
1. INTRODUCTORY R E W S  

The r a p i d  expans ion  of tuna  f i s h e r i e s  i n t o  p r e v i o u s l y  unde r -exp lo i t ed  
o c e a n i c  r e g i o n s I  t h e  e x t e n s i o n  of n a t i o n a l  j u r i s d i c t i o n  of f i s h e r i e s  by 
most c o a s t a l  s t a t e s  and t h e  i n c r e a s e  i n  e f f o r t  i n  h i s t o r i c  f i s h e r i e s  have 
p l aced  new demands on t h e  management of t u n a  r e sources .  The s u b j e c t  of how 
r e s e a r c h  c a n  r e s p o n d  m o s t  e f f e c t i v e l y  t o  t h e s e  c h a n g e s  was  r e c e n t l y  
d i s c u s s e d  by  a n  i n t e r n a t i o n a l  g r o u p  o f  r e s e a r c h  s c i e n t i s t s  a n d  
a d m i n i s t r a t o r s  (Joseph and Wild 1984).  A recommendation of t h a t  g roup was 
t h a t  t h e  movements  of t u n a s  and  t h e i r  r e s u l t i n g  d i s t r i b u t i o n s  was o n e  o f  
t h e  key b i o l o g i c a l  p r o b l e m s  i n  t h e  management of t u n a  f i s h e r i e s  and  t h a t  
t h i s  problem was so l a r g e  t h a t  t h e  r e s o u r c e s  of a s i n g l e  o r g a n i z a t i o n  were  
i n s u f f i c i e n t  t o  m a k e  r a p i d  p r o g r e s s  i n  s o l v i n g  it. 

I n  o r d e r  t o  c o n c e p t u a l i z e  t h e  problem and t o  d e f i n e  s p e c i f i c  r e s e a r c h  
p r o j e c t s  and expe r imen ta l  d e s i g n s  f o r  t h e  s t u d y  of tuna  movement dynamics,  
t h r e e  t e c h n i c a l  w o r k s h o p s  w e r e  h e l d  i n  1985.  The s u b j e c t s  of d i s c u s s i o n  
w e r e  a s  f o l l o w s :  f i r s t  workshop ,  t h e  r e s u l t s  and  u n c e r t a i n t i e s  i n  
c o n v e n t i o n a l  m a r k  a n d  r e c a p t u r e  s t u d i e s  of t u n a s ;  s e c o n d ,  t h e  r e l a t i o n  
between oceanography and tuna  movements; and t h i r d ,  new t e c h n o l o g i e s  t h a t  
might  be used t o  measure t u n a  movements. I n  t h e s e  t h r e e  workshops e x p e r t s  
i n  v a r i o u s  f i e l d s  p a r t i c i p a t e d  a l o n g  w i t h  a p a n e l .  D i f f e r e n t  e x p e r t s  
p a r t i c i p a t e d  i n  each of t h e  t h r e e  mee t ings  (see L i s t  of Expe r t s  i n  Annex11 
b u t  some p a n e l  members w e r e  p r e s e n t  a t  a l l  m e e t i n g s  and  t h e y  w r o t e  t h e  
f i n a l  r e p o r t .  

These mee t ings  were suppor t ed  j o i n t l y  by t h e  In te r -Amer ican  T r o p i c a l  
Tuna Commiss ion  (IATTC) a n d  t h e  S o u t h w e s t  F i s h e r i e s  C e n t e r  (SWFC) of t h e  
U.S. N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e .  The O f f i c e  de  l a  R e c h e r c h e  
S c i e n t i f i c  e t  Technique Outre-Mer (ORSTOM) I France1 and t h e  South  P a c i f i c  
Commission (SPC) I New Caledonia t  a l s o  c o n t r i b u t e d  t o  t h e i r  o r g a n i z a t i o n .  We 
w i s h  t o  a c k n o w l e d g e  a l l  t h e  e x p e r t s  who c o n t r i b u t e d  t h e i r  t i m e  a n d  
knowledge  a n d  many s t a f f  members of t h e  I A T T C  a n d  SWFC who h e l p e d  w i t h  t h e  
conduct of t h e  meeting. 

The r e p o r t  d o e s  n o t  p r e t e n d  t o  make r e s e a r c h  p o l i c y  f o r  t h e  t u n a  
r e s e a r c h  community a t  l a r g e ,  b u t  i t  draws  a t t e n t i o n  t o  t h e  o p p o r t u n i t i e s  t o  
expand our knowledge of t una  movements and w i l l  f a c i l i t a t e  d i s c u s s i o n  of 
r e s e a r c h  approaches .  
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2.  STATEHENT OF TEE PROBLEM 

2.1 I n t r o d u c t i o n  

For many i t  is known, and f o r  o t h e r s  it i s  presumed t h a t ,  w i t h i n  a stock'; 
i n d i v i d u a l s  m i g r a t e  r a p i d l y  and b r o a d l y l  so t h a t  i n  t h e  cour se  of one y e a r  
t h e y  c a n  a p p e a r  i n  t r o p i c a l  and  t e m p e r a t e  w a t e r s  of t h e  h i g h  s e a s  and  of 
s e v e r a l  management j u r i s d i c t i o n s .  Few of t h e s e  movements a r e  s u f f i c i e n t l y  
documented f o r  t h e  pu rposes  of s t o c k  a s ses smen t  and management1 y e t  under 
t h e  terms of t h e  r e c e n t  s e s s i o n  o f  t h e  c o n f e r e n c e  on l a w  of t h e  s e a  m o s t  
c o u n t r i e s  are  o b l i g a t e d  t o  deve lop  r a t i o n a l  management p l a n s  t h a t  t ake  i n t o  
account  t una  movements. 

Most t u n a  s p e c i e s  i n  t h e  w o r l d ' s  o c e a n s  a r e  e x t r e m e l y  wide  r a n g i n  

'In t h i s  document we u s e  t h e  t e rm s t o c k  i n  a p u r e l y  o p e r a t i o n a l  or f i s h e r y  
c o n t e x t .  We m a k e  no  j u d g e m e n t  o n  t h e  d e g r e e  of g e n e t i c  i n t e r c h a n g e 1  
d i f f e r e n t i a t i o n  and  i s o l a t i o n  wh ich  a r e  d i f f i c u l t  t o  m e a s u r e  a n d  h a v e  
i n t e r p r e t a t i o n s  w h i c h  a r e  d e p e n d e n t  on  t h e  r e s o l v i n g  power  of  t h e  
measurement technique .  Usual ly  f i s h e r y  s t o c k s  a r e  assumed t o  have s i m i l a r  
l i f e  h i s t o r y  c h a r a c t e r i s t i c s  ( g r o w t h ,  s p a w n i n g  l o c a t i o n  and   timing^ a n d  
m o r t a l i t y )  a l t h o u g h  t h i s  n e e d  n o t  a l w a y s  be  t h e  c a s e r  no r  i s  i t  a l w a y s  
known t o  be t h e  case.  
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Some of t h e  u n c e r t a i n t i e s  r e s p e c t i n g  tuna  movement and d i s t r i b u t i o n  
a r e :  1) t i m i n g l  e x t e n t r  d i r e c t i o n a l i t y  and s e a s o n a l i Q  of movements and1 i n  
t h e  c a s e  of some s p e c i e s l  w h e t h e r  s t o c k s  unde rgo  d i r e c t e d  o r  s e a s o n a l  
movements  a t  a l l l  2 )  r a t e s  of e x c h a n g e  of e x p l o i t a b l e  a d u l t s  among 
management j u r i s d i c t i o n s  and among v e r t i c a l  and h o r i z o n t a l  h a b i t a t s  f i s h e d  
by d i f f e r e n t  g e a r s  i n  t h e  same management j u r i s d i c t i o n l  3) d i s t r i b u t i o n  of 
e x p l o i t a b l e  a d u l t s  from i n d i v i d u a l  s tocks1  4 )  d u r a t i o n  of r e s i d e n c e  i n  an  
a r e a  and p r o b a b i l i t y  of r e t u r n  t o  a n  a r e a l  and 5 )  under ly ing  r e l a t i o n s h i p s  
between env i ronmen ta l  f a c t o r s  and t u n a  movements and d i s t r i b u t i o n .  

A s  a r e s u l t  of t h e s e  u n c e r t a i n t i e s  i t  i s  d i f f i c u l t  t o  choose c a t c h  and 
e f f o r t  d a t a  t h a t  a r e  r e p r e s e n t a t i v e  of a s t o c k  f o r  p u r p o s e s  o f  s t o c k  
a s s e s s m e n t  and  t o  m e a s u r e  t h e  i m p a c t  of one  f i s h e r y ' s  c a t c h  on  t h e  c a t c h  of 
a n o t h e r  f i s h e r y .  These  c o n s t r a i n t s  h i n d e r  d e v e l o p m e n t  of r a t i o n a l  
f i s h e r i e s  p o l i c i e s  t o  maximize economic r e t u r n s  f rom t h e  o v e r a l l  r e s o u r c e  
(and p o r t i o n s  of i t) t h a t  occur w i t h i n  i n d i v i d u a l  management j u r i s d i c t i o n s .  

I n  t h e  f o l l o w i n g  seven  examples  w e  i l l u s t r a t e  how p r e s e n t  knowledge of 
t una  movements has  been i n c o r p o r a t e d  i n t o  tuna  management schemes1 and how 
i n c r e a s e d  knowledge cou ld  l e a d  t o  improved s t o c k  a s s e s s m e n t  and improved 
management. 

2.2 E a s t e r n  A t l a n t i c  Ye l lowf in ,  Thunnus albacares 
The s t a t u s  of t h i s  s t o c k  h a s  b e e n  r e v i e w e d  a n n u a l l y  s i n c e  1 9 7 1  b y  

s c i e n t i s t s  i n  t h e  S tand ing  Committee f o r  Research and S t a t i s t i c s  (SCRS) of 
t h e  I n t e r n a t i o n a l  Commiss ion  f o r  t h e  C o n s e r v a t i o n  of A t l a n t i c  Tunas  
(ICCAT). 

When t h e  e a s t e r n  A t l a n t i c  s u r f a c e  f i s h e r y  f o r  y e l l o w f i n  was o p e r a t i n g  
i n  t h e  i n s h o r e  a r e a  ( F i g u r e  11 upper l r  t h e  SCRS ( ICCAT 1975) concluded t h a t  
t h e  maximum s u s t a i n a b l e  y i e l d  (MSY) was e q u a l  t o  a p p r o x i m a t e l y  5 0 r 0 0 0  
met r i c  t o n s  a n d  t h a t  t h e  c o r r e s p o n d i n g  opt imum e f f o r t  (601000 d a y s )  was 
r e a c h e d  by t h e  1973  f i s h e r y  ( F i g u r e  2 ) .  A f t e r  1 9 7 4 1  t h e  f i s h e r y  expanded  
o f f s h o r e  ( F i g u r e  11 l o w e r )  and  e f f o r t  i n c r e a s e d .  A s  a r e s u l t  t h e  MSY 
e s t i m a t e d  by t h e  SCRS changed  ( F i g u r e  2 1  u p p e r )  t o  1101000  me t r i c  t o n s  
wh ich  c o u l d  b e  t a k e n  w i t h  a n  e f f o r t  o f  2401000 f i s h i n g  days .  Optimum 
e f f o r t  was e s t i m a t e d  t o  be f o u r  times t h e  e a r l i e r  estimate. 

T h i s  a p p a r e n t  c o n t r a d i c t i o n  a r o s e  b e c a u s e  of a l ack  of knowledge  o f  
s t o c k  s t r u c t u r e  and movements. Eas t e rn  A t l a n t i c  y e l l o w f i n  probably  c o n s i s t  
o f  a s i n g l e  s t o c k !  a t  l e a s t  f o r  t h e  p u r p o s e  of management.  However l  
d i f f e r e n t  s i z e s  of y e l l o w f i n  d i f f e r  i n  t h e i r  geograph ica l  d i s t r i b u t i o n  and 
s e a s o n a l  movement p a t t e r n s  (young f i s h  i n s h o r e r  o l d e r  f i s h  o f f  s h o r e ;  
Fonteneau 1982) and mixing is n o t  un i form between a d j a c e n t  a r e a s  (Fonteneau 
1 9 8 2 ) .  T h e s e  f a c t o r s  b i a s e d  t h e  c o n c l u s i o n s  o f  t h e  i n i t i a l  s t o c k  
a s s e s s m e n t l  b e c a u s e  a t  t h a t  t i m e  t h e  f i s h e r y  d i d  n o t  c o v e r  t h e  e n t i r e  
g e o g r a p h i c  r a n g e  of t h e  s t o c k 1  n o r  d i d  i t  e x p l o i t  a l l  v u l n e r a b l e  s i z e  
classes. 

A s i m i l a r  problem a l s o  e x i s t s  i n  t h e  v e r t i c a l  d imens ion  f o r  t h e  l a r g e  
y e l l o w f i n  of t h e  e a s t e r n  A t l a n t i c .  On t h e  b a s i s  o f  p r o d u c t i o n  model  
a n a l y s i s  f o r  l a r g e  y e l l o w f i n  c a u g h t  by l o n g l i n e ,  t h e  SCRS ( I C C A T  1973)  
c o n c l u d e d  i n  t h e  l a t e  1 9 6 0 ' s  t h a t  t h e  e a s t e r n  A t l a n t i c  s t o c k  o f  l a r g e  
y e l l o w f i n  was p r o d u c i n g  a t  t h e  MSY ( F i g u r e  2 1  l o w e r ) .  Then a p u r s e  s e i n e  
f i s h e r y  d e v e l o p e d  f o r  l a r g e  y e l l o w f i n  i n  t h e  same  w a t e r s  f i s h e d  by l o n g  
l i n e .  Between 1965 and 1985 t h e  combined c a t c h  of l a r g e  y e l l o w f i n  by pu r se  
s e i n e  a n d  l o n g l i n e  g r e a t l y  i n c r e a s e d 1  and  t h e  s u s t a i n e d  c a t c h  o f  l a r g e  
y e l l o w f i n  by s u r f a c e  f i s h e r i e s  was  3.4 t imes  t h e  o l d  e s t i m a t e  of MSY! 
I n t e r e s t i n g l y ,  t h e  s i z e  o f  t h e  f i s h  e x p l o i t e d  by t h e  two  g e a r s  was 
i d e n t i c a l  and y i e l d - p e r - r e c r u i t  a n a l y s i s  showed t h a t  t h e  i n c r e a s e d  c a t c h  
could  n o t  have been a consequence of i n c r e a s e d  y i e l d  pe r  r e c r u i t  (Fonteneau 
1 9 8 2 ) .  The c u r r e n t  e x p l a n a t i o n  f o r  t h e s e  f i n d i n g s  i s  t h a t  t h e  s u r f a c e  
component of t h e  l a r g e  y e l l o w f i n  s t o c k  u s u a l l y  does  n o t  mix w i t h  t h e  deeper  
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Figure 1. Upper; f i s h i n g  a r e a  i n  t h e  e a s t e r n  t r o p i c a l  A t l a n t i c  d u r i n g  t h e  
e a r l y  f i s h e r y  (1962 t o  1 9 7 4 ) ,  shown by t h e  a v e r a g e  y e l l o w f i n  
c a t c h e s  o f  s u r f a c e  f l e e t s  f r o m  1 9 6 9  t o  1973.  Lower; f i s h i n g  
a r e a  i n  t h e  e a s t e r n  t r o p i c a l  A t l a n t i c  d u r i n g  t h e  r e c e n t  f i s h e r y  
shown by t h e  a v e r a g e  y e l l o w f i n  c a t c h e s  of  s u r f a c e  f l e e t s  f r o m  
1 9 7 8  t o  1983.  The a r e a  of  a c i r c l e  i s  p r o p o r t i o n a l  t o  t h e  
ca t ch .  Data a re  from ICCAT s t a t i s t i c a l  d a t a  base. 
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U p p e r ;  p r o d u c t i o n  m o d e l  a n a l y s i s  a n d  e s t i m a t e d  maximum 
s u s t a i n a b l e  y i e l d  (MSY) f o r  e a s t e r n  A t l a n t i c  y e l l o w f i n  t u n a 1  
c a l c u l a t e d  f r o m  t h e  1963-1973 d a t a  (ICCAT 1 9 7 5 )  and  f r o m  t h e  
1963-1983 d a t a  ( p r e s e n t  I C C A T  a n a l y s i s ) .  Lower; MSY f o r  l a r g e  
A t l a n t i c  y e l l o w f i n  ( i n  number of f i s h e s  c a l c u l a t e d  f o r  l o n g l i n e  
f i s h e r y  (1958 t o  1977) and f o r  s u r f a c e  f i s h e r i e s  (1964 t o  1983).  
Data are from ICCAT s t a t i s t i c a l  d a t a  base.  
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component  t a k e n  by l o n g l i n e  v e s s e l s  i n  t h e  same  a r e a .  C l e a r l y 1  m o r e  
i n f o r m a t i o n  i s  n e e d e d  on  t h e  movement d y n a m i c s  o f  A t l a n t i c  y e l l o w f i n  i n  
v e r t i c a l  and h o r i z o n t a l  p l a n e s  b e f o r e  t h e s e  problems can be so lved .  

2.3 Northern A t l a n t i c  Bluef in .  Thunnus khymm 

The n o r t h e r n  A t l a n t i c  b l u e f i n  h a v e  two  s p a w n i n g  g r o u n d s l  o n e  i n  t h e  
Medi te r ranean  Sea  and one i n  t h e  Gulf of Mexico. The w e s t e r n  and e a s t e r n  
A t l a n t i c  spawning groups  are  b e l i e v e d  t o  be s e p a r a t e  s tocks1  a l though  some 
j u v e n i l e s  and a d u l t s  of bo th  groups  a r e  known t o  have  made t r a n s - A t l a n t i c  
m i g r a t i o n s  (ICCAT 1985) .  The s t o c k  i n  t h e  w e s t e r n  A t l a n t i c  i s  t h o u g h t  t o  
b e  s e r i o u s l y  d e p l e t e d 1  w h i l e  t h e  s t o c k  i n  t h e  e a s t e r n  A t l a n t i c  i s  a l s o  
t h o u g h t  t o  b e  d e p r e s s e d ,  b u t  t o  a much l e s se r  e x t e n t  (ICCAT 1 9 8 5 ) .  I f  
i n t e r c h a n g e  a c r o s s  t h e  o c e a n  is  l i m i t e d  a n d  f i s h  a l w a y s  use t h e  s p a w n i n g  
g r o u n d  of t h e i r  o r i g i n 1  t h e  c a t c h e s  i n  t h e  w e s t e r n  A t l a n t i c  s h o u l d  b e  
g r e a t l y  r e d u c e d  t o  p e r m i t  t h e  w e s t e r n  s t o c k  t o  i n c r e a s e .  On t h e  o t h e r  
hand1 i f  c o n s i d e r a b l e  i n t e r c h a n g e  of r ep roduc ing  f i s h  e x i s t s ,  t h e n  modest 
c u r t a i l m e n t  of t h e  f i s h e r i e s  on bo th  groups  would be i n  o rde r .  

C u r r e n t  r e g u l a t i o n s  a r e  b a s e d  o n  t h e  a s s u m p t i o n  t h a t  e a s t e r n  a n d  
w e s t e r n  A t l a n t i c  b l u e f i n  c o n s t i t u t e  s e p a r a t e  s tocks1  and a s  a consequence 
q u o t a s  app ly  o n l y  t o  t h e  more s e r i o u s l y  d e p l e t e d  w e s t e r n  A t l a n t i c  f i s h e r y .  
I t  i s  n o t  c l e a r  t h a t  r e g u l a t i o n s  o r  m o d e l s  t h a t  assume no m i x i n g  a r e  
a p p r o p r i a t e  s i n c e  j u v e n i l e s  a n d  a d u l t s  make t r a n s - A t l a n t i c  m i g r a t i o n s .  
C o n s i d e r a b l y  more  d a t a  f r o m  t a g g i n g  ( t o  m e a s u r e  exchange  r a t e s )  a n d  
e s t i m a t e s  of r e s i d e n c e  t i m e s  of i n d i v i d u a l  f i s h  u s i n g  chemica l  a n a l y s e s  of 
v e r t e b r a e  (see s e c t i o n 1  R e c o n s t r u c t i o n  of Movement H i s t o r i e s  f rom 
M i c r o c o n s t i t u e n t s  of Mine ra l i zed  T i s sue )  may h e l p  r e s o l v e  t h i s  issue. 

2.4 Southern Blue f in .  Thunnus 

S o u t h e r n  b l u e f i n  a p p e a r  t o  h a v e  a c i r c u m p o l a r  d i s t r i b u t i o n  s o u t h  of 
30"  S ( F i g u r e  3 )  b u t  t h e  r a t e s  of e x c h a n g e  of b l u e f i n  among t h e  d i f f e r e n t  
f i s h e r i e s  a n d  f i s h i n g  areas  r e m a i n  unknown. Tagg ing  a n d  c a t c h  d a t a  
i n d i c a t e  t h a t  s o u t h e r n  b l u e f i n  move s o u t h  a n d  e a s t  f r o m  t h e  o n l y  known 
s p a w n i n g  a rea  i n  t h e  e a s t e r n  I n d i a n  Ocean o f f  t h e  n o r t h w e s t  c o a s t  of 
A u s t r a l i a l  a n d  a p p e a r  a t  p r o g r e s s i v e l y  o l d e r  a g e s  ( 2  t h r o u g h  6 y e a r s )  i n  
t h e  W e s t e r n  A u s t r a l i a ,  S o u t h  A u s t r a l i a 1  T a s m a n i a  and  N e w  S o u t h  Wales 
f i s h e r i e s  (Murphy a n d  Majkowsk i  1981) ( F i g u r e  4 I u p p e r ) .  B l u e f i n  t a g g e d  
off S o u t h  A u s t r a l i a  h a v e  a l s o  b e e n  r e c o v e r e d  w e l l  t o  t h e  west  i n  t h e  
Japanese  l o n g l i n e  f i s h e r y  o f f  t h e  s o u t h  c o a s t  of Africa ( F i g u r e  4 1  l o w e r ) .  
Howeverl  t h e  numbers  of j u v e n i l e  b l u e f i n  ( a g e s  2-61 t h a t  move f r o m  
A u s t r a l i a  i n  a w e s t e r l y  o r  e a s t e r l y  d i r e c t i o n  through t h e  s o u t h e r n  ocean1 
i n  t h e  a r e a  of t h e  wes t  wind  d r i f t ,  a r e  n o t  i n d i c a t e d  by t h e  p a t t e r n  of t a g  
r e c o v e r i e s  and l o n g l i n e  c a t c h  i n f o r m a t i o n  (Olson 1980).  Also unknown a r e  
t h e  p a t t e r n s  and f r equency  of r e t u r n  m i g r a t i o n s  by b l u e f i n  over  t h e i r  15-20 
yea r  l i f e  span  t o  t h e  s i n g l e  I n d i a n  Ocean spawning a r e a .  

The t o t a l  w o r l d  c a t c h  of s o u t h e r n  b l u e f i n  h a s  d e c l i n e d  f r o m  811000 
m e t r i c  t o n s  i n  1965 t o  about  351000 m t  i n  1984 ( F i g u r e  5 ) .  Cohort  a n a l y s i s  
i n d i c a t e s  t h a t  t h e  wor ld  s t a n d i n g  s t o c k  underwent a d r a m a t i c  d e c l i n e  f rom 
1960  t o  t h e  e a r l y  1 9 7 0 ' s  a n d  t h a t  r e c r u i t m e n t  had  b e e n  i m p a i r e d  by low 
p a r e n t a l  s t o c k  l e v e l s  of r e c e n t  y e a r s  (Murphy and Majkowski 1981).  

The w i d e l y  d i s t r i b u t e d  J a p a n e s e  l o n g l i n e  f i s h e r y  ( F i g u r e  4 1  u p p e r t  
i n s e t )  a n d  t h e  A u s t r a l i a n  s u r f a c e  f i s h e r i e s  f o r  y o u n g e r  f i s h  ( F i g u r e ,  4 1  
u p p e r )  t a k e  9 5 %  p e r c e n t  o f  t h e  w o r l d  h a r v e s t  o f  s o u t h e r n  b l u e f h n .  
A u s t r a l i a  i m p l e m e n t e d  a management  p l a n  f o r  t h e  1983 /1984  f i s h e r y  , t o  
s t a b i l i z e  t h e  l e v e l  of t h e  s o u t h e r n  b l u e f i n  s t o c k  a t  t h e  e s t i m a t e d  1 9 8 0  
l e v e l  of abundance. The p l a n  inc luded  a n  o v e r a l l  c a t c h  q u o t a  f o r  A u s t r a l i a n  
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Figure 3. D i s t r i b u t i o n  of southern b l u e f i n  tuna ( a f t e r  Harden Jones  1 9 8 4 1  
w i t h  a d d i t i o n a l  d a t a  from S h i n g u  1 9 6 7  and Hynd 1 9 6 9  ( i n  1" 
a r e a s ) ;  F i s h e r i e s  Agency of  Japan 1 9 7 4 1  1 9 7 5 1  1 9 7 6 1  1 9 7 7 1  1 9 7 8 t  
1 9 7 9  ( i n  5 "  a r e a s ) ;  and Suda 1 9 7 1 1  R o b i n s  1 9 6 3 1  and Nakamura 
1 9 6 9 ) .  The d a s h e d  l i n e  marks t h e  A n t a r c t i c  Convergence .  The 
s t i p p l i n g  marks t h e  known breeding a r e a s .  . 
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Figure 4 .  Upper; s o u t h e r n  b l u e f i n  t u n a  spawning area and  m i g r a t i o n  p a t t e r n  
o f f  A u s t r a l i a  (shown i n  l i g h t  s t i p p l i n g ) .  D a r k  s t i p p l i n g  shows 
t h e  o p e r a t i o n  areas of t h e  A u s t r a l i a n  f i s h e r y  and  t h e  J a p a n e s e  
l o n g l i n e  f i s h e r y  ( i n s e t ) .  Arrows i n d i c a t e  t h e  d i r e c t i o n  of f i s h  
m i g r a t i o n  f rom t h e  A u s t r a l i a n  f i s h e r y .  Lower; l o c a t i o n s  where  
f i s h  t a g g e d  o f f  W e s t e r n  A u s t r a l i a ,  S o u t h  A u s t r a l i a ,  a n d  N e w  
Sou th  Wales were r e c a p t u r e d  a f t e r  more t h a n  one y e a r  of l i b e r t y  
( a f t e r  Murphy and Ma] kowski 1981).  
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F i g u r e  5. The h i s t o r y  of  t h e  t o t a l  c a t c h  of s o u t h e r n  b l u e f i n  t u n a  ( a f t e r  
Murphy and Maj kowski 1981).  

f i s h e r i e s  of 191000 metric t o n s t  w i t h  s p e c i f i c  a l l o c a t i o n s  t o  f i s h e r i e s  i n  
Western  A u s t r a l i a  and South  A u s t r a l i a  ( F r a n k l i n  and Burns 1983).  The high- 
seas l o n g l i n e  f i s h e r y  of  J apan  h a s  n o t  been p l a c e d  under c a t c h  l i m i t s .  

C l e a r l y  a m a j o r  u n c e r t a i n t y  i n  a s s i g n i n g  c a t c h  l i m i t s  t o  s p e c i f i c  
f i s h e r i e s  of  s o u t h e r n  b l u e f i n  i s  t h e  e x t e n t  t h a t  t h e  c a t c h  i n  a n y  o n e  
f i s h e r y  r e d u c e s  c a t c h e s  by o t h e r  f i s h e r i e s  a l o n g  t h e  b l u e f i n  m i g r a t i o n  
rou te .  I n  a d d i t i o n 1  m i g r a t i o n  p a t t e r n s  and  f r equency  of r e t u r n  m i g r a t i o n s  
by b l u e f i n  t o  t h e i r  I n d i a n  Ocean spawning a r e a  need t o  be b e t t e r  de f ined .  

2.5 North P a c i f i c  Albacoret Thunnus alalunaa 
A growing  body of ev idence  (Brock 1943; Laur s  and  Lynn 1977; Laur s  and  

W e a t h e r a l l  1 9 8 1 )  i n d i c a t e s  t h a t  a l b a c o r e  i n  t h e  N o r t h  P a c i f i c  a r e  n o t  a s  
homogeneous  a s  p r e v i o u s l y  a s s u m e d  (C lemens  1 9 6 1 ;  O t s u  a n d  U c h i d a  1 9 6 3 ) .  
R e s u l t s  from r e c e n t  t a g g i n g  s u g g e s t  t h a t  n o r t h  P a c i f i c  a l b a c o r e  may c o n s i s t  
o f  two s t o c k s  t h a t  h a v e  d i f f e r e n t  m i g r a t o r y  p a t t e r n s  ( L a u r s  e t  a l .  1 9 7 9 ) .  
F i s h  be long ing  t o  a proposed  n o r t h e r n  n o r t h  P a c i f i c  s t o c k  m i g r a t e  between 
t h e  e a s t e r n  and  w e s t e r n  n o r t h  P a c i f i c t  r e s u l t i n g  i n  a n  i n t e r c h a n g e  of f i s h  
of unknown magnitude be tween t h e  U.S. f i s h e r y  n o r t h  of 40" N t  t h e  Japanese  
l i v e  b a i t  and g i l l n e t  f i s h e r i e s t  and  t h e  As ian  l o n g l i n e  f i s h e r i e s  w e s t  of 
1 8 0 "  ( F i g u r e  6). F i s h  b e l o n g i n g  t o  t h e  p r o p o s e d  s o u t h e r n  n o r t h  P a c i f i c  
s t o c k  h a v e  a d i f f e r e n t  m i g r a t i o n  r o u t e  t h a n  t h o s e  of  t h e  n o r t h e r n  n o r t h  
P a c i f i c  s t o c k .  T h e s e  f i s h  e n t e r  t h e  U.S.  f i s h e r y  s o u t h  of 40"  N a n d  t h e  
l o n g l i n e  f i s h e r i e s  east  of 180".  Only a small  p r o p o r t i o n  of t h e  proposed  
s o u t h e r n  n o r t h  P a c i f i c  s t o c k  a p p e a r s  t o  m i g r a t e  b e t w e e n  t h e  e a s t e r n  a n d  
w e s t e r n  P a c i f i c  t o  e n t e r  t h e  Japanese  f i s h e r i e s .  Alsot d u r i n g  a p a r t i c u l a r  
f i s h i n g  s e a s o n r  l i t t l e  e x c h a n g e  of  a l b a c o r e  e x i s t s  b e t w e e n  t h e  p r o p o s e d  
n o r t h e r n  and s o u t h e r n  s t o c k s  t h a t  are  e x p l o i t e d  by t h e  U.S. f i s h e r y .  There  
i s t  h o w e v e r t  a s m a l l  amoun t  of i n t e r a n n u a l  exchange .  An a n a l o g o u s  
s i t u a t i o n  t o  t h a t  p o s e d  a b o v e  may a l s o  e x i s t  f o r  a l b a c o r e  i n  t h e  n o r t h  
A t l a n t i c  Ocean ( D e l a p o r t e  1982).  
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Tagged n o r t h  P a c i f i c  a l b a c o r e  r e c a p t u r e d  o f f  t h e  c o a s t  o f  N o r t h  
America n o r t h  o f  40"  N a n d  i n  t h e  w e s t e r n  n o r t h  P a c i f i c  o f f  t h e  c o a s t  of 
Japan  grow more s l o w l y  t h a n  t h o s e  r ecove red  o f f  t h e  c o a s t  of n o r t h  America 
s o u t h  of 40' N (Laur s  and  W e t h e r a l l  1981).  The d i f f e r e n c e s  i n  growth  r a t e  
were c o n s i s t e n t  w i t h  d i f f e r e n c e s  i n  l e n g t h  f r e q u e n c i e s  of a l b a c o r e  caugh t  
n o r t h  and  s o u t h  of 40" N (Brock 1943; Laur s  and  Lynn 1977).  

C l e a r l y ,  t h e  s i t u a t i o n  f o r  n o r t h  P a c i f i c  a l b a c o r e  i s  c o m p l e x  a n d  
dynamic1 w i t h  each  s t o c k ' s  c o n t r i b u t i o n  t o  e a c h  f i s h e r y  v a r y i n g  f r o m  y e a r  
t o  y e a r .  Some e v i d e n c e  e x i s t s  t h a t  s u c h  v a r i a t i o n  i s  d i r e c t l y  l i n k e d  t o  
changes  i n  oceanograph ic  c o n d i t i o n s  (Laur s  pers. comm.). Conf i rma t ion  t h a t  
more t h a n  one  s t o c k  was p r e s e n t  i n  n o r t h  P a c i f i c  a l b a c o r e  f i s h e r i e s  would 
h a v e  i m p o r t a n t  c o n s e q u e n c e s  f o r  s t o c k  a s s e s s m e n t l  f i s h e r y  e v a l u a t i o n ,  
management p o l i c y 1  and development of a c c u r a t e  c a t c h  f o r e c a s t i n g  sys tems.  
Thus  f u r t h e r  work  i s  n e e d e d  o n  movemen t s  of a l b a c o r e  t o  c l a r i f y  s t o c k  
s t r u c t u r e  and  m i g r a t o r y  exchange. 

2.6 Eastern P a c i f i c  Y e l l o w f i n .  Thunnus albacares 

I n  1961  t h e  In te r -Amer ican  T r o p i c a l  Tuna Commission (IATTC) proposed  a 
c a t c h  q u o t a  of 831000 s h o r t  t o n s  of y e l l o w f i n  t o  conse rve  t h e  s t o c k  i n  t h e  
e a s t e r n  P a c i f i c .  N o  b o u n d a r i e s  f o r  t h e  s t o c k  were  d e f i n e d  a n d  n o  
r e g u l a t i o n  r e s u l t e d .  I n  1 9 6 2 1  t h e  Commiss ion  d e f i n e d  a Y e l l o w f i n  
R e g u l a t o r y  Area (CYRA) ( F i g u r e  7)  w h i c h  i n c l u d e d  a l l  a r e a s  of  t h e  e a s t e r n  
P a c i f i c  where  t h e  s u r f a c e  f i s h e r y  e x i s t e d  and a l a r g e  o f f s h o r e  a r e a  where  
n o  f i s h e r y  e x i s t e d  e x c e p t  i n  t h e  v i c i n i t y  of  a f e w  d i s t a n t  i s l a n d s  (IATTC 
1 9 6 3 : l S ) .  I n  t h e  mid  a n d  l a t e  1 9 6 0 ' s  many n e w l y - c o n s t r u c t e d  l a r g e  p u r s e  
s e i n e r s  b e g a n  t o  f i s h  f u r t h e r  o f f s h o r e  a n d  i n  1 9 6 8  t h e y  began  t o  f i s h  
o u t s i d e  t h e  CYRA. Wi th in  a few y e a r s  some had ex tended  t h e i r  o p e r a t i o n s  a s  
f a r  west as  150'  W I  mak ing  i t  p o s s i b l e  t o  b e t t e r  e s t a b l i s h  t h e  w e s t e r n  
boundary of t h e  CYRR Subsequent  t a g g i n g  of y e l l o w f i n  i n s i d e  and o u t s i d e  
t h e  CYRA ( B a y l i f f  1979) showed r e l a t i v e l y  l i t t l e  i n t e r c h a n g e  of f i s h  a c r o s s  
t h e  boundary1 b u t  t h e s e  d a t a  were of r e l a t i v e l y  poor q u a l i t y  because  of low 
t a g  r e t u r n  ra tes  and lack  of year - round f i s h i n g  b o t h  i n s i d e  and o u t s i d e  t h e  
CYRA. Length-frequency s t u d i e s  have shown t h a t  t h e  f i s h  o u t s i d e  t h e  CYRA 
t ended  t o  b e  l a r g e r  t h a n  t h o s e  i n s i d e  t h e  CYRA (IATTC 1985: F i g u r e s  1 3  and 
1 4 ) .  A f t e r  t h e  f i s h e r y  had  b e e n  r e g u l a t e d  f o r  s e v e r a l  y e a r s  i t  became 
a p p a r e n t  t h a t  l i t t l e  f i s h i n g  e x i s t e d  i n  some of t h e  more remote  p o r t i o n s  of 
t h e  CYRA a n d  s e v e r a l  of t h e s e  w e r e  d e s i g n a t e d  a s  " e x p e r i m e n t a l  a r e a s "  
( F i g u r e  7) where u n r e s t r i c t e d  f i s h i n g  was p e r m i t t e d  e x p e r i m e n t a l l y .  

No i n t e r n a t i o n a l  r e g u l a t i o n s  f o r  y e l l o w f i n  f i s h i n g  have e x i s t e d  i n  t h e  
e a s t e r n  P a c i f i c  s i n c e  1979.  I f  a n d  when r e g u l a t i o n s  a r e  r e q u i r e d ,  a n e e d  
w i l l  e x i s t  t o  b e t t e r  d e f i n e  s i z e - s p e c i f i c  movements of y e l l o w f i n  w i t h i n  and  
o u t s i d e  t h e  CYRA. E x p e r i m e n t a l  a r eas  w i l l  p r o b a b l y  c o n t i n u e  t o  b e  
d e s i g n a t e d  s o  t h a t  r e g u l a t i o n s  c a n  b e  a d j u s t e d  i n  a c c o r d a n c e  w i t h  t h e  
l a tes t  knowledge of y e l l o w f i n  movement. 

2.7 South P a c i f i c  S k i p j a c k #  Katsuwonus oelaris 
P r i o r  t o  t h e  p r o g r a m  of t h e  S o u t h  P a c i f i c  Commiss ion  (SPC) on  

a b u n d a n c e  a n d  movemen t s  of s k i p j a c k  i n  t h e  c e n t r a l  a n d  w e s t e r n  P a c i f i c l  
t w o - s t o c k  ( F u j  i n o  1 9 7 2 1  1 9 7 6 )  a n d  f i v e - s t o c k  ( S h a r p  1978)  h y p o t h e s e s  of  
s k i p j a c k  s t o c k  s t r u c t u r e  i n  t h e  P a c i f i c  e x i s t e d .  On t h e  b a s i s  o f  
g e o g r a p h i c a l  d i s t r i b u t i o n s  p r e s e n t e d  f o r  t h e s e  s t o c k s I  t h e  two hypo theses  
had been used  t o  s u p p o r t  t h e  management p o l i c i e s  of p a r t i c u l a r  g roup ings  of 
c o u n t r i e s  (Kearney pe r s .  comm.). S e v e r a l  of t h e  proposed  s t o c k  b o u n d a r i e s  
f e l l  w i t h i n  t h e  SPC ( F i g u r e  8 )  a n d  IATTC ( F i g u r e  7 )  a r e a s l  a n d  many 
s k i p j a c k  t a g g e d  by t h e s e  a g e n c i e s  w e r e  r e c o v e r e d  a f t e r  c r o s s i n g  t h e  
boundar i e s  (SPC 1981) proposed by F u j i n o  and  Sharp. A c l i n a l  h y p o t h e s i s  of 
s tock  s t r u c t u r e  ( R i c h a r d s o n  1 9 8 3 )  seems a r e a s o n a b l e  a l t e r n a t i v e  t o  t h e  
. i s o l a t e d "  stock hypo theses  of F u j i n o  and  Sharp. The c l i n a l  h y p o t h e s i s  i s  
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Figure 7.  The eastern P a c i f i c  y e l l o w f i n  tuna regulatory  area of the  Inter- 
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suppor t ed  by t h e  t a g g i n g  r e su l t s  and a v a r i e t y  of new evidence ,  i n c l u d i n g  
sampl ing  f o r  tuna  j u v e n i l e s  and s ta tes  of s e x u a l  m a t u r a t i o n  (Argue e t  a l .  
1983) I blood e l e c t r o p h o r e t i c  sampl ing  and t agg ing  s k i p j a c k  f rom t h e  same 
s c h o o l s  (SPC 1 9 8 0 r  1 9 8 1 ) r  and  a n a l y s i s  of s k i p j a c k  g r o w t h  ( S i b e r t  e t  a l .  
1983) .  

U n f o r t u n a t e l y  a l l  l i n e s  of r e s e a r c h  on s t o c k  s t r u c t u r e  of P a c i f i c  
s k i p j a c k  had  d e f i c i e n c i e s  (Argue  e t  a l .  1 9 8 6 ) .  I n  t h e  case of t a g g i n g  
d a t a r  n o t  knowing t h e  r o u t e  t h a t  s k i p j a c k  t r a v e r s e d  b e t w e e n  r e l e a s e  a n d  
recovery  meant t h a t  t h e  r ange  and p a t t e r n  of s k i p j a c k  movement cou ld  n o t  be 
i n f e r r e d  w i t h  g r e a t  conf idence .  For example, many f i s h  a t  l a r g e  f o r  l ong  
p e r i o d s  were recove red  nea r  t h e i r  r e l e a s e  l o c a t i o n s .  These f i s h  may have 
m i g r a t e d  e x t e n s i v e l y  and  t h e n  r e t u r n e d  (or homed) t o  t h e  r e l e a s e  s i t e  o r  
t h e  r e c a p t u r e d  f i s h  were l o c a l  r e s i d e n t s  a n d  d i d  n o t  m i g r a t e  a t  a l l .  
C lea r ly1  much g r e a t e r  conf idence  cou ld  be p l aced  on i n t e r p r e t a t i o n s  of t a g  
r e c o v e r y  d a t a  i f  t h e  p a t h s  t r a v e r s e d  by s k i p j a c k  w e r e  known. Such  
i n f o r m a t i o n  would be u s e f u l  i n  d e f i n i n g  s t o c k s  and d e t e c t i n g  t h e  e f f e c t  of 
one s k i p j a c k  f i s h e r y  on ano the r .  

S e v e r a l  a n a l y t i c a l  models (Kle ibe r  e t  al .  1984; S i b e r t  1984) have  been 
developed t o  q u a n t i f y  i n t e r a c t i o n s  between s k i p j a c k  f i s h e r i e s  u s ing  t h e  t a g  
a n d  r e c o v e r y  d a t a  c o l l e c t e d  by t h e  SPC. I n t e r a c t i o n s  w e r e  f o u n d  t o  b e  
n e g l i g i b l e  between l o c a l l y  based f i s h e r i e s  i n  t h e  200-mile zones  of Papua 
N e w  G u i n e a ,  Solomon I s l a n d s 1  F i j i ,  and  N e w  Z e a l a n d  (SPC 1 9 8 4 a ) .  R e s u l t s  
f o r  J a p a n e s e  d i s t a n t - w a t e r  p o l e - a n d - l i n e  f i s h e r i e s  i n  t h e  wa te r s  o f  t h e  
Republ ic  of P a l a m  t h e  Commonwealth of t h e  Nor thern  Marianas1 t h e  Fede ra t ed  
S t a t e s  of Micrones ia1  and  t h e  Marsha l l  I s l a n d s  ( c o u n t r i e s  where t h e  n o r t h  
e q u a t o r i a l  coun te r  c u r r e n t  i s  t h e  dominant oceanographic  f e a t u r e )  were more 
equivoca l .  There  was some i n d i c a t i o n  t h a t  s k i p j a c k  moved i n  sequencer f rom 
west t o  east  through pole-and- l ine  f i s h e r i e s  t h a t  o p e r a t e d  i n  t h e  v i c i n i t y  
of t h e  n o r t h  e q u a t o r i a l  coun te r  c u r r e n t .  Some e s t i m a t e s  of i n t e r a c t i o n  f o r  
t h e s e  f i s h e r i e s  were  q u i t e  h igh  (SPC 1984) .  

Subsequent t o  t h i s  work t h e  s k i p j a c k  c a t c h  i n c r e a s e d  g r e a t l y  and t h e  
d i s t r i b u t i o n  of f i s h i n g  e f f o r t  changed  a s  more  a n d  m o r e  p u r s e - s e i n e r s  
e n t e r e d  t h e  f i s h e r y  a n d  d i s t a n t - w a t e r  p o l e - a n d - l i n e  v e s s e l s  began  t o  b e  
p h a s e d  o u t .  A l though  t h e  e a r l y  t a g g i n g  r e s u l t s  s u g g e s t e d  t h a t  t h e r e  was  
n o t  much i n t e r a c t i o n  b e t w e e n  p o l e - a n d - l i n e  f i s h e r i e s t  t h e r e  was c o n c e r n  
t h a t  t h e s e  d a t a  d i d  n o t  a c c u r a t e l y  r e p r e s e n t  t h e  s i t u a t i o n 1  w h e r e  p u r s e -  
s e i n e r  po le-and- l ine  and  a r t i s a n a l  f i s h e r i e s  o p e r a t e d  t o g e t h e r .  There  was 
a l s o  c o n c e r n  t h a t  s e a s o n a l  and  d i r e c t e d  movements  of s k i p j a c k  m i g h t  n o t  
h a v e  been  d e t e c t e d  i n  t h e  o r i g i n a l  t a g g i n g  s t u d y  due  t o  i n a d e q u a c i e s  o f  
expe r imen ta l  des ign .  

On a f i n e r  s c a l e r  t h e  purse-se iner  l o c a l  a r t i s a n a l  and l o c a l  pole-and- 
l i n e  f i s h e r i e s  have come t o  depend h e a v i l y  on anchored  f i s h e r y  a g g r e g a t i o n  
d e v i c e s  t h a t  c o n c e n t r a t e  s u r f  a c e  t u n a s  and  a p p a r e n t l y  m a k e  them more  
v u l n e r a b l e  t o  hook-and-line gear.  The a v a i l a b l e  conven t iona l  t a g g i n g  d a t a  
p r o v i d e  l i t t l e  i n f o r m a t i o n  on  t h e  opt imum d i s t r i b u t i o n  and  n u m b e r s  o f  
d e v i c e s  t o  employ  t o  m a x i m i z e  c a t c h e s  a n d  m i n i m i z e  c o s t s .  U l t r a s o n i c  
t r a c k i n g  of s k i p j a c k  h o l d s  promise  f o r  s o l v i n g  t h i s  problem. 

The s k i p j a c k  r e s o u r c e  i s  of g r e a t  e c o n o m i c  i m p o r t a n c e  t o  t h e  small  
c o u n t r i e s  o f  t h e  c e n t r a l  a n d  w e s t e r n  P a c i f i c  ( K e a r n e y  1 9 7 9 1 1  a n d  
c o n s i d e r a b l e  f i s h i n g  p r e s s u r e  e x i s t s  i n  t h e i r  waters  a s  w e l l  a s  i n  
i n t e r n a t i o n a l  waters .  T h e i r  combined 200-mile zones  cover  ove r  one h a l f  of 
t h e  o c e a n  a r e a  west  o f  175' E. I f  i t  i s  f o u n d  t h a t  l a r g e  numbers  of 
s k i p j a c k  c o n s i s t e n t l y  move t h r o u g h  a s e r i e s  of f i s h i n g  a r e a s  i n  s e a s o n a l  
s e q u e n c e  a n d  t h a t  f i s h e r i e s  a t  t h e  e n d  of t h e  s e r i e s  a r e  m o s t  s e v e r e l y  
a f f e c t e d  by low c a t c h  rates1 t h e n  s u c h  a f i n d i n g  w o u l d  h a v e  i m p o r t a n t  
consequences f o r  deve loping  f i s h e r y  p o l i c y  i n  t h i s  region. T h i s  c l e a r l y  i s  
a n  a r e a  where f u r t h e r  r e s e a r c h  on s k i p j a c k  movement is warran ted .  
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2.8 A t l a n t i c  Bigeyer Thunnus obesus 

I n  t h e  e a s t e r n  A t l a n t i c t  b i g e y e  t u n a  a r e  e x p l o i t e d  by f i s h e r i e s  i n  
wide ly  s e p a r a t e d  a r e a s  f rom t h e  equa to r  t o  t e m p e r a t e  wa te r s .  Each f i s h e r y  
takes  a d i f f e r e n t  s i z e  c l a s s  of bigeye: very  small b igeye  ( < 5  kg) a r e  t aken  
by b a i t  b o a t  a n d  p u r s e - s e i n e  i n  t h e  Gu l f  o f  Gu inea ;  5 t o  1 5  kg b i g e y e  a r e  
c a u g h t  by b a i t  b o a t  i n  t r o p i c a l  w a t e r s  o f f  S e n e g a l  and  M a u r i t a n i a ;  and  
l a r g e  b i g e y e  ( > 1 5  kg)  a r e  c a p t u r e d  by l o n g l i n e  and  b a i t  b o a t  i n  t e m p e r a t e  
w a t e r s l  s u c h  as  t h o s e  o f f  t h e  Cana ry  I s l a n d s  and  o f f  t h e  A z o r e s  ( I C C A T  
1 9 8 4 a ;  F i g u r e  9 ) .  

I t  is assumed t h a t  b igeye  m i g r a t e  from t h e i r  e q u a t o r i a l  spawning a r e a  
t o  f o r a g i n g  areas t h a t  end i n  t e m p e r a t e  w a t e r s  (ICCAT 1 9 8 4 ) .  During t h i s  
m i g r a t i o n  t h e y  p a s s  through 200-mile zones  of many c o u n t r i e s  (and through 
i n t e r n a t i o n a l  w a t e r s )  I w h e r e  t h e y  a r e  e x p l o i t e d  by d i f f e r e n t  g e a r s .  I n  
each of t h e s e  f i s h e r i e s  t h e  estimates of y i e l d  pe r  r e c r u i t  w i l l r  of c o u r s e r  
d i f f e r  s i n c e  p a r a m e t e r s  of g r o w t h  and  m o r t a l i t y  d i f f e r  i n  e a c h  z o n e  
( P e r e i r a  1984) .  Ra t iona l  management of t h e  b igeye  r e s o u r c e  m u s t  t a k e  i n t o  
account  t h e s e  movements and a s s o c i a t e d  changes i n  p r o d u c t i v i t y  as  b igeye  
move through f i s h e r i e s  w i t h  d i f f e r e n t  h a r v e s t  l e v e l s .  

2.9 Conc lus ions  

The new Law of t h e  S e a  h a s  p l a c e d  a n  o b l i g a t i o n  on  c o a s t a l -  and  
d i s t a n t - w a t e r  f i s h i n g  n a t i o n s  t o  d e v e l o p  r a t i o n a l  management p l a n s  f o r  
h a r v e s t i n g  e x p l o i t a b l e  f i s h e r y  r e s o u r c e s .  The s e v e n  e x a m p l e s  d e s c r i b e d  
h e r e  i l l u s t r a t e  how w e a k n e s s e s  i n  t h e  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  and  
movement of t h e  p r i n c i p a l  t u n a  s p e c i e s  h a v e  c o n s t r a i n e d  d e v e l o p m e n t  of 
r a t i o n a l  management p o l i c y  f o r  many f i s h e r i e s .  

T h e s e  w e a k n e s s e s  a r e  o f t e n  r e v e a l e d  when i t  i s  n e c e s s a r y  t o  d e v e l o p  
management p l a n s  o r  s e l e c t  c a t c h  and e f f o r t  d a t a  t h a t  i s  r e p r e s e n t a t i v e  of 
t h e  s t o c k  a f t e r  t h e  f i s h e r y  h a s  expanded i n t o  a new a rea .  T h i s  problem has  
become p a r t i c u l a r l y  i m p o r t a n t  f o r  management of dep res sed  b l u e f i n  s tocks .  
Another problem area i s  t h e  q u a n t i f i c a t i o n  of i n t e r c h a n g e  of f i s h  between 
f i s h e r i e s  i n  d i f f e r e n t  management j u r i s d i c t i o n s  and between gea r  t y p e s  i n  
t h e  same j u r i s d i c t i o n .  T h i s  a r e a  is  p r e s e n t l y  of g r e a t  i m p o r t a n c e  t o  
management of t h e  y e l l o w f i n t  P a c i f i c  s k i p j a c k  and s o u t h e r n  b l u e f i n  s t o c k s t  
and  w i l l  t a k e  on i n c r e a s i n g  i m p o r t a n c e  w i t h  a l l  t u n a  s t o c k s  a s  f i s h e r i e s  
expand.  On a f i n e r  s c a l e t  i n t e r c h a n g e  of t u n a  among f i s h  a g g r e g a t i n g  
d e v i c e s  needs  t o  be de t e rmined  t o  o p t i m i z e  deployment s t r a t e g i e s .  

To m a k e  a fundamenta l  advance i n  r e s o l v i n g  t h e s e  u n c e r t a i n t i e s  and t h e  
o t h e r  management problems we have d i s c u s s e d  w i l l  r e q u i r e  b e t t e r  i n f o r m a t i o n  
o n  t h e  movement d y n a m i c s  of t u n a s .  F i s h e r y - i n d e p e n d e n t  e s t i m a t e s  of 
d i s t r i b u t i o n  and movement of e x p l o i t a b l e  a d u l t s  a r e  neededt a s  i s  knowledge 
of  i n t e r  n a  1 ( phy s i o l  o g i ca 1) a n d  e x  t er  n a  1 ( e n v i r o n m e n t  a 1) m e  c ha  n i  s m  s 
g o v e r n i n g  t h e i r  movement t h a t  c o u l d  i m p r o v e  t h e  p r e d i c t a b i l i t y  of 
movements. These i s sues  are cons ide red  i n  t h e  nex t  s e c t i o n s .  

3 .  PRESBNT APPROACHES 

I n  t h i s  s e c t i o n  w e  d i s c u s s  t h e  r e s e a r c h  a p p r o a c h e s  and  t e c h n o l o g i e s  
p r e s e n t l y  u s e d  t o  d e s c r i b e  t h e  m i g r a t i o n s  a n d  movements  of  t u n a s  a n d  t o  
s t u d y  t h e  m e c h a n i s m s  u n d e r l y i n g  them.  W e  d e s c r i b e  t h e  u s e  of f i s h e r y  
i n f o r m a t i o n  and mark and r e c a p t u r e  d a t a  t o  measure t u n a  movements# d i s c u s s  
t h e  movements of t u n a s  i n  r e l a t i o n  t o  oceanographic  c o n d i t i o n s t  d e s c r i b e  
how a s y n t h e s i s  of e x i s t i n g  d a t a  might  expand our  knowledge of movementsr 
and  d i s c u s s  t h e  u s e  of a r e l a t i v e l y  new t e c h n i q u e ,  u l t r a s o n i c  t e l e m e t r y .  
I n  t h i s  p r o c e s s t  w e  a t t e m p t  t o  i d e n t i f y  t h e  b e n e f i t s  a n d  l i m i t a t i o n s  o f  
s p e c i f i c  t e c h n o l o g i e s  and p o i n t  o u t  ways t r a d i t i o n a l  approaches  can  be used 
i n  t h e  f u t u r e  t o  expand our  knowledge of t u n a  movements. 
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Figure 9. Upper; average  c a t c h  of small b i g e y e  ( f  1 5  kg)  by p u r s e - s e i n e r s  
from 1 9 7 5  t o  1 9 8 2 .  Lower; a v e r a g e  c a t c h  o f  l a r g e  b i g e y e  ( >  15 
kg)  by l o n g l i n e r s  f r o m  1 9 7 5  t o  1 9 8 2 .  The a r e a  of a c i r c l e  i s  
p r o p o r t i o n a l  to t h e  c a t c h .  Data  f r o m  I C C A T  s t a t i s t i c a l  d a t a  
b a s e .  
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3 . 1  Tuna Movements From F i s h e r y  In fo rma t ion  

Many examples e x i s t  of t h e  movements of t una  o r i g i n a l l y  i n f e r r e d  from 
f i s h e r y  s t a t i s t i c s  and l a t e r  conf i rmed w i t h  tagging .  The o l d e s t  r e f e r e n c e  
i s  p r o b a b l y  t h a t  of A r i s t o t l e  ( 1 9 1 0 )  who d e s c r i b e d  f a i r l y  a c c u r a t e l y  t h e  
m i g r a t i o n s  of t h e  M e d i t e r r a n e a n  b l u e f i n  t u n a  2 0  c e n t u r i e s  ago1 u s i n g  t h e  
s p a t i a l  a n d  t e m p o r a l  d i s t r i b u t i o n  o f  t h e  c a t c h e s .  More  r e c e n t l y 1  
h y p o t h e s e s  r e g a r d i n g  t h e  movements  of A t l a n t i c  y e l l o w f i n  w e r e  made f r o m  
c a t c h  and c a t c h  and  e f f o r t  d a t a  f rom s u r f a c e  and  l o n g l i n e  f i s h e r i e s  
(Richards  1969; Honma and Hisada 1 9 7 1 )  b e f o r e  any t agg ing  was done. 

R e a s o n a b l e  h y p o t h e s e s  f o r  t h e  movements  of  most  of t h e  w o r l d ' s  t u n a  
s t o c k s  can b e  i n f e r r e d  f rom f i s h e r y  d a t a  provided: 1) t h e  f i s h e r i e s  e x p l o i t  
most of t h e  s t o c k  -- s i z e s  and d i s t r i b u t i o n ;  2) r easonab ly  good c a t c h  and 
l e n g t h  f requency  d a t a  ( s m a l l  t i m e  and a r e a  r e s o l u t i o n )  a r e  a v a i l a b l e ;  and 
3) t h e  s p e c i e s  show c o n s i s t e n t  annual  d i s t r i b u t i o n  p a t t e r n s  ( t rue  f o r  most 
t u n a s )  . 

Although changes i n  t h e  v u l n e r a b i l i t y  t o  c a p t u r e  may be m i s i n t e r p r e t e d  
a s  m i g r a t i o n 1  i n  g e n e r a l  f i s h e r y  s t a t i s t i c s  a r e  s t i l l  u s e f u l  f o r  
f o r m u l a t i n g  h y p o t h e s e s  a b o u t  t u n a  m i g r a t i o n s .  The r e l a t i v e l y  " r e c e n t "  
d e v e l o p m e n t  of more  a c t i v e  and  p o w e r f u l  t e c h n i q u e s !  s u c h  a s  t a g g i n g  and  
t e l e m e t r y ,  w i l l  n o t  r e p l a c e ,  b u t  r a t h e r  complemen t r  t h i s  t r a d i t i o n a l  
a p p r o a c h 1  and  f i s h e r y  s t a t i s t i c s  w i l l  r e m a i n  a n  i m p o r t a n t  s o u r c e  o f  
i n f o r m a t i o n  f o r  t h e  s tudy ing  of t h e  movements of t una  i n  r e l a t i o n  t o  t h e i r  
e n v i r o n m e n t  b e c a u s e  of t h e  e x t e n s i v e  d a t a  a v a i l a b l e  and  w i d e  g e o g r a p h i c  
c o v e r a g e .  Improved  p r e c i s i o n  o f  t h e  d a t a l  wh ich  i n  some c a s e s  p e r m i t s  
a n a l y s i s  on  a t e m p o r a l  s c a l e  of d a y s l  and  a s p a t i a l  s c a l e  of m i n u t e s  o f  
l a t i t u d e  and  l o n g i t u d e  ( F o n t e n e a u  1 9 7 8 )  o f f e r  new 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 u n a  movements  u s i n g  f i s h e r y  s t a t i s t i c s .  Improved  c o m p u t e r  
f a c i l i t i e s  and g r a p h i c a l  d i s p l a y s  w i l l  f a c i l i t a t e  such ana lyses .  N e w  work 
can be done on s i z e - s p e c i f i c  movements a s  l e n g t h  d a t a  become a v a i l a b l e .  

3.2 Marking and Recap tu re  of Tunas 

A n a l y s i s  of t h e  r e c o v e r i e s  of marked  t u n a s  combined  w i t h  f i s h e r y  
i n f o r m a t i o n  h a s  p r o v i d e d  m o s t  o f  o u r  knowledge  of t u n a  m i g r a t i o n s  and  
movements.  However,  t h e  g r e a t e s t  a d v a n c e s  h a v e  b e e n  made when mark a n d  
r e c a p t u r e  d a t a  w e r e  combined  w i t h  o t h e r  i n f o r m a t i o n 1  s u c h  a s  l a r v a l  
d i s t r i b u t i o n s  and t h e  r e s u l t s  of length- f requency  a n a l y s e s  and b iochemica l  
and morphometr ic  s t u d i e s  (Argue e t  a l .  1983;  B a y l i f f  1983) .  The method of 
m a r k i n g  a n d  r e c a p t u r e  a l s o  p r o v i d e s  e s t i m a t e s  of n a t u r a l  and  f i s h i n g  
m o r t a l i t y 1  g r o w t h 1  s t o c k  s t r u c t u r e 1  and  s c h o o l i n g  b e h a v i o r ,  a s  w e l l  a s  
d e f i n i n g  m i g r a t i o n s  and  exchange  r a t e s  among f i s h e r i e s !  making i t  one  of 
t h e  m o s t  p o w e r f u l  m e t h o d s  f o r  a c q u i r i n g  i n f o r m a t i o n  needed  f o r  t u n a  
management. 

3.2.1 Mark and Recap tu re  Methodology 

Tags have been a p p l i e d  t o  t u n a s  caught  by b a i t b o a t s r  t r o l l e r s ,  s p o r t -  
f i s h i n g  b o a t s l  p u r s e  s e i n e r s ,  t r ' aps t  and  o t h e r  g e a r .  About 6 0 7 1 0 0 0  t u n a s  
have been marked w i t h  conven t iona l  t a g s r  mos t ly  from b a i t b o a t s .  S t r eamer  
t a g s  were  used du r ing  t h e  1 9 5 0 ' ~ ~  but  t h e s e  were r e p l a c e d  d u r i n g  t h e  1960's 
by d a r t  t a g s  w i t h  n y l o n  o r  s t e e l  h e a d s l  t h e  l a t t e r  b e i n g  u s e d  f o r  l a r g e r  
t u n a s  c a p t u r e d  by r e c r e a t i o n a l  f i s h e r m e n  and  t a g g e d  w h i l e  i n  t h e  w a t e r .  
Most of t h e  t u n a s  t h a t  have  been  t a g g e d  have  been  s k i p j a c k  o r  y e l l o w f i n  
t u n a l  b u t  s u b s t a n t i a l  numbers  of a l l  t h e  i m p o r t a n t  s p e c i e s  h a v e  been  
t a g g e d .  The l a r g e s t  number of  f i s h  t a g g e d  i n  one  day  on  a s i n g l e  v e s s e l  
was 31689 ( s k i p j a c k 1  mean l e n g t h  4 8  cm; Argue and Kearney 1983) .  The t a g s  
a r e  u s u a l l y  r e t u r n e d  by f i s h e r m e n 1  u n l o a d e r s f  and  c a n n e r y  w o r k e r s  who 
r e c e i v e  modest rewards  f o r  r e t u r n i n g  t a g s  and i n  some c a s e s  chances  t o  win 
s u b s t a n t i a l  c a s h  p r i z e s  i n  d r a w i n g s  h e l d  a t  t h e  end  of t h e  y e a r  ( I C C A T  
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1983:  218-219) .  I n  many c a s e s I  e m p l o y e e s  of f i s h e r y  o r g a n i z a t i o n s  make 
d a i l y  v i s i t s  t o  t u n a  u n l o a d i n g  a r e a s  t o  c o l l e c t  t h e  t a g s  f o u n d  by t h e  
workers .  

3.2.2 Movements 

P a s t  s t u d i e s  of t h e  t r a n s o c e a n i c  movements of b l u e f i n  tuna  i l l u s t r a t e  
t h e  c r u c i a l  r o l e  of mark and r e c a p t u r e  d a t a  and t h e  impor tance  of a n c i l l a r y  
i n f o r m a t i o n  used t o  i n t e r p r e t  such da ta .  Gods i l  and Byers  (1944) concluded  
from a n  a n a l y s i s  of ana tomica l  c h a r a c t e r i s t i c s  t h a t  two s p e c i e s  of n o r t h e r n  
b l u e f i n  e x i s t e d  i n  t h e  n o r t h  P a c i f i c ,  b u t  t h i s  h y p o t h e s i s  was  l a t e r  
r e j e c t e d  when f i s h  t a g g e d  i n  t h e  e a s t e r n  P a c i f i c  w e r e  r e c a p t u r e d  i n  t h e  
w e s t e r n  P a c i f i c  and v i c e  v e r s a  (Clemens and F l i t t n e r  1969).  S i m i l a r l y 1  t h e  
e a s t e r n  and  w e s t e r n  A t l a n t i c  b l u e f i n  w e r e  c o n s i d e r e d  s e p a r a t e  s p e c i e s  
( G i n s b u r g  1 9 5 3 )  u n t i l  s u b s e q u e n t  t a g g i n g  s h o w e d  t h a t  t r a n s o c e a n i c  
m i g r a t i o n s  i n  both  d i r e c t i o n s  e x i s t e d  (Mather and F A O ,  1 9 7 2 ) .  I n  
t h e  n o r t h  P a c i f  i c r  b l u e f i n  s p a w n i n g  o c c u r s  o n l y  i n  t h e  v i c i n i t y  of J a p a n  
( B a y l i f f  1 9 8 0 ) 1  i n d i c a t i n g  a l l  f i s h  i n  t h e  e a s t e r n  P a c i f i c  h a v e  m i g r a t e d  
a c r o s s  t h e  ocean .  On t h e  o t h e r  hand1 i n  t h e  A t l a n t i c ,  t r a n s o c e a n i c  
s p a w n i n g  m i g r a t i o n s  c a n n o t  b e  i n f e r r e d  b e c a u s e  l a r v a l  d a t a  i n d i c a t e  
s p a w n i n g  occurs on  b o t h  s i d e s  o f  t h e  A t l a n t i c  ( M e d i t e r r a n e a n  S e a  and  t h e  
Gu l f  of Mexico) .  R e c e n t  a n a l y s e s  of t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  
v e r t e b r a e  seem t o  i n d i c a t e  t h a t  o n l y  a m i n o r i t y  of b l u e f i n  c r o s s  t h e  
A t l a n t i c  Ocean ( C a l a p r i c e  1986).  

T a g g i n g  e x p e r i m e n t s  i n d i c a t e  t h a t  d u r i n g  t h e  a n n u a l  m i g r a t i o n  o f  
a l b a c o r e  a c r o s s  t h e  n o r t h e a s t e r n  P a c i f i c  t o  N o r t h  Amer ica  v i r t u a l l y  no  
i n t e r c h a n g e  e x i s t s  b e t w e e n  a l b a c o r e  n o r t h  and s o u t h  of 40'N l a t i t u d e  a n d  
o n l y  a low r a t e  of i n t e r c h a n g e  a c r o s s  t h a t  boundary o c c u r s  a t  o t h e r  times 
( L a u r s  1 9 8 3 ) .  O t h e r  s t u d i e s  ( L a u r s  and  W e t h e r a l l  1981)  i n d i c a t e  t h a t  t h e  
g r o w t h  r a t e s  of f i s h  f r o m  t h e  two  a r e a s  d i f f e r .  

Mark and r e c a p t u r e  s t u d i e s  have a l s o  shown t h a t  c o n s i d e r a b l e  mixing  of 
y e l l o w f i n  e x i s t s  i n  t h e  P a c i f i c  Ocean. Y e l l o w f i n  seem t o  move l o n g  
d i s t a n c e s  l e s s  f r e q u e n t l y  ( F i n k  a n d  B a y l i f f  1970 ;  B a y l i f f  1979)  t h a n  do 
b l u e f i n  o r  a l b a c o r e l  and  l i t t l e  o r  no e v i d e n c e  of homing e x i s t s  f o r  
y e l l o w f i n .  N e v e r t h e l e s s  s t u d i e s  of t h e  d i s t r i b u t i o n  of a d u l t s  and l a r v a e r  
s e x u a l  m a t u r i t y r  l e n g t h  f r equenc ie s r  and t a g  r e t u r n s  of y e l l o w f i n  s u g g e s t  
t h a t  t h r e e  s t o c k s  may e x i s t  i n  t h e  P a c i f i c  (Suzuki e t  a l .  1978).  

C o n s i d e r a b l e  m i x i n g  o f  s k i p j a c k  e x i s t s  i n  t h e  P a c i f i c  O c e a n .  
S k i p j a c k !  l i k e  y e l l o w f  i n r  move l o n g  d i s t a n c e s  l e s s  f r e q u e n t l y  ( F i n k  a n d  
B a y l i f f  1970 ;  K l e i b e r  e t  a l .  1 9 8 3 )  t h a n  do b l u e f i n  o r  a l b a c o r e r  b u t  t h e i r  
m i g r a t i o n  from t h e  e a s t e r n  t o  t h e  c e n t r a l  and w e s t e r n  P a c i f i c  a s  t h e  f i s h  
a p p r o a c h  m a t u r i t y  ( I A T T C  1 9 8 3 :  3 2 - 3 3 )  s u g g e s t s  h o m i n g .  E x t e n s i v e  
i ch thyop lank ton  su rveys  have produced few s k i p j a c k  l a r v a e  i n  t h e  e a s t e r n  
P a c i f i c 1  and  l a r g e  s k i p j a c k  make up  a much h i g h e r  p o r t i o n  of t h e  c a t c h  i n  
t h e  c e n t r a l  r e l a t i v e  t o  t h e  e a s t e r n  P a c i f i c .  These  f a c t s  h a v e  l e d  
i n v e s t i g a t o r s  t o  b e l i e v e  t h a t  t h e  s k i p j a c k  i n  t h e  e a s t e r n  P a c i f i c  a r e  
h a t c h e d  f r o m  e g g s  spawned  i n  t h e  c e n t r a l  and  w e s t e r n  P a c i f i c  ( R o t h s c h i l d  
1 9 6 5 ) .  

The n e t  d i s t a n c e s  t r a v e l e d  by y e l l o w f i n  tagged  i n  t h e  e a s t e r n  P a c i f i c  
and s k i p j a c k  tagged  i n  t h e  wes te rn  P a c i f i c  a f t e r  0-30131-180, and more than  
180 days  a t  l i b e r t y  a r e  shown i n  F i g u r e  10. I t  i s  obvious  t h a t  many of t h e  
f i s h  moved c o n s i d e r a b l e  d i s t a n c e s  from t h e  l o c a t i o n s  of r e l e a s e .  Most of 
t h e  t a g g i n g  t o o k  p l a c e  i n  a r e a s  w h e r e  f i s h i n g  e f f o r t  was heavy.  I f  t h e  
f i s h i n g  e f f o r t  were  evenly  d i s t r i b u t e d  i n  t h e  P a c i f i c  Ocean t h e r e  probably  
would have  been fewer  r e t u r n s  of f i s h  which had moved s h o r t  d i s t a n c e s  and 
more r e t u r n s  of f i s h  which had moved long  d i s t a n c e s .  

An i m p o r t a n t  u n c e r t a i n t y  is  t h e  e x t e n t  t h a t  t h e  a p p a r e n t  d i s p e r s i o n  Of 
f i s h  f r o m  a t a g g i n g  s i t e  i s  a n  a c t u a l  r e p r e s e n t a t i o n  of t h e i r  movement 
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Figure 10. N e t  d i s t a n c e s ,  i n  n a u t i c a l  miles, t r a v e l e d  by p u r s e  se ine -caugh t  
y e l l o w f i n  t a g g e d  i n  t h e  e a s t e r n  P a c i f i c  d u r i n g  1968-1978 ( W . H .  
B a y l i f f ,  pers .  comm.) and b a i t b o a t - c a u g h t  skip: t agged  i n  t h e  
w e s t e r n  P a c i f i c  d u r i n g  1977-1980 ( a f t e r  KF y 1 9 8 3 ) .  One 
y e l l o w f i n ,  n o t  shown i n  t h e  f i g u r e r  was r eca& J 2,765 miles 
from t h e  p o i n t  of r e l e a s e  a f t e r  138  days  a t  l i t  Lty. 
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r a t h e r  t h a n  a n  a r t i f a c t  of t h e  p r e s e n t  marking  and '  r e t u r n  sys tem.  O b v i o u s l y  
many of t h e  b i a s e s  a n d  c o n s t r a i n t s  i n  mark and  r e c a p t u r e  t e c h n o l o g y  c o u l d  
l e a d  t o  e r r o n e o u s  c o n c l u s i o n s  a b o u t  t h e  m o v e m e n t s  o f  t u n a .  T h e s e  a r e  
d i s c u s s e d  i n  more d e t a i l  i n  s u b s e q u e n t  s e c t i o n s .  C l e a r l y #  b e t t e r  knowledge 
o f  t h e  a c t u a l  p a t h s  f o l l o w e d  by t h e  f i s h  f o r  e x t e n d e d  p e r i o d s  i s  n e e d e d  
b e f o r e  t h e s e  i s s u e s  c a n  b e  r e s o l v e d .  

3 .2 .3  Return Rates 

The p e r c e n t a g e  of t a g s  t h a t  a r e  r e c o v e r e d  and  r e t u r n e d  v a r i e s  w i d e l y  
among a n d  w i t h i n  s p e c i e s 1  as  i n d i c a t e d  i n  T a b l e  1. 

Table 1 

P e r c e n t a g e s  of  t a g s  r e t u r n e d .  

S p e c i e s  Area 
T o t a l  p e r c e n t a g e s  

Min Max Mean 
Years of r e t u r n  R e f e r e n c e  

Y e l l o w f i n  E a s t e r n  
P a c i f i c  

Sk ip jack  E a s t e r n  
P a c i f i c  

S k i p j a c k  Western  
and  c e n t r a l  
P a c i f i c  

N o r t h e r n  Western  
b l u e f i n  A t l a n t i c  

Alba c o r  e E a s t e r n  
P a c i f i c  

1959-1964 2.7 6 5 . 3  21.6 F i n k  a n d  

1959-1964 2 .3  43.9 8 . 1  F i n k  a n d  

B a y l i f f t  1 9 7 0  

B a y l i f f  r 1 9 7 0  

1977-1980 0 .0  13.9 4.4 SPCr 1984b 

1954-1971 0.0 44.2 23.6 Mather  and  
w o r k i n g  
p a r t y r  1972 

W e a t h e r a l l ,  
1 9 8 1  

1971-1978 2.0 8 . 5  5 .4  L a u r s  and  

The g r e a t  m a j o r i t y  of t h e  marked y e l l o w f i n  and  s k i p j a c k  t h a t  h a v e  been  
r e c a p t u r e d  were a t  l i b e r t y  l ess  t h a n  o n e  y e a r l  w h e r e a s  a s u b s t a n t i a l  
f r a c t i o n  of marked a l b a c o r e  and  b l u e f i n  h a v e  been  r e c a p t u r e d  a f t e r  o v e r  o n e  
y e a r .  I n  f a c t r  t h e  r e c o r d  t i m e  a t  l i b e r t y  f o r  a t a g g e d  t u n a  i s  f o r  a 
s o u t h e r n  b l u e f i n  t h a t  r e m a i n e d  a t  l a r g e  f o r  n e a r l y  1 8  y e a r s  (Anonymous 
1981) .  The d e c l i n e  i n  r e c o v e r i e s  of  marked t u n a s  w i t h  t i m e  v a r i e s  n o t  o n l y  
among species1 b u t  a l s o  w i t h i n  species.  F o r  e x a m p l e l  among s k i p j a c k  
f i s h e r i e s 1  t h e  d e c l i n e  i n  r e c o v e r i e s  i s  s t e e p e s t  i n  t h e  e a s t e r n  P a c i f i c ,  
i n t e r m e d i a t e  i n  t h e  e a s t e r n  A t l a n t i c l  and most  g r a d u a l  i n  t h e  s o u t h w e s t e r n  
P a c i f i c  ( F i g u r e  11). S k i p j a c k  f r o m  t h e  e a s t e r n  P a c i f i c  m i g r a t e  t o  t h e  
c e n t r a l  and  w e s t e r n  P a c i f i c  p r i o r  t o  spawning1 b u t  a r e  se ldom r e c o v e r e d  by 
t h e  m i n o r  f i s h e r i e s  i n  t h o s e  a r e a s  (IATTC 1 9 8 3 :  3 2 - 3 3 ) r  w h e r e a s  t h e  
s o u t h w e s t e r n  P a c i f i c  i n c l u d e s  b o t h  m a j o r  f i s h e r i e s  a n d  s e v e r a l  m a j o r  
skipjack spawning  a reas  (Argue e t  a l .  1983) .  
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F i g u r e  11. Catch c u r v e s  f o r  tagged  s k i p j a c k  i n  t h e  e a s t e r n  P a c i f i c  ( B a y l i f f  
1 9 7 7 ) ,  e a s t e r n  A t l a n t i c  (Bard  e t  a l .  198311 and  s o u t h w e s t e r n  
P a c i f i c  (Kle ibe r  e t  a l .  1983).  

3.2.4 

S u b s t a n t i a l  numbers of s e v e r a l  s p e c i e s  of t una  a r e  caugh t  a t  s i z e s  i n  
e x c e s s  of 5 0  kgl bu t  because  of t e c h n i c a l  problems t u n a s  l a r g e r  t h a n  abou t  
20 kg a r e  s e l d o m  t a g g e d .  Some t u n a s  t a g g e d  when t h e y  were sma l l  w e r e  
r ecove red  a f t e r  having  grown cons ide rab ly1  bu t  such  e v e n t s  a r e  r a r e  because  
of h igh  r a t e s  of f i s h i n g  and n a t u r a l  m o r t a l i t y .  Thus many small f i s h  m u s t  
be  tagged  t o  e n s u r e  t h e  recovery  of even a few l a r g e  ones. For example? i n  
t h e  e a s t e r n  P a c i f i c  s u r f a c e  f i s h e r y  f o r  y e l l o w f i n  ( w h e r e  t h e  a n n u a l  
c o e f f i c i e n t s  o f  n a t u r a l  a n d  f i s h i n g  m o r t a l i t y  a r e  a b o u t  0.8 and  0.71 
r e s p e c t i v e l y ) ,  i f  1 t O O O  y e l l o w f i n  were  tagged ,  one would expec t  a r e t u r n  of 

U n c e r t a i n t i e s  a n d  L i m i t s  of C o n v e n t i o n a l  Mark -Recap tu re  
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a b o u t  363 ( 3 6 % )  of t h e  t a g s  i n  t h e  f i r s t  y e a r t  8 1  ( 8 % )  i n  t h e  s e c o n d t  1 8  
(2%) i n  t h e  t h i r d t  4 (<1%) i n  t h e  f o u r t h t  and  1 i n  t h e  f i f t h .  The o b s e r v e d  
r e c o v e r y  r a t e s t  however t  a f t e r  t h e  f i r s t  y e a r  a r e  even  l o w e r  t h a n  t h o s e  
p r e d i c t e d  f r o m  t h e  n a t u r a l  and  f i s h i n g  m o r t a l i t y  r a t e s .  Of 131598  
y e l l o w f i n  t a g g e d  o f f  Baja C a l i f o r n i a  d u r i n g  1957-19631 6 t 6 2 1  t a g s  ( 4 9 % )  
were r e t u r n e d  i n  t h e  f i r s t  y e a r  (May-April) bu t  on ly  73 (1%) were r e t u r n e d  
i n  t h e  second y e a r t  o n l y  2 (<1%) d u r i n g  t h e  t h i r d  y e a r t  and none t h e r e a f t e r  
( B a y l i f f  1971). High v u l n e r a b i l i t y  t o  c a p t u r e  s h o r t l y  a f t e r  t a g g i n g ,  
l e s s e r  v u l n e r a b i l i t y  t o  c a p t u r e  of l a r g e r  f i s h t  and  s h e d d i n g  o f  t h e  t a g s  
may b e  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  b e t w e e n  t h e  o b s e r v e d  and  e x p e c t e d  
r e t  u rns .  

The a t t r i t i o n  r a t e  of t a g  r e c o v e r i e s  c a n  be  c o n s i d e r e d  a s  t h e  
r e d u c t i o n  i n  t h e  t a g g e d  s t o c k  w i t h  t ime  due  t o  n a t u r a l  a n d  f i s h i n g  
m o r t a l i t y t  t a g  s h e d d i n g 1  m o r t a l i t y  c a u s e d  by t h e  t a g s t  g r o w t h  o u t  of 
v u l n e r a b i l i t y  t o  t h e  f i s h e r y t  a n d  e m i g r a t i o n  ( K l e i b e r  e t  a l .  1 9 8 3 ) .  
I d e a l l y t  it would be u s e f u l  t o  p a r t i t i o n  a t t r i t i o n  i n t o t  a t  l e a s t l  n a t u r a l  
m o r t a l i t y 1  e m i g r a t i o n t  a n d  o t h e r  l o s s e s .  C a y r e t  Diouf  t and  F o n t e n e a u  
(1986) have e s t i m a t e d  t h e  i n s t a n t a n e o u s  r a t e  of m o r t a l i t y  due t o  c a r r y i n g  
t a g s  f o r  s k i p j a c k .  A l though  no a t t e m p t  t o  p a r t i t i o n  t h e  a t t r i t i o n  r a t e s  
i n t o  t h o s e  c lasses  h a s  b e e n  e n t i r e l y  s u c c e s s f u l  ( S i b e r t  1 9 8 4 )  I some 
p o s s i b l e  r e s e a r c h  a p p r o a c h e s  d i s c u s s e d  l a t e r  i n  t h i s  r e p o r t  m i g h t  
u l t i m a t e l y  m a k e  t h i s  problem more t r a c t a b l e .  

A number of o t h e r  p r o b l e m s  e x i s t  i n  t h e  i n t e r p r e t a t i o n  o f  mark a n d  
r e c a p t u r e  d a t a  i n  a d d i t i o n  t o  lack of unde r s t and ing  of t h e  r e l a t i v e  r o l e  of 
t h e  v a r i o u s  f a c t o r s  t h a t  a f f e c t  t h e  a t t r i t i o n  r a t e  of t a g g e d  f i s h .  I t  i s  
d i f f i c u l t  t o  b e  c e r t a i n  t h a t  t a g g e d  f i s h  a r e  t r u l y  r e p r e s e n t a t i v e  of a 
s t u d y  a r e a t  as u s u a l l y  only  one or a few v e s s e l s  a r e  used t o  c a p t u r e  t u n a s  
f o r  t a g g i n g l  and  t h e  r e l e a s e d  f i s h  may n o t  q u i c k l y  mix  w i t h i n  t h e  s t u d y  
a rea .  I n  a d d i t i o n 1  v e s s e l s  o f t e n  do n o t  f i s h  i n  a l l  a r e a s  occupied  by t h e  
s t o c k r  a n d  t h i s  d i s t o r t s  t h e  a p p a r e n t  movements  a s  i n d i c a t e d  by t h e  
r e c a p t u r e  d a t a .  Some a d j u s t m e n t s  can  be made by d i v i d i n g  t h e  numbers of 
r e c o v e r i e s  by t h e  f i s h i n g  e f f o r t  i n  t h e  r e c o v e r y  a r e a s  ( B a y l i f f  1 9 7 9 ) .  A 
more  a c c u r a t e  a d j u s t m e n t  would  be  t o  a d j u s t  t h e  r e c o v e r i e s  f o r  f i s h i n g  
e f f o r t  o v e r  t h e  a c t u a l  p a t h  f o l l o w e d  by t h e  f i s h  b e t w e e n  r e l e a s e  and  
recovery1 bu t  t h i s  is n o t  p o s s i b l e  us ing  e x i s t i n g  approaches.  

The recovery  of t a g s  i s  a n  a d d i t i o n a l  problemt a s  some of t h e  f i n d e r s  
of t a g g e d  t u n a s  do  n o t  r e t u r n  t h e  t a g s  o r  f u r n i s h  p o o r  d a t a .  Bard  e t  a l .  
(198311 t a g g e d  f r e s h l y - c a u g h t  d e a d  f i s h  and  p l a c e d  them i n  t h e  w e l l s  o f  
f i s h i n g  v e s s e l s  a t  s e a .  They e s t i m a t e d  t h a t  a b o u t  70 p e r c e n t  of t h e  
s k i p j a c k  t h e y  t a g g e d  were r e t u r n e d  by u n l o a d e r s  a n d  c a n n e r y  workers .  
Howevert  t a g s  a t t a c h e d  t o  f r e s h l y - c a u g h t  f i s h  may be  more  e a s i l y  knocked  
o f f  and l o s t  d u r i n g  l o a d i n g  and unloading  t h a n  t a g s  a t t a c h e d  t o  f i s h  which 
had been tagged  and r e l e a s e d  w e e k s t  monthsl o r  y e a r s  p rev ious ly .  

3.2.5 Directed and Random Hovements 

Harden J o n e s  (1968) r ecogn ized  t h r e e  t y p e s  of "mig ra to ry  movements": 
d r i f t i n g  w i t h  t h e  c u r r e n t s r  random l o c o m o t o r y  movements t  a n d  o r i e n t e d  
l o c o m o t o r y  movements.  I n  a l a t e r  p a p e r  (Harden  J o n e s  1984)  h e  s t a t e d t  "I 
u s e  t h e w o r d m i g r a t i o n  i n  t h e  s e n s e  of coming  and  g o i n g  w i t h  t h e  s e a s o n s  on  
a r e g u l a r  bas i s . "  J o n e s  (1956 and 1966) t  u s ing  p h y s i c a l  d i f f u s i o n  model 
d e r i v e d  e q u a t i o n s  f o r  c a l c u l a t i n g  t h e  d i r e c t e d  (V) a n d  random ( A  1 
componen t s  of t h e  movements  of a g r o u p  of t a g g e d  f i s h t  and  B a y l i f f  and  
Ro thsch i ld  (1974) de r ived  a c rude  method € o r  a d j u s t i n g  t h e  r e t u r n  d a t a  f o r  
uneven  d i s t r i b u t i o n  of f i s h i n g  e f f o r t .  I n  t h e  s t r i c t e s t  s e n s e t  t h e  
movement i s  n o t  random u n l e s s  V i s  equa l  t o  z e r o t  which h a s  never been t h e  
c a s e  i n  any  t u n a  s t u d y .  The c e n t r a l  i s s u e  i s  t o  d e t e r m i n e  why V i s  n o t  
equal  t o  z e r o .  Four e x p l a n a t i o n s  e x i s t  f o r  a p p a r e n t  nonrandom movement,  
and each i s  d i s c u s s e d  below. 

9' 
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F i r s t 1  i f  f i s h  were tagged  nea r  a c o a s t l i n e  t h e  r e c a p t u r e  d a t a  would 
p r o b a b l y  show t h a t  f i s h  had  moved o f f s h o r e  and  p a r a l l e l  t o  t h e  c o a s t  i n  
b o t h  d i r e c t i o n s  and  t h a t  t h e  c e n t e r  of abundance  of t h e  r e c a p t u r e s  was 
f u r t h e r  o f f s h o r e  t h a n  t h e  c e n t e r  of a b u n d a n c e  of t h e  r e l e a s e s .  T h i s  d o e s  
n o t  i n d i c a t e l  except  i n  t h e  s t r ic tes t  s e n s e l  t h a t  t h e  movement of t h e  f i s h  
was non-random. I n  f a c t l  t h e  same p a t t e r n  wou ld  r e s u l t  i f  dye  m o l e c u l e s  
were  i n j e c t e d  nea r  t h e  edge of a b a r r i e r .  

Second1 t h e  f i s h  m i g h t  e n c o u n t e r  c o n c e n t r a t i o n s  of f o o d  by moving  
r andomly ,  and  by random movement r e m a i n  t h e r e  u n t i l  t h e  f o o d  was n e a r l y  
exhausted. T h i s  behavior  would produce v a l u e s  of V g r e a t e r  t han  zero1 b u t  
few i n v e s t i g a t o r s  would c l a s s i f y  t h i s  behavior  as d i r e c t e d  movement. 

T h i r d l  f i s h  a r e  a b l e  t o  s e n s e  g r a d i e n t s  i n  p h y s i c a l 1  c h e m i c a l l  and  
b i o l o g i c a l  p r o p e r t i e s  of t h e  e n v i r o n m e n t  a n d  f o l l o w  s u c h  g r a d i e n t s  t o  a 
r i c h e r  food  environment.  I n  some cases t h e s e  movements may be r e l a t e d  t o  
i r r e g u l a r  e n v i r o n m e n t a l  e v e n t s  a n d  i n  o t h e r s  t o  s u c h  r e g u l a r  s e a s o n a l  
e v e n t s  a s  w a r m i n g  and  c o o l i n g  of t h e  s u r f a c e  w a t e r  i n  t e m p e r a t e  r e g i o n s .  
I n  t h e  l a t t e r  case t h e  t u n a  c o u l d  b e  o r i e n t i n g  t o  n a v i g a t i o n a l  cues 
( g r a d i e n t s  i n  t h e  e a r t h ' s  m a g n e t i c  f i e l d r  o r  a n g l e  of a c e l e s t i a l  body) 
r a t h e r  t h a n  g r a d i e n t s  i n  food  abundance o r  o t h e r  p r o p e r t i e s  t h a t  de t e rmine  
t h e  s u i t a b i l i t y  of t h e  h a b i t a t .  A c c o r d i n g  t o  t h e  d e f i n i t i o n  of Harden  
J o n e s  (1984)  I s u c h  s e a s o n a l  movements wou ld  b e  m i g r a t i o n s 1  r e g a r d l e s s  of 
t h e  mechanisms involved. 

F o u r t h 1  some f i s h r  s u c h  a s  b l u e f i n  and  a l b a c o r e t  make  s p e c t a c u l a r  
s e a s o n a l  movementst b u t  t h e  f a c t o r s  c o n t r o l l i n g  t h e s e  movements a r e  much 
less w e l l  unders tood  t h a n  such s e a s o n a l  e v e n t s  as  t h e  movement of s k i p j a c k  
i n t o  t e m p e r a t e  N e w  Zealand w a t e r s  i n  t h e  s p r i n g  and o u t  of t h o s e  waters i n  
t h e  f a l l .  Homingl d e f i n e d  by G e r k i n g  (1953)  a s  " t h e  r e t u r n  t o  a p l a c e  
f o r m e r l y  occup ied  i n s t e a d  of go ing  t o  o t h e r  e q u a l l y  p robab le  p l aces"#  seems 
t o  be  invo lved  here .  

I d e a l l y 1  i n  t h e  d e v e l o p m e n t  of a model u s i n g  t a g  r e c o v e r y  d a t a  one  
might  f i r s t  s u b t r a c t  such  e f f e c t s  a s  p rox imi ty  t o  land! then  non-seasonal 
e f f e c t s  such as pa tchy  d i s t r i b u t i o n  of food1 and f i n a l l y  eas i ly -unde r s tood  
s e a s o n a l  e f f e c t s  s u c h  a s  p o l e w a r d  movement d u r i n g  t h e  s p r i n g  a n d  t h e  
r e v e r s e  d u r i n g  t h e  f a l l .  T h i s  would l e a v e  homing e f f e c t s  as  t h e  r e s i d u a l .  
C o n s i d e r a b l e  i n t e r e s t  e x i s t s  i n  t h i s  s u b j e c t 1  e s p e c i a l l y  f o r  s k i p j a c k  i n  
t h e  P a c i f i c  Ocean (SPC 1981).  P r e s e n t  d a t a  may n o t  be adequa te  f o r  such an  
a n a l y s i s  b u t  some of t h e  r e s e a r c h  a p p r o a c h e s  we p r o p o s e  i n  s u b s e q u e n t  
s e c t i o n s  may make such an  approach p r a c t i c a l  i n  t h e  f u t u r e .  

I n  g e n e r a l 1  t h e  r a t i o  o f  V t o  A2 would  b e  e x p e c t e d  t o  be  g r e a t e r  f o r  
h i g h l y - m i g r a t o r y  s p e c i e s ,  s u c h  a s  b l u e f i n  a n d  a l b a c o r e r  t h a n  f o r  s p e c i e s  
w i t h  u t  e v i d e n t  we l l -de f ined  movements. Unfor tuna te ly1  no estimates of V 
o r  A2 a r e  a v a i l a b l e  f o r  b l u e f i n  o r  a l b a c o r e t  b u t  s u c h  d a t a  f o r  y e l l o w f i n  
and s k i p j a y 1  f rom B a y l i f f  (1984l r  are  shown i n  Tab le  2. I n  every  case t h e  
(Vx1000)/A v a l u e  i s  g r e a t e r  f o r  s k i p j a c k  t h a n  f o r  y e l l o w f i n r  i n d i c a t i n g  
t h a t  t h e  movements  of s k i p j a c k  i n  t h e  e a s t e r n  P a c i f i c  a r e  more  d i r e c t e d  
t h a n  t h o s e  of y e l l o w f i n .  

3.2.6 I n t e g r i t y  of Schools 

Skip jack  do n o t  appear  t o  remain  i n  t h e  same s c h o o l s  f o r  l ong  p e r i o d s  
o f  t ime. D u r i n g  t h e  f i r s t  1 t o  3 m o n t h s  a f t e r  r e l e a s e  f i s h  t a g g e d  i n  t h e  
e a s t e r n  P a c i f i c  Ocean a t  t h e  same l o c a t i o n  on  t h e  same  d a t e  a r e  n o t  
randomly mixed w i t h  untagged f i s h  i n  t h e  same a r e a l  bu t  by t h e  f o u r t h  month 
random m i x i n g  h a s  t a k e n  p l a c e  (IATTC 1984:  33-36). P r e s e n t  e v i d e n c e  f o r  
s o u t h  P a c i f i c  s k i p j a c k  a l s o  i n d i c a t e s  t h a t  s c h o o l s  do n o t  m a i n t a i n  t h e i r  
i n t e g r i t y  for  long  p e r i o d s  (Kle ibe r  and Arguer MS); t h i s  ev idence  i n c l u d e s  
a n a l y s e s  o f  w e s t e r n  P a c i f i c  d a t a  f o r  i n s t a n c e s  of m u l t i p l e  r e c o v e r i e s  of  
t a g g e d  s k i p j a c k  f rom t h e  same  s c h o o l  r e c a p t u r e d  on t h e  same  d a t e r  and  
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Tab le  2 

E s t i m a t e s  of V and A2 f o r  y e l l o w f i n  and s k i p j a c k  (from B a y l i f f  1984) .  

Y e 1  1 ow f i n  S k i p j a c k  

Region Year V A2 VxlOOO V A2 VxlOOO 

A2 A2 

C o l  om b i  a 1 9 8 1  0.5 835 0 . 6  2.9 426 6 .8  

Gulf of Panama 1959  1 . 4  776 1 . 8  1 . 4  449 3 . 1  

Gulf of Panama 1 9 6 1  2.9 2065 1 . 4  2 .8  1816 1.5 

Gulf of Panama 1 9 8 1  0 . 6  232 2.6 1.1 293 3 . 8  

S. C e n t r a l  America 1979 0 .8  2719 0 .3  2.4 2678 0.9 

S. C e n t r a l  America 1980  0 . 7  479 1 . 5  1 . 7  985 1 . 7  

S. C e n t r a l  America 1 9 8 1  1.9 2180 0.9 4 . 1  779 5 . 3  

N. C e n t r a l  America 1979  2 .3  3 8 2 1  0 .6  4 . 5  2406 1 . 9  

s t u d i e s  of d a t a  f o r  r a r e  b l o o d  s e r u m  a l l e l e s .  A n a l y s e s  of t h i s  t y p e  h a v e  
n o t  been per formed f o r  o t h e r  s p e c i e s ,  bu t  a n e c d o t a l  ev idence  s u g g e s t s  t h a t  
t h e  s c h o o l s  of o t h e r  s p e c i e s  of t u n a s  do n o t  r e t a i n  t h e i r  i n t e g r i t y  f o r  
l o n g  pe r iods .  

3 . 2 . 7  Additional Mark and Recap tu re  S t u d i e s  

A l a r g e  f r a c t i o n  of t h e  d a t a  on marking and r e c a p t u r e  i n  t h e  f i l e s  of 
v a r i o u s  f i s h e r y  a g e n c i e s  h a s  n o t  b e e n  f u l l y  a n a l y z e d .  A n a l y s e s  h a v e  n o t  
been  c o m p l e t e d  i n  some c a s e s  b e c a u s e  t h e  i n v e s t i g a t i o n s  h a v e  o n l y  begun1 
b u t  i n  o t h e r s  t h e  work c o u l d  be done i f  money and manpower were a l l o c a t e d .  
I n  a d d i t i o n 1  l i t t l e  t a g g i n g  of t u n a s  has  been done i n  some reg ions1  such  as  
t h e  I n d i a n  Ocean and  P h i l i p p i n e s - I n d o n e s i a  r e g i o n 1  and  r e l a t i v e l y  few 
i n d i v i d u a l s  of b i g e y e  i n  t h e  P a c i f i c  Ocean a n d  W h y n n ~ s  spp .  a n d  A.u& 
spp. i n  any  o c e a n  h a v e  b e e n  t a g g e d .  B i g e y e  a r e  of g r e a t  c o m m e r c i a l  
impor t ance  i n  t h e  e a s t e r n  P a c i f i c  Oceanr b u t  as  n e a r l y  a l l  are  caught  w i t h  
l o n g l i n e  gea r1  l a r g e - s c a l e  t agg ing  is  i m p r a c t i c a l  u s ing  p r e s e n t  technology.  
( T h i s  i s  n o t  t h e  case i n  t h e  A t l a n t i c  Ocean w h e r e  b i g e y e  t a g g i n g  c a n  b e  
e a s i l y  conduc ted . )  Euthynnys and a r e  c u r r e n t l y  of o n l y  minor  
commercial impor t ance  i n  most  a r e a s 1  b u t  t h i s  i s  l i k e l y  t o  change. Large- 
scale t a g g i n g  of t h e s e  two gene ra  is p r e s e n t l y  i m p r a c t i c a l  excep t  i n  a few 
a r e a s  s u c h  a s  J a p a n r  t h e  P h i l i p p i n e s ,  S e n e g a l !  a n d  I n d o n e s i a 1  w h e r e  t h e y  
are  r e l a t i v e l y  h e a v i l y  e x p l o i t e d .  

3 . 3  Tunas and Their Ocean Environment 

3 . 3 . 1  I n t r o d u c t i o n  

Oceanic env i ronmen ta l  v a r i a b l e s  and p r o c e s s e s  t h a t  a f f e c t  t u n a s  va ry  
s p a t i a l l y  and  t e m p o r a l l y  o v e r  a l a r g e  a r r a y  of t i m e  and  s p a c e  s c a l e s  i n  
t h r e e  d imens ions .  S e t t e  (1961) s t r e s s e d  t h a t  t o  unde r s t and  and e v e n t u a l l y  
model t h e  e f f e c t s  of t h e  ocean  envi ronment  on f i s h  p o p u l a t i o n s ,  i n f o r m a t i o n  
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on t h e  " c h a n g i n g  o c e a n "  a n d  on  a v e r a g e  o c e a n  c o n d i t i o n s  i s  needed .  The 
" c h a n g i n g  o c e a n "  i s  c a u s e d  by v a r i a t i o n s  of t h e  i n t e r a c t i o n  a t  t h e  o c e a n  
s u r f a c e  b e t w e e n  a i r  a n d  sea: wind  s t r e s s I  h e a t  exchange r  p r e c i p i t a t i o n #  
evapora t ion ,  and advec t ion .  

Tunas d i f f e r  i n  t h e i r  envi ronmenta l  and h a b i t a t  r e q u i r e m e n t s  and t h e s e  
r e q u i r e m e n t s  c h a n g e  o v e r  t h e i r  l i f e  h i s t o r y .  Y e l l o w f i n t  s k i p j a c k  a n d  
b igeye  a r e  r e s t r i c t e d  t o  t r o p i c a l  w a t e r s t  whereas a l b a c o r e  and b l u e f i n  a r e  
found i n  t e m p e r a t e  seas .  J u v e n i l e  s t a g e s  of s k i p j a c k  and a l b a c o r e  l i v e  i n  
s h a l l o w e r  d e p t h s  t h a n  a d u l t s  and m i g r a t e  more e x t e n s i v e l y .  

The m e c h a n i s m s  t h a t  l i n k  t h e  o c e a n  e n v i r o n m e n t  t o  t u n a  movement a r e  
n o t  w e l l  d e f i n e d  o r  u n d e r s t o o d .  I n  some c a s e s  o c e a n  c o n d i t i o n s  a r e  
b e l i e v e d  t o  a c t  d i r e c t l y  on t h e  b io logy  of t h e  t u n a s t  w h i l e  i n  o t h e r  cases 
t h e  r e l a t i o n s h i p  w i t h  o c e a n  c o n d i t i o n s  i s  i n d i r e c t  t h r o u g h  t h e i r  f o r a g e .  
The d i s t r i b u t i o n a l  l i m i t s  o f  v a r i o u s  s p e c i e s  may b e  s e t  by s p e c i f i c  
oceanographic  p r o p e r t i e s  a c t i n g  d i r e c t l y  on t h e  phys io logy  and/or  behavior  
of i n d i v i d u a l s  i n  t h e  popu la t ion .  For exampler a l b a c o r e  a p p a r e n t l y  a r e  n o t  
a b l e  t o  t h e r m o r e g u l a t e  e f f e c t i v e l y  a t  t e m p e r a t u r e s  below about  10°C (Graham 
and Dickson 198111 and t h i s  may be  why t h e  s p e c i e s  is u s u a l l y  n o t  found i n  
w a t e r s  c o o l e r  t h a n  10°C. V a r i a t i o n s  i n  t h e  a v a i l a b i l i t y  of t u n a s  w i t h i n  
t h e i r  d i s t r i b u t i o n a l  l i m i t s  may n o t  be  l i n k e d  w i t h  ocean c o n d i t i o n s  a c t i n g  
d i r e c t l y  on t h e  t u n a s t  bu t  r a t h e r  i n d i r e c t l y  through 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  o f  f o r a g e  o r g a n i s m s .  For  example r  t h e  a v a i l a b i l i t y  of t u n a s  
w i t h i n  t h e i r  d i s t r i b u t i o n a l  r a n g e  i s  u s u a l l y  g r e a t e s t  i n  t h e  v i c i n i t y  of 
o c e a n i c  f r o n t s  where food  abundance i s  h igh  (Uda 19731 Laur s  and Lynn 19771 
L a u r s  e t  a l .  1 9 8 4 ) .  To i d e n t i f y  t h e  o p t i m a l  a p p r o a c h  f o r  s t u d y i n g  t h i s  
m u l t i v a r i a t e  t h r e e - d i m e n s i o n a l  s y s t e m  i s  a m a j o r  c h a l l e n g e .  W e  d i s c u s s  
h e r e  t h e  s t a t u s  of knowledge of t h e  r e l a t i o n s h i p  between t u n a  movement and 
t h e  envi ronment  and p o s s i b l e  d i r e c t i o n s  of f u t u r e  r e sea rch .  

3.3.2 L i m i t s  

A f o c u s  of much of t h e  p a s t  work on tuna  movements and d i s t r i b u t i o n s  
h a s  b e e n  on  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  h a b i t a t  a t  t h e  e x t r e m e s  o f  
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  o f  t u n a s .  T h i s  work h a s  b e e n  
rev iewed most  r e c e n t l y  by Sund e t  a l .  (1981) and documenta t ion  f o r  much of 
t h e  f o l l o w i n g  can  be found i n  t h e i r  p u b l i c a t i o n .  C o r r e l a t i o n s r  which have 
been wel l  d e s c r i b e d  i n  t h e  l i t e r a t u r e 1  e x i s t  between t u n a  c a t c h e s  and  t h e  
p h y s i c a l  e n v i r o n m e n t a l  b a r r i e r s  i n d i c a t e d  by s e a - s u r f  ace t e m p e r a t u r e s t  
mixed l a y e r  d e p t h t  and oxygen concen t r a t ion .  The p r i n c i p a l  ev idence  of t h e  
e f f e c t  of t e m p e r a t u r e  on t u n a  d i s t r i b u t i o n  h a s  been t h e  s e a s o n a l  expans ion  
a n d  c o n t r a c t i o n  o f  t h e  r a n g e  of s u r f a c e - c a u g h t  f i s h  a t  t h e  p e r i p h e r y  o f  
t h e i r  r anges  and t h i s  expans ion  and c o n t r a c t i o n  co r re spond  f a i r l y  w e l l  
t o  s e a - s u r f a c e  i s o t h e r m  d i s p l a c e m e n t s  ( B l a c k b u r n  1965 ;  Champagnat  a n d  
L'homme 1970; Cayre e t  a l .  1974).  In  t h e  same s t a t i s t i c a l  s e n s e  t e m p e r a t u r e  
and p o s s i b l y  oxygen a l s o  e s t a b l i s h  v e r t i c a l  h a b i t a t  l i m i t s  f o r  tunas .  Such 
s t a t i s t i ca l  ev idence  of t h e  ex t r emes  of t h e  p o t e n t i a l  h a b i t a t  of t u n a s  h a s  
p r o v e n  t o  b e  q u i t e  u s e f u l  f o r  f i s h e r y  o p e r a t i o n s t  b u t  much more  d e t a i l e d  
cause  and e f f e c t  r e l a t i o n s h i p s  which would f o r e c a s t  movement a r e  l ack ing .  

I n  t h e  p a s t t  t h e  t h e r m o c l i n e  was t h o u g h t  t o  r e p r e s e n t  a l i m i t  t o  
v e r t i c a l  d i s t r i b u t i o n  of tunas.  T h i s  r e l a t i o n s h i p  i s  i n  p a r t  based on work 
r e l a t i n g  p u r s e  s e i n e  f i s h i n g  success w i t h  t h e r m o c l i n e  dep th  (Green 1967).  
A l s o t  s k i p j a c k  o c c u r  i n  many a r e a s  of t r o p i c a l  s e a s  w h e r e  t h e y  a r e  n o t  
a v a i l a b l e  t o  s u r f a c e  gea r  (Sharp  1978) I t h e i r  p re sence  be ing  i n d i c a t e d  by 
t h e i r  l a r v a e  ( N i s h i k a w a  e t  a l .  1985) a n d  by a n e c d o t a l  e v i d e n c e  of b i r d  
f l o c k s  f e e d i n g  on  f o r a g e  d r i v e n  t o  t h e  s u r f a c e  by f e e d i n g  f i s h .  Such  
o b s e r v a t i o n s  h a v e  l e d  some t o  b e l i e v e  t h a t  t h i s  s u b s u r f  ace e x i s t e n c e  
p r o v i d e s  a r e f u g e  f r o m  s u r f a c e  f i s h i n g  g e a r .  R e c e n t  r e s u l t s  f r o m  t u n a  
t r a c k i n g  s t u d i e s  show t h a t  t u n a  s p e n d  much of t h e i r  t ime  w i t h i n  t h e  
t h e r m o c l i n e  (Yonemor i  1982 ;  L a u r s  and  D o t s o n r  i n  p rep . )  and  s u g g e s t  t h a t  
t u n a  a r e  " c r e a t u r e s  of t h e  thermocl ine" .  I n  f a c t t  t h e  t h e r m o c l i n e  may n o t  
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a c t  a s  a b a r r i e r l  b u t  r a t h e r  de t e rmine  t h e  degree  of v u l n e r a b i l i t y  of t u n a s  
t o  s u r f  ace a n d  s u b s u r f  a c e  f i s h i n g  g e a r .  When t h e  t h e r m o c l i n e  i s  s h a l l o w  
t h e  f i s h  are  more v u l n e r a b l e  t o  s u r f a c e  f i s h i n g  gea r  and v i c e  ve r sa .  Also1 
l o n g l i n e  f i s h i n g  s u c c e s s s  i s  m a r k e d l y  h i g h e r  when hooks  a r e  s e t  i n  t h e  
t h e r m o c l i n e  r a t h e r  t han  a t  d e p t h s  above it (Laurs  and Dotsont MS). 

The c o n c e p t  of l i m i t s  i n  t h e  d i s t r i b u t i o n  of t u n a s  i s  i n d i c a t e d  i n  
a c o u s t i c  t r a c k i n g  s t u d i e s  which were conducted t o  i n v e s t i g a t e  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  t u n a s 1  a l t h o u g h  t h i s  c o n c e p t  h a s  n o t  b e e n  s t r o n g l y  
s u p p o r t e d  by l a b o r a t o r y  work (Mat sumoto  e t  a l .  1 9 8 4 ) .  L a b o r a t o r y  work 
i n d i c a t e s  t h a t  kawakawa (Er r thynu  affinis) p e n e t r a t e  oxygen  o r  t h e r m a l  
b a r r i e r s  f o r  a f o o d  a w a r d l  and  t h e s e  b a r r i e r s  a r e  f a r  more  e x t r e m e  t h a n  
f i s h e r y  c o r r e l a t e s  wou ld  p r e d i c t  (Mat sumoto  e t  a l .  1 9 8 4 ) .  L e t h a l  l i m i t s  
e x i s t  i n  t h e  o c e a n ;  i n  t h e  c e n t r a l  N o r t h  P a c i f i c  ( F i g u r e  1 2 )  a t  11"N 1 a t . r  
oxygen  c o n c e n t r a t i o n s  of o n l y  0.5 m l / l  o c c u r  w i t h i n  1 0 0  m of t h e  s u r f a c e .  
P a r t i a l  p r e s s u r e s  of oxygen below 50% of s a t u r a t i o n  o r  t e m p e r a t u r e s  below 
1 0 ° C  a r e  l e t h a l  f o r  a l b a c o r e  (Graham a n d  L a u r s  1982;  Graham and  D i c k s o n  
1981).  Le tha l  l i m i t s  a r e  probably  seldom s i g n i f i c a n t  i n  t h e  m o r t a l i t y  of 
t u n a s  a s  t h e  f i s h  w o u l d  r e t r e a t  b e f o r e  t h e y  b e c a m e  l e t h a l .  
Some a n e c d o t a l  ev idence  i n d i c a t e s  t h a t  d i r e c t  e f f e c t s  of t e m p e r a t u r e  migh t  
o c c a s i o n a l l y  be t h e  f i n a l  cause  of dea th .  Tracking  s t u d i e s  i n d i c a t e  t h a t  
i n j u r e d  t u n a 1  swimming t o o  s l o w l y  t o  m a i n t a i n  h y d r o s t a t i c  e q u i l i b r i u m 1  
s l o w l y  g l i d e  i n t o  c o l d e r  w a t e r  wh ich  c a u s e s  them t o  s w i m  even  s l o w e r r  
i n c r e a s i n g  t h e i r  r a t e  of d e s c e n t  i n t o  u l t i m a t e l y  f a t a l  cond i t ions .  Perhaps  
t h i s  i s  t h e  manner  i n  wh ich  s t a r v i n g  t u n a  d i e .  F u t u r e  work s h o u l d  
e m p h a s i z e  u s i n g  t h e  h i g h  t e c h n o l o g y  of a c o u s t i c  t r a c k i n g  a n d  a r c h i v a l  
t agg ing  a l o n g  w i t h  concur ren t  measurements of t h e  ocean u s i n g  o b s e r v a t i o n s  
made from s h i p s  and sa te l l i t es .  Data r e s u l t i n g  from t h e s e  t y p e s  of s t u d i e s  
shou ld  a i d  unde r s t and ing  of t h e  ocean ic  l i m i t s  and h a b i t a t s  of tuna.  

3.3.3 Forage  

s t r i k i n g  d i f f e r e n c e s  e x i s t  i n  t a g  r e c o v e r y  r a t e s  o r  i n  CPUE b e t w e e n  
r e g i o n s  a n d  s e a s o n s  s u g g e s t i n g  d i f f e r e n c e s  i n  l o c a l  c o n c e n t r a t i o n  or  
v u l n e r a b i l i t y  of t u n a  t o  t h e  f i s h e r y  or both.  Dramat ic  v a r i a t i o n s  i n  c a t c h  
r a t e s  are  common i n  t u n a s ,  i n d i c a t i n g  t h e  c r u c i a l  r o l e  of t h e  envi ronment  
i n  c o n c e n t r a t i n g  t u n a s  and  a f f e c t i n g  t h e i r  a v a i l a b i l i t y  t o  s u r f a c e  
f i s h e r i e s .  F u t u r e  i n v e s t i g a t i o n s l  t h e r e f  o r e r  m u s t  be  c o n c e r n e d  w i t h  
d i s c o v e r i n g  t h e  " c r u c i a l "  env i ronmen ta l  mechanisms. 

When a g g r e g a t i o n s  of t u n a s  o c c u r  n e a r  t h e  s u r f a c e  a l o n g  e d g e s  o f  
o c e a n i c  p r o v i n c e s  and  o t h e r  o c e a n i c  f rants, u s u a l  e x p l a n a t i o n s  a r e  t h a t  
t u n a  f o r a g e  i s  more abundant o r  more a v a i l a b l e  i n  such  l o c a l i t i e s  o r  t h a t  
t h e  s h a r p  t h e r m a l  or s a l i n i t y  g r a d i e n t s  c o n s t i t u t e  p h y s i o l o g i c a l  b a r r i e r s  
t o  t u n a  movement. The l a t t e r  a r g u m e n t  h a s  n o t  been  s u p p o r t e d  by t h e  
e x p e r i m e n t a l  f i n d i n g s .  On t h e  o t h e r  h a n d l  t h e  w e l l  known c o r r e s p o n d e n c e  
between t u n a  c a t c h  and ocean  p r o d u c t i v i t y 1  i l l u s t r a t e d  i n  F i g u r e s  13a  and 
1 3 b  ( f o r  A t l a n t i c  t u n a  f i s h e r i e s )  I i n d i c a t e s  t h a t  s u c h  a g g r e g a t i o n s  a r e  
r e l a t e d  t o  t h e  a v a i l a b i l i t y  of f o r a g e .  F o r a g e  a b u n d a n c e  o r  a v a i l a b i l i t y  
becomes t h e  c r u c i a l  envi ronmenta l  v a r i a b l e  f o r  e x p l a i n i n g  t h e  abundance of 
t u n a s  i n  s u c h  a r e a s  ( S t r e t t a  e t  a l .  1 9 7 5 ) 1  y e t  no  a d e q u a t e  q u a n t i t a t i v e  
a s s e s s m e n t s  of t h e  abundance  of f o r a g e  e x i s t .  I t  seems e s s e n t i a l  t h a t  
f o r a g e  o r  a r e l i a b l e  index  of it be measured i n  such  a r e a s  t o  conf i rm t h i s  
h y p o t h e s i s .  Such i n d i c e s  s h o u l d  a c c o u n t  f o r  t h e  v e r t i c a l  m i g r a t i o n s  of  
m e s o p e l a g i c  o r g a n i s m s  (King  a n d  I v e r s o n  1 9 6 2 )  a s  w e l l  a s  e p i p e l a g i c  
o r g a n i s m s .  A c o u s t i c  m e t h o d s  and  m i d w a t e r  t r a w l s  seem p r o m i s i n g  i n  t h i s  
regard.  I n  a d d i t i o n  t o  d i r e c t  measurement of f o r a g e r  a r e l i a b l e  and e a s i l y  
measu rab le  index  of f o r a g e  abundance i s  needed. 

P r e d i c t i o n  of f o r a g e  a b u n d a n c e  may depend  on  i d e n t i f i c a t i o n  of t h e  
a p p r o p r i a t e  t i m e  l a g  b e t w e e n  t h e  o n s e t  of a p r o d u c t i v i t y  e v e n t  a n d  t u n a  
c a t c h e s .  The  t i m e  l a g s  v a r y  w i t h  r e g i o n l  t imes  o f  y e a r  a n d  o t h e r  
v a r i a b l e s .  For e x a m p l e l  d i f f e r e n t  s c e n a r i o s  e x i s t  f o r  t h e  d i f f e r e n t  
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f r o n t a l  a r e a s  i n  t h e  e a s t e r n  A t l a n t i c ;  e a c h  r e g i o n  of t h e  A f r i c a n  c o a s t  
shows a somewhat d i f f e r e n t  r a t e  of development ( J . - M .  S t r e t t a r  unpubl i shed  
d a t a ) .  The o n s e t  of a t y p i c a l  event  ( r i s i n g  of n u t r i e n t s  i n t o  t h e  e u p h o t i c  
zone) o c c u r s  4-6 weeks p r i o r  t o  t h e  development of a f i s h e r y  i n  t h e  r eg ion  
(J.-M. S t r e t t a r  unpubl i shed  d a t a ) .  

3.3.4 P r o c e s s e s  

Wind-driven advec t ion  and mixing  a r e  p r i n c i p a l  p h y s i c a l  p r o c e s s e s  t h a t  
de t e rmine  f o r a g e  p roduc t ion  and d i s t r i b u t i o n .  On t h e  l a r g e s t  scalesr zones  
of convergent  and d i v e r g e n t  f low occur c o n s i s t e n t l y .  

D i v e r g e n t  z o n e s  a r e  b i o l o g i c a l l y  p r o d u c t i v e  b e c a u s e  n u t r i e n t s  a r e  
b r o u g h t  v e r t i c a l l y  t o  t h e  e u p h o t i c  l a y e r r  b u t  o r g a n i s m s  a r e  d i s p e r s e d  
l a t e r a l l y .  P r o x i m a t e  c o n v e r g e n t  z o n e s  c a n  c o l l e c t  t h i s  p r o d u c t i o n .  On 
somewhat  s m a l l e r  s c a l e s  o f  t i m e  a n d  s p a c e r  w i n d - d r i v e n  c o n v e r g e n t  a n d  
d i v e r g e n t  f low a long  c o a s t l i n e s  c r e a t e s  s p e c i a l  env i ronmen t s  f o r  t u n a  and  
fo rage .  Usual ly  t u n a s  avo id  upwe l l ing  ( d i v e r g e n t )  zones b u t  f r e q u e n t  t h e  
downwelling (convergent )  f r o n t s  u s u a l l y  found seaward of upwe l l ing  sources .  
T h i s  i s  p r e s u m a b l y  due  t o  t h e  h i g h e r  f o r a g e  a s s o c i a t e d  w i t h  s u c h  f r o n t s .  
Convergent f r o n t s  a l s o  are produced where c o l d e r  or more s a l i n e  w a t e r  meets 
warmer  o r  l e s s  s a l i n e  water. A t  3-5"Nr c o l d  w a t e r  f r o m  t h e  e q u a t o r i a l  
upwe l l ing  meets warm c o u n t e r c u r r e n t  water and s l i d e s  downward. The p r o c e s s  
i s  e x p r e s s e d  a s  a s e r i e s  of t h e r m a l  f r o n t s  e n c o u n t e r e d  i n  t h i s  r e g i o n 1  
e s p e c i a l l y  i n  t h e  e a s t e r n  h a l f  of t h e  P a c i f i c  Ocean b a s i n .  R i v e r  p lumes1  
such as t h o s e  of t h e  Columbia and Amazon Rivers1  have f r o n t a l  zones  due t o  
l a t e r a l  impingement of s a l i n e  w a t e r s  on f r e s h e r  w a t e r  of t h e  plume. 

The c o n v e r g i n g  e f f e c t  of t h e  wind  s t r e s s  d i s t r i b u t i o n  causes t h e  
t h e r m o c l i n e  t o  deepen  ( u s u a l l y  c a l l e d  d o w n w e l l i n g )  and  t e n d s  t o  h a v e  l o w  
p r o d u c t i v i t y .  Examples  a r e  t h e  c e n t r a l  a reas  o f  t h e  l a r g e  o c e a n  g y r e s  
w h e r e  t h e  t h e r m o c l i n e  i s  d e e p  a n d  t h e  w a t e r  i s  h i g h l y  t r a n s p a r e n t .  
Tempera ture  and/or  s a l i n i t y  f r o n t s  a r e  found around t h e  p e r i p h e r y  of t h e s e  
c e n t r a l  a r eas .  For exampler  i n  t h e  Hawaiian r eg ion  a s a l i n i t y  f r o n t  moves 
s e a s o n a l l y  nor th-southward  i n t o  t h e  i s l a n d  region. Assoc ia t ed  w i t h  t h i s  
f r o n t a l  movement i s  t h e  s e a s o n a l  movement of s k i p j a c k  i n t o  r a n g e  o f  t h e  
l o c a l  f i s h e r y  (Seckel  1 9 7 2 ) .  S i m i l a r l y r  h i g h  c a t c h e s  of s k i p j a c k  i n  t h e  
w e s t e r n  P a c i f i c  seem t o  b e  c o r r e l a t e d  w i t h  t h e  3 5  O/oo i s o h a l i n e .  
Presumably t h e  h i g h e r  c a t c h e s  a r e  due t o  a g g r e g a t i o n  of s k i p j a c k  on f o r a g e  

r o d u c e d  i n  c o n v e r g e n c e  z o n e s  w h i c h  a r e  marked  a t  t h e  s u r f a c e  by t h e  35  
g/oo i s o h a l i n e  (Donguy e t  a1 . 1978).  

Eddy m o t i o n s  a l s o  c r e a t e  c o n v e r g e n t  or d i v e r g e n t  f l o w t  d e p e n d i n g  on  
f low d i r e c t i o n  and C o r i o l i s  d e f l e c t i o n .  Cyc lon ic  e d d i e s  produce d i v e r g e n t  
f l o w  and  t e n d  t o  p r o d u c e  h i g h e r  p r o d u c t i o n  i n  t h e i r  c e n t e r s 1  s u c h  a s  t h e  
C o s t a  R i c a n  Dome. R e c e n t  e v i d e n c e  ( T r a n t e r  e t  a l .  1 9 8 3 )  i n d i c a t e s  t h a t  
b i o t i c  en r i chmen t  can  occur  a t  edges  of a n t i c y c l o n i c  edd ie s .  Demonstrably 
d i f f e r e n t  o r g a n i s m  e n s e m b l e s  o c c u r  i n  e d d i e s  of b o t h  t y p e s  (Wiebe  e t  a l .  
1976;  Backus  e t  a l .  1 9 6 9 ) .  

On a s m a l l e r  scaler f r o n t s  or convergences  can  a l s o  be produced by t h e  
i n t e r a c t i o n  of t h e  w i n d - d r i v e n  s u r f a c e  f l o w  w i t h  o c e a n  c u r r e n t s 1  or t h e y  
can  be t h e  r e s u l t  of eddying water motion. I n  a l l  c a s e s  f o r a g e  o rgan i sms  
a r e  r e d i s t r i b u t e d #  d ive rged  or converged by t h e s e  w a t e r  movements. 

3 -3.5 Fronts and V i s i b i l i t y  

I n  t h e  a l b a c o r e  f i s h i n g  g r o u n d s  a t  t h e  b o r d e r  of t h e  N o r t h  P a c i f i c  
Ocean1 t h e  f i s h  c o n c e n t r a t e  i n  t h e  v i c i n i t y  of ocean  f r o n t s .  These f r o n t s  
a r e  a s s o c i a t e d  w i t h :  c u r r e n t  s y s t e m s  and  o t h e r  f e a t u r e s  i n  t h e  w e s t e r n  
P a c i f i c  (Uda 1 9 7 3 ) ;  c o a s t a l  u p w e l l i n g  ( L a u r s  e t  a l .  1 9 7 7 ;  L a u r s  e t  a l .  
1 9 8 4 ) ;  a n d  t h e  Co lumbia  R i v e r  p lume  i n  t h e  eastern P a c i f i c  ( O w e n  1968 ;  
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Pearcy and Mue l l e r  1970).  The m i g r a t i o n  p a t t e r n s  and f i s h i n g  s u c c e s s  f o r  
a l b a c o r e  i n  t h e  c e n t r a l  North P a c i f i c  a r e  a l s o  r e l a t e d  t o  o c e a n i c  f r o n t a l  
s t r u c t u r e  a s s o c i a t e d  w i t h  t h e  North P a c i f i c  T r a n s i t i o n  Zone ( L a u r s  and Lynn 
1 9 7 7  and  Lynn 1 9 8 4 ) .  S i m i l a r l y ,  s k i p j a c k  and  y e l l o w f i n  do n o t  e n t e r  t h e  
g r e e n  w a t e r  of c o a s t a l  u p w e l l i n g  a r e a s  i n  t h e  Gu l f  o f  Gu inea  and  t h e  G u l f  
o f  Panama b u t  r e m a i n  i n  t h e  c l e a r  o c e a n i c  w a t e r  a l o n g  t h e  edge  of t h e  
f r o n t .  I n  a d d i t i o n 1  phytoplankton  s t o c k s  and p roduc t ion  a r e  h i g h e s t  on t h e  
Cos ta  Rican  Dome (about  9"NI 89"W)l w h i l e  zooplankton  i s  more abundant  and 
t u n a  c a t c h  h i g h e s t  a long  t h e  edges (F. Miller1 unpubl i shed  d a t a #  IATTCl La 
J o l l a r  CAI USA). 

T h i s  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 t u n a s  a long  c o a s t a l  f r o n t s  h a s  l e d  
t o  t h e  h y p o t h e s i s  t h a t  t u n a s  do  n o t  e n t e r  t h e  more  t u r b i d  c o a s t a l  w a t e r s  
because lower  v i s i b i l i t y  r educes  f o r a g i n g  e f f i c i e n c y ;  t hey  remain  a l o n g  t h e  
edges  of such  h a b i t a t s  where t h e  v i s i b i l i t y  remains  h igh  and capture prey  
from t h e  c o a s t a l  h a b i t a t  as  they  s t r a y  i n t o  c l e a r e r  water .  An a l t e r n a t i v e  
e x p l a n a t i o n  is  t h a t  prey become c o n c e n t r a t e d  i n  t h e  f r o n t  and a r e  t h e r e f o r e  
more  a b u n d a n t  t h a n  i n  e i t h e r  t h e  c o a s t a l  u p w e l l e d  w a t e r  o r  t h e  o f f s h o r e  
water. We b e l i e v e  s u f f i c i e n t  d a t a  e x i s t  o n  t h e  v i s i o n  of f i s h e s  a n d  
u n d e r w a t e r  v i s i b i l i t y  t o  d e v e l o p  a n  o p t i m a l  f o r a g i n g  model  t o  t e s t  t h e  
v i  si b i l i  t y  hypo thes i s .  

3.3.6 Hovements 

Some e v i d e n c e  e x i s t s  t h a t  v a r i a t i o n s  i n  o c e a n o g r a p h i c  c o n d i t i o n s  
a f f e c t  t h e  t i m i n g  of t h e  o n s e t  of m i g r a t i o n  of a l b a c o r e  f r o m  one  p a r t  o f  
t h e  North P a c i f i c  t o  a n o t h e r ,  and a f f e c t  t h e  ra tes  of m i g r a t i o n  and r o u t e s  
t h a t  t h e  f i s h  f o l l o w  d u r i n g  m i g r a t i o n s .  For  example1  t h e  t i m i n g  o f  t h e  
e m i g r a t i o n  of f i s h  i n  t h e  w e s t e r n  North P a c i f i c  a p p e a r s  t o  be de t e rmined  by 
c o n d i t i o n s  a s s o c i a t e d  w i t h  t h e  K u r o s h i o  C u r r e n t  s y s t e m  (R.M. L a u r s  p e r s .  
comm.). E m i g r a t i o n  f r o m  t h e  e a s t e r n  P a c i f i c  i s  n o t  u n d e r s t o o d l  n o r  h a v e  
i t s  r e l a t i o n s h i p s  w i t h  o c e a n  c o n d i t i o n s  been  d e f i n e d l  e x c e p t  i n  g e n e r a l  
terms of s e a s o n a l  c o o l i n g  of t h e  o c e a n  ( F l i t t n e r  1 9 6 8 ) .  The r o u t e s  
f o l l o w e d  by  a l b a c o r e  o n  t h e i r  m i g r a t i o n s  a c r o s s  t h e  N o r t h  P a c i f i c  a r e  
b e l i e v e d  t o  be  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  Zone (McGary e t  a l .  1961) and 
mid-ocean f r o n t a l  s t r u c t u r e  (Laurs  and Lynn 1977). The m i g r a t i o n  r a t e s  and 
a g g r e g a t i o n s  of a l b a c o r e  i n  t h e  mid-ocean  a r e  m a r k e d l y  i n f l u e n c e d  by t h e  
deg ree  of f r o n t a l  s t r u c t u r e  development ( L a u r s  and Lynn 1977). V a r i a t i o n  
i n  oceanograph ic  c o n d i t i o n s  might  have s i m i l a r  e f f e c t s  on t h e  we l l -de f ined  
spawning m i g r a t i o n s  of A t l a n t i c  and P a c i f i c  n o r t h e r n  b l u e f i n .  

Much l e s s  i s  known of t h e  m i g r a t i o n s  of s k i p j a c k  a n d  y e l l o w f i n l  and  
even  l e s s  i s  known of t h e  e f f e c t  o f  v a r i a t i o n  of o c e a n i c  c o n d i t i o n s  on 
t h e i r  m i g r a t o r y  p a t t e r n s .  I n  f a c t l  some s t o c k s  appea r  t o  be more nomadic 
t h a n  m i g r a t o r y .  I n  t h e  e a s t e r n  A t l a n t i c  s k i p j a c k  f o l l o w  a p r e d i c t a b l e  
r o u t e r  a p p a r e n t l y  moving f r o m  one  a r e a  of h i g h  p r o d u c t i v i t y  t o  a n o t h e r  
a l o n g  t h e  A f r i c a n  c o a s t  ( I C C A T  1984 ; F i g u r e  1 4 ) .  They t h e n  seem t o  
d i s a p p e a r  f rom t h e  c o a s t a l  f i s h e r y l  p r o b a b l y  moving o f f  s h o r e  a l o n g  t h e  
equator .  Howevert t h e  s e a s o n a l  movements may be more r e l a t e d  t o  changes  i n  
f o r a g e  a v a i l a b i l i t y  t h a n  t o  a n  i n h e r e n t  m i g r a t i o n a l  c y c l e .  I n  c o n t r a s t 1  
t h e  e x t e n s i v e  t a g g i n g  work o n  t h e  S o u t h  P a c i f i c  s k i p j a c k  i n d i c a t e d  n o  
c o n s i s t e n t  p a t t e r n s  of movement1 a l t h o u g h  f i s h e r i e s  i n  t h e  r e g i o n  show a 
s e a s o n a l  p a t t e r n .  Broad t r e n d s  must  e x i s t  b u t  they  cou ld  n o t  be  r e s o l v e d  
due  t o  s e a s o n a l  movement of t h e  t a g g i n g  v e s s e l  ( L e w i s  1981;  Argue  and  
Kearney  1 9 8 2 ) .  The S h o r t - t e r m  ( 3 0  d a y s  o r  less) r e c o v e r i e s  of s k i p j a c k  
i n d i c a t e d  o n l y  d i s p e r s i o n 1  w h e r e a s  o v e r  l o n g e r  p e r i o d s  t h e  t a g g i n g  d a t a  
show somewhat more d i r e c t i o n a l  c o n s i s t e n c y  (A.W. Arguer unpubl i shed  d a t a ) .  
As b e f o r e 1  t h i s  i n d i c a t e s  t h a t  t h e  s c a l e  of movement i s  a c r i t i c a l  
c o n s i d e r a t i o n  i n  s t u d i e s  of movements. Movements cons ide red  on a monthly 
b a s i s  may a p p e a r  random1 b u t  w i t h  l o n g e r  p e r i o d s 1  p a t t e r n s  may emerge  
s h o w i n g  a n e t  d i r e c t i o n a l  component .  I n  o t h e r  w o r d s t  a f i x e d  g e o g r a p h i c  
c o o r d i n a t e  s y s t e m  may be i n a p p r o p r i a t e  f o r  t u n a ,  s i n c e  a f i s h  c a n  f o l l o w  
t h e  same i n h e r e n t  r u l e s  i n  such  a sys tem w i t h o u t  f o l l o w i n g  t h e  same path.  
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Figure 14. Migra t ion  p a t t e r n  f o r  s k i p j a c k  t u n a  i n  t h e  e a s t e r n  A t l a n t i c  f rom 
I n t e r n a t i o n a l  Sk ip jack  Year Program t agg ing  expe r imen t s  (ICCAT 
1 9 8 4 ) .  S o l i d  a r r o w s  d e p i c t  o b s e r v e d  movement o f  f i s h  f r o m  
t agg ing  a reas .  Open a r r o w s  d e p i c t  p o s s i b l e  movementst n o t  y e t  
conf i rmed by tagging .  

O t h e r  b o u n d a r i e s  e x i s t  i n  t h e  o c e a n  t h a t  c o u l d  b e  u s e d  a s  c o o r d i n a t e s  
r e l a t i v e  t o  wh ich  t u n a  d i s t r i b u t i o n s  c o u l d  b e  d e s c r i b e d .  Moving f r o n t a l  
zones  w i t h  which t h e  t u n a  a r e  a s s o c i a t e d  is  one such example. 

Water motion a f f e c t s  f i s h  d u r i n g  mig ra t ion1  b u t  p a s s i v e  or s e l e c t i v e  
t r a n s p o r t  ( A r n o l d  and  Cook 1984)  by c u r r e n t s  h a s  y e t  t o  be  i d e n t i f i e d  as  
t h e  mechanism u s e d  by t u n a  i n  any  of t h e i r  m i g r a t o r y  r o u t e s ,  a l t h o u g h  a 
number of s u c h  mechan i sms  h a v e  b e e n  p o s t u l a t e d .  Examples  i n c l u d e  t h e  
t r a n s p o r t  of s k i p j a c k  young t o  t h e  e a s t e r n  t r o p i c a l  P a c i f i c  (Secke l  1972; 
W i l l i a m s  1972) P and movement of s o u t h e r n  b l u e f i n  t o  t h e i r  spawning grounds 
i n  t h e  South  P a c i f i c  and t r a n s p o r t  of t h e i r  j u v e n i l e s  t o  A u s t r a l i a n  w a t e r s  
(Harden J o n e s  1984). The d i s p e r s i v e  e l emen t  i n  t h e  sho r t - t e rm r e c o v e r i e s  
of marked  s k i p j a c k  and  o t h e r  t u n a s  m i g h t  a l s o  b e  r e l a t e d  t o  water  
movements.  I f  t h e  f i s h  w e r e  f o r a g i n g  i n  a l i m i t e d  a r e a l  t h e y  c o u l d  b e  
d i s p e r s e d  by t h e  eddy  m o t i o n  o f  t h e  w a t e r .  The e f f e c t s  o f  water m o t i o n  
s h o u l d  b e  i n c l u d e d  i n  a l l  s t u d i e s  of  t u n a  movement o r  m i g r a t i o n  u n t i l  i t  
can be demons t r a t ed  t h a t  t hey  are  n e g l i g i b l e .  

The r e g u l a r  t r a n s o c e a n i c  movements of t h e  t e m p e r a t e  t u n a s  s u g g e s t  t h a t  
t u n a  have t h e  a b i l i t y  t o  naviga te .  W a l k e r  e t  a l .  (1984) have p o s t u l a t e d  a 
p o s s i b l e  compass and p i l o t i n g  mechanism. I n  a d d i t i o n 1  y e l l o w f i n  tagged  Off 
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H a w a i i  r e t u r n  t o  f i s h  a t t r a c t i o n  d e v i c e s  on a r e g u l a r  b a s i s  and  a t  a b o u t  
t h e  same t i m e  of day (Holland e t  a l .  i n  p r e s s ) .  The i n h e r e n t  n a v i g a t i o n a l  
componen t  of movemen t s  i s  n o t  a key management i s s u e  i n  mos t  t u n a  s t o c k s  
b e c a u s e  i f  i t  e x i s t s  i t  i s  e q u i v a l e n t  t o  t h e  known a v e r a g e  p a t t e r n .  What 
w e  need t o  know is  how t o  p r e d i c t  t h e  anomal i e s  from t h e  average  p a t t e r n .  
On t h e  o t h e r  hand1 i f  a c h a n n e l i n g  of movements e x i s t e d  a s  a r e s u l t  of 
n a v i g a t i o n  cuesl o r  t r a n s p o r t  by c u r r e n t s ,  it cou ld  have d i r e c t  management 
i m p l i c a t i o n s .  

3 . 3 . 7  Opportunities f o r  Coopera t ive  S t u d i e s  

Major new i n i t i a t i v e s  i n  oceanography have s t a r t e d  and a r e  p lanned  f o r  
t h e  r e m a i n d e r  of t h i s  c e n t u r y .  These  i n i t i a t i v e s  w i l l  p r o v i d e  new 
unde r s t and ing  of ocean s t r u c t u r e s  and p r o c e s s e s  and p rov ide  o p p o r t u n i t i e s  
f o r  i n t e r d i s c i p l i n a r y  s t u d i e s .  The T r o p i c a l  Oceansr  G l o b a l  A tmosphere  
(TOGA) i n t e r n a t i o n a l  program began  i n  1 9 8 5 .  T h i s  p rogram w i l l  l e a d  
d i r e c t l y  i n t o  t h e  Wor ld  Ocean C i r c u l a t i o n  E x p e r i m e n t  (WOCE) wh ich  i s  
schedu led  t o  beg in  i n  1990.  The f i r s t  i s  p a r t i c u l a r l y  p e r t i n e n t  t o  s t u d i e s  
r e l a t e d  t o  t r o p i c a l  t unas .  The l a t t e r  program w i l l  make u s e  of v a s t  a r r a y s  
of o b s e r v a t i o n s  i n c l u d i n g  t h o s e  o b t a i n e d  f r o m  new s a t e l l i t e  s e n s o r s  
m e a s u r i n g  w i n d  s t r e s s  a n d  sea l e v e l .  I t  i s  p r o b a b l e  t h a t ,  when t h e  
programs a r e  comple ted ,  t h e  v a r i a b i l i t y  of t h e  e q u a t o r i a l  c u r r e n t  sys t ems  
and t h e  t h e r m o c l i n e  dep th  can  be modeled and p r e d i c t e d .  As a r e s u l t ,  more 
d e t a i l e d  i n f o r m a t i o n  a b o u t  o c e a n  s t r u c t u r e l  o c e a n  c u r r e n t s 1  f r o n t a l  
deve lopments  and d i s t r  i bu ti  ons w i l l  become a v a i l  ab1 e. 

D r i f t i n g  buoys  t h a t  c a n  be  t r a c k e d  by s a t e l l i t e s  p r o v i d e  a new 
o p p o r t u n i t y  t o  s tudy  tuna  movements as  they  a r e  r e l a t e d  t o  c u r r e n t s .  The 
buoys cou ld  be  deployed  du r ing  a t a g g i n g  c r u i s e  and t h e  d i s p e r s i v e  e l emen t  
of t h e  w a t e r  as  r e f l e c t e d  by b o t h  s u r f a c e  and  s u b s u r f a c e  buoys  c o u l d  b e  
compared t o  t h e  a p p a r e n t  d i s p e r s i o n  of f i s h  i n d i c a t e d  from shor t - t e rm o r  
l onge r - t e rm r e c o v e r i e s  of t ags .  T h i s  expe r imen t  would t es t  t h e  h y p o t h e s i s  
t h a t  v a r i a t i o n  i n  t h e  h e a d i n g s  o r  d i s p e r s i o n  of s h o r t - t e r m  r e c o v e r i e s  of 
marked  t u n a  i s  r e l a t e d  t o  t r a n s p o r t  by c u r r e n t s .  T h i s  a p p r o a c h  c o u l d  be  
i n t e g r a t e d  w i t h  t h e  TOGA p rogram s i n c e !  a s  p a r t  of TOGA,  a n  e x t e n s i v e  
e x p e n d a b l e  b a t h y t h e r m o g r a p h  o b s e r v a t i o n a l  p r o g r a m  i s  i n  p r o g r e s s .  
I n f o r m a t i o n ,  s o  f a r  u n a v a i l a b l e l  w i l l  be  o b t a i n e d  a b o u t  t h e  s u b s u r f a c e  
t e m p e r a t u r e  s t r u c t u r e  a n d  i t s  month- to-month  c h a n g e s  i n  t h e  t r o p i c a l  
A t l a n t i c  and P a c i f i c .  

I n  s h o r t 1  a w e a l t h  of e n v i r o n m e n t a l  d a t a  w i l l  s o o n  be a v a i l a b l e  f o r  
t h e  s t u d y  of t u n a  movement dynamics .  The d a t a  can  be  u s e d  t o  t e s t  
hypo theses  r e g a r d i n g  movements u s ing  e x i s t i n g  movement da t a .  I n  a d d i t i o n l  
t h e  p r o g r a m s  p r o v i d e  a d a t a  f i e l d  a r o u n d  w h i c h  i n t e r n a t i o n a l  s e a  
expe r imen t s  on tuna  movements cou ld  be designed. Phys ica l  oceanographers  
a r e  r e c e p t i v e  t o  mak ing  t h e i r  s t u d i e s  i n t e r d i s c i p l i n a r y ,  and  f u n d i n g  
a g e n c i e s  f a v o r  c o o p e r a t i v e  work. C o o p e r a t i o n  m u s t  be  s o u g h t  w i t h  t h e  
o c e a n o g r a p h e r s  a n d  t h e i r  f u n d i n g  a g e n c i e s  t o  e s t a b l i s h  s u c h  a n  
i n t e r d i s c i p l i n a r y  p rogram.  S t e p s  s h o u l d  b e  t a k e n  t o  combine  f i s h e r y  
r e s e a r c h  o b j e c t i v e s  w i t h  those  of i n t e r n a t i o n a l  oceanography and t o  e n s u r e  
t h a t  t h e  wea l th  of incoming oceanographic  d a t a  w i l l  be i n  a form u s e f u l  f o r  
i n t e r p r e t i n g  t u n a  movements. Howevert more d a t a  on a c t u a l  p a t h s  of t u n a s  
m u s t  be o b t a i n e d  b e f o r e  any major advances  can  be expec ted  i n  t h e  dynamics 
of t u n a  movementst o r  b e f o r e  t h e  w e a l t h  of env i ronmen ta l  d a t a  can be  f u l l y  
u t i l i z e d  i n  t h e  i n t e r p r e t a t i o n s  of movements. 

3 - 3  .8 Research  Approaches 

We n e e d  t o  f o r e c a s t  f r o m  p h y s i c a l  d a t a  w h e r e  t u n a s  w i l l  b e l  t h e i r  
n u m b e r s t  a n d  t h e i r  v u l n e r a b i l i t y  t o  f i s h i n g  g e a r .  I f  t h e i r  f o o d  
d i s t r i b u t i o n  can  be d e s c r i b e d  and p r e d i c t e d  o r  i f  h a b i t a t s  which a r e  more 
l i k e l y  t o  b e  s e l e c t e d  by t u n a s  can  b e  d e s c r i b e d  and  p r e d i c t e d ,  t h e n  t h e  
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d i s t r i b u t i o n  of t u n a s  c o u l d  be  d e s c r i b e d  and  p r e d i c t e d .  Thus1 a mode l  i s  
added t h a t  d e s c r i b e s  t h e  p r o c e s s  of movements and t h e n  f o r e c a s t s  movements 
on t h e  b a s i s  of t h e  d r i v i n g  v a r i a b l e s .  Such a model would have g r e a t  v a l u e  
w h e r e  t h e  f i s h e r y  i s  composed of a m o s a i c  of n a t i o n a l  j u r i s d i c t i o n s .  A 
model  s i m i l a r  t o  t h i s  i s  b e i n g  d e v e l o p e d  f o r  N o r t h  P a c i f i c  a l b a c o r e  (P. 
K l e i b e r  pe r s .  comm). 

P o w e r f u l  s t a t i s t i c a l  t e c h n i q u e s  h a v e  r e c e n t l y  been  employed  t o  
i d e n t i f y  tuna-environment r e l a t i o n s h i p s  i n  t h e  e a s t e r n  t r o p i c a l  A t l a n t i c  
( M e n d e l s s o h n  and  Roy 1 9 8 6 ) .  These  t e c h n i q u e s  i n v o l v e  m u l t i v a r i a t e 1  t i m e  
s e r i e s  m o d e l s  t h a t  use t e m p o r a l  and  s p a t i a l  d i s t r i b u t i o n s  of t u n a l  c a t c h  
r a t e s ,  and envi ronmenta l  p r o p e r t i e s  such a s  s e a - s u r f a c e  t e m p e r a t u r e s t  mixed 
l a y e r  o r  t h e r m o c l i n e  d e p t h s ,  and  wind  s t r e s s .  T h e s e  m o d e l s  i d e n t i f y  
s i g n i f i c a n t  env i ronmen ta l  p r o p e r t i e s 1  show phase r e l a t i o n s h i p s  i n  c y c l i c a l  
f i s h e r i e s l  and  i d e n t i f y  l a g s  b e t w e e n  o c e a n o g r a p h i c  e v e n t s  a n d  i n c r e a s e d  
c a t c h e s .  T h i s  t y p e  o f  m o d e l  i s  m o s t  e a s i l y  a p p l i e d  when  o b v i o u s  
c o r r e l a t i o n s  e x i s t  b e t w e e n  e n v i r o n m e n t a l  c o n d i t i o n s  and  c a t c h l  b u t  t h e  
p r o c e s s e s  a r e  n o t  i d e n t i f i e d .  

R e s e a r c h  p l a n n i n g  m u s t  c o n s i d e r  w h e t h e r  f u n d s  s h o u l d  be  expended  t o  
u n d e r s t a n d  r e l a t i o n s h i p s  b e t w e e n  e n v i r o n m e n t  and  movements  o r  i d e n t i f y  
c o r r e l a t i o n s .  I n  t h e  p a s t 1  management needs seemed s a t i s f i e d  by t h e  l a t t e r  
approach1 b u t  no consensus  e x i s t s  among e x p e r t s  on t h e  p r e f e r r e d  approach. 
One v i e w  was  t h a t  i t  was  p r e f e r a b l e  t o  l i n k  t u n a  movements  t o  t h e  
envi ronment  by e s t a b l i s h i n g  cause  and e f f e c t  r e l a t i o n s h i p s 1  because  p a s t  
c o r r e l a t i o n s  have u l t i m a t e l y  broken down. The a l t e r n a t i v e  view was t h a t  
s u c h  l i n k a g e s  were d i f f i c u l t  t o  e s t a b l i s h  and d i f f i c u l t  t o  a p p l y  t o  r e a l  
f i s h e r y  p r o b l e m s  a n d  t h a t  t h e  p r o p e r  a p p r o a c h  was t o  b e c o m e  m o r e  
s o p h i s t i c a t e d  i n  measurement of t h e  envi ronment  and t u n a  movements; t h e n  
t h e  c o r r e l a t i o n s  would  h o l d .  The l a t t e r  v i ew s u p p o r t s  l a r g e - s c a l e  
measurements and broad p r o j e c t  o b j e c t i v e s 1  whereas  t h e  fo rmer  view w o u l d  
l e a d  t o  a s e r i e s  o f  s m a l l e r - s c a l e  and  h i g h l y  f o c u s e d  i n v e s t i g a t i o n s  
des igned  t o  t e s t  s p e c i f i c  hypotheses.  Examples a r e  t e s t i n g  how movement 
ra tes  va ry  wi th  f o r a g e  p a t t e r n s  and p h y s i o l o g i c a l  s t a t e  o r  how v i s i b i l i t y  
a f f e c t s  f o r a g i n g  p a t t e r n s .  E x t e n s i v e  u s e  of o c e a n  m e a s u r e m e n t s  made by 
s a t e l l i t e  shou ld  be most b e n e f i c i a l  i n  such work. 

The development of a major program on movement dynamics of t u n a s  m u s t  
a d d r e s s  t h e  i s s u e  of scales .  Most management i s sues  a r e  l a r g e  s c a l e  
(51000-10,000 k m ) l  whereas  t h e  e v e n t s  t h a t  a f f e c t  movement on a d a i l y  b a s i s  
a r e  of s m a l l e r  s c a l e  ( 5 0  k m ) .  T h e  a p p r o a c h e s  t o  i n t e g r a t e  t h e s e  
fundamenta l  d i f f e r e n c e s  i n  scale w i l l  be  a key issue i n  t h e  development of 
a program on tuna  movements. 

3.4 Reexamination of Tuna Uovement Data 

T h i s  s e c t i o n  a d d r e s s e s  t h e  impor tance  of reexamining  e x i s t i n g  d a t a  a s  
a p r e l u d e  t o  d e v e l o p i n g  a m a j o r  r e s e a r c h  p rogram on  t u n a  movement. Much 
i n f o r m a t i o n  on movement h a s  been c o l l e c t e d  i n  t h e  l a s t  3 0  y e a r s  f o r  t h e  s i x  
p r i n c i p a l  t u n a  s p e c i e s  ( s k i p j a c k 1  y e l l o w f i n l  a l b a c o r e t  b i g e y e ,  n o r t h e r n  
b luef  in1 and s o u t h e r n  b l u e f i n ) .  The pr imary  d a t a  i n c l u d e  conven t iona l  t a g  
a n d  r e c o v e r y  d a t a  a n d  c a t c h  and  e f f o r t  d a t a ;  s e c o n d a r y  d a t a  i n c l u d e  
oceanographic  and c l i m a t i c  d a t a ,  d a t a  p e r t a i n i n g  t o  s t o c k  i d e n t i f i c a t i o n 1  
s i z e  and  a g e  of t h e  c a t c h l  d i e t l  r e p r o d u c t i o n  and  g e n e r a l  e c o l o g y  a n d  
b io logy  of a d u l t s  and j u v e n i l e s .  The approx ima te  numbers of t a g  r e l e a s e s  
f o r  e a c h  s p e c i e s  i n  t h e  w o r l d ' s  o c e a n s  ( P a c i f i c ,  A t l a n t i c  a n d  I n d i a n  
Oceans) is roughly  p r o p o r t i o n a l  t o  t h e  d i s t r i b u t i o n  of c u r r e n t  wor ld  c a t c h  
( T a b l e s  3 and  4 ) .  



- 34 - 

Table 3 

Approximate numbers of  t a g  releases f o r  t h e  p r inc ipa l  t u n a  species 
( f r o m  B a y l i f  f r  Fonteneaur  a n d  Kearneyt  pers. comm.). 

Ocean : A t l a n t i c  I n d i a n  P a c i f i c  T o t a l  

S k i p j a c k  35 r O O O  0 280 r O O O  315 r o o 0  

Y e l l o w f i n  1 4  r O O O  0 140r000 154 r O O O  

A1 ba cor e 6 r O O O  0 25 r O O O  3 1  r O O O  

B i g e y e  8 r O O O  0 1 r o o 0  9 r O O O  

N o r t h e r n  
38r000 b l u e f i n  23,000 0 1 5 r 0 0 0  

S o u t h e r n  
b l u e f i n  - 0 60r000 60r000 

T o t a l  86 r O O O  0 5 2 1  r O O O  607 r O O O  

P e r c e n t  14 .2  0 85.8 100.0 

Table 4 

The 1979 w o r l d  c a t c h  i n  metric t o n s  of  t h e  p r inc ipa l  t u n a  species 
( f rom J o s e p h  1 9 8 3 ) .  

Ocean : A t l a n t i c  I n d i a n  P a c i f i c  T o t a l  

S k i p j a c k  87 r714 32 r662 578 r309 698 r685 

Y e l l o w f i n  1 4 4  r159 60r649 379 r222 584 r309 

A l b a c o r e  74 ,325  1 2 , 2 3 3  114 r696 201 r 254 

B i g e y e  3 3  r060 31r632 1 2 1  r684 186 r376 

N o r t h e r n  
b l u e f i n  13 1330 201108 33  r438 

S o u t h e r n  
b l u e f i n  7 r629 1 8 r 1 4 2  7 r109 32r880 

T o t a l  360 r217 155  r318 l r 2 2 1 r 1 2 8  1 r 7 3 6  r663 

P e r c e n t  20.7 8 -9 70.3 100.0 

N e w  l i n e s  o f  r e s e a r c h  c o u l d  b e  e x p l o r e d  t h r o u g h  f u r t h e r  a n a l y s e s  o f  
e x i s t i n g  t a g  r e c o v e r y #  c a t c h - e f f  o r t r  o c e a n o g r a p h i c r  c l i m a t i c  a n d  o t h e r  
d a t a .  I n v e s t i g a t o r s  c o u l d  a t t e m p t  t h e  f o l l o w i n g :  i d e n t i f i c a t i o n  o f  
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h y d r o g r a p h i c  a n d  c l i m a t i c  f e a t u r e s  t h a t  h a v e  t h e  g r e a t e s t  impact o n  
movement and  c o n c e n t r a t i o n  o f  t u n a s ;  e x a m i n a t i o n  of s e a s o n a l i t y  i n  
f i s h e r i e s  a s  i t  r e l a t e s  t o  movements  of t u n a  ( f r o m  c a t c h - e f f o r t  and  t a g  
r e c o v e r y  d a t a ) ;  e x a m i n a t i o n  of d i r e c t i o n a l i t y  of t u n a  movements  and  o f  
i n t e r a c t i o n  among t u n a  f i s h e r i e s  ( c o o p e r a t i v e  examina t ion  of t a g  r ecove ry  
and c a t c h - e f f o r t  d a t a ) ;  a n a l y s i s  of t a g  r e c o v e r i e s  i n  r e l a t i o n  t o  t h e  s i z e  
( a g e )  o f  t u n a  i n  t h e  f i s h e r y  a t  t h e  t i m e  t h e  t a g s  were r e c o v e r e d ;  
c o o p e r a t i v e  examina t ion  of t a g  r e c a p t u r e  d a t a r  oceanographic  d a t a  and d a t a  
o n  f o r a g e  i t e m s  ( f r o m  d i e t  s a m p l e s ) t  w h i c h  m i g h t  b e  i n d i c a t i v e  o f  t u n a  
movement among o c e a n  d o m a i n s ;  and  c o m p a r a t i v e  s t u d i e s  o f  s p e c i e s  a n d  
s t o c k s .  

With f u r t h e r  a n a l y s i s  of e x i s t i n g  d a t a l  t h e  r e s e a r c h  proposed i n  t h i s  
r e p o r t  c o u l d  b e  r e f i n e d r  a s  c o u l d  d e v e l o p m e n t  of s p e c i f i c  r e s e a r c h  
hypotheses .  On t h e  o t h e r  hand1 wi thou t  combining d a t a  from v a r i o u s  r e g i o n s  
and i n t e r n a t i o n a l  and n a t i o n a l  a g e n c i e s r  e x p l o r a t i o n  of e x i s t i n g  d a t a  cou ld  
p rove  mis l ead ing .  For exampler when blood e l e c t r o p h o r e t i c  d a t a  f o r  P a c i f i c  
s k i p j a c k  i n c l u d e d  o n l y  t h o s e  s a m p l e s  c o l l e c t e d  by t h e  U n i t e d  S t a t e s  a n d  
J a p a n  ( F i g u r e  1 5 ) r  i t  was h y p o t h e s i z e d  t h a t  s k i p j a c k  i n  t h e  P a c i f i c  
compr ised  s e v e r a l  subpopu la t ions  ( s tocks ) .  When samples  c o l l e c t e d  by t h e  
South P a c i f i c  Commission were i n c l u d e d  ( F i g u r e  l 6 I r  i t  was concluded t h a t  
c l i n a l  p o p u l a t i o n  s t r u c t u r e  was a r e a s o n a b l e  a l t e r n a t i v e  hypothes is .  Tag 
and recovery  d a t a  p rov ide  a n  example of how examina t ion  of l a r g e  d a t a  sets 
c a n  c h a n g e  c o n c e p t u a l  mode l s .  I f  one  e x a m i n e d  o n l y  s k i p j a c k  t a g  a n d  
recovery  d a t a  c o l l e c t e d  by Japan  i n  t h e  c e n t r a l  and w e s t e r n  P a c i f i c  ( F i g u r e  
1 7 1  u p p e r ) r  o n e  wou ld  d e f i n e  t h e  e x t e n t  of s k i p j a c k  movement much 
d i f f e r e n t l y  t h a n  i f  one had a l s o  examined t h e  South P a c i f i c  Commission d a t a  
( F i g u r e  17 I l o w e r )  a n d  t h e  I n t e r - A m e r i c a n  T r o p i c a l  Tuna Commiss ion  d a t a  
( F i g u r e  1 8 1  upper) .  I n  F i g u r e  1 8  ( lower )  I which combines t h e  long-d i s t ance  
movements  f r o m  a l l  t h r e e  d a t a  s e t s ,  i t  c a n  be  s e e n  t h a t  t h e r e  i s  e x c h a n g e  
of s k i p j a c k  among each  of t h e  s tudy  areas a l though  on ly  a l i m i t e d  p o r t i o n  
of t h e  s t o c k  may make such  e x t e n s i v e  movements. 

T o  a l a r g e  e x t e n t  t a g g i n g  d a t a  c a n n o t  be  a n a l y z e d  w i t h o u t  c a t c h  and  
e f f o r t  da t a .  Such d a t a  a r e  u s u a l l y  c o n f i d e n t i a l  when used a t  t h e  l e v e l  of 
a n  i n d i v i d u a l  v e s s e l r  b u t  need  n o t  be  s o  when v e s s e l s  o r  v e s s e l  t r i p s  a r e  
n o t  i d e n t i f i a b l e .  To m a k e  t h e  p r o p e r  i n t e r p r e t a t i o n s  o f  r e s u l t s  f r o m  
i n t e g r a t e d  a n a l y s i s  of movement and f i s h e r y  d a t a  one must have  c o n s i d e r a b l e  
e x p e r i e n c e  w i t h  t h e  f i s h e r i e s .  The same c o u l d  b e  s a i d  of t h e  i n t e g r a t e d  
a n a l y s i s  of movement and oceanographic  da t a .  Agencies such a s  ICCAT a re  a t  
a n  advan tage  i n  t h i s  r ega rd  because  they  m a i n t a i n  d a t a  b a s e s  on t a g g i n g  and  
f i s h e r y  s t a t i s t i c s  f o r  s e v e r a l  c o u n t r i e s  i n  an  a r e a  t h a t  c o v e r s  t h e  range  
o f  m o s t  s t o c k s  o f  A t l a n t i c  t u n a s .  The s c i e n t i s t s  a s s o c i a t e d  w i t h  ICCAT 
t h u s  h a v e  t h e  b e n e f i t  of a )  c o m p l e t e  s e t s  of d a t a l  and  b) t h e  e x p e r i e n c e  
n e c e s s a r y  t o  a n a l y s e  t h e  d a t a .  S i m i l a r  r e g i o n a l  s y s t e m s  a r e  b e i n g  
e s t a b l i s h e d  i n  t h e  I n d i a n  Ocean by t h e  I n d o - P a c i f  i c  Tuna Deve lopmen t  and  
Management Programme (IPTP) and i n  t h e  Western P a c i f i c  Ocean. 

C l e a r l y  t h e  b e n e f i t s  of a c o o r d i n a t e d  a n a l y s i s  o f  e x i s t i n g  d a t a  a r e  
s u b s t a n t i a l .  An i m p o r t a n t  f i r s t  s t e p  i n  d e v e l o p m e n t  of a n  i n t e r n a t i o n a l  
r e s e a r c h  p rogram on t u n a  movement wou ld  be t o  make  a v a i l a b l e  h i s t o r i c  
t a g g i n g  d a t a  f o r  a n a l y s i s  w i t h  f i s h e r y  and oceanographic  da ta .  Coopera t ive  
a n a l y s i s  of t h e s e  d a t a  cou ld  y i e l d  r e l a t i o n s h i p s  n o t  p r e v i o u s l y  i d e n t i f i e d  
t h a t  i n  t u r n  wou ld  a f f e c t  s t r u c t u r e  and  c o s t  of a new r e s e a r c h  p rogram.  

3.5 U l t r a s o n i c  Telemet ry  

Deployment  of u l t r a s o n i c  t r a n s m i t t e r s  o n  f r e e - r a n g i n g  t u n a s  h a s  
provided  n e a r l y  a l l  p r e s e n t  i n f o r m a t i o n  on smaller-scaler h o r i z o n t a l  and 
v e r t i c a l  movements. I n v e s t i g a t o r s  have f o l l o w e d  t u n a s  s o  equipped  f o r  up 
t o  8 d a y s t  s u c c e s s f u l l y  t r a c k i n g  s k i p j a c k r  y e l l o w f i n r  b i g e y e ,  n o r t h e r n  
b l u e f i n  a n d  a l b a c o r e .  A s u c c e s s f u l  t r a c k - - t h a t  i s ,  a r e p o r t e d  t rack--  
u s u a l l y  l a s t s  o v e r  5 h o u r s ,  a s  s h o r t e r  o n e s  g e n e r a l l y  a r e  n o t  r e p o r t e d .  
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Figure 17. Upper;  some l o n g - d i s t a n c e  m i g r a t i o n s  w h i c h  h a v e  b e e n  r e c o r d e d  
f o r  t a g g e d  s k i p j a c k  r e l e a s e d  by Japan i n  t h e  P a c i f i c  Ocean 
( a f t e r  IATTC 1984) .  Lower; some l o n g - d i s t a n c e  m i g r a t i o n s  which 
h a v e  b e e n  r e c o r d e d  f o r  t a g g e d  s k i p j a c k  r e l e a s e d  by  t h e  S o u t h  
P a c i f i c  Commission i n  t h e  P a c i f i c  Ocean ( a f t e r  IATTC 1984;  SPC 
1984 1 - 
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Figure 18. Upper; some l o n g - d i s t a n c e  m i g r a t i o n s  which  have  been  r e c o r d e d  
f o r  tagged sk ip jack  r e l e a s e d  by t h e  Inter-American Tropical  Tuna 
Commission i n  the  Pacif ic  Ocean ( a f t e r  IATTC 1984).  Lower1 some 
l o n g - d i s t a n c e  m i g r a t i o n s  which  have  been  r e c o r d e d  f o r  t a g g e d  
skipjack i n  t h e  P a c i f i c  Ocean (from IATTC 1984; SPC 1 9 8 4 ) .  



- 40 - 

While t h e  f i s h  i s  fo l lowed1 d a t a  a r e  c o l l e c t e d  t h a t  i d e n t i f y  t h e  h o r i z o n t a l  
pa th  of t h e  f i s h .  I f  t h e  t r a n s m i t t e r  i s  t empera tu re -  o r  d e p t h - s e n s i t i v e 1  
d a t a  may a l s o  be  c o l l e c t e d  o n  v e r t i c a l  e x c u r s i o n s t  t e m p e r a t u r e  a n d  d e p t h  
d i s t r i b u t i o n s ,  swimming speed  and a s s o c i a t e d  oceanographic  and b i o l o g i c a l  
c o r r e l a t e s .  Da ta  on  v e r t i c a l  p o s i t i o n  o r  w a t e r  t e m p e r a t u r e  h a v e  been  
c o l l e c t e d  a t  l e s s  t h a n  o n e - m i n u t e  i n t e r v a l s ,  p r o v i d i n g  a h i g h l y  d e t a i l e d  
p i c t u r e  o f  t h e  v e r t i c a l  e x c u r s i o n s  of f r e e - r a n g i n g  t u n a .  The o n l y  
comparable  d a t a  a r e  some e a r l y  o b s e r v a t i o n s  us ing  c i n e  f i l m s  of surface- 
f e e d i n g  t u n a s  t a k e n  f r o m  o b s e r v a t i o n  c h a m b e r s  of r e s e a r c h  v e s s e l s  
( S t r a s b u r g  a n d  Yuen 1960 ;  Yuen 1966)  o r  u s i n g  s o n a r  ( N i s h i m u r a  1963 ;  Yuen 
1 9 7 1 ) .  

I n  t h e  f o l l o w i n g  s e c t i o n s  w e  o u t l i n e  t y p i c a l  t r a c k i n g  t e c h n i q u e s t  
summarize t h e  e x i s t i n g  t r a c k i n g  d a t a r  i d e n t i f y  some u n c e r t a i n t i e s ,  s u g g e s t  
a few management u ses  of u l t r a s o n i c  t r a c k i n g  a n d  d raw t h r e e  m a j o r  
c o n c l u s i o n s  f rom t h e  e x i s t i n g  t u n a  t r a c k i n g  in fo rma t ion .  

3.5.1 Track ing  Techniques  

(1) The T r a n s m i t t e r  

T y p i c a l l y 1  t h e  b a s i c  t r a c k i n g  s y s t e m  c o n s i s t s  o f  a t e m p e r a t u r e -  or  
d e p t h - s e n s i t i v e  t r a n s m i t t e r  s e c u r e d  t o  t h e  f i s h  w h i c h  i s  d e t e c t e d  by  
d i r e c t i o n a l  hydrophone  and  r e c e i v e r  s y s t e m  l o c a t e d  o n  t h e  s h i p .  The 
b e a r i n g  o f  t h e  f i s h r  r e l a t i v e  t o  t h e  v e s s e l l  i s  d e t e r m i n e d  by s i g n a l  
a m p l i t u d e .  The swimming d e p t h  o r  w a t e r  t e m p e r a t u r e  a r o u n d  t h e  f i s h  i s  
t e l e m e t e r e d  by a l t e r a t i o n s  i n  t h e  p u l s e d  r e p e t i t i o n  r a t e  of t h e  c a r r i e r  
f r e q u e n c y .  The more  r a p i d  t h e  p u l s e  r a t e l  t h e  s h a l l o w e r  t h e  d e p t h  o r  t h e  
warmer t h e  t empera tu re .  

Three  major des ign  c r i t e r i a  e x i s t  f o r  a t e l e m e t r y  tag :  s ize1  l i f e r  and 
r ange .  They a r e  m u t u a l l y  e x c l u s i v e  b e c a u s e  s m a l l  s i z e  means  s m a l l  
b a t t e r i e s  a n d  h i g h  r e s o n a n t  f r e q u e n c i e s 1  wh ich  i n  t u r n  l i m i t  l i f e  and  
r ange .  I f  b a t t e r y  s i z e  i s  h e l d  c o n s t a n t l  l i f e  i s  s a c r i f i c e d  f o r  r a n g e  o r  
v i c e  v e r s a .  Range, s i z e  a n d  l i f e  a r e 1  i n  t u r n l  d e t e r m i n e d  by t h e  s o u r c e  
l e v e l  o r  power  of t h e  t r a n s m i t t e r r  t h e  c a r r i e r  f r e q u e n c y 1  t h e  p u l s e  r a t e  
and l e n g t h  of t h e  t e m p e r a t u r e -  o r  d e p t h - t e l e m e t e r i n g  f u n c t i o n s t  and  t h e  
s i z e  of t h e  b a t t e r y  ( P r i e d e  1986). 

To g a i n  t h e  maximum r a n g e  f r o m  t h e  minimum power  i n p u t l  t h e  l o w e s t  
p o s s i b l e  c a r r i e r  f r e q u e n c y  s h o u l d  b e  employed. Howeverr t h e  r e s o n a n t  
f requency  of t h e  s i g n a l  g e n e r a t i n g  e l emen t l  t h e  p iezo-ceramic  t r a n s d u c e r l  
is i n v e r s e l y  r e l a t e d  t o  i t s  s i z e .  S i n c e  t h e  t r a n s d u c e r s  are u s u a l l y  ho l low 
c y l i n d e r s t  t h e  l a r g e s t  t a g  d i a m e t e r  a l l o w a b l e  f o r  a p a r t i c u l a r  a p p l i c a t i o n  
d e t e r m i n e s  t h e  minimum frequency. For t u n a  40-80 c m  long1 35 or 5 0  khz i s  
u s u a l l y  e m p l o y e d  i n  a t a g  o f  a b o u t  1.6 c m  i n  d i a m e t e r .  F o r  t h e s e  
f r e q u e n c i e s  a r a n g e  of a b o u t  1 k m  u n d e r  a v e r a g e  t r a c k i n g  c o n d i t i o n s  i s  
cons ide  r e d  normal. 

( 2 )  Attachment of the T r a n s m i t t e r  

I n  e a r l i e r  t r a c k i n g  s t u d i e s 1  t h e  t a g  was f o r c e d  i n t o  t h e  s t o m a c h  of 
t u n a ;  when w a t e r  t e m p e r a t u r e  was  m o n i t o r e d 1  a l e a d  was r u n  f r o m  t h e  t a g 1  
t h r o u g h  t h e  o p e r c u l a r  s l i t l  t o  a t h e r m i s t o r  e x p o s e d  t o  t h e  s u r r o u n d i n g  
water. Whi le  having  t h e  advantage  of r a p i d  a p p l i c a t i o n  and minimum trauma1 
two  d i s a d v a n t a g e s  r e a d i l y  became a p p a r e n t .  F i r s t l  i f  t h e  t a g  was l a r g e  
r e l a t i v e  t o  t h e  s t o m a c h  volume1 t h e  t a g  was  r e g u r g i t a t e d 1  u s u a l l y  w i t h i n  
hours.  Second1 t h e  s i g n a l  seemed s i g n i f i c a n t l y  weakened by t h e  f i s h ' s  body 
(Laurs  e t  a l .  1977).  As a resul t1  i n  most  r e c e n t  s t u d i e s  t a g s  a r e  a t t a c h e d  
e x t e r n a l l l y  u s i n g  s u t u r e s  o r  nylon "tie-wraps".  The t a g  i s  p laced  e i t h e r  
d i s t a l  t o  t h e  s e c o n d  d o r s a l  o r  t h e  a n a l  f i n  o r l  i n  t h e  case of b l u e f i n  
(Carey  a n d  Lawson 1 9 7 3 ) r  h a r p o o n e d  t o  t h e  d o r s a l  s u r f a c e  a d j a c e n t  t o  t h e  
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f i r s t  d o r s a l  f i n .  Wobbl ing  of t h e  t a g t  wh ich  causes e r o s i o n  of t h e  s k i n  
and u n d e r l y i n g  musc le r  i s  e l i m i n a t e d  by s u t u r i n g  a t  t h e  f r o n t  and m i d l i n e  
of t h e  t a g  ( H o l l a n d  e t  a l .  i n  p r e s s ) .  

( 3 )  T r a c k i n g  Procedures 

T r a c k i n g  p r o c e d u r e s  a r e  d e s c r i b e d  by H o l l a n d  e t  a l .  ( i n  p r e s s l r  and  
w i l l  n o t  b e  d i s c u s s e d  i n  d e t a i l  h e r e .  For  s u c c e s s f u l  t r a c k i n g  i t  i s  
e s s e n t i a l  t h a t  t h e  hydrophone  be  s h i e l d e d  f r o m  t h e  w a t e r  s t r e a m  and  
s e c u r e l y  mounted .  I t  i s  i m p o r t a n t  t h a t  t h e  s i g n a l  c a n  b e  r e c e i v e d  w h i l e  
t h e  b o a t  i s  underway a t  a f a i r l y  b r i s k  s p e e d  ( a p p r o x i m a t e l y  6 k n o t s ) .  
Holland e t  a l .  ( i n  p r e s s )  a l s o  emphasized t h e  impor tance  of crew comfor t ;  
s u c c e s s f u l  t r a c k i n g  demands a n  a l e r t  crew s i n c e  tuna  can  s w i m  f a s t e r  t h a n  
t h e  b o a t  f o r  s h o r t  p e r i o d s  of t i m e .  I f  a f i s h  i s  l o s t  t h e  c r e w  m u s t  b e  
aware  of i t s  escape  d i r e c t i o n  t o  r e l o c a t e  it. 

S i n c e  t h e  b o a t  i s  u s u a l l y  w i t h i n  a b o u t  1 k m  of t h e  f i s h t  h o r i z o n t a l  
p o s i t i o n  of t h e  boa t  and t h e  t r a c k e d  f i s h  i s  cons ide red  t h e  same; p o s i t i o n s  
a r e  u s u a l l y  t a k e n  e v e r y  30 t o  60 min. The p u l s e  i n t e r v a l  of t h e  t a g  i s  
c o n v e r t e d  t o  d e p t h  o r  water  t e m p e r a t u r e  by a p p l y i n g  c o n v e r s i o n  f a c t o r s  
de te rmined  by c a l i b r a t i o n .  Gene ra l ly  t h e s e  measurements a r e  made a t  1-3 
minu te  i n t e r v a l s  e i t h e r  by l a b o r i o u s  coun t ing  by ear and t i m i n g  w i t h  a s t o p  
watch1 o r  a u t o m a t i c a l l y  by p u l s e  i n t e r v a l  o r  f r equency  coun te r s .  Hol land  
e t  a l .  ( i n  p r e s s )  employed a t a p e  r e c o r d  t o  make  a permanent r e c o r d  of t h e  
t r a c k  f o r  l a t e r  a n a l y s i s  w i t h  a p u l s e  i n t e r v a l  meter c o n n e c t e d  t o  a 
m i c r o c o m p u t e r .  From t h e s e  m e a s u r e m e n t s  and  t e m p e r a t u r e - d e p t h  p r o f i l e s  
t aken  by expendable  bathythermographt t e m p e r a t u r e  and dep th  d i s t r i b u t i o n s  
a r e  c o n s t r u c t e d  f o r  e a c h  f i s h .  T o t a l  p a t h  s w u m  i s  c o n s i d e r e d  t o  b e  a s ? l m  
of movements between dep th  p o s i t i o n  t o  dep th  p o s i t i o n  a long  t h e  hypotenuse  
of a t r i a n g l e  p r o j e c t e d  on  a v e r t i c a l  p l a n e  whose  h o r i z o n t a l  l e g  was 
d e t e r m i n e d  f r o m  30-60 m i n u t e  p o s i t i o n  i n f o r m a t i o n .  Swimming s p e e d  
e s t i m a t e s  a r e  t h u s  an  improvement over  t hose  o b t a i n e d  from j u s t  h o r i z o n t a l  
movementr b u t  a r e  s t i l l  u n d e r e s t i m a t e s  of t r u e  swimming speeds  e s p e c i a l l y  
when t h e  f i s h  make f r e q u e n t  b r i e f  c h a n g e s  i n  h e a d i n g .  Es t ima tes  o f  
swimming speed  a r e t  of courser  most a c c u r a t e  du r ing  p e r i o d s  of r e l a t i v e l y  
f a s t  movement on a s t e a d y  course .  

3.5.2 Tuna T r a c k s  to  D a t e  

F i f t y - t h r e e  s u c c e s s f u l  tracks of t u n a s  have been r e p o r t e d  as  of August 
1985  ( T a b l e  5). The t r a c k s  a v e r a g e d  26.75 h r s r  r a n g i n g  f r o m  1 h r  t o  1 0  
dayst a l though  t h e  two l o n g e s t  t r a c k s  r e p o r t e d  (168 h r s l  Yuen 1970 and 144 
h r s r  Holland e t  a l .  t i n  p r e s s l )  were  i n t e r m i t t e n t  t racks where t h e  f i s h  was 
e i t h e r  l o s t  o r  abandoned  a n d  r e l o c a t e d  l a t e r .  Only r e p o r t e d  t r a c k s  a r e  
c o n s i d e r e d  h e r e 1  a l t h o u g h  o t h e r  u n r e p o r t e d l  a n d  p r e s u m a b l y  u n s u c c e s s f u l  
(i.e. v e r y  s h o r t ) t  t r a c k s  e x i s t .  Ca rey  and  Lawson (1973)  m e n t i o n  f i v e  
b l u e f i n  t r a c k s  t h a t  w e r e  of a d e q u a t e  d u r a t i o n  ( p r e s u m a b l y )  I b u t  t h e y  
p r e s e n t e d  n o  d a t a  b e c a u s e  t h e  f i s h  r e m a i n e d  i n  w a t e r  o f  c o n s t a n t  
t e m p e r a t u r e  a n d  t h e y  w e r e  i n t e r e s t e d  p r i m a r i l y  i n  t h e r m o r e g u l a t o r y  
behav io r .  

The f i r s t  s u c c e s s f u l  t r a c k s  of t u n a  w e r e  by Yuen (1970) ;  h e  t r a c k e d  
t w o  s k i p j a c k  i n  t h e  w a t e r s  o f f  t h e  i s l a n d  of Oahut Hawai i .  A n o t a b l e  
f e a t u r e  of t h e s e  t r a c k s  was t h e  s t r i k i n g  a b i l i t y  of t h e  f i s h  t o  move away 
from and r e t u r n  t o  a p r e c i s e  l o c a t i o n  each day. The s k i p j a c k  s p e n t  t h e  day 
on a sha l low bank; w i t h i n  a coup le  of hour s  of s u n s e t ,  they  s w a m  away from 
t h e  bank on  a f a i r l y  s t r a i g h t  c o u r s e  u n t i l  a b o u t  2 A M  ( l o c a l  s t a n d a r d  
t i m e ) #  and t h e n  a more e r r a t i c  swimming p a t t e r n  w a s  observed. Although t h e  
f i s h  swam away f r o m  t h e  bank by d i f f e r e n t  c o u r s e s  e a c h  n i g h t ,  i t  was  
u s u a l l y  back  a t  t h e  same l o c a t i o n  o n  t h e  bank by s u n r i s e .  Yuen (1970)  
b e l i e v e d  t h a t  t h e  f i s h  swam f a s t e r  a t  n i g h t .  
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T a b l e  5 

Successful ultrasonic t r a c k i n g  of tunas. 

Speci e8 S i z e  Month/Year Area Dura t i  on 
( h r )  

Yuen (1970) 

S k i p j a c k  44 cm 8 / 1 9 6 9  
S k i p j a c k  40 c m  8 /1969 

Carey and Lawson (1973) 

B l u e f i n  230  k g  8 /1969 
B l u e f i n  270 kg 7/1970 
B l u e f i n  270 k g  7/197 0 
B l u e f i n  230 kg 7 /1970 
B l u e f i n  270 k g  7 /  197  0 
B l u e f i n  230 kg 7 /1970 
B l u e f i n  230 k g  5 /1970 
B i g e y e  7 0  kg 10/1970 

Laurst  Yuen and Johnson (1977)  

Albacore 84  c m  8 /1972 
A l b a c o r e  87  cm 8/197 2 
A l b a c o r e  8 5  cm 8/1972 

Dixonr B r i l l  and Yuen (1978) 

S k i p j a c k  7 0  c m  5 /1977 
S k i p j a c k  7 0  c m  5/1977 
S k i p j a c k  7 0  c m  5 /1977 

C a r e y  and O l s o n  (1982) 

Y e l l o w f i n  87 c m  4 / 1 9 8 1  
Y e l l o w f i n  89 cm 4/1981 
Y e l l o w f i n  98 c m  5 / 1 9 8 1  
Y e l l o w f i n  96 c m  5 / 1 9 8 1  

Yonemori (1982) 

Y e l l o w f i n  63  cm 1 1 / 1 9 8 1  
Y e l l o w f i n  68 c m  1 1 / 1 9 8 1  
Y e l l o w f i n  7 0  c m  1 1 / 1 9 8 1  
Y e l l o w f i n  64  c m  11/1981 

B a r d  and P i n c o c k  ( 1 9 8 2 )  

Skipjack 44 c m  7 / 1 9 8 1  
Skipjack 4 5  c m  7 / 1 9 8 1  

L e v e n e z  (1982) 

S k i p j a c k  5 5  c m  1 1 / 1 9 8 1  
S k i p j a c k  5 3  cm 1 1 / 1 9 8 1  

K a u l a  Bankt  H I  
P e n g u i n  Bankr  H I  

S t .  M a r g a r e t  Bayt  
Nova S c o t i a  " 

n 

a 

n 

38"Nr 71"W 
39"Nt 70"W 

36"Nr 122"W 
36"Nt 122"W 
36"Nt 122"W 

P e n g u i n  Bankt H I  
n 

n 

8 " N r  79"W 
8"Nt 79"W 
10"Nr 109"W 
10"Nt 109"W 

lost 1 5 8 " E  
lost 1 5 8 " E  
lost 1 5 8 " E  
lost 1 5 8 " E  

5 ' N r  O"E 
2"Nt 4'E 

9"Nr 21OW 
9"Nt 21"W 

1 6 8  
1 2  

6 
22 
13 
24 
3 2  
56 
23  
17 

28  
4 1  
50 

24 
11 
1 0  

9 
4 6  
1 8  
48  

9 
8 

15 
3 2  

3 
7 

44 
1 9  
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Tab le  5 .  ( con t inued)  

Dotson (personal communication) 

A 1  bacor  e 73  c m  7/1979 
Albacor e 86 c m  7/1979 
Albacore  76 c m  9/1979 
Albacore  88 c m  7/1980 
Albacore  86 c m  8/1980 
Alba c o r  e 82 cm 8/1980 
Albacore 87 c m  8/1980 
Alba c o  r e 8 0  c m  8/1981 
Albacore  79 cm 8/1981 
Al ba c o r  e 68 c m  8/1981 
Albacore  83 c m  8/1981 
Al ba co  r e 8 0  c m  2/1982 
Albacor e 85 c m  2/1982 

Holland ( p e r s o n a l  communication) 

Bigeye  
Bigeye 
Yel lowf in  
Yel lowf in  
Yel lowf in  
Yel lowf in  
Yel lowf in  
Yel lowf in  
Yel lowf in  
Yel lowf in  
Y e 1  1 ow f i n  
Yel lowf in  

Leeward Oahur H I  
n 

n 

n 

n 

n 

I 

n 

n 

" 
n 
n 

AVERAGE TRACKING DURATION 

3 1  
29 
8 

1 2  
7 
1 
3 

11 
23 
15 
22 
14 
25 

24 
28  

5 
24 
48 

9 
1 2  
14  
40 

144 
36 
38 

26.75 

Carey  and  Lawson (1973)  were i n t e r e s t e d  p r i m a r i l y  i n  d e m o n s t r a t i n g  
t h a t  b l u e f i n  were c a p a b l e  of p h y s i o l o g i c a l  t h e r m o r e g u l a t i o n .  They u s e d  
t e m p e r a t u r e - s e n s i t i v e  s o n i c  t a g s  a n d  p u b l i s h e d  o n l y  t h e  t r a c k s  i n  w h i c h  
b l u e f i n  showed a n  i n v e r s e  the rma l  r e sponse  t o  w a t e r  t e m p e r a t u r e  changes1 
i.e. w a t e r  t e m p e r a t u r e  d e c r e a s i n g l  f i s h  t e m p e r a t u r e  c o n s t a n t  or i n c r e a s i n g .  
Some of t h e  pub l i shed  tracks d i d  show what  was l a t e r  found t o  be  a common 
tuna  behavior1  namely, d r a m a t i c  and f r e q u e n t  v e r t i c a l  excur s ions .  The f i s h  
made  a b r u p t  d i v e s  p e r i o d i c a l l y  f r o m  s u r f a c e  w a t e r  o f  1 8 ° C  t o  t h e  
t h e r m o c l i n e  a t  4-5°C. 

I n  1 9 7 2  L a u r s  e t  a l .  (1977)  t r a c k e d  a l b a c o r e  a n d <  f o r  t h e  f i r s t  t i m e r  
c o m p l e t e  o c e a n o g r a p h i c  m e a s u r e m e n t s  w e r e  t a k e n  by a s e c o n d  v e s s e l  t o  
c o r r e l a t e  f i s h  movement w i t h  h a b i t a t .  They o b s e r v e d  t h a t  a l b a c o r e  
c o n c e n t r a t e d  i n  t h e  v i c i n i t y  of upwe l l ing  f r o n t s  ( f o r  f e e d i n g ? )  and  moved 
away f rom a n  a r e a  when u p w e l l i n g  c e a s e d  a n d  t h e  f r o n t  d i s a p p e a r e d .  The 
a l b a c o r e  a l s o  seemed t o  avo id  w a t e r  where t h e  s u r f a c e  t e m p e r a t u r e  was below 
15°C. 

Dizon e t  al .  (1978) employed d e p t h - s e n s i t i v e 1  r a t h e r  t h a n  t empera tu re -  
s e n s i t i v e 1  t a g s  f o r  tunas .  They t r a c k e d  t h r e e  l a r g e  s k i p j a c k  and d e s c r i b e d  
t h e  c h a r a c t e r i s t i c  v e r t i c a l  d i v i n g  and a scend ing  behav io r  and modal dep th ,  
t e m p e r a t u r e  and swimming speed  va lues .  Dives were no ted  from t h e  surface 
t o  a s  d e e p  a s  273  m; d u r i n g  t h e  d a y r  t h e i r  modal  d e p t h  was i n  t h e  l o w e r  
p a r t  o f  t h e  mixed  l a y e r 1  b u t  a t  n i g h t  t h e  f i s h  s p e n t  more  t i m e  n e a r  t h e  
s u r f a c e r  and ex t r eme  v e r t i c a l  e x c u r s i o n s  were much less  common. 
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Carey and Olson (1982) observed  t h a t  y e l l o w f i n  i n  t h e  e a s t e r n  t r o p i c a l  
P a c i f i c  swam i n  t h e  r e g i o n  b e t w e e n  t h e  s u r f a c e  a n d  t h e  b o t t o m  o f  t h e  
t h e r m o c l i n e l  b u t  s p e n t  mos t  of t h e i r  t ime  i n  t h e  uppe r  p a r t  of t h e  
the rmoc l ine r  and o c c a s i o n a l l y  made ve ry  deep dives--one f i s h  dove t o  464 m 
( F i g u r e  1 9 ) .  They n o t e d  t h a t  t h e  t r a c k e d  y e l l o w f i n  s p e n t  l i t t l e  t i m e  a t  
t h e  s u r f a c e r  and sugges t ed  t h a t  f e e d i n g  y e l l o w f i n  might  spend more t ime i n  
t h e  mixed  l a y e r  b u t  m i g r a t i n g  o r  n o n - f e e d i n g  f i s h  would  be  f o u n d  i n  t h e  
thermocl ine .  This  concept  of a c h a r a c t e r i s t i c  dep th  used when m i g r a t i n g  
would be observed  by l a t e r  i n v e s t i g a t o r s .  
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Figure 19. V e r t i c a l  p r o j e c t i o n  of a t r a c k  of a 98-cm y e l l o w f i n  t u n a  ( 1 4 1  
12-13 May 1981 ;  r e d r a w n  f r o m  Carey  and  O l s o n  1 9 8 2 ) .  T h i s  f i s h  
was t r a c k e d  f o r  1 8  h o u r s  n 'ear C l i p p e r t o n  I s l a n d  ( 1 O 0 N I  109"W). 
A t  0 2 2 5  h o u r s  t h i s  f i s h  d o v e  t o  4 6 4  m. SS  i s  s u n s e t .  T h e  
s t i p p l i n g  d e n o t e s  wa te r  below t h e  t o p  of t h e  the rmoc l ine .  

Yonemori (1982) s u c c e s s f u l l y  t r a c k e d  f o u r  y e l l o w f i n  somewhat smaller 
t h a n  t h o s e  of Carey  and  O l s o n  (1982)  i n  t h e  w e s t e r n  P a c i f i c  a r o u n d  

" a P h i l i p p i n e  f i s h  a g g r e g a t i o n  device.  He observed  s imilar1 v e r y  eayao c t l v e r  I v e r t i c a l  e x c u r s i o n s .  The d e e p e s t  d i v e  was t o  200 m. A t  a b o u t  a n  
hour b e f o r e  s u n r i s e l  t h e  f i s h  made an  a b r u p t  t r a n s i t i o n  from a modal depth  
( 5 0  m)  i n  t h e  mixed  l a y e r  (29°C) t o  a modal  d e p t h  ( 1 7 5  m )  i n  t h e  m i d d l e  of 
t h e  t h e r m o c l i n e  (22°C) ( F i g u r e  20). 

Bard and Pincock (1982)1 t r a c k i n g  two s k i p j a c k  i n  t h e  Gulf of Guinea# 
n o t e d  t h a t  t h e  t h e r m o c l i n e  O K  some a s s o c i a t e d  p r o p e r t y  l i m i t e d  v e r t i c a l  
movements  t o  t h e  uppe r  50  m (17°C) .  I n  c o n t r a s t ,  Levenez  (1982)  o b s e r v e d  
s p e c t a c u l a r  d i v i n g  behav io r  i n  two somewhat l a r g e r  s k i p j a c k  t r a c k e d  west 
of t h e  Gulf of Guinea. One f i s h  p r e f e r r e d  a modal t e m p e r a t u r e  of 28"Cr bu t  
p e r i o d i c a l l y  dove t o  below 14OC. The o t h e r  f i s h  a l s o  s p e n t  t h e  m a j o r i t y  of 
i t s  t i m e  i n  t h e  upper mixed l a y e r  where t h e  water was q u i t e  warm (24-28"C)r 
b u t  d e e p  d i v e s  were p e r s i s t e n t l y  made-- to  more  t h a n  4 0 0  m w h e r e  t h e  
t e m p e r a t u r e  was 9.5'C and t h e  oxygen was less t h a n  1.5 m l / l .  

The 6 a l b a c o r e  t r a c k s  f rom t h e  North P a c i f i c  demons t r a t ed  t h a t  t h e i r  
b e h a v i o r 1  l i k e  t h a t  of o t h e r  t r a c k e d  t u n a s 1  i s  c h a r a c t e r i z e d  by d r a m a t i c  
a n d  f r e q u e n t  v e r t i c a l  e x c u r s i o n s  ( L a u r s  e t  a l .  1980 ;  Do t son  p e r s .  comm.). 
They no ted  t h a t  a lbacore1  l i k e  sk ip j ack1  s w a m  deeper  du r ing  t h e  day1 bu t  i n  
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Figure 20. Vert ica l  p r o j e c t i o n  of a t rack  of  a 64-cm y e l l o w f i n  t u n a  c a u g h t  
a r o u n d  a p a y a o  ( r e d r a w n  f r o m  Y o n e m o r i  1982). T h i s  f i s h  was 
t r a c k e d  f o r  32 h o u r s  i n  t h e  v i c i n i t y  o f  0 " 5 5 ' S 1  157 '53 'E .  
Toward t h e  end  of t h e  t rack,  t h e  f i s h  s p e n t  t h e  m a j o r i t y  o f  t h e  
t i m e  w e l l  b e l o w  t h e  t h e r m o c l i n e .  SS is  s u n s e t  a n d  S R  i s  
s u n r i s e .  T h e  s t i p p l i n g  d e n o t e s  w a t e r s  b e l o w  t h e  t o p  of t h e  
t h e r m o c l  i n e .  
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c o n t r a s t  t o  s k i p j a c k t  s p e n t  mos t  of t h e  t i m e  i n  t h e  uppe r  t h e r m o c l i n e .  
A l b a c o r e  a p p a r e n t l y  o r i e n t e d  t o  a s e a m o u n t  i n  a manner s i m i l a r  t o  t h a t  
d e s c r i b e d  by Yuen (1970) f o r  small s k i p j a c k  o r i e n t i n g  t o  banks. 

H o l l a n d  and  c o - w o r k e r s  (NMFSI S o u t h w e s t  F i s h e r i e s  C e n t e r r  P.O. Box 
3830r Honolulu, H I r  96812) have t r a c k e d  t u n a s  over t h e  p a s t  2 y e a r s  u s u a l l y  
on t h e  l e e w a r d  ( s o u t h w e s t e r n )  s i d e  of Oahut H a w a i i ,  u s i n g  a s m a l l  ( 1 0 - m )  
v e s s e l .  The combina t ion  of p r o t e c t e d  w a t e r s t  a h i g h l y - e f f i c i e n t  t r a c k i n g  
v e s s e l r  r e f i n e d  t r a c k i n g  t e c h n i q u e s  (Holland e t  a l .  i n  p r e s s l t  and a sys tem 
of f i s h  a g g r e g a t i o n  d e v i c e s  (FADS) have y i e l d e d  e x c e l l e n t  r e s u l t s  (Hol land  
p e r s .  comm.). To d a t e r  1 0  y e l l o w f i n  and  2 b i g e y e  h a v e  been  f o l l o w e d t  and  
t h e i r  b e h a v i o r  i s  e s s e n t i a l l y  t h e  same  a s  t h a t  r e p o r t e d  i n  p r e v i o u s  
s t u d i e s :  a b r u p t  v e r t i c a l  migra t ions!  modal depth  i n  t h e  upper t h e r m o c l i n e  
or l o w e r  mixed  l a y e r  f o r  t h e  y e l l o w f i n  and  t h e  l o w e r  t h e r m o c l i n e  f o r  t h e  
b i g e y e r  and  p r e c i s e  o r i e n t a t i o n  t o  s p e c i f i c  f e a t u r e s  ( p a y a o s t  b a n k s t  o r  
seamounts).  The b igeye  a l s o  demons t r a t ed  h igh ly  p e r i o d i c ,  s i m i l a r  a s c e n t s  
from depth .  Supported a l s o  i s  t h e  concept  of m i g r a t i o n s  o c c u r r i n g  a t  depth  
and t h e  f i s h  s h o a l i n g  a t  n igh t .  

3.5.3 U n c e r t a i n t i e s  

Some u n c e r t a i n t i e s  e x i s t  i n  t h e  i n t e r p r e t a t i o n  of t r a c k i n g  r eco rds .  A 
key i ssue  is  whether  t h e  behav io r s  no ted  a r e  normal or t h e  r e su l t  of trauma 
c a u s e d  by t h e  a t t a c h m e n t  of t h e  t a g  o r  d i s t u r b a n c e s  p r o d u c e d  by t h e  
t r a c k i n g  v e s s e l .  H o l l a n d  ( p e r s .  comm.) was  t o l d  t h a t  a f i s h e r m a n  had  
r ecove red t  by t r o l l i n g r  a t r a n s m i t t e r - t a g g e d  f i s h  which had been a t  l i b e r t y  
3 weeks .  The f i s h  obv ious ly  was h e a l t h y  enough t o  f e e d  and appeared  normal  
( e x c e p t  f o r  t h e  t a g )  t o  t h e  f i s h e r m a n .  A l so ,  many of t h e  i n v e s t i g a t o r s  
r e p o r t e d  t h a t  t h e i r  t r a n s m i t t e r - t a g g e d  f i s h  had j o i n e d  a f i s h  schoo l .  

Another c a v e a t  t o  any g e n e r a l i z a t i o n s  drawn from t h e  d a t a  is t h a t  t h e  
t r a c k e d  f i s h  r e p r e s e n t  a r e l a t i v e l y  narrow s i z e  range  of t h e  r e p r e s e n t a t i v e  
s p e c i e s .  T h e r e  i s  n o  way o f  k n o w i n g  i f  t h e  b e h a v i o r s  o b s e r v e d r  
p a r t i c u l a r l y  t h e  d r a m a t i c  v e r t i c a l  e x c u r s i o n s  and t h e  modal or p r e f e r r e d  
t empera tu re r  a r e  t y p i c a l  of t h e  l a r g e  s i z e  c l a s s e s  of t h e  v a r i o u s  s p e c i e s l  
s i n c e  d a t a  e x i s t  ( e x c e p t  t h o s e  of Carey  and  Lawson 1 9 7 3 )  o n l y  f o r  t h e  
smaller i n d i v i d u a l s .  

Swimming speeds  e s t i m a t e d  from t h e  h o r i z o n t a l  and v e r t i c a l  components 
of a ,  t u n a  movement v e c t o r  a r e  minimums. Smal l  h o r i z o n t a l  e x c u r s i o n s  n o t  
o b s e r v a b l e  from t h e  t r a c k i n g  v e s s e l  might  be a s i g n i f i c a n t  p o r t i o n  of t h e  
t o t a l  e n e r g y  e x p e n d i t u r e .  I n  f a c t r  t h e  e s t i m a t e d  swimming s p e e d s  f r o m  
u l t r a s o n i c  t r a c k i n g  work g e n e r a l l y  a r e  below Magnuson's (1973) t h e o r e t i c a l  
minimum f o r  m a i n t a i n i n g  h y d r o s t a t i c  e q u i l i b r i u m  d u r i n g  h o r i z o n t a l  swimming. 

3.5.4 &nagement I m p l i c a t i o n s  

H o l l a n d  and  c o - w o r k e r s  ( p e r s .  comm.) and  Yonemor i  (1982)  a t t a c h e d  
t r a n s m i t t e r s  t o  t u n a s  t o  e x a m i n e  b e h a v i o r s  i n  a s s o c i a t i o n  w i t h  FADS. 
H o l l a n d  s u g g e s t e d  t h a t  a knowledge  of h o r i z o n t a l  movements b e t w e e n  and  
a r o u n d  v a r i o u s  a g g r e g a t i o n  d e v i c e s  wou ld  e n a b l e  m a n a g e r s  t o  b e  more  
e f f e c t i v e  i n  FAD p l a c e m e n t r  and  d e n s i t y r  d e p t h  of p l a c e m e n t 1  and  f i s h i n g  
s t r a t e g i e s  could  be eva lua ted .  

T r a c k i n g  d a t a  a l s o  seem u s e f u l  f o r  d i r e c t i n g  f i s h i n g  e f f o r t t  s i n c e  
i n f o r m a t i o n  o n  h a b i t a t  p r e f e r e n c e s  c o u l d  be  u s e d  t o  d e t e r m i n e  f i s h i n g  
d e p t h s  a n d  t e m p e r a t u r e s .  T r a c k i n g  i n f o r m a t i o n  c o u l d  a l s o  b e  u s e d  t o  
d e s c r i b e  e s c a p e  r e s p o n s e s  when t u n a  a r e  e n c i r c l e d  by a p u r s e  s e i n e .  
Drawing on o b s e r v a t i o n s  t h a t  pu r se  s e i n i n g  i s  less  e f f e c t i v e  i n  t h e  w e s t e r n  
a s  o p p o s e d  t o  t h e  e a s t e r n  P a c i f i c r  G r e e n  ( 1 9 6 7 )  s u g g e s t e d  t h a t  
v u l n e r a b i l i t y  t o  a p u r s e  s e i n e  i s  markedly reduced when t h e  t h e r m o c l i n e  is 
d e e p  b e c a u s e  t u n a  a v o i d  swimming i n t o  o r  t h r o u g h  t h e  t h e r m o c l i n e r  b u t  
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t r a c k i n g  i n f o r m a t i o n  c o n t r a d i c t s  G r e e n ' s  (1967)  e x p l a n a t i o n .  Y e l l o w f i n  
t r a c k e d  i n  t h e  e a s t e r n  and w e s t e r n  P a c i f i c  (Carey and Olson 1982; Yonemori 
1982) show no r e l u c t a n c e  t o  p e n e t r a t e  and i n h a b i t  t h e  t h e r m o c l i n e  ( F i g u r e s  
19  and  20 ) .  

U l t r a s o n i c  t r a c k i n g  a l s o  p rov ides  c r i t i c a l  d a t a  f o r  t h e  c o n s t r u c t i o n  
of energy budgets  and growth  models. T ransmi t t e r - equ ipped  f i s h  p rov ide  t h e  
on ly  sou rce  of 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 swimming speeds t  and hence 
e s t i m a t e s  of d a i l y  ene rgy  requirements. Perhaps  most impor t an t1  t r a c k i n g  
p r o v i d e s  a c c u r a t e  i n f o r m a t i o n  on t h e  v e r t i c a l  movements and d i s t r i b u t i o n 1  a 
key i n f o r m a t i o n  need f o r  v i r t u a l l y  a l l  work on movement dynamics of t unas .  

3.5.5 Conclusions 

Four c o n c e p t s  c o n c e r n i n g  s m a l l - s c a l e  movements  o f  t u n a s  of t h e  s i z e  
range  and s p e c i e s  t r a c k e d  have emerged from t h e  t r a c k i n g  e f f o r t s  t o  d a t e :  

(1) Track ing  r e c o r d s  of tuna  demons t r a t e  p e r s i s t e n t l  f r equen t1  r a p i d  
and e x t e n s i v e  v e r t i c a l  excur s ions .  Owing t o  t h e  r a p i d  r a t e  of descen t  or 
a s c e n t r  ( r e c o r d s  h a v e  a c h a r a c t e r i s t i c  s p i k y  a p p e a r a n c e )  t h e  f i s h  i s  
s u b m i t t e d  t o  r a p i d  and l a r g e  t e m p e r a t u r e  and p r e s s u r e  changes. T h i s  m u s t  
a f f e c t  i t s  a b i l i t y  t o  s e n s e  and  r e s p o n d  t o  s u b t l e  h o r i z o n t a l  t e m p e r a t u r e  
d i f f e r e n c e s .  S p e c u l a t i o n s  o n  t h e  u s e  of t h e s e  h o r i z o n t a l  t e m p e r a t u r e  
g r a d i e n t s  f o r  o r i e n t a t i o n  m u s t  be tempered by t h i s  obse rva t ion .  

( 2 )  A t  n i g h t  t h e  modal  d e p t h  of t u n a  s h o a l s  u s u a l l y  s h i f t s  f r o m  
d e e p e r  l a y e r s  t o  l a y e r s  n e a r  t h e  s u r f a c e r  a n d  s o m e t i m e s  t h i s  i s  
c h a r a c t e r i z e d  by he igh tened  v e r t i c a l  e x c u r s i o n  a c t i v i t y  a t  dawn and dusk. 

( 3 )  S e v e r a l  i n v e s t i g a t o r s  (Carey and Olson 1982; suppor t ed  by Holland 
p e r s .  comm. a n d  Dotson  p e r s .  comm.l NMFSt S o u t h w e s t  F i s h e r i e s  C e n t e r 1  La 
J o l l a r  C a l i f o r n i a 1  U S A )  s u g g e s t  t h a t  m i g r a t i n g  t u n a s  m a k e  f e w e r  v e r t i c a l  
e x c u r s i o n s  a n d  m a i n t a i n  a l o w e r  modal  d e p t h  t h a n  f i s h  b e l i e v e d  t o  be 
f e e d i n g .  When t u n a  a r e  m a i n t a i n i n g  a s t e a d y  compass  h e a d i n g l  f e w e r  
v e r t i c a l  e x c u r s i o n s  a r e  n o t e d .  I d e n t i f i c a t i o n  of a s p e c i e s - s p e c i f i c  
t r a v e l i n g  or m i g r a t i n g  dep th  range or t e m p e r a t u r e  range  would be ex t r eme ly  
u s e f u l l  a n d  p r e s e n t  r e p o r t s  i n d i c a t e  t h a t  t h e y  may e x i s t  for c e r t a i n  
h a b i t a t s .  Work by L a u r s  and  Do t son  and  by H o l l a n d  e t  a l .  may c l a r i f y  t h i s  
p o i n t  when publ i shed .  

( 4 )  C u r s o r y  i n s p e c t i o n  of t h e  i l l u s t r a t i o n s  of t h e  t r a c k i n g  r e c o r d s  
i n d i c a t e s  t h a t  t h e  modal t e m p e r a t u r e s  expe r i enced  by t h e  v a r i o u s  t agged  
f i s h  a p p e a r  t o  be  v e r y  d i f f e r e n t .  S t r i k i n g  d i f f e r e n c e s  i n  t e m p e r a t u r e s  
expe r i enced  by t h e  f i s h  appear  t o  e x i s t  between day and n igh t .  Also a b r u p t  
s h i f t s  i n  modal d e p t h  o r  t e m p e r a t u r e  w e r e  s o m e t i m e s  s e e n  i n  f i s h  i n  t h e  
same  a r e a  a n d  e v e n  i n  t h e  same f i s h .  I t  wou ld  h a v e  b e e n  i n s t r u c t i v e  t o  
summarize t h e s e  modal d e p t h s  and t e m p e r a t u r e s t  bu t  most of t h e  a u t h o r s  do 
n o t  p rov ide  such  da ta .  

H o l l a n d  e t  a l .  ( p e r s .  comm.) s p e c u l a t e d  t h a t  t h e  p e r s i s t e n t  v e r t i c a l  
e x c u r s i o n s  h a v e  a t h e r m o r e g u l a t o r y  f u n c t i o n 1  a n d  s e r v e  t o  p r o v i d e  a m o r e  
c o n s i s t e n t  i n t e r n a l  t e m p e r a t u r e  s i n c e  i n t e r n a l  t e m p e r a t u r e  l a g s  t h e  wa te r  
t empera tu re1  e s p e c i a l l y  i n  l a r g e  f i s h l  ( N e i l 1  and S tevens  1974; S t e v e n s  and 
N e i l l  1 9 7 8 ) .  For e x a m p l e l  many e x c u r s i o n s  i n t o  c o o l ,  d e e p  w a t e r  c o u l d  
c o m p e n s a t e  f o r  h i g h  l e v e l s  of f e e d i n g  a c t i v i t y  i n  t h e  warm w a t e r  o f  t h e  
mixed l a y e r .  Or f r e q u e n t  a s c e n t s  i n t o  t h e  mixed l a y e r  could1 i n  c o n t r a s t 1  
c o m p e n s a t e  f o r  r e l a t i v e l y  l o w e r  a c t i v i t i e s  a s  t h e  f i s h  m i g r a t e s  i n  t h e  
the rmoc l ine .  W e  sugges t  t h a t  t h e  r e l a t i o n s h i p s  developed by N e i l l  and co- 
w o r k e r s  ( N e i l l  a n d  S t e v e n s  1974 ;  N e i l l  e t  a l .  1 9 7 6 ;  D izon  e t  a l .  1978 ;  
S t e v e n s  and  N e i l l  1978 ;  D izon  a n d  B r i l l  1979,  a )  f o r  e s t i m a t i n g  i n t e r n a l  
body t e m p e r a t u r e  b a s e d  on s i z e l  a c t i v i  t y l  a n d  w a t e r  t e m p e r a t u r e  c o u l d  b e  
a p p l i e d  t o  t i m e  s e r i e s  of swimming speeds  and w a t e r  t e m p e r a t u r e s  o b t a i n e d  
from t h e  t r a c k s  t o  examine changes i n  t h e  t h e o r e t i c a l  i n t e r n a l  t empera tu re .  
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I t  might  e x p l a i n  t h e  seemingly  c h a o t i c  ambient t empera tu re  changes a p p a r e n t  
i n  t h e  t r a c k i n g  r e c o r d  and show t h a t  t h e  p e r s i s t e n t  v e r t i c a l  e x c u r s i o n s  a r e  
indeed  behavior  a1 the rmoregu la t ion .  

4 .  POTENTIAL TECHNOLOGY 

I n  t h e  f o l l o w i n g  t h r e e  s e c t i o n s  w e  d i s c u s s  t e c h n i q u e s  which migh t  be 
a p p l i e d  or  a r e  b e g i n n i n g  t o  b e  a p p l i e d  t o  t h e  s t u d y  o f  t u n a  movement 
dynamics. These t e c h n o l o g i e s  i n c l u d e  development of new t agg ing  sys t ems t  
measu remen t  of p h y s i o l o g i c a l  s t a t e ,  a n d  r e c o n s t r u c t i o n  of movement 
h i s t o r i e s  from m i c r o c o n s t i t u e n t s  of m i n e r a l i z e d  t i s s u e .  

4.1 F u t u r e  Tagging Sys tems f o r  Tuna 

Of c o n s i d e r a b l e  impor tance  t o  t h e  s tudy  of t h e  movements of t u n a s  a r e  
t agg ing  sys t ems  t h a t  might  be used to :  1) i n c r e a s e  t h e  recovery  r a t e s  over 
t h o s e  of c o n v e n t i o n a l  t a g s ;  2 )  a s s u r e  t h a t  c o m p l e t e  and  c o r r e c t  d a t a  a r e  
s e c u r e d  f o r  e a c h  t a g g e d  f i s h  r e c o v e r e d ;  3 )  p r o v i d e  a f i s h e r y - i n d e p e n d e n t  
s y s t e m  t h a t  i d e n t i f i e s  f i s h  p o s i t i o n ;  a n d  4 )  e x t e n d  o u r  knowledge  of t h e  
p a t h s  f o l l o w e d  by t u n a s  beyond t h e  t i m e  and  s p a c e  l i m i t s  of  t r a c k i n g  
i n d i v i d u a l  f i s h  us ing  a c o u s t i c  t a g s  (about 3 t o  5 days t  300-1000 k m ) .  

S i x  t a g g i n g  s y s t e m s  o r  a p p r o a c h e s  a r e  d i s c u s s e d  h e r e  i n  v a r y i n g  
d e g r e e s  of d e t a i l .  T h i s  i s  n o t  an  e x h a u s t i v e  l i s t r  bu t  mere ly  t h e  sys t ems  
which emerged from our  d i s c u s s i o n .  The sys t ems  we d e s c r i b e  d i f f e r  i n  t h e  
deg ree  of p r a c t i c a l i t y ,  c o s t s t  and a p p l i c a b i l i t y  t o  s p e c i f i c  f i s h e r i e s  or 
f i s h e r y  problems. We o c c a s i o n a l l y  g i v e  approximate  c o s t s  i n  U.S. d o l l a r s  
( 1 9 8 5 )  o f  t a g g i n g  e q u i p m e n t  o r  of r e s e a r c h  and  d e v e l o p m e n t .  These  a r e  
m e r e l y  t h e  b e s t  g u e s s  of t h e  p a n e l  and  e x p e r t s .  The s u b j e c t  of t e l e m e t r y  
sys t ems  i s  a l s o  rev iewed by Mitson (MS). 

4 . 1 . 1  F ishery-dependent ,  Auto-de tec tab le  Systems 

An i d e a l  f i s h e r y - d e p e n d e n t  t a g  r e c o v e r y  s y s t e m  i s  one  i n  w h i c h  t h e  
i d e n t i t y  code of a marked f i s h  and p o s s i b l y  o t h e r  d a t a  ( p o s i t i o n  of v e s s e l  
and t i m e  of c a p t u r e )  a r e  a u t o m a t i c a l l y  recorded  when a f i s h  i s  caught.  No 
s u c h  t a g g i n g  s y s t e m  p r e s e n t l y  e x i s t s t  n o r  i t  i s  l i k e l y  t h a t  o n e  w i l l  be  
d e v e l o p e d  i n  t h e  n e a r  f u t u r e .  On t h e  o t h e r  hand t  a u t o m a t i c  t a g  d e t e c t i o n  
sys t ems  e x i s t  and a n  a u t o m a t i c  r e a d i n g  t a g  is under development f o r  salmon. 
Each i s  d i s c u s s e d  below. 

(1) Coded Fe r romagne t i c  Implan ted  Tags 

Tuna t a g s  a r e  recovered  by f i she rmen ,  un loade r s  and cannery worke r s l  
who a r e  r e q u e s t e d  t o  r e t u r n  them t o  f i s h e r y  a g e n c i e s  a l o n g  w i t h  d a t a  on 
d a t e  of c a p t u r e t  f i s h  s i z e  and o t h e r  d e t a i l s .  Tags a r e  o f t e n  r ecove red  but  
a r e  n o t  r e t u r n e d  o r  r e t u r n e d  w i t h  i n c o m p l e t e  o r  i n c o r r e c t  d a t a .  T h i s  
problem could  be e l i m i n a t e d  w i t h  t h e  u s e  of h idden  t a g s  which a r e  d e t e c t e d  
a u t o m a t i c a l l y .  E x i s t i n g  s y s t e m s  i n  salmon and h e r r i n g  f i s h e r i e s t  developed 
by Northwest Marine Technology (Shaw I s l a n d t  Washington, USA;  J e f f e r t s  e t  
a l .  1963) allow t h e  i n j e c t i o n  of codedt m a g n e t i c a l l y - d e t e c t a b l e  t a g s  i n t o  
j u v e n i l e  or  p o s s i b l y  l a r v a l  f i s h .  T h e s e  i n e r t  t a g s  r e m a i n  i n  t h e  t i s s u e  
and a r e  r e c o v e r e d  upon c a p t u r e ;  r e c o v e r y  i n v o l v e s  e i t h e r  an  a u t o m a t i c  
sys t em whicht when t r i g g e r e d  by a magnetometer s cann ing  t h e  conveyor b e l t  
i n  t h e  p r o c e s s i n g  p l a n t t  d i v e r t s  a p o r t i o n  of t h e  c a t c h  f o r  examinat ion ,  o r  
a hand-held magnetometer used t o  examine t h e  c a t c h  f o r  tagged  specimens.  

Depending  on  t h e  s i z e  of t h e  t a g  (<  1 m m  and u p ) ,  b i n a r y  c o d e s  a r e  
p e r m a n e n t l y  e t c h e d  o r  n o t c h e d  i n t o  t h e  i n e r t  t a g  m a t e r i a l .  A f t e r  t h e  
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t a g g e d  f i s h  i s  i d e n t i f i e d r  t h e  t a g  i s  d i s s e c t e d  f r o m  t h e  f i s h  a n d  r e a d  
unde r  a m i c r o s c o p e .  A l t . e r n a t i v e l y  t h e  f i s h  h e a d  c a n  be x - r ayed  a n d  t h e  
code (no tches )  r ead  i n  t h e  rad iograph .  

C o s t s  of t h e  t a g s  (about $0.15 each f o r  i n d i v i d u a l l y  coded t a g s )  and a 
hand-held t agg ing  gun (0.5-1.0 K$) a r e  modest1 b u t  t h e  c o s t  of a n  a u t o m a t i c  
t a g  d e t e c t i o n  s y s t e m  t h a t  c o u l d  be i n s t a l l e d  i n  a t u n a  c a n n e r y  would  be  
expens ive  (75-100 KS) I r e q u i r e  r e s e a r c h  and development1 and be p r a c t i c a l  
on ly  f o r  some canne r i e s .  A hand-held magnetometer ( 3  K$)I wi th  which t h e  
p o r t  s a m p l e r  s c a n s  t h e  f i s h  w h i l e  t h e y  a r e  b e i n g  un loaded!  would  b e  more  
p r a c t i c a l  f o r  tuna. 

( 2 )  P a s s i v e  I n t e g r a t e d  Transponder (PIT) Tag 

The P I T  s y s t e m r  d e v e l o p e d  by  I d e n t i f i c a t i o n  D e v i c e s l  1 n c . t  
W e s t m i n i s t e r r  C o l o r a d o r  USA1 i s  c u r r e n t l y  b e i n g  e v a l u a t e d  a s  a n  
a u t o m a t i c a l l y - r e a d  t a g  f o r  s a l m o n  ( P r e n t i c e  and  Park  1 9 8 4 ) .  The t a g  
a u t o m a t i c a l l y  t r a n s m i t s  t h e  i d e n t i t y  codes  of salmon as  they  move a t  3 m / s  
t h r o u g h  a 30-cm d i a .  t u b e ;  94% r e a d a b i l i t y  h a s  b e e n  r e c e n t l y  o b t a i n e d  (E .  
P r e n t i c e r  p e r s .  comm.~  N a t i o n a l  M a r i n e  F i s h e r i e s  S e r v i c e 1  M a n c h e s t e r  
F i s h e r i e s  Research Labora to ry r  Manchester1 Washington! USA). The PIT t a g  
i s  sma l l  ( 1 0  x 2.1 m m )  a n d  h a s  n o  power  s o u r c e ,  b u t  r e s p o n d s  t o  a s t r o n g  
r a d i o  f r e q u e n c y  (RF) p u l s e  w i t h  a s e r i a l  message .  The R F  p u l s e  p r o v i d e s  
p o w e r  t o  t h e  c i r c u i t r y  f o r  t h e  m e s s a g e  t r a n s m i s s i o n .  T h e  f i s h  
i d e n t i f i c a t i o n r  of c o u r s e r  i s  e n c r y p t e d  i n  t h e  message .  The t a g  i s  
p r e s e n t l y  i n j e c t e d  i n t r a p e r i t o n e a l l y  wi th  a hypodermic s y r i n g e ;  l a b o r a t o r y  
work i n d i c a t e s  t a g  i m p l a n t a t i o n  produces  no n o t i c e a b l e  e f f e c t s  on growth o r  
i nc idence  of d i s e a s e  i n  salmon ( P r e n t i c e  and Park 1984).  

The P I T  s y s t e m  wou ld  b e  i m p r a c t i c a l  f o r  t u n a s  a t  p r e s e n t  b e c a u s e  o f  
i t s  s h o r t  d e t e c t i o n  r a n g e  (7.5 cm) a n d  h i g h  c o s t  of d e v e l o p m e n t r  b u t  
t e c h n o l o g i c a l  developments might  make t h e  sys tem p r a c t i c a l  i n  t h e  f u t u r e .  
D e v e l o p m e n t  o f  t h e  P I T  s y s t e m  f o r  s a l m o n  i s  p r o c e e d i n g  u n d e r  t h e  
s u p e r v i s i o n  of E a r l  P r e n t i c e  ( a d d r e s s  g iven  above) t  and i t  i s  a n t i c i p a t e d  
t h a t  a p i l o t  i n s t a l l a t i o n  f o r  s a l m o n  w i l l  be  f u n c t i o n a l  by t h e  s u x m e r  of 
1985. 

4 . 1 . 2  Tags Tha t  I n d i c a t e  Geographic  P o s i t i o n  

A m a j o r  i n f o r m a t i o n  g a p  e x i s t s  b e t w e e n  t h e  s h o r t  (1-3  d a y )  h i g h l y -  
d e t a i l e d  p a t h s  of a c o u s t i c a l l y - t r a c k e d  t u n a s  and t h e  two p o s i t i o n  p o i n t s  
recorded  f o r  marked and e v e n t u a l l y  r e c a p t u r e d  f i s h .  Many (Joseph  and Wild 
1984)  h a v e  r e c o g n i z e d  t h e  need  f o r  c o m b i n i n g  t h e  a d v a n t a g e s  o f  t h e  t w o  
approaches.  The major b a r r i e r s  t o  expanding t h e  time s c a l e  and coverage  of 
a c o u s t i c  t r a c k i n g  of tuna  a r e :  crew endurance (3-5 c o n s e c u t i v e  days  i s  t h e  
maximum t h a t  c a n  be  e x p e c t e d  of a s i n g l e  c r e w )  a n d  v e s s e l  c o s t s  ( a t  p r e s e n t  
t h e  l i m i t  i s  one  f i s h  t r a c k e d  p e r  v e s s e l ) .  The l i f e  of t h e  p r e s e n t  
c o m m e r c i a l l y - a v a i l a b l e  a c o u s t i c  t a g s  (20 o r  more  d a y s )  i s  f a r  beyond t h e  
e n d u r a n c e  of a s i n g l e  c rew.  As e n d u r a n c e  i s  i n c r e a s e d  by u s i n g  b i g g e r  
v e s s e l s  and l a r g e r  crews! c o s t  mounts p r e c i p i t o u s l y .  We d i s c u s s  below t h e  
advan tages  and d i s a d v a n t a g e s  of t h r e e  p o t e n t i a l  sys t ems  t h a t  cou ld  i n c r e a s e  
t h e  number of f i s h  t r a c k e d  and t h e  d u r a t i o n  of t h e  track. A more d e t a i l e d  
t e c h n i c a l  d i s c u s s i o n  of t h e  l i m i t a t i o n s  of a c o u s t i c  and s a t e l l i t e  t r a c k i n g  
sys t ems  i s  provided  by P r i e d e  (1986). 

( 1) Sonobouy-Transponder Sys tems 

A s y s t e m  composed  of a number of s m a l l  f l o a t i n g  r e c e i v e r s  i n  f i x e d  
p o s i t i o n s  and  t r a n s m i t t e r s  a t t a c h e d  t o  many f i s h  would be p r a c t i c a l  under 
c e r t a i n  c o n d i t i o n s .  When a t r a n s m i t t e r - e q u i p p e d  f i s h  s w a m  w i t h i n  t h e  
r a n g e r  t h e  r e c e i v e r  wou ld  r e c o r d  o r  r e b r o a d c a s t  t h e  i d e n t i t y  code  of t h e  
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f i s h .  C o n v e n t i o n a l  p u l s e d  u l t r a s o n i c  t a g s  would  b e  i m p r a c t i c a l  f o r  t h i s  
a p p l i c a t i o n  because  t h e i r  range would be t o o  s h o r t 1  s i n c e  t h e  system would 
probably  be based on a n  o m n i d i r e c t i o n a l  hydrophone. A s cann ing  hydrophone 
would g r e a t l y  i n c r e a s e  c o s t s .  De tec t ion  range  cou ld  be i n c r e a s e d  t o  some 
e x t e n t  by u s i n g  t r a n s p o n d i n g  t a g s  o n  t h e  f i s h .  T r a n s p o n d e r s  h a v e  t h e  
advantage  of l onge r  l i f e  ( t h e  t r a n s m i t t e r  t r a n s m i t s  on ly  when q u e r i e d )  and 
l a r g e r  r a n g e r  s i n c e  s i g n a l - t o - n o i s e  r a t i o s  a r e  i m p r o v e d  b e c a u s e  of t h e  
r e l a t i v e l y  p r e c i s e  r e l a t i o n s h i p  b e t w e e n  t h e  q u e r y  s i g n a l  and  t h e  r e t u r n  
f rom t h e  tag.  

I n e x p e n s i v e  ( $ 2 0 0 )  a n t i - s u b m a r i n e  w a r f a r e  ( A S W )  sonobouys  c o u l d  be  
used a s  r e c e i v e r s ;  ASW sonobouys a r e  wide-band u l t r a s o n i c  r e c e i v e r s  which 
r e b r o a d c a s t  t h e  r e c e i v e d  a c o u s t i c  s i g n a l s  on very  h igh  f r e q u e n c i e s  (VHF) t o  
s t a t i o n s  l o c a t e d  w i t h i n  l i n e - o f - s i g h t  of t h e  buoys.  However# e x t e n s i v e  
m o d i f i c a t i o n s  wou ld  be  r e q u i r e d  f o r  t h e i r  u s e  i n  a t r a n s s o n d e r  s y s t e m :  a 
t r a n s m i t t e r  would have t o  be  i n s t a l l e d  t o  que ry  t h e  a r e a  p e r i o d i c a l l y  f o r  
t h e  p re sence  of t agged  f i s h ;  t h e  r e c e i v e r  s e c t i o n  would have  t o  be mod i f i ed  
f rom wide-band t o  a narrow f requency  band c e n t e r e d  on t h e  t a g ' s  f requency;  
and  t h e  buoy t r a n s m i t t e r  wou ld  h a v e  t o  be  a l t e r e d  t o  r e t r a n s m i t  on 
f r e q u e n c i e s  o t h e r  t h a n  t h e  ASW o n e s r  o r  i f  t h e  s y s t e m  n e e d s  r e c o r d i n g  
c a p a b i l i t i e s !  t hose  would have  t o  be i n s t a l l e d .  These m o d i f i c a t i o n s  of t h e  
ASW sonobouys would probably  c o s t  $1000-$3000 per buoy. 

The t r anspond ing  f i s h  t r a n s m i t t e r s  were e s t i m a t e d  t o  c o s t  from $100 t o  
$ 5 0 0  e a c h  a n d  h a v e  a q u e r y  r a n g e  o f  a b o u t  0.5 t o  1 . 0  k m  f r o m  t h e  
o m n i d i r e c t i o n a l  hydrophone. Rece iver  c o s t s  s e v e r e l y  l i m i t  t h e  number t h a t  
could  be deployed1 and t h u s  r e s t r i c t  t h e  sys tem's  u s e  t o  s i t u a t i o n s  where 
t h e  e x p e c t e d  f i s h  p a t h  i s  c i r c u m s c r i b e d  o r  t h e  p r e s e n c e  of f i s h  i n  a 
p a r t i c u l a r  a r e a  n e e d s  t o  b e  a s c e r t a i n e d .  The s y s t e m  c o u l d  be  u s e d  
prof i t a b l y  i n  s i t u a t i o n s  where f i s h  remain nea r  f i s h  aggrega t ion  devices .  

( 2 )  mPopupm Tags 

A t a g g i n g  sys tem i n  which t h e  t a g  s u r f a c e d  a f t e r  a s p e c i f i e d  c o n d i t i o n  
was m e t  ( e l a p s e d  t i m e r  m o r t a l i t y l  e t c . )  and  " r e p o r t e d "  i t s  p o s i t i o n  c o u l d  
be a powerfu l  t o o l .  Such a f i she ry - independen t  t a g  recovery  sys tem would 
s o l v e  many p r o b l e m s  r e l a t e d  t o  t u n a  movement l  i n c l u d i n g  i n c o m p l e t e  a n d  
e r r o n e o u s  d a t a  f u r n i s h e d  by f i s h e r m e n  o r  o t h e r s 1  and  t a g  l o s s  t h r o u g h  
e m i g r a t i o n  o u t  of t h e  f i s h e r y r  o r  m o r t a l i t y .  While such  a system i s  e a s i l y  
conceivedr r e a l i z a t i o n  i s  t e c h n i c a l l y  d i f f i c u l t .  I n  a d d i t i o n 1  because  t h e  
sys tem d e s c r i b e d  h e r e  would p rov ide  on ly  two geograph ic  p o s i t i o n s l  t a g  u n i t  
c o s t  must be r e l a t i v e l y  low. 

E l e c t r o n i c a l l y - c o n t r o l l e d  f u s i b l e  l i n k s  t h a t  could  r e l e a s e  t h e  t a g  a r e  
a v a i l a b l e  now ( N e l s o n  and  McKibben 1981 ;  J . M .  McKibben p e r s .  corn.# 
U l t r a s o n i c  Telemet ry  Systems1 8315 M i l l i k i n  Ave.l W h i t t i e r ,  CAI USA).  The 
c o s t  of s u c h  r e l e a s e  s y s t e m s  ( a b o u t  $ 1 0 0 ) 1  s i z e  ( a b o u t  2 x 5 c m  i n c l u d i n g  
b a t t e r y )  a n d  p r e c i s i o n  of  r e l e a s e  and  t r a n s p o r t  t o  t h e  s u r f a c e  (0 .5 - lh )  
would a l l o w  a d e s i g n  of h p r a c t i c a l  system. 

P o s i t i o n  r e p o r t i n g  cou ld  be done most cheaply  by r e l y i n g  on a i r c r a f t .  
From t h e  a i r #  a VHF s i g n a l  t r a n s m i t t e d  by t h e  t a g  when i t  r e a c h e d  t h e  
s u r f a c e  c o u l d  be  d e t e c t e d  a l o n g  a t r a c k  300 nm wide .  Knowledge of t h e  
p r e c i s e  t i m e  of release would l i m i t  a i r c r a f t  c o s t s .  W e  b e l i e v e  t h a t  $200 
p e r  t a g  ( i n c l u d i n g  r e l e a s e  mechanism)  c o u l d  be  r e a l i z e d .  A l though  no  
t e c h n i c a l  b a r r i e r s  e x i s t  t o  t h e  development of such  a tagr  t hey  a r e  n o t  i n  
commercial  p roduc t ion  and we b e l i e v e  t h a t  r e s e a r c h  and development c o s t s  
would be s u b s  t a n  ti al. 

I d e a l l y #  p o s i t i o n  c o u l d  b e  r e p o r t e d  v i a  ARGOS s a t e l l i t e .  ,The  
a d v a n t a g e s  of  s a t e l l i t e  r e c o v e r y  of i n f o r m a t i o n  a r e  o b v i o u s  andr  i f  a 
" m o r t a l i t y "  pop-up cou ld  be inco rpora t ed r  t h e  d a t a  would be of g r e a t  va lue  
i n  r e s o l v i n g  issues r e l a t e d  t o  n a t u r a l  m o r t a l i t y  and e m i g r a t i o n  of tunas .  
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On t h e  o t h e r  hand, p r e s e n t  s i z e  ( 1 0 0  m m  dia . ,  2509) and c o s t s  of ARGOS 
t r a n s m i t t e r s  ( $ 2 0 0 0  each)  q x c l u s i v e  of t h e  t i m e d - r e l e a s e  component (see 
above) make s a t e l l i t e  r ead ing  of pop-up t a g s  i m p r a c t i c a l  a t  p re sen t .  I t  
a l s o  seems unl ikely t h a t  cos t  w i l l  s ubs t an t i a l ly  dec l ine  i n  t h e  near fu tu re  
because of t he  high cos t  of the  prec is ion  o s c i l l a t o r  used t o  t ransmi t  t he  
s i g n a l  t o  t h e  s a t e l l i t e  ( l e s s  t han  2 Hz d r i f t  ou t  of a mega Hz c a u s e s  
r e j e c t i o n  by ARGOS).  Nor a r e  g r e a t  r e d u c t i o n s  i n  s i z e  l i k e l y  because of 
the  high ( 2  watt)  power requirement fo r  t ransmission ( the  ba t te ry  makes up 
about two-thirds of the  tag  weight). Thus,  because of t h e i r  cos t  and s i ze ,  
s a t e l l i t e  t a g s  seem an i m p r a c t i c a l  system f o r  t r a c i n g  tuna  movements a t  
p re sen t .  On t h e  o t h e r  hand1 s a t e l l i t e  t a g s  a r e  an  a r e a  of i n t e n s i v e  
experimentation (Mitson MS) I and subs t an t i a l  reduct ions i n  s i z e  and c o s t s  
have a l r e a d y  been accomplished.  I n  t h e  u n l i k e l y  event  t h a t  s u b s t a n t i a l  
reductions occur i n  t he  f u t u r e  the  pop-up s a t e l l i t e  tag  fo r  tuna should be 
reconsidered. 

( 3 )  Archival Position-Recording Tags 

Northwest Marine Technology, 1nc.t has completed a f e a s i b i l i t y  design 
f o r  a m i n i a t u r e  (1 c m  x 6 cm) t a g  which a l l o w s  s t o r a g e  of 8k b y t e s  a s  a 
f u n c t i o n  of e l apsed  time. The tagged  f i s h  could  remain a t  l a r g e  f o r  5 
years ,  t he  useful  l i f e  of a l i th ium ba t te ry ,  but data  co l l ec t ion  can extend 
over only  one yea r  because s u f f i c i e n t  b a t t e r y  power (about  1 mic rowa t t )  
m u s t  be r e s e r v e d  t o  m a i n t a i n  d a t a  i n  t h e  memory. The t a g  would c o l l e c t  
da ta  from three  environmental sensors  (por t s )  and record them and elapsed 
t i m e  f o r  even tua l  r ead ing  when t h e  t a g  i s  recovered  by t h e  f i s h e r y .  The 
t ag  is, e s s e n t i a l l y ,  a highly-compact, low-power consuming microprocessor. 
I t s  g r e a t e s t  advantage  l i e s  i n  t h e  a b i l i t y  of t h e  use r  t o  c o n f i g u r e  i t s  
s o f t w a r e  and i t s  s e n s o r s  t o  meet a v a r i e t y  of e x p e r i m e n t a l  s i t u a t i o n s .  
Although t h e  development c o s t  of such a t agg ing  sys tem i s  S u b s t a n t i a l ,  
Northwest  Marine Technology h a s  i n d i c a t e d  i t  would deve lop  t h e  t a g  i f  a 
S100R commitment t o  purchase tags  were made ( sa t i s f ac to ry  tag  performance 
guaranteed before payment). The number of t ags  included i n  the  i n i t i a l  
c o n t r a c t  would be 1 0 0  or more, depending on t a g  s i z e ,  s o f t w a r e  and o t h e r  
spec i f i ca t ions .  

W h i l e  co l l ec t ion  of environmental data,  such a s  temperature and depth, 
over ex tended  p e r i o d s  would be ex t r eme ly  u s e f u l  i n  answer ing  s p e c i f i c  
behavioral  and physiological  quest ions,  t h e  most important appl ica t ion  of 
t h e  tag  i s  t h a t  it could record a s e r i e s  of geographic pos i t ions  and still  
c o l l e c t  t e m p e r a t u r e  and depth  in fo rma t ion .  Longi tude can be a c c u r a t e l y  
determined by including a photores i s tor  and measuring t h e  Greenwich t ime of 
s u n r i s e ,  and l a t i t u d e  can be de t e rmined  from d e p t h - s p e c i f i c  s eawa te r  
t empera tu res .  A s  8k b y t e s  can be s t o r e d  by t h e  u l t r a - m i n i a t u r e  t a g ,  i t  
could  r e c o r d  3 d a t a  i tems 7 t i m e s  per  day f o r  a y e a r  o r  e q u i v a l e n t l y  50 
t imes per day, one day per week f o r  a year. 

Recognizing t h a t  r e c o v e r i e s  dec rease  g e o m e t r i c a l l y  w i t h  t imer  d a t a  
acqu i s i t i on  r a t e  could be e a s i l y  programmed t o  be non-linear (programming 
of sampl ing  i n t e r v a l s  can be done a f t e r  t h e  t a g  i s  c o n s t r u c t e d ) .  For 
example, i n i t i a l l y  da ta  could be co l lec ted  and s tored  a t  hour or half-hour 
i n t e r v a l s  u n t i l  t he  memory was f i l l e d ,  and then t h e  acqu i s i t i on  r a t e  could 
be reduced t o  i n t e r v a l s  of a week o r  f o r t n i g h t  and t h e  new d a t a  would be 
s t o r e d  over  t h e  o l d  ( r e t a i n i n g  s u f f i c i e n t  amounts of t h e  o l d  d a t a  so t h a t  
the  t ime s e r i e s  remained complete). In  t h i s  manner highly de t a i l ed  da i ly  
r e c o r d s  of depth ,  t empera tu re ,  and p o s i t i o n  could  be recorded  d u r i n g  t h e  
p e r i o d  t h a t  r e t u r n s  from t h e  f i s h e r y  a r e  t h e  most l i k e l y  ( t h e  f i r s t  100 
days a t  l a rge )  without los ing  va luable  pos i t ion  data  inherent  i n  long-term 
r e cov e r i e s . 

A s i m u l a t i o n  s tudy  of t h e  p r e c i s i o n  of l a t i t u d e  e s t i m a t e s  was 
completed by Smith and Goodman (1986). Each f i s h  pos i t ion  was considered 
indeDendentlv and the  prec is ion  was a funct ion of t he  variance i n  t h e  long- 
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term mean d e p t h - t e m p e r a t u r e  r e l a t i o n s h i p  f o r  a p a r t i c u l a r  t i m e  o f  y e a r .  
The s i m u l a t i o n  i n d i c a t e d  t h a t  t h e  minimum p r e c i s i o n  t h a t  cou ld  be expec ted  
us ing  t e m p e r a t u r e  and depth  d a t a  recorded  by t h e  t a g  was w i t h i n  5 degrees  
of l a t i t u d e .  The p r e c i s i o n  of t h e  l o n g i t u d e  e s t i m a t e  i s  a f u n c t i o n  of t h e  
i n t e r v a l  of t ime  used t o  measure s u n s e t  and s u n r i s e  and t h e r e f o r e  i s  under 
t h e  c o n t r o l  of t h e  e x p e r i m e n t e r .  R e s o l u t i o n  on  t h e  o r d e r  of one  d e g r e e  
c o u l d  b e  r e a d i l y  a c h i e v e d .  F i v e  d e g r e e s  of l a t i t u d e  i s  t h e  minimum 
PrefZisFM t h a t  c o u l d  be  e x p e c t e d 1  a s  t h e  model i s  v e r y  c o n s e r v a t i v e .  
Taking i n t o  accoun t  t h e  p rev ious  p o s i t i o n  of t h e  f i s h 1  and having  r e a l - t i m e  
o c e a n o g r a p h i c  m e a s u r e s  of s u r f  a c e  t e m p e r a t u r e  f rom s a t e l l i t e s  a n d  o t h e r  
sou rces  cou ld  i n c r e a s e  t h e  p r e c i s i o n  2 or 3 f o l d .  

( 4 )  Archival Pop-up Tags 

The i d e a l  t a g  wou ld  b e  a d a t a  r e c o r d i n g  t a g  a s  d e s c r i b e d  i n  t h e  
p r e v i o u s  s e c t i o n  t h a t  s u r f a c e d  a n d  r e p o r t e d  t h e  d a t a  t o  a s a t e l l i t e  a t  a 
s p e c i f i e d  t i m e .  T h i s  t a g  i s  e s s e n t i a l l y  a m a r r i a g e  of t h e  t w o  s y s t e m s  
p r e v i o u s l y  d i s c u s s e d  (pop-up  a n d  a r c h i v a l  p o s i t i o n - r e c o r d i n g  t a g s ) .  The 
h i g h  u n i t  c o s t  of s u c h  a s a t e l l i t e  t a g  m i g h t  be a c c e p t a b l e  i n  t h i s  c a s e  
b e c a u s e  many f i s h  p o s i t i o n s  a s  w e l l  a s  a w e a l t h  of e n v i r o n m e n t a l  d a t a  
wou ld  be  a c q u i r e d  r a t h e r  t h a n  a s i n g l e  f i s h  p o s i t i o n  d e t e r m i n e d  f r o m  
sa te l l i t e .  I n  a d d i t i o n  such  a sys tem would be t r u l y  f i s h e r y  independent1 
and t h e  r a t e  of recovery  of i n f o r m a t i o n  would be high. 

The c h i e f  p r o b l e m  w i t h  s u c h  a t a g g i n g  s y s t e m  i s  t h a t  t h e  m e s s a g e  
l e n g t h  p e r m i t t e d  by ARGOS is f a r  t o o  s h o r t  t o  u t i l i z e  t h e  unique f e a t u r e s  
of t h e  a r c h i v a l  t a g  b e c a u s e  ARGOS wou ld  p e r m i t  o n l y  a f ew d a t a  p o i n t s  t o  b e  
t r a n s m i t t e d .  The s h o r t  message  l e n g t h  i s  a n e c e s s a r y  f e a t u r e  of ARGOSI 
w h i c h  i s  a l o w - a l t i t u d e  s a t e l l i t e  t h a t  moves r a p i d l y  a c r o s s  t h e  h o r i z o n .  
The low a l t i t u d e  r educes  t h e  power t r a n s m i s s i o n  r equ i r emen t s  and t h e  s h o r t  
message l e n g t h  e n a b l e s  many u s e r s  t o  s h a r e  t h e  same s a t e l l i t e .  The high- 
q u a l i t y  o s c i l l a t o r r  an i m p o r t a n t  c o s t  f a c t o r  i n  a n  ARGOS compa t ib l e  tag1 i s  
n o t  s t r i c t l y  n e c e s s a r y  i f  l o c a t i o n  of t h e  t a g  by t h e  s a t e l l i t e  i s  n o t  
r e q u i r e d  a s  would be t h e  c a s e  f o r  an a r c h i v a l  tag .  However1 ARGOS w i l l  n o t  
p e r m i t  s u c h  a d e g r a d a t i o n  s i n c e  t h e  f i n e  f r e q u e n c y  s e p a r a t i o n  i s  u s e d  t o  
mani tor  s e v e r a l  t r a n s m i t t e r s  s imul t aneous ly .  

An i m p o r t a n t  s t e p  i n  d e v e l o p m e n t  of s u c h  a t a g  would  b e  t o  d e v e l o p  a 
new s e t  of s a t e l l i t e  s p e c i f i c a t i o n s  and  d e t e r m i n e  i f  t h e y  c o u l d  be  
accommodated w i t h i n  t h e  NOAA s a t e l l i t e  program. Data a r c h i v i n g  r e q u i r e s  a 
much l a r g e r  d a t a  c a p a c i t y  than  i s  normal and a s a t e l l i t e  channel might  have 
t o  be s p e c i a l l y  d e d i c a t e d  t o  mon i to r ing  such  t ags .  Some OCeanOgKapheKS i n  
t h e  NOAA p rogram a r e  a d v o c a t i n g  l o n g e r  message  l e n g t h s  f o r  ARGOS, so  
development of such  a t a g  may be p o s s i b l e  i n  t h e  f u t u r e .  

Thus a p o p u p 1  d a t a  r e c o r d i n g  t a g  f o r  t u n a s  is t e c h n i c a l l y  f e a s i b l e  i f  
a n  accommoda t ion  c a n  be  r e a c h e d  w i t h  s a t e l l i t e  s p e c i f i c a t i o n s .  I n  f a c t l  
t h e  Lowestof t Labora tory  ( D i r e c t o r a t e  of F i s h e r i e s  Research1 M i n i s t r y  of 
A g r i c u l t u r e r  F i s h e r i e s  a n d  Food I U n i t e d  Kingdom) h a s  t a k e n  up  t h e  ' 

c h a l l e n g e  t o  s i g n i f i c a n t l y  r e d u c e  t h e  s i z e  of a s a t e l l i t e  t r a n s m i t t e r  t o  
meet t h e  r e q u i r e m e n t s  f o r  a pop-up s a t e l l i t e  t a g  f o r  t u n a .  A s t u d y  i s  
underway f o r  t h e  d e s i g n  of a d a t a  s t o r a g e  t a g  wh ich  c a n  be  i n c o r p o r a t e d  
i n t o  t h e  pop-up s a t e l l i t e  t a g .  T h i s  a l s o  i n c l u d e s  a n  i n v e s t i g a t i o n  of 
m e t h o d s  f o r  p o s i t i o n  f i n d i n g  a n d  r e c o r d i n g .  F i n a l  d e s i g n s  a n d  
s p e c i f i c a t i o n s  s h o u l d  be a c h i e v e d  i n  1986 (R. Mi t sonr  L o w e s t o f t 1  U.K., 
p e r  s. comm.) . 

4 . 1  " 3  Conclusions 

The i d e a l  t a g  recovery  system i n  which t h e  i d e n t i t y  code and p o s i t i o n  
a n d  e n v i r o n m e n t a l  h i s t o r y  a r e  a u t o m a t i c a l l y  r e c o r d e d  i s  p r e s e n t l y  
i m p r a c t i c a l .  No system p r e s e n t l y  e x i s t s  t h a t  w i l l  a u t o m a t i c a l l y  r ead  f i s h  
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i d e n t i t y  c o d e s  when f i s h  a r e  c a p t u r e d  o r  p r o c e s s e d l  b u t  t h e  P IT  t a g  i s  a 
f i r s t  s t e p .  On t h e  o t h e r  hand1 a t a g  t h a t  s t o r e s  d a t a  on f i s h  p o s i t i o n  and 
t h e  e n v i r o n m e n t  w h i c h  i s  r e c o v e r e d  when t h e  f i s h  i s  r e c a p t u r e d  ( a r c h i v a l  
t a g )  is p r a c t i c a l .  Sonobouy-transponder sys t ems  and pop-up t a g s  ( d e t e c t e d  
by a i r c r a f t )  m i g h t  a l s o  be  p r a c t i c a l l  b u t  a r e  o f  more  l i m i t e d  use. The 
sonobouy-transponder system would probably  be most u s e f u l  i n  s t u d y i n g  t h e  
behavior  of t u n a  a s s o c i a t e d  w i t h  f i s h  a t t r a c t i o n  d e v i c e s  and t h e  VHF pop-up 
t a g  migh t  be used i n  a r e a s  where movements a r e  g r e a t l y  c o n s t r a i n e d  by t h e  
c o a s t l i n e  o r  when s h o r t - t e r m  r e c o v e r i e s  a r e  of i n t e r e s t .  The c o s t s  of 
d e v e l o p m e n t  m i g h t  n o t  j u s t i f y  t h e  l i m i t e d  use  of t h e  VHF pop-up t a g  f o r  
t u n a s .  

Of t h e  sys t ems  cons ide red  i n  t h i s  r epor t1  w e  b e l i e v e  t h a t  t h e  a r c h i v a l  
t a g  h a s  t h e  g r e a t e s t  p o t e n t i a l .  W e  b e l i e v e  t h a t  w i d e s p r e a d  use o f  t h e  
a r c h i v a l  t a g  i n  con junc t ion  w i t h  conven t iona l  mark and r e c a p t u r e  s t u d i e s  
would r e s u l t  i n  a quantum advance i n  knowledge of t u n a  movement dynamics. 
The i d e a l  t a g g i n g  s y s t e m  of t h i s  g e n r e  i s  a n  a r c h i v a l  t a g  t h a t  s u r f a c e d  a n d  
r e p o r t e d  t h e  d a t a  t o  a s a t e l l i t e  ( a r c h i v a l  pop-up t ag ) .  The c h i e f  b a r r i e r  
t o  development of such a system a p p e a r s  t o  be a l a c k  of c o m p a t i b i l i t y  w i th  
e x i s t i n g  s a t e l l i t e s t  a problem t h a t  could  be overcome i n  t h e  f u t u r e .  For 
t h e  p r e s e n t r  w e  recommend d e v e l o p m e n t  and  t e s t i n g  of a n  a r c h i v a l  t a g  i n  
w h i c h  t h e  t a g s  a r e  r e c o v e r e d  t h r o u g h  t h e  f i s h e r y .  Tuna s t o c k s  f o r  w h i c h  
t a g  r e c o v e r y  r a t e  i s  h i g h  a r e  t h e  p r e f e r r e d  s t o c k s  f o r  t h e  i n i t i a l  
a p p l i c a t i o n  of t h e  tag.  W e  a l s o  encourage  a f e a s i b i l i t y  s tudy  of s a t e l l i t e  
recovery  s y s t e m s  f o r  an  a r c h i v a l  t una  tag.  

4.2 Ueasurements of Physiological State 

I n t e r p r e t a t i o n  of t a g  r e c o v e r y  d a t a  f o r  e s t i m a t i o n  of movements t  
g r o w t h t  a n d  m o r t a l i t y  would  b e  a i d e d  by c o l l e c t i n g  i n f o r m a t i o n  o n  t h e  
p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  f i s h  a t  t h e  t i m e  of t a g g i n g .  S u c h  
m e a s u r e m e n t s  wou ld  h e l p  i d e n t i f y  t h e  f a c t o r s  m o t i v a t i n g  movement a n d  
r e g i o n a l  and  s e a s o n a l  d i f f e r e n c e s  i n  l i f e  h i s t o r y  c h a r a c t e r i s t i c s .  To 
da te r  f i s h e r y  work h a s  r e l i e d  p r i m a r i l y  on c rude  i n d i c e s  of cond i t ion1  such  
a s  l eng th -we igh t  r e l a t i o n s h i p s  and gonadosomatic i n d i c e s t  bu t  t h e  p o t e n t i a l  
e x i s t s  t o  i n f e r  much of a f i s h ' s  p r e s e n t  and p a s t  h i s t o r y  from b iochemica l  
a n a l y s e s  and examina t ion  of t i s s u e  s t r u c t u r e .  Modern t echn iques1  developed  
or b e i n g  d e v e l o p e d l  a l l o w  o r  w i l l  a l l o w  d e t e r m i n a t i o n  o f  w h e t h e r  t h e  
p h y s i o l o g i c a l  c o n Z i t i o n  of a t u n a  i s  i m p r o v i n g  o r  d e t e r i o r a t i n g 1  i t s  
g r o w t h t  swimming a n d  f e e d i n g  h i s t o r y l  a n d  i t s  e x a c t  p o s i t i o n  i n  s e x u a l  
m a t u r i t y  and  many o t h e r  c h a r a c t e r i s t i c s  (Love  1 9 8 0 ) .  Such i n f o r m a t i o n  
wou ld  b e  i n v a l u a b l e  f o r  i n t e r p r e t i n g  p a t t e r n s  a n d  r a t e s  of movemen t s  of 
t u n a s  and i d e n t i f y i n g  t h e  e x t e n t  of h e t e r o g e n e i t y  i n  v i t a l  r a t e  p a r a m e t e r s  
( r ep roduc t ion ,  growthr  and m o r t a l i t y ) .  Love (1980) l u c i d l y  summar izes  t h i s  
p o i n t  of view and t h e  e x i s t i n g  l i t e r a t u r e  on f i s h e s .  We b r i e f l y  summarize 
below a few of t h e  many p o s s i b l e  approaches  and p rov ide  some r e p r e s e n t a t i v e  
r e f  e r  ences .  

4.2.1 Reproductive State 

The g o n a d o s o m a t i c  i n d e x  i s  a u s e f u l  measure of s e a s o n a l i t y  i n  
r e p r o d u c t i o n  i n  t u n a s  (Orange 1 9 6 1 )  t a l t h o u g h ,  more i n f o r m a t i v e  t e c h n i q u e s  
e x i s t .  A p r e c i s e  a s s e s s m e n t  of t h e  f e m a l e  r e p r o d u c t i v e  c o n d i t i o n  is 
p o s s i b l e  by h i s t o l o g i c a l  examina t ion  of f o rma l in -p rese rved  o v a r i a n  t i s s u e  
f r o m  f r e s h l y - c a u g h t  f i s h .  When p r o p e r l y  c a l i b r a t e d 1  i d e n t i f i c a t i o n  a n d  
age ing  of p o s t o v u l a t o r y  f o l l i c l e s  i n  a c t i v e  o v a r i e s  i n d i c a t e  t ime of l a s t  
s p a w n i n g  ( H u n t e r  and  G o l d b e r g  1 9 8 0 ) .  A l t e r n a t i v e l y 1  t h e  i n c i d e n c e  of 
f e m a l e s  w i t h  hydra t ed  o o c y t e s  can be used t o  e s t i m a t e  spawning f requency .  
I n  i n a c t i v e  o v a r i e s l  c l a s s i f i c a t i o n  of  a t r e t i c  o o c y t e s  i n d i c a t e s  t i m e  
e l apsed  s i n c e  t h e  ovary was a c t i v e  (Hunter and Macewicz 1985). Frequency 
of s p a w n i n g  i n  t u n a  p o p u l a t i o n s  h a s  r e c e n t l y  been  e s t i m a t e d  f o r  s o u t h  
P a c i f i c  s k i p j a c k  ( H u n t e r  e t  a l .  MS) and  b l a c k  s k i p j a c k  ( S c h a e f e r  1 9 8 6 ) .  
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R e s u l t s  i n d i c a t e d  t h a t  s o u t h  P a c i f i c  s k i p j a c k  probably spawn n e a r l y  eve ry  
day d u r i n g  peak spawning months and b l ack  s k i p j a c k  every  2.5-4.0 days. 

4.2.2 Growth 

Measurement  of r e c e n t  g r o w t h  ( d a y s  t o  weeks) c o u l d  be  u s e f u l  i n  
i n t e r p r e t i n g  d i f f e r e n c e s  i n  t h e  p a t t e r n  of movements among tagged  f i s h  o r  
between areas. Seve ra l  b iochemica l  t e c h n i q u e s  a r e  p o t e n t i a l l y  u s e f u l  as 
i n d i c e s  of r e c e n t  g r o w t h ;  R N A / D N A  r a t i o s  ( B u c k l e y  1984)  I p o l y r i b o s o m e  t o  
monor ibosome  r a t i o  ( L i e d  e t  a l .  1 9 8 2 ) ;  114-C1-glyc ine  u p t a k e  by s c a l e s  
(Srnagula and Adelman 1983);  and p o s s i b l y  messenger RNA (Somero and Lowery 
p e r s .  comm.1 U. of C a l i f o r n i a  San  Diegot  La J o l l a l  CAI  U S A ) .  

A number of p u b l i c a t i o n s  d e s c r i b e  t h e  use of R N A / D N A  a s  a n  i n d e x  o f  
r e c e n t  growth  i n  f i s h ,  and t h e  t echn ique  h a s  been s u c c e s s f u l l y  a p p l i e d  i n  
t h e  a s ses smen t  of h a b i t a t  q u a l i t y  f o r  mar ine  f i s h  l a r v a e  (Buckley 1984).  

Use of p o l y r i b o s o m e  t o  monor ibosome  r a t i o s  a s  a n  i n d e x  of g r o w t h  o r  
n u t r i t i o n a l  c o n d i t i o n  (Lied  e t  a l .  1982) seems p romis ing  because  t h e  r a t i o  
would  be  much more  s e n s i t i v e  t o  s h o r t - t e r m  c h a n g e s  t h a n  RNA/DNA. T h i s  
t e c h n i q u e  is  still  i n  t h e  deve lopmenta l  s t a g e r  however. 

Up take  of 114-CI -g lyc ine  by t h e  o s t e o b l a s t s  t h a t  r e m a i n  a t t a c h e d  t o  
s c a l e s  i s  a n o t h e r  me thod  t h a t  h a s  been  u s e d  t o  a s s e s s  g r o w t h  i n  f i s h e s  
(Smagu la  and  Adelman 1983)  b u t  t h e  t e c h n i q u e  p r o b a b l y  would  r e q u i r e  
i n c u b a t i o n  on  b o a r d  s h i p  a n d  i s  l e s s  p r a c t i c a l  f o r  t u n a  r e s e a r c h  t h a n  t h e  
o t h e r  m e t h o d s  wh ich  r e q u i r e  o n l y  t h a t  s a m p l e s  f r o m  l i v e  f i s h  be  f r o z e n  
u n t i l  r e t u r n e d  t o  t h e  l a b o r a t o r y  f o r  a n a l y s i s .  C a l i b r a t i o n  of a n y  i n d e x  
w i t h  f i s h  g r o w t h  u s i n g  c a p t i v e  f i s h  i s  p r e f e r a b l e ,  a l t h o u g h  an  i n d e x  o f  
growth might  be u s e f u l  even w i t h o u t  d i r e c t  c a l i b r a t i o n .  

4.2.3 Caloric Density 

A n a l y s i s  of f a t  c o n c e n t r a t i o n  i n  t issues is one of a few b iochemica l  
t e c h n i q u e s  t h a t  have had widesp read  u s e  i n  f i s h e r i e s  (Shul'man 1974) I b u t  
r a r e l y  h a s  i t  b e e n  a p p l i e d  t o  t u n a s  o r  u s e d  f o r  i n t e r p r e t a t i o n  o f  
movements. North P a c i f i c  a l b a c o r e  reduce  t h e i r  supp ly  of f a t  d u r i n g  t h e i r  
t r a n s o c e a n i c  m i g r a t i o n 1  and  f a t  s t o r e s  a r e  r e p l e n i s h e d  by a c t i v e  f e e d i n g  
p r i o r  t o  r e a c h i n g  t h e  n o r t h  Amer ican  c o a s t  ( D o t s o n  1 9 7 8 ) .  C l e a r l y 1  
knowledge  of c a l o r i c  d e n s i t y  would  b e  q u i t e  h e l p f u l  i n  i n t e r p r e t i n g  
movements of a lbacore .  

B e c a u s e  t h e  t e c h n i q u e s  a r e  s i m p l e l  t h e  t r a d i t i o n a l  a p p r o a c h  t o  
m e a s u r i n g  c a l o r i c  d e n s i t y  i n  f i s h e s  h a s  been  t o  m e a s u r e  t o t a l  l i p i d  o r  
wa te r  con ten t .  Boggs (1984) showed t h a t  t h e  t o t a l  l i p i d  c o n t e n t  i n  t u n a s  
i s  c l o s e l y  c o r r e l a t e d  w i t h  t h e i r  w a t e r  c o n t e n t .  However,  t h i n  l a y e r  
c h r o m a t o g r a p h y  and  f l a m e  i o n i z a t i o n  d e t e c t i o n  t e c h n i q u e s  m a k e  p o s s i b l e  
estimates of l i p i d  classes (such  a s  t r i g y l c e r i d e s r  c h o l e s t e r o l 1  f r e e  f a t t y  
l i p i d s  a n d  p o l a r  l i p i d s )  i n  t i s s u e  s a m p l e s  a s  sma l l  a s  25  g d r y  w e i g h t  
(Hakanson 1 9 8 4 ) .  F a t  p r o f i l e s  p e r m i t  i d e n t i f i c a t i o n  of c h a n g e s  i n  
s t r u c t u r a l  as w e l l  a s  s t o r a g e  l i p i d s t  and t h e r e f o r e  a r e  a more p r e c i s e  and 
i n f o r m a t i v e  m e a s u r e  of n u t r i t i o n a l  s t a t e .  ~ l s o  o n l y  s m a l l  a m o u n t s  o f  
t i s s u e  n e e d  be c o l l e c t e d r  so  t h e  t e c h n i q u e  c o u l d  b e  u s e d  t o  p r o v i d e  a 
p r e c i s e  measure of n u t r i t i o n a l  c o n d i t i o n  w i t h o u t  damaging t h e  f i s h  a t  t h e  
t i m e  of t a g g i n g .  I t  would  be  i m p o r t a n t  t o  c a l i b r a t e  s u c h  work by 
d e t e r m i n i n g  a r e p r e s e n t a t i v e  sampl ing  l o c a t i o n  i n  t h e  body as  Boggs (1984) 
d i d  f o r  y e l l o w f i n .  
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4.2.4 S t a r v a t i o n  and Energy Consumption 

Many p o s s i b i l i t i e s  e x i s t  f o r  a s s e s s i n g  t h e  d e g r e e  of s t a r v a t i o n  and  
r e c e n t  f o o d  a s s i m i l a t i o n  r a t e s .  The t i m e  c o u r s e  of s t a r v a t i o n - i n d u c e d  
his topathology i n  l a r v a l  f i s h e s  has  been c a l i b r a t e d  i n  t h e  l a b o r a t o r y  and 
used t o  measure t h e  f r a c t i o n  of l a r v a e  d y i n g  of s t a r v a t i o n  pe r  day i n  t h e  
sea (O'Connell 1980; O'Connell and Paloma 1981; Thei lacker  1986). Some of 
t h e s e  c h a r a c t e r i s t i c s  m i g h t  be u s e f u l  i n  a d u l t  t una .  For  example,  o n e  
m i g h t  examine a p p e a r a n c e  of h e p a t o c y t e s 1  g lycogen  c o n c e n t r a t i o n  i n  t h e  
l i v e r  o r  t h e  a r r a n g e m e n t  of c e l l s  i n  t h e  p a n c r e a s  (O'Connel l  1980;  
O'Connell  and Paloma 1981) .  Other  p o t e n t i a l l y  f r u i t f u l  m e a s u r e s  i n c l u d e  
a c t i v i t y  of p r o t e o l y t i c  enzymes i n  w h i t e  musc le ,  f a t  c o n t e n t  of t h e  
i n t e s t i n e  (which might i n t e g r a t e  i n g e s t i o n  even t s  over 1-2 days ) ,  and t h e  
b u f f e r i n g  capac i ty  of muscle. I n  sk ip j ack1  h i s t i d i n e  d e c l i n e s  d r a m a t i c a l l y  
a f t e r  less than  a week  of s t a r v a t i o n  (R. B r i l l  pers. comm.1 NMFS, Southwest 
F i s h e r i e s  Cen te r1  Honolulur H I 1  USA). S i n c e  h i s t i d i n e  i s  a n  i m p o r t a n t  
i n t r a c e l l u l a r  bu f fe r  i n  f i s h  m u s c l e 1  s t a r v e d  tuna wi th  low h i s t i d i n e  l e v e l s  
may be less a b l e  t o  cope w i t h  t h e  proton load (from l a c t i c  a c i d )  generated 
du r ing  b u r s t  swimming1 and t h u s  be more a t  r isk.  

4.2.5 Durat ion and I n t e n s i t y  of A c t i v i t y  

I t  seems l i k e l y  t h a t  biochemical c h a r a c t e r i z a t i o n  of t h e  musculature  
of t u n a s  could be used t o  e s t i m a t e  t h e  d u r a t i o n  and i n t e n s i t y  of previous 
a c t i v i t y .  The re  i s  e v i d e n c e  i n  t h e  l i t e r a t u r e  of p e r v a s i v e  ( w e e k s  t o  
months)  b i o c h e m i c a l  changes  i n  t h e  l o c o m o t o r y  m u s c u l a t u r e  of mammals i n  
r e s p o n s e  t o  exerc ise  ( r e v i e w e d  i n  H o l l o s z y  and Booth 197611 and some 
e v i d e n c e  e x i s t s  t h a t  s i m i l a r  changes  o c c u r  i n  f i s h  ( J o h n s t o n  and  Moon 
1980,  1980a).In a d d i t i o n 1  a c o r r e l a t i o n  h a s  been  n o t e d  be tween  g l y c o l y t i c  
enzyme a c t i v i t i e s  ( l a c t a t e  and  m a l a t e  dehydrogenase )  of e p a x i a l  w h i t e  
m u s c l e  and r o u t i n e  m e t a b o l i c  r a t e  i n  a v a r i e t y  of f i s h e s  ( C h i l d r e s s  and 
Somero 1979) .  Work i n  p r o g r e s s  i n d i c a t e s  t h a t  b i o c h e m i c a l  p r o f i l e s  
( l a c t a t e  dehydrogenase1 c i t r a t e  synthase,  cytochrome-c oxidase a c t i v i t i e s 1  
myoglobin c o n c e n t r a t i o n ,  and  n u c l e i c  a c i d  r a t i o )  w i l l  p r o v i d e  i n d i c e s  of  
a c t i v i t y  l e v e l s  and growth and pe rmi t  t h e  c a l c u l a t i o n  of f eed ing  r a t i o n  (S. 
Kaupp p e r s .  comm., U. of  C a l i f o r n i a  San  D i e g o t  La J o l l a r  C A I  USA). 
C lea r ly ,  i n d i c e s  of p a s t  a c t i v i t y  l e v e l s  would be h e l p f u l  i n  i n t e r p r e t i n g  
movementst e s t i m a t i n g  energy requirements  and a s s e s s i n g  f i t n e s s .  

4.2.6 n o r t a l i t y  R i s k  

Natural  m o r t a l i t y  is  a c r i t i c a l  component i n  p o p u l a t i o n  models.  I ts  
e s t i m a t i o n  i s  u s e f u l  i n  i n t e r p r e t i n g  d a t a  on movements of t u n a s .  For 
exampler t h e  expec ta t ion  t h a t  f i s h  r e l eased  i n  a r e a  A w i l l  be r ecap tu red  i n  
a r e a  B is dependent on n a t u r a l  m o r t a l i t y ,  a s  wel l  a s  t h e  movement from a r e a  
A t o  B and f i s h i n g  e f f o r t  a l o n g  t h e  p a t h  be tween  t h e  a r e a s  and  i n  a r e a  B. 
N a t u r a l  m o r t a l i t y  h a s  been o r  migh t  be e s t i m a t e d  f rom r e su l t s  of  l a r g e -  
s c a l e  tagging experiments  (Bayl i f f  1971; CayrBl Diouf r Fonteneaur and San ta  
R i t a  V i e r a  1986)  P o b s e r v e d  d e c l i n e s  i n  y e a r - c l a s s  abundance,  and  v a r i o u s  
i n d i r e c t  m a t h e m a t i c a l  m a n i p u l a t i o n s  ( B e v e r t o n  and H o l t  1959; Hennemuth 
1961;  P a u l y  1980) .  Such me thods  o n l y  a p p r o x i m a t e  t h e  a c t u a l  n a t u r a l  
m o r t a l i t y ,  and i m p l i c i t l y  or  e x p l i c i t l y  assume t h a t  n a t u r a l  m o r t a l i t y  is 
c o n s t a n t  f o r  a l l  a g e  c l a s s e s  r e c r u i t e d  i n t o  t h e  f i s h e r y  d e s p i t e  t h e  f a c t  
t h a t  it must bet by d e f i n i t i o n 1  age-specif ic .  C lea r ly ,  measurements of t h e  
phys io log ica l  s ta te  t h a t  c o l l e c t i v e l y  provide a p r o f i l e  of s i z e - s p e c i f i c  
m o r t a l i t y  r i s k  would be a v a l u a b l e  a d d i t i o n  t o  l a r g e - s c a l e  t a g g i n g  
experiments.  I t  would be impor t an t  i n  such a n  assessment  of m o r t a l i t y  r i s k  
t o  c o n s i d e r  n o t  o n l y  mean l e v e l s  of such  i n d i c e s  i n  s e a - c a u g h t  t una1  b u t  
t h e  fo rm of t h e  d i s t r i b u t i o n .  For exampler  t h e  d i s t r i b u t i o n  of FU?A/DNA 
appea r s  t o  be t runca ted  i n  w i l d  l a r v a l  f i s h ,  with slow-growing i n d i v i d u a l s  
l e s s  a b u n d a n t  i n  t h e  s e a  t h a n  one  would p r e d i c t  f r o m  l a b o r a t o r y  work 
(Buckley 1984). 
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Many o f  t h e  i n d i c e s  d e s c r i b e d  i n  t h e  a b o v e  s e c t i o n s  w o u l d  b e  
a p p r o p r i a t e  e l e m e n t s  i n  a m o r t a l i t y  r i s k  a s s e s s m e n t .  A l s o 1  s o m e  
b iochemica l  index of t h e  age ing  p r o c e s s  would be a u s e f u l  a d d i t i o n  t o  o t h e r  
measurements. Such a n  index  might  be c u r r e n t l y  a v a i l a b l e  by measur ing  t h e  
c o n c e n t r a t i o n  of l i p o f u s c i n .  L ipo fusc in  accumula t e s  i n  t issues  of a number 
of organisms i n  p r o p o r t i o n  t o  m e t a b o l i c  r a t e  andl  i n  some i n s e c t s 1  a l i n e a r  
r e l a t i o n s h i p  e x i s t s  be tween c h r o n o l o g i c a l  age and l i p o f u s c i n  c o n c e n t r a t i o n  
( E t t e r s h a n k  e t  a l .  1 9 8 3 ) .  A l though  n o t  u s e d  t o  assess  p h y s i o l o g i c a l  o r  
c h r o n o l o g i c a l  age i n  f i s h e s l  it h a s  been used t o  i d e n t i f y  d i f f e r e n t  c o h o r t s  
of k r i l l  (E t t e r shank  1983). I n  a d d i t i o n  t o  a s ses smen t  of m o r t a l i t y  r i s k 1  
l i p o f u s c i n  c o n c e n t r a t i o n  m i g h t  a l s o  f i n d  a p p l i c a t i o n  i n  t u n a  movement 
s t u d i e s  a s  a n  index  of ch rono log ica l  age  of tagged  i n d i v i d u a l s  ( v i a  a s m a l l  
b i o p s y )  o r  f o r  i d e n t i f y i n g  d i f f e r e n c e s  i n  m e t a b o l i c  p r o c e s s e s  b e t w e e n  
groups  of t unas .  

4.2.7 Summary 

A f e w  of many p o s s i b l e  m e a s u r e m e n t s  of p h y s i o l o g i c a l  s t a t e  a r e  
s u m m a r i z e d  above .  A l l  a p p e a r  v a l u a b l e  f o r  i n t e r p r e t i n g  t u n a  movements .  
Somer such as c a l o r i c  d e n s i t y 1  RWUDNA r a t i o s  and h i s t o l o g i c a l  a n a l y s i s  of 
f e m a l e  r e p r o d u c t i v e  c o n d i t i o n ,  i n v o l v e  a p p l y i n g  t e c h n i q u e s  used on o t h e r  
f i s h e s  t o  q u e s t i o n s  of i n t e r e s t  t o  t una  b i o l o g i s t s .  The accu racy  of most 
measurements would be  improver1 '-1: c a l i b r a t i o n  e x p e r i m e n t s  on l i v e  c a p t i v e  
t u n a .  W e  b e l i e v e  t h a t  a p p l i c a t i o n  o f  t h e  e x i s t i n g  t e c h n i q u e s  a n d  
development of new ones  should  be e n c o u a g e d  as  p a r t  of a broad program on 
t h e  dynamics of t una  moveme'-t-< 

4 . 3  R e c o n s t r u c t i o n  of Movement H i s t o r i e s  From H i c r o c o n s t i t u e n t s  o f  
M i n e r a l i z e d  T i s s u e  

The t i s s u e s  of f i s h e s  l i v i n g  i n  d i f f e r e n t  env i ronmen t s  a r e  b e l i e v e d  t o  
acquire a unique  chemica l  co".iposition because  of d i f f e r e n c e s  i n  l o c a l  water 
c h e m i s t r y ,  t empera tu re1  n i che  d i f f e r e n c e s r  and o t h e r  c h a r a c t e r i s t i c s  of t h e  
environment.  These d i f f e r e n c e s  i n  chemica l  compos i t ion  a r e  b e l i e v e d  t o  b e  
conserved  i n  t h e  s k e l e t c r s  of t e l e o s t s  and c o n s t i t u t e  an  e c o l o g i c a l  r e c o r d  
b e c a u s e  t h e i r  b o n e s  a r e  u s u a l l y  a c e l l u l a r  (no  o s t e o c y t e s  i n  t h e  bone  
mat r ix11  and t h e  r e s c c p t i o n  of a c e l l u l a r  bone i s  un l ike ly .  N e w  a n a l y t i c a l  
t e c h n i q u e s  may m a k e  d s s i b l e  r e c o n s t r u c t i o n  of such  h i s t o r i e s .  Work such  
a s  t h i s  c o u l d  h e l p  d c n t i f y  t h e  o r i g i n s  a n d  s i z e  s p e c i f i c  movements  o f  
t u n a s .  Such  work  LLS n o t  considere:!  i n  O U T  d i s c u s s i o n s  b e c a u s e  t h e  
f o r m a t i o n  of a s e p a r a r e  wcrking group h a s  been proposed t o  e v a l u a t e  t h e  use 
of c h e m i c a l  c o n s t i t u e n t s  f o r  a g e  d e t e r m i n a t i o n  and  e s t i m a t i o n  of s t o c k  
h e t e r o g e n e i t y  and t r a n s f e r  r a t e s  of t u n a s  (Joseph and Wild 1984).  Although 
a thorough r ev iew was i m p r a c t i c a l 1  t h e  pane l  b e l i e v e d  t h a t  t h e  p o t e n t i a l  of 
t h e s e  me thodo log ie s  was so  g r e a t  t h a t  some mention shou ld  be made of them 
here.  For t h i s  s h o r t  synops i s ,  we drew upon unpubl i shed  documents of T.J. 
M u l l i g a n  ( U n i v e r s i t y  of M a r y l a n d r  Chesapeake  B i o l o g i c a l  L a b o r a t o r y r  
Solomonsr  Mary land)  a n d  R. R a d t k e  ( H a w a i i  I n s t i t u t e  o f  M a r i n e  B i o l o g y ,  
U n i v e r s i t y  of Hawaii1 USA) a s  w e l l  a s  t h e  pub l i shed  l i t e r a t u r e  

4.3.1 Genera l  Summary 

To d e f i n e  movement p a t t e r n s l  o t o l i t h s  o r  v e r t e b r a e  may be p r e f e r a b l e  
f o r  m i c r o c o n s t i t u e n t  a n a l y s i s  because they  may c o n t a i n  a r e c o r d  of t h e  a g e  
of a f i s h  a s  i n d i c a t e d  by d a i l y  or a n n u a l  g r o w t h  i n c r e m e n t s 1  and  p e r h a p s  
more i m p o r t a n t l y 1  t h e  c o n s t i t u e n t s ,  once d e p o s i t e d l  a r e  l i k e l y  t o  be s t a b l e  
a n d  n o t  r e s o r b e d  a s  t h e y  a r e  i n  s c a l e s  (Mugiya  and  Watabe  1 9 7 7 ) .  I t  i s  
a l s o  p r e f e r a b l e  t h a t  t h e  method be n o n d e s t r u c t i v e  and s e n s i t i v e  enough t o  
d e t e r m i n e  t h e  c h e m i c a l  c o m p o s i t i o n  w i t h i n  r e g i o n s  o f  e s t i m a t e d  a g e  on 
o t o l i t h s  o r  v e r t e b r a e .  Cons ide r ing  t h e s e  c r i t e r i a l  t h e  b e s t  method a t  t h i s  
t i m e  a p p e a r s  t o  be X-ray f l u o r e s c e n c e  spec t roscopy  ( C a l a p r i c e  e t  al .  1975; 
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Mull igan  e t  al .  1983). I n  t h i s  method t h e  presence  of e l emen t s  i s  d e t e c t e d  
by m e a s u r i n g  t h e  e n e r g i e s  of t h e  X-rays  p r o d u c e d  when a s e c t i o n  of an  
o t o l i t h  o r  v e r t e b r a e  i s  e x p o s e d  t o  a h i g h  e n e r g y  e l e c t r o n  o r  p r o t o n  beam. 
B e c a u s e  X- ray  f l u o r e s c e n c e  i s  n o n d e s t r u c t i v e r  a s a m p l e  c a n  b e  r u n  
r e p e a t e d l y  and  s p e c i f i c  r e g i o n s  w i t h i n  t h e  same s k e l e t a l  p a r t  c a n  b e  
t a r g e t e d  f o r  a n a l y s i s .  A t  t h e  conc lus ion  of t h e  a n a l y s i s r  t h e  d a t a  c o n s i s t  
of a n  a r r a y  of numberst w i t h  each  number co r re spond ing  t o  t h e  t o t a l  number 
of c h a r a c t e r i s t i c  X-rays i n  a g i v e n  energy range. From t h e s e  X-ray energy  
spectrar t h e  e l e m e n t a l  compos i t ion  is de termined .  The i n f o r m a t i o n  can  t h e n  
be  a n a l y z e d  i n  v a r i o u s  f a s h i o n s t  and  t h e  e n t i r e  e l e m e n t a l  p r o f i l e  o r  t h e  
r e l a t i v e  c o n c e n t r a t i o n s  of s p e c i f i c  e l emen t s  o r  t h e i r  r a t i o s  can be used. 
Nonparamet r ic  o r  p a r a m e t r i c  p a t t e r n  r e c o g n i t i o n  t e c h n i q u e s  a r e  a p p l i e d  t o  
t h e s e  d a t a  t o  i d e n t i f y  groups  o r  c lusters  of f i s h  hav ing  s i m i l a r  chemica l  
c o m p o s i t i o n .  The e q u i p m e n t 1  p r e c i s i o n r  a n a l y t i c a l  p r o c e d u r e s t  and 
s t a t i s t i c a l  methods f o r  m i c r o c o n s t i t u e n t  a n a l y s i s  i n  f i s h e s  have evolved  
c o n s i d e r a b l y  o v e r  t h e  y e a r s f  b u t  some c o n t r o v e r s y  s t i l l  e x i s t s  r e g a r d i n g  
t h e  o p t i m a l  approach t o  be used. 

A number of r e c e n t  s t u d i e s  have documented t h a t  chemica l  d i f f e r e n c e s  
e x i s t  i n  m i n e r a l i z e d  t i s s u e s  of f i s h e s ,  a n d  v a r i o u s  p a t t e r n  r e c o g n i t i o n  
t e c h n i q u e s  have  been used t o  s e p a r a t e  s t o c k s  of sockeye salmon ( C a l a p r i c e  
1971 ;  C a l a p r i c e  e t  a l .  1 9 7 I t  1975 ;  M u l l i g a n  e t  a l .  1 9 8 3 )  and  A t l a n t i c  
b l u e f i n  ( C a l a p r i c e  1986).  

I n  a d d i t i o n  t o  e x a m i n a t i o n  o f  s u c h  d a t a  f o r  g r o u p  s i m i l a r i t i e s  i n  
e l emen ta l  composi t ion t  i t  i s  t h e o r e t i c a l l y  p o s s i b l e  t o  o b t a i n  a h i s t o r i c  
r e c o r d  of t e m p e r a t u r e  c h a n g e s  e x p e r i e n c e d  by t h e  f i s h .  The s t r o n t i u m -  
calcium r a t i o  ( S r / C a )  i n  c o r a l  s k e l e t o n s  i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  
w a t e r  t e m p e r a t u r e  a t  t h e  t i m e  of c a l c i u m  d e p o s i t i o n  ( S m i t h  e t  a l .  1 9 7 9 ;  
Schneider  and Smi th  1982) t  and S r  may be s u b s t i t u t e d  i n t e r s t i t i a l l y  i n  t h e  
a r a g o n i t e  of f i s h  o t o l i t h s  i n  a tempera ture-dependent  manner. Radtke and 
T a r g e t t  (1984) found c y c l i c  p a t t e r n s  i n  Sr/Ca i n  t r a n s e c t s  of t h e  o t o l i t h s  
of a n  A n t a r c t i c  f i s h ;  t h e  c y c l i c a l  p a t t e r n s  may b e  r e l a t e d  t o  s e a s o n a l  
w a t e r  t empera tu res .  Th i s  a p p a r e n t  s e a s o n a l i t y  i n  t h e  m i c r o c o n s t i t u e n t s  of 
s c a l l o p s  and b l u e f i n  v e r t e b r a e  was a lsc  noted  by C a l a p r i c e  e t  a 1  (1971) and 
C a l a p r i c e  ( 1 9 8 6 ) ;  h i s  work  i s  d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  s u b s e q u e n t  
s e c t i o n s .  Recently1 t h e  Sr/Ca c o n t e n t  i n  o t o l i t h s  was de t e rmined  f o r  cod 
l a r v a e  r e a r e d  i n  t h e  l a b o r a t o r y  a t  d i f f e r e n t  t empera tu res .  T h i s  l a b o r a t o r y  
c a l i b r a t i o n  e s t a b l i s h e d  t h a t  t h e  Sr/Ca was a f u n c t i o n  of t empera tu re1  b u t  
t h a t  S r  was n o t  d e p o s i t e d  i n  e q u i l i b r i u m  w i t h  i n o r g a n i c a l l y  p r e c i p i t a t e d  
a r a g o n i t e  (Radtke 1984).  The s l o p e  of t h e  r e l a t i o n s h i p  between t e m p e r a t u r e  
a n d  S r / C a  was t h e  same a s  p r e d i c t e d  w i t h  t h e  e q u i l i b r i u m  e q u a t i o n  f o r  
i n 0 r g a n i . c  a r a g o n i t e 1  b u t  t h e  e l e v a t i o n  of t h e  l i n e  was  much l o w e r t  
i n d i c a t i n g  t h a t  m e t a b o l i c  p r o c e s s e s  p r o b a b l y  c o n t r o l l e d  t h e  amoun t  o f  
s t r o n t i u m  i n c o r p o r a t e d  i n t o  t h e  o t o l i t h .  L a b o r a t o r y  c a l i b r a t i o n  on a 
s p e c i e s - b y - s p e c i e s  b a s i s  w i l l  p r o b a b l y  b e  r e q u i r e d  t o  u s e  S r /Ca  t o  
r e c o n s t r u c t  r e l i a b l e  the rma l  h i s t o r i e s .  I t  may be p r e f e r a b l e  t o  use a mix 
of more e l emen t s  f o r  more a c c u r a t e  t e m p e r a t u r e  i n d i c a t o r s t  a s  s h i f t s  i n  t h e  
r a t i o  of o t h e r  e l e m e n t s  w i t h  t e m p e r a t u r e f  s u c h  a s  C l / B r t  c a n  a l s o  be  
expec ted  . 

S t a b l e  i s o t o p i c  c o n c e n t r a t i o n s  of oxygen i n  f i s h  v e r t e b r a e  or o t o l i t h s  
may a l s o  p rov ide  a p o t e n t i a l l y  u s e f u l  h i s t o r i c a l  r e c o r d  of t h e  hydrograph ic  
e p t g i r y p e n t  e x p e r i e n c e d  by t h e  f i s h .  For e x a m p l e ,  t h e  i s o t o p e  r a t i o  of 
0 / O  seems t o  b e  a n  i n d i c a t o r  o f  w a t e r  t e m p e r a t u r e ;  o x y g e n  i s  
hypo thes i zed  t o  be d e p o s i t e d  i n  o t o l i t h s  i n  i s o t o p i c  e q u i l i b r i u m  w i t h  t h e  
s u r r o u n d i n g  s e a w a t e r  (Devereux  1967 ;  Degens e t  a l .  1 9 6 9 ) .  Ko\%dny e t  a l .  
(1983) found good agreement  between t e m p e r a t u r e s  deduced from 0 v a l u e s  i n  
f i s h  bones and w a t e r  t e m p e r a t u r e  an$ showed t h a t  i s o t o p i c  c o n c e n t r a t i o n s  
w e r e  n o t  a f f e c t e d  by t h e  c o n c e n t r a t i o n s  i n  t h e  f o o d  f e d  t o  t h e  f i s h .  If 
t h i s  i s  t r u e  f o r  t u n a s t  c o n s t r u c t i o n  of a t h e r m a l  h i s t o r y  f r o m  i s o t o p i c  
a n a l y s i s  of t h e  o t o l i t h  may be p o s s i b l e .  
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The s t a n d a r d  me thod  of m e a s u r i n g  t h e  oxygen i s o t o p e  r a t i o  r e q u i r e s  
d i s s o l v i n g  t h e  s a m p l e  and  e m p l o y i n g  a m a s s - s p e c t r o m e t e r 1  a d e s t r u c t i v e  
method c o m p l i c a t e d  by t h e  h e t e r o g e n e o u s  n a t u r e  of t h e  s k e l e t a l  p a r t s .  
C a l a p r i c e  (1986) b r i e f l y  d e s c r i b e s  a n  a c c e l e r a t o r - b a s e d  method h e  used t o  
d e t e r m i n e  oxygen i s o t o p e  r a t i o s  i n  b l u e f i n  v e r t e b r a e r  which  seems t o  
e l i m i n a t e  t h e s e  problems. I n  t h i s  p r e l i m i n a r y  v e r t e b r a e  of j u v e n i l e  
b l u e f i n  from t h e  w e s t e r n  A t l a n t i c  had h ighe r  0 f&?d r a t i o s  t h a n  d i d  t h o s e  
f r o m  t h e  e a s t e r n  A t l a n t i c #  i n d i c a t i n g  t h a t  t e m p e r a t u r e s  i n  t h e i r  f i r s t  
w i n t e r  were l o w e r  f o r  f i s h  i n  t h e  e a s t e r n  A t l a n t i c .  T h i s  r e s u l t  i s  
reasonab le  s i n c e  t h e  t empera tu re  of t h e  e a s t e r n  b l u e f i n  n u r s e r y  grounds i n  
t h e  M e d i t e r r a n e a n  c a n  be  1 3 ° C  or more  c o o l e r  i n  w i n t e r  t h a n  t h e  w e s t e r n  
b l u e f i n  n u r s e r y  g r o u n d  i n  t h e  Gu l f  of Mexico. S i m i l a r l y #  Mulcahy e t  a l .  
(1979) found t h a t  t h e  0'' i n c r e a s e d  w i t h  age i n  a ben thope lag ic  macrouridr 
i n d i c a t i n g  a n  o n t o g e n e t i c  movement i n t o  d e e p e r ,  c o l d e r  h a b i t a t s !  w h i c h  
a g r e e s  w i t h  f i e l d  obse rva t ions .  However1 t h e  maximum depth  p r e d i c t e d  on 
t h e  b a s i s  of t h e  p r e d i c t e d  t e m p e r a t u r e s  exceeded t h e  maximum dep th  (minimum 
tempera tu re )  o f 8  t h e  s p e c i e s  i n  t h e  r eg ion  s t u d i e d .  Thus1 t h e  e q u i l i b r i u m  
equa t ion  f o r  0 c o r r e c t l y  i d e n t i f i e d  t h e  h i s t o r i c a l  p a t t e r n s  of movementt 
b u t  t h e  e s t i m a t e d  t e m p e r a t u r e s  seemed  i n a c c u r a t e  (R.  Wi l son1  S c r i p p s  
I n s t i t u t i o n  of Oceanographyt Un ive r s i  C a l i f o r n i a  a t  San Diegor pers .  
comm.). Tempera ture  c a l i b r a t i o n  of 0 "\Ef6 r a t i o s  i n  l a r v a l  cod o t o l i t h s  
i n  t h e  l a b o r a t o r y  h a s  i n d i c a t e d  t h a t  heavy  i s o t o p e  was n o t  d e p o s i t e d  i n  
e q u i l i b r i u m  w i t h  t h e  su r round ing  envi ronment r  b u t ,  t h a t  t h e  d e p o s i t i o n  of 
t h e  heavy i s o t o p e  was t e m p e r a t u r e  dependent (Radtke 1984).  And s i m i l a r l y ,  
oxygen  i s o t o p e  s t u d i e s  of o t o l i t h s  of b l u e f i n  t u n a  h e l d  i n  c a p t i v i t y  
i n d i c a t e  t h a t  o t o l i t h  c a r b o n a t e  was  n o t  d e r i v e d  d i r e c t l y  f r o m  s e a w a t e r  
b i c a r b o n a t e  (R. Rad tke r  p e r s .  comm.). C l e a r l y  some b i o l o g i c a l  p r o c e s s i n g  
of i s o t o p e s  e x i s s B  i n  cod1 b l u e f i n 1  a n d  p r e s u m a b l y  o t h e r  f i s h e s ;  and  
s p e c i e s - s p e c i f i c  0 d e p o s i t i o n  r a t e s  m u s t  be c a l i b r a t e d  b e f o r e  they  can  be 
used t o  r e c o n s t r u c t  t h e r m a l  h i s t o r i e s .  

4.3.2 B l u e f i n  Stock I d e n t i f i c a t i o n  Using U i c r o c o n s t i t u e n t s  of 

Recen t ly l  C a l a p r i c e  (1986) ana lyzed  j u v e n i l e  ( school  f i s h )  and a d u l t  
( g i a n t )  b l u e f i n  t u n a  f r o m  f i s h e r i e s  i n  t h e  w e s t e r n  A t l a n t i c 1  e a s t e r n  
A t l a n t i c t  and Med i t e r r anean  t o  estimate t h e  deg ree  of i n t e rchange  of f i s h  
b e t w e e n  e a s t e r n  a n d  w e s t e r n  A t l a n t i c  f i s h e r i e s .  H e  u s e d  p r o t o n - i n d u c e d  
r a t h e r  t h a n  t h e  more common e l ec t ron - induced  X-ray s p e c t r a  t o  c h a r a c t e r i z e  
t h e  c o m p o s i t i o n  of i n o r g a n i c  e l e m e n t s  o f  v e r t e b r a e .  By a n a l y z i n g  0.9-mm 
d i a m e t e r  s e c t i o n s  of v e r t e b r a e l  he produced l i n e a r  t r a n s e c t s  of v e r t e b r a l  
c h e m i c a l  c o m p o s i t i o n  f r o m  t h e  c e n t e r  ( a r e a  f o r m e d  a s  j u v e n i l e s )  t o  t h e  
o u t e r  edge ( a r e a  formed j u s t  p r i o r  t o  c a p t u r e ) .  

c h l o r i n e 1  brominer and z i n c  v a r i e d  c y c l i c a l l y  a s  t h e  v e r t e b r a  was t r a v e r s e d  
f r o m  t h e  c e n t e r  t o  t h e  o u t e r  edge r  i n d i c a t i n g  p o s s i b l e  s e a s o n a l i t y  i n  
d e p o s i t i o n .  

Comparisons of t h e  chemica l  compos i t ion  of v e r t e b r a e  of b l u e f i n  from 
e a s t e r n  and  w e s t e r n  A t l a n t i c  i n d i c a t e d  t h a t  t h e y  p r o b a b l y  i n t e r m i x .  The 
i n f e r r e d  d e g r e e  of i n t e r c h a n g e  was r e l a t i v e l y  low1 w i t h  more  f i s h  
immigra t ing  from t h e  e a s t e r n  A t l a n t i c  t o  t h e  wes t  t han  t h e  r eve r se .  Of t h e  
94 j u v e n i l e s  f r o m  t h e  w e s t e r n  A t l a n t i c !  5.5% had  p a t t e r n s  s i m i l a r  t o  t h e  
131  f i s h  f r o m  t h e  e a s t e r n  A t l a n t i c 1  w h e r e a s  none  of t h e  e a s t e r n  A t l a n t i c  
j u v e n i l e s  h a d  p a t t e r n s  s i m i l a r  t o  t h o s e  o f  t h e  W e s t e r n  A t l a n t i c .  
S i m i l a r l y 1  t h e  immigra t ion  of g i a n t  b l u e f i n  from t h e  e a s t e r n  A t l a n t i c  t o  
t h e  wes te rn  A t l a n t i c  ( i n f e r r e d  from chemica l  p a t t e r n  s i m i l a r i t y )  ranged 
f r o m 9 . 9  t o  12.7% i n  two  d i f f e r e n t  y e a r s 1  and  i m m i g r a t i o n  f r o m  west  t o  e a s t  
was  2.6-9.9%. 

Vertebrae 

R a t i o s  of e l e m e n t s  s u c h  a s  c a l c i u m 1  s t r o n t i u m r  p h o s p h o r u s r  s u l p h u r  
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4.3 . 3  Conclusions 

The r e s u l t s  f o r  b l u e f i n  i n d i c a t e  t h a t  i d e n t i f i c a t i o n  of c h e m i c a l  
p a t t e r n s  i n  v e r t e b r a e  h a s  g r e a t  p o t e n t i a l  f o r  s t u d y i n g  movement p a t t e r n .  
A t  p r e sen t  mic rocons t i t uen t  a n a l y s i s  has  been used p r i m a r i l y  t o  i d e n t i f y  
t h e  o r i g i n s  of t h e  f i s h r  r a t h e r  than t o  provide a chronology of movements. 
C lea r ly ,  i f  chronologies  of s p a t i a l  movements can be resolved from chemical 
a n a l y s i s ,  i t  would c o n s t i t u t e  a ma jo r  b r e a k t h r o u g h  i n  t u n a  movement 
dynamics. I d e a l l y ,  t h e  chemical composition of specific h a b i t a t s  needs t o  
b e  l i n k e d  t o  s p e c i f i c  c h e m i c a l  p a t t e r n s  i n  b o n e s .  T h i s  i s  n o t  a 
s t r a i g h t f o r w a r d  problem as me tabo l i c  p rocesses  and b iomagn i f i ca t ion  through 
food webs may s u b s t a n t i a l l y  a l t e r  e l emen ta l  composition of bones r e l a t i v e  
t o  t h e i r  c o n c e n t r a t i o n s  i n  s e a w a t e r .  L a b o r a t o r y  e x p e r i m e n t a t i o n  t o  
i d e n t i f y  such processes  a r e  needed? as  a r e  process-or iented f i e l d  s t u d i e s  
i n c l u d i n g  m i c r o c o n s t i t u e n t  a n a l y s i s  of t a g g e d  f i s h  r e c o v e r e d  f rom t h e  
f i she ry .  Fu r the r ,  chronologies  a r e  dependent upon the  same assumptions and 
r e q u i r e  t h e  same v a l i d a t i o n  a s  r o u t i n e  age e s t ima t ions .  

A t  t h i s  p o i n t  t h e  p r e c i s i o n  and power of t h e  a n a l y t i c a l  t e c h n i q u e s  
( c h e m i c a l  a n d  s t a t i s t i c a l )  h a v e  f a r  o u t s t r i p p e d  p h y s i o l o g i c a l  a n d  
environmental  understanding of t h e  processes.  Laboratory s t u d i e s  a r e  needed 
t h a t  c o n f i r m  t h e  c o n s e r v a t i o n  of i nduced  c h e m i c a l  p a t t e r n s  i n  t h e  
v e r t e b r a e .  Optimism i s  i n  o r d e r .  E x p e r i m e n t a l l y - i n d u c e d  h y p e r c a l c e m i a  
d o e s  n o t  cause r e s o r p t i o n  of t h e  bone of o t o l i t h s  o r  v e r t e b r a e  of f i s h e s  
s u c h  a s  t u n a s  w h i c h  h a v e  a c e l l u l a r  bone  (Mugiya  a n d  W a t a b e  1 9 7 7 ) .  
Wendelaar Bonga e t  a l .  (1983) found t h a t  calcium and phosphate of ope rcu la r  
bones  and f i n  r a y s  w e r e  r e s o r b e d  a f t e r  t r e a t m e n t  w i t h  a m e t a b o l i t e  of 
v i t a m i n  D i n  a f i s h  wi th  a c e l l u l a r  bone. C lea r ly?  phys io log ica l  p rocesses  
do e x i s t  t h a t  could a l te r  t h e  mic rocons t i t uen t  con ten t  of acel lular  bone. 
Although t h e  p h y s i o l o g i c a l  l i t e r a t u r e  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  
m i c r o c o n s t i t u e n t s  of a c e l l u l a r  bone, under  normal  c i r c u m s t a n c e s ,  a r e  
conserved, a d d i t i o n a l  l a b o r a t o r y  s t u d i e s  a r e  needed t o  s u b s t a n t i a t e  t h i s  
a s s u m p t i o n  and  t o  i d e n t i f y  t h e  e x t e n t  m e t a b o l i c  p r o c e s s e s  a r e  i n v o  v e  

and o t h e r  r a t i o s  of e l e m e n t s ,  a r e  i n d i c e s  of t e m p e r a t u r e s  e x p e r i e n c e d  by 
t h e  f i s h  and t o  determine t h e  c o r r e c t  t empera tu re  c o e f f i c i e n t s  f o r  tunas. 
Fu r the r ,  experiments  are needed t o  determine t h e  e x t e n t  biomagnif i c a t i o n  
a f f e c t s  e l emen ta l  composition, f o r  example by f eed ing  f i s h  food of known 
i s o t o p i c  c o m p o s i t i o n  (Kolodny e t  a l .  1983) .  These and  o t h e r  l a b o r a t o r y  
s t u d i e s  would s t r e n g t h e n  t h e  i n t e r p r e t a t i o n s  de r ived  from chemical p a t t e r n  
a n a l y s i s .  Such l a b o r a t o r y  work i n  con junc t ion  w i t h  f i e l d  s t u d i e s  could be 
done a t  r e l a t i v e l y  low c o s t ,  and even  work on f i s h e s  o t h e r  t h a n  t u n a s  u s i n g  
key e l e m e n t s  would h e l p  i n  t h i s  r e g a r d .  I t  would a l s o  be  i m p o r t a n t  t o  
i n c l u d e  p r o c e s s - o r i e n t e d  work on c h e m i c a l  p a t t e r n  c h r o n o l o g y  i n  any 
i n t e r n a t i o n a l  program on t u n a  movement dynamicst a s  such a program could 
provide f i e l d  v a l i d a t i o n  f o r  t h e  method. 

L a b o r a t o r y  c a l i b r a t i o n s  a r e  a l s o  needed t o  v e r i f y  t h a t  S r /Ca?  o r  0 1 f+/of6 
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5. REQUISITES FOR RAPID ADVANCES IN KNOWLEDGE 

For  s e v e n  m a j o r  t u n a  s t o c k s  w e  h a v e  documen ted  t h e  i m p o r t a n c e  of 
i n c r e a s i n g  o u r  u n d e r s t a n d i n g  of t h e  movements  of t u n a  and  w e  h a v e  
i d e n t i f i e d  t h e  r e q u i r e d  i n f o r m a t i o n  needs. O u r  rev iew of e x i s t i n g  f i e l d s  
of knowledge  (mark  and  r e c a p t u r e r  t u n a  oceanography1  a n d  u l t r a s o n i c  
t e l e m e t r y )  and p o t e n t i a l  I new techno1 og i  es ( t agg ing  sys tem st phy si o l  o g i  cal 
s t a t e  a s s e s s m e n t  and m i c r o c o n s t i t u e n t  a n a l y s i s )  i n d i c a t e s  t h a t r  a l though  
s u b s t a n t i a l  p r o g r e s s  h a s  b e e n  mader ma jo r  g a p s  r e m a i n  i n  knowledge  and  
t e c h n o c l o g y .  A m a j o r  t heme  of a l l  of o u r  d e l i b e r a t i o n s  was  t h e  o p t i m a l  
a p p r o a c h  t o  i n c r e a s e  t h e  r a t e  of knowledge  a c q u i s i t i o n .  Knowledge and  
technology w i l l  con t inue  t o  grow i n  t h e  y e a r s  t o  comer b u t  t h e  new demands 
on management of t u n a  r e s o u r c e s  make a n  a c c e l e r a t i o n  of t h e  p r e s e n t  r a t e  
h i g h l y  d e s i r a b l e .  Fo r  r a p i d  p r o g r e s s  w e  b e l i e v e  i n c r e a s e d  e f f o r t  i n  t h e  
f o l l o w i n g  f o u r  a r e a s  i s  ind i spensab le .  

0 E s t a b l i s h  i n t e r n a t i o n a l  a r r angemen t s  t o  s h a r e  tuna  movement d a t a t  
a n a l y z e  movements on a n  oceanwide and  wor ldwide  b a s i s  and  l i n k  t h e  
a n a l y s e s  t o  major i n t e r n a t i o n a l  oceanographic  programs. 

t u n a  i n  t h e  v e r t i c a l  plane.  

0 Develop and use  technology f o r  t r a c i n g  t h e  a c t u a l  p a t h s  f o l l o w e d  
by t u n a s  o v e r  e x t e n d e d  p e r i o d s  and  f o r  m e a s u r i n g  movements  
independent  of t h e  f i s h e r y .  

0 Conduct  i n t e n s i v e  s t u d i e s  on  t u n a  movement d y n a m i c s  wh ich  
i n c o r p o r a t e  a wide  range  of d i s c i p l i n e s  and combine o l d  w i t h  t h e  
new t e c h n o l o g i e s  t h a t  w e  have d iscussed .  

Many r e s e a r c h  s u g g e s t i o n s  a n d  i n f o r m a t i o n  n e e d s  a r e  m e n t i o n e d  
t h r o u g h o u t  t h e  t e x t  b u t  w e  r e s t r i c t  ou r  comments  h e r e  t o  t h e s e  f o u r  
r e q u i s i t e s .  Each i s  d i s c u s s e d  below. 

0 I n c r e a s e  t h e  numbers and k inds  of o b s e r v a t i o n s  of t h e  movements of 

5 . 1  Communications and  A n a l y s i s  of Historical  Data  

C r e a t i o n  of d a t a  f i l e s  and  w i d e r  d i s t r i b u t i o n  of e x i s t i n g  f i l e s  on  
t u n a  movement would f o s t e r  b roade r  unde r s t and ing  of tuna  movements th rough 
i n t e r - o c e a n  a n a l y s i s  of  movements ;  f a c i l i t a t e  c o m p a r a t i v e  s t u d i e s  of 
s t o c k s ;  l e a d  t o  more c o o p e r a t i o n  w i t h  less  d u p l i c a t i o n  of e f f o r t ;  and a v o i d  
t h e  p i t f a l l s  of i n t e r p r e t a t i o n  o f  movements  f r o m  r e g i o n a l  d a t a .  T h r e e  
t y p e s  of f i l e s - - t a g  r e l e a s e  and  r e c a p t u r e r  o c e a n o g r a p h y r  and  c a t c h  and  
e f fo r t - - shou ld  be d i s t r i b u t e d  t o  members of t h e  t u n a  r e s e a r c h  community. 
Such communication i s  p a r t i c u l a r l y  i m p o r t a n t  i n  t h e  Indo-Pacif  i c  reg ion .  
The e s t a b l i s h m e n t  of a s y s t e m  f o r  c o o r d i n a t e d  a n a l y s i s  of t u n a  movement 
d a t a  on a n  ocean-wide b a s i s  would be an  i m p o r t a n t  f i r s t  s t e p  i n  deve lop ing  
a n  i n t e r n a t i o n a l  r e s e a r c h  program on t u n a  movement dynamics. 

The more obvious  b e n e f i t s  of oceanwide s h a r i n g  of movement d a t a  were 
d i s c u s s e d  i n  d e t a i l  i n  t h e  s e c t i o n  e n t i t l e d  "Reexamination of Tuna Movement 
Data" and  r e q u i r e  no a d d i t i o n a l  comments. We c o n s i d e r  h e r e  two of t h e  less  
o b v i o u s  b e n e f i t s :  u s e  of t h e  c o m p a r a t i v e  method f o r  u n d e r s t a n d i n g  
movementst and l i n k i n g  such d a t a  t o  new i n i t i a t i v e s  i n  oceanography. 

5 .1 .1  Compara t ive  S t u d i e s  

An i m p o r t a n t  o p p o r t u n i t y  e x i s t s  f o r  d e v e l o p i n g  a b e t t e r  c o n c e p t u a l  
u n d e r s t a n d i n g  of t h e  movemen t s  of t u n a s  by c o m p a r a t i v e  s t u d i e s  o f  t h e i r  
movements  u s i n g  d a t a  f r o m  p r e v i o u s  and  c u r r e n t  s t u d i e s .  For  e x a m p l e t  a t  
p r e s e n t  w e  cannot  d i s c e r n  t h e  e x t e n t  d i f f e r e n c e s  i n  movement p a t t e r n s  among 
s p e c i e s  and  s t o c k s  i s  a t t r i b u t a b l e  t o  t h e  e n v i r o n m e n t  o r  t o  s p e c i e s -  and  
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s i z e - s p e c i f i c  d i f f e r e n c e s  i n  movement p a t t e r n s .  Comparisons of e s t i m a t e s  
of v a r i o u s  l i f e  h i s t o r y  p a r a m e t e r s  among s p e c i e s  and among s t o c k s  w i t h i n  
s p e c i e s  ( i n c l u d i n g  K of t h e  van B e r t a l a n f f y  growth equa t ion  and c o e f f i c i e n t  
of n a t u r a l  m o r t a l i t y  [ B e v e r t o n  and  H o l t  1959 ;  P a u l y  1 9 8 0 1  a n d  v a r i o u s  
p h y s i o l o g i c a l  p a r a m e t e r s  [ S h a r p  and  Dizon  1 9 7 8 1 )  h a s  been  u s e f u l  i n  
deve loping  concep tua l  unde r s t and ing  of s t o c k s  and s p e c i e s .  Comparisons of 
p a r a m e t e r s  of movement e s t i m a t e d  f o r  a s  many s t o c k s  a s  p o s s i b l e  h a v e  
s i m i l a r  concep tua l  value.  The s i m p l e s t  pa rame te r s  a r e  numbers of releases 
a n d  r e t u r n s  a n d  r e t u r n  r a t e s - - t h e  l a t t e r  d i v i d e d  by t h e  f o r m e r  ( T a b l e  1). 
T a b u l a t i o n s  of numbers of r e c a p t u r e s  d u r i n g  v a r i o u s  i n t e r v a l s 1  f o r  example 
0-30 d a y s r  31-60 d a y s r  61-180 d a y s r  181-365 d a y s #  e t c .  a t  l i b e r t y  and  
d i s t r i b u t i o n s  of n e t  d i s t a n c e s  t r a v e l l e d  by f i s h  a t  l i b e r t y  f o r  t h o s e  
p e r i o d s  (Kearney 1983) would a l s o  b 5  use fu l .  Other  p a r a m e t e r s  which might  
be e s t i m a t e d  and compared i n c l u d e  A and V (Tab le  2) .  

On a f i n e r  scaler s t a n d a r d i z i n g  t h e  a n a l y s i s  of e x i s t i n g  (and f u t u r e )  
u l t r a s o n i c  t r a c k i n g  d a t a  o f f e r s  a n  i m p o r t a n t  o p p o r t u n i t y  t o  a d v a n c e  
fundamenta l  unde r s t and ing  of t u n a  movement behavior  by compara t ive  s tudy  of 
b e h a v i o r s  w i t h  r e g a r d  t o  d e p t h  and  t e m p e r a t u r e  among species,  s i z e s t  and  
a reas .  Most a c o u s t i c  t r a c k s  of depthr t empera tu re1  o r  bo th  a r e  a v a i l a b l e  
o n l y  as  p i c t o r i a l  g r a p h s  of swimming d e p t h  o r  t e m p e r a t u r e  a g a i n s t  t ime.  
A l t h o u g h  t h e s e  a r e  v a l u a b l e  i l l u s t r a t i o n s r  t h e y  a r e  n o t  a m e n a b l e  t o  
s p e c t r a l  a n a l y s e s  o f  t h e  d i s t r i b u t i o n s  o f  t h e s e  p a r a m e t e r s  o r  t o  
comparisonsr e x c e p t  i n  a h i g h l y  q u a l i t a t i v e  manner1 between tracks1 s t u d i e s  
o r  s p e c i e s .  We recommend t h a t  p u b l i s h e d  r e p o r t s  p rov ide  d i s t r i b u t i o n s  of 
t e m p e r a t u r e s  o r  d e p t h s  expe r i enced  by t h e  f i s h  and t a b u l a t e d  modal d e p t h s  
a n d  t e m p e r a t u r e s .  Some of t h i s  i n f o r m a t i o n  c o u l d  b e  r e c o v e r e d  by 
d i g i t i z i n g  t h e  pub l i shed  g raphs r  and t h i s  would be a v a l u a b l e  e x e r c i s e  i f  
r ea sonab ly  a c c u r a t e  modal d e p t h s  and t e m p e r a t u r e s  cou ld  be e x t r a c t e d .  

We recommend a n  e f f o r t  t o  r e c o v e r  modal  d e p t h  a n d  t e m p e r a t u r e  
i n f o r m a t i o n  wheneve r  p o s s i b l e  f rom p r e v i o u s  d a t a  s e t s  a n d  s t r o n g l y  
recommend t h a t  f u t u r e  i n v e s t i g a t o r s  p r o v i d e  s p e c t r a l  a n a l y s e s  of t h e  
t e m p e r a t u r e  and dep th  d i s t r i b u t i o n s  of t r a c k e d  f i s h  s t r a t i f i e d  by day and 
n i g h t .  

5.1.2 I n t e g r a t i o n  w i t h  Oceanography Programs 

F u r t h e r  a n a l y s i s  of h i s t o r i c  c a t c h  and e f f o r t  and t a g g i n g  d a t a  us ing  a 
b r o a d e r  c o n c e p t  of t h e  f e a t u r e s  t h a t  a f f e c t  v e r t i c a l  o r  h o r i z o n t a l  
d i s t r i b u t i o n s  of t u n a s  by a f f e c t i n g  t h e  a g g r e g a t i o n  or p roduc t ion  of t h e i r  
f o r a g e  seems w a r r a n t e d .  For e x a m p l e r  accurate  m o d e l s  o f  t h e  w i n d  s t r e s s  
f i e l d s  ex is t  f o r  some of t h e  oceans  and they  could  be e a s i l y  deve loped  f o r  
a r e a s  such  a s  t h e  sou thwes t  P a c i f i c r  where t h e  models do n o t  ex is t .  Wind 
s t r e s s  f i e l d s  c o u l d  b e  u s e d  t o  i d e n t i f y  s e a s o n a l  s h i f t s  i n  a r e a s  of 
c o n v e r g e n c e  a n d  d i v e r g e n c e 1  as  i n d i c a t e d  by t h e  z e r o  wind  s t r e s s  c u r l .  
T h i s  a n a l y s i s  l o c a t e s  l o c a l  a r e a s  of upwe l l ing  and i n c r e a s e d  p r o d u c t i v i t y .  
The s e a s o n a l  s h i f t  i n  f o r a g e  or t una  movement migh t  be examined p r o f i t a b l y  
by p l o t t i n g  t u n a  d i s t r i b u t i o n  o n  moving  c o o r d i n a t e  s y s t e m s  b a s e d  o n  a n  
env i ronmen ta l  parameter  o r  an  index  of onel such a s  t h e  z e r o  c u r l  l i n e r  an 
ocean  f r o n t 1  o r  some o t h e r  moving boundary. Such a n a l y s e s  would p r o f i t  by 
c o n s i d e r a t i o n  of v e r t i c a l  as wel l  a s  h o r i z o n t a l  dimensions.  Rega rd le s s  of 
t h e  r e s e a r c h  a p p r o a c h r  however1  w e  b e l i e v e  e s t a b l i s h m e n t  o f  l i n k a g e s  t o  
e x i s t i n g  a n d  f u t u r e  b r o a d - s c a l e  o c e a n o g r a p h i c  p r o g r a m s r  s u c h  as  TOGA and  
WOCEt would be of g r e a t  b e n e f i t .  

5.2 Vertical S t r u c t u r e  

For a m a j o r  a d v a n c e  i n  t h e  u n d e r s t a n d i n g  o r  p r e d i c t i n g  o f  t u n a  
movements r  more  d a t a  o n  t h e  v e r t i c a l  s t r u c t u r e  of t h e  h a b i t a t  a n d  t h e  
d i s t r i b u t i o n  of t u n a s  w i t h i n  i t  a r e  e s s e n t i a l .  The need f o r  expanding our 
knowledge of v e r t i c a l  movements of t u n a  was a r e c u r r e n t  theme th roughou t  
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o u r  d i s c u s s i o n s .  The p r e s e n t  meager  l e v e l  of i n f o r m a t i o n  n e e d s  t o  b e  
expanded  t o  i n c l u d e  a g r e a t e r  s i z e  r a n g e  of t u n a  and  more  h a b i t a t  t y p e s .  
S e a - s u r f a c e  t e m p e r a t u r e  a n d  t u n a  d i s t r i b u t i o n  a t  t h e  s u r f a c e  a r e  o n l y  a 
c rude  index  of e v e n t s  i n  s u b s u r f a c e  l a y e r s ,  and b e t t e r  c o r r e l a t i o n s  would 
p r o b a b l y  be o b t a i n e d  i f  v e r t i c a l  t e m p e r a t u r e  s t r u c t u r e  a n d  t u n a  
d i s t r i b u t i o n  were  b e t t e r  documented. A t  p r e s e n t  we cannot  measure v e r t i c a l  
s t r u c t u r e  of t h e  o c e a n  f r o m  s p a c e ,  b u t  r e c e n t  a d v a n c e s  i n  p h y s i c a l  
oceanography i n d i c a t e  t h a t  i t  may be p o s s i b l e  i n  t h e  f u t u r e  us ing  s a t e l l i t e  
i n f o r m a t i o n  and  a h i s t o r i c a l  unde r s t and ing  of t h e  r e l a t i o n s h i p  between sea- 
s u r f a c e  t e m p e r a t u r e  and deeper  s t r u c t u r e .  S u b s t a n t i a l  p r o g r e s s  w i l l  depend 
on tuna  s t u d i e s  t h a t  examine 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 u n a s  w i t h i n  t h e  
c o n t e x t  of t h e  v e r t i c a l  s t r u c t u r e  of t h e  wa te r  column. Acous t i c  t r a c k i n g  
of i n d i v i d u a l  f i s h  i s  t h e  p r e f e r r e d  a p p r o a c h .  A l t h o u g h ,  u s i n g  p r e s e n t  
t e c h n o l o g y ,  few f i s h  c a n  be  s t u d i e d ,  new t e c h n o l o g i e s  may i n c r e a s e  t h e  
numbers  a n d  d u r a t i o n  of t r a c k s  (see n e x t  s e c t i o n ) .  N e t  d i s p l a c e m e n t  of 
groups  i s  t h e  most c r i t i c a l  issue. Research g i l l  n e t s  and l o n g l i n e  s t u d i e s  
conducted w i t h  a knowledge of t h e  s t r u c t u r e  of t h e  wa te r  column a l s o  seem 
t o  b e  a p r o m i s i n g  a p p r o a c h  t h a t  c o u l d  be  i m p l e m e n t e d  u s i n g  e x i s t i n g  
technology.  

5 . 3  The Paths of Tunas Over Extended Periods 

A key a r e a  f o r  new t e c h n o l o g y  i s  t h e  d e v e l o p m e n t  of d e v i c e s  t h a t  
i d e n t i f y  t h e  p a t h s  of t u n a s  i n  t h r e e  d i m e n s i o n s  o v e r  e x t e n d e d  p e r i o d s  o f  
w e e k s  o r  months and p rov ide  a movement h i s t o r y  independent  of t h e  f i s h e r y .  
Advances  i n  v e r y  l a r g e - s c a l e  i n t e g r a t e d  c i r c u i t  t e c h n o l o g y  p r o v i d e  t h e  
p o t e n t i a l  of c c l l e c t i n g  d e t a i l e d  r e c o r d s  of t e m p e r a t u r e ,  d e p t h  a n d  
g e o g r a p h i c a l  p o s i t i o n  i n  a t a g  t o  a n  a c c u r a c y  of a b o u t  5 d e g r e e s  of 
l a t i t u d e  and  l ess  t h a n  1 degree  of l o n g i t u d e  i n  t e m p e r a t e  w a t e r s  (Smi th  and 
Goodman, 1 9 8 6 ) .  P r e s e n t l y  t h e  m o s t  p r a c t i c a l  d e v i c e  of t h i s  t y p e t  t h e  
a r c h i v a l  t a g  (see p r e v i o u s  d i s c u s s i o n ) ,  m u s t  be r e c o v e r e d  t o  o b t a i n  t h e  
s t o r e d  d a t a ,  and  t h u s  i s  n o t  t o t a l l y  f i s h e r y  i n d e p e n d e n t ,  a l t h o u g h  t h e  
p o s i t i o n  d a t a  i s  independent.  D e s p i t e  t h i s  l i m i t a t i o n !  w e  b e l i e v e  t h a t  t h e  
a r c h i v a l  t a g  i s  a n  ex t r eme ly  impor t an t  f i r s t  s t e p  i n  development of t a g s  t o  
t r a c e  t h e  movemen t s  of t u n a s  i n d e p e n d e n t  of t h e  f i s h e r y .  W e  s t r o n g l y  
recommend t h e  development of t h i s  t a g  and i n i t i a l  t e s t i n g  i n  t h o s e  s t o c k s  
f o r  w h i c h  t h e r e  a r e  h i g h  r a t e s  of f i s h i n g  m o r t a l i t i e s  a n d  f o r  w h i c h  
c o o p e r a t i o n  from f i she rmen ,  un loade r s ,  and cannery workers  can be expected. 

5 . 4  Intensive Studies on Tuna Movement Dynamics 

W e  b e l i e v e  t h a t  i n t e n s i v e  s t u d i e s  on t u n a  movement d y n a m i c s  wh ich  
i n c l u d e !  i n  a d d i t i o n  t o  c o n v e n t i o n a l  mark a n d  r e c o v e r y  of t u n a s ,  a w i d e  
range of d i s c i p l i n e s  and combine o l d  w i t h  new t e c h n o l o g i e s  could  l e a d  t o  a 
f u n d a m e n t a l  a d v a n c e  i n  knowledge .  I d e a l l y !  t h e  e x p e r i m e n t a l  d e s i g n  of a 
major f i e l d  s t u d y  on mechanisms of tuna  movement shou ld  c o n t a i n  mark and 
r e c a p t u r e !  m e a s u r e m e n t s  of t u n a  i n  t h r e e  d i m e n s i o n s ,  a s s e s s m e n t  of 
p h y s i o l o g i c a l  s t a t e r  m i c r o c o n s t i t u e n t  a n a l y s i s  of m i n e r a l i z e d  t i s sue ,  and 
measurement of t h e  p h y s i c a l  and  p o s s i b l y  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  of 
t h e  h a b i t a t .  Combining i n f o r m a t i o n  from t h e s e  f i v e  e l e m e n t s  would p rov ide  
t h e  most powerfu l  approach  t o  d e f i n i n g  movement and mixing of t u n a s  among 
r e g i o n s  t h a t  modern technology can  provide .  Such a program would p r o v i d e  
n o t  on ly  s e v e r a l  independent  measurements of movement i n  d i f f e r e n t  t i m e  and  
s p a c e  s c a l e s  b u t  a b r o a d  b e h a v i o r a l ,  p h y s i o l o g i c a l  and  e n v i r o n m e n t a l  
framework which could  be  used t o  i n t e r p r e t  movement p a t t e r n s  and  i d e n t i f y  
mechani s m s .  

A p rog ram of t h i s  k i n d  wou ld  r e q u i r e  d e v e l o p m e n t  and  t e s t i n g  o f  new 
m e t h o d o l o g i e s  (e.g. s a f e  b i o p s i e s ,  s t o r a g e  of b i o l o g i c a l  s p e c i m e n s  and  
t e s t i n g  of new p h y s i o l o g i c a l  s t a t e  m e a s u r e m e n t s )  a n d  new e q u i p m e n t  (e.9. 
a r c h i v a l  t a g s ) .  Such  work m u s t  be  begun w e l l  i n  a d v a n c e  of t h e  m a j o r  
i n v e s t i g a t i o n  o f  t u n a  movement. For  e x a m p l e ,  t h e  d e f i n i t i v e  p a p e r  
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d e s c r i b i n g  a t e s t  of t h e  c o d e d - w i r e  t a g  f o r  s a l m o n  was p u b l i s h e d  i n  1 9 6 3  
( J e f f e r t s  e t  a l .  1 9 6 3 ) ,  b u t  p r a c t i c a l  a p p l i c a t i o n  t o  r e s e a r c h  a n d  
management p r o b l e m s  t o o k  t e n  y e a r s .  The t e c h n i q u e s  f o r  t a g g i n g  and  
recovery had t o  deve lop  t o  a s t a g e  where managers were c o n f i d e n t  t h a t  l a r g e  
e x p e n d i t u r e s  could  be  j u s t i f i e d .  

Each of t h e  f i v e  ma jo r  e l e m e n t s  of t h i s  i d e a l i z e d  p rogram on t u n a  
movement dynamics i s  b r i e f l y  d i s c u s s e d  below. 

5.4.1 nark and Recap tu re  

Because of t h e  l a r g e  number of tuna  movement t r a j e c t o r i e s  t h a t  can  be 
d e t e r m i n e d  f r o m  t h e  r e c o v e r i e s  of t h e  t a g s  of a s i n g l e  c r u i s e  a n d  t h e  
e x i s t e n c e  of e x t e n s i v e  f i l e s  of d a t a l  m a r k  and r e c a p t u r e  expe r imen t s  m u s t  
b e  c e n t r a l  t o  a n y  m a j o r  s t u d y  of t u n a  movements.  The f u n c t i o n  o f  t h e  
measurements d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n  i s  t o  enhance t h e  a b i l i t y  
t o  i n t e r p r e t  t h e  s p a t i a l  and tempora l  p a t t e r n s  of r e c o v e r i e s  of marked f i s h  
and p o s s i b l y  t o  r e i n t e r p r e t  p a s t  da t a .  

5.4.2 Movements I n  Three Dimensions 

To c o r r e l a t e  movements w i t h  h a b i t a t  c h a r a c t e r i s t i c s  and t o  deve lop  a 
f u n d a m e n t a l  u n d e r s t a n d i n g  of t h e  d y n a m i c s  of t u n a  movemen t s  r equ i r e  a n  
u n d e r s t a n d i n g  of t h e  p a t t e r n  o f  movement i n  t h e  v e r t i c a l  a s  w e l l  a s  t h e  
h o r i z o n t a l  plane.  Deployment of a r c h i v a l  t a g s  and  conven t iona l  u l t r a s o n i c  
t r a n s m i t t e r s  which c o l l e c t  depth  d i s t r i b u t i o n s  i s  needed. The l a t t e r  a r e  
needed  b e c a u s e #  i n  many of t h e  f i s h e r i e s 1  i n s u f f i c i e n t  n u m b e r s  o f  
r e c o v e r i e s  of f i s h  wou ld  m a k e  t h e  a r c h i v a l  t a g g i n g  a p p r o a c h  f i n a n c i a l l y  
p r o h i b i t i v e .  A r c h i v a l  t a g s ,  w h e r e  p r a c t i c a l ,  a r e  f a r  s u p e r i o r  b e c a u s e  
l o n g - t e r m  p a t t e r n s  o f  v e r t i c a l  movements  w o u l d  b e  p r o v i d e d 1  w h e r e a s  
a c o u s t i c  t r a c k i n g  h a s  b e e n  l i m i t e d  t o  l e s s  t h a n  a w e e k  and  u s u a l l y  l e s s  
t h a n  t w o  days .  Even a f ew r e c o v e r i e s  of a r c h i v a l  t a g s  wou ld  p r o v i d e  
e x t r e m e l y  v a l u a b l e  i n f o r m a t i o n  on t h e  r e l a t i o n  between m i g r a t o r y  p a t h s  and  
h a b i t a t  c h a r a c t e r i s t i c s .  

5.4.3 P h y s i o l o g i c a l  State 

I f  more can  be known about  t h e  p h y s i o l o g i c a l  c o n d i t i o n  of t u n a s  a t  t h e  
t a g g i n g  and  c a p t u r e  s i t e s l  t h e n  v a r i a t i o n  i n  movement p a t t e r n s  of 
i n d i v i d u a l  f i s h 1  of g r o u p s  of d i f f e r e n t  s i z e s  o f  f i s h ,  and  v a r i a t i o n  i n  
d i f f e r e n t  r e g i o n s ,  a n d  d u r i n g  d i f f e r e n t  s e a s o n s  w i l l  b e  more a c c u r a t e l y  
i n t e r p r e t e d .  as w i l l  t h e  d e t e r m i n a t i o n  of v u l n e r a b i l i t y  t o  v a r i o u s  t y p e s  of 
f i s h i n g  g e a r .  Even g r e a t e r  power of i n t e r p r e t a t i o n  m i g h t  b e  r e a l i z e d  i f  
t h e  p h y s i o l o g i c a l  s t a t e  cou ld  be a s s e s s e d  from a non-damaging b iopsy  of t h e  
tagged  and r e l e a s e d  i n d i v i d u a l s 1  r a t h e r  t h a n  from sampl ing  t h e  school .  A 
s u r v e y  of t h e  p h y s i o l o g i c a l  s t a t e  i s  e s s e n t i a l  b e c a u s e  i t  i s  t h e  o n l y  
method f o r  i d e n t i f y i n g  l i k e l y  m o t i v a t i n g  f a c t o r s  which  form t h e  b a s i s  of 
t h e  observed  movement p a t t e r n s ;  t h i s  survey  a l so  might  i d e n t i f y  r e g i o n a l  o r  
s e a s o n a l  h e t e r o g e n e i t y  i n  c r i t i c a l  l i f e  h i s t o r y  pa rame te r s ,  such  as  growth  
r a t e  and m o r t a l i t y  r i s k .  

5.4.4 M i c r o c o n s t i t u e n t  A n a l y s i s  

A chronology of t h e  m i c r o c o n s t i t u e n t s  of v e r t e b r a e  or o t o l i t h s  of t una  
cap tu red  i n  t h e  cour se  of t h e  program would p rov ide  a method of a s s e s s i n g  
movement p a t t e r n s  and d e g r e e  of mixing of t una  from d i f f e r e n t  r e g i o n s  t h a t  
wou ld  b e  i n d e p e n d e n t  of o t h e r  m e t h o d s  ( c o n v e n t i o n a l  t a g g i n g ?  t r a c k i n g  
a n d / o r  r e c o r d s  f rom a r c h i v a l  t a g s ) .  Thus l  i n c l u s i o n  of m i c r o c o n s t i t u e n t  
a n a l y s i s  i n  t h e  program i s  s t r o n g l y  recommended. I t  would be p a r t i c u l a r l y  
i m p o r t a n t  t o  de t e rmine  t h e  Chronology of m i c r o c o n s t i t u e n t s  of t h e  v e r t e b r a e  
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of t a g g e d  t u n a  t h a t  w e r e  r e c o v e r e d  i n  t h e  c o u r s e  of t h e  work;  a n a l y s i s  of 
t u n a  t h a t  c a r r i e d  a n  a r c h i v a l  t a g  f o r  e x t e n d e d  p e r i o d s  w o u l d  b e  
p a r t i c u l a r l y  v a l u a b l e .  A n a l y s e s  of t a g g e d  f i s h  m i g h t  i d e n t i f y  t h e  v e r y  
i m p o r t a n t  l i n k s  b e t w e e n  h a b i t a t  and  c h e m i c a l  c o m p o s i t i o n .  An i n t e n s i v e  
p rogram of t h i s  n a t u r e  c o u l d  p r o v i d e  t h e  f i e l d  v a l i d a t i o n  n e e d e d  f o r  
r o u t i n e  u s e  of m i c r o c o n s t i t u e n t s  i n  f i s h e r y  work. 

5 .4 .5  Habitat C h a r a c t e r i s t i c s  

M e a s u r e m e n t  o f  t h e  p h y s i c a l 1  a n d  p o s s i b l y  t h e   biological^ 
c h a r a c t e r i s t i c s  of t h e  h a b i t a t  i s  e s s e n t i a l  f o r  c o r r e l a t i n g  h a b i t a t  w i t h  
o b s e r v e d  movement p a t t e r n s .  I n  a d d i t i o n ,  r e a l - t i m e  m e a s u r e m e n t s  of 
t e m p e r a t u r e  s t r u c t u r e  of t h e  w a t e r  column1 as  w e l l  a s  s u r f a c e  t e m p e r a t u r e  
measurements by s a t e l l i t e  c e n t e r e d  on t h e  t agg ing  s i t e  and cove r ing  a broad 
a r e a r  wou ld  g r e a t l y  i n c r e a s e s  t h e  p r e c i s i o n  of t h e  p o s i t i o n  e s t i m a t e s  
e v e n t u a l l y  o b t a i n e d  from t h e  a r c h i v a l  tag.  Agencies invo lved  i n  s a t e l l i t e  
image  and  d a t a  a n a l y s i s  need  t o  be  i n v o l v e d  e a r l y  i n  t h e  p l a n n i n g  s t a g e s  t o  
i n s u r e  t h a t  adequa te  s a t e l l i t e  coverage  e x i s t s .  

5.5 Need f o r  Coord ina t ion  

The i d e a l i z e d  i n t e n s i v e  program on movement dynamics we have d i s c u s s e d  
wou ld  h a v e  t o  draw f r o m  a b r o a d  s c i e n t i f i c  and  i n s t i t u t i o n a l  base .  No 
s i n g l e  o r g a n i z a t i o n  cou ld  marsha l  t h e  r e s o u r c e s  t o  conduct such a program. 
C o o p e r a t i v e  l i n k s  wou ld  n e e d  t o  be  e s t a b l i s h e d  b e t w e e n  g o v e r n m e n t  and  
i n s t i t u t i o n a l  f i s h i n g  agenc ie s1  t h e  oceanographic  community and academic  
r e s e a r c h e r s .  C l e a r l y  t h e  success of s u c h  a p rogram wou ld  depend  upon 
e f f e c t i v e  c o o r d i n a t i o n  among c o u n t r i e s  and  o r g a n i z a t i o n s .  S i m i l a r l y  
c o o r d i n a t i o n  i s  e s s e n t i a l  f o r  t h e  s h a r i n g  and d i s t r i b u t i o n  of e x i s t i n g  d a t a  
on  t u n a  movements.  Such c o o p e r a t i v e  a c t i v i t i e s  wou ld  f o s t e r  b r o a d e r  
unde r s t and ing  of t u n a  movements th rough in t e r -ocean  a n a l y s i s  of movementsr 
f a c i l i t a t e  c o m p a r a t i v e  s t u d i e s  of s t o c k s  and  h e l p  e s t a b l i s h  c o o p e r a t i v e  
compara t ive  s t u d i e s  on t h e  same s p e c i e s  of t u n a  i n  d i f f e r e n t  oceans.  
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