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Fig. 2. Locat ions  of t he  s h e l l f i s h  sampling 
s r a t i o n s  r e f e r r e d  t o  i n  Fig .  3-8: 1) Crow Harbour, 
2 )  Lepreau Harbour, 3 )  Lepreau Basin,  and 4 )  Ross 
I s l a n d  thoroughfare .  

clams (Prakash e t  a l .  1971).  Th i s  i s  we l l  demon- 
s t r a t e d  by comparing mussel t o x i c i t y  a t  Lepreau 
Basin (F ig .  3 )  w i th  clam t o x i c i t y  a t  the  same 
l o c a t i o n  (F ig .  4 ) .  

I n s p e c t i o n  of t h e  f i g u r e s  r evea l s  t h a t  t o x i c i t y  
t r e n d s  from yea r  t o  year  g e n e r a l l y  fo l low s t r i k i n g l y  
s i m i l a r  p a t t e r n s  between s t a t i o n s  and between organ- 
isms, a l t hough  f o r  any p a r t i c u l a r  year t h e r e  a r e  
obvious d i f f e r e n c e s  i n  the  abso lu t e  t o x i c i t y  va lues  
between s r a t i i ?ns ,  In o t h e r  words, t o x i c i t y  even t s  
appa ren t  i n  one s e t  of s c o r e s  a r e  u sua l ly  mirrored  
i n  t h e  o t h e r  s e t s .  Thus, on the  whole, rhe  southern  
Bay of Fundy behaves l a r g e l y  a s  a  u n i t  i n  terms of 
s h e l l f i s h  t o x i c i t y  d y n a ~ i c s ,  a s  noted by Prakash e t  
a l ,  11971). 

As i n f e r r e d  from the  s h e l l f i s h  t o x i c i t y  d a t a ,  
t h e  annual  sequence of Gonyaulax blooms and 
r e s u l t i n g  s h e l l f i s h  t o x i c i t y  which was cha rac t e r -  
i s t i c  of t h e  Bay of Yundy du r ing  the  approximately 
30-yr per iod  between 1944 and about 1974 was the  
fo l lowing :  At some time between June and September 
each year  a  Gonyaulax bloom developed, The blooms 
were of varying i n r e n s i t y  and du ra t ion  from year  t o  
y e a r ,  but  f o r  most yea r s  they were of low t o  
moderace i n t e n s i t y  du r ing  t h i s  pe r iod ,  l a s t i n g  
g e n e r a l l y  4  t o  8  wk dar ing the  summer. On occas ion 
more i n t e n s e  blooms developed, a s  i n  1961. 

It i s  c l e a r l y  apparent  from Fig.  3-8 t h a t  
t o x i c i t y  of clams and mussels du r ing  t h i s  30-yr 
pe r iod  was very  l a r g e l y  a  summertime problem. The 
o v e r a l l  p a t t e r n  was t h a t  t o x i c i t y  i nc reased  dur ing 
t h e  summer from low, r e s i d u a l  va lues  t o  va lues  
ranging from s l i g h t l y  t o  s u b s t a n t i a l l y  above the  
s a f e t y  t h re sho ld  of 8 0 ~ g  s a x i t o x i n  equ iva l en t  per 
100 g s h e l l f i s h  t i s s u e .  Peak t o x i c i t y  g e n e r a l l y  
occurred  i n  Ju ly  o r  August. Afner t he  peak, when 
Gonyaulax c e l l s  s t a r t e d  t o  d i sappea r  from the  
p lankton,  t o x i c i t y  va lues  decreased through na tu ra l  
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depura t ion  so t h a t  by September, g e n e r a l l y ,  they 
were c l o s e  t o ,  o r  below, the  s a f e t y  t h re sho ld .  An 
obvious except ion  t o  t h i s  p a t t e r n  occurred  i n  1961, 
when s h e l l f i s h  t o x i c i t y  reached very h igh values  a t  
a l l  s t a t i o n s .  In  t h i s  ca se ,  t o x i c i t y  l e v e l s  a t  
Lepreau Basin d i d  not r e t u r n  t o  the  v i c i n i t y  of t h e  
s a f e t y  t h re sho ld  f o r  many months (F ig .  3 ,  4 ) .  

During the  30-yr per iod ,  s h e l l f i s h  a r e a s  i n  the  
Bay of Fundy were o f t e n  c lo sed  t o  ha rves t ing  dur ing 
t h e  summer months, but were opened du r ing  the  e a r l y  
f a l l  and remained opened u n t i l  the fo l lowing summer. 
Furzher ,  i n  some years  a l l  a r e a s  remained open 
throughout t he  year.  Thus, a l though the  s u m e r  
c l o s u r e s  presented  economic problems f o r  the  
s h e l l f i s h  i n d u s t r y  i n  t he  Bay of Fundy, d i g g e r s  and 
d i s t r i b u t o r s  were a b l e  t o  "work around" the  
c l o s u r e s ,  us ing 9  o r  10 mo of t he  year  f o r  
harvesting. 

INTENSiFiCATION OF GINYAULAX BLOOMS AhQ SHELLFISH 
TOXICITY SINCE ASOUT 1974 

Over t he  pas t  8  y r  o r  so  t he re  has  been a  
p a t t e r n  of i n t e n s i f i c a t i o n  of Gonyaulax blooms i n  
t h e  Bay of Fundy a s  r e f l e c t e d  by the  s h e l l f i s h  
t o x i c i t y  va lues .  Elevated s h e l l f i s h  t o x i c i t y  l e v e l s  
s i n c e  about 1974 a r e  c l e a r l y  evident  i n  a l l  of t he  
t o x i c i t y  c h a r t s  (F ig .  3-8). Tox ic i ty  l e v e l s  dur ing 
t h i s  period have been much higher  than dur ing any 
s i m i l a r  i n t e r v a l  i n  the  preceding 30-yr. 

There i s  o t h e r  evidence of the  i n t e n s i f i c a t i o n  
of Gonyaulax blooms i n  r ecen t  yea r s .  I n  1976 and 
aga in  i n  1979 Gonyaulax blooms caused h e r r i n g  k i l l s  
i n  t he  Bay of Fundy, a s  a  r e s u l t  of t ox in  accumu- 
l a t i o n  i n ,  and t r a n s f e r  through, herbivorous  zoo- 
p lankton {White 1977, 1979, I980 a , b ,  1981 a , b f .  As 
f a r  a s  we know, these  a r e  t he  f i r s t  i n s t a n c e s  i n  
which Gonyaulax blooms have caused f i s h  k i l l s  i n  t h e  
Bay of Fundy. Also,  i n  August 1980, Gonyaulax- 
caused red t i d e  was observed i n  the Bay of Fundy 
(White, unpubl ished) ,  again  appa ren t ly  f o r  the f i r s t  
t i a e  (s rakash e t  a l .  1971)-  Cell counts  a s  high a s  
18  000 000 Gonyaulax c e l l s / L  were recorded. The 
f i n a l  evidence of bloom i n t e n s i f i c a t i o n ,  which w i l l  
be d iscussed i n  more d e t a i l  below, i s  t h a t  s h e l l f i s h  
t o x i c i t y  l e v e l s  above the  s a f e t y  t h re sho ld  have 
occurred  dur ing the  winter  months i n  r e c e n t  years  
(F ig .  3-8). The winter t ime t o x i c i t y  is probably 
caused,  a r  l e a s t  i n  part, by t h ~  inc reased  number of 
t o x i c ,  overwinter ing  c y s t s  produced du r ing  the  
enhanced blooms. 

During the  pas t  few G a r s  t he  seasonal  p a t t e r n  
of s h e l l f i s h  t o x i c i t y  has been modified from what it 
was i n  t he  past- .  Peak t o x i c i t y  s t i l l  occurs  i n  the  
summer dur ing the  Gonyaulax bloom (F ig ,  3-8), but 
t h e r e  has been a  trend of ex t ens ion  of above- 
t h re sho ld  t o x i c i t y  wel l  i n t o  mn-bloom pe r iods  of 
t h e  year ( s ee  e s p e c i a l l y  Fig. 5 ,  7).  In f a c t ,  s i n c e  
t h e  e a r l y  summer of 1980 t o x i c i t y  l e v e l s  i n  all 
major s h e l l f i s h  a r e a s  a long the southwest coas t  of 
New Brunswick have been above the  s a f e t y  t h re sho ld  
n e a r l y  cont inuously  u n t i l  t h i s  r e p o r t  was w r i t t e n  
(December 1981) - a  s i t u a t i o n  of unprecedented 
extenn s ince  the  s h e l l f i s h  t o x i c i t y  moni tor ing  
program was i n i t i a t e d  i n  1943. U n t i l  r e c e n t l y ,  
r e l a t i v e l y  high winter t ime t o x i c i t y  occurred  only 
occas iona l ly  and only a t  c e r t a i n  l o c a t i o n s ,  a s  f o r  
example a t  Lepreau % s i n  in  1961 and 1962 (Fig.  3 ,  
4 ) -  















Tt ie re  a r e  two mechan i sms  by wl i i rh  t h e  r x t c n q i o n  
o f  i o x r c i t y  i n t o  nail-bloom p e r i o d s  (-An be  c x p l n i n e d .  
Thi. f11-SL i n v o l v r +  i h c  d e g r e e  anri t i n t i n g  0 1  5ttmmer 
t o x l c i t y  and  thc  i r  r o n i t ~ q t l e n c c -  f o r  t i i c  I t i n r t i c . ;  of 
n a t u r a l  d e l i t , r a t i o n  of t o x i n s  by s l ~ e l l f  i s11.  I t  
a p p e a r s  t h a i  t h e  h i g h  summer t o x i c i t y  l e v e l s  i n  
r e c e n t  y e a r s ,  e s x c i a l l y  when o c c u r r i n g  l a t e  i n  t h e  
summer,  a r e  a s s o c i a t e d  w i t h  p r o l o n g e d  d e p u r a t i o n  
p e r l o d s  a n d  c o n s e q u e n t  r e t e n t i o n  o f  r e l a t i v e l y  h l g h  
l e v e l s  o f  t o x i n s  I n t o  t h e  f a l l  m o n t h s  ( W g ,  4 ,  5 ,  
7 ) .  I f  t o x r c l t y  p e r s l s t s  I n t o  t h e  l a t e  f a l l  when 
w' i ter  t e n , i e r a t u r e s  d e c r e a s e  r a p l d l y ,  t h e n  d r p u r a t l o n  
o i  t h e  t o x l n s  i s  p r d b a b l y  v e r y  % l o w  beca i i s e  o f  t l ie 
d e c r e , i s e d  r a t e  3 f  metabolism of s n e l l f ~ . ; l i  a t  low 
t e m p e r a t u r e s .  I n  c h i s  way shellfish may u e t a l n  h i g h  
r e s ~ d u a l  l e v e l s  o f  t o x r n i  t h r o u g h  t h e  e n t l r e  w i n t e r  
p e r i o d ,  t i n t  11 t h e  f o l ? o w ~ n g  s p r i - a  when t e m p e r a t u r e s  
i n t  r e a w  anri dep i l r a  t i o n  r eqnnc ' s .  

A s e c o n d  mechaiiism Tor s t l e l l f i s i ~  t o x i c i t y  i n  
non-i)loom p c r i o d s  i n v o l v e s  t i l e  o v e r w i n t c i r i n f : ,  
C o i y n i i i a x  c y s t s .  G o n y a u l a x  perpetn; iLi%s i t s e l f  from 
o n e  blooiii s e a s o n  t o  t i le  11c1xi- by f o r m i n g  r c s l i n g  
c y s t s  ( l ~ y l ~ n o z y g o : c ~ s ) .  A f t e r  t h e i r  form;xt ion d u r i n g  
t h e  sitaimcr b loom,  these. c y s t s  s e t t 1 . e  out o f  t i l e  
w a & r r  i n t i ;  t h e  s r t i  imen t  and  l i e  d o r m a r ~ t  t t 1 i . r~  
t i ~ r o t r g i i o u t  t i l e  f a l l  and  w i n t e r  u n t i l  t i le  r i s e  i n  
water t e m p e r a t u r e  d u r i n g  t h e  n e x t  s p r i n g  t r i g g e r s  
i i ~ r i r  e x c y s t m e n t  i n t o  t h e  b l o o n - f o r m i n g  c e l l s  
!Ar:tierson 1980 ;  A i lde r soo  and  M o r e l  1 9 7 9 ) .  

G o n y a u l a x  e x c a v a t a  r e s t i n i :  c y s t s  were  n o t  
d e s c r i b e d  u n t i l  a  few y e a r s  a g o  (.Anderson and Giall  
1 9 7 8 ;  D a l e  1977,  1 9 7 9 ) .  Titc f i r s t  s t u d y  o f  them i n  
t h e  B:ly of E'undy was c o n t i u c t e d  d u r i n g  t h e  w i n t e r  o f  
1980-81 ( W h i t e  anti Lewis  1982), a l t e r  i h c  1980 bloom 
deve l .oped  i n t o  r e d  watc'r  p r o p o r t i o n s .  T i ~ i : +  s t u d y  
r e s ~ ~ i  tc t i  jn  s e v e r a l  i m p o r t a n t  ntsw f intl  i n g s  p e r t i n e n t  
L o  t i l e  f ; i inyaulox bloom and  s l ~ e l l  f i  sli t o x i c  i l y  
p r o h i r m  i n  t h e  iiay o f  Ftiiidy. They weSri+ t!?i' 
f o l l o w i n f : :  ( 1 )  t h ?  c y s t s  were  w i d e l y  c i i s t r i h i i t e d  i n  
t h e  s e d i m e n t s  o f  tlie s o u t i i i ? r n  Ray o f  Fiindy, 
occ i l r r i i - i g  a t  off . ;hol-e ,  i n s h o r e ,  a n d  i n t e r t i d a l  
i o c n t i o n s ,  (21 aii e x t r e m e l y  r i c h  d e p o s i t  o f  c y s t s  
was  :ound o f f s h o r e  i n  t h e  s o u t h w e s t e r n  Bay o f  Fundy,  
w i t h  c y s t  c c n c e n t r a t i o n s  r a n g i i g  froin 2000 t o  8000 
c y s t s  p e r  r m 3  ~ i e t  s e d i m e n t ,  a n d  ( 3 )  t h e  c y s t s  
w e r e  found t o  b e  t o x i c  - i n  f a c t  e q u a l l y  as t o x i c  a s  
t h e  m o t i l e ,  v e g e t a t i v e  c e l . 1 ~ .  

The  s i g n i f i c a n c . e  o f  t h e s e  r e s u l t s  i s  c o n s i d e r e d  
a t  l e n g t i i  i n  Whi t e  and  Lewis  ( 1 9 8 2 ) .  I n  t e r m s  o f  
s h e l l f i s k l  t o x i c i t y ,  i iowever ,  t i le  r e s u l t s  p o i n t  t o  a 
m e c h a r ~ i s m  by wh ich  s h e l l f i s h  c a n  a c q u i r e  G o n j a u l a x  
t o x i n s  d u r i n g  t h e  f a l l ,  w i n t e r ,  a n d  s p r i n g ,  i . e .  
t h r o u g h  i n g e s t i o n  o f  t h e  t o x i c  c y s t s .  C y s t  i n g e s -  
t i o n  l ras  b e e n  c o n s i d e r e d  a s  a  p o s s i b l e  mechanism o f  
" o f f - s e a s o n "  s h e l l f i s h  t o x i c i t y  f o r  many y e a r s  
( I3ourne 1965;  P r a k a s i t  e t  a l .  1971; Yents i rh  and Magtie 
1 9 7 9 ) .  N o w w ,  w i t h  nesJ f h n d i n g s  t h a t  t h e  c y s t s  a r e  
i n i i twd  t o x i c  ( D n l e  e t  a l ,  1978;  W h i t e  and  1,ewls 
1 9 6 2 )  a n d  i h a t  c y s t s  h a v e  bcei i  found  c o n t i i i i ~ n l . l y  a t  
i n t e r i l d a l  l o c a t i o n s  a l o n g  t l ie  s o t ~ t h w e s t  c o o s t  o f  
New i5riinswick s i n c e  t h e y  wiarc f i r s t  Looked f o r  i n  
F e h r i i a r y  a n d  !.larcii 1981 (!Wiii t e  arid I,ewis 1982;  
i v ' h i t e ,  ~ i n p ~ i b l  i s i l ed )  , t h e  e v i d e n c e  I s  more con-  
v i n c i n g .  I t  now a p p e a r s  v e r y  L i k e l y  t h a t  s h t . i l f i s h  
c a c  a c q i i i r e  G o n y a ~ r l a x  t o x i n s  f rom i n g e s t i o n  o f  t i le  
c y s t s ,  a f t e r  t i ley  h a v e  been  r e suspenc ied  i n  t h e  w a t e r  
by  s e d i m e n t  d i s t u r b i n g  p r o c e s s e s ,  s u c h  a s  wave and 
t i d a l  a c t i o n  ( e s p e c i a l l y  d u r i n g  s t o r m s )  and  f i s h i n g  
a c t i v i t i e s .  

I n  summary, t h e  r e c e n t  i n t e n s i f i c a t l o i i  o f  
( b n y n ~ i l a x  bicioms i n  t h e  Any o f  1:untiy I m i  i a i r s e d  an  
i n r r e , l s e  t n  s l i e l l f i s h  t o x i c i C y  n o t  o n l y  d u r i n g  tiit, 

stimmt,r, brat r i i i r ing the r e s t  o f  t h e  v c a r  ,i', w e l l .  
'Thr- i n c r e a s e  i n  " o f f - s e a s o q "  t o x i c i t y  lras p rc ihab ly  
b e e n  c a u s e d  b o t h  by t h e  i n a b i l i t y  o f  s h e l l f i s h  t o  
d e p u r a t e  e n t , r e l y  t h e i r  h i g h  simmer t o x i n  l o a d s  a n d  
by  t h e  i n g e s t i o n  o f  G o n y a u l a x  c y s t s  wh ich  h a v e  been  
p r o d u c e d  a n d  d e p o s i t e d  i n  g r e a t e r  n ~ t n h e r s  s i n r e  t n e  
S looms  h a v e  i n t e n s i f i e d ,  

Tire i n t i l n s i f i c a t i o n  o f  - i :onyair lox --A- h1001:is h a s  had 
slf:ni f i c a n t  :inpact nn s h e l l f i s h  r e s t i i i r ce  i i t i  l i z n t i o n  
nncl t i le  s h e ? l f i s h  i n d i i s t r y  iii t h e  liay o f  1:rindy. F o r  
a h o u t  t l ic  p a s t  e i g i i t  s i~mmers  s l i e L i f L s h  i~ ' iv i .  hccamo 
v e r y  dange ro i l s1  y  t o x i c ,  wi l i i  p r a k  t i ) x i c i t v  i c v e i s  111 
t i i c~  r a n g e  t h a t  i ias  been  ;x s s i>c ia t r< i  wit11 11111q;in s i c k -  
n i , s s c s  and rlcriths (il:~gf-ies 1977'); Pr;ik;isii c t  ; i l .  1971 ; 
Krycxs-Vasqiicz i , t  n l ,  1979 ;  Sct i i tn tz  e t  ;*I. 1955; arid 
PSP c n s c  h i s t o r y  r e p o r t s  issiii .d by ti le i:isii 
I n s p e c  t i o i i  1,al:oratory i11 K l  a c k ' s  t t i ;rhoilr,  ?;.i!.). 

Snmmer cLos:irt,s o f  a l l .  n a y  of Fundy s l i i ~ l i f i s i r  a r c b a s  
h a v e  been  n e c e s s a r y  d u r i n g  t h i s  p e r i o d .  i iecai ise  of 
t h e  i n c r e a s e d  d a n g e r  f rom h i g h l y  t o x i c  s i ~ c l l f i  s i ~ :  
c l o s e  s u r v e i l l a n c e  o f  c l o s e d  a r e a s  f o r  i l  L e g a l  
h a r v e s t i n g  h a s  a l s o  been  n e c e s s a r y .  

:fore d i s t u r b i n g ,  e s p e c i a l l y  i n  t e r i a s  o f  i i ~ o s e  
whose I i v e l i i r o o d s  depend  upon t i i r  c l a m  f i s i i e r y ,  i s  
t h e  r e c e n t  t r e n d  i n  wh ich  c l a m  ;~r i? ; ls  i inve iieen 
c l o s e d  d u r i n g  non-bloom s e a s o n s  a s  w e l l  a s  d i l r i n g  
t l i c  summer. Thc s i t u a t i o n  i n s  hecome p n r t i c i i l a r i v  
p r c ' s s i n g  i ) e c a ~ i s e  o f  t l ie  n e a r l y  cant iniloiis iclosliri .  o f  
;111 inajor  c l am a r e a s  ;ilonf: tlic solr t i iwest  cri,-lst. of 
Nr,w 1:riinsnick ( e x c l u d i n g  t'ass;imaijui>ddy P h y j  s i n c i -  
t i i e  e a r l y  srlnlmer o f  19Rfi. 

Oiiriilg t h i s  past f a l l  (1981) t h e r e  were  
i n d i c a t i o n s  t h a t  r e l i e f  froin t h e  prolonge:! c l o s t i r e s  
was  n e a r ,  In in id-October  t o x i c i t y  v a l ~ ~ e s  had 
d r o p p e d  s u f  f ic:enc l y  i n  c l a m s  a t  I ,epreau ik i rhni i r  io  
a l l o w  t i i a t  a r e a  t o  be  opened  f o r  t m r v e s t i n g .  I!o;i- 
e i i e r ,  t h e  r e l i e f  p roved  t o  he  s i i n r t - l i v e d .  ' d i t h i n  ;i 

week o r  s o  o f  t h e  o p e n i n g ,  t o x i c i t y  v a l u e s  r o s c  :o 
a b o v e  t h e  s a f e t y  t h r e s h o l d  s o  t h a c  tl ie a r e a  irad ti? 

h e  c l o s e d  a g a i n .  I n  December 1981 t h e  s,iilc c v e i i t s  
t o o k  p l a c e  a t  P o c o l o g a n  ( j u s t  s o u t h w e s t  i . ep rea i ;  
H a r b o u r )  x i t i ?  r o c l o s u r e  n e c e s s a r y  w i t h i n  a week or 
s o  o f  t h e  o p e n i n g .  

A p o s s i b l e  e x p l a n a t i o n  f o r  t i le  r a p i d  
r e c o n t a m i n a t i o n  o f  c l a m s  w i t h  Gon;iar;lax t o x i n s  
d u r i n g  t h e s e  e p i s o d e s  i s  t h a t  t h e  inti?n:;e c l a m  

d i g g i n g  a c t i v i t i e s  upon ripening o f  t h e  n rea i ;  led to 
r r s ~ i s p e n s l o n  o f  G o n y a u l a x  c y s i s  froin t h e  : i i s t i i rhed  
s e d i m e n t s  21s ;I r e s i i l t  o f  s i i h seq i i cn i  wave ;iricl t - i d a l  
a c t i o n .  The t o x i c  c y s t s  were t h e n  i~1gcsl.<v(i by 
c l a m s ,  c a u s l r g  t o x j c i t y  l e v c ? s  to r i s e  n w v e  Liic 

n: l fe iy  t h r e s i . o l d .  If  thi:;  c~x l ; l ana t i i , n  is  c.cirrcc t, 
t l w n  tllc same s c e n a r i o  o f  o l ~ r n i n i :  and r;lpitl  c l n s i n j :  
o f  c l am a r e a s  may be r e p e a t e d  o f t e n  i n  f'ii. n e a r  
f i r t i t r e  beca i i s c  C o n y a i ~ l a x  c y s t s  a r e  wi tirl;? d js-  
t r i h u t e d  throi lghor i t  i n t e r t i d a l  l o c a t i o n s  i n  t i le 
s o ; ~ t h w e s t e r n  Ray o f  Fundy ( I l h i t e  and Lewis  1982; 
W h i t e ,  u n p l i i l i s h e d )  . Of  c o u r s e ,  p a t c h i n e r i .  o f  
t o x i c i t y  w i t k i n  s h e l l f i s l ?  a r e a s  ma;*. a l s o  ;>i;z:: ari 
i m p o r t a n t  r o l e  i n  c h e s e  e v e n t s .  I f  s o ,  "r1rc.n si)ii;e 
w i n t e r t i m e  r i s e s  i n  t o x i c i t y  l e v e l s  n a y  i e  inti!-e 
a p p a r e n t  t i inn r e a l ,  
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Tlir p r o s p e c t s  f o r  tire i n t e r t i d a l  s h e l l f i s h  
~ r ~ d i r % i r y  i n  t i ~ e  Day of l ' i~ndy depend  upon w ~ ~ ~ i l r c r  t l ~ r  
r + i  tarit i ~ a t t c r r i  of In tc ,ns i  f i c  ~ L l o n  ( i t  (,i)riy,it!l,ix 
IjLooms 'ind s t i e l  l f i  $11 t o x  i c  i t y ,  anit o r  c * x t r ~ i ~ ~ i o r i  o f  
siit*ll i i  \ t i  I ~ a r v e s t  ins; c i o i u i  e s  t l ~ r o i ~ g l i o i i t  t i ic  y e ~ i r ,  
c o n t i n t i e s .  i4e d o  n o t  y e t  know why t h e  bloom5 h a v e  
i n t e n s i f i e d .  It may be  a  r e s u l t  o f  n a t u r a l  c y c l e s ,  
o r  i t  may p e r h a p s  be  r e l a t e d  t o  e n v i r o n m e n t a l  
a i t e r a t r o n s  i u  t h e  Bay o f  Fundy,  s u c h  a s  i n c r e a s e d  
pollution l o a d s .  Because  t h e  c a u s e  o f  t h e  r e c e n t  
t r e n d  i s  u n k ~ o w n ,  we a r e  n o t  a b l e  t o  f o r e c a s t  
w h e t h e r  b looms  a r e  l i k e l y  t o  c o n t i n u e  t o  i n t e n s i f y  
o r  t o  a b a t e .  Thus i t  i s  l m o o r t a n r  t o  s t u d y  
G o n y a u l a x  blooms and  t h e  e n i r i r o n m e n t a l  f a c t o r s  
u n d e r l y i n g  them I n  o r d e r  t o  d e v e l o p  t h o  c a p a b i l i t y  
t o  p r e d l c t  t i i s  t i m i n g  and i n t e n s i t y  o f  t h e  blooms 
a n d  t l i o l r  c o n s e q u e n c e s  f o r  t h e  u t l l r z a t l o n  o f  
s h e l l f r s l i  r e s o u r c e s .  

I f  t h e  blooms i ;nhs ide  and s h e l l f i s h  t o x i c i t y  
r e t i r r n s  t o  t h e  e a r l i e r  p a t t e r n  o f  a b o v e - t h r e s h o l d  
t o x i c  i t y  o i  c u r r i n g  o n l y  d u r i n g  t h e  summer, t1lf.n 
t i l i  s h c 4 l f i s l i  i n d u s t r y  wotrld he a h l r  t o  o p c r a t c  
tr1ider i l ie  s a n e  c o n d i t i o n . ;  a s  p r e v i o ~ j $ l y .  florlevc r  , 
i f  t h e  blooms c o n t i n u e  a t  t h e i r  p r e s e n t  i n i e n s i t y ,  
o r  ge t  Morse ,  t h e n  new + i e p s  w i l l  br  r e q u i r e d  to 
c o p e  w i t h  t h e  s h e l l f i s h  t o x i c i t y  p rob lem.  T h r e e  
p o s s i b l e  a v e n u e s  o f  a p p r o a c h  f o r  dealing w i t h  t h e  
p r o b l e m  o f  s h e l l f i s h  which  a r e  somewhat a b o v e  t h e  
s a f e t y  i h r e s h o l d  t h r o u g h o u t  most  o f  t h e  y e a r  a r e  
s u g g e s t e d  below.  

The i d e a  o f  d e t o x i f y i n g  f d e p u r a t i n g )  s h e l l f i s h  
c o n t a m i n a t e d  w i t h  p a r a l y t i c  s h e l l f i s h  t o x i n s  h a s  
b e e n  c o n s i d e r e d  f o r  many y e a r s  ( P r a k a s h  e t  a l .  
1 9 7 1 ) .  P r e l i m i n a r y  s t u d i e s  s u g g e s t e d  t h a t  c l a m s  and 
m u s s e l s  o f  low t o x i c i t y  l o s e  a b o u t  ha1.f o f  t h e i r  
c o x i n  l o a d s  a f t e r  b e i n g  m a i n t a i n e d  f o r  i wk i n  
Gonynuiax-f  rer  s e a w a t e r  ( P r a k n s h  et  a l .  1971 ). 
T o x i n  l o s s  may be g r c z a t e r  tl inn t h i s  i f  s h e l l f i s l i  a r e  
s i ~ b j e c i t i d  t o  temperat i l t -e  anr? s a l i n i t y  slroclts 
(i'raicilsli c:: 8 1 .  1 9 7 1 ) .  i j r - t o x i F i c ; l t i n n  of It?y of  
Fundy slii, i 1 i i  :;I> h a s  no t r e c e i v e d  rnnri7 s r r i o i i s  
a c t e i i t i o n  i n  :he p a s t  beca i i se  t h e  s h e l l f i s l i  i n d u s t r y  
was  hampered by t o x i c  s h e l l f i s h  and  l m r v e s t i n g  
c l o s u r e s  o n l y  d u r i n g  t h e  summer. Now, however ,  w i t h  
some s l i e l i f i s h  a r e a s  b e i n g  c l o s e d  y e a r - r o u n d ,  t h e r e  
i s  more i n c e n t i v e  f o r  d e v e l o p i n g  e c o n o m i c a l  me thods  
o l  d r L o x i f y i i i g  s t i r l l t i s l l  uf l uw  t o  inodera te  
t o x i c i t y .  

Some s u c c e s s  l las  been  made i n  u s i n g  o z o n a t i o n  
t o  d e t o x i f y  c l a m s  ( A l o g o s l a w s k i  e t  a l .  1979) .  Rut 
p r o b l e m s  r e m a i n  c o n c e r n i n g  ozone  d o s e s ,  p r o d u c t  
m a r k e t a b i l i t y ,  a n d  c o s t - e f f e c t i v e n e s s .  O z o n a t i o n  
h a s  been  s u c c e s s f : i l l y  u s e d  i n  Europe  t o  d e p u r a t e  
s l i r l l f i s h  c o n t a m i n a t e d  w i t h  b a c t e r i a  ( R l o g o s l a w s k l  
e t  a l .  19770). Thus t h e  u s e  o f  o z o n n t e d  s e a w a t e r  f o r  
~ I i ~ ~ l l f i s i i  d e t o x i f i c a t i o n  is a n  a t t r a c t i v e  p o s s i -  
b i l i t y  bec;iuse t h e  same f a c i l i t y  coi i ld  he used  f o r  
r e m o v a l  o f  b o t h  t o x i n s  and  b a c t e r i i i .  

A s e c o n d  a p p r o a c h  i n v o l v e s  m o d i f y i n g  t h e  
p r o c e s s i n g  o r  itse o f  s h e l l f i s h  s o  t h a t  1n.d t o  
m o d e r a t e  t o x i c i t y  p r e s e n t s  no p rob lem,  C u r r e n t l y  
mos t  o f  t h e  c l am c a t c h  i n  t h e  Bay o f  Fundy i s  
m a r k e t e d  f r e s i : .  I t  is w e l l  known t h a t  t h e  p r o c e s s e s  
i n v o l v e d  i n  c o m m e r c i a l  c a n n i n g  o f  c l a m s  r e d u c e s  
t o x i c i t y  c o n s i d e r a b l y .  Clams w i t h  t o x i c i t y  v a l i i e s  
o f  a b o u t  20O,cig t o x i n s / l 0 0  g t i s s u e ,  o r  l e s s ,  become 
s a f e  f o r  c o n s u m p t i o n  a f t e r  commerc ia l  c a n n i n g  
( P r a k a s h  e t  a l ,  1 9 7 1 ) .  Thus c l a m s  from s e v e r a l  
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a r e a s  which  a r e  now c l o s e d  t o  h a r v e s t i n g  becntise sf 
t o x i c i t y  l e v e l s  somewhat a h o v e  8 0 ~ i g  t o x i n s / I O f l  g 
t l s s u e  c o b l d  be dug and m a r k e t e d  i f  c a n n i n g  
f ; l t i l  i t i e s  were a v a i l n h l e .  C o ~ m e r r f n l  r a i l n i n g  of  
i o t a l l v  dug c l a m s  was c a r r i c d  out I n  t h i s  .Ired f r o n  
<it I c d s l  Liii t u r n  o f  thcb i.cLtltrlry nnLi1 t l ~ r ,  c*.!rlTi 
i 9 h O i s .  ' i tnned t l ams  r ~ p r c ~ s e n t e d  thc ma ins t , l y  o f  
t h e  s h e l l f i s h  I n d u s t r y  i i n t i  1 d u r i n g  Idorld ? J l r  17, 
when t h e  demand f o r  f r e s h  c l a m s  i n c r e a s e d .  I t  now 
a p p e a r s  p r u d e n t  t o  c o n s i d e r  r e - e s t a b l i s h i - i g  t h i s  
o u t l e t  f o r  Ray o f  Fundy shellfish. C t h t r  p o t e n t l a 1  
shellfish m a r k e t s  f o r  ~ h i c h  low t o x i c i t y  would pose 
no  p rob lem,  s u c h  a s  u s i n g  s h e l l f x s h  f o r  b a r t  , s h o u l d  
b e  e x p l o r e d  a s   ell. 

A t h i r d  p o s s i b l e  avenue  c o n c e r n s  t h e  p r e s e n t  
s a f e t y  t h r e s h o l d  o f  80 ,ug t o x i n s  p e r  100 g t i s s u e  
a n d  w h e t h e r  o r  n o t  some r e l a x a t i o n  of thi .s  t h r e s h o l d  
d u r i n g  t h e  w i n t e r  may be f e a s i b l e .  ?he c i l r r e r i t  
l i m i t  was e s t a b l i s h e d  i n  Canada many y e a r s  a a o  and 
h a s  s i n c e  been a c c e p t e d  a s  a  sound p u b l i c - h e a l t h  
g u i d e l i n e  by i n t e r n a t i o n a l  a g e n c i e s  and h a s  been 
a d o p t e d  by many c o i ~ n t r i e s  t h a t  h a v e  she17 i f i sh  
t o x i c i t y  o r o h l e m s .  R e t e n t i o n  o f  t h i s  l i m i t  d u r i n g  
t l ie  l a t e  spring-si:mmc?r-ecirly f a l l  p e r i o d  i s  
e s : p e c t n l l v  i m p o r t a n t  hecwirsc wiien t h e  (:onyniilax 
bloom d e v e l o p s ,  s h e l l f i s i - i  t o x i c i t y  rari skyrr,c!:et 
w i t h i n  j u s t  a  few d a y s  frtrin below i l ic  l i m i t  t o  
dar igerousl : r  h i g h  l e v e l s .  D i i t  t h c  q i i e s t i o n  a r i s e s  
w h e t h e r  t h e  l i m i t  c o u l d  be r a i s e d  somewhat, d u r i n g  
t h e  w i n t e r  p e r i o d ,  when t o x i c i t y  r i s e s  t o  d a n g e r o u s  
1 - e v e l s  a r e  n o t  i m m i n e n t ,  w i t h o u t  j e o p a r d i z i n g  p u b l i c  
h e a l t h .  I f  s o ,  t h e n  s h e l l f i s h  a r e a s  i n  \.11iir?i 
t o x i c i t y  i i ove r s  j u s t  above  t h e  8 0 / i ~ g / 1 0 0  g l e v e l  
d u r i n g  t h e  w i n t e r  ( a s  h a s  been t h e  r e c e n t  p a t t e r n  
i n  s e v e r a l  a r e a s )  c o u l d  be opened f o r  l i a r v e s t i n g .  
Because  of  t h e  p o t e n t i a l  i m p l i c a t i o n s  o f  s u c h  a c t i o n  
f o r  p u b l i c  h e a l t h ,  t h i s  p o s s i b l e  a p p r o a c h  worrld 
f i r s t  have t o  be c o n s i d e r e d  a t  l e n g t h  by t l ie  
r e g u l a t o r y  a u t h o r i t i e s .  

T wisli L o  acicnowled):(~ t 1 1 ~  i ~ f f r , r t s  of i t .  1.. 

i ioyd, .J .  C. Fledcof, and I?. '4. lionii i? coord  i n a t i n y ,  
arrd making a v a i l a b l e  tile s ? ! r . l l f i s i i  t o x i c - i t y  d i l t a  :<or 
t h e  Day of  Fundy o v e r  t h e  y e a r s .  I t q a n k  t i le  
members of t t ie  s i ~ e l l f i s h  t o x i c i t y  s u r \ r e i l l a n c e  
p rogram a t  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  in  B l a c k ' s  
H a r b o u r ,  Mew Rrunswick ,  for t i i e i r  c u o p e i - a i i u i i  in t h e  
c o n t i n u a l  e x c h a n g e  o f  i n f o r m a t i o n  between o u r  
l a b o r a t o r i e s  i n  t h e  p a s t  few y e a r s  c o n c e r n i n g  
s h e l l f i s h  t o x i c i t y  v a l u e s ,  s h e l l f i s h  a r e a  c l o s u r e s ,  
G o n y a u l a x  b l o o m s ,  and Gonyarilax c y s t s .  I t h a n k  J. 
L. P i a r t i n  f o r  t e c h n i c a l  a s s i s t a n c e ;  S. R e i i i s ,  A. 
S r e e d h a r a n ,  T. Wagg, and D. \ X ? i t e s i d e  f o r  comput ing  
a s s i s t a n c e ;  \I. NcMullon and !:. Cunningham f o r  f i n a l  
p r e p a r a t i o n  o f  t h e  f i g u r e s ;  B .  Fnijiies and .I. i i u r l e y  
f o r  t y p i n g ;  R .  C a r n e t t  f o r  t e c h n i c a l  e d i t i n g ;  and K. 
i iaya and 51. Z i t k o  f o r  r e v i e w i n g  t h e  m a n i t s c r i p t ,  
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