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SYNOPSIS

The upsurge of gjglobal swarsness and interest in
squaculture of commexcislly important finfishes and
shellfishes, to compensate the acute shortage of food,
has stimulated the way to the progress of studies in
their diseases inorder to frame suitable measures in
treatment and prophylaxis for the suceessful maintenange
and management of aquagculture systems, ‘'hile our
knowledge of fish disesses of inland aquaculture system
is falrly developed, studies in digeases of cultivable
marine and brackish water finfishes and shellfishes are
still in their infancy., In fect, little information 1is
available from tropical waters. Hence, the candidate
took up the problem *Studies on finfish and shellfish
disesses' for the Theslis leading to the Ph.Ds ULegree,

In the present gtudy, fifteen types of diseases
o¢aurring in twenty one species of finfishes and
shellfishes are documented and the causes studied, All}
these are being reported from India for the first time
which adds considerably to our existing knowledge on the
subjects, In fact, the candidate's studies embodied in
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this Thesis has also an eppliled significance aimed at
the proper mana ement of finfish and shellfish aquaculiure

systems in this gountry,

The Thesis is presented in seven main chaptexs as

followst

le
2,
3,
4,
e
6.
and T

Introduction

Isolation and identification
Virological studies
Pathogenicity studies

Testing of therapeutic agents
Heematologigsl studies
Electrocardiogrephy

Aggoxding to the nature of disease, pathological
samples wore aseptically dissected ocut and cultured for
isolation of the pathogens, on 8 variety of media, in

two sets,

one using aged, filtered stexile sea water

base and the other with (49 per cent Sodium chloxide
with dietilled water base. The suspected pathogen(s)

was isolated from those organiems predominating on the

teolation media,

Excluding twenty fungal strains, of the one
hundred and fifteen bacterial isclates mede, Gram negative
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asporogenous rods predominated, The organisms were
identified according to three systems of classifications.

Pathogenicity studies were conducted in Etroolug

suratensis, Anguille Ricolor bisoler. Penmeus lndicuss

Penseys menodon and Panulixus Domaxus to evaluate the
pathogenieity of the isolstes in vivo and to satisfy

Koch's postulates., BDeasides intramusgular and
intraperitoneal injections, attempts were also made to
infeect the test species with respective organisms through
artificial injuries and site injection,

Only eight organisms, including the fungal strain,
were proved to be definitely pathogenic and were reisolated

in pure culture,

An instance of disease, proliferative epithelial}
tumour, in Ariug jella, was found to be dus to viral
infection as it satisfied Rivers' postulates,

Hasmatological study, heemoglobin, made in naturally

diseased Eiroplus suzatensis and in normsl healthy figh of
the same species revealed that the diseased fish was having

abnormal hasmoglobin vaslue leadin; to ansemia,

The pathogens were subjected to sensitivity tests
sgainst different antiblotics and also to disinfectants,
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under in yitxo snd 4a ylve, used for the treataent of
finfish and shellfish diseases,

Electrocardliographical studies, condusted in
control and diseased Etiroplua suxatensiss the latier as
a result of induged infection could prove that
cardiocloglcal parmmeters san be gonsidered for stress
and disecase detection especially the heart rate as an
index of microblal disease.

The present studies prastically lay the foundation
for the systematic study of disesse in finfish and
shellfish culture systems in the brackish water and marine

environments in India,
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PREFACE

From the early seventies,; the world fish
produstion has been virtually stagnating causing sexious
concern 8ll arounds One of the major global efforts for
sugmenting fish production is the acgelersted development
of squegulture, For a balanged develooment of this sector,
& considerable amount of scientific inputs are necesaary,
¥hile great strides have besn made in inland aquaculture,
particularly in the temperate waters, coastal aquagulture
(marieuliture) in the tropies has yet to develop on
sclentific lines, We are greatly deficient in our
understanding of areass such as reprodugtive physiology,
nutritional requirements, genetics, pathoblology, fum
enginsering and so on, Thus, one of the major srecas
which needs sexious attention is fish and shellfish
pathology.

¥e have very little information on the effects of
diseases in natural populstions of finfish and gshellfish
ogcurring in the capture fisheries, The information
bagse is relatively stronger in inland aquasulture and not
80 in the brackish weter and marine squaculture systems.



(vii)

Fish and shellfish pathology covers a very wide
fleld of multidisciplinary subjects such as microbiology,
virology, histopathology, hasmatology, parssitology,
electron microscopy, tissue culture, nutritional dieseases,
ecological diseases and genetie disordexss The
candidate's main effort thus far has besn to develop
research on microbial diseases and its control measures.
Very few investigations have been carried out in marine
and brackish water fishes on microbial diseases in India,

The candidate's work, for the Master of Science
Degree in Microbioclegy of the University of Bombay by
research was. on the problem *Studies on mic¢roorganiems
sssoclated with some fish diseases', He had taken up
in 1976 research in this line realising the great void
that exiets in fish psthobiology in Indis. His work for
the Masters Degree had considerably helped to strengthen
his approach to the studies on fish disease investigation,
pertaining to microbial aspects, enablin; him presently te
set up microblological laboratory at this Institute and
also monitor aquaculture systems for the early deteetion
of microblial diseases.

The candidate’s work embodied in this Thesis
entitled 'Studies on finfish and shellfish disesses’, has
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brought to 1ight 15 disesses of finfish and shellfishes
from the brackish water and marine envirorments for the
first time in Indla,

The summary of the candidate's salient findings

are &8s followe:s

1, Identification of fifteen microblial dliseases
(black spot disease, enteritis, eye disease,
fin rot, gill rot, hemorrhagic septiceaia,
musgle nesrosis, shell disease, skin lesion,
skin spottiness, streptocoecosis, tail rot,
proliferstive epithelial tumour, deep myccsis
and dermatomycosis) including a virsl case
mong ealine water finfishes and shellfishes,

24 Both in finfishes and shellfishes, bacterial
diseases due to Gram negative asporogenous
rods predominsted,

3. Many diseases could be sultably treated by
use of disinfectants and antibioties,

4, Strict hyglens and suitable prophylaxis seem
to be better, than permitting outbreak of
diseases, as the applied significange of
chemotherapeutics has got only limited
importance in the vast aquagulture systems,
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S5« The basic cause of ansanla is noted to de dus
to microbial oxrigin as reduged value of
hasmoglobin is found in diseased, finfishes,
with tail rot.

6, Proliferative epithelial tumour is eonfirmed
to be a dissase gaused by virus satisfying
Rivers ! postulates,

7+ Electrogsardiography in normal and diseased
finfishes indicated that the heart rate is an
useful index of microblial diseass,

8, Bascterial infection may lead to cardisc arrest,

The above study has enabled the candidate to have
a better perspective of the role of extranecus fagtors
causing microblial diseasses, general disesse diagnosis
of finfishes and shellfishes and their treatment, It hes
also helped the candidate to understand the significance of
striet hygiene and prophylaxis and the possible role of
these pathogens in causing cross infection among finfishes
and in human beinge.

Based on his observations, to sheck mierodial
cases, a regular and systematic disease agheck up is
recommended for the successful management of the asquacullure
systems,
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The salient findings of the present study have
considerably enhanced our knowledge in finfish and
shellfish diseases and their treataent in this country,

Apart from the present Anvestigation, eight
supporting pspers of the candidate are appended to the
Thesis of which six deal with the diseasss of finfishes
and shellfishes and two on their microbial populations.

This study was undertaken at the kind suj;gestion
of DreBeGeSilasy Diregtor, Central Marine Fisheries
Reseaxch Ins:itute, Coghin and the gandidate has great
pleasure in recording his deep sense of gratitude and
indebtedness to him for suggesting this problem and
guiding his research work, The gandidate is also
thankful to Dre Silas for the facilities for research
made avaliledle to him at the Institute,

The eandidate wishes to ascknowledge his sineere
thanks to Ur,(Miss) Y.M, Freitas, Professor and Head of
the Depaxztment of Microbiology, Ste.Xavier's College,
Bombay for initislly training him 4in microbiology and
for all hexr valuable advige and help,

He is indebted to Dr.GsVijayaraghavan, Professor
of Cardiology, Medical College, Trivandzum for training
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him in electrocardiography to study the EC: of finfishes
and also for all his invaluable and timely advise and
friendly co-operation.

He 4s thankful to Dr.M.Sambasivan, Professor of
Neurosurgery, Medical College, Trivandrum for extending
his vsluable help and co-operation,

His sincere thanks are due to Dr.M,V,i. Shirodkar,
Head of the Department of ﬂroloqy. Haffkine Institute,
Parel, Bombay for his keen interest in the candidate's
work and &{n training hia 4in virelogy,

To DreXKsAlagaraja, Senlor Sclentist of the Central
Marine Fisheries Researsh Institute, he is thankful for
helping him with the statistical part of the investigstion.

The candidate slso wishes to recoxd hie thanks
to Dr.P.Vedavyeasa Rao, Dr.&uogmmy. Mr.S.Mahadevan,
My KeHe Mohammed, ME. MeSeluthu, MreNeNoPLillad,
Mr.C.Suseelan, Mr. KeKeAppukuttan, MraieVijayskusar
and Mpe Jo Jaraysnaswmy fox making evailable to him
some of the disessed and noxmal finfishes and ghelifishes
as material study,

The candidaste is perticularly grateful to
OreCsTeSamusl, Professor and Head of the Department of
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Industrial Fisheries, University of Cochin, for adviee
and help rendezed duxring the course of his work,

The candidate wishes to acknowledge his singere
thanks to various scientists, outside the country, for
their timely help either with personal communications
or with literature which have gone & long way in alding
his research, Or,G.L.Bullock, M¥iexobiolojist, Eastemn
Fish Disease Laboratory, UsSeAs) DreReRsColwell,
Professor of Microbiclogy, University of ilaxryland,
College Park, UsS,A.$ Dz IsBsDuncan, Virologist, Marine
Laborastory, Department of Agrigulture and Fisheries for
Sgotland, Aberdeen, UsKep DreEyE,Geldseigh, Environmental
Research Laborastory, Cincinnati, Ohlo, UsSeAsp Dr.Psihittine,
Fish Disesse Laboratory, Vie Bilogna, 148-10134 Torxino,
Italyy DreSsKeJohnasong Fish disease speclasliet, Centrxe
for Marine Resources, Texas A and M University College
Station, Texas, UsS:A¢j DreTeWeJohnson Jrs, Professor
of Microbiology, Duke 'niversity, Durhem, ioxrth Carolina,
UsSeAsp DreJan JeKohluneyer, Professor of Mierobiology,
Institute of iarine Sclences, Morehead City, UsS¢A.}
DreJohn Listong Professor and Yireector, Institute for
Food Seience and Teghnology, University of wichtnqton.
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INTRODUCT ION



INTRODUCTION

India 4s faced with dixe need of augmenting
proteinaceous food as & priority programme for increassing
the per capita consumptions One of the resources whigh
has considersble potential is fish and ancillary
resourqes of the marine and inland waters. The per capita
consuaption of fish in India is extremely low being
3,3 kilogram and the produgtion from marine and inland
waters stands today around 2,3 million tonnes, Due to
various factors, the marine produgtion in the country
has been stagnating around 1,2 million tonnes; having
reached a pesk of 1,4 million tonnes in 1979, A
similar trend has been noticed during the lsst decedes
in global fish production which for a few yoars stagnated
around 69 million tonnes, This situation has created a
greater awsreness of increasing fish produgtion through
culture means as capture fisheries., Even in this, the
industrisl sectors which deprive larger fishing vessels
are capital intensive, At present, there are major
sonstiraints on resources exploitation, the one being the
declaration cof the exclusive sconomi¢ zone and the extended
Juriediction in fisheries sctivities within their own, by
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soveral nations, Some of the major capture fisheries have
shown spectasular failure such as the perennisl Anghoviella
fishery, the herring fishery and the mackerel fisheries of
the Noxth Sess In India, estimates based on exploxatory
services as well as indirect methods bagaed on produgtivity
show that the marine fisheriess produstion from the preseat
level could be easily doubled or sven trebled. However,
this would involve heavy capital involvement and the
development of diversified fishing activities to tep both
conventional and non conventional resourses of finfish

and shellfish. In view of this, as spectacular increage
in production is expected during the decade in this
sectoxr. However, the country is blessed with sbout 1,7
million hectares of brackish waters, saline lagoona and
mangrove swamps where part of which ¢ould de taken up

for productive utilization for the development of eocastal
aquagultures Added to this, we have large stretchers of
inshore waters free of navigation and filshing activities
which could also be utilized for seasonal open sea farming,
At present, around 20 thousand metrie tonnes of finfish
and shellfish (shrimps) are produced from treditional
brackish water gulture systems primarily in Kerala and
tigst Bengal. Intensive efforts are under way to upgrade
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thease operations to high produgtive, selective, stogking
and fishing to increase the unit value of the preduetion,
Similarly, as & first phase progremme, for pilot projects
for brackish and saline water finfish and shellfish
culture and extensive culture operations through intensive
progremmes heve been planned in the curzxent 6th five year
plan of the country, This will be a stepping stone for
taking up intensive fish culture which will involve
relatively high class technology for use of the large
scale hatchezy produced seeds, feed input end maintaining
the quality of the environment, Since these priorities
in our natlional fisheries development programme has been
clearly spelt out, it is imperative that we look at the
various constraints that would delay or prevent agtive
development progrsmmes, Tloday, there is practically no
information is avallable in the country about the rele of
diseases in natural population of finfish and shellifish
(prawns, lobsters, cxrabs, bivalves such as mussels and
oystexrs etc.) in the country. However, ever sinee a crash
progremme on developing suitable technologles for brackish
water coasstal aquaculture has been taken up from the mid
seventies, it has become in¢reasingly evident that almost
priority should be bestowed as finfish and ghelifish
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diseases whether it be in the hatchery rearing stage
or in the culture ponds,

The work relating to fish disesses in its
broader sense to group finfish or shellfish disesses
is practically nil in the sountry., what little
information we have iz on the levels of bascterial quality
control aspects as contaminants in the fish products from
procesaing and thersafter. Few stray accounts in fish
tunours, fin and tall rot and skin lesions of the
eultivated organisms are available from the inland waters,
Thusy it will be seen that as far as marine specles are
gongerned, practically no work has eome out on
fiehthyopatholegy.

In view of the great paucity of knowledge about
finfish and shellfish diseases in our gountry and regognising
the need for enhaneing ouxr knowledge on this, and to
safeguard large scale developaent in coastal agquagulture
in our country, the candidate took up for his PheD,
dissertation, the subjec¢t *Studies on finfish end shellfish
diseases',

This Thesis embodies a brief review of what is
known about finfish and shellfish disesases and the
candidate's orijzinal work on documentation of various



bacterial, fungal and viral diseases, isolation and
identification of pathogens, confirmatory test procedures
to evaluate the pathogenicity of diseases causing organiems,
effect of different disinfectants and antibiotics against
the pasthogens to treat and control disesses, hasmatologiecal
nature of normal and diseased fishes ancd the methods of
diegnosis of diseases by electrocardiography, apparently
entirely & new area which the candidate found will be
helpful in diagnosing disease causing factors.

This is the firet time that in depth investigations
have been garried out on diaoasoo of finfish, prawns,
lobsters and some bivalves in India, 1In this, the gandidate
has been considerably helped by his reseax¢h work already
he had sarlier eompleted for the Haster of Sclience Degree
of the University of Sombay on the topic ‘*Studies on

microorganisms assoclated wit: gome fish disocases’,

The eandidate has produced svallable literature in
fish diseases inorder to obtain back ground knowledge on
the subject to enable him to understand and study some of
the disesses in finfish and shellfishes whether it be in
the capture fisherles or culture fisheries.

Since the subject nature of fish diseases is s vast
one, the candidate has limited his Thesis to microbial
diseases namely, viral, bacterial and fungal diseases,



RESUME

A resume of the litersture on microbial fish
diseases indicates that a wide range of pathogenic
organisms have been identified as agents responsible
for specific diseases. The major - vlknl. bacterial
and fungal diseases hitherto identified in literature
sre indicated in table 1,1, Particular reference to
the works of Conroy and Hermen (1970), Ribelin and
Migaki (197%), Rodberts (1978), Sindermann (1970 and
1977) end van Duijn (1973) help us to have an over
view of the problem. Before paseing on to the
candidate'’s own contribution, a resume of the specific
disesses 13 given here as back ground information for
this dissertation,

In the resume where the variocus .ypes of
diseases and prophylaetic measures are discussed,
examples of infestion on fish and shellfish have been
cited chiefly with reference to saline water species.
The eendidate's work aleo deals with saline and brackish
water species,



TABLE 1.1

Different kinds of microbial diseases

Sl.

o Disecases Agent
A. BACTERIA
1+ Furunculosis Aszpomonas aslmonicida
2. Columnaris Elexlbagtex solumnaria
3. Vibriosis Yibzie snaullilarum
4, Ulcer Hasmophilus Riscium
3. Tail rot/fin rot Aaxomonas sp«/Pssudononag spe
YAbxio sp.
6« Hemorrhagic septicemis  Aeromonas sr./Pseudomonas soe
7. Cold water/Peduncle Myxobacteria (Cytophaga sps)
disease
8e G111l disease Myxobagteris, Pgaudomonas er.
9¢  Exophthalmus Pasusomonas sr./ARESmONAR SPe
Elavobactexlum epe.
10e Hagermen red mouth Asromonas hydrophils
disease
11, Red mouth disease Members of Enterobacteriscess
12, Kidney disease Sorynebesterium sre
13. Tuboreulosis Mvgobactarium maxinum/
4o foxtultum
14, l.ocardiosis dosaxdia astex.oides



TABLE 1.1 (Contd,)

Different kinds of microbial disecases

S81.

Diseases

Qe Agent

13, Pasteurelloslis Pasteurella piscida

16, Streptogogeosis Stxaptocaccis SPe

17. Mierocogcosis Hicxogogcus sp.

18, Blue sac disease No specific organism

19, Infeetious dermatitis Basydomonag epe

20+ Scale disease No specific organism

21. Enteritis o specific organiem

22, Erythrodermatitis Myxobacteria

23, Emphesematous Bdwardsislla taxda
putrefective disease

24, Spinal disease Asromonss liquefaciens

2%. Meningitis Pasvudomonsy 8De

26, Bankruptcy disease Glostridivm batulinum

27+ Red sore diseasse MEROMANES 8Pe

28, Sekoke disease <o cpcsifle organiem

Be FUNGI
1+ Ssprolegniosis Saaxoleanda sre
2, DBranchiomycosis Branghiomvees spe



TABLE 141 (Contd,.)

Different kinds of miaroblial diseasss

Agent

Now Diseases
3+  Ichthyophonus disease dahthyophonus spe
4.  Aphanoayces infection APRANORYGER OP«
3. Achlya infection Achlva spe
6+ Leptomitus infegtion laptonitus sre
Te f’ithhn infeation BAShiUR spe
8+ FPetexsenis infection Batexsenia srs
9» Penieillium infegtion Panisililum ope
10s Pullularia infegtion Budlulaxium epe
11, L"mdlda infeetion Sandida spe
12, F;hoaa infection Bhoma spe
13« Exophials infection Exophiala epe
14, Laghidium infection Lagnediug pe
15, Fusarium infection Euaacium sp.
16, Haliphothoros Anfection HallpheRexos spe
17, GLabyrinthomyxa infection [LabvrinthomvEa sPe
18, Sirolpidium infegtion Sixolpidium sre
Cs VIRUS

1« Channel cat fish DNA virus

virus disease
2, Herpesvirus disease DNA virus



TASLE 1.1 (Contd,)

Different kinds of microbial diseases

Diseases Agant

L
Infectious pancreatic RNA virus
negrosis disease
Vizral hemorrhagic RNA vizus
septicenia
Pike fry vizus disease Rhabdovirus
Lymphogcystis DAHA virxus

Infectious hasmatopoletic RiNA virus
negsrosis disesse

Spring virsemis of Carp  fhabdovixus S8xRAQ
disease

Tumour Virus
Cancer Virus (?)
Piscine erythroeydic Virus (?)

neerosis virua disease



Raciaxnial disssses

(1) Fugungulosis, results from infeection by an
obligate pathogenic bacteria, first reported by fnaerieh
and Weibel (1894), and identified as Agsromonas salaonicids
(Griffin gt ale, 1933)s Furunculosis is a wide spreed
disease principally among salmonids and othexr fishes
causin; severe mortalitiee. Siygns of this disesse sppear
with variasble frequencies (MgCraw, 1932), The disesse
causing bacteria can be detected Dy culture ox serologiscal
methods (Rebb gt §lss 19644 MeCarthy, 1979 b).

Outbreaks of this dieesgse among marine fishes
have been reported by Scott (1968) and Evelyn (1971).
MeCaxthy (1979 a) has reported an eplrootic of furungulosls
caused by Asromonss salaenicida var. aghromodensas
Heavy loss was 8lso noted in minnows, Shoxinuys phoxinus
by Nastein gt &lsy (1978) and 1in rasinbow trout, s
Selae gabcdnexi by Sarig (1979)s This disease was aleo

detogted in American eel, Angulills resixata by !layasaka
and Sulliven (1981),

The disease can be treated with druge (Gutsell,
1948), and gured by oral administration of tetraeyclines
(McCarthy, 1975 b), Removal of affected fish minimises
further outbreaks (C' Uonnell, 1947), Selective breeding
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for inereasing the resistange of the fish is possible
(wolf, 19543 and Ehlinger, 1964), A detalled study
of this disesse has been made by McCarthy and Robexrte
(1980).

In Indis, Almeida (1962) has recorded this
disease in Muygil gunnesius and isolated the disease
causing organism, The candidate (Pillai, 1978) has

also documented the disease in Cighalosoma mseki.

gaxhys pentazena and Xiphophozus mequiatus and studied
the characteristics of the asstiological agent,

(2) Columnariss affects mainly salmonids and
most warm water fishes, The first deseription of
columnaris disease was given by Davis (1922), but the
astiological agent was isolated by Oxdal and Rucker (1944)
who named the sausative agent as Chandragagcus SelUMnaris,
a8 it produced fruiting bodies and microcysts, However,
Gaxnjobst (1945) who could not observe the fruiting
bodies, named the organism as Cytophaga Solusnariss The
causstive organisa is now identifled as Flexibacter
soluymnexis (Buchanan and Gibdbons, 1974)e As the disease
pr-oqtnui. lesions spread through ocut the body including
the gills (Snieszko and Bullock, 1976), The esetlological
agent can also be detected by serxological methods in
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addition to the normal methods of isolation (ucCarthy,
1973 e)s An out bresk of columnaris disease due to
Shondrogegcus SLMANARAR 4o White suckers (Catomtomus
sozmeraeni) in Canada has been repozted by liobeser and
Atton (1973). This disease, affeating rainbow trout,
Salmo gairdnexi, was reported by Conrxoy and Vasgquez
(1979)s In the case of virulent strains of columnaris
pathogen, death of the affected fish occurs within
24-48 hours (Sawig, 1979), Mixed infection of.
Elexibagter. solunnaris snd CorynaRagterium in Cet fish
has been recorded by Marks gt ales (1980)s Heavy
mortality of Atlentic salmon, S$alzo aRlax due to

YSaddleback' disease caused by Flexibagtex golumnazia
was reported by Moxrison gt gales (1981).

Terramyein along with feed at & level of 8 gme
pexr 100 kilogram of fish per day upto 10 days is
effegtive in early stage of the disesse (wood, 1968),
Oxytetragycline at a rate of 50 mg per kilogram of flsh
per day was also found effective (Ashburner, 1973)e The
outbreak of the disesse gan be prevented by avolding the
external injuries, overcrowdin;, unnecessary handling
snd poor sanitary conditions (Snieszko and Bullock, 1976).
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(3) ¥Yibriosis, a disesse otherwise known as red
pest or red disease is world wide in ogcurrzence, It is
caused by the invasion of & Gram negative motile rod
shaped bagterium of the genus, Yibrioc, which causes
sovere mortality, Canestrini (1893) first described
the aetiological agent of this disease., Bruun and
Helberg (1932) estimated that 30X mortality in eels
in Danish waters due to this disease. Rushton (1937)
deseribed eel mortalities possibly due to vibriocsis in
Seotland in 1933, Anderson and Conroy. (1970) reported
its ogcurrence in eels (Anguilla spe) sausing catastrophic
mortalitiess Skin and muscle lesions due to infegtion
by YAbsde saguillarum in Winter flounder (Pasudoplsuronsciss
SReEACANUR) was detected by Levin gt 8les(1972)s The seme
species csused an epirootic in rainbow trout, Selmg
geirdoexs during an experimental scclimatisation in sea
water (MeCarthy @t gles 1974)e Vibriosis was also eeen in
rainbow trout cultivated experimentally in cages floating
in ses water in Italy (Ghittino gt 1., 1979)s MeCaxthy
(1976) reported mass mortelity of Anguilla anquilla in
Great Britaine Yo anguillarya causing epidemic cese of
red spot disesse in (hanog chancs was recorded by Huang
(1977)s Vibriosis is considered to be a serious discase
smong salmonid fighes from fingerlings to adult (Kewatsu
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2% Bles 1979)s According to Sarig (1979) Vibriocsls
gcauses considerable damage to &ll species of fish,

Oral use of Terramycin, 3«4 gns for 100 1lbs
of fish for 10 days ig recommended and the diseases
can be prevented by avoiding overcrowding, infected
feeds and poor sanitary conditions (Ross, 1970)s The
spplication of vageine is alsc quite useful in preventing
the disease,

In India, this disease has been documented by the

candidate (Pillai, 1978) in Arius dussumisxi by studying
the isoclated disesse causing organism,

(4) Ulgers is & disease, mostly prevalent among
salmonids causing severe mortality, This diseasse is due
to the attack by & highly fastidious Gram negative rod,
Hasmophilus pisgiume Calkins (1899) was the first to
deseribe the ulger discase and Fish (1934) mede a
comprehensive astudy of the disease in trout, Wolf (1938)
studied the mechaniem of infegtion and transmission,
Snieszko Q% n.. (1950) and Snieszko (1932) also attempted
to make a detalled study of the disesses. As a serious
fish dium. in Jspan, ulcer has been reported by
Kawatsu gt alss (1979).
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Ulcer gan be treated by timely spplication of the
broad spectrum antibiotics and prevented by avoiding the
infected fishes, feeds and poor sanitary conditiona,

In India, Almeida (1962) observed skin infeetion
on various species of fishes, This disease has been
detected in Indisn major carps, #nd Gopalakrishnan (1963)
hae recomsended distrustion of fish with sdvanced stete of
the disease and treatment of the fishes, in an early stage
of infestion, with 112000 Copper sulphate solution for
=4 days,

(3) Iall xot and fin xgts are world wide in

ogeurrence and result in mass mortalities and severe loss,
Finfishes are susceptible to this disease and no specific
sstiological agents have been recognised so far., It is
noticed that different speciles of bacteria can cause this
disease (Snieszko, 19533 Conroy, 1961, 1964 bs Bullock,
19683 Bullock and Snieszko, 1970)s An epidemic case of
fin rot in Chanog ghanos has been recorded by Rabanal gt Al.s
(1951). Mess mortality of Salmo gairdneri due to fin rot
has been reported in Moravian District in Czechoslovakia
(Tesareik and Rehulka, 1972)s It has been identified

&s & major disease, affecting ralnbow trout (Conroy and

Vasquez, 1979)s In, Soles sole L« PEssudomonas epe.
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associated with tall rot disease was reported by
Fluechter (1979),

Application of chliorine has been suggested for
the treataent of the disease (Connell, 1937), 3 ppm
seriflavine has been found to be a good prophylastie
treatment (leyer, 1968). A combined use of Lodine and
chlorotetracycline (asureomycin) is also advocated
(Risely, 1971), In advanced cases of tail rot or fin
rot, surgical treatment is advised (van Duijn, 1973),
This disease can be prevented by avoiding infected feeds,
poor sanitary conditions and overcrowding (3ullock and
Snieszko, 1970),

In India, this disease has been found affecting
finjexrlings of Qephronemus JoXsRY end it was sujgested
that overcrowding and dirty envirommentis favoured the
spread of the disease (Khan, 1939), Almeids (1962)

detected the disease in 1118pi2 mosasmbiga due to
Sasudemonas sp., Elgvobagiexiun spe, 2aglillug epej in
Mugdd guanesius due to AghzomobRactex ep.s in Megalops
s¥prineides due to pequsdomonas epes in Lrepans pungtata
due to Aghromobacter spe and BreviRscterium spes in
Izachynotus evatus due to Flavobacteriun ep. and
Microgoccys sps. and in Abudefduf saxatilis due to
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AMEonaonay spe and Eagherichig spe This disease has also
been detected in fry, fingeriings and adults of Carps

from different parts of India (Gopalakrishnan, 1963),
The eandldate (Pillai, 1978) recorded this disease in

Eiroplus auratensis, Lutlanus iohnl, Elotcssus arad,
Gezxea er.. Ihexapon Jarhums ARRQoN guadgifesclatug due
to Yibrio paxshasmolytigus and in Gexpes sr., Holocentxus
zubrum, dlyehldedos goelestinug due to Pspudomonas sp.

In 3illsgg sihame, Pomagentrus goeruleug due to Yibrio -

Liacherl end in Apiys duasusiexi due to Yibrig sp. were
the tail rot diseases documented dy the candidate

{(Pillai, 1978)e The candidate, Pillsi (1978) hed also
studlied fin rot diseases in Jerres sr. due to Pgeydomonas
mendocingss in gerreg sre, Synoglosaus Ryastigeps due to
Basudemonas P4 in Lutienus iohnls DEspane pungtats due to
Yihzio paczshasmelvtigua and in Dgepeng pynctats es a
result of jeromonss hydroohila attacke.

It is difficult to save the fishes in asdvenced
stag: of tall rot or fin rot (Jopalakrishnan, 1968),
However, Copper sulphate solution, 1120000 foxr 10-19
minutes as dip treatment has been suggested (Khan, 1939),
while 113000 solution of Copper sulphate for treatment
has been advocated by Gopalakrishnan (1963), Use of
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Copper sulphate on the infected area hass been found more
effective (Pal and Ghosh, 1973),

(6) Ractexial hesmoxrhagic seoticemis This is
caugsed by two species of bacteorias, Asromonss liguefacisns
and Pagudomonas flucresgensg singly or collectively,

Aszxomonas liguefaciens is pathogenic for many species of
wild snd propagated species of finfishes (Bullock and

MoLasughlin, 1970). There is slso a view that eventhoujh
Aaxoimonss liquefacieng is e pathogen, low levels of
oxygen initiate the epizootics of hemorrhagic septicemia
(Haley, Davis and Hyde, 1967). Peeudomonas LiugKessens
elso act similaxly as A9zomonss liguefagieng in causing
disease, Outbresks of this disease were recorded by
Sehaperclaus (1994)s Bullock, (1963)3 3ullock and
MeLaughlin (197U)s Bullock gt &les (1971)5 Shotts gt ales
(1972) and Conroy and Vasquez (1979). Ross. (1970) has
observed s more or less similer disease in marine and
estuarine fishes due to the invasion of ¥ibrio
aaguillagume 3dullock and McLaughlin (1970) have also
deseribed the infection, due to Yibxio sgguillarum in

merine and eatuarine fishes, as hemorrhagic septicemia.

Rightly, the infection of Vibrio snguillarua should be
regaxrded as vibriosis instead of hemorrhagic septicemia,
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This disease can be treated By administering broad
spectrun antibiotics, orally, 50«75 mg per kilogrsm of
fish for 10 days and prevented by avelding overcrowding,
poor environmental conditions and infected fishes
(Snieszko and Bullock, 1974),

In India, Agromonas and Pasudomonsg infections
have been reported by Gopalakrishnan (1971 a, bj 1963,

1968) and Almeilda (1962)., This disesse has been documented
by the sandidate, (Pillaei, 1978) in Lutisnus Johnl,

Epinephilys pantherinus, Ixaghviotus gvatys and Elatax
teiza. He has also studied the astioclogical agent.

(7) Cold watex gnd Peduncle diseeses ar¢ identisal

diseases which mainly affect salmonid fishes causing mass
mortalities, These diseasses are mostly due to sirains of
myxobacteris., -~ Gram negative slender rods showing
greeping motility, In advanced cases of both types of
diseases, myxobacteria (Crtophage spe) are found in the
internal oxgans of the fish, Davis (1929) has recorded
peduncle disease in trout fingerlings, Wood and Yasutake
(199%6) have also made a detalled study of this disease

in Pacific salmon, It has been reportcd by Wolke (1979)
that this diseass causes seute mortality in salmonid
fingerlings,
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These diseases can be treated with sulphonamides
and prevented by avoiding overcrowding and poor sanitary
measures (Bullock and Snieszko, 1970).

(8) Dxopxys, swelling of belly, is a serious
disease, It is mostly noticed in fishes in temperate
(Eusopean) eountries. A detailed study of this disease
in fishes has been made by Schaperclaus (1930 and 1933),
who found Apromonag pungtaty in fishes suffering froam
dropsy. The disesse was later sugpected to be of viral
origin which was confirmed by the works of Roegner Aust
and Schleich (1931); Goncarzov (1939) and Gaines and
Rogers (1973). Epidemice of this dissase resulted in
neavy loss in Poland and Germany (van Duijn, 1973).

The disesse can be treated with chloramphenicol
at & dolde of % mg per lbs bt fish or litre of water body.
Surgical treatment, is also advocated in the case of fish
in advanged uta&oo of the disease, by removing the
scgumulated fluid in the body uesing & syxinge befoxe the
chloramphenicol treatment (van Dulijn, 1973),

In India, this casse has been obsexved in Carps
(Gopalakrishnan, 1581 a)s A species of Agromonag is
gonsidered to be the disease causing agent (Copalakrishnan,
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1961 a3 Jhingran, 197%). 9 ppm dip treatment of

Potassium permanganate for two minutes has been suggested
to limit the spread of this disease (Gopalakrishnan, 1963),
Almeida (1962) has alsc noted this disease in various fish

species,

As the asetiological agent of infeetious dropsy has
already been confirmed as Rhgbdovirug ¢agpio by Fijan
(1972), the disease dus to the invasion of the species
of Asromonss, Pagudomonds is now ealled as bagteriasl
hemorrhagic septicemia (Snieszko and Bullock, 1974);
the term infectious dropsy for bscterial disease 48 no
more in vogue, as it ls considered a symptom of viral

disease complex,

(9) Gill diseass is considered to be due to the
attack by certain species of myxobacteris. Protozoan
parasites, fungi (Sranchicmvees spe.) trematodes have
alss been associated with gill disease (Nigrelll, 1954y
valesy 19983 Halver, 1972; Remamurthy, 1972; and Lightner
2t &lse 1973)s Osbura (1910) first described the
pathologieal condition of the gills of salmonid fishes.
Fish (1933) eould record a case of gill disease, bdut
the 1isolates ¢ould not be proved to be the aetiological
agents, Mass mortality of European eels, Anguills
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203udllia, due to gill disease as & result of infestion
with myxobacteria has been reported (Ghittino, 1972),
Nutritional gill diseass, aneurysmal gill disesse and
gill neecrosis of unknown astiology are important gill
diseases other than bacteyial gill diseases (Eller,
1973), For disease outbyeak, overscrowding is one of
the most important factors which was confirmed by the
studies on gill rot in Carps (Wunder, 1947). The giil
epithelial nroliferation and the presence of large numbers
of myxobacteria currently classified as Flexidbagtex sr.
on the swollen gill lamellas are the characteristic
symptoms of the disease,

The disease can be tyeated using disinfectants
and prevented by avoiding the overcrowding (Snieszko,
1970),

In India, cases of gill disesse caused by species

of Pgeudomonas were recorded in Iilspls moasmsbica by

Almeida (1962) and in Glyphidedon geseleatinua by the
candidate (Pil’.u. 1978).

(10) Excphthalause or pop eve disease, is world

wide in distribution and causes often mass mortality,
Vo specific agent has been establishad so far as the
causative agent of the disease. Bacteria, mostly
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species of Pgeudamongg., are considered to be the chief
causative agent eventhough viruses, fungi and certain
worms (Diplostomum sp.) and gchanges in the harmenes of
hypophysis are also suspected as disease causing factors
(williasmson, 1927 Belding and Merrill, 193%; and

van Duijng 1973)e Dukes (1979) has stated that species

of Asromonas. Rasudomones, Flavobagtexium and Vibxig
are mostly associated in the exophthalmig condition,

The disease can be treated by administering
antiblotics and prevented by good sanitation and
destroying the infected aninmals, Surgical treatment,
by operating out the infected tissues in the gase of
advanced stage of the disease, is possible followed by
sntibiotic administration,

In India, a few cases of eye digseases have been
roeporteds This disease has been observed to cause
mortality in mejor carps and the aetiological agent was
found to be & specles of Aszomonas (Gopalskrishnsn and
Guptes, 1960 and Gopalaskrishnan, 1961 b). Almeids
(1962) hes detected cases of this disease in Jilapia
mosembics due to Fgeudomanas ePes ASNROMIDACIEK SPes
Apromonas spe, MAGEoSaGeus sPe, and Gegiliug spe
in Sgatophagys gXqua due to Psgqudamonas spe¢ in



Risaremqs grisevm due to Pasudomonasg spey and in
Ixachynotus SYatus due to species of Aghromobegiex.

The candidate (Pillai, 1978) has documented this disease
in Agtronotus ggellatus, 3exxes epe.. Iherspon Jaxbuls
Lutienye Johnl and Drspans pungtate due to Yibxig
Racsheemolytigus end in Gegres spe due to Bacillua
thycingiengis. Ho aleo noticed this disease in Apogon
quedsifesgiatus due to Vibrio fischexi and in Iilapia
meaedabigs due to Aeromonas hvdiophilss

Gopalakrishnan (1961 b) has suggested hourly
baths in 8=1C mg of chioranycctzn per litre of water
for thres consecutive days as effective in the case of
sarly stages of infegtion, Application of 1 ppa Potassium
permangenate as prophylactic treatment and provision of
high dissolved oxygen content in the medium could be
helpful &n preventing the spread of the disease,

(11) Bedmguth disease, & main disease of the

salmonid fishes, causes high mortalites. It was first
reported in 1948 in California and in Colorado in 1931
by Wagner and Perkins (1992)., The disease asasusing

orgeniem is considered to be Pgeudomonas hvdrophila
now classified as Agromonas hydrophilas @ motile

Grem negative rod (Buchanan and Gibbons, 1974). There
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is also 2 similar disease called redmouth disesse
occurring in Hegerman (Bullock and Snieszko, 1973),

in which the causative agent was found to be a member
of Entexghocteaxiacess, and Ross g% alss (1966) suggested
the name RM bacterium for it, Later, MeDaniel (1971)
sugested the name HRM disease to distinguish redmouth
caused by RM bacterium from & similar type of dissase

caused by Asromonas hydzophilss An epizootic of redmouth
disease in hatechery rainbow trout due to infeetion by

¥ibzio snquillerum has sleo been reported (Ghittino gt ples
1972),

The disease can be tyeated using broad spegctirum
antibiotics and prevented by avolding the astiological
agent,

In Indiay, no such disease is found documented,

(12) Kidney disesse e ehronic to acute case of

infection which usually results in significant mortality
especially among salmonid and other specles of fishes
(Bullock gt alse 1974)s The astiologicsl organism of
this disesse is a Gram positive, non motile and non acid
fast diplobacillus, now glassified in the genus,
Gozvnebacterium. Most of the reports on the outbreaks
of the disesse have appeared since the 1930°'s eventhough
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this disease was reported in U,S.As in 1933, and an
identical disease zeported in 1933 from Scotland, While
Rugker gt flss (1951) and Wood 9% Alss (1933) believed
that the disease could be due to a Gram positive bacillus,
Ozdal and Eazp (1956) established that the setliologiecal
agent is a specles of Corvnebacteriums Bacteria caused
kidney disease 1s reported in the rainbow trout, Salmo
aaizdnexis from Loon lake, Aritish Columbia by Evelyn.

et ale» (1973)s This disease, ususlly results in serlous
losses in wild or cultured fish (Richards and Roberts,
1978)s Proliferative kidney disease posibly due to
infection by amoeba in ¢ombination with poor quality
watery resulting in losses upto 73% fingerlings of rainbow
trout, Salme gsirdaeri haes been reported by Ferguson and
Needham (1978) o At present, 8 dizect fluopessent antibody
technique (FAT) has been developed for deteeting

axynebactexium salmenia, the causative agent of bacterial
kidney disease, by Bullock gt al.. (1980),

Thie disease is difficult to treat as the organisms
are mostly beyond the reach of antimicroblsals, but, the
disease can be prevented by avoiding the causative agent
(Bullock g 3les 1973)., VWarren (1963) has shown that the
disease ssverity increased with softness of water.
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{13) Kysobasteariosig is an infectious discase
causing severe losa especislly in cultured species of

fishes, Mycobacteriosis was first observed in 1897 in
Carps in a contsminated pond by Bataillon, gt al.» (1897)
and Bullock g% ales (1971)e Later, the causative
Nygsgbagtexrium spe was isclated from fish grown in aquarias
and hatgheries and slso from fishea from thelr natural
habitats, including fresh water, Drackish and gsalt water
(Papisot, 1970). Acid fast, iram positive, non motile
rods belonging te the genus, Mygcohegteriup are responsible
for mycobacteriosis., The three recognised plscine
tuberculosis csusing organisms are M. naArinugs Me foRtuitum
and M, platyposcilia (3Sushenan and Gibbons, 1974),

o marinum isolated from marine fish was found to infeet
wara blodded animals when injected into the lower
extremitios which had a lowsr temperature than the main
body (Clark and Shephard, 1963), sSimilarly, M» ARRZISS
multiplied when injected into pereh (Chaussinand and
Besse, 1951), A species of Hygobscterium isclated from
an absoess in a human being end the mygobacteriasl isolates
from neon tetra, jHyphenehryeon ianesl (iigreili, 1933)
were found to fit the species description of if. fortuitum
which zepresents the first report of }» fortuitus in
fresh water fishes (Ross and Brongato, 1939). Sponteneous
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ogcurrence of tuberculosis like lesions caxrying aeid
fast bagteria, in three marine fish was recorded in
halibut (Sutherland, 1922) in cod (Alexander, 1913;
Johnstone, 1913) and in halibut roe (Gxiffith, 1930).
Symptoms of piscine tuberculosis are verisble (Wolke,
197%)s Lack of acute external symptoms at an early
stage of the disease may prevent the easy detection of
disessed fish. S0, & reliadble diagnosis is based on
the L{solation of the setlological jiycobacteriium sp.
Mycobeacteriosis causing severe loss in Chinook salmon,

Qngochynchus Sahawytagha hes been reported by Ashburnez
(1977)e

The oral sdministration of broad spectrum
antibiotics, with feed sspecially kanmmyein, has been
found successful, Improved sanitary conditions and
isolation of the infected fishes help to prevent the
disease (Parisot, 1970)s As the diseass is 2o0onotic
(Richerds and Robexts, 1978), sdequate care has to be
taken in handlin; the figh,

(14) dNogardiosis &s not a frequently appearing
disease, It can be clearly differentiated by observing
the Nocardial asrial hyphss and branching vegetative gells
which are not gseen in mycobacterial species. Heuschmanne
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Bzunner (1969) stressed the need for careful examinations
of fish diseases caused by acid fast bacteris which may
appear 1like doth Mygobagterium and Streptomvaess locexdial
(3> astaxaides) diseasses were reported and the agents
isolated from rainbow trout (Snieszko @t gles 1964 a3
Heuschmenn-dzunner, 19663 Ghittino and Penna, 1968),

from brook trout, (Campbell and “ackelvie, 1968) and from
neon tetrs (Conroy, 1964 a)s This disesse has also been
reported from chinook salmon (Wolke end Meade, 1974),
Nocardiel infection cesusing severe mortality in yellow
tall culture in Japen is mentioned by Richards and
Roberts (1978),

Broad spectrum antiblotics are effective and the
disease can be prevented by incressing the resistance of
the fish and svoiding the disease esusing agents,

4. astexcides and . kKampaghi.

(19) 2asteursllosis is a disesse dus to the sttack
by a specles of the Pagteurells cenus, causing mass
mortality smong finfishes, In the summer of 1963, mass
mozrtalities of white perch, foggus smexiganus in
Chesapeake 3ay were recorded and the causative agents

were noted as Pagteurella spe. (Snieszko g% gles 1964 b).
The organisms were found pathogenic for healthy white
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Pasteurslla spe were classified as P, plagida in
comparison with known Pagteurella sp. (Janssen and
Surgella, 1968), Bacteris considered to be species of
2astgsurella were zecorded as causing mass mortalities

in brown trout (S$alme Lxutta) snd Atlantie salmon

(Salmo salaz) (Hastein and Bullock, 1976), As a serious
disease, it has been reported in yellow tall cultugzes
from Japsnese waters (Cichards and Roberts, 1978).

The disease san be treated by administering
antibiotics and prevented by avoiding infected hostse
and maintaining good sanitaxy measures,

(16) Streptogoggosia, due to hasmolytic and

non hsemolytic forms of Gram positive coccl, is also an
important disesse, Hoshina gt alss (1998) first recorded
the disease due to iram positive coeel in reinbow trout
and the bacteria were identified as Sireptocagcus
fasgaliss Robinson and Heyer (1966) Lsolated group 8
hasmolytic Streptogogaus from two epizocotiles of golden
shiner, jotsmidanus SEysclaugage Streptococcosis has
also been reported in marine fishes by Plumb gt ales
(1974), Roode (1977) documented streptogoceosis in
rainbow trout, Salmg galxdnarie Richards and Roberts
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(1978) has stated that the astiological agent sould be
Lisolated from peritonitis of salmonid fishes, Kusuda gt pl.,
(1978) has observed Sireptocagcug sre. causing epizootic
diseases in eels, Anguilla isponigae Thie disease causing
mass mortality of rainbow trout, S$galme galzdnexri was
recorded by Boomker g% gl., (1979).

The disease ecan de treated with the help of broad
spectrum antiblotics and prevented by avoiding infected
feeds and poor sanitary conditions.

(17) Migzrogoceaniss, as a result of infection due to
Hicroeogcus spep has only been infrequently observed,
This disesse in rainbow trout, Salmc gairdnezi was
recorded from Argentina by Conroy (1966)s Bullock gt Rlss
(1971) have desoribed this disease in gudgeon (Gobig
fAuviatilis)s possibly due to {IGLREOCQUA RUQIRNGA AUZEURe
Armas (1979) has reported Hicrogocci, as potential fish
pathogen, isolating them from mullet alevins, Mugil
ssphalus Lo from Rio Moshe coastal lagoon of Pexru,

Sroed spectrum antiblotics are effective against
the disesse and the digease can be prevented by getting
rid off the infected fishes,

(18) B8lue sac diagase, elso known as dropsy,
yolk sac disesse and hydrocoele embryonalis, is an



30

edematous condition commonly observed in sac frye The
infected fry ghow sn abnormal agcumulation of fluid
usually blue in colours Various causes such s bacterisl,
physiologicel, hereditary and environmental have been
postulated for the blue sec disesse (Wolf, 1969 a)e The
early investigators, von Betegh (1912), Guberlet gt 8l)s,
(1931)p and Atkinson (1932) believed that bacteria are
responsible for this disease, But later, Schexrdschewsky
(193%) and Dieterich (1939) wexe of the view that the
diooaio Ls due to physiolojical causes, GCottwald (1960)
reported that the diseasse is due to incubation of eggs
under eontinuous deficiency of oxygen, Wolf (1997 a, b)
found that the diseasse was induged in eeveral species of
fry by incubeating eggs in closed systems where metabolle
wastes agcunmulated, Blue ssc disesse was also induged
in running water in which ammonia was added, This preved
that the blue sac disease could be physiological and
brought about by unfavourable conditionss This disease
could resylt in hesvy mortality (Roberts, 1978).

This disease gan be prevented by observing striet
ltmdn&a of water quality in hatecheries and taking
adequate care in avolding handling stress during ineubstion
of egi3s.
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Besides these, a number of atypical or aberrant
types of diseases have been reported to literatuse. The
more intereeting among them are as follows:

1, David (1927) has reported scale protrusion as
& disease sometimes causing severe morxtality,

2, HmlyneHarris and Duhig (1930) have described
an epizootic of intestinal disesse due to attack of
bacteries in some fresh water fishes,

3. Wells and ZoBell (1934) have reported the
bactexrium Pasudomonas Achthvodermis as the causative

agent of infeetious dermatitis in the marine fleh.

4, Peres (1944) reported scale disease in marine
teleosts in which rod like bacteria were noted in the
advanced stage of the disease,

% Hodgkiss and Shewan (1930) have aobserved a case
of Pasudomonag infection (infective dermatitis) in Plaice,

Elauzonsciss Rlateasas

6. 3esman (1991) reported bacterial intestinal
disease in Nygll, Lidania and Abudefduf saxatilia.

7+ Bootsma (1973 a) has documented an outbreak of
erythrodermatitie, in Cypzrinus sagxpigs, due to certain
myxobagteris,
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B8+ A case of Emphysematous putrefactive disceasse
of catfish (EPDC) has been reported in the channel catfish,

Jetaluxus pungtatus, as a result of infection due to & new

species of bacterium, Jdwardsiella larda (Meyer and
Bullock, 1973),

9 Asxomends llquefsaclens has been observed to
¢ause spinal damage to the ses bream, Chrysgphrus maioL,

by M,nro (1974).

10, Serious infections due to Flaveohagtazrium epe in

finfish, lglllensia sphenopa and due to Siaphviogaggue epe
in Ppliachius yireng were reported by Wolke (19735),

1. Edwardsiella tarda csusing epizootic disease in
mullets, 4ugil gephalug has been documented by Kusuda

at ale, (2976).

12, In rainbow trout, jalme daixdnezl, Basudomonas
Llugxeagens associated meningitis has been recorded by

Roberts and Horne (1977).

13, Trout mortalities due to bankruptcy disease as

a8 result of snasrobic bacterium, Clagtridiua botulinum,
is aleso well recognised (Richards and Roberte, 1978),

14, Sekoke disease of finflshes casusing considerable
losses, has been reported by Cowey and Roberts (1978).
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15, idass mortality of silver cerps, Hypophthalmishthva
aeliszix (Valenciennes) aspociated with bacterisl infection

due to Proteus rattasrl wes reported by Bejersno g% Ales
(2979),

16, Red sore disease due to Agromongs hydrophila in

large mouth base, Misroptexus salmeldes (Lacepede) was
noted by Hulzinga ﬁ no. (1979)9

17. dNutritional deficiency disease in Indign major
carps, CAxxhing mriqala Hemilton due to avitaminoeis C
resulting in lordoslis, s¢oliosis and hyposhromic macrocytic
ansenia was reported by Agrawsl and Mahajan (1980),

Spozadic cases of diseases in shellfishes are also
noteworthys Jignificant among them ares

1. Kusuda and uatada'’s (1969) record of vibrio
disease in prawns, Penaeus .sponiguss

2, Lightner (1977 a) has reported Yibrig disease
in prawns, Pengpus spe affecting juvenile to adult stages
in severe mortality. The disease, can be trested adding
sntiblotics with food and prevented with minimal hmdl_.tnq,
msintaining high water quality and reducinjg the stoeking
density,
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3, Lightner (1977 b) has xeported the brown spot
diseasse known as shell disease or burned spot disease or
rust disesse in shrimps, Pansgus sp., and bacteria
belongin; to Banegkes and Pgeuydomgnag are considered to
be the csusative organisms, Broad spectrum antibiotics
are ugeful in treating the disease and it can be prevented
by avoiding the getiologicel agents and maintaining high
watexr quality,

4, Lightner (1977 ¢) has observed filamentous
bagterial disease in the brown shrimp, Penssus AXtecus,
white shrimp, Penaeus setiferus, Mexican white shrimp,
Ee Xannmmed, California brown shrimp, P. galiforniensis
and blue shrimp, £ gtylirostxig. 35-10 ppm Potassium
permanganate for 1 hour static treatment is found to be

effective, This disease can be prevented by maintaining
good water quality,

9. Black gill disease (Lightner, 1977 4) in

shrimps, Penasus vanosmels, B. ducrazum, B galifoxnienals
and P» atylixostizis has also been reported, but the
causative factor is unknown, |

6+ Lightner (1977 d) has also documented black

desth disease in P, galifornisnsis and 2  aztagus due to
ascorbic scid deficiency and gases of blisters in
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B aztesus, Be getifexvs. Po galifoxnienais, 2. yagnmeld
and Po striixoatxis for which again the cause is not
knowns He could also notice cases like cramped teils in
Es aztegus, E. getdferus, P. Rrasllienale and

B. galifaorniensis due to unidentified causes,

7+ Due to unidentified causes, Lightner (1977 f)
has recorded a disease called suscle necrosis in shrimps,

P. aziegus, and P, galifornieneiss

8s A case of muscle necrosis in Magrobrashiug
Egsenbergil hes been recorded by Sindermann (1977) and
the cause is eonsidered to be environmental or
physiological stress.

9¢ Sindermann (1977) has noticed black spot
disesse also ¢alled as shell disease or brown spot disease
in shrimps, Masxobrechiun yellenhovenii and i4» Eonenceraid
csused by chitinoclaestic bacteria, Jgneckeg sprs The
disease can be treated with Furanace and prevented by
careful handling, avoldinj the infected orgenisms and
maintaining good water supply.

10 Sindexmann (1977) has also recorded filamentous

bacterisl disesse in jMagrobrachiuws xosembergil due to
Iaugothrix spe This diseage, cen be treated with Furanage,
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end prevented by reducing the population density and
removing the infegted animals,

11, Basterial disesse in blue crab, Gallinectes
sapidus due to infection with Yibrio spe causing severe
mortality was reported by Johnson (1977 a)s The disease
¢an be prevented by timely removsal of the infegted
organisms and by gareful hsndliing,

12, Sindermann (1977) recorded iaffkemia in

Aserican lobeter, lignazua Smerisanua due to Gaffkva
homazd, currently rensmed as Pgdlocogous homaxi resulting

in severe loss within a few days of infection,
Sulfonamides are effective in txeating the disease.
Removing the infected organisms and by maintalining strict
cleanliness will help to prevent the disease,

13. Sscillary necrosis, of the American oyster,
Crassontres yirginice laxrves, due to infection by species
of Yibrio, resultin; in mass mortality hes been reported
by Sindermenn (1977), For treatment, antibiotics such
as chlormmphenicol and erythromycin are sald to Dbe
effective, By observing good sanitation and improved
water qualities, this disease ¢an be prevented,
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14. Sindermann (1977) has also noticed gertain
unidentified Gram positive bacteria casusing fogasl necrosis

in Pasific oyster, xagasstres gidas
18, Infection in the hard clem, Mergensris mercenaxis

due to Vibrig eps resulting in mass mortality has been
recorded by Sindemmeann (1977) suggesting erythromyein
trestaent and improved sanitation and water qualities to
prevent the discase,

16, Chitin degrading besteris, Paeudomonss, Yibcio
and Penegkes csusing shell disease in lobsters, Homezus

mexriganus was reported by Malloy (1978),

17« The bacteriasl pathogen, Gaffkva homari has been
reported g¢susing serious disease in the lobsters, Homarus
mericanus, in the U.S.A., Canada and Europe (Stewart
snd Castell, 1979),

fungal dissases

Fungal disesses are widely prevalent among
finfishes and their egges in natural and artificisl waters,
Most of the aquatic animals are affected bdy fungi
(Weston, 1941), Species of Sgproleania, especially

Sapxoleania parasitica ean usually affect fish and
fish eg3s, although attack by species of Aghlva,
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documented (Seott and O'Bier, 1962),

(1) Saproleaniasis ie an important fungal disease
affecting eggs, fry, fingerlings and adults of most of
the finfishess The Saprolaania spe grow on different
types of organic matter and Davis (1953) reported that
there is no evidenge that Saprolegnias san develop on
normal eg3s, unless foreign organic matter is present.
Usually injuries caused by spawning asctivities or lesions
due to injuries facllitate fungal infegtion (Hoffman,
19693 Vishniac and Nigrelli, 19373 Seott and O'Bler,
1962), The presence of these saprophytic oppoxtunists
can be detested by the presence of ulcers on the body
with or without tufts of minute white cotton like
outgrowths, or by microscooic examination of the
pathologicel samples, Saprolegnissis has been detected
in the milkfish, Chanos ghancs (Forsskal) in Philippines
by Rabanal g% ales (1931)e Bootsma (1973 b) haa
observed Sgproleqnis infection, 4n the Duteh pike
hatcheries, resulting in the damage of vital organs
such as the liver, Many of the fungi causing ssprolegnissis
are primary pathogens and damage finfishes being cultured
(wolke, 1973), OCutbreak of ssprolegniasis has been
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reported, in brown trouts, by Richaxrds and Pickering
(1978)s This fungal disease ¢an De treated by immersing
the infected fishes in 1113000 solution of malachite
green for 1030 gegconds (Foster and vwoodbury, 1936 and
0'Donnell, 1941). Formelin is also effestive in 11300
to 131000 dilution for 19 minutes (3durrows, 1949}
Reddesliff, 1938 and 19613 and Steffens, 1962), PFor

treatment of dissases due to Sgpraoleuniss Achlvds

Aphanomyesss laptomitug and 2lthiug, Hoffman (1969) has
sugjested malachite green, 1113000 for 10=30U sesonds,

Malachite green has also been reported to be en effective
fungicide by Cline and Post (1972) and Bootsma (1973 b),
This disease san be praevented by observing strict
gleanliness, good sanitation and removing the infegted
fishes (Hoffman, 1969),

In India, Khan (1922) has recorded Sgoxolegnia
disesse resulting in mass mortality of fry of the murrel,
Qohiogephalus maruliyg (Hemilton—Bughanan)e Chidambaram
(1942) has observed saprolegniassis in the gourmmi,
Qaphronemus goremy 8t Madras and suggested that overcorwding,
pollution dus to decaying matter and injuries on the fish
axre the contributing factors for the spread of the disease,
The ingldence of the diseasse has been observed in major
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carps (Gopalakrishnan, 1963 and 1964), Dip treatment
in 3% common salt solution or 132000 Potsssium
permanganate solution for reughly 510 minutes has been
advocated by Horas and Pillasi (1962), One minute dip
treataent in 113000 Copper sulphate solution once daily
for J=4 days ﬁao been recommended by .opalakrishnasn
(1983, 1964),

(2) Beagshiomvageds ie yet another sezious disease
due to infection by Jranchiomvgss epe. which often causes
gill rot first reported by Plehn (1912), Branshiomycosis
has been recorded seversl times in carps (Rehulka and
Tessreik, 1972), This disease was 8lso noted in a auabder
of finfishes in Italy (Grimaldi g% gls. 1973)s Infections
due to Jranchiomvees sanquinia end 3. genigxans were
roported in a number of finfishes by Wolke (1973),
Although Reichenbagh Klinke (1969) has recommended the
use of 1«2 gn of Copper aulphate per n3 of water body,
there is no other effective treatment of the disease
(Richards, 1978). By observing strict hygiene, timely
removal of infected fishes and avoiding overfeeding, the
disease can be prevented,

In India, branchiomycosis has been reported to be
gomnon 4n gultiveted fishes in ponds with large amount of
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decaying matter (Hora and Pillai, 1962), Treataent,
in the case of mild infections, by baths in 3-3X common
salt solution for 3 to 10 minutes, has been suggested
(Alikunhi, 1937),

(3) Ishshvophonug disesse, infection due to
dehthvophanus hofexis is a systemic granulomatosis and
is detected in both fresh water and marine finfishes,
Caullery and Mesnil (1903) nsmed the sstiological agent
ss Ishthvospoxidium aaaterophilume Pettit (1911) and
Plehn and Mulsow (1911) identified the organism as
Jehthrophonus hofexis It often causes mass mortalities

in the North Atlantic herzring, Glupnes horsndua harengus
(Wolke, 1978). Outbresks of this disesse in finfishes

wore recorded by MeVicar end iagckenzie (1972) and
Richards (1978)es The latter author mentioned that the
infeetion can be essily noticed by the 'sand paper! effect
of the skin of the infected animale. This disease is sleo
noticed in deep sea scabbard fish, Aphangpus gsarba (Lowe)
in Noxth East Atlantic (Aglus, 1978)s In fish reared
under controlled conditions, in the early ease of
infection, phenoxethol treatment is effective (Reichenbach
Klinke end Elkan, 1963),

Other miscellaneous fungal diseases have alsc been
reported:
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1. Sparzow (1936) studied a case of fungal
infection caused by a specles of Pglersenia on marine
rotifer eggs.

2+ Sproston (1947) doecumented a cese of
superficial infection by a fungsl parzasite in the

mnackerel.

3. Ermin (1992) renorted a disease of fungal
granuloms in Aphgnus ghantrel Geillard,

4, Pendciiliva pissium (Reichendach Klinke) &n
the internal organs of Carps; Eullulazia spe in the zay,
Izigon pasiinacen were alsc noticed (van Duijn, 1973),

S, Candida albigang was found to cause gill
disease in Carps (Goreglyad and Vylegzhanin, 197%).

6+ Serious infections due to Phoma hexbarum

among e¢oho and chinook salmon frys Exophials salmenis

in trouts) jeolecobssidium humicols in eoho salmon were
reported (Wolke, 1973),

7. Righards (1978) and Richards g} §les (1978)

have reported Dezmogvatidinm (LaRvzinthomvxa) infection

in ehinook salmon and Exophigla saalmonis infection in
Atlantic salmon, f§almo salar respectively,
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8¢ Blazer and Wolke (1979) have also reported
Exophisls 1ike fungus causing systemic mycosis in Cod,

Gadua maxhua L.

In Indias fungal diseases in finfishes were
regorded by Bhargava g% glss (1971)s Seivastava end
Srivastava (IWG‘)‘ItM candidate Pillal (1978) and
Srivastava (1979),

Fungal diseases, in ghellfishes too, were
recordeds

le Lightner (1977 g) hes documented cases of
fungal infegtlons in Pgnagug spe. due to [agenidiwva
gallingcies and found malachite green effective in
arresting the infection, Af the drug is used befoze
the infection is well established, To prevent the
infvcuon. spawming of gravid females in clean gontainers
with 0,006 ppm malachite green and removal of infected
organiems are imperative,

2¢ Lightner (1977 h) has also noted csses of
Eussxium solani infections in the shrimps, Penasun
duoxarums Bs ASSesuss P. galifoxniensis, 2. sivlixestris
and P, ggcldentalis, Funglcides are effeetive in treating
the disease and destruction of the infected animals at
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the proper time will be of value in preventing the

disease,

3. Sindermann (1977) found Lagenidium gallinectes

infeetion in the blue crab Gallinectes sapidus end
advogated the use of funglicides for treatment and

destrugtion of the infected femasle crabs with egis.

4, Armstrong and Fisher (1977) have noticed a
fungus disease due to Lagenidium sp. infection in eggs

and larves of Dungenes crad, Canger meglsatex Oana and
recompended avoidance of infected feeds and maintenance

of strict cleanliness,

S, iortalities due to infection with Laganidium sp.
in the lazvee of the American lobster, Homarus smerieanus
was documented by dilson and Fisher (1977) who suggested
nalpehlu green treatment and observance of perfect
cleanliness of culture systems,

6. Fisher and illson (1977) reported extensive loss
due to mycosls as & result of infection with Hgliphthoxos
pilfozdensia in the American lobster, Homarus mmericanus
and the Eumopean lobster, ijomsrus QEmaIus recommending
malachite green treatment and practice of hyglenic

measures o prevent the disease,
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7. Sindexmann (1977) has noticed & case of
Fusaziym infestion in the American lobster, Homaxus
mexiaanuge He has also reported larval mycosis of the
oyster, Crasscetres ¥irgialcs due to Jixolnidium
2oophthorym resulting in mass mortality. Ultraviolet
treatment of the water helps to prevent the disease,

8 Quick (1977) documented mycotic disease, due

to Labyzinthomvxa aacrinua (earlier known dy Dermocvetidium

paziouw) infeetion, in American oyster, Grassostresd
virginicas for which antifungal antidbiotic trxeatment

and planting the seeds at lower densities has been
suggested as preventive messures,

9. Permocystidivm Rarioum causing oyster mortalities
has also been reported by Ray (1954 a b 'c). Aggording to

MgVicar and wooten (1980) Dermocvatidium is a protozoan
parasite.

10s Sindermann (1977) has detected a case of
Labyzinthomyxg Anfection, in American oyster, Crasscstires
¥irginigs denoted as Malpeque 3ay disease, He has also
noted a mycotic disease, 88 & result of an attack of

SAzoloidiym zoophthoxum in hard clams Mergenaris
Hexeenacias resulting in severe losss To prevent the
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disease ultraviolet trestment of the water is suggested,

1l. Labycinthomyxs infeetion resulted in mass
mortality of the mussel, Mytilus edulis (L1 and Clyburne,

1979),

12, sagutan and Batisados (1979) doaumented a
mycotic disease due to Lagenidiun affecting the nauplil
to poat larval stages of the prewn, 2, monedon.

Yiral dissases

Fiesh virology is still a virgin field and many of
the pathogenic viruses are yet to be isolated and
identified, Welesenderg (1914) who studied lymphocystis
disease is the sarliest researcher on virus diseases of
finfishess The important virus diseases of finfish are
discussed below:

(1) gheanel cat fish vizus (CCV) disesse is an
important virus disease found mostly in Americs., It was

first described by Fljan, Wellborn and Naftel (1970), as
an acute case of infection in the channel gat fish,
Jetalurus pungtatus and its fingerlings. The asstiological
agent of this diseasse is demonstrated to be a DiA virus,
So far, only the chennel cat fish has been found
suseeptible to this discase (Wellborn gt ale, 1969),



47

Wolf and Datiington (1971) gave a detaliled picture of
this disease causing virus, Fish surviving the disesse
are suspected to be having latent infeetion (Liversidge
and iunro, 1978). There is no treatment for the disesse
oxgept the destruction of infegted fish stoek,

(2) Herpea vizue diseass, is a severe disease,
noticed in Japan and the U,S54A¢y which causes signifiscant

losases in finfishes, .lo treatment is sugjested, but the
disease can be preventsd by removing the infected fish
(violf gt als» 1973),

(3) Infectigus pancreatic negxosis (IPN), an

infection by a etable virus, causes diseases in fry,
fingerlings and adult fishes and this disesse has been
obsexved mostly in the United Ststes of /merica, France,
Denmark, Sweden, Italy and United Kingdom, This disease
is mostly noted in salmonid fishes and a detailed account
of the disease causing agent Ls given by Yagutake (1973)
and Liversidge and Munro (1978). There is no treatment
for this diseasse, but it can be prevented by svoiding the
astiological agent and also by selective breeding (Wwolf,
19656 a)e

(4) Yixal hemoxxzhaqic aspticemis (VHS) is also a

serious disesse affecting finfishes and resulting in mass
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moxtalities, The first report of this disease Lis that of
Sehaperclaus (1933), The disease is usually found in the
rainbow trout and the disease outbreaks was re¢orded from
European countries (Wolf, 1972 b), It Lie difficult to

treat the dissased fishes, But the disease can be provented
by slaughtering the infected fishes, propagating the
pathaogen free fish and using the virus free water
(Liversidge and Munro, 1978),

(%) Ghabdovirus diseasss of Northern pike fry, is an

scute gase of virus infection causing severe mortality

and is mostly noticed in Holland, Incidence of Rhabdovirus
in diseased Jorthern pike fry was reported by idootsma
(1971)¢ Bootsma and Vorstenbosch (1973)) dekinkelin and
Salimard (1973) and Wolf (1974), This pathogenic infection
resulting in a state of disesse condition known as
hyﬁ:ocophaluo or red disease is also reported by Bootema
ot Ales (1973)¢ The trestment of the disessed fry or fish
is difficult (Liversidge and Munro, 1978).

(69 Lymphogystis, @ hiéhly infectious disease is
world wide in distxibution, causing non lethal infection,

emong fresh water as well as marine finfishes, resulting

neoplastic like changes on various parts of the bdody,
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It is a benign disease due to attagk by lymphogystis
disease virus which 1is considered to be the oldest known
fish viruse The disease has been reported in plaice and
flounders sround the British Isles by Lowe (1874);
M'Intosh (1883); Perkins gt fles (1972) and Shelton and
Wilson (1973). This disesse in three epecies of
Seisenids, Cynogclon nothus, QvAgsgion zegalis end
Stellifer ilanceclatus wes recorded from Georgla coast
(smithy 1972), Foxr the first time from the lakes &n
Africas, lymphocystis was recorded in Cichlid fishes
(Paperns, 1973), A case of spontaneous lymphocystis

has been reported in the silver perch, Bairsiells
Shrvsuxg from the gulf of Mexico (Lawler gt ale., 1974).
Dukes and Lawler (1979) have recorded ogular lesions,

as 8 result of lymphocystis, in finfishes, It is diffigult
to treat the infected fishes, but the disease can be
prevented by timely removal of the infected fish and also
by disinfecting the eggs (Liversidge and Hunro, 1978),

In Indisy, this disease has been reported in
Ananss featudineus (Thakur and Nasar, 1977), but no

virological studies were carrioed out,

(7) lafectious hematovofetic neerosis (IHN) disease

1s due to infection by an IH{ virus classified as
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Rhabdovirus, Chinook and sock eye salmon and rainbow
trout are found susceptible to the disesse (A.mend,
1974)s An epizootic case in rainbow trout, Salmg
gaixdaeri, due to infeetious hemstopoietic necrosis (IHV)
vixus at two hatcheriee in Minnesota was detected by
Plumd (1972)e This case has also been noted oceurring

in the rainbow trout fingerlings, jelmo gairdnari

during an epizootic case at a hatchery in Minnesote
(Holway and Smith, 1973), Outbreaks of this disesse were
also reoported from United States and Jspan in salmonid
fishes (Liversidge and Munre, 1978), There is no treatment
for the infected fish. However, the disease gen be
prevented by avoiding the pathogen and maintaining good
water supplys

(8) gpxing viresmis of cexp (SVC) The setiology

of the disease was 8 subject of dispute quite soae time,
However, Fijan gt 8l., (1971) isoclated the aetiological

viral agent as Rhahdovizua sarpiag by fulfilling Rivers*

postulates, The disesse is mostly noticed in Caxps

in EBuropean countries and the infegtion can oeccur at any
age of the fish.(Liversidge and Munro, 1978). There is

no method of treatment, but the disease can be prevented
by maintaining diseast free stocks and observing strict

hygienic moasures,
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Tumours both benign and malignant are another
unresolved problem in the case of finfishes. The real
importance of ongogenic viruses in neoplastic diseases
in aquatic animals has now been reslized and the subject
was regently reviewed (wWolf, 1972 aj Mewdiesley Thomas,
1972 a b)s The role of viruses in the sstiology of such
diseases as Burkitt's lymphomas, Marek's disease and
lymphosazrcoma in fish has already been established,
There is asbsolutely no doubt that the virsl setiology
of many o:her types of tumours may definitely be
established in due course. The mode of infection of most
of fish viruses 1is similar to that in othexr vertebrates
(Wolf, 1972 a), but effective treatment for c¢ure of the
disease is still lacking.

1, Mortality due to Hazpeavirus ageshihalami in

turbot fish, Sgophthalmus mAXARMS wes reported by
Buyghanan and Madeley (1978).

2, Papillomatosis (Cauliflower disesse) in eels
and Atlantic salmon, Pox disease in carps, Plscine
srythrocytic ne¢rosis in wide range of finfighes are
documented by Liversidge and Munro (1978).

3. Lymphosarcoma in sn Atlantic selmon, Salme
2318 was reecently reported by Roald and Hastein (1979),



52

4. McCain gt ale» (1979) noted pseudobranchial
tumours in Pacific Cod, Gadua mscrocephaluas ilymphocystis
in the yellowfin sole, Limanda aspaxa and in the rock
sole, lapidopsetta hilinecta with epidermal pepillomase

5. Hepathomas in Atleantic tomeod, Microgadus tomsod
wes regorded by Smith gt al,, (1979).

6. In the rainbow trout, Salmo gairdneris & case of
papillomatosis was reported by Roberts and Bullock (1979),

7« Two kinds of tumours - lymphocytic lymphoma and
tubular ecsinophilic asdeno carcinoms were reeorded by

Haller and Roberts (1980) in Iilapia apilurus,

A few cases of tumours have also been reported
from India, Incidence of hyperostosis has been recorded
amon; sclasenids by Chadanaud (1926); in carangids by
Gopinath (1931)s &n ribdbon fishes by Bhatt and Murti
(1960) and Jmmes (1960) and in bat fishes by Murty
(1967). Different types of tumours in various parts of
the body of the cat fish, Iaghvauxus Jella (Day) were
discussed by Selvaraj g% ale, (1973) and ineidence of
osteocns in the marine cat fish, Arius maculatus, from
the Porto Novo waters was rapo;tod by Lakshmanaperumalsamy
2% ales (1976)s DLesal and Srivastavs (1979) have reported
gonadal tumour in Satlg gatla (Hemilton),
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It will be interzesting to find out in future
whether such cases could be the result of viral
infestation, Viral diseases in shellfishes are also
documsenteds

1, Virus disesse due to infection with Jagulovizus
gengel Couch in the Pink shrimp, Penasus ducxarum and the
Brown shrimp, P. gztegug hss been deseribed by Lightner
(1977 1)

2, HLV disease in the Blue crab, Gallinectes
24pidyg due to Hexpesvirus like agent has been reported
by Johnson (1977 b)e No treatment is possible, However,
to prevent the diseasse disposal of infaocted crabs and use
of lysol are sald to be helpful,

3. Johngson (1977 ¢) has also detected RVL disease
in the 3lus c¢rab due to infection with virus related to
Reo viruse Ho effective treatment is known exgept
removal of infected crabs and use of lysole

4, Siniermann (1977) has documented a case of
HLV disease a3 & result of infection with a herpes type
virus resulting in mass mortality of the American oyster

Grasscstres yirgainiga. Olseased oysters arxe difficult
to treat in natursl waters;, but the diseasse can be
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5 A case of rickettsial infection in the marine

shellfish, Gaxclnug mediterzaneus was reported by donsmi
and Psppalardo (1980),

Algese and Protozoa sre other groups of organiems
csausing finfish and shellfish diseases, prodably by
sexving as disease vegtors. Conroy and Herman (1970)
have proved that leoches serve as disesse vectors by
carrying pathogenic bacteria and spresding various
diseasss,
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LSOLAT ION AND ZDENTIPICATION



39

ISOLAT IGN AND IDENT IFICAT ION

Isolation and identification of sstiological
agent(s) of any disease is esaential for diagnosing
and tyeating disease(s)s For every disease there
must be a casuse or a combination of causative factors
(mined sstiology) and detection of these factors is
imperative for a rapid disgnosis and treatment of the
disease(s) and also to take suitable timely prophylactic

ROSSULES,

Migrobial diseases are the predominant group of
diseases smong finfish and shellfishes. OCbviously,
{dentity of the disease causing microbe is absolutely
essential to provide means for treating diseases and
for preventing disease outbreak, Uecurrence of infeetion
and diseases are rioticed not only in the gulture system,
but also in the nstural environment, However, severity
of the disesso 1s left to the virulence of the pathogen,
Mild cases of infections often escape attention and is
detected when large scale mortality oe¢curs among the
animale and it is too late for any remedial measures to
be effectively taken, whether finfish or shellfish,
early detection of infection may be difficult partly due to
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variation in the refractive index between the water and
sir vhich results in changes in the visual properties of
the objects. For example, disease spots in the body of
these animals become unnoticed when they are pemoved
from their habitat, Moreover, diseased fishes become
incapaciated and easily fall prey to the predatore.

This may ninimise or completely wipe out the infected
stosk even bdefore the fish farmers realise it,

504 in large scale culture systems, it {s
sssontial that continuous monitoring be ¢arried out to
deteet finfieh and shellfish diseases at the very ocutset,

In the present investigstion, diseassed finfishes
and shellfishes were mainly obtained from the culture
systems st the Central Marine Fisheries Research Institute
(CMFRI) Prawn Research Centre, larakkal (Cochin)j the
CMFRI Mussel farm, Vizhinjamj the CUFRI Oyster famm,
Tuticorin and the CMFRI Kovalam Research Centre, iiadras,
A few cases were also detected from snong the natural
populations of finfish from the inshore watexe off Cochin
and from the Vellayani Lake, near Trivandrum,

The diseased finfish and shellifishes under
soridbund conditions (exeept the case of tumour in
Arius Jjella) were aseptically collected in suitable
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containers which were clean and sterile. vhen needed,
long sterile forgeps were used for handling the materisls
to minimise damege and contamination. The ¢ollected
samplos were taken to the ladoratory immediately,

To clearly pinpoint and confirm the microbisl
causes of the diseases, the Koch's postulates to be
satisfled are:

1l The suspected oxganisa should bo associated
regularly with all cases of the suspected
disease and in logical relationship to the
disease, its symptoms and lesions.

2, The suspected orgenism should be fsolated in

pure culture from the suspected case,

3¢ fhen such pure culture is inoculated into
suitable animals, the disease should

remanifest itself,

4, The same oxganiem should be reisolated in
pure culture from the inogulated animals,

The different species of dliseased finfishes and
shellfishes, analysed for finvestigating the causes of
disesses, are listed in table 2,1,



TABLE 2.1

List of diseased finfishes end ghellfishes studied
by the gandidete from India

S+ setentific name Populer .neme Habitat

1. Anguilla bicolorx digolox Level finned eel F

2. Aplus Jalls Small eye cat fish M

3¢ GClarise hatrachus Teysmann®s spotted F/E
cat fish

4. changs ghanos Milk fish F/a/x

5. Etroplus auratensia Peazrl spot F/e

6« Iilanis mossambica African mouth breeder F/E

To Siilsgo sihama Ledy fish Y 40

8. Ghirogentrus dorab Wolf herring M

9+ Eampus argenteus S5ilver pomfret M

10. ¥ugil saphalus arey mullet F/E/M

11. Lates selcarifer Bekti E/M

12, Lectarius lactariug white fish M

13, ¥eqalops syprinoides Indien tarpon B/

14, Hallago atty wallago F/E

19, Eenssus indicus Indien white prawn M

16. Panasus @onodon siant tiger prawm M

17. detapenseus monacexos Speckled shrimp i

18+ Panulirus homarus Spiny lobster M

SST—— - e ———— - s -

F = Fresh water E = Estuarine 4 = Marine



TABLZ 241 (Contd.)

Lis: of diseased finfishes and shellfishes studled
by the candidate from Indla

L e —— SN T o = - N o St et |
S‘:: Sclentific name Popular nane Habitat
19. Pexna indica 3rown mussel 14
20e Sxassostres madrasensisa Indisn oyster "
21. gsvlla sexxats ireen crad E

F = Fresh water £ = Estuarine M = Marine
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PRE STEBRILIZAT IOV OF SURERY CELL

During the present investigation, & large surgery
cell in which the candidate ¢ould enter and garry out the
work was used,

The cell was first rendered dust free and c¢lean
with a neat towel, The surgery cell was then disinfeeted
with dettol followed by asbsolute alecohol by the swad
method, The gell was then sealed and sterilized by
switehing on ultraviolet tube lights for a perlod of
60 minutes,

SURGERY

The dissased specimens were plaged, in a clean
and degontaminated dissection tray, from the contalner,
The specimens found alive were killed by a hard blow on
the head or by decapitation, The pathological sauples
from the external parts such as skin, fins, tail, eyes,

gills end tumours were removed as followss
Extexnal parts
(1) Skin scrapingst

Skin screpings in the case of finfish and



(41)

(144)

(iv)

(v)
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shell screpings from the shellfish (prawns)
from thﬁ infected aree were taken aseptically
using sterile surgical blades with ne¢essary
help of the aterile scalpel, forceps and

scissors,
Fins/tail/uropods/teleoni

Infeeted fins/tall/uropods/telson were c¢lipped
off aseptically with the help of sterile

surgical instruments,
Eyes

The infected eye tissue was removed sseptically
from the affected area,

Gillse1

The opereulum was lifted fivet by using
sterile forceps and the infected gill filaments
and tissues were cut off and transferred
aseptically,

Tunourst

The tumours were excised, with the help of
sterilc scissors, surgical blades and forceps
and transferred aseptically.
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Interxnal pazts

Using sterile surgissl instruments, the internal
parts were removed as follows

(1) Kidneys

(11)

The ventral ares of ths specimen was sterilized
first by earefully applyinj absolute algohol
and burning off the excess, after desgaling the
reglion. The body was then siit open mid
ventrally from operculum to vent exposing the
visceral organs, The kidney was asentically
removed without any contamination from other
internal parts, with the help of surgical
inetrunentss During the operation, the ¢olour
of the various internal organs and other ghanges
Af any were also noteds

Bloodts

3lood was removed directly from the open heart
by using s sterile one ml tuberculin syringe
with a one inch needle of geauge size no, 22

or by eardiac puncture from the ansesthetised
fish using a similer syringe, Sterile
platinum wire was also used to transfer the
blood,



(111) Hepatopancreast

3y dissecting open the carapsce, alon; the
post rostral carina, the hepatopancreas was

removed sseptically,
(iv) Mussel and oyster tissue:

By aseptically dissecting open the bivealves,
the infected tissue was transferwred,

All the pathological samples tranasferred were
ilnmediately placed in ctorilo Potri dishes. In the case
of blood, the sample was removed into sterile glass tubes
having sterile anticoagulant (EOTA) to avoid elotting.

For the sterility check, inside the surgery eell,
open nutrient agar plates were slso kept exposed inside
the cell during surgery., The sterile nature qf the
surgery ¢ell was confismed by absenece of microbial growth
in the platss,

All the surgical instruments were either
sutoclaved or dipped in absolute aleohol and the excess
burned off,

DILUTION OF THE PATHOLOGICAL SAMPLES

The majority of marine microorganisms require
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sea water or its equivalent for their optimal activity
(ZoBell, 1939, 1963). S0, aged and filtered sterile
sea water was used to dilute the marine pathological
samples,

In the present investigeation, procedures for the
dilution of the samples as given by Bullock (1972, 1976)
were adopted wiih slight modifications,

The pathological samples were ground in a ¢lean
and sterile 29 m} noétar-uolnq s sterile pestle inside
the surgery cell; in 1l=~3 ml of the suitable suspension
fluid, . The properly ground and dijuted samples were
aseptically collected in convenient sterile test tubes
for timely inogulation on to & suitable media,

MED IA

The wet mount of the pathologicsl sample was
prepared and an examination of it under the microsecope
was made to select the suitable media for culturing
bacteris or fungi (Sullock, 1971, 19764 ven Duijn, 1973,
Roberts and Shepherd, 1974), The pathological smaples
were cultured on appropriate nmedia based on sea water
or habitat water as the base, Fresh water with (5%
Sodium chloride was slso tried as the base,
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In addition %0 culturing in solid media, samples
were also cultured in the corzesponding liquid media,

ses water peptone or peptons water or in both ascording

to the natuze and sourge of the samples, The following

media were used for cultures

le

2.
e
4,
3.
. 1Y
Te
8.
e
104

11

dutrient broth with ses water base
(ZoBell and Morits, 1999)

Nutpient broth

Jutrient agar

dutzrient sea watex agar

Zosell's medium, 2216 (ZoBell, 1946)

Fish infusion agar

Tripticase soy agar

Blood agar

MacConkey's agar (Collins and Lyne, 1970)
Sabouresud's glucose agar

Leetown medium (Bullock, 1971)

Nuteient sea water agar

Peptone (Bagto) 1,00 gm
Ferxic phosphate (iDiH, AR) (a0} '*
Beef extrigt (Oxoid) 0e30 0



Jutzrient sea water asgar (Contd,)

Agar (Bascto) 1450 gm
Aged and filtexred sea water 100 ml}

Fish infusion agar

Peptons (Beacto) 1,00 ¢gm
Agar (Bagto) 1,90 ¢
Fish infusion* 100 m}

'Proplration of fish infusion

Fresh fish muscle weighing 454 gm was mixed into
one litre of water (aged and filtered sea water or hadbitat
water). The minced fish muscle ovesnight stored in a
refrigerator st about 4 °C and later boiling was done in
8 water bath for 30 minutes, The precipitated and
cosgulable proteins were removed by filtering through
1int and finally using vhatmen 1 filter paper,

Fieh muscle conasists of a high amount of protein,
sugar and amino acids (Shewan, 1971), S50, fish infusion
medium is nutrionally rich and fevouxrs the growth of
most forms of bacteria (Snieszko and Friddle, 1948)
and Flakas, 1950)« This medium was found to be one of
the best media giving luxurient growth,
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All the media were in regular routins use exgept
Zo3ell's agar as the purpose of this medium wes satisfied
by the rest of the media, MacConkey's media did not give
satisfactory growth, Tripticsee soy agar, Lestown medium
and Sabouraud’s agar were used only when the need arose,

2 of the medis and sutoclaving

The available information regarding the pi of
fresh fish muscle shows that it is approximately neutral
in reaction, Usually the pH of the sea water is 7-8
(Woody 1967)s Tho maximum growth of marine microbes 1is
in the pH range between 7«8 (ZoBell, 19463 ZoBell and
Morite, 19393 Seholes and Shewan, 1964), ormelly, high
alkaline and acid renges are not favourable for the
growth of marine and terzestriasl migrobss respeciively,
Inozder to obtain the maximum gounts and number of
speclies, the pH of the media was adjusted to 7.2 to 7,9
unless and otherwise mentioned,

All the media were sterilized at 121 °C for
10 = 13 minutes,; if not otherwise mentioned,

CULTURING OF THE SAMPLES

A O,1 ml aliquot of the pathologicel sample,
was taken with s sterile pipette and aseptically spread
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over the surfage of the medis sgeording to the modified
methods of Bullock (1972), The time lag between ¢apture
of the fish and the commencement of culture of the samples

was generally within one to two hours,

Jogubation temperatuxe

The most suitadble temperature for the'culture and
cultivation of the microbes from the fish and shellfish
depends on the ambient water temperature as the microbes
assoclated with various types of fish whether pelegic
or deep sea, will have corresponding varying optimum
growth temperatures, However, the optimum growth
tempersture for marine microbes varies from 18 « 22 °C,
for the development of the maximum plate counts (ZoBelld
and Conn, 1940), The growth of the marine forms at
37 °C 4s very poor beceuse most of the marine bacterias
are thermosensitive (“o3ell, 1963),

The surface tempersture of the tropical waters
in the open sea ranges generslly between 28 = 30 °C end @
1ittle higher in certain aress of the littorsl zone
(Zo3elly 19993 wood, 1987) anu the same is tho case with
freah water systens. Eventhough the temperaturs of the
marine environment 1s relatively low, quite surprisingly
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enough, many of the marine bacteris grow at 20 - 2% °C
than at 12 « 13 °C (Zodell, 1939, 1963). Inorder to
isolate the pathogenic forms from the disessed specimen,
from both marine and fresh water, the media were incubated
at serobic temperature, 28 3 2 °C, for 24 to 72 hours,

The predominsting bacteria represented by most
nuasrous colonies similar in colonial charasctexistics
wore selected and gonsidered ass the sausative agents
(Bullock, 1971), Representatives of the isolated
colonies, after studying the solonial morphology = size,
shape, margin, elevation, consistency, epacity and
pigment were transferxed into ses water nutrient or
nutrient broth and sach isolate wss restreaked to check
for its purity. ~After ascertaining the purity of the
isolates, they were stresked on to the corresponding
fish infusion sgar slants and stocked at 4 °C for
future studies, since 2oBell and Upham (1944) observed
that refrigerator temperatures favour the gonstancy of
the species charscteristics,

The organisms were sud cultured in fish infusion

agar slants once for every 30 days,

Identification of mierocorganisms is useful and

essontial in many ways as they form the indicator organismse
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in several respects (Kriss, 19633 Scholes and Shewan,
1964), In nature, meny of thae bacteria autothonus to

the sea form the indigenous flora of the finfish and
shellfishes, It is also important to take into
consideration the fact that a few mierobes of terrestrial
origin aslso find a olace and suzvive in the sea.
Eventhough there are no imfallible eritsria to
differentiste narine bacteria from the terrestrial

forms, it is an established fact that marine bacteria
indigenous to the ses do exiet, and it has been calculated
that they form atleast 12x of the existin) forms of the
total bacteria (ZoBell, 1946, 19%9 and 1963; Kriss, 1963
Secholes and Shewan, 1964),

It s a well established fagct that most of the
bacteria of marine fish are Gram negative rods (Shewan,
1962 and 19713 Scholes and Shewan, 1964) but, there are
sonsiderable difficulties 4in Adentifying the Grem
negative rods other than the species belonging to the

family Entercbacterincese (Hendrie gt al.s 1964
Sgholes and “hewan, 19643 Buchanan and Gibbons, 1974),.

To tentatively identify the isolates obtained
in the present study, two systems of ldentification, a
modified scheme of Simidu and Also (1962) and Buchanan
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and Gibbons (1974), were used to identify the bacterial
fsolates, while 3Jessey (1961) was followed to identify
the fungal strains.

CHARACTERS EXAMINED

Unless specially mentioned, all tho tests were
carried out in freshly prepared medias, inculated at
zoom temperature 28 3 2 °C for 24 hours to 14 days.

Ihe following chaxsgters were atudied

1« Colonial morphology on fish infusion agar.

2, Cell morphology and iram's staining of the
isolates from fish ianfusion agar agcording
to Hucker's modifications (3ullock, 1971).

Jo Motility in hanging drop preparations from
cultures following incubation for 6 « 18
hours in peptone water or sea water peptone
(Bacto peptone, 1lx in aged and filtered sea
water pH 7¢2 « 74%)e

4, Indole production 4in tryptone water,

9« Methyl Red and Voges Proskauer reactions
(Mackie and MgCartney, 19623 Crulckshank

et als» 1979),
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6, Utilization of citrate in Kosexr's citrate
medium,

7. iitrate reduetion in psptone water containing
Ce2% Potassium nitrate, and testing at 24 « 72
hour culture with Uimethyl alpha naphthyl
anine sulphanilic scid reagent, Zinc dust
was added to the cultures showing negative
reactions,; to detect if nitrate renmained end
degomposition hed not proceeded deyond the
nitrite stage,

8. Ammonias from peptone in poeptone water cultures
aged 18 « 22 hy with JNessler's reagent,

9+ Hydrogen sulphide produgtion in nutrient broth
with lead acetate papers suspended over the
medium,

10s Gelatin ligquefaction (Collins and Lyne, 1970).

11ls Starch hydrolysis in starch media using Lugol's
iodine as an indisator,

12, Catalase by emuleifying an 18 -« 24 hr culture,
from fish infusion agar, with a few drops of
20 vol Hydrogen peroxide,

13, Oxidase aecording to Kovaecs (1996).



72

14, Urease by inoculating the organiem in
Christensen's agar (Mackie and McCartney,
1962),

15, Metadolism of glucose (Hugh and Leifson,
1993),

16, Reagtion in litmus milk ('isckie and
MeCartney, 1962),

17, Hasmolysis in blood agar (cooled sterile
nutrient sgar plus 5% sterile defibrinated
blood ),

18, Casein hydrolysis and pigmentation observed
in milk agar,

19, Lypolytic activity in plates of tributyrin
L o] 2

20, Sensitivity to antibloties asccording to
Shewan gt gles (1994), The vibriostatic
compound, '0/129' (2,4 Diasmino 6,7 diisopropyl
pteridine) was also teeted by using filter
paper dises,

21, Luminescence in Yeast peptone medium
sscording to Hendrie gt fles (1970),

22, Peptone water ineluding 1xX of the respective
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sugers with Andrade's indigator to observe
the production of ecid and gas,

Each organism was etwdled individually for its
characteristics anc results are presented in tables 42 =
2.9.

The sases are recorded according to the clinical
symptoms noted at the time of documentation of diseases.

RESULTS AND DIsCUs8l0id

In total, 135 strains were isolated and identified
to the species level and they belong to the genera,

Algaligenes, 2agiliue, Sachexichla, Elavebacterium,
EFasudomanas, staphylogogcuss Stxeptogogcus and YADRig.
The fungal isolates were clossified as Panicilliszd sp.

1able 2.2

The strains Sl 1,2,3,4,9,6 and 7 isolated from
skin lesion were identified as Pgeudomponas fiuoxesgens
as they were catalase and oxidase positive, produged
alkalinity in Hugh and Leifson's medium, insensitive to
peniciliin end the compound *0/129', unable to ferment
most of the sugars tesied and produged fluoraescent
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TABLE 2.3 (b)

Caltural Charsctexs

" pigmentation
on milk ager

Sea water
peptone

Isolate no(s) Fish ianfusion agar

Cff white

Yellow

pellicle,

Soluble pignent.

good growth

with uniforn
turbidity.

No pellicle, good No psllicle,

growth with

good growth
with uniform

No

. turbidity,

No pellicle,

with uniform
tuhidlty.
unifora tuxdidity.
Soluble pigment

wevy
1at, op ®
¢ white.
Circular, 3 ma dismeter,
+68 entire margin, convex,

¢

Mn' 3=d mmm
dismeter

maxgin,

butyrous, of

opagque, butyrous, yellow,

B8S 14
MN 2.3'4'5
MN 7

IARY;
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TABLE 2,7 (b)

Cultural Characters

_ Sea water
Peptone water peptone

Fish infusion agax

Isolate no(s)

y

g e

» b!
2 988s

L EERETLE

. § . sgﬁl

2838 883332

good growth good growth
with uniform

turbidity.

with uniform with uniforms
Soluble

No pellicle,
good growth good growth
turbidity.

No pellicle

pigasnt.

butyzous,

dismeter, entire
margin, convex,

Circular, 2

opaque,
yellow.

diameter, ontire
pargin, g‘tw"'
Shiny wmitel e

Circular, 3

mmmmmm
hhhhhhh

Off white

No pellicle,
turbidity.

Irregqulazr, 3-4 mn No pellicle,
wavy margin, good growth good growth
aque, with uniform with uniform
butyrous, off white. tuxbidity.

fiat, op

disneter,

TR 16,17,18;
TR 19,20
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pigment, Althoujh Pagudomonas flucxesgens ie found to be
pathogenic (3ullock, 1971) in the present study, it could

not induce the disease.

The isolate, 5L 8 was identified as Vibrig
gnﬁni;;ggg; for the reasons it was oxidase positive but
cltrate negeative, fermentative in Hugh and Leifson's
modium, insensitive to penicillin but sensitive to
"0/129' and hasmolytic in blood agar, Produged acid
from all the sugars under test except lactose and
xylose, This orgeniem has been recorded as a pathogen
both in marine and fresh water teleosts (Richards and
Roberts, 1973), In the present study, the organiem was
noticed to be pathogenig provoking the disease in tho

Pearl spot, Etxoplus auratensiss

The orgenism SP ) was ldentified as Yibrig
£iachex) ss it did not hasmolyse the blood, but
hydrolysed starch., Sensitive to the compound 'U/129°
while At was ingensitive to penicillin. It also satlefied
the basic characteristics of the genus, Yibrigs This
species also eould not induce the disease,

lable 2.3

The isolates S0 1 to SD 19 were screenec 8s
Staphxlocogcus AuKeas for the reasons for their cellular
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nature, golden yellow pigment, fermentative in Hugh and
Leifson’s medium, haemolytic in blood agar, coagulase
positive (not referred in the table) and produced acid
from arsbinese, galactose, maltose, mannitol and
SuCTose. Staphylpcoccal diseases have been reported in
plaice and haddock by Bullock @t Blss (1971)e In the
present study the orxrgaiism has been found pathogenic in

prawns, Dengeys indicus and Pensaus manedens

The straing HS 1 to HS 13 were identified as
Pagudomaonas aezugingaf for the reasons they were
oxidative in Hugh and Leifson's mediun, catalase and
oxidese positive, insensitive to penicillin and *0/129¢,
liquefied gelatin but not hydrolysed starch and produced
the characteristic fluoresgent diffusible blue green
pigment, That specles of Psqudomonag are responsidle
for hemoxrrhagic septicemis has been well documented
(Bullock g% Ales» 19713 .van Duijn, 19733 Snieszko and
Bullock, 19743 and the candidate Pillai, 1978)« In the
present study, the organism was found to induce the

diseass in the Cichlid fish, Etroplus suxatensise

The isolates ED 1 to EU 11 were screened as
Micxraococcus variang as they were positive for catalase

and oxidease, oxidative in Hugh and Leifson‘s madium,
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insensitive to penicillin and '0/129' and being non
motlile and yellow plimented, It sould not gauss to any

dicqacc.

lahle 2.4

Tho organisme 3R 1 to GR 9 were clessified as
Klebaislla pneunoniag as they were catalase positive
but oxidase negative, MR negative bdut VP poaitive,
fermentative in Hugh and Leifson's medium, insensitive
to penlcillin and *G/129', heemolytic in blood agar and
produced scid and gas in all the sugars under test,

The organien is an associate of various pathological
conditions (Buchanan and Gibbons, 1974), In the
pregsent study, they were found to be pathogenic in

fGiroplus suxatensls,

The straines DS 1 to 35S 3 were identified as
Alsallgenes gutrophus s they were oxidative in Hugh
and Leifson's medium, sensitive to penicillin but
ineensitive to '0/129', gatalase and oxidase positive,

non pigaented and produged acid in most of the sugars
tested, The organism could not provoke the disease,

The Lsolatea 3S 4 to 33 13 were identified as
YAbzio fischeri for the reasons they were nonhsemolytie



and hydrolysed starch satisfying the bassic characteristics
of the genes, ¥Yihrio. The agents could not cause any
disease,

Iadle 2,3

The strain BS 14 wes identified as HBagillua
thurinagiengis as it was motile, Gram positive, oxidative
in Hugh and Leifsont's medium, insensitive to penicillin

and *0/129', The isolative could not initiate the

diseasse,

The agents M 1 to MN 7 were classified as
Yibxic fischerl ss they were nonhaemolytic and hydrolysed
starch satisfying the basic charscteristics of the genus,
Yibrioce These agents differed in the fermentative
characteristics when gompared to that of B35 4 to BS 13,

Yibrio fisshexzi proved to be non pathogenice
Lable 2,8

The strains E 1,2 and 3 were classified as
Eagherichis goll as they were fermentative in Hugh and
Leifson's medium, catalase and oxidase positive,
insensitive to peniciliin and '0/129%, positive for
indole and methyl red but negative for Voges Proskauer
and citrate utilization tests and produced acid and gas
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in most of the sugars under test., Enteric bacteria
causing fish diseases hsve been reported by 3Bullock
ot 8lse (1971)s The isolates produged the disease in

Etroplus suxatensis.

The Leclates PET 1 aend 2 were ldentified as
Pasudomonas mendocing as they did not hydrolyse starch
and liquefy gelatin, positive for catalase snd oxidase,
alkaline in Hygh and Leifson's medium end insensitive to
penicillin and *0/129°%, It did not cause any disesse,

The organisms S 1 and 2 were saxeened as
Streptecoccus pyogenssg based on thelir cellular morphology,
cultural characteristics and as thoy were hasemolytic in
blood agar, fermentative in Hugh and Leifson's mediuam,
did not hydrolyse starch and c¢asein, insensitive to
penicillin and *0/129', desolourised litaus milk and
insctive in most of the sugars under test, Streptoeoccal
fish diseases are important (Bullock gt gls» 1971).

In the present study, the organism was found to
be pathogenic, ¢ausing the disease in Panuliruys homazuss

Table 2.7

The agents TR 1 to TR 11 were registered as
“hetebactexium phosphoreum as they were fermentative
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in Hugh and Leifson's medium, insensitive to penigillin
but sensitive to *'0/129', positive for catalase but
ozidase negative, being lumineseent and produced acid
and gas in glucose, It could not cause any disease,

The organisas TR 12 to TR 19 were identified as
Yibzio fischeaxi as they were indole negative and
nonhasmolytic, satisfying the basic characteristics of
the genus, Yibrio. It was found non pathogenic.

The strains TR 16 to TR 20 have been classified
as Proteus vulgaris, considering their gultural
characterietice and also they were femmentative in Hugh
and Leifson's medium, haemolytic in blood agar,
insensitive to penicillin snd '0/129¢, positive for
indole and acid and gas production in galactose and
glucose. pProteus vuldaris has been recorded as the
causative agent for blotch disesse in white fish,
coredonus aazsens (Sullock gt ales 1971 ond
van Juijn, 1973), Hass mortality of silver carps has
also been reported due to Proteys pettgexl by Bejeranc
et als» (1979)s In the present study, the organisnm

could induce the disease in Ztroplus guratensis
Iakle 2.8

The Lsolates TR 2] to TR 28 were screened as
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Elavobacteziim ulgainoeun ss they were insensitive to
penicilliin and '0/129', catalase and oxidase positive,

oxidative in Hugh and Leifson®s medium, ligquefled
gelatin, hydrolysed caselin but not stexgh, produced
vollow pioment and scid in glucose, maltose and sucrose,
These organisms did not initiste the discase and las
considered non pathogenie,

The organisms Fi 1 to FR 4 were classified as
Pasudamonas stutzexi ss they were alkeline in Hugh and
Leifeon's medium, hydrolysed starch but did not liquefy
gelatin, fermented arabinose and xylose with agdd
satiefying the basic sharacteristics of the genus,
Pasudomonases These strains also could not cause to
any dligease,

Lable 2.9

The fungal isolates DM 1 to DM 10 end DEM 11
to DEM 20 were identified as species of Penjclllium
msainly bdased on the asppearance of the conidial spores
at the tip of sterigmata similaxr to that of the
characteristic appearsence of a brush, The difference
between the isolates of DM and DEM was while Di
fsoclates appeared white to pink in c¢colour DEM Lisolates
were notiged to be white to dark green. Although the
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species of Penicillium are usually saprophytes, they
have been recorded as pathogens for carps (van Duijn,
1973)e DM lsolates were found to gcause the disease in

Angquidla Ricelor hicoloxs

Althoujh 133 isolates, belonjing to 18 species
bindinj to 13 genexra, were made from 15 kinds of
disesses, only eight diseases could be confirmed, They

ares

1. ¥YAbrio snauillerug for skin lesion
2, Jtaphvlocogaus SuEsys for shell disease
3. Pasudomonss seruiingsg for hemorrhajie
septicenia
4, Klebalells pneumeniae for gill rot
S« Exchexichia goll for enteritis
6. Streptocogcus Ryogenes for streptococcosis
7. Exoteus yulaaris for tsil rot
and 8, Pendeillium sp. for dermatomycosis

The remaining fsolates falled to reproduce the
diseases This eould be cdue to various reasons, The
pathogens cause disease symptoms mainly when the hosts



are weak and the ecologlical enviromment is so

fevoursble for their proliferation and sssoclated
epizootics, It is also an established fagct that the
diseases do not oc¢our as & single base cause (Sanieszko,
1973 end Hedemeyer; 1974), bNoxeover, pathogens were
also detected in normal and healthy fishes without
disease nanifestation under conditions when physiological
or environmental imbalances have not developed, This is
indigative that they ¢ould yemain latent sand proliferate
undezr cextain types of imbalaneces (3Jullock and Snieszko,
1969)s Sop it needs no emphasis that while studying the
fish diseases and thelr pathologlc¢al aspects, proper
prophylactic end hygienic moasures in the filold of
squaculture do deserve utmost importance,



91

VIROLOCGICAL STUDIES

Viruses are intracellular parasites, They have
lon; been known to gause fish and shellfish mortality,
but detailed studies on virsl diseases have been taken
up only in the regent past, This may be partly due to
the difficulty in maintaining an expensive laboratory
cum test animal house facility, as compaired to the
one required for the study of other microblal discases,

Weissenbery (1914) who investigated lymphocystis
disease was one of the firet to report on virus diseasses
of fishes. Subsequently a number of workers have
contributed to this fleld and in 1963 to celebrate the
achievements of the passt 50 years, a symposium on vizrus
disoasses in poikilothermic vertebrates was held by the
lgw York Academy of Sciences (Snieszko g% alss 1965).

Many of the recent advances in fish virology are
due to wolf (1966 b, 1972 a), who reviewed the situation,
Yet, there are many unresolved problems confronting the
fish virologlists,

The ¢andidate has discussed different types of
finfish and shellfish diseases investigated in and outside



India due to viruses in the introductory part of

this Thesis. In India, certain tumoure and virus
finduced diseasses have been documented without
establishing their viral asetiology (Selvaraj gt al.s
19733 Lakshmanaperumslsamy gt fl»» 19763 snd Thakur
and Nassar, 1977)., Hence it can be said that upto no
work has been done in the fleld of fish virology in
this country (Pillai, 1978), This was & challenging
task for the candidate to start from work in this ares
of vitally important research in pathology.

In the present study, only one ¢ase could be
documented from the inshore waters off Cochin, The
case L¢ proliferative epithelial tumour in the marine

catfish, Axius lellss

The specimen secured was studied immediately
foxr its viral setiology, The specimen weighed 360 gm
(wet weijht)e The total and standard length were
38 ¢u end 30 ¢m respectively, The tumour size ranged
Oad cm to 2,9 omy, The tumour growth ogcurred in the
dorsal asspect of the body near the origin of the dorsal
fing 4in the caudal fin towards its base, and on the
doxrsal fin, The consistency of the tumour was more or
less semieshard and the colour, ash to rose,



Chances of any parasitic attack and its
assocliated inducement of the tumour were checked by
obse#ving wet preparations from the pathologigal

samples,

The specimen was dissegted foxr observing the
nature of the internal oxgans,

To satisfy Rivers' postulates (Frobisher, 1968),
virologicel investigations were garried out using two
me thods:

TRANSMISSION

Qeexaticn of the tumour gells

The spe¢imen was placed on 8 clean and sterile
tray, The fresh tumour was selected for operation,
The outer surfage of the tumour growth was well
cleaned with absolute alcohol diluted to 70y,
Aseptically, usinj sterile scissors, surgical blades
and forgeps, the tumour tissue was exclsed and
traneferred into suitable clean and sterile glase
containers kept in an ige packed tray,
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Method of degontamination of exeised tumour tissuet

The exclsed tumour tissue was transfexred
sseptically, with the help of sterile forceps, into
snother elesn and sterile Petri dish containing
Dulbegco's phosphate buffered saline (PB35S) of the
following composition lncoroora@od with antibiotics
at c¢oncentratione of Ponlcllltn.a sodium, 100 L.ue,
Streptomyein, 10U microgrem and Mycostating 29 « 30
microgram per ml of saline sgcording to the formulae
given by Wolf and Quimby (1969).

Composition of PBS (Dulbegco and Vogt, 1954)

NaC) 8,0000 gm
KC1 0e2000 *!¢
HegHPO 4 141500 ¢
KH,PO, 0s2000 *°*
CaCl,e2H,0 0e 0129 9
MgCl,e 61,0 0,029 *¢

Distilled water 1000 m}

pii was adjusted to 7.2, The saaple was further
filtered for sterilization,

A+ Jalla being a marine species, Oe07 Mo Sodium
¢hloride was added in the medium (Wolf and Quimby, 1969),



Method of homogenisation of tumour tissue:s

Ageptically, usinj sterile 10:0090, the
decontaminated tumour tissue, avoiding the blood clots,
was transferzed into a clean and sterile Ten Broek's
glass homogeniser into which fresh PBS, with antiblotics,
wags added at & concentration of 1110 w/v. The tumour
cells were thon ground well so as to hoioganico the
tumour tissue, The grindin; was ¢arried out by keeping
the homogeniser on & tray of ice, so as to have a low
temperature, as some of the fish viruses are heat
labile (wolf, 1970),

The entire gell free portion of the ground
suspension was poured off eseptically from the homogealser
into a suitadble glean and storile glass tube, The cell
free suspension was conveniently dispensed into suitable
sterile tubes and gentrifuged at 4 °C at 2000 zep.ms for
10 =« 20 minutes, The supernatent of the cell free
suspension was asepticelly collected into sterile vials
and kept in a refrigerator (4 °C) for further study,

The supernatant was finally filtered through a
millipore filter, keeping the filter flasks in an ice



jar: The filtrate was collected aseptisally into
suitable clean and sterile vials and stored in an ice
jary placed in the refrigeratox,

Eathogenicity test

The pathogenicity test was carried out in

Stroplus suratensis after its quarantine period with
controlled food as described in Chapter IV,

The injegtion of the filtrate was at & dose of
Os2 %0 0D ml using one sterile tubereculine syringe
with half an inch needle of gauge no 26,

The injection was carried out through two
routes « intramusgular and at the site of the original
tumour, after anassthetisin; the fish with chloretone.

TRAISPLANT AT ION

The excised tumour tissue, without blood clots,
was placed in a clean sterile Petri dish contalning PBS
with the usual antibiotics as incorporated in the
transmission methods, The tumour tissue was ¢hopped
into small fine pleces with the help of sterile s¢issors
until the saline with the tumour eells turned into a
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milky suspensions The work was carried out, keeping

the dish an en ice jar so as to have a lower temperature,
The milky suspension was transfexxred into a clean sterile
glass vial and kept in an ice jare The suspension was
injected into LEiroplus suratensis aes indigated for the
transmission method, the only difference being the use
of one inch anod;o of gauge no 18,

RESULTS AND DISCUSSION

The zesults of transmission and transplantation
methods are presented in table 3.1,

In the case of tumour gells by transmission yia
intramuscular route, the fish survived for seven days
and the one with site injection died on 11th day,

In the case of transplantation yla intramuscular
and site injections, the survival period was only 6 « 7
days. Here, both routes of injections could provoke
skin granulationse 3Out, the continued growth of the
granular tissue eould not be observed as the fish did
not survive for many days, although the experiment was
repeatoed by injeecting the suspected skin granulations,
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In the present study, all the injected fish died

at various intervals except the controls which continued
to be normale Relatively, the effect of the transplantation
moethod was rapid and gould provoke skin out growth, This
reveals the fact that the disease could be possibly due to
viral origin (Bullock, 1976 Personal communication),
The results of the present study are agreeable to that of

ellings and Chuinard (1964); wellings (1969) and Wellings
et als» (1976),

The oecurrence of tumouxs in marine bony fishes
is relatively hijher than that in cartilaginous fishes
(iawdesley Thomas, 1973). Even here, the tumours are
dogumented gomparatively more in catfishes (Sarkar gt gl.,
1935 Sarkar and Chaudhuri, 1938 Sathyanesan, 1962 and
19664 Selvaraj gt ales 19735 Lakshmanaperumalsemy, 1976
and the gandidate Pillai, 1978), The reason; why the
marine catfishes are found more affected with tumours,
is yet to be investigated, It could be due to the
increased suseeptibility of the species to the oncogenic
vizus,

Diseases and stress in natural fish population
are practigally unknown in India, The gandidate's
presont study sugjests the aneed for an intensive monitoring
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of natural fish population for detesting virsl diseases
which may cause mortality significant enough on stogk
depletion, This is an area which needs urgent attention,



CHAPTER IV

PATHOGENICITY STUDIES
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PATHOGENICITY STUDIES

Pathogenicity is considoyed to be the ability
of the parasite to gause elther natursl disease or
induced experimentally in suitable animals (Watson
and Brandly, 1949), However, disease can slso oscur
as & result of attack by an oppertunistic pathogen,
The blological as well as physiological well being
of the host is important in determinin; the severity
of the infection with a microbe (Smith, 1934), It is
also noteworthy here to understand that fish disease
does not generally occur as a singulesr event, but is
the net result of the interactions between the
astiological agent and the environment (Snieszko,
1973),

To study the pathogenicity of the selected
repregentative straine in the present investigation,
the pure cultures were subwgultured prior to
introduction in the experimental host, on fish infusion
agar slants, for 18 = 24 hours,

Broth cultures were not used, inorder to avoid
unfavoursdle reactions that might ogccur as a result of
introduction of foreign substances into the body of the
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host, The slant culture was washed with sterile
normal saline and the cell suspension density was
adjusted to & turbldity of 0,3 OD at 450 millimicrons
in a photocoloximeter,

Viable coll counts, using the pour plate method,

ranged 1,0 = 149 x 10°

Ce3 QD

per ml of the gell suspension at

The dosage of cell suspension introduced into
the body of the fish varied from 0,2 = (9 ml and was
through the intraperitoneal and intramuscular routes
in the case of fishes, But, only intramuscular
injection was carried out in the case of prawns and
lobsterss The culture was aleso introduged into the
host by site injection superficiel scratches in the
skin, eyes, gills, fins and tall depending upon the
diseases for which the isoclate was originally intended

fore

Since great difficulty was experienced in
obtaining the original host fishes, the tropical
finfish, Etroplua sucatensie which cen live in frosh
as well as saline water (upto 34.5%, salinity) waes
selected as candidate specles for the pathogenicity
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tests, In the case of prawns and lobeter, orijinal

host species (Prewns: Penssus indigus end 2. monodans
Lobsters Pagulirus homarus) were used, Sugch induced
pathogenicity tesis for other diseases have been

gcarxried out by Hodgkiss and Shewan (1930) in
laboratozy animals, in the absence of suitable host
fishes,.

Singe experimental flshes should be healthy,
tais was assgertained by quarantining the testi fishes
for two to three weeks in the ¢ontrol tanks under
normal conditionse Selegtion was made only if during
the perlod these fishes were found to be healthy,

Edghty litre cepasgity aluminium framed glass
tanks were uged for tho experiments, The metallic
parts within the tank were coated with bitumen and no
plants or other ornamental materisls used in the tanks
exeept the seration,

The ecologlesl factors such &s dissolved oxygen,
salinity, temperature, pH, turbidity, metabolites and
fish food must be idesl and well regulated eventhough
the experimental fish selected, Etrgolus sucatensis,
is quite adaptable to varistions in the environmental
parameters (Pillai, 1979).



Oxygens

Oxygen was supplied by asration, The
dissolved oxygen needs of the fish differs from
species to species, However, an oxygen centent of
S « 8 mg per liter ie enough for the majority of
fishes (Lonroy and Herman, 1970). Aecoxrding to
van Duljin (1973) sufficlent oxygen could be given

by seration,
Salinitys

Changes in salinity lead to variation in
osmotic pressures which may be lethal to the fishes
and may affec: osmoregulations and the metabolic
activities of the fish (Almeida, 1962), The caniidate
species Etraplus suratensis thoujh primarily a fresh
water fish, ¢an tolerate saline water gontent upto
3445%e (PLllal and Pfllai, 1973 and the gandidate
Pillal, 1979)s Stored and filtered clean habitat:
water was used and was found quite satisfactory for
the experiments,

Temperatures

Changes in temperatures of the water body can
play a sijgnificant role in determining the severity
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of a disease, The importance of this parameter
appears 80 in temperate rejlonss Garnjobst (194%)
observed that temperature has an influence on the
produgtion of diseasse by Cytophags spe Roes (1970)
noted that severity of vibrioslie increassed with
raise in water temperature, B8Bullock, Conroy and
Snieszko (1971) have observed that outbresks of
corynebacterial kidney disease begin when the water
temperature decreases to 10 °C or less. In short,
normal temperature fluctustions upto $12 °C may not
be harmful (Conioy and Herman, 1970), although there
can be slight variations in the temperature
requirements for fish from species to species,
Tropical fish are known to live and acclimatize to

normal variations in water temperature,

In the pregent study, water temperature was
maintained at room temverature, 28 °C (12 °%Cle

pH1s

Drastic changes in pH can cause stress and
strain on fish and 1t s important that pH should not
fluctuste butl remain within the appropriate range,
Depending upon the season, the sea water varies in
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pH from 7 - 9, to which pH the fish also begome
adapted,

In the present study as the fish was not kept
in a flow through system, but in tanks where frequent
water change was made, In the present study the pH
of water was maintained at 7,0 -« 8,0 and care was
taken to keep the tank ¢lean,

Turbidity and toxic substancess

It is obvious that figh continuously exerete
metsbolic waste productse Aecumulation of fegal
matter facilitates the ammonia production and also
causes the incresse in the turbidity of the water
bodye The suspended particles ¢an harm the fish by
mechanical irritation, by clogging the gills and also
by removing the oxygen from the water by decomposition
(Roberts and Shepherd, 1974). So sufficlent care was
taken to siphon off the exe¢ess food, waste materiasls
and also to observe hygienig conditions,

Fish foods

A proper and balanced diet is absolutely
eseential for the steady maintenance of the fishes



in the tanks, UGenerally the specimens, collected
from their natural habitats, do not asclimatize
immediately to formulated feed in ceptivity, In

the present study, a mix of sterile prawn meat and
green peas was used to avoid introdugction of any
pathogenic microbial flora, The fish easily got
sgclimatized to this feed and thrived well, Besides
controls, two fishes were maintained per tank, for
each test organism, one for the intramuscular and the
other for the intresperitonsal injection. In addition
to this, pathogenicity tests were aisc made by site
injection, superficial injuriee in the body, tall, fin,
eyes and gills of the fishes,

Defore injecting or superficially injuring the
fish, thoy were anassthetised by applying chloretone
at a doze of 111000 (w/v) with which they became
inective within 2 « 35 minutes, They were then tagged
with eterile coloured threads and injected with the
test organiem after ¢arefully swabbing the site of
injegtion with 704 aicohol.

The intramuscular injection was done through
the dorsolateral region just below the postexrior end
of the dorsal fin, The intreperitoneal Anjection was
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made through the lateral aspec¢t of the addominal
wall, inserting the needle obliquely so that no

internal organs were dammaged (Conroy and Herman,
1970)e In the case of prawns and lobsters, only
intramuscular injection, was carried out, by

sdministering the pathogen in the fifth abdominal
segment,

The injections were performed with the help of
sterile one al tuberculine syringe with needles of

no 26 gauge.

Immediately after injectiony, the site of
injeetion was again swabbed gently and carefully with
absorbent cotton wetted in 70X alcohols Then, the fisgh
was replagced in the tank, The usual recovery time was
2 « 9 minutes. A get of fish injected similarly, with
sterile normal saline, served as controls for the
experiments, Controls were also maintained for the
experiments with superficial injuries,

Cbsezvations were made daily upto a period of
four weeks, As soon a8 the fish started showing
discase symptoms and moribund conditions, they were
¢ollected in clean and sterile glass containers for
the recovery of the test organism, by culturing the
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pathological samples removed from the diseased
specimen,

The pathogenicity tests were gonducted with
repreogentative culture (Table 4,1) gelected from among
the isolates,

RESIJLTS Ad. DISCUSSION

Sased on the pathogenicity studies, the following
strains were observed to be obligate pathogens,

Bacteria:

1. YAbrio anquillapum (SL 8)

2, Stachvlogoccus auxeys (S0 1)
3. Paeudomonas sexuainosa (HS 1)
4. Klabaiells pneunonies (3R 1)
% Lagherighis gold (E 1)

6. Streptocogcus progenes (S 1)
7o ERoteys yulgazis (TR 16)

Fungis

8. Lealedlliug so. (Di 1)
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TAGLE 441
Selected isolates tested for pathogenicity studlies

Isolate b Specles

SL 1 Zesudomonas, fluorescens
SL 8 Yibzrlo snauillezum

5P 1 YAhxto fiachexi

SD 1 2:8phvl0COCQNS QUROUA
4s 1 Bsgudomonas fexuainosa
ED 1 ¥igxogoccus YaxAana

GR 1 Klebsiells poeumoniae
35 1 Alsaligenss gutzophus
35 14 gagillva Shuxdnglensis
€1 Sagherichia goll

peT 1° Eaeudomonas sendogine
$1 Streptogoceus RYoQRNes
TR 1 Ehotobecteriun phosphoxeun
TR 16 £xoteys vulgaris

TR 21 Elavoboctexiyn ulalnosun
FA 1 Pasudgmonas gtutzexi

D4 1 2enicilliun spe

DEM ) 2endcilliug spe

"ruaour isolate
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Yikeio snqubliarum (St 8)
Yibrio snquillaszun is pathogenic for fishes from

estusrine and marine enviromments (Bullock, Conroy and
Snieszko, 1971)s This pathogen can also cause disesse
in fresh water fishes (Ross, g% als» 19683 Ross, 1970
and HeCarthy, 1976),

Specles of Yibrioc ss casual organisms for disease
conditions in fish were first recognised by Dergman
(19.9), Later, a proposal to bring together the species
of Yibric - YARgia saquillarum, YARZic RARGAUR Vvare
Japonicgus and Vibrig jchthvodermis into a single species,

Yibzio anquillexun was made by Hundrie, Hodgkiss and
Shewan (1971), in agreement with the recommendations of

Ross @t Ales (1968),

In the present study, the orgenism, Y, gnguillacua
was injected through the intraperitoneal and
intramuseular routes, The fishes were quite restless
for the fizst two to four hours. By six hours, signs and
symptoms of the disesse appeared -« erythams st the base
of the pectoral and pelvic fins and redness in the skine
By 12 « 13 hr of injection, the fishes were observed
to be very aick, loosing equilibrium in swimming and
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often felling down to the bottom of the water body
and anorexice At this time, the fishes wers removed
for further disgnosise The gills were swollen and
bled on slight pressure, The intestines were filled
with a yellowish red fluid,

The organisms were reisolated in pure culture
from the skin, fins and kidney,

The aigns and symptoms cobserved in this case
are similar to those described by Drouin de Bouville
(2907)3 Rucker (1959)) Wolter (1960)s ross (1970)¢
van Duijn (1973) and Richards and Roberts (1978),

Staphvlosogque suxeus (S 1)

This orjaniam, pathogeni¢c for human beings,
is aleo found gausing disesses in plaice and heddock
(3ulloek, Conrey and Sniestko, 1971),

The pathogen was {njected only through the
intrsmuscular route, After injection of the pathogen,
they were quite restless and aneorexic, 3y six ¢o
eight hours, shell discoloration radiating from the site
of injegtion was noticed. Within 10 « 12 hr, shell
decay sppeared. B8y 12 « 14 hr, they appeared to be
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quite moribund and they were removed for further

examination,

The pathogen was reisolated from the shell
with tissus, hepsthopanereas and blood,

The species of Jtaphvlogaceus have been

reported from the cosstal waters and slso found on
the brown mussel, Perng indics (Pillai, 1980)s But
diseases caused by iram positive coccl are rare and
staphylocoscal diseases are seldom reported
(3ullock g% als» 19714 Wolke, 1973; Aichards and
Roberts, 1978),

Paevdomonas gexuginose (HS 1)

Pesudamonag spe is one of the important
aetiological agents of fish diseases, causing

hemorrhagic septicemia (Bullock gt glss 1971
van Duljn, 19739 Snieszko and Bullock, 1974 and
Righards and Roberts, 1978),

In the case of both intramuscular and
intraperitoneal xnjoeuons. for the first two to
four hours, the fishes were quite restless and
dashing against the glass walls occasionally, They
were anorexic, Within 6 -~ 10 hr, they developed
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erythema at the base of the fins and on the lateral
sides of the bhody, folding of pegtoral fins and at
times sudden darting mcecvements after which they become
inactive, sinking to bottom of the tank, within

12 « 18 hr, the eyes became ‘'sunken', sloughing away
of scales and loss of equilibrium, At this time,
they became sluggish and moribund with reddish
discharge from the anus, S0, they were removed for
examination and the bacteris were reisolated in pure
culture from the skin, fins and kidney and the aigns
and symptoms of the disease are found to agree with
the descriptions given by Bullock g% als» (1971)3
van Duljn (1973)3 Snleszko and Bullock (1974) and
Richards and Roberts (1978),

Kishaislla poeumgniee, (SR 1)

This organism is an associate of various
patholegical conditione (Sychsnan and Gibbons, 1974),

The organism, was isolated from cases of gill
rot, was injected both intramuscularly and intreperie
toneallys The injections could only result in skin
leslions and death within 24 hxr of infection. However,
more positive results were obtained when the pathogen
was introduced in the gills through artificisl injuries,
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The infection through artificial injuries
could result in gill zot with signe and symptoms
such as restlessness, imbalance in swimming,
fisolation, skin lesion, ancorexia, week movemonts
and surfage floating within the firet fifteen hours
of infection, iithin eighteen hours, they were found
fully inactive with body colour boxrdening to blacke
Exanination at this estage, showed gill lesiong with
tissue deeay, The pathogen was relsolated in pure
culture from the gill filaments and the kidney.

Kiabsiella infections are rarely repozted
(Ahne, 1980)e But the signs and symptoni are more or
leas similar to that of other enterobacterial infection
reported by Bullock, Conroy and Snieszko (1971) and
Richards and Roberte (1978),

Eaghexichia gold (: 1)

Enteric bacteris gan cause disease in fishes
(3ulleck gt ales 19713 Holke, 19793 and Richards end
Roberts, 1978),

The pathogen, isolated from cases of enteritis,
wes introduced in the host by intramusculer and
intraperitonsal routes,
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For the firet two hours, the fishes were
restless, By eix hours of infection, they developed
sluggishness and anorexia, Wwithin 12 hr, skin lesion
and body discoleration into dark colour were observed,
By 15 hr time, they become completely inactive with
fecal discharge of reddish colour, At this stage,
they were removed for further atudies. The pathogen
was reisolated in pure culture from the skin, intestine
and kidney,

Eagherichis goll has been reported ocourring 4n
the coastal waters and also associating with the brown
mussel, Perng indiga (Pillas, 1980), But disecases
caused by E, gol) are seldom r_oportod. In the present
study, the signs and symptoms are almost similar to
that of other enterobacterisl infections (3ullock
2L Als» 29715 van Duijn, 1973 and Richaxds and
Robexts, 1978),

Sixentocogcus piogenes (S 1)

Streptogocesl infegtions are well known smong
fishes and in general infections due to Gram positive
cocct in lobsters are serious diseases (Sullock gt alss
19714 Stewaxt, 19734 wolke, 1979 and Richards and
Roberts, 1978),
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In the present study, the pathogen,

Stxeptocogcua Ryogeneg isolated from the spiny
lobster, Panulizus homazig was introduced through
intrenuscular route and through artificial injuries,

The infection by injection resulted in shell
‘decay! with adjacent tissue necrosis, eanorexia and
slujzjishneses, The infection through artificlal
injuriea could also result in typigcal blister
formation within twenty two hours of infeetion, At
this staje, the hosts were found completely inactive
and so, they were ryemoved for further exanination,
The pathogen was reisolated in pure culture from the
parts vhere shell ‘decay' and muscle necrosis had
setin and from the heaxt,

The signs and symptoms of the disease are
almost similar to that describded by Bullock gt als»
(1971)3 Sindermann (1970 and 1977)3 Stewaxrt (1973))
wolke (197%) and Richards and Roberts (1978),

Exetevs vulaazis (TR 16)

Inetances of diseases as 8 result of infection
due to 2poteus spes have been recorded by Sullock @t 8l.,
(1971)s ven Duijn (1973) and Bejerano g% &les (1979).
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In the present study, the pathogen, Proteus
xulaaria, wes introduced into the host both by
intranuscular and intraperitoneal routes, The fishes
were found reatless for the first three hours, By
6 « 10 hr, the signs and symptoms such as loss of body
colour and anorexia could be noticed, Within 12 « 22 hr,
skin lesion and tail tissue decay were noted. By this
time the fishes were quite weak and found iulnmlng.
occasionally, near water surfage, Their reflex asctivities
were mostly los:t, At this time, they were removed for
further ghegk up,

The pathogen was aleso introduced into the host
by superficiasl injurles and this method wss also
successful in provoking the disease within 20 « 24 hr,

The organism was relsolated in pure culture from
the skin, tail and Ddlood,

The eigns end symptoms of tho disease are
slmost agreeable to that glven by Byllock gt als,
(1971)3 van Duijn (1973)3 volke (1979) and Richarxds
and Roberts (1978),

Penicillluag spe (Did 1)

Relatively, fungsl infections in fishes are
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rare as compared to bacterial infections (van Duijn,
19733 and Richerde, 1978).

The fungal suspension (0,2 %o 0¢% ml) was
injected intramuscularly and intraperitoneslly., But,
the lnjocilono were not very successful in provoking
the disease, although the intraperitoneally infected
fish died on the third days The infegction through

surface injuries was quite sugcessful,

Visible growth, like cotton buds, sppearad
within 36 « 48 hr and death on 20th day,

The rate of infection was very slow. In the
first weekothe fish was active and no oiher visible
sbnormalities nated, During the 2nd week, the spread
of infection over the dody was rapid, The syes were
also found infected, At this stage, they were noticed
to be anrorexic and 1solated,

The water had to be changed once a day due to
excess turbidity as s result of fungal growth shed from

the body,

In the third week, they were very sluggish and
found fully infected with ulecers on the body, At this
time, they were removed for further examination and



120

relisolation of the astiological agent,

Specles of Penicillivy sre ususlly observed as
saprophytes, But, cases of their pathogenieity are
also reported by Reichenbach Klinke and Elkan (1965)3
van Vuijn (1973) and Dendele and Klontxz (1973),.

In the present investigation, of 18 eelected
repregsentative isolates tested, only eight organisme
proved to be pathogenice

Coaparatively, intrapecritoneal injection was
found to be more effective, Similarly, the pathogenicity
tests made by superficial injuries were also noticed to
be effective,

All the controls were found to be norxmal and
healthy,
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TESTING OF THERAPEBUT IC AGENTS

As aquaculture of finfish and shellfish has
provoked a world wide interest, measures on prophylactic
methods and treatment to prevent and treat the diseases
smong these cgultivable animale heve aleo gained significant
importance,

The outbresk of disesse in a confined culture
system gould be due to conditions such as, poor sanitary
measures and lack of adequate sare in observing suitable
prophylactic measures sueh as the proper quarantine
system for new arrivalsg the removal of unhealthy
animals at the rijht timej supply of good quality water
and Salaneod feedj avoiding overcrowding and unnegessary
hendlingg poor filtration and aeration systems; and
lack of disinfectlion of culture ponds, tanks and allied
spparatus used for the culture practices.

The causative factors for the disease are
situations created for the proliferation of fagultative
snd obligate pathogenic organismes, Henge, the need for
fdentifying the malady end the prompt treatment of
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infected population, The treatment of fish varies
according to the clinlesl signs and symptoms of the
disessed fishes and druge must be administered
sgcordingly, Inorder to deviee suitadble treatment
for fish and shellfish diseases, therspeutic investie
gations on the same, eaused by the pathogens isolated
in the present study, were carried out, For the
treatment of the diseases, both antiseptics and
antibiotics were tested for their efficssy.

ANT ISBPTICS

The use of antiseptics for the control and
treatment of fish and shellfish diseases (van Duijn,
19733 Roberts, 1978 and Brown and Gratzek, 1980) are
well known. To cite a few examples, Atkinson (1932)
traated hydrocoele eabryonalis in trout eggs and fry
with ssriflavine, Feustel (1933) suggested
potassium permanganate for the ttoataonf of bacterial
gill disease, Gutsell (1947) and idcCraw (1932) used
agriflavine to disinfect trout eggs. /xelrod and
Schults (1953) recommended the use of potassium
dichromate for the treatment of fin rot, Methylene
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blue was used for the improvement of anasmic cases
(Teck, 1960) and for the use against fungal diseases

Acriflavine 1s advocated for the trestaent of
various microbial disesses by Conroy and Herman (1970)3
Bullock g%t &lss (1971)p Hermen (1972)s van Duijn
(1973)) Hoffman and Meyer (1974)s and the candidate
Pillel (1978),

Copper sulphate is an another effective
chemotherspeutic asgent used for the treatment of
bacterial and fungal diseases (Schnebexger, 1941)
Davis, 19333 Conroy and Herman, 1970j Bullock gt als»
19715 van Duijn, 19733 loffman and Meyer, 1974
Roberts and Shephexd, 1974; and Roberts, 1978).

Potagsiun permanganate is also widely used for
the treatment of verious microbial diseases in fish and
shellfishes (Conroy and Herman, 1970) Herman, 1972;
van butjn. 19733 Hoffman end Heyer, 19743 Lightner,
1977 ¢ and Roberts, 1978),

Silver nitrate has also been used for treating
different kinds of microblal disesses (van Duijn, 1973
and the eandidate Pilldi, 1978),
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In the 1light of this, it is clear that
antiseptics can be succeesfully used ss chemotherapeutiec
agents against varleties of diseases,

Four sntiseptics were selected for experiments in
the present investigation yji3., acriflavine, copper
sulphate, potassium permanganate and silver nitrate as
they are used for the treatment of fiash diseases,
reasonably chesp and locally available,

The pathogens, used in the study for testing the
effegt of tho antiseptice, weres

1o Yibgdo sngudllarum (st 8)
2. Staohvlecoscus auxeus (S0 1)
3. Pagudomonas aexuginess (HS 1)
4. Klakaliella pReumoniag (GR 1)
S. Zagherichia sold (B 1)
6. Stregtogoscus pyogenes (S 1)
7. Prateus vulgazis (TR 16)

and 8. Penigillifum epe. (D 1)

The evaluation of the effect of the selegted
antiseptics on the pathogens invelved the determination
of the inhibition coefficient and the inferior lethal
coefficlent.
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Ten fold serial dilutions upto 100 of all the
compounds were prepared in sterile distilled water and
sterilized, Sterile fish infusion agar tubes,
containing 13,5 ml each, wore cooled and 1,9 ml of eagh
dilution of each compound was mixed woll with each tube
of agar and poured into sterile Petri plates, The
dilutions were thus incressed ten fold, The test
pathogenie¢ organisms which had been cultured for
18 » 24 hr in fish infusion sgar were streaked on the
plates, Ssbouraud's ager was used for the fungi,

Oy servations were made every day upto 3 dayse The
results are presented in table 3,1 and discussed later

under this segtion,

Observing the raosults obtained in the previous
experiment, the dilutions selected ranjed from the
hichest dilution showing no growth to a minimum
dilution of 1310, Sterile fish infusion brothy in
4.5 m) smounts, was inoculated and incubated, for
18 =« 24 hr, Theny; 06D ml amounts of the respective
dilutions of the compounds were added to each tube of
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culture, The final dilutions were then incressed ten
focld, After the sharp exposure periods of 2,4,6,8 anxd
10 minutes, sub=-cultures were made on plates of fish
infusion agar, Ssboursud's sgar was used for fungi,
Observations were made for every 24 hr upto a perfod of
3 days. The results are presented in table 35,2 and
discuseed later in this section,

After the In vitiro studies, of the effeet of
antiseptics on the teat orjanisms were gompleted, the
effect of antiseptics 4n vivg was conducted, Based on
the in yitro studlies, the effective concentrations of
antiseptics used on the test organiems ranged from
107! to 10"3. Thoujh s dilution of 10™* was sometimes
offective aftexr 10 minutes, such an exposure was not
selected as it may be lethal to the host,

Since pPgpeudomonas sexuginoss sad EaghexAchis gold

are found causing septicemic diseases, they were not
selected for Ain yivg studies as mostly the use of
antigeptics in such casee may not be helpful (uavis,
19463 the candidate Pillei, 1978),

Klebsiella pneumonise, Stxeptococgus pyojensas, 2xoteus
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vulasrlis and Penicilliuy spe wexe selected for the
dg xive studies as they were also found causing amild

fafections,

Based on the §n yitrp studies, Yibrio anauillarume
ataphvigcogeus aureas and JERepRtocoCQUA RYQJSOSA were
teated with the disinfectants, scriflavine and silver
nitratej Klebhsiells W with silver nitratey
Proteus vulasxrig with potassium permanjanaste and
silver nitrate and Panigilliua spe. with silver nitrate.

D Yivas the experimental animals tended to die
in the disinfectant solutions when they were kept for
more than thirty seconds time, al:thoujh in the 4p vitixg
test, the pathogens were killed 4in higher dilutions at
higher exposure time, To minimise this difficulty,
minimum exposure time of the effective lowest
congentration was chosen secording to Almeida (1962)
and the cendidate P~illai (1978),

Tho test animals, selected were these kept in
quarantine periosd under suitable ecologiedl conditions
as discussed in Chapter IV, were only chosen for the
experimentss Two animels were used for testing each
disinfectent. Relevant nrineiples for edministering
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therapeutic agents were duly followed as suggested
by Poupard (3978), Doth positive and negative controls
were maintained in this study,

DISCUSSION

YiReio snuuillarum (SL 8, tables 3,1 « 9,2)

As soon as the experimental fishes started
showin; visible signs and aynpténa of the disease,
the fishes were bathed by dip method, in the
disinfectant solution, The dip method was found to
bs unsuccessful, leading to death of the animele,
Gentle swabbiny with sterile absorbent eotton wetted
in the related disinfectant soclution did not affest
the fish, D3Both, seriflavine and silver nitrate were
found unsultable to recover the diseased fish from
the effests of the pathogen introduged through the
intraperitoneal route, But, intramuscularly infected
animals recovered well from the ill1 effects of the
disease with the help of the antliseptics, acrifleavine
and silver nitrate, The antiseptic was applied onee
daily for three days.
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Staphviggoccus sugeus (SD 1, tadles 3.1 « 3,2)

shen the ghell of the infegted prawms showed
sisns of degay, they were bathed by dip method, in the
disinfectant solution. Here agsin, the dip method was
found to be lethal to the experimental animals, S0,
swabbing the affected area with sbesorbent cotton wetted
in the disinfectant solution was followed once daily
for five days, Doth the disinfectants, acriflavine
and silver nitrate were effective in txeating the
disease,

Klabalslla pasumoniae (GR 1, tables Sel = 542)

Dip method, was not followed as it was not
useful in treating the disease, in the selected doze,
vhen the symptoms of the disease appeared, the
experimental fishes were swabbed, using the disinfectant,
silver nitrate, once daily, The disinfectant was not
effective in treatin; the disesse, as the discased
animels died on the second day before the death of
the poaitive controls The negative eontrol was normal,

Sireptosocsus pvogenss (S 1, tadles 3,1 < 3,2)

"hen the sijns and sympioms appeared as a result
of Anfection, the disinfectants, seriflavine asnd silver
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nitrate were tested, by swabbing the affected aree,
once daily, The disinfectants were effective and
somplete recovery was noticed by five days treatment,

Exateus yulaaxis (TR 16, tables 3.1 = 3,2)

The disinfectantes were applied by swab method
as soon a8 the si;ns and symptoms of the disease were
noticed, Potassium permanganate was not potent enough
to cure the disease, while silver nitrate was noticed
to be quite effective in trxeatin; the disease when the
druge was spplied by swabdbing the sffected sres, once
deally for five dayss

Penigilliium sp. (D4 X, tables 3,1 = 5,2)

Visible infection was noticed within 36 - 43 hr
of the attack with the pathogen, At this stage, the
antiseptic, silver nitrate, was spnlied by the swab
method, once dally for seven dayss The disinfectant
was very effective in tzeating the disease,

In general, the disinfectants wezre effective,
exgept potassium permanganate, when administered by
swab method, While all the positive controls died,
the negative eontrols were fully normal,
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Based on the above experiments with the
antisepticges, the salient observations that were made
are that the effectivensss of the antiseptics depend

upont

a) The nature and sensitivity of the pathogen

b) Methed and time of application of the
sulitable disinfectant

and ¢) Toxigity of the antiseptics to the hosts,

ANTIBIOTICS

Sroad spectrum antibiotics have gained
considerable importance in the field of clinical
medicine (Herman, 1969) and these antibiotics have
also been found useful for the treestment of fish and
shellfish diseases (Snieszky, 19359 Meyer, 1964
Meyer and Collar, 19643 Robinson g% Ales 19693
Conroy and Herman, 19704 van Juijn, 19733 Sindermann,
1970, 1977 and Roberts, 1978),

Antibiotics have been used in sea water to
control bacterial growth in phytoplankton cultures
(Fish, 19303 Spencer, 1952) and also for the preservation
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of fish (Tazr gt als» 199C)e Oppenheimer (195%)
observed that the use of the proper antiblotiecs
prevents bacterial growth in fish eggss IHoshina
(1997) noted the in yYiiro effeet of some antibiotice
on the astionlogleal agent of furunculosis like disease
in zainbow trout, Volf and Havelka (1958) reported
the activity of the antibiotics, streptomyein,
chloromyeetin and aureomyocin against infectious dropsy
in carpse Irwin (1999) successfully treated fin rot
with terramycin, For tail and fin roty; kanmayein has
besen found effective (Conroy, 1962 and 1963) and also
for infections due to species of AMaromongs and
Pagudomonag (Meyer and Collar, 1964). While Stewart
and Cornick (19687) studied the 4n yitrg suseeptibility
of Gaffkya homari (lobster pathogen) to different
sntibiotics, Radin and Hughes (1963) treated the
diesase, gaffkemia, with streptomycin. The antibiotics,
¢hloromycetin, erythromyein, kanamycin, streptomycin,
terramycin, gentamycin and griseofulvin have been used
for different kinds of bacterisl diseases (Conroy and
Herman, 19703 Sullock g% Alss 1971 end ven Duijn, 1973),
The antibiotie¢, terramyein has been used for the
treatment of bacteorial diseases in shrimps, Pensgus ep.
(Lightner, 1977 a; b), Sindermann (1977) had treoated
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fresh water shrimps, Magrobkechium yollenhovsnii and

4o Zosenbergii with furanage againet bacterial disease,
black spot disease and the antiblotics, penicillin,
streptomyein, vencomygein were found very helpful 4in
treating the diseased lobsters ljomarus saexicenus

with the attack dus to jaffkva homazi, Sindermann had
also suggested to use the antibioties, chloromycetin,
polymyxin 3, erythromyein and neomycin agasinst

bacterial disesses in oysters, Craasgetrea virainisa

and also for the treatment of bacterial disease in

clam, Mprgenaria mercensriss Le 3itoux (1977) had

also advogceated the use of antidbioties such ss penicillin,
stroptomyein, exythromyein and furanage sgainst
bacterial disesse in shrimps, Magrobxachium rosenderqils
Soe it 48 clesr that different kindg of antiblotics

are in sctive use for the treatment of fish end shelifish
diseases (van Duijn, 19733 Bbndermann, 19773 Roberts,
1978 and Brown and 3retzek, 1980).

In the present study, four antibiotics,
¢hloromycetin, kanamyg¢in, terrsayein and griseofulvin
wore selegted for testinj, the eight teat pathogens,

Method of testin; in yitrg sensitivity

Under aseptic conditions, the antiblotics were
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welighed and diluted in sterile distilled water to get

& congentration of one mg per ml,

Fish infusion ajar plates for the bactorias and
Sabouraudts agar for the fungi, were surface seeded with
18 = 24 hr cultures grown on the respective medias,
Sterile filter peper disce, 7 ma in dimmeter, were used
for the test, They were socaked in the rospective
antiblotic solutions and plaged on the seeded Petri
plates and incubated at roca temperature, After 24 « 438 hy
of incubation, the results were read and regorded, The
results are pregented in tabdble 5,3, The antibiotigs,
showin; the maximum eensitivity §n vitro, were then
tested to detect the least goncentration of antiblotie
effective ajainst the respective cultures, For this,
the cylinder plate method was followed, The diluted
antibiotice,; one my per ml were further diluted froa

one mj) per ml to 13105 m; per ml,

Twenty ml amounts of sterile fish infusion ajar
(Saboursud’s ajar for the fun; i) were melted and goocled
and bulk seeded with the respective 18 « 24 hr cultuzres
and plated out, With a suitable cork dexer (10 ma
dismeter) holes were punched in the ajar and the sterile
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cups were positioned, The antibiotics in each dilution
were properly pipetted into the cups and ineubated at

room temperature,

The results recorded after 24 - 48 hr, are
presented in table 35,4,

A drug which s effective against a pathogen
4n vitre is further tested for its ability to inhibit
the pathogen in yive (Bullock and Colllis, 1969)s, The
antibliotics were therefore tested in host species es
mentioned in Chapter IV,

The adminisi.ration of the antiblotics ¢an be
done in different ways., The aixing of the antibiotice
in the habitat wator was not followed, as it was not
desirable for at least to ressons, (a) it is not
economical and (b) it mey destroy the aquatic flors,
of the habitat water, which are helpful in breaking down
the motabolic waste products accumulating in the tank
watexs The antibio:ics were also not supplied through
the feed as this causes leaching and sometimes even
the natural food is not eaten by the animalss As such
proper evaluation of results may not be possible,
Hence, to test the efficacy the best method of adminie
stration 43 by injection and this was preferred,
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The selected antibiotics were ssparately
dissolved in sterile dlstilled water and diluted to
congentrations of 4 m; per ml and five mg per ml o
es to inject at the level of 20 pug (Ce02 my) per gras
of fish ageoxding to the methods of Conroy (1963);
van Duijn (1973)) Snieszko and 3ullock (1974) and the
cendidate Pillai (1978)e

The antiblotics were injected through the
intramusculer and intraperitoneal routes (Meyer and
Collax, 19643 Fribourgh, Robinson and Meyexr, 1969}
Conroy and Herman, 19703 and ven Duijn, 1973), to a
maximus of O3 ml at a time,

Healthy snimals under quarantine were maintalned
in 3 tanks with suitable ecologlgal conditions as
discussed previously., One set was used for the
expoeriment while the other two sets were xun as
positive and negative controls. In each tank, 4 fishes
ware kept properly tagged; two for intrsmuscular
injegtion and the other two for intraperitoneal
injections Intraperitoneal injection was not carried
out in the csse of shrimps and lobsters,

Malntaining the controls, each test pathogen was
injected as in the pathogenicity studies, For
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chemotherapy to be more effegtive, it should be
started at the sarliest and not delayed until the
disease is well established (McCaxthy, 1973 b). Seo,
each antibiotic selected was injected after 4 hr 6f
the injection of the pathogeni¢ organism in the host
(Pillal, 1978), If the hosts were found to develop
any syamptoms of the dllcaio in spite of the antiblotic
injection, they were then bathed by dip method in the
suitable antibliotic solution, fox one to five minutes,
at a congentration of 50 mj per litre of water, twiece
daily for 7 days, as suggested by Conroy and Herman
(1970)s Th4s proved quite successful, After an
antibiotic injeection, the dip mothod was followed to
avold the added stress as a result of repeated
injections over the pathogenic effect. Zubrod (1947);
iibgon (1948) and white gt alss (1948) who studied
various schedules in mice infected with hasmolytic
bscteria observed that with intervsls upto 12 or even
14 hr, the dose was the deg¢lding factor but not the
froequengy of the injection, In the present lnvastigation
8lso this was found to be true,



142

DISCUSSIO

Yibxio snaudAlarum (SL 8y tables 343 « 5,4)

The pathogen was introduced, through the
normal two routes, in the hosts, /4fter four hours
of interval froa the time of injestion of the pathogen,
the fish was glven separately the antibiotics,
chloromygetin, kanamyecin and terramyc¢in by injeetion,
They were slightly esluggish for the first one hour
after injection of the antibiotics, No symptoms of the
disease developed, The fishes bocame normal within
24 hr from the sdministration of the antibiotiecse The
positive controls developed the disease and died within
10 = 20 hz,

The results of the effect of antibiotics are
in goncurrenge with that of Kubota and Hagita (1963);
Sullock g% alss (1971) and Richards and Roberts (1978).

Staphrlecagcus aureus (S0 1y tadbles 3,3 = 5.4)

After 4 hr of Anfegtion of the host with the
pathogen, 3taphv]ogoCcuUf SUreus, the hosts were glven
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the antibiotic, chloromygetin by way of injeetion,
As shell diecoloratiion was noticed, by eight hours
time, from the site of infegtion, the hosts were
further bathed by dip method twig¢e daily in
chloromycetin solution made of 35C mg per 1liter of
water according to Conroy and Herman (1970), On the
3th day they became normal,

The positive controls died within 186 hr of
infection,

Herey the results of the antiblotic therapy
are ajreesble to that of Sullock gt alss (1971) and
Richards and Roberts (1978),.

Paeydomonag geruginosd (HS 1, tables 3,3 = 5,4)

The pathogen was injected intramuscularly and
Antraperitoneally, After 4 hr of infegtion, the
antiblotic, gentamycin was sdministered intramuscularly
and intraperitoneally., The fishes were weak for the
first two hours, Although one fish which regeived
the intrsperitoneal injection of the entiblotie died
after three hours, the remaining fishes did not develop

any disesse signs or symptoms. They became normsl
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within 20 hr of antibiotic injeection, ut, by 18 hr
time, the positive controls developed the diseasse and
died,

The results of the therapeutic study are
similar to that mentioned by Meyer and Collar (1964);
Conroy and Herman (1970)s Bullock g% alss (1971) end
Richards and Roberts (1978),

Klebsiglla pnaumenias (SR 1, tables 3,3 = 3,4)

Through both the routes, the pathogen was
introduged in experimental fishes, After 4 hx, the
antiblotics, chloromycetin, kanmmycin and texrrasmycin
were administexed intramuscularly and Antraperitoneally,

By eight hours time of Anfegtion, the fishes
started showin; disease symptomes and so they were given
bath treatment by dip method,

while the positive gontrols died by 22 « 24 hr
time, the fishes that received treatment although had a
long survival time, died by 48 «» 350 hr, Here, the
antidlotics were effective 4{n viiro but ineffective
A0 YA¥Q.
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The treatment results are almost similar to
tha: of Conroy and Herman (1970) and Richards and
Roberts (1978),

Gacherdchia soll (E 1, tables 95,3 « 3,4)

The organism was introduced in the experimental
fishes throujh the usual two routes, Four hours latex,
the antiblotic, kanamycing was administered
intramusgularly end intraperitoneslly, The fishes did
not develop any disease symptoms, althoujh one fish
which received intramuscular injestion of the antibiotie
died six hours after the infegtion, All the zest of the
fishes retovered back to normsl by 20 « 24 hr time,

The positive controls died within 18 hr,

These findings are almost in agreement with that
of Conroy and Herman (1970); Bullock g% flss (1971) and
Richards and Roberts (1978).

sStxeptocoscus pyogenss (S 1, tables 3.3 « 5.,4)

After 4 hr of infection of the experimental
lobsters with the pathogen, they were given intramuscular
injestion of the antiblotics, chloromygetin, kanamycin,
and terramycine, As they started showing disease eymptome
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even after the entibiotic theraspy, they were given
bath trxeatment by dip method, twice daily, After
6 days, the lobsters returned to normal.

The positive controls died in 22 « 24 hr,

The results of the present study are almost
similar to that of Stewart and Corniek (1967)p Rebin
and Hughes (1968) and Sindexmann (1977).

Pxoseus vulaaris (TR 16, tables 5¢3 = 5.,4)

The experimental fishes were infected with the
pathogen, Proteus yulqaris and after 4 hr, the fishes
were injected with the antidbiotic, kanamycin,
iantramuscularly and intresperitoneally. As the fiashes
started showin; disease signs and symptoms, by 6 « 8 hr
of infection, the fishes were further treated, by dip
method in the kanamyecin solutions The fishes were
bathed twice dally and by the seventh day, they were
found to be quite normal,

The positive controls developed the diseasse and
died in 20 « 22 hr,

Here, the results are similar to those reported
by Conzoy and Herman (1970)s Bullock gt als» (1971);
van Duijn (1973) and Richards and Roberts (1978),
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Althoujh the eantiblotics, chloromycetin,
kananyein and terramycin were ln;floettvo 40 xiva
to cure the disease, gill rot, in genersl the
antibiotics were found useful to troli the diseases
and the general effects of the antibiotics are
presented in table 3,3,

Microbial diseases are comparatively more
provalent among finfishes and shellfishes than their
diseasses due to magroparasites, Over and above,
migroblal disesses are serious and problemstic as
transmission of pathogenic microbes is zoonotie and
invisible to the naked eye, and thus difficult to
detect early, Added to this, they have short
generation time and proliferate raspidly, So, proper
chegk ajainet disease is throujh treatment and
antibiotics are quite helpful,

Antibliotice, a definite key for the treatment
and gure of various diseases of finfishes and
shellfishes, are surely a milestone in ocuzx achievenents,
But, a bottleneck 1s,in the wide culture systen,
spplication of such costly drugs fnvolves high
exponditure which exgeeds the anticipated profit from
the culture practiges,
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Sos 4t is always better to maintain strict
prophylactic and hyglenic conditions ae the outbreasks
of variocus diseases are often as a result of poor
prophylactic and hygienic measures, Although cure by
therany is possible for the fish and shellfish
diseases, it is only segond in importance to better
prophylaxis and hyglenic measures since prevention
is botu:'than curee



CHAPTER VI

HAEMATOLOGICAL STULIES
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HABMATOLOGICAL STUDIES

Fish hsematology is a relatively new fleld as
compared to humen hasmatologys Haessatologlical parsmeters
are useful sids in diagnosin; disesses mmong terrestrial
vertebrates and can be used as a tool for investigsting
fish diseases as -u’.

with emphasis in aquacultuze, haematological
studies of fish and shellfishes are quite essential
and will be rewarding, ss moet of these parameters are
vital in disease diagnosis,

Haxdly any work haes been carried out in fish
haematology in India (Pradhan, 19613 Rao and 3eherxs,
19733 Radhakrishnan gt als» 19763 and Reo gt als,
1980), while considerable amount of investigations
have been undertaken elsewhers (8olton, 19333 Catton,
195913 “swdesley Thomas and Jolly, 19683 Conroy and
Herman, 19703 Riggs, 19703 3ullock gt alse 1971}
Hoffman, 19713 Satchell, 1971 Conroy, 19723 Hawkins
and Mawdesley Thomase, 19723 van Duijn, 19733 Ribelin
and Migeki, 1975 and Roberts, 1978),.
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Hasmatological parsmeters such as, erythrogyte
counts, leucosyte counts, differential counts,
hasmatogrit, hasmoglobin, erythzocyte sedimentation
rate are of equal signifigance in disease diajnoeis.
In the present study, however, only a sinjle factor,
haemojzlobin, has been carried out due to certain
limitstions. The blood volume in the investigated
fishes therebdby giving & very low volume of blood for
investigation, Besides, the size of the disegged
fish to be investigated can not be foreseen.

Haemojlobing was studied for only one kind of
disesse, yiZ., tall rot, in & single species, Etronlus
suratenais, to understand whether any difference occurs
comparing to that of normal healthy fish, As such,
haemoglobin study was also made from the normal healthy
fish kept as control for comparative verificastion of
results and repoat triale,

The diseased and normel healthy fish were
segured and broujht alive to the ladboratory from the
Jarakkal fish culture farm of the CeM.FeReInstitute,

Heemojlobin, the colouring matter of the
erythrocytes, form about 93 per g¢ent of the dry weight
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of the exrythrogytes, The salient function of the red
cell is to store this pigment and transports it for
circulstion, But, hasmoglobin inturn works primarily
as s carrier of oxygen and also to a certain extent
for the removal of carbon dioxide and to maintain the
acid base balance of the body, Hasmoglobin, combines
with oxygen by virtue of the iron, it contains. The
classical feature of erythrogyte of fish is its
nucleated nature, while human erythrocytes are

non nucleated,

Since fishes are poikilotherms, blood
temperature is low enadbling greater amount of oxygen
to be carried, <Zixeceptions are certain polar fishes
which have no haemogjlobin but the blood plasma meets the
oxygen demand, In general, the capacity for sarryinj
carbon dioxide for disposal in water is signifigantly
higher in deoxygenated than oxygenated bdlood,

During respiration, water is entered throujh
the mouth and passed over the gills and out through
the operculas, The ventilatory flow is driven by
alternate expansion and contraction of the buccal and
operculay chambers, acting in s suitadble way that a
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eontinuous water flow is maintained over the gills.
Here, the blood in the secondary lamellae flows counter
to the direction of water flow., So, the oxygen
extragtion, from the watexr, ¢an be as high as 80

per cent (Roberts, 1978), Carbon dioxide ie highly
watexr soluble and therefore, cen be easily relessed

in the water from the gills,

In the lijht of these facts, the importance of
hsemoglobin is quite understandable end any sharp
declining tyend in the hasmojlobin value can be
suggestive of ill=health probadly leading to mass
moxrtality.

PROCEDURE

The hasmojlobin was estimated agcording to the
methods suggested by Hoffman (1971) with some
modifications,

To estimate the heemojlobin, fish blood was
drawn from the inactiveted fish, It was done by &
stunning blow on the dorsal side of the head or by
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anasesthetizing the fish, usin; the ansssthetizing
agent, chlorobutanol at a ¢ongentration of 1310060

(wt/vol)s
Extzagtion of Rlgod

Fish blood sampling, is slightly difficult,
due to the absence of superficlal blood vessels,
Although blood can be drawn out by c&rdiee puncture
or through the renal portal vein, in the present
investigation, it was obtained by making an oblique
cut to sever the part of the ecaudal peduncle and fin
from the rest of the body and the fish blood therefrom.

Prior to this, the dorsal and anal fins are
gut off carefully from the ansesthetized fish., Then,
the body is wiped well with a clean soft eloth before
severin; the caudal peduncle with s sterile surgical
knife and bone cutting foxgeps. The first one %o
three drops of blood was allowed to flow out and the
remaining blood was collected into convenient size
test tubes with Ethylene dismine tetra acetic acid
(EDTA),

To prepare test tubes, G5 ml of 2 pergent
EDTA solution was removed into a gonvenient eize glass
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test tubes with stopper and then the tube with EDTA
solution was sllowed to be evaporated at 140 °C and
allowed to cool to room temperature before use,

Estimation of hasmoglobing

N/10 hydroghloric acid was taken in s clean and
dry Sshli®s tube upto the merk, 1C., The blood to be
estimated was taken in the Sahii's pipette upto the
mark, 20, Filter paper was carefully used to wipe off
the exgess blood 4n the tin of the pipette., Carefully
the pipette with the blood was dipped below the aurface
of the hydrochloric acid in the Sahii's tude and the
blood expelled, The blood was mixed well with the acid
by sucking back the mixture in the pipette and
releasing the same back in the Sahlif's tube, The
process was repoated for 2 « 3 times, Then, the blood
was retained undisturbed in the Sahli'’s tube foxr three
minutes, The Sahli'’s tube with the blood and escid
(acid hasmatin) was inserted in the central slot in
the Sahli'’s hassmojlobinometer, Distilled water was
added slowly drop by drop until achieving the sams hue
to that of the reference (coloured jlasses) in the
hasmoglobinomoter, After five minutes from the tine
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of mixing of blood with the ssid, the reading of the
hsemogjlobin in grems per 100 nl of blood was made from
the graduated messure in the Sahli's tube,

In fish blood, to avold the possibility of
hijzh readings owing to the presence of nugsleated
erythrocytes which increasse the turbidity of the fluld
for hasmoglobin peading snd eliminate the poseible
errors, the readings obtained uain; the Sahli's
haemojlobinometer were corrected agcording to the
methods given by Larsen and Snieszko (1961) using the
following foymule

0e334 x AH HD value + 2,44
{Ad HD = seid haomatin hasmoglobin)

Thw hasmoglobin was estimated within three
hours from the time of collection of fishe

RESULTS AND DISCUSSIOHN

The results, obtained in the present study of
twenty diseased and a similsr number of norpal fish,
are presented in table 6,1, For the normal heslthy
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fish, the hasmoglobin value zanged 6,7 to 7,8 ym
per 100 ml and in the case of diseased fish, it
declined from 6,2 to 4,7 gn per 100 m}l (values
agccording to Larsen and Sniesxzkos 1961).

Pradhan (1961) reported thst the normal
haemogjlobin value ranged 9 « 12 gm per 100 ml fox
fresh water fish, Iilapia spe and 8 « 20 gm per
100 ml for brackish water fish, MASEQOOSR ®Pe
iphiocephalus ®Pe, and Periopthalmus spe stating
that she found a comparatively higher hassmoglobin
rate in brackish water fishes than that of fresh water
fishes, 6,4 gm por 100 ml of hasmojlobin in normal
hake, Marluceciug mexlucciuys was reported by Conroy
and Rodrijuez (1963), Conroy and ﬁomm (1970) reported
a reduction of hasemoglobin to below 5,3 ga pexr 100 ml
in diseased garp with dropsy, while in normel fish,
the value wes found to be 9,6 gm per 100 ml,- Bullosgk
et 8les (3971) noticed that hasmoglobin welus decreassed
to 543 to 2,0 gm per 100 ml in the case of diseased
earp with hemorrhajic septicemia while the value for
the normal cazp was 9,6 gm per 100 ml, Conroy (1972)
observed the hsemoglobin value for the spswning acults
(Atlantic salmon, Salmo galar) ranging 6,4 to 1149 ¢m



159

pexr 100 ml, The hsemoglobin value in ¢ga per 100 ml

for normal fish, Labeg umbEatus, 6.8} Labeg sapensis,

7.35 Sharlas gaxiepinuss 9.8 QYREANMR SOIRIQs S84
Tilapia mossambiga, 9,6 was rogoxrded by Hattingh

(1972)., Rao and Behera investigated an average
hsemoglobin content, 9,1 gn pexr 100 ml in normal
Gatls gatls (Gengetic cazp), But, hasmoglobin rate

in normal and disessed Atlantic salmon, Salmo salar
was noticed by Foda (1973) as 8,6 = 11,0 and 8,0

down to 3.7 respectively, HMuleshy (1973) observed
that the mean hasmo;jlobin rate in normal pike as

8.8 gu per 100 ml and in diseased pike with spontaneous
lymphoma, 6.4 gm per 100 ml, Higher content of
haemoglobin, in normal air breathing mud eel,
Aaphinnous guchigs 13.8 to 26,0 gm per 100 ml was
recozded by Mishra gt gls» (1971)s The mean
hasmoglobin congentration in normal zohu, Labeo gZohits
was found 0 be 9,0 ga per 100 m} by Siddiqui and
Nasesm (1979), Sased on the investigations in nozmal
and disessed rainbow trout, it has been stated by
Barham gt alse (1980) that they noticed a signifigant
decrease in the hesemojlobin vealue, in diseased fish,

comparing to that of normal fish,
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tihile it is understood that hasmoglobin
congentration ean also be changed due to egologigal,
interspecies and even intraspecies variations, the
above investigations sstablish the fact that mierobial
infection or associated diseases can definitely
decrease the hasmoglodin congentretion,

Comparing to the hasmojlobin value for the
normal fish, a sharp deerease in hasmoglobding 6,2 =
4,7 gm per 100 ml (valuss ageording to Larsen and
Snieszko, 1961) for the diseased fish in the present
investigation ¢ould be due to anorexia as a result of
bacterial infection, Here, for the tail rot disease
in ESroplus sucratensis not much blood lose was noticed,
Moreover, anorexia due to bacterial infection causes a
decrease in hasmojlobin concentrations This
ingaspaciates proper oxygen garrying sapacity which
probably leeds to anoxia and mortality,

The low ¢oncentration of heemoglobin, in the

case of dlseased fish, is indicative of snseaia,

Although snsemie can be treatod (ven Duijn,
1973), if left ungared this would lead to mass mortality,
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The result, obtained in the present investigation

on & gultivable species of finfish, Stroolus suretensis,
is yet another instange to corxroborste the significancge

of hasmotologlical studies in fish pathology.



CHAPTER VII

ELECTROCARD IOGRAPHY
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BLECTROCARDICGRAPHY

Electrocazdiography is a study of the graphis
regord (electrobardiogram or £ C G) of the electrical
sctivity produced in the myoccardium due to the passage
of an sstive depolarising current, The first
electrocazdiogran was obtained in 1887 by aller by
employing & capillary electrometex. Wilhem Einthoven
became the father of electrocardiography by inventing
the string galvanometer, in 1903, which became the
standard instrument for recording elestrocardiogram.

Although 1ot of work has been garried out
regarding the appiication of £ C G in human bdeings,
vexy little work has been done in aguetic animals
(Robexts, 1978 and Richaxds, 1979 Personal
communication)s So, & teleost fish, EAranlua suxatsnaia
was chosen fox its E C G study inoxdexr to find out
its spplication in stress and discase diagnoeis.

In finfish, the heart enclosed by pericardium
1s situated anterior to the main body cavity at the
base of the phazynx, It {s & muscular orgen for
punping blood to the diffexent parts of the body.
The heart consiste of four chambers, ¥Yil.,, sinue venosus,
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atrium, veatricle and bulbus arteriosus. All
chasbers except bulbus arteriosus are contractile
and an unidirectional flow of blood Ls maintained by
valves at the sinco-atrial, atrioe-ventrisular and
bulbo-ventricular orifices,

Deoxygenated venous blood enters the sinue
venosus from the ductus cuvieri and nain veins through
the sino-atrial valves and the blood passes into the
strium which is placed doxsal to the ventrigle, By
the contrastion of the atrium, the blood enters the
ventricle. From the ventricle, blood passes to the
bulbus arteriosus through & pair of valves,

The blood from the heart passes initlially
through ventral sorta into the gill ecirculation and
thereafter through the dorsal sorta to the systeale
sirculation,

The important charagteristics of the lwart
sre shytmicity, contractility, distensidbility,
excitadility and condugtivity,

The celils of the Mart, uniike thoss of organs
such ss the liver, do not regenerate when damaged.
Honce disesses affecting the heart would need immediate
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attention, Damaze to the myccardium or gondustion
system can show variations in the point of exigin,
spread and recovery of the electrical astivity and
these eould be recorxded in the electrvsardiogram,

Capdise discrders 1iks arrhythmie, myoccardial
infarction, atzisl and ventricular hypextzophy eoculd
be easily diagnosed from the E C G trasings, Myoccarxdial
necrosis which results in cardisc failure is assosiated
with bacterial infections., Gram negative rods have
been noted gsusing myocardial necrosis (Robexts, 1978).
The electrosazdiographic changes in such infected
fishes are only ravely known and only scenty literature
1s available showing normal E C G descriptions ef
finfishes (Kisch, 1948; Cets, 1930; Satchell, 1971
and Roberts, 1978).

E CG gan be & quick primary investigation for
diagnosing microbial diseases Af an E C G criteria
for heart rete/rhythm/P/PR ia availsble, Moreover if
the E C G eould be a tool for early detection of
imbalances leading to dlseases, it will be yet another
aid to take pronpt decisions about the sstions to be
taken to protect the acultivated stock, This will help



165

in the better aanagemeant of the culture system and
help to also decide whetherx the standing stock is to
be imaediately tzeated or fished out,

For the first tiame in Indis, the candidate
made an attempt to study the £ C G pattezns both in
healthy and disessed Sironlus suzatenadas Te
artificislly induce diseasses, six types of fish pathogens
wezre used, Yig.,

1) Kishaislla posumanise

MATERIALS AND METHGDS

Suitsbly quarantined fishes, (Rtrenlus
Auxatenaia) were maintained in eighty litre capseity
aluainiun fremed glass tanks, Cnly two fishes were
kept per tank %o avoid overcrowding and to minimiee
any stress during the quarentine period. All the
esologicel parsmeters such es suitadle salinity,
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dissclved oxygen, pH, watexr temperature, foed ete.

wexe msintained optimum to keep the fish 4n good health,
These were kept constant during the eontrol study as
wsll as during the study of the effect of the pathogens
on fish E C G,

18 = 24 hx aged slant culture wes washed in
sterile noxmal saline and the e¢ell suspension was used
for injection into fishes, Viable cell eounts of the
eell suspension was made using pour plate method and
the counts ranged 2.1 x 107 to 4,1 x 10¥ per militlitre,
And, the dose of cell suspension intxoduged into the
body of the fish was (,3 ml, Sterile one ml tuberculine
syzinge with needle no 26 gauge was used for injegtion,
For the present experiments, intramuscular ox
intraperitoneal injection was given, The intremusculay
injection was given through the doxso latexal region
Just below the posterior end of the doreal fin, The
intraperitoneal injection was given through the lateral
sspect of the abdominal wall, insexting the needls
obliquely, ¢o that no internal oxgans are damaged
(Conroy and Herman, 1970). The intreperitoneslly
injected fish wes differentiated by proper tagging,
with sterile coloured thyeads, in their cendal fin, -
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Inmediately before and after Ainjections in
the anassthetized fishes, the site of injection wm
gently swabbed with absordbent cotton wetted in 70X
sicohwl. OUnee the fish was snassthetized for ryecoxding
E CG, the fish was maintained in a conditioning
tank, for about five minutes, from where the fish was
finally replsced in their ryespective tanks,

A get of fish injected similerly with eterile
nommal saline was served as contivls. Alweys sdequate
sare was taken for gentle handiing to minimise stress.

Chloretons at a consentration of 1 @ 1000
(wt/vol) was used as the fish ansesthetis,

E CG was taken from the ansesthetized fishes
imsedistely before injections and at fixed Lntervals
following injections. The anassstiwtised fleh wee
gently plesced, on a gomfertabdle surgical trsy, on
1ts Lateral side, Proper gill firrigation was
maintained with the help of & rate adjustadle polythens
drip tube held throuch the mouth of the fish
(P1l. 19 1 figs 19)¢ The gill irrigation wes
saintained at & rate of 2350 « X0 drope of ssrated
witer per ainute. The electrocaxrdiogram was regoxrded
using surfaee disc electrodes and they were found
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to be adequate and convenient, It was better than

the needle electrodes as they ainimised stress, The
disc electrodes wexre connegted to the equipment,
Cardic-aid (DMS 600, Simonsen and Weel, Type CB 60C M,
Dernmark). Yellow disc (left azm) was placed on the
top dorsal aspect near to the anterior part of the
doxsal fin, the zed (right arm) on the ventral eide
near the pectoral fin and the black o (right leg)
was plaged on the mid caudel region (P1l. 19 s fig. 20).
The electrodes wers well positioned on the body of

the fish with the help of an electrode gel (Aquasonic
100, Parker laboratories Inc., Orenge, N.3. OTO30 USA)y
The E C G waves were obsexved on an Osclilloscope

(Ple 20 1 fig. 21)¢ The electrocardiogrem was
recorded on conventional wax coated, heat sensitive

B CG papexr (Pl. 20 1 fig. 22).

The paper speed was 235 mm per sesond. The
cardiograph papers used foxr the experiments werxe
Tokushu Menon (London), Electrodyne (USA) and
Myciea (London).

All the experiments were sarried out at room
temperature,
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To miainise the diurnal shythm in the heart
rate, the experiments were staxted in the morning
at 08,00 he.

ANALYSLS OF RESULTS AND DISCUSSION

The dsta obtained from the pressnt study is
presented in table 7.1 (Pl, 21, 22 s fig, 23, 24).

The different wave pattemms notioed in the
E C G recoxdings axe P, (RS, T and U,

P

Sionals the variable deflestion as &
result of depolavisastion of the atrium.

QRS eomplen

Infttial negative defleotion of
ventzigsular depelarisation,

Positive deflestion of ventriculas
depolarisation.

Negative deflestion following R wawe.

Varisble deflestion revealing the
sepolarisstion of the ventriculsr musele,

A deflestion (ususlly positive) seen
following T wave, The axaet cause is
not knowm,
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TR = I8 is the time taken for the passage
of the impules from atrium to wventricle.

QT = Intexval from venirisular depolarisation
to rzepolarisation.

QRS width = Duration taken for wentricular depolarisation.

QRS sxis = It shows the direetion of electrieal
depolarisation of the ventriele.
QRS helght = It represents the elecirvical astivity
gsnexated by the wventricular myogcardiwm,

The wave patterns, P, GRS, T and U (P1, 23 » fig.
29) are the zhythemic electirical depolarisation or
zepolarisation of the myocardiun which precesds the
contractions (mechanical activity).

Sased on the study, the heart rate, shytm, P,
PRy GRS width, QRS axis, QRS height, T, QT and U were
studied in detail, To find out the statistical
significance, heart rate, GRS height and QT were
also studied,

Hoart rate 3

Clinical experiments, ia generasl, do not have
seope for many meplications as required for any valid
statistical inference due to their inherent variations,
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Mded to that; there are wide variations smeng the
obesxvations even when they are taken wnder sontrelled
econditions. The dats under mnalysis are no exceptions,

Six pathogens axe employed in this experiment
to study their effects upon the hesrt of the fish,
Etrenlius auratansis, Under each pathogen, thexe are
only 9 or 6 obsexvationa and that %toc, over different
intezvals, sometimes not showing any tsend over time,
Inozder to have a bDase for comparison of thw effects
of different pathogens, the results of all controls
in this category, weze taken together to fora thw
bass, In that, the range wis 30 « 10 (Table 7.1,
Ple 21y 22 3 fig. 23, 24) which s sc¢ wide encompsssing
almost all other observations cbtained under the
sin psthogens,

Inoxdexr to have & better base, interval wise
SVexages were taken together and the range for these
average valuss was considered for the analysis Mre,
undex the assumption that controls, over time, should
have more or less same effegt on the animals esonsidering
them a8 3 homogensus group o8 test fish did not diffex
mush 4n size and weight, S0 far es length and weight
of esch animal s coneerned, the corresponding standard
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deviation ‘c ' was obtained using the tables for
o /R for different 'n' (Snedecer and Cechran, 1947),
For the controls, the result for the 9h he in the

A8ble was net eonsiderxed 88 the value wee resoxded
only onee.

On the basis of the above method, control
ehazte X, ¥ 220 and X £ 3 ¢ heve been drawn
finding out the values as follow.

Total of five averages = 97.0 ¢ 933 + 9.7 + 71,9 ¢
900
449,9
- 9
- 4
89.9
Re Ronge (71.9 = 97.C) = 25,9

o /R o 0,43 (5nedecor and Cochwran,
1967)

o w 043 & R
® 043 x 25,9
2Ge9
20 s 10,922
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3 » 2C.9x3
w 32,7

Xe2 0 u 89,9« 21.8
s 66,)

Xedo w 899 ~ 32,7
e 57,2

Te2 @ ® 8%9 + 21.8
» m"

Xedo = 89,9 ¢ 32,7

122,46

The valuss fox heaxt rate, for the infested,
wezre then plotted in the graph (Pl. 33 i fig, #)
a8 in tadle 7.3,

Although heart regulation in fish is not very
precise (Randall, 1970) uveually heart rate along with
the clinical symptome san be tahen as an index of the
health status of an organien, Any altored heart zete
sionifiss mostly the pathophysiological condition of
the heaxt.

For Salme gpindneris the active heart zate An
the nommoxic environment wes found to vaxy between
45 « 38 beats per minute (Weintrsub, 1978). In relation



174

to swimning speed, the standard heart r2ate is

36 - 38 boats per minute and sctive heart zete is
90 « 94 beats per minute (Priede and Tytlex, 1977
and Priede and Young, 1977).

In the present iawestigstion en Eixanlus
KiEaiansis. the msan values for the heaxrt zate for the
controls zanged to T2 « 97 per minute (Table 7.2).

In comparison with the works of Prisde and Tytler
(1977) and Priede and Young (1977) & sliightly highez
zate is notieed here which eould be possibly dus to
the reason that L, sursiansis is & warm water speciss,

Regaxrding the heart rate for the infected,
genezally 8 declining trend, over time, is noticed,

Slahaislia noesmaniss
A clear declining trend of heart xate, 100

to 84 deasts per minute is noticed within 11 hr
of infestion (Pl. 24 s fig. 27, 28).

Here also, Meart rate slowed froam 64 to 45
beate pex minute, but before death, & elightly
inereased heaxt rate, &0 beats per minute is



A7S

S°CZ = (0°L6 =~ C°IL) eO.wy %y

06 N6 1
€°1IL SYTIZ Te L 1, L1 §
9°cé »LC <. oot o o 96 ort i 4 ¢

0ogy ozt ot 6
€'C6 zZie - e} ¢ »8 o9 96 ot 9
0°L6 T8% 96 19 ¢ ) 4 o oc 96 ort 0

N

~shay Te101 WISEIORIENE WSO ggaﬂ%i

(TTRSTIINY WYTEY)
STOXIUCS 305 GINUTE J8d MeZ Jzeey
z°L TIAv1




176

noticed (Pl. 25 : fig. 29, 30). This
should be on account of the sudden decline

and cardiac arrest as seen in the case of

Pgeudomonas geruginoga.
Bseudomonas aeruginoga

In this case, 2 sharp declining trend of heart
rate is observed, starting from 350 beats per
minute at the O hr with an increased heart beat
at the 6th hr after infection. At the 18th hr,
the rate slowed down to 20 beats per minute
(P1. 26, 27 1 fig. 31 - 34). At the 20th hr,
typical bradycardia was registered (Pl. 27 1
fig. 33, 34) from the infected fish which was
found almost dead. This indicated the ectopie
beats and cardiac arrest.

Bxoteus yulgaris

Within eleven hr of infection, the heart rate
declined to a stage of cardiac standstill
(P1. 28 1 fig. 35, 36).
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Saehlacaseun SIESUS

Hexe again, & declining tsend of heaxt zate,
100 = 60 beats per minute, wes noticed within
A1 hx of infection. AL the 13th hy, caxdiess
standstill could be zegistesed. In the caee
of host whexe the pathogen was introduged
through the intraperitomsal route, the rote

slowed down, 92 « 60, giving & repid effect
over time (P1. 29, 30 1 fig. 37 = 40),

SAxantacecaua RYCORNSS,
The pathogen, intwoduced in the body through
intramusculer end intraperitonsal injections,
could emercise an effect of decxessed heaxt
2o%0, 92 to 45 Deats per ainute and 10C to
caxdiac standatill, by 15 hr time, respectively.
But the effect was rapid in the csse of
intraperitoneal injection (PL., 31, 32 s fig.
4 « 44),

Comparing the contzols, in the ¢ase of infectad
anisals; & genexal declining tyend of heart rate o
detected which leads to the econslusion that the
pathogens have an effect on retaxding heart rate in
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some cases resulting in saxdiasc sxrest. Statisticsl
exmination of the dats also points to this, Among
the pathogens tested, Pasudomonas ARXMILDGAA is
found to be most potent (Pl, 26, 27 ¢ fig, 31 « M),
The present study tiwis shows that the heazt rate
sould also be considexed as an index of cazdiss
disedse induced by psthogenic organisms as eften
eausative fagtors.

Partial and complete hMart block are
charagterieesd by changes in the ventriculas rate,
When beats are missed occasionally, the pulee is
frxegular eithezr at regular or irxregular intexvals.
In the more fully developed mxt;oa, narked
slowing (bradycardia) of the pulse occurs. This was
noticed typlieally in the case of the pathogen,

Eamsdomanan aavoineas (Ple 27 & fig. 33, 34).

It 1s known that even touching & fish ecould
induce bradycardis vis the reflex mechaniem which
has & gradient sensitivity, beginning st the head
and terminating at the tail (Xisch, 1930). But,
in the present case, the bradyeardia evoked is only
because of the pathogen while all the other parameters
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were the sane for both eontrols and experimental
fishes where the injected fish showed & steep
declining tvend of heart rate, The significance of
infection indugcing marked bradycardia is evident
from thess experiments,

Electrocardiogram of telecst fishes is almost
similar to that of other vertebrates, peaking at
about Os7 mV on the GRS level (Robexts, 1978). But
in the present study, it ranged between Ce2 ~ G,3 Y,
This could be possibly due to the reason that
Ekxoplus suzatenais is an active troplcal species,
Osts (1930) has also indicated that tropical species
mey show & different GRS deflection, The wave pattemn
of the E C G will be variable in different species
of tishes (Richards, 1979 Pezsonsl communication),

QRS height 3

on the basis of the above said method, contreol
chaxts X, X £ 2 ¢ and X 3 3 o have been drawm
based on the xesults in the table 7.3,

Total of five averages = 07D ¢+ 1,08 « 1,08
+ 1433 + 1,00
] 5.24
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o /R
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Ced3 = R
Oe43 x 0038
0.28

Ced 2 2
0350

Ge2B x 3
0e7%

1,04 » 030
Oe B4

1.08 & 0,79
Ge29

1eC4 ¢ 030
154

104 ¢ CTS
1.79

181

The values, for QRS height for the infected
(Tadle 7.1), were then plotted in the greph (Pl., 34 1

fig, 46).



The results revesled an overall dselining
trend of QRS height for the infeeted fishes., This
sounds that (RS helight s also & valld festor in fieh

disetse diagnosis.

QT intezval @

Based on the method already discuseed, the
control charts X, X 32 0 ond X 3 3 o have been
drawn in consultation with the values in table 7.4,

Total of five aversges =

N =

A -

-

Ry REnge (034 « 0,38) =
U‘fﬂ »
-3 »
-

-

-

20 -

0ed6 & o34 ¢ 030 + 030
* Co 24

1.74
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3w u 0,009 x 3

» 0,027
Ce3% « 0,018
Ce3d
033 « 0,027
CGe32
CedS + G018
O 360
% 1
0:33 ¢ 0,027
0377

= 0,08
The valuss for (T intezval for the infected

(Table 7.1) were then plotted in the greph (Pl. 39
fig. 47).

T+20

Teldo

Xe20

Nedo

QT intexval varies from 0,20 « 0446 seconds
(Satehell, 1971). In the present study, the I
intexval for the controls ranged (o34 to 0,36 seconds
slmost agreeing to that of Satehell (1971). But,
the JT interval in the case of infected fishes wee
relatively high comparing to that of contrels, in
the present investigation.

The T intezval recorded in the present study
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48 lazger than that of mamnals and conforms to the
views of Satehell (1971). But, a deciining trend of
T Lntexval, in the case of infected fishes, over &
period of time, i3 noticed. In the present I
interval anslysis, [ashexichia sall. Essudomenss

axuainesd ond SArepiacacfits RYRIRNAA e found to be
statistically significant pathogens.

ARhytha

While sinue zhythm is noticed for all the
comtrols, in the case of infected fishes irregulax
shytim was detected (Table 7,1). Irrxecular zhythm
along with clinicel symptoms is useful for disease
diagnosis.

The zhytim is affected which possidly could
be dus to SA, AV node infection which leads to heart
blosks The Lschemic lesions developed in the heast
mey finally lead to impaired activity, As a chain
agtion, again it lesds to heart block leading to
bredycardia and cardiac standstili,

P

In finfishes, P varies from 0,04 to 0,08
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seconds (Sstehell, 1971). Absense of P zevesls the
non funstioning of atxium, It could be due to
necrosis of the tissue and non fungtioning eof the
atrium, It could aleo oecur in few other eonditione
such &8s mechanicel demmage to the orgen,

In the present study while esontrols revealed
the presence of P and the adsenae of P in the case of
infected fish registers the fast that P become absent
due to necrosis of atrium se a result of infeotion.
Hence for convenience, the 'P' can be clessified &
infective P and non Ainfective P.

If the P 4is infective, {t is potentially
dangexcus, OJecause if this is not found out in time,
it leads to wventricular necrosis leading finally to
caxdiae standstill, Moreover, heze the vertical and
horizontal transmission of pathogens also cannot be
guled out: This is proved fuzxtdhwr by recoxding the
B C G of naturally Anfected fishes with the tail rot
disesses. In two cases (Pl. 23 & fig. 26) studied,
the sbesnce of P and cccasional ectoplis, where the
P 4s infective, were found, Thus, mase mortalities,
due to tail rot, reported should be definitely due to
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heazt necrosis and not merely dus to tissue desay,
in the caudal aspects, associated with bagterial
infegtion,

PR

Satchell (1971) has stated that the PR interval
varies from 0.08 = 0,24 seconds in finfighes, But,
Kisch (1948) resorded & time frequency of U.l2 « 0,26
seconds in bony fishes. PR gondugtion time s
generally shorter in telecat fishes than in selechiens,
Usually ineczeasing hesxt rste is accompanied by an
ingrease in PR interval and if the Meart rate is
slowed down, the PR {interval also becomes sherter,
This is because of the well known effect of tiw
heart rate on & strained & = v conduetion.

In the present study, the PR for the controls
zanged 0 Qo1 to 0,36 seconds for the controls. In
the case of infected fishwe, the PR was not registered
wherever P was abeent. In the case of fish infested
with the pathogen, Klabaislla somumenisss PR renged
Cel2 %0 Co20 seconds, Here again, while the coniszol
wis having, at the 1llth hr of the experiment, (.14
seconds, the infested fish had only C.12 sesonds,



This fast 4is further gonfimmed in the case of the
psthogen, Prajsua Yulasgla where the infected at the
8%th hr of infeetion was having oaly U.20 sesonds,

the corresponding control registered a time fregquency
of C.28 eeconds.

QRS width

QRS width for the controls in the present study
wes LeO4 seconds which Ls also the same for the
infested fishes. As no change ¢ould be noticed, the
significance of QRS width in dliegnosing diseases o
doubtful.

RS axis

Foxr both the control and infected fishes, (RS
axis was normsl. As no change was noticed in the case
of infested fishes, QRS axis as & tool for dlsesse
diagnosis Ls doubtful,

T

In all the sontrols, the T wave was noted a8
upzight, biphasic and flat, DBut, once an inverted T

was noticed in the case of Sixspieogaecus Qveasnes
infected heat, Here, although no significant results



could bhe achieved and as instances such as inverted
T is registered, the T wave may sexve ss an wseful
f001 for disease diagnosis. Kisch (1948) also has
detecgted this wave system,

U s

The U wave, was noticed in normal flishes,
but never recorded in disessed fishes, The exaet
gensesis of this wave is not known, Henece the
significance of its abeence in disessed fishes i
not clesr, U wave may siso be helpful in deteeting
diseases, This wave also has been detected dy
Kisch (1948), The presence or absence of U wave
holps in detecting some imbalances and a eonsiderable
amount of work is needed to establish the use of U
wave in dissase diagnosis, At present, the absence
of U wave indicates & definite imdalance and in the
present study the absence was with the infected fish
and not in the controls.

Salient Features

s Decressing heart rate is an useful index
for diagnosing infeetion in fishes, The
E C G data has been anslysed and found to
be statistically significamt.
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Ectopic beats (missing beats) oceur
in discased fishes,

Abgenge of P (atrisl necrosis) and
sssocisted heaxt block axre found in
diseased fishes.

Bradycardia (very slow heart zate) snd
caxdiac arrest in advanced astage of the
disease,

Changes in T intexvel (decreased (T
interval) is a sign fox disesse diagnoasis.

Abgence of U wave is found in diseased
fiehes.



CHAPTER VIII

SUMMARY
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SUMMARY

Sea food can substantially contribute to meet
the presently felt need of protein ¢ap. The prospects
of incressing fish production from the sea sppears %
have limitations. One way of supplsmenting capture
fisherlies production is by aquaculture of cultivable
species of finfishes and shellfishes. However, these
farmed epecies are often plagued by problems of diseases,
The fundamental and spplied aspect of disesses in
hatchery and gulture system speliing the success or
fallure of aquagulture pragtises needs no emphasis,

In tho present investigation by the candidate,
fifteen typas of diseases due to virus, bacteria and
fungi such ss black spot disease, enteritis, eve
disease, fin rot, gill rot, hemorrhagic septicemias,
muscle nscrosis, shell disezes; skin lesion, skin
spottiness, streptocoecosis, tail rot, proliferative
epithelial tumour, deep mycosis and dermatomycosis axe
documanted in twenty one specles of finfishes and
shellifishwe end the causative fastors studied. Jmong
these, the diseages of bacterial origin predoalnated,
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occurring in nineteen aspecies of finfishes and
shellfishes, The fungal disesses, dermstomycosis
oceurred in the finfish, Anguilla hisclox hisalox end
deep mycosis in the larvae of Penmsus indigus.
Proliferative epithelial tumour due to virsl infection
was detected in a epecies of fAnfish, Axiua lells.

The cdlsessed finfishes and shellfishes ware
obtained from the fish farme of different Resedxch
Contexs of the Contral iapine Fisheries Research
Institute; from Vellayani Lake (Trivandrum)s; and from
the inshore waters off Cochin,

The pathological saaples removed from the
disessed finfishes and shellfishes were cultured in
different tynpes of media, in two sets one with eged
and filtored eea water bage and the other with 0.3x
sodiun chioride with distilled water base.

The suspected causative agont(s) was/wexe
fsolated freca emong those oxganisms predominating in
the media,

In total, excliuding twenty fungal strains of

Pendcilitum sp. (two different species) ay caugative
agents for dermatomycosis and deep mycosis, 113 bacterial
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strains were isclated smong which Gram negative
asporogencus rods predominated., The isolates belonged
to the species of the genera, Algaliceansa, Bacilliua,
Ehotobecterium, Exntsus. Essudomonsas Staphvloscacuss
Streptogcoccus and Vibrioe A case of virus infection
in Azius islla was studied and satisfied Rivers'
postulates.

Repressntative isolates were ssleocted and
subjected to pathogenicity studies suitabdbly in yive

in the finfishes Eixoplus auratensia. Angiilia hiselox
kisploxs prewns Penseus Andicus. Penasus menedons
and the lobster Papulizus homaxia.

The strains were introduced in the test specles
by intramuscular, intraperitonesal routes and alsoc via
superficial injuries end site injections. Only seven

bacterial strains, yii,, Yibric samiliacm. Staphviocoscua
auxeus, Easudomenss ssxuainosds Kishsialla posumonias.
Eachaxichia gold. Strentogqggua pDmoganss and Protaus
vilgaris and one fungal strain, Penicilliium sp. could

be categorised as definitely pathogenic.

The obligate pathogens were further studied for
their sensitivity to various therspsutic agents which
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are used for the treatment of finfish and shellfish
diseases.

The antiseptics tested were asriflavine, copper
sulphate, potasaium permanganate and silver nitrate,
The antibiotics studied were gentamycin, chloromycetin,
kansmyein, terramycin and griseofulvin,

After in vitro studies, the effect of the
therspeutic agents was tested in the test species,
Etzeplus auzatensls. Penasua indicus, Penssus mencdon
and Pamulinis Domerua. The antiseptics were applied
by swab method and the antibiotics wexe administexed by

intramuscular, intraperitoneal routes and by dip method,

The effect of the antiseptics and the antiblotics
varied from pathogen to pathogen. However, the antiseptics,
acrifiavine and silver nitrate were found quite effective,
The antibiotics gentamycin, chloromycetin, kanamycin
and terramycin were powerful enocugh to cure the aicrobial
diseases. The antibiotic, gentamycin was tested against
only one pathogen, Pegudomonsa MINGANRAA 88 this oxganisa
was found insensitive to the other antibiotics under study,
This xeveals the fact that the cross infection due to
this pathogen is potentially dangerous as antiblotic
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treatment againast this pathogen may be difficult end
8o, efforts should be made to check this pathogen, at
least by strict hygiene and proper prophylaxis.
Griseofulvin was completely ineffective against the

fungal strain, Panicillium spe.

Studies, on hasmatological parameter - hasmoglobin,
carried out in a species of finfish, Etroplue suratensis
disessed naturally with tail rot, and in the normal
healthy finfish of the same species, revesled the fact
that in the case of diseased fishes there existed &
sharp decline of value of hasmoglodin resulting 4in
ansenisa as compared to the normal healthy fish.

Electrocardiographical studies were condugted

in noxmal healthy finfish, Htroplus suratensia, snd

also in the same speclies by provoking diseases by

injesting the pathogens, Klshalslla pnsaumeniss. Sachexdghia
el Pasudomenaa asxuainoass Exotsus wilgaxris.
staphvlecocsua suxeia and Streptogogous RYQJenga, The
sardiologicel parameters, P, PR, QR3 width, QRS axias,

QRS height, T, QT and U were studied, Statistical

analysis of these data could extend new waves of 1light

that the heart rate could be considered as an index

of microbial diseases and its diagnoslie., Studies, on
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electrocardlography in Eiroplus suratensig diseased

with tail rot as a result of natural infection,
registered the atrial necrosis and associated cardiac
involvement., Disease diagnosis through electrocardiography

deserves greater attention.

The present study emphasizes the need that for
the succesgsful farming of finfish and shellfish, strict
hygiene and suitable prophylaxis are essential. Moreover,
inorder to make the wealth of the sea food fully
available, the eradication of diseases affecting
finfishes and shellfishes is absolutely necessary for
which studies such as the present investigation are

inevitable.

The present study, though answering only a
fraction of the problems, highlights the need for an
intensive programme fox pathobiological investigations

in our country.
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PLATES X = XXXV



Plate 1 fig. (top) Skin lesion csused by
Easudonenss. LiMexsacans
in Ghanes chanas

(bottom) Close up view showing the
skin lesion






Plate 21 filg. 2 (top) Skin lesion caused by
Ramdoments fluoxsassns in
£3xeplus suxstenala

(bottem) Close up view showing the
skin lesion






Plate 31 fig. 3 (top) Skin lesion (vibriosis)

caused by Yihxig anauilleanum
in fixonlus suxAtanais.

(bottom) Close up view showing the
skin lesion






Plate 43 fig, 4 (top) Skin spottiness caused by
Yihzie Liachexi in Rixonlua
auxatenais

(bottom) Close up view showing the
skin spottiness






Plate 33 fig. 9 (top) Shell disease due to
staphviecoseus Aureus in
Eenssua Andicvas
(bottom) Close up view of the infected
exnoskeleton






Plate 6t fig, 6 Hemorrhagic septicemis in Etroplus

AuRASADAAL caused by Pasiudomensa
sMaruginesa






Plate 7s fige 7

(top)

(bottom)

Eye disease in Etroplusg
guratensis due to Microcogcus
yariang

Close up view showing the

infected eye






Plate 8: fig. 8 (tep) Gill rot in Etreplua
AuRatenala csused by
Klahaislla nnsumonies
(bottom) Close up view showing the
infected gille






Plate 91 fig. 9 (top) GSL11 mot 4in Iilapis
sessmmbicg due to
Elabsalslla chmisenise
(bottom) Close up view showing the
infected gills






Plate 101 fig. 10 (top) Black spot disease in
MugAl sashalus csused by

Alsaligenss sutronhus
(bottom) Close up view showing the

infected area






Plate 11s fig. 11 (top) Blask spot disease in
Panamus indigua dve to

YAhzdo fiachaxd
(bottom) The infected ares in

close up view






Plate 12: fig. 12 (top) Muscle necrosis in Pangpus

Andicus lexvee due to

Yihzie Liashezd
(bottom) Close up view of the

infacted area in the
sbdominal segmente






Plate 13: fig. 13

(top)

(bottom)

Enteritis in Cironlus
susatenala. due to
Esshexichis sold

Close up view showing the
charagtexistic skin lesion
on the dorsal and ventral
side of the fish






Plate 14: fig. 14 (top) Proliferative epithelial

tusour 1n Aziua ielda

(Aseociate: pasuciomanss.
sendocing)

AR

(bottom) Clogce up view of the tumour






Plate 193 fig, 19 (top) Streptococcosis in Pagulirus
homazus due to Stxsutesoceus

RISQRNSA
(bottom) Close up view of the

infected tail






Plate 16: fig, 16 (top) Teil rot in Eirsnlus
suxatensis due to
Eatabacteriun phosphorawm
(bottom) Teil rot in close up view






Plate 171 fig. 17 (top) Teil rot in Panasua manaden
due to Flavohactariim
wlodnasua

(bottom) Close up view of the infected
tal}






Plate 18: fig. 18 (top) Dermatomycoeis in Anguilla
kieolax Ricodex due to
Penicilliium sp.
(bottom) m area in close wp
view






Plate 19: fig. 19 (top) Etxaplus auzAtansis with
reate adjustabdble polythene
drip tube held thxough the
mouth for gill irzigstion

Plate 19: fig. 20 (bottom) Etroplus suxitensia oetting
geady with surface disc
eloctrodes






Plate 203 fig. 21 (top) DM5 600 (Cscilloscope)
showing the fish ECG

Plate 20: fig. 22 (bottom) The Caxdio aid - DMS 600
recoxrding E C G of the Pearl

spot Rixenlus suxatensis






Plate 211 ug 23 E C G data showing the effocts
(Tm‘ Te s
of different pathogens in Etronlus

suxaianaia
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Plate 221 fig. 24 £ C G data showing the effects
of diffexent pathogens in

Eizenlua suxatenals
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Plate 23: fig. 29
(left)

Plate 23: l%q. 20
(zight

Diffexent E C G wave patterns of the
noxmal fish, Eizoplia suxatensis

E CG of diseased fish, Etreolus
fuEstanais, with tail rot (nasturel
infection) showing absence of P and
occasional ectopls
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Plate 24 figs. 27,28 B C G showing the effects of the

(left and right)
pathogen, Klebslells pneucniss
in Etxeplus suzatensis
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Plate 2953 figs. 29,30 E C G showing the effects of the
(left and right)
pathogen, Eachazdghia sald in
Ekxeniue auxatenals






Plate 261 figs., 31,32 & C G showing the primary
(left and right)
effects of the pathogen,
Easudononas sexnainess in
Eixenlua suxatensia
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::;.:u E C G showing the teminal
effects of tho pathogen,
Pasvconons. ARANGiNQAR in
Esxanhia auxatensia
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Plate 283 figs, 39,38 E C G showing the effects of
(left and right)
the pathogen, Zrataus YWAGARAA
in EfzoRlus AMRatansis
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Plate 29: figs, 37,38 E C G showing the prinsry effaects
(left and right
of the pathogen, Stanhvlogageus
sixeNa in Qtroplus auratensia
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Plate 303 figs. 39,40 E C G showing the terminal
(left and right
effects of the pathogen,
Staphviocesia MuESNA An
ELxenlus suzatensds
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Plate 31: figs. 41,42 E C G showing the primary effects
(left and right
of the pathogen, Strantacogcus
Rvegenas in fixeplua suxatenats
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Plate 321 fige, 43,44 E C G showing the terminal effects
(left and right)
of the pathogen, SixeRtocoSCuS
yogenss in Stxeplus auxatenals
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Plate 3331 fig, 45 Effects of the pathogens on heaxt

rate in Eireplus sucatansis (hesrxt
rate per minute)
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Plate 341 fig, 46 Effects of pathogens on QRS height

in Etxonlus auxatanals (QRS hedght
in mm)
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Plate 391 fig, 47 Effects of pathogens on QT

intexval in Etroplus suratensis
(QqT interval per second)
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Fish and shellifish diseases in culture systems

Part

Part

Paxt

Part
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II
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Concept of disease and pathogen,
Sesfeod Expoxt Joutnahee 22(2)3
13«24(1980)

Hetexotrophic bacterias and kinds of
infections. Seafoqd Expoxt Journalse
12(9) s 21+23(1980)

Defeonses agailnst infection,
Seafoqd Zxpoxt Jouxnslss J2(10)s
19=21(1980C)

Bacterial diseases. Seafood Expoxt
Jouznalss A3(8)1 19-26(2981)
Prophylaxis and disease check up,

Seafood Expoxt Jaouxnales A3(%)s
23.26(1981)

Studles on the microbes of estuarine and marine fishes

of Indie

Paxt

Bacterial flora of the Pearl spot

Etzoplus suratensis Bloch end the

White fish Lagtaxius lactariua
Sghneiders (in press)
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Microblal flors of museels in the natural beds and
farms, Cosstal squacultures Mussel famming, CMFRL
Bulletines 223 41-43 (1980)

_ Disssses of finfishes end shellfishes ¢ultivated in

the coastal watexrs of India, [Paper presented at the
workshop in Jronical Fish Plseases held in Puncak,
Java, from jJovember 28 to Useember 1 1978, jointly
sponsored by International Development Research Centre
(ZeDsReCs) and Indonesis, (in prese) ]



SUPPORTING PAPER 1}



FISH AND SHELLFISH DISBASES IN CULTURE SYSTEMS

Paxt 1 Coneept of disease and pathogenes
Saafeod Rxpaxt Journales 22(2):
13-14(1980)



Reprint from ‘‘Seafood Export Journal*”
Vol. XII No. 2. February 1980

FISH AND SHELLFISH DISEASES IN
CULTURE SYSTEMS

I. Concept of disease and pathogen

C. Thankappan Pillai

Central Marine Fisheries Research Institute, Cochin-18

~»Causes of diseases are reasonable
and discoverable causes are removable’”

Just as in land animals or in
agricultural crops, fishes and shellfishes
living in the aquatic environment are
susceptible to diseases whenever ceriain
abnormal Dbiological, physological or
environmental changes occur. The
problem of diseases has assumed
greater significance in the context of
aquaculfture of these organisms in
different culture systems. New and new
diseases are found coming up in all high
productive systems, whether they are on
land or in water, and unless we have
a sufficient knowledge of the nature
of these diseases and their control, the
management of the natural resources
as well as the culture practices can
hardly become successful. This article
in the series attempts to define disease
and pathogen, and different categories
of diseases.

The term ‘disgase’ (absence of ease)
by its popular acceptance sets to denote
a condition or a Istate of the body in
which there is departure from normal
function as a result of one or more
of the following: the effect of heredity,
the affecting or contamination with
disease oroducing organisms, variation
in diet or environment. Every disease,

generally speaking, has a cause or
causes and likewise an effect ora set
of effects. Let us take as an examole,
amebiasis, a parasitic disaase of man.
The amebiasis, which is characterised
by pathological intestinal rmanifestations,
is caused by an animalcule scientifically
named, Entamoeba histolytica. It pro-
duces different signs and disorders
which cause ailment or suffering of
the afflicted, of which the most im-
pcrtant is an acute dysentary phase.
The cause, or causes, lead to a chain
of effects (incorrect functions, disorders
etc) in succession, of which the mani-
fested ones (apparent ones) are called
symptoms. Symptoms aie medically of
much importance inasmuch as they are
signposts — indicative of the disease.
However, search for the prime cause
of a disease is nearer to the way to
put an end to the ailment.

Now, we may define disease as
any state or condition, as a result of
abnormal change in the anatomy and/
or physiclogy of cell (s) or organ (s),
which harms the normal life of a living
thing and discase may be:

1. Biotic disease:
Involving attack by viruses, bac-
teria, algse, fungi and other
animals eg. tuberculosis.



2. Abiotic disease:
Due to malfunctioning of cell
(s)/organ(s) and/or associated
changes due to unfavourable
ecological or other accidental
conditions eg., gas embolism.

3. Nutritional disease:
Owing to lack of suitabie
balanced diet eg. gastroenteritis.

4. Genetic disease:
Due to inherent susceptibility
to a disease eg. melanoma in
Xiphophorus spp.

Of all these diseases, biotic dis-
eases are most important and merit
greater attention in research. It has to
be emphasized that to prevent a disease
the cause has to be pin-pointed and
removed. Clinical symptoms of the
dicease generally help to diagnose the
case to a certain extent. Take the case
of vibriosis. It is the detection of the
aetiological agent, Vibrio anguillarum,
which definitely confirms the disease.
Such causative agents are called path-
ogens. However, it should be borne
in mind that anything which causes
disease is not a pathogen. Sometimes,

certain phytoflagellates, for ex-
ample, Prymnesium parvum, when
present in blooms, may cause fish

mortality. Here, the causative factor,
the algal toxin, is lethal and is an
abiotic factor but not a pathogen. A
pathogen is an organism, which sur-
vives and flourishes in a host. causing
clinical symptoms which result in a
diseased condition. Moreover, in order
to be termad an actiological agent of
a disease, the organism must statisfy
cartain stringant stipulations known as
"“Koch’s postulates” which are:

1. The suspected organism should
be associated regularly with all

cases of the suspected disease:
and in logical pathological
relationship to the disease, and
its symptoms and lesions.

2. The suspected organism should
be isolated in pure culture
from the suspected case.

3. When such pure culture is
inoculated into suitable animals,
the disease should be repro-
duced.

4. The same organism should be
reisolated in pure culture from
the inoculated animals.

Only when an organism satisfies
these four requisites, can it be incri-
minated as a pathogen causing a
particular disease of biotic nature.
Viral diseases such as lymphocystis,
infectious pancreatic necrosis, and
infectious haematopoietic necrosis, and
bacterial diseases like furunculosis
tuberculosis and ulcer are typical biotic
diseases.

Abiotic diseases, which can also
harm and upset the fish culture systems,
are anoxia, hypoxia, acidosis, alkalosis
and intoxication etc. These should
alco be timely checked and their
causes rooted out for safety.

Another aspect of prime importance
for successfully managing the culture
systems is to provide adequately
balanced diet as any imbalance in the
diet may also result in mass mortality:
So, care should be taken in formu-
lating a suitable balanced diet to
avoid nutritional diseases such as
avitaminosis,  hypervitaminosis and
dietary gill disease.

Diseases of genetic origin like
certain kinds of tumours and defor-
mities are not of serious problems as
they occur only infrequently. ®
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“While infection leads to
indisposition

hygiene curtails infectlon*

The world .is facing an acute
shortage of' food as terrestrial resources
are not adequate to meet the increasing
needs of the human populations. So,
to augment the food production, a
sbiitable alternative is sea food, fish
being the best and probably a cheaper
source of animal protein than egg,
milk- and meat. -But,” here again, the
capture “fisheries are not sufficient to
satisty the growing demands of the
starving population. Hence. aquaculture
of fish and shellfish is being made
simple and popular, as one of the ideal
and attractive sources of supplementing
the food production, even among ‘the
people in ‘the rural areas through
fisheries 'development and extension
programme.

_But, for successful management of
these aqguaculture practices, a thorough
knowledge of at Jeast the common
diseases that can occur in these animals
is- absolutely essential in order to control
by treatment and take suitable pro-
phylactic measures.

-by breaking down

can be

Among diseases, bacterial diseases-
are the most frequent and harmful in
the cultivable organisms. So, this article
is intended for providing a better un-
derstanding of infections caused by
bacteria as investigations in ichthyo-
pathology has been very sketchy in
India.

Bacteria, procaryotic microorganisms
of the kingdom, PROCARYOTAE, have
always - been an object of attraction
for researchers because of their activities,

both harmful and beneficial. Of several
groups  of

bacteria, heterotrophic
bacteria (those which obtain their energy
suitable organic
nutrients) are quite important from the
point of view of fish diseases. These

.organisms are widely distributed in
.pature and live

in -any diversified
situations.

This dynamic group of organisms
tentatively classified into
saprophytes and parasites based on
their mode of living. Saprophytes sub-
sist on dead and decomposing organic
matter, whereas, parasites depend on
other: live hosts for their existence.



rarasites are again divided into
commensals and pathogens. The com-
mensals form the normal flora of the
healthy host and usually associate in
harmony (eg. luminescent vibrios) while
those organisms that provoke disease
.and harm the host are called Pathogens.
Those bacteria, which may cause disease
to the host, according to the suitability
of the situation in and around them,
are termed as opportunistic pathogens
(eg. Escherichia coli). An opportunistic
pathogen can be either a commensal
or a saprophyte. The agents which
mostly cause disease as a result of
infection in the host are called obligate
pathogens (eg. Aeromonas salmonicida)
{Table 1).

TABLE 1
HETEROTROPHIC
BACTERIA
I
l L
Saprophytes Parasites
I
[ I
Commensals Pathogens
I
- iy
Opportunistic Obligate
pathogens”® pathogens

(* At times, saproyhytes and commensalg
become opportunistic pathogens)

Sometimes, even saprophytic orga-
nisms (eg. Bacillus subtilis) may also
cause disease when host's vitality is
reduced and such organisms are called
Opportunistic pathogens.

As infection leads to disease, it
would be useful and interesting to
note the various types of infections.

Infection is the lodgement and
multiplication of a parasite in or on a
host. A material contaminated with a
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micrcbe(s) is designated as infectivi
Take the case of bacterial flora of fis|
Normally, the slime, skin, gills, stomac
or intestines in a fish will be infecte
and the bacterial load ranges betwee
103 - 106 per gram weight although th
flesh and body fluids of newly caugt
healthy fish are considered to be steril
However, it is not necessary that a
infection, if noticed, should alway
result in disease, as outcome of
disease is normally dependent on variou
factors such as the virulence of th
attacking agent, host’s genetic factor
and host's environmental conditions.

Based on the source of infectior
it can be mainly divided into twc
endogenous infection if the host i
infected with an agent from the host’
body itself, and exogenous infection i
the infection is due to an agent purel
from outside.

Further, an infection can be classi
fied in various ways based on the tim
and type of infection.

The initial infection in a host witl
a parasite is primary infection ant
subsequent infection by the sam
parasite is termed as re-infection.

At a time when a host's resistanc(
is lowered by a pre-existing diseast
and other prasite initiates infection
this condition is called secondary in:
fection. But, cross infection occur:
when a host is already sutfering fron
a disease and again a new infectior
takes place from any external source
If the infection is only in a localisec
area in a host, (eg. gill rot), itis knowr
as focal infection or focal sepsis, bu
it the attack exists internally or including
external, then the situation is systemic
infection (eg. furunculosis)



In a host, if the clinical symptoms
as a result of infection, are not ap-
parent in helping to diagnose a case
then it is denoted as inapparent in-
fection and atypical infection when the
typical clinical symptoms are not mani-
fested. If a parasite remains quite for
some time in a host and initiates the
clinical symptoms only when the host's
resistance is lowered, the situation is
known as /atent infection.

A stage of mere existence of
bacteria in the blood is said to be
bacteremia, while in septicaemia the
bacteria exist and continue to multiply
in the blood. Pyaemia is a situation
in which pyogenic bacteria eause

septicaemia and abscesses in the
body.

A condition in which the organism
remains localised in a host and releases
its toxin in the blood stream is called
toxemia. Any human-induced infection
resuiting from diagnostic and other
therapeutic measures, is expressed as
iatrogenic infection.

An ailment is said to be contagious
when it is transmitted by direct contact
and Jinfectious disease if the pathogen
is acquired by sources other than
direct contact.

Based on the spread of infection,
diseases may be classified as enzootic,
when the disease is present only in a
localised area; epizootic, when the
disease is present almost throughout an
area; and panzootic, when the disease
spreads all through the world. o
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“If infection leads to indisposition
the system offers immunity’*

In the previous article of this series,
infection and kinds of infection have
been discussed. Now, let us examine
how a case of infection is overcome
by the host before the infection leads
to a serious disease succeeding a
variety of host's defenses.

In both poikilothermic and homeo-
thermic animals quite an efficient
defense mechanism is present and one
may be surprised on the incidence of
diseascs inspite of all such protective
measure.

When a pathogen infects a host,
there may be some initial abnormalities
in the host because of infection.
multiplication of the pathogen, release
of microbial toxin and due to the
efforts made by the host to defend

itself from the pathogen. This protective -

response against tissue damage is called
inflammatory reaction. Certain cha-
racteristic  features of inflammatory
reaction are temperature variation, pain,
Uneasiness, redness, swelling and loss
of function. If the cause(s) of inflam-

mation are removed, the tissues come
to normal and on account of tissue
proliferation, any minimum damaged
tissue may also get repaired in due
course. When an infection at it's mild
stage is overcome by the host, no
further symptoms may appear. If not,
even a mild attack may change into
systemic infection and may finally lead
to general death which is the cessation
of the complete vital functioning of
all the organs as a result of accumu-
lated disorders in the body system.
To restrict premature local * [ general
death due to infection in all the living
beings their defense mechanism will
systematically be functioning to defend
themselves from infections. The pro-
tective measures in a host against
infection(s) are called defense mecha-
nism and for more convenience they
may be classified as structural, cellular
and humoral although the present trend
is to classify the defense system as
cellular and humoral.

STRUCTURAL DEFENSE

'Skin and slime or mucous form
the structural defense system. The
internal tissues and organs of the body



are protected from the external en-
vironment by the skin and slime. These
structures function as physical barriers
against infections. Moreover, slime is
considered to have antipathogen activity.
Because of such special mechanisms,
this system of defense inhibits /| removes
pathogens that infect the host. The
presence of fatty acids in the skin is
also believed to possess antipathogen
property.

CELLULAR DEFENSE

If the skin and slime are damaged
by any means, the pathogen find entry
into the body. As soon as the internal
cells are attacked, this system of de-
fense become alert and start functioning
opening with inflammatory reaction.
In a few sceonds time, the blood
vessels dilate, become more permeabie
and plasma from the blood is poured
over the attacked area. The pathogens
arriving at this area are killed in the
plasma because of its antipathogen
property and/or they may be made
susceptible to further attack of
leucocytes. Leucocytes are present in the
blood. They are attracted to the site
of infection and the pathogens are
invaded. In the attack, if the pathogens
are not fully destroyed, the leucocytes
may be removed from the site by the
blood stream and Iymph node like
organ (spleen) takes over charge
of attack against the pathogens. As
there is no lymph nodes in fishes
(lymph nodes trap and kifl pathogens
in higher animals) the work for de-
storying the pathogens is carried out
by the spleen which serve as Ilymph
node like organ.

The pathogan hes to face another
defense system which is calied reticulo-
endothelial system (RES). This is a
system of phagocytic cells scattered
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throughout the body. This system is
considered to be responsible for seg-
regating phagocytosed material from
the body. There are two population
of macrophages (reticulo - endothelial
cell having the capacity for phagocy-
tosis). One is fixed and the other is
circulating. The promonocytes of the
haemopoitic organs, monocytes of the
blood and lymph, macrophages of loose
connective tissue, free and fixed ma-
crophages of the spleen, kidney and
the fixed macrophages of the atrial
lining of the heart form the reticulo-
endothelial system.

THE CHARACTERISTIC FEATURES
OF THE RES ARE:

1. The atrium has got significant
phagocytic activity in fish where-
as this activity is not present
in other higher animals.

2. There is no Iymph nodes in
fishes but lymph node like or-
gan, spleen is present.

3. The liver whose Kupffer cells,
almost inert in fishes, are alert
in phagocytic activity in higher
animals.

HUMORAL DEFENSE

In addition to the above defenses,
one more set of defense functioning
is called humoral (fluid) defense. This
is found working at various intervals
independently and along with other
defenses like structural and cellular.
The various humoral defenses are;

NATURAL NON-SPECIFIC ANTIBODIES:
These natural antibodies are con-
sidered to have antipathogen properties.

COMPLEMENT :

This system, is a complex of en-
symes, and has got an effective antipa-
thogen property.



CREACTIVE PROTEIN (CRP);

It is considered to be normally
present in the fish serum and functions
as a defense factor against pathogens.

INTEROFERON :
This is an important antiviral agent.
LYSOZYME :

Lysozyme, an important weapon of
host's defense factor, functions well
against various varieties of pathogens.
It is presentin the slime, skin, serum
and phagocytic cells.

NATURAL HAEMOLYSINS :

Certain substances called natural
haemolysins detected in the serum are
considered to have antipathogen qua-

lities and the capacity to lyse foreign
red cells.

SPECIFIC ANTIBODIES :

Another significant defense is spe-
cific antibodies belonging to the class

of serum proteins called immunoglo-
bulins (Ig). While in mammals five
distinct classes of Ig are identified, in
teleosts only one class of immunoglo-
bulin (IlgM) is clearly detected. The
antibodies can act in a variety of ways.
Based on their biological activity, they
may be categorised as agglutinating
antibodies which work against particu-
late antigens; precipitating antibodies
which function as antitoxins (antitoxic
antibodies) by precipitating soluble
antigens and neutralising their toxins;
and virus-neutralising antibodies which
act against viruses and make them in-
active. -

In general the structural and cel-
lular defenses will be acting against
any invader as they are non specific in
their activity and the significant dif-
ference in the defense system of fishes
and shellfishes is that acquired anti-

bodies detected in fishes are not noticed
in shellfishes except antibody like sub-
stances. ®
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"‘Disease may immunity

but not life””

ensure

All living beings, in their natural
surroundings, become susceptible to dis-
eases one time or the other in their life.
Fishes and shellfishes are also no excep-
tion. Even in the natural conditions, a
few of fishes and shellfishes become dis-
eased and most of the cases pass
unnoticed possibility due to lack of inter-
est and and/or odservation. Ocuurrecce
of diseases in these organisms either in
their natural environments or in culture
system adversely affect the population.
So, a thorough study of the diseasas
is absolutely essential, especially in
the present context of a global aware-
cess to enhance the food production
through aquaculture of fishes and
shellfishes in order to meet the
requirements of animal protein for the
increasing population.

Considerable work has been carried
out in severo! countries in this field
and substantial literature is available
{Conroy and Herman, 1970; Sinder-
mann, 1970 and 1977, Snieszko, 1970;
Bullock, 1971; Bullock; Conroy and
Snieszko 1971; Mawdesley — Thomas,
1972; Reichenback - Klinke, 1973; van

Duijn, 1973, Roberts and Shepherd,
1974; Ribelin and Mijaki, 1975; Dulin,
1976; Hoffman, 1977; and Roberts,
1978). However, few investigations
have been undertaken In this discipline
in our country and it is imperative
that concerted efforts should be made:
to study and understand the various:
important fish and shellfish diseases

affecting our resources.

Some important bacterial diseases,
which cause heavy loss to cultivable
species of fish and shellfishes are:

Hemorhagic septicaemia
Vibriosis
Furunculosis

Eye disease
Fin / tail rot
Ulcer

Skin lesion
Myxobacteriosis
Kidney disease
10. Gill rot

11. Tuberculosis

12. Enteric bacteriosis

©NOD O AW

©

Fish and shellfihhes being mute
and living in a dynamic environment,



detection and disease diagnosis in
these cultivable species are rather
difficult as compared to that of human
diseases.

The symptoms of a disease are
of considerable help to privisionally
diagnose the case. But, detection of
the aetiological agent of the disease
will be of definite hope to confirm
the case and makes it easier to treat
the disease as well as to sdopt proper
prophylactic measures against its
.outbreak.

Nevertheless, symptomatic treat-
iment shall be followed as any delay
in treatment results in heavy mortality
of the afflicted population. Consider-
ing the needs, a provisional key, for
‘the diagnosis of cases and treatment,
is formulated and presented in table 1.

Bacterial diseases predominate
among fishes and shell-fisees. But, it
may be surprising to note that these
-o'rganisms are not necessarily essential
t0 be the cent percenr cause(s) always
for an outbreak of disease. Because,
in any community, it has been detected
that normal individuals [ hosts also
sometimes harbour or earry potentially
pathogenic microbes without showing
any apparent disease symptoms or
falling sick. For example, species of
Aeromonas and Pseudomonas which are
the normal bacteria of the aquatic
environments cause diseases to the
fishes and shelifishes when they are
under stress. Any sort of stress (eg.
dense population) explicates the
chances of invading organisms to make
‘the host more susceptible and provokes
.diseases. And, this happens due to
failyre of the host’s defense mechanism
in the struggle agaipst the invading
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agent. Here, it is better to realise
that stress always !owers the resistance
of animais and enhances susceptibilty
to disease. ‘Stress’ is a state of
condition, caused by intrinsic or
extrinsic factors, which upsets the
adaptive respenses of the animals
and reduse the chances of their survival.
Stress can be shart term orchronic. In
the case of short term stress (eg.
cold shock) the animals return to
Normalsy within a few (4 -8) hours.
But chronic stress cause severe damage
as a result of increased susceptibility
to infections probably because of
reasons such as decreasing inflamma-
tory  responses (basic  protective
responses to tissue damage), decreasing
amount of circulating lymphocytes
(white blood cells responsible for
immune responses), impairing  of
gamma - globuling (plasma protein
concerned with antibody production
against infections) production and
depressing interoferon (important defe-
nsive factor against virus infection)
Production etc.

Thus it is essential to maintain
the natural! equilibrium to a resonably
possiole level among the host, para-
site and envoronment to minimise
diseasas Qutbreak of adisease is usually
the result of abnormal alternation in the
adjustment of the interrelationship of
the host: parasite and environment and
the severity of the disease depends on
the intensity of the alteration. Hence,
enough care has to be taken in sele-
cting disease-free and immunised seed,
observing hygienic measures, main-
taining congenial water and other
sanitary conditions, and supplying
suitable balanced diet for having
healthy and quality fishes and shell-
fishes.
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Part V Prophylaxis and disesse chegk up,

Seafood Expoxt Jousrnalss 23.(9)¢
23.26(1981)



Reprint from ‘ Seafood Export Journal’’

Val. XIII. No. 9. September, 1981

Fish and Shellfish Diseases in Culture Systems
V. Prophylaxis and Disease check up

C. Thankappan Pillai

Central Marine Fisheries Research Institute, Cochin - 18.

The importance of aquaculture of
cultivable finfishes and shellfishes has
already been mentioned in tihe pre-
ceeding series of this article. In all
living beings diseases can occur at
unpredictable intervale, but by adopting
proper management and timely pro-
phylactic measures, to a large extent
diseases can be prevented.

It is essential that finfishes and
shellfishes are safeguarded against
diseases as they damage the resou-

the management of the resources.

It is often believed that incidence
of diseases in the vast culture system
is unavoidable. This need not be the
rule, for many of the diseases can be

prevented by following certain me-
asures of prophylaxis.

For convenience, let us classify
culture ecosystems as in table 1.

Each system has its own ecolo-
gical and biological characteristice.

TABLE—1

CULTURE ECOSYSTEM

|
SALT WATER
|
I l | l
Open sea Saline Esturies Brackish
lagoons water

urces in the natural and culture systems,
which result in loss of weight anu bodily
damages resulting in non-marketability.

Above all, the possibility of certain

types of infections being transmitted
through aquacuiure products to man
cannot be ruled out. Further, the
occurence of diseases in cultivable
organisms pose serious problems to

|
FRESH WATER

Rivers Pond Tanks Pools Lakes

As the nature of the culture ecosystem:
differs, the applieability of the under-
mentioned guidelines may also vary.
In the enclosed water culture ecosy-
stem, disease prevention is relatively
easier than that of the open sea
culture ecosystems in cages and pens
wherein control over the ecosystem
can be only minimal or precticallyni !.



Methods of prophylaxis are:

1. SELECTION OF CERTIFIED
DISEASE FREE SEEDS FOR
CULTURE
As in agricultural crops, a practice

of certification and issue of disease

free finfish and shellfish seeds would
be highly useful. This is in practice
in some foreign countries such as

U. S. A and Canada and could be

adopted in India.

2. DEVELOPMENT OF DISEASE
RESISTANT SEEDS

This can be carried out by sele-
ctive breeding of hardy species. This
method has been found quite succe-
ssful by investigators in Germany in
developing disease resistant species
(carps) against hemorrhagic sept-
icaemia. Genetic selection with des-
irable traits is thus very important.

3. SUITABLE SITE SELECTION

Site for culture should have all
the required congenial conditions.
For example, the culture site should
:not be contaminated by pollutants
and there should be adequate supply
of good quality water. The culture
system should be monitored for
Pathogenic orgenisms.

4. DISINFECTION OF CULTURE SITE

It will be desirable to drain off
the culture ponds and treat the ponds
with any one of the disinfectants
(say, quick lime [calcium cyanamide
etc.) using permissible levels of
Contamination. When chemical treat-
ment is made, stocking should be
done only after a period of time to
allow for biodegradation and flushing,

The pH and other parameters will
havo to be carefully checked for
stocking.

2

5. DISINFECTION OF SEEDS

[f the seeds are not certified ones ,
and if contamination is suspected on
examination, evary consignment of
seeds before releasing them ‘in the
culture system, may be suitably treated
with an effective antimicrobial agent
(eg. Terramycin at a rate of 15-50 mg.
per litre of water.

6. INSTALLATION OF PROPER BUND
AND SLUICE

This is applicable in the case of
enclosed water culture system. Suitable

bunds which are seepage free are
essential. Sluices should be installed
in the bunds to cdontrol the inflow

and outflow of water and permit good
circulation. The mesh size of the
screens of the sluices should be
suitable to retain the stocked animals
and at the same time prevent the
entry of the free swimming larval
parasites and predators from outside-
Care should be taken for the proper
maintainance of the screens and sluices.

7. STOCK DENSITY

The field should be stocked only
with optimum number of seeds in
consideration of the characteristics of
the species selected for culture and
the nature of the site as overcrow-
ding can at times lead to disease
outbreaks. So, a preferable stock
density limit may be fixed according
to the size of the site and nature of
seeds.

8. CARE ON ENVIRONMENTAL
STRESS

Any sudden change in the environ-
mental factors can impose severe stress
to the stocked animals. For example,
presence of excess of dscaying organic
matter may result in drastic decrease



in the dissolved oxygen content of
‘the water body. Here, the oxygen
-deficiency acts as a stress factor to
the standing stock. Every effort should
be 'taken to minimise or avoid any
'kind of stress to the animals.

9. KNOWLEDGE OF LIFE HISTORY
OF THE PATHOGENIC PARASITES

A knowledge of the life history
of the pathogens in relation te different
ecological parameters will help to save
the population at the right time. This
will also be helpful to adopt suitable
prophylactic measures and treatment
where necessary.

10. STANDARD FOOD FOR FEEDING

Supply of well balanced diet should
‘be maintained. Artificial food may be
made sterile and supplied. In the case
-of natural food such as phytoplankton
and zooplankton, they may be treated
with ultraviolet rediation and or deep
frozen over 24 hours in clean water
for stock.

11. QUALITY OF FOOD

Periodical chek up to ensure that the
‘food items are free from pathogens
and microbial toxin(s), is essential to
avoid their entry into the culture
system. For example, aflatoxin pro-
duced by a mould, Aspergillus flavus
-can cause hepatoma disease.

12. MAINTAINANCE OF GENERAL
CLEANLINESS

Hygiene is very important in culture
Ppractices.  Utensils, nets and other
instruments should be properly and
suitably cieaned and sterilised by UV
radiation or using chemicals. In the
.absence of sufficient facilities’ the
hatchery instruments may be properly
cleaned in clean water and sun dried

well before using or reusing. This
will help to eliminate contaimination
and cross infection.

13. AVOIDANCE OF PATHOGENS [N
CIRCULATING WATER

Water may contain pathogens
harmful to the stocked animals. Hence
in recycling systems, it will be desirable
thet the water be suitably filtered and
treated with ultraviolet light to kill
the pathogens and reduce the high
bacterial load.

14. LIMITATION OF FREQUENT

HANDLING

Avoid frequent handilng of the
animals, especially by inexperienced
hands. Moreover, handling should be
as gentle as possible as any stress
or any injury can cause epizootics and
other problems.

15. SEGREGATION OF ANIMALS
AND BIRDS

As far as possible, no chances
should be given for animals and birds
to get into the culture systems as
quite often they serve as diseas vectors
by transmitting various viral, bacterial
and fungal pathogens. Bird and animal
dropping could also contaminate the
water;

16. SEED IMMUNISATION

As vaccination is effective and
possible to prevent certain types of
diseases, suitable and timely vaccina-

tion may be given promptly. M‘ass
immunisation is successful against

vibrosis by immersion method in the
coneerned vaccine. Oral vaccine intro-
duced through feed is also effective.

Adequate care may be taken right
from the egg stage in order to remove
the infected from amcng the non-

3



infected as the infected ones will
rapidly spread the infection and lead
to mass mortality.

8. SCREEINNG OF FREQUENT SEED
INTRODUCTION

In a culture system, frequent in-
troduction of seeds, at different inter-
vals without proper quarrantine period
and conditioning in the ecosystem in
which the seeds are to be introduced,
is not desirable, because, as a result
of frequent introduction, pathogens
may be introduced in the culture
system along with the seeds. This
will save the standing stock and the
introduced animals. Moreover, the
microbial flora of the newly introduced

seed may serve as pathogens to the
standing stock and also. the microbial
flora of the culture system may in
turn become pathogenic to the newly
introduced seed due to lack of the:
conditioning of the animals to the
flora and the flora to the animals.

19. DISEASE CHECK UP

Disease check up of the standing
stock at frequent intervals is quite
essential to estimate the general health
of the animals to forecast the occur-
rence of diseases and to take necessary
measures for safeguarding. Along with
the disease check up, water analysis
is also useful to determine the hydro-

iogical and biologica! conditions.
i
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STUBIES ON THE MICROBES OF ESTUARINE AND MARINE FISHES
CF INDIA

Part I Bacterial flora of the Pearl spot

ESzoplus suxatensis Bloch and the

white fish Lagtaxius lactaxius
Schnelider, (in press)



STUDIES Od THE MICROBES OF ESTJARINE AdD MARINE FISHES
OF LiDIA.

1. BACTERIAL FLORA OF THE PEARLSPOT EIQPLUS SUBAIEISIS

BLOCH AND THE WHITE FISH LACTARIUS LACTARIUS
SCH.IBIDER

Cs Thanksppan Pillal

ABSTRACT

Bagterioloiical studies of Etroplus suratensis
dloech and Lactarius lactsriug Schneider from the

estuarine and marine environments respectively showed
that the average bacterial lead was high on the skin
(with muscle), 7.6 x 10° per grsm for Ee gurateasis,

and 1.9 x 10° per gram for L. lactarius. Qualitatively,
the bacterial species isolated were of the generas,
Esgudomonas, Yibzie, Achromebacter, Elsvodacterium/
Sxtophadss Sorvneforms, 3acillus and Microgogguss

Paeudomonag including fluoreseent types and Vibrio
predominated in both the species.



INTRODUCT ION

Fish, as a high protein food, deserves nuch
attention for consumption without any changes in the
quality, After desath, the quality of fish changes
hourly if not properly preserved, due to the bacterial
and tissue enzyme action. Fherefore, it should be of
some interest and importanc¢e to study the average
bagterial load'on frosh and spoiling fishes together
with the types of bacterias assocliated with them at
various stages of spoilage inordexr to be able to device

moeasures to prevent spoilage,

Published data on the bacteriological aspects on
fishes especially from the Indian waters are scanty (Shat
and Albuquerque, 19333 Karthiasyani and Iyer, 1967
Venkataraman and Sreenivasan, 1952, 1954, 1999) slthough
a considersble amount of work has been carried out on
fishes from other oceans. The present study carried out
from Harech to May, 1974, on the estuarine fish, Etroplug
suratensis Bloch and the marine fish, Lactarius lasctarius
Schnelider, was aimed at investigating the average bacterial
loads and the types of bacteria present on the external
ani internal organs of these two species and thereby
de termine any quantitltiv. or qualitative differences that
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may exist in the bacterisl flora of our estuarine and

marine fishes,

The author is much obliged and expresses his sincere
thenks to DreEsTGe5ilas, Director, C.M.F.R.Institute,
Cochinel8, upon whose active interest and sincerxe
encouragement this work is made possible and also for
sritically going through the menuscript several times
and improved the papers My singere thanks are also due
to DreJe.MsShewan, Torry Researgh Station, Scotland for
helping with literature and the efforts shown to modify
the manuscripty to Shri K.Mahadeva Iyer, Central Institute
of Fisheries Technology, Cochine3, for going through the
manuscript and offering helpful suggestions,

MATERIALS A4D METHODS

Fresh specimens of E, gurstensis, from the Cochin
Bagkwater, a tropical estuary, and L. lactsrius, from the
inshore waters off Alleppey were taken under aspetic
conditions, placed in starilized 3jlass containers and
transported to the laboratory immediatelys The
bacteriological sempling from Ee. guratengls were completed
within an hour after the capture of the fish, whereas
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with Le lagtarius 4~5 hours had elapsed, During the
period of storage, the specimens were kept below 10 T,
Samples from gills, skin (with muscle), and intestines were
taken from twelve specimens each of E. guratensis end

Lo lastarius spread out over a three month period.

The samples were pour plated using the modified
ZoBell's agar (Zodefl, 1946) of the following compositions

Bacto peptone = 10,0 grem
Fexric phosphate (BDH,AR) = Gl '
Bscto agar w 19,0 'Y

Aged end filtered sea water » 100060 ml
(adjusted to pH 7.9 and sterilized at 15 pounds pressure
per sqe inch for 30 minutes)

The poured plates were incubated at room temperature
(about 30 ¢ 2 C) for 24 to 72 hours after which time the
colonies were counted. Selected colonies were then
transferred to Sea water peptone of the following

compositions
Bacto peptone m 10e0 gP'm
Potassium nitrate (BDH,AR) m 2,0

Aged and filtered ses water = 1000.U ml
(adjusted to pH 7.5 and sterilized st 15 pounds pressure
per sqe inch for 30 minutes)



S

From sea water peptone, after establishing the
purity of the isolates, the organisms were streaked on
to Ses water agar slants and kept at room temperature for
further investigation,

The bacterial isoclates were then classified uaing
Shewan's System (19608,b).

Modified Casarss-Gil flagella staining (Gemmell and
Hodgkiss, 1964) was followed for detesting flagella,

The anserobic floras of these fishes were not
investigated,

RESULTS

A total of 27 and 20 etrains from the gills, 36
and 24 strains from the skin (with musele) and 30 and 23
straines from the intestines of E. guratensis and
ke lagctaxius respectively were isolated,

The quantitative and qualitative aspects of
bacteriologicel data obtained from both species of fish
examined are given in tables, I to III,
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DISCUSSION

One hundred and sixty cultures were isolated
from the gills, skin (with muscle) and intestines of
the two species of fishes, The majority were motile,
Grem negative rods, although Coccold rods were encountered,
a fact concurxing with the resulte of Georgalas (1938),

Various pigmented strains were also encountered
whose colours ranged from cream whito to yellow, orange

and rose ro red,

The average aexobic counts in the gills were of
the order, l,1 x 104 per grem in Ee guratensis asnd
8.1 x 104 per gram in L. lactariuss on the ekin (with
muscle) 7.6 x 105 per gram and 1,9 x 109
n the intestines 8.8 x 104 per yxam and 1,2 x 108 per

gram respectively,

per gramg and

The higher counts obtained from the skin as
compared with the gills and intestines in both fishes
are somewhat similar to the results obtained by Liston
(1956),

The higher counts which generslly occurred with
Lo lactariys may be due to the differing habitats as
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well as the time factor (4=5 hours) between g¢apture
and sampling in the laboratorye.

Qualitatively, bacteria belonging to 7 genexa

including species of pgeudononas, Vibrio, Achxomobactesr,

Elavobacterium/Cvtophada, Coxvngformss 3mcillug and
Micrococcus were identified from the gills, skin (with

muscle) and intesstines of both fishes,

Ihe gillg:

In the gills of both fishes, five genera were

encountered in E. guratensis and four in L. Jactarius
('tablc I)e

Table I, Asrobic bacterial flora of the Gills of
E» suzatensis end L, lactarius (expressed

in percentage of the total isolate made)

- == . ==

Organisms §. supatenals L. Aactarius
Species of Pgeudomonag 66,7 750

o " vibpio 14,8 8,0

' ' Elavobacteriun/Qvtophaga 3.7 1540

' * Aghromobagtier Te4 -

! * CSoxvnebacterium T4 3.0



The species of Pgeydomonas, Yibrie, Elsvobactexium/
and Corynebscterium are common to both the species of

fishes, but the genus Aghromobagter oecurred only in
E. suzatensis, From table I, it will be seen that

Bagudomonss and Vibgio predominated in E. guratensis
and Pgeydomenas and Flavobectexium/Cytoohagq in
Le lacterius.

In the present survey, the rasults are similar to
that of Aschehoug and Vesterhus (1940) and Liston (1937)e

Ihe skin (with musgle)s

On the skin (with muscle) on both fishes, seven

genera, Pgeudemonas, Vibrie, Elavebastexius/Cytophaga,

Ashromobactex, Gorynsbegterium, Dacillus end Migrogoggus
were obsexved (Table I1I),

Table Il. Asrobic bacterial flora of the Skin (with
muscle) of E, guzatenais and Lo lagtapiud

(expressed in percentage of the total isoclates

made)
Organiems | B mEm.am Le m
Specles of Pseudomonas 52,8 375
¢ ' Yibrpio 167 8.3
' ' Elavobastexiun/Cviephaga - 1243

' ‘ Baglllus 13.8 8.3



organtems & tuatenals Le lectarlu
’ ' Hiszecoaqus 1l.1 4.2
' ' Achromebagter 2.8 29,2
' ' SeEynebagtexium 2.8 -

Buty of these, species of Flavobagterium/Cytophaga
were found only in L. lactarius. Likewise, species of

Sexynefozms were found only in E. gupatensls. Again,
Pseudomongg spe predominated on the skin (with muscle)
of both the fish specles, but comparatively more species

of Pgeudomonas were found in E. gyratensis, which is quite
gontrary to what was observed in the gills,

Aschehoug and Vesterhus (1940) in jorweglan winter
hexrring, Georgala (1998) in north sea cod and Liston (1957)
in sea skate and sea lemon sole recorded species of
Pseudomonas as predominating forms. Karthlayani snd Iyer
(1967) in Sardines, Pivnick (1949) in Canadian Atlantie
Cod, Stewart (1932) and Shewan (19338) in Joxth Sea Haddock
found species of Achromobagtexr as dominating organisms,
Dysr (1947) in Candadian Atlantic Cod found species of
Mierococcl including specles of 3arging as dominant, Reed
and Spence (1929) in Cansdian Haddock and Venkatarsman and

Sreenivasan (1952) in mackerels recorded specles of
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Becillus as dominant forms and the latter authors in
(195%) in Shark noticed species of Jorvyneformg end

Misxogogeus and Sargina were equally found dominant,
viood (1940) recorded species of MigERogoccue end jaxging

and in (1953) iicrogogcus, Sarcing in teleosts and

Coryneforms in elasmobranchs as predominating forms.
Bhat and Albuquerque (1933) in 3Sombay Duck found

Bacterivm phosphoreum end Sexgine jittoralis as predominant

forms,

The dominance of Pgeuydomonag spe noticed on the

skin (with muscle) of E, gypatensis and L. lactariuys ie a
finding similar to that of Aschehoug and Vesterhus (1943);

Jeorjala (1938) and Liston (1937).
Ihe Anteatiness
In the intestines of E., gurgtensis and L. lagtarius,

strains belonging to six genera (Table III) oecurred, visz,,

Pagsudomonas, Vibrig, Elsvobacteriwm/Qvigoheqa, Aghromobacter.
Gexvneformas end 2acilluae

Table IIl. Aerobic Dacterial flora of the Intestines of

Ge spuratensls and L, lactaxius (exprossed in
percentage of the total isolates made)

R L Y

Organisme E» suratensis Le lactarius

- a—

Specles of Pagudomoneas 33,3 47.8
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gfzm::c | Es auzatensia L. lachaziua
Species of Vibrio 6040 21,7

* ' Elavobacteriun/Cviophsga 6.7 4.4

' ' Aghromeobactex - 13.0

' ' Coxyneforma - 8.7

' ' Begillus - 4.4

Uf these, in E. surgtensis oaly specles belonging to
the geners, Paeydomonas, YARElo. and Elgvobsciariue/
Cytophage were present, An interesiing finding was the
predominance of Yibrig species in 5. guratensis and
DPasudomonas spe in L. Asgtaxiuss

Aschehoug and Vesterhus (1940), Stewart (1932) found
species of Aghromobacter ss predominating forms. But
Karthisyani and Iyer (1967) observed both Aghromobacter and
Pesydomonas as equally dominating forms. Liston (1957)
recorded species of Vibrig in the sea skate and Ppgudomonas
and Vibrlo sc equally doﬁinating in the sea lemo: sole.
Reed and Spence (1929) also detected epecles of Pgeudomonas
as dominant forms. Dyer (1947) noted specles of Migcrococgd
including Sarging ss dominant, Venkataraman and
Sreenivasan (1952) detected snecies of Aghromobacter and
Jacillus and Wood (1940) species of lJacillus as predominating
formse
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The dominance of the specles of Yibrio and
Paevudomongg in the intestines of the two species of
fishes 1is similar to the results of Liston (1937)j Reed
and Spence (1929) and Karthiayani and Iyer (1967).

In general, Pgeudomanas spe. predominated in both
species of fishee, A masjor difference is the importance
of Achxomobaster spes in the results of Aschehou; and
Vesterhus (1940); ueorgala (1938); Liston (1957))
Venkataraman and Speenivasen (1939) and Wood (1940) whigh
is next in importange to Pgeydomonas in majority of the
cases, whereas in the present investigation, Yibrioc specles
are next in order of importance to Pgeudomonis spPe

The occurrence of Bacillus and Migrogoggus spe which
are supposed to be of land origins In this investigation,
parallel the results recoxded by Dyer (1947)s Venkatarsman
and Sreenivasen (1952, 1995) and Wood (1940,1990,19%2,1953),

Among the Paeudomonas species isclated from
E. guratensis and L. lactarius, fluorescent pijgmented types
occurred in the gills, on the skin (with muscle) and the
intestines of both the species of fishes, but they ogcurred
more frequently on the skin (with musele) of Le lactarius.

In general it may be concluded that there were no
great differences in the flora of E. guyratensis and
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ke lastariug despite their coming from two different

ecolojyical onvxromnu._

The average monthly salinity values of the Cochin
bagkwater varied from 28,4X to 21,0X during the pexiod
when the samples of E, guratensig were collected,.

Whether thie parmmeter has got any influence on the
bacterisl floral composition of E. guratensis to be
similar to that of L., lagtaxius is not known.
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MICROBIAL FLORA OF MUSSELS IN THE NATURAL BEDS AND FARMS

[C. THANKAPPAN PILLAI

Quantitative estimation of the bacterialload of the brown mussels cultured at Vizhinjam has been shown as 10%. The occurrence
of Coliforms, Escherichia coli, faecal streptococci and coagulage positive staphylococci is reported. Pseudomonas, Vibrio and

Micrococcus are seen as normal flora,

INTRODUCTION

In India quite encouraging results have been achieved,
in culture of the economically important species of
brown mussel (Perna indica) and green mussel
(P. viridis). However, adequate care has to be taken
against diseases, that can occur to these animals, as
they can deplete the stock as a result of mass mortality.
Moreover, infestation can result in poor growth, thin
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meat, change of normal colour and failure of byssal
development (Sindermann, 1970 in Principle diseases
of Marine Fish- and Shell-fish, Acad., Press, 369 pp'.).
Paralytic shelfish poisoning is another problem (Mason,
1971, Underwater Journal, 3 : 52-59%). Hence, studies
on the life history of the aetiological agents of various

- diseases, treatment of diseases and necessary prophylac-

tic measures against diseases are significant areas for

a1



investigations for the success and .development of
mussel culture.

MATERIAL AND METHODS

“In view bf the above, a preliminary stidy bf microbial

flora’ ‘of Suspended cultured mussels (P: Mmdica) “in’
V17hm]am Mrivandrum and surface* sea ‘water o {hat

samples were also diluted. The diluted samples were
inoculated into sea water agar. The samples were
further _plated in selective media for coliforms,
Escherichia coli, faecal - streptococci and coagulase
pbsitive staphylococci.  The inoculated = petri dishes
were incubated at room temperature for 2 3 days apd
readings taken. The selected colonies, “from the sed

water .agar, were transferred into se water .agar slants

environment-+was made. ““Similat- 1mvestlgatxons ‘were"
carried ‘out 'inlthe muséels”of fhe*natura‘.l ‘beds also at
Kovalam, Trivandrum for comparison.™

for. further pbservation.

;l'he 1solates. were tested for their, purify, and identi-
fied using ‘the system ‘of classxﬁcatxon of Buchanan and
(lilbt)ons (1974 Bergey's. Mannual of Determinatéve
Bacteno?ogy, 8th ed.  Williams & . Wilkins Co.,
‘B_a]t1more_, 1246 pp3.)

L The >anussels'>were “aseptically . collected Jin -isterile
containers.  ‘Surface -sea water samples-were collected’
aseptically in sterileglass bottles both'from the Cultiire
site. and from the -erivironment of the natural mussel
beds. The collected samples were immediately “trans-
ported to the laboratery for further investigation. In
the laboratory, the mussels were aseptically opened and
the mussel meat-along ‘with fluid ‘was separated and
su1tably diluted m"slerlle sea water Sumlarly, wat,cr

. wRESULTS

The results of the quanutatwe and qualltatlve studies
are presented in Table ] and 2 respectively.

E)

TABLE :Quanm:mve A.spects af the Bacterial Flora in Mussels and in Sea-water
' . Meat emulsion Meat emulsion - Sea water from . Sea sater from
‘Organisms . of the cultivated . of the mussels  the culture site the natural
‘ miissels from the patural ) mussel bed area
bed
Average counts per millilitre
Total bacterial counts : Oct. 1977 2.5 x 10¢ 2.2 x 108 1.7 x 10¢ 2.0 x 108
May 1979 3.4 x 10® TNC 1.2 x 10¢ TNC
Coliforms : Oct. 1977 1.0 x 10¢ 1.6 x 10® 3.5x 10¢ 2.8 x 10¢
May 1979 2.2 x 10¢ TNC 6.3 x 10¢ TNC .
Escherichia coli : Oct. 1977 3.0x 10® 1.0 x 10? 1.4 x 10?2 7.0 x 10"
May 1979 7.0 x 10 TNC 1.9 x 10* TNC
Faecal streptococcx Oct. 1977 Ni] . . Nil s~ Nil ;~ - 3 Nil
P May’ 1979 WO >0 - JIYTNC 2.7 X-10* "TNC
Coagulase positive staphylococci : Oct. 1977 6.1 x 10® 1.5 x 10 2.8 x 10? 1.2x 10
May 1979 Nil TNC Nil TNC
Nil — No growth. TNC — Test not made
TABLE 2, Quahtanve Aspects of the Bacterial Flora in Mussels and in Seu water
(In percentage)
Material Pseudomonas Spp. Vibrio Spp. Micrococcus Spp.
Mmt e.mulsion of the cultivited mussels': - Oct. 1977 50 34 16
S May 1979 60 40 —_
Meat emuls‘ion of the m_txsselsfrom the natural bed : Oct. 1977 50 25 25
Sea water from the culture site : Oct. 1977 50 25 25
‘May 1979 50 33 17
Sea water from the natural bed : Oct. 1977 37.5° 37.5 25
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Quantitatively, the bacterial load of the suspended
culture of mussels was relatively higher than that of the
mussels in the natural bed. It was 10® and 10° respec-
tively. Similar situation was also noticed in the case
of sea water. The occurrence of coliforms, Escherichia
coli, faecal streptococci and coagulase positive staphy-
lococci were almost steady both in mussels and sea
water. Faecal streptococci was not noticed in
October 1977 but noted in May 1979. Coagulase
positive staphylococci which was present in October
1977 was absent in May 1979.

As the normal flora in mussels and in sea water,
species of Pseudomonas, Vibrio and Micrococcus were
present. Species of Pseudomonas predominated both in
the mussel and sea water. All the isolates of Vibrio
were luminescent. The results of this investigation
are almost in agreement with those of Colwell and
Liston (1962, J. Insect. Pathol., 4: 23-33%) and
Karthiayani and Iyer (1975, J. mar. biol. Ass. India,
17(1) : 96-100%).

DiscussioNn

In the present investigation, species of Pseudomonas,
Vibrio and Micrococcus are found as the normal flora
of the mussels. Aquatic bacteria such as Pseudomonas,
Aeromonas and Vibrio are potential pathogens and can
cause diseases to the aquatic animals especially when
the animals are under stress (Bullock, 1964, Dev. Indust.
Microbiol., 5: 101-1088).

In the present study, Escherichia coli, an indicator
organism of faecal pollution, was present in the mussels
and sea water both at Kovalam and Vizhinjam. This
reveals the possxblhtles of " outbreaks of epidemics
like gastro-enteritis if the polluted mussels are con-
sumed without proper washing and cooking. If these
mussels are to be marketed alive, they may first be
depurated as discussed by Wood (1969, Lab. leaflet,
20 (N.S.), Lowestaft Fisheries Lab., 15 pp”.) and Mason
(1971 and 1976, in Marine mussels : their ecology and
physiology, Camb. Univ. Press: S85-410%) by storing
the mussels in sterile sea water for 2 days. The
depurated mussels should be well washed and cooked
for human consumption:’’ - '

. 1nsease causing bacteria, fungi, viruses,. protistans
and. other parasites:have been -better. studied in the
case of oysters and clams than in mussels. Apart from
the: large-scale mortality: of mussels: caused by the
parasitic attack of Mytiltcola intestinalis in American
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and European waters, pathogens like Labyrinthomyxa
marina, Monilia sp., Osiracobiabe impiexa and Sirol-
pidium zoophthorum are known to cause mortality among
shelifishes. It is quite possible that under certain
conditions mussels in the farm might also be affected by
the above organisms. A’ haplosporidian, Chytridiopsis
mytilorum is known to destroy mussel eggs in North
Atlantic waters. Similarly Haplosporidium tumefacieptis
invades the digestive glands of mussels causing mikd
mortality. The gregarine Nematopsis schneideri causes
mortality of mussels destroying the gill region. In
Baltic waters, Hypocomides mytili and Kidderia mytili
have been- identified to cause mortality of mussels.
Ancistrocoma pelseneeri, a ciliate, also causes consider-
able damage to the digestive system of mussels resulting
in mortality. Species of deromguas and Vibrio are

particularly dangerous to” thé hatchery produced
molluscan larvae.

The above instances only go tG show the potential
dangers to be.foreseen from different sources. : . Fortu-
nately cases of diseases and mortality among mussels
in India have not been so far reported. It is possible
that this is not because of the absence of the diseases
but due to inadequacy of attention to this aspect.

Taking steps to prevent the outbreak of dJseases
is very important. In this context, the following pomts
appear to warrant our attention.

(1) Selection of farm site free of biological and
chemical ~ contamination after studymg the
extent of contamination.

@ Sciection- of disease resistant seed for t,‘;glture

&) Avoxdmg -overcrowded stocking - in - ‘order- w
- minimise the: x{!eﬂ'ectsofemzootim R

(4) Care in handling the cultured stock fo-avoid
contamination.

(5) Periodical mvest'i'g'ation of the level of patho-
‘genic organisms. in the-cultyre system fo assesse
the status of the stock: population.
(6)" Eliminating other source of disease transmession
by selective removalv of: reservoir: host- of
_ patliogens.
""R(7) Routine ~ disinfection *of * ‘materials” “used” fd
culture (materials like buckets- ‘rope etc) and

. {8) Timely.- harvesting - of : stock: reducing; the-
vulnerability : of oldes stock-ta diseases.
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WISEASES OF FIAFISHES AND SHELLFISHES CULTXVATED
IN THE COASTAL WATERS OF INDIA

Se MAHADEVAN®, C, THANKAPPA{ PILLAI AJD D, SAMUEL®

ABSTRACT

Investigations initiated in 1976 by the Central
Marine Fisheries Research Institute to accumulate and
document the knowledge relating to Marine fish and
shellfish diseases amonj st the cultured stock from five
project eentres have brought to light cerxtain gommon
diseases, ‘lemorrhagic septicemia’ due to Pggudomonag sr.,
'vibriosis® on sccount of Vibrio snguillsrum and
'Myxobacterial infection® caused by Chondrogoggus spe,
were often noticed among Penasus indicus, P« monedon,
PRarspensecpsis s:viifers, Metapenaeus affinis end
de WoNOGRTOses I the case of mass moxrtality of hatched
prawn larvee, the etiological agents were identified as
enteric forms like Egcheriehia coll and faecal streptocoecci.

In the case of Cragsoetxes madrasensis, the edible oyster
cultured in tidal creek, digenetic trematode infection

— SIS ————

*Research Centre of CiFR Ingtitute, 93 orth Beach Road,
Tuticorin =1,



of the jonads and viscera by Dugephalopeis halmeanus

was observed., Predatory attacks by the gasstropd gymatium
pileare killing oysterlings was also common during
certain monthe. Sgvlla sexrata, the green crab was
susceptidble to fungal attack in the gonadial and muscular

regions.

INTRODUICT ION

Fish and shellfish culturists all over the world
are quite often confronted with problems of large scale
moxtality of the tended stogk due to diseases, predation
and eeologicel variations, Successful management of
farming culturable species of marine fish and shellfish
depends smongst other aspects, prevention and elimination
of such causes. Considerable work had been done in
sdvaneed gountries in this realm and there i a vast
literature available to the present day culturists (Borg,
19603 Bullogk, 1964 and Bullock gt Ales 19713 Rebinson
and Meyer, 19663 Conroy and Herman, 19703 Sindermenn, 1970
van Duijn, 19735 Shigueno, 197%)« In Indie, reising of
many species of'aarino fish and shellfish in brackish,
estuarine and bay-water environments has been guccessfully
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developed and demonstrateds Intensive, efficient

culture of any animal requires crowding them more

densely then in nature. Under these conditions they

fall prey to many types of diseases, resching

catastropihic preportions which imposes the demgnd for
knowledge about the nature and control of fish diseases.
Investigations we’e initiated 4in 1976 by the Central
Marine Fisherles Reseaxsh Institute envisaging the
following progremme of work in five centres whero intensive
eulture of different speclies of fish and shell fish are in
progress.

8. Collecting disessed specimens from different
specles cultured,

be Investigsting the etiologicsl fastors responsible
fox the disease,

¢« Classification of different types of diseases
and determination of probable effects on the
tended stock,

de Usvelopment of treatment and preventive moasures
for the control of documented diseasses,

Coghin snd Vizhinjem in the west coast, Tutieorin,
Mandapss and Madras along the east cosst were the centres
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chosen for implementation of this project work, Detasils
of specles cultured, project egentres and method of
culture are given in Table 1,

Table 1. Places, names of species cultured end method of

farming.

Places _ Species Me thod

Cochin 1. Penasus indigus
2, Matapanaus MONOSOXOS
3. M affinis Brackish water
4. Parscenssepels atulAfege®  Pond euiture
S. Chanos shangs (Milk fish)
6+ Etxeplus sucatensis
(Pearl apot)

Vizshinjsm 7, Pazns indjisa (Brown mussel) Rope culture in
Harbour Basin

Tuticorin 8, Cxassostren asizasensis Rack culture in

(edible oyster) tidal creek
9. Chanes ghanos Salt pan fish
| culture
10. Mugil spe (Mullet) A
11, $gvlla sexrzata (Green erab) Cage culture in
tidal creek
Mandapas 12, Anguilla bicclex (Eel) Fresh water
camp tank culture
Madras 13, Pexna yviridis Rope culture
(Green mussel) in open ses

*not cultured, but from experimentsl tanks
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Pexriodical examingtion of the specimens in the
farm was made, The moridund specimens whensver noticed
wore collected properly in suitable sterile containers
and brought to the laborstory immediately, Pathological
samples were aseptically removed and wet mounts exsmined
microscopically before culturing the ssmples, Smuples
were cultured in sppropriate media to lsolate etiological
agent(s)e The etiological agent(s) were identified using
the standard keys (Buchanan and Gibbons, 1974 and Shotts
and Bullock, 197%)s Pathogenigcity of the isolstes was
studied in appropriate hosts to satisfy Koch's postulates,
One of the junior authors (CTP) carried out the entire
work relating to the pathogens.

RRIULIS

A synopsis of the cases of diseases observed is
presented in Table 1I,

REMARKS

The foregoing aecount, an outcome of investigations
gonducted by the Central Marine Filsheries Research
Institute from 1976, ¢ites instances of fish and shellfish
diseases encountered so far in the animals raised in farms
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in India, Although the study is but a dbeginning made,

it underlines the importange of bestowing paxticulax
attention in tackling the problems in the gontext of
future plans for intensive ‘asquacultwre' under variled
marine environmental habitats, In the cases studied
(Table Il), basterial, fungal and protozoan diseases
have been regorded, But, in many of them, the pergentage
of afflicted animals in the farm stock was insignificant,
although the bacterial isolates were found pathogens
satisfying Koch'o_peatulatoc. In the project aress at
Madras and Vizhinjmm, no visible indications of disease
were notliged at present in the cultured mussels,

Though not included in the body of the »aper it may be
mentioned here that in the case of eel grown in fibxe
glass tanks at Mandapam, sporadic cases of gill xot
disease were come 8cross, In one interesting instance,
(Case dNos 103 Table IL) at Coching prawns in the culture
ponds seemed to have been affected durin; particular
seagons (1.0.) post-monsoon and pre-monsoon time when
salinity and temperature variations oeeur, ecsusing soft
shell diseases In the case 0f edible oyster cultured on
racks 8t Tuticorin occasional invasive diseass on agoount
of parasitic trematode infection interfering with
metabolic agtivities and growth, has been observed (Samuel,
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1976). Predation of the young oysters by a gastropod
species during some months also contributes to the
destruction of the growing stock,

It has been established by earlier workers all
over the world that unfavourable conditions in the
captive populations are often condugive to spread of
pathogenic migroorganisms proliferatin; quiekly lesding
diregtly or indirectly to mass mortality, Therefore
the stray cases of affiictions notiged now should not
give room to complacengys The gulturist in India would
be greatly benefited by information on various troublesome
digeases, periods of occurrente during easch year and the
gauses of the environmental stress which act 8s promoters
of various disease symptoms among the ceptive stock, To
cope up with this neesd, the establishment of *Fish
Pathology! division in CiM.FaReIes is on tha ¢ards whose
fungtion will be to catalogue the various types of
pathogenie organisms responsible for different kinds of
diseases in finfish and shellfishes in natural and culture
systems, to study the characteristics of the pathogens,
histopathology of the host, host specificity, immunology
and prophylaxise
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