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PREFACE

“he widening imbalance between mman »onulation and
foo sunnlien, chanqina life=styvles, attity ~s, tastes and
praferencns, demogravhic “actors and ehhancd industrial
recquisite have broucht greater Jemand for fich and fisherw
nro’fucts throuchout the world, ~“his is narticularly so in
the casc »7 courmets' favourites such as nravns, lobsters
an< cral», ‘0 meet thir demand, there have “ecen increasing
fishin~ »oossures on the will fisk astocks wich are in
great cemnne in commerce, his Wiich level of “ishing
effort, over the yr-ars, has 12 to a “ecline in the
abhuncaoncy o7 certain fish stocks am! reduction in net
returns rom thelr fisherye iz situation iz nresently
exverionc ¢ in the marine nrown fichery 0F n fae In the
“iwtins (1770 0=69), the annual averase marine ~oam landincs
of the country was of the order of 85,100 tormnes, ith tre
increasin “ichdn~ effort, the ~rown cateh: onhanced €0 an
anruaal ovorace of 1,74,100 tenrca Juring 1270=79, recording
the maxiryn of 2,22,750 tomnes in 197%, ‘over, from the
latter hnl7 of that decacde, there was a Jormrard trend
showin~ -1 ¢ {luctuations helow 20,000,000 t-nnes, These
fluctuati-ne in the ex-loit~® troditional vil” ctock of
nrawns cou~led with the risin: cozt of fishin~ onerations

and the v r increasine demand, crzated an interest in
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zruncultire of prawns as a ~want to aurment thre nroduction

and =5 2 t~urce of increased suprly of pravms,

-arming of prawns and fiches in the brackish water
fieldes has been a wery old and sustaining nractice in

~erala, oot Bencal, Yarnatakas and s02e ho aeneral

.

nractice follewed in this traditional systom which covers
an estinntsd area of ahout 37,000 ha in tho country, is to

stock thao imnounded fields with the seed brou-ht in by the

.

by ferdins on the natural fn" availa-le in ths field, and
to harvioct them periclically around the newr moon and “ull
moon nhates, The prawn and ficsh pro’uction in this system
is foun: to vary from about 170 ka to 1090 k~/ha for a
season extending to abrut & menths, “he nr-own catceh in
this cnlture orarastion is comosed of mainly the smacies

bhelon in- to the genera ‘ctarenaeus and _arrous, the forrer

nredonintiny the yield, 48 this svstem inv:ilves
iﬁéiscriminate and uncontroll-a étockinc of sr~eds,
relatively sh-rter time allow~d to grow the sred before
harvo~tint and no eralication or control of nredatory and
comnatliive snecies in the field, the cuality and ~uantity
of the rrouction have been found to be relntively low, In
recent v arg, an improved system involvinc eralcation of
und~sirale ormanisms from the culture bare and its
nrenaratli n annropriately beforrn stockins, ant gtocking

with s»cies that grow fast and command goo? ~rice and
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deman?, ic beinn introuced, “his samieintensive systen
of pram culture is now rapidly enreadinc and caining
importance in the country, further, the realization of
'the creet arowth potential of acuaculture of prawns in the
country and ite significant role in the rural development
has prom—~ted both the central and state covorments to
assion hioh priority for its dowvelopment, everal schemes
and projocts are being formulated and imnlemented to Lhrinz
in a~-roziable areas under oravmn culture on” to establish
hatehorice and other infrstructural faciliticss by ifferent

waritiise states durin: the eoventh Tdve “rar  lan peried,

Une of the major factors that limit the succescful
culture onerztion and supress its full ~rm:th potential has
been i7entified to be the dizecases affectinT the oprincipal
sneclics solected for culture, . ven in the nnatural
porulntirn, the wide fluctuatisn of the catch is often
assicns’ to the natural mortality and one ol the resmonsile

N
caﬁsns n7 this natural mortality 4is found 1o he the
occurro~cr of diseases, 'or+alities, abnor-alitiecs and
slow ~routh due to discases from sionificent deterrants,
and often lead to considerable loss to the nrocuction,
Frawns, a5 in the case of othcr organisms, bocome suscentible
to “iscascs whenever certain abhnormal biolecical,
physiols ical or envirommental changes harminag their normal

life ocour, 008 health and ~rowth of the -~rawne are

raintainod when the relationship between the nrawn,
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pathogen and the environment is halanced, hen this relation-
ship ic <isturbed, disease praoblems arise ~nd reduced growth
manifests, and when it deteriorates further, overt disease,
poor growth and mortalities occur, %esices biotie and

ablotic discases, prawns are also susceptibl~ to nutriticnal
and genetic (iseases, leina gonerally ‘enctity depend nt, 4o
diseazc horcards are encountered more in the ~ulture £isherices

than in the capture fisheries,

rina the rast two Jdecades theare has been
considerable advance in the knovledge of cincases affecting
the princinal acuaculture snecies of orawne, their diagnosis
an?® contral, However, information on discazes affecting
pnaei’ ~ avns of India is limited to a fow Jescrirtiens on?
lists of —arasites and their biclonical consierations, s
India i~ ~niased for larage scale deovelormmeon’. of acuaculturc
of mrams rith a stress on hisgh Jensity so~-=intensive or
intensivr ~ulture syster, it is natural to exmect increasing
hazards o <iscases in these ;vsteﬁs. “ince the knowledge
of such Jiscases, their causative agents zn’ rtiology is
basic to control, the nressnt investi-aticn ~n the

diseases of penaeid nrawns has been tsken un for this

uvoctoral thosis, *

Thr thesis is presented in “ive chanters, Thapter 1
feals with the review of the literature on the penaeid

wrawn Cic-nses from Incia and abroad, ‘This is followed by



a chapter on the material and general methn s emnloy-d durin
the investisration, The study was initlated vy undertakino a
base=line survey at certain centres in the couthewst and
southeast coasts of India,to collect information and to
understan’ the common diseases and abnormalities encountered
in the camercially important penaeid prawns, Ten cases of
diseases ark® abnormalities encountered durinc the survey are
present~’ an’ discussed in “henter 3, (ne o° the diseaces
caused ¥ the microsporidian rar 'sites is "ound to brin~
forth conride-able ~conomic loss to the nrineid prawns
roepulati n narticularly that contributed v _onaeus
semisulcctys, exploited on the southeast const of India,

This Jdiscose was taken up for deotailled stuiis-s and the rosulls
of the invaestigation on the structure, li7e history,
histonathlogy and other aspects of microsvpori‘iosis 4n

Ze gem;:ulcaﬁus and stapenaeus affinis arc provided and
discusced. in Chapter 4, (inally, in ~ha~t-r 5, an attempt

is ma’es 40 lscuss the control measures f¢r various diseases
of nenacd rrawns in the liht of the available nublished

infor-atisne

“he tumour-like outarowth recorded in fo indicus in
the nresont study forms the first record of such an occurrence
from the nenaeid rrawvns of Inlia, *the stu”ics on micreosnoriii-n
parasitcs and the disease cavsed by them, nresented in

Tharter 4, form & comnrehensive work, “hr- =pecles of
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-icrosporiéians collected and “escrib:d in the present
investicatinon are new to seience, ‘hese asmects, and
observatiocns made in the cymptoms of mi-rocnoridicsis caused
by one cf the microsporiZian parasites, stu’'ies 3n the
histopathology of variocus tissues of the inf-cted nrawns,
transmissicn experiments and biochemical anzlycis of the
infected anc normal prawn tissue constituic ovisinal contri-
bution an” considerably ail to the nresent :n~ledge on the

patholo~v of penaeld nrawns of Indla, =si

my

-8, this bheling
the first “~tsiled study on th~ microsnnri ian infecticn in
Indian ~ naeid nrawns, it not -nly vwroviles inf -rmaticn on
the -~arns®t-s per ge but =lso their relaticnshin ~{ith the

hosts,

I vould like to take this opportunity to eyxnress my
gratitude tc r, . Vedavyasa .z0, ~enfor cil-ntist and lead
of the !wziclocy, Mutrition and UVatholos  ivicion, Tentral
varine isirries irsearch Institute (2 1) un'er whose
guicdancs =n’ supervisicn the ~resent vork 1o carried cut,
Ty e o ilss, former ~irector, O 1 and ub=i'rnject

coordinator, Centre of ‘dvonced Utudies in ariculture, Loox

keen int-r-st in my rerearch work and cave ~aluable suggestions,

help an” cncouradement throuchout the wer', I e ress mv
sincere -£itude to him, I alsn take thics ~mnortunity to
exrross vy ~wratsful thanks to T Tel ele o uaes, irectol,

eI for ewtending “aciliti s to complete this «10rK o
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I & rreatly indebted to i'r, o '@hacvan, OTfic reine
charge, o~i-nal Tentre of 1[I, randana: amn, vho extondec
excellrnt facilitics and provided valuable sucacstions andc
encourzonwents duringe the course of the weork, I am thankful
to\Jr. e iustafa for helping me even durinc odd hours to
piocure infrct-d mrawns from fiching vessels at ¢ andanam,

1 wisé to rrcord my sincere thanks to I'r, efe inagh of India.
Institut~ of ‘ortierltural csecarch, fan-alare and Tr.l«7. 0lemor
of Centr~1 [ lantation “rons «srarch Inatitute, dovamieulam for
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CHAPTER 1

GENERAL INTRCDUCTION

It is axiomatic that the informetion base on disecases
in marine fishes and shellfishes has clocely followed the
develomment of exploitation of these resources, Most of
the sclentific studies on the subject have, however, come
f£rom only during the past four decades, In 1970, Sindermann,
compiling the information available up to that time on the
discases of commercially important species, provided an
excellent review and a bibliography, A perusal of this
literature reveals that the significant contributions
published prior to 1970 on the diseases of crustaceans
relate to the works by Reinhard (1956) on parasitic
castration and to the accounts by Gorden (1966), Sindermann
and Rosenfield (1967) and Johnson (1968), /nderson and
Conroy (1968) discussed the role of diseases in the

aquaculture of crustaceans,

With the growing importance of crustacean culture
during the past cne and half decades, a series of studies
on the pathology of cultivable species ware carricd ocut, and
this paved the way for accumulation of valuable information
and consicderable expansion of our knowledge about their

diseases and the technology of disease control, The most



important works broucht ocut since 1970 were by Rang (1970,
1983), Johnson (1970), Rosen (1970), Sprague (1970, 1978),
Sindermann (197ia, 1971b, 1977, 1979, 1981), Alderman
(1973), Unestam (1973), Pauley (1974, 1975), Stewart (1974,
1983), AGUACOP (1977), Overstreet (1978, 1979, 1983), Lewis
and Leonc (1979), Lightner (1821), Couch (1971, 1923) and
Johnson (1913a, 1983b, 1924).

Among the different groups of crustaceans, much
emphasis of disease inveetigations has been on prawns and
shrimns, cobviously due to their economic value and demand,
Several excellent reviews by iiutton gt gle (1959a), Kruse
(1959}, Johnson (1977, 1978), Lightner (1975, 1977, 1%83],
Couch (1978) are now available, Lesides these, the
valuable studies by vVillella et al. (1970}, rontaine (1971;,
Barkate (1972), Feigenbaum (1975), Fontainc and 'yjak (1973),
Fontaine and Lightner (1573, 1974, 1975), Lightner (1973,
1978a;. Barkate €t ale (1974), Johnson (1974a),iontaine gt 3l.
(1975), Lightner g ale (1575), Lelves-Broughton and ‘oupard
(1976), cacutan gt al. (1977), Liao gt al. (1977), Lightner
and Redwman (1977), Nurdjna gt al. (1977) and 'erecz Alvidresz
(1977) have greatly contributcd to the fund of data on the
diseases o” these animals, It ic also significant to note
that most of these workse peirtain to diseaces of elither
captured or cultured penaeid rrawns of ‘merica, "Tawall,

Polynesia and Japan,



While the knowledge on crustacean diseases in general
and on penaeid prawn diseases in particular is fairly
developed and progressive in the advanced countries as
revesled fram the above cited several investigations and
reviews, the information on the subject from India is
limited, Among the earlier works, the most significant
contribution to the knowledge of crustacean parasites was
by Chopra (1923), Paradoxically, further interest and
sendeavourg to study the subject came forth only since the

last decade,

In the following section, an attemot iz made to
briefly review the most valuable studies carried ocut on

penaeid prawn diseases abroad and in India,
An overview of the studies carried out abroad

Crr anisms belonqging to Jifferent groums such as
Viruses, Sacterie, Fungi, Proteozca, trematodes, cestodes,
nematodeg, and parasitic cruataceans cause cdizeases in
penaeid prawns, Zpart fram these, dietary deficiencies,
snvironmental stress as well as pollution and toxic algal

blooms in the water also bring forth disecases,

Viral diseases

Among the infectious diseases of cultivated penasid

prawvns, those resulting from viruses are important, After



the discovery of virus particles in the hepatopancreas of
anaeus ducrarum from the northern Gulf of Mexico by Couch
(19748), five diseases of viral etiology have so far been
described, These are the three baculoviruses, namely,
Bggulovirus penaei (BP){(Couch, 1974b; Summers, 1977),
monodon baculovirus (MBV) (Lightner and Redman, 1981
Lightner st al.., 19%3a) and baculoviral midqut gland
necrosis virus (BMNV) (3ano gt gl., 1991); a probable
picornavirus, known as infoctious hypodermal arx!
haematopoictic necrosis virus (U9HiNV) (ldghtner a2t 3l.,1983Db,
1983c; 3el)l and lLightner, 1933, 1984) and the fifth one,
suspected to be a parvovirus and named as Hepatopancreatic
Parvo-like Virus (HPV) (Lightner and Redman, 198%5),
Unnamed viruselike particles have 2lsc been ohserved in an
apparently healthy P, ggtecus from Mississippi, U.f,A.
(Foster gt al., 1981),

The BP is reported to cccur in several penaeids such
as P, cucrarum, [. agtecus; D. getiferus, L. yapnarej and
B. stylircstris cultured on the northern ulf of Hexico and
the Pacifi:s coast of Central 4America (Lightner, 1993}, MBV
is princirally enccuntered in r, poncdon in fhilippines,
Taiwan, Tehiti, Hawaii and texice (Lichener and Redman, 1981,
Lightner g% al., 1983a) while the BNV is found in 2.
ianonicus cultured in southern Japan (Sano et al., 1981),

These haculoviruses commonly in“ect the hapatonancreatic



epithelial cells and less cammonly, the anterior midgut
epithelium of the host, The infection results in high
mortality in postlarvae, juveniles as well as adults,
There is also some evidence that the B causes epizootic
mortalities in wild shrimp populations in the Gulf of
Mexico (Couch et al., 1975). The virsl attack in the
epithelial cells causes nuclear hypertrophy, vroliferation
of nuclear membrane, chromatin diminution and nuclear
degeneration, The greatly hypertrophied nuclei of the
affected cells contain free virions in the case of BMK
disease vhereas in BP and MB diseases, occluded nolyhedral
inclusion bodies are nroduced, Couch (197¢) was unable to
increase 23culovirus prevalence in naturally infected P,
dyorarum by experimentally sxposing them to low levels of
polychlerinated binhenyl (©CB) insecticide and cadmium,
However, ‘ouch and Courtney (1977) were able to induce a
S0 per cent increase in EBaculovirus prevalence in captive
shrimp populaticns exposed to sublethal levels of -C3,
Transmiscicn of Zaculovirus pensei in nature probably takes
place yla cannibslism of the infected prawn by the nonw
infected onea (Couch, 1978), Cral inoculation was found to
be successful in the infectivity trials carried out for

Japanese virus, BMKV (Sano et ale.. 1981),

The IiHNV is reported in P, ttylirostris and 2,
Yanpemel from ‘awaii and in P, monodon from Guam (Lightner



mdgo 1983>, 1983cy Bell and Lightner, 1983, 1984), This
maz disease is diagnosed by the presence of cosinophilic
.4nelusion bodies within the nuclei of cuticular hypodermis,
mltcpouuc or connective tissue cells which are
campletely destroyed in acute cases, The recently discovered
RW 4s found to affect cultured populations of P, gerquiensis
in SBingapore, P. morddon in Fhiliprines, P, grientalis in
Chhu and P, gemisulcatus in Kuwait (Lichtner and Redman,

1985), It is observed that in D, merquiensis and P,

W' accumulative mortality rates due to HFV disease
in episcotics reach as high as 50 to 100 per cent, Prawns
with HPV disease are characterised by voor growth rate,
anorexia, reduced preening activity, increased surface
fouling and occasional opacity of tasil musculature, This
disease i=s dlacmosed by necrosis end atromhy of the
hepatonancreas, accomnanied by vregence »f large vrominent

basophilic, PASenegative, Feulgen-vrositive intranuclear

bodies in affected hevatopancreatic tubule evithelial cells,
Bacterial Jiseases

Most of the information on the bacterial diseases
of penaeids concern with captive and cultured pooulations,

In majority of the ceses Of bacterial infcctions, the

isolated bacteria such as Vibrio alginolyticus, V.
parghaemolviicus and V, ancuillarum, Pspudomonas Sppe,
Agremonas spv.., Beneckea sp., Ilavobacterium spe, Eggteurella

8Ds, and Yoraxells sp, are reported to be chiitinoclastic



in nature and characterised Ly motile, - ramenegative short

rods,

“he bacteria zffect all the life staces of penaeid
prawns (Lightner, 1977}, Their infection causes localised
pite or melanined erceions of cuticle on the general bcdy
surface, ¢1ils cr arrencages (‘nderson and Conroy, 1968y
~osen, 1970; ok and Tofton, 1973p Cipriani gt gl., 1980)
cr atscesses in the cut, muscle anl aills (I.ightner, 1978 b)
or they nroduce goneralised zenticaemia (i ichtner and ewis,
19757 | elves—Brouchton and “oupard, 1976}, Thile scme of
the bacterial diseases caured by Yjbrio are consid:red to be
of prinacy ctioclocy (Nickelson and vVanderzent, 1971p Cook
and Ioft -, 1973y iewis, 1973 lichtner an’ lewls, 1975),
mest bactersisl discaszes are ¢ secondary cticlogy with
different Jdiccase syndromes (‘gusa gt al., 19743 Hood and
v eyers, 1977; Lightner, 1977, 1978, 1903; Couch, 197¢) and
play cicrificant rcle as oppertunistic patl.ogens that
typically causc <isease in ceverely stresred prawns or as
sncondary invaders in prawns with weakened efence

mechanisms due to wounds or other diseases (Lightner, 1977),

Cf the various srecies of hacteria causing inlection,
Vibrio are important in the ecclocy and curvival of
cultured penaeid prawn populztions (“indor—ann, 1971) and
have been implicated as a major cause of mortality in

juvenilc penaeicds in culture syctens (&incdormann, 19713),



8

% pArshampolyticus, which causes an infectious fcod poimoring

- ‘#yndrome end gastroenteritie in Japan and in the United
Scates (Krantz gt Al.» 1969, Nickelson and ‘anderzant, 1971),
has: beet founcd to be lethal to experimental peopulaticns of
brown shrimp, P. aztecus by Vanderzant et al., (1970),
Subsequent studies have g#hown that haesmocoellc infections by
other vibrios such as V, apquillarum and V, alcinolyticus
would alsc cause epigootics and mortalities in brown, pink
and white shrimp {(Lewis, 1973y Lichtner and lLewis, 1975),
The latter species hes been found to be resronsible for the
mass mortality in a cawrercial hatchery in the United states

in 1972 ané 1973 (Lightner, 1975}, Leong and rontaine (1979)

have assessed the virulence of four species of Vibrio on the
vwhite shrimp, P, getiferus by cosageemortality and time-

mortality relationships through intramuscular injections,

vibrio spr. as well as members of the genera leneckeg and
Peeudanonas with chitinolytic caracities are also responsible

for anothor significant shell Cisease in cultured penaeids
(Cock &nd Lofton, 1973), Cipriani et al, {(19%G) have
transiiittcd shell diseare to the shrimp, Z. aztecus and
Pe. getiferus and concluded that only shrimp with abraded
cutile are susceptible to exnerimental infection, Besides
these, chitinoclastic bacteria, Leucothri: nugor and
Leucothriv-1ike filamentoue ectocommensal bacteria are

found to infest the aills and annendaces cf larval,



postlarval, juvenile and adult penaeid nrawns in culture
systems narticularly when stocking <ensity is high, the
vater is rich with oraanic substrate and ontimum temperatur:
prevails (Ishikawa, 1966, 1967; larkate gt al., 1974,
Johnson, 1974ap Lichtner, 1975, 1977, 19782, 1983; Lishtner
et 2l,, 10753 Steenberger and chaniro, 1975), In acute
cagses, “ilmentous bacterial infestation i~~2irs respiration,
feedir, locomotion and moultin~, and occaniznal heavy
mortality mav occur from hvwoxia (Ishikava, 1965, 1967;

Sarkate £i nle, 19743 1ichtnes, 1977, 1972, 1°73),
Al iceases

i4%e viruges and hact-ria, soveral - cirs belonaging
to ohyeo vootous funtd an” a cincle ~enus of the immerfect
funcgi "o n erually immortant croun canclt Tizease in
all the 117~ staces of the ponneld nooavme, ltrjiodinium
parasi-icur is “ound to be narscitic on th cooe, believes
to belon o wenaeid shrimwms in the Y olits mrarean reqgion
(Cachcon, 1777 )6 The infectious whyemmycotour "unai,

lLagenidiv: ~~llinectes and relitod anccirs incluting

Arolpiriir-=1like fun~us have beer resnansibhls “or enizootics

in culto-r7 eorics and larvae of nenaeid nranms thirrughout the
s, 1942 Jok, 1271 Tichtner onm ~ntaine, 1973;
larkate L nle, 19741 Bland, 1074, 1275; Ti-hiner, 1975,
1977, 1771, 1973; atica’es gt z2l., 1977 ocusan and

saticados, 1077°), Cther phyconycetaus furid such as
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Atkinsiela cubja in P, agtecus (Lightner, 1981), Halipthoros

wilZord:n ig in D, Juorarum and L, gotifervs (Lishtror, 1977

“harp an’ “land, 1977}, i, philipwinensis in D, monodon
(‘atai ct gl., 1980) and an unidentifir~d vhycemycete in P,

aztocug ((verstrect, 1973) have also been encountered, The
infection by Lagenidium and Zircolpidium to the larval shrimp
cccurs tiirgugh the parent broocd stock or through the carrier
hosts in the sea water supply, when a fun al zoospore attaches
to and oncyst {n the ego or the larva (*.1i-hitner, 1923}, ‘tThe
pathogenesis of this infeccotious discase, which is also known
as "larval mycosis" (Lichtner, 1977), invelves the gse uontial
proiuction and release of zoosrores intoe the larval rearing
mediun (Cio=-r0 gt a2l., 1922), “The pathousnesis of the
disease has been described in detall by ightner and

Containe (1273) and Linttner (19£1),

“he only recor’ed imperfect funmus cousing sericus
disease in penaeid prawns is fusarium golani which has heen
renmorted from L. japonicus (Fqusa and Ueda, 158723 Fukuyo,
1974y ‘ukuyo and Fqusa, 1974y ‘uary et al.., 19743 AQUACOP,
1977; liatai et sl., 1978), D. aztecus (Johnsmon, 1974b),

P, duorarum (Mimmo et al,, 1977), E. Setifcrus,

B. occidentalis (Lishtrer, 1977), F, califcrniensis,

B. gtylirostris and £, yvapnamei (Lichtner, 1275 Larmmore
et al., 1977y Lightner et al., 197%2), “his is an
opnottuni-tic pathogen, ubicquitous in Aistribution

(Lichtnzr, 1921), and has been regponsible “or mortalitiesn
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in cantive ponulations of several spnecles of penaeids (Johnson,
1983), It i{nfects dead or “famaged tissue, wounds resulting
from crowding, gills Jamaged from chemical trestments or
lesions from other disease process such as "shell Jdisease”
(Lightner et al, 1979a), Lesions due to Fusarium infection
typically boain as inconspicucus focal lesions in the aills
or on tha aprencaces or on the exoskeleton nroper, and as the
leaionz expand, they become increasinoly In“lammed and ~rossly
apnear ac darkened melanized legions (Lichtner, 1921), These
melanied lesions have aiven rise to the naves “hlack gill
diseasc” (*guca an? Ueda, 1772) or "burn snot discace™ (Hose
€% al., 1074), Onre eatablirbed, the in-ction is chronie,
uzually nrregrive, and eoventually leads o death of the
infeete” hast due to tisaoue dostruction (7Firhtner et al,.,
1879a) by toxina produced by the funmus (Hns~ et al,, 1984},
The chistepathology of “"black 2ill disense™ ecsused bv F,
sotani in 7, japonicus has heon worked ocut hw PRian and Fqusa
(197°1) while clangl and T4~htnar (1976) »ave stutied the
cellulsr inflammateory respense of 7, gzt~cus and P, setiferus
to injrcte? susnension of conidia of 7, solani., The
pathorenrsis of 7, golani has been studied in

naturally and artificially infected E, giylirostris and

P. galifornjensis by Lichtner gt al. (1981) and in

artificially infected P, californiensis by Hose gt al. (19%4),

Protoszoan discases

smonc the parasites or pathogens causing diseases in

penaseid rrawns, protozoans sre the mozt cammon and widespread,
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They ars found associated with prevns as commensals, symbionts,
parasites and pathogens, Cprague (1970), and recently, Couch
(1983) have reviewed the protozomn parasites and hyperparasites
of decapod crustaceans while Sprague and Couch (1971) have
given an annotated list of protozoan parasites, hypervarasites
and comensals of decapod crustaceans, The flagellate
protosoan Leptomonas Sd., an opportunistic invader of weakened
shrimp larvae, is reported to cause mass mortality infecting
the hasmocoel, ablamen and the appendages of protosoceal and
mysis stages of P, gziecusg (Couch, 1978),

Among other protozosn parasites, CGregarines mainly
belongin; to the two genera of Nematopaig and Cgphilgbolus,
are found in the wild and the pond reared P. aztecus, B.
duorarur, L. getiferus, P. yannemel end P. brasiliensls
(Hutton gt 3l., 195%a; Kruse, 1959; Sprague snd Couch, 1971,
Overstreet, 1973, 1978; Feicenbamm, 1975 Johnson, 1978;
Couch, 1978), Although common inhabitants of the digestive
tract, they are not thoucht to cause any simificant disease
(Tohmsan, 1978), Haplaosporidians sre found to be rare in
penaeids and the only one report by Uelves«Broughton and
Poupard (1976) indicates the presence of the spores of
Urosporiiium in the gutand muscle tissue of a single specimeon
of P, orientalige On the other hand, microsporidians are
frequently encountetrcd in penzeids causing a2 serious disease
known a8 "cotton" or "milk shrimp disease”™ hoth in the wild
as well as pond cultured prawns incurring considerable loss
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to th~ Zizhermen anc fish farmers (Kruse, 1959 Overstreet,
1973, 1978 Johnson, 1978y Lightner, 1977), Prawns with
microsporidian infection have distinctly opague musculature
and covaries and often have dark blue or blackish discolour-
ation Jdue to expansion of the cuticular chromatophores
{Lightner, 1983), Lightner (1975) reported about 15 teo 16
percent of “"cotton shrimp disease” incidences in the
commercially reared P, ggtiferus in Florida and Texas,
Sometimes microsporidian infection may be present at
epizootic level (Couch, 1983), Four species of pathogenic

microsporidians are known to occur in the penaeid prawns:

Perazia (=Nogema) pelsoni is found in the muscle of P, paxtacus,
Pa Sucranim snd P. patiferus (Spregue, 1980 Hutton gt al..
1959a; Overstreet, 1973 Lichtmer, 197%; Couch, 1978);
Aonaggme (=Ihelgohania) psnasl infects the blood vessels,
foregut, hindgut, gonads and occasionally the muscles of

Pe sstiferug (Sprague, 1950; Hutton gt 3l.. 19598 Overstreet,
19737 Rigdon gt al., 1975); a similar but unnamed species
infecting cvertes of P, perguiengis has been described by
Baticados (1980)s s third microsporidian, Ihelchasnia duorara,
hes been reported to infect muscle, gonads and other organ
tissues of P, sufegus, B SNOTAZUE and B hiasdliensis
(Ivarson and Manning, 1959y Kruse, 1939; Iversen and Van
Meter, 19643 Overstreet, 1973) and the fourth microsporidian,
Pleistochora sp. and Pleistophora pgnael have been found
infecting the Aifferent tissues of P, gxtecis, P, getiferus



and P, duoraryr (Baxter gt al., 1970) Censtransitch, 1970;
Sprague, 1970y Overstreest, 1973},

Besides the above protomoans, the ciliates are found
to be very common protozoan associates often encountered in
or attached to penaeid prawns, Stalked peritrichs such as
Yorticalla sv.. goothamniwn sp., Epistvlis sp. and Lagenophrvs
JuBatas are generally found attached on the gills, appenianes
and body surfsce of the larval, postlarval, juvenile and adult
penaeids in culture systems and, when abundant on the surface
of the ¢illn, can cause hypoxia and death (Overstreet, 1973;
1978 Johnson, 1974a; Lightner, 1973, 1977; Lichtner gt al..
1975y Couch, 1978), An encysted form (phoront) of an
unidentifiod apostome ciliate, assoctiated with black ofll
diseass in ¥, 4duorapum, has been described by Couch(1578),
Heavy infeostation of this ciliaste occurs on gilles of prawns
during periods of warm to moderately cool weather vhen prawns
are held under erowded conditions (Couch, 1978}, Another
ciliste, argurcnemsg sp.. hes besn observed by Couch (1978)
in the hasmocoel of protozoesa, mysis and juvenile stages of
living, moribund and desd P. axtecug. Suctorians such as
Acineta sp. (Johnson, 1978), Ephilots sp. (Couch, 1978)
and I, geriparag (Cacutan et 2l., 1979a) have also
occasionally been encountered on the body and ¢gills eof
penaeid prawns, Couch (1983) has pointed out that certain
spacies of the geneus "philoty may act as =tresscr in
infested pravns, while £, gempicols infestation on
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Re nonodon larvee in rearing tanks has becn irmlirated for
veakening and mortality of the nopulation (Tacutan gt gl..
197%a) .

Metasoan parasites

The metanoan parasites of penaeid prawvns ceomprises of

helminth parasites such as digenetic trematodes, cestodese
and nematodes and bopyrid isopods, However, these

organisms appear to csuse insionificant effect on the vnrrwms
(Couch, 1978), Cysts and larval stages of the helminth
parasites are generally found in the susculature, henato-
pancreas, intestine or haemocoel, The digemetic trematodes
recorded in penseid vrams are Migrocemhallug sp. (Hutton
2% Ad.s 193%, 195997 Overstreet, 1973) Parorghis sv,
(Johmson, 1978) and Quecoiloides f{imbriatug (Overstreet,1973),
while the cestode parasites include Proghrisiiasnella
hipsica (wP. penaei) (Kruse, 19%9; Aldrich, 1965y Overstrest,
1973, 1978; :-parks and Fontaine, 1973y Young and Xruse, 1974;
Feigenbaum and Carmuccie, 1976; “ouch, 1978), Parachri-tianella
spp. (Kruse, 1989; Corkern, 1970; Feigenbaum, 197%),
Renibulbus penasus (Peicenbaumm, 1978), Cyclophyllidean and
Lecanicephalid larvae (Johnson, 1978) and an unidentified
cestode larval stage (Hutton gt al., 1959s; Kruse,1959;
Overstreet, 1973; Feigenbaum, 1975y Couch, 1978), The
important nematode parasites observed in penseid prawns are

Ihyanascaris sp. («Contracaecum sp.) (Huktor gf al.,1939as
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Kruse, 19%9) Corkern, 1970y Cverstraet, 1973; Norris and
Overstreet, 1976), Spirccemallanus pereiral. laptoleimys

Sp., Ascarophis sp. amd Corocomems sp. (Overstreet, 1973, 1979,
Johnaon, 31978). 7The bopyrid isopods have been reported teo
parssitise the branchial chamber of penaeid prawns in nature
(Dawson, 19%8 Tuma, 1967; Almed, 1978y Cheng and Teeng, 1982
Palisoc, 19827 AbueHakima, 1984), Althouch the bopwrid
infestdtions do not generally inhidbit the crowth of the hosts,
they considerably affect the gonadial development, often
causing varasitic cestration in the hosts (Tuma, 1967,
Abu=Hak ima, 1984).

Nutritional Gdiseases

Besides the diseases caused by biolorical agents
described briefly above, sever:l abiotice agents incluwding
the environmental imbalances affect the penaeid prawms,
#ith the increasing stress m semieintensive and intensive
culture systems in the recent years, compaanded diets to
enhance the orowth and survival of the farmed population
are being frequently used either tc supplement the natural
food aveilable in the culture base or as a cuap\leto diet
in controlled culture overation., The deficiency of
certain vital ingredients in the arti<icial diet or the
aflatoxinz due to their unesciantific preparation and
preservation have led to causa certain nutritional
deficiency Aiseases in the farmed stocks, One such disesse



reported coamuenly 45 the ascorbic acid deficiency disease,
pecpularly known as "black :eath disease’, cbserved in

E. saldicmnisnels, . stylirestrds, L. askecus and

Ee laponicia (Deshimeru and Kurcki, 1976y Lightmer, 1977,
1983 Lightner g ale., 1977y ldghtner gt al., 1979
Magarelli gt al., 1979). Black death disea= produces
charasteristic blackened (melanised) hasmocytic necrotic
lesions in the epithelial and subeepithelial comnective
tissues of the stamach and gills, subcuticular tissues at
the junction 6f the body segments and appendages and the
loose connective tissues of hepatopancreas, nerve cord and
eye stalk(lunter gt ale.. 1979 Lightner gt al..1979b),
Once signs of the disease become apparent, the affected
prawng 4o not feed and death usually follows within 24 to
36 hours (Lightmer, 1977), GOeshimaru and Kurcki (1976),
Lightner gt al. (1979b) and Magerelli gt al. (1979) have
reported that a dietary requirement of 2000 to 3000 mq of
the ascorbic acid per kilogram of feed {3 necesgary to

control the disease,

Diseases cauvsed by envirormental stress

Stress conditicas such as supersaturation of
atmospheric gases, low dissolved oxygen levelg, sudden
temparature or salinity changes, over crowiing and rough
handlin: lead to unhealthy state in prawns, and in severe
cases, lcad to large scale mortalities, “Gas bubble"
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disease occurs when the prawns are subjected to wat-rs
supersaturated with the atmosrheric cases, particularly
when the dicssolved oxygen level reaches or ~xceads 250

per cent of the normal saturation of the medium (Lightner
et al., 1974 Supplee and Lightner,1976; Lirhtner, 19£3),
Gas bubbles are formed in the hasmolymph and death

results i< large amount of bubhlin~ occurs (Johnson, 1978),
The corrective measures involve vigrous aeration and
lowerinag of the Adimsoclved oxyren level of the vater
({uprlee znd Lightner, 1976). Several othar Zisecases such
as muscle nerosis or spontanecu:s muscle necrosis(®1sdon

and 3axter, 1970y Venkataramiah, 1971a, 1971by Lakshmi gt al.,
1978), crawmed tail condition (Johnson, 1975, 1978y Lighter,
1977y :dac gt al., 1977) and broken back syndrome (Couch,
1978) occur due to chanccs in environmental factors, The
spontancous muscle necrosis follows periods of scvere
stressg such as over crowding, low dissolved oxyoen

levels, sudien temperature or szalinity chan~es and rough
handlin: {(Lakshmi gt al., 1978). “hrimps reccver in many
ca-es, however, if stress ceases (Couch, 1978), The
cramped tail condition aprears to be related to sudden
increase in the temperature of water and air (Lightner,
1983), The tail is drawn under the body and becomes rigid
to the point that it cannot be strai~htened (Jcohnson,1978),
Broken back syndrome aprears to be related to severe
salinity, cold temperature and handling stres=es which, in

combination, disrlay a characteristic dorssl separation of



the pleural plates covering the third and fourth abdeminal

segments (Couch, 1978),

Toxic diseases

Th: toxdic diseases manifest mainly from two sources,
toxigenic alcae and pollution of vater by pesticices or
‘industrial chemicals, chlorinated hydrocarbon, petroleum

or oll pnroducts and certain hravy metals, 3looms of the

diatom, Chaetogeros grgcilis, certain dinoflagellates and
filamentous blue green algae such as _ghizothrix galejcols,
Spirulina subcala and Microgoleus lyngbvaceus are reported
to be toxic to the cultured populations of 2, gtylirosiris,
P+ vappamed and 2, californiensis (Lightner, 1978b, 1983;
Lightner gt al., 1978y Simon 1978; Lightner gt 3l.. 1980),
The dinoflacellates may affect prawns during moulting
(Sievers, 1969), & dinoflagellate,  pphora spe may infect
the haemocoel of prawn and cause melanizaticn in the gills
(Cverstreet and Zafford, 192C), The bloans of blue-green
alocae are shown to cause haemocytic enteritis(iiz), )
particularly in juveniles, when necrosis anli haemocytic
inflarmmation of the mucosal epithelium of those portions of
gastrointectinal tract that lack a chitincus lining occur
(Lightner, 1576b, 1983; Lightner et al., 1972), This leads

not only tc csmotic imbalances and poor @hsorption of

nutcients, but also to sscon ary bacterial infections
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(Lightner, 1978b, 1983; Lichtner =t al., 1978 Lightner gt al..

1930),
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Toxic responsas cof penaeid prawns ¢ pollution have
been revicwed in depth by Couch (1978, 1979), Several yeare
of experimentation have rovealed that penaci’s are, in fact,
more senslil e to toxic effects of most insccticides than
the fishcs or mollusecs (Couch, 1978), Cr-ancchlorines such
as :.T, leldrin, #irex and !<isp orsanophosphates such as
Baytex, ibrom, Malathion and Tarathion and carbamate such
a8 Zevin, have adverse effects on penaeids, usually
afiecting the rhysioclogical p-oces=es of heratopancreas
and resultinc 4n “ieath of the anirmal {(2utler and Springer,
1963, tutler, 1966y Luke et al., 19707 Nimmo gt 8l.,1970;
Lowe et al., 1971y Nimmo et al., 1971la; Mlimo gt al., 1971b;
Nimmo ané Ulackman, 1972y Parrisnh et alee 1973: Copnage and
vatthews, 19747 Couch and Fimmo, 1974a, 1974b; Uansen et al.,
1974a; lansen et al., 1974b; Conte and arker, 19753 Couch,
1978y ‘chocr and 3rausch, 1987), =slthouah little information
is available on the effects of petroleum on penaeld prawns,
fuel oils, narticularly the nanth:rlenes and sonified crude
01l, arn nown to be very toxic to penaeld prawns as they
accumulate in the animal tissurs and/or proluce necrotic
lesions on the body, aills, lining of the ~astric mill and
eves (Mills and Culley, 1971y inderson gt al.,1974s CoX et q)
1975y Yarborough and Minchew, 1975; Yeff gt al., 1976;

Minchew gt 2l., 1975
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Fenaell prewns are also sensitive to certain heavy
metal pcllutants. “xposure of prawns to camium cauvces
Tlack gill syn’rome by killin~ the oill cells and
conscquenly lead to the death of the animal (Behner, 1975:
Couch, 1977; Nimmo gt al., 1977). Mercury ic accumulated
by penaeids and may interfere with their osmoremlatory
abilities (Couch, 1978}, Detrocelll et gl, (1974) have
experimentally shown that exposure of browm shrimp,

Pe aztecus to mercuric chloride results in interference of
prawn’s asbility to adjust its internal ion levels to the

external changes which may be detrimental to prawns,

Nitreven, which enters culiure systems primarily as
organic cocrmpounds that are metaboliszed to ammonia, nitrite
and nitrate by resident culture snoeles and/or bacteria, 1is
also toxic to cultured crusiiceans incluling peonaeld nrawns
when present in excess (Crmatrong, 1979), ilitrite is the
most toxic O the three compoun:s with effective
concentrations of about 0.5m Noz/lg amonia adversely
affects the orawns at about 1,1m. ammonia/l and nitrate,
the least toxic, at 12,5m% NO,/1 (iickins, 19767

Armstrong, 1979).

Toxic effacts of chemotherapeutic chemicals

‘ome ©F the chenotherapentic chemicals used routinely
in the troatment of fish diseases are found to be toxic to

penaeid nravms at certain concentrations (Johnson, 1974c,
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1976ay Hanks 1976), Gacutan gt gl. (1979b) have determined
the optimum exposure time of P, monodon to furanace baths,
Schnick et ale (1979) have listed a number of chemotherw
apeutants and anesthetics with their relative toxicity to
crustaceans including penaeid prawns, while !atai g%t al.
{(1974) dealt with the toxicity of a number of fungicides
on the fusarium causing black <ill disease of E. laponjcus.
seeoréding to Lightner (1977), use of potassium permangnate
as antibintic at § to 10 pom for one hour to treat
filamontcus bacterial gill discase may cause severe gill
damace, .or the similar disease, Lichtner and Supplee
(1976) have found that use of Cutrine plus at 0,1 and

0.5 m3/l concentrations was toxic to 2, galiforniensis,

Miscrllaneous discases

segices the aforemention ¢ diseases, there are
reports ¢n cevaral other discases and abnormalities which
are . itner of uncertain etiology or not believed to be
serjous ciceases of penaeld pravnse ihese include tumour-
likxe growtr (. parks and Lichtner, 1973}, haumartoma
(Overstrect and Van Devender, 1978), blisters (Lightner,1977;
Johnson, 1978), “golden" shrimp (Johnaon, 1978;
Lichtner, 1973) blue disease (Lichtner, 1983y ldghtner et al.,
1993b), blue or white eye disease (Lightner, 1923),
amoebasis of larvae {unclassified amoeba) (Laramore and

Yarkate, 1979), larval encrustation, multiZocal opacities
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(Lightner, 1983), gut and nerve syndrome or N. {(Lightner

g% al., 1974), white pleura disease (A"UAUDY, 1977y Lichtner,
1983), red disease (Liaso &t gl., 19777 Lightner and Redman,
1985), nerve disease syndrome (Xatzen gt al., 1984),
aflatoxicosds (Lightner gt al., 1982y Wisenan gt al.,1982)
and fatty infiltration of henzatopsncreaz {( alser et al..,
1978y iichtrer, 1983),

Studies carried out in India

Sbout 62 specles of prawns and shrimms belonoging to
the f{anily enaeidae occur in Indianwaters. ‘he important
of th-se supporcing the comercial marine fishery of the
country at present are Fenaeus (Ienngropenaeus) ipncicug*

He Milne ' dards, [. {Penaeus) mopodon* :abricius,P.(Fepnaeys)
gemisulcatus® de ilaan, P. (fennercopenaeus) morguiensis* de Man,
Metapenaeus gobsond (iiers), li., Monocergs (T abricius),

i, affinis (ii, Milne =dwards), parapengeopsis stylifera

(i, ¥ilne dwards), P. ggulptilis (leller), I, hardw

(i*iers}, _olenocera grassicornis kil, Milne "¢ -ards) and non-
penaeid prawns such as Ixhippolysmata enisirostris (emp),

* Specics name given here follows lolthiun, I.7%,(1920)
ganeclies cataloque, 70le, 1 = Fhrimps and pra'.-:ns of the
world, _..C Iish, Synop.. 12531 1=261 »n, ‘owever, in
other rarts of the thesis, the snecies are referred to

as 2, 3 menoden, EF. gsemisulcatuc and
Pe errvuiens withou*- the sub-c*ennriv Nane,
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several bopyrid parasites alonc with their geoaraphical
distribution and keys for identification, Iicllowing this,
there have besn only occasional and isolat-d studies on
diseases of prawns, The noteworthy among these are the
bacterial diseases such as myxcbacteriosis, haemorrhagic
seoti~gemia, vibriosis and enteric bacterial infection, The
myxobacterial infection caused by Chopdrococcus sp, is
reported in E. jndicus, B. monodon, M. affinis and M.dobsoni
cultured in earthern ponds in the brackishwater areas while
Pgeudamonas fluorescenge, causing haemorrhacgic septicaemia,
is encountered mainly in I. indicus and X, monoceros
(Mahadevan gt ale, 1978). Among the bacterial diseases,
vibriosis caused by VY, gnouillarum is the most frecuent
disease found in F. indicug cultivated in the brackishwater
fields ( ‘zhacdevan et al., 1978). Recently, brown spot
ciseasc caused by Vibrio anc Agromonas sp, are alsc reported
in P, incicuys (Lakshmanperumalsamy et al., 1982), The
‘bacteriun, igcherichia goli is found to infrct the larvae
of P. jncdicus (ahadevan et al,, 1978).

Among the diseases caused by funyi, large scale
mortality in the larvae and juveniles of I, popodop raised
in the hatchery has been reported due to heavy infection by
fungus, ;mm sp, (QMFRI report, unpublished),

Similarly, the funci Saprolegnia parasitica and Leptolegnis
maring are recorded from the juveniles cau~ht from the
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backwaters of Cochin (Gopalan gt al., 1980), In the giant
€reshwater prawn, lacrobrachiun rogenbergif, -hah et gl.

(1977) reported five different fungi, namely, Sapr
$De» £chlya 8P, sphanomyces sp., Dythium spe and Leptomjtus

8Dse

The protosoan parasites repvorted from the Indian
nrawns are _oothamnjum ricicdiun and Sgenctor coerulens in
e monoceros {Santhakumari and Gopala~, 1980), Desides
these, _.pintvlis sp, together with ‘ootharnium sp, i® also
encountere: in I, monodon causing hypoxia {(Issac <ajendran
2t ale, 1992)., Cccasionally, these protozoans are founc to
affect the juvenile prawns in tho culture nen's where Cissolved
oxyqgen livel in pond water wocreases to 1.0 ppm due €0 non-
flushing oif pond water with ti .al water {(Isscac ajen’ran

ot ale, 1962),

“he "cotton® or "milk shrimn" &isecase caused by

micros~orifian narasites in the natural pmulations of

-

e Indicus, . zemisulcatus, i, monogercs and e bDrevicornis
caught off 'adras, '‘andapam, Tuticorin and “ochin hns been
reported on several occasioﬁs ( ubrahmany=an, 1974p Thomas,
1976; ""rn't’rrazkmnari and Tovpalan, 19203 “oo~lan et 2l.,1922

Palania~—2on et al., 1982p ©“7=1 renort, unmublished),

Larcae mumber of metacercarial cysts infecting
Yo BOOOCLEOS inhabiting the Cochin backwaters have been
reported by Zopalan gt al., (1982) and Tycd Ismail <oya



27

and Mohancas (1922), 1Instances of isopod bopyrid parasites
infesting the branchial chanber or attaching to the
apvendaces have been reported in M, monocercs, P. gtylifers.
P. pemisulcatus and Pglaemon tenujpes from natural
populations and they were found to affect the primary and
secondary gexual organs ¢of the host which remain imperfectly
develomed or rudimentary or in degenerated condition (Menon,

1953; lawant and Kewalramani, 1964; Thomas, 1977).

smong the farmed I, iniicus in the brackishwater
fiélds, an important dicease synirome reportec and being
investigated at the Central l‘arine Fisherles “esearch
Institute is vhat is referred to commonly as "soft prawns”
(Mahadevan et al., 1978 Rajamani, 1982; ~ao 1983}, This
disease myndrome in cultured prawns is nenerally encountered
Aurinn alverse ecological conditions such as low salinities
an? combination of hicher temperature and salinities, It is
more froriently encountere? in culture operations invelving
relatively higher stocking densities and often results in
considerarle loes of vrawn nopulation in the field and
sconomic less to the farmers, In a recent study, Natrajan
et al,(1992) observed black spot disease on exocskeleton,
large nurber of protozoan cysts on the body, a boryrid
isopod, I'robopyrug ap, in the branchial chamber, blisters
on the different body marts and a tumour on the carapace of
rreshwater prawn, ‘acrcbrachiun equicdens from Nethravathi

river of akrhin Xannada,
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“ecornising the importance of <isease diagnosis and
contrel in the context of rapid development o7 aruaculture
in the country, to facilitate exchange of information and
to gather the scatterad information available on the
disecases of finfishes and shellfish¢s in "ndia, the University
of Agricmltural Sciences, College of ish-ries, "ancalore,
organised a national symposium on the subject in 1982, At
this symrosium 6 papers relating to the deseases of pravms
were nr~asented, Later, the Central ‘farine - isheries “esecerch
Institute, “ochin, held a rorkshop on'wroroaches to finfish
and shellfish pathology investi~ation' in Januarv, 1923
where the ~uidelines in the ilentification of disease
problems and the raticnal zpproaches to bs undertaken to

tackle the same were discussed,

The varioue projections attempted on the acuaculture
of prarns have indicated areat crowth potential in India
and in this fevelorment, an un’erctancing of the diseases
affectin- the farm-d stocks and their control has a
significant role to vlay. In thie persvective, the present
investication is taken un to facilitate imm-ovement and
accelerat” Cevelorment of culture fisheri~s for prawns
throurh better management and discase control so as to
obtain hisher survival and proiuction in the culture

operations,
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Although diseases, parasites and abnormalities have been
observed in several penaeids such as P, indicus, P. mopodon,
P. gemisulcatus, M, dcdbsand and M, affinds cduring the present
investigation, frequently encountercd cases of disceases have

been mainly in P, indicus andé P, gemjisulcatus, Brief notes

on thrse two species are civen below,

Penaeus indicus H, Milne "dwards, 1837: (Pl,I, Fig.1),
Thie szpecice is popularly known as Indlarn white prawn and
forms an important cammercizl =neciles occurin~ along both
the cast an¢ west ocoasts of India, Its ~eneral Adistribution
ranges “rom the east and southeast coasts of ‘frica to South
China, .‘ew fuinea and Northern —ustralia, In the marine
region it occurs up to 90m depth and generally inhabits the
muddy or sandy bottom, In the adnlt phase it sumorts a
fishery in the inshore waters, and juvenilrs sare caught from
estuarics and backwaters, It also forms an imnortant species
in the pod: vecuneprawn famming of Kerala znd to a lesser
extent in the brackishwater £ish faming of west Bencal,
Karnataka and Goa, It grows to 2z mavimum total len~th of

184 mm in male and 228 mm in the female,

Fepnaeus gemisulcatus de ilaan, 18441 (Pl,I, Fig.2),
Popularly known as green tiger prawn, It is more common
on the east coast of India than on the west coast, It

supports an important fishery on the south-ast coast. Its



PLATE X

Tig. 1. The Inlian white pravn, I’gpagus incicus
e Filne Edwards, 1837,

Fige 2«  “he creen tiger nrawn, fenaeys gemisulcatus
de Haan, 1844,

thae white streak in the photoaraphs is due
to rafloction of light,
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general distribution ranges from zed sea, ast and Southeast
Africa to Japan, Korea, the ‘alay Archenelage and northern
Augtralia, In the eastern stlantic, the specics occurs from
the eastern -.-editerranean throuch the Suez Canal and is also
found all along the coasts of Tgypt, Israel, Lebanon, Syria
and southern “urkey, In the marine recion, it is recorded
upto 130 m :lepth, s in the case of P, indicig, it inhabits
muddy or csansdy bottom, dults are foun? in the marine remion
and juwveniles in the estuaries, It attains the maximum total
length of 180 mm 4in male and 228 nm in “emale, It plays a

role in the rice field prawn “arming in the “anaes delta,
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MAT RIALS AND MUTHCDS

The present work was carried out from anust 1982 to
Uecemboer 1924, and it involved a survey 27 nrawn diseases 3t
certal- ~entrrs along the southeowesc and southeast coasts of
India, t clinical examinati~n to diacnise the diseagse by
means of macroe=and microscopical observations ané detailed
studies on the nicrosporician parasites infaocting the
penaeid nrowms, The methols of collectinn of samples for
environmental parameters and of data pertaining to infected/
ahnormal nrans as well as the technicueg invelved for
micrc ocmmic examinaticn of the srecimens, common to all
studics. ore presented in this chapter, | aterials and
sreclfis ~nthods emmloyed for oxmeriments on transminsion
of one 7 the microsnorician species and fcr the determinas=
tion o7 nrovimate composition of normal and microsporidian

infectr’ n-awns have been 7iven in the relevant chapters,
Lurvey

The survey on nrawn “isecases was carried out from
two recinsrs: (1) from CTochin on the scuthwest coast of Indiea,
ané (2) from i-andapam on the southeast const (Tl. II), ¢

Cochin, the samples of abnormal or diseas~d rrawns were
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:ige 1 Map showing the location of collecticn

sit-s around Tochin on the scuttwest 'coast
of ndia,

Flg. 2., HMap snowing location cf collection sites

arcund ‘andapam on the socutheast coast
of Indilae
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collectad f£rom rocgular fortnichtly visits to the prawn
culture Zirl's at the Vypeen island and the Cochin fishing
harbour, ‘he Vypeen island lirs parallel to the mainland
of Cochiin and 4s surrcunded on three sicdes by brackishwater
while on the western 8ile it faces the .ra-ian sea, It is
about 25 km long, with a total area of 69,63 km%, The
island bz extensive marshy low lands, paddy fields, and a
network ¢ +idal canals havince tynically brackishwater,
sbout 1,737 ha of the brackistrrater area is used at present
for culturo of fishes and nrawms £~llowing the traditional
nractlicz, “The annual averase pro-uction af »rawns and
fishes “rom these culture firl s is estimat~d to be 13090
tonneg, ut of this, prawns csomprising malnly of fepacus
indicus, .. monodon, Metaoenaeus cobconi and .

contribute to about 86,5 percent and the izl s aceount “nr

mOROCT 0o

the reost, “ajority of the cases of discases and abmormalities
in the - ~2eid nprawng rerortsd in this thrrnie were collected
from i~ ~rawn and fieh cultura fi~13s of ymren island

durin; tha survey,

“he ‘ochin fishing harbour €or—s an important fish
landin~ ¢ ntre for me-hanised “ishino vessels, I'rom this
centre, ahout 100 to 150 mechanised heats (7,6 meter long
and above) operate bott'm shri-~ trawls off “ochin witiin
40 meters depth zones and land their catches, The nrawn

~atch lanied by these mrchanised vessels is princinally
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constituted by B, indicus, . monodon, M. dubsoni,

L. monocoros, L. affindg and iarapenagopsis stvlifera.

A few cases of brown spot disease and ciliate infestation
revorted in the present study were collectid from this

centre,

The survey of “iseases in penaeid prawns were also
carried out at different fish landing centrcs along the
southeast coast of Indla, These inclui~d Rameswaram,
Pamban, anlaran, Vedalail, Kilakkarai, .rvadi, Tuticorin
and .anu rad, “he prawn catches landed at these centres
came elther from the "alk 3ay or the Culf of i'annare “he
prawns werc mainly caught by mechanised fishing vessels
(9,14 meter long and above) operatino otter trawls, Among
the pravm catches, B, sulcatus was the major specles
ceontributing to the nrawn fisi»ries at thege centres

fellow: ¢ by 'y affinis,

In addition to the ahove, collectisns were also made
in the ' alk say and the Sulf of “annar by using “Cadalmin®
(13,25 meter long!) “ishinc vessel beloncing to the Regional
Centre of the Tentral !‘arine isheries esearch Institute
IFe.'eFe oIs), Mandapam Camp, <“he postlarvae and juveniles
of . indiicus and P. gemisulcatug infestel with metacercarial
cysts were collected from the tical mucflat near Famban by
using hanﬁ.OPerated scoop nete The prawns in the brood stock

tanks and the rearing ponds at the Narakkal Frawn Culture
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Laboratory (NECL) of C'FRI in “ypeen island, Tochir, were also

examinoC regularly for diseases, parasites and abnormalities,
Information collected during the Lurvey

~uring the survey, the prawn catches were carefully
examin:s? either with naked eyes or with th~ aid of a €olding
type 10 magnifyino lens, The body surfacr, rostrum, eyes,
antennal! ccale, branchial chamber, appendancs, uropod and
teleg™n woreo scrutinized for external -ions of any disease,
varasitic infection/infestation or avbnormality, ‘hile
collectinn diseased or abnormal prawns from the fish landing
centres/“ishing harbour, informatic-n such as the tvpe of
cear onarated, the locality from where the ~—atch was made,
aprroximate <epth, incidence cf occurrence ¢f such s normal
prawns in the catch, and seasons of occurronce was collscted
by encuiry., 7o Tacilitate collection of abnormal/diseased
nrawn 2 nles from the mechanised fishino veossels, each of
the ves:cl wes niven an ice box with sufficient ice for
preserving the samnles as soon as they wern caught, In case
of the mpterial collected from the prawn ci:lture ponds, the
informatisrn on the type of cilture npractice “ollowed
{monoculture/mixed culture/polyculture, s~rasonal or
perennial culture); nature of the :tock~d ncoulation;
wat-r sunnly, its source, ancd cualityp; stocking strateay
(wild stockina/stocking of seceds of selected species/
stocking of hatchery raised seed/stockina donsity)s food

resources (natural/artifical); and cccurrence of any previous
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mortality was collected either by actual ~hservation or by
enquiry, Jesides, the general b-haviour of the prawns was
also notecd, The diseased/abmormal prawns, whenever
encountersd, werc immediately collected from the nrawms
catches and preserved in large ice boxes, until they were
transrorted to the nearest laboratory, or in suitable
fixativ-s at the collection site itself for further
treatment and examination, Tesides, in ceortain cases live
prawns ware alsc transrorted to the laworatory in polythene

trans-ortation haqgs,

4t the time of collection of diseased/sabnormal
nrawn sa nles from the prawn culture fields during the survey,
samml-s for environmental parameters relating to temperature
(T), hvirocen ion concentration (of), dissolve? oxyaen (0)
and salinity (&) of the surface water of the pond were also
collected, The temperature, and hydrogen ion concentraticn
were tctermined at the site itself, .or ternnerature
measurament, an ordinary immersikle mercury tharmometer
arad @ mmto 50°C {accuracy 0,01°C) was us«d, .. "Biochem”
make nortale nH meter was used for determination of hydrogen
ion concentration, -ater samples for the analyses of oxygen
and salinity were collected in 125 ml cl-an glass 070
bottles, o determine the oxvgen, the atcr -as ccllected
without acitation following usual procedure and precautions,
and the water samples were fixed immediately with ..inkler's

sclutions, later, in the laboratory, the salinlty of water
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samples was estimated by argentometric met .od (Strickland
and iarscn, 1968) and the Adissolved oxyscr by inkler methcd

(ftrickland and [arscn, 1968),

In the laboratory, the prawn samrles were analysged for
size, sex and maturity stage, The size of the rrawn was
recorded ag total lencth (TL) measured from the tip of the
rostrum to the tip of telsony the sex, on the hasis of
secon ar seoxual characters, and the Jdifferent maturity
stages of female on the criteria described by ‘ao (1968),
After recording the fata, the camnles were subjected to
Jetail~d microscopical stuiies, Laboratory studies were
mainly corried out at the Central 'arine “isheries ‘esearch
Ingtivu: - »+ Cochin and :-an‘iapam Tamn, (ccasisnal short
Juratimn latocratery work wras also perfore 7 at the Research
centre of 2irul, "Muticorin, Tlectron microocopic study of
micrmgsnoridian parasites was carri-d out gt the Indian

ins:zitute of Horticultural !esearch (II''.}, 3ancalore,
Histonoticlogical studies

~he histopathological studies of the normal and
diseas @ rrawns, and their varicus tissucs were made both
by li :t ardl olectron micrercorny, The material for the
micrococnical exsmination included the ani—als and tissues
fixed in suil:able fixa:ives, smeara an? micrcectections of
differrnt tissues, “he techniqurs followed in the

preparati-n of this material are briefly Jdeccribed below,

-
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‘mearst The haemolymph for smears was collected either
from the hrart uginn a 1 ml glass syrinae ‘itted with Yo, 24
hypoderemic needle which was pretreated with an anticoagulant,
sodiun citrate solution or by cutting the tip of one of the
~leono’s of the prawn, In either cases, the collected
haemolymph was smeared over a clcan glass slide using another
similar slice, The smear was air cried anc fixed in 70%
methanol or 5 minutes, It was stained with Ailute ‘ieomsa
ctain (‘¢ anus and Mowry, 1967) for 35 to 40 minutes and

washrd in -~hesrhate buffer (v 6,8) and alr Aried,

Mo tissues such as he-stopancreas, nuscle and

conad »f nicrosnoridian infected nrawns wers removed by
3igacct nr the animal, smeared on cl-an rlass slisie and
fixed in 77 methancl or ‘ouin's fixative or 30 Hzozor Y
glutaralewde for 5 minutes, rinsed with Jistilled -water
and air dried, These smwears wore stain . with dilute Tlemsa
stair or ith “leifenhain's haematoxylin as ~odified by
Spraque (. lark, 1971) or treated with the prriodic acid
~eniff () reaction or “eulmen reaction (canus and
Mlowry 1947) to study the structure and varicus cytological

propertiss of microsporidiar snmores and cveloning staces,

Fivation of material anéd firatives useds Fixation of the
prawns ond thelr differsnt tissues were carrie? out either
at the collection site or in the laborator densnding on the

situati-n, “hen fixation was not nossi-le at the site of
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collecti:in, the live prawne were transnorted to the labhoratory
in 10 cavnacity rolythene trans—ortation ha~s €1lled with ¢tha
water collercted from the same area frowm vhere the material

was obtaine’, and oxygen, In the case of rmcribund or

freshly killed snecimens, they were brou~** to the laroratory
preservod in ice in an ice box, Fixativrs used frecuently
during the study were 10% neutral buffer “ormalin, BDouin's

£ixativ- and avidson's fixative,

Jiwe whole prawns for histopathcelo~icnl stuties were
£ixed in 17 . neutral buffer formalin or :aviiscn's fixative
by one of the following two methods, The firative, =ither
17 neutra’® bhuffer formalin or avidsen's “i{ustive, was
in“ects irectly below the carapace and 2" “*‘rminal regions
with a hmodermic gsyringe prior to imme. sing the whole
prawn in the fixative, In the zecond meth~d, the exrskeleton
of tho Jorsal asnect of the nrawn was cut loncitudinally to
ensure nenctration of the fixative and then the whole nrawn
was imrcrsed in the fivative at rcom te »evature, hem 107
neutral bufer formalin was used, the fixative was chanaed
after 27 Ticurs and then stored in the fresh fixative, In
cases wirre avidson's fixative was used, the fixation time

was 45 curs after which the fixed nravms were transferred

n

to 708 al=~hol and stored,
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The organs/tissues such as eye, hentinancreas, gonad,
heart, gill, cut or portiong of body muscle, for histopathce
logical exaninations, were c¢collected from live or moribund or
freshly killed prawns and fixed in either ouin's er
Davidson's fixative at least 20 times the vclume of the
tissue., hen an entire organ, such as hen topancreas, eye,
heart or abi~minal seqment of large pravn a” to be fixed,
chilled suin's fixative was used, all tho ‘ixed tissues
vere ¢irectly trancferred to 707 alcohol a”tor 36 to 48 hours,
ansd ~tored in glass tubes at room ternerature for further

rnrocescinm,

c.xanination of fresh and fiwed material in the laboratorys
for clirnical diagnosis of iseases, the whicle body as well as
the diferent organs of fresh and fixed animals were first
critically examined with the naked eves for oxternal
symmtoms, ond later, under the dissection or comnound
microscome, Tn order to procecd systematically, wet mounte
ot commrenred Or scuaghed tissurs were exz ined from side to
si e following the methods used for fishes (Tucks, 1977;
{oberts, 1978) and lobsters (Fisher gt al., 1975), TFor
microsporiian parasites, apnlying tﬁe method given by
vavra and  acdox (1376), snore monolayers were obtained

using a oochination of licuid paraffin and water,

ecalel icatinony Materials with ha:? cuticle such as

the abl.cminal segment of the prawns, eyestnlk an? entire
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pocstlorvae and juveniles, which were fixed in Bouin's fixstive
or 17, nentral bu“fer formalin, were decalcified following
acl’ Jc alcification mothod as used by anderson (unpublished
letoratory technicue's manual, Calveston Lahoratory, Ue «:ale
The chitinous tissues fixed in avidson's f;%ative oo not
recuire docalcification as the fixative it-clf acts as a

Accaleclivin~ agent,

iroc oaine of tissucs and Ctaininot Yor cutting sections
of the 1 ‘erent tissues in ~araffin, the chviration and
cl: arin: o7 the tissues was carried out at room temperature,
The tis. o were first wagshed in two channes of 704 alcohel for
1 hour =~c , dehydrated for 1 hour in 807 alcchol, graded twice
in 95: alcohnl and in abs-lute alcohol, cleane? through a
mixture o° absclute alcchol an® chlorcform (1:1 V/V) and then
pass~d tvice in mure chloerofcrm for 1 hour ~ach, “hlerofoom
was nro’erred over xvlene bhecause it A4 nnt leave the tissue
hard ar” i tle, ‘“he tissue , after cl-a~ing, were left in

- e

a mixture 7 chlornfars and marafin vax {anvreximately 1:1)

at roem femerature overniocht, Pefore enhedding, 1 hour
imrnrermation in naraffin +ax of 56 to 58°" nelting noint was
aiven tice, “The scctions were cut at 5 t~ 7 amm thickness
usin~ a manual rotary microtome (“uji (ntics, Yanan), After
derarafiinisinag in xylene, the cections worr Jehvirated through
agraded nerios of aleshol and finally in fictilled water, and

tained it tiarris alum haematox:lenc (“recee, 1972) or

Heidenhain's haematoxylin (Clark, 1921) arnd counterstained
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with 1% alcoholic eosin (Preece, 1972), cme of the sectinns
were also stained with tlallorv's triple stain (Mallerv, 1944)
or dilu‘'e Tiemsa stain., C(eccasicnally, “ections were trented
with P.iZ or :eulgen reacticn, o pplyin~ the r-utine procedure,
stained cections were cdehydérated through the <raded series of
alcohol and mounted with ~lass cover slir in 7PX through »vlerc,
However, vhen scctions were stained with Ailuts Tismse stairn,

they wer~ nir caried and directly mount-d in 1Y,

"ellowine the normal staining proceduresz with the
“allorv's trirle stain, the infocted grnadial tissue was found
to stain li-ht viclet whoreas the uninfected muscle and
connrctiv  tissue, blue, .8 these overlapning celours often
made it 71  icult to differentiate the tissuss clearly, a
glinhtly modified staining procedure with the ‘allorv's
triple ctain as emnloyed for some of the serial sections,

In the mo ifi~d nrocedure, the tissues were overstained in

the =2llcr-'s trivle stain for about 18 minutes instead of

the norial 7 minutes duraticn, Thrse overstain-d sections were
then trzat < with saturated agqueous sclutimn of periodic acic
for 15 to 20 secondsy rinsed twice in quick succession in
aistille’ -ater and were then passed on to 3774 alcohol for

6 s~con =& and twice in absolut~s aleohol for 10 seconds each,
The s~ctl-n~ were clrared in xrlene wag usual and mounted

in WM. v this procedure, the infected @ naviial tissue

was foun to stain bricht yellow to oranae while the uniniected
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muscle, connective tissue and the collagen, intense blue,

thus facilitating clear differentiation between the ynir - et~
and infocted tissues (Fl, XIV, Fig, 1), Further, it was alsn
observed that the nucleus of the early developmental staqes

of the microsporidian stained deep red and the cytoplasm
almorst colourless in this staining procedure as a~ainst the
dark ond licht shades respectively with the normal Mallorv's

triple stain,
Licht microscopy and potomicrogranhy

he histological sections and smears were studied
either wit™ an Llympus monoc:lar compound microscope or with
a Carl cirss JLLA LC7Val binocular commound microscome,
Cellalnr - asurements were taken with arl eiss microscone
filtted +ith a caliberated omular microm-tror scale with a
accu acy un to 1 Amme Photomicrograrhs were taken with mf
camera attachment unit having optical tube “actor of 1 on
Carl .eics rgoval compound microscope with nrojection eye
~iceces 345, 4, 5 6.3, 8 and 10 ¥ 2nd objectives 3,2, 10,
40 and 1CC using 24 x 36 mm negative £ilm of 100 ASa,
“he mvmilicetizn of the enlarced prints was calculated
following the instruction and formula given in the manue
racturcr's menual {(Carl JeilsseNo, 30 « & £05 ge2) supplied

along 17, the microscore.
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Transmission Flectron iicroscopy

Live or fresh specimens of P, gemisulcatus and i, affinis,
infected with microsporidian parasite anc¢ caught from off the
coast of ‘andapam in the Tulf of Mannar anc¢ Falk Bay, were
injected with cold { 8°C) 4% glutaraldehye solution prepared
in Millionig's phosvhate buffer (p4¥ 7,2) { oberts, 1978) using
a 1 m)l hypodermic alass syrince fitted with .0, 22 nredle
throudgh the carapace and ablrminal re~ions, ubsecuently, the
cuticle over the carapace and® ardominal o ~i-n was removed
and small pieces of tissues (I to 2 mma) such as abdominal
muscle and ovary were fixed? imtediately in 41 buffered
glutaraldehyde soluticn (pit 7,2), “he fired tissucs were
kept in & refricerator at 4°C for 12 hours., ‘hereafter, tie
used finstive was re-laced with the freg , ccld fiwative an’

.stored -t °. as sugn=sted by .reece (1272},

The Lransmission electron microsesmy work was carried
out a2t the Tndia~ Institute of i'n~ticultural .-esecarch,
Ban~alore, In the laborator:, the fixed tissurs were further
cut to omall pleces (<1 mm3) and washed several times in
quick succerssion in cold (~5°C) Millionia's nhosrhate
buffer (v 7.2)e Followinag the washina, tisgues were poste-
fixed in cold ( S¢C) 1% Dsmium tetroxide solution prenared
in i1lisnin's pﬁosbhate buffer containin~ sucrose (pH 7,2)
at 4°7 “or 2 hours, The tissucs were then rinsed twice with

double ‘stilled watery stained with 2% armeous uranyl
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acetate "o 2 hours at 427; rinsed ‘Swice with Zouble
A48ti11-r vmater and dehyiratced in 20%, 507, 70% and 9%
acateons, =zach for 15 minutes; and in mure ccetone twice,
each 0of 37 minutes, duraticn, Tissues were soaked for 2
hours in a 2:1 mixture of acectone and -“nurr's resin
embed?in- ~edium (Spurr, 1969) and then left overnight in a
1:2 acotrne and ZFpurr's resin mixture, (m the followino
day, epach tirsue was ~zr-fully transferr-d to a nlastic
cangul: arran~ed vertically in a special holder and Sourr's
embediin ro~s5in was noured in, These cansules were then
laft at roo terperature for 1 hour and incubated at $50°C
for 4 hou s, and at 60°C for 48 hours in an incubator,
Polymeriz~d resin blocks were removed from the capsule and
csemi=-thin sections of 1 Am thickness were cut on an IKB
Ultratome ITI using the glass k¥nife, “hrse sections were
crain~d eithcer with methylene blueweazure IT and haeic
fuchsin combinaticon ( umphrey and Tittman, 1974) or with 1%
t~luiine ~lue (.ocherts, 1978) a~»’ were oxamined unier the
li-»% microrcome, fased on content, adecuacy of fixation
and anreencn of artifacts, blocks were then selected and cut
for ult:a-thin sections at 600=6001° in LXB Ultratome IIT
with ~lass nife, Selected ultra~thin scctions were taken
on =207 commer nrifs coated with 2% collodion s-lution in
amyl acectate (i‘ayat, 1970); stained as ncr the procedure

given by ayat {1970) with 2. urinyl acetnte in 507 ethyl
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alechol fcr 10 to 15 @inutrs; washed thrice with Jdouble
distillcC water, and staine. with 0,4 lead citrate in
0.1 N Xalil for 5 to 10 minutesy followed Ly cuick and
theoroush wash consecutively in 0,02N Hadll solution and
double <i:tilled water, ~“he ultrathin secticns thus
preparcd and mounted on arids were allowed to dry, and
later, cxamined and photogracshed with a oo [ Jil'=1005 or
a 7rI.0 109 ramsnission .lectron iecr scope, (lectron
micros. aphs taken on Kodak i 4489 or .~faortho 28
Profescisnal film were develoned immediaely in a high
contrast  cveloper and nrinted on a contrast glossy paper

with ma-ni’icatiocr accurately controlled,
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T revisw of literaturs nresente’ {n the "deneral
Introsneti~n® roveals th t dnsumerts? incArmation on the
fnciience ¢f diseases or on thelr stu isz »on the Inilan
penacid roweng, hoth in the nzteral an? fern-d porulations,
le georeny,  hig 15 pertanT  ure to the nrececurence of
laroe nonle Sizenzes in vrazwn in nature o7 whenever
nortalities in the natural norvlations on thoge
sncountared in the orevalling extensive ~orinn gystens
£211owins traditional nractice ceour, tho are comprosdecd
either T natural rortality or thoss canned by ablctie
envir-rriial factoreg, Ceslfes, the 01 Tiulties azporicter:
in the Soepa llgimars 0 Jlacsne aa the oo 0F mortalitics
in ¢ cenalation have Slrc consrithe 0 the relstivaly
livtle L+ ceomatien 2o31llatle din his “iel An Tndia, Thi-
cdeunci = romnted the carni’nte to un’~otase 3 hane-line
ourcer in the he~dnnine of tre frvestdoation wits 2 Tuadl
pur-ass rocrzdine the ~omon Tiscsces/ remzlies
enacurteowd in penaeid niawns of the o untry in ~nture as
well rn in culture onerastionn ond to cel ot a Jiscane for

detall. study, Initially, tha survey was ocoroodet rut 9y
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reqularly visiting the landing centre at the Cochin fishing
harbour and prawn culture fiel?s in the “v-ecen 4island,
Zochin, Jubsecuently, the survey was extoen’'sd to the landin:
centres in and around :‘andapar on the soui:cast coast of

india.

‘urinc the survev, the “~1llowine tern oizes of
anomallica »nd Jdiscases in nenasid rnravng were encountered,
A hrie” ‘coerintion and sgalient features o7 ~ach of them

are wroseonted ane dlecussed,

3.1, wrrurelike arowth 3,60 Tiliat~ infestation

¥ 1]
3¢2, oIt nrawn Syndrome 3.7, Mieroaseriliosis
3.3, 721l n-eresis 3.7, Telnint’: narasitisation
34de ' m =Moot lisecase 3.9, etacrrcnarial infestation

3¢5 ¢ roatrum 3,10, Zopyrid InTestatinn



3,1 LU LT O

(i'late II7, vi~, 1 to G)

Hests Tenacus indicus, female, measuring 152 mm total

lenath: (L),

Txternal symptanss A large, hulbous, tumcur-like swelling

{ o~

on tre left Jfcorsolateral ~i7e of the oo nnace (Tl IXI,

WL

Tirs, 1 and 2),

Cate-in” sralieds me rnecimen collect & rom one of the
crovecas ponuasd 0f the oarekkal “raws Tnltare Iaboratory
(" . ) Gf the Central “arive Fish~rics ~s-»rch

Imntiate (Uoli, vypee dsland, Tochin,

Late o7 collicetion: 12th .ecmuilher, 1074,
Indicencgs L&Y e
Lteasont T~ -articoelar soazon ohseorved,

“nvironmontal informationg alimdty (3 = 20,61 ontg
Ansolviad Cxycen (D0) = 3,96 nomp T = 28,3°7

pl = duta not available,

Cbhbeervatisnss  he tumoureliks arowvth was chserved on the
dercrl-teral silde of the cararace botvesn the nroximal
Sorcal rostral snmines and the hepatic onine, Tt aeared
ag 2 Hilcred tumour, the 1ohe near the hrrstic snine being

gli~hily larger than the other lobe found close to the

proxzimal dorsal rostral srnines, “ue to the size and
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Cephalothoracic region of Ienaeys showing
the tuncur = like outorowt arrow) on the
dersclateral sicfe of the carcpsces 7The pigments
in the zfTected area are comraratively fever,
Ci'mCarrapace; RMsilostrumy Vi=Wounds,

Sane in clomesup view.

Ponacug indicus: Transverse section throush one
of the lobes of tumour = like outgrowt!:, . sireoclar
conncctive tissuey Fl=Fibroblarst=like collsy

Flul i~rcus connective tissue, DouineHeidenbain's
haematoxylin ané eosin*,

Penaeus indicust Ancebold ¢ramular cells (..3) in
the tumour « like outegrowrth, FPisCark beaded
bodiesy .wTollecencus stroma of fibrous connective
tissue, ouinetieidenhain's haamatoxylin =i eosin,

1 Transverse saction of the perivherel
part of tumourelike cuigrewth showing intonse
infiltration of haemocytes (!/C) at the perivhery,
Bouin-‘eienhain's haematoxylin and ecsin,

indiciss Transverse section of the
perivheral part of hepatopancreas chowing embedded
muncl: tissue (") at one focus, The connective
tissusz mombrane of hepatorancreas (UT) {s seen
intending muscle tissue, Arrow shows the
infil rating part of m:nbrane tetween the
hep-toparcreatic tubules, Iouin - Mallorv's
trinls stain,

* Tndicates fixative and the ctain used, This
pattern is followned for all the nlates,
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location of the tumour, the »roximal snincs of the rostrun
were sli-:tly Jeviated towar's the richt "1 e of the
caranzcs ("1, 117, fig, 2)e ‘he external surface of
tuscrmus cutagrowth was haréd as it was covered by the

cuticle,

“ifferonce, excent Inr relatively 2 few nigments,
vas ouns v o in che colour »7 the cuticle o vering the grouvtl:
from % - ‘jacent xoskeleton of the car - .on (71, IXZ,

Yirs, 1 o T, Twe small veoun s were alsn Tound located

on elther nide of the pesterior region of the nosterostral

4

carina 1, TII, Fiqg, 1),

T larasr tumorous ocutnrowth measured arnrroxinately
14 X7 X7 mm and the smaller, 12 ¥ 6 6 mm in size, Unon
removin: the cuticle covering the outar~+, it was found
to he cov red by the e~idermal and subms-iicral layers
rontinucus with the normal tiasues of +-~ {rcent re-ion
of the o :r"race, he swellincs wvers rac-l1ike structufe,
relative’y “ir in consistency, loth the tuorcrougs outgrouths
wore close to cach othor and firmly anchored in the under-

lyinc munnl-s of the caranace,

intclogical study revealed that .0 cuticle covarine~
the tu ous arovth was rel ccively thick, he enidermis

RN

an o s e 214 mibly hymertronhied, the enidermie
at cez - frei, areolar (1o nely arran . o-nnective

tismue nn seen (M1, I1II, Pi~, 3}, elow this, there was
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MM £ibrous connective tissue (collagencus stroma)
‘mensisted of elongated fibroblast-like cells and inter-
laoed oollagen !!i!!l, arranged often in swirling array.
The collagen fibres which formed dense str-ma of the tumour,
were intensely stained pink with haematoxylin and eosin,

and blue when stained with Mallory's triple stain, e
elongated fibroblastelike cells were foun  to be

highly basonhilic when staine” with  oier . =in's haomatouylin,
There wcro also found a large number o -aooold ~ranular
cells (i1, III, Tig. 4) which were, howrv.:, comnaratively
less bacophilic in nature, These cells armrared to be
differont from the haemocytes present in the tumour as well
as in tie other adjacent tissues due to their relatively
larger size, Such cells were alse not noticoed in the ncrmnl
muscle tissues examined from the afiacsnt -uscle or ahdrnminal
reqion o° the same nrawn, -0 the o113 - ~us stroma, at
certain —cints, very small ark beaded boiocs, about 2 to 5
in nunbors, were seen ori-inntins from . avreboldd cells
(Pl, I3, i7e 4)e T‘here was rath r intenre infiltretion
of hac =evt~s in the neripheral renion of ¢~ tumour

(31, 2.7, 4dc. 5)e ihe lcocose connective ticoue was again
presoni colow the fibrous, oroliferati~ connsctive tissus,
con-ainint many scattrrzd muscole fikres arn Legumental
glan ce it was well va~rmularig»d and, at c-rtain noiats,

nregtly «-~anded in volume,
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~ospite careful examin-tion of several secticrns of
the turour, no parasite or for: ign body was found in the
tumcur, wther oxgams of the srivn sach 25 “VirY,
hanatopancreas, heart sad abdominal muscle were also
exauninec histologically in order to £ind cut sny structural
abnornal itv, i'owever, except tha heraiorancreas, all other
orvans were found to e atimal, Tn thte U o-abomancreng of
the aomernal orawn, a maszs o suaale iz orhedded st two
‘ool en the eithar sife of irs werithe:y van seche (N 8
curscrr cenwdnation, this corels siscuy @s Helicved to
be the ~irroundine muscle of tte herotcnancreas normally
mnrarent {n the corhalot! cracic regicn an® would have come

-~

alem~ 2l tha rroan whiile 14 was remove Trem the wrawm

-~

and T {in the Tlxative, e, al ts ~£ailr$ and
corefal axav-ination of sever-! serial gcticns of the
Menriomansreas of the sinorast mrawen oan i comeardicon
with ti gsection of normal hecatonaner oo Toom asrmal piawns,
it waz “ound thot the ~ressonco of tris mustle tissue partly
ehetind ~n the nerintery of Wonotomancroas was an unusual
and gbnomal fsature (71, 113, [ 1g. &), qis muscle tissue
was cnslated of strist~d muscle fibres, e connective
tisae e hrane bounding the er-atopancreas was found to
in7ent o one point for a siort Jistance bHetween the

her tomanozoatic tubules with an exparnded “igtal rorticn
("ls TiZ, {04 6le It was at this region thot a few
fivr-tlaoiez and amoebeld granular cells, which were

strocturally similar to those observed in the tumour, were
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noticed, The rmucleus of these cells was larkly stained

an’® conmtained mrripheral inclusion bodiszs in tre karvenlas—,
“ome cclls were ob-erved civing riee tc 31l bended Anrk
bodins, ‘ome of the tubules insgi’e the “-atcnancreas

vere emnty and devoid cf epithelial cells, probably due

to the nose-mortem autolytic chanages,

Remarkss sccordinag to Couch (1978), there have been no
invasive neoplasms revorted for decanod crustaceans, but
tumour=like growths have becn renorted in lobsters, crabs
anéd a palaemonid shrimp, Recently, Matrajan gt al. (1992)
have ronorted a tumour in a srecimen of fresh water prawn,

crobhrach

gaujdens., i‘owever, histolonical study of

this onormality was not <iven by these suthors,

‘hus Tar, the only nurlished remact on tumour-like
growti in the renageld —mravns was th-t by narks and
Pdonrnor (12073), Theor aunttiors fount o harlllifomm
tunour-1ike goowth on the oichi ventrolatrral aspect of
the sixti abdominal segment in . gztecus collected from
an oxpoerimental rearing ponc at talacics, icxas, el ies
The grovth was tentati ely ‘liamnosed as a benign neoplasm,
consicting of grossly hypertrophied ané normal tissue
elenerts, In the present cnse, however, the epidermis
was ﬁ{}qhtly hyrnertrc hied and the extoncive areas of
fibrous connective tissue, found below the eridermis,

Aid not resemble vith that of normal connective tissue

underncath the enidermis, The presence ¢f tre large
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‘volume of loose conmnective tissue in the tumour was also
unusual, The amoeboid cells found in the tumour along
with the fibrous connective tissue appeared to be either
abnormal cells or neoplastic cells, since their presence
in the tumour was unique and they were not found in the
normal miscle or connective tissues nor did they closely

resemizle the haemocytes,

‘arge volume of bot: fibrous an’ loozely arranced
connective tissue present in the tumour indicates the
nrobrbhln origin of the turour from the connective tissve,
The turour, therefore, described here is tentatively
clas~ificd as "Ffibroma" and is tentatively identified as
a "beniagr neorlas—® consisting of fibrous and areolar
connective tissue, abnormal arcebeld cells and normal

stristed muscle fibres, -

It may be noted thet the nresert case is the second
rerort on the occumerre of "tumour® or "tumourslike arowth
in »oraeid nravng, the firrt bheing th~t rerorted by mnar's
and I.irhtner (1973) and incilerntly, 1t forns the firet

rec~r? of tumour in ren-ei’ »nrame fro- ndia,
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3.2 "SOPT® DPRAYN SYNDROMED

(Plate IV, Figs, 1 ¢to 3)

Host: P. indicus ranging in size from 41 to 141 mm TL and
Fe monocdon, 102 and 110 mm Tlp juveniles and adults of

both *he sexes,

Externzl symntoms: “he cuticle of the affected nrawns,
exce~t in the rostrum, becom: s t-in an’ ‘r=~ile; body
muscl~ looses its firmness and the prawns foel soft to
touch, “he cut in the abdominal porticn ©f the rrawns
annoare wavy, particularly in the first three abdominal
secmants, Affected prawns are slugqaish, show lecghargic

movernonts and belated resvonse to externzl stimuli,

*aterizls ctudieds Teveral snccimens of [, indicus ranging
ir si'e from 41 to 141 mm 7L and two smacimens of P. monodon,
1722 ¢n” 110 mm TL collected from the prawn culture pords
in Aeen island, Cochin an’ ~roveout non s at ruthukad

near aras, belon~ina to the TUFrY, resroctively,

iate 07 collections 4th .ebruary, 1993, 17th ray, 1923 and

8th 2n’ 10th June, 1973,

Incilenccs i oderate to high,

Jeasont re-monsoon and mons~~n {7 -briary to entember),

‘aviromontal informations = 32,76 poty T = 4,43 prmy

T = 3040% 3 p! m 8,2 «» fata collected on 10th June, 1973,

~
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Enquiry has revealed that this discase synir-me 1is
generally reportéd'durinq a‘“verse echlo~ical con’itions
when 1o salinities (below 15 ppt) or combination of
hich salinities (32 pnt and above) and te neratures

nrevail in the nond water vhere the mravms are cultured,

Cbservationst Juring the periocd of vresent investiacation,
two inciiences of "soft" nravn syndérome “rerc encountnredy
one c¢cnge ywas from one of the arowecut mondg of the N 77
of 1. .1 at i‘arakkal and the other, fro— the prawn culture
fleld at Valapmu, a fishino village in the Vy-een island,
The chservations reported here vere bhased on these two

casngs of "soft" prawm rhemomenon,

From. Ay
1 H

In the croweout rond of the Lhe nrawns were
crluers™ in an earthsrr nond of 0,1 ha ~7ea, whic vas
s Yied vith the £idal water from the 20 icining canal,
At cratication of undesirasle oraani s from the field,
the =00 rag stockad vie 5070 gesds (2t a stocking density
rate i 07,070 seeds/hai of . indicys nroiuced in the
hate ry on 21st o ares, 1923, the groti. of the prawns
stockrs. in the nond was regularly menitored, .. fter 20
days o ctoecking, the pravns grew to an average size of
52 > i.e The symptoms of “soft" condition in prawns

were iret noticed in the field on 7th Tune, 1983 vhen tre

environmental parameters ©F the pondé weret . = 33,27 rptg

. m 3482 pomp T m 33,1°Cy pr = 7,9, 1In the subsequent
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daye of rmonitoring, the percentage of pravng in "soft™
condition was Bcen procressiely incrcazing, The samples
of pravna wvere collected regqularly from +he field for

detailed atudy,

At vValapru, the culture was carrisdegut in an
eart~rn vond of 2,34 ha arsa vwhich vas zunnlied with the
tinal water from the cuter cmnal munnin~ a facsnt tc the
ficld. The rond was stocke” with _, iz icus seeds
nrocuced at the ML at tarakkal at the rate of 50,000/ha
on 20th ~nril, 1923, lecuvlar meonitorine of the growth of
parwns in the rond was undrrtaken an’ t o incicdence of
Ssnft® rravng wae reported in the pond cn 7th June, 1983,
As tie rercentaqge of the "scoft" pravns =as found to be
rel>ti =1y high in the sanls~g, harves! 2f the prawns was
carri-? out on the next :ay +hen only 2,7 kg of healthy
nravns as against the estimated profuctisn of about

150 k¢, were caucht from tro field,

Iin the initial stace, it 1s hard to cistinguish the
“srTt" prawns from the normal ones as they show similarities
te the nostemoult stage in havine fracile exoskeletson and
hehovicural pattern, -5 the synlrome 31 vances, they can
be eanily distinguished £:4 the normal nrawns hy the
cha 'nctecristic thin and fraqgile naturc of the egxoskeleton
o7 the ody except the rostrum wihich zlone remains sigid
as in e intermoult stace poawns, Eurt er, the body

muscls locses the firmness and the nravr “eels soft



57

to touch, In the more advanced staeye, the 'soft" prawns
develop a wavy intestine, particularly in the anterior
region of the sbdomen, which is discernible in the affected
live prawns through the aemi-tranapprent exoskeleton, The
gut in this region also appears slightly enlarged and dark
greenish as compared to the unaffected mravms, Sueh orawns
show slu ~ish movement and do not svim pronm-rly as in the

case of normal rrewns,

"he camrles of the "aoft® . fndicus were analysed for
biolocicnl and histeolorical characteristics, The bioloaical
obgervations included the size, welght ansd ~ut content
analysis, “he cize range ~f the "scft" [, jindicus collected
from thi~ ~roweout ron” at 00, “arakkal was from 92 to
141 mm in females and 75 te 128 mm 11 in males, The
weltht 7 e "soft® nravn measuring 109 mm 7 was 4,92 ¢
ana thot o0 osguring 132 mm 7 was 6496 o, v oocut content
analysis <7 the "scft" rrawvms @ owed thnt the qut was
alwvays i11led with incoted focd material 2 no case of
nopty or hallefilled gut as found, The [ut content was
principally composed of detritun and hluee-green algae, The
hepatopancreas of "soft" rmrauns arprarec to be camparatively

smallcr in size than that of the normal rrwns of similar

size groun,

e istoleocical observations were aoins on the

he ~stonancroas an midout, aemolymh s enrn vresarsd from
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the "so>ft" prawns were stained with dilute ‘iemsa stain and
examincé microscopically for the possible nrcsence of any
haemolymiy parasite, None of the 20 smeorrs examined
revealald the presence of any parasite in the heemolymph,
i"istslecical examination of five sarmlos o horatopancr2as
Trom affected pravng reveal~d that the tuulrs of the
central r~art of the hepatonancreas were F-v-id of ernit™elial
cell lining and anreared almert ermty, ~ly 2 thin hasonhilic
menbranc inding the infivicunl tubules was vresent

(Fle T, "i2e 1)e This memhrane was stoairht and plain in
certain crses, whereas in others, the merbrane was wavy

and strint~d with transverse han’s of conn-ctive tissue
throu-out the lengt: e the tubules, Thrre was licht to
mocCerate infiletration of haencvtes In £ tohule, The eoply
tubulers ore £illed with €ins rarticles v ich were intensely
ctained «ith ecsin, Ccecazionallyv, a civenlor ecsinerhilie
n~"ular a7y vas alro wreseont in the luven 07 cuch tubules
(I"l, 'V, 1i7. 2). Slthoust, 'he onittelisl cells were
found In the tubules of the —orichera! revicon of heratow
pancreas, the secrstory an’ :hacrntive vacucrles in these
¢crlls vors elther very small an legss in number or totally
ab»sent, This observati-n inlicatis the roseinility that
proper storane of nutriticnal reogserves mo -ot be taking

rlace in t -~ hepatopancreas cf "solit" poams, In the
re~in ¢ the hepatopancro~as bencath the uv4, there was
a dunso accurulation of crumtled conncctlv: tissue debris

(71, =, .dve 3
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“he nisteloniecal structure of the wall of the
mi ut o "seoft" prawns was sinilar to that of the normal
no8unse Alcae and detritus were present in the lumen
of £ cut as tho consumed fond {tems, o parasite or

foroipm beody was observed in any of the hi-tclogical

coctiing of the heratorancroas and mid-ut,

Timht infestation on the qgills of Ys-~ft® nrawns by
£il=vnious bacteria, .euccthrix s»w, and 3 neritrich
ciliste, _oothamnium sp, was frecuently obsgerved in many
cf v ~mecimens hut their infretation J19 not seem to
bhe 2 2rontly correlated with the severity of the “soft®

nrayr Ciccase syndrome.

-

i moisture content of the niy ~7 "zoit! prawng was
foun. Lo he 8?7 to 83 percent of the body weight (7
obg.Vv ticas) whereas in thi neormal »rawms, the moisture
contont ranged wetwe:n 7let and 74.6 perscent of the
total Loy welaht, “loft’ »ravms —wer~ thus found to
contain about 10 percent hicher ~oisture content than

that of the normal pravwns,

~emartny The ocourrense &7 Yearft" osravns in the culture

finlg Ir a seas'na! nhencveoron Joun” coverally duzing
tro e emongoon and mongt ot reagonsg in te YVypeen iglan
It oceours mogtly in fuvenile prawns s Joioina aneove 40 mm

ar’ uring adverse ecolodical eont it s of low

saliniticos or combination of hicher oolivity and
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tam-erature, Jurther, the "=~ft" prawn phen~menon Joes

not occur ~imultaneocusly In 2ll the »on o o7 = partionlar
1reality, It may he that €0 ~ravms soociind In one nond

of a2 1omntity may ohov symotems of softenin. and
shee-unntly rading to nmortslizy o7 £ ~rocked nepulatinon
with:in L ouc 6 days, whoreas poawnc stocked in other

a joinin: »~onis of the same locality may noi Aevelop any
svyrpton 7 the syndrome and are found 42 -y in the

normal corhtern, lthough freruently remrted in the

™

nrawn aclince operations in the Vypeen island during the
summer o nonsoon seascnsg, reliable estication of the
nrocduction loss due to this pehnomencn is not svailable

at nrescrie

v otdoloay of "soft? nrawr synlrore {8 not
xnown ai wresent, .ivilarly, the ratnncincris of this
phenyen- 1s also not alearly understoc, ‘lochemical
stu"di g8 on "soft pravne was carcied cut v ajamant

(19°2;, 1~ obs~rved that noneprotein ni rovern (KFEN) was

relativ-ly hiadher in “scft" » awns as cornar:d to that

3w

of h 21 nrauns, hig in ‘oot-d that ¢~ increase in
ernoov might be dues to entocoonous protoin metabolism
coused v changes in the coorvstom during e nerled of

adweros ~oological conditions,
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PLATE IV

senacus indiguss  Transverse section of the
hepatopancreas of a "soft" nrawn, "ubulsg in the
Central vart of he-atepancreas{left) lock the
enii21izl cell lining and apprar emr-vy, hovever,
the thin merbrane( ), binfing the inJividual
mubule nersists, ouln=‘iei’enhain's heematoxylin
and C."’)Sin.

Senacur indicys: ransverse section of tha cortral
nart ©f hepatopancreas of "soft® pre'n 1o show the
roundec, eosinophilic nodul-r bodies(.rrcwe) in
the lumen of the tubulcs(lT), Bouir=l-{denhain's
haaematoxylin and eosin,

-enoens indicust Transverse soction of the
hep>.opancr-as of “soft” pr-wn showiny crumbled

ccnyr ctive timsue Febris{ar-ows) below the naszate

of tha midgut, Miwiall o7 ~id-ut, "oineieidenyain's
haa1atoxylin and ecsin,

ronseus indicus with tail neorosis, licte the
msrulsr dAeteneration asscocisted with r-crotic

~onx itin in the region of =ixth =bdrinal seocment,
zel mn and uropocs {(arrow).

Lendeus indicus: Irown spo’ Cisease on the
axogknleton of abdamen{arrove) in a nond
reared female(sbove) anc a male(below),

in ixws ~howing thi red roftrom ron come,
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3.3 TAIL NECROSIS

(rlate IV, Fig.4)

Host: 2. indicug of both the sexes ranging in sise from 123
to 147 nmm TL,

External symptoms: Colour of the sixth abdcminal segment,
telscn and uropods changes from translucent to Cpaque
white and finally pinkish-brown, The affected parts

become ncerotice and gradually degenerate (rl, IV, Fig. 4).
Material studied: 3 specimens,
Date of ccllections 9th May, 1983,
Incidences are,
Scasons ummer (March to May).

Envirommental informationt water parameters of the pond =
S m 29,14 ppty DO w 3,46 ppmp T = 29,5°C; PH = 7.4
Water parameters of the tank (initially) =
5 = 15,35 ppty DO = 2,117 T = 32,4°C) pH = 8,2;

Water parameters of the tank (after changing the water) -
S m 25,21 ppty DO = 4,19 ppp T = 30,0°Cy pH = 8,1,

Observationss The tail necrosis condition was observed when
the prawns appearing normal were subjected to different
rearing medium, 13 specimens of normal live, adult

Pe indicus were collected from a stocking pond in Vypeen
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islend for some physiclogical studies and were held in a plastic
bin containing about 25 1 of brackishwater (I = 29.14 ppts
DO m 3,46 pomy T = 29,5°CypKE = 7,4) collected from the same
pond fram where the prawns were caught, These live prawns
were transported in s van to the laboratory where they were
transferred to a circular plastic pool of 300 1 capacity
filled with a mixture of sea water collected off Cochin and
fresh tap water (S = 15,35 ppty DO = 2,11 ppmy T = 32,4°Cy
pH = 8,2). The condition of tall necrosis was noticed on
the next day, Out of the 13 prawns, only 3 prawns developed
white necrotic lesions in the last abdaninal segment, telson
and uropods, After about 9 hours, these lesions turned
pinkish=brown, These prawns were then transferred to another
circular plastic pool of 300 1 capacity containing fresh,
aerated brackishwater (S = 25,21 ppty DO = 4,19 ppmy T =
30,0°Cs pH = 8,1), After 6 hours of transferring the

prawns to the tank, the affected parts became totally brown,
One of the prawns was removed from the tank and sacrificed
for detailed microscopic examination, The other 2 prawns
survived in the tank for four days,

The opagque and white anpearance of the last abdominal
segment, when the disease was in progress, was first
confused with the microsporidiosis which procuces similar
symptoms, However, microscopic examination of the wet mounts
and impression smears from the affected parts revealed
extensive Jdegeneration of the muscle fibres and complete

absence of microsporidian or any other parasite,



6d

The necrotic condition in these prawns, during their
four days of survival, was found to confine to the last
abdominal segment and the tail fan (telson and uropods),
The other abdominal segments as well as the carapace of
the prawns were found to be normal, However, the prawns
were unable to swim in the normal manner probably due to

necrosis in the tail fan,

Remarks: ecrosis is a term given to a condition in penaeid
prawns, which 1s characterised by whitish opaque areas in
the striated musculature, especially in the distal
abd-minal segments, With the advancement of the necrotic
condition, the muscles are found to turn brown and begin

to degenerate.

The condition, similar to that obscrved in the present
case, had alsoc been reported from P. aztecus and
P. galiforniensig in U.S.a. (Lakshmi gt al., 19783 Lightner,
1977), and D3laemon gerratus in U.X. (Delves-BroughtSn and
Poupard, 1976). The condition follows periods of severe
stress resulting from overcrowding, low cissolved oxygen
levels, sudden salinity or temperature changes or rough
handling (Lightner, 1973), It usually begins from the tip
of the tail (Cverstreet, 1978), Such prawns are reported
t0o reccver in the initial stage of the tail necrosis if
stress factors are reduced, but it may be lethal if large
areas are affected (Lightner, 19283), Overstreet (1978)

pointed cut that once the tip of the tail acquires a



totelly chalky appearance, the shrimp usually dies,

In the present case, affected prawns did not recover

from the taill necrosis condition despite improving the water

quality by increasing the salinity, dissoclved oxygen level
throuaql: aeration and lowering of temperature of the water.
While the exact factor 2f the stress which brought about this
concditi n could not he ascertoine’, it s~ that sudden
chan- in the vakor tomerasure, salindtr ¢or dissolved
oxycen ool were roswonsible i'or the toil nrcrosis since
initinl* there wvas 2 larga variation in the -ratasr qualit& of
the tma- ! = 35,35 ppty 20 = 2,11 ppmp T = 32.4°C; pH = 8,2)
as com~ooral to that of the pond from where the prawns were:
collcoted (o = 22,14 orty O = 3,45 pomy T = 29,5°CspH = 7.4),
Cauch <1277) ownined that this synfrome mi~ht be related to
oxy~on starvation of muscle tissve wnen the chrimp is
presco’ to its physiolosical tolerance li-i.- For high or low
terporstires or hynerkinetic nascular activiiy, Lakshmi zt gl,

(1572J, in their exr-erimeontal ctudy op the offect of salinity

and to ~-ooture chances on spontanecus muscle necrosis in
Fe @utrciiz, found that as natheoon was inv~olved for this

conditim are indicated that both salirity and temperature
chan- ol an Lrmact on nrcrosisy the inci once of necrosls
and <u v uent mortality of recrotie shri-- arr-eared to be

Circon: clnted Bo the ratnitude 0fF thoe cantes,
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Tha tail necrosis condition may serve as a good
indicator to assess the general fitness of prawns prior to

stodking in nursery or grow=out ponds,

3,4 BROIN SPCOT DICBASE

(Plate IV, Fig, S)

Host: P, indicus, juveniles and adults of both the sexes

ranging in size from 47 tc 163 nm TL,

External symptoms: Dark reddish brown, ercded lesions of
varying shapes and sizes usually on the exoskeleton of the
abdamen (1, IV, Fig. 5), pleopods, perecpois and uropods;

occasicnally, lesions are also found on the carapace,

Material studied: Several sarecimens of prawns caaght off
Cochin and landed at the Cochin Tishino riarbour; prawn
culture ponds in Vypeen island, Coching prawns held in

rearinG tanke in the laboratory of Q4FRI, “ochin,

Dates of collection: Many occasions during “ctober-November,
1982 and January to September, 1983,

Incidence: ILow,
Season: Thronohout the vear,

Envirommental informations The disease is found to occur in

water having a wide range of salinity (5 ppt to 32 ppt),
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dissolved oxygen (1,98 ppm to 4.32 ppm), temmerature (28,6°C
to 31.3’:) and pH (7.6 to 8.3).

Observations: The melanised cuticular lesions were seen mostly
on the pleural plates of abdcamen and sametimes on the surface
of the appendages, These lesions did not have a definite
share or zize, Cenerally, only one or two lesions were
observed, occasicnally up to five lesions were noted,

however, their distribution was multifocal,

when examined microscopically, the cuticle in the
affected parts was damaged and eroded, yet the underlying
soft tizsue was unaffocted by necrotic cuticular brown spots,
Hecrosis and melanisation were culte consrnicuous in the
cuticle, {ften, very minute spherical and cana-shaped free
bacteria, probably chitinoclastic Yibrio sppr. (Delves-
Broughton anc Poupard, 1576), were noted in the damaged
cuticle, :ungal hyphae were not found in any of the

legions,

The disease appeared to be noneinfocticus as the
prawns having brown spots, when kept along with apparently
normal prawne for 24 days, the latter 4id not develop
similar lesions on thelr body. The brown s~ots were

usually lost after the affected prawns moulted,

emarks: Drown spot discase, also known as "shell disease”,

sburne snot discase® or ‘rust disease' is of geogravhical
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Seserrence in marine waters of the world and found in both
natural as well as cultured populations of shrimps and
many other exusteceans (Lightner, 1977), Rosen (1970) has
axtensively reviewed the shell diseases of decopod

crustaceans,

A variety of csuses such as bacterial species which
prouce extracellular lipases, proteases and chitinases;
fungis nitrogenous waste nrciuctsy mutritional and
developmental sbnormalities, which result in damage to the
epicuticular layer, have been suggested for brown spot
disease {Brock, 1983),

“he brown spot disesse observed in the present case
anrears to have resulted from mechanical injury rather than
primarv bacterial disease, Darace to the excskeleton may
result ‘rom cannibalism, injurics curinn cecdvsis or imverfect
cedynis, acorcssiveness and escessive hardling, Eiagh
stackinm Jdensity in culture svstem and r-aring tanks often
enhance the ~hances of mechanical injury., ©3Dacterial
accrnulation in the melanised lesions would have occurred
after the epicuticle disrupted due to damace, thus the
bacteria observed in the lesions are not primary causative
agents of brown spot disease, Cipriani gt 3l. (1980) were
unable to experimentally produce brown spot disease in
nenaeids with bacterial snecies isolated from clinical

cases Of the disease until isclatior was preceded by
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seehanical disruption of the epicuticle layer, The epicuticle,
which is considered to be the primary line of defense in
crustacesn mhtea (Johnson, 1980), is always involved
in the brown spot disesse, Epicuticle contains polyphenolic
sustances and is mostly inert to micrcbial attack, ‘“hen
this i{s subjected to a mechanical erocsion, the underlying
chitin iz ~xposed to degradation by chitinoclastic bacteria
(VelveswLroughton and Poupard, 1976), Laksimanaperumalsamy
et al. (1932) isolated species of Gram-necative bacteria,
Vibrio and heromonas .from the blackened lesions of brown
spot diseasze in P, indicus caught from Cochin backwaters,
Chitinoclastic becteria ars ubiquitous in the natural
enviroment and® form a normal p#rt of the micrcbial flora

of both living and dead crustaceans (Lightner, 1977).

The dark brown colouration observed in the affected
varts of the exoskeleton ig due to melarnin formation whieh,
as Brock (19£3) discusced, iz the result of a host response
to injury and does not by itself sucgest a —articular

etiology,

flthounh brown spot discase was not found in large
number of prawns from a particular locality and the disease
itself ¢iG not secm to be fatal, on the individual level it
may sometlines be harmful in indirect ways, The progressive
Aestruction of exoskeleton may permit loss of haemclymph

{(Couch, 1978) and eventual death of the prawn due to
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secondary pathogens such as the fungus Fusarjum sp. (Lightner
2t al.. 1979a), osmotic imbalances or difficulty in moulting
due to adhasion between 0ld and new cuticles (Lightner, 1977).

3,5 RED RCETRUM

(*late IV, Fia. 6)

Hoat: P. ipficue of both the sexes ranging in size from 117

to 153 i TL,

External symptoms: Reddish discolouration of the restrum

(P1, IV, Fig, 6),

vaterial stuiled: <Seven specimene collected from culture ponds

in Vypeen island, Cochin,

Date of cecllrctiont 24th Aucust, 19213,

Incidence:s .lare,

S-ason: Post-=monsnon {(Aucust-"entemter),

Ervircnmental information: S = 23,36 ppty DO = 3,79 prmy

T m 29'20‘;' pH J 7Q8.

Observations and remarkst FPrawns with red rostrum were

encountared only rarely in the culture pon’s during the
postemonscon pariod, “urin- the collection of such

sp-cimens, it was intercstincg to note that the Jiatom,
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Pazidinium sp. was found abundant in the pond water,

In this condition, the rostrum acquired a reddish
aprearance, remaimned hard and 4id not loose its rigcidity,
The condition d1d4 not seem to have any significant impact

on the prawns as they showed normal behaviour, Ftiology

of the r~& roztrum condition is unknown.

A 8imilar condition of red rostrum condition had

‘been reported earlier in F. indicus from Cochin by

Mahad~van gt al. (1978). These authors isolated the

bacterium, Iseudomongs fluorescence from the affected prawns
and naned the syndrome as “haemorrhagic septicaemia®”,

3.6 CILIATL INFIGTATIOH

(tlate ¥, ©igs. 1 to 3)

Hosts E. indjcus (47 toil2 mm TL), B. monodon, (93 to 149 rmm

TL}, Pe. Semisulcatus (88 to 134 mm TL), Metavenaeus affinis
(51 to 78 mm TL) and M, dobsoni (29 to 73 mm TL), juveniles

and gdults of both the sexes,

External syrptoms:

Frawns with hcavy infestation possessed &

fuggy arnearance on the surface of the cills, appendages and

occasiocnally the caranace,

Material ~tudied:

Sgveral snecimens collected f{rom prawn cultuce

ponds and paddy fields in Vypeen island, Jometimes also
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sncountered in the wild pqpulation caacht off the coasts of
Cochin and Mandapam,

Date of collectiont 4th February, 19th Mareh, 17th May, 8th
and 10th June, 24th ‘ugust and 5th November in 1983,

Incidences Low to moderate in cultured pooulations and rare in

the irndividuzls of wild pormulation,

Seasons ..odcrate during preemonsoon (‘nril to June) and rare

during the other months of the year,

Znvirommental information: S = 31,2 pnty DO = 2,36 ppmy

T m 30,7°C; pH = 8,3 =« Aata collected on 8th June, 1983,

Observations: Microzscopic examination of the wet mounts of
freshh 7ill lamellae of infested prawns revealed large
number of Jichotomouely branching contractile colconies of
peritrich ciliate attached to the surface of the thin gill
cuticle (71, Vv, 7iq, 1), Ciliate was mos*: abundant on the
bifurcat~ tips of cach gill filament, Several trophonts
of inverted bell shape with contractile stalk were found
in each colony, rophonts were 40 to 45, um X 20 to 35 Aam
in size and the diameter of stalk was 10 to 12 Am, A
central ccntractile fibril or myoneme was alwgya oresent
insije the stalk, The myonaeme was c¢ontinuous throughcut
the branchzd stalk (Pl, V, fig. 1), Zazh tronhont -« the

adult ferding stage of attached peoritrich = possessed
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adorel ciliature, one or more vacucles and a large horsee
shoe shaped macronucleus locsted near the centre (ri, v,
Figs, 2 and 3), The basal part of the stalk attached to

the gill cuticle was acparently a superficial gttachment

and there was no mechanical Camage to the cuticle or
underlyina tissues, Host haerocytic response to the
infestation was totallv absent, Colonies of the neritrichous

ciliate were less nmumerous on the body an-endages of the

prawn and only occasionally they were found on the carapace.

Ucually infested nrawns were in live condition and
low infertation did not seem to be fatal +to the them,
Fowever, one incldence of mortality of large number of
stocked Do jndigus from the prawn culture fields at
Valapra in Vyreen island, Cochin was remorted on 82th June,
1983, ‘he live, moribund an? "ead pr wns collected from
the ficld were found to be hzavily infested with this
peritrichous ciliste, The ¢ills of the infested prawns
were obscrved to be the most “avourable site of attachment,
Besides, filamentous bacteria were alsoc found offen
accornanying these ciliates, These filamentous bacteria
were non=branching and were scen attached singly to the
cill cuticle superficially, ‘hey mcasured an average
dismeter of 2 am and consist~d of septate chaing of almost
scuare cshared bacteria, The wvater in the nponds and

adjacent canal (S = 31,2 ppty DO = 2,36 pomp T = 30,8°Cy
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PH 8,3) was found to b. polluted and was abundant with

atleast three types of blue-green alagae, one of which

vas identified as Apabenaeopsis sp,

in other instance, where sudden outhreak of "soft"
rrawn syndrare in stocked subesdult P, indicus and
odon vwas observed in a rearing nond at NPCL of
VORI on Tune 19, 1923, ~ills of both dead and moribund
"asft™ nrans were found to be infested from light to
moderate lovels with the same peritrichous ciliate, some

snecimons being acceomranied with filamentous bacteris,

Remarks: . talked pritrichs of Senera Zoothgmnium, Epistvlis
and Jorticella have been reported infesting several penaeid

pravns ((verstreet, 1973; Johnson, 1972, 1974a; Lightner,
1975, 1977, 197%a; Couch, 1978; Issac Rajendran gt gl.., 1982;
~antha:ari and Gepalan, 1930), The veritrichcus ciliate
observed 1n the present case arvarently helonas to the
Genus _ccthamnium since it possecseg a characteristic
contimiongs myoneme that connects stalks of each trophont
within thr colony so that the colony may contract as an
unit, ™ Senus [nistvlis lacks a contractile stalk,
Althouh the Cenus Yortigella is often colonial and
possesses a contractile stalk, it does not have contimuous
myoneme connecting individual members of the colony, hence

the vorticella colenies do not contract ac =2 unit as does
the smocies belonting to Zcothamnium (Lichtner, 19782,
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Zoothamnium sp, 4s a free living ciliate (epieommensal)
and not a true pathogen (lLightner, 197Ra. In a healthy
environment, penaeids can tolerate a large number of these
epicammensals with no anparent detrimental effect (Foster et al.
1978), However, heavy infestation of Zoothamnium sp. on
gille of prawns stocked at hich density in nonds many result
in mass mortalities (Johnscn ot al.. 19733 Overstreet, 1972),
{verstrect (1273) found that an increesse in the -“ensity of
hests held in captivity was paralleled by an increase in
~ensity of weritrichs on ¢ills, Teath occurs when the
ef fective resniratory surface of the ;;1113 is reduced by
presence o numercus colonies of Zcothamnium sn, and
subsecucntly, the suffocation of the anirals (Lightner, 1975),
seath usually coincides with porio’s of low concentration of
dlssolved oxynen in the water, a comron condition following
3weral :arm overcast lays or fcllowin~ lecormosition of large
alcal blooms (Cverstreet, 1977), In the nresent observations,
the dira~1-v23 oxy~en level in the culture pond at Valanvu,
where the nertality occurred, was as low as 2,36 ppm and the
qi1lls of the affected prawns were found to be heavily infested
with _octhamniym sp. Johnson gt al. (1973) reported the loss
of an estimated 2000 pond-held brown and white shrimp in a
single Jay due to the presence of large numbers of
coothamnium sp, on the aills and to a reduction in dissolved
oxy~ren lcvel, Mortality was attributed to anoxia as the

mortalitiss occurred when the infestation of ciliate became



79

heavy enough to restrict oxygen exchange and when the
dissclved oxygen level in the ponds dropped below 3 ppm

to & low level of ~,6 prn, These authors noted that in the
ponds wnere no. Zoothamnjum sp. infestation was observed on
the siirimm, no mortalitics occurred desnite the low
cissolved oxygen level, Lightner (1975) pointed out that
in normal conditions, when “octhamnium sp, was absent,
dissclved oxygen level of 2,6 r»rm was nct lethal as cood
survival was exnerienc~d with ¥, aztecus in culture pon‘s

aven vhen the 2issolved Oxyren level fell tc 1,0 prm,

Issac “ajendran et al. (1982) noticed infestation of
oothomnium sn. and pistvldis sp. in Z. monodon reared in a
~~nd at adras which was not “lushed with tidal waters for
20 fays i-sulting in devleticn of dissclved oxygen level
+tc a lowest value of 1,0 ppme They, however, found that
the infratation could be contralled by dnprovina water
giality v fre-uent exchange of fresh tidal water over &

poriod of 7 to 15 days,

3,7 MICIO POTINTOSIS

(Plate Vv, Fiqgs, 4 to 6)

Host: [P, gemisulcstus (65 to 168 mm L) and ¥, affinis (97 to
143 mm 7L) of both the sexes,
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Lxternal syuntomss Opaque white discolouration of the entire
pody muscle giving a co ttonelike appearance to the animal
(Ple Vv, »ir3, 4 and 5)3 sometimes, in the female prawns,
only medcial dorsal line of the body turns opaque and
white (Fl, V, Fig, 6),

Material stwileds Ueveral specimens of prawns collected from
the cusaercial catches of the ~ulf of « annar and Palk Bav
and londed at bandanam, -ameswvaran, iuticcerin and nearby

fish landing centres,

“ate of collections A number of collecticns were made during
“ap erber-Cctober in 1982 and during liarch, June-=July and
liovembere. ecember in 1983,

Incidence: Tow an~ contimious,
Season: hroughout the year,

‘nvirorme o 5 inforrationt S ata collected from inshore sea =
Com 20 Pt to 34 bty (U m 3,64 t0 4,37 npmp T = 28,3 to

31,4°23 pii ® 7,7 to 8,1,

Chgervations and remarks: Onacie and white prawns with cotton-
lixe anrcarance, ind sometim«s only the Jorsal medial line
turnin~ -mhita, were encounterad in the commercial catches
land=d at the fish landing centres at -‘andapam, [(sameswaram,
Taticorin and surrounciing localiti~s <urin:: different seaszons
of the v.ar, The affected n awns wers easily distinquishable

fran +ho normal praswns Adue to the apnarent svmmtoms (P1l,V,
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Figs, 4 and 5}, On dissecting the animal, the abdominal
murcle an? conad (ovary or testes) were found to turn
oracue an¢ white wheresos the midcut showed vhite patches
of infecti-n, Occasionally, female vrawns with only the
cvary torning opace and white, which ould be casily seen
through the medial dorsal line of carapace an? ahdomen,

were zlso geen (1, V, Fiag, 6).

“hen smears fram such infected nravns were pre-arad
an” ous=rv2d under a compound microscope, theore were large
numbuars ©0f oval shaped spores ranging in size from 2,0 to
5¢5 an in length and 1,0 to 3.5/um in width, 1In scane cases,
the spores were also seen in the group of eight, The
number oOf spores were very hiagh {n the smears, Further
study revcoaled these spores to be the microsnoridian
varasitns The variations in the size, shape and
structure of these snores nointed out that thev belonged
to three cdifferent aneci~s of Microsporidia producing more
or lesc similar symptome in their penaeid hosts, A
detaile? < tudy undertaken on the microsporidiocsis is

dealt with {in the Chanter %4,

3.8 HIIMINTH TASASITISATICN

(Flate VI, Fics, 1 to 6)

Hosts Do gendsulcatus, femaley 156 mm and 169 mm TL,

-
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External symptoms: No noteworthy external symptoms cobserved,

raterial studieds ITwo specimens, caucht off the coast of

ancapz: in the Palk Pay at a “epth of about 30 meters,

.ate of collections 30th Movember, 1983,

Incicdenccec:t . are,

Heasont ot clearly Jderarcated,

Eaviromental information: Tata not availasle,

Cbservatinnot .uring the course of routine e¢xamination of

histclori-al sections of hematonancreas of aprarently normal
Pe Srrdrclortus collocted from off the coaét of Mandapam
camp, =~ helrinth narasite was obsorved in large numbers,

o exterrnl symptoms of parasitisation were visible, but

on dizc ctinc the nrawms, hcwever, the he-topancreas
a~naalrs o be rolatively larger in sira -3 comnared to

the hey S“rmancreas of othor nrawns of similar size groun,

vollowing the Jetection of the naracites in the
soctions ¢f the hepatopancreas, the milrut of these prawns
nregorvel in Bouin's fixative were dissectod and the
conte- s of the miigut were examined in wet mount preparation
when 2 T slender, unsecmented worms, rancing in size from
0e35 mMn t0 2.2 mm were encountrred (Fl, VI, Fig. 1}, In the
herztonancreas, the number of parasites vearied from 4 to 13

and the were usually seen in between the tubules of the -
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middle part of the organ (ile VI, Figs, 2 and 3), The
parasit.s, as those observed in the gut content, were
slender and unsegmentec, but their size varied from 530 pam
to 900 om in length and 150 am to 230 pom in width in the
transvcerse sections, Fach worm porsesged a thick cuticular
body rrall vith minute cilia all ovar its exterior surface,
“ofy o7 the wvorm was £il1~d uvith oval shan: d mesenchymal
cells ~nd a £w mucele €ibres arranaed lonoitudinally in
the mliddle, In certain cases, the body ¢F ithe narasite

was 8~en lvided into two parts, the rosterior part filled

part witix several roundcd Zibres, prcbahbly the coiled hocks,
2igestive tract was totally avsent, GStubcuticular cells

wers piatent in large numbers on the perinhery just beneath
the cuticle, <The cuticular wall althouch formed several
collarslike folus in the middle and nposterior parts,
internally the body was unsegmented, Occasionally,some

worms possessed strobila consistinog of 4 to 5 dorsoventrally

flattened proglottids, each with a small renroductive orcgan,

“he nffeoct of the narasitisation on the structure of
the nenotonancreas, and the host resnonse ta the presence of
these navnsites wers cuite conspicuous in the histonatho- ¢
loqgical alterations in the he—atormancreas, .he ~mut, which
passes thirouch the hepatopancreas in normal cases, was not

visible in the sections, and instead, larae srtount of
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PLATE VI

ug sgmisulcatus: <lender unsegmented helminth
perasite from the midgut, et mount,

Zenzcus senisyleatust rancsverse scction of
hepatonancreas with helninth parasites (srrows)
located in between the hepatopancreatic tubules
(FT), ZouineMallory's triple stain,

Lgnaous Samisylcatuss Transverse section of
hepatorancreas showing the h-avy cdeposition of
collagenous fibres (Cr) due to helminth
parasitisationy excepc the lumen (L), no
recocmnisable part of the jut is seern, [artly
an: :otally damaced tubulee (a.rows) are also
visible, dcuinerallory's trirle stain,

Penaens 3¢ 1l 3t A higker mami’icntion

visw of the parasite in the transve-s: gsecticn of
henatopancreas, The henat-mancreatic tubules (H7T)

are seen involved in the cvst wall formation (arrows)
around the parasite, Bouineallory's triple stain, X 32,

Penseus gggigg;gggg%: Host resronse to helminth
parasitisation in the ha-atopancreas »y means of
encanrsulation, Arrows showr the cyst vhich has
enclosed the parasite Ly means of encapsulation,
HIsHepatopancreatic tubules, ouinefarris
hematoxylin and eosin,
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collagenous fibre deposition was seen at the original
location of the qut (rl, VI, Fig, 4), The gut wall and
lumen were not discernible, Hepatopancreatic tubules in
the vicinity of the parasite were crowded, reduced in
size, intensely basophilic on staining than the nomal
tubules and were frequently incorporated into the cyst
wall where they were partly or totally danaged (P1, VI,

rinse 4 and S5),

There was consiferable host resncense to the parasite
which =5 encacsulated by the host tissue to varying degrees,
The ran-~ of host response in the hepatopancreas was from a
thin enooarsulatine oyst (v1, VI, Fig, 5) to complets
“estraction of the varasite (1, VI, Fig, 6). The cyst
for-»ti v involved infiltration of a large nmumber of
raemocytos, fibroblasts and thin but densely onacked
connective tissue fibres which appeared to be collagenous
in nature because of their steining property with Iallorv's
triple stain, 7These fibres, haemocytes and fibrcblasts were
prominently oriented parallel to the cyst wall, The
innermort haemocytes in the cyst wall were n{crotic with
ryknctic nuclei and at some places, these cells were
melanis~, forming a thick brown inner nodule where the
parasite was almost completely destroyed and resorbed
leaving o <ense fibrous cansule in the heratopancreas

(-1e VI, . 4,6),
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Remarkst OGeveral species of helminth parasites belonging to
digenetic trematodes, cestodes and nematodes have been
reported from penaeid prawns by several workers (vide
Chanter 1, page 15«-16), The helminth parasite cbhserved
in the nresent case althouch provided certain information
as to iiz internal structure, the external morvhology
0f the —aracite could not be studied ad~~uately because
of the limited number of onscimens, Further, these
narasitrs were first recomnised only v an the histrlogical
sections of the heratopancreass were examined, JDespite
atterm's to examine the worma in the wet mcunts of the
—~iimt, Jotailed observations could not be made on its
stroti o1 nenects, especially on the nature and pattern
of hn-in, snines or suckers, Due to these reasons, the
{lenuity of the rnrasite at hand could not be established

positively,

everal workers (Hutton gt ale., 1959 Kruse, 1939
Overatrect, 1273y Feigenbawr:, 19753 Touch, 1978) have
renorted an unidentifisd small, pyriform cestode larval
stane commonly found in the intestine of penaeld prawns
from the “ulf of rexico and itlantic coasts of Florids,
sescription of this unidentificd cestode larva given by
Couch {1¢78), eould not be commared with the present
specics due to lack of sufficient information regarding
the hocks/spines and suckers in the nresent material.

liowevar, the lencth and width of present worm as
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determine” from the sections of the henaicr-ancreus were
ralculat-d to be 0,53 mm £0 0¢9 ma and 0,15 mm to 0,23 mm,
respectively, which agree to sase extent with the leagth
and with of the unidentified cestode worm (0,61 mm te

0481 mm lon: and 0,12 mm to 0,22 mm wide) as qﬁn by
"ouch (1977%)e Couch (1978) stated that larce mmber of
this crotnde worm might occulufe the intestinzl lumen or
cause ~ onoomal thickeniny »F - intesti=nnl a3tl 4n the
nenae e om the tands o7 tho obser 7 ions, 1t mey e
rresu d it the parasifte nregently abocor 0 embedded in
the h ~ancreas an’ caurin atnerraliticr of the midcut
may “o similar to that observed

by «~u~ o sothers C ouch, 1978) 4n P, {rosanum, Pe ARtECuS,
Je Seril us and . broicilionsis from the ulf of Mexdco

ant +ilo0 e ~pants of Jlorida, Vowever, ‘urther detalled

studiorn o ideneity and the Dloloy o LT warasite
STt utal BN »eoment ams oer o 301 4o T dhe nature

of -z wnden oane ito 7 oot oo thwe o

1.9 RIAT INFESTATION

{("late T, 18, 1 to 5)

kY

fogts o 1 trus (11 te 3% L) oand [,
4 vy e DCoTtlarvae an” i voniles,

Fetersl oooontoms:e mall, ovolechones? e e rrial cynts

- . Y -
e atornally sn v antennac {1, To, iy 10oon
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other a~nenlages of the host,

Material studieds Several specimens collaected fram the mudflot

near amban in the ~ameswaram island on the southeast coast

of Iniia,
Date of coll~cticn: 18th Zetober, 1982,
Inciiencns ‘cderate,
seasons ata not availarle,

tnvironmental information: < = 35,13 ppty “C = 3,97 proy

-

I = 20,5°_3 pH = 7,9,

Cobservaticrs: .nall, encysted digenean trematode metacercaria
were foun attached on the antennae (Pl, VII, Figs, 1 to )
and oth=r anterior aprendages of the nrawn, In certain
cases, & many as 63 cysts were noted from a single antenra

of a 21 mn ;. ncstlarva of 2, gemisulcatus,

~“he encysted metacercaria wvere oval in shape with
an averare =ize of 413 x 258 pam, The wall of the cyst was
thin an’ ri~id but runtured easily when pressed between a
microsconic slide and a cover slip (P1l, VII, Fig, 4), Each
cyet pocurgssed a metacercaria tichtly nacked within 1t,
Flan~e ©of the cyst wall facilitated its attachment on the
evicuticle of the appendages of the ~rami(rl, VII, Fiqe, 2

and 3!, _“here were no merrhological chances or any damage



Fig. 1.

PLATE VII

e s gemirulcatus: Metacercarial cysts (arrows)
attach~é to the antenna of a postlarva, Wet mount.

Fics, 2=3, _?%_s mm_}_gyfg%x Hicher magnification views
of the metacercarial ~yst attachad to the antenna;

Pig, 4.

.»'? 10 » 5 'Y

Jige 6,

arrow indicates a tichtly packed larva inside the
cyst wrzll (Cs), The flange of cyst (FC) facilit-
ates the cyst ettachment on the enicuticle(iC) of
the antenna, Wet mount,X 50,

gm% ._P;nm: A ruptured metacercarial
cyst showing the cyst wall {(CW) and metacercaria
(arrows), Wet mount,

Sgne, enlarged showina the structural details,
CPatesonhagusy CGwlOral suckery FiisPhorynx
Piwmi’osterior sucker or acetabulum, Wet mount,
X 80,

Pgn§euz: serisulcatus with a characteristic
swelling on the lateral side of the caranace
due to bopvrid isopod infestation in the
brencinial chamber (arrows)s
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noticued in the antennae or gther appencages on which the
cysts were at:achgd. Each of the encysted metacercaria
was prcvided with.ln adhesion apparstus consisting of en
anterior or oral sucker and a large central or posterior
.sucker called acetabulum (Fl, VII, Fig., 5), Hooks and
spines vere absent, This kind of adhesion anparatus
lacking hooks and spines was thought to be less develoned
wd s "ound in dicenean rr-omatodes (yman, 1851),.
“xaminaticn of wet mounte and histolociraz)l sections prepared
from th:» hernatopancreas, cqut an® muscl- of the infested
hests rovealed absence of any stage of the lifeecycle of

the licencan in these tissues of the host,

‘emarks: Tie presence of the oral and ventral suckers is a
charsct riztie frature of Crder icenea (P hylum Platyhelmine
thes: 1loos Urematodal (P rasmus, 1972), " icencans usually
have n caorrlicatred lifewcvcle with several larval stages and
an alt~rnaticn of hosts whare the encvstcd rntage 18 oftenrn
descrine:’ as “resting rtao~" and termed ns metacercaria,
etacercnrial stace may be recarded as resistant stage

which —~cr-1its th- infectivity of the lifoecycle to be
extondad over a longer neriod of time, “he distribution of
metac r aria within a varticular environment (on vecetation,
on sholls or within a secon ary intermediate host) is very
closelr linked to the food chain and feeding patterns of the

final ‘o5t of the digeneanrs (“rasmus, 1977), In this recszrd,



89

prawns harbouring the digenean may play important role as an
intermediate host in the life-cycle of this digenean trematode

metacercaria,

“he correct identity of the metacarcarial cysts
reportxd anu described at present has not been posgsible at
this functure due to the non=a ailahility of other staces of
{ts li“rmcycle, aralingas (1962) stulied the mor-hology and
life~hi-«2ry of Zchingchasmus baculail foun” in the cercarial
stace 1r onail, Natica marochinensis and in metacercarial
(cyst) stace in the kivalve, Zatelysia opira, collected
from the came tidal mudflat at Pamban during 1954 and 19885,
from vt the nresent materinsl has also bhoen collected,

The metrcrzcarial cysts of _m baqulai were spherical, and
measur:< from 0,32 mm (or 320 am) to 0,39 mm (or 390/um) in
dismetor andé were double walled ( amalin-an, 1960), The
featurcs such as shape, 8ire and collectisn locality recorded
for L. Lagulal acree well with the present observations on
the metocorcaria described for the prawn, n the hasis of
this information and circumstantial evidence, it is presumed
that the present material may belong to Z. hagulai, and in
the absence or scarcity of the intermediate bivalve host,

Le bagulai metacercaria (cyst) may attach on the external
surface of the prawns as noticed in the present case,

However, this observation needs further study for confirmation,
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3,10 BOPYRID INFESTATION

(Plete VII , Fig. 6)

Host: », samisulcatus, adults of both the sexss renging in
size from 131 to 173 mm TL.

External svmptomss: Large swellinc with nale brown colouration

on t¢ lateral side of the aararace (1, ViTl, Fige 6),

Yaterial studieds Thirteen snecimens colleetd from the Tul®

of 'annar off the coast of Mandanam,

Jate of collectiont 16th “ctober, 1982, 11lth March, 23rd

June ~° 7th October, 1983,
Inci ences  Low,
“easont Mirougtout the vear,

Epvircomaconcal informationt ( anacs) « = 29,32 ont to 34,18
npty 1 3,98 pom t0 44,47 oy T = 20,7970 to 30,1°C; »H =

Aata not available,

Chservations: The hranchial chamber of infested prawns was
gre~tly dilated and develoned a characteristic bulging so
as to accommodate the large bopyrid parasite which had
almest comnletely occunied the branchial chamber (T), VIT |,
T4y %)e¢ Infestation was found only in onno of the

branchinl chambers,
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Upon close exsmination, the parasite was found betunen
the eoxoskeleton and the branchiae. The parasite aéhered
closely to the ¢ill tissue of the host prawn, It was found
to occur in a pair and only rarely more than one pair of
raragites was found to infest & single host prawn, The
valr consisted of a large femals (seen with naked eyeg) and
a small male narasite, 00y of the female narasite was
large, ovoid and slightly assymetrical, r~ad was distinct
from the thoraxp a brood pouch was attachad to the undersice
of thor-x and contained enorm us mumbers o snherical ecs,
On tho vontral side of the fomale, a short-leoned male

narasite was attached,

T 3111 lasellae of the host's branchial chamber were
slishtly supnreseed, The endopodites of the first pair of
nlecmo o of infested male prowns which form the petasma were
partial’ly fused, Iurther,the p-tasme wos found to he noorly
develoned in male prawng, In all the infrsted female rnrawnas
exaninod, the ovary vas croany vrhite to vellow dn colour
and it nogsterior lobes vere commaratively very thin
inicating either undeveloned or de elopinc stane, In
none of the srnecimens examined, dark <reeon rine ovaries
were found although the infestod prawns uwere measuring
over 130 rmmm TLe The ¢crowth of the other body parts of

the infested prawns appeared to be normal
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remarkss The mor-helenical characteristics of the rresently
etuili-Cd bopyrid rarasite are found to hc cimilar to these
of “ripenaeon ingens remorted by Thrmas (1777) from

Lo gerjoulgatug, “picerideans (CrustaceasTsopodal) are —-all

known norasites of decapod crustaccans and goveral genera
oeeny werzsitisine peraeid prawns, ‘iwo families are
importants the Bopyricae, which live nrincipally in the
%111 chiarhers, and the .nteniscicae, which invade the

haenmcceel (CGindermann, 1970 (wens and lazebrook, 1985),

"urlished information shows that two onecles of
hopyrils, . glecans {(‘homra, 1923p Tarson, 10589 Abue
lakira, 1774) and Le incens (Themas, 1977y Cwens and
“lazerack, 192%) are found infestins the branchial

chaheor of o, senisulcatus,

ivere scems to be no nross effects of infestation on
the nortal body qgrovth ¢of the host, Jowover, examinaticon
of the «ill lamellae and re~roiuctive oreoans of the
infoeted pravns suqgaest indirect affects on the normal
resniratory and reproductive activities of the host, Thomas
{1977) “cund that in female prawns, ovarics,were always in
unfevelonsd condition irreswective of tre size of the hest
and the ceason, Plercentans Iinfestation was more in femnale
nraymt, he netasma of the infrssted males failed to
devolon to normal shame and size, The ~hsorvations made

in the +~resent case also are consistent wvwith those of
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Thomas (1977), Recently, AbueHakima (1924) macde preliminary
observations on the effect of L. glegans on the reproduction
of B. gsemisuleogtus. He found that althouch infestation @4d
not inhibit the growth of the host, it affected considerably
the renroductive characteristics of the nrown and was found
to be tvpical to that of parasitic castration, Abuelakima
(19%4) found that gonadasomatic index (%iI) was considerably
low (£ 2,%2) 4in both infrsted male and female nrawns, The
petasn: ©'as not formed in inf=35t.d male rravns, The testes
were also reduced in size and only fevw srermatozoa were
found, .he ovaries were small in infested females and the
cocytss 1d not develop beyond the stages of preevitellogenesis
and »rinory vitellogenssis, ile (ibueiakima, 1994) observed
that 17 L .¢ prarasite was lost, the . SI of female host
incronsad Lo 2,66 and ovaries contained oocytes in active
viiellosonesig, Infostation did not nrevent ecdysis in the

~

host air ¢ metimes the infostrd hosts r-achod a larger size
than the uninfested prawns, ‘wens and ~lazebrook (190%),
who conducted a survey on bonyria isono’ narasites of
commercial nenaeild prawns from the northern Mustralie,
cbserved that i, gemisulc-atus carried mo-e than 90 per cent

of the ponulation of [, jncens.

A6 was observed in the nresent stu’v, the changes in
the seocon’ary sexual characters of infestsd male hosts lead

to the immooper formation of petasma which “indoers the trus
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identification of the male prawns, Iince the secondary
sexual characters are important i{n conpetition and mate
finding behaviour, the "feminisation® or "juvenilisation'
of the host may reduce competition in such males(Abue
liakima, 1974),

STTeNIT L oY R \;{q
LUCEINL S O & B Y ]

‘mong the diseaseg encountsr+d durinc the present
gsurvey an’ those deseriboe’® earlier by waricus workers, it
anpears that none of them, except that described as "sofe"
prown sondrome and microspori-iosis, cause any serious
mertalitliss at nresent in the penseld prawn population of
the country caught £from the i1d or those subjected to
“armin~ in the coastal waters, 7he "soft? prawn syndrome
oc~curs in the hrackishwater nrawvn culture systems in Central
Verzls Jurino the reak season {(inril-=ay. when the salinity
and tha temmerature of the n~nd water roach the raximum or
dnrins the onset of southewest monscoon when these parameters
dacrrase considerably, lthough several in=tances of this
phenmencn resultine in consicerable loss of stocked prawns
are ro—o~ted, its reoliatle estimation is not available at
nregente ~he Central “farine Iisheriscs raearch Institute,
realisins the importance of this synirome, has launched a

comnrohenalive research project entitled, * tu’ies on
pathcbioleqy of soft prawns® to study the biological,

ecophveinlogical and histolosnical asnects of this phencmenon,
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The other most imnortant disease which affects the
penaeid nrawns both in the capture and culture fisheries, as
observed in the present survey and from the remorts available,
is microcroridiosis or “cotton" prawns disease, It is
rencrted that about 2 to 3 per cent of the penaeid prawn
population landed by the mechanised fishing operations at
Mandapen are affected by this disease, This i3 2180 commonly
found in ™. catches landed at ‘hanushkoci, amsoswaram, Feorbtan,
‘evinattanzn, andapam lamp, ‘ilakarai, . rvadi, Tutiecorin and
danapnale t ‘uticcrin and aneswaram, aboud 2 to 4 kg. of
"cotton™ nrmwns are landed by cach unit during February-April
and . ugiste-lovember, It has been observed that in September,
1972, one of the fishing v-ssels engaged in prawn fishing
off lana~ul near T™uticcrin landed about 75 ka, of

15 infected by micresporidian pmarasite, Similarly,

mass melrtality of stockesd nrawns due to this isease has been
ohserv-< in one of the culturs oporatinns co-rried out at
Suthukald famm of J I I near alras in 1993, These nrawns are
cenerally rejeocted for export murpeses anc brine no values
even in the local market, <hus "microsrori<iosis” is consie
dered as one of the serious ifcases encountered in penaeid
wrawns of the country, brincin~ in consiferable loss to the
pro’nction as well as to the fishermen, In view of this and
since no . otatled investigaticns on the discase have so far
been made from India, it has been taken un for “etailed studies
and the rosults obtained are presented and Jiroustsed in the

followin “hiapter,



CHAPTER 4

STUDIES ON THE MICROBPORIDIAN
P RASITES OF PENAEID PRAWNS OF INDIA

icrosroridia constitute a remarkable ¢group of
prctocoan narasites occuring in almest all the major

animnl wlyrlae, They are intraccollular parasites, They live

in the cells of various organs and multiply by spore formation,

The jgreat work of Loudis Pasteur, over & century ago, on the
destructive isease known as "pebrine" in silkworks caused by
the micrornoridian, Losema bombyeis, brought to light the
importancs of thase rarasites, ilowever, the credit goes to
Zalbiani (1992) who, for the first time, acsigned this and
some ot related organisms to Protozoa and included ther
in the rdirr "iicrosmoridies" unier the 1lnnz JnOrozoa,
Folloeing thids, ‘thelcohan in 13892 elaborat~d further the
taxonamy o the group by incluiing a sinacle Family
"I lugeldees", comprising of three genera, namely, Glugeg
“helrhan, 1891, “parasites des muscles du Cottus”

(. leistonhora Gurley, 1893) and Thelohania Hemneguy, 1892,
But ‘helshan considered the group under "yxosporidies”
rather than in "Microsporidies”", Althouch urley (1893)
pronosed 1 new name "Cryptocystes” for the Order

Yderonvmridies of dalbiani (1272), this e later rejected,
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In 1899, Labbe attampted the first review of the group,
In persuznce of law of priority, Labbe (1899) in his review
propeged the Family Nosematidas in suppression of Glugeidae,
and inclu?ed the Geners Ngsema, Pleistophora and Thelochania
under Yesemeatidae, And, based the distinction of these three
~eners on the absence of the pansporoblastic membrare as a

characts o7 Josema - Jlugea ceommlex and its nresence in

Tleist o i~ra and Lhelohania., In the same veoar, oflein{1999)

however, alandoned the conventional system of classification
and aritrarily separated Curley's “Cryptocystes® into
"Tlizoomorogenea® and "Polysporogenea® without specifying
their svstematic position, Yet, Doflein's influence on this
clas-i{7"lcation did not persist for long, anxx it has now only.

a historical interest, His only positive contributiocn to

the groun was the creation of the Cenus [Jugea.

“Me firet 25 yearg of +%1iec century vifnrssed a2 ranid
increass in the knowledoe of the “icrosrri {ia, mong the
carli-r uorkers of this era, the contribu’icns by "inchin
(1073, 1922), “erez (1975, 1908) and ‘uerbach (1910) are
noteworthy, Perez (1905) made a significant contribution

by ¢istin uishing for the first time the ¢ ifference between

L d

_osema o luged.

& the now taxa were delimited and ranked, a
clasni“iction in the form of the classical :innaean

hierarchy was qradually evolved and naved the way for a

modifin «lassification by tosmell (190¢), ‘ecocnising
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the Fanilies Cluceidae Thelohan, 1892 an@ ! ~aematicdae labbe,
1899, he created a new Family, Pleistophoridese, and
distincuished a total of eight genera , Stempell (1909)
used the form and development of vegetative stages as
family characters, the mode of spore formation as generic

characters an? the form of s»ore as sp-cles charaecters,

In 1222, leger and .'essc nade a 2ra~tic revision of the
claszi’iction in which thev ~bandoned all criteria for
cistinuishing families excenting svore for:, This system
exclwird the ramilies losenaticdae and Pleistophoridae, as
all the rnera with pyriform spore were combhined in the
tamily lu-eilfae, but inclueced two new subeorders and three

families,

1T {1024) commiled sll the widely scattored published
infrormntion on Yicresmorilia in a commrehencive morograoh,
wvhere Y ~onted the classification of eccor an’ Uessze(1022)
srith sli it modificaticonse his modifict clascification wae
universnlly adonted an! por-etuated for arout half a eentury,
althou~ vhis was connidored to be a nerio’ of qgreat

confusisr in nicrosneoriiian taxeonomy,

‘enyor: (1926} also adorted the classification of
lL.eger an' ‘esze (1922) but improved it by recovnising both

Family -luyeidae ancd lNosematifaer followine temmell (1000},

-

“he liistery of the clascification <7 the llicrosmoric ia

since 1924 fecorde? essentially the modi” ~stions suagested
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“.l‘ that of Kudo (1924) amd those included to satisfy the
-ils wifsing from the expanding knowledge of the
'-umn-m-. Thus, Poisson (1953), Veiser (1961) and
m “ Levine (1963) sttampted certain modifications
m the taxoaewy, but these 41d little to advance the
evelution of the classification, It was in 1971, that
Tuset gt al. completely revised the group and abandoned
entirely the system propcsed by Leger an” esse (1922) and
presented a new systen of cla sification under the Tlass
Microsporidea Corliss and Levine, 1963, They (Tuset gt al.,
1971) crecated two new subeorders, namely, Pansporcblastina
and ..nansporoblastina under the Crder Microsporida Balbiani,
1882 and distinguished the different geners under these

twe subeo:-ders on the basis of presence or abhsence of the
pansporcirlastic membrane around the developing sporoblasts.
They zlcc made the important generalisatirn that gerera
that nave the pansporoblastic membrane | W-nrders
Cansnoscblstina) have a3 sinsle nucleus i ile sporoblasts
of the conera without such a merbrane (Lub-ordiers

"panspcooi:lastina)l are binucleate,

‘hile many authors were concerned )with problems of
classification under the group ilicrosporidia, the
relations™ip of this group with other qroups of rotczos,
particularly with yxosporidia was alsc controversial
since t:> time of “albiani (1872), It was only recently
that om and Vavra (1992), iam and Croliss {1767) and

vavra(1966) concluded that licrcsporidiaz arc unrel-ted tn
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Myxosnoridia, “oracue (1867) agrecd with this view on the
contention that Haplosveridia, like Yicrosporidis, have
nnicellular spores and proposed a new Subephylum

icrosnora to include Classes Microsporea Corliss snd

lLevine, 1963 and Haplosporea Caullery, 1953, However, the
1dea of relating these two groups (“icrosnoridia and
‘Taplos-c vi7ia) became no longer tenable ywheon rmieres gt gl.,
(1973} an” . erkins (197€) found evi-encs that some
hanlosworifian snores are multicellular an” Zave a tyne of
develomment fundamentally quite different from that of

micros~sridian spores,

“ince the publication of the scheme of classification
for irr crori’ia by Tuzet et al, (1971), a nunber of papers
wers munlished carrying neow deccriptions ond propeosals of
nme toxen { ‘eissaenberg, 19707 nracue gt al,, 1972
“rmieres and ‘nracue, 1873; ‘antin~ et al., 1974 Cverstrect
ancd eilrner, 1974; azard and 1 iacre, 1075 ‘inicker, 1370
vivier, 1975)., ~ s-rics of nirers by :‘azar’ an’ his
associat~s (Hazard and .‘inthonv, 1974; !'azard and Pukuda, 1974
Hazard -nd [ 1dacre, 1975) have also broucht a large amount
of new ’ata on the ultrastructure of !Microsporidia together

with nromosals of new taxa,

“ecently, “praque (1977) felt that the classification
~jven by uzet gt al. (1971), although nac certain

meritoricvs foatures, contain~?! anme inaccur.cies and was
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incomlete, UHe, therefore, propcszed a modified clarsification
of icroeroridia in which he elevated the Jubephylum
“ierosncra Cprague, 1962 to0 thc rank of an incdependent
rhylum and created the Phylum ™iicrospora”, In this modified
classification, Sprague (1977) synthesised all the previous
contrihvtions with such corrcctions, additions and other
molific~t{i~ne as seemed neceasary to acormmaote all the
knovn micrecenorifia within 2 natural systemn, e included
ahout 525 named and about 270 unnamed asnecies and arranaed
the taya starting with the most "primitive" forms and
nroceods: in the general direction of the least.'primitive'
forms, nrraque (1977) has the distinction of being the

first auvihor to elevate Microsmoridia unto the rank of a

nhylum 77 £0 smeculate on its vhyloceny,

‘ciser (1977) proposed a szimilar classification
usin~ % .o numb-r of nuclel in s-ores, syncirony of nuclear
divizions, structurrs of pclar tube and =»olzroplast,
grno-oonizal dimor-hism and ceneral shape ©of the s-ore as
taxonomic criteria, Fe (Jeiser, 1977) considered the "rder
Miecrosanriia stempell, 1909 as phylum and divided it into
two Clzores: Metchnikovellidea (Weiser, 1977) and

{erosrorididea Corliss and Levine, 1963,

lecently, Sprague (1982) has again modified his
errlicr system of classification to sccammo’nte the new

familirs which were created during the last ‘4ive vears, and
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replaceod the Order Chytridiopsicda “eiser, 1974 to the rder
*inisporida Sprague, 1972, The classification of
¥ icrosmoridia as given by Sprague (1982) is as follows,

SubweK ingdom PROTOZOA
Phylum ICROSPCRA Sprague, 1977
Classg VCIMICROLPTRE/, Sprague, 1977
Crier METCHNIV VELL IO, Yivier, 1975

Family METCIDIOVOLLI L& Caullery and Mesnil, 1914
“enera Metchpnikovella Caullery and MNesnil, 1897

Anphiacantha Caullery and Mesnil, 1914

Anphigmblys Caullery and Mesnil, 1914

~lnss I"ICROSPCREA Corliss and levine, 1963
{rder MINISDURIDA Sprague, 1972
camily tesseidse Crmieres and Sprague, 1973
-enus ecseg (rmieres and ‘pracue, 1973
Jamily CNTAILICYVETI L Uprague, .rmieres and Manicr, 1972
“enera Chitrydiopsis Schneider, 1884
Stenhsusia Sprague, Crmieres and Manier, 1972
amily BURKEIDAE Sprague, 1977
~enus Burkea prague, 1977
T anily BUXTEHUREIDAE Larsson, 1980
“enera Buxtehuydes Larsson, 1980
Jiroveciana iarsson, 1980



Crder I T2 LB0ORIDA Balbiani, 1832

Lubweorder BOluiOUIBLALTING uzet, Maurand, Fize,

Michel and Fenwick, 1971
Family PLEISTCPHCRIDAE Stempell, 1909
Genera Pleistophora Curley, 1893
Mitoplistoohorg “odreanu, 1965
Vavraia Vedser, 1977
Pamily PERUDCPLEISTLOVT.I T CJorague, 1077

enus | seudonleistophora nrecue, 1977

Family DUSOICQUIILAE Spracue, 1977

Tenera Dubosegia Ferez, 1908
T e Leger, 1926

Famdly THELOIUANIICAE Hazard and Cldacre, 1975
Senera Theloh: Henneguy, 1892
Agmasoma ‘azard and Crcdacre, 1975
Cha-m “tazard and Tlacre, 1275
Cryptosperina arzard and {Jldacre, 1975
Hetercgporus -chubert, 1969

Indogporus (=irthothelohaniz) ' verstreet
ané veinder, 1974

Ormieriesia Vivares, Zouix and “anier, 1976
fegmatheca :‘azard and Cldacre, 1975
Pilosporella ‘iazard and Crdacre, 1975
Jygtenostrema -azard and Clduzcre, 1978
ioxoglugea lL.oger and ‘esse, 1924
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Family SUXKENNELLIDAE Jouvenaz and ilazard, 1978
Senera ‘ajrimorpha Filley, 1976
Burenella Jouvenaz and ilazard, 1978

samily  BLYCSFORITAE Welser, 1977

Genere inblyogpora Hazard and Cldacre, 1978
tyalinocysta ‘‘azard and {(ldacre, 1975

rarathelohania “cdreanu, 1967
Paaily L ICTSET JIDAE leiser, 1977
fenora Julicospora ‘eiser, 1977
Hazardia “eiser, 1977
FPamily ~U LEYIDAE Spraque, 1977
Tem~ra Jurleya Toflein, 1898
Iyrotheca 'esse, 1935
“tempellia ieger an” i'esse, 1910
Saally DOYKI VT Teger and esse, 1910
Tenus _glomyxa roger and ‘esse, 1910
Fanily 7 7IX T Zeraque, muzet and  awrend, 1977
Jenue _ugetia ‘aurand, Vie, ‘enwick and  ichel, 1971

Subeorder LN L OOBLAMTINA uzet, Faurand, Fize, Fenwick
and “ichel, 1971

Family JLUGEIDAE Thelohan, 1892
Cencra  lugea Thelohan 1891
¥ h ozoon Levaditi, Nicnlau and Schoen, 1923
Baculea Loubeg and Akbarieh, 13978
Lama ¥orrison and uprague, 1971
Family LSUITLT Celssenberg, 1276

Jenus soraguea ‘eissenberg, 1976
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Family USREZIIDAE Loubes, “aurand, Camps and Lamrillo, 1977
Gencra Ferezis leger and Duboscqg, 1909
Amepon Sprague, 1977
Family CCUGCURDELLIDAE Poisson, 1953

Genus Cougourdells lesss, 193%
Family CAUDCSPCRIDAE Weiser, 1958
Cencrs  Coudogpory eiser, 1946

Jeiseria 'oby and “aguez, 1964
Tolbercia veiser, 1977
Culicosporella ‘eiser, 1977
Cctosporea ', 1911
Family L(STWATIDAE Labbe, 1899
cen~ia ogema Naegeli, 1857
Ichthyogporidium Caullryand Mesnil, 1903
Issia¥ eiser, 1977
Famlly . UEKIIGAE Leocer and [‘esse, 1922
Sencra argekia leger and esse, 1222

Sirovee ~eliger, 1977

lthough, the taxonomic consideration of Micreosporidia

form ¢ the subject matter of ~tudy for over a hundred years,

an’ tho estructive effects of these parasites on silkworms

and honoy beeg were known long bhack, it was only fram the

middle o this century that economie imnortance of the

group was recognised, Conserurntly, sevoral investigations

were takeneurn on the bioclo~y and patholo~v of microsporidians,
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Increasing interast in the invertebrate puthology couvled
with the arnlication of modern tools of recearch, especially
electron microscopy (Weiser, 1959; Huger, 1960; Lan and
Vavra, 1961y Vavra, 1964, 1965, 1972, 1974, 1976 Sprague
and Vernick, 1968y Lom and weiser, 1972; “eidner, 1972;
Hagard and Anthony, 1974), tissue culture techniques (Sen
‘unta, 129064y Ishihara and “ohi, 19663 Is: ihara, 17683 Vavra
et gl., 17272; Undeen, 1975), methods in cviochemistry
{avrz, 19593 uger, 19603 .rickson and NN, 1970) and
imruns lo cical technieues (Chalupsky et ale., 1971, 1973
Cox gt 2les 1972; Pakes gt al., 1972y Jackson gt al., 1973;
Yalalova and eiser, 1973) cave new dimension to the study
of t~se minute orcanisms, Their use as possible biological
eontrol aoonts against certain invertebrate vectors of
fiscases has also attracted censiderable attention (Stentaus,
1954, 1°57: Tanaca, 1959, 1763, 1967, 19763 _.ameron, 19¢3;

r

Yrascr, 1°68; eiser, 1772; 'c:aurhlin, 1271, 1973),

‘unzesuent to the first electron microscope sturly
of =-~ctimed srores of losema larlh:igmae by eiser in 1959,
several investisations have been carried cut on the ultra-
stractural asneets of Microsporidia, The results of these
investinations vere excellently reviewed and comprehensively
nreogentad in two volumes edited by Bulla and Cheng (1976,

1937),
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Microsporidia infect both land and acuatic animals,
Among acuatic animals of comercial importance, they are
encountered in fishes, molluscs and crustaceans, In
Crustacea, over 140 species have been described from hosts
belonging to almost all orders of Crustacea (Couch, 1983),
There are also indicationa of their involvement in
enizootics in feral crustacean nonulations {"ixell«Godrich,
1923, 1956 viosca, 1043; ..aborn, 1976; Ccuch, 1983), Of
the 140 sp cles of hMicrosporidia recorded fram crustaceans,
about 37 species belonging to 10 genera are listed fram
Zecapoia, ~“he microsporicdian belonging to genera
Zledstophora, Thelchania, Agmsgome Foresia and Anesen
are camaonly found in the natural population of decapods,
esnecially in erabs and prawns, They are found to infect
mainly the skeletal muscle, Ixcellent reviews pertaining
to tho microgporidian parzsites of deca~cds have heen

given Ly orague (1965, 1970, 1977, 1978}, Tnrague and

Couch (1971) and louch (1933), Table 1 <ives a list of

decancis and thelr respective microsnoridian pathogens,

four snecles of microsnori”ia have heen founé in
nonael” rravns, and the discase they cause is collectively
known as “cchtton® or Ymilk shrimp® disease or "microsnoridiosis"
(i ichtnor, 1975, 1953; Iversen and Kelley, 1976}, The
nathiwoon usually infects muscle, oonad, out, hev topancreas,
heart and nerve cord an? the ~cute infecticn cauces

disesleourstion of muscle giving the prawn a vhiticsh or
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4,1 DESCRIPTION OF MICROSPCRIDIANS CCLL.CID
DURING THE STUDY

THELUHANIA Sin ISULTATY “Pe NOV,

Hoet and sites The green tiger nrawn, Pronaeus gemisulcatus
de ‘3an, ranging in size from 65 nm to 168 mm total
length measured from +ip of rostrum to tip of telson,
Infection found in muscle, hepatopancreas, ovary,
testes, midgut wall, heart, gills and eye stalks,
Infrctrd prawns annear opaque and white throughout the

boliy due to the infected muscles,

Locality: 3Southeast coast of India « Tuticorin and Mandapam

in the "ulf of Mannar and Talk 3ay si‘e of Rameswaram,

Veget tiv: stagest Vegetative stages are observed in the
colonics of comnactly arranaced spherical nolyaonal to
irrecularly shaned cells, “hree tynes of cells are
obsecrved in the colony:s (1) small spherical cells, 3 to
4 o in dismeter; each cell with a single nucleus, about
2 am oin diameterp; (2) large diplckaryotic cells ranging
in diameter from 4 to 7 Am, and (3) large uninucleate
cells, each cell measuring about 6 to 8/um and nucleus
about 4 to 5 am in diameter, The first tyne of cells
are mronts resulting from merocony which represents

the v/ s~tative phase, The third tyrpe 07 cells are sporonts



PLATI VIIX

Thelohania semisulcata &p. rov, in Zenacus semisulcsatus

rics, 1«3, <Cross section of the terminal ampoule of the
nrawn infected by Theloha catae.
OYm . iplokaryotic cells; ''Imerontsy ‘=:poronts,
Houinerdeidenhain's haematoxylin and eosin,

I'dige 4e Binary and multiple {iscsions in the meronts
(arrcws). NUsNucleus, Bouine!eidenhain's
haematoxylin and eosin,

Fige 5e “poronts with large micleuz (arrow),
Glutaraldehyce-~Clemsa,
“13e 6e “arly sporont(arrem) with characteristic

chrcenosomal profile, Jutaraliehyde= iemca,



PLATE IX

Ihelohania semisulcaty spe. nov. in Lengcus sendsulcatup

Z’igﬂ 'Y 1-2'

Fige 3.

Figs. ‘-5.

Fig. 6o

“ransverse section of the terminal aupoule of

the prawn to show the initial stage of sporoaony

of Thelohania genisulcata (arrows), DYsDiplokaryon;
SPefporont, Bouin-Heidenhain's haematoxvlin anc
ccsing

“aryokinesis in Thelohanis gemisulcaty during
snorogony, The cytoplasm is not yet divided,
NRmluclear material, Glutaraldsehyde-Clemsa,

Cemiwthin sections of the infected abdominal
Luwscle to show twowcell stage roculting from
the first sporogonic civision {(arzcw),

M=o ansporoblastie mombrane, . lutaraldehvde-
“olukdine blue,

four-cell stace (arrow) resulting ‘rom the
second sporogonic division, Ma=Pansporoblastie
membrana, &lutaraldahyde=0luidine bluea,
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vaper-white appearance and hence the name of the éiseaaa.
Thase microsporidian parasites form one of the most
Aestructive croups of pathogens to panaeid prawns and it
has also been renorted that infection prevails in'dh.!ﬁ 10
vercent of prawns from nature and sguaculture (Couch, 1978),

+ith the increasing interest in the acuaculture of
renaeis nrawns in recent y-ars, these rarasites have
attracted the attention of sr~veral marine ~~theclogists and
nrotczoolonists particularly from the United Ltates of
smerica. -prague (1950) named and described Losema pelsoni
and ‘hclohonia penaei from Penasys gztecus and P, gatiferus
resnectively, Viosca (1943) reported sbout a protosoan
disease aifecting the reprocductive organs of about 90 percent
of P, s-tiferus along the louisiana coast in 1919, which
Sindermann (1970) and Sprague (1970} belicved to have been
cause” vy ., penaei. ‘utton gt al. (1957@) also found
I+ penaeil in the muscle of [, sgtiferus from ouisiana waters,
In 1959, Iversen and anning describe’ a now snccies of
microsrorician, I. duorara, infecting the muscle‘of
ze Quorarum from the coast of :lorida, This species was
also found to infect 2, gztegug (Kruse, 1959; Hutton, 1964)
and ¥, brasiljensis (Iversen and Van Meter, 1964) off the
coast of .lorida., The other microsporidian reported from
penaeid prawns of U.S.a, is fleistovhora sp,(Xruse, 19%9)

Baxter gt ale., 1970; Constransitch, 1970; <verstreet, 1973),
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‘ransmission experiments on microsnoridian parasites
in penaeid prawns were conducted by Roth and Iverson (1971)
and Iversen and Kelley (1976), Kelley (1975) studied the
structure of normal and microsporidisn infected ﬁiﬂk sheimp,
P. duorarum while Hasard and Oldacre (1975) presented the
ultrastructure of Agmasoma penael which was earlier desecribed

Te penoel by Sprague (195C), “pracue and Vernick (1069)

38

made li~h% and electron miercscopic study of i, pelscnd,

tutgicde Uediehe, Vvery few studies have been carried out
on microsnoridiana infecting the penaeid prawns, He.Be.F.
Champion (as reported by Sprague snd Couch, 1971) found a
microszporidian similar to I, penapl from the ovary of
2. indicus in the Rerublic of Socuth  frica, Baticadoes (1980)
work~d on the histopatholoay of "microsporicdiosis™ in

Peo mercuionsis in Philircrines,

In Incia, information on microsporician parasites
infectin: the decarods has becn meaare, ubranmanyam (1974$
and Janthakumari and Jopalan (198Q) found snores of
microsporidia resembling to these of i, pelsoni in the
muscles of i.ctapenaeus monoceros, Thomas (1976) reported
still another microsporidian similar to I, Zduorarg from
Lo gcmisulcatus in the Gulf of !:annar and _alk Bay, In
these stu.ies, the identity of the microsporidian by
these uthors was limited to the shape an size of the

spores. .he important aspects such as li“e-cycle of the
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pathogen, their ultrastructure and infection characters

are not available,

In the present investigation, two species of
Microsnoridia were encountered in P, sgmisulcatus and one
snecies in M, gffinis from off the coasts of Handapam,

anegrarign and Tuticorin on the southeast coast of India,
~etall < ll~ht and electron microscopic studies of these
parasitre and the co-narison of their etructural
charactr-1letics with the other snecies already described
in the Jecapods revealed that all the three species are
now t science and one beloncs to & new genus, In the
follovins account, the taxonomic descriptions of these
specics and the salient features of the different life
stag s and characteristics of their infection in the

host are presented and discussed,



4,1 DESCRIPTION OF MICROSPCRIDIANS CCLL.COM
DURING THE STUDY

CHLLOUHANTIA SHISULATA SR, NV,

Host and sites The green tiger prawn, Prnaeus gemisulcatus
de ‘zan, ranging in size from 65 nm to 163 mm total
length measured from tip of rostrum to tip of telson,
Infection found in muscle, hepatopancreas, ovary,
testes, midgut wall, heart, gills and eye stalks,
Infoctsd prawns annear opaque and white throughout the

bodiy :'uc toc the infected muscles,

Localityv: Southeast coast of India « Tuticorin and Mandapam

in the "ulf of Mannar and Talk 3ay si‘e of Rameswaram,

Veget tiv, ctagest Vegetative stages are observed in the
coleniss of commactly arranacd srherical nolyconal to
irrecularly shaned cells, “hree types of cells are
observed in the colony:s (1) small spherical cells, 3 to
4 o in dismeter; each cell with a single nucleus, about
2 arm o in diameterp (2) large diplckaryotic cells ranging
in dizmeter from 4 to 7 Am, and (3) large uninucleate
celln, each cell measuring about 6 to 8 o and nucleus
apout 4 to 5 am in diameter., The first tyne of cells
are rwwrontses resulting from meroaony which repre<ents

the v/ ~~tative phase, The third type o7 cells are sporonts
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Thelohania semisulcata ep. rov, in Zenacus semisulcstus

rigs, 1«3, <Cross section of the terminal ampaule of the
nrawn infected by T catle.
OYm.iiplokaryotic cells; 'Islierontsy ‘Vaiporonts,
Houinerieidenhain's haematoxylin and eosin,

Uige 4e Binary and multiple {issions in the meronts
{(arrcwes). NUsNucleus, Bouineleidenhain's
haematoxylin and eosin,

Fige Se “poronts with large micleus (arrow),
Glutaraldehyde-Clamsa,
“13. 6a “arly sporont(arrow) with characteristice

chronosomal profile, lutaraliehyde- iemca,



PLATE VIl




PLATE IX

Ihelohania gemisulcatsg sp. nov. in Lenacys senisulcatus

Tigs. 1e2,

Fige 3.

FigS. ‘-5.

Tige 6e

“ransverse section oI the terminal aupoule of

the prawn to show the initial stage of sporoqgony

of Thelohania genisulcata (arrows), DYsDiplokaryon;
Srefporont, Bouin-Heidenhain's haematoxvlin anc
ccsing

“aryokinesis in Thelohanis gemisulcatg during
snorogony. The cytonlasm is not yet divided,
NRmtuclear material, Glutaraldehyde<Clemsa,

Cemimthin sections of the infected abdominal
Lwscle to show twowcell stage roculting from
the first sporogonic cdivision {(arrzcwl,
Mlim.oansporoblastie mimbrane, . lutaraldehvde-
Tolukdine blue,

four~cell stace (arrow) resulting 7rom the
second sporogonic division, lMaPansporoblastie
membrana, Jlutaraldahyde=Icluidine blue.
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which are formrd after the fusion of two muicled in the
dinlokaryotic cell, the second tyme, The sporonts
represent the sporoqgonial phase of the life.cycle of the
pathocen, In transverse secticon of the toerminal ampules
of the testes of an infected [,_semisulcoatus, all the
three c211 tynes, namely, meronts, dinlckaryotic cells

and s»oronts, are distinctly saeen (Fl, VITI, Fig. 1 to 3),

Meronts increase in number by multiple and binary
£ission (T}, VITI, Fig, 4), “he nucleus cf the cell
uncderqgsing merogony is small and compact vhereas in sporont
the nuclcurs is relatively large (Pl, VIII, Fig, $§) which
exhibits creoracteristic chromosomal profiles Curing
~itosis, csrecially in the ~arly stages (Y1, VITY, Fig, 6),.
e ths o of meracrny, unincleate mer-nts transform into
“inlok- ~mtis celle (71, TV, i-s, 1 and 2;, This
fevelorm nt of Tinlokarveotic coolls can Ye cinsidfcored as

a frangiti nal stare Letwern moracony and SHCrTGONYe

-y

Sporulation stages:s tarly sporont possesses a slichtly thiek
wall, a large nucleus and irrecqularly spaced patches of
dense material devosited on the inner sice of the wall,
ihe sn.ront functions as thc smeorogonial mother cell and
divides trece times (71, IXN, 7igs.3 to 6p ~1, X, Figs,1
to 4}, <hus, sporogeny is a series of three successive
binary civisions of the spcrogcnial mother cell which

ultimatelv gives rise to eight uninucleate svoroblasts
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Thelohania gemisylcata sp. nov. in Pengeus semisulcatus

:‘iﬂ’. 1"3.

SlGe 4a

rige Se

8774 G

lactron micrographs showing four-cell stage of

%gma W CY¥uCytoplasmy
): ectron-dense fibrous matorials NUsMucleusy

PMasl ansporoblastic membrane.

Zightecell stage or octosporcoblast(C3) resulting
from third sporoacnic division, Arrow indicates
imrature sporoblasts covered in pansporoblastic
merbrane (PM), Free gpores (S<) liberated from
other pansporchlast are also visible, Glutaralde
hycde~Ciemsa,

ilature eight spores (arrows) of %@F{]
Senjsulcats resulting from metamorphosis of
sporoblasts, Formalin fixed,

Lleciron micrograph showing a nart of the
pansroroblast with mature spores, M=Pansporcblastic
mecbraney SRisMature spores,
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covered by a pansporcblastic membrane, ..uring sporogony

the cytcplasm and the nucleus divide synchronously,

Pansporoblast is a gr-up of eight sporoblasts of
equal size covered by a thin, sub-persistent, single
layered pansporoblastic membraze (l, X, Tig. 4), Later,
during netanorchosis, these sporoblasts transform into
svores (U"l, X, Figs. 5 and 6), The mature pansporoblast
is spherical and measures zbout 12 Am in ciameter, ‘The
sHace hetween the pansporoblastic menbrane and sporoblasts
or snores is £illed urn with electron=dense fibrous
matorizl (r1, *I, Fig, 1), -2:is material has a stratified
arpearaonce with f£fibres of dilfferunt layers often running
in 717 7rzqnt Adrections ((1le i, Lice Zie <everal
wane- oo lacts are asain surrcunded by a meabrane which
eprar -t = them from the “ort tissue ( 1o I, Tige 3)e
“hethve > this membrane oriicates fram tihe host tissue

is not confirec.

Sporet “pores are oveid with rounded posterior and slightly
pointed anterior end (rl, I, Fige. 4) and measure $,0 to
545 17 7¢5 to 3,5m in size in the fresh material, They
are unirucleate, /t the postcrior region of the spore,
there i~ a vacuole which occuples about 40 percent of the
total volume of the spore, It has a chaiacteristic shape
and arcars flattened with & strainht anterior margin,

In thc licht ohctomicrogra-h, one ot is secn on the either
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Thelohania sendsulcata spe nove in penaeys genisulcatus

4 1o

rig, 3,

Fige 3e

Fig. 4.

104 5=6,

Electron microqraph showing the stratified,
electron=dense, fibrous material{arrows) filled
up between the sporcblasts (°3B) and pansporo-
blastic memiorane (T}, Tasal part of the
devcloning polar tube (3P) is seen in one sporont
whercas in the other, the developin~ polar

tube is visible in cross section (P7),

Elsctrom microgr showing pansporoblast with

mature spores (8R), Note the fibrous material

(arrows) rumaning in different directions insice
the pansroroblastic cavity, On the risht sile

(below:), part of another pancporchblact iz seang
several such pansrorcblssts are su scunded by a
membrane{™!) which separates them fream the hort
tisoue,

Tlectron micrograph showing the membrane(M©T)
surrouncing the group of pansnorablacsts,
Mimiuscle tissue of the sty Cimlctonmorcblastsy
Fhel'ansporoiilast with mature svoresp U= .poront,

Spores of mg_m;‘ ta exhibiting the
acteristic sppearancs of the posterior

vacuole(F¥), Arrows show presence of dot-like

structure probably representing the coiled polar
tube, Wet mount,

Zlectron micrographs of srores of Ihelohania
semlsulcata from ovary., The sporec in this
orcan pesseds thick exospere (EX) ornamented with
aprendages (A) while the endospore (I!) s
ctmraratively thin, [ i=fansporoblasiic membrane,
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side of the vacuole on the ocuter margin (Fl, XI, Fig, 4)

which »robably represents the coiled polar tube,

The sncre vall 1s trilaninar in structure consisting
of an cutcr electronedense laver, the exosnorey an
elactronetrangnarent middle layer, the endcospore, snd an
innar »lasma merbrane boundéing the cytoplasmic contents
o€ th~ mmore, “he structure of the exospcre and endospore
is frun’ to be different in ovarian and muscle tissues,

In ovarv, the excspore is smooth, thick and ornamented

with cr-encdages and the encdosnore is comparatively thin
(ri, T, “igs. 5 and 6), while in muscle, the exospore is
finely corrugated and void of amnendaces and the endospore
is craratively thick (1, >II, Figs, 1 to 3), Each spore
possesses a small, spherical nucleus in the centre but
sometines 4i+s position may chance, Tha nucleus anncars
dark crey to black when stained with “ei“enhain's
haematoxylin, The svores are 7~ . nositive an? s'ow a clear

small pclar cap atop at the anterior end,

The ncolar tube is about 14 to 22 A in length (extruded
wit» vy roeccn peroxide treatment) and is izcfilar, nearly
uni’crm in “ismeter from base to distal end (Pl, XII, Fig.4).
In ult-athin section it is visible formin: about elight coils

aroun:® th2 nosterior vacuole {(v1, ¥IT, ~{., 2),

In “istolocical preparations of some linhtly infected

ovariss of I, gemiculcatus, oval, round or beaneshaped
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Thelohania semisulcata sp. nov., in Penaeus semisulcatus

Figs. 1"‘2.

gy de

Transverse sections of lightly infected ovary of
renaous semisulcatus with unidentified inclusion
bodies (IB) in the nmucleoplasm (NF) of ova, M=
iwucleoar membraney YO=Yolk, rormalinelieidenhain’s
haematoxylin and eosin,

Semi-thin section of lightly infected ovary:s
diplokaryotic meront (DY, is seen in one of the
degerating ova, Methylene blue, azure II and
basic fuchsin combination,
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structures of different sizes are found lying in the
karyoplasm of the ova of variocus maturity stages (°1.,X1I1I,
Figs. S and 6 Pl, XIII, Fios.1 and 2), In some ova
these structures appear t6 be spores (Fl, XIXY, Fig, 2).
Dinlokaryotic meronts are also been scmetimes in the
cvtonlasm of some of the deqgeneratinc ova (P, ¥YIII,

Fi-, 3), Thase structures, named here as unidentified
inclusicon bodles (IB7), are hasophilic an? are stained
Arayish black with Yeidenhnin's haemat-xy1in and magenta

nink +ith Mallorv's triple ctain,

Remarkss ‘arious snecies of micresnoridia invade the tissues
of nny crustaceans, most notably the shrimps, prewng and
crabs, praqgue (3977) nas listed 34 smocles of microspo-
vi’ians helonéing te 8 genora from “ocapod ¢rustacean
hests,  In marine shrirms ond prawns, 17 cpecics of
microcmorilic belon iine v 7 cenera, nacly, Dledstorhore

("~-11ys: “leistorhoriacel, _hilghonis, —asoma, Indosporus,

Shapr-nius (Camilys Thelchanid lae), Juzleyg (Jamilys

“urleyicae) an? Terezig ( anily: Fereziifae) are known

to occur,

“he present snecles shows the characteristic features
of the Zenus Thel » In decapod crustaccans, 11 named
and € unnamed species of Thelohania have been reported,

In the chape and size of the sporesg, the nresent species

exhiitse a general resemblence to Zhelohania duorar



112

Iversen and Marmming, 1959, T, maenadis Percez, 1904,

T. paguri ierez, 1927, T, butleri Johnston et al., 1978

and Thelochania sp., Vivares, 1973, However, it differs from
these specles in having different host snncics and
geogra~hical distribution, Jchnoston et al. (1978) have
used such criteria for distinguishing I, butleri from the
other svecics of Thelohania. . senisulcata could be
clearly ~istinguished from I, ciardi Yenneruy, 1892 by the
shane, cize and structure of the snores, In the former
snecias, the srores are ovoild with slightly pointed anterior
end whil- in the latter, they are pyriform with very fine

longitudinal ctriations, The nresent species also differs

from .. goccaldd Vivares, 1974, 1. contejeani Henneguy,

1892, .. cctospora tlenneguy, 1892, I, petrolisthis Sprague,
1970 and _o gogapdaresi “pracgue, 1977 in the nature of the
pansporchlast as well as spore and the nuclous, I ce. ald

i1s characterise? by a fusiform rancsmoronl-rt, I, conteieani
by a non-mersistant pansncrobl-stic mevwbr ne with very small
nucleus anc horse=shoe shapel nucleus, I, octospora by
Aistinctly small spores with U-shaped nucleus, T, petrolisthis
by a nrrsistant pansporoblastic membrane and T. gsogandaresi
by very worsistant pansporoblastic membrane and very small
sporeas, In _, semisulcata, tho three successive binary
fi:-sions o7 the snoront result in the formation of eight
uninuclente, ovoid snores measuring S.0 to 5,5 3 2,5 to 3,5 Am
in size = ich are covrred in a subenersistant pansporoblastic

membrane <uring :rorulation., The pansporni:last is spherical
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and measur~s an averace of 12 amm in dismcter in fresh

condition,

In the shape and sise of the spore, structure of the
pansporoblast and sites of attack in the host, the present
species is found to be closely related to T, duorara.
However, a close examination reveals that the spore in the
present swccles, althouch sheos an ovoid shore, its antericr
end is more nointed than that of I, duorgra. +he structure
of the vacuole alsc cifferg in that the antcorior margin of
the vaoucle is straicht « & ¢ aracteristic feature of the
prescnt cocclies = unlike the spherical nature in T, duorars.
“heé polar tube 1s only 14 to 22 Am long in the present species,
whereas in I, guorara it is relatively longer {32 mm),
Another simificant difference is that the snores inside the
nansneroilast of U ¢guorara are unecual in size whereas in
the present material, snores are ecual in size, Thelohania
sp, described by Thomas (1975 comes from thes same localiey
and the ost from where the vresent species is also
describec, -~hile the incomnlete descrintion agiven by Thomas
.-(137€) makes it difficult to attempt a detailed comparisen
with thaot snecies, the size of the sporont and the structure
of the posterior vacuole in the svores differ  between these
two specics, The salient features of I, duorara Iversen and
manning, 1959 and lhelohania sp., Thomas, 1975 along with the
characters noticed in the present svecles are civen in

Table 2, :rom this comvariscn and the (differences noticed
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from the other micresporitian smecios Aesacribed in decawncd
cruntaceans, it is clear that the present srecies could be
considered as new to science and is naned as Thelohania
gemisulcata, the specific name being assiconed on its
occurrence in the host, Fenaeus semisulcatus, which

sunports a fishery on the southeast coast of India,

Type snecirent Holotywe 3lide is being denosited in the

“oolo-icrl "urvey of India, Calcutta,

SULCCVARTIA ©ANHAREN. IS GEN, ET TP. NOV,

’

Hogt and sice: The areen tiger prawn, Denssus gemisulcgtuys de
Haan, ran-ing in size from 152 mm to 166 mm in total length

measurc: from tip of rostrun tc the tip of telson, The site
of infcction is fcund tn be restricted to the ovary of the

adult female -rawns (01, VY, (ig. 6 71, IV, Fig. 1),

Locality: ameswaram in the Unlf of annar and Valk Bay on
the =zouit'icast coast of India, The infrcted p-awns were
cnlloctedd £rom the shrimp trawl net operation at 14 to 20

metrr Tromth off ameswaram,

vegetative stagest The ecarliest stage of <evelopment observed
is a moront or a schizont, a vegetative ¢c0l1l which undergoes
binary or multiple fission, '~ ersnts are usually spherieal,

Pelygonal meronts are 21so encounters’ occasionally
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<ulccvaria mannarensis gen. ct sp, nov, in ;enaeus

semisulcatus

Penasus senisulc 1 Crofs scctinn of the
abdominal reqion along with the ovary, .cte
the necavy infection by “ulcovaria manparensis

in the ovary (UVY) which i3 hynertremhied and
has surrounded the blcod vessel (5V) from all
the sides, The muscle (M7) is apparently
uninfected, Infected region is yellow-orance
while the blue stained regions are uninfocted,
Modification to the technicue of Mallory (1944),
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(r1, >V, Fi{gs. 1 o 3), ‘eronis me-sume 5 to 6 am in
diameter in preserved material, ‘“hen stained with
“eldenhain's haematoxylin and ecsin, the cytoplasm is
stained deep pink with eosin, 7~ small, spherical nucleus
is discernible in the centre with fark grey to black
colour, ‘.eronts divide bf binary or multinle fission with
cirect nuclear division., ‘iowever, the nuclear division ir
not followed by imrediate constrdction of the cytoplasm,
Jrior o the onset of snoroo-nv, in each meront, two
nuclcar 1ivisions occur whic finally cive rise to four
nuclei, In the subsecruent ~tage, the tetranucleate cell
Jivider into two daurchter cells, each contalning two nuclel,

There Tinlokaryotic cells are the final »roduct of

moros ny (Cle Ve fiade. 4). liofore enterins into the
snorulsti~n rhase, the chromatin of these two nucled

hresks v into fine ccanulen ant the funirn of hHoth the

nuclons ~hetances follows (1, 1Y, 14, 5 and results

in £ renztion of s-orce-onial mother o111 or enoront
with o sin'le, large, srherical nucleus in the centre

(. 1e o ine 63 Vle #VI, .1, 1),

Smorulati~-n rtacest Jarly srorent 4s sohervic~l and messures
6 to ﬁ/um in Jdiagmeter. It is thick walle’, unlike the
thin 211" nature of the —-~rnt, The o ront po resses
a l ree, Jistinet nucleus in the cerntre zurrounded by
qranular cvtoplase (Fle XV, “ice 63 11, T, “ige 1),

-

The srnzont then agrows in sigze, and under ~os5 three binary
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Sulcoyaris mannarensis acen, et sp, nov, in Icnaeus semiculcatys

"-‘1‘;}8. 1-3

Piq. 40

2'19. Se

Transverse secticn of ovary of the nrawn to show
the spherical and poly-cnal reronts (F), The
process of muclear divisicn nrior to the onsot
of sporogony is continued in some of the

meronts in Figs, 2 and 3(arrows), Ustucleuz;
<mdigture spores, comiethin sectione’ oluedine
blue,

Semiethin section of the ovary of the prawn,
A Cinlokaryotic cell, the final praiuct of
nero-ony, is seen in the centre (ar.~r),

= ature s»ores, “ciethin secticn="T0luidine
Llue,

1 ctron microcraoF shewiing the »arlr stace of

ronony, rron sheer the fusion (karyo~amy!
of the chromatin mate "ial of a 7irlrlaryotic
cclle
of

.poronts (1) /ulcoverdia marnarensie, Gl
Zrarmlar CytOplarm; Mi=Nucleuss . siature
"porel.
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Syleoveria mannarensis gen. et sp, nove. in Penacus semisulcatug

Tice 1. Tlectron microcrarh showina ultrastructural view
of the snoront (.I') of Zulcovaria mannarensis
Th=Cromilar oytomlasmy IMUsMucleus,

Figs.2«6. Different stages of snporogony in Sulcovaria
' Rannazensiss

Semjethin section of the ovory to chow the
Fig., 2, first division in the sporont {(arrow:z.,
Toluidine blue.

Tlre 24 Semimthir socticn of the cvisy *o 2how the
'
twoecell “tace {zrrow) 7ollcwinc the
€first division, <“oluidine »lue,

Pig, A, Ilectron microgiaph 0fF the tutmesll
stace, MO=Metabolle aramileny e
Pansmor~blartic evirone,

71 . e mear pre-graticn sho ing the four~cell
atace (arrov), ! ethansle imesa,

{14 64 Tlectron microgrih of fourecrll stage,
:bbreviations smme as Tig, 4.
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divisions ultimately producing eight uninucleate sporoblasts
enclosed within a pansaporcblastic membrane (Pl, XVI, Figs,

2 to 6y P1, XV1I, Figs. 1 to 3), 1In this process, the
cytoplasn and the nucleus are seen to divide synchronously.
Dividin~ sporonts secrete metarolic products in the form of
granules inside the pansnorobl-stic membrane {(Pl, XVII, Fiq,
4), < Tirse oranules often clumn together to form large densr
masses tThich subhsemuently asmime the sha~e of microtubules
durin: <-~rulation (71, I1, Yias. 5 an. G), VPansporoblast
is su -sherical or oval (il XVII, Fic. 3) and has a

fra ile meombrane that soon ruptures an: frees mature spores

rradilv,

fpores morcs are pyriform, usually measuring 3 to 4,2 X 1,5
to 2,0 am in fresh material, Cccasionally, larger sporos
measurins about 545 X 3,0 am are also encruntered. D2oth
these " Cerce and macre snores have identical sturcturas
but ¢i7fer in size (01, “WITT, “dos.1 an’ 7}, In the
li~¢ —i~rogcopic examination, each s—ore iz found to
nogsess a sinole, small, Jdotwlike nucleus situated near
the ~ertre, Thase centrast microscopic obhservations of
unatain«", Tiemsa stained andé i Al stains’ smears reveal
the »resence of a srherical vacuole at the nosterior end
of the n-ore{tl, XVIII, ~i~, 3), % similar, but
comaratively smaller, vacuole-like bri-t area is noticed
at £ terior end of the ooare whieh is -resumbaly the

polaronlast, A polar ca» at the antecior end is =lso s=en,
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Culcovardia jannarensis gen, et spe. nov, in Zencous seomisuloatus

Figes 1=3,

“19. 4,

"108e 5=5

Stages of sporogony in Sulcovaria mannargnsiss

-
i

(2)

Electron micrograph of octosnoroblast;
only six cells could be seen in the
ultra=thin section. Scatt~r-d hlack
patches are staininc artifa~ts,
MOmMet@bolic aramuleey Fiim-ansporoblastie
membrane,

Semi=thin section of the ovary showing
octosporoblasts (C3) with pansporohlastic
membrane, SRXsMature spores,

Imnature (O2) and mature (M ) pansporcblast
ote the nucleus (M) in the wnoreblasts,
~et mount,

tlectron microgran~h showing the nresence of
cramles (arrows) insice the pansnor~blastic
ma.rane (A1), & =llaturs spores,

~lectren micro~:ar™mg o mature pansporoblasts,
tote the microtubules(arroe) insi e the
pansporoblasts derived from clumpinc of
netabolic granules, PlM-Pansporchlectic
manbranes SRsMature spores,
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“he snore has -n indictinct nolaronlast and a long
anigofilar polar tube, The nroximal portion of the polar
tube i3 stumnpy and forms 2' to 3 coils inside the sporey
at this region the nolar tube absuptly constricts to 2
very much narrow distal portion and forms about 9 to 10
coils ( 1, "VIII, das, 4 and S). “he oncre wall has a
thicy, corrunated, eloctrone-: ense exosTtors an a thinner

elackr n=lucent endosnore (. 1, VIri, +{ , 6),

cemarks: e structure of meront, sporont, and mode of
s~orn iy as well as the strocture of the =“rores of the
nresont on oisg reveal that i belon~s to the Pamily
Telo-rilfae, where svorulstisn alvaye occurs within a
mans - rroblacrtiec membrane, um:ally resultine in eisght
uninucl -ar =-oreg (U nragque, 1972), ‘te amily Theloh=ni{ilae

conroln~ 11 genera, nanrly, ‘helchania, ~lacoma, Tha-anium
Y ,

Cryncocossrina, fetercsmorus, ind-smorus (= rthothelohanial,
{rojericsia, pegmatheca, i“ilosnorella, _-roteonostroma and

Teoxo- luzea ((nracue, 1972), The only ~cncra to which the
~res~n. r-eclce 18 oonecelivably closely - lated are

‘hel-hnnia and omasoma,

melohania is one of the oldest genera of
icronnoriddia, established as carly as 1572 by llennequy.
In the s2ome year, Thelohan {(1892) nlac d this gemus in o
new . ooily, ‘lugeidae (Cluncidees), - ince then, this gorus
was asoil ned differontly hy ¢ifferent anxt' nres to [amily

vlugeicae (Curley, 1893 feger an’ Lesse, 1772},
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suleovariz mannarcnsic gens et sn, nov, in Penasus semisulcatus

I‘igs. 1"2.

Fla. 3,

. Fign, 4«5

:'it}' Y 5 'Y

Tree snores of D m%nnargns;s. rote the
prasonce of macrospores (7} alony with the

rnicrosvores ('I), ‘et mount,

hase¢ contrast photonicrcorarh ©f sporcs showing
spherical vacuole at the rosterior end (arrows).
Crossed arrow shows the polaroplast at the anterior

end of spore, ¥et mount,

Electron micrographs of gg;gg§5£1§xu%§garena;§ sa~oras,
DisDistal portion of polar tubey I''mExosporey Pi'm

sroxinal nortion of nolar tube; A= hrinkace
arti“act in the recion of ¢n'ospore,

Ylectron micrograrh o ulcovgréa mannarensis

spore sincwing the svore wall, AmEXOSHOr ey
ENemndosoore.
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Nosematicae (Labbe, 1859; ltempell, 1909 :udec, 1924, and
Polysvoridae (Tuset gt gl.. 1971). It was only recently
that ‘azard and “ldacre (1975) revised the Cenus Thelohanis
_and othrr closely related genera and erccted a new Family,

Thelohaniidae,

-necies of the Cenus helochania have only one knowm

devel-mmestal secuence w o ich nro'uces it s~ores, .poracony

iz are-~-lished by means of endogenous huooing vwhich 15 srvmoe
tim=s ooo mnanied by zecr~tion of small <enne granules, e

rans~- o 1nsts are sutesrherical, havin: a subh-persistent
nans—arsHlastic membrane, pores are oval or pyriform,
withot tails and nozsess a distinct nosterior vacuole, a
thin sucoro-ore wall, one i{isofilar pnolar tube and a polaromlact

commas: o tinhtly cerinressed lamel lae,

e other fenus _gmosorg, to which the rresent specilcs
also r-rasbhles in rertair charcacters, was croated by -azard

and lircsa (1975) ator thoey oreevaminod the oneciles,

t

.helos‘nia nengei nrague, 1950 infecting the tonads of

2

se Setiforus inhabiting the coast of "ouisiana and florica
(Ve o o.4 Lhese authors found that the mnde of soorogony
anet &l o~ lar tube in >, penaei were diffaocent from those of

the .c.uo _helohs in the hasig of tliene 7ifferences thovy

transier.ed .o pengel to a new gerus, namaly, Agmasoma with
the only known Ipecies _. pcpnaei ( rracuc, 1950) (Hazard

an.: l.acre, 1965}, The aniscfilar tyre o7 mnlar tube and
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snoro~ony by fraguentation of spororonial rlasmodium were
the tax nomic criteria employed to distinguish igmescma

from _helchania. The name Jgmasomgy, meaning “fragmentary
ody" ras referred to the type of cytoplasmic division at

cr

e tire of snorulation, There is only one development

o ne

Q

3
ﬁ

v

znown in “comascma which produces eight snores,
“he ovt ~lasmic divisi~n in the srorent iz “rlaved and in
initiat~ only after the nuclei under~s t“ree nuclear
Giviciane forminag actonuclexts mlasmodia. hesge mlcoroe
~nri fane 96 not secrest any miabolic sunstance inside the
vans~ r Dhlast, ‘'vores of _.masoma are oval or pyriform,
wit’ ~ul 2nv surface structure Or mucous cnvelope and
roc e - & thin, smanth exosmcre, a molar tube abruptly
constioting near the mi'7le to form a thick proximal and

a thin 1 tal porticn, and an indistinct -olaronlast,

he irmertant charsctrrs thus une to dictincuish
the = ric  at ~eneric level by agard an’ 1l aere (1775,
inrarmie (177°2) and eiser (1777, are thr ~ole of
devclorient of the staces in srorogeony, nreosence or
absence of the metabclic cranulces inside the pansporsblaat,
naturc " the pansroroblastic memhrane, shape of the z-ore,
variati n in the diameter of the -olar tuhs and structure
of the molaronlast, “‘then such criteria are used in
determinine the qgeneric rositicn of the nresent gpecies
and a c~arison is made with the ageneoric characters of

the clo ~ly velated genera ( adble 3), the -resent s=ecics
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shows similarities with helohania in heving sporogony by
turee successive binary divisions (endogensus budding) and
seciretion ol metabolic granules during the sporulation
insice thoe pansporoblast, lHowever, it differs from
selonanda in having an aniso®ilar polar tube, a fragile

nans—Ccr lro5tic membrane and indistinet tvne of polaronlast.

n the other hand, the »resent sor-cies agrees with

aving an anisofil.r polar tube, a fragile

pans—~cr hlattic membrane an? intistinct rolaroplast,
Nevorti-l-sg, Sporogony by en’~genous bud ing and secretion

of meta: lic aranulrg inside the pansrornoblast during the
sporulatinon are the twe major characters of the present

sr cies in witich it a narently disagrees with Agmascmie

The s-~orulating snmoront of .. pengei, as shown in an electron
microara o by azard and {1 acre (1875, is scuarish with the
vall of the developing s—ores not very clearly distinguishable,
dowever, ths svorulating gtoront in the ~roseont srnecies is
snhericcl wher;in the +all of the so rc:l-rts or srores is
discornirle at 2, 4 and 2  ~ell stages (¥l, VI, Figs 2 to 6;
£, VYL, . dms, 1 to 3), The other similaritiecs and differences

noticed -r~ ~iven in Table 3,

~erd and (1llacre (1075) consid red the vossibility
of artifsctrz resulting from lony storage of material in ice
cauein . 2 nrrmalities in s~ nts of Aguoozoa. This

possilzilicvy as the couse of Qlffs~rences chirarved was also
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considerecd by the present author, i.owever, a careful
evaluation of characters and their critical comparisons

and the Iact that the present material was never stored for
rerio s lonoer than S or 6 hours after its catch and the
carefa]l ~rvrservation on the material in ice during the period,

r1led out cuch possibilities of artifacts,

n viow of the above 7ifferences in the nresent

matericl “rom those of Thelohania and Ggriacoma, a new genus,

c¢esionat ° as lLulcovaria, is created here in the :amily
“heloh rniine ‘nzard and “liacre, 1975, The generice
nomenclaturs  alecovarp refrrs to the snecies of the host

«

From ~"is™ the microsnoridian has been renorted and the site

of attack (_gnagus §qm;sulcgtus: ovary), “he ceneric

charact- 7 »7 this new genus are as follows,

Inlv one speorulation seocuence known, ransncroblast
sub=sp!: "icalp sporcoaony by a cories of tiuree bhinary divisions
pro-ucin it snoroblasts vithin a fragilc wans—oroblastice
mermbranc, norulaticn accownanied by secrcticn of metabolic
cranulcs titihvin the pansporoblastic memdbrane, ESpores
usuvally -v: iform, sometimes oval, with a thick, corrugated
exospore +.211 and an indistinct polaroplast; polar tube
aniscfilas, having a thick, stumpy proximal and a thin,

narrow .irtal portion, Tarasite of penaeid prawns' ovary,

nrer Sneclies, Zulcovaris mannarensis seo. nov, 1is

also cr: ~=~" here t¢ acomocate the nresent mateorial, Nare
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of the r~mocir~s, mannarensis, has been derived from the nane
of one of the two localities from where the pathogen was

-

enllectCe his soecles is characterised by the following

sy obhorn,

Hogt s cirng Jult female Ienacus semisulcatus,

Legi~nt Infrocted nrawns exhibit ovaque and white aresa along

the m-<isn Joreal line,
Most tiesus ‘nlnctrdr Tvary.

Type locrlicry:s Gulf of Mannar ani iralk Zay off the coast of

anesnTa (scutheast cosst of In“ia),

Voo tative ~lanest “eronts sphrrical, § to 6§ Am in diameter
(f£ixed) »1i' zin~le nucleus, ~ronony by binary or multiple

fissinn, wr final stage, 2 diplokaryotic cell,.

imarulation “tgrest  Srorocony by three hdinary Civisions nroducing
eicht s-or hlast within a pansnhorabhlacntic mechrane., Cach
sporoblant becosmes a spore, .nores pyrifgmm, 3 to 4,2 ¥
1.5 to 7,0 am, refractile ancd thick walled, uninucleate,
with a ~mnall vacuole at the nosterior end and nolar cap at,,.
antericr ~n®, Tolar tube anisofilar, with a stumpy proximal
~ortion “corming 27 to 3 coils and a very much narrow distal
rorti-n Torming about 9 to 10 coils anterio-nosteriorly

inside i~ arore.
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TYype s~roimons  olotype slice is being derogited in the

“eelnrical Turvey of India, alcutta,

Eibsla ATFIMIL SIY, WKW,

Host an ~i%e: The jinga shrimm,_l'etapenacus zffinis
(i, iln~ “.dwards, 1837) of both the sex ran~ing in
aizge “ro 27mm to 143 mm in total len~th - sured from
tin o cr-trum to tin of the telson, Inacticn found
in +ho %y muecles, conals snd Tisestive tract.
coanir~ally, the infecticn al:io found in the body
muscl =~ ~7 the ~reen ti~cr nrawn, Pengeus semisulcatus

ce  .acn,

s oralivy: ulf of ..annar and olk 3~y off the coasts of
Tan ooy and ameswvaram on tho southeast coast of India,
he i feetod rramns were cau~itt operatins a chrimp trawl

n~t unts 2 lenth of about ?7 to 28 meters,
Vegetative ~tageg: ot known,

norulatisn ctaces: “mall spherical cells, ahout 5 Am 4n
Clameteor are found sinaly or in pair, “hey are thick
~all~ smoronts with inner side of the wall having
irre~ul-rly snace® patch:s of -ense material, Oporonts
are Zocun: having one, two or “our nuclei located usually

in th- c-ntre (1, I+, Figslto 3), In z-mo s~oronts, the
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nutled rxhibit eccentric positicn, near the periphery

(1, ‘dgs, ¢ ané 5), This may, quite possibly, be due

to the o ieal error, “owever, the location of these nucled
to ar 5 the nerinheral part of the spor nt cannot be ignored,
tome gsor nts possess a large body occupying about 30 percent.
of the innor area ©f the sporonte This body is sed-circular
an. o "rs to be the nucleus when stains” -~ ith eldenhain's

irsn Tooemotoxylin (1, 2T, ics.6 and 7).

2ir & s~oroblasts with - clear nas<or» eonnectine

S ach v by 3 cytonmlasmic hridce are ofton notice? in the
smeans infoetod ovary st ined with of enhain's

T aem ~lin (1, ¥1, Tic, 8)e In ench “morblast,

thers o oo sinele, small, ovol? body measuring about 1,8

to 2.7 gt oin len~th bearinc closge resemblance to the smore
in g o’ 2ire, Treorhans, thioy are im-ature srores
cerived Trom the divicion of ooorso nial cother cell {ne-
two oo "lasks, eoch of theom sdvinn rice to a sincle spore,

s

In % -~ ~anesd stags, the cytonlasmic “oi'nc disamnears and
the twe shorcblasts amrenr close to each aother as 1f they
are ~ined (V1 ¥I+, Fie, 9), ventually, the two sporchblasts
ser:.ons Trem cach other (Yl, WIT, Tia, 10, The parasite

is ‘oun’ bu Towveleop in Jirect contact it the host cell
cytonio Tl ', Sics.l to 6) and nc -ansmorcblastie
menboone vas ohserved at any stace of itr “avelorment, he
snor-lost and core of the micrognerd Tinn under congifere

ati-n, are uninucleate and no anrenacrs are found on their

surfaca.
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Ferezia affinis sn, nov, in _etavenaeus af’inis

L5]
o

B _’ & » 1-2 'Y

Filos., =4,

Fic, S

Fig., 6,

Developing stacges and spores of Yferczia affinds
{(arrows) in the ovary, ! “=mMuscle; (o Jegenerating
occvte(s), Bouinelzi’enhain’s raeratox-lin and

eosin,

Sane, in the body miscle,

Flectron micrograph of sroront (::) in the host
muascle (MT), PTwTraces of polar tube,

;lectron microrranh showins the s~orex {arrow-s)
in the host muscle (),
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In srme independent snores, a thrrad-like structure,
rresumably the polar tube, 1is seen connecting the two
corogite ends (1, XIX, “ig. 11). In ultrathin section

of thr sporont, traces of polar tube are clearly visible

{ 1, e Ko S)e

Snores 3% 0f the speres are ecgecntially mni“orm in shape
an’ nive, Thev gre somovhiot oo eghaned oinn bhroadly
ronn o0 anstarisorly and ~harvaly rounted onteclerly,

neras sve wery emall, meacurinsg 2 o 2,5 1 to 1.5/um
when srvyed ir fresh coniition, ferr relatively very
larme ~vorag, remre~ontine a-—arently a “inrtinet size
ran e, o0 large as 4,5 1 2,5 to 3,0Am are also observed
{(Ple I, 1i0e 12)s Thiz tyne of srorns are called as
macrnoerveg and thelr -~rrsence among the usual snores

indic o the anore dimor-dasm,

~o:r-s are found sincly in massos in the infected
ele ol ovary, . v ry small, rounuer. wanterier
vrounls i sceon in the srore vhen observed un’er the
rhage © ntirast micrercove (71, #I , 7ir, 13), The
extri~ rolar tube is isofi{lar, about 25Am long {r1, XIX
ice 17,4 In electron micrograrh, a coiled polar tube
cceuni -~ nluast entire inner snace of the snore (Pl,XXI,
cdce 1i.  -he tube oricinates from the anterior end of
the s-ore and shortly therecfter, it formr cniral coils

Y

insi e e swore surrounding the ultrasnoral sepace, It



PLATE X1

Perezis alfinis sp. nove in _ctapenaeus 27 inis

Tig. 1. Electron micrograph of the spore (37),
Note the coiled polar tube (I-7) which occupias
almnot entire finner snace of the snors, The
ghace at the posterior end of spore incicates
poorly fived posterier vacuole (rV),

Fige 2, Electron micrograph of a vart of the spore
at higher magnification showing exospore (£X),
endosnore (FN) and nlasma membrane (7lL),
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makes oo ut 12 to 14 turns and ultimately terminatos ot the

nosterior end,

In n~cres, stained with {leidenhain'’s haematoxylin,
a small “ot=like nucleus {s focund situnted near the centre
but oovhat anteriorly. The snore wall sho s two Aistinet
laye. @ (1) the outsar layer or exospore ich is smooth,
wit ~ut osny asmen aves and ~lectron-dersc, an® {(2) the
inng: Yower or endosnore which 1z electr n-translucent
{1, e 10, 2). we innercst layer or rlasma membrane

is a3ln~ visible,

emarlis: 1 aligence of nans-or-bhlastic maehrane during the

-hatudole velorment in the oresont sreciss indicates that 4t
bel n = to the .ubeorder . nansncroblastina {(Crders
cdcrcesoral, ncrusal of the earlier studi~s shows that
the ciarreteristics ¢of the nresent specirs have similarities
withr fore O0F the sneclics which were o-711- - -ssigned to the
Canun

saomg an.. cenorto’ Immn decEpld Cortaceans,

~verie and Couch (1971) l4sted scven cpecles of Nosera
fourns! ir - ~cano?d crustaceans, Three of tnege were listed as
hyprr-oaracites and the other four sneclios were Nogema pulvis,

Yo gaili, l. pelsoni and 1, nichaelis. “vrague (1977)
consliord . ganidi as synonym of I, michzelis and

transferred it to a new Cenus, :meson from losema Naegeldi,

1857 in the ‘amily liogsermatiae on the "anis of nelysrmoreblastic
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sporogony and staining vroperties of the polarplast in
Neo michaelis, At the same time, 'y pulvis and !, pelsond,
which showed similar pattern of sporablast formation in
chain, were also transferred to the newly crecated Jemus
smeson by cprague (1977}, Camnily Nosematicdae, to which
Ameson was assigned, is characterised by the presence of
diplockarvotic sroroblast, Vivares and Sprague (1979)
demonstrated that Ameson was uninucleate and there was no
diplokaryon in the gporcblast stage, This observation
lcad than to exclude :megon from Yamily .ose atidae and
place it in the Family JUnikaryonidae which is characterisead
by uninucleate sporoblast, lince the Genus :grezis of this
family showed the mode of sporogony identical to that of
amegon, “ivaree and Sprague (1579) distincuished Ameson
from fergzia by the presence of hairelike appendages in the
former and its absence in the latter during the sporogony.
‘hey also pointed out that a. pelsoni did not possess haire
like apnendages during sporogony unlike in o, h 8
and e pulviv, and based on this character, transferred
A. pelsoni to P, pelsoni. In this recent classification,
Sprague (1982) has placed Genera feregia and smeson in the
family Pereziidae,

“hen & compariscn is made between the present species
anG those mentioned above as well as dercribed earlier under
the Scnus Losgng from decapod crustacean hosts (7able 4), it
appears that the species under consideration has more

reseamblance with I, pelsoni than with the other ones, Both
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Spore Sporulation stages EE
Ovoid, 2.2 X 1.7 {fresh), probabl Early sporont a diplokaryotic cell,
uninucleate{Vivates armd Sprague, 1279}, Sporogony involves delayed cytokinesis
covered with fine projections or resulting in formation of unimcleate —~
bristles; polaroplast a bipartite sporoblasts in pairs or chainsy o
structure with campactly laminated numercus short bristles emanate fram
anterjor part; polar tube 40@ long the surface of sporoblast, All stages
with about 11 turns, irregularly dis- extracellular.
tributed in outer and inner coils
Ovoid, 1.3 X 1.0 {stained), probably Late sporogonial stages monilliform ¢
uninucleate (Vivares and Sprague,1979), plasmodia which divide into several }
covered with hair-like projections; {3 to 5) uninucleate sporoblasts in o
pipartite polaroplast with distinct chains, Sporcblast entirely covered w !
lamellar and vesicular portions; polar with short hair-like projections, i
tuble typicalily with 8 turns arranged Each sporcoblast develops in iosla- ;
in a distinct pattern. tiox into = spore, i
1
Ellipsocidal, sometimes oveoid, 2,5 X 1,5 Sporogony unknown, Sporoblasts |
{(fresh}). Internal structure similar devoid of hair-like appendages; .
to that of A, michaelis spores {Sprague, develops into isolated spore, P
1977}, Polar tube 23 am long. et
i §
‘ |
Sporont with diplokaryon which i :
Ovoid, about 5 X 3 mm divides into two diplcokaryotic l ’\!
sporcblasts each of which [RT I
transforms intoc spore CT
Frd
Oveid with a central nucleusp; single ; ;
polar tube present, No data o |
L, -
No data No data - - —~
32
Eqgg-shaped, usually 2,0 to 2.5 X Sporont spherical, 5 in diameter,
1,0 to 1.5 am {fresh) but occasionally possess small muclel’ renging in mmber
4.5 X 2,75 (fresh); polaroplast fram 1 to 47 sporont wall thick;
not observeds found singly in sporogony disporcblastic producing
masses: posterior vacuole roundy unimicleate sporcblasts which are -
polar tube isofilar, 25 long devoid of any hair-like appendages. @

forming 12 to 14 undulations,
Spore wall with an outer smooth,
electron dense axospore and an O
inner, electron lucid emdospore,

Each aporcblast develops into an
isolated spore. All stages develop
in direct contact wkth the host
cell cytoplasm.
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(the nrosent erecics and _. polscni) aze Zound to infect
pen~eis orovms, possess similar spore shane with identical
arnore sire, The length of polar tube and the number of its
undulations alse <o not differ quite sirnificantly in

e n2loeni and the present snecles, The electron

mi~ro ca- 2f the srorulation stage of e present speci-s,
thouh nel very ¢lear nerhaps Jue to the —~o-r fixation of
the —nu~isl, does {nflcots %Mo ~hoence 7 ony hairelike

~on ~m thr e~oronte, hiie is one o7 the distinguishiinc

{9

featus o o7 _erczig from _meson and thus Drings the present
micr-.- -1 ian more closer tc _ecrezia, both I, pnelsond and
the ~r <20 snacics 2-2in shovv a sivilarity in having
mentt o ctle snocacony. Covievor, the moe of gporogony in
e n-t 1 follors the Zamily rattern, thint i1s, sporogony
nolys o lastic by multinle fission o woniliform plasmodia
( ~rz o, 1297) vhoreas the nresent sroclos shows a

“lane o onntoers, that io, onveront deovelont inte two

oo cn o e prerrain {oined tocother duri-r the spore
mor- oo mesis,  everthrless, the dismorous nature in

ety o o oles of Dgregia has been described by Leger and

{in .prague, 1977) and Younsef (1974), In

s the type srecies of the | amily Pereziicdae
Loubrn =t 3le, 1977, each smoroblast diviies into two
hrouets cach of whic» becomes a snore and usually remain
joins miil thevy become essconitilally mature snores and then

sevarcte {.eger and .uboscg, 1209 in ~r-ooue, 1977).
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A similar pattern of spore formation has also been noticed
in the nresont species, It is, thersfore, reascnable to

rlace the present species in the Genus Paregis (Family s

rereziiiae).

Although it has been discussed sbove that the present
species hrars many similarities with P, pelsoni, the
Alfforen»~ in mole of sporoqony, different host snecies and
different g-ograrhical locations provide justifiable
reasons ‘or the creation of a new srecies, “ubrahamanyam
in 1974 cr~u2cribed losema sp. from the Muscles of M, RONOCeros
from iuli~a: Iake, dyar estuary and Innur estuary in
Tamil Yalu and recently, anthakumari and Copalan (1980)
renort: ¢ _ciema Spe affecting the sa&e from the Cochin
backwatrrs, tHowever, these authors have not given detailed
structurr of the pathoren exceont the spore share and aqross
symntoms in the host and have not assimrne< the nathoren to
any s~ ¢clez, It thus hecomeg Fi7ficult to comrare the

~rasent =~ clee with these matorials,

"hr nw sprcies observed at present is given the

name of 1-s major host and namcd as ‘erezia affinis sp, nov.

Iype specimen: iolotype slide is being “eposited in the

..oolegical survey of India, Calcutta,



4,2 SYMPIQMS OF MICRUSPCRIDICGSIS CAUSED
BY TUELOHANIA SIMISULCATA

oy deformities and changes in ths normal colouration,
teoxture, n’y pirmentation and the ceneral a~nearance form the
main oxt el characters to Jirtin~uish -~ abnormalities in
a DTSN, cviaticons from the normal beh-visural mattern =21s0

serve in iczte the a normalitiers of the -nimal,

e olv o of a normal, wiult, live _cnaeus semisulcatus
is chnoorterised by a 1i-nt or nale brown colour with
altern:+in- “ark bands of brown grey cclour on the dorsal
sice of < a: smen and a »nale yvellow -n “hz ventral side,
“he cuuomintze often possesses two yellow croaest coloured
tran-varee hanids, Amona the ayen’ages, tl¢: antennase are
banded vhite an’ browng the =oreonods an v lronodis dull reds

I

lowish distally an’ bluisw Lrown or greenish

red

the aromw o ye
brows reocoally, The tine of the uropocs are tinged with
lue or ro, while the fringe of setae are usually brownish
reces v live prawn appears translucent, In the adule

frmalersn, 4o covary is virible throunh the cxoskeleton as a
“ark bhan’ 10 the “orsal asrect ¢f the abdomen extending up

to the =zt abdrminal seqgment,

“hen the prawn is infected by Thel-thania semisulcata,

the Adis-asc nroduces -uite ccnsoicuous sy mirms, In the
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¢ however, it iz very difficult to distinquish

externally the infected prawns from the normal ones with

unalad eyos,

According to “ruse (1959), carly and light

infectionzs of microsmoridians in prawns cannot be detected

vich unsdides

in 2

-~rree of infection Iw 2, gemisulcats

can cualitatively be rrc--nised as li ™+,

moderaie ‘n’ heavy (U1, Y0IT,  im, 1)y in the light
infreti = stace, the abominal ~urenlatur ~ ntaine a few
ascatto in streaks of infreoted muscl  isrue which
an~re r ovocan ant whilter in the moSerate inlcctinon, about
hal? o Jolrmrinal mugsculsture becomeg vtiite and opacue;
an in “ravy inTretion stace, nearly the entire muscle

REa |

N ERET

is

Y -

in”

o

Comen s

$e

to and

atia) a@le »

symmtoms hecore C“iscernible when the orawm

~cted, "t this stagze, the - ~rkeleton becomes

anT semietrans—or »t thraooos which the muscle

can ' sren cleoarly,. M murnle ac oars talky white with
co ton=1re texture, lackin: the {ireness ~7 the normal tissue,

This oo lts in
el oo in

Cweorctroot

amemaArtes of

<
ST S

nncle,

(1

re’

vis

an omacue eondition (-1, ITI, Pig. 1) with

lost their translucency., “ccording to

77:, mucscle in this conditicon oives the

havine been cocked, This sonmitom is esnspicuous

ial merbrane and. the eternum ~here the muscle

ible, “he fcints of the o "~minal secments,

an” ecararace =2lco aroear vhite “ue to infection

I+t is Sor this reason, t inTected nrawms

are lo-~11ly known as "chunambu eral® meaninc, lime coloured



PLATE  XIX

Fig. 1. Jyrmptoms of the microsnoridiosis causcd by
Ihelohanig semisulcata in Penaeus senisulcatus
showing light, moderate and heavy infection
stages.

Fige 2. Liarrammatic representation of an inte:mittently
infectod ovary from a moderately infected Ionaeus
senisulcatus by  helohania gemisulcatg.

Fig. 3. The midgut of a heavily infected Penasus
fanisulcotus,
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prawns anong the fishermen of the Tamil wiu coaste It is
otherwins referred to as the “milk prawn' or "cotton prawn®
due to cmacueness in the muscle as seen through the
exoskel-ten (rruse, 1959; Lichtner, 1977; Johknson, 1978,

yerthrect, 1978),

symmtoms becin Lo asnear as the infeection

aUVane o, uring the ecarly ctace of molorrts infection,
whits b ooitg 0f inTectsd muasels fihr~g ar- g-rn between
the o0l ninfre 3 flexor in” oxtenscr svirecles of the
andrmen, Ner the hody 1e cut into twe talves medially, the
overy Lo inn Tound e e infected inteoittently., The

ine o reas armwear nareay, *hin and onzewe, Thus at this
TEIT, wrars a-wears in clurs of nor-al ~reen lobes
inte ooy oo Wy ohive, thi:, ribboneliks infooted recions
(1, Ie 17e 2)e e cuk-r eonithelial ~urface of the
midoun o1l mas very 0 in widte matet o o7 infection,

Cther ooenng Jo not o ucsally exhibit ay oot ovantom

vhict oo genn wifh the  hed eyvesg at U ic stage of

1

In "o hishly infret ! wrawns, the ovary turns from
the nor . v=llow areen aor »rk areen to o0 onacue white
colour, womas (1970) shserc-d that twe ooary of the
i

nrawr, e sgiisulcatus infected by fhelch

SD, s rtmes
v-ry t'‘n and contains no n-rmal eacs, ~all or large
white »a2%:"~8 occur on the out-r epithelial »all of thre

midrut wien .. genisvlcats infection is o vy (I'l, "TIII,



PLAT:  RKMIIT

Tige 1. Jenaeus semisulcatys infected by Thelohan
isulcata, Heavily infrcted prawn (above);
normal prawn (below),
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Fio. 3)s These vatches renresent colonics of pathogen,
The h-~otopancreas usually retains its dark, reddish brown
colour cven hen heavily in’ected, The nervcums system,
forecut 2nd heart usually do not show any nrominent visible

sysmnt> , althouah {nfected by the nathogen,

irrmzcople examination of socuash » r~naration of
infret- orary or muscle roverls the procc-se of enormous
numers o7 small, ovaleshape” a-eores which av cither be
clumn ther or 7 und “rovlys  In hivhlv infected
nrovenz, Lt odis sufficleont to merely touch +he infected tissue
on L oo fhee 0of the slass slife to okserv~ thousan's of

arnozroo un or the camraund microscope,

T isesse caused hy . geanisulcata oradually
debilir- = the host which hecomes le-s rroistant tO stress

an” mn:- - arscentihle to rrede-tion, esifos, infected prawns

alzo noi o withetand hanlin , ag in 49 c2re of uninfected
v SMSe ~wrever, Infection fo~s not at™ect the feeding

habits « the animal as the sut of even the heavily infected
vrawne o locted from the natural populati-n was found to be

Fillea i Totritus,

“rap moavily inTected afult snecimons of P.gemisulcatus,
which cre ©o0llectrd alive from the natuve and reared in the
labora=crr in a 107 1 canacity glass arur-rium tank, showed
le thar ic —ovements an clun~izh behavisur. In one ohservoti~n,
the anri~cl 44¢ not move from iis place “r “Hhout 15 hours, he
swimmri~ =setivitics of the »ravns were ~2l-~ “ound to he very much

recnc’, Tut feeding was normal rcsnecially during the night,



4,3 ISTOPATHOLCGICAL STUDITS COF PENAEUS SEMISULCATUS
INFICTED BY TUZLOHANYIA S ISULCATA

Histonatheclogical investigations of fixed body fluids
or tiscues form an important and powerful rosearch area in
Tacilitating proper dlarmosis of the discases, their effect
on the various syestems and in the understanding of the
functionsl or~anisation of the affected or~anisms, +here
th~ infrction is not hr-avy enouch to be letected by the
macroe~onical examination of the material, it forms one of
the eserntisl technicuss for determination of the diseases,
A study o’ the pathological changns ocewrrine at the tissue
ang cellular levels also helps considerably in the
clarification of the physiolorical functions of the host
organism, .he degres of (ivergence from normal cell
structurc indicates the reclative health of the host, when
the chan- s are letrimental, they interfere with normal
physiolor ical functions, reproductive canability and

survivability of the host orcanism,

ot of the publisghed information on microsporidian
diseases of nravns deals with the structare and identifica-
tion of the ratdogen rather thron the histonathological

changes in th~ host tissues, Amonqg the workers emphasising
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the latter aspect, mention wey be made of the studies by
Baxter et al. (1970), Overstreet and eidner (1974), Street
and Cprague (1974), Lightner (1975), Iversen and Kelley
(197¢) and ..reed and Clson (1277), 3Saxter gt al. (1970)
reported cn the infection of muscle f£ibres and intramuscular
8pace by the cyste, snores and developin  stages of
Plejstophors spe in lenaeus aztecus and [, gctiferus.
Cversgtreoct ans deidner (1974) found that the miecrosporidian,
Indosporuc snracuei, infecting the crars shrimp, Eglagmontes
puqio, attacks the muscle fibres and sprcads throughout the
host mucculature, while Street and Sprague (1974), working
on the sauc spoecies of shrimp infected by pleistophora sp.,
observ: .. tiint the muscle cells of the host get hypertrophied
and renlaced by the microsporidian, similar attack of the

striatcd muscle fibres of the penaeid shrimps of North

America Ly Zoscma (=Perezia) polgond and of the nostlarvae
of I, gucrarum by helchania (=igmasoma) penael was also
reports] Ly lichtner (197%) and “versen and ielley (1076)
respectively, In Crangon franciscorum, L. pigricsuda and
Ce stylirostris, infectedby P.grapgonl, sSreed and Olson
(1977) founC that the muscle tissue was the main target of

attack in ese shrimps,

reci”ie studies on the historvatmclogy of
microsrori ian infection in ponaeid prawns were carried out

by Constransitch (1979), ¥elley (1975, 1979} and Baticzdos
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(1980), “onstransitch (1970) studied the pathological changes
in the cammercial penseid shrimns, P. aztecus and P, getiferus
from louiasiana, infescted by D. pgnged. Tissues infected were
tail musacle, cardiac rmuscle, henatopancreas, and intestinasl
and stomach alls, Felley (1275, 1979) differentiated the

histolo-i2al structure of the normal and infected pink shrimp,

P, “uorarum by I, duorars, Zomasomg Penged and Dleistophors

s, and discussed the vathojenicity and ticcue affinity of the

parasit = In th. host, Hocently, Jsticafos (12%0) studied the
“istopet o le ical echanges in the ovaries of ;. gerquisnsis

infoctel Ly an unidentified microsporidian parasite,

In inlia, no study has so far been made on the
histonat ~lony 7 the tissucs aflocted by any microsporidisn
in nrawns.  In the nresent study, the histopathclogy of
InTeeted by T. genisulcaty is nresented by

studyin. “he f{ffarcnt tistu 3 alfected by the nathogen,

An attomn: 1o also made to cumpere the structure of the
“icocues o7 tte nraune affectc’ By the micros~oriiian with
thcse ¢ e normal prawns 86 ar to arsess the impact of
irretion by the misrosporidien on the host tissues and

thelr “uncrions,

e study was based on the prawns o size sbove 70 mm
in total loni~th, collected from the wild pomulation by trawl

nct operations 4in the saters off 'andapan in ‘ctober, 1952
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g tareh, June, July, tcoverninzr and Teceher, 1983, The most
cemmon sit-3 of the microsporidian attack in the prawns were
found to he the body muscles, gronad, Nepatopanereas and midgut,
"o a loencr axtent, infection vas also found in the heart

eves ar? Ny ~4ills,

Body mu:cles

In the lightly infected n-awns, the nathogen was “ound
ceneentr 24t in small foci throughout the entire musculature
of the virmen, In the lontitu inal sectisn, it was
amparent -t the muscle bundles were not commletely
infect:. .y the mathogen (Ple - IV, Fig, 1) only incividual
muscle 7ires were Seen affacted, In the carly stages of
infectirn, _. gegisulcata was seen propasating by meroaony
insiie v muscle fibres, e meronts dividine by successive
hinary {izsion, formed a chein oY cells alone the length of
the mur~ls “{bres (P1, IV, Fige 2)e In scme cells, still
advanesi ~tace of infection was seen where scme meronts
dewvelope: into sporonts and sporoblasts (1, ¥<IV, Fig, 3,
fhus, in o2 longitudinal section of the abZicminal musele
lichtly in'rcted by I, genfsulcatg, meronts and different
sporulation staces OF the pathogen were seq-n arranged

longitu’inally along the lenath of the invaded muscle fibres,
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PLATY NIV

Longitudinal section of the abdaminal muscle of
ggggggg‘ggmxgg%g§§g§, arrow shows infected area
in the musele (M7), Douinel'allory's trinle stain,

Longitudinal section of ab»dominal mu-cle of 2ena
semisulcatus showin~ ‘helohanip «ta in the
early stage of infection, ihe rneronts ¥7) form a
chain along the length of the muscle fibres (MF)
Formalineeidenhain's haematoxylin and acsin,

Lon:itudinal section of lightly infected ablominal
mizcle of gmkulcaﬁgz where meronts are
developing into sporonts sporoblasts (arrows),
ViPmMucole fibros. ‘avideson's fivativei’nidenhain's
haematoxylin and eosin,

Transverse scction of lichily infectosd ahdominal
muscle of Penaeus semisulcatus showing the location
of the multinlyino microsporidian (intensely dark)
in the mancle fibroeg (<) Infeetion in the central
vart of a muscle fibrep (=), Infection n-ar the
perip'.ary. Bouine! ?ei"‘,enhain's haemotaxvlin and
eosin,

T™e lon~itudinal secction of ahdominal muscle of
Pencens semisulcatus to show the alvancead starte of
infection, The arcas parasitised (arrows) are
more numerous and larger, ilirstiuscle fibresg, 'ouins
Heldenhains haematoxylin anxd eosin,

Lon~ituiinal sectiom of moderately in“cets” -Hdeminal
miscle of Penaeus semisulcatus €0 shovw the mass of
released spores and other develcoping staves o the
microcporicdian (arrow), Mi=Muscle fibres, ZBouine
lleilonhain's heramatovvliin ané eosin,
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Cross scction of the lightly infected abdominal muscle
revealed that the location of the multiplying microsperidian
veried initially from cell to cell, In sone masele oells,
infection was found in the central part wvhereas ia others,

it develoned near the peripheral part of the cell (P1, XXIV,
Tige 4),

In a'vancesd stare ¢f in"retion, thr creas parasitised
were mooe mumeroueg and larger,  “he maltinlying pathocen
czcunile 4 entire muccle fibre which was filledwup with
round pancroroblasts and oval svores (Pl, X<IV, Fige 8)e
*vofitril-, sarconlasm and muclei of infected muscle fidbres
comnlet ~1- Fisanneared, “he only remanent of the muscle
fibre viri»le at this sta~e was the endomysium which was
intact and rcotained the long spindle shape, However, the
areat nre orure developed by the continuously muleiplying
micros~ori Tan ingide the endorysium caused® its expansion
an® oveniux! pomturing, thaes releasiny the oonres and bt~} ¢
develconing ~tages (11, - I., {7e 6) which inTected
nei~hbcuring cells of the tissue, presumably by means

of autcinioctione

In the heavily infected prawns, fidbrcs of most of
the —muscls bundles were found to be infacted, lysed and
re lace” by the microsmoritian (P}, TV, 17, 1), The
infecti~~ 5 rasily detectale as black mances of spores

a-ainzt the nink uninfeoted muscle fibros vhich were vory
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few In myvoor, beins scattered at places, These {ibres,
alttoush aninfected, were often contorted and twisted

arcund o infected areas,

+he nature of microsporidian infection in the
muscles in the cephalothoracic region, locomotary organs and

in the & “men was found to be more or less homogeneous,

1 infrction of the ovarian tiszue by the microsporidian
was not rortricted to anynparticular stage oF development of the
ovarys - - lote or partial Jestruction by the pathogen was
shservas i the immature an? maturing sa w<ll as the mature

svaries,

In the lonnitudinal section of a maturing ovary, which
was ner+in1'y infacted at vlaces (71, ¥¥I1I, iq, 2), the
nucledli o° several “evelopins cocytes were invisible, and
instea’, %= nucleus of these oocytes posscsied very
congnicun - inelueion bolles (Iasf in the xaryoplasm (Pl, ¥II,
“4a, 5 o By Pl, XIII, Tig, 1 and 2), A&t low magnificetien,
the I's s -ared as thouch they were the nucleoli of the
oocytes, ich in the normal cases are spherical and are
found attached te the inner side of the nuclear membrane
{rl, ¥ v, 10, 2}, However, at higher ma-nification, these

structure” were found to be entirely A4 7er-nt Irom the
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PLATE "W

Loncitudinal section of the abdominal muscle of

Fenaeus senisylcatys showinn heavy infrction stage,

Note the black magses of srores (arrows) re-~lacing
the muscle fibres (MP).Bouin-iieidenhain's haematoxylin
and eosin,

Semi=thin section of a normal early developing stace of
ovary of fingg%s ggm%gg;ggggg. FWaFollicle merbranes
NImuclelold; sNMucleusy (CmCocytes, ~cluidine blue,

Transverse section of a partially infected ovary of

Pepaecus gemisulcatus, YNote the variation in the
mimber and arrangement of inclusion bodies (3B) in
each cocyte (CZ), BoulneHeidenhain's haematoxvlin
and ecsin,

Semi=thin section of a lichtly infected ovary of

Egnaeus semisulcatus:t f-w free spores (arrow) are
seen lyinc between the oocytes (07), Toluidine blue,

Transverse section of a lichtly infected ovary of
Penacus su ug, Some of the oocytrs have been
comnlctely renlaced by merents of helohania

ﬁsm;%g;gggg and a compact colony of the ~athcogen
as heen formed (arrows), CImConnectivr tisscue

membraney DYsiiplokaryony Safibroblastsy F.alollicle
menbrane; HCeHasmocyte, Bouineiiallory's “riple stain,

Transverse section of a lightly infected ovary of

Eenaeus m.lssﬂg;.. lote the round to nolygonal
cells of microsporidian forming colony, sbbreviations
same as In ie 5, Douine-allory's trinle stalir,
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nacleoli ol a ncrmal oocyte nucleus, ~he ~hare, size, numb-~r
an< ar:iancocuent of the Iis varied in cach ococyts (Pl, XTI,
tige 5 anu 65 Fle XIII, Fia, 1 and 23 Pl. XV, Fig, 3)¢ Thev
were rouna or ovold or perareshaped or smoeboid structures
ccatterec sparsely or sanetimes arranged in cireulsr arrsy.
In the lgtter case, the ITs were sesn conncatrd with easeh
cther ~iving the apr«earance o° a «arlani, " he airze of the
ovold sn meareghared s rancgod from 3 um o 9 um in dimreter,
Tis were lotular structures vithout any < ictinet membrane and
stained intecncely with basic Cyes, They s‘ained dark grayish
mlack 10 iron haematoxylin and deep red with acid fuehsin,
slthouy Lo nuclear memprane in most of the cocytes having
theTir + . ared intact ags in the normal cocytes, occasionally
it =25 un  to undergo degeneration, The cther orcanelles
such ac «ytoplasm, yolk and cortical bodles in the mature
cvun wers  oun” to he unaffected, as evidenced by their
slivmtly azophilic nature {(irn “evelondn: ococytes) or strong
aciiownilic nature (in mature cva) when stain~? with

haematoxvlin and eosine

- T “rw snores wers seen lying freely in between the
cocst o e maturing ovary when lightly infected by
(+1, %/, Fige. 4)e Some of the cocytes in

the filvi-1ls were completely renlaced by maronts of the
microsn ¢ ian which formed a compact colony of small
round to ~oly-conal cells ("1, "7, "1g, 5 =nd 6}, “ome of

the ¢rlls 4n the colony wer~ in “iplokaryotic stace (a
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characir 2isvic stage in the microsporidians which 48 usually
ifcllowe Dy sporulation stage forming the spores) Some
:cllicle cel 8, hasmocytes and fibroblasts were also seen

in tha invaded follicle, The follicle wall and the auter
most connective tissue of the ovary were, however, intagt
an-. un® ‘coted (71, AV, Jdge 5)e

In transverse secti~n ©° z heavily in scted ovary,
oocytes in almost all the follicles wer> rn-laced by meronts,
sporents ond spores of I, gemisulcata (1, VI, Pig, 1),

“he cell ~onstituents of the infeet~d oocytsa could barely be
detin-ic ot as these ococytes were fille” with the

misrasro iCian,  Althouch cytoplasmic cisintegration was very
nreminent, cell hypertronhy was never cbserved, “ach of the
cocytes, “ully invaded and destroyed by the pathogen, was
sren as sall group f£illed by the mass of snores and the
other ovelonine stanes and cach of the £ 'icles vas
renresent o hy larger aroups “oomes of sevc 3l sraller qrouns
(1, Ze i 1 an® 2}4 Thus, the entire ovarian lobe 4in
the tranavorse section was found to be £1i11-2d up with spores
an’ Sey-lonine atages vhich armcared a8 grey to black masses
when «.2irn< with Heidenhain's hasmatoxylin and eocsin, Thin
stran 5 o conrective tissue representing the follicle wall
and the out-r connective tissue membrane surrounding the
ovary,stained vink to red with eosin indicating the unchanaed

comnons s of the ovary (11, 1 I,:iae 3}e 2llicle cells,
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PLATE VI

Transverse sectionsof a heavily inf cted ovary of

Penaeus gemisulca +» Note the degencrating

Oocytes scatter at nlaces (arrows), The follicles
(.7) are filled with the microsporicdian(T<). CTm
Tonnective tissue membrane; FAs:iollicle membrane,
JouineHeidenhain's hzematoxylin and eosin,

Lon~itudinal section of a testicular lobe of [enagus

ggm;gggggs?g infected by Fgglghan;a sgm§sg;gg§usz
the normal (NT) and infected tubulcs (I7) show

apparent differential staining, Relatively larger
ramber of infected tubules are located towards the
peripheral part, CVeConnective ticzue, Zouine
Heidenhain's haematoxylin and eosin,

~n 2nlarged view of ic, 4, ~“bbreviations =same,
800,

Transverse section of proximal vas ¢~ ferens of tzstes
of Pgngg¥s gemisulcatug, The clandular emithelial
wall (CE) is slightly h-pertrorhied at some »laces
{arroer) where the microsporidian forms comrpact
rolonies, CVsConnective tissuep LI=Tumen of the tubu

SZmSpermatosoa, Bouin= .allory's trinle stain,
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Raemocytes and fibroblasts were relatively few in number and
‘ound only near the follicle walls, Some cells in this region,
probably the wandering phagocytes, were comparstively larger
in size and contained darkly stained ons, two or three nuclei,
There wore only a few shrunken oocytes scattered at plaves

in the heavily infected ovary (Pl, XXVI, Fig. 1 emd 2),

These ococytes were degenerating and showed highly basophilic
reaction upon staining with haematoxylin an? eosin,

In certain cases, infection was sean in only one lobe
of the cvary while the other lcbe was stil)l unaffected and
containad normal and mature occytes, In such cases, the
affected lobe was relatively very thin as compared o the
other unaffected one,

Male reprotuctive system

The entire male reproductive systen comprieing of
testis, vasa deferentia and terminal arpoule was found to he
infected by I, gsmisuloatss In the lencisndinal section of a
testicular lobe from s adult infecte? prawm, the infection
was scenn localised in some seminifercus tudules, Vhem
stained with Meidemhain'’s hammatoxylin and sosin, infected
tubules were clearly distincuishadle from the normal tuhules
(F1, XXVI, Pig. 4)2 the former appeared a3 Carkly stained foci
with hesnatowylin, while the latter and the comnective tissue
stained deep pink with ecsin, Although the infection was
observed to spread irregularly in the seminiferous tubules in
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testicular lobe, relatively larger number of infected

tubules were found to ke located towards e weriphery,

~ach in. +«cted sexiniferous tubule showed almost complete

ana cictinct invasion by 1. ggmisulcata. iioverthleas, the
thin connoctive tissue membrane binding the tubuleswas
unaiinct.x and appeared similar to thoge of the nefghbourin:
normal tuiules (Fl, X1VI, tice 5)s Infected tubules contained
conmact ~astes of gnores and other develonins ctages of the
~athe e  he germinal eniitcliuwn of the tuhule was

ro~lace’ by compact colony of meronts whercas the tudule
lumen iz filled with dense mass of pansrorcblasts, Spores
and oy Tnore cases, & few smermatoconia and spermatocytes

were :170 scen occasionally in the infected tubules,

.1 the transverse section of the nroximal vas
defer-n, e clandular epitheolial wall contained several
Tocl o7 ‘nfretion protrudin. torar 8 the lumen of the vas
Feferany (1, ¥ VI, 1o, 6)e “hose focil »omnared as
slicht iy waertrorhied enithclial celles ensely packed with
meron-o, cmoronts and spores, oOnly a thin connective
tissue - o rane was visible in the affected area sucrounding
the Jov:luning microsporidian colony. As tha disesse
advanc", invasi~n of several adjscent qlandular epithelial
cells 1 & o the development of large colonies of the
microsnoridian which were lined at the inncr side by &
comraratively thick membrane of collagensus fibres

(71, 3l, 1ce 1), ‘eronts were the ~ort abunant cell
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tyres found in tlhese oolenics, “he lumen o7 the tubule wan
fillec wiih spermatozeoa ensheﬁthed in a mcouswlike
eosinophilic substance (71, VI, Fig, 6 1, XXVII, Fig, 1),
The s oatozoa were free fro- infection, lowever, in a
loncituninal section of the distal part of the vas deferemns,
snemastozos were found to he rerlaced by meronts at several

fOci( 1. fII. ."'ig. 2)0

Infectinn was most pronounced in the terminal
amle, he main tiscue affected in this recion was the
tall, ltinucleated glandular epithelium, Doth in the
tranav-: '~ and longitudinal rzections of terminal smpoule,
the ~la~)lar enithelial cells were found to be greatly
hyneortr iad and filled with the compact colontes of
meronts {1, XXVII, Fige 3)s In the advanced stages,
the alanular epithelium was observed almost completely
rerlacs’ by the microsporidian (T, “WII, iq, 4)r only
clummes nuclel of (lestroyed e~ithelial ~ells being seen
nccasi-nlly,  There were, hovever, a few individual
erithe’ izl cells which were found either unaffected or
havin: mnly a few multinlying meronta (Fl, XxVII, Fig, 8),
“he z-w 1 ainphore 4n the terminal ampoule was alightly
comnres ol fue to the enlarged nlandular ernithelial coila
as a v~ 17 of {nfecticn (Pl, XXVII, Fin, 6)e In a
lon~itudinal section of another infoéted terminal ammoule,
there ron rwo thick layers of stronoly acidephilde

qelatinous materlal and the ~“ouiny —oroants an? aroronts
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Flo. 1. iranaoverse section of the -roximal vas deferens of
tcstes of Egnagrs gemigulcatus showinc large
rolonies of the microsporidian(arrows) in the
~lanrlar epithelial layer (°7) line? 3w 3 membrane
(D) of collagenous fibres, [Tslumen of the tubulep

[Umincous-like eosino'philic substance; ‘=
Lpormatozoa, Bouine--allory's trinle stain,

Fice 2+ Loncitudinal section of the distal vas deferens of
testes of Penaeus s sule e The spermatozoa
have been :epiaced meronts at many places (arrows).
GEwllandular epitheliump “=Spermatozoa. Zouine
Mallory's triple stain,

«cl-q 34 rocs so-ction of the t~minal ampoule ¢f the testes
of . rnacus semisulcatus. “he aglandula. cpithelial
sells c.e ~reatly hynortronied {(arrcow,/ where the
meronts (hf) form commact colonies, on: “f-cted
alan. lar enithelial cells (UG) are alsc vicinle,
douin= allorv's trivle stadn,

1. 4, Trantverse section of the terminal awmoule 0F the
teates of zenaeus semisulcatus showin, olvanced
gtag~ oF in“ection, “he gjlandular eplitiielial cells
have boen completely renlaced by thelohiznia somisulcatg.
ArrovsCompact colonies of the wdcrcsporidiang
GMaCclatinous materialpy LlwSpermatozca, 2Zouine
Mallory's triple stain,

Fig. S. Transverse section of the termiral amprule of testes

™ 8 to show the multinlying meronts

in e ~lancular enl tolial cells {(7)e “ruineMallory's
i}"‘l( stain,

rdge 64 lon itudiral section of the terminal a ule of tesies
of T eonaeus semisulcatus, -he spermatorhore (< F) is
camnrrssed as a rosult of the enlargeoment of the
rlan“ular epithelial cells (L.) due to micrasporidian
infection, OMmstelatinous materialy i =u-cular layer
of to - rinal ammouler / =.permatozoca., ‘ouineMellerv's
trinle stain,
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were cbeerved in the space between these two layers

(Pl, X-V1II, Fig, 1), Howewer, the spermatosos sasheathed
with a thin film of gel«like sceinophilic substance in the
sperratcphore were not infected, Similarly, the connective
tissue and longitudinel and circular muscle fidbres overlying
the ~landular epithelium were not infected axcept at the

hasal part of terminal ampoule arcund the external openinq,

In iz rogion, ocompact colonies of meronts were cbserved

in tha connective tissue, “ccasionally, randering (phagocytic’
cells were found carrying the infection,

Hepatopancreas

In the transverse section of hepatopancreas of &
moderately infected prawn, most of the peripheral tubules
were scon filled with sporss and sporulstion stages of
T. cemisuléata (Pl, XVIII, Fig, 2)¢ The comnective tissue
manbrane bounding hepatopancreas was intact and unaffected
(P, TVIII, Fig. 3o iMost of the epithelisl cells of the
infected bubules were replaced dy spores and pansporoblasta
of the pathogen, A few unaffected cells wera found detached
from the vasophilic membrane of the tubule and lay as
clumpcd debris in the tubule lumen (Pl, XXVIXIX, Fig, 4),

At may places, the thin dasophilie membrane supporting the
epithclial cells was not visidble and the basophilic
connective tissue strands by whidh individual tubules are
held together in normal hepatopancreas, were not very
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