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A B S T R A C T  I lie potent marine neurotoxin d om oic  acid (D A ) w as  detected in razor c lam s and D un geness  crabs on the Pacific (  oast 
o f  the United States in 1991. resulting in temporär) closures o f  these fisheries. C losures protect the health o f  human consum ers o f  clam s  
and trabs but im pose significant eco n o m ic  losses  to the com m unities that are dependent on  these fisheries. W idespread closures, and 
in the case  »»I the clanis long-lasting on es , w ere necessar) risk management strategies because our k now ledge o l  D A  uptake and 
m ovem ent through the food  w eb is  very limited. In order to resolve som e o f  these issues and provide health managers with better 
information concerning this toxin, experim ents were conducted  on  the accumulation and fate o f  D A  in D ungeness crabs. Such 
information cou ld  provide enhanced safety, permit more efficient closures, and lessen  the eco n o m ic  effect o f  future outbreaks.

In the first study, razor clam s, containing know n concentrations o f  D A . were fed  to D ungeness  crabs for 5 days to determine the 
uptake of the toxin by the crabs. Twenty-four hours after the crabs ingested an initial 9 6 0  p g  o f  toxin, 2 6 0  p g  o f  DA (2 7 ' ; ) w as  found 
m the hepau»pancreas (IIP) o f  the crabs. At the end ol (» days. 68% (2 ,8 5 0  pg>. from an accum ulated 4 .2 2 0  p g  o f  ingested toxin, was 
present i i i  the IIP DA w as never found in the hem olym ph or edible m uscle o f  crabs i i i  this experiment, but D A  w as found i i i  the feces, 
indicating a route o f  depuration.

T he second study exam ined  the depuration »»I DA by crabs under fed and starved conditions. Crabs fed  DA-contam inated clanis  
for 4  days achieved an average concentration o l  6 9 .5  p g  o f  D A /g  o f  HP After 7  days, crabs that w ere fed  toxin-free clanis three times  
per w eek  show ed a 38% reduction in D A  concentration, to 4 3 .4  p g  o f  D A /g .  whereas the average toxin concentration in the HP o f  crabs 
that w ere starved w as  reduced by only  4%. to 6 6 .9  p g  o f  DA/g.

In the last sampling, taken at 21 days, the concentration o f  D A  in the HP o f  fed crabs decreased by 89% o f  the initial DA  
concentration to 7 .6  p g  o f  D A /g , but that o f  the starved crabs decreased by only 57% . to 29 .7  p g  o f  D A /g. D ifferences in mean 
concentrations betw een starved and fed  crabs at 7. 14. and 21 days w ere significant Additional m easurements at 21 days show ed the 
average weight o f  a starved crab's HP was only 53% o f  the fed crab s  HP (25 .7  vs. 4 8 .7g). A lthough the mean weight o f  the starved 
crabs (7 7 0  g )  was greater than that o f  the fed  crabs (7 3 0  g). the d ifference was not significant.

K E Y  W O R D S :  D o m o ic  acid. D ungeness crab. C a n c e r  m agister ,  razor clam s. Silt,/un  p a lu la . am nesic shellfish  poisoning

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

T h e  D u n g e n e s s  cr a b  f i s h e r y  o f  th e  P a c i f i c  C o a s t  o f  th e  c o n t i ­
n e n ta l  U n i t e d  S t a t e s  a n d  A l a s k a  i s  an  im p o r ta n t  a n d  w e l l -  

e s ta b l i s h e d  in d u stry  that s u p p o r ts  a  la r g e  d o m e s t i c  m a rk et  a s  w e l l  

a s  o v e r s e a s  m a r k e ts .  D u r in g  th e  1 9 9 4  c o m m e r c ia l  s e a s o n ,  4 6  m i l ­
l io n  p o u n d s  o f  D u n g e n e s s  c r a b s  ( C a n c e r  m a g i s t e r )  w e r e  lan ded ,  

w ith  an  e x v e s s e l  v a lu e  o f  o v e r  6 3  m i l l io n  d o l la r s  ( A n o n y m o u s  

1 9 9 5 ) .  T h e r e  is  a l s o  a  la r g e  r e c r e a t io n a l  f i s h e r y  for  D u n g e n e s s  crab  

o n  th e  P a c i f i c  C o a s t  that c o n tr ib u te s  to  an im p o rta n t  tourist  in d u s ­
try. B e t w e e n  1981 a n d  1 9 9 1 .  an e s t im a te d  6 8 3 .4 (H ) p o u n d s  o f  crab  

p e r  y e a r  w e r e  c a u g h t  r e c r e a t io n a l ly  in  W a s h in g t o n  a lo n e  (J . O d e l l .  

W A  S ta te  D e p a r tm e n t  o f  F i s h  W ild l i f e ,  p er s .  c o m m .  1 9 9 6 ) .
In  th e  fa l l  o f  1 9 9 1 ,  t h e  P a c i f ic  C o a s t  D u n g e n e s s  c r a b  f ish e r y  

w a s  in v o lv e d  in an  o u tb re a k  o f  d o m o i c  a c id  ( D A )  p o is o n in g  w h en  

th e  t o x in  w a s  fo u n d  in th e  in tern a l o r g a n s  o f  t h e  cra b . T he p r e s e n c e  

o f  h ig h  c o n c e n tr a t io n s  o f  th e  to x in  in cr a b  v is c e r a  r e su lte d  in a

tem p o ra ry  c lo s u r e  o f  th e  f is h e r y .  T h e  c lo s u r e  h ad  a  s ig n if ic a n t  

e c o n o m i c  e f f e c t  o n  th e  in d u stry  a n d  c o m m u n i t i e s  d ir e c t ly  and  

in d ir e c t ly  c o n n e c t e d  to  th e  h a r v e s t  o f  crab s .

A  p o te n t  n e u r o e x c ita to r v  a m in o  a c id .  D A  is  a  natu ra lly  o c c u r ­

r in g  m a r in e  t o x in  that c o n t a m in a t e d  n o t  o n l y  D u n g e n e s s  c r a b s  that 

y e a r ,  but o th e r  m a r in e  s p e c i e s  a s  w e l l  a s  s e a b ir d s .  A l t h o u g h  a 

d ia to m  o f  th e  g e n u s  N i t z s c h i a  w a s  s u s p e c t e d  a s  th e  c a u s e  o f  the  

o u tb r e a k ,  it w a s  n e v e r  c o n f ir m e d .  F o u r  m a r in e  p h y to p la n k to n  s p e ­

c i e s  o f  th e  g e n u s  P s e u d o - n i t z s c h i a  \ P . m u l t i s e r i e s  ( H a s le )  H a s le .  P. 

d e l i c a t i s s i m a  ( C l e v e )  H e id e n ,  P . a u s t r a l i s  F r e n g u e l l i .  a n d  P .  s e ­

r i a t a  ( C l e v e )  P e r a g a l lo i  a re  k n o w n  p r o d u c e r s  o f  D A  ( B a t e s  e t  al. 

1 9 8 9 ,  M artin  e t  a l. 1 9 9 0 .  G a r r iso n  e t  a l .  1 9 9 2 .  W o r k  e t  a l .  1 9 9 3 .  

L u n d h o lm  e t  a l .  1 9 9 4 .  H a s lc  1 9 9 5 ) .
T h e  c o n s u m p t io n  o f  D A -c o n t a m in a t e d  f o o d  by h u m a n s  can  

c a u s e  m i ld  t o  s e v e r e  g a s tr o in te s t in a l  i l ln e s s e s  a n d /o r  n e u r o lo g ic a l  

s y m p t o m s  s u c h  a s  d is o r ie n ta t io n  an d  m e m o r y  im p a ir m e n t .  A l ­
th o u g h  m  h ig h  d o s e s .  D A  c a n  b e  fa ta l t o  a n y o n e ,  t h e  e ld e r ly  and
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2 2 6 L i n d  h t  a l .

h e a l t h - c o m p r o m is e d  in d iv id u a ls  a re  e s p e c i a l l y  v u ln e r a b le .  B e ­

c a u s e  o n e  o l  th e  s y m p t o m s  o f  th e  p o i s o n i n g  c a n  he v a r y in g  d e ­
g r e e s  o f  lo s s  o f  sh o r t - te r m  m e m o r y  (P e r l  e t  a l. 1 9 9 0 a .  Perl e t  al. 

1 9 9 0 b . Z a to rr e  1 9 9 0 ) .  a n d  th e  v e c t o r  w a s  b lu e  m u s s e l s ,  th e  D A  

in to x ic a t io n  w a s  n a m e d  a m n e s i c  s h e l l f i s h  p o i s o n in g .  S te w a r t  e t  al. 

( 1 9 9 0 )  c o n s id e r e d  D A  in to x ic a t io n  s y m p t o m s  m o r e  c h a r a c te r is t ic  

o f  d e m e n t ia ;  n e v e r t h e le s s ,  it s h o u ld  b e  re fe rr ed  t o  b y  th e  m o r e  

a c c u r a te  n a m e .  D A  p o i s o n i n g  ( D A P ) ,  b e c a u s e  f in  Fish a re  a l s o  a 

v e c to r  for  th e  to x in .

T o  d a te ,  o n l y  t w o  k n o w n  o u tb r e a k s  o f  D A P  h a v e  b e e n  rep orted ,  

both  o c c u r r in g  o n  th e  N o rth  A m e r ic a n  c o n t in e n t .  T h e  first o c ­
cu rred  in 1 9 8 7  a n d  r e su lte d  f r o m  h u m a n  c o n s u m p t io n  o f  D A -  

c o n t a m in a te d .  c o m m e r c ia l ly  c u l t iv a te d ,  b lu e  m u s s e l s  ( M y t i l u s  e d u ­

l i s  L in n e a u s )  f r o m  P r in c e  E d w a r d  Is la n d . C a n a d a .  T h e s e  m u s s e l s  

w e r e  la ter  s h o w n  to  h a v e  f e d  o n  t o x ic  p h y to p la n k to n .  P. m u l t i s e ­

r i e s  ( B a t e s  e t  a l. 1 9 8 9 .  W r ig h t  e t  a l. 1 9 8 9 ) .  O v e r  1 0 0  p e o p le  

s u f f e r e d  ill e f f e c t s  b r o u g h t  o n  b y  th e  t o x in ,  a n d  th r e e  d e a th s  w er e  

a ttr ib u ted  to  D A P .

T h e  s e c o n d  o u tb r e a k  o f  D A P  o c c u r r e d  in 1991 in M o n te r e y  

B a y . C A .  an d  in v o l v e d  b r o w n  p e l i c a n s  <P e l e c a n u s  o c c i d e n t a l i s  

L in n a e u s )  a n d  B r a n d i 's  c o r m o r a n t s  ( P h a l a c r o c o r a x  p e n i c i l l a t u s  

B r a n d t i .  T h e s e  s e a b ir d s  c o n s u m e d  a n c h o v i e s  ( E n g r a u l i s  m o r d a x  

G ir a rd )  that h a d  f e d  o n  D A - p r o d u c in g  p h y to p la n k to n .  P . a u s t r a l i s  

(F r itz  e t  a l. 1 9 9 2 .  W o r k  e t  a l. 1 9 9 3 ) .  S h o r t ly  a fter  th e  t o x in ’s 

p r e s e n c e  w a s  n o te d  in C a l i fo r n ia ,  it w a s  a l s o  d e t e c t e d  in m a r in e  

a n im a ls  f r o m  th e  c o a s t a l  w a te r s  o f  W a s h in g t o n  an d  O r e g o n ,  w here  

r a z o r  c l a m s  ( S i l i q u a  p a t u l a  D i x o n )  a n d  D u n g e n e s s  c r a b s  (C . m a g ­

i s t e r  D a n a )  w e r e  fo u n d  c o n t a m in a t e d  w ith  D A .  B e c a u s e  o f  q u ic k  

a c t io n  b y  s ta te  a n d  fed era l  a g e n c i e s  a n d  s u p p o r t  fr o m  th e  C a n a d ia n  

s c ie n t i s t s  in v o l v e d  in th e  1 9 8 7  o c c u r r e n c e ,  n o  h u m a n  s e a f o o d  i l l ­

n e s s e s  f r o m  D A  w e r e  c o n f ir m e d  d u r in g  th is  o u tb r e a k .  A s  a  re su lt ,  

th e  t o x i n ' s  e f f e c t  o n  th e  P a c i f i c  C o a s t  o f  th e  U n i te d  S ta te s  w a s  

p r im a r ily  e c o n o m i c ,  w ith th e  c lo s u r e s  o f  th e  D u n g e n e s s  cr a b  an d  

r a z o r  c la m  f i s h e r ie s  h e a v i ly  a f f e c t in g  f i s h e r m e n ,  p r o c e s s o r s ,  an d  

lo c a l  e c o n o m i e s  o f  th e  c o a s ta l  c o m m u n i t i e s  d e p e n d e n t  o n  th o s e  

f ish e r ie s .

T h e  in it ia l  t e s t in g  o f  c r a b s  fo r  th e  p r e s e n c e  o f  D A  d u r in g  the  

o u tb r e a k  in d ic a t e d  that th e  to x in  w a s  c o n f in e d  to  th e  v is c e r a .  C o n ­

t in u e d  r e se a r c h  h a s  c le a r ly  d e m o n s tr a t e d  th at D A  i s  f o u n d  o n ly  in  

th e  d i g e s t i v e  s y s t e m  o f  D u n g e n e s s  cra b , p r im a r ily  in th e  h e p a to -  

p a n c r e a s  ( H P )  ( W e k e l l  e t  a l. 1 9 9 4 a . L u n d  1995». S im i la r ly ,  lo b ­

s te r s  <H o m a r u s  a m e r i c a n u s )  are k n o w n  to  b e c o m e  t o x i c  w ith  para­

ly t ic  s h e l l f i s h  p o i s o n  ( P S P ) ,  w h ic h  l ik e  D A .  c o n t a m in a t e s  th e  d i ­

g e s t i v e  g la n d  ( H P ) .  T h e  p r o b le m  i s  s ig n i f ic a n t  e n o u g h  that th e  

C a n a d ia n  g o v e r n m e n t  in c lu d e d  lo b s te r  in its  P S P - m o n i t o r in g  p r o ­

g r a m  ( W a ts o n - W r ig h t  e t  a l .  1 9 9 1 .  L a w r e n c e  e t  a l. 1 9 9 4 ) .  T h e  

p r e s e n c e  o f  D A  c a n  p o s e  a  h e a lth  risk to  p e o p l e  w h o  ea t  th e  H P  or  

” cr a b  b u t le r ."  F o r  p u b l ic  s a f e t y ,  th e  a c t io n  l e v e l  fo r  th e  t o x in  in 

cr a b  v i s c e r a  w a s  set at 3 0  p g  o f  D A / g  o f  v is c e r a  ( U . S .  F o o d  and  

D r u g  A d m in is t r a t io n  |F D A ]  1 9 9 3 ) .

D A  c a n  a l s o  c a u s e  e c o n o m i c  p r o b le m s  for  th e  in d u str y ,  e s p e ­

c ia l ly  w ith  r e s p e c t  to  c r a b s  e a r m a r k e d  fo r  w h o l e  c o o k e d  p ro d u c t  

m a r k e ts .  T h e  p r e s e n c e  o f  th e  t o x in  c o u l d  r e q u ir e  that c r a b s  b e  

b u tc h e r e d ,  c l e a n e d ,  a n d  c o o k e d  b e f o r e  b e in g  p la c e d  o n  th e  m a rk et ,  
th u s  r e d u c in g  p r o f i t  m a r g in s  o r  in s o m e  c a s e s  c a u s i n g  lo s s  o f  

m a rk et . M o r e  in fo r m a t io n  a b o u t  th e  fa te  o f  D A  in D u n g e n e s s  

c r a b s ,  th e r e fo r e ,  w a s  n e e d e d  n o t  o n l y  b y  p u b l ic  h e a lth  o f f i c i a l s ,  but 

a l s o  b y  th e  in d u s tr y  to  im p r o v e  its a b i l i ty  to  m a in ta in  a  v ia b le  

m arket.

T h e  g o a l  o f  th is  s tu d y  w a s  to  p r o v id e  in fo r m a t io n  a b o u t  the  

u p ta k e  an d  d e p u r a t io n  o f  D A  in D u n g e n e s s  c r a b s  t o  a n s w e r  the

f o l l o w i n g  q u e s t io n s :  H o w  rap id  is  D A  u p ta k e ?  D o e s  in g e s t e d  D A  

a c c u m u la te  in cr a b  t i s s u e s ?  W il l  c r a b s  d e p u r a te  a c c u m u la te d  D A ?  

D o  c o n d i t io n s  o f  s ta r v a t io n  o r  f e e d in g  a f f e c t  th e  d e p u r a t io n  o f  D A  

fr o m  c r a b s ?

M A T E R I A L S  A N D  M E T H O D S

C rabs

T w o  e x p e r im e n t s  w e r e  c o n d u c t e d .  In th e  first e x p e r im e n t .  

D u n g e n e s s  c r a b s  w e r e  f e d  D A - c o n t a m in a t e d  c la m  m e a t  to  m o n ito r  

th e  a c c u m u la t io n  o f  D A  in th e ir  H P . T h e  s e c o n d  e x p e r im e n t  m o n i ­

to r ed  th e  d e p u r a t io n  o f  D A  fr o m  D A - c o n t a m in a t e d  c r a b s  u n d er  

s ta r v e d  a n d  f e d  c o n d i t io n s .

L i v e  D u n g e n e s s  c r a b s  u s e d  fo r  t h e s e  e x p e r im e n t s  w e r e  pur­

c h a s e d  fr o m  lo c a l  c o m m e r c ia l  w h o le s a le r s .  F i f t y - t w o  c r a b s  w e r e  

u s e d  in th e  first e x p e r im e n t ,  a n d  4 8  w e r e  u s e d  in th e  s e c o n d  

e x p e r im e n t .  B e fo r e  th e ir  u s e  in th e  e x p e r im e n t s ,  e a c h  lot o f  crab s  

w a s  r a n d o m ly  s a m p le d  a n d  a n a ly z e d  for  D A  to  e n s u r e  that th e y  

w e r e  fr e e  o f  th e  t o x in  ( < 0 . 5  p g  o f  D A / g  o f  H P . a s  d e te r m in e d  by  

h ig h - p e r f o r m a n c e  l iq u id  c h r o m a t o g r a p h ic  |H P L C |  a n a ly s is ) .

T h e  w e ig h t  o f  c r a b s  in t h e s e  e x p e r im e n t s  a v e r a g e d  7 5 0  g  ( S D .  

± 8 4 ) .  T h e y  w e r e  m a r k e d  w i t h  a n  id e n t i fy in g  n u m b e r  an d  p la c e d  in 

l i v e  h o ld in g  ta n k s  that w e r e  s u p p l ie d  w ith  g r a v e l - f i l t e r e d ,  f l o w ­

th r o u g h  s e a w a t e r  ( - 1 2  L /m in ) .  D i s s o l v e d  o x y g e n  l e v e l s  in the  

se a w  ater  s y s t e m  r a n g e d  b e t w e e n  8 .6  a n d  9 . 0  p p m ,  an d  w ater  t e m ­

p era tu res  w e r e  b e t w e e n  12 a n d  I 3 ° C  d u r in g  th e  e x p e r im e n ts .

C lanis

R a zo r  c l a m s  f r o m  th e  1991 h a rv es t ,  n a tu r a lly  c o n t a m in a te d  

w ith  D A .  w e r e  u s e d  t o  f e e d  th e  c r a b s  in th e s e  e x p e r im e n t s .  Pur­

c h a s e d  fr o m  a  c o m m e r c ia l  s o u r c e ,  th e  c la m s  h ad  b e e n  c l e a n e d ,  

c a n n e d ,  a n d  f r o z e n  d u r in g  th e  1991  s e a s o n ,  b e fo r e  th e  a w a r e n e s s  

o f  th e  D A  o u tb r e a k  a n d  th e  d i s c o v e r y  that D A  c o n c e n tr a t io n s  in 

c l a m s  e x c e e d e d  th e  F D A  a c t io n  l e v e l  o f  2 0  p g  o f  D A / g  o f  w et  

t i s s u e  ( U .S .  F D A  1 9 9 3 ) .  T h e  c l a m s  w e r e  s u b s e q u e n t ly  r e m o v e d  

f r o m  t h e  m a r k e t .  T o x in  l e v e l s  in th e  c la m  t i s s u e s  u s e d  in f e e d in g  

th e  c r a b s  r a n g e d  b e t w e e n  2 6 .2  a n d  1 2 4 .6  p g  o f  D A / g .  C o m m e r ­

c ia l ly  p r o c e s s e d  r a z o r  c la m  m e a t s  f r o m  A la s k a ,  fr e e  o f  a n y  d e t e c t ­

a b le  D A  ( < 0 .5  p g / g )  w e r e  u s e d  fo r  f e e d in g  c r a b s  d u r in g  a c c l im a ­

tion  to  th e  la b o r a to ry  e n v ir o n m e n t  a n d  fo r  th e  d e p u r a t io n  s tu d y .

F e e d in g  C rabs

B e f o r e  b e in g  f e d  D A - c o n t a m in a t e d  c l a m s ,  e a c h  lo t  o f  c r a b s  w a s  

a c c l im a t e d  to  its  n e w  e n v ir o n m e n t  fo r  at le a s t  2 4  h . In p rep a r in g  

th e  c l a m s  a s  f e e d ,  th e  p r o d u c t  w a s  first b lo t te d  w i t h  p a p er  t o w e ls  

to  r e m o v e  e x c e s s  th a w  d r ip  an d  th e n  c u t  in to  2 -  to  5 - g  p ie c e s .  T e n  

to  15 g  o f  th e  c la m  p ie c e s  w a s  w e i g h e d  in to  in d iv id u a l  tr a y s ,  w ith 

e a c h  tray r e c e iv in g  th e  s a m e  w e ig h t  o f  o n e  o r  m o r e  c la m  parts  

( fo o t ,  b o d y /m a n t le ,  o r  s ip h o n ) .

A  h a n d - f e e d in g  m e t h o d ,  s p e c i f i c a l l y  d e v e l o p e d  for  th is  w o r k ,  

i s o la t e d  e a c h  c r a b  in a  n e t  for  in d iv id u a l  f e e d in g .  F e e d in g  w a s  

a id e d  b y  th e  u s e  o f  m e c h a n ic a l  f in g e r s ,  i .e . .  a  s p r in g - lo a d e d  e x ­

t e n s io n  to o l  (L u n d  1 9 9 5 ) .  I d e n t i f ic a t io n  n u m b e r s  o n  c r a b s  m a d e  it 

p o s s ib l e  to  e n s u r e  that all c r a b s  w e r e  f e d  o n c e  a n d  o n ly  o n c e  at 

e a c h  f e e d in g .  E s t im a t e s  o f  h o w  m u c h  D A  ( p g )  w a s  c o n s u m e d  at 

e a c h  f e e d in g  w e r e  m a d e  b y  m u l t ip ly in g  th e  w e ig h t  o f  th e  c la m  

m e a t  p o r t io n  f e d  to  th e  c r a b s  b y  th e  c o n c e n t r a t io n  o f  D A  in a 

r e p r e s e n ta t iv e  s a m p l e  o f  th e  d a y ’s  f e e d .  T h e  p e r c e n ta g e  o f  D A  

p r e s e n t  in th e  H P  2 4  h  p o s tp r a n d ia l  w a s  d e te r m in e d  fr o m  the
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p ro d u c t  o f  th e  w e ig h t  o f  th e  H P  an d  its D A  c o n c e n tr a t io n ,  an d  

d iv id in g  b y  th e  p rod u ct o f  th e  w e ig h t  o t  razor  c la m  m e a t  f e d  an d  

its D A  c o n c e n tr a t io n ,  that is. D A - H P  b u r d e n  d iv id e d  b y  D A - l e e d  

b urden .

S a m p le  P rep a ra tio n  a n d  S to ra g e

A t e a c h  s a m p l in g ,  s ix  to  e ig h t  c r a b s  w e r e  r a n d o m ly  s e le c t e d  

fr o m  th e  h o ld in g  ta n k s  for  d i s s e c t io n .  A l l  s a m p l e  lo t s  c o n s i s t e d  o f  

c r a b s  ta k en  2 4  h p o s tp r a n d ia l ,  e x c e p t  fo r  c r a b s  s a m p le d  at 4  a n d  11 

h in th e  u p ta k e  e x p e r im e n t .  B e f o r e  d i s s e c t io n ,  th e  c r a b s  w e r e  

d r a in e d , w e ig h e d ,  a n d  p ith ed . T h e  c a r a p a c e  w a s  r e m o v e d  b y  c u t ­

ting  a r o u n d  its p e r im e te r ,  a n d  th e  e p id e r m is  c o v e r in g  th e  v is c e r a  

w a s  r e m o v e d  to  e x p o s e  th e  H P  t is s u e ,  lii  th e  u p ta k e  e x p e r im e n t ,  all 

o f  th e  H P  t i s s u e  w a s  r e m o v e d  an d  w e ig h e d .  In th e  d ep u r a tio n  

e x p e r im e n t ,  a  s u b s a m p le  (c a .  1 0 - 2 2  g )  c o n s i s t in g  o f  H P  m ateria l  

r e m o v e d  fr o m  th e  d o r sa l  a n d  ven tra l a re a s  o f  th e  b o d y  c a v i ty  an d  

lateral s p a c e s  u n d er  th e  c a r a p a c e  o f  e a c h  cr a b  w a s  c o m p o s i t e d  an d  

w e ig h e d .

T o  fa c i l i ta te  s a m p l in g  p r o c e d u r e s  in e x p e r im e n t  I .  s o m e  crab s  

w e r e  fr o z e n  w h o l e  at - 1 0  C  o n  arr iva l at th e  la b o ra to ry . W h e n  

e x a m in e d ,  th e  c r a b s  w e r e  p a rt ia lly  th a w e d  to  p r e v e n t  e x c e s s i v e  

l e a c h in g ,  an d  th e  IIP  w a s  s a m p le d  as d e s c r ib e d  a b o v e  an d  a n a ­

ly z e d  fo r  D A .  In E x p e r im e n t  2 .  t i s s u e  s a m p l e s  w e r e  s to r e d  at I C  

u n til  a n a ly z e d ,  u s u a l ly  w ith in  2 4  h . o r  i f  n e c e s s a r y ,  f r o z e n  until 
a n a ly z e d .  D r ip  w a s  c o n s id e r e d  p a n  o f  th e  s a m p le  a n d  w a s  m ix e d  

in  b e f o r e  s u b s a m p l in g  for  a n a ly s is .

A n a ly s is

D A  c o n c e n tr a t io n  in th e  t i s s u e s  w a s  d e te r m in e d  b y  th e  H P L C  

m e th o d  o f  Q u i l l ia m  e t  a l. ( 1 9 8 9 ,  1991 ). as m o d i f ie d  b y  H a tf ie ld  et 

al. ( 1 9 9 4 ) .  in w h ic h  D A  w a s  e x tr a c te d  fr o m  H P  t i s s u e s  w ith  an  

a q u e o u s  m e th a n o l  s o lu t io n  an d  th en  p u r if ie d  a n d  e lu t e d  th r o u g h  a 

s t r o n g  a n i o n  s o l i d - p h a s e  e x t r a c t i o n  c a r t r i d g e  w i t h  s a l i n e -  

a c e to n it r i le  s o lu t io n s .  S a m p le s  w e r e  run is o c r a t ic a l ly  at 4 0  C  w  ith  

a  r e v e r s e -p h a s e  C I S  c o l u m n  at a  f l o w  ra te  o f  0 . 3 0 0  m L /m in .  T h e  

m o b i l e  p h a s e  w a s  w a te r ,  a c e to n itr i le ,  an d  t r i f lu o r o a c e t ic  a c id  ( 9 0 /  

1 0 /0 .1 ,  v /v /v ) .  A  p h o t o d io d e  array  d e t e c t o r  w a s  s e t  at 2 4 2  nni.

E x p e r im e n t  I — / p la k c  o f  D A

T h e  p u r p o se  o f  th is  e x p e r im e n t  w a s  to  d e t e r m in e  th e  u p ta k e ,  

that is .  th e  a m o u n t  o f  to x in  p r e sen t  in th e  H P  a f te r  f e e d in g  D u n g e ­
n e s s  c r a b s  D A -c o n t a m in a t e d  c la m  m e a t .  A f te r  th e  first f e e d in g  o f  

to x ic  c la m  m e a t  ( T im e  0 ) .  th e  c r a b s  w e r e  s a m p le d  at 4 .  I I. a n d  24  

h to  d e te r m in e  th e  t im e  for  th e  t o x in  to  p e n e tr a te  th e  H P . T h e r e ­

a fter . th e  c r a b s  w e r e  f e d  e v e r y  2 4  h  for  a  to ta l o f  f iv e  f e e d in g s ,  i .e . .  
0 .  2 4 .  4 8 ,  7 2 .  a n d  9 6  h . B e c a u s e  s a m p l in g  p r o c e d u r e s  f o l l o w e d  

e a c h  f e e d in g  b y  2 4  h . th e  la st  cr a b s , f e d  at 9 6  It. w e r e  s a m p le d  at 

1 2 0  h.

In  th is  e x p e r im e n t ,  th e  D A  b u r d e n  o f  a  cra b  w a s  d e te r m in e d  by  

m u lt ip ly in g  th e  c o n c e n tr a t io n  o f  D A  in s a m p le d  t is s u e  b y  t h e  total  

w e ig h t  o f  t h e  c r a b 's  H P  m a te r ia l .  T h e  D A - H P  b u r d e n  is  th e  to ta l  

a m o u n t  ( p g )  o f  t o x in  in th e  H P  o f  a  crab.

E x p e r im e n t  2— D e p u ra t io n  o f  D A

T h e  p u r p o se  o f  th is  e x p e r im e n t  w a s  to  d e te r m in e  th e  e f f e c t  o f  

f e e d in g  o n  th e  d e p u r a t io n  ra te  o f  D A  fr o m  c r a b s .  T o  g e t  c r a b s  to

an  arbitran, to x in  l e v e l  o v e r  5 0  p g  o f  D A / g  o f  H P . th e y  w e r e  fed  

D A - c o n t a m in a t e d  c la m  m e a t  e a c h  d a y  for  4  d a y s .  E a c h  cr a b  w a s  

f e d  an  a v e r a g e  o f  12 .5  g /d a y  o l  t o x ic  c l a m  m e a t  fo r  a  to ta l o f  5 0  

g  c o n t a in in g  6 , 0 0 0  p g  o l  D A .  T w e n t y - f o u r  h o u rs  a fter  t h e  final  
t o x i c  f e e d in g ,  e ig h t  c r a b s  w e r e  s a c r i f ic e d  a n d  a n a ly z e d  to  d e te r ­

m in e  th e  s ta r t in g  c o n c e n tr a t io n  o f  D A  for  th e  d e p u r a t io n  e x p e r i ­

m e n t .  A t  th is  t im e ,  th e  r e m a in in g  c r a b s  w e r e  e v e n l y  d iv id e d  in to  

th e  t w o  tr e a tm e n t  g r o u p s  ( fe d  a n d  s ta r v e d ) .  C r a b s  in  th e  le d  g r o u p  

r e c e iv e d  fr o m  5 - 7  g  o f  D A  t o x i n - f r e e  r a z o r  c l a m  m e a t ,  three  t im e s  

p e r  w e e k  for  3  w k .  R a n d o m  s a m p l in g s  o f  c r a b s  fr o m  e a c h  g ro u p  

w e r e  ta k e n  at 7 ,  14 . a n d  21 d a y s ,  a n d  H P  s a m p l e s  w e r e  r e m o v e d  

lo i  D A  a n a ly s is .  In a d d it io n ,  th e  r e m a in in g  H P  t i s s u e s  fr o m  all o f  

th e  c r a b s  s a m p le d  at D a y  21 w e r e  r e m o v e d ,  c o m p o s i t e d  for  e a c h  

trea tm en t  g r o u p ,  a n d  w e ig h e d  an d  an  e s t im a te d  m e a n  IIP  w e ig h t  

o f  a  s ta r v e d  an d  a  f e d  cr a b  w a s  d e te r m in e d .

H e m o ly m p h  s a m p l e s  fr o m  c r a b s  in  b o th  trea tm en t  g r o u p s  w e r e  

o b ta in e d  b y  s e v e r in g  a  le g  at th e  c o x a  an d  c o l l e c t i n g  th e  d r ip  from  

l i v e  c r a b s  at D a y  I .  i . e . .  I d a y  a f te r  th e  last t o x ic  f e e d in g ,  a n d  at 

D a y  2 1 .  F e c a l  m atter  w a s  g a th e r e d  a t  th e  t im e  o f  s a c r i f i c e ,  b y  

e x tr u d in g  it f r o m  th e  d is ta l  p o r t io n  o f  th e  h in d g u t .  F e c a l  s a m p le s  

m  b o th  e x p e r im e n t s  w e r e  c o m p o s i t e d  fr o m  th r e e  to  e ig h t  c r a b s  at 

e a c h  s a m p l in g  an d  a n a ly z e d  for  D A  a s  d e s c r ib e d  a b o v e .

Sta tis tics

M e a n  d i f f e r e n c e s  b e t w e e n  tr ea tm e n ts  at 7 .  14 . a n d  21 d a y s  

w e r e  t e s te d  b y  S tu d e n t  t - test u s in g  S t a t v i e w  ( A b a c u s  C o n c e p t s  

In c . ,  B e r k e le y .  C A ,  1 9 9 2 ) .

R E S U L T S

E x p e r im e n t  I — U p ta k e  o f  D A

T h is  e x p e r im e n t  m o n ito r e d  th e  u p ta k e  o f  D A  in c r a b s  f e d  to x ic  

c la m  m e a t  fo r  f i v e  c o n s e c u t i v e  d a y s .  T h e  c r a b s  w e r e  in it ia l ly  fed  

c la m  m e a t s  c o n t a in in g  970  p g  o f  D A  ( T im e  0 ). W h e n  t h e y  w e r e  

s a m p le d  p o s tp r a n d ia l ly  at 4 .  I I .  an d  24  h. th e  c r a b s  c o n t a in e d  155 . 

181,  a n d  260  p g  o f  D A .  r e s p e c t iv e ly ,  that is ,  16 . 19 . a n d  2 7 %  o f  

th e  D A  that th e y  w e r e  f e d  (T a b le  I). T h e  a v e r a g e  c o n t e n t  o l  D A  

i i i  th e  H P  o f  th e  c r a b s  c o n t in u e d  to  r ise  to  4 3 %  (980  p g )  o f  the  

a c c u m u la t iv e  D A  fe d  ( 2.270  p g )  at 48  h an d  5 6 %  ( 2 .160  o f  3.830  
p g )  at 9 6  h. T h e  la st  c r a b s  s a m p l e d  w e r e  f e d  7 0  ±  2.5  g  o f  

D A -c o n t a m in a t e d  c la m  m e a t  in f i v e  f e e d in g s  a n d  a c h ie v e d  a  m ea n  

D A - H P  b u r d e n  in th e  c r a b s  o f  2 ,8 5 0  p g .  o r  6 8 %  o f  th e  to ta l 4.220  
p g  o f  D A  fe d  ( F ig .  I ).

E x p e r im e n t  2— D e p u ra t io n  o f  D A

T h i s  e x p e r im e n t  c o m p a r e d  th e  s im u l ta n e o u s  d e p u r a t io n  o f  D A  

i i i  t w o  g r o u p s  o f  D u n g e n e s s  c r a b s .  O n e  g r o u p  w a s  f e d  D A  t o x i n -  

free  c l a m s ,  an d  t h e  o th e r  g r o u p  o f  c r a b s  w a s  starv e d  ( F ig .  2 ) .  T h e  

c r a b s  w e r e  f e d  D A - c o n t a in m g  c l a m  m e a t .  A f te r  f e e d in g  for  4  d a y s ,  

a  m e a n  c o n c e n tr a t io n  o f  6 9 .5  p g / g  o f  D A  w a s  a c h ie v e d  in t h e  H P .  
At th is  p o in t ,  th e  c r a b s  w e r e  r a n d o m ly  d is tr ib u ted  in to  t w o  stu d y  

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

te c ta b le  l e v e l s  o f  D A  th r ee  t im e s  p e r  w e e k  for  3  w k .  A f te r  7  d a y s ,  

the fed  c r a b s  s h o w e d  a  re d u c t io n  in D A  c o n c e n tr a t io n  o f  3 8 %  

( 6 9 . 5 - 4 3 . 4  p g  o f  D A / g ) .  w h e r e a s  th e  s ta rv e d  c r a b s  s h o w e d  o n l y  a 

4%  d e c r e a s e  in D A  c o n c e n tr a t io n  ( 6 9 . 5 - 6 6 . 9  p g  o f  D A /g ) .  A fte r  

14 d a y s ,  th e  D A  c o n c e n t r a t io n  in  th e  f e d  c r a b s  d e c r e a s e d  b \  73%
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T A B L E  I.

U p ta k e  o f  I) \  by D u n g en ess  c r a b  (( '.  m a g is te r )  a f te r  p er io d ic  fe e d in g s  w ith  D A -c o n ta m in a te d  r a z o r  c la n is  (.S', p a t u l a )

F eed in g
T im es*
(h)

A m o u n t  o f  DA  
F ed /D ay  
per C ra b  

<MU>

C u m u la t iv e
DA

«MUI

S a m p lin g
T im e s t

(h)

N o . o f  
C rab s  

S a m p led
DA in H P  i  

(MU)

D A  in H P
a s  a  % 

o f  D A  Fed

C on cen tra tio n  
o f  D A  in H P  §

«MU/U»

0  (initial) 970 970 0  (initial) 7 0 0 0
24 1,300 2.270 4 8 155 16 3.5  ±  0 .6
48 1.070 3 ,3 4 0 11 7 181 19 4 .7  ±  2.0
72 490 3,830 24 8 2 6 0 27 5 .2  ±  1.5
96 3 9 0 4 .2 2 0 48 6 9 8 0 43 18.4 ±  12.4

72 0 NAH N A|1 NAH
96 8 2 .1 6 0 56 3 2 .6  ±  6 .0

120 8 2 ,8 5 0 68 5 7 .5  ±  10.3

Number o f  hours from first feeding o f  toxic  clam s. C rabs were fed  once every 24  h for 9 6  h 
t  Except for 4  and 11 h. crabs w ere sam pled every 24  h postprandial
t  T he amount o f  DA was calculated  from the weight o f  each  HI* multiplied by its D A  concentration  

§  M ean ±  SD  
II N A . not analyzed.

( 6 9 . 5 - 1 9 . 0  | i g  o f  D A / g ) ,  but th e  D A  c o n c e n tr a t io n  in t h e  s ta r v e d  

c r a b s  d e c r e a s e d  b y  o n l y  2 8 %  ( 6 9 . 5 - 4 9 . 7  |x g  o l  l ) A / g ) .  B y  th e  e n d  

o f  th e  e x p e r im e n t  (2 1  d a y s ) ,  b o th  g r o u p s  c o n t in u e d  to  d e p u r a te  

D A ;  h o w e v e r ,  th e  le d  c r a b s  s h o w e d  ( lie  g r e a te s t  d e c r e a s e  in D A  

c o n c e n t r a t io n ,  w i t h  an  8 9 %  r e d u c t io n  ( 6 9 . 5 - 7 . 6  p .g  o f  D A /g ) .  

w h e r e a s  th e  D A  c o n c e n t r a t io n  in th e  s ta r v e d  c r a b s  d e c r e a s e d  by  

5 7 %  ( 6 9 . 5 - 2 9 . 7  p .g  o f  D A / g )  (T a b le  2 ) .  In e a c h  c a s e ,  f e d  c r a b s  had  

a  s ig n i f i c a n t l y  (p  <  0 . 0 2 )  l o w e r  m e a n  D A  c o n c e n t r a t io n  than  

s ta r v e d  c r a b s  w h e n  s a m p le d  at 7 .  14 . an d  21 d a y s .

O n  D a y  21 o f  t h e  s e c o n d  e x p e r im e n t ,  th e  m a s s  o f  H P  t i s s u e  in 

th e  s ta r v e d  c r a b s  w a s  n o t ic e a b ly  l e s s  than  th at in th e  f e d  c r a b s .  T h e  

m e a n  w h o l e  w e i g h t  o f  th e  H P  fr o m  s ta r v e d  c r a b s ,  b a s e d  o n  c o m -

E3 C u m u l a t i v e  D A  f e d

p o s i t e d  m a te r ia l ,  w a s  5 6 %  o f  th e  m e a n  w h o l e  w e ig h t  o f  th e  H P  

f r o m  fed  c r a b s  ( 2 7 .2 g  v s . 4 8 . 2  g ) .  T h e  a v e r a g e  w e ig h t  til a  s ta rv ed  

c r a b  w a s  m o r e  th a n  th e  a v e r a g e  w e i g h t  o f  a  fed  cr a b  ( 7 7 0  v s .  7 3 0  

g )  but w a s  not s ig n i f i c a n t ly  d if fe r e n t .

A  l im i t e d  a m o u n t  o f  d a ta  w e r e  c o l l e c t e d  to  in v e s t ig a t e  a l ik e ly  

r o u te  o f  e l im in a t io n  o f  D A  f r o m  D u n g e n e s s  cr a b s . In th e  d e p u r a ­

t io n  e x p e r im e n t .  D A  w a s  not d e t e c t e d  ( < 0 . 5  p .g /g )  in s a m p le s  o f  

h e m o ly m p h  o b ta in e d  fr o m  th e  D A - c o n t a m in a t e d  c r a b s  at D ay I. 

n o r  fr o m  th e  s a m p l e s  ta k e n  at D a y  2 1 .  F u r th er  in v e s t ig a t io n  o f  a  

r o u te  o f  t o x in  e l im in a t io n  in v o l v e d  c o l l e c t i n g  f e c a l  m a te r ia l .  A fter  

o n e  f e e d in g  in th e  first e x p e r im e n t ,  th e  D A  c o n c e n t r a t io n  in f e c e s  

s a m p le d  a f t e r  2 4  h  w a s  2 .8  p .g /g .  A f te r  a d d it io n a l  f e e d in g s ,  th e  D A  

c o n te n t  in f e c a l  m a te r ia l  w a s  2 .8 .  1 3 .5 .  a n d  1 7 .3  p .g /g  at 4 8 .  9 6 .  and  

1 2 0  h .  r e s p e c t iv e ly .

5 0 0 0 D A  in t h e  H P
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F ig u r e  I. .S um m ation  o f  D A  in gested  by D u n g e n e s s  c r a b s  (C. m a g is te r )  
after  daily fe e d in g s  o f  to x ic  r a z o r  c la m s . D ark  b a rs  re p r ese n t  a c c u ­
m u la ted  DA in t lie  IIP , e x p r e sse d  a s  IIP  b u rd en . N o  sa m p le s  w ere  
ta k en  a fter  th e  third fe ed in g  to  m a x im iz e  sa m p le  s iz e s  a f te r  F eed in gs  
4  an d  5.
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T im e  (D a y s  a f t e r  l a s t  f e e d in g  of to x in - c o n t a m in a t e d  c l a m s )

F igu re  2. E ffec ts  o f  s ta rv a t io n  an d  feed in g  on  tile co n cen tra t io n  o f  DA  
in the IIP  o f  D u n g en ess  c r a b s  (C. m a g is te r )  d u r in g  d e p u r a t io n . B ars  
in d ica te  S E ,  il = H. 6 ,  7 , a n d  7  for  D a y s  I, 7 ,  14. an d  21. respective ly .  
S a m p lin g  at Day I rep resen ts  the initial to x in  leve l at the b eg in n in g  o f  
the ex p er im en t  an d  o ccu rred  24  h a f te r  th e  last to x ic  feed ing.



D o m o i c  A c i d  i n  D u n g e n e s s  C r a b  ( C a n c f r  m a g i s t e r ) 2 2 9

T A B L E  2.

E ffects  o f  s ta rv a t io n  an d  feed in g  tox in -free  c la m  m eat on  the 
d ep u ra tio n  o f  DA b> D u n g en ess  c r a b s  (C. m agis ter) .

T im e C on cen tra tio n  o f  DA %  o f  Initial

C rab s (days)* n in H P  <p/g)t S E  t C on cen tra tio n

1 8 69.5  ±  18.6 6.6 100
Fed 7 6 43.411 ±  6 .0 2.2 62

14 7 19.01 ±  15.4 5.8 27
21 7 7 .6 Í  ±  6 .2 2.3 11

1 8 69.5  ±  18.6 6.6 100
Starved 7 6 66.911 ±  21 .0 8.6 96

14 7 49.71  ± 2 1 .8 8.2 71
21 7 2 9 .7 #  ±  16.0 6.0 43

Number ol clays from Iasi feeding o f  toxic clams, 
t  M ean ±  SD .
" M eans with the sam e sym bols d iffer significantly as com pared using 

the Student Mest <p ^  0 .02).
± Standard error
Crabs w ere fed three tim es per week.

D IS C U S S IO N

F ee d in g

R a z o r  c la m s  a re  a  k n o w n  s o u r c e  o f  f o o d  fo r  c r a b s  in th e  w ild ,  

w h e n  a v a i la b le  ( T e g e lb e r g  1 9 7 2 .  S t e v e n s  e t  a l. 1 9 8 2 ) .  C ra b s  in th is  

s tu d y  re a d ily  c o n s u m e d  th e  c o m m e r c ia l ly  p r o c e s s e d ,  t o x ic  razor  

c la m s ,  w h ic h  s u g g e s t s  that razor  c la m s  c a n  be  a  natural v e c t o r  for  

th e  to x in  a s  w e l l  a s  p r o v id in g  a  la b o ra to ry  m e th o d  for  in tr o d u c in g  

th e  to x in .
C ra b  b e h a v io r  in th is  s tu d y  a p p e a r e d  to  b e  u n a f fe c t e d  b y  the  

in g e s t e d  to x in .  It i s  n o t  k n o w n  it there  is  a  l im it  to  the a m o u n t  o f  

D A  th e  H P  o f  a  c r a b  c a n  retain  o r  i f  there  i s  a  p o in t  at w h ic h  th e  

to x ic i t y  w o u l d  b e g in  l o  a f f e c t  th e  h e a lth  o f  th e  a n im a l .  In th e  w ild .  

D u n g e n e s s  c r a b s  h a v e  b e e n  f o u n d  w i t h  c o n c e n tr a t io n s  a s  h ig h  as  

2 5 2 p .g  o f  D A / g  o f  H P  (C h ia n g  1 9 9 2 ) .
U n e q u a l  f e e d in g ,  w h ic h  c a n  o c c u r  fr o m  a g g r e s s iv e  b e h a v io r  in 

c r a b s  an d  w h ic h  is  c o m m o n  w ith  a n  ad  l ib i tu m  f e e d in g  m e th o d ,  

w a s  c o n tr o l le d  by i s o la t in g  th e  c r a b s  in d iv id u a l ly  in a  n e t  and  

u s in g  m e c h a n ic a l  l in g e r s  to  f e e d  c la m  m e a t  to  e a c h  cra b . T h e  

f e e d in g  t e c h n iq u e  y ie ld e d  s e v e r a l  o th e r  a d v a n ta g e s  o v e r  th e  ad  

l ib i tu m  m e th o d .  T h e  h a n d - f e e d in g  m e t h o d  e n s u r e d  that e a c h  crab  

a te  o n l y  its p o r t io n  o f  c la m  m e a t  d u r in g  a  f e e d in g  a n d  r e d u c e d  the  

e x p o s u r e  t im e  o f  m e a t  to  w a te r ,  m in im iz in g  th e  p o s s ib i l i t y  o f  

l e a c h in g  w a te r - s o lu b le  D A  fr o m  th e  c la m  m e a t .  It a l s o  s h o r te n e d  

th e  t im e  p e r io d  in w h ic h  th e  c r a b s  fe d .  s o  v a r ia t io n  o f  d ig e s t io n  

t im e s  b e t w e e n  c r a b s  w a s  r e d u c e d .  F u rth erm o re , it id e n t i f ie d  crab s  

th at w e r e  p o o r  fe e d e r s ,  w h ic h  w e r e  e l im in a t e d  fr o m  th e  s tu d y .

R e s u lt s  rep o r ted  b y  W e k e l l  < 1 9 9 2 ) .  W e k e l l  e t  a l. ( 1 9 9 4 b ) .  and  

D r u m  et  a l. ( 1 9 9 3 )  s h o w e d  that D A  w ith in  the t i s s u e  o f  th e  razor  

c la m  i s  not u n ifo r m ly  d is tr ib u te d . F o r  in s ta n c e ,  th e  fo o t  o f  the  

razor  c la m  w a s  o f t e n  fo u n d  to  h a v e  m u c h  h ig h e r  l e v e l s  o f  D A  than  

th e  s ip h o n  or b o d y /m a n t le  parts. T h e r e f o r e ,  th e  f e e d in g  p r o to c o l  

d e s c r ib e d  p r e v io u s ly  w a s  a d o p te d  s o  that, th e o r e t ic a l ly ,  e a c h  crab  

r e c e iv e d  th e  s a m e  a m o u n t  o f  D A  at e a c h  f e e d in g .

S a m p lin g

A lt h o u g h  the F D A  a c t io n  le v e l  u s e s  p. g  o f  D A / g  o f  v is c e r a  as  

a u n it  o f  m e a su r e ,  th is  s tu d y  f o c u s e d  o n  th e  H P  b e c a u s e  it is  the  

p r im a ry  o r g a n  for  d ig e s t io n  a n d  b e c a u s e  it is  w h e r e  the b u lk  o f  the

to x in  w a s  fo u n d . C le a r ly ,  th e  in c lu s io n  o f  th e  rest o f  th e  v is c e r a l  

c o n t e n t s  p lu s  e n tr a in e d  f lu id s  a n d  h e m o ly m p h  w o u l d  d i lu te  a n y  

t o x in  p resen t .  T h is  d i lu t io n  w o u ld  in c r e a s e  th e  p o s s ib i l i t y  o f  error  

in th e  e s t im a t io n  o f  D A  c o n c e n tr a t io n  in th e  c r a b s ,  for  the p u r p o s e s  

o f  th is  s tu d y .  T o  s im p l i f y  s a m p l in g  o f  th e  IIP , but to  m a in ta in  

r e p r e se n ta t io n .  H P  m a te r ia l  w a s  r e m o v e d  fr o m  th ree  a n a to m ic a l  

a r e a s  o f  th e  o r g a n  (d o r s a l ,  v e n tr a l ,  la tera l)  an d  c o m p o s i t e d  for  

a n a ly s is .  T w e n t y - f o u r  h o u r s  p o s tp r a n d ia l  w a s  c h o s e n  a s  th e  s a m ­

p l in g  t im e  in te r v a l  b e c a u s e  that a m o u n t  o f  t im e  is  c o n s id e r e d  to  be 

n o rm a l for  b ra ch y u ra n  c r a b s  to  c o m p le t e ly  d ig e s t  a n d  a s s im i la t e  a 

m e a l  ( I c e ly  a n d  N o tt  1 9 9 2 ) .
O c c a s io n a l l y ,  i i i  th is  w o r k ,  it w a s  n e c e s s a r y  to  f r e e z e  s a m p le s  

to  fa c i l i ta te  s a m p l e  p rep a ra tio n  an d  h a n d l in g  fo r  c h e m ic a l  a n a ly s is .  

T h is  t e c h n iq u e  w a s  u s e d  w ith o u t  c o n c e r n  for  lo s s  o f  D A ,  b e c a u s e  

th e  to x in  h ad  b e e n  sh o w  n  i i i  th e  la b o ra to ry  to  b e  c h e m ic a l ly  s ta b le  

to  f r e e z in g ,  a s  an  a q u e o u s  e x tr a c t  o f  h o m o g e n i z e d  razor  c la m  

m e a ts  (J. W e k e l l  1 9 9 3 .  u n p u b l.  d a ta .  L u n d  1 9 9 5 )  a n d  in D u n g e n e s s  

c r a b  v is c e r a  h e ld  i i i  fr o z e n  s to r a g e  fo r  u p  to  I y  at - I O C  (Q u i l l ia m  

e t  a l. 1 9 8 9 ) .

A  few  s tu d ie s  h a v e  d e s c r ib e d  th e  f e e d in g  o f  t o x in - c o n ta m in a te d  

m a te r ia ls  to  cra b s . O n e  s u c h  s tu d y  w a s  a  l im it e d  f e e d in g  e x p e r i ­

m e n t  w h e r e  D a v i e s  ( 1 9 8 6 )  f e d  red  rock  c r a b s  { C a n c e r  p r o d u c t u s )  

a  s in g le  ad  l ib itu m  f e e d in g  o f  c la m s  c o n t a m in a t e d  w ith P S P  and  

s a m p le d  th e  c r a b s  o v e r  a  2 4 - h  p e r io d . A t  4  h . th e re  w a s  a  low  

c o n c e n tr a t io n  o f  to x in  in th e  v is c e r a ,  but n o  t o x in  d e t e c t a b le  in th e  

m u s c le  t i s s u e .  A f te r  2 4  h . h ig h  l e v e l s  o f  th e  to x in  w ere  fo u n d  i i i  the  

v is c e r a ,  l it t le  o r  n o  to x in  w a s  fo u n d  in  th e  s t o m a c h s ,  a n d  n o n e  w a s  

d e t e c t e d  in th e  m u s c le  t is s u e s .  D a v i e s  c o n c l u d e d  that P S P  to x in s  

a c c u m u la te  in  th e  v is c e r a ,  but not in th e  m u s c le  t i s s u e  o f  th e  cr a b s ,  

a f in d in g  s im i la r  to  th e  r e su lts  o f  th is  s tu d y .

In p r e v io u s  w o r k .  F o x e l l  e t  a l. ( 1 9 7 9 )  d e s c r ib e d  f e e d in g  P S P -  

to x ic  c la m s  to  a  g r o u p  o f  ro ck  c r a b s  ( C a n c e r  i r r o r a t u s )  f o r  15 w k. 

A fte r  d iv id in g  the c r a b s  in to  t w o  lo ts ,  o n e  lo t  w a s  s ta r v e d  for  a  

w e e k  an d  the o th e r  w a s  fed  n o n t o x ic  c l a m s .  A n a l y s e s  s h o w e d  that 

a f te r  I w k , th e  f e d  c r a b s  h ad  138  p.g o f  P S P / 1 0 0  g  o f  H P  a n d  the  

s ta r v e d  c r a b s  h a d  2 4 2  p g  o f  P S P /1 0 0  g  o f  H P . It is  a l s o  p o s s ib le  

that th e  h ig h e r  c o n c e n t r a t io n  in th e  s ta rv e d  c r a b s  w a s  partly  d u e  to  

l o s s  o f  H P  m a s s  rather than  e n t ir e ly  f r o m  r e te n t io n  o f  th e  to x in .  

O u r  d a ta  a l s o  s h o w e d  that f e e d in g  in c r e a s e d  th e  d e p u r a t io n  p r o c e s s  

in c r a b s ,  s u g g e s t in g  that d e p u r a t io n  in D u n g e n e s s  c r a b s  m a y  be  

r e la ted  to  m e ta b o l ic  p r o c e s s e s .

In a  p u b l ic a t io n  b y  S h u m w a y  ( 1 9 9 0 ) ,  il w a s  n o te d  that " t o x in s  

m th e  g a s tr o in te s t in a l  tract ( e .g . .  M y t i l u s )  are e l im in a t e d  m o re  

r e a d i ly  than  t o x in s  b o u n d  in t i s s u e s  ( e .g . .  P l a c o p e c t e n .  S p i s u la .  

an d  S a x i d i / n u s ) . "  In D A -d e p u r a t io n  s tu d ie s  b y  N o v a c z e k  et al. 

( 1 9 9 1 ,  1 9 9 2 ) .  b lu e  m u s s e l s  (A/, e d u l i s )  s h o w e d  a  h ig h  rate o f  

d e p u r a t io n  a n d  th e  to x in  a p p e a r e d  to  b e  re ta in e d  p r im a r ily  in the  

g u t  lu m e n ,  a s  p r e v io u s ly  r e p o r te d  b y  W r ig h t  e t  a l. ( 1 9 8 9 ) .  M u s s e l s  

w ith  an  in itia l c o n c e n tr a t io n  o f  5 0  p .g  o f  D A / g  h e ld  u n d er  c o n ­

tro lled  la b o r a to ry  c o n d i t io n s  h ad  o n ly  r e s id u a l  a m o u n t s  o f  D A  

r e m a in in g  a f te r  7 2  h. N o v a c z e k  e t  a l .  ( 1 9 9 2 )  a l s o  s tu d ie d  the  

c o n d i t io n s  o f  s ta r v a t io n  an d  f e e d in g  o n  b lu e  m u s s e l s  an d  fo u n d  

that th e  fed  m u s s e l s  c o n s i s t e n t ly  d e p u r a te d  D A  m o r e  r a p id ly  than  

th e  s ta r v e d  m u s s e l s .  H o w e v e r ,  th e  d i f f e r e n c e s  w e r e  n o t  c o n s id e r e d  

s ig n i f ic a n t .  S i z e  o f  a n im a l  an d  e n v ir o n m e n ta l  c o n d i t i o n s ,  s u c h  as 

w a te r  te m p e ra tu r e ,  w e r e  a l s o  s h o w n  lo  in f lu e n c e  th e  ra te  o f  d e p u ­

ration.
In c o n tr a s t  to  b lu e  m u s s e l s ,  razor  c l a m s  d is tr ib u te  D A  th r o u g h ­

o u t  their  v a r io u s  b o d y  t i s s u e s  (W e k e l l  e t  a l. 1 9 9 2 ,  D r u m  et  al. 

1 9 9 3 .  W e k e l l  e t  a l. 1 9 9 4 a ) .  D e p u r a t io n  s t u d ie s  c o n d u c te d  b y  D r u m
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e t  a l .  ( 1 9 9 3 )  a n d  H o r n e r  e t  a l. ( 1 9 9 3 )  fo u n d  that r a z o r  c la m s  

s h o w e d  lit t le  o r  n o  lo s s  o f  D A  a f te r  3  m o .
E a r lie r  w o r k  in th is  la b o r a to ry  s h o w e d  that D A  a c c u m u la te d  

o n l y  in th e  H P  o f  D u n g e n e s s  cr a b  a n d  w a s  n o t  fo u n d  in  th e  e d ib le  

m e a ts  o f  b o d y  or l e g s  ( W e k e l l  e t  a l. 1 9 9 4 a .  L u n d  1 9 9 5 ) .  B e c a u s e  

D A  d id  not e n te r  th e  e d ib l e  m u s c le  t i s s u e  o f  l i v e  D u n g e n e s s  cra b ,  

but w a s  fo u n d  in th e  IIP  a n d  f e c e s ,  it w a s  r e a s o n a b le  to  a s s u m e  that 

d e p u r a t io n  w o u l d  o c c u r .
In c o n c l u s i o n ,  th e  r e su lts  o f  th is  s tu d y  s h o w e d  that D u n g e n e s s  

c r a b s  a b so r b  D A  q u ic k ly  an d  m a y  e l im in a t e  s o m e  o f  th e  in g e s t e d  

t o x in  q u ic k ly  a s  a  part o f  th e  d i g e s t i v e  p r o c e s s .  A l s o ,  to x in  a c c u ­

m u la te d  in th e  H P  w ith d a i ly  f e e d i n g s  o f  D A - c o n t a m in a t e d  c la m s  

a n d  e f f e c t i v e l y  d e p u r a te d  from  th e  H P  o v e r  a  3 - w k  p e r io d  o n c e  the  

t o x i c  f e e d in g s  c e a s e d .  T h e  d e p u r a t io n  p r o c e e d e d  at a  fa s te r  rate 

w h e n  c r a b s  w e r e  f e d  th a n  w h e n  t h e y  w e r e  s ta rv e d . D A  w a s  fo u n d
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