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ABSTRACT: Population maintenance of species with pelagic larvae in island 
systems is poorly understood, but general agreement has emerged in recent years 
that processes in the plankton are responsible for recruitment variability. An 
initial, multi-disciplinary approach is suggested to examine questions of 
population maintenance with special attention to retention of larval forms 
around islands. Intensive but directed studies of physical and biological 
oceanography in waters surrounding an island and studies of fish populations, 
including recruitment patterns on the island, are proposed. A rationale is 
developed for the initial study to be conducted at an isolated, oceanic island 
to simplify the survey work and interpretatiot? of results. Such a study could 
lead to new insights on the planktonic processes which affect recruitment 
variablity and would be invaluable to the design of similar studies in more 
complicated archipelagic or tropical coastal systems. 
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1. INTRODUCTION 

N a r i n e  o r g a n i s m s  which i n h a b i t  i s o l a t e d  i s l a n d s  o r  seamounts  a r e  f a c e d  w i t h  
l i m i t e d  a d u l t  h a b i t a t  and w i t h  o c e a n  c u r r e n t s  which  a d v e c t  l a r v a e  away f rom t h e  
s o u r c e  p o p u l a t i o n ;  some s p e c i e s  have p r o b a b l y  d e v e l o p e d  mechanisms f o r  p o p u l a t i o n  
m a i n t e n a n c e ,  b u t  t h e s e  r e m a i n  l a r g e l y  unknown a t  t h e  p r e s e n t  t i m e .  T h u s  t h e  
problems of r e c r u i t m e n t  of i s l a n d  and seamount  r e s o u r c e s  d i f f e r  s i g n i f i c a n t l y  f rom 
t h o s e  of  s p e c i e s  a s s o c i a t e d  w i t h  c o n t i n e n t a l  s h e l f  and s l o p e  r e g i o n s ,  r e g a r d l e s s  
i f  i n  b o r e a l ,  t e m p e r a t e ,  o r  t r o p i c a l  r e g i o n s .  I n  t h i s  p a p e r  I c o n s i d e r  some of 
t h e  q u e s t i o n s  which  m u s t  b e  a d d r e s s e d  i f  we a r e  t o  b e t t e r  u n d e r s t a n d  t h e  p r o c e s s  
of r e c r u i t m e n t  i n  i s l a n d  and seamount  ecosys tems.  

The v a s t  m a j o r i t y  of t r o p i c a l  m a r i n e  s p e c i e s ,  p a r t i c u l a r l y  t h o s e  of c o m m e r c i a l  
i m p o r t a n c e ,  a r e  c h a r a c t e r i z e d  by a l i f e  h i s t o r y  w i t h  a p e l a g i c  l a r v a l  s t a g e .  
W h i l e  e a r l y  s t u d i e s  t y p i c a l l y  s u g g e s t e d  t h a t  t h e s e  s t a g e s  were a d a p t i v e  f o r  
d i s p e r s a l  (Ekman,1953) ,  a n  a l t e r n a t e  v i e w  w a s  d e v e l o p e d  by J o h a n n e s  (19781,  who 
a r g u e d  t h a t  p e l a g i c  l a r v a e  were a n  a d a p t a t i o n  t o  m i n i m i z e  p r e d a t i o n  o f  t h e  
v u l n e r a b l e  l a r v a l  s t a g e s .  S t i l l ,  o t h e r  s c i e n t i s t s  h o l d  t o  t h e  c o n c e p t  t h a t  
d i s p e r s a l  r e m a i n s  t h e  s e l e c t i v e  a d v a n t a g e  of a p e l a g i c  s t a g e  (Barlow, 1981). 

To u n d e r s t a n d  r e c r u i t m e n t  i n  i n s u l a r  e c o s y s t e m s ,  t h e  above i s s u e  i s  i m p o r t a n t  
b u t  t h e  f a c t  r e m a i n s  t h a t  p e l a g i c  l a r v a e  m u s t  r e t u r n  t o  r e p l e n i s h  t h e  s o u r c e  
p o p u l a t i o n .  S e v e r a l  e a r l y  s t u d i e s  o f  r e e f  f i s h  e c o l o g y  h e l d  t h a t  s p a c e ,  r a t h e r  
t h a n  r e c r u i t m e n t ,  was t h e  l i m i t i n g  f a c t o r  t o  these p o p u l a t i o n s  (Smi th  and T y l e r  
1972, 1975) ,  i n f e r r i n g  t h a t  a l a r g e  pool  of p o t e n t i a l  r e c r u i t s  c o u l d  f i l l  s p a c e  on 
t h e  r e e f  a t  a n y  t ime.  I f  t h i s  w e r e  i n d e e d  t h e  c a s e ,  f i s h e r y  e x p l o i t a t i o n  of a 
g i v e n  p o p u l a t i o n  s i z e  c o u l d  p o s s i b l y  b e  m a i n t a i n e d  a t  a h i g h e r  l e v e l  t h a n  i f  
r e c r u i t m e n t  were v a r i a b l e  a n d  t h e  l i m i t i n g  f a c t o r ,  U n f o r t u n a t e l y ,  more  d e t a i l e d  
s t u d y  has  shown t h a t  r e c r u i t m e n t  i s  h i g h l y  v a r i a b l e  w i t h i n  s p e c i e s .  On a s h o r t  
t i m e  s c a l e ,  V i c t o r  ( 1 9 8 2 )  h a s  shown s p o r a d i c  r e c r u i t m e n t  d e s p i t e  c o n t i n u o u s  
s p a w n i n g  i n  t h e  l a b r i d  T h a l a s s o m a  b i f a s c i a t u m .  O t h e r  s t u d i e s  h a v e  f u r t h e r  
d e m o n s t r a t e d  t h a t  r e c r u i t m e n t  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  f a c t o r s  i n  t h e  
p o p u l a t i o n  dynamics of r e e f  f i s h e s  (Doherty, 1983; W i l l i a m s ,  1983; S a l e  and  Douglas 
1984) .  The  t e m p o r a l  c o m p o n e n t  of r e c r u i t m e n t  v a r i a b i l i t y  i s  p r o b a b l y  t h e  m o s t  
i m p o r t a n t ,  w i t h  i n t e r a n n u a l  d i f f e r e n c e s  of a t  least  an  o r d e r  of m a g n i t u d e  (Shulman 
1985) .  S p a t i a l  v a r i a t i o n s ,  a t  l e a s t  on t h e  s c a l e s  e x a m i n e d ,  w o u l d  a p p e a r  t o  be 
l e s s  i m p o r t a n t .  S i m i l a r  r e c r u i t m e n t  p a t t e r n s  may o c c u r  o v e r  s c a l e s  o f  1 km 
( S h u l m a n . 1 9 8 5 )  t o  50 km. t h e  l a t t e r  a p p a r e n t l y  a f t e r  m i x i n g  o f  c o h o r t s  i n  t h e  
p l a n k t o n  ( V i c t o r ,  1984) .  E c k e r t  (19841,  h o w e v e r ,  n o t e d  l i t t l e  s i m i l a r i t y  in 
s p a t i a l  r e c r u i t m e n t  p a t t e r n s  i n  a s e r i e s  o f  r e e f s  i n  t h e  Grea t  B a r r i e r  Reef  
sys tem,  and S a l e  fi d. (1984) s u g g e s t e d  t h a t  s p a t i a l  v a r i a b i l i t y  on t h i s  s c a l e  i s  
a s  i m p o r t a n t  a s  v a r i a b i l i t y  i n  y e a r  c l a s s  s t r e n g t h .  The  q u e s t i o n  o f  s p a t i a l  
v a r i a t i o n s  a n d  i t s  r e l a t i o n s h i p  w i t h  t e m p o r a l  v a r i a b i l i t y  needs  more work. 
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S i n c e  the  s o u r c e  o f  v a r i a b i l i t y  i n  r e c r u i t m e n t  o c c u r s  i n  t h e  p l a n k t o n i c  s t a g e  
( V i c t o r , 1 9 8 3 ;  Warner .1984)  t h i s  i s  a n  i m p o r t a n t  p l a c e  t o  b e g i n  i n v e s t i g a t i o n s .  
The  i m p o r t a n t  p r o c e s s e s  t o  a d d r e s s  i n i t i a l l y  m u s t  b e  w h e t h e 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  i s  unde r  p h y s i c a l  o r  b i o t i c  c o n t r o l .  I f  t h e  p e l a g i c  l a r v a l  s t a g e  is  
a n  a d a p t a t i o n  t o  r e d u c e  p r e d a t i o n  a s  s u g g e s t e d  b y  J o h a n n e s  (19781 ,  t h e n  b i o t i c  
e f f e c t s  i n  t h e  p l a n k t o n i c  e n v i r o n m e n t  may n o t  r e s u l t  i n  a s t r o n g  c o m p o n e n t  o f  
i n t e r a n n u a l  v a r i a b i l i t y .  P l a n k t o n i c  p r e y  of f i s h  l a r v a e  may b e  enhanced  on t h e  
m e s o s c a l e  by  t h e  " i s l a n d  m a s s  e f f e c t "  ( G i l m a r t i n  a n d  R e l e v a n t e , l 9 7 4 )  a n d  t h e  
a s s o c F a t e d  h i g h e r  s t a n d i n g  s t o c k s  of p l a n k t o n  n e a r  i s l a n d s  ( Jones ,  1962). P h y s i c a l  
f a c t o r s ,  o n  t h e  o t h e r  h a n d ,  may p l a y  a m o r e  i m p o r t a n t  r o l e  i n  r e c r u i t m e n t  
v a r i a b i l i t y .  P h y s i c a l  o c e a n o g r a p h y  a r o u n d  i s l a n d s  i s  c o m p l e x  a n d  v a r i a b l e  
( B a r k l e y ,  1 9 7 2 ;  Hogg e j  &., 1 9 7 8 ;  P i n g r e e  a n d  Maddock , l980 ,  1 9 8 5 )  a n d  a d v e c t i o n  
l i k e l y  p l a y s  t h e  dominant  r o l e  i n  v a r i a b i l i t y  i n  r e c r u i t m e n t  s t r e n g t h  i n  t r o p i c a l  
i s l a n d  s p e c i e s .  I n  t h e  l i f e  h i s t o r y ,  b i o t i c  f a c t o r s  may p l a y  t h e  d o m i n a n t  role 
a f t e r  s e t t l e m e n t .  

2. MECHANISMS OB POPULATION ElAIKTENAtXE 

The r h y s i c a l  mechanisms i m p o r t a n t  i n  l a r v a l  r e t e n t i o n  a round i s l a n d s ,  banks ,  
o r  s eamoun t s  have  been d i s c u s s e d  by Bakun ( t h i s  vo lume)  and I will n o t  e l a b o r a t e  
on them here. The p h y s i c a l  p r o c e s s e s  a l o n e ,  however,  a r e  no t  l i k e l y  t o  r e s u l t  i n  
r e t e n t i o n  o f  l a r v a e ;  r e l a t e d  b i o l o g i c a l  p r o c e s s e s ,  s u c h  a s  t e m p o r a l  s p a w n i n g  
a c t i v i t y  by a d u l t s  and b e h a v i o r a l  a t t r i b u t e s  of t h e  p l a n k t o n i c  s t a g e s ,  d o u b t l e s s  
i n t e r a c t  w i t h  t h e  p h y s i c a l  m e c h a n i s m s  t o  r e s u l t  i n  r e t e n t i o n  a n d  u l t i m a t e  
r e c r u i t m e n t  ( L o b e l  a n d  R o b i n s o n ,  1 9 8 3 ) .  W h i l e  f l o w  p a t t e r n s  may r e s u l t  i n  
s i g n i f i c a n t  a g g r e g a t i o n  of p l a n k t o n i c  o rgan i sms  unde r  c e r t a i n  s i t u a t i o n s  (Hamner 
and  H a u r i ,  1 9 8 1 ) ,  i n s u l a r  h o l o p l a n k t o n i c  a s s e m , b l a g e s  d i s t i n c t  f r o m  o c e a n i c  
a s semblages  o c c u r  a round i s l a n d s  and p a t t e r n s  of conve rgences  may m a i n t a i n  such  
p o p u l a t i o n s  (Boden,1952) .  P e t e r s o n  e_t a. ( 1 9 7 9 )  d e s c r i b e d  a s i m i l a r  m e c h a n i s m  
f o r  m a i n t e n a n c e  o f  a copepod  p o p u l a t i o n  i n  a n  u p w e l l i n g  a r e a ,  b u t  i n v o k e d  a 
b e h a v i o r a l  m e c h a n i s m  t o  e x p l a i n  d i f f e r e n t i a l  u t i l i z a t i o n  o f  c u r r e n t  p a t t e r n s .  
Larvae  are c a p a b l e  of s i g n i f i c a n t  b e h a v i o r a l  r e s p o n s e s  t o  p h y s i c a l  f a c t o r s  which  
may r e s u l t  i n  a l t e r a t i o n s  i n  t h e  d i s t r i b u t i o n  p a t t e r n  ( B o e h l e r t  and Mundy, 1986). 

E d d i e s  a n d  g y r e s  w h i c h  f o r m  a r o u n d  i s l a n d s  a n d  s e a m o u n t s  may a c t  t o  t r a p  
w a t e r s  f o r  s i g n i f i c a n t  p e r i o d s  of t i m e  ( P i n g r e e  and Maddock. 1980; Wolansk i  al. 
1984) .  S a l e  (19701 ,  Emery  ( 1 9 7 2 ) ,  a n d  Shomura  a n d  B a r k l e y  ( 1 9 7 9 )  s u g g e s t e d  t h a t  
s u c h  e d d i e s  were i m p o r t a n t  i n  r e t a i n i n g  p l a n k t o n i c  s t a g e s .  F u r t h e r  c o n c e p t u a l  
d e v e l o p m e n t  o f  t h i s  i d e a  h a s  b e e n  p r o v i d e d  b y  L o b e l  a n d  R o b i n s o n  ( 1 9 8 3 ) ;  d a t a  
s u p p o r t i n g  t h e  r o l e  of e d d i e s  i n  p o p u l a t i o n  m a i n t e n a n c e  e x i s t  f o r  t h e  c o n t i n e n t a l  
s h e l f  o f f  Norway (Sundby, 1 9 8 4 ) ,  R o c k a l l  Bank ( D o o l e y ,  19841 ,  a n d  G e o r g e ' s  Bank 
( S m i t h  and  Morse ,  1985) .  U n d e r s t a n d i n g  t h e  p h y s i c a l  a n d  t e m p o r a l  a t t r i b u t e s  of  
such  e d d i e s  w i l l  b e  n e c e s s a r y  t o  show t h e i r  i m p o r t a n c e  i n  a r e c r u i t m e n t  mechanism. 
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3 .  CURRENT RESEARCH APPROACHES 

The s t u d y  o f  r e c r u i t m e n t  h a s  h i s t o r i c a l l y  t a k e n  i n d i r e c t  a p p r o a c h e s  w h i c h  l o o k  
a t  t h e  f i n a l  r e s u l t ,  i n c l u d i n g  a g e  d i s t r i b u t i o n s ,  y e a r  c l a s s  s t r e n g t h s ,  a n d ,  i n  
t h e  c a s e  of  r e e f  f i s h e s ,  t e m p o r a l  and  s p a t i a l  r e c r u i t m e n t  p a t t e r n s ,  l o o k i n g  a t  t h e  
r e s u l t s  o f  t h e  p r o c e s s  o f  r e c r u i t m e n t  r a t h e r  t h a n  t h e  m e c h a n i s m .  Many o f  t h e  
r e c e n t  s t u d i e s  o u t l i n e d  a b o v e  d e m o n s t r a t e  s i g n i f i c a n t  t e m p o r a l  v a r i a b i l i t y  i n  
r e c r u i t m e n t ,  i n c l u d i n g  i n t e r a n n u a l  v a r i a b i l i t y ,  d e s p i t e  a r e l a t i v e l y  s t a b l e  
s p a w n i n g  s t o c k .  T h e  w o r k  o f  V i c t o r  ( 1 9 8 3 ,  1 9 8 4 ) ,  i n  p a r t i c u l a r ,  p o i n t s  t o  
p r o c e s s e s  i n  t h e  p l a n k t o n  w h i c h  d e t e r m i n e  t h e  t i m i n g  a n d  s t r e n g t h  of r e c r u i t m e n t  
i n  t r o p i c a l  s y s t e m s  (Warncr ,1984) .  The n o r t h e r n  a n c h o v y  i n  t h e  C a l i f o r n i a  C u r r e n t  
s y s t e m  w a s  s t u d i e d  f o r  many y e a r s  a s  p a r t  o f  t h e  C a l C O F I  p r o g r a m  a n d  t h i s  
h i s t o r i c a l  d a t a  b a s e  on l a r v a l  d i s t r i b u t i o n  a n d  a b u n d a n c e  h a s  b e e n  c r i t i c a l  t o  
f u r t h e r  w o r k ;  t h e  g r e a t e s t  a d v a n c e s  i n  u n d e r s t a n d i n g  c a u s e s  o f  r e c r u i t m e n t  s u c c e s s  
or f a i l u r e ,  however ,  h a v e  b e e n  made i n  t h e  l a s t  d e c a d e  b y  d e t e r m i n i n g  t h e  r o l e  of 
p h y s i c a l  (storms, t u r b u l e n c e )  and  b i o t i c  ( p r e y  m i c r o d i s t r i b u t i o n )  f a c t o r s  ( L a s k e r  
1 9 7 5 ,  1 9 7 8 )  a n d  t h e i r  e f f e c t s  on m o r t a l i t y  i n  t h e  f i e l d .  T h i s  a p p r o a c h  h a s  
a l l o w e d  g e n e r a l i t i e s  t o  b e  d r a w n  a b o u t  s i m i l a r  e c o s y s t e m s  ( B a k u n ,  1 9 8 5 ) .  A 
c o m p a r a t i v e  a p p r o a c h  c o u l d  a l s o  b e  p r o f i t a b l e  i n  t r o p i c a l  s y s t e m s .  

Much of t h e  r e s e a r c h  on r e c r u i t m e n t  i n  t r o p i c a l  f i s h e s  h a s  a d d r e s s e d  t h e  i s s u e  
o f  t h e  h i g h  d i v e r s i t y .  o f  r e e f  f i s h e s  ( S a l e ,  1 9 8 2 1 ,  b u t  r e c e n t  s t u d i e s  o n  
r e c r u i t m e n t  h a v e  d i r e c t e d  more  r e s e a r c h e r s  t o  look t o  p r o c e s s e s  i n  t h e  p l a n k t o n  a s  
d e t e r m i n a a t s  o f  r e c r u i t m e n t  ( H e l f m a n ,  1 9 7 8 ;  D o h e r t y  e j  aJ. 1 9 8 5 ;  M c F a r l a n d  a n d  
Ogden,  1 9 6 5 ) .  S t u d i e s  o n  t h e  r e e f  h a v e  d o c u m e n t e d  s p a w n i n g  a c t i v i t y  a n d  
r e c r u i t m e n t  p a t t e r n s ,  b u t  l i t t l e  r e s e a r c h  h a s  b e e n  d o n e  on  t h e  i n t e r v e n i n g  p e l a g i c  
s t a g e  ( M c F a r l a n d  a n d  O g d e n , l S 8 5 ) .  S t i l l ,  r e s e a r c h  on t h e  g r o w t h  p a t t e r n s  o f  
r e c r u i t s  h a s  r e s u l t e d  i n  a g r e a t e r  u n d e r s t a n d i n g  o f  t h e  t i m i n g  and  v a r i a b i l i t y  of 
r e c r u i t m e n t .  Use o f  d a i l y  g r o w t h  i n c r e m e n t s  on  new r e c r u i t s  and  t h e  a b i l i t y  t o  
d e t e c t  " r e c r u i t m e n t  m a r k s "  o n  o l d e r  o n e s  ( R a l s t o n , 1 9 7 5 ;  B r o t h e r s  a n d  M c F a r l a n d  
1 9 7 9 )  h a s  l e d  t o  i n f e r e n c e s  r e g a r d i n g  a g e  a t  r e c r u i t m e n t  f o r  m a n y  s p e c i e s  
( B r o t h e r s  and  T h r e s h e r , 1 9 8 5 ;  B r o t h e r s  e_t &. 1983) .  . A p p l i c a t i o n  o f  t h i s  t e c h n i q u e  
t o  a s i n g l e  s p e c i e s  h a s  s h o w n  a h i g h  d e g r e e  o f  s p a t i a l  c o h e r e n c e  i n  r e c r u i t m e n t  
p a t t e r n  over  a s c a l e  o f  5 0  km i n  t h e  C a r i b b e a n  ( V i c t o r . 1 9 8 4 ) ;  t h i s  s t u d y  w a s  
s i g n i f i c a n t  i n  t h a t  t h e  a g e s  w i t h i n  g r o u p s  r e c r u i t i n g  a t  t h e  same t i m e  were mixed ,  
s u g g e s t i n g  t h a t  c o h o r t s  s p a w n e d  a t  d i f f e r e n t  t i m e s  were m i x e d  i n  t h e  p l a n k t o n .  
T h e s e  s t u d i e s  a r e  i m p o r t a n t  a n d  a l low u s  t o  d r a w  i n f e r e n c e s  a b o u t  p r o c e s s e s  
o c c u r r i n g  i n  t h e  p l a n k t o n i c  e n v i r o n m e n t .  

T h e r e  h a v e  b e e n  f ewer  s t u d i e s  i n  t h e  p e l a g i c  e n v i r o n m e n t  i n  t r o p i c a l  
e c o s y s t e m s  w h i c h  r e l a t e  t o  r e c r u i t m e n t .  D i s t r i b u t i o n a l  s t u d i e s  h a v e  t y p i c a l l y  
l a c k e d  t h e  d e t a i l e d  p h y s i c a l  m e a s u r e m e n t s  n e c e s s a r y  t o  u n d e r s t a n d  t h e  m e a n i n g  of 
o b s e r v e d  p a t t e r n s .  S e v e r a l  i n t r i g u i n g  r e s u l t s  n o n e t h e l e s s  e x i s t .  Miller (19741, 
Eor  e x a m p l e ,  n o t e d  d i f f e r e n c e s  i n  a b u n d a n c e  of f i s h  l a r v a e  u p s t r e a m ,  d o w n s t r e a m ,  
and  i n  t h e  r e e f  waters o f  M o l o k i n i ,  a s m a l l  i s l e t  n e a r  Maui  i n  H a w a i i ;  l a r v a l  f i s h  
i n  r e e f  w a t e r s  a n d  d o w n s t r e a m  w e r e  t y p i c a l l y  smaller t h a n  i n  u p s t r e a m  w a t e r s ,  b u t  
w e r e  26 and 4 t i m e s  a s  a b u n d a n t ,  r e s p e c t i v e l y .  I t  i s  known t h a t  a r e a s  o f  s t a g n a n t  
w a t e r  may b e  h e l d  i n  t h e  l e e  o f  i s l a n d s  i n  r e s p o n s e  t o  a c u r r e n t  ( P i n g r e e  a n d  
M a d d o c k , l 9 8 0 ;  W o l a n s k i  e t  d. 1 9 8 4 )  a n d  t h a t  z o o p l a n k t o n  may s w a r m  o r  f o r m  
a g g r e g a t i o n s  i n  s u c h  l o c a t i o n s  (14amner and H a u r i ,  1981) .  An i n t e r e s t i n g  p o i n t  of 
Miller's s t u d y ,  however ,  was  t h a t  d e n s i t i e s  of p a s s i v e l y  t r a n s p o r t e d  t u n i c a t e  e g g s  
d i d  n o t  d i f f e r  a m o n g  t h e  t h r e e  a r e a s ,  s u g g e s t i n g  t h a t  l a r v a l  b e h a v i o r  w a s  a n  
i m p o r t a n t  f e a t u r e  o f  t h e  o b s e r v e d  d i s t r i b u t i o n c l  p a t t e r n s .  O t h e r  s t u d i e s  i i r  
H a w a i i  h a v e  d o c u m e n t e d  d i f f e r e n c e s  i n  d i s t r i b u t i o n c l  p a t t e r n s  a m o n g  d i f f e r e n t  
g r o u p s  o f  i c h t h y o p l a n l < t o r :  ( L e i s  a n d  Miller. 1 9 7 1 :  h i s  1 9 8 2 b ) ;  L e i s  ( 1 9 8 2 a )  h a s  



- 37 - 

a l s o  u s e d  e g g s  a n d  l a r v a e  of n e a r s h o r e  s p e c i e s  a s  t r a c e r s  of c o a s t a l  w a t e r  b u t  
l a t e r  s u g g e s t e d  t h a t  " t h e  a s s u m p t i o n  t h a t  l a r v a e  o f  r e e f  f i s h e s  a r e  p a s s i v e  
p a r t i c l e s  t o  b e  t r e a t e d  as c o n s e r v a t i v e  p r o p e r t i e s  of w a t e r  p a r c e l s  i s  u n j u s t i f i e d  
w i t h o u t  much more i n f o r m a t i o n  t h a n  i s  c u r r e n t l y  a v a i l a b l e  on l a r v a l  b e h a v i o r "  
( L e i s  a n d  Goldman,1984) .  W h i l e  t h e s e  s t u d i e s  p r o v i d e  i n t r i g u i n g  r e s u l t s ,  t h e y  
l a c k  t h e  c o n c u r r e n t  p h y s i c a l  d a t a  n e c e s s a r y  f o r  f i r m  i n t e r p r e t a t i o n .  More r e c e n t  
s t u d i e s  on s m a l l  r e e f s  w i t h i n  t h e  G r e a t  B a r r i e r  Ree f  h a v e  i n c l u d e d  p h y s i c a l  
measurements  ( L e i s  and Goldman, 1983, 1984; W i l l i a m s  d. 1984). 

4. AN APPROACH TO UNDERSTANDING INSULAR RECRUITMENT MECHANISMS 

Components of a f a i r l y  comprehens ive  program a d d r e s s i n g  i n s u l a r  r e c r u i t m e n t  i n  
t h e  Car ibbean  were d i s c u s s e d  i n  R icha rds  (1982) and i n c l u d e d  s t u d i e s  of p h y s i c a l  
o c e a n o g r a p h y ,  l a r v a l  d i s t r i b u t i o n ,  p l a n k t o l o g y ,  p r i m a r y  p r o d u c t i v i t y ,  a n d  
f i s h e r i e s  d a t a  a n a l y s i s .  I n  t h i s  pape r  I recommend a more modes t  approach  f o r  an  
i n i t i a l  b u t  i n t e n s i v e  study. I f  w e  a g r e e  t h a t  p r o c e s s e s  i n  t h e  p l a n k t o n  are t h e  
ma jo r  source o f  v a r i a b i l i t y  i n  r e c r u i t m e n t ,  t h e n  w e  na r row t h e  p r i m a r y  s o u r c e s  of 
t h i s  v a r i a b i l i t y  t o  e i t h e r  p h y s i c a l  ( a d v e c t i o n )  o r  b i o t i c  ( p r e d a t i o n ,  p r e y  
a v a i l a b i l i t y )  f a c t o r s  (Hun te r ,  1976) .  W h i l e  t h e  b i o t i c  f a c t o r s  d o u b t l e s s  p l a y  a 
r o l e ,  s t u d y  of p r e d a t i o n -  or s t a r v a t i o n - i n d u c e d  m o r t a l i t i e s  may b e  p r e m a t u r e  i n  
t r o p i c a l  ecosys t ems ,  ma in ly  b e c a u s e  o u r  u n d e r s t a n d i n g  of d i s t r i b u t i o n a l  p a t t e r n s  
i s  somewhat r u d i m e n t a r y  and abundances  o f  s h o r e - f i s h  l a r v a e  are q u i t e  low ( L e i s  
and  Mi l le r ,  1 9 7 6 ) .  Reef f i s h e s  t y p i c a l l y  h a v e  e x t e n d e d  s p a w n i n g  s e a s o n s  a n d  
a p p a r e n t l y  use a p l a n k t o n i c  s t a g e  t o  r e d u c e  p r e d a t i o n  on t h e  r e e f  (Johannes,  1978; 
T h r e s h e r  a n d  B r o t h e r s ,  1985) ;  a l s o ,  s p e c i e s  w i t h  p l a n k t o n i c  e g g s  may s p a w n  i n  a 
m a n n e r  w h i c h  m i n i m i z e s  t e m p o r a l  a n d  s p a t i a l  o v e r l a p  w i t h  p r e d a t o r s  ( F r a n k  and  
L e g g e t t ,  1985) .  A l t h o u g h  p r e d a t i o n  may b e  a n  i m p o r t a n t  s o u r c e  o f  i n t e r a n n u a l  
v a r i a b i l i t y  i n  m o r t a l i t y  of l a rva l  s t a g e s ,  i t  w i l l  b e  d i f f i c u l t  t o  s t u d y  w i t h o u t  
knowledge of d i s t r i b u t i o n .  Advec t ion  and o t h e r  p h y s i c a l  f e c t o r s  may i n i t i a l l y  be  
a m o r e  t r a c t a b l e  p r o b l e m  f o r  s t u d y  a n d  c l e a r l y ,  p l a y  a n  i m p o r t a n t  r o l e  i n  
r e c r u i t m e n t  v a r i a b i l i t y  i n  t r o p i c a l  i s l a n d  e c o s y s  terns. W h i l e  n o t  i n t e n s i v e l y  
s t u d y i n g  p r e y  a n d  p r e d a t o r  d i s t r i b u t i o n ,  a n  i n i t i a l  s t u d y  o f  a d v e c t i o n ,  
d i s t r i b u t i o n ,  and r e t e n t i o n  mechanisms would p r o v i d e  p r e l i m i n a r y  d i s t r i b u t i o n a l  
d a t a  wh ich  c o u l d  l a t e r  b e  used  t o  d e s i g n  s t u d i e s  of p r e y  microscale d i s t r i b u t i o n  
(Owen,1981) o r  p r e d a t i o n  and s t a r v a t i o n  ( H e w i t t  al. 1985). 

Another  way t o  s i m p l i f y  an  i n i t i a l  t r o p i c a l  r e c r u i t m e n t  e x p e r i m e n t  would be t o  
c o n d u c t  t h e  w o r k  a r o u n d  a n  i s o l a t e d ,  o c e a n i c  i s l a n d .  T h i s  p r o v i d e s  t w o  
a d v a n t a g e s .  F i r s t ,  t h e  c o m p l e x i t i e s  i n  p h y s i c a l  o c e a n o g r a p h y  i n h e r e n t  i n  
a r c h i p e l a g i c  s y s t e m s ,  i n c l u d i n g  e d d i e s  and downst ream e f f e c t s ,  w i l l  b e  min imized  
(Barkley, 1972). Secondly ,  it a v o i d s  t h e  problem of an unknown s o u r c e  popu la t ion .  
E a r l y  l a r v a e  a n d  t h e  v a s t  m a j o r i t y  o f  r e c r u i t s  o f  s h o r e  f i s h e s  c a p t u r e d  n e a r  a n  
i s o l a t e d  o c e a n i c  i s l a n d  were l i k e l y  s p a w n e d  t h e r e .  S h o r e - b a s e d  s t u d i e s  of 
r e c r u i t m e n t  ( V i c t o r ,  1 9 8 2 ,  1 9 8 4 ;  M c F a r l a n d  a G .  1 9 8 5 ;  S h u l m a n ,  1 9 8 5 )  h a v e  
t y p i c a l l y  n o t  a d d r e s s e d  t h e  p r o b l e m  o f  t h e  s o u r c e  o f  r e c r u i t s .  W i t h  a p e l a g i c  
d u r a t i o n  o f  20-50 d a y s  ( B r o t h e r s  a n d  T h r e s h e r , 1 9 8 5 ) ,  r e c r u i t s  c o u l d  come  f r o m  a 
wide g e o g r a p h i c  area. Remaining i n  an  i s o l a t e d  s y s t e m  f o r  a n  i n i t i a l  e x p e r i m e n t  
t h u s  h a s  t h e  a d v a n t a g e  o f  p r o v i d i n g  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 i m a r y  
mechanisms i n v o l v e d  i n  l a r v a l  r e t e n t i o n  and r e c r u i t m e n t  wh ich  may t h e n  b e  a p p l i e d  
t o  m o r e  c o m p l i c a t e d  s y s t e m s ;  i t  a l s o  w i l l  a d d r e s s  t h e  q u e s t i o n  o f ,  l o c a l l y  
r e c r u i t i n g  p o p u l a t i o n s  proposed  by Bakun ( t h i s  volume).  Another  a d v a n t a g e  i s  t h a t  
t h e  p o p u l a t i o n s  may be  u n e x p l o i t e d  and t h u s  p o p u l a t i o n  c h a r a c t e r i s t i c s  such  as age  
d i s t r i b u t i o n  a n d  n a t u r a l  m o r t a l i t y  c a n  b e  d e t e r m i n e d  f r o m  s a m p l i n g  a n d  a g e  
a n a l y s i s .  
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The p r o p o s e d  s t u d y  w o u l d  i n v o l v e  p h y s i c a l  a n d  b i o l o g i c a l  c o n p o n e n t s .  The  
p h y s i c a l  o c e a n o g r a p h i c  component would i n v o l v e  p r i m a r i l y  measurements  of m e s o s c a l e  
phenomena ,  f i r s t  l o o k i n g  a t  t h e  g e n e r a l  g e o s t r o p h i c  f l o w  c o m p o n e n t  a n d  i t s  
v a r i a b i l i t y  and s t u d y i n g  t h e  e f f e c t s  of t h e  i s l a n d  on  f l o w ,  i n c l u d i n g  b o t h  l o c a l  
and  d o w n s t r e a m  e f f e c t s .  S p e c i f i c a l l y ,  t h e  p h y s i c a l  r e t e n t i o n  m e c h a n i s m s  
c o n s i d e r e d  i n  Bakun ( t h i s  v o l u m e )  m u s t  b e  e v a l u a t e d  t o  a s s e s s  t h e i r  a b i l i t y  t o  
r e t a i n  l a r v a e  a n d  j u v e n i l e s  i n  t h e  r e g i o n  o f  t h e  i s l a n d .  I n  t h e  i n i t i a l ,  
i n t e n s i v e  s t u d i e s ,  s p e c i a l  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  d e v e l o p i n g  s i m p l e r  
means  o f  d e t e r m i n i n g  f l o w  p a t t e r n s ,  i n c l u d i n g  u s e  o f  XBT d a t a ,  p e r h a p s  i n  
c o n j u n c t i o n  w i t h  o b j e c t i v e  a n a l y s i s  mode l s  (Mooers and Robinson , l984) ,  s h o u l d  they  
p rove  r e l i a b l e  i n  w a t e r s  a round i s l a n d s .  S p e c i a l  a t t e n t i o n  shou ld  a l s o  b e  p a i d  t o  
r e m o t e  s e n s i n g  methods.  S u r f a c e  t h e r m a l  images  i n  t h e  t r o p i c s  may n o t  be of g r e a t  
v a l u e ,  b u t  o c e a n  c o l o r  a n a l y s i s  c a n  b e  u s e d  t o  d e t e c t  v a r i a t i o n s  i n  c h l o r o p h y l l  
wh ich  m i g h t  b e  r e l a t e d  t o  i s l a n d  e f f e c t s  (Dandonneau and  Charpy, 1985). S i m i l a r l y ,  
s a t e l l i t e  a l t i m e t r y  cou ld  p o t e n t i a l l y  b e  used  f o r  d e t e c t i o n  o f  e d d i e s  o r  c u r r e n t  
p a t t e r n s  and may f a c i l i t a t e  subsequen t  d e t e c t i o n  of t h e  a p p r o p r i a t e  s i g n a l s .  

The b i o l o g i c a l  program i n  o f f s h o r e  w a t e r s  w i l l  b e  p r i m a r i l y  s h i p b o a r d  sampl ing  
a n d  s h o u l d  c o n c e n t r a t e  on  l o c a l  i s l a n d  s p e c i e s .  S a m p l i n g  f o r  v a r i a b i l i t y  i n  
abundance and  m i c r o d i s t r i b u t i o n  of p rey ,  p r i m a r y  p r o d u c t i v i t y ,  and o t h e r  t r o p h i c  
f a c t o r s  would b e  min imized  i n  t h i s  i n i t i a l  study. P a t t e r n s  of c h l o r o p h y l l  d i s t r i -  
b u t i o n ,  however ,  s h o u l d  b e  t a k e n  t o  g r o u n d - t r u t h  r e m o t e  s e n s i n g  proposed  f o r  t h e  
p h y s i c a l  component. I n i t i a l l y ,  a l a r g e  s c a l e  s p a t i a l  s t u d y  of l a r v a l  and  j u v e n i l e  
f i s h  d i s t r i b u t i o n  w i l l  b e  n e c e s s a r y ,  i n c l u d i n g  ups t r eam/downs t r eam s a m p l i n g  and 
i n t e n s i v e  s a m p l i n g  i n  t h e  i s l a n d  wake r e g i o n  and n e a r s h o r e  w a t e r s .  As a n  example,  
p r e l i m i n a r y  d a t a  on  h o r i z o n t a l  i c h t h y o p l a n k t o n  abundance  a round J o h n s t o n  I s l a n d  
( F i g u r e  1) d e m o n s t r a t e  t h a t  l a r v a l  abundance  i n  downst ream w a t e r s  may b e  s e v e r a l  
times h i g h e r  t h a n  i n  ups t r eam waters; t h e  i n c r e a s e s  a r e  e x p l a i n e d  by i n c r e a s e s  of 
s h o r e - f  i s h  l a r v a e  a s  o p p o s e d  t o  m i d w a t e r  o r  n o n i n s u l a r  f o r m s .  U n f o r t u n a t e l y ,  
c o n c u r r e n t  p h y s i c a l  d a t a  a r e  u n a v a i l a b l e  f r o m  t h i s  s t u d y  t o  t e s t  t h e  r e t e n t i o n  
m e c h a n i s m s  p r o p o s e d  by  Bakun ( t h i s  v o l u m e ) .  L i m i t e d  s a m p l i n g  s h o u l d  a l s o  b e  
c o n d u c t e d  i n  t h e  s h a l l o w s  o r  l a g o o n  wa te r s ,  b u t  t h e s e  h a v e  n o t  t y p i c a l l y  b e e n  
shown  t o  b e  i m p o r t a n t  n u r s e r i e s  f o r  most  s p e c i e s  ( L e i s , l 9 8 1 ;  L e i s  a n d  Go ldman  
1983). The i c h t h y o p l a n k t o n  s a m p l i n g  s h o u l d  b e  conduc ted  w i t h  h igh  r e s o l u t i o n  i n  
t h e  v e r t i c a l  p l a n e ,  w i t h  c o n c u r r e n t  s a m p l i n g  of p h y s i c a l  f a c t o r s  (dep th ,  t empera-  
t u r e ,  s a l i n i t y )  a s  i s  d o n e  w i t h  t h e  MOCNESS o r  BIONESS n e t s .  S c o p i n g  s t u d i e s  
shou ld  b e  done t o  d e t e r m i n e  t h e  d e p t h s  of r e s i d e n c e  of s h o r e  f i s h  l a r v a e  and t h e s e  
d e p t h s  s h o u l d  b e  s t u d i e d  i n t e n s i v e l y  t o  m i n i m i z e  t h e  needed s a m p l i n g ;  t y p i c a l l y ,  
t h e  uppe r  mixed l a y e r  i s  where  t h e  m a j o r i t y  of s h o r e  f i s h  l a r v a e  w i l l  b e  found i n  
t r o p i c a l  s y s t e m s ,  a s  shown  f o r  w a t e r s  o f f  H a w a i i  ( F i g u r e  2 ) .  S t u d i e s  o f  t h e  
r e l a t i o n s h i p  of l a r v a l  d i s t r i b u t i o n  t o  p h y s i c a l  and d i e l  f a c t o r s  can  t h e n  b e  used  
t o  i n f e r  b e h a v i o r a l  p a t t e r n s  and  t h e i r  r o l e  i n  t h e  p h y s i c a l  r e t e n t i o n  mechanisms. 

L a r g e r  vo lume s a m p l i n g  t e c h n i q u e s ,  p a r t i c u l a r l y  m i d w a t e r  t r a w l s ,  s h o u l d  b e  
used  t o  d e f i n e  t h e  h o r i z o n t a l  p a t t e r n s  of l a r g e r  l a r v a e  and  t r a n s f o r m e d  j u v e n i l e s  
w h i c h  a r e  r a r e  o r  u n d e r s a m p l e d  by  t h e  p l a n k t o n  g e a r ;  t o  m a x i m i z e  t h e  u s e  o f  
s h i p t i m e ,  l a r g e  n e t s  as  d e s c r i b e d  i n  Pearcy  (1980) which  a r e  s e m i - q u a n t i t a t i v e  and 
h a v e  u n i f o r m  m e s h ,  s h o u l d  b e  used .  Such  l a r g e  s a m p l i n g  g e a r  was u s e d  by  S a l e  
(1970), who o b s e r v e d  o v e r a l l  d e n s ' t i e s  of j u v e n i l e  c o n v i c t  s u r g e o n f i s h ,  Acanthurus  
t r i o s t e g u s ,  o f  0 0 0 1 7  p e r  1 0 0 0  m . A l t h o u g h  t h e s e  d e n s i t i e s  a r e  l o w ,  s u c h  n e t s  
may s a m p l e  100 m p e r  second when towed e t  2 k t  and t h u s  d e t e c t  a r e a s  of modera t e  
d e n s i t y  w i t h  r e a s o n a b l e  sampl ing  times. 

3 
1 
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: 
FIGURE 1. D i s t r i b u t i o n  o f  i c h t h y o p l a n k t o n  around J o h n s t o n  I s l a n d  i n  November, 1984 c o l l e c t e d  
from t h e  XQPrn- a Q m P r f l l  w i t h  a 1 m2 o p e n i n g - c l o s i n g  T u c k e r  t rawl .  D e n s i t i e s  r e f e r  t o  
numbers  o f  l a r v a e  p e r  1 0  m 3  i n  t h e  5 0 - 1 0 0  m d e p t h  s t r a t u m .  The a r r o w  r e p r e s e n t s  s u r f a c e  
c u r r e n t  deduced from d rogues  deployed a month e a r l i e r  (P. S. Lobel,  p e r s o n a l  communication).  
Note t h e  h i g h  d e n s i t y  o f  l a r v a e  on t h e  d o w n s t r e a m  s i d e  o f  t h e  i s l a n d .  D a t a  f r o m  B o e h l e r t  
(unpubl ished) .  A s t e r i s k s  i n d i c a t e  t h a t  c o l l e c t i o n s  were  made a t  g r e a t e r  d i s t a n c e s  e a s t  and 
wes t  of t h e  a t o l l .  
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FIGURE 2 .  L a r v a l  d e n s i t i e s  (log s c a l e )  a s  a f u n c t i o n  o f  d e p t h  a t  b o t h  day  and  n i g h t  a t  a 
s t a t i o n  5 nmi o f f  t h e  l e e w a r d  c o a s t  of Oahu, Hawaii  ( l a t .  21O21' N., long. 158O13.3' W.) t aken  
i n  September ,  1985. Each v a l u e  r e p r e s e n t s  a s i n g l e  hau l .  C lea r  b a r s  r e p r e s e n t  day d e n s i t i e s ,  
c ros s -ha tched  b a r s  r e p r e s e n t  n i g h t  d e n s i t i e s .  The neus ton  samples  a r e  from t h e  s u r f a c e  t o  70 
cm. t h e  p e r c c n t a q e  of s h o r e  f i s h  l a r v a e  ( a s  opposed t o  p e l a g i c  Or 
midwater  f i s h e s )  i s  shown, w i t h  c l o s e d  s q u a r e s  r e p r e s e n t i n g  n i g h t ,  open s q u a r e s  day Samples. 
Data f rom B o e h l e r t  and Mundy (unpub l i shed) .  

On t h e  l e f t  of t h e  f i g u r e ,  
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A n e a r s h o r e  b i o l o g i c a l  component of t h i s  s tudy  shou ld  be developed t o  sample  
a l l  l i f e  s t a g e s  f rom new r e c r u i t s  t o  a d u l t s .  The age  s t r u c t u r e  of  a d u l t  
p o p u l a t i o n s  shou ld  be de t e rmined  w i t h  s u f f i c i e n t  numbers t o  a l low both e s t i m a t i o n  
of m o r t a l i t y  r a t e s  and v a r i a b i l i t y  i n  y e a r  c l a s s  s t r e n g t h .  T h e s e  s h o u l d  b e  
combined  w i t h  l e n g t h - b a s e d  m e t h o d o l o g i e s  t o  s t r e a m l i n e  s u b s e q u e n t  s a m p l i n g .  
Sampling of new r e c r u i t s  should be  undertaken d u r i n g  and a f t e r  t h e  main o f f s h o r e  
s a m p l i n g .  T h i s  p a r t  of  t h e  s t u d y  s h o u l d  a t  l e a s t  i n c l u d e  s u r v e y s  t o  assess  t h e  
d e n s i t i e s  of r e c r u i t s  and o t o l i t h  s t u d i e s  t o  d e t e r m i n e  t h e  b i r t h d a t e  and 
s e t t l e m e n t  d a t e  d i s t r i b u t i o n  of r e c r u i t s .  This w i l l  p rov ide  bo th  t h e  p l a n k t o n i c  
d u r a t i o n  and t h e  s u c c e s s  of c o h o r t s  s a m p l e d  d u r i n g  e a r l i e r  o f f s h o r e  work .  The 
l a t t e r  work  w o u l d  b e  p a r t i c u l a r l y  i m p o r t a n t  t o  c o r r e l a t e  w i t h  p h y s i c a l  
o c e a n o g r a p h y  and  t h e  d i s t r i b u t i o n  and a b u n d a n c e  of e a r l i e r  l i f e  s t a g e s  i n  t h e  
p e l a g i c  environment.  

From a t empora l  s t a n d p o i n t ,  t h e  i n t e n s i v e  s tudy  shou ld  be  conducted d u r i n g  t h e  
s e a s o n  w h i c h  c o i n c i d e s  w i t h  t h e  s p a w n i n g  p e a k s  of  m o s t  r e e f  s p e c i e s ,  b u t  
p r e f e r a b l y  f o r  a l o n g e r  p e r i o d  i n  t h e  f i r s t  y e a r  t o  assess s e a s o n a l  v a r i a b i l i t y .  
The d u r a t i o n  of t h e  i n t e n s i v e  o f f s h o r e  s t u d y  shou ld  be  a t  least one month, which 
w i l l  a l l o w  t h e  d i s t r i b u t i o n a l  and p h y s i c a l  a n a l y s i s  a s  w e l l  as c o i n c i d i n g  w i t h  t h e  
approx ima te  p e l a g i c  d u r a t i o n  of many f i s h  s p e c i e s  ( B r o t h e r s  a n d  T h r e s h e r ,  1985) .  
This t y p e  of s tudy  shou ld  b e  conducted over  a p e r i o d  of two o r  t h r e e  y e a r s  ( w i t h  
m o r e  p r e c i s e  and t h e r e f o r e  l e s s  i n t e n s i v e  s a m p l i n g  e a c h  y e a r )  t o  assess  
i n t e r a n n u a l  v a r i a b i l i t y .  I f  r emote  s e n s i n g  methods prove u s e f u l ,  r e l e v a n t  d a t a  
cou ld  be  c o l l e c t e d  throughout  t h e  year .  

T h i s  s t u d y  s h o u l d  c o n c e n t r a t e  on any i n s u l a r  s p e c i e s  t o  a l l o w  f l e x i b i l i t y .  
T a r g e t  s p e c i e s  a t t r i b u t e s  should i n c l u d e  known l i f e  h i s t o r i e s  ( i d e n t i f i e d  l a r v a e ,  
j u v e n i l e  s t a g e s  and h a b i t a t s ) .  s u f f i c i e n t  l a r v a l  and j u v e n i l e  a b u n d a n c e  t o  
s t a t i s t i c a l l y  assess d i s t r i b u t i o n a l  p a t t e r n s  and r e c r u i t m e n t .  and a l a r g e  enough 
a d u l t  p o p u l a t i o n  t o  a l l o w  r e p e a t e d  s a m p l i n g  and e s t i m a t i o n  of p o p u l a t i o n  a g e  
s t r u c t u r e .  As w i t h  any i ch thyop l snk ton  program. however,  t h e  proposed r e s e a r c h  
s h o u l d  c o n s i d e r  t h e  s u i t e  of s p e c i e s  c a p t u r e d  i n  t h e  s t u d y  t o  e v a l u a t e  s p e c i e s  
a s s o c i a t i o n s .  

I f  f ramed as a two  t o  three y e a r  s tudy,  t h i s  r e s e a r c h  could prov ide  answers  t o  
many unanswered q u e s t i o n s  about  r e c r u i t m e n t  i n  t r o p i c a l  i n s u l a r  ecosystems. The 
s t u d y  of an  i s o l a t e d  i s l a n d  ecosystem would p rov ide  focused  hypotheses  which could 
then  be  t e s t e d  i n  t h e  more compl i ca t ed  a r c h i p e l a g i c  and i s l a n d  group sys t ems  where 
f i s h e r i e s  f o r  a v a r i e t y  of s p e c i e s  w i t h  p e l a g i c  eggs and larvae exist. To a c h i e v e  
t h e s e  o b j e c t i v e s ,  however, an i n t e n s i v e  and i n t e r d i s c i p l i n a r y  approach w i l l  be 
n e c e s s a r y .  
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