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ABSTRACT 

During che p a s t  few y e a r s  t o x i c  d i n o f l a g e l l a t e  blooms have caused  f i s h  k i l l s  i n  t h e  Ray of Pundy. 
i i i s t o r i c a l 2 y  t i i ese  anniial  blooms have had s u b s t a n t i a l  impact  on f i s h e r i e s  r e s o a r c e s  and p u b l i c  h e a l t h  Ir i  
Canada because  of t o x i n  accumula t ion  in  s h e l l f i s t : .  We a r e  now Learn ing  t h a t  t h e  blooms cause  problems f o r  
f i n f i s h  a s  w e l l ,  R e c o g n i t i o n  of t h i s  comes d u r i n g  a p e r i c d  of i n t e n s i f i c a t i o n  of  t h e  t o x i c  biocrns i n  the  Ray 
o f  Fucdy. I r n ~ l i c a t i o n s  of  t o x i c  blooms f o r  f i n f i s h  exterrd t o  t h e  S t .  Laurence R i v e r  E s t u a r y ,  t o  t h e  c o a s t a l  
; r a t e r s  o f  B r i t i s h  Columbia,  and to  many o t h e r  p a r t s  of t h e  wor ld ,  

T h i s  r e p o r t  a t t e m p t s  t o  a s s e s s  t h e  scope of t h e  impact  of t o x i c  h loo~ns  on Cartadfar. f i n f i s h  r e s o u r c e s *  
The a v a i l a b l e  i n f o r m a t i o n  is s u ~ m a r i z e d ,  and u d d i ~ i o n a l  c o n c e r n s  and gaps i n  o u r  knowledge a r e  d i s c u s s e d ,  i t  
i s  coriciiided t i t a t  i t  i s  s t i l l  t o o  e a r l y  t o  be a b l e  t o  a s s e s s  the t o t a l  impact of  t h e  t o x i c  blooms on f i n f i s t 1  
r e s o u r c e s  w i t h  any d e g r e e  of  acc i i racy ;  but  the e:irmarks a r e  p r e s e n t  t o  i n d i c a t e  t h a t  tox in-caused  f i s h  k i l l s  
a r e  r e c u r r e n t  e*,rents, t h a t  a v a r i e t y  o f  f i s h e s  may be a f f e c ~ e d  i n c l u d i n g  a d u l t  and Iarva"ist ;~ges,  and 
consiiqiic-rrtly t h a t  tiresca :oxic hlooms ?nay well have s i ibs t : in t ie l  linpact on f i n f i l i l i ,  Tltc* cffec-t of m:;ixic blooms 
oil  f i s l i  I;rrvnr I s  cci1rsiiii2rc.d to  hc- i i i c .  Pinst p r > i e n t l n l  i y  e t g n i  f l c n n t  Eis(ie6't For f i r i f ' i s i ~  pcipriint  inn^. P 
k i l ~ , i ~ l - i i y , i "  of' ilichsi. c i f c * i " ~ ~  on Inrvo~a  ? H  orirs*ly iii"eidr*d, i i l < r n g  jiltti  :a b e t t e r  i intic*rwtnndliip, of i i ~ c  dvri:intfc% i ) i  
t o x i r  !??:;o?nx arid ri*:i t l d i s s ,  ;ioii o i  wr*ilti;n?sins o f  t o x i n  tr~incrr'er icr FIelr.  

Key words-: 'hsxir- cii .nofi ; tgcl iate hl(>oms, red  t i d e ,  i b n y a u l a x ,  E i z t t  k i l l s ,  f i n i t s i t ,  Canada 

Y h l t c ,  Alan k, 1982. 'i??e scope  of  rmpaci of  t o x i c  t i i n o f l a g e l l a t e  blooms orr f S n f l s h  in  C a ~ a d n .  Tan.  7 e c h -  
Rep. F i s h ,  Rquat ,  S c i ,  1063, i i f  4- 5 p *  

Air cottrs d e s  q u e l q n e s  d e r n i P r e s  anni%>s, d e s  f l o r a i s o n s  tox iq i ies  de cli .noflagellSs a n t  causs d e s  m o r t a L i t 6 s  
rnass ives  d e  p o i s s n n s  dans  1:: b a i e  de Fundy. Par  suite de l 'acccurniilation be t o x i n e s  daus  1c.s rno i lusques ,  c e s  
f l o r a l s o n s  nnnt!el les  o n t  c.ri dnns Lr pass6  une F o r t e  cCperc.usslon stir i c s  r e s s o u r c e s  h a i i e i i r i n t ~ e s  e t  i n  s o n ~ S  
pihlitiilni., OR d P c o ~ v r e  main tenant  r p e  l e g  i l o r ; l i s o n s  panent  dcas proh1Bmr.s PgaIement aver  IPS p o i s s i i r ? ~ .  C'CS: 
311 mom~int OC Ieij ficir;iisrrns t r ix lques  sr Fortt jrliin i n t ~ l i i s e r :  dsana I n  Piaics lie Pcindy q u r  3 % i , r :  rcb"onna"i r r  
piic".nr)m>ile, SFIR Imp1 I r n t f o i i ~ :  *tar ICR p o I ~ s o n s  f i~t lvldc-ri t -  7i j ' e s t t ~ a f r ~  ( i t #  S : ~ l i l t - ~ , ~ i i r l ' n t ~  n i ~ x  i,niiX r*Rtii;res tic 
I $2 ro:<iahi~-Rrlr : in; t  !iftie t , r  3 I r in i r~r r r i  a i r t r c s  r ~ g i o n ~ i  (lit :nrjnde. 

h:oiis it'sitnri"l / c /  d ' 6 v o i ~ i ~ r  ?Lnmjiirur de I9lmpect  r ? t . ~  Floraison.: t o x  i i j t l e ~  s i ~ r  Xes ressoiirct .s  
i c l i t y o i o g i q u e ~  can;iiiiei::tes, NOLIB rbsiimons I '  iinformatiori tf.isi;onible et  :?n;,l y s o n s  l e s  proklSmc-s q u i  pcuvctit 
s i r r g l r  a i n s i  que l 6 . s  lactanes d a n s  nos  cor rns i ssances .  NOUP en V ~ R O R S  2 l a  conclusior-i a t ) -1  r s t  e n c o r e  t r n p  t a t  
poiir Cvzrluer, avec  rir l  dci.,rP d e  f ; r 6 c i s i o n  qi ielconque,  I '  Lrnpac.t t o t a l  d e s  F i o r a i s o r i s  toxii j i ies  s u r  Les n o l s s o n s ;  
a a i s  on a d e s  i n d i c a t i o n s  que Ies m o r t a l i t i s  de p o i s s o n s  c a u s 6 e s  par  l e s  t a x i n e s  s o n t  d e s  pi16xonBnes 
p G r i a d i q i ~ e s ,  qu ' l ine v a r i 6 t G  d e  p o i s s o n s ,  y conipris Larves  e t  a d u l t e s ,  pauvent  S t r e  a f f e c t i i s ,  el. que p r  
c o a s 6 q u e o t  c e s  f i o r a i s o n s  tox jq i ies  peusenc a v o i r  tm impact a p p r S c i a h l e  siir l e s  p o i s s o n s .  Pour i e s  p o p u l ~ t i o n s  
d e  p o i s s o n s ,  nous sirmes d ' a v i s  que l v m p a c t  s u r  i e s  l a r v e s  e n t  s u r t o u t  i m p o r t a n t .  11 y a u r g e n t  b e s o i n  de 
c o n n a l t r e  Les e f f e t s  s u r  r e s  r i e r n l s r e s .  II nous f a i ~ t  a u s s i  rnieux comprendre l a  Jynamique d e s  f l o r a i s n n s  
i o x i q u e s  e t  d e s  eaux r o u g e s ,  a i n s i  que l e s  m6canlsmes d e  t r a n s f e r t  cies t o x i n e s  aux p o i s s o n s *  





Toxic  r i i n o f l o g e i i a t i .  blooms a r e  a n n u a l  e v e n t s  
l i i  t h e  Bay o f  Firncly , i n  r"r!c& S t ,  1,awrence River  
E s t u a r y ,  a l o n g  t h e  r o a s t  i,P B r i t i s h  Columbia, and i:i 
rnariy o t l i e r  c o a s t a l  a r e a s  througholl t  t h e  wor ld ,  11.w 
c u l ~ r i t s  i n  Canada be long  t o  t h e  genus F o n y a u l a ~ .  
E a s t  Coas t  blooms a r e  caused  by 6. e x c a v a t a ,  
f o r n e r l y  known a s  5, t a m a r e n s i s ,  West Canst  blooms 
a r e  caiised by e i t h e r  C,. c a t e n e l l a  o r  g, acateneL1;i. 

?'he impac t  of  t h e  annual  Gcxiyaiilax b i o o n s  on - 
t h e  i i t i i i z a t i o n  of s i l e1 : f i sh  reso l r rces  :n Canada 
1. .. .. k c e n  r e c o g n i z e d  f o r  ninny y e a r s  ( P r a k a s k  c t  a k ,  

1971 ()ueyLe 1969; White I ? N 2 j ,  Fil rer-i'eeii1i.g 
she1  ! C i s i t ,  s u c h  a s  clams ;ind m u s s e l s ,  a c c m i ~ l ; i t e  t h e  
p c i s c n s  from :he d i n e f i a g e i . l a t e s  when f e e d i n g  on 
them, l e a d i n g  t o  t h e  danger of  " p a r a l y t i c  s h e l l f i s h  
p o i s o n i n g ' b r  PSP, n p o t e n t 5 a l l y  f a t a l  f o r %  c f  food 
poisoning f o r  E~urnans and other v e r t e b r a t e s .  Con- 
r~ inr ina te i l  s h e l l i i s i i  j i ~ e a s ~  o r  sometimes even e n t i r e  
c i i a s t ' i i r ~ o s ,  i:;ilst be c l o s e d  t o  ?he Finrvi.sting of 
sinel l t is:: f o r  wei~k.;, 31onths o r *  i n  some c a s e s ,  
pirrn:rni.rlrly. ?'??esrh ii:~rrir;ri Litxii.ol o$!,fc:ri :-vcr!ts 
c t j ~ ; t  C:,~r~ada m i l l  o f  do1 1 : ~ r u  ar?nt1:] 1 I;/ rr(;n~ I he 
l or;.: i r f  p o t c c n  t i n  l c ; i i i a  1 I P i  .;?I re%oiir(.tXs, i'rrirn trnrmploy- 
mci~i i i C  Fishr rmen,  rrrrd from i.xyrrniiitirrc.;; roqirirtjd 
!'or s i i e l l f i s h  surveil lcc: :rr ,  

Blooms and r e d  t i d e s  of  o t h e r  t o x i c  iiino- 
f l a g e l l a t e s  have beeit a s s o c i a r e d  w i t h  f i s h  k i l l s  i n  
some a r e a s  o f  t h e  world f o r  marly y e a r s .  Until.  1976 
i t  was t?tciuglit i l la t  Gonvaulex bl oorns impacted only  
s i ~ e i i f i s l i  r e s o u r c e s ,  Fi?f isF: :#ere thougi??: t o  be 
r e l a t i v e l y  inn. ;ensi t ive t o  i t s  t o x i n s .  Fur thermore ,  
a s i d e  from i n g e s t i u r r  of  r o n t n ~ n i n a t e d  she lLf . "_sh ,  no 
rneohaai sm was recognized wilereby f l n f l  $ti ceii ld 
a c q t ! j r e  tiii. p o l s o n s ,  ;h i i :v i? r ,  n s  ~i r v s i l l t  of 
sC1:tlles oi herring:  k i l l s  in  clie Way o f l ~ l i n d y  i l l  1976 
a n d  1979, nrld of rr laec!l  <:t!ic?i:-s, t h e  ;rfc?rrrc. t r ;  n o w  
c l rA;?rl y e r ~ e r g i n g  : i r ; ~ i .  Lox i t .  -- (;on-{airlax !)loi:ri~s cgiri, 
orsd d o 9  h a ~ ~  i m p ~ ~ ~  I. * i r ~  c l  71 f st; ; + S I C ~  on fief IF;~: 
ress)t i rctsae 

' T t i i  pnrpcae :?f t t i i ~  r e l i c r t  i s  t o  a s s e s s  t h e  
sc.oni, of  tiif impact of -._A i:onvai~L:~x blooms oii Con:?dlan 
Cf nf i s i r  r e s o u r c e s .  rrlhc essessrrert t will be based 
upon the  i n f o r m a t i o n  - i r r ren t  iy a v a i l a b l e  a n d ,  by 
n e c e s s i t y ,  trpon cnr: jectvrc.  Tlie p a p e r s  c i t e d  in t h e  
r e f e r e n c e s  represi-r i t  n e a r l y  a l i  t h a t  i s  known about  
(1, . e x c a v a t a  a?d i t s  :nxirir,  v i a  5 vis i i - f i s h ,  ncit 
o n l y  ii; C:nn;;da, but worldwiiie a s  w e l l ,  A l  tilough t h e  
i n d i v i d u a l  p a p e r s  t a k e n  a s  z v h u l e  r e p r e s e n t  a n  
a s s e s s x e i l t  o f  s o r t s ,  ",-ti.: r e p o r t  1s meant t o  s e r v e  
a s  ;I sing1.e f o c a l  p o i n t  f o r  [ i r e s e n t  ~ h o i i p h t s  on t h e  
m a t t e r ,  A more a c c u r a t e  ;issc?ssner?t of i h e  s l g n t f t -  
c a n r e  of i;!=ulax blooms t o  flnfissl: reso i r rces  n u s t  
a w a i t  F i l r ther  s t t i d y ,  p n r t i c i r l a r l y  or) e f f e c t s  of 
I:cnyai:lnx on i l s h  l n r v ; i e ,  *w?iiclt a t  t h i s  p o i n t  is -- 
:seen rc: hi. t h e  most p o t c ~ n l : : n i l y  s i#n"i i icar?t  uci ,ect  

f f  911 I J < J ~ \ I ~  a t j O i > s *  

Some o f  t h e  pub1 istied i n a t e r i a l  0x1 ( s a u l a x  
t o x i n s  and t h e i r  r e l a t % o n  t o  F i n f j  sii !ins been sum- 
mar ized  p r e v i o u s l y  (White i979b, I 9 R G  l i , c j  .. OxLy 
t h e  s a l i e n t  f e a t u r e s  of  t h e s e  s t u d i e s  w i l l  he 
d i s c ~ i s n e d  h e r e ,  a l o n g  w i t h  new r e s u l t s .  

The f i r s t  ind ica t ic :n  t h a t  - 6 .  e x c a v a t a  t .oxlns 
have  i m p l i c a t i o n s  f o r  maririe f i n f i s i i  came i n  1976, 

i n  . July  o f  t h a t  year  an e x t e r ~ s i v c  I c i L l  of ;idit1 t 
Irc+rring occ t~r rez i  i n  t h e  Bay of licndy o f f  Crani! Xnnari 
I s l e n d  diiririg tile n n n ~ w l  - G o e ~ a t ~ Z a x  b l o a c  (bi;?i t e  
i 977), A n a l y s i s  of stomach c o n t e n t s  showed t i i a i  tile 
dead h s r r i i i g  coi:tnined 5, e x r a v a t a  t n x l r s ,  p a r t l y  
d iges ted  p t e r o p o d s ,  and chrnrnatopl-iore-like b o d i e s  
wIr ichwere  probab1.y remnants of  C:oriyau'iax c e l l s  
i n g e s t e d  by the pteropods .  Subserjirei!t c!xperimerits 
showed t h a t  the  m o u n t  of t o x i n s  Found i n  t h e  
h e r r i n g  stomachs (21 j i g / f i s i l )  was s r r f  f i c i e n i  t o  L:i il 
h e r r i n g  r a p i d l y  after o r a l  a d n i n l s t r a e i o n ,  w i t h  
symptoms including l o s s  of  e q u i l  ibritrm and progres -  
s i v e  r a r a i y s i s ,  which were the  same a s  symptflmi 
al-ieervad by flsherme;r d u r i n g  t h e  k i l l  I::'hite 1477). 
The p r o b a b l e  c o u r s e  of e v e n t s  was conc luded  to  he 
t h a t  Gonyaulax, was grazed  lii:on by pteropoid i, wil i  cii 
scenmiiLeted t h e  d i n o f k a g e l l a t e  toxLoa ai:d p ~ s s e d  
t h e n  on t o  h e r r i n g  p r e d a t o r s ,  ca i i s ing  ei.re M I I .  

During t h e  1977 and 1978 ZcryauLax bloo'ns, 
t o x i n  e s s a y s  of the  p lankton  commi.rni t y  were cijrl-- 

di lcted on a  r e g u l a r  b a s i s  (\,Jln.ihiie iW79nj, " h i 5  wcrrk 
demons t ra ted  t h a t  lax t o x i . r s  can kx- ec~-t?~-iti- -- 
Lated i n  znciplanktoo con.imuril?ics tinrninnt ~ t i  of t i r t * r  iiy 
~ f e t f n n f d s ,  r l ;adi?ccrn~ii ; ,  or ii,pr.j?tids, ':"f:r. r i i n l * r y  o f  
LI :e  rrdsr nnfi fail in r r i x i r  c.r~nteilt o f  zc:o:ii;~~i!.i;.r.;:t:~rr, 
c:;tt~ght with a 6 4 $  2 b ? 9  or p r n  nesh rnc,r W:IS f :~ ! r l "q  
s i m i l a r  f o r  each  s i z e  frat t i o n ,  ;lnil rurrg??l v 

p a r a l l e l e d  t h e  ~um'tier of Gonvai~ lax  e e l  l s  i;-i rhrr 
w a t e r ,  Toxin c o n t e n t  maxima were 4 1 ,  59 ,  and 8 y g  
t n x i n s / g  wet p l a n k t o n  f o r  t h e  r e s p e c t i v e  s i z e  
f r a c t i o n s .  The s i g n i f i c a n c e  of  t h i s  work was the 
f l n d i n g  that G n n ~ n u k a x  t o x i n s  can be accuwiilated by 

--A- 

a  v a r i e r g  of zcicpl; inkters ,  n i i u j r ~ s t  by p te r i io ( ids r  
T h i s  meant i.he t o x i n s  coul i i ,  i i o t e n t i e l l g r ,  he t r a n s -  
m i t t e d  ro p lankt i r rorous  f i s h e s  v i a  many diife:e::t 
plaitktcsnic r o u t e s  iri-rrolving her.bivorotis zoopi n n k r t i n .  
Furt lrerarrre,  t h e  r r s u k i s  s : ~ g ~ e . r t c t l  t h a t  tiii'ri= 23.; 
s n n c  d e g r e e  o f  t r rx ln  r e t e n t i o n  by zoop3ankLon f o r  a t  
I c n ~ t  s e v e r a l  wracks beyond cl?e t i n e  at w l i i c - h  n o  
c;onyaiil:~x c r l  1.; rernnfrrc.d iii t h e  water .  .- 

!)trrieg t i : ~  ' spr ing  of 1979 :??c ;~cc!:ni i l ; i t i  oi? o f  
Crjnyaulai: t n x i i ~ s  by herb lvoroits  zoripianki-oir w;is 
r c r ~ f i r m e d  in l a b o r a t o r y  experf  net:; s (Vhf t i s  I q i i i a  1 .  
F r e s h l y  c o l l e c t e d  zooplankter . ;  wri. f e d  r ! i i t i i ros  of 
G ,  e x c a v a t a  and t h e  t i n e  coiirse o f t e x i n  rintn!ci. :and - 
e x c r e t l u n  b.? the a n i m a l s  was d e t e r n i n e i i ,  Conyatt'ia:< 
c e l l s  were r a p i d l y  i n g e s t e d  by t h e  copepod 11cart-ia 
c l a u s i l  iind by b a r n a c l e  nnrl :>ll i ,  and t h e  ;rriim:il.s -- 
r a p i d l y  accumula ted  Gonyaulax t o x i n s ,  wirl: no 
a p p a r e n t e e f f e c t s .  Toxin c o n t e n r  of t h e  an imaiz  
reached  maxin:rm vali ies  j u s t  h h a f t e r  tire i ; r i c i ; i t ion  
of  f e e d i n g  on Gonyaulax,  i n  a1 l e x p e r i m e n t s  nnxiiiirin 
t o x i n  c o n t e n t s  crttt-e ccimpnrahl e  on a  t in i t  weight  
b a s i s  t o  t h o s e  z e a s u r e d  d u r i n g  t h e  p r c v i n a s  y e a r s  i n  
n a t u r a l  zooplankton  samples ,  E q u a l l y  Impor tan t  was 
t h e  f i n d i n g  t h a t  t o x i n s  were r e t a i n t - d  a t  i i igh l e v i s l s  
in tile r e s t  a n i m a l s  f o r  a t  I o n s t  s e v e r a l  days heyrrad 
rlie t ime rit *&icii p r t i c : i l : ? t e  m a t t e r  was in<; l o n g e r  
titil l h l e  in t ? i c i r  i n t e s t  i n p a ,  I i r d i r n t l  ng sonic c i + ~ r i ' c  
o f  rox in  ?cPc.n:ic>n rrr ntc;r;rgP, 

In 1979 fist-# k i l l .  event.; occi irred in the  Bay f ) f  
Ft~ndy which c o r r o b o r a t e d  the. *vie$: t h a t  hi . r?r lvorons 
zooplankton  i n  g e n e r a l  can xc i ic i re  ~ e n y a u l a x  t c x l ~ j s  
and p a s s  them on t o  f i n f i s h  w i t h  d l s ; l s " - ~ i ~ ~  r e s u l t s  
(White IWKOaj. During !-he i-or~au"ia-?i hlnom i n  . i i ~ i y  -. 
1979, t h e  t o x j n s  a g a i n  carici.6 h e r r i n g  I c i l i s ,  In  
t h e s e  i i s taances  t h e  pr imary  agent  o f  t o x i n  t r a r i s f c~ r  
was t h e  c l a d c c e r a n  Lrradne nordmanni i u r t  lit ertjpcids -- 
a s  In 1976, "xaminnt ion  of stomach contents: 
r e v e a l e d  o n l y  5. e x e a v a t a  t o x i n s ,  5, z-;dnog=i i ir  

v a r i o u s  s t a g e s  of d i g e s t i o r i ,  ;ind the s;imi5 ;.PI i s w i  r,l, 
c h r o r ~ a t n p h o r e i  as Reen I n  st*jrnach ( i i a c e n f t ;  in 1976. 



The 1979 k i l l  c o i n c i d e d  w i t h  t h e  peak of t h e  

Conyaulax  t o x i n s  were measured i n  F,. nordmanni 
s a m p l e s  - I R j i g  t o x i n s l g  wet a n i m a l s ,  These e v e n t s  
d e m o ~ s t r a t e  t h a t  h e r r i n q  k i l l s  caused  by Gonyaulax 
r o x f n s  a r e  ti r e c u r r e n t  phenomenon, 

4 s t u d y  o f  tile s e n s i t i v i t y  of  s e v e r a l  marine 
f i s h e s  t o  Gcnyaulax t o x i n s  h a s  r e c e n t l y  been 
comple ted  which  s u g g e s t s  t h a t  k i l l s  of  f i s h e s  o t h e r  
t h a n  h e r r i n g  a r e  p o s s i b l e  drrr ing Gonyaulax blooms. 
T o x i n s  were e x t r a c t e d  from mass c u l t u r e s  of 6, 
e x c a v a t a  and a d m i n i s t e r e d  e i t h e r  o r a l l y  o r  i n t r a -  
p e r r t o n e a i l y  i n  h e r r i n g ,  ~ n L L o c k ,  f l o u n d e r ,  
-dXmon, and cod ( I f i i t e  1 9 8 1 ~ ) .  The symptoms and t h e  
d o s c  r e s p o n s e s  a r e  v e r y  n e a r l y  t h e  s a n e  among t h e s e  
f i s h e s ,  Symptoms i n c l u d e  Losc, o f  a q i i l l i h r ~ i m  a j i t h i n  
5-15 miq,  folLowed by ihnllaw L?rrl*ythmic h r e a t i s l n g .  
i)e,atb infir ies  g e n e r d l  l y  w f t h l r ~  20-60 rain of t o x l i ~  
ndinlni5t r,iLir>ri. O r a l  i li50 vriltled a r e  400-735 j i g  
tox in \ /k i r ,  imdy wclgtrt, i rr t r , rperi  t o n e a l  L1150 v.rlrtes 
di -P  v e r y  Ion", 4-12 pp, toxlnh/tdg 1x18~ welgnt I which 
arc ',imilar t i >  t h o s e  ja>r w,jrrn-hloodc~tl * v e r t e b r a t e s ,  
i"isii r e c r i v i n g  l e t i l a ?  .ir,*l iioqes siiowed u n d e t e c t a h i e  
l e v e l +  of t c ~ x i n s  i n  t t i ~ i r  ' 1 ~ 6 c l e  t i i s u e ,  whicll 1% 
L o n s r i t c n t  w i t h  t h e  f,cding t h a t  o q l y  v e r y  low 
l e v e l s  of t o x i n s  a r e  r e q u l r e d  t o  k i l l  f i s h  v i a  t h e  
~ n t r a p e r i t o n e a l  r o u t e .  These r e s u l t s  s u g g e s t  t h a t  
kllis of a v a r i e t y  of  mar ine  f i s h e s  from Gongsulax 
t o x i n s  a r e  p o s s i b l e  i f  s ~ f f i c i e n t  amounts of  t h e  
p o i s o n s  have  been a c c u m ~ l a t e a  by t h e i r  food 
o r g a n i s m s .  

('"lryni~"L~x -- - e o x l ? i  ( cirii.d k i  I Ii * j f  l t licrrrlng 
f . i  i i i c  fLmv i a f  Frirtciy ciiirin#: tire surnmcr b iooxs  in  1976 
,i.iri 1919 ( k l r i t e  1 9 i i l  I9hOii). TIit mecl~anisrn rrf  
i - o u ~ n  t r l r i s f e r  was t ! e  same I n  t h e s e  I q s t a n c e s .  
T O ? E S P $  were t r a n s m i t t e d  from Gonyatilax t o  h e r h i -  
vcro~*s  i o o p l a n k t o n  t o  ric?rrlrg. The z a ~ o p l a n ~ t o ?  
tdectr ir i  *ere  d i f f e r e n t  however - p t e r o p o d s  i n  1976 
a n d  r l a d o c e r a n s  i? 1374,  L a b o r a t o r y  and f i e l d  work 
i ~ d ~ c a c c a  t h a t  a v a r l e t v  o r  p l a n k t o n i c  h e r b i i o r e s  can 
'it i as t o x i p  J e r i o r i ;  (Whit0 19813). T h e r e f o r e ,  
birlce i r e r r i n g  a r e  o b l i g a t e  f ~ i n n k t i v t i r e s ,  h e r r i n g  
k ~ l l i ;  ;F;o,,id r e c o r  whenever n  l a r g e  riumber of 
Conyaulax ,  herb ivoro i r s  7 o o p l a ~ r k t e r s ,  and h e r r i n g  - 
o v e r l a p  t e m p o r a l l y  and s p a t i a l l y  (White 19AOa, 
198I,z), 

i t  i s  impossible t o  d e t e r m i n e  w i t h  c e r t a i n t y  i f  
t he  kt r r i n g  k i l l s  a r e  n e w  ( v e n t s  i n  tiie Bay of 
r i indy,  o r  i f  t h e y  have i~n.tpet-c~d i n  r lir past and 
e%"ihr ii,ivc n o t  been nbc,er.ic4 iir not r e n a r t e d .  I t  
seems c,ti.ic*what r ~ n i  l keXy eiia L ,r ma jor k i  il of a d u l t  
fist; worild h a v e  been unnot5ced i n  r e c e n t  i l i s t o r y ,  
Ifowever,  i t  i s  n o t  ~ i l l i k e i y  t h a t  ~ r : c h  a n  occ i l r rence  
wai l ld  be unrecorded .  K i l l s  of f i s h  l a r v a e  would 
c s r t n ~ ~ ~ l v  he i~nobserxied.  

On t h e  o t h e r  hand,  i f  t h e  k i l l s  a r e  new e v e n t s  
t h e y  n a y  foreshadow more d r a m a t i c  t h i n g s  t o  come. 
s h e l l f i s h  t o x i c i t y  r e c o r d s  f o r  t h e  Ray of  Frtady f o r  
c n e  Dasc 33 y r  s u p p o r t  t h i s  n o s s i b i l i t y ,  W i t h i n  t h e  
past 8 y r  ,rr s o  t h e r e  Ira.; been a  d e f i n i t e  i n c r e a s e  
IR e t ~ e l l f i s h  t o x i n  L e v e l s ,  s i g n i f y i n g  an i n r e n s i f i -  
c a t l o n  of  Gonyaulax blooms (White 1982). The 1976 
and 1479 h e r r i n g  k i l l s  o c c u r r e d  d u r l n g  y e a r s  of  
m a s s i v e  Gonyaulax blooms,  a s  r e f l e c t e d  by s h e l l f i s h  
t o x i c  Lry peaks  much h i g h e r  than  i n  any o t h e r  year  
s i n c e  1461.  T i e  t r e n d  of   creasing s e v e r l  t y  o f  

2- 
klooms continrreri i n  1980, In f , i c r ,  a  G o n y ~ ~ t ~ I ~ x -  
caused  red t i d e  was recorded  fo r  t h e  f i r i t  cir;cb fn 
t h e  Bay of  Fundy i n  1980 ( l r n i t e ,  unpublished), In 
one  l o c a t i o n  Conyauiax nrunbers reacired 18 million 
c e l l s  per  l i t e r !  Ifowever, h e r r i n g  k i l l s  were n o t  
r e p o r t e d  d u r i n g  1980, which may have been r e l a t e d  to 
t h e  p a u c i t y  o f  z o o p l a n k t e r s  observed  d u r i n g  t h e  
Gonyaulax bloom. The worsening  of t h e  Gonyatilax 
bloom s i t u a t i o n  i n  t h e  Bay of Fundy is  i n  keeping  
w i t h  t h e  same d i s t u r b i n g  t r e a d  wor ldwide ,  i m e e  an 
i n c r e a s e  i n  t h e  f r e q u e n c y ,  s e v e r i t y ,  and d i s t r i b u -  
t i o n  o f  r e d  t i d e  e v e n t s ,  

RILLS OF OTHER FISHES 

E x p e r i m e n t a l  work has shown t h a t  marine f ; - ihr+ 
i n  g e n e r a l  a r e  e q u a l l y  s e n s i t i v e  t o  6, cCxcavnia 
r oxinii  (White IORlb). Onr ~woLd cxpec t  , r i i t ~ r v f o r r ~ ,  
t h a t  k l  l l  s w i  l I  r e s u l  r dreiic*vc*r F l  s h e s  c oSi*,tinc foirii 
I tams r o n t i i f n l n g  s u f f  i c l f a n r  tnxfn  loadq .  k i r i ~ o * i x h  
we do n o t  know the c u r n p l e t ~  f r i t r  c i f  Conyatt l ,~? tirxirici 
f i x  t h e  mar ine  food web, we dtr kirclw itrr r r - r t a i n  that 
t h e  t o x i n s  can he nccimrrlated by z o o p l a n k t o n ,  h v  
f i l t e r - f e e d i n g  s h e l l f i s h ,  and s e c o n d a r i l y  b * ~  some 
c a r n i v o r o u s  s h e l l f  i s h .  Depending upon t h e i r  Ceeeing 
h a b i t s ,  f i s h e s  may a c q u i r e  l e t h a l  d o s e s  of t o x i c s  
from t h e  d i n o f l a g e l l a t e s  t h e m s e l v e s  o r  from 
v a r l e t y  of  s e c o n d a r y  a c c u m u l a t o r s *  We do n o t  Xr.aw 
i f  t h e  t o x i n s  i n  s o l u t i o n  iri s e a w a t e r  d u r i n g  t h e  
blooms ( r h e  t o x i n s  a r e  w a t e r  s o l r ~ b l e )  a f f e c t  f i s h  a s  
d o  t h e  t o x i n s  from t h e  Gulf  of  Yexico r e d - t i d e  
d i n o f l a g e l l a t e .  

Gonyadlax e x c a v a t n  tc>xf:?s hcive, i n  f , r c c ,  bvc n  
. i s s a c f a t e d  wl t h  kI 119 of f i i I w n  oniier t h ~ ~ r  l ~ e r r l n ~ .  
Arlsmci c t  a l ,  ( 1  968) s t t g g e ~ t r d  ~ii , i t  rr send i , r r ~ r r *  
(Ammodytes s p . )  k j  11 o f f  tlic l ini tet l  Kingd<im $11 I96h 
was c e i t ~ e d  by C. e x c a v a t a  ( t i ~ e n  c z l  l e d  5. 
t a m r e a s i s )  t o x i n s  which were probably  t r a n s f e r r e d  
t h r o u g h  t h e  zooplankton  e o m u n i t y ,  Another sand 
l a n c e  k i l l  occrrrred o f f  Gape Cod, * C s s a c h u q e t t s ,  i n  
1978 d u r i n g  a  Gonyaulax bloom, and t o x i n s  *ere 
measured i n  t h e  f i s h  g i l t s  ( I ,  N i s h e t ,  p e r s ,  comm.). 
B l u e f i s h  ifomatomus s a l t a c r i x )  may have been 
i n v o l v e d  i n  t h i s  kill a s  w e l l .  San2 l a n c e ,  I i k e  
h e r r i n g ,  f e e d  e x c l u s i v e l y  on smal l  zooplankton  arid 
must have a c q u i r e d  t h e  t o x i n s  i n  t h i s  manner. The 
s a n e  k ind  of s c e n a r i o  might w e l l  i n v o l v e  o t h e r  
p1anktZvorot:s f i s h e s ,  such  a s  a l e w i f e ,  strod, s m e l t  , 
m a c k e r e l ,  e t c ,  , s i m p l y  depending  upon which E l s h e s  
a r e  i n  t h e  m o n g  p l a c e  a t  tile wrong t ime.  

I n  1979 a  mentiaden k i l l  occrrrred o f f  Lhr c e a s t  
o f  ? k i n e  drrr ing a  5. e x c a v a t a  r e d  t i d e  and tcixfrzs 
were measured i n  t h e  g u t s  ( 1 .  i k i r ~ t ,  pert , .  ccimfn.). 
Meithaden p o f i s o ~ s  f i n e  pharyrrfteai 4 i e v e s  bi i~icb enable 
them t o  f i  i t e r  p i iy top lanktnn .  D i n o f l a g e l l d t c * s  and 
d i a t o m s  e o n s t l t u t e  a  l a r g e  m r r  of  t h e i r  diei. It 
i s  l i k e l y  t h e n  t h a t  t h e s e  f i s h  a c q u i r e d  t h e  toxin.: 
d i r e c t l y  from Gonyaulax.  Other  p k y t o p l a n k t t i v r o n s  
f i s h e s  would probably  e x p e r i e n c e  t h e  same p r o b l e q s  
i n  a r e a s  of  h i g h  Gonyaulax c o n c e n t r a t i o n s .  

I t  is n o t  known i f  g r o u n d f i s h  k i l l s  r 5 s u l t  Mhe~ 
t o x i c  s h e l l f i s h  a r e  e a t e n .  Fiowever, s e a  s c a ; i n p s  f n  
t h e  Bay of  Fundy o f t e n  c o n t a i n  e x t r e m e l y  h+gh L e v e l s  
of  G. e x c a v a t a  t o x i n s .  F u r t h e r m o r e ,  t h e s e  high 
l e v e l s  do not n e c e s s a r i l y  occur  d u r i n g  o r  s h o r t l y  
a f t e r  t h e  summer Gonyaulax bloom, brrt can o c c u r  
d u r i n g  t h e  w i n t e r .  I t  i s  s t r o n g l y  s r ~ s p e c t e d  t h a t  
s c a l l o p s  i n g e s t  6. e x e a v a t a  c y s t s  ckrici: arc* i ieposi-  
t e d  in  abundance on sed lnr*nts  s i f t e r  t h e  bloom and 
which remaln t l i c r r  tiiroughoiit ilie f a l l  arrd w l r i i r r .  



Airr~ougir n o t  ,7 major  r tem in t h e  c i ~ e r s  0:  g r o l i ~ ~ d f ~ s h  
s u c h  a s  c a d ,  h a l ~ b d t ,  haddock,  e t c . ,  s e 3 l l o p s  a r e  
t a k e n  f a r r i y  r e g u l a r l y  a s  sbown by stomach c o n t e n t  
a n a l y s e s ,  s o  i t  1 5  p o s s l S l e  t h a t  t h e r e  a r e  d e t r r -  
menta l  e f f e c t s  o f  t h e  r o x i n s  on g r o u n d f r s h  irra ~ h l s  
r o u t e ,  ZP a d d ~ t i o n  t o  s c a l l o p s  mary o t h e r  b i v a l ~ e  
and  g a s t r o p o d  m o l l u s c s  s e r v e  a s  p o t e n t i a l  toxi-r 
vec t o t  s t t r  gr x rnd f  i .;Iz. 

KILLS iV O l l i F R  APFAS 

There  is  l i c t l e  r e a s o n  t o  c o n s i d e r  t h a t  f i s b  
k i l l s  c a u s e d  by Sonyau;ax toxirms can occur  o n l p  iii 

t h e  Bay o f  Fundy. The same d i n o f l a g e l l a t e  s p e c i e s  
a s  i n  t h e  Bay of  Frrndy blcnms r e g i i l a r l y  i n  t h e  S t .  
Lawrence R i v e r  E s t u a r y .  Very c l o s e l y  r e l a t e d  
s p e c i e s ,  c. e a t e n e l l a  and g. a c e t e n e l l a ,  bloom 
a n n u a l l y ,  o f t e n  r e a c h i n g  red t i d e  p r o p o r t i o n s ,  a l l  
a l o n g  tile c o a s t  o f  B r i t i s h  Columbia, 'me t o x i n s  of 
t h e s e  o r g a i i l s n s  a r e  v c r y  s i m i l a r  t o  tlrcso of 5, 
c x c a v a i a .  Toxic C;ony;riil~x h1c;irmr; ili.;ii appt.nr rrfr;ti- -- --- .- 
l a r l  y i n  New England,  i l ic  i ' n i  l e d  Kfnijiiom, Norway, 
and .lapnn. t?ecc!rrily they  Itave ;xi s o  hi.6.n r e p o r t e d  i n  
Spxiil ;and Vi-~ iezue la ,  T srisjrec t t h a t  Conyaulax 
t o x i n s  inpir rge riptrn Flt i f is ir  popi i la t inns  In a l l  of 
tire+;i* ?oca i . ions .  

DIPACT Or' 'TOXINS 1% PLSX PRODUCTS 

Becaiise of t h e  danger  of PSP, Gonyaulax blooms 
have a  t remendous n e g a t i v e  impact  on t h e  economics 
o f  t h e  s h e l l f i s h  i n d u s t r y  oil bo th  Canadian c o a s t s ,  
Tiir impact  i n v o l v e s  n e a r l y  e v e r y  f a c e t  of  t h e  
i n d u s t r y  - h a r v e s t i n g ,  s t i r v e i l l a n c e ,  i m p o r t i n g /  
c - x p o r t i n g ,  n i a r k o t i n g ,  piibl l c  i t y ,  and consrmier 
p u r c i i a s l i ~ g .  PSP and red t i d e s  r e c e i v e  "bat1 p r e s s "  
i n  tiii. s e n s e  that consilrners ; i re  nor made a1 t o g e t h e r  
su re  of whJch sea i i ,od  jjroiliirts; Ln bc r ; i t ~ t i o r i s ,  and 
~ ( i ~ s i " i i t ~ ~ n L 1 ~  many :arc ~ - c I t ~ ( . ~ ; i t i t  t o  buy ;my seafood  
prodi ic t s  I I I I : ~  l t ho  r e d  t itieil?:!~" .;torrn r,nbc;f d e s .  

Tiie :iies;ttan a r i s c s  whether Cor~yatilax t o x i n s  
can r e a c h  srif f i e l e n t  l e v c i s  Irr f i n f i  sh p r o d u c t s  t o  
Impact  f i s h e r i e s  by c:arisin,: proI>lems i n  term6 of 
f i s h  a s  food ,  Tiie nr-isver :o t h i s  i s  arobahlly no, 
The c r u x  of t h e  m a t t e r  h e r e  i s  c h a t  whereas s h e l l -  
f i s h  a r e  i n s e n s i t i v e  t o  tile t o x i n s  and t h e r e f o r e  can 
ni-criniiilare l a r g e  lirn-ii~nts w i t 1 1  L I t C I t ?  e f f e c t ,  f i n -  
f i s h ,  l i k e  o t h e r  v e r t e b r a t e s ,  a r e  - v e r y  s e n s i t i v e  t o  
t h e  t o x i n s  and s o  a r e  .not a b l e  "i s t o r e  them t o  any 
d e g r e e  hecause  even  Low doses cailse d e a t h .  Exper i -  
m e n t a l  r e s u l t s  show t h a t  t h e  LD50 v a l i ~ e s  f o r  t h e  
t o x i n s  admir r i s te red  i n t r s p r r i t o n e a l l y  t o  i r c r r i n g ,  
poLLock, f l . o i ~ n d c r ,  sriimon, and cod a r e  e x t r e m e l y  
liiw - 4-12 ,119 toxi:rs/kg body weight, wliic'oi i s  tire 
same r a n g e  a s  f o r  warm-blooded i iaimals (Whitre 
1981b) ,  C o n s e q u e n t l y ,  t r i x i n s  a r e  c i n d c t c c t a h l r  i n  
meat  s a m p l e s ,  even  a f t e r  f i s h  liave been fed  v e r y  
h f  gh d o s e s  (i.1hit.e ? 9 8 i h J ,  hecatisc e x t r e m e l y  low 
s y s t e m i c  1evcl .s  of  e o x i n s  eai ise & h e  fish t o  d i e ,  
Toxins; were a l s o  u n d e t e c t a b l e  i n  meat sarnpirs  of 
h e r r i n g  from t h e  1976 e n d  1979 k l l i s ,  w i t h  t h r  
excepii i?ik o f  two e:lmjrl?;s from :lt,cayrsrl f tai i  wlilcii 
shnweti rnargin;rJ. I - j  dc.tct,eai;i i l iwi4 a ,  jirtiiP:ibly 
rest11 rf iig f r o m  l e a k a g e  of i ( i i . i r i s  Froin tiin $:tits 

( h % i t ~  i 9 % 1 ; 3 ) .  H i g h e r ,  C J I - ~ ~  ~ v : ~ l i t e ~  f o r  l'lq11 
(400-75i:  BJ~J i o x i n s / k g  hor?y we igl~i) mean t h a t  
measr1r;ibl P arnrmntrs can he i.xp?;c t e d  Sn f i  sk i  2rl"i vwlien 
f i s h  r e c e i v e  L e t h a l  d o s e s ,  a s  shown i n  t h e  l a h o r a -  
t o r y  /iTr;.ite 1981%) and i n  r ra tura l  k i l l s  ( i i h i t o  1377, 
19XOa; 1. N i s b e t ,  J. i ? r i r s t ,  p e r s .  coinrn,), However 

t h e s e  arnauirts arc. r e i a t l v e l v  low, compared err 

shellfish, f o r  m s t a r i c e ,  and -ire r i rxlns a r e  c o n f i n e d  
t o  t h e  g u r s ,  s o  i t  i s  q u i t e  i t n ? ~ k e i y  t b a e  any "lui~ari 
h e a l t h  problems would r e s u l t  v i a  t h r s  r o u t e .  

Irr slimmary, t h e r e  would appear  t o  be l ~ t t l  e 
l i k e l i h o o d  t h a t  as  'nlnom.; in3pac t i r n f r 5 h  
r e s o u r c e s  From t h e  p o i n t  of V ~ C W  i ~ f  the tra'>tl xrv 
o f  f i q h  a s   TOO^ T*Tie problein r > f  i~nii i :TIe~.  f I C C \  

3 r d  a i ~ o l d n n r e  of senfnod  prodiic-th ir ~ e n e r , i l ,  
I n c l u d i n g  F L q h  p r o d u c t s ,  as '3 r e s i t i f  of i b n y a u l a x  
hlorrns,  red  tides, and PSF is r c , i i ,  i i o w ~ v o r ,  and 
d i : f rc~J" ico  q i i an t i  f y .  Pr ib i lc  e a t r e a t l o r  rs t'b 

s o i i r t i o n  h e r e ,  Wide d l l i t r i ? l i ~ ~ ~ i ,  of l ~ a t i r i a l  s bitch 
a s  tne r e c e n c  i3FO Red " ~ d r  F a c t  S%ecr  ikBIlite 1980d) 
IS h e l p f u l *  
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r ) i 4 c t l a i i o l  In thin s e c t i o n  -., nbl lge i i  To be 
tnkixly i o n  j c c t i i r n l  f i n <  cs i t t  ri ti, r a > t i i i n #  f 7  Kiliiwn 
about  t h e  ci- fei  t i iiQ,onjat~1,i;i (I-I f i  +li I 11 vaxS.  
In  terms o f  .~,crpul a t  ion dyr,nmirs ,ari<i i in f I s11  
r e s o u r c e s ,  h o w e - ~ e r ,  t i l s  " I C I ~ ~  si gni t i c o n t  i ipv,  " i s  

the i n s n c l  of Conyaulax hlocims <,TI f i l f i s C I  m a  d ? i l  
be t o e  e f f t c t s  on larval.  and j i i v e ~ i i e  s t a d e s .  It ii 

a n  a c c e p t e d  t e n e t  among fisheries s c i e n t i s t s  : k t  
e v e n t s  wbitlhov~erur d a r i n g  t n e  l a r v a l  s t a g e s  ,are :he 
major  d e t e r m i n a r ~ t s  of r e c r u i t m e n t ,  m d  h e n c e ,  of 
y e a r - c l a s s  s t r e n g t h ,  A c c o r d i n g l y ,  Gonyaulax blooms 
mdy m f i u e i l c e  the p o p u l a t i o n  s r z e  of  f i n  f r s h  *+hose 
Larvae o v e r l a p  t h e  blooms in t i m e  and s o a c e ,  4r 
t h i s  s t a g e  c h e r e  i s  l i t t l e  r e a s o ~ t  t o  doubt  "itat 
marine f r s h  Larvae a r e  serlsl t i v e  to Go-ryaiulax 
t o x i n s ,  Or t h e  c o n t r a r y ,  g e n e r a l  t i ~ o l o g f c ~ l  nrlr- 
i ~ p i e s  wouid s ~ l p p o r t  t \ e  view t h a t  Larvae ?iav he  
even more s e n s i t i v e  tiran a d u i t s ,  

M a r i r e  F i s h  l ~ r v a e  a r e  ctbl i g a ?  e olnnk:  i v o r e s  
t!itl+ i r e  Liable  to n r a i r i r e  cekd2J11 tox- i f i5  from 

t h e  plnnI.irin s - o ~ m u n i t y  dirr iog )*loon4. TCJ* P . i i  i , i t \  be 
ncqtii red  (I/rec t l y  from i ;onyni r i~x  o r  i - c o n ~ i ~ r r  l i v  f ro% 
*ooplnxkt?n.  Tor ~ l r e  n o s t  p r t  tlir det , i i  i i  of Lhc 
Ferd lng  r e p r ; b i i i t i e s  anti prc Ferenci-s of n3nrlne iisi 
tx rvne  a r e  n o t  known. F l c r r ~ n g  Larvae ,  v t i i cn  nave 
Large mouths r e l a t i v e  t o  o t k r  X ~ r v n e ,  ma* be 
e x c L u s i ? e l y  z n o p l a o k t i v o r o u s  , !lowever, o t h e r  l a r v a e  
,nay t a k e  Gnnyaulax (and o t h e r  ~ h v t o ~ l a n k f o r )  
d i r e c t l y ,  e s p e e i a l l v  d u r i n g  f i r s t - f e e d m 8  s t a g e s .  a s  
w e l l  a s  f e e d i n g  on microzoopiankeon .  P e q a r d l e . ; ~  of 
t h e  s p e c i f r e  food i t e m s  chosen ,  any f ~ s c i  Ia ruac  - n  
t h e  mids t  of a  Gonyaulax hloorn would l i k e l y  becoar  
exposed t o  tire t o x i n s  tliroug'l tEre f e e d i n g  jiroce.;i. 

R e s a l t s  of  an experi~i?ei i t  w i t h  h e r r i n g  Larvae 
~ d d  t o  t h e  p i a t ~ s i b i l i t v  of  t h e  icien t h a t  Inrvvi  ? r e  
q e n s l r i v e  t o  the  t o r i n s  nr d t k a t  k i i i c  of  i a - v a c  t a n  
o c c u r  d u r i n g  Coriyaulax bioor-s  (I*: oe ,  u n p i h l  : s h e d ) .  
Rur tng  t h e  f a i l  of 1979 we r e a r e d  h e r r r v g  l a r v a e  
from eggs t ~ n i  il n e a r  metanoryiiosi .? ,  When larrr,ic 
were Large nnniigh ( a t  l e a s t  I6 rniq fn ier ipt i i )  t o  e a t  
s m a l l  ropopotfs, some : e r e  Fed t ojiPpode t o r i t ~ i  r q  i n p  
t o x i o h  and some were Fed cLe,~n r r~- , r* i )nds ,  lhi. 
r opcpcrds l n e n r i v  exrlijfiLvc*Ly h c n r i i a  c l a r ~ i  1-1) ir,.<i 
been t ~ n t ~ r r n i n r c t e d  w i t h  t o x i n %  h-j , ~ l l o w l ~ ~  ?hi rn f r ,  

f w d  ovrrt~f);ftt o r  L* ~ x c a v t t t ~ ~  c 1 t 1  t t ~ r c  $3 a 

i!iitir griiiifrx of i n r v n c -  iisif wi.1 E on t i w  ~.tipf, .;i:;d .;. 
A f t e r  j u s t  4 < I ,  i?owaiic~r, ilI:~"re sac: ii 20% ifirr-:ti;ci i n  
m o r t a l i t y  in  t h e  group of 1arv;ie f ed  t: ixin- 
c o n t a i n i n g  copepods r e l a t i v e  to  t h e  c o n t r r ~ !  groii::. 
T h i s  res i i l t .  twas o b t a i n e d  ~ " r i l . i i  the t o x i n  :evei i n  tl;e 
copepods iapprcix-laaire;;i 30 pi: tox  lnsig a ~ d  m i a l s )  w a s  



o n l y  a b o u t  one-half  of  t h a t  measured In  w i l d  zoo- 
p l a v k t o n  c o l l e c t e d  d u r i n g  t h e  1377 and 1978 
Gonyaulax blooms i n  t h e  Thy of  Fundy {WIrite 1379a 
and  u n p u h i i s h e d ) .  D t i r l ~ g  tire o-xperfrnent a s  many a s  
10 o r  I2 copepods were r'ommur\ly observr,d *n tile ~ t z t r  
o f  l a rv , ie ,  Assriming thir t  f i s h  la rvare  t s v e  an o r a l  
t D 5 0  v a l u e  ~ i * n i Z a r  to  ads11 t h  (050 ,itg tox i r t s /kg  hody 
w e i g h t ) ,  c a l c t i l a t l o n s  sIinw t h a t  i n  t h i s  exper iment  
,as fed .is 15-20 copepods would have c o n s t i t u t e d  a  
l e t h a l  d o s e  f o r  a  I t e r r i n g  l a r v a ,  o r  o n l y  7-LC: 
cupepo2s  under  t h e  more t o x i c  f i e l d  c o n d i t i o n s  i n  
1975 and 1978. 

r h e s e  r e s i l l t s  p r o v i d e  2 t a n t a l i z i n g  p i e c e  of  
~ s r e l ~ m ; i ~ a r v  e ~ i d e n c e  t h a t  t h e r e  may be s u b s t a v ~ t i a l  
d r t r  rmcnr,il e f f e c t s  of G v y a u L a x  blooms on l a r v a l  
frs'ie.;. Al thougn t h e  dynamics o f  s t o c k  r e c r u i t m e ~ t  
d r e  n o t  known w e l l  enough t o  be a b l e  t o  a s s e s s  t h e  
s l g n : f t c a n c e  o f ,  s a y ,  a  LO% I n c r e a s e  i n  n o r t a l i t y  of  
h c r r i n i :  l a r v a e  to subsecjueqt yedr-clash: s t r e n g l l ? ,  
ef'tBc:* c ~ f  t h i i  magr.-itudc nijglit be e x p e c t e d  t o  have 
ci*r>sir lrrrahlr  r e p c r e u $ s f i i ~ i h .  In  a d d f t f o n ,  a a u l a ~  
i ' f l r r  t i  mat: t)(r ( r t n u l n r l v c ~ ,  I t  may he t h a t  Conyeirlax 
l ioon*,  I ? I ~ . I c  t pi3ipii l  a t  inn6 of f l  91% l a r v a e  Pvcry y e a r ,  
to I i:rtacalrr o r  f e c i t , r  c*xtcsr!t, ~ n d  mtiy JIBVC,  done s o  
tmroiagii e v o l u t i o n a r y  \il s t o r y .  

What i p e c i e s  o f  t r shes :  n i g h t  be a f f e c t e d  In 
t I i s s  manner? I n  t h e  Bay of  Fundy a l o n e  a  whole 
v a r i e t y  of l a r v a e  c o u l d  p o t e n t ~ a l l y  be a f f e c t e d .  
The anotral  Gonyaulax bloom o c c u r s  a n y t i m e  between 
Yay end O c t o b e r ,  a l t h o u g t i  g e n e r a l l y  i n  J u n e ,  J u l y ,  
o r  Augus t ,  The bloom d s o a l l y  l a s t s  from 4-8 wk. 
mI i r re  a r e  nany conmierc i a l l y  i m p o r t a n t  g r o u n d f i s h  
b p e c i e s  b n i c h  spawn i n  t h e  s p r i n g  and whose l a r v a e  
i,~ ur in t1.m Bay of I"undr In l a t e  s p r i n g  and e a r l y  
siimner, i n c l u d i n g  c o d ,  haddock ,  h a l i b t i t ,  r e d f ~ s h ,  
w i i l t c - r  f i o u r , d e r ,  r r ia fce ,  E L L .  I o  t h e  summer s i l v e r  

a?<? mackerel  1,lrvae a r e  most commol, a l t h o u g h  
g r o t ~ l d r ~ i r ~  l a r v a e  ale fourld o c t a i i o n a l l y  as  w e l l ,  
4 e r r L n p  i a r ~ a e  a r e ,  of  c o u r s e ,  t h e  q a j n r  i ch thyo-  
i , l a n k t e r s  i n  r h e  l a t e r  summer .ind e a r l y  t a l l .  There 
a r c  n ni~mher c>E o t h e r  l a r v a e  p r e s e n t  d u r i n g  t i le May- 
O c t . r h ~ r  p r r l o d  ~ 7 i i i t i i  r e p r e s e n t  s p e c i e s  n o t  d i r e c t l y  
~ m p ~ , r i n n i  In  ~ o m m e r c i ~ i l  t p r m s ,  but which a r e  impor- 
r,Irtr i r c i l r e c  :Is h o c , i i s ~  o f  t k l r  r o l e  a s  foori f o r  
i o~rimcrc i a l  f l s h r s .  7h1 s . rtliip lnc  ltrdcrb t h e  s e a  
i q a l  i, r d ~ i i a t e d  s h a n n y ,  I l r m p f l ~ h ,  rour -bearded  
rock' l-lg, sand  l a n t  e ,  P ~ C ,  

i~ 5 ~ 1 7 ~  what we have l e a r n e d  about  Gonyaulax 
cox ,n i  sr i  plantcton arid ahour t h e  s e n s i t i v r t i e s  o f  
a d u l t  tnarlnc f t s h e s  t o  t h e  toxins:  idould s u g g e s t  c h a t  
Gcnyaulax  h i n o a s  c a n  k r l l  L a r v a l  f i s h e s  a s  w e l l  
th roupl l  food web t r a n s f e r .  I f  s o ,  t h e n  t h e  blooms 
m-y have  an rwDortant  h c a ~  i r g  on p o p u l a t i o n  
dv-tamrcs of f r s b e i  In a f f e c t e d  a r e e i ,  I t  is a t i r t e  
poos$lble t h a t  t h e r e  e f f e c  * i or; l a r v , i l  f i s h e s  
rraprd .c;cst.r i t ,c  jor irnp6i( t o f  the t ( ,x /c  bloom4 on 
r i n f  i jxtsl:rti,~t 4i>n+,. I t  m ~ r y  be t l iat  f f  L I i r ~ a c ~ r ~ ,  
I*)r  v j i n c 3  rc,isi,n, Irr.icnr.ftlvc* 1 0   tit^ L r i i i n h  Llic*n 
Csx.i~~u1a-r:  bitromi; i ~ , i  ~ c *  .$ h i i ~ i . C l c i n l  c f r e c  t on l a r v a l  --- 
F f i l l  r io f ru ia t ions  brr , i i j ie  f l ~ e v  r e p r e s e n t  ~ r i c h  l a r g e  
rhtl c e s  of  c a r b o n  i n t o  t h e  p l a n k t o n  community d u r i n g  
a p e r i o d  whel  phytoplank-ton p r o d t ~ c t i \ ~ l t y  i s  o t h e r -  
wise low, C l e a r l y  t h e r e  i s  a  need f o r  c o n t i n u i n g  
i n v e s t z g a t i o n  o f  t h e  r o l e  of t o x i c  d i n o f l a g e l l a t e  
b l o o r ~ s  i n  l a r v a l  f r s h  d y n a n r c s .  

CONCLllS ION 

Tfre s u b q t a n t i v e  information c o n c e r n i n g  C,. 
c x c a v a t a  t o x i n s  and f i n f i s h  can be summarired i n t o  
t h r e e  major p o i n t s .  F i r s t ,  t h e  t o x i n s  hove citii\rd 
r e c u r r e n t  k t l l s  of  a d u l t  h e r r i n g  i n  t h c  Ray of kundy 
and have been a s n o c i a t e d  w i t h  sand l a n c e  ' r ~ l l i  Lo 
o t h e r  a r e a s .  Second,  s o u r c e s  of t o x i n s  nv<t i  l a i l e  
t o  f i n f i s h  a r e  t h e  d i n o f l a g e l l a t e s  t h e m s e l v e s .  
h e r b i v o r o u s  z o o p l a n k t o n ,  s h e l l f i s h ,  and pronabl  v 
o t h e r  components of  t h e  food web. h d  t h i r d ,  marine 

f i s h e s  i n  g e n e r a l  a r e  s e n s i t i v e  t o  t h e  t o x i n s ,  

T h i s  i n f o r m a t i o n  is n o t  n e a r l y  s u f f ~ c l e n t  Ecr 
a s s e s s i n g  t h e  f u l l  impact  of t h e  blooms o l t  f i r t f r q h  
r e s o u r c e s  w i t h  any  d e g r e e  of a c c u r a c y *  he need t o  
know a  good d e a l  more about  t h e  f a t e  of  rile t o x i n s  
i n  t h e  food web and t h e  d e g r e e  of  r e t e n t i q n  c,f t b e  
t o x i n s  i n  d i f f e r e n t  o r g a n i s m s ,  Tn o r d c r  t o  have 
~ r o j e c t l v e  o r  p r e d i c t i v e  c a p a h i l l t y ,  wc .-reed I,? know 
inore about  t h e  i l n d r r l y i n g  c n u s e s ,  t r l ' g g ~ r l n g  
f n c t o r x ,  and tlynamlca of t h e  hlooms ilicfisr l vea. Pos t  
I m p o r t a n t ,  however, we need to know ~ h o t r t  thv 
e f f e c t v  of  t h e  t o x i c  d i n o f l a g e l l a t e s  and inxit3- 
c o n t a i n i n g  r o o p l a n k t o n  on f i  sii l a r v a e .  

Al though i t  is premature  to a s s e s s  a c r i ! r n t e l v  
t h e  impact  of  t h e  blooms on f i n f i q h ,  we can mpke 
some m u g h  g i iesses  a s  t o  t h e  scope o f  t h e  irnpac t 
Because t h e  t o x i n s  accumula te  i n  z o o p l a ~ k t o n ,  r n  
mol luscan  s h e l l f i s h ,  and p r o b a b l y  i n  o t h e r  a n r n a l s  
t o o ,  and because marine f i s h e s  a r e  In g e n c ~ r a l  
s e n s i t i v e  t o  t h e  t o x i q s ,  then  t h e  scow. of t h e  
impact  of  t h e  t o x i c  blooms i s  l i k e l y  t o  i n c l u d e  a: i 
f i s h  l a r v a e ,  a l l  j u v e n i l e  and a d u l t  p l a n k t i v o r o u s  
f i s h e s ,  and some de-uersal  f i s h e s ,  a s  l o n g  a s  they  
o v e r l a p  che blooms t e m p o r a l l y  and s p a t i a l l y .  S i n c e  
s h e l l f i s h  can r e t a i n  t h e  t o x i n s  f o r  ex tended  
p e r i o d s ,  and can v e r y  l i k e l y  a c q u i r e  a d n i t i o n a l  
amounts from t h e  t o x i c ,  o v e r w i n t e r i n g ,  b e n t h i c  c v s t s  
o f  Gonyaulax (White 1982) t h e n  demersa l  f ish may be  
a f  f e e  t e d  year - ro i~nd  . 

I n  terms of f i s h  p o p i i l ~ t  i n n s ,  the  impact o f  
tox in-caused  k i l l s  of a d u l t  f i s h  I.; proh,ihly 
t r a n s i t o r y  and of moderate s i g n i f i c a n c e ,  nt- wrist, t o  
f i s h  s t o c k s  i r r  a  r e g i o n .  ticiwcver k i l l s  or a d u l t  
f i s h  may have s i g n i f i c a n t  b e a r i n 8  on f i s h  c a t c h e s ,  
o r  l a n d i n g s ,  i n  bloom a r e a s  because  of  o u r r l g h t  
d e p l e t i o n s  of  l o c a l  p o p u l a t i o n s  o r  b e c a i ~ s e  of 
s u b s e a u e n t  a v o i d a n c e  of t h e  k i l l  s i t e s  bv o t h e r  
f i s h e s ,  For  example,  t h e  e x t e n s i v e  h e r r i n g  k i l l  o f f  
t h e  e a s t  c o a s t  of  Grand Marran I n  mid-July,  i976 ,  was 
a s s o c i a t e d  w i t h  a  s u b s t a n t i a l  d e c l i n e  i n  h e r r i n g  
c a t c h e s  i n  t h a t  a r e a  t h r o t ~ g h o u t  t h e  rcmciinder ilf t h e  
s e a s o n .  

(Zri the i>tI~cnr lwnd,  tile Imjrncr of  i i r x l i  hIoor t+ 
o n  l i i r v n l  flr:iies mny have Far-rcnci~inp,  nfynii . icnrrt*i~ 
r t t  t h e  popriJatrlon fcve:  , brr-ntire irl  e f f ~  tl; o i l  

r e r r u i  tmcnt sctccesrr, sirld ccirrc;eqnently fin v i ,a r -c lass  
q t r e n g t h s  and s i r e s  of f i s h  s t o c k s .  One m i l s t  31 50 

c o n s i d e r  t h a t  s i n c e  Gonyaulax hlooms o c c u r  a n n u a l l y ,  
t h e  e f f e c t s  on f i s h  a r e  r e c u r r e n t ,  r e g a r d l e s s  of 
whether  o p e r a t i n g  on l a r v a e  o r  a d u l t s  o r  b o t h ,  so 
t h a t  t h e  t o t a l  impact  on f i s h  p o p u l a t i o n s  I s  t h e  
r e s u l t a n t  of  t h e  e f f e c t s  o f  e x g o s u r e  to  t o x i r  binoms 
f o r  a  number of y e a r s .  



IIi(- r c S c  c 3 n L  r6.d I f, i t  f o i l  t r f  I hc iatpiirgemiwt o r  
(;onyntilax 1,Zoorns on i i n f i s i r  r e s o u r c e s  (nines d u r i n g  s 
p e r i o d  o f  i n t e n s i f i c a t i o n  of t h e  a r i n ~ t a l  blooms i n  
t h e  Ray of Fundy ( G i t e  iWB:). F u r t h e r ,  i n  te rms  of  
bloom i n t e n s i f i c a t i o n ,  t h e  Ray of  Fundy d o e s  l o t  
a p p e a r  iinrisual. D r r r i ~ g  t h e  p a s t  few year.; a.i 
i n c r e a s e  i n  t h e  i n t e n s i t y  and d i s t r i b u t i o n  of  t o x i c  
d i n o f l a g e l l a t e  blooms and r e d  t i d e s  i s  a p p a r e n t  
n e a r l y  t h ~ ~ t r ~ i ~ o t l t  t h e  world ( s e e  LoCicero 1975; 
T a y l o r  .and 5e:ige.r 1979).  T h i s  t r e n d  h a s  d i s t u r b i n g  
i m p l i c a t i o - s  f o r  Canadian  f i s h e r i e s  r e s o u r c e s  - both  
f i n f i s h  and sheLLf lsh  - i n  t h e  Bay 06 Fundy, I n  t h e  
Gul f  o f  S t .  L a u r e n c e ,  and a l o n g  t h e  c o a s t  of  B r i t i s h  
C o l u m b ~ a .  

T h i s  e s s a y  r a i s e s  many more q u e s t i o n s  t h a n  i t  
ar-iswers. I ts  pr imary  purpose  is  t o  draw a t t e n t i o n  
t o  t h e  e x i s t e n c e  of  a  newly r e c o g n i z e d  a r e a  of  
c o n c e r n  t o  Canadian  f i s h e r i e s  and t o  make an I n i t i a l  
e s t i m a t e  of t h e  scope  of  t h e  p o t e n t i a l  impact  on 
f i n f i s h  and f i n f i s h  r e s o u r c e s .  Assessment ,  p r e d i c -  
t i o n ,  and a m e l i o r a t i o n  of t h e  consequences  cif t h e s e  
t o x i c  blooms t o  f i s h e r i e s  r e s o u r c e s  depend upon a  
b e t t e r  Firi~damental u n d e r s t a n d i n g  of t h e  blooms,  
t o x i n  t r a n s f e r  tlrroligh ti le foo8 web, and e f f e c t s  or! 
F lnFi  s l ~ ,  p a r t  ictrl a r l y  on lnrr iai  mi l  Jriuenl l e  
s lngr ' s .  
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