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ABSTRACT

X a n t h i d  c r a b s  w e r e  c o l l e c t e d  i n  C h e s a p e a k e  Bay and  i t s  t r i b u ­

t a r i e s  and t h e  o c e a n  s i d e  o f  V i r g i n i a  from J a n u a r y  1967 t o  November 1968 

and  examined  f o r  t h e  p r e s e n c e  o f  t h e  s a c c u l i n i d  p a r a s i t e ,  L o x o t h y l a c u s  

p a n o p a e i . I n f e c t i o n s  w e re  d e t e r m i n e d  by t h e  p r e s e n c e  o f  e x t e r n a e .

Two s p e c i e s ,  E u r y p a n o p e u s d e p r e s s u s  and R h i t h r o p a n o p e u s  

h a r r i s i i , w e re  found  w i t h  s a c c u l i n i d s . D u r in g  t h i s  s t u d y  p r e v a l e n c e  

o f  i n f e c t i o n  was h i g h e r  on t h e  e a s t e r n  s h o r e  o f  t h e  bay  t h a n  i n  t h e  

York R i v e r ,  b u t  d e c r e a s e d  i n  b o t h  a r e a s  w i t h  t i m e .  The p a r a s i t e  was 

n o t  found  on  t h e  o c e a n  c o a s t  o f  V i r g i n i a .  P r e v a l e n c e  o f  i n f e c t i o n  o f  

E.  d e p r e s s u s  was h i g h e r  on o y s t e r  b a r s  t h a n  on p i l i n g s ,  and  h i g h e r  

i n t e r t i d a l l y  t h a n  s u b t i d a l l y .  The d i s t r i b u t i o n  o f  L. p a n o p a e i  a p p e a r s  

t o  b e  l i m i t e d  by h o s t  d e n s i t y  and s a l i n i t i e s  l e s s  t h a n  6 ° / o o .

The f r e q u e n c y  d i s t r i b u t i o n  o f  h o s t  s i z e  was u n im o d a l ,  w i t h  

m o s t  p a r a s i t i z e d  c r a b s  b e i n g  i n  t h e  medium s i z e  g r o u p s .  The s m a l l e s t  

h o s t  was 3 . 2  mm.

S i z e  o f  t h e  e x t e r n a e  o f  t h e  a d u l t  p a r a s i t e  r a n g e d  f rom  4 . 8  to

1 1 .2  mm. N a u p l i i  w e re  e x p e l l e d  f rom May t o  November i n  t h e  l a b o r a t o r y .  

The i n t e r n a l  s t a g e  was fo u n d  t o  l a s t  a t  l e a s t  8% m o n t h s .

M o d i f i c a t i o n s  o f  t h e  s e c o n d a r y  s e x  c h a r a c t e r s  o f  t h e  h o s t  w ere  

c a r r i e d  t h r o u g h  one  m o l t  a f t e r  r e m o v a l  o f  an e x t e r n a .
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INTRODUCTION

The s a c c u l i n i d ,  L o x o t h y l a c u s  p a n o p a e i  ( G i s s l e r ,  1884) .  i s  a 

r h i z o c e p h a l a n  p a r a s i t e  o f  s e v e r a l  s p e c i e s  o f  x a n t h i d s  and a g o n e p l a c i d  

c r a b .  L . p a n o p a e i  h a s  b e e n  r e p o r t e d  f rom E u ry p a n o p e u s  d e p r e s s u s (S m i th )  

f rom F l o r i d a  and Texas  (Boschma, 1928) ,  L o u i s i a n a  (C au s ey ,  1 9 5 4 ) ,  and  

M i s s i s s i p p i  ( C h r i s t m a s ,  1968) and from R h i t h r o p a n o p e u s  h a r r i s i i  (Gould)  

f rom  L o u i s i a n a  (B e h re ,  1950) and M i s s i s s i p p i  ( C h r i s t m a s ,  1 9 6 8 ) .  O t h e r  

h o s t s  a r e :  P a nopeus  h e r b s t i i  ( G i s s l e r )  i n  F l o r i d a ,  T e t r a p l a x  q u a d r i -

d e n t a t a  (R a th b u n )  i n  V e n e z u e l a ,  Panopeus  o c c i d e n t a l i s  ( S a u s s u r e )  i n  t h e  

Wes t  I n d i e s ,  Lophopanopeus  b e l l u s  (S t im p s o n )  i n  B r i t i s h  Co lum bia ,  

p o s s i b l y  Lophopanopeus  d i a g e n s i s  (R a thbun )  i n  S o u t h e r n  C a l i f o r n i a ,  and 

T e t r a x a n t h u s  r a t h b u n a e  (Chace)  f rom 120 fa th o m s  i n  t h e  G u l f  o f  Mexico 

(Boschma, 1955;  R e i n h a r d  and R e ischm an ,  1 9 5 8 ) .  R e i n h a r d  and Reischman 

(1958)  s t a t e  t h a t  t h i s  s p e c i e s  i s  one  o f  t h e  m o s t  common and w i d e l y  

d i s t r i b u t e d  o f  N o r t h  A m er ic an  s a c c u l i n i d s .

The b e s t  known s a c c u l i n i d  l i f e  c y c l e  i s  t h a t  o f  S a c c u l i n a  

c a r c i n i  f rom C a r c i n u s  maenas  ( D e la g e ,  1884,  i n  Day,  1935;  O r t o n ,  1936;  

Foxon,  1940) . N a u p l i i  h a t c h  f rom eggs  i n  t h e  m a n t l e  c a v i t y  o f  t h e  a d u l t  

and  a r e  e x p e l l e d  t h r o u g h  t h e  m a n t l e  o p e n i n g .  A f t e r  f i v e  o r  s i x  days  

t h e  n a u p l i u s  becomes  a c y p r i s  l a r v a .  The c y p r i s  l a r v a  a t t a c h e s  i t s e l f  

t o  t h e  e x o s k e l e t o n  o f  t h e  h o s t  by  a s t y l e  t h r o u g h  w h ic h  an  u n d i f f e r e n ­

t i a t e d  mass  o f  c e l l s  p a s s e s  i n t o  t h e  body  o f  t h e  c r a b .  T h i s  mass o f  

c e l l s  fo rm s  a t u m o r - l i k e  g ro w th  a ro u n d  t h e  g u t ,  grows p o s t e r i o r l y  t o  t h e  

j u n c t i o n  o f  t h e  abdomen and t h o r a x ,  and  s e n d s  b r a n c h e s  t h r o u g h o u t  t h e

2



body  o f  t h e  c r a b .  A f t e r  n i n e  t o  t w e l v e  mon ths  d e v e l o p m e n t  a s  an i n t e r n a ,  

t h e  p a r a s i t e  p e n e t r a t e s  t h e  a n t e r o v e n t r a l  s u r f a c e  o f  t h e  abdomen o f  t h e  

h o s t  and  d e v e l o p s  an  e x t e r n a l  r e p r o d u c t i v e  body c a l l e d  t h e  e x t e r n a .  The 

e x t e r n a  o f  many r h i z o c e p h a l a n s  i s  i n i t i a l l y  l i g h t  c o l o r e d  and  becomes  

p r o g r e s s i v e l y  d a r k e r  w i t h  a g e .  The m os t  i m p o r t a n t  e f f e c t s  o f  s a c c u l i n i d s  

upon t h e i r  deca p o d  h o s t s  i n c l u d e  1) a  l o s s  o f  r e p r o d u c t i v e  a b i l i t y  o f  t h e  

h o s t ,  2) c e s s a t i o n  o f  g r o w th  by r e n d e r i n g  t h e  h o s t  i n c a p a b l e  o f  m o l t i n g

and  3) p o s s i b l y  m a k ing  t h e  h o s t  l e s s  a b l e  t o  com pe te  w i t h  o t h e r  i n d i v i ­

d u a l s  o f  t h e  same s p e c i e s .

The  i n t r o d u c t i o n  o f  L. p a n o p a e i  t o  t h e  e a s t  c o a s t  o f  N o r t h  

A m er ic a  i n  1963 o r  1964 was r e p o r t e d  by Van E n g e l ,  D i l l o n ,  Z w e rn e r ,  and 

E l d r i d g e  ( 1 9 6 6 ) ,  f o l l o w i n g  t h e  f i r s t  i m p o r t s  o f  o y s t e r s  f rom t h e  G u l f  o f  

Mexico  t o  a l l e v i a t e  t h e  s c a r c i t y  c a u s e d  by t h e  h a p l o s p o r i d i a n  p a r a s i t e ,  

M i n c h i n i a  n e l s o n i . L. p a n o p a e i  was f i r s t  o b s e r v e d  i n  t h e  l o w e r  York

R i v e r  on E,. d e p r e s s u s  and l a t e r  on R. h a r r i s i i  (W. A. Van E n g e l ,  p e r s o n a l

c o m m u n i c a t i o n ) .  D i l l o n  and Zw erner  (1966)  d e s c r i b e d  a n a u p l i u s ,  t h e  

c y p r i s  and  t h e  e x t e r n a  o f  L.  p a n o p a e i  from t h e  York R i v e r ;  t h e i r  d e s ­

c r i p t i o n  o f  t h e  n a u p l i s  i s  i n  c l o s e  a g r e e m e n t  w i t h  t h a t  o f  one  o f  t h e  

l a s t  o f  s i x  r i a u p l i a r  s t a g e s  found  and  b r i e f l y  d e s c r i b e d  by Knowles (1968)  

T h r e e  o t h e r  s p e c i e s  o f  x a n t h i d s  n o t  a t t a c k e d  by t h e  s a c c u l i n i d  a r e  found  

i n  t h e  C h e s a p e a k e  Bay: Panopeus  h e r b s t i i  (H. M i l n e  E d w a r d s ) ,  Neopanope

t e x a n a  s a y i  ( S m i t h ) , and  H exapanopeus  a n g u s t i f r o n s  ( B e n e d i c t  and  R a th b u n )  

A ids  f o r  i d e n t i f i c a t i o n  and  d e s c r i p t i o n s  o f  h a b i t a t s  and g e n e r a l  d i s t r i ­

b u t i o n s  o f  x a n t h i d s  i n  t h e  C h e s a p e a k e  Bay a r e  g i v e n  by  R a thbun  (1930)  

and Ryan (1956)  .

Wide d i s p e r s a l  o f  L. p a n o p a e i  i n  t h e  loxyer C h e s a p e a k e  Bay 

e v i d e n t l y  o c c u r r e d  r a p i d l y .  The p a r a s i t e  was found  i n  a l l  t h e  V i r g i n i a
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r i v e r s  on t h e  w e s t e r n  s h o r e  i n  19 65 and on t h e  e a s t e r n  s h o r e  i n  19 66.

None w e r e  found  n o r t h  o f  t h e  m outh  o f  t h e  Rappahannock  R i v e r  o r  on t h e  

o c e a n  c o a s t  (W. A. Van E n g e l ,  p e r s o n a l  c o m m u n i c a t i o n ) .

T h e r e  i s  u n c e r t a i n t y  w h e t h e r  t h e  r e l a t i v e  a b u n d a n c e  o f  E_. 

d e p r e s s u s , R . h a r r i s i i  and  N. t e x a n a  s a y i  changed  f rom 1964 t o  l a t e  1966.  

Numbers o f  E_. d e p r e s s u s  a p p e a r e d  t o  h a v e  d e c r e a s e d  w h i l e  t h o s e  o f  N. 

t e x a n a  s a y i  i n c r e a s e d  i n  t h e  v i c i n i t y  o f  G l o u c e s t e r  P o i n t  (W. A. Van E n g e l ,  

p e r s o n a l  c o m m u n ic a t io n )  . I n  t h e  Rappahannock  R i v e r ,  b o t h  E_. d e p r e s s u s  

and  R. h a r r i s i i  d e c r e a s e d  a b r u p t l y  i n  1966,  and a t  G l o u c e s t e r  P o i n t  E_. 

d e p r e s s u s  was r e p l a c e d  by  N. t e x a n a  s a y i  ( J .  D. Andrews,  p e r s o n a l  communi­

c a t i o n )  .

At t h e  end o f  1966 t h e r e  was u n c e r t a i n t y  o f  t h e  e f f e c t s  t h a t  

L. p a n o p a e i  had  had  on t h e  x a n t h i d  p o p u l a t i o n .  I t  i s  b e l i e v e d  t h a t  p a r t  

o f  t h e  d e c r e a s e  i n  numbers  o f  E.  d e p r e s s u s , a t  l e a s t  a t  G l o u c e s t e r  P o i n t ,  

was due  to  a c h a n g e  i n  s a m p l i n g  p r o c e d u r e .  From l a t e  1964 t o  m id -1 9 6 5  

many o f  t h e  s a m p l e s  w e r e  t a k e n  f rom t r a y s  o f  o y s t e r s ;  l a t e r  s a m p le s  w ere  

c o l l e c t e d  f rom p i l i n g s .  However,  i n  many i n s t a n c e s  t h e  s m a l l  numbers  i n  

s a m p l e s  p r e c l u d e  s t a t i s t i c a l  t e s t s  f o r  d i f f e r e n c e s .

The r o l e  o f  x a n t h i d s  i n  t h e  e c o l o g y  o f  C h e s a p e a k e  Bay i s  complex  

b u t  i t  i s  known t h a t  t h e  c r a b s  a r e  s c a v e n g e r s  and p r e d a t o r s  o f  C r a s s o s t r e a  

v i r g i n i c a (McDermot t ,  1960;  H oese ,  1962) and M e r c e n a r i a  m e r c e n a r i a  

( L a n d e r s ,  1954) and a l t e r n a t e  h o s t s  o f  t h e  o y s t e r  p a r a s i t e ,  N e m a t o p s i s  

o s t r e a r u m  ( P r y t h e r c h ,  1940;  S p r a g u e  and O r r ,  1955;  Kenk,  1 9 6 4 ) .  The 

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

a t i o n s  o f  e n e r g y  f l o w .

T h i s  s t u d y  was u n d e r t a k e n  t o  c o n s i d e r  a s p e c t s  o f  t h e  e c o l o g y ,  

l i f e  h i s t o r y  and  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  o f  L. p a n o p a e i  i n  C h es ap ea k e



Bay. S p e c i a l  a t t e n t i o n  h a s  b e e n  g i v e n  t o  d i f f e r e n c e s  b e t w e e n  Eh 

and  N. t e x a n a  s a y i  i n  h a b i t a t  p r e f e r e n c e  and  r e l a t i v e  a b u n d a n c e .
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MATERIALS AND METHODS

X a n t h i d s  w e r e  c o l l e c t e d  f rom J a n u a r y  1967 t o  November 1968, 

by  h a n d ,  d i p  n e t s ,  t r a w l s ,  and  d r e d g e s .  Most  s a m p l i n g  was done  i n  

s h a l l o w  n e a r - s h o r e  w a t e r s  on o y s t e r  b a r s  and  p i l i n g s ,  as  t h e s e  h a b i t a t s  

c o n s i s t e n t l y  y i e l d  x a n t h i d s .  S a l i n i t y  ( d e t e r m i n e d  by an  RS-7A i n d u c t i o n  

s a l i n o m e t e r )  and  t e m p e r a t u r e  ( s t e m  t h e rm o m e t e r )  d a t a  w e r e  c o l l e c t e d  a t  

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

l a b o r a t o r y  a l i v e .

The a r e a s  sa m p le d  d u r i n g  t h i s  s t u d y  a r e  shown i n  F i g .  1. The 

o c e a n  s i d e  o f  t h e  e a s t e r n  s h o r e  o f  V i r g i n i a  h a s  l a r g e  t i d a l  l a g o o n s  and 

e x t e n s i v e  s a l t  m a r s h e s  w h e re  s a l i n i t i e s  r a n g e  f rom 28 t o  32 ° / o o .  T h e r e  

m o s t  c r a b s  w e re  c o l l e c t e d  f rom i n t e r t i d a l  o y s t e r  b a r s  by hand  and d i p  

n e t .  On t h e  bay  s i d e  o f  t h e  e a s t e r n  s h o r e  a r e  s m a l l  b r a c k i s h  c r e e k s  and 

i n l e t s .  H ere  m o s t  s a m p l e s  w e re  t a k e n  by hand  f rom i n t e r t i d a l  o y s t e r  

b a r s  a t  C h e r r y s t o n e  and  H ungars  c r e e k s  i n  s a l i n i t i e s  o f  18 t o  22 ° / o o .

The o u t s t a n d i n g  f e a t u r e s  o f  t h e  s o u t h w e s t e r n  s h o r e  o f  t h e  bay  a r e  l a r g e  

r i v e r s  and  i n l e t s .  Most  c o l l e c t i n g  was done  by hand  and  d i p  n e t  on t h e  

s u b t i d a l  p o r t i o n s  o f  wooden p i l i n g s  i n  t h e  York R i v e r  a r e a ,  w h e re  s a l i n i t y ,  

a s  on t h e  e a s t e r n  s h o r e  bay  s i d e ,  v a r i e d  f rom 17 t o  22 ° / o o .  O t t e r  t r a w l  

s t a t i o n s  w e re  a l s o  made i n  t h e  b r a c k i s h - w a t e r  a r e a s  o f  t h e  York and  R ap p a ­

h a n n o c k  r i v e r s .  T raw l  and d r e d g e  s t a t i o n s  made i n  C h e s a p e a k e  Bay, E a s t e r n  

Bay,  C hop tank  R i v e r ,  and  Back R i v e r ,  on mud and  s a n d  b o t t o m s  a r e  d e s i g ­

n a t e d  a s  ’’Bay S t a t i o n s ’1 t o  d i s t i n g u i s h  them from c o l l e c t i o n s  made by n e t s

o r  by  hand  on o y s t e r  b a r s  and  p i l i n g s .
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F i g u r e  1 .  Map o f  t h e  C h e s a p e a k e  Bay show ing  l o c a t i o n s  s a m p le d .
C h e s a p e a k e  Bay t r a w l  and  d r e d g e  s t a t i o n s ,  s o l i d  d o t  (©);  
S o u t h w e s t e r n  s h o r e  t r a w l  s t a t i o n s ,  open  c i r c l e  ( o ) ; 
C h e r r y s t o n e  C re e k ,  open  t r i a n g l e  ( a ) ; H ungars  C re e k ,  s o l i d  
t r i a n g l e  (a ) ; G l o u c e s t e r  P o i n t ,  s o l i d  b l o c k  ( a ) . L i m i t s  
o f  L. p a n o p a e i  d i s t r i b u t i o n  a r e  shown by a r r o w s ,  t h o s e  on 
t h e  s o u t h  s h o r e  and i n  t h e  J a m e s ,  York and Rappahannock  
r i v e r s  f rom W. A. Van E n g e l  ( p e r s o n a l  c o m m u n i c a t i o n ) .
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I n  t h e  l a b o r a t o r y  c r a b s  w e re  i d e n t i f i e d  and exam ined  f o r  t h e  

p r e s e n c e  o f  JL. p a n o p a e i  e x t e r n a e .  The c a r a p a c e  w i d t h  o f  a l l  c r a b s  was 

m e a s u r e d  t o  t h e  n e a r e s t  0 . 1  mm by v e r n i e r  c a l i p e r s .  The s e x  o f  i n f e c t e d  

c r a b s  was o f t e n  d i f f i c u l t  t o  d e t e r m i n e .  E x c e p t  i n  r a r e  c a s e s ,  t h e  m a le  

abdomen i s  b r o a d e n e d  and f r i n g e d  w i t h  s e t a e  t o  r e s e m b l e  t h a t  o f  t h e  

f e m a l e .  The c r i t e r i o n  u s e d  f o r  s e x  d e t e r m i n a t i o n  was t h e  number  o f  

p a i r s  o f  p l e o p o d s ,  two on t h e  m a l e  and f o u r  w i t h  p lu m o se  exopods  on t h e  

f e m a l e .  I n f e c t i o n  by L. p a n o p a e i  was d e t e r m i n e d  o n l y  by  t h e  p r e s e n c e  

o r  a b s e n c e  o f  an  e x t e r n a .  The i n t e r n a l  s t a g e s  o f  t h e  p a r a s i t e  a r e  n o t  

a p p a r e n t  upon e x t e r n a l  e x a m i n a t i o n  o f  t h e  h o s t  and w e re  n o t  r e a d i l y  

i d e n t i f i e d  from s e c t i o n e d  m a t e r i a l .

L i v i n g  c r a b s  w e re  h e l d  i n  s t a n d i n g  York R i v e r  w a t e r ,  i n  16 oz . 

j a r s ,  on a r u n n i n g - s e a w a t e r  t a b l e .  T h e s e  c r a b s  w e re  f e d  o y s t e r ,  c l am ,  

o r  f i s h ,  and  had  f r e q u e n t  w a t e r  c h a n g e s  ( f i l t e r e d  t o  1 u) t h a t  v a r i e d  

f rom two d a y s  i n  t h e  summer t o  s e v e n  i n  w i n t e r .  J a r s  w e re  exam ined  

d a i l y  f o r  e v i d e n c e  o f  e x p u l s i o n s  o f  n a u p l i i .  L e n g th  o f  t h e  d o r s o v e n t r a l  

a x i s  (DVA) o f  a  s e l e c t e d  l o t  o f  e x t e r n a e  was m e a s u re d  by  o c u l a r  ra ic rom et .e r  

t o  t h e  n e a r e s t  0 . 2  mm ( P l a t e  lc), a t  t h e  t i m e  o f  c a p t u r e  o f  t h e  c r a b s  and 

l a t e r  a t  f r e q u e n t  i n t e r v a l s .



PLATE 1. L. p a n o p a e i  e x t e r n a e  on E. d e p r e s s u s .

A. M ale  w i t h  im m atu re  e x t e r n a .  N o te  b r o a d e n e d  f e m a l e - t y p e  abdomen.
B. S i n g l e  and d o u b l e  a d u l t  e x t e r n a e .
C. L a r g e s t  e x t e r n a  found  show ing  d o r s o v e n t r a l  a x i s  (DVA) o f  t h e  

p a r a s  i t e .
D. T y p i c a l  s c a r ,  t h e  r e s u l t  o f  a p r e v i o u s  i n f e c t i o n  o f  an  e x t e r n a .
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RESULTS

DISTRIBUTION AND OCCURRENCE OF L. PANOPAEI

The s a c c u l i n i d  was found  on t h e  s o u t h  s h o r e  o f  t h e  bay  from 

Lynnhaven Bay t o  t h e  E l i z a b e t h  R ive r ,  on t h e  w e s t e r n  s h o r e  o f  t h e  bay  

f rom t h e  E l i z a b e t h  R i v e r  t o  t h e  Potomac R i v e r  and on t h e  e a s t e r n  s h o r e  

o f  t h e  bay  from Old P l a n t a t i o n  Creek  to  D ea l  I s l a n d .  I t  h a s  b e e n  found  

t h i r t y - t w o  m i l e s  f rom t h e  mouth  o f  t h e  James  R i v e r  a t  Jam es town  I s l a n d ,  

t h i r t y - f i v e  m i l e s  f rom t h e  mouth  o f  t h e  York R i v e r  i n  t h e  Pamunkey R i v e r ,  

and  f o r t y  m i l e s  f rom t h e  mouth  o f  t h e  R appahannock  a t  N a y l o r s  P o i n t .

None was found  on t h e  o c e a n  s i d e  o f  t h e  e a s t e r n  s h o r e  o f  V i r g i n i a .

A summary o f  t h e  c o l l e c t i o n s  i s  g i v e n  i n  T a b l e  1 w h ich  shows 

t h e  p r e v a l e n c e  o f  i n f e c t i o n  i n  d i f f e r e n t  a r e a s  o f  t h e  bay  f rom J a n u a r y  

1967 t o  November 1968.  I n f e c t i o n  r a n g e d  f rom 0 t o  707> w i t h  an  o v e r a l l  

p r e v a l e n c e  o f  2 7 . 1 7> f o r  t h e  e n t i r e  b a y .  A m ore  m e a n i n g f u l  f i g u r e  o f  

36.87> i n c l u d e s  o n l y  a r e a s  w h e re  t h e  p a r a s i t e  was known t o  be  p r e s e n t .

A s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  t o t a l  p r e v a l e n c e  o f  i n f e c t i o n  was found 

b e t w e e n  t h e  e a s t e r n  a n d  w e s t e r n  s h o r e s ,  b e t w e e n  z o n e s ,  and  b e tw e e n  

h a b i t a t s .  More i n f e c t e d  c r a b s  and. a h i g h e r  p r e v a l e n c e  o f  i n f e c t i o n  w e re  

found  on t h e  e a s t e r n  s h o r e  t h a n  on t h e  w e s t e r n  s h o r e .  P r e v a l e n c e  o f  

i n f e c t e d  E_. d e p r e s s u s  was h i g h e r  on o y s t e r  b a r s  t h a n  on p i l i n g s ,  and 

h i g h e r  i n  i n t e r t i d a l  t h a n  i n  s u b t i d a l  h a b i t a t s .

E. d e p r e s s u s  was more f r e q u e n t l y  i n f e c t e d  and t h e  m o s t  common 

x a n t h i d  on o y s t e r  b a r s  and i n  t h e  i n t e r t i d a l  h a b i t a t  on t h e  e a s t e r n  

s h o r e .  N. t e x a n a  s a y i  was t h e  m o s t  common x a n t h i d  on p i l i n g s  and i n

9
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i n  s u b t i d a l  h a b i t a t s  on t h e  e a s t e r n  s h o r e  and i n  b o t h  h a b i t a t s  and i n  

b o t h  z o n e s  on t h e  s o u t h w e s t e r n  s h o r e .

About 10% o f  t h e  p a r a s i t i z e d  c r a b s  b o r e  m u l t i p l e  e x t e r n a e .

However,  on t h e  bay  s i d e  o f  t h e  e a s t e r n  s h o r e  m u l t i p l e  e x t e r n a e  w e re  

fo u n d  on 22% o f  t h e  p a r a s i t i z e d  E_. d e p r e s s u s . Most  m u l t i p l e  i n f e c t i o n s  

showed t\</o o r  t h r e e  e x t e r n a e ,  a l t h o u g h  as  many as  s i x  h a v e  b e e n  found  

on a s i n g l e  R. h a r r i s i i . S c a r s ,  ( P l a t e  I d )  w h ic h  i n d i c a t e d  p r e v i o u s  

i n f e c t i o n ,  w e r e  found  on o n l y  f o u r  E. d e p r e s s u s  and two R. h a r r i s i i .

D u r i n g  t h e  two y e a r  p e r i o d  t h e r e  was a s i g n i f i c a n t  d e c l i n e  

i n  t h e  p r e v a l e n c e  o f  i n f e c t i o n  f o r  E_. d e p r e s s u s  i n  t h e  lo w e r  York R i v e r  

a s  e v i d e n c e d  by (1)  a s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  J a n u a r y  1967 

and  t h e  November 1968 l e v e l s  o f  i n f e c t i o n  and (2 )  a d e c l i n i n g  c u m u l a t i v e  

p e r c e n t a g e  o f  h o s t s  w i t h  e x t e r n a e  ( T a b l e  2 ) .  The s l i g h t  i n c r e a s e  i n  

c u m u l a t i v e  p e r c e n t a g e  o f  i n f e c t i o n  from A u g u s t  t o  November 1967 i s  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  The same d e c r e a s i n g  t r e n d  was o b s e r v e d  a t  

C h e r r y s t o n e  and H ungars  c r e e k s .  T h e re  was a l s o  a  s i g n i f i c a n t  d i f f e r e n c e  

b e t w e e n  t h e  s i z e - f r e q u e n c y  d i s t r i b u t i o n s  o f  E_. d e p r e s s u s  a t  C h e r r y s t o n e  

and  Hungars  c r e e k s  i n  1967 and  1968 ( F i g .  2 ) :  t h e  moda l  s i z e  o f  i n ­

f e c t e d  h o s t s  was s m a l l e r  i n  1968 and t h e r e  w e r e  more  l a r g e  i n f e c t e d  

and  u n i n f e c t e d  c r a b s  i n  1968 t h a n  i n  1967.

THE EFFECT OF PHYSICAL FACTORS 

S a l i n i t y

The s a l i n i t y  r a n g e s  o f  h o s t s  and p a r a s i t e  a r e  shown i n  F i g .  3.

L- p a n o p a e i  h a s  b e e n  found  f rom 5 . 9  t o  2 4 . 3  ° / o o  i n  C h e s a p e a k e  Bay and 

i t s  t r i b u t a r i e s  (Van E n g e l ,  p e r s o n a l  c o m m u n ic a t io n )  b u t  h a s  n e v e r  b e e n  

t a k e n  f rom t h e  h i g h e r  s a l i n i t y  w a t e r s  o f  t h e  o c e a n  c o a s t  o f  t h e  e a s t e r n
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F i g u r e  3 .  S a l i n i t y  r a n g e s  o f  E. d e p r e s s u s  and R. h a r r i s i i  i n c l u d i n g
t h o s e  fo u n d  w i t h  L. p a n o p a e i . Arrows show r a n g e  o f  s a l i n i t y  
s a m p le d  d u r i n g  t h i s  s t u d y .  Low s a l i n i t y  end o f  t h e  r a n g e  o f  
IL* d e p r e s s u s  i s  f rom Ryan (1956)  , a l l  o t h e r s  a r e  f rom 
Van E n g e l  ( p e r s o n a l  c o m m u n i c a t i o n ) .

15
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s h o r e  o f  V i r g i n i a .  I n  t h i s  s t u d y  t h e  p a r a s i t e  was c o l l e c t e d  from 

s a l i n i t i e s  o f  1 3 .5  t o  2 3 . 0  ° / o o .

From 18 J u n e  t o  5 A u g u s t  an  e x p e r i m e n t  was c o n d u c t e d  t o  d e t e r ­

m ine  t h e  e f f e c t  o f  h i g h e r  s a l i n i t i e s  on L. p a n o p a e i . F i f t e e n  i n f e c t e d  

and  15 u n i n f e c t e d  E. d e p r e s s u s  w e r e  a c c l i m a t e d  from f i l t e r e d  York R i v e r  

w a t e r  a t  2 0 . 2  ° / o o  t o  f i l t e r e d  and u l t r a v i o l e t - i r r a d i a t e d  o c e a n  w a t e r  

a t  3 1 . 6  ° / o o .  A c c l i m a t i o n  was  c o n d u c t e d  o v e r  a 6 day  p e r i o d  a t  a r a t e  

o f  a p p r o x i m a t e l y  2 ° / o o  p e r  d a y .  A c o n t r o l  g roup  o f  13 i n f e c t e d  E_. 

d e p r e s s u s  was k e p t  a t  a b o u t  20 ° / o o .  A l l  c r a b s  w e re  k e p t  i n  i n d i v i d u a l  

j a r s  and exam ined  e v e r y  day  f o r  t h e  e x p u l s i o n  o f  n a u p l i i ,  u n t i l  5 A ugus t  

1968 .  Both  t h e  c o n t r o l  and e x p e r i m e n t a l  g r o u p s  p r o d u c e d  v i a b l e  n a u p l i i  

( T a b l e  3 ) .  The l a r g e s t  number o f  h o s t s  t h a t  e x p e l l e d  n a u p l i i  and t h e  

l a r g e s t  number o f  n a u p l i a r  e x p u l s i o n s  w e re  i n  t h e  e x p e r i m e n t a l  g r o u p .

I t  i s  p o s s i b l e  t h a t  t h e  h i g h e r  s a l i n i t i e s  a r t i f i c i a l l y  i n d u c e d  some 

o f  t h e s e  e x p u l s i o n s .  R e l e a s e s  o f  n a u p l i i  o c c u r r e d  from 18 J u n e  t o  2 

A u g u s t  ( a l t h o u g h  o n l y  t h r e e  o c c u r r e d  a f t e r  17 J u l y )  i n  b o t h  g r o u p s  and 

no d i f f e r e n c e  was o b s e r v e d  i n  t h e i r  a p p e a r a n c e  o r  v i a b i l i t y .  No d i f ­

f e r e n c e  i n  c o n d i t i o n  o f  t h e  a d u l t  p a r a s i t e  was o b s e r v e d  i n  e i t h e r  g ro u p  

e x c e p t  f o r  one  e x t e r n a  o f  t h e  e x p e r i m e n t a l  g roup  w h ic h  e x pande d  t o  a 

t r a n s p a r e n t  b u l b  ( f ro m  7 . 4  mm on 18 J u n e  t o  1 0 . 4  mm on 28 J u n e )  w h ich  

was fo u n d  w i t h  a s c a r  on 17 J u l y .  No o t h e r  d i f f e r e n c e s  w e r e  o b s e r v e d  

i n  t h e  p h y s i c a l  a p p e a r a n c e  o f  t h e  e x t e r n a e  o r  n a u p l i i  o f  L. p a n o p a e i . 

M o r t a l i t y  o f  i n f e c t e d  c r a b s  was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  e x p e r i ­

m e n t a l  g ro u p  t h a n  among t h e  c o n t r o l s  and  t h e  u n i n f e c t e d  c r a b s .  T h i s  

may i n d i c a t e  t h a t  i n f e c t e d  c r a b s  a r e  more  s u s c e p t i b l e  t o  s t r e s s  c o n ­

d i t i o n s ,  b u t  t h e  s m a l l  number o f  c r a b s  t e s t e d  does  n o t  j u s t i f y  a more 

p o s i t i v e  s t a t e m e n t .
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T e m p e r a t u r e .

L i v i n g  e x t e r n a e  w e re  found  a t  a l l  t i m e s  o f  t h e  y e a r  and a r e  

a p p a r e n t l y  a b l e  t o  s u r v i v e  t h e  a n n u a l  t e m p e r a t u r e  v a r i a t i o n s  o f  3 t o  

28 C. However,  E.  d e p r e s s u s  a p p e a r e d  t o  b e  s c a r c e r  on i n t e r t i d a l  o y s t e r  

b a r s  i n  t h e  w i n t e r ,  p e r h a p s  i n d i c a t i n g  a s e a s o n a l  p o p u l a t i o n  movement" 

t o  d e e p e r  w a t e r .

D e p t h .

The e f f e c t  o f  d e p t h  on t h e  p a r a s i t e  i s  u n c e r t a i n .  A l t h o u g h  

p a r a s i t i z e d  E_. d e p r e s s u s  w e re  found  a t  a  d e p t h  o f  10 m e t e r s  i n  t h e  b a y ,  

i n f e c t e d  c r a b s  a r e  s c a r c e  i n  t h e  c h a n n e l s  (5 m e t e r s )  o f  t h e  r i v e r s  o f  

t h e  s o u t h w e s t e r n  s h o r e  (W. A. Van E n g e l ,  p e r s o n a l  c o m m u n i c a t i o n ) .

REPRODUCTION OF L. PANOPAEI

T h i r t y - t h r e e  a d u l t  p a r a s i t e s ,  c o l l e c t e d  t h r o u g h o u t  t h e  y e a r ,  

w e r e  exam ined  f o r  e v i d e n c e s  o f  r e p r o d u c t i v e  a c t i v i t y  by o p e n i n g  t h e i r  

m a n t l e  c a v i t i e s .  W h i le  n a u p l i i  w e r e  n e v e r  s e e n ,  some eggs  w e re  fo u n d  

i n  n e a r l y  a l l  e x t e r n a e .  Embryos w i t h  e y e s p o t s  w e r e  s e e n  i n  o n l y  t h r e e  

i n s t a n c e s ,  a l l  i n  J u l y .

D i r e c t  e v i d e n c e  o f  r e p r o d u c t i o n  was o b t a i n e d  by o b s e r v i n g  

r e l e a s e s  o f  n a u p l i i  f rom p a r a s i t e s  h e l d  i n  t h e  l a b o r a t o r y .  The DVA 

s i z e s  o f  e x t e r n a e  o b s e r v e d  t o  e x p e l  n a u p l i i  r a n g e d  f rom 4 . 8  t o  8 . 2  mm.

I n  1967 n a u p l i i  w e re  o b s e r v e d  from 21 S e p te m b e r  t o  11 November,  and  i n  

1968 from 11 May to  8 O c t o b e r .  D u r in g  t h e s e  p e r i o d s  t h e  w a t e r  t e m p e r ­

a t u r e  r a n g e d  f rom  11 .9  t o  2 9 . 0  C. The l e n g t h  o f  t h e  r e p r o d u c t i v e  

s e a s o n  may n o t  b e  a c c u r a t e l y  d e f i n e d  by  t h e s e  o b s e r v a t i o n s  a s  some o f  

t h e  e x p u l s i o n s  p r o d u c e d  v e r y  few n a u p l i i  and  o t h e r s  p r o b a b l y  w en t  

u n d e t e c t e d .  The g r e a t e s t  number o f  e x p u l s i o n s  and t h o s e  w h ich  p ro d u c e d



t h e  g r e a t e s t  number  o f  n a u p l i i  o c c u r r e d  i n  t h e  summer. A g a in ,  i t  i s  

p o s s i b l e  t h a t  some e x p u l s i o n s  may h a v e  b e e n  i n d u c e d .  Many e x p u l s i o n s  

o c c u r r e d  soon  a f t e r  c r a b s  w e re  b r o u g h t  t o  t h e  l a b o r a t o r y  i n  t h e  summer 

o f  1968.

From J u n e  t o  A u g u s t  1968,  26 i n f e c t e d  c r a b s  ( c a r r y i n g  35 

e x t e r n a e )  w e r e  c l o s e l y  m o n i t o r e d  f o r  r e l e a s e s  o f  n a u p l i i .  The i n t e r v a l  

b e t w e e n  r e l e a s e s  v a r i e d  f rom 4 t o  25 d ay s  w i t h  an  a v e r a g e  o f  6 d a y s .

The p r o c e s s  o f  e x p e l l i n g  n a u p l i i  was found  t o  l a s t  a s  l o n g  as  two d a y s .  

Two e x t e r n a e  e x p e l l e d  s i x  t i m e s  ea c h  and  n e a r l y  a l l  e x p e l l e d  a t  l e a s t  

t h r e e  t i m e s .  A g a in ,  t h e s e  d a t a  a r e  n o t  m e an t  t o  d e f i n e  an i n t e r v a l  

b e t w e e n  e x p u l s i o n s ,  due  to  t h e  p o s s i b i l i t y  o f  i n d u c e d  e x p u l s i o n s  and 

t h e  s h o r t  t i m e  s p a n  c o n s i d e r e d .  The e x t e r n a  i s  n o n e t h e l e s s  c a p a b l e  

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

b e t w e e n  e x p u l s i o n s .

THE IMMATURE EXTERNA

Th e s m a l l e s t  e x t e f n a  was 0 . 4  mm. The s i z e  a t  w h ich  t h e  p a r a ­

s i t e  r e a c h e s  s e x u a l  m a t u r i t y  i s  n o t  known.  However ,  t h e  s m a l l e s t  

e x t e r n a  o b s e r v e d  t o  e x p e l  n a u p l i i  was o f  DVA 4 . 8  mm, and a l l  t h o s e  

l e s s  t h a n  t h i s  s i z e  a r e  c o n s i d e r e d  t o  be  im m atu re  ( P l a t e  l a ) . Im m atu re  

e x t e r n a e  w e r e  f o u n d  t h r o u g h o u t  t h e  y e a r  on b o t h  h o s t  s p e c i e s ,  a l t h o u g h  

t h e y  o c c u r r e d  m o s t  f r e q u e n t l y  i n  t h e  summer. Of 21 c r a b s  w i t h  im m atu re  

e x t e r n a e ,  13 w e r e  c o l l e c t e d  f rom J u n e  t h r o u g h  S e p te m b e r .

The minimum t i m e  _L. p a n o p a e i  s p e n d s  a s  an  i n t e r n a  can  be  e s t i  

m a te d  i n  o n l y  one  c a s e .  An e x t e r n a  a p p e a r e d  on a m a le  Eh d e p r e s s u s  

e i g h t  and o n e - h a l f  mon ths  a f t e r  i t  had b e e n  b r o u g h t  i n t o  t h e  l a b o r a t o r y  

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



E x t e r n a e  a p p e a r e d  on s e v e r a l  l a b o r a t o r y - h e l d  c r a b s .  On 10 

and 11 J u n e  1968,  67 E. d e p r e s s u s  w i t h o u t  e x t e r n a e  w e re  c o l l e c t e d  from 

H ungars  C r e e k .  By 15 A ugus t  1968,  15 o f  t h e s e  had  e x t e r n a e .  I n  8 o f  

t h e s e  c a s e s  t h e  h o s t  m o l t e d  1 t o  19 d a y s  p r i o r  t o  t h e  a p p e a r a n c e  o f  t h e  

e x t e r n a .  . No s i g n i f i c a n t  g r o w th  o f  t h e s e  e x t e r n a e  o c c u r r e d  i n  t h e  f i r s t  

f i v e  m on ths  ( T a b l e  4 ) .

THE ADULT EXTERNA

The DVA o f  t h e  l a r g e s t  e x t e r n a  was 1 1 .2  mm. The s i z e  r a n g e  

o f  95 r an d o m ly  s e l e c t e d  a d u l t  e x t e r n a e  on E. d e p r e s s u s , a l l  t a k e n  from 

h o s t s  w i t h  a  s i n g l e  e x t e r n a ,  was 4 . 4  t o  9 . 8  mm, w i t h  a mean o f  6 . 4  mm 

and a s t a n d a r d  d e v i a t i o n  o f  1 . 1  mm.

The c o l o r  and t e x t u r e  o f  e x t e r n a e  v a r i e d  from s m o o t h - w h i t e  

i n  t h e  y o u n g e r  a d u l t  p a r a s i t e s ,  to  w r i n k l e d - d a r k  brown o r  b l a c k  i n  t h e  

o l d e r .  The d i f f e r e n c e  b e t w e e n  l i g h t  brown and brown i s  s u b j e c t  to  

ju d g e m e n t  e r r o r  b u t  t h e  numbers  o f  w h i t e ,  r e d d i s h - b r o w n ,  and d a r k  brown 

c a n  b e  shown w i t h  some c e r t a i n t y .  L i g h t  c o l o r e d  e x t e r n a e  w e re  found  

m ore  o f t e n  i n  t h e  summer and  t h e  d a r k  brown more  o f t e n  i n  t h e  l a t e  f a l l  

( T a b l e  5) .

The c o l o r  and DVA o f  19 e x t e r n a e  o b s e r v e d  d u r i n g  t h e  summer 

o f  1968 a r e  shown i n  T a b l e  6.  F l u c t u a t i o n s  i n  t h e  m e a s u r e m e n t s  o f  a  

s i n g l e  e x t e r n a  may r e f l e c t  e i t h e r  c o n t r a c t i o n s ,  r e p r o d u c t i v e  s t a t e ,  o r  

m e a s u r e m e n t  e r r o r ,  r a t h e r  t h a n  an  i n c r e a s e  o r  d e c r e a s e  i n  s i z e .  

N e v e r t h e l e s s ,  a  few e x t e r n a e  a p p e a r e d  t o  g row .  The DVA o f  one  e x t e r n a  

i n c r e a s e d  f rom 3 . 3  t o  6 . 1  mm i n  one  week .  No r e l a t i o n s h i p  was o b s e r v e d  

b e t w e e n  DVA s i z e  and  t h e  e x p u l s i o n  o f  n a u p l i i .

The e x t e r n a  may p e r s i s t  f o r  t h e  l i f e  o f  i t s  h o s t .  Only s i x  

c r a b s  w i t h  s c a r s  w e re  c o l l e c t e d  and v e r y  few c r a b s  became s c a r r e d  i n
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24

t h e  l a b o r a t o r y .

R e g e n e r a t i o n  o f  an  e x t e r n a  does  n o t  a p p e a r  to  o c c u r .  E x t e r n a e  

w e r e  a m p u t a t e d  f rom 27 E_. d e p r e s s u s  . A l t h o u g h  many o f  t h e s e  c r a b s  d i e d  

s o o n  a f t e r  a m p u t a t i o n ,  no e v i d e n c e  o f  r e g e n e r a t i o n  was fo u n d ,  e v e n  a s  

l o n g  a s  f o u r  m o n th s  a f t e r  a m p u t a t i o n  i n  e i g h t  c a s e s .  The t y p i c a l  s c a r  

d e v e l o p e d  w i t h i n  two m on ths  on some c r a b s .

P r e v i o u s  i n f e c t i o n  does  n o t  a p p e a r  t o  c o n f e r  im munity  t o  

s u b s e q u e n t  i n f e c t i o n s . B o th  l a r g e  and s m a l l  e x t e r n a e  w e r e  s o m e t im e s  

fo u n d  on t h e  same h o s t .  T h r e e  c r a b s  had a s c a r  and an  e x t e r n a .  One 

h o s t  w i t h  a m a t u r e  e x t e r n a  on  17 J u l y  was fo u n d  w i t h  a s c a r  and a s m a l l  

im m atu re  e x t e r n a  on  24 A u g u s t .

PREVALENCE OF INFECTION AND HOST SEX RATIOS

P r e v a l e n c e  o f  i n f e c t i o n  d i f f e r e d  f o r  m a l e s  and f e m a l e s .  Of 

326 E_. d e p r e s s u s  m a l e s ,  20.6% w e r e  fo u n d  w i t h  a s i n g l e  e x t e r n a  and 1.2% 

w i t h  m u l t i p l e  e x t e r n a e  ( T a b l e  7 ) .  A s i n g l e  e x t e r n a  was found  on 30.4% 

o f  559 E.  d e p r e s s u s  f e m a le s ' ,  w h i l e  10.4%> c a r r i e d  m u l t i p l e  e x t e r n a e .

No d i f f e r e n c e  was o b s e r v e d  i n  t h e  s i z e  o f  t h e  p a r a s i t e  on h o s t s  o f  

d i f f e r e n t  s e x .  The s e x  r a t i o  and  t h e  p r e v a l e n c e  o f  i n f e c t i o n  o f  m a l e s

and  f e m a l e s  a l s o  v a r i e d  f o r  d i f f e r e n t  a r e a s .  A r e a s  w i t h  h i g h  l e v e l s  o f

i n f e c t i o n  had  h i g h e r  r a t i o s  o f  f e m a l e s  t o  m a l e s  t h a n  a r e a s  w i t h  low 

l e v e l s  o f  i n f e c t i o n .  On t h e  o c e a n  c o a s t  o f  t h e  e a s t e r n  s h o r e  o f  V i r g i n i a ,  

t h e  s e x  r a t i o  was 0 . 9  f e m a l e  t o  1 m a l e .  I n  t h e  York R i v e r  t h e  s e x  r a t i o  

was 1 . 1  f e m a l e  t o  1 m a l e ,  w h i l e  t h e  l e v e l s  o f  i n f e c t i o n  w e re  12% f o r  

m a l e s  and  15% f o r  f e m a l e s .  On t h e  e a s t e r n  s h o r e  o f  t h e  bay  t h e  s e x  

r a t i o  was 2 . 5  f e m a l e s  t o  1 m a le  and  t h e  i n f e c t i o n  l e v e l s  w e re  38% f o r

m a l e s  and  557o f o r  f e m a l e s .
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SIZE RELATIONSHIPS

H o s t s  w i t h  e x t e r n a e  w e re  fo u n d  t h r o u g h o u t  t h e  e n t i r e  s i z e  

r a n g e  o f  s e x u a l l y  m a t u r e  c r a b s  ( T a b l e  8 ) .  The minimum and  maximum 

c a r a p a c e  w i d t h s  o f  i n f e c t e d  E_. d e p r e s s u s  w e re  5 . 0  t o  2 1 . 6  mm f o r  m a le s  

and  4 . 5  t o  18 .7  mm f o r  f e m a l e s .  The r a n g e  o f  c a r a p a c e  w i d t h s  o f  i n ­

f e c t e d  R. h a r r i s i i  was 3 . 2  t o  1 2 . 6  mm f o r  m a le s  and 4 . 8  t o  1 4 .3  mm f o r  

f e m a l e s .

No c o r r e l a t i o n  was found  b e t w e e n  t h e  c a r a p a c e  w i d t h s  o f  

95 Eh d e p r e s s u s  b e a r i n g  a s i n g l e  a d u l t  e x t e r n a  and  DVA o f  t h e  p a r a s i t e .

Nor was any  c o r r e l a t i o n  fo u n d  be tw e e n  t h e  w e t  w e i g h t s  o f  15 h o s t s  and 

t h e i r  p a r a s i t e s .

The s i z e - c l a s s  d i s t r i b u t i o n  o f  i n f e c t e d  E.  d e p r e s s u s  from 

n e a r l y  a l l  c o l l e c t i o n s  i s  u n im o d a l  ( F i g .  4 ) .  U n i m o d a l i t y  was o b s e r v e d  

f o r  d a t a  from b o t h  e a s t e r n  and  w e s t e r n  s h o r e s  o f  C h e s a p e a k e  Bay ( F i g s .

5 & 6 ) .  The  d i s t r i b u t i o n s  shown i n  F i g s . 4 & 5 a r e  m a i n l y  d u e  t o  t h e  

i n f e c t e d  f e m a l e  c r a b s  c o l l e c t e d  i n  t h e  summer o f  1968 f rom C h e r r y s t o n e  

and  Hungars  c r e e k s .

H o s t s  w i t h  e x t e r n a e  w e r e  f r e q u e n t l y  found  i n  t h e  7 . 5  t o  1 2 . 0  mm 

s i z e  r a n g e s .  Above 12 mm a d e c r e a s i n g  p r e v a l e n c e  o f  i n f e c t i o n  w i t h  i n ­

c r e a s i n g  h o s t  s i z e  was o b s e r v e d .  None w i t h  an  e x t e r n a  was s m a l l e r  t h a n  

6 . 8  mm. C u m u l a t i v e  p e r c e n t a g e s  o f  i n f e c t i o n  i n c r e a s e d  r a p i d l y  f rom 

7 . 5  t o  1 1 .5  mm and 907>'of a l l  c r a b s  w i t h  an  e x t e r n a  w e re  l e s s  t h a n  1 2 . 0  mm 

( F i g .  7 ) .

NOTE ON MODIFICATIONS OF THE SECONDARY SEX CHARACTERS

The m os t  f r e q u e n t l y  r e p o r t e d  m o r p h o l o g i c a l  m o d i f i c a t i o n s  o f  

b r a c h y u r a n s  i n f e c t e d  w i t h  s a c c u l i n i d s  have  b e e n  t h e  d e g e n e r a t i o n  o f  t h e  

p l e o p o d s  i n  b o t h  s e x e s  and t h e  b r o a d e n i n g  o f  t h e  abdomen o f  t h e  m a le  t o
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r e s e m b l e  t h e  f e m a l e  form  ( R e i n h a r d ,  1 9 5 6 ) .  B o th  o f  t h e s e  e f f e c t s  w e re  

o b s e r v e d  i n  E_. d e p r e s s u s  and R. h a r r  i s  i f  p a r a s i t i z e d  by  L. p a n o p a e i .

D u r in g  t h e  c o u r s e  o f  t h e  s t u d y  one m a le  and  one  f e m a l e  JE. 

d e p r e s s u s  became s c a r r e d  and  l a t e r  m o l t e d .  The f e m a l e  s c a r r e d  n a t u r a l l y  

and  m o l t e d  a b o u t  f o u r  m on ths  l a t e r  w i t h o u t  any  i n c r e a s e  i n  s i z e .  The 

m a l e  had  i t s  e x t e r n a  a m p u t a t e d ,  m o l t e d  two and o n e - h a l f  m on ths  l a t e r ,  

and  i n c r e a s e d  i n  c a r a p a c e  w i d t h  f rom 1 1 . 6  t o  1 2 . 5  mm. No t r a c e  o f  a 

s c a r  was found  on e i t h e r  c r a b  a f t e r  t h e  m o l t .  M o d i f i c a t i o n  o f  t h e  

s e c o n d a r y  s e x  c h a r a c t e r s  was o b s e r v e d  on b o t h  c r a b s .  The m a le  r e t a i n e d  

t h e  b r o a d e n e d  abdomen and had  two f e m a l e  p l e o p o d s  on t h e  s e c o n d  ab d o m i­

n a l  s eg m en t  and o n e  on t h e  f i f t h .  One p a i r  o f  m a le  p l e o p o d s  was found  

on t h e  f i r s t  s eg m en t  and  t h e s e  a p p e a r e d  t o  b e  n o r m a l .  I n  t h e  f e m a l e  

t h e  endopods  o f  a l l  f o u r  p a i r s  o f  p l e o p o d s  w e re  r e d u c e d .



DISCUSSION

The l a r g e  number o f  h o s t s  r e p o r t e d  f o r  L. p a n o p a e i  f rom p a s t  

s t u d i e s  seems e x c e s s i v e .  A l t h o u g h  L. p a n o p a e i  was o r i g i n a l l y  d e s c r i b e d  

f rom  J P .  h e r b s t i i  and  h a s  s i n c e  b e e n  r e p o r t e d  t o  o c c u r  on t h i s  h o s t ,  

t h e  p a r a s i t e  h a s  b e e n  i n  C h e s a p e a k e  Bay f o r  n e a r l y  s i x  y e a r s  and h a s  

n e v e r  b e e n  fo u n d  on J P .  h e r b s t i i  o r  N .  t e x a n a  s a y i . T h e s e  x a n t h i d s  a r e  

p r e s e n t  i n  t h e  same h a b i t a t s  as  i n f e c t e d  E .  d e p r e s s u s  and JR.  h a r r i s i i . 

C h r i s t m a s  (1968)  h a s  t e n t a t i v e l y  i d e n t i f i e d  L. p a n o p a e i  o n l y  on Eh 

d e p r e s s u s  and R. h a r r i s i i  i n  M i s s i s s i p p i  Sound.  I t  i s  p o s s i b l e  t h a t  

t h e r e  a r e  d i f f e r e n t  s p e c i e s ,  s u b s p e c i e s  o r  g e n e t i c  s t o c k s  o f  e i t h e r  

h o s t  o r  p a r a s i t e ,  [jFoxon (1940)  h a s  s u g g e s t e d  d i f f e r e n t  " b i o l o g i c a l  

r a c e s "  o f  S a c c u l i n a  c a r c i n i  ̂ o r  t h a t  t h e  h o s t s  o r  p a r a s i t e s  h a v e  b e e n  

p r e v i o u s l y  m i s i d e n t i f i e d .

The e x t e r n a  was t h e  o n l y  i n d i c a t o r  o f  i n f e c t i o n  u s e d  i n  t h i s  

s t u d y  and t h e  numbers  o f  i n f e c t e d  c r a b s  a r e  t h u s  r e l a t i v e  and  do n o t  

r e p r e s e n t  t o t a l  i n f e c t i o n .  P a r a s i t e s  i n  t h e  i n t e r n a l  s t a g e  may be  

p r e s e n t  i n  a  s i g n i f i c a n t  number o f  c r a b s .  Of t h e  95 Eh d e p r e s s u s  

c o l l e c t e d  a t  H ungars  Creek  on 10 and 11 J u n e ,  1968,  f i f t e e n  o r i g i n a l l y  

w i t h o u t  e x t e r n a  w e r e  known t o  h a v e  b e e n  i n f e c t e d .  T h e s e  c r a b s  r e p r e s e n t  

a  15.8% i n c r e a s e  i n  t o t a l  i n f e c t i o n .

The l e v e l s  o f  r h i z o c e p h a l a n  i n f e c t i o n  v a r y  by s p e c i e s  and

a r e a .  C h r i s t m a s  (1968 )  r e p o r t e d  t h a t  t h e  L o x o t h y l a c u s  t e x a n u s  i n f e c t i o n ,

p a r a s i t i c  upon Cal  l i n e c t e s  s a p i d u s , v a r i e d  f rom 0 t o  50%> i n  M i s s i s s i p p i

and  A labama.  D a u g h e r t y  (1952)  found  L. t e x a n u s  p r e v a l e n c e  t o  be  16.4%

33
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i n  A r a n s a s  Bay,  T e x a s . Bay (1935) found  13 t o  73% P o r t u n u s  h o l s a t u s  

i n f e c t e d  w i t h  S.. c a r c i n i , d e p e n d i n g  upon t h e  t i m e  o f  y e a r  and s i z e  o f  

t h e  h o s t .  R i c k e t t s  and C a l v i n  (1962)  r e p o r t e d  1 t o  10% P u g e t t i a  

p r o d u c t a  i n f e c t e d  w i t h  H e t e r o s a c c u s  c a l i f o r n i c u s  i n  C a l i f o r n i a ,  w h i l e  

257, o f  Lophopanopeus  b e l l u s  w ere  p a r a s i t i z e d  by S a c c u l i n a  s p . i n  A l a s k a  . 

R e i n h a r d  (1942)  r e p o r t e d  8 . 6  t o  157, ( o v e r a l l  13.77,)  P a g u ru s  p u b e s c e n s  

w i t h  P e l t o g a s t e r  p a g u r i  i n  d i f f e r e n t  a r e a s  o f  F renchm ans  Bay,  M aine .

MacKay (1943)  found  o n l y  0.1% s a c c u l i n i d  i n f e c t i o n  o f  C an ce r  p a g u r u s  

a t  P ly m o u t h ,  E n g l a n d .  D r e p a n o r c h i s  n e g l e c t a  was r e p o r t e d  by H a r t k n o l l  

(1962)  t o  i n f e c t  0.87,  o f  I n a c h u s  l e p t o c h i r u s  and  4.67, M a c ro p o d ia  

l o n g i r o s t r i s  a t  t h e  I s l e  o f  Man. Okada and  M i y a s h i t a  (1935)  fo u n d  a b o u t  

10% o f  young  E r i o c h e i r  j a p o n i c u s  w i t h  S a c c u l i n a  g r e g a r i a  i n  t h e  R i v e r  

Y ura ,  J a p a n .  I n  t h e  lo w e r  York R i v e r ,  Van E n g e l  e t  a l  (1966)  fo u n d  

54% E. d e p r e s s u s  to  be  i n f e c t e d  w i t h  L. p a n o p a e i .

The a b u n d a n c e  o f  a  p a r a s i t e  o f t e n  v a r i e s  d i r e c t l y  w i t h  h o s t  

d e n s i t y .  H igh  l e v e l s  o f  i n f e c t i o n  and  t h e  g r e a t e r  number  o f  h o s t s  

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

o f  C h e s a p e a k e  Bay may r e f l e c t  t h e  l a r g e  h o s t  d e n s i t i e s  found  i n  t h i s  

h a b i t a t .  A l t e r n a t i v e l y ,  o r  i n  a d d i t i o n ,  t h e r e  may b e  b e t t e r  c o n d i t i o n s  

f o r  t h e  d i s p e r s a l  o f  l a r v a e  and  f o r  s u r v i v a l  o f  any  l i f e  s t a g e  i n  t h i s  

a r e a .

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

s h o r t l y  a f t e r  i n t r o d u c t i o n  and  t h e n  s u b s i d e  to  l o w e r  d e n s i t y  l e v e l s  a s  

t h e y  become e s t a b l i s h e d  ( E l t o n ,  1 9 5 8 ) .  The d i f f e r e n c e s  i n  l e v e l s  o f  

i n f e c t i o n  b e t w e e n  t h e  e a s t e r n  s h o r e  and t h e  York R i v e r  may r e f l e c t  t h e  

h i s t o r y  o f  t h e  p a r a s i t e  i n  t h e  bay  s i n c e  i t  c o u l d  h a v e  b e e n  f i r s t  i n t r o ­

duced  t o  t h e  w e s t e r n  s h o r e  and s p r e a d  t o  t h e  e a s t .  Thus t h e  h i g h e r
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l e v e l s  o f  i n f e c t i o n  o f  t h e  e a s t e r n  s i d e  o f  t h e  b a y  may r e p r e s e n t  a 

m ore  r e c e n t  i n t r o d u c t i o n  o r  o u t b r e a k  o f  t h e  p a r a s i t e .  T h i s  a s s u m p t i o n  

i s  s u p p o r t e d  by t h e  g r a d u a l  r e d u c t i o n  o f  t h e  l e v e l s  o f  i n f e c t i o n  o v e r  

t h e  l a s t  few y e a r s  i n  b o t h  a r e a s ,  i n  p a r t i c u l a r  t h e  d e c r e a s e  from an  

i n f e c t i o n  o f  54% o f  595 E. d e p r e s s u s  i n  t h e  low er  York R i v e r  i n  1964 

(Van E n g e l  e t  a l ,  1966) t o  2.6% o f  115 c r a b s  i n  November,  1968.

Th e t e s t  o f  t h i s  h y p o t h e s i s  wou ld  be  i n  a m o n i t o r i n g  o f  t h e  

l e v e l s  o f  i n f e c t i o n  on t h e  e a s t e r n  and w e s t e r n  s h o r e s  t o  s e e  i f  t h e y  

c o n t i n u e  t o  d e c l i n e ,  and a s t u d y  o f  t h e  l e v e l s  o f  i n f e c t i o n  on t h e  

o c e a n  c o a s t  o f  V i r g i n i a  i f  t h e  p a r a s i t e  s p r e a d s  t o  t h a t  a r e a .  W he the r  

i t  h a s  b e e n  i n  t h e  bay  f o r  some t i m e  and an  u n u s u a l  c o m b i n a t i o n  o f  

b i o l o g i c a l  and  p h y s i c a l  c o n d i t i o n s  r e s u l t e d  i n  an  o u t b r e a k  o f  L. p a n o p a e i  

i t  a p p e a r s  t h a t  t h e  p a r a s i t e  b eg an  i t s  p o p u l a t i o n  i n c r e a s e  on t h e  

w e s t e r n  s i d e  and s p r e a d  t o  t h e  e a s t .  Thus t h e  l e v e l s  o f  i n f e c t i o n  on 

t h e  e a s t e r n  s h o r e  o f  t h e  bay  s h o u l d  c o n t i n u e  t o  d e c l i n e .

A l t h o u g h  t h e r e  i s  some e v i d e n c e  t h a t  s a c c u l i n i d  i n f e c t i o n s  

i n c r e a s e  w i t h  i n c r e a s i n g  l a t i t u d e  ( R i c k e t t s  and  C a l v i n ,  1962) and  d e ­

c r e a s i n g  t e m p e r a t u r e  (Knudsen ,  1 9 6 0 ) ,  t h e  l e v e l s  o f  i n f e c t i o n  o f  L. 

p a n o p a e i  f o r . o t h e r  a r e a s  a r e  n o t  known.

L. p a n o p a e i  a p p e a r s  t o  e x i s t  i n  n e a r l y  t h e  same s a l i n i t y  

r a n g e  a s  b o t h  o f  i t s  h o s t  s p e c i e s .  A l th o u g h  t h e y  w e re  n o t  shown to  be  

i n f e c t i v e ,  n a u p l i i  and e x t e r n a e  may b e  a b l e  to  l i v e  i n  s a l i n i t i e s  as  

h i g h  a s  30 ° / o o .  D a r n e l l  (1959)  and G u n t e r  (1950)  fo u n d  L. t e x a n u s  

i n f e c t i o n  t o  b e  h i g h e r  i n  m ore  s a l i n e  w a t e r s .  The a p p a r e n t  a b s e n c e  o f  

p a n o p a e i  f rom  t h e  o c e a n  c o a s t  o f  V i r g i n i a  may b e  due t o  t h e  p r e v a i l i n g  

w a t e r  c u r r e n t s  w h ic h  c o u l d  t r a n s p o r t  l a r v a e  away f rom t h e  s h o r e .  The 

s t u d i e s  o f  H a r r i s o n ,  N o r c r o s s ,  P o r e ,  and S t a n l e y  (1967)  and o f  t h e



C h e s a p e a k e  Bay I n s t i t u t e  (1953)  i n d i c a t e d  t h a t  t h e  c u r r e n t s  f lo w  f rom 

t h e  o c e a n  i n t o  t h e  b a y  a t  t h e  Cape C h a r l e s  a r e a .  However ,  t h e i r  s t u d i e s  

a r e  n o t  d e t a i l e d  enough  t o  be  c e r t a i n  o f  c u r r e n t  s t r u c t u r e .  A n o th e r  

e x p l a n a t i o n  c o u l d  b e  b a s e d  on t h e  low d e n s i t y  o f  h o s t  s p e c i e s  i n  t h e  

Cape C h a r l e s  a r e a .  N e i t h e r  h o s t  has  b e e n  c o l l e c t e d  f rom t h i s  a r e a  and 

t h e r e  a r e  no i n t e r t i d a l  o y s t e r  b a r s ,  a m a j o r  h a b i t a t  o f  E. d e p r e s s u s , 

f ro m  Cape C h a r l e s  t o  Old P l a n t a t i o n  C re e k .  T h i r d l y ,  t h e  p a r a s i t e  may 

n o t  y e t  h a v e  had  t i m e  t o  s p r e a d  to  t h e  o c e a n  s i d e .  T h e r e  i s  a f u r t h e r  

p o s s i b i l i t y  t h a t  t h e  p a r a s i t e  may be  t r a n s p o r t e d  to  t h e  o c e a n  s i d e  by 

t h e  t r a n s f e r  o f  i n f e c t e d  h o s t s  on o y s t e r s  o r  o y s t e r  s h e l l s  f rom a r e a s  

i n  w h ich  i t  i s  now p r e s e n t .

D e la g e  (1884 ,  i n  Day,  1935) found  n a u p l i i  i n  t h e  e x t e r n a  o f  

§.• c a r c i n i  on  C a r c i n u s  maenas  f rom A p r i l  t o  November a t  R o s c o f f ,  F r a n c e .  

O r t o n  (1936)  showed a s i m i l a r  s e a s o n a l  o c c u r r e n c e  a t  P ly m o u th ,  E n g l a n d .  

I n  t h e  M ersey  E s t u a r y ,  E n g l a n d ,  Day (1935)  found  S_. c a r c i n i  on P o r t u n u s  

h o l s a t u s  p r o d u c i n g  n a u p l i i  f rom May to  J u l y .  I n  t h e  C lyde  Sea ,  Foxon 

(1940)  c o n c l u d e d  t h a t  t h e  b r e e d i n g  o f  S_. c a r c i n i  p a r a s i t i z i n g  Ch maenas  

o c c u r s  o v e r  t h e  e n t i r e  y e a r  w i t h  a maximum from A u g u s t  t h r o u g h  December 

and  a minimum f rom J a n u a r y  t o  M arch .  The r e p r o d u c t i v e  s e a s o n  o f  L. 

p a n o p a e i  was a t  l e a s t  f rom May t o  November i n  C h e s a p e a k e  Bay.  D e l a g e  

( 1 8 8 4 ,  i n  Day,  1935) c o n c l u d e d  t h a t  Sk c a r c i n i  s p e n d s  20 to  21 mon ths  

a s  an  i n t e r n a .  However ,  l a t e r  work  by Day ( 1 9 3 5 ) ,  O r t o n  (1936)  and  

Foxon (1940)  i n d i c a t e d  t h a t  t h e  n o r m a l  l e n g t h  o f  t h e  l i f e  c y c l e  f o r  t h i s  

p a r a s i t e ,  f rom c y p r i s  t o  m a t u r e  e x t e r n a ,  i s  n i n e  m on ths  t o  one y e a r .

The  i n t e r n a l  s t a g e  o f  L. p a n o p a e i  was shown t o  l a s t  a t  l e a s t  e i g h t  and  

o n e - h a l f  mon ths  i n  on e  c a s e .
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The s i z e  r a n g e  o f  h o s t s  w i t h  e x t e r n a e  i n d i c a t e s  t h a t  i n f e c t i o n  

may t a k e  p l a c e  a t  o r  b e f o r e  s e x u a l  m a t u r i t y  and any  s i z e  t h e r e a f t e r  i n  

t h e  l i f e  o f  t h e  h o s t s .  A l t h o u g h  t h e r e  w e re  many h o s t s  i n  t h e  7 . 5  to  

1 2 . 0  mm s i z e  r a n g e ,  i t  i s  i m p o s s i b l e  t o  d e t e r m i n e  t h e  a g e  o f  maximum 

i n f e c t i o n  on t h i s  b a s i s  . E. d e p r e s s u s  and  N. t e x a n a  s a y i  r e a r e d  from 

z o e a e  i n  t h e  l a b o r a t o r y  h a v e  v a r i e d  i n  s i z e  f rom 4 . 8  t o  1 1 . 0  mm i n  t e n  

t o  e l e v e n  months  (W. A. Van E n g e l ,  p e r s o n a l  c o m m u n i c a t i o n ) .  As x a n t h i d s  

u n d e r g o  l i t t l e  o r  no w i n t e r  g r o w th  (December t h r o u g h  M a r c h ) , p o t e n t i a l  

h o s t s  c o u l d  h a v e  b e e n  h a t c h e d  and  i n f e c t e d  i n  l a t e  summer and t h e  e x ­

t e r n a  c o u l d  a p p e a r  t h e  f o l l o w i n g  s p r i n g  when t h e  h o s t  i s  q u i t e  l a r g e .

T h e s e  p o s s i b i l i t i e s ,  and t h e  v a r i a b i l i t y  i n  g row th  r a t e s  o b s e r v e d  i n  t h e  

l a b o r a t o r y ,  make i t  d i f f i c u l t  t o  r e l a t e  h o s t  s i z e  and  l i f e  s t a g e  ( o r  

a g e )  a t  w h ic h  i n f e c t i o n  t o o k  p l a c e .

The e x t e r n a e  o f  s e v e r a l  r h i z o c e p h a l a n s  h a v e  b e e n  found  to  

e x h i b i t  d i f f e r e n t  c o l o r s ,  w h ic h  a r e  r e l a t e d  t o  t h e  a g e  o f  t h e  p a r a s i t e  

(Foxon ,  1940;  R e i n h a r d ,  1 9 4 2 ) .  I n  g e n e r a l ,  t h e  d a r k e r  t h e  c o l o r  o f  t h e  

e x t e r n a  t h e  o l d e r  o r  more m a t u r e  t h e  p a r a s i t e .  I n  L. p a n o p a e i , Van E n g e l  

e t  a l  (1966)  n o t e d  t h a t  t h e  c o l o r s  v a r i e d  f rom w h i t e  i n  t h e  s m a l l e s t  t o  

brown i n  t h e  l a r g e s t .  D i l l o n  and Zw erner  (1967)  s t a t e d  t h a t  i n  h o s t s  

w i t h  m u l t i p l e  i n f e c t i o n s  t h e  l a r g e s t  e x t e r n a  was a l w a y s  t h e  d a r k e r .

L i g h t  c o l o r e d  e x t e r n a e  w ere  found  more  f r e q u e n t l y  i n  t h e  

summer w h i l e  o l d e r ,  d a r k e r  e x t e r n a e  w e re  more common i n  t h e  w i n t e r ,  

s u g g e s t i n g  a n  a n n u a l  c y c l e .  The f a c t o r s  w h ich  d e t e r m i n e  t h e  c o l o r  and 

c o n d i t i o n  o f  t h e  e x t e r n a  a r e  unknown. The s e q u e n c e  b e g i n s  w i t h  w h i t e  

and  p r o g r e s s e s  t o  d a r k  brown o r  b l a c k ,  t h e  p o s i t i o n  o f  t h e  r e d d i s h - b r o w n  

s t a g e  b e i n g  u n c e r t a i n  b u t  p r o b a b l y  o c c u r r i n g  b e tw e e n  w h i t e  and l i g h t  

b row n .  However,  t h e  a c t u a l  a g e  o f  t h e s e  e x t e r n a e  i s  unknown and t h e
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p r e s e n c e  o f  f o u l i n g  o r g a n i s m s ,  su c h  as  b a r n a c l e s ,  i s  a l s o  a p o o r  i n d i ­

c a t i o n  o f  a g e  due  t o  v a r i a t i o n s  i n  t h e i r  g ro w th  r a t e s .

The o c c u r r e n c e  o f  many young  w h i t e  and l i g h t  brown e x t e r n a e  i n  

J u n e  and J u l y  s u g g e s t s  t h a t  many c r a b s  w e re  i n f e c t e d  f rom May t o  November, 

a s s u m in g  an  i n t e r n a  s t a g e  l a s t i n g  e i g h t  t o  t h i r t e e n  m o n t h s .  S e v e r a l  

d a r k  brown ( o l d )  e x t e r n a e  found  i n  November and December  s u g g e s t  t h a t  

t h e  e x t e r n a  may e x i s t  f o r  s i x  m o n t h s ,  a y e a r  and s i x  m o n t h s ,  o r  l o n g e r .  

C rabs  w i t h  d a r k  e x t e r n a e  h a v e  b e e n  h e l d  f i v e  and  o n e - h a l f  m on ths  i n  t h e  

l a b o r a t o r y .  However ,  b o t h  w h i t e  and  d a r k  brown e x t e r n a e  w e re  found  

t h r o u g h o u t  t h e  y e a r .  Many s m a l l ,  w h i t e  e x t e r n a e  w e re  f o u n d  on R. 

h a r r i s i i  i n  Decem ber ,  s u g g e s t i n g  i n f e c t i o n  f rom November t o  A p r i l  o f  

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

t h i r t e e n  m o n t h s .  The b r e e d i n g  s e a s o n  o f  L. p a n o p a e i  may t h i s  e x t e n d  

f rom m i d - A p r i l  t h r o u g h  m id -N o v e m b e r .

The s m a l l  number o f  c r a b s  w i t h  s c a r s  c o u l d  b e  t a k e n  as  e v i ­

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

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

moved .

No p a t t e r n  o f  g r o w th  was o b s e r v e d  f o r  m a t u r e  o r  im m atu re  

e x t e r n a e .  The  l a c k  o f  g ro w th  o f  im m atu re  e x t e r n a e  may b e  due  t o  e x ­

p e r i m e n t a l  c o n d i t i o n s ,  n o r m a l  g row th  p a t t e r n s ,  o r  t h e  a b s e n c e  o f  c y p r i s

m a l e s . D ev e lo p m en t  and m a t u r a t i o n  o f  P e l t o g a s  t e r  and S a c c u l i n a  depend  

on c y p r i s  m a le s  t h a t  a t t a c h  t o  t h e  m a n t l e  o p e n i n g  o f  j u v e n i l e  e x t e r n a e  

and  i n j e c t  c e l l s  i n t o  t h e  m a n t l e  c a v i t y  ( I c h i k a w a  and  Y a n a g im a c h i ,  1 9 6 0 ) .  

T h e s e  c e l l s  p r o d u c e  s p e r m a t o z o a  f o r  f e r t i l i z a t i o n .  I f  c y p r i s  m a l e s  o f  

Id* p a n o p a e i  e x i s t ,  t h e y  had  no o p p o r t u n i t y  t o  come i n  c o n t a c t  w i t h  

im m atu re  e x t e r n a e  as  a l l  c r a b s  w e re  h e l d  i n  f i l t e r e d  s e a w a t e r .  The
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r e l a t i v e l y  c o n s t a n t  s i z e  o f  t h e  a d u l t  e x t e r n a e  may r e p r e s e n t  a n a t u r a l  

s t a b i l i t y ,  a l t h o u g h  c o l o r  and t e x t u r e  c h a n g e s  o f  t h e  a d u l t  e x t e r n a e  

s u g g e s t s  some c h a n g e  i n  s i z e .  I r r e g u l a r i t i e s  o f  s h a p e  and t h e  c o n ­

t r a c t i o n s  o f  t h e  p a r a s i t e  may h a v e  p r e v e n t e d  a c c u r a t e  and p r e c i s e  

m e a s u r e m e n t s .

R h i z o c e p h a l a n s  h a v e  b e e n  r e p o r t e d  to  p a r a s i t i z e  f e m a l e s  more 

f r e q u e n t l y  t h a n  m a le s  ( P e r e z ,  1927,  1931b;  R e i n h a r d ,  1 9 4 2 ) ,  a l t h o u g h  

t h e  r e v e r s e  h a s  b e e n  n o t e d  ( P e r e z ,  1931a) . Van E n g e l  e t  a l  (1966)  

f o u n d  m a l e s  and f e m a l e s  t o  be  a b o u t  e q u a l l y  i n f e c t e d .  I n  t h i s  s t u d y  t h e  

p r e v a l e n c e  o f  i n f e c t i o n  was found  t o  b e  h i g h e r  f o r  f e m a l e s  t h a n  f o r  m a l e s .

However,  t h i s  may n o t  im p ly  a g r e a t e r  s u s c e p t i b i l i t y  o f  f e m a l e s  

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

The h i g h e s t  p r e v a l e n c e  o f  i n f e c t i o n  was found  on t h e  e a s t e r n  s h o r e  o f  

t h e  b a y ,  an a r e a  w h ic h  a l s o  had  t h e  h i g h e s t  r a t i o  o f  f e m a l e s  t o  m a le s  

( T a b l e  7 ) .  I n  a r e a s  w h e r e  i n f e c t i o n  was lo w e r  t h e  s e x  r a t i o  was e s s e n ­

t i a  l l y  1 : 1 .

P e r e z  (1931b)  found  an u n im o d a l  d i s t r i b u t i o n  o f  t h e  f r e q u e n c y  

o f  i n f e c t i o n  by  C h l o r o g a s t e r  s u l c a t u s  and t h e  s i z e  o f  E u p a g u ru s  c u a n e n s i s . 

R e i n h a r d  (1942)  s t a t e s  t h a t  m os t  P a g u r u s  p u b e s c e n s  p a r a s i t i z e d  by  

P e l t o g a s t e r  p a g u r i  f e l l  i n t o  t h e  medium s i z e  c l a s s e s .  An u n im o d a l  d i s ­

t r i b u t i o n  among t h e  l a r g e r  c r a b s  and a n  i n c r e a s i n g  p e r c e n t a g e  o f  

i n f e c t i o n  w i t h  i n c r e a s i n g  h o s t  s i z e  was shown by Day ( 1 9 3 5 ) .  F i n a l l y ,  

C h r i s t m a s  (1968)  fo u n d  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  number  o f  L. t e x a n u s  

and t h e  s i z e  o f  Ch s a p i d u s  t o  be  m u l t i m o d a l .  The f r e q u e n c y  d i s t r i b u t i o n  

o f  lu. p a n o p a e i  on t h e  c a r a p a c e  w i d t h  o f  Eh d e p r e s s u s  was u n im o d a l  and 

m o s t  c r a b s  w i t h  e x t e r n a e  w e r e  o f  medium s i z e  ( F i g .  4 ) .  The s m a l l  number 

o f  c r a b s  o f  c a r a p a c e  w i d t h  g r e a t e r  t h a n  12 mm w i t h  e x t e r n a e  s u g g e s t s
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p a r a s  i t e .

C u r r e n t  t h e o r y  f a v o r s  an  e x p l a n a t i o n  o f  t h e  e f f e c t s  p r o d u c e d  

by  r h i z o c e p h a l a n  p a r a s i t i s m  b a s e d  on t h e  a n d r o g e n i c  g l a n d .  Hormones o f  

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

c r u s t a c e a n s .  R h i z o c e p h a l a n s  p r e s u m a b l y  remove t h e  a n d r o g e n i c  horm one ,  

c a u s i n g  f e m i n i z a t i o n  o f  t h e  m a le  ( C h a r n i a u x - C o t t o n ,  1 9 6 0 ) .  The t e rm  

p a r a s i t i c  c a s t r a t i o n  i s  t h u s  a m i sn o m e r .

One i m p o r t a n t  e f f e c t  o f  s a c c u l i n i d s  upon t h e i r  d e c a p o d  h o s t s  

i s  a l o s s  o f  r e p r o d u c t i v e  a b i l i t y .  Even i f  t h e  gonad  r e m a in s  i n t a c t ,  

m a t i n g  c o u l d  p r o b a b l y  n o t  o c c u r  due  t o  m e c h a n i c a l  i n t e r f e r e n c e  by t h e  

e x t e r n a .  F u r t h e r ,  i f  a  p r e v i o u s l y  i n f e c t e d  i n d i v i d u a l  r i d s  i t s e l f  

o f  t h e  e x t e r n a ,  a s s u m in g  t h e  gonad i s  s t i l l  i n t a c t  and  can  p r o d u c e  v i a b l e  

g a m e t e s ,  t h e  m a l e  w ould  s t i l l  b e  u n a b l e  t o  c o p u l a t e  due  t o  p l e o p o d  d e ­

g e n e r a t i o n  o r  m o d i f i c a t i o n ,  w h i l e  t h e  f e m a l e  would  be  u n a b l e  t o  r e t a i n  

eggs  f o r  t h e  same r e a s o n .  My o b s e r v a t i o n s  d e m o n s t r a t e  t h a t  some m o d i ­

f i c a t i o n s  o f  t h e  s e c o n d a r y  s e x  s t r u c t u r e s  can be  c a r r i e d  t h r o u g h  a t  

l e a s t  one  m o l t  a f t e r  t h e  e x t e r n a  i s  removed .  The p a r a s i t e  a l s o  c a u s e s  

a  c e s s a t i o n  o f  g ro w th  by  r e n d e r i n g  t h e  h o s t  i n c a p a b l e  o f  m o l t i n g  t h e r e b y  

a l l o w i n g  t h e  a c c u m u l a t i o n  o f  f o u l i n g  o r g a n i s m s ,  e r o s i o n  o f  t h e  e x o ­

s k e l e t o n ,  and  p e r h a p s  p r e v e n t i n g  t h e  e l i m i n a t i o n  o f  o t h e r  p a r a s i t e s ,  

e x p e c i a l l y  t h o s e  w h ich  i n f e s t  t h e  e x o s k e l e t o n  o r  g i l l s .  A l l  o f  t h e s e  

e f f e c t s  c o u l d  a f f e c t  t h e  s c a v e n g i n g  r o l e s  o f  t h e  i n f e c t e d  h o s t s .  L. 

p a n o p a e i  c o u l d  a l s o  r e n d e r  t h e  h o s t  l e s s  a b l e  t o  com pe te  w i t h  u n i n f e c t e d  

i n d i v i d u a l s  o f  t h e  same o r  r e l a t e d  s p e c i e s  o r  become more l i a b l e  t o  

p r e d a t i o n  o r  o t h e r  s t r e s s  c o n d i t i o n s  by p h y s i o l o g i c a l  w e a k e n i n g  o r  

m e c h a n i c a l  i n t e r f e r e n c e .  Thus t h e  e f f e c t s  o f  s a c c u l i n i d  i n f e c t i o n  on
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t h e  i n d i v i d u a l  h o s t  may b e  q u i t e  p r o f o u n d .

I t  i s  d i f f i c u l t  to  d e t e r m i n e  t h e  e f f e c t  o f  t h e  p a r a s i t e  on 

t h e  x a n t h i d  p o p u l a t i o n .  X a n t l i i d s  e x h i b i t  a c lumped d i s t r i b u t i o n  and 

t h e  h a b i t a t s  i n  w h ic h  t h e y  a r e  m o s t  commonly found  ( p i l i n g s ,  o y s t e r  b a r s ,  

among s p o n g e s )  a r e  d i f f i c u l t  t o  s a m p le  q u a n t i t a t i v e l y .  O t h e r  f a c t o r s ,  

s u c h  a s  t h e  m o b i l i t y  o f  t h e  c r a b s  and p o s s i b l e  o f f s h o r e  m i g r a t i o n s  i n  

t h e  w i n t e r ,  compound t h e  d i f f i c u l t i e s  o f  m ak ing  a c c u r a t e  p o p u l a t i o n  

e s t i m a t e s .

The e f f e c t s  o f  L. p a n o p a e i  on t h e  x a n t h i d  p o p u l a t i o n s  o f  t h e  

bay  a r e  u n c e r t a i n .  The r e l a t i v e  a b u n d a n c e  o f  15. d e p r e s s u s  may h a v e  d e ­

c r e a s e d  w h i l e  t h a t  o f  N. t e x a n a  s a y i  may h a v e  i n c r e a s e d  s i n c e  t h e  

p a r a s i t e  was i n t r o d u c e d ,  a t  l e a s t  i n  t h e  York and  R appahannock  r i v e r s  

( J . D. Andrews and W. A. Van E n g e l ,  p e r s o n a l  c o m m u n i c a t i o n s ) .  Cowles 

(1930)  found  N. t e x a n a  s a y i  t o  b e  t h e  m o s t  a b u n d a n t  c r a b  i n  C h e s a p e a k e  

Bay.  Ryan (1956)  fo u n d  E_. d e p r e s s u s  t o  b e  t h e  m o s t  a b u n d a n t  x a n t h i d  

on o y s t e r  b a r s  w h i l e  N. t e x a n a  s a y i  was so  s c a r c e  t h a t  h e  c o n c l u d e d  a 

d e c l i n e  i n  numbers  s i n c e  C o w l e s 1 s t u d y .  However,  Ryan made v e r y  few 

s t a t i o n s  i n  t h e  d e e p e r  w a t e r s  o f  s o u t h e r n  C h e s a p e a k e  Bay w h e r e  b o t h  

Cowles and  I  h a v e  found  N. t e x a n a  s a y i  t o  b e  v e r y  a b u n d a n t .  A l l  

p a t t e r n s  o f  d i s t r i b u t i o n  and a b u n d a n c e  a r e  q u e s t i o n a b l e  due  t o  d i f ­

f i c u l t i e s  o f  c o n s i s t e n t l y  o b t a i n i n g  l a r g e  numbers  o f  x a n t h i d s  f rom t h e i r  

d i v e r s e  h a b i t a t s  and t h e  g r e a t  v a r i a b i l i t y  o f t e n  fo u n d  i n  s p e c i e s  com­

p o s i t i o n  i n  s i m i l a r  h a b i t a t s  and a r e a s .

I  h a v e  found  t h e  r e l a t i v e  a b u n d a n c e  o f  x a n t h i d  s p e c i e s  to  

d i f f e r  by  s a l i n i t y  i n  t h e  c a s e  o f  N. t e x a n a  s a y i  and R. h a r r i s  i i , and  by 

g e n e r a l  a r e a  and h a b i t a t  i n  t h e  c a s e  o f  15. d e p r e s s u s  and N. t e x a n a  s a y i .

E.  d e p r e s s u s  was more a b u n d a n t  on b o t h  s i d e s  o f  t h e  e a s t e r n  s h o r e  o f
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V i r g i n i a  w h i l e  N. t e x ana  s a y i  was more  a b u n d a n t  i n  t h e  r i v e r s  o f  t h e  

w e s t e r n  s h o r e  and t h e  s o u t h e r n  p a r t  o f  C h e s a p e a k e  Bay.  F u r t h e r  

d i f f e r e n c e s  i n  t h e  r e l a t i v e  ab u n d a n c e  o f  t h e s e  two s p e c i e s  w e re  o b ­

s e r v e d  b e t w e e n  h a b i t a t s  and  t i d a l  z o n e s .  _E. d e p r e s s u s  was more  common 

i n t e r t i d a l l y  and  on o y s t e r  b a r s  w h i l e  N . t e x a n a s a y i  was more -common 

s u b t i d a l l y  and  on  p i l i n g s .  I n  n e a r l y  e v e r y  c o l l e c t i o n  s i t e  more  t h a n  

one  s p e c i e s  o f  x a n t h i d  was f o u n d .  S e a s o n a l  d i f f e r e n c e s  i n  ab u n d a n c e  

w e r e  a l s o  i n d i c a t e d ,  a t  l e a s t  i n  t h e  c a s e  o f  E.  d e p r e s s u s  on o y s t e r  

b a r s .  Feng (1957)  fo u n d  E. d e p r e s s u s  t o  be  t h e  m os t  a b u n d a n t  x a n t h i d  

i n  t h e  R appahannock  R i v e r .  From t h e  mouth  o f  t h e  York R i v e r  t o  

G l o u c e s t e r  P o i n t  P_. h e r b s t i i  and N. t e x a n a  s a y i  w e r e  more  a b u n d a n t ,  

b u t  E.  d e p r e s s u s  and  R . h a r r i s  i i  more  a b u n d a n t  f a r t h e r  u p s t r e a m .  Un­

c e r t a i n t i e s  o f  d i s t r i b u t i o n  make s t a t e m e n t s  o f  a b s o l u t e  a b u n d a n c e  o f  any 

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

High p r e v a l e n c e  o f  i n f e c t i o n  was fo u n d  a t  C h e r r y s t o n e  and 

H ungars  c r e e k s  i n  t h e  summers o f  1967 and 1968,  y e t  t h e r e  a p p e a r e d  t o  be  

no d e c l i n e  i n  t h e  a b u n d a n c e  o f  E. d e p r e s s u s . A l t h o u g h  L. p a n o p a e i  c o u l d  

c o n c e i v a b l y  h a v e  p r o f o u n d  e f f e c t s  on i t s  h o s t  p o p u l a t i o n s  and t h e r e  i s  

some e v i d e n c e  o f  a r e c e n t  d e c l i n e  i n  E. d e p r e s s u s , t h e r e  e x i s t s  a c o n ­

s i d e r a b l e  body o f  e v i d e n c e  t h a t  e n v i r o n m e n t a l  f a c t o r s  a r e  more  i m p o r t a n t  

i n  c o n t r o l l i n g  t h e  a b u n d a n c e  o f  some s p e c i e s  t h a n  t h e  s i z e  o f  t h e  b r o o d  

s t o c k  ( P e a r s o n ,  1948;  R i c k e r ,  1958;  K in n e ,  1 9 6 7 ) .  I n  c o n c l u s i o n ,  on 

t h e  b a s i s  o f  my d a t a  no e v i d e n c e  o f  a d e c l i n e  o f  E_. d e p r e s s u s was o b ­

s e r v e d  i n  1967 o r  1968.

The o b s e r v a t i o n s  o f  J .  D. Andrews,  a l o n g  w i t h  t h e  d a t a  o f  Feng 

( 1 9 5 7 ) ,  i n d i c a t e  a d e c l i n e  o f  E_. d e p r e s s u s  i n  t h e  Rappahannock  R i v e r ,  

p o s s i b l y  due  t o  L. p a n o p a e i . However,  v a r i a t i o n s  i n  a b u n d a n c e  o f



x a n th id s  rep orted  in  the l i t e r a t u r e  and observed by W. A. Van Engel and 

J .  D. Andrews may in d ic a t e  n a tu ra l  f lu c t u a t io n s  o f  x a n th id s .  The ex ­

i s t e n c e  o f  an e p i z o o t i c  wave o f  L. panopaei may have been obscured in  

th e  York R iver and the e a s te r n  shore o f  th e  bay during 1967-68. L. 

panopaei may have a lrea d y  decimated the  E. d ep ressu s  p o p u la t io n  in  th e  

York R iv er .  On th e  e a s te r n  shore  th e  e p iz o o t i c  may now be reach in g  a 

peak o f  i n f e c t i o n  b e fo r e  the  d e c l in e  o f  the h o s t  p o p u la t io n .
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A p p en d ix  2 .  G e o g r a p h i c  c o o r d i n a t e s  o f  s t a t i o n s  l i s t e d  i n  A ppend ix  1.

AREA

W e s t e r n  Shore

LATITUDE 
Deg.  Min.

LONGITUDE
Deg.

York  R. Mouth 37 1 6 . 0 76
P e r r i n  R. Mouth 37 1 5 . 6 76
Mid P e r r i n  R. 37 1 6 .0 76
Upper P e r r i n  R. 37 1 6 .2 76
Yorktown 37 1 4 . 4 76
G l o u c e s t e r  P o i n t 37 14 .7 76
I n d i a n  F i e l d  C re e k 37 1 6 . 5 76
F e l g a t e s  Creek 37 1 6 .5 76
Queens Creek 37 1 3 .5 76
York R. (Y-10) 37 19 .2 76
York R. (Y - 15) 37 2 3 . 0 76
York R. (Y-20) 37 2 6 . 3 76
York R. (Y-25) 37 2 9 . 1 76
Pamunkey R. (P -3 0 ) 37 3 2 . 7 76
Pamunkey R. (P -4 0 ) 37 3 2 . 8 76

E a s t e r n  S ho re
F i s h e r m a n s  I s l a n d 37 0 6 . 3 75
C h e s a p e a k e  Bay B r i d g e 37 0 6 . 9 75
Cape C h a r l e s 37 0 7 . 5 75
Old P l a n t a t i o n  Creek 37 1 3 . 8 76
C h e r r y s t o n e  Creek 37 1 8 .4 76
S m i ths  Beach 37 2 2 . 1 75
Hungars  C reek 37 2 4 . 4 75
O nancock C re e k 37 4 3 . 2 75
Messongo Creek 37 5 4 . 2 75

Bay S t a t i o n s
Bay E a s t  1 37 2 4 . 2 76

2 37 1 6 . 8 76
3 37 1 3 . 8 76
4 37 1 0 . 8 76
5 37 1 0 . 0 75
6 37 07 .1 76
7 37 0 3 . 8 76

Bay S o u th  8 36 5 5 . 3 76
9 36 5 5 . 5 76

10 36 5 6 . 1 76
11 36 57 .8 76
12 36 5 9 . 4 76

M i n .

22 . 9
2 5 . 0  
2 5 .5
2 6 . 1  
30 .  6 
3 0 . 0  
3 3 . 4
3 5 . 2
3 6 .7
5 3 . 8  
39 .2
4 2 . 9
4 5 . 3  
4 9 . 8
5 3 . 4

5 8 . 4
5 8 . 2
5 8 . 2  
00 .1  
0 0 . 2
5 9 . 1
5 8 . 4
4 8 . 2
4 1 . 2

0 1 . 7
0 5 . 3  
0 2 . 0  
0 1 . 0
5 9 . 5  
0 2 . 1
0 7 . 3
0 4 . 8  
07 .3 
1 1 . 1  
15 .5
1 7 . 6
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A p p en d ix  2 .  ( C o n t i n u e d )

AREA

Bay S o u th  
Bay West

Back  R i v e r  
P oquoson  R.

Mouth 
Bay West 
Bay C e n t e r  
Bay E a s t

LATITUDE LONGITUDE

Bay C e n t e r  
C ho p ta n k  R.

Mouth 
Mid C hoptank  
P o p l a r  I s l .

Narrows  
B loody  P t .

Bar
P a r s o n  I s l a n d  
M i l e s  R.

Mouth

13
14
15
16

17
18
19
20  
21  
22
23
24
25
26
27

28
29

30

31
32

33

Deg.

37
37
36
37

37
37
37
37
37
37
37
38 
38 
38 
38

38
38

38

38
38

38

M in .

0 0 . 1
0 2 . 4
0 5 . 8  
0 6 . 2

1 1 . 2
3 5 . 2
3 6 . 9
4 3 . 9
4 7 . 0
5 4 . 0
5 6 . 9
0 2 . 5
0 6 . 9
12 . 2
3 5 . 4

3 9 . 4
3 9 . 0

4 6 . 5

4 9 . 3
5 3 . 5

4 9 . 5

Deg.

76
76
76
76

76
76
76
75
75
75
75
75
75
75
76

76
76

76

76
76

76

M i n .

1 6 .6
1 5 .7
1 4 . 8
18 .7

2 1 . 8
1 4 . 5
0 4 . 8
5 3 . 8
5 3 . 8
5 6 . 2
5 5 . 4
5 4 . 9
5 8 . 4
5 8 . 4
2 3 . 2

1 6 . 6
1 0 . 2

2 1 . 1

2 2 . 6
1 4 .2

1 3 . 0

Ocean C o a s t  
F l o y d s  Bay 
U p sh u rs  Bay 
W i l l i s  W har f ,  Va. 
O y s t e r ,  Va. 
W ac h ap reag u e  I n l e t

37
37
37
37
37

3 8 . 9
3 2 . 8
3 0 . 7
17 . 2
3 6 . 2

75
75
75
75
75

3 8 . 9
4 3 . 8
4 8 . 3
5 4 . 1
4 1 . 2
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( W. A . ,  W. A: D i l l o n ,  D. E. Z w ern e r  and D. E l d r i d g e .  1966.  

L o x o t h y l a c u s  p a n o p a e i  ( C i r r i p e d i a e ,  S a c c u l i n i d a e ) ,  an  i n t r o ­

du ced  p a r a s i t e  on a x a n t h i d  c r a b  i n  C h e s a p e a k e  Bay.  C r u s t a c e -  

a n a  1 0 : 1 1 1 - 1 1 2 .



ADDENDUM

On 24 J u n e  1969,  Mr. J o h n  A. Couch, o f  t h e  B u re a u  o f  Commercia l  

F i s h e r i e s  L a b o r a t o r y ,  O x fo rd ,  M a r y l a n d ,  r e p o r t e d  an  E. d e p r e s s u s  w i t h  a 

L* p a n o p a e i  e x t e r n a  from t h e  o c e a n  s i d e  o f  t h e  e a s t e r n  s h o r e  o f  V i r g i n i a .  

The s p e c im e n  was t a k e n  i n  C h i n c o t e a g u e  Bay i n  s a l i n i t y  o f  3 2 . 3  ° / o o .
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November,  1965 t o  May 1966 .

E n t e r e d  t h e  G r a d u a t e  p ro g ram  o f  t h e  C o l l e g e  o f  W i l l i a m  and 

Mary i n  S e p te m b e r  1966 .
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