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EFFECTS OF TROPICAL TUNA FISBERIES ON NON-TARGET SPECIES 

Gary T. Sakagawa 

N a t i o n a l  Oceanic  and Atmospheric  A d m i n i s t r a t i o n  
N a t i o n a l  Marine F i s h e r i e s  S e r v i c e  

Southwest  F i s h e r i e s  Cen te r  
L a  J o l l a r  C a l i f o r n i a  92038 

BACKGROUND 

I n  1984 a p p r o x i m a t e l y  80% of t h e  w o r l d  c a t c h  of t u n a s r  2 . 1  
m i l l i o n  m t r  was y e l l o w f i n  t u n a  (mumus albacares) and s k i p j a c k  
t u n a  (KaLsuwonus gelamis) of which a b o u t  45% was canned f o r  t h e  
U n i t e d  S t a t e s r  F r e n c h r  I t a l i a n r  S p a n i s h  and  J a p a n e s e  marke ts .  
Tuna s u p p l i e d  t o  t h e s e  markets are caugh t  main ly  by po le -and- l ine  
a n d  p u r s e  s e i n e  v e s s e l s .  Volume of  c a t c h  i s  a key f a c t o r  f o r  
p r o f i t a b i l i t y  i n  t h i s  i n d u s t r y r  a n d  h i g h - v o l u m e  v e s s e l s  w i t h  
l o n g - r a n g e  c a p a b i l i t y  h a v e  b e e n  d e s i g n e d  a n d  b u i l t  f o r  t h i s  
purpose.  These v e s s e l s  can  move f rom one  f i s h i n g  area t o  a n o t h e r  
t o  f o l l o w  s h i f t s  i n  a v a i l a b i l i t y  of  f i s h  and  t o  m a i n t a i n  h i g h  
c a t c h  r a t e s .  They a r e  c a p a b l e  o f  a p p l y i n g  i n t e n s e  f i s h i n g  
p r e s s u r e  i n  l o c a l i z e d  a reas .  A s  a r e s u l t ,  c o m p e t i t i o n  f o r  f i s h  
among t h e  l a r g e  v e s s e l s ,  a n d  w i t h  t h e  l e s s - m o b i l e r  a r t i s a n a l  
f i s h e r m e n  h a s  become a conce rn  (IPTP 1985) .  

A n o t h e r  s o u r c e  of  c o m p e t i t i o n  f o r  a r t i s a n a l  f i s h e r m e n  i s  
l o n g l i n e  v e s s e l s .  L o n g l i n e  v e s s e l s  a r e  l a r g e  a n d  m o b i l e r  a n d  
f i s h  f o r  a v a r i e t y  o f  l a r g e  t u n a s .  T h e  amoun t  of t h e i r  c a t c h r  
however r  i s  s u b s t a n t i a l l y  l e s s  t h a n  t h a t  of  p u r s e  s e i n e r s  a n d  
p o l e - a n d - l i n e  v e s s e l s  a n d  i s  s o l d  p r i m a r i l y  i n  t h e  " s a s h i m i "  
marke t  of  J a p a n .  The s i z e s  o f  t u n a s  c a u g h t  a r e  a l s o  g e n e r a l l y  
l a r g e r  t h a n  t h a n  t h o s e  caugh t  by a r t i s a n a l  f i she rmen .  

The e f f e c t s  of t h i s  c o m p e t i t i o n  a r e  f e a r e d  by some t o  b e  
d e s t r u c t i v e  t o  m a i n t a i n i n g  e x p e c t e d  y i e l d s  f r o m  t h e  t u n a  
r e s o u r c e s  a n d  f o r  s u r v i v a l  of l o c a l i z e d  f i s h e r i e s .  L i m i t e d  
s t u d i e s  t o  d a t e  have  n o t  d i s p e l l e d  t h i s  f e a r  b u t  have  r e i n f o r c e d  
i t  by s h o w i n g  t h e  o c c u r r e n c e  of c o m p e t i t i o n  among f i s h e r i e s ,  
a l t h o u g h  a t  l o w  l e v e l s  ( e .g . r  F i n k  a n d  B a y l i f f  1 9 7 0 ;  K l e i b e r t  
Arguer S i b e r t  and Hammond 1984; S i b e r t  1984) .  Some governments  
h a v e  i n s t i t u t e d  measures t o  r e d u c e  t h e  r i s k  of c o m p e t i t i o n  by 
p h y s i c a l l y  s e p a r a t i n g  t h e  f l e e t s .  I n  t h e  t r o p i c a l  t u n a  f i s h e r y  
of t h e  w e s t e r n  P a c i f i c r  f o r  e x a m p l e r  J a p a n  r e s t r i c t s  h e r  p u r s e  
s e i n e  f l e e t  t o  a n  a r e a  of  a p p r o x i m a t e l y  4 m i l l i o n  k m 2 ,  n o r t h  o f  
Papua N e w  Guinea and o u t s i d e  t h e  a d j a c e n t  a r e a  where  h e r  po le-  
a n d - l i n e  f l e e t  o p e r a t e s  (Tanaka 1984) .  Papua N e w  Guinea l i c e n s e s  
f o r e i g n  p u r s e  s e i n e r s  t o  f i s h  i n  h e r  200-mile  zone b u t  r e s t r i c t s  
t h e i r  o p e r a t i o n s  t o  areas o u t s i d e  t h e  1 2 - m i l e  t e r r i t o r i a l  watersr 
where t h e  a r t i s a n a l  f i s h e r i e s  occur  (Doulman 1986) .  



2 

There  i s  wide  r e c o g n i t i o n  t h a t  a d e q u a t e  i n f o r m a t i o n  on t h e  
e f f e c t s  of t h e s e  measu res  i s  l a c k i n g .  Focused s t u d i e s  have been 
c a l l e d  f o r  t o  o b t a i n  i n f o r m a t i o n  t o  p r e d i c t  t h e  e f f e c t s  o f  
c h a n g e s  i n  f i s h i n g  i n t e n s i t y  o n  t h e  d i f f e r e n t  f i s h e r i e s  a n d  o n  
t h e  o v e r a l l  t u n a  r e s o u r c e  (IPTP 1985) .  Not recognized!  howeverr 
i s  t h e  need f o r  focused  s t u d i e s  on n o n - t a r g e t  s p e c i e s  a s  w e l l .  

Non- ta rge t  species a re  c a u g h t  e i t h e r  i n c i d e n t a l l y  o r  as a n  
i n t e g r a l  par t  of t h e  t u n a  f i s h i n g  a c t i v i t y .  T h e i r  i nvo lvemen t  i n  
t u n a  f i s h e r i e s  i s  o f t e n  u n a v o i d a b l e r  o r  a v o i d a b l e  a t  h i g h  c o s t t  
a n d  i n  some casest i s  n e c e s s a r y .  C o n s e q u e n t l y t  i n f o r m a t i o n  o n  
how t h e y  a r e  a f f e c t e d  o r  how f i s h e r i e s  t h a t  s p e c i f i c a l l y  
e x p l o i t e d  them a r e  a f f e c t e d  by a c t i o n s  of t u n a  f i s h e r i e s  i s  
n e c e s s a r y  f o r  i n fo rmed  management d e c i s i o n s .  I n  t h i s  r e p o r t r  I 
d e s c r i b e  two examples  i n  which n o n - t a r g e t  s p e c i e s  a re  a f f e c t e d  by 
t h e  a c t i v i t i e s  o f  t r o p i c a l  t u n a  f i s h e r i e s  a n d  r e v i e w  t h e  
p r i n c i p a l  e f fec ts  of t h e  f i s h e r i e s  on t h e  n o n - t a r g e t  s t o c k s .  

CASE I - BLUE MARLIN 

The f i r s t  case c o n c e r n s  b l u e  m a r l i n  (H2kairn nigricnns). 
B l u e  m a r l i n  a r e  c a u g h t  a s  a b y - c a t c h  of t r o p i c a l  t u n a  purse 
s e i n e r  l o n g l i n e  and rod-and-ree l  f i s h e r i e s .  The by-ca tches  are  
o f t e n  n o t  r e p o r t e d  o r  d i s c a r d e d  a t  sea. I n  some l o c a t i o n s  t h e  
b y - c a t c h e s  a r e  a s o u r c e  of  c o n f l i c t  b e t w e e n  r e c r e a t i o n a l  a n d  
commerc ia l  f i s h e r m e n  ( Joseph  and Greenoughr 1979) .  

B l u e  m a r l i n  b e l o n g s  t o  t h e  f a m i l y  I s t i o p h o r i d a e  a n d  i s  
r e l a t e d  t o  t h e  t r o p i c a l  t u n a s  t h r o u g h  t h e  t a x o n o m i c  s u b o r d e r r  
Scombroide i .  One s p e c i e s  i n h a b i t s  t h e  P a c i f i c  and I n d i a n  Oceans 
a n d  p e r h a p s  t h e  A t l a n t i c  Ocean  a s  w e l l  ( N a k a m u r a  1 9 8 5 ;  R i v a s  
1 9 7 5 ) .  I t  occurs  a c r 0 s . s  t h e  o c e a n s  i n  a w i d e  band ( F i g u r e  1). 
I n  t h e  P a c i f i c  t h e  band i s  na r rower  i n  t h e  east  t h a n  i n  t h e  west 
-- a p  r o x i m a t e l y  l a t .  30°  N t o  35O S i n  t h e  e a s t  a n d  l a t .  40° N 
t o  45B S i n  t h e  west. B l u e  m a r l i n  a r e  u s u a l l y  n o t  found c l o s e  t o  
l a n d  masses except w h e r e  t h e  s h e l f  i s  n a r r o w  and  d r o p s  o f f  
a b r u p t l y r  s u c h  a s  a r o u n d  v o l c a n i c  i s l a n d s  ( N a k a m u r a  1 9 8 5 )  a n d  
a t o l l s .  

B l u e  m a r l i n  i s  a n  o c e a n i c  s p e c i e s  t h a t  p r e f e r s  waters warmer 
t h a n  25O C t  t h u s  l i m i t i n g  i t s  d i s t r i b u t i o n  t o  t r o p i c a l  and  
s u b t r o p i c a l  r e g i o n s .  I t  a t t a i n s  a l a r g e  s i z e  w i t h  females 
growing l a r g e r  t h a n  males. Females r e a c h  a maximum s i z e  of about  
4 5 0  c m  f o r k - l e n g t h  ( F L )  ( 5 2 0  k g )  a n d  l i v e  t o  o v e r  1 5  y r .  
Males grow t o  a maximum s i z e  of  300 c m  FL (150  kg)  a n d  w i t h  
p e r h a p s  a s h o r t e r  l i f e  s p a n  ( S k i l l m a n  a n d  Yong 1 9 7 6 ;  D e  S y l v a  
1 9 7 4 ) .  F i s h  mature  a t  a b o u t  a g e  2-4 f o r  males  a n d  a g e  5-6 f o r  
females. Two separater major  spawning areas - one  i n  t h e  c e n t r a l  
a n d  w e s t e r n  t r o p i c a l  P a c i f i c  a n d  a n o t h e r  i n  t h e  s o u t h - c e n t r a l  
I n d i a n  Ocean ( F i g u r e  2) - h a v e  b e e n  l o c a t e d  ( N i s h i k a w a r  K i k a w a r  
Honma a n d  Ueyanag i  1 9 7 8 ) .  Spawning  a p p e a r s  t o  b e  y e a r - r o u n d r  
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a l t h o u g h  s e a s o n a l  ( summer)  i n  some p a r t s  of  t h e  d i s t r i b u t i o n a l  
range .  

L i k e  o t h e r  members  o f  I s t i o p h o r i d a e ,  b l u e  m a r l i n  roam 
w i d e l y  and are  c a p a b l e  of t r a v e l i n g  g r e a t  d i s t a n c e s  ( thousands  of 
kni)  i n  a l i f e t i m e .  I n t e r c h a n g e  of f i s h  b e t w e e n  t h e  P a c i f i c  a n d  
I n d i a n  Oceans h a s  n o t  been demons t r a t ed  b u t  i s  p o s s i b l e  th rough  
t h e  E a s t  I n d i e s  r e g i o n  or  around A u s t r a l i a .  However, p o p u l a t i o n  
s t u d i e s  t o  d a t e  h a v e  g e n e r a l l y  t r e a t e d  f i s h  i n  t h e  I n d i a n  Ocean  
a s  a separate s t o c k  from f i s h  i n  t h e  Pacific.  

B l u e  m a r l i n  a r e  s o l i t a r y  a n i m a l s  a n d  d i s p e r s e d  i n  
d i s t r i b u t i o n ,  a l t h o u g h  f o u n d  more c o n c e n t r a t e d  i n  r e g i o n s  
w h e r e  f o o d  i s  a b u n d a n t .  A s  a t o p  p r e d a t o r  I t h e y  f e e d  on  a 
v a r i e t y  of f i s h e s  a n d  c e p h a l o p o d s ,  w i t h  t u n a  a n d  t u n a - l i k e  
spec ie s  m a k i n g  u p  a s i g n i f i c a n t  p o r t i o n  of  t h e i r  d i e t  ( R i v a s  
1975; Zavala-Camin 1986) .  

Because  b l u e  m a r l i n  a r e  w i d e l y  d i s p e r s e d  a n d  i n  l o w  
d e n s i t i e s ,  f i s h e r i e s  s p e c i f i c a l l y  for  t h i s  species have  n o t  been  
d e v e l o p e d .  C a t c h e s  a r e  by f i s h e r i e s  p r i n c i p a l l y  f o r  o t h e r  
species, such as t h e  commercial  l o n g l i n e  f i s h e r i e s  f o r  t u n a s  and 
t h e  r e c r e a t i o n a l  r o d - a n d - r e e l  f i s h e r i e s  f o r  a m i x t u r e  o f  l a r g e  
p e l a g i c  f i s h e s .  

P u b l i s h e d  s t a t i s t i c s  o n  t h e  t o t a l  c a t c h e s  o f  b l u e  m a r l i n  
v a r y  among  s o u r c e s .  I n  1 9 7 7 ,  e x p e r t s  r e v i e w e d  a v a i l a b l e  
s t a t i s t i c s  f o r  t h e  P a c i f i c  Ocean and ag reed  on a s e t  of r e p o r t e d  
t o t a l  c a t c h e s  fo r  t h e  p e r i o d  1952-75 (Yuen and Miyake 1980) .  The 
s t a t i s t i c s  show a d o w n w a r d  t r e n d  f r o m  a peak o f  311300 m t i n 1 9 6 6  
t o  12 ,500  m t  i n  1975 .  S i m i l a r l y ,  i n  1 9 7 9  e x p e r t s  r e v i e w e d  
s t a t i s t i c s  f o r  t h e  I n d i a n  Ocean and e s t i m a t e d  t h e  t o t a l  c a t c h e s  
of b l u e  m a r l i n  f o r  1952-76 ( F A 0  1980) .  The r e s u l t s  of t h i s  1979 
rev iew were less t h a n  s a t i s f a c t o r y  s i n c e  s t a t i s t i c s  f o r  on ly  t h e  
m a j o r  f l e e t s  were a v a i l a b l e .  The s t a t i s t i c s  i n d i c a t e  a peak 
c a t c h  of  5,200 m t  i n  1 9 5 6 ,  f o l l o w e d  by a p e r i o d  o f  f l u c t u a t i n g  
c a t c h e s  a b o v e  3 r500  m t t  a n d  a d e c l i n i n g  t r e n d  a f t e r  1 9 7 0 ,  
r e a c h i n g  1,700 m t  i n  1976. 

C o m p a r a b l e  s t a t i s t i c s  f o r  m o r e  r e c e n t  y e a r s  a r e  n o t  
a v a i l a b l e ,  a l t hough  s t a t i s t i c s  f rom major  s o u r c e s  a re  p u b l i s h e d  
a n n u a l l y  by F A 0  a n d  a r e  w i d e l y  q u o t e d .  The F A 0  s t a t i s t i c s  a r e  
i n c o m p l e t e  and p r o v i d e  on ly  a c r u d e  i n d i c a t i o n  of r e c e n t  t r e n d s .  
Most r e c e n t  s t a t i s t i c s  (Tab le  1) i n d i c a t e  a n  upward t r e n d  d u r i n g  
t h e  1974-84 p e r i o d  f o r  b o t h  t h e  P a c i f i c  a n d  I n d i a n  Oceans .  
C u r r e n t  c a t c h e s  exceed 18,000 m t  f o r  t h e  P a c i f i c  Ocean and 3,000 
m t  f o r  t h e  I n d i a n  Ocean. 

Not accounted  f o r  i n  most p u b l i s h e d  s t a t i s t i c s  a re  c a t c h e s  
by r e c r e a t i o n a l  f i s h e r i e s ,  t h e  t r o p i c a l  t u n a  p u r s e  s e i n e  
f i s h e r i e s  and a r t i s a n a l  f i s h e r i e s .  I n c i d e n t a l  c a t c h e s  by t h e s e  
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Table 1. Catch (mt) of blue marlin by the longline fisheries of 
the Indian and Pacific Oceans. (Source: FAO, 1984) 

Pacific Indian 
Year Ocean Ocean Total 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

11 , 500 
11 , 500 
12 , 700 
13 , 400 
14 , 900 
16 , 200 
18 , 700 
17,900 
17 , 900 
18 , 500 
18 , 2001 

1,400 
2 , 300 
1,600 
1,400 
2 , 600 
2,500 
2 , 400 
2 , 700 
2 , 400 
3 , 100 
3 , 400 

12 , 900 
13 , 800 
14 , 300 
14 , 800 
17 , 500 
18 , 700 
20 , 600 
20,300 
21,600 
21,600 

21,100 

Estimated. 
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f i s h e r i e s  f o r  t h e  most p a r t  a r e  d i s c a r d e d  a t  sea a n d  a r e  n o t  
r e p o r t e d ,  so  they  must be e s t i m a t e d  f rom f r agmen ted  i n f o r m a t i o n .  
Because t h e  p u r s e  s e i n e  f i s h e r i e s  a r e  l a r g e r  they  a r e  b e l i e v e d  t o  
have a s i g n i f i c a n t  by-catch of b l u e  m a r l i n  t h a t  is unrepor t ed .  

The major p u r s e  s e i n e  f i s h e r i e s  f o r  t r o p i c a l  t u n a s  i n  t h e  
P a c i f i c  a n d  I n d i a n  Oceans  ( F i g u r e  31, a re :  e a s t e r n  t r o p i c a l  
P a c i f i c  (ETP) I w e s t e r n  t r o p i c a l  I n d i a n  Ocean (WTI) a n d  w e s t e r n  
t r o p i c a l  P a c i f i c  (WTP). The ETP p u r s e  s e i n e  f i s h e r y ,  o f f  c e n t r a l  
and South  America, produced 199,000 m t  of y e l l o w f i n  and sk ip j ack  
t u n a s  i n  1984  w i t h  y e l l o w f i n  t u n a  t h e  d o m i n a n t  spec ies  ( 7 1 % ) .  
T h i s  f i s h e r y  r e l i e s  p r i m a r i l y  on d o l p h i n  (S&g:ngJJ..a spp.1- 
a s s o c i a t e d  s c h o o l s  and "school f  i s h "  (non-as soc ia t ed  s c h o o l s )  f o r  
i t s  p r o d u c t i o n  ( P e r r i n  1 9 6 9 ;  P u n s l y  1 9 8 3 ) .  I t  o p e r a t e s  o u t s i d e  
t h e  areas of h igh  c o n c e n t r a t i o n  of b l u e  m a r l i n  and r a r e l y  c a t c h e s  
any.  

The WTI p u r s e  s e i n e  f i s h e r y  i s  c e n t e r e d  i n  t h e  S e y c h e l l e s  
I s l a n d s  a r e a ,  a n d  i s  d e p e n d e n t  o n  y e l l o w f i n  t u n a  f o r  a m a j o r i t y  
of i t s  p r o d u c t i o n  (Marsac and S t e q u e n t  1984) .  I n  1984,  t h e  t o t a l  
y e l l o w f  i n - s k i p j a c k  c a t c h  was 97 ,000 m t  w i t h  y e l l o w f i n  t u n a  making 
u p  5 4 %  of t h i s  t o t a l .  T h i s  f i s h e r y  u n t i l  r e c e n t l y  was l a r g e l y  
dependent  on l o g - a s s o c i a t e d  s c h o o l s  f o r  i t s  p roduc t ion ;  c u r r e n t l y  
b o t h  s c h o o l f i s h  and  l o g - a s s o c i a t e d  s c h o o l s  a r e  i m p o r t a n t .  The 
f i s h e r y  operates o u t s i d e  of t h e  area of h i g h e s t  c o n c e n t r a t i o n  of 
b l u e  m a r l i n  a n d  t h e  i n c i d e n t a l  c a t c h e s  o f  b l u e  m a r l i n  a r e  r a r e  
(J.P. Halliert  ORSTOM, Vic to r i a ,  S e y c h e l l e s ,  pers. c o m m . )  

By c o n t r a s t ,  t h e  WTP p u r s e  s e i n e  f i s h e r y ,  c e n t e r e d  n o r t h  of 
Papua  N e w  G u i n e a ,  i s  t h e  l a r g e s t  o f  t h e  t h r e e  p u r s e  s e i n e  
f i s h e r i e s  ( F i g u r e  3 ) .  T o t a l  y e l l o w f i n - s k i p j a c k  p r o d u c t i o n  i n  
1984  was a p p r o x i m a t e l y  359 ,000  m t  w i t h  s k i p j a c k  t u n a  m a k i n g  u p  
8 0 %  o f  t h i s  c a t c h  ( IPTP 1 9 8 6 ) .  Most of t h e  c a t c h  i s  f r o m  l o g -  
a s s o c i a t e d  s c h o o l s ,  o r  s c h o o l s  a s s o c i a t e d  w i t h  f l o t s a m  (Tsukagoe 
1 9 8 1 ) .  The a r e a  of  o p e r a t i o n  o f  t h i s  f i s h e r y  o v e r l a p s  t h e  a r e a  
of  h i g h  c o n c e n t r a t i o n  of  b l u e  m a r l i n  i n  t h e  P a c i f i c  ( F i g u r e  1 1 ,  
and p r e l i m i n a r y  d a t a  i n d i c a t e  i n c i d e n c e  of b l u e  m a r l i n  caugh t  i n  
p u r s e  s e i n e  sets ( G i l l e t t  1986a; 198633). 

T o  d e t e r m i n e  t h e  m a g n i t u d e  of  t h e  i n c i d e n t a l  b l u e  m a r l i n  
c a t c h  i n  t h i s  WTP p u r s e  s e i n e  f i s h e r y ,  I c o m p i l e d  v a r i o u s  
s t a t i s t i c s ,  and made s e v e r a l  a s sumpt ions  t o  estimate t h e  by-catch 
f o r  1984. The t o t a l  p u r s e  s e i n e  c a t c h  of y e l l o w f i n  and sk ip j ack ,  
3591500 m t  was s t r a t i f i e d  i n t o  U.S. a n d  non-U.S. ( p r i n c i p a l l y  
Japanese )  c a t c h e s  -- 155,700 m t  f o r  U . S . I  and 203,800 m t  f o r  non- 
U.S. ( IPTP  1 9 8 6 ) .  Mode of  f i s h i n g  o f  t h e s e  two c a t e g o r i e s  a r e  

'Tuna c a t c h  s t a t i s t i c s  u s e d  t h r o u g h o u t  t h i s  r e p o r t  i s  f r o m  a 
s i n g l e  s o u r c e ,  IPTP (1986)  a l t h o u g h  o t h e r  s o u r c e s  p r o b a b l y  a r e  
more a c c u r a t e .  F o r  e x a m p l e ,  Her r i ck  a n d  K o p l i n  (1985)  g i v e  a 
more a c c u r a t e  estimate of t h e  U.S. c a t c h  f rom t h e  WTP i n  1984 of 
170,500 m t .  
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d i f f e r e n t  i n  t h a t  U.S. v e s s e l s  a r e  l a r g e r  a n d  t e n d  t o  f i s h  more 
s c h o o l f i s h  whereas  t h e  non-U.S. v e s s e l s  are  g e n e r a l l y  smaller and 
t e n d  t o  f i s h  more l o g - a s s o c i a t e d  schoo l s .  

S t a t i s t i c s  f o r  1981 (Tanaka 1982) i n d i c a t e  t h a t  t h e  J a p a n e s e  
f l e e t  had a n  a v e r a g e  c a t c h  per s e t  of 21.3 m t  of t u n a  w i t h  82% of  
t h e  s e t s  b e i n g  o n  l o g - a s s o c i a t e d  s c h o o l s .  Assuming t h e s e  
s t a t i s t i c s  a r e  a p p l i c a b l e  t o  t h e  1984  s e a s o n  f o r  t h e  non-U.S. 
f l e e t ,  t h e  f l e e t  made a n  e s t i m a t e d  9 ,570  s e t s  i n  1984  of w h i c h  
7 ,850  were on  l o g - a s s o c i a t e d  s c h o o l s .  Assuming a n  i n c i d e n t a l  
c a t c h  r a t e  of  b l u e  m a r l i n  f o r  t h e  f i s h e r y  of a p p r o x i m a t e l y  0.8 
m a r l i n  per l o g - a s s o c i a t e d  s e t  ( G i l l e t t  1 9 8 6 a r  1 9 8 6 b )  t h e  
e s t i m a t e d  i n c i d e n t a l  c a t c h  of  b l u e  m a r l i n  by t h e  non-U.S. f l e e t  
i n  1984 is  approx ima te ly  6,300 f i s h .  

R e c e n t  f i s h i n g  p e r f o r m a n c e  s t a t i s t i c s  f o r  t h e  U.S. p u r s e  
s e i n e  f l e e t  i n  t h e  WTP f i s h e r y  a r e  n o t  r e a d i l y  a v a i l a b l e .  
P u b l i s h e d  s t a t i s t i c s  on a small number of v e s s e l s  ( G i l l e t t  1986a; 
B a i l e y  and  S o u t e r  1 9 8 2 )  i n d i c a t e  t h a t  t h e  c a t c h  r a t e  i s  
a b o u t  11 m t  per s e t 2  and a b o u t  30% of t h e  sets a re  on log-  
a s s o c i a t e d  s c h o o l s ,  t h e  r e m a i n d e r  on s c h o o l f i s h .  A p p l y i n g  
t h e s e  r a t e s  t o  t h e  1984  U.S.  c a t c h  o f  155 ,700  m t  y i e l d s  a t o t a l  
of 14,200 sets  of which 4,300 were l o g - a s s o c i a t e d  sets.  I f  each 
l o g - a s s o c i a t e d  s e t  r e s u l t s  i n  c a p t u r e  o f  0.8 b l u e  m a r l i n ,  a n  
e s t i m a t e d  3 ,400  b l u e  m a r l i n  were c a u g h t  by t h e  U.S.  f l e e t  i n  
1984.  

The t o t a l  i n c i d e n t a l  b l u e  m a r l i n  c a t c h  f o r  t h e  WTP p u r s e  
s e i n e  f i s h e r y  i s  t h u s  a p p r o x i m a t e l y  6 ~ 3 0 0  + 3 ,400  = 91700 f i s h .  
S i n c e  most m a r l i n s  c a u g h t  i n a t u n a p u r s e  s e i n e  n e t  e i t h e r  d i e o r  
escape w i t h  i n j u r i e s  t h a t  p r o b a b l y  r e s u l t  i n  d e a t h  ( G i l l e t t r  
1 9 8 6 a t  1986131, v i r t u a l l y  t h e  e n t i r e  c a t c h  c a n  b e  a s s u m e d  t o  b e  
removals  from t h e  popu la t ion .  

The t o n n a g e  of  t h i s  b l u e  m a r l i n  c a t c h  i s  e s t i m a t e d  by 
a s s u m i n g  t h a t  t h e  a v e r a g e  s i z e  of  b l u e  m a r l i n s  c a u g h t  by t h e  
p u r s e  s e i n e  f l e e t s  i s  t h e  same a s  f i s h  l a n d e d  by t h e  J a p a n e s e  
l o n g l i n e  f l e e t .  Suzuki  and Honma ( m s )  p rov ided  eye-fork l e n g t h  
m e a s u r e m e n t s  f o r  610 ,505  b l u e  m a r l i n  c a u g h t  by l o n g l i n e r s  i n  
1967-75 w i t h i n  t h e  same area of o p e r a t i o n s  as  t h e  WTP purse s e i n e  
f i s h e r y  ( F i g u r e  4 ) .  The m e a s u r e m e n t s  were c o n v e r t e d  t o  f o r k  
l e n g t h  w i t h  a n  e q u a t i o n  g iven  by Royce (1957) and t h e n  t o  w e i g h t  
(W) w i t h  t h e  e q u a t i o n ,  I n  W = I n  (5.0048 x + 3.0214 I n  FLt 
of  S k i l l m a n  a n d  Yong (1974) .  The a v e r a g e  i s  6 5  kg. A p p l y i n g  
t h i s  ave rage  t o  t h e  i n c i d e n t a l  c a t c h  i n  numbers, g i v e s  630 m t  as  
t h e  e s t i m a t e d  i n c i d e n t a l  c a t c h  i n  weight .  

*Sources  f a m i l i a r  w i t h  o p e r a t i o n s  of  t h e  U.S. f l e e t  i n d i c a t e  t h a t  
r e c e n t  c a t c h  r a t e s  h a v e  b e e n  h i g h e r ,  a n d  t o t a l  number o f  l o g -  
a s s o c i a t e d  s e t s  i s  abou t  41200. 
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The WTP p u r s e  s e i n e  f i s h e r y  a p p e a r s  t o  b e  a m i n o r  s o u r c e  
( a b o u t  3 % )  of f i s h i n g  m o r t a l i t y  f o r  t h e  b l u e  m a r l i n  p o p u l a t i o n  of 
t h e  P a c i f i c  Ocean. Ca tches  of t h e  l o n g l i n e  f l e e t s  ( T a b l e  1) a re  
s u b s t a n t i a l l y  g r e a t e r  t h a n  t h a t  f o r  t h e  WTP p u r s e  s e i n e  f i s h e r y .  
Because some of my a s s u m p t i o n s  a r e  p robab ly  n o t  w a r r a n t e d ,  e.g.r 
t h e  b l u e  m a r l i n  c a t c h  r a t e  is n o t  r e p r e s e n t a t i v e  because  of small  
s a m p l e  s i z e s  o r  n o t  o n l y  l o g - a s s o c i a t e d  s e t s  r e s u l t s  i n  b l u e  
m a r l i n  c a t c h e s ,  my c o n c l u s i o n  might  be s u s p e c t .  However, i f  I 
r e l a x  some a s s u m p t i o n s  such  as  a l l  p u r s e  s e i n e  se ts  and n o t  on ly  
l o g - a s s o c i a t e d  s e t s  r e s u l t  i n  a b y - c a t c h  of b l u e  m a r l i n ,  a s  
p r e l i m i n a r y  o b s e r v a t i o n s  by G i l l e t t  ( 1988b)  s u g g e s t r  t h e n  my 
e s t i m a t e  i s  a n  u n d e r e s t i m a t e  by a f a c t o r  of a b o u t  two.  T h i s  
w o u l d  d o u b l e  my e s t i m a t e  b u t  s t i l l  b e  a s m a l l  p o r t i o n  o f  t h e  
t o t a l  P a c i f i c  c a t c h  of b l u e  m a r l i n .  

The o v e r a l l  l e v e l  of c a t c h  from a l l  s o u r c e s l  however, may be  
h i g h  w i t h  r e s p e c t  t o  t o t a l  impact on t h e  b l u e  m a r l i n  p o p u l a t i o n .  
I n  1977 a n  a n a l y s i s  of a v a i l a b l e  d a t a  r e s u l t e d  i n  t h e  c o n c l u s i o n  
t h a t  t h e  P a c i f i c  b l u e  m a r l i n  s t o c k  was o v e r f i s h e d  (Yuen a n d  
Miyake 1980) -- f i s h i n g  e f f o r t  was e x c e s s i v e ,  c a t c h  was below t h e  
maximum s u s t a i n a b l e  (MSY) l e v e l  of 22 ,000  m t r  and  t h e  c a t c h  r a t e  
was a t  r e c o r d  low l e v e l s  ( F i g u r e  5 ) .  

Data f o r  u p d a t i n g  t h i s  1977  a n a l y s i s  a r e  n o t  a v a i l a b l e .  
By u s i n g  f r a g m e n t e d  d a t a  on c a t c h e s  a n d  some a s s u m p t i o n s ,  I 
e s t i m a t e d  w h e r e  r e c e n t  p o i n t s  w o u l d  p r o b a b l y  l i e  o n  t h e  
p r o d u c t i o n  c u r v e .  Yuen a n d  Miyake ( 1 9 8 0 )  r e p o r t e d  a c a t c h  r a t e  
of a b o u t  0.05 f i s h / l r 0 0 0  h o o k s  f i s h e d  f o r  1975 .  T h i s  was t h e  
l o w e s t  r a t e  i n  a d e c l i n i n g  s e r i e s  r e c o r d e d  f o r  1952-75 .  I u s e d  
t w o  d i f f e r e n t  s c e n a r i o s :  o n e  i s  I a s s u m e d  t h a t  i n  1976-1984 t h e  
r a t e  i s  t h e  same a s  i n  1 9 7 5 ,  a n d  t h e  o t h e r ,  I a s s u m e d  t h a t  t h e  
r a t e  doubled  as  l o n g l i n e  c a t c h e s  i n c r e a s e d  (Tab le  1). The p o i n t s  
( F i g u r e  5)  f a l l  w i t h i n  a c l u s t e r  t o  t h e  r i g h t  o f  t h e  M S Y t  
i n d i c a t i n g  t h a t  e i t h e r  t h e  f i s h e r i e s  c o n t i n u e  t o  be  o p e r a t i n g  on 
t h e  o v e r f i s h i n g  s i d e  of t h e  c u r v e ,  o r  t h a t  s u b s t a n t i a l  changes  i n  
t h e  p a t t e r n  o f  l o n g l i n e  o p e r a t i o n s  n e c e s s i t a t e s  a new a n a l y s i s  
of t h e  e q u i l i b r i u m  y i e l d  c u r v e  and t h e  MSY va lue .  

T h i s  l a t t e r  c o n c l u s i o n  a p p e a r s  most  p l a u s i b l e  g i v e n  t h a t  t h e  
l o n g l i n e  c a t c h  i n c r e a s e d  6 1 %  b e t w e e n  1 9 7 5  a n d  1 9 8 3  ( T a b l e  1) 
d e s p i t e  i n c r e a s e d  p u r s e  s e i n i n g  a c t i v i t y  i n  t h e  WTP a n d  w i t h  
a p p a r e n t l y  l e s s  e f f e c t i v e  e f f o r t  as  t h e  l o n g l i n e  f l e e t s  t a r g e t e d  
on  t h e  d e e p  swimming b i g e y e  t u n a .  D u r i n g  t h e  l a t e  1 9 7 0 ' s t  t h e  
l o n g l i n e  f l e e t s  s w i t c h e d  t o  " d e e p  l o n g l i n i n g "  w h i c h  p laces  t h e  
h o o k s  b e l o w  t h e  mixed  l a y e r  d e p t h ,  w h e r e  b l u e  m a r l i n  g e n e r a l l y  
occur  (Suzuki ,  Warashima and K i s h i d a ,  1977) .  B e f o r e  t h i s  s w i t c h r  
r e g u l a r  l o n g l i n e  g e a r r  which f i s h e s  t h e  mixed l a y e r  d e p t h s ,  was 
used .  

A l s o ,  c a t c h  r a t e s  f o r  r e c r e a t i o n a l  rod-and  r e e l  f i s h e r i e s  
show r e c e n t  improvement i n  b l u e  m a r l i n  a p p a r e n t  abundance ( F i g u r e  
6 ) .  I n  t h e  H a w a i i a n  I s l a n d s  a n d  G u a m  t h e  r a t e s  show a n  
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1 4  

i n c r e a s i n g  t r e n d  w i t h  t h e  1984 r a t e s  among t h e  h i g h e s t  recorded .  
These f r agmen ted  i n f o r m a t i o n  s u g g e s t  t h a t  t h e  s t o c k  might  be a t  
h i g h e r  l e v e l s  of  a b u n d a n c e  t h a n  i n  1977  d e s p i t e  i n c r e a s e d  
i n c i d e n t a l  c a t c h e s  by t h e  p u r s e  s e i n e  f i s h e r i e s .  

On t h e  o t h e r  hand, t h e  WTP purse s e i n e  f i s h e r y  o c c u r s  i n  t h e  
h i g h  d e n s i t y  a n d  s p a w n i n g  a rea  of  t h e  b l u e  m a r l i n ,  s o  i t  m i g h t  
h a v e  a d i s p r o p o r t i o n a t e  e f f e c t  on t h e  p o p u l a t i o n  t h a n  e x p e c t e d  
from t h e  e s t i m a t e d  by-catch.  The f i s h e r y  c o u l d  have  a d i s r u p t i v e  
e f f e c t  on t h e  s p a w n i n g  b e h a v i o r  of  b l u e  m a r l i n  w h i c h  i n  t u r n  
migh t  a f f e c t  r e c r u i t m e n t  t o  t h e  P a c i f i c - w i d e  p o p u l a t i o n .  

CASE I1 - BAITFISBES 

T h e  s e c o n d  case s t u d y  i s  t h a t  of  t h e  b a i t f i s h e s  u s e d  i n  
po le -and- l ine  f i s h i n g  f o r  t unas .  S u i t a b l e  b a i t  m u s t  be  l o c a t e d r  
c a u g h t r  a n d  t r a n s p o r t e d  l i v e  t o  t h e  f i s h i n g  a r e a s  f o r  t h i s  t y p e  
of  f i s h i n g .  I n  o t h e r  w o r d s ,  t h e  p o l e - a n d - l i n e  me thod  i s  
c o m p l e t e l y  d e p e n d e n t  on  t h e  a v a i l a b i l i t y  of  s e c o n d a r y  spec ies t  
t h e  b a i t f i s h e s  t o  be s u c c e s s f u l  (Ben-Yam1 1980; R o t h s c h i l d  and 
Uchida 196  8 ) .  

A p p r o x i m a t e l y  1 6 0  s p e c i e s ,  b e l o n g i n g  t o  3 1  f a m i l i e s ,  h a v e  
been i d e n t i f i e d  as  s u i t a b l e  b a i t  f o r  t u n a  po le -and- l ine  f i s h i n g  
( B a l d w i n  1 9 7 7 ;  B e n - Y a m i  1 9 8 0 ) .  Of t h e s e ,  o n l y  a b o u t  a d o z e n  
s p e c i e s  f r o m  t h e  f a m i l i e s  Apogon idae r  C a e s i o n i d a e ,  C l u p e i d a e r  
D u s s u m i e r i i d a e  a n d  E n g r a u l i d a e  a r e  p r i n c i p a l  b a i t  u s e d  i n  t h e  
m a j o r  P a c i f i c  a n d  I n d i a n  O c e a n  p o l e - a n d - l i n e  f i s h e r i e s .  

The p r i n c i p a l  b a i t  s p e c i e s  a re  p r i m a r i l y  c o a s t a l  i n h a b i t a n t s  
w i t h  l o c a l i z e d  d i s t r i b u t i o n  (Tab le  2; F i g u r e  7 ) .  Somet l i k e  t h e  
J a p a n e s e  s a r d i n e  (Ssrdina~s mslnnaski~&n) a n d  n o r t h e r n  a n c h o v y  
(Maraul  is mor&& a re  w i d e l y  d i s t r i b u t e d  b u t  most  have l i m i t e d r  
l o c a l i z e d  d i s t r i b u t i o n s .  A l l  s h a r e  a common c h a r a c t e r i s t i c  o f  
s c h o o l i n g  when 4 t o  1 4  c m  long ,  and when s u i t a b l e  f o r  t u n a  pole-  
a n d - l i n e  f i s h i n g .  

The c a r d i n a l  f i s h e s ,  Apogon idae ,  a r e  sma l l  ( m a j o r i t y  l e s s  
t h a n  1 0  c m  l o n g )  r e e f  d w e l l e r s  ( H e r a l d  1 9 6 1 ) .  They  a r e  
n o c t u r n a l  and a r e  found th roughou t  t h e  t r o p i c a l  and s u b t r o p i c a l  
I n d o - P a c i f i c .  Not  much i s  known of  t h e i r  l i f e  h i s t o r y  e x c e p t  
t h a t  many are  mouth-breeders ,  i.e. they  i n c u b a t e  f e r t i l i z e d  eggs 
i n  t h e i r  mou ths .  A t  t i m e s ,  t h e y  o c c u r  i n  l a r g e  c o n c e n t r a t i o n s r  
s c h o o l i n g  above c o r a l  heads.  

CaesiQ c o e r u l a u r e u s  be longs  t o  t h e  f a m i l y  C a e s i o n i d a e  and i s  
a n  i m p o r t a n t  b a i t  s p e c i e s  used i n  t h e  Laccadive  and Maldive t u n a  
f i s h e r i e s  ( J o n k l a u s  1 9 6 7 )  a n d  was o n c e  u s e d  i n  t h e  t u n a  f i s h e r y  
of Truk .  I t  is a c o l o r f u l  r e e f  f i s h  w i t h  widesp read  d i s t r i b u t i o n  
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1 7  

i n  t r o p i c a l  a n d  s u b t r o p i c a l  r e g i o n s  o f  t h e  I n d o - P a c i f i c .  
I n d i v i d u a l s  grow t o  a m a x i m u m  l e n g t h  of  a b o u t  3 0  c m t  b u t  o n l y  
j u v e n i l e s  a r e  used f o r  ba i t .  

I n  t h e  C l u p e i d a e ,  t h e  P a c i f i c  s a r d i n e  (Sardinngs casxulea) 
and  J a p a n e s e  s a r d i n e  a r e  t h e  p r i n c i p a l  s p e c i e s  used  i n  t h e  
Pacif ic  t u n a  f i sher ies .  These are  c o a s t a l  p e l a g i c  s p e c i e s ,  found 
i n  t e m p e r a t e  and s u b t e m p e r a t e  r e g i o n s  of t h e  P a c i f i c  Ocean. The 
P a c i f i c  s a r d i n e  g r o w s  a s  l a r g e  a s  28  c m  FL and  r e p r o d u c e s  a t  
abou t  2 0  c m  FL (Murphy 1976 ,  1977) .  The Japanese  s a r d i n e  r e a c h e s  
a sma l l e r  m a x i m u m  s i z e  of a b o u t  2 2  c m  F L I  and  r e p r o d u c e s  a t  14 c m  
FL (Kondo MS). Both s p e c i e s  a re  very  abundant ,  b u t  t h e i r  s t o c k  
s i z e s  a r e  ex t r eme ly  v a r i a b l e ;  s u r v i v a l  of t h e i r  young is l a r g e l y  
d e t e r m i n e d  by e n v i r o n m e n t a l  f a c t o r s  ( B l a x t e r  a n d  H u n t e r  1 9 8 2 ) .  
B e s i d e s  t h e i r  u s e  a s  b a i t ,  t h e y  s u p p o r t  m a j o r  c o m m e r c i a l  
f i s h e r i e s  f o r  p r i m a r i l y  r e d u c t i o n  purposes .  

Two s p e c i e s  i n  t h e  f a m i l y  D u s s u m i e r i i d a e ,  Sgrafnllnidas 
q r a c l l l a  and L d e l  icat- I a r e  used as  b a i t f i s h e s  ( L e w i s ,  S m i t h  
and  E l l w a y  1 9 8 3 ) .  They a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  Indo-  
P a c i f i c  a n d  a r e  f o u n d  i n  d e n s e  s c h o o l s  i n  c l ea r  c o a s t a l  wa te r s ,  
o f t e n  nea r  o r  above c o r a l  reefs. They grow t o  a maximum s i z e  of 
6-7 c m  l o n g .  L i f e  h i s t o r i e s  of  t h e s e  s p e c i e s  a r e  l a r g e l y  
unknown. 

. .  

S e v e r a l  s p e c i e s  o f  b a i t f i s h e s  b e l o n g  t o  t h e  f a m i l y  
Engraul idae.  The p r i n c i p a l  t e m p e r a t e  s p e c i e s ,  n o r t h e r n  anchovy 
and  J a p a n e s e  anchovy  (EngrauAia iagnnica), l i v e  i n  c o a s t a l  
p e l a g i c  waters  of t h e  e a s t e r n  P a c i f i c  and  w e s t e r n  P a c i f i c  
r e s p e c t i v e l y .  They a re  f a s t  g rowing  and a t t a i n  a maximum s i z e  of 
3 0  c m  l ong  f o r  L m d a  ( C l a r k  and P h i l l i p s  1952) and 1 6  c m  l ong  
f o r  lL iagQpica ( H a y a s i  1 9 6 7 ) .  They c h a r a c t e r i s t i c a l l y  h a v e  
l a r g e  v a r i a t i o n s  i n  p o p u l a t i o n  abundance .  I n  t h e  t r o p i c a l  
P a c i f i c ,  Sfnlagharus spp .  a r e  t h e  p r i n c i p a l  e n g r a u l i d  s p e c i e s  
used  by t h e  p o l e - a n d - l i n e  f i s h e r i e s ,  e.g.t Hawaii. They a r e  
f o u n d  i n  a w i d e  r a n g e  of h a b i t a t s  w i t h  h i g h  c o n c e n t r a t i o n s  
o c c u r r i n g  i n  e s t u a r i n e  wa te r s  and  i n  c l e a r  c o a s t a l  wa te r s  near  
c o r a l  reefs. They are  small ,  s h o r t - l i v e d  f i s h e s  t h a t  reproduce  
y e a r - r o u n d .  T h e  young  i n h a b i t  c o a s t a l  a reas  a f t e r  a p e l a g i c  
l a r v a l  s t a g e  (Wethe ra l l  1 9 7 7 ;  T e s t e r  1 9 5 5 ) .  They a r e  more  
s u s c e p t i b l e  t o  o v e r f i s h i n g  t h a n  o t h e r  e n g r a u l i d  s p e c i e s  because  
of t h e i r  o t h e r  smaller, l o c a l i z e d  popu la t ions .  

Ma jo r  p o l e - a n d - l i n e  f i s h e r i e s  a r e  l o c a t e d  i n  t h e  e a s t e r n  
t r o p i c a l  Pacific,  w e s t e r n  t r o p i c a l  Pacif i c ,  o f f  J a p a n  and o f f  t h e  
M a l d i v e s  ( F i g u r e  8 ) .  E x c e p t  f o r  t h e  f i s h e r y  o f f  J a p a n  (May- 
S e p t e m b e r )  a l l  a r e  y e a r - r o u n d  o p e r a t i o n s .  T h e s e  f i s h e r i e s  
i n i t i a l l y  d e v e l o p e d  i n  l o c a t i o n s  w h e r e  b a i t  s u p p l y  was r e a d i l y  
a v a i l a b l e .  Through t h e  y e a r s ,  bo th  p o l i t i c a l  and economic f o r c e s  
have mod i f i ed  t h e  manner i n  wh ich  these f i s h e r i e s  o p e r a t e .  For 
example,  t h e  l i m i t e d  supply  of b a i t  i n  t h e  s o u t h  P a c i f i c  t o g e t h e r  
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1 9  

w i t h  l i m i t e d  access t o  i n s h o r e  b a i t i n g  a r eas ,  e n c o u r a g e d  t h e  
Japanese  t o  deve lop  a sys tem of t r a n s p o r t i n g  b a i t  f rom t h e i r  home 
i s l a n d s  t o  t h e  s o u t h e r n  f i s h i n g  a r e a .  J a p a n e s e  anchovy  and  
s a r d i n e  are caugh t  o f f  s o u t h e r n  Japan ,  h e l d  i n  h o l d i n g  pens  f o r  
a p e r i o d  of  " a g e i n g " ,  and  t h e n  t r a n s p o r t e d  l i v e  a b o a r d  t h e  
f i s h i n g  v e s s e l s  t o  t h e  s o u t h  P a c i f i c .  T h i s  sys tem was developed  
i n  t h e  e a r l y  1 9 7 0 ' s  (Maruyama 1 9 8 0 )  a n d  i s  c u r r e n t l y  u s e d  by 
abou t  1 0 0  v e s s e l s  t o  produce approx ima te ly  70,000 m t  a n n u a l l y  of 
s k i p j a c k  t u n a  from t h e  s o u t h  P a c i f i c  (Miyoshi 1982) .  

B e s i d e s  t h e  J a p a n e s e  pole-and- l ine  f l e e t ,  o t h e r  f l ee t s  based 
i n  I n d o n e s i a ,  Papua  N e w  G u i n e a ,  Solomon I s l a n d s ,  and  K i r i b a t i  
i n  t h e  w e s t e r n  P a c i f i c  p a r t i c i p a t e  i n  t h e  WTP f i s h e r y .  T o t a l  
s k i p j a c k - y e l l o w f i n  c a t c h  f o r  t h e  WTP pole-and- l ine  f i s h e r y  was 
141,500 m t  i n  1984. 

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  ic, t h e  po le -and- l ine  f i s h e r y  
h a s  d i m i n i s h e d  s i n c e  i t s  heyday  i n  1 9 5 1  when 228  b o a t s  were 
a c t i v e  (McNeeley 1961) .  Economic f a c t o r s ,  i n c l u d i n g  h igh  c o s t  i n  
s e c u r i n g  b a i t ,  e n c o u r a g e d  f i s h e r m e n  t o  abandon  t h i s  f o r m  o f  
f i s h i n g  f o r  p u r s e  s e i n i n g .  I n  1984  o n l y  4 0  p o l e - a n d - l i n e  b o a t s  
were a c t i v e  a n d  t h e y  l a n d e d  6 , 4 0 0  m t  o f  y e l l o w f i n  a n d  s k i p j a c k  
t u n a .  A v a r i e t y  of b a i t f i s h e s  i s  used  by t h e  ETP f i s h e r y  
( B a y l i f f  1967 ;  Yosh ida  e t  a l .  1 9 7 7 ) :  U n i t e d  S t a t e s  v e s s e l s  u s e  
p r i m a r i l y  L ~!ordax and S, U u l e a  from s o u t h e r n  C a l i f o r n i a  and 
Baja  C a l i f o r n i a ;  Mexican v e s s e l s  u s e  IL OD i s t h o n e  ma spp. 
and  Cehnngranlis myshi~efus; a n d  E c u a d o r i a n  v e s s e l s  u s e  Bncs;ha 
n w  and L n W i ~ e k u s .  

Off Japan ,  J apanese  pole-and- l ine  v e s s e l s  f i s h  f o r  s k i p j a c k  
and  sma l l  y e l l o w f i n  t u n a  f r o m  a b o u t  May t o  S e p t e m b e r .  They 
produced 177,600 m t  of s k i p j a c k  and y e l l o w f i n  t u n a  i n  1984. The 
b a i t  u s e d  i s  p r i m a r i l y  J a p a n e s e  anchovy  a n d  s a r d i n e s  c a u g h t  i n  
t h e  c o a s t a l  waters. 

I n  t h e  I n d i a n  Oceanr  t h e r e  i s  a s u b s t a n t i a l  p o l e - a n d - l i n e  
f i s h e r y  f o r  t u n a s  i n  t h e  Maldives  and a modest  f i s h e r y  o f f  Ind ia .  
P r o d u c t i o n  by t h e  M a l d i v e s  f i s h e r y  was a b o u t  39 ,100  m t  of 
p r e d o m i n a n t l y  s k i p j a c k  t u n a  i n  1984  (H. Maizan ,  M i n i s t r y  o f  
F i s h e r i e s ,  M a l d i v e s ,  p e r s  comm.). T h e  p r i n c i p a l  b a i t  u s e d  by 
t h i s  f i s h e r y  i s  C. coerulaureus ( J o n k l a a s  1967) and S p r a t e l l o  i d e s  
spp .  P r o d u c t i o n  by t h e  L a k s h a d w e e p  I s l a n d s  f i s h e r y  of  I n d i a  
a v e r a g e s  3 , 1 0 0  m t  a n n u a l l y  o f  m o s t l y  s k i p j a c k  t u n a .  The  
p r i n c i p a l  b a i t  u s e d  i s  S~ra&ellaFdes dal.ks;n&ns and  Anchamin 
1 i n e o l a  tu (Si las  e t  a l .  1986) .  

I n  1974  Y o s h i d a  e t  a l .  ( 1 9 7 7 )  r e v i e w e d  i n f o r m a t i o n  up t o  
1 9 7 1  on b a i t  u s e d  i n  p o l e - a n d - l i n e  f i s h e r i e s  of  t h e  P a c i f i c  
Ocean. T h e i r  f i n d i n g s  show t h a t  a n  ave rage  of about  27 ,000  m t  of 
b a i t  was u s e d  t o  p r o d u c e  a c a t c h  of a p p r o x i m a t e l y  245 ,000  m t  o f  
t u n a .  S i n c e  1 9 7 1 ,  t h e r e  h a s  b e e n  s u b s t a n t i a l  c h a n g e s  i n  t h e  
P a c i f i c  and I n d i a n  Ocean po le -and- l ine  f i s h e r i e s .  
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I c o m p i l e d  s t a t i s t i c s  o n  b a i t  a n d  t u n a  c a t c h e s  f r o m  
p u b l i s h e d  s o u r c e s  t o  compute c a t c h  per u n i t  o f  b a i t  (CPUB). The 
r e s u l t s  show h i g h  CPUB f o r  f i s h e r i e s  i n  t h e  w e s t e r n  t r o p i c a l  
P a c i f i c ,  Hawaii and Lakshadweep I s l a n d s  f i s h e r i e s ,  and low CPUB 
f o r  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  a n d  J a p a n e s e  I s l a n d  f i s h e r i e s  
( T a b l e  2 ) .  T h i s  p a t t e r n  was a l s o  n o t e d  by Y o s h i d a  e t  a l .  (1977)  
who i m p l i c a t e d  s i z e  of  b a i t ,  spec ie s  of b a i t ,  number of  men 
f i s h i n g  a n d  a b u n d a n c e  of t u n a  a s  c a u s a l  f a c t o r s .  R e l a t i v e  
a v a i l a b i l i t y  or a b u n d a n c e  of b a i t  m i g h t  a l s o  b e  a f a c t o r ,  a s  
s c a r c i t y  of b a i t  shou ld  encourage  a more s p a r i n g  use of b a i t .  

I e s t i m a t e d  t h e  amoun t  of  b a i t  u s e d  by e a c h  major f i s h e r y  i n  
1 9 8 4  u s i n g  t h e  e s t i m a t e d  CPUBst t u n a  c a t c h e s  a n d  some 
assumpt ions .  For t h e  ETP f i s h e r y ,  a n  ave rage  CPUB fo r  1950-69 of 
7.5 t o n s  of t u n a  per  t o n  of b a i t  ( T a b l e  2)  i s  a s s u m e d  t o  b e  
a p p l i c a b l e  f o r  t h e  1984 season. Div id ing  t h i s  r a t e  i n t o  6,400 m t  
g i v e s  900 m t  of b a i t  used by t h i s  f i s h e r y  i n  1984. 

The pole-and- l ine  t u n a  c a t c h  of t h e  Japanese I s l a n d  f i s h e r y ,  
177,600 m t t  was combined w i t h  t h e  t u n a  c a t c h  by Japanese v e s s e l s  
from t h e  w e s t e r n  t r o p i c a l  P a c i f i c  f i s h e r y ,  112,000 m t .  The b a i t  
a n d  mode of o p e r a t i o n  o f  t h e  J a p a n e s e  v e s s e l s  i n  b o t h  t h e s e  
f i s h e r i e s  a r e  a s s u m e d  t o  b e  i d e n t i c a l ,  w i t h  a n  a v e r a g e  CPUB of 
9.7 ( T a b l e  2 ) .  The e s t i m a t e d  b a i t  u s e d  by t h e  J a p a n e s e  f l e e t  i s  
29,900 m t .  

The b a l a n c e  of 29 ,500  m t  o f  t u n a  c a u g h t  i n  1 9 8 4  i n  t h e  WTP 
p o l e - a n d - l i n e  f i s h e r y  was l a n d e d  p r i m a r i l y  by t h e  I n d o n e s i a n  
pole-and- l ine  f lee t .  To estimate t h e  b a i t  used f o r  t h i s  c a t c h ,  I 
a s s u m e  t h a t  t h e  a v e r a g e  CPUB of  Papua  N e w  G u i n e a  a n d  Solomon 
I s l a n d s  f l e e t s  i s  a p p l i c a b l e .  The a v e r a g e  CPUB i s  24.7 ( T a b l e  
2).  D iv id ing  t h i s  r a t e  i n t o  t h e  c a t c h  y i e l d s  1,200 m t  of b a i t .  

The Maldives-Lakshadweep I s l a n d s  f i s h e r y  produced 42 ,200 m t  
of y e l l o w f i n  and s k i p j a c k  t u n a  i n  1984. Some i n f o r m a t i o n  on CPUB 
is  a v a i l a b l e  f o r  p a r t  of t h i s  f i s h e r y .  I assume t h a t  t h e  CPUB is 
53.1 (Tab le  21, which is unusua l ly  high.  D iv id ing  t h i s  r a t e  i n t o  
42,200 m t r  y i e l d s  800 m t  of b a i t .  

Summing up  a l l  o f  t h e s e  e s t i m a t e s ,  a g r a n d  t o t a l  of  32 ,800  
m t  of b a i t  i s  computed f o r  t h e  major pole-and- l ine  f i s h e r i e s  of 
t h e  P a c i f i c  a n d  I n d i a n  O c e a n s  f o r  1984 .  T h i s  t o t a l  i s  p r o b a b l y  
a n  u n d e r e s t i m a t e  b e c a u s e  a s u b s t a n t i a l  amoun t  of  b a i t  i s  l o s t  
d u r i n g  t h e  c a p t u r e  and h o l d i n g  p e r i o d ,  and n o t  no rma l ly  r epor t ed .  
Losses  a s  h i g h  a s  50 t o  90% f r o m  i n j u r y ,  p r e d a t i o n ,  t r a u m a  o f  
c a p t u r e  a n d  h a n d l i n g ,  h i g h  w a t e r  t e m p e r a t u r e s  i n  h o l d i n g  
f a c i l i t i e s ,  e tc . ,  h a v e  b e e n  m e n t i o n e d  a s  common ( S m i t h  1 9 7 7 ;  
Maruyama 1 9 8 0 ) .  I n  o t h e r  w o r d s ,  a s  much a s  328,000 m t  o f  
b a i t f i s h e s  might  be invo lved  i n  s u p p o r t i n g  t h e  major Pacif ic  and 
I n d i a n  Ocean t u n a  pole-and- l ine  f i s h e r i e s .  
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Effects 

About  9 0 %  o f  t h e  b a i t  u s e d  by t h e  p o l e - a n d - l i n e  t r o p i c a l  
t u n a  f i s h e r i e s  of t h e  P a c i f i c  and  I n d i a n  Oceans  a r e  c a u g h t  o f f  
Japan. The b a i t  c o n s i s t s  of p r i n c i p a l l y  t h e  J a p a n e s e  s a r d i n e  and 
anchovy  f r o m  s t o c k s  t h a t  a r e  a l s o  e x p l o i t e d  f o r  f i s h  r e d u c t i o n  
p r o d u c t s .  

J a p a n e s e  c a t c h e s  o f  s a r d i n e s  and  anchovy  f o r  p r i m a r i l y  
r e d u c t i o n  p r o d u c t s  h a v e  b e e n  i n c r e a s i n g  a n d  c u r r e n t l y  exceed 4 
m i l l i o n  m t  a n n u a l l y  ( F A 0  1 9 8 4 ) .  Compared t o  t h i s  t o t a l ,  t h e  
c a t c h  f o r  b a i t  p u r p o s e s  i s  i n s i g n i f i c a n t  a n d  a m i n o r  s o u r c e  of  
f i s h i n g  m o r t a l i t y  f o r  t h e  J a p a n e s e  s a r d i n e  a n d  a n c h o v y  
p o p u l a t i o n s .  

L i k e w i s e ,  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 ,  b a i t  s p e c i e s  used 
by t h e  p o l e - a n d - l i n e  f i s h e r y  a l s o  s u p p o r t  d i r e c t e d  f i s h e r i e s .  
T h e  c a t c h  of t h e  d i r e c t e d  f i s h e r i e s  i s  i n  excess o f  800 ,000  m t  
a n n u a l l y  ( F A 0  1984) and is used f o r  an ima l  and human consumption. 
The c a t c h  f o r  t u n a  b a i t  purposes ,  900  m t r  i n  compar ison  i s  small. 

I n  t h e  w e s t e r n  P a c i f i c  and I n d i a n  Ocean ,  t h e  t u n a  b a i t  
s p e c i e s  a r e  a l s o  c a u g h t  f o r  human c o n s u m p t i o n .  T h e  ca t ch  f o r  
t h i s  purpose  i s  n o t  w e l l  documented b u t  i s  probably  i n  e x c e s s  of 
200  r O O O  m t  annua l ly .  

T h e r e  i s  g r o w i n g  p r e s s u r e  among d e v e l o p i n g  s t a t e s  of  t h e  
t r o p i c a l  Pacif ic  and I n d i a n  Ocean t o  e x p l o i t  t h e  s u r f a c e  s k i p j a c k  
and y e l l o w f i n  t u n a  r e s o u r c e  i n  t h a t  r e g i o n  by themse lves  (Kearney 
1 9 7 9 ;  S i l a s  e t  a1.t 1 9 8 6 ) .  A t e m p t i n g  way f o r  t h e s e  i s l a n d  
n a t i o n s  t o  d o  s o  w i t h o u t  l a r g e  i n v e s t m e n t s  i n  a d v a n c e d  f i s h i n g  
e q u i p m e n t  i s  t h r o u g h  u s e  of t h e  p o l e - a n d - l i n e  t e c h n i q u e .  L i v e  
b a i t ,  a m i x t u r e  of s p e c i e s  b u t  p r i m a r i l y  S&nlgghnrus spp .  and  
SDra te l lo idegi  spp., would be re l ied  upon t o  produce a t u n a  c a t c h  
w i t h  c o a s t a l  v e s s e l s .  The d i f f i c u l t y  w i t h  t h i s  concept  i s  t h a t  
t h e  b a i t  r e s o u r c e s  of t h e  t r o p i c s  a re  l i m i t e d  and s u s c e p t i b l e  t o  
d e p l e t i o n  w i t h  m o d e s t  l e v e l s  of f i s h i n g  e f f o r t  (Kea rney  1 9 7 9 ;  
L e w i s  1 9 7 7 ;  M u l l e r  1 9 7 7 ) .  F u r t h e r m o r e r  i t  i s  p o s s i b l e  t h a t  
b a i t f i s h e s  i n  t h e  r e g i o n  a t t r a c t  t u n a s  t o  t h e  c o a s t a l  areas where 
t h e y  a r e  w i t h i n  e a s y  r e a c h  o f  a r t i s a n a l  f i s h e r m e n .  W i t h  
r e d u c t i o n  of  t h e  b a i t f  i s h  r e s o u r c e s ,  t h e  e c o l o g i c a l  mechanism 
( G i l m a r t i n  and  R e v e l a n t e  1 9 7 4 ;  R o t h s c h i l d  and  Yong 1 9 7 0 )  t h a t  
r e s u l t  i n  h i g h  a v a i l a b l i t y  of t u n a s  i n  t h e  c o a s t a l  a r eas  o r  
a r o u n d  i s l a n d s  c o u l d  v e r y  w e l l  be weakened ;  t h u s  s e t t i n g  i n  
m o t i o n  a p r o c e s s  t h a t  c o u l d  r e s u l t  i n  t h e  p r o d u c t i o n  of  t h e  
f i s h e r y  t o  d w i n d l e  t o  a n  u n e c o n o m i c a l  l e v e l .  By c o n t r a s t ,  if  
development  of a t u n a  f i s h e r y  i s  w i t h  impor ted  b a i t  f rom o u t s i d e  
t h e  l o c a l  r e g i o n ,  s u c h  a s  i s  b e i n g  p r a c t i c e d  by t h e  J a p a n e s e  
p o l e - a n d - l i n e  f i s h e r y  i n  t h e  s o u t h  P a c i f  i c ,  t h e  e c o l o g i c a l  
mechanisums a r e  u n d i s t u r b e d  and t h e  f i s h e r y  p r o d u c t i o n  could  be 
ma in ta ined  a t  a h igh  l e v e l .  

A n o t h e r  e f f e c t  o f  i n c r e a s e d  e x p l o i t a t i o n  o f  b a i t f i s h  
r e s o u r c e s  f o r  t u n a  f i s h i n g  i n  t h e  t r o p i c s  i s  c o m p e t i t i o n  w i t h  
d i r e c t e d  f i s h e r y  f o r  t h e  b a i t f i s h e s .  Many b a i t f i s h  s t o c k s  i n  
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t h e  t r o p i c s  a r e  e x p l o i t e d  d i r e c t l y  f o r  human c o n s u m p t i o n  o r  
c o n s i s t s  of j u v e n i l e s  of s p e c i e s  t h a t  a r e  e x p l o i t e d  a s  a d u l t s  f o r  
f o o d  p a r t i c u l a r l y  a r o u n d  p o p u l a t i o n  c e n t e r s .  T h e  c e n t e r s  h a v e  
f a c i l i t i e s  f o r  s u p p o r t i n g  a p o l e - a n d - l i n e  f l e e t ,  and  a r e  t h e  
f a v o r e d  l o c a t i o n s  for  b a s i n g  f i s h i n g  f leets.  The b a i t f i s h  s t o c k s  
a d j a c e n t  t o  t h e  c e n t e r s  consequent ly  a r e  t h e  f i r s t  t o  be d e p l e t e d  
a n d  t h e  d i r e c t e d  f i s h e r i e s  c l o s e  t o  t h e  p o p u l a t i o n  c e n t e r s  a r e  
t h e  f i r s t  t o  e x p e r i e n c e  t h e  immediate e f f e c t s  of a po le-and- l ine  
f i s h e r y .  

Elanaae ment I m D l  i c a t i o w  

T h e r e  i s  a w i d e  r a n g e  of d i f f e r e n t  t y p e s  of  i n t e r a c t i o n s  
i n v o l v e d  i n  t h e  t r o p i c a l  t u n a  f i s h e r i e s .  Some a r e  u n i q u e  t o  
s p e c i f i c  a reas  a n d  f i s h e r i e s ,  e.g.t y e l l o w f i n  t u n a - d o l p h i n  
i n t e r a c t i o n  i n  t h e  ETP p u r s e  s e i n e  f i s h e r y  ( P e r r i n  1 9 6 9 )  I w h i l e  
o t h e r s  a r e  more  common, e.g. d e p e n d e n c e  on b a i t f i s h e s  of p o l e -  
a n d - l i n e  f i s h e r i e s  (Ben-Yam1 1 9 8 0 ) .  Too of t e n ,  d i s c u s s i o n  of  
t u n a  f i s h e r i e s  i n t e r a c t i o n  i s  t o o  nar rowly  focused  on c o m p e t i t i o n  
f o r  t u n a s  among d i f f e r e n t  f i s h e r i e s .  A broade r  f o c u s  seems more 
a p p r o p r i a t e  s i n c e  s o l u t i o n s  t o  r e a l  o r  p e r c e i v e d  p r o b l e m s  w i t h  
t u n a  f i s h e r y  i n t e r a c t i o n  i n v o l v e  more  t h a n  c o m p e t i t i o n  or  j u s t  
t h e  t u n a  r e source .  

The two examples  discussed i n  t h i s  paper  h i g h l i g h t  t h e  need 
f o r  a b r o a d  f o c u s  i n  d e a l i n g  w i t h  t r o p i c a l  t u n a  f i s h e r y  
i n t e r a c t i o n  issues  i n  t h e  Indo-Pac i f i c  region.  Compe t i t i on  f o r  
t h e  t u n a  r e s o u r c e  among t h e  f i s h e r i e s  i s  a n  immedia te  i s sue .  A 
s o l u t i o n  t h a t  e n c o u r a g e s  e x p a n s i o n  o f  t h e  p u r s e  s e i n e  f i s h e r y  
w i t h o u t  s i m u l t a n e o u s l y  c o n s i d e r i n g  how t o  l i m i t  t h e  i n c i d e n t a l  
ca tch  of  b l u e  m a r l i n  c o u l d  be c o u n t e r p r o d u c t i v e  i f  t h e r e  i s  a 
desire  t o  m a i n t a i n  h igh  abundance of b l u e  m a r l i n  f o r  o t h e r  usest 
s u c h  a s  d e v e l o p i n g  r e c r e a t i o n a l  r o d - a n d - r e e l  f i s h e r i e s .  
L i k e w i s e ,  a s o l u t i o n  t h a t  encourages  t h e  expans ion  of pole-and- 
l i n e  f i s h e r i e s  based on l o c a l  s o u r c e s  of  b a i t  i n  t h e  t r o p i c s  
w o u l d  a l m o s t  c e r t a i n l y  e x e r t  s u b s t a n t i a l  f i s h i n g  p r e s s u r e  on  
f r a g i l e ,  l o c a l  b a i t f i s h  s t o c k s .  T h e  e f f e c t  wou ld  be e v e n t u a l  
d e p l e t i o n  of t h e  b a i t f i s h  r e s o u r c e s  a s  more e f f o r t  i s  expanded t o  
m a i n t a i n  o r  improve o v e r a l l  t u n a  p roduc t ion ,  and reduced y i e l d  of 
t h e  b a i t  s p e c i e s  f o r  human c o n s u m p t i o n .  S t u d i e s  t h a t  wou ld  
broaden t h e  f o c u s  t o  i n c l u d e  more t h a n  t a r g e t - s p e c i e s  c o m p e t i t i o n  
i s  needed t o  p r o v i d e  t h e  s c i e n t i f i c  basis  f o r  in formed management 
d e c i s i o n s  t h a t  ba l ance  t h e  need f o r  t u n a  f i s h e r y  development ,  
e q u i t a b l e  a l l o c a t i o n  and  o v e r a l l  r e s o u r c e  c o n s e r v a t i o n  of t h e  
r eg ion .  
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