infestee with metacp>rcar1al 

cysts \10r'.> collected fran the tidal mu(~flat near ~'amban by 

using h'3.n(~ operated ~coop net. The prawns in the brood stoelc 

tank. anc: the r.aring pones at the Naralckal Frawn Culture 



Leboratory (NfCL) of C'Pi(I in '/ypeen island, ~ochin. ~"'ere ~l.o 

examined regularly for diseases, para81te8 and arynormalities. 

Inf.o~~tion collected during the ~urvey 

.Juring the survey, the prawn catches were carefully 

fl;'xamln(>(~ either with naked eyes or with th;-, (lid of a folding 

type 10 ra<.mify1ng lens. The body surfac(>, ro~trurn, eyes, 

antenna1 ~~,cale,. branchial chamber, append.asps, uropOd and 

tels')n ',"('CC scrutinized for external "'ir.ns of any aisease, 

uarasitic inf(:>cticn/infestation or a'moriGlity. ':hile 

collect1:}:', diseased or abnOr.:'!Rl 11 !:,'awt'lS frcrn the fish landin() 

centrcs/ris:',ing harbour, in:'ormati(")n such as the t,'pe of 

o('ar ~'0.-::-at>:'G. the locality frcrn where the catch '''as made, 

apnroxir::.:: ':e c:ept'h, incidence of occurrenc'2> of suc~ ai'mormal 

prawns in t:".E' catch, and s~asc.'ns of occurrence ,,1as collected 

by f>n(iUiry. ':'0 r:-1.cilitate collc'ction of ct~moJ:":":ial/(:1seasf!l'd 

'9r.m·m r;:) ")lcs fran the mechani!l(",d fish1n r • v("saels, each of 

the ve~::C'l ".'.'35 ~d ven an ice hox wi tr: s'Jff icient ice for 

preservi.~'~ the ~amnlcs as soon as they wcrr: caught. In Cll~~ 

of the T':ct(';~ ial eollect€'d fr(')ri the prawn e'llture ponds, t'1e 

infomllti;-In on the type 0" c'Ilture practice ::=ollowed 

(monoculture/mixed culture/polyculture,S03sonal or 

perennial cultur~) I nature Of the "tock-'d no'!)ulationl 

wat ... ·r 5upr:-ly, its source, and r:ualitYI stocking strateoy 

(wild stcckin9/stockinq of s('C'ds of selected species/ 

stocking of hatchery raised seed/stockin0 density), food 

resources (natural/artlfieal), and cccurrence of any ~evlou8 



mortality was collected either by actual ,~b$ervat1on or by 

enquiry. .Jes1dea, the general b--haviour of the prawns was 

also noted. The diseued/abllo.nnal prawns, whf!!never 

enconntered, ware immediately collected frcr.\ the nrli\\-ma 

catehp8 and preserved in large ice boxe'-, until they vere 

trans'r'ortro to the n~arest lah)ratory, or in sultabl~ 

fixativ'-'s at thE:' collection ~it.e itself for further 

tre3tr.1~nt and exa~inat1on. '~;esi5(>s. in cprtain cases live 

pra, .. TllS HC::'-~ alsc t:-ans~rtr.'c tc t~~ la')ot'atory in polythene 

i.t the time of collection of (:ises!Jed/abnorrnal 

35 

prawn sa~~les from the prawn culture fields during the survey, 

sarrmlc,s for environmental parameters relating to ternper~t:tlre 

('1'), hy(rosen 10n coneentratir:;n (oH), dissolv(?d oxyqen (DC) 

and salinity (~.:) of the surface water of t:-:e pond '-,ere also 

collcct0.<.:. ',I'he te!1'l'perature, and hy(~roqen ion concentraticn 

were l~ctt'rmined at the sit.e itself. ';'or tc:~p(>rature 

mC2SUr0.ment. an ordina~' immersible merolry thermometer 

qra(1--c1 nntc 50"C (accuracy O.Olf>C) was U5(cl. I. ttBiochern U 

make "')orta~,~·l(' nH meter was used for determination of hydrogen 

ion c()nr.~0ntration. atpr sa.'nples for t;,c a:;alyses of oxygen 

and :>B.l:.nity l-1ere collf"ctcd. in 125 ml cl;~an glass i~~07'; 

bottles. 'I'o oet~rm1ne the oxyge?J. the "'atcr '·'as collect~d 

!"ithC'ut: acritation follOW'ing u~ual procedure and precautions, 

and the '-Tater sam-;;les were fixed immediately with ., i!""l1:1er' s 

sclut1ons. Later. in the laboratory. the salinity of vater 
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8aft!l)les \..:as estimated by argentemetric '1':f't'OO (:::;trickland 

.,d i'arson, 1968) and the d1!1so1ved oxygcr. by :: inkIer Met:lcC 

(Strickland and rareon, 1968). 

In ~he laboratory, the prawn ~amT'l("'s Wf"r~ analysed (('I!' 

.ize. S~~ and maturity stage. The si~e of the ~r~ was 

recordro as total len('!th (TI,) meaaur~ frc:m the tip of the 

rc~'trum tc' the tin of t~ lson; the sex, on t'he h~s1s of 

!iecc'r1' i~r" ~"~xual char<1cters, and the ::-liffe>r.0nt maturity 

~tary(>s 0:: ft:"!';!ale (m th!:, cri t(-'ria degcri.hN~ byao (1969). 

After r.T.ccr.cinq thp "ata, thr: "'dmnl("~ ".!(;::-~ subjected to 

.:letail··('i :nicroscopical studies. Laboratory studlps were 

mainly c-·r-ried out at the Central !<arine :"ishf'riee ;~:eseftreh 

Inst! tu" ::-1: Coc~in an(l .. a,n:l apam ':aMn. c:Ccas V"mal short 

('urati'''n In'·.c;;:·atory ... ·:ork '·rae 01so ~rfor:,(l at the P.~search 

c~ntre of Ct,n·':{I. '~'ut:f.corin. --l'-"ctron micrc"ccmic stuC!y of 

i:':lr',....'·;sT'O~··i{,~ian pC'l.rasitf's was carrid out .Rt thf:' :rn(7ian 

Ins:1tutc of Horticultural ;esearch (IT' .), 3ancralore. 

':';'1C h istopothological studies of the norT"le.l and 

disean'c ~·'.;:-a"m~, and thE"ir vi:lrir.us tissur-s were made both 

by 1i,:t 0.;;< : lectron mlci.(;c,-:of.'Y. '!'he !";'at~.rlal for the 

mlcr~:)f:cC'.:ic21 ~xqrnin<"ticn jnc.l.U(1("-d the an~~;'a1s MC tis~ues 

fixed i;; :c::ui: able fixa :ives, srr.ears an~1 ;;d_cro-~ections of 

c~iff.errnt tis~ues. ~::-te t0c~mlqu~~s follOt"!f:'~o in the 

prel'.3.rati-~n of: this material ar~ briefly d(>~l:':r1bed below. 
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The haemolymtih for smears was col1ect~ either 

frcm the ~·:"art uSin: Cl 1 ml qlas8 syrin(fe r.ltted with ro. 24 

hypoderem1c ne~dle which was pretreated with an antiooaqulant, 

sodiun c1trate solution or by cutting the tip of one of t:. 

~lp.opor~s 0 1 the prawn. In eithe>r cue., the collected 

h aer.101 y.nnh HeH' smeared over 8. c1(' an 9 las s slide using another 

similar s 11(~e. ThP smear wall air crl~ an(~ fixed in 70% 

methanol!':or: 5 minutes. It was stainpd ,,~1t1'. 011ute :i~ •• 

~tain VC c:.!1US and Mowry, 1960) for 3S to 10 minutes and 

wash7<1 in ';~osphat:e buff('r ('1"">' 6.8) an{-'~ at'.:" C:ri('d • 

. ~~'1"" tisstll"-!s such as ~f"~'.-ltop&ncr('>il~, r:1uscle and 

<":onao 0f ~1 !.cr0snor i-::1 ian inf pctcc1 nra''''l1S \"f;'re removed by 

,'is!'!ect :'"In ·th~ animal, er.neared on cl"an I"!l.')ss slir1e and 

f ixe<~ tn 70 methanol or ,~ouln' ~f.i xat iv(" or 3CYc H
2

0
2
0r 4~ 

gluta':'~l'~c:!yd@ for 5 mlnutf."!i, rinspa "1ith ,!tstil1ed "later 

:.md air (~ril."'<'i. 'I'h~'se ~1"\leart- w('r" s'ain<,~ .... ·itt: (311ute <~1emsa 

~tait; 01.' ~'.t~h :je.i(~('mhain·s hacmat0xylin as ~:O'<~ified by 

Spr")~:!,.lC ~ ~la=~. 19:<1) or t!"('C1t:E'<1 ~·!1th the p"7riodic ,Acid 

.c'l..dff. ( I) react!'')n or ~:eulrren reaction Vc::anua and 

;'lowry 19(0 ) to ~tudy the structure an(~ vari~u!l cytoloqical 

pro~rt:V'::; of i:'! icro!':poridia'r ~'r)ores nn(l . cV0lo~lng 8tag~ •• 

F'lxatLm of material ana fixZ'ltiv('s used I ? ixation of t~e 

!)ra,·ms ::;:-d th<:'ir () tfff'>r0nt tissuC's werC' ca.::TiE"'~ out e1th~r 

at the ~·')11cction si~e or in t;,e laborab:~r'! {~e!)~nd:i.nq on the 

situati:'n. ·hen fixation was not possi~'le i!t th(' site of 
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collectLn, the live pra"ms were tranS"lortr-f! to th~ laOOI"'ltory 

in 10 capacity ~olythene transnortation 1-)n:~~s 'fl11f"td with tha 

water collo:'cted frcm the ~ame nrea frcr.'t ~' .. "1er0 thE" mat~rial 

was obtain~:{' # and oxygen. In the case o~ r:'l()ribunCl or 

freshly killed s~eimens. they w~re brou~~~-!:: to the laboratory 

J)resf!I!rYc<i in ice in an ice box. F ixativl"'$ use-d f~~ently 

durinry tYle study were 10% neutral buffer ~o::-"'1al1n. Bouin t • 

f lxat Iv:, and AkVic lScn t s f ixat ive. 

~hc whole pra'fflS for '!1istopath('>10,-dc.~1 stU(.'; i(>s were 

f1xcu in 1(:, neutral buff:f'r f0r.':'alln oravi<son's fixative 

by one of t>e following two m<':'tho(!s. The ::i"ative" either 

1('-:·' neutr~~. huf::@r for-al1n or avic~onts ""~x"lt1v~" was 

in ':~ct,-·,:-: ir.ectly below tht:7 carapace an(: ~··'"~',"1in.l reqlone 

""ith a hY;'')('l(:ennic syrinqe prior to i"l'll'!le sin~ th~ whole 

prawn in the fixative. In the !'!E"cond met'lr:,c1. the eXf'"'skeleton 

of the ':'I'.."rsal aspect of the nrawn was cut 1",nnituflinal1y to 

ensure ~0nctration of th~ fixativp an~ then the whole ~r~ 

was im.;.Ci.8f:d in the f tyat i v('" 2\t rcom te- '"l(>":"nture.·hen 10"' 

n~u teal hu:::-:- (':~ for-~a 1 in \o,as uS"7'd. the f b~.1.1: iv(' ",as chan('j~ 

after ;:' ?lcurs and then stored in the fresh fixative. In 

cases w~;t':rE" avi<~Bon's fixative l . .)as used, th<? fixation t1~ 

was 48 :.("tL-S af.ter '''hich t~e -fixed nr~~ms "1er~ tran~ferrEK~ 

to 7\1.: i~l':':':hol and stored. 
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'l'he organs/tissues euch as t!!!Y., heT) 'h.'oancrcas, I'F'nad, 

heart, gill, 0ut or portions of body muscle, for histo9ath~

logical excninat1ona. were collected fran live or moribund or 

freshly killed prawns and fixed in either ouir.'s or 

Davidson'. fixative at least 20 times the vclume of th~ 

t.issue. hen an entire organ, such as hep.- topancreas. eye, 

heart or al)(>minal setjrnent of large pra,·;n :"3t~ to 'be fix!~d# 

chilled ,.)uin t s fixative ~,.:as used. ,~,11 t~;<:': f ixed tlssu~:s 

were (;i!:'cctly t!:"an~ferrf'd to 70< alcohol a'.'t0r 36 to 48 ho"'J..:.-a, 

anc"t0rH~ in 01ass tubf"s at r(v)~ te:"j.)e:::-ature for further 

proces r:inc~. 

'.xa:"dnation of fresh and fixed material in the laborator.(a 

l: or cl in teal c iagnosis of diseases, the \.J:lOle L"'I()dy as well y 

the :1i:'"Eeront organs of fresh and fixed anir:als wer~ firt!t 

cri t iea 11y c:Xd.'ninec with the naked eye~ for l')rt0rnal 

sY:"lptCDS. ;.m':~ later, under thC' (~issecticn or ccrnpr)und 

micro;~cn;')C. In ()rr:er to procC" 0 systemat :Lcally, wet mount~ 

ef con?")~\-~~ec or squash~d ti53U1:S ",ere eX3.incc fran ~1~~ to 

sl'e follCYdinr; the mf'thods tlS("(J. for fishen ('ucl"", 1977: 

..1.obr>rts, 1978) and lobsters (1?ishE'r ~ Al.., 1975). For 

mlcrosp0ri:'ian parasites, applying the met:~oe qiven by 

Vavra an!:) ~:I..~ox (1976) # snore monolay!"'rs Wf're obta1n~ 

usin,:] a c'~"':"binatlon of 1iqui(1 ~araf~ in an("' !,'atf"'r. 

:)(",r:nlci :.catic:n I ~'1ater1als t .. 11 th ha :::' -:::,_".~ fc1e suc~, flS 

the ab:.r:r:-:inal segment of the pr~wns, €'Yl'stnl}:: '''In(~ f'ntlr~' 
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postL'rv(-tc and juv~nil-c:>s, which werf." fixed in BOl..l.in'8 fixative 

or 1'}", nc~;tr:al bu~fer fcrnalln, 'Were dFcalcificd follO'-dnq 

aci") (c alcificaticn ?I'lC'thod as used by <'lndcrson (un~ub1111~~d 

leboratc:.cy tcchnic-uets manual, Calveston La',~Qratory. u •• :.). 

'the cl-.i'.::inous tissuE'S fixed in 'avinson t s:,~i:':Gtive \:":<X"!!' not 

rf.'(''Uirc ('."'calcif1catlon a. the fixati've it:":J'lf acts as a 

: roc!:""tnr 0-: tiS5U':S an,:=:taininat " 01" ctlt.tinq section. 

1 hou,::'''''c * dehydrated for 1 hour in ao' (11cohol# graded twice 

in 95,~ \::llco>!I-,l and in absolute ~lcohol# cV:a .. ··H?~ through a 

mixture 0' absclute alcohol an' chlorof'0!.":'n (ls1 'l/V) anc1 t~{"n 

0ivf'n t· 'i,c~'. ' .. ~~ s,.-·ctions \-1E"rf' cut at 5 tr- 7!J!rt thickness 

us in r - n. :'(~1nual rotary mi~ r('ltome (:uj 1 C '!'''It tea, J a~an) • .'ft~r 

qrade6 ~"?cr:'r's of alcohol and final ty in 0 j ~·,tille(1 "'lat:~r# and 

tained t'iL;, 'iarris alum haematox·'lenr.- C"r~ec~, 1~72) or 

Heidenhain's haE"Jn?ltoxylin (cIA.rk, 1981) are: counterstained 
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with 1% alcoholic eosin {Preece, 1972). ome of the sectinnD 

were also stainad with f~allory's triple r.;tain (~·allor!. 1~44) 

or 4,ilu' e ''?iemsa stain. CccasLmally.-ccticns wt:>r,. tr~t~tr>~ 

with P,:-;~ or !: eulgen reacticn. ,":pplyinr t:-;(' r-rutinp procedure, 

stained sections were dehy~rat~d through th~ ~raded serips of 

alcohol an~i !;1ounted ",,1th C!lass covt"'r slip in l'JPX through r.:.rlf"nc. 

they we.!."!'" Cli;- 6rir'd and tlir.:ctly mount· d In 

;'·allory' s t;:'irlf:' stain, the inf('cted qcn<1dial tissue was found 

to staL"1 1i-' ht vicl0t \~h, reas the uninfC'ct('(1 ~uscle and 

con~~"ct!,V t i!'; sue, blue. ;",$ thr--:se O'I~rlappinq colours oft~!l 

mace it (~'L icult to nifferentiate the ti5~;tv'S cl ~ar1y, a 

sllC'!htly mo<"i f10'<1 staining procedure with the . '1'lllory'. 

triple !:~tilin "as ennloy~d for scrn~ of t1;~ sc:.-ial Rr->ctions. 

In the 7,(), if1. .. ·d rrocl'":'dure, the tiS5U{'>B "Yere O"<,C'rstained in 

thE'! 2.11(;:" ~ trl'ole ~ta1n for about 18 ninutes instp.ad of 

then tr:;.::t " ',.;it~l snturated aqueous s01uti::n o~ periocie ac:!"': 

for 15 to 20 seconds, rinsed tvlice in quic1-: ~uccess1on in 

(~istil1r:' ~. 'uter and ".,ere then passed on to 90:, alcohol for 

6 sl'>con ~-: and t~,'ice in absolu::.r:" alcohol fer- 10 seconds €>ach. 

was foUJl';- to stain bri"ht yellO"i to oran~,'1~ '::'111e the uni'1t ected 



mu.cle, connective tissue and the collagen, intense blue, 

thus facilitating clear dlffer~nt1attt')J'! h-b1~en th(.l! lmlT""">~'t~ 

Ob::;C'rvC0 t:'lat the nucleua of the early d~fI!I>lor.mf!ntal stacl("S 

04.: the 1.1 icrosporidian stained deep red and the cyt~laS!n 

alr:;of:t colourless in this staining procE"dtl:e as ar'ainst th" 

dark .::m::.J light shad('s respectively with the normal Mal1ory'~ 

tr iplc !Jtain. 

Light microscopy and p-o'::omicroqraphy 

eit~,,;c= ~,'it' an ;-lympus monoc::lar compound microscope or ~,Jltr 

a Carl f:i'~ s J!.:LA Li\(?,: 'i,~L binocular CO\'m"'IOund microscope. 

fittee. ,,·it~i. a caltberatc>d o~111':lr micrcmrtr-r scal~ .... !ith a 

accu (JCY t:n to l,Ar.1. Photomicroqraphs were ta1:en with m! 

camera attact1lTJent unit hewing optical tube 'f,::Ictor of 1 on 

Carl <,eissrc;pval cctnoound micro~cope "d t.L nrojection eye 

40 an(. 100 using 24 x 36 mm negative film of 100 A5A. 

-hp ,,',:';n,i'c' le.::. tL:·n of the enlarged prints was calculated 

!ollo·~:i!'1~:;t>.e instruction and formula given in the manu-

alon.:; "1 :_~, thf;. "R1croscone. 



'fr .. isalon Electron.;'; lcrcscopy 

Live or frp.sh specimens of f. 'SJ'!!!trulcIW-I and '-a §ffin.p, 

iDfected with mleros~rldlan paraaite ane ~auqht from off the 

eO.8~ of ;~en0.p_ in the Gulf of Mannar anc talk 8ay# were 

hjectf.!'d with cold ( a·c) 4% qlutaraldehy(e solution prepared 

in Ml111('niq', 1)ho8r')hate bu-:fer (p'!-! 7.2) ( oberta. 1978) using 

• 1 ml hY'Podt!rml~ glass syrin("{(": flttec1 "lit::'l ' '0. ?" nc'.dle 

throuryh th~ carapace ~nc~ ~hr':!·'ffiina1. r~'iion!':;. ub5~quentlYI the 

cuticle o"'/rr the car1'lpace (1n,~ ar::d c>minal ;: .:-; i':n '.'as :;:-er,r,ovP<.; 

and S1":1all pipces of tis:!Iues (: to 2 mm3) such as ah60rdnal 

91utaralde-hyde Boluticn (pH 7.2). '~hE> fb:cc tissues wtire 

kept 1..'1 a refri0erator at 4°C for 12 hours. .~hcrf' after, 

used. fb:ative was re"'laced with the fres', cc16 fixative a ,-, " , .... , 

. stored ·~.t;C', a~; suc;0,:sted by .reece (1':172). 

'~.;: ... , tran8~ission elf'ctrC'·n m!cr("lscr~'""'l'Y lo'ork 'Nas ~arried 

out <!t thf" Tnd 1. a~ Institute of i :",..·ttcu Itu.::-al "€'scarch, 

Banr::alorf.'. In the laborator", the fixro tiSSU08 were f.'urt1.-,pr 

cut to ~"all pi~ces « 1 mm3) and ',,'ash€'(; s<?Veral timea in 

quick su~c~8sion in cold (~S·c) ~illlonio's nhosnhate 

buff~r (,.,.. 7.2). Followino th~ ~.'!asl;inn, t:issu~s were post-

fixed in cold ( S·C) 1"-~ :-.lsmium tetroxide solution l'r~~l"ed 

in :~illi:~'ii""5 phosr'hate buffer c("\ntaininr: sucrose (pH 7.2) 



aeEltate r:c.-' 2 hours at 4;>;;, rinsed ':wic€' .. 11th double 

,:ti~t111-'~' ''''1ter anc c1ehY'~ratc;d in 2()<X,. 50'<, 7f:ff.. and 95';' 

aee'!tcn-, -':'-cch for 15 minutes, and in pUre ac@tone tvlice, 

each o~ 3f'\ minutes, duration. Tissues were soaked tor 2 

hours in (1 ,: 1 mix4;ure 0:: acetone and ,-'purr's rE-sin 

e~d""in" '''~0dium (Spurr, 1969) and then left overnight in a 

1 t 2 aC0tr'nC' ;:me ~nu!'r' s resin mixture. l·n the following 

day, PDC;~ ti'-sue "':<15 '-2r"fully transf@'rrQ] to a ,.,lastic 

ca~s~l" ar~2n~;ec vertically in a .~cial h~lr1p.r and Snurr's 

embedlin x'r>sin "'as nourcd 1n. 'These c~!,!fUl"'. were then 

left tit ro();."' t~"'perature for 1 hour and incubated at 50·C 

for 4 hou"s, ana at 600 C for 48 hours 1n an incubator. 

nolym'?'7.'i::"-"(~ r~s in blocks 1,o:ere removed fr<Y.n t~e- ~apsul~ ~,,~ 

~eml-t~'~1n r,eetione of 1 jJm t~liC'kn~!ls were cut on an In 

Ult:::-ato~e ITI using the> qla,!;s 'knife. ·..."r'S~ s~ction~ "r~rll!l 

"'~ai!1''''[\ Ci·t~l('r with Methylen~ blup.-azure IT and ha.~1c 

znchsin cr:-:mbinatir:-r. ('lmphrey und "ittrne-..n,. 1971) or t"ith r' 

tr'lui.li~(' :"'\lue (:~erts, 1978) a'~:,' ""er@ eXa!nined un :'er th(' 

1i':"": r.;i.'.::rC.'l;c()~. '\ased 0;) c0ntent,. ad~quacy of fix;:)tion 

Rne u'~,~~r'nC0 or artifacts, bloC}~s ... :ere the-n self>-Cted and cut 

fo::- ul t :a-tl"1in sections at 600-600:\° in Li':B Cl tratane III 

with r,11a.;:;s :mife. ~':electro ultra-thin sections werE' taken 

on ~-20') corner '1ri~le coateG vJlth 2', collodion s,-lution in 

amyl acot<~te C7ayat, lQ70), 5tained 88 nr'r t~~p rH·oc("·dur~ 

given by uyat (1970) ~lith 2" ur"nyl ac(.>t(1te in 50"~ ethyl 



alcohol fer 10 to 15 minut"sl ",",lashed t~~tc£> "r1th (:cuble 

d1.tillc:(~ '..later. and staine{, ~.;ith 0.4~ lead c1trate in 

0.1 N 2:a( .. ;: for 5 to 10 minute;':, foll~'J~ by quick and 

thorou~'.h \>lash consecutively in O.02N NaCH solution and 

double (>i.:'tilled water. '.:'he ultra-thin sectlc>na thus 

preparce and mounted on qr1l.~s Here allowec1 to dry, and 

later. (>xcrninro and photogra~'h ... >c1 with a >./. : JU·.lOO& or 

• 7 LI.'~J 109 :ransr:liss ion .. l(ctrcn : :icr scc'))e. ; ·lC'ctron 

micrO':). QP;~G taken on KOc:ak I:.. 4489 or ,·-'faol:'tho 2S 

Proff.>5zi.:n<31 film wer@ developed 1mmec1a~',ely in a hiqh 

contrast ~veloper anc prlntec on a contrast qlossy paper 

with ~o"'n i " icatio"'. accurately controlled. 



CHAP'I' ~( 3 

(~('tat 1· ., ~;tudy. 

...... .... , 



regularly \:isiting the landing centr~ at t'le Cochin f.lshin~ 

harbour and pr.awn cultur~ f1cV' s in thf:> "'Y'-'C'en island, 

c.:ochin. .:.::ubsequently. the survey was extc,"!:'ed to the lan:·.in 

centres in and around: -.andapa-, on the !:ou:.>~·ast CO<l!"t of 

India. 

3.1. -,1.t"/Alr-like Growth 3.6. Ciliat r infostntion 
" Cl 

3.2. O.~~t ~j . .c Ut~'r. Syndrcme 

3.3.:':::::'l ;;·-crcsis 

3.10. Jopyf.'i(~ in rccstatlrm 



3.1. ,,~.~ ;.U ~~:r.~ ~ t':-:C .T·~·f 

(I'late Ill.t-'i.-.s. 1 to G) 

!iestl ~'eng,qus ~Ddicus, ff'l'lTnale, m~asur1nq tt;2 mm total 

rxtern.~l~:' symptX1SI A large, hulbous, tumcur-l1ke ::Nc·iling 

.. .- , 
t •• Ill, 

:-.atE':"i:::' ;-;t:.l.'.ied& 

?ro::ir:i<11 dorsal rostr-al s~ines. -ue to th'? size and 



PLA1'~ ITI 

Cephalothoracic rcs:lon of i:en,w,s tndi£UI showing 
tht! tumour - l1ke out4Jrowth ( arrow on th€ 
dorscl.J.t0:'al ~1C:e of the (;a:..~'-'-p8C.. '1'h~ pi-')ments 
in the t:.f ."'eet<r!d :)rr!F.I are ccmnarativoly f.e".'le'r. 
C:'.c;::,:'apace; RM.rzostruMl :Jc=wounds. 

POQacu! 1n<ticus& Transverse sN:tion thrOll'"fh one 
of the lobes of tumour - l.1ke rutgrowt.~~. :~~-reolar 
connective tissue, FLcFIbrdbla~t-lik. col137 
F'TuI-r"'rcus connective ti~::·ue. Douin-H("idenba1n'e 
ha~~toxylln and eosin*. 

Penaeu~ 1oo1C\j" Amoeboid 9ranular cells (.~:;) in 
the tumour - like out-g.:-o,lth. D,).carJ( headf:<l 
bod1~SI.-: . .collaoenou!' stroma of flbrOU:3 connective 
tis,su<!t. ;~.:oo1n-Irp1denhain I S hafr.1~toxylin l':'l'¥'1 eosin. 

EcnaS!US 1nsU.g&. I Transverse section of tr:e per iphere.l 
part. o~ tumour-like ou tgrc.'Wth sha...dnr; int,-'!lBe 
1nf 11 t!' trt icm of h nemoC"{tNJ (1: C) at the peri -ohery • 
Bou1n-; rrdr3 enhe.1n' s ha£~~t8X'.l11n ane. eo~ in. 

pgg'W§ lndiC'.&s I TransversE' section of the 
per1n"1eral part of hep.:lt~ancrea~ ~'1owing embed,ied 
musel! tissue C:l~) at onc fccus. '.:'he con~ectiye 
t1ssu~ r.t':.':'inbrane of hepz:tt~rancrea!:; (,:'!) 1s seen 
intending ~u5c10 tissue. Arr~ ShOW5 the 
in£il_£atinq part of m.-::"Obral'H! between the 
hep,>t'?'Par:.::reatic tubules. :?ou.in - 1'1a1" i)I"'!'. 
'trip1 c;. stain. 

* ImUcates fix~tive and the ~taln U8t'd. '"this 
p~ttprn 1~ follownC for all the pl&tcs. 
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locC'ti0n ,~~ th~ tumour, the ~')~()xirnal sr'lin'·'s of: the rostrur.. 

werf"' sIt ':t:ly_'eviated to~·:ar's thC" rirr,t ,.: -e of the 

cuticle. 

f .' rQ"11 ~. 

'he external .s~.lrface of 

,~ in ::1-;(' colour,)r t',c· cuticJe c v('rinq the grm:t .. 

on e1.t:)("'~ !":iide of th~ pcstC'rio.:-:- r~ion o~- tho nost-rostral 

curl:1u 1. ! I I • ~.' iq • 1 ) • 

14 x 7 x 7 lTh.:l and the smaller, 12 .~< 6 

fsei, areolar (1~ ~~ly arrun' 
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....... f.o.ou. OGDnecRlve t.laaue (collagenous atrana) . 
_ ... eIf.t.oa;.w f1broblut-like eellc and 1nt~r-

1 .... 0011 ... iane. an .... ofte in swlrlln(] array. 

The ao11~ fl __ which formed dense str7:1a of the tumour, 

were .tnt ... l!' .~.1Ded pink with haematoxylin and eosin, 

and blue when atained with Hallory· s triple ~taln. :1C 

elonqatet1 f1broblast.-ll1ce cells were f(~ttn tc> :.";E 

le •• ba:;oph111c in nature. ':hese cells a~')r>t'~ar~d to be 

tliffertmt fran the haemocyte. present ¥t the tumour as 'v!E'11 

.. in t;,e other adjacent tls8uea due to t~clr rl."lat1v€ly 

la.rqer size. Such cell. were also not n-:'d.C(>c1 in tl:e nc~""\1 

mu'.cle ti!?sues examined fran t;:c ar: i ;)cn~t c,u5cle or ahC~:--'i.T'l"'l 



~.Jesp1te careful exam1n~:t1on of several sect1r-,na of 

the t-..our. no parasite or fer, iqn b()dy vu found .iD the 

1i!J :"'n.lBcle tt.sue 

51 



52 

not1ce~. The nucleus of these cells was i~arkly stained 

to th("'~oee-m')rtem autolytic chanryes. 

Remarks I According to Couch (1979), th~re h<'l.vE' be~n no 

invasive neoplasms renorte~~ for ~~ce,..,(X3 crustacf:"8.n!', bu1~ 

tumour-lU:e growths have been re""!Orteoc1 .in lt~btft~rs. cr'~s 

ana a palarntonid shrimp. t<(>cently, t'atrajan.!!.!l. '1~?2) 

have r~rted a tumour 1n a s~ec1men of fresh watpr ~rewn, 

t~c siAt:: a.;xJomin3.1 scgme'lt in .l;.- ~ztecus collectoo fraT; 

an CY .. pc~L.i!!tental c,-'aring pone at t ~~llaciotl, ' .. ' . ' .. 
:'he <;rc,·:th was tfmtati' ely ~1ia0Tlo!lec1 as a benign neopl~, 

consi:;tin~J of grossly hypertrophied a.'16 r:t:.\~al tissue 

elErner,ts. In the present c~se. howev~r, the apidenni::s 

was slightly hYTJertro' hiel,~ ana the extf.'r.': lve areas of ... 
f1brou~ connective tissue, found ~low tr,(:' er-ldermls, 

~ld net re5emble ',,'ith that of normal connective tissue 



volume of loose connect1-". tissue in the tumour was also 

unuaual. T~e lrnoebo1d cells founc in the tumour along 

with the fibrous connective tissue appeared to be either 

abnormal cella or neoplastic eell., 8ince th.eir pr.s@!nc~ 

1n the tumour was unique and they were not found in the 

normal muscle or connectivE! tissue:; nor di~ they elo~C'ly 

resemble the haerrux:yttl>s. 

~ arge v..,lum~ of bot~ f.ibrous nn~~ lc0zclv arran(T~ 

connective tissue present in the tumour indicates the 

1')rob::'bl,,: oriqin of the tU".:our fran thE' connectIve tls~ •• 

Th~ tu~our, ther~for~, describeo here i~ tentatively 

cla::::~:~ icd as "flbrO'T'la" and 15 tentatively identlfl~ as 

a '~cni0r: n{,':I~las""''' conslstln(,! of fibrous and areolar 

connrctive tissue, abnormal 3;-·oeoold ccll[: and normal 

strlct('>(~ muscle fibres. 
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It may ~ not~ t~~t t~e ~re~~r.t en~~ 1~ the sec~ns 

r .. ....,~rt on thE' oceurreTr'~ of t1t:u!'1ourM or ft~]~our_llK~ 11!,~<'th" 

an~ Li!',11tner (197J) an~ inC7:!.',)~!"'tly, it fcr:.s thf" ftr.~t 

rf!"e~r:-: o:~ tumour in pen ~e i r: ~r;:r;'!lS fr~ 7nc: ia. 



J.2 "SOFT- !"<.'MN SYNDRa..m 

(Pl.~. rv. P1ve. 1 to 3) 

Host. i,. WiCU ranotno ira size frem 41 to 141 .. '!'L and 

E. monoeon. 102 and 110 mm TL, juveniles and adult. of 

both the seXes. 

;;;xternr!l syr:lOtor:tS I ":,'he cuticlo of the af::("ctEX"~ ryrC'tWn5, 

exc('~,~: in the rostrum, becon's t"in anrC -r";~ilel body 

musel:" lO"Jses its firmness and the pr~·'ns [('('180ft to 

toud-, .':n~ c:ut in the a.'J.~{~inal portion of the prawns 

anr'!~:-;r~ ~lavy. particularly in the first three abdanlnal 

se~m1i'''!;t5. !,ffected 'Pr~8 are sluqqish. show leqharq1c 

'~cv~~~ts and belat~l reBn0~qe to extcrn~l st1~uli. 

Yat""ri:".r::,-. ;'tu(;ipds '-eve-ral sn("cimens of ,;,:.. irrllcus ranglnq 

ir. ni' c fran 41 to 1-~ 1 mm 'j"L and two !>~',Dcimens of .fo. monoaon, 

107 [:11 .. 110 mm TL collectef frcm the pri'~\'H1 culture pond. 

in fY'-"'(~:1 islane, Cochln an"~ ""row-out non s at l",uthukad 

near a<':cas, belonn lno' to the C1l-~t~,r, resrectively. 

Late o~ collt~·ctionl 4th ~ebru'1ry, 19~3. 17th ;-,'ay, 19£'3 and 

8th <C!n,1 10th ·June, rY'l3. 

IncL:e-;cr I i~ooerate to high. 

::('aBonl 



Enquiry ha. r"!Veal~~ th~t this diseallo syn- Jr~e is 

qenerally re'Port~ during a~ver3e ec:)lo-" leal conr'l1tioT}s 

when 10":·! sAlinltles (below 15 ]:)pt) or cr:mblnetlon of 

h i~ t'Jnl1nlties (32 ~ Me above) &ne te !)~ratures 

Ob r-:ervation sI :)uring the oeriod of present inveet1f7atlon, 
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of 0-: -,I at ;!arakkal and the other, fr~ thr:- pr~ eLllturc:.-

The rnservntir")ns reported here \-'ere based on the!Je two 

cases of "!Jo~t" prawn ",he,,:onenon • 

. - '" 0""'0 tf" - "'(~" .... , a' or- .: _0.' o. ._,C ... _._-/;) J .1..-_ 

stc-... d-:r_ ° in the pond ',:as rcqu lar-ly moni tared _ "ft,-r 20 

day~ 0 ctocking. the pr:m-mr grew to an .1.veraqe size of 

envir(-"~71c0tal paremetf'rs 0:: the pcnc werp I :. - 33.27 ~t, 

~;' .• 3.82 prml T • 33.1 Cl C1 pi • 7.9. In the subsequent 
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days of l"".onitorinQ. the perc("ntaqe of p':~..y.·ns in "soft" 

conQiti'''m "ras Been 'Orocressi.'f!ly incn:azins. 'I'ha samples 

of pra",'"n!J \'1ere collected rf'gU lerly frcn the flf'l~ for 

ti(lo,l ~:ate!' frcm the oute-r c''''.nal runr,in" <"l.' i ClC€nt tc tr.e 

field. 

on 20th ,':nril, 1t')~3. ~~~nular monitorinrf ef the growth of 

p4rwrlS in the pon<:1 wa$ undr--rtaken an,~ t'''C' incicence of 

-80ft- pr~ms was reportec 1n the ponr~ en 7th J'une, 1983. 

carri' (" out on the nMCt ':ay '.'hen only ~. C' kg. of hea.lthy 

In the initial sta;--c, it is ~""1~(1 t.e; (~i~tinquish the 

"scCt lt pra"ms frcrr, t~~ nO!'."':7lal om .... s as t:K'"Y .how similariti("'s 

to t''.c ")o~t~oult stage in 'lCivin' fra·:;ile exoskeleton cln() 

be ca3ily distinqui5~ef f=~ the normal ~ra\~s hy the 

as in t.';e internoult stZ!ce p.:awns. f;urt' t.~r:. the hody 

musel,:' 100ses the firmness and the nr3~;r "C"els soft 
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to touch. 1n the more advanced stage. the "soft" prawns 

develop a wavy intestine, particularly in the anterior 

reqion of the abdanen,. which is discernible in the affect..cl 

live pra~ns through the .em1-tran.parent exoskeleton. The 

gut in this region al.o appears slightly enlerqed and dark 

qreenish as compared to the unaffected TH·S" .. ms. Sueh "ra-..,n8 

~how slu ,. is~ mcvement an::' <lo not ~1im pro-r>"rly as in the 

case 0:- nCL~al ~rawn8. 

~. 

141 mm in femalt>sJn( 75 to 1:18 '11~ 'r j. .tn ':lales. ~e 

t". r 
,) 

,.....,. .. '1 
. ,L • 

pr incip<llly composed of (:etr i tu:; and bluo-:.;rC'f n alq8e. The 

small( r: in size than t:'1<\t ef t~;e normal 1'"l"::-'~'-"rns of similar 

size grou~"'. 
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the "soft" prawns were stained N1th dl1u+-.C\::!.ansa !:t~in and 

haenolY:lJ)h parasite. None of the 20 sm~~,r~ ex?.minc..(! 

revealed the presence of any par3s1t~ in the haemolymph. 

eell lining 1!ln(1 annpar("r alrncr-t {,mT"ty. .' "':ly a thin has~phl1ic 

( ~'l T"' r) • ,,_,' # 

ccll~ :'·0:'·~ C'it:'~!' very SITl:':!ll :~r::: It:'ss in r1l1mhr.!' or totally 

( -1 .,. :-: .... ~ ... , .i:'.3). 
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:hl! ~1t!;tolo9ical structure of the 1.-;0.11 of the 

fet'cl'.:n ;)'y.3y \-7as obs~rved in any of t::r ~;io.·tolog1cal 

eil i. ~t(>#ootha.f'!'\n1yrn ap. was "frcauently 0bs"- rvea in :j;Q.l'1Y 

contain ubout 10 perc~nt :liq}v:,r '·~oistu!:".-:-:: content than 

'"$ of: low 



l-:,,--':lity. 

~ 1oc'l~ical 

( I n·:·'·~' 
'..1 \ of' I ; , b "" i 1 ( 1_,:, P";; ) '.·r '," 0 s-'rv~c t \-"1t non-nf'cte n n ':~cY~e;: I, was 

!, ... .,.,. ," , '~, ra~;!ns. in :c:t-d 

a;;vet'':":' .. :-;:loqical cone; itions. 

th~+:' t' -, i::rrease in 



PLATE. N 

~ 1q. 1. -'J~!Vlf~9f .D9iCYSS Transverse section of the 
heoatooancreas of a fJsoft lt nrnwn. ';Ublll~t in the 
c~~n".::.::cJ oart of h("~,3t;cp'1:1Creas (left) !.t'ck the 
cr0!i.;··~lial cell lining and aPrc""er flftr"':y. hO'.' ever, 
the thin mer:tbnlne(' ';.). bl~.ing the In .. J1vl(iu~l 
):ubule "er.iats. ::ouin-'lei~enhein's "lct'1'ftato::~ylir~ 
and Q:,)lJin • 

.i:'1g. 2. ,JEUi§UC J.pd1cya, I.'rM~nr0f' sectlcm c~· i;;t·~ c-?rtral 
Dart of hepa1:opancreas of "8oft" prff-,>n +:0 sh~<i the 
romdec:. eosinophilic noju.l "':r boO if!S (~,.r r."C"'llS) in 
the lumen Of the tubule s(!.'1). :jouln-!:'-idcn~:ain's 
haan,;\toxylin and eosin. 

E ig. 3. 'enne~ll:. Wicus I 'l'r&nsv~rse !::ctic,n of tnc 
hep;,>,-.;)pancr~"a. of "soft tl pr~wn showin-; crurn;)lerl 
ccn:::;"ctive t18suf' (ebrl~·::(e.r·o~s) otltIc),J the naS."!t:'·"H~ 
o£th·~ midgut. r1:'lw.-{:\11 oft :-:1'''~ut. :'00 tn-~';eldf~n'l ~i n l ~ 
l'<1.e"l.:)l:C)}:ylin and eoein. 

l·1g. 4. r9n:,~~£ .nsH.SUa with tail nN)roa1a. ;!cte ·t'!1.. 
rnsr:"..:l'!' d~"renEtr.at1~n a~:-::C'ci:st"',d ,"'lt~1 ,'''erotic 
"XlD i ti .~'n in the region o{" -.ix:t.h ~xk-::in.:ll z(1cne:1t, 
~. "",1·- ''''n "'00 ur ..... nrv '" (· ........ 0"· \ "_,1..-':' ."J. ....... "".t""""...,') ' ........ _ "IVi. 

Fig. S. :'901£'..1.1 indlclls. 3rown spo' cl.ease on thE" 
exoak01eton of abC~n ( .~rr~·;r.:) in :"l ~nd 
reared fftrtale (above) anc' a ;,; i..11c (belo.:). 
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3.3 TAIL NECROSIS 

(Plate IV. Fig •• ) 

61 

Hoat. f,. J.p4icgt of both the aexe. ranging in sl •• fran 123 

to 147 lm1 TL. 

External symptc:n.. Colour of the .ixth abdaninal 8eqnent, 

telscn and uropod8 changes fran translucent to opaque 

White an~ finally pinkish-brown. The affected parts 

beecrne ncerotic and gradually d.egenerate (PI. IV, Fig. 4). 

Material studied. 3 apecimena. 

Date of collections 9th May. 1983. 

Incidence. : ,are. 

Seuon. :~ummer (March to May). 

Environmental information. ~ater parameters of the pond -

S • 29.14 ppt, DO • 3.46 ppm, T • 29.5 0 C, pH = 7.4; 

"later parameters of the tank (initially) -

S - 15.35 PPtl DO • 2.11, T • 32.4·C, pH • 8.2, 

Water parameters of the tank (after changing the water) -

s • 25.21 ~t, DO • 4.19 ~I T • 30.0·C, pH • 8.1. 

Observations I The tail necrosis cond 1 tion was ob.erved when 

the prawns appearing normal were 8Ubjected to different 

rearing medium. 13 specimens of normal live. adult 

J!. indicu' were collected fran a stocking pond 1n Vypeen 
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ial..a ~ some phyaioloqlcal studIea and were held in a plastic 

bta OCIftta1n1rlq about 25 1 of bracJc1sb-later (s. 29.14 Pptl 

DO • ,." ~, l' • 29.5·C,pR • 7.4> collected frcn the s.e 

pCD5 fraa where the prawna were eauqht. Thes. live prawns 

... tranltpOrted in • yan to the laboratory where they w.re 

transferred to • circular plastic pool of 300 I capaeity 

filled with • mixture of sea water collected off Cochin and 

fresh tap water (5 • 15.35 Pptl DO • 2.11 ppm, T • 32 •• ·C, 

pH • 8.2). The condition of tail neerosis was noticed on 

the next day. Out of the 13 prawna. only 3 prawns developed 

white necrotIc l_ions 1n the last abdaninal Se<.Jftent, telaon 

and uropods. After about , hours, the.. les10ns turned 

pinld.sh-brown. Th ... prawns were then transferred to another 

circular plastic pool of 300 1 capacity containing fresh. 

aerated braekishwater (S • 25.21 pptl DO • 4.19 ppm, T • 

30.0·C, pH - 8.1). After 6 hours of transferring' the 

prawns to the tank, the affected parts became totally brown. 

One of the prawns vu removed fran the tank and. sacrificed 

for detailed microscopic examination. The other 2 prawns 

survived in the tank for four days. 

The opaque and white a"":>pearance of the lut abdaalnal 

segment, when the disease wu in progress. was firat 

confused with the mlcrosporidiosis which proeuee. similar 

symptcrns. However. mIeroscOpic examination of the wet mounts 

and impression smears from the affected parts revealed 

extensive degeneration of the muscle fibres and complete 

absence of mIcrosporld1an or any other parasite. 



The necrotic condition in the.8 prawna, during their 

four days of survival, was found to confine to the last 

abdcminal segment and the tail fan (telaon and uropoda>. 

!'he other abdanlna1 ae9lftents as well as the carapace of 

the prawns were found to be normal. However. the prawn. 

werE':' unable to swim 1n the normal manner prtbably due to 

necrosis in the tail fan. 
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Remarks! ~ reerosis ls a term g1 ven to a eondl tion in penae1d 

prawns, '~Jhich 1s characterised by whitish opaque <!raY 1n 

the striated musculature, especially in the diet.l 

«bd"-rninal segments. ~-ilth the advaneanent of the necrotic 

condition, the mu!!clea are found to turn brown and beqln 

to degenerate. 

'rhc condition, similar to that observed 1n the present 

case, had also been report{~ from ~. IzteSU' and 

f.. SCl11forniensi. 1n U.:J.A .. (LaJ(shnl ~ al., 1918, Lightner, 

1977), and Pa1temOn lerratvs in U.K. (Delves-Broughton and 

Poupard, 1976). The condition follows periods of severe 

stress resulting from overcrowdinq, low dissolved oxyqen 

levelS. sudden salinity or temperature change8 or rouQ'h 

handling (l·lghtner. 19t13). It usually begins frail the tip 

of the tail (Overstreet, 1919). Such prawns are reported 

to recover iD the initial stage of the tail necrosis if 

stress factors are reduced, but it may be lethal if larqe 

areas are affected (Lightner. 1983). Overstreet (1979) 

pointed out that once the tip of the tail acquires &, 



to'te.lly chalky appearance. the shrimp usually aies. 

In the present case. affected prawns did not recover 

from the tail necrosis condition despite improving the "-later 

quality by increaRing t~e salinity. dissolved oxygen level 

throucrh aeration and lowering of trniperature of the water. 

~'lhile the exact factor -:>f tlH' .:;'trcss whic11 t)ro~ght about this 

con(:iti'~ c':)uV: 710t h~ asc("r-':L'in,~.' .. i": s,-"",,,-, that sud(ien 

cha:-: 

initi:::'. ',. ilhere '!a~ 'l la=gc v<l::-iatio:l i~1 t:1C! ',:atsr quality of 

the t':-Cl~- t :: :15.35 pntl ::'-0 ~ 2.11 J?pnt l' == 32.4·C, pH - 9.2) 

as CCt'1'~.-'::",< tothilt of th~ pone- from \':her0 t~12 ornw.'lS ,"1ere 

collccb(~ ( = 23.14 P!)t; ~·~O = 3.45 pr.rnr T _. 29.5°C,pH - 7.4)~ 

Couch ~-::.r.'7~) O'D.inr.>c1 tha.t th.is ",~yn(:rc:rne ;ni'-':l~ be related to 

oxyr'cn ~'~::J.c·/at·ion of muscle tinsee 'in~n -:rw ;',1irimr> is 

pres,,~;'!:c its phyc.i.olor :1221 tc'lci.'lncc lL-'!. ',."' for hirrh or l~y 

terrpcr,-~;].-c's .:)r hy;)e.ck~.n(>tic Y'"c1!'cular. (lc':::.' ::"::~t. Lakshrr.i ~ sl. 

(lSt7:)), i:1 t:lei= cX'-'erim('nt2J ~tud~l Of'! t~'1C c f~'?::ct of salinity 

an(l t,~ '"",' ,turf' Ch2.:102S on ST"0n'!:-tin£GU~ ffil.::':clG necrosis in 

I.. ~~..:.2.£.1 :r:0UDC' t~lc;t ,j,:) nat.hc(:·n v;,~i.S ir:v'··h·(~d for this 

cont? i ti,'n 2:'"(. In(~ iC.J.tt"C thc.3.t bo't:h 6a11r.i ty and temperature 

chan" 

('iree:: .: 



The tail necrosis eondi~1on may .erve as a qoo! 

indicator to aa.... ~h. g.neral fitness of pr~. prior te 

etodc1nq 1n nuraery or grow-out pond •• 

3.4 BRC1;t~l SPO'!' DISEASE 

(Plate IV. Fig. S) 

Host. 1. 1Pd1s.1H, juveniles and adults of both the sexes 

ranginq in size fran 41 to 163 nn TL. 

External symptana. Dark reddish br~m. eroded I_Iona of 

varying shapes and si_ usually on the G=ale.leton of the 

abdanen (;:1. IV. Fig. 5). pleopoda. ~eopod. and uropodS, 

eec..,ionally. lesions are alee found Oft the carapace. 

Material studit"d I Sevpral sf'lecimen8 of prawns cauqht off 

Cochin and lande<! at the Coehin ?ishino Earbour: ])rawn 

~lture ponds in Vypeen island. Cochln, prawns held in 

r~ar1nG t;mks in the laboratory of O"FR!. '::"·ochin. 

Dates of CX)llectionl Many occasions during C'Ctober-Novenber, 

1982 end Jenuary to September. 1983. 

IncidencE's Low. 

Se~.ont Thrrnohout the year. 

Bnv1ronmental information, The disease ls found to occur in 

water ha~,~1ng a wide range of salinity <S ppt to 32 ppt). 
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dissolved oxygen (1.98 ppm to 4.32 prm). t~er.tur@ (29.6.C 

to 31.3·C) .~ pH (7.5 to 8.3). 

Obaervations I The melaniaed eutieular lesions were seen ",oe~ly 

on the pleural plates of abdc:men and sanet1mee Oft the surface 

of the appendages. These lesions did not have a definite 

shape or size. Generally. only one or two lea10na were 

observed, occaslcnally up to five l~sions were noted, 

however. their distribution was multifocal. 

',:hen examined microacopically. the cuticle iD the 

affected !'arts was damaged and erod~. yet the underly1nq 

80ft tL~sue Has unaff~eted by necrotic c:utleular brown sp01:a. 

Necro!!is ane: melaniaaticn were quite contoicuoua 1n the 

cuticle. Dften, very minute spherical and ccma-shaped free 

bacterl~, probably chitinoclastic !lhr19 spp. (Delves

Brouqhton anc Poupud., 1976), were Doted in the damaged 

cuticle. :r-ungal hy?hae were not fouJliJ 1n any of the 

leslons. 

':'he disease appeared to be non-infectious as the 

prawns havin0 1)rown spots, when 'kept along 'tdth apparently 

norusl prawns for 24 da.ys, the latter did not develOp 

similar lesions on their bo..~y. 'l'he brown s'''ots were 

usually lost after the aff~ct~ erawns moulted. 

i,en.sr'k&: BrOl.·m spot di~"'S8e, also 'kna.in as "shell disease", 

.burnp("~ spot disease'· or • rust ~,ise8I!Je' is of geographical 
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'.1U'Z'eftCIe ill aarlae wn~r. of the world and found 1n booth 
, 

..... a1 __ 11 .. eultare4populations Of ahrimpa Md 

...,. .. her ........ _ (LJ.ohtner. 1977). Roeen (1970) h .. 

ext __ l veIl" r .. 1ewed tile ahell di...... of deeopoc! 

cru.tac:eena • 

A variety of eau ... such .. bacterial speeie. which 

pro:"uce extrac~llular lipases, prot~Mes and chitinuea, 

fungi, nitrogenous waste prc~uct., nutritional and 

developmental abnormalities. which result in damaqe to the 

epicuticllar layer,have been sugge8ted for brown spot 

disease (llroCk. 1983). 

':hc bro","n spot di8eU(~ observed 1n the pr .. em: CM. 

anpearn to have resulteC! from m~chl'.n1cal injury rather than 

pr ir:1ary hacterial c11s~a8e. DCYi'laqf!' to the ~xoskeleton may 

resul t~ ,. roo cannibalism. injuries (~urinrr c:cd~l~ or 1mperf~ct 

~t0C'kinr~ ,.';~ns1ty in culture SystOOl and r·"aring tanks often 

eT\h<'ffic~ t1:l~ ~h~nces of mechanical injury. Dacter la1 

ac~~ulat1on in the Inelanised lesions would ~ave occurred 

aft~~r t1-,e epJ.cuticle disrupted due to dana~e, thus the 

bacteria observed 1n the lesions are not primary causative 

agents of brown spot d1s~ase. Cipriani ~~. (1990) were 

unable to experimentally produce brown spot disea8e in 

'!")enaeids with bacterial 8'!"\ec1es isolated fran clinical 

eu.. of the disease until 1so1atlor was preceded by 



f' 68 ---tcel cJ.1ar\lpt1ca of ,he epicutJ.el. layer. The epiOlticle. vial. Ja _14 ... to be __ pru-azy line of defense in 

en ..... I. MIJleln.a (Johucn. 1980). la always involved 

1n the brown 8pOt 41...... Epicutiele contains polyphenolic 

sustances and. i. m08tly inert to microbial attack. 't'lhen 

this is subjected to a mechanical erosion. the underlyinq 

chltin is ~xposed to degradation by ehlt1noclastlc bacteria 

(')elves-Sroughton and poupard, 1976). Lekshmanaperumalsamy 

2k~. (1982) isolated species of Grarr~ne~atlve bacteria, 

Vibrio and f~eromonl! ,from the blackened lesiona of brown 

spot disease 1n £. 1pc.11QlI caught fraa Coehin baelcvRera. 

Chitinoclastlc b.cterla are ubiquitous in the natural 

envir>:lrrne"t an~ form a normal part of the microbial flora 

of both li.··;1ntJ and (te~ crustaceans (Llghtner, 1977). 

?he dark brown oolourat1on observed 1n the affected 

?&rts of the exoskeleton 1s due to mcla:nin formation which, 

.s Crock (1983) discussed, 1~ the result Of a host res~onse 

to injury and does not by i t8elf suqqest a '~articular 

~tlo1ogy. 

I·,lthou!]h brown spot disease vIas not found in large 

number 0: l,rdwns fran Cl particular locality and the disease 

itself eta not seRm to be fatal. on the individual level it 

may sanctimd~ be harm~ul 1n indirect ways. '.!'he proqressive 

~e.truction of exoskeleton may permit loss of haemolymph 

(Couch. 1978) and eventual death of the pra~m due to 
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aeconr!la.r.r pathovena such .. the fungua i).tsari'B tq). (L1ghtner 

at oil •• 19".>, o.otie imbalances or difficulty 1n mOlltlng 

~. to edhaa10n between old. and new Olt1elce (Llghtner. 1977). 

3.5 REO RCSTRUM 

(~late rv, Fin. 6) 

Hosts f. j.nC:i.sa of both the sexes ranging in s1z. frcm 117 

to 153 Tl'Im TL. 

f;xternal symptoms I Aeddiah d1.colouration of the r~t%Ulft 

(PI. IV, Fig. 6). 

xaterlal atu0iedl ~even specimens collect~d from culture ponds 

in \"yoeen island, each1n. 

Date of ~oll~ct1onl 24th Auqust. 1ge3. 

Incidence, ,:are. 

S?ason, 

Er.v1ronmental information. S. 23.36 ppt, ~)O • 3.79 Pt:ml 

Ob8ervath~M and rf!!markst Prawns 'I.'ith red rostrum were 

encO'-..lntered only r~rely in the cul ture pon:~s during the 

post-roor.sc':',n pe.rioc.";urln--:; tt-.e collection of such 

sp',-c.1."ne~lt:. it was interest!n::: to notE' th2t the t1atom" 



PM',". ~. v.. found abundant in the pond water. 

la thie condition. the rostrum acquired a r«!diah 

appear-me-. r..u .. hu'4 and did IICR loc.e it. rigidity. 

The condition di4 aot .e. to have any 8ignif1etult impact 

on the J'rmms as they showed normal behaviour. Ftloloqy 

of the r~1 rostrum c~ition is unknown. 

;\ similar condition of red rostrum condition had 

been reportE'd earlier in Eo. ind1cu. fran Cochin by 

Hahad0VM .I1.Il. (1978). These authors isolated the 

baeterium, t8wdgnonM fluO£esc;:enct frem the affected 'Pr.,.. 

and naned the eyndran. .. "haanorrhaqie eepticaemi.-. 

3.6 CILlhTF. IN:t:'T GTATIDH 

(rlate '1, rigs. 1 to 3) 

I-!oS t. £,. indicu! ('7 to 112 nn TL). ~. men2S!on., (93 to 149 l1I'ft 

'I"L). ,E. !a;n1suleatus (88 to 134 mm TL), Metapenaeq. Iffini. 

(51 to 78 INn TL) and !1. doblon1 (39 to 71 ftI'ft Tt;). juvenile. 

and adults Of both the sexes. 
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E).'ternal $l'!7:~tom$1 Frawns with heavy inf~etetlon p088e.e~ a 

fuzzy a!"'~aranee on the surfac~ of the r.ille, appendaqes and 

occasionally the cara~ace. 

Hateria! r-tudied.a-:;everal sn~cimenB col1(loct~d from t:)rawn oultu~:e 

ponds and paddy f1el,';s in Vypeen island. ,~an~time. a180 
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.... ntared 1n the wild population c8Uqht off the coast:a of 

Cochia and Mandapan. 

Date ,,~collection. 4th February. 19th Marcr., 17th May. 8th 

and 10th June, 24th J\lgu8t and 5th NOVtInber 1n 1993. 

Incidence. I~ to mod~r.te in eultured ponulat1ons and rare in 

the 1.ndivi(:u~15 of "~11d population. 

Season. ~ :odcratc (':urinc; pre-mcnsoon ('.pril to June) and run 

durIng the other months of the year. 

~nvironm~ntol informationt s. ~~.2 p~t, DO - 2.36 ppm, 

T • 30.r o :, pH • 8.3 - ~ata oolleeted on 9th June, 1983. 

Observations: Microscopic examination of the wet mounts of 

fres~) '1i11 la.-nel1ae of infested prawns revealed large 

number of ~lehotomously branching contractile colonies of 

pt"rftridi eillat~ attached to the surface of the thin gill 

cuticle (~l. v, 21q. 1). cil1a~e vas most abundant on the 

bifurc:lt,::r: tips of {"Itch gill fil8ment. 3E'v~ral trophont:a 

of invcrte(; bell :>hape with contractile stalk were fOlnd 

in each colony. rophonts wer.e 40 to 45 jJlft X 20 to 35,1JSft 

in size ~~ the cia~~t~r of ~talK was 10 to 12~. A 

central contractile fibril or myoneme was always ~resent 

insi,le th~ ~talk. 7he myoneme \,za.s e~ntinuous throughcut 

the branc;l~-d stall( (Pl. V • .Pig. 1). ;:;al'!h tronhont - the 

adult feeding staQe of attached !,~ritr1ch - pOfJRessecl 
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adorel c11iature. one or more vacuoles &ne a larqe horse

shoe shaped macronucleus located near the centre (Pl. V. 

1'198. 2 and 3). The bual part of the stalk att ached to 

~h. 9111 cuticle was aoparently a superficial attachm@nt 

and there was no mechanical darnaqe to the cutiele or 

underlyinry tissu~s. Host haernocytic response to the 

infestation was totally absent. Colonies of the perltr1chous 

ciliate ucre less numerous on the bOr:!y i!l!,)l-:enas<.J*"'s of the 

prawn and only occasionally they were found on the carapace. 

'Jcunlly infested !,rmms were 1n live condition and 

low in:2nf:tatlon did not seem to be fatal to the them. 

'OW("V"!~, one incidence of mortality of large number of 

t K ~ I) SOC. en .. _ ~nd;~. from the prawn culture f1el~s at 

Valn;"f!U in \/~een island, Cochin '-JSS r~orted on 8th June, 

1983. :110 live, moribund and f~ead pr wns collected from 

the field were found to be h-:Ja'lily infeBt<·d with this 

per1trichouS ciliate. The gills Of th~ inf~st~d prawns 

were obscrv;:-:d to be the r.10st_~avoura.l:>le site of attacbnent. 

3esldes, filamentous bacteria were &150 found offen 

accorr',anying these ci11at~s. Th~se fl1~entous bacteria 

were non-branching and were seen attaehed singly to the 

gill cuticle superficlally.:hey m~uured an' average 

d15net~r of 2~ and ccnsi~t~d of 8eptAte ehains of almost 

sc:uarc sh.:;,;.:~d bsctpria. The "'at!"r in the ponds and 

ndjacent canal (S • 31.2 ppt, DO • 2.36 ppm, T • 30.SoC, 



110. 1. :.'1'10 Ct)Jltraet11a colon1ca of perltrlc:-. ciliate. 
~OQt1F!r~ sf'. &tt&ch~ to thl!! m..lrf!"::~e Of ~h!l 
ni11 cut (! • of ftl'l adult :.nl!U! lOC!.~le.' This 
a e, lJ.,-ht Inf"38tation. Note ,tho r;ta~ " ,K) 
w1~h My-OIleme (J,!Y) and It';~arently unJ m\&qed 
gill cut.iele (:1C). Wet mOWlt:. 

Oeheaded ?n~.s ~'.:i';'ll'~~~,}l!: (t.) ftCn:tei 1 pr :.fr.1 
(B) m1ero~t'l'i.n infoctf',l 'Prawn wit-h OP:'q'.1( 
whit4# r.:ottcn-lik~~ ~p'p""e,:·IJ,nce. 

?r:> 1.'":' ;)f!1If'c!& 1~1l1"t:lC'11iViJ cut ,.erC<;5 +he 
.:lb:nneno ~how the opaque w~.iteU:' '·oloor~t!~r.. 
of ovary (CN) du,~ to ·'""\l~r~·Yl'...,rl(:i, :'tn in:netiC'n. 
>iotx, the ~~arcmtly nor:"!1nl a.::,rlcminal·'.u: ~.,:~ L:~rr eMtd 
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pH 8.3) "lr-laS found to h.,' polluted and was abundant w1 th 

.tleut three type. of blue-green alagae. one of, which 

"'as identified .. oowna,oos!! ape 

!.n otlv'r instance, where sudd.n outbreak of -.oft

rrawn syndrane in stoCked sur'-i-;cult f. 1ndis;;ys and 

of· [ilonoco;'1 ~,'as observ@'d 1n II r0aring ~nd at !W.CL of 

(:::-,,1 '-·'n ,~'une 1 '). 1983. '1il1s of both deed and moribund 

"!'!ot!t" nr:y,-ns were found to be infested frcrn light to 

mO(l~"'r:a~,:e levels 1,.,1 th the same per." tric:hous ciliate. sane 

<;t;t<'c"L~'-'nr.; h p i!1<! accr::r: .... anied \-11 th filanentous bac:terla. 

rtemarksl ,talked pritrlchsof 3~nera Z9Othamnium. Ipiftyl!. 

and 'iorticella have been reported Int .. tlng • ."eral pen •• id 

prawns (Cverstreet. 1973, Johnson. 1912. 1974a; Lightner. 

1975. 1~77. 1918a; Couch. 1979, leaae qajen~ran S1 ~ •• 1982, 

;;::ant::a::"r"'arl and Gopalan. lQaO). 'T'he ,,~rltr1ehou8 ciliate 

observe.:.; ir. th~ pr('lsf'nt case ar>rarently b~lon(j$ to the 

Genus Gcthar:miu.'n ~ince it pOSSE'~!I~S a cha.':'acter1stic 

ccn~irn~~lS myoneme that conn~cts ~talks of eaeh trephoftt 

wit~in thr- colony so that thf'!! colony may eontrec1: .. an 

unit. ';"'''i': Genus ;oiAtylia lacks a contract118 stalk. 

Althou'-rh the Genus Vortigella Is often colonial and 

possesses a contractile stalk, it does not have continuous 

myoneme connecting individual members of th~ colony. hfmee 

t~e v9rtic~11. colonl~s do not contract as a unit as does 

th(' ~""~ele:s belon,?in0 to :~coth¥!n!U1I' (Ll\:;htner. 1978a. 
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Zoothamntum 1!Jt'). is a ~re~ living ci l1ate (ep1canmenslll) 

and not a true pathog~!'l (1,1ryhtner. 197"a. In a healthy 

environment, p@naeice ean tolerate a lar~e number of these 

epicammensals with no ~par~nt detrtmental effect (Foster· ~ ~l. 

1979>. Hat., ever, ht!avy lnff."station of Z22thfl!lD&lPn IIT,). Oft 

gille of prawns .todc:~ ~t h1crh ~eneity in 'Ponds many result 

in mass mortalitl~. (John.en ~ Al., 1973, OVer.treet. 197~). 

Cverstreet (1973) found thet an incr~~8e 1n the 0~nstty of 

hosts heh:: in captivity ta'as paralleled by an increase in 

.:0.ns1ty of peritrlchs on ~111s. Death occurs when the 

efff."ctive r~3niratory surface of the gills Is rpduced by 

prflSE:t1Ce 02 numerous oolonies of 700thmmiUID S!'. an~ 

sub:.3e.~.lc;~tly", the suf~ocation of the anirr,~ls (Llghtner, 1975). 

':'eath u::::u311y coinci'~es wlt~ p"'rlO'~8 of l~, conc~ntration of 

d!!:~olvcd oX"'I''ien in the 'I;ater. a comr.on con(?1tion following 

:1 :ve~'al . 'arr'l overc8st ~ays or fc·llow1n': ·-lc.-c~os1tion of lar9'7" 

alr'al blo-:::71fl (Cverstreet. 197C). In the nr("'sent obs~rvat1ona, 

the r1i~":1""l'/~::3 Oy'y"'~n l~E!l in th~ culture pcnd at Valanpu, 

where t::c nertali t.y occurred, ~';ilS as low as 2.36 ppn and the 

gills of the affectpd pr~4ns wer~ found to be heavily infested 

with RS'thamnJ.lID 8p. Johnson § Al. (1973) reported the 10 •• 

of an cstL~ated 2000 pond-held broom and white shrimp In a 

sin01e ~ay due to the presence of larqe numbers of 

~oothemn1um ap. on the gills and to a reduction 1n dissolved 

OXY0en lcv~l. Mortality was attributed to anoxia as the 

mortalitics occunredwhen the infestation of ciliate bec~e 



heavy enough to restrict oxygen exchange and when the 

~lsso1ved oxyqen level in the ponds droppeo below 3 ppm 
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to • low level ot ~.6 ppm. These author. noted that 1n the 

J)Oncia where no zoothEn.1um .p. infestation was obe.,.fd on 

the ahr.irnn. no morta1itlc'. occurred de.oite the low 

cissolvcd oxygen l~el. Llghtner (1975) ~ointed out that 

in normal corr.i tion!!. when "04)thamnim ap. was absent. 

d1s501v~,-..c. oXj'0@ln le',tel of 2.6 rrm was not lethal as c;"oM 

su-;--viv<"!l -.',!as exnerifl:llnePd with,E.. !!ztecus in cuI tur@ ponr4 s 

~ven t;hr-n the d16301ved oxy0en 1~E'1 f~ll tC) 1.0 prm. 

Issac -iAjenc)ran f.1.Al. (1982) noticed inf •• tation of 

'Ogthg!il;1iHW Bp. and::p1s tyliS Bp. in of. IIQJlOdon reared 1n a 

-, .... 'nc: at ~rtras which , ... MI not ::lushcd with tidal waters for 

20 f.ay!3 r', zUlting in r'),?nleti,:,n of c.~l~:;solvcd oxygen level 

'to a lOttlc:£ C value of 1.0 pp:-n. '1'hey. however. found that 

the in~;'-'::; to?1t ion coul,1 he c.:'ntrc;,lled by improvino water 

ql~lity '')7 fre'7Uent f!?xcha.."'l.ge of fresh tidal water over a 

p,:r1ocl of 7 to 15 days. 

3.7 HIC;-:(" por rl1'o.SIS 

(Plate v. Eiqs. 4 to 6) 

Host. .£. se~i!!ulcatu' (65 to 169 mm:'L) and!!. af?1n1. (97 to 

143 tml 'i'I.) of both the sexea. 



~xternal syr.iptoms, Opaque white uiscolourationof the entire 

body n.tscle giving a co tton-like appearance to the animal 

(PI. v, ,:,··i~"s ... and 51, sCln@ttmes, 1n the fensl. !>rMlna, 

only me<lial dorsal line of the body tU.I:ns opaque and 

white (Fl. V, 1-'ig. 6). 

l-l;.atprial stu .... tied, Several specimens of l"f'Cllwns colleeted from 

the ccn,K'rcial catches of the ·"utf of ' annar and Palk BlISv 

and 1,,-1 .. oc<1 at Landap8i.l, ,·a-rne$vHu·8!;I, lu~iccrin and nearby 

fish lon~ing centres. 

~;ate 0: collpctiona A number of collecticns were mad'e dur1ft9 

:. ep errJ)er-Cctober in 1982 anD during !'Larch, June-July and 

l~ovember-jecembE!r in 1983. 

Season, '~lu:'oughout the year. 

"nv ~ron:1t :-:,' ;'; 1 info,;:-r:'aticnt ; ata (."Ollectec frcn inshore sea -

~ - 29 ~~")t to 34 not, ~,C - 3.64 to 4.37 nPUt ':' • 28.3 to 

31.4 0
.:.:, pi: • 7.7 to S.l. 
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Observations end remarluu r:pl!t.qu~ and white prawns with cotton

like anr:('a~ance, )n0 sc:rnetim.'5 only thE." to!:"s~' m~i.l 11ne 

turnln~ -,lhit(~, were encountproo in th~ cfTm1erci81 eatch •• 

land<od at the fish land Inq enntrc>s at >:anc"~apam. ;~sne8Warsn, 

'::''uticorin ane surroundlnry Inc<.-11iti'''s cJurin(' (11 fferent •• asons 

of t;10 ,.v·ar.:he affectfl'(l n~:m'ms ,.,er~ e<-1zily l1istinryuishable 

fran the normal ~r~s I!u~ to th~ annarent S"mTrtoms (PI. V, 
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Figs. 4 and 5). On dls8ectinq the animal, thE' abc1ad.nal 

mur:cle an(! ,!onad (overy or t'!'steos) were found to turn 

0r'a~e and white wher~"E th'!: m1:-":ut eh~cC "~hite patches 

of 1nf~ct!~n. Oeeasi~nally# f~ale ~r8Wns ~ith only the 

ovary tnr.ninry opa~e an~ ~hlt\!# w~lch ould be easily seen 

throu,)h the !'I'\tI'~181 dorsal lIne of carapi'lc!l! an·-=! abcc:men, 

were elso sc~n (rl. V, FiQ. 6) • 

. :hC:l sm~ar!3 ~r<r.'l such in "'~cteo :1!"a~';J1S were pre;:.:lr.a<~ 

an'~ obs~rv·:d undc'r a ecmpound :":'licroscope, thcrp. wer~ large 

numb"trs of oval shaped spores ranginq in size fran 2.0 to 

5.5pm in hm<Jth and 1.0 to 3.5pn 1n width. In sane cases, 

the spot'(!s were also liteen in the group of eight. The 

number or s?or~s Wf?re Vt.?ry high in the smr--are. Further 

study revealed these spores to b~ th@ m1cr~~norldlan 

DarasIt~s The variations 1n the size, shape and 

strueture of thf"P-e s..-,orf!!J r>ointed out that they belonq@d 

to thrl.?(, dIf'fp.rent 8npci·". of ~icrost'Ori(Ha producinQ more 

or l~s~ si~11ar 8ymptom~ in their p~naeld hosts. A 

(letail",0. ;' tur~y undf!!rtaKen on tt-.f' mlcrc~'Porlc1os1s Is 

dealt with in th~ Ch~ter 4. 

'.A H]: LV: 1 NTH rA' A;,'"; !TJ::':A.TICN 

(Plate VI, Fl~8. 1 to 6) 

Host. £. iemisulcatFS, fenale, 156 mm and 169 m:n TL. 



External symptanal No noteworthy external symptans observed. 

;':aterinl studied.l'wo sr-ecimens, eftU~ht off the coast of 

tlandaplJ.1 in the Palk Bey at a I~:epth of about 30 meters. 

" ate of collections 30th November, 1983. 

Inei~encc. . are. 

Fnv1r·-::-m\?:~·'" al info:::-mation: '"sta not availahl~. 
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Observctir:nr;: t ,:ur ing the course of routine eXaMination of 

~i~tGl\.Yi2l1 ~Action8 of hen~topa.ncreas of ap-r.:arently normal 

~ sc' ;i~"~lc?tu~ coll,·'ctr..d frcm off the coast of t-:andapam 

camp, ::" hclTl'inth ~ar~ite was obs~~rvl."d in large numbers. 

';0 extcr~~.~.l ~toms of para.3ittsation wer€' visible. but 

on di~:" ~tin(T the nra~ms, hONev(.'r. the '-:e-:~~t:op~ncreas 

a'·;-;'l~!i.'l.:"'! to blJ r~li1tbl("'ly In.::'1'nr in S17(1 -::1 ccm"ared to 

the h0",; ~.::-';'lanCrpa9 of oth::--r ....,r~-Ins of ~l"'11~.lar siz@ grout). 

:ollowinq the {~eteetion ef t'1e r)ara~itcs in the 

s(>ctionn o~ the hep<:ltopancreas. the mi::rrut of t!1<::se prawns 

DrESf.'!'''V01'':~ in Bouin' 5 f.ix."\t1ve were diss~ctcd and the 

conte:":5 of the mi'J.gut were examinea in ~.-1et mount preoaration 

'"han e. [(1\>7 slenCl.er, uns(I!Igme-nted worms, ranCJlng in size from 

0.35 mn to 2.2 mm wer~ ~ncount~r~d (rl. VI. Fig. 1). In the 

hcp.2to::':1:-',cr'!:'as. the numb('r of rarasitE"s vt.ried fran 4 to 13 

&ne tht::,~ ~,:!'rt" usually s" .. n in betwMn the tubules of the 
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middle part of the ('Jrgan (i-I. VI. F 19s. 2 end 3). The 

parasi t,:!'.:, as those obsarved in the gut content. vere 

slendeI.' and unsegmented, but their ais. varied from 530,... 

to 900)Qm in length an~ 150~ to 230;am 1n wi~th 1n the 

tr8n!fVCr~e s~etlona. F:ach wom po!lSe5.~ a thick eutieu1at 

body oal1 ~'ith minuto cilia &11 Ov~r its exterior surfpce. 

~:.,oCy or ~:!ir. r"orH \';,"1S ~il1.,"'~ \;ith oval !;hpJ,) , (? m~senehym.l 

cclls-'nC: a fr'\</ muccl<:!" fibrf'B arranrtf!'ld l')nni tU0 inalty in 

the' n.!.L1(';lt-'. In certain cases, the body 0:' the parl'tsit~ 

,,:3:;;; 8''''en ·:·ivL~ed into t\o10 partD, the noot~:~i0r part fillfld 

part wit), sevl:',r-.:al rounOcc Zib:res, prc:bar.ly the c011("6 hooKs. 

~')1ge3th"(' '::' .. cact was totally absent. !:--ubcuticular cells 

'-Jet'''': pl.C~"t'r:t in large numbers on the perinhery just beneath 

the cuticle. The cut1cular wall although formed several 

collar-like folLis 1n the middle and posterior part.s, 

internally the body was unse(JTtcntoo. Occas ionally, sane 

'!1orms possc8Sed !!Itrobila cons1st1no of 4 to 5 dorsoventrally 

flattened ~roqlottid •• each with a small rcnronuctive organ. 

"'hp c::f'ect of the nar<:lsi'tisat1on on th£"> strueturft of 

the hr:.~;:i:r·'11ancreas, and the hest reenons(> to the presence of 

tht"".s~' '''V1.;. ;':,itee were ouite conspicuous 1n the- hlstOPlltho- • 

logical alterations in the he··,atonancrHas.~,'he .;ut. ",hleh 

pnsses t;:!~': . .'Uqh the ht:!patOPancr€'as in normal cases, was not 

visible in th~ s~ctions. an<: instead, lar-ne STIount of 



PLATE VI 

£ 1~. 1. unsegmented helminth 
mount. 

"1(:'5.2-3 :::;en~:cup' 4e~1!ulc'tus':·::-.:l:'"!::verse s{'ction of 
hepat09anereas with hel"ninth para~it,r~r; (8!:rows) 
located in between the he-l'atOpaner@atie tubule. 
(HT). Bouin-Mallory's triple stain. 

Fig. 4. ~-e.l£.cUtt semi.uISltu" ',:'ranEverse seet.1c)n of 
hepa~01)(lncreu showinq the h.,;,avy c~osltion of 
eollaaonoua fibres (Cl) dutf to h,,-'lminth 
par~sitisatlon, except the lumen (f:L). no 
recof~;ni::H.lbl. part of the Jut 1s secn. ;. artly 
an'"! :.:::>tally dama9~ tubulo:as (a.~'rows) are also 
visible. ':jouin-r-~allory·8 triple stain. 

, il'j. 5. P'nat1'l~ t}gmJ.!ulC'tu~t '-\ hi ryl'tf'l:r mC!f"Jnl':1 ~::t1on 
vi"'w of the paras it., in th~ tran8V~:""S': $~cti(m of 
hepatopancreu. The h~At~ancr~at1c tubules ('i-I':') 
are seen involved in the c~.,"t wall formation (arrows) 
around th. ?ftra.1t~. Rou1fl-I"lalloryl. triple stain. x 32. 

Pen@'Y§ 'tmi$Ulca~1 Ho~t r~snon8e to helminth 
parasitisation in t • h~,atopancrea8 ~y mean::' of 
enc8;:1S1..ll.1-tion. Arro,.,s shO\-r the cyst uhich hi1S 
eneloe~ the ~araslte by means of er-capsulation. 
HTaHepatopar:creatlc: tubules. ~~ouln-F- nr~is 
hemat~Illn and eoein. 
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collagenous fibre d4rpOllit1oD vaa aeen at the oriqinal 

location of the gut (Pl. 'JI. F19. 4). The gu't wall and 

lumen were not discernible. Henatopanereat1c tubul_ in 

the vicinity of the parasite were crowded, reduee4 in 

~iz.. 1ntens ely basophilic on staining than the ~l 

tubules and were frequently 1ncorporata& i~to the cyst 

",all where they were partly or totally dainaqed (PI. VI, 

f'1~s. 4 an~: 5). 
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'I.'hcre was conr;L~era..?lc host reSpor.$c to the parasite 

whlc'!1 ~":\$ encapsulatec by the host t1ssue to varying deQ'rees. 

The ra.n '(0 of host res},on8e in the hepatopnncreas waa frOM a 

thin C:-l :~r::~'llat in0 ~st (~-l. VI, Fig. 5) to c:ampl.te 

('e5t.r'Jct:L'n of the ~arasite (1';1. VI, Fig. 6). The eya't 

fOF",,.,,t::!. ;;. involv£'c infiltration of a large numb€'r of 

raemoC'ytcs, fibroblasts ane thin but (~ens('>ly ~acked 

conm::ct_t'.",,- tic:sue fibr~'s w~ich appeared to be collagenous 

in nature because of thf!?ir staining prc1=',erty llith ;' al1ory '!'! 

triple stain. ':;-'hcse fibr~s. hnemocytes and f1broblasts \-J ... re 

promincDtly oriented ?arallel to the cy£t 't'!all. The 

innt'r!noc,'t haernocytes in the C'.lst yrall were n.erotic with 

pyknotic :1uelei and at some ):!lacea, these cells were 

melanisc'<:, forming 8 thick brown inner nodule where the 

r>arasitc vas almost cannletely destroyt:'d ~n(! resorbed 

lea',- in(; ~ (l~nse f ibrouB cansule in the hnf\atopancre .. 

(>1. VI. "i(;.(,). 



Remarks. Several speeies of helminth parasites belonqinq to 

digenetic trPMatodes, cestode. end nemat~e8 hay8 been 

.r('r.~rteC frcm penaeid prawns by seYeral wol'1cera (vide 

Ch~:;ter 1, page 15-16). The helminth parasite olNrery.s 

in the T"resent case al thC'l'\l0h l'rovl:~M e~rt:ain In~orm.t1on 

as to i~s internal ~tructt~~, the p.xt~r.nal mornhology 

of the "'~ra!:'ite cou10 not be stu(H~ aO;"'r""Uately bpcaus~ 

Dar OB 1 t,··s 1;~ere first rc-ccymise0 only l" >?:n the histl"loqical 

secti0ns of: the he~atopancrt"a.s were examined. ')esplte 

attemn~' s to examine the worm!! in the wet mounts of the 

c~ta11nd observations could not be m~. on ita 

of h')'~:c, !:>"\i n~s or 9uc1{ers. Due to these reasons. the 

1J(,"1-..:i ty ~f the ~rasite at hand could not be establisheCJ 

.:.~e:·al l'1orkers Liuttcn fS. .ll.,. 1959a iZruse, 19~91 

Cvrrstrc>:":t, 1')731 .2eig-enbaur.,. 1975, .... ouch. 1975) have 

r~ortc-(:~ an uIlident1fi~ small. pyriform cestode larval 

starye commonly found 1n th~ intestine of n~naeid prawns 

fran the ::-:ulf of ~'exico end ;\tlantie COO.sts of Florida. 

~e~cription of this unidentified cestode larva given by 

Couch (1978). could not be c~f1red Hlth the present 

speci<.;;s due to lack of su~ftcient Inforr.1ation regarding 

the hOO~9/spines an~ suckers in the nr~sent ~at~rial. 

However. the l~"K;th and width of pr~sent wonn as 
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~alculat~ to be 0.53 _ to 0.9 _ and 0.15 _ " 0.23 -. 

re_peetlve!y. which ~ to ~ ........ 'Witb .... " ..... 

and w1(~th of thfo un1det1fle4 ee~. WIIftl· (0 •• 1 _ tie 

0.91 tTIn lorv.: ~ 0.12 _ to 0.22 _ v!de) .. 91 ....... 

'ouch (1.Q 78) • Couch (1978) 8tatf.'d that large ftQIBber of 

the h 

by'·-u··'· 

ancl :.. 

fu rthcr d.ta11ed 

of ~:l . • 

RIAJ INFESTATION 

{ ··lab ., . 

. " .~. "U:_ (1;' to 3""', rTl _e __ ._-.;;.... ....... 
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Material studied. Several ~pec:1men.a collected. frart the mudfl.:!.t 

n~ar Z 3nban in the ;~arnuwar_ i.lend on the south ... t cout 

of Int-1ia. 

f.nvirorrnental information, ;:.. 35.13 ppt, ~:;c • 3.97 Pr:'ftll 

Cbscrvati(;;r~: . naJ 1. enCYl!tM digenean trmtatode metacercaria 

',o1ere foun;~ attacht"d on the antennae (Pl. VII. F1qs. 1 to 3) 

an(~ oth .---1:- anterior appendages of the t:lrawn. In certain 

cases.~::. '1l':i:1y as 63 cy~t5 'dc're noted frO'":'l a sinqle antt'n'l"S 

of a 21 :Tm -~ l. ':)Qstlar\'a of 2. §em1sulcatu~. 

'~-he encystpd metecerceria ,,,ere oval in shape with 

an aVfY;:?f'r:: size of 413 x 2S8;um. The wall of the cyst was 

thin arv: rt'-id but runtur@d easily when pr~e.ed between a 

microecrynic 8lide and a eover slip (Pl. VII. Fig •• >. Each 

cyst pO:::~J:8Sed a metacercaria tightly 'Packed within it. 

Flanr::e 0-: tb~ cyst wall facilitated its nttacmEtnt on the 

epicuticle of the appendages of the ~r8Wn(~l. VII. Figs. 2 

.!I!\nd 3 j • 



. ?i(". 5. 

P!AT~ VII 

pe9l~S 'em1~ulcatust Metacercnrial cyst. (arrows) 
at ta ed to the anten:la of a po:;tlarva. Het mount. 

:-~,es SEiSU1CaiiiJ Higher magnification views 
o t e metacercar a ,~st attached to the antenna, 
arrow indicate8 a ti~htly pack~ larva ln~lde the 
cyst ",~ll (C<;). ':.ha !lanqe of cyst (PC) facilit
ates the cyst attaement on the ep1cut1cle( Fe) of 
the antenna. Wet mount.x 50. 

PE" '~!U1S.tus. A ruptured nletacerear ial 
Cf'8t s ow iiO the cyst wall (Oti) and metacercaria 
(arrows). ~i.t mount. 

Sane. f'nlarged showinn thf! stru~ral details • 
ep .. C.:eso?hagu8, VS.Ora 1 ~t.·ck(;r, p~ r.Ph~rynxl 

P:3.-1'ostcrior sucKc'r or acetabulum. Wet mount. 
X 80. 

penieuc sflI~1sulc?tu.! with a char·~cte!'1stic 
swe lin('; on the latertll s1Cle of the cara'Oace 
due to bopvrid is~i inf~stat1on 1n the" 
'branchial chamber (arrows). 
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notic~_~<l in the antennae er other appendages on which the 

C'./sts were at t. ached. Each of ti\e -rated metace.rear.1a 

was provided with an .,bealon appu ... GOM1ntag -* _ 
anterior or oral ftcku Md • le.ru- .. vd ~ ...... 

aucker called acetabulUM (Pl. VII. '1g. 5). HOOka ana 
spines were absent. This teind of edht!!'8ion ftr.)~aratu8 

fran th'_' henatopancreas, gut a.n(~ muscl·,- of the infested 

hosts r'.'vc nled ab •• nce of any staqe of the life-cyele of 

the:ic~~mean 1n these t1sauea o:l the heat. 

~'lC' T!rc::; enee of the or al and ventral sue'kera 18 a 

chnr:-'C:t,,~ i.:otic fratur~ of Crdt:r '. irrenea C hylum Platyhelmin

t'1es: L~~~ .'r~,)toda} Crasmus, 1f172). - iO'cncane usually 

an al~. '-'n1tlt. i en of hosts wlwrt' the pncyS'tr.,.· ;,~. aqf" is oft,..}"' 

)·;etac('·rc;~:rlal sta~~ may be rC(1ardro as rCBi::otant sta~ 

which ~/'!-1its th,~ infectivity of thf'- lifo-cycle to be 

(>xt,~r;c!C'(: over a lonqf'r neri<xJ of time.2'h~ cistribution of 

mc-t2c ;::'::u: la within a partict21ar environment (on Venf?tation, 

on sb::'U_~ or within a seC'Jn.ury intermediate host) JJJ very 

clo!Oel~! linked to the food chain and fe~ing patt~rns of the 

final :-OGt of the digentll'ana (c; .. casmus, 197~). In this regard, 
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prawns harbouring the digenean may play important role as an 

intcrmE'(linte host in the life-cycle of this d1qenean trematode 

metace-rcaria. 

'.;.:'11>: correct ident1 ty of the rnetacr:rcur1al cysts 

repOrtc2d ani': described at present has not heen possiblE' at 

this juncture due to the non-a al1ar,11ity oC otht"'r stagf!8 of 

its 11 r.'--c:ycle. 

1ife-hi~":,,;,~y of ::chinor.hasmu§ baaula1 foun/~ in the cercarial 

staSf> lr' :~'1ail. ~~atic, margehiuc:nsis and in metacfi"rcarial 

(cyst) Z~il«1? in the 'ttvalve, Zatelys1a op1;.',a, collected 

frcrn the {:8!\e tidal ;nudfl.3t at Parr.ban during 1954 and 1955, 

frcm vl',(,," (", t!1e ~resent mater-i(ll has also b("'cn collected. 

The me"'.: '-,c·::, :: carial cysts of .:..,m ~:lgula1 were spherical. and 

rneasur·<'( frcrn 0.32 mm (or 320 Jl!!l) to 0.39 mm (or 390".urn) in 

diame>tc','C ~nc wer", double '-JaIled ( a'ilal1nr' a::, 1960>. The 

featureD such as shape. si~'e anc collecti':n locality recorded 

for L. Lq0U,la1' a(:ree well \-dth the present obr;ervations on 

the mct;'~cerr:"aria de$crlbed for 'the prawn.,:'n the basiS of 

this in£orr:1ation and cirCUT!'!stantial evidencp. it i8 presumed 

tht!t tht:> p::-esent meterial may belong to ~. bawl.!. and in 

the absence or scarcity of the intermediate bivalve host. 

f.. baqulai metacercaria (cyst) may attach on the ext~rn.l 

surface o~ the prawns as noticed in the present case. 

Howev{'-r, this observation nee(~s further stUdy for confi.rmation. 



3.10 BOPY:~ID INl'"2ST.\TICN 

(Plate VII • Fig. 6) 

Host I 1:. semi!Ule.ty., adults of both ~he se,.. ranoiftO 1ft 

8ize from 131 ~o 173 mm TL. 
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Externlll 5y"mptansl Large swellinc with pale brown eolouratlon 

on t "'- lateral '"'i r1 e of: t h ,'> ~''''-''''!'''Iac'''' (., 1!'~""" ";"1- IC) ... ( _ ~ ,~; ,~ • _, \ 0' U _ ~1! ~- .• • ....L _ • l.: ~ • u • 

~. aterlal ~tudied, Thirt,.~n s""'i?clm~ns coll{-c':: '."d fran th~ ~u 1 ': 

Jate of col.lectlon& 16th ("etober. 1982. 11th Hareh. 23rd 

Jun(l ,:-c.:/' 7th October, 19R3. 

Inc i ("lce: Low. 

r:easons 

!"-:nvir('m-."\c :i;~al information. 

npt: 1 3.98 T"ryffi to 4.47 D~m, T • 2C.7"·~ to 30.1 o e; nH Er 

cata not available. 

Observations; '~'he hranchlal cha~ber of inf~sted tlrawns was 

qre"'tly dilated and developed a characteristic bulglnq so 

as to accommodate the large bopyrid parasite which h~ 

almn;:;t ccrnnlet!"ly occupl~ tho branchial chamber (rl. VI] , 

!'i~:. r,). Infestation was found only in onf') of the 

branch!'!l chambers. 
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Upon close examinat ion. the paras! to was :found be'b;:.!~n 

the exoskeleton and the branchia.. 'rh. pazas1te adhered 

closely to the 0i11 tissue of the hoat prawn. I. VM founa 

to occur in a pair and only rarely .ore than one pe1r of 

parasiJet"S y,1i'lS fOUl1\1 to infest a E:ingle he~t "rem. The 

nair ('om; 1s t,,>d Of a large> fcr:"l<!'lle (e-en lo.'i ~,.~ nll'kfBd ey~.s) sr.~ 

a S"'lall r::nle naraai te,,"oc:y of the female ~arn!l ite W'!.8 

larg(l, ovoid an<1 s11qhtly as!-!'YT.lptrical. ,('ad ,;·'as dist1nd 

from the thorax, a brood pOUch was attach02 to the und~rslde 

of tnor-:.x and ccntainE-a enorm us numb~rs 0 snherical ."r"'fS. 

On th,: vC'ntral side of the ~('nale. a s'hor"t-l€l0n.ftd male 

nar3si ~_:e ~,}as attached. 

'Iv gill la;;1ellae of the host· s brancl,,:ial chanber ",~rc 

sli:,~htly SUpprf.."ssed. The en(';opooltea of th(l> first pair of 

partia,t',y fused. iu.rth:·r I the p"'tasmp ~'G::: .r-cl~nd to b~ noC"rly 

dE!Vel()':':Ic~ in :nale p:'-a'\-m.o. In all >:-h(l inr.n~tf'('1 femel~ !"--:lwne 

exarn.inr:'(~. theJ ovary ,"as ·::-r,,:'u'71.Y d'!i te to yr:l1o'"'' 1n eolOt.lr 

anc; i-ts · ... ostE-l:lor l~br:!l ',,'t:;:re cr~parfltt..,r.ly v('ry thin 

in<lcot:i!lfJ !'lthE'r un(l(>velope>~J or de' elo-pinc' st~'1e. In 

non~ of t'!:e st")p.c1m~ns examinC"d, dark -:::re~n r.ine OVM'1es 

\>1;,:'re fOtmc althouqh the inf0st,:"d prawn8 \~f'>re ~e-asur1nq 

ov~r 130 mm TL. The growth of the other body parts of 

the infostcd prawns a~?ear~ to be normal 



kn~rn naras.1tes of decapod cru~taeran~ anc s::-veral gE"nera 

C"~c!lr ~~=~!Jit1s ine o~na~1d prm.ms. 'i'wo families are 

imoortant. the Bopyr1dae, which live pri~ci~ally in ~he 
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J..'~'~cre Seems to be no 0ross ef '~ects of infl!'stl"1tion on 

of t:'x'~ .. ill la.mellae and rc·--;ro:;uctlve 0L"('ans of the 

infc!.:7,f"(! 'Or /!'\--ms suqq~st indirf'ct affect~ on the normal 

res':11r-::lto,ry and reproductive activities of the host. !'h~as 

(1977) 20und that in female prawns, ovaries ,were always in 

UJ1f'\cvclonr <'i eon(~ttil)n irr~s~ective of tr'e si?'!e of the hest 

he n~tasma of. t~~ inr~sted ~al~s fa11pd to 

in the ,:",resent case also are cons istent \11 th t~c!?e ot 
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Thana. (1977). ~eeently. Abu-H~kf..'TIa (lq~4) m&de preliminary 

observation. Oft the effect of ~. el.glD! on the reproduction 

of f. !£.~isulc.W'. He fOUM that althourr'1 !nf~.t~tlon t!id 

not inhibit the growth ot the host. it aff~ed eona1~erably 

the reproductive charaeteristics of the pr~ and was found 

to be tvpical to that of -parasitiC castration. I'\bu-Ha'klma 

(19'34) found that gcnad')eomatie index C;;';·I) Has cona1derab1y 

low <S C.S) in both inf~stE'(: :na1e ancr-,o::',~H!1c 'Oraw!)!!. The 

peta"!:;1.~; ",1.S not formed in in:>:'5t·,cl male r-::'iT,>1ns. ?he testes 

were <:11,':;0 reduced in size and only f~ .. l sr>erT1atozoa were 

found..he ovaries were small in infested' femalea and ~h. 

oocyt,~s id not develop beyond the IStaq-es of pre-vitellogenesis 

and "')~:-i":~;7 vitellogenesis. He L'~-~\aK1:na. 1984) obeerved 

that i:::: -:';c: p.1.r ilsite was lost, the '. SI of fEmale host 

incr'-:-i$<:\: to 2.56 and ovaries contained oocyt~s 1n active 

vi :.ellfy.:c-nusis. In''',::>station die not :or-::>v('n~ p.cdysis in th~ 

host an ['.Detimes the inf,'strd hosts r" "1"""( a larg0!' s.i?e 

than t;1(: uninfested p ':a~,ms. 

who con("1.1cted a survey on bopyri(~ isOi'O',~ pn.:-asites of 

ccmnerci<!l Denaeid pra\-ms frcm the northern 2\ustralia. 

observed that .£.. sernlsuh:atu;! carrir-a mO~'e than 90 per cent 

of the nonulatlon of ~. ingens • 

. I~ vas observed in the '0rcsent stur~'~T. th~ chl!ng~ in 

the S<:,C'::,;j:" ,~ry sexual charact0rs of inff"t:t:'>( 'T;ale hO!lU lead 

to th"-: :t:'1"'~.:..'OT')er f:;I'1Ilation of petasma ... ih1c~·; , in('~ ~rs th"" t,ru~ 



identi:Cication of the male pral-ms. :"ince the Becon{,~ary 

sexual character. are tmportant in competition and mate 

fi~li~0 behaviour, the ~feminlaation· or "juvenili8ation n 

of the host may r~uce ~titlon in such m.l .. (~ 

: jaJd.r.ta. 19P4). 

surv~y -1:1(: those .Je-scrib~:'" A-<!rlier by ... ~rious ",ork(»-rs, it 

mortalit.i,::-s at t)resent in the pcnaeld prawn p!"1)Ulat!on of 

. 
"~.rm:tn'· .in thE' coastal waters. '!:"he "soft H Drawn syndrome 

c3ecr'r-nr;(" considerably. 'clthough several ine;tanc~a of this 

phcn''::d0.nCn resultln0 in cons1('c!:able los~ of stocked prawns 

!'ealis ir:,' th('> imT')ortance of. th1~ syn.::rane. has launeh4!td a 

8U 

cO'n"")rc:w'l1sive rest'i:'arcl~ project cntitlC':' ••• tu'l~s on 

-ptl.thr:-bioloqy o! soft pra\·ms" to !ftudy the biological. 

~C!O!'h't!s1c>1cY!leal and histoloslcal ~5~eocts of this phenanenon. 
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~e other mo.t tm~ortant disease which affects the 

l'enaeid nrawna both in 'the capture and culture fisheri., u 

observro in the present survey and from 'th@ r~t:. available, 

is micro:::norid1os1s or "cOtton" prawns disease. It 1a 

renort('(.t that about 2 to 3 t)er cent of the J'f!naeid !)rawn 

population landed by the mechanised fishing operat1ona at 

i"~andap~ ar(.'! affecte(! by this disease. This is also ccanonly 

found in t'·> ~2tch".!S lanc:ed atf:20nur;h'k(X~i. arrH"S1·'ararn, P~ran, 

;evipatt<.ln~. an'~ap!lrn.:anp, . ila'<, :lrai, '0 r<.'a'l(; 1, '~-uticorln an(~ 

-:: -.uticcrln a!'lc a:-ne$waram. abou' 2 to 4- kg. of 

"cotton" T'![":-!'<Jns are laooe:d by each unit cU!.'inq February-April 

and .,ugJst-;.~ovember. It haa been observed that in Sept.aber, 

19'"' 2, onc o~ the fishing v:$sels 8119aged in prawn flah11\9 

off = .ann'·'-uii near 'l'uticcrin landed about 75 kg. of 

;,:. seni~:n.~lcll.t'..ls infected by microspor1dian oaraslte. Similarly. 

mass mort.::lity of stOCK(,(: "Dra; .. me due to this ,;1isease has been 

O})S8rv",': :i.:-, on~ of th('" cu l·u.l>r; Op0:- atirms c-:::"ri("'c1 out a.t 

:~uthuka,:: L~arm of ::. ':'-'.1 c:eara,-1l:"1S in 19:;3. :'h~s(-'. nrawn~ ,l'J!r~ 

c.:enc-!rally :..:'cjf'cted for e"xrort "'1urnos('s anc1 b~-in(1 no ~Jalu~s 

even in the: local market. ·:'hl.u, "mlcrosnori( iasis tt 1s eon~i-

de red as one of the seriOl1s '~i!'t€ase. enecuntcr{!!c in pen.aid 

~rC'!"'ns of: the country. brlnr"ln'-~ in (!Onsic-1erable loss to the 

'Pro-.~.tlcti()n as well as to the fishf'rmen. In vi~ of this and 

since ne ,0 ('tailed invpstlgaticns on the disease have so ~ar 

been :71ac;c -from India, it has heen taken UT) for ·~~etailf.'d ~tudip.s 

and thi': r'-'cults obtained are presented ani.: i~i:"'(:"JS5ed in the 

foll0·,dn'· ',:~ iapter. 



CHAPTER 4 

S'l'UOttS CB THE MICRC8PORlDIAN 

P.\i\ASITES OF flENAEID PP.AWNB OF INDIA 

ic:r:ost:orif!a constitut~ a re-narbililc group of 

prctc:::c.<!.n ~"':lrasit(;s occuring in almost u11 the major 

ani!71:il ;~~j.::la. '::'hey al.'e intracellular parasites. They live 

in the cells of various organs and multiply by 5pomformat1on. 

The ~jr(.>,~t work of Lou1. Pasteur, OVer a century &go, era the 

destructive ,:1seaae known as "-pebrine n in silkwo,"k. caused by 

the r:'\ l.C;"':;· ::-or id ian, !~9Semf pqnbycJJ, brought to l1Qht ti\. 

import~:lC(:· 0: th·::-se r:>arasites. :Iowevel:', the cr.d1t 9oet1 to 

:dlhi,mi (lP~2) who, for the first time. a.u5iqned thia and 

sane 0t:. ::- r.clated o!'"qanisms t.o i'rotozoa .:-md included then 

taxonany 0: the group by including a sinrrle Fanily 

".~ lugci('!ee.". canprlsinq of three genera, namely. Glua, 

'~-hel""hlln, 1891, "parasite. d.e. muscles du Cottu." 

(! leir;tonhora Gurley, 1893) and 'I'hel0~ Hermeguy. 1892. 

Dut:;:hc10han con8idered the group under t'!'yxosporidi.e" 

rather V:.:m in ··fUcrosporlcJlcs". ;'.lthO'...l(.;h 'urley t1893) 

. "t""_."...to t tI fo t'" .... d r pronasC'( -:'l n(J'W nam~ -.....:t }" cys es r:"le':r e 
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In 1899. Labbe attempted tru. first rcvl~ of the group. 

In persuanee of 1., of priorit;y. Lebe (1899) in hU review 

proposed t~e Pemily Noaema1:idM 1ft lIU.p'pl"e.81on of 01119.lda, 

and inclu-"!ed the Genera _sem" Pl'1!\OPhPt. and "',lpb-" 
under ~7csE:!'!'lat1dee. And, b,sed the d1at1n<rtlon of the .. three 

n~n~r~ ~n t~e ~h~enee of the ~ansporobla8t1e m~brane as a 

(": .. ">~ :":~ct, _f' >~0:::~a -'-'lugE"a C0!',---lf.'X an( i":!') 7"',!,:,~:3~~ce in 

:-'leist:, \";'~~ and '.hclohania. In the Sc~(~ y'"'ar q ofle1n(1899) 

howevc ~, i1>andoned t:le conventional system of cla~sifieBtion 

ann ar"itr~rl1y separated Gurleyt. "Cryptocystes- into 

"Cli.:on~)Q;_·ogenea· and "Polysporogenes- wlth~ spee1f1tD1 

their ::>y~te:1atlc position. Yet, Def1.1n'·. influ.nce CIIl th!a 

cla~~irication did not persist for long, and it h .. now only. 

a histc'ric21 interest. lils only positive contribution to 

the groll,,) ~',las the creation of the Genus C,ugea. 

·1:(, I" ir!'t 25 Yf'ars of .f;" i~ c(>ntnry '," i ~.r.rs~('>'~ =1 rnry1d 

incrf';r.C' I::;. the 'knr)· .. Jlf'(~0~ 0-;' the :;icr(')~"r-"i ta. -,rn0nCJ the 

<7'2rli -'r ~Jorkers of th 1s era. t;,(' contribu' i0m~ by;' Inehin 

(19~3, 10~?)# -erez 091"15, 1908) and.uerbach (l~no) are 

notewort:1Y. Peres (1905) made a eiqnific:ant eontr1bnloft 

by ('i,~tln'.uishlnc; for the first time the (lifferenee btrtwMft 

• 

:.s t;le ne'Yl taxa were delimited and renked. II 

cla:::-:i···i.c'.tion in the form or. the cla~sic~l .: Innaean 

hierarc::y ,'10.5 gradually f"'volvcd an'~ nave('; t'H' ~'~ay fer a 

mo<'J1::: ir: cl<:lssi[ication by ::t~~11 (19()q;-. :;('co~ni~ln'J 



~h. Fanil1 •• Glugf!lda Thelohan. 1892 anl1 ; r)!;Icr.atic'iae I·abbe, 

1899. he er@at~ a new Family. Ple18t~horiaee. and 

dlstlngu18hM a total of eight qenere. Stempel1 (1909) 

used th~ form and development of. "e<;~tatlve staqea .. 

family charaetera. the ",ode of soore formation ea gl!ller1c 

characters an~ the form of S7'ore as Srweie5 ch"ractera. 

In lQ?2. leg-er an(~ ,'esse "1ade ., r:"L"1~tic revision of t:,e 

classLict'~:ion in which thC'y ~"~an<:1onec all c.:::-itcria for 

c:istin'-'11i.-:;-:-'linq families excepting spore. for:1. This system 

excitlJ(>{;i the i:am11ies Nosematidae and Pleistcphorld •• , ea 

all the "'("n(',..a with pYriform spore were cornbinoo in the 

:' amily Ju ~e"'i(1ae.' but Inclueed two new sub-orders and three 

f81ftilies. 

,~1·-;(J.r:'2~} cO!~;-;ilc(l all the t.Jidely scc:ttt,~'red published 

1nf'::::-"'1.~:·,::·':1 on "icrcsporL~ia in a comnreh(":-::::ive morograph. 

~?h€:'r0 \.-:~ c··,·~")t('C tt-if.' cl2!.'~.: i Cic.3.t ion of ,-t".~;c::- ,:m~ ;'(>s1'le(1n?:» 

~·;ith sli:~t rnQ(~i~ic(lti'.)ns. . \li:::: mo:'ifi' ~ cl,-Y'-if:1catirm \"la~ 

1.m1v·:,.r.~;J.l!.y ac1onte-Q <'in1 p"'r'''(lttlateo for c.V'out half a ccntu,::y. 

et1 t~ .. :ou,"·'; '.:'-, i~ \,ms ccn:~i(> n~{: to be a per:io_~ 0:: r,rflat 

con"Dsi··,:~ j.'n ~1icr0[;nori{:ian ta"{oncrny. 

enyon (1926) also adonted th~ classification of 

I,eger a!1l'!'es~@' (1922) but i-nprovoo it hy :.:ecO"'lnisinq both 

J:',¥.'lily.lu:.J(:'idae anc ~'lo!!e"'1at1Ge~ followin0 t(-loMnell (1t:\~). 

,:-:1(, ~,iSt0ry of the cla~:'ification !,";': t~'.c ::icr0~t')()rLia 

sincQ 1024 t'ecoro01 eS5r:'ntial1y th(' mo(;:i.'~ .~-·~tions ~u(T'Jest·:;('< 



.... ~ et Ka40 (1.") aB&! thou included to t! atisfy the 

:1 .... ·: ......... tIIe.' •• 'I", 1alow1ec!oe of the 

..... ., ........... "u .. (1953). We1.ser (lCJ61) and ....... ' ... r.._ Cl"') "'-Pted certain mod!fic8tions 

.... '.'.1 J, ... .,... 414 little to advance the 

.ebat:loa of the cl •• atfication. It vu in 1971. th:!t 

'I'u.et at Al. ccmpletely revised the group aro al'1&ndoned 

entirely the system propo3ed by teqer an(~ ess~ (1 ~'2) aM 

l'resented a new aysten of cla'~lf1cation under the ~:::V, •• 
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M lcroaporld.a Corlia8 and Lev-ine. 1963. They (Tu.et: a Al., 

1971) created two new nb-order8. n.ely, PanlPOroblaatlna 

and .• pal'lsporobldtina under the Order Mleroepo.rlcta Ball>lani. 

1882 at'l(l ,JIst1ngu1ahed the different qenera uDder the .. 

two su.~o=der. on the buie ot pr •• C!mCe or absence of the 

pansporoblastic mElTlbrane around the developIng sporoblasts. 

They al~o made the i.rnportant generalisatI<n that q~r.eora 

~ile many authors werta concerned with problems of 

Cla5!1if.!c(')tlon untl~r the group l!1crospor1d1a. the 

relation:::;':ip of. t~is qroup Hith other Cjroups of :rotozo$'!, 

particularly ".dth ::yxosporiclia was t!lsc controvt>rsial 

s ince t~ t,,: time of S<11bianI (10 0 2). It \,,'as only rt"'ct?nt ly 

VaVl:".( 1966) concluded that ;·:icrcsporiciCl. (.lrQ unrcl- t(~ tr: 



r1yxo~""K)":"1("ia. ~'nrC1'J'Ue (l~GI"')) .. <;=ec:,: with this view on the 

c()ntent1on that Haplosnorld1a. like ?~lcrcs:x>ridi~ have 

1mi~11ular Spo%'@8 anc:! proposed a new Sub-phyla 

v tcro5~ra to include Cluse8 H1erospOrea earl!.. ~ 

lcvine. 1963 end Maplo.por ... Ceullerr. 1953. the 
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1d •• Of r""li'!t1n~ these two groups (11.1cro~'Oor' Id1a and 

:1anlo8"")c:i;~ia) became no lO!'lg!".:' tc-nable \·l;:l""n~nni.r.Z' i1 al.., 

{19731 a::.:" . erkins (1976) foun·;] evi<enc-:;t::i1t soot" 

ha,>, ... lo;;'oC'·.-i:"lan snor(>!J are multicellul,3r n:l" ~-:T"e a type o~ 

d!'velor:r.wnt fundamentally quite different fran that of 

':'nicros~""'?l~i<ian spores. 

::ince the ~bl1cat1on of the schane et. el ... lf1cat1aa 

for :' i~r sY'or-L'la hy Tuzet llt.i1l. (1971), a nunber of papers 

'.-Ier'" 01..1:,,1 t~:;r-f' C.:1 rryinq nw¥ (~~:::;criptlons :mc'1 proposals of 

nF'>"l<l t· 1Ycr': (·ei~senherg. lc)70; nraaue ~ !ll., 1972, 

:·r.nieres 2.nfi ·nraque. 1..(}73; -;,m"in~ ~ !Lt. •• 1974, C'verstrp~t 

anG.("i~ncr, 19741 ·az."lrd ·1.n(1 . 1;.::lcr~, 1075; 'lin1ck~r. 1-:;7~.; 

.;ivi~r, 1(75). t. snr!":!: of n:, ...... ers by '·~a!>.~ an,:r his 

"":!~;sociat'--,~ (Ha~ard and .\nthony. 1974, !'azn=d and f'uku~ .. 1974, 

Hazarc"! -:-:n~S : lc~acre, 1(75) have also brouc,::ht a larqe tmount 

ef n('t.'1 /1<"1ta on th~ ultt"8structure of Flcrosporl~la t:oqether 

with !)r0<t")r)r::als of new taxa. 

ecently. '-:pr('lque (1971) felt th.'.t the classi£1ccitlon 

- i ven by 'uzet tt 41. (1911). although '-;<3,< certain 

meritor:tG~~:i f.c<atures, contain:-·! s:;r-:e in·1.ccu;~ .. cies and \>Jas 
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1n~lQte. He, th~r~fore. proposed a r.'1od1f1ed ela;:-sification 

of ~~icr>~~ori{:ia in which he elevated the "::u:J-phylum 

~.~ icro!:\':')cra ':prague. 1969 to the rank of iln independent 

n~ylun <m(~ creat("(~ the Phylum ft!':icrosporalJ
• In thi. modified 

classific~t1~n. Sprague (1977) syntheais£~ all the previous 

contrfh~tions with such corrections, additions and other 

~o.~ Iftr'~tl":,,ns ae s~e(: r.(,>c(l~sary to ~C"!:n:;C'./1 ,;te all the 

lcn~m """Iic!"I"!""">o!'"i':~ln ~:it'\.·in ;~ l"1,tural systc-m. H~ lncltld~ 

about 5?5 nam~~ anc about 200 unnamed B~ecies and arran~~ 

the ta..~.:1 ::;tartinq ,-,!ith the most "!'r1mltlve" forms an~ 

!,roc~oo!"'C in the general ~lreetlon of the least "pr1m1tive

f.orms. ~::'aque (1971) has the ~i8tineticn of being 1:he 

first ':lu~:1,or to elpvate Mlcrospor1dla upto the rank of a 

nhyhml T'!~ to s,!,~cullllte on its phylogeny. 

0iser (1977) proposcc. a simIlar classification 

us i.n,-' ':,' numb,· r of nuclei in s""'ores, sync: ;!:'cny of nucl(1o~r 

divlsic~0, structur0.s of pcl~r tube an0 ~012roplast. 

sno~()-·· ·nial <11mor~hlsrn and 0cneral shape 0[ thE! ,!J1"'ore M 

1:a:xoncl':ic criteria. ;:-!e (;-ieiser, 1977) considered the :"'root'!:' 

:.~ icr-::,s·'\~)'.:' i-~ la sternpell. 1909 as phylum and divided it into 

t,:,'o Cl-:-:!"::'('$: ~\etchnikovel11c1ea (We1aer, 1977) and 

'ierosr'oric1!dea Corliss ano ~evine. 1963. 

:;c>c~ntly, S-praque (1982) has aq~in mooifled hia 

ec-rli,·'.!' system of classification to 8CCO'!lIT',O-'·7ite the new 

famllir-~ \o,"-:ich were cr'''''atE',d during the 12~t i ive y~arfll. and 



re",laeod th@ Ort.!er Chytridlopslc1a ~'Jeis('>r, 1974 to the 'r(~C'r 

t·' inisporida Spra;ue. 1912. 'Iba classification of 

~~ icrofJ'r.')Or1d1a _ qlve by Sprague (1982) 18 .. follow. 

S ub-K1ngdaa PROTOZOA 

Phylun ::rCRt'SPORA Spraque. 1977 

cla.s~ 'F;I~ICRC~·Pr-;';;fJ, Spragu •• 1977 

Cr~)r'·r liLSTCHN:r;,rV;::Ll I~'), -,'lvier, 1975 

j"3T\ily (.'~,;TC:;~,I·'·V~~L:'J: ;;' caullery a'1d i'esn!l, 1914 

'"?enera }~ets;hnikoyellA Caullery and Heanil, 1891 

lImphlt£Nltha Caullery and Meanil. 191. 

Amph1lffiblJ! C8Ulle~ and M •• nil. 1914 

~: r,'.r.r !" It: IS~c~~r0A Sprague, 1972 

~amily Hesseldae Ormieres and ::C;prague, 1973 

-enus essea ~'J:'!l11ere8 and .~D~a0uC', 1973 
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_ ,"1mily C:::{'2.'>,r,,-,I:~':;L~·.: '-;prAque, . rmieres and r;anin !",1972 

~-.enera Chitrydlopsls Schneider, 1884 

Stenhaus1a sp.rague. Crmieres and i-l:anier. 1912 

:'t.'lnily BURKEIDAE ~:,pragu., 1977 

'>enus Bm.a 'spragu.e, 1977 

~ a.'T,11y BU},.'TEHUDEIDAE Larsson. 1980 

. ;enera Buxtehud" Lua.on, 1980 

Jiroyeciana Larslon, 1980 



Crc1ar ,'I 7 ,;.:;,:PORIDA Balbiani. 1982 

~ub-ordc:::, r'.L:;;;i C'(··BL\:;rrn:r\ '-llzet. Maurtmd, ;;1., 

Mlehel and Fenwidk. 1971 

Fa;:11y PLF.ISTCPBC'KIDAE Ste:npell. 1909 

Genera Pl,1.tophora Gurley, 18~3 

Mltopl18tophor, codreanu, 1966 

vavra1! \.Jeiaer, 1977 

c-nus 'seuccroleistophor}1 T.'rac;ue, 1977 

0('nera Duho.og1, Perez. 1908 

Trichpdub9§c:q1a r .. ger. 1926 

~;c:r.er~ T}le1ohanU I~enneguy. 1892 

Agmasana . 'azard and Crc"aere, 1975 

C'ha~an1ym -'azard and (-T'~crc, 1975 

Cryptonpor in a azard an(1~'ld::'lcre, 1975 

1.' t. ~ . h '\.. rt 1'"' e!:(I .;~ ero§ ..... vrus.c Ul)C~. :;0-, 

Indo;rgorus (-:,rthl'Jt~lelohani(d 'verstr@et 

and ~:e1nder. 1974-

Ormler1,.ia Vivdres, Bouix and :anler, 1976 

c:egmatheca ;;azard and Oldacre, 1975 

p1-1osporella :(azard and C·r<iacre. 1975 

~';YlteDostrgga :'azard and cad:;cre. 1975 

'Ioxoglugo, Loger and l"€'sse. 1924 

.9 



F an11y SLi~·~ENNELLID/.I; Jouvenaz and 1 razard, 1918 

~-;enera "iwifnorpha Pl11ey, 1916 

BUFene11a Jouvenaz and Huard, 1979 

~'a:nily . ~ i;LYC';F(/RI-::;'AE ·deiser. 1911 

'}enera iiDb1yo.por§ Hazard and Gldacre, 1915 

Eyalinocvsta ;~azard and Cldacre. 1975 

~ arathelohanij::cdreanu. 196(, 

cnr'H.! ·:ullcospora-Jeiser. 1971 

:-fa2trd1a ~';e1.er, 1977 

I'~ily "7,' 'I?,,,,{IDAE Sprague. 1917 

-:-:en':'--: a':urleya 7"'oflein. 1899 

ryrotheca I !es~e, 1935 

~'anJ_ly 

'~cnur,' nlcrnyxa . rqer and 'esse, 1910 

ra:-:dly .:" ';"11 \0" ~:n:::'-"'JUe, uzet iln,~1 'i:'l~<:;nd, 1917 

;cnus uz@tia "aurana, "1 c, .'er.\-dck ;::''"1,' ichel. 1971 

L~ub-O!X'lc= ".1,; . (" ."DL\::·'I'I!\/;,'uzet, vauranc., Fiz.. fen",ick 

and r,aehel. 1971 

Family :.~Lur;EIDAE Thelohen. 1892 

Cr..mf'::'n "luae, Thelohan 1891 
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~~;nceph'l!toloon Levad1tl. Nicolau and Sohoen.1923 

8§cul!. Lrubea and ;'l<barieh. 1978 

Lana l<orriaOft and ~;prague, 19r~1 

,,::ur), ':~E"'issenberry. 1976 
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Family :-\::~E2IIDAE: Loube •• j\.~aurand. Camps and Lamnillo. 1917 

~-;encra fJEe.i' Leger and tJabo.cq. 1909 

bm"qp Spregue. 19" 

Fet.Uy COUGOURDELLIDAE Po1 .. 0D. 1953 

Genus ccugourd,U. He ... ~ 1935 

Fanily C.[\UDCSPCRD)AE We is er. 1.58 

0'cnC'r,:"', CQudoSP9I'1 :';eiser. 1946 

'Jeiseria ~)oby an(~aguez. 1964 

~olbercia ~eiser# 1977 

Cu11cosporella :,'e1ser, 1977 

Ctctospore. I-)u. 1911 

Family ~;( ,'::1,',;TIDA:: Labbe. 1899 

Gcn"'l·.;1 l:oSem! Naegell. 1957 

Ichthyo.porldlum Caulkyard ~lesnl1. 1905 

Issia ~i! .,lser, 1977 

1't3':1ily --, ,~';~K -:: L.\E Le(1f'r an(' Hesse. 1922 

:;cncra ~:arlekia l·eger an,~ ease, 1922 

0j.rovee1! /eiser, 1977 

lthough. the taxonanle consideration of Microspor1J.ia 

form '(', t:~l(" subjp.ot matter of ;·~tudy for over a hundred years, 

an~~ t:l,-::' C"structlve effects of these parasites on s11kwcnn. 

and honny bees were kno~.rn lon!] baok, it ~·m,s only fran the 

rn iddle o' th is century that econanie 1rn'!"crtanoe of the 

qroup '1,,",5 :[0oognlsed. Cons~q1.l('>ntly, sever<'!l investigations 

wen~ tru:('!1-ur> on the blo1o:-y am~ p[1t~olor'V Gf micrcsporioians. 
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Inert'"A.si.ncr interest in the invertebrate p<"lthology eouul~d 

\.fith Uw arnlicatlon of modern tools of rE:!~earch.# especially 

electrr.m micro.copy (We1ser. 1959, Huqer. 1960, Lam and 

Vavra, 1961, Vavra. 1964, 1965. 1912. 1974, 1916, Spraque 

end Vernlck, 1968, Laa end. iv.18er. 1972, h'e1dner. 1912, 

Hazare and Anthony. 1974), tissue culture techniques (Sen 

unta. lJG4, Ishihara .:md ;::ohi, 1966, Is:--. ihara, 1(')69: Vavra 

et ~u 1072, Undecn. 1975), mcthoels in cytochf'Mlstry 

(,'av-:.:::" 1~59, ::ugl?r, 1960,'.,:-ick~on an"; '").:.':;(';ue, 1970) and 

1.rnr:1Un:: 10 : ieal tec~mi('f1,H?S (: h,'llupsky ~ Al.. 1971, 1973, 

Cox ~ 21., 1972, P&kes i1 ~., 1972, JaCkson Jl 11., 1973, 

? (! l''11~~J:: and 'eiser, 1973) 0av..:' new dimension to the study 

0:: tl,-:~:;(~ :ninute organisms. ';'heir ~se 4S possible biological 

c:)ntrcl ':..' "'nts against certain invertebrate vectors of 

';i:;:c2.':-;os :'l,:}8 also attracte('1 cc-nsic1erablo attention (Ston:',3U8. 

1954, :,"57:.'anac:a, 1~59, 1"G3, 1967,1976; ,,:ameron, 19(3, 

;~ra-.c:-, 1::-:(;8, ,.eiser. 1070; c aurrhl1n, iS71, 1973) • 

. u'')sc~ent to th,.. fir-:'t ~1~ctr0r: p:i~rcscope study 

of c. "et i:nt:"'d ~""'orE:'9 of ::oserne lar.l.iqmae "Dy,,'eiser in 1959, 

scvcr11 inv~stir;a. tions have been carried out on the ul tra

stnlct'lral asnects of r'Hcrospor1dia. l'he results of tb"'se 

inv,',:t.i",<itions 't'ere excellently reviewed and comprehensively 

nr.-:-sr,n~~;"(~ in two volumes edi ... :ed by Bulla and Cheng (1976, 

19q7). 
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Mlcrosporldla 1nff!C't both land end aouat1e animals. 

Amonq aquatic an1lftala of ccnnerc1al ~ .. ee. ~hey an 

encountered 111 fishea. Mollusca ancS CI"U.tac.... Z1a 

Crustacea. over 140 specie. haft been deaer1bed fl'. ~ 

belonryinq to almoat all orders of Czunacea (Couch. 1993). 

There are also indications ot their involvement in 

eni.zc-otics in feral cruetacesn ponulatlons C"1xell..Godrleh, 

1923. 1956, 11osca. 1~43: ;jaborn, 1976: CCUC:l, 1983). Of 

the 140 sp cles of t<lcrosporidia recorded fran crustaceans, 

about 37 species belonging to 10 genera are listed tram 

:: ocapo..~a. ':he microeporld tan belonging to qenera 

Pleistophora, TIl,lohan1a, AclmUan' milia and __ 

,c,~r: cOTII;-;only found in the natural population of decapocJa. 

esr>€'cially in crabs and prawns. They are fount.'! to infect 

mainly thr.:> skeletal muscle. r~xcellent reviews pertainino 

to th(:, ~:1icr::-:spori(iian par2.sites of dcca""'oCs have been 

qivcn :';'¥ :)rague (19E5, 1970, 1977, 1978), ~:~rague and 

Couch (!'CoL ane ::ouch (19S3). Table 1 ~~ivF-'s a list of 

decClpc-:.iS und thei:- respective microsporic1ian -pathogens. 

:: our ~!,)0cies of microspori'-' la have heM found in 

"~n;"1ei·" r,:::-,~'ns, anc the disease they cause 1s colleetively 

kr.m·m (tf1 j'cctt.:.:>n" or "milk shrimp" disease 0.:" "mieros~rldiosil!i" 

C 1r:'!1tn~r, 1975. 1983, Iversen and t::elley, 1976). The 

nat1-;t)!~Cn usually int(?cts muscle, 00nOO, <:jut, hcn;-topancreas, 

heart an.:~ nerve core nn(:~ th", ,"'cute InfectL~n causes 

rJisc:Jlcnr;:~tion of :rluscle qiv1n'1 the prm .... n a '.,fhitis;' or 











pape4'-,.:hite apPearance and henCf! the ncne of the dis~A8e. 

'!'hn~-e microsporldlam ))er_it_ ~m en. of the 1IOe't 

(:iestrllctiv~ 0roupf of ~athoo_. to J*l-t4 pr_ .. i. 
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has also been rttnOrte<l that: !nf ..... preyaJ.l. in ..... se 
1."')~rct!nt o1! J'rawns fran nat:ure and agaaeultuft CC ..... it"). 

;.ith the increasing interest in the aquacult:ure of 

Tlr.-naeii1 nr<'lwns in r~ent Y""flrs, th~ee T"ar<'lsitE'S have 

i3ttractt··(~ t!lc attention of s0vcral marine .,..,:~t:'clogist8 and 

!)rotczoolOl'1ists partict!larly from the United ~~tate. of 

t~erica. .,prague (1950) named and d •• cr:1bed No ••• p.l'fi?Pi 

and:"'hclohooi§ l2!riae,1 fran PenM\l8 IltaAY' and f. '''''MM 

rf'sncctively. Viosca (1943) reported about: a pr~ 

disease affecting the reproDuctIve organs of &bou, to percent 

of 1::. s.--·tifem' along the Louisiana coast in 1919, wh1eb 

Sindermann (1970) and Sprague (1970) b~licvcd to have been 

caus0.(~y ..... penaei. Hutton £1.!l. (195~Q.) also found 

1. DSnaci in the muscle of L. setifcrus from ~ouis1ana watp.rs. 

In 195''). Ivcrsen and 'annlng describec"J a new sn('ci.a of 

!'flicros~"O.::-i(lan. l. duorara, infecting the muscle of 

!.... duor0..l-~ fran the coast of i lorid..'l'h1s species "u 

also found to infect I. UteSUf (l<ru •• , 1959, Hutten. 1964) 

and 1.::. bra,si11,n.1J (Iveraen and 'lan ;V;eter, 1964) off the 

coast o£ "lorlda. The other'microspor!dian reported tran 

penaeid prawns of V.s.,;. 1s f'le!.tsmhWa sp.(Kru.e, 1959) 

Baxter ~ »1,., 1970, Constransitch. 1970, Cv€'rstreet. 1973). 
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'j,'ranam!salon experiments on microsnorld1e parYl~e. 

in pen_id prawns were conducted by aoth and I •• r.cn (1971) 

and Ive.rseJ'l and Kelley (1976). Ka11.,. (1975) atM41ec! VIe 

atruct:ure of nomal and 1ftlcroeporidie J.nfecte4 It. alIdap. 

,f. duerH\l!\ while Huard ..... oldacre (1975) pr ..... iIM 

ultrastructure of Agm,som. ;enM1 wh1eh was earlier ducribe4 

Outsice U.~;..!\., very few studies have been carrierl out 

on mlcro~nor1d1an8 lnf~ct1ng the penaeid prawn.. H.B.F. 

Champicm (u r~ported by Spr~ at4 Couch. 1971) fOllDd • 

micro~moridlan similar to 1. pen.' frea the oyuy ~ 

.e. J,ndicus 1n the ~epubl1e of South i\friea. Ba1:ieado. (1980) 

work,.",d on the histOpathology of lImierosporiclos!s- in 

p. mc!"'-ui'msis in ?hilinr:lnea. _ 1 

In India, information on microsooriCian parasites 

in f0.ctin: the decanorls has been meaare. 

;" icros;x:= it ~ la resemblinq to ti lose of lie nelson1 in the 

m~sclcs of i-.etaoenaeu§ monocerOl. Thomas (1976) report@d 

still i.J.not;1c':r mlcrosporldian similar to r. duorarJ fran 

i.. SCffii~ulcatus in the Gulf 0:: ;~annar and .alk Bay. In 

t;~esc stl .. kies. the identity of the microspo~1dlan 'by 

these ~Ul-:lors was limited to th~ IIhape a!1(: siz~ of the 

spores. ..ha important aspects such as li-:=e-cycle of t~ 



pathogen. their ultrastructure and infection characters 

are not available. 
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In the pr ••• t 1nve.t1qa~1cm. two apeet. of 

t1ierosporid16 were encountered iD .e. -iIul •• , _4 _ 

s~eie8 in 11. "fiP1I frem off the eouU of Hadaa-a. 

a"'~SP<Lt'<:n and '!'uticorin on the south@ut coast of India. 

~etail(~ li"ht ana plectron microscopic studies of these 

par':="'CJit;· c .·.md the cO· .. ·'"laris!:n of their !ltructural 

c!1aract""ictlcs with thE' othC'!:' sneciee already d.ecrJ.bed 

in the (-:~apods reve>aled that all the three 8l)ec1 •• are 

new t: sci0nce and one belonGs to • new Qenua. In the 

:ollo',<.n~.· zlccount. the taxonanic description. of ~_ 

specic'c am: the salient features of the dlfferen~ life 

stag"'s ,m(~ charactt::ri~ltics of their inf('>etion in the 

host '::Le :nresent€'d an::'! aiscussed. 



4.1 D:r.:;CRI?TION OF MICROSPC.~ID~'-:S CCLL.;C..2 ;.1:' 

OUR ING THE S'l'U'Dr 

Eo~t Met site I The grp.en tiger ?rawn. Zr~;1aeus semisulcftHs 

de : ",3a!l. ranging in size "Crom 65 '11r:l to lG8 r:rn total 

len9th ffioasured frcrn tip of rostrum to tip of telson. 

In::::ectIon found in muscle. he-patopancreas. ovary. 

testes. midgut wall. heart. gills and eye stalks. 

Inf'r,c-:::·"<; Drawns arynear opaque and white throughoat the 

bo<Iy ;;uc to the infected -muscles. 

Locltlity: :',outheast coast of India - Tuticorin an(! MN\d~ 

in th~ ~ !ulf of Mannar and :- C1llC ;11JY S I:~e of ~,ame8War~. 

irr('(":l~"larly shan':'c c~lls. '":hree types of cells are 

observed in the colony. (1) small spherIcal cells. 3 to 

4JUm in diameter, each cell with. sinqle nucleus. about 

2 pn in diameter, (2) large diplokaryotic cells rangil19' 

in d1~eter fran 4 to 7 pn. and (3) larQe uninucle~te 

cell.:.. each cell measuring about 6 to 8 pn and nucleus 

about 4 to 5 pet in niamete>.r. Th~ f1r5t tTJe of cells 

are n("oront~ resultinq from mer000ny 'pl1ich r~pre~ent. 

th~ v: 'J"~,t"'t1ve phase. 'I"h{" th ir~ type or. cells are aparonts 



Cross section of the terminal ampoule of the 
:ryrawn 1nffteted by 'l'helohap1a .E1sulcat,. 
DYa j iplokaryot1c cells; ~:;:~--1erontsl ·,-'::poronta. 
l1ouin-neidenha1n' s haema~oxylln and eoe1n. 

Binary and multiple flssion. in the meronts 
(arrcw.). NU.Nucleus. Bouin-Heidenlrtain'. 
haematoxylin and eosin. 

,'~'poront. with lar<je nucleu8 (crow). 
Glutaraldehyde-C lens a. 

·;a!.'lv st')oront(arrr",d ~I'fith eharaetcristie 
chr~osanal profile. ltr-:araldehyde-;1emsa. 
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PLATE IX 

Tb.lohania sem&sulcrat; SP. nav. in renacus sen1sule.tW! 

Fig. 3. 

Figs. 4-5. 

-":'ranaverse Bection Of the terminal aJ.:ipoule of 
the prawn to show the 1n! till stag~ of 9poroaony 
of 'T'btlobanil 'p1sulcatl (arrows). ")Y..Diplokaryon1 
sr~~poront. BQUin-Hci(~(>nha1n I. haematoxylin ID.: 
cos in. 

::'ary'Oltlnea1a 1ft ThelohM.1.t IF1sulcGI durinq 
.~orogony. The cyt.oplasm is not yet divided. 
NR..t~el.ar material. G lutar aldehyde-G lemaa • 

.sem1-~h1ft .ect~ of the infectcl abdanlnal 
l.iu~clQ to show twc-cell staqe r,~;';l.ll ting fran 
the first aporoqonic division (at-rev:). 
:"": ;=.ansnoroblastie rr.-:<';","1brane. .lu!:nraldehvde-
<:;"olu.i:dine blue. . 

:our-eell staae (arrow) resulting from the 
second aporoqonie division. ;'t':-Pansporoblastlc 
mo:1brana. z;lutarl!.1('3hyce-2'olu1d!nc bluo. 
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which nre form~d after the fusion of two nuclei in the 

~ iplokaryotic eell. the sE-cnne type. The !!Jporonte 

rE'pr~~ent the- sporcYJonial pha$~ of the lifc...eycle of the 

pnt~00en. In transverse section of the terminal ampules 

of t~e t~5tes of an 1nfeeted ~. sem!sulc~tul" all the 

t~reE' ct:'ll tynes, nmlely, m(:ronts, diplokaryotlc eells 
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end S>joronts, are di~tinctly s~e~ (rl. VIII, Fig. 1 to 3). 

J.~crcnts increase in nmnbcr by multiple and binary 

fission (!"'l. VI!!" Ft!}. 4). "'he nucleus ef the cell 

u.n(~er9cing ~rogony is !!mall and compact \,-tlf:reas in sporcmt 

the nuclC';u~ is relAtively large (PI. VIII" Fig. 5) which 

exl-t.fi)itr.; C~·.2 ;'l'lct(>ri~t1c cl;r('mo~O"':1al profiles c'urinq 

-;itos~.~, ('E:;r'ecial1y in tl'-e -::arly stagt"'s (rl. VIII. Fig. 6). 

~t t~,:-· r.,....~.., o~ ::err;r"'ny, un in"cleatf" mt?r' nts trnnsform into 

'i':')lo~:- ~·--ti(:' cpl1s (~l. r"" '1-·s. 1 'In(~ 2). '111i5 

Sporulation staqes f Barly sporont possesses a slightly th1.ek 

wall, a large nucleus and i!."reqularly spacP.d patch •• of 

dfmse rnntcrial aenositeo on th(: inner s!(le of the wall. 

Ihe sp:·.i.7ont functions as the Bpcrogonial mother cell and 

Jivid~s t:;rcc titTlcs Cl. IX" :'19s.3 to 6, .~l. X, figs. 1 

to 4). .:r:us, sporogeny is a series of three successive 

binarl c:.i~l ;'s10n8 of t~e spcro'::y~nial :nother cell \>]hich 

ultimately lives rise to eight uninucleate snoroblasts 



PLJ\1'S X 

Tbel0bania '.Vu1c!J;t .p. nov. in f'M_ •• iIu~s'tM' 

.::'10_ S. 

Eiqht-cell at age or Octoaporoblut(OB) reeulting 
from third spor00cnic division. Arrow indicate. 
L~lature sporobla~t8 cov~red in pansporoblastlc 
ny"" b~ane (PM) _ l'ree e~res (S;:":) liberated frGlft 
othf:r pansl'oroblast are also visIble. Glutarald
hy(1e-S lema •• 

ltature eight spor~s (arrOt-ls) of =Oh!:', 
'tmi!ulclt' resultiDq from m.tame os. of 
sporoblast.. Formalin fixed. 

2lec::;ron micrograph showinq • Dart of the 
pan~r:'oroblast with m~ture sporeS. ~-Pantrporobl .. t1c 
merlbrsne, SR-Mature spores. 
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covered by a pansporcblastic membrane. ",uring sporogony 

the cytoplasm and the nucleus divide syncr~onously. 
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:)an8poroblast 1s a grr:u'O of eight sporoblasts of 

equal size covered by a thin. sub~r81stent. 8ingle 

layered pansooroblastic mEr.1b:'u'lll (Ill. X. Fig. 4). Later, 

durin'] "i1etamorohosis, these s~or~blasts transform into 

spor~s (;'1. X. Figs. 5 and 6). ''he :-:;aturo pansporobl3.st 

1s s!,herical and !"leasur~s <:~b0Ut 12pn in C:lameter. '!'he 

s:,ace h{'tween the pansporoblastic m«nbrane and sporoblast. 

or s~ores is filled un T"ith e1ectron-den .. f1bro.as 

mat~~ic1 (['1. Xl, Fig. 1). "'his material has a stratified 

2':,pe&r.2.~C:C' 't>1i th fibres of (~iffer'-..nt layers often runnin9 

in ,'1-:- ,,,. ,~" :::',~nt ~,~ir('ct1Gns (: 1. ::.:.. ., i(. :;:). h;ev<:.ral 

'"")ar.~":-:' l~~ts arc a ,~ain sll::rcun(1e6 ";:;y a r.~O::lLrane which 

~r.""1'!r,-~: s ther-I fr'~m the ",c::t tissue (1. 'I. :- ig. 3). 

~'~r"t".t ,~' t~;is P0,,"\bro.n~ ':>!-1 ;iu2.tf's frcm t;~e :"!.Ost tissue 

1s no7. C,:'ll ir"cc. 

Sporel~pores are ovoid with rounded post~rior and slightly 

pointed anterior end (rl. :,:r, l"iq. 4) and liiea8ure 5.0 to 

5.5 :~ "'.5 to 3.5,AJrn in size in the fresh material. 'n.y 

are uni~'l1cl~ate. !\t the posterior region of the spore. 

there 1, a vacuole which occupies about 40 percent of the 

total volume of th~ spore. It has a cha~acteristle shape 

~n;; a;,'·' C~"lrs fl Clttenee wit:. i2 e.t~'ai0ht ant~!:'ior margin. 

In e·,C"' 1i: ;It pt-.ctomicrogr.:":-1,, one cot i5 seen on the either 



!JUTL :('1 

t'htlobMH sgn1sulcata ap. nov. in l;snlM §emiBulcatus 

.... J. 

Electron micrograph ahowinq the stratified. 
elcctron-dense. fibrous rnaterial(arrows) fIlled 
up between the sporoblast. (~:B) and pansporo
bla.stic mcmDrane (!"N). !::asal part of the 
developinry polar tub@' (3P) 15 sr-en in one sporont 
wher(,!a8 in the other. the c10veloplnc" polar 
tube is v181ble in cross section (P'!'). 

~ lUol'CQr. 8hcN1nq panaporoblu't with 
.-.are ~ (IR1. Mote the f1brcua ma'terla1 
(ar.rcwa) ftan1nq 1ft dlfferen1: c11reeti.on. inside 
the pMf!~oroblG!'tic ca":ity. fll the r i;:ht ~1Ge 
(belotd. part of anothC"'r p.~n:"porobl",!"~: i~ ~&~n, 
several mlch pansf'orcbla:>ts are SU ":Tuneed by a 
m<:nbrane(MB) which separ.:lV:~s thf.l'l\ frcr.l the hor:t 
tis~ue. 

'!':lectron mIerograph showing the mf'mbran(!(~1r'.) 
surrounLin~ the qroup ~f p~nsnornblc~ts. 
:1T':;uscle tissue of the ~stl C'3.f'cto3":'"1orOblar:tst 
r';3":amrporo'~lnst w1th ::,ature suores, ~t.~::a~Y"Jront. 

:.'lcctron mi<':'rographs 0:: !lr·or~s of 'I';""10hanin 
sroisqlsn. frcn ovary. ':he sporoc: in this 
organ possess thIdc exon?cre (FY) ornJrnf!'nted w.1th 
appenda<jes (Al) whIle the endospore (er!) 1.8 
cCmr-arat1vely thin. f'iBPansporoblastic menbran~. 
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side of th~ vacuole on the outer marqin (Pl. XI, Pig. 4) 

which ~robably represents the eol1~ polar tube. 

'l'hc n'Ocre ~'all is trilaminar in strueture consistino 

of an cut~r el~ctron-dense layer, the exosnore, .n 

el~etrcn-tranST)arent middle layer, the cn(icspore, and an 

inne":" ~l.jsrna me"hrane bouncing the cytoplasmic content. 

i~ f':'un,' to be different in ovarien !!!'1d ~u:~cle tissues. 

w i t~ r.~'~("'r,::-~ aqes and the endospore is C0mparati vely thin 

(PI. ','T,:-igs. 5 and 6), while in muscle, the exospore 18 

finely corrugated and void of appenda~es and the endospore 

1s cr-n""'-.:1::-ntively thick (t'l. ::II, Figs. 1 to 3). Each spore 

possesses a small, sphprical nucleus in the centre but 

someti:':,cs i~:8 position may chanqe. 'l"l1~ nucleun an:''')('ars 

dark r;f:ey to black when stained "'ith 11eF'~nl;i1in 's 

small polar cap atop at the anterior end. 

'''''1;::", ">clar tube is about 14 to 22",,- in length (extruded 

\<;it~' !-":r-~(.""·';-::n peroxide tr~atment) an~ is iscf1lar. nearly 

un1~c:.-:-:1 i~ ,.1 i2meter fron base to d1stal end (Pl. XII. Flq.4). 

In ult~i1t~in section it is visible ~t')rnin~~ ('!'Jout cig'!1t coils 

arOlln,; t~1:: nosterior vacuol~ (n1. XI:!", "':"1,. 2). 

T:1 ~'i;)tolonical '01:eparations of scme l1r-:htly infected - .. 

ovari·;~s of 1';. ,enlC!.11catu,. oval, round or b~an-shaped 
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Thelohania semisulcSlta sp. nov. in Penaeus !;SWlsulc,tus 

'l'ransvcrse sections of lightly infpctcd ovary Of 
~'enacus S:yiSUlcatus with unidentified inclusion 
bodies (IB in the nucleoplasm (Nr) of ova. NM
LuclC"'3r membrane; YO=Yolk. ~'ormalin-~ Ieidenhain' c 
haematoxylIn and eosin. 

S~thin •• ctiOD of li?htly infected ovary. 
4ip1oka.ryotie .ercmt (DY I is seeD in one of the 
degcat_.iCWa. Methylene blue. azure II and 
basiC! tuehain ctJmbination. 
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structures of different sizes are found lyinq in the 

karyoplasm of the ova of various maturity stages (~l.XII# 

F'lqs.5 and 6, PI. XIII. Figs. 1 ane! 2). In sOlMt ova 

these structures appear to be spore. (Pi. XII I. F 19. 2). 

Dlr>lokaryotlc meront. are also been scmetimes in ~e 

Fi·. 3). ~~ese structures, na~ed here 'as uni~entlfied 

incl·l~{-,:.'n bO"1ies (18:';). arc basophilic ,1.."1:' ~rc ~tained 

I"'I'r;"jy'l~~" ~, 2C'< .-11 th :'eicenh"dn IS haemat :X'./lln and magenta 

~ink ··'H.~'1 !'allory I s trinle ~taln. 

:<emarks .\.~Clrious snecifl's 0: microspori(1ia invade the tissues 

c:-:-a!Js. 

honts. 

(·~"::.·~1JYI ~·lcist0!,h'Jria(e). "f;: 12:12n1(:'~, ::;.,OBana. Indosporus, 

2:<:1p''':::':-..:l.tlt (:'amilYI"'helchanii:ae) .',uElcya (..:'arr:ily. 

<""u=l("':t'i<~ac) and :":erezi. (:·~"":.11YI Fereziic'ae) are known 

to occur. 

'"'110 pr@sent snee1es shows the character lstic features 

of t~Q G~nus Th,lohania. In deca~3 crustaC08nS, 11 named 

anc 6 unnamed speci~s of '1'h01ohanla have bet!n r~l'orted. 

In the- ~!~ClP~ and size of tre spores, the nresent species 
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Iv~rs~ and !'1{1lnnIng, l~Sc;l. !. maenadls 1'r.-r0z. 1904. 

l. pagur1 Perez, 1927, I. butler, Johnston ~ ~ •• 1978 

and TIlelphania ap. Vivares. 1973. However, it dIffers frc. 

these 8p@cies in havlnq different host ~ocics and 

gE>ogra'-,hical distribution. Jchnston § IJ.. (1970) have 

used such criteria for distinguishing :. butler, fram the 

other soecics of !helohfD!!. Z. sem1sulcata could be 

clearly "'~i8tinguishec from l. rriardI l-!enn£'nuv. lA92 by the 

shane, ;:ize anc) structure of the snores. In the fo~r 

sr')ecief!!, the snores are ovoid with slightly pOinted anterior 

end whi1!: in the latt~r. they are pyrlfonn \-11th very fine 

lonqitu,:inal ctrlatlons. The nresent tIIpecles also differa 

~ran ~. £::ccald~ Vlvares, 1974. I- sonte1ean1 Henneguy, 

1892, ~_ octosoor$\ ~ienneguy, 1892, l. petrolisthl, 3praque. 

1970 anc' .;,._ sooapdaresi :::praque, 1977 in the nature of the 

pansporc:-bl ""'st as ,,,ell as sporE" nnd th~ nuclrus. 1_ cesc31d1 

is ehartlctc:-is(,fl by a fu~ i ~orr;, nanp"'"")()ro'·)l.,~,tf 2. cent€' leani 

by Cl non-')crsistant pans"orobl.'r:tic mE""1br ·n0 ~.·ith very small 

nucleus o.nC horse-shoe shaped nucleus, !. qs;tosoor. by 

distinctly small spor~s with U-shaped nucleus. 1. pttrolisthi2 

by a ~~rsistant pansporoblastic membrane and !. sOQIPdI£"i 

by very~~rsistant pansporoblastic membrane and very small 

~~or~s. In:. semisulcat!, th~ three succ~ssive binary 

t'lusicm; 0" the s-ooront result in th~ fOrMation of eight: 

unlnucl~.(1tc, ovoid snor~s measuring 5.0 to ~l.S ~: 2.5 to 3.5j\1n 

in s 1z~ ~", -1ch are covr rec in a. sub-ners is t ant nansporoblast le 

mermraY'le ,:::ur1ng -::-porulation. -~'he pansporoblast Is spherical 



and ~casur~s an averaye of 12)Um in diameter in frftsh 

condition. 
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In the eh.pt and al •• of tM ~. atructu.re of the 

panaporobl8st and sites of attac'Jc in the host. the pr_not 

a~c1~s is found to b~ closely relat~ to 1. duorar'. 

However. a close examination reveals that th~ spore in the 

pres~nt ("l'''(>cies, althouc;!1 sho-,~s 3.n ovoid r;f:<::::'C, its anterior 

end iD :-,:o.::(~ pointed than that of ~. auoraqi. ,be structure 

of the' v~>cuole also ciffers in that the anterior margin of 

the v(lc,-~olc is strai0ht - .. C .'lrac:teristic feature of the 

present 2",ccies - unlike the spherical nature 1n I. dUN"'. 

':'hd polar tube 1s only 14 to 22 pn 10nq in the pre •• m: apec1ea, 

whereas ir. 2. dporara it is relatively longer (32~). 

;\nother si:-mificant difference is that the snores inside 'the 

nans~"o,;,-,,+la::'t of l.. 9uorar~. are unequal in size whereas in 

the p~c.s<"'nt ;"aterial, anores are e("1lal in size. Thelohania 

Bp. desc!"ibed by T""omas (1971)} corn"'!! frcm th:: same locality 

and the 'lost from where the present specie!; is also 

aescribp:-'<2.,h1le the incom"')lete description ryiven by Thomas 

.(1:>76) m<1~:C's it difficult to attempt a detailed compari80D 

with t:li.:t s::;ecies. the size of the sporont and the at:ructure 

of the po~tl~rior vacuole in the snore. differ. between the •• 

two snecics. ':'11. salioot f eaturea of ..r. duorar. Iveraen and 

",anning. 1959 and 11lelohania sp_ Thomas. 1975 along wi1h the 

characters noticed in the present snecies ar~ niven in 

'l'able 2. !:'rcm this conmarison and the differences noticed 
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cru~tac~ans, it ie clear th~t the present sr.eeles could be 

cons idered as new 1:0 acience and U n..-d as TJl.lob1D11 

sern1..su.lcatl, the specific name being usigned on ita 

occurrence in the host, Penaeus .gmisulcatus. which 

supports a fishery on the flouthf"8st coast of India. 

!lacm, r2.n -ing in size fron 152 mm to 166 rrwn in total length 

meaS\lr('[~ fr-:::m f;ip of rostrum to 'che tip of telaon. The site 

o~ in:' ,cti(')n is fCllnc to b~ !,0.str1ct~d tc:- the OV-1!.ry of the 

Locality: 

the sou't'-;east coast of India. The infr.-ctr (~ !-' 'awns were 

c(')llt'ctcc: from the shrimp trawl net Operation at 14 to 20 

\;egetativc :.:taql.l's I:he earliest stage of development observed 

is a m(~rnnt or a schizont, a vp:q£>tative, c('ll which unde~oes 

binary CL' !~ultiple fission. ' ~r-:::nts arc usually sphf'ric!Ill. 



::fig. 1. 

PLA'l'B XIV 

,ulccvari4 mannarensls gen. ~ sp. nov. in ~~naeus 
'f!!\1sulcatus 

Ptnaeq~ SlVi8~leat~11 Cro~s gecti~n of th~ 
abdominal reQ on~onq with the ovary. .eta 
the hrav,/ inf'?etion by ':·ulco'\'ar1a m~."1l'Sin$iS 
iD the ovary (("/) which is hY'T')c-rtrool'ifid ane 
has surrounded the blood vessel (DV) from all 
~. 8ides. 'lbe mu.cle 0,:'1') is apparf.'ntly 
Ulnfected. Infected reqion is }'€llow-oranc:e 
while the bl"e sta1D14 regions are un1nfccted. 
Med1f1c:at1oa to the technique of Mallory (1944). 
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dia.'1letc~ in preserved material. :'ihen stained with 

;"eidenh ain • s haematoxylin and eo. in. th" cytoplasm 1. 

stainec deep pink with eosin. ,:. small, spherical nucleu8 

1s discf"rnible in the e~ntre 1;J!th ~ark grey to blade 

colour. ieronts cl vic"e by binary or mul ti~le f iaston with 

(~irect nucle>ar division. l~o'l;-!cver, t'l€' nuclear division ir 

nuclc'a:.:- 1v1810ns occur \olhic:- finally c:iv(' rise to four 

nuclei. In the subsery'J.~nt'tage. the tf.'tr.anucleate cell 

snorul;,:ti~n ':"')hase, the c:u:or:lG.tin of thf~~~0 hm nuclei 

, 'I .. , . 1'1. 5 nm" results 

(. 1. 

6 tn 8/1r'1 in ('iar.1cter. It if; thick Hall .... , unlike the 

thin "(l11J'~ n.-"ture of the ~:-·-~·,'-nt. :11("~" '''ont po":.e~se. 

" . ,-. 'T ': i 1) .• . q. • 



PLATE Y:l 

Sulcoyaria mann'irens1. qen. et ~:p. nov. in :::'gnaeus Smlisulcdtu 

Transverse section Of ovex:y of the prawn to show 
the .'Ph~r1('al and polY"onal r~ronts (:.:r;). '11K
procc"ss of nuclear c1ivision nt for to the onset of Sporogony 1e contimle{ in' Ban~ of: the 
me.ronta in Figs. 2 ary.l 3(arrows). :il.J.r;Ueleuz; 
J:":ature spores. ':';emi-thin s~cti:)n-<~'oluedlne 
blue. 

[.;erni-th1.n st!et1on of th~ C1V~ry of t:1E! pr-awn • 
. ~, c;ir'lok;sryotlc c(""ll. ~.hc :1n&1 pro·:~~ct of 
merorony. is seen in t:,c, centre C"lr.':"!) • 

. c.: ature s"')ores. '":<"r: i-thin e~ctl("n-':'olu1d1ne 
~lue. 

lcctron m1croara-oh :;:"(~'in·~; the (~arl" st8.Q0 of 
--·~o!,0"iOny. :,r ;0\,,' ~h(:"·'~ the fus ion (le nryo":' arnv) 
0:: the chromatin mate- "inl of a c~i""'''!,· ,:."1ryotic 
ccll. 

of 
·poronts (,.i) L.ulcovw:"ia mar.narenDiF. G:;a: 
=ranular cytoplasm, ~m=Nucl(,U81 ;":c'1n:tur'p. 
nporN. 
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: ig. 1. ::lcctron rn1cr00ranh 3howino ultrastructural view 
of the sporont .,' (.j:) of. ~~ulcovar1a mannarensis 
::-':.:£'r',mt lar cyt ~~ 1 ~~t1 r1U.l-Jur.'71eus. 

1'19 •• 2-6. Different stages of sporogony in SylCOVaria 
.n'lD'UP'i' • 

Semi-thin St"'ction of the c"'ViY to ~r:~ the 
Fiq. 2. first division in the 8poront(ar~ow~;. 

Toluidine blue. 

:'1'7. J. ';;"emi-thir. sf'cti(:l of t_h~ ov::..:.--y ~c 3hC'ti the 
t\-Io-c~11·tl(":.' (:~r!"o'V.r) rollc:dnr:- tl~.'"' 
first division. ij

101uidine blu€. 

}:'i\}. rt. ~:lectron ~icr~j.i~(lph o~ th(: t·~ .. ;,()-c~ll 
staq~. 1"G=,~~tt"J~>.,lic r,rarul;':!1 fr. 
:::>ttns'f'lor~l~··tle ,,·,···hr-."'":c. 

:--i. ..• '!near prf' ..... e.:.~t ien sho in; the ::cur-cell 
sta~;e (arr("l".'). ; c·thanol.· i'11csa. 

:1;. 6. r:lectron microgr,:;.~ of four-c, .. 11 stage. 
ibbrev1ations same as ?1g. 4. 
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d1vi8iona ultimately producing eight uninucleate sporoblasta 

enclosed within a pansporoblastic membrane (Pl. XVI, Fi98. 

2 to 6, FI. XVII, Figa. 1 to 3). In this proc •••• ~he 

cyto-plaSl"!'i and the nucleus are •• en to divide synchronously. 

U1v!r'lin,::," sporonts secrete meta~)olic products in the form of 

qranulcs inside the pan5norobl~st!c membrane (PI. XVII, Fig. 

duri.n' <";'rulat1or. Cl. ::.':r1, :: 1'1s. 5 an, (1). Pansnorobla~t 

~··porel 'nc,r'-'s are 'Oyr!for.n, usually measuring 3 to 4.2 X 1.5 

to 2.0,Arn in fresh r;;att?ria'.. Cccasionally, larger ~'Por'.Js 

these" "-;" crG- anc macrC' ~~()res have i(~~nt icnl ~turctur~~ 

b t -1· {" i 1 (:'1 -""IJ~ U ;.' '·.er n s ze , •.... \ .: .• 'igs. 1 an:' ~J. In the 

11~·"t :-::i('roBcopic exarr.ination, each s ..... Qrc is found to 

posses~' a sinr-rle, small, cot-like nuclens situated near 

thC'~C'~'':::r~. "''h.~~~e ccntrast r:licroscopic observations of 

the n.r03·~·!1Ce of. a snh(' r ieal vacuole at the '!')osterior end 

polaronla~t. ,:.. polar ca"') at the antc::cior en,,1 is elso s~en. 



j'1g. 4. 

1 Electron rnicror..jraph of octos~oroblast; 
only six cells could be seen in the 
ultra.-thin seetion. Scatt."r~~ black 
patches arc stain1no artl~a~ts. 
MOillMeta.bo11c 0r .·mule~ I Ft1_~:: MSporobl ~stlc: 
membrane. 

(2) Sem1-t:hln section of 1:he ovary .hawing 
octoaporoblaeta (CB) with pansporohlast1c; 
... rane. SR.ttablre 8pOre8. 

( .... 1 lmnature (OB) an<i mature (1". ) pansporobl.st 
tJote the nucleu::; {NU) in th,.., ~~:'I':'o~·obl~st •• 
';et mount. 

l.l~ctrDn mierog.ra ..... h n'1C',-:ing the !,re!;r.n~ of 
n=~lules (arrows) in8i~e the pans~or~blast1e 
rna(~~ r8.n~ (PH). ;;; ~"1atur.e PJpor~s • 

. l<:ctrcn micrO~:;tl;·'lS 0'::: nature pansporoblasts. 
t~r:rtc t'1e m icrotu!)ules (arroOiS) ins~/'f." the 
pansporoblasta derived ~rom clump1n\- of 
metabolic 9ranules. pr~""'Pansporo'l:)1£'ct1c 
mambrane, SR~.ture apor ... 



PLATE XVII 

I 20A.lm I 2 
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r~he s}.!Orr> ;'Hls-'n :1n~ir;t1.nct polaroplast an~~ a lonq 

anisofilar polar tube. '':''he proximal portion of the polar 

tube is stumpy ano forms 2i to 3 coils inside the spore, 
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at thi~ r~1on the polar tube absuptly constricts to a 

ve.ry much narrO\-l distal po:~tion and fOM~ about 9 to 10 

coils ( 1.·VIII. ~'igs. 4 and 5). "i'he ::~ore wall has a 

th iC;-~1 cc::: .!:Uqatec-! I elC'ctrr:m-; e'1S(! eXOEf'Gor\",: anz1, a th1n.."'l":':: 

el(':!;dtr."~I-lucent endosnor~ (, 1. -'··J!Il. i. 6). 

) :E'nar}:. s : '~c structure of mer-ont, s~ront. and mode of 

s~o.r:(l '("'ny as well as th('" str':cture of! t"'lC .-:r·ores of th~ 

~reei'n'- "'''''' ci:'s revp ;.)l th:'t i' b~lont-s t·::> t'he ::'amily 

Thelo>:-:-- ili'~ae. wh~r~ s'r'oru 1 'C:t ien al·,'ray; o-=:curs "'i thin a 

nans' ( .. ":-:1.:>13,," tic m~branE:', uSl~':111y re!: 1.: 1 '-: 1.r:r 1n e-lr;ht 

uninz 1,-::',,":--:f' ~-,or€'s l:nr."!que, 10~'2). ',;1:(;" amily '1:'heloh:'!n~i"ae 

CC~l! t:~ :'-:'- 11 Ql";:nera, na":1f"'ly I '['h(' loh~nia. '-'9:~cr.:1a, Cha-·~nlum. 

;~,:ryr ~:?;::.::. __ ~r tna, ,'€:,tercs")::'rus, irY>ST'IOrus (:e t:'thct'!(:ld'~,:n i4). 

~.::rj.('§i2.. Ft'"0r"\~th(.'cn. i'ilos':"'!or~lla. ',~s~cnostrma an.d 

-"oxo',lu2.,e,A Cnra~e. 19r(2) .~-h~ only r'(":"';(~:'.J to ,..,hich t11C! 

~rp·!lvn' :""("ci,'~ is ~':'!1c01v"lbly closely '--L1t~d are 

:':'el"-lC::'JJi! anrl \amasona • 

...J1(:lOha..'1i,.! is one of the oldest genera of 

icr'-~;-:?-·-:"i61a. establish0.c as ('-arly as lD~2 by :iennequy. 

In tl-: r , ;'1-'::;(' year. ct'helohan (18(2) plac· t1 t~,is genus in ,:) 

nC1.4 ,-': i1y. 'lu ge1c~ae ('lu ."1(-' it~~~s). t::c,-:' then. this gCi:US 

\-las a;;:i"ned c:ifferf'mtly ;-)y (~icfercTlt \":l·.,t_~''':'lrs to ~:arr:ily 

l:luqei{.:1c (::urley. 18CJ3, i".qer an;, ;.f-'SS0. 1"'""'2). 



Fig. 3. 

VI::r 

7ree s~or.s Of,:;ulcovarl~ nlrnnarensis. l<ote the 
prc:;( ne'::- of macrospores?~;'. alonj with the 
mlcrospores C~I). :;et mount. 

':?hase contrast photoniicrc'~::ar'h o~ ~por:::s s;1owinq 
snhericlll vacuole at the ~o3terlor end (arrows). 
crossed arrow shows the polaroplast at the ant~r.lo!' 
.. of ~.. Wet aount. 

aleatrOD IUcrographs of. ¥U1£Ol"&' mIXDe,rena1! !J~re-s. 
DI..Oistal portion of polar tu: e, _.:r. xospore, P:;". 
Proxi."yu!l ~rt!on of p"lar tuhf!1 =;.1.\= -'hr:'..n'kn("f~ 
arti·r~ct in the re<,;rie,n of E·~;.:0:1por~. 

-r:lect.ron m1cro9ratlh 0,:- ul-:ovgria mAnnareus1s 
spore six'Ning the spore waIi. XaExospore, 
EN-~nc.o~'Core. 
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Noaenati<iae (LPbe, 18997 ::::tempell, 1909, ::udo, 1924; ar;("l 

PolYfH;orldae (Tu .. t ~ .i1.. 1971). It was only recently 

that : azard and f.,lClacre (1915) revised the Genus '!btlohon1l 

. and oth~r closely r.lated qcnera and erected a new P.mily, 

·,1")(":cies of the Genus >'helohaola havp- only one knO'.>m 

1"':'<'1;1:.,"--:..~ , 1-,!;ts are r;ur.-s"'~,""::'ical, havin': Cl 5u).1_pers1stent 

-rn:lf'~':;r"";)l-\stic membrane. pores are oval or pyriform, 

¥"it>".)'1t trli ls and nC>sseS's a (~1stinct post(>!'ior vacuole, a 

tl~in ",,~:r":"~<:'re wall, one i~ofil~r nolar tube and a polaroola~t 

al !'!!,--, '-··,'"-"".)les in '~""'rtair' c'-''''~-ct'''''re! tl"'~ ~, .... c".."tr,d by ~'i!l""";r~ ~, ..... ,',.~.... " ._~ ~ _'.\.:~".t" .... l:- .. ). ;~<'.~j,.." 'l .• ",", ,..... "'40 ,_. 

{:.;. • .'. '"hcse aut'lors foun,: thl.t thl" :-:Y:<" '?' of 5noroqOay 

aIlf: t::'-: .... L'!r tube in ,l... nenoe~ were cl if:':r;~~('nt from those of 

the ·'C~'...~2 .~·\~loh<',n1A. ~n the ')<)5is of t>0r!C ,:"1~ference. th3V 

tran:::;:0:-::.\-d ~_ penaei to ::'l !1f:vl g~nus, nrr'l.-dy, ,\gmfsoma with 

the only knot-m Spf.'cies .. _ D(,;pae1 ( r>'::'a,-:'U r , 1950) (Ha.ard 

an,: L1·-,cro,. 1965). ':'~e anL:cf ila.r t-tf";~ c,::' "nlar tube and 



119 

t~~ t,""'.x',n:)m le criteria employed to distinguish ,\gmManl 

froohelohanl0. 'l1'le name l'gnMag. meaning -fragmentuy 

o,;y" "-as referred to the type of eytoplaam1c dly1alon ~ 

t':~e t i:"'0 of s""orulation. 'I'here 1s only one d ... lopaent 

scquClce :~nown in ',am,sOID,l which produces eiryht 8r.>Or_. 

ccns".:'·i.~i:tncr near thE' r.i,>~lc to fom a thick proximal and 

absencE" cf the metabolio 0r~..nulc:s inside the pan!':por"'lbl.at. 

vn.rii'.rt i .:; in the dlsnet~,.. of thr> -olar tnhn and structure 

of t':(' ... olaro"last. !';hen SUC~l criterIa art! used in 

dctel.l",:ininn the gen('ric pOfJitir:-'n of the "')rc-s'-'nt species 
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allOW. oir:lilarities \·;ith ':':'~lelohan1a in h<:vin~r sporogony by 

t;:lrp.c successive binary divisions (endogcn~)UB buddino) and 

s,· c;cti:>n o;~ metabclic granulen during t.~e !::;::orulation 

inside t:lC:' panspOroblast. Ho",,,ever, it di:!':fr'rs fran 

IlclohAe"1.w. in havinq an an190"'ilar polar tube, a fraQile 

',ans -,or :- l:'.stic me'!'brane and in<Hstinct t~t::e of polarO'?l.~t. 

n t1,1e other hand, the '!')resent scYcicsaqrees with 

C·"'":'~9.5a·~,,:-; 3.::1 '!<:1' 'in::'1 an ani~('fil,.:: polar tube, a frac;ile 

pans""':·cr l:}il~tic membrane an'~ in'~istinct nolaroplast. 

~~v('rt~::l'r;s, sporogony by en~·'igenou. hu(: lng and secretion 

of t':'1et;:-:.'·, 1 ic:~ranuV's inside t:le pansnor,~blast durinq the 

!3porul<:'.~::'·:-n are the two major charact(>rs of the pre .... 

sr'cit':, in ~,ii':ich it a T)aren~,ly (\i!f~9re(>s with AgmUS'!!te 

The r; ..... Qr1.:1a.tinq s1"!oront of ,:,;;. nenaei, as shot-m in en electron 

micro;;:'.::.:: ~)y :'azard and :.1 a.cre (1975'., i~ squarish with the 

':all 0: ~:~}C- c1~~loping s"",ores not very cl'·2.r-ly clotinguishable. 

;'iowever, t~::'..': 5" arn latlncr SDI'ront in thE' "':.":::vnt s~ecle8 1. 

8r:heric('.1 -;herein the '.'all 0:: the s')rc>l:ct::; or SDores is 

disc0rni:.,lc at 2, 4 and 8 -::ell stages (F1. ,'VI, l!'i9s. 2 to 6, 

~'l. :-:\,1::", . i<::s. 1 to 3). 7he other simil~r-lt!('>s and d1ffernnces 

not icee: ;~::.-~ r: iv('n in 'I'able 3. 

>.z xd and Cl'8cre (1975) cons1d rei! the po •• ibility 

of arti':'.c;ct.: n's:11tinq frc'rn l~n-;i storage of. material 1n tee 

causin. ,-,: r.0r:nnlitlcs in S"V' nts of /\rr-~'.:lr~~):--:-:a. 'I'his 

~)ossil; 11 L;y as t~F" CC::'lS€, 02 (1 i: C ."'renc0.S obrl':.!."'Vf>(] leS also 
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conaidered by the present author.;;owfINf>r, a careful 

evaluation of characters and their critical comparisons 

and t~e :~ct that the present material was never stored for 

5 or 6 hours after its catch and the 

ea:'r>.f'"11 ·-,".."'oe.rvation en the m.t~r1al in ice durinq the peri:::>d. 

r'Vx: out :::uch possibilities of artifaets. 

c:('siana7, ' Cl,S :.ulcovaria. is crf-"aated her~ in thE' i'amily 

rH")m('':jC'l-tL~!r- 1;lcovar1a ref"'rr: to the species of the host 

from "":'~i'-;- t"-:c 't1i(':rosporl(~!lln ].,&,$ been renorted and the sIte 

of atL,ck \ ('naeu~ SE-Jn1$Ulcgtus1 ovary). ':he oener1c 

char<"l.ct·· ':~ i"'~- this ne-w genus <1re as follm,,-s. 

C.'nly onE' snol'ulC}tion !,,:C'ruence known. lonsr.,c>roblut 

sub-sp': ,':,cal, s?Orc'~cny by a ~,-:,ries oftl,rcc binary divisions 

pro,ucin {'i :l:.t sl')Q!'ob1asts :'itilin a fragile ~:ans"'orobla~tic 

::\e~,orar:c. ~o.r:ulation acco:i,nt:nied by secrotion of metabolic 

u!;;ually 'y. ifonn. someti~.,es oval. with a thick, cornt9ate4 

C'xospo..::'(! ',<:11 and an indistinct polaroplutl polar tube 

anis-::,,::iL.:.;:, having a thick. stumpy proximal ;me • thin. 

nar-rc'.: "L' ~_al portion. farasite of penaeid prawns' ovary. 
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of t~K; ~""';Ci''''3# mannor!l!'\'1s. has been derived from the name 

Of one of"' the two localities fran where th~ pathoqen was 

el') 11cct" ,(. 'his snec!ca is characteri.ed by the following 

~~"'r ct";::'r.:. 

Lc~ i-.::'n t :!i~"cteC nrawns exhibit oOllque and wh i to area I1lonq 

the m ',- L,:': (or$sl line. 

':'ype lC"::Glic''Y: Culf of t':annar lL"1~ f'.!lk ;3ay off the co .. ~ of 

a:1iE';::',',~'-,;r"" (southeast co(:~t of In'-la). 

";::os'tat-h'c "0::-;0S 1 "eronts sph",-cical, 5 to 6~ in diameter 

(f ixec~) ',' i 1 :.:i':1':le nucl€>us. : rr!.YJony by binary or multiple, 

fissi:m.v~ final stC\9~, c ('.iplokaryotic cr::-ll. 

~:T")') rulati(m,·tar;es r ,",'-'or()r'rmy by t':rr0 ~',ina,:,,~' (~ivis ion. ~oducing 

eir',ht S''';',': >last "lit'"",in a T'lans·,or·'-;1-)laGtic ''')I"':~rane. ~~aeh 

~por0;)1.:1~:t becl'~m"s a snor('. .> .... ~r~s py1.4ifo ~# 3 to 4.2 :,' 

1.5 to ::. C IJID. refractile an(:thick walle<3. uninuelea'te,. 

Hi th ,::1 "":.':"111 vacuole at the T)ost~rior end and 1'01ar eaJ) at the 

antf'~~1(',v. ''''''')(~. rolar tube aniso-:ilar, with Cl e'tUrnT'Y' proximal 

'"'0rt ion-"r.:nina 21 to 3 coils :'lno a v~ry ~ttch narrow dista1 

r"c·r.t t-';lC":rnin0 ahout 9 to 10 coils ant~rio-!')OBt~riorly 
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Host anr~ ~ i"":~ : ':'he j inqa shrimp. ; ~etapepacu~ aft inil 

( .. ; ~. 

~ize .~::::,-~.: 117rr.m to 143 mm .in tot~l l~n!"'rt~; 

ti1') 0 . I :trum to tin of thr":' tl?ls('n. In -~ction found 

'.1.1f 0:: ,annar an(:~ ;;lk T"Y of:' tht' eoasts of 

,,..,.-...... ~ ames\·:aram en t!!,· southenst coast of India. 

~ (. r;th of o.~:')cut ::'" to 25 ~('t('rc. 

··-all·--', ;:""1c:J:onts with innf.'r s1(~e of the .,.rall having 

nrc:::c·~n: havinry one. two or :"(jur nuclt"!i located usually 



PI.A'l.'f: 

( noront with one nucleus. 

Fig. 2. ~ porant with two nuclei. 

li'ig. 3. ;,poront w1 t-l\ four nuclei. 

po=ont with eccentric nucleus. 

F.IQ. 5. sporont with eccentric nuclei. 

1'19. 6.7. ~;poronts with aemic!rcular body. 

Fig. S. 

Fig. 9. 

l'ig .. 1~. 

1'1<. • 11. 

Fi.;: • 1:' • 

l~i~_ • 13. 

1: 1~;. 14. 

I'aired spo:oblast with cytc.plasmie bridge. 

; porObl~~ts after the lo~s 0: crtoplasm1~ bricc~. 
lyL,0' clo!;e to each otha.i.:. 

~r~ar-like structur~ inside th~ spores. 

"Y~::-OS with ~o!lt€'r!or "8cuole. 
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Fig. 1 FiO· 2 Ft,.3 

Fig.4 FiQ.5 Fig.6 Fill. 7 

Fig. 8 Fig.9 F10 .10 

Fig.11 FiO.12 Fig.13 FiO·14 

l 
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: 19s. <1 and 5). This may. quite possibly, be due 

to the:',' iC::11 error. '~owf!!Ver. the location of the •• nuclei 

~;an(-» n'~Gr ,nts possess a lariJe body occupyinG about 30 percent. 

Of the in!~'}l" area of the sporont. This body is seni-circulu 

1es. 6 anc: 7;. 

t~·,·. 

ar f", '-' ~ , , ", "~ ( :' 1 v T .. _ ;" f-\.~."-... . • ~~_ • ventually, the two sporcb1aata 

r h t"" (~-·l. "/1-:. ,','1""', .• 1";'. ser:<;,,'~:", ,~r'('t'7t ~ae. 0 ,'pr _'., " :,.I 'The parasite 

vc-lop in'- in:~ct con~,act ':1 ':~~ tl'lv host. c~ll 

surf:,ce. 



J'itl. 5 

pt> .'. Y':: 

Developing 5taq~S anc spores of ~eroz1a afflnis 
(arrO"'ls) in the ovary. !"':"aMuscle, c.}C/~)egEmerat1J'JJ 
oecyte( s) • Bouin.-Fei·.1en.~a1n· s l":"'er~ntoy':~lin a:v.1 
eosin. 

~ane. 1ft the body _Bcle. 

tlectro1'l m1crooraph of s'r.'oront (:~.) in the host 
muscle (MT). PT-Traces of polar tUbe. 

;lectron micror:;ra!,h ~h~:irw the s?'\ore:-:: (ar ro·.··s) 
in th~ host muscle (, .. ). 
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In srme independe-nt sno=C's, a thrr-<!l('-like structurf:'t 

presumably the polar tube. is. seen connecting the two 

c'Or"!ositc c'nds (r'l. XIX, ':·lg. 11). In ultrathin section 

of t~"lr' ;-;~")cront. trace. of. polar tube are clearly v1a1bl. 

( 1. ., 

wh(>n 

. - , 

1(1. 5). 

of the sp()r~~ arl'> ~e~C"ntially '.m). "orm 1n r-.:hape 

1 to 1.5,AJrn 

1 .. lL"'7~ ""~ ..... 5 ;.: 7..5 to 3.0jUn a::-c f'tlso observed 

1<1. 1'-). ':;::h :ts ~:Yr':p. of. s';'orr>s are called as 

',7 'cur,I' l,' s,',?n in the S'fOr(' \·.~hen observrd un"~er the 

nh;:'i~c c :-: ~ . .:~ast micr',,;,'cone (: 1. XI • r i e'. 13). The 

('xtn.'.{;r-, 1-·o1ar tube is i~o"": lar. about 25JUm long (Pl. XIX 

,'ie;. 1·: I. In ellC'ctr~n microqranh. a coil('d pOlar t~ 

occu:,i " ;:~l";ost entire inner snaee of tile' nnore (Pl.XXI • 

. i~.:. L. -~(' tu be or i:- i :1at (,,·s f rem the ar:. tr> r for end of 

th(: D 'f;::C "lnc" s'1ortly t:1crei'fte-r, it .t:Or':i;~ :;''''iral coila 



?1q. 1. 

Fig. 2. 

PLATE }:XI 

Electron micrograph o-! the spore (j~). 
Not(: thE' coiled polar tube (1/~) which ocCU}>les 
a1rn~ .. );.t: entire In"'lf>r s...,ac(> of thp sport? The 
E, ... ":I,:lCC ·:It the p01!Jterior end of spore indicates 
poorly fixed posterior vacuole (?v). 

Electron micrograph Of a nart of the spore 
at higher magnification 5howinq exospore (EX). 
emo::;~ore (;",:~~) anc\ ~luma :nenbrane (::-'':''). 



PLATE XX I 

f- l,um 



126 

no~te!.'io= end. 

a ;,:"1t'!11 ,';ot-like nuclf:lUs 1s founa s1tunt~ near th@ centre 

bu't; G·:~'·"".:'lt ant~riorly. ':'he spore ~"all sho"s two ~15t1ftet 

1. Gy(~ :,-,: (1) the out .... r laYf'r or exospore •. "~ ich 1s smoot'1. 

bel'·:: ~ to th0.,UD-ordeI' "pansncroblastina (Croars 

T)crusal of the (>arlier ntu;:;i--:s shows that 

thr: c:' -; ~"cterL:,t ics c,f thf7> -:)resent epc-ci r shave s 1milarit1ea 

" . 
;.:.,- nelson! an0. ~. ~lchaeli§. ':prague (1977) 

cons 1;;",'1" ,d ;;':'. sapidi <'lS synonym of ~. mtc:1ge11. and 

tran~>f:(".r :-'(!'(': it to a new ~:;enus. .'\me'Qn frC'M llosemo Naegell. 
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sporogony and ~tain1ng ~ropertie. of the polarplast in 

li. michaeli!. At the same time, ll. pulvi§ mld ~. nelson1. 

which showed similar pattern of sporoblast formation in 

chal.n. were alao transferred to the newly created (-ernlS 

.i'..me8OO by ~:,prague (1977). 2anlly Nosenatlc1ae, towh1dl 

Ame,on was assigned. 18 character!." by the presence of 

diplokaryotic .~roblut. V!vare. and Sprague (1~79) 

demon~tr~ted that Ameson was un1nuel~~te ana there was no . 
d1plokaryon in the sporoblast stage. This observation 

lead than to exclude f-.SOP from ;:-anily .:ose 3tldae anu 
place it in the i'anily :jnikaryon1dae which is c:haracterl:sed 

by W11nucleate sporoblast. ':';1nce the :;enWl ::., •• il of th1. 

family shm4Cd the mode of sporogony identical to that of 

i:meson. '/ivarea and .3prague (1979) distingui.hed fN.AP 

fran :Perezia by the presenco of hair-like appendaqe. 1ft the 

fo~er and its absence in the latter during the sporogony. 

lbey also pointed out that ~. nelson! did not possess hatr

like 8p")Cncage8 during spor'ogony W'tlike i1: l.:.. wlrch.eli8 

and i;:.. PUy.y. and based on this character. transferred 

~. nel,on1 to ~. nelsoni. In this recent elass!fieat1on. 

Sprague (1982) has placed Genera tere.i. and twMCIl in the 

family ?ere.lid ... 

·.:hen a comparison 1s made oot;\vecn the present species 

an~ thonc mentioned above aB Hell as de~cribeC earl1e'r under 

the "':'cnu& LosE' fran decapo\.: crustacean hosts ('i'able 4) # it 

appears that the s[>C!cies Wl<~pr consid~raticn has ~,ore 

res$lblance with~. nelson! than with t.~e other ones. Both 





,. 

Spore Sporulation stages f: 
r----------------------+-----------------+---i 

Ovoid, 2.2 X 1.7 pn (fresh). prObably Early sporont a diplokaryotic cell. 
uninuclea~e(Vivares and Sprague,1979), Sporogony involves delayed cytokinesis 
covered with fine projections or resulting in formation of uninucleate ~ I 
bristles; polaroplast a bipartite sporOblasts in pairs or chains, ~ 
structure with compactly laminated numerous short bristles emanate fram 
anterior part7 polar tube 40)Wm long the surface of sporoblast. All stages I 
with ahout 11 turns, irregularly dis- extracellular. I 

tributec in outer and inner coils 11 

r-- OvOid.- 1.3 X 1.0;un {stained). probably Late sporoqonial stages monilliform ' 
uninuc leate (V!vares and Spra9\le, 1979), plasmodia which divide into several ! 
covered with hair-like projections, C3 ~o 5) uninucleate sporoblasts in ~ ; 
biparti te polaroplast with distinct chains. Sporoblast entirely covered .. ' t 
laJr,ellar and vesicular portions, polar with short hur-like projections. . -. \ 
tuble t}'Fically with 8 turns arranged Each sporoblast develops in i051a- i ; 
in a distinct pattern. tiox into a spore. : 

Ellipsoidal, sanetimes ovoid, 2.5 X 1.5 Sporogony unknown. Sporob1asts ! 1 
~ (fresh). Internal strueture similar devoid of hur-like appendates, I _ I 
to that of A. michaelis spores (Sprague, develops into isolated spore. I • 1 

1977). Polar tube 23.ann long. ; .... I ,_. ! I 

t----------------+-------------+'---j 
Sporont with diplokaryon which ! i 

Ovoid, about 5 X 3"om divides into two cllplokaryotic I ~ ! 
sporoblasts each of whidh ; ~ ! 
transfonns into spore .... i 

i .-l 

Ovoid with a centra) nucleus, sincrle i 
pol ar tube present. . No data i (; I 

1-1 ------ ' .. I 
~c d<!ta No data- - - ~ I ~ 

Ego-shaDed, usually 2.0 to 2.5 X Sporont spherical, S)Um in diameter, 
1 ~ 0 to 1.5 j'lIT' (fresh) but occasionally possess small nuclei ranging in number 
4.S X 2.'5~ (fresh), polaroplast fram 1 to ., sporont wall thickt I 
not observed, found singly in sporogony dlsporeblastic producilil9 
masses; posterior vacuole round7 uninucleate sporoblast. which are I ~. 
polar tube isofilar, 25 flSft long devoid of any hair-like appendages. i ~ 
forming 12 to 14 undulatiOns. Each sporoblast develops into an I 
Spore wall with an outer smooth, isolated spore. All 8ta~es develop \ 
electron dense eXOSDore and an 0 in direct contact with the host I 
inner. electron lucid endospore. cell cytoplasm. ~ I 

c... 
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p~n,·-'C'if~ ':1r;>"ms, possess sir:1ilar spore zhane" with identical 

,~:'cr€ S i7~. ':"he l""nath of polar tube and the nwnber of it. 

ur.:'3u 1 Tti-::-ns al~o rlO not c'!1ff!'r quite si7ni'C 1cantly in 

~. n",,} '~9nl .'inC' the pr~8~nt species. C?hc ~lectron 

2""'-" n . ': 1 S is '_'nc- the dlstinquishinr 

ff';;'\7..t~;· .. . ... " r·rC'zia ·r'ran::1E'S0r:l ';);J{~ thUD > ::ings the present 

mic;::,,,:." i inn mo~e elose= to 

I cub;:~ c-:t a1., 1977, enc~ sry:}r~blast divF'c-s into two --
n:-o, 'nets ('<'1ch of ','lhic" bccome~ a snorl;' an:~~' usually remain 

join ····-· "'"I". { 1 t 1 -e'l b-lc'-'''"'e .... .,.s~,...~-islly ~nt·u""c ~"'or"". -d t\.l~n, .............. ~... ..1 .... (; .. _~.·.d", ,:: .••• 'l.,.I..l... ~ •• u· ... _ ..... .:a:., IJII:> Q.lI L._ 
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A sir:111ar pattern of !lpO~ formation has &1so been noticed 

in the r>::csont epee1... It 18, therefMe. reesonable to 

tlace the present .-pee1e. in the GeDua PlrllIe U".117 • 

PereziLlae) • 

,'\lthough It has been dlseua." above that tM ~._t 

sp~eifl!s bi~ars many similarities with !. Mlsoni, the 

r1if4='err,!y.,' in ~o<"e of Bl'oroqony, different host s!'Etcies ftn(! 

0iffer~4:: .~yr::qranhical loct!l.tions provio@ jur-:tifiable 

reasons Cor the cr'?'ation of El new species. ;~ubrahananyD 

in 1974 (;"'~;.crlbed !-iOSero! 61'. fran the H\1Sclcs of tl. monocS:£2! 

from :'uli,~a:: Iake, dyar estuary and Ennur estuary in 

'L1nil :'~<,<u an:: rC'cC'ntly, :.3.nt:1aKumari and:,;opalan (1990) 

renorti 1.' .c::ema Bp. affecting the sane frcrn the Coc:hift 

bac1n!atcr~. However, these aut.hors have not 91ven detailed 

structurr ', o~ the pathorren exce~t the spore sha-oe and ({rass 

5yr:-:~tQ:1~ i:1 t:-te host an(1 ltav€!' not a~s i(;nr<; t1'le nathorren to 

any ~~"cie~. It thus br'CO!Th-S -:'.)i:f.icult to cc·· .. r;-:are the 

":"lr0.st':'nt ;0', cie~ w1t~ these materials. 

':'h0 n"'Vl sp,"'ci('s ooservr-d at present is given the 

na."':le of 1'$ major ~ost and nmncd as t,:"Fl, Affini. ~. BOY. 

Type spec:irren: :tolotype slide is being '~epos!ted 1ft i:he 

"ooloqical !3urvey of India, calcutta. 



4.2 SYHPI'GlS OF' Hlw?U:';PORIDICGIS CAUSED 

BY l'm:LOHjJH~\ SLt-1I,-,ULCATi\ 

l,c·(:y neform1tif!s and changes in th"? normal colour.1:1on~ 

t·"xtur'0. >n'y pi~"'mentation an(~ thE' c~npr.':ll a""',,",('ar8flC~ form the 

a ~··~'t·r.l. cviaticns frCTr'l t~(> no~al b(,:l-·'~-:i.r·n=al n~ttern ~18o 

serve~-: iC2te th~ Ci nornnliti~s or th(' ~nimal. 

'(·'·C·/''j of a nO.L"lal. 't,~ult# live " cnMus .emj.pulQ"U! 

is c~.~, ·r't-·;:-:tsc(~ by a 1ir~t 0:- '!")3.lc brO\-Jn colour w1th 

altern;'~~1;;-' ':"ark ban;~;s of 1.YC0''n grey colour on the dor.al 

sic'(> 0::- ':-." ;3: ··~men anc~ a '0;:;10 yell"".., ','n ~-.h~ ventral .148. 

hI" (".:::_"'-,.~'".:(', often possesses t~ .. ~o yellow ere'a:! coloured 

bro··.·'·· !"":~ ;·· .. all,:.;1e tiTJ!i of the uropo<:s U.n~ tinged wIth 

1"'lue 0::: l':.:'· • .""hile tl-;c' fringe of setae are usually brownish 

red. >.,-: live prawn appears translucent. In the .<!ul' 

f.r17:alf~~ -::.': \. cV2ry is 'lit'i.ble t:·.rouf1h the::' exoskeleton ... 

;" ark b,~:.::· n t>r:> .' orsal asnf':'ct of. th~ abt~7:1Cn extendIng up 

to t~i(' ~: ~:·tL ~br10!;i1nal seqment. 

hrm the prawn is infectea by Thcl-h:nia sqnisule.tf. 

the C=:.1:,: 'f~ZC nro(uc0s~11tC' ccn~;nlcuous sy · . ...,tc""ts. In the 
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initial S::~)0r , however, it is very di~fic1Jlt to dis:tinqui.s;~ 

externally the inf~t..,.d p:nnms fron the normal ones with 

unai'"C eyC'!s. Accordinq to ;--:ruse (1959),' early and light 

1n~t~ctic'ns of m1erosporidians in prawns cannot be detected 

~)it~-~ 1.1:-;;'>11>". -:yPS. _ .. ·N;rE"e of inf+!'ct1on hy ~. semisulcat. 

1n .L. pC'.i;:-ulcatu§ can qualitatively be r(c-'nis~ as l1r-.;'1-, 

':-'0," (: .-a tt-· L: ~ r,et i0n. about 

'~,',;' ,_~~, 1 SV~":jtr:mG !:y'ccr'~e (~l~cerniblC' 't\''1en the 'Oravn 

1s ';,- ",,\r :,1-' in"ct€().\t tI-'.is staa(\, the .. ;";--kel<?ton becOYl~e 

'in lost thE"ir translucency. 

I: I, :'ig. 1) 't*11 t, 

'.ccording to 

'1""-'~.~7":;:'C- 0" hav1r:0 tx-t:'n ccckc(~. ';'his !J'···''r)tom is e~n.pic\lou" 

en tl~. -.'.- rn·'1,jl mc,,:,brf.'ln(\ ar1,~ 'th(" !itr-rnuC,i "~lere the Muscle 

is cl','::-', vi~ lb le. "he jcints of tr:p ::: -""'r1inal s~.nts, 

It if' ~or tL i~j rraSon. t, 



Pig. 1. ·:.;ymptoms of the mierosnol:idlosis caused by 
~19h~. 'lm1svleatl in fln'IM' .tmisulcAtyS 
~howinq light. moderate and heavy In~~etion 
stages. 

~-,la-;!:'amrnatie repr~s~ntation of an intc::mittently 
inf(">et-.("",c ovary fran Cl r:1o,tcratE?ly inf~tM J"fn~1JH 
§er48U~C§tu' by '~be12hania qernisul.gata. 

The midgut of , heavily infected fenaeus 
gnisylS$a. 



PLATE XX I' 

LIGHT MODE RATE HEAVY 

NORMAL 

.9§i~ 'INFECTED 

Fig. 2 

Fig :3 
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prawns ~:1on\J the f laht"rmen of the;'aMil ~;: ~u CO<Slst. It is 

(- 1. .~ .. 
mh·'u·. :. ., r: 1:1 r t',ction. 

c~lour. 

nr.:n'lr ... .,;... serrisulcatys infected by ·ih0.10~; "::1£ sn .. b('CCDea 

·"a11. or large 

white "")c~,:' .""9 occur on the Qut'T epit,!",r,>lial ~··(111 of the 

mi(~"':ut '''~:ien ~. lerr.islllc,t, infection is ~~r: .'vy (1'1. '::I1. 



?$;naeus senl.ulcat\is inf(~ct0d by l'helohania 
lenisulcata. Heav11yinf(ct~d prawn (above) 1 
noonal prawn (below). 



PLATE X X III 

-

••• -. ,\,.. ,. • ~ ~ 4 ,;~. I. 1" I 

r". ~ :;~ : ~ ........ 
~ I. , 

I 
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F 110. 3). ":hese 'P"tchf"s rc:-preserlt colonirs of !'~thogen. 

'['he h' "otol"ancreas usually rt">tains its dark. reddish brown 

COlall!.- (:VC'r') . 'hen hp,2vi ly in':: ~eted. 'I'ht' nervC\lII system, 

forf.!,}1..1t: ,-:'r!d h~art usual! y do not show any l')raninent visible 

sy~nt~'·, , alt:1ougr: ~nfpct~d by the ",athogen. 

,tr.r·'.;'3cooic ("xa-rni::zsti(':n of squash 1") '('n~r(l\tlon of 

in: rct .. -< ~Y'C:ry er muscle rcvr',-lr. thCl' pr",-,' ~-:-(' of ~nonnous 

nurr!b:'rs ,. s~all. oVi)l-~':ane' ,.,' ..... crr!') ·"·,ic-'· ay ~'ithar be 

••• "> " iSf,·"'se cause'" 1~y .:.. sem1sulcata. o,ra(lually 

c1.ebili': -.~: ;.: 'the ho~t \rr"lch h,-'Ca"'l(-'s V·'~s rr!?istant to .tress 

al~o 

~lf"5i.:"f-"5, infect~d y,rawnl' 

in ~;:'" C1,,~ of uninf~et~ 

habitc c t:,co animal as t'l(' "'jut of even the h~avl1y infect~ 

ord'-m~ '" 1,lcctc~ from the nntural populatiC'n 't-1U found to be 

fill. f'(: .,~., :'1 r ··tl.-itus. 

"-~'1 l--,'- avily in:"r.'ct('<3 a(ult sT)(>ci~rn.s of ~.'cml,ulcat~~ 

~,rhic~ <,:ere coll""ctro alive ::rO'r.l the n<Atu:-r' aoc reared in the 

lal'<):~-;" ,~:-' in a 1 O~ 1 cCliC"><tc!-ty fjla.ss ai"'tl:~"" it.,.,... tank, showead 

l( thar :Le "'oveme-nt; an slu·Y-i:::h bchi}vi("·ur. 7n one obe .. rvn~;~_"'n, 

the ar.i:";~~ 1 ~ic not move fr'"x:. its place '·...'~I()Ut 15 hours. he 

s"dmmi·' .:,cd.vitios of t'h~ nr.J'm~ werE' ;-,1',":, .c~nd to he very r-:uc; 

r~(ur'-, >ut feecing 'iras n~)r:~0.1 0s~pcial'y c~urinr:T the night. 



4.3 r:rI;;TClPATHOLCGICAL sTut:.r:S OF PEtit\EU;', StHISULCATUS 

INF::CTED BY THSLOHANtA S!'~'I~:t?LCA1'A 

lr1r,tO'p<'lt'1cloq1eal invElstiqations of f1.Jal1!d body fluids 

or tlssu('s form an important ane: ~rerful r'"'f;~areh area in 

':::~ci11!-;"jtinr; pro-pcr ciacnosis of the flseases, their effect 

on the V~1J: ious systems anc in tr:(' understrJ.n(~ing of the 

~unction,-:-:l orr:anisatlon of the affectee orr;·anisms. ttJhere 

th,., in c ... ·ctlan i~ not h"avy enounh to be :~E't.E'cted by the 

macrcsr:-opical r:-xamination of the ~aterial, it forms one of 

the r'r:~" :-:"i<,l tp.c1'miqtF's::or c:et('rmination of the diseuea. 

A stu6y c: the patholo(Jical ch;:-m,-:v's occurrin at the ti~sue 

ilnG Cf'''llul;:..r levels also helps considerably in the 

clari.":·ic.-:>.ticn 0':: the physiolo(~1cal functions of the host 

organi~c.;. _ he 'i.e0ret~ of (tvC'rgcnce frcn n0~·al cell 

~tr~Jcturc in(icates the .cclati'/e health of th~ host. ilihen 

the r:~~~n·.· 5 2.re ~etrimental# they interfere .,,11th normal 

physiolor ic;!l functions, repro(:uct1ve cap;:1>11ity and 

surv1va."'Jil1ty of the host or~~,a.1'lism. 

>'ost of the publish€'d il"!~o.r:mation on ':licrosporidian 

c~ iseases of ...,ra",-'ns deals with thr:o !;tructl.lrc ~.n:1 identifica

tion of th~ p.~p.n rath"'r th:"n the h15tcnatholoqical 

changes in th .... host tissues. Amonrr tht? ~,·!orkcrs en'I1lhasiaing 
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the latt~r aspect, mention mey be made of the studies by 

Baxter tt~. (1970), Cverstr~t and ~':eidner (1974). Street 

and :':pr:::0uc (1974). Li']htner (1975), Iveraen and Ke11.,. 

(1976) ::lnc', rc-ed and (,l.on (1~77). 3axter G a. (1970) 

re90rtcL en th~ infection of muscle fibres and tntramu.eular 

soace by t~.(> cysts. spores anC (1~velo,,1n,~] staqes of 

Plei8~9i2l~9r* sp. in Papaeus Utec;us and £. l(;tifel1al. 

CverBtr('~-'!:; an":" .-ie1dner (1974) found, that the ~ierospor1dian. 

IndosP9rus f.:c:'rac·uei. infecting the gra!'5 shrimp, PtlMnOnt" 

Wg10. attar:ks the ~uscle fibres and .preac1s throuqhout the 

host ~u~culature, while Street and Spraque (1974). vorkin9 

on the :::a.:x ~7·r'cies of shrimp infected by El.istophora ap •• 

obeerv,'; t:-::,t the muscle cells of the host get hypertrophied 

an') r0:')lCic('e by the mierospor idlan. :i.1ftlilar attac:lc of the 

etriat('c} r:1u~cle fibres of the penae1d shrimps of North 

.'\m~rira by ;~9ngna (=ferr;!a) p.;lson1 and of the -poBtlarvae 

of .to- ~ucru;:tnn by ';.'helohaDi. (.j,gmasoma) ;enae! was also 

re.pectiv£ly. In CraPcsm fr&nclsc0IJ!!!. £. n1qricauda and 

£. Ityliroptri.. infected l¥ ,E. WoEtDCCII" Breed and 0180n 

(1977) found that the muscle tissue "u the main tarqet of 

attack in t"-lese shrimps. 

nrci.r ie studiE"'s on the histo\.'at'·~ology of . . 

micrc:snori'1an inf~ion in p('na€'i~ pro','n<:; vlere carri0d out 

by ';:::onst!:"-u~!;itch (1970), Kelley (1975. 1979) and Dat1cados 
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(1980> .'onstranaiteh (1970) studied the pathological chanq~ ... 

in the eanrw reial pen_id ahrimps. f. '''m&I .nd E. .,1t"Srwp 

fran Lou!aiana. lnfeet~ by .e. _W. 'riaauea infected vere 

tail ntufJcle, cardiac MUscle, hf!1"rltopener_. and 1ntu~taal 

ant:! atQ'"nl1C": ','nlls. Kel1ey (1<)75. 1979) d1ff~r~tl.ted the 

histolo,t"-:,11 ~truetltre of th~ nomal an~ In!~ad 'Pink ahrlmp. 

P.':'!uoraruo.: by l. duorar~ J,qlDMcma PtnICi Md rl,.1!lOonhorl 

'P. an(! di:;C>.ls~ed the ~thO']enicity and tis!;ue a"ffinity of the 

pa':'asit r~ in tlt. , ..... ost. ~··.ccently. ~:.tica(l,os (l'::'SO) .tu~il!'d the 

'''liztc,/.nt''·l(::,ical charv;~ in the ovule. of i.. QlIFSlU'WlI 

1n !:,:!ct.e;..-~ !.:y a.., unident.ified 11l1croa~ldl.n puuite. 

In In'.Hs, no ~tuC!y has so far been :'l1:adf' Oft the 

histo~t"lQ.:~;y-::;:; t:'c tL:sues .af[~eted by e.ny mlcrosporldlan 

in ))::.:1" .... 1:::-. !n th(' i'r~s<:mt stu.dy. the l1istopathology of 

.i. 5.,&;'.l1--:. tYi in r: ,··:'etec~ by ~. 'sr:Jls-11,ata is presen1:ed by 

~~urlyln' '::;C" c' i ""f(Ar'nt t1s':u· s a:' f ~c:teO 'r.ty t;~e ~at~oqen. 

~·1'-:,:· .. a:: \, :-~.!·c p:~~ms affeCh.,- :'Y the mic:rS:)$"orL':;lan with 

t!)cst! C.- -:~ e nonHll pc.-a'fJnS no a~ to &ses,,:> th~ impact of 

: r;" ,'ctL .. ~r: ./.,/ th" ml·:rosporldlan ('...n the host tlssu .... and 

1"'1<: study was ba8ed on the nrawna 0-;- size ahoYe 10 mn 

1n total IJ:CD}th. coll~cteo f:an the 'W11(: po"')ulation by trawl 

n;;:·t oJ)Elr.-:.t1ona in th. waters of~ .• anr::apa-n in i~ctober. 1952 
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m," . '1;::c':, June, July, ~"CveT'1~y'r :J.nC! ~">~e(>'~~!", 1ge3. The Jftf"st 

("~on ~ i t .... ,~ of the m1crosporidlan attack in ~h. prawn. ~. 

,eoonc~ t(', }Y' the- boc3y mugcles, qClnad. hepatopartert!U ed xa.f.d9ut. 

"0 1l 1~'" :,,!(.~ cxtf?nt, inft,etIon 'mlS a180 fOU'l'ld in the heart. 

Body mu >" cles 

In the lightly 1nf~etod n~awns, th~ nathogen wae ~cund 

ccnc",!'!t' ""'.~ .-;"; in mnall focI throughout the entire museulatuft 

of t'"lc- ~-:'"~:~'·~€'n. In t~e lon'7itu:1nal sN':ti:~n, it was 

a~rh1ren'':~:' "'t the muscle bundl~s were not completely 

inf~ct,··, ~:y t:,~ 1'a.thoqen (PI. \:'.IV, ~'1g. 1), only 1n~lv1dua1 

muscle r.~.;·I~CS were .:;een ILf!ectee. In the t.':'arly staqH of 

_e 

insL~c t\~;\uscle flbres.~lc ~e!,onts d.1v1(~in(" by stlccessive 

b 1nary f i::~ion, for.n~d a c'lein 0: c.:~lls alon~ the lenqth of 

t~)f~ m\) ... t.~l':· ribrea (?l.:;IV, Pig. 2). In sane eells, still 

advancr:'(' :'""taSE' of infection was seen wherf:" sane meronta 

C:e'telor.x:( into sporonts and sporoblast. (P1. X:,~IV. 1'19. :1>. 

{hus. in {-."t;:, longitudinal section of the abdcminal muscle 

ll'jhtly in ",..,etC'd by 1. ,rm,!ulacltl. meronts and different 

8poruli:~tior: 5 ~a<:;es o.r. the path09~n were IlH'!,-'n arranqed 

longItu·.:':inally along the l~nrrth Of the tn"~~l~d musele fSbrH. 



Fig_ 1. I.onrJ1tud1nal section of the abdcminal MUscle of 
l'enaeus SIIJd,8utcat:S. hrrow shows infected arH 
in th~ muBclel'lT~ :'3ouin-;' a1lory' s tri"":lle stain. 

C'ig. 2. I..on<jitudinal section of abdomin·'11 mu ~cle of ~!ine .. 
sr.1sulcIW' showint"'f Ihslohanil SeTIisulr}1tr in. the 
early stage of inf~-ction. ..he tneI'onts ;.;: ~orm a 
chain along the length of the muscle fibres (MF). 
Formalin-Heidenhain's haematoxylin and eosin. 

F1\T. 3. Lone,! tudJ.nal .ection of lic;htly inf€)cted n...'y1nminal 
ftIlBcle of pm-s 'fIjliSul" where meronts are 
developing nto sporont. 'poroblasta (arrows). 
r.'F.t!u::.7cle fibrf-'>s. - ~vid~o~' f' f1y:ati~,e-!1eif!~nhaln·s 
h~~atoxylin ane eosin • 

.:"11. 4. Transverse section of li(~'htly inf~ct('d ahccminal 
muscl~ of Pen,!Us §e~13y~cltu! ahowinq the location 
of th( ffil.Jltiplylno m1crosnoridlan (lnttlnsely dark) 
in t.hC'- mu:-~cle fibr0s, ('J. !nf~ction in 'tne ct&ntral 
'na.i.~t or: a muscle fibr~, C::). Infecti(')n nf'ar 'the 
Perip' ,()'!'y. i3ouin-: :~i"':;('n."'vdn· s haernotcy'ylin and 
~osi",:. 

F19. 5. 'the lon'"'itu('Hnal section of abdO"'1inal r!'!1.l"">cle of 
?enneus semisulcatus to show the adv,;nce(~ .st<11e of 
inff'lcticn. 'The ar(",llJ! parasit1~"'Ci (arrO\-ls) are 
more numerous and laroer. I-ll- "·luscle fibJ; C'. • t ~ou1n
:ie1dcnnaina haematoxylin an<J eosin. 

:'>on-'i~~tv"1nal s~ctinn of Moderately in·-( et.>" -:-.bdcninu 
tIllscle of Penaeus semisu lcatus to shov~ the mase of 
relcaBt:'d spores and othel.- developinq s +. ::i~.'e8 0::: th~ 
mlc.:-x~)oriC ian (arror.>,1). ~~,:?eHu5ele fibre!!;. Bo-lin
H~i(::'on.~ain· s h(l,.m:'lt(')~'11n and eosin. 
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ero.. .cction of the l1qhtly infecRed abdeainal mu.cl. 

revealed tt,at the locn1oft of, tile _ltiplyiaq a1croe"'~1_ 

v£rled l.1'litlally fran cell to cell. Ia.cane taMl •• u.. 
infection 'dU found in the central paR whlre .. la ...... 

1 t dev~l~d netU' the peripheral ~ Of the cell CPl. XXIV. 

;'1,;:. 4). 

wr>re ~(;'(!,':·)T':10rO'f..l!l an<'l larqer.:he multi~lyinq pathooM 

oc('Unie, ~:'J-- en-tire mu~cle fibre which was filled-up with 

round T'<'m!'-!rorobluts and oval .~r_ (Pl. X){%\'. 1'19.1). 

"vofi>ril:~, sarc~lasm and nuclei of 1afectecS nueel. f1br .. 

c~!"Il('''_ .'~.; r1i.r-::a~'r'Ii!'areC. ''''he only r ___ t of ~. _el. 

f ibrf::' ;- ~ ~.:! '--le- at thl!l ~ta,""e ~'as the endomye1um vhtClh " .. 

lnt '"let a."lt ['.-:-'tained the long spindle ah __ • Howev.r. the 

(ir~et .,.,~.! /· .. ·ur~ \~eveloped by the eont1nuClUsly tT&Ul~1ply1nq 

m icrc~>"'::-'r i' . "n in.';' 1,.1e the en(~ory!!!lurn cautH""-'! It.s exnanslon 

devE'lc:;lLc ,·taat.~s (,1. ··r,. 1-... .'. 6) ":h1c~: in-ec:ted 

ne l':hbcu;' in'; cells of the tissue, prcSU%nably by meana 

In t"1e h('avl1y 1nf~eted 1)!'awns. fibre's of most of 

the> ""u:-;cl~' bundles vert' foun<'! to be tnfflteted. lya.s and 

r~ lac("i:' 'ty the m1erop~ri~ian (rl. X)~l# :-1'1. 1). The 

Inf~ctl-:: ~~ I"a!J11y det~etA'hl~ a~ blade mtl~:-?~s of spores 

a'ain~t the n1nk unlnf~~ mu~~lf> f.tbr'~s "t'1-:.ich wt'r(l V"'Ir"/ 
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",'he nature of a1crOllpO.r1dlan infection 1ft 1:he 

muscles 1n the cephalothoracic r&Qion. lo~otary orq.na ana 

(vary 

"';.- inf. ,"'ction of t~~ O\f'arian tis~ue by the rn1cro5por:ldlan 

';?13.S n-.:)~· :~"~tricted to anypparticular stage o~ dtIYelo.-ent of the 

OVerY1 :> .• ],- +-e or pa:-ti"l ,.·~€'::;truet1on by tho pathog_ " .. 

c{')n5!'1Ct!(~,~,- inclusion bo-Jlen (Tns) in the }:a.r.yopl .. (PI. XII. 

10. 5 ~'!)i:"' 6t pt. XIII, 0"iq. 1 and 2). .I\t low magDlfieatSon, 

the I's Y')'-""ared 38 though they ",.re the nur-leal! of ~he 

oocytea. 1fdch in the DOrmilll eosea are spherical and are 

found at ~':'~c~;cd to the inner sic~ of the nuclf('>ar membraae 



Fig. 1. 

;ciq. 2. 

Fig. 4. 

Fig. '. 

lDntJitudinal section of the a"Jdaninal mu~~cle of 
'Penaeur: seni9ulcAtuI shcr.-linn heavy infn ct10n stage. 
Note the hlack masses of s"'orc-s (arr('JI,,!$) rr:-""lacinq 
the mur,cle fibres (f-':F). Bouin-Ileid@nhain' s haematoxylin 
am eosin. 

Semi-thin 8eotion of • normal early develop~ at.rye of 
ovary o:~ --,naeus SantsylcatySe P.;~oFollicle membrane, 
tlI.>ucleio It NUaNuc eus, cC.Cocytes.~oluJ.d1ne blue. 

Transverse .ection of a partially infect~l ovary of 
ftnaeus lem1sulc8tu1. Note the variation in the 
number and arrangement of inclusion bodies (lB) 1ft 
eac~ oocyte (oc). Bouin-Heid~nhain's haemat~rlin 
and eosin. 

Zeml-thln section of a 11g;,t ly infected ovary of 
F,naet:£ semisulcatusl f·"'W free spores (a.:::-rCl\.,) arc 
seen lying betwec;n the oocytcs (OC). 7.'oluid1ne blue. 

~'ransv~rse section of a li r ihtly inf~cteC' ovary of 
Penaeu ... !t iern1Suicatus. Sane of the oocytrs havt"! been 
canplcto y rer> aCed by m~ront8 of 'i beloh<'1n~a 
~em.a.SU1C'. and a ·:-:anpact co lony of the """athf:-gen 

as been ormed (arrowa). C'.r..conn~ct1v'.'": tis8ue 
""rane, DY.DiplOkaryonl rnaFibroblasts, F,.Follicle 
-.nbrane, Hc.He.oc:yt.. Bouin-£'lallory's -:riple stain. 

Transver.. .ect1on of a lightly infected ovary of 
rMYUS swni8ulc.~. l:ote the round to polygonal 
cells of microsporT lan forming colony. ,:J)brc.v1ations 
same as in ;,.'1::-. 5. Bouin-o ·D.llory's triryle stair,. 
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nucleoli 0': a normal oocyt~ nucleus. :'ha :::'a~, size. nurfih .... !' 

nn(; iiII ~ wl':,' cment of the IHa varied in p.aeh oocyt:e (Pl. A"lI. 

~'19. 5 un~ 6, Fl. XIII, F1c]. 1 8nd 2, Pl. X/~, Fi9. 3'. The:r 

\fere rounu or ovoid or Pf>ar-shape4 or anoebo1c! ftruatu~ 

:catterec.~ spar •• ly or eanet1mea arrcqe:1 in clraulu U'rey. 

!n the 1nL ter case, the 128 were seen connc ctf-d with eeeh 

r~)5 we-:T lo~:ular structuce~ '-'it.rout any (~i:::tinct membrane and 

!1taln~:( i:~tr-,nzely ',dth ba~lc (::yen. ':"hey s:,'a1n~:t daz1t grayish 

hlack 'i i:-:m haemataxylln tine deep red '~lth acid fuohain. 

,ltr-:a}";, ,{'" nucl€"ar menbrane in moat of the oocyt .. haYlno 

':heI;,;. ,. . .'lred intact as in tbc noma1 oocy1:ea. occulonally 

it ··'~S . ·.m to undergo degeneratiOn. :". other orq_ll.a 

~uch i]':; (~i'·t~)plamn. yolk aft<1 cortical bodies .1:n the mature 

sli-,~tl't .:wophl1ic natur~ (in:~v~lon1n'" o'xytes) or strong 

- ,- r"w snores 1..:ere aeen lylnq freely in ~tv~eft ~h. 

~~'?e ~'1aturinq OV3.ry '~hen l1Qhtly infeeted ~ 

( "1 ..... "! rl'_ F • A.'_,. r 4V. Sane of the ooey... in 

mlC'rot';~"Y': ian which formr:>d a compaet colony of small 

rOU!1(: t,{, "X;ly·- onal ce11!l ('1.'··:". ::'1g. 5 ~l'\o 6). C"r.-me 0: 
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cnuract, ,:" is t:1c stage in the m1crosp<>r1diens which 1.8 usually 

(cllO".,;~ by spo.l:\&lat1oD atagefonninq the spore.). sa. 

",cllicle eel 8. heamocytu and flbrobWU""" alM .... 

in thil invaded follicle. '!'he fol11cle wall ~ .'he outer 

illost corm(;:ct1ve tissue of the ovary we.re, hOlHr#U. 1ataet 

(lIl", un~, ~:ccted (:"1. x:·~V. ~'19. 5). 

In ~: r::t,nsverse sf">cti-":m ~,. ~ hr>avl1yin ected ovary. 

oocyt,f."S ir:. elMO~t all th0 fol1icl("s ~'@'rr' :"~ -lEltceo:~ by meronts. 

snoronto':'u",}( s<pOres of l. 'emi!ple.tt ( 1. ,~,VI. l'iq. 1). 

-"he Cf·ll r::')nstitu~nt8 of the 1nf~-et~·d ooc;:rtnl could barely be 

-1!ftin"';'5 t:' ,..,,~ as the .. oocytes were filler; with the 

mi,":'I"OSfY " t(1an. Although cytc:plasmic dU1I'lteqrat1c:e .... Yer!' 

!,rQ'nlne~:'# cell hYJ'ertror>hy was never d:ulerved. ~~ach ot the 

oocyte,s. ":u lly invaded "K~ nE:>atroyed by the pathogen. wall 

Fo('t"n ru:; ft:';a11 group filled by the mu. of ~ .. 11ft(! the 

otnf"r ;, 'u'lopin0 ~ta0es ant': ~ac11 o! t~e f~ < ~ icl&s \.:&8 

ce~rf"n€r-: ;~''''~ by larger Cfrou-ps . C':":"H' or s<:'v.':,:11 sTallcX' qrou!A!J 

( 1. -. Iq. 1 an'~ 2). ':'hus, the entire ovarian lobe in 

th(' t~"~'.r:~~~,:~:rse section was found to be t11l~~ up with apor .. 

,,,n:- ,'0v'-L~in""; ~tages '\tlhlch app('~ued .. grey ~o h1 .. ___ _ 

when ~ :.:.,1:-:,/, \111th Heidenhain'. haematacylln and -1ft. '!biD 

st.l."'C'!n :.; ;') C'cnne.ctlve tissue repreaeAt1n<J the follicle wall 

and the r::-lJt~~r connective ti.sue membrane aurrc:undiftq the 

ovary. sta1net:'i !"lnk to red with eosin !ndlcatinq the U1Ichan~ed 

COffinon·::,,· _5 :'i! the OV'1ry (~l.: ~'I.~ig. 3). ~olllele cella. 



Pr.l~T~ .:. VI 

'':'r ancverse seetiot'J3 of a hE:: av ily in:!:>' ctcd cv ary of 
}")enaeus ,em~sulcatu!. Note the degenerating 
o~~es scattered at n;aoes (arrows). Th~ fol~!cles 
(, ;~.,) are filled with the micr05porician(T...,). .... . .1.. 

eonnective tissue meml>rane, F'/I/.£·ollicle menbrane. 
Jouin-Fe1denha1n's h2ematoxyl1n STY) eosin. 

Lon~'itudinal section Of a testic:..lla.:.- lobe of r ~nalU. 
§pUiSMIC'm infected by lelohanla s§ntsulcatuF. a 
the normal NT) ad infect tubules ( Ij,' show 
apparent differential stainIng. Relatively larqer 
n.zmber of infected tubulea are located tOh'ar(s the 
perinheral part. CV.connectl'le ti!:cue. '~ouin
:':eic1(mhai n'" haematoxylin and eosin. 

r .. n enlarged view of :: i0'. <4. ~bht"ev1~tlon. ~&'t1e. 
500. 

'~t'nn~verse section of pc:-oximal vas ::''''·f~rf'ns of" t2stes 
of: Fen~S .emisulcs;W,. The qlanc\' 1& E'r."'>i e~'-"'lial 
\'lall (ci8 is slightly h-'l'ertrOT"hied ut !!an~ ~1 aces 
(arrcM) where the mierosPOrid1an forms CO'!'pact 
r.oloniea. CV.connective tissue: L~-Lu.-nen of t.h£> tubu 
Sz.spermatosoa. Bouln-.:allory· s tri~le st.:lin. 
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haemoc:y-td and fibnbluu were r.latlftly f. 1n ~r an(1 

! ~ only ft .... the foll1e1e wall.. Ic.e eell. la thu rt91on

probably the ....sus.; pheq~, wn ec~lftly larvtlr 

1ft et_ ar.$ ec.ta1ae4 4u1tly fte' •• ' _. .. _ ttwee I\\1Clel. 

There...,.. _17 e f. ~ ... , .. Md ....... p1 __ 

in the he.,lly .f.nfMt_ ..,.,. (Pl. XXV!. Fiq. I ... 2). 

The •• OOOJ't .. were deqtmeratinq an(i shOwed highly basophilic 

reec:ticft upon eta1ftinq with h.1._atoxylin and .cain. 

la certain e..... infection ".. _ 111 OIl1y .. lobe 

Of the OVflq whl1. the other It.ba vu .tUl eaff......s ana 

.ff~ lobe "U h1etively yeq thiA .. et:.1QpUtd .. the 

ot:Mr tmaff.ate4 .... 

The _tin Itele repro:!uctt .. ayften ecrnprU1nq of 

t •• tu, ••• d.fereatia .. ~1IIu anpoule vu found to h. 

lftf~ ~ .. ,.&ft1MSi.. In the 1~1t1Ud1aa1 ... lon of ft 

t: .. tl011ar 1 .. f~ _ ..su1. W .... .,..,n. t:be MfecrUon 

v .. anen 1oed'''' .. __ inU._ ,-,,1.. __ 
It aiDed with Me~·. b.IJ •• ..,U. ........ iaf..n.d 

tubul.ee _" 01 •• 17 ~""'1. fr. .. DONal .mul~a 

(PI. XXVI, ri9. ." tile ~ lIPIMand .. c!utcly et.ked foci 

etaine4 4eep ptldt vUh -ill. AlitheGfJtl t:be !af.cUeD "' •• 

ob....s to ape'" un;ularly ia the -.n1ll1feroaa tubul.. in 
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tubules were founw to bo locat.c'<i towards t' 'r.> ~er1ph~ry. 

anu cic::.inct invasion by :i. ;UVHulctt.. Hcverthle ••• the 

thin cun;:-:~,·et1ve tissue Membrane b1nd.1nQ the tubulesw .. 

una.: ~ (;et.",,: and appeared .ill~11ar t.o tholJe of' the n~1ghbourinc:: 

l~ormal t',llules 0'1. :'::;/1, fig. 5). !nf('ct~ tuhul ... contained 

lumen ',:~S tilled with dense ~ass of pans1"'o:::oblasta. ~ .. 

were~.:l::() Gcen occasionally in the 1nf~ctl':'d tubul ... 

c,e~~(,"r,~,:, j,:'1~ rylandular ep1t~cli.l wall r:cntain@d aeYer.l 

t1SSUi" '",,' ::-ane was visible 1ft the .ffeet~ area lIUft'CIiIIl(!inq 

the Jcv, lc'r.>!n''1 mlcroeportdian COlanr. Aa the 41.-_ 

i)CiVElnc', in\'as1nn of .everal &dj_ant qlandular epithelial 

c~lls 1· I:~ to t.lte develct:ment of laroe colonies of the 

mlcrospo.r-i<; tan which were lined at the inner side by • 

eomrar,nt i vely thick menbrane of collagenous fibres 

( t'l. 



.r'111e'::, \ii'(..i) ope.r:natozoa ensDc,:tthed in • 'c'l\1coo8.1ilce 

eosinophilic substance (::-1. ·,~vr. Fig. 6, ~'l. X~NII. Fig. 1). 

~ h~ s~i"''',atoso. were free froc( infection. ::owever. 1n • 

longit.ur:inal section of the aistel part of the v •• defer.,s. 

s':')err:1Z:rtozoa were foun0 to bfl' r<!";""laced by ;:leronta at .... tlrel 

foci( 1. ,11 •. '19. 2). 

'he main tissue affect~d in this rf..'(!ion wea the 

tBll. ·~"lt.inuclp.ted glandular epitMl1um. !loth in .. 

t: .r'a11~V'·· '(' and longitudinal !'1~etlOft. of termbaal -SAIl". 

the :~l;r':"l:'lr apltr:ellal cells were found to be qreat1y 

>1':"'1"''':'£7. c· ~J'(! and fl11~ ,,'1 th the ~ colClft1_ of 

""t"'! ('mt~ 1. XXVII. Fig. 3). In the advanced etagee. 

the ryla.""t,--\llar epithelium was ob8.rv~ almost corn~let.ly 

rf"pl~lcN'; by the "TIicrop.por1~ie.n (PI. '~W!I.2ifJ •• ), Clftly 

clumr-e\' "'Dclet 0': 11t'HlJtIO]€d e~it.hellal r:"C119 being SfMm 

QcC'asi'··~)11y.:'herE" \-?ere. h~l~er. a few individual 

0-:-·!t;,(,'~i~!1·cells which were found either unaffecfted or 

htwln ~ f'-"!'ily a few multiplying merOftta (PI. ~<).::vt%. '10. ,). 
he' :c w

-:, ~ ;.) :,'')f\hore in the t~rm1nal IIftPOUle was al1qhtl,. 

~::a';l~r'~:' "',">..:: ,:;ue to the enlarqed glandular fl!Plth.,11al cell. 

an a !;-::·.l~· of inlection (PI. X"I.VII. Fi.,. G). 1ft. 

lon~) i t~:'l/: inal section of another Inf"1'4fted tern!n&! ampoule. 

t'1e!'t) 1 "c::-'" two thick layers or. stronqly alc1dcmh111e 



Fig. 

f1~. 

.. i-. 

F1q. 5. 

'c'1g. 

PL.,~. ' : Z:,VII 

~r0I:~}verse secti~ of the> "')'roximal vas deferens of 
tcstes of P'nae~~ s;mlpulc@ty§ showlnq large 
colo!'lles of the mlcrosporid ian (arrO\>ls ) in 'the 
r:'12n:~~' lar epithelial luyo: (:-:;;:) 11ne,~~ ~-::ty a menbrane 
(,;1) of collagenous fi;:'r~s. T ':'.Lumen 0::: the tubule, 
; :Vs"u.cous-like eoslnoohillc substance; ,~. 
:;f'f'rmatozoa. Bouin-:' allory' s triryll!! stain. 

Lon~ltu0in&1 section of the distal vas deforens of 
testes of ,PentES sg18U!CSty.. Th~ spermatoao. 
have been rep acad meronts at many places (arrows). 
GE.Llandular epithelium, ,:';n.Spermatomoa. !3ouln
f1allory's triple .tain. 

:';ros~ !vction of th!" t·'rr.tinal anpoule of the testes 
of -, ("nacus semisulcatus. ':he r,landula,:, oni t;-:!'l inl 
~llD C::'.'e ,"rcatly h~'rt~" .. ,-; led C:Ire.· .. ;) '.,;h0rr. the 
meronts (r--a-::) forr.l CO"lnact colonies. 0n:':'f~'cted 
qln:1 t , lar enithellal cells (UG) are al:.ic vicE~le. 
~ouin-~llorv's tri~lp Dtain. 

'1"ra:~ ':V( .c~~c section ef th~ term!n<"!l a::rr;~;ule o-c. the 
testes of .' enae'.lS s("'1isul;: 3.tus 'shO''''/in~: .::.C-; u:lc{"(1 
sta~'- o-=: In':f'ction.·~'he'Jlandul:lr epitilolial cells 
have been eomplfl'tely r..-nlacati by 'iheloh:,nia s;r"l1,!'ulcltA • 
.1~rrQl, '..canpact colonies of the miCrODpO.l: i::~ ian1 
GM.CclatinCWI material, SZ.Sper.rtatozca. Bouin
Mallory'. triple stain. 

Transv~rse section of th~ t~rml~al smp~le of testes 
of i~.ra!lS sern1sulc:aF~s to show the .~:1UH:i',?:YingM meront~ 
in ,_,;.0 ' . ." an(!\ular enL.fs.?l!al cells ( . ) .,.uin-allc>ty I 
triple stain. 

LOn- .itu(~ir:al sect!"n of thp. terminal arnt". ule of test. 
of j 'Cme.euc semi:o;ulcatus. ..he soermaV:.'['h.cre C F) 1.8 
c():~~rn's$E"d as a rr.-sult of the enlarocm~nt of the 
'flo.n''!nlar epithp.lii1l cells ( .... ,) due-to micr'j~i)Orifl1an 
inf"'cti':,;n. G~':";elatinoun materialt i" ~:'u"'cular layer 
of tf"- .. 'fi :nal ctlTl00Ule1 ," :=-Der.matozoa. 'Quin-Mell(1ry' s 
trirylc ~ta1n. 
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W$re abserY~ ill ~. apACe _tv_a thea. t:vo lqen 

(Pl. :;eNl!l, J'tg. 1). How ....... tIw.,.~ ~ 

with. thin filii et veJ,-1 .... _iaepbUlc ~ iD ~he 

apenatcphor. Wh .en la, ...... SiIIU.arly. tdte .. lMIftl". 

tissue. end lcnoltw1Saal aftd air_Iu _.cl. , ..... __ lylftq 

the '11andular ep1thal.u. were not 1Dfeeted ~ .. .,. 

'bMftl rmrt of texminel empoul. around the external open.1nq. 

In th i ~ reJt;fion, c:JCm'peOt colonies Of maronts were Observed 

in tha c;;n~lY. t1_tNe. ('ecuiOftally, tlanderil19 (phaqoeyt1c) 

cella were t0U84 ouryifto the 1afeet1Gl\e 

III the VaMYene aection of "-patOpucre .. of • 

moc!erately lnfecud prawn, .aat of tt. peripheral tubule. 

",.re Seen filled with spor •• *Dd aporulatlOll staqee of 

T. o_1su~ (PI. XXVIII, .fJ.o. 2). The ecaneatlve tlslI\le 

aenbrf.lne bouad.Jav hepatopancreu "u .tact DC! unaffectf.Od 

(PI. X;.:vIII. f19. 3). Moet ot' the .pitheliel oellJl of the 

1ftfectea bubd ....... ftP1-=- _ ..,... .a ~1"" 
of the i:>4thOO-. A fw WMff ........ Ita ,... fClUftd 4eteehe~ 

frGm ~"le oMopb.Uie .1rk_ of the tIIlMt. .., 1ar ea 

elU1'lped dcbrJ.. iD the __ 1. 18_ (1'1. XX'tlnt. P19. 4). 

At m&y plac.., the th1a buopbJlie ~r_e .upporttno ~he 

ep1thclJ.a1 cene ... not y181ble an4 the baeophl11c 

ccnnect1ve ~iaau. .tr .. &I by vhldh iftdiv!dual tubul~. a~ 

held toQ.~ ill ftOftlal hepatopencreas• we.ee DOt .art 



< 

, ft9. I. 

""1g. 7. 

PLt\TE XXVIII 

Longitudinal section of the terminal anpoule of 
test~s of Penseus atm1,u1cltU' ahowino the qrowing 
mcronts and sooronts of microsnoridian(T,) betweon the 
two layers of the aelatinous matf.!'r1alCM). GE.cl2.lldular 
epithelium, r·1Tu.Huscular layer of terminal empoule: 
:?:-sperrnatozoa. Bouin-!';allory t s tripl(l stain ... 

Trancverse section Of hepatopancre.. of a moderatoly 
iafec:ted P'P' 'r.1' U1i'tal. Darkly stained areas 
ehow infect tw. .. vh ch are replaced by the 
Idcr08pOr14ien. Bou1na-Heidenha1n fa haematoxylin an'~ 
.. In. 

1'ransv(,rse section o~ hp.,...,..,,' c,pencreas or a moC!~ri'ltely 
Inf;'st~d I'enaeus seni.su'1 catus. '-:'he con~ectlv~ tissue 
~)rane of the heoatonancreas 'arro\<Js) it; still 1ntaet 
~ unaffected. HT_tepatopancrcatic tuL~les, 
TS-Inf~cted regions. 

'£ranS'1€'rr.a section of hep8.tOpanercas 0'.:'- a m(x1erately 
In~,ctc>(l Fenaeus Bern sulcat e. t 'ost of the er>1t1t~11(11 
cells 0 r the henatopuncr-:at c tubul,.-'s h'1ve hf'tron 
replacr- r ; ~y the microspo':'i(": ian. '"'ehrl:-: or un~~fectoo 
epithelial cells (FP) are s~en lyln\ in the lumen of 
~ degener.t1n9 tubules.~anpact bla,(~k maBSes are 
8pOres and puaporoblast:s of UW10henia .sem1su~cl$'. 

2'r~. eec:t101l of bepatopancr_ of a moderately 
1n:feated ~,eu. 'emisplCttuae ';:'he b~scmhilic 
membrane connective tS;Ue- stran(s hnv(' almOllt 
d1~a:~c arM. l.rrt;M in(: iCutes the re.mnt'~.nts of the 
maTh~rane and strands. ~~~~icrosporician ~nores. 

C~ran!;verse section of h(''''''<3t~ancreas ~rClTl a hf"av11y 
infected Penaeus s~1sulcatu!!. ':'he pathogen hall 
ocCtrp1,'-'d mo~t of th~ tubules (c1ar'kly stain"'d areas) 
and those not ft ll~ un ~'1 th the pathor·'(~~. are 
und~r.r'!oi.IY'f degeneration (arrow). '3ouin~-I'allory·. 
tri!,>le stain. ' 
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The epl~.11a1 .. 111 ., _ et the .af, .... 

tubIalea cmteJne4 .. to .." ..... 1_ .s .,., .. 11 

eytopl .. et&tucl pja1I ..... h ...... 'l .... __ ... 

vu ueed. Haw...... the _.~ er "' •• oe118 .,..,ee al1c!ht 

•• riation ire. ""_ wu oeneraUy aba.ry~ in ftOI'Mal 

hepatopancr •• tia ."ithelial e~ll.. '!be nuelftar Membran,. 

bodftd1nq the DUel..- in ~ of thee. eella ~Uf>c! 

or .. lU'. ~_. ~h.r. _re unall,. more than 00. 

_eleo11. .GMt". upt" aix. Whtn _hi atrono17 

ba8OPh1llc ata1111a9 dad[ w:l. th H.~_b.tra· .... _.-.,1". 

la the nucleu8 of acme .rtthel1el .. 1~, .c., .. ... 
cbrcmatin .... rid ... the ka!.'7OP1_ VU .1 .... 17 .ta~. 

Tr., ... o. section of • hep~ ,..- • 'he_lty 

iafeotflC! pr.m ahowed almost total ~l ___ t of ~M 

"'e1)atopancreatic ~1 .. by er-res tIIld !,al'urpcrobla!!t8, 

QalNle 1 __ VIllI 81.0 filled with ~h. pa~.!~oqct'l (PI. Y.'f"1!II. 

i'1~,. a). 'ft\e ~la .,...et1 ... tia •• MrtI,brane .u~tng 

~h. tlIbd_ .. 1tMUal eel1- --.lftely "'inpp •• nd ~ ~he 

t,J .. re11y repl __ '" QO .... ." ,..,.robl .. ta. 

Oec •• s.c.ally. a fft venr.t.rlag _11. -.re vleiltl. at plac~. 

':rn. apona -. palUIpOZ'Cbll1fta .1'. " ... lly .. 

fa-..,.,. cU. ....... e4 __ wen .... 11\984 _",,*,,17 sa larv-





f~' . I 
, . .... .. 

T.ran..~~er$e section of thE' peripherlll part of the 
hepatopancreas Of a heavily infected prm-"Tl. Nott" 
the infection in the heoatopancreatlc merrbrane 
(ar"j;vv.') bounl.iing the h~~;,topancreu. arkly 
stained areas are c:mnact colonies of the pathoqen. 
!r:' _ iiepatopancr~atic' tubules. Bru.ir;..nei\.~(~nhaints 
h.!'1lato~l1n and 4:os1n. 

Iran3Verse section Of the infc:cted mi':'gut of Penaeys 
~. Note the bleblnQ oft t:'lv- ~1~ l!t the ~oc! 

(arrow.) o1v1ng • characteristic 'meven 
::ta., 8ftOe~. t.he oa~ margin of the orglm. Bouln

l0t7·.·~ripl. na1n. 

Tranwverse sp-etlon of a part of the infected micgut 
of ~MQllUs 'tml."eytus 5hnwin~ th~ ~~ft~t eolcnles 
Of the 'PathogenTS 1n the sub-mucosa (--U). The mucona 
is not v:bdble in 'the fi~2=~ !":If it ,.~~ ::-lO"..tgheC!. ~!.
Bual lan!na, r.r;.I.a!Ien of the gut. ;:!ouin-l/'allory' s 
triple stain. 

~l.'V~." section of the hoart of a heavily infected 
prawn. 'lwo Imlall. round to oval shnpc:d aqgreoations 
Of the pathogen (TS) are seen. a·t.-:-ardiac muscle, 
H''-.;aeaolymph. Bouin-Heicenhain's her.w.toxylin and 
eosin. 

A blood ..... 1 (SV) frcn a heavily lnfeetl!d prwwn. 
Note ~ ~ nl ... ed fran the vU8t101. :.;---t t'PIOUnt. 

Long1tuc!tftal aecUon of tr;e ball of ~ he~ily ln~ccted 
~. The spo.i'ulatlng stages of the nathogen (arro-... f.d 
are seen located in thp retinal rfL!!(}t"n tyf. the eye. 
Uouin.-Heidenha1n'" haenatnxylln and eosin. 
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miclqut. This layer \-ie usually alouqhed rather theft invaded. 

The l>:\nal Imn1na (b1"~.emmt -.,b:-ene). ov~rly1n9 t:he _COS. and 

eUTlpt:jL~n(i of thin retiatlar (1hree. WM &l$O devoid of 

1nfeeticn • 

. :~~,. su';'-.-,usoca, consistinry of lOOllely arra\Q.c! (areolar) 

c:onrwc·t ;'VI1 'tissue. was the ma.in tarqfrt of th~ mlerosl'Ortd 1an 

attnd: ~.:~:r~r~ t'1e ,:,:,athoqen :nulti'f'11ro !If)(' 'Produced pronoune&(! 

in: ecti' n. :'\,e ,,:ml tiply1n0 .::.. Ign!~uleat§ f('..r.~ed e<"I"I,..aei: 

,'01cn l.>2r.: ~/ .. iC~'i were lQcal i 7.(,(: at rylaees in this l«.rer (Pl. ;C.:!::. 

"l'). 3:. ::-owth of these ccloniE'!II, lrrt'~-''''cttve of the 

ircul;.: >·i!':."er o' the sub-mucosa, rezul-::c~ in bleb1ng I!Itt 

t~'H'? .cl" ,-:i~< infection whic",::ave t;·w C~~d':: -cteristle 

aF~("1.::n .. 'cc as mt"'ntione<.: c;lrlicr, to the (')ut0rmarqln of the 

ac.' colony containfl!!d a larqe 

numbc:~ ef' :.'le-rents, ,1evelopinc.r pans"')orobl ">:ts an~ .,,~tur. 

apoce-s. 11S foci of 1nf"ct1'-n \':er~ oft~-: ~urrcun0~ wi+;'" 

int(>cL,c,· .. · collat"renous ~ibr~s ::,nCi flat, 'b:-i1.,'1rl-·lnn f1~r"hll\,~t •• 

ch£': E0::" tl·~ of suc.~ • mfr."lhranous layer ft!':ound the nrowinrr 

:: oc1 of r'>::><t!100en wae p.reaumably due to t-hl'J inflaMMatory 

re!3p'::'J!l!Cf:' of ~108t tissuo t.o the infection to d.l1m1t the 

9ro~,..;ttl c:~ i.:"~1I" ,,",t:\t;hoqen. H~~:-, e,,"n~etlve ttssue l~r 

!Ilr~\lnr3. ~~~.:;ny of the l."\at'horym rn,3'~~e. \-las found ruptured. 

perhaps ,1,.JC to the .~9!" Iv. pre~8W'e exerted by ecntin\,ously 

mul t i::-,lyt!1g _e 1er.l1s·Jle§t.. N'.ll'"erou~ ~r:)ro~)lu~ •• ."h8l"~t_ 

and hae-nocytee were present in thlP areolar connective tissue 

of su..">-..r..:ccsa. r'urth,"r, the:-' '(.tas e~t"sh'~ (1enositlon of 
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this a:~'~)f·ar.o like .. thick m~~::-,rane whicl<- ~ "'.aine~ blue t"H''P1e 

with an: .. " ine blue of " allory's triI'le stain. ;neral 

inr~1v1cu.:U sporea and panBpcrc~;l'wt. wer£' rc-une: to be 

embedlAtlO in this membrane. 'lhe th1D mernbnmous layen 

surroun<:~in~~ the develop1n:-; eolooie. of mierospor1dlan in the 

colla0~nOU5 .51bres at sE've'r'al "'lact':'s. '!)t, ":~1~cull1r1s and 

r~l"tlvcJy -hin and occasionally contain r {1 Cl very fw 

.~Ori"'8 ""n,l/or panaporoblasts. 

rfeart 

jicr,sconie exam in at i-:;n of the transverse seet10n of 

t he heart 'tissu.e of. III hNlvl1y tnfeete(! 'Prawn ~how~ a few 

T" "1 A) ... \... : .. !1 ••• 

accmnulation of large number of h~ .. \tU DOt ob~. 

Infecti,..:' "a.q uso not SHn in the wall of. the blood .,.. •• 1s. 

oceasion.:: 1.1y observe<! in larryf' nurnb(!ra in t~1e haf!"'/!olym'{:3h in 

the blOO(; v(~s.el. (PI. x,' I'-' # : i";. 5). 
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.1":~re vere apparently no visible lesicn8 en ~ 

prawns ~/, . "" .. :1ly lnfectf"d by I. ;m1'p,letSip. 1ft tren.ver •• 

and loc '1 ticunal e.ct.ion. of ventral nerve cord. ftcnft of 

the st(jq~. of life cycle of 1. 'Eilul£1tl were observed. 

;;OWevf'!". in the optic ntrrve, cut lon'1itudi!11!11y alcnr. with 

the e:ye-;:~':~lk ot i!! '1('":w11y in: ~f'(:~ ~~al(' ""r ""Wn_ spor~tJ 

,..'~rQ C~!.; rvtfK1 a~ ..-nall rounJ~t1 '-:as~e8 Pon+- ":;""l~ 1n b~~' '~f:'n 

t"'. axon~ C'l~ dendr1tes ~orm1n(1 et e~~llc·,t!';d network in 

t h 1!t r"''' ir·n. 

'!~L~"ct1on 4a~ 21!"c fC'..ln'. 1n t'l"" C)'o-hall, a !lns11 

colony o· :-','1thoc:e'" consistinr ~~~tly of ~p,:,!."'nl.tlft9 .taq~!, 

;'Ta8 !J~';.~:; l'-'I,~ate-r.~ in t~f' r ... ·tlnal t'e?ion "lherf'\ numerClU8 o,)tlc 

n~rv",,-::r.::t:'s. arising fra;; thf:~ .::ptic ne-rve (~,":ntjllon and 

sub-rc·t:'''':.:tl blOQt:: v~$~cl!'" :'o~, a c~'r'le:''y ("1. ·"·D .• Fl:j. 6' • 

. :c·,;!l'vc.:-:, t' {.- ("JV(' r lyln"; O1i:;(;\tidla were frf¥' 4'rom ~ny ~ueh 

colrml::' ti'''m of the p·-;thoqfm. '~-he oJ)tic ganq110ft in the 

eye-ball ~:",\S 81s0 (""(lie of inf'·ctlm. yet, 'lower 1ft the 

eye-:-:talk. or-tic n • .rve W!U!I ~oun·'~ 1nfeet:M EtS 1'Mmtlonf!t'! 

earli(·r. . C"sir:es, el~t?d spor('s and pan.:·;·orohlast8 WfI'!'e 

al~o !';~r; in t~fI! haemclymJ'h 0::'.' the optic n:-tery in the 

lon0'1tu(;~nal seoetioa of the ~/e-8talk. . U~:ClN :pr •• etrt 1ft 

the eye-,,,t.alk Wftrp< much affectoo and (~Cl":'St}lY:' I several "'!tl!'ele 

fibres ':cr(' rf'place."! by ~nmvoroblut. am' snorM of 

l. uaiPUlG9t •• 



PI .. ·:!': ~ .. \ ... ~ 

Gill lar.1clla fran an infl"'!ct~ Penaeus 3 ra iS¥lcatUl 
show1n0 colonisation of th(> microsporid an arrows) 
in the ~~tmary (rY) and s~condary lamellae{ Y}. 
Uttt mount. 

Transv0rse section of normal developing stage cvary 
Of ~~s ,,,lsulcatu'. CVaconnective tissue, FS. 
Poll .. , ZaInner germinal 20nel cc.C'ocyte8, c: • 

. Qfter epithelium, OO.oogonia, .sc.septa Of connect lve 
tU .. e.BoulD-Mal1ory's triple stain. 

Transverse section of normal c'~velonln0' Gta0e ovary 
of a .,-~naeys seroisulcatus to show tht? natu.':"inq ooeytes 
CX:) a."ld the rounCl nucleioli':,r)..'ouin-r:,.-i(~eha1n·. 
hasnatc:.:ylin and eosin. 
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:,. sgr;:itiiplcgta indicate that it Is an 1nt~<~cpllular !,arMli't:e and 

its tl:>:~~w <1'7-' -inlty 1s not r"-·str1ct,..,d . 0 ,,", ;1a!"tlcular t1lJsu~ of 

tre hr:.st~ ,i:. ~an~m\,!lcatu,. :rt proc'*uees more or l.ss pronounced 

in ~(.'eti ~ :In thl!! ",u5c'llatn.::·~, :--:on<'1'?, ht'D '1.~oTta:ncr@as and mld')Ut. 

'rnF~t:1-~ .. ~!": ~l:sc seen, althou"';'; not ext~'~":~ively, in the 

("C"nne'ct :,: - 1.: i~:1U(!, cptic n("::"vt'.'" , rf.rtina an( ..... 1115. We18er 

:.'(,T~rall:·_~ht'Y Uf!!\e! one of the '-idely fl1st!'ibuted ti!J~.l~., 

r:uch as c~.n{'"ctivo tissue c.r. t~(' ho~t, to nro"uee the lnU:l~l 

of mOrt: ... 'ar'l one t.ls~up/orryl!n 12"1 T.')!'3WnS by t~e micros""Or1dians 

i!J no.t: un :~mmon aa r~~t~ by '1 Vf'!'> rs~ t'!""~ '~anntn(j (t t,)59). 

(197;~'), ·~",,·gt'ref!"t (lct13), 11~\;tn .. r (1~75), !v~r.~ and 

~~ elley : 1 9 ']r.) Iltr1'hO'l'ta~ (1~76). 

'T'I-1~ initial sit~ of infr"ctlon by;"' •. !:',ltiulslt' Jft 

l. 'cmW31sat\\l is the mi(~',ut (See Sd:>-Chapter 4.4 ontransmi •• ion 



ex-p.riment8). 1'hfJ! condition~r< tt""orf.:'S inn~r;tPd by tlw hoet 

c isc:"l,~t· t"~ir ". n ~(>ct1 ve s::·orcnlasm into t;le sub-lTId:DSa 

lit'le' .. th0 ~.ut eni t.!-leliu.'!1 a!'l(~ ir.1tiate T~r~ony. Tlw 

hA~ocyt':~s ?rt:'s"1nt 1n the !Nb-mucosa Wf'nt1Jally ent1ulf 
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t'he ··I1~rm~., h . .:o.;$ haemocytes p.:.~ob4bly .t"i.-/'~ as carrlt!trtr of 

in:i"'~eti")n_ transnortlng the P8thoqen to t:H~ 'iifferilftt tt8we. 

o! the 'v::,~t t!':rcuqh ~am"l~1fnph. -eitH~r (197(,). whl1~ 

(! 1~cu~: r::1n -. t."l~ ho~t-pe.raslt(& relationship o:r- th~ "'Ileroaporldian 

paraslt,?:~. o~ the inv.,~pbrat .. s# on1n~'" th-.... ·': 1nf~t1('tn beyond 

th~ ""Ut '. '.,11 neMs th ... t anspcrtat10n Of Vi'~crnt.3tt"t! 9!Itn .... "5 

of t~~ r-<1--"'.~ltft by h8er.!olymnh to O'th~!'" r'!l.n"t!ll of the OOt",. 
'!p ("~1s--:-r, tq16) furthflr 1'Wlintoo out thn~ t~i~ nrtmary host 

c~lls (~'tr. ~'~mly haer.\ocyt~!;) ·'h1elj ah8or'b ~~~0 v~eotat1v~ 

~ta"'1'>~ 1-:w r:>h~q~eytosl~?'tr~ unro'lE" to t1@st::--oy the r>ar",alte. 

In er-no.: ':" ·'!'!'t. th@y fM-d ~n~ o!."'~t(-et thr-s~ ~~en(">~ a!'1~ finelly 

1-;,urst. t':ns l1hl"ratlnc t'h"" var.l()U~ ~tai'(,S .C~ th .. mler~,!"..,.,rldlan 

~+;th 1e~ ,grl7" ~qh~erru~ntl y tr ang~o!.'t~cl to ot~~c'::;, L,()dy 'r';tl.!'ts Of 

'oun~ t'·t tn"'~et1,-'n of ;;2r~a ~f'. in th~ blue crab. 

~ll~n(~~~ 1'~l~ul 1~ earrl~ by t~ haenocyt.a 1ft the 

sub-mUCr~'~1 t~!r(jU<Jh the haemolymph to tht! mu!Jcle l)rox_al to 

t~e "''''''~c;-,,''l whe::-.-:.- s~oro":~l"'l<!l!i18 occurs. "heBe oh •• nation. 

a~ wel ~ ~.5 ~h0!-'e ma~e in thfii' '!Jr~.ent 8tu(~y in(~le.te that 

aFtpr i:--,!J. ial Inff>ct1on 1n the sub-mucosa Of the mIt, the 

:,·<~th·)-:i·;, n- !"ra~s tn t~e ot~f'r ~:issu"". nf 61' ferent or<;ans of 

,n)e :-H"S"-;'-' rcuqh thl!" h.'\~~lrPh 8n<1. aftf'r Guceeasful 

f'stablis;.r'1-nt in th~ conef'm~ t1~sue8, nr-:'-11ferat •• by 



r"1croqc,ny c.nt sDorulation. 

~-:,ftg tNit ~ll'fer.nt orcC\nt! of ,f. ImJ.§ulc'WI.affect~ 

by!. a;,i.y1ss.t,. the Ti<"{'!Ut ~re.4!-nt. the typical It"a1ona 

mor ... n::-t""c::>ciouely, hf"ne8 its c>taminatlcn 1::- 'i~r0Sently the 

mo~t !!\,d.~,~~'le c-nf) for 1i~entif~ttnCJ the initial .tag~ of. 

infecti0n in thE' In(7iv1{'ual. 

~;: le ""rOSf.?'nct." of I"'m"ty ~ "C~t'!> cases of: .,:. QSU1,ul5tAt, 

in d1f '-,;··r(n~ o'"qans of host, ",,(,ieh are partly or ecmr1etely 

Infect0:, sU0"1~sts Cl "",o5~1~)1~ "',r.;~11anlro of au,:r"1nf~t1on. 

In thi::;: ~~; .. c;c'·'as, th€' 3")Ot"~S t',,,:t "'1r~ rr·l,"':,.~cd by the d.,e

neratL::, 0'- an In(0Ct-r'.' C(l'll (;-·'1. X,''N. ,i '. (,). cUcharqe 

their S··;l.- :; 1 at'· into the aC'5 act.""nt eells o:'~he host organ 

Md <:f·t ....... ~;-; ~t€l, thereby pI ay in " e\ ~i:;nL~ ican't rol~ in the 

r:pr,,'aU ::::<" inf'ction in thE' L:):;~', t,'(;i':;Y. ,'v',£chaniam of 

autoin!: ctic'n by ~icrc8r'o;~ldian parasites)ap; been rsported 

~y ~H'·v("~r";'. 'iiorkers (Lan, 1970, .-:Ul'm1erfelt o...,,<.! 'arner, 1970, 

:·:atiC(i'~("'.s. 1920, ',prague an3 u$!ley, 190~). 

In th(' hofy ,",u:-'elps, t"H' ~'e r~nts or' _. 'emi!'}!ls", 

Infl1trnt{!l t'hf.l s,.rco""lT'!~"'!"I of tl-.(.> "lluscle cplls ant'! dev.lop 

colonir. r-.• ",) ~,":"h lat~r un(ler~~' ;-"orr":'0nYI th~ s~rco1"lae",~ 

1 tsel!, ~,~ .. ~ ~ redut:'~" an-~ f ina 11 Y r.'(>'!"\ laced &L"'!\O~t eom~let.ly 

by fH')O:::'t'""C en(~ oth~r c~v~l0'Pinr'~ Sta0~9 of the path00en. 'l"'he 

myofibril!): in the aff-ct:~1'1 "u~(:'l~ eell!' grar~ually dl •• ppear. 

',tu~ ler; on other $pf'cl~s of w:rnl , 'n" 1n~"'ctt;'(1 by £~IJ.atoPb9r. 
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.PP. (, t!~f~ 1:: Gn:' :'nrarrue, 197·1, :'lr~ md ',~laon, 1977) r~v~al 

t~1:1t t~;,:.: :':'(''"Y<'8t' cl ~r("rycnie r'ivislons fol1~~~ by sporoqon1c 

d1·/i:3i~!i.:-# '~!'lti t~~ ~.f5ultl!nt increase in S;-;C1:0 number. 

~ .... 1t';1n tl.;~ "iUsele sarc~r>lasr!1 most likely cause host cell 

~"ertr,:~ ... l1Y an~ .ub~~ent lyei. of the fibres. In the 

.,r~,s~t')t <,,~,':. ~tY,'J0vr·r. suc!1 ccll hypertr':?phy in the ,11uscln! 

is not -:"~'5(,:-VOC but eytonln.smic cl1sinteg.r.at.ion is aeen 1n 

cyt()pL<,'",,:~' ::.C disintegration occur!: thr-;,uqh « possible lyau 

of: cell :::~:r'lctures by !,T.'ot~olytlc enzym(l's -Alich are ~ll(:ved 

to be r,-:ol;'a;;oo by m~ronts lln,'/or maturinr . !'l""ores and catalyze 

the 'H':;;;,-clution of t~1C ho!>t cf,l ~ cytop.1 a'~' '. 

In n0rmal r. '!Tisul~atu!, the matu~e ovari@8 are 

nllirnc o''''2:n5, slttl.t~ ~orsal1y. ~xt~c1nn fran the base of 

th~ rcstr..l."':'I to the la1!t abdominal seqment. !n qeneral 

mor'l'''hc'lc'';v. thry are sim1lar t,·) those e",.crlbeo,: 10 othf."'r 

pC'n~ei" ( . .tnt;!, 1948,·80. 1968,. 

of ;'l 'r'V",lopin0 nOr""lal CNary ,9t f"1aturin':"" ';:'a(30 (Pl. ~~: x, 

'1". 2) r~v~"als t'1~'t it 1& surrounded by ~ auter e-r\1tlwllum, 

a lay(':" " .• - connective tissue ufli' the inn-,r germinal Beee. 

:hf+ s~t;- 0:" con~~etlv~ t18~U" C r.-ive risf'~ t") laX'9f.' n1Jft'lber 

OT _f/~'l!,i"_-" ~ 1n t}-l~ ovary. :~::-'!I fcl11clps contain OOQoniil 

an c-cc·/t,,>~ 0: d.ifferent si~s in v,:'trious stages of 

(':cveh")"1"V:"t. "'ht'- .1mr:1ature an' I""laturin,] oocyte. po •• ess 

f' in~l,! ,'r;~!,!~Jlar ba~on',ilie cyt::,nlasr
;-. "'hi-:-:h ;:F~;ually 1") ("'omea 



acidophilic as the oocyt""s rr,>~ch maturity. ':'heir nuclei 

1')()SS~(,~: nw,:croua round nucleoli arranqed n,("~-:-i~ral1y on 

t"e 1nn{!~ side of tt)e nuclear membr.ne (i:'l. " x. Fiq. 3). 

'rh. retit) ~):: cyt(;pl~ ~o nuclear material a."i:~ the ~r 

of nucleoli vary \11~h the cf.""l~lopne'\t of ("...ccyt~. In the 

mature cvary (::1. y>,v. !"!g. '\). foll1el~s arn not very 

distinct az the oocyte. are f t tl1y paeked l",~i~e tM ovary. 
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'!'be mature oocytes ar~ ccrnparatlvely larq~r an,~ sllrroundec 

by attmuat(l!(! follicle eells. .::.t the l""'t"irh€ral region., the 

oocyte posses.ea characteristic cortical bodiea. There 18 

del'lse scC'1..lr.Mlation of yolk 1ft the eytopl8Sm. 

-"n "ni'-':' · ..... ·t,...·A 0 'ary (01 'I u Pt-' 2 "::~'l '," ..... . .... _' ~' ,', '." -..; ..' v. _ '". ,. . 
with fl-r" ,",\r the in-F('ctr>(l on"'~ {?l. :r.'V. '1". 3 and 5, 

1:'1. ;(~,~I,l~. 1. 2 and 3) 111.lJf1tratf."s t'l·w c"~a!1tlc eytolCYJleal 

eh ang~s oC':"'.Jrrinq in ovarian ~tr' ~cture du4::' to Intection. The 

c1"'a~e~1ra~ce of nomal nucleoli and tht? :~',r.esenCf! of 

-tncluct--n '·~od1e." (n~8) ins1C:e the karyopl.'lsm of oocytee 

3re the c(':Dsnlcuous' fc-atures observed in the l1Qhtly infect" 

o'lTary.~·lc L;8 are of (11fferf'nt sl_ and t:hape. ~1r 

stainin'j ;,roperty r~veels them to be buop~~ilic in nature 

1:38 in t~r karyoplasm was :fir-st t\-"CU9ht to be an ertef~, 

but the!:: rlo/.T\ller oecurrenetl' in thtt carefully preserved, 

nrerwr~ end proceaeed o.ar1ea of ... eral ~iIaen. 1'\11_ 
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out thil! peSE 1b111ty and 1n'~;1' atea that t.1C.Y ue uaoc1eted 

~'it:h the ln f !.:"·ct1on of the ovary by the m1c.coapOrldian. 1'he 

!-'r •• encr" .):;." I;>a only in the k.uycpla.m of oocytn of partly 

or fully 1nf~ed ovule •• 8ft(! their ~_nc:. in o'tber tJ. •• u ••• 

has alternatively prompted to auspeot them to . 'I'e'Dree..at (G. 

of tne':;il"!'torr-hlc forms of l. "PLi1H1;tt •• where on. fo.rm which 

r~pr~s(!n"-:e the most CQI1'l\Ot'1, may be present in all the t1a5ue 

"e-tail'c' .otu,-:~l(;'s are csse.ntlal to understand the exact nature 

(")~ oriir. 0:: the :~)8 an( their :,ole in t\....(> infection of 

... ..... 

~c1'ltain 'r.v~ lopinc or ~attlrf!! oocyte., butc':'ntain denN 

hi. l'attern of .in:':'r·cticn g1.ea the 

hOWf:JVf.?T, t'~!"'";'ld, l1r:::ht to ·jar'): ;7reen in colour end contain 

oGeytes o~ (::1fferent maturity Gtaq~s with conspicuous IS. 

in their :>:lryoplum. Ahen thF.! J)aru1te destroya and r~lacM 

tlle cor; ':,::';"; ~~ of the c:;ocytf>S, it obviously util1aea the 

cytoplas:;:le eonatJ.tuents of tha h~t cell. .:lUW'lertelt and 
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\'arner (1970). in their studies on r11stophora (.Pl.l.topl)2r :l) 

9vyi U !:1fect1nr; the ~olden shin~r. t;otemigopu! "Xl0ltuee. 

reported that the parasite sr.med to b. ~hysioloqic.lly 

(~ependent on the phos1'hoproteina (vitellin) anc'i the 

"'"'hos'-hc-,li!'ids {11t)ovit~l11n} l'rfl'sent 1n th@ ~ .... ' 

'he r:tale reproductive system of the normal and healthy 

Ea. sf'>mi!2 1.:1cntus i~ Gimilar to thClt of other nc":":'tleid prawns 

a petu!l' ,<Cl. '~'he tr-stes a.r:e ur:piG"~icr:ted# tr<lnslucent organs 

locat·"< ,:'.: th~ ::-ardiac r('>r!icn, (')rsal to the b:;patopancreas. 

into as deferens of it:s sic throuGh a t'.1 .... :ular duct. 

"he va3 -:~:{crcns of each ~L e. trz.vcr'(.>s t>rc~gh the muscles 

. he petasma in ~. 

the ITlo·;d" i:,,<~ en,~opod1tes of the fir~t ~air o~ pleopods. hu 

bE"en ,,,cll "~scr1b,,,d by :"'ohamed (1969). 

:,i~';.:cloqically. ("ach testicular lobe has a thin 

Qut.nr ",c- ... - ar.p \·d thout an~{ '..: in."~ ryf' muscle layer. The testis 

and havi:y n single, large nucleus. Th,-r;", cell, are usually 
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!oun(: ale'tF: the margin of t~t: tu;;,ulea. ';h(' snermatid8 ·end 

St'>er·~~t(";zoe ar. sm.l1~r an~ are found in the lumen 0: the 

tubulft's. :,utrl ti v .. or nurSf!> c~;ll s are :un~ scattered witl'i 

d~"elopin~I germ cella. In tubules containing spenn;:'\to~j't_ 

and sp. ... 't.lda. th~.e nurse ci?'lls .tre c-::n:-hvd to t~e 

~~r.i~Tk:::·:1l r<eglon of to'). tubule. ":'he vas:.c'er.«l!ns in 

tranBvrr':"('! apction h".!3 ;m cut'.' r t:l1n m€!'"·~'\.);~ ane anC' ~n inner 

1 aver 0:: columnar @:')lthCl>lii11 c~11s wt-,ich .":i".::("' (~lan(~ular 111 

natur~. he lUr:1.n is filleo with s!,ermato~o4 mixed with 

mucous-like substance. :'he v.:u. d&:f.r~'lls Zlt its dlst&l end 

joins :·'ith the terninal arnpoule which h~s two cha."r.bers. 

In one CIf the chambers thli:" a-p!'!r.natophorle mags ls found and 

in th('.> ()'t;,(~r, a thick. sticky, gf"latlnou8 substance. 

Tf'r~in!'l a;-:1:"oule po;1~eS"S a t:llclc muscular wall which 1s 

11ne{! . i!h tall columnar epitl-:tr!lial cells. l'hese cells 

arE- !I,~t: ;.'''''tory in n$ture Iln,; r' c..:m num""rou:: :01-18 and 

-part1ti -nz '::-y E'xtenslr:m. 

('omnarison of the lnr'ect~~ mal~ re;>roduetlve 

5y~tec1 '.'ith that of the nomal one 1ndicatt:,,n the highly 

Dat"CYi'-nic nature of .,;,.. 'Wllpul;.S. impa1rinQ the pr0"5uct.101l 

rapacit'/ of ht"althy spermatozoa by the host .us the 

sf¥.":tini ",-r"oos tu1-:';ule5~ v .. s \.':'C'ft'rens and ter.mln~d ampoul •• 

an" foon(" 1Sf! ~ted by the 'i-athoqen. ),. the infecti. 

r,prea· '5. t!1e ~athO'1en multlpliea and reT'llaceos the hoat 

repror:uctive c@lla as well as the glandular ,,-,pit',ell.1 

cells. he l"tter cells. in the .dvanc~: stat~ o~ lftfeetion. 



ar~ fCW'ld h"-'avl1y invaded by the 9r~in4 c.:.:.;lon1~. of thQ 

pathc¥' 'om. w,,",ich affects ecnsi<,H!rahly th~· 4ccl'ction of 

nutrit-ive mucous by the- cells. .':.1m11ru:l\-. the :secretion 

of the thick. aeol<1t inoos au~tance. which fc!'m:: the Q11;u 

coverinl")' of the !J~rmfltot:'hore. 15 also a.f£ected •• the 

gltUldul:l::' fpitheli.:...l cF'lls Of" vas :·~',:~f('·r:~n.: an- terminal 

a.~:.1:~ulr'.s a::e rfiJ"'lac"<,,~ hy t~'1C c()lon1.t's (J' •.• ", ,·'~t::oqen. 

;;o-,,'p.ver:. ':~w connrctivc :i!';suf ' m(l'ITlbran~ !;urr-?Unc!in<) the 

test("$ tm-' thf' va8-~fprE"n5 "'S ·.,,~ll as t~;~, MU5c'11~r and 

t.:--d? c~mn· __ '('tiv€' t!ssu'! lay~t:'s r- th,.. t("r!'iin;"11 ~-r-oul~e are 

not Jm1~h ,'~':fected. 

In ~o.rmal f. ,wi!lllJlcatyJ. h~atOf\a.·1(,:,r~a. fOMS a 

larg(\. /··~··''"l=.'!~t. 'P8.1r~ ""'lanr'ular mass ocC'.mying much of 

th~ C"'~-" ,1')' \'oracic c-3vity. It is en.he~\thed by • thin 

c0nncct~·,·(, tl~8U~ m~l,':r~"!e. Hrually. tht' colour of th~ 

hene.t·~""·,Ycr""as is ~rO''''11 to O'2n1~ r~.·~()t.·~f!'Ver. it 
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varlf"f' '.::'r:.ns1cerably In t~~ in"'~ Ivi';u"ls of t~"!~ SEe s~~clc~ 

'With t[;"r:.re-nt :':'laturi".y an~" ~(!ltlnn ttt!"v;("~. :ilstolt>'lical 

atrueture OL the h(1opatopancreas of .fo. $f.t~ ':'1.~ lClty. 

1s sb;il(-~;: to th,3t of oth&r ~ena.ld.. Tt. consIsts of 

num('rOUG blir.cly-endinq tubul" '-Ihlch arE" lIned by strlpl. 

ach of t~e tubules la conn(!l'le-tl'!d 

to sec n ,sry duetul4.~" w~l1ch. In turn" jetn the 1"'Iri!flary 

,:uct oC ')"0 r .... spr-:cti ve s l'-~e. ';h~ 'rlrimary d\lcts ooen into 

the gut eft t~e junc.tit:;n b~tw(.>~'n the !'"ylorlc stomach and 
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'th. mt~~t:. Flleh "@I~"'1:O'rI~ncr"'''''lt''' tuhttlt- 1'"<~:"!' 1! lum@fI 18 t!'-(' 

~ntre. 'l"~ ~lthf"11"1 1 tntn,,:, "f. tM b1hul~8, exe~ at th. 

d1~i:al bl1n~ en4, Is O'lly a sf.n'-le e@ll lay,..r th1clt. 

Inn! ·1"~,~1 ~bulp. er. loos.,ly ~~ld toa~t~('t!." by b~.O!'hl11e 

c<"ftn .. ~h~ tl-!lUe stran's. . ,afl(:("!rinQ ,--::ell~ are pr .. at in 

t'1,-, earn~etlve t1aw. md blood s-paeea b(!tw~ the hepato

n~ne!"1:'r-lt it:" tubules. 

lr. t:he hcpatopanCrf"4!J, thf" 1nf~et1on by 1. 'f.l'm18ulc.t, 

1s init:.i.at(¥'i in the tubul~8 where the main tarqet of attack 

is th~ t.u>ular epithf'lial c~ll!l. 'l'h~ dlt .... er~nt ~ell t~. 

\4hic~'l a:-~ involvf>c; in the Gf'crf'tory, abso:-pt1ve end metabolic 

activiti"!J \ ibson an<.; ·'ark~r. 1919) as well as the 

Ch~n.lct0:·i""':.1c vacuoles T'r~sent in the et"118, excerpt 1ft the 

un('1ffl"~' . !itiatl".'~: ones, aroC' faun .. :: !""'r@'atly a:"'f~etec:'l by the 

1n f~eti~n. thus impair!n:; t~(". vital function.!; of the 

he~at~D ... l1;- ::-('<~S. ". thE' in:-coctif'n ~ror;rf's:·>('s. the lurtMm of 

th(" ttL"'-)ul"":s are foun~ almost ".., .... ~OO with t:!;'" ~"orE". and other 

(l!t!v~lop1nn sta0es. HOWf>v~r. a f{'!l\l tubul~8 o~ the 

hepAt·"'!'\&r.("~~r tJS are frunc to he un.f~ .. ctet1. ~'hf!' ~lthel1al 

~e-lls 0" t~';('!!1! tubul('s contain rich vac:-uolp.s In their 

cyt~lal"':~''';. 1n',~lcatlna th~lr functlonal nature. Hcw ... r. 

the~e c~lls al~o exhibit abnormal eon~ttlon in the for. of 

vary1n~ nU'nb€rs of nucleoli anc'1 granular nuclear 1Hftlb~. 

:!f~~rthl!f.,r;~. whether th"'se el-iangea are d\tfl' to infect1_ or 

due to t~e:- normlll proc~'IJ~ of mltotle division la not clear. 
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~.~ eonn~et1v~ tl~mlfJ .. t!"an~s ~oum ':"~tw8f'n the Wbul.~ 

ar~ ~1~C' :1~~~ted ,,1 th thfl .-.r3va1'leetnent of the 1!'lfPeti(lft an(! 

f.·.nally A181!m~er. Th .. h",.,.pt tO'nsner"atlc M~hrane "8hfll8th1ng 

th,.- ()r';"'!~ 1~ thflit l .. a~t a,f·""et~··~ tissue. "ry""'VE-f', loee11a*' 

~~cl o:r ~.!",.e'l:"ctl()n cH"(i' Ot:"C~!'fionaJly t!Jta.en crI. :<7"l'<. Fig. 1) 

vhlm th.-: ,,:",";1""m 1s ht'l'"'vily infected. 

'Grf:"!.'~oln(:: c")i';T'"ClrisQl1s of the Ticr":"'1"l an'" 3ffeet('~ 

or' ~n!: ,..," tl~(' nrawn rp'v("'~l th.~t thi.!' in~,:ct, i' n of 

'1', ,§«";ifH:IG.,atl, thouqh ~11(~ 1n th~ initial ~taqc. ~pr,."ae. 

gradually te all the vital or":MS of the ~·.::'-at,-'n an(~ OOC~ft. 

?-:1·"'~.ly --"1';' ,,(i:,,~nic, interf(J'r1nl ,'1 th t~P' O!':"~~l 'unetl l:)J\. of 

the- 6 i.('-: (' r(':n~: organs. in t:',.. a.Cvaneed ,~tat~ ~ the dl.ea~e. 

'~'h(,' ": i.!t"':'rathological inv .... !l:t i ~t inn carrif;'d out at preaMIt 

furth(;' X~ r','::na18 that th ... h",st rrf;",onse to the ~lcrosnoridlan 

inf('>eti(m a"~';')f~ar!l to be l'''aBi: f..1ev~loped or f."'~.f ttct ive .. the 

J'~thO~t~ i' ~8 not ~Pr'l"r('nt 1 y fl'11c!t any !llnni fleant 

Inf.l~<1tc>=v !"e8~ons. 1n th~ host. '~en th~ ..,lcros~orldlan 

is InItin:t ly eneount~rf'~ by • h,"al thy !')rawn, the host nf'!ither 

sl-·o~'. ~my ('')('tem~l clinical eIr:ms ncr a~arent intftmal 

It-8inns. 'lIs !nay be ('!ue to th~ ladt of initial pathogtnlclty 

of th~ nlc~~s~orl~l8n 8n~ ~y.lo1oql~.1 .tr~8a r •• ~. O~ 

the host ;f>f'vrt> the nat""vTfI'ft Is .~le to man! feet it. 

o'nr'lortun tW'1. ':'h~ f act t~at th"" QUt .ub-ftucosa Qets infected 

flr~t t'm:"tr01"!hl"'8, es l;as b~n obatu'Ved in the "rea.n1: 

stur;y ttr. c ';;11 as in fl$"',e~ (,'ann!n?, 1916) and blu .. crab 
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("~.1dner. 1970. 1972), SU'~f'(.)rt9 't"'i~ Vif30V ~f! ttwa ~n~.,etttm 

in suh-t'~u('o:). lutC!s 'to tn., rp.(""Jct1on in i.mr"unol~lc.l 

,,1 t~O\lqh all th...- iMpcrtant SY$tP.rn~ of the prAWn are 

Rff~cte" by th@ ~~thoo~l". the- in~~etlon ef tr"t"'> noned (both 

funC't1r,'~""', a~ or:~:,ytf'S in all th~ stag~5 of "'l'lturlty as 

well C!.~ ~:,.,. t"et~s ana the vas ('(>ferpnet!' arl!' attae1t~ by 

t"lF.> ~)'. io": -,c-,!,,: ·"n''\ r~nln~(':I al:T1o~t eomnletaly by It 1n thp. 

a: v~;,c~"' .. ' .0:-: ~:a':p, thu!; i~palrlnt; th. oprodtlctir<n of viable OVA 

an" ~~r·.t":';'·,~. ·'his Elnni};11?!ticn of. the renrcy:uetiv@ c8y'!aelty 

of the -:"""Y" aff~cts thf' n"cru1tm~t an''! !'''~l~n1.shm.eftt of 
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4.4 LABO;ATC;,Y EXPE:(lME~TS eN Tf-L '::"".1\NSMISSION 

OF 'I'lr:U.:Hi\NIA S~~ ISt'LC!' .. TA 

:~xperimental methods to study the li::c-cycle of the 

~at~oqenn, s~ptoms and nature of t~e diseases introcluoed 

in tn0 ~i ':le of the nineteenth century. quve 8 great 

i:npetus to the investir;ations in par'lsitc:lo';y and enabled 

to unr,::vcl t~v" complexity of several dise~ses caused by 

the par.:"!sit0.s, particularly t;;~:,se cCttr-letin:'" their life-

cycl0. i,D or through the secon<:nry or int(':~ediate hosts. 

~ ;~vTim€'ntal 8tte<~~ts tc tran~mit microsnoridians in 

d~cap0{;s:~:,e only a fE'W. ;,'.'eioner (1970) studied the develop

m~nt of ~:c~ezia (-Nosena) nelson, in Callinectes 'apidue and 

.UCC~;l":'i~ in exnerimentally infectlnq thf' r:rabs. Another 

m1cros"')0~i('" ian, :melon (1II!;osgnSl} michaelis ~']as experimmtally 

trans:'0i .... t~('l in the s~e crab by <verstr('('t ,;m( his associat",:s 

( "'!->"'r~+,,,,,,,.,""4- 197r.t) ~V'r;,:_~" ...... _ . ' t.,. ~.. 

unnbln "-:c trr:mST!lit Plelstophora crangoni in the sand ahri,-nps. 

Cr~n(ron :.::: :nciscorum, £. n1nricauda and £,. sty11rostr1l. in 

their la: cr.atory experiments. 

In pcnaeid prawns, trans:nlsslon experiment. on 

microsno:~i "1ans were carr1f:'cl out by :1oth and Iversen (1911) 

and Ivcrscn and Kelley (197G). The former attempted to 

trensmi-t t:1€ m1crosr>orician.~'helphanla duorUI to the 

unlnf~~ct0(' nink shrimp, PenaeU5 duo£!.DJD in the laboratory. 
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Al thou!'jh they were unable to transmit the <.: iseaae by feedinq 

the h."'avily infected nrawn tissue to the experimental animals, 

the woor.l~ r::ave an insight to the possible MO cs of transmission 

in nature. '~'hey (- oth and Iversen. 1971) pointed out the 

po~~18ility t!lat the:'! s'"'Or~s of r. <:luorafa found between the 

ole1 an( n('~-! cuticl(' at the tirne of moultin0 ccul~ inff"ct 

:..:.ynor:cj,.of: ;;el:ulosus whic': 

.:..'hrr"., r:~~,,- ,·im·-nts on transml~3ion of _. s£misulcat! to 

normal, '" 21-:J'y i.:. sC!nlsulcatus were eon.::~uctro in the 

It1bor-i'l~>~'Y ~:.t the E'qional~entre (,;C) of C~ntral '·'arine 

r("sul~:n C' U-:ese exr--:-rim- nts are pres~ntro and discussed. 
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1'1115 experiment "JaB carrit!c>d out for 8 days fran 19th 

. ~ arch to 26th :'~arcl-}, 1983. 

::xperim"fltal set-Up 

J..jivc and healthy adult s''>~cimens of .:,. sernisulcaty' 

ran~in{" in size be~··Jeen 80 an'~ 145 rrrn in tr"tal If"nnth (TL) 

were o;Y!':t1ine(' fran th- nottO"'1 tr~..rl n~t on0ratro off the 

coa!lt o~ '1n'iep~ 1rl thfl" :a11: ->:y "t :!b('u:: 3:) meters <3(?nt~ 

on 16t:1 cm - 17th -'arch when 8 an,'} 22 pr;r ... mc were collectpd 

resp,-·ctivr>ly. rI'he nr~·m5 t~,uc c:;llf".!ctnc! on cnch day w~r. 

c3rcft~11.y transferrE>d im!'11ec11at r ly to a fL~r---:qlass tank of 

1501c:1: ~1C.1ty on board the vessel containint'" a..":lout 75 1 of 

sca "lat"r collect d from the ~ar.le area where the prawns w,",r~ 

CE-uqht. he tank was tranBnortf'd as such to the wet laboratory 

of Q;1' ,I at _ ;"l.nc;apam Camn in a ::lohi1e van. 'uring transr'ort-

ation. t:!0 ~'Tat,"'r in the tank ~-:<,s ,:l0itatE'c: viqorously. In the 

laborator:-y. the nrawns collectC"'d on bot., the days were 

transf"':-rr (-: to a fibrp.<":las~ t::-::-1k of 500 1 capacity provided 

wl th cc; ': inllOUS runnins sea '·later. The s~urce of sea water 

'ltJas frr:n ~:J(> acJacent "(\llc<lY, pumpe~ in an(~ 9un~liro 

throuq}~ t:i.C taps arranq'd in t''!e laboratory. A double folded, 

very fine ·'1csh cloth was ''''ra~·t'v2'(~ to the ta;)'s mouth in order 

to obta.in f il tered sea ,,'ate!'. "IV? tank r-;ac: an outlet pipe ~t 

the mi( '10 of the tank for m~dntaininQ the- ','atcr level. ,..',11 
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the an:imals were knpt for acclimatization to the laboratory 

con(1iti('ms in this tank for t\> .. 'O to three (lays. 

en 18th ; ~arch, eight pra"'lOa were transferred fron 

thia tank to another fibreglass tank of 100 1 capacity. which 

"~aa provi(il:"K1 with a ~anOy substratum of a;:v:::ut 3 inches in 

thlck!'l;:~s and ~ regulated, continuous flow of running sea 

'.~at~r. '-, is tank \1~C an outlet n~ar thp. surface to mai!1t<'!in 

to r~a~J~ burri~d in thr; san(~. .:ince the> 1..:;u~row1ng behnviour 

of the """':.mtn5 in the ~andy su:')stratum DOS€'(; difficulty for 

visual "~Y.:-::'-Iinati':n of ani:n,31s ,,],':: ,"'ell as in the collection 

w i tll0U t: ;:;ny suhstratum. 

u.~ing the ncriocl OF acel irnat1zati'en to laboratory 

contiiti'-':1::>, nraH!1S '~er~ starv··y ; to ensure comnlc-te 

cligesti;',n of alr"?a"y ingestee; foo0. ano to inr'uee sta.rvatinn 

stress a~ this \"oul(~ further incr("J!se the suscept ib1.11ty tCl 

infpcti""n l:Jy microsnoricllans ('/avra and ·.l\(Jdox. 1976). 

'~'1f) o!:'XT"eriments were eammeneed on 19th 1'-~arch. 1983 

anC ccr:::inuc'c' to 26th i-arch, 19°3. i\ll t~c ~xper1.menta were 

carri.-·,.: Ol:t in ambient ~:anperature (27 ± 2° .. ). salinity 

(32 + 2 iy,t) and pI' (8.1 + O.OS> of the ":(lt€"r in the tank_. - -
Thf! sch~e of exneriments carr1eC! out Has as follows. 



' .... <m:-: 1. Ccn trol 

,;".31thy pratms ranrying in size frcrn 92 mm to 137 1Tl'l'l 

;'1.; wer0 k~:,:,pt in a 500 1 c8"9acity tank contD ir'inq about 350 1 

of rum'· in ., sea water fil terE'n through a -r:ino muslin cloth. 

ivc clams w~r~ coll<:'!ctr.:e fran thculf of ~,~annar an~ 

~'ank lem1suleat. 

on ,. inuous aeration 

,vcimens of 1.:. s~i 2!.l~.~atus infcctr'0 by !. 'wisulCAt' 

(which' ','-,s iaqnosed by thE'>' wh1t:e dl~eolouratlon of abdaninal 
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lap;' in: c'-::'n"'::re ana brought to the leboratory in chillro !:ea 

physiol-:-, 1eal saline bet~t.;een a clean glass sll·Je anc a cover 

>_is smear, when examined under an Clymp,ls canpound 

!'Ir awn. (; ilutc'(] 3 ml of 

~ntri~-', ' -"'at 1000 r.p.m. for 1 nin:..:te. 'nt' drop of 

::-:u::ocrn:-:t ~~t ",as tal<:en on a c) (cn (!la::-s !: 11 P cov(>re'!(~ with 

a (;1 :'C'" ,- C',V: r slin anc exe.;' inee unk r: '1 '-J--- ('unc: microscope. 

four PC:'·'· ·n:::- in thr:- t..:"'lnk 'Vr("rE:' t;:!JS inj{'ct('d cnce ';11th the 
I 

~nt}:CXien. urinq :injectlnq t';(' '"'"'athogen. care ',!as taken 
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~P ;n~in objective or this exn""riJ'l'l0:1t '."as to study th~ 

tn.msmir~;'!'ln by fE'eding heavily in:cctec! ti !':':ue to the host. 

,\tJ 1n the e~erlment in tank 2, four h(-al thy !)rawns ( 80 to 

124 mm::'L) "n!re- ~l11ced in Cl 100 1 c(l1"'scity tank. cont0.ining 

a>out 70 1 of filtf"'roo, frf7'~h 

J ank ,1. ,:::-~n.9'1"!ls!9ion by 1:1 i (,ction of er; 'aecated 
.,;;.. Ge!TliBulca.t~ 

mall 

'fter 24 

ot nt'a:\-.!r'I ,::2::1 nro:uce inf€'ction if i!!jt'ctoc into the r.00jr ol 

(110 to 1,~5 r.-rn 'I'L) from the main stock -ere r-Iaintained in 100 1 

filt'~r""'::' -~ uncontaminat0d sea water. 'he :-aeeal matter 

fran t'~0 ".-, , ''"ns in tl;e cx""'(>rim"n'tal tank "3 ",as carl:"ful1y 

ecl V'ct"'l in (l cpntri~\v:e tube-, dl1ut·'d wit> st~rlle distllleC 

water an c!"'n~rifu0cd at 1000 r.p.m. for 1 minute. l"rClTt thfl 
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sunernatent. which was foune:' to contain ~. semilUlca~i- 1.0 ml 

was drawn out in a 1.0 ml etedlized glass syringe and of this 

solution, 0.25 ml was injected into each oC the four prawns 

1ft the tank 4. ':'h1s treatment was given only once cm 20th 

i larch. '-ne prams were fed caily .El libitum with fresh an<.1 

uncont':'rl :.n,:;t,-·d clam meat. /,8 in the experiIn~nt 1n the tMk 

2 an (1 3, -t'1(.~' sea ~';.:ltE'r in tho tank " \-'as chanqc'd aily by 

;:-l.eC0S from all the ;-our tanlcs ~rr' r~.reful1y 

colV .... ct c~v0ryday in s~arate E'I'n,,:ryo cunG ~dth the> help of 

f.\rawn If: (. :1 ch c~ thE' tanK:. ""c.;' , rcr,m wi t~~ t~1(':> hrl0 of a 

".>as nrrtr ~t('·:~ with 2 percent sor'::ium trici tr.'l to to prevE'nt 

C'oaqul?tion of thr.- hae-nolymph.. The haE!'!'lcl~lmph sarn"",l •• thus 

obtain0" ·.·H~n·\ immeeiat!:!ly smearee on cV"an '}la~s slides and 

in ;.' 'Z"·: throuqh xylene • 

. ra~dn0 the haeomolymph, these prawns along wl~ 

aors<!l line to allow bc-tt~r pen~trat1on of fixative and w~re 
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fixed 1.."1 10 percent nrotrol >.1", r C()x'~H_~. Othf"r seta of 

2 pra't-ms frQr"', each of thf" four tanks werf' ~acrlf1eed~ 

Cissectc<.~ and fixed 1n th~ Sil"'€> Manner on the next day. 

that is, 26th i1are~" 1983. l.ater. the muscle. gonad and 

hepatopaT1creas were cut for histological observations at 

S to 7,urn thickness using a mnnIJal rotary :nicrotome. 

~;ect1cn!:j '\,!€'r~ stained w1 th : 'eidenhain' s hacmntoxyl1n and 

eosin ,,:.:: 'i v~n in Chapt0'r 2. 

Tun}~ 1. ,'ontrol 

'~'(> nra",ms wert! very active thrcu-':":out the peri~ of 

eXl"'f"-ri':"!F'1Y': ct!'t(~ "re!:'!'" found to feet! normally on th~ clam meat. 

x-~-.in:,,~::!.· n of thp r.aeces collectet1 on vCl:,ious c.ays rf."V~aled. 

th~ cc.~~ll':te abse-ncf' of any star:~ of micr·~~·"'I~r1c~1an. 

imila':"1'r , t1,.- histol00ical str~lcturrs ot..:" ::l:C ovary an0 

:TIt!.Bcl"" t i:-; :~ues werp si"nilar to t 11o!';e of t:iC normal p.c-awn. 

Ta~~-: 2. ?ransmission by injf"ction of :'r~sh I. 'em1sy.lsat • 

. ~V' cxa'T1in~ti0n o~ t~(> ""OIT1(')lY!T1p~ sc'"!cars. faec~s 

collf'C-V'(' :"':-om thF.' tank an~~ tb" histolo~; icC'.l sect1on~ o! the 

ab<"omin;::l musclt">, ""onad an'l hc:-.atop:mc::-r'.?:w n:',C","'ed no 1nr ect1on 

by t>0 >:':'~~:'o"'(>n aft'''t" 6 days. 
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':"ank 3. "ransmission by fero.lnq 

Pra'tms were found to feed actively en the infected. 

mU5cl~ tissue of.fer~l for fp.~ing and wer0 observ~d to 

(1f!>fcecatc thin strands of faecal mattf!'r aftt'-r 12 to 18 hours 

of the initiation of the ~xoeriment. The· colour of faecf:'s 

~'Tas "'~hitC" us cor.roar(-?d to that of brown facc.?'s of control 

nr~senr" 0 ... clUf'!l!)S Of snores of z.. seo1is'.;lc,!'!!ta. en close 

exam inE:t ir"'lr.. it vIas found tha.t the int~rnal structure of 

:hc othr:r structural 

prescn-'f:' o~- one small qranul(: ·..,h ich !':.ta!nr~ ,.- ark blup. to 

:por~s. In 'haeornolymph S!neoars. l-;m'l'eve-r. ncn(1 of the develOJ)-

semisulcata was reco nis:tble. r • 
.1m11arly. 

and hcn0.~::"ancreas of the exr>erimental pr ''!is, no 



Fig. 1. 

PLATE XXXI 

Characters of spores of !h£lohania semisulcata 
before ingestion (A) and those collected from 
the faeces of the experimental prawns (3) in 
Experiments I, II and Ill. 

Heronts and sporonts of 'l'helohania semisulcata 
fran the abdominal mus cle of a postlar'\'8 of 
Penaeus seroisulcatus fed with fresh inf~cted 
prawn muscle on the fourth day of Experiment II. 



FiV.1 

FiO. 2 

PLATE XXXI 

SPORONTS 

5 AJ m I 



Tank 4. Transm1saion by injection of defaecated 
~. !em!sulcata 

174 

AS in the case of prawns in the experimental tank 2, 

the eX~;"1inatlon of th~ ha@!fT1olymph. faeees and hi.tological 

~re~arati0n8 of th~ muscle tissue, ~ary and hepetopanereas 

~ld n~t sha-r any sir:n of inf~ction by the- 'Pat~ogen during 

IvC'!:'sen ant: i-:elley (1976). while c";r'ylng out 

exr'"'r.iY',:,,~;n on the transmis~i()n of 1. (~uorora, Plell5tophor. 

that f'~::" t").? infection of tht' host tisSUI?, it "tas essential 

nos~ihility in the present r-rp0cies also. In th~ light of 

th it? !:"'~ul t. thf> ~c-conc1 ex"pl"'riment was plannee to tranamtit 

the 1),"1":' '~":('n by clf~er~nt methods to the different atac:;es 

such "I,!l'-'ost.larvae, juveniles and adults of ~. 'ero1su1e.'W •• 
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r'O~tlarvae and juveniles of f.a. semisulca'iYI ranging in 

size fran 8 to 40 Iml r~L# and adults ran-;inq in size fran 95 

to 195 !Tt"'\ "l.'L, were used in thiS experiment. '~'he postl.rva. 

and juvt""niles were collected frail the feeder canal of the 

fish :~,.cm ~).r thee of C" 'f' <I, !iandapam c~"n# by usin(1 

5COOp r.r·t. They were transportc-·d to the 12"OrC;ltOry in air

tight ~'"\c!ly<:"'thylen~ transr:ol:''::3tl''m bans ef 10 1 canacity, 

ha! ~ of ,,';'dch ':!SS f ill~(1 with the wat~r c~)110cted 'rem the 

r--ame 2,.:> C of the canal from i';~(,.rC the 1":'or;tli"lrvae and 

jl1vE'nilr:r; ':'ere collr-'ctpc, and the othC:"r hul f with oxyq@n. 

:n t:"H~ la~x~ratory. 30 ~ra·'m5 were KC"')t in each of the 

four " .. - trou0hs or 10 1 C.:l'i,-'cit:y c r m 1'RininC} about 8 1 of 

flIt··:· 'his '-l;)S (lone in order to 

avoi'::-;"" :·cr~'ld inq an'." occurr"'nce of cannibali!?m. ;,.dequate 

ae~:'lt.i 'n "<"1:' :-ivr.-n by conn,:,ctinn the t,...0U, .... ~S ,dth aerators • 

.. \n imal:-- in <!11 thr~E' t7'oufihs \'!C'r"" st.:u"·V(· ( till the can~en

c.::m€'n~ OC t;·:(> (>}q'>er1."nent on 10th July. 19 .... 3. 

'"'~,l t i. seomisulcC!tys were cauqht off ;'~and.ptm coast 

at a~~·cu··. 30 ml;'>ters depth by mcchanisp-d boat operating • 

tra~!l !1':---t on 5th, 6th and 7th July, 1983. Live and healthy 

prm·ms -C J:".,.., thf? catch .. ·~erc sorted out and t!:'Msferred 

im-r~" L"l 'ely to a r<'ctanl"'lU.l,"l~ f1br~~'gla~s tank of 1S0 1 

c2.pnci ':y arransr.·d at ~oard the vessel. ',:'hc tank was fIllet! 

wi th r~'::'I1: sea water collected fran the same?' area where 
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the net war. c;-eratr>d. '7he nrawns wer~ t;-ansPOrtM to the 

laboratory a8 described in i-:xpeniment I. In the laborato~l. 

these ~")~.:.\<ms wer(> maintained in fatr rpctangular f1br~lasB 

tank. of 100 1 capacity with open running ~Qa water facility. 

Source of sea water in the laboratory was same as described 

in th0 X'")c!:"iment I. In each of the t-anko, 10 pra"'lns WE>r~ 

kept ':0:" tlcclirnatization. ~;'oo(I ,..,.as not'iv,-,n to the ".ra'lr.'JlB 

""o~j-l">~--'(' ,-'n(' juv""'nil·"'s w"'rr .. ..,- i"7-""1n""'; ! ., .... _ '> - • ,. ~_ : .; ~-;:: 'i""':- \. • • .. _·0. ".- ' ...• :·~:o nrawns were 

1ss(>ctr(~ to ~xamine for the> D.::."f"'s.:-nce or .::\bsence of the 

ryrm ... nc :n, "~aceration of thr ti"7sue v/ere' C'i1.::'~fully clf'8ned 

to ,:'Ivi t::c poss1bility of conta;-rlination 0-': t~e P"It'h,O<:;f!r:. 

t1:",:suf'S .: .... 'v'(' no clue as to ettO' nr;:-sencF.' of' :"licrosporidian 

an" rcv~;:l' ( th~lt all the> animals were 1t" normal condition. 

in a:"'::l':"}~y state. .rltl!n on th~ (:a:y of ~t.;:).rting the 

exped.l':'lc":t, two t>05tlarvae frcm e-ech rr18~s trOU'ih were 
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they ~1ere free fran any earlier microspcri' ian infection. 

~'hat the a(:ult prm,ms were free frOll microsoorld1Ml WM 

ascer.t~ined before startinq the exper~ent by fr0~ently 

~xam!n!ntJ their faeces under the ccmpoun(! microscot)8. In 

',(' exP0rimG'nt ~·'as :,t~rted on 10th ,July, 1983 and 

(Jut 

• 

~:"';C Qlass troughs. each 5.5 1 cll,,).J.city and filled 

',"'1th :"1.1'Cl'ut 4.5 1 of filtered an( fresh sea '\t~ater, ware 

taken in ('~!.l"'l icat~ and treated as control. In each of 

th0Se'.X t rou0hs, 30 postlarvae of £,. lem1sqlcatus, 8 to 
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15 mm:'! were introduced. The control trou~;hs were plDced 

away frC~il the othE>r e)q"lerimental units. ~:hc troughs were 

cl€'anee Gaily and refilled with fresh anl'? clean ~ea "'later. 

?he 't>3str-r ""T~S. continuously aerated with aerators. Prawns 

were f~'(l ~ 1ibitwn with minced meat of fresh clam (Ma'nrH 

ap.). hr unconsui''Tlf'd food H.:lS remcveC every morninq on t'h~ 

next '~ay. 

:l'~' aim of this eX0c;ri;npnt w~s tc: :""in0 cut whl"ther th~ 

~usr.'>en(::" ·'.ir-rosnori:"ian ST"or':, in thr. r.~~~,u~'~ could inf..c'ct the 

pr'awn ~: . cW'~ the- branc~ial c:';2:":1be>r. or '::1 \'UrT:')Os~. two 

'1rour.'o~ <):-' 3n pes ~ L~.rval? (lO to 15 m:n '. ~) "'0;:(' kept in similar 

-lan" t::-,-.-,u ,1';5 of 5.5 1 canacit"{ (:'ontainin'''l ci')Out "1.5 1 Of 

Cn th("' s arn,-:- (~ay. deac1 n.,.,eclmens .'j£ .:.:.. sem1sulc~-tu9 

hE'av11y ir. ,'ctro by:. semisulcnta, caur'~:t: :'rcm the Palk :3ay 

by tra~:l D":-,S ~nc landed at :- an! apam# were brouqht to the 

labortc::-y in chilled sea '·:atE'r in an ice box. 

,> :out 2 0' (wet weight) of the a1:xlaiinel mUllcle fran a 

hr-avily infr-'ctr'd pr-awn was cut into amelI pieces and 

homoqenizcc in a qla~$ homoqenlzer and was diluted with 5 ml 

of Eres1'l :-:l"!, f1l ter~d sea water. ?he su~rnatant containing

large nun;)0rS of snores of r. 1E1!J.11c.ta was poured into the 

two qla~s troughs each r~c~lvlng half the (!\lont! ty of the 
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8Upematant. '!'hi~ process was reneated ('ally using fresh 

abda"linnl mu~cle of r. senirulsrSAtl - lnf~ct~ ,.,rawns after 

ehan r ,1no the '<latpr in the cleaned gla~~s troughs. The prawns 

werp- f~'. H11:h frE'!sh cla-n meat %l libtim an(~ continuous 

ae!:''1tion ~'ar: prov1t3ed to both the trou0hn. l'nconsumed food 

wo c;lazs 

r'rmninr: in r jzr- -from 10 to 15 rrrn r~':_ w~re ir.t.;:o<uc~rl in each 

-f"c"~ +-0 tt., -. r'''''''f-'l'''rva- in (">"' .... h or .. l- .... t-"'ou·- h '" ~(1 ~i"}ltum _\...! ~ ... .>..... .l, '\ .. /_;_ . ..:1. C" _"<'l~ ... : "" .. L'I~'7 ._.~ ~~".' ~ So., 

;:!:,.; t ion to both 
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D. Transmission by feeding frozen infected prawn muscle 

c~1is c;,q:eriment ~'las (lesit~ned to test ··l'E>ther the frozen 

spore's have the cClnability to infect h!'al thy pra\..'ns. For this 

purpose, 30 juvenil'-s Of r. sgn1sulcatus ranring 1n size 

bctw('c~ 30 ani; 40 mm TL, were kept in a ':":lass trough o~ 10 1 

c",""'acit"l~ ThE" trou(jh \<-]B.S f111l':c with about!) 1 of f~sh and 

·-ho;:' .. ,,' 'It _. 

·"he- ,:"., .. ,.: nal ~uscle from this nrawn wa5 r~~'loved, cut into 

th'~ 't~ u' J.: ·,.'as cleaned an( f11100 with':rf:'sl; anC! filtere<! 

.• ~.·,:mr.;missi('ln in a~'ult n. lJ·ms by f0('·;in:; fresh 
in '("ctrc pra~.m mu ccl(' 

of .• '~.' ''''v· r, the nra\-m:.:; uned in thE:'> nre3ent experiment 

",'ere .' ults. .i~1ht pcawns (4 male an' 4 females ranging in 

si··(> ":C':7' 104 to 195 mm : .. ~) we.re kept 1n a. 100 1 capacity 

;. ibrc-'-"L~;:'s tank containinn ·'J~)0ut 80 1 0" continuously 

§.S-1 li>>i·tum with small pieces of fresh ~bc1aninal mu~cle of 
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~. s9~i~ulcatu8 heavily infected by:. semisulcatA once a 

r~ay in t!1C' 'TIorning.'s in the· previous exneriments, the 

infected prawns were obtain£.'d fresh fran the;1encapan fish 

1 andinc.r cc:~n tre • 

F.ontrol 

n~· fihrnalass tank of.: 100 1 cap,>clty containinc p-hout 

~o 1 0 ,:;(':ntinucusly flovdnr ~-:ilt~r·"d Se'd "atcr with cir:ht 

adul t .;,._ sef:1isulcatus (4 m~lC'$ and .-1 fo:,,)' ;; c:- size 95 to 

173 rn',; 7,,; Rervr:>( as control ."'or th(" ('X,"i.:-lf"nt .'. The 

nr ar:~n; - 'r.:~:~' fed ~ 1 ibitum \-lith fres') cl~-~ ;:)cat daily in t~e 

mornin n rtc!:- cleanino thC''::Q~'~. "~c t,J.r~- ~""H, kE"pt ., ... ay 

+r~ t. 

C'ln • Control 

.1( :-,ostlarvae "n"; a'~ul t:s 1n the c~~ntrol exo~rim€nts 

wer(' ,c'~ :L",,'(', -f Pefl 1n0 normally vrith the cIa:-:-; m~at. :'he 

'~cc<11 :"J:'b"'r ccll('ct('d on di::Ferent day~ ano ~xaminQd, 

con 1;atn;~ :::-:' ''<:It'toqen or any of its dEl'Velormental stages. 

::;iMiL"l.'L, tl-;€, hist01o(':ical prenar~tion of the muscle, 

~1('(fu ~, >;c')at:)nr:mcr(",C\s ~n'~! ovary showe:3. ~o!'Mal structural 

C~1dC2CtL~tics of t>~se ti"~su' 8 aI1C1 ('~1(~ not show any ~10n 

of th('::':1 P(>ction by thE' pathogen. 
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D. ·:\ra.~smi.sion through branchial chamber 

Detailed an(; critical examination of the histological 

sectlC'n~ of the qill!J of th!'" y;olJtlarvae !'0V0sll?d the absence 

t ' > 

~lC~0 (') 

nrescn'::: 0 very ft~-! s;')ores. It 1s ~rob,-, le that the s:,or.e~ 

out '.d'.: . ::cces. ?he ~istolo~ical examin2.tion of musele, 

m !c"'aut-:; '1e'!"l-'1topancreas 0.'; the animals <::t the end of the 

nra~.m muscle 

-hile ~.:'-: intrrnal structure- of S~ of t: 1
,("" s")()res examln~('l 

were ;.-;~ i.lar to that of the S:-Jorcs 1n el," :.n-ected muscle 

g ivcn ~-~ ~;)(xj, mo~t of the SDOr(>s were f;:'m:' to have lost 

hese spores, 

st,;\!n. ["' (}'!fled the pr"sence of a small gr,-:mulc ut V13rylnq 
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positi0nr: \-l"-lich !ltain~ bright purY"lish to violet (Pl. XXX1, 

urt~er a f~ empty spore. with only spore cover 

or Hith their s"")ore wall hav1n0 a small ~6nina at the 

enter'i0r en':' were also oocount"-red in th~ fl'l('>cal matter • 

. i.<""~~olc'1ical examination of the fl' .. ··rr:inal mu:cle, 

at t ... Or. 
'- , 

on t" -- . ::-:urt~~ ay of the exn('!:"im~nt rf'veel r-r; the "r~senc. 

'I. ... t>r c"-:; .. v':-, sane of the cells (merants) were relatively 

Sph0t' 1('1 cells (snoronts) ,:1 '::1 cons""iC'lO'J~ nuchms • 

. ' .... exa.,.,ination of th0 (':'ut content 2nd faecal m~tt~r of 

act:!.vcly on th,.,. frozen in' ~ctrd tissuE" c-~mta.ining 

~. S0:~:L~ 'lcnta spores, as large number of ::-;r,.or~s were 

cnccunt'<·r· (' 'both in the faeces 3S well as in the gut 
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founc in the ::rozen muscle tis~ue. This indicated that t~a 

frozen ~!)ore. passed through the gut without any structural 

change. 

~. ~ransmlssion in infected prawns by fcedln~ fresh 
infected prawn muscle 

,~i'? faecal rnattE'r coll0ct,.d on diffr'rE'nt ~ays from thi~:' 

Inrrye numh~' r spore"'. 

n~ v. t'1em wert found 

mo/evor. the l 1istologieal 

-{IY', Ir:ENT TIt 

L,,.:>~:-J and :, leon (1 ":'77) conducted eX'l')criments to 

tr~~SMi~ ~. crarqoni in three sDecics o~ crangonid sand 

shri"';1',<~ (,n'_::, on the ba~is of the r@sults 0:: their 

exnf: r :!;-',("",", t.R as w('ll as the field observat:1.ons, suqqested 

that cnly very young shrimps to1ere susceptile to 

mlcrr;~"'(:; 'L- ian infection durin0 a relntivt"!ly short per~od 
\ 
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':'he presence of different stages of 1.. " .. 1sulcat' 

1n one !,o!':tlarva of f. slmisulcatus durinn the Experiment 

II (,-:) also sul"')gested the possD)11ity of its oecurence in 

the youn("' prawns. In the 11 .... ht ef the above observations. 

this ~~0r~ent was designed to transmit the pathogen. 

l. ser-,ir:ulr:atl. to the postlarvae of "::wo ~:1"'('cie8 of penaeid 

prawns, n;':::oely. I. semisul.catup and .:.... in";!.cU! through 

I. : ,an' anu".;a,"IlP for 37 

.-t. '('. ')ostlarvae of 1.:. indicu! ranr:inq 1n size between 

10 to ~') :'1i7~ ~'~ .. were coll('ctec~ from the fe'-~(~cr c;,n$1 of fish 

those c: _. 
.eq iona1 Cent,re of C"!":~I, :-. un· . ara'";l Canp and 

g~~1~ulcatus (10 to 15 mm TL) from the t1cal 

mu .. :: fl.j:', ':"},::,.?,r : a~ban, about 7 km a ..... tay frm . andapam Camp. 

:.h8 TiO:-+:,l.'1.l.-Jae frem bot .... 'i t~(:' "lace~ werr ("ollrcted by 

opf"r;::ti:: ~:coop n~.~t anc '·.'er",; t~,ar:snortcd t r
, tl:e laboratory 

as ·:('[;cri.'':' in ~:xnerim0nt :'1. :'n the lry o;:,-,tory. the 

nc~tl,':-ri"'\' 0-( ca('h of the sty'eies were intiailly held in 

t~'o S0"'0 :';: '>:-- ffl:rr::'0.1a5s tanks of 100 1 ca~(!ci ty. Both the 

tanks ".,->~,- =ill(Q Nith a'1:)out SO 1 of fresh ~n-~1 f11tlPred sea 

\>.Iatp-r. a,,~·~·;:.!t('r;: ~>1i t': aerators. '~'he 'Prawns '.:"' ..... e starved for 

48 hours ~'i th a vi.""w to induce starvation !".;treas. By 

ranc1~ ·:.;~n11n0. five postlarvae fran each of the tanks 

\-Iere tn}~~:; out and sa.crificed. and wet mounts were 
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prE"narcc1 as describe( in -:xp~riment II. TI1~ wet mounts were 

er. it ic;::.11y examined !.:nr1er a ccrnnound micros~ope to ensure t~hat 

the n r 2.' 7lS eollecta"'! fer the exp.(\riment were free fran any 

both t~1.~ ·':;a.nks were carefully collect.ed and examined under 

thr: CQ"1")our!,j :-:l.icroscope. ".he f:1ecal mattr>r sample·. were 

carri-::(;!"'11t in a"nb1f'nt ter:nerature (/6 ±. 2 () ). salinity 

(33 ±. 2 ryt) an(~ pH (8.2 ± 0.05) Of the ·:.'::t·~r in the glass 

i,. semisulcatus 

w~rc in'::n;' l\c.:·d to a 5.5 1 c.?:r,·~clty '11a:-s trcuqh filled wit:, 

4.5 1 0 filtered sea water , ... hich was provL:cd with 

continU0t~·· aeration. ~'he "",ostl<1rvae were fed .AQ libitum 

wi th ::1i~~··' :~\"~at of frt-·sh cllr.1 (!~eretrix Bp.) for 10 to 12 

cl(>anc r ' ,m:" rr-fille' with fres~·. fIltered s\~a water. TO 

avol(1 C'~-r:,r ,,:,ossibility of contamination. tho cont.ro! trough 

cleanin(' ,-:1n6 feeainq procedures 89 de8cri~c-~ above. were 

done only once in five days. 
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Sx~riment 

,u~lir-ate sets of 20 postlarvae (9 to 15 mm TL) were 

:naintainc-d in two glasa trou<)hs of 5.5 1 c?lpacity. filll.:!d \·lit"l 

f esh ,']11, filtered •• a water and aerated continuously. The 

.xneri-:1~:'nt ,Jas (:esil'n~ ..... d to feE"d thf! no~t:l;'lrv~(' with infected 

pr~,wn t:i:~ SlllO' and to chan.:-;e the ",-ater in t',r, r:lass troughs 

once ir. i'T,,,, (~ays vIith t! vi",~'~ to test "h!"'t'-::-:- th(" spores 

','hicr~ "r;:;~ consume<; by thr. ,,)c'~=larvn~ an ("!1" ition""d after 

nassin 'C'U:"1h t~"" .... ut ,",ere nqain inqe~t!"'( 'lY thf" postlarvae 

::!nc: t':ns ::1" transmission 01:: thC' microsncri"ian could be 

af~cct;~,,' • inC'oc :nuscle tissu~ of inff'ctr:1 nrawns collected 

fter 12 hou::-~·. th('> consumed 

r- cod ~"-r: :-'~-;ovAd from the trou0~s. ".'he ~Jatc;r in thp. 

trour:;'l~ .,~ . .? not channC'o Cor t"~ !!('xt:ivr' -0y~ although 

C' r'r: t i ~~_! ,-~;: 1 y ae r- at~.c. :'hc ': accal mattc!.- f, "~, the trouqh* 

!" t:,e r.:ifth day. 

('lra;-~ in-""c~';~,")ule onc€" in- tv.,,:, c~ ay~ was ,,:'on~ inue-d till the 

end or~:>r '·,xn€>rlment. 

2. ~~x-, rL"""nt ~ .. ith ~. !nr1!cus 

:,)O'C1 the control and experim~ntal desi'1nzr; os ",ell .. 

the fcedin'" an (2 cl€"aning 0"': the trouqhs \vcr0 s1~ilar to 
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tho~e set-up and workc.-d out for r. '1D1sulC9tuS.l," enty 

postlafvae of L. incigus (10 to 20 mm TL) were introduced 

to each of the three glass trou0hs. retaininq one as 

centrol 211,,1 tht::' other two as experiments. '~"he control 

trough ','.'(":S kept away fran the experimental troughs. 

u::-inf;' the experiment, s/3..'Tl'Oles 0'" !"<:l0CCS fron all 

"l'C1"'n+- ('l9th '-o,·_·~-··r')-·)· one .... ,... .... ·-1 .... ,....·a from each : >1 .... ·_· ',_ ,-. ... ./~· t.,.~~, t •..• , • t--"-'J.) __ ~ .... V 

1.1:, ccnttT+-S were nCE';")aree fC)r critical 

not>-or set of s .. ~::r~")le of one 

nestl--,:' ''1 :'Cffi c":ch r'la<;r; tr."ou:;h was taken on the twenty 

fifth-'" 0'- ttV', &'x""e!.'imC'nt(15th f:ecemb('r) and wet mounts 

·t the te;.-orr;in tlon of the 

:ater, -: i:<ed snec i"nf.'ns 

5 ~o 7/J~ "t)'dckness and aftr>r' ('~e'9a.raf.f1ni?ation. sections 

'~ere :",:':,~L-J::-) f"lther '.-r!tl-J ::('i'~C'nhaln's ir(:n ~)aematoxyl1n and 

"?>os in, '~_lu·tf> iernsa stain er .: -lllory' s triple stain. 

t:"'Y"l'T ".J , ... ) 'v ~ -:.,;.".,; 

binoC'Jl':: ('o:7l!X'und !Tlicroscopc uttnchP.d wit> camera unit. 
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1 • .!:. se,misulc§WI 

Control 

--;ostlarvae in the control tank vere observed to f~ 

1; istcl r ....~. "")rf:'lOcraticns 02 a"_>m"""r:, t~)r:':H:cle did not 

--0~tlarvae in the (>;.:;-, :imcntal ton::s wer~ found t-:: 

f~, ", .~ .. ,..~ 
,,"-e 'hrouqh the trm1s1ucent boc'y of the rostlarvae, 

\ 
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refractivity, pr~sence of amall granule inside the spores 

and ~ ~all opening at the anterior end of the _per .. were 

(C and >. he !'ostlarvae W4l!I'e observed to f er.d on their 

own racc('~ on the third. '~ay of exp~r1ment. :112 habit of 

the pos';l.:~:vae was observoo several timrsu;:in0 the 

19. 1). 

n ~.nth 

..: .... '. 
~~. ! 

. ,- ~c 1.~ r tubes. 

'dnal muscle, 



PLAT"! X· :::rI 

Spores of ~lohania semisulcata in the faeces of 
Penaeus sernisulcatus OD the fourth day of F:xper iment 
Ill. :,;o~c the slightly bulging structure (arrQ\vs) 
protrudin0 from the anterior cnd of the empty spor~s. 
':et mount. 

Dpores fran the gut content of F!n;aeus pen1sulcatyf 
on the ninth day of :Sxper1ment II. Arrow-2ully 
extruded pOlar tube. Wet mount. 

Transverse section through the abdaninal r€'qion of 
all experimental PtnAft' sgnts~ca1Cu, postlarva fran 
Dcperiment Ill. Du y eta n arE"8 (T'J) around the 
midgut l;u.;) shows the inl tiat10n of Ihclohani& 
seroisu1cgt,i infection aftnr 37 days. . .. rrO' .. 's indicate 
infection in the abdaninal muscle (l . .M) in the form 
of ci).::.ins Of meronts. T~':'.Exoskeleton. ;·o1.lin
lIei·}e!'..hai. n' s haematoxylin and eosin. 

/ porti n of. the infected ab<.lnminal mu::,cle iron 
Fig. 3 at higher magnlflcaticn to show the carly 
oeveloprn('mtal staQes of 'i'helOhOs:a semisulcnta 
(arra.;a.). l"lFcEuscle fibres. ~-8 " 

Transverse aeetion of the abdaninal mu~cln surrounding 
the midgut of Pen.eus semisulcatus frcrn '2)..~~r1rnent III 
after 37 days. .~rows show the immature oc"::os'(\OroblaFts. 
Bou1n-}~e>tdenhain's haematoxylin am eosi.n. 



PLATE XXX 11 

! 

I 20.um I I 20.A.lm I 2 

I 500AJm I 3 t 50 AJm I 4 

I 20.um I 
5 20.um 6 
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ahnor"~ql tty nor did they s~ow any visible symptan of 

mi'-:ro~~:::-'!"i 'ian infection. such ns whitenin0 of the muscl~. 

vohnson (1983d) 5u9ge~t('d that t"1C hL~tolo()ical 

stain ,-., 

- I , .. , 1~; 5 ;-.-,,' 6) 

-'-lUS the 

the n,:,::',' ~;: '\: 'c d In-:-:: t'il'?' if::" ::'ctr-d muscle tissue or the 
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2 • ~. in, icus 

::::ontrol 

~:"h(' 'lostlarvae were observed to feed actively on the 

minc~ ne at of clan and occasionally on their O'..m f~ee~ •• 

'Tb. ex<:nln"1t.ion of the faeces collected on (:If'f.erent daye 

in f ("et ir;·;. 

ror' ""'rr,,,,,., ~-l' ~.·.~.;."ntal .... r"nMi.~'llcatu. <CA"., _ .... • ',,; ' .•• ~. 

~~ctlon~ 0:" "-'ootlarvae cut t~~~':""u0.h the car2D2ce and the 

thouqh!.:~·.- Ill-men of t~(' aut contalnf?<i sr:ores clumped with 

the food.. 
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DISCUSSION 

irnonq the various factors such as affinity of the 

pathogen for some tissue (tissue af~lnity), abnormal 

.!!~nsitivnn('ss of certain tissu~e to patho00ns(,hyperamsi

t ivity). ntlMb('r of p.'9thoacns requir'X1 to ryr',-i uce the 

~.is"'as(' ('!,~-;~c:.ction '!OSCi.r;f'». CJ" bility or t.' (' ·')<:ltr.cncn to 

f actc-::'. 

again;" L,' 

infrcti 

:)V. \al C:1S~S t~':0 ·-,:'~'t;:'jl 0;- C:-:~':~V ,'in.:' selectivity 

"::1tl}r.-al o-::rri0rs ·-,t·"Mtnc t~l" :,ature of 

I'vrlonment 0': the . ''!.thOff0.n in t;':r, ~1CSt'S body 

'.1;. s·:' c· itr-ria ,',re ui t€" anr lica1) le 

i':"lZ1 (1r'('3) 1'"'oi':"'!t ,,_~ out that t"e 

r;-,~1t':-" f':'i i ty of: microsJ)O.::" i ~ i-m inf~ctlC'n ,:,'-:ulr.' be relClttX] 

to thr- "~ :1'-'!:, in ~lhic'!1 thr: DC! t.::;o(}en in']<1I,:cs t~e host. while 

eis. r (1- ','() o'Oinea that th'2 ronte of 1)1 ~i:--n changes 

entiyr1-:' -t';0 '!:)att0,="n of infection. 

to the- - ;~-'.: t iSf:u"'s ant' tc ..... ['0 'uce infection. These are 

T:'''Je 1"(; ':!::~"' c:- <'?ntry t:1 ::-0U~': 0,ral rout" ir.-/cl',~es inqt'lstion 

of thC-': __ l'::]-,U~€n or one or the oth~"'r staae of its life-cycle 

in the -Co: :': consumed by thf) ltcst. Gener<:\lly. such stag .. 
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C~i;.r~titute those excreted 1n the faeces of the heat of origin. 

~~ntl'Y throuqh c:uticu.lar portal involves transmission of 8!X';.:'CS 

t>;,cu<~h the originally intact integument by a paraslto!dal 

'.iasp cmnag""d in oviposition, this phenanenon Is reeoqnised 

only among microsporidian associated with insects and their 

pn.~~2sito(~es. ovarian transmission involv"s the incorporation 

0:' s;;or."'s and non-sporulnted forms into (~(>vrloplng ova or 

or"3ny of the 

net entcr' t"lrou,'"!h the ovarian route either. 
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C'_hI? ri"'sults of the experiments carried out by teeding 

of musch' t is sue infected by l. 'pl.Bleat, to poatlarvae, 

juv~nil(-s <lnc acult E,. 'ernlsuleatu. (Experiment Il, C and E, 

txn~r1.-:l~'!"'t 17I, e~@rimental set 1) revealed the oral route 

of trsm;:;d.r.:sion of this pathogen. Thi~ is t.:!Vi~eneed bylos~ 

of rcaf.rnctiv!ty an~ the chMg~S -in the internal structure of 

th~ s~n: ::-::.tcr p"$~ing once t:srough the r'ut of the '!'rawns 

(xnr;:i""'-:' ,tank 31 ,xncr.iment 11, C anc:: ~~, ?xneriment IT2, 

Iil, (':''""''-~-::-:l S2t 1) an :-.istologic~l riC'"'lcnstration of 

::"". r: ':. ~ll S ~.- t 1). 

t, '1ns'"':":i .,- .:. 

lot"-l-" .. : '" \. 
:,1 
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'.:'hc observations and examinations of the f a.ca! matter 

from the ~r~wns fed with fresh 1nfeet~d muscle ti8SU~ 

revF.~al~(2 that the ·spores, as they ~aa!t throur;h the gut of 

5 mentioned 

earlier. the changes are r~lated to the 1nt~rnal structure 

and lost, CC J:"('fractiv1ty of the sporf:"s. :=-t is obvious that 

+. only 

~~l~y (1975) had 

clley (1076) 'foun t~.J.t snore;:; of __ penoei. 

trout ,'1'.1 •. ., tr-out r"'0C'-S th0D "{'Q to t~!(' nostlarval 

latter. 

transf.lit T. ('>'lOrara in - ..... 
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, . ~. 'emisulsat. 1s successfully transmitted to the 

h-- al thy £. semisuleetus postlarvae in the present experiments, 

the attcmT't to transmit the microsnoricUan ":hrough feeding in 

,f. "ndieus pOatlarvae was not successful. 

It i;:; quite pro}: able that ",,11 th0 f'!'_':-:'~ ~!"'ores 1ngf>st~ 

forN~ut 

una"-l'--

tank 3; ,- .~ '" an_ 7 

excr -:v '. '-p('{l nOrr',al str\!ctur.~. 

rAlativ-

pores 

;'/r'ly inv~lvro 

- ",-i""" ........ > .. 
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01: the nrC1":n is suita!:)le for ! •• gni,uleJta. the speed by 

w:rich the undiqestet1 foor'! as well .. the ingested spor •• are 

push€'c~ ~,c' '; in(~ all~.,s only a little time for. the .-pore. to 

c;et con·'jti.::-nt"'d to the gut environment and to extrude their 

~olar tube:-s and discharge the infective sporoplasm into th~ 

host c·:'.ll. 'VGrstrE"~;t and ','ihatley (1975) nointed out that 

thf.'> ar; ... - C <.: snorE:', t~(' numb~r of t1m~'s a spore passes thrOUf."'1-, 

'~'Y tract an,' th,.. in 1":' tal ccnc~t:ration of spcr(ts, 

";:1i.tsof the snor"s or t:'0!TInants 't·:hich have 

~~'<T"'ti~d their ~·~,c.r.'')....,la8m into the host midgut 

success or 'J. ilu,:.~ of tranEl::1isr~ ion of micro~r'ori'~ tans through 
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oral route depends on the gut environment and relates to the 

f actors such as rate of flow of ingestM food. pr'l. enzymes. 

oS!Tlotic nrC'ssure an:,' ade0,Ua+:e digestion of the seal coverino 

-the polar tube. ;!o,~'ever, in scrne easel', extrusion of the 

ooli)rtuhc is not inducrd, evc-.n 1n snores ':Iith viable germs, 

by a .,rc;u~i"ty of stimuli as sh~<m by IvcrsC'n nnd Kelley (197£, 

a.1":':- r.tu.' 

'!"lron()!:"t.· -::-:1 to the OS"'!'lOtic ~'-n iti~n or vi$cocity of 

-'=\..t--:: iF or ana. ( Ish 1har a, 

1957) ;:L'(~ ."'rctH.~ by the 0": an( certain c"t-ions. AccorJ.1ng 
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to ':eic1ner (1976), the-re 1. some evidence that spore walls are 

8electivr 'ly p ..... rmeable to certain ions or molC'culeB that may 

.f~ectivcly tr10Qer the extrusion. Spraguea (-NOSema) lophii. 

l:;nc~phalit:ozoon CWlicu11 and !l. bgnbyc1s r~5ist noxious 

concentrntions of NaCH anc '<::1, howev~r. t},<:'se species often 

dischart]C>. t'1t>ir sporonlasm when exnosed to certain osmotic 

or ionic G'ifts (~';eicn~r. 197(,). :.uch oh!3r:"'o:!' tions incicate 

""!" • .... 

cuticlr. 

out of ':' 

'::.- (;'(~ on cast otf 

t" nt r~tarvati(m 

"usc~~t1ble 

"'>'ic'- :,,\,-,~ -·r'·r..''' ..... ,...'''t~d by "" ~: 1 ' .. 4.._' .. 'I;,"'\.. «"':, " 
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pertaininrr to spore life in the extracorporeal environment 

• ince Mc):':C than 90 percent of th~ known sn<::cies of microspo

rid1anD an(? p,lbllshPd accounts concerning tt1(-, long~vity and 

surv1vul 0-::- spores are r(!'latec~ to the laboratory investigations 

of spec.1. r 's whose hosts are -conor.1ically bnortc-..nt terrestrial 

hosts. 

thi1t nd: 

7 to 1 -. 

!:;u,:>'Oort 

bein' -.. 

.J..l 
'- . 

,- v .. _, -- , 

the prawns 

ther~by .. cC'TIsu:!'1ed th"" ccn,'~ i ':.:V:n0c s"".)r..,.s. In nature, it is 



Thomas (1977) has obs~rvrd that of. ,em&sulcatus f~. on 

detritus • 
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. ::hc occw:rence of initial infection 1n experimental 

l;.. IE!Disulcatu' postlarvae only in the a1:)(lo~:1inal muscl~ • 

especially those which are ("-;ir~ctly in contact '4ith the 

midqut. ':)rov1{es evi(!ence to thl!' poss 1,::)11i"'::x~ that 

1. ~wisulcat' entercs throu:-;h th" mi:>ut. :~1ser (1976) 

.t")'--n 
to,. , ~ ..... f1 rst cysts Hi t: 

by ctri 0'1(;9) in';;'. cuniculi. by I~hih:'''';-~ (:r.'g) in the 

silk\'10r.n ~")'::d::1.O<'1en li. RanbyciE>. anCl. by ..::i'::c;.::" (lc)72) in 

!!. mic>100J.l,s from the blue crab an': ~. !0'>hti fran the 

'he route of 1nvClsion to t:"H':' :;'--'('~ host tissue. 

likely t'Elt there is a pa;-,sivf t:.-nnsf€'!' in, 'lood or in 
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micratory }~0St cells hacr;:phaqes) to thf" 1"!hal site o~ .,."',.. 

inr<"cti n (.(~n~lng, 1~77) e 

It is also "oss1 ..... ,le that the _poree may invade the host 

tissucs:;';:)u';!h the 09Emlnqs of the hepatopancreatlc duets 2't 

was not: ,.'vL.cnc("c1 in tll'i7. hi~tolo~'lcal sections of this !:'c~icn 

in the 

.-.. """, "; 
_ ,~ ... i." ' 

1976} 

Doin;.!"·,- '.,' F,~t only rl'icrcs"':','i tans !nff'cting the gut wall 

~n· "";, 

., ~ .. 

in;o~ cti n >y _e s~isulcata r-,:-Xhcr t~an Juv",n11r ,s or 1:he 

a::ul te. 

m icroG-Y~-': i ia in the r,ostlarve, but not ir. juvenilEl>s or 
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Kelley. 1976) indicates that the prawns in their .ery early 

!IItC!fJe o~ liff' are more YUlnerable to infection. Bread and 

,.lson (1'":)77) have pointed out that only very young shrimp. 

are suscc~tible to microspor1dlan infection and emphasis~d 

t~€' poS[; ibi11ty that the Ilge of the shri!'1p is a critical 

[actor. \.,n the other hand. microspori:.:ian-infp.cted prawns 

with visihle symptcms found in the nature tire either 

juv~n:!.h:: or a(~u1 ts ('::prague .. 1950, Butt.on ~ 41., 19591 

Iversc'n i1nrl : anninq, 1959, }':rllsc, 19591 (ver:;;treet, 1973; 

field oh:' .. ~V?t ions su-:-'~~sts tt,:::t in tl-)~ v'r:y young prawns 

1 +-1 ............ .; r,,,> ti""n ·'i"'t ... +-1->1:' "'1"":~"" nt'o'uced by the a ..... 00':., '.' 0 ~n, .. c .. , <ex '.' c>, ,_,, __ , .. .>(. a", __ !._. • 

m icros,v)! ian may not be (~i~~cn!.·nible for r.t long (lurat1on 

Of ti··~f'. ;le !)atho:..":inesis of :nicrospori.-Lm 5e~ms to be 

rath..-r ,,·1 ' .. :F r,rO<. 'ue in~' t:l(" a~·:"\-::!.r'ent ~pta:-~:'J . 'uring which t me, 

the "':'?";7r! "::O~-,IS to Vlrqc'r size. Llohtn-:l:' (1°75) has 

cons!" l-::'<i- -t;:';at microsnori:':ian infection i.-. D€nae1d prawns 

proc~p'(~;:" :Y){'(' r>lo'i-1ly, attainr; less intf'ns it',', but perslstB 

QV r Ion ,.- n rio· s of time. 

'. n the h"':"' is of th~ obs~rva,tlons :n0.(r.-- during the 

('xperi:;F'n' -,1 t;.an!':miB ... ·ion of th(" inl-"ccti' n and the study 

of th€:· "1. !>. rent stt:;'-'C"S of _e $c?-isulcata. a diagramnatic 

::,(',..,r""r;r~' It ic.'n of th('> 1i r f"-cycle of the -;;It~~osen Is given 

in Plc.'-C' :rIII. 
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in the erabs. Th ••• author. GbaerY..s _ a&U~.1ofta1 protein 

fraction in the heemolympb of par .. i~1aed crab.. Recently, 

And.rieux ~.il. (1980) and Harbena _ .... (1980) found 

inhibition of moulting in the paraa1tia.3 crab •• 

Alterationa in the glucoae. total carbohydraw and lactl.c 

acid (Stewart and Cornidi 1912) and in the glyc:oqen content 

(Ste\<1art and i\rie, 1973) iD tb. h ... olymph were repori:ed in 

the lobster. daftttu' m,ie" infected with AlranonH 

y1ricans var. homari. 

Biochemical and physiological ~~ Of microapcridian 

parasites on eecanod eruataeeana vera recently .tud1ed by 

?ivares an(~ his associates. !-\artin J.l Al.· (1977), V1.are. 

n tie (1977) and Vivares and Cuq (1981) ~aern4 that the 

levels of haemol~h protein and g1 Gee •• compoaition of 

fatty aci:s and t~le activities of variou8 ensym •• in the 

cra.bs,·a;;s1,ju, aV'\IDM and £. mtd1t.rrtne!S were modif.ied when 

they W3t'C infectftd by thE" microsporldian. Ibel9banit munadll. 

Lllrther. > Ivares G..t.!. (1978. 1980a> found that the free 

amino aci~~s of microspor1diana were inftraely proportional 

to those in thpir cruAtacean host.. The influence of 

l.. m!enac~.iB infection on the free IIftino acid cont_t of the 

haemolymph and muscle tissue of the erab~ ~ •• ittr'IDIU'. 

as well ~s ~he influence of low and high •• 11ft1tie., and the 

ccmbinc~6 influence of aallnitiea and t-.peraturea on the 

free anino acid concentration 1ft the haemolymph of h@'althy 

and parasitisec1 crab. 'Were studied by Viv&ree .Il.ll. (198Ob). 



hnalysinq the free amino acid., these 8Uthor. found tour 

additional, non-identifiable compound. in the haemolymph 

and eleven in the muscle of the infected crabs. Ceccaldi 

(1982) pointed out that the an1no acids, which were found 

to exist at high lev-el. in th; microsporid1an parasites, 

were s~ilar to the essential amino acics of their 

crustacean hosts. Erickson and ~':prague (1970) indicated 

that micrcs~orician inf~ction, in ~eneral, produced 

hypoaminO(:,:i('~cmia and a high ratio of ~aturated to unsatu

rated f:: ... ·c"ty acir.. in the hest. 

In t~e present study, the proximate composition of 

;a bdominal muscle, ovary and hep2·topanereas of normal and 

1. 8em!§uleata-lnfected Peo8!9f srm1,ule.tu' were studied 

and the r~sults pre.ent~ and discussed. 
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The adult ~pee~ns of r. §!ffi18ulcatu~, both normal 

and infect·:.c by:. semisulcata, were collected reqularly 

during '~ctobcr-:·ccc:>mb€'r, 19"'l3 fror.l thi.1 fresh catchfl!lI lanced 

at ~~an-.ap(Jm fieh landin~; centre. ':'hese ~rH:·ci.'T1@!'l8 were 

caught by tile mechanised flshinry vess~ls ~erat1nq bottCD 

shrimp tZi'.iwl in the Gulf of ~'annar and ~alk Bay off the 

coast 0': . ar.capam. Th!"" normal Md infected prawa. thua 

collected Here 1mmed lately preserve! in ice in • ..".rate 

ice boxes and transported to the laboratory a't the Regional 
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centre of Central :arine Fisheries :<esearch Institute#Mandapan 

Camp.~'ht' time lapse b~tw(l>f'n the collection of the sanples and 

their biochemical analysis was frcm 3 to 6 i~t)urs throuchout t::.:::: 

study. 

In tl1e laboratory. t~c nrawns '~'er("> ;"l''''~<''llysed for ~. 1z., 

sex anc', -~laturity stages. ·j.l1@ normal an0 in:r:rctf!"d prmms# 

~Ttthin ~:'i~~ ~i~e ranr:e of 110 to 1B5 mm tct<'11 lr>nqth in th~ 

intr' ::-"Qul t .~ t.aryp t ~,'eI:'e select·- {; for bi-:)Cl1'-~'- J~C'al an~lys18. 

Infecti -,n 1))' ~. semisulcata in the lnf~ct· ,-; snecimens ""8S 

coni:lrr'.c;1 by f'Ya."I'lininq the ~rr.12eh of a Sr.'1tlll niece of. 

abcomi:!::'.l -:7luscle on a micr('>sco","" sli"~~ "'ith 0. compound 

Micrcr'cn"-:c. ::\C\r:e-c on t~f" <'er r'20 of lnf""ct inn rf"vealed by tl)e

extf"rn<'!l rrr"ss synntO!n~ (as'0$Crib~'~ ('.'")::."'llf>r in the Sub

chant'::.'" ,~.?,) end the micro conic examinatiDn of th~ muscle, 

the nar'~.~1.· p bur:~en was divided into moderate and heavy 

lnf€'cti~:':i:::. -oth normal ant inf("ct",(: "'ra"lnS ~"ere cissecteod 

separatc;.y :~nd tissues such as tl',:e a'")·:'an.inal nuscle and 

h(?nato!:'i'.r:(~!:'eas f ram nale an(~ f(~ale 'OravTlG ('!i:G ovary fran 

th~ f(':'i[;,:-"_ ;: '.'l""!'"P r'-:-~ov('(l. In t';r- C<3Sr> of C\--:-.ry frem normal 

prm<1tlD, C;L::-C ~,.~as taken to .,:elect only "!1aturinq or mature 

OVl'!ry i:1 ~) .-:'"1,- r to get consi!'lt~nt rf'sul ts. In the ovary of 

infC'ct, .~' '-, ,:"''H:1S# hO~'}E'''er# it ~·;0.S o:.ten rllf'fir::'ult to identify 

the matu:':ity staGe as tlJe inff'ctirm r('sul t'(1 in emaciation 

and w~lt(>nirn of the ovary. ..h('~(-'f1"'l1"e# t 1-:r:' inf~cted ovaries 

were civi (:,.(: into mo-1er,3tcly nn( >-:r>BvilV ;_n""'ctl"d groupB 

dependin r on the -.;isual de. ...... r.-·c of infpctir:n. For analyaia. 
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the muscle and ovary were cut 1n~o ~.ll piecee, blotted in 

the fo1 's of a t1.lNe paper to r .... the extemal .aberlnQ 

·,;ater anc: · .. !cighed separately uslnq • pre-weighed alwnln1u.!n 

foi1.h wet welqht of whole hepatopeereu 'v .. atml1ar1y 

(1etermincd. . ·11 the weiqhtlJ were talten using a MetIer monopan 

balanc~ ·.-!ith 0.001 9 accurac:y. ThE' tissues were analysed for 

Moisture, ~~h content, total protein, total 11p1~ and total 

~~olstur(> 

: oi~ture content 0:: a\)(}ominel musele. hepatopanereas 

sarnr"lc!; ut COre 1n a hot air oven 7"or 48 hours. cool., in 

a (~e::, ice ': tor usinn si lic-a ':el as desiccant and re-weighed 

Perc~nt "'loisturp. • l)lf f erep,ce 10 vet and dry weight of sanml~X 300 
~-Jet weight of the sample -

'.'he moistu::-0 values thus obtained were used to convert the 

'v"alu0s 0:: ":") 'ot~in, linid and carbohydrate obtained 1ft terms 

l\sh content 

'r 1,'() sa:n:oles of abdominal musele, h~~2topanerf!''' and 



pre-weighed silica crucibles and were 8shed in a muffle 

~urnace at a constant temperature of 5500 for 6 h~ra, 

cooled in a desiccator with phosphorus pentoxide as 

Clesicc;>nt. and weighed. The 6 hCrurs' duration .... !as taken 

aft~r in itial standardisation. '::he perc(>nt ash in the 

samples was calculated as follows. 

Perc~nt ,-:..sh a ',Jeiflht of a;;h 
',;ei0ht of r3ry sa;rnle 

'V 100 

(1957). 

2 ml o.r ::: 1 (v/v) ratio of chlo::'ol'orm an:-'.-::thanol. The 

homoneniscd salnnlr s were transfr rred into 3to~~er('o 
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centrifu"c tubes and the res ir:1ue on th~ "'1oztar anc: T"(!>stle 

roo:n. un the SUT')r>rnatant vlas collected. o the supematent 

to 5ey,~';ri1 ~o into tli(' upper phase (methanol) and the lower 

phasf? (c}-;loroform). The 10'W€>r phase con~ <::.1ning the lip.td 



was carefully collected into a clean. dry, pre-we1qhed 

container ~_~d the c~loroform was allowed to evaporate at 

30 Q C in a V~CUU1";l desiccator for two days till a constant 

Heiqht of the dri€'--<l lipid was obtained. The percent of. 

lipid "or: calculated as followe. 

P~rcent 11l"1c1 • ,(eight of lipid X 100 
:7ei0ht of wet tissue 

Total cc..::~:ohy6rate 
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c'~'::e (:elipidiseC residues in the centrifuge tubea. 

10 ml 0" c'ilc1 5 perci!"'nt t :ic>lo!'<-1cl":tic aci:) ,:"a8 added and 

t-:o:nogenj S 'Xl thoroug~ily • he:'. • the sample ":2$ stored at 

10°C fo:- 3 ~lOurs and the sIJ"!"Icrnatent was collected by 

centrifu'~in~ at 1000 r.p.:--n. for 10 minutf"s. ~he eollected 

SUpE'rn~lte~t was then analysed for total c:.;.::,~;Y~hydrate by 

nnthrone r"iethod (:'00, 1955) when"in 0lucosc ~'i1S used as 

st an ·::lrC. 

,~pectrophotcmp.t ~r • 

~'he percr.nt caro0hyc1rate WaS calculat.-cj as follows. 

Percent 
carbohY':;:-<Jtc 

Total pr,-,tcin 

A of 
• sample 

A of 
stanc:ard 

Concentration 
X of stand ard 

;~et 't-'1cight of 
sample 

x 100 x Dilution 
factor 

':''!1 'clipid1s~ anc cold trichloracetic acid-treated 

resi"uc ",:!.;' cH3solveC in 5 ml of iN so..-=liun hycrox1de. J\n 







PLAT~ x'XIV 

Histrograrns sh~~Jin0 prox1."'1ate canpo~i tinn of 
abdC,.T:'!inal mu~cle. hcnatonancreas and ovn:ry of 
nOrr.1Ql and Thelohan1a se:1i~~11cat9 - in[':;cted 
Penycus sero1sulcatus. 



50 

o 25 
G: 
:; 

o 

50 
t- Z 

u o 

75 

III 50 
c 
:) 
t-
en - 2~ j 

0 

.... 

01 

N M H N M H 

AeooMtHAl MUSClE HEPATOPANC~t:AS 

PLATE XXXIV 

01 

O~III 

N M 

OVARY· 

H 

N = NORMAL, M = MODERATELY INFECTED, H = HEAVILY INF£CTEO 



212 

al1quot of 1.0 ml was r"1r'~tt~ out end analys~ for total 

prot~!n followinq the met~od of Lowry ~~. (1951). 

Bovine serum albumin ""~8 u.~ as stan~ard. The ab8orbcu:e(A) 

was rea<": at 540 nm 1n reIl. Spectronhotcm('t~r. The pereent 

total nrotcin in the> tissue !Hr.inl,-"s was calculated as 

follows. 

Percent = protein 

Of 

""'fe .. 0 
stan(~ard 

St~tisticnl analysis 

t-tc-st -

x 
Concentration 
of stwv:lard 
~';et w~iryht 

of sample 

x 100 " T;ilut1on 
factor 

as well uS ~oderate ano :1eavily inf!!cti"'c v':-mms are given in 

Table 5 u!1C ryrescntee in :·~late :,·:'·IV. The ncreent ash, 

protein. l>"i~~ an'; ca rbohy< rate have been r-alculated in 

differences between the mean values of normal anc 
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)\bdom ins1 muscle 

Moisture. In the normal prawns, the moistu-e content in ~~e 

abdaninal muscle wu 73.6% and was low in t:--,e rnocerately and 

'1 r '1vl1y infected. prawns. being 71.7'" an'-) 71.0"/ res~et1v .. ly. 

-'h(1!n stB.":: i~t ically tested. a sign! :ic8l1t c":i~f("r~nce was 

observC\~ bebv'en the normal &ne; infected J"'ra\-ms (7'Gb!. 6). 

Ash: ,s in the ease of the r.1oistur~ (:('·r.tQnt. tht:' as'!:1 

content in the abdominal :-:luscle of th~ nc..:.--'~l ...,rC\wnswas hi~~'.er 

(lO.2,) t",'n t~at of molerat(>ly (7.rr;) .:~n{' ""t:vily (6.6'/) 

in'::: eetl"'<.: ¥, awns • '::h~!ie ob~e IV 0~:' .. al!.l 5 Ne"" S ir<~ 1 f ieant ,'!t 

5~' l('>v I'" 1 ctble 6). 

muscle C: +::"0 nor.nal nra'-TS r.an"c(~ l:~et";r--"n 5:.4"/ and 75.1-·! ~'11th 

a mean "':;:'.luo of 6('.O~~. -'-hou'_~!', t),(,> nrotci:-: c!~ntcnt in the 

inf8ct,-·:~ '-; ,-,~,'TlS 'as sliqht ly h10'1f.'r t1--1an 5.n t'l;,f? normal orawns, 

the diE::N'cnce ",as statisticc!.ly not ~i.',-:i:i." ';·'"'1nt C'ablf' 5 And 6}. 

Li~i': '::he 11'!'"'1C! cont~nt in the nor.n;:>l a~d heavily lnfeetE'c 

~ri1~f1TH' !>', ::~I('c1 signi!icant d.it::fr-r,..once ('ahle 6 ) whereas the 

variati'.'!:!': was ~·.ot siqnif1car.t 1-;et', .... ecn t;-',~ normal and 

mO':Pl""ilt:<1.y ::!.nr.p.ctpd nnn·ms. T~@'! Ih'dc~ con~:--nt ~·-'a.s highpst in 

the ab(~-,-:-...-:inal muscl<:s ef '!,~(wily infrctr(i n~·n ... :ns (19.6") ,. .. 

CClmra:'r .... '0 th~ mo:-:lerately inf('ctE'd (1'.2 ') and normal 

(16.4') nr:l~'ms (:'able 5). 
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Carbohydrates No si-mlficant variation was observed in the 

ca r:bohy(:'" <"'t(' content of abdominal muscle of three qrcups of 

pr atoms. ':71e his~est percentage of carbohy<~rate eontent (7.9',~) 

in the arxlominal muscle ',"as reeordtld in the moderately 

n t"he normal and hpavily inf~cted prawns. 

7.,,:;''',. 

(' able ~). 

hirl'"' -.... !\~ ,. < ) ~\.''''n ',1)-,~ 
~ , ' .'.... .. ... ).' . ~.~:.. ~ .. ~ ..... in L:c; ~oderately (15.~!) and 

the nor-'w.l and inf('ct@(~ nfYWns. The hi jh~st nrot@in content 
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in the ht?1';1t01'ancreas was reeorded in the moderately 1nf~@I!d 

0r~up of ~r~. (36.4%) and the loweet in the normal ~rawn. 

( 26. Z' ). In the heavily infected l'rawna. the protein content 

in th~ ·~'··'-';1topancrea8 (35.9~n was slightly lp.8s than that 

.,. ,.." nO"""'al r-"'''''','n''' ("'a"'l'"' 6) 1_ ",'.~ 4'~L ,_r."-l~ ~.' ,'-: '. 

was hi 

("ase o' t " liniel o.':mtent, the> o:'seJ:Vr>c .. ~ ~ ~~r' of c~r.bohydrl\te 

t,,,\1ar)· 

;'·0 ir: ttl.~-" ;-, hI? mc!~turt.:' c'':n t<~:1t_ in t'1(' O-},,:ry r;icrnificently 

from ".:. 
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,\sh I no s1gnif. leant vari~itlon was observro in the o...,::l.Xy 

of normul and infected prawns. 'I'he ash content In the OVdry 

of normal, moderatel and heavily infected pr~An8 renqed 

bc"tNeen 9.;" and 9.8~,: (,:r-able 5). 

protein a i=-rotein contcnt in the ovary SrlcMed 1!1cm1ticant 

variati0ns in thp normal as ",'('11 as mo-·.~erately and h~av11y 

protein ,,::,:-:~:rnt in the ovary '.-'as al'11l")st the same (58.6') 

th~t in t 

tin:.'" : 

.ahlr> 6;· .';'h~ lint'"' contf!'nt in nOrMal 

in:0ct .. ".· (1.~'.1 .. ) 'l":\rCi"ms. 

th~t' (:1) t"~.'" moi!':"tuT.~ c;::-nt:~n't in th~ a> "~:::inal mUf>cle and 



217 

than in t:'1'" infected oneSI (2) the ash content, similarly. 
J 

{'riO'as in t"F normal prawns, but in the ovary. ~he v.1u .. Wt!rf' 

('r~moara;',le7 ('3) the (~iffere-nce in the :protein lewtl between 

the no::;,::",l nnd infect£:c! prawns was almost similar in i:he 

ab<i>::rninal~,uscle. ",!hile In thp' hepatopanereas and ovary of 

toun6 t,~, 1 cr.,.;€' r in the .:1",:";'; t r:. al 'i\uscle of the normal 

~ancrp<u:;'n o'lary of th'2 nOF,11.11 r'rawns, the level Of lipid 

:'F::;r(' i~ ver:'-{ 1 i t.tle .1nfor".,~tir;n on the proximate 
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the present "tudy, the abdoninal lrusele of normal 

1. !eni!:iu.lc~tus has sh'~wn a protein content of aboat 66% 

€n, ~ lipL': a'-~out 16.4<':'. anc these value's fall within the 

ran;.., l"~'r)crted for Cnncr'r mpr,1::;ter (AlIen, 1971) # £. aztccus 

( hewh:lrt .r.l ~. # 1972), :~etapenaeu8 afflnls (Pillay and 

i~air# 1973j and for.L. j.n21cM!f and ,. monodon (~r1rart\" and 

.~eddy. E,)77 ~-. ':h~ nr')tein and li!'ld content in the 

hepatcp, ::-,crpas of thF.' decapo<.~ crustaceans have been reportee 

Pillay :-,"-

19 68 , ' ": ",y ,:m:--' ::air, 1973, :~i(cleditch ss. ~., 1990) 

, .. 
< .' • In '. sf"''1isulc~:tu5 also, the '!'"lrotein (26.2- ) - -

.,·,('11_ ., 1--: : ':(' "alu--~ 'Ct:'c·- Le," rO:::' t:,e ovary of ~. 'lIll9ister 

<- lIen, 1~'71) anc ,c·rtunus ~~r'iCU5 (:-il1~"y and Nair, lc:,73). 
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aqr~es ,-11th the ~roximate eanpo81tlon of other related decepod 

crustacean snecies. 

- a:~licr investiqationa on the biochemical mang •• 

occurr:'n'i in oif-:erl?nt tissues of the host due to parasitic 

attdd~ -;:,~, its nanifcstation have shown that they qreatly 

t'~e ::::!_::c;n,"",~ l.>ility. internal defence canab111ty and the aqa 

11 tr:e~~ -:<':to:- s also significantly influencE! 

co~·-' lr'~' fo:,: - Iv in.: '-0":0 mr.ta';.~ lie and Dhy~iologic.l alterations,. 

I:; (:lc"'~r> is t!'~'Ls r01at1cnshlp that 

\,";:-.d (1 ~7) attribute.'s the occurrence 

by • ···,···~:-::lc~ta (refer SU!)-ch.1'Oter 4.3) has shown tr.ut - - . 

~. 
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content, prt:'teln, I1nld and cnrhohydrate in the normal and 

~.n~C .~ctN::' ("mC's, were obser~,ecl in the ovary and the hepato-

1" i1ncr+?i'W <7able 5). In the abc:cminal muscle, howeyer, I'lOtable 

'\'(lriati0ns were o~}servro mainly in the mean "aluea of the 

!'loisturc an"" ~sh cnntcnt and total lipid 'levels between th~ 

normal a''l:.:~ inf.~ct~d p~a" .. ms (J'able 5). The <lifeeranee in 

the total ~rotein content between the normal and infected 

ovary '1.-tn ~')~f:n to the tune of about 11% and that of 111'1<.1 

about Co • i-:~iL;.rly. the p("o~(>tn content of the hepatopancrf"lls 

'. ~ 

l,""vels ill. t.:" inf€'ctr0 0vary <1n'; hep21topa~cr('as indicates 

that th(: ";-:'-a5it~ lar(1~ly ··~(-,!",)0ndson th~ (';<.\sily Accessible 

lipl(; T: ., 7.'!1e host anJ ~ulti>jli,'s faster 1n these organs. 

he inc-" 3 "/' level of total n::otein in th(! ovary and 

h(''"':;t '~'·,;-'·r(dS an'rp<3rs to ~ <U0 to higher c.-::ncentration of 

biocho··:1.c",l chan.;(:'s t:--iUS fl'.ovC('i t.:.1-:i:!t t~('" "'1~):·t pr~f@rrN3 ~1te 

of in;, c".~1_n !;,y l. SE"!'l i~,u l(,(.'ltva is the QV.::!.ry and hepatO'panC'r~;'ls 

'h 1s obsrrvati"n further con F inns 

'(~vc~-al !:~tu;Hf>s '1,Jve 5';c:m th"1t t~·,(' 11~r')Gtopanereas in 

{~(. C~1X'< ·:'':'~l1~7:,,)c("·anr.: st0rcS la.r'0.c? cuant it: P~ of fat (:::: !been 

and ;"1>:"", :', 1979.) an:: nrovi:es ,::ich BUDt"ly .::;: absorbed 

nut:ricnt:r..: it'·!';; al~0 nlays a :~,ajor an": ~"i·'nif.icant rolt'!."'I 

the ~~- ':",a;) 1 L--; o~ cr1..l~~tacean~ (" i 11 ay an' '.;. i r, 1971). 
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In the present study, high linld constituting about 4~ is 

r@coreed in the '")ormal i. ~emisulr.:itYI. Similarly, the oyary 

of the nOr'"nal L. 'ernIsulcatu8 also eontains relatively hiOh 

lipid. These rich nutrie-nts ~bviou:sly ntt!:'(lct the 

mlcrosPQ;: i"l1.an an('~ af' or<:1 the moet favoura l~' condItions for 

orowth. ::"lat the linid and cor~')ohydrate nut:::-iants are 

,-re-.tly util!s~d by t~e path00~n is ~vid(mt!oth hy the 

'-!1och~!ic·~1 crlan r":r--s ob~erv('ld 1;) the!')e ti~5t~, .. :~ an!'l also by 

the ht~::~ L. i"a1 e:·'~:;nin<'\tit""n. :Tt ;nay :)0 r '.:- rr~l h('re that 

tre .,i,·t 1,'v 'ici11 cX<1mir.,'}tiortG or t~e ~C''''' 'i:.~ancr!!'>as and the 

ovar:' 

in ~"-';)'" '':'::ccu.;!' aIon:-: ~'i":h t 1
".-, .... :':O·":-:0~~ ',-I' in:'!""ction, an:~ 

At t~:!., "':'".~ t:i":H, incn"':1~r:' of ~::·~-:-.e1n, $n-" - .... s t1-1,:;t the 

ch an··es «,:1.11' be ~~U€' t.:0 ""'''',r ~;S 5. l~,<:, ln~\uced l'l~ j "': or ly5 is as 

thE" survl '.:::.1 meC;""2:l ism 0: t~(" \..;()5t au,.. to ~. "~'cv;~tIon inducN"! 

by n&!il'nD !.tisatI0n ox' ccrnbintlt 5. :; o· theSr> ·'ctors. It may be 

po1nt~d out t~at tht" metabolic alter~ti;n:-i is ;In ongoing 

::-,rocl?s~ ..... ; :Lc~",: is aff ..... cteo by t'!1c- narat'l ite5 th at could 

stimul:'t0. ~lO te t enzymat1c act1vitif;'s to ~\lit t1;~1r n@ed for 

nutricn:t.; ,'In:'": energy ~;ource. • ['he parasite can modify host's 
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metabolism by seeretinq metabol1G requlatora (Rutherford and 

,ebster. 1978). Marshall.tt Al. (1974) have shown that 

enzymatic act1v1tie. of the parasite are mu~~ greater than 

t~ose of the hosts. vherC!'by parasites are effectively able 

t 0 C'~~'::"'"\('tf: ~.-l'1 th the ~ost f.or the available nutrients. J: shak 

!.! ~. (1075) have reportf!'od pat"a~1te in(-;'l~d r.-lycogen 

,~~':10ti-':l in the host snails. 

T"onz an(! .],")ncs (11)74; ob~~'!':V~('l '-'Cl-'-"';),sc .in 1i'01<1 

level tnt;~H' liver or '-ats in':Cctf"'d ~y <1 n""-.try.ie. unn II Al. 

(1977) ;:. ccrc":ed that the collQ.·'0n !'lynt''1~'r: is is !ligher in th<3 

in ect:' ···lmals than tl-:; ~':'~ in t'-:e nom-I;} 1 C::1 i"D. .his could 

;-~;; fo= 'l:h' r.li··'·-:'.; incr<ase cl,~r.'::-"/('(: in protein in 

.oly in r.:,,~ct~·(~ :-. ::-'":.".'0.:. 

c':.ntain;· u. '':'0ciab le lEwf'ls 0<. ·''l')s'''Tv.:-c1 f.'V'i. ~:u '-e ant~ r"r .... :t"'t.,. 

·~'he 11":!." l':'vc'l i!-'! f0Un(~ to ~)(' ;'r'-lattv • ."l.'.' 1 s::: a:-: comr-ar"'d 't"r' 

also f'OC"l:' a"1 active site for _. s~i~:ul~ inf·'ction pr··:...bahly 

cue i' ,: " ir,'~ nr':'teinaceous naturE>. : ;0' ·:v, ::, it appears that 

the a1-,c'<n2.1 muscle c5o('s not ~rovi('e an ·,.,.,timum environment 

for thf' ~'·:.~:as itc to (~f'Velon an: multiply ns 0ffic iently and 

~ucr:'e~:--' '·'.1i.1y 3S the ovary and t'1~ h~":"('lt0n":1Crf;'aS which contain 

h iq1":'cr l·v ..... l~ of lipid. 



The c.:er'ree of inf ect1on. aqe Md maul tlnq behaviour of 

p;awn and Qnvironmental conditions impose a significant 

influence on the microsporidian. Ceccalt!l (1982) l'Ointed 
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out that in Or0f'r to survive cmd (1evelo~. t:~"., narasit('s must 

a(lopt to the com~oslticn of the int('>rnal ·r"\r(:. 1.lr.l of the ho~t to 

t~€' r>h~"'" ':10'~""'fr' anC1 :'n('teholic i1ct:1.viti~s of ~,11(, h(")st may <1't~1') 

he (:.i~t:.:l""·~';(· to crrtain l("v~~l~ ,'1S rJ r~s~llt 0·~· i!lfccti~n. 

!\ccc,r·:'.:'1 ;r 1-l~'TI~::-n (1n~3), tl-;r" "i:-turb<}-c'" ::I.n theme>tab'lis:r.-: 

com",-cr< t ~'-n once th!':' in~·"cti·'n i~'" c5ta~)li ;.:':-." in the host is 

ev.1.:; ~cc·- by the ract tl1~t tr)(' nrcxtmate C r:,""'O!;;iticn b~~ ... ('en 

th;· :"l'::: .', •... ;' ~ly an,~ h"-.'uv11y in"··ct,,·c ~')!'a\\lns :-c:.1alns more or 

le!:'rl ~C!:~.'> --ith little v~ri~tions between t 1'1(? normal and 

mo:r'r tcly 
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DISEASE CONTROL 

~urtng ~he last decade. appreciable aCvances have been 

made on the control of diseases affecting thE' farmed 

organisms. This has been possible through the use of 

histological techniques. better un~er8tanding of the 

diseases and the causative or-::anisms. and the pro·;ress ma<!'e 

1n the char-ica1 treatments. In recent years. greeter empha8is 

haD also been given to prophylactie measures and pr~entl~ 

of diseas~s through b~tter water cuality m~nagement and 

m1nimlsin~ the env1r~nmental and handltnq stres~e8. 

Immunolo~y and methods of v~ecine ap~lication are also fast 

amerginc <lS important means of disease control. 

~{.elatlve to the studies on prawn diseases. very little 

work has been done on their control. This 1s particularly eo 

1n the ~. S~ of penaeld prawn diseases. Shigueno (1975) 

reported on var.ious metho~1S of control of bacterial an~ 

fun'"'al (jls(~ases eneounter~ in the larval population in 

'hatcner1i"s and 1n the prawns culture(,! in t'he tanks in Japan. 

stmilarly. the tr~abment~ ~evaloped and u~ed to control the 

diseases eneounter~ in the larvae 8nd adult pen •• id prewna 

in America \-1as discussed by 1:"1ghtner (1975, 1911. 198]). 

Sane information on the control of ~i.eues durinq 1~a1 
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rearing ls also eva11able fraa the VOlka carr1e4 out • the 

Southeast A.ian FUhui •• ~lor-ent Centre (SEAJ'DEC) at: 

Philippines .ad at Tahiti ~ the ACUACOP ta_. 
In lftd1-. althcuqh ~ work ob the pr~t1~. ad 

curative meuur.s of parasites and disensea of fiah .. , 

especially the freshwater fishes has been carrled out by 

several \;7orkera (Khan~ 1939, 1944, Tr1pathi. 1954, 1951, 

.. ·.:ilia and ~en, 1955, Hera and Pl11a1, 1962, GopalaJer18hnan, 

1963, 1964, 1968, Gh08h and Pal, 1969, Pal and Ghosh, 1975, 

Srlvastava, 19751 Ghoah, 1919, Mandalo!, 1982, Seenapp. and 

!'lanohar, 1982, ·'.eenap:--a n .i!., 19f:l2, Sr1vast ... , 1982), 

there has been no work worth ment10ning on the control of 

diseases and paraSites of penaeld prawns fran th1a coun~. 

P andia.Tl (19A2) conducted experiments on the rearing of PenMUs 

ind1CUII and 11'tapeppu, dobsonj. in the medium treat8d with 

antibiotic tetracycline and antif.ungal agent aer1flavin and 

observed that t~tracycline at a concentration of 1 to 3 ppm 

did not affect the survival rate of the larvae while 'the 

acr1flavin was not sui table in penaeid larval rearinq, 

althouqh it was frond to be a zuitable fungicide 1n the 

culture of juvenile lo~ster. ~;cm,rus gneri-;aQUl(Abrah_ end 

Brown.. 1977). 

In view Of the little information available. an 

attempt is made here to hriefly summarise the di ..... control 

measures ,3 eve loped and practiced in the ollture of pen.aid 

prawns. 
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,\lthough sevf'ral viral diseues have been id_t1fled 

1n penaeld praY-ins, there has ~en v@ty little progr •• 1n 

their control (Llghtner ~ Al., 1983d). 

several methods of treatment for bacterial 61seues 

have been reported. Drying, eleaninq anc1 dla:i.-.nfeetion of 

spawning. hatching. larval rearing and nursery tanks 

considerably reduce baete.ria1 inf~ct1on (A":U.\CCP, 1911, 

Llqhtner, 1977, Llghtner st Al., 1geO). ~upply of qood 

and auallty water, filtration and st~rlis~tion of water and 

alleviation of stress factors have a1eo been suggested for 

reducin'1 or 'Pr~vemting baeterial d18~ase8 (Llqhtner, 1977, 

J ohna on, 19~3b). Use of certain antibiotics such as furacin, 

fur an ace, chloramphenicol and oY-Yt"racycl1ne, either by 

direct aC.cU.tion to the- medium In the tank or by 

Incorport. ting in the feed, has bef'n found as successtul 

thereepy (Chan and Lawrence, 1974, '\elv~s-!'!roughton, 1974, 

Lightner, 1975. 1977. 1993, A':'T1I.COP, 1977, Corllss n Al., 

1977, Li0;ltner !S .!l •• 1977, Corliss, 1979, Llqhtner et al. •• 

1980). ?eedin~ the ~rawns with compounded f~ed mixed with 

sul~hizo2ole. nlfurstyrlc acic nnd chloram~henlcol 18 found 

to cure the bact('rial (1isf'1ase caused by 1ibr1g sPp. in 

r:,. 'aponicUf (:hi0uen6, 1975). :lml1arly • .immersion in 2 

to 3 ppn fur;;zolidon is also rcport€'d to be effective in 

treatin';"( the disease cauned by certain ba.cteria which 

discolour the gill. (:h1gueno. 1975). The fl1amentoua qill 
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disease caused by r..eYC9thriK j,nfeatation could be treated 

effectively using a sea water .olubl. copper c:anpcund. 

ccmmercially known as eutr ine-plu (Lightner and Supplee. 

1976). : ctClssium peI'ftumgnatt! is also found to be effective 

1n treatins- tht", fllam~tou8 bact .. rlal infestatioa 

(L1ghtncr. 1977). 

l1ethoda of chemotherapy for Llqlni41\p 1ft~ectlcn in 

penaeids have been reported by Bland ..... (1976). AOUACOP 

(1977) and Lightner (1977). and application of chemical. 

such as malachite green oxylate at 0.006 ppm <et.tic) or 

trifluraltn at 0.01 ppm concentration have been found to be 

effective in preventing the disease. At SEAFDBC. ~h1a 

funGal cisease is be1nq eontroll@d by turaneee, vhil. 

antibiotic such as gallymyc!n and fungicide trlfluralin 

are used to control infection in larval rearinq at Tahiti. 

Lio-Po ~ .Al.. (19~2) studied J.n vitro the 8eftsitl"ity 

of Lagon!.., iqn sp!'l. l!1!olat~ frcm e. msmodon and Scyll. 

serrata,to 34 antimycotic chemical compound.. S1milarly. 

pure cul turC's of ; 'alinhthoro! ph111xmineDsll isolated from 

~. monoonn lnrvaa were exnosoo for '-4 hours to varyinq 

concent::-~tions of tt.~ entifunrral aqents and eff1c:ieney of 

cac~ C0f:".~c.und in inhibitin".! ~:.p"'ornlation and myeel1a1 grO\o:th 

,. ~ ,,". -" I i T"I ~f- 1 (lQ '-5) " ... !.:' --.~. i)Y • 0-1.-0 ~ L.. .-.,. Practical methods of 

chemotherapy for .. ~·u.sar1um infe-ction are lacking. several 
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funq1cid(>,s have shown sane premia. iD Ja yim .tudl.. with 

this !i.m0Us (Hatal.S1 .11., 19'741 Hatai and Egus., 1978, 

Llghtncr ~ Al... 1979.> but none ha. been effective in 

treating t~e established Fu§arAum infection under eul~ 

con~it1on3 (Johnson, 1983b). 

Chemical control ot' ciliate and ot~H~::- protozoan 

infestations has been suryne~t~d by different workers 

(JOhnson ~ ~ •• 1973, John.on, 1974a, 1974c. 1976b, 

. .:.;ehnick ~ .il.., 1979). Formalin at the rate of about 25 

ppm Is r0ported to be effective in ccntrolling ciliate 

in~f'stat.ions. The oth~r 1mport~nt cher.ii -'."lls founC! to be 

effective 1n treat1n~ cl1iate~ and ~h~r ~r0tozoan 

el")lcc.rn"""~"'·als in th~ cnltur~ t:anlc~ are qlU7.;1ral~e.hyd. at 2 

p~m, ~l:)ra."'1ine T I quinine snlnhate or quinine bl~ulph.t. 

(!.t 5pr-rn anc quinacrine hy('rochlori(~e at 0.6 ppn concentration 

(Johnsc~. 1976b). 

''':'he black death disease caused by asccrbic acid 

deficiency in prawns cultured in tanks with artificial diet, 

is controlled by providing aopropr1ate feee having 2000 to 

3000 rng of vitamin per )(llooram of feed (r:'esh1maru and 

Kuroki. 1976, L1qhtner et al.,1979b, Magarelll Sl 11 •• 1979) 

or by feeding a sUpplement of fre.h alqae to the affected 

prawn~ (Li0htner. 1917). 

~tudie8 on the control of m1crospor1d1an parasit .. are 

limitee. OVerstreet (1975) and CVerstr~t :md ; .. n~tlfIY (1975) 
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conducted 

L =\ series of experiment. ia order to ........ the effect of 

various drug_ for prft'SltiCD of adero.porj4iOllu £a tile blue 

e rab.:allineet!s '1Rl4!a1 c:auM4 bf f[P_ < ..... > 

rn1chael:1l. Theee author. _ea ._eral ~ INCIb .. Bencmyl. 

'1uqulnolate. Clopldol. iUftaqil1i1l. hr_olUlofte. lIitrofurazone. 

~.:ulphanethnalne and zoalene iD their uper:lllent. where only 

one do~e 0:' n particular drug or ealbJaatJ.on of two dzuqa was 

orally Q.,~;:;inistered to the normal ere. elCftg with the diced 

portions of fish inoculated with infective spar.. of 

~ michD.cli~. The control crabs for eacll experiaent were fed 

wi th f!~·t: t issue along with t.l\tl 1- .ish.l" .pore. but 

,,!1thout t~·~·~ 8d(ition of the particular druQ. At the end of 

th~'sc Cc::. :.i.ments. whIch l •• ted for 1 'to 3 IftOIlth •• Overstreet 

.:::n2 . ,h 3tley (1975) found that only "B\J4U1nolate·J proved 

c(l!ebly cf::r::etive in reduclftg' the ~ of infected crabs 

iurazolic;;)n. the caabination of Buquiaolate and Clopidol. and 

Sencrnyl D:~O\l/ej much le •• effectiv ••• in that order. Couch 

(197;;) SU(",Gsted that 1f Buquinolne 1. UMd for u.ating 

micros?Oriian infected prawn. in ~he ~ltur. system. 

(~epuration of the drug fram the prawn t1saue might be necessary 

before th.e trf'ate<! prM1ft8 are uaed for human eona1ftPt1on. 

In another experiJlftent. everatreet and ·,<hatley(19'S) 

found that vlhen spores of b.. mishulll treated either with 

a commercial bleaCh or a d1ainfeetant eonta~n1ng iodine. were 
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fed along with the diced f!ab .. the normal experJ.mental crabs, 

none of the teated er'" produced iftfectlOft. The controls. in 

c?rltrast. r~v~a1ed about .8 pereent infected crabs after • 

pc-r100 0:: 30 day.. D1a1ntectiOft of the clohid aya'teftll. where 

1"'!:awns al:e cultured, with. oc.nereial bleaeh (Pur .... l~ 
n 

'. hite" Bleach with 5.25 pereerrt 8OC11aft hypoehlorlte> or a 

disinfectant containinq iodine (W .. eoc!, .. R with 9.1 peretmt 

polyethoxy polypropoxy polyethoJly eth801-loc!_ complex end 

8.74 percent nonylpheftaxypoly (ethyl...,) e1:banol-i0c51ne 

complex) 11 ("is, th~refore. been reecgaend«l by o..ratreet and 

,hatley {lJ75} to prevent or treat .1eroaperldl_ 

contenination. 



SUMMARY 

1. The thesis a.bcdie8 tho r~sult5 of the stucles earrl~d 

out on certain C!lseases ~f~ectln(1 thr- cO'!'fnercially 

important penlleid pra"ms in the capture and culture 

fi!lheries of t~ southwest am southeast co,:,sts of 

2. In! tially. a survey 1s con3.',lct~1 to ob~~ain information 

nn,:: to under~tand thr> CcrnT!'on disca!::c.? ane a!Jftormal ities 

o(~C1.~rrinq in the nenaeic1 pr-n,!M in :: ·'ture and those 

r--~.r::~0(~# in the ~tuay area. ':.'he patt~"rn of the 

Ln C'ction/!nf('Dtatir-m. syrnptcms ar.(~ 0:: the 

Di'!t>ogenici ty 0: 17'ach of th~ cases f'ncount":,,red ia 

nt.uc"iEd macro- and Mic!'oncop1ca1ly an('~ by m1ploying 

~ d!J topath 01 0<1 ical techni,:ues. 

3. ,::;;: 1.- n sult of thc' survey. ten cases c'" ;:is~ases and 

: .. >no.:::0.:.11i ti,~'s are r,~ ""o,'tc,(I. ':nl"se 1nr:lu "C' tumour

li'~~~ .-''.'o,~·th. Use-ft'f ,:"rO'.·,Tl cyncrCl11t"", t2lil necrosis, 

'-"Q!.,:n ;o::pot disease, r(>:~ rOl;,trurn, ciliate in~('stati~n# 

nirrr ~,!"O!' 1, '1 ')<;;1s, h0 lrr :tnth parl\s i tt::, t:t1on, metaeerca

riF'!l infestati0n aoo bonyrlc infl:'5tctir.m in the 

1}cr:0f'io pra1·ms such a,S ~}cr.aeus insUc's, !:. monoC12P, 

i:,. semisu!catup , jf etapenlrus dpbpon1 and li. af fin! •• 
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4. The symp~om.. oecurrence and incidence of each of the 

above e .... are provided .1~ with the Infonurtlon 

on ~nv1ronment.l factors such .. salinity, dl •• olved 

cxyryen, temperature am pH of ~h. water frc:a the 

collection .i~ea. The nature of the d1 ..... , the 

~1s~u€s of the host that are affected by the 

.1:1: <'ction or infestation or by the pathogen. and the 

"c;tors influencing the infection in each of the ten 

c:~~"s are stu~i.'~c'1 hl[ltopathologleally and. d1scu~sed. 

5.;"he "isC'aae caused by th,..... rnicrosporldian parult .. . 

('(T1"f;1only knO"/m as "cotton· or "11~ It shrimp dis .... . 

an:~ cncounterea 1n the wild ju~11. an"~l adult 

'"-c""'ulation of r.. semisu&s'tU. aftd tt. Iff.\D1. 

c::~loit~ off,smeswaran, Mandapaft ~ "l'uticorln 

on t'" southeast const Of India le selected for 

by the li0ht and electron microscopy and histological 

t"chniques of the m1crosporldlan l'ar~9ite8 collected 

~rom ~. S eM isu 1catlls and ll. Atf1nt.s have r~ealed 

thev belonq to three species. two of than . -

aD::; iqnable to the;:'aml1y l'helohani1ciae (Order. 
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microsporJ.dal Sub-orderl PanaporoblMtlna) and the 

othryr one to t1w F_ily PerezJ.ldae (Ordert Mlerospor1d.a, 

. Ub-orderl /~an.sporoblastina). !-urther detailed 

ctudies and comparisons with the described and known 

microsporld1an species have revealed that they are 

ne,,: to Science. 

7. '1110 !jnoront- of one of the two speci""s')~l~~r-inq to the 

zr':iily '"helohanli,5ae 1s found to un' .!'r;""o a s~ri~"'5 of 

t 1,r' ~ guc~esgive hinary (;ivisions n=O<~tlcing ~laht 

!>'''oroblasts in 8 thi:1. suO-persistent pansT'I<)roblastlc 

r·:.o to 5.5 X 2.5 to 3.SJlYn in 5iz('> -m!~ r>ossess isof11ar 

;-;01n1:' tube :-n(?'!5urino 14 to 22Jl"' in len']th. This 

s-.('cies is de~cr1bed 8s':helohania sqnisulcat§ Bp. nov • 

.:-'n' is fou\'X"i to infect :-nainly tht"" :)')~y ~:1U~cle. 

he other organs aff(>ct(~d to lesser extent are the 

l-:r-art. eyes and thf:' gills. 

a. ':'h€" otb-'r microsnoridian a5sirynr:>Ci to the :'amily 

'chelohanlidae. sh~';s a canhin.~tion of characters of 

theenera Thelohania and :,grnasana. ';'hiB m1cr08pOri~1an 

is characterised by three succes:sive binary d1v1alona 

Of the sooront resultinq in the formation of 81qht 

sp,:.roblasts covered in a fragile p'ans~·orobl~st1c 

manbrane. The maturt' nn.:1 free spor""'s arE'! pyriform. 
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uninucleate aDd ",eaaure 3.0 to 4.2 :.: 1.5 to 2.0J
in size. The polar tube Is anisofl1ar and form. 

about 9 to 10 undulations anterlo-poster1orly 1naide 

the spore. In view of these characters, thi. 

microsporld1an ls Msignf'd to • new genua. ft .. lV, 

.ulcovy1a and thE' species describe-d as ..;:ulc;oyarl. 

nannarens1s. ':'hin species, unlike 1. fernisuls.t8, " 

is site ~pcci~ic a~l infects only the ovary of 

L. sem1sulcatus. 

: ('.r"C'zl1c"1ae 1s apanspo!.'obln!'ttic an," dis~-orous in 

n.:"!ture anc has ovoid, uninucleate [':"",cn:>s \<lhich 

:'1 '"sure 2.2 to 2.5 :" 1.0 to 1.S,I'JID in size and 

T)O~~;CSS lsofilar nolet!:' tube :rlcastl!'inn about 2S}lm 

in hmqth. This is (iescr:ibed af.; _'r·rczD aff1n1s 

:'::1/. nov. am 1s faun:! to inff'-ct the bo·:y muscle, 

p. semlsulcatus. - . 
10. ":'ynptCfriS or rnlcrom:>ori(i.o~is caus~l ty l. 5emisulcat. 

are stur1 lec by crualit<'?!tiv("ly catccori::dn'J the 

infection AS 11Qht. mo.]E'rate and heavy. 

11. The hi!;tonat'!ioloqical investiont1on on X,. sem1sulcat. -

infected prawns revf'lalcc that .:. sgnisulcaS' 1s an 

lntrac~llular parasite and highly pathO?cnic in 
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nature. !he .ff~ of the pathC)rJen Oft ~he cellular 

structure of the iIIportant oroana INch d goM4. 

hep.top.~ .... body muscle. midgut. heart. op'tie 

nerves. retina and gills 1s 8tu(1iec1. '.:'he host 

r~5ponse to the infection an~~ars to be lea~t 

"~Aveloped or effectIve as the pat', . ~'n ~00S not 

ar''';)arently elicit any !:i<::n! fieal"l'- 1:1 :-l,:ommatory 

ird. t tally throu'lh t~:e 3ul-:'.-mucosa () r- ":he mid"'ut, 

-i~ally 1 a~in~ to the 00sth of t~~ ~0St are 

s "".u ieC! and (Uscu~'sed. 

12. : he' Inboratory emr:criments are carri,-..,' out to transmit 

_. semi!;ulcate to th0. normal anri ~;,"<:l thy nra'r!ns by 

-:-o:1tarninatinc the re(U~in(: ry)E'f;ium ','i"h t:h<,:, nat: ,ogen, 

in.1 cctil'l0 the pathogr:n into the bor~~y or the nl"m.,rns 

an,; feeding the norrno.l. healthy n.~ 2.' 'nG w1 th the 

bc',vily in~f'cte(.~ nrQ~·m muscle tis;;\'.c. :'he results 

i;1'-icate that thp na1 :1v:Y'cn ~ollr::r"s "'al route of 

to un::~"rqo a oroc('>ss of C'oneitionin'j by passinq 

trJ~~oUl]h the rrut of th{" T')r~wn beforr-- b~in., capable 

o~ infecting the pr~wn. The initial site of 

in:7f"ctlon by:. esrn1sulcata 1s fonnC to be the 
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midgut. The process of infection, the succe •• ful 

0stablisment of the pathogen and its spread to the 

various tl.su~. of the host, and t:ie tr-ansmi!5s1on 

of infection in nature to the healthy Drawns on t~8 

~'",..:.'1s of the observations mac~# are- ~res8nte('i and 

C'1sC'U!lsed. 

;n-~ ovary of nomal and those of r,", 'r'!''1'':ely &nd 

"avily infectDd :. sanisulc,tus 1....,.,., ' 
""',;;t .-. scm1sulcatl 

The in::ect1on by °Z'. seolsulcata in F. ~0mlsulcatu... 1s ... -- - -- - ~ 

:;c"'atonancrf:"J'as ?.nr'~ ov:"\ry. 'I'he v,~riation 1n thE' ash 

l' °n1 :icant 

('~:o·o:tpnt in the her:'~topancr("as and o':ary of the normal 

;:nd infectN'! pra\<1ns Cl!:'€' also ObSE-rV"e a~ a result 

0':" inf"'-°ction. 

15. In t::f' lir~ht of the available J)Ublish''''~ information. th

control measur("!s for the dlf.fer('nt ttsease. of 

p~naeld prawns are present~ and discussed. 
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