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ABSTRACT: It has  become  a lmost  a t ru ism that  success  in in tensive  p roduc t ion  of an imals  mus t  be  
based  in part  on d e v e l o p m e n t  of me thods  for d i sease  d iagnos i s  and  control. Excel lent  p rogress  has  
b e e n  made  in m e t h o d s o f d i a g n o s i s for ma jo r  p a t h o g e n s  of cul t ivated fish, c rus t acean  and  
mol luscan  species.  In m a n y  ins tances  these  have  p roved  to be  facultat ive pa thogens ,  able  to exer t  
severe  effects in popu la t ions  of an imals  u n d e r  other  s t resses  (marginal  phys ica l  or chemica l  
conditions; overcrowding) .  The concept  of s t ress  m a n a g e m e n t  as a critical p rophylac t ic  m e a s u r e  is 
not new, bu t  its s ignif icance is be ing  d e m o n s t r a t e d  repeatedly .  The  par t icu lar  re la t ionsh ip  of wa t e r  
qual i ty and facultat ive p a t h o g e n s  such  as Vibrio, Pseudomonas and  Aeromonas spec ies  has  b e e n  
especial ly  apparent .  V i r u s d i s e a s e s of ma r ine  ve r tebra tes  and  inver tebra tes  - little k n o w n  
two decades  ago - are n o w  recognized  to be  of s igni f icance  to aquacul ture .  Virus  infect ions  of 
oysters, clams, sh r imps  and crabs  have  b e e n  descr ibed,  and  mortal i t ies  have  b e e n  a t t r ibuted  to 
them. Several  virus d i seases  of fish have  also b e e n  recognized  as potent ia l  or actual  p rob l ems  in 
culture. In some  ins tances ,  the  p a t h o g e n s  s e e m  to be  la tent  in na tura l  popula t ions ,  and  m a y  be  
provoked  into pa tency  by  s t resses  of artificial env i ronments .  One  of the most  p romis ing  a p p r o a c h e s  
to d i s e a s e p r o p h y 1 a x i s is t h rough  immuniza t ion .  Fish r e spond  wel l  to var ious  vacc ina t ion  
procedures ,  and n e w  non-s t r e s s ing  me thods  have  b e e n  developed.  Vibriosis  - p robab ly  the most  
severe d isease  of ocean- rea red  sa lmon  - has  b e e n  control led to a great  extent  t h rough  use  of a 
polyvalent  bacterin,  wh ich  can be  modif ied  as n e w  pa thogen i c  s trains are isolated. Prophylact ic  
immuniza t ion  for o ther  bacter ia l  d i seases  of cul t ivated fish has  b e e n  a t tempted ,  espec ia l ly  in Japan ,  
wi th  some success.  There  is also some ev idence  that the larger  c rus taceans  may  be  immuno log ica l ly  
responsive,  and  that at least  shor t - te rm protec t ion  m a y  be  afforded to cul tured popula t ions .  Some 
progress  has  b e e n  m a d e  in ma r ine  d isease  control  t h rough  c h e m i c a 1 t r e a t m e n t in in tens ive  
cul ture systems,  pr incipal ly  t h rough  appl ica t ion  a n d  modif ica t ion of m e t h o d s  deve loped  for fresh-  
water  aquacul ture .  Major  constra ints  to use  of chemica ls  are restr ic t ions due to publ ic  hea l th  
concerns  about  food contaminat ion ,  and  the nega t ive  effects of some  chemica l s  on biological  filters 
and  on algal  food product ion.  There  is a con t inu ing  need,  however ,  for d e v e l o p m e n t  of specific 
t rea tments  for acute d isease  ep i sodes  - such  as the ni t rofurans,  deve loped  in Japan ,  wh ich  are 
effective for some bacter ia l  d iseases .  The his tory of aquacu l tu re  - f r e shwate r  as wel l  as mar ine  - has  
b e e n  character ized by  t r a n s f e r s a n d i n t r o d u c t i o n s of spec ies  to wa te r s  b e y o n d  their  
p resen t  ranges.  The process  continues,  and carr ies  wi th  it the possibi l i ty  of t ransfers  of p a t h o g e n s  to 
nat ive species and to the recipient  cul ture  env i ronments .  In te rna t ional  g roups  are a t t emp t ing  to 
define codes of pract ice  to govern  such  mass  movemen t s ,  bu t  e x a m p l e s  of in t roduct ions  of real  or 
potential  p a t h o g e n s  a l ready exist. The  most  recent  and  the  most  dramat ic  is the wor ld  wide  t ransfer  
of a virus p a t h o g e n  of penae id  shr imps .  Earl ier  e x a m p l e s  inc lude  the in t roduct ion  of a p ro tozoan  
p a t h o g e n  of sa lmonids  to the w e s t e r n  h e m i s p h e r e ,  and  the  in t roduct ion  of a paras i t ic  copepod  f rom 
the Far East to the wes t  coast  of Nor th  Amer ica  and  to France.  The  conclus ion is inevi tab le  - 
d iseases  are subs tant ia l  de ter rents  to aquacu l tu re  product ion.  Diagnos t ic  and  control p rocedu re s  
are and will be  impor tan t  c o m p o n e n t s  of e m e r g i n g  aquacu l tu r e  technology.  
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INTRODUCTION 

Many  hazards confront those dar ing  enough  to at tempt to produce significant  
quant i t ies  of food from mar ine  aquacul ture ,  Constraints  and problems can be 
categorized as economic,  legal,  or technical .  Am ong  those of a technical  nature,  none  
has proved more severe, or resistant  to resolution, than disease. Entire aquacul ture  
operat ions  have  persis ted or d i sappeared  based  on success or failure in reduct ion of 
disease*caused mortal i ty to acceptable  levels. Methods for disease diagnosis  and control 
for mar ine  aquacu l tu re  have improved dur ing  the past decade (S indennann ,  1970a, 
1977), a l though much remains  to be  accomplished.  

This paper  has four pr inc ipa l  sections: (1) an  at tempt  to examine  the reality of 
disease problems in  selected examples  of mar ine  aquacu l tu re  - Japanese  yellowtail  and  
Amer ican  and  European  oysters, emphas iz ing  quant i ta t ive  information where available,  
in an effort to demonstra te  disease effects; (2) an examina t ion  of those pa thogen  groups 
which are cons idered  to be un iversa l  problems in  mar ine  aquacul ture  - the viruses and 
the vibrios; (3) a proposed program of disease control, emphas iz ing  stress management ,  
prophylact ic  immuniza t ion ,  chemotherapy,  and  control of transfers and  introductions;  
and  (4) a summar iza t ion  of some current  concepts  about  the role of disease in cul tured 
mar ine  species. 

Emphasis  is clearly on the more pragmat ic  aspects - disease effects and disease 
control in  aquacu l tu re  populat ions.  Only  a small  sample  (but I hope a reasonably 
representa t ive  sample) of the e x p a n d i n g  world l i terature on diseases is included,  
p r inc ipa l ly  as an  i l lustrat ion of the na ture  and  extent  of research effort be ing  applied.  A 
conceptual  base  for mar ine  aquacu l tu re  pathology is developing;  its status is also 
reported here. 

DISEASE EFFECTS: THE REALITY OF DISEASE IN MARINE AQUACULTURE 

A knowledgeab l e  Amer ican  aquacul tur i s t  once stated publ ic ly  (and maybe  percep- 
tively) that it was not disease itself that const i tuted a restraint  on the growth of mar ine  
aquacul ture ,  but  ra ther  it was the f e a r of disease and  the p u b 1 i c i t y about  disease 
that f r ightened away potent ia l  investors - thus re tarding industry  growth. This extreme 
point  of v iew may have some validity, bu t  the documenta t ion  of disease effects on 
growth of aquacul ture  is improving,  and  the role of disease is real and not imaginary.  
Costs of disease outbreaks,  and  expenses  of disease control have b e e n  ident if ied {albeit 
not f requent ly  enough).  

To i l lustrate  the na ture  and  extent  of disease impacts  on aquacul ture ,  examples  have 
b e e n  selected from among  those species which have b e e n  cultured successfully - 
yel lowtai l  (Seriola quinqueradiata) in  Japan,  and  oysters (Crassostrea spp. and Ostrea 
edufi$) in  Uni ted  States and  Europe. Other  examples  might  be  used, but  those selected 
should provide a representa t ive  sample.  

J a p a n e s e  y e l l o w t a i l  c u l t u r e  

Japanese  mar ine  aquacu l tu re  is today u n d o u b t e d l y  the most extensive and  productive of 
any  country in  the world. Yellowtail,  sea bream, and  eels are the fish species receiving 
greatest  at tent ion.  The na t iona l  l i terature on diseases of these species is extensive and 
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expand ing  yearly. Greatest  product ion (over 120,000 tons per  year) is der ived from sea 
pen  rear ing of the yellowtail ,  and a subs tant ia l  body of l i terature documents  the 
important  role of disease in  yel lowtai l  culture.  

During the 1976 FAO Technical  Conference  on Aquacul ture  held in  Kyoto, Fuj iya  
(1976) summar ized  the status of what  is p robab ly  the most successful aquacu l tu re  in  
Japan  - that of the carangid  fish, Seriola quinqueradiata, in  sea pens. Product ion in  1973, 
as reported at the conference by Kawatsu et al. (1976) had exceeded 80,000 tons - a 
sixteen-fold increase in  the period of one decade. Since those reports were publ ished,  
yellowtaiI culture has e x p a n d e d  still further, r each ing  122,000 tons in  1978 (Egusa, 
1980), and  with expans ion  have come new  disease problems.  Parasite and  disease 
control is recognized as a s ignif icant  aspect of yel lowtai t  culture,  and  an  extens ive  
Japanese  l i terature on the biology, diagnost ic  features, and control of diseases has 
developed.  As might  be expected,  microbial  diseases (part icularly bacterial)  have  
emerged as causes of mortality. Disease problems in  yel lowtai l  culture were rev iewed 
recently by Egusa (1980), who provided an  excel lent  historical perspect ive on the 
sequent ia l  emergence  of specific pa thogens  (Table 1}. 

Table 1. Sequential appearance of microbial diseases of cultured yellowtail (after Egusa, 1980) 

Disease 1960 1965 1970 1975 1980 

Vibriosis 
Nocardiosis 
Ichthyophoniasis 
Pseudotuberculosis 
Streptococcosis 
Lymphocystis 

[ 
I9~ 3 > x  x x 

1967 x 

1967 x1 

f 
x x x x  < x x x x x  
x x x x  < x x x x x  
x x x x  < x x x x x  

6 9 x x x  < x x x x x  
19~4x x x x x 

1975x X x 

% of total losses 
(1978) 

5 
<1 
<1 
28 
63 

,, <1 

Among the many  serious diseases ident i f ied dur ing  the past two decades by 
Japanese  pathologists  are vibriosis, streptococcosis, pseudo- tuberculos is  (caused by  
Pasteurella piscicida), Nocardia infection, lymphocystis,  and  fungus (Ichthyophonus) 
infection. Vibriosis has b e e n  k n o w n  since the incept ion  of yet lowtai l  cul ture (Kubota & 
Takakuwa,  1963), pr imari ly  as a disease of young  fish, and  as a dermati t is  or enteritis.  
Chemotherapy has b e e n  effective, but  losses due  to vibriosis in  1978 alone were 
est imated by Egusa to be 500 mil l ion yen  (about 5 % of the total disease costs to 
Japanese  yel lowtai l  culture,  which  were  10,100 mi l l ion  yen). Total va lue  of cul tured 
yellowtail  in 1978 was 120,000 mi l l ion  yen. Streptococcosis (caused by an  alpha-  
hemolytic Streptococcus sp.) was cons idered  by Egusa (1980) to be  the most serious 
disease problem in Japanese  yellowtail  culture. Damage  in 1978 was es t imated at 6,400 
mil l ion yen  or 63 % of total losses due  to disease. The disease is systemic, with severe 
enteritis and  high mortality. Chemotherapy  has b e e n  only marg ina l ly  effective. Another  
disease, nocardiosis, caused by  the gram-posi t ive bac i l lus  Nocardia kampachL was first 
reported in 1968 by Kariya et a1.(1968). Kusuda  (1975) found nocardiosis  to be wide-  
spread in  the various fish farming areas of Japan,  where  severe mortal i t ies  have resulted.  
Another serious current  disease of yel lowtai l  - pseudotuberculosis ,  caused by P. pis- 
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cicida - was first reported in  1964 from the coasts of Miyazaki  and  Kochi Prefectures. It 
soon spread to the southwestern  coast of J apan  and  now occurs in all Japanese  fish 
farming areas, where  it has caused severe mortal i t ies since 1969 (Malsusato, 1975a). The 
disease is thought  to be d i ssemina ted  by transport  of juveni les  used to stock floating sea 
cages. Effects on commercial  product ion of yel lowtai l  were es t imated by Matsusato to be 
a reduct ion of 1 %  or 360 tons in 1972; Egusa (1980) est imated damage  to yellowtail  
cul ture from pseudotuberculos is  in  1978 at 2,800 mil l ion yen, or 28 % of total disease 
costs. 

Other  diseases have b e e n  descr ibed from cul tured yellowtail .  Lymphocystis disease, 
or iginal ly  n a m e d  "black spot disease" was descr ibed by Matsusato (1975b) as a cause of 
reduced  acceptabi l i ty  of infected fish. T rypano rh ync ha n  cestode larvae (genus CaIlote- 
trarhynchus) may be locally a b u n d a n t  in  fish from certain growing areas, part icularly on 
the west coast of Shikoku. Poor growth and  emacia t ion  result  (Nakaj ima & Egusa, 1968). 
A later  s tudy disclosed that the early larva of the cestode occurs in  anchovies,  which are 
the pr incipal  food g iven  to cul tured yel lowtai l  (Nakaj ima & Egusa, 1968). Control was 
effected by  f reezing the food fish, and  the disease has ceased to be a serious problem. 

The history of diseases in  J apanese  yel lowtai l  culture can be part icular ly instructive, 
in view of the relat ively long observat ion period (more than  two decades) and  the size 
and  in tens i ty  of the commercia l  product ion  effort. What has emerged  is the sequent ia l  
appearance  and  spread of new diseases, with related mortal i t ies of varying severity, 
often with an  ini t ia l  focus in a par t icular  localized coastal area. Scientific a t tent ion has 
led to deve lopmen t  of some degree  of unde r s t and ing  of the causes, and empirical  
appl ica t ion  of control measures  where  feasible. The diseases may cont inue  at epizootic 
levels for a n u m b e r  of years, but  then  may subside  to form part  of background  m o r t a l i t y -  
especial ly  if control methods are effective to any degree.  Almost invariably,  though, 
there are still other diseases, often a l ready present  in  the popula t ion  at low enzootic 
levels or in subacute  form, which will  emerge  and  be recognized.  

A m e r i c a n  a n d  E u r o p e a n  o y s t e r  c u l t u r e  

Oyster popula t ions  throughout  the world have b e e n  character ized by mass mor- 
talities, some of which have b e e n  at t r ibuted to epizootics of specific pa thogens  (Sinder- 
mann ,  1970b, 1979a). Al though roughly  70 % of the mass mortali t ies could not be 
specifically associated with a cause, disease or otherwise, there have been  in recent  
decades  several  episodes where  deaths were clearly l inked  to epizootics of viral and 
prot is tan pa thogens  - fungi,  and  protozoa. 

Beg inn ing  in  the late 1940's, mortali t ies due to epizootic diseases occurred in oyster 
(Crassostrea virffinica) popula t ions  on the Atlant ic  and  Gulf of Mexico coasts of North 
America.  Ini t ial  s tudies  in  the Gulf  (Mackin et al., 1950; Ray, 1954; Mackin,  1962) 
ident i f ied a fungus  pa thogen  (Dermocys t id ium m ar inum  [now Perk insus  marinus]) as 
the causat ive agent .  Direct t ransmiss ion  was demonstrated,  and  a m a n a g e m e n t  scheme 
based  on biological  characteristics of the pa thogen  reduced the effects of the disease on 
oyster production.  (The pa thogen  is, however,  still a s ignif icant  mortali ty factor in some 
growing  areas.) 

Then,  in  the late 1950's new  and  drastic mortal i t ies b e g a n  in Delaware and 
Chesapeake  Bays, the pr incipal  oyster p roduc ing  areas of the Middle  Atlant ic  coast. 
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Intensive studies by federal,  state, and univers i ty  invest igators  disclosed the p resence  of 

two protozoan (haplosporidian) pa thogens  Haplosporidium nelsoni and Haplosporidium 
costalis (the former be ing  more important).  Mortal i t ies  in the ear ly  years of the epizootics  

reached  90 % on some beds, and have  cont inued  at a reduced  level  to the present  time. 
Oyster product ion dec l ined  sharply, espec ia l ly  in De laware  Bay, and has r ema ined  

depressed in the presence  of the pa thogen  H. nelsoni (Fig. 1). Much has been  lea rned  

about the pathogen,  but its life cycle and method  of t ransmiss ion are still problemat ic ,  

despite ex tens ive  l i terature and 25 years of study (Wood & Andrews,  1962; Haskin  et al., 

1966; Couch et al., 1966; Farley, 1967; Andrews  & Frierman,  1974; Andrews,  1979; 
Haskin & Ford, 1979; Ford & Haskin,  1982; Haskin  & Ford, 1982; and others). The 

pa thogen  is intolerant  of ex t ended  sal ini t ies be low 15 ppt, which  has e n a b l e d  the 
deve lopment  of some m a n a g e m e n t  methods  to reduce  mortali t ies.  Also, some ev idence  

for cyclic activity has been  found (Fig. 2). 
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Fig. 1. Oyster production in Delaware Bay (1950-1981) 
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During the late 1960's and the 1970's, epizootics  of s imilar  proport ions occurred on 

the northern coast of France, invo lv ing  two in tens ive ly  cul t iva ted  species  of oysters, the 
"Por tuguese"  oyster (Crassostrea angulata) and the European  or flat oyster (Ostrea 
edulis). Mortalities,  b e g i n n i n g  in the late 1960's, were  caused by success ive  epizootics  of 

quite  distinct pathogens.  

Abnormal  mortal i t ies  of Por tuguese  oysters, C. anffulata, were  first noted on the 
Atlantic coast of France in summer  1966 (Marteil, 1969; Comps et al., 1976). Diseased 

oysters had extens ive  lesions of gills and palps. In the g rowing  areas most affected, as 

many as 80 % of the oysters were  infected,  and the overal l  mortal i ty  associated with this 
"gil l  d isease"  was es t imated  at 40 %. Early in the study of the mortal i t ies  the e t io logical  
agent  was thought  to be a new protistan pa thogen,  Thanatostrea polymorpha, but later 

studies disclosed viral (iridovirus) infect ions (Comps & Duthoit,  1976). Gill  d isease  was 
also observed in Spain, Portugal, and the Uni ted  Kingdom. 
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Fig. 2. Variations in prevalence of Haplosporidium nelsoni disease in Delaware Bay oysters 
(Redrawn from Ford & Haskin, 1982) 

Then,  b e g i n n i n g  in 1970, new mortal i t ies  occurred in C. angulata populations,  

apparen t ly  caused  by another  ir idovirus (Comps et al., 1976). Mortal i t ies  cont inued 

through 1973, and then subsided.  There  remains  some ques t ion  as to whe the r  two 
separa te  epizoot ics  (1966-1969 and 1970-1973) occurred (and some doubt about  the 

e t io logy of the 1966-1969 outbreak),  but  the real i ty was the almost  comple te  destruct ion 

of C. angulata popula t ions  on the French coast due to epizoot ic  disease.  The d imin ished  
C. angulata popula t ions  were  rep laced  by mass ive  importa t ion and introduct ion of 

Pacific oysters, Crassostrea gigas, from J a p a n  and British Co lumbia  (Canada). 

Dur ing  the same per iod and in the same area, popula t ions  of European  flat oysters, 

Ostrea edulis, were  also reduced  by mortal i t ies  resul t ing  from epizoot ic  disease.  Begin- 
n ing  in 1968, in es tuar ies  on the French C h a n n e l  coast, a prot is tan parasite,  Marteil ia 
-^,-:  . . . . .  ~. . . . . .  ; ~ , ~ _  r-~ ~,-~./1;~ p,~p,,l=t~n~ (Co~.~ps, lq7(3. C~riT~l ~t al.. 1974L The 

pa thogen  even tua l ly  i nvaded  all oys te r -g rowing  areas on the Channe l  and Atlantic 

coasts of France. Focus of infect ion was  in the d iges t ive  g land  tubules.  The epizootic, 

with accompany ing  mortali t ies,  r eached  a peak  in the early 1970's and dec l ined  from 
1977 on. As the epizoot ic  due  to/Fir, re[ringens in O. edu]is w a n e d  in the late 1970's and 

popula t ions  b e g a n  to be  rebuilt ,  another  prot is tan parasite,  Bonamia ostreae, was 

ident i f ied  as the cause of new mortal i t ies  (Comps et al., 1980; Pichot et al., 1980, 1981). 
Beg inn ing  in summer  1979 on the Brit tany coast, the disease  has spread to Normandy  
and Arcachon,  and cont inues  at epizootic  levels  at the present  t ime (1983). Bonamia 
disease  has now b e e n  repor ted  from the Nether lands ,  De n m a rk  and Spain  as well.  

Here,  then, in a per iod  of several  decades ,  some of the major  oyster p roduc ing  areas 
of the wes te rn  hemisphe re  have  b e e n  seriously impa i red  by epizoot ic  diseases,  and 

d isease  has b e e n  c lear ly  ident i f ied  as a factor cri t ical  to oyster cult ivation.  

"UNIVERSAL P A T H O G E N  GROUPS":  VIRUSES AND VIBRIOS 

Each cul t iva ted  species  of fish and inver tebra te  can be charac ter ized  by an assem- 
b lage  of pa thogens  and parasi tes  which  assume major  or minor  roles. The  previous 

sect ion cons idered  such a s semblages  for ye l lowta i l  and oysters, and a comparab le  list 
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could be prepared for eels, salmon, shrimp, or other cul t ivated species. Examina t ion  of 
such lists would  disclose two ubiqui tous  pa thogen  problems - virus diseases a nd  
vibriosis - which emerge  in almost all culture efforts. Because of the almost universa l  
occurrence of these problems,  it seems worthwhile  to look at each of them in detail.  

V i r u s  d i s e a s e s  

Information about  virus diseases of mar ine  fish and  shellfish was r emarkab ly  scarce 
before 1970. Examina t ion  of ear l ier  l i terature discloses papers  on lymphocyst is  disease 
of fish, with demonst ra ted  viral  etiology, bu t  little else except  for suspected viral  
invo lvement  in  "'cauliflower" disease of European  eels. With the ready  avai labi l i ty  of 
electron microscopy and  a variety of fish cell cultures, the recogni t ion  and  characteriza-  
tion of fish viruses have accelerated remarkably .  Addit ional ly,  even  wi thout  es tabl i shed 
cell cultures for mar ine  molluscs or crustaceans,  the recogni t ion and  part ial  characteriza-  
tion of inver tebrate  viruses have also accelerated.  

Some viruses, probably  exis t ing in  la tent  form in  wild populat ions,  have  emerged  as 
pathogens  in culture envi ronments ,  often as a consequence  of stressors such as h igh 
temperature,  overcrowding,  i nadequa te  nut r i t ion  or poor water  quality.  Examples  of 
information about  la tent  viral  infect ions be ing  disclosed by stress of abnorma l  envi ron-  
ments  inc lude  an  oyster herpes- l ike  virus disease which caused mortal i t ies  w h e n  oysters 
were held at h igh tempera tures  (Farley et at., 1972); a shr imp baculovi rus  which  caused  
mortalit ies in  overcrowded hold ing  tanks  (Couch, 1974); a virus disease of clams, 
disclosed unde r  captive condit ions (Brown, 1980); lymphocyst is  disease of str iped bass 
which increased in  preva lence  in  hea ted  water  (Sindermann,  1979b); and  a herpes- l ike  
virus of turbot, which was lethal  at high tempera tures  (Buchanan et al., 1978). 

It should be kept  in  mind  that isolat ion of the first fish virus (IPN) was reported as 
recently as 1960, even  though diseases such as lymphocyst is  and  carp pox were 
suspected much earl ier  to be  of viral or igin  (Weissenberg,  1914; Plehn, 1924; Nigrell i ,  
1952). As of 1980, 17 fish viruses had b e e n  isolated and  at least 15 others recognized by 
electron microscopy (Wolf & Mann,  1980; Wolf, 1982). 

If ind iv idua l  mar ine  species are examined ,  virus diseases can now be n u m b e r e d  
among the major  pa thogen  assemblages .  Recent  wor ldwide  movement s  of eels  for 
culture purposes has, almost inadver tent ly ,  resul ted in discovery of several  viral patho- 
gens. Two rhabdoviruses  (called EVA and  EVEX) were descr ibed by J apanese  resear- 
chers; EVA was isolated from Anguilla rostrata in t roduced to Japan  from Cuba,  and  
EVEX was isolated from Anguilla anguilla imported from France (Sano, 1976; Sano et 
al., 1977; Nishimura  et al., 1981). The in t roduced viruses were not demons t ra ted  to be 
pathogenic  to Japanese  eels, Anguilla japonica. Addit ional ly ,  severe disease outbreaks  
caused by a virus similar  to IPN virus of sa lmonids  have b e e n  reported in eels 
(A. japonica and  A. anguilla) from Japan.  The virus, an t igen ica l ly  re la ted to IPN of 
salmonids,  and  cal led EVE, has produced extens ive  a n n u a l  mortal i t ies in eel  cul ture 
ponds. It has b e e n  t ransmit ted  directly and  by inocula t ion  in  juven i l e  eels, p roduc ing  
mortalities of 55 to 60 % of exper imenta l  fish. 

Among  crustaceans,  the first virus disease was descr ibed  by Vago (1966). Since then, 
a bewi lde r ing  array of viruses has b e e n  descr ibed (from electron microscopy) in  species 
such as the b lue  crab by Johnson  (1983) and  from shrimps (Sano et al., 1981; Lightner  et 
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al., 1983). Some (but not all) of the descr ibed viruses have been  associated with disease 
and  mortality, in  captivity or in  culture. A baculovirus  (Bacutovirus penaei) was 
descr ibed (Couch, 1974) as a pa thogen  of penae id  shrimps (Penaeus duorarum and 
P. aztecus) from the Gulf of Mexico, and  a counterpar t  viral  pa thogen  was recently 
descr ibed from cul tured Kuruma prawn (P. japonicus) from Japan  (Sano et al., 1981). 
There  is some ev idence  that  the Gulf  of Mexico virus may  cause epizootic mortali t ies in  
wild shrimp popula t ions  (Couch et al., 1975) and  the Japanese  report described mor- 
tali t ies of larvae and  post larvae which have occurred since 1971, severe enough to 
reduce seed product ion to ineff icient  levels. 

Among  mar ine  molluscs, viruses have  b e e n  associated with disease and  mortali ty of 
oysters in  Uni ted  States and  France by Farley et al. (1972) and  Comps & Duthoit  (1976). 
A more problemat ic  association b e t w e e n  virus and haematopoie t ic  neoplasms in clams 
was made  by Oprandy  et aL (1981). 

With the i m m i n e n t  deve lopment  of mar ine  inver tebra te  cell cultures, the coming 
decade should be one of rapid expans ion  of knowledge  about  viruses in mar ine  animals  
- some of which may be (will be) of impor tance  in  aquacul ture .  

V i b r i o s i s  

The genus  Vibrio is a b u n d a n t l y  represen ted  in  the oceans and  estuaries,  where  its 
members  part icipate s ignif icant ly  in  the processes of degrada t ion  which are important  to 
biological  cycles. Some members  of the genus  can be facultat ively pa thogenic  to 
stressed animals ,  and  it is this characterist ic which is important  in the aquacul ture  
env i ronment .  At least three species (as usua l ly  defined) have b e e n  associated with 
epizootics and  mortal i t ies of cul t ivated an imals  - ver tebrate  and  invertebrate.  These 
species are Vibrio anguillarum, V. parahemolyticus, and  V. alginoljrticus. 

Although usual ly  considered mar ine  organisms,  Vibrios can be pa thogenic  for 
species cul tured in  freshwater  (Muroga & Egusa, 1970; Muroga et al., 1976; Baudin-  
Laurenc in  & Tangtrongpiros ,  1980; Horne, 1982). However,  these are usual ly  anadrom- 
ous or catadromous species, and  infections may  have b e e n  acquired  in es tuar ine/coastal  
waters.  

Vibriosis was first descr ibed in fish by Bonaveri  in 1718 (cited in  Hofer, 1904) and  
was recognized over a decade ago (Sindermann,  1970b; Evelyn, 1971) as a pr incipal  
p rob lem in mar ine  aquacul ture .  Subsequen t  publ ica t ions  have confirmed this observa- 
t ion repeatedly.  Many  Vibrios are s t rongly proteolytic and  chitinolytic, as well  as 
halophil ic,  which probably  accounts  in part  for their  success as opportunist ic  pathogens  
of mar ine  species in culture. 

V. anguillarum, the most impor tant  fish pa thogen ic  vibrio, was ident i f ied a half- 
century  ago as the cause of a le thal  disease ("red disease") of eels in Europe (Bergman, 
1909; Nybel in ,  1935); that disease cont inues  to be  a pr incipal  problem in  wild as well  as 
capt ive popula t ions  of eels. Since that early identif icat ion,  V. anguillarum has been  
associated with mortal i t ies  of other fishes, and  has b e e n  recognized as an  overr iding 
problem in  every mar ine  fish aquacul ture  attempt. 

V. anguillarum infections have b e e n  of great  consequence  in sal twater  culture of 
salmonids.  At t imes it seemed  as if the con t inued  exis tence of seawater  cult ivation of 
sa lmon d e p e n d e d  on successful solut ion to the vibriosis problem, and  some aspects of 
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the problem still exist today, even  though remarkab le  advances  have b e e n  made  in 
disease control, par t icular ly  through immuniza t ion .  

Sea pen  culture of Pacific sa lmon of several  species, bu t  par t icular ly  of coho salmon, 
Oncorhynchus kisutch, b e g a n  on the west coast of Uni ted  States in  the early 1970's, and  
mortalities due to vibriosis were noted almost immedia te ly  (Harrell, 1978). Init ial  
approaches to control emphas ized  ant ibiot ic  t reatment ,  but  oral and  other types of 
immuniza t ion  developed rapidly. Immuniza t ion  by in ject ion of juven i les  with ki l led 
pa thogens  was effective but  labor- intensive .  This method has now b e e n  replaced by 
hyperosmotic spray, and  bath immuniza t ion ,  a u g m e n t e d  w h e n  necessary  by  ant ibiot ic  
t reatment  or use of furanace  (where permitted) (Egidius & Andersen ,  1979a, 1979b). Oral  
immuniza t ion  has also b e e n  demonstra ted to be effective (Fryer et al., 1978). Polyvalent  
bacterins have b e e n  produced,  and  vibriosis, whi le  still a problem, is now considered  a 
controllable factor in sa lmon cul t ivat ion in the Pacific Northwest  and  in  European  
waters. 

Control of vibriosis in  cage culture of Atlantic salmon, Salmo salar, in the northeast-  
ern Uni ted States and  in nor thern  Europe has profited from advances  made  in  the Pacific. 
The disease, for example,  has b e e n  a threat  to Norwegian  cage culture,  par t icular ly  in  
coastal areas where  vibriosis epizootics have also occurred in wild popula t ions  of saithe, 
Gadus virens (Egidius & Andersen ,  1975). 

V. anguillarum has two major  b io types  I and  II differing an t igen ica l ly  and  b iochemi-  
cally - to the point  where  one author (Schiewe, 1981) has proposed two species, 
r enaming  Biotype II as V. ordalii. Many  highly  v i ru len t  strains of V. anguillarum isolated 
from epizootics conta in  a p lasmid  which enab les  them to compete  successfully for 
avai lable  free iron in  fish tissues. This may help  to explain,  in part, their  pa thogenic i ty  
(Horne, 1982). It should be noted too that V. anguillarum strains which are h ighly  
pathogenic  for one fish species may be non -pa thogen ic  for another  species. 

Vibrios have also emerged  as impor tant  pa thogens  of cul tured shrimp. V. para- 
hemolyticus, which has b e e n  associated with h u m a n  gastroenteri t is  in several  countries,  
was found to be lethal  to exper imenta l  popula t ions  of b rown shrimp, P. aztecus, by 
Vanderzant  et al. (1970). Subsequen t  s tudies  have shown that other vibrios (Y. anffuH- 
larum, V. alginolyticus) can cause epizootics and  mortal i t ies  of b rown shrimp, p ink  
shrimp (P. duorarum) and  whi te  shr imp (P. setlferus] (Lewis, 1973; Lightner  & Lewis, 
1975}. Mortalities a t t r ibutable  to V. alglnolyticus infect ion were reported in 1972 a nd  
1973 in a commercial  hatchery in  the Uni ted  States (Lightner, 1975). Both white  a nd  
brown shrimp were affected, and  mortal i t ies approached 100 %. In this and  other 
reports, the importance of physical  or chemical  stress in  onset  of disease was em- 
phasized. 

Vibrio spp., as well  as members  of the genera  Beneckea and  Pseudomonas with 
chitinolytic capacities, are also responsible  for another  s ignif icant  p roblem in shrimp 
culture - shell disease (Cook & Lofton, 1973). Epizootics and  resul tant  low but  pers is tent  
mortalities have b e e n  reported from an  exper imenta l  shr imp farm by  Lightner  (1975), 
who considered the chit inoclast ic  bacter ia  (in this case V. anguillarum), to be  the 
primary pathogen.  

Vibriosis was and  is an impor tant  p roblem in mol luscan  shellfish hatcher ies  
(Tubiash et al., 1965; Tubiash,  1975; Elston et al., 1982). Epizootics still occur in  larval 
oyster populat ions (Blogoslawski et al., 1978; Brown, 1973, 1981; Brown & Losee, 1978; 
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Leibovitz,  1978). Vibriosis was also recent ly  impl ica ted  in mortal i t ies  of abalones,  
Haliotis ru[escens, on the west  coast of Uni ted  States by Elston & Lockwood (1983). 

A DISEASE CONTROL PROGRAM 

Disease  control in i n t  e n  s i v e  c u  I t  u r  e s y s t  e m s is obviously critical - and it 
is feasible  with the appropr ia te  appl ica t ion  of measures  des igned  to reduce risks of 

losses due to this env i ronmen ta l  factor. A proposed  control p rogram should contain a 

m i n i m u m  of four e l emen t s  (Fig. 3): stress managemen t ,  prophylact ic  immunizat ion,  
chemoprophy lax i s / chemothe rapy ,  and control of transfers and introductions.  For 

I CONrRO[. O~: ]'RANSFIaRS I 

Fig. 3. Principal elements of a disease control program for intensive marine aquaculture 

e x t e n s i v e  c u l t u r e  s y s t e m s  stress managemen t ,  prophylact ic  immuniza t ion  

and control of transfers and introduct ions r emain  as key e lements ,  but others may be 

added,  such as e n v i r o n m e n t a l  o r  s t o c k  m a n i p u l a t i o n  (current diversions, 
sal ini ty modif icat ion,  etc.). It migh t  be  we l l  to men t ion  at this point  that  the proposed 

measures ,  r e g a r d l e s s  o f  t h e  n a t u r e  o f  t h e  c u l t u r e  s y s t e m ,  m u s t  b e  

b a s e d  o n  t h e  a v a i l a b i l i t y  o f  a d e q u a t e  d i a g n o s t i c  s e r v i c e s .  Iden- 
t i f icat ion and b io log ica l / eco log ica l  character iza t ion  of pa thogens  usual ly  p recede  or 
accompany  d e v e l o p m e n t  of effect ive disease  control. 

S t r e s s  m a n a g e m e n t  

Stress m a n a g e m e n t  as a prophylac t ic  me thod  is not a new concept;  concern about 

effects of poor wate r  quality,  overcrowding,  i nadeq u a t e  diet, abnormal  tempera tures  and 
sal ini t ies  have  long b e e n  features  of aquacu l tu re  practice.  Among  the many  aspects of 
stress which  are r e l evan t  to capt ive  mar ine  popula t ions  are these: 

(1) chronic  marg ina l  phys ica l / chemica l  conditions,  commonly  ca l led  poor water  
quality,  can be impor tant  de terminants  of mortali ty;  (2) facul ta t ive pathogens,  especia l ly  

vibrios and pseudomonads ,  are par t icular ly  effect ive w h e n  indiv iduals  are stressed; 



(3) la tent  infections, in t roduced with hosts to aquacul ture  environments ,  can b e c o m e  

patent  in s tressed populat ions;  and (4} e v e n  though concepts  of phys io log ica l  stress were  
deve loped  for ver tebrates ,  it is b e c o m i n g  apparen t  that inver tebra te  stress responses  

exist and have  b e e n  descr ibed  for severa l  species.  Some stress m a n a g e m e n t  act ivi t ies  

are d i ag r ammed  in Figure  4. 

I STRESS MANAGEMENT I 
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Fig. 4. Principal components of a stress management program for intensive marine aquaculture 

Stress is a s ignif icant  but  e lus ive  concept  in biology, and, l ike  any concept ,  it can be 

misunderstood,  misinterpreted,  or abused.  In its or ig inal  sense, as d e v e l o p e d  by Selye  

(1950, 1955 and 1976), stress represents  the consequences  of all the mechan i sms  
whereby  an organism at tempts  to main ta in  equ i l ib r ium in the face of env i ronmen ta l  

change.  Selye 's  or iginal  descr ipt ion of stress e m p h a s i z e d  phys io logica l  responses  of the 

organism in three p h a s e s -  a l a r m ,  r e s i s t a n c e ,  and e x h a u s t i o n .  The  a larm 
phase includes  immed ia t e  or short- term behaviora l ,  b iochemica l  or phys io logica l  

responses to non-op t imum changes  in the envi ronment ;  the res is tance or adapta t ion  

phase includes  longer - te rm b iochemica l /phys io log ica l  responses  wh ich  improve  l ikel i -  

hood of survival  in the non-opt imal  envi ronment ;  and the exhaus t ion  phase  inc ludes  

failure of critical b iochemica l  functions l ead ing  to phys io logica l  and morpho log ica l  

disorders and death. 
Perspect ives  on stress wil l  vary with  the background  of the observer.  To the 

pathologist  many  of the responses  to stressors can be  descr ibed  as or result  in "d i s ea se"  

if disease is def ined as "any depar ture  from normal  structure or funct ion of the an imal" .  
Specific responses to stressors, from the v i ewpo in t  of the pathologist ,  inc lude  (in 

probable  descend ing  order of priority): (1) the classical  cell  and tissue changes  such as 
i n f 1 a m m a t i o n (acute and chronic), d e g e n e r a t i o n ( including edema,  necrosis,  

and metaplasia) ,  r e p a i r a n d r e g e n e r a t i o n (proliferation, hyperplas ia ,  and scar 

formation), n e o p 1 a s i a ( including considera t ion  of cell  origin, stage, and type - 
whe ther  b e n i g n  or malignant) ,  and g e n e t i c  d e r a n g e m e n t  ( including 
chromosomal  changes,  and some skele ta l  abnormali t ies) ;  (2) changes  in res is tance to 

infect ion - usual ly by reduct ion  in i m m u n o c o m p e t e n c e ;  and (3) physiological ,  b iochemi-  

cal, and behaviora l  changes.  
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An important  bu t  often overlooked aspect of stress is that it has two components  - 
the non-specif ic  stress responses  which collect ively make  up the so-called "genera l  
adapta t ion  syndrome",  and  the specific or localized stress responses super imposed as a 
consequence  of in jury  or infect ion of a par t icular  t issue or organ - direct physiological  
and/or  morphological  responses.  These, as was po in ted  out by Selye (1955), may modify 
the non-specif ic  react ions to the same stressor. 

Another  impor tant  aspect  of stress m a n a g e m e n t  which has emerged  clearly in 
aquacul ture  concerns la tent  infections - their  occurrence in wild stocks and  their 
expression as epizootics in captive populat ions .  Latent viral  infections have b e e n  
recognized and  descr ibed as a consequence  of pa ten t  disease outbreaks  following stress. 
Inc luded  here would  be a herpes- l ike  virus infect ion of oysters (Farley et al., 1972), and  a 
baculovirus  disease of shr imp (Couch, 1974, 1978; Couch et al., 1975). Other kinds of 
la tent  infect ions (other than  viruses) can also cause disease and  mortal i t ies in  mar ine  
culture. Recently, severe anemia  accompanied  by extensive systemic lesions were 
reported in cul tured turbot, Scophthalmus maximus, as a consequence  of hemogregar ine  
(Haemogregarina sachai) infect ions (Kirmse, 1980). The hemogregar ines  are common 
blood parasi tes of fish, but  are considered b e n i g n  in wild populat ions.  It may well  be  that 
this group, and  others with normal ly  low pathogenici ty ,  may assume greater  importance 
unde r  stresses of in tens ive  culture conditions.  

The l i terature on stress in fish is a b u n d a n t  - to the point  where  two books have been  
wri t ten  on the subject  (Wedemeyer  et aI., 1976; Picket ing,  1981). The effects of stress in 
eels has b e e n  the subject  of a remarkab le  series of papers  by G. Peters and  her associates 
(Peters et al., 1980a, b; Peters, 1982). Morphological  and  physiological  indicators were 
useful  in diagnosis  of stress in  exper imenta l  systems. 

One  of the most impor tant  consequences  of stress is increased susceptibi l i ty to 
disease;  in fact, disease in  aquacul ture  popula t ions  is usual ly  an indica t ion  of marginal  
or poor env i ronmen ta l  conditions.  This is especia l ly  true of diseases caused by faculta- 
t i re  pa thogens  such as vibrios, pseudomonads ,  and  aeromonads.  

Al though most s tudies  of the physiological  and  morphological  consequences  of 
stress have emphas ized  vertebrates,  there are indicat ions  that counterpart  p h e n o m e n a  
may exist in inver tebra tes  as well. 

Among  Mollusca, several  publ ica t ions  have provided ev idence  for a genera l ized  
response syndrome. Jeffries (1972) working  with clams, Mercenaria mercenaria, found a 
shor tened life span, mass mortalities, reduct ion in total amino  acid and  carbohydrate 
content,  and  shell  invas ion  by  Polydora in  stressed clams. He considered amino acid 
ratios, par t icular ly  the t aur ine /g lyc ine  ratio in  gill and  mant le  tissues, as the best 
indicators.  Ratios above 3 indicate  stress, with ratios above 5 an  indica t ion  of acute 
stress. High taur ine  ratios were also observed by  Feng  et al. (1970) in oysters infected 
with the t rematode Bucephalus. In Jeffries' study, exposure of clams to petroleum 
resul ted in black tar- l ike concret ions in amebocytes  and  k idney  tissues. The concretions 
collected in  the renal  sac and  p lugged  the k idney  tubules.  

Other  indices  of stress in molluscs have b e e n  proposed - part icularly reduced 
"scope for growth" (a measure  of the potent ia l  for somatic growth and  gamete  produc- 
tion) (Bayne, 1975; Bayne et al., 1979) and  the oxygen /n i t rogen  ratio (Corner & Cowry, 
1968; Bayne & Scullard, 1977). Working with mussels,  Bayne and  associates observed 
dec l ine  in condi t ion and  depress ion  of gametogen ic  activity unde r  stress conditions. 



Disease  in aquacu l tu re  517 

Other  s tudies  by  Moore  (1976, 1977) r e l a t ed  d e g r e e  of cell  d a m a g e  due  to des t ab i l i za t ion  
of lysosomal  m e m b r a n e s  to deg ree s  of stress. 

An  impor tan t  a spec t  of stress m a n a g e m e n t  in mar ine  aquacu l tu re  is ea r ly  recogni -  
t ion of abnormal i ty .  In b iva lve  mol luscs  s igns  of stress m a y  inc lude  man t l e  recess ion,  
p a l e  d iges t ive  g land ,  r egress ion  of d iges t ive  t ubu l e  ep i the l ium,  hemocy te  inf i l t ra t ion of 
t issues,  edema ,  l ag  in gametogenes i s ,  and  inc reased  ceroid  (brown bodies)  - al l  or most  
of which  const i tute  a stress syndrome (Fig. 5). 

In the l a rge r  Crus tacea ,  s igns of stress inc lude  b l a c k  gills,  a b d o m i n a l  musc le  
opacity,  molt  re ta rda t ion ,  exoske l e t a l  overgrowth  with  f i l amentous  bac te r i a  and  proto-  
zoan epibionts ,  f requent  occur rence  of she l l  d isease ,  d i so r i en t ed  behavior ,  p r e s e n c e  in 
the  t issues of g ram pos i t ive  bac te r ia ,  and  c lot t ing of the  h e m o l y m p h  (as a r e sponse  to 
g r am-nega t i ve  endotoxin)  - a g a i n  const i tu t ing  a stress s y n d r o m e  (Fig. 6). 
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Fig. 5. Some responses to stress in bivalve molluscs 

P r o p h y l a c t i c  I m m u n i z a t i o n  

Vacc ina t ion  (or p rophy lac t i c  immuniza t ion)  is a n d  has  b e e n  a s t anda rd  p rac t ice  for 
pro tec t ion  of humans  and  o ther  e conomica l l y  impor tan t  te r res t r ia l  ve r t eb ra t e s  from 
disease .  Pr inc ipa l  types  of vaccines ,  as ca t ego r i zed  by  Brown (1978) are:  (1) Bacter ins  
( inact ivated bac te r i a l  vaccines) ;  (2) mod i f i ed  l ive bac te r i a l  vaccines ;  (3) toxoids  (for 
d i seases  caused  by  toxins); (4) inac t iva ted  vi ra l  vaccines ;  and  (5) mod i f i ed  (a t tenuated)  
l ive viral  vacc ines  (which s t imula te  both humora l  and  cell  m e d i a t e d  immuni ty) .  

Each me thod  has  ut i l i ty  and  def ic iencies .  Inac t iva ted  vacc ines  do not u sua l ly  
p roduce  strong or long- l a s t ing  immuni ty ;  ove r inac t iva t ion  m a y  des t roy  the an t igen ;  and  
inac t iva t ion  may  be  incomple te ,  a l l owing  contact  wi th  l ive v i ru len t  pa thogens .  On the 
other  hand,  a t t enua ted  mic roorgan i sms  m a y  muta te  to a v i ru len t  s ta te  (Ellis, 1981, 1982). 

Fish vacc ine  d e v e l o p m e n t  poses  spec ia l  p r o b l e m s  - the  most  s ign i f ican t  of wh ich  is 
t empera tu re  dependence .  Sens i t iza t ion  and  a n t i b o d y  produc t ion  have  b e e n  shown to be  
separa te  phenomena ,  wi th  the  la t te r  b e i n g  t e m p e r a t u r e  de pe nde n t .  Group  vacc ina t ion  to 
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INDICATORS OF STRESS IN CRUSTACEA 
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Fig. 6. Some responses to stress in crustaceans 

confer "herd immuni ty"  is the goal in fish immuniza t ion  - not the protection of every 
s ingle  ind iv idua l  as is the case with humans .  

Prophylactic immun iza t i on  received great  impetus  in mar ine  aquacul ture  from the 
necess i ty  of reduc ing  effects of Vibrio disease in  cage-reared salmonids.  Extensive 
research conducted on the Pacific coast of Uni ted  States and  e lsewhere  (Fryer et al., 
1978, Harrell,  1978; Johnson  et al., 1982, and  others) dur ing  the past decade explored 
various immuniza t ion  methods.  Non- t raumat ic  mass appl icat ion techniques  (such as 
spray, immers ion  and  hyperosmotic) have b e e n  deve loped  and  applied,  and  mul t iva lent  
bacter ins  have b e e n  ava i lab le  since 1977. Vaccinat ion  with Vibrio bacter in  has been  
successful with most sa lmonid  species. Fry as small  as one gram can be vaccinated 
successfully; and  res is tance persists for more than  400 days if fry are larger than 4 grams 
at vaccinat ion.  The most commonly  used  (and commercia l ly  avai lable)  bac ter in  is 
b ivalent ,  and  confers protect ion from V, anguillarum isolated from Uni ted  States, Japan,  
Norway, and  Italy (Johnson, 1980). Prophylactic immuniza t ion  is now used rout inely in  
Atlant ic  sa lmon pen  cul ture  (Egidius & Andersen ,  1979b). 

An  emerg ing  p h e n o m e n o n ,  both in  North America  and  in  Europe, is the appearance  
of n e w  strains or serotypes of V. anguillarum, which must  be  incorporated into the 
immun iza t i on  protocol (Egidius et al., 1981). Bacterins of west  coast or igin have b e e n  
a u g m e n t e d  with fractions reactive with addi t iona l  strains of Atlant ic  Vibrios to control 
disease in  Uni ted  States east  coast and  European  stocks. The probabi l i ty  of a large 
n u m b e r  of serotypes complicates  bacter in  production,  and  requires  constant  v ig i lance  to 
detect  new  forms of the disease. Some cross-protection is provided by various vaccines, 
bu t  not enough  and  not consistently.  The ou ts tand ing  success with Vibrios has led to 
explorat ion of prophylact ic  immun iza t i on  for control of other diseases of salmonids - 
especia l ly  bacter ia l  k idney  disease, furunculosis  and  enteric redmouth  disease. 

Japanese  researchers have developed immuniza t ion  methods for some of the bacte- 
rial diseases of yel lowtai l  (Seriola quinqueradiata) which were discussed earlier in this 
paper.  The efficacy of prophylact ic  immun iza t i on  agains t  Pasteurella piscicida, the 
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causative agent  of pseudotuberculos is  has b e e n  demonst ra ted  recent ly  (Fukuda & 
Kusuda, 1981). Protection was ach ieved  in  exper imenta l  popula t ions  by  oral, spray, and  
immers ion methods of immuniza t ion  of juveni les .  Similar  s tudies  ind ica ted  effectiveness 
of immuniza t ion  agains t  streptococcal disease,  which  is p robab ly  the most p ress ing  
current  disease problem in  yel lowtai l  cul ture (Iida et al., 1982). 

One feature of vacc ina t ion  which has emerged  is that it is not a panacea ,  s ince its 
protective effects may be reduced drastically by stress. Another  l imi ta t ion of a vaccina-  
tion program for cul tured fish was po in ted  out by Munro  (1982). Vaccinated  fish may 
carry and shed bacter ial  pathogens,  even  if they do not show frank disease. This can 
provide a persis tent  disease reservoir for susceptibles.  Still another  point  is that i mmun i -  
zation is only one of m a n y  mechanisms  of in te rna l  defense ava i lab le  to the fish. The 
critical role of the l iver in  detoxification, as wel l  as the seques te r ing  activit ies of cer ta in  
tissue components  should all be  included.  Impor tant  components  of an  immun iza t i on  
program for mar ine  fish cul ture are d i ag rammed  in Figure  7. 

I PROPHYLACTIC IMMUNIZATION I 

Fig. 7. Important components of an immunization program for marine fish culture 

Before leaving  the topic of prophylact ic  immuniza t ion ,  it would  be logical  to 
examine the possibil i t ies for e n h a n c e d  disease resis tance in inver tebra tes  which are 
be ing  produced by aquacul ture .  The inver tebra te  responses to infect ion are markedly  
different from those of fishes, be ing  less specific and largely cel lular  (Bang, 1975). 
Recent work with Amer ican  lobsters (Paterson & Stewart, 1974) has demons t ra ted  
increased phagocytic  activity, with a sugges t ion  that vaccines  prepared  from avi ru len t  
strains of the pa thogen  A e r o c o c c u s  v i r i d a n s  produced  a l imi ted degree  of resis tance to 
the disease (Gaffkaemia) which  it causes. Addit ional ly ,  in ject ions  of ant ibiot ic  (Van- 
comycin) plus v i ru lent  bacter ia  provided short-term protection. In other studies, 
increased bacter icidal  activity, following in jec t ion of bacter ia l  ant igen,  was found to 
exist in spiny lobsters (Acton et al., 1969). 

Cer ta inly  more work needs  to be  done, especial ly  with the larger  Crustacea,  on the 
e n h a n c e m e n t  of ind iv idua l  resis tance to disease.  Prophylactic e n h a n c e m e n t  of non-  
specific resis tance - possibly by exposure of post larvae to ki l led  or a t t enua ted  patho- 
gens  - may prove to be the crustacean counterpar t  of prophylact ic  immun iza t i on  in  fish. 
It seems more likely, though, that a more appropriate  research approach for inverte-  
brates genera l ly  is that of e n h a n c e d  p o p u l a t i o n  r e s i s t a n c e  b y  g e n e t i c  
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s e 1 e c t  i o n. Several  examples  of the l ikel ihood of success of this approach exist. 
Deve lopment  of disease resis tance in popula t ions  of oysters exposed to epizootic levels 
of par t icular  pa thogens  is sugges ted  by recent  observations.  A high degree of natural  
select ion for disease resis tance in  oyster popula t ions  exposed to the protozoan Haplo- 
sporidium nelsoni has b e e n  reported recent ly  by Andrews & Fr ierman (1974). An 
u n k n o w n  pa thogen  responsib le  for extensive oyster mortal i t ies (1916-1959) in the Gulf 
of Saint  Lawrence, Canada ,  has also resul ted in  select ion for disease resistance, in that 
oysters from other areas die w h e n  introduced,  whereas  nat ive oysters do not die at 
present.  The object ive of resistant  stocks is a logical  one for any genet ic  modification 
program with controlled reproduction.  

C h e m o t h e r a p y  

Another  impor tant  e l emen t  in the array of mar ine  disease control measures  is 
chemotherapy - useful  w h e n  other measures  fail, but  d e m a n d i n g  in precision of applica- 
tion, and  subject  to decreas ing  effectiveness because  of drug resistance. Chemical  
prophylact ic  and  t rea tment  methods,  par t icular ly  for sa lmonid  fishes, have been  elabo- 
rated dur ing  the past half century. An extensive  technology of disease control necessa- 
rily para l le led  the deve lopmen t  of fish culture in freshwater, and  has b e e n  appl ied 
recent ly  to mar ine  problems.  Beg inn ing  with the s impler  chemical  measures  (formalin, 
copper sulfate, malachi te  green),  t reatments  have progressed through the sulfa drugs to 
ant ibiot ics  and  the ni t rofurans - a class of chemotherapeut ics  first developed by the 
Japanese  agains t  bacter ia l  fish diseases. With all this chemistry, we often lose sight of 
the fact that c o n t r o l  o f  d i s e a s e  s h o u l d  l o g i c a l l y  c o n c e n t r a t e  o n  
p r o p h y l a x i s  r a t h e r  t h a n  t r e a t m e n t  - and  prophylaxis  must  emphasize 
adequa te  water  qual i ty  and  nutri t ion,  as well  as reduct ion of as many  stresses on 
cul tured popula t ions  as possible.  Chemical  prophylaxis  (and probably  chemotherapy) 
should be considered as "last resort" methods in  disease control, as was poin ted  out by 
H e r m a n  (1970) and  Snieszko (1974). 

The appl ica t ion  of chemicals  w h e n  a disease outbreak  is ant ic ipa ted  (as for example 
w h e n  fish are to be stressed by h a n d l i n g  or tempera ture  change) has long been  standard 
practice in  freshwater  hatcheries.  Snieszko (1974) po in ted  out that such chemoprophy- 

I CHEMOPROPHYLAXIS AND CHEMOTHERAPY 1 

Fig. 8. Important components of a chemoprophylaxis/chemotherapy program for marine aquacul- 
ture 
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laxis may be useful for salmonids,  or in pre t rea tment  of i ncuba t i ng  fish eggs. However,  
as he also pointed out, the danger  of chemoprophylaxis  (and chemotherapy too) is in  
developing strains of pa thogens  resistant  to the drug be i ng  used. There  is a l ready some 
indicat ion that this is occurr ing in  mar ine  fish culture.  Outbreaks  of vibriosis caused  by  
drug resistant  strains of Vibrio anguillarum have b e e n  reported in cul tured ayu Pleco- 
glossus altivelis since 1973 from several  districts of J a pa n  (Aoki et al., 1974; Kitao et al., 
1983). As a consequence,  chemotherapeut ics  have b e e n  largely supp lan ted  there by 
vaccinat ion in  vibriosis control. 

The technology of prophylaxis  and  t rea tment  of diseases in mar ine  aquacu l tu re  is 
extremely incomplete.  Some of the remedies  deve loped  for control of f reshwater  fish 
diseases can be adapted  for use with mar ine  fish, bu t  the whole field of mar ine  disease 
control through chemotherapy requires  extensive  exper imenta t ion .  Critical components  
of a chemotherapy program are d i a g r a m m e d  in  Figure  8. 

Chemicals  added  to cul ture systems for disease control may perform two impor tant  
positive functions: (1) they may reduce or e l imina te  pathogens ,  and  (2) they may reduce  
or control populat ions  of heterotrophic microorganisms which may act as facultat ive 
pathogens  of an imals  unde r  stress. Such chemicals  may, on the other hand,  cause 
problems in  culture systems: (1) they may have nega t ive  effects on biological  filters in  
controlled recirculated systems - par t icular ly  on ni t r i fying bacteria;  (2) they may have 
negat ive  effects on algal  food, or on a lgae present  in  fish larval  rear ing  tanks;  and  (3) 
they may leave undes i rab le  or harmful  residues in  cul tured animals .  

One very important  genera l  point  which must  be kept  clearly in  mind  w h e n  
consider ing chemical  methods  of disease control is the restriction on use of chemicals  to 
treat an imals  be ing  raised for food. Such restrictions vary from country to country, of 
course. At present,  for example,  only salt, acetic acid and  su l fameraz ine  are approved by 
the Uni ted States Food and  Drug Adminis t ra t ion  for use on all food fish, whi le  oxy- 
tetracycline is restricted to use with trout, salmon, and  catfish. This means  that such 
common and  useful subs tances  as formalin, furanace,  copper  sulfate, acriflavin, and  
potassium pe rmangana te  may not be used legal ly  at present  in  the Uni ted  States in  
t reatment  of species des t ined for h u m a n  consumption.  

It should also be poin ted  out that some chemicals  (such as malachi te  green) may be 
carcinogenic,  or may cause other damage  to h u m a n s  who hand le  the compounds.  Some 
potent ia l ly  harmful chemicals  may actual ly be used, even  though they are not cleared, 
and use of such chemicals  may leave pers is tent  res idues  in  the harves ted  product  
dest ined for h u m a n  consumption.  Other  chemicals  may affect food chain  organisms in 
the na tura l  env i ronment ;  their  widespread  use should be discouraged.  

With all its l imitations,  as ou t l ined  above, chemoprophylaxis  and  chemotherapy  still 
occupy a s ignif icant  niche for response to crises or otherwise in t ractable  problems,  a nd  
profit-oriented aquacul ture  producers  are most comfortable w h e n  " remedies"  are at 
hand. As an example,  one recent  and  somewhat  u n i q u e  appl ica t ion  of chemotherapy 
(using ozone and Bactipal) was reported by French researchers.  In a search for methods 
to reduce effects of the protis tan parasi te  Bonamia ostreae on flat oysters, Ostrea edulis, 
infected oysters and  effluents of ho ld ing  bas ins  were treated. In p re l iminary  experi- 
ments,  Bactipal was lethal  to B. ostreae at one part  per  thousand  for 30 min,  and  ozone 
was effective at 3.5 rag/1 for 60 rain (Grizel, 1983, unpub l ,  report). 
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C o n t r o l  of t r a n s f e r s  a n d  i n t r o d u c t i o n s  

Transfers and  introduct ions of species, from one hydrographic  regime to another,  or 
from one ocean to another,  have  character ized the deve lopment  of mar ine  aquacul ture.  
Such activities are accelerat ing;  and the risk of in t roduced disease is always present.  
Some a t tent ion is be ing  g iven  to that risk, but  adequa te ly  documented  examples of 
disease introduct ions are rare so far for mar ine  species. Specific i l lustrat ions include 
in t roduct ion of a parasit ic copepod (Mytilicola orientalis) from Japan  to the west coast of 
Uni ted  States with in t roduced  Pacific oysters (Crassostrea ffigas), and  the in t roduct ion of 
a virus disease to Hawai i  (and possibly elsewhere)  with introduct ions of penae id  shrimps 
from Centra l  and  South America  (Lightner et al., 1983). The shrimp virus, called 
Infectious Hypodermal  and  Hematopoiet ic  Necrosis Virus (IHHNV) is highly lethal to 
Penaeus styh'rostris and  infective to P. vannamei and  P. monodon. It has apparent ly  been  
wide ly  dis t r ibuted throughout  the world with uncont ro l led  introduct ions for aquacul ture  
purposes  of infected P. stylirostris or P. vannamei from the west coast of Central  and  
South America.  Its potent ia l  infectivity to other commercial  penae id  species is as yet 
unde te rmined ,  but  an obvious hazard exists. It may  wel l  prove to be our best  example  to 
date of widespread  d i ssemina t ion  of a pa thogen  with in t roduced aquacul ture  species. 

Transfers and  introduct ions of non-na t ive  species are increasing,  and  some (such as 
movemen t  of oyster seed from Japan  to the Uni ted  States Pacific coast and  to France) are 
now cons idered  part  of current  commercial  practice. A parasi t ic  copepod, M. orientalis, 
was in t roduced  to the Uni ted  States with the early J apanese  imports; it proved infective 
to na t ive  west  coast oysters Ostrea lurida, and  may have contr ibuted to decl ine  of that 
species. More recently,  M. orientalis was observed in high prevalences  in mussels, 
Mytilus edulis, from the pr inc ipa l  p roducing  areas on the nor thern  French coast (Grizel, 
1983; unpub l ,  report). The parasite was probably  in t roduced with massive imports of 
Pacific oysters, Crassostrea gigas, from Japan  and  the west  coast of North America. 

Usually,  though, it is difficult to make  direct associations of in t roduced species and 
the occurrence of a n e w  pa thogen  in  nat ive  popula t ions  of the recipient  country. 
Suspected but  unproved  disease introduct ions inc lude  a viral gill  disease of oysters 
(Crassostrea angulata) in  France (Comps et al., 1980) and  a protozoan disease of flat 
oysters (Ostrea edulis) also in France (and more recent ly  in  other European  countries) 
(Pichot et al., 1981). In the recent  French oyster epizootics, pa thogens  were ident if ied (an 
ir idovirus responsib le  for gill disease of Por tuguese  oysters, C. ang-ulata, and a haplo- 
sporidan,  Bonamia ostreae, responsible  for mortal i t ies  of O. edulis), which have counter- 
parts in  oysters from e lsewhere  in the world, and  may have b e e n  int roduced recently 
with massive  importat ions of Pacific oysters (C. giffas). There is, however,  no real 
ev idence  to support  this speculat ion.  

Among  the fishes, sa lmonids  have b e e n  moved  from river to river, country to 
country, and  ocean to ocean, more than  any  other group (with the possible exception of 
the carps and  tilapias). Such movements  have resul ted in  the in t roduct ion of one serious 
disease - whi r l ing  disease caused by the myxospor id ian  Myxosoma cerebral is-  into 
Uni ted  States from Europe. At present,  a t tent ion is focused on a n u m b e r  of highly 
pa thogenic  viruses found in salmonids,  and  on methods to prevent  their int roduct ion into 
waters  where  they are now absent .  Infectious Hematopoie t ic  Necrosis Virus (IHNV) for 
example,  is found in  Uni ted  States but  not in  Europe, whereas  Viral Hemorrhagic  
Sept icemia Virus (VHSV) is found in  Europe but  not in Uni ted  States. Inspect ion and 



certification systems are now in effect in a n u m b e r  of countr ies  to reduce  risks of 
disseminat ion of these f reshwater  viral  pa thogens ,  but  counterpar t  systems for mar ine  

species have  not been  d e v e l o p e d  in most countries.  Important  components  of a p rogram 
to control introduct ions are d i a g r a m m e d  in F igure  9. 

l CONTROL OF TRANSFERS 1 AND INTRODUCTIONS 
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Fig. 9. Important components of a program to reduce risks associated with introductions of non- 
indigenous species 

Recent  expans ion  of ocean  ranch ing  and sea cage  cul ture  of sa lmonids  has acceler-  

ated transfers of fish from country to country. Pacific sa lmon have  b e e n  in t roduced  into 

European waters for cage  cul ture and plans exist  for ocean  ranch ing  of Pacific species  in 

some European  countries (France in particular).  Pi lot-scale ocean  ranch ing  of two Pacific 

species is a l ready unde rway  on the east  coast of Uni ted  States, based  on eggs  der ived  

from Alaskan and J apanese  stocks. The  l ike l ihood  of in t roduct ion of viral  diseases,  some 
of which may be t ransmit ted ver t ica l ly  from paren t  to offspring, seems high. 

There  is a genera l  recogni t ion  among  in t e rgove rnmen ta l  groups in the wes te rn  

hemisphere  (ICES, EIFAC, FAO) of the need  for a d e q u a t e  inspection,  cer t i f icat ion and 
control programs to reduce  risks associa ted wi th  introduct ions of species.  This  recogni-  

tion has led to a proposal  by ICES for an in terna t ional  " C o d e  of Pract ice",  which  is 

reproduced  here  because  of its l imi ted  ava i lab i l i ty  in the pub l i shed  l i terature.  

Revised code of  practice to reduce  the risks o f  adverse effects arising from introduction of  

mar ine  species  

At its Statutory M e e t i n g  in 1973, the In ternat ional  Counci l  for the Explora t ion of the 

Sea adopted a "Code  of Pract ice to Reduce  the Risks of Adverse  Effects Aris ing from 
Introduction of Non- ind igenous  Mar ine  Species" .  At its Statutory M e e t i n g  in 1979 the 

Counci l  adopted  a revised  code, as follows: 

(1) Recommended  procedure  for all species  prior to r each ing  a dec is ion  r ega rd ing  n e w  
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int roduct ions  (this does not apply to introduct ions or transfers which are part of 
current  commercia l  practice). 
(a) M e m b e r  countr ies  con templa t ing  any  new  int roduct ion should be requested to 

present  to the Counci l  at an  early stage informat ion on the species, stage in the 
life cycle, area of origin, proposed place of in t roduct ion and  objectives, with such 
informat ion on its habitat ,  epifauna,  associated organisms, etc., as is available.  
The Counci l  should then  consider  the possible outcome of the introduction, and 
offer advice on the acceptabi l i ty  of the choice. 

(b) Appropr ia te  authori t ies  of the impor t ing  country should examine  each "candi-  
date for admiss ion"  in  its na tura l  env i ronment ,  to assess the justif ication for the 
introduction,  its re la t ionship  with other members  of the ecosystem and  the role 
p layed by parasi tes  and  diseases. 

(c) The p robab le  effects of an  in t roduct ion into in  the new area should be assessed 
carefully, i nc lud ing  examina t ion  of the effects of any  previous introduct ions of 
this or s imilar  species in  other areas. 

(d) Results of (b) and  (c) should be communica ted  to the Counci l  for evaluat ion  and 
comment.  

(2) If the decis ion is t aken  to proceed with the introduction,  the following action is 
r ecommended :  
(a) A brood stock should be es tabl ished in  an approved qua ran t ine  situation. The 

first genera t ion  progeny  of the in t roduced species can be t ransplanted  to the 
na tura l  env i ronmen t  if no diseases or parasi tes  become evident,  but  not the 
or iginal  import. The qua ran t ine  per iod will  be used to provide opportuni ty for 
observat ion for disease and  parasites.  In the case of fish, brood stock should be 
deve loped  from stocks imported as eggs or juveni les ,  to allow sufficient t ime for 

observat ion in  quarant ine .  
(b) All effluents from hatcheries  or es tabl ishments  used for qua ran t ine  purposes 

should be ster i l ized in  an  approved m a n n e r  (which should inc lude  the ki l l ing of 
all  l iv ing  organisms present  in  the effluents). 

(c) A con t inu ing  study should be made  of the in t roduced species in  its ne w  environ- 
ment,  and  progress reports submit ted  to the In terna t ional  Counci l  for the Explo- 
rat ion of the Sea. 

(3) Regulatory agenc ies  of all  m e m b e r  countr ies  are encouraged  to use the strongest 
possible  measures  to p reven t  unau thor ized  or unapproved  introductions.  

(4) Recommended  procedure  for int roduct ions or transfers which  are part of current 
commercia l  practice. 
(a) Periodic inspect ion  ( inc luding microscopic examinat ion)  by the receiving coun- 

try of mater ia l  prior to mass t ransp lan ta t ion  to confirm freedom from introducible  
pests and  diseases. If inspec t ion  reveals  any  undes i r ab le  development ,  importa- 
t ion must  be  immedia te ly  discont inued.  F ind ings  and  remedia l  actions should be 
reported to the In terna t ional  Counci l  for the Explorat ion of the Sea. 

(b) Inspect ion and  control of each cons ignmen t  on arrival. 
(c) Q u a r a n t i n i n g  or dis infect ion where  appropriate.  

Note: A marine species is defined as any aquatic species that does not spend its entire life cycle in 
freshwater. 



Disease in aquacul ture  525 

(d) Es tabl i shment  of brood stock certified free of specified pathogens.  
It is apprecia ted that countries will  have different at t i tudes to the select ion of the 
place of inspect ion  and  control of the cons ignment ,  ei ther  in  the country of origin or 
in the country of receipt. 

A schematic  p l an  for introductions,  fol lowing the Code of Practice, is p resen ted  as Figure  
t0. 

P R O P O S E D  S T E P S  TO REDUCE D A N G E R S  OF D I S E A S E  
IN THE  I N T R O D U C T I O N  OF N O N - I N D I G E N O U S  SPECIES  
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Fig. i0. Steps in introduction of a new species, following the ICES Code of Practice 

E n v i r o n m e n t a l  or  s tock  m a n i p u l a t i o n  

Extensive culture systems, in  which an imals  are re leased into the na tura l  environ-  
ment  for growth to market  size, are less a m e n a b l e  to control measures  than  are in tens ive  
systems• Some of the e lements  a l ready discussed are still appl icab le  to extensive  
systems. Stress m a n a g e m e n t  may consist of controlled densi ty  p l an t ing  of oysters or 
locating growout areas away from known  sources of industr ia l  pol lut ion;  prophylact ic  
immuniza t ion  of fish in  ocean ranch ing  is feasible;  and  control of in t roduct ions  of non-  
ind igenous  species to open  waters  is a critical e l eme n t  in  extensive  culture. In addit ion,  
e n v i r o n m e n t a l  o r  s t o c k  m a n i p u l a t i o n  m a y  e m e r g e  a s  t h e  m o s t  
i m p o r t a n t  d i s e a s e  c o n t r o l  e l e m e n t  i n  e x t e n s i v e  a q u a c u l t u r e  
s y s t e ms .  Several examples  now exist that demonst ra te  this. Stock m a n a g e m e n t  and  
p lan t ing  of oysters in the presence  of pa thogens  is a good case in  point.  In the case of the 
fungus pa thogen  Perkinsus marinus, low densi ty  p l an t i ng  of oysters reduces  risk of 
disease transmission;  in the case of the haplospor id ian  pa thogen  Haplosporidium 
nelsonL p lan t ing  in waters with sal ini t ies  be low 15 ppt is critical to survival;  in the case 
of the French oyster pa thogen  Marteilia refringens, infections occur in July  and  August,  
so seed oysters are not p lan ted  dur ing  this period. These pragmat ic  m a n a g e m e n t  
approaches, u t i l iz ing ava i lab le  physiological  and  ecological  informat ion about  the 
pathogen and  the host, can insure  m a i n t e n a n c e  of product ion  even  in  the presence  of 
serious pathogens.  
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CONCLUSIONS: EMERGING CONCEPTS IN AQUACULTURE PATHOLOGY 

Any examina t ion  of the l i terature in  a rapidly  deve loping  special i ty of science 
should result  in  ident i f icat ion of emerg ing  concepts  or general izat ions.  Such emergence  
should not  be  forced, of course, bu t  the role of pathology in  mar ine  aquacul ture  has 
progressed sufficiently to enab le  some tenta t ive  syntheses.  Parallels with f indings  from 
other popula t ions  - freshwater  and  terrestrial  - are obvious and  repeated,  but  some 
features u n i q u e  to the mar ine  env i ronmen t  have appeared:  

(1) Prominent  in  any  considera t ion of mar ine  aquacu l tu re  diseases is the overriding 
presence  of Vibrio infect ions which are facul tat ively associated with stress, and  which 
are severe problems in the cul ture of most species, ver tebrate  and  invertebrate .  

(2) Closely associated with recogni t ion of vibriosis as a pr incipal  problem is the 
ident i f ica t ion of other bacter ia l  diseases of cul t ivated animals ,  such as Aerococcus 
viridans infections in lobsters, and  pseudotuberculos is  in yel lowtai l  culture, caused by 
Pasteurella pisclcida. Some, such as A. viridans can  be  classified as pr imary pathogens,  
whi le  others are facultative, bu t  no sharp divis ion exists. 

(3) Facul ta t ive  pathogens ,  par t icular ly  bu t  not exclusively of the Vibrio, 
Pseudomonas,  Aeromonas  group, may unde r  the stresses of low dissolved oxygen, high 
temperatures ,  dietary imba lances  or high popu la t ion  densit ies,  occur in  epizootic pro- 
portions in  cul t ivated popula t ions  of fish and  shellfish. Mortali t ies caused by non-  
op t imum env i ronmen t  are thus a t t r ibuted to disease. The species composit ion of mi- 
croorganisms in  the vicini ty of aquacul ture  facilit ies may shift drastically, due to eu- 
t rophicat ion or shedd ing  of pa thogens  from infected fish. Disease outbreaks are clearly 
aspects of ecosystem dynamics.  

(4) As might  be  expected, based on exper iences  with freshwater fish culture, the 
rapid emergence  of viral  diseases of mar ine  species has followed closely the partial  
control of pr inc ipa l  bacter ia l  pathogens .  Previously u n e x p l a i n e d  disease condit ions and 
mortal i t ies in fish and  shellfish popula t ions  have b e e n  associated with the presence of 
viruses (Farley et al., 1972; Couch, 1974; S tephens  et al., 1980; Lightner  et al., 1983), and  
there is every reason to expect further e luc ida t ion  of the role of viruses in mar ine  
populat ions .  

(5) Disease control in  fish selected for mar ine  aquacu l tu re  may depend  to a large 
extent  on a u g m e n t a t i o n  o f  t h e  i n t e r n a l  d e f e n s e  m e c h a n i s m s  of  t h e  
a n i m a l ,  p r i n c i p a l l y  b y  v a c c i n a t i o n .  The immunolog ica l  responses off ish 
genera l ly  para l le l  those of terrestrial vertebrates,  i nc lud ing  phagocytosis and  the elab- 
orat ion of specific i m m u n o g l o b u l i n  antibodies.  This  fact has b e e n  used in prophylactic 
immun iza t i on  of several  species of freshwater fishes, and  more recent ly  in  successful 
at tempts to immun ize  sa l twater-held  sa lmon agains t  vibrio and  other bacter ial  infections 
(Fryer et al., 1976; Cisar & Fryer, 1969). It may  be that early prophylactic immuniza t ion  
us ing  a combina t ion  of vaccine  appl icat ion methods  - plus  antibiotics added to diets 
w h e n  disease s igns appear  - may be methods of choice with microbial  diseases of fish. 

(6) Latent infect ions are important  in m a i n t a i n i n g  disease (and some level of disease 
resistance) in  na tura l  popula t ions  of fish. They provide a con t inu ing  source of infectious 
material ,  and  may become pa ten t  and  cause epizootics as a consequence  of env i ronmen-  
tal stress, such as that f requent ly  found in aquacu l tu re  systems. 

(7) For cul tured anadromous  or catadromous species  such as sa lmon or eels, the 
dis t inct ion b e t w e e n  "freshwater" and  "mar ine"  diseases becomes  blurred.  Some dis- 
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e a s e s  a c q u i r e d  i n  f r e s h w a t e r  m a y  e x e r t  e f f ec t s  d u r i n g  s a l t w a t e r  e x i s t e n c e  or  v i c e  ve r sa .  

A l so  s o m e  f r e s h w a t e r  d i s e a s e s  m a y  b e  t r a n s m i t t e d  i n  s a l t w a t e r .  A n  e m e r g i n g  p h e n o m e -  

n o n  in  s e a  p e n  c u l t u r e  of s a l m o n  is t h e  a p p e a r a n c e  of s o m e  of t h e  w e l l - k n o w n  f r e s h w a t e r  

d i s e a s e s ,  s u c h  as  f u r u n c u l o s i s  ( c a u s e d  b y  Aeromonas  salmonicida), b a c t e r i a l  k i d n e y  

d i s e a s e  ( c a u s e d  b y  Renibacterium salmoninarum), a n d  V i r a l  H e m o r r h a g i c  S e p t i c e m i a  

(VHS),  w h i c h  h a v e  b e e n  a n d  c o n t i n u e  to b e  s e r i o u s  h a t c h e r y  p r o b l e m s ,  as  c a u s e s  of 

m o r t a l i t y  i n  s e a w a t e r  as  w e l l  (F ran t s i  e t  al. ,  1977;  P a t e r s o n  e t  al. ,  1981;  C a s t r i c  & 

d e K i n k e l i n ,  1980). T h e s e  d i s e a s e s  m a y  b e  c a r r i e d  in  a l a t e n t  s t a t e  f r o m  f r e s h -  to  

s a l t w a t e r ,  b u t  f u r u n c u l o s i s  a n d  V H S  h a v e  b e e n  t r a n s m i t t e d  f rom f i sh  to f i sh  i n  s e a w a t e r  

(Scott ,  1968; N o v o t n y ,  1978; C a s t r i c  & d e K i n k e l i n ,  1980).  N o v o t n y ,  for  e x a m p l e ,  c i t e d  

i n s t a n c e s  of m o r t a l i t i e s  in  s e a  c a g e s  of c h i n o o k  s a l m o n  (Oncorhynchus tshawytscha) of 

u p  to 80 % i n  f ive  m o n t h s ,  c a u s e d  b y  s i m u l t a n e o u s  e p i z o o t i c s  of f u r u n c u l o s i s  a n d  
v ibr ios i s .  

(8) T r a n s f e r  a n d  i n t r o d u c t i o n s  of s p e c i e s  for  a q u a c u l t u r e  p u r p o s e s  c a n  i n c r e a s e  

d i s e a s e  p r o b l e m s  in  c u l t i v a t e d  p o p u l a t i o n s .  S u s c e p t i b l e  a n i m a l s  m a y  b e  i n t r o d u c e d  i n to  

a r e a s  in  w h i c h  p a r t i c u l a r  d i s e a s e s  a r e  e n z o o t i c  or  e p i z o o t i c ,  or  n e w  d i s e a s e s  m a y  b e  

i n t r o d u c e d  w h e n  t r a n s f e r s  f rom o t h e r  g e o g r a p h i c  a r e a s  a r e  m a d e .  

(9) E x t e n s i v e  m a r i n e  a q u a c u l t u r e  f a c i l i t i e s  m a y  s e r v e  as  e p i c e n t e r s  for  t h e  d i s s e m i -  

n a t i o n  of, or  m a y  ac t  as  r e s e r v o i r s  for, i m p o r t a n t  p a t h o g e n s ,  s o m e  of w h i c h  m a y  a f fec t  

w i l d  p o p u l a t i o n s .  

(10) D i s e a s e  o u t b r e a k s  in  e x t e n s i v e  c u l t u r e  h a v e  c l e a r  s e a s o n a l  c h a r a c t e r i s t i c s ,  a n d  

m a y  a l so  o c c u r  i n  l o n g e r - t e r m  cyc les .  

D i s e a s e  h a s  a l r e a d y  p r o v e d  to be ,  a n d  w i l t  u n d o u b t e d l y  c o n t i n u e  to be ,  a m a j o r  

p r o b l e m  i n  m a r i n e  a q u a c u l t u r e .  T e c h n o l o g i c a l  p r o g r e s s  i n  d i s e a s e  d i a g n o s i s  a n d  c o n t r o l  

h a s  b e e n  r a p i d ,  so t h a t  o u r  s u c c e s s e s  n o w  o u t n u m b e r  o u r  f a i lu re s .  T h e  p r o c e s s  is n e v e r  

e n d i n g ,  t h o u g h ,  as  n e w  d i s e a s e  e n t i t i e s  a n d  n e w  c r i s e s  a p p e a r  to c h a l l e n g e  a q u a c u l t u r e  

p r o d u c t i o n .  
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