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A b s t r a c t  

S h e l l f i s h  f rom Crow Ha rbou r  a r e  m o n i t o r e d  f o r  
p a r a l y t i c  s h e l l f i s h  p o i s o n  c o n t e n t  because t o x i c i t y  i n c r e a s e s  
u s u a l l y  o c c u r  t h e r e  a  week o r  t e n  days  b e f o r e  t h e y  b e g i n  i n  
o t h e r  p a r t s  o f  t h e  Bay o f  Fundy,  Crow Ha rbou r  i s  an e a r l y -  
w a r n i n q  s t a t i o n  o f  a p p r o a c h i n g  h a z a r d s  o f  s h e l l f i s h  p o i s o n i n g .  
However, between Janua ry  and May 1971, t h e  m o n i t o r i n g  s c o r e s  
v a r i e d  so  much t h a t  t h e y  seemed u n l i k e l y  t o  s e r v e  t h i s  p u r p o s e .  
The p o i s o n  s o u r c e  o r g a n i s m  ( ) was n o t  
f o u n d  i n  t h e  May p l a n k t o n  an h a t  t h e  p o i s o n  
i n  t h e  s h e l l f i s h  was a  c a r r y - o v e r  o f  u n e x c r e t e d  p o i s o n  accumula  
t e d  d u r i n g  t h e  summer o f  1978.  The s c o r e s  o f  s h e l l f i s h  f rom 
t h e  m o n i t o r i n g  s t a t i o n  s h o u l d  t h e r e f o r e  have been s t a b l e  
because p o i s o n  e x c r e t i o n  a t  l o w  t e m p e r a t u r e s  i s  s l ow .  

I t  Js known t h a t  s h e l l f i s h  t o x i c i t y  v a r i e s  f r o m  
p l a c e  t o  p l a c e  dn any a r e a . a n d  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  
1971 w l n t e r  and s p r i n g  sambles o f  Crow Ha rbou r  s h e l l f i s h  were 
n o t  a l w a y s  t a k e n  f r o m  t h e  same p l a c e  because the m o n i t o r i n g  
s t a t i o n  had n o  permanent  m a r k e r ,  T h i s  and t h e  e r r o r  i n h e r e n t  
i n  t h e  b i o a s s a y  method seemed t o  be t h e  l i k e l y  s o u r c e  o f  mos t ,  
i f  n o t  a l l ,  t h e  obse rved  s c o r e  v a r i a t i o n ,  

A s t e p - b y - s t e p  s t u d y  o f  t h e  s a m p l i n g  p r o c e d u r e  was 
made t o  d i s c o v e r  o t h e r  s o u r c e s  o f  v a r i a t i o n .  When summer 
samples o f  t o x i c  s h e l l f i s h  a r e  s t o r e d  t h e i r  s c o r e s  r i s e  b y  as 
much as 100% w i t h i n  f o u r  days,  t h e n  d e c r e a s e .  F o r  s t r i c t  
c o m p a r a b i l i t y  o f  samples,  i t  i s  t h e r e f o r e  n e c e s s a r y  t o  s t a n d a r d -  
i z e  t h e i r  s t o r a g e  p e r i o d s  ( t i m e s  between f i s h i n g  and e x t r a c t i o n  
f o r  b i o a s s a y ) .  Records  show t h a t  s t o r a q e  p e r i o d s  o f  Crow Ha rbou r  
w i n t e r  samples v a r i e d  and v a r i a t i o n s  I n  p e r i o d s  o f  s t o r a g e  may 
have c o n t r i b u t e d  t o  t h e i r  s c o r e  v a r i a t i o n s .  However, t h e r e  i s  
r e a s o n  t o  e x p e c t  t h a t  s t o r a q e  m lghk  have l e s s  e f f e c t  on s c o r e s  
o f  w i n t e r  samples t h a n  an s c o r e s  o f  summer samples,  The w i n t e r  
r e c o r d s  f o r  Crow Ha rbou r  seem t o  f u l f i l  t h i s  e x p e c t a t i o n .  

A f t e r  t h e  s a m p l i n g  s t a t i o n  was p e r m a n e n t l y  marked 
i n  May 1971,  t h e r e  were f e @ e r  e r r a t i c  changes i n  m o n i t o r i n g  
s c o r e s  and t h e  Crow Ha rbou r  p rog ram s e r v e d  i t s  p u r p o s e  as  an 
e a r l y - w a r n i n g  s t a t i o n  f o r  397% summer r i s e s  i n  s h e l l f i s h  
t o x i c i t y  i n  t h e  Bay o f  Fundy.  P r e c a u t i o n s  l i k e  t h o s e  t a k e n  i n  
Crow Ha rbou r  a r e  needed whe reve r  s h e l l f i s h  t o x i c i t y  i s  t o  be 
m o n i t o r e d .  



WINTER VARIABIL ITY  I N  PARALYTIC SHELLFISH POISON 

SCORES FOR CROW HARBOUR, NEW BRUNSWICK 

THE C R O W  HARBOUR PROBLEM 

Crow H a r b o u r ,  s o m e t i m e s  c a l l e d  Crow Cove ( N . L a t .  
45'06'; W . L o n g . 6 6 " 3 7 ' )  i s  an  i n l e t  o n  t h e  Bay o f  Fundy  c o a s t  
o f  C h a r l o t t e  C o u n t y  and  a p p r o x i m a t e l y  t w o  m i l e s  w e s t  o f  
P o c o l o g a n  H a r b o u r ,  I t  i s  u s e d  b y  t h e  F i s h e r i e s  S e r v i c e  o f  
E n v i r o n m e n t  Canada a s  a Key A r e a  ( M e d c o f  i n  P r a k a s h ,  M e d c o f  
a n d  P e n n a n t ,  i n  p r e s s )  i n  i t s  e f f o r t s  t o  l i m i t  r i s k s  o f  
p a r a l y t i c  s h e l l f i s h  p o i s o n d n g ,  F i s h e r i e s  O f f i c e r s  t a k e  
m o n i t o r i n g  s a m p l e s  o f  s o f t - s h e l l  c l a m s  ( a r e n a r i a )  t h e r e  
b e c a u s e  a n n u a l  r i s e s  i n  t h e i r  t o x i c i t y  u  1 l y  b e g i n  a b o u t  
a  week o r  t e n  d a y s  e a r l i e r  t h a n  i n  o t h e r  p a r t s  o f  t h e  Bay 
s f  Fundy ,  P h i s  e a r l y  w a r n i n g  a l l o w s  t h e  F i s h e r i e s  S e r v i c e  
t i m e  t o  q u a r a n t f n e  some P i ; h e r i e s  and  a l e r t  t h e  p u b l i c  t o  
h a z a r d s  s f  p a r a l y t i c  s h e l l f f s h  p o i s o n i n g .  

R e c o r d s  (Boyd  and h a c h a n c e ,  1970;  Boyd  a n d  T u r g e o n ,  
7 9 7 1 )  show t h a t  Crow H a r b o u r  s h e l l f i s h  f r o m  t h e  k e y  s a t i o n  
i n  West C r e e k  a r e  o f t e n  t o x i c  t h e  y e a r - r o u n d .  Scores!  may b e  
h i g h  i n  summer b u t  f r o m  November t o  June  t h e y  a r e  u s u a l l y  l o w  
and s o  n e a r  t o  b e i n g  s t a b l e  t h a t  t h e i r  v a r i a t i o n s  c a n  b e  
r e a s o n a b l y  a t t r i b u t e d  t o  e r r o r  i n h e r e n t  i n  t h e  b i o a s s a y  m e t h o d  
{ Q u a y l e ,  1 9 6 9 ) .  However ,  t h e  m o n i t o r i n g  s a m p l e  t a k e n  b y  t h e  
F i s h e r i e s  S e r v i c e  on  20  A p r f l  1 9 7 1  i n d i c a t e d  a  l a r g e  and u n -  
e x p e c t e d  i n c r e a s e  i n  t o x i c i t y ,  On 2 3  A p r i l  and  5 May F i s h e r i e s  
S e r v i c e  t o o k  s p o t  s a m p l e s  f r o m  n e i g h b o u r i n q  s i t e s  and  d e t e c t e d  
e v e n  q r e a t e r  v a r i a t i o n s .  They f e a r e d  t h a t  t h i s  was a n  a b n o r m a l  
s i t u a t i o n  and t h a t  i f  t h e  v a r i a t i o n  c o n t i n u e d ,  t h e y  w o u l d  f i n d  
i t  d i f f i c u l t  o r  i m p o s s i b l e  t o  d e t e c t  t h e  f i r s t  s m a l l  1 9 7 1  summer 
r i s e s  i n  s h e l l f i s h  toxicity, 

D e t e c t i n g  t h e  f i r s t  s m a l l  r i s e s  i s  b a s i c  t o  t h e  
r e g i o n ' s  m o l l u s c a n  s h e l l f i s h  f i s h e r i e s  management  scheme. U n d e r  

' S c o r e s  a r e  t h e  n u m e r i c a l  r e s u l t s  o f  b i o a s s a y s  o f  s h e l l f i s h  
f o r  p a r a l y t i c  p o i s o n  c o n t e n t  and i n d i c a t e  t h e  number  o f  
m i c r o g r a m s  p r e s e n t  i n  1 6 0  9 o f  s h e l l f i s h  m e a t .  W i t h  o u r  
b i o a s s a y  m e t h o d ,  t h e  min imum d e t e c t a b l e  s c o r e  i s  4 4 ,  S c o r e s  
f o r  s a m p l e s  t h a t  t e s t  n e g a t f v e  i n  b i o a s s a y s  a r e  r e p o r t e d  a s  
9 4 4  w h i c h ,  f o r  p r a c t i c a l  p u r p o s e s ,  a r e  t a k e n  a s  z e r o ,  



t h i s  scheme, q u a r a n t i n e s  a r e  i m p o s e d  on f i s h i n g  a r e a s  d u r i n g  
p e r i o d s  when t h e i r  s h e l l f i s h  s c o r e s  e x c e e d  p r e s c r i b e d  l i m i t s .  
So u n u s u a l  v a r i a t i o n s  i n  t h e  9971 m o n i t o r i n g  s c o r e s  f o r  
Crow H a r b o u r  p o s e d  a r e a l  p u b l i c  h e a l t h  and f i s h e r i e s  manage- 
m e n t  p r o b l e m ,  

The F i s h  I n s p e c t i o n  B r a n c h  o f  t h e  F i s h e r i e s  S e r v i c e  
r e q u e s t e d  c o o p e r a t i o n  f r o m  t h e  F i s h e r i e s  R e s e a r c h  B o a r d ' s  
S t ,  Andrews B i o l o g i c a l  S t a t i o n  i n  s t u d y i n q  t h e  Crow H a r b o u r  
s i t u a t i o n  i n  t h e  hope o f  e x p l a i n i n g  i t  and o f  p o s s i b l y  f i n d -  
i n g  ways o f  r e d u c i n q  t h e  s c o r e  v a r i a t i o n s ,  

The Crow H a r b o u r  s i t u a t i o n  I s  n o t  u n i q u e .  S i m i l a r  
c a s e s  h a v e  a r i s e n  i n  o t h e r  a r e a s ,  They  w i l l  p r o b a b l y  a r i s e  
a q a i n  and t h e  F i s h e r i e s  S e r v i c e  w i l l  h a v e  t o  d e a l  w i t h  them.  
Some o f  t h e  p r i n c i p l e s  i n v o l v e d  i n  t h i s  s t u d y  ( f o r  e x a m p l e ,  
c h a n g e s  i n  t o x i c i t y  o f  s a m p l e s  d u r i n g  l i v e  s t o r a g e )  a r e  
n e i t h e r  g e n e r a l l y  r e c o q n i z e d  n o r  u n d e r s t o o d .  These a r e  o u r  
r e a s o n s  f o r  c i r c u l a t i n g  t h f o  r e p o r t  on  t h e  Crow H a r b o u r  
i n v e s t i q a t i o n ,  

M I N T E R  VARIABIL ITY ,  9931 

T a b l e  l i s  c o m p i l e d  f r o m  t h e  F i s h  I n s p e c t i o n  L a b o r a -  
t o r y "  r e c o r d s  and  l i s t s  1971 Crow H a r b o u r  t o x i c i t y  s c o r e s  f o r  
s o f t - s h e l l  c l a m  s a m p l e s ,  m o s t  o f  w h i c h  w e r e  made b y  t h e  
C o n s e r v a t i o n  and  P r o t e c t i o n  B r a n c h  o f  t h e  F i s h e r i e s  S e r v i c e .  
The s a m p l e s  w e r e  d u g  i n  d i f f e r e n t  a r e a s  a s  i n d i c a t e d  ( T a b l e  1  
and F i g u r e  1 ) .  Th@ same d a t a  a r e  d i s p l a y e d  g r a p h i c a l l y  i n  
F i q u r e  2 ,  Be tween  6 J a n u a r y  and 5 May, t h e  s c o r e s  v a r i e d  more  
t h a n  500% ( 4 8  t o  3 5 0 )  i f  a l l  s a m p l e s  a r e  c o n s i d e r e d ,  and b y  
more  t h a n  400% i f  on7 s a m p l e s  f r o m  t h e  k e y  s t a t i o n  a r e  
c o n s i d e r e d  ( 6 6  t o  290 I t  i s  known t h a t  t h e  b i o a s s a y  " e r r o r "  
i n  e s t i m a t i n q  l o w  s c o r e s  i s  q r e a t e r  t h a n  t h a t  i n  e s t i m a t i n g  
h i g h  s c o r e s  ( Q u a y l e ,  19691 ,  However ,  e v e n  when t h i s  was 
a l l o w e d  f o r ,  t h e  1971  Crow H a r b o u r  v a r i a t i o n s  seemed h i g h  a n d  
w e r e  s p e c i a l l y  h i g h  i n  A p r i l  compared w i t h  w i n t e r  s a m p l e s  i n  
I 9 6 9  and 1970  ( F i q .  2)- 

The d i n o f l a q e l l a t e ,  t a m a r e n s i s ,  i s  t h e  o n l y  
known s o u r c e  o f  s h e l l f i s h  p o f s o n  i n  e a s t e r n  Canada.  I t  o c c u r s  
i n  t h e  summer p l a n k t o n  o f  p a r t s  s f  t h e  Bay o f  Fundy  a n d  p a r t s  
o f  t h e  e s t u a r y  s f  t h e  S t .  L a w r e n c e  b u t  i t  i s  n o t  a  componen t  
o f  o u r  w i n t e r  p l a n k t o n  and i n s h o r e  s h e l l f i s h  a r e  u s u a l l y  p o i s o n -  
f r e e  f n  w j n t e r  (Needier, 1949 ;  P r a k a s h ,  i n  P r a k a s h ,  M e d c o f  a n d  
T e n n a n t ,  i n  p r e s s ) .  We h a v e  many r e c o r d s  o f  o n s e t  o f  c o l d  
w e a t h e r  b e f o r e  s h e l l f i s h  h a v e  e x c r e t e d  a l l  t h e  p o i s o n  t h e y  
a c c u m u l a t e d  d u r i n g  t h e  p r e c e d i n g  summer-autumn s e a s o n .  I n  
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The s u r f a c e  w a t e r  t e m p e r a t u r e  a t  t h e  p l a n k t o n  
s t a t i o n  on  5 May was 4,7"C. From h e r  s t u d y  o f  G ,  t a m a r e n s i s ,  
N e e d l e r  ( 1 9 4 9 )  c o n c l u d e d  t h a t  i t s  c y s t s  d o  n o t  F o s a t e  t o  
g i v e  r i s e  t o  p o p u l a t i o n s  o f  t h e  f l a ~ e l l a t e d  f o r m  o f  t h i s  
s p e c i e s  u n t i l  w a t e r  t e m p e r a t u r e s  r e a c h  10°C. 

The s a l i n i t y  o f  t h e  w a t e r  a t  t h e  p l a n k t o n  s t a t i o n  
was 2 2 % .  We l a c k  Crow H a r b o u r  s a l i n i t y  d a t a  f o r  o t h e r  y e a r s  
b u t  t h e  5 May 1971  r e c o r d  seems n o r m a l  f o r  a  Bay o f  Fundy  
i n l e t  o f  i t s  t y p e  a t  t h i s  s e a s o n .  S u r f a c e  s a l i n i t y  i n  S t .  
C r o i x  R i v e r  a t  t h e  B i o l o g i c a l  S t a t i o n ,  S t .  Andrews,  was 21%, 
o n  1 4  May 1 9 7 1  and t h i s  s a l i n i t y  i s  f a v o u r a b l e  t o  g r o w t h  o f  
G ,  t a m a r e n s i s  ( P r a k a s h ,  i n  P r a k a s h ,  M e d c o f  and T e n n a n t ,  i n  -- 
p r e s s ) .  

Our c o n c l u s i o n s  a r e  t h a t  Q;, t a m a r e n s i s  was n o t  
p r e s e n t  and w o u l d  n o t  be  e x p e c t e d  t o  b e  p r e s e n t  i n  Crow 
H a r b o u r  u n d e r  t h e  c o n d i t i o n s  o b s e r v e d  5 May 1971 .  

L I K E L Y  C A U S E S  OF VARIATION 

The above  f i n d i n g s  i n d i c a t e  t h a t  t h e  f i r s t  p o s s i b l e  
e x p l a n a t i o n  o f  s c o r e  v a r i a t i o n  i s  u n l i k e l y  a n d  t h a t  t h e  t r u e  
e x p l a n a t i o n  s h o u l d  be  s o u g h t  e l s e w h e r e .  We t h e r e f o r e  e x a m i n e d  
e a c h  s t e p  i n  t h e  m o n i t o r i n g  p r o c e d u r e  ( f r o m  f i e l d  c o l l e c t i o n  
o f  s h e l l f i s h  s a m p l e s  t o  t h e  p r e p a r a t i o n  o f  t h e i r  e x t r a c t s ) ,  
l o o k i n g  f o r  l i k e l y  c a u s e s  o f  v a r i a t i o n .  

S i t e  o f  k e y  a r e a  s a m p l i n g  s t a t i o n  - 
D i s c u s s i o n s  w i t h  t h e  l o c a l  C o n s e r v a t i o n  and P r o t e c t i o n  

O f f i c e r  showed t h a t  on 1  A p r i l  1971  t h e r e  was a  c h a n g e  i n  
o f f i c e r s  r e s p o n s i b l e  f o r  g a t h e r i n g  t h e  Crow H a r b o u r  s h e l l f i s h  
s a m p l e s  f o r  m o n i t o r i n g  t o x i c i t y ,  I t  a l s o  a p p e a r e d  t h a t  a l l  
s a m p l e s  f i s h e d  a f t e r  1  A p r i l  n a y  n o t  h a v e  been  t a k e n  f r o m  
e x a c t l y  t h e  same s i t e  b e c a u s e  o+ t i d a l  v a r i a t i o n s  a n d  b e c a u s e  
t h e r e  was n o  p e r m a n e n t  m a r k e r  f o r  t h e  s a m p l i n g  s t a t i o n ,  T h i s  
i s  l i k e l y  t o  p r o d u c e  v a r i a b i l i t y  i n  b i o a s s a y  r e s u l t s  f o r  t h r e e  
r e a s o n s .  

1 ,  Beach t r a n s e c t  sarnpl i n g  (Medcof  e t  a1 . , 7 9 4 7 )  
shows t h a t  t o x i c t t y  o f  i n t e r t i d a l  s h e l l f i s h  i s  
l o w  wear  h i g h - w a t e r  m a r k  (HWM) i n  t h e  Fundy  
r e g i o n  and i n c r e a s e s  by as  much a s  40% t o w a r d  
l s w - w a t e r  mark  (LWM), 



2 .  T o x i c i t i e s  o f  e l a m s  t a k e n  f r o m  beaches  n e a r  t h e  
heads  o f  h a r b o u r s  a r e  l o w  a n d  t h o s e  o f  c l a m s  
f r o m  beaqhes  n e a r  t h e  m o u t h s  a r e  h i g h - - u p  t o  
t e n  t i m e s  a s  h i g h  as  t h o s e  n e a r  t h e  h e a d s .  T a b l e  
1  r e f e r s  t o  t h e  s t a t i o n  n e a r  t h e  head  o f  Crow 
H a r b o u r  as t h e  " h i q h  f l a t "  and  t o  t h e  s t a t i o n  
n e a r  t h e  m o u t h  a s  t h e  " l o w  f l a t " ,  These t e r m s  
do n o t  r e f e r  t o  t h e  l e v e l  i n  t h e  i n t e r t i d a l  zone .  

3 .  I n , m a n y  Bay o f  Fundy  a r e a s  t h e  mean s i z e  o f  c l a m s  
v a r i e s  f r o m  p l a c e  t o  p l a c e  a n d  t h e r e  i s  e v i d e n c e  
t h a t  t o x i c i t y  o f  s m a l l  c l a m s  i s  u p  t o  1 5 %  h i g h e r  
t h a n  t h a t  o f  l a r g e  c l a m s  t a k e n  a t  a n y  g i v e n  s i t e  
( M e d c o f  e t  a l e ,  1 9 4 7 ) .  We w e r e  u n a b l e  t o  d e t e r -  
m i n e  w h e t h e r  t h e r e  w e r e  d i f f e r e n c e s  i n  t h e  
a v e r a g e  s i z e s  o f  s h e l l f i s h  s a m p l e d  i n  1971 b u t  
t h i s  seems p o s s i b l e  i f  n o t  l i k e l y .  

I n  t h e  hope o f  r e d u c i n g  v a r i a b i l i t y ,  o u r  M r .  D.  E. 
Graham, who was r e s p o n s i b l e  f o r  F R B  f i e l d  w o r k  i n  t h i s  s t u d y ,  
a s s i s t e d  t h e  f i s h e r i e s  w a r d e n  on  5 May i n  m a r k i n g  t h e  k e y  
s a m p l i n q  s t a t i o n  ( F i q .  I )  b y  d r i v i n g  a s t e e l  p i p e  i n t o  t h e  
q r o u n d .  The s i t e  i s  r e a d i l y  a c c e s s i b l e  a t  h a l f - t i d e  a n d  i t  
has  a n  a d e q u a t e  s t o c k  o f  m e d i u m - s i z e d  c l a m s .  

Changes i n  s c o r e s  a f t e r  f i s h i n q  -- 

. T o x i c i t y  s c o r e s  o f  summer samp les  o f  l i v i n g  
ge a f t e r  t h e y  a r e  f i s h e d  (Medcof  e t  a l , ,  1 9 4 7 ) .  

A t  f i r s t  t h e  s c o r e s  r i s e  s u d d e n t l y  t h e n  d e c r e a s e  more  s l o w l y  
( F i g .  3 ) .  As w e l l  as  I c a n  r e c a l l ,  e x t r a c t s  whose s c o r e s  
a r e  p l o t t e d  i n  F i g u r e  3 w e r e  p r e p a r e d  f r o m  samp les  w i t h i n  24 
h o u r s  o f  c o l l e c t i o n .  

Changes i n  t o x i c i t y  o f  l i v i n g  s h e l l f i s h  d u r i n g  
s t o r a g e  seem t o  h a v e  been o b s e r v e d  o n l y  on  o u r  A t l a n t i c  c o a s t  
where  s h e l l f i s h  d e r f v e  t h e i r  p o i s o n  f r o m  G. t a m a r e n s i s .  
A p p a r e n t l y  t h i s  p o i s o n  has  t w o  i n t e r a c t i n r c o m p o n e n t s  t h a t  
d i f f e r  i n  t h e i r  p o t e n c y  and o t h e r  c h a r a c t e r i s t i c s .  E v i d e n c e  
o f  t h i s  emerged f r o m  c a n n i n g  t e s t s  i n  1 9 4 5  ( M e d c o f  e t  a l . ,  
1 9 4 7 )  and  Prom r e c e n t  w o r k  i n  t h e  U , K ,  ( E v a n s ,  1 9 7 0 ) .  I n t e r -  
a c t i o n s  o f  t h e s e  c o m p o n e n t s  may e x p l a i n  t h e  p e c u l i a r  changes  
shown i n  F i g u r e  3 .  

The r i s e  i n  t o x i c i t y  s c o r e s  d u r i n g  l i v e  s t o r a g e  may 
e x c e e d  1 0 0 %  and  o c c u r s  r e g a r d l e s s  o f  w h e t h e r  t h e  s h e l l f i s h  
a r e  h e l d  i n  f l o w i n g  sea w a t e r  o r  a i r - s t o r e d  a t  r o o m   temperature^,^ 

a t  t e m p e r a t u r e s  



s l i g h t l y  above f r e e z i n g  o r  a t  t e m p e r a t u r e s  wel l  below f r e e z i n g  
( - 7 5  t o  - 2 0 e C ) ,  F i g u r e  3 s u g g e s t s  t h a t  t h i s  c y c l e  i s  comple ted  
more q u i c k l y  when s h e l l f i s h  a r e  he ld  i n  a i r  a t  15'C than  i n  
w a t e r  a t  s l i g h t l y  lower t e m p e r a t u r e s ,  For s h e l l f i s h  t h a t  a r e  
he ld  i n  w a t e r ,  t h e  r i s i n g  s c o r e s  r e a c h  t h e i r  maximum a b o u t  96 
hours  a f t e r  f i s h i n g ,  

These phenomena & r e  n o t  under s tood  b u t  shou ld  be 
a l lowed f o r  whenever t h e r e  i s  need f o r  d e t e c t i n g  s m a l l ,  t r u e  
chanqes i n  t o x i c i t y  - f o r  axample,  when m o n i t o r i n  
Tennant  ( i n  P r a k a s h ,  Medcof and Tennan t ,  i n  p r e s s  
of t h i s  and advoca ted  s t a n d a r d i z i n g  t h e  t r e a t m e n t  of samples  
from t h e  moment t h e y  a r e  c o l l e c t e d  i n  t h e  f i e l d  u n t i l  t h e y  a r e  
e x t r a c t e d .  Th i s  shou ld  i n c l u d e  s t a n d a r d i z i n g  a i r - s t o r a g e  
t e m p e r a t u r e s  and t ime i n t e r v a l s  between c o l l e c t i o n  and e x t r a c t i o n .  
P h i s  r e g u l a r i z a t i o n  could  he1 p r educe  v a r i a b i l i t y  of b i o a s s a y  
s c o r e s  l i k e  t h o s e  observed  a t  Crow Harbour i n  7991. 

We s a y  "cou ld"  above because  t o  d a t e  i t  has  
t h a t  s c o r e s  s f  w i n t e r  samples  change a f t e r  

f i s h i n g  l f k e  t h o s e  of summer samples ,  We s e a r c h e d  t h e  Crow 
Harbour d a t a  f o r  e v i d e n c e  of  s c o r e  changes d u r i n g  s t o r a g e .  
Tab le  1  shows t h a t  t h e  i n t e r v a l  between c o l l e c t i o n  and e x t r a c t i o n  
v a r i e d  from O t o  3 days  b u t  was u s u a l l y  one day.  S h e l l f i s h  
t o x i c i t y  s c o r e s  f o r  t h e  p e r i o d  6 J a n u a r y  t o  2 7  J u l y  1971 were 
p l o t t e d  a g a i n s t  t h e  l e n g t h s  of t h e  i n t e r v a l s  ( d a y s )  between 
d i g g i n g  and e x t r a c t i o n  of t h e  c o r r e s p o n d i n g  samples  ( F i g .  4 ) .  

The s c a t t e r i n g  of p o i n t s  f o r  samples  t a k e n  from t h e  
r e g u l a r  sampling s t a t i o n  ( F i g ,  4 )  s u g g e s t s  t h a t  s c o r e s  were 
abou t  t h e  same t h r o u g h o u t  t h e  p e r i o d  and t h a t  s c o r e  l e v e l s  
were a b o u t  t h e  same r e q a r d l e s s  s f  whether  samples  were s t o r e d  
0 , % ,  2 o r  3 days b e f o r e  e x t r a c t i o n .  

A c t u a l l y ,  t h e  s i t u a t i o n  canno t  be f u l l y  a s s e s s e d  from 
t h i s  s l m p l e  a n a l y s i s  because measurements s f  t ime  i n t e r v a l s  
between c o l l e c t i o n s  and e x t r a c t i o n s  do no t  f u l l y  d e s c r i b e  t h e  
t r e a t m e n t s  s f  s a m p l e s ,  The s t o r a g e  i n t e r v a l s  were compos i t e ,  
c o n s i s t i n g  o f  a p e r i o d  o f  a i r  s t o r a g e  i n  t h e  w a r d e n ' s  au tomobi l e  
a n d  a  p e r i o d  of  a i r  s t o r a g e  i n  t h e  F i s h  I n s p e c t i o n  L a b o r a t o r y .  
The l e n g t h s  of both t h e s e  p e r i o d s  v a r i e d  ( T a b l e  I ) .  

We canno t  say  how any p a r t i c u l a r  sample was handled  
w h i l e  S t  w a s  i n  c u s t o d y  of t h e  f i s h e r i e s  warden,  Sample 
c o l l e c t i s n  t lmes  v a r i e d  w i t h  t i d a l  c y c l e s ,  and t h e  w a r d e n ' s  
o t h e r  d u t i e s  sometSmes i n t e r f e r e d  w i t h  h i s  d e l i v e r y  of  samples  



t o  t h e  l a b o r a t o r y .  He u s u a l l y  d e l i v e r e d  them on  t h e  c o l l e c t i o n  
d a t e  b u t  s o m e t i m e s  on t h e  f i r s t  o r  s e c o n d  d a y  f o l l o w i n g  
c o l l e c t i o n  ( T a b l e  1 )  and c o n d i t i o n s  u n d e r  w h i c h  he  h e l d  them 
p r o b a b l y  v a r i e d .  We may Rave c a r r i e d  t h e m  i n  t h e  b o d y  o f  h i s  
a u t o m o b i l e  (warm d u r i n g  t h ?  d a y  and c o o l  a t  n i q h t )  o r  i n  t h e  
t r u n k  ( c o o l  a t  a l l  t i m e s ) .  

F i q u p e  3 s u g g e s t s  t h a t  t h e  c y c l e  b f  c h a n g i n g  s c o r e s  
o f  summer s a m p l e s  i s  c o m p l e t e d  more  r a p i d l y  a t  h i g h  t h a n  a t  
l o w  t e m p e r a t u r e s  e v e n  t h o u g h  t h e  a m p l i t u d e  o f  changes  may be 
a b o u t  t h e  same. So, some v a r i a t i o n  i n  w i n t e r - s p r i n g  s a m p l e  
s c o r e s  m i q h t  b e  e x p e c t e d  f r o m  t h e  v a r i e t y  i n  ways o f  h a n d l i n g  
and  I n  t h e  l e n g t h s  o f  t h e  p e r i o d s  o f  h o l d i n g  b y  t h e  w a r d e n ,  

L a b o r a t o r  
"- 

S t a f f  a t  t h e  B l a c k "  H a r b o u r  F i s h  I n s p e c t i o n  L a b o r a -  
t o r y ,  w h e r e  e x t r a c t i o n s  f o r  b i o a s s a y  a r e  p r e p a r e d ,  s t a t e d  t h a t  
a f t e r  s h e l l f i s h  s a m p l e s  r e a c h  t h e  l a b o r a t o r y  t h e i r  c o n d i t i o n s  
o f  h o l d i n q  a r e  u n i f o r m :  t h e y  a r e  s t o r e d  i n  p l a s t i c  bags  i n  a  
r e f r i g e r a t o r  a t  5OC ( 4 0 ° F ) .  However ,  t h e r e  a r e  d i f f e r e n c e s  
i n  t h e  l e n g t h  s f  t h e  s t o r a g e  p e r i o d  ( T a b l e  1 ) .  Thus,  l a b o r a t o r y  
s t o r a g e  may a l s o  b e  a  s o u r c e  o f  s c o r e  v a r i a t i o n  w h e r e  summer 
s a m p l e s  a r e  i n v o l v e d .  

E x t r a c t i o n  P r o c e d u r e  -- --- 

T a b l e  1  shows t h a t  t h e  "pH"  o f  e x t r a c t s  p r e p a r e d  f r o m  
Crow H a r b o u r  s a m p l e s  w e r e  w e l l  w i t h i n  t h e  r a n g e  ( 3 . 2 - 3 . 8 )  t h a t  
a s s u r e s  s t a b i l i t y  o f  t h e i r  t o x i c i t y .  And t h e  s t a f f  o f  t h e  
l a b o r a t o r y  a s s u r e d  u s  t h a t  a11  e x t r a c t i o n  p r o c e d u r e s  w e r e  
s t a n d a r d  ( T e n n a n t ,  i n  P r a k a s h ,  Medco f  and T e n n a n t ,  i n  p r e s s ) .  
T h i s  s u q g e s t s  t h a t  v a r i a t f o n s  i n  s c o r e s  a r e  n o t  a t t r i b u t a b l e  
t o  i r r e g u l a r i t i e s  i n  e x t r a c t i n g  p r o c e d u r e s .  

P o s s i b l e  D i f f e r e n t i a l  E f f e c t s  o f  H a n d l i n g  
on S c o r e s  o f  Summer a n d  W i n t e r  Samples  

The f a i  l u r e  t o  f i n d  a  r e l a t i o n s h i p  b e t w e e n  v a r i a t i o n s  
i n  s c o r e s  o f  Crow H a r b o u r  s a m p l e s  a n d  t h e  l e n q t h s  o f  t h e i r  
p e r i o d s  o f  l f v e  s t o r a g e  i n  a i r  s u g g e s t s  t h a t  s c o r e s  o f  w i n t e r  
and  summer s a m p l e s  r e s p o n d  d i f f e r e n t l y  t o  s t o r a q e  t r e a t m e n t s .  

I n  summer t h e  s c a r e s  o f  t o x i c  s o f t - s h e l f  c l a m s  a r e  h i g h  
and  t h e  p o i s o n  i s  c o n c e n t r a t e d  i n  t h e  d i g e s t i v e  g l a n d  and  g i l l s .  
I n  w i n t e r  t h e  s c o r e s  a r e  l o w  and t h e  p o i s o n  i s  c o n c e n t r a t e d  
i n  t h e  q i l l s  ( M e d s o f ,  i n  P r a k a s h ,  M e d c o f  a n d  T e n n a n t ,  i n  p r e s s ) .  
A p p a r e n t l y  p o i s o n  s t o r e d  I n  t h e  d i g e s t i v e  g l a n d  i s  m o b i l e  a n d  



r e a d i l y  e x c r e t e d  and p o i s o n  s t o r e d  i n  t h e  g i l l s  i s  i m m o b i l e  
a n d  h a r d  t o  e x c r e t e  a t  l o w  t e m p e r a t u r e s .  I f  t r u e  t h i s  w o u l d  
a c c o u n t  f o r  t h e  s t a b i l i t y  o f  w i n t e r  s c o r e s  o f  m o s t  s t o c k s  o f  
t o x i c  s h e l l f i s h .  I t  w o u l d  a l s o  a c c o u n t  f o r  o u r  f a i l u r e  t o  
f i n d  s u p p o r t  i n  F i g u r e  4 ,  f o r  t h e  i d e a  t h a t  w i n t e r  s c o r e  
v a r i a t i o n s  a r e  a f f e c t e d  b y  t h e  l e n g t h  o f  t h e  p e r i o d  s f  s t o r a g e  
and b y  m e t h o d s  o f  h a n d l i n g  o f  s a m p l e s  b e t w e e n  c o l l e c t i o n  a n d  
e x t r a c t i o n .  

F i g u r e  3 d e m o n s t r a t e s  t h e  n e e d  f o r  s t a n d a r d i z i n g  
h o l d i n g  t r e a t m e n t  o f  I d e a l l y  t h e y  s h o u l d  a l l  
b e  e x t r a c t e d  when t h e  ame p h a s e  o f  t h e i r  c y c l e  
o f  t o x i c i t y  c h a n g e s .  T h i s  s h o u l d  a s s u r e  s t r i c t  c o m p a r a b i l i t y  
o f  r e s u l t s .  More  i n f o r m a t i o n  i s  needed  on  c h a r a c t e r i s t i c s  o f  
t h e s e  c y c l e s  f o r  v a r i o u s  p e c i e s ,  B u t  i t  seems c l e a r  t h a t  
c o n d i t i o n s  o f  h o l d i n g  ( e .  , t h e  medium ( a i r  o r  w a t e r )  a n d  t h e  
t e m p e r a t u r e  o f  t h e  medium s h o u l d  b e  f i x e d  and t h a t  t h e  t i m e  
i n t e r v a l s  b e t w e e n  d i g g i n g  and  e x t r a c t i o n  s h o u l d  a l s o  be  f i x e d .  

Where w i n t e r  s  a r e  c o n c e r n e d  i t  may b e  l e s s  
i m p o r t a n t  t o  t a k e  t h e s e  p r e c a u t i o n s ,  The r e s u l t s  s u g g e s t  t h a t  
i r r e g u l a r  t r e a t m e n t s  s f  J a n u a r y - M a y  1977 Crow H a r b o u r  s a m p l e s ,  
b y  t h e  w a r d e n  and b y  t h e  F i s h  I n s p e c t i o n  L a b o r a t o r y ,  d i d  n o t  
a f f e c t  t o x i c i t y  s c o r e s ,  However ,  t h i s  has  n o t  been  d e m o n s t r a t e d  
i n  a  c o n t r o l l e d  e x p e r i m e n t .  U n t i l  t h i s  i s  done ,  i t  seems w i s e  
t o  s t a n d a r d i z e  t h e  h a n d l i n g  o f  b o t h  w i n t e r  and  summer s a m p l e s ,  

SUMMARY AND CONCLUSIONS 

1 .  Samples  o f  s o f t - s h e l l  c l a m s  a r e  r e g u l a r l y  t a k e n  f r o m  t h e  
k e y  a r e a  s a m p l i n g  s t a t i o n  i n  Crow H a r b o u r  f o r  m o n i t o r i n q  
c h a n g e s  i n  t h e l r  p a r a l y t i c  s h e l l f i s h  p o i s o n  c o n t e n t .  
O r d i n a r i l y  t h e  Crow H a r b o u r  s c o r e s  a r e  l o w  and s t a b l e  
d u r i n g  w i n t e r  and s p r i n g  b u t  on  20 A p r i l  1971 t h e y  r o s e  
a l a r m i n g l y ,  4 s t u d y  o f  a  5 May s a m p l e  o f  Crow H a r b o u r  
p l a n k t o n  showed no  G, t a m a r e n s i s  and t e m p e r a t u r e  o b s e r v a -  
t i o n s  made on  t h e  same e d  t h a t  c o n d i t i o n s  were  
u n f a v o u r a b l e  t o  i t s  p r e s e n c e .  I t  was c o n c l u d e d  t h a t  n o  
t r u e  changes  i n  t o x i c i t y  had t a k e n  p l a c e  i n  A p r i l  and t h a t  
s c o r e  v a r i a t i o n s  w e r e  a r t i f a c t s  p o s s i b l y  a t t r i b u t a b l e  t o  
i n c o n s i s t e n c i e s  i n  s a m p l i n g  p r o c e d u r e s .  

2 .  The F i s h e r i e s  S e r v i c e  o f f i c e r s  s a m p l e d  t h e  h a r b o u r  e x -  
t e n s i v e l y  a f t e r  20 A p r i l  and f o u n d  p l a c e - t o - p l a c e  
v a r i a t i o n s  i n  t o x i c i t y  s c o r e s  o f  Crow H a r b o u r  s h e l l f i s h .  
These v a r i a t i o n s  w e r e  l e s s  e x t r e m e  t h a n  h a v e  been  o b s e r v e d  
i n  some h a r b o u r s  b u t  g r e a t e r  t h a n  t h o s e  r e p o r t e d  f o r  
m o n i t o r i n g  samp les  t a k e n  f r o m  t h e  Crow H a r b o u r  k e y  a r e a  
s a m p l i n q  s t a t i o n  b e f o r e  20 A p r i l .  
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s h o u l d  a l l  be t h e  same. T h i s  i s  i m p o r t a n t  f o r  summer 
samp les  b u t  may be  l e s s  i m p o r t a n t  f o r  w i n t e r  samp les .  
Second,  t h e r e  i s  need f o r  s t u d y i n q  v a r i a t i o n s  i n  t o x i c i t y  
s c o r e s  o f  b o t h  summer and w i n t e r  samp les  o f  s h e l l f i s h  
w h i l e  t h e y  a r e  s t o r e d  a l i v e  a f t e r  f i s h i n q  and b e f o r e  
e x t r a c t i o n ,  The f a c t  t h a t  t h e r e  a r e  changes  i n  summer 
samp les  i s  n o t  g e n e r a l l y  a p p r e c i a t e d  and t h e i r  i m p o r t a n c e  
i n  t o x i c i t y  m o n i t o r i n q  f o r  f i s h e r i e s  management i s  s e l d o m  
t a k e n  i n t o  a c c o u n t .  T h i r d ,  t h e r e  i s  a  need  f o r  s t u d i e s  o f  
t h e  c h e m i s t r y  o f  p a r a l y t i c  s h e l l f i s h  p o i s o n  a l o n g  l i n e s  
i n d i c a t e d  b y  Evans ,  so  as t o  p r o v i d e  b a s i c  u n d e r s t a n d i n g  
o f  t h e  f a c t o r s  i n v o l v e d  i n  phenomena d e s c r i b e d  h e r e .  
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T a b l e  1 .  D a t a  on 1971 t o x i c i t y  samp les  o f  s o f t - s h e l l  c l a m s  
f r o m  t h e  Crow H a r b o u r  a r e a .  E x c e p t  w h e r e  o t h e r w i s e  
i n d i c a t e d ,  samp'les came f r o m  t h e  " r e g u l a r "  s t a t i o n .  
The f o u r  numbered s t a t i o n s ,  samp led  o n l y  o n c e  o r  
t w i c e  ( s e e  F i g .  1 )  were :  ( 1 )  W a r d ' s  C r e e k ,  ( 2 )  
P a d d y ' s  T r a p ,  ( 3 )  M i d d l e  f l a t  and ( 4 )  U p p e r  f l a t .  

D A Y S  pH o f  
DUG RECEIVED EXTRACTED STORED EXTRACT SCORE 

6  J a n ,  6  Jan .  7  Jan .  1  3 . 2  1 6 0  
21 " 21 " 22 " 1  3 . 4  66 

1 0  Feb. 1 0  Feb. 11 Feb.  1  3.5 90 

3  Mar.  3  Mar .  5 Mar.  2 3,3 1 0 0  
24 " 24 " 25 " 1  3.2 1 2 0  

6  A p r .  
20 " 
23 " 
23 " 
23 " 
23 " 
23 " 
2 9  " 

8 A p r .  
22 " 
24 " 
24 " 
24  " 
24 " 
24 " 
2 9  " 

3  May 4  May 6 May 3  3 .6  1 4 0  
5 " 5  " 6 " 1  3.5 1 5 0 ( 1 )  
5 " 5  '" 6 " 1 3.6 
5  " 5 " 6 " 1  3 . 2  

4 8 ( 2 )  
1 5 0  

11  " 1 2  " 13  " 2  3 .5  1 2 0  
18  " 1 9  " 20 " 2  3 .4  1 5 0  
26 " 26 " 27 " 1 3 .5  1 5 0  

1 June  2 June  3 June  2  3 . 3  1 9 0  
8 " 8  " 1 0  " 2 3 .6  1 3 0  

15 " 1 5  " 17 " 2 3.4 1 1 0  
21 " 21 " 24 " 3  3.3 1 1 0  
2 9  " 29  " 30 " 

' 1  3 .4  200 

8  J u l y  8 J u l y  9 J u l y  1  3 .2  1 3 0  
14 " 1 4  " 15 " 1 3 .5  1 2 0  
21 " 21 " 22 " 1  3 . 4  1 0 0  
27 " 27 " 29 " 2 3.6 1 4 0  

4 Aug. 4  Aug. 5  Aug. 1  3 .7  500 
1 1  " 1 1  " 12  " 1  3.6 510  
1 6  " 17  " 19  " 3 3 .6  450 
23 " 24 " 26 " 3  3.5 240 

C o n t i n u e d  



T a b l e  1  C o n t i n u e d  

D A Y S  pH o f  
DUG RECEIVED EXTRACTED STORED EXTRACT SCORE 

1  S e p t .  1 S e p t .  2 S e p t .  1  3.7 1 7 0  
7 " 7 " 9 'I 2 3.3 1 0 0  

14  " 1 4  " 1 6  " 2  3.5 8 5  
2 2  " 22  " 2 3  " 1 3.2 6 4  
29 " 29  " 30 " 1  3.8 $6 

6 O c t .  6 O c t .  7 O c t .  1 3.6 8 7  
13 " 1 4  " 1 4  " 1  3.3 70 
2 7  " 27 " 28 " 1 3.8 6 9 

9 Nov.  9 Nov,  1 2  N s v .  3 3.3 1 4 0  
24  " 24  " 25  " 1  3 . 6  7 4  



F i g u r e  1 .  S h o r e l i n e  o f  Crow H a r b o u r ,  N . B . ,  t r a c e d  f r o m  a e r i a l  
p h o t o g r a p h  5 5 3 - 4 ,  New 8 r u n s w i c k  D e p a r t m e n t  o f  
Resources ,  and showing v a r i o u s  s a m p l i n g  s t a t i o n s .  



aoo l 

Figure 2, T a x f c i t y  scares far soft-shell clam samples taken from 
Crow Harbour, N , B , ,  between January and September, 1969- 
1971. o = specfa1 samples (see Table 1). 



F i g u r e  3 .  Changing t o x i c i t d e s  o f  summer 
samples o f  s h e l l f i s h  t a k e n  f r o m  p o i s o n -  
a f f e c t e d  areas and h e l d  i n  w a t e r  w i t h o u t  

o r  i n  a i r :  A = b l u e  
i n  a i r  a t  ca. 

( V o l s e l l a  m o d i o l u s )  
i n  aquar ium o f  f l o w i n g  sea wa te r  a t  10- 
l5'C and e = s o f t - s h e l l  c lams ( M  a  a r e n a r i a )  t p l a n t e d  on a n a t u r a l  bed i n  a  po s o n - f r e e  
a r e a .  Scores o f  samples t a k e n  d u r i n q  t h e  
h o l d i n g  t e s t s  a r e  p l o t t e d  as pe rcen tages  
o f  t h e i r  i n i t i a l  sco res ,  i . e .  when f i r s t  
f i s h e d  f rom t h e i r  n a t i v e  beds. (Based 
on d a t a  i n  Medcof e t  a l .  (1947)  Tab les  
13  and 14 , )  

Days o f  t r e a t m e n t  
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F i gu re  4. t e x i t l e s  o f  s o f t - s h e l l  clams f rom Crow Harbour 
d l s t r l c t  (6  January t o  27 J u l y  1971 grouped 
accord ing  t o  number o f  days samples were h e l d  
a l i v e  On a i r  before  be lng  ex t rac ted .  a - clams 
f rom r e g u l a r  sampl lng s t a t l o n ,  o samples 
f rom o t h e r  s i t e s  (see Tab le  1 ) -  Averages a r e  
t o r  samples f rom r e g u l a r  s t a t i o n  on l y .  Bracketed 
va lue  * average when t k e  20 A p r i l  scare  o f  290 
I s  excluded f rom t h e  calculation. 


