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ABSTRACT

Dermocystidium marinum, a paras i t ic  fungus of oysters ,  was 
demonstrated from the stomach of the snail ,  Urosalpinx cinerea,  from 
the stomach, in tes t ine ,  and body of three fisKes, Gobiosoma bosci,  
Chasmodes bosqu ianus , and Opsanus tau, and from the body, espec ia l ly  
se tae ,  of :wo crabs ,  Neopanope texana and Rhithropanopeus harrisii .  
All animals containing _D. marinum had scavenged oys te rs  infected by 
the fungus. A few oys ters  became lightly infected when kept in aquaria 
with f ishes  that had been fed infected oyster  t i s sue .  In one tidal inlet 
of Chesapeake  Bay, Virginia, Eurypanopeus d ep re s su s  was the most 
abundant scavenger ,  followed by N assar ius  vibex. Gobiosoma b o s c i , and 
Panopeus  he rbs tii. Killed oys te rs  on th is  reef were consumed by sc av ­
engers in l e s s  tïïân one day in temperatures over 24 C. At temperatures 
above 18 C, dead oyster  t i s s u e  never remained long enough to decay. 
Theoret ical  methods of t ransmission of D. marinum by scavengers  are 
d iscu ssed .  It i s  concluded that nearly a IT dying oys te rs  are consumed 
by animals during periods of normal mortality, so their  p a ra s i te s  must 
p a s s  through the d iges t ive  sys tems of scavengers .

INTRODUCTION

W ith in  the  p a s t  d e c a d e  the re  have  b ee n  s e v e r a l  s t u d i e s  on the  
b io lo g ic a l  s t ru c tu re  of o y s t e r  r e e f s .  T hese  s t u d i e s ,  h o w ev e r ,  h a v e  
g iv en  l i t t l e  in s ig h t  into the  d y n a m ic s  of o y s te r  c o m m u n i t i e s .  The e x ­
t e n s iv e  s t u d i e s  of H ed g pe th  (1953),  Gunter  (1955),  and  Parker (1955, 
1959) in T e x a s ,  W e l l s  (1961) in North C a r o l i n a ,  and Korringa (1951)
in Holland  were  l a rg e ly  co n c e rn e d  with  s e d e n ta r y  fo rm s ,  and  the  h ighly  
moti le  f i s h e s  went  l i t t l e  n o t ic ed  . The c o n c e p t  of the  o y s te r  b io c o e n o s i s  
is  known w id e ly ,  but  h a s  r e c e iv e d  l i t t l e  e x p a n s i o n .

The p r e s e n t  s tu d y  was  not c o n c e rn e d  with the  whole  community,  
bu t  with  the  ro le  of f i s h e s ,  c r a b s ,  and a few o ther  s c a v e n g e r s  in the  
com m uni ty ,  e s p e c i a l l y  in th e i r  r e l a t i o n s h i p  to the  o y s t e r ,  C r a s s o s t r e a  
v l rg in ica  (Gmelin) and i t s  p a r a s i t i c  f u n g u s ,  D erm ocys t id ium  marinum

1 C on t r ibu t ion  from the  Virginia In s t i tu te  of M ar ine  S c i e n c e ,  N o .

2 P re se n t  a d d r e s s :  D epar tm en t  of Zoology ,  U n iv e r s i t y  of T e x a s ,  A u s t in .
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M a c k in ,  O w e n ,  and C o l l i e r ,  1950.  Knowledge of D . marinum h a s  b ee n  
r e v ie w e d  v e ry  r e c e n t l y  by  Jo h n so n  and Sparrow (1961) and  by M ack in  
(1962).

This  s tu d y  s t a r t e d  from o b s e r v a t i o n s  of  f i s h e s  l iv ing  in c l o s e  
a s s o c i a t i o n  w i th  o y s t e r s ,  and p r o g r e s s e d  to o b s e r v a t i o n s  on the  
r e l a t i o n s h i p  of m or ta l i ty  of o y s t e r s  with  a c t i v i t y  of o the r  s p e c i e s  in 
the c o m m u n i ty .  M o r ta l i ty  of o y s t e r s  in the  s tu d y  a rea  o c c u r s  p redom i­
n an t ly  in the  warmer  m o n th s ,  and  most  of th i s  m or ta l i ty  is due  to  D erm o­
c y s t i d iu m  m a r in u m . Some of the o y s t e r  a s s o c i a t e s  t h a t  a re  a c t i v e  in 
summer a r e  s c a v e n g e r s  of  dy ing  o y s t e r s  and  c o n s e q u e n t l y  i n g e s t  c e l l s  
of o y s t e r  p a r a s i t e s .  This  s u g g e s t e d  tha t  the  s c a v e n g e r s  might t r a n sm i t  
in f e c t io n s  to o ther  o y s t e r s  .

METHODS

D ata  on s c a v e n g e r s  were  c o l l e c t e d  i n c id e n t a l  to s t u d i e s  of 
o y s t e r  m or ta l i ty  on the  E a s te rn  Shore  of V i rg in ia .  S tu d ie s  were  l a rg e ly  
c o n f in e d  to  a s m a l l  em baym en t  off C h e s a p e a k e  Bay c a l l e d  The G u l f ,  
j u s t  nor th  of C a p e  C h a r l e s ,  V i rg in ia .  Life h i s to r y  d a ta  on s c a v e n g e r s  
g a th e r e d  he re  and  in o th e r  a r e a s  of Virginia  wi l l  be p r e s e n t e d  e l s e w h e r e .

The p r e s e n c e  of D e rm o c y s t id iu m  marinum w as  d e te rm in ed  by R ay 's  
(1952) t h i o g l y c o l l a t e  c u l t u r e  m e th o d .  After c u l tu r e  the  e n la rg e d  fungus  
c e l l s  were  s t a i n e d  (blue) with  i o d i n e .  O y s t e r s  and  the  d i g e s t i v e  t r a c t s  
of f i s h e s  were c u l tu r e d  by the  s t a n d a rd  m e th o d ,  bu t  f e c e s  were o r ig in a l ly  
c u l tu re d  in pe t r i  d i s h e s  with  1 0 cc  of medium a d d e d  to  ab o u t  5 cc  of 
w a te r  c o n t a in in g  f e c a l  m a te r ia l  . This method h a s  the  a d v a n t a g e  of not  
d i s tu rb in g  the  f e c e s ,  but  e n h a n c e s  the  growth  of molds  . S ince  th i s  
proved g e n e r a l l y  u n s a t i s f a c t o r y ,  f e c e s  were  l a t e r  p la c e d  in t e s t  t u b e s  
with  the  m edium ,  and  d i lu t e  o y s t e r  se rum  from u n in f e c t e d  o y s t e r s  was 
a d d e d .  U n in fe c te d  o y s t e r s  c a m e  from the  S e a s i d e  of Virginia w here  
D .  marinum h a s  not  b e e n  found (Andrews and  H e w a t t ,  1957; a l s o  
u n p u b l i s h e d  s t u d i e s ) .  F i s h e s  and  c r a b s  were  fed in a q u a r ia  or  sm a l l  
bow ls  with  p i e c e s  of m e a t ,  or w i th  w hole  o y s t e r s  th a t  d ied  with  h eav y  
D e rm o c y s t id iu m  in fe c t io n s  . The f i s h  w ere  then  w a s h e d  in th re e  or 
more s e p a r a t e  d i s h e s  and  p la c e d  in d i s h e s  with  S e a s i d e  w a te r  of a 
s a l i n i t y  n e a r  3 0 pa r ts  per  t h o u s a n d ;  or th e y  w ere  p la c e d  in a q u a r i a  for 
in fec t io n  e x p e r i m e n t s .  L a te r ,  a f t e r  it s e em e d  th a t  the fungus  was  k i l led  
by S e a s i d e  w a t e r ,  C h e s a p e a k e  Bay w a te r  of s a l i n i t y  n e a r  20 pot w as  
s u b s t i t u t e d .  F e c e s  were c o l l e c t e d  with  a s t e r i l e  p ip e t t e  and p laced  in 
c u l tu re  . After two to  f ive  d a y s  t h e s e  c u l t u r e s  were  exam ined  under  
m o n o b je c t iv e  and  s t e r e o s c o p i c  m i c r o s c o p e s .
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At ap p rox im a te ly  monthly  in te rv a l s  from 9 June through 7 
November 1961, g roups  of 1 0 o y s t e r s  were made into  " g a p e r s "  by 
cu t t in g  ad d u c to r  m u s c l e s .  Each month ,  t h e s e  a r t i f i c i a l  g a p e r s  were 
p la ced  in ind iv idua l  t r ay s  (10 per t ray)  made of o n e - i n c h - m e s h  ra t  
w ire ,  with  a c o v e r  of the  sam e  m a t e r i a l .  T h ese  permit ted  sm al l  
s c a v e n g e r s  to  e n te r  whi le  p reven t ing  la rge  c r a b s  from removing the  
o y s t e r s  . Ten con t ro l  o y s t e r s  with ad d u c to r s  c u t  w ere  p la ced  in a c a g e  
of 1 / 8 - i n c h  hardw are  c l o t h ,  w hich  e l im in a ted  m os t  s c a v e n g e r s  o ther  
than  v e ry  small  r e c e n t l y  m etam orphosed  g o b ie s  and  mud c r a b s  (which 
a t e  v e ry  l i t t l e  m e a t ) .  The e x p e r im e n ta l  and  co n t ro l  c a g e s  were  p laced  
on the  top and  e d g e  of a n  o y s t e r  r e e f  a t  The G u l f .  This r e e f  is  lo c a te d  
near  th e  low er  edge  of th e  in te r t ida l  zone  j u s t  in sho re  from e x t e n s iv e  
e e l g r a s s  (Zostera m a r in a ) f l a t s  . The amount  of m eat  t a k e n  by  s c a v ­
en g e rs  was  c a l c u l a t e d  from w et  w e ig h ts  of ex p e r im en ta l  and  con t ro l  
o y s t e r s ,  a f te r  10 m inu tes  dry ing  in th e  s h a d e .  D i re c t  o b s e r v a t io n s  
were made on the  a c t i v i t i e s  of s c a v e n g e r s  on k i l l e d  o y s t e r s  in the  
s h a l lo w ,  c l e a r  w a te r  on and nea r  the  r e e f .

S ev e ra l  c ru d e  in fe c t io n  ex p e r im en ts  were  c o n d u c te d  by feed ing  
f i s h  p i e c e s  of in fec ted  o y s te r  t i s s u e  and  th e n  p lac ing  them in aq u a r ia  
with  d i s e a s e - f r e e  S e a s id e  o y s t e r s .  The h a b i t s  of o y s t e r  f i s h e s  were 
o b se rv e d  in aqua r ia  for a tw o - y e a r  period (196 0 -6 1 ) .

DEMONSTRATION OF D . MARINUM IN SCAVENGERS

On 12 O c to b e r  1959 a n  a d u l t  g o b y ,  G obiosom a b o s c i , from 
the  h inged  s h e l l s  of a dead  o y s t e r  from M e s s o n g o  C r e e k ,  w as  cu l tu red  
in t h io g ly c o l l a t e  medium for D e r m o c y s t id iu m . After cu l tu r in g  and 
s t a i n i n g ,  numerous  fungus  c e l l s  were  o b se rv e d  co ve r ing  most  of the 
c a u d a l  myomeres ;  most  of the  r em a in d e r  of  the  f i s h  had d i s i n t e g r a t e d .  
S ince  th i s  o b s e r v a t i o n ,  D erm o cy s t id  ium h a s  b e e n  d e m o n s t r a t e d  in the 
s to m a c h ,  f e c e s  (Fig. 1), and  on the  sk in  of f i s h e s ,  in the  d i g e s t i v e  
s y s t e m s  of mud c r a b s  and d r i l l s ,  and co ve r ing  the  body and  among 
s e t a e  on th e  l e g s  of c r a b s  (Table 1). All of t h e s e  had j u s t  come from 
o y s te r s  r e c e n t l y  k i l l e d ,  or had b e e n  fed in fec ted  t i s s u e .  Near ly  a l l  
s c a v e n g e r s  from g ap in g  o y s t e r s  w ere  p o s i t i v e .

Goby f e c e s  c o n s i s t  of h igh ly  d i g e s t e d  r em a in s  of o y s t e r  t i s s u e  
and more d e f in i t e  f e c a l  " p e l l e t s "  which  a re  a p p a r e n t ly  the  r em a in s  of 
sm al l  a n im a ls  and  s c a t t e r e d  san d  g r a i n s .  In a few c a s e s ,  D e r m o c y s t id ­
ium c e l l s  s e e n  in the  d i g e s t i v e  s y s t e m  w ere  in e roded  o y s t e r  t i s s u e  
r e c o g n iz a b l e  a s  g i l i  or m a n t l e ,  bu t  m os t  fungus  c e l l s  were found with  
numerous c o l o r l e s s  fa t  g lo b u le s  s u s p e n d e d  in th e  l iquid  i n t e s t i n a l  
c o n t e n t s ,  or in m u c u s .  D e rm o cy s t id  ium was  a lw a y s  found a b u n d a n t ly ,
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F i g . 1.  D e rm o c y s t id iu m  marinum in f e c e s  of C h a s m o d e s  b o s ­
q u i a n u s  . T h io g ly c o l l a t e  c u l tu r e  a f t e r  th ree  d a y s  . Iod ine  s t a in e d  .

i f  p r e s e n t  a t  a l l ,  in  w h a t  a p p e a r e d  to be  th e  r e m a in s  o f  o y s t e r  t i s s u e ,  
bu t  i t  w a s  u s u a l l y  s c a r c e  in t h e  f e c a l  " p e l l e t s . "

T h e s e  o b s e r v a t i o n s  show ed  th a t  G ob iosom a  b o s c i ,  C h a s m o d e s  
b o s q u i a n u s , and  O psa r ius  tau  i n g e s t  and  d e f e c a t e  c e l l s  of D .  marinum 
th a t  r e s p o n d  to  th e  t h i o g l y c o l l a t e  t e s t ,  and  th a t  p i e c e s  of  in fec ted  
t i s s u e  or m ucus  may a t t a c h  e x t e r n a l ly  to  f i s h e s  and  c r a b s  . S ince  the  
fungus  e n la rg e d  w hen  cu l tu re d  p rop e r ly ,  and  took the  io d ine  s t a i n ,  it 
m us t  h a v e  b e e n  a l i v e .  M a c k in  and  Bosw el l  (1955) c o n c lu d e d  th a t  a l l  
s t a g e s  were  i n f e c t i o u s  .

W hen  sm a l l  f i sh  were  fed D e rm o c y s t id  ium - i n f e c t e d  o y s t e r  meat  
and then  p la c e d  in a q u a r ia  w i th  d i s e a s e - f r e e  o y s t e r s ,  some of the  o y s t e r s  
d e v e lo p e d  D e rm o c y s t id iu m  in fe c t io n s  (Table 2) .  In e x p e r im e n t s  1 th rough 
5 only  G . b o s c i  w as  u s e d , bu t  Ç . b o s q u ia n u s  and  H y p s o b le n n iu s  h e n tz i  
were  a d d e d  in ex p e r im en t  6 . In s p i t e  of the  sm a l l  number  of f i sh  u s e d  
and the  sm a l l  am o u n ts  of i n f e c t e d  t i s s u e  th e y  had e a t e n ,  the  r e s u l t s  i n d i ­
c a t e  th a t  G .  b o s c i ,  a t  l e a s t ,  c a n  t r a n s m i t  i n f e c t io n  to o y s t e r s .
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Table 1. Records  of D erm ocys t id ium  marinum in s c a v e n g e r s .  Animals
from a q u a r ia  had b ee n  fed h e a v i ly  in fe c te d  o y s t e r s ;  t h o s e  
from na tu ra l  w a te r s  had been  found in  r e c e n t ly  dead  in fec ted  
o y s t e r s .

S p e c ie s L oca l i ty
L o c a t io n  of Number p o s i t iv e  
fungus  f o r D .  marinum

G obiosom a b o s c i M e s s o n g o ,
C h e s c o n e s s e x

O c c a h a n n o c k , 
C h e r ry s to n e

Gulf

Sk in ,  s to m ach  

I n t e s t in e

5

Aquarium F e c e s 3

C h a s m o d e s
b o s q u ia n u s Gulf D i g e s t i v e  s y s t e m 1

Aquarium F ece s 4

O p s a n u s  tau Nandua Stomach 1

Aquarium S to m ach ,  f e c e s 2

U ro sa lp in x
c i n e r e a Gulf S tom ach 1

N eopanope  te x an a Gulf C over ing  body & 
l e g s

2

Rhi th ropanopeus
h a r r i s i i O c c a h a n n o c k Cover ing  body & 

le g s
1
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Table  2 .  Exper im en ta l  i n f e c t io n  of o y s t e r s  by D .  marinum from f i s h e s .
T em pera tu re s  were 20 -24  C .  All e x p e r im e n ts  were  te rm ina ted  
a f t e r  a p p ro x im a te ly  1 month e x c e p t  n o .  3 w h ich  l a s t e d  6 w e e k s .  
All i n f e c t io n s  were  l i g h t .

Number 
of f i sh  
ad d ed

E xper im en ta l  o y s t e r s Contro l  o y s t e r s

E x p e r . 
no .

Number  Number 
a l i v e  d ea d

Number
in fe c te d

Number
a l i v e

Number
dead

Number
in fec ted

i a 5 23 2 0 25 4 0

2a 5 21 4 2 21 4 0

3a 38 35 12 2 19 3 0

4a 36 5 18 0 17 2 0

5b 34 0 21 3 0 25 0

6° 44 4 21 2 20 5 0

a S e a s i d e  w a te r ,  s a l i n i t y  29-33  p p t .

b E vapo ra ted  B ay s id e  w a t e r ,  3 2 - 3 4  p p t .  

c  B ays ide  w a te r ,  2 2 -2 4  p p t .

OBSERVATIONS ON SCAVENGING

O ne of the  m os t  u b iq u i to u s  and  c o n s p i c u o u s  s c a v e n g e r s  is  the  b lue  
c r a b ,  C a l l i n e c t e s  s a p i d u s  . A s i n g l e  a d u l t  c r a b  c a n  c o n s u m e  a w ho le  o y s ­
t e r .  Both b lue  c r a b s  and  l a rg e  P a n o p e u s  h e r b s t i i  c a n  ca r ry  or drag  a w hole  
k i l l e d  o y s t e r  or one  v a l v e  w i th  the  m e a t . Large P an o p eu s  were  c a p a b l e  of 
moving c lu m p s  of o y s t e r s  th e y  w ere  h id ing  u n d e r .  W h e n e v e r  t h e s e  two 
c r a b s  were  p r e s e n t ,  th e y  d o m in a ted  s c a v e n g i n g .  E u rypanopeus  d e p r e s s u s  
w as  r e l u c t a n t  to  e n te r  k i l l e d  o y s t e r s  w h i le  l a rg e r  c r a b s  were  feed ing  .

S om et im es  s n a i l s ,  main ly  N a s s a r i u s  v i b e x , would e n te r  and  b eg in  
f e e d in g  on k i l l e d  o y s t e r s  in e x p e r im e n ta l  wire  c a g e s  . They se em e d  to 
c o n s u m e  sm a l l  am o u n ts  of m ea t  and  were  u s u a l l y  the  l a s t  s c a v e n g e r s  to 
b e g in  f ee d in g  . W hen  k i l l e d  o y s t e r s  were  p l a c e d  around  the  pe r iphe ry  of 
a r e e f ,  l a rg e  num bers  of  N .  o b s o l e t u s  from the  nea rby  f l a t s  would feed 
on t h e m . Both U r o s a lp in x  c in e r e a  an d  Eupleura  c a u d a t a  were found 
feed in g  on r e c e n t l y  d e a d  o y s t e r s  . Although th e y  a re  w id e ly  s tu d ied
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preda to rs  th e i r  s c a v e n g in g  is  l i t t l e  m e n t i o n e d . D e m o n s t ra t io n  of l iv ing  
D erm ocys t id ium  in the  d i g e s t i v e  s y s t e m s  of  c r a b s ,  d r i l l s ,  and f i s h e s  
c a u g h t  in the  s tudy  a rea  i n d i c a t e s  t h a t  th e y  had r e c e n t l y  s c a v e n g e d  
o y s t e r s .

Although m ost  s p e c i e s  in th e  proximity of a r e e f  would e a t  o y s ­
te r  m e a t ,  i t  may be s i g n i f i c a n t  t h a t  s e v e r a l  would n o t .  Fundulus  
h e t e r o c l i t u s , F .  m a j a l i s , and  a s p e c i e s  of  P a la e m o n e te s  show ed  i n t e r e s t  
in k i l l e d  o y s t e r s  bu t  none w ere  o b se rv e d  to e a t .  H o w eve r ,  £ .  h e t e r o ­
c l i t u s  a t e  l o o s e  m ea t  when th e  s h e l l s  were pu l led  a p a r t  and P a la e m o n e te s  
has  e a t e n  meat  in a q u a r i a  . Fundulus  s e e m s  a f ra id  to en te r  par t ly  c l o s e d  
s h e l l s  .

Although c r a b s  and s n a i l s  feed  q u i e t l y ,  o b s e r v a t i o n s  show ed  
t h a t  f i s h e s  were the  m o s t  v o r a c io u s  of s c a v e n g e r s  . Due to  th e i r  mobi l i ty  
they  a r e  o f ten  the  f i r s t  s c a v e n g e r s  to  e n te r  k i l l e d  o y s t e r s  . W hi le  feed ing ,  
G .  b o s c i  t e a r s  off p i e c e s  of t i s s u e ;  o f ten  s e v e r a l  i n d iv id u a l s  s im u l ­
t a n e o u s l y  t w i s t ,  s p i n ,  and  tu rn ,  s c a t t e r i n g  b i t s  of m e a t .  A s in g le  k i l l ed  
o y s t e r  neve r  f a i l ed  to a t t r a c t  a few of t h e s e  g o b i e s ,  and o f ten  th e y  were  
v e ry  numerous  .

All s p e c i e s  known to  s c a v e n g e  on th e  E a s t e rn  Shore o f  Virginia 
a re  l i s t e d  b e l o w .  T h ese  a r e  in c lu d ed  on th e  b a s i s  of  d i r e c t  o b s e r v a t io n s  
in n a tu ra l  w a te r s  and  c i r c u m s t a n t i a l  e v id e n c e  su ch  a s  the  p r e s e n c e  of 
D e r m o c y s t i d i u m . This  l i s t  is  o b v io u s ly  in co m p le te  and  probably  a l l  
moti le  a n im a l s  l iv ing  with  o y s t e r s  s c a v e n g e .  H o w e v e r ,  it s e e m s  c e r t a i n  
th a t  a few s p e c i e s  (G ob iosom a  b o s c i . C h a s m o d e s  b o s q u i a n u s , O p s a n u s  
t a u . E urypanopeus  d e p r e s s u s , P anopeus  h e r b s t i i ,  R h i th ropanopeus  
h a r r i s i i , C a l l i n e c t e s  s a p i d u s , U ro s a lp in x  c i n e r e a , Eupleura  c a u d a t a , 
N a s s a r i u s  v i b e x ,  and N .  o b s o l e t a  on n a t iv e  r e e f s  and t h e s e  p lus  
c l o s e l y  r e l a t e d  s p e c i e s  on p lan ted  bo t tom s)  a c c o u n t  for m ost  t i s s u e  c o n ­
sumed in the s tu d y  a r e a .  F i s h e s ,  c r a b s ,  a n d  s n a i l s  cam e  to th e  v i c in i t y  
of k i l l e d  o y s t e r s  w i th in  m in u te s ,  r e g a r d l e s s  of the  hour of  the  d a y  or 
n i g h t .  M o s t  s t u d i e s ,  h o w e v e r ,  were c o n d u c t e d  during a f te rn o o n  h o u r s .

ABUNDANCE OF SCAVENGERS

There i s  v e ry  l i t t l e  in fo rm at ion  on th e  d e n s i t y  of o y s t e r  a s s o c i a t e s  . 
As p rev ious  a u th o rs  h a v e  n o t e d ,  r e l a t i v e l y  few s p e c i e s  on o y s t e r s  a re  
v e ry  a b u n d a n t . In f a c t ,  on ly  N a s s a r i u s  v ib e x  and Eurypanopeus  d e p r e s s u s  
were  ab u n d a n t  a t  The Gulf  on n a t iv e  o y s t e r s ,  but G ob iosom a  b o s c i  and 
P anopeus  h e r b s t i i  were not  uncom m on .  The only o ther  s c a v e n g e r s  on the  
r e e f  were  G o b i e s o x , O p s a n u s , and  C h a s m o d e s , w h ich  w ere  c o m p a ra t iv e ly  
r a r e .  Other  r e e f s  n ea rb y  and  a t  o the r  l o c a l i t i e s  v a r i e d  so m e w h a t  but  the
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d o m in a n c e  of s n a i l s ,  mud c r a b s ,  and  g o b ie s  w as  a p p a r e n t  eve ryw here  
on n a t iv e  o y s t e r s  . O y s t e r s  p la n te d  on s u b t id a l  bo t tom s a c q u i r e  a more 
v a r ie d  f a u n a ,  bu t  the  s c a v e n g e r s  a re  s i m i l a r .  A n n e l id s ,  w h ich  were  
not s t u d i e d ,  a re  much more a b u n d a n t  on  s u b t id a l  o y s t e r s  .

The r e e f  s tu d ie d  a t  The G ulf  i s  s i t u a t e d  a t  a b o u t  low t id e  l e v e l ,  
bu t  i t  is  a r a re  t id e  t h a t  e x p o s e s  a l l  of the  r e e f .  Such a t i d e  occurred  
on 6 O c to b e r  1961 and  a f fo rded  a n  oppor tun i ty  to  m e a su re  the  a b u n d a n c e  
of G . b o s c i . A pparen t ly  m ost  of  the  f i s h  in the  r e e f  m igra ted  to  the 
e d g e  and  to  sm a l l  poo ls  in the  r e e f .  This  m ig ra t ion  i s  common on S e a ­
s id e  r e e f s  a l s o ,  dur ing  ebb  t i d e .  M o s t  f i sh  w ere  then  l e f t  b eh in d  by 
the  t ide ;  r e l a t i v e l y  few a b a n d o n e d  the  r e e f  for the  n e a rb y  f l a t s .  The 
f i s h  w ere  e a s i l y  c a p t u r e d ,  and  a to t a l  of  184 w a s  t a k e n  on h a l f  of the  
r e e f ,  an  a r e a  a b o u t  4 0 f e e t  long and 10 f e e t  w id e ,  by p ick ing  up c lu m p s  
of o y s t e r s  a long  the  p e r ip h e r y .  All f i sh  w ere  not c a p tu re d  due  to  r i s in g  
t i d e s ,  but i t  i s  b e l i e v e d  a  m a jo r i ty  w e r e .  La te r  o b s e r v a t i o n s  a f t e r  the  
t i d e  in u n d a te d  the  r e e f  sh o w ed  no f i sh  a t t r a c t e d  to  k i l l e d  o y s t e r s  a s  had 
a l w a y s  be fo re  b ee n  the  c a s e .  S ince  th a t  pa r t  of the  r e e f  sam p led  w a s  
e s t i m a t e d  to  have  400 s q u a r e  f e e t  of  o y s t e r s ,  a n  e s t i m a t e  of 0 .4 6  f i sh  
per sq u a re  foo t  i s  made . During  the  l o w - w a te r  per iod th e  f i s h  were  
c o n c e n t r a t e d  in a narrow  band  a few in c h e s  w id e ,  a c o n c e n t r a t i o n  of 
6 .6 f i s h  per l i n e a r  f o o t .  As many a s  17 g o b ie s  were  t a k e n  under  a 
s i n g l e  c lum p  of o y s t e r s .  T h e se  f ig u re s  a r e  p robab ly  a fa i r  minimum 
index  of goby  c o n c e n t r a t i o n s  in a u tu m n .

Nine  s q u a r e - y a r d  s a m p l e s  on 6 and  19 O c to b e r  y i e ld e d  c o u n t s  of 
15, 16, 16, 18, 18, 19, 24,  25,  and  29 2 - t o - 4 - i n c h  o y s t e r s ,  a n  a v e r a g e
of 2 0 o y s t e r s  per  s q u a re  foo t  or a t o t a l  of 17, 000 on the  r e e f .  Six s q u a r e -  
yard  c o l l e c t i o n s  of mud c r a b s ,  ID d e p r e s s u s , from The G ulf  on the  sam e  
d a t e s  y i e ld e d  c o u n t s  of 4 ,  6 ,  8,  8 ,  13, and  14 .  This  g i v e s  a n  e s t i m a t e  
of 7 ,8 3  0 ED d e p r e s s u s  on the  r e e f .  E s t im a te s  of a b u n d a n c e  of m a c ro ­
a s s o c i a t e s  of  the  r e e f  a re  g iv e n  in Tab le  3 . T h e s e  e s t i m a t e s  c l o s e l y  
m a tch  o b s e r v a t i o n s  on s c a v e n g e r s ,  t h e  m o s t  a b u n d a n t  forms a p p e a r in g  
to c o n s u m e  th e  m os t  m ea t  p ropor t iona l  to  s i z e .  O th e r  th a n  a few b a r n a ­
c l e s ,  th e re  w e re  no o th e r  a n im a l s  found a s s o c i a t e d  w i th  t h e s e  o y s t e r s  .

SCAVENGING RATES AND DETERIORATION OF OYSTERS

A rough id ea  of th e  am ount  of o y s t e r  t i s s u e  c o n s u m e d  by s c a v e n g e r s  
c a n  be c o m p u te d  from d a t a  o b ta in e d  from t r a y s  of l iv e  o y s t e r s  m a in ta ined  
a t  a number of s t a t i o n s  on the  B ays ide  of the  E as te rn  Shore and  exam ined  
a t  i n t e r v a l s  a v e ra g in g  2 0 d a y s  from M ay  th rough  November  196 0 .  This 
e n c o m p a s s e s  t h e  D e rm o c y s t id iu m  m or ta l i ty  s e a s o n  in  the  a r e a  . Of 1338 
d e a d  o y s t e r s  t a k e n ,  on ly  156 (11%) h ad  a n y  m e a t s  l e f t .
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Table 3 . Es t im ated  a b u n d a n c e  of o y s t e r s  and  s c a v e n g e r s  on in te r t id a l
r e e f  a t  The G u l f ,  O c to b e r  196 l . a

S p e c ie s

Average 
number 
per ft 2

Total  number 
on ree f B io m a s s , 

kg

C r a s s o s t r e a  v i rg in ica 20 1 7 ,4 0 0 7 00b

Eurypanopeus  d e p r e s s u s 9 7 ,8 3  0 4 . 4

N a s s a r i u s  v ib e x 1 > 600 ?
•

G obiosom a b o s c i 0 .5 > 400 0 .2

P anopeus  h e r b s t i i 0 .3 > 261 ?
•

a The f i s h e s  C h a s m o d e s  b o s q u i a n u s , G o b ie s o x  s t r u m o s u s , and
O p s a n u s  tau  were  too  few  to e s t i m a t e .  The b lue  c r a b ,  C a l l i n e c t e s  
s a p i d u s , and  the  mud s n a i l  N a s s a r i u s  o b s o l e t u s  w ere  not  r eg u la r  
i n h a b i t a n t s  of the  r e e f  but  inv aded  it  s p o r a d i c a l l y  in u n p re d ic t a b le  
numbers  .

b Shel l  w e ig h t  a c c o u n t s  for 6 00 k g .

Assuming  th a t  o y s t e r s  d ie  random ly  b e tw e e n  e x a m in a t io n s  and 
th a t  d e t e r io r a t io n  of o y s t e r s  t e n d s  to  be  l i n e a r ,  then  the  t i s s u e  of a n  
a v e ra g e  o y s te r  l a s t e d  a l i t t l e  over  two d a y s  a f t e r  d e a t h .  A c tua l ly  only 
2 % of the  dead  o y s t e r s  were  t a k e n  im m ed ia te ly  a f t e r  d e a th  (based  on 
c o n d i t i o n  of  m e a t s ) ,  in d ic a t in g  t h a t  an  a v e r a g e  t ray  o y s t e r  l a s t e d  only 
0 .4  d a y s  before  i t  had l o s t  some m e a t .  This s e e m s  too f a s t  to ex p la in  
by b a c t e r i a l  a c t i v i t y  a l o n e ,  and  the d e s t r u c t i o n  p robab ly  r e s u l t e d  from 
a co m b in a t io n  of s c a v e n g in g  and  d e c a y .  T hese  f ig u re s  a g re e  with  th o se  
of G unte r  e t  a l .  (1957) who found tha t  o y s t e r  m e a t s  d i s a p p e a r e d  in abou t  
two d a y s  in the  summer a t  28 C .  Their s t u d i e s ,  l ike  t h e s e  t ray  o b s e r v a ­
t i o n s ,  were not  made on n a tu ra l  o y s t e r  r e e f s .

Finding r e c e n t l y  k i l l e d  o y s t e r s  with i n t a c t  m ea ts  on na tu ra l  
bo t tom s is  d i f f i c u l t .  In f a c t ,  in a l l  our s c a v e n g e r  s t u d i e s  on o y s t e r  
b ed s  we n ev e r  e n c o u n te re d  a g ap in g  o y s t e r ,  a l though  o y s t e r s  were  
dying .

The r e s u l t s  of e x p e r im en ts  c o n d u c te d  with k i l l e d  o y s t e r s  on a 
n a tu ra l  r e e f  a t  t e m p e ra tu re s  of 24 to 30 C a re  show n in F ig .  2 .  O y s te r  
meat  e x p o s e d  to  s c a v e n g e r s  w as  a lw a y s  c o n s u m e d  in one d a y ,  and
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F ig .  2 .  C o m p a r i so n  of m ea t  l o s s e s  from b a c t e r i a  in p ro te c te d  
o y s t e r s  and  from s c a v e n g e r s  p lus  b a c t e r i a  in e x p o s e d  o y s t e r s .

h a l f  or more w as  c o n s u m e d  in a few hours  . In the  c o n t r o l s  b a c t e r i a l  
d e c a y  d e s t r o y e d  m os t  of the  t i s s u e  in four d a y s  or more,  and  h a l f  in 
th r e e  d a y s ,  the  c u rv e  c o r r e l a t in g  wi th  many c u l tu r e  g rowth  c u rv e s  of 
b a c t e r i a  . W i th in  one  d a y  o y s t e r s  k e p t  from s c a v e n g e r s  show ed  no 
e v id e n t  d e t e r io r a t i o n  and  w e ig h t s  i n d i c a t e d  l i t t l e  had  b e e n  l o s t .  Brief 
s t u d i e s  a t  18 to 24 C i n d i c a t e d  th a t  both c u r v e s  s h i f t  to  t h e  r i g h t ,  but 
most  m ea t  w as  s t i l l  c o n s u m e d  by s c a v e n g e r s  w i th in  one d a y  and  a l l  
w i th in  two d a y s  . G roups  of k i l l e d  o y s t e r s  e x p o s e d  to  s c a v e n g e r s  on 
open  bo t tom ,  u n in h a b i t e d  by o y s t e r s ,  l o s t  l i t t l e  more m ea t  t h a n  c o n ­
t r o l s ,  p re su m a b ly  b e c a u s e  s c a v e n g e r s  were no t  p r e s e n t  t h e r e .

The f ig u re s  o b ta in e d  from t h e s e  e x p e r im e n t s  h a v e  two s o u r c e s  
of error :  (1) Kill ing t e n  o y s t e r s  s a t u r a t e d  a sm a l l  a r e a  w i th  a l a rg e  
am oun t  of m e a t .  W h e n ev e r  a s i n g l e  o y s t e r  w a s  k i l l e d ,  i t s  c o n s u m p t io n ,  
a t  l e a s t  to  the  m u s c l e ,  w as  m e a s u re d  in m inu tes  r a th e r  th a n  hours  .
(2) Dying o y s t e r s  p robab ly  a r e  in v a d ed  by d e c a y  b a c t e r i a  some hours  
prior to d e a t h ,  so  p e rh ap s  the  d e c a y  c u rv e  sh ou ld  be  s h i f t e d  to t h e  le f t  
to r e p r e s e n t  w h a t  a c t u a l l y  o c c u r s  .
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The d e a th  point  of o y s t e r s  n e e d s  fur ther  s t u d y ,  u s in g  n a tu ra l ly  
dying o y s t e r s .  O y s t e r s  d ie  g ra d u a l ly  and s c a v e n g in g  ( sensu  l a t o ) may 
beg in  before  the  o y s t e r  is  t e c h n i c a l l y  d e a d .  Small  g o b ie s  (G . b o s c i ) 
o f ten  en te r  gap ing  o y s t e r s  in aqua r ia  and feed  on g i l i  t i s s u e  whi le  
t h e s e  o y s t e r s  s t i l l  h a v e  th e  power of c o m p le te  c l o s u r e .  An o y s te r  
som e t im es  c l o s e s  on a g o b y ,  r a r e ly  c a t c h in g  it  a t  m id -b o dy  and k i l l in g  
the  f i s h ,  but  more o f ten  tem pora r i ly  t rapp ing  the  f i s h  i n s i d e .  Pa thogens  
su ch  a s  D .  marinum which  c a u s e  l y s i s  of t i s s u e  may s p e e d  up d e t e r i ­
o ra t io n ,  a l th o u g h  Ray e t  a l . (1953) did no t  b e l i e v e  th i s  a c c o u n te d  for 
d e c a y  of the o y s te r  a f t e r  d e a t h .

In an y  c a s e ,  i t  s e e m s  s ig n i f i c a n t  th a t  a l l  m ea t  w a s  a lw a y s  
e a t e n  by s c a v e n g e r s  in a r e l a t i v e l y  sho r t  t i m e .  O b s e r v a t i o n s  showed 
th a t  the  m ea t  w a s  a c t u a l l y  e a t e n ,  no t  j u s t  removed  from th e  s h e l l s .
It is  d i f f i c u l t  to  d e m o n s t r a t e  100% c o n s u m p t io n ,  bu t  the  m o t iva t ion  
o b v io u s ly  e x i s t s  .

DISCUSSION

S ince  o y s t e r s  form the  b a s i s  of an  e x t e n s i v e  e s t u a r i n e  c o m ­
munity  with  many d e p e n d e n t  o r g a n i s m s ,  an y  p a th o g e n  of o y s t e r s  is  
s i g n i f i c a n t  to num erous  p l a n t s  and a n i m a l s .  A c e r t a i n  am ount  of 
o y s t e r  m or ta l i ty  s e e m s  to  be  normal and  is  o f  c o n s i d e r a b l e  v a lu e  to 
the  co m m u n i ty .  The a b s e n c e  of o y s t e r  m or ta l i ty  would l imi t  feed ing  
and spaw ning  of some a s s o c i a t e d  s p e c i e s .  On the  o the r  h a n d ,  e x c e s ­
s iv e  m or ta l i ty  may p rov ide  more food th a n  c a n  be a b s o rb e d  by the  c o m ­
m uni ty ,  and i t  r em o v e s  the  o y s t e r s  which  a r e  t h e  m os t  impor tan t  
member ,  the  dom inan t  s p e c i e s  on w hich  the  e x i s t e n c e  of the  community  
d e p e n d s  .

Hopkins  (1957) s t a t e d  th a t  a common e f f e c t  of marine  p a r a s i t e s  
is to i n c r e a s e  the  h o s t ' s  s u s c e p t i b i l i t y  to  p r e d a t o r s .  M e n z e l  and 
H opkins  (19 56) no ted  th a t  b lue  c r a b s ,  C a l l i n e c t e s  s a p i d u s , d e s t ro y e d  
many s p a t ,  bu t  a t e  on ly  w eak  and dying a d u l t  o y s t e r s  . The sam e  is 
t rue of mud c r a b s  (M cDermott ,  196 0).  This w as  a l s o  t rue  of o y s te r  
d r i l l s ,  U ro sa lp in x  and E u p le u ra , and  o the r  s n a i l s  in th e  s tu d y  a r e a  .
The s c a r c i t y  of r e c e n t l y  k i l l e d  o y s t e r s  with  i n t a c t  meat  on na tu ra l  b o t ­
to m s ,  and  the  o b s e r v a t i o n s  on a r t i f i c i a l l y  k i l l e d  o y s t e r s ,  i n d i c a t e  th a t  
n ea r ly  a l l  o y s t e r  t i s s u e  in fec ted  with  D . marinum is  co n su m ed  by 
s c a v e n g e r s ,  a t  l e a s t  during normal or l e s s  ex t rem e  m o r t a l i t i e s .  This 
would force  a lm o s t  a l l  o y s te r  t i s s u e  p a r a s i t e s  to p a s s  through a n im a ls  
o ther  th a n  o y s t e r s  .

Spawning of G .  b o s c i  in r e c e n t l y  k i l l ed  o y s t e r s  on the  b a y s id e  
of the  E as te rn  Shore occu r red  l a rg e ly  from 15 June  to 15 August

- 171 -



(unpub l ished  d a t a ) .  This is  w hen  in f e c t io n s  of D e rm o c y s t id iu m  bui ld  
up in l iv e  o y s t e r s  (Andrews and He w a t t ,  1957) .  Ray (1954) no ted  th a t  
o y s t e r s  in L o u i s i a n a  p l a c e d  in  endem ic  w a te r s  in June  su f fe red  h igher  
morta l i ty  th a n  t h o s e  p l a c e d  th e re  in l a t e  A u g u s t .  Th is  i s  a l s o  t rue of 
t r a n s p l a n t s  of h igh ly  s u s c e p t i b l e  S e a s i d e  o y s t e r s  in to  C h e s a p e a k e  Bay.

As a n  o y s t e r  h a s  more fungus  c e l l s  a v a i l a b l e  for r e l e a s e ,  i t  
p re su m a b ly  wil l  be  more s u s c e p t i b l e  to  a t t a c k  by o th e r  a n im a l s  . 
Andrews and  H e w a t t  (1957) b e l i e v e d  th a t  d i s i n t e g r a t i n g  g a p e r s  a c c o u n t  
for m os t  i n f e c t i v e  m a te r i a l ,  and  Ray (1954) sh o w ed  t h a t  in f e c t io n  by 
l iv e  o y s t e r s  w as  much s lo w e r  th a n  o th e r  m e thods  . Although it i s  not 
c e r t a i n  t h a t  l i v e  o y s t e r s  c a n  r e l e a s e  l a rg e  num bers  of i n f e c t i v e  s p o r e s ,  
d ea d  o y s t e r s  d o ,  and  s u b s e q u e n t  t r a n s m i s s i o n s  co u ld  be  d u e ,  a t  l e a s t  
in p a r t ,  to  s c a v e n g e r s ,  by m ean s  h y p o t h e s i z e d  in F ig .  3 .  The v e ry  
l e a s t  th a t  s c a v e n g e r s  may do  i s  to s p e e d  up  r e l e a s e  of  o y s t e r  p a r a s i t e s  
and p rev e n t  p ro d u c t io n  of b a c t e r i a l  m e ta b o l i t e s  .

LIVE OYSTER ■ b RELEASES SPORES

DEAD OYSTER
BACTERIAL DECAY 
RELEASES SPORES

OYSTER ENTERED 
BY SCAVENGER

OYSTER TISSUE
MUCOUS «-DECAYS LATER

STICKS TO BODY

EATEN BY SCAVENGER

CARRIED BY 
SCAVENGER TO
OTHER HOST 
INFECTION FROM

EATFN
TISSUE /  

v SCATTERED \

DECAY'S

SPORES PASSED
NEAR DEAD OYSTER 
INFECTION BY WATER
CURRENTS

Fig . 3 . T h e o re t i c a l  r o u t e s  t r a v e l e d  by D . marinum in n a tu ra l
w a t e r s .
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STUDIES ON OYSTER SCAVENGERS AND THEIR RELATION TO THE 

FUNGUS DERMOCYSTIDIUM MARIN JM 1

Hinton Dickson Hoese

2

Virginia Institute of Marine Science 

ABSTRACT

Dermocystidium marinum, a parasitic fungus of oysters, was 

demonstrated from the stomach of the snail, Urosalpinx cinerea, from 

the stomach, intestine, and body of three fishes, Gobiosoma bosci, 

Chasmodes bosquianus , and Opsanus tau, and from the body, especially 

setae, of two crabs, Neopanope texana and Rhithropanopeus harrisii.

All animals containing _D. marinum had scavenged oysters infected by 

the fungus. A few oysters became lightly infected when kept in aquaria 

with fishes that had been fed infected oyster tissue. In one tidal inlet 

of Chesapeake Bay, Virginia, Eurypanopeus depressus was the most 

abundant scavenger, followed by Nassarius vibex. Gobiosoma bosc i, and 

Panopeus herbs tii. Killed oysters on this reef were consumed by scav­

engers in less tTian one day in temperatures over 24 C. At temperatures 

above 18 C, dead oyster tissue never remained long enough to decay. 

Theoretical methods of transmission of D. marinum by scavengers are 

discussed. It is concluded that nearly alT dying oysters are consumed



by animals during periods of normal mortality, so their parasites must 

pass through the digestive systems of scavengers.

INTRODUCTION

Within the past decade there have been several studies on the 

biological structure of oyster reefs. These studies, however, have 

given little insight into the dynamics of oyster communities . The ex­

tensive studies of Hedgpeth (1953), Gunter (1955), and Parker (1955, 

1959) in Texas, Wells (1961) in North Carolina, and Korringa (1951) 

in Holland were largely concerned with sedentary forms, and the highly 

motile fishes went little noticed . The concept of the oyster biocoenosis 

is known widely, but has received little expansion.

The present study was not concerned with the whole community, 

but with the role of fishes, crabs, and a few other scavengers in the 

community, especially in their relationship to the oyster, Crassostrea 

virginica (Gmelin) and its parasitic fungus, Dermocystidium marinum

1 Contribution from the Virginia Institute of Marine Science, No.

2 Present address: Department of Zoology , University of Texas , Austin , 
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Mackin, Owen, and Collier, 1950. Knowledge of D . marinum has been 

reviewed very recently by Johnson and Sparrow (1961) and by Mackin 

(1962).

This study started from observations of fishes living in close 

association with oysters, and progressed to observations on the 

relationship of mortality of oysters with activity of other species in 

the community. Mortality of oysters in the study area occurs predomi­

nantly in the warmer months, and most of this mortality is due to Dermo - 

cystidium marinum . Some of the oyster associates that are active in 

summer are scavengers of dying oysters and consequently ingest cells 

of oyster parasites. This suggested that the scavengers might transmit 

infections to other oysters .

METHODS

Data on scavengers were collected incidental to studies of 

oyster mortality on the Eastern Shore of Virginia. Studies were largely 

confined to a small embayment off Chesapeake Bay called The Gulf, 

jus t north of Cape Charles, Virginia . Life history data on scavengers 

gathered here and in other areas of Virginia will be presented elsewhere.

The presence of Dermocystidium marinum was determined by Ray's 

(19 52) thioglycollate culture method. After culture the enlarged fungus 

cells were stained (blue) with iodine. Oysters and the digestive tracts 

of fishes were cultured by the standard method, but feces were originally 

cultured in petri dishes with 1 cc of medium added to about 5 cc of 

water containing fecal material . This method has the advantage of not



disturbing the feces, but enhances the growth of molds . Since this 

proved generally unsatisfactory, feces were later placed in test tubes 

with the medium, and dilute oyster serum from uninfected oysters was 

added. Uninfected oysters came from the Seaside of Virginia where 

D. marinum has not been found (Andrews and Hewatt, 1957; also 

unpublished studies). Fishes and crabs were fed in aquaria or small 

bowls with pieces of meat, or with whole oysters that died with heavy 

Dermocystidium infections . The fish were then washed in three or 

more separate dishes and placed in dishes with Seaside water of a 

salinity near 3 parts per thousand; or they were placed in aquaria for 

infection experiments. Later, after it seemed that the fungus was killed 

by Seaside water, Chesapeake Bay water of salinity near 20 pot was 

substituted. Feces were collected with a sterile pipette and placed in 

culture . After two to five days these cultures were examined under 

monobjective and stereoscopic microscopes.
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At approximately monthly intervals from 9 June through 7 

November 1961, groups of 1 oysters were made into "gapers" by 

cutting adductor muscles. Each month, these artificial gapers were 

placed in individual trays (10 per tray) made of one-inch-mesh rat 

wire, with a cover of the same material. These permitted small 

scavengers to enter while preventing large crabs from removing the 

oysters . Ten control oysters with adductors cut were placed in a cage



of 1 /8-inch hardware cloth, which eliminated most scavengers other 

than very small recently metamorphosed gobies and mud crabs (which 

ate very little meat). The experimental and control cages were placed 

on the top and edge of an oyster reef at The Gulf. This reef is located 

near the lower edge of the intertidal zone just inshore from extensive 

eelgrass (Zostera marina ) flats . The amount of meat taken by scav­

engers was calculated from wet weights of experimental and control 

oysters, after 10 minutes drying in the shade. Direct observations 

were made on the activities of scavengers on killed oysters in the 

shallow, clear water on and near the reef.

Several crude infection experiments were conducted by feeding 

fish pieces of infected oyster tissue and then placing them in aquaria 

with disease-free Seaside oysters. The habits of oyster fishes were 

observed in aquaria for a two-year period (196 0-61).

DEMONSTRATION OF D . MARINUM IN SCAVENGERS

On 12 October 1959 an adult goby, Gobiosoma bosc i, from 

the hinged shells of a dead oyster from Messongo Creek, was cultured 

in thioglycollate medium for Dermocystidium . After culturing and 

staining, numerous fungus cells were observed covering most of the 

caudal myomeres; most of the remainder of the fish had disintegrated. 

Since this observation, Dermocystidium has been demonstrated in the 

stomach, feces (Fig. 1), and on the skin of fishes, in the digestive 

systems of mud crabs and drills, and covering the body and among 

setae on the legs of crabs (Table 1). All of these had jus t come from 

oysters recently killed, or had been fed infected tissue . Nearly all



scavengers from gaping oysters were positive.

Goby feces consist of highly digested remains of oyster tissue 

and more definite fecal "pellets" which are apparently the remains of 

small animals and scattered sand grains. In a few cases, Dermocystid - 

ium cells seen in the digestive system were in eroded oyster tissue 

recognizable as gili or mantle, but most fungus cells were found with 

numerous colorless fat globules suspended in the liquid intestinal 

contents, or in mucus. Dermocystidium was always found abundantly,
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Fig . 1 . Dermocystidium marinum in feces of Chas modes bos - 

quianus . Thioglycollate culture after three days. Iodine stained.

if present at all, in what appeared to be the remains of oyster tissue, 

but it was usually scarce in the fecal "pellets."

These observations showed that Gobiosoma bosci, Chasmodes 

bosquianus , and Opsanus tau ingest and defecate cells of D. marinum 

that respond to the thioglycollate test, and that pieces of infected 

tissue or mucus may attach externally to fishes and crabs . Since the 

fungus enlarged when cultured properly, and took the iodine stain, it 

must have been alive. Mackin and Boswell (1955) concluded that all 

stages were infectious .



When small fish were fed Dermocystidium -Infected oyster meat 

and then placed in aquaria with disease-free oysters, some of the oysters 

developed Dermocystidium infections (Table 2). In experiments 1 through 

5 only G . bosci was used, but C . bosquianus and Hypsoblennius hentzi 

were added in experiment 6 . In spite of the small number o ffish  used 

and the small amounts of infected tissue they had eaten, the results indi­

cate that G. bosci, at least, can transmit infection to oysters.
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Table 1. Records of Dermocystidium marinum in scavengers. Animals 

from aquaria had been fed heavily infected oysters; those 

from natural waters had been found in recently dead infected 

oysters .
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Table 2. Experimental infection of oysters by D . marinum from fishes. 

Temperatures were 20-24 C. All experiments were terminated 

after approximately 1 month except no. 3 which lasted 6 weeks 

All infections were light.



a Seaside water, salinity 29-33 p p t. 

b Evaporated Bayside water, 3 2-34 ppt 

c Bayside water, 22-24 ppt.

OBSERVATIONS ON SCAVENGING

One of the most ubiquitous and conspicuous scavengers is the blue 

crab, Callinectes sapidus . A single adult crab can consume a whole oys­

ter. Both blue crabs and large Panopeus herbstii can carry or drag a whole 

killed oyster or one valve with the m e a t. Large Panopeus were capable of 

moving clumps of oysters they were hiding under. Whenever these two 

crabs were present, they dominated scavenging. Eurypanopeus depressus 

was reluctant to enter killed oysters while larger crabs were feeding.

Sometimes snails, mainly Nassarius vibex , would enter and begin 

feeding on killed oysters in experimental wire cages . They seemed to 

consume small amounts of meat and were usually the last scavengers to 

begin feeding . When killed oysters were placed around the periphery of 

a reef, large numbers of N. obsoletus from the nearby flats would feed 

on them . Both Urosalpinx cinerea and Eu pleura caudata were found 

feeding on recently dead oysters . Although they are widely studied
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predators their scavenging is little mentioned . Demonstration of living 

Dermocystidium in the digestive systems of crabs, drills, and fishes 

caught in the study area indicates that they had recently scavenged 

oysters .

Although most species in the proximity of a reef would eat oys­

ter meat, it may be significant that several would not. Fundulus 

heteroclitus , f_. majalis , and a species of Palaemonetes showed interest 

in killed oysters but none were observed to eat. However, F_. hetero - 

clitus ate loose meat when the shells were pulled apart and Palaemonetes 

has eaten meat in aquaria . Fundulus seems afraid to enter partly closed 

shells .

Although crabs and snails feed quietly, observations showed

that fishes were the most voracious of scavengers . Due to their mobility

they are often the first scavengers to enter killed oysters . While feeding,

G. bosci tears off pieces of tissue; often several individuals simul­

taneously twist, spin, and turn, scattering bits of meat. A single killed 

oyster never failed to attract a few of these gobies, and often they were 

very numerous .

All species known to scavenge on the Eastern Shore of Virginia 

are listed below . These are included on the basis of direct observations 

in natural waters and circumstantial evidence such as the presence of 

Dermocystidium . This list is obviously incomplete and probably all 

motile animals living with oysters scavenge. However, it seems certain 

that a few species ( Gobiosoma bosc i, Chasmodes bosquianus , Opsanus



tau , Eurypanopeus depressus , Panopeus herbstii, Rhithropanopeus 

harris ii, Callinectes sapidus , Urosalpinx cinerea , Eupleura caudata , 

Nassarius vibex, and N. obsoleta on native reefs and these plus 

closely related species on planted bottoms) account for most tissue con­

sumed in the study area. Fishes, crabs, and snails came to the vicinity 

of killed oysters within minutes, regardless of the hour of the day or 

night. Most studies, however, were conducted during afternoon hours.

ABUNDANCE OF SCAVENGERS

There is very little information on the density of oyster associates .

As previous authors have noted, relatively few species on oysters are 

very abundant. In fact, only Nassarius vibex and Eurypanopeus depressus 

were abundant at The Gulf on native oysters, but Gobiosoma bosci and 

Panopeus herbstii were not uncommon. The only other scavengers on the 

reef were Gobiesox, Opsanus , and Chasmodes , which were comparatively 

rare. Other reefs nearby and at other localities varied somewhat but the

-167-

[Begin Page: Page 168]

dominance of snails, mud crabs, and gobies was apparent everywhere 

on native oysters . Oysters planted on subtidal bottoms acquire a more 

varied fauna, but the scavengers are similar. Annelids, which were 

not studied, are much more abundant on subtidal oysters .



The reef studied at The Gulf is situated at about low tide level, 

but it is a rare tide that exposes all of the reef. Such a tide occurred 

on 6 October 1961 and afforded an opportunity to measure the abundance 

of G . bosci . Apparently most of the fish in the reef migrated to the 

edge and to small pools in the reef. This migration is common on Sea­

side reefs also, during ebb tide. Most fish were then left behind by 

the tide; relatively few abandoned the reef for the nearby flats . The 

fish were easily captured, and a total of 184 was taken on half of the 

reef, an area about 40 feet long and 10 feet wide, by picking up clumps 

of oysters along the periphery. All fish were not captured due to rising 

tides, but it is believed a majority were. Later observations after the 

tide inundated the reef showed no fish attracted to killed oysters as had 

always before been the case. Since that part of the reef sampled was 

estimated to have 400 square feet of oysters, an estimate of 0.46 fish 

per square foot is made . During the low-water period the fish were 

concentrated in a narrow band a few inches wide, a concentration of 

6 .6 fish per linear foot. As many as 17 gobies were taken under a 

single clump of oysters . These figures are probably a fair minimum 

index of goby concentrations in autumn .

Nine square-yard samples on 6 and 19 October yielded counts of 

15, 16, 16, 18, 18, 19, 24, 25, and 29 2-to-4-inch oysters, an average 

of 2 oysters per square foot or a total of 17, 000 on the reef. Six square- 

yard collections of mud crabs, E_. depressus , from The Gulf on the same 

dates yielded counts of 4, 6, 8, 8, 13, and 14. This gives an estimate 

of 7,830 E_. depressus on the reef. Estimates of abundance of macro­

associates of the reef are given in Table 3 . These estimates closely 

match observations on scavengers, the most abundant forms appearing



to consume the most meat proportional to size . Other than a few barna­

cles, there were no other animals found associated with these oysters .

SCAVENGING RATES AND DETERIORATION OF OYSTERS

A rough idea of the amount of oyster tissue consumed by scavengers 

cen be computed from data obtained from trays of live oysters maintained 

at a number of stations on the Bayside of the Eastern Shore and examined 

at intervals averaging 2 days from May through November 196 0. This 

encompasses the Dermocystidium mortality season in the area . Of 1338 

dead oysters taken, only 156 (11%) had any meats left.
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Table 3 . Estimated abundance of oysters and scavengers on intertidal 

reef atThe Gulf, October 1961. a

inhabitants of the reef but invaded it sporadically in unpredictable 

numbers .

b Shell weight accounts for 6 00 kg .

Assuming that oysters die randomly between examinations and 

that deterioration of oysters tends to be linear, then the tissue of an



average oyster lasted a little over two days after death. Actually only 

2% of the dead oysters were taken immediately after death (based on 

condition of meats), indicating that an average tray oyster lasted only 

0.4 days before it had lost some meat. This seems too fast to explain 

by bacterial activity alone, and the destruction probably resulted from 

a combination of scavenging and decay. These figures agree with those 

of Gunter et al . (1957) who found that oyster meats disappeared in about 

two days in the summer at 28 C. Their studies, like these tray observa­

tions, were not made on natural oyster reefs.

Finding recently killed oysters with intact meats on natural 

bottoms is difficult. In fact, in all our scavenger studies on oyster 

beds we never encountered a gaping oyster, although oysters were 

dying .

The results of experiments conducted with killed oysters on a 

natural reef at temperatures of 24 to 30 C are shown in Fig. 2. Oyster 

meat exposed to scavengers was always consumed in one day, and
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TIME IN DAYS

Fig. 2. Comparison of meat losses from bacteria in protected 

oysters and from scavengers plus bacteria in exposed oysters.



half or more was consumed in a few hours . In the controls bacterial 

decay destroyed most of the tissue in four days or more, and half in 

three days, the curve correlating with many culture growth curves of 

bacteria . Within one day oysters kept from scavengers showed no 

evident deterioration and weights indicated little had been lost. Brief 

studies at 18 to 24 C indicated that both curves shift to the right, but 

most meat was still consumed by scavengers within one day and all 

within two days . Groups of killed oysters exposed to scavengers on 

open bottom, uninhabited by oysters, lost little more meat than con­

trols, presumably because scavengers were not present there.

The figures obtained from these experiments have two sources 

of error: (1) Killing ten oysters saturated a small area with a large 

amount of meat. Whenever a single oyster was killed, its consumption, 

at least to the muscle, was measured in minutes rather than hours .

(2) Dying oysters probably are invaded by decay bacteria some hours 

prior to death, so perhaps the decay curve should be shifted to the left 

to represent what actually occurs .
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The death point of oysters needs further study, using naturally 

dying oysters. Oysters die gradually and scavenging (sensu lato ) may 

begin before the oyster is technically dead. Small gobies (G . bosci )



often enter gaping oysters in aquaria and feed on gili tissue while 

these oysters still have the power of complete closure . An oyster 

sometimes closes on a goby, rarely catching it at mid-body and killing 

the fish, but more often temporarily trapping the fish inside. Pathogens 

such as D . marinum which cause lysis of tissue may speed up deteri­

oration, although Ray et al . (1953) did not believe this accounted for 

decay of the oyster after death.

In any case, it seems significant that all meat was always

eaten by scavengers in a relatively short time. Observations showed

that the meat was actually eaten, not jus t removed from the shells .

It is difficult to demonstrate 100% consumption, but the motivation 

obviously exists .

DISCUSSION

Since oysters form the basis of an extensive estuarine com­

munity with many dependent organisms, any pathogen of oysters is 

significant to numerous plants and animals . A certain amount of 

oyster mortality seems to be normal and is of considerable value to 

the community. The absence of oyster mortality would limit feeding 

and spawning of some associated species. On the other hand, exces­

sive mortality may provide more food than can be absorbed by the com­

munity, and it removes the oysters which are the most important 

member, the dominant species on which the existence of the community 

depends .

Hopkins (1957) stated that a common effect of marine parasites 

is to increase the host's susceptibility to predators. Menzel and



Hopkins (19 56) noted that blue crabs, Callinectes sapidus , destroyed 

many spat, but ate only weak and dying adult oysters . The same is 

true of mud crabs (McDermott, 196 0). This was also true of oyster 

drills, Urosalpinx and Eupleura , and other snails in the study area . 

The scarcity of recently killed oysters with intact meat on natural bot­

toms , and the observations on artificially killed oysters, indicate that 

nearly all oyster tissue infected with D . marinum is consumed by 

scavengers, at least during normal or less extreme mortalities. This 

would force almost all oyster tissue parasites to pass through animals 

other than oysters .

Spawning of G . bosci in recently killed oysters on the bayside 

of the Eastern Shore occurred largely from 15 June to 15 August
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(unpublished data). This is when infections of Dermocystidium buiid 

up in live oysters (Andrews and Hewatt, 1957). Ray (1954) noted that 

oysters in Louisiana placed in endemic waters in June suffered higher 

mortality than those placed there in late August. This is also true of 

transplants of highly susceptible Seaside oysters into Chesapeake Bay.

As an oyster has more fungus cells available for release, it 

presumably will be more susceptible to attack by other animals . 

Andrews and Hewatt (1957) believed that disintegrating gapers account



for most infective material, and Ray (1954) showed that infection by 

live oysters was much slower than other methods . Although it is not 

certain that live oysters can release large numbers of infective spores, 

dead oysters do, and subsequent transmissions could be due, at least 

in part, to scavengers, by means hypothesized in Fig. 3. The very 

least that scavengers may do is to speed up release of oyster parasites 

and prevent production of bacterial metabolites .

LIVE OYSTER-

S-RELEASES SPORES

DEAD OYSTER-

BACTERIAL DECAY 

RELEASES SPORES

OYSTER ENTERED 

BY SCAVENGER

OYSTER TISSUE 

-•-AND MUCOUS-

-mDECAYS LATER

STICKS TO BODY

EATEN BY SCAVENGER



CARRIED BY 

SCAVENGER TO 

OTHER HOST 

INFECTION FROM 

FECES

TISSUE/

V SCAT T ERE D\

EATFN

DECAYS

SPORES PASSED 

NEAR DEAD OYSTER 

INFECTION BY WATER 

CURRENTS

Fig . 3 . Theoretical routes traveled by D . marinum in natural

waters

-172-

[Begin Page: Page 173]

ACKNOWLEDGMENTS



Many oystermen and dealers graciously gave their time, oysters, 

and equipment, andhelped catch specimens, particularly A . M. Acuff, 

Ralph Clark, Elwood Gaskins, and W. E. Walker. Mr. A. M. Akuff 

kindly loaned an oyster reef for scavenger studies . D r . J . D . Andrews 

introduced the writer to the Chesapeake area and supplied much informa­

tion on Dermocystidium . Dr. S. El. Elopkins provided information and 

advice, and assisted in summer field studies. W. T. Davis, and later 

R. D. Elickman and Bonnie Callaway, assisted in both field and labora­

tory studies . M r . W . T . Davis drew Figs . 2 and 3 . M r . Tom K . Burton, 

Jr. photographed Fig. 1. Mr. Ken Parks of the Accomack County Flealth 

Department sterilized media and equipment and helped in other ways .

LITERATURE CITED

Andrews, J. D. and W. G. Flewatt. 19 57. Oyster mortality studies in 

Virginia. II. The fungus disease caused by Dermocystidium 

marinum in oysters of Chesapeake Bay. Ecol . Monographs 

27: 1-25.

Gunter, G. 1955. Mortality of oysters and abundance of certain 

associates as related to salinity. Ecology 36:601-605.

Gunter, G., C. E. Dawson and W.J. Demoran. 1957. Determination 

of how long oysters have been dead by studies of their shells .

Proc . Nat'l Shellfish. Assoc. 47:31-33.

Fledgpeth, J . W. 19 53 . An introduction to the zoogeography of the 

Northwest Gulf of Mexico with reference to the invertebrate



fauna . Publ . Inst. Mar. Sei. 3: 107-224.

Hopkins, S. H. 1957. Interrelations of organisms . B. Parasitism, 

in Treatise on Marine Ecology and Paleoecology . Mem. Geol . 

Soc . Amer. 67:413-428.

Johnson, T. W. and F. K. Sparrow. 1961. Fungi in oceans and 

estuaries. J. Cramer, Weinheim, Germany. 668 p.

Korringa, P. 1951. The shells of Ostrea edulis as a habitat. Arch. 

Neerland. Zool . 10: 32-152 .

Mackin, J.G. 1962. Oyster disease caused by Dermocystidium

marinum and other microorganisms in Louisiana . Publ. Inst.

Mar. Sei. 7: 132-229.

173-


