
HELGOL~NDER MEERESUNTERSUCHUNGEN 

Helgol~nder  Meeresunters .  37, 445-462 (1984) 

Monogenean  infestations and mortality in wi ld  and 

cultured Red Sea fishes 

I. P a p e r n a ,  1, A. D i a m a n t  I & R. M. O v e r s t r e e t  2 

i The H. S te in i t z  Mar ine  Bio logy  Laboratory o f  the H e b r e w  Univers i ty  o f  Jerusalem;  

Eilat, Israel 

2 Gul f  Coast  Research Laboratory; Ocean Springs,  Mississ ippi ,  USA 

ABSTRACT: Hyperinfect ion by the gi l l - infest ing m o n o g e n e a n  Allobivagina sp. (Microcotylea) 

caused mass mortali t ies in juveni les  of Siganus luridus cul tured in seawater  ea r then  ponds  and  

holding tanks in Eilat (Gulf of Aqaba,  Red Sea). Other  species of Siganus and adults  of S. luridus 
cultured in the same systems acquired a low intensi ty of infestation. Most hyper infected  fish were 

emacia ted  and anaemic  with hematocr i t  values  be low 10 %. Skin and  mouth  infestat ions by the 

monogenean  Benedenia monticelli (Capsaloidea) caused mass mortal i t ies in grey mullets  

(Mugilidae). These mortali t ies occurred in large individuals  in wild populat ions  of Liza carinata 
from lagoonal  habi ta ts  in the Gulf of Suez and  in most  species of grey mullets  cul tured in Eilat. The 

intensity of infestat ion correlated posit ively wi th  severi ty of infestation, and  the  common sites of 

infestation corresponded with areas of severe pathological  alterations. Spontaneous  recovery 

followed the climax of an  epizootic, bo th  for infested S. luridus and infested grey mullets.  Decline in 

infestation coincided with remission of the pathological  signs. 

I N T R O D U C T I O N  

T h e  p o t e n t i a l  p a t h o g e n i c i t y  of c a p s a l i d  ( B e n e d e n i i n a e )  a n d  m i c r o c o t y l i d  m o n o g e -  

n e a n s  to m a r i n e  f i s h e s  h a s  b e e n  r e c o g n i z e d  s i n c e  s p e c i e s  c a u s e d  m o r t a l i t i e s  of f i s h e s  in  

p u b l i c  a q u a r i a  s e v e r a l  d e c a d e s  a g o  (Nigre l l i ,  1939, 1943). M o r t a l i t i e s  d u e  to t h e s e  

p a t h o g e n i c  m o n o g e n e a n s  h a v e  i n c r e a s e d  i n  n u m b e r  w i t h  t h e  i n c r e a s e d  c u l t i v a t i o n  of 

m a r i n e  f i shes .  In J a p a n ,  e p i z o o t i c s  of t h e  c a p s a l i d  Beneden ia  seriolae a n d  t h e  m i c r o -  

co ty l id  A x i n e  heterocerca c a u s e d  m a s s  m o r t a l i t i e s  of c u l t u r e d  y e l l o w t a i l  (Seriola quin-  

queradiata) ( H o s h i n a ,  1968;  E to  e t  al. ,  1976).  In  t h e  U n i t e d  S ta t e s ,  t h e  m i c r o c o t y l i d  

Bicotylophora trachinoti a n d  Beneden ia  spp .  c a u s e d  m o r t a l i t i e s  of c u l t u r e d  F l o r i d a  

p o m p a n o  (Trachinotus carolinus) (Lawler ,  1977; pe r s .  obs.) ,  w h e r e a s  e l s e w h e r e  a n o t h e r  

c a p s a l i d ,  P.ntobdella solae, c a u s e d  s e v e r e  i n f e s t a t i o n s  o n  b r o o d  s t o c k  of D o v e r  so l e  

(Solea solea) ( A n d e r s o n  & C o n r o y ,  1968).  

T h e  p r e s e n t  c o m m u n i c a t i o n  r e p o r t s  m o r b i d i t y  a n d  m o r t a l i t y  a s s o c i a t e d  w i t h  i n f e s t a -  

t i ons  of a m i c r o c o t y l i d  o n  Siganus  luridus ( S i g a n i d a e )  a n d  of a c a p s a l i d  o n  g r e y  m u l l e t s  

( M u g i l i d a e ) .  P r e l i m i n a r y  a c c o u n t s  of t h e  c a p s a l i d  Beneden ia  mont ice l l i  a n d  i ts  i n f e s t a -  

t i on  o n  g r e y  m u l l e t s  h a v e  a p p e a r e d  in  t w o  r e v i e w s  of m u l l e t  d i s e a s e s  ( P a p e r n a ,  1975;  

P a p e r n a  & O v e r s t r e e t ,  1981).  
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MATERIAL and ME T H O D S  

Study incorporates  quant i ta t ive  data  from fish sampled  from natural  habitats  in the 

Gulfs of Suez and Aqaba,  Red Sea and observat ions  made  on the course of infestations 

and consequen t  mortal i t ies  in fish ma in t a ined  in the cul ture facil i t ies in the H. Steinitz 

Mar ine  Biology Laboratory loca ted  in the nor thern  end of the Gulf of Aqaba.  

Cul ture  facil i t ies compr ised  sha l low (1 m deep) ear thern  ponds, 250 m 2 in area, and 

ho ld ing  tanks wi th  vo lumes  rang ing  from 0.75 to 1.5 m 3, all suppl ied  by f i l tered f lowing 

sea water .  

From the cul tured stock it was not poss ible  to obtain f requent  consecut ive  samples  

la rge  e n o u g h  for quant i ta t ive  eva lua t ion  wi thout  cons iderably  dep le t ing  the fish stock 

unde r  observat ion.  Thus, data  from cul tured fish remain  of qual i ta t ive  nature. 

Fish were  e x a m i n e d  for m o n o g e n e a n s  as wel l  as for pa thologica l  aberrations.  

Weigh t  (to the neares t  0.1 g), l ength  (either fork length  [FL] or total length  [TL] in ram) 

and hematocr i t  (in %) were  measured .  For de te rmina t ion  of hematocr i t  values,  fish were  

b led  by amputa t ion  of their  poster ior  end  before  the caudal  peduncle .  Blood was 

col lec ted  into s tandard hepa r in i zed  micro hematocr i t  capil lary.  The  capi l lar ies  were  

cen t r i fuged  for 3 rain in Microhematocr i t  centr i fuge (Heraeus-Chr is t  GmbH) and the 

hematocr i t  l eve l  in % was de t e rmined  from Heraeus -Chr i s t  s tandard chart. 

Condi t ion  coeff ic ient  of the fish was ca lcula ted  from the equat ion:  

K = w e i g h t  (g) x 10.5 / l eng th  (ram) 3. To compare  the l eng th  - we igh t  re la t ionship 

in different  samples ,  data  were  t ransformed with common logar i thms and fitted to the 

regress ion  equat ion.  Co-var iance  was emp loyed  for comparisons  b e t w e e n  samples.  

S tudent  t-test, Spea rman ' s  coeff icient  of rank correlat ion and l inear  correlat ion were  

emp loyed  for analysis  of data  ob ta ined  from the different samples,  habi tats  and size 

groups of fish, and for host-parasi te  relat ionships.  

Sever i ty  of the pa tho log ica l  a l terat ions for quant i ta t ive  eva lua t ions  was  subjec t ive ly  

sca led  to a m a x i m u m  9 units, fo l lowing the stages in the pa tho log ica l  process as 

desc r ibed  below.  

MICROCOTYLID EPIZOOTICS IN CULTURED SIGANID FISH 

The microcotyl id  Allobivagina sp. (a n e w  species  b e i n g  s tudied by Diamant  & 

Paperna) occurs on the gil ls  of three common nor thern  Red Sea species  of Siganus (S. 

luridus, S. rivulatus, and S. argenteus) and also on popula t ions  of S. luridus and S. 

rivulatus in the eas tern  Med i t e r r anean  Sea which  or ig ina ted  from Red Sea stock that had 

passed  through the Suez Canal .  In these wi ld  fish populat ions,  infestat ions rarely 

e x c e e d e d  10 parasi tes  per  fish, but  severa l  fish from both the Red and Medi te r ranean  

Seas had infestat ions r each ing  40 to 200 parasites.  Never the less ,  no apparent  associated 

pa tho log ica l  d a m a g e  was evident .  

Examina t ion  of S. luridus from a mass morta l i ty  that  occurred in N o v e m b e r  1974 in a 

seawate r  ea r then  pond  in Eilat r evea led  h igh  numbers  of Allobivagina sp. (Fig. 1). The 

cul tured fish, measu r ing  60 to 80 mm TL, or ig ina ted  from a wild  stock of juven i les  40 to 

45 mm TL captured  in Augus t  of the same year  at the nor thern  shore of the Gulf of Aqaba.  

Whereas  all dead,  moribund,  and surv iv ing  fish had infestat ions and appea red  emaci-  

ated, the intensi ty  of infestat ion var ied  from 50 to 1133 worms per  fish. The lowest  

n u m b e r  in mor ibund  fish was 150 worms.  Many  act ive  fish, however ,  had wel l  above  that 
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Fig. 1. Infestation of Allobivagina sp. on gills of Siganus turidus (x  16). Arrow indicates worms 
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Fig. 2. Relation be tween hematocrit  values (Hct %) and number  of A]]obivafyina sp. infesting gills of 

cultured Siganus luridus (70-90 mm in length) 
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m i n i m u m .  O n  t h e  o t h e r  h a n d ,  a l l  f i sh  w i t h  m o r e  t h a n  150 w o r m s  e x h i b i t e d  a n a e m i a ,  w i t h  

d i s t i n c t l y  p a l e  g i l l s  a n d  h e m a t o c r i t  l e v e l s  b e l o w  10 %;  t h e  m o s t  a n a e m i c  f i sh  h a d  985 

w o r m s  a n d  a h e m a t o c r i t  v a l u e  of 2.5 %. 

In m o d e r a t e l y  i n f e s t e d  f i sh  (70 to 100 worms ) ,  t h e  h e m a t o c r i t  r a n g e d  b e t w e e n  15 a n d  

30 % ; h e m a t o c r i t  l e v e l s  in  u n i n f e s t e d  f i sh  f rom t h e  s a m e  s ize  g r o u p ,  b u t  m a i n t a i n e d  in  

s e p a r a t e  h o l d i n g  t a n k s ,  r a n g e d  f r o m  25 to 50 % (Fig. 2). T h e  c o r r e l a t i o n  b e t w e e n  m e a n  

i n t e n s i t y  of i n f e s t a t i o n  a n d  h e m a t o c r i t  v a l u e s  y i e l d e d  a n  e x p o n e n t i a l  r e g r e s s i o n  c u r v e  of 

Y -- 35.561e °°°3x w i t h  a c o r r e l a t i o n  c o e f f e c i e n t  of 0.91 (w i th  20 d e g r e e s  of f r eedom) .  

B l o o d  s m e a r s  p r e p a r e d  f rom a n a e m i c  f i sh  r e v e a l e d  p r e d o m i n a n t l y  i m m a t u r e  e r y t h r o -  

c y t e s  (F igs  3 -4 ) .  

M a s s i v e  i n f e s t a t i o n s  a s s o c i a t e d  w i t h  m o r t a l i t i e s  of S. luridus h a d  o c c u r r e d  by  

D e c e m b e r  1974 in  a n o t h e r  e a r t h e n  p o n d  a p a r t  f r om t h a t  in  w h i c h  t h e  N o v e m b e r  

m o r t a l i t i e s  h a d  o c c u r r e d  a n d  in  two  h o l d i n g  t a n k s ,  a l l  s t o c k e d  w i t h  f ish of s i m i l a r  s ize  

f rom t h e  s a m e  loca l i ty .  T h e  a f f e c t e d  f ish ,  i n c l u d i n g  i n d i v i d u a l s  u p  to 133 m m  TL, h a d  

i n f e s t a t i o n s  as h i g h  as  in  N o v e m b e r  a n d  e x h i b i t e d  s i m i l a r  p a t h o l o g i c a l  s i g n s  of e m a c i a -  

t i o n  a n d  a n a e m i a .  M a s s i v e  i n f e s t a t i o n s  of Al lob ivagina  sp. w e r e  a l so  i n d u c e d  e x p e r i -  

m e n t a l l y  in  two  g r o u p s  of 60 to 90 m m  l o n g  f ish.  In t h e  f irst  i n s t a n c e  a g r o u p  of 

u n i n f e s t e d  f i sh  w a s  p l a c e d  i n  a c a g e  w h i c h  in  t u r n  w a s  p l a c e d  in  a p o n d  c o n t a i n i n g  

i n f e s t e d  f ish.  In t h e  s e c o n d  i n s t a n c e  a f e w  i n f e s t e d  f i sh  w e r e  i n t r o d u c e d  in to  a h o l d i n g  

t a n k  c o n t a i n i n g  u n i n f e s t e d  f ish.  T h e  n e w l y  i n f e s t e d  f i sh  b e c a m e  m o r b i d  or d i e d  w i t h i n  3 
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Fig. 3. Blood smear  of Siganus luridus heavi ly infested with Allobivagina sp. and with hematocri t  

va lue  of 10 % (Methyl alcohol fixation, Giemsa  stain) 

Fig. 4 (right), Blood smear  of Siganus luridus free of infestat ion (staining method as in Figure 3) 
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to 4 weeks.  Extens ive  mortal i t ies  occurred sporadica l ly  dur ing the period.  Whereas  h igh  

infestations pers is ted in some fish for a month,  intensi ty  of infestat ion dec l ined  in others. 

Gradually,  fish lost all their  worms. Fish with  infestat ions of fewer  than 50 worms, 

inc luding  uninfes ted  fish, demons t ra ted  apparen t  recovery,  wi th  hematocr i t  va lues  

re turning to normal  levels  of above  30 %. Fish t reated wi th  a bath of 150 to 200 ppm 

formalin also lost their  infestat ions and showed  restorat ion of hematocr i t  l eve ls  to normal  

wi thin  one week.  

By early March  1975, infestat ion intensi ty  leve ls  in all groups of S. l u r i d u s  subs ided  

to fewer  than 10 worms per fish. Both S. r i v u M t u s  and S. a r g e n t e u s  a p p e a r e d  resistant  to 

mass infestation; indiv iduals  of both species  rea red  in ponds  and tanks with infes ted  fish 

never  acquired more than 10 worms per  fish. Also, spec imens  of S. l u r i d u s  longer  than 

200 mm TL never  acqui red  more than 10 worms. Ambien t  t empera tu re  appea red  to have  

little inf luence on the epizootics.  Dur ing per iods of infestations,  t empera tu res  f luctuated 

from 13 to 22 °C in the ponds, but  r ema ined  re la t ive ly  constant  at 22 to 25 °C in the 

f lowing seawater  tanks. 

EPIZOOTICS IN WILD POPULATIONS OF L I Z A  C A R I N A T A  

B e n e d e n i a  m o n t i c e l l i  (Fig. 5) infested and caused pa thologica l  a l terat ions in mul le ts  

(e.g. Fig. 6) in E1 Bilaim Lagoon dur ing mid-Apr i l  1974. On a trip to the 5 km 2 sandy 

Fig. 5. Benedenia monticel l i  off Liza carinata from E1 Bilaim (90 % alcohol fixation, alum carmine 

stain, × 24) 
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Fig. 6. Moribund Liza ramada involved with Benedenia  monticel l i  epizootic. Note perforation of the 

intermandibular membranes and erosion of the opercular fold 

l a g o o n  s i t u a t e d  on the  e a s t e r n  shore  of t he  Gu l f  of S u e z  (28 ° 30 '  E, 33 ° 17' N; Fig.  7), we  

found  d e a d  s p e c i m e n s  of Li za  car ina ta  a l o n g  the  shore .  E x a m i n a t i o n  of fish s a m p l e s  from 

the  l a g o o n  r e v e a l e d  s e v e r a l  i n d i v i d u a l s  ~ 100 m m  FL w i t h  up  to 40 i n d i v i d u a l s  of this 

r e l a t i v e l y  l a r g e  worm.  T h e  f ish h a d  e r o d e d  snouts  a n d  l e s ions  in t he  mou th ;  s o m e  w e r e  

e m a c i a t e d .  T h e  m a j o r i t y  of t he  s a m p l e ,  i n c l u d i n g  i n d i v i d u a l s  bo th  --< 100 m m  and  > 100 

m m  FL, h o w e v e r ,  h a r b o r e d  < 10 w o r m s  (Fig. 8) a n d  e x h i b i t e d  no a p p a r e n t  p a t h o l o g i c a l  

a l t e ra t ions .  

O n  a s u b s e q u e n t  v is i t  to the  l a g o o n  in m i d - F e b r u a r y  1975, n u m e r o u s  d e a d  spec i -  

m e n s  of L. car ina ta  l i n e d  the  shore ,  i n d i c a t i n g  an  e x t e n s i v e  mass  mor ta l i ty .  S l u g g i s h l y  

s w i m m i n g  a n d  m o r i b u n d  i n d i v i d u a l s  o c c u r r e d  in s h a l l o w  w a t e r  s e p a r a t e  f rom the i r  

s c h o o l i n g  coun te rpa r t s .  As  in t he  p r e c e d i n g  year ,  o n l y  f ish ~ 100 m m  e x h i b i t e d  a 

d i s e a s e d  state.  

A n  i n t e n s i t y  of 5 0 - 3 0 0  w o r m s  w a s  found  in mos t  s a m p l e d  m o r i b u n d  fish and  in most  

of t h e  s a m p l e d  a c t i v e l y  s c h o o l i n g  f ish ~ 1 0 0  m m  FL. In f ish _< 100 mm,  found  in s e p a r a t e  

schools ,  i n f e s t a t i ons  r a r e ly  e x c e e d e d  20 w o r m s  p e r  f ish a n d  those  fish e x h i b i t e d  no 

p a t h o l o g i c a l  s igns  (Fig. 8). T h e  a b o v e  h o s t - p a r a s i t e  r e l a t i o n s h i p s  a re  fu r the r  b o r n e  out  by 

ana ly s i s  of i n f e s t a t i ons  u s i n g  b o t h  S p e a r m a n ' s  coe f f i c i en t  of r a n k  co r r e l a t i on  and  l i nea r  

co r re l a t ion .  T h e s e  tes ts  i n d i c a t e d  s i g n i f i c a n t  r e l a t i o n s h i p s  w h e n  t e s t ed  at t he  5 % l eve l  

of s i g n i f i c a n c e ,  bu t  mos t  of t h e s e  a n d  la te r  co r r e l a t i ons  w o u l d  h a v e  b e e n  a c c e p t e d  at 

m u c h  l o w e r  l e v e l s  t h a n  1 % .  A p o s i t i v e  c o r r e l a t i o n  e x i s t e d  b e t w e e n  in t ens i t y  of infes ta-  

t ion a n d  l e n g t h  of hos t  a n d  b e t w e e n  i n t e n s i t y  a n d  r e l a t i v e  s eve r i t y  of p a t h o l o g i c a l  

a l t e ra t ions .  A n e g a t i v e  c o r r e l a t i o n  e x i s t e d  b e t w e e n  c o n d i t i o n  coe f f i c i en t s  (K) and  bo th  

s e v e r i t y  of p a t h o l o g i c a l  a l t e r a t i ons  a n d  i n t e n s i t y  of in fes ta t ion .  

T h e  m o r i b u n d  fish, w h e n  s u b j e c t e d  to " t "  tes t  ana lyses ,  h a d  a s ign i f i can t ly  h i g h e r  

i n t e n s i t y  of i n f e s t a t i on  a n d  a s i g n i f i c a n t l y  l o w e r  K t h a n  the  s a m p l e d  a c t i v e l y  s c h o o l i n g  

fish (Tab le  1). T h e  K of j u v e n i l e s ,  w h i c h  h a r b o r e d  f e w  worms ,  w a s  s ign i f can t ly  h i g h e r  
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Fig. 7. Map of Sinai peninsula indicating study sites 

than for fish > 100 mm. All these  larger  fish had  recent ly  spawned.  Other  mul le ts  from E1 

Bilaim were  examined  dur ing  the same per iods  w h e n  L. carinata had  m a n y  worms;  

individuals  of Liza subviridus, Valimugil seheli, Crenimugil crenHabis, and h/Iugil 

cephalus had an intensi ty fewer  than 10; some had  none, and data  for those species  are 

not inc luded  above.  

Subsequen t  compara t ive  col lect ions from E1 Bi la im were  not feasible,  so sampl ing  

was shifted to A-Tor Bay and its surroundings,  50 km further south in the Suez  Gulf  

(28 ° 12' E, 33 ° 38' N; Fig. 7}. Samples  of L. carinata > 100 m m  taken  dur ing  the win te r  of 

1976 revea led  a h igh  intensi ty  of infestat ion;  never theless ,  infestat ions consis ted of 
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Fig. 8. Relative f requency distr ibut ion of Benedenia  mont icel l i  on wild Liza carinata from the Gulf 

of Suez in three size classes (FL < 100 ram, 101-140 ram, > 140 rnm) on different sampl ing  dates in 

E1 Bilaim Lagoon (EB) and  near  A-Tor (AT). RF = relat ive frequency, INF = relat ive intensity of 

infestation. 1 = < 5 ,  2 = 5-10, 3 = 11-20, 4 = 21-40, 5 = 41-80, 6 = 81-160, 7 = 161-320 worms 

per  fish. M = Mass mortality, (M) = Sporadic mortali ty 

s i g n i f i c a n t l y  f e w e r  w o r m s  t h a n  o b s e r v e d  i n  w i n t e r  1975 in  E1 Bi l a im.  A p o s i t i v e  

s i g n i f i c a n t  c o r r e l a t i o n  e x i s t e d  b e t w e e n  fo rk  l e n g t h  a n d  i n t e n s i t y  of i n f e s t a t i o n  

To  c o m p a r e  l e n g t h - w e i g h t  r e l a t i o n s h i p s  b e t w e e n  A - T o r  L. ca r ina ta  s a m p l e s  a n d  

t h o s e  f r o m  E1 B i l a im ,  d a t a  w e r e  t r a n s f o r m e d  w i t h  c o m m o n  l o g a r i t h m s ,  s e p a r a t e d  in to  

g r o u p s  for  s m a l l  a n d  l a r g e  f i sh  b e c a u s e  l a r g e  f i sh  h a d  a h i g h e r  m e a n  i n t e n s i t y  of 

i n f e s t a t i o n ,  a n d  f i t t e d  to t h e  r e g r e s s i o n  e q u a t i o n .  C o m p a r i s o n s  ( T a b l e  2) u s i n g  a n  

a n a l y s i s  of c o - v a r i a n c e  b e t w e e n  b o t h  t h e  l a r g e  a n d  s m a l l  g r o u p s  f rom b o t h  a r e a s  s h o w e d  

t h e  s a m e  r e su l t s .  T h e  m e a n s  d i f f e r e d ;  o n e  r e g r e s s i o n  l i n e  d i d  n o t  r e p r e s e n t  b o t h  

l o c a l i t i e s ;  t h e  s l o p e s  w e r e  l i n e a r ,  a n d  t h e  i n t e r c e p t s  d i f f e red ,  b u t  t h e  a c t u a l  d i s t a n c e  w a s  

s l igh t .  S o m e  l i b e r t y  w a s  t a k e n  w i t h  t h e  d a t a  f r o m  t h e  l a r g e  f i sh  b e c a u s e  t h e  v a r i a n c e s ,  

a l t h o u g h  r e l a t i v e l y  c lose ,  w e r e  no t  h o m o g e n e o u s  a t  t h e  5 % l e v e l  of s i g n i f i c a n c e .  W h e n  

c o m p a r i n g  t h e s e  s a m e  d a t a  for  l a r g e  f i sh  f r o m  E1 B i l a im ,  s e p a r a t e d  i n t o  t h o s e  f i sh  w i t h  

l o w  a g a i n s t  h i g h  p a t h o l o g i c a l  s e v e r i t y  ( r e l a t i v e  u n i t s  of 0 - 2  v s  3 -8) ,  t h e  v a r i a n c e s  w e r e  

h o m o g e n e o u s ,  b u t  o n e  r e g r e s s i o n  l i n e  w o u l d  r e p r e s e n t  a l l  t h e  da ta .  
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Table  1. M e a n  va lues  for condi t ion coefficients (K) of Liza carinata in re la t ion to fork l eng th  (FL) and  

intensi ty  of infes ta t ion (IN) by  Benedenia monticelli in the Gulf  of Suez  

Group  Locality Date  N F L ± S D  (mm) K ± S D  I N ± S D  

Ala (101-140 mm) E1 Bilaim 19. 2. 75 26 133.00 1.11 89.19 

_ 6.94 ± 0.16 _ 25.30 

Alb (>140  ram) E1 Bilaim 19. 2 . 7 5  29 151.65 1.18 72.89 

___ 8.92 ---0.32 ...41.19 

Ala+b E1 Bilaim 19, 2, 75 55 142.00 1,15 80.60 

± 11.45 ----- 0.25 ± 35.26 

A 2 (moribund) E1 Bilaim 19, 2, 75 14 141.00 0.96 146.61 

± 6.62 ± 0 . 1 5  ± 51.95 

A 3 (juveniles) E1 Bilaim 19. 2 .75  7 68.85 1.47 11.28 

_ 10.82 ... 0.30 ___ 12.76 

B 1 A-Tor 20, 1, 76 26 123.77 1.45 6.07 

• . .17 .67  ...0.18 ± 5.79 

B2a A-Tor 9. 3. 76 28 > I00 n.a. 27.25 

± 26.38 

B2b A-Tor 9. 3. 76 24 148.56 1.46 17.25 

± 13.56 ± 0.19 ± 17.15 

B 3 A-Tot  20. 1, 76 16 92.56 1.42 8.13 

± 3.63 ...0.14 ± 9.65 

B 4 A-Tor 9 . 3 . 7 6  30 < 100 n.a. 3.93 

± 2.18 

Statistics: t-test b e t w e e n  g roups  

Group  vs Group  df K P IN P 

Ala Alb 53 -- 1,00 > 0.50 1.74 > 0,50 

A 1 A 2 67 -- 2,65 < 0,01 5.51 < 0.01 

B 1 B2b 48 --0 .29 > 0.50 --3.13 < 0.01 

B I B 3 40 0.74 > 0.50 0.95 > 0,50 

B 3 A 3 21 0.61 > 0.50 0.61 > 0.50 

A I ± A 2 B 1 ± B 2 115 -- 8.26 < 0.01 12.16 < 0,01 

A I A 3 60 -- 3.05 < 0,01 5,07 < 0,01 

B2a Ba 56 n.a, 4,82 < 0.01 

Correlat ion test for g roups  A l + A 2 -b B 1 + B2: K vs IN: r = 0.59 (dr = 117) 

Correla t ion test for g roup  m e a n s  K vs IN: r 2 = 0.98 (df = 4) 

T h e  s e v e r i t y  of p a t h o l o g i c a l l y  a l t e r e d  f i s h  o b s e r v e d  in  E1 B i l a i m  d i d  n o t  o c c u r  i n  

c o l l e c t i o n s  f r o m  A - T o r .  E v e n  w h e n  i n f e s t e d  b y  80 to 160 w o r m s ,  s p e c i m e n s  of  L. carinata 

f r o m  A - T o r  d i d  n o t  e x h i b i t  p a t h o l o g i c a l  s i g n s ,  T h e  c o n d i t i o n  c o e f f i c i e n t  (K) of  a l l  t h e  

w i n t e r  1976 s a m p l e  w a s  r e l a t i v e l y  h i g h ,  s i m i l a r  to  t h a t  fo r  j u v e n i l e s  i n  E1 B i l a i m  w i t h  f e w  

w o r m s  ( T a b l e  1). I n  s o m e  of  t h e  m o d e r a t e l y  a n d  h e a v y  i n f e s t e d  f i s h  ( w i t h  w o r m  l o a d  of  

4 5 - 1 2 7 )  K w a s  s i g n i f i c a n t l y  l o w e r  t h a n  in  t h e  r e s t  of t h e  f i sh .  

Al l  m u l l e t s ,  i n c l u d i n g  L. carinata, e x a m i n e d  in  s u m m e r  m o n t h s  of  1975 (El B i l a i m )  
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Table 2. Logarithmically transformed fork length (L) - weight {W) relationships for Liza carinata 
from E1 Bilaim and A-Tor in the Gulf of Suez during periods of epizootics of Benedenia monticelli 

Locality Length group Regression equation Correlation Sample 

(mm) coefficient size 

El Bilaim --< 100 W = -- 3,9162 + 3,0615L 0,98 30 
A-Tor _< 100 W = -4.0684 -b 3.1019L 0.99 II 

El Bilaim > I00 W = -- 3.4258 -~ 2.7493L 0.82 67 

A-Tor > 100 W = - 3.2973 + 2.7478L 0.95 50 

and 1976 (A-Tor) r evea led  sporadic  infestat ions wi th  few worms. Samples  taken  in 

J anu a r y  and March t e n d e d  to be  more infes ted  in March,  but  juven i l e s  of L. carinata 

always  had  a s ignif icant ly  lower  intensi ty  than fish > 100 ram. 

INFESTATION IN CULTURED MULLETS 

Uninfes ted  mul le ts  ma in t a ined  in seawate r  ho ld ing  tanks d e v e l o p e d  infestations of 

Benedenia monticelH after add ing  infested mul le ts  from the northern shores of the Gulf 

of Aqaba .  These  wi ld  mullets,  Liza subviridis, Val imugil  seheli, and Mugi l  cephalus, 

had  natural  sporadic  infestat ions of few worms dur ing  the win te r  months  and even  more 

sporadic  ones  dur ing the spring. We fo l lowed the course of infestat ion in cultured 

mul le ts  dur ing  the win te r  and spring seasons of 1974 through 1978 (Table 3). 

Epizootics of B. monticel l i  d e v e l o p e d  in the ho ld ing  tanks, usual ly  wi th in  3 to 4 

weeks  after an init ial  exposure  to wi ld  fish infes ted  with  fewer  than 20 worms per  fish. 

Mortal i t ies  started occurr ing wi th in  4 to 6 weeks ,  wi th  their  m a g n i t u d e  and durat ion 

vary ing  with  the mul le t  species  and with the intensi ty  of infestation. For all species  and 

intensi t ies ,  some infes ted  fish a lways  surv ived  and gradua l ly  lost their  total infestations. 

The  major i ty  of s tocked L. ramada died  wi th in  a month  dur ing  a 7 to 12 day period. 

Those  few that  surv ived  gradua l ly  recovered  wi th in  4 to 6 weeks.  Spec imens  of L. 

subviridus died  sporadica l ly  over  6 weeks.  Brief 2 to 3 day episodes  of morbidi ty  and 

mortal i ty  charac te r ized  epizoot ics  on L. subviridis, M. cephalus, and L. carinata, and 

they affected only some of the individuals .  Surv iv ing  fish gradua l ly  lost their  infesta- 

tions, wi th  a few worms pers is t ing in some fish for as long as 4 months, before finally 

be ing  e l imina ted .  

Cul tu red  ind iv idua l s  of V. sehel i  and  Crenimugi t  crenilabis did not acqui re  high 

in tens i t ies  of worms,  e v e n  though  they host B. mont icel l i  in nature.  Even  w h e n  main-  

ta ined  a m o n g  heav i ly  infes ted  mul le ts  of other  species,  those two species  had infesta- 

t ions of fewer  than 10 worms per  fish except  in one  case with 35 worms. 

SITES OF INFESTATION AND PATHOLOGY 

Spec imens  of Benedenia  monticel t i  a t tached  to the i n t egumen ta l  l in ing of the 

mouth,  to the  skin of the in t e rmand ibu la r  fold, to the folds covered  by adipose  eyelids,  

and to the dorsal  fin and i n t e g u m e n t  su r rounding  its base. As m e a n  intensi ty of 

infestat ion increased,  worms u l t imate ly  ex tended  their  r ange  to cover  the entire body 
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j ,  

Fig. 9. Ocular damage and hemorrhaging in the upper lip and the nasal zone in Liza carinata 

heavily infested with Benedenia monticelli 

surface. Sites of observed pathological  changes  typical ly corresponded with the common 

a t tachment  sites. In both mor ibund  and  active fish, ep i the l ium of snout and lips eroded, 

often exposing unde r ly ing  bone.  The mouth 's  i n t e g u m e n t  was often severely impaired 

with hemorrhagic  ulcerat ive lesions. In m a n y  fish the cornea and the adipose eyelid 

th ickened  and became chalky white, with epi thel ia l  layers gradual ly  s loughing (Fig. 9). 

The i n t e rmand ibu la r  (gular) m e m b r a n e  became ei ther  perforated or completely degen-  

erated in mor ibund  fish, and  the opercular  m e m b r a n e  was often completely eroded 

(Fig. 6). The ep i the l ium on and  at the base of the dorsal fin (Fig. 10) and  in margins  of 

lesions in the pharynx  and  e lsewhere  on the skin became  hyperplast ic  and  necrotic, 

occasional ly  with hemor rhag ing  and  gradual  s loughing.  In extensive  infestations, simi- 

lar lesions developed a round the ventral  fins. In general ,  a gradual  degradat ion  of 

ep i the l ium exposed the unde r ly ing  dermal  or col lagenous  layers, When  collagenous,  the 

layer  was distorted. A severe inf lammatory reaction, often involv ing  the entire adjacent  

dermal  and  sub-dermal  layers, was evident  as congest ion,  edema,  and  infil tration of 

eosinophils,  macrophages,  and  lymphoctyes.  Bacteria often occurred abundan t ly  in 

necrotic residues of the epi thel ia l  layer and  in the exposed distorted dermal  layer. 

10. Hyperplasia of the skin epithelium near the dorsal fin in NIugil cephalus infested by 
Benedenia monticelli  

Fig. 
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Fig.  11. S i t e s  of B e n e d e n i a  m o n t i c e l l i  o n  g r e y  m u l l e t s .  R e l a t i v e  f r e q u e n c y  of o c c u r r e n c e  (RF) o n  

d i f f e r e n t  o r g a n s :  s k i n  (s); i n t e r m a n d i b u l a r  fo lds  (g), e y e s  (e), m o u t h  in  r e l a t i o n  to t h e  r e l a t i v e  

i n t e n s i t y  of w o r m s  p e r  fish.  W L  = w o r m  load :  1 = < 5, 2 = 5 - 1 0 ,  3 = 1 1 - 2 0 ,  4 = 2 1 - 4 0 ,  5 = 4 1 - 8 0 ,  

6 = 8 1 - 1 6 0 ,  7 = 1 6 1 - 3 2 0 ,  LR 78 = Li za  r a m a d a ,  c u l t u r e ,  1978 ( m o r b i d  i n f e s t a t i o n ,  n = 33).  LR 77 = 

L. r a m a d a ,  c u l t u r e ,  1977 ( m o r b i d  i n f e s t a t i o n ,  n = 16). L S V  I = L. s u b v i r J d u s ,  c u l t u r e ,  1975 ( m o r b i d  

i n f e s t a t i o n ,  n = 10). LSV II = L. s u b v i r i d u s ,  w i l d  a n d  c u l t u r e ,  1977 a n d  1978 (n = 11) 



4 5 8  I. P a p e r n a ,  A .  D i a m a n t  & R. M .  O v e r s t r e e t  

LC/C 

I ! I | I I I I I I I 

W L  .1 ,2 .3 .4 .5 .6 .7 .8 ,9 1. 
RIF --3* 

L C I W  
MC 

S 
7 ,  

6- 

5- 

4- 

3- 

2- 

1 
I I I 

W L  .1 ,2 .3 .4 

g e m 

t I I I I 

.5 ,6 .7 .8 .9 

R F  

1. 

v s  
WL 

I I I I I I I I I ! 

RF .1 .2 .3 .4. ,5 .6 ,7 .8 ,9 I. 

Fig .  12. S i t e s  of Benedenia monticelli o n  g r e y  m u l l e t s :  L C t C  = Liza carinata, c u l t u r e  {n = 12). 

L C / W  = L. carinata, w i l d  p o p u l a t i o n  f r o m  t h e  G u l f  of S u e z  (n = 137), M C  = Mugil cephalus, 
c u l t u r e  (n = 30). V S  = VacjimugJl seheli, c u l t u r e  a n d  w i l d  p o p u l a t i o n  (n = 102). For  e x p l a n a t i o n  

s e e  F i g u r e  11 
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Suscept ibi l i ty  of infestat ion and  vu lnerab i l i ty  to subsequen t  pa thogen ic  effects 

var ied cons iderably  according  to mul le t  species  and  e v e n  to stock of a mul le t  species.  An 

important  aspect  in cons ider ing  pa tho log ica l  a l terat ions induced  by B. monticell i  is the 

pat tern of common sites for worms over  the host body (Figs 11, 12). Interspecif ic  

differences in common sites of infestat ions could be  de tec ted  most eas i ly  w h e n  few 

worms occurred on a host. In cul ture condi t ions  and as in tensi ty  of infestat ions increased,  

these di f ferences  t ended  to be  less pronounced .  W h e n  few worms  infes ted  any species  in 

its natural  habitat,  the pha ryngea l  i n t e g u m e n t  was the most  common  site for infestat ion.  

Of the infested mullets,  the M e d i t e r r a n e a n  Sea  species  Liza ramada (Syn. Mugil  

capito) and L. subviridis appea red  to be ex t remely  suscept ib le  to disease,  succumbing  

from as few as 6 to 10 worms on L. subviridis and from 10 to 50 worms on L. ramada. In 

these fishes, most worms occurred in the oral r eg ion  induc ing  severe  pha ryngea l  lesions 

and hemor rhag ing  (Fig. 11). W h e n  L. ramada and L. subviridis b e c a m e  heav i ly  infes ted  

in cul ture conditions,  worms spread  e v e n l y  on the skin and pharynx.  Liza carinata, L. 

aurata, and Muffil cephalus did not succumb until  infestat ions r eached  50 and in some 

instances 100 worms per fish. 

Infestations of B. monticelli  on both L. carinata and M. cephalus were  se ldom 

restricted to specific sites, even  w h e n  few worms were  present  (Fig. 12). Occasional ly ,  

worms on wild  M. cephalus concent ra ted  on the lower  j aw ' s  in t e rmand ibu la r  folds. In 

cul ture conditions,  infestat ions on M. cephalus occurred more  commonly  on the skin 

than for other  infested mul le ts  (Fig. 12). W h e n  L. carinata b e c a m e  infes ted  in culture,  

worms were  dis t r ibuted over  the fish's body, and the induced  pa thologica l  a l terat ions 

appeared  similar  to those observed  in natural  infestat ions (Fig. 12). 

Once  epizootics  wi th  their  h igh  densi ty  of worms decl ined,  the dis t r ibut ion of worms 

also changed.  Worms appea red  to avoid  necrot ic  areas  in the pha rynx  and at tach to more  

interior, u n d a m a g e d  zones toward the branchia l  zone and even tua l ly  d i sappear  en t i re ly  

from the mouth and branchia l  cavity. In the final s tage  of infestation,  the few r ema in ing  

worms occurred on the skin only, main ly  around the dorsal fin. 

DISCUSSION 

Clinical  data on microcotyl id  infestat ions in the ye l lowta i l  (Eto et al., 1976) and the 

present  authors '  data on infestat ions on Siganus luridus sugges t  that a n a e m i a  charac-  

terizes microcotyl id gill  infestat ions in fishes. As another  example ,  we  obse rved  a severe  

case of anaemia  in juven i les  of Acanthopagrus bifasciatus (Sparidae) from the Gulf of 

Aqaba  that had  a h igh  intensi ty  of a microcotylid.  The  h e m a t o p h a g o u s  nature  of the 

microcotylids was  ev iden t  from hema t in  cel ls  l in ing thei r  in tes t ine  (e.g. Halton,  1976) 

plus the p resence  of red blood cei ls  and hema t in  in thei r  in tes t inal  lumen.  Even  though  

we demonst ra ted  a h igh  correlat ion b e t w e e n  the intensi ty  of Allobivagina sp. on the gil ls  

and hematocr i t  va lues  in S. luridus, we do not th ink that  all the  b lood loss (erythrocytes) 

from the hosts can be at t r ibuted to f eed ing  by the worms or to excess ive  h e m o r rh a g in g  

which was neve r  observed.  

In the yet lowtai l ,  the  dec l ine  in hematocr i t  va lues  was  not as ex t reme as in infes ted  

spec imens  of S. luridus, and the report  of Eto et al. (1976) does  not re la te  specif ic  

intensi ty of infestat ion to hematocr i t  values .  Cl in ica l  and b iochemica l  data  on infes ted  

yel lowtai l  p resen ted  by those authors sugges t ed  that  the fish were  malnour ished ,  wh ich  
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led the authors to suggest  that iron deficiency was a causative co-factor in the anaemia.  

Eto et al. (1976) supported their hypothesis  by po in t ing  out a similar  anaemia  (microcyto- 

tic hypochromemia)  occurs in i ron-def ic ient  fishes and  domestic  animals.  Anaemia  also 

occurs in  h u m a n s  infected by ancylos tome hookworms, and  it can be reversed by 

admin i s t e r ing  iron (e.g. Faust  et al., 1970; Hall, 1981). 

Disease and i n t egumen ta l  lesions i nduced  by the capsal ids Neobeneden ia  mel len i  

(as FpibdeIla m.) in  various mar ine  aqua r ium fishes (Jahn & Kuhn, 1932; Nigrell i  & 

Breder, 1934), Beneden ia  seriolae in  yel lowtai l  (Hoshina, 1968), Fntobdelta solea in  

Dover sole, and  B. mont icel l i  in  mul le ts  appear  similar. Benedenia  monticel l i  fed on 

i n t e g u m e n t a l  epi thel ium,  and  this layer  a long with adjacent  ep i the l ium eroded. The 

observed ulcerat ive in f l ammat ion  and  necrosis of the exposed dermal  layer appeared  to 

result  from secondary bacter ial  invasion.  Sept icemia deve lop ing  from this bacterial  

infest ion could be involved in deaths of fish (Liza subviridis and  Liza ramada) infested 

by a relat ively small  n u m b e r  of ind iv idua ls  concent ra t ing  on the oral in tegument .  Even 

though the worm feeds on host tissue, it seems to a b a n d o n  the ulcerat ive necrotic 

in tegument .  Probably it leaves that site for lack of host epidermis  and  associated mucus, 

the p resumed  normal  food source (e.g. Hal ton & Stranock, 1976). In that process of 

abandonmen t ,  some ind iv idua l s  attach on new  sites and  some do not. Consequent ly ,  

ex tens ion  in  range  of the lesions ev ident ly  results in  a gradual  decl ine of infestation. 

This gradua l  loss of worms was typical  for S. luridus surviving the microcotylid infesta- 

t ion on its gills and  for mul le ts  surv iv ing  the capsal id infestat ion on their in tegument .  

Moreover, there were  no repet i t ive epizootic sequences  after the infestat ions on these 

fishes in i t ia ted a decl ine.  

Spontaneous  loss of parasi tes  is a common p h e n o m e n o n  for parasi t ic  infections on 

fishes, as exempl i f ied  by the capsal id  Neobeneden ia  mel len i  (e.g. Jahn  & Kuhn, 19321 

Nigrel l i  & Breder, 1934). The biological  process involved in this acquired  tolerance to 

m o n o g e n e a n  infestat ions remains  poorly known,  but  may be inf luenced  by the adul t  and 

its abi l i ty  to survive and  to attach as wel l  as by the larva in regard to its biology, the 

host 's  chemical  substances,  and  env i ronmen ta l  condit ions (Kearn, 1981). 

Condi t ions  of overcrowding and  adverse ambien t  condit ions promote epizootic 

diseases (Snieszko, 1974). The apparen t  relat ive rarity of parasi t ic-related mass mor- 

talit ies in wi ld  fish popula t ions  supports this content ion,  since fish usual ly  are not 

confined, and  they can often avoid harsh env i ronmen ta l  conditions.  Biological informa- 

t ion on mulle ts  and  their  parasi tes  and  on hydrography related to E1 Bilaim is f ragmen- 

tary. Nevertheless,  ava i lab le  data suggest  that  a B. mont icel l i  epizootic affecting L. 

carinata is not exceptional ,  but  rather  a recurr ing event  in  win te r  months of some years 

and  occasional ly  even  other months.  Our  studies of the mul le t  infestat ions in  the A-Tot 

reg ion  also suggest  that  cer ta in  win te r  condi t ions  in  the Gulf of Suez promote epizootics. 

In the Gulf  of Suez, water  t empera ture  drops be low 18 °C, and,  in  the coastal water  of 

A-Tor Bay and  in  the semi-enc losed  Et Bilaim Lagoon, it can decrease  to 13 °C. Low 

tempera ture  inhibi ts  some i m m u n e  responses  in  fishes (Avtalion, 1981). In the Gulf of 

Aqaba  where  in tens i ty  of infestat ions of B. mont ice l l i  on mullets,  even  dur ing  winter  

months,  never  exceeded  20 parasi tes  per  fish, a m b i e n t  water  tempera ture  r emained  at 22 

to 25 °C throughout  the year. On  the other hand,  ambien t  water  temperature  in the 

cul ture tanks  where  mul le ts  d ied  from beneden i a s i s  was also 22 to 25 °C. 

Overcrowding probab ly  serves as an impor tant  promot ing factor. In crowded condi- 
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t ions,  m o n o g e n e a n  l a rvae  h a v e  r e a d i l y  a c c e s s i b l e  hos ts ,  a n d  t h o s e  h o s t s  a re  s t r e s s e d .  

F ish  in  h o l d i n g  t a n k s  w e r e  c r o w d e d  as  w e r e  i n d i v i d u a l s  of L. carinata in  t h e  s m a l l  s e m i -  

e n c l o s e d  l a g o o n  d u r i n g  t h e  w i n t e r  m o n t h s .  T h o s e  l a t t e r  i n d i v i d u a l s ,  al l  m a t u r e  a n d  > 

100 m m  in l e n g t h ,  h a d  a l o w  c o n d i t i o n  c o e f f i c i e n t  w h i c h  c o u l d  h a v e  r e s u l t e d  e i t h e r  f rom 

in su f f i c i en t  f e e d i n g ,  a s p e n t  r e p r o d u c t i v e  s ta te ,  or  f rom h e a v y  i n f e s t a t i on .  M u l l e t s  of al l  

o the r  s p e c i e s  i n c l u d i n g  j u v e n i l e s  h a d  f e w  p a r a s i t e s  a n d  w e r e  in  g o o d  c o n d i t i o n .  

T h e  s i g n i f a n t  n e g a t i v e  c o r r e l a t i o n  d e m o n s t r a t e d  b e t w e e n  t h e  c o n d i t i o n  c o e f f i c i e n t  

of i n d i v i d u a l  f i sh  a n d  t h e i r  i n t e n s i t y  of i n f e s t a t i on ,  as  w e l l  as  t h e  s e v e r i t y  of t h e  

p a t h o l o g i c a l  c o n d i t i o n ,  s t r o n g l y  s u g g e s t s  i n f e s t a t i o n  as  t h e  p r i m a r y  c a u s e  for  w e i g h t  

loss.  On  t h e  o t h e r  h a n d ,  a n  a d v e r s e  p h y s i o l o g i c a l  s t a t e  e v i d e n t  b y  t h e  d e c l i n e  in  f i sh  

c o n d i t i o n  c o u l d  h a v e  b e e n  t h e  p r i m a r y  fac to r  in  t h e  v u l n e r a b i l i t y  of t h e  f i sh  to i n f e s t a t i o n  

a n d  its m o r b i d  c o n s e q u e n c e s .  

In A-Tor,  f i sh  of t h e  > 100 m s ize  c lass  s a m p l e d  in  M a r c h ,  w e r e  in  far  b e t t e r  

c o n d i t i o n  t h a n  E1-Bilaim f i sh  of t h e  s a m e  s ize  c lass  s a m p l e d  in  F e b r u a r y .  A l t h o u g h  l o w  

c o n d i t i o n  w a s  e v i d e n t  in  s o m e  m o d e r a t e l y  a n d  h e a v i l y  i n f e s t e d  f ish,  t h e  loss  of w e i g h t  

w a s  no t  e v i d e n t  in  t he  m o d e r a t e l y  i n f e s t e d  f i sh  (wi th  50 to 80 w o r ms ) .  

Acknowledgements.  Studies on grey mullets were supported by Grant No. 94 of the United States - 

Israel Binational Science Foundation. The work was conducted in part in cooperation with the US 

Department of Commerce, NOAA, NMFS, under PL 88-309, Project 2-393-R. 

LITERATURE CITED 

Anderson, J. I. W. & Conroy, D. A., 1968. Extensive infestation by Entobdella soleae in brood stock 

of Dover sole. - Bull. Off. int. Epizoot. 69, 1129-1137. 

Avtalion, R. R., 1981. Environmental control of the immune response in fish. In: CRC critical reviews 

in environmental  control. Ed. by C. P. Straub. CRC Press, Boca Raton, II ,  163-188. 

Eto, A., Sakomoto, S., Fujii, M. & Yone, Y., 1976. Studies on an anaemia of yellowtail parasit ized by 

a trematode, Axine (Heteraxine) heterocerca, - Rep. Fish. Res. Lab., Kyushu Univ. 3, 45-51. 

Faust, E. C., Russell, P. F. & Jung, R. C., 1970. Clinical parasitology. Lea & Febiger, Philadelphia,  

890 pp. 

Hall, A., 1981. Parasitic infections and human physical performance. - Parasitology 82, 42-43. 

Halton, D. W., 1976. Diclidophora merlangi: sloughing and renewal  of hemat in  cells. - Expl Parasit. 

40, 41-47. 

Halton, D. W. & Stranock, S. D., 1976. The fine structure and histochemistry of the caecal epi thel ium 

of Caficotyle kroyeri (Monogenea: Monopisthocotylea). - Int. J. Parasit. 6, 253-263. 

Hoshina, T., 1968. On the monogenet ic  trematode Benedenia seriolae, parasitic on yeltowtail, 

Seriola quinqueradiata. - Bull. Off. int. Epizoot. 69, 1179-1191. 

Jahn, T. L. & Kuhn, L. R., 1932. The life history of Bpibdella melleni MacCallum 1927, a 

monogenet ic  trematode parasitic on marine fishes. - Biol. Bull. mar. biol. Lab., Woods Hole 62, 

89-111. 

Kearn, G. C., 1981. Behaviour of oncomiracidia. - Parasitology 82, 57-59. 

Lawler, A. R., 1977. Monogenet ic  trematodes of pompano.  In: Disease diagnosis and control in 

North American marine aquaculture. Ed. by C. J. Sindermann. Elsevier, Amsterdam, 265-267. 

Nigrelli, R. F., 1939. Mortality statistics for specimens in the New York Aquarium. - Zoologica, N. Y. 

25, 525-552. 

Nigrelli, R. F., 1943. Causes of diseases and death of fishes in captivity. - Zoologica, N. Y. 28, 

203-216. 

Nigrelli, R. F. & Breder, C. M., 1934. The susceptibility and immunity of certain marine fishes to 

Epibdella mellenL a monogenet ic  trematode. - J. Parasit. 20, 259-269. 



4 6 2  I. P a p e r n a ,  A .  D i a m a n t  & R. M .  O v e r s t r e e t  

P a p e r n a ,  I., 1975. P a r a s i t e s  a n d  d i s e a s e s  of t h e  g r e y  m u l l e t  {Mugi l idae)  wi th  spec i a l  r e f e r e n c e  to t he  

s e a s  of t h e  N e a r  East ,  - A q u a c u l t u r e  5, 65-80 .  

P a p e r n a ,  I. & Over s t r ee t ,  R. M., 1981. Pa ra s i t e s  a n d  d i s e a s e s  of m u l l e t s  (Mugi l idae} .  In: A q u a c u l t u r e  

of g r e y  mul l e t s .  Ed. b y  O. H. Oren .  C a m b r i d g e  Univ .  Press ,  C a m b r i d g e ,  411-493 .  

Sn ieszko ,  S. F., 1974. T h e  effect  of e n v i r o n m e n t a l  s t r e s s  on  o u t b r e a k  of i n fec t ious  d i s e a s e s  of f i shes .  

- J. F i sh  Biol. 6, 197-208 .  


