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On b e h a l f  of  t h e  S t e e r i n g  Group ( e d i t o r s ) ,  I would l i k e  t o  t hank  a l l  
o f  t h e  p a r t i c i p a n t s  f o r  t h e i r  a c t i v e  p a r t i c i p a t i o n .  I t  was t h i s  p a r t i c i p a t i o n  
t h a t  made t h e  workshop i n t e l l e c t u a l l y  s t i m u l a t i n g  and  p r o d u c t i v e ,  The 
c o n t r i b u t i o n  of  t h e  i n v i t e d  " o u t s i d e "  e x p e r t s  was most b e n e f i c i a l .  The 
Newfoundland h o s p i t a l i t y  and  warmth e n s u r e d  a  nlost c o n g e n i a l  working  
environment. I would a l s o  Like  t o  t h a n k  0.  B u r c h a t  f o r  h e r  e f f o r t s  i n  t y p i n g  
and c o l l a t i n g  t h e  document f o r  p u b l i c a t i o n .  



ABSTRACT 

A N a t i o n a l  Kecrui . tment  Workshop was h e l d  by tlae Scierzce s e c t o r  of t h e  
b e p a s t m e n t  of  F i s h e r i e s  and  b c e a n s  (DFb) i n  r e s p o n s e  t o  t h e  reqtaest  of t i t@ 
A s s i s t a n t  Ueputy M i n i s t e r  of  S c i e n c e ,  Mr. L.S. P a r s o n s .  The aim of t h e  workshop 
was t o  c o n t r i i i u t e  t o  t h e  development  of a  D e p a r t m e n t a l  p l a n  f o r  f u t u r e  r e s e a r c h  
or) r e c r u i t m e n t ,  D u r i n ~  t h e  f i r s t  day ,  ove rv i ews  of  b e p a r t m e n t a l  r e s e a r c h  of  
r e l e v a n c e  t o  t h e  r e c r u i t n i e n t  problem were p r e s e n t e d  ~ i t h  t h e  p a r t i c i p a t i o n  of 
s e n i o r  management. Dur ing  tiae s e c o n a  day t h e  p a r t i c i p a n t s  were d i v i d e d  i n t o  s i x  
m u l t i - d i s c i p l i n a r y  work teams t o  a d d r e s s  one  of t h r e e  s p e c i f i c  r e c r u i t m e n t  
p r o b l e m s *  The aim o f  t h e  work teams c o n c e p t  was t o  g e n e r a t e  i n c r e a s e d  
k n t e r a c k i o n  Getween s c i e n t i s t s  of d i f f e r e n " & i s c i y l i n e s .  The workshop ended  
w i t h  a  g e n e r a l  d i scuss i .o r i  l e d  by comments from e a c h  of  t h e  non -Depas tmen td  
i n v i t e d  e x p e r t s .  The S t e e r i n g  Committee ( e d i t o r s )  s u b s e q u e n t l y  met and d r a f t e d  
t h i s  f i n a l  r e p o r t  which i n c l u d e s  a  list of g e n e r a l i z a t i o n s  and recornmer~dat ions  
f o r  s e n i o r  nianagement c o n s i d e r a t i o n .  

A ba dernande dir S o u s - m i n i s t r e  a d j o i n t  (SMA) d e s  S c i e n c e s ,  M. L.S. 
P a r s o n s ,  un a t e l i e r  n a t i o n a l  s u r  l e  r e c r u t e m e n t  a  &ti? t k e n  p a r  1.e s e c t e u r  d e s  
S c i e n c e s  du M i n i s a r e  d e s  Pgches  e t  d e s  hlcgans (MPU). C e t  a t e l i e r  a v a i t  pour  
o b j e c t i f  d e  c o n t r i b u e r  B b " l a b o r a t i o n  d e u n  p l a n  m i n i s t g r i e l  pour  l a  r e c h e r c h e  
s u r  l e  r e c r u t m e n o u i  s e r a  r S a l i s i 5 e  & l ' a v e n i r .  Ues e x p o s g s  s u r  l a  r e c h e r c h e  
cunnexe  acd s e c r u t e m e n t  e f f e c t u g e  au M i n i s t e r e  o n t  tStB p r g s e n t g s  au e o u r s  de l a  
premiGre  j o u r n g e  a v e c  l a  p a r t i c i p a t i o n  de  l a  h a u t e  d i r e c t i o n .  Au e o u r s  de la  
deuxi&rne j o u r n $ e ,  les  p a r t i c i p a n t s  se s o n t  r g p a r t i s  en  s i x  g r o u y e s  de t r a v a i l  
n r u l t i d i s c i g l i n a i r e s  pou r  t r a i t e r  de  L h n  d e s  t r o i s  problBmes p a r t i c u l i e r s  au 
r e c r u t e m e n t .  Les  Q r o u p e s  o n t  gti? form6 a f i n  d e a c c s o % t r e  l e s  i n t e r a c t i o n s  e n t r e  
l e s  s c i e n t i f i q u e s  a e s  d i v e r s e s  d i s c i p l i r > e s .  L 'a te l ie r  s s e s t  t e r m i n g  p a r  une  
d i s c u s s i o n  q g n g r a l e  animge p a s  les  commenta i res  de chacun d e s  e x p e r t s  i n v i t g s  d e  
l t e x t i 5 r i e u r  au i n i n i s t & r e .  Le conl i t5  d i r e c t e u r  ( r g d a c t e u r s )  s l ee t  e n s u i t e  rGuni  
e t  a  ri3diqg l e  p r g s e n t  r a p p o r t  d i f i n i t i f  q u i  compor t e  une l i s t e  des 
y z n g r a l i s a t i o n s  e t  d e s  recommendat ions  s o u m i s e s  B l a  h a u t e  d i r e c t i o n  pour  
exartken. 



M .  S i n c l a i r  
D i r e c t o r ,  B i o l o g i c a l  S c i e n c e s  

Scot ia -Fundy Region  

The N a t i o n a l  R e c r u i t m e n t  Workshop was h e l d  i n  r e s p o n s e  t o  t h e  r e q u e s t  
of  t h e  ADM S c i e n c e ,  Mr, L.S. P a r s o n s .  The p r i n c i p l e  aim of t h e  workshop h a s  
been  t o  c o n t r i b u t e  t o  t h e  development  of  a  D e p a r t m e n t a l  p l a n  f o r  f u t u r e  r e s e a r c h  
on r e c r u i t m e n t .  A S t e e r i n g  Group, w i t h  r e g i o n a l  r e p r e s e n t a t i o n ,  was formed t o  
o r g a n i z e  t h e  workshop. The members were: J.T, Anderson and J,C. R i c e  of  t h e  
Newfoundland Region ,  M. S i n c l a i r  o f  t h e  Scot ia -Fundy Region ,  M. Chadwick of t h e  
Gul f  Reg ion ,  3.A. Gagn6 s f  t h e  Quebec  Reg ion ,  G.B. Ayles  and W.D, McKone from 
t l e a d q u a r t e r s ,  and  D ,  Ware from t h e  P a c i f i c  Region.  The Workshop i t s e l f  was 
c h a i r e d  by M .  S i n c l a i r ,  w h i l s t  t h e  S t e e r i n g  Group was c h a i r e d  by G.B. Ayles .  

The f i r s t  mee t ing  o f  t h e  S t e e r i n g  Group was h e l d  i n  T o r o n t o  i n  
A p r i l  1987.  A t  t h a t  time, t h e  h e s i c  s t r u c t u r e  o f  t h e  workshop was d e f i n e d  and  
r e q u e s t s  f o r  w r i t t e n  c o n t r i b u t i o n s  were i n i t i a t e d ,  A second mee t ing ,  t o  
f i n a l i z e  t h e  o r g a n i z a t i o n a l  a s p e c t s  of  t h e  workshop,  was h e l d  i n  H a l i f a x  i n  
November 1987.  P a r t i c u l a r  emphas i s  was d i r e c t e d  towards  e n s u r i n g  r e p r e s e n t a t i o n  
o f  a  b r o a d  r a n g e  of d i s c i p l i n e s  - p h y s i c a l  and b i o l o g i c a l  o c e a n o g r a p h e r s ,  
f i s h e r i e s  b i o l o g i s t s ,  and  m o d e l l e r s .  

The workshop took  p l a c e  a t  t h e  B a t t e r y  H o t e l  i n  S t ,  J o h n ' s  on 
F e b r u a r y  23 and  24, 1908.  Dur ing  t h e  f i r s t  day ,  ove rv i ews  of d e p a r t m e n t a l  
r e s e a r c h  of  r e l e v a n c e  t o  t h e  r e c r u i t m e n t  problem were  p r e s e n t e d  w i t h  t h e  
p a r t i c i p a t i o n  of  s e n i o r  management. Dur ing  t h e  morning of t h e  s econd  day, t h e  
p a r t i c i p a n t s  were d i v i d e d  i n t o  s i x  m u l t i - d i s c i p l i n a r y  workteams ( 9  s c i e n t i s t s  
p e r  t eam) .  The teams were asked  t o  a d d r e s s  one of  t h r e e  s p e c i f i c  r e c r u i t m e n t  
p rob lems .  The background documen ta t ion  ( s e e  a t t a c h e d  Append ices )  f o r  t h e  
p a r t i c u l a r  problem had been s e n t  o u t  t o  each  p a r t i c i p a n t  s e v e r a l  weeks p r i o r  t o  
t h e  workshop.  Two workteams a d d r e s s e d  e a c h  problem. One of t h e  workteams 
compr i sed  members w i t h  s p e c i f i c  e x p e r t i s e  f o r  t h e  a s s i g n e d  problem,  and t h u s  
c o u l d  be c a l l e d  t h e  " e x p e r t  team". Members of t h e  s econd  team l a c k e d  d e t a i l e d  
knowledge of  t h e i r  p a r t i c u l a r  problem,  The aim of t h e  workteam c o n c e p t  was t o  
g e n e r a t e  i n c r e a s e d  i n t e r a c t i o n  between s c i e n t i s t s  of  d i f f e r e n t  d i s c i p l i n e s  
r a t h e r  t h a n  t o  p r o d u c e  s p e c i f i c  recommendations f o r  r e s e a r c h .  Dur ing  t h e  
a f t e r n o o n  o f  t h e  s econd  day t h e  cha i rmen  of  t h e  workteams p r e s e n t e d  t h e  r e s u l t s  
of  t h e i r  d e l i b e r a t i o n s  i n  a  p l e n a r y  s e s s i o n  h e l d  a t  t h e  Nor thwes t  A t l a n t i c  
F i s h e r i e s  C e n t r e .  The workshop ended w i t h  a  g e n e r a l  d i s c u s s i o n  l e d  by comments 
from e a c h  o f  t h e  non -depa r tmen ta l  i n v i t e d  e x p e r t s ,  On F e b r u a r y  25, t h e  S t e e r i n g  
Group met t o  d r a f t  a  list of  g e n e r a l i z a t i o n s  and recommendations.  



ELGOME AND HNTRODUCVIOR %Q WORKSHOP 
------, - .- 

kt. C. Mercer  
R e g i o n a l  D i r e c t o r ,  b c i e n c e  

hewfoundland  Kegion 

1 am p l e a s e d  t o  webcome e v e r y o n e  t o  t h e  s econd  i n  what is plar-inet~ t o  
be a c o n t i n u i n g  s e r i e s  of  n a t i o n a l  worlashops on i s s u e s  of i m p o r t a n c e  t o  s c i e n c e  
i n  t h e  D e p a r h m t  of  F i s h e r i e s  and  Oceans and  kjy ex"cnnsion t o  t h e  wicrer 
s c i e n t i f i c  communitye 

The work<t,brc~ys art= i r l t ended  t o  g i v e  strategic d i r e e t k o n  t o  t h e  
D e p a r t m e n t ' s  s c i e n c e  e f f o r t s ,  and t h u s  f a r  a p p a r e n t l y  tha-inent  tjas been 
i n t e r p r e t e d  q u l t e  l i t e r a l l y *  I n  t h e  f i r s t  e a s e  t h e  d i r e c t i o n  was w e s t ,  i n  t h i s  
c a s e ,  i t  1s e a s t ,  

The s u b j e c t  of  t h i s  workshop is rec ru i tmen t . .  Seven d e c a d e s  ago e a r l y  
prominent f i s h e r i e s  r e s e a r c h e r s  s u g g e s t e d  t h a t  t h e  r e c r u i t m e n t  problern was 
p r o b a b l y  t h e  most i m p o r t a n t  one  i n  f i s h e r i e s .  A f t e r  s e v e n  d e c a d e s  we c e r t a i n l y  
know a g r e a t  d e a l  more iabout r e c r u i t m e n t ,  b u t  one  s t i l l  h a s  l i t t l e  t r o u b l e  
f i n d i n g  c l a i m s  t h a t  r e c r u i t m e n t  is s t i l l  t h e  most i m p o r t a n t  problem a r e a  i n  
f i s h e r i e s  s c i e n c e ,  

The s t u d y  of r e c r u i t m e n t  c e r t a i n l y  is sti l l  a t  t h e  c o r e  of f i s h e r i e s  
s c i e n c e  and is i n ~ p o r t a n t  t o  f i s h e r i e s  management. I t  h a s  t h e  a d d i t i o n a l  v i r t u e  
of b e i n g  f a s c i n a t i n g  i n  its own r i g h t ,  Few v i r t u e s ,  however,  come w i t h o u t  t h e i r  
cornparlion v i c e s  - i n  t h e  c a s e  of  r e c r u i t m e n t ,  r e s e a r c h  is n o t  j u s t  fundamen ta l  
and f a s c i n a t i n g ,  h u t  i t  can  be a  bot"cmless  p i t  o r  ""back h o l e 8 V o r  s e s o u r c e s  
a v a i l a b l e  f o r  s c i e n c e ,  T h e r e f o r e ,  i t  is v i t a l l y  i m p o r t a n t  t o  p l a n  and d e s i g n  
c a r e f u l l y  how and where t o  a l l o c a t e  r e s o u r c e s .  There  is no problem f ind i -ny  
sornethiialj to s t u d y  a b o u t  r e c r u i t m e n t  - t h e  d i f f i c u l t y  is  i d e n t i f y i n g  p rob lems  
t h a t  a r e  b o t h  mean ing fu l  and t r a c t a b l e .  

We a r e  r e a d y  "c a t t a c k  r i teaningful ,  t r a c t a b l e  y r a b l e n ~ s  i n  recrui t i lken% 
and a r e  p r o b a b l y  b e t t e r  p r e p a r e d  and s t r u c t u r e d  t h a n  e v e r  b e f o r e  f a r  s u c h  
e f f o r t s .  Kesearch  on r e c r u i t m e n t  t h a t  is bo th  e x c e l l e n t  and  u s e f u l  r e q u i r e s  a  
b l e n d  of e x p e r t i s e  - i n  e c o l o g y ,  i n  oceanography ,  i n  s t a t i s t i c s ,  m o d e l l i n g  and 
e x p e r i m e n t a l  d e s i ~ n .  Ln o u r  v a r i o u s  r e g i o n a l  l a b o r a t o r i e s ,  we have  a s sembled  
t h e  a p p r o p r i a t e  t y p e s  of  e x p e r t i s e ,  N a t i o n a l l y ,  t h e  d e s i r a b i l i t y  of e f f e c t i v e l y  
b l .ending  p h y s i c s ,  f i s h ,  s t a t i s t  i c s g  and e x p e r i m e n t a l  d e s i ~ n  h a s  been g i v e n  
renewed i m p e t u s .  l i g sea rch  programs which w i l l  g e t  t h e i r  s t a r t  i n  t h i s  workshop, 
a t  l e a s t  a s  c o n c e p t s ,  w i l l  s e r v e  t h e  Depar tment  i n  two r e c i p r o c a l  ways. A 
s u c c e s s f u L  workshop,  p r o d u c i n g  e f f e c t i v e  a p p r o a c h e s  t o  b l e n d i n g  t h e  v a r i o u s  
d i s c i p l i n e s ,  w i l l  pay back t h e  Uepart inent  f i r s t  i n  t h e  p r o g r e s s  made i n  
i n v e s t i g a t i n g  some of  t h e  v i t a l l y  i m p o r t a n t  p rob lems  i n  r e c r u i t m e n t  t o  o u r  
a q u a t i c  r e s o u r c e s ,  and  i n  t h e  b e t t e r  management which can  f o l l o w  from o u r  
enhanced  knowledye.  But t h e  workshop w i l l  pay d i v i d e n d s  i n  a  s econd  way a s  
well, i n t e g r a " c n g  p e o p l e  and a p p r o a c h e s  i n  i n d i v i d u a l  l a b o r a t o r i e s ,  and among 
l a b o r a t o r i e s .  I t  is c l e a r  t h a t  m u l t i d i s c i p l i n a r y  a p p r o a c h e s  can  broaden  t h e  
t y p e s ,  and enhance  t h e  q u a l i t y ,  of a s p e c t r u m  of r e s e a r c h  e f f o r t s  i n  o u r  s c i e n c e  
programs t h a t  r e a c h  f a r  beyond t h e  p rob lems  of  r e c r u i t m e n t ,  



A c y n i c  might  even a r g u e  t h a t  t h i s  w i l l  be t h e  more i m p o r t a n t  
d i v i d e n d ,  a s  r e c r u i t m e n t  s t u d i e s  mounted by ou r  co l l eac jues  t o  t h e  s o u t h ,  and i n  
t h e  t i o r t h  Sea  w i l l  be a t  s c a l e s  we i n  Canada a r e  u n l i k e l y  t o  d u p l i c a t e  i n  t h e  
n e a r  f u t u r e .  There  is a key d i f f e r e n c e  though ,  because  i n  some a r e a s  t h e r e  is 
l i t t l e  more t o  t h e  management of f i s h  s t o c k s  t h a n  t h e  managing of  new r e c r u i t s .  
Fo r  b e t t e r  o r  wor se  ( and  o n l y  someone t e r r i b l y  myopicly i n t e r e s t e d  i n  
r e c r u i t m e n t  would t h i n k  it  was f o r  t h e  w o r s e ) ,  s c i e n c e  i n  Canada s t i l l  must 
a l l o c a t e  l o t s  of r e s o u r c e s  t o  t h e  a s s e s s m e n t  and  manageinent of p a s t  r e c r u i t s ,  
n o t  j u s t  f u t u r e  ones .  

The f a c t  t h a t  we can  s t u d y  r e c r u i t m e n t  t o  improve  o u r  knowledge of and 
a b i l i t y  t o  manage o u r  a q u a t i c  r e s o u r c e s ,  r a t h e r  t h a n  a s  a l a s t  ga sp  r e s p o n s e  t o  
c o l l a p s e  and  c r i s i s  is a l a u r e l  f o r  t h e  Depa r tmen t ,  b u t  n o t  one  we s h o u l d  rest 
on. R a t h e r  i t  is one  we sl-iould b u i l d  on. h e  have  t h e  e x p e r t i s e  a v a i l a b l e  t o  a o  
e x c e l l e n t  work i n  t h e  s t u d y  of r e c r u i t m e n t ,  We have  ti-ie s t o c k s  and much of  t h e  
knowledge b a s e  t o  implement  s t u d i e s  of e x c e l l e n c e .  Also ,  w i t h  t h i s  workshop we 
h a v e  t h e  o p p o r t u n i t y  to i n i t i a t e  what  c a n  become major  s t r i d e s  i n  o u r  
u n d e r s t a n d i n g  of  what r e c r u i t m e n t  p r o c e s s e s  a r e  and how t h e y  s h o u l d  be  
i n c o r p o r a t e d  i n  management of o u r  r e s o u r c e s ,  l wi sh  you well i n  your  t a s k s ,  and 
haye  t h e  n e x t  2 d a y s  a r e  s t i m u l a t i n g ,  f r u i t f u l ,  and e n j o y a b l e .  



WENING REMARKS 

l . S ,  P a r s o n s  
A s s i s t a n t  Ueputy M i n i s t e r ,  S c i e n c e  

I am d e l i g h t e d  t o  be h e r e  w i t h  you today  t o  open t h i s  kecru i t i i ren t  
Workshop. T h i s  o c c a s i o n  marks t h e  L a u n c t ~ i n g  o f  t h e  f i r s t  B i o l o ~ i e a l  S c i e n c e s  
ko rkshop  a n  DFh) and f o l l o w s  t h e  ve ry  s u c c e s s f u l  Climate Workshop h e l d  l a s t  
s p r i n g  i n  V i c t o r i a ,  A s  you may be aware ,  t i l e r e  w i l l  be a Hyeroacous"&ic 
Workshop a t  U l O  newt week. I t  is my i n t e n t i o n  t o  h o l d  t h e s e  workshops a c r o s s  
t h e  c o u n t r y ,  1 hope  t h e y  w i l l  f o s t e r  a  s p i r i t o f  s c i e n t i f i c  c o o p e r a t i o n ,  anG 
c o n t r i b u t e  t o  t h e  f l ow  of  i d e a s  and  i n f o r m a t i o n  w i t h i n  t h e  n e w l y - i n t e g r a t e t i  
S c i e n c e  S e c t o r  of  DFO. Our c h a l l e n g e  is t o  b r i n g  b e t t e r  f o c u s  to our  S c i e n c e  
program by p r o v i d i n g  c l e a r  o b j e c t i v e s  and  by d e v e l o p i n g  mechanisms t o  b e t t e r  
c o o r d i n a t e  programs among r e g i o n s  and d i s c i p l i n e s .  

] - h i s  q u e s t i o n  of  b e t t e r  c o o r d i n a t i o n  among r e g i o n s  and d i s c i p l i n e s  
l e a d s  me t o  stress t h e  s e l f - e v i d e n t  t r u t h  t h a t  r e c r u i t m e n t  p r o c e s s e s  and  
c l i m a t i c  c o n d i t i o n s  a r e  i n t e r r e l a t e d .  U n d e r s t a n d i n g  of  t h e  f a c t o r s  d e t e r m i n i n g  
y e a r - c l a s s  v a r i a b i l i t y  can  o n l y  be b rough t  a b o u t  t h r o u g h  an  i n t e r - d i s c i p l i n a r y  
a p p r o a c h  encompass ing  a l l  components  of t h e  DFO S c i e n c e  S e c t o r  and t h r o u g h  
i n t e r n a t i o n a l  c o l l a b o r a t i o n .  

The a n n u a l  v a r i a b i l i t y  of  y e a r - c l a s s e s  h a s  been a  p r e o c c u p a t i o n  o f  
f i s h e r i e s  s c i e n t i s t s  f o r  a b o u t  one  hundred  y e a r s .  I ts m a n i f e s t a t i o n ,  a s  c a t c h  
v a r i a b i l i t y ,  h a s  been a  c o n c e r n  of t h e  f i s h i n g  i n d u s t r y  f o r  a  very  l o n g  t ime .  
'The f l y l e a f  o f  a  r e c e n t  book on t h e  Dynamics of  Marine F i s h  P o p u l a t i o n s  by 
Dr. B r i a n  i i o t h s c h i l d  b e g i n s  w i t h  t h e  f o l l o w i n g  s h t e m e n t :  ""Marine f i s h  
p o p u l a t i o n s  unde rgo  d r a m a t i c  f l u c t u a t i o n s  i n  abundance  o v e r  time, a  phenomenon 
t h a t  h a s  m y s t i f i e d  s c i e n t i s t s  and l a y p e o p l e  f o r  c e n t u r i e s .  These f l u c t u a t i o n s  
o b v i o u s l y  have  c o n s i d e r a b l e  economic and s o c i a l  impac t  and i t  is i m p o r t a n t  t o  
u n d e r s t a n d  why t h e y  o c c u r " .  That  s t a t e m e n t  e x p l a i n s  why t h e  subjec"cof  t h i s  
woritshop was c h o s e n  from among a  number of i m p o r t a n t  i s s u e s  t h a t  f a c e  f i s h e r i e s  
s c i e n c e  t oday .  

The e x i s t e n c e  of  s u c h  y e a r - c l a s s  v a r i a b i l i t y  was v i v i d l y  a e m o r ~ s t r a t e d  
by one  of t h e  f i r s t  f i s h e r i e s  s c i e n t i s t s  i n  t h e  f i e l d .  1 r e f e r  t o  t h e  work of 
H$or t  (1914)  who p a i n s t a k i n g l y  f o l l o w e d  t h e  l a r g e  l9U4 y e a r - c l a s s  of a  
Morwegian h e r r i n g  p o p u l a t i o n  a s  i t  p a s s e d  t h r o u g h  t h e  f i s h e r y .  

We have  come a  l o n g  way s i n c e  H j o r t "  day b u t  i n  many ways we can  
s t i l l  s e e  o n l y  "the t i p  of t h e  i c e b e r g "  when i t  comes t o  r e c r u i t m e n t .  W r i t i n g  
i n  1964, David  Cush ing  s t a t e d :  "The problem o f  t h e  r e l a t i o n s h i p  between p a r e n t  
s t o c k  and s u b s e q u e n t  r e c r u i t m e n t  is t h e  h a r d e s t  one  i n  f i s h e r i e s  b io logy  t o  
s o l v e .  Two s o r t s  of  d a t a  a r e  l a c k i n g :  ( I )  long-t i rne series of  e s t i m a t e s  of  
s t o c k  and r e c r u i t m e n t ;  and ( 2 )  a  r a n g e  of measu re s  of l a r v a l  and j u v e n i l e  
m o r t a l i t y  a t  s e a .  The p r o p e r  d e s c r i p t i o n  of  t h e  mechanism w i l l  yo s t r a i g h t  t o  
t h e  r o o t  of  t h e  d r a m a t i c  f l u c t u a t i o n s  i n  s t o c k s  i n  t h e  g r e a t  f i s h e r i e s " " .  
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a t  r e c r u i t m e n t  o v e r  a  b r o a d e r  g e o g r a p h i c  a r e a .  A number of  a m b i t i o u s  
e x p e r i m e n t s  on r e c r u i t m e n t  have  been d e v i s e d ,  Our unde r s t a r jd ing  of t h e  
unde r  l y i n g  mechenisrns o f  s t o c k  de f  i n i . t i o n  and  r e p r o d u c t i v e  b i o l o g y  h a s  
p r o g r e s s e d ,  However, o u r  u r tde r s t and ing  of t h e  p r o c e s s e s  of s u r v i v a l ,  from t h e  
l a r v a l  s t a g e  t o  r e c r u i t n r e n t  t o  t h e  a d u l t  p o p u l a t i o n ,  is sti l l  f a r  from 
comple t e .  b a r r e n  Woos"Ler, i n  h i s  i n t r o d u c t i o n  t o  a  r e c e n t  ICES. Mini-Symposium 
on t i e c r u i t m e n t  summarized t h e  c u r r e n t  s i t u a t i o n  when he s t a t e d :  " 'Events  between 
spawrliny and e v e n t u a l  a t t a inn re r i t  o f  m a t u r i t y  i n  t h e  n e x t  g e n e r a t i o n  a r e  s t i l l  
t h e  most i m p o r t a n t  and l e a s t  u n d e r s t o o d  i n  t h e  whole f i e l d  of f i s h  p o p u l a t i o n  
dynanlics"". 

I n  1983, w r i t i n g  a b b o t  t h e  o u t l o o k  f o r  f i s h e r i e s  r e s e a r c h  ove r  t h e  
n e x t  t e n  y e a r s ,  David  t u s h i n g  p r e d i c t e d  t h a t  f i s h e r i e s  s c i e n c e  would d e v e l o p  i n  
t h r e e  ways: (1) i n  p o l i s h i n g  p r o c e d u r e s  a s s o c i a t e d  w i t h  c o h o r t  a n a l y s i s ;  (2) 
i n  sma13. b u t  expe r imen ta l .  m u l t i s p e c i e s  models ;  and  ( 3 )  i n  c o n t i n u i n g  t h e  s low 
p r o g r e s s  towaro  s o l u t i o n  of  t h e  s t o c k  and r e c r u i t m e n t  problem.  He a s ~ u e d  t h a t  
p r o g r e s s  would remain  s l o w  b e c a u s e  t h e  i n t e g r a t i o n  of t h e  growth  and m o r t a l i t y  
o f  l a r v a l  and j u v e n i l e  f i s h e s  denrands e x p e n s i v e  work a t  s e a  o r  i n  a r t i f i c i a l  
e n c l o s u r e s .  

More r e c e n t l y ,  b s i a n  f i a t h s c h i l d  h a s  i d e n t i f i e d  t h e  most i m p o r t a n t  
c o n s t r a i n t s  a s  b e i n g  t h e  fat-hat o n l y  a  few components  of t h e  e n t i r e  p r o b l e n ~  
have  been  s t u d i e d  and  t h a t  c o n t i n u i n g  r e s e a r c h  seems t o  f o c u s  e v e r  more 
i n t e n s i v e l y  on t h o s e  few components .  I n c r e a s e s  i n  r e s e a r c h  e f f o r t  have  n o t  
r e s u l t e d  i n  commensurate  i n c r e a s e s  i n  knowledge.  He g o e s  on t o  s ta te :  ""Wha we 
need t o  do is t o  s p e c i f y  o r  i d e n t i f y  t h e  f i s h ' s  env i ronmen t .  The problem of 
p r e d i c t i n g  f i s h - p o p u l a t i o n  v a r i a b i l i t y  d o e s  n o t  a t  p r e s e n t  rest on o u r  
u n d e r s t a n d i n g  of t h e  b e h a v i o u r  and p h y s i o l o g y  of any p a r t i c u l a r  group of f i s h .  
R a t h e r ,  i t  r e s t s  on o u r  a b i l i t y  t o  i d e n t i f y ,  d e f i n e  and nteasure t h e  f i s h ' s  
ambien t  env i ronmen t " .  

B r i a n  h a s  r ev i ewed  t h e  e x t e n s i v e  l i t e r a t u r e  and concluded:  ' 'The 
s p e c i f i c  c a u s e s  of f l u c t u a t i o n s  i n  f i s h - p o p u l a t i o n  abundance  e r e  s u p p o r t e d  by a  
l o n g  list of  s p e c u l a t i o n s  and a s h o r t  list of f a c t s .  The f a c t s  a r e :  (1) t h e  
abundance  of i n d i v i d u a l  s t o c k s  h a s  f  k u c t u a t e d  f o r  c e n t u r i e s ;  ( 2 )  e v i d e n t  human 
i n t e r a c t i o n  w i t h  nrost mar ine  s t o c k s  is r e l a t i v e l y  r e c e n t ;  and  ( 3 )  f i s h  s t o c k s  
have  c o n t i n u e d  t o  f l u c t u a t e  i n  abundance  i n  t h e  p r e s e n c e  of i n c r e a s e d  
t o x i c - c h e m i c a l  l o a d i n g ,  e u t r o p h i c a t i o n ,  h a b i t a t  m o d i f i c a t i o n  and f i s h i n y f i n  

He summar izes  t h e  numerous h y p o t h e s e s  i n  s i x  c a t e ~ o r i e s :  

1 )  l n t r a s p e c i f i e  

2 )  F i s h i n g  

3 )  N a t u r a l  E n v i r o n m e n t a l  

4 )  An thsopoyen ic  Env i ronmen ta l  

5 )  I n t e r s p e c i f i c  

6 )  Complexi ty  



He t h e n  Goes on t o  p r o v o c a t i v e l y  s t a t e :  "The s o l u t i o n  w i l l  n o t  be 
advanced  by o b t a i n i n g  more of  t h e  same d a t a  o r  r e p l i c a t i n y  r e s e a r c h  ayproac i res ;  
r a t h e r  i t  w i l l  be  d e r i v e d  from a r e f o r m u l a t i o n  of  t h e  problem.  S h i s  s h o u l d  
i n c l u d e  a  s y s t e m a t i c  s e a r c h  f o r  t h o s e  p a r t s  of t h e  problem t h a t  a r e  no t  w e l l  
i d e t ~ t i f i e d  and  a  d e s i g n  of e x p e r i m e n t s  t h a t  c a n  i l l u n l i n a t e  t h e s e  c r i t i c a l  
a r e a s " .  

I t  is c l e a r  t h a t  we a r e  o n l y  on t h e  t h r e s h o l d  of u n d e r s t a n d i n g  %he  
f a c t o r s  d e t e r n l i n i n g  r e c r u i t m e n t  v a r i a b i l i t y .  T h i s  is an  imnlense se ien"c i f ic  
c h a l l e n g e ,  I t  r e q u i r e s  r ev i ew ,  d i a l o g u e ,  d e b a t e  and c o o p e r a t i o n .  T h i s  
c o o p e r a t i o n  must o c c u r  among d i s c i p l i n e s  a s  w e l l  a s  among i n d i v i d u a l  
s c i e n t i s t s .  C o o p e r a t i o n  and c o l l a b o r a t i o n  a r e  r e q u i r e d  bo th  a t  t h e  n a t i o n a l  and 
t h e  i n t e r n a t i o n a l  l e v e l s .  Unly t h r o u g h  s u c h  c o l l a b o r a t i o n  can  p r o g r e s s  be made, 

Which br i r rgs  u s  back t o  t h e  r e a s o n  f o r  t h i s  workshop. P/ly e x p e c t a t i o n s  
from t h i s  workshop c e n t r e  a round  t h e  development  of a  D e p a r t m e n t a l  p l a n  f o r  
f u t u r e  r e s e a r c h  on r e c r u i t m e n t .  I n  c o l l a b o r a t i o n  w i t h  c o l l e a g u e s  
i n t e r n a t i o n a l l y ,  we must s e e k  a c l e a r e r  u n d e r s t a n d i n g  of  t h e  u n d e r l y i n g  
p r o c e s s e s  t h a t  i n f l u e n c e  r e c r u i t m e n t  and h o p e f u l l y  an improvement i n  o u r  
p r e d i c t i v e  c a p a b i l i t y  i n  t h e  l onge r - t e rm.  T h i s  r e q u i r e s  a  commitment t o  
long- te rm m u l t i d i s c i p l i n a r y  t a r g e t t e d  b a s i c  r e s e a r c h  on t h i s  i m p o r t a n t  s u b j e c t ,  
a  commitment t h a t  we i n  UFO a r e  p r e p a r e d  t o  make. I n  o r d e r  t o  p u r s u e  t h i s  
o b j e c t i v e ,  l ong - t e rm p r i o r i t i e s  f o r  t h e  n e x t  5-10 y e a r s  f o r  UFO r e s e a r c h  must be 
d e v e l o p e d ,  r e c o y n i z i n g  t h a t  t h e s e  w i l l  e v o l v e  o v e r  time, 11-I d o i n 9  s o ,  we must 
o f  c o u r s e  r e c o g n i z e  t h a t  s c i e n t i f i c  d i s c o v e r y  c a n n o t  be p r e m e d i t a t e d .  b u t  i t  
can  be  f a c i l i t a t e d  by f o r m u l a t i n g  and d e t a t i n ~  h y p o t h e s e s ,  by s h a r i n g  e x p e r i e n c e  
and  i n s i g h t  and by d e s i g n i n g  f u t u r e  r e s e a r c h  t o  s h e d  l i g h t  on o l d  problerns. 

C a r l  5agan  h a s  d e s c r i b e d  s c i e n c e  a s  "a way of  t h i n k i n g  much more t h a n  
i t  is a  body of knowledge"'. I t s  g o a l  is t o  f i n d  o u t  how t h e  wor ld  works,  t o  
s e e k  what r e g u l a r i t i e s  t h e r e  may be ,  t o  p e n e t r a t e  t o  t h e  c o n n e c t i o n  of t h i n g s .  
S c i e n c e  is b a s e d  on a  w i l l i n g n e s s  t o  c h a l l e n g e  o l u  dogma and  r e q u i r e s  t h e  
c o u r a g e  t o  q u e s t i o n  t h e  c o n v e n t i o n a l  wisdom. 

1 hope t h a t  d u r i n g  t h i s  workshop you w i l l  q u e s t i o n  t h e  c o n v e n t i o n a l  
widorn on r e c r u i t m e n t  and p o i n t  t h e  way t o  t h e  r e s e a r c h  n e c e s s a r y  f o r  a  b e t t e r  
u n d e r s t a n d i n g  of t h e  r e c r u i t m e n t  p r o c e s s .  

B e s t  w i s h e s  f o r  a  s u c c e s s f u l  workshop.  



1 V HISTORICAL SKETCH ON REGRUITENV RESEARCH - 

M. S i n c l a i r  
D i r e c t o r ,  B i o l o g i c a l  S c i e n c e s  

Scot ia -Fundy Reg i o n  

The aim of t h i s  i n t r o d u c t o r y  p a p e r  t o  t h e  N a t i o n a l  Kec ru i tmen t  
Workshop is t o  i n t r o d u c e  t h e  c o n c e p t s  g e n e r a l l y  s h a r e d  by t h o s e  r e s e a r c h e r s  
c o n c e r n e d  w i t h  t h e  s o - c a l l e d  r e c r u i t m e n t  problem i n  mar ine  f i s h e r i e s  r e s e a r c h .  
T h i s  r ev i ew  of c o n c e p t s  is t h o u g h t  t o  be u s e f u l  b e c a u s e  many p a r t i c i p a n t s  a t  t h e  
workshop,  i n  p a r t i c u l a r  t h e  b i o l o g i c a l  and p h y s i c a l  o c e a n o g r a p h e r s ,  may n o t  b e  
f a m i l i a r  w i t h  trte l i t e r a t e r e  and  a s s o c i a t e d  s p e c i a l i z e a  v o c a b u l a r y .  A 
h i s t o r i c a l  app roach  is t a k e n ,  and t h e r e  is some b i a s  t owards  e v e n t s  i n  t h e  & o r t i )  
A t l a n t i c .  

F l u c t u a t i o n s  i n  l a n d i n g s  ( o f  h e r r i n g  and  cod  i n  p a r t i c u l a r )  i n  
n o r t h e r n  Lurope  was a  problem of  c o n s i d e r a b l e  economic and s o c i a l  c o n c e r n  d u r i n g  
t h e  l 9 t h  c e n t u r y .  The e r r ip i r i ca l  o b s e r v a t i o n s  were s t r a i g h t f o r w a r d  and well 
documented.  The f i s h e r i e s  a t  t h a t  time were l i m i t e d  t o  c o a s t a l  w a t e r s  c l o s e  t o  
t h e  f i s h i n g  communi t ies .  The l a n d i n g s  a t  p a r t i c u l a r  c o a s t a l  f i s h i n g  a r e a s  
f l u c t u a t e d  on a  r a n g e  o f  time s c a l e s  ( s e a s o n a l ,  i n t e r a n n u a l .  and d e c a d a l ) .  I t  
was a l s o  n o t e d  t h a t  t h e s e  was marked v a r i a b i l i t y  i n  t h e  q u a l i t y  of t h e  f i s h  
l a n d e d  i r e l a t i v e  amount o f  cod l i v e r  o i l  and t h e  s i z e  c o m p o s i t i o n ) .  
T h i r d l y ,  t h o s e  p e o p l e  c l o s e l y  a s s o c i a t e d  w i t h  t h e  m a r k e t i n g  of  f i s h  n o t e d  
p e r s i s t e n t  s l i g h t  d i f f e r e n c e s  i n  morphology between f i s h  of  t h e  same s p e c i e s  
coming from d i f f e r e n t  f i s h i n g  l o c a t i o n s .  I h e  m o r p h o l o g i c a l  p a t t e r n s  were n o t  
randomly d i s t r i b u t e d .  The most  d r a m a t i c  o b s e r v a t i o n ,  b e c a u s e  of t h e  economic 
i n i p l i c a t i o n s ,  was t h e  d e c a d a l  f l u c t u a t i o n s  i n  t h e  w i n t e r  h e r r i n g  f i s h e r y  o f f  
Bohus l an ,  w e s t e r n  Sweden. T h i s  F i s h e r y  v a r i e d  i n  an  e x t r e m e  f a s h i o n ,  from 
e x c e s s  c a p a c i t y  f o r  s e v e r a l  y e a r s  t o  a  t o t a l  l a c k  of f i s h  i n  s u b s e q u e n t  y e a r s .  

T h i s  o v e r a l l  set of e m p i r i c a l  o b s e r v a t i o n s  was p a r a d o x i c a l .  There was 
a n  u n d e r l y i n g  p r e d i c t a b l e  p a t t e r n  i n  b o t h  t h e  g e o g r a p h i c  l o c a t i o n  a t  which 
l u c r a t i v e  F i s h i n g  o c c u r r e d ,  and  t h e  s e a s o n a l  t i n l i ng  d u r i n g  which t h e  f i s h  
a r r i v e d .  The t i rn ing  o f  t h e  f i s h e r i e s  v a r i e d  between g e o g r a p h i c  l o c a t i o n s .  T h i s  
was p a r t i c u l a r l y  t r u e  f o r  t h e  c o a s t a l  h e r r i n g  f i s h e r i e s .  Superimposed on t h i s  
o r d e r l y  n a t u r a l  phenomena o f  f i s h  n l i ~ r a t i o n  was c o n s i d e r a b l e  v a r i a b i l i t y  i n  
l o c a l  abundance .  The f i s h i n g  c o m n ~ u n i t i e s ,  g i v e n  t h e  s t r ic t  limits t o  t h e  
d i s t a n c e  t h e  b o a t s  c o u l d  t r a v e l ,  e s t a b l i s h e d  t h e m s e l v e s  i n  r e l a t i o n  t o  t h e  
r e y r o o u c i b l e  p a t t e r n s  i n  f i s h  d i s t r i b u t i o n s  i n  c o a s t a l  a r e a s .  The i n t e r a n n u a l  
v a r i a b i l i t y ,  however,  s e n e r a t e d  f e a s t  and f amine  c y c l e s  f o r  t h e  s i n g l e  i n d u s t r y  
communi t i e s .  

T h i s  s e t  o f  o b s e r v a t i o n s  g e n e r a t e d  t h e  " m i g r a t i o n "  "hypoehis  t o  
a c c o u n t  For t h e  f l u c t u a t i o n s  i n  l a n d i n g s  a t  a l l  time and s p a c e  scales. The 
t i t l e  i n d i c a t e s  t h e  e s s e n c e  of  t h e  h y p o t h e s i s  which i n f e r r e d  a n  a n n u a l  m i g r a t i o n  
o f  f i s h  from t h e  Arctic Ucean t o  t h e  c o a s t a l  w a t e r s  of  n o r t h e r n  Europe  and Nor th  
America.  Dur ing  t h e  s p r i n g ,  t h e  f i s h  s p e c i e s  of commerc ia l  i n t e r e s t  were  
i n t e r p r e t e d  t o  b e g i n  t h e i r  m i g r a t i o n  t o  d i v e r s e  spawning  l o c a t i o n s  i n  c o a s t a l  



w a t e r s  a l o n y  b o t h  s i d e s  of t h e  Nor th  A t l a n t i c .  A r e t u r n  m i g r a t i o n  t o  t h e  A r c t i c  
was h y p o t h e s i z e d  durincj  t h e  autunln. The d i f f e r e ~ i c e  i n  t h e  t i m i n g  of  t h e  
f i s h e r i e s  be tween g e o g r a p h i c  a r e a s  was c o n s i d e r e d  t o  be a  f u n c t i o n  o f  t h e  
m i 5 r a t i o n  r o u t e s .  ? h e  i n t e r a n n u a l  and  d e c a d a l  f l u c t u a t i o n s  were t h u s  
i n t e r p r e t e d  t o  be a  f u n c t i o n  of  v a r i a b i l i t y  i n  t h e  m i g r a t i o n  p a t t e r n  of a  s i n g l e  
mass of f i s h  of a  p a r t i c u l a r  s p e c i e s .  Abundance l e v e l s  of t h e  e x p l o i t e d  s p e c i e s  
were  t h o u g h t  t o  be r e l a t s v e l y  c o n s t a n t .  Tne f l u c t u a t i o n s  i n  l a n d i n g s  a t  
p a r t i c u l a r  c o a s t a l  f i s h i n 5  l o c a t i o n s  were ,  unde r  t h e  n l i g r a t i o n  l aypo thes i s ,  t h e  
r e s u l t  o f  an  edge  e f f e c t  ( i . e .  v a r i a b i l i t y  i n  t h e  a v a i l a b i l i t y  a l o n y  t h e  
p e r i m e t e r  of  a c o n s t a n t  abundance  l e v e l  of  pan -ocean ic  s y p e t l a e s i s  
d i d  n o t ,  however,  a c c o u n t  f o r  t h e  p e r s i s t e n t  i n t r a - s k e c i f i c  d i f f e r e n c e s  i n  
m o r p h o l o g i c a l  p a t t e r n s  t h a t  were o b s e r v e d  between g e o g r a p h i c  l o c a t i o n s .  t v e n  
though by t h e  end  of  t h e  1 9 t h  c e n t u r y  t h i s  h y p o t h e s i s  had been d i s c r e d i h d  by 
many n a t u r a l i s t s ,  t h e  u n d e r l y i n g  c o n c e p t  t h a t  i n t e r a n n u a l  f l u c t u a t i o n s  i n  
l a n d i n g s  a t  p a r t i c u l a r  g e o g r a p h i c  l o c a t i o n s  was a f u n c t i o n  of  c h a n g e s  i n  
m i g r a t i o n  p a t t e r n s  of t h e  s p e c i e s  i n  q u e s t i o n ,  r a t h e r  t h a n  changes  i n  o v e r a l l  
abundance  of  t h e  s p e c i e s ,  was s t i l l  g e n e r a l l y  a c c e p t e d .  The t i t l e  of  Committee 
A o f  t h e  I n t e r n a t i o n a l  C o u n c i l  f o r  t h e  E x p l o r a t i o n  of t h e  Sea  (ICCS), one  of 
o n l y  t h r e e  s t a n d i n y  commi t t ee s  d e f i n e d  i n  1902,  a s  t h e  M i g r a t i o n  Committee is 
e v i d e n c e  of  t h e  p r e v a l e n c e  of t h i s  c o n c e p t  a t  t h a t  time, Committee A ,  t h e  
l * i i g ra t i on  Commit tee ,  was s p e c i f i c a l l y  e s t a b l i s h e d  t o  a d d r e s s  t h e  problem of 
i n t e r a n n u a l  f l u c t u a t i o n s  i n  l a n d i n g s .  A paradigm s h i f t  i n  t h e  i n t e r p r e t a t i o n  of 
f l u c t u a t i o n s  i n  l a n d i n g s  o c c u r r e d  s u b s e q u e n t  t o  t h e  f o r m a t i o n  of ICES. 

S e v e r a l  key s t u d i e s  on mar ine  f i s h  s p e c i e s  i n  European c o a s t a l  w a t e r s  
be tween 1898 and  1914 r e s u l t e d  i n  major  i n c r e a s e s  i n  u n d e r s t a n d i n g  of  t h e  c a u s e s  
of f l u c t u a t i o n s  i n  l a n d i n g s ,  These s t u u i e s  r e s u l t e d  i n  a  paradigm s h i f t ,  

F i r s t  Heincke  , ( 1 8 9 8 ) ,  i n  a n  e x t e n s i v e  monograph, summarized h i s  
d e t a i l e d  s t u u i e s  an l i f e  c y c l e s  and  morphometr ics  of  A t l a n t i c  h e r r i n g .  tie had 
s t u d i e d  w i t h  h i s  c o l l e a g u e s  a t  Miel, Germany, a l l  a s p e c t s  of t h e  b i o l o y y  o f  
h e r r i n g  which  spawned r e s p e c t i v e l y  d u r i n g  t h e  s p r i n g  and f a l l  i n  Miel B i g h t .  I t  
was n o t e d  t h a t  t h e  d u r a t i o n  of t h e  l a r v a l  phase  d i f f e r e d  by s e v e r a l  rnonths 
be tween progeny o f  t h e  two spawning  g r o u p s .  A l so  some l a r v a e  were r e t a i n e d  i n  
t h e  B i g h t  t h r o u g h  t h e  l a r v a l  phase .  He n o t e d  p e r s i s t e n t  d i f f e r e n c e s  i n  
m o r p h o l o g i c a l  and  m e r i s t i c  c h a r a c t e r s  between t h e  spawning  g r o u p s  ( F i g u r e  1 ) .  
The o b s e r v a t i o n s  l e d  him t o  c o n c l u d e  t h a t  t h e  s p e c i e s  h e r r i n g  was compr i sed  of  
many component s e l f - s u s t a i n i n g  p o p u l a t i o n s ,  e a c h  p o p u l a t i o n  h a v i n g  a  p r e c i s e  and 
r e l a t i v e l y  l i m i t e d  geograpk t i ca l  a r e a  of  d i s t r i b u t i o n .  T h i s  was a r a d i c a l  
c o n c l u s i o n  a t  t h a t  t i m e  because  t h e  e x t a n t  t y p o l o g i c a l  o r  e s s e n t i a l i s t  s p e c i e s  
c o n c e p t  i n f e r r e d  t h a t  s p e c i e s  were p a n m i c t i c  ( i . e .  compr i sed  a  s i n g l e  group 
t h r o u g h o u t  t h e  a r e a  of d i s t r i b u t i o n ) .  Heincke  e x t e n d e d  h i s  s t u d y  by sanlp l ing  
many o t h e r  spawning  f i s h e r i e s  i n  t h e  B a l t i c ,  Nor th  Sea and  Norwegian c o a s t a l  
w a t e r s ,  He i n v e n t e d  r u d i m e n t a r y  m u l t i v a r i a t e  s t a t i s t i c s  t o  a i d  i n  t h e  a n a l y s i s  
of t h e  d a t a .  His c o n c l u s i o n  t h a t  h e r r i n g  is compr ised  of many s e l f - s u s t a i n i n g  
p o p u l a t i o n s  was a c c e p t e d  s u r p r i s i n g l y  q u i c k l y ,  g i v e n  t h e  s t r o n g l y  h e l d  views 
p r i o r  t o  i ts  p u b l i c a t i o n  and t h e  c o n t r o v e r s i a l  n a t u r e  of t h e  new s p e c i e s  c o n c e p t  
t h a t  he  i n t r o d u c e d .  



Figure 1, I l l u s t r a t i o n  of morphological d i f f e r ences  between two populat ions 
of he r r ing  spawning i n  Kiel Bight a t  d i f f e r e n t  seasons  (from an 
a p p l i c a t i o n  by Weldon f o r  research  funding t o  the  Royal Soc ie ty  
i n  1894).  



The i m p l i c a t i o n s  on f i s h e r i e s  q u e s t i o n s  were j u s t  a s  d r a m a t i c  a s  on 
n a t u r a l  h i s t o r y  and  taxononry. I f  t h e  " m i ~ r a t i o n  h y p o t h e s i s s 9  i i n o l v i n g  a 
r e l a t i v e l y  c o n s t a n t  m a s s i v e  pan -ocean ic  a g q r e g a t i o n  of h e r r i n g  i n  t h e  h i g h  s e a s  
m i g r a t i n g  s e a s o n a l l y  t o  c o a s t a l  w a t e r s  was i n c o r r e c t ,  t h e r e  were o b v i o u s  
implications on f i s h e r i e s  managemenb The new d e s c r i p t i o n  of  n a t u r e  and i ts 
i r ~ t e r p r e t a t i o n  sugyesteed t h e  e x i s t e n c e  of  l o c a l  p o p u l a t i o n s  whose atjuridance 
l e v e l s  c o u l d  be i n f l u e n c e d  by l o c a l  f i s h i n g  a c t i v i t i e s .  I F  c o r r e c t ,  
r e s t r i c t i o n s  on f i s h i n j j  e f f o r t  i i l i 9 )~ t  be r e q u i r e d  t o  a l l o w  popidlatior1 
p e r s i s t e n c e ,  H e i n e k e ' s  work a l s o  p r o v i d e d  some e x p l a n a t o r y  power on t h e  problem 
of  i n t e r a n n u a l  and d e c a d a l  f l u c t u a t i o n s  i n  l a n d i n g s  of  h e r r i n g .  He sampbed 
h e r r i n g  from t h e  ~ o h u s l a n  ' b v e r w i n t e r i n y "  f i s h e r y  ( k . e .  n o t  a  f i s h e r y  on 
spawning  f i s h )  and corripased t h e i r  s h a p e  and m e r i s t i . ~  c h a r a c t e r s  t o  v a r i o u s  
spawning  p o p u l a t i o n s  i n  t h e  Nor th  Sea  and t h e  Baltic. I-te conc luded  'chat t h e  
BohuslZn h e r r i n g  f i s h e r y  e x p l o i t e d  t h e  o v e r w i n t e r i n g  d i s t r i b u t i o n  of a h e r r i n g  
p o p u l a t i o r t  t h a t  spawned i n  t h e  Nor th  Sea  o f f  Lermany. A l so ,  u s i n g  i n f o r i n a t i o n  
on t h e  p h y s i c a l  oceanography  of t h e  a r e a  ( ~ k a g e r r a k  and ~ a t t e g a t )  he a r g u e d  t h a t  
t h e  o v e r w . i n t e r i n g  d i s t r i b u t i o n  s h i f t e d  a s  a  func"con of  ocean  c l i m a t e  changes .  
P e t t e r s s o n  (1914)  i n  h i s  c l a s s i c  p a p e r  9 k l i m a t i c  v a r i a t i o n s  i n  h i s t o r i c  and  
p r e h i s t o r i c  time" a r g u e d  t h a t  t h e  w a t e r  mass and c i r c u l a t i o n  c h a n g e s  o f f  
RohuslGn wese c a u s e d  by t i d a l  p r o c e s s e s  (18 .6  y e a r  c y c l e ) ,  Thus t h e  d i s r u p t i v e  
f l u c t u a t i o n s  i n  l o c a l  abundance  i n  h e r r i n g  i n  t h e  w i n t e r  o f f  BohusLGn wese 
i n t e r p r e t e d  t o  be due t o  changes  i n  t h e  o v e r w i n t e r i n g  d i s t r i b u t i o n  ( t h u s  c h a n g e s  
i n  a v a i l a b i l i t y  o f  t h e  "German" h e r r i n g  t o  t h e  Swedish  f i s h e r y ) ,  r a t h e r  t h a n  due --- 
t o  c h a n g e s  i n  p o p u l a t i o n  abundance .  I n  c o n t r a s t ,  i n t e r a n n u a l  f l u c t u a t i o n s  i n  
l a n d i n g s  From spawning  f i s h e r i e s  were  i n t e r p r e t e d  t o  be due t o  changes  i n  t h e  
a b s o l u t e  abundance  of t h e  p o p u l a t i o n .  Heincke  d i d  n o t ,  however,  s p e c u l a t e  on 
what  might  c a u s e  t h e  f l u c t u a t i o n s  i n  popula"con abundance .  Heincke  's ( 1898)  
p a p e r  f u n d a m e n t a l l y  m o d i f i e d  t h e  i n t e r p r e t a t i o n  of f l u c t u a t i o n s  i n  l a n d i n g s .  
The re  were  two c a u s e s :  c h a n g e s  i n  m i g r a t i o n  p a t t e r n s  of  p o p u l a t i o n s ,  and 
c h a n g e s  i n  a b s o l u t e  abundance  of p o p u l a t i o n s .  A l so  t h e  g e o g r a p h i c  s c a l e  of t h e  
F l u c t u a t i o n s  problem was changed,  from t h e  whole M ~ r t h  A t l a n t i c  t o  r e s t r i c t e d  
a r e a s  of  c o a s t a l  and  s h e l f  w a t e r s .  

The second  ma jo r  c o n t r i b u t i o n  was made by t i j o r t  (1914)  based  on ilis 

s t u d i e s  w i t h  c o l l e a g u e s  on h e r r i n g  and  c o a  i n  Norwegian waters. The development  
of new methods ,  arrd sortie good l u c k  i n  t h e  t i m i n g  of  h i s  s t u d y ,  were c r i t i c a l  t o  
t h e  c o n c l u s i o n s  t h a t  he was a b l e  t o  draw. M i l e  h e l y i n g  t o  i n t r o d u c e  an  
i n s u r a n c e  schenie f o r  f i s h e r m e n ,  he became aware  of aQe c o n i p o s i t i o r ~  s t a t i s t i c s  
and  c o n c l u d e d  t h a t  i f  f i s h  c o u l d  be aged ,  s i m i l a r  s t a t i s t i c s  c o u l d  be c o l l e c t e o  
f o r  e x p l o i k e d  f i s h  (Wjo r t  d i d  n o t  a p p e a r  t o  have  a c c e p t e d  W e i n c k e s s  
c o n c L u s i o n s  on h e r r i n g  p o p u l a t i o n s  d u r i n g  t h i s  pre-1914 p e r i o d ,  and t h e  " r a c i a l "  
a p p r o a c h  o f  Heineke  had n o t  been g e n e r a l i z e d  f o r  o t h e r  s p e c i e s  such  a s  c o d ) .  
HQort p r o p o s e d  a  p o r t - s a m p l i n g  scheme f o r  t h e  ICtS a r e a  a s  a whole i n  1907, b u t  
t h e  reconrmendation was n o t  a c c e p t e d .  N e v e r t h e l e s s ,  h i s  app roach  was i n s t i t u t e d  
i n  Norway, where he was t h e  d i r e c t o r  of  f i s h e r i e s  r e s e a r c h .  A s  a  r e s u l t ,  from 
1907 onwards ,  t h e  a g e  c o m p o s i t i o n  OF t h e  l a n d i n g s  of h e r r i n g  and cod were 
sampled  f o r  Norwegian c o a s t a l  f i s h e r i e s  [ t h e  new methods  r e q u i r e d  t o  p e r m i t  t h i s  
deve lopment  were: ( 1 )  an  a g e i n g  method u s i n g  f i s h  s c a l e s  ( F i g u r e  2 ) ;  and  (2) 
development  o f  s a m p l i n g  t h e o r y ] .  An a d d i t i o n a l  m e t h o d o l o g i c a l  t o o l  t h a t  was 
c r i t i c a l  was t a r jg ing .  T h i s  p r o v i d e d  e s t i m a t e s  on t h e  g e o g r a p h i c  s c a l e  of 
m i g r a t i o n s .  The good l u c k  was t h e  p a r t i c u l a r  o c e a n o g r a p h i c  c o n d i t i o n s  of 1904. 
T h i s  y e a r  g e n e r a t e d  a  m a s s i v e  y e a r - c l a s s  of h e r r i n g  i n  Norwegian w a t e r s  which 
was t h r e e  y e a r s  o l d  when t h e  p o r t - s a m p l i n g  program began i n  19U7, I t  was found 
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No rweg ian  F io rd  S p r i n g  H e r r i n g s .  
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Norweg ian  Spr ing H e r r i n g s .  

a g e r a k  H e r r i n g s  ( ~ u t u r n n 5 p a w n e r s  

N o r i h  Sea Her r ings  ( A u l u m n  S p a w n e r s .  

Figure  2. Herr ing  s c a l e s  from f i s h  of d i f f e r e n t  ages  and popula t ions  i n  t h e  
no r theas t  A t l a n t i c  ( f r o m  Dahl 1907).  



out, subsequently, t o  be ahotsk 313 times larger t h a n  the yeas-classes whicla 
bracketed those born in 1404. This strong s i g n a l  was followed as t h e  year-class 
progressed through the fishery yeas by year (Figure 3 ) .  

From the results of wide-ranging s t u d i e s  (including the port-sampling 
results, tagging experiments, egg ann larval distributional s u r v e y s ,  t im ing  o f  
phytopl.ankton blooms and physical oceanographic studies on the circulation o f  
the luorwegian current), Hjort (1914) arrived at exciting c o n c l u s i o n s  on t h e  
causes o f  i n t e r a n n u a l  fkuc t . ua  t i s n a  i n  kar?dkngs. They may soidnd somewhat flat 
today because h i s  conclusions form the  starting point of much of' our uni,okny 
research. At the t h e ,  t h e  csncZus-lons o f  h i s  paper generated enormous 
excitement srad corasiderable explanatory power, 'The review by ALlerl (1914) i n  
Taeture - captures this excitement: 

"There can k~e l i t t l e  doubt that this report by Us. Hjort  
ch in t h e  h i s t o g  of s c i e n t i f i c  fishery 

=-=------- 

a If the arguments upon whach its csn~lusisns 
are based successfully withstand the test of criticism, 
there h a s  been estadliahed e method o f  predicting t h e  
probable future course from year-to-year o f  soins of our most 
important fisheries, which should be o f  utnrost value both to 
those engaged practically i n  the fishing industry and t o  
those responsible fo r  f i shery  administration" (emphasis 
added). 

Hjort demonstrabed convincingly that the fhlsetuatians i n  landings, 
both in quanfiitg, and q u a l i t y  in the  herring arad cod in Norwegian fisheries, were 
a function o f  extreme v e s i a b i k i b  i n  year-class sizes (the population concept 
was not well articu%a$ed by Hjsst until $he 1920%). Thus the problem of 
fluetuatisws in landings a t  particular fishing locations was decomposed into two 
components (availability changes and year-class size v a r i a b i l i t y ) .  

%o 8C6111 up, $he  major contribution of Heincke and Hjort (end thus the 
paradigm shift itself) was t he  redefinition o f  the problem o f  f l u c t u a t i o n s  i n  
landings. Age-structured persisting an limited geographic scales 
became t he  foeus of study to resolve t h e  problem, rather than studies of 
pan-oceanic migration of t y p o l o g i c a l  or essentialist species. She paradigm 
shift involved a change in the unit o f  atuay to the geographic population, 
r a t h e r  than the species. This shift in t h i nk i ng  by fisheries biologists 
predated the changes in taxonomy and evolutioeaasy biology by a couple of 
decades. The migration hypothesis inferred constant abundance levels of 
pan-oceanic tyyalogicab species. The new interpretetion inferred h i g h l y  
variable abundance levels OF the component populations of so-called "'biological 
speciesg'. The interpretation of H jos t  ( i , e ,  fluc%uations in landings due to 
year-class variability) explained the changes in quality o f  the landings (i.e. 
changes in size composition and percent cod liver oil), as well as t h e  quantity. 

As well as fundamentally redefining the nature of the 'Yluctara"&ionsg" 
problem, Wjeart proposed two hypotheses $0 account For recruitment variability. 
Luring his f i e l d  studies on cod spawning and subsequent egg and larval 
distributions i n  the Lo fo ten  area, Hjort noticed t h a t  the events occurred close 
t o  the seasonal timing of the spring phytoplankton bloom, the precise t i m i n g  of 
which varied between years. From studies on the Norwegian current, he had also 
estimated wi th  Welland-Hensen and hansen that there was interannual variability 



Figure  3, Age composition of t h e  l a n d i n g s  s f  h e r r i n g  eardght of f  Norway from 
1908 t o  1913 (from Wjar t  19141, 



i n  a d v e c t i o n .  These o b s e r v a t i o n s  i n  p a r t  l e d  t o  h i s  two h y p o t h e s e s  t h a t h a v e  
c o l l e c t i v e l y  been l i n k e d  w i t h  t h e  c r i t i c a l  p e r i o d  c o n c e p t ,  The l a n d i n g s  d a t a  
( s u c h  a s  t h o s e  shown i n  F i g u r e  3 )  i n d i c a t e d  t h a t  r e l a t i v e  y e a s - c l a s s  s i z e s  were 
d e f i n e d  p r i o r  t o  r e c r u i t m e n t  of e a c h  y e a r - c l a s s  t o  t h e  f i s h e r y .  Thus t h e  f i r s t  
few y e a r s  were d e f i n e d  a s  t h e  " c r i t i c a l  p e r i o d " .  H y p o t h e s i s  1 s t a t e s  t h a t  
v a r i a b i l i t y  i n  y e a r - c l a s s  s i z e  is a  r e s u l t  of between y e a r  s h i f t s  i n  t h e  p r e c i s e  
t i m i n g  of  spawning  and of  t h e  p h y t o p l a n k t o n  bloom (which i n i t i a t e s  t h e  s e a s o n a l  
z o o p l a n k t o n  p r o d u c t i o n  c y c l e  upon which t h e  f i s h  l a r v a e  f e e d ) .  From L a b o r a t o r y  
c u l t u r e  s t u d i e s  on f i s h  e g g s  and La rvae ,  i t  had been o b s e r v e d  t h a t  f i r s t  f e e d i n g  
d u r i n g  t h e  Few days  f o l l o w i n g  f i n a l  r e s o r p t i o n  of  t h e  yo lk  s a c  were c r i t i c a l  t o  
l 8 r v a l  s u r v i v a l .  I n  t h e  s u b s e q u e n " c i t e r a t u r e ,  i t  h a s  f r e q u e n t l y  been assunied 
t h a t  t h e  " c r i t i c a l  p e r i o d "  " f ined  by i i j o r t  was t h e s e  few days .  A c a r e f u l  
r e a d i n g  o f  t h e  p a y e r ,  however,  i n d i c a t e s  t h a t  he  c o n s i d e r e d  t h e  e a r l y - l i f e  
h i s t o r y  s t a g e s  a s  a  whole  ( e g g ,  l a r v a e ,  p o s t - l a r v a e  and e a r l y  j u v e n i l e  s t a g e s )  
t o  be t h e  " c r i t i c a l  p e r i o a t f S  

H y p o t h e s i s  2 was n u t  ve ry  well a r t i c u l a t e d .  Ln e s s e n c e ,  H j o r t  argue<] 
t h a t  i n t e r a n n u a l  d i f f e r e n c e s  o f  a d v e c t i o n  o f  e g g s  and l a r v a e  away frorii 
a p p r o p r i a t e  g e o g r a p h i c  a r e a s  f o r  f e e d i n g  and l i f e  c y c l e  c o n t i n u i t y  q e r l e r a t e s  
s u b s e q u e n t  r e c r u i t m e n t  v a r i a b i l i t y  t o  &Re f i s h e r i e s .  He r e c o g n i z e d  t h a t  
m u l t i y  l e  c a u s e s  c o u l d  be i m p o r t a r ~ t  i n  g e n e r a t i n g  f l u c t u a t i o n s  i n  y e a r - c l a s s  
s i z e s ,  

A F i r m i n a  u ~  o f  t h e  C o n c e o t s  (1914  t o  1 9 4 8 )  

A f t e r  t h e  r a p i d  i n c r e a s e s  i n  u n d e r s t a n d i n g  o f  t h e  c a u s e s  of  
f l u c t u a t i o n s  i n  l a n d i n g s  between 1898 and 1914,  t h e  pace  of  d i s c o v e r y  i n e v i t a b l y  
s lowed .  Between 1914 and  1948 ( H j o r t "  d e a t h ) ,  t h e r e  was, however,  an  
i n c r e a s i n g l y  b e t t e r  a r t i c u l a t e d  d e s c r i p t i o n  of  t h e  n a t u r e  of t h e  problem.  
M j o r t ' s  c o n t r i b u t i o n  of  1914,  t h e  d i s c o v e r y  o f  y e a r - c l a s s  v a r i a b i l i t y ,  was 
l i n k e d  t o  t h a t  of  Heincke  ( t h e  d i s c o v e r y  t h a t  s p e c i e s  were compr i sed  of  
g e o g r a p h i c a l l y  d e f i n e d  p o p u l a t i o n s ) .  The r e c r u i t m e n t  v a r i a b i l i t y  q u e s t i o n  was 
t h u s  p h r a s e d  i n  t h e  c o n t e x t  of  p o p u l a t i o n  r e g u l a t i o n .  T h i s  took  some time, and  
was based  on t h e  a c c u m u l a t i o n  of  e m p i r i c a l  o b s e r v a t i o n s  on t h e  e x i s t e n c e  of 
p o p u l a t i o n s  f o r  o t h e r  f i s h  s p e c i e s ,  a s  well a s  on t h e  e x i s t e n c e  of y e a s - c l a s s  
v a r i a b i l i t y .  

A t  t h e  1913 5 t a t u t o l - y  k e e t i n g  o f  TChS, d u r i n y  which  H j o r t  p r e s e n t e d  an 
everlirlg l e c t u r e  on t h e  major  p o i n t s  of  h i s  1914 c l a s s i c  p a p e r ,  Gran ( t h e  
p h y t o p l a n k t o n  e c o l o g i s t )  p r o p o s e d  a  m u l t i d i s c i p l i n a r y  i n t e r r i a t i o n a h  f i e l d  test  
o f  H j o r t ' s  two h y p o t h e s e s .  It  was on t h e  books f o r  i n i t i a t i o n  i n  1914,  b u t  was 
s t o p p e d  due t o  t h e  o u t b r e a k  of  Nor ld  War I ,  and t h e  s u b s e q u e n t  r e d u c t i o n  of 
o c e a n o g r a p h i c  r e s e a r c h .  The s t a t e - o f - t h e - a r t  i n  ~ h y s i c a l  oceanography of  
c o n t i n e n t a l  s h e l v e s  was p r o b a b l y  n o t  a d e q u a t e  a t  t h a t  time t o  have  s u p p o r t e d  t h e  
t e s t  of t h i s  h y p o t h e s i s .  No f i e l d  work was c a r r i e d  o u t  on t h e  two I- lypotheses 
d u r i n g  t h e  1914 t o  194b p e r i o d ,  Dur ing  t h i s  p e r i o d  t h e r e  was, however,  a  
s u b s t a n t i a l  amount of  s t u d y  on t h e  d e s c r i p t i o n  of g e o g r a p h i c  p o p u l a t i o n  p a t t e r n s  
f o r  a  v a r i e t y  of  mar ine  s p e c i e s .  Mot s u r p r i s i n g l y ,  c o n c e p t u a l  p r o g r e s s  
a d d r e s s e u  t h i s  a s p e c t  of  t h e  r e c r u i t m e n t  v a r i a b i l i t y  problem.  

A major  c o n t r i b u t i o n  t o w a r d s  t h e  p o p u l a t i o n  q u e s t i o n  was 171ade by 
Schmid t  i n  a  s e r i e s  of  LO p a p e r s  e n t i t l e d  " r a c i a l  i n v e s t i g a t i o n s "  p u b l i s h e d  



between 1917 and 1930, He compared p o p u l a t i o n  p a t t e r n s  amongst s e v e r a l  s p e c i e s  
( A t l a n t i c  h e r r i n g ,  A t l a n t i c  cod, t h e  e e l p o u t  Loarces  v i v i p a r o u s ,  and t h e  
t u r o p e a n  e e l ) .  S e v e r a l  c o n c l u s i o n s  of h i s  s t u d i e s  were concep tua l  
b reak th roughse  He showed c o n c l u s i v e l y  t h a t  t h e  numbers of p o p u l a t i o n s  of a  
s p e c i e s  v a r i e s  markedly,  froin Zoarces  s p .  (which h a s  dozens of s e p a r a t e  
p o p u l a t i o n s ) ,  t o  A t l a n t i c  cod (which h a s  8 moderate number), t o  Luropean e e l  
(which is a  s i n g l e  p o p u l a t i o n  o r  p s n m i c t i c ) ,  Me a l s o  noted t h a t  t h e  
c h a r a c t e r i s t i c  a b s o l u t e  abunuance v a r i e d  c o n s i d e r a b l y  between p o p u l a t i o n s  of t h e  
same s p e c i e s .  T h i r d l y ,  from exper imenta l  s t u d i e s ,  he demonstra ted  t h a t  t h e r e  
was a  g e n e t i c  component t o  t h e  observed d i f f e r e n c e s  i n  shape  and m e r i s t i c s  
between p o p u l a t i o n s .  She geograph ic  e x t e n t  of t h e  d i s t r i b u t i o n  of a  p o p u l a t i o n ,  
which was shown t o  vary  both  w i t h i n  and betweer1 s p e c i e s ,  d e f i n e s  t h e  s p a t i a l  
s c a l e  a t  which t h e  r e c r u i t m e n t  v a r i a b i l i t y  q u e s t i o n  must be addressed .  Schmidt 
d e n ~ o n s t r a t e d  t h a t  t h i s  s c a l e  v a r i e s  between t e n s  and thousands  of k i l o m e t e r s .  

An a d d i t i o n a l  impor tan t  c o n t r i b u t i o n  d u r i n g  t h e  1914 t o  1948 p e r i o d  
were t h e  f i r s t  s t a t i s t i c a l  s t u d i e s  showing c o r r e l a t i o n s  between p h y s i c a l  
p r o c e s s e s  ( f r e s h w a t e r  r u n o f f ,  wind, t empera tu re ,  eke . )  and i n d i c e s  of 
f l u c t u a t i o n s  i n  abundance of f i s h  p o p u l a t i o n s  ( f o r  example, t h e  c o n t r i b u t i o n  by 
Sund 1924).  

Two S p e c i a l  Meetings were sponsored by ICtS i n  1928 and 1929 t o  review 
p r o q r e s s  on, r e s p e c t i v e l y ,  t h e  g e o g r a p h i c a l  p a t t e r n s  i n  marine f i s h  p o p u l a t i o n s  
and on r e c r u i t m e n t  f l u c t u a t i o n s  w i t h i n  p a r t i c u l a r  p o p u l a t i o n s *  Hj0rt (19301, i n  
h i s  i n t r o d u c t o r y  a d d r e s s  t o  t h e  second of t h e s e  two S p e c i a l  k e e t i n g s  i n  London 
(1929) ,  c l e a r l y  s t a t e s  t h e  o v e r a l l  importance  of t h e  t r a n s i t i o n  from t h e  s p e c i e s  
t o  t h e  p o p u l a t i o n  a s  t h e  e s s e n t i a l  u n i t  of s t u d y  ( a s  w e l l  a s  i ts  key r o l e  i n  
inaking p r o g r e s s  on t h e  r e c r u i t m e n t  problem).  he s t a t e s  (page  5 ) :  

"When we enterecr upon our  i n t e r n a t i o n a l  c o l l a b o r a t i o n  3 0  
y e a r s  ago k i . e .  l 8 9 9 i ,  t h e  b i o l o g i c a l  a n a l y s i s  of t h e  
oryanisnis we caught  i n  t h e  s e a  was i n  t h e  niain conf ined  t o  
t h e  s y s t e m a t i c  d e t e r m i n a t i o n  of t h e  v a r i o u s  s p e c i e s  .,... 
However, a s  t h e  work advanced,  t h e  demand f o r  a  niore r e f i n e d  
b i o l o g i c a l  a n a l y s i s  and morphological  c l a s s i f i c a t i o n  became 
u r g e n t .  I t  was r e a l i z e d  t h a t  t h e  terms of s p e c i e s  were 
i n a d e q u a t e  t o  g i v e  a c l e a n  and o r d e r l y  g r a s p  of t h e  
phenomena i n  t h e  l a r g e  f i e l d  covered by t h e  i n t e r n a t i o n a l  
c o o p e r a t i o n ,  and t h a t  r e c o u r s e  had t o  be t aken  t o  t h e  
concep t ion  of r a c e s  o r  t r i b e s  [ i . e .  p o p u l a t i o n s )  a s  t h e  more 
n a t u r a l  and conven ien t  morphological  and b i o l o g i c a l  u n i t s  

H j o r t  (1930) goes  on t o  s t a t e  t h e  d u a l  a s p e c t  of t h e  r e c r u i t m e n t  problem 
( y e a r - c l a s s  v a r i a b i l i t y  w i t h i n  g e o g r a p h i c a l l y  d e f i n e d  p o p u l a t i o n s ) .  In a  
summary of t h e  f i r s t  40 y e a r s  of ICES work (1902 t o  l 9 4 2 ) ,  Hjor t  (1945)  a g a i n  
i n d i c a t e s  t h e  g r a d u a l  c l a r i f i c a t i o n  of concep t s  t h a t  had o c c u r r e d .  Jn a  s e c t i o n  
e n t i t l e d  '"aces and P o p u l a t i o n s "  (p.  14-15) h e  s t a t e s :  

"'ln t h e  m a ~ o r i t y  of s p e c i e s ,  pe rhaps  i n  a l l ,  g roups  a r e  
formeu which, s o  t o  s p e a k ,  d i v i d e  up t h e  d i s t r i b u t i o n  a r e a  



of  t h e  s p e c i e s  among t h e m s e l v e s  and which ,  i r r e s p e c t i v e  of 
s i z e - c l a s s e s ,  l i v e  s e p a r a t e  from e a c h  o t h e r .  They a r e  
c a l l e d  r a c e s  ... The German s c i e n t i s t ,  Weincke, r a i s e d  
t h e s e  p rob lems  by h i s  y e a r s  of  i n v e s t i g a t i o n s  i n t o  t h e  
n a t u r a l  h i s t o r y  of  h e r r i n g  ... Subsequen t  i n v e s t i g a t i o n s  
have con f i rmed  and augmented t h e s e  o b s e r v a t i o n s ,  n o t  o n l y  
w i t h  r e g a r d  t o  h e r r i n g ,  b u t  a l s o  a s  r e g a r d s  many o t h e r  
s p e c i e s  ... 
Out of  t h i s  view of t h e  y e o g r a p h i c a l  l i m i t a t i o n  of  t h e  r a c e s  
t o  d e f i n i t e  a r e a s ,  t h e r e  y r a d u a l l y  a r o s e  t h e  c o n c e p t i o n s  - 
c o n n e c t e d  w i t h  t h e  words  ' p o p u l a t i o n '  and  ' s t o c k i ,  which 
d e n o t e  a  group of i n d i v i d u a l s  d i s t i n c t  f rom a l l  o t h e r s  bo th  
g e o g r a p h i c a l l y  and b i o l o g i c a l l y .  Thus we s p e a k ,  f o r  
i n s t a n c e ,  o f  a  h e r r i n g  p o p u l a t i o n  and a cod p o p u l a t i o n  o f f  
t h e  west and  n o r t h  c o a s t s  o f  horway t h a t  a r e  d i f f e r e n t  from 
t h e  cod  and  h e r r i n g  p o p u l a t i o n s  of  t h e  Nor th  Sea  and t h e  
b a l t i c . "  ( e m p h a s i s  a d d e d ) .  

I n  summary, d u r i n g  t h e  p e r i o d  1 9 1 4  t o  1948, t h e  problem o f  
u n d e r s t a n d i r i g  f l u c t u a t i o n s  i n  l a n d i n g s  of mar ine  f i s h e r i e s  was s r t i c u l a h e d  i n  
terrns of  p o p u l a t i o n  r e g u l a t i o n .  I n  r e t r o s p e c t ,  one can  s e e  t h a t  t h i s  r e s u l t e d  
from a  l i n k i n g  o f  H j o r t ' s  d i s c o v e r y  of y e a r - c l a s s  v a r i a b i l i t y  t o  H e i n e k e ' s  
c o n t r i b u t i o n  on t h e  e x i s t e n c e  of  g e o g r a p h i c a l l y - d e f i n e d  p o p u l a t i o n s .  The 
c o n c e p t u a l  a d v a n c e s  were f i r m l y  based  on e m p i r i c a l  o b s e r v a t i o n s  from t h e  Nor th  
A t l a n t i c .  A more d e t a i l e d  h i s t o r i c a l  a n a l y s i s  of  f i s h e r i e s  r e s e a r c h  on t h e  
p o p u l a t i o n  c o n c e p t  is p r o v i d e d  i n  S i n c l a i r  and  So lemda l  ( 1 9 8 7 ) -  

Developments  w i t h i n  t h e  f i e l d  of  eco logy  germane t o  p o p u l a t i o n  
r e g u l a t i o n  were based  l a r g e l y  on e r n p i r i c a l  o b s e r v a t i o n s  on i n s e c t s  and b i r d s .  
I n  g e n e r a l ,  e s t i m a t e s  of  t e m p o r a l  f l u c t u a t i o n s  i n  abundance  were s t a t e d  i n  terms 
o f  " ' popu la t i on  d e n s i t y "  (numbers of  i n d i v i d u a l s  p e r  u n i t  a r e a ) ,  r a t h e r  t h a n  
a b s o l u t e  abundance  of  g e o y r a p h i c a l l y - d e f i n e d  p o p u l a t i o n s  i n  t h e  s e n s e  d e f i n e d  
above  f o r  f i s h e r i e s  s t u d i e s .  l h i s  is an  i m p o r t a n t  d i s t i n c t i o n .  T h e o r e t i c a l  
deve lopmen t s  c o n c e r n i n g  p o p u l a t i o n  r e g u l a t i o n  w i t h i n  e c o l o g y  have  n o t ,  i n  
g e n e r a l ,  been  based  on e r n p i r i c a l  o b s e r v a t i o n s  of  g e o g r a p h i c  p o p u l a t i o n s  ( s e e  
K i n g s l a n d  1 9 8 5  f o r  a  h i s t o r i c a l  a n a l y s i s ) ,  b u t  r a t h e r  on d e n s i t y  f l u c t u a t i o n s  a t  
p a r t i c u l a r  l o c a t i o n s .  P e r h a p s  t h e  most t o p i c a l  q u e s t i o n  i n  eco logy  d u r i n g  t h e  
195Os a n a  e a r l y  1 9 6 0 s  was t h a t  of p u p u l a t i o n  r e g u l a t i o n ,  i n  p a r t i c u l a r  t h e  
r e l a t i v e  i m p o r t a n c e  of  d e n s i t y - d e p e n d e n t  a n a  d e n s i t y - i n d e p e n d e n t  p r o c e s s e s .  l h e  
key c o n t r i b u t i o n s  dur i r iy  t - h i s  time p e r i o a  t o  t h e  r e c r u i t m e n t  problem f o r  inar ine  
f i s h e r i e s  were l i n k e d  t o  t h i s  d e b a t e  on p o p u l a t i o n  r e y u l a t i o r >  i n  t h e  b r o a d e r  
f i e l d  of  e c o l o g y .  K i c k e r  (1954)  and  Beve r ton  and  H o l t  (1957) i n t r o a u c e a  
m a t h e m a t i c a l  f o r r n u l a t i o n s  t o  d e s c r i b e  s t o c k / r e c r u i t r r i e n &  r e l a t i o n s h i p s .  These 
r e l a t i o r t s h i p s  i n v o l v e d  some b i o l o g i c a l  f eedback  between a d u l t  abundance  and 
y e a r - c l a s s  s i z e .  Such a  r e l a t i o n s h i p  was ( a n d  still is by many e c o l o g i s t s )  
c o n s i d e r e d  an  e s s e n t i a l  r e q u i r e m e n t  f o r  s t a b i l i z a t i o n  of abunaance  l e v e l s .  The 
f i t  of t h e  e m p i r i c a l  d a t a  on y e a r - c l a s s  s i z e s  and spawning  p o p u l a t i o n  abundance  
t o  t h e  m a t h e m a t i c a l  f o r m u l a t i o n s  was g e n e r a l l y  n o t  s u f f i c i e n t l y  good t o  
d i s t i n g u i s h  between t h e  v a l i d i t y  of d i f f e r e n t  models  based  on t h e  d a t a  i t s e l f .  
A l s o ,  t h e  s t o c k / r e c r u i t m e n t  r e l a t i o n s h i p s  d i d  n o t  a d d r e s s  t h e  q u e s t i o n  of 



c o n k 0 1  o f  a b s o l u t e  abundance  l e v e l s  o r  t h e  v a r i a b i l i Q y .  The c o n t r i b u t i o n s  of 
PP 

R i c k e r  and  B e v e r t o n  a n d  H a l t  d i d ,  however,  f o r m a l l y  s t a t e  t h e  r e c r u i t m e n t  
p rob lem i n  terms of p o p u l a t i o n  requkat i ion .  I t  a p p e a r s  " t a t  t h e  d i f f e r e n t  u s e s  
o f  t h e  t e rm popula"con  i n  r e s p e c t i v e l y  e c o l o g y  and f i s h e r i e s  b i o l o g y  were  n o t  
a l w a y s  c l e a r l y  r e c o g n i z e d  ( i . e .  t h e  term f r e q u e n t l y  r e f e r s  t o  d e n s i t y  
d i f f e r e n c e s  i n  l o c a l  abundance  i n  e c o l o g y ,  whe reas  i t  r e f e r s  t o  a  g e o q r a p h i c  
phenomena i n v o l v i n q  a b s o l u t e  numbers i n  f i s h e r i e s  b i o l o g y ) .  

The o t h e r  key c o n t r i . b u t i o n s  on t h e  r ecu i . tmen t  q u e s t i o n  d u r i n g  this 
time p e r i o d  (19453-1975) were  t h e  s y n t h e s e s  by K .  Harden J o n e s  a n d  8 7 ,  Fush ing  sf 
L o w e s t o f t ,  Warden J o n e s  (1972) i n  h i s  c l a s s i c  book b r o u g h t  
t , o g e t h e r  much of t h e  l i . t e r a t u r e  on t h e  d i s t r i b u t i o n  of u l a t i o n s  
arad m i g r a t i o n  p a t t e r n s  a t  d i f f e r e n t  l i f e  h i s t o r y  s t a g e s .  kki.s m i g r a t i o n  t r i a n g l e  
concept .  f o r  popcslafiion p e r s i s t e n c e ,  which i n v o l v e d  l a r v a l  d r i f t  from spawning  
l o c a t i o r ~ s  t o  j u v e n i l e  n u r s e r y  a r e a s  v i a  the  s u r f a c e  l a y e r  r e s i d u a l  c u r r e n t s ,  
p r o v i d e d  a g e o g r a p h i c a l  f ramework f o r  t h e  e v a l u a t i o n  of  reca-t~itment 
v a r i a b i l i t y .  E v e n t s  d u r i n g  t h e  l a r v a l  d r i f t  p h a s e  were c o n s i d e r e d  La be 
c r i t i c a l  t o  v a r i a b i l i t y  i n  y e a r - c l a s s  s i z e s .  Cush ing ,  i n  a  s e r i e s  of papers ,  
g r a d u a l l y  d e v e l o p e d  h i s  e l e g a n t  match/mismatck t h e o r y  w l ~ i c h  
t h e  o c e a n o g r a p h i c  community a s  a  r e s u l t  o f  h i s  1975 book,  
F i s h e r i e s .  The t h e o r y  k i n k e d  H y p o t h e s i s  I of H j o r t  (1914) ( i , e .  t h e  v a r i a b i l i t y  
i n  t i m i n g  of  spawning  and  t i m i n g  o f  b looming)  w i t h  t h e  P k r i t i c a l  dep th"  c o n c e p t  
o f  S v e r d r u p  CL954)= The c r i t i c e l  dep th  c o n c e p t  i t s e l f  l i n k e d  t h e  i n i t i a t i o n  of 
t h e  s p r i n g  bloom of  p h y t o p l a n k t o n  t o  t h e  s e a s o n a l  deve lopment  of t h e r m a l  
s t r a t i f i c e t i o n .  Between y e a r  d i f f e r e n c e s  i n  wind e v e n t s  a t  t h e  t i m e  of  
spawning ,  and  t h e i r  e f f e c t  on t h e r m a l  s t r e t i f i e a t i o n  ( and  t h u s  on i n i t i a t i o n  of  
t h e  p l a n k t o n  p r o d u c t i o n  c y c l e ) ,  were packaged  t o g e t h e r  i n  t h e  a t t r a c t i v e l y -  
p h r a s e d  matci-\/mismatch t h e o r y ,  The t h e o r y  l i n k e d  ocearsographic  p r o c e s s e s  t o  
f i s h e r i e s  f l u c t i ~ a t i o n s  i n  a most p e r s t ~ s s i v e  manner. Food-chain e v e n t s  d u r i n g  
t h e  e a r l y  l a r v a l  d r i f t  p h a s e ,  a n  e l a b o r a t i o n  o f  M j o r t s s  f i r s t  h y p o t h e s i s ,  became 
t h e  f o c u s  o f  s t u d y  f o r  t h e  r e c r u i t m e n t  problem. C u s h i n g k  food-cha in  
a r t i c u l a t i o n  of  t h e  i s s u e  is p e r h a p s  s t i l l  t h e  Leading  h y p o t h e s i s ,  The p a p e r s ,  
and  i n  p a r t i c u l a r  t h e  s y n t h e s i s  i n  h i s  4975 book, g e n e r a t e d  c o n s i d e r a b l e  
e x c i t e m e n t  i n  t h e  mer ine  e c o l o g i c a l  community. The book, i n  a d d i t i o n ,  g e n e r a t e d  
a wave of  f i e l d  s t u d i e s  on t h e  f i r s t  s t a g e s  o f  t h e  l i f e  c y c l e ,  a round  f irst  
f e e d i n g  of  La rvae ,  

En p a r a l l e l ,  p a r t i c u l a r l y  d u r i n g  t h e  e a r l y  p e r i o d ,  a  s e p a r a t e  body o f  
l i t e r a t u r e  a c c u m u l a t e d  which i n v o l v e d  t h e  r o l e  o f  ocean  c l i m a t e  ( i . e .  
l a r g e - s c a l e  c h a n g e s  i n  p h y s i c a l  o c e a n o g r a p h i c  p r o c e s s e s )  on f l u c t u a t i o n s  i n  
r e c r u i t m e n t ,  R e p r e s e n t a t i v e  s t u d i e s  a r e  C a r r u t h e r s  e t  a l  (195ha, b ) ,  C o l t o n  and  
Temple (1961)  a n d  I les  (1973)-  The s t u d y  by I k e s  (1973) is p a r t i c u l a r l y  
n o t e w o r t h y  i n  t h a t  h e  i n t e r p r e t e d  t h e  y e a r - c l a s s  v a r i a b i l i t y  i n  t h e  n o r t h  
P a c i f i c  and i n  w e s t e r n  Canadian  l a k e s  i n  r e l a t i o n  t o  l a r g e - s c a l e  ocean  c l i m a t e  
c h a n g e s  a d e c a d e  p r i o r  t o  major  i n c r e a s e s  i n  u n d e r s t a n d i n g  o f  t h e  E l  
Nino/Southern  O s c i l l a t i o n  phenomena, T h i s  l i t e r a t u r e  d i d  n o t  a lways  s p e c i f y  t h e  
c a u s a l  mechanisms g e n e r a t i n g  r e c r u i t m e n t  v a r i a b i l i t y  (i,e., t h e  s t e p s  between 
t h e  p h y s i c a l  c h a n g e s  o b s e r v e d  end  t h e  y e a r - c l a s s  s i g n a l ) ,  Some p a p e r s ,  however,  
e l a b o r a t e d  on W j o r t ' s  s e c o n d  h y p o t h e s i s  ( i s @ . ,  v a r i a b l e  l o s s e s  of  eggs  and 
l a r v a e  from t h e  a p p r o p r i a t e  d i s t r i b u t i o n a l  a r e a  f o r  t h e  p o p u l a t i o n  i n  q u e s t i o n  
d u e  t o  c i r c u l a " t o n  d i f f e r e n c e s  between y e a r s ) ,  Ev idence  t h a t  t h e  f i s h e r i e s  
b i o l o g i s t s  d u r i n g  t h e  1 9 5 0 s  and  1 9 6 0 s  f a v o u r e d  M j o r t ' s  s econd  h y p o t h e s i s  is 
p r o v i i j e d  i n  t h e  a n n u a l  r e p o r t s  o f  bo th  ICNAF and  ICES. I n  t h e  1 9 6 1  Redbook of  
EGNAF, f o r  example ,  i t  was s t a t e d  ( p *  72)  t h a t :  



"'. . . t h e r e  is u r g e n t  need f o r  more i n f o r m a t i o n  a s  r e g a r d s  
i n  t h e s e  s u b a r e a s  (SA2 and  3 )  ... owing 

t o  t h e  complex n a t u r e  o f  w a t e r  movements i n  t h e s e  and 
a d j a c e n t  s u b a r e a s ,  and some u n c e r t a i n t i e s  r e g a r d i n g  s t o c k  
i d e n t i t y ,  t h e r e  is need f o r  more up - to -da t e  i n f o r m a t i o n  
c o n c e r n i n g  spawning ,  l a r v a l  s u c c e s s  and s u b s e q u e n t  d r i f t  i n  
r e l a t i o n  t o  con tempora ry  e n v i r o n m e n t a l  c o n d i t i o n s .  The 
p r o b a b l e  v a l u e  of  s t u d y i n g  t h e s e  i n  r e l a t i o n  t o  t h e  i s o l a t e d  
f i s h e r y  of  F l e m i s h  Cap s h o u l d  be  c o n s i d e r e d  . . . " ( emphas i s  
a d d e d ) .  

And f u r t h e r  on i n  t h e  r e p o r t  7 7 ) :  

"The Norkin9  P a s t y  gave  c o n s i d e r a b l e  thougk-rt t o  t h e  problem 
o f  i n v e s t i g a t i n g  t h e  d i s t r i b u t i o n  of  e g g s  and l a r v a e  of t h e  
p r i n c i p a l  commerc ia l  s p e c i e s  i n  e a c h  s u b a r e a  anu of p l a n k t o n  
s t u d i e s  i n  g e n e r a l  ... 
They a l s o  r e c o g n i z e d  t h a t  t h e  ICNAF Area ,  however,  i n  which 
a s e r i e s  o f  most v a l u a b l e  f i s h e r i e s  a r e  s i t u a t e d  on t h e  edge  
o f  a  major  c o n t i n e n t a l  s l o p e ,  may p r e s e n t  p a r t i c u l a r l y  
i m p o r t a n t  and  v a l u a b l e  o p p o r t u n i t i e s  f o r  a  s p e c i a l l y  
c o - o r d i n a t e d  a t t a c k  on t h e  p r o b l e ~ n .  S p e c i a l  r e f e r e n c e  h a s  
been made above  t o  t h e  v a l u e  of  egg and l a r v a l  s t u d i e s  i n  
S u b a r e a s  1 a n a  2 ,  o v e r  t h e  F l e m i s h  Cay and on Leorcjes Bank. 
From n o r t h  t o  s o u t h ?  t h e r e  a r e  a  ser ies  of spawning  g rounds  
which would a p p e a r  t o  be  p a r t i c u l a r l y  v u l n e r a b l e  t o  
d e v i a t i o n s  i n  t h e  normal  reg ime of  t h e  w a t e r s  f l o w i n g  
c o n s t a n t l y  p a s t  them and i n  m e t e o r o l o g i c a l  c o n d i t i o n s  ... 
The b o s k i n g  p a r t y  t h e r e f o r e  s t r o n g l y  recornmended t h a t  t h e  
Commission s h o u l d  p l a n  f o r  a  c o - o p e r a t i v e  p l a n k t o n  and 
h y d r o g r a p h i c  [ o c e a n o g r a p h i c ]  s u r v e y  a s  soon  a s  p o s s i b l e  ..." 
P a r t  of  t h e  s t i m u l a t i o n  f o r  t h e  1951  ICES S p e c i a l  S c i e n t i f i c  Meet ing  

i n  Amsterdam t o  d i s c u s s  t h e  p l a c e  of  oceanography i n  f i s h e r i e s  r e s e a r c h  was t h e  
p a p e r  p r e s e n t e d  a t  t h e  1950 S t a t u t o r y  Meet ing  by J .  C a r r u t h e r s  and c o l l a b o r a t o r s  
Lsubsequen t ly  p u b l i s h e d  i n  N a t u r e  ( c a r r u t h e r s  e t  a l ,  l 9 5 1 b ) l  i n  which haddock 
r e c r u i t m e n t  i n  t h e  Nor th  S e a  was l i n k e d  s t a t i s t i c a l l y  t o  wind-genera ted  p h y s i c a l  
o c e a n o g r a p h i c  phenomena. I n  t h e  open ing  s t a t e m e n t  of  t h e i r  l 9 5 1 a  p a p e r ,  t h e y  
s t a t e  ( p .  6 ) :  

" I n  t h i s  p a p e r  b r o o d - s t r e n g t h  f l u c t u a t i o n s  of  t h e  Nor th  Sea  
h e r r i n g ,  p l a i c e  and  cod a r e  a s s o c i a t e d  w i t h  i n f e r r e d  w a t e r  
movements - s e t  up by t h e  l o c a l  wind" ( e m p h a s i s  a d d e d ) ,  

I n  summary, d u r i n g  t h e  e a r l y  195Us and 196Us,  t h e r e  was c o n s i d e r a b l e  
s u p p o r t  f o r  t h e  c o n c e p t  t h a t  changes  i n  c i r c u l a t i o n  i n  t h e  egg a n a  l a r v a l  
d i s t r i b u t i o n a l  a r e a s  was c r i t i c a l  t o  t h e  d e f i n i t i o n  of y e a r - c l a s s  v a r i a b i l i t y .  
The u u a l  c o n t r i b u t i o n  of Iiarderi J o n e s  (1968)  and  Cushing  (1975) ,  however,  
s h i f t e d  emphas i s  w i t h i n  t h e  r e s e a r c h  community i n  t h e  filorth A t l a n t i c  a t  l e a s t .  
The match/mismatch c o n c e p t  i n v o l v i n g  s t r a t i f i c a t i o n  c h a n g e s  and  food-cha in  
e v e n t s  y e n e r a t e d  t h e  l e a d i n g  h y p o t h e s i s  f o r  f i e l a  s t u d i e s ,  



U n t i l  t h e  mid l97Us ,  t h e r e  were few f i e l d  s t u d i e s  i n  t h e  rbiorth 
A t l a n t i c  s p e c i f i c a l l y  d e s i g n e d  t o  e v a l u a t e  mechanisms i n v o l v e d  i n  g e n e r a t i n g  
v a r i a b l e  y e a r - c l a s s  s i z e s .  The re  was, t h u s ,  a  s u r p r i s i n g l y  l o n g  d r o u g h t  between 
b r a n "  11913 p r o p o s a l  and t h e  f i e l d  s t u c i i e s  on e a r l y  l i f e  h i s t o r y  s t a g e s  t h a t  
have  p r o l i f e r a t e d  s i n c e  t h e  mid 1970s .  I n  t h e  Nor th  P a c i f i c ,  t h e  a m b i t i o u s  
GalCbFl program was i n i t i a t e d  i n  1948 t o  e v a l u a t e  t h e  i m p o r t a n c e  of  
o c e a n o g r a p h i c  p r o c e s s e s  on f l u c t u a t i o n s  i n  s a r d i n e  abundance .  Fo r  a  summary o f  
t h e  h i s t o r i c a l  e v e n t s  l e a d i n g  t o  t h e  LalLbF1 proQram s e e  b c h e i b e r  (1986,  C h a p t e r  
3 ) .  T h i s  l o ~ ~ g - t e r m  program h a s  c o n t r i b u t e d  "t t h e  r e c r u i t m e n t  l i t e r a t u r e ,  
p a r t i c u l a r l y  w i t h i n  t h e  1975  t o  1985  decade .  Fog: example,  Laske r  (1.975) and 
k a s k e r  and  k a c C a I l  ( 1 9 8 3 )  e l a b o r a t e d  on L u s t % i n y e s  niatch/mismatch t h e o r y ,  and 
S i n c l a i r  e t .  a l  (1985) l i n k e d  t h e  Cal l fbf i  d a t a  w i t h  P a c i f i c  macke re l  populal;i.orr 
e s t i m a t e s  and a r g u e d  t h a t  t h e  e r r rp i r ica l  o b s e r v a t i o n s  s u p p o r t  Wjor t"  s s e e n d  
h y p o t h e s i s  ( F i g u r e  4 ) .  

I h e  f i e l d  s t u d i e s  on t h e  r e c r u i t n l e n t  q u e s t i o n  i n v o l v i n g  Canadian 
s c i e n t i s t s  d u r i n g  t h i s  decade  a r e  b r i e f l y  summarized,  g i v i n y  emphas is  t o  t h e  
p a r t i c u l a r  h y p o t h e s e s  t h a t  have  been a d d r e s s e d ,  t h e  g e o g r a p h i c  s c a l e  o f  the 
s t u d i e s  and t h e  c o n c e p t u a l  advances .  To my knowledge,  e s s e n t i a l l y  aLk of t h e  
Canadian  f i e l d  s t u d i e s  on r e c r u i t n l e n t  d u r i n g  t h i s  p e r i o d  took p l a c e  i n  t h e  
A t l a n t i c .  G s o s s l e i n  ( 1 9 8 7 ) ,  L i l l y  ( 1 9 8 9 )  and G r o s s b e i n  and L i l l y  ( 1 9 8 7 )  h a v e  
r e c e n t l y  r ev i ewed  t h e  IC&AF/NAFO-sponsored m u l t i - n a t i o n a l  r e c r u i t m e n t  s t u d i e s  on  
Georges  Bank h e r r i n g  and  F l e m i s h  Cap c o d / r e d f i s h .  l h e i r  r e v i e w s  i n c l u d e  
c r i t i q u e s .  S i n c l a i r  e t  a l  (1987), i n  a r ev i ew  of  a b r o a d e r  s c o p e  t h a n  ~ u s t  
r e c r u i t m e n t  s t u d i e s ,  c o v e r  much o f  t h e  same g round ,  b u t  g i v e  p a r t i c u l a r  
a t t e n t i o n  t o  t h e  adequacy  of t h e  p h y s i c a l  o c e a n o g r a p h i c  components  of t h e s e  
ma jo r  programs.  L iven  t h e s e  r e v i e w s ,  t h e r e  is no need  f o r  f u r t h e r  
s o u l - s e a r c h i n g  on t h e i r  sho r t eo rn ings .  bilhen t h e s e  two progrratrbs a r e  l ooked  a t  i n  
a  h i s t o r i c a l  p e r s p e c t i v e  e t h e y  r e p r e s e n t  t h e  f i r s t  s e r i o u s  a t t e m p t  t o  
i n v e s t i g a t e  r e c r u i t m e n t  dynamics  i n  t h e  f i e l d  i n  t h e  w e s t e r n  h o r t h  ~ t l a n t i c ) ,  
t h e  o v e r a l l  app roach  t a k e n  was wel l - foundeo.  

The f i r s t  s t e p  of  t h e  L e o r g e s  Bank h e r r i n g  program was t o  d e s c r i b e  
spawnlny  l o c a t i o n s  and  s u b s e q u e n t  l a r v a l  d i s t r i b u t i o n s  on a s p a t i a l  s c a l e  
c o r t s i d e r a b l y  l a r g e r  t h a n  L e o r g e s  Bank i t s e l f .  The m u l t i - n a t i o n a l  l a r v a l  scrrveys 
c o v e r e d  t h e  L u l f  of  Maine a r e a  a s  a  wtjole. The accumula t ed  o b s e r v a t i o n s  on 
l a r v a l  d i s t r i b u t i o n s  and t h e i r  s p a t i a l  s h i f t s  s e a s o n a l l y  were  somewhat c o n t r a r y  
t o  e ~ ( ~ e c t a t i o n s .  A p e r s i s t e n c e  i n  g e o g r a p h i c  d i s t r i l t u t i o r l s  of l a r v a e ,  rat i - ler  
t h a n  a  d i s p l a c e m e n t  w i t h  t h e  r e s i d u a l  s u r f a c e - l a y e r  c u r r e n t s ,  was o b s e r v e d ,  The 
r e c i r c u l a t i o n  p r o c e s s e s  on Leorl jes  Bank were c o n s i d e r e d  i m p o r t a n t  i n  L i m i t i n g  
t h e  d i s p e r s a l  of  l a r v a e  from t h e  Bank. The l a r g e - s c a l e  s u r v e y  s t y l e  s t u d i e s  
a l l o w e d  t h e  s c i e n t i s t s  p a r t i c i p a t i n g  i n  lCNAF t o  d e f i n e  t h e  s p a t i a l  s c a l e  a t  
which  a  L e o r g e s  Bank h e r r i n g  r e c r u i t m e n t  s t u a y  s h o u l d  encompass.  The s u r v e y  
s e r i e s  p r o v i d e d  t h e  s e t t i n g  f o r  t h e  d e f i n i t i o n  of  t h e  r e s e a r c h  q u e s t i o n s  
i n v o l v e d  i n  t h e  s econd  component .  

rile a ims  of  t h e  Georges  Bank h e r r i n g  r e c r u i t m e n t  s t u d y  p r o p e r  a r e  
s t a t e d  i n  t h e  1975  lCMAF Redbook ( p .  91-92). UP t h e  e i g h t  recommendat ions ,  
t h r e e  d e a l t  s p e c i f i c a l l y  w i t h  Georges  Bank-Nantucket S h o a l s  h e r r i n g .  They were: 



Figure 4 .  Time s e r i e s  of est imates of Pac i f i c  mackerel su rv iva l  index 
and an index of the s t reng th  of the Ca l i fo rn ia  current  (from 
S inc l a i r  e t  a1 1985).  



"v)  t h a t  a  c o n c e r t e d  e f f o r t  be made t o  u n d e r s t a n d  t h e  
c i r c u l a t i o n  and d i f f u s i v e  p r o c e s s e s  above  and a round  
t h e  Georges  Bank-Nantucket S h o a l s  a r e a ;  

v i )  t h a t  a  s p e c i a l  s a m p l i n g  s t u d y  t o  f o l l o w  a n  i s o l a t e d  
p a t c h  of l a r v a e  on Georges  Bank be a t t e n i p t e o  i n  1975 
a n d / o r  1976 ,  i n  a d d i t i o n  t o  t h e  S t a n d a r d  S u r v e y s ,  w i t h  
a  view t o  i d e n t i f y i n g  t h e  i ~ h y s i c a k  p r o c e s s e s  
r e s p o n s i b l e  f o r  l a r v a l  l o s s  from t h e  s y s t e m ,  and 
p r o v i d i n g  i r i f o r m a t i o n  on t h e  f i n e r - s c a l e  v a r i a t i o n s  i n  
g rowth ,  r r ~ o r t a l i t y  , d i s p e r s i o n ,  f e e d i n g  and v e r t i c a l  
d i s t r i b u t i o n ,  a s  t h e  b a s i s  For  e v a l u a t i n g  t h e  
f e a s i b i l i t y  o f  q u a n t i t a t i v e  e s t i m a t i o n  of t h e s e  
p r o c e s s e s  and s a m p l i n g  e r r o r s  i t - ihesent  i.n t h e   resent 
d a t a  b a s e ;  

v i i )  t h a t  q u a n t i t a t i v e  s t u d i e s  of  p r i m a r y  and s e c o n d a r y  
p r o d u c t i v i t y  s h o u l d  be conduc ted  t o  p r o v i d e  a  b e t t e r  
b a s i s  f o r  r e l a t i n g  t h e s e  p h a s e s  o f  o r g a n i c  p r o d u c t i o n  
t o  p o t e n t i a l  f i s h  p r o d u c t i o n . "  

I n t e r n a t i o n a l  r e s e a r c h  p r o j e c t s  unde r  lGNAF were d i r e c t e d  toward  Kecommendations 
( v )  and  ( v i )  above ,  b u t  n o t  Recommendation ( v i i ) ,  Al though p r e l i m i n a r y  
o b s e r v a t i o n s  were c o l l e c t e d  i n  1977,  t h e  d e t a i l e d  Georges  Bank-Nantucket S h o a l s  
s t u d y  d i d  n o t  t a k e  p l a c e  u n t i l  1978.  

What is of  i n t e r e s t  is t h e  q u e s t i o n s  t h a t  were a sked  and t h e i r  
c jeographic  s c a l e .  To u n d e r s t a n d  r e c r u i t m e n t  v a r i a b i l i t y  of t h e  Georges  Bank 
spawning  p o p u l a t i o n ,  i t  was c o n s i d e r e d  n e c e s s a r y  t o  i n v e s t i g a t e  t h e  
d i s t r i b u t i o n a l  a r e a  f o r  t h e  l a r v a l  phase  of  t h e  p o p u l a t i o n ,  i n  t h i s  c a s e ,  t h e  
bank i t s e l f  ( a s  i n d i c a t e d  from t h e  e a r l i e r  l a r g e - s c a l e  s u r v e y s ) .  Second,  botCl 
p h y s i c a l  l o s s e s  from t h e  a r e a  and food  c h a i n  e v e n t s  were c o n s i d e r e d  t o  be 
i m p o r t a n t .  S t u d i e s  on t h e  r e l e v a n t  p h y s i c s ,  b i o l o y i c a l  o c e a n o g r a p h i c  p r o d u c t i o n  
p r o c e s s e s ,  a s  well a s  u e t a i l e d  s t u d i e s  on l a r v a l  b e h a v i o u r  i n  r e l a t i o n  t o  t h e  
p h y s i c s ,  were recommerlued. The app roach  a d v o c a t e d  and  taker )  was d e s c r i p t i v e  
r a t h e r  t h a n  h y p o t h e s i s  t e s t i n g .  Fo r  a  number of  r e a s o n s ,  t h e  prograrn l o s t  
momentum aria was n o t  b r o u ~ h t  t o  a  t i m e l y  c o n c l u s i o n .  I h u s ,  c o n c e p t u a l  advances  
from t h e  progranr i t s e l f  c a n n o t  be c o n s i d e r e d  t o  be s u b s t a n t i v e .  However, t h e  
d e s c r i p t i v e  d a t a  c o l l e c t e u  and its s u b s e q u e n t  a n a l y s i s  have  c o n t r i b u t e d  t o :  

I )  a  h y p o t h e s i s  on A t l a n t i c  h e r r i n g  p o p u l a t i o n  p a t t e r n s  
and abundance  f o r  t h e  n o r t h e r n  A t l a n t i c  a s  a  whole 
( I l e s  and  5 i t l c l a i r  1982 ,  S i n c l a i r  and  l l e s  1 9 ~ 5 ) ;  

2 )  s p a c e -  and t i m e - s c a l e  c h a r a c t e r i z a t i o n  of c i r c u l a t i o n  
and  mixing  o v e r  submar ine  banks  i n  g e n e r a l  ( b o d e r  e t  
a l ,  1988) ;  and ,  

3 )  t h e  c o n c l u s i o n  t h a t  e v e n t s  d u r i n g  t h e  e a r l y  l i f e  
h i s t o r y  s t a g e s  a s  a  whole ( r a t h e r  t h a n  t h e  f i r s t  few 
weeks of  t h e  l a r v a l  s t a g e )  a r e  i m p o r t a n t  i n  d e f i n i n g  
y e a r - c l a s s  s t e n g t h s  ( S i s s e n w i n e  1984). 



Tt~is f i e l d  s t u d y  i n  1978 a d d r e s s i n g  r e c r u i t m e n t  dynamics  of mar ine  
f i s h  i n  t h e  h o r t h  A t l a n t i c  (65 y e a r s  a f t e r  L r a n ' s  r e s e a r c h  p r o p o s a l  a t  ICES i n  
1 9 1 3 ) ,  i n  t h e  s e n s e  t h a t  i t  i n v o l v e d  an  enhanced  d e s c r i p t i o n  of  t h e  ocean  which 
a i d e d  i n  s u b s e q u e n t  h y p o t h e s i s  f o r m u l a t i o n ,  can be r a t e d  i n  r e t r o s p e c t  a s  a n  
i m p o r t a n t  program. I t  is no tewor thy  t h a t  t h e  f i e l d  s t u d y  was n o t  a  test of  
Gushing's match/mismatch h y p o t h e s i s .  

The F l emish  Cap r e c r u i t n l e n t  s t u d y  on cod and r e d f i s h  was more 
i n f l u e n c e d  by Cushing"  food-cha in  i n t e r p r e t a t i o n  of  y e a r - c l a s s  v a r i a b i l i t y .  
From t h e  e a r l y  y e a r s  o f  ICNAF, F l emish  Cap was c o n s i d e r e d  a  good g e o g r a p h i c  a r e a  
t o  i n v e s t i g a t e  r e c r u i t m e n t  dynamics.  The re  was e v i d e n c e  t h a t  t h e  Cap s u p p o r t s  a  
s e l f - s u s t a i n i n g  spawning  p o p u l a t i o n  o f  cod w i t h  minimal  i m m i g r a t i o n  from 
c o n t i g u o u s  a r e a s .  The d i r e c t  i n f l u e n c e  of  p h y s i c a l  o c e a n o g r a p h i c  p r o c e s s e s  on 
abundance  f l u c t u a t i o n s  was i n f e r r e d  t o  be of i m p o r t a n c e  ( s e e  e a r l i e r  q u o t a t i o n  
froin 1 9 6 1  Redbook of  ICNAF). 

I t  was n o t  u n t i l  1975  t h a t  a  major  r e c r u i t m e n t  f o c u s  was p l a c e d  on F l e m i s h  Cap 
by ICNAF. I h e  F l emish  Cap l n t e r n a t i o n a l  Lxperimerit  d e v e l o p e a  from 
Recornmendation 3 0 ( i )  o f  t h e  E n v i r o n m e n t a l  \ororking Group of  LCNAF which s t a t e d  
(ILNAF Redbook 1975 ,  p. 1 0 0 )  t h a t :  

' I e  .. an a t t e m p t  be made t o  i d e n t i f y  r e l a t i o n s h i p s  between 
t h e  v a r i o u s  c u r r e n t s  a r o u n d  F lemish  Cap, t h e  w a t e r  
t e m p e r a t u r e  a t  a p p r o p r i a t e  a e p t h s  and any o t h e r  r e l e v a n t  
e n v i r o n m e n t a l  f a c t o r s  w i t h  t h e  y e a r - c l a s s  s t r e n c j t h s  of  coa  
and r e d f i s h  on t h e  bank,  i n c l u d i n g  t h e  r o l e  of k r e d a t i o n  of  
c o a  and  r e d f i s h ,  and t o  i d e n t i f y  o t h e r  rllajor yaps  which 
s t i l l  e x i s t  i n  knowledge of t h e  a r e a  a s  w e l l  a s  r e s e a r c h  
p rog rams  needed  t o  f i l l  them . . . I 1 .  

The r e a s o n s  why t h i s  g e o g r a p h i c  a r e a  was c o n s i d e r e d  amenable  t o  s t u d y  were 
l i s t e d  (1975  Kedbook, p. 99).  These i n c l u d e d :  

" i )  bo th  t h e  cod and r e d f i s h  s t o c k s  a r e  r e l a t i v e l y  i s o l a t e d  
f rom t h e  s t o c k s  on t h e  a d j a c e n t  Grand Dank; 

i i )  t h e  w a t e r  c i r c u l a t i o n  p a t t e r n s  are l i k e l y  t o  be 
amenable  t o  s t u d y ;  

i i i )  t h e  a r e a  is r e s t r i c t e d  i n  s i z e ;  and ,  

i v )  t h e  a r e a  is one  which ,  b e c a u s e  o f  its ma jo r  
o c e a n o g r a p h i c  f e a t u r e s  h a s  been of  i n t e r e s t  t o  p h y s i c a l  
o c e a n o g r a p h e r s  f o r  many y e a r s  and t h e r e  e x i s t s  a  u s e f u l  
h i s t o r i c a l  and p h y s i c a l  e n v i r o n m e n t a l  d a t a  b a s e .  With 
r e s p e c t  t o  t h e  l a t t e r ,  no f u l l y  c o - o r d i n a t e d  and  
comprehens ive  a n a l y s i s  h a s  y e t  been c a r r i e d  o u t . "  

These  q u o t e s  a r e  of  i n t e r e s t  f o r  s e v e r a l  r e a s o n s .  Again,  i t  is c l e a r  t h a t  
ILNAF s c i e n t i s t s  of  t h e  time c o n s i d e r e d  t h a t  it is c r i t i c a l  t o  s t u d y  r e c r u i t ~ ~ ~ e n t  
dynamics  i n  t h e  c o n t e x t  of  a  s e l f - s u s t a i n i n g ,  g e o y r a p h i c a l l y  i u e n t i f i a b l e  
p o p u l a t i o n .  The s p a t i a l  s c a l e  of t h e  s t u d y  must match t h e  d i s t r i b u t i o n a l  limits 
of the p o p u l a t i o n .  F l e m i s h  Lap b e i n g  r e l a t i v e l y  r e s t r i c t e d  i r ~  s i z e ,  a s  well a s  
i s o l a t e u ,  o f f e r e d  c e r t a i n  a d v a n t a g e s  f o r  a  f i e l d  program on r e c r u i t m e n t .  



Second ,  a  l e a d i n g  h y p o t h e s i s  i n  1 9 6 1  and  even  1975  was t h a t  i n t e r a n n u a l  
d i f f e r e n c e s  i n  c i  r c u l a t i o n  g e n e r a t e d  v a r i a b l e  l o s s e s  of egys  and l a r v a e  from t h e  
a p p r o p r i a t e  d i s t r i b u t i o n a l  a r e a  f o r  t h e  p o p u l a t i o n ,  and t h u s  t h e  p h y s i c s  
d i r e c t 1  i n f l u e n c e d  y e a r - c l a s s  s i z e s .  T h i s  emphas i s  on t h e  p h y s i c s  a s  a  l e a d i n g  
d i s  d i m i n i s h e d  a s  t h e  progam p r o g r e s s e d .  The i n f l u e n c e  of t h e  food -cha in  
e v e n t s  became i n c r e a s i n g l y  i m p o r t a n t  i n  d i  r e c t i n g  t h o u g h t  c o n c e r n i n g  t h e  f i e l d  
s t u d i e s .  Li lLy  (1987 ,  p ,  0 - 1 )  surrimari z e s  t h e  h y p o t h e s e s  t h a t  were 
d e v e l o p e d  a s  t h e  program e v o l v e d ,  b%e s t a t e s :  

. . t h e y  e x p r e s s e d  t h e  c e n t r a l  h y p o t h e s i s  of t h e  p r o j e c t  a s  
f o l l o w s :  'The y e a r - c l a s s  s t r e n g t h  of  t h e  F l emish  Gap cod 
s t o c k  v a r i e s  a s  a  r e s u l t  of s p e c i f i c  b i o l o g i c a l  and  
e n v i  ronmerl tal  c o n d i t i o n s .  "his c e n t r a l  h y p o t h e s i s  was 
d i v i d e d  i n t o  f o u r  main p a r t s :  p h y s i  c a l  e n v i  ronnierital 
c o n d i t i o n s ,  p r e d a t i o n  cond i  t i o n s ,  f oud  abundance  condi  t i o n s  
and c h a r a c t e r i s t i c s  of t h e  spawning  s t o c k .  By making 
r e f e r e n c e s  t o  s t a g e s  o f  t h e  l i f e  c y c l e ,  1 2  h y p o t h e s e s  were 
d e v e l o p e d . . ,  T h i s  docurnent was p o t e n t i a l l y  ve ry  u s e f u l .  I t  
was c l e a r l y  i n s t r u m e n t a l  i n  g u i d i n g  some of t h e  r e s e a r c h ,  
p a r t i c u l a r l y  t h e  o c e a n o g r a p h i c  prograin,  b u t  its u s e  t o  d a t e  
a s  a  framework f o r  qaug iny  p r o g r e s s  i n  t h e  t e s t i n g  of 
s p e c i  f  i c  h y p o t h e s e s  h a s  been i n s i  9 n i  f  i c a n t  ." 

The s h i f t  i n  t h e  l e a u i n g  hypot f leses  from t h e  d i r e c t  s o l e  of  p h y s i c s  t o  a 
p r e d o m i n a n t  r o l e  by food-chair1 e v e n t s  p a r a l l e l e d  s h i f t s  i n  t h e  p u b l i s h e d  
l i t e r a t u r e  d e a l i n g  w i t h  t h e  r e e r u i  tment  q u e s t i o n .  

A s  was t h e  c a s e  f o r  t h e  L e o r g e s  Bank h e r r i n g  program, frorn a 
h i s t o r i c a l  p e r s p e c t i v e ,  t h e  F l e m i s h  Cap s t u d y  h a s  been an  i rrrportant  
c o n t r i b u t i o n .  I t  was t h e  s econd  f i e l d  s t u d y  i n  t h e  n o r t h w e s t  A t l a n t i c  t h a t  
a d d r e s s e d  r e c r u i t m e n t  on t h e  p o p u l a t i o n  s c a l e .  The s t u d y  on i t s  own h a s  n o t  
c o n t r i b u t e d  t o  c o n c e p t u a l  a d v a n c e s  i n  o u r  u n d e r s t a n d i n g  of t h e  f a c t o r s  
c o n t r o l l i n y  y e a r - c l a s s  v a r i a b i l i t y ,  b u t  t h e  e m p i r i c a l  o b s e r v a t i o n s  have  
c o n t r i b u t e d  t o  b e t t e r  a r t i c u l a t e d  h y p o t h e s e s  and d e s c r i p t i o n s  of t h e  r e l e v a n t  
p h y s i c s  ( e - g , ,  Lodes e t  a l ,  1 9 & 8 ) ,  

The t h i r d  s t u d y  on s i m i l a r  s p a t i a l  s c a l e s  o f f  e a s t e r n  Canada was t h e  
S c o t i a n  S h e l f  I c h t h y o p l a n k t o n  Program (SSZP) .  T h i s  program, which was c a r r i e d  
o u t  be tween 1977  and 1982 ,  h a s  r e c e i v e d  c o n s i d e r a b l e  c r i t i c i s m ,  t o  a  l a r g e  
d e g r e e  b e c a u s e  of a  m i s u n d e r s t a n d i n g  of its g o a l s ,  A s  was t h e  c a s e  w i t h  t h e  
ICNAF Georges  Bank h e r r i n g  prograrn, i t  was c o n s i d e r e d  i m p o r t a n t  t o  conduc t  a  
l a r g e  s c a l e  o e s c r i p t i o n  of t h e  d i s t r i b u t i o n  of e g g s  and l a r v a e  on t h e  5co"can 
5 h e l f  a s  a whole p r i o r  t o  d e f i n i n g  a  s t u d y  on t h e  r e c r u i t m e n t  dynamics of a  
p a r t i c c l l a r  p o p u l a t i o n .  c l t he r  t h a n  t h e  d e s c r i p t i v e  work of t h e  l9114/15 H J O ~ ~  
e x p e t l i t i o n  t o  Canada ( p u b l i s h e d  i n  1 9 1 9 ) ,  t h e r e  was, i n  1975,  e s s e n t i a l l y  nu 
i n f o r m a t i o n  on i c h t h y o p l a n k t o n  on t h e  h c o t i a n  CJlielf, The aim of SSIP was t o  
a e s c r i b e  tile s e a s o n a l  d i s t r i b u t i o n  of  egg  and l a r v a l  d i s t r i b u t i o n s  f o r  a l l  f i s h  
s p e c i e s  on t h e  S c o t i a n  S h e l f .  An a t t e m g t  was made t o  c o v e r  e a c h  month of t h e  
y e a r  a t  l e a s t  t w i c e  o v e r  t h e  f i v e - y e a r  p e r i o d  ( t h e  san ip l ing  g r i d  is shown i n  
t i g u r e  3 ) .  The s u r v e y s  p r o v i a e d  i n f o r r n a t i o n  on t h e  t i m i n g  of  spawr>itrc, f o r  
a i f f e r e n t  s p e c i e s ,  ti-ie u u r a t i o n  of  t l i e  l a r v a l  p h a s e  and t h e  9 e o g r a p h i c  s c a l e s  of 
d i s p e r s a l  f rom t h e  spawning  a r e a s .  The e m p i r i c a l  o b s e r v a t i o n s  on s p a t i a l  
d i s t r i b u t i o n s  were a g a i n  somewhat s u r p r i s i r r g ,  i n  t h a t  t h e y  s u g g e s t e d  p e r s i s t e n c e  
of eqg  and  l a r v a l  d i s t r i b u t i o n s  f o r  some s p e c i e s  o v e r  t h e  banks  r a t h e r  t h a n  



F i g u r e  5 .  Sta t io r ,  loea t ions  fo r  SSIP,  



d r i f t  w i t h  t h e  r e s i d u a l  s u r f a c e  l a y e r  c i r c u l a t i o n  (LI % o y l e  e t  a l ,  1 9 8 4 ;  Gag& 
and  U ' B o y l e ,  l 9 8 4 ) .  These s u r v e y  r e s u l t s  have  p r o v i d e a  t h e  s e t t i n g ,  and ari 
i n d i c a t i o n  of  t h e  a p p r o p r i a t e  s p a t i a l  s c a l e ,  For  t h e  fo l low-up r e c r u i  tnrent st l tey 
on Brown's  s ank  hhedock ( p a r t  of t h e  F i s h e r i e s  Ecology P r o j e c t ,  FLP). I n  t h i s  
s e n s e  SLIP was, i n  my view, t h e  l o g i c a l  f i r s t  ( a n d  r l eces sa ry )  s t e p  neecleo p r i o r  
t o  t h e  d e f i n i t i o n  of a  r e c r u i t m e n t  program on t h e  S c o t i a n  S h e l f ,  A L e g i t i m a t e  
c r i t i c i s m  is t h a t  p e r h a p s  more a n c i l l a r y  e n v i r o n n i e n t a l  d a t a  was c o l l e c t e d  "clan 
was j u s t i f i e d  by t h e  l i m i t e d  a ims  of t h e  program, and t h a t  f u l l  a n a l y s i s  and  
p u b l i c a t i o n  a f  t h e  i c h t h y o p l a n k t o n  d a t a  i n  t h e  p r imary  l i t e r a t u r e  h a s  heen s low.  

I n  p a r a l l e l  t o  t h e s e  t h r e e  major  e x p e n s i v e  l a r g e  s c a l e  f i e l d  programs 
o f  r e l e v a n c e  t o  r e c r u i t r n e n t ,  t h e r e  were two c l a s s e s  of i n e x p e n s i v e  sma l l - t eam 
s t u d i e s  c a r r i e d  o u t  i n  e a s t e r n  Canada d u r i n g  t h e  1975-1985 decade .  The f i r s t  
c a t e g o r y  is a s e r i e s  of s t a t i s t i c a l  s t u d i e s  i n i t i a t e d  by $4, S u t c l i f f e  and h i s  
c o l l e g u e s  i n  t h e  fo rmer  Mar ine  Ecology L a b o r a t o r y  ( M E L ) .  The s t u d y  was 
d e v e l o p e d  i n  "ce e a r l y  1 9 7 0 ' s  ( S u t c l i f f e  1972;  1973)  b u t  g a i n e d  momentum and 
i n t e r e s t  by t h e  b r o a d e r  s c i e n t i f i c  coiumuni t y  d u r i n g  t h e  decade  i n  r ev i ew .  The 
s t u d y  h a s  i n v o l v e d  t h e  a n a l y s i s  of e x i s t i n g  tinre s e r i e s  on y e a r - c l a s s  s i z e s  ( o r  
l a n d i n g s )  and  p h y s i c a l  o c e a n o g r a p h i c  p a r a m e t e r s  ( S u t c l i f f e  e t  a l ,  1 9 7 7 ,  19133, 
Koslow 19U4$ Koslow e t  a l  1987 ,  U s i n k w a h r  a n d  Myers 1984), The c o r r e l e t i o n s  
have  g e n e r a t e d  s e v e r a l  s i t e - s p e c i f i c  h y p t h e s e s ,  b u t  f i e l d  t e s t s  t o  d a t e  have 
been minimal ,  The second  c a t e g o r y  inc l iddes  t h e  n e a r - s h o r e  f i e l d  s t u d i e s  by Nnl. 
L e g g e t t  and h i s  c o b l e a g u e s  on t h e  spawning  and  e a r l y  l i f e  h i s t o r y  of  c a p e l i n  i n  
b o t h  t h e  S t ,  Lawrence  t s t u a r y  and  Newfoundland embaynrents. These s t u d i e s  which 
were rev i ewed  i n  t h e  c o n t e x t  o f  t h e  b r o a d e r  l i t e r a t u r e  by L e g y e t &  (1986) h a v e  
f o c u s e d  on s m a l l e r  s p a t i a l .  and ten tyora l  s c a l e  p r o c e s s e s ,  n o t  n e c e s s a r i l y  on t h e  
s c a l e  of  t h e  p o p u l a t i o n  ( f o r  which t h e r e  is s t i l l  c o n s i d e r a b l e  u n c e r b a i n t y  f u r  
t h i s  s p e c i e s ) ,  The a c c u m u l a t e d  work h a s  g e n e r a t e d  a r i c h  set of e m p i r i c a l  
o b s e r v a t i o n s  and  a  number of  new h y p o t t ~ e s e s .  She p a p e r s  have  on ly  r e c e n t l y  
r e a c h e d  t h e  s c i e n t i f i c  community and t h e i r  f u l l  i m p a c b o  o u r  t h i n k i n g  a b o u t  
r e c r u i t m e n t  h a s  y e t  t o  be f e l t .  The i m p l i c a t i o n s  of  t h e s e  s t u d i e s  w i l l  
u n a o u b t e d l y  be a d d r e s s e d  i n  o t h e r  r ev i ew  p a p e r s  of c u r r e n t  work i n  t h i s  r e p o r t .  
5 u f f i c e  t o  s a y  h e r e  t h a t  t h e  c o n t r i b u t i o n ,  i n  t e r m s  of  b o t h  o b s e r v a t i o n s  on t h e  
o c e a n s  and on e c o l o g i c a l  t h e o r y ,  h a s  been s u b s t a n t i v e  and t h o u g h t  p rovok i  ng*  

The r e c e n t  l e a d i n g  h y p o t h e s e s  t h a t  have  been g e n e r a t e d  b o t h  by 
i n c r e a s i  ng empi r i  c a l  o b s e r v a t i o n s  (on  spawning  popul .a t i  on abundance ,  y e a r - c l a s s  
si z e s  o c e a n o g r a p h i c  ti me s e r i  es and r e s u l t s  of p r o c e s s - o r i e n t e d  s t u d i e s )  , and a  
d e v e l o p i n g  t h e o r e t i c a l  f ramework,  w i l l  be i n " c w u c e d  i n  t h e  f o l l o w i n g  p a p e r s ,  
I t  is f a i r  t o  s a y  t h a t  t h e y  a r e  s t i l l ,  t o  a  l a r g e  d e g r e e ,  e l a b o r a t i o n s  of  
Weineke" g e o g g r p h i c  p o p u l a t i o n  c o n c e p t  and  H j o r t ' s  two c a t e g o r i e s  of  h y p o t h e s e s  
( r e s p e c t i  vel.y, f ood -cha in  e v e n t s  and t h e  d i r e c t  r o l e  of p h y s i c a l  o c e a n o g r a p h i c  
p r o c e s s e s ) .  What h a s  changed s i n c e  t h e  1914  pa rad igm s h i f t  d e a l i n g  w i t h  
f l u c t u a t i o n s  i n  m a r i n e  f i s h e r i e s  l a n d i n g s  is t h e  g r e a t e r  r o l e  a s s i g n e d  t o  
p r e d a t i o n  d u r i n g  t h e  e a r l y  l i f e  h i s t o r y  s t a g e s  i n  t h e  d e f i n i t i o n  of y e a s - c l a s s  
s i z e s .  I n  t h i s  s e n s e ,  t h e r e  a r e  p e r h a p s  t h r e e  c a t e g o r i e s  of h y p o t h e s e s  ( d i r e c t  
r o l e  of p h y s i c s  i n  ger le ra t i r lg  l o s s e s ,  f ood  l i r r ~ i t a t i o r ~  and p r e d a t i o n  c o n t r o l ) .  
I n  t h e  c l o s i n y  s e c t i o n  of t h i s  p a p e r ,  T w i l l  t a k e  t h e  o p p o r t u n i t y  t o  s t a t e  ( o r  
r e - s t a t e )  my conceptiorn of  t h e  s c o p e  of t h e  s e c r u i " i e n t  problem. 



Conc lud ing  Remarks 

What t h e n  do we mean by t h e  r e c r u i t m e n t  problem o r  q u e s t i o n  i n  
f i s h e r i e s  r e s e a r c h ?  F i r s t  of a l l ,  r e c r u i t m e n t  is a  t e rm a s s o c i a t e d  w i t h  s p e c i e s  
h a v i n g  complex l i f e  h i s t o r i e s  ( i  . e .  w i t h  egg ,  l a r v a e ,  j u n v e n i l e  and a d u l t  
s t a g e s ) .  Second ly  i t  u s u a l l y  a d d r e s s e s  age  s t r u c t u r e d  p o p u l a t i o n s .  The problem 
i n v o l v e s  t h e  c a u s e s  of  t h e  i n t e r g e n e r a t i o n a l  v a r i a b i l i t y  i n  abundance  of 
a y e - c l a s e s  o f  g e o g r a p h i c a l l y  p e r s i s t e n t  p o p u l a t i o n s .  i n  f i s h e r i e s  r e s e a r c h  t h e  
r e c r u i t m e n t  problem is a  euphemism f o r  t h e  furidatnental  problern of  p o p u l a t i o n  
r e g u l a t i o n ,  I t  is n o t  t o  be c o n f u s e d  w i t h  a v a i l a b i l i t y  chanyes  which r e f l e c t  
t e m p o r a l  s h i f t s  i n  d i s t r i b u t i o n  of  p o p u l a t i o r l s  and t h u s  l o c a l  abundance  r a t h e r  
t h a n  c h a n g e s  i n  a b s o l u t e  abundance.  I have  found i t  u s e f u l  t o  c o n s i d e r  t h e  
r e c r u i t m e n t  problem i n  t h e  b r o a d e r  c o n t e x t  of  p o p u l a t i o n  r e g u l a t i o n .  Pour  
components of p o p u l a t i o n  r e ~ u l a t i  on can  be d e f i n e d :  

i )  g e o y r a p h i c  p a t t e r n  i n  t h e  d i s t r i b u t i o n  of p o p u l a t i o n s  
w i t h i n  and between s p e c i e s ;  

j i )  numbers of  p o p u l a t i o n s  p e r  s p e c i e s ,  o r  p o p u l a t i o n  
r i c h n e s s .  and  how t h i s  c h a r a c t e r i s t i c  v a r i e s  between 
s p e c i e s ;  

i i i )  t h e  c h a r a c t e r i s t i c  mean a b s o l u t e  abundance  o f  numbers 
of i n d i v i d u a l s  w i t h i n  a  p o p u l a t i o n ;  

i v)  t h e  i n t e r - g e n e r a t i o n a l  v a r i a b i l i t y  i n  a g e - c l a s s  
s t r e n g t h s  t h a t  c a u s e  t e m p o r a l  f l u c t u a t i o n s  i n  
abundance .  

I n  b r i e f ,  t h e  f o u r  components  of  p o p u l a t i o n  r e g u l a t i o n  a r e  p a t t e r n ,  r i c h n e s s ,  
abundance  and v a r i a b i l i t y .  Most of  t h e  r e s e a r c h  f o c u s  i n  r e c e n t  y e a r s  had been 
on t h e  f o u r t h  component.  I t  may well be t h a t  s u b s t a n t i v e  i n c r e a s e s  i n  
u n d e r s t a n d i n g  of  t h e  c a u s e s  of v a r i a b i l i t y  of a g e - c l a s s e s  w i t h i n  p o p u l a t i o n s  
depends  on a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  p r o c e s s e s  r e g u l a t i n g  t h e  p a t t e r n ,  
r i c h n e s s  and mean abundance  of p o p u l a t i o n s .  T h i s  i n v o l v e s  such  problems a s  
u n d e r s t a n d i n g  why d i f f e r e n t  p o p u l a t i o n s  of  s p e c i e s  spawn i n  p a r t i c u l a r  l o c a t i o n s  
a t  a i f f e r e r l t  s e a s o n s  and t h e  d e g r e e  t o  which hornin5 e x i s t s  f o r  mobi le  a n i m a l s .  

I would p r e f e r  t h a t  we s t a t e  t h e  a y e - c l a s s  v a r i a b l i l i t y  problem ( o r  
r e c r u i t m e n t  p rob le r i~ )  i n  p o p u l a t i o n  r e g u l a t i o n  t e rms .  The re  is a  dange r  t h a t  we 
may l o s e  s i g h t  of t h e  c o n t e x t  of  t h e  problem by u s i n g  te rmir lo loyy  t h a t  
e m p h a s i z e s  o n l y  p a r t  of t h e  n a t u r a l  phenomena. Uur ing  t h e  workshop we need t o  
c o n s i d e r  t h e  r e s e a r c h  t h r u s t s  i n  oceanography and mar ine  eco logy  t h a t  w i l l  
g e n e r a t e  i n c r e a s e s  i n  unde r s t t i nd ing  o f  p o p u l a t i o n  r e g u l a t i o n  of c o m r ~ ~ e r c i a l l y  
i m p o r t a n t  s p e c i e s .  
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R.E. Thomson and  u,M. Ware 
P a c i f i c  Region  

F i  s h e r i  e s - o c e a n o g r a p h e r s  have  l o n g  r e c o g n i z e d  t h e  p o s s i b l e  i mpor t ance  
of o c e a n i c  v a r i a b i l i t y  t o  t h e  d i s t r i b u t i o n  and r e c r u i  tmen t  of Nor th  P a c i f i c  f i s h  
s t o c k s .  However, t h r o u g h o u t  most of t h i s  c e n t u r y  s t o c k - r e l a t e d  r e s e a r c h  h a s  
f o c u s e d  on t h e  m i g r a t i o n  and s u r v i v a l  of salmon i n  f r e s h w a t e r  and t h e  n e a r - s h o r e  
env i ronmen t .  U n t i l  r e c e n t l y ,  t h e r e  h a s  been no c o n c e r t e d  e f f o r t  t o  conduc t  a  
c o o r d i n a t e d ,  m u l t i - d i s c i p l i  n a r y ,  l ong - t e rm ( d e c a d a l  s c a l e )  program of  f i s h e r i e s  
and p h y s i c a l  oceanocj raphic  o b s e r v a t i o n s  t o  b e t t e r  d e l i n e a t e  t h e  f a c t o r s  
i n f l u e n c i n g  t h e  p r o d u c t i o n  and r e c r u i  tnlent of  Bri t i s h  Columbia f i s h e r i e s .  

A r e c e n t  s t u d y  of  t h e  l a r g e - s c a l e  c i r c u l a t i o n  f e a t u r e s  and 
d i s t r i b c l t i  on of  commerc ia l  qu t tn t i  t i e s  of mar ine  f i s h  i n d i c a t e s  ti-iat t h e r e  a r e  
t h r e e  major  p r o d u c t i o n  aomains  i n  t h e  n o r t h e a s t  P a c i f i c  Ucean (Ficj. 1; ware  and 
McFer lane  1 9 8 8 ) .  The L o a s t a l  l i pwe l l i ng  vontain e x t e n o s  f rom B a j e  L a l i f o r n i k t  
( 2 5 " ~ )  t o  t h e  n o r t h e r r ,  t i p  of  Vancouver l s l a r t d  (50.5"N).  T h i s  domain is d e f i n e d  
p h y s i c a l l y  by t h e  normal  sunttner p a t t e r n  of  n e ~ a t i v e  wind s t r e s s  c u r l  and  
o f f s h o r e  tkman t r a n s p o r t  ( u b w e l l i n y )  , &rid by t h e  no r thward  l i m i  t of nlajor 
c o n c e n t r a t i o n s  o f  P a c i f i c  hake ,  s a r d i n e , a n d  m a c k e r e l  which n l i  g r a t e  i n t o  ~ a n a d i a n  
w a t e r s  i n  t h e  summer t o  f e e d  (wherk t h e  s t o c k s  a r e  abundt rn t ) ,  and which r e t u r n  t o  
s o u t h e r n  and  t3aja C a l i f o r r ~ i a  where t h e y  spawn i n  t h e  w i n t e r  and s p r i n l j  ( F i g .  
2 The C o a s t a l  Clownwelling Domain e x t e n d s  from b i x o n  E n t r a n c e  i n  n o r t h e r n  
B r i t i s h  Columbia ( 54 "N ) ,  a l o n g  t h e  c o n t i n e n t a l  s h e l f  of s o u t h e a s t  A la ska  t o  
P r i n c e  h i l l i a m  bound and t h e n  westward a l o n g  t h e  A l e u t i a n  I s l a n d s .  T h i s  domain 
is d e f i n e d  p h y s i c a l l y  by t h e  po leward  f l o w i n y  Alaska  C u r r e n t ,  which is an 
e a s t e r n  boundary c u r r e n t  of t h e  A l a s k a  g y r e ,  and  by t h e  buoyancy-driver)  A l a s k a  
C o a s t a l  C u r r e n t .  B i o l o g i c a l l y ,  t h e  domain is d e f i n e d  by t h e  d i s t r i b u t i o n  of 
major  c o n c e n t r a t i o n s  of  P a c i f i c  h a l i b u t ,  cod  and h a l l e y e  p o l l o c k  ( F i g .  3 ) .  The 
t h i r d  major  p r o d u c t i o n  domain is t h e  C e n t r a l  h u b a r c t i c  bomain which is d e f i n e d  
by t h e  A l a s k a  g y r e  and is dominated  by P a c i f i c  sa lmon.  Ware and IqicFarlane 
(1980) a l s o  r e c o g n i z e d  a  s m a l l  T r a n s i t i o n a l  Zone between t h e  C o a s t a l  Upwel l ing  
and Downwell ing Domains. T h i s  zone  encompasses  t h e  c o a s t a l  w a t e r s  of c e n t r a l  
and n o r t h e r n  b r i  t i s h  Columbia,  s p e c i f i c a l l y  Queen C h a r l o t t e  Sound and  Heca t e  
S t r a i t  and is s i g n i f i c a n t  b e c a u s e  i t  h e l p s  e x p l a i n s  why t h e  r e c r u i t m e n t  p a t t e r n s  
d i f f e r  between n o r t h e r n  and s o u t h e r n  s t o c k s  o f  P a c i f i c  h e r r i n g ,  P a c i f i c  cou ,  and 
Sockeye  s a l m o i ~ ,  and why t h e r e  a r e  no major  comrrlercial h a l i b u t  f i s h e r i e s  i n  
s o u t h e r n  B r i  t i s h  Colunrbia. 





F i g .  2 .  M a j o r  c o n c e r i t r a t i o n s  of  t h e  d o m i n a n t  p e l a g i c  s p e c i e s  i n  t h e  c o a s t a l  
u p w e l l i n g  d o m a i n  i n  summer ( f r o m  Ware a n d  M c F a r l a n e  1988) .  





Most of  t h e  c o n t i n e n t a l  s h e l f  f i s h e r i e s  i n  Bri t i s h  Columbia f & l L  
h i  t h i n  two oa f  f e r e n t  p r o o u c t i o n  r e g i o n s :  t h e  ~ o a s t a l  bpwel l inc ,  uontain arid t h e  
I r a n s i  t i o n a l  Lone. H i  s t o r i  c a l l y  , t l t e  C o a s t a l  Upwe l l i ng  ~ )oma i  n  h a s  been t h e  most 
p r o d u c t i v e  r e g i o n .  Between 1917-66 t h e  blest Coas t  o f  Vancouver l s l a n d  ( s h e l f  
a r e a  of  rougfr ly  1 9  t l lousand s y .  km) p r o a u c e d  an  a v e r a y e  c a t c h  of 65 thousand  
torlrles o f  P a c i f l c  h e r r i n g  (f rom t h e  vrest Coas t  and lower  ~ a s t  ~ o a s t  of  Vancouver 
l s l a n d  s t o c k s ;  T a y l o r  1 9 6 4 ) ,  and an a v e r a g e  c a t c h  of 3 1  t h o u s a n u  t o n n e s  ol. 
s a r d i n e  between 1917-47, which r e p r e s e n t s  an a v e r a q  p r o u u c t i o n  r a t e  of  5.1 
t o n n e s / s q .  km/yr when t h e  m i g r a t o r y  s t o c ~  of  s a r d i n e  was a b u n d a n t ,  and 5 * 4  
tonr jes / sq .  km/yr when t h i s  s t o c k  d e c l i n e d .  The wes t  c o a s t  o f  Vancouver l s l dnc i  
( W C b l )  c u r r e n t l y  p r o a u c e s  a  c a t c h  of some 6b t o  90 t laousand t a n n e s  of P a c i f i c  
h a k e  ( t h e  p o t e n t i a l  c a t c h  f o r  1988 is 90 thousand  t o n n e s )  a n o  6 t o  8 t h o u s a n d  
t o n n e s  of  h e r r i n g .  l h u s  a l t h o u g h  t h e r e  is no c l e a r  i n d i c a t i o n  t h a t  t h e  g e n e r a l  
l e v e l  of  p s o o u c t i v i t y  rias changed s i g n i f i c a n t l y  s i n c e  1917,  t h e r e  h a s  been a 
s t r i k i n g  change  i n  t h e  s p e c i e s  c o m p o s i t i o n  of t h e  c a t c h !  The C o a s t a l  Upwel l ing  
Uornain is c u r r e n t l y  i n  a  s t a t e  dominated  by hake  and t h e i r  p r i n c i p a l  p r e y ,  
e u p h a u s i i d s .  

I n  1985,  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  and Lhe I n s t i t u t e  of CIcean 
S c i e n c e s  began a  j o i n t ,  decade- long  i n v e s t i g a t i o n  on t h e  e f f e c t s  of o c e a n i c  
v a r i a b i l i t y  on f i s h  s t o c k s  on La P g r o u s e  Bank (Ware and Thomson 1986,  3 9 8 7 ) .  
The program was i n i t i a t e d  p a r t l y  i n  r e s p o n s e  t o  t h e  l a c k  of f i s h e r y - o c e a n o g r a p h y  
d a t a  f o r  t h e  wes t  c o a s t  f o l l o w i n g  t h e  1982/83 E l  Nino-Southern U s c i l l a t i o n  
(ENSO) e v e n t  and  p a r t l y  i n  r e s p o n s e  t o  a  need f o r  improved r e g i o n a l  
o c e a n o g r a p h i c  d a t a  i n  t h e  i m p o r t a n t  f i s h i n c ;  zones  o f f  s o u t h e r n  Vancouver 
I s l a n d .  I h e  La P d r o u s e  Bank r e g i o n  was chosen  f o r  t h i s  i n v e s t i g a t i o n  f o r  
s e v e r a l  r e a s o n s .  To b e g i n  w i t h ,  i t  is a  major  f i s h i n g  zone  c o m p r i s i n g  a  v a r i e t y  
of  i m p o r t a n t  f i s h  s t o c k s  i n c l u d i n g  P a c i f i c  h e r r i  ny, s a b l e f i s h ,  P a c i f i c  hake ,  and  
P a c i f i c  sa lmon.  5 e c o n d l y 9  t h e  r e g i o n  is f a i r l y  well d e f i n e d  (encompass ing  an 
a r e a  of r o u g h l y  1 0 0  s q .  km a t  t h e  s o u t h w e s t e r n  ena  of t h e  Vancouver I s l a n d  
c o n t i n e n t a l  margin)  and  l i e s  e n t i r e l y  w i t h i n  t h e  C o a s t a l  Upwe l l i ng  Lomain. 
T h i r d l y ,  t h e  r e g i o n  is one of t h e  most thorouc,hly s t u d i e d  arid b e s t  u n d e r s t o o d  
l ~ h y s i c a l  o c e a n o g r a p h i c  r e g i o n s  on t h e  west c o a s t .  K e s u l t s  from a  v a r i e t y  of 
iltajor o c e a n i c  p r u 9 r a n e  such  a s  C O t i r ,  SuperCdlr i  and t h e  bancouver  I s l a n a  C o a s t a l  
L u r r e n t  ~ x p e r i ~ a e n t  have  p r o v i d e d  u s  w i t h  c o n s i d e r a b l e  b a c k ~ r o u n d  i n f o r m a t i o n  on 
t h e  m a ~ o r  p r o c e s s e s  a f f e c t i n g  t h e  w a t e r  p r o p e r t i e s  anu c i r c u l a t i o n  a l o n g  t i l e  
s o u t h e r n  c o n t i n e n t a l  margin .  

P r i o r  t o  1 9 5 5 ,  much of t h e  r e g i o n a l  f i she ry -oceanoyraphy  r e s e a r c h  
c o n c e n t r a t e d  on t h e  l a r g e - s c a l e  o c e a n i c  p r o p e r t i e s  i n  t h e  Gul f  of A la ska ,  w i t h  
few a t t e m p t s  t o  i n v e s t i g a t e  t h e  v a r i a b i l i t y  of c o a s t a l  o c e a n i c  p r o p e r t i e s  
p e r t i n e n t  t o  f i s h e r i e s  p r o d u c t i v i t y  (F l eming  1 9 5 5 ) .  N o t e a b l e  e x c e p t i o n s  f o r  
t h e  B r i t i s h  Columbia c o a s t  i n c l u d e  t h e  s t u d i e s  by T u l l y  (1942) ,  T u l l y  and  uoe  
( 1 9 5 3 ) ,  P i c k a r d  and McLeod ( 1 9 5 3 ) ,  Doe (1955)  and H o l l i s t e r  (1964) .  Fo r  
example ,  Doe (1955)  p r e s e n t e d  a  d e t a i l e d  s t u d y  of t h e  c o a s t a l  w a t e r  p r o p e r t i e s  
f o r  t h e  p e r i o d  1956-51 and  conc luded  t h a t  t h e  v e r t i c a l  s t r u c t u r e  c o u l d  be 
d i v i d e d  i n t o  a  s u r f a c e  zone  (0  - l O O m  d e p t h ) ,  a  h a l o c l i n e  (100 - 1 5 0  m d e p t h )  
and a  deep  zone (be low 1 5 0  m d e p t h ) .  The t e m p e r a t u r e  a t  t h e  t o p  of t h e  lower  
zone  c o u l d  be c o n s i d e r e d  a  c o n s e r v a t i v e  p r o p e r t y  of t h e  lower zone  w i t h  a  



s a l i n i t y  of around 34.8 y p t .  Fleming" 1955 summary of tiie p h y s i c a l  
oceanography of t h e  n o r t h e a s t  P a c i f i c  a p p e a r s  i n  B u l l e t i n  iko. 2 of the 
I n t e r n a t i o n a l  North P a c i f i c  F i s h e r i e s  Commission, The b rev i  t y  of t h e  aoeument 
a t t e s t s  t o  t h e  l i m i t e d  e x t e n t  of t h e  obse rved  occanograpk?ic d a t a  a v a i l a i ~ l e  a t  
t h e  time. Ac tua l  t i m e - s e r i e s  information i r l  t h i s  document is l i m i t e d  t o  s e a  
s u r f a c e  t e m p e r a t u r e  and s e a  l e v e l  h e i g h t s  o b t a i n e d  from c o a s t a l  l i g h t - s t a t i o n s ,  
T h i s  l a c k  of d a t a  l e d  Fleming t o  lump t h e  e n t i r e  c o a s t a l  regime from n o r t h e r n  
C a l i f o r n i a  t o  Kodiak I s l a n d  i n t o  an "'American C o a s t a l  Kegion"", 

Although o c e a n i c  r e s e a r c h  over  t h e  f o l l o w i n g  decade con t inued  t o  
c o n c e n t r a t e  on t h e  Gulf  of Alaska ,  c o n s i d e r a b l y  more d a t a  were c o % l e c t e d  on t h e  
s t r u c t u r e  and v a r i a b i l i t y  of wa te r  p r o p e r t i e s  a long  t h e  c o n t i n e n t a l  margin of 
B r i t i s h  Columbia. I n  A p r i l  1959,  t h e  Weathership  program a t  Ocean S t a t i o n  PAPA 
was ex tended  t o  i n c l u d e  "Line  P" o c e a ~ ? o g r a p h i c  s t a t i o n s  en r o u t e  "L and frorn 
PAPA, i n c l u d i n g  t h r e e  l o c a t i o n s  over  t h e  c o n t i n e n t a l  margin of  s o u t h e r n  
Vancouver I s l a n d ,  k3y e a r l y  1969,  t h e  program had been upgraded t o  encompass 
expendab le  B I  (XBT) and s a l i n i k y -  t empera tu re -dep tk  (STU) o b s e r v a t i o n s  a t  t h e  
l i n e  P s t a t i o n s .  These d a t a ,  combined wi th  t h e  kUIIPAC d a t a  s e t s  c o l l e c t e d  
th rough  t h e  a u s p l c e s  of t h e  I n t e r n a t i o n a l  North Paci  f i c  F i s h e r a e s  Commission 
(LNPFu)  and through i n d i v i d u a l  r e s e a r c h  p r o j e c t s ,  a r e  surnmarlzed by Oodamead e t  
a l e  (1963) .  Summarized r e s u l t s  r e v e a l e o  s e a s o n a l  and i n t e r a n n u e l  changes i n  t h e  
complex eady- l i  ke  s t r u c t u r e  i n  t h e  terrrperature,  s a l i n i t y  and yeosl;ropr'li e 
v e l o c i t y  f i e l a s  a l o n g  t h e  e a s t e r n  o c e a n i c  boundary, The c o n t i n e n t a l  maryin was 
sti l L  consadered  p a r t  of an e x t e n s i v e  " L o a s t a l  u o r n a i n ' 9 u t  w i t 1 1  suggeskaon of a 
poleward e x t e n s i o n  of t h e  C a l i f o r n i a  U n d e r c u r r e ~ ~ t  a l o n q  t h e  c o a s t  of 8 r i t i s h  
Columbia. 

The nex t  i n  t h e  s e r i e s  of summary r e p o r t s  t y  "ce IIYPFL ( F a v o r i t e  e t .  
a l .  1976)  summarized t h e  oceanograph ic  i n f o r m a t i o n  from 1960-71* In  a d d i t i o n  t o  
o b s e r v a k i o r ~ s  frorn "ce open ocean,  t h e  document c o n t a i n s  d e t a i l e d  i n f o r m a t i o n  on 
t h e  time series v a r i a b i l i t y  of c o a s t a l  s e a  l e v e l s ,  s e a  s u r f a c e  t e m p e r a t u r e s  and 
s a l i n i t i e s ,  a tmospher i c  p r e s s u r e  and l a r g e - s c a l e  c i r c u l a t i o n .  Moreover, t h e  
C o a s t a l  Domain was now s e p a r a t e d  i n t o  an 'Wilpel l ing  Uomain" ex tend ing  from 
C a l i f o r n i a  t o  s o u t h e r n  Vancouver I s l a n d  and a  " b i l u t e  Dornain" l y i n g  seaward uf 
t h e  B r i t i s h  Columbia Coas t .  A r e c e n t  summary of t h e  g e n e r a l  oceanography of t h e  
c o n t i n e n t a l  w a t e r s  o f f  B r i t i s h  Colun~bia is p r o v i  ded by Oodi n~ead (1984) ,  Ue ta i  1s 
of a l l  a s p e c t s  of t h e  wa te r  p r o p e r t i e s  a r e  p r e s e n t e d  i n  t h i s  comprehensive 
s t u d y ,  i n c l u d i n g  oceanograph ic  d a t a  t o  1979 and s e a  s u r f a c e  c o n d i t i o n s  a t  
c o a s t a l  li g h t s t a t i o n s .  

The First major i n v e s t i g a t i o n  of t h e  c u r r e n t s  and water  p r o p e r t i e s  
a l o n y  t h e  sou thwes t  c o a s t  of Vancouver l s l a n d  ( t h e  L o a s t a l  Uceanic Dynamics 
t x p e r i m e n t ,  CUbL;) was under t aken  u u r i n ~  1979-81 by t h e  institute of Ccean 
L c i e n c e s  ( F r e e l a n d  1983,  1987; rhomson e t  a l .  19b5a,  1985b,  1986; Huygett  e t  
a l .  1 9 8 7 ) .  Data from t h e  t h r e e  c r o s s - s h e l f  rrioorirtg l i n e s  anla more th8n t h i r t e e r l  
LTu/hydro s u r v e y s  p r v v i a e d  new i n s i g h t  i n t o  t h e  s e a s o n a l  variability and 
mesoscale  uynan~lcs  of t h e  c o r l t i n e n t a l  marc,irr f low regimes  arlu paved t h e  way f u r  
f u r t h e r  r e s e a r c h  i n i t i a t i v e s  on t h e  c o n t i n e n t a l  margin. P a r t i c u l a r  8spec"c of 
t h e  c o a s t a l  c i r c u l a t i o n  r e v e a l e d  by t h i s  prograni i n c l u d e :  a  a e s c r i p t i o n  of t h e  
Juan ue Fuea Lddy and a s s o c i a t e d  t i m e - v a r i a b l e  upwel l ing  ( F r e e l a n d  and Denman 
1 9 8 ~ ) ~  a  d e t a i l e d  a n a l y s i s  of b a r o c l i n l c  d i u r n a l  p e r i o d  c o n t i n e n t a l  s h e l f  waves 



(Crawfo rd  and Thomson 3982, 19841 ,  an  a n a l y s i s  of  mesosca l e  eddy f o r m a t i o n  and 
d i s s i p a t i o n  (Thomson 1 9 8 4 )  and a  d e s c r i p t i o n  of t h e  ruonthly mean f low s t r u c t u r e  
( F r e e l a n d  e t  a l .  l 9 8 4 ) ,  b a t a  from t h e  SuperCUOt program c o n s i d e r e d  t h e  
p r o p a g a t i o n  of low-f requency  c o a s t a l  t r a p p e d  waves a l o n g  t h e  e n t i r e  c e n t r a l  
c o a s t  of fuor th  America (Yao e t  a l .  1 9 b 4 ) ,  A s e p a r a t e  s t u d y  of t h e  v o r t i c i t y  
dynamics of t h e  Juan  de Fuca Eddy wcls  c o n a u c t e d  i n  1 9 8 5  by t h e  I n s t i t u t e  of 
Ocean S c i e n c e s ,  

A s t u d y  of t h e  Vancouver I s l a n d  C o a s t a l  C u r r e n t  -- a  p e r s i s t e n t ,  
po l eward  f b o w i t ~ g  buoyancy-dr iven  c u r r e n t  aloriy t h e  west c o a s t  o f  kaneouver  
I s l a n d  -- was i r t i t i a t e d  i n  1984 (LeBlond e t  a l .  19t15; lhonlson e t  aB. 3985b, 
1988)- b a s e d  oil o b s e r v a t i o r ~ s  from t h i s  proGram, we now have  corisicdercib$e 
i n f  ormat  i o n  on t h e  s t r u c t u r e ,  dyntamics and s e a s o n a l  v a r i a b i  l i  t y  of  t h e  f l o w  
s t r u c t u r e  o v e r  t h e  c o n t i n e n t a l  m a r ~ i n  of s o u t h e r n  Vancouver island, The h o r t h  
C o a s t  Ocean ic  Dynamics Lxper iment  (MCUUL) f o r  t h e  p e r i o d  1983 '&a lYb5  is  
p r o v i  d i n g  s i m i l a r  i n f o r m a t i o n  c o n c e r n i n g  t h e  oceanography o f  t h e  w a t e r s  a d j a c e n t  
t o  t h e  Queen  C h a r l o t t e  i s l a n d s  ( c f .  Gsawford e t  a l .  1985;  Thonison 1987; Thon~svn 
and  v i i l son  1987 ;  lhomson et  a l .  1988) .  

S i n c e  1982  a number of  major  r e s e a r c h  programs i n  t h e  P a c i  f i e  Region 
h a v e  been d e s i g n e d  t o  a d d r e s s  t h e  r e c r u i t m e n t  problem i n  s p e c i f i c  f i s h e r i e s  
( T a b l e  1). The i l e c a t e  S t r a i t  program is a m u l t i - d i s c i p l i n a r y  s t u d y  which is 
d e v e l o p i n g  a  m u l t i - s p e c i e s  app roach  f o r  managing t h e  complex a s semblage  of 
g r o u n d f i s h  i n  H e c a t e  S t r a i t  end is a t t e m p t i n g  t o  c l a r i f y  t h e  i m p a c t s  of o c e a n i c  
f a c t o r s  on P a c i f i c  h e r r i n g ,  P a c i f i c  cod and rock  s o l e  r e c r u i t m e n t .  Between 
1983-86 a  corripanion s t u d y  of  p ink  and chum salmon s u r i v a l  was conduc ted  i n  
Idasse t  I n l e t  on t h e  Queen C h a r l o t t e  I s l a n d s .  I n  1985,  t h e  La PErouse  P r o j e c t  
was d e s i  gned t o  d e t e r m i  ne what was r e s p o n s i b l e  f o r  t h e  si y n i  f i c a n t  f l u c t u a t i o n s  
i n  h e r r i n g ,  s a b l e f i s h ,  Dungeness c r a b  and P a c i f i c  cod r e c r u i t m e n t .  T h i s  is a  
m u l t i - d i s c i p l i n a r y  s t u d y  d e s i g n e d  t o  i d e n t i f y  t h e  dominant  p h y s i c a l  p r o c e s s e s  
a f f e c t i n g  t h e  c i r c u l a t i o n  and  w a t e r  p r o p e r t y  s t r u c t u r e ;  t o  q u a n t i f y  t h e  
low-f requency ,  n o n - p e r i o d i c  v a r i a b i l i t y  of t h e  z o o p l a n k t o n ;  and t o  f  o r rnula te  and 
t e s t  s p e c i  f  i c h y p o t h e s e s  c o n c e r n i n g  how i r l t e s a n n u a l  ocean i  c  f l u c t u a t i o n s  a f  F e e t  
r e c r u i t m e r t t ,  The Mar ine  S u r v i v a l  o f  Salmon P r o ~ e c t  (MASS) was u n d e r t a k e n  t o  
i n v e s t i g a t e  t h e  i n t e r r e l a t i o n s h i p s  between b i o p h y s i c a l  e v e n t s  and salmon 
d i s t r i b u t i o n  and s u r v i v a l  on an  a n n u a l  and i n t e r a n n u a l  t i m e  s c a l e .  The ahajor 
o b j e c t i v e s  of  t h e  P r o j e c t  a r e :  1) t o  nieasure t h e  r e s i d e n c e  time and s u r v i v a l  of 
Ba rk l ey  Sound s o c k e y e  s m o l t s  i n  r e l a t i o n  t o  food ,  p r e u a t o r s ,  and  wind-dr iven  
c i r c u l a t i o n ,  and  t o  t r a c k  t h e i r  nort i lward d i s p e r s a l  a l o n g  t h e  s o u t h w e s t  c o a s t  of 
Vancouver I s l a n d ;  a n d  2 )  t o  measure  t h e  r e s i d e r \ c e  time and s u r v i v a l  of ch inook  
and  coho on t h e  o f f s h o r e  banks  i n  r e l a t i o n  t o  l o c a l  t i d a l  r e c t i f i c a t i o n ,  
t o p o g r a p h i c  e a o i e s ,  and c r o s s - s h e l f  exchange  mechanisms t h a t  may c r e a t e  
f a v o u r a b l e  f e e d i n g  c o n d i t i o n s .  O t h e r  r e c e n t  programs on salmon have  f o c u s e d  on 
t h e  i m p o r t a n c e  of t h e  e s t u a r i n e  phase  of  t h e  l i f e  c y c l e  of cn inook on mar ine  
s u r v i v a l ,  and t h e  e f f e c t  of changes  i n  o c e a n i c  c o n d i t i o n s  on t h e  m i g r a t i o n  
r o u t e s  and a r r i v a l  times of  m a t u r i n g  salmon i n  t h e  c o a s t a l  f i s h e r i e s .  

U n t i l  t h e  i n i t i a t i o n  of t h e  j o i n t  PBS/IOS La PGrouse Bank p r o j e c t  most 
modern oceanograph i  c programs on t h e  west c o a s t  of Canada have  been p s i  mari  l y  
c o n c e r n e d  w i  t h  u n d e r s h n d i n g  t h e  mechanisms a f  f e c t i n g  t h e  s p a t i a l  and t e m p o r a l  
v a r i  a b i  l i  t y  of t h e  c o a s t a l  ocean .  A s  a  consequence ,  p r o j e c " c u r a t i o n s  a r e  
t y p i c a l l y  s h o r t e r  t h a n  a  f e w  y e a r s  and p r o v i d e  Li t t le  i n s i g h t  i n t o  p o s s i b l e  



lon5-terirr e f f e c t s  of o c e a n i c  f a c t o r s  on f i s h e r i e s  d i s t r i b u t i o n  ano r e c r u i t n i e n t .  
Sonre long- term d a t a  a r e  p rov ided  by t h e  Line  P d a t a  s e t .  tiowever, i n  g e n e r a l ,  
t h e  s t a t i o n s  a r e  t o o  f a r  o f f s h o r e  and widely  s e p a r a t e d  t o  p r o v i d e  i n f o r m a t i o n  on 
t h e  c o a s t a l  ocean.  7he most complete  r e c o r d s  of long-term c o a s t a l  o c e a n i c  
v a r i a b i l i t y  c o n t i n u e  t o  be s e a  s u r f a c e  t e m p e r a t u r e ,  s a l i n i t y  and s e a  l e v e l  from 
l i g h t s t a t i o n s  ( ~ o l l i s t e r  1964% t i o l l i s t e r  and Sandnes 1972; b iovando 1965).  
These d a t a  a r e  supplemented by lor-tq-term r e c o r d s  of c o a s t a l  r i v e r  r u n o f f ,  
atmospkieric p r e s s u r e ,  p r e c i  p i  t a t i  on and winds. For t h e  m o s t p a r t ,  t h e  i n c r e a s e  
i n  n o i s e  i n  t h e  s a l i n i t y  d a t a  f o l l o w i n g  t h e  change i n  t y p e  s f  s e n s o r  i n  1979 has  
p r e v e n t e d  t h e  use  of t h e s e  d a t a  f o r  c l i m a t e - s c a l e  i n v e s t i g a t i o n s .  

Lane (1963) p r e s e n t e d  a d e t a i l e d  a n a l y s i s  of "ce eeeasor~al cycle i n  
v e r t i c a l  t e m p e r a t u r e  and s a l i n i t y  s t r u c t u r e  f o r  t h e  r e g i o n  seaward of Amphi t r i t e  
P o i n t o n  Varacouver IsLand,  A s  i ndi c a t e d  by Uodiinead ( l 9 8 4 ) ,  t h i s  s t u d y  inasked 
t h e  f i r s t  a t t e m p t  t o  c h a r a c t e r i z e  t h e  s e a s o n a l  v a r i a b i l i t y  i n  t h e  wa te r  
p r o p e r t i e s  o f f  t h e  o u t e r  c o a s t .  Fofonoff  and l a b a t a  (1966) used t h e  
o c e a n o g r a p t ~ i c  t ime series from Line  P to d e s c r i b e  long-term fbue"ca t ions  i n  
t e m p e r a t u r e  and s a l i n i t i e s  o f f  t h e  west c o a s t ,  Alttlouyh mainly concerned w i t h  
o f f s h o r e  condi"Lons ,  t h e  s t u d y  r e v e a l e d  d i s t i n c t  i n t e r a n n u a l  v a r i a b i  l i t y  i n  t h e  
c o a s t 6 1  r e g i n ~ e  a s s o c i a t e d  w i t h  wind-forced upwel l ing/downwel l ing  dynamics. 
Using d a t a  from c o a s t a l  o c e a n i c  s u r v e y s ,  bodimead and Pi c k a r o  (1967) p r e s e n t e d  
ev idence  f o r  marked year- to-yeas  v a r i a b i l i t y  i n  t h e  " r e l a t i v e  a r e a g '  of c o a s t a l  
w a t e r  o f f  Vancouver I s l a n d  whose t empera tu re  a t  t h e  t o p  of t h e  h a l o c l i n e  was 
g r e a t e r  t h a n  7°C i n  sumrner. Thoinson (19 72) s u g g e s t e d  t i ra t  t h e  i n t e r a i i n u a l  
v a r i a t i o n s  i n  t h e s e  i n t r u s i o n s  a r e  l i n k e d  t o  t h e  ave rage  of t h e  meridior-ial winci 
stress (and ,  hence t o  t h e  onshore  component of Ckrnan t r a n s p o r t )  bus ing t h e  
p r e c e e d i r q  w i n t e r .  Lkman t r a n s p o r t  dynarnics forms t h e  b a s i s  of "Le upwel l ing  
i n d i c e s  f o r  t h e  west  c o a s t  of  k o r t b ~  America p u b l i s h e d  by trakun (1973) f o r  t h e  
p e r i o d  1946-71. Der ived From t h e  Longshore corriponent of t h e  
f r i c t i o n a l l y - n r o d i f i e d ,  g e o s t r o p h i c  c o a s t a l  winds,  "ce i n d i c e s  have become an 
i n t e g r a l  f a c t o r  i n  d e t e r m i n i n g  r e l a t i o n s t ~ i p s  between o c e a n i c  c o n d i t i o n s  and f i s h  
r e c r u i t m e n t ,  Upbe l l ing  i n u i c e s  f o r  subsequen t  y e a r s  have found yeneral .  
w idespread  a p p l i c a t i o n  and have been p u b l i s h e d  on a r e g u l a r  b a s i s  f o r  t h e  west 
c o a s t  (e. y e  Bakun 1 9 7 5 ) .  T ranspor t  computa t ions  f o r  t h e  North P a c i f i c  p r o v i d e  
s i m i l a r  i n f o r m a t i o n  though on a l e s s  d e t a i l e d  s c a l e  ( c f .  Wicket t  e t  a l .  1977) .  

Dav i s  (1976)  found a s i g n i f i c a n t  c o r r e l a t i o n  between t h e  monthly mean 
anomally p a t t e r n s  of s e a  s u r f a c e  t e m p e r a t u r e  (ssT) and s e a  l e v e l  p r e s s u r e  (sLP) 
i n  t h e  Morth Paci  f i c .  Regions of anomalously c o l d  (warm) s u r f a c e  t empera tu re  
tended t o  e o i  n c i  de wi th  anon~abous southward ( n o r t h w a r d )  s u r f a c e  winds.  On ti-ti s 
b a s i s ,  i t  would appear  t h a t  monthly v a r i a t i o n s  i n  SST a r e  l a r g e l y  c o n t r o l l e d  by 
meri d i  o n a l  e d v e c t i  on i n  t h e  s u r f  a c e  f krnan l a y e r .  lianey (1980) has  i d e n t i  P i  e a  
bo th  a d v e c t i  on and s u r f  a c e  wind-mi x i  ng a s  impor tan t  f a c t o r s  t o  t h e  fo rmat ion  of 
SST anomhl ies .  

E n f i e l d  antf A l l e n  (19tlU), Thomson et  a l e  (1984)  tmery and tiarnilton 
(1985)  and Hamilton (1984)  have  used long-term l i g h t s t a t i o n  t empera tu re  r e c o r d s  
t o  i n v e s t i g a t e  tl N i  no-Southern Usci l l a t i  on (riil5L.I) e v e n t s  a long  t h e  west c o a s t  
of tvorktl America. Oceani c and a tmospher i c  nlechanisrns af f e c t i n g  t h e s e  e v e n t s  a r e  
sulninarrmeu rn I4ysak (1986) .  Thomson et  a l .  (1984)  useo n ine  o b s e r v a t i o n  sites 
on tile B r i t i s h  Colurnbia c o a s t  d a t i n g  back cnore than  f o r t y  y e a r s  t o  i n v e s t i ~ a t e  
t h e  occurrer ice  o f  bNSU e v e n t s  anu lorry-term warming/coolinc, p e r i o d s .  Plajor LP~LU 
e v e n t s  i n  t h e  e q u a t o r i a l  P a c i f i c  were founa t o  be s t r o n g l y  c o r r e l a t e d  wi th  
c o a s t a l  warminc, a long  t h e  c o a s t  wi th  a r e t u r n  p e r i o d  of 1 5  t o  25 y e a r s ,  a l t t tough 



p e r s i s t e n t  and marked warming can a l s o  occur i n  the absence of e q u a t o r i a l  
warming even"cs. S imi la r  r e s u l t s  a r e  reported by Hamilton (1986) fo r  the coas t  
of northern C a l i f o r n i a  t o  Oregon. i ne  da ta  a l s o  revea l  pronounced slowly 
varying, decadal-scale  cyc les  i n  the  water teinperatures along the c o a s t ,  In 
p a r t i c u l a r ,  the  years  1925-46, 1959-68 and 1976-present appear t o  mark periods 
of anomalous warming while years  1947-56 and 1909-45 lnark per ioas  of anomalous 
cool ing.  

A s tudy of long-term c o a s t a l  temperature v a r i a b i l i t y  a t  1OU m depth is 
presented by dra inard  and ibtclain ( J . 9 ~ 5 ) -  Usirtg monthly rriean temperature 
i~ieasuremen"c frurrt t he  U. 5 .  Master dceanograpiiic i ibservat ions data  s e t ,  they were 
ab l e  t o  show t h a t  the  subsur face  tentperature ano~nal ies  of major Llubil events  f o r  
t h e  period 1951-b4 propagate poleward from the  rlorthwest coas t  of South America 
alorig the coas t  of hor th  America a t  speeds ranglnc, from 10 t o  5L icm/day. liaese 
speeds a r e  cumparable t o  longshore propayati  on speeds determri ned fo r  sea l e v e l  
r le i~i- i t  anornabies and a r e  slower than the t h e o r e t i c a l  speeds fo r  c o a s t a l  ke lv in  
waves ( coas t a l ly - t r apped  waves), Unlike sur fbee  t e i i ~ ~ e r a t u r e  anonialies f o r  the 
c o a s t a l  region,  onby the  L99b2/03 warrn event and the s k r o n ~  1954/56 eolu event 
could be t raced  along the e n t i r e  length of the observa t iona l  area from Lh i l e  t o  
B r i t i s h  ~ o l u m b i a ,  hcajor events i n  1957/58, 6972/73 and 1976/77 appeareo t o  
p r o p a ~ a l e  only a s  f a r  a s  riorthern Cal i for i l ia ,  Royer and Xiong (1984) analyzed 
long-term temperal.ure records from a  s i t e  off  5eward Alaska and found t h a t  the  
subsur face  waters of the rlortheast P a c i f i c  have warmed a t  about O , L 0 C  per year 
between 1972-85, The da ta  a l s o  i n d i c a t e  t h a t  the  upper 25U metres a t  t he  Seward 
s i t e  warmed i n  response t o  the 1977 and 1983 EkSO events .  

Long-"crm v a r i a t i o n s  i n  coas t a l  sea l e v e l s  have been s tudied  by a  
va r i e ty  of au thors  inc luding  knf ie ld  and Allen (1980), Chelton (1980), Barnet t  
(1984).  Sea l e v e l  f l u c t u a t i o n s  assoc ia ted  with kNSO events  a r e  seen propagating 
polewasd along the e n t i r e  coast  of North America a t  speeds of s eve ra l  kens of 
kilometres/day and t h e r e  i s  evidence fo r  5-6 year o s c i l l a t i o n s  in  sea l e v e l  due 
t o  long-term v a r i a t j o n s  i n  atriiospheric pressure .  Trends i n  sea 1eveL alon9 the  
B r i t i s h  Colun~bia coas t  a r e  found t o  be l inked t o  t ec ton ic  processes assoc ia ted  
with con t inen ta l  d r i f t  and w i  th  g l a c i o - i s o s t a t i c  rebound o r i g i n a t i n g  with the 
slow viscous response of the e a r t h  t o  melting of g l a c i e r s  during the l a s t  
ice-age (e-cj. ba rne t t  1984; Aubery ano tirlery 1Ybt; Thomson 1986; van cre b'lassche 
l986) ,  

A study of Long-term (twenty-five year)  s t e r i c  sea l e v e l s  From the: 
Llne P data s e t  (Taiiata e t  a l e  1906) i n d i c a t e s  tt-rat s a l i n i t y  e f f e c t s  uonlinate 
s t e r i  c  height  v a r i a t i o n s  near the coas t  whereas temperature ef f e c t s  prevai L i n  
ttie offsl-rore region. kear the coas t ,  u13nuab v a r i a t i o n s  in  s t e r i c  sea l e v e l  & r e  
governed by the cycle  of wiriter d i l u t i o n  by p r e c i p i t a t i o n  and runoff end summer 
concent ra t ion  by uywellin9. Local c u r r e n t s  such a s  the  Varlcouver Lslanu Coastal  
Current appear t o  be the primary f a c t o r  a f f e c t i n g  va r i a t i ons  i n  coas t a l  sea 
l e v e l ,  not var ia t ior l s  i n  the of fshore  cu r r en t  systern. A study of lon5-terrn sea 
l e v e l  t r ends  i n  tne  noruheast P a c i f i c  is given by Thonlson and Tabata (1Stl7), 

Using monti-~ly SST and SLP da ta  f o r  the  periou 1946-82, Emery and 
t-lamilton (1985) have beerr ab l e  t o  e s t a b l i s h  a  l i nk  between atmosptleric 
c i r c u l a t i o n  and in t e rannua l  v a r i a b i l i t y  i n  SST and c o a s t a l  sea Levels i n  the 
no r theas t  Paci f i s  Ocean, In p a r t i c u l a r ,  the  occurrence of anotnalously warirh 
water along the  Bri t i s h  Columbia coas t  i n  winter  is coincident  with an 
anomalously in t ense  Aleut ian Low i n  the  Gulf of Alaska. Ihese r e s u l t s  a r e  



c o n s i s t e r l t  w i t 1 8  t h e  rloLion t h a t  S5T a n o m a l i e s  on s e a s o n a l  time s c a l e s  a r e  
l a r g e b y  rnair l ta ined by wind-ar i  ven a d v e e t i o n  i n  t h e  n e a r - s u r f a c e  w a t e r s  of t h e  
ocean .  I h e  r e s u l t s  f u r t k i e r  show t h a t  long- te rm s e a  l e v e l  h e i g r k k  a l o n g  t h e  
c o a s t  a r e  c o n t r o l l e d  by l a r g e - s c a l e  a t m o s p h e r i c  c i r c u l a t i o n  i n  t h e  Nor th  
P a c i f i c .  The a u t h o r s  a l s o  a r g u e  f o r  an a t r r ~ o s y h e s i c  l i n k  ( ""t lecornmunicat ion")  
between t h e  e q u a t o r i a l  r e g i  on and mi d - l a t i  t u d e s  d u r i n g  LNSb e v e n t s .  Lrr g e n e r a l ,  
'%armi8 e q u a t o r i a l  w i n t e r s  ( s t r o n g  t_l Nino e p i s o a e s )  a r e  accornpanied by v i g o r o u s  
a h m o p h e r i c  c i  r c u l a t i  on i n  t h e  Nor th  P a c i f i c  whi l e  '"old" e q u a t u r i d l  win te rs  are 
accornpanied by weak m i d - l a t i  t u d e  a h o s p h e r i c  c i r c u l a t i o n .  Weak w i n t e r  Skk) 
p a t t e r n s  o f t e n  p r e c e d e  t r o p i c a l  E l  & i n 0  e v e n t s .  I f  a n  E l  Minn e v e n t i s  t h e n  
accompani  eri by s t r o n g  Nor th  P a c i f i c  a tmosphe r i  c ci r e u l a t i o n ,  t i r e r e  is i n v a s i  a b l y  
a  s t r o n g  warming of t h e  s u r f a c e  w a t e r s  i n  t h e  e a s t e r n  Nor th  P a c i f i c  and an  
i n c r e a s e  i n  s e e  l e v e l  a l o n g  t h e  west c o a s t  of Nor th  America,  such  a s  i n  2958 and 
1 9 8 3 ,  However, some LNSO e v e n t s  a r e  accompani ed by weak a t m o s p h e r i c  c i r c u l a t i o n  
and  a n o m a l ~ u s l y  c o l d  SSI a l o n g  t h e  c o a s t  of  Nor th  Amer ica ,  C o n v e r s e l y ,  t h e r e  
can  be s t r o n g  w i n t e r - t i m e  c i s e u l a t i o n  and very  warm SST i n  t h e  n o r t h e a s t  P a c i f i c  
w i t h o u t  t h e  o c c u r r e n c e  o f  a n o m ~ l o u s  c o n d i t i o n s  i n  t h e  t r o p i c s  (e .g ,  1961), The 
rr~echenism y roposed  by Ernery and  Wami l t o n  (1985) d i d  n o t  p r e d i c t  t h e  n lodera te  
1987/88  E l  Nina e v e n t  ( W .  Emery, p e r s o n a l  communica t ion)  . 
R e c r u i t m e n t  S t u d i e s  - -- 

A v a r i e t y  of  s t u d i e s  have  s u g g e s t e d  l i n k s  between i n t e r a n n u a l  
v a r i a b i  lib i n  o c e a n i c  c o n d i t i o n s  and r e c r u i  tmerlt of wes t  c o a s t  f i s h  s t o c k s .  
Fo r  example ,  l ida l te rs  e t  a l ,  (1978) deve lopeo  a  model s i m u l a t i n g  t h e  f i r s t  6 
months s f  ocean  L i f e  o f  P a c i f i c  sa lmon.  itley h y p o t i l e s i z e d  t h a t  morta8i"b; r a t e s  
s h o u l d  d e c r e a s e  w i t h  body s i z e ,  s o  clny a e n s i w - d e p e n d e n t  mechanism pralaucing 
s l o w e r  growth  s h o u l d  r e s u l t  i n  h i g h e r  m o r t a l i t i e s .  they conc ludeo  "ca t  J u v e r l i l e  
s a l n ~ o n  a r e  u n l i k e l y  t o  be f o o d - l i m i t e d :  t h e r e  a p p e a r s  t o  be enough p l a n k t o n  
p rouuc t io r r  t o  s u p p o r t  t h e  e x i s t i n g  abundance  of  j u v e n i l e  salmon w i t h o u t  
measurable e f f e c t s  on t h e i r  growtit and s u r v i v a l ,  s o  t h e  e x p l a n a t i o n  f o r  t h e  
o b s e r v e d  dependeiilce o f  mar ine  s u r v i v a l  nust be s o u g h t  elsewt-$ere,  I  hey s u g g e s t e d  
d e n s i t y - d e p e n d e n t  p r e d a t i o n ,  R e c e n t l y ,  Peterrnan (1987) found  some s t a t i s t i c a l  
e v i d e n c e  f o r  d e n s i t y - d e p e n d e n t  mas ine  s u r v i v a l  and  fjrowth i n  some salrnol-lid 
s p e c i e s ;  i t  seelns t o  o c c u r  most s t r o n g l y  i n  t h e  f i r s t  14-18 months of ocean  
l i f e .  H i s  a n a l y s i s  of F s a s e r  Hives  p ink  salmon r e v e a l e d  a  s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n  between a d u l t  body w e i g h t  and number of f i s h  p e r  u n i t  z o o p l a n k t o n  
a t  ocean  s t a t i o n  P ( i n  t h e  c e n t r a l  s u b a r c t i c ) .  C o n t r a r y  t o  t h e  c o n c l u s i o n  
r e a c h e d  by W a l t e r s  e t  a l .  ( l 9 7 8 ) ,  Pe terman showed t h a t  t h e r e  may be a  p e r i o d  of 
f o o d  b i n l i t a t i o n  d u r i n g  t h e  o c e a n i c  p h a s e  of t h e  l i f e  c y c l e  which h a s  a 
s i g n i f i c a n t  e f f e c t  on f i s h  w e i g h t 9  and hence  t h e  b iomass  of t h e  r e t u r n i n g  
s t o c k .  He a l s o  s u g g e s t e d  t h a t  t h e  form of t h e  r e l a t i o n s h i p  d e s c r i b i n g  preda"cion 
m o r t a l i t y  on j u v e n i l e  salmon may p roduce  complex s t o c k - r e c r u i h e n t  c u r v e s  w i t h  
m u l t i p l e  e q u i l i b r i a .  T h i s  p o s s i  b i  l i  t y  h a s  some i my a s t a n t  rnanagernent 
i m p l i c a t i o n s  i n  t e r m s  of how t h e  s t o c k s  s h o u l d  be h a r v e s t e d ,  

Mysak e t  a b ,  (1982)  crsrnducted a  c r o s s - s p e c t r a l  a n a l y s i s  of  s e a  l e v e l ,  
s e a  s u r f a c e  t e n r p e r a t u r e  ( S T )  and s a l i n i t y  o f f  Elri t i s h  Co lun~b ia  w i t h  a n n u a l  
F r a s e r  R i v e r  s o c k e y e  c a t c h  and west c o a s t  o f  Vancouver I s l a n d  h e r r i n g .  The 
c r o s s - s p e c t  r a  i r ~ d i  c a t e d  t h a t  t h e  f i s h e r i  e s  ti me s e r i  es were h i g h l y  coherer i t  w i  th  
t h e  p h y s i c a l  d a t a  a t  a  p e r i o d  o f  5-6 y e a r s .  S i n c e  t h e r e  a r e  l a r g e - s c a l e  
a t m o s p h e r i c  v a r i a t i o n s  and "canspac i  f ic  f l u c t u a t i o n s  i n  SST a t  t h i s  p e r i o d ,  i t  
seems t h a t  t h e s e  f l u c t u a t i o n s  rnay a f f e c t  t h e  number and a v e r a g e  we igh t  of f i s h  
t h r o u g h  sonte of t h e  p r o c e s s e s  h i n t e d  a t  by Pe terman ( 1 9 ~ 7 ) .  \vase wnll McFarlane 



( 1 9 8 6 )  e x t e n d e d  t h e  work of Hysak et  a l .  ( 1 9 8 2 ) ,  and con f i rmed  t h a t  west c o a s t  
o f  Vancouver I s l a n d  h e r r i n g  y e a r - c l a s s  s t r e n g t h  shows a  s t r o n g  n e g a t i v e  
c o r r e l a t i o n  w i t h  a n n u a l  SST, t h e y  a l s o  found a  n e g a t i v e  c o r r e l a t i o n  w i t h  t h e  
e s t i m a t e d  b iomass  o f  P a c i f i c  hake ,  which is t h e  key p r e d a t o r  of j u v e n i l e  and  
a d u l t  h e r r i n g  d u r i n g  t h e  sumrrrer, when b o t h  t h e  p r e d a t o r  and p rey  d i s t r i b u t i o n s  
o v e r l a p  on t h e  c o n t i n e n t a l  s h e l f .  S i n c e  bo th  c o r r e l a t i o r i s  were h i i , h e s t  w i t h  a  
z e r o  y e a r  l a g  ( f o r  S S f ) ,  and z e r o  and 1 y e a r  l a g  ( f o r  hake  b iomass ) ,  a s  a 
worki  nc,t h y p o t h e s i s  t h i s  a n a l y s i s  s u g g e s t s  t h a t  t e m p e r a t u r e  may r e f l e c t  t he  
i n f l u e n c e  o f  o c e a n i c  c o n d i t i o n s  on h e r r i  ng s u r v i v a l  d u r i n g  t h e  f i r s t  5-6 moritks 
o f  l i f e ,  w h i l e  t h e  p r e d a t o r  e f f e c t  a p p e a r s  t o  o p e r a t e  rriost s t r o n ~ l y  on Itate a y e  
0-1- and 1-1- j u v e r i i l e s  which a r e  d i s t r i b u k d  o f f s h o r e .  

I n  n o r t h e r n  B r i t i s h  Columbia,  H a l t e r s  e t  a l .  ( 19b6)  found  t h a t  hecs te  
b t r a i  t n e r s i n i ,  tlave f l u c t u a t e d  i n  a  manner which s u q g e s t s  t h a t  t h e i r  r e c r u i  tirtent 
r a t e s  a r e  b e i n g  f o r c e d  by P a c i f i c  coo  p r e d a t i o n .  I n  t h e  1961J" aan  79's, b a t h  
p o p u L a t i o n s  e x p e r i e n c e d  what  a p p e a r s  t o  be a  c l a s s i c a l  & r e u a t o s - p r e y  
o s c i  l l a t i  on ;  however,  t h i s  r e l a t i o n s h i p  b roke  down i n  t h e  l a t e  1970 's i n d i c a t i n g  
t h e  i n v o l v e n ~ e n t  of  o t h e r ,  o v e r r i a i n s  f a c t o r s ,  For  example ,  y e a r - c l a s s  s t r e n ~ t h  
of P a c i f i c  cod i n  H e s a t e  b t r a i t  is a l s o  s i r o n g a y  c o r r e l a t e d  w i t h  w a t e r  t r a n s p o r t  
and  w a t e r  t e r r t pe ra tu re  ( T y l e r  and  Westrheim 1986).  Poor y e a r - c l a s s e s  t e n d e d  t o  
b e  a s s o c i a t e d  w i t h  s t r o n g  no r thward  t r a n s p o r t  and low t e m p e r a t u r e s .  

With r e s p e c t  t o  o t n e r  g r o u n d f i s h  s p e c i e s ,  McFarlane and Beamish (1986)  
found  t h a t  good s a b l e f i s h  y e a r - c l a s s e s  t e n d e d  t o  o c c u r  when s p r i n g  o n s h o r e  tkman 
t r a n s p o r t  is s t r o n g  and w a t e r  t e m p e r a t u r e s  a r e  h i g h .  I n  U r i t i s h  Columbia poor  
s a b l e f  i s h  y e a r - c l a s s e s  p r e d o m i n a t e  d u r i  ng p e r i o d s  of low t e m p e r a t u r e  and r educed  
o n s h o r e  t r a n s p o r t .  T h e i r  i n t e r p r e t a t i o n  of t h i s  t endency  is t h a t  f a v o u r a b l e  
o c e a n o g r a p h i c  c o n d i t i o n s  may i n c r e a s e  t h e  amount of food  a v a i l a b l e  t o  t h e  e a r l y  
l a r v a l  s t a g e s  a t  d e p t h  ( p o s s i b l y  a s  e a r l y  a s  t h e  h a l f  yo lk - sac  u t i l i z a t i o n  
s t a g e )  and i n c r e a s e  t h e i r  s u r v i v a l  r a t e .  I n  a n o t h e r  s t a t i s t i c a l  s t u d y ,  Fa rgo  
and  McKinnel (1988)  pe r fo rmed  a  r e s p o n s e  s u r f a c e  a n a l y s i s  of Hock s o l e  abundance  
and found a  s i g n i f i c a n t  dome-shaped r e l a t i o n s h i p  between y e a r - c l a s s  s t r e n g t h  and 
Plarch SST ( t h e  p e r i o d  o f  peak spawning ) .  The o p t i m a l  t e m p e r a t u r e  was i n  t h e  
r a n g e  of  5,5-6.5"C, and is b e l i e v e d  t o  r e f l e c t  o p t i m a l  h a t c h i n g  s u c c e s s  i n  t h i s  
s p e c i e s  . The r e s p o n s e  s u r f a c e  a n a l y s i s  a l s o  s u g g e s t e d  t h a t  t h e  
s t o c k - r e c r u i t m e n t  c u r v e  f o r  Rock s o l e  r e s e m b l e s  a  Beve r ton  and  Ho l t  a s y m p t o t i c  
c u r v e .  

A common l i m i t a t i o n  of t h e  f o r e g o i n g  s t u d i e s  is t h a t  t h e  c o n c l u s i o n s  
a r e  d e r i v e d  a l m o s t  e x c l u s i v e l y  from c o r r e l a t i o n s ;  l i t t l e  o r  no d i r e c t ,  o r  
i n d e p e n d e n t ,  e v i d e n c e  is p r e s e n t e d  t o  s u p p o r t  t h e  p roposed  mechanisms. These 
e x p l o r a t o r y  s t u d i e s  t h e r e f o r e  nlarK t h e  f i r s t  s t e p  i n  t h e  s e a r c h  f o r  
u n d e r s t a n d i n g ,  s i n c e  t h e y  a t t e m p t  t o  r e d u c e  t h e  i n f  i n i  t e  number of p o s s i b l e  
f a c t o r s  t h a t  may a f f e c t  r e c r u i t m e n t  i n t o  a  s n i a l l e r  set t h a t  can  Le t e s t e d  
c l i r e c t l y  by making a p p r o p r i a t e  measurements  i n  t h e  f i e l a .  

The p u r p o s e  of s e c t i o n  is t o  r ev i ew  t h e  key s e a s o n a l  and i n t e r a n r l u a l  
v a r i a t i o n s  i n  w a t e r  p r o p e r t i e s  and c i r c u l a t i o n  i n  t h e  La PErouse  Bank r e g i o n  of 
s o u t h w e s t e r n  B r i t i s h  Columbia. Emphasis  is on t h e  major  t e m p o r a l  changes  i n  t h e  
s p a t i a l  s t r u c t u r e  and t h e  p o s s i b l e  mechanisms a f f e c t i n g  t h e s e  changes .  R e s u l t s  



r e l y  h e a v i l y  on t h e  o b s e r v a t i o n s  o b t a i n e d  froin o c e a n o g r a p h i c  f i e l d  programs 
c o n d u c t e a  o v e r  t h e  p a s t  decade .  

The La PGrouse Bank r e g i o n  f t l l d s  i n t o  t h e  ~ o a s t a l  U p b e l l i n 5  u o n ~ a i n  
which  e x t e n d s  frorn r l o r t h e r n  L a l i f o r n i a  t o  n o r t h e r n  V~tncouver  I s l a n d  ( F i g ,  1 )  and  
is c h a r a c t e r i z e d  by marked suminer upweblinr ,  a m  t i le  p r e s e n c e  o"r '  
buoyancy-d r iven  c o a s t a l  c u r r e n t  a l o n g  t h e  i n n e r  s h e l f ,  h i n d s  i n  t h i s  ser j ion are 
p r e u o m l n a n t l y  t o  t h e  s o u t h  i n  sunimer and  t o  t h e  no r t t i  I n  w i n t e r .  A i o a s t a l  
T r a n s i t i o n  alone s e p a r a t e s  t h e  u p w e l l i n g  domain frofn tibe ~ o a s t a l  b o w n w e l l i n ~  
Domain e x t e n d i n g  p o l e w a r a  a l o n g  t h e  A laska  c o a s t  f rom r o u g h l y  54"M o f f  b i x a n  
t n t r a n c e ,  The T r a n s i t i o n  Lone e x t e n d s  from t h e  n o r t h e r n  t i p  of Vancouver I s l a n d  
t o  Dixon t n t s a n c e  and  is d i s t i n g u i s h e d  by low c o a s t a l  r u n o f f ,  t h e  absence  of an 
o f f s h o r e  continental s h e l f  and a  s t r o n g  o f f s h o r e  o c e a n i c  i n f l u e n e e .  The 
h)ow.drrwelliny Domain is c h a r a c t e r i z e d  by s t r o n y  downwel l ing  c o a s t a l  w inds ,  marked 
l a n d - d e r i v e d  r u n o f f  and s t r o n g  l o n g s h o r e  c o a s t a l  c u r r e n t s  (e.g* Royes 19bla, b) .  

The S p r i n g  T r a n s i t i o n  is an a n n u a l  e v e n t  t h a t  marks a r e l a t i v e l y  
a b r u p t  change  fronr w i n t e r  t o  summer w a t e r  p r o p e r t i e s  and c i r c u l a t i o n  over t h e  
c o n t i n e n t a l  margin .  Accord ing  t o  S t r u t )  e t  a l .  ( l 9 8 7 ) ,  t h e  t r a n s i t i o r t  i s  a 
l a r g e - s c a l e  f e a t u r e  e x t e n d i n g  f  ram C a l i f  o r n i a  t o  s o u t h e r n  B r i t i s h  Columbia w i t h  
bongshore  s c a l e s  of  5b0 t o  2UOO km. The t r a n s i t i o n  c o i n c i d e s  w i t h  t h e  r e v e r s a l  
frorri s o u t h e a s t e r l i e s  t o  n o r t h w e s h e l i e s  i n  t h e  p r e v a i l i n g  winds  and t y p i c a l l y  
p r o p a g a b s  From s o u t h  t o  n o r t h  a v e r  a  p e r i o d  of  3 t o  l U  d a y s .  T h i s  poleward  
p r o p a g a t i o n  is e x p e c t e d  t o  t a k e  t h e  forin of  l o n g  c o a s t a l l y - % r a p p e d  waves o r  rimy 
a r i s e  t h r o u g h  a t m o s p h e r i c  t e l e c o n n e c t i o n s .  I n  t h e  fo rmer  c a s e ,  es t i r f ia ted  
p r o p a g a t i o n  s p e e d s  r a n g e  f rom 50 t o  l5O km/day. On t h e  c o a s t o f  t i s i t i s h  
Lolumbia ,  t h e  t r a n s i t i o n  o c c u r s  o v e r  a  one- t o  two-week p e r i o d  sumetime between 
l a t e  Feb rua ry  t o  e a r l y  liay w i t h  c o n s i d e r a b l e  y e a r - t o - y e a r  v a r i a b i l i t y  i n  t h e  
t i m i n g  and i n t e n s i t y  of  t h e  r e v e r s a l .  Fo r  example ,  i n  198.7, o b s e r v a t i o n s  
s u g g e s t  t h a t  t h e  t r a n s i t i o n  o c c u r r e d  i n  mid-Apr i l  w h i l e  i n  L 4 b 3  t h e  t r a n s a t i o n  
a p p e a r s  t o  have  t a k e n  p l a c e  i n  e a r l y  F e b r u a r y .  

I n  a d o i t i o n  t o  t h e  r e v e r s a l  i n  t h e  p r e v a i l i n g  lor lgshore  w inas ,  t h e  
5 p r i  n~  I r a n s i  ti on is accompanied by a  r e v e r s a l  i n  t h e  p r e v a i  l i n g  s i - ) e l f - t r eak  
c u r r e n t s ,  a  l o w e r i n g  of mean c o a s t a l  s e a  l e v e l ,  a  r e - s t r a t i f i c a t i o n  of  t h e  
s h e l f / s l o p e  w a t e r s  and t h e  o n s e t  of u p w e l l i n g  f a v o u r a b l e  c o n d i t i o n s  ove r  t h e  
o u t e r  s h e l f  ( ~ h o m s o n  e t  a l .  1988). The a n n u a l  c y c l e  i n  t h e  s h e l f - b r e a k  c u r r e n t ,  
f rom nor thwes tward  i n  w i n t e r  t o  s o u t h e a s t w a r d  i n  summer, is q u i t e  pronounced  and  
is o b s e r v e d  i n  d i r e c t  c u r r e n t  meter  measurements ,  i n  s u r f a c e  d rogue  s t u d i e s  and 
i n  c a l c u l a t e d  g e o s t r o y h i c  v e l o c i  t y  f i e l d s .  T y p i c a l  s e a s o n a l  v a r i a t i o n s  i n  mean 
s e a  l e v e l  a r e  of  o r d e r  10 ern. The b p r i n g  T r a n s i t i o r l  a l s o  marks an i n c r e a s e  i n  
t h e  buoyancy f l u x  from "i;e e n t r a n c e  o f  Juan  d e  Fuca  S t r a i t  and an  a l t e r a t i o n  i n  
t h e  prirnary buoyancy s o u r c e  d r i v i n g  t h e  Vancouver I s l a n d  C o a s t a l  C u r r e n t .  I n  
w i n t e r ,  t h e  c o a s t a l  c u r r e n t  r e c e i v e s  r e l a t i v e l y  low d e n s i t y  w a t e r  from b o t h  Juan  
d e  Fuca S t r a i t  and r u n o f f  from t h e  mounta in  r a n g e s  of  Vancouver I s l a n d ;  i n  
summer, o n l y  Juan d e  Fuca  S t r a i t  c o n t r i b u t e s  s i g n i f i c a n t l y  Lo t h e  buoyancy f l u x ,  

Based on t h e  above  summary, i t  is clear t h a t  t h e  S p r i n g  T r a n s i t i o r l  
c l e l i n e a t e s  an  i m p o r t a n t  change  i n  t h e  f u n d a m e n t a l  s t r u c t u r e  of  t h e  c o a s t a l  
ocean .  The t imir lq and i n t e n s i t y  of t h e  o n s e t  of  u p w e l l i n g  f a v o u r a b l e  winds  
contbined w i t h  t h e  e s t a h l i s h n r e n t  of en  i n t e n s e  s o u t h e a s t w a r d  f l o w i n g  c u r r e n t  
c e r t t e r e d  o v e r  t h e  s h e l f - b r e a k  anci o u t e r  s h e l f  c o u l d  have  a  s i ~ n i f i c a n t  e f f e c h n  



t h e  c u r r e n t s  and w a t e r  p r o p e r t y  d i s t r i b u t i o n ,  and t h e r e f o r e  on t h e  r e g i o n a l  
f i s h e r i e s .  T h i s  e f f e c t  c o u l d  o c c u r  d i r e c t l y  t h r o u g h  changes  i n  t h e  o c e a n i c  
env i ronmen t  o r  i n d i r e c t l y  t h r o u g h  e f f e c t s  on t h e  d i s t r i b u t i o n  s f  z o o p l a n k t o n  and 
p r e d a t o r  p o p u l a t i o n s .  

F o l l o w i n g  t h e  S p r i n g  T r a n s i " c i o n ,  t h e r e  is a  r a p i d  weakening  of t h e  
A l e u t i a n  Low i n  t h e  Gul f  of  A la ska  and s t r e n g t h e n i n g  of t h e  faorth P a c i f i c  High 
o f f  C a l i f o r n i a ,  T h i s  l e a d s  t o  p r e v a i l i n g  n o r t h w e s t e r l y  winds a l o n g  c e n t r a l  
idor"c America and t o  t h e  e s t a b l i s h m e n t  of a  sumines c i r c u l a t i o n  g a k t e r n  a l o n g  t h e  
c o a s t  o f  Vancouver I s l a i t d ,  I n c r e a s e d  s o l a r  hea t i r l g  l e a d s  t o  i n c r e a s e d  warming 
and  s t r a t i f i c a t i o n  of  t h e  uppe r  $00 m of  t h e  w a t e r  column o v e r  t h e  con t i r - i en t a l  
marg in ,  Upwel l ing  r e s u l t s  i n  t h e  o n s h o r e  movement bf s u b s u r f a c e  s l o p e  w a t e r  
o n t o  t h e  o u t e r  s h e l f ,  l e a d i n g  t o  a n  d e c r e a s e  ( i n c r e a s e )  i n  nea r -ba t tom 
temperatures ( s a l i n i  t y )  w i t h  an  a c c o n ~ p a n y i n ~  d e c r e a s e  i n  d i s s o l v e d  oxyi;en 
l e v e l s .  The c o m b i n a t i o n  of s h e l f - b r e a k  u p w e l l i n y  and n e a r s h o r e  downwel l ing  (due  
t o  t h e  p r e s e n c e  of t h e  ~ ~ o i e w a r d  f l o w i n g  c o a s t a l  c u r r e n t )  ~i ves  r i s e  t o  a  banded 
l o n g s h o r e  s t r u c t u r e  i n  t h e  s u b s u r f a c e  w a t e r  p r o p e r t i e s  o v e r  t h e  c o n t i n e n t a l .  
lnaagin (Leblond e t  ak,  1986 and Thomshan e t  a l e  1 9 b 8 ) .  I n  b a r t i c u l a r ,  t h e  h a t e r  
p r o p e r t i e s  o v e r  t h e  s h e l f  t a k e  on e bowed a p p e a r a n c e ,  w i t h  r e l a t i v e l y  h i g h  
s a l i n i t y ,  low "cmpesa tu re  (hicjh d e n s i t y )  w a t e r  c e n t e r e u  alortg "&he L U i l  m d e p t h  
c o n t o u r  f l a n k e d  by s e k a t i  v e l y  low s a b i n i  t y  , hicjh t e m p e r a t u r e  ( low d e n s i t y )  w a t e r  
o v e r  t h e  o u t e r  and i n n e r  p o r t i o n s  of t h e  s h e l f .  

- 
i he p r e v a i  l i n g  summer c i r c u l a t i o n  o v e r  t h e  c o n t i n e n t a l  niaryin of  

Vancouver I s l a n d  is c h a r a c t e r i z e d  by f o u r  main f e a t u r e s  ( F i g *  4; s e e  a l s o  
Thomson e t  a l e  19813): ( 1 )  The po leward  f l a w i n g  i n n e r - s h e l f  Vancouver I s l a n d  
C o a s t a l  C u r r e n t  e x t e n d i n g  from J u a n  de  Fuca S t r a i t  t o  Brooks  P e n i n s u l a  ( o r  
beyond t o  Queen C h a r l o t t e  ~ o u n d ) ;  ( 2 )  The e q u a t o r w a r d  f l o w i n g  S h e l f - b r e a k  
C u r r e n t  e x t e n d i n g  a l o n g  t h e  e n t i r e  c o a s t  from nor"ce rn  Vancouver I s l a n d  t o  
n o r t h e r n  C a l i f o r n i a ;  ( 3 )  The cyc l -on ic  ( c o u n t e r c l o c k w i s e  r o t a r y )  Juan  de Fuca 
Eddy s i t u a t e d  o v e r  t h e  c e n t r a l  p o r t i o n  of  J u a n  de Fuca Canyon t o  t h e  s o u t h  of La 
P 6 r o u s e  Bank; and  ( 4 )  The g e n e r a l l y  weak c l o c k w i s e  c i r c u l a t i o n  c e n t e r e d  ove r  t h e  
c e n t r a l  p o r t i o n  of  t h e  La P s r o u s e  Bank r e g i o n .  I n  a d d i t i o n ,  t h e r e  a p p e a r s  t o  be 
a  si qn i  f  i c a n t  mean f low component g e n e r a t e d  th rough  r e c t i  f  i c a t i o n  of t h e  s t r o n g  
d i u r n a l  and semi d i u r n a l  t i d a l  c u r r e n t s  t h a t  domina t e  t h e  h igh - f r equency  
v a r i  a b i  l i  t y  o v e r  t h e  c o n t i  n e n t a l  ~ n a r g i  r l .  Mesosca le  e d d i e s  w i  t h  l i  f e s p a n s  of a  
few d a y s  t o  weeks a r e  a l s o  comrnon f e a t u r e s  of  t h e  c o a s t a l  c i r c u l a t i o n  (Eitysak 
1977 ;  Ikeda  e t  a l .  kS)ti4a, b,; Thomson 1984; Thomson and bower 1985;  Denrnan and 
F r e e l a n d  19tr5; Oenman and klackas , pe r so r l a l  communi c a d i  o n )  . 

The Vancouver I s l a n d  C o a s t a l  C u r r e n t  is a  nar row (15 t o  25 km w i d e ) ,  
b a r u c l i n i c  c u r r e n t  f l o w i n 5  o v e r  t h e  i n n e r  h a l f  of t h e  c o n t i n e n t a l  s h e l f  n o r t h  of  
J u a n  de Fuca  S t r a i t .  The c u r r e n t  h a s  t y p i c a l  t ime-ave raged  s p e e d s  i n  e x c e s s  of 
1 0  cm/s a n a  l o n g s h o r e  e x t e n t  of o v e r  151, r t m ,  Although i t  p e r s i s t s  t h r o u g h o u t  
t h e  y e a r ,  t t ~ e  c ~ r r e n t  is rr~ost n o t i c e a b l e  i n  summer when i t  f l o w s  poleward  
c o u n t e r  t o  t h e  p r e v a i l i r l g  winds  f ro r i~  t h e  n o r t h w e s t ,  Lxcept  o v e r  La Pk rouse  
Bank, t h e  c o r e  of t h e  c u r r e n t  a p p e a r s  t o  be c e n t e r e d  n e a r  tire 5U m d e p t h  
c o n t o u r .  i n  suinrries, t h e  c u r r e n t  is f o r c e d  p r i m a r i l y  by ttuoyailcy f l u x  from ~ u a n  
d e  Fuea  S t r a i t  w h i l e  i n  w i n t e r  i t  is f o r c e d  by bo th  c o a s t a l  p r e c i p i t a t i o n  and 
Juan  d e  Pucil d i s c h a r g e ,  S i n c e  i t  o p p o s e s  t h e  p r e v a i l i n g  winas  i n  summer, t h e  
maximum s p e e d  of  ttae c o a s t a l  c u r r e n t  is t y p i c a l l y  found a t  d e p t h s  of  a  few t e n s  





of  m e t r e s  r a t h e r  t h a n  a t  t h e  s e r r f ace  (Thomson e t  a l .  1988). E s p e c i a l l y  s t r o n g  
n o r t h w e s t e r l i e s  ( s p e e d s  i n  e x c e s s  o f  15-28 m/s) a r e  c a p a b l e  of r e v e r s i n g  t h e  
c o a s t a l  c u r r e n t  t o  c o n s i d e r a b l e  d e p t h  f o r  p e r i o d s  of a few d a y s .  

Th roughou t  i ts  l e n g t h ,  t h e  c o a s t a l  c u r r e n t  is s e p a r a t e d  from a 
s e a s o n a l l y - r e v e r s i  bke  S h e l f = - b r e a k  C u r r e n t  by an  a l o n g s h o r e  t s a n s i  t i  on r e g i o n  of 
r e l a t i v e l y  weak and v a r i a b l e  Flow. The t r a n s i t i o n  r e g i o n  is most pronounced  i n  
summer and is  most  e x t e n s i v e  ove r  t h e  broad  s h e l f  seaward  of Ba rk l ey  Sound, I t  
is assummed t h a t  t h e  t r a n s i t i o n  r e g i o n  marks a  d i v e r g e n c e  of t h e  uppe r  layer  
w a t e r s .  The S h e l f - b r e a k  C u r s e n t  i s  an i n t e n s e  wind-dr iven  s o u t h e a s t w a r d  f l ow 
c o n f i n e d  t o  t h e  u p p e r  150 m w i t h  c o r e  s p e e d s  of o r d e r  50 cm/s c e n t e r e d  a v e r  t h e  
o u t e r  s h e l f .  I n  c o n t r a s t  t o  t h e  c o a s t a l  c u r r e n t ,  t h e  s h e l f - b r e a k  c u r r e n t  
r e v e r s e s  s e a s o r a a l l y  i n  r e s p o n s e  t o  t h e  p r e v a i l i n g  winds  a l o n g  t h e  o u t e r  c o a s t *  
The f l o w  is ksedominankly  t o  t h e  s o u t h e a s t  i n  sumnier and "c ttk enothwesb  i n  
w i n t e r .  Flow b e n e a t h  t h e  s h e l f - b r e a k  c u r r e n t  a p p e a r s  t o  be p r i n c i p a l l y  t o  t h e  
n o r t h  i n  r e s p o n s e  t o  o c e a n i c  f low c o n d i t i o n s  o v e r  t h e  c o n t i n e n t a l  s l o p e .  I t  is 
assumed t h a t  t h i s  s u b s u r f a c e  poleward  f l ow o v e r  t h e  c o n t i n e n t a l  s l o p e  r e p r e s e n t s  
t h e  C a l i  foarnia U n d e r c u r r e n t  L x t e n s i  on ,  t h e  nortkwasci brclncl~ of t h e  t a l i  f o r n i  a 
U n d e r c u r r e n t  t h o u g h t  t c  c a r r y  r e l a t i v e l y  warm, low d i s s o l v e d  oxygen w a t e r  
n o r t k w a r ~  o v e r  nluch of  t h e  s l o p e  o f  Nortt-r A ~ n e r i e a  ( d i c k e y  1979; ~drackas et al. 
1987  > . 

bn a d d i t i o n  t o  t h e  marked c r o s s - s h o r e  s t r u c t u r e  of  t h e  s h e l f  
c i r c u l t r t i o n ,  t h e r e  is a n  o b v i o u s  u i s t i n c t i o n  between t h e  c i r c u l a t i o n  t o  t h e  
s o u t h  and n o r t h  of  b a r k l e y  bound. T h i s  s p a t i a l  d i s t i n c t i o n  is empilasized i n  
aumnler when t h e  wind and  r u n o f f  mechanisms p roduce  f l o w s  i n  o p p o s i t e  
d i r e c t i o n s .  The buoyancy d r i v e n  f low emena t ing  from J u a n  de Fuca S t r a i t  l o o p s  
s eaward  o v e r  l a  PBrause  Bank b e f o r e  t u r n i n g  n o r t h w a r d  t o  form t h e  r e l a t i v e l y  
c o n f i n e d  n e a r s h o r e  c u r r e n t  n o r t h  of t h e  Sound,  A second  b ranch  of t h i s  o u t f l o w  
c u r l s  sou thward  t o  form t h e  ~ u a n  d e  Fuca  t d d y  s i t u a t e d  t o  t h e  s o u t h  of t h e  La 
P d r o u s e  Bank r e g i o n .  Looping of t h e  c u r r e n t  e x i t i n g  from J u a n  de Fuca S t r a i t  
l e a d s  t o  a  weak c l o c k w i s e  eddy c e n t e r e d  ove r  t h e  bank. C u r r e n t  me te r  r e c o r d s  
f rom t h e  La P g r o u s e  Bank p r o j e c t  i n d i c a t e  t h a t  n e a r - s u r f a c e  c ross-bank c u r r e n t s  
g r a d u a l l y  i n b e n i  f y  t h r o u g h  t h e  summer s u g g e s t i  ng t h a t  t h e  n o r t h e r n  boundary of 
"8;e J u a n  de Fuca  Eddy s h i f t s  no r thward  o r  t h a t  t h e r e  is an  i n t e n s i f i c a t i o n  of 
o u t f l o w  from t h e  s t r a i t ,  

F a l l  T r a n s i t i o n :  October-November 

The t r a n s i t i o n  From t h e  sumrner t o  w i n t e r  o c e a n i c  reg ime t a k e s  p l a c e  
somet ime be tween O c t o b e r  and November d u r i n g  t h e  f i r s t  major  autumn s t o r m .  A s  
w i t h  t h e  S p r i n g  T r a n s i t i o n ,  t h e  a c t u a l  t i m i n g  and i n t e n s i t y  o f  t h i s  e v e n t  v a r i e s  
i n t e r a n n u a l l y ,  I n  c e r t a i n  y e a r s ,  t h e  t r a n s i t i o n  c a n  o c c u r  a s  e a r l y  a s  l a t e  
Leptentber w h i l e  i n  o t h e r s  ( e e g .  1987)  t h e  t r a n s i t i o n  may t a k e  \-"lace a s  l a t e  a s  
mid-November. b i i f f e r e r r ce s  i n  t i n t i ng  a r e  c l e a r l y  r e l a t e d  t o  t h e  d e g r e e  of s t o r m  
a c t i v i t y  i n  t h e  fkorth P a c i f i c  ano  t o  p o s i t i o n s  of s t o r m  t r a c k s  r e l a t i v e  "c t h e  
c o a s t  of  N o r t h  Amer ica ,  i n  c o n t r a s t  t o  c o a s t a l  r e g i o n s  t o  t h e  s o u t h ,  t h e  F a l l  
T r a r l s i t i o n  a l o n g  t h e  c o a s t  of b s i t i s h  ~ o l u n ~ b i a  a p p e a r s  t o  be a  r e a s o n a b l y  
w e l l - d e f i n e d  e v e n t ,  

The F a l l  T r a n s i t i o n  is ri~arked by a  r e v e r s a l  i n  t h e  p r e v a i l i n g  winds  
aloe!, t h e  c o a s t  and is accompaniesi by a  r e v e r s a l  i n  t h e  s h e l f - b r e a ~  Flow, a n  
a p p r o x i m a t e l y  10 em rise i n  mean c o a s t a l  s e a  l e v e l ,  enhanced  wind and c o n v e c t i v e  
mixiny  of  t h e  s u r f a c e  w a t e r s  and t h e  c e s s a t i o r s  of  u p w e l l i n g .  Though d a t a  a r e  



l i m i t e d ,  t h e  t r a n s i t i o n  a p p e a r s  t o  c o i n c i d e  w i t h  d e c r e a s e d  i n t e g r i  t y  of  t h e  ' ~ u a n  
d e  Fuca  Eddy and enhanced  s t r e n g t h  of t h e  nears!- lore po l eward  f low.  C u r r e n t s  o v e r  
La PZrouse  Bank a r e  d i r e c t e d  more toward  t h e  n o r t h w e s t  and t h e r e  is less 
l i k e l i h o o d  of weak, c o n f i n e d  c i r c u l a t i o n  o v e r  t h e  bank a s  i n  summer. Runoff f rom 
Vancouver l s l a n d  b e g i n s  t o  c o n t r i b u t e  t o  t h e  c o a s t a l  c u r r e n t  which is e x p e c t e d  
t o  be more c o n f i n e d  t o  t h e  n e a r s h o r e  r e g i o n s  a l o n g  t h e  i s l a n d .  

Dur ing  w i n t e r  nionths, t h e  f l ow  is b p i c a l l y  t o  t h e  nort tkwest  ove r  t h e  
e n t i r e  c o n t i n e n t a l  margin  i n  r e s p o n s e  t o  t h e  p r e v a i l i n g  s o u t h e r l y  winds .  
I n c r e a s e d  r u n o f f  from "ce mounta inous  r e g i o n s  o f  Lancouver  I s l a n d  s t r e n g b ~ e n s  
t h e  buoyancy-dr i  ven bancouver  I s l a n d  C o a s t a l  C u r r e n t  whi l e  ati g o r o u s  wind-mi xincj 
tinci convec"cve o v e r t u r n i n c ,  l e a d s  t o  a  d e e p e n i n g  and d e - s t r a t i f i c a t i o n  of t h e  
u p p e r  BOO m o f  t h e  w a t e r  column* D e c e l e r a t i o n  of  t h e  w i n t e r  f low reg ime o c c u r s  
d u r i  rrg b r i e f  m i  d -win t e r  p e r i o d s  when l o c a l  h i g h  p r e s s u r e  systerris anrd 
accompanying  n o r t h w e s t e r l y  winds  b u i l d  o v e r  t h e  o u t e r  c o a s t .  T h i s  a l s o  l e a d s  t o  
s t r o n g  o u t f l o w  winds  from i n l e t s  and  c h a n n e l s  a d j o i n i n g  t h e  c o a s t  and t o  
enhanced  coo l inc j  of  t h e  o c e a n i c  s u r f  a c e  w a t e r s .  

A v a r i e t y  o f  s t u d i e s  f o r  t h e  west c o a s t  c o n f i r m  "ce e x i s t e n c e  o f  
long- te rm v a r i a b i l i t y  i n  t h e  water p r o p e r t i e s  and c i r c u l a t i o n  t h a t  a r e  p a r t l y  
l i n k e d  t o  E l  Nino-Southern Osci L l a t i o n  e v e n t s  (Enf i e l d  and A l l e n  1980;  Thomson 
e t  a l .  1984 ;  Emery and  Hamil ton  1 9 8 6 ;  Mysak 1986;  Taba ta  e t  a l .  1 9 8 6 ) .  A l l  
i n v e s t i g a t i o n s  c o n f i  rrn t h e  p r e s e n c e  of  long- te rm 15-25 y e a r  c y c l e s  i n  t h e  w a t e r  
p r o p e r f i e s  and t h e  i n f l u e n c e  of  major  e q u a t o r i  a 1  e v e n t s  on t h e  m i  d - l a t i  t u d e  
oceanography ( e . g .  l 941 /42 ,  1957/58 and  1982/83) .  I n  a d d i t i o n ,  a t m o s p h e r i c  
p r e s s u r e  and a d j u s t e d  s e a  leve l .  d a t a  s u g g e s t  t h e  p r e s e n c e  of a  q u a s i - s i x  y e a r  
c y c l e  i n  t h e  m i d - l a t i t u d e  v a r i a b i l i t y  (Thomson and  T a b a t a a ,  1981 ;  Mysak ed a l .  
1982 ;  T a b a t a  e t  a l .  1986) ,  The t e m p e r a t u r e  f l u c t u a t i o n s  a t  t h i s  p e r i o d  a r e  
m a r g i n a l l y  s i g n i f i c a n t  and  i t  is d o u b t f u l  i f  t h e r e  a r e  s i g n i f i c a n t  changes  i n  
t h e  f l ow  s t r u c t u r e  a t  t h e s e  p e r i o d s .  

i l a$or  t N S U  e v e n t s  a r e  a c c o n ~ p a n i e d  by s t r e n g t h e n e d  (weakerled) sou t lbe r ly  
( n o r t h e r l y )  w inds  and a  y r e a t e r  b i a s  t o  poleward  t r a n s p o r t  o f  uppe r  ocean  w a t e r  
a l o n g  t h e  c u a s t .  7he combined e f f e c t  of t h e  m o d i f i e d  winds  and  poleward  f low is 
t o  d in r in i sh  t h e  u b w e l l i n g  respor l se  and t o  enhance  t h e  i n t e g r a t e u  t e m p e r a t u r e  of 
tile uppe r  l a y e r .  Lea l e v e l s  r i s e  a s  a r e s u l t  of t n e  t endency  t o  poleward  f l ow  
and  s o u t h e r l y  w inds .  Depending upon t h e  amount of  time-i n t e g r a t e d  r u n a f  f  
e n t e r i n g  t h e  c o a s t a l  zone ,  s u r f a c e  s a l i n i t i e s  can  be e x p e c t e d  t o  i n c r e a s e  a s  
more s a l i n e  w a t e r  is rnoved n o r t h w a r a  w i t h  t h e  meall c i r c u l a t i o n .  

T h i s  s e c t i o n  r e v i e w s  t h e  b i o l o g i  c a l  p r o d u c t i o n  c h a r a c t e r i s t i c s  and 
s e a s o n a l  movements of some of t h e  dominant  f i s h  and i n v e r t e b r a t e  s p e c i e s  o f f  t h e  
l ower  west. c o a s t  of Vancouver I s l a n d ,  and c o n s i d e r s  how i n t e r a n n u a l  v a r i a t i o n s  
i n  t h e  i n t e n s i t y  and t i m i n g  of s e a s o n a l  e v e n t s ,  and changes  i n  p r e d a t o r  ana  p r e y  
d i s t r i b u t i o n s  may a f f e c t  mar ine  s u r v i v a l  and ,  hence ,  r e c s u i  t m e n t ,  



The e x t a n t  d a t a  on p k ~ y t o p l a n k t o n  a n e  z o o p l a n k t o n  biomtiss a r e  n o t  
e x t e n s i v e  enough t o  c l e a s k y  cref ine t h e  s e a s o n a l  v a r i a b i l i t y ,  Let a the 
~ n t e r a n r i u a l  v a r i a b i l i t y  o f  t h e  p r o a u c t ~ o n  c y c l e  o f f  t h e  west c o a s t  of Vancouver 
k s l a n a .  Urle of  t h e  key ~ t a ~ e c t i v e s  of t h e  La PtSrouse P r o j e c t  is t o  a s s e m b l e  s u c h  
a t i m e  series. The f r i i g n ~ e n t a r y  b i t s  of information t h a t  e x i s t  i n d i c a t e  t h a t  t h e  
sprir-19 p h y t o p l a n k t o n  blooni b e ~ i n s  i n  Ibte biarch-eiisly A b r l l .  The r i u k r l e i l t s  
s u p p o r t i n g  t h b s  bloom t e n d  t o  be e x h a u s t e d  q u i t e  q u i c k l y ,  b u t  a r e  r e p l e n l s h e a  by 
uywe l l i n i ,  which b e g i n s  i n  l a t e  May, Consequen t ly  t h e r e  may be two peaks  i n  
zooplar lk ton  abundance:: one  f o l l o w i n g  t h e  s p r i n g  bloom and a s e c o n a  i n  June 
( F i g .  5 ) .  The most a b u n a a n t  copeyous  i n  t h e  area i n  t h e  s p r i n g  are l a r ~ e  bod ied  
fo rms  s u c h  a s  C a l ~ n u s  and  Neoca l anus  s p y , ;  i n  summer, t h e  dominant  e o p e p o a s  are 
n e r i t i c  Forms l i k e  A c a r t i a  asld spp .  E u y h a u s i i d s  a r e  a l s o  L o c a l l y  
a b u n d a n t  ( 3  t o  80 g /sq .  m). E.  - s t h e  dominant  s p e c i e s  o f f  t h e  west 
c o a s t  o f  Vancouver I s l a n d :  i t  is a n  o c e a n i c  form which t e n d s  t o  spawn 
i n t e r n i i t t e n t l y  from e a r l y  May t o  Septeniber  i n  r e s p o n s e  t o  p l a n k t o n  b ~ b o m s  
( F u l t o n  e t  a l ,  1982) .  E. grows r a p i d l y  f o l l o w i n g  t h e  s p r i n ~  b l o m  a t  a 
s e t e  of a b o u t  1.5% o f  tGe body we igh t  p e r  day. 

The s p r i n g  t r a n s i t i o n  marks a p e r i o d  when P a c i f i c  h e r r i n g ,  P a c i f i c  
hake ,  and  s a b l e f i s h  spawn and t h e  a d u l t s  of t h e  two fo rmer  s p e c i e s  b e g i n  
m i g r a t i n g  back t o  t h e  summer f e e d i n g  grounds .  H e r r i n g  r e a c h  t h e i r  l o w e s t  l e v e l  
of  abundance  on t h e  o f f s h o r e  banks  i n  Piarch; o n l y  t h e  p r e - r e c r u i t s  occupy t h e  
banks  t h e n  s i n c e  t h e  a d u l t s  are i n s h o r e  n e a r  t h e  spawning  g rounds  (Fi.9, 6 ) ,  
P a c r f i c  hake  spawn o f f  s o u t h e r n  a n a  t l a j a  C a l i f u r n i a  fsorn J a n u a r y  t o  i . ~ a r c h ,  aria 
t h e n  b e g i n  t h e i r  po l eward  n i i y r a t i o n  back t o  t h e  r i c h  f e e d i n g  g rounos  o f f  t h e  
bower WCVL. By e a r l y  March t h e  main bouy of hake  is o f f  Scin F r a n c i s c o  (37"1\8), 
and  p r o g r e s s e s  no r thward  a t  an  a v e r a g e  s p e e d  of 16-18 km/day. A t  t h i s  s a t e  of 
auvanee  hake  would n o t  keep  pace  w i t h  t h e  s p r i n g  t r a n s i t i o n  (which p r o p o ~ a t e s  
po l eward  a t  a r a t e  o f  50 -150 krn/a) b u t  w o u l ~  l a g  tjehirrd a l lowlny ,  t h e  
development  o f  e u p h a u s i i a  s t o c k s  a l o n g  t h e  r o u t e .  S a b l e f i s h  spawn from 
January-March o v e r  t h e  continental s l o p e .  T h e i r  e g s s  and l a r v a e  a r e  rr~ost 
a b u n o a n t  a t  d e p t h s  ~ r e a t e r  t h a n  40ti m; h a t c h i n g  a n o  i n i t i a t i o n  of  f e e d i n 5  o c c u r s  
a t  d e p t h  i n  l a t e  F e b r u a r y  t o  mio-March. The l a r v a e  m i g r a t e  t o  t h e  s u r f a c e  
w a t e r s  l a t e  i n  t h e  y o l k  s a c  s"cf,e ( m i a - l a t e  s arch), rvteasuren,ents a r e  c u r r e n t l y  
beincj made t o  t e s t  t h e  p o s s i b i l i t y  t h a t  f a v o u r a b l e  oce&nograph ic  c o n a i t i o n s  
enhance  t h e  amount of food  a v a i l a b l e  t o  s a b l e f i s h  l a r v a e ,  an0  i n c r e a s e s  t h e i r  
s u r v i v a l  ra te  (WcFar lane  and  t l e a ~ n i s h  1986). 

The seaward  m i g r a t i o n  o f  P a c i f i c  salmon b e g i n s  a round  t h e  time of t h e  
S p r i n g  T r a n s i t i o n .  On t h e  West Coas t  of  Vancouver I s l a n d ,  sockeye  s m o l t s  e n t e r  
A l b e r n i  i n l e t  and f i r s t  a p p e a r  i n  B a r k l e y  Sound i n  l a t e  A p r i l .  By mid-June t h e y  
have  l a r g e l y  l e f t  B a r k l e y  Sound and have  begun t h e i r  po leward  m i g r a t i o n  a l o n g  
t h e  e a s t e r n  b u n d a r y  of  t h e  Gul f  of  A la ska .  I n  c o n t r a s t  t o  t h e  sockeye  and coho 
j u v e n i l e s ,  which move o u t  o f  B a r k l e y  Sound q u i c k l y ,  j u v e n i l e  ch inook renlain 
i n s h a r e  t h r o u g h o u t  t h e  summer and move t o  t h e  o f f s h o r e  banks  i n  November. T h i s  
ch inook  s t o c k  may have  s u s t a i n e d  heavy p r e d a t i o n  l o s s e s  from P a c i f  ic  n ~ a c k e r e l ,  
which  were u n u s u a l l y  abundan t  i n  B a r k l e y  Sound i n  t h e  summers of 1983 and  1984 
(Ashtbn  et  a l .  1 9 8 5 ) .  
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SUMMEK PERIOD 

C o n t i n e n t a l  S h e l f  

The summer c i r c u l a t i o n  p e r i o d  (May-Qctober)  i s  c h a r 8 c t e r i z e d  a s  a time 
o t  mode ra t e  t o  h i g h  z o o p l a n k t o n  b iomass  and p r o d u c t i o n ,  and is t h e  main f e e a r n y  
p e r i o d  f o r  most o f f s h o r e  f i s h  s p e c i e s ,  p a r t i c u l a r l y  h e r r i n g  and hake.  u u s i n g  
Play, dbne aibd d u l y  t h e  h i g h e s t  a v e r a g e  b iomass  of z o o p l a n k t o n  is a s s o c i a t e d  wbth 
t h e  J u a n  de  Fuca  Loay ( F i g .  5 ) .  Zoop lank ton  c o n c e n t r a t i o n s  d e c l i n e  s h a r p l y  I n  
t h i s  r e g i o n  i n  Augus t ,  t h e r e a f t e r ,  t h e  h i ~ h e s t  z o o p l a n k t o n  c o n c e n t r a t i o n s  a r e  
found on t h e  o u t e r  s h e l f  (Reg ion  A ,  F i g .  5 ) .  t l u p h a u s i i o s  are p a r t l e u l a s l y  
abundan t  aLong t h e  n o r t h e r n  f l a n k  of t h e  Juan  d e  Fuca eddy and t h e  s h e l f - b r e a k .  
I n  c o n t r a s t ,  zooplar?kton c o n c e n t r a t i o n s  t e n d  t o  be low o v e r  t h e  i n n e r  bartks and 
c o n s i s t  o f  a  h igh  p r o p o r t i o n  of s m a l l  bod ied  fo rms .  

In  summer, h e r r i n g  from t h e  lower  west c o a s t  o f  Vancouver I s l a n d  s t o c k  
a r e  c l i s t r i b u h d  pyriniarily o v e r  La PBrouse bank and t h e  nea rby  b a s i n s ,  o u t  t o  t h e  
s h e l f - b r e a k  (200  m i s o b a t h )  . They a r e  p a r t i c u l a r l y  abundant  a l o n g  t h e  e a s t e r n  
e d g e  o f  t h e  100  rn i s o b e t h  ( F i g .  7 ) .  Some c o m p o n e n b  of  t h i s  s t o c k  may remain  
o f f s h o r e  u n t i l  a  j u s t  a few weeks b e f o r e  spawning (March) ,  Ln c o n t r a s t ,  h e r r i n g  
spawning  i n  t h e  l ower  S t r a i t  o f  G e o r g i a  ( l o w e r  e a s t  c o a s t  s t o c k ) ,  t e n d  t u  be 
d i s t r i b u t e d  s o u t h  of t h e  US-Canada b o r d e r  ( T e s t e r  1948).  T h i s  s t o c k  l e a v e s  t h e  
summer f e e d i n g  g rounds  f o r  o v e r w i n t e r i n g  a r e a s  i n  t h e  l ower  5"r;sai.t of G e o r g i a  i n  
November. j u v e n i l e  h e r r i n g  ( 0 )  b e g i n  moving o u t  of  B a r k l e y  Sound f o r  t h e  
o f f s h o r e  banks  and b a s i n s  i n  l a t e  summer ( t i a r t  1 9 7 3 ) .  

P a c i f i c  hake  b e g i n  a r r i v i n g  o f f  ttie lower  west c o a s t  Vancouver i s l a n d  
( W C V I )  i n  j u n e  when t h e  summer c i r c u l a t i o n  p a t t e r n  is well e s t a b l i s h e d .  The 
m i g r a t o r y  s t o c k  of  hake is norma l ly  p r e s e n t  i n  l a r g e  q u a n t i t i e s  from mid-June t o  
l a t e  U c t o b e r ;  t h e  h i g h e s t  c a t c h e s  t y p i c a l l y  o c c u r  i n  August  (beamish  1 9 8 1 ) .  
Major  c o n c e n t r a t i o n s  a r e  found a l o n g  t h e  n o r t h e r n  e d ~ e  of t h e  J u a n  ae Fuca i d d y  
and  from t h e  1 0 0  m i s o b a t h  o u t  t o  t h e  s h e l f - b r e a k  ( ~ i g .  8 ) .  6 0 t h  a r e a s  have  
h i g h  s t a r r d i n g  s t o c k s  of  e u p h a u s i i d s  and s n l a l l e r  z o o p l a n k t o n ,  s o  t h e  sumn~er 
d i s t r i b u t i o n  of  hake  t e n d s  t o  niatch t h e  d i s t r i b u t i o n  of e u p h a u s i i d s .  The hake  
d i s t r i b u t r o r ~  a l s o  o v e r l a p s  componerlts of  t h e  o f f s h o r e  h e r r i n g  s t o c k s  t h a t  a r e  
s c a t t e r e d  o v e r  t h e  i n n e r  b u s i n s  and o u t e r  s h e l f .  

With r e s p e c t  t o  t h e  theme of  t h i s  r e c r u i t m e n t  workshop,  one of t h e  
main i d e a s  b e l n g  t e s t e d  w i t h i n  t h e  c o n t e x t  of t h e  La PBrouse  P r o j e c t  is t h a t  t h e  
s u r v i v a l  of b o t h  p r e - r e c r u i t  and  a d u l t  h e r r i n g  is determines l a r g e l y  by t h e  
amount of  s p a t i a l  a n a  t e m p o r a l  o v e r l a p  i n  t h e  h e r r i n g  d i s t r i b u t i o n  f i e l a  w i t h  
t h e  f i e l d s  of t h e i r  main o f f s h o r e  p r e d a t o r s ,  l i k e  hake ,  d u r i n g  t h e  summer and  
f a l l .  L n t e r a n n u a l  v a r i a t i o n s  i n  t h e  amount and d u r a t i o n  of  o v e r l a p  i n  t h e  p r e y  
a n d p r e d a t o r  f i e l d s  a r e  p r o b a b l y  r e l a t e u  t o  o c e a n i c  c o n d i t i o n s  and a r e  b e l i e v e d  
t o  be r e s p a n s i b l e  f o r  s i g n i f i c a n t  v a r i a t i o n s  i n  p r e d a t i o n  l o s s e s .  P r e l i m i n a r y  
e s t i m a t e s  by b a r e  and  McFar lane  (1986) i n d i c a t e  t h a t  o f f s h o r e  p r e d a t o r s  have t h e  
p o t e n t i a l  t o  remove c o n s i d e r a b l e  numbers of p r e - r e c r u i t  h e r r i n g  and ,  on a v e r a g e ,  
be tween 30-50% of t h e  b iomass  of a d u l t  h e r r i n g .  Wi th in  t h i s  r a n g e  t h e r e  is same 
c i r c u m s t a n t i a l  e v i d e n c e  t h a t  t h e  p r e d a t i o n  r a t e  may be h i g h e r  i n  warm summers. 

Two s p e c i f i c  evenues  a r e  b e i n g  e x p l o r e d  t o  e v a l u a t e  t h i s  i d e a :  The 
f i r s t  q u e s t i o n  is why is t h e r e  a  s i g n i f i c a n t  b iomass  of  hake o f f  t h e  l ower  
W C V Z ?  kde b e l i e v e  t h e  answer  is because  t h e  s u r f a c e  o u t f l o w  from J u a n  de Fuca 
t e n d s  t o  c o n c e n t r a t e  s i g n i f i c a n t  n u n ~ b e r s  of e u p h u a s i i d s  i n  a band between t h e  







e d 5 e  of t h e  i n n e r  h a r k s  (100  rn i s o b a t i i )  and  t h e  o u t e r  edge  of t h e  JUMO de Fuca 
Lddy. M h y d r o - a c o u s t i c  s u r v e y  by Yvan Lbniard arid liave I'iackas i n  June  aria 
Augus t ,  l9MS e s t a b l i s h e d  tha-here were h i g h  c o n c e n t r a t i o n s  of e u p h a u s i i d s  i n  
t h i s  a r e a  which e x t e r ~ d e d  a c r o s s  t h e  s h e l f ,  and t h e n  nor"cward i n  a nar row b m d  
alonc,  t h e  s h e l f  b r e a k ,  Ltave blackas h a s  s u g g e s t e d  t h a t  t h e  equa to rward  f l o w  of 
t h e  S h e l f - b r e a k  C u r r e n t  may " c a n s p o r t  e u p h a u s i i d s  from t h e  n o r t h e r n  p a r t  s f  
Vancouver I s l a n d ,  a l o n g  t h e  s h e l f - b r e a k  and i n t o  t h e  v i c i n i t y  of t h e  J u a n  de 
Fuca Lddy ( t h e  l a t t e ?  p a r t  of t h i s  t r a n s p o r t  mechanism has  y e t  t o  be  
c l a r i f i e d ) .  A s  we n o t e d  above  t h e r e  seems t o  be a l m o s t  a p e r f e c t  o v e r l a p  i n  t h e  
e u p h a u s i i d  and hake a i s t r i b u t i o n  f i e l d s .  T h i s  o v e r s i m p l i f i e d  p i c t u r e ,  however,  
i s  c o m p l i c a t e d  by v a r i a t ~ o n s  i n  t h e  s p e e d  and d i r e c t i o n  s f  t h e  c ros s -bank  
c u r r e n t s  which may move, o r  " cmpora r i l y  b reak  up t h e  e t i p h a u s i i d  c o n c e n t r a t i o n s .  
T h i s  may e x p l a i n  why t h e  hake  c o n c e n t r a t i o n s  p e r i o d i c a l l y  " m e l t  a w a y ' 9 u r i r i g  t h e  
summer and become h i g h l y  d i s p e r s e d  i n  a g g r e g a t i o n s  t h a t  c a n n o t  be f i s h e d  
p r o f i t a b l y .  b b r i n g  t h i s  d i s p e r s e d  phase  hake  may be a c t i v e l y  s e a r c h i n g  f o r  
f o o d ,  Bteasurements w i l l  be made t o  s e e  i f  h e r r i n g  have  a h i g h e r  r i s k  of hake  
p r e d a t i o n  when t h e  a i r e c t i o n  and i n t e n s i t y  of  t h e  c r o s s - s h e l f  c u r r e n t s  changes .  

The second  q u e s t i o n  is why a r e  h e r r i n g  c o n c e n t r a t e d  a l o n g  t h e  s o u t h e r n  
and e a s t e r n  e d g e s  of %he i n n e r  banks?  S u r v e y s  a r e  b e i n g  d e s i g n e d  t o  d e t e r m i n e  
i f  t h e  c r o s s - s h e l f  c u r r e n t s  t e n d  t o  c o n c e n t r a t e  copepods  and e u p h a u s i i d s  a l o n g  
t h e  s o u t h e r n  e d g e s  of t h e  banks ,  I n  a d d i t i o n ,  i t  seems p o s s i b l e  t h a t  u n a e r  
f a v o u r a b l e  c o n d i t i o n s  u p w e l l i n g  may l i f t  z s o j ~ l a r l k t o n  up o n t o  t h e  e a s t e r n  marg ins  
of  t h e  banks ,  P a r t  of t h e  r e a s o n  hhy t i e r r i n g  a r e  d i s t r i b u t e d  t h e  way t h e y  a r e  
i n  t h e  summer, t h e r e f o r e ,  may be d e t e r m i n e d  by t h e  d i s t r i b u t i o n  of t h e  b l d n k t o n ,  
( f i g .  5 ) ;  a n o t h e r  p i e c e  of t h e  p u z z l e  may i n v o l v e  o f f s h o r e  p r e d a t o r s .  b i n c e  
b o t h  t h e  p l a n k t o n  a n a  p r e d a t o r s  a r e  more abundan t  o v e r  t h e  i n n e r  s h e l f  b e s i n s ,  
t h e  surrlnrer o i s t r i b u t i o n  of  h e r r i n g  nlay r e f l e c t  a  t r a a e - o f f  t h a t  h a s  been 
s e l e c t e d  "E p r o v i d e  a d e q u a t e  f e e d i n g  o p p o r t u n i t i e s  w i t h  miriinkal p r e d a t i o n  r i s k .  

The p r o c e s s e s  t h a t  we s u s p e c t  a r e  i m p o r t a n t  f o r  c o n c e n t r a t i n c ,  p la r ik ton  
a l o n g  t h e  e d g e s  of t h e  i n n e r  banks ,  may a l s o  e x p l a i n  t h e  o f f s h o r e  d i s t r i b u t i o n  
o f  j u v e n i l e  coho a n a  ch inook  sa lmon.  The d i s t r i b u t i o n  of l a r g e  ch inook ,  n o t  
s u p r i s i n g l y ,  seems t o  match some of t h e  main c o n c e n t r a t i o n s  of h e r r i n g .  

C o a s t a l  C u r r e n t  

The Vancouver I s l a n d  C o a s t a l  C u r r e n t  is a narrow, poleward  f l o w i n g  
r e g i o n  of low d e n s i t y  w a t e r ,  bounded by a zone  of downwell ing a t  t h e  i n n e r  edge  
of t h e  s h e l f ,  t h i s  may be an i m p o r t a n t  f e a t u r e  which b l o c k s  t h e  c r o s s - s h e l f  
t r a n s p o r t  and s u c c e s s f u l  r e c r u i t m e n t  of Dungeness  c r a b  o f f  t h e  lower  west c o a s t  
o f  Vtineouver I s l a n d .  Jamieson  e t  a l e  (1988) found t h a t  c r a b  megalopae were  
a b u n d a n t  a l o n g  t h e  o u t e r  boundary of t h e  c o a s t a l  c u r r e n t  and seaward  o u t  t o  180 
km i n  Pray and  j u n e  1 9 8 5 ;  bclt were n o t  abundan t  i n  n e a r s h o r e  w a t e r s .  They 
s p e c u l a t e  t h a t  s u c c e s s f u l  r e c r u i t m e n t  ( i . e .  s e t t l e m e n t )  o f  c r a b  l a r v a e  a l o n g  t h e  
l ower  west c o a s t  may o n l y  o c c u r  when t h e  c o a s t a l  c u r r e n t  is weak. When t h e  
c o a s t a l  c u r r e n t  is s t r o n g ,  which it  no rma l ly  seems t o  be,  t h e y  s p e c u l a t e  t h a t  i n  
surnlner t h e  S11el f -break  C u r r e n t  may c a r r y  c r a b  megalope southward  o f f  Washington 
where  some may e v e r l t u a l l y  s e t t l e ,  There  is no c o a s t a l  c u r r e n t  o f f  Washin5ton 
arm t h e  megalopae a r e  abundan t  t h e r e  r i g h t  t o  t h e  c o a s t .  The r e a s o n  why rr!aJor 
c r a b  r e c r u i t m e n t s  seem t o  o c c u r  f o l l o w i n g  t h S U  p e r i o d s  o f f  t h e  lower  kLV1 may be 
a s s o c i a t e a  w i t h  an  i n c r e a s e d  n o r t h e r l y  t r a n s p o r t  of c r a b  l a r v a e  frorti 
W a s h i n ~ t o n ,  Some of t h e s e  l a r v a e  may De e n t r a i n e d  by t h e  c o a s t a l  c u r r e n t  and 



c o n s e q u e n t l y  make t h e i r  way sho reward ,  The s t r e n g t h  of t h e  c o a s t a l  c u r r e n t  
v a r i e s  i n t e r a n n u a l l y  i n  r e s p o n s e  t o  v a r i a t i o n s  i n  w inds ,  c o a s t a l  r u n o f f  and t h e  
o u t e r  s h e l f - s l o p e  c i r c u l a t i o n ,  

The c o a s t a l  c u r r e n t  may a l s o  be an i m p o r t a n t  t r a n s p o r t a t i o n  c o n d u i t  
f o r  j u v e n i l e  s o c k e y e  salnlon (Ihomson et  a l ,  1 9 8 8 ) ,  H a r t t  and  B e l l ' s  (1986) 
a n a l y s i s  of p u r s e - s e i n e  c a t c h e s  i n d i c a t e s  t h a t  j u v e n i l e  s o c k e y e ,  chum and p i n k  
salrr~on were c a u g h t  i n  t h e  S t r a i t  o f  Juan  de Fuea and o f f  "c~e W G V l  front 
June -Sep t / l i c t .  The d a t a  a r e  n o t  e x t e n s i v e  enough t o  r e s o l v e  t h e  o f f s h o r e  
d i s t r i b u t i o n ,  b u t  t h e  MASS P r o j e c t  is t e s t i n c j  t h e  p o s s i b i l i t y  t h a t  t h e  co ; l sh .k  
c u r r e n t  Fray be u s e d  p r e f e r e n t i a l l y  by no r thward  mig ra t inc ,  s o c k e y e  salmon 
j u v e n i l e s ,  I t  is n o t c l e a r  what happerts t o  tkle c o a s t a l  c u r r e n t  i n  t h e  v i c i n i t y  
o f  Brooks  P e n i n s u l a  which p r e s e n t s  a  major  b a r r i e r  t o  t h e  f l ow-  Cross - s l l e l f  
f ~ l a n ~ e r r t s  a r e  forrrled i n t e r m i t t e n t l y  by u p w e l l i n 5  n o r t h  of b r o o k s  Peninsiaba and  
t e n d  t o  move of fs t - lore  o r  sou t !~wt l t a  alonc, t h e  o u t e r  s h e l f  a t  speecis of 15-7U 
cm/sec. These fea t i - l res  i n k r r u p t  t h e  c o a s t a l  c u r r e n t  and niay p o s e  a s i g n i f i c a n t  
b a r r i e r  t o  m i g r a t i n g  j u v e n i l e  salrnori. E?ost i i ~ a r i r ~ e  n io r t i i l i t y  of salnion is 
b e l i e v e d  t o  o c c u r  i n  t h e  f i r s t  6-18 months of s e a  l i f e ,  and is h i ~ h l y  
s i z e - s e l e c t i v e .  The most p r o b a b l e  s o u r c e s  of  m o r t a l i t y  of m i g r a t i n 5  Quven i l e  
s o c k e y e  salmon a r e  mar ine  f i s h  ( l i k e  hake ,  d o g f i s h ,  sa lmon,  r o c k f i s h  e t e . ) ,  a n d  
b i r d s .  Sockeye  salmon a r e  a  comnlon p rey  of Kh inoce rous  a u k l e t s  i n  t h e  summer 
n e a r  t h e  n o r t h e r n  t i p  o f  Vancouver I s l a n d  (Vermeer and  West rhe im 19882). A md l~or  
o b j e c t i v e  of  t h e  MASS P r o j e c t  is t o  i d e n t i f y  t h e  s i g n i f i c a n t  s o u r c e s  of  
m o r t a l i t y ,  and t o  q u a n t i f y  t h e  r e l a t i v e  l o s s e s  s u s t a i n e d  d u r i n g  t h e  1-2 months 
s o c k e y e  j u v e n i l e s  t a k e  t o  m i g r a t e  a l o n g  t h e  WCVI. 

The c o a s t a l  c u r r e n t  may a l s o  be a  s i g n i f i c a n t  f a c t o r  d e t e r m i n i n g  which 
r o u t e  F r a s e r  R i v e r  Sockeye  salmon t a k e  i n t o  t h e  S t r a i t  o f  Georg i a .  T h i s  is a n  
i m p o r t a n t  c o n c e r n  of  UFO p e r s o n n e l  r e s p o n s i b l e  f o r  rrianaging t h e  commerciab 
f i s h e r i e s .  The problem is t h a t  t h e r e  is s i g n i f i c a n t  i n t e r a n n u a l  v a r i a b i l i t y  i n  
t h e  f r a c t i o n  of  F r a s e r  R i v e r  Sockeye  t h a t  r e t u r n  a round  t h e  n o r t h e r n  end of 
Vancouver I s l a n d  t h r o u g h  J o h n s t o n e  S t r a i t  ( t h e  n o r t h e r n  d i v e r s i o n )  compared t o  
t h e  f r a c t i o n  t h a t  no rma l ly  r e t u r n s  v i a  t h e  s o u t h e r n  r o u t e  t h r o u g h  J u a n  de Fuca 
S t r a i t ,  Whet is p a r t i c u l a r l y  d i s t u r b i n g  is t h a t  t h e  d i v e r s i o n  r a t e s  have been 
u n u s u a l l y  h i g h  s l r l c e  1978 ( F i g .  9 ) .  I n  a  contyrehens ive  s t u d y ,  Hami l ton  (198.5) 
fourtd a significant c o r r e l a t i o n  between t h e  n o r t h e r n  d i v e r s i o n  r a t e  arto t h e  
t e r l ~ y e r a t u r e  change  i n  t h e  c o a s t a l  w a t e r s  o f f  t h e  WCVI d u r i n g  t h e  bas"c8 months 
of t h e  selrr ion 's  ocean  r e s i d e n c e .  S t r o n g  t e m k e r a t u r e  e h a n c ~ e s  n o r ~ n a l l y  accompany 
l a r ~ e  ENSU e v e n t s ,  and  l a r g e  r lor therr l  d i v e r s i o n s  have  o c c u r r e d  a f t e r  t h e s e  
e v e n t s  ( e .y ,  1 9 1 5 ,  1926 ,  1958 ,  1 9 8 5 ) .  I ramilkon s p e c u l a t e d  t h a t  ucean  
t e r l i ye ra tu re s  c o u l o  a f f e c t  t h e  d i s t r i b u t i o n  of  sa lmon,  and  i f  t h e  nurnber of f i s h  
u s i n l j  t h e  n o r t h e r n  r o u t e  is enhanced  unues  t h e s e  c u n d i t a o n s  t h e n  warrtier 
t e r r ~ p e r t i t u r e s  woula l e a d  t o  a  h i g h  d i v e r s i o n  t h r o u g h  Johns to r l e  S t r a i t .  T h i s  
e x p l t l n a t l o n  a c c o u n t s  f o r  a b o u t  33% of tiie v a r i a n c e ,  which is encouraging, b u t  i t  
d o e s  n o t  e x p l a i n  why t h e  d i v e r s i o n  r a t e  was low d u r i n g  t h e  warm y e a r s  of 2941,  
1 9 6 3  and  1967 ;  n o r  why i t  was s o  h l g h  d u r i n y  1972 ,  which was nrore o r  less a 
nornlal  y e a r ,  Ano the r  f t l c t o r  t h a t  [night  e x p l a i n  t h e s e  anon la l i e s  is t h e  i n t e ~ r i t y  
of  t h e  Vancouver l s l a r l d  C o a s t a l  C u r r e n t ,  which i n  sumnier is f r e q u e n t l y  p r e v e n t e d  
f rom r o u n d i n g  b r o o k s  P e n i n s u l a  by t h e  equa to rward - f lowing  S h e l f - b r e a k  C u r r e n t .  
The l a r g e  c r o s s - s h o r e  c u r r e n t  s h e a r s  c r e a t e d  i n  t h i s  nar row s h e l f  r e g i o n  by t h e  
o p p o s i n g  s h e l f - b r e a k  and c o a s t a l  c u r r e n t  reginlev l e a d s  t o  f l ow  i n s t a b i l i t y  and 
t h e  f o r m a t i o n  of seaward  p e n e t r a t i n g  f i l a m e n t s .  Assuming t h a t  t h i s  b lockage  of 
t h e  c o a s t a l  c u r r e n t  is a quas i -permanent  f e a t u r e  of  t h e  Brooks  P e n i n s u l a  r e g i o n  
i n  summer, t h e n  i n  warm ENSO e v e n t  y e a r s  when t h e  sockeye  make a  l a n d f a l l  r i o r th  





of t h e  peninsula they  may s e n s e  a  weak F r a s e r  H l v e r  s l y r w l  comir- i~ o u t  of (;ueen 
C h a r l o t t e  Sound and f o l l o w  it t h r o u g h  J o h n s t o n e  S t r a i t .  Conve r se ly ,  i n  rlurrrlel 
y e a r s  when t h e y  make a  l a n d f a l l  s o u t h  of  t h e  g e r l i n s u l a  o r  i n  y e a r s  when t h e  
c o a s t a l  c u r r e n t  is pa r "c i cu l a r ly  s u c c e s s f u l  i n  n e g o t i a t i n g  Brooks  P e n i n s u l a ,  
soc l teye  may s e n s e  F r a s e r  R i v e r  w a t e r  i n  t h e  c o a s t a l  c u r r e n t  and f o l l o w  k t  

sou thward  t h r o u g h  Juan  de  Fuca*  Al though t h e  n o r t h e r n  a i v e r s i o n  problem d o e s n ' t  
a p p e a r  t o  a f f e c t  t h e  mar ine  s u r v i v a l  and r e c r u i t m e n t  of  F r a s e r  H i v e r  sockeye ,  i t  
merits ment ioni r lg  h e r e  b e c a u s e  i t  provlc ies  a  c l e a r  example of how changes  i n  
o c e a n i c  c u n d i t i o n s  can  a l t e r  salmon m i y r b t i o n  r o u t e s ,  
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The F a l l  I r a n s i t i o n  may be a  sou thward  p r o g s e s s i n y  e v e n t  c o r r e s p o n d i n g  
w i t h  a r e v e r s a l  of t h e  c o a s t a l  wind p a t t e r n s ,  which niarks t h e  errd o f  t h e  
upwel l . ing  s e a s o n  and t h e  Ltegirrniny of  t h e  downwell i i  tg s e a s o n .  Dur ing  t h i s  
y e r i o u  tmth  t h e  zooi~lkrnkton  ( F i q .  5)  and i l e r r i n g  ( F i 9 .  LO) seen1 t o  be rnc~re 
a b u n d a n t  on t h e  o u t e r  s h e l f  t h e n  they  were i n  t h e  sumri~er. T h i s  terlderiey may be 
r e l a t e d  t o  t h e  f a c t  t h a t  t h e  s t r e a r ~ t h  uf t h e  c r o s s - s h e l f  f low i n c r e a s e s  
t t r roughou t  t h e  sumrrier and  r e a c h e s  maximiurn s t r e n g t h  jus-r ior  t o  t h e  Fa l l .  
T r a n s i t i o n .  S h e r e  is some j.r~diea"con t h a t  hake  a r e  a l s o  more eonce r~ t r t l t e r i  a l u n y  
t h e  o u t e r  s h e a f  i n  t h e  f a l l ,  Thus h e r r i n g  may be p a r t i c u l a r l y  vu l r l e sab l e  "io 
hake  p r e d a t i o n  i n  t h e  l a t e  summes-fal l  p e r i o d ,  when t h e r e  is p o t e n t i a l l y  t h e  
g r e a t e s t  o v e r l a p  i n  t h e i r  d i s t r i b u t i o r r s .  Some hake  b e g i n  m i g r a t i n g  s o u t h  i n  
O c t o b e r  b u t  t h e  a v a i l a b i l i t y  of hake  to bot tom and mid-water t r a w l s  does  n o t  
u s u a l l y  d r o p  s h a r p l y  u n t i l  November ( A l v e r s o n  and L a r k i n s  1 9 6 9 ) ,  wherr t h e  main 
boay o f  f i s h  m i g s a t e s  sou thward ,  presumably  i n  t h e  e q u a t o r w a r d  Flowing  
C a l i f o r n i a  C u r r e n t  ( B a i l e y  et  a l .  1 9 8 2 ) .  I n  1987 ,  t h e  F a l l  T r a n s i t i o n  was 
d e l a y e d  u n t i l  Novemiber and c o u l d  a c c o u n t  f o r  t h e  e x t e n d e d  hake  f i s h e r y  o f f  
B r i t i s h  Columbia.  A d u l t  h e r r i n g  b e g i n  l e a v i n g  t h e  o f f s h o r e  banks and move t o  
o v e r w i n t e r i n g  a r e a s  i n  t h e  l o w e r  S t r a i t  of G e o r g i a .  J u v e n i l e  h e r r i n g  remain  on 
t h e  o f f s h o r e  banks  t h r o u g h o u t  t h e  w i n t e r .  

U n t i l  r e c e n t l y  most  o c e a n o g r a p h i c  programs on t h e  west c o a s t  of Canada 
have  been c o n c e r n e d  w i t h  u n a e r s t a n d i n q  t h e  t n e c h ~ n i s m s  a f  f e e t i n y  &he s p a t i a l  a n d  
t e m p o r a l  v a r i a b i l i t y  of  t h e  c o a s t a l  ocean .  These s h o r t - t e r m  p r o j e c t s  have  
p r o v i o e d  l i t t l e  i n s i g h t  i n t o  t h e  long-tern1 e f f e c t s  a f  o c e a n i c  f a c t o r s  orr 
f i s h e r i e s  d i s t r i b u t i o n  and r e c r u i t n i e n t  p a t t e r n s .  The p l a n k t o n  d a t a  a r e  i n  t h e  
saiue rztate:  t h e  e x i s t i n g  t i m e  s e r i e s  a r e  b a r e l y  l u n g  enough t o  a e f i n e  s e a s o n a l  
c h a n g e s ,  l e t  a l o n e  t h e  amount of i n t e r a n n u a l  v a r i a b i l i t y  i n  s p e c i e s  c o m p o s ~ t b o n  
aria t j i o n ~ a s s ,  Lon9-term s e a  surfkrce t e m p e r a t u r e  r e c u r d s  i n a i c a t e  t h a t  t i - ~ e r e  
p ronounced ,  u e e a d a l - s c a l e  c y c l e s  a l o n g  t h e  c o a s t ,  The y e a r s  1925-44, 1957-48, 
arlo 1 9 7 6 - p r e s e n t  mask p e r i o d s  of anonlalous w;irn~irig, w h i l e  t h e  y e a r s  1947-56 a n a  
1969-75 iirtrrk p e r s o u s  of  anomalous c o o l i n g .  Buth t h e s e  s l o w l y  v a r y i n g  m a  h i g h e r  
f r e q u e n c y  c y c l e s  a p p e a r  t o  t r f f e c t  t h e  d i s t r i b u t i o n  and r e c r u i t m e n t  of ma jo r  
commtercicll f i s h  s t o c k s .  riowever, t h e  prucesserz a r e  p o o r l y  u n d e r s t o o o ,  A s  a 
ccinsequence,  two m u l t i - d i s c i p l i n a r y  r e s e a r c h  programs i n v o l v i n g  ocetrnoqrc-lphers 
a t  t h e  I n s t i t u t e  of  Ocean S c i e n c e s  arm f i s h e r i e s  b i o l o g i s t s  a t  t i le  P a c i f i c  
t j i o l o ~ i c a l .  S t a t i o n  were aes ignec i  t o  c l ~ r i f y  t h e  e f f e c t s  of ocean  v a r i a b i l i t y  on 
west c o a s t  F l s h  s t o c k s .  The CIA55 p r o j e c t  was u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  
i n t e r r e l a t i o n s h i p s  between b i o p h y s i c a l  e v e n t s  and  salmon d i s t r i b u t i o n  and  
s u r v i v a l ,  on an a n n u a l  and  i n t e r t r n n u a l  time s c a l e .  The major  theme b e i n g  





i n v e s t i ~ a t e d  is t h a t  l o c a l  c i r c u l a t i o n  p a t t e r n s  a f f e c t s  the  seawara migration 
rou te s  and consequently the s u r v i v a l  r a t e  of juveni le  salmon, 

The La P6rouse p r o j e c t  is a decadal-scale ,  mul t i spec ies  study designed 
t o  i d e n t i f y  the  dominant phys ica l  processes  t h a t  a f f e c t  the  c i r c u l a t i o n  and 
water property s t r u c t u r e ;  the low frequency v a r i a b i l i t y  i n  the zooplankton; and 
t o  formulate  and t e s t  s p e c i f i c  hypotheses concerning how in te rannual  oceanic 
f l u c t u a t i o n s  a f f e c t  f i s h  d i s t r i b u t i o n s  and s u r v i v a l ,  A major theme of cu r r en t  
s t u d i e s  is  t h a t  biophysical  events  a f f e c t  the  amount, and dura t ion ,  of overlap 
i n  t h e  prey and p reda to r s  d i s t r i b u t i o n  f i e l d s ,  which i n  turn  a f f e c t s  t h e  
s u r v i v a l  r a t e  of i r n p o r t ~ n t  commercial spec i e s  l i k e  P a c i f i c  her r ing ,  and 
s a b l e f i s h .  
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Table 1. Summary o f  r ecen t  s t u d i e s  i n v e s t i g a t i n g  e f f e c t s  o f  oceanic f a c t o r s  on 
r e c r u i t m e n t  o f  B.C. f i s h  s tocks.  Code i n d i c a t i n g  type  o f  study: 
S = S t a t i s t i c a l  a n a l y s i s  o f  t ime se r i es ;  ELH = E a r l y  l i f e  h i s t o r y  
s tud ies ;  JLH = J u v e n i l i e  l i f e  h i s t o r y  s tud ies ;  
RB = Reproduct ive b i o l ogy ,  

Species D u r a t i o n  o f  program P r i n c i p a l  i n v e s t i g a t o r s  

A. Hecate S t re i t /Queen  C k e r l o t t e  Sound 

$ .ac i f i e  cod 19 84 S A. TYLER ( c o o r d i n a t o r ) ,  W e  CRAWFORD 

P a c i f i c  h e r r i n g  1984-1987 S M. STOCKER, D. NOAKES 

Rock s o l e  1985-1987 S J. FARGO, S. McKINNELL 

P ink  and chum 1983-1986 3LI-l R. LeBRASSEUR, B. HARGREAVES 

B. West Coast Vancouver I s l a n d / S t r a i t  o f  Georaia 

P a c i f i c  h e r r i n g  1985 S, JLH, RB D. WARE, R. THOMSON 
(Coord ina to rs )  
K, DENMAN, D. MACKAS 

Sablef  i s h  1984 S, ELH G. McFARLAME, R. BEAMISH 

Dungeness c rab  1986 ELH G. JAMIESON, W. HUGGETT 
W. CRAWFORD 

P a c i f i c  cod 1988 S, RB A. TYLER, J. FARGO, R. FOUCHER 

Sockeye, coho, 1986-1989 S, JLH M. HEALEY (Coord inator ) ,  K. DENMAN 
chinook salmon A. GARGETT. K. GROOT, Be  HARGREAVES 

He FREELAND, K e  HYATT, D* MACKAS 
R. THOMSON, K. VERMEER, J. GALLOWAY 

Chinook salmon 1982-1986 JLH C. LEVZNGS, C. McALLISTER 
(Campbell R i v e r )  

P ink ,  sockeye, chum 1976 S D. BLACKBOURN 



V HEVIEMS OF DEPARTMENT OF FISHERIES AND OCEANS PROGRAHS ON RECRUITMENT 

B * A REVIEW OF RECRUITMENT RELATED SIUOIES W0 RELEVANT HY%lCAL 
OCLANQGRAPBdY PH06l3AHS RECENTLY WDERTAKEN BY BhE KPWMTHEMT dF 
FISHEHIES M D  OCEANS I N  THE MHFOUNOLAMD M D  SCOTIA-BUNOY REGIONS 

M.T. Frank  
Scot ia -Fundy Keyion 

T h i s  p a p e r  is  a  s y n o p s i s  o f  t h e  major  r e c r u i t m e n t  r e l a t e d  s t u d i e s  
u n d e r t a k e n  by s c i e n t i f i c  s t a f f  of t h e  l jepar tment  of F i s h e r i e s  and  Oceans t h a t  
a r e  c u r r e n t l y  i n  p r o g r e s s  o r  have  been r e c e n t l y  comple t ed  i n  t h e  Newfoundland 
and  S c o t i  a-Fundy Regions .  R e l e v a n t  p h y s i c a l  o c e a n o g r a p h i c  s t u d i e s  a r e  a l s o  
r e v i e w e d .  The p a p e r  f u l l f i l l s  a  r e q u e s t  by t h e  S t e e r i n g  Committee f o r  t h e  
Mati o n a l  Workshop on R e c r u i  tment  , T h i s  document is l a r c j e ly  a  cornpi l a t i o n  of  
summar ies  p r o v i d e d  by t h e  p r i n c i p a l  i n v e s t i g a t o r s  of  each  s t u d y .  L wish t o  
t h a n k  them a l l  f o r  a  r a p i d  and c o n c i s e  r e s p o n s e  t o  t h e  r e q u e s t  f o r  i n p u t  t o  t h i s  
document ,  

A .  FRESMWATEH AN0 ANAUROMUUS FISHES 

Optimum Spawning Requ i r emen t s  and J u v e n i l e  P r o d u c t i o n  S t u d i e s  

l h i s  p r o j e c t  i n v o l v e s  a  number of  r e s e a r c h  s t u d i e s  on s e v e r a l  A t l a n t i c  
sa lmon s t o c k s  i n  i n s u l a r  hewfoundland .  

The f o c u s  of salmon r e s e a r c h  is i n  two a r e a s :  

1. I n v e s t i  % a t e  optimum spawnincj r e y u i  renlents  t o  maximize s m o l t  o u t p u t  a s  i t  
r e l a t e s  t o  c a r r y i n g  c a p a c i t y  o f  d i f f e r e n t  h a b i t a t s  and  e n v i r o n m e n t a l  
c o n d i t i o n s .  T h i s  i n v o l v e s  i n c r e a s i n g  egg  d e p o s i t i o n  u n t i l  c a r r y i n g  c a p a c i t y  
is r e a c h e d .  From t h e s e  d a t a  a  s t o c k - r e c r u i t m e n t  r e l a t i o n s h i p  w i l l  be  
deve loped .  

2 .  investigate s a l m o n i d  b iomass  p r o d u c t i o n  c a p a c i t y  of d i f f e r e n t  h a b i t a t s  a s  i t 
r e l a t e s  t o  bi o l o g i  c a l ,  p h y s i c a l ,  ct~emi c a l ,  and  c l i  mat i  c p a r a m e t e r s .  

The r e s e a r c h  is c o n d u c t e d  on f o u r  r i v e r  s y s t e m s .  A s y s t e m a t i c  app roach  h a s  been 
t a k e n  t o  s t u d y  t h e  e n t i r e  f r e s h w a t e r  ecosys t em i n  two of t h e s e  s t r e a m s .  In  a  
t h i r d  r i v e r ,  a d u l t  sa lmon s t o c k s  a r e  mon i to red  and brood s t o c k  a r e  removed f o r  
e x p e r i m e n t a l  s t ock inc j .  A f o u r t h  r i v e r  p r o v i d e s  c o n t r o l  s t a t i o n s  f o r  i n t e r a c t i o n  
s t u d i e s  w i t h  brook t r o u t .  An i n v e n t o r y  of  t h e  b i o l o g i c a l ,  p h y s i c a l ,  and 
chemj c a l  p a r a m e t e r s  h a s  been u n d e r t a k e n .  Emmi g r a t i  ny and i m m i  g r a t i n g  salmon a r e  
m o n i t o r e d  n e a r  t h e  o u t l e t  of two s t r e a m s .  Egg d e p o s i t i o n  unde rgoes  n a t u r a l  



v a r i a t i o n  on one s t r e a m  a t  approx imate ly  600 eggs/lOO nrp-2 and is f i x e d  a t  240 
e g g s / l ~ O  mp-2 on anot t ler  s t r e a m ,  Changes i n  smol t  and a d u l t  p r o d u c t i o n  a r e  
obse rved ,  J u v e n i l e  p r o d u c t i o n  is moni tored  i n  r e p r e s e n t a t l  ve t y p e s  of h a b i t a t ,  
and changes  i n  growth,  p r o p o r t i o n  of ma tu r ing  male p a r r ,  and y e a r - c l a s s  
i n t e r a c t i o n s  i n  r e l a t i o n  t o  p a r r  d e n s i t i e s  and h a b i t a t s  a r e  moni tored  u s i n g  
e l e c t r o s e i  n i  ng and underwater  o b s e r v a t i o n s .  Compe t i t ive  i n t e r a c t i o n s  wi th  brook 
t r o u t  a r e  be ing  fo l lowed ,  C o l l a b o r a t i v e  r e s e a r c h  is encouraged w i t h  r e s e a r c h e r s  
from Memorial U n i v e r s i t y  o f  Newfoundland t o  i n v e s t i g a t e  a s p e c t s  of t h e  ecosys tem 
which would n o t  be s t u d i e d  by DFO ( eg .  i n  a r e a s  of hydrolo9y,  geomorphology, 
pr imary and secondary  p r o d u c t i o n ,  b e n t h i c  s t u d i e s  and f i s h  b i o l o g y ;  
i n v e s t i ~ a t i o n s  a r e  c o o r d i n a t e d  by U F O ) .  
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C .  HtPRQOUCTIVE ECOLOGY QF MEHXING AND CAPEbbN 

From 1.982 t o  1986  a  s e r i e s  of  s p r i n g - f a l l  s u r v e y s ,  aimed a t  h e r r i n g  and 
c a p e l i n  l a r v a e ,  were c a r r i e d  o u t  i n  T r i n i t y  Bay. P rey  f o r  l a r v a e  were e v a l u a t e d  
by s a m p l i n g  z o o p l a n k t o n  w i t h  a  f i n e  mesh n e t ,  and measu re s  of d r y  we igh t  b iomass  
o f  5 s i z e  f r a c t i o n s  were o b t a i n e d ,  Tempera ture  and s a l i n i t y  p r o f i l e s  were  
c o l l e c t e d  a t  e a c h  s t a t i o n ,  C o r r e l a t i o n  a n a l y s i s  is b e i n g  c a r r i e d  o u t  t o  examine 
a s s o c a t i o n s  between l a r v a l  abundance and measures  of t h e  b i o l o g i c a l  and p h y s i c a l  
e n v i r o n m e n t ,  P r e l i m i n a r y  r e s u l t s  a r e  q u i t e  v a r i a b l e .  Some si y n i f i e a n t  
a s s o c a t i  ons  were i csenti f  i ed a l t t ~ o u c j t ~  t r e n d s  a r e  n o t  c o n s i s t e n t  t h r o u g h o u t  t h e  
d a t e  sets.  F u r t h e r  a n a l y s i s  w i l l  f o c u s  on a s p e c t s  of  %he e n v i r o n m e n t a l  anu 
r n e t e o r o l o y i c a l  eond i  t i o n s  p r e v a l e n t  d u r i n g  t h e  s a m p l i n g  p e r i o d  when si g n i f i c a n t  
a s s o c a t i o r ~ s  were  i d e n t i f i e d ,  

The p r o j e c t  is a l s o  c o n c e r n e d  w i t h  b i a s e s  i n  e s t i m a t i o n  of  l a r v a l  
p o p u l a t i o n  p a r a m e t e r s .  A m a n u s c r i p t  h a s  been submi t t e a  f o r  p u b l i c a t i o n  on 
c h a n g e s  i n  Length  of  l a r v a l  c a p e l i n  a u e  t o  p r e s e r v a t i o n  i n  f o r m a l i n  ano  
anhydrous  a l c o h o l ,  Another  m a n u s c r i p t  is i n  p r e p a r a t i o n  p e r t a i n i n g  t o  e s t i n r a t e s  
of l a r v a l  p o p u l a t i o n  s i z e  f r e q u e n c y  d i s t r i b u t i o n s  u s i n g  two d i  f f e r e n t  t y p e s  of 
s a m p l i n g  Gear .  I n  198'7 f i e l d  s an lp l ing  was aimed a t  i d e n t i f i n g  p a t t e r n s  o f  
v e r t i c a l  d i s t r i b u t i o n ,  and a l s o  a t  a s c e r t a i n i n g  d i e 1  v a r i a b i  l i t y  i n  s t a n d a r d  
o b l i q u e  bongo tows .  T h i s  i n f o r m a t i o n  w i l l  be u sed  i n  i n t e r p r e t d n g  d a t a  
c o l l e c t e d  d u r i n g  t h e  s u r v e y s ,  No d a t a  c o l l e c t i o n s  a r e  b e i n g  made i n  1988.  

I n  1984  a  s t u d y  of T r i n i t y  Bay was c o n t r a c t e d  t o  d e s c r i b e  c i r c u l a t i o n  and 
o t h e r  a s p e c t s  of  t h e  p h y s i c a l  oceanography.  T h i s  d e s c r i p t i o n  is i n t e n d e d  t o  a i d  
i n  t h e  i n t e r p r e t a t i o n  of  l a r v a l  d i s t r i b u t i o n  and abudance  d a t a  p a r t i  c u l a r l y  a s  
i t  r e l a t e s  t o  d i s p e r s a l / r e t e n t i o n .  





U. FLEEblISH CAP IJL4OJEG7 

F e e d i n g  and  Growth of  R e d f i s h  L a r v a e  i n  R e l a t i o n  t o  S u r v i v a l  and Timing o f  - 
P r o d u c t i  on 

P l a n n i n g  began f o r  t h e s e  p r o j e c t s  i n  t h e  mid-1990s and i n i t i a l  f i e l d  
s a m p l i n g  began i n  O c t o b e r  1977, w i t h  t h e  f i n a l  d i r e c t e d  s t u d i e s  e n d i n g  i n  ~ u l y  
1983.  F i e l d  sarijplinig was mast i n t e n s i v e  d u r i n g  1979-dl.  T h i s  was a  J o i n t  
p r o j e c " c e t w e e n  Canada and  t h e  UeS.S.R. c a r r i e d  o u t  unde r  t h e  a u s p i c e s  of 
iLCNAF/NHFO w i t h  p r e l i m i n a r y  r e s u l t s  b e i n g  r e p o r t e d  each  y e a r  t h r o u g h  NAFO. 
Recen t  r e s u l t s  of t h e  p r o j e c h e r e  d i  s c u s s e d  d o r i  ng t h e  NAFL! Spec ia l .  Ses s io r t  on 
r ec ru ikn ren t  ( L i l l y  l " 3 M 7 )  and a  major  r ev i ew  of t i le  p r o j e c t  was summarized by 
L r o s s l e i n  ano b i l l y  ( 1 9 8 7 ) .  Preser - i t ly ,  d a t a  c o l l e c t e d  a s  p a r t  of t h e  p r o j e c t  
a r e  b e i n g  a n a l y z e d  w i t h  campbet ion  e x p e c t e d  w i t h i n  two y e a r s .  

The ma~o-k- f i n o i n y s  of t h e  p r o j e c t  t o  u a t e  c e n t r e  on t h e  gruwtl-1 and s i l r v l v a b  
of r e d f  i s h  l a r v a e .  L a r v a l  s u s v i  v a l  between Apri  l. and ~ u g u s t  1978-bJ. vasieci  
w ide ly  anlr i n i t i a l l y  t h i s  can  be $ inked  a i r e c t l y  t o  growth s a t e .  i ~ c ~ d e l l e d  
estimates of p h y s i c a l  a i s p e r s a k  c a n  a c c o u n t  f o r  a p p r o x i m a t e l y  orle h a l f  OF t h e  
averar je  estimated l a r v a l  r r ior ta l i  t y ,  b u t  y e a r l y  c o n ~ p a r i s o r l s  have n o t  been done.  
A n a l y s e s  e r e  p r e s e n t l y  underway summar iz ing  t h e  c h l o r o p h y l l  and n u t r i e n t  
r e l a t i o n s h i p s  on F l e m i s h  Cap, a n a l y z i n g  t h e  d i f f e r e n c e s  i n  l a r v a l  r e d f i s h  
f e e d i n g  hetween y e a r s .  F u t u r e  work p l a n n e d  i n c l u d e s :  a n a l y s i s  of r e g i  o n a l  
d j  f f e r e r l c e s  i n  f e e d i n g ,  growth  and c o n d i t i o n  of l a r v a l  r e d f i s t 1  i n  r e l a t i o n  t o  
p h y s i  c a l  and b i  a l o g i  c a l  f a c t o r s ;  a n a l y s i s  of p r e y  a v a i  l a b i  l i  t y  on t h e  p r o d u c t i  on 
of  t h e  cod s t o c k ,  a n a l y s i s  of t h e  i n f l u e n c e  a f  p r e d a t i o n  by cod on m o r t a l i t y  of 
j u v e n i l e  r e d f i s h  and cod;  i n f o r m a t i o n  on f e c u n d i t y  ana  t h e  p e r c e n t a g e s  of 
f e m a l e s  which spawned e a c h  y e a r ;  and a  more a c c u r a t e  e s t i m a t e  of t h e  cod 
spawning  s t o c k  s i z e ,  

P h y s i c a l  Oceanograph ic  Component o f  F l e m i s h  Cap I n t e r n a t i o n a l  Exper iment  

The F l emish  Cap I n t e r n a t i o n a l  t x p e r i m e n t  was an IGMAF s t u d y  aimed a t  
i d e n t i f y i n g  t h e  r e l a t i o n s h i p s  of c u r r e n t s ,  w a t e r  t e m p e r a t u r e ,  and of t h e  
e n v i r o n m e n t a l  f a c t o r s  w i t h  t h e  y e a r - c l a s s  s t r e n g t h s  of cod and r e d f i s h  on t h e  
Cap, The p h y s i c a l  o c e a n o g r a p h i c  component of t h e  s t u d y  was c r i p p l e d  by t h e  l o s s  
of  moored equ ipmen t .  P r e l i m i n a r y  a n a l y s e s  of  mast  o f  t h e  c u r r e n t  and 
h y d r o g r a p h i c  d a t a  have  been p u b l i s h e d ,  and more d e t a i l e d  i n t e r p r e t a t i o n  of "che 
h y d r o g r a p h i c  d a t a  and t h e i r  i m p l i c a t i o r l s  f o r  l a r v a l  d i s p e r s i o n  is underway a s  
p e r t  of a  d o c t o r a l  t h e s i s  (Akenhead 1988).  





E. RECRUITMENT STUDIES U N  SQUID AND CRAB 

5 a u i d  Kec ru i  tmen t  S t u d i e s  

S t u d i e s  of s q u i d  r e c r u i t m e n t  i n  Newfoundlana c o n s i s t  o f  two a n n u a l  
s u r v e y s ,  bo th  of which a r e  aimed a t  d e v e l o p i n g  time s e r i e s  of r e c r u i t m e n t  
i n d i c e s  based  on c a t c h  r a t e s .  The e a r l i e r  annual.  s u r v e y  was i n i t i a t e d  i n  
1984.  I t  is c a r r i e d  o u t  d u r i n g  February-March,  a b o u t  2 ~ n o n t h s  l a t e r  "can 
when t h e  peak w i n t e r  spawnirlg a c t i v i t y  is b e l i e v e d  t o  t a k e  p l a c e .  Sampl ing  
w i t h  midwater  t r a w l  is c a r r i e d  o u t  i n  t h e  n o r t h e r n  Gulf S t ream and S l o p e  
h a t e r  between 55"W and bO0W, The i n d e x  of p r e - r e c r u i t  abundance  is an o v e r a l l  
catcki r a t e  of  J u v e n i l e s  which a t  t h e  t i m e ,  r ange  i n  s i z e  between 1-3 crn inantlie 
l e n g t h ,  To d a t e ,  Four annual.  s u r v e y s  have  been comple t ed  (i98Lb-87), a l l  o f  
\ r ih ic /~  ~ c c ~ i r e d  ou r in r j  y e a r s  of  v e r y  low s q u i d  abundance  a t  Newfoundland* 

A s econd  a n n u a l  s u r v e y  o c c u r s  d u r i n g  e a r l y  June  on t h e  s o u t h w e s t  s l o p e  uF 
t h e  Grand hank.  Squ id  a r e  sampled  by bot tom t r a w l i n g  w i t h i n  5 l o p e  Water ,  which 
i n t r u d e s  i n t o  t h e  s u r v e y  a r e a  d u r i n g  s p r i n g .  The c a t c h  r a t e  aLundance 
i n d e x  is g e n e r a t e 0  orlly a b o u t  one tnonth b e f o r e  t h e  i n s h o r e  f i s h e r y  comlriences, 
T h i s  s u r v e y  was i n i t i a t e d  i n  l978 b u t  i n c i f i e n t a l  c a t c h e s  from ~ r o u n o f i s h  
s u r v e y s  a r e  a v a i l a b l e  from t h e  s u r v e y  a r e a  a s  e a r l y  a s  1947. k t  is a p p a r e n t  
tktat Large  c o n c e n t r a t i a r t s  on t h e  b r a n d  bank i n  dune ao n o t  a lways  appea r  l a t e r  
i n s h o r e ,  

Crab  R e c r u i t m e n t  S t u d i e s  --- 
A t t e m p t s  t o  d e v e l o p  a nreens of a s s e s s i n g  snow c r a b  biomass i n  Concep t ion  

Bay u s i n g  p h o t o g r a p h i c  t e c h n i q u e s  were i n i t i a t e d  i n  May 1987, A p o r t i o n  of 
t h e  comriiercial b iomass  r e s u l t s  from w i  t h i n - s e a s o n  m o l t i n g  and r e c r u i  tmen t  . 
P r e d i e t i  on of  a b s o l u t e  r ec ru i t r i i en t  is a t t e m p t e d  by enumera t ing  t h e  immed ia t e  
p r e - r e c r u i t s  f rom bot tom pho tog raphy ,  M o l t - s t a g e s  of b i o l o g i c a l  s amples  a r e  
d e t e r m i n e d  u s i n g  m o u t h p a r t - s t a g i n g  t e c h n i  q u e s  t o  e s t i m a t e  t h e  p r o p o r t i o n  of 
imri~edi a t e  p r e - r e c s u i  ts which would mol t  and r e c r u j  t w i t h i n  t h e  c u r r e n t  f i  s h i n g  
s e a s o n .  





A. POPULATION STUDIES OF HrH i i ING IN GULF OF bdXNE/BAY OF FUNDY 

A s u r v e y  OF a p p r o x i m a t e l y  150 s t a t i o n s  i n  t h e  Bay of  Fundy and e a s t e r n ,  
Gulf of  Maine has been u n d e r t a k e n  a n n u a l l y  (Oct*/Nov,  ) s i n c e  1972. Okjlique 
bongo tows (0.505 end 0.333 mesh) p r o v i d e  a s y n a p s i s  of  t h e  d i s t r i b u t i o n  of  
l a r v a l  h e r r i n g  and o f  a s s o c i a t e d  macrozooplankton  abundance.  An a n n u a l  l a r v a l  
abundance  i n d e x  has been u s e d  i n  compar ison  w i t h  spawning s t o c k  biomass ( i  . e ,  
h i n d c a s t )  t o  t u n e  t he  VPA i n  a s s e s s m e n t s  s i n c e  1981 ( I l e s  e t  a l e  1985, 
S tephenson  et a l .  4987). The autumn l a r v a l  her r i ray  abundance h a s  shown l i t t l e  
r e l a t i  o n s h i p  w i t h  e v e n t u a l  r e c r u i t m e n t .  The p e r s i s t e n c e  of a n n u a l l y  p r e d i c t a b l e  
p a t c h e s  o f  l a r v a e ,  o b s e r v e d  i n  t h i s  s u r v e y ,  was key e v i d e n c e  i n  t h e  development 
o f  t h e  l a r v a l  r e t e n t i o n  h y p o t h e s i s  ( I l e s  and  S i n c l a i r  1982) .  

S i  t e -Syec i  f i  c S t u d i e s  o f  L a r v a l  H e r r i n g  

The coas ta l  w a t e r s  of s o u t h w e s t  Nova S c o t i a  s u p p o r t  a l a r g e  h e r r i n g  
p o p u l a t i o n  which is  t h e  b a s i s  f o r  t h e  l a r g e s t  h e r r i n g  f i s h e r y  i n  t h e  w e s t e r n  
A t l a n t i c ,  The p a t c h  of l a r v a e  which r e s u l t s  f rom spawning of t h i s  p o p u l a t i o n  is 
t h e  L a r g e s t  and b e s t  d e f i n e d  of  tklose i n  t h e  Bay o f  Fundy and Gulf  of Maine, 
hlbservcj t ions on t h i s  group of l a r v a e  were c r i t i c a l  t o  development of t h e  l a r v a l  
r e t e n t i o n  h y p o t h e s i s ,  and a n n u a l  s u r v e y s  of  abundance a r e  used  t o  t u n e  s t o c k  
a s s e s s m e n t s .  %Il ia  l a r v a l  p a t c h  h a s  been o b s e r v e d  f o r  si die-syeei f  ic s t u d i e s  t o  
t e s t  p o r t i o n s  of  t h e  l a r v a l  r e t e n t i o n  h y p o t h e s i s  and o t h e r  a s p e c t s  of l a r v a l  
h e r r i n g  dynamics of  r e l e v a n c e  t o  r e c r u i t m e n t .  A s t u d y  i n  hoveniber 3985 
i n v o l v i n g  r e p e t i t i v e  d i s c r e t e  d e p t h  samples  ( u s i n g  MININESS) a t  3-43 i n t e r v a l s  
o v e r  49- h  i n d i c a t e d  a d e f i n i t e  s e m i d i e l  v e r t i c a l  movement of h e r r i n g  l a r v a e  
t h r o u g h  a s  much a s  50 m. A r e c e n t  s t u d y  (November 1987)  sampled  h e r r i n g  l a r v a e  
i n  a s i m i l a r  manner o v e r  6 d e p t h s  t o  test  f u r t h e r  a s p e c t s  of v e r t i c a l  movement, 
i n c l u d i n g  t i m i n g  and t h e  r e l a t i o n s h i p  w i t h  p r e y  and p o t e n t i a l  p r e d a t o r s ,  
Addi t i  o n a l  s amples  were d e s i g n e d  t o  d e f i n e  t h e  s c a l e  of h o r i z o n t a l  p a t c h i n e s s  of  
l a r v a e ,  

Spawni ny W t l e n t i  c h e r r i n g  ( C . )  have  been r e c o r d e d  an  
Georcies Bank f o r  t h e  f i r s t  time s i n c e  the c o l l a p s e  i n  1977 of what had once been 
t h e  i a r g e s t  h s s r i  ng f i s h e r y  i n  t h e  n o r t h w e s t  A t l a n t i c ,  The r e a p p e a r a n c e  af t e r  
a l m a s h  decade  r a i s e s  t h e  q u e s t i o n  of  whether  t h e r e  h a s  beer1 r e s u r g e n c e  of a 
r e s i d u a l  e x t e n t  Georges  Bank p o p u l a t i  on o r  r e c o l o n i z a t i o n  by f i s h  from 
n e i g h b o u r i n g  spawning g roups .  Three independen t  l i n e s  of e v i d e n c e  ( b i o c h e m i c a l  
a t t r i  b u t e s ,  age composi ti on ,  and t i m i n g )  i n d i c e " &  r e s u r g e n c e  and s u p p o r t  t h e  
d i s c r e t e  p o p u l a t i o n  c o n c e p t  i n  h e r s i n g ,  There is no i n d i c a t i o n  t h a t  s t o e l l a s t i c  
e v e n t s  i n f l u e n c e d  t h e  g e n e t i c  s t r u c t u r e  of t h e  h e r r i n g  p o p u l a t i o n  a t  Georcjes 
ISank a f t e r  t h e  c o l l a p s e ,  The p e r i o a  d i r e c t l y  a f t e r  c o l l a p s e ,  w i t h  t h e  Georges  
Bank p o p u l a t i o n  s h o w e ~  no e v i  dence  of r e c o v e r y ,  c o i n c i d e d  w i  t h  s e v e r a l  y e a r s  of 
low or  a v e r a g e  r e c r u i t m e n t  i n  n e i g h b o u r i n g  p s p u l a t i a n s ;  o n l y  r e c e n t l y  h a s  t h e r e  
been  g e n e r a l l y  good r e c s u i t n i e n t  ( a s  documented i n  n e i g h b o u r i n g  SW Nova S c o t i a )  
p r o v i d i n g  a  chance  f o r  t h e  Georges  Bank p o p u l a t i o n  t o  r e c o v e r ,  L a r v a l  abundance 
d a t a  ( su tumn s u r v e y s )  a r e  b e i n g  c o l l e c t e d  t o  mon i to r  r e c o v e r y .  





Beproduc t ive  S t r a t e g i e s  o f  Marine F i s h e s  

S t u d i e s  of t h e  e a r l y  h i s t o r y  of p e l a g i c  f i s h  s p e c i e s  were i n i t i a t e d  i n  
S L  Leerqes  t-lay (SGB), Nova S c o t i a ,  i n  t h e  e a r l y  B970s, A s  a  s tudy  s i t e  t h i s  
bay showed g r e a t  p o t e n t i a l  i n  t h a t  i t  appeared reasonab ly  r e p r e s e n t a t i v e  of t h e  
s o u t h e r n  Gulf o f  5°C Lawrence y e t  was a  manageable s i z e  from t h e  p o i n t  of view 
of sampl ing.  More i m p o r t a n t l y  t h e r e  was ev idence  i n  t h e  form of post -s torm 
suspended sediment  t r a i l s  of a  c lockwise  c i r c u l a t i o n  w i t h i n  t h e  bay. Such a 
c i r c u l a t i o n  cou ld  a c t  as a r e t e n t i o n  mechanism which would g r e a t l y  i n c r e a s e  t h e  
accuracy  of e s t i m a t e s  of l a r v a l  growth and m o r t a l i t y .  Subsequent p h y s i c a l  
oceanograph ic  s t u d i e s  conf i rmed t h e  p resence  of a  semi-permanent gyre  w i t h i n  
S t .  Georyes Bay ( P e t r i e  end Drinkwater  1977). In  t h e  absence of low frequency 
e v e n t s  such a s  s t o r m s ,  f l u s h i n g  t ime f o r  t h e  bay is about  a  month ( P e t r i e  and 
Drinkwater  1978) ;  about  t h e  "&m r e q u i r e d  f o r  e  mackerel  t o  ha tch  and a t t a i n  a 
s i z e  of 25 mm. 

a )  %chthyoy lank ton  s t u d i e s  aimed a t  A t l a n t i c  mackerel  (Scomber scombrus) 
r e v e a l e d  a  c l o s e  c o u p l i n g  between s i z e  and abundance of zooplankton and 
l a r v a l  mackeral  (Ware 1977) .  I n  a d d i t i o n  t o  i n f o r m a t i o n  on d i s t r i b u t i o n  of 
eggs  and l a r v a e ,  l a r v a l  d i e t  and t i ~ ~ i n g  of spawning, e s t i m a t e s  of eg9 and 
l a r v a l  m o r t a l i t y  and of Larva l  ~ r o w t h  were made f o r  f o u r  yea r s .  

Mackerel  egg p r o d u c t i o n  e s t i m a t e s  w i t h i n  S t ,  G e o r ~ e s  Bay f o r  s i x  y e a r s  
i n d i c a t e d  t h e  p o s s i b i l i t y  of u s i n g  t h e  bay a s  a  proxy f o r  t o t a l  souti-)ern 
Gulf of S t .  Lawrence egg psodu t ion ,  f o r  t h e  bay seems t o  r e y u l a r l y  r e c e i v e  a 

(based on a r e a )  s h a r e  of t o t a l  Gulf p roduc t ion .  A 1 0  year  t ime  
s e r i e s  of d a t a  is now be ing  examined t o  s e e  i f  t h i s  t r e n d  c o n t i n u e s .  

b )  The p r e s e n c e  of l a r v a l  c o h o r t s  i n  t h e  p y l k t o n  (Lambert 1984) s t i g i u l a t e a  
a s tudy  of r e p r o d u c t i v e  s h a t e g i e s  of marine f i s h  (Lambert and Ware 1984) 
and l e d  eventual l iy  t o  a  d e t a i l e d  s t u d y  of t h e  spawning dynamics of A t l a n t i c  
h e r r i n g  ( F i g u r e s  4 and 9 ,  Lambert 1987) .  A t  p r e s e n t  a  manuscr ip t  is be ing  
p r e p a r e d  d e b a i l i n g  a h y p o t h e s i s  which l i n k s  age s t r u c t u r e  and p a t t e r n  of 
spawning t o  r e c r u i t m e n t .  

L a r v a l  L o b s t e r  Ecology 

I n  a d d i t i o n ,  l a r v a l  l o b s t e r  s t u d i e s  begun i n  S t .  Georgjes Bay (Harding e t  
a l *  1982) l e d  t o  a  g e n e r a l  r e c r u i t m e n t  model f o r  Nova S c o t i a  A t l a n t i c  c o a s t  
l o b s t e r  s t o c k s  (Hasding e t  a l .  1983) .  

P h y s i c a l  oceanograph ic  j n v e s t i  g a t i  ons were under taken c o n c u r r e n t l y  wi th  t h e  
b i o l o g i c a l  s t u d i e s  i n  SGB. Ear ly  measurements i n c l u d e d  e x t e n s i v e  t empera tu re  
and s a l i n i t y  d a t a  a s  w e l l  a s  moored c u r r e n t  meter a r r a y s  i n  t h e  summers of 1974 
and 1975 ( P e t r i e  and Brinkwater  197761, b ) ,  I n i t i a l  a n a l y s e s  of t h e s e  d a t a  
i n d i c a t e d  a  mean c lockwise  eddy wi th  v e l o c i t i e s  n e a r  0.1 m / s  i n  t h e  s u r f a c e  
w a t e r s  ( ~ e t r i e  and Drinkwater  19788).  Although energy was e q u a l l y  p a r t i t i o n e d  
between t h e  nlesn c i  r c u l a t i  on, t h e  ti d a l  c u r r e n t s  and t h e  low-frequency v e l o c i t y  
e v e n t s ,  t h e  l a t t e r  de te rmines  t h e  r a t e  of exchange between t h e  Bay and t h e  Gulf 



of S t *  L a w r e n c e ,  E s t i m a t e s  o f  t h e  f l u s h i n g  time f o r  t h e  t i d e s  and  mean 
c i r c u l a t i o n  is of  t h e  o r d e r  of  a  month w h i l e  l o w - f r e q u e n c y  e v e n t s  c o u l d  f l u s h  
t h e  Bay on a  time s c a l e  o f  d a y s .  P e t r i e  a n d D r i n k w a t e r  ( k 9 7 8 b )  d e v e l o p e d  a  
n u m e r i c a l  model  o f  t h e  mean c i r c u l ~ m i c i o n  w h i c h s u g g e s t e d  t h a t  t h e  eddy was d r i v e n  
by a  s t e a d y  n o r t h e a s t w a r d  f l o w  p a s t  t h e  mouth o f  t h e  Bay. 

The d y n a m i c s  o f  w i n d - f o r c e d  mo"cisns i n  t h e  Bay h a v e  been i n v e s t i g a t e d  by 
l j r i n k w a t e r  (19137, 1 9 8 8 )  b a s e d  on t h e  1974-75 c u r r e n t  metes d a t a  and  addi"&ional. 
t h e r m i s t o r  a n d  c u r r e n t  data  c o l l e c t e d  i n  1979. Wind e v e n t s  h a v e  been  shown t o  
i n f l u e n c e  t h e  b i o l o g i c a l  p r o c e s s e s ,  e , y .  a  2 - f o l d  d e c r e a s e  i n  l o b s t e r  l a r v a e  
a b u n d a n c e  o b s e r v e d  b e t w e e n  s u c c e s s i v e  i c h t h y o p k a n k t o n  s u r v e y s  o f  t h e  Bay i n  
J u l y ,  1 9 7 5 ,  was a t t r i b u t e d  t a  w i n d - i n d u c e d  a d v e c t i o n  ( P e t r i e  a n d  D r i n k w a t e r  
1979). A l s o ,  l o b s t e r  c a t c h e s  a p p e a r  t o  b e  a f f e c t e d  by wind d r i v e n  t e m p e r a t u r e  
f l u c t u a t i o n s  ( b r i n k w a t e r  1 9 8 7 ) .  
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l e v e l s  measured  a t  t h e  same time; 4) u s e  of a  s i n g l e ,  s m a l l  g e a r  t y p e  p r e c l u d e s  
t h e  q u a n t i  t a t i  ve assessment of l a r v a l  d r i  f  t d u r i  ny t h e  e n t i  re pe l ac j i c  p h a s e  
b e c a u s e  of n e t  a v o i a a n c e  by t h e  l a r g e r ,  r a r e r  and  more e v a s i v e  l a r v a e  and 
p e l a y i  c j u v e n i  les;  5 )  p e l a g i c  jclveni l e  cod,  o r i  c,inally spawned o f f s h o r e ,  a r e  
commonly Found i n  t h e  n e a r s h o r e ,  s h e l l o w  waters o f f  s o u t h w e s t e r n  Kova b c u t i a  
whe reas  haaaock  j u v e n i l e s  remain  f u r t h e r  o f f s h o r e ;  b )  v a r i a b l e  a i s p l a c e m e n t  fror;l 
t h e  spawning  s i t e  from yea r - to -yea r  is a c h a r a c t e r i s t i c  of  hauuock eg5  anu 
l a r v a l  d i s t r i b u t i o n s  and t h i s  a p p l i e s  t o  cod a s  well, and  7 )  o t h e r  s p e c i e s ,  
( s u c h  a s  b i  p a r i s ,  s c u l p i n s ,  ~ u n n e l s ,  e t c .  ) h a v i n g  spawning  t i m e s  sirni l a r  t o  
haodock i n  t h e  r e g i o n  b u t  d i f f e r i n g  i n  t h e i r  l o c a t i o n  of spawning  and egg  t y p e  
(den re r sa l  vs p e l a g i c  e g 5 s )  stlow s t r o n g l y  o v e r l a p p i n g  l a r v a l  and j u v e n i l e  
p a t t e r n s  s f  d i s t r i b u t i o n  i n  d i r e c t  c o n t r a s t  t o  t h o s e  of hadaock and cod ,  

The p r i m a r y  g o a l  of t h e  Browns Bank p h y s i c a l  o c e a n o g r a p h i c  s t u d y  was t o  
i n v e s t i g a t e  p h y s i c a l  p r o c e s s e s  i n f l u e n c i n g  haddock r e c r u i t m e n t .  Emphasis  was 
p l a c e d  on t h e  egg arld l a r v a l  s t a g e s  of haddock,  E a r l i e r  s t u d i e s  (The Cape S a b l e  
Expe r imen t ,  1978-80; Cape S a b l e  E x t e n s i o n ,  1980-83) had  d e t e r m i n e d  t h a t  a  
permanent  c10ckwise  g y r e ,  d r i v e n  by n o n - l i n e a r  t i d a l  f o r c e s ,  e x i s t s  ove r  t h e  
w e s t e r n  c ~ p  of Browns and t h a t  t h e  i n s h o r e  c u r r e n t s  o f f  Cape S a b l e  are d i r e c t e d  
i n t o  t h e  Gulf  of Maine, w i t h  a  maximum i n  w i n t e r  and s t r o n g  s e a s o n a l  c y c l e .  The 
h y p o t h e s i s  g u i d i n g  t h e  i n i t i a l  s t e p s  of  t h e  Browns Bank s t u d y  ( b a s e d  on SSIP 
c o n c l u s i o n s )  was t h a t  r e t e n t i o n  of haddock e g g s  and l a r v a e  on t h e  Bank by t h e  
g y r e  is c o n d u c i v e  dco t h e i r  s u r v i v a l ,  o r  c o n v e r s e l y ,  t h a t  breakdown of t h e  g y r e  
and consequenk l o s s  of e g g s  and l a r v a e  from t h e  Bank l e a d s  t o  poor  haddock y e a r  
classes. 

The major  e l e m e n t s  of  t h e  p h y s i c a l  o c e a n o g r a p h i c  f i e l d  expe r imen t  were: 
k ) yea r - long  moored c u r r e n t  rnet er measurernents a t  t h r e e  l e v e l s  (mi d-depth and  
10-15 m f rom s u r f a c e  and bot tom)  c e n t r e d  a rouna  t h e  w e s t e r n  cap ;  and 2 )  a  s e r i e s  
of  s u r f a c e - l a y e r  d i s p e r s i o n  s t u d i e s  u s i n g  c l u s t e r s  of s a t e l l i t e -  t r a c ~ e d  d r o ~ u e s  
d e p l o y e d  a t  v a r i o u s  l o c a t i o n s  on t h e  t3arrk (ec,. w e s t e r n  cap ,  s a d d l e ) .  A s  
e x p e c t e d ,  t h e  nioored nreasuremerits r e v e a l e d  a  mean c i r c u l a t i o n  c o n s i s t e n t  w i t h  a 
c l o s e o  c i o c k w i s e  Q y r e  i n  t h e  uppe r  l a y e r s  o v e r  t h e  w e s t e r n  cap ,  b u t  w i t h  s t r o n g  
low-f requency  v a r i a b i  li t y ,  o r i  ven by wind and ti ae, supe r imposeu .  I h e  
t r a j e c t o r i e s  of  t h e  s a t e l l i t e - t r a c k e d  d r i f t e r s  g e n e r a l l y  s u p p o r t e d  t h e  g y r e  
c i r c u l a t i o n ,  b u t  a l s o  showed a  h i g h  d e g r e e  of t e m p o r a l  and s p a t i  a 1  v a r i a b i l i t y .  
Kn A p r i l  and November, 1 9 8 3 ,  t h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  g y r e  may be 
broken  down by wind - fo rced  c u r r e n t s .  Ln t h e  a b s e n c e  of s t r o n q  wind e v e n t s  
( 3 u l y / 5 e y t e m b e r  1 9 8 3 ) ,  a r o g u e s  p l a c e a  on t h e  w e s t e r n  cap  were found t o  e x i t  t h e  
Bank from t h e  n o r t h e r n  f l a n k  a f t e r  an  averac,e " r e s i d e n c e "  time o f  1 4  d a y s  
and s u b s e q u e n t l y  f o l l o w  t h e  c o a s t a l  f l o w  i n t o  t h e  Gul f  of Maine. T h i s  e s t i m a t e  
o f  t h e  ' k r e i d e n c e "  time is r o u g h l y  comparable  t o  t h e  t i m e  r e q u i r e d  f o r  a  d r i f t e r  
t o  c i r c u l a t e  a round  t h e  w e s t e r n  c a p  i n  t h e  g y r e  (10-20 d a y s ) .  On t h e  o t h e r  
hand,  e s t i m a t e s  of t h e  i s o t r o p i c  d i s p e r s i o n  c o e f f i c i e n t  from t h e  drogue  c l u s t e r  
e x p e r i m e n t s  a r e  i n  t h e  r a n g e  of  100 m2/s, which s u g g e s t s  t h a t  t h e  time s c a l e  f o r  
h o r i z o n t a l  d i s p e r s i o n  p r o c e s s e s  a l o n e  t o  remove p a r t i c l e s  from t h e  Bank is 25 t o  
45 days .  

S ~ r i n a  D i s t r i b u t i o n s  o f  P l a n k t o n  i n  t h e  Browns Bank Area 

The p u r p o s e  o f  t h i s  p r o j e c t  is t o  d e t e r m i n e  t h e  g e n e r a l  t empora l  and  
s p a t i a l  p a t t e r n .  of t h e  s p r i n g  p h y t o p l a n k t o n  bloom i n  w a t e r s  o f f  s o u t h w e s t  Nova 



S c o u  a ,  and to d e t e r m i n e  p o s s i  bLe ur tderdying  nteeher-ii sins f o r  t h e s e  s b s e r v e a  
p a t t e r n s ,  T h i s  a n a l y s i s  i n c l u d e s  d a t a  from Feb, -June  1983 and 1984; a f i na l .  
p a p e r  w i l l  irlciuc;le d a t a  frorn 1985, 

The peek i n  c h l o r o p h y l l  h o r n a s s  ( b a s e d  on monur-ily c r u i s e s )  o c c u r r e d  a t  t h e  
end of /%rcbt and b e ~ i n r r i n y  of  A p r i l  i n  b o t h  1983  and 1984. I t  was fo? iowed by a  
d e c r e a s e  i n  May, c o i n c i d i n g  w i t h  8 mnxirriun i n  mooyj.ankton d i s p l a c e m e n t  volume, 
and an i n c r e a s e  i n  J u n e ,  These was l i t t l e  d i f f e r e n c e  i n  t i m i n g  a c r o s s  t h e  a r e a ,  
a t h e  r n a ~ n i t u d e  of  t h e  bloom was g r e a t e s t  ove r  Browns tiarik and i t s  
n o r t h e r n  f l a n k ,  I t  had been e x p e c t e d  t h a t  v a r i a t i o n s  i n  ksoktonj dep th  would 
serve t o  i r t i t i a t e  "Le bloom e a r l i e r  i n  s h a l l o w  a r e a s *  However, a model of t h e  
v e r t i c a l l y  a v e r a g e d  mean L i g h t  i n t e n s i t y  s i ~ y g e s t e d  t h e  bot tom d e p t h  even i n  t h e  
s h a l l o w e s t  r e g i o n s  was g e n e r a l l y  t o o  deep ,  and $ha% s t r a t i  f i e a t i  on was r e y u i  r e d  
t o  i n i t i a t e  ~ 3 .  bloom. afiis c o n d i t i o n  was met i n  2903 by e a r l y  A p r i l .  

Wepld changes  i n  water masses  on t h e  o r d e r  of a few days  were a l s o  n o t e d  
i n  l a t e  A p r i l  1"313. The a r e a  underwent  changes  from warm t o  cold t o  rnt~ebi warmer 
(6°C) w a t e r  a v e r  a p e r i o d  of  14 d a y s ,  w i t h  a p o s s i b l e  i n t r u s i o n  OF o c e a n i c  w a t e r  
i n t o  khe t r o u g h  n o r t h  of  Browns Bank c a u s i n g  upward dornini, of i s a h a l i n e s .  The 
r e s u l t  was a r s y i d  d e c r e a s e  i n  c h l o r o p h y l l  b iomass  and i n c r e a s e  i n  kU3. Heasons 
f o r  t h e  w a t e r  mass sey laeernent  a r e  unknown a t  p r e s e n t ,  

D r i f t  vs r e t e n t i o n  of  l a r v a l  cod and hadciock is t h e  r e s e a r c h  t o p i c  under  
corhsi dera"cion. T b ~ r o u ~ h  u s e  of e x t e n s i v e  c o l l e c t i o n s  of i ch ihyop lankdon  iirade o f f  
o f  SW Nova f c o t i a  i n  1985, a t e s t  of t i le  compet ing  kaypotheses coneernii-iy l a r v a l  
dr?;  f  t / s e t e n t i o n  is n e a r i n g  cotnybet ion.  lioki-r cod and iladdock a r e  s u s p e c t e d  4;s 
spawn o f f s h o r e ,  on o r  a round  Browns Bank. The a g e  of  each  of %he l a r v a e  
c o l l e c t e d  was e s t i m a t e d  t h r o u g h  t h e  u s e  of v a l i d a t e d  o t o l i t h  m i c r o s t r u c t u r e  
t e c h n i  ques, which p r o d u c e s  ara a g e  ( i n  days )  o f  ex t r eme  a c c u r a c y  and p r e c i  s i o n .  
The d i s t r i b u t i o n  of t h e s e  aged  l a r v a e  is now b e i n g  mapped and a n a l y z e d  w i t h  
s p a t i a l .  a u t o c o s r e l a " c o n  models .  If t h e  l a r v a e  do i n d e e d  c J r i f " k n s h s r e  t o  a  
" n u r s e r y  ground",  t h e  a g e - s t r u c t u r e d  d i s t r i b u t o n s  s h o u l d  show a p r e p o n d e r a n c e  of 
younger  larvs?e of  f s h o s e ,  and o l d e r  l a r v a e  i n s h o r e ,  The age - s t suc tuse (4  maps are 
just now b e i n g  p r e p a r e d ,  

The c u r r e n t  paradigm s u g g e s t s  t h a t  y e a r  c l a s s  s t r e n g t h  is de t e rmined  i n  t h e  
f i r s t  y e a r  of l i f e .  A s  a f i r s t  s t e p  t owards  t e s t i n g  t h i s  h y p o t h e s i s ,  an e n t i r e  
y e a r  c l a s s  of cod has  been n ~ o n i t o r e d  s u c c e s s i v e l y  from t h e  egg  s t a g e  t h rough  t o  
the s e t t h e  ~ u v e n i l e s .  The s t u d y  was eonduched o f f  of S\hi Nova 5co"e.a i n  1985. 
Irldiees of  r e l - a t i v e  egg arid l a r v a l  aburtdence a r e  a v a i l a b l e  from a  v a r i e b  o f  
s u r v e y s )  a s  a r e  abundance  i rkdices  f o r  t h e  p e l a g i c  and s e t t l e d  s t a g e s .  Hatcli 
(kite d i s t r : i b u $ i o n s  have  been c a l c u l a t e d  f o r  each s f  t h e  l i f e  h i s t o r y  stac,es 
t h r o u g h  o t o i i  t h  m i c r o s t r u c t u r e  exar ; ; i ina t ior~ ,  V a r i a t i o n s  t h r o u g h  t i m e  i n  t h e  
h a t c i ~  d a t e  d i s t r i b u t i o n  of tile cut-lost s u s v i v s r s  w i l l  i n d i c a t e  the p r e s e n c e  of a 
s i z e -  o r  a g e - s c l e c t i  ve m o r t a l i  t y  p r o c e s s .  The r e l a t i v e  abundance  i n d i c e s  w i  11 
t h e n  be used  t o  j r i f e r  t h e  cailte and a g e  a t  wtl ieh t h e  mor"cality e v e n t s  o c c u r r e d .  







E. LARVAL AND JUVENILE  GAUEO POPULATION STUDIES 

J u v e n i l e  F i s h  S u r v e y s  on t h e  S c o t i a n  S h e l f :  I m p l i c a t i o n s  f o r  Year -Class  S i z e  
Asses smen t s  

The p o t e n t i a l  f o r  u s i n g  ~ u v e n i l e  f i s h  s u r v e y s  t o  e s t i m a t e  y e a r - c l a s s  
s t r e n g t h  was a s s e s s e d  from d a t a  c o l l e c t e d  d u r i n g  midwater  t r a w l  s u r v e y s  i n  t h e  
Nor thwes t  A t l a n t i c  f a r  cod ,  haddock,  s i l v e r  hake ,  and h e r r i n g .  Probleins 
e n c o u n t e r e d  i n  t h e  d e v e l u p n ~ e n t  of Q u v e n i l e  f i s h  abunoance  e s t i n l a t o r s  i n c l u d e d  
changes  i n  a v a i l a b i l i t y  t o  s u r v e y  y e a r  caused  by d i e 1  o r  o n t o g e n t i c  v e r t i c a l  
mic , r a t i ons .  Da ta  on t h e  v e r t i c a l  and g e o g r a p h i c a l  d i s t r i b u t i o n  of j u v e n i l e  f i s h  
i l l u s t r a t e e s  t h e  r ~ e e d  f o r  c a r e f u l ,  s r e c i  e s - s p e c i  f i e  s u r v e y  ctesi gn based  on 
a d e q u a t e  knowledge of  ~ u v e n i l e  f i s h  bekiaviour. Fo r  example,  a  change  i n  
methodology of a J u v e n i l e  s i l v e r  hake  s u r v e y  on t h e  S c o t i a n  S h e l f  p r e d i c a t e d  012 

t h e  r e s u l t s  of  a  d i e 1  d i s t r i b u t i o n  s t u d y  was a s s o c i a t e d  w i t h  an i n c r e a s e  i n  t h e  
p r e c i s i o n  of  t h e  abundance  e s t i m a t e s .  hh i  1.e t h e  u s e  of n r i  dwates  t r a w l  s u r v e y s  
f o r  abunaance  e s t i m a t e s  must be app roached  w i t h  c a u t i o n ,  t h e i r  u se  i n  g e n e r a l  
b i o l o g i c a l .  s t u o i e s  of d i s t r i b u t i o n ,  b e h a v i o u r ,  and even s t o c k  s t r u c t u r e  is 
s d v o e a t e d .  I n  f a c t ,  such  p r e l i m i n a r y  i n v e s t i g a t i o n s  a r e  p r e r e q u i s i t e  t o  t h e i  r 
y r a c t i  cal  a p p l i c a t i o n  i n  j u v e n i  le  abundance  e s t i m a t i o n .  

C o n d i t i o n  o f  A t l a n t i  c Cod A f t e r  T r a n s i t i o n  t o  Exogenous Feeding:  Morphometr ics ,  

The c o n d i t i o n  of  A t l a n t i c  cod Gadus morhua L .  l a r v a e  r e a r e d  under  food  
d e n s i t i e s  o f  0 ,  2 ,  5, and  l O  z o o p l a n k t o n  m - 1  was examined a f t e r  t h e  t r a n s i t i o n  
t o  exogenous  f e e d i n g ,  F u l t o n k  K ( (we igh t / l eny th3 )  was n o t  c o r r e l a t e d  w i t h  p r e y  
d e n s i t y  i n  which l a r v a e  were r e a r e d ,  i n d i c a t i n g  t h a t  t h i s  i n d e x  of  c o n d i t i o n  is 
i n a p p r o p r i a t e  f o r  l a r v a e  immed ia t e ly  a f t e r  yo lk  s a c  a b s o r p t i o n .  F u l t o n ' s  K was 
a l s o  n o b ~ o s i  ti v e l y  c o r r e l a t e d  w i  t h  t h e  a b i l i t y  t o  a v o i d  a  s i m u l a t e d  p r e d a t o r .  
However, p r e d a t i  on a v o i d a n c e  was y o s i  t i  v e l y  c o r r e l a t e d  w i t h  h i g h e r  p r e y  
d e n s i t y .  A second  rrleasure of c o n d i t i o n ,  body h e i g h t  s t a n d a r d i z e d  f o r  l e n g t h ,  
a p p e a r e d  t o  be a  more s e n s i t i v e  i n d i c a t o r  of c o n d i t i o n  b u t  a l s o  d i d  n o t  
c o r r e l a t e  w i t h  t h e  a b i l i t y  of 1-arvae t o  a v o i d  p r e d a t i o n .  The r e s u l t s  of a  
buoyancy e x p e r i m e n t  i n d i c a t e d  t h a t  p o o r l y  f e d  l a r v a e  may o c c u r  h i g h e r  i n  t h e  
w a t e r  co lu i i~n ,  and t h u s  may be more v u l n e r a b l e  t o  p r e a a t i o n  o r  c a u s e  a  s ampl ing  
b i a s  i n  i c h t h y o p l a n k t o n  s t u d i e s .  

Asses smen t  o f  His to logica l /Bioc t~e~nica l  I n d i c e s  o f  C o n d i t i o n  f o r  L a r v a l  Ladi  d s  

U s i n g  a  microbomb c a l o r i m e t e r  c a p a b l e  of m e a s u r i n ~  t h e  ene rgy  con te r l t  of 
l a r v a e  we igh ing  as Lit t le  a s  0 . 1  (i dry  w e i y h t ,  and h i s t o l o g i c a l  t e c l ~ r l i q u e s  
d e v e l o p e d  f o r  P a c i f i c  c o a s t  s p e c i e s ,  t h e  c o n d i t i o n  of $ad id  l a r v a e  r e a r e d  under  
v a r i o u s  p rey  r e g i m e s  i n  t h e  l a b o r a t o r y  is b e i n g  assessea. P r e l i m i n a r y  
h i s t o l o g i c a l  r e s u l t s  i n a i c a t e  t h a t  of 1 3  s t r u c t u r e s  examined,  t h e  h i n d g u t  ( t h e  
c r i t e r i o n  f o r  h e a l t h y  l a r v a e  was a  l a r g e  p o r t i o n  of c e l l s  c o n t a i n i n g  one t o  a  
few s p h e r i o d  e o s i n o p h i  l i e  b o d i e s )  i s  t h e  most s e n s i t i v e  i n d i c a t o r  of  
n u t r i  t i o n a l  w e l l - b e i n g  i n  braddock l a r v a e .  Whi l e  t h e  p r o p o r t i o n  of f e d  v s  
s t a r v e d  l a r v a e  c o r r e c t l y  c l a s s i  f i e d  was h i g h  u s i n g  s u c h  c r i ter ia ,  c o n s i d e r a b l y  
lower  s u c c e s s  was o b t a i n e d  i n  d i f f e r e n t i a t i n g  l a r v a e  f e d  varyng d e n s t i t i e s  of 
p r e y .  Us ing  t h e  t e c h n i q u e s  deve loped  i n  t h e  l a b o r a t o r y ,  t h e  s t u d y  is b e i n g  
e x t e n d e d  t o  i n c l u d e  l a r v a e  caugh t  i n  t h e  f i e l d  (Georges  Bank)*  



l n t e r a e t i o r ~ s  of  C a l i u i d  L c t o u a r a s i t e s  and  J u v e n i L e s  Gad ids  on L e o r a e s  Uank 

The r o l e  of t h e  e c t o p a r a s i t e  (1 ;a l igus  s p .  Lopepoda:: Ca l i  5 i d a e )  i n  t h e  
r l u r t h e a s t  L e o r g e s  Bank cod-haddock ecosys t em was exanlined. The v e r t i c a l  
c i i s t r i b u k o n  of  t h e  f r e e - l i v i n c ;  a d u l t  s t a ~ e  and h o s t - p a r a s i t e  re la"c ionships  was 
d e s c r i b e d  a t  two s i t e s  of  c o n t r a s t i n g  h y d r o g r a p h i c  c o n d i t i o n s ,  one  b e i n g  
the r r~ rab ly  s t r a t i f i e d  and  t h e  o t h e r  i s o t h e r m a l .  LOCI had bo th  a  g r e a t e r  
p r e v a l e n c e  and rrumber o f  -- C a l i  gus s p .  e c t o p a r a s i  tes t h a n  d i d  I-raddock. P r e f e r r e d  
s i t es  of e c t o p a r a s i k e  a t t a c h m e n t  a l s o  d i f f e r e d .  idh i le  no e v i d e n c e  of r educed  
F i s h  c o n a i t i o n  was found  a s  a  f u n c t i o n  of p a r a s i t e  bu rden ,  c i r c u m s t a n t i a l  
e v i d e n c e  is o f f  e r e d  i n  s u p p o r t  of t h e  h y p o t h e s i s  t h a t  -- C a l i g u s  sp, e c t o p a r a s i  tism 
is a  s o u r c e  a f  m o r t a l i t y  f o r  young k~addock.  

ELH Growth and  Year-Class  S t r e n g t h  -- - 
T h i s  p r o j e c t  was d e s i g n e d  t o  be a  d i r e c t  test  of t h e  r e l a t i o n s h i p  between 

e a r l y  l i f e  h i s t o r y  g rowth  and y e a r - c l a s s  s t r e n g t h .  For  e a c h  of 5 y e a r s ,  s amples  
of  j u v e n i l e  cod have  been c o l l e c t e d  f rom Georges  Bank. The o t o l i t h  
m i c r o s t r u c t u r e  h a s  been used  t o  r e c o n s t r u c t  t h e  a g e  and r e l a t i v e  growth r a t e  of 
e a c h  of t h e  F i s h .  t s s t i m a t e s  of y e a r - c l a s s  s t r e n g " &  w i l l  be d e r i v e d  f rom VPA 
a f t e r  t h e  y e a r - c l a s s e s  e n t e r  t h e  commerc ia l  F i s h e r y .  I f  y e a r - e l a s s  s t r e n g t h  is 
found t o  be c o r r e l a t e d  w i  t h  l a r v a l  and/or  j u v e n i  le  growth r a t e ,  t h e  r e l a t i o n s h i p  
c o u l d  be u sed  t o  p r e d i c t  r e c r u i t m e n t  t o  t h e  f i s h e r y  a t  a  ve ry  e a r l y  s t a l ; ee  

b i e t  Changes i n  S c o t i a n  S h e l f  Haddock D u r i n g  t h e  P e l a g i c  and b e m e r s a l  P h a s e s  of 
t h e  i- i rst Year o f  L i f e  - 

f h e  d i e t  o f  haddocli Eytelanoyrammus a e q l e f i n u s  Prom t h e  s o u t h e r n  S c u t i a n  
S h e l f  was s t u d i e d  d u r i n q  t h e i r  f i r s t  y e a r  of  l i f e .  While  haddock were p e l a g i c ,  
coyepoas  were t h e  n u m e r i c a l l y  donrinant coo~ponent  i n  t h e  d i e t ,  w i t h  a s i g n i f i c a n t  
b e n t h i c  c o n t r i b u t i o n  (ampnipoas ,  p o l y c h a e t e s )  f i r s t  o c u r r i n y  i n  l a t e  sunlmer, 
txar r r ina t ion  of  g u t  c o n t e n t s  i n d i c a t e d  t h a t  t h e  t r a n s i t i o n  from pe l ac j i c  t o  
ciemessal l i f e  o c c u r r e d  r e l a t i v e l y  sudden ly .  Ca tch  r a t e s  d i d  n o t  vary  w i t h  d i e 1  
p e r i o d i c i t y  and g u t  c o n t e n t s  of demersal.  f i s h  had few o c c u r r e n c e s  of p e l a g i c  
p r e y ,  i n d i c a t i n g  t h a t  d i e 1  mi i j r a t i on  was l i k e l y  n o t  an i ~ n p o r t a r t t  a s p e c t  of t h e  
eco logy  of  age-0 f i s h  d u r i n g  t h e  d e m e r s a l  phase  of t h e i r  l i v e s ,  D i e t a r y  c h a n g e s  
d u r i n g  t h e  months s u b s e q u e n t  t o  t h e  p e l a g i c -  d e m e r s a l  t r a n s i t i o n  were minor 
r e l a t i v e  t o  t h o s e  a s s o c i a t e d  w i t h  t h e  t r a n s i t i o n  i t s e l f ,  a l t h o u g h  some t r e n d s  i n  
i m p o r t a n c e  of  d i e t a r y  i t e m s  were o b s e r v e d ,  n o t a b l y  w i t h  eopepods  and mysids .  
Such t r e n d s  a i d  n o t  a p p e a r  t o  he r e l a t e d  t o  t h e  s i z e  of age-Q haddock.  

Camoarison of  O i s t r i b u t i o n s  of Aue-0 G r o u n d f i s h  w i t h  B e n t h i c  Food R e s o u r c e s  

Using  d a t a  f rom MFD g r o u n d f i s h  s u r v e y s ,  t h e  d i s t r i b u t i o n s  of age-0 
groundf is t .>  w i l l  be compared w i t h  t h o s e  of  b e n t h i c  i n v e r t e b r a t e s  known t o  be of 
s i g n i f i c a n c e  i n  F i s h e s  d i e t s .  The a r e a  of c o n c e r n  w i l l  be  Browns Bank. 

Aqe-Q S i l v e r  Hake F e e d i n g  

The f e e a i n g  of  ay+-8 s i l v e r  hake ,  a  r l umer i ca l ly  dominant  member of t h e  
j u v e n i l e  f i s h  community on t h e  S c o t i a r i  S h e l f ,  was examined w i t h  r e s p e c t  t o  f i s h  
l e n g t h ,  time of day and d e p t h  c a u g h t .  Feed ing  p a t t e r n s  were a l s o  u sed  t o  
s u b s t a n t i a t e  p a t t e r n s  of v e r t i c a l  m i g r a t i o n  p r e v i o u s l y  p o s t u l a t e d  t o  o c c u r .  



J u v e n i  i e  F i s h  i n  S c o t i  an  S h e l f  B a s i n s  -- 
P r e v i o u s  i n v e s t i g a t i o n s  (Sameoto,  kterman) o f  zoop lank ton  p r o d u c t i v i t y  on 

t h e  S c o t i  an S h e l f  have  i n d i  c a t e d  t h a t  b a s i n s  s u p p o r t e d  d e n s e r  p o p u l a t i o n s  of 
z o o p l a n k t o n  t i ian d i d  banks ,  a  r e s u l t  c o n t r a r y  t o  p r e v i o u s  b e l i e f s .  Acous"tc 
s t u d i e s  a s s o c i a t e d  w i t h  t h o s e  i n v e s t i  g a t i o n s  i n d i c a t e d  t h a t  s m a l l  f i s h  were a l s o  
p r e s e n t  i n  l a r g e  numbers. The i n t e n t  of t h i s  i n v e s t i  g a t i o n  is t o  i d e n t i f y  t h e  
s p e c i e s  of f i s h  r e s i d i n g  i n  t h e s e  c o m p a r a t i v e l y  deep t j a b i t a t s  and t o  a s c e r t a i n  
t h e  t s o p h i  c  i n t e r a c t i o n s  wi t h  t h e  h i  9th c o n c e n t r a t i o n s  of z o o p l a n k t o n  fourlcl 
t h e r e .  

l r a w l  S u r v e y s  f o r  J u v e n i l e  G r o u n d f i s h  i n  t h e  5bbl.e Xs l ane  Area ---- - 

Arlnual groundf i s h  t r a w l i n g  s u r v e y s  For j u v e n i l e  ( two y e a r  o l d  o r  l e s s )  f i s h  
i n  t he  s h a l l o w  w a t e r s  a round  S a b l e  I s l a n d  from k9kil-1985 y ieLued 36 f i s h  s p e c i e s  
of  which &Ire eombinea t o t a l s  uf httudock, s i l v e r  hake ,  c o a ,  and y e l l o w t a i l  
f l o u r l a e r  a l o n e  compr i sed  98, 95, 90, 96, and 4b% o r  t h e  t o t a l  c a t c h e s  i n  t h e  
r e s p e c t i v e  y e a r s .  U-group hbdduck, abunaan t  i n  1 9 8 1  and 1982,  h e r e  v i r t u a l l y  
a b s e n t  from 1983-1985, T h i s  c o r r e s p o n d e o  t o  d i m i n u t i o n  of abundance  of age-1 
and  aye-2 f i s h  i n  t h e  s u b s e q u e n t  y e a r s .  J u v e n i l e  cod were a l s o  an i m p o r t a n t  
c o n s t i t u e n t  of c a t c h e s  b u t  O-group cod were  r a r e  i n  a l l  y e a r s .  S i l v e r  hake ,  
y e l l o w t a i  l f  lour laer  and  w i n t e r  f locrnder  were comrnon b u t  n o t  a s  juver i i  l e s .  
Leng th - f r equency  a i s t r i b u t i o n s  showed yea r - to -yea r  c h a n g e s  i n  r e l a t i v e  
y e a r - c l a s s  s t r e n g t h  and  were a l s o  u sed  w i t h  c a t c h  r a t e s  t o  show t h a t  t h e r e  was 
no  a b s o l u t e  s e g r e g a t i o n  of age-groups  i n  r e l a t i o n  t o  d e p t h  o r  g e o g r a p h i c  s e c t o r  
b u t  c a t c h  r a t e s  i n d i c a t e d  d i f f e r e n c e s  i n  g e o g r a p h i c  d i s t r i b u t i o n s  between 
age -g roups ,  which v a r i e d  i n  most c a s e s  from y e a r  t o  y e a r .  

C a t c h  r a t e s  of 0-group haddock d i d  n o t  show good c o r r e l a t i o n  w i t h  e s t i m a t e d  
p o p u l a t i o n  s i z e  from i n d e p e n d e n t  s o u r c e s ,  b u t  a g e - l  haddock and age-2 cod 
c a t c h e s  d i d .  Such c o r r e l a t i o n  i n d i c a t e s  t h e  v a l u e  of t h e  s u r v e y s  a s  a  p o s s i b l e  
means of  p r o v i d i n g  i n d i c e s  of abundance  of haddock and cod s t o c k s  of t h e  c e n t r a l  
S c o t i a n  S h e l f .  

LcoLoqv of  Aae-0 Cod and  Haddock on Georues  Bank 

Diel changes  i n  t h e  v e r t i c a l  d i s t r i b u t i o n s  of  age-0 p e l a g i c  cod and haddock 
were exarrrined i n  i s o t h e r m a l  and  s t r a t i f i e d  w a t e r s  o f  Georges  bank i n  dune 1985. 
U i s c r e t e  d e p t h  c o l l e c t i o n s  e v e r y  4-hr  i n d i c a t e d  cod had more e x t e n s i v e  changes  
i n  d e p t h  t h a n  haddock.  A t  b o t h  s i tes ,  cod  were p r e d o m i n a t e l y  n e a r  bot tom u u r i n g  
t h e  day and i n  inidwater  a h r r i g h t ,  a l t h o u g h  a t  t h e  s t r a t i f i e d  s i t e  t h i s  upwara 
ma g r a t i o n  may have  t e e n  l i m i t e d  by t h e  t l>ern toc l i  n e e  Age-0 haadoek occurrec l  
a b o u t  t h e  t h e r m o c l i r ~ e  a t  t i le  s t r a t i  l - i eu  s i t e ,  w i t h  l i t t l e  o i e l  change  of dept tr ,  
A t  t h e  nrixed s i t e ,  haddock were d i s t r i b u t e d  n e a r  bot tom,  b u t  were c a u g h t  
t t ~ r o u ~ h o u t  t h e  w a t e r  u u r i n y  t h e  p e s i o o s  b e f o r e  noon ano  mictnight ,  Fo r  Loth Cod 
a n a  h a u d o c ~ ,  s m a l l  f i s h  ( 30 mm s t a n d a r d  l e r lg th  f o r  cod ,  40 mm f o r  hadouck)  
were  a 3 s a  d i s t r i b u t e d  a t  s h a l l o w e r  d e p t h s  arid u n d e r t u o ~  l e s s  e x t e n s i v e  
mi y r a t i  ons  t h a n  l a r g e r  f i s h ,  T i  me-dependent veicti  c a l  d i s t s i b u t i o r l s  c l e a r l y  
d e m o n s t r a t e  o v e r l a p  a t  t h e  ~lr ixed s i t e ,  and t h e  s e p a r a t i o n  of d i s t r i t u t i o n s  a t  
t h e  s t r a t i f i e d  s i t e .  70 i n v e s t i g a t e  f a c t o r s  p o t e n t i a l l y  c o n t r i b u G i n g  t o  t h e s e  
d i  e l  c h a n g e s  i n  d e p t h ,  distsi bu t ions  of  t e m p e r a t u r e ,  s a l i  n i  t y ,  l i g h t  , p r e f e r r e d  
z o o p l a n k t o n  p r e y ,  and t i d a l  c u r r e n t  s p e e d  were examined ,  V e r t i c a l  m i  g r a t i o n s  of 



cod were  r e l a t e d  t o  t h e  d i e l  l i g h t  c y c l e  a t  bo th  si t e s .  A t  t h e  mixea s i t e ,  t h e  
number of  ~ l a a d o c k  c a u g h t ,  a f u n c t i o n  of t h e i r  d i s t r i b u t i o n  o f f  t h e  to t torn ,  was 
i r l v e r s e l y  r e l a t e d  t o  t h e  mean t i d a l  c u r r e n t  s ~ e e d  a u r i n y  t h e  s ampl ing  p e r i o d .  
i't-tis r e l a t i o n s f t i p  may have  been irrediated t h r o u g h  t h e  e f f e c t  of c u r r e n t  speed  on 
t h e  d i s t r i b u t i o n  of  t h e  p r e f e r r e d  p r e y .  

P h y s i o l o g i c a l  cond i  t i o n  of cod and haddock,  arid zouplar-tkton b iomass ,  was 
si y r r i f i c a n t l y  g r e a t e r  a t  t h e  mixed s i t e .  t l e e t i v i  t y  i n d i c e s  indicates Iheomysis 
a m e r i c a n a ,  which o c u r r e d  at. h i g h  d e n s i t i e s ,  was t h e  p r e f e r r e d  p rey  of bo th  f i s h  
s p e c i e s  a %  t h i s  s t i e .  A t  t h e  s t r a t i f i e d  s i t e ,  cod o v e r l a p p e d  i n  deep w a t e r  w i t h  
t h e  d i s t r i b u t i o n  of  i ts p r e f e r r e d  p rey  T i s b e  s y . ,  w h i l e  d i s t r i b u t i o n s  of haddock 
anct i ts p r e f e r r e d  p r e y  Limachina s y .  o v e r l a p p e d  i r ?  uppe r  w a t e r s ,  The a b i l i  t y  of 
cod  and haddock t o  co-occur  when p rey  a r e  p l e n " c i f l ,  and s e p a r a t e  when p r e y  a r e  
s c a r c e ,  may p r o v i d e  a  means t o  s e d u c e  i n t e r s p e c i f i c  c o m p e t i t i o n .  Be a l s o  
i m p l i e s  tha-=dic t ion  of  haddock v e r t i c a l  d i s t r i b u t i o n s  f o r  s u r v e y  p u r p o s e s  
may depend on t h e  t h e r m a l  s t r u c t u r e ,  d i s t r i b u t i o n s  of p r e y ,  and "i;idl c u r r e n t  
s p e e d .  







R e c r u i t m e n t  i n t o  t h e  C o a s t a l  L o b s t e r  F i s h e r y  Along t h e  At1an"tc C o a s t  of Nova 
S c o t i  a  

The l o b s t e r  l a n d i n g s  a l o n g  t h e  A t l a n t i c  c o a s t  o f  Nova S c o t i a ,  f rom Richmond 
t o  Lunenburg  County ,  have  f l u c t u a t e d  d r a s t i c a l l y  si n e e  t h e  t u r n  of t h e  c e n t u r y  
w i t h  a  p e r i o i c i t y  of  a p p r o x i m a t e l y  20 y e a r s .  The most r e c e n t  d e c l i n e  
bot tomed-out  i n  t h e  l a t e  l97hls w i t h  l a n d i n g s  l t o  10% o f  t h o s e  d u r i n g  t h e  
p r e v i o u s  peak y e a s s  i n  t h e  mid-1950s and t h e  s u b s e q u e n t  r e c o v e r y  i n  t h e  
m i  d-1980s. 

The re  have  been a  number of  h y p o t h e s e s  p roposed  on t h e  c a u s e s  behind  t h i s  
c y c l i c a l  f i s h e r y  ( e g ,  c o n s t r u c t i o n  of  Canso Causeway, f i s h i n g  p r e s s u r e ,  v a r i o u s  
p r e d a t o r / p r e y  h y p o t h e s e s ,  c l i m a t i  c  c h a n g e s ) ,  d u r  app roach  t o  s t u a y i n g  
r e c r u i t m e n t  a l o n g  t h e  A t l a n t i c  c o a s t  o f  Nova S c o t i a  h a s  c o n c e n t r a t e d  on t h e  
l a r v a l  eeoLoyy. Huntsman o b s e r v e d  t h a t  warm w a t e r  (16°C)  s t i m u l a t e s  s a p i d  
growth  o f  t h e  p l a n k t o n i c  l a r v a e ,  and  he p roposed  t h a t  t h i s  is n e c e s s a r y  f o r  
s u c c e s s f u l  mol t  c o m p l e t i o n  and bot tom s e t t l e m e n t  b e f o r e  c o o l e r  t e m p e r a t u r e s  s l o w  
o r  h a l t  deve lopment  i n  t h e  f a l l .  Optimal. t e m p e r a t u r e s  of s u f f i c i e n t  d u r a t i o n  
f o r  t h e  s u c c e s s f u l  conrk le t ion  of  l a r v a l  deve loymnt  a r e  p r o b a b l y  on ly  found i n  
i n l e t s  a l o n g  t h i s  c o a s t .  F u r t h e r m o r e ,  t h e  a p p r o p r i a t e  p rey  s p e c t r a  f  o r  l a r v a l  
s u r v i v a l  is  a l s o  on ly  found i n  c o a s t a l  w a t e r s  ( H a r a i n g  e t  a l .  1 9 8 3 ) .  L a r v a l  
l o b s t e r  s u r v e y s  were u n d e r t a k e n  i n  and sli s h t l y  o f f s h o r e  of  S t .  M a r g a r e t ' s  Bay, 
N.S., w i t h  t h e  u l t i m a t e  g o a l  o f  e s t i m a t i n g  p r o d u c t i o n  and m o r t a l i t y  f o r  
compar i son  w i t h  t h e  w e l l - s t u d i e d  and s t a b l e  l o b s t e r  f i s h e r y  i n  t h e  s o u t h e r n  Gulf 
o f  S t .  Lawrence.  

U u r i n g  t i l e  p e r i o d  of  t h e  l o b s t e r  l a r v a e  s t u d i e s  (1982-84) a  p h y s i c a l  
o c e a n o g r a p h i c  s t u d y  was u n d e r t a k e n  which i n c l u d e d  rr~oored t h e r m i s t o r  c h a i  ns i n  
1984.  The d a t a  r e v e a l  p e r i o d s  of i n t e n s e  u p w e l l i n g  when t h e  uppe r  l a y e r  w a t e r s  
were c o m p l e t e l y  r e p l a c e d .  Comparison w i t h  t e m p e r a t u r e  d a t a  c o l l e c t e d  a s  p a r t  of 
a  l ong - t e rm m o n i t o r i n g  program u s i n g  Ryan the rmographs  (Dobson and P e t r i e  1985)  
shows t h a t  t h e s e  u p w e l l i n g  e v e n t s  o c c u r r e d  s i m u l t a n e o u s l y  a l o n g  most of t h e  
A t l a n t i c  coask  of  Nova S c o t i a ,  T h i s  is d r i v e n  by t h e  a l o n g s h e l f  wind stress i n  
t h e  c l a s s i c a l  tknlan s e n s e  ( P e t r i e  e t  a l ,  1987) .  We a r e  p r e s e n t l y  d e v e l o p i n g  a n  
Ekman model u s i n g  g e o s t r o p h i c  wind d a t a  from 1946  t o  1986 t o  test  t h e  h y p o t h e s i s  
t h a t  i n c r e a s e d  a l o n g s h e l f  winds  may r e d u c e  l o b s t e r  r e c r u i t m e n t  a l o n g  t h e  
A t l a n t i c  c o a s t  t h r o u g h  g r e a t e r  o f f s h o r e  t r a n s p o r t .  

k e c r u i t m e n t  of L a r v a l  L o b s t e r s  Along SW Nova S c o t i a ,  Bay of  Fundy, and Gulf  of  
lilai n e  - 

I n  a  r e c e n t  r e i n t e r p r e t a t i o n  o f  S t a s k o  and  G o r d o n s s  (1983)  Larva1  s u r v e y s ,  
i t  was c a l c u l a t e d  t h a t  between 9 2  and  97% o f  t h e  l a r v a l  r e c r u i t m e n t  o f f  
s o u t h w e s t  Nova S c o t i a  o c c u r r e d  i n  t h e  o f f s h o r e  r e g i o n  f rom S t a g e  I and  I'd 
p r o d u c t i o n  e s t i m a t e s ,  r e s p e c t i  v e l y  ( H a r d i n g  a n a  Tri tes  1 9 8 d ) .  

L a g r a n g i a n  nieasureraents  ( f r o m  s u r f a c e  and bot tom d r i f t e r  r e l e a s e s )  were 
t a k e n  a t  t h e  sarire time a s  t h e  l a r v a l  s u r v e y s ,  l o  i n v e s t i g a t e  t h e  h y p o t h e s i s  
t h a t  i n s h o r e  s t o c k s  r e c e i v e  l a r v a l  r e c r u i t s  f rom t h e  o f f s h o r e  we estimates 
c u r r e n t  p a t t e r r l s  and v e l o c i t i e s  (3-16 cm/s) from t h e s e  d r i f t e r  r e l e a s e s ( H a r d i n 9  
and  Tri t i e s  lYB8). L i m i  ts of  l a r v a l  d i s p e r s i o n  were t h e n  e s t i m a t e d  from s u r f a c e  



c u r r e n t s  and t h e  p h y s i o l o g i c a l  and e c o l o g i c a l  t r a i t s  of t h e  l a r v a l  l o b s t e r .  I t  
would a p p e a r  t h a t  o f  f s l l o r e  l o b s t e r  c o u l d  make an  i m p o r l a n t c o n t r i b u t i o n  t o  
r e c r u i t n l e n t  t h r o b y h o u t  ti-re e a s t e r n  s e c t o r  of t h e  Gul f  of Maine. 

S t u d i e s  plarlneri i n  the n e a r  f u t u r e  w i l l  exanline t h e  d e g r e e  of r e t e n t i o n  of 
l a r v a e  on o f f s h o r e  banks  by p h y s i c a l  f o r c e s  o r  a  combina t ior l  of t h e  i n t e r a c t i o n s  
between phys i ca l .  oceanography and t h e  b e h a v i o v r a l  t r a i t s  o f  t h e  l a r v a e .  L a r v a l  
r e l e a s e  seerns t o  be l a r g e l y  c o n f i n e d  t o  s h o a l  w a t e r s .  b u b s t a ~ i r i g  of m o l t s  w i l l  
be  u sed  t o  improve  e s t i m a t e s  of l a r v a l  d r r f t  tinre from t h e  banks .  ~ h a n ~ e s  i n  
s u r v i v a l  froni t h e  c o r ~ a i t i o n  of  t h e s e  e x p a t r i a t e s ,  u s i n g  e i t h e r  t o t a l  l i y i c l  
c o n t e n t  o r  l i p z d  t y p e s  as ail i r l d i c a k o r  w i l l  be examined,  A more comprehens ive  
e s t i m a t e  o r  l a rva l .  psocduction o f f  sou t l rwes t  hove  5 c o t i a  w l l l  be u n d e r t a k e n  y v e n  
t h e  improved  knowledge OF t h e  v e r t i c a l  d i s t r i b u t i o n  of t h e  f o u r  p l a n k t o n i c  
s t a g e s  of t h e  l o b s t e r  ana  more s o p h i s t i c a t e d  c o l l e c t i n g  Gear ( ~ a s d l n g  e t  a l .  
1 9 8 7 ) .  

S c a l  - S t u d i e s  -- 

The s p a t i a l  and t e m p o r a l  d i s t r i b u t i o n  of  s e a  s c a l l o p  l a r v a e  i n  r e l a t i o n  
t o  ( i )  c o n c e n t r a t i o n s  s f  r e c r u i t e d  s c a l l o p s ;  and  ( i i )  t h e  p h y s i c a l  and 
h i o l o y i  cel  env i ronmen t  is y r e s e n u y  under  i n v e s t i  y a t i  on.  The s t u d y  h a s  e v o l v e d  
c o n s i d e r a b l y  s i n c e  1 9 8 4  when t h e  h o ~ l i z o n t a l  and v e r t i  c a l  d i s t r i  b u t i o n  of s e a  
s c a l l o p  l a r v a e  was s t u d i e d  i n  t h r e e  f a l l  c r u i s e s .  

I n  2986 and  1987  t h e  h o r i z o n t a l  and v e r t i c a l  d i s t r i b u t i o n  of  l a r v a e  on 
G e o r ~ e s  Bank was s t u d i e d  and t h e  a n a l y s i s  is i n  p r o g r e s s .  The v e r t i c a l  
d i s t r i b u t i o n  of La rvae  was shown t o  he  a  F u n c t i o n  of  w a t e r  columrl s t a b i l i t y  i n  
1986; whe the r  a s  n o t  t h i s  is food  r e l a t e d  was i n v e s t i g a t e d  i n  1987.  

I n  Oc tobe r  o f  1988, l a r v a l  s e a  s c a l L o y  d i s t r i b u t i o n  i n  t h e  f r o n t a l  zone on  
t h e  n o r t h e r n  f l a n k  of  ~ e o r g e s  Bank w i l l  be s k d i e d .  T h i s  is i n  c o n ~ u n c t i o n  w i t h  
a p h y s i c a l  o c e a n o g r a p h i c  s t u d y  t a k i n g  p l a c e  on c r o s s - f r o n t a l  exchange .  

S i m u l t a n e o u s  t o  t h e  f i e l d  s t u d i e s ,  methods t o  a s s e s s  l a r v a l  a g e  and  
c o n d i t i o n  i n  a n i m a l s  from n a t u r e  have  been deve loped  i n  t h e  l a b o r a t o r y .  I n i t i a l  
r e s u l t s  of  u s i n g  growth  r i n g s  t o  a Q e  t h e  l a r v a e  were p ron l i s ing  ( s e e  l l u r l ey  e t  
a l e  1 9 8 ~ )  b u t  f u r t h e r  l a b  s t u d y  i n d i c a t e d  t h a t  t h e  r a t e  of  growth  l i n e  
d e p o s i t i o n  is a  f u n c t i o n  of  t e m l l e r a t u r e  and  r e c e n t  f e e d i n g  h i s t o r y .  It may 
s t i l l  be p o s s i b l e  t o  a s s e s s  t h e  r e l a t i v e  growth  r a t e s  of l a r v a e  i n  n a t u r e  bu t  
e s t i ~ ~ a t i n g  t h e  t r u e  a y e  of t h e  l a r v a e  r ema ins  p r o b l e m a t i c .  

A l i p i d  i n d e x  t o  a s s e s s  t h e  ene rgy  s t o r e s  of s e a  s c a l l o p  l a r v a e  i n  n a t ~ r e  
a p p e a r s  more p r o m i s i n g .  I n  1987 l a r v a e  from d i  f f e r e n t  food  r eg imes  were s t a i n e d  
a n a  p r e l i m i a n r y  r e s u l t s  s u g g e s t  t h a t  t h e r e  is food  l i m i t a t i o n  of ene rgy  s t o r a g e .  

The Ro le  o f  t h e  Georges  Bank T i d a l  F r o n t  on P l a n k t o n  D i s p e r s a l  o r  R e t e n t i o n  
v 

T i d a l  mix ing  f r o n t s  i n  c o n t i n e n t a l  s h e l f  a r e a s  a r e  r e g i o n s  of s t r o n g  
g r a d i e n t s  i n  p h y s i c a l  p r o p e r t i e s  and c u r r e n t s .  V a r i a t i  o n s  i n  p h y s i c a l  and 
t r a n s p o r t  p r o c e s s e s  i n  such  r e g i o n s  may d e f i n e  r e c r u i t m e n t  of mar ine  s p e c i e s  by 
i n f l u e n c i n g  t h e  d i s t r i  b u t i o n s  of e a r l y  l i  f e - h i s t o r y  s t a g e s  i n  r e l a t i o n  t o  t h e  
a p p r o p r i a t e  l o c a t i o n  f o r  t h e  p o p u l a t i o n .  A s t u d y  of t h e  r e l a t i v e  r o l e s  of 
p h y s i c a l  and  b i o l o g i c a % / b e h a v i o u r a l  p r o c e s s e s  t h a t  d e t e r m i n e  zoo- and 



i c h t h y ~ ~ l a n k t o n  d i s t r i b u t i o n s  and p l ~ y s i o l o g i e a l  condi t i o n  about t h e  s t ror lg  t i u a l  
f r o n t  on t h e  n o r t h e r n  f l a n k  of Leoryes  Bank is proposed,  Ihe t ~ y p o t h e s i s  t o  be 
t e s t e d  is t h a t  physi  caL g r o e e s s e s ,  and di f f 'erences i n  bi olocji c a l  p r o c e s s e s  such 
a s  v e r t i  c a l  ~ n i g s a t i o n  o r  water  mass p r e f e r e n c e s ,  a r e  r e s p o n s i b l e  f o r  p o t e n t i  al. 
d i s p e r s a l  of l o b s t e r  l a r v a e  t o  southwest  Nova S c o t i a ,  and r e t e n t i o n  of s c a l l o p  
and f i s h  l a r v a e  on Georges Bank. The g e n e r a l l y  s t r o n g  convergence a t  t i d a l  
f r o n t s  w i  ll a l s o  a l low us  t o  t e s t  whether e l e v a t e d  c o n c e n t r a t i o n s  of p o t e n t i a l  
zooplankton prey l e a d  t o  enhanced p h y s i o l o g i c a l  condi t i o n  of f i s h  l a r v a e .  T h i s  
program w i l l  be c l o s e l y  c o o r d i n a t e d  w i t h  a  d e t a i l e d  i ~ h y s i c a l  oceanographic  s t u d y  
of  t h i s  f r o n t  t o  be conducted by P h y s i c a l  Chemical S c i e n c e s  Branch a t  S10. 
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L a b r a d o r  S h e l f  F i s h  P r o d u c t i o n  S t u d i e s  

The e a s t e r n  e n t r a n c e  t o  Hudson S t r a i t  is c h a r a c t e r i z e d  by i n t e n s e  t i d a l  
mix in9  which r e d u c e s  s t r a t i f i c a t i o r i  and r e s u l t s  i n  n u t r i e n t - e n r i c h e d  s u r f a c e  
w a t e r s  d u r i n g  t h e  sunimer ( D r i n k w a t e r  and J o n e s  1 9 8 7 ) ,  S u t c l i f f e  e t  a l .  ( 1983)  
found e v i d e n c e  t h a t  t h e s e  s u r f a c e  w a t e r s  a r e  a d v e c t e d  o n t o  t h e  L a b r a d o r  S h e l f  by 
t h e  r e s i d u a l  c i r c u l a t i o n  and h y p o t h e s i z e d  t h a t  t h e  r e s u l t a n t  n u t r i e n t  i n f l u x  
l e a d s  t o  i n c r e a s e d  p r imary  p r o d u c t i o n  on t h e  s h e l f .  T h i s ,  i n  t u r n ,  d r i v e s  a 
d e v e l o p i n g  Food c h a i n  a s  t h e  watermass  is c a r r i e d  f u r t h e r  sou thward  by t h e  mean 
c u r r e n t s ,  The abundance  of t h e  2J3KL cod s t o c k s  was r e l a t e d  t o  changes  i n  
s a l i  n i  ty wwi "t h i  g h e r  s a l i  n i  t y  p r a n ~ o t i  ng i n c r e a s e d  p r o d u c t i  on .  I t  was a r g u e d  
t h a t  i n  y e a r s  of h i g h  f r e s h w a t e r - o u t f l o w  f rom Hudson Day, t h e  i n c r e a s e d  
s t r a t i  f i c a t i  on s e l p y r e s s e s  m i  x i n g  i n  e a s t e r n  Hudson S t r a i  t which r e d u c e s  
n u t r i e n t s  and  l o w e r s  t h e  s a l i n i t y  of t h e  w a t e r  on t h e  L a b r a d o r  S h e l f .  The 
r e d u c t i o n  i n  n u t r i e n t s  r e s u l t s  i n  l ower  p r imary  p r o d u c t i o n  and e v e n t u a l l y  less 
food  f o r  t h e  cod.  The s i g n i f i c a n c e  of iiudson S t r a i t  o u t f l o w  on t h e  Labrador  
S h e l f  food  c h a i n  a s  p roposed  by Su - t cL i f f e  e t  e l .  ( l 9 8 3 ) ,  i f  t r u e ,  sugc j e s t s  a 
r e l a f i v e  i n c r e a s e  i n  t h e  b iomass  of l a r c j e r - s i z e d  o rgan i sms  from n o r t h  t o  s o u t h  
a l o n y  t h e  L a b r a d o r  S h e l f ,  I n  1985  a  c r u i s e  was d e d i c a t e d  t o  t e s t i n g  t h i s  
hypo tk>es i s  by measu r ing  p a r t i c l e - s i z e  s p e c t r a  ove r  t h e  b h e l f ,  1he  s ampl ing  g r i d  
was d e s i g n e d  t o  e v a l u a t e  n o t  o n l y  t h e  a l o n g - s h e l f  g r a d i e n t s  i n  p a r t i c l e  s i z e  
s p e c t r a  b u t  a l s o  c r o s s - s h e l f  c j r a d i e n t s  and  t h e  i n f l u e n c e  of b a t h y m e t r i c  
v a r i a t i o n s .  The p a r t i c l e - s i z e  r a n g e  i n c l u d e d  b a c t e r i a  and p h y t o p l a n k t o n  
(measured  w i t h  a  C o u l t e r  ~ o u n t e r ) ,  z o o p l a n ~ t o n  ( f rom v e r t i c a l  n e t  h t i u l s ) ,  and 
f i s h  ( e s t i n r a t e a  u s i n g  LCOLtiL). A d a i t i o n a l  i r ~ f o r r n a t i o n  was c o l l e c t e d  on t h e  
bentklos, b a r d  d i  s t r i  b u t i  orjs, t e n r p e r a t u r e - s a l i n i  t y  c h a r a c t e r i s t i c s ,  c u r r e n t s ,  
n u t r i e n t  c o n c e r r t a a t i o n s  and c h l o r o p h y l l .  P r o c e s s i n g  of  t h e  d a t a  is n e a r  
c o n i ~ ) l e & i o n  and t h e  d e t a i l e d  a n a l y s i s  is ongoing .  

bdarrn-core r i n g s  formed from meanders  i n  t h e  Gulf  S t ream can e n t r a i n  l a r g e  
volumes o f  w a t e r  o f f  of t h e  c o n t i n e n t a l  s h e l f  between t h e  Grand Banks and t h e  
m i d - A t l a n t i c  B i g h t .  S e v e r a l  a u t h o r s  have  s u g g e s t e d  t h a t  t h e  s h e l f  w a t e r  
e n t r a i n e d  by t h e s e  r i n g s  may t r a n s p o r t  enough f i s h  e g g s  and l a r v a e  t o  
si g n i  f  i c a n t l y  r e d u c e  mar ine  F i sh  r e c r u i  t rnent ,  T h i s  h y p o t h e s i s  h a s  r e c e n t l y  been 
t e s t e d  by Myers s n d  O r i n k w a t e r  (1986,  1 9 8 7 ,  19118) u s i n g  e n t r a i n m e n t  i n d i c e s  
d e r i v e d  f rom 14  y e a r s  of s a t e l l i t e  imagery and r e c r u i t ~ n e n t  i n d i c e s  f o r  25 
commerc i a l l y  i m p o r t a n t  s t o c k s  of  f i s h  and s h e l l f i s h .  The S l o p e  Water a r e a  
a d j a c e n t  t o  t h e  c o n t i n e n t a l  s h e l f  was d i v i d e d  i n t o  n i n e  r e g i o n s  which were  
chosen  t o  c o r r e s p o n d  t o  t h e  app rox in l a t e  limits of  t h e  F i s h  s t o c k s .  An 
entrainment i n d e x  i n c l u d i n g  t h e  p o s i t i o n  and number of warn)-core r i n g s  was 
d e r i v e d  f o r  e a c h  of t h e s e  r e g i o n s  from weekly s a t e l l i t e  images  d u r i n g  t h e  p e r i o d  
1 9 7 3  t h r o u g h  1986.  These d a t a  were t h e n  combined w i t h  e s t i m a t e s  of spawning  
time and t h e  d u r a t i o n  of  t h e  l a r v a l  s t a g e s  t o  c r e a t e  s t o c k - s p e c i f i c  a n n u a l  
i n d i c e s  of  r i n g  s c t i v i t y .  The r e s u l t s  showed s t r a n g  e v i d e n c e  t h a t  a  r e d u c t i o n  
i n  r e c r u i  tment  of g r o u n d f i s t )  i n  t h e  iuorttlwest A t l a n t i c  is a s s o c i a t e d  w i  t h  
warm-core r i n g  a c t i v i t y .  Wecruitrnent v a r i a t i o n  i n  1 5  of  t h e  1 7  y r o u n d f i s h  
s t o c k s  examined was n e g a t i v e l y  r e l a t e d  t o  r i n g  a c t i v i t y .  l h e r e  was, however, no 



c o n s i s t e n t  r e l a t i o n s h i p  between r e c r u i  tment  of p e l a g i c  s t o c k s  and warm-core r i n g  
a c t i v i t y .  Some of t h e  p e l a g i c  s p e c i e s  t h a t  w e r e i n c l u d e d  i n  t h e  a n a l y s i s  spawned 
s u f f i c i e n t l y  f a r  from t h e  edge  of t h e  s h e l f  t h a t  t h e y  may n o t  be s u s c e p t i b l e  t o  
t h e  e f f e c t s  of  t h e  r i n g s .  

R e c e n t l y  e f f o r t s  have  been d i r e c t e d  towards  an i n v e s t i g a t i o n  of t h e  
h y p o t h e s i s  t h a t  o f f  s h o r e  Ekman t r a n s p o r t  r e d u c e s  r e c r u i  tment  an t h e  S c o t i  an  and 
L a b r a d o r  s h e l v e s .  D a t a - d r i v e n  s i m u l a t i o n s  a r e  be ing  c a r r i e d  o u t  of egg and 
l a r v a l  c r o s s - s h e l f  " c s a s p o r t  f o r  t h e  y e a r s  1946-86 on LO s e p a r a k e  stacks and 
w i l l  be compared w i t h  t h e  o b s e r v e d  r e c r u i t r n e n t .  I n  t h e  model,  eggs are r e l e a s e d  
on t h e  spawning  g rounds  e a c h  day d u r i n g  t h e  spawrliny s e a s o n .  The c r o s s - s h e l f  
p o s i t i o n  of  t h e  e g g s  and subsecluent  l a r v a e  a r e  t r a c k e d  assuming a a v e c t i o n  
' through a l o n g s h e l f  w ind -gene ra t ed  Ekrnan t r a n s p o r t ,  The s t r e s s  e s t i m a t e s  a r e  
basect on s i x  h o u r l y  ~ e o s t r o p h i c  wincis, Lqgs o r  l a r v a e  t h a t  a r e  "r;fansporta 
beyond t h e  c o n t i n e n t a l  s h e l f  a r e  assumed t o  d i e ,  The r e s u l t  from each  y e a r s  
siniula"h.osn w i l l  be t h e  i n t e g r a l  of each  i n d i v i d u a l  clay, w e i y h t e a  by t h e  
p r o p o r t i o n  of e g g s  e s t i m a t e d  t o  be spawned on t h a t  day.  The model a l s o  i r icbudes  
t h e  i n f l u e n c e  of v e r t i c a l  m i g r a t i o n  of  t h e  l a r v a e  and t h e  tiriie-dependent raa ture  
of  t h e  tknran l a y e r  d e p t h ,  

C l i m a t e  V a r i a b i  li t y  and  Kec ru i  tment  

The p h y s i c a l  o c e a n o g r a p h i c  e f f e c t s  of  t h e  f r e s h w a t e r  d i s c h a r 5 e  from t h e  
S t ,  Lawrence 1.iiver a r e  n o t  l i ~ n i t e d  t o  t h e  t u l f  of S t ,  Lawrence b u t  were siaown 
f rom t e m p e r a t u r e  and s a l i n i t y  d a t a  t o  e x t e n d  t o  t h e  S c o t i a n  S h e l f  s n a  i n t o  t h e  
Gulf  of  h a i n e  ( S k r t c i i f f e  et  a l ,  1976 ,  D r i n k w a t e r  et  a l ,  1 9 7 9 )  S u t c l i f  f e  e t  
a l e  (1977) i n v e s t i g a t e d  t h e  c a t c h e s  of  17 commerc ia l  mar ine  s p e c i e s  of f i s h  and 
s h e l l f i s h  from t h e  Gulf of Maine and found t h r o u g h  e x p l o r a t o r y  a n a l y s i s  t h a t  1 0  
were  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  l o c a l  c o a s t a l  s e a  s u r f a c e  t e m p e r a t u r e s  a s  
well a s  t h e  S t ,  Lawrence lii v e r  d i s c h a r g e .  Maximum c o r r e l a t i o n s  a g a i n  o e e ~ ~ s s e d  
when t h e  f i s h  was l a g g e d  by a  time a p p r o x i m a t e l y  m a t c h i n s  its a g e  a t  commerc ia l  
s i z e .  N o r t h e r n - o r i e n t e d  s p e c i e s  were found t o  be n e g a t i v e l y  c o r r e l a t e d  t o  
t e m p e r a t u r e  w h i l e  s o u t h e r n  s p e c i e s  were p o s i t i v e l y  c o r r e l a t e d ,  K e c e n t l y  t h e  
t i m e  series used  by b u t e i i f f e  and co-workers  i n  t h e i r  c o r r e l a t i v e  s t u d i e s  were  
u p d a t e d  and t h e  re la t i  o n s h i p s  re-examined ( i )r i  nkwa te r  1913'9, U r i n k w a t e r  and Myers 
1 9 8 7 ) .  Us ing  l i n e a r  r e g r e s s i o n s  based  on d a t a  f f r r n  "the e a r l i e r  work, 
p r e d i c t i o t 3 s  of f i s h  c a t c h  o r  abundance  were c a l c u l a t e d  f o r  t h e  i n t e r v e n i r i g  y e a r s  
and coci~pared t o  t h e  a c t u a l  c a t c h  d a t a .  Fo r  6 of t h e  13 s t o c k s  i n v e s t i g a t e d  
c o r r e l a t i o n s  o v e r  Utle 9-14 y r  of new d a t a  remained  h i g h  and of t h e  same s i g n ;  
however ,  incdivi d u a l l y  none was found t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  a f t e r  
a c c o u n t i n g  f o r  t h e  l o s s  of d e g r e e s  of freedon1 due t o  t h e  h i g h  a u t o c o r r e l a t i o n  i n  
t h e  d a t a  ( b r i n k h a t e r  and ~ i y e r s  1987). I h e  h y p o t h e s i s  of an  o v e r a l l  
e n v i r o n m e n t a l  e f f e c t  on l a n d i n g s  i n  g e n e r a l  c o u l d  n o t  be s u b s t a n t i a t e d  a s  t h e  
c o r r e l a t i o n  c o e f f i c i e n t  f o r  5 of  t h e  63 s t o c ~ s  r e v e r s e d  si yn u s i n g  t h e  new d a t a ,  
b u t  c h a n g e s  i n  f i s l > i r l y  e f f o r t  a r e  b e l i e v e d  t o  mask d e t e c t i o n  s f  e r rv isor~nienta l  
e f f e c t s  i n  t h e  l a r t o i n ~ s  of s e v e r a l  s t o c l t s .  The u s e  of l a n d i n g s ,  u n c o r r e c t e d  f o r  
f i s h i n 5  e f f o r t ,  i n  c o r r e l a t i  ve s t u a i e s  w i th  e n v i r o n n t e n t a l  v a r i a b l e s  can  c a u s e  
p rob lems  i n  i n t e r p r e t a t i o n  and l e t e r  c o n f i r m a t i o n  of r e l a t i  o n s h i  ys (btrinrcwal.,er 
and  Myers 1987), however,  i t  is e n c o u r a g i n g  t o  n o t e  t h a t  e n v i r o n m e n t - f i s h  
r e l a t i o n s h i p s  a l s o  e x i s t  u s i n g  VPA e s t i m a t e s  ( U r i n k w a t e r  1 9 8 7 ) .  



Northwes t A t l a n t i  c C a p e l i  n  Hec ru i  tnient  S t u d i e s  - 

L a r g e - s c a l e  wind f o r c i n g  e v e n t s  a r e  known t o  a f f e c t  r e c r u i  tment  i n  
beach-syawnirrcj c a y e l i n  and i t  is h y p o t h e s i z e d  t h a t  s i m i l a r  e v e n t s  a f f e c t e o  
r e c r u i t m e n t  of  c a y e l i n  spawned on t h e  SL. S h o a l  of  tile b r a n d  Brank,  a discrete 
spawn"inl, a r e a  350 k~a froril t h e  n e a r e s t  s ~ , a w n i n g  beach ,  S p e c i f i c a l l y  ke a r e  
t e s t i n g  t h e  h y p o t h e s i s  t h a t  l a r v a e  r e q u i r e d  a  destaicli l i z a t i o n  of t h e  d e n s i t y  
s t r a t i f i c s t i o n  from s t o r m s  f o r  e f f e c t i v e  t s a n s ~ o r t  f rom t h e  spawning Leas t o  t h e  
s u r f a c e  w a t e r s .  

R e s u l t s  of i ch thyoplhankton  s u r v e y s  conduc ted  i n  Septerrrber of 1986 and 19b7 
were s i m i l a r  i n  s e v e r a l  r e s p e c t s :  1) h i g h  c o n c e n t r a " c o n s  of c a p e l i n  l a r v a e  
o c c u r e d  i n  a r e a s  where dertse spakdning c o n c e n t r a t i o n s  were  o b s e r v e d  by 
h y d r o a c o u s t i c  cnetltods i n  ~ u n e / S u l y ;  2) a m i x t u r e  of d i f f e r e n t  s i z e s  of l a r v a e  
( r a n g e :  4-26 mm) was o b s e r v e d  i n d i c a t i n g  t h a t  l a r v a e  h a t c h i n g  a t  d i f f e r e n t  times 
were r e t a i n e d  ir? t h e  spawning  a r e a ;  3 )  Nov./C;ec, s u r v e y s  conduc ted  i n  bo th  y e a r s  
showed t h e  c o n c e n t r a t i o n  of  l a r v a e  had renlained s t a t i o n a r y  b u t  i n c r e a s e d  i n  s i z e  
c o n s i s t e n t  w i t h  known growth r a t e s ;  and  4 )  a l l  s i z e s  of l a r v a e  showed e v i d e n c e  
o f  v e r t i c a l .  m i g r a t i o n  b e t ~ a v i o u r ,  t h e  d a i  l y  r a n g e  i n c r e a s i n g  w i t h  l a r v a l  s i z e ,  
The dominant  l a r v a l  c o h o r t  formed i n  1986 c o i n c i d e d  w i t h  t h e  p a s s a g e  o f  T r o p i c a l  
b to rm Ghaskey which had a pronounced  t a f f ec t  on t h e  h y d r o g r a p h i c  s t r u c t u r e  of t h e  
w a t e r  column. U t h e r ,  l e s s  abundan t  c o h o r t s  were f o r ~ n e d  i n  t h e  absence  of s u c h  
e v e n t s  and what ,  i f  any ,  e c o l o g i c a l  a d v a n t a g e s  l a r v a e  might  a c c r u e  from a 
s e l e c t i v e  eiaergence t i m i n g  mechanisni a r e  b e i n g  i n v e s t i  g a t e d .  The s t u d y  i n  
ongo ing  8nd s e v e r a l  c r u i s e s  a r e  p l a n n e d  f o r  1988 and  1989  t o  a d d r e s s  t h e  
p rob lem,  

S E - R e c r u i  t n ~ e n t  S tudy :  Phys i  c a l  Oceanograph ic  Goniponerlt 

Trre y h y s a c a l  oceanograp l r i c  component of t h e  SE S h o a l  l a r v a l  c a p e l i n  s t u d y  
o r i 9 i n a t e d  a s  t h e  SL h h o a l  t x c h a n g e  S t u d y e  I ts  a ims  were t o  de t e rn t ine  t h e  
o r i  g i n  and te rnyora l  v a r i a b l i  t y  of t h e  r e l a t i v e l y - w a r m  bo t tom w a t e r  on t h e  b h o a l ,  
and  i n f e r  h o r i z o n t a l  and v e r t i c a l .  excharlye r a t e s  from t h e  warn) w a t e r ,  s e a s o r t a l  
e v o l u t i o n ,  The f i e l d  procjranr c o n s i s t e d  of h y d r o g r a p h i c  o b s e r v a t i o n s  ( l a r g e l y  on 
a  si?i p -o f -oppor tun i  t y  b a s i s )  i n  1985-87, p i  l o t  moored measurements  i n  1986, and 
d e t a i l e d  moored measurements  i n  1987.  The p r e l i n r i n a r y  r e s u l t s  i n o i c a t e  
s u b s t a n t i a l  i n t e r a n n u e l  v a r i a b i l i t y  i n  h y d r o g r a p h i c  p r o p e r t i e s  on t h e  S h o a l ,  anu 
s i g n i f i c a n t  i n f l u e n c e s  or1 c u r r e n t s  and  w a t e r  t e m p e r a t u r e s  by a t m o s p h e r i c  
f o s c i  ng.  

C o n t i n u e d  p h y s i c a l  o c e a n o g r a p h i c  f i e l d  measurements  on SE S h o a l  a r e  p l a n n e d  
f o r  1988  and 1989  a s  p a r t  o f  t h e  l a r v a l  c a p e l i n  s t u d y ,  i n  c o l l a b o r a t i o n  w i t h  
McGill U n i v e r s i t y  and t h e  B i o l o g i c a l  S c i e n c e s  Branch  of  Newfoundland and 
S c o t i  a-Fundy Regions .  

Greenhouse  Lf f  ec& on Canadi  a n  A t l a n t i  c F i s h e r i e s  

I n  a s c e n a r i o  w i t h  a  d o u b l i n g  of  p r e s e n t  day a t m o s p h e r i c  GO2 
c o n c e n % r a t i o n s ,  Wright  e t  a l .  (1986)  p r e d i c t e d  s eve ra l .  q u a l i  t a t i  ve changes  i n  
t h e  p h y s i c a l  o c e a n o g r a p h i c  f e a t u r e s  a r d  p r o p e r t i e s  of t h e  c o n t i n e n t a l  s h e l f  
w a t e r s  o f f  e a s t e r n  Canada. I n  t u r n ,  we have  s p e c u l a t e d  on t h e  impact  of such  
c h a n g e s  on t h e  l o e a t i  on,  cemposi  t i o n ,  and  s e c r u i  tmen t  of f i s h  p o p u l a t i o n s  
i n h a b i t i n g  t h e  Gul f  of  biaine t o  t h e  L a b r a d o r  S h e l f .  F o r  example,  a  g e n e r a l  



warrning and  f r e s h e n i n g  of  t h e  c o n t i n e n t a l  s h e l f  w a t e r s  is a n t i c i p a t e d ,  Ti-iis [nay 
l e a d  t o  s h i f t s  i n  t h e  geograpt- i ic  d i s t r i b u t i o n  of s e v e r a l  commescial%y i m p o r t a n t  
g r o u n d f i s h  s t o c k s  t h a t  a r e  p r e s e n u y  a t  t h e  limit of t h e i r  r a n g e *  LarLier 
a r r i  v a l  times and l a t e r  d e p a r t u r e s  a r e  e x p e c t e d  For p e l a g i c  s p e i c e s ,  which 
unde rgo  e x t e n s i v e  s e a s o n a l  m i g r a t i o n s ,  unde r  a  warmer o c e a n i c  r eg ime .  
Tempera tu re  dependen t  charlyes i n  t h e  r e l a t i v e  magn i tudes  of  ene rgy  f l u x  t h r o u g h  
t h e  p l a n k t o n i c  and b e n t h i c  components  of t h e  Food web is one p o s s i b l e  mechanism 
u n d e r l y i n g  s t r u c t u r a l  changes  i n  f i s h  s t o c k  composi "conn, Higher  t e m p e r a t u r e s  
and  i n c r e a s e d  s t r a t i  f a  c a t i o n  may r e s u l t  i n  l e s s e r  smocan- of ortijani e l l l a te r i  ak 
r e a c h i n g  t h e  bot tom and t e n d  t o  f a v o u r  t h e  p r o l i f e r a t i o n  of a p e l a g i c  f i s h  
comrnuniby.  S e v e r a l  p u b l i s h e d  s t u d i e s  e x i s t  t h a t  use p h y s i c a l  d a t a  as proxy  
v a r i a b l e s  f a r  n u t r i e n t  f l u x ,  a d v e c t i o n ,  and s t r a t i  f i c a t i u n  t o  p r e d i  ct s p e c i e s  
r e c r u i t m e n t  p a t t e r n s  i n  t h e  Nor thwes t  A t l a n t i c .  These models  are b e i n g  used  i n  
c o n ~ u n c t i o n  w i t h  t h e  s p e c i f i c  p h y s i c a l  o c e a n o g r a p h i c  s c e a n a r i o  d e v i s e d  t o  
s p e c u l a t e  on t h e  most p r o b a b l e  cor i sequences  t o  t h e  f i s h e r i e s  of A t l a n t i c  Canada.  

Time-Scale G h a r a c t e r i  z a t i  on o f  C i  r c u l a t i  on and  M i  wing a v e r  Submasi ne  banks  -- --- 

A t i m e - s c a l e  c h a r a c t e r i z a t i o n  of  ci r c u l a k i o n  and m i  x i r q  is b e i n g  used  t o  
i n t e r c o m p a r e  and i n t e r p r e t  pk lys ica l  o c e a n o ~ r a p h i c  o b s e r v a t i o n s  f rom A t l a n L i c  
c o a s t  banks  where t h e  b e p a s t m e n t  of E i s h e r i e s  ilnd Oceans  h a s  c o n d u e t e a  o r  1s 
c o n o u e t i n g  r e c r u i t m e n t  s t u d i e s .  The c h a r a c t e r i z a t i o n  c o n s i s t s  of i n t e r q r a k  time 
scales f o r  p a s s i v e - s c a l a r  exchange  i n  t h r e e  o r t h o g o n a 1  d i r e c t i o n s :  a  r e s i d e n c e  
t i m e  ( 1 1 3 )  For c ros s -bank  exchange ,  a  r e c i r c u l a t i o n  t i m e  (lb) f o r  a d v e c t i o n  by 
any  r e s i d u a l  around-bank g y r e ,  and a  v e r t i c a l  d i f f u s i o n  time ( T V )  f o r  t h e  w a t e r  
column, The a b s o l u t e  and r e l a t i v e  magn i tudes  of t h e s e  times can t h e n  he u sed  t o  
e s t i m a t e  changes  i n  s c a l a r  d i s t r i b u t i o n s  on s p e c i f i e d  b i o l o ~ i c a l  t i m e - s c a l e s ,  
and  i d e n t i f y  t h e  r e l a t i v e  i m p o r t a n c e  of exchange  i n  p a r t i c u l a r  d i r e c t i o n s .  Fo r  
example ,  t h e  s i g n i f i c a n c e  o f  a r e s i d u a l  g y r e  s h o u l d  be a s s e s s e d  by compar ing  t h e  
s s s o e i  a t e d  r e c i  r e u l a t i  on ti me w i t h  t h e  bank % reesi dence  and v e r t i  eal d i  Ffusior-i 
t i m e s .  

The c h a r a c t e r i z a t i o n  h a s  been a p p l i e d  t o  Browns Bank, F l emish  Cap, Georges  
Bank, and t h e  SL S h o a l  of t h e  Grand Bank, p r i m a r i l y  u s i n g  moored c u r r e n t  and 
d r i f t e r  measurements .  The r e s u l t s  f o r  h o r i z o n t a l  exchange  a r e  shown i n  T a b l e  
1.. I n  g e n e r a l ,  t h e  r e s i d e n c e  tirnea a r e  less t h a n  ( b u t  of t h e  same o r d e r  of 
magn i tude  a s )  t h e  r e c i r c u l a t i o n  times, i m p l y i n g  a  l i m i t e d  ( b u t  some) 
s i g n i f i c a n c e  f o r  t h e  g y r e s .  The r a t i o  of r e s i d e n c e  t o  r e c i r c u l e t i o n  "cine is 
l a r g e s t  f o r  Geosqes   ban^ and t h e  w e s t e r n  cay  of Browns Bank, s u g g e s t i n g  t h a t  t h e  
g y r e s  on t h o s e  banks  have  t h e  g r e a t e s t  i n f l u e n c e  on t h e  s p a t i a l  d i s t r i b u " c o n  of 
p r o p e r t i e s .  The r e s i d e n c e  and r e e i r c u l a t i a n  times a r e  s h o r t e s t  f o r  t h e  s r i ta l le r  
Browrts Bank, b u t  the g r e a t e s t  i n t e r b a n k  d i f f e r e n c e  is i n  t h e  v e r t i c a l  d i f f u s i o n  
t i m e :  on t h e  t i d a l l y - e n e r g e t i c  Browns a r ~ d  Georqes  Banks,  p r o p e r t i e s  a r e  
v e r t i c a l l y  rea is t r i  b u t e d  much more q u i c k l y  t h a n  h o r i  z a n t a l b y  exchanged,  whe reas  
t h e  r e v e r s e  is t r u e  on F l e m i s h  Cap, 

I t  is s u g g e s t e d  t h a t  t h e  c h a r a c t e r i z a t i o n  c o u l d  be e x t e n d e d  t o  d e s c r i b e  
t e n ~ ~ o r a l  ( e g .  i i l t e r a n n u e l )  v a r i  a b i  li t y  i n  c i r c u l a t i o n  and r n i  x i  ng on banks ,  as 
w e l l  a s  e x p e c t e d  d i s t r i b u t i o n a l  charlges of o rgan i sms  w i t h  s i m p l e  b e h a v i o u r a l  
p a t t e r n s  ( e g .  v e r t i c a l  m i  g r a d i o n ) .  







T a b l e  1 ,  

SUMMARY O F  RESIDENCE A N D  
It %<CI 1tC u IAAV%'T ON ('B'c) 

TIME ESTIMATES FOIt NEAR-SURFACE WATER 



L e o r g e s  Bank L a r v a l  H e r r i n g  s t u d y :  P h y s i c a l  Uceanoyraph ic  Lor~tponent - 

A s  p a r t  o f  t h e  ILl$AF-sponsored b u l f  of E4aine h e r r i n g  program, a  l a r v a l  
p a t c h  s t u a y  was p l a n n e d  f  o r  t h e  f a l l  o f  1978 on Georyes  Bank. I ts  a ims  were t o  
u n d e r s t a n d  t h e  c i r c u l a t i o n  and d i f f u s i v e  p r o c e s s e s  above  a  spawning a r e a ,  and 
f o l l o w  a  p a t c h  of l a r v a e  t o  d e t e r m i n e  t h e  p h y s i c a l  and b i o l o g i c a l  f a c t o r s  
i n f l u e n c i n g  i ts e v o l u t i o n .  I n  c o l l a b o r a t i o r z  w i t h  American p h y s i c a l  
o c e a n o ~ r a p h e r s ,  p r e l i m i n a r y  p h y s i c a l  o c e a n o g r a p h i c  o b s e r v a t i o n s  were c o l l e c t e a  
i n  1997 and more d e t a i l e d  measurements  t a k e n  i n  t h e  f a l l  of $978, f o c u s s i n g  on 
t h e  n o r t h e r n  s i d e  of t h e  Bank, 

E i g h t  r e s e a r c h  vessels from s e v e r a l  c o u n t r i e s  p a r t i c i p a t e d  i n  t h e  p a t c h  
s t u d y .  However, L a r v a l  h e r r i n g  were  n o t  s u f  f i c i e n t l y  abundan t  on Georges  Bank 
t o  a l l o w  s u c c e s s f u l  e x e c u t i o n  of t h e  program. Some of t h e  b i o l o g i c a l  e f f o r t  was 
d i v e r t e d  t o  l a r v a l  h e r r i n g  s t u d i e s  on Nan tucke t  S h o a l s ,  and t h e  f o c u s  of  t h e  
L e o r g e s  Bank s t u d y  s w i t c h e d  t o  a p a t c h  of c h a e t o ~ n a t h s .  T h i s  p a t c h  b a s  found t o  
h a v e  a  r e l a t i v e l y  p e r s i s t e n t  l o c a t i o n  i n  s p i t e  of t h e  s t r o n g  r e s i d u a l  c u r r e n t ,  
a p i j a r e n t l y  because  o f  t h e  c h a e t o g n a t h  k v e r t i  c a l  m i g r a t i o n  i n  t h e  p r e s e n c e  of 
t h e  v e r t i c a l l y - s k i e a r e d  t i d a l  cur rer tk .  

J u v e n i l e  H e r r i  no R e c r u i  tmen t  S t u d i e s  

J u v e n i l e  h e r r i n g  i n  t h e  c o a s t a l  w a t e r s  of  e a s t e r n  Maine (USA) ana  
s o u t t ~ w e s t e r n  New urunswicsc ( ~ a n a d a )  pose  a  u n i q u e  set of manacjernent problems.  
F i r s t ,  t h e  p e r s i s t e n t  t r a n s b o u n d a r y  movements o f  t h e s e  f i s h  have  maae ~t 
ui f  f  i c u l t  t o  e s t a b l i s h  management a u t h o r i  t y  . becond,  l a n d i n g s  f r o n ~  t h e  
t r a d i t i o n a l  f i x e d  w e i r  and s t o p  s e i n e  c a t c h  i n  t h e  area have  r e c e n t l y  d e c l i n e d ,  
r a i  s i n g  q u e s t i o n s  a b o u t  t h e  c o n t i n u e d  v i a b i l i t y  of t h e  f i s h e r y  ano  e m p h a s i z i n g  
t h e  need  t o  d e t e r m i n e  t h e  s t o c k  o r i g i n  of t h e  f i s h  on which t h i s  f i s h e r y  h a s  
been based .  F i n a l l y ,  t h e r e  is t h e  q u e s t i o n  of t h e  r e l a t i o n s h i p  between t h e s e  
a g g r e g a t i o n s  of j u v e n i l e s  and r ec ru i tn t e r t t  t o  a d u l t  spawning s t o c k s  of t h e  Bay of 
Fundy and Lul f  of Maine, A v a r i e t y  of s t u d i e s  are underway. C o a s t a l  s u r v e y s  of 
l a r v a e  and j u v e n i l e s  i n  w a t e r s  of  Maine and  New Brunswick ( w i t h  t h e  Maine 
l i epa r tmen t  o f  b la r ine  R e s o u r c e s ;  see Ghenoweth e t  a l .  MS) a r e  a d d r e s s i n g  t h e  
a b u r ~ d a n c e  and movernents of t h e  j u v e n i l e  s t a g e .  H i s t o r i c a l .  a n a l y s i s  of weir 
r e c o r d s  is b e i n g  a n a l y z e d  w i t h  t h e  view t o  unde r s t and i r rg  f l u c t u a t i o n s  i n  
j u v e n i l e  abundance  and t h e  r e l a t i o n s h i p  w i t h  r e c r u i t m e n t  t o  a d u l t  f i s h e r i e s .  
F i n a l l y ,  a  s t o c k  i d e n t i f i c a t i o n  program is compar ing  spawning  p o p u l a t i o n s  i n  t h e  
hope  of  b e i n g  a b l e  t o  e s t a b l i s h  t h e  s t o c k  a f f i n i t y  of j u v e n i l e s  from mixed 
s c h o o l s .  

Shor t -F inned  Sciui d  R e c r u i t m e n t  Dvnarnics 

U n t i l  1979, l i t t l e  was known of t h e  e a r l y  l i f e  of t h e  s h o r t - f i n e d  s q u i d  
I l l e x  i l l e c e b r o s u s  o r  of t h e  r o l e  p l a y e d  by t h e  Gul f  S t r eam i n  t r a n s p o r t i n g  t h e  
l a r v a l  and j u v e n i l e  s t a g e s .  I n  t h e  w i n t e r  o f  1979, a s e r i e s  of ~anad ian /USSK 
c o o p e r a t i v e  r e s e a r c h  c r u i s e s  d i s c o v e r e d  and mapped t h e  d i s t r i b u t i o n  of l a r y e  
c o n c e n t r a t i o n s  of s m a l l  j u v e n i l e s  (15-80 mnl d o r s a l  man t l e  l e n g t h )  ana  a  rlumber 
o f  l a r v a e  between t h e  b u l f  S t seem and t h e  edcje of t h e  S c o t i a n  S h e l f  (Ariiasatunga 
e t  al.. 1980 ,  Fedulov  and  Froerman 198U). T h i s  was t h e  f i r s t  s t r o n ~  evic lence  -- 
t h a t  t h e  Gul f  b t r eam might  p l a y  a  riiajor r o l e  i n  t h e  l i f e - c y c l e  of - I.  



i l l e c e b r o s u s .  T r i t e s  ( 1 9 8 3 )  d e v e l o p e d  a  l a r v a l  d i s p e r s i o n  model t h a t  would 
p r e d i c t  an i d e a l i z e d  d i s t r i b u t i o n  of  l a r v a l  and e a r l y  j u v e n i l e  s t a g e s  o v e r  a  1-2 
month p e r i o d  a f t e r  spawning .  Under t h i s  model,  egg  masses s ,  l a r v a e ,  and 
p o s s i b l y  j u v e n i l e s  a r e  e n t r a i n e d  by t h e  Gulf  S t r eam and t r a n s p o r t e d  a t  v a r i a b l e  
s p e e d  n o r t h e a s t w a r d  t o  a r e a s  s eaward  of  t h e  C o n t i n e n t a l  S h e l f  a l o n g  t h e  
n o r t h e a s t e r n  UbA, t h e  S c o t i a n  S h e l f ,  and t r a n d  Banks. Between J a n u a r y  1983 and  
F e b r u a r y  1986, Canada c o n d u c t e d  a  series of f o u r  r e s e a r c h  c r u i s e s  t o  examine 
t h i s  a d v e c t i o n  s c e n a r i o  a s  a ~nechanism f o r  t h e  t r a n s p o r t  of l a r v a e  and j u v e n i  l e s  
from a r e a s  o v e r  t h e  B l a k e  P l a t e a u  o r  a r e a s  f u r t h e r  t o  t h e  s o u t h  (Rowel l  e t  a l .  -- 
1985 ,  T r i t e s  and  Rowell  1985, Rowell  a n d  Trites 19816). A n a l y s i s  of d a t a  f rom 
t h e  1986 c r u i s e  is s t i l l  underway. The r e s u l t s  of  t h e  p r e v i o u s  c r u i s e s  i n  "crlis 
s e r i e s  a re  summarized by kowe l l  and  Trites (1985), t h e  prirnary c o n c l u s i o n s  
b e i n g :  

l a  L a r v a e  and e a r l y  j u v e n i l e s  a r e  c a u g h t  main ly  i n  a nar row b u t  ve ry  l o n g  s t r i p  
s f  w a t e r  c e n t r e d  i n  the e l o p e  Weter/Gulf S t r e a m  F r o n t a l  Lone e x t e n d i n g  frotn 
F I o r i e  t o  an  beyond Cape Hatteras* 

2 .  The p r e s e n c e  of  newly h a t c h e d  l a r v a e  s o u t h  o f  Miami, i nd i c sd t e s  t h a t  spawning  
a l s o  o c u s s  s o u t h  of  t h e  Cape L a n a v e r a l  a r e a .  

3 .  The p h y s i c a l  e n v i  ronmen-s p r o b a b l y  a  ma jo r  f a c t o r  d e t e r m i n i n g  
l a r v a l / j u v e n i l e  d i s t r i b u t i o n  i n  t h a t :  a )  t h e  Gu l f  S t r eam p r o v i d e s  a r a p i d  
t r a n s p o r t  s y s t e m  ( a s  much a s  1000 km/week); b)  F r o n t a l  E d d i e s  e j e c t  
s u r f a c e - l a y e r  Gul f  S t r e a m  Water sho reward  i n t o  S l o p e  h a t e r ,  which is 
s u b s e q u e n t l y  r e - e n t r a i n e d  i n t o  t h e  S t r eam;  c)  F r o n t a l  E d d i e s  p r o d u c e  
cjpwell i  ng of n u t r i  e n t - r i  c h  w a t e r  between t h e  f i  l amen t  and t h e  Gul f  S t r e a m  
p r o p e r ,  which i n  t u r n  i n c r e a s e s  p r i m a r y  p r o d u c t i o n  i n  t h e  S lope/Gulf  S t r eam 
F r o n t a l  Lone; and  d )  downstream from Cape H a t t e r a s  t h e  f o r m a t i o n  o f  
Warm-Core Gulf  S t r e a m  E d d i e s  e $ e c t  l a r g e  q u a n t i t i e s  o f  Gulf S t r e a m  Water  
i n t o  t h e  S l o p e  Water a r e a  s o u t h  of  Nova S c o t i a  and t h e  Grand Branks  w i t h  
eddy d u r a t i o n  t i m e s  t y p i c a l l y  of s e v e r a l  months.  

4. R e c r u i t m e n t  s u c c e s s  of f a i l u r e  may be c r i t i c a l l y  dependent  on t h e  t i m i n g ,  
locr-nt ion,  a r ~ d  number of  Gul f  S t r eam f r o n t a l  e d d i e s  and warm-core e d d i e s  
d e v e l o p i n g  when l a r v a e  and /o r  j u v e n i l e s  are p r e s e n t .  

11; is a n t i  c i p a t e d  t h a t  enhanced  o c e a n o g r a p h i c  sa inpl i  ng d u r i  ny t h e  1986  
c r u i s e  w i l l  F u r t h e r  c l a r i f y  some e l e m e n t s  n o t e d  i n  t h e  above  summary. 

H a b i t a t  A s s o c i a t i o n s  o f  Aae-U G a d i d s  on Georues  Banks 

Us ing  a  s u b m e r s i b l e  and s u r f a c e  v e s s e l s ,  a  d e t a i l e d  i n v e s t i g a t i o n  of age-0 
g a a i d  h a b i t  p r e f e r e n c e s ,  v e r t i c a l  d i s t r i b u t i o n s ,  and f e e d i n g  was comple ted  on  
Georqes  Bank i n  1987.  The p r o j e c t  was a  j o i n t  i n v e s t i g a t i o n  of s t a f f  of 
N a t i o n a l  h a r i  ne  F i s h e r i e s  S e r v i  ce (Woods Ho le )  and  Depar tment  of F i s h e r i e s  a n d  
Oceans  (MFD, S t e A A n d r e w s ) .  F u r t h e r  a s p e c t s  of  t h e  j o i n t  work have  i n c l u d e d  a 
compar i son  of t h e  two p r i n c i p a l  n e t s  u sed  by Canada and t h e  U n i t e d  S t a t e s  
( I n t e r n a t i o n a l  Young Gadid  P e l a g i c  Trawl  and  MOC-IU o p e n i n g / c l o s i n y  n e t ,  
r e s p e c t i v e l y  1. 
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RECRUITMENT ESEARCH IN THE GULF W ST, LAWRENCE WD NmTHERM W B E C  

J,A. Gagnd and  0 .  L e f a i v r e  
Quebec  Region  

T h l s  r e p o r t  sumni~arizes c u r r e n t  r e s e a r c h  p r o j e c t s  condue teo  by 
UFU-Quebec s c i e n t i s t s  t o  s t u a y  v a r i o u s  a s p e c t s  of  t h e  q u e s t i o n  of recruitment 
v a r i a b i l i t y  i n  mar ine  f i s h  artd i n v e r t e b r a t e  p o p u l a t i o n s ,  The p o p u l a t i o n s  
i n v e s t i g a t e d  i n h a b i t  t h e  S t .  Lawrence systern o r  t h e  w a t e r s  of n o r t h e r n  uuebec .  

T h r e e  nlajos f e a t u r e s  c o n t r o l  t h e  hydrooynamies  a " c k  head o f  t h e  
L a n r e n t ~ a n  T r o u ~ h  n e a r  t h e  nlouth of t h e  Laquenay K l v e r  ( F i g u r e  I ) :  t i d a l  mixing 
oue  t o  bot tom s t r e s s  and r n t e r n a l  wave a c t i v i t y ;  u p w e l l i n g  a l o n g  t h e  n o r t h  s h o r e  
due t o  wind stress; a d v e c t i m  of s u r f a c e  w a t e r s  due  t o  t i d a l  f o r c i n g .  A l l  t h e s e  
c o n t r i b u t e  t o  m a i n t a i n  s t r a t i f a c a t i o n  f r o n t  i n  t h e  a r e a  of l i e  V e r t e .  

A t  t h e  mouth of  t h e  S t .  Lawrence Wives t s t u a r y  a  c r o s s  c h a n n e l  F r o n t  
p e r s i s t s  u n d e r  t h e  i n f l u e n c e  of  f r e s h  waters from ups t r eam a n d  wind p a t t e r n s  i n  
t h e  nort i - twestesn p a r t  o f  t h e  G u l f .  Along t h e  s o u t h  s h o r e  t h e  Gasp6 c u r r e n t  
e d v e c t s  wetter o u t  of t h e  e s t u a r y  t owards  t h e  s o u t h w e s t e r n  Gulf  a r e a s *  

The p redominan t  f e a t u r e  i n  t h e  n o r t h w e s t e r n  p a r t  of t h e  Gulf of S t .  
Lawrerice is a p e r s i s t e n b y r e  e x t e n d i n g  from t h e  s h o r e l i n e  of  S e p t .  l l e s  t o  
A n t i c o s t i  I s l a n d ,  T h i s  g y r e  a c t s  a s  a  r e t e n t i o n  mechanism i n  t h e  c e n t r e  b u t  
a l s o  a d v e c t s  suspended  m a k e r i a l  sou thward  a l o n g  its s i d e s .  I n  t h e  n o r t h e r n  
rec j ions ,  wind-dr iven  u p w e l l i n g  e v e n t s  a r e  common. k i x i n g  is i m p o r t a n t  i n  
s h a l l o w  a r e a s ,  e s p e c i a l l y  i n  t h e  J a c q u e s  C a r t i e r  P a s s a g e .  I n  t h e  s p r i n g ,  
f r e s h w a t e r  run-of f  from s e v e r a l  l a r g e  r i v e r s  e x e r t s  a  s t r o n g  i n f l u e n c e  on t h e  
s e g r o n  by s t a b i l i z i n g  t h e  w a t e r  column. 

AIong t h e  s o u t h e r n  sl-rores of t h e  Gul f  w i n d - ~ e n e r a t e d  v e r t i c a l  mixing 
and f r e s h w a t e r  f l u s h i n g  a r e  t h e  rrrain a r i v i n ~  f o r c e s  r n  numerous s m a l l  l a g o o n s  
and  e s t u a r i e s .  

K e s e a r c h  P r o  i e c t s  

P r o j e c t  $1 was  i n i t i a t e d  when I ~ y d r o g r a p h e r s ,  p h y s i c a l  and f i s h e r i e s  
ucea r loy raphe r s  i u e n t r f i e a  tr comnlon i n t e r e s t  i n  b e t t e r  unc lers tandin t j  v a r i o u s  
p r o c e s s e s  o p e r a t i n g  i n  t i re  r e g i o n  of  t h e  d a e q u e s  Cartler P a s s a g e ,  n o r t h e r n  Gul f  
o f  S t .  Lawrence ( F i $ u r e  I ) .  l h r e e  o b j e c t i v e s  r e f l e c t i n g  t h e  c o n c e r n s  of t h e  
main p a r t i c i p a n t s  were i d e n t i f i e d ,  The f i r s t  was t o  urkderstand t h e  i n f l u e n c e  of 
f r e s h w a t e r  i n f l o w ,  winds  and tlcres on t h e  c i r c u l a t i o n  and r n i x i n ~  of t h e  n o r t h e r n  
Gul f  w a t e r s .  l n  p r e y a r a t i o r ~  of a  s u r v e y  of  t h e  a r e a  by t h e  Canadian  
t-ryarograph-kc S e r v i c e ,  a  s e c o n o  o b j e c t i v e  was t o  e s t a b l i s h  a s u i t a b l e  c o t i d a l  nkap 
o f  t h e  w a t e r  l e v e l  a s  well a s  an  a t l a s  of t h e  c o r r e s p o n d i n g  t i d e - i n d u c e d  s u r f a c e  





ccicrf- i l ls .  These  two o b j e c t i v e s  a r e  p a r t i c u l a r l y  I m p o r t a n t  c o n s i d e r i r ~ y  t h a t  a l l  
t i le  r l v i : r s  of t h e  L o w ~ r  Rortl-1 Si lore w i l l  soon be h a r n e s s e d  f o r  h y d r o e l e c l r i t :  
powt:r- K e s u l t s  frum t lkrs  s t u d y  w i l l  be  very  u s e f u l  t o  p r e d i c t  t h e  r e l d t i v f ?  
rrif luei ice of charlcjes sn  r i v e r  r e ~ i m e s .  

Tile f o  1 lowinrj s p e c i f i c  hypotibeses were f o r m u l a t e d :  

1. lfie p r e s e n c e  of a  sill a t  tile w e s t e r n  errd combines w i t i - i  t h e  
l a t e r a l  c o ~ , s t r i c t i o r ~  iribposed by t h e  s h o r e s  t o  p e r t u r b  t h e  t ims 
and i n d u c e  a  r a p i d  phase  c h d ~ t q e  througl-I t h e  Pas sbge ,  

L .  I h e  sill anci c o t ~ s t r i c t i o r ~  a c t  a s  a  n a t u r a l  b a r r i e r  f o r  wati:r iiia:,:, 
e x c h a n g e s  hetween t h e  c;yre i n  t h e  n o r t t i w e s t e r n  Gulf arru Llie 
S t r a i t  ~ t s e l f ' ,  

4 .  T h e  s t i o r r q  f r e s t ~ w a t e r  rr i f low from t i le  sp l s i i y  rrieIt i r l u u c r s  
uchr~s l ty- t i r lven  c u r r e n t s .  t h a t  promote  a w e s t e r n  f luw o v e r  h e  s r l l  
arlcl t h r o u g i ~  t h e  P d s s d g e r  T i l l s  n iect~dr~lbn,  s n d u c e s  b~dtt:r I I i i i S ' ~  

i:xet~ariqtts drra p o s s r b l y  l a r v a l  advec t ror r  from orle reGlcirl tc~ 
dii0tI  i e r *  

4. 1 I tupuqraphy betwt:en t i i t t s c u s t i  r s l a n d  aria t h e  c u n t ~ ~ r e r i  t 
s u s t a i n s  a  g y r e  t l t a t  p r o v i d e s  a  l a r v a l  r e t e n t i o n  niecharirs~~i.  

rbioorkngs of t h r e e  c u r r e n t  n i e t e r s  w i l l  rrleasure t11e c u r r e n t s  i n  t i le  t o p ,  
~ i i iu -depth  dnd iiottorn l a y e r  of t h e  w a t e r  column. I e m p e r a t u r e  and s a l ~ r r i t y  
k r u f l l e s  w i l l  be u sed  t o  r d e r l t r f y  l u c a l  w a t e r  masses  dnd t o  d e t e r m i n e  huvr tlre 
f r e s h w a t e r  from tile spring melt mixes arid d i s p e r s e s  i n  t h e  su r round l r ly  w a t e r s .  
T h t : ~  riieasi~reriients w s b l  a l s o  a l l o w  t h e  ~ n t e r - c a l i b r d t i o n  of t h e  t e m p e r a t u r e  a n r ~  
s d l l n l t y  s e r l s o r s  on t h e  c u r r e n t  meters. ivioored ana  s h o r e  t l a e  gauges  w l l l  bt: 
cl:,ecl t o  e v a l u a t e  t i l e  s e a  s u r f a c e  s l o p e  a l o n g  ano  a c r o s s  t h e  P a s s a g e .  Summer 
s e a - s u r f d c e  t e n i p e r a t u r e s  from s a t e l l i t e s  w i l l  be comparetl t o  t h o s e  rnedsured a t  
d e i ~ t t ~ s  and t h e i r  t e m p o r a l  e v o l u t r o n  l i n k e d  t o  c u r r e n t  rrieasurements i f  p o s s i i , l e ,  
11-1 LS s t ~ o u l  d  s i r r ip l r fy  c u r ~ s r d e r a b l y  t h e  i n t e r y  r e t a t  i on  of  t h e  I d r g e - s c a l e  
c l r c u l a t r u n .  

T h i s  r e g i o n  a l s o  s u p p o r t s  t h e  rriajor sh r imp  (Vanda lus  b o r e a l i s )  s t o c k s  
rrt t h e  Gulf o f  S t ,  Lawrence,  These s t o c k s  d r e  c u r r e n t l y  manaqed a s  i n d e p e n d e n t  
urri ts evert though t h e  y e n c t a c  i n t e c j r i t y  of a t  l e a s t  t h e  t h r e e  l a r g e s t  ones  1:; 

s t 1 1 1  t i eba t ed ,  ru  d e t e r m i n e  t h e  ae9rc.e of i s o l a t i o n  between them and b e t t e r  
unders ta r i i l  t l ~ e i r  r ec ru i tn i e t l t  g a t t e r n s ,  i t  was u e c i d e d  t o  i d e i i t i f y  ti le a r e a s  of 
erneryerrce uf l a f ~ d l  s i \ r inlp aria t o  o e s e r l b e  t h e  u i s t r i t ~ u t i o r l  of t h e  f i r s t  etdrly 
b r i  e h r s t o f y  s t t l g e s  i ~ f  tiie s p e c i e s .  

A g r i d  of 112  s t a t i o r t s  p o s i t i u n e d  on i tor th-scj i l t i~ t r a n s e c t s  2% r,lilt.u 
tJ l~"rt  was des iyr led  t u  niap t h e  o i s t r i b u L i o r 1  of' l a r v a l  sh r lmp  c o n c e n t r a t i o n s  over. 
ttle e r r t i r e  r ro r the rn  cl i .~lf .  T h i s  5 r i d  was sanrpleo w i t t i  Gonrjo n e t s  arid LTu p r o b e s  
twic;e i.rr 19bb aric: ortce i n  lY t r7 .  Vrel . i~ri inary r e s u l t s  f o r  t h e  1966 t l f ~ ~ i s e s  
i r ic i ica te  tire e x i s t e r i c e  of s e v e r a l  l a r v a l  errrergerlce ; * r e a s  i n  ayreernent  w i t h  t h e  
krtowir c i i s  t r i b u t i o r t  cif y - c r i  f e r t ~ a l e s .  A l t h o u ~ h  t h e  I t i g h e s t  l e v e  I 
c u r i c e r i t r a t i o n s  a r e  a lways  found i n  sorne s p e c i f i c  l o c a t i o n s ,  s t a g e  1 aria i I  
l a r v a e  a r e  d i s p e r s e d  ove r  t h e  e n t i r e  s t u d y  a r e a  w.ith t h e  e x c e p t i o n  uf a 
a i s c o r i t i n u i t y  te tweer i  ttre e a s t e r n  and w e s t e r n  h a l v e s  of tlre n o r h e r r r  G u l f ,  



In 1987, t h e  v e r t i c a l  d i s t r i b u t i o n  o f  young l a r v a l  s h r i m p  wa:, 
i n v e s t  i q a t e d  w i t i i  a  m u l t i p l e  openi  ng and c l o s i n g  p l a n k t o n  s a m p l e r  (BIONLSS :l 
[ h i s  i n f o r m a t i o r l ,  c o u p l e d  w i t h  t h e  knowl~x!ge o f  t h e  c u r r e n t  p a t t e r n s  iil t h e  
w a t e r  column, s h o u l d  p r o v i d e  a  b e t t e r  ur)derstandj .ng of  t h e  f a c t o r s  c o n t r o l  lri i i t]  

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

Hvdrodvnamics and R e c r u i t m e n t  V a r i a b i l i t v :  Direct R e l a t i o n s h i ~ s  

The i n f l u e n c e  o f  hydrodynamic p r o c e s s e s  on t h e  dynamics o f  e x p l o i t e d  
p o p u l a t i o n s  c o n s t i t u t e s  one  o f  t h e  major  themes of  r e c r u i t m e n t  r e s e a r c h .  
S u t c l i f f e  (1972)  showed t h a t  l a n d i n g s  o f  v a r i o u s  commerc i a l l y  e x p l o i t e d  s p e c i e s  
car) b e  s t a t i s t i c a l l y  c o r r e l a t e d  w i t h  b road  s c a l e  e n v i r o n m e n t a l  pher~omena. For 
i n s t a n c e ,  h i g h l y  s i g r l i f i c a n t  r e l a t i o n s h i p s  were  o b t a i n e d  w i t h  l o b s t e r  c a t c h e s  i n  
t h e  Gulf  o f  S t .  Lawrence ( S u t c l i f f e  1972, 1973) .  S e v e r a l  p r o j e c t s  conduc ted  by 
DFO-Quebec s c i e n t i s t s  a r e  i n v e s t i g a t i n g  v a r i o u s  a s p e c t s  of  such  r e l a t i o n s h i p s .  

P r o j e c t  1'1.2 was d e s i g n e d  t o  c r i t i c a l l y  examine  t h e  l i k e l i h i ~ o d  uf 
s u c c e s s f u l l y  r e l a t i n g  e n v i r o n m e n t a l  v a r i a b l e s  t o  "n i ' -year - lagged  l o b s t e r  
l a n d i n g s  i n  a p r e d i c t i v e  f a s h i o n  i n  t h e  n o r t h e r n  G u l f ,  T h i s  s t u d y  u s e s  l o b s t e r  
l a n d i n g  s t a t i s t i c s  from s i x  s u b - a r e a s  of  t h e  n o r t h e r n  Gulf  i n  an  a t t e m p t  t o  
r e l a t e  them t o  e n v i r o n m e n t a l  f a c t o r s .  The major  h y d r o g r a p h i c  f e a t u r e s  were 
i d e n t i f i e d  from NOAA s a t e l l i t e  images  and  r e l a t e d  t o  c l i m a t i c  c o n d i t i o n s  on t h e  
g round .  Reg iona l  e n v i r o n m e n t a l  c o n d i t i o n s  and t h e i r  p o t e n t i a l  e f f e c t s  on t h e  
g rowth ,  s u r v i v a l  and  a d v e c t i o n  of l o b s t e r  l a r v a e  were  a s s e s s e d  ove r  t h e  p e r i o d  
o f  o c c u r r e n c e  of  p l a n k t o n i c  l a r v a e  (months  o f  J u l y ,  August and S e p t e m b e r ) *  The 
exchange  of l a r v a e  among r e g i o n s  v i a  a d v e c t i v e  p r o c e s s e s  was d e s c r i b e d  u s i n g  i3 

Markov m a t r i x .  A c o n c e p t u a l  model i n t e g r a t i n g  t h e  e x p e c t e d  e f f e c t s  of  
v a r i a t i o n s  of  s u r f a c e  w a t e r  t e m p e r a t u r e ,  wind f o r c e  and  d i r e c t i o n ,  and  
f r e s h w a t e r  o u t f l o w  on t h e  9-year - lagged  l a n d i n g s  o f  e a c h  r e g i o n  was t h e n  
deve loped .  

The s t a t i s t i c a l  r e l a t i o n s h i p  i d e n t i f i e d  by S u t c l i f f e  f o r  t h e  14aydaletl 
I s l a n d  l o h s t e r  p o p u l a t i o n  is one  of  t h e  few t h a t  h e l d  up u n t i l  r e c e n t l y  
(Dri.rtkwater 1987) .  The u n d e r l y i n g  mechanisms r e s p o n s i b l e  f o r  t h e  a s s o c i a t i o r l  
be tween t h e  r u n o f f  from t h e  S t .  Lawrence R i v e r  and  t h e  l a n d i n g s  n i n e  y e a r s  l a t e r  
needed  t o  be i d e n t i f i e d .  R e l e v a n t  fundamen ta l  i n f o r m a t i o n  on t h e  b a s i c  b i o l o q y  
and  eco logy  of t h a t  p o p u l a t i o n  was g a t e r e d  by Hudon e t  a l .  ( P r o j e c t  # 3 ) ,  

4 s p e c t s  r e l a t e d  t o  egg  and l a r v a l  p r o d u c t i o n ,  embryonic  development  
and e n e r g e t i c  i n v e s t m e n t  i n  egg  p r o d u c t i o n  were s t u d i e d  f o r  f ema le  l o b s t e r s  o f f  
t h e  t laydalen  I s l a n d s  ( A t t a r d  1985;  A t t a r d  and  Wudon 1987) .  I t  was found t h a t  
l a r g e  f e m a l e s  p roduce  e g g s  i n  h i g h e r  numbers, w i t h  h i g h e r  c a l o r y  c o n t e n t  and 
which  h a t c h  f a s t e r  t h a n  e g g s  from s m a l l e r  i n d i v i d u a l s ,  The h i g h e r  ene rgy  
c o n t e n t  and e a r l i e r  h a t c h i n g  time a r e  p r o b a b l y  f a c t o r s  t h a t  enhance  l a r v a l  
growth  and s u r v i v a l  ( F i g u r e  2 ) .  I f  s o ,  l a r g e r  f e m a l e s  would c o n t r i b u t e  
r e l a t i v e l y  more t o  r e c r u i t m e n t  t h a n  s m a l l e r  o n e s ,  La rvae  produced  by smal l  
f e m a l e s  h a v i n g  mol ted  and e x t r u d e d  t h e i r  f i r s t  c l u t c h  of e g g s  i n  t h e  same summer 
( I b )  were found t o  have  a  low chance  of s u r v i v a l  due t o  t h e i r  l a t e  h a t c h i n g  d a t *  
and  l r ~ l w  e n e r g e t i c  c o n t e n t  ( A t t a r d  and Hudon 1 9 8 7 ) .  These r e s u l t s  d e m o n s t r a t e  
t h e  v a l u e  of s e t t i n g  an  u p p e r  s i z e  l i m i t  t o  t h e  f i s h e r y .  
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To e v a l u a t e  l a r v a l  Lobster  p r o d u c t i o n  and s u r v i v a l  o f f  t h e  I s l a n d s ,  39 
s t a t i o n s  were sampled w i t h  p lank ton  n e t s  dur ing  t h e  summers of  l"B78, 1980 and 
1981  ( F i g u r e  31,  The h o r i z o n t a l  and v e r t i c a l  d i s t r i b u t i o n s  of each of t h e  f o u r  
p l a n k t o n i c  s t a g e s  o f  Homarus americanus  were a s s e s s e d  from s u r f a c e  tows wi th  
s i m p l e  neus ton  and meter n e t  1980)  a s  w e l l  a s  8 three-compartment 
p lank ton  n e t  ( F i g u r e  4) (1981).  The r e s u l t s  i n d i c a t e  t h a t  t h e  g e n e r a l  p a t t e r n  
of l a r v a l  abundance is determined by t h e  c u r r e n t  regime; t h e  l a r v a e  are f l u s h e d  
around Po in t  de lTst and c o n c e n t r a t e d  i n  Baie  de  P l a i s a n c e  by a  g y r e  (Hudon e t  
ale)%. 

On a  s m a l l e r  s c a l e ,  1 2  s t a t i o n s  a r ranged  i n  a  3 x 4 g r i d  i n  Baie de 
P l a i s a n e e  were sampled f o r  1 2  weeks i n  t h e  summer of  1980. S t a g e  X V  Larval. 
abundance was found t o  be s i g n i f i c a n t l y  c o r r e l a t e d  wi th  t h e  d i s t a n c e  from rocky 
bottoms f a v o r a b l e  t o  b e n t h i c  l i f e ,  s u g g e s t i n g  t h e  occur rence  of a c t i v e  
d i r e c t i o n a l  movements on t h e  p a r t  of t h e  l a r v a e ,  The maximum abundance of s tage 
1 l a r v a e  was synchron ized  w i t h  t h e  p e r i o d  of most r e p i d  i n c r e a s e  i n  summer 
t empera tu re ,  t h u s  e n s u r i n g  t h a t  l a r v a e  a c h i e v e  h i g h e s t  n e t  growth r a t e s  through 
t h e i r  p l a n k t o n i c  phase  ( F i g u r e  5) .  

'The peak of  p l a n k t o n i c  l a r v a l  abundance occur red  i n  mid-July when 
summer t e m p e r a t u r e s  were m x i m e l ,  t h u s  e n s u r i n g  r a p i d  l a r v a l  development t o  t h e  
b e n t h i c  s t a g e ,  Th i s  mechanism was hypo thes ized  to minimize t h e  d u r a t i o n  of 
p l a n k t o n i c  l i f e  i n  o r d e r  t o  avo id  t h e  heavy p r e d a t i o n  l i k e l y  t o  occur a t  t h i s  
s t a g e  (Hudon and F r a d e t t e  l 9 8 % ) ,  

These r e s u l t s  s u g g e s t  t h a t  summer s e a - s u r f a c e  t e m p e r a t u r e s  might p l a y  
a n  i m p o r t a n t  r o l e  i n  de te rmin ing  t h e  s u c c e s s  of a  l o b s t e r  y e a s - e l a s s  on t h e  
Magdalen Shallows.  Simard e t ,  a l .  ( P r o j e c t  //4) want t o  i n v e s t i g a t e  t h e  r o l e  
p layed  by summer s e a - s u r f a c e  t e m p e r a t u r e s  i n  t h e  r e l a t i o n s h i p  found by S u t c l i f f e  
(1972, 1 9 9 3 )  between t h e  S t B  Lawrence r i v e r  runof f  and Magdalen l o b s t e r  
l a n d i n g s .  T h e i r  o b j e c t i v e  is t o  t e s t  t h e  f o l l o w i n g  hypo thes i s :  

L o b s t e r  r e c r u i t m e n t  an  t h e  Magdalen Sha l lows  is determined 
by t h e  i n t e n s i t y  and p a t t e r n  of d r i f t  and warming of t h e  
s e a - s u r f a c e  w a t e r s  around t h e  I s l a n d s  d u r i n g  t h e  l a r v a l  
s t a g e ,  These p a t t e r n s  of d r i f t  and warming f l u c t u a t e  
between y e a r s  under t h e  i n f l u e n c e  of m e t e o r o l o g i c a l  
c o n d i t i o n s  and f r e s h w a t e r  runof f  from t h e  S t .  Lawrence 
River .  

H i s t o r i c a l  d a t a  on f r e s h w a t e r  runof f  and m e t e o r o l o g i c a l  and oceanographic  
c o n d i t i o n s  a r e  u t i l i z e d  t o  model t h e  i n f l u e n c e  of t h e  S t ,  Lawrence River runof f  
and wind p a t t e r n s  on t h e  c i r c u l a t i o n  around t h e  I s l a n d s ,  Ef a  r e l a t i o n s h i p  is 
found between t h e s e  f a c t o r s  and l o b s t e r  r e c r u i t m e n t ,  t h e  p r o j e c t  w i l l  proceed t o  
e v a l u a t e  t h e  r e s p e c t i v e  importance  of warming and c i r c u l a t i o n  p a t t e r n s  as c a u s a l  
mechanisms. 

The i n t e r a c t i o n s  of l a r v a l  l o b s t e r  w i t h  c r a b  l a r v a e  and o t h e r  
macro-zooplanktonic organisms c o l l e c t e d  s i m u l t a n e o u s l y  a r e  a l s o  being 
i n v e s t i g a t e d  ( P r o j e c t  f 5 ) ,  The peak of l a r v a l  c r a b  o c c u r r e n c e  i n  Bai de  
P l a i s a n c e  o c c u r s  d u r i n g  t h e  same e r i o d  a s  t h a t  of lobs"ers ,  and is accompanied 
by biomasses of up t o  15  9,1000 mP(d.w.)  of copepods and o t h e r  p o t e n t i a l  p r e y s  
f o r  both  c r u s t a c e a n  s p e c i e s .  L a r v a l  c r a b s ,  which a r e  a l s o  preyed upon by 
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l o b s t e r  l a r v a e ,  a r e  l l J U U  times more abundan t  t h a n  l a r v a l  l o b s t e r s ,  k t  Flypears 
t t l a t  l o b s t e r  l a r v a e  were n o t  food  l i m i t e d  i n  B a i e  d e  P l a i s a n c e  d u r i n g  "ce s t u d y  
s i n c e  tile d u r a t i o n  of  t h e  f i r s t  t h r e e  p l a n k t o n i c  s t a g e s  was comparable  t o  t h a t  
measured i n  l a b o r a t o r y  e x p e r i m e n t s  (24 v s  2 1  d ) ,  t h e  growth r a t e s  were  h i g h  and  
p o t e n t i a l  p r ey  o r g a n i s m s  abundan t ,  

Two of t h e  p r o j e c t s  summarized s o  f a r  i n v e s t i g a t e d  d i r e c t  e f f e c t s  of 
hyd rodynamica l  p r o c e s s e s  on r e c r u i t t n e n t  v a r i a b i l i t y .  Such p r o c e s s e s  can a l s o  
i n f l u e n c e  l a r v a l  s u r v i v a l  i n d i r e c t l y  ti.rrou9l-i t h e  f e o u  web ( S u t c l i f f e  1972,  1973 ;  
C u s h i n ~  1975 ,  19b2 ;  O i c k i e  a n d  Trites 19871; k e g e n d r e  a n a  Decners 1985) .  En 
c o a s t a l  and e s t u a r i n e  envisonsnents  f r o n t a l  z o n e s  a r e  g e n e r a l l y  c h a r a c t e r i z e a  by 
h i g h  p r imary  p r o d u c t i o n  r a t e s  and  l a r g e  p n y t o p l a n k t o n  b"iomasses (Mahru e t .  a b -  
1984;  R i c h a r d s o n  2985; Richl i ruson  e t ,  a l e  1 9 8 6 ) .  T h i s  p romotes  t h e  r e p r o a u c t i o n  
and growth  of  h e r b i v o r o u s  z o o p l a n k t o n  ( ~ i o r b o e  dnd  dohdmnsen 1 9 8 6 )  whish a r e  
p r e y e d  upon by c a r r l i v o s o u s  orqanis rns  s u c h  a s  f i s h  l a r v a e *  Such c o n d i t i o n s  
s h o u l u  promote 1a rvc l i  f i s h  growth  a n a  s u r v i v a l .  High abundance  of L a r v a l  fish 
c a n  t h e r e f o r e  be  e x p e c t e d  i n  f r o n t a l  z o n e s  e i t h e r  as  a r e s u l t  o f  adapteta  
r e p r o d u c t i o n  s t r a t e g i e s  p romot in9  t r a n s p o r t  of l a r v a e  i n t o  t h e s e  a r e a s  o r  s i m p l y  
b e c a u s e  l a r v a e  growing i n  s u c h  a r e a s  s t ~ s v i v e  b e t t e r .  

P r o j e c t  ik6 was d e s i g n e d  t o  a e s c r i b e  t h e  v e r t i c a l  ana  c r o s s - f r o n t a l  
d i s t r i b u t i o r l  o f  p h y t o p l a n k t o n ,  z o o p l a n k t o n  and  f i s h  l a r v a e  i n  a f r o n t a l  a r e a  a n d  
t o  e v a l u a t e  s p e c i f i c  mechanisms p o s s i b l y  r e s p o n s i b l e  f o r  t r a n s f e r r i n g  p r imary  
p r o d u c t i o n  p r o d u c t s  t o  f i s h  l a r v a e .  The s t u d y  was conduc ted  i n  t h e  f r o n t a l  z o n e  
d e f i n e d  by t h e  Gasp6 c u r r e n t  and t h e  A n t i c o s t i  g y r e  i n  t h e  n o r t h w e s t e r n  Gu l f  of 
S t .  Lawrence ( F i g u r e  1 ) .  S t a t i o n s  were sampled  a l o n g  a t r a n s e c t  a c r o s s  t h e  
f r o n t  w i t h  v a r i o u s  p l a n k t o n  n e t s ,  i n c l u d i n g  a  m u l t i p l e  open ing  and c l o s i n g  
l-irieter i c h t h y o p l a n k t o n  n e t  (BIQNLSS) , t o  d e t e r m i n e  t h e  h o r i z o n t a l  and v e s t  i c a l  
d i s t r i b u t i o n s  of  v a r i o u s  p l a n k t o n  g roups .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  
l a r g e  d i a t o m s  and  d i n o f l a g e l l a t e s ,  which f a v o u r  h e r b i v o r o u s  p r o d u c t i o n  and  
r e p r o d u c t i o n ,  a s  well a s  copepod e g g s  and n a u p l i i ,  t h e  food  of  l a r v a l  f i s h ,  a r e  
c o n c e n t r a t e d  on t h e  s t r a t i f i e d  s i d e  of t h e  f r o n t .  Sma l l  c a p e l i n  l a r v a e  were 
a l s o  much more abundan t  t h e r e ,  whereas  l a r g e r  c a p e l i n  and r e d f i s h  l a r v a e  were 
more w ide ly  d i s t r i b u t e a  a c r o s s  t h e  s t u a y  a r e a .  T h i s  s u g g e s t s  t h a t  t h e  
o c c u p a t i o n  of an e x c e p t i o n a l l y  r i c h  a r e a  is less c r i t i c a l  f o r  t h e  s u r v i v a l  of  
more r o b u s t  l a r v a e ,  Whi le  f r o n t a l  z o n e s  rniyht be e s s e n t i a l  f o r  a  m a s s i v e  
s u r v i v a l  of  young l a r v a e ,  t h e y  c o u l d  p l a y  a  much lesser r u l e  i n  t h e  eco logy  uf 
o l d e r  ones .  

P h h y i c a l  p r o c e s s e s  a r e  e x p e c t e a  t o  have  a  a r a m a t i c  i n f l u e n c e  on fuod  
web aynamics  i n  n o r t h e r n  a r e a s  where i c e  c o v e r s  t h e  s u r f a c e  of t h e  s e e  f o r  
ex t ended  p e r i o d s  uf t i m e ,  A p r e l i m i n a r y  s a m p l i n g  program was c a r r i e a  o u t  i n  t i re  
s p r i n g  o f  1984  ( P r o ~ e c t  117) t o  e v a l u a t e  t h e  p o s s i b l e  r e l a t i o n s h i p  between t h e  
t i m i n u  of i c e  break  a n a  t h e  s u r v i v a l  of l a r v h l  f i s h  i n  n o r t h e r n  Quebec  r i v e r s .  
b e v e r i l  s p e c i e s  of  anadromous ( C. a r t e d i i ,  -- L o t a  l o & )  
and m a r i n e  ( s a i d a ,  Gaaus  -- f i s h  l a r v a e  w&e p r e v i o u s l y  r e p o r t e d  
t o  h a t c h  . l u s t  ~ r i o r  t o ,  o r  a t  t h e  time of ice break-uc, i n  dames and i-tudson Bay .  
~ n a d r o a o u s  f i s h  l a r v a e  'were shown t o  be f l u s h e d  f r m  h e  r i v e r s  i n t o  Iiudson Bay 
a u r i n g  t h e  p e r i o a  of  i n c r e a s e d  r i v e r  f l a w  a t  i c e - b r e a k ,  and c o u l d  t h u s  b e n e f i t  
frern t h e  i n c r e a s e d  z o o p l a n k t o n  b iomass  a s s o c i a t e d  w i t h  t h e  mar ine  e p o n t i c  f l o r a .  



l ' c  was hypothesized t h a t  t h e  p e r s i s t e n c e  of  t h e  i c e  c o v e r  i n  t h e  tray 
a f t e r  t h e  e x p u l s i o n  of anadrorr~ous f i s h  Larvae  would be f a v o u r a b l e  t o  t h e i r  
survival, The a b s e n c e  o f  wirrd-iriduced v e r t i c a l  mixintj  would a l l o w  t h e  
n ~ a i n t e n a n e e  of t h e  i n t e g r i t y  of t h e  f r e s h w a t e r  plunie unde r  "Le icee, Anaclsor~uus 
f i s h  l a r v a e  woulo t h e n  be p i - ~ y s i c a l l y  i s o l a t e d  from mar ine  p r e d a t o r s  ana  be  
a l l o w e d  a more 9 r a d u a l  os rnot ic  haclaptation t o  nlarii-le c o n a i t i o r r s ,  whrile 
b e n e f i t t i n g  froni h i g h  f o u a  s u p p l y .  

i h e  o r g a n i s m s  o c c u r r i n g  i n  t h e  a r i f t  were sampleu  b e f o r e ,  d u r i n g  and 
a f t e r  t h e  i c e  b reak  i n  t h e  G r e a t  Bdhale H ive r .  A f t e r  t h e  ice b reak ,  t h e  plume of 
t h e  r i v e r  was sampled  a l o n g  a  t s a n s e c t  i n  biudson Bay and compared w i t h  t h e  
o r y a n i s n ~ s  o c c u r r i r l g  i n  t h e  mar ine  l a y e r  l o c a t e d  u n d e r n e a t h  i t .  I n  t h e  a b s e n c e  
o f  wind,  t h e  w a t e r s  i n  t h e  bay remained  h e a v i l y  s t r a t i f i e d  and e x h i b i t e d  
d i s t i n c t  a n i m a l  a s s e m b l a ~ e s  and  p h y s i c a l  and  cheniicak p r o p e r t i e s .  Anadromous 
f i s h  l a r v a e  ( m o s t l y  L o t a  l o t a )  were r e s t r i c t e d  t o  t h e  f r e s h w a t e r  uppe r  l a y e r ,  
w h i l e  n ~ a s i n e  f i s h  l a r v a e  I I/ s a i d a )  and p r e d a t o r s  were f o u n e  i n  
t h e  u n d e r l y i n g  ntar ine w a t e r s .  

More e l a b o r a t e  work w i l l  be i n i t i a t e d  i n  t h e  s p r i n g  of  1988 ( P r o j e c t  
lii.8). C u r r e n t  m e t e r s  and  C T D  p r o f i l e s  w i l l  be u s e d  t o  i d e n t i f y  c i r c u l a t i o n  
p a t t e r n s  and  d e s c r i b e  t h e  e v o l u t i o n  o f  t h e  f r e s h w a t e r  plume from w i n t e r  t o  
s p r i n g  c o n d i t i o n s .  The food  web from e p o n t i c  a l g a e  t o  f i s h  l a r v a e  w i l l  b e  
m o n i t o r e d  t o  d e t e r m i n e  t h e  food  r e s o u r c e  a v a i l a b l e  t o  t h e  l a r v a e ,  L a r v a l  growth 
and c o n d i t i o n  w i l l  be f o l l o w e o  t o  i d e n t i f y  f a v o r a b l e  s u r v i v a l  c o n a i t i o n s .  

A c e n t r a l  theme i n  p re sen t -day  s t u a i e s  of  mar ine  p l a n k t o n  d y n a n ~ i c s  is 
t h e  e f f i c i e n c y  and v a r i a b i l i t y  of l i n k a g e s  i n  t h e  c y c l e s  of mar ine  b i o l o g i c a l  
p r o d u c t i o n .  P r o u u c t i v i t y  a t  e a c h  s t e p  i n  t h e  m a r i n e  p e l a g i c  food  c h a i n  h a s  been 
o b s e r v e d  t o  vary  a t  a  nunlber of s p a t i o - t e n r p o r a l  s c a l e s .  How t h i s  v a r i a b i l i t y  a t  
one  t r o p i c  l e v e l  r e l a t e s  t o  f l u c t u a t i o n s  i n  a n o t h e r  is s t i l l  n o t  u n d e r s t o o d .  A 
key q u e s t i o r t  is how 4- t o  4 - f o l a  v a r i a b i l i t y  i n  a n n u a l  p r imary  p r o d u c t i o n  is 
magnifies t o  r e s u l t  i n  0 -  t o  IOU-fold v a r i a b i l i t y  i n  f i s h  o r  b e n t h o s  
r e c r u i t m e n t ,  

P r o j e c t  #5J c o n c e r n s  l i n k a g e s  i n  t h e  mar ine  food  web of  t h e  l ower  
i s t u a r y  and  t h e  n o r t h w e s t e r n  Lu l f  o f  S t ,  Lawrence.  I t  f o c u s e s  on t h e  r o l e  t h a t  
p l a n k h n i c  copepods  may p l a y  i n  t h e  t r a n s f e r  o f  m a t e r i a l s  and ene rgy  fro111 
p h y t o p l a n k t o n  t o  l a r v a l  f i s h  anu  i n v e r t e b r a t e s .  Two a l t e r n a t i v e  c o n c e p t s  a b o u t  
t h e  i n t e r c o n n e c t i o r ~  between p r imary  p r o d u c e r s ,  p l a n k t o n i c  copepods  and 
i n v e l t e b r a t e  and f i s h  l a r v a e  a r e  p roposed .  They can be  te rmed t h e  "weak f i l t e r "  
and  " 's t rong f i l t e r "  h y p o t h e s e s  ( F i g u r e  6 ) ,  r e f e r r i n g  t o  t h e  e x t e n t  t o  which t h e  
dynamics  of  z o o p l a n k t o n  p o p u l a t i o n s  and  t h e  f e e d i n g  b e h a v i o u r  of t h e  l a r v a e  
f i l t e r  o u t  t h e  e f f e c t s  of f l u c t u a t i o n s  i n  p r i m a r y  p r o d u c t i v i t y  un r e c r u i t m e n t  
(Runge 1988). 

The w e a k - f i l t e r  h y p o t h e s i s  s t a t e s  t h a t  t h e r e  is a  s i g n i f i c a n t  l i n k  
be tween i n t e r a n n u a l  v a r i a b i l i t y  i n  t h e  magn i tude  and p a t t e r n  of  p r imary  
p r o a u c t i u n  and f i s h  r e c r u i t m e n t ,  l h i s  would be t h e  c a s e  i n  ecosys t ems  where  
C a l a n u s  f i n n l a r c h i c u s  domina t e  t h e  zooplanktor i  community s i n c e  C a l a n u s  egg  
p r o d u c t i o n  r a t e s  a r e  s t r o n g l y  r e l a t e d  t o  v a r i a b i l i t y  i n  p h y t o p l a n k t m  s t a n d i n g  





s t o c k  ( ~ u n g e  l 9 b 5 a ;  l 9 8 5 b ) *  I n  s u c h  s y s t e m s ,  t h e  s t r e n g t h  of  a  f i s h  y e a r - c l a s s  
may be d e t e r m i n e o  by t h e  a v a i l a b i l i t y  of p l a n k t o n i c  food  a t  t h e  time of y o l k - s a c  
r e s o r p t i o r j  a s  p roposed  by H j o r t  (1914)  arm Gushing  ( 1969 ) ,  

The a l t e r n a t i v e ,  t h e  s t r o n g - f i l t e r  h y p o t h e s i s ,  p r o p o s e s  t h a t  i n  
sys t e rns  where z o u p l a n k t e r s  otI-ier t h a n  C a l e n u s  doniir-rate, t h e  i m p a c t  of 
f l u c t u a t i o n s  i n  p r imary  p r o d u c t i v i t y  is f i l t e r e a  by t h e  dynamics of  tile 
z u o ~ i l a n k t o n  conrmbnib a n o  by t h e  feeciincj b e h a v i o u r  of "c~e Larvae .  There Eire 
s e v e r a l  vaolca t ions  of  trais h y p o t h e s i s ,  b u t  t h e  e s s e n t i a l  p o i n t  is t h a t  f o u o  may 
n o t  l i m i t  t h e  f i r s t  f e e a i r \ %  l a r v a e  b e c a u s e  t hey  c a n  e a t  a l t e r n a t i v e  p rey  kC 

L a l a n u s  e g g s  and n a u p l i i  are n o t  a v a i l a b l e .  A l t e r n a t i v e  food  s o u r c e s  may 
i n c l u d e  t i n t i n n i a s  and  n a u p l i b  of smaller copepod s p e c i e s  ( L a s t  1960).  The 
productivity of  t h e s e  p r e y  p o p u l a t i o n s  is much less a f f e c t e a  by p l ~ y t o p l a n k t o n  
v a r i a b i l i t y  (kv~ckaren 1978 ;  biurige 1984;  Oiaman 1985 ;  F r o s t  l 9 8 5 ) .  Consequen t ly ,  
t h e  Link between f l u c t u a t i o n s  i n  p h y t o p l a n k t o n  p r o d u c t i o n  and p r e y  a v a i l a b i l i t y  
t o  l a r v a l .  f i s h  and i n v e r t e b r a h e  is damped, P r o j e c t  ik9 w i l l  b e g i n  t o  examine 
t h e  i m p o r t a n c e  of  Cabhnus f i n m a r c h i c u s  and  t h e  v a l i d i t v  o f  t h e  ""weak 
f i l t e r / s t r o n g  l i n k "  h y p o t h e s i s  f o r  r e d f  i s h  ( S e b a s t e s  sp. j l a r v a e  i n  t h e  
nor"a;hwes"&rn Gulf  of S t .  Lawrence i n  t h e  s p r i n g  of  1988, 

P r o j e c t  #9 p r o p o s e s  t h a t  an abundan t  m y p l y  of p r e y  items of t h e  e i g h t  
s i z e  c a n  be c r i t i c a l  t o  t h e  s u c c e s s  of a f i s h  o r  i n v e r t e b r a t e  y e a r - c l a s s .  Much 
of  t h e  emphas i s  o f  r e c r u i t m e n t  r e s e a r c h  h a s  been and st i l l  is f o c u s e d  on 
q u a n u t a t i v e  c h a r a c t e r i s t i c s  of v a r i o u s  l a r v a l  f i s h  and  i n v e r b h a t e  food  
r e s o u r c e s .  Much less e f f o r t  is devo ted  t o  t h e  q u a l i t y  of  t h o s e  p r e y  items 
a v a i l a b l e  t u  f e e d i n 9  l a r v a e ,  P r o j e c t  $10 is a d d r e s s i n g  one a s p e c t  of t h i s  
p rob lem by i n v e s t i g a t i n g  t h e  s e n s i t i v i t y  of  mar ine  f i s h  and i n v e r t e b r a h  l a r v a e  
t o  t h e  t o x i n s  p roduced  by t h e  d i n o f  i a g e l l a t e  t a m a s e n s i s .  

The f r e q u e n c y  and  d i s t r i b u t i o n  of  t o x i c  a l g a l  blooms have  been 
i n c r e a s i n g  i n  v a r i o u s  p a r t s  o f  t h e  w o r l a  s i n c e  t h e  m i d - s e v e n t i e s  (Anderson  e t .  
a 9 )  The p a r a l y t i c  t o x i n s  r e s p o n s i b l e  f o r  t h e  c a t a s t r o p h i c  consequer lces  
o f  t h e s e  blooms have  been s t u d i e a  mainly i n  r e l a t i o r )  t o  human food  poison in^. 
tiowever, r t i i s  w e l l  e s t a i s l i s h e a  from re sea rc t r  work conduc ted  i n  Europe ,  .Japan 
a n o  Nor th  America t h a t  t h e s e  t o x i n s  c a n  be l e t h a l  For commerc i a l l y  i m p o r t a n t  
f l s h  s p e c r e s  i n t o x i c & t e a  e i t h e r  o i r e c t l y  by f e e d i n g  on t h e  t o x i c  cdrganisms o r  
~ n d i r e c t l y  t i ~ r u u y t l  a  c o n t a n ~ i n a t e a  f o o a  c h a i n  (Aclams e t .  a l .  1968;  Whi te  1980;  
i l o r t e n s e n  1985),  Recen t  work i n d i c a t e s  t h a t  t h e  s u r v i v a l  of l a v a 1  f i s h  c a n  
a l s o  be compromised by t h e s e  t o x i n s  (Whi t e  e t ,  a l ,  1 9 8 7 ) .  

P .  t a n t a r e n s l a  is t h e  dominant  t o x i c  o rgan i sm i n  t h e  S t .  Lawrence 
s y s t e m  and-is abundan t  i n  s e v e r a l  c o a s t a l  a r e a s  ( T h e r r i a u l t  et .  a l e  1 9 8 6 ) .  Such  
a r e a s  a r e  o f t e n  c o l o n i z e d  by e a r l y  l i f e  h i s t o r y  s t a y e s  of mar ine  f i s h  and 
i n v e r t e b r a t e s  which u s e  them a s  rkursery q rounds .  I n  o r d e r  t o  v e r i f y  t h a t  t h e  
s u r v i v a l  of mar ine  f i s h  l a r v a e  is reduced  i n  p r e s e n c e  of  P. t a m a s e n s i s  t o x i n s ,  
h e r r i r ~ g  ana  c a p e l i n  l a r v a e  were  exposed  t o  v a r i o u s  c o n c e n 5 a " c o n s  of t h e  t o x i c  
ciinof l a y e l  l a t e  i n  l a b o r a t o r y  e x p e r i m e n t s .  L a r v a l  m o r t a l i t y  was between 60 and  
lOUL h i ~ f - i e r  i n  t h e  L r e a t m e n b  t h a n  i n  n o n - t o x i c  c o n t r o l s .  F u r t h e r  e x p e r i m e n t s  
a r e  b e i n g  c o n d u c t e d  b u t  t h e s e  i n i  t i a l  r e s u l t s  s u g g e s t  t h a t  r e c r u i t m e n t  of 
v a r i o u s  s p e c i e s  c o u l d  be a f f e c t e d  by a n n u a l  o r  l onge r - t e rm v a r i a t i o n s  i n  t h e  
d i s t r i b u t i o n  and  t i m i n g  o f  t o x i c  blooms. These  e f f e c t s  c o u l d  become 
c a t a s t r o p h i c  f o r  s e v e r a l  c o a s t a l  r e ~ i o n s  of t h e  wor ld  i n  g e n e r a l ,  and of  E a s t e r n  



Canada i n  p a r t i c u l a r ,  i f  t h e  c u r r e n t  i n c r e a s i n g  t r e n d s  i n  time, s p a c e  and 
f r e q u e n c y  a r e  m a i n t a i n e d ,  F i e l d  work w i l l  be i n i t i a t e d  i n  t h e  sulnmer o f  L9bb t o  
i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  between t h e  dynamics  of  t o x i c  d i n o f l a g e l l a t e  
bloonis and  t h e  e c o l o g y  of  l a r v a l  f i s h  and  i n v e r t e b r a t e s ,  P a r t i c u l a r  a t t e n t i o n  
w i l l  be d e v o t e d  t o  t h e  t r a n s m i s s i o n  o f  d i n o f l a g e l l a t e  t o x i n s  t h r o u g h  t h e  
p l a n k t o n i c  f o o d  web, 

Whi le  it  is wide ly  h y p o t h e s i z e d  t h a t  t h e  s u c c e s s  of y e a r - c l a s s e s  is 
i n f lue raced  by t h e  q u a n t i t y  and q u a l i t y  of  f o o d  a v a i l a b l e  t o  t h e  e a r l y  l i f e  
h i s t o r y  s t a g e s  of  f i s h  and i n v e r t e b r a t e s ,  e x p e r i m e n t a l  s t u d i e s  have r e a c h e d  t h e  
c o n s e n s u s  t h a t  b o t h  s t e r v a t i o n  a r e  t h e  p r o x i m a t e  f a c t o r s  
r e s p o n s i b l e  f o r  t h e  mortal.i . ty r a t e s  o b s e r v e d  d u r i n g  l a r v a l  s t a g e s  ( R o t h s c h i l d  
and Rooth 1 9 8 2 ) .  P r o j e c t  #L1 was d e v i s e d  t o  tes t  t h e  g e n e r a l  h y p o t h e s i s  t h a t  
t h e  s u r v i v a l  of  young f i s h e s  is a  f u n c t i o n ,  a t  least  p a r t i a l l y ,  of t h e  speed  a% 
which  t h e y  grow t h r o u g h  t h o s e  s i z e  i n t e r v a l s  when t h e y  a r e  most s u s c e p t i b l e  t o  
p r e d a t i o n  ( 5 c h o e n e r  1971) .  T h i s  i n ~ y l i e s  t h a t  young f i s h e s   rowing a% v a r i o u s  
r a t e s  w i l l  a l s o  e x h i b i t  v a r i o u s  s u r v i v a l  r a t e s .  

To test  t h i s  p r e d i c t i o n ,  r e l a t i o n s h i p s  between t h e  age of young f i s h e s  
and  t h e  s i z e  of  r e f e r e n c e  growth  s t r u c t b r e s  w i l l  be a n a l y z e d  (t-iealey 1 9 b 2 ) .  
A t l a n t i c  macke re l  (Scomber s combrus )  r s  a n  i d e a l  s p e c i e s  f o r  s u c h  s t u d i e s .  I n  
t h e  s o u t h e r n  Cu l f  of  S t .  L ~ w s e n c e  young macke re l  grow t o  a b o u t  181J mm o u r i n 5  
t h e i r  f i r s t  f i v e  months o f  l i f e  and o a i l y  i n c r e m e n t s  a r e  v i s i b l e  on t h e i r  
o t o l i t h s  ( u r .  b. Cat&, IhKS, Kin,ousl\l ,  Quebec, Canada, unbub l ,  a a t a ) .  Youni, 
macke re l  w i l l  be sampled  t h r o u g h o u t  t h e  summer of 1988  and r e l a t i o n s h i p s  between 
a g e  and  t h e  s i z e  of  a  r e f e r e n c e  a r e a  on t h e  o t o l i t h s  w i l l  be i n v e s t i g a t e d .  T h i s  
r e p r e s e n t s  t h e  f i r s t  s t e p  i n  t h e  a s s e s s m e n t  of  t h e  i n f l u e n c e  of m o r t a l i t y  d u r i n g  
t h e  e a r l y  l i f e  h i s t o r y  on r e c r u i t n t e n t  v a r i a b i l i t y  i n  m a c k e r e l *  

Su rv ivbL  of young f i s h e s  a p p e a r s  t o  r e v o l v e  a round  t h e  i s s u e  o f  
" e a t i n g  o r  b e i n g  e a t e n  . . .", I t  is, t h e r e f o r e ,  g e n e r a l l y  assumed t h a t  l a r v a e  
b e n e f i t  l a r g e l y  from f e e d i n g  and t h a t  t h e y  s h o u l d  a lways  a t t e m p t  t o  e a t  a t  
maximal r a t e s  s i n c e  f a s t  growth would a l s o  r e d u c e  t h e i r  o v e r a l l  v u l n e r a b i l i t y  t o  
p r e a a t o r s .  Lu t  c o n t e n t s  a r e  c u s t o m a r i l y  u sed  a s  a n  i n d e x  of  f e e d i n g  
p e r f o r m a n c e ,  w i t h  low l e v e l s  imp ly ing  food  l i m i t a t i o n ,  sub-normal  growth  and 
h i g h e r  risk of  s t a r v a t i o n  and /o r  p r e a a t i o n .  Using t h i s  s c e n a r i o ,  i t  h a s  been 
a r ~ u e d  t h a t  l a r v a l  f i s h  a r e  food  l i m i t e d ,  t h a t  t h e  key t o  s u r v i v a l  is t o  
e n c o u n t e r  p a t c h e s  of  d e n s e  p rey  o r g a n i s m s  ( s e e  Houde 1 9 7 8 ) ,  and t h a t  t h e s e  
p a t c h e s  a r e  formed mainly t h r o u g h  p h y s i c a l  p r o c e s s e s .  I t  '&en f o l l o w s  t h a t  
p h y s i c a l  phenomena a r e  r e s p o n s i b l e  f o r  t h e  i n t e r - a n n u a l  v a r i a b i l i t y  of s u r v i v a l  
i n  p o p u l a t i o n s  of n ~ a r i n e  l a r v a l  f i s h e s *  

T h i s  argument  is based  on a  s i m p l i s t i c  view of  f e e d i n g  and it ic jnores  
t h e  f a c t  t h a t  f e e u i r ~ g  a c t i v i t i e s  a l s o  i n c r e a s e  t h e  r i s k  of b e i n g  c a p t u r e d  by 
p r e d a t o r s  ( G i g u & r e  and N o r t h c o t e  1 9 8 7 ) .  T h i s  is a  n o n - e n e r g e t i c  c o s t  of  f e e d i n g  
which must be b a l a n c e d  a g a i n s t  its ene rgy  b e n e f i t s  ( b i l l  1 9 8 6 ) .  U n f o r t u n a t e l y ,  
f o r m a l  s o l u t i o n s  have  n o t  been d e r i v e d  f o r  t h e  l a c k  of  a  p r o p e r  common c u r r e n c y .  

A u n i f i e d  f e e d i n g  moue1 h a s  been d e r i v e d  f o r  P r o j e c t  # l 2  u s i n g  
t r a n s p a r e n t  l a r v a e  a s  model o rgan i sms  f o r  which volume of incy3stea f o o a  b r i n g s  
t o g e t h e r  e r ~ e r g e t i c  a n a  n o n - e n e r g e t i c  c o s t s  of f e e d i n g  i n t o  a un ique  framework. 
T h i s  f o r m a l  n ~ o o e l  a l l o w s  one  t,o answer  a  f u n a a n ~ e n t a l  q u e s t i o n  s f  o p t i m a l  



Forag ing :  "How much t o  feed?'" A m o r d i n g  t o  t h i s  model ,  t h e  f e e d i n g  r a t e  which 
maximi.zes t h e  s u r v i . v o r s h i y  of l a r v a l  f i s h e s  is much less t h a n  "a;e pkays io log ica l  
maximum, L a b o r a t o r y  and f i e l t i  e v i d e n c e  o b t a i n e d  t o  d a t e  s u p p o r t  t h i s  view. The 
amount of  food  p r e s e n t  irt t h e  ~ u t  is, t h e r e f o r e ,  no"r;ecesssarily a  good 
i n d i c a t o r  of s u r v i v a l  s i n c e  it  a p p e a r s  t h a t  l a r v a l  f i s h  "" tde-of f ' "psda t ion  
r i s k  a g a i n s t  e n e r g e t i c  b e n e f i t s  end  g rowth ,  but c o n t e n t  d a t a  s h o u l e  be  
i n t e r p r e t e d  w i t h  g r e a t  c a u t i o n .  The r o l e  p l a y e d  by f o o d  p a t c h i n e s s  i n  
d e t e r i n i n i n 9  p a t t e r n s  of s u r v i v o r s h i p  i n  m a r i n e  f i s h  l a r v a e  shoukd be  
r e - e v a l u a t e d .  

S t u d i e s  

A s  e x e m p l i f i e d  i n  the p r e s e n t  r e p o r t ,  most  r e c r u i t m e n t  s t u d i e s  
c o n c e n t r a t e  on t h e  e c o l o g y  and d y n a n ~ i c s  of yaun9 f i s h  anci i n v e r " c b b r t e s .  T h i s  
i s  mandatory t o  e v a l u a t e  t h e  imporhanee  of t rophooy  naiaic p r o c e s s e s  
and s t a r v a t i o n )  o p e r a t i n g  d u r i n g  "ce e a r l y  l i f e  h i s t o r y  a s  r egc r l a to ry  meehenisrtis 
o f  y e a r - c l a s s  s t r e n g t h .  For  i n s t a n c e ,  i t  is s u f f i c i . e n t  t o  test  p r e d i c t i o n s  
ueri.veci From t h e  h y p o t h e s i s  r o o t e d  d.n t he  p i o n e e r i n 9  work o f  I-ljost (1914) and  
e l e g a n t l y  formalizes by Gushing (1969). The "Match-Mismatch Hypo thes i s "  
p r o p o s e a  "chat v a r i a t i o n s  i n  r e c r u i t r n e n h r e  d e t e r m i n e d  by i n t e r a n n u a l  v a r i a t i o n s  
i n  t h e  d e g r e e  o f  s p e t i o - t e m p o r a l  c o i n c i d e n c e  between l a r v a e  and t h e i r  food  
r e s o u r c e ,  The t imir lg err6 l o c a t i m  of spawning  woula ,  Wherefore ,  be s e l e c t e d  a s  
t o  o p t i m i z e  t h i s  s p a t i o - t e m p o r a l  c o i n c i d e n c e .  

S t u d i e s  of  bo th  t h e  a d u l t  and l a r v a l  p h a s e s  a r e ,  however,  n e c e s s a r y  t o  
e v a l u a t e  a  new h y p o t h e s i s  i n t r o d u c e d  by lLes a n d  S i n c l a i r  (1982)  and f u l l y  
d e v e l o p e d  by S i n c l a i r  (L9b8) .  The ,'YIYlernber/Vagrant'" h y p o t h e s i s  c h a l l e n g e s  t h e  
impor ta r lee  of t r o p h i c  i n t e r a c t . i o n s  d u r i n g  e a r l y  l i f e  h i s t o r y  a s  r e c r u i t m e n t  
r e g u l a t o r y  mechanisms.  It s t a t e s  t h a t  t e m p o r a l  v a r i a b i l i t y  i n  abundance of 
irrar.int. s p e c i e s  w i t h  a complex l i f t :  c y c l e  is a f u n c t i o n  of t h e  i n t e r - g e n e r a t i o n d  
b o s s e s  of  i n d i v i d u a l s  (vag rancy  and m o r t a l i t y )  from t h e  a p p r o p r i a t e  
d i s t r i t u t i o r ~ a l  a r e a  tb- atw will e n s u r e  rnernbership witl-]in a  ~ i v e n  p o p u l a t i o n .  F o r  
s p e c i e s  w i t h  a  p l a n k t o n i c  s t a g e  oeear rographic  p r o c e s s e s  may aomina t e  i n  
g e n e r a t i - n q  t h i s  v a r i a b i l i t y  i n  l o s s e s  ( S i n c l a i r  e t  i i . e s  6.9117). T h i s  i m p l i e s  
t h a t  a b s o l u t e  abundance  c u u l a  be l a r g e l y  i n d e p e n d e n t  of  r e p r o d u c t i o n ,  g rowth ,  o r  
o t h e r  b i o l u ~ i c a l  p a r a m e t e r s .  

T h i s  might  be t h e  c a s e ,  f o r  ins ta r - lee ,  f o r  A t l a n t i c  t l e s s ing  ( 
) where t h e  number o f  g e r r e t i c a l l y  d i s t i n c t  p o p u l a t i o n s  wou 

i ~ e b r m i n e a  by t h e  number of d i s t i n c t ,  q e o g r a p h i c a i l y  s t a b l e  l a r v a l  r e t e n t i o n  
a r e a s  ( ~ l e s  and S i n c l a i s  1 9 b 2 ) .  The hydroctyriamic p r o c e s s e s  s p e c i f i c  t o  a 
r e t e n t i o n  a r e a  wot~bd d i c t a t e  t h e  mean s i z e  a s  w e l l  a s  t i le  yea r - to -yea r  
v a r i a b i l i t y  i n  r e c r u i t m e n t  of its a s s o c i a t e d  p o p u l a t i o n .  The ~ e n e t i c  i s o l a t i o n  
between p o p u l a t i o n s  woula r e s u l t  from t~trri~ir-iy of  ma tu re  i n d i v i d u a l s  back t o  t h e i r  
n a t i v e  r e t e n t i o n  a r e a  t o  reprOQuee.  T h i s  homing i n s t i n c t  would be focused  on 
t h e  h y d r o g r a p h i c  f e a t u r e s  of t h e  r e t e n t i o n  a r e a .  

P r o j e c t  4/13 was d e s i g n e d  t o  t e s t  v a r i o u s  a s p e c t s  of t h e  
"14ef11ber/Vacjrant" h y p o t h e s i s  and e v a l u a t e  its merits r e l a k i v e  t o  t h o s e  of t h e  
'"latch-Mismatchs' h y p o t h e s i s .  I t  c o n c e n t r a t e s  on t h e  I l e  V e r t e  i - \ e r r i ng  
p o p u l a t i o n  of  t h e  S t .  Lawreo-!ce t s t u a r y  which p r e s e n t s  t h e  f o l l o w i n g  advan tages :  
it is r e l a t i v e l y  i . s o l a t e d  from a d ~ a c e n t  p o p u l a t i o n s  and e a s i l y  a c c e s s i b l e  which 
s i m p l i f i e s  s a m p l i n g  and d e c r e a s e s  t h e  u n c e r t a i n t y  a s  t o  t h e  o r i g i n  of t h e  
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b p e c i a l  P r o j e c t s  

CIRESOL : A ~ a n a d a / F r a n c e  C o l l a b o r a t i v e  E f f o r t  on R e c r u i  tment  

F r a n c e  r e c e n t l y  l aunched  a  Matiorla1 Recruitnrer tt Program w i t h  t h e  
g e n e r a l  o b j e c t i v e  of b e t t e r  u n a e r s t a n a i n q  t h e  f a c t o s s  d e t e r m i n i n g  r e c r u i t r r ~ e n t  
v a r i a b i l i t y  i n  mar ine  o rgan i sms .  One of  t h e  g o a l s  of  t h i s  m u l t i d i s c i p l i n a r y  
procjrarlr f o c u s s e s  on t h e  e a r l y  l i f e  h i s t o r y  of t h e  f l a t f i s h  S o l e a  A 
s p e c i f i c  o l j e c t i v e  of CIHtSUL ( c i r c u l a t i o n  e t  r ieeru tement  ue l a  b o l e )  is t o  
a s s e s s  t h e  r e s p e c t i v e  r o l e  uf t r a n s p o r t  artd m o r t a l i t y  i n  t h e  n e c r e a s e  of l a r v a l  
s o l e  abundance  w i t h  age. Ano the r  one is t u  a e s c r i b e  t h e  mechanisms whereby s o l e  
l a r v a e  a r e  t r a n s p o r t e d  6 r w 1  t h e  open sea spawning  Ljrounus t o  t h e  c o a s t a l  ncirsery 
a r e a s .  

Bn a c o n c e r t e d  e f f o r t  t o  ad r l r e s s  &he t r a n s p o r t  psoblern, F rench  ana  
tanaialailrr s c ie r~ t i s t s  corldlscted il j o i n t  r e s e a r c h  c r u i s e  i n  tlte Bay of B i scay  i n  
A p r i l  4987 ( P r o A e c t  $ 1 4 ) .  The v e r t i c a l  d i s t r i b u t i o n  of  t h e  z o o p l a n k t e r s  an0  
f l s h  l a r v a e  arm t h e  s t r u c t u r e  of t h e  w a t e r  column were i n v e s t i g a t e 0  a l o y  t h r e e  
" c a n s e c t s  and d u r i n g  a  72-hour f i x e o  s t a t i o n  w i t h  a  8lONESS. The p l a n k t o n  
sarnyles  a r e  c u r r e n t l y  b e i n y  s o r t e a  and  r e s u l t s  a r e  n o t  y e t  a v a i l a b l e .  

An I n t e r - r e a i o n a l  J o i n t  P r o  iect 

P r o j e c t  4/15 is a  j o i n t  p r o j e c t  w i t h  t h e  LJFO-Gulf r e g i o n  d e s i g n e d  t o  
a c s u i r e  8 b e t t e r  u n d e r s t a n d i n q  of  t h e  p r o c e s s e s  i n v o l v e d  i n  t h e  s e l f - s u s t a i n m e n t  - 
of  C r a s s o s t r e a  ~ ' * p o p u l a t i o n s ,  a  dorninant o y s t e r  s p e c i e s  i n  C a r a q u e t  Bay 
a n d  a d j a c e n t  a r e a s  of t h e  w e s t e r n  Gul f  of S t .  Lawrence. Ano the r  o b j e c t i v e  is t o  
examine t h e  d i s p e r s a l  and s e t t l e m e n t  mechanisms of o y s t e r  s p a t .  The f o l l o w i n r j  
q u e s t i o n s  w i l l  be adolressed:  how d o e s  t h e  c i r c u l a t i o n  p a t t e r n  i n f l u e n c e  l a r v a l  
d i s t r i b u t i o n ?  kihat a r e  t h e  p o s s i b l e  l a r v a l  r e t e n t i o n  nreehanisms i n  t h e  bay? 
S i n c e  it is h y p o t h e s i z e d  t h a t  most l a r v a e  a r e  swept  o u t  of  t h e  bay by wind 
a c t i o n  arid t i d a l  exchange ,  how does  t h e  c i r c u l a t i o n  p a t t e r n  i n f l u e n c e  t h e  
o b s e r v e d  o i f f e r e n c e s  i n  growth r a t e s  between a r e a s  a t  t h e  n o r t h  and s o u t h  s i d e s  
of  t h e  bay?  1s t h i s  s t r i c t l y  a  f u n c t i o n  of a l g a l  food  s u p p l y ?  

T h i s  p r o j e c t  is e x p e c t e d  Lo commence i n  J u l y  and A u ~ u s t  1988 deperjding 
un tire t i m i n y  o f  spawning i n  n a t u r a l  beds .  C u r r e n t  meters, d r o g u e s ,  t i d e  gauges  
a r ~ d  iTU's w i l l  be u s e d  t o  s t u d y  baywide w a t e r  a~overrtents arid t r a n s p o r t  
c a p a b i i i t b e s  o v e r  a 3-5 week p e r i o d  a t  t h e  time uf r~iaximal l a r v a l  aburroance. 
P l a n k t o n  s u r v e y s  w i l l  be conduc ted  eve ry  L-3 oays  o v e r  t h e  c o u r s e  of t h e  p r o d e c t  
t o  ~ e s c r l b e  t h e  h o r i z o n t a l  d i s t r i b u t i o n  o f  t h e  l a r v a e  and mon i to r  v a r i o u s  b i o t i c  
anu  a b i o t i c  v a r i a b l e s .  S p a t  c o l l e c t o r s  w l l l  be u s e d  a s  w e l l .  

T e c h n i c a l  l i m i t a t i o n s  c o n s t i t u t e  t h e  p r i n c i p a l  r e a s o n  why food q u b L i t y  
is on ly  r a r e l y  i n v e s t i g a t e c i  i r r  p l a n k t o n i c  foou  webs. New t e c h n o l o g i e s  r e c e n t l y  
is t t rouuceia i n  b i o l o g i c a l  oceanography s u c h  a s  High P r e s s u r e  L i q u i d  
Chrorriatography arid Flow Cytometry  open  up new r e s e a r c h  avenues .  An 
~ n l e r n a t i o n a l  symposiunt a imea  a t  i d e n t i f y i n g  and  e v a l u a t i n g  t h e s e  new 
p o s s i b i l i t i e s  a s  well a s  a d a r e s s i n g  t h e  more g e n e r a l  problem of  e v a l u a t i n g  t h e  
quality of  p l a n k t o n i c  food  o r g a n i s m s  is i n  p r e p a r a t i o n  a t  t h e  Maur i ce  
Lamuntagne I n s t i t u t e  ( P r o j e c t  #/16). I t s  g e n e r a l  o b j e c t i v e s  would be t o :  



I. e v a l u a t e  which pa ramete r s  a r e  most e f f e c t i v e  a t  q u a n t i f y i n g  t h e  
n u t r i t i v e  v a l u e  of primary p roducers ;  

2.  de te rmine  t h e  consequences of f e e d i n g  on c e r t a i n  t y p e s  of 
p a r t i c l e s ;  p o s s i b l e  e f f e c t s  of taxonomical  d i f f e r e n c e s ,  
p h y s i o l o g i c a h  s t a t e s ,  e t c . ;  

3 seek  a b e t t e r  i n t e r p r e t a t i o n  of t h e  r e l a t i o n s  between food 
abundance and l a r v a l  f i s h  and i n v e r t e b r a t e  c o n d i t i o n  f a c t o r s .  

T h i s  symposium is now planned For t h e  summer of 1989. 

The 16  p r o j e c t s  summarized i n  t h i s  review cover  t h e  e n t i r e  range of 
t o p i c s  found i n  modern r e c r u i t m e n t  r e s e a r c h ,  Most of them a r e  m u l t i d i s c i p l i n a r y  
and s e v e r a l  invo lve  c o l l a b o r a t i o n  between s c i e n t i s t s  from two o r  even a l l  t h r e e  
r e s e a r c h  b ranches  of  DFO-Quebec ( b i o l o g i c a l  s c i e n c e s ,  chemical  and p h y s i c a l  
s c i e n c e s ,  and Canadian Hydrographic  S e r v i c e ) .  S e v e r a l  s c i e n t i s t s  from v a r i o u s  
Quebec u n i v e r s i t i e s  a r e  o f t e n  invo lved  a s  w e l l .  Th i s  demons t ra tes  t h a t  
r e c r u i t m e n t  r e s e a r c h  c o n s t i t u t e s  a major inves tment  i n  t h e  reg ion .  I t  a l s o  
r e p r e s e n t s  an i m p r e s s i v e  example of r e s e a r c h  i n t e g r a t i o n  w i t h i n  t h e  youngest  
F i s h e r i e s  and Oceans r e g i o n  i n  t h e  coun t ry .  

We a r e  g r a t e f u l  t o  Denis  D'Amours, Louis  Gigugre ,  C h r i s t i a n e  Hudon and 
P a t r i c k  O u e l l e t  f o r  p r o v i d i n g  us  wi th  s p e c i a l  r e p o r t s  on t h e i r  r e s e a r c h .  They 
were very u s e f u l  i n  p r e p a r i n g  t h i s  summary. We, however, assume f u l l  
r e s p o n s i b i l i t y  f o r  t h e  way t h e s e ,  a s  w e l l  a s  any o t h e r  i n f o r m a t i o n ,  were 
i n c o r p o r a t e d  i n  t h i s  document. 
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9, C r a i g  
C e n t r a l  and A r c t i c  Region  

A number of  Canad ian  f r e s h w a t e r  f i s h  p o p u l a t i o n s ,  i n  p a r t i c u l a r  p e r c i d s ,  
s u c h  a s  w a l l e y e  and y e l l o w  p e r c h ,  and e o r e g o r ~ i d s  s u c h  a s  w h i t e f i s h  and c i s c o ,  
p r o v i d e  i m p o r t a n t  commerc ia l  f i s h e r i e s  even  i f  t h i s  i m p o r t a n c e  is somewhat 
l o c a l .  S p o r t  f i s h e r i e s  have  h i g h e r  r e t u r n s  i n  economic and s o c i a l  t e r m s  t h a t  
commerc ia l  f i s h e r i e s ,  O t h e r  F i s h e r i e s  a r e  v i t a l  a s  d o m e s t i c  o r  s u b s i s t e n c e  
f i s h e r i e s .  S e v e r a l  d e t a i l  e d  s t u d i e s  on p o p u l a t i o n  dynamics  have  been per formed 
as a  r e s u l t  o f  t h e  n e c e s s i t y  t o  manage t h e s e  f r e s h w a t e r  f i s h  s t o c k s .  These  
s t u d i e s  have  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  p r e d i c t i v e  models  such  a s  t h e  
morphoedaphic  i n d e x  (Ry d e r  6965) r e l a t i n g  F i s h  p r o d u c t  i o n  t o  t o t a b  d i s s o l v e d  
s o l i d s  and mean d e p t h  o f  l ake ,  and f i s h  y i e l d  p r e d i c t i o n  from t o t a l  p l ~ o s h o r u s  
(Hanson and L e g g e t t  1 9 8 2 )  and from mean a n n u a l  w a t e r  t e m p e r a h i r e  ( S c h P e s i n g e s  
and  R e g i e r  1 9 8 3 ) .  Models  t o  p r e d i c t  y e a r  c l a s s  s t r e n g t h s  from d e n s i t y  
i n d e p e n d e n t  ( i n  p a r t i c u l a r  t e m p e r a t u r e  and volume of s p r i n g  r u n  o f f  ) and d e n s i t y  
d e p e n d e n t  (nurnber o r  b iomass  of  a d u l t  spawner s  and  p r e d a t o r s )  have  o f t e n  
e x p l a i n e d  a  h i g h  p r o p o r t i o n  of t h e  v a r i a b i l i t y  i n v o l v e d  ( C r a i g  and K i p l i n g  1983; 
Lysack 1986; S h u t e r  and Koonce 1977)- None of  t h e s e  models  have d e f i n e d  t h e  
d i r e c t  c a u s a t i v e  r e a s o n s  f o r  m o r t a l i t y  on t h e  p o t e n t i a l  r e c r u i t s  t o  a  s t o c k .  

I n  most c a s e s  t h e  h i g t l e s h o r t a l i t y  r a t e s  t a k e  p l a c e  d ~ r i ~ ? g  t h e  e a r l y ,  
l a r v a l  s t a g e s  and d e t a i l e d  s t u d i e s  on f a c t o r s  c o n t r o l l i n g  t h i s  m o r t a l i t y  a r e  
b e i n g  c a r r i e d  o u t  a t  t h e  F r e s h w a t e r  I n s t i t u t e  ( s e e  M a t h i a s  below).  Man i n d u c e d  
p e r t u r b a t i o n s  s u c h  a s  t h o s e  c a u s i n g  e u t r o p h i c a t i o n ,  a c i . d i f i c a t i o n  and p o l l u t i o n  
(by o r g a n i c s  and m e t a l s )  and t h e i r  e f f e c t s  on r e c r u i t m e n t  a r e  b e i n g  i n v e s t i g a t e d  
a t  t h e  E x p e r i m e n t a l  Lakes  Area ( s e e  Mills below) ,  H a b i t a t  c h a n g e s ,  such  a s  t h e  
b u i l d i n g  of r e s e r v o i r s ,  on f i s h  r e c r u i t m e n t  have  a l s o  been s t u d i e d  ( s e e  Bodaly 
be low) .  The limits of r e s p o n s e  of f i s h  p o p u l a t i o n s  t o  changes  i n  e n v i r o n m e n t a l  
c o n d i t i o n s  can  be measured  by comparing F i sh  which a r e  s e v e r e l y  p e r t u r b e d  by 
o v e r - e x p l o i t a t i o n  t o  u n e x p l o i t e d  p o p u l a t i o n s .  The a l l o c a t i o n  of  ene rgy  
r e s o u r c e s  t o  r e p r o d u c t i o n  and t h u s  p o t e n t i a l  r e c r u i t m e n k c a n  be obse rved  i n  
t e r m s  of  growth ,  a g e  of m a t u r i t y ,  f e c u n d i t y  and l o n g e v i t y  ( s e e  C r a i g  be low) .  
O v e r - e x p l o i t a t i o n  can a l s o  l e a d  t o  s p e c i e s  s h i f t s  i n  l a k e  cornmunites and t h i s  is 
u n d e r  i n v e s t i g a t i o n  i n  t h e  Dauphin  Lake P r o j e c t  ( s e e  F l annagan  e t  a l .  b e l o w ) ,  

Many f r e s h w a t e r  s y s t e m s  i n  Nor th  America a r e  s t o c k e d  w i t h  i n d i g e n o u s  and 
e x o t i c  f i s h .  I n  Canada t h e r e  h a s  n e v e r  been a  q u a n t i t a t i v e  measure  of  t h e  
s u c c e s s  of  t h i s  s t o c k i n g  i n  t e r m s  of r e c r u i t m e n t  t o  t h e  commerc ia l  c a t c h .  T h i s  
is a t  p r e s e n t  b e i n g  done i n  t h e  Dauphin Lake P r o j e c t  by s t o c k i n g  t h e  l a k e  w i t h  
g e n e t i c a l l y  d i s t i n c t  w a l l e y e  l a r v a e ,  

F r e s h w a t e r  l a k e s ,  i n  p a r t i c u l a r  i n  "Le u n d i s t u r b e d  r e g i o n s  of N o r t h e r n  
Canada,  p r e s e n t  o p p o r t u n i t i e s  f o r  t h e  s t u d y  of  t h e  r e l a t i o n s h i p s  betwen s t o c k  
and  r e c r u i t m e n t  t h a t  a r e  se ldom a v a i l a b l e  e l s e w h e r e  ( s e e  Johnson  be low) .  T h i s  



is p a r t i c u l a r l y  t h e  c a s e  w i t h  c e r t a i n  A r c t i c  c h a r r ,  S a l v e l i n u s  a l p i n u s ,  
p o p u l a t i o r ~ s  t h a t  o c c u r  a s  t h e  s i n g l e  f i s h  s p e c l e s  p r e s e n t .  T f l i s  h a s  t h e  
advantac je  t h a t  a l l  p o p u l a t i o n  s t r u c t u r e  t h a t  may d e v e l o p  can  be ascribed t o  
~ n t r a s p e c i f i c  i n t e r a c t i o n s .  

The most s i ~ n i f i c a n t  f a c t  t o  emerge from exaininat ior l  of t h e s e  u n a i s t u r b e d  
s t o c k s ,  and t h i s  a p p l i e s  i n  bo th  s i n g l e  s p e c i e s  s t o c k s  ana  mu1"c s p e c i e s  s t o c k s ,  
is t h a t  j u v e n i l e ,  o r   re-recruitment s t o c k  is v i r t u a l l y  a b s e n t  i n  even t h e  rimst 
m e t i c u l o u s l y  t a k e n  samples .  T h i s  is e v i d e n t l y  a  c a s e  of  s u p p r e s s i o n  of  t h e  
j u v e n i l e s  by t h e  a d u l t s ,  s i n c e  continues e x p l o i t a t i o n  does  i n c r e a s e  t h e  number 
o f  j u v e n i l e s  i n  t h e  sample .  T h i s  i n c r e a s e  may be e f f e c t e d  o v e r  t h e  c o u r s e  of a 
s i n g l e  y e a r ,  i f  t h e  f i s h i n g  is ext renre ly  heavy,  o r  ove r  t h e  c o u r s e  of a  number 
o f  y e a r s  i f  t h e  f i s h i n g  is l i g h t .  Thus t h e s e  a r e  e v i d e n t l y  some j u v e n i l e s  
p r e s e n t  even t h o i ~ g h  t h e y  do n o t  a p p e a r  i n  t h e  s amples .  The re  is t h e r e f o r e  some 
i n v e r s e  r e l a t i o n s h i p  between s t o c k  and j u v e n i l e s .  However t h e s e  j u v e n i l e s  do 
n o t  n e c e s s a r i l y  become r e c r u i t s .  ILt is f r e q u e n t l y  o b s e r v e d  t h a t  l a r g e  "waves" 
of  p r e - r e c r u i t s  a p p e a r  i n  one o r  two y e a r s  and t h e n  d i s a p p e a r  b e f o r e  a t t a i n i n g  
a c t u a l  r e c r u i t m e n t  t o  t h e  " a d u l t D '  o r  " e s t a b l i s h m e n t "  mode. 

bong-term, d e t a i l e d  s t u d i e s  on p o p u l a t i o n  c h a n g e s  a t  t h e  C h i t t y  b a k e s  
S t a t i o n  have  shown t h a t  t h e r e  is a p p a r e n t l y  l i t t l e  d i r e c t  r e l a t i o n s h i p  between 
s t o c k  and r e c r u i t m e n t  ( F i g s  l a n d  2 ) .  B a p t i s t e  Lake shows t h e  r e s u l t s  of 
c o n t i n u o u s  u t t s e r v a t i o n  on a n  u n e x p l o i t e d  l a k e ,  Urygeese  Lake was a )  u n e x p l o i t e d  
197%-73, b)  h e a v i l y  e x p l o i t e a  1973-74 a n a  c )  all owe^ t o  r e c o v e r  w i t h o u t  
e x p l o i t a t i o r )  1974-85. F i g u r e  3  shows t h e  e f f e c t  of e x p l o i t a t i o n  on t h e  s u c k e r  
l ~ o p u l a t i o n  o f  tiemin9 Lake ove r  a  l o n g  p e r i o d  of t i m e  a )  i n  t h e  p r i s t i n e  s t a t e ,  
b )  u n d e r  i n c r e a s i n g l y  heavy exploitation and c )  d u r i n g  a  p e r i o a  o f  r e c o v e r y .  
E v i d e n t l y  t h i s  p o p u l a t i u n  is ex t r en i e ly  r e s p o n s i v e  t o  c h a n ~ e s  i n  popb l a t i o n  
u e n s i t y  a s  rnouulated by f i s h i n g  p r e s s u r e s .  When f i s h i n g  c e a s e s  t h e  p o p u l a t i o n  
y u l c k l y  r e t u r n s  t o  a  b i r i~odal  s i z e  d i s t r i b u t i o n .  

I n v e s t i g a t i o n s  of  A r c t i c  mar ine  f i s h  a r e  s t i l l  a t  a  p r e l i m i n a r y  s t a y e  a n 0  
a r e  main ly  c o n c e r n e d  w i t h  s t o c k  i d e n t i f i c a t i o n .  S t o c k  and r e c r u i t m e n t  s t u d i e s  
a r e  p l a n n e d  f o r  t h e  f u t u r e .  

C e n t r a l  and A r c t i c  Reuion  

Name of S c i e n t i s t :  Rodaly ,  A. S p e c i e s :  W h i t e f i s h ,  Area 
o f  work: S o u t h  I n d i a n  Lake,  Mani toba .  S t a r t  o f  p r o j e c t :  1976.  Type of  p r o j e c t :  A 
s t u d y  of  t h e  conlmercial  w h i t e f i s h  f i s h e r y  w i t h  r e s p e c t  t o  t h e  development  of a  
dam a t  S o u t h  l n d i a n  Lake and  t h e  d i v e r s i o n  oF t h e  C h u r c h i l l  R i v e r .  

Name of  S c i e n t i s t :  C r a i g ,  J.F. S p e c i e s :  Wa l l eye ,  S t i z o s t e d i o n  v i t r eum.  Area of  
work: Dauphin Lake ,  Unqor Lake and Lake Winn ipeqos i s ,  Mani toba .  B e t e  of  s t a r t  
o f  p r u j e d t :  1984.  ~ y i e  of p r o j e c t :  A s t u d y  b f  g rowth ,  f e c u n d i t y ,  a g e  o r  
m a t u r i t y ,  l o n g e v i t y  and e n e r y  a l l o c a t i o n  between s o m a t i c  growth  and r e p r o d u c t i v e  
e f f o r t  i n  e x p l o i  t e a  a r ~ d  u n e x p l o i t e d  p o p u l a t i o n s .  

Name of S c ; i e n t i s t s :  F l annaqan ,  J , F . ,  F Cra i~ , ,  h,U. F r a n z i n  a n u  J - A -  
k i a t h i a s -  S p e c i e s :  Wal leye  ana  o t l ~ e u  l a k e  s p e c i e s .  Area of  work: Dauphin Lake ,  
Mani toba .  b a t e  of s t a r t  o f  p r o j e c t :  1982.  Type of p c o j e c t ;  A s t u d y  of  methods of  




