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INTRODUCTION 

The Na t iona l  Marine F i  she r ies  Serv i ce ' s  Southwest F i  she r ies  Center 's  
(SWFC) second Workshop on Tuna and B i l l f i s h  Research was h e l d  a t  t h e  San 
Clemente Inn ,  San Clemente, C a l i f o r n i a ,  on December 15-17, 1980. Th is  
r e p o r t  summarizes t h e  r e s u l t s  o f  t h a t  workshop and reproduces t h e  r e p o r t s  
on the  s t a t u s  o f  tuna s tocks  t h a t  were presented a t  t h e  workshop. 

A t o t a l  o f  26 persons p a r t i c i p a t e d  i n  the  meeting, i n c l u d i n g  24 f rom 
t h e  SWFC and two from the  NMFS O f f i c e  o f  I n t e r n a t i o n a l  A f f a i r s .  A l i s t  o f  
at tendees and t h e i r  o r g a n i z a t i o n a l  a f f i l i a t i o n  i s  g iven  i n  the  Appendix. 
Dav id  Mackett,  P lann ing  O f f i c e r  f o r  t h e  SWFC, was t h e  Workshop Coordinator.  

The purpose o f  t h e  Workshop was t o  rev iew t h e  s i t u a t i o n  rega rd ing  a 
number o f  tuna and b i l l f i s h  s tocks  o f  importance t o  the  U.S. and t o  improve 
t h e  Center 's  near- term and long-range research plans. Before  t h e  Workshop 
began, 16 S ta tus  Reports w r i t t e n  by SWFC s t a f f  and c o l l a b o r a t o r s ,  cove r ing  
some 25 d i f f e r e n t  species o r  s tocks  o f  A t l a n t i c ,  P a c i f i c ,  and I n d i a n  Ocean 
tuna and b i l l f i s h ,  were d i s t r i b u t e d  t o  the  p a r t i c i p a n t s .  These r e p o r t s  
g i v e  a s h o r t  d e s c r i p t i o n  o f  t h e  f i s h e r y ,  p resen t  an overview o f  t h e  n a t u r e  
and degree o f  U.S. and f o r e i g n  i n t e r e s t  i n  the  f i s h e r y ,  and d iscuss  t h e  
c u r r e n t  s t a t u s  o r  c o n d i t i o n  o f  t h e  stocks.  Recommendations f o r  f u r t h e r  

a l s o  given. The S ta tus  Reports i n c l u d e  most o f  t h e  w o r l d ' s  tuna s tocks  o f  
d i r e c t  and i n d i r e c t  i n t e r e s t  o r  importance t o  the  U.S. commercial and 
r e c r e a t i o n a l  f ishermen, canning i n d u s t r y ,  and consumers. The f u l l  r e p o r t s  
a r e  presented i n  t h i s  document. 

analyses, da ta  c o l l e c t i o n ,  o r  research  programs regard ing  the  f i s h e r y  a r e  - 
Authors presented h i g h l i g h t s  o f  t h e i r  r e p o r t s  t o  the  Workshop 

p a r t i c i p a n t s  and ques t ions  and comments were s o l i c i t e d  from t h e  group. I n  
a d d i t i o n  t o  the  S ta tus  o f  Stocks Reports, t h e  D i r e c t o r  o f  t h e  O f f i c e  o f  
I n t e r n a t i o n a l  F i s h e r i e s  A f f a i r s  presented an overview o f  t h e  s t a t u s  o f  
i n t e r n a t i o n a l  tuna f i s h e r y  problems and the  s t a t e  o f  i n t e r n a t i o n a l  and 
b i l a t e r a l  n e g o t i a t i o n s  concerning them. On the  b a s i s  o f  t h e  repo r t s ,  
p resen ta t i ons ,  d iscuss ions ,  and rappor teu rs '  summaries, t h e  Center 
D i r e c t o r ,  Honolulu Labora tory  D i r e c t o r ,  and the  Ch ie f  o f  t h e  Oceanic 
F i s h e r i e s  Resources D i v i s i o n  (OFRD) , meet ing as the  Tuna Program Board 
(TPB), made a number o f  dec i s ions  rega rd ing  f u t u r e  SWFC program emphasis 
and d i r e c t i o n .  These dec i s ions  were discussed i n  the  Workshop and 
subsequently assignments were g iven t o  SWFC s t a f f  f o r  comple t ing  and 
documenting the  work p l  ansl .  

The Workshop concent ra ted  on the  stock assessment and f i s h e r y  
e v a l u a t i o n  aspects o f  t h e  Cen te r ' s  tuna research program, b u t  some t ime  
a1 so was devoted t o  a d i scuss ion  o f  t h e  tuna-environment i n t e r a c t i o n  

'The f i r s t  Workshop was h e l d  September 11, 1979, a t  t he  same l o c a t i o n .  



-3- 

studies. The presentations and discussions were he ld  i n  the context and 
framework shown i n  Figure 1, which depicts the elements contributing t o  the 
overall goal of the Center's tuna research program, i .e. , the del ivery of 
tuna  resource management information and advice t o  NMFS, Department of  
State, U.S. Commissioners of international commissions, U.S. delegates and 
negotiators participating i n  bilateral or international negotiation 
missions, and fisheries managers i n  b o t h  the international and na t iona l  
arenas. 
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SWFC TUNA PROGRAM: FUNCTIONAL MODEL 
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Figure  1. The SWFC's Tuna Program i s  geared t o  t h e  d e l i v e r y  o f  tuna 
management i n f o r m a t i o n  and adv ice t o  U. S.  Commissioners 
and U.S. n e g o t i a t o r s .  Several func t ions  must be performed 
t o  d e l i v e r  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  good management 
dec is ions ;  these func t ions  i n c l u d e  s tock  assessments, 
economic a n a l y s i s ,  data management, a n a l y s i s  o f  f i s h  env i -  
ronment i n t e r a c t i o n s  and a system a n a l y s i s  f u n c t i o n  t h a t  
t i e s  t h e  s p e c i a l i z e d  i n f o r m a t i o n  together .  Research i n  
any o r  a l l  elements may be r e q u i r e d  t o  improve o v e r a l l  
q u a l i t y ;  management o f  t h e  program, because o f  i t s  d i v e r -  
s i t y  and complex i ty ,  i s  g i v e n  s p e c i a l  cons idera t ion .  
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A SYNOPSIS OF THE TUNA AND BILLFISH STATUS OF STOCKS REPORTS 

CQ 

The c u r r e n t  e v a l u a t i o n  o f  t h e  s t a t u s  o f  tuna s tocks  and tuna f i s h e r i e s  
i s  based on a l a r g e  number o f  f o r e i g n  and domestic data sources, and 
analyses performed by NMFS s c i e n t i s t s  o r  by i n t e r n a t i o n a l  o r  f o r e i g n  
f i s h e r y  agencies. Many o f  t h e  eva lua t i ons  presented here a re  t h e  r e s u l t s  
o f  i n t e r n a t i o n a l  f i s h e r y  workshops i n  which NMFS/SWFC s c i e n t i s t s  
p a r t i c i p a t e d .  Exper t  judgement i s  r e q u i r e d  i n  choosing the  a n a l y t i c a l  
techniques t o  be a p p l i e d  and i n  i n t e r p r e t i n g  the  r e s u l t s ;  t h e r e f o r e ,  ca re  
has been taken i n  s e t t i n g  f o r t h  t h e  r e s u l t s  o f  each a n a l y s i s  i n  o rde r  t o  
i n d i c a t e  i t s  r e l i a b i l i t y  and t o  p o i n t  o u t  where weaknesses i n  t h e  da ta  o r  
techniques may e x i s t .  T h i s  i s  e s p e c i a l l y  i n d i c a t e d  i n  l i g h t  o f  p o s s i b l e  
d isc repanc ies  i n  t h e  da ta  o r  i n c o n s i s t e n c i e s  i n  the  outcome o r  conc lus ions  
o f  s i m i l  a r  analyses. 

The papers presented h e r e i n  summarize the  a v a i l  ab1 e i n f o r m a t i o n  and 
conc lus ions  t o  be dr,awn f o r  some 25 species o r  stocks o f  t he  w o r l d ' s  tuna 
and b i l l f i s h .  I n  several  cases i t  i s  n o t  known whether a species i s  
represented  by a s i n g l e  b reed ing  popu la t i on  o r  by two o r  more separa te l y  
b reed ing  stocks.  Whenever p r e v a i l  i n g  o p i n i o n  o r  overwhelming evidence i s  
p resen t  t o  s t r o n g l y  suggest t h e  presence o f  separate stocks, we have 
separated the  analyses and r e s u l t s  acco rd ing l y  and presented these i n  
separate papers, e.g,., south and n o r t h  A t l a n t i c  albacore.  However, i n  some 
cases where t h e r e  i s  some evidence t o  suggest t h a t  two o r  more stocks o f  
t h e  same species may be present,  o r  where i t  i s  o f  i n t e r e s t  t o  i n v e s t i g a t e  
t h e  hypotheses o f  separate stocks,  we have performed the  analyses under 
b o t h  t h e  s i n g l e  and m u l t i p l e  stock hypotheses ( i f  s u f f i c i e n t  da ta  e x i s t )  
and have presented t h e  r e s u l t s  i n  a s i n g l e  paper, e.g., P a c i f i c  sword f ish  
o r  A t l a n t i c  sk ip jack .  

A summary o f  t h e  reasonable conc lus ions  t o  be drawn from the  c u r r e n t  
s t a t u s  o f  s tocks  i s  g i ven  i n  Tab le  1. Each species o r  stock i s  eva lua ted  
i n  terms o f  whether o r  n o t  catches c o u l d  be increased by (1) simply 
i n c r e a s i n g  the  e f f o r t  expended, o r  ( 2 )  i n s t i t u t i n g  c e r t a i n  management 
measures. These o v e r l y  simp1 i f i e d  ca tegor ies  a r e  m o d i f i e d  somewhat by t h e  
i n f o r m a t i o n  presented i n  the  m a t r i x .  (NOTE: The reader should be 
caut ioned t h a t ,  i n  o rde r  t o  g i v e  a qu ick  overview, most o f  t he  q u a l i f y i n g  
remarks about t h e  re1  i a b i l  i t y  o f  these conc lus ions  have been s t r i p p e d  from 
t h e  o r i g i n a l  t e x t  as i t  was l i f t e d  from the  d e t a i l e d  s t a t u s  o f  stock papers 
and p laced i n  the  tab le . )  

The ques t i on  a r i s e s  as t o  why t h e  SWFC performs tuna stock assessments 
and f i s h e r y  eva lua t i ons  when the  U.S. f i s h e r y  seems t o  be r e l a t i v e l y  
heal t h y  economical l y  and o p p o r t u n i t i e s  f o r  tuna f i s h e r y  devel opment a r e  
f a i r l y  w e l l  i d e n t i f i e d .  Of ten  a remark about t h e  d i f f i c u l t y  and 
u n c e r t a i n t y  o f  suclcess o f  i n t e r n a t i o n a l  n e g o t i a t i o n s  accompanies t h e  
ques t ion .  

The answer t o  why t h i s  work i s  r e q u i r e d  l i e s  i n  the  a n a l y s i s  and 
comparison o f  (1) t h e  tuna f i s h e r i e s '  value t o  the  U n i t e d  Sta tes ,  ( 2 )  t he  
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Tab le  1 .  

Conclus ions t o  be Drawn f rom t h e  S t a t u s  o f  Tuna Stocks 

Concern ing t h e  Level  o f  Annual S u s t a i n a b l e  Catches 

R e l a t i v e  t o  Cur ren t  E f f o r t  and P o s s i b l e  

Management Measures 

I n c r e a s e  i n  c a t c h  l i k e l y  
w i t h  about  optimum w i t h  an i n c r e a s e  i n  w i t h  change i n  

I n c r e a s e  i n  c a t c h  l i k e l y  S p e c i e s l S t o c k l F i s h e r y  Catch a t  o r  n e a r  MSY 

e f f o r t  be i ng  
expended under  

c u r r e n t  f i s h e r y  
management 

e f f o r t  management p r o v i s i o n s  

ATLANTIC OCEAN 

Y e l l o w f i n  Catch n e a r  MSY 
e s p e c i a l l y  i n  e a s t e r n  
A t l a n t i c  creased s u r f a c e  e f f o r t  

Eas te rn  A t l a n t i c ,  no; wes te rn  
A t l a n t i c ,  p o s s i b l y  w i t h  i n -  

U n c e r t a i n  

Bigeye Yes, an annual 11,000 t o  Some i n c r e a s e  t o  be expected 
80,000 m t  i n c r e a s e  i s  l i k e l y  No w i t h  i n c r e a s e  i n  age o f  f i r s t  

c a p t u r e  

S k i p j a c k  Yes, MSY cannot  be c a l c u l a t e d  
b u t  i n f o r m a t i o n  suggests  
p o t e n t i a l  y i e l d  h i g h e r  than  Unknown 
c u r r e n t  c a t c h  e s p e c i a l l y  i n  
western A t l a n t i c .  

Yes, i nc reases  o f  f rom 6,000 No, y i e l d - p e r - r e c r u i t  a l r e a d y  
t o  10,000 m t  seems D o s s i h l e  h i r l h  a t  7 . 7  kg f o r  l o n q - l i n e  

Unknown 

A lbaco re ,  S .  A t l a n t i c  - 

Albacore,  N .  A t l a n t i c  Near MSY w i t h  c u r r e n t  Small  i n c r e a s e  i n  average Yes, b u t  o n l y  w i t h  seve re  
age s t r u c t u r e  o f  c a t c h  annual c a t c h  l i k e l y  w i t h  r e s t r i c t i o n s  on s u r f a c e  

i nc reased  e f f o r t ,  b u t  f i s h e r i e s  
r e c r u i t m e n t  h i g h l y  v a r i a b l e  
so p r o b a b l y  n o t  p ruden t  t o  
i n c r e a s e  e f f o r t  s u b s t a n t i a l l y  

I N D I A N  OCEAN 

A1 bacore 

Bigeye 

Appears f u l l y  e x p l o i t e d  

Unknown L i g h t l y  e x p l o i t e d ,  bu t  
a c t u a l  p o t e n t i a l  unknown 

Yes, e s p e c i a l l y  by s u r f a c e  
f i s h e r i e s  

? 

Ye1 1 owf  i n Long1 i n e  c a t c h  appears 
t o  be a t  maximum 

? S k i p j a c k  

B1 ue mar l  i n  

? 

P o s s i b l y ,  b u t  t h e r e  may be 
e r r o r s  i n  t o t a l  c a t c h  es t ima tes  
which would a f f e c t  c o n c l u s i o n  

S t r i p e d  m a r l i n  Some sma l l  i n c r e a s e  appears 
p o s s i b l e  __ 

Unknown B lack  m a r l i n  Appears t o  be f u l l y  o r  
o v e r - e x p l o i t e d  

Inc rease  i n  c a t c h  appears 
1 i k e l y  

Yes, p o t e n t i a l  y i e l d  much 
h i g h e r  than  maximum annual 
c a t c h  thus  f a r  

Swordf  i s h 

S a i l f i s h  

PACIFIC OCEAN 

Y e l l o w f i n ,  E .  P a c i f i c  No, r e c e n t  catches and 
e f f o r t  above MSY and 
optimum w i t h  c u r r e n t  
age s t r u c t u r e  

S k i p j a c k ,  E .  P a c i f i c  

No Yes, i n c r e a s i n g  t h e  age o f  f i r s t  
c a p t u r e  would y i e l d  s u b s t a n t i a l  
improvements i n  t o t a l  c a t c h  
ove r  t i m e  

Inc reases  i n  c a t c h  l i k e l y  
w i t h  i nc reased  e f f o r t ,  
e s p e c i a l l y  i f  s m a l l e r  
f i s h  a r e  caught  w i t h o u t  
a f f e c t i n g  r e c r u i t m e n t  

Some i n c r e a s e  i n  s u r f a c e  
f i s h e r y  ca tches  p o s s i b l e ;  
t o t a l  y i e l d  may i n c r e a s e  

Y e l l o w f i n ,  W .  P a c i f i c  Yes, e s p e c i a l l y  f o r  
l o n g l i n e  
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T a b l e  1. ( c o n t . ) .  

- S k i p j a c k ,  W.  P a c i f i c  S t o c k  appears  u n d e r -  - 

e x p l o i t e d  

A l b a c o r e ,  N. P a c i f i c  Subs t a n  t i a l  g a i n s  
u n l i k e l y  w i t h  f i s h e r y  
i n  p r e s e n t  c o n f i g u r a t i o n  
o f  l o n g 1  i n e  and s u r f a c e  
e f f o r t  

- 

B l u e f i n ,  N. P a c i f i c  

S w o r d f i s h  

B l u e  m a r l i n  

Recen t  c a t c h e s  a r e  n e a r  
MSY 

IU 0 No 

B l a c k  m a r l i n  Appears  f u l l y  P o s s i b l y ,  b u t  l a r g e  i n c r e a s e s  
e x p l o i t e d  p r o b a b l y  n o t  s u s t a i n a b l e  

S t r i p e d  m a r l  i n  Ca tches  n e a r  MSY Modest  i n c r e a s e s  i n  e f f o r t  
may i n c r e a s e  y i e l d  on 
P a c i f i c - w i d e  b a s i s  

P o t e n t i a l  i n c r e a s e s  p o s s i b l e ,  
c u r r e n t l y  b e i n g  e v a l u a t e d  

Wes te rn  P a c i f i c - e a s t e r n  
P a c i f i c  c a t c h e s  have  d e c l i n e d  
s u b s t a n t i a l l y  b u t  a t  p r e s e n t  
cause and t h e r e f o r e  c u r e  a r e  
unknown. A n a l y s e s  w i l l  be 
p e r f o r m e d  

F i s h e r y  Management P l a n  (FMP) 
b e i n g  d e v e l o p e d  u n d e r  P a c i f i c  
and Wes te rn  P a c i f i c  F i s h e r y  
Management C o u n c i l s .  
P r e l i m i n a r y  F i s h e r y  Management 
P l a n  (PMP) i n  e f f e c t  

Unknown, s t o c k  a p p e a r s  
" o v e r f i s h e d "  

Unknown 

Unknown 
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e x i s t i n g  and p o t e n t i a l  t h r e a t s  t o  d i m i n i s h i n g  t h a t  va lue  s e r i o u s l y ,  and ( 3 )  r.r, 

t h e  c o s t s  o f  deve lop ing  and us ing  i n f o r m a t i o n  and a n a l y s i s  t o  preserve t h a t  
va lue  and t o  m i t i g a t e  o r  avo id  problems. 

F i r s t ,  l e t  us i n v e s t i g a t e  the  va lue  o f  tuna f i s h e r i e s  t o  the  Pmerican 
c i t i z e n ,  consumer, worker, businessman, and taxpayer. Est imates p u t  t h e  
t o t a l  annual r e t a i l  va lue  t o  the  U n i t e d  S ta tes  ( i n  the  form o f  canned 
produc ts  o f  U.S. catches and f o r e i g n  (whole) f i s h  impor ts  f o r  canning) a t  
$1,288,000,000 - n e a r l y  $1.3 b i l l i o n  annua l ly .  

The e x i s t i n g  and p o t e n t i a l  t h r e a t s  t o  the  maintenance o f  t h i s  $1.3 
b i l l i o n  annual va lue  t o  the  U.S. a r e  v a r i e d  and complex. Th is  value, which 
i s  based on a l i v i n g  renewable resource, i s  th rea tened w i t h  d i m i n u t i o n  from 
i n a d v e r t e n t  o r  w i l l f u l  o v e r f i s h i n g  by f o r e i g n  o r  domestic f i s h e r i e s  - 
perhaps i n  p u r s u i t  o f  small  shor t - te rm ga ins  a t  g r e a t  long-term cos ts  t o  
f u t u r e  Americans. Major t h r e a t s  t o  p rese rv ing  t h i s  va lue  can occur i f  U.S. 
f ishermen a r e  denied access t o  f i s h i n g  grounds w i t h i n  the  f i s h i n g  o r  
economic zones e s t a b l i s h e d  by f o r e i g n  c o u n t r i e s  - f i s h  caught by U.S. 
f l e e t s  a r e  an impor tan t  f a c t o r  i n  avo id ing  a " f i s h  OPEC" s i t u a t i o n .  
S i m i l a r  t h r e a t s  t o  l i m i t  t he  w o r l d ' s  t o t a l  supply o f  tuna (wh ich  supports 
t h e  U.S. supp ly  o f  imported f i s h  f o r  processing i n  American canner ies)  can 
occur  on a m u l t i - n a t i o n a l  scale.  Thus, t he  success o f  t h e  tuna f i s h e r i e s  
o f  Japan, Korea, and Taiwan a re  o f  i n t e r e s t  t o  the  U.S. as w e l l .  The f a c t  
i s  t h a t  a l l  t he  tuna stocks and f i s h e r i e s  o f  t he  wor ld  a re  l i n k e d ,  i f  n o t  
by  p r i n c i p l e s  o f  na tu re  and the  b i o l o g i c a l  responses o f  t he  tuna resource 
t o  f i s h i n g  and environmental changes, then by t h e  c o m p l e x i t i e s  o f  
i n t e r n a t i o n a l  economics, demographics, and markets on a g loba l  scale. 14 

The U.S. tuna  f i s h e r y  - i t s  supply, harves t ,  processing, and marke t ing  
- i s  c a r r i e d  o u t  w i t h i n  the  world-wide m u l t i - n a t i o n a l  arena o f  f o r e i g n  
a f f a i r s .  On t h e  i n t e r n a t i o n a l  scale,  one cannot n e g o t i a t e  f i s h i n g  access 
t o  f o r e i g n  waters, n e g o t i a t e  i n t e r n a t i o n a l  conserva t ion  measures, o r  
n e g o t i a t e  f o r  1 ong- term 1 a rge r  annual b e n e f i t s  i n  p l  ace o f  small e r  
d i m i n i s h i n g  shor t - te rm ga ins  w i t h o u t  be ing  prepared, and ? w i n g  prepared 
means be ing  informed. I n f o r m a t i o n  about t h e  wor ld ' s  tuna s s ~ c k s  an+ the  
w o r l d ' s  tuna f i s h e r i e s  i s  v i t a l  t o  the  e f f o r t  t o  preserve the  msourc;r: and 
t h e  va luab le  U.S. tuna  i n d u s t r y  and i t s  p roduc ts  f o r  t he  b e n e f i t  o f  a l l  
Americans. 

The annual c o s t  i n c u r r e d  by t h e  SWFC i n  o b t a i n i n g  i n f o r m a t i o n  on tuna 
resources and the  f i s h e r y  i s  $1.2 m i l l i o n  - about 15% o f  t he  Center 's  
budget and l e s s  than one- ten th  o f  one pe rcen t  (0.01%) o f  t h e  annual va lue  
o f  t h e  U.S. f i s h e r y .  

David J. Mackett  
Workshop Chairman 
Southwest F i s h e r i e s  Center 
La J o l l a ,  C a l i f o r n i a  

T 
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ABSTRACT 

The s t a t u s  of A t l a n t i c  y e l l o w f i n  tuna s tocks remained unchanged from 
1979 t o  1980. Produc t ion  model analyses i n d i c a t e  t h a t  t he  s tocks a r e  be ing  
f i s h e d  a t  h igh  l e v e l s ,  e s p e c i a l l y  i n  the  eas tern  A t l a n t i c .  
f i s h i n g  e f f o r t  w i t h  t h e  f i s h e r y  ope ra t i ng  w i t h i n  i t s  p resent  geographica l  
boundar ies i s  u n l i k e l y  t o  produce s u b s t a n t i a l  ga ins  i n  y i e l d .  

Increase i n  

I n  1973, a minimum s i z e  r e g u l a t i o n  was adopted f o r  A t l a n t i c  y e l l o w f i n  
tuna t o  decrease f i s h i n g  m o r t a l i t y  on smal l  f i s h  and t o  inc rease y i e l d - p e r -  
r e c r u i t  (YPR). 
occur red  f o r  some f i s h e r i e s  s ince  the  adopt ion  o f  t h e  r e g u l a t i o n .  
ga ins  may be l e s s  than p r e d i c t e d  due t o  d i sca rd ing  o f  unders ized f i s h .  

r e l a t i v e l y  constant .  
s tocks  should be c a r e f u l l y  monitored. 

Analyses i n d i c a t e  t h a t  a s l i g h t  inc rease i n  YPR has 
These 

Est imates o f  rec ru i tmen t  t o  the  A t l a n t i c  y e l l o w f i n  f i s h e r y  have he ld  
Rased upon these assessments, A t l a n t i c  y e l l o w f i n  tuna 
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I. DESCRIPTION OF THE FISHERY 

A t l a n t i c  y e l l o w f i n  tuna are caught by m u l t i s p e c i e s  f i s h e r i e s  l o c a t e d  
throughout t h e  t r o p i c a l  reg ions  o f  t h e  A t l a n t i c  Ocean; s k i p j a c k  and bigeye 
tunas a re  a l s o  caught. Three p r i n c i p a l  f i s h i n g  methods a r e  used i n  these 
f i s h e r i e s :  purse seine, b a i t b o a t ,  and l o n g l i n e .  Analyses o f  A t l a n t i c  
ye1 l o w f i n  tuna f i s h e r i e s  u s u a l l y  cons ide r  f i s h e r i e s  i n  two geographical  
reg ions:  an eas te rn  A t l a n t i c  f i s h e r y  and a western A t l a n t i c  f i s h e r y ,  
d i v i d e d  a t  30" W l o n g i t u d e  ( F i g u r e  1 ) .  

I .A .  H i s t o r y  o f  t h e  F i she ry  

I . A . 1 .  Eastern At1 a n t i c  F i  shery 

B a i t b o a t s  from France and Spain s t a r t e d  the eas te rn  
A t l a n t i c  su r face  f i s h e r y  f o r  y e l l o w f i n  tuna i n  1955 and purse se ine rs  
en tered  the f i s h e r y  i n  the  e a r l y  1960's. 
1957 w i t h  t h e  Japanese long1 i n e  f l e e t .  
i n  t h e  eas te rn  A t l a n t i c  su r face  f i s h e r y  and 6 c o u n t r i e s  p a r t i c i p a t e  i n  the  
1 ongl i n e  f i s h e r y .  

The l o n g l i n e  f i s h e r y  s t a r t e d  i n  
Cur ren t l y ,  14 c o u n t r i e s  p a r t i c i p a t e  

The major  p a r t i c i p a n t s  i n  t h e  eas te rn  A t l a n t i c  
f i s h e r i e s  a r e  the  French- Ivory  Coast-Senegalese-Moroccan (FISM) , Spanish, 
Korean/Panamanian, and U.S. f l e e t s .  
eas te rn  A t l a n t i c  y e l l o w f i n  tuna ca tches  d u r i n g  the  p e r i o d  1975 t o  1979 
( F i g u r e  2a). 

These f l e e t s  caught 90% o f  t h e  average 

I .A.2. Western At1 a n t i c  F i  s h e w  

ca tches  i n  t h e  G u l f  o 
Surface f i s h e r i e s  f o r  
f rom t ime t o  t ime o f f  
catches have been sma 

The y e l l o w f i n  tuna f i s h e r y  i n  t h e  western A t l a n t i c ,  
s t a r t e d  by t h e  Japanese i n  the  1 9 5 0 ' ~ ~  i s  p r i m a r i l y  a l o n g l i n e  f i s h e r y .  
Catches a r e  concent ra ted  i n  areas o f f  B r a z i l  and Venezuela, w i t h  some 

Mexico and o f f  t h e  U.S. e a s t  coas t  ( F i g u r e  1 ) .  
y e l l o w f i n  tuna i n  the  western A t l a n t i c  have e x i s t e d  
Venezuela and o f f  t h e  U.S. e a s t  coast,  b u t  t h e  

c a t c h  i s  5,000 mt) .  1 ( h i g h e s t  r e p o r t e d  

The ma jo r  p a r t i c i p a n t s  
a r e  Korea/Panama, Japan, Venezuela, Cuba, 
accounted f o r  88% o f  t h e  t o t a l  western A t  
p e r i o d  1975 t o  1979 ( F i g u r e  2b).  

n t h e  western A t l a n t i c  f i s h e r y  
and the  U.S.  These f l e e t s  
a n t i c  y e l l o w f i n  c a t c h  d u r i n g  the  
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Figure 1 .  Areas of the At l an t i c  Ocean cur ren t ly  or h i s t o r i c a l l y  f ished 
f o r  yellowfin t u n a .  Densely hatched areas  ind ica te  areas  of  
g rea t e s t  f i sh ing  in t ens i ty .  
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SPAIN 29% 
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F ISM 45% 
OTHER 10% 

KOREA / PAN AM A 10% 

USA 6% 

JAPAN 17% T- 

7 
USA 6% 

OTHER 12% 

KOREAiPANAMA 49% 

F igu re  2. a) Major p a r t i c i p a n t s  i n  t h e  eas te rn  A t l a n t i c  su r face  and long-  
l i n e  f i s h e r y  f o r  y e l l o w f i n  tuna, 1975 t o  1979. 

b )  Major p a r t i c i p a n t s  i n  t h e  western A t l a n t i c  su r face  and long- 
l i n e  f i s h e r y  f o r  y e l l o w f i n  tuna, 1975 t o  1979. 
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1.6. Trends i n  Catch and E F f o r t  

.- 

I .B.1. Eastern At1 a n t i c  F i she ry  

Catches o f  y e l l o w f i n  tuna f o r  t he  eas te rn  A t l a n t i c  
l o n g l i n e  f i s h e r y  peaked i n  1973 a t  25,000 m t ,  then  decreased g r a d u a l l y  t o  
an es t imated  5,000 m t  i n  1980 ( F i g u r e  3a) .  Surface f i s h e r y  catches, i n  
c o n t r a s t ,  inc reased from 36,000 m t  i n  1966 t o  a reco rd  h i g h  o f  110,000 m t  
i n  1979. Est imated su r face  catches i n  1980 decreased t o  95,000 m t  
( p r e l  im ina ry  es t imates) .  

Est imated f i s h i n g  e f f o r t  f o r  t h e  eas te rn  A t l a n t i c  
l o n g l i n e  f i s h e r y  from 1967 t o  1977 i s  shown i n  F i g u r e  4a. E f f o r t  inc reased 
t o  a h i g h  o f  9 1  m i l l i o n  hooks i n  1973, then decreased t o  43 m i l l i o n  hooks 
i n  1977. Est imated f i s h i n g  e f f o r t  f o r  t he  eas te rn  A t l a n t i c  su r face  f i s h e r y  
f rom 1967 t o  1979 was es t imated by d i v i d i n g  the  t o t a l  eas te rn  A t l a n t i c  
su r face  y e l l o w f i n  c a t c h  by c a t c h - p e r - u n i t - e f f o r t  f o r  t he  FISM f l e e t ,  t h e  
ma jo r  ha rves te r  ( F i g u r e  4b) .  
s tandard  days absence (SDA) i n  1967 t o  57,000 SDA i n  1979. 

Surface f i s h e r y  e f f o r t  inc reased from 8,000 

1.6.2. Western A t l a n t i c  F i she ry  

Catches from the  western A t l a n t i c  l o n g l i n e  f i s h e r y  
have f l u c t u a t e d  between 7,000 m t  and 15,000 m t  d u r i n g  the  p e r i o d  1966 t o  
1980 ( F i g u r e  3b ) .  
4,700 m t  i n  1978 t o  a l ow  o f  600 m t  i n  1976. 

Surface f i s h e r y  catches have f l u c t u a t e d  from a h i g h  o f  

Est imated e f f o r t  f o r  t h e  western At1 a n t i c  long1 i n e  
f i s h e r y  inc reased from 25 m i l l i o n  hooks i n  1967 t o  65 m i l l i o n  hooks i n  
1973, then f l u c t u a t e d  between 46 and 58 m i l l i o n  hooks from 1974 t o  1977 
( F i g u r e  5). 
At1 a n t i c .  

No est imates  o f  su r face  e f f o r t  a r e  a v a i l a b l e  f o r  t he  western 

I .C .  Value o f  Catch 

The 1979 U.S. average ex-vessel p r i c e  f o r  y e l l o w f i n  tuna was 
$893/mt f o r  f i s h  l e s s  than 3.2 k g  and $1,047/mt f o r  f i s h  g r e a t e r  than 3.2 
kg. 
A t l a n t i c  l o n g l i n e  and sur face  y e l l o w f i n  tuna c a t c h  (130,OO mt)  was 
approx imate ly  $126 m i l l i o n .  The western A t l a n t i c  c a t c h  (11,100 mt) was 
wor th  approx imate ly  $11 m i l l i o n .  

Based on an average p r i c e  o f  $970/mt, t h e  va lue  o f  t h e  1979 eas te rn  
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Figure 3 .  a )  Total catch of yellowfin tuna u s i n g  surface and long- 
l i n e  f i sh ing  gear i n  t he  eastern A t l a n t i c ,  1966 t o  
1980. 

b )  Total catch of yellowfin t u n a  u s i n g  surface and long- 
m. 

l i n e  f i s h i n g  gear i n  t he  western A t l a n t i c ,  1966 t o  
1980. 
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Figure 4. a )  Fishing e f f o r t  (number of hooks) on yellowfin tuna from 
the eas te rn  At l an t i c  longl ine f i she ry ,  1967 t o  1977. 

b )  F i s h i n g  e f f o r t  (standard purse seine days absence, SDA) 
on yellowfin tuna from the eas te rn  At l an t i c  sur face  
f i she ry ,  1967 t o  1979. 
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Figure 5. Fishing effort (number of hooks) on yellowfin tuna from 
the western Atlantic longline fishery, 1967 to 1977. 
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I .D. Cu r ren t  Management o f  t h e  F i she ry  

Y e l l o w f i n  tuna f i s h e r i e s  i n  t h e  A t l a n t i c  Ocean a r e  managed 
c o o p e r a t i v e l y  by t h e  19 member n a t i o n s  o f  t h e  I n t e r n a t i o n a l  Commission f o r  
t h e  Conservat ion o f  A t l a n t i c  Tunas (ICCAT). 
y e l l o w f i n  minimum s i z e  r e g u l a t i o n  i n  J u l y  1973 t h a t  s t a t e s  

The Commission adopted a 

' I .  . . t h a t  t he  Con t rac t i ng  S ta tes  take  the  necessary measures 
t o  p r o h i b i t  any t a k i n g  and l a n d i n g  o f  y e l l o w f i n  tuna weighing 
l e s s  than 3.2 kg. 

No tw i ths tand ing  the  above r e g u l a t i o n ,  t h e  Con t rac t i ng  
S ta tes  may g r a n t  t o le rances  t o  boats  which have i n c i d e n t a l l y  
cap tu red  y e l l o w f i n  weighing l e s s  than 3.2 kg, w i t h  t h e  condi-  
t i o n  t h a t  t h i s  i n c i d e n t a l  c a t c h  should n o t  exceed 15% o f  t h e  
number o f  f i s h  per  l a n d i n g  o f  t h e  t o t a l  y e l l o w f i n  c a t c h  o f  
sa i d boats . 'I 

The s i z e  r e g u l a t i o n  was adopted t o  decrease f i s h i n g  m o r t a l i t y  on 
young ye1 l o w f i n  tuna and increase y i e l d - p e r - r e c r u i  t. 

,,-- 

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
P A R T I C I P A T I O N  I N  THE FISHERY 

c 

The U.S. i n t e r e s t  i n  A t l a n t i c  y e l l o w f i n  tuna i s  concerned w i th :  1)  
p rocess ing  o f  domestic and f o r e i g n  h a r v e s t i n g  by ou r  domestic f l e e t ,  2)  

ca tch ,  3 )  consumption o f  t h e  canned product,  and 4 )  m a i n t a i n i n g  a r e l i a b l e  
and steady market f o r  y e l l o w f i n  through conserva t i on  measures. 

Only p a r t  o f  t h e  U.S. t r o p i c a l  tuna f l e e t ,  predominately an eas te rn  
t r o p i c a l  P a c i f i c  i n d u s t r y ,  f i s h e s  i n  the  A t l a n t i c  Ocean. These vesse ls  
u s u a l l y  e n t e r  t h e  f i s h e r y  i n  t h e  summer soon a f t e r  t he  y e l l o w f i n  tuna 
r e g u l a t o r y  area (CYRA) i n  t h e  eas te rn  t r o p i c a l  P a c i f i c  i s  c losed  t o  
y e l l o w f i n  f i s h i n g ,  and u s u a l l y  r e t u r n  t o  t h e  P a c i f i c  by December. 
f l e e t  i s  composed ma in l y  o f  l a r g e  purse se iners .  
vesse ls  t h a t  annua l l y  p a r t i c i p a t e  i n  t h e  f i s h e r y  peaked i n  1972 (40 
vessel  s)  , dropping t o  12 vessel  s i n  1979 ( F i g u r e  6a ) .  
f i s h e d  i n  the  A t l a n t i c  i n  1980. 
peaked i n  1969 (18,791 mt)  and has averaged 7,400 m t  from 1967 t o  1979 
( F i g u r e  6 b ) .  
approx imate ly  $3 m i l l i o n  ( t h e  e n t i r e  i n d u s t r y  c a t c h  was 141,000 m t  wor th  
$137 m i l l i o n ) .  
two species a r e  n o t  separated i n  p r e l i m i n a r y  f i g u r e s )  was 8,500 m t .  

The 
The number o f  U.S. 

Only 6 U.S. vessel  s 
The y e l l o w f i n  c a t c h  o f  these vesse ls  

The 1979 U.S. A t l a n t i c  y e l l o w f i n  c a t c h  o f  3,200 m t  was wor th  

P r e l i m i n a r y  U.S. c a t c h  o f  y e l l o w f i n  and bigeye i n  1980 ( t h e  
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F i g u r e  6. a)  T o t a l  f i s h i n g  e f f o r t  i n  number o f  U.S. vesse ls  
f i s h i n g  i n  t h e  A t l a n t i c  Ocean, 1967 t o  1979. 

b)  T o t a l  ca tch  o f  y e l l o w f i n  tuna for  U.S. vesse ls  
f i s h i n g  i n  t h e  A t l a n t i c  Ocean, 1967 t o  1979. 
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,- U.S. impor t s  o f  A t l a n t i c  y e l l o w f i n  and bigeye tuna averaged 
approx imate ly  12,000 m t  d u r i n g  1970 t o  1979 ( y e l l o w f i n  and bigeye impor ts  
a r e  n o t  r e p o r t e d  separa te l y ) .  
mt) was approximately $8 m i l l  i on .  V i r t u a l l y  a1 1 domestic and imported 
catches o f  A t l a n t i c  y e l l o w f i n  tuna a r e  packed and consumed i n  the  U.S. 
Annual t o t a l  consumption o f  At1 a n t i c  y e l l o w f i n  tuna i s  approx imate ly  15,200 
m t  wor th  about $14 m i l l i o n .  

The va lue  o f  t h e  1979 impor ted  c a t c h  (7,800 

Fu tu re  p a r t i c i p a t i o n  by  U.S. and f o r e i g n  vesse ls  i n  t h e  A t l a n t i c  
y e l l o w f i n  f i s h e r y  i s  d i f f i c u l t  t o  determine. 
t h e  c u r r e n t  s t a t u s  o f  t h e  stocks, t h e  FISM and Spanish f l e e t s  should 
con t inue  t o  dominate sur face  catches, and the  Korean/Panamanian and 
Japanese f l e e t s  should dominate 1 ongl i n e  catches. 
o f f  South A f r i c a  and B r a z i l  may inc rease  f o r e i g n  p a r t i c i p a t i o n .  Fu tu re  
U.S. p a r t i c i p a t i o n  i s  p a r t i a l l y  dependent on catches i n  the  CYRA and the  
outcome o f  r e g u l a t o r y  measures i n  t h i s  area. 
present,  U.S. p a r t i c i p a t i o n  should n o t  inc rease from t h a t  i n  1980 (6 
vesse ls ) .  The U.S. f l e e t  i n  1978 t o  1980 increased t h e i r  f i s h i n g  a c t i v i t y  
i n  the  western A t l a n t i c  o f f  Venezuela. Whether t h i s  i nc rease  w i l l  con t i nue  
i n  1981 i s  unknown. 

Based on p a s t  performance and 

New f i s h e r i e s  devel oping 

I f  c o n d i t i o n s  remain as 

111. STATUS OF THE STOCKS 

1II.A. Stock S t r u c t u r e  

No conc lus i ve  evidence i s  a v a i l a b l e  on A t l a n t i c  y e l l o w f i n  tuna 
s tock  s t r u c t u r e .  
western At1 a n t i c  have been observed and l a r v a l  s t u d i e s  have i d e n t i f i e d  
impor tan t  spawning areas o f f  B r a z i l  and i n  the  G u l f  o f  Guinea. 
show lower  gonad i n d i c e s  f o r  y e l l o w f i n  tuna o f f  B r a z i l  than i n  t h e  eas te rn  
A t l a n t i c ,  l e a d i n g  t o  the  hypothes is  o f  separate eas te rn  and western s tocks  
i n  t h e  A t l a n t i c  Ocean. Since t h i s  evidence i s  i nconc lus i ve ,  analyses have 
employed b o t h  s i n g l e  and two stock hypotheses. 

Separate l o n g l i n e  c a t c h  r a t e  maxima i n  t h e  eas te rn  and 

Stud ies  

Recent catches o f  y e l l o w f i n  tuna o f f  Cape Agulhas, South A f r i c a ,  
have r a i s e d  the  ques t i on  o f  whether these f i s h  were from an I n d i a n  Ocean 
popul a t i o n  o r  an A t 1  a n t i c  Ocean popul a t i o n .  A d d i t i o n a l  s tud ies  a r e  needed 
t o  answer t h i s  quest ion.  

The hypothesi  s o f  separate ye1 1 owf in  s tocks  a v a i l  ab1 e t o  su r face  
and l o n g l i n e  gears has been suggested. Cur ren t  evidence, a l though n o t  
conc lus ive ,  i n d i c a t e s  t h a t  t h e r e  i s  a h i g h  seasonal and annual c o r r e l a t i o n  
o f  CPUE i n d i c e s  between the  two gears. Therefore,  u n t i l  new evidence i s  
a v a i l a b l e ,  f i s h  caught by su r face  and l o n g i n e  gears a r e  p r o v i s i o n a l l y  
thought  t o  be o f  t h e  same stock.  
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I I 1  .B. Stock Assessment and F i s h e r y  Eva1 u a t i o n  

I I 1  .B.1. Trends i n  Catch-per-Uni t - E f f o r t  

The o n l y  a v a i l  ab1 e At1 an t ic -w ide  catch-per-uni  t - e f f o r t  

Since 
(CPUE) s e r i e s  i s  f o r  t he  l o n g l i n e  f i s h e r y  ( F i g u r e  7a).  
decreased from 0.9 f i s h  p e r  hundred hooks i n  1967 t o  0.4 i n  1975. 
1975, CPUE es t ima tes  have f l u c t u a t e d  between 0.4 and 0.6 f i s h  per  hundred 
hooks. 

CPUE es t ima tes  

The b e s t  a v a i l a b l e  eas tern  A t l a n t i c  CPUE s e r i e s  i s  f o r  
t h e  FISM purse  se ine  f l e e t .  
absence (SDA) i n  1969 t o  1.9 i n  1979 ( F i g u r e  7b).  

CPUE decreased from 6.2 mt/standard day 

I I I .B.2.  Resu l t s  o f  Produc t ion  Model Ana lys i s  

No d e f i n i t e  evidence on stock s t r u c t u r e  e x i s t s ;  
t h e r e f o r e ,  p r o d u c t i o n  model analyses used t o  assess stock s t a t u s  have been 
performed under two stock s t r u c t u r e  hypotheses: 1 )  t o t a l  A t l a n t i c  stock,  
and 2 )  separate eas te rn  and western A t l a n t i c  stocks.  Data from each stock 
s t r u c t u r e  have been analyzed w i t h  t h r e e  p roduc t i on  models: 1) t h e  
asymptot ic model, where m = 0, 2 )  t h e  Gompertz model, where m approaches 1, 
and 3 )  t h e  l o g i s t i c  model, where m = 2. 
parameter o f  t h e  f i t t i n g  equat ion.  

II* 

I n  each case, m i s  t h e  skewness 

II I .B.2.a. To ta l  A t l a n t i c  stock 

Based on the  degree o f  f i t  index ( r 2 ) ,  
t h e  m = 0 ( r 2  = 0.995) p roduc t i on  model b e s t  f i t s  t h e  da ta  ( F i  u r e  8 ) .  

models a r e  e s s e n t i a l l y  t h e  same. Therefore,  t h e  cho ice  o f  t h e  most 
app rop r ia te  model i s  imposs ib le  a t  t h i s  t ime. Whi le t h e  m = 0 model 
imp1 i e s  t h a t  sus ta inab le  c a t c h  t h e o r e t i c a l l y  never decl i n e s  a t  v e r y  h i g h  
l e v e l s  o f  e f f e c t i v e  f i s h i n g  e f f o r t ,  i t  i s  c l e a r  t h a t ,  a t  some h i g h  l e v e l  o f  
e f f e c t i v e  f i s h i n g  e f f o r t ,  t h e  stock w i l l  become so depressed t h a t  
r e c r u i t m e n t  and sus ta inab le  c a t c h  w i l l  dec l i ne .  It i s  n o t  known a t  what 
l e v e l  o f  f i s h i n g  e f f o r t  t h i s  w i l l  occur and c a u t i o n  must t h e r e f o r e  be 
exerc ised when drawing conc lus ions  from h ighe r  e f f o r t  l e v e l s  beyond the  
1 i m i  t s  o f  t h e  a v a i l  a b l e  data. 

However, t h e  r2 va lues  f o r  t he  m = 1 ( r 2  = 0.992) and m = 2 ( r  4 = 0.992) 

Est imates o f  maximum sus ta inab le  y i e l d  
( M S Y )  o f  y e l l o w f i n  f rom t h e  t o t a l  A t l a n t i c  s tock  range from 119,000 m t  t o  
144,000 m t  depending upon the  model be ing  used ( F i g u r e  8 ) .  MSY occurs  a t  
an optimum e f f o r t  ( f * )  o f  51,000 s tandard  days absence (SDA) f o r  t he  m = 2 

de f ined f o r  t he  m = 0 model. 
model , and a t  54,000 SDA f o r  t he  m = 1 model. Optimum e f f o r t  i s  n o t  - 

The p r e l i m i n a r y  es t ima te  o f  t h e  1979 c a t c h  
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Figure 7. a )  Catch-per-unit-effort  (number of fish/100 hooks) from 
the At l an t i c  longl ine f i she ry  f o r  yellowfin tuna,  
1967 t o  1978. 

seine days absence) from the eas te rn  At l an t i c  surface 
f i she ry  f o r  yellowfin tuna,  1967 t o  1979. 

b )  Catch-per-uni t - e f f o r t  (metr ic  tons/standard purse 
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*- 

(130,000 mt )  i s  w i t h i n  t h e  range o f  MSY est imates and i s  a t  an e f f o r t  l e v e l  
o f  68,000 SDA. 

III.B.2.b. Separate eas tern  and western 
A t l a n t i c  s tocks 

Produc t ion  model analyses were performed 
assuming separate eas t  and west stocks.  
eas te rn  A t l a n t i c  data sets :  
and 2 )  data from the  sur face  f i s h e r y  on ly .  

The models were a p p l i e d  t o  two 
1)  data f rom the  sur face  and l o n g l i n e  f i s h e r y ,  

The m = 0 model bes t  f i t s  data s e t s  1 and 
2 where r2 = 0.990 and 0.972, r e s p e c t i v e l y .  
between 94,000 and 133,000 m t ,  depending on the  model and data s e t  chosen 
(F igu res  9 and 10) .  Optimum e f f o r t  i s  43,000 t o  46,000 SDA f o r  t he  m = 2 
model, and 49,000 t o  52,000 SDA f o r  t he  m = 1 model. The 1979 ca tch  i s  
116,300 mt f o r  data s e t  1 and 109,500 m t  f o r  data s e t  2. Cur ren t  f i s h i n g  
e f f o r t  l e v e l s  a r e  13 t o  24% g rea te r  than fk. 

Resu l ts  suggest t h a t  MSY i s  

As w i t h  t h e  t o t a l  A t l a n t i c  s tock data,  r2 
va lues  f o r  the  m = 1 and m = 2 models were o n l y  s l i g h t l y  d i f f e r e n t  than f o r  
t h e  m = 0 model. Therefore,  MSY es t imates  a r e  presented f o r  a l l  t h r e e  
model s because o b j e c t i v e  c r i t e r i a  f o r  choosing among the  d i f f e r e n t  models 
a r e  unava i lab le .  I f  m = 1 o r  m = 2 i s  t r u e ,  and the  f i s h e r y  i s  c u r r e n t l y  
o p e r a t i n g  under e q u i l  i b r i u m  cond i t i ons ,  then any inc rease i n  e f f e c t i v e  
f i s h i n g  e f f o r t  w i l l  n o t  r e s u l t  i n  any no tab le  inc rease i n  susta ined y i e l d .  
I f  m = 0 i s  t r u e ,  however, inc reases  i n  e f f e c t i v e  f i s h i n g  e f f o r t  can r e s u l t  
i n  increased susta ined y i e l d  and decreased CPUE. 

The models were f i t t e d  t o  data f rom the  
l o n g l i n e  f i s h e r y  i n  the  western A t l a n t i c .  Resu l ts  g i v e  MSY va lues  rang ing  
from 16,000 m t  t o  22,000 m t  a t  e f f o r t  l e v e l s  o f  25 m i l l i o n  and 35 m i l l i o n  
hooks ( F i g u r e  11) f o r  t he  m = 1 and m = 2 models, r e s p e c t i v e l y .  Cur ren t  
catches a re  a t  o r  below MSY and c u r r e n t  l e v e l s  o f  f i s h i n g  e f f o r t  a r e  above 
those g i v i n g  MSY. The r e s u l t s  suggest t h a t  t o t a l  ca tch  by t h e  l o n g l i n e  
f i s h e r y  i n  the  western A t l a n t i c  w i l l  n o t  inc rease w i t h  inc reased f i s h i n g  
e f f o r t .  

I I I .B.3.  Resu l ts  o f  Y ie ld -per -Recru i t -Ana lys is  

Y i e l d - p e r - r e c r u i  t analyses performed on the  
hypothesized eas tern  A t l a n t i c  s tock i n d i c a t e  t h a t  inc reases  i n  y i e l d - p e r -  
r e c r u i t  t o  the  f i s h e r y  as a whole can be ob ta ined w i t h  an inc rease i n  s ize-  
a t - f i r s t - c a p t u r e  o r  a moderate increase i n  f i s h i n g  e f f o r t  ( F i g u r e  12).  The 
outcome i s  d i f f e r e n t  f o r  the  d i f f e r e n t  gears: t he  l o n g l i n e  f i s h e r y  would 
g a i n  i n  y i e l d - p e r - r e c r u i t  by any inc rease i n  s i z e - a t - f i r s t - c a p t u r e  up t o  
about 120 cm; t h e  purse se ine f i s h e r y  would ga in  by any inc rease i n  s ize-  
a t -  f i  r s t - cap tu re .  
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EFFORT (x io3  SDA) 

Figure 9.  Equilibrium y ie ld  curves generated from d a t a  of the  eas te rn  
At l an t i c  sur face  f i she ry  f o r  yellowfin tuna,  1969 t o  1978. 
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EFFORT ( X  lo6 HOOKS) 

F i g u r e  11. E q u i l i b r i u m  y i e l d  curves generated f rom da ta  o f  the  
western A t l a n t i c  l o n g l i n e  f i s h e r y ,  1956 t o  1977. 
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Figure 12. Yield-per-recruit  i sople ths  f o r  the  eas te rn  A t l a n t i c  surface 
and longl ine f i she ry  i n  1975. Natural mor ta l i ty  M=0.8. 
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The s i t u a t i o n  w i t h  respec t  t o  changes i n  minimum 
l a n d i n g  s i z e  i s  more complex. 
t h e  b e n e f i t s  t o  the  f i s h e r y  as a whole w i l l  occur as p r e d i c t e d  by t h e  
y i e l d - p e r - r e c r u i t  model. On t h e  o t h e r  hand, i f  small  f i s h  con t inue  t o  be 
caught, and a r e  d iscarded dead, t h e r e  may be l i t t l e  o r  no inc rease i n  
e f f e c t i v e  s i z e - a t - f i r s t - c a p t u r e ,  and the re fo re ,  no b e n e f i t .  A v a i l a b l e  da ta  
show t h a t  Japanese Tema-based b a i t b o a t s  apparen t l y  d iscarded 1,130 m t  o f  
undersized y e l l o w f i n  i n  1977 w h i l e  l a n d i n g  o n l y  2,488 m t .  Higher r a t e s  o f  
d i s c a r d i n g  were no ted  f o r  two t r i p s  o f  Tema-based b a i t b o a t s  accompanied by 
Ghanaian t e c h n i c i a n s  i n  1978 (6,660 mt ) .  Therefore,  t h e  ac tua l  y i e l d - p e r -  
r e c r u i t  t o  the  f i s h e r y  may be l e s s  than p red ic ted .  

I f  f ishermen avo id  ca tch ing  small f i s h ,  then 

I I I .B.4. Resul t s  o f  Spawner/Recrui tment Ana lys i s  

No spawner/recrui  t re1  a t i o n s h i  ps have been d e f i n e d  f o r  
At1 a n t i c  ye1 1 o w f i n  tuna. 
o f  y e l l o w f i n  tuna t o  t h e  eas te rn  A t l a n t i c  f i s h e r i e s .  Est imates o f  
r e c r u i t m e n t  t o  age 1 i n  the  1965 t o  1968 year -c lasses  v a r i e d  between 12 
m i l l i o n  and 26 m i l l i o n  f i s h .  
r e l a t i v e l y  cons tan t  a t  approx imate ly  24 m i l l i o n  f i s h  ( F i g u r e  13).  
t rends  i n  r e c r u i t m e n t  a r e  ev iden t .  

S tud ies  were conducted which analyzed r e c r u i t m e n t  

The 1969 t o  1972 year -c lasses  have h e l d  
No 

Increased catches over the  p a s t  decade do n o t  appear t o  
have had an adverse e f f e c t  on rec ru i tmen t .  However, t h e  ca tch-per -un i t -  
e f f o r t  o f  t h e  l o n g l i n e  f i s h e r y  has decreased, suggest ing t h a t  t h e  spawning 
s tock  has dec l ined.  I n  view o f  t h i s  t r e n d  and o f  t h e  inc reased catches o f  
l a r g e  f i s h  by  purse se iners ,  t h e  s i z e  o f  t h e  spawning stock and the  
p o s s i b l e  e f f e c t  on subsequent r e c r u i t m e n t  need t o  be monitored. 

.II* 

II I .B.5.  Resu l ts  o f  Other Analvses/Simulat ions 

None a v a i l  ab1 e. 

1 I I . C .  Cu r ren t  Eva lua t i on  o f  Stocks and the  F i s h e r y  

Regardless o f  t h e  s tock  s t r u c t u r e  assumed, A t l a n t i c  ye1 l o w f i n  
tuna s tocks  a r e  h e a v i l y  f i shed ,  p a r t i c u l a r l y  i n  the  eas te rn  A t l a n t i c .  
Given the  p resen t  geographical  d i s t r i b u t i o n  o f  t h e  f i s h e r y  and p a t t e r n  o f  
f i s h i n g  by d i f f e r e n t  gears, i t  i s  u n l i k e l y  t h a t  app rec iab le  inc reases  i n  
y i e l d  can be achieved by i n c r e a s i n g  the  amount o f  f i s h i n g  e f f o r t .  
Inc reases  i n  t o t a l  c a t c h  which have occur red  i n  r e c e n t  yea rs  a r e  l a r g e l y  
due t o  the  e f f e c t  o f  geographical  expansion o f  t h e  area o f  f i s h i n g  i n  the  
e a s t e r n  t r o p i c a l  A t l a n t i c .  It i s  n o t  known t o  what e x t e n t  a f u r t h e r  
expansion can be achieved, o r  what f u r t h e r  inc reases  i n  c a t c h  m igh t  r e s u l t  
f rom such an expansion. 
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Figure 13. Estimated recruitment t o  age 1 of yellowfin tuna from the 
eas te rn  At l an t i c  Ocean by year  of b i r t h ,  1965 t o  1972. 
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To ta l  y i e l d  t o  the  f i s h e r y  p a r t i a l l y  depends on the  s i z e s  o f  

Conversely, inc reased f i s h i n g  on small 
f i s h  caught. 
i nc rease  y i e l d  up t o  a p o i n t .  
ye1 1 owf i  n woul d tend t o  decrease t h e  t o t a l  1 ong- term y i e l  d. 

Any i nc rease  i n  the  e f f e c t i v e  s i z e - a t - f i r s t - c a p t u r e  should 

1 I I . C  1. E f f e c t s  o f  Regu la t ions  

On t h e  b a s i s  o f  several  s tud ies ,  ICCAT, i n  1973, 
adopted a min mum s i z e  l i m i t  on A t l a n t i c  y e l l o w f i n  o f  3.2 k g  o r  55  cm. 
was es t imated t h a t  under t h e  then-cur ren t  f i s h i n g  p a t t e r n ,  t h i s  would 
e i t h e r  g i v e  a small  inc rease i n  y i e l d - p e r - r e c r u i t  (YPR) or ,  i f  undersized 
f i s h  were d iscarded dead, would n o t  a f f e c t  t he  YPR. Since the  r e g u l a t i o n  
was adopted, t h e  f i s h e r i e s  have changed d r a m a t i c a l l y :  
have increased g r e a t l y  and have s h i f t e d  t o  l a r g e r  f i s h ,  catches o f  b o t h  
b a i t b o a t s  and l o n g l i n e r s  have decreased, and t h e r e  has been a s h i f t  t o  
sma l le r  f i s h  by  t h e  b a i t b o a t s .  

It 

purse se ine  catches 

Analyses were conducted t o  assess t h e  amount o f  change 
Resu l ts  i n d i c a t e d  t h a t  YPR 

The l o n g l i n e  f i s h e r y  experienced a 57% r e d u c t i o n  i n  

i n  YPR s i n c e  the  adopt ion  o f  t h e  r e g u l a t i o n .  
f o r  t he  e n t i r e  f i s h e r y  inc reased anywhere from 3 t o  18% s ince  the  adopt ion  
o f  t h e  r e g u l a t i o n .  

t h e  b a i t b o a t  f i s h e r y  a 45% decrease. 
y i e l d - p e r - r e c r u i  t was probab ly  due t o  increased compe t i t i on  from purse 
se ine  f i s h e r i e s .  
was due t o  inc reased e f f o r t  on l a r g e r  f i s h .  The b a i t b o a t ' s  decrease i n  
y i e l d - p e r - r e c r u i t  was due t o  reduced e f f o r t  on l a r g e  f i s h  and increased 
e f f o r t  on v e r y  small  f i s h .  

e q u i l i b r i u m  y i e l d - p e r - r e c r u i t ,  t h e  purse se ine  f i s h e r y  a 55% increase,  and 
e 

The l o n g l i n e  f i s h e r y ' s  decrease i n  

The purse se ine  f i s h e r y ' s  inc rease i n  y i e l d - p e r - r e c r u i t  

The r e g u l a t i o n  may a l s o  have r e s u l t e d  i n  increased 
occurrences o f  undersized y e l l o w f i n  tuna be ing  landed as b igeye tuna, and 
increased dumping o f  dead undersized f i s h  a t  sea. Several I C C A T  member 
c o u n t r i e s  have i n i t i a t e d  research t o  q u a n t i f y  t h e  e x t e n t  o f  d i sca rds  a t  
sea, t o  desc r ibe  i n  d e t a i l  t he  areas where j u v e n i l e  y e l l o w f i n  tuna a re  
a v a i l a b l e ,  and t o  desc r ibe  t h e  i n t e r a c t i o n  between j u v e n i l e  y e l l o w f i n  and 
j u v e n i l e s  o f  o t h e r  tuna species. 

A s i z e  r e g u l a t i o n  on bigeye tuna, s i m i l a r  t o  t h a t  on 
y e l l o w f i n  tuna has a l s o  been adopted by ICCAT members t o  inc rease the  
y i e l d - p e r - r e c r u i t  o f  b igeye tuna and t o  reduce the  l a n d i n g  o f  unders ize  
y e l l o w f i n  tuna as bigeye. 
small  y e l l o w f i n  tuna a r e  be ing  eva lua ted  by ICCAT's J u v e n i l e  Tuna Working 
Group. 
l o o k i n g  a t  d i f f e r e n t  a l t e r n a t i v e s  t o  the  c u r r e n t  s i z e  l i m i t .  

Add i t i ona l  measures t o  reduce the  t a k i n g  o f  

The Group has i d e n t i f i e d  areas o f  h i g h  j u v e n i l e  tuna catches and i s  
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I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major  Research Problems 

1) The growth r e l a t i o n  o f  y e l l o w f i n  tuna, p a r t i c u l a r l y  d u r i n g  the  
j u v e n i l e  per iod ,  needs t o  be b e t t e r  def ined.  Age composi t ion o f  t h e  ca tch  
i s  an impor tan t  i n p u t  t o  c o h o r t  analyses and t h e r e f o r e  impor tan t  f o r  
accura te  es t imates  o f  r e c r u i t m e n t  and f i s h i n g  mor ta l  i ty. 
t h i s  research would l e a d  t o  b e t t e r ,  more accurate es t imates  and, t he re fo re ,  
b e t t e r  management advice.  

Completion o f  

2)  The ex i s tence  o f  a spawner / recru i t  r e l a t i o n s h i p  f o r  y e l l o w f i n  
tuna needs t o  be i nves t i ga ted .  
b e t t e r  understanding o f  t he  s t a t u s  o f  A t l a n t i c  y e l l o w f i n  tuna stocks.  

Completion o f  t h i s  research would l ead  t o  a 

3 )  V e r i f i c a t i o n  i s  needed o f  t he  va r ious  s tock s t r u c t u r e  
hypotheses: s i n g l e  s tock o f  l o n g l i n e  and surface-caught y e l l o w f i n ,  m i x i n g  
o f  an I n d i a n  Ocean stock w i t h  A t l a n t i c  y e l l o w f i n ,  and separate eas tern  and 
western A t l a n t i c  s tocks or a s i n g l e  A t l a n t i c  s tock.  
s tock  s t r u c t u r e  i ssue  would l e a d  t o  more accurate assessments o f  t he  s t a t u s  
o f  A t l a n t i c  y e l l o w f i n  tuna. 

C l a r i f i c a t i o n  o f  t h e  

4 )  A l t e r n a t i v e  management schemes f o r  reduc ing  the  ca tch  o f  small 
y e l l o w f i n  tuna should be analyzed. A1 though t h e  c u r r e n t  management scheme 
has increased y i e l d - p e r - r e c r u i t  as intended, smal l  y e l l o w f i n  tuna cont inue 
t o  be landed by some purse se ine  and b a i t b o a t  f i s h e r i e s  t h a t  a r e  
exper ienc ing  d i f f i c u l t i e s  i n  implement ing the  3.2 k g  s i z e  1 i m i t .  

5) Cont inued research on the  r e l a t i o n s h i p  between environmental  
parameters and abundance, a v a i l a b i l  i t y ,  and vu1 n e r a b i l  i ty o f  At1 a n t i c  
y e l l o w f i n  tuna i s  needed. 
on sea sur face  temperature. 
est imates,  v e r i f i c a t i o n  o f  t h e  technique may be c r i t i c a l .  

Cur ren t  abundance es t imates  a r e  p a r t i a l l y  based 
Since p roduc t i on  models a r e  based on these 

I V .  B. Cur ren t  Research E f f o r t s  

Cur ren t  A t 1  a n t i c  ye1 1 owf in  tuna research i s  concentrated on the  
f o l l  owing subjects :  

1) Trends i n  f i s h e r y  s t a t i s t i c s :  catch,  e f f o r t ,  CPUE, and s ize-  
f requency (SWFC) . 

2 )  Development o f  new f i s h e r i e s  and t h e i r  r e l a t i o n  t o  s tock 
s t r u c t u r e  ( I CCAT) . 
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3 )  Fecund i ty  o f  y e l l o w f i n  tuna o f f  southern B r a z i l  (ICCAT). 

4 )  R e l a t i o n s i p  between occurrences o f  y e l l o w f i n  tuna and sea 
sur face  temperature (SWFC) . 

5 )  Techniques t o  es t imate  economic va lue o f  t h e  eas tern  A t l a n t i c  
sur face  f i  shery (SWFC) . 

6 )  S ta tus  o f  stocks:  p roduc t i on  models, y i e l d - p e r - r e c r u i  t 
(SWFC) . 

7 )  Management problems, a1 t e r n a t i v e  management schemes, sampl i n g  
p rob l  ems (SWFC) . 

I V .  C. Fu ture  Research Needs 

Fu tu re  research  on A t l a n t i c  y e l l o w f i n  tuna should cen te r  on the  
f o l l o w i n g  a c t i v i t i e s :  

1) R e f i n i n g  and extending s tud ies  o f  a l t e r n a t e  management 
schemes. Discrepancies i n  the  data se ts  and procedures used i n  i n i t i a l  
analyses should be resolved.  
mu1 t i s p e c i e s  catches, y i e l d - p e r - r e c r u i t ,  economics, e t c .  , should be 
considered. 

E f f e c t s  o f  d i f f e r e n t  management schemes on 

2)  I n v e s t i g a t i n g  the  re1 a t i o n s h i p s  between environmental  
parameters and abundance, a v a i l a b i l i t y ,  and/or vu1 n e r a b i l  i t y  o f  s tocks.  

3 )  I n v e s t i g a t i n g  the  i n t e r a c t i o n  between sur face  and long1 i n e  
gear. 

I V . C . 1 .  Suggested Approach and Methods 

1) U.S. s i n g l e - s e t  data should be evaluated f o r  p o s s i b l e  
use i n  improv ing knowledge o f  species composi t ion and f i s h  s i z e  composi t ion 
o f  schools. A model should be developed t o  p r e d i c t  movements o f  t h e  f i s h e r y  
due t o  d i f f e r e n t  management a l t e r n a t i v e s  and t o  p r e d i c t  b e n e f i t s  t o  the  
f i s h e r y ,  y i e l d - p e r - r e c r u i  t, unders ize catches, and mu1 t i s p e c i e s  catches, 
based on f i s h e r y ,  economic, and environmental  assumptions. 

2 )  Data se ts  from o the r  geographical  reg ions,  o r  
u t i l i z i n g  o the r  species,  cou ld  be used t o  t e s t  t h e  technique o f  us ing  sea 
sur face  temperature t o  separate e f f o r t  by species,  f o r  example. 

1V.D. Status o f  SWFC Data Base 

Data on A t l a n t i c  y e l l o w f i n  tuna a t  the Southwest F i s h e r i e s  Center 
a r e  c u r r e n t l y  cons idered adequate f o r  popu la t i on  assessments. There a re  
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problems i n  the d a t a  sets and analyt ical  da t a  procedures being used, 
however, w h i c h  need t o  be resolved: 

1) Data set and procedures used i n  alternative management schemes 
need t o  be reviewed and standardized. 

2 )  A plan t o  assure t h a t  the SWFC d a t a  system i s  supplied w i t h ,  
or notified o f ,  a l l  changes t o  d a t a  sets must be developed. Methods of  
choosing which samples should be used i n  the case of duplicate sampling of 
f leets must be standardized, 

3 )  Growth i n  size of the current d a t a  sets and  the need for more 
interactive processing necessitate a reevaluation of the current d a t a  base 
system for cost reasons. 
and use of other f i l e  structures i s  now be ing  investigated. 

Most of the d a t a  have been converted t o  the B7800 

The fol lowing d a t a  will be required i n  the future: 

1) French length-frequency samples by smaller than 5 x 10-degree 

2)  U.S. At lan t ic  single-set data  extracted from IATTC d a t a  bases 
areas t o  use for alternate management scheme analyses. 

and placed on the SWFC bases. 

3 )  Continued sampling of transshipments t o  Puerto Rico for 
species and size composition. 

4 )  Data reflecting more complete coverage of the Korean b a i t b o a t  
and Spanish purse seine fisheries. 
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STATUS REPORT: ATLANTIC BIGEYE TUNA 

b y  

A t i l i o  L. Coan, Jr. and Wesley Parks 

Southwest F i s h e r i e s  Center 
Oceanic F i s h e r i e s  Resources D i v i s i o n  

La J o l l a ,  C a l i f o r n i a  

ABSTRACT 

Recent t o t a l  annual A t l a n t i c  catches o f  b igeye tuna have averaged 
41,000 m t .  Major p a r t i c i p a n t s  i n  t h e  f i s h e r y  i n c l u d e  Japan, Korea, Spain, 
and t h e  USSR. 

catches have been l e s s  than 500 m t .  

The U.S. t akes  b igeye a long w i t h  y e l l o w f i n  and s k i p j a c k  tuna 
i n  i t s  eas te rn  A t l a n t i c  t r o p i c a l  tuna purse se ine  f l e e t .  Recent U.S. .11 

The stock s t r u c t u r e  o f  b igeye tuna i n  t h e  A t l a n t i c  i s  unce r ta in .  
Hypotheses i n c l u d e  a s i n g l e  At1 an t i c -w ide  stock and separate n o r t h  and 
south stocks.  C a t c h - p e r - u n i t - e f f o r t  shows s l  i g h t  decreasing t rends .  

P roduc t i on  model a n a l y s i s  es t ima tes  MSY i n  the  range o f  52,000-123,000 
m t .  Recent catches a r e  below MSY. Recent es t imated  e f f o r t  l e v e l s  a r e  25 
t o  50% l e s s  than optimum e f f o r t .  
f i s h i n g  pa t te rns ,  i n c r e a s i n g  a g e - a t - f i r s t - c a p t u r e  would s l i g h t l y  i nc rease  
equi  1 i b r i  um y i  e l  d- per- r e c r u i  t . 

Analyses suggest t h a t  w i t h  c u r r e n t  

The I n t e r n a t i o n a l  Commission f o r  t he  Conservat ion o f  At1 a n t i c  Tunas 
adopted a minimum s i z e  l i m i t  o f  3.2 k g  f o r  b igeye tuna i n  1979. 
r e g u l a t i o n ,  i n tended  t o  inc rease y i e l d - p e r - r e c r u i  t, has n o t  been i n  e f f e c t  
l o n g  enough f o r  i t s  e f f e c t i v e n e s s  t o  be assessed. 

The 
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I. DESCRIPTION OF THE FISHERY 

Bigeye tuna a re  d i s t r i b u t e d  throughout  the  A t l a n t i c  Ocean between 50" 
N and 40" S l a t i t u d e s  ( F i g u r e  1). 
concent ra ted  i n  the  west a t  40" N l a t i t u d e  and i n  the  e a s t  a t  20" N 
l a t i t u d e .  South A t l a n t i c  catches a r e  concent ra ted  i n  the  west a t  30" S 
l a t i t u d e  and i n  the  eas t  a t  10" S l a t i t u d e .  

Catches i n  t h e  n o r t h  A t l a n t i c  a re  

I .A .  H i s t o r y  o f  t he  F i she ry  

The A t l a n t i c  f i s h e r y  f o r  b igeye tuna began i n  1956 when the  
Japanese l o n g l i n e  f l e e t  expanded opera t ions  f rom the  P a c i f i c  i n t o  the  
A t l a n t i c  Ocean. Long l ine  cont inues  t o  be the  p r i n c i p a l  gear c a p t u r i n g  
bigeye. 
have taken a g rea te r  p r o p o r t i o n  o f  t h e  ca tch  ( f r o m  17% i n  1972 t o  37% i n  
1978). The sur face  f i s h e r y  f o r  b igeye tuna i s  a mu l t i - spec ies  f i s h e r y  
which a l s o  takes y e l l o w f i n  and sk ip jack .  

However, i n  r e c e n t  years  sur face  gears (purse  se ine and b a i t b o a t )  

The major  p a r t i c i p a n t s  i n  the  n o r t h  A t l a n t i c  f i s h e r y  a r e  the  
Japanese, Korean, Spanish, and Portuguese f l e e t s .  These f l e e t s  together  
caught 80% o f  the  average n o r t h  A t l a n t i c  b igeye ca tch  d u r i n g  the  p e r i o d  
1975 t o  1979 (F igu re  2a).  

r"L. 

The major  p a r t i c i p a n t s  i n  the  south A t l a n t i c  f i s h e r y  f o r  b igeye 
tuna a re  the  f l e e t s  o f  Japan, Korea, Russia, and Taiwan. These f l e e t s  
caught  74% o f  the  south A t l a n t i c  ca tch  o f  b igeye d u r i n g  the  p e r i o d  1975 t o  
1979 ( F i g u r e  2 b ) .  

I .B.  Trends i n  Catch and E f f o r t  

I .B.1. Nor th  At1 a n t i c  F i  sherv 

Catches f o r  the  n o r t h  A t l a n t i c  l o n g l i n e  f i s h e r y  peaked i n  
1974 a t  26,000 m t  and decreased t o  approx imate ly  10,000 m t  i n  1979 ( F i g u r e  
3a).  Catches f o r  t he  sur face  f i s h e r y  a l s o  peaked i n  1974 a t  13,000 m t  and 
averaged 10,000 m t  d u r i n g  the  1975 t o  1979 per iod .  
n o r t h  A t l a n t i c  l o n g l i n e  and sur face  f i s h e r y  ca tch  i s  21,400 m t .  

t he  n o r t h  A t l a n t i c  reached a peak o f  165 m i l l i o n  hooks i n  1975, then  
decreased t o  85 m i l l i o n  hooks i n  1977 ( F i g u r e  4a) .  
I s 1  and b a i  t b o a t  f l e e t  however, remained re1 a t i v e l y  cons tan t  (10,000 days a t  
sea) d u r i n g  the  1975 t o  1978 p e r i o d  ( F i g u r e  4 b ) .  

The p r o v i s i o n a l  1980 

F i s h i n g  e f f o r t  ( i n  number o f  hooks) f o r  b igeye tuna i n  

E f f o r t  f o r  t he  Canary 
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Figure 1 .  Areas of t he  At lan t ic  Ocean cur ren t ly  o r  h i s t o r i c a l l y  f i shed  
f o r  bigeye t u n a .  Densely hatched areas  ind ica te  areas of 
g r e a t e s t  f i sh ing  in t ens i ty .  
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Figure 2.  a )  Major pa r t i c ipan t s  i n  the northern At lan t  
longl ine f i she ry  for  bigeye tuna,  1975 t o  

b) Major pa r t i c ipan t s  i n  the southern Atlant  
longl ine f i she ry  f o r  bigeye tuna,  1975 t o  
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Figure 3. a) Total catch of bigeye tuna from surface and longline 
gears fishing in the northern Atlantic, 1968 to 1979. 

b) Total catch o f  bigeye tuna from surface and longline 
gears fishing in the southern Atlantic, 1968 to 1979. 
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Figure 4. a )  Fishing e f f o r t  i n  hooks f o r  the longl ine f i s h e r y  i n  
the northern At l an t i c ,  1960 t o  1977. 

b )  Ef for t  i n  days a t  sea f o r  the Canary Island ba i t -  
boat f leet ,  1975 t o  1978. 
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1.6.2. South A t l a n t i c  F i she ry  

Bigeye catches f o r  the  south A t l a n t i c  l o n g l i n e  f i s h e r y  
peaked i n  1971 (20,000 mt ) ,  then g r a d u a l l y  dec l i ned  t o  12,000 m t  i n  1979 
( F i g u r e  3b ) .  Surface f i s h e r y  catches peaked i n  1974 (6,000 mt)  and, a f t e r  
a b r i e f  dec l i ne ,  remained r e l a t i v e l y  cons tan t  a t  5,000 m t  between 1977 and 
1979. 
ca tch  i s  13,600 m t .  

The p r o v i s i o n a l  1980 sou th  A t l a n t i c  long1 i n e  and sur face  f i s h e r y  

South A t l a n t i c  l o n g l i n e  e f f o r t  increased from 7 m i l l i o n  
No r e l i a b l e  measure hooks i n  1960 t o  94 m i l l i o n  hooks i n  1976 (F igu re  5). 

o f  e f f o r t  i s  a v a i l a b l e  f o r  t h e  sur face  f i s h e r y .  

I . C .  Value o f  Catch 

I n  t h e  Un i ted  States,  y e l l o w f i n  and bigeye tunas a re  marketed a t  
t he  same p r i c e s :  
k g  and $1,047/mt f o r  f i s h  g r e a t e r  than 3.2 kg. Based on an average p r i c e  
o f  $970/mt, t he  va lue o f  n o r t h  A t l a n t i c  b igeye caught by a l l  f i s h e r i e s  i n  
1979 was $21 m i l l i o n ;  t h e  t o t a l  south A t l a n t i c  b igeye ca tch  was wor th  $16 
m i l l i o n .  The t o t a l  1979 U.S.  bigeye ca tch  was wor th approx imate ly  
$200,000. 

$893/mt (1979, average ex-vessel ) f o r  f i s h  l e s s  than 3.2 

I . D .  Cu r ren t  Management o f  t he  F i she ry  

I n  1979,the I n t e r n a t i o n a l  Commission f o r  t he  Conservat ion o f  
A t l a n t i c  Tunas (ICCAT) recommended t o  t h e i r  member na t i ons  t h a t  they adopt 
a minimum s i z e  l i m i t  r e g u l a t i o n  f o r  bigeye tuna. The r e g u l a t i o n  s ta tes :  

"That  t he  Con t rac t i ng  P a r t i e s  take  the  necessary measures 
t o  p r o h i b i t  any t a k i n g  and l a n d i n g  o f  b igeye tuna (Thunnus 
obesus) weighing l e s s  than 3.2 k g  u n t i l  December 3 1 , 1 9 8 3 .  

Notw i ths tand ing  the  above r e g u l a t i o n s ,  t h e  Con t rac t i ng  
P a r t i e s  may g r a n t  t o le rances  t o  boats  which have inc iden-  
t a l l y  cap tured  bigeye tuna weighing l e s s  than 3.2 k g  w i t h  
t h e  c o n d i t i o n  t h a t  t h i s  i n c i d e n t a l  ca tch  should n o t  exceed 
15% o f  t he  number o f  f i s h  pe r  l a n d i n g  o f  t he  t o t a l  b igeye 
c a t c h  o f  s a i d  boats." 

T h i s  s i z e  r e g u l a t i o n  was adopted t o  1) increase y i e l d - p e r - r e c r u i t  
o f  b igeye tuna by reduc ing  f i s h i n g  m o r t a l i t y  on small f i s h ,  and 2 )  reduce 
the  m i s r e p o r t i n g  o f  small y e l l o w f i n  tuna i n  l and ings  as b igeye tuna. The 
U.S. adopted these r e g u l a t i o n s  f o r  bigeye tuna i n  e a r l y  1981. 
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Figure 5. Effect ive e f f o r t  i n  hooks fo r  t he  longl ine f i she ry  in 
the  southern At l an t i c ,  1960 t o  1977. 



-42- 

11. THE NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

Un i ted  S ta tes  tuna processors u t i l i z e  domestic and fore ign-caught  
The h ighes t  recorded U.S. b igeye tuna f o r  canning as l i g h t  meat tuna. 

A t l a n t i c  b igeye tuna ca tch  (865 mt)  occurred i n  1974 (F igu re  6 ) .  I n  1979, 
t h e  U.S. c a t c h  was 200 m t .  The amount impor ted i s  d i f f i c u l t  t o  determine 
s ince  b igeye and y e l l o w f i n  tuna a r e  n o t  separated i n  impor t  repo r t s .  The 
p r e l i m i n a r y  U.S. ca tch  o f  y e l l o w f i n  and bigeye i n  1980 ( p r e l i m i n a r y  f i g u r e s  
do n o t  separate catches o f  t he  two species) was 8,500 m t .  

U.S. p a r t i c i p a t i o n  i n  the  A t l a n t i c  f i s h e r y  (wh ich  i s  a m u l t i - s p e c i f i c  
t r o p i c a l  tuna f i s h e r y  ca tch ing  bigeye, y e l l o w f i n ,  and sk ip jack  tuna) i s  n o t  
expected t o  inc rease above 1980 l e v e l s  ( 6  vesse ls ) .  Fu tu re  f o r e i g n  
p a r t i c i p a t i o n  i n  the  f i s h e r y  i s  d i f f i c u l t  t o  es t imate  w i t h  any degree o f  
c e r t a i n t y  b u t  i s  n o t  a n t i c i p a t e d  as l o n g  as the  f i s h e r i e s  con t inue  
opera t i ng  w i t h i n  t h e i r  c u r r e n t  geographical  boundar ies and c u r r e n t  f i s h i n g  
methods. 

111. STATUS OF THE STOCKS 

1 I I .A .  Stock S t r u c t u r e  

Bigeye tuna a r e  d i s t r i b u t e d  throughout the  A t l a n t i c  Ocean ( F i g u r e  
S c i e n t i s t s  have hypothesized separate n o r t h  and south A t l a n t i c  stocks.  1). 

Evidence f o r  t h i s  i nc ludes  a d e c l i n e  i n  hook r a t e s  i n  the  e q u a t o r i a l  
A t l a n t i c  and p r e l i m i n a r y  evidence o f  separate spawning areas, one i n  the  
no r the rn  and one i n  the  southern t r o p i c a l  areas. 

Recapture o f  b igeye tuna tagged i n  the  eas tern  A t l a n t i c  i n d i c a t e  
t h a t  the  f i s h  g e n e r a l l y  remained i n  areas o f  tagg ing  o f f  Dakar and Po in t -  
Noi re,  except  f o r  a s i n g l e  f i s h  t h a t  e x h i b i t e d  northward m i g r a t i o n  f rom the  
Gul f o f  Guinea t o  the  area o f f  Dakar a f t e r  one year.  
e i t h e r  a s i n g l e  o r  separate no r the rn  and southern s tocks i s  i nconc lus i ve ,  
two hypotheses a re  used i n  s tock assessments: 
and 2 )  two independent s tocks separated a t  approx imate ly  5' N l a t i t u d e .  

Since evidence o f  

1)  a s i n g l e  A t l a n t i c  stock,  
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F igu re  6. T o t a l  ca tch  of b igeye tuna f o r  U.S. vesse ls  f i s h i n g  i n  
t h e  A t l a n t i c  Ocean, 1968 t o  1979. 
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I11 .B. Stock Assessment and F i s h e r y  Eva lua t i on  

I I I . B . 1 . Trends i n Ca t c  h- per-Un i t- E f  f o r  t 

Annual b igeye tuna hook r a t e s  were es t imated  from 
Japanese l o n g l i n e  f l e e t  c a t c h / e f f o r t  da ta  ( F i g u r e  7 ) .  
t h e  n o r t h e r n  and southern At1 a n t i c  e x h i b i t  s i m i l a r  g r a d u a l l y  decreasing 
t rends  except f o r  d i f f e rences  i n  peak hook r a t e  years.  
i n  1974 i n  t h e  n o r t h e r n  A t l a n t i c  and 1969 i n  t he  southern A t l a n t i c .  

Hook r a t e s  i n  b o t h  

Hook r a t e s  peaked 

No r e l i a b l e  CPUE es t imates  a r e  a v a i l a b l e  f o r  sur face  
f i sher ies  . 

III.B.2. Resu l ts  o f  P roduc t i on  Vodel Ana lys i s  

The 1 o g i s t i c  ( ~ 2 )  , t h e  Gompertz (m approaches 1) , and 
t h e  asymptot ic (m=O) p roduc t i on  models have been used t o  assess t h e  s t a t u s  
o f  A t l a n t i c  b igeye tuna. Because d i v i s i o n  o f  t h e  stocks i s  unce r ta in ,  
analyses have been performed under hypotheses o f  a s i n g l e  A t l a n t i c  stock 
and separate n o r t h  and south A t l a n t i c  stocks.  

I I I . B . 2 . a .  To ta l  A t l a n t i c  stock 

The l a t e s t  a v a i l a b l e  a n a l y s i s  u t i 1  i z e d  da ta  

The m=O model 

The 1978 

f o r  the  t o t a l  A t l a n t i c  f i s h e r y  f o r  t h e  p e r i o d  1961-1978 ( F i g u r e  8 ) .  
Es t imates  o f  e q u i l  i b r i u m  maximum sus ta inab le  y i e l d  (MSY) ranged from 
51,900mt t o  60,100 m t  f o r  m=2 and m = l  models, r e s p e c t i v e l y .  
gave an MSY e s t i m a t e  o f  123,200 m t .  

. any o f  t h e  t h r e e  models as bes t .  
es t imated  e f f e c t i v e  e f f o r t  was 25% t o  50% l e s s  than the  optimur; e f f o r t  i f * )  
corresponding t o  MSY f o r  t he  m=2 and m = l  models, r e s p e c t i v e l y .  
e f f o r t  f o r  t he  m=O model i s  undefined. The 1979 c a t c h  was approximately 
42,000 m t .  No es t ima te  o f  e f f e c t i v e  e f f o r t  i s  a v a i l a b l e  f o r  1979. 

O b j e c t i v e  c r i t e r i a  f a i l  t o  i n d i c a t e  
The 1978 c a t c h  was 45,700 m t .  

Optimum 

I I I . B  .2. b .  Separate n o r t h  and south 
A t l a n t i c  s tocks  

Bigeye tuna f i s h e r y  data were separated i n t o  
n o r t h e r n  and southern f i s h e r i e s  and p roduc t i on  models f i t  t o  each data set.. 
The models were a p p l i e d  t o  da ta  rep resen t ing  the  no r the rn  f i s h e r y  f o r  the  
p e r i o d  1961-1978. 
41,100 m t  f o r  t he  m=1, 89,600 m t  f o r  t he  m=O model ( F i g u r e  9 ) .  
c a t c h  was 25,200 m t  a t  an es t imated  e f f e c t i v e  e f f o r t  45% t o  64% l e s s  than 
f* f o r  t he  m=2 and m = l  models, r e s p e c t i v e l y .  The 1979 c a t c h  was 
approx imate ly  22,100 m t .  

Est imates o f  MSY were 35,200 m t  f o r  t he  m=2 model, 
The 1978 

a 
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Figure 7 .  Hook r a t e s  (number of fish/100 hooks) f o r  bigeye t u n a  
caught by longl iners  i n  the  northern and southern 
A t l a n t i c  Ocean, 1961 t o  1978. 
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Figure 8. Equilibrium y ie ld  curves for  bigeye t u n a  in the whole 
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Figure 9. Equilibrium y i e l d  curves f o r  bigeye tuna i n  the  northern 
A t l a n t i c  Ocean, 1961 t o  1978. 
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These models were a l s o  a p p l i e d  t o  data f rom .4, 

t h e  south A t l a n t i c  f i s h e r y .  
model, 25,500 m t  f o r  t he  m = l  model, and 49,000 m t  f o r  t he  m=O model ( F i g u r e  
10) .  
than f* f o r  t h e  m=2 and m = l  models, r e s p e c t i v e l y .  The 1979 c a t c h  was 
approx imate ly  20,100 m t .  

Est imates o f  MSY were 21,000 m t  f o r  t he  m=2 

The 1978 c a t c h  was 20,500 m t  a t  an es t imated  e f f o r t  3 t o  41% l e s s  

I I I .B.3.  Resu l ts  o f  Y ie ld -Der -Recru i t  Ana lys is  

Y i e l d - p e r - r e c r u i t  analyses have been used i n  the  pas t  t o  
assess t h e  s t a t u s  o f  b igeye tuna stocks,  and were the  b a s i s  o f  t h e  s i z e  
l i m i t  proposal  i n  1979. 
Working Group on J u v e n i l e  T rop ica l  Tunas. Resu l ts  conf i rmed t h a t  
i n c r e a s i n g  s i z e - a t - f i r s t - c a p t u r e  from approx imate ly  0.9 k g  (30 cm f o r k  
l e n g t h )  t o  3.2 k g  (54 cm) would inc rease y i e l d - p e r - r e c r u i t  t o  the  f i s h e r y ,  
e s p e c i a l l y  a t  h ighe r  l e v e l s  o f  e f f o r t  ( F i g u r e  11) .  

A new a n a l y s i s  was performed i n  1980 by ICCAT’s 

I I I. B .4. Resul t s  o f  SDaWner/ReCrUi tment Anal v s i  s 

Recru i tment  t o  age-1 f o r  year-c lasses 1967 t o  1973 was 
es t imated ( F i g u r e  12) .  Only l o n g l i n e  data f rom the  t o t a l  A t l a n t i c  f i s h e r y  
were considered. Depending on the  n a t u r a l  mor ta l  i t y  r a t e  chosen, est imates 
va ry  moderate ly  and no general  t r e n d  i s  apparent. 

I11 .B.5. Resu l ts  o f  Other Analvses/Simulat ions 

None ava i l ab le .  

1 I I . C .  Cu r ren t  Eva lua t i on  o f  Stocks and the  F i she ry  

Resu l t s  o f  t h e  p roduc t i on  model analyses i n d i c a t e  t h a t  A t l a n t i c  
b igeye tuna a r e  c u r r e n t l y  be ing  f i s h e d  below l e v e l s  corresponding t o  MSY. 
A l l  models i n d i c a t e  t h a t  inc reases  i n  y i e l d s  a r e  a v a i l a b l e  w i th  inc reases  
i n  e f f o r t .  
imposs ib le  t o  s e l e c t  t he  approp r ia te  model and MSY. 

U n t i l  t he  f i s h e r y  operates a t  h ighe r  e f f o r t  l e v e l s  i t  i s  

Any i nc rease i n s i  ze- a t- f i r s t - c a p t u r e  shoul d inc rease y i  e l  d- per-  
r e c r u i t  t o  the  f i s h e r y .  The f e a s i b i l i t y  o f  i n c r e a s i n g  s i z e - a t - f i r s t -  
cap tu re  f o r  t he  b a i t b o a t  f l e e t s ,  however, i s  quest ionable.  Since these 
f l e e t s  take  smal l  b igeye tuna w i t h  catches o f  sk ip jack ,  any inc rease i n  
s i z e - a t - f i r s t - c a p t u r e  may r e s u l t  i n  decreased sk ip jack  catches. 
inc reases  i n  catches o f  small b igeye should r e s u l t  i n  decreases i n  y i e l d -  
p e r - r e c r u i  t. 

Cont inued 
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I I I . C . l .  E f f e c t s  o f  Regu la t ions  

The c u r r e n t  s i z e  r e g u l a t i o n  f o r  b 
i n  f o r c e  l o n g  enough t o  assess i t s  s p e c i f i c  e f f e c t s  
s i z e  1 i m i t  should inc rease y i e l d - p e r - r e c r u i t  t o  the  

geye tuna 
Theore t 

f i she ry . 
has n o t  been 
c a l l y ,  t h e  

A t  i t s  1980 meetina, ICCAT's Working Group on J u v e n i l e  
T r o p i c a l  Tunas assessed the  e f f e c t s  o f  area-t ime c losu res  designed t o  
p r o t e c t  small  y e l l o w f i n  and b igeye tunas, and thus inc rease y i e l d - p e r -  
r e c r u i t .  P o t e n t i a l  ga ins  t o  y e l l o w f i n - b i g e y e  catches were c o n t r a s t e d  t o  
p o s s i b l e  l o s s e s  t o  catches o f  s k i p j a c k  tuna i n  m u l t i - s p e c i e s  su r face  
f i s h e r i e s .  
and bigeye tuna i n  excess o f  50 m t  were i d e n t i f i e d  ( F i g u r e  1 3 ) .  Twenty- 
t h r e e  area-month combinat ions were chosen f o r  d e t a i l e d  examination. The 
f o l l o w i n g  conc lus ions  were made: 

S i x  f i s h i n g  areas hav ing  combined monthly catches o f  y e l l o w f i n  

1) I g n o r i n g  losses  t o  catches o f  s k i p j a c k  tuna, c l o s i n g  any o r  a 
combinat ion o f  these s t r a t a  would r e s u l t  i n  a maximum ga in  o f  10% t o  
ye1 1 owf i n- b igeye catches. 

2 )  Assuming t h a t  s k i p j a c k  tuna n o t  taken i n  c losed  s t r a t a  would be 
taken i n  o t h e r  areas o r  a t  l a t e r  t imes, an o v e r a l l  g a i n  i n  a t  l e a s t  y i e l d -  
p e r - r e c r u i t  o f  b igeye and y e l l o w f i n  would r e s u l t  f rom c losures .  Y ie ld -per -  
r e c r u i t  t o  b a i  t b o a t s  would decrease w h i l e  y i e l  d -pe r - rec ru i  t t o  purse 
se iners ,  which c a t c h  a broader s i z e  range o f  f i s h ,  would increase. ..I., 

3 )  I t  was assumed t h a t  any s k i p j a c k  tuna n o t  taken would be l o s t ,  and 
t h a t  these 1 osses woul d p a r t i c u l  ar ly a f f e c t  b a i  tboats .  
da ta  were i n s u f f i c i e n t  t o  p r e d i c t  s k i p j a c k  losses ,  t h e  consensus o f  t he  
Working Group p a r t i c i p a n t s  was t h a t  l osses  t o  sk ip jack  catches would exceed 
ga ins  t o  ye1 low f in /b igeye  catches. 
area-t ime c losu res  i n v e s t i g a t e d  would p robab ly  r e s u l t  i n  a decrease i n  the  
combined c a t c h  o f  ye1 l o w f i n ,  b igeye, and sk ip jack  tuna. 

A1 though a v a i l  ab1 e 

The Group concluded t h a t  imposing the  

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major Research Problems 

The u n c e r t a i n t y  o f  t h e  compos i t ion  o f  t h e  A t l a n t i c  b igeye stock 
s t r u c t u r e  makes i t  d i f f i c u l t  t o  eva lua te  and assess the  e f f e c t  o f  t he  
f i s h e r y  upon t h i s  tuna. Analyses o f  models and de te rm ina t ion  o f  MSY, 
there fore ,  can o n l y  be regarded as "bes t  guesses." 
minimum s i z e  l i m i t  r e g u l a t i o n  has n o t  been i n  e f f e c t  l o n g  enough t o  
determine i t s  e f f e c t  upon the  f i s h e r y .  

I n  a d d i t i o n ,  t h e  I C C A T  
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Figure 13. Areas investigated for effect of time-area 
closures by Juvenile Tuna Working Group. Area- 
times listed are strata investigated in detail. 
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1V.B. Cur ren t  Research E f f o r t s  

Cur ren t  A t l a n t i c  b igeye tuna research i s  very  l i m i t e d .  
t he  SWFC has concent ra ted  on e v a l u a t i o n  o f  a v a i l a b l e  data f o r  cohor t ,  
y i e l d - p e r - r e c r u i  t, and rec ru i tmen t  analyses; areas where small b igeye and 
y e l l o w f i n  tunas a r e  caught a r e  a l s o  be ing  i d e n t i f i e d .  

Research a t  

1V.C. Fu tu re  Research Needs 

I V . C . l .  Suggested Approach and Methods 

The f o l l o w i n g  p r o j e c t s  should be undertaken i n  -?der  t o  
improve management o f  the  f i s h e r y :  

1 )  Re-est imate popul a t i o n  parameters: 1 ength-weight re1  a t i o n ,  growth 
r a t e s  ( p a r t i c u l  a r l y  f o r  small f i s h )  , and mor ta l  i ty ra tes .  

2) I n v e s t i g a t e  s tock s t r u c t u r e  t o  i n c l u d e  the  r e l a t i o n s h i p  o f  
c u r r e n t l y  hypothes ized no r the rn  and southern stocks,  and the  r e l a t i o n s h i p  
between l o n g l i n e  and surface-caught b igeye tunas. 

3 )  Eva1 ua te  the  adequacy o f  c u r r e n t  data t o  analyze y i e l  d -per - recru i  t 
411\ 

and spawner/recrui  t. 

4 )  
y e l l o w f i n  tuna on b igeye tuna. 
o f  f i s h  should be determined and considered i n  any management scheme f o r  
y e l l o w f i n  o r  b igeye tunas. 

I n v e s t i g a t e  the  impacts o f  a l t e r n a t e  management schemes f o r  
The e x t e n t  o f  m ix ing  o f  species and s i zes  

1V.D. S ta tus  o f  SWFC Data Base 

A l l  c u r r e n t l y  a v a i l a b l e  A t l a n t i c  b igeye tuna data r e s i d e  on SWFC 
data  bases. A v a i l a b l e  f i s h e r y  data (ca tch ,  c a t c h / e f f o r t ,  and s i z e  
composi t ion)  f o r  t he  1 ongl i n e  f i s h e r y  a r e  m i n i m a l l y  adequate f o r  stock 
assessments, b u t  those f o r  t he  sur face  f i s h e r y  a re  sparse and inadequate 
f o r  assessments. Add i t i ona l  b i o l o g i c a l  data a r e  needed f o r  b o t h  long1 i n e  
and sur face  f i s h e r i e s  i n  o rder  t o  assess popu la t i on  parameters and eva lua te  
s tock  s t r u c t u r e  problems. 
a1 though improving, con t inues  t o  be a problem. Species-composi t i o n  
sampling a t  a l l  l a n d i n g  and transshipment p o r t s  should be cont inued t o  
a1 1 e v i a t e  t h i  s prob l  em. 

M i s r e p o r t i n g  o f  b igeye tuna as y e l l o w f i n ,  

4 
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Eastern A t l a n t i c  s k i p j a c k  tuna s tocks  a r e  c u r r e n t l y  f i s h e d  a t  a h i g h  
l e v e l  (100,000 m t  i n  1980) w h i l e  western A t l a n t i c  s tocks a r e  f i s h e d  a t  a 
l o w  l e v e l  (9,000 m t  i n  1980). CPUE i n d i c e s  f o r  bo th  t h e  French- Ivory 
Coast-Senegal-Morrocan and Tema-based f l e e t s ,  which a r e  q u i t e  d i f f e r e n t  and 
show no c l e a r  t r e n d  over time, a r e  n o t  cons idered t o  be adequate es t ima to rs  
o f  abundance. A v a i l  a b l e  evidence i n d i c a t e s  t h a t  n e i t h e r  western o r  eastern 
A t l a n t i c  s k i p j a c k  s tocks a r e  o v e r f i s h e d  a t  t h i s  t ime, and bo th  s tocks may 
e f f e c t i v e l y  suppor t  increased f i s h i n g  e f f o r t .  T h i s  seems e s p e c i a l l y  t r u e  
f o r  t h e  western A t l a n t i c ,  where a develop ing f i s h e r y  o f f  B r a z i l  accounted 
f o r  80 p e r c e n t  o f  t h e  western A t l a n t i c  c a t c h  i n  1980. 

*cr 
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I. DESCRIPTION OF THE FISHERY 

I . A .  H i s t o r y  o f  the  F i she ry  

Sk ip jack  tuna f i s h e r i e s  began t o  develop i n  the  eas tern  A t l a n t i c  
about 1955 when b a i t b o a t s  f rom France and Spain moved i n t o  the  area o f f  
Dakar ( F i g u r e  1 )  t o  f i s h  f o r  y e l l o w f i n  tuna. 
1960 was o p e r a t i v e  year-round between the  Canary I s l a n d s  and P o i n t  Noi re.  
Purse se ine rs  en tered  the  f i s h e r y  i n  the  e a r l y  1960's. Car ry ing  capac i t y  
o f  t he  combined purse se ine and b a i t b o a t  f l e e t s  has increased s t e a d i l y  
through the  1960's and 7 0 ' s  and c u r r e n t l y  stands a t  more than 60,000 m t  
(Tab le  1 ) .  P r i n c i p a l  p a r t i c i p a n t s  i n  the  f i s h e r y  a re  the  FISM (French, 
I v o r y  Coast, Senegal and Moroccan) and Tema-based b a i  t b o a t  f l e e t s  ( t he  
l a t t e r  i n c l u d i n g  Japan, Korea, Panama and Ghana), and the  FISM, Spanish, 
and U.S. purse se ine f l e e t s  (Tab le  2, F igu re  2 ) .  These f l e e t s ,  which 
e x p l o i t  y e l l o w f i n ,  b igeye, and s k i p j a c k  tuna, have increased t h e i r  combined 
e f f o r t  c o n t i n u a l l y  s ince  1968. 

Th is  f i s h e r y  expanded and by 

Sk ip jack  tuna catches i n  t h e  western A t l a n t i c  a re  q u i t e  small 
( l e s s  than 10% of  t h e  t o t a l )  compared t o  the  eas tern  A t l a n t i c .  
t h e  p r i n c i p a l  p a r t i c i p a n t s  i n  t h i s  f i s h e r y  were b a i t b o a t s  from Cuba and 
purse se ine rs  from the  Un i ted  S ta tes  ( F i g u r e  3 )  f i s h i n g  i n  the  Caribbean. 

U n t i l  1980, 

I n  1980. catches bv B r a z i l i a n  b a i t b o a t s  o f f  B r a z i l  were es t imated  a t  7,000 Ir*r 

m t  o r  about 80% o f t h e  p r o j e c t e d  1980 c a t c h  f o r  the  western A t l a n t  

1.6. Trends i n  Catch and E f f o r t  

Dur ing  the  p e r i o d  1969-1979, catches o f  sk ip jack  i n  the  t o  
A t l a n t i c  v a r i e d  between 60,000 and 117,000 m t  ( F i g u r e  4 ) .  
was p r o j e c t e d  t o  be 109,000 m t .  

The 1980 ca tch  

C. 

a1 

I . B . l .  Eastern A t l a n t i c  F i she ry  

Catches i n  the  east,ern A t l a n t i c  f l u c t u a t e d  between 26,300 
m t  and 113,200 m t  du r ing  1969-1979. 
eas tern  At1 a n t i c  b a i  t b o a t  and purse se ine f l e e t s  has increased s t e a d i l y  
s ince  1968 (F igu re  5). 
se iners  f i s h i n g  i n  the  eas tern  A t l a n t i c  has f l u c t u a t e d  between 9 and 40 
sh ips ,  w i t h  1 2  U.S. purse se iners  f i s h i n g  i n  the  eas tern  A t l a n t i c  i n  1979 
( F i g u r e  6 ) .  F i s h i n g  e f f o r t  on s k i p j a c k  tuna i n  the  eas tern  A t l a n t i c ,  as 
indexed by data f o r  the  FISM purse se ine f l e e t ,  increased markedly ( F i g u r e  
7 )  from l e s s  than 30,000 s tandard days f i s h i n g  (SDA)  i n  1972 t o  more than 
65,000 SDA i n  1973. Since then, FISM sk ip jack  e f f o r t  has f l u c t u a t e d  
between 40,000 and 60,000 SDA pe r  year.  The l e v e l  i n  1979 was about 58,000 
SDA days per  year .  

The c a r r y i n g  capac i t y  o f  the  combined 

Dur ing t h i s  per iod,  t he  number o f  U.S. purse 

1* 
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F i g u r e  1. Area i n  t h e  eas te rn  t r o p i c a l  P a c i f i c  where s k i p j a c k  tuna 
f i s h e r i e s  began t o  develop around 1955. 
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Figure 2 .  a )  Percentage of annual catch by country f o r  eas te rn  At l an t i c  
skipjack tuna 1975-79. Average annual catch i s  86,539 mt. 
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Figu re  3. Percentage o f  annual ca tch  by coun t ry  for  western A t l a n t i c  
s k i p j a c k  tuna, 1975-79. Average annual ca tch  i s  3,361 m t .  
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Figure 4. Total and U.S. skipjack t u n a  catch fo r  the eas te rn  
A t l a n t i c ,  1966-80. 1980 value i s  estimated. 
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Figure 5. Carrying capaci ty  o f  the baitboat-purse se ine  f l e e t  i n  
the  eastern At l an t i c ,  1968-80. 1980 value i s  estimated. 
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F igu re  6. Number o f  U.S. purse se ine rs  f i s h i n g  i n  t h e  eas tern  
A t l a n t i c ,  1968-79. 
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Figure 7. F i s h i n g  e f f o r t  f o r  skipjack tuna i n  standard days 
f i sh ing  per year  f o r  the eas te rn  At l an t i c ,  1969-79. 
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I .B.2. Western A t l a n t i c  F i s h e r y  

Sk ip jack  catches i n  t h e  western A t 1  a n t i c  have f l u c t u a t e d  
markedly i n  r e c e n t  years. From 1966 through 1972, t h e  c a t c h  v a r i e d  from 
1500 m t  t o  2700 m t ,  w i t h  a s l i g h t  downward t r e n d  over t ime ( F i g u r e  8 ) .  
Since 1972 t h e  c a t c h  t r e n d  has been g e n e r a l l y  upward, i n c r e a s i n g  much more 
sha rp l y  i n  1978 w i t h  t h e  a d d i t i o n  o f  t h e  B r a z i l i a n  catch. 

The U n i t e d  S t a t e s  f l e e t  has t r a d i t i o n a l l y  been o n l y  
m a r g i n a l l y  i n v o l v e d  i n  t h e  western At1 a n t i c  s k i p j a c k  tuna f i s h e r y .  The 
U.S. c a t c h  peaked a t  1700 m t  i n  1978, then d e c l i n e d  t o  730 m t  i n  1979. No 
f i s h i n g  e f f o r t  data a r e  a v a i l a b l e  f o r  t h e  western A t l a n t i c .  

I . C .  Value o f  Catch 

I n  1979, s k i p j a c k  tuna weighing l e s s  than 1.8 k g  brought  an average 
o f  $635/mt i n  t h e  U.S., w h i l e  s k i p j a c k  l a r g e r  than 1.8 k g  brought  $771/mt. 
Assuming an average o f  $703/mt, t h e  va lue o f  t h e  1979 eas te rn  A t l a n t i c  
c a t c h  (75,600 mt)  was i n  excess o f  $53 m i l l i o n .  The U.S. p o r t i o n  o f  t h e  
c a t c h  had a va lue o f  more than $3.9 m i l l i o n .  A t  t h e  average 1980 U.S. 
p r i c e  ($952/mt), t h e  1980 eas te rn  A t l a n t i c  s k i p j a c k  c a t c h  (99,900 mt) had 
an est imated va lue o f  more than $95 m i l l i o n .  - 

Based on an average va lue o f  $703/mt, t h e  1979 western A t l a n t i c  
c a t c h  o f  s k i p j a c k  had a va lue o f  more than $2.4 m i l l i o n .  
o f  t h i s  c a t c h  had a va lue o f  $574,000. 
an est imated va lue o f  about $8.9 m i l  1 i o n  ($952/mt). 

The U.S. p o r t i o n  
The 1980 western A t l a n t i c  ca tch  had 

I n  1978 U n i t e d  S ta tes  tuna processors imported more than 50,000 m t  
o f  A t l a n t i c  s k i p j a c k  which, a t  an average va lue o f  $632/mt, had a va lue o f  
more than $31 m i l l i o n .  

I . D .  Cu r ren t  Management o f  t h e  F i she ry  

There a re  p r e s e n t l y  no I C C A T  o r  U.S. r e g u l a t i o n s  f o r  A t l a n t i c  
s k i p j a c k  tuna i n  e f f e c t .  It should be noted t h a t  I C C A T  minimum s i z e  
r e g u l a t i o n s  a r e  i n  e f f e c t  f o r  bo th  A t l a n t i c  y e l l o w f i n  and b igeye tunas. 
Since these tunas a r e  taken i n  a m u l t i s p e c i e s  f i s h e r y  w i t h  s k i p j a c k  tuna i n  
t h e  eas te rn  At1 a n t i c ,  these r e g u l a t i o n s  impact t h e  s k i p j a c k  tuna f i s h e r y .  
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Figure 8. Total and  U.S. skipjack t u n a  catch fo r  the western 
At l an t i c ,  1966-80. 1980 value i s  estimated. 
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11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

I 1  .A. Eas tern  At1 a n t i c  F i s h e r y  

S i g n i f i c a n t  U n i t e d  S ta tes  p a r t i c i p a t i o n  i n  the  A t l a n t i c  sk ip jack  
tuna f i s h e r y  began i n  1967 w i t h  t h r e e  U.S. tuna  purse se ine rs  f i s h i n g  o f f  
A f r i c a .  T h e i r  success a t t r a c t e d  o t h e r  U.S. se ine rs  t o  the  eas te rn  A t l a n t i c  
f i s h e r y .  I n  1972, 40 American tuna se ine rs  i n  the  eas te rn  A t l a n t i c  f i s h e r y  
caught 12,000 m t  o f  s k i p j a c k  tuna. Since then American p a r t i c i p a t i o n  has 
f l u c t u a t e d  between 6 (1980) and 37 vesse ls  (1975). 
(21,200 mt) was taken i n  1973 by  29 purse se iners .  
p r o j e c t e d  t o  be 2,700 m t ,  3% o f  t h e  eas te rn  A t l a n t i c  t o t a l .  
t h e  s k i p j a c k  tuna c a t c h  i n  the  eas te rn  A t l a n t i c  i s  made by FISM and Tema- 
based b a i t b o a t s  and FISM se iners .  T h e i r  ca tch  i s  expected t o  account f o r  
50% o f  t h e  1980 t o t a l  catch.  Spanish purse se ine rs  a r e  expected t o  c a t c h  
about 32% o f  t h e  1980 t o t a l .  I n  r e c e n t  years ,  t h e  catches o f  Angola, 
Po r tuga l ,  and t h e  USSR have increased. Two S o v i e t  purse se ine rs  a r e  
r e p o r t e d  t o  have f i s h e d  i n  t h e  G u l f  o f  Guinea i n  1980. 

The l a r g e s t  U.S. c a t c h  
The 1980 U.S. c a t c h  i s  

The b u l k  o f  

I I .B. Western A t l a n t i c  F i s h e r y  

F i s h i n g  by U.S. se ine rs  i n  t h e  western A t l a n t i c  has been p r i m a r i l y  
b y  se ine rs  t r a n s i t i n g  between t h e  G u l f  o f  Guinea and Puer to  R ico  o r  t he  
eas te rn  t r o p i c a l  P a c i f i c .  Since 1975, however, U.S. se ine rs  have spent 
more t ime  searching f o r  s k i p j a c k  i n  the  western A t l a n t i c ,  and have 
accounted f o r  almost 20% o f  t h e  t o t a l  ( F i g u r e  3 )  through 1979. The catches 
o f  b o t h  Cuba and the  U.S., who toge the r  took 88% o f  t h e  t o t a l  catch,  have 
been r e l a t i v e l y  cons tan t  i n  r e c e n t  yea rs  (1971-77). 
been almost e x c l u s i v e l y  f rom the  Caribbean. 

These catches have 

A new f i s h i n g  area o f f  B r a z i l  and Argent ina  i s  c u r r e n t l y  be ing  
Catches f o r  t h i s  area t o t a l e d  670 m t  i n  

Th is  f i g u r e  jumped t o  1900 m t  i n  1979 and was p r o j e c t e d  t o  be 7000 
T h i s  new area i s  q u i t e  l a r g e  and appears t o  have p o t e n t i a l  

e x p l o i t e d  by B r a z i l i a n  b a i t b o a t s .  
1978. 
m t  f o r  1980. 
f o r  inc reased e x p l o i t a t i o n .  

111. STATUS OF THE STOCKS 

Due t o  the  n a t u r e  o f  t h e  f i s h e r y  (i .e. , p r i m a r i l y  su r face  gears 
e x p l o i t i n g  o n l y  one young age group) , p o p u l a t i o n  assessment techniques 
u t i 1  i z e d  f o r  o t h e r  tuna species g i v e  i n c o n c l u s i v e  r e s u l t s  f o r  sk ip jack .  

t h e  I n t e r n a t i o n a l  Sk ip jack  Year program c u r r e n t l y  be ing  coord ina ted  by 
ICCAT. 

The need f o r  f u r t h e r  i n f o r m a t i o n  t o  assess stock s t a t u s  i s  emphasized by nr, 
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I I I. A. Stock S t r u c t u r e  

L i t t l e  i s  known about t h e  s t r u c t u r e  o f  A t l a n t i c  s k i p j a c k  tuna 
A separate east-west s tock has been hypothesized and indeed stocks.  

s k i p j a c k  ca tch  has been t r a d i t i o n a l l y  segregated i n t o  eas tern  and western 
A t l a n t i c  components. Resu l ts  o f  tagg ing  programs i n  1980 by t h e  Un i ted  
S ta tes  i n  the  Caribbean, t h e  Spanish i n  the  Canary I s lands ,  and the  
Japanese i n  the  G u l f  o f  Guinea should p rov ide  i n f o r m a t i o n  bear ing  on t h i s  
p rob l  em. 

I I 1  .B. Stock Assessment and F i she ry  Eva1 u a t i o n  

I I I. B . 1 . Trends- i n-Ca t c  h- per-  Un i t - E  f f o r t  

A v a i l a b l e  s k i p j a c k  tuna c a t c h - p e r - u n i t - e f f o r t  (CPUE) 
es t imates  f o r  t he  eas tern  A t l a n t i c  i n c l u d e  those f o r  t he  FISM and Tema- 
based f l e e t s .  These es t imates  a r e  d i s s i m i l a r  because they a r e  based on 
d i f f e r e n t  u n i t s  o f  e f f o r t .  I n  a d d i t i o n ,  n e i t h e r  o f  these eas te rn  A t l a n t i c  
CPUE es t imates  prov ides  a v a l i d  index o f  abundance because s k i p j a c k  
a v a i l a b i l i t y  v a r i e s  markedly f rom year  t o  year .  
compl ica ted  by some vessels,  i n c l u d i n g  FISM f l e e t  u n i t s ,  f i s h i n g  s k i p j a c k  
o n l y  i n  t imes o f  low y e l l o w f i n / h i g h  sk ip jack  a v a i l a b i l i t y .  
Tema-based f l e e t  CPUE i nd i ces ,  are,  however, t h e  o n l y  i n f o r m a t i o n  a v a i l a b l e  
f o r  i n f e r r i n g  sk ip jack  abundance i n  the  eas tern  A t l a n t i c .  

T h i s  problem i s  f u r t h e r  

The FISM and 

The FISM es t imate  i s  cons idered t o  be the  most 
r e p r e s e n t a t i v e  o f  t h e  two eas tern  A t l a n t i c  CPUE es t imates  and i s  presented 
i n  F igu re  9. 
tons  per  f i s h i n g  day, w i t h  no apparent t r e n d  over t ime. 

CPUE f o r  1969-1979 f l u c t u a t e d  between one and th ree  m e t r i c  

No CPUE index c u r r e n t l y  e x i s t s  f o r  the  western A t l a n t i c .  

I I I .B.2.  Resul t s  o f  Produc t ion  Model Ana lys is  

P l o t s  o f  f i s h i n g  e f f o r t ,  catch,  and CPUE f rom the  FISM 
purse se ine f l e e t  i n  the  eas tern  A t l a n t i c  a re  presented i n  F igu re  10. 
Attempts t o  f i t  the  produc t ion  model t o  these data have f a i l e d  t o  produce a 
v i a b l e  r e l a t i o n  between surp lus  p roduc t i on  and e f f o r t .  Due t o  s p o t t y  
f i s h i n g  e f f o r t  and small catches i n  the  western A t l a n t i c  (9,000 m t  
annua l l y )  , produc t ion  model a n a l y s i s  f o r  western A t 1  a n t i c  has n o t  been 
attempted. 
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Figure 9. Average catch-per-unit-effort (CPUE) for skipjack 
tuna in the eastern Atlantic, 1969-79. 
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I I I .B.3.  Resu l ts  o f  Y ie ld -pe r -Rec ru i t  Ana lys is  

A y i e l  d -per - recru i  t a n a l y s i s  f o r  eas tern  A t 1  a n t i c  
s k i p j a c k  was performed a t  the  second I C C A T  workshop on j u v e n i l e  tunas h e l d  
i n  Bres t ,  France, i n  1980. 
p a r t i c i p a n t s  noted t h a t  u n c e r t a i n t i e s  assoc ia ted  w i t h  i d e n t i f i c a t i o n  o f  
yea r -c l  asses due t o  year-round spawning of eas tern  At1 a n t i c  sk ip jack  made 
the  r e s u l t a n t  a n a l y s i s  quest ionable.  Th is  a n a l y s i s  ( F i g u r e  11)  i n d i c a t e s  
t h a t  f o r  h i g h  and low  l e v e l s  o f  s k i p j a c k  tuna rec ru i tmen t  the re  i s  l i t t l e  
b e n e f i t  t o  be expected from an increase i n  the  age-a t - f i r s t - cap tu re .  

I n  f o r m u l a t i n g  the  ana lys i s ,  t he  workshop 

I I I .B.4.  Resu l ts  o f  Spawner/Recruitment Ana lys is  

No spawner/recrui  t a n a l y s i s  i s  a v a i l  ab le  f o r  A t l a n t i c  
s k i p j a c k  tuna stocks.  

I I I .B.5.  Resu l ts  o f  Other Ana lvs is  S imu la t ions  

None a v a i l  able. 

1 I I . C .  Cu r ren t  Eva lua t i on  o f  Stocks and the  F i she ry  

Sk 
h i g h  l e v e l  
y i e l d  f rom 
the  p o t e n t  
e s p e c i a l l y  

p jack  tuna i n  the  eas te rn  A t l a n t i c  a re  c u r r e n t l y  f i s h e d  a t  a 
w h i l e  western A t l a n t i c  s k i p j a c k  a r e  f i s h e d  a t  a l ow  l e v e l .  
the  s tock (s )  i s  unknown, b u t  a v a i l a b l e  i n f o r m a t i o n  suggests t h a t  
a1 y i e l d  i s  l a r g e r  than c u r r e n t  ca tch  l e v e l s  i n d i c a t e ,  
i n  the  western A t l a n t i c .  

The 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

Major  research  a c t i v i t i e s  f o r  At1 a n t i c  sk ip jack  tuna a r e  c u r r e n t l y  
underway i n  c o n j u n c t i o n  w i th  ICCAT's I n t e r n a t i o n a l  Sk ip jack  Year Program. 
To da te  they i n c l u d e  tagg ing  o f  s k i p j a c k  and c o l l e c t i o n  o f  data f o r  
m a t u r i t y / f e c u n d i t y  s tud ies ,  ageing s tud ies ,  stomach ana lys i s ,  and 
environmental  s tud ies .  Fu r the r  research  and data c o l l e c t i o n  by I C C A T  
p a r t i c i p a n t s  a r e  planned f o r  1981 i n  these areas and i n  the  areas o f  
e x p l o r a t o r y  f i s h i n g ,  improved f i s h e r y  s t a t i s t i c a l  sampl ing,  and l a r v a l  
s tud ies .  
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Figure 11. Equilibrium yie ld-per - recru i t  f o r  At lan t ic  skipjack 
f o r  two hypothetical recruitment l eve l s  ( A  - h i g h  
recruitment of 356 x 106 f i s h ;  B - low recruitment 
of 14.3 x 106 f ish)  f o r  combination of f i sh ing  m r t a l -  
i t y  m u l t i p l i e r  and age (weight a t  f i r s t  capturey. 
X = present s i t u a t i o n .  
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1V.A. Major  Research Problems 

1 )  Improved s k i p j a c k  tuna f i s h e r y  s t a t i s t i c s  must be c o l l e c t e d  t o  
a1 low accura te  assessment o f  s tock  c o n d i t i o n  and development o f  management 
s t r a t e g i e s .  T h i s  a p p l i e s  t o  t r a d i t i o n a l l y  f i s h e d  areas as w e l l  as areas 
w i t h  develop ing f i s h e r i e s  (such as o f f  B r a z i l  and Ascension I s l a n d ) .  

2 )  No r e l i a b l e  index o f  abundance c u r r e n t l y  e x i s t s  f o r  eas te rn  
A t l a n t i c  s k i p j a c k  stocks.  CPUE i n d i c e s  computed from data f o r  FISM and 
Tema-based f l e e t s  use d i f f e r e n t  u n i t s  o f  e f f o r t  and t h e r e f o r e  cannot  be 
compared. 
p r o p o r t i o n a l  t o  s k i p j a c k  abundance because vesse ls  f i s h  f o r  t h i s  species 
o n l y  i n  t imes o f  l ow  y e l l o w f i n  a v a i l a b i l i t y .  
e x i s t s  f o r  eas tern  o r  western A t l a n t i c  sk ip jack  f i s h e r i e s .  

I n  a d d i t i o n ,  CPUE f o r  t h e  FISM f l e e t  i s  n o t  thought  t o  be 

No v i a b l e  abundance index 

3 )  Minimum s i z e  r e g u l a t i o n s  f o r  b igeye and y e l l o w f i n  tuna a f f e c t  
s k i p j a c k  tuna f i s h e r i e s  because a l l  t h r e e  species may be captured  i n  the  
same t ime/area. The impact  o f  these r e g u l a t i o n s  on s k i p j a c k  f i s h e r i e s  
needs t o  be assessed. 
a1 t e r n a t e  management schemes f o r  conserv ing  y e l l o w f i n  and b igeye (e.g. 
t ime/area /c l  osures) . 

Such assessment can be used t o  i n f e r  t he  e f f i c a c y  o f  

1V.B. Cur ren t  Research E f f o r t s  

1 )  Improved est imates o f  t h e  sk ip jack  length /we igh t  r e l a t i o n ,  
n a t u r a l  mor ta l  i ty, and growth have been devel oped. 

2) A p r e l i m i n a r y  assessment o f  t he  e f f e c t s  o f  minimum s i z e  
r e g u l a t i o n s  f o r  b igeye and y e l l o w f i n  on sk ip jack  ca tch  has been performed. 

3 )  Sex r a t i o s  and age a t  ma tu ra t i on  o f  s k i p j a c k  landed a t  Dakar 
(1977-79) have been determined. 

4) M i g r a t i o n  p a t t e r n s  f o r  sk ip jack  dar t - tagged and t e t r a c y c l i n e -  
marked i n  the  Canary I s lands  (1979-80) have been examined. 

5 )  Sk ip jack  caught south and southeast  o f  B r a z i l  between 1978 and 
1980 have been examined t o  determine length /we igh t  and g i l l e d - g u t t e d  
weight /weight  re1  a t i onsh ips .  

6) School species compos i t ion  and aggregat ion phenomena 
associated w i t h  tuna schools i n  the  G u l f  o f  Guinea (1979-80) have been 
examined. 

7 )  C u r r e n t  s t a t u s  o f  A t l a n t i c  sk ip jack  s tocks have been assessed 
us ing  p roduc t i on  model a n a l y s i s  techniques. 
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8) The use o f  sea su r face  temperature as an index f o r  
p a r t i t i o n i n g  f i s h i n g  e f f o r t  on s k i p j a c k  and y e l l o w f i n  tuna has been 
examined. 

9 )  The economic va lue o f  eas te rn  A t l a n t i c  tuna f i s h e r i e s  has been 
assessed. 

1V.C. Fu tu re  Research Needs 

Proposed f u t u r e  research p r o j e c t s  a r e  1 i s t e d  below, toge the r  w i t h  
suggested methods o f  s tudy and sources o f  i n fo rma t ion .  

I V . C . l .  Suggested Approach and Methods 

need t o  be examined t o  v e r i f y  o r  e s t a b l i s h  s u i t a b l e  CPUE i n d i c e s  f o r  
eas te rn  At1 a n t i c  s k i p j a c k  tuna stock( s)  . 
same techniques t o  c a t c h / e f f o r t  data f o r  t h e  western A t l a n t i c  should then 
be assessed. 

1 )  C a t c h / e f f o r t  data from FISM and Tema-based f l e e t s  

The f e a s i b i l i t y  o f  a p p l y i n g  these 

2)  D i s t r i b u t i o n  and m i g r a t i o n  p a t t e r n s  o f  At1 a n t i c  
s k i p j a c k  s tocks need t o  be examined us ing  t a g  r e t u r n  r e s u l t s  from I S Y  

_n t a g g i n g  programs. 

3 )  Growth and s tock s t r u c t u r e  o f  eas te rn  and western 
A t l a n t i c  s k i p j a c k  s tocks need t o  be compared us ing  data t o  be c o l l e c t e d  by 
I S Y  programs (e.g., length/ f requency data f o r  s k i p j a c k  captured o f f  B r a z i l ,  
Ascension I s l a n d ,  and i n  t h e  G u l f  o f  Guinea). 

4 )  Locat ion,  seasona l i t y ,  i n t e n s i t y ,  and p h y s i o l o g i c a l  
t r i g g e r i n g  mechanisms r e l a t e d  t o  s k i p j a c k  spawning need t o  be examined. 

5) P r e l i m i n a r y  assessments o f  i n t e r a c t i o n s  o f  small  
y e l l o w f i n ,  bigeye, and s k i p j a c k  have been performed. 
data used i n  these assessments need t o  be re-examined and p r e l i m i n a r y  
r e s u l t s  v e r i f i e d  o r  a1 t e r e d  as requi red.  

The techniques and 

6) Environmental data taken d u r i n g  t h e  SWFC s k i p j a c k  
tagg ing  c r u i s e  i n  t h e  Caribbean should be compared w i t h  s k i p j a c k  school 
s i g h t i n g s  t o  determine i f  these r e s u l t s  agree w i t h  pub l i shed  
env i ronmen t /ava i l ab i l  i t y  r e l a t i o n s  f o r  o t h e r  geographic areas. 

7 )  The i d e n t i f i c a t i o n  o f  s k i p j a c k  h a b i t a t  vu lne rab le  t o  
su r face  f i s h i n g  gear o f f  B r a z i l  and Argent ina ( F i g u r e  12)  i n  1979 preceded 
t h e  establ ishment  o f  a s u b s t a n t i a l  f i s h e r y  i n  t h a t  area i n  1980. 
seasonal and area l  f l u c t u a t i o n s  o f  t h i s  h a b i t a t  area need t o  be examined. 

The 
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F igure  12. Annual mean contours of maximum depth of s k i p j a c k  tuna 
h a b i t a t .  Hatched areas i n d i c a t e  h a b i t a t  depths o f  l e s s  
than 50 meters. 
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8 )  A n  assessment of potential skipjack biomass i n  the 
area indicated i n  ( 7 )  above should be undertaken to  determine i f  the area 
can support a substant ia l ly  la rger  fishery.  

1 V . D .  S ta tus  of SWFC Data Base 

La J o l l a  Laboratory data bases fo r  Atlantic skipjack tuna contain 
a l l  avai lable  f ishery data. Ancillary marine environment data bases 
necessary f o r  the studies proposed i n  (61, (71, and ( 8 )  of Section IV.C.l. 
a r e  a t  PEG. 
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STATUS REPORT: SOUTH ATLANTIC ALBACORE 

by  

Norman Bartoo 

Southwest F i she r ies  Center 
Oceanic F i s h e r i e s  Resources D i v i s i o n  

La J o l l a ,  C a l i f o r n i a  

ABSTRACT 

Annual catches from the south A t l a n t i c  albacore stock have remained 
near 22,000 r n t  f o r  the  l a s t  few years.  Current  annual e f f o r t  l e v e l s  a re  
near 100 m i l l i o n  hooks, the  l e v e l  reached i n  1972. Ava i lab le  evidence 
i n d i c a t e s  t h a t  the  stock i s  c u r r e n t l y  producing catches about 25% below 
est imated MSY and t h a t  a r e l a t i v e l y  h igh  y i e l d - p e r - r e c r u i t  o f  about 7.7 k g  
i s  be ing rea l i zed .  The south A t l a n t i c  albacore f i s h e r y  supp l ies  about 40% 
o f  t he  U.S. annual consumption through imports.  
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I .  DESCRIPTION OF THE FISHERY 

A1 bacore i n  the Atlantic Ocean are  dis t r ibuted from approximately 50" 
N t o  40" S l a t i t ude  although most catches come from temperate waters 
(Figure 1). 

I.A. History of the Fishery 

The south Atlantic fishery began i n  1956 when longliners,  
pr incipal ly  from Japan, began f i s h i n g  i n  the Atlantic. Japan dominated the 
industry from 1956 through the mid-1960's. 
have great ly  increased the i r  share of the catch (Figure 2 ) .  

Since then Taiwan and Korea 

1.8. Trends i n  Catch and Effor t  

Albacore catches i n  the south Atlantic rose s teadi ly  from 20 m t  i n  
1956 t o  an ear ly  peak of 36,000 m t  i n  1966. 
recorded catch i n  1967, the catch rose e r r a t i c a l l y  t o  a record h i g h  of 
42,000 m t  i n  1972. Since 1972 the  catch has been i n  the 20,000 t o  23,000 
m t  range (Figure 31, w i t h  a reported catch i n  1979 of 22,000 m t .  
e f f o r t  has increased from near zero i n  1956 t o  a peak of 100 plus m i l l i o n  
e f fec t ive  hooks i n  1972 and 1973. 
remained h i g h ,  near 100 million hooks. 

Following a 45% drop i n  

J.-- Longline 

Since 1973, ef fec t ive  e f f o r t  has 

I.C. Value of Catch 

Reliable ex-vessel price d a t a  for  foreign f l e e t s  a re  n o t  readily 
available.  
U.S. fishermen), the south Atlantic a1 bacore catch averaged about $36 
million per year from 1973 t o  1977. 
mil 1 ion. 

Assuming a value of $1,800 per m t  ( t h e  approximate price p a i d  

The 1979 catch was worth about $40 

8 

I . D .  Current Management of the Fishery 

There are  no international f i she r i e s  management measures currently 
i n  force fo r  the south Atlantic albacore stock. 

c 
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Figure 1.  General d i s t r ibu t ion  o f  albacore i n  the At lan t ic  (bold hatching) 
and location of f i s h e r i e s  ( f i n e  hatching). 
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SOUTH STOCK 

TAIWAN 82% 

KOREA 16 

F i g u r e  2. Percentages of south A t l a n t i c  a lbacore  catches taken by 
major  f i s hery  p a r t  i c i pants . 
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Figure 3. Comparison o f  annual catch o f  south Atlant ic  albacore by 
longline f ishery t o  Atlant ic  t o t a l  (north stock surface,  
south s tock longline,  and n o r t h  stock longline f i s h e r i e s ) .  
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I . NATURE AND SIGNIFICANCE OF I S .  AND FOREIGN 
P A R T I C I P A T I O N  I N  THE FISHERY 

The U.S. does n o t  a c t i v e l y  p a r t i c i p a t e  i n  the  south A t l a n t i c  a lbacore 
commercial f i s h e r i e s ,  b u t  i s  i n t e r e s t e d  i n  the  south A t l a n t i c  a lbacore 
stock.  The U.S. i s  a s ignatory  t o  the  I C C A T  convent ion and as such has 
i n d i c a t e d  i t s  w i l l i n g n e s s  t o  conserve the  A t l a n t i c  tuna stocks. 

l o n g l i n e ,  i s  impor ted i n t o  the  U.S. f o r  domestic consumption. Th is  
impor ted A t l a n t i c  a lbacore accounts f o r  about 40% o f  t he  t o t a l  annual U.S. 
a lbacore  consumption. 
oceans and domestic catches. For  comparison, t h e  U.S. domestic f i s h e r y  
p rov ides  about 1 5  t o  20% o f  t he  a lbacore consumed i n  the  U.S. The U.S. 
c u r r e n t l y  consumes about 45% o f  the  wor ld ' s  t o t a l  a lbacore catch. 

About 45% o f  the  t o t a l  A t l a n t i c  a lbacore catch, mos t l y  caught by 

The remaining 60% comes from impor ts  from o the r  

111. STATUS OF THE STOCKS 

1 I I . A .  Stock S t r u c t u r e  

Th is  ana lys i s  assumes t h a t  the  A t l a n t i c  a1 bacore popu la t i on  i s  
composed o f  n o r t h  and south stocks separated a t  t he  equator. The assumed 
stock separa t ion  i s  based p r i m a r i l y  on l o n g l i n e  ca tch  r a t e s  which dec l i ne  
near the  equator. Secondary suppor t  i s  g iven by t h e  d i f f e r e n t  reac t i ons  o f  
t h e  l o n g l i n e  CPUE, bo th  n o r t h  and south, t o  increased f i s h i n g  pressure i n  
t h e  nor th .  

1 I I . B .  Stock Assessment and F i she ry  Eva lua t ion  

I I I . B . l .  Trends i n  Catch-per-Uni t -Ef for t  

The south stock i s  f i s h e d  o n l y  by l o n g l i n e .  The catch- 
p e r - u n i t - e f f o r t  f o r  the  stock shows an expected gradual dec l i ne  f o l l o w i n g  a 
peak va lue i n  1960 (F igu re  4 1 ,  i n d i c a t i n g  a reduc t i on  i n  a d u l t  abundance. 
Long l i ne  e f f o r t  has increased from near zero i n  1956 t o  a peak o f  100 p l u s  
m i l l i o n  e f f e c t i v e  hooks i n  1972 and 1973. Since 1973 e f f e c t i v e  e f f o r t  has 
remained high, near 100 m i l l i o n  hooks. 

I I I .B.2.  Resul ts  o f  Product ion Model Ana lys is  

Resu l ts  o f  p roduc t ion  model ana lys i s  f o r  t he  south stock 
( F i g u r e  5) i n d i c a t e  an est imated MSY i n  the  28,000 t o  32,000 m t  range. 
ca tch  i n  recen t  years has been below t h i s  l e v e l  a l though catches i n  the  

The 
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Figure 4. Catch-per-unit-effort for Atlantic albacore longline 
fisheries on the south stock. 
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Figure 5. Production model results for south Atlantic albacore. 
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l a t e  1960's and early 1970's were close to  MSY. 
m t  was below MSY, w i t h  effort levels below t h a t  required for MSY. 

The 1979 catch of 22,000 

111.9.3. Results of Yield-per-Recruit Analysis, 

The south Atlantic fishery i s  producing a yield-per- 
recruit of about 7.7 kg. 
virtually no increase in yield-per-recruit i s  likely t o  occur by 
maintaining f i  shi ng effort and increasing si ze-at- f i rst- capture .  
Furthermore, increases ( u p  t o  40%) i n  effort w i t h  the same size-at-first- 
capture will produce 1 i t t l e  change in yield-per-recrui t Val ues. 

Because of the nature of the longline fishery, 

III.B.4. Results of Spawner/Recruitment Analysis 

No spawner/recruit relationship has been established for  
Estimates o f  recruitment t o  age 3 from the 1960 t o  1966 year- this stock. 

classes (from cohort analyses) show relatively cons tan t  values of about  3.6 
mill ion fish per year. 

I11 .B.5. Results of Other Analyses/Simul ations 

None avail ab1 e. 

1II.C. Current Evaluation o f  Stocks and the Fishery 

Evidence avail able for the south A t 1  antic a1 bacore stock indicates 
the stock i s  currently being expldited about  25% below MSY. 
appears t o  be producing a yield-per-recruit which i s  near the maximum for 
the mode of  fishing used. 

The stock 

No problems w i t h  recruitment have been found.  

IV. STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major Research Problems 

The south Atlantic albacore stock has shown no immediate research 
needs a l t h o u g h  the representativeness o f  longline CPUE a s  an indicator of 
stock abundance should be investigated. 

1V.B. Current Research Efforts 

The current U.S. research effort on south Atlantic albacore i s  
1 imi ted t o  monitoring the research efforts of foreign scientists through 
I CCAT . 
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1V.C. Future Research Needs 

As stated,  the  representativeness o f  l o n g l i n e  CPUE as an ind ica tor  
o f  stock abundance should be invest igated.  

1V.D. Status o f  SWFC Data Base 

The data base f o r  south A t l a n t i c  albacore a t  SWFC i s  adequate and 
up-to-date. New data a r e  supplied by ICCAT as ava i lab le .  
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STATUS REPORT: NORTH ATLANTIC ALBACORE 

Norman Bartoo 

Southwest F i she r ies  Center 
Oceanic F i she r ies  Resources D i v i s i o n  

La J o l l a ,  C a l i f o r n i a  

ABSTRACT 

The n o r t h  A t l a n t i c  albacore stock i s  f i shed  by l o n g l i n e  and surface 
gears. 
1960. Longl ine catches i n  1979 were 11,000 m t .  Ava i lab le  evidence 
i n d i c a t e s  t h a t  MSY i s  about 60,000 m t ,  which i s  10% t o  15% above recent  
years '  catches. Y ie ld -pe r - rec ru i t  t o  the  n o r t h  A t l a n t i c  a1 bacore f i s h e r i e s  
i s  about 3.8 kg, w i t h  some increase poss ib le  w i t h  f i s h e r y  changes. 
Recruitment i n d i c e s  i n d i c a t e  t h a t  spawning stock i s  low and recru i tment  
h i g h l y  var iab le .  

Surface catches (38,000 m t  i n  1979) have dec l ined about 25% s ince 

The f i s h e r y  appears t o  be heav i l y  exp lo i ted .  
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1. DESCRIPTION OF THE FISHERY 

A1 bacore i n  the  A t l a n t i c  Ocean are  d i s t r i b u t e d  from approximately 50" 
N t o  40" S l a t i t u d e ,  a l though most catches come from temperate waters 
(F igu re  1 ) .  

I .A. H i s t o r y  o f  the  F ishery  

, The n o r t h  A t l a n t i c  a lbacore f i s h e r y  developed as a sur face f i s h e r y  
( t r o l l  and b a i t b o a t )  i n  the  Bay o f  Biscay i n  the  1920's and cont inued as 
such u n t i l  1956 when an A t 1  ant ic-wide 1 ongl i n e  f i s h e r y  devel oped. 
sur face and l o n g l i n e  f i s h e r i e s  have operated cont inuously  from 1956 t o  the  
present  . 

Both 

S i x  r e l a t i v e l y  separate a1 bacore f i s h e r i e s  (and p a r t i c i p a n t s )  can 
be i d e n t i f i e d  i n  the  n o r t h  A t l a n t i c :  

1 )  Sur face (France and Spain) t r o l l  f i s h e r y  - 2-5 yea r -o ld  f i s h ,  

2)  Summer l i v e - b a i t  (Spain) f i s h e r y  - 2-6 yea r -o ld  f i s h ,  most ly  

most ly  j u v e n i l e s  i n  the  Bay o f  B iscay t o  the  Azores. 

j u v e n i l e s  i n  the  Bay o f  Biscay. 

3 )  Autumn l i v e - b a i t  (France and Spain) f i s h e r y  - 5-12 yea r -o ld  
adu l ts ,  from Spain t o  the  Azores s ince  1974. 

4 )  Year-round (Spain and France) l i v e - b a i t  f i s h e r y  - 5-12 yea r -o ld  
adu l ts ,  from the  I b e r i a n  Peninsula t o  the Canary Is lands,  s ince 1970. 

5 )  Winter  (Taiwan) l o n g l i n e  f i s h e r y  - 4-7 yea r -o ld  young adu l ts ,  i n  
the  no r the rn  At1 an t i c .  

6) Summer (Korea) l o n g l i n e  f i s h e r y  - 5-12 yea r -o ld  adu l t s  i n  the  
no r the rn  At1 an t i c .  

A t o t a l  o f  10 count r ies ,  Taiwan, Cuba, France, Grenada, Japan, 
Korea, Norway, Portugal ,  Spain, and Tr in idad,  have repor ted  no r th  A t l a n t i c  
a lbacore catches t o  I C C A T .  The vas t  m a j o r i t y  o f  t he  repor ted  recent  years '  
catches have been made by France, Spain, and Taiwan i n  the  f i s h e r i e s  noted 
above (F igu re  2) .  

I .B .  Trends i n  Catch and E f f o r t  

' 

gear, and year  a re  a v a i l a b l e  from and summarized by the  I n t e r n a t i o n a l  
Commission f o r  the  Conservation o f  A t l a n t i c  Tunas (ICCAT). Trends i n  ca tch  
by  year  a re  shown i n  F igure  3. 

Data on ca tch  f o r  the  l o n g l i n e  and sur face f i s h e r i e s  by country ,  

The f i s h e r y  began about 1920 w i t h  repor ted  
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Figure 1.  General d i s t r ibu t ion  of albacore in the  Atlant ic  (bold hatching) 
and location of f i she r i e s  ( f ine hatching). 
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Figure 2 .  Percentages of north Atlant ic  albacore catches taken by 
major f ishery par t ic ipants .  
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Figure 3. Comparison of annual catch of north A t l a n t i c  a lbacore  by 
f i s h e r y  ( long l ine  and su r face )  t o  A t l a n t i c  t o t a l  ( i nc ludes  
south longl ine  f i s h e r y ) .  
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catches near 10,000 m t .  
rose t o  41,000 m t  i n  1956. 
50,000 m t  range from 1956 t o  1967, t h e n  dropped t o  27,000 m t  during 1967 t o  
1973. 
maintained the general downward trend s ta r ted  i n  1960. The surface f ishery 
apparently concentrates on albacore of ages 1, 2,  and 3 years.  In 1979 the 
surface fisheries took 38,000 m t .  

Catches increased slowly a t  f i r s t ,  t h e n  rapidly 

Catches from 1974 t o  1978 again rose near 34,000 m t  b u t  generally 

Surface catches fluctuated i n  the 40,000 t o  
r4 

Longliners began f ishing f o r  north Atlant ic  albacore i n  1956 w i t h  
catches of only a few tons. Catches rose s teadi ly  t o  a peak of 15,000 t o  
16,000 m t  i n  the 1963 t o  1965 period. After the 1965 catch year (Figure 
31, longline catches dropped t o  the 5,000 t o  8,000 m t  range through 1969. 
By 1971 the catch rose to  11,000 m t ,  t h e n  declined t o  6,000 m t  i n  1972. 
The 1973 t o  1978 catches were somewhat higher, ranging from 9,000 t o  24,000 
m t  w i t h  an average catch of 17,000 m t .  The longline f ishery apparently 
concentrates on adul t  albacore of age 5 and older.  The 1979 longline catch 
was 11,000 m t .  

The  enti re  north A t 1  an t ic  a1 bacore f ishery produced y i e lds  from 
10,000 m t  i r ,  1920 t o  41,000 m t  i n  1956, w i t h  a peak of 69,000 m t  i n  1964. 
The  e n t i r e  1958 t o  1965 period experienced f luctuat ing catches from 41,000 
t o  69,000 m t ,  averaging about 55,000 m t  per year. 
while f luctuat ing,  have generally declined t o  the 45,000 t o  55,000 m t  
range. In 1977, 1978, and 1979 the catches were 52,000 m t ,  48,000 m t ,  and 
48,000 m t ,  respectively.  

Longline e f f o r t  has continuously increased from near zero i n  1956 
t o  about 65 mill ion e f f ec t ive  hooks i n  1973. Since 1973 the e f f o r t  has 
remained generally constant,  near 60 mill ion hooks. Standardized surface 
e f f o r t  grew from about 18,000 f i sh ing  days i n  1920 t o  about 92,000 f i sh ing  
days i n  1967. Since 1967, surface e f f o r t  has declined about 40%, t o  about  
55,000 f i sh ing  days. 

Since 1965, the catches,  

rr, 

I.C. Value of Catch 

No r e l i ab le  data a r e  avai lable  on the foreign ex-vessel values f o r  
the catch. However, i n  1980 the U.S. albacore fishermen received about 
$1800 per m t  (ex-vessel). Based on this price, the 1977, 1978, and 1979 
north Atlant ic  albacore catches are valued a t  about $90 mill ion,  $86 
mil 1 i o n ,  and $87 mill ion ,  respectively. 

I.D. Current Management of the Fishery 

No international f i she r i e s  management measures a r e  current ly  i n  
e f f e c t  fo r  the north Atlantic albacore stock. 
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11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

The U.S. does n o t  a c t i v e l y  p a r t i c i p a t e  i n  t h e  A t l a n t i c  a lbacore  
commercial f i s h e r i e s  b u t  i s  i n t e r e s t e d  i n  t h e  A t l a n t i c  a lbacore  stocks.  
The U.S. i s  a s i g n a t o r y  t o  t h e  ICCAT convent ion  and as such has i n d i c a t e d  
i t s  w i l l i n g n e s s  t o  conserve t h e  A t l a n t i c  tuna s tocks.  

About 45% o f  t h e  t o t a l  A t l a n t i c  a lbacore  catch,  m o s t l y  caught  by 
l o n g l i n e ,  i s  impor ted i n t o  t h e  U.S. f o r  domestic consumption. T h i s  
impor ted  A t l a n t i c  a lbacore  accounts f o r  about 40% o f  t h e  t o t a l  annual U.S. 
a l b a c o r e  consumption. The remain ing 60% comes f rom i m p o r t  f rom o t h e r  oceans 
and domestic catches. By comparison, t h e  U.S. domestic f i s h e r y  p r o v i d e s  
about  15  t o  20% o f  t h e  a lbacore  consumed i n  t h e  U.S. The U.S. c u r r e n t l y  
consumes about 45% o f  t h e  w o r l d ' s  t o t a l  a lbacore  catch.  

111. STATUS OF THE STOCKS 

I I I .A. Stock S t r u c t u r e  

T h i s  a n a l y s i s  assumes t h a t  t h e  A t 1  a n t i c  a1 bacore p o p u l a t i o n  i s  
composed o f  n o r t h  and south s tocks  separated a t  t h e  equator .  The assumed 
s tock  s e p a r a t i o n  i s  based p r i m a r i l y  on l o n g l i n e  c a t c h  r a t e s  which d e c l i n e  
near  t h e  equator.  
o f  t h e  l o n g l i n e  CPUE, b o t h  n o r t h  and south, t o  inc reased f i s h i n g  pressure  
i n  t h e  n o r t h .  

Secondary suppor t  i s  g i v e n  by t h e  d i f f e r e n t i a l  r e a c t i o n  

111.6. Stock Assessment and F i s h e r y  E v a l u a t i o n  

111.6.1. Trends i n  C a t c h - p e r - U n i t - E f f o r t  

C a t c h - p e r - u n i t - e f f o r t  (based on catch/100 hooks) f o r  t h e  
l o n g l i n e  f i s h e r y  on n o r t h  s tock has f o l l o w e d  a gradual  and cont inuous 
d e c l i n e  ( F i g u r e  4 ) .  C a t c h - p e r - u n i t - e f f o r t  (based on weight )  f o r  t h e  major  
s u r f a c e  f i s h e r i e s  shows a s l i g h t  downward t r e n d  ( F i g u r e  5). 

111.6.2. Resu l ts  o f  P r o d u c t i o n  Model A n a l y s i s  

A p r o d u c t i o n  model a n a l y s i s  f o r  t h e  l o g i s t i c  growth 
assumption was presented i n  1980 b y  ICCAT ( F i g u r e  6). 
t h a t  Maximum Susta inab le  Y i e l d  (MSY) i s  about 60,000 m t  a t  near  o r  s l i g h t l y  
above c u r r e n t  e f f o r t  l e v e l s .  Catches i n  1979 were about 48,000 m t .  

Resu l ts  i n d i c a t e  
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Figure 4.  Catch-per-uni t -e f for t  for  At1 ant ic  a1 bacore 
longline f isher ies  on northern stocks. 
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Figure 5.  Catch-per-unit-effort for the n o r t h  Atlantic 
baitboat and t ro l l  f isher ies .  
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Figure 7. Relationship between parent ( P )  stock and recruitment ( R )  
levels  f o r  north Atlant ic  albacore. 
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I I I .B .3 .  R e s u l t s  o f  Y ie ld -Der -Recru i t  A n a l v s i s  

F i s h e r i e s  on t h e  n o r t h  A t l a n t i c  s tock were r e a l i z i n g  a 
y i e l d - p e r - r e c r u i t  o f  about 3.8 k g  i n  t h e  1 9 7 0 ' ~ ~  w i t h  a s ize-a t -  
r e c r u i t m e n t  o f  about 40 cm. M a i n t a i n i n g  t h e  c u r r e n t  e f f o r t  l e v e l s  and 
i n c r e a s i n g  s i z e - a t - f i r s t - c a p t u r e  t o  about  65 cm should produce about a 25% 
i n c r e a s e  i n  y i e l  d-per- r e c r u i  t. T h i  s s i  z e - a t - r e c r u i  tment , however , w i  11 
1 i k e l y  impact  t h e  e x i s t i n g  s u r f a c e  f i s h e r i e s  severe ly .  M a i n t a i n i n g  t h e  
c u r r e n t  s i z e - a t - r e c r u i t m e n t  and i n c r e a s i n g  o r  decreas ing e f f o r t  up t o  20% 
w i l l  produce no s i g n i f i c a n t  changes i n  y i e l d - p e r - r e c r u i t .  1980 ICCAT 
r e s u l t s  i n d i c a t e  t h a t  changes i n  t h e  s u r f a c e  f i s h e r i e s  p a t t e r n s  may be 
i n c r e a s i  ng y i  e l  d- p e r - r e c r u i  t. 

I I I .B .4 .  Resu l ts  o f  Spawner/Recruitment A n a l y s i s  

A n a l y s i s  o f  spawner and r e c r u i t  i n d i c e s  f o r  t h e  n o r t h  
s tock i n  r e c e n t  y e a r s  has caused concern a t  ICCAT. 
spawning s tock  i n d i c e s  appear t o  be about 15% t o  20% as g r e a t  as those 
observed i n  t h e  l a t e  1950 's  ( F i g u r e  7 ) .  I n d i c e s  o f  r e c r u i t m e n t  show a 
p o s s i b l e  d e c l i n i n g  t r e n d  w i t h  i n c r e a s i n g  v a r i a b i l i t y .  
measured by CPUE i n d i c e s  dropped from a va lue  o f  about  16 i n  1957 w i t h  
r e l a t i v e l y  l i t t l e  es t imated  var iance,  t o  a mean va lue  o f  about  12 i n  t h e  
l a s t  5 y e a r s  w i t h  v a r i a n c e  i n c r e a s i n g  f i v e - f o l d .  
p r o b a b i l i t y  o f  a y e a r - c l a s s  f a i l u r e  may be as h i g h  as 10% t o  20%. 

C u r r e n t  l e v e l s  o f  

Recru i tment  as 

Recent work i n d i c a t e s  t h e  

Ilr 

I I I .B .5 .  Resu l ts  o f  Other Analyses/Simulat ions 

None a v a i l  ab1 e. 

1I I .C. C u r r e n t  E v a l u a t i o n  o f  Stocks and t h e  F i s h e r y  

The a v a i l  ab1 e analyses i n d i c a t e  t h a t  t h e  n o r t h  At1 a n t i c  a1 bacore 
s tock appears t o  be f i s h e d  near MSY. 
maximum value,  owing t o  s u b s t a n t i a l  amounts o f  small  f i s h  i n  t h e  catch.  
However, l i t t l e  change appears p o s s i b l e  w i t h o u t  l a r g e  changes i n  t h e  
s t r u c t u r e  o f  t h e  f i s h e r i e s .  The d e c l i n e  i n  r e c r u i t m e n t  ( r e l a t e d  t o  t h e  l o w  
y i e l d - p e r - r e c r u i  t )  and apparent  inc reases  i n  v a r i a b i l i t y ,  make a y e a r - c l a s s  
f a i l u r e ,  as measured by t h e  r e c r u i t m e n t  index, a r e a l  p o s s i b i l i t y .  

Y i e l d - p e r - r e c r u i t  i s  n o t  near  a 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major  Research Problems 

1) E f f o r t  needs t o  be s tandard ized t o  determine i t s  e f f e c t  on 
p r o d u c t i o n  model r e s u l  t s .  

rrr 
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2)  
evaluated w i t h  regard t o  assumed parameters, and v a r i a b i l i t y  and b i a s  i n  
bas ic  data. 

The robustness o f  c u r r e n t  stock assessment techniques must be 

These should i n d i c a t e  whether more conclus ive management advice 
and recommendations are  poss ib le ,  us ing e x i s t i n g  model/data combinations. 

1V.B. Current  Research E f f o r t  

1) Conventional stock assessments o f  f o r e i g n  f i s h e r i e s  a re  being 

2 )  

analyzed, us ing product ion model, spawner/recrui t, and cohor t  analyses. 

about spawner/recrui t re1 at ionships.  
Work i s  be ing done on the  es t imat ion  o f  confidence i n t e r v a l s  

1V.C. Future Research Needs 

I V . C . l .  Suggested Approach and Methods 

1) The e f f e c t s  o f  changing e f f o r t  s tandard iza t ion  
methods on product ion model r e s u l t s  can be examined us ing a v a i l a b l e  data 
and a v a r i e t y  o f  standard and new a n a l y t i c a l  methods. 

2 )  The robustness o f  c u r r e n t  assessment techniques w i t h  
a v a i l  ab1 e data can be i nves t i ga ted  us ing  Monte Car lo  and s e n s i t i v i t y  
analyses. Resul ts  o f  t h i s  research a re  app l i cab le  t o  a l l  species. 

1V.D. Status o f  SWFC Data Base 

The data base f o r  no r th  A t l a n t i c  albacore a t  SWFC i s  adequate and 
up-to-date. New data are  suppl i e d  by I C C A T  as a v a i l  able. 
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STATUS REPORT: TUNAS I N  THE I N D I A N  OCEAN 

F l e t c h e r  V .  Riggs 

i- 

Southwest F i s h e r i e s  Center 
Honol u l  u , Hawaii 

ABSTRACT 

The s t a t u s  o f  stocks o f  f o u r  species o f  tuna (a lbacore,  bigeye, 
y e l l o w f i n ,  and sk ip jack )  i n  the  I n d i a n  Ocean were analyzed. 
est imated annual ca tch  o f  a lbacore i n  the  I n d i a n  Ocean has f l u c t u a t e d  
w i d e l y  
14,600 m t .  
assessment suggests no g a i n  i n  y i e l d - p e r - r e c r u i t  from ha rves t i ng  the  
younger f i s h  as f i s h i n g  e f f o r t  moved i n t o  more sou the r l y  waters. 
stock appears f u l l y  harvested and t h e r e  appears t o  be no reason f o r  concern 
over the  f u t u r e  o f  t h e  stock a t  t h i s  t ime. 

Since 1962 

between 10,000 and 28,000 m t .  The est imated ca tch  f o r  1978 was 
MSY l i e s  between 15,000 and 20,000 m t .  A y i e l d - p e r - r e c r u i t  

T h i s  

Est imated annual ca tch  o f  b igeye tuna i n  the  I n d i a n  Ocean reached a 
h i g h  o f  48,600 m t  i n  1978. 
r e l i a b l e  p r e d i c t i o n  o f  MSY. 
e f f o r t  and d i d  n o t  reach an asymptote. 
1 i g h t l y  exp lo i t ed .  

A p roduc t i on  model a n a l y s i s  d i d  n o t  produce a 
The y i e l d  curve showed inc reas ing  ca tch  w i t h  

Th is  stock appears t o  be o n l y  

Y e l l o w f i n  tuna i n  the  I n d i a n  Ocean a re  f i s h e d  by sur face and l o n g l i n e  
gears. 
e x h i b i t e d  a general upward tend. The est imated t o t a l  ca tch  f o r  1978 was 
62,500 m t .  
data suggest an MSY f o r  t h a t  f i s h e r y  o f  around 40,000 m t .  Due t o  r a t h e r  
i naccu ra te  t o t a l  ca tch  est imates,  however, MSY may be higher.  It i s  
u n l i k e l y  t h a t  l o n g l i n e  ca tch  cou ld  be increased apprec iab ly  above the  
c u r r e n t  l e v e l .  
increased land ings  o f  y e l l o w f i n  tuna by sur face f i s h e r i e s .  

undeveloped. 
t rend. Est imated ca tch  f o r  1978 was 32,600 m t .  There have been no 
q u a n t i t a t i v e  assessments o f  t he  I n d i a n  Ocean sk ip jack  tuna stock. 

Est imated annual ca tch  f l u c t u a t e d  w ide ly  from 1952 t o  1978 b u t  

Product ion model analyses based on a v a i l a b l e  long1 i n e  f i s h e r y  

However, i t  i s  g e n e r a l l y  f e l t  t h a t  t h e r e  i s  a p o t e n t i a l  f o r  

The sur face sk ip jack  tuna f i s h e r y  i n  the  I n d i a n  Ocean i s  r e l a t i v e l y  
Catches have f l u c t u a t e d  from 1965 on a g e n e r a l l y  r i s i n g  
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I. DESCRIPTION OF THE FISHERY 

I .A. H i  s t o r y  o f  t he  F i she ry  

Commercial 1 ongl i n e  f i s h i n g  f o r  a1 bacore (Thunnus a1 a1 unga) , bigeye 
tuna (T. obesus) , and y e l l o w f i n  tuna (T. a1 bacaresE%-%e I n d i a n  Ocean, 
s t a r t e a  a f t e r o r l d  War I I a1 though exE lo ra to rv  f i s h i n g  by JaDanese vessel s . , "  
i n  the  e a r l y  1930's had i n d i c a t e d - t h e  presence"of tunas i n  the  eastern 
I n d i a n  Ocean. I n t e n s i v e  commercial l o n g l i n e  f i s h i n g  i n  the I n d i a n  Ocean 
began i n  1952 i n  the eastern sec to r  and r a p i d l y  expanded westward t o  reach 
t h e  A f r i c a n  coas t  by 1956 (F igu re  1 )  (Nakamura e t  a l .  1956; K i  kawa e t  a l .  
1969). Countr ies c u r r e n t l y  ma in ta in ing  l o n g l i n e  f l e e t s  i n  t h i s  area 
i n c l u d e  Japan, Korea, Taiwan, U.S.S.R., and S r i  Lanka. Vessels from 
A u s t r a l i a ,  I n d i a ,  Madagascar, Maldives, Pakistan, S r i  Lanka, Democratic 
Republic o f  Yemen Seychelles, and Oman ca tch  sur face y e l l o w f i n  tuna 
(Wethera l l  e t  a1 . f 1. 

The sur face sk ip jack  tuna (Katsuwonus pelamis) f i s h e r y  i n  the 
I n d i a n  Ocean i s  s t i l l  r e l a t i v e l y  undeveloped. Vost o f  the catches o f  
s k i p j a c k  tuna, and a smal ler  b u t  growing p r o p o r t i o n  o f  t he  catches o f  
y e l l o w f i n  tuna, a r e  made i n  l o c a l i z e d  f i s h e r i e s  along the c o a s t l i n e  o f  the 

The o r i g i n s  o f  these f i s h e r i e s  a r e  obscure and t h e i r  h i s t o r i c a l  accounts 
a r e  few and fragmentary.. 
by t r o l l i n g  gear, d r i f t  nets,  and pole-and- l ine.  Use o f  t h e  pole-and- l ine 
method dates back t o  1919 i n  S r i  Lanka and i n  Minicoy,  Laccadive, and 
Mald ive I s 1  ands t o  1909 (Sivasubramaniam 1965). 
s k i p j a c k  tuna catches i n  the  I n d i a n  Ocean i n c l u d e  A u s t r a l i a ,  Comoros, 
Indonesia, Japan, Korea, Maldives, Maur i t i us ,  Seychelles, and S r i  Lanka 
(Food and A g r i c u l t u r e  Organizat ion o f  the Un i ted  Nat ions [FAO] 1979). 

va r ious  c o u n t r i e s  bo rde r ing  the ocean and around the many i s l a n d  groups. Ih 

I n  S r i  Lanka (Ceylon), sk ip jack  tuna a r e  taken 

Countr ies r e p o r t i n g  

I .B .  Trends i n  Catch and E f f o r t  

Albacore - The est imated annual ca tch  i n  the I n d i a n  Ocean rose from 
100 metr7c tons (mt) i n  1952 t o  17,700 m t  i n  1962. 
est imated annual ca tch  f l u c t u a t e d  widely,  reaching a h i g h  o f  28,200 m t  i n  
1974 (Table 1 and F igu re  2 ) .  

From 1962 t o  1978, the  

'Weatheral l ,  J. A., F. V. Riggs, and M. Y. Y .  Yong. 1979. Some 
p roduc t i on  model analyses o f  tuna and b i l l f i s h  stocks i n  the  I n d i a  
Ocean. SWFC Admin. Rep. H-79-7, Nat. Mar. F ish.  Serv., NOAA, Honolulu, 
Hawaii ,  12 p. Prepared f o r  the Workshop on the  Assessment o f  Selected 
Tunas and B i l l f i s h  Stocks i n  the  I n d i a n  and P a c i f i c  Oceans, Shimizu, 
Japan, 13-22 June 1979. 

a, 
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Fi'gure 1 .  The expansion o f  Japanese  l o n g l i n e  f i s h i n g  grounds i n  the 
Indian  Ocean. (Adapted from Kikawa e t  a l .  1969) .  
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Table  1.--Estimated t o t a l  ca t ches  of  tunas  i n  the Indian Ocean. 

Year A1 bacorel  Bigeye tuna1 Ye1 lowfin tuna1 Skip jack  tuna2  

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

0.1 
1.1 
2 .8  
3.3 
4.8 
4 .7  
6 . 3  

10.4 
11.1 
15 .4  
17.7 
12.6 
18.1 
12.4 
17 .3  
23.7 
17.4 
21.9 
15.2 
10.2 
11 .7  
22.1 
28.2 
11.2 
14.9 
11.4 
14.6 

1.5 
3 .6  
8.0 

10.3 
14.0 
13.3 
12.8 
10 .4  
17.0 
15.5 
19.9 
14.2 
19 .0  
20.1 
26.4 
26.9 
38.7 
27.4 
24.8 
22.8 
18.1 
16.0 
27.7 
39.7 
29.8 
36.8 
48.6 

~~ 

8.9  
13 .3  
25.1 
47.1 
65.5 
37.3 
27.6 
26.8 
42.5 
37.4 
55.1 
29.4 
30.1 
34.5 
56.8 
44.8 
88.1 
61.7 
42.6 
50.9 
47.4 
41.2 
43.5 
51.4 
56.4 
70.5 
62.5 

13.2 
16.0 
18.1 
16.6 
18.7 
29.7 
31.4 
20.1 
25.1 
41 .3  
36.2 
38.4 
30.3 
32.6 

IData f o r  a lbacore ,  bigeye tuna ,  and ye l lowf in  tuna f o r  1952-77 
from FA0 i n  press and f o r  1978 from FA0 1979. 

2Data f o r  sk ip j ack  tuna f o r  1965-69 from FA0 1974, f o r  1970-72 
from FA0 1976, f o r  1973 from FA0 1977, and f o r  1974-78 from FA0 
1979. 

a 
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Figure 2. Estimated to t a l  catch of albacore i n  the Indian Ocean 
(Data from Table 1 . )  
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Bigeye tuna - The est imated annual ca tch  increased s t e a d i l y  from 
1,500 m t  i n  1952 t o  38,700 m t  i n  1968, then dec l i ned  tempora r i l y  t o  16,000 
m t  i n  1973. 
h i g h  o f  48,600 m t  (Table 1 and F i g u r e  3 ) .  

Annual ca tch  est imates a f t e r  1973 rose  sharp ly  t o  t h e  1978 

Y e l l o w f i n  tuna - The est imated annual ca tch  f l u c t u a t e d  w ide ly  from 
Years w i t h  r e l a t i v e l y  1952 t o  19 /8  b u t  suggests a general downward trend. 

h i g h  catches i n c l u d e  1956 (65,500 mt),  1968 (88,100 mt),  and 1977 (70,500 
mt) (Table 1 and F i g u r e  4 ) .  

Sk ip jack  tuna - The ca tch  f l u c t u a t e d  w i t h  a genera l l y  r i s i n g  t r e n d  
from 13,200 m t  i n  1965 t o  a peak o f  41,300 m t  i n  1974; i t  then dec l i ned  t o  
32,600 m t  i n  1978 (Table 1 and F i g u r e  5 ) .  

R e l i a b l e  s t a t i s t i c s  o f  nominal e f f o r t  a re  a v a i l a b l e  o n l y  f o r  
Japanese and Taiwanese 1 ongl i n e  vessel s ( F i g u r e  6 ) .  
t o  a h igh  o f  126 m i l l i o n  hooks i n  1967, fo l lowed by a general d e c l i n e  t o  67 
m i l l i o n  hooks i n  1978. 
r a p i d l y  t o  53 m i l l i o n  hooks w i t h i n  t h e  f i r s t  3 years,  then experienced a 
gradual d e c l i n e  t o  34 m i l l i o n  hooks i n  1973. Taiwanese e f f o r t  then rose 
again sharp ly ,  reaching i t s  h i g h e s t  value o f  57 m i l l i o n  hooks i n  1974; i t  
then dec l i ned  t o  26 m i l l i o n  hooks i n  1977. 

Japanese e f f o r t  rose 

The e f f o r t  by Taiwan, beginning i n  1967, rose 

Al though n o t  i nc luded  i n  F igu re  6, an i nc reas ing  p r o p o r t i o n  o f  t he  
t o t a l  l o n g l i n e  e f f o r t  i n  r e c e n t  yea rs  may be a t t r i b u t e d  t o  Korean vessels. 
Japanese l o n g l i n e  e f f o r t  s h i f t e d  away from y e l l o w f i n  tuna i n  e a r l i e r  years 
t o  albacore, then bigeye tuna, and i s  c u r r e n t l y  t a rge ted  on southern 
b l u e f i n  tuna, - T. thynnus. 

I . C .  Value o f  Catch 

No i n f o r m a t i o n  on the  va lue o f  ca tch  i s  a v a i l a b l e .  Presumably most 
o f  t h e  tunas caught i n  the l o n g l i n e  f i s h e r y  a r e  landed i n  Japanese, Korean, 
and Taiwan po r t s .  

I.D. Cu r ren t  Management o f  t h e  F i she ry  

None o f  t he  tunas i n  the  I n d i a n  Ocean i s  under management. 

11. NATURE AND SIGNFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

There i s  no known c u r r e n t  U.S. p a r t i c i p a t i o n  o r  d i r e c t  investment i n  
the  I n d i a n  Ocean tuna f i s h e r i e s .  A q u a n t i t y  o f  tuna landed by f o r e i g n  



-1 05- 

#- 

YEARS 

Figure 3.  Est mated total  catch o f  bigeye t u n a  in the Ind 
(Data from Table 1 . )  

a n  Ocean. 
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Figure 4. Estimated to t a l  catch of yellowfin tuna i n  the 
Indian Ocean. (Data from Table 1 . )  
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F igure 5. Sk ip jack  tuna ca tch  i n  the  Ind ian  Ocean. 
(Data f rom Table 1 . )  
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Figure 6. 
l o n g l i n e  v e s s e l s  i n  the Indian  Ocean. 
F i s h e r i e s  Agency of Japan,  Research Department 1980 and Taiwan 
d a t a  c o u r t e s y  of  R.  T .  Yang, National Taiwan U n i v e r s i t y ,  Taiwan, 
Republic of China. 

Nominal e f f o r t  i n  l o b  hooks by Japanese and Taiwan 
(Japanese  d a t a  from 
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i n t e r e s t s ,  however, may be imported i n t o  the U.S.; t h e  ac tua l  volume o r  
va lue i s  unknown. 

The s i g n i f i c a n c e  o f  t he  tuna f i s h e r i e s  i n  the  I n d i a n  Ocean r e l a t i v e  t o  
o t h e r  oceans t o  na t i ons  w i t h  long-range l o n g l i n e  f l e e t s  may be r e f l e c t e d  i n  
the  p r o p o r t i o n  o f  t o t a l  nominal e f f o r t  t h a t  i s  expended i n  the I n d i a n  
Ocean. For  the  Japanese l o n g l i n e  f l e e t ,  15% o f  t he  t o t a l  hooks s e t  were i n  
t h e  I n d i a n  Ocean i n  1978; f o r  t he  Taiwan f l e e t  t h e  most r e c e n t  f i g u r e  was 
25% i n  1976. Th is  i s  i n  c o n t r a s t  t o  the middle and l a t e  1960’s w i t h  
r e l a t i v e l y  h ighe r  values o f  27% f o r  Japan and 50% f o r  Taiwan. 

111. STATUS OF THE STOCKS 

1 I I . A .  Stock S t r u c t u r e  

It was assumed a t  the 1979 Shimizu Workshop (Food and A g r i c u l t u r e  
Organizat ion o f  t h e  Un i ted  Nat ions [FAO], i n  press) t h a t  t h e r e  a re  s i n g l e  
stocks o f  a lbacore and bigeye tuna i n  the  I n d i a n  Ocean. The y e l l o w f i n  tuna 
resource was b e l i e v e d  ‘to be composed o f  e i t h e r  two stocks ( e a s t  and west o f  
about 100” E l o n g i t u d e )  o r  a s i n g l e  stock. No i n f o r m a t i o n  on s k i p j a c k  tuna 
stock s t r u c t u r e  was a v a i l a b l e  f o r  t h i s  r e p o r t .  

I11 .B. Stock Assessment and F i she ry  Eva lua t i on  

I I I . B . l .  Trends i n  Catch-per-Uni t -Ef for t  

Abundance i n d i c e s  have been r e c e n t l y  computed f o r  I n d i a n  
Ocean albacore,  b igeye tuna, and y e l l o w f i n  tuna over the  p e r i o d  from 1952 
t o  1976 (Wethera l l  e t  a l . ,  see foo tno te  1 ) .  

The abundance index f o r  a lbacore t r i p l e d  i n  the  f i r s t  
few yea rs  of t h e  f i s h e r y ,  b u t  subsequently dec l i ned  s t e a d i l y  t o  l e s s  than 
10% o f  i t s  peak value ( F i g u r e  7 ) .  The abundance index f o r  bigeye tuna has 
f l u c t u a t e d  moderately b u t  g e n e r a l l y  shows an o v e r a l l  downward t r e n d  s ince 
1952. The apparent abundance i n  r e c e n t  years, however, i s  s t i l l  about 50% 
o f  i t s  i n i t i a l  value ( F i g u r e  8 ) .  
has show a steady decl- ine s ince 1954 t o  l e v e l s  about 15% o f  t he  i n i t i a l  
Val ues ( F i g u r e  9 1. 

The abundance index f o r  y e l l o w f i n  tuna 

C a t c h - p e r - u n i t - e f f o r t  s t a t i s t i c s  a r e  n o t  a v a i l a b l e  f o r  
I n d i a n  Ocean sk ip jack  tuna. 
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Fiaure  7 .  Est imated t o t a l  ca tch  ( l o 3  MT). r e l a t i v e  abundance 
hGoks), and e f f e c t i v e  e f f o r t  ( l o 6  hooks ) - fo r  I nd ian  Ocean albacore.  
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Figure 8. Est imated t o t a l  ca t ch  ( l o 3  MT), r e l a t i v e  abundance (kg/100 hooks) ,  
and effective e f f o r t  ( l o 6  hooks) f o r  Indian Ocean bigeye tuna .  
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Figure 9. Estimated to ta l  catch ( l o 3  MT), re la t ive  abundance (kg/100 hooks), 
and effect ive e f fo r t  ( I O 6  hooks) for  Indian Ocean yellowfin tuna. 
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I I I .B.2.  Resu l ts  o f  Produc t ion  Model Ana lys is  

Produc t ion  model analyses have been app l i ed  t o  I n d i  n 
Ocean lbacore,  b igeye tuna, and y e l l o w f i n  tuna data (Kume and M o r i t a  9 , 
Suzuki j ,  and Wetheral l  e t  a1 . , see foo tno te  1 ) .  No assessment s tud ies  have 
been done on sk ip jack  tuna. 

A1 bacore - A MSY (maximum sus ta inab le  y i e l d )  between 
15,000 and 20,000 m t  was suggested by produc t ion  model analyses. 
curve  appeared t o  be asymptot ic and the re  was l i t t l e  change i n  the  ca tch  
a l though e f f o r t  doubled from 1966 t o  1974. 

A y i e l d  

Bigeye tuna - A p roduc t ion  model ana lys i s  d i d  n o t  
produce a r e l i a b l e  p r e d i c t i o n  o f  MSY. 
ca tch  w i t h  e f f o r t ;  e f f o r t .  l e v e l s  were n o t  h i g h  enough t o  i n d i c a t e  a maximum 
o r  asymptot ic y i e l d .  

The y i e l d  curve showed inc reas ing  

Y e l l o w f i n  tuna - Produc t ion  model analyses based on 
However, because a v a i l a b l e  data suggested an MSY o f  around 40,000 m t .  

t o t a l  ca tch  es t imates  a re  r a t h e r  inaccura te ,  i t  may be premature t o  
p i n p o i n t  an MSY f o r  t h i s  f i s h e r y ,  except t o  i n d i c a t e  t h a t  i t  i s  thought  t o  
be between 40,000 and 60,000 m t .  

I I I .B.3.  Resul ts  o f  Y ie ld -per -Recru i t  Ana lys is  

A y i e l d - p e r - r e c r u i  t assessment o f  I n d i a n  Ocean a1 bacore 
by Suda (1973) suggested no ga in  i n  y i e l d - p e r - r e c r u i t  from ha rves t i ng  the  
younger f i s h  as f i s h i n g  e f f o r t  moved i n t o  more sou the r l y  waters. 

I I I. B .4. Resul t s  o f  SDawner/Recrui tment Anal v s i  s 

Stock s i z e  i n d i c e s  by age f o r  I n d i a n  Ocean y e l l o w f i n  tuna 
have been c a l c u l a t e d  under the  one- and two-stock hypotheses (Suzuki ,  see 
foo tno te  3 ) .  No r e l a t i o n s h i p  between stock and rec ru i tmen t  was ev ident .  

2Kume, S., and Y. Mor i ta .  1979. B r i e f  rev iew o f  t h e  f i s h e r y  b i o l o g y  
Prepared o f  b igeye tuna i n  the  I n d i a n  Ocean and i t s  stock assessment. 

f o r  t he  Workshop on the  Assessment o f  Selected Tunas and B i l l f i s h  
Stocks i n  the  I n d i a n  and P a c i f i c  Oceans, Shimizu, Japan, 13-22 June 
1979. 

3Suzuki, Z. 1979. Stock assessment o f  y e l l o w f i n  tuna i n  t h e  I n d i a n  
Ocean e x p l o i t e d  by tuna ' long l ine  f i s h e r y .  
the  Assessment o f  Selected Tunas and B i l l f i s h  Stocks i n  the  Ind ian  and 
P a c i f i c  Oceans, Shimizu, Japan, 13-22 June 1979. 

Prepared f o r  the  Workshop on 
"CI 
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I11 .B.5. Resul ts  o f  Other Analyses/Simulat ions 

None ava i l ab le .  

1 I I . C .  Cur ren t  Eva lua t i on  o f  Stocks and the  F i she ry  

A1 bacore - The I n d i a n  Ocean a1 bacore stock appears t o  be f u l l y  
harvested. 
t he re  appears t o  be no reason f o r  concern over t h e  f u t u r e  o f  t h e  s tock a t  
t h i s  t ime. 

The consensus a t  the  Shimizu Workshop (FAO, i n  press) was t h a t  

Bigeye tuna - The I n d i a n  Ocean b igeye tuna stock appears t o  be 
o n l y  l i g h t l y  exp lo i t ed .  
p o t e n t i a l  e x i s t s  f o r  sur face f i s h e r i e s  on t h i s  species. 

It i s  impossib le  a t  t h i s  t ime t o  assess what 

Y e l l o w f i n  tuna - It i s  u n l i k e l y  t h a t  l o n g l i n e  ca tch  o f  I nd ian  
Ocean ye1 1 owf in  tuna cou ld  be increased apprec iab ly  above t h e  c u r r e n t  
l e v e l .  However, i t  i s  genera l l y  f e l t  t h a t  t he re  i s  a p o t e n t i a l  f o r  
increased land ings  o f  t h i s  species by sur face  f i s h e r i e s .  
increased sur face  f i s h e r y  m igh t  reduce the  abundance o f  y e l l o w f i n  tuna 
a v a i l a b l e  t o  l o n g l i n e r s ,  t h e  t o t a l  ca tch  would probably  increase. 

Whi le an 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major Research Problems 

Several research needs were i d e n t i f i e d  a t  t h e  1979 Shimizu Workshop 
(FAO, i n  press) .  

Y e l l o w f i n  tuna - Studies were recommended t o  1) analyze, under 
var ious  hypotheses, t h e  s e n s i t i v i t y  of stocks,  catch,  etc.,  because an 
adequate data base w i l l  n o t  be a v a i l a b l e  f o r  some time; 2) es t imate  
c o e f f i c i e n t s  o f  m o r t a l i t y ,  p a r t i c u l a r l y  i n  r e l a t i o n  w i t h  f i s h i n g  e f f o r t ;  3 )  
determine changes i n  e f fec t i veness  o f  f i s h i n g  gear, p a r t i c u l a r l y  i n  
r e l a t i o n  t o  t o t a l  f i s h i n g  e f f o r t ;  4) apply  p roduc t ion  model analyses t o  
the  ca tch  i n  terms o f  number o f  f i s h  and f i s h i n g  e f f o r t ,  because a )  t h e  
s i z e  f reauencies a r e  func t i ons  o f  f i s h i n g  i n t e n s i t y ,  and b)  t he re  i s  an 
u n c e r t a i n t y  i n  app ly ing  a f i x e d  age-size key t o  es t imate  t h e  age 
composition; and 5) determine hypo the t i ca l  y i e l d s  f o r  var ious  new f i s h i n g  
s t ra tag ies .  

Bigeye tuna - It was recommended t h a t  a study o f  t h e  popu la t i on  
r e l a t i o n s h i p  o f  b igeye tuna i n  t h e  Banda Sea and i n  t h e  I n d i a n  Ocean be 
c a r r i e d  out.  
p r i o r i t y .  

Research on popu la t ion  parameters was n o t  considered o f  h i g h  
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Albacore - The workshop recommended t h a t  an e f f o r t  should be made 
t o  determine p r e c i s e l y  which data a r e  miss ing  and needed f o r  m in ima l l y  
soph is t i ca ted  stock assessments such as produc t ion  models and cohor t  
analyses. 

Sk ip jack  tuna - Aside from l o c a l i z e d  s tud ies,  research on t h i s  
species has been almost n i l .  

1V.B. Cur ren t  Research E f f o r t s  

There a re  c u r r e n t l y  no research e f f o r t s  by t h e  SWFC on I n d i a n  Ocean 
D e t a i l s  o f  research be ing  done by  o t h e r  agencies a re  n o t  a v a i l a b l e  tunas. 

f o r  t h i s  respor t .  

1V.C. Fu ture  Research Needs 

There i s  an o v e r a l l  need t o  enhance and s t rengthen the  P a c i f i c  and 
I n d i a n  Ocean tuna data base and t o  mon i to r  f i s h i n g  a c t i v i t i e s  and 
developments i n  these areas more c lose ly .  

c The Shimizu Workshop (FAO, i n  press) p inpo in ted  t h e  f o l l o w i n g  data 
needs: 

1) More accurate est imates o f  y e l l o w f i n  tuna catch, p a r t i c u l a r l y  f o r  
t h e  sur face  f i s h e r i e s .  

2 )  Y e l l o w f i n  catch, e f f o r t ,  and size-frequency data by temporal- 
s p a t i a l  s t r a t a  f o r  y i e l d - p e r - r e c r u i  t and stock s t r u c t u r e  s tud ies .  

3 )  Improved data from t h a t  segment o f  t h e  l o n g l i n e  f i s h e r y  which 
t a r g e t s  on y e l l o w f i n ,  a lbacore,  and b igeye tuna: the  a v a i l a b l e  analyses, 
based on data f rom t h e  Japanese l o n g l i n e  f i s h e r y ,  a r e  now inadequate 
because Japanese long1 i n e r s  now t a r g e t  on southern b l u e f i n  tuna. 

4) F i s h i n g  e f f o r t  #and o t h e r  b i o l o g i c a l  data f o r  t h e  y e l l o w f i n  and 
b igeye tuna sur face f i s h e r i e s .  

5) Unpublished a lbacore ca tch  and e f f o r t  data thought  t o  e x i s t  i n  
government and i n d u s t r y  f i l e s .  

6) Improved ca tch  (and e f f o r t  data f o r  sk ip jack  tuna i n  t h e  var ious  
l o c a l  i z e d  sur face i n d u s t r i e s .  
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1V.D. Status o f  SWFC Data Base 

Data on I n d i a n  Ocean tunas mainta ined and c u r r e n t l y  used a t  t h e  
Honol u l  u Laboratory  c o n s i s t  o f  Japanese and Taiwanese 1 ongl i n e  ca tch  and 
e f f o r t  s t a t i s t i c s .  
a r e  a v a i l  ab le  b u t  quest ions on i n t e r p r e t a t i o n  have precluded use. 

Some ca tch  and e f f o r t  data f o r  Korean l o n g l i n e  vessels  
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STATUS REPORT: BILLFISHES I N  THE I N D I A N  OCEAN 

Howard 0. Yoshida 

Southwest F i she r ies  Center 
Honol u l  u, Hawai i 

ABSTRACT 

B i l l f i s h e s  a r e  caught p r i m a r i l y  as a by-catch on l o n g l i n e  gear s e t  t o  
ca tch  tunas i n  t h e  I n d i a n  Ocean. Most o f  these b i l l f i s h e s  appear t o  be 
s o l d  i n  Japan where s t r i p e d  m a r l i n  b r i n g s  the  h ighes t  p r i c e ,  fo l lowed by 
swordf ish,  b l u e  m a r l i n ,  and b lack  m a r l i n .  Ten ta t i ve  r e s u l t s  f rom 
produc t ion  model analyses i n d i c a t e  t h a t  no s i g n i f i c a n t  increase i n  t o t a l  
y i e l d  can be expected f o r  b lue  and b lack  marl i n ,  whereas s t r i p e d  marl  i n  
y i e l d s  cou ld  increase w i t h  increased e f f o r t .  
do n o t  appear t o  be adverse ly  a f f e c t e d  by c u r r e n t  l e v e l s  o f  f i s h i n g  
e f f o r t s .  Add i t i ona l  s t a t i s t i c s  must be c o l l e c t e d  from the  f l e e t s  o f  
p a r t i c i p a t i n g  na t i ons  t o  g i v e  a c l e a r e r  p i c t u r e  o f  stock s t a t u s  i n  these 
waters. 

Swordf ish and s a i l  f i s h  stock 
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I. DESCRIPTION OF THE FISHERY 

I . A .  H i s t o r y  o f  t h e  F i she ry  

c 

The b i l l f i s h e s  ( b l u e  mar l i n ,  Makaira n ig r i cans ,  s t r i p e d  mar l i n ,  
Te t rap tu rus  audax, b lack  marl  i n ,  M. i n d i c a ,  swordf ish,  X i  ph ias  g lad ius ,  
s a i l  f i s h ,  I s m o r u s  p l a t y p t e r u s , a m r t b i l l  spear f i sh ,  T. 
a n g u s t i r o s t r i s )  a r e  w ide ly  d i s t r i b u t e d  and have genera l l y  s i i i i i l  a r  
d i s t r i b u t i o n s  i n  the  I n d i a n  Ocean ( F i g u r e  1 ) .  B i l l f i s h e s  a r e  caught o n l y  
i n c i d e n t a l l y  by l o n g l i n e r s  because t h e  t a r g e t  species i n  the  I n d i a n  Ocean 
a r e  the  var ious  tunas. Major  p a r t i c i p a t i n g  f l e e t s  i n c l u d e  those o f  Japan, 
Taiwan, and Korea, a l though Tanzania and t h e  U.S.S.R. a l s o  r e p o r t  b i l l f i s h  
catches from the  I n d i a n  Ocean t o  the  FA0 (Food and A g r i c u l t u r e  Organ iza t ion  
o f  t h e  Un i ted  Nat ions  1977). Indonesian vessels  and s p o r t  f ishermen i n  
South A f r i c a ,  Kenya , Seychel l  es, and western Aus t ra l  i a  probably  ca tch  a 
small  amount o f  b i l l f i s h e s .  

According t o  Ueyanagi (1974) , t h e  Japanese long1 i n e  f i s h e r y  around 
t h e  Lesser Sunda I s lands  began expanding i n t o  the  I n d i a n  Ocean i n  1952 
(F igu re  2) .  By 1956, Japanese vessels  were f i s h i n g  i n  A f r i c a n  coas ta l  
waters  and by 1958, they  had reached t h e  no r the rn  l i m i t  o f  t h e  I n d i a n  
Ocean. Subsequent expansion was southward. By 1964, l o n g l i n e  opera t ions  
had reached 40" S l a t i t u d e ,  t h e  southern l i m i t  o f  b i l l f i s h  d i s t r i b u t i o n .  
Fu r the r  southward expansion was s o l e l y  f o r  t h e  southern b l u e f i n  tuna. 
Long l i ne  boats  o f  Taiwan and Korea began f i s h i n g  i n  t h e  I n d i a n  Ocean i n  
1954 and 1967, r e s p e c t i v e l y  (Honma and Suzuki 1972). 

I . B .  Trends i n  Catch and E f f o r t  

i' The est imated t o t a l  b i l l  f i s h  ca tch  from the  I n d i a n  Ocean amounte 
t o  7,804 m t  ( m e t r i c  tons) i n  1975 and 7,062 m t  i n  1976 (Wethera l l  e t  a l .  ) .  
The ca tch  i s  l i s t e d  by species, country ,  and year  i n  Table 1. 
catch, r e l a t i v e  abundance, and e f f e c t i v e  e f f o r t  a re  a v a i l a b l e  from 1952 t o  
1976 (Table 2 ) .  

Data f o r  

'Wethera l l ,  J .  A., F. V.  Riggs, and M. Y. Y .  Yong. 1979. Some produc- 
t i o n  model analyses of tuna and b i l l f i s h  s tocks i n  t h e  Ind ian  Ocean. 
SWFC Admin. Rep. H-79-7, N a t l .  Mar. F ish.  Serv., NOAA, Honolulu, Hawaii ,  
12 p. Prepared f o r  t h e  Workshop on t h e  Assessment o f  Selected Tunas and 
B i l l f i s h  Stocks i n  t h e  Ind ian  and P a c i f i c  Oceans, Shimizu, Japan, 13-22 
June 1979. 
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Figure 2.--The expansion of  Japanese  l o n g l i n e  f i s h i n g  grounds i n  t h e  
Ind ian  Ocean. (Adapted from Kikawa e t  a l .  1969). 
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Table  1 .--Estimated annual c a t c h e s  (metric t o n s )  o f  b i l l f i s h e s  of 
the Indian Ocean by species and count ry ,  1975 and 1976. 

B1 ue S t r i p e d  B1 ack 
Country marl i n  marl i n  marl i n  Swordfish Sai  1 f ish 

1975 

Japan 700 900 500 700 2 00 
Taiwan 447 344 192 291 51 1 
Korea 1,130 870 495 244 280 

1976 

Japan 300 5 00 200 300 2 00 
Taiwan 343 81 9 78 371 261 
Korea 872 2,082 198 398 140 
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r14 Blue m a r l i n  catches rose t o  a h igh  o f  4,980 m t  i n  1956, f l u c t u a t e d  

S t r i p e d  m a r l i n  catches reached a h i g h  o f  4,729 m t  i n  1969 
between 4,980 and 2,634 m t  from 1956 t o  1970, and dropped t o  1,515 m t  i n  
1976 (F igu re  3 ) .  
and have s ince  v a r i e d  between 1,117 and 3,401 m t  ( F i g u r e  4 ) .  
catches increased t o  a peak o f  2,460 m t  i n  1968 and have genera l l y  
decreased s ince  then ( F i g u r e  5 ) .  
2,300 m t  i n  1969 and 1970. There was a steady r i s i n g  t rend  be fo re  those 
years  and an i r r e g u l a r l y  d e c l i n i n g  t rend  a f t e r  (F igu re  6 ) .  The t r e n d  o f  
s a i l f i s h  catches was up be fo re  1967, when 1,972 m t  were caught, then 
decl  ined  t o  p resent  1 eve1 s (F igu re  7 1. 

Black m a r l i n  

Swordf ish catches amounted t o  almost 

I . C .  Value o f  Catch 

Most o f  t h e  I n d i a n  Ocean b i l l f i s h  ca tch  i s  presumed t o  have been 
s o l d  i n  Japan. The average monthly ex-vessel p r i c e s  a t  Yaizu, Japan, f o r  
b lue, s t r i ped ,  and b lack  mar l ins ,  and swordf ish,  f rom January 1978 t o  May 
1979 ([U .S.] Nat iona l  Marine F i s h e r i e s  Serv ice 1978-1979) , a r e  presented i n  
Table 3. Dur ing  t h a t  per iod,  s t r i p e d  mar l i n ,  t h e  most va luab le  o f  t he  
b i l l f i s h  species, s o l d  f o r  $2,316 a s h o r t  t o n  t o  $4,345 a s h o r t  ton. 
Swordf ish p r i c e s  were u s u a l l y  b e t t e r  than b l u e  m a r l i n  p r i c e s  which, i n  
tu rn ,  were u s u a l l y  b e t t e r  than b lack  m a r l i n  p r i ces .  Swordf ish p r i c e s  
ranged from $2,129 a s h o r t  t o n  t o  $2,833 a s h o r t  ton; b l u e  m a r l i n ,  $1,933- 
$3,156 a s h o r t  ton; and b lack  mar l i n ,  $1,638-$2,744 a s h o r t  ton. 

I . D .  Cur ren t  Management o f  t h e  F ishery  

None o f  t h e  b i l l f i s h e s  i n  the  Ind ian  Ocean are  cu r ren ty  under 
management. 

11. NATURE AND SIGNIFICANCE OF U.S. AND 
FOREIGN PARTICIPATION I N  THE FISHERY 

The U.S. i s  i n t e r e s t e d  i n  the  b i l l f i s h e s  o f  t he  I n d i a n  Ocean as a 
resource, b u t  i s  n o t  a c t i v e l y  i nvo l ved  i n  f i s h i n g  f o r  them. 

111. STATUS OF THE STOCKS 

1I I .A.  Stock S t r u c t u r e  

The e x t a n t  data on the  spawning areas and the  geographical  
v a r i a t i o n  i n  ca tch  r a t e s  suggest a s i n g l e  stock o f  b l u e  m a r l i n  i n  the  
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Figure 6.--Estimated to t a l  catch ( l o 3  MT) and re la t ive  abundance (kg/100 
hooks) for  Indian Ocean swordfish. 
index areas. (From Wetherall e t  a1 . see tex t  footnote 1 .) 

Abundance indices are given fo r  two 
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hooks) f o r  Indian  Ocean s a i l f i s h .  
index a r e a s .  (From Wetheral l  e t  a l .  s e e  text  f o o t n o t e  1 .) 

Abundance i n d i c e s  a r e  given f o r  two 
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Table  3.--Monthly average ex-vessel  prices of b i l l f i s h e s  (U.S. d o l l a r s  
per s h o r t  t o n )  a t  Yaizu f ish market,  January 1978-May 1979. 
[U.S.] National  Marine Fisheries Service 

(From 
1978-1979.) 

~~ 

Month S t r i p e d  mar l in  Blue mar l in  Black mar l in  Swordfish 

1978 

January  
February 
March 
Apri  1 
May 
June 
J u l y  
August 
September 
October  
November 
December 

3,482 
2,823 
3,452 
2 , 722 
2,614 
2,462 
4,345 
2,507 
2,903 
2,856 
3,981 
2,698 

2,009 
2,326 
2,299 
2,515 
2,112 
1,991 
2,122 
2,275 
2,039 
2,412 
3,165 
2,323 

2 , 605 
2.070 
2 io25 
2,082 
1,929 
2,090 
2,272 
1,638 
1,943 
2,055 
2,202 
1,934 

2,423 
2,503 
2,647 
2,833 
2,343 
2,263 
2 , 658 
2,826 
2 , 769 
2,793 
2,590 
2,703 

-. 
1979 

January 
February 
March 
Apr i  1 
May 

4,141 
4,046 
4,095 
2,316 
2,489 

1,933 
2,027 
2,510 
2,658 
2,626 

2 , 744 
2,059 
1,871 
1,730 
1,818 

2,455 
2,440 
2,580 
2,232 
2,129 
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c 

I n d i a n  Ocean. 
mu1 t i p 1  e stock hypothesis,  b u t  s i m i l  a r  types o f  data suggest t he  
p o s s i b i l i t y  o f  m u l t i p l e  stocks f o r  s t r i p e d  mar l i n ,  b lack  mar l i n ,  swordf ish,  
and s a i l f i s h  i n  t h i s  area. 

There a re  few d e f i n i t i v e  data t o  support  e i t h e r  a s i n g l e  o r  

I I 1  .B. Stock Assessment and F i she ry  Eva1 u a t i o n  

I I I. B .l. Trends i n  Catch-per-Un i t - E f f o r t  

There was a d e c l i n e  i n  the  c a t c h - p e r - u n i t - e f f o r t  over the  
1952 t o  1976 p e r i o d  i n  the  Japanese l o n g l i n e  f i s h e r y  f o r  b l u e  m a r l i n  
( F i g u r e  31, s t r i p e d  m a r l i n  ( F i g u r e  61, and b lack m a r l i n  ( F i g u r e  5 ) .  
r a t e s  f o r  swordf ish have n o t  dec l i ned  s i g n i f i c a n t l y  ( F i g u r e  61, and ca tch  
r a t e s  f o r  s a i l  f i s h  ( i n c l  uding small amounts o f  s h o r t b i l l  spear f i sh )  have 
been q u i t e  v a r i a b l e  a l though a general increase over the 1952 t o  1976 
p e r i o d  i s  e v i d e n t  ( F i g u r e  7 ) .  

Catch 

I I I .B.2.  Resul ts  o f  Product ion Model Analvs is  

The f o l l o w i n g  p roduc t i on  model analyses were a p p l i e d  t o  
a v a i l a b l e  data f o r  I n d i a n  Ocean b i l l f i s h e s  t o  o b t a i n  a b e t t e r  i n d i c a t i o n  o f  
t he  s t a t u s  o f  t h e  stocks (FAO, i n  press):  

The p roduc t i on  model a n a l y s i s  f o r  b l u e  marl i n  suggested 
a MSY (maximum sus ta inab le  y i e l d )  o f  3,400-3,600 m t  ach ievable w i t h  
s u b s t a n t i a l l y  l e s s  e f f o r t  than has r e c e n t l y  been expended (Table 4 1. 
However, t he  curve f i t s  t h e  data p o i n t s  p o o r l y  ( F i g u r e  81, suggest ing t h a t  
t h e r e  may be s i g n i f i c a n t  e r r o r s  i n  the  t o t a l  ca tch  est imates.  

Fo r  s t r i p e d  mar l i n ,  assuming a s i n g l e  stock,  t h e  MSY 
from the p roduc t i on  model a n a l y s i s  i s  3,500 m t  a t  a l e v e l  o f  e f f o r t  
cons iderably  more than the h ighes t  e f f o r t  expended t o  date (Table 4 ) .  
Annual catches a t  e f f o r t  l e v e l s  o f  150 t o  300 m i l l i o n  hooks a r e  w ide ly  
v a r i a b l e  about t h e  e q u i l i b r i u m  y i e l d  curve ( F i g u r e  9 ) .  

The est imated MSY f o r  b lack  m a r l i n  i s  1,400 t o  1,500 m t  
(Table 4 ) .  
y i e l d - e f f o r t  curve ( F i g u r e  10)  i s  q u i t e  f l a t .  E f f o r t  l e v e l s  o f  40 t o  60 
m i l l  i o n  hooks have r e s u l t e d  i n  catches w i t h  considerable v a r i a t i o n  about 
the  e q u i l i b r i u m  y i e l d  curve. The ca tch  data p o i n t s  f o r  1972 t o  1976 a r e  
below the  curve, whereas the  p o i n t s  f o r  1968 t o  1971 a r e  a l l  above the 
curve, suggest ing the p o s s i b i l i t y  o f  some systemat ic b i a s  i n  the  above 
est imates.  

Optimum e f f o r t  i s  l e s s  than those o f  r e c e n t  l e v e l s  b u t  t h e  

The data f o r  swordf ish suggest t h a t  l o n g l i n i n g  has had 
no s i g n i f i c a n t  impact on the swordf ish populat ion,  so no p roduc t i on  model 
a n a l y s i s  was attempted. 
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Figure 8.--Predicted relationship between equilibrium yield (lo3 MT) and 
effective effort (lo6 hooks) for Indian Ocean blue marlin, based on 
production model analysis. (From Wetherall et al. see text footnote 1 .) 
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Figure 9.--Predicted relationship between equilibrium yield ( l o 3  MT) and 
effect ive e f fo r t  ( lo6  hooks) for  Indian Ocean striped marlin, based on 
production model analysis. (From Wetherall e t  a l .  see t ex t  footnote 1 . )  
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e f i s h  data, l i k e  tile swordf ish data, i n d i c a t e  the 
stock has n o t  been a f f e c t e d  by f i s h i n g .  The p o t e n t i a l  y i e l d  f o r  s a i l f i s h  

h igher  than the  maximum annual ca tch  taken thus f a r .  i s  probably much 

I I I .B.3.  

I I 1  .B.4. 

The s a i  

Resul t s  o f  Y i  e l  d-per-Recrui t Analys is  

None a v a i l  ab1 e. 

Resul t s  o f  SDawner/Recrui tment Anal v s i  s 

I I I .B.5.  

None ava i l ab le .  

Resul t s  o f  Other Anal vses/Simul a t i o n s  

None a v a i l  ab1 e. 

1I I .C. Current  Eva lua t ion  o f  Stocks and the  F ishery  

Because o f  d e f i c i e n c i e s  i n  est imates o f  t o t a l  ca tch  f o r  I nd ian  
Ocean b i l l f i s h e s ,  t he  r e s u l t s  o f  t he  produc t ion  model analyses g iven above 

p e r - u n i t - e f f o r t  f o r  b lue  marl i n  and b lack marl i n  s ince the i n c e p t i o n  o f  the  
l o n g l i n e  f i s h e r y  suggests t h a t  no s i g n i f i c a n t  increases i n  t o t a l  y i e l d  can 
be expected f o r  these stocks. The p o t e n t i a l  f o r  increased s t r i p e d  m a r l i n  
y i e l d s  appears t o  be somewhat greater ;  t h e  stocks o f  swordf ish and s a i l f i s h  
do n o t  appear t o  have been apprec iab ly  a f f e c t e d  by the  e f f o r t  expended t o  
date. 

should be considered t e n t a t i v e .  However, t he  subs tan t i a l  dec l i ne  i n  catch- 1.* 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major Research Problems 

B e t t e r  assessments o f  t he  s ta tus  o f  I nd ian  Ocean b i l l f i s h e s  a re  
needed which w i l l  r e q u i r e  considerable improvements i n  f i s h e r y  s t a t i s t i c s .  
Steps should be taken t o  c o r r e c t  d e f i c i e n c i e s  i n  species i d e n t i f i c a t i o n  and 
t o  p rov ide  f o r  the a c q u i s i t i o n  o f  ca tch  data by species. 
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1V.B. Current  Research E f f o r t s  

Compared t o  the study o f  o the r  species, research on b i l l f i s h e s  i n  
the  Ind ian  Ocean has been considered o f  low p r i o r i t y  and the re  a re  few 
pub l ished papers on the  sub jec t  i n  the  l i t e r a t u r e .  Based on the  r e s u l t s  o f  
l o n g l i n e  f i sh ing ,  a study o f  t he  d i s t r i b u t i o n  and b io logy  o f  s t r i p e d  m a r l i n  
i n  the  Ind ian  Oce n was publ ished i n  1978 ( P i l l a i  and Ueyanagi 1978). 
background papers's2 on the assessment o f  I nd ian  Ocean b i l l  f i s h e s  were 
presented a t  the Work.shop on the  Assessment o f  Selected Tuna and B i l l f i s h  
Stocks i n  the  P a c i f i c  and Ind ian  Oceans h e l d  i n  Shimizu, Japan, i n  June 
1979 (FAO,  i n  press) .  

Two 

Current  research e f f o r t s  on Ind ian  Ocean b i l l  f i s h e s  i n c l u d e  
s tud ies  on t h e i r  general b io logy  a t  the  Centra l  Marine F i s h e r i e s  Research 
I n s t i t u t e ,  I nd ia ,  and s tud ies  on t h e i r  b io logy  and popu la t ion  dynamics a t  
the  Far Seas F i she r ies  Research Laboratory  Shimizu, Japan. 

1V.C.  Future Research Needs 

1) Because research on Ind ian  Ocean b i l l f i s h e s  has been considered 
of l ow  p r i o r i t y ,  these species have been the  sub jec t  o f  comparat ive ly  
1 i ttl e research. 
rec ru i tmen t  f o r  I nd ian  Ocean b i l l  f i s h e s  a re  needed. 

Est.imates o f  growth r a t e s  , mor ta l  i ty r a t e s  , and 

2 )  One o f  the  f i r s t  at tempts a t  assessing the s ta tus  o f  I nd ian  
Ocean b i l l f i s h e s  was made a t  the Shimizu Workshop (FAO, i n  press) .  It was 
po in ted  ou t  t h a t  d e f i c i e n c i e s  i n  est imates o f  t o t a l  ca tch  f o r  I n d i a n  Ocean 
b i l l  f i s h e s  made the re1 i a b l e  assessment o f  p o t e n t i a l  y i e l d  and optimum 
f i s h i n g  e f f o r t  d i f f i c u l t .  Re1 i a b l e  assessment o f  t he  s ta tus  o f  I nd ian  
Ocean b i l l  f i s h e s  requ i res  considerable improvements i n  the  f i s h e r y  
s t a t i s t i c s .  I n  p a r t i c u l a r ,  steps a re  needed t o  improve bas ic  requirements 
such as c o r r e c t l y  i d e n t i f y i n g  species and a l l ow ing  f o r  separate record ing  
o f  t he  ca tch  o f  each species i n  l o n g l i n e  logbooks. 

I . V . C . l .  - Suggested Approach and Methods 

F i r s t  p r i o r i t y  should be g iven t o  c o l l e c t i n g  s t a t i s t i c s  
of t o t a l  catch.  Data on f i s h i n g  e f f o r t ,  s i z e  composition, and d e t a i l e d  
l o c a l  i t y  o f  capture are  a1 so essen t ia l  f o r  stock and f i s h e r y  assessments. 
P a r t i c i p a n t s  a t  the Shimizu Workshop s t r o n g l y  recommended t h a t  coun t r i es  
1 anding l a r g e  q u a n t i t i e s  o f  tuna ( b u t  c o l l e c t i n g  inadequate f i she ry  

*Honma, M., and S.  Ueyanagi. 1979. Stock assessment o f  b i l l f i s h e s  i n  
the  Ind ian  Ocean. 
Tunas and B i l l f i s h  Stocks i n  the  Ind ian  and P a c i f i c  Oceans. Shimizu, 
Japan, 13-22 June 1979. 

Prepared f o r  t he  Workshop on t h e  Assessment o f  Selected 
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s t a t i s t i c s )  t a k e  a c t i o n  t o  
b i l l f i s h e s .  I n  a d d i t i o n  t o  
s t a t i s t i c s  cannot  be e f f e c t  
u n t i l  r e g i o n a l  i n s t i t u t i o n s  

1V.D. S t a t u s  o f  SWFC Data 

mprove t h e i r  data.  The same h o l d s  t r u e  f o r  t h e  ..rr* 

n a t i o n a l  da ta  c o l l e c t i o n  e f f o r t s ,  t h e  
v e l y  organized, disseminated, and eva lua ted  
a r e  organized t o  accompl ish these tasks.  

Base 

Pub1 i s h e d  b i l l  f i s h  f i s h e r y  s t a t i s t i c s  f rom Japan and Taiwan a r e  i n  

Attempts should be 

t h e  da ta  base main ta ined a t  t h e  Honolu lu  Labora tory ,  which a1 so c o n t a i n s  
da ta  ob ta ined through c o n t a c t s  w i t h  s c i e n t i s t s  i n  Japan and Taiwan. 
f rom Korean l o n g l i n e  opera t ions ,  however, a r e  l a c k i n g .  
made t o  o b t a i n  these m i s s i n g  da ta  and t o  improve t h e  accuracy o f  da ta  
c o l l  ected. 

Data 
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STATUS REPORT: EASTERN TROPICAL PACIFIC YELLOWFIN TUNA 

by 

Samuel F. Her r ick ,  Jr. 

Southwest F i  sher ies Center 
Oceanic F i  sher ies Resources D i v i s i o n  

La J o l l a ,  C a l i f o r n i a  

ABSTRACT 

The s ta tus  o f  eastern P a c i f i c  y e l l o w f i n  tuna has been evaluated us ing 
general product ion models and age-structured model s. 
product ion model analyses i n d i c a t e  t h a t  the  eastern P a c i f i c  ye1 l o w f i n  
f i s h e r y  i s  c u r r e n t l y  opera t ing  a t  l e v e l s  above maximum susta inable y i e l d .  
The age-structured analyses r a i s e  concerns over the  increased dependency o f  
t he  f i s h e r y  on age-1 f i s h .  Recent increases i n  age-1 catches cou ld  lead t o  
a decrease i n  y i e l d - p e r - r e c r u i t  and a diminished p o t e n t i a l  y i e l d .  
f i s h i n g  on a succession o f  poor r e c r u i t  c lasses cou ld  reduce the  a d u l t  
popu la t ion  such t h a t  recru i tment  f a i l u r e  occurs. 
t rends  i n  the  near f u t u r e  are complicated by a f a i l u r e  t o  reach agreement 
on a mechanism f o r  implementing an eastern P a c i f i c  y e l l o w f i n  conservat ion 
program i n  1980. 

Resul t s  o f  t he  

Heavy 

E f f o r t s  t o  reverse these 

c 
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I. DESCRIPTION OF THE FISHERY 

The eas tern  P a c i f i c  Ocean y e l l o w f i n  tuna f i s h e r y  i s  p r i m a r i l y  
conducted w i t h i n  an area known as t h e  eas tern  t r o p i c a l  P a c i f i c  (ETP), which 
i s  bounded by 40" N l a t i t u d e ,  30" S l a t i t u d e ,  150" W long i tude,  and the  
west coasts  o f  North,  Cent ra l ,  and South America. For  management purposes, 
t h e  In ter -Amer ican T rop ica l  Tuna Commission (IATTC) d i v i d e s  t h e  ETP i n t o  
two subregions: 1 ) t h e  Commission Y e l l o w f i n  Regulatory Area (CYRA), and 2) 
t h e  remaining area ou ts ide  the  CYRA ( F i g u r e  1). Long l ine  and sur face  gears 
(ba i tboa ts ,  purse seiners,  and bo l i cheras)  a re  used t o  ca tch  sk ip jack ,  
b igeye, b l u e f i n ,  and a lbacore tunas i n  the  ETP, as we l l  as y e l l o w f i n  tuna. 

J i g  boats  o r  t r o l l e r s  a l s o  f i s h  i n  the  ETP f o r  tuna b u t  tend t o  
concentrate t h e i r  f i s h i n g  e f f o r t  i n  t h e  no r the rn  f r i n g e  o f  t h e  CYRA. J i g  
boat  catches o f  y e l l o w f i n  tuna are  u s u a l l y  i n c i d e n t a l  t o  those o f  a lbacore,  
t h e  t a r g e t  species, and t h e r e f o r e  make o n l y  a minor  c o n t r i b u t i o n  t o  the  ETP 
y e l l o w f i n  ca tch .  

I . A .  H i s t o r y  o f  t h e  F ishery  

Catches o f  ye1 1 owf in  tuna were repo r ted  by U.S. b a i  t boa ts  f i s h i n g  
inshore  areas o f f  southern C a l i f o r n i a  as e a r l y  as 1919. 
dominated the  f i s h e r y  u n t i l  t he  1 a t e  1950's, when major  techno log ica l  
advancements i n  gear p r e c i p i t a t e d  a 1 arge sca le  convers ion t o  purse 
se in ing.  Between 1958 and 1960 t h e  purse se ine component o f  t h e  eas tern  
P a c i f i c  tuna f l e e t  soared from 13% t o  54X, and by t h e  end o f  1960 t h e  purse 
se ine f l e e t  was opera t i ng  throughout i t s  p resent  nor th -south  range, f rom 
C a l i f o r n i a  t o  Peru. As t h e  f i s h e r y  extended southward, many L a t i n  American 
na t ions ,  a t t r a c t e d  by t h e  performance o f  t h e  U.S. purse se iners,  s t a r t e d  
develop ing t h e i r  own tuna f l e e t s .  Since then the  f i s h e r y  has grown f a i r l y  
s t e a d i l y ,  and by 1979 vessels  from 18 c o u n t r i e s  were p a r t i c i p a t i n g  i n  the  
f i s h e r y .  I n  terms o f  numbers, t h e  1979 ETP combined sur face  f l e e t  
cons is ted  o f  81% purse se iners,  14% ba i tboa ts ,  4% bo l i che ras  (smal l  purse 
se iners  o f  l e s s  than 45 m t  c a r r y i n g  capac i ty )  and 1% j i g  boats.  
se iners  accounted f o r  98% o f  t h e  ETP c a r r y i n g  capac i ty ,  w i t h  ba i tboa ts ,  
bo1 icheras,  and j i g  boats c o n t r i b u t i n g  the  remaining 2%. 

Ba i tboa ts  

The purse 

F i s h i n g  f o r  y e l l o w f i n  tuna i n  the  ETP west o f  t h e  CYRA and eas t  o f  
150" W 1 ongi tbde devel oped f o l l  owing World War I I, when Japanese 1 ongl i n e r s  
expanded t h e i r  range o f  opera t ions  eastward from the  western P a c i f i c .  
Japanese l o n g l i n e r s  began f i s h i n g  i n  the  ETP i n  the  l a t e  1950's, and 
l o n g l i n e r s  from Taiwan and South Korea entered the  f i s h e r y  i n  1962 and 
1965, r e s p e c t i v e l y .  U n t i l  the  l a t e  1960's, f i s h i n g  i n  the  "ou ts ide"  area 
was conducted s o l e l y  by l o n g l i n e r s .  Large purse se iners  began t o  f i s h  i n  
the  ou ts ide  area i n  1968-1969, two years  a f t e r  t he  y e l l o w f i n  quota system 
was es tab l i shed  f o r  t he  CYRA. 
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150. 140' 120' I100 100' 80' 70' 

Figure 1. The eastern tropical Pacific Ocean showing the historical  area 
of the fishery fo r  yellowfin t u n a ,  the more recently fished 
area w i t h i n  the Commission's Yellowfin Regulatory Area ( C Y R A ) ,  
and the area outside the CYRA. 
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In  recent years, the U.S., Japan, Korea, Taiwan, and Costa Rica 
have participated i n  the outside fishery,  w i t h  the U.S.  responsible for  
more t h a n  95% of this a rea ' s  yellowfin catch. The surface catches of 
yellowfin from the outside area have ranged from a low of 1,100 m t  i n  1968 
t o  a h i g h  of 46,000 m t  i n  1976. 
outside area has decreased dramatically (13,000 m t  i n  1979). 

Since 1976, the yellowfin catch from the 

hi 

In  1979, the U.S. was the leading participant i n  the overall ETP 
yellowfin fishery w i t h  61% of  the catch, followed by Mexico (13%), and 
Ecuador (5.5%) (Figure 2). 
ETP yellowfin catch included Bermuda, Canada, Colombia, Congo, Costa Rica, 
Japan, Korea, Netherlands, New Zealand, Nicaragua, Panama, Peru, Senegal, 
Spa in  , and Venezuel a. 

Other countries t ha t  contributed to  the 1979 

I.B. Trends i n  Catch and Effort  

Catches of  yellowfin tuna from the ETP have been reported as f a r  
back as 1919, when approximately 300 m t  were landed i n  California. 
increased s teadi ly  thereaf ter  (except for  a decrease d u r i n g  World War 11) 
t o  approximately 102,000 m t  i n  1950. Catches declined i n  the 1950's t o  a 
low of 63,000 m t  i n  1954 b u t  rebounded sharply, w i t h  the introduction o f  
the modern purse seine technology, t o  109,000 m t  i n  1961. 
1979 an annual quota was placed upon yellowfin caught w i t h i n  the CYRA and 

CYRA i n  1966 t o  a preliminary catch of 177,000 m t  i n  1979 (Figure 3 ) .  

Catches 

From 1966 t o  

the catch trend d u r i n g  tha t  period reflected the quota: 83,000 m t  from the a 

Because the ETP tuna fishery exploits both yellowfin and skipjack 
tunas over much of the areas fished, i t  i s  d i f f i c u l t  to  d i s t i n g u i s h  f i s h i n g  
e f f o r t  by species. However, estimates based upon yellowfin catch and 
yellowfin catch-per-standard-days-fishing i n  C1 ass-3 (92 t o  182 m t  carrying 
capacity) purse seine units show e f f o r t  increasing from approximately 
18,000 standard days i n  1967 t o  approximately 78,000 standard days i n  1979. 
Estimates u s i n g  yellowfin catch from the outside area and catch-per-day- 
f i s h i n g  i n  Class-6 (greater  than 365 m t  carrying capacity) purse seine 
units indicate t h a t  e f f o r t  increased from approximately 900 days i n  1969 t o  
approximately 4,000 days i n  1974, then declined to 1,800 days i n  1979. 

I .c. Value of Catch 

Of the major ETP f ishing nations, ex-vessel yellowfin prices are  
available only f o r  the U.S. United States  ex-vessel prices for  yellowfin 
t u n a  i n  1979 were $1,044/mt f o r  yellowfin greater than seven (7)  pounds, 
and $890/mt f o r  yellowfin l e s s  t h a n  seven (7 )  pounds. Based upon an 
average U.S. ex-vessel price of  $967/mt, the 1979 yellowfin catch of  
177,000 m t  from w i t h i n  the CYRA generated approximately $171 million i n  
' l and ings  revenue. The yellowfin catch from outside the CYRA (13,000 m t )  
generated approximately $13 million. The ex-vessel revenue generated by 
the combined 1979 yellowfin catch inside and outside the CYRA was 
approximately $184 m i l l i o n .  
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F i g u r e  3 .  Catches o f  y e l l o w f i n  tuna f rom i n s i d e  t h e  CYRA and o u t s i d e  
t h e  C Y R A  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  Ocean. 
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I .D .  C u r r e n t  Management o f  t h e  F i s h e r y  

I n  1950 t h e  In ter -Amer ican T r o p i c a l  Tuna Commission (IATTC) was 
formed th rough a Convent ion between t h e  Republ ic  o f  Costa Rica and t h e  
U n i t e d  Sta tes .  
f i s h  f o r  t r o p i c a l  tunas i n  t h e  ETP w i t h  t h e  unanimous consent  o f  t h e  
p r e s e n t  members. C u r r e n t  members i n c l u d e  t h e  U n i t e d  Sta tes ,  Panama, 
Canada, Japan, France, and Nicaragua (Ecuador, Mexico, and Costa Rica have 
withdrawn f rom t h e  Commission). 

The convent ion  i s  open t o  o t h e r  governments whose n a t i o n a l s  

The p r i n c i p a l  d u t i e s  o f  t h e  Commission under t h e  Convent ion a r e  t o  
1 )  s tudy t h e  b i o l o g y ,  ecology,  and p o p u l a t i o n  dynamics o f  t h e  tunas and 
r e l a t e d  species o f  t h e  e a s t e r n  P a c i f i c  Ocean w i t h  a v iew toward de termin ing  
t h e  e f f e c t  o f  f i s h i n g  and n a t u r a l  f a c t o r s  on t h e i r  abundance; and 2 )  
recommend, when a p p r o p r i a t e ,  c o n s e r v a t i o n  measures t h a t  w i l l  m a i n t a i n  t h e  
f i s h  s tocks  a t  l e v e l s  which w i l l  a f f o r d  maximum s u s t a i n a b l e  catches. 

The f i r s t  c o n s e r v a t i o n  measure proposed by t h e  Commission was a 
quota l i m i t i n g  t h e  annual c a t c h  o f  y e l l o w f i n  tuna from the  ETP f o r  1962. 
But  t h e  f i r s t  CYRA y e l l o w f i n  quota was n o t  implemented u n t i l  1966. Since 
then y e l l o w f i n  c a t c h  quotas have been imposed o r  recommended annua l ly .  
( S i n c e  1971 these quotas have been expressed as base numbers p l u s  t h e  
p o s s i b i l i t y  o f  one o r  two increments t o  be added a t  t h e  d i s c r e t i o n  o f  t h e  
D i r e c t o r  o f  I n v e s t i g a t i o n s .  The increments a r e  p a r t  o f  an o v e r - f i s h i n g  
exper iment  designed t o  e s t i m a t e  e m p i r i c a l l y  t h e  r e  a t i o n s h i p  between c a t c h  
and e f f o r t . )  

The c l o s u r e  da te  f o r  u n r e s t r i c t e d  ye1 1 owf 
CYRA i s  e s t a b l  i shed when 

n f i s h i n g  i n s i d e  t h e  

c u r r e n t  c a t c h  + expected c a t c h  o f  y e l l o w f i n  b y  vesse ls  a t  sea 
engaged i n  u n r e s t r i c t e d  f i s h i n g  and by vesse ls  
expected t o  d e p a r t  on u n r e s t r i c t e d  t r i p s  w i t h i n  
t h e  s p e c i f i e d  grace p e r i o d  

= t h e  quota - t h a t  p o r t i o n  o f  t h e  quota reserved f o r  t h e  
i n c i d e n t a l  c a t c h  o f  y e l l o w f i n  a f t e r  t h e  c l o s u r e  
o f  t h e  CYRA 

+ any s p e c i a l  CYRA ye1 1 o w f i n  a1 1 o c a t i o n s  gran ted  
d u r i n g  t h e  year .  (There a r e  spec ia l  a l l o c a t i o n s  
f o r  "smal 1 " vessel s ,  newly-const ructed vessel  s o f  
deve lop ing  na t ions ,  and vessel  s engaged i n  
Commission-designated research programs.) 

F u r t h e r  safeguards c a l l  f o r  t h e  immediate c u r t a i l m e n t  o f  y e l l o w f i n  
f i s h i n g  i f ,  a t  any t ime,  t h e  y e l l o w f i n  ca tch-per -s tandard-days- f i sh ing  
w i t h i n  t h e  CYRA f a l l s  below 2.7 m t .  
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I n  1979 t h e  CYRA quota was 159,000 m t  w i t h  increments o f  18,000 m t  
and 14,000 m t .  
o f  150,000 m t  w i t h  p rov i s ions  f o r  incremental increases t o  191,000 m t .  

For 1980 t h e  Commission recommended a CYRA y e l l o w f i n  quota 

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

V i r t u a l l y  a l l  o f  t he  U.S. y e l l o w f i n  ca tch  from the ETP i s  landed and 
consumed domest ica l l y .  I n  1979, domestic 1 andings o f  a1 1 tuna species 
t o t a l l e d  213,000 m t ;  o f  these, 126,000 m t ,  o r  55%, were y e l l o w f i n .  O f  a l l  
1979 domestic ye1 l o w f i n  1 andings, approximately 120,000 m t  were taken from 
the  ETP. Th is  represents  95% o f  a l l  domestic y e l l o w f i n  land ings  and 52% o f  
a l l  domestic tuna land ings  f o r  1979. The domestic y e l l o w f i n  ca tch  from the 
ETP c o n t r i b u t e d  approximately 20% o f  the  595,000 m t  o f  tuna ( a l l  species) 
used i n  the  1979 U.S. cannery supply o f  f resh  and f rozen tuna (domest ic 
1 andings and f o r e i g n  impor ts) .  

Dur ing  1979 t h e  U.S. tuna f l e e t  opera t ing  i n  the  ETP cons is ted  o f  138 
purse se iners (81%), 28 ba i tboa ts  (17%), and 3 j i g  boats (2%). 
U.S. f l e e t  c a r r y i n g  capaci ty ,  purse se iners con t r i bu ted  approximately 
90,000 m t ,  b a i t b o a t s  2,300 m t ,  and j i g  boats 27 m t .  The domestic ETP 
y e l l o w f i n  ca tch  i n  1979 generated approximately $116 m i l l  i o n  i n  land ings  
revenue, based upon 1979 U.S. ex-vessel p r ices .  

I n  terms o f  

Besides being the  cornerstone o f  the  U.S. tuna f l e e t  operat ions,  t he  
ETP y e l l o w f i n  f i s h e r y  con t r i bu tes  s i g n i f i c a n t l y  t o  employment i n  U.S.  
canner ies l oca ted  i n  C a l i f o r n i a  and Puer to Rica. Tuna canner ies i n  
Cal i f o r n i a  employed an average o f  6,215 people du r ing  1978, w h i l e  canner ies 
i n  Puer to Rico employed an average o f  6,834 people. Whi le these canner ies 
process o the r  species on occasion (e.g. bon i to ,  b lack  sk ip jack ,  anchovies, 
and mackerel) ,  tuna i s  t he  mainstay o f  cannery opera t ions  and w i thou t  tuna 
these canner ies would probably cease t o  e x i s t .  

l a s t  decade. 
ca tch  increased from 18% t o  37%, reaching 43% i n  1978. Whi le U.S. f l e e t  
c a r r y i n g  capac i ty  i n  the eastern P a c i f i c  has dec l ined by about 8% s ince  
1976, f o r e i g n  capac i t y  has grown by over 30%. From 1976 through August 
1980 t h e  number o f  f o r e i g n  purse se iners f i s h i n g  i n  the eas tern  P a c i f i c  
rose from 94 t o  125 (Table 11, represent ing  a 33% decrease i n  the  number o f  
U.S. purse seiners.  However, s ince  1978 the  combined c a r r y i n g  capac i ty  o f  
t h e  U.S. and f o r e i g n  purse seine f leets-has remained almost constant .  

Fore ign tuna f i s h i n g  a c t i v i t y  i n  the ETP has shown an upsurge over the 
From 1970 t o  1979 t h e  f o r e i g n  p o r t i o n  o f  t he  CYRA y e l l o w f i n  

Most o f  t he  g rowth ‘ i n  f o r e i g n  purse seine numbers s ince 1977 can be 
a t t r i b u t e d  t o  vessel f l a g  t rans fe rs .  Transfers  o f  U.S. purse se iners t o  
f o r e i g n  f l a g s  f i s h i n g  i n  the  eas tern  P a c i f i c  from 1977 through September 
1980 numbered 14, w i t h  a t o t a l  c a r r y i n g  capac i ty  o f  12,419 m t  (Tab le  2 ) .  
I n  add i t i on ,  seven new vessels  dest ined f o r  f o r e i g n  f l e e t s  opera t ing  i n  the  
eas tern  P a c i f i c  were completed du r ing  t h i s  per iod,  o r  a re  c u r r e n t l y  under 
cons t ruc t i on  i n  U.S. shipyards.  A l l  o f  these new vessels  have a 1,092 m t  
c a r r y i  ng capaci ty . 
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Table 2. U.S. tuna purse seine f lag t ransfers ,  1977 t o  1980. 

- 
~~~~ ~ 

Carrying 
C c v n t r * {  t c  : i lh ich  Capac j  t y  

T r a n s f e r r e r !  ( r ” c t r  i c  Tors)  Year B u i l t  

1 3 7 7 - 1 9 7 8  

AI e t  h F  r l a  nd s 
;:e t h e  r l a  nd s 
P a n a n a  
P a n a m a  
C o s t a  R ica  
Cos ta  R ica  
C o s t a  Rica  
Net h e r  1 a n d s  
t k e t h e r l a n d s  

tl n t i 1 1 e s 1 , 0 0 0  
A n t i l l e s  1 ,oclo 

7 1  o 
7 1  o 

71  11 
A n t i l l e s  1 , 0 9 0  
A n t i l l e s  1,0:3r) 

1 ,000 
a 4  5 

1 9 7 2  
1 9 7 3  
1 9 6 3  
1 0 5 2  
1 9 6 9  
1 9 6 7  
1 9 7 0  
1 9 7 3  
1 9 7 2  

1 9 7 9  

C a y m a n  I s l a n d s  ( B r i t i s h )  4 90 1 3 6 5  

1 9 3 0  ( t h r o u g h  S e p t e m b e r )  

Venezuela 
CayFan I s l a n d s  
Y e x i c o  
’illcxico 
T o t a l  C a n a c i t y  

1 , 2 7 3  
1 ,099  

5 9 1  
1 , 0 0 0  

1 2 , 4 1 3  

1 9 7 2  
1 9 7 4  
1 9 6 7  
1 9 7 1  
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A major  f a c t o r  i n f l u e n c i n g  the  r o l e  o f  U.S. tuna f i s h i n g  i n  the  ETP i s  .ra, 

t h a t  a CYRA y e l l o w f i n  conservat ion program was n o t  adopted f o r  1980. 
s i t u a t i o n  stemmed p r i m a r i l y  from the  i n a b i l i t y  o f  Mexico, Costa Rica, and 
the  Un i ted  Sta tes  t o  reach agreement on new management and access 
arrangements f o r  tuna resources i n  the  eastern P a c i f i c .  U n t i l  an eastern 
P a c i f i c  tuna management regime acceptable t o  Mexico and Costa Rica can be 
enacted by the  member coun t r i es  o f  t h e  IATTC, t he  U.S. may be fo rced t o  
concentrate i t s  f i s h i n g  e f f o r t  i n  the  areas ou ts ide  the  ZOO-mile zones o f  
t he  coun t r i es  border ing  on the  ETP. I f  such becomes the  case, t he  U.S. 
would l ose  access t o  areas from which 65% o f  i t s  h i s t o r i c a l  catches o f  ETP 
y e l l o w f i n  and sk ip jack  tuna have been taken. 
t he  y e l l o w f i n  tuna caught i n  the  ou ts ide  areas o f  t he  ETP (areas A2 and A3, 
F igure  1) associate w i t h  porpoise,  porpoise quotas a re  l i k e l y  t o  be reached 
e a r l i e r  i n  the  year,  which would severe ly  l i m i t  the  a b i l i t y  o f  t he  U.S. 
f l e e t  t o  ca tch  y e l l o w f i n  i n  the  ETP. 

Th is  

Furthermore, s ince  most o f  

With exc lus i ve  access t o  h i g h l y  p roduc t ive  f i s h i n g  areas i n  the ETP, 
t h e  f l e e t s  o f  t he  coasta l  na t ions  ad jacent  t o  the resource can be expected 
t o  cont inue growing. Much o f  t h i s  growth may be through f l a g  t r a n s f e r s  o f  
U.S. vessels  otherwise denied access t o  these areas. 

111. STATUS OF THE STOCKS 

.ah 

Research on the  popu la t ion  dynamics o f  ETP y e l l o w f i n  tuna i s  conducted 
by the  s c i e n t i f i c  s t a f f  o f  the  IATTC. 
s t a f f  undertook i n v e s t i g a t i o n s  i n  the  f o l l o w i n g  areas: 1) popu la t ion  
s t r u c t u r e  and migra t ion ;  2) abundance est imates and t h e i r  re1 a t i o n  t o  
f i s h i n g  success; 3 )  s i z e  composi t ion and d i s t r i b u t i o n  o f  tunas by t ime and 
area; 4 )  feeding hab i ts ;  5) growth studies;  6) tuna/porpoise re la t i onsh ips ;  
and 7 ) oceanography and tuna ecology. 

Dur ing 1979 t h e  IATTC s c i e n t i f i c  

e 

I I 1  .A. Stock S t ruc tu re  

Dur ing 1979 t h e  IATTC s c i e n t i f i c  s t a f f  cont inued i t s  s tud ies  on the  
r a t e s  o f  mix ing  o f  i n d i v i d u a l  tuna from d i f f e r e n t  geographic areas o f  t he  
P a c i f i c .  Resu l ts  o f  these s tud ies  t o  date a re  inconclus ive.  However, 
tagg ing  experiments i n d i c a t e  t h a t  t he  r a t e  o f  mix ing  f o r  y e l l o w f i n  between 
the area i n s i d e  the  CYRA and ou ts ide  the  CYRA i s  low. Therefore, t he  
produc t ion  model analyses which have been done assume y e l l o w f i n  tuna i n  
these two areas t o  be two separate stocks. 
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I I 1  .B. Stock Assessment and F ishery  Eva1 ua t i on  

c. 

I I I. B. 1. Trends i n Catch- per- Un i t - E  f f o r t  

The catch-per-standard-days-fi shing (CPSDF) i s  used by 
t h e  Commission as an index o f  r e l a t i v e  apparent abundance o f  y e l l o w f i n  as 
we l l  as an index o f  r e l a t i v e  f i s h i n g  success. Annual CPSDF i n  Class-3 
purse seine u n i t s  and catch-per-day- f ish ing (CPDF) i n  C1 ass-6 purse seine 
u n i t s  f o r  unregulated y e l l o w f i n  f i s h i n g  i n  the  CYRA dur ing  the pe r iod  1970 
t o  1979 i s  shown i n  F igure  4. 
1970 and s t a r t e d  t o  dec l i ne  ( w i t h  t h e  except ion o f  1972) a t  a f a i r l y  steady 
r a t e  therea f te r .  The p re l im ina ry  data f o r  1980 show a con t inua t ion  o f  the  
downward trend. 

It can be seen t h a t  CPSDF was h ighes t  i n  

III.B.2. Results o f  Product ion Model Analys is  

Two product ion model analyses were employed i n  1979 t o  
determine the  s ta tus  of t h e  y e l l o w f i n  stock i n s i d e  the CYRA. 
used the  1 o g i s t i c  model b u t  incorpora ted  d i f f e r e n t  t ime per iods and 
employed d i f f e r e n t  purse seine c lasses t o  standardize e f f o r t .  
cases, average maximum susta inable y i e l d  (AMSY) was estimated t o  be about 
159,000 m t  (F igures 5A and B). I n  each case, the  1976 t o  1979 p o i n t s  f a l l  
t o  the  r i g h t  o f  the  peak o f  t he  curve, i n d i c a t i n g  t h a t  the  e f f o r t  has 
apparent ly  exceeded the  l e v e l  necessary t o  achieve AMSY. 
a t  the  1976 t o  1979 l e v e l  over the n e x t  few years, one o f  two s i t u a t i o n s  
would be l i k e l y  t o  occur. F i r s t ,  t h e  ca tch  could decrease, which would 
i n d i c a t e  t h a t  the  stock o f  y e l l o w f i n  probably changes i n  response t o  
f i s h i n g  as pred ic ted  by t h e  product ion model. 
remain approximately constant  o r  even increase. I f  t h e  l a t t e r  occurs, i t  
cou ld  i n d i c a t e  t h a t  t he  model may n o t  be appropr ia te.  
determined on ly  by con t inua t ion  o f  t h e  Commission's experimental 
o v e r f i s h i n g  program. 

Both methods 

I n  bo th  

I f  e f f o r t  i s  he ld  

Second, the  ca tch  cou ld  

Th is  can be 

Tagging experiments have ind i ca ted  t h a t  the  r a t e  o f  
m ix ing  o f  y e l l o w f i n  between the  CYRA and ou ts ide  area i s  low, so t h a t  t o  
date, y e l l o w f i n  o f  t he  ou ts ide  area have been considered separate ly  from 
those o f  t he  CYRA. 
i n d i c a t e  t h a t  ca tch  has remained p ropor t i ona l  t o  e f f o r t .  No product ion 
models, however, have been f i t t e d  t o  these data. I f  the  l o g i s t i c  model was 
app l icab le ,  t he  data would appear t o  i n d i c a t e  t h a t  the  f i s h e r y  i s  opera t ing  
on the  l e f t -hand  o r  under f i sh ing  s ide  o f  t he  e q u i l i b r i u m  product ion curve. 
Th is  suggests t h a t  there  i s  no biological reason f o r  imposing l i m i t s  on the 
y e l l o w f i n  ca tch  o r  t he  i n t e n s i t y  o f  f i s h i n g  ou ts ide  the  CYRA. 

Catch-and-effort data from outs ide  the CYRA (F igu re  6) 

III.B.3. Resul ts  o f  Y ie ld-per-Recru i t  Analys is  

Estimated r e l a t i o n s h i p s  among s i ze  a t  en t ry ,  f i s h i n g  
e f f o r t ,  and y i e l d - p e r - r e c r u i t  a re  shown i n  F igures 7A, B and C. Resul ts  o f  
t h e  y i e l d - p e r - r e c r u i t  ana lys i s  suggest t h a t  w i t h  the  given f i s h i n g  pa t te rns  
(mu1 t i p 1  i e r  = 1.01, inc reas ing  s ize-a t -en t ry  would increase y ie ld -per -  
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r e c r u i t .  Given a 3-1 b s i z e - a t - e n t r y ,  i n c r e a s i n g  e f f o r t  would n o t  
s u b s t a n t i a l l y  i n c r e a s e  y i e l d - p e r - r e c r u i  t i n  each o f  t h e  cases presented. 

I I I .B.4. Resul t s  o f  Spawner/Recrui tment A n a l y s i s  

Large catches o f  1 y e a r - o l d  y e l l o w f i n  were taken from t h e  
CYRA i n  1978 and 1979. 
r e l a t i v e l y  g r e a t e r  catches o f  young f i s h  were due t o  increased 
r e c r u i t m e n t ,  inc reased v u l n e r a b i l i t y  o f  smal l  f i s h  r e s u l t i n g  f rom average 
r e c r u i t m e n t ,  a s h i f t  o f  e f f o r t  t o  areas where small  f i s h  a r e  more abundant, 
a s h i f t  i n  t h e  p o p u l a t i o n  s t r u c t u r e  away f rom l a r g e  f i s h ,  o r  some 
combinat ion o f  these. I f  t h e  f i r s t  case i s  t r u e ,  l a r g e  catches c o u l d  be 
expected i n  subsequent y e a r s  when t h e  f i s h  from t h e  l a r g e  r e c r u i t m e n t  
become a v a i l a b l e  as medium- and l a r g e - s i z e d  f i s h .  However, i n  t h e  second 
and t h i r d  cases, t h e  o p p o s i t e  would be t r u e  due t o  a s c a r c i t y  o f  medium- 
and l a r g e - s i z e d  f i s h  a f t e r  t h e  small  ones had been h e a v i l y  e x p l o i t e d .  I n  
1979 t h e  f i s h  r e c r u i t e d  i n  1978 appear t o  have c o n t r i b u t e d  h e a v i l y  t o  the  
f i s h e r y  as 2 y e a r - o l d s ,  suggest ing above-average r e c r u i t m e n t  i n  1978. I n  
genera l ,  t h e  da ta  suggest t h a t  t h e r e  has been an increased dependency o f  
t h e  f i s h e r y  upon 1 y e a r - o l d  f i s h  i n  r e c e n t  years.  

T h i s  r a i s e s  ques t ions  as t o  whether these 

I I I .B .5 .  Resu l ts  o f  Other Analyses/Simul a t i o n s  

Cohor t  a n a l y s i s  was used t o  e s t i m a t e  t h e  numbers and 
we igh ts  o f  f i s h  o f  v a r i o u s  c o h o r t s  a t  t h e  t i m e  o f  r e c r u i t m e n t  and a t  
v a r i o u s  i n t e r v a l s  t h e r e a f t e r .  

D u r i n g  1968 t o  1971 t h e  t o t a l  CYRA y e l l o w f i n  biomass 
averaged about 319,000 m t  and was comprised o f  a l a r g e  p r o p o r t i o n  o f  o l d e r  
f i s h ;  t h i s  r e s u l t e d  f rom above-average 1966 and 1967 r e c r u i t m e n t s  which 
were 1 i g h t l y  e x p l o i t e d  as j u v e n i l e s  ( F i g u r e  8 ) .  Bel ow-average r e c r u i t m e n t ,  
t o g e t h e r  w i t h  i n c r e a s i n g  r a t e s  o f  e x p l o i t a t i o n  d u r i n g  1969 t o  1972, l e d  t o  
a d e c l i n e  i n  t h e  biomass o f  b o t h  young and o l d  f i s h  d u r i n g  1972 and 1973. 
The l o w e r  biomass o f  o l d e r  f i s h  p e r s i s t e d  through 1974, w h i l e  t h e  abundance 
o f  s m a l l e r  f i s h  began t o  inc rease due t o  an ext remely l a r g e  1974 year -  
c l a s s .  The 1974 y e a r - c l a s s  accounted f o r  most o f  t h e  inc rease i n  biomass 
o f  l a r g e  f i s h  l a t e  i n  1975, d u r i n g  1976, and i n t o  e a r l y  1977. The l a r g e s t  
c a t c h  o f  y e l l o w f i n  i n  t h e  h i s t o r y  o f  t h e  e a s t e r n  P a c i f i c  f i s h e r y  was made 
d u r i n g  1976. However, poor  r e c r u i t m e n t  i n  1976 and 1977, coupled w i t h  
heavy e x p l o i t a t i o n  o f  young f i s h  s i n c e  1973, has r e s u l t e d  i n  t h e  biomass o f  
b o t h  young and o l d  f i s h  decreas ing t o  t h e  l o w e s t  l e v e l  y e t  observed i n  t h e  
f i s h e r y .  A l though r e c r u i t m e n t  i n  1978 was h i g h  (exceeded o n l y  by t h a t  o f  
19741, t h e  1978 y e a r - c l a s s  i s  n o t  expected t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
t h e  f i s h e r y  i n  1980 and 1981 because so many i n d i v i d u a l s  were captured  as 1 
and 2 y e a r - o l d s .  P r e l i m i n a r y  es t imates  o f  t h e  1979 r e c r u i t m e n t  appear t o  
be s l  i g h t l y  1 ower than average. 
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1 I I . C .  C u r r e n t  E v a l u a t i o n  o f  Stocks and t h e  F i s h e r y  

Based upon t h e  p r o d u c t i o n  model analyses, i t  does n o t  appear t h a t  
i n c r e a s i n g  t h e  e f f o r t  on y e l l o w f i n  w i t h i n  t h e  CYRA w i l l  r e s u l t  i n  an 
inc reased y i e l d .  Depending upon t h e  shape o f  t h e  r i g h t  hand s i d e  o f  t h e  
p r o d u c t i o n  curve ,  t h e  c a t c h  can remain c o n s t a n t  as e f f o r t  inc reases  o r  i t  
can dec l  ine .  

I f  CPSDF i n d i c e s  a c c u r a t e l y  r e f l e c t  t r e n d s  i n  y e l l o w f i n  abundance, 
t h e  p o p u l a t i o n  i s  c u r r e n t l y  a t  i t s  l o w e s t  known l e v e l .  
t h a t  c a u t i o n  should be exerc ised i n  i n c r e a s i n g  t h e  c a t c h  beyond t h e  c u r r e n t  
b e s t  e s t i m a t e  o f  AMSY (159,000 m t ) .  

It appears then 

I n  1978 concern was expressed over  t h e  changing s i z e  compos i t ion  
o f  t h e  CYRA y e l l o w f i n  catch.  
y e l l o w f i n  i s  v a r i a b l e  and t h a t  t h i s  v a r i a b i l i t y ,  coupled w i t h  a s h i f t  o f  
f i s h i n g  m o r t a l i t y  t o  t h e  younger age groups, c o u l d  l e a d  t o  reduced catches 
o f  y e l l o w f i n  i n  years  o f  below-average r e c r u i t m e n t .  

It was noted t h a t  t h e  r e c r u i t m e n t  o f  

I f  t h e  number o f  l a r g e r  f i s h  i n  t h e  ETP y e l l o w f i n  p o p u l a t i o n  i s  t o  
be increased,  t h e  f i s h e r y  should be l e s s  dependent upon 1 y e a r - o l d  f i s h .  
As p o i n t e d  o u t  i n  t h e  1978 IATTC Annual Report ,  however, w h i l e  p r o t e c t i n g  
t h e  young y e l l o w f i n  would e v e n t u a l l y  b r i n g  s u b s t a n t i a l  b e n e f i t s  t o  t h e  
f i s h e r y ,  t h i s  r e d u c t i o n  i n  c a t c h  would be d i f f i c u l t  t o  accomplish. 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Ma jor  Research Problems 

The immediate b i o l o g i c a l  problem f a c i n g  t h e  ETP y e l l o w f i n  f i s h e r y  
concerns i t s  growing dependence on 1 y e a r - o l d  f . ish.  
y e a r - o l d  catches and c o n c u r r e n t  decreases i n  y i e l d - p e r - r e c r u i t  r e s u l t s  i n  a 
d imin ished p o t e n t i a l  y i e l d  and dependence o f  f i s h i n g  success on r e c r u i t  
c l a s s  s t r e n g t h .  I n  a d d i t i o n ,  heavy f i s h i n g  on a succession o f  poor  r e c r u i t  
c l a s s e s  c o u l d  reduce t h e  a d u l t  p o p u l a t i o n  t o  a l e v e l  such t h a t  r e c r u i t m e n t  
f a i l u r e  may occur.  Analyses o f  management measures designed t o  reverse  
t h i s  t rend,  such as t ime/area/gear  c losures ,  c o u l d  be undertaken t o  assess 
n o t  o n l y  t h e  b i o l o g i c a l  impact  on the  resource  i t s e l f ,  b u t  a l s o  t h e  socio- 
economic impacts  on t h e  resource  c o n s t i t u e n c y .  

The increase i n  1 

The f a i l u r e  t o  implement a y e l l o w f i n  c o n s e r v a t i o n  program i n  the  
ETP f o r  1980 s t r o n g l y  suggests t h a t  t h e  b 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 e r y  
cannot  be managed un less  t h e r e  i s  some acceptable mechanism f o r  r e s o l v i n g  
c o n f l  i c t s  r e l a t e d  t o  t h e  d i s t r i b u t i o n  o f  r e s o u r c e - r e l a t e d  b e n e f i t s  among 
a c t i v e  and p o t e n t i a l  p a r t i c i p a n t s  i n  the  f i s h e r y .  E v a l u a t i o n  o f  p o t e n t i a l  

resource  s t rengths ,  f i s h e r y  i n t e r e s t s ,  and n a t i o n a l  p r i o r i  t i e s  o f  those 
a f f e c t e d  by such a c t i o n s .  

management a c t i o n s  should t h e r e f o r e  be made w i t h  r e g a r d  t o  the  d i v e r s i t y  i n  m, 
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1V.B. Current  Research E f f o r t s  

There a re  c u r r e n t l y  no U.S. research e f f o r t s  d i r e c t e d  s p e c i f i c a l l y  
toward the  conservat ion and/or e x p l o i t a t i o n  o f  ye1 l o w f i n  tuna resources i n  
the  ETP per  se. 
tuna/porpoi  se-re1 ated issues. 

What research the re  i s  concerns i t s e l f  ma in ly  w i t h  

The IATTC i s  the  o rgan iza t i on  p r i m a r i l y  respons ib le  f o r  conduct ing 
research on the  y e l l o w f i n  tuna indus t r y .  I t s  s tud ies  on the  ETP y e l l o w f i n  
f i s h e r y  and resource requ i red  a s c i e n t i f i c  and support  s t a f f  o f  50 i n  1979. 
The U.S. c o n t r i b u t e d  $1,607,200 o f  t he  IATTC's $2,746,339 opera t ing  budget. 

1V.C. Future Research Needs 

1) E f f o r t  s tandard iza t ion  needs t o  be i nves t i ga ted  i n  the 
mu l t i spec ies  U.S. tuna f i she ry .  

2)  An ETP tuna f i s h e r y  economic data base needs t o  be 
establ ished.  

I V . C . l .  Suggested Approach and Methods 

1) The Southwest F i  sher ies Center (SWFC) c u r r e n t l y  
conducts no research on ETP y e l l o w f i n  tuna, b u t  i t  might  be ab le  t o  u t i l i z e  
data conta ined i n  i t s  tuna/porpoise data base t o  con f i rm  r e s u l t s  o f  c e r t a i n  
IATTC analyses. These data cou ld  a l so  be used t o  i n v e s t i g a t e  e f f o r t  
s tandard i za t i on  i n  the  U.S. tuna f i she ry .  

2 )  
es tab l i shed  on an i n d i v i d u a l  f l e e t  bas i s  i n  o rder  t o  analyze the economic 
impacts o f  proposed management pol  i c i e s .  To supplement the  economic data, 
i t  w i l l  be necessary t o  acqu i re  some extens ive i n fo rma t ion  on v e s s e l / f l e e t  
opera t ions  i n  the  ETP ( i .e . ,  days a t  sea, days f ished,  species ca tch  
composi t ions,  areas exp lo i ted ,  and f i s h i n g  techniques) from the  
vessel s / f l e e t s  f o r  which economic data a re  obtained. Other cons idera t ions  
which w i l l  he lp  complete the economic p i c t u r e  i nc lude  d i s p o s i t i o n  o f  
catches, cos ts  o f  processing, inventory -ho ld ing  and d i s t r i b u t i o n  o f  f i n a l  
products,  economic f e a s i b i l  i ty o f  p l a n t  re1 ocat ions,  consumer demand 
c h a r a c t e r i s t i c s ,  and i n t e r n a t i o n a l  t rade i n  ETP tuna and tuna products.  

An ETP tuna f i s h e r y  economic data base cou ld  be 
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1V.D. Status  of SWFC Data Base 

The SWFC does not c o l l e c t  data on the ETP yellowfin f i shery  except 
those pertaining t o  the U.S. tuna/porpoise observer program. Eastern 
t ropical  Pac i f ic  yellowfin tuna e f f o r t  and biological data a r e  col lected 
and archived by the IATTC. 
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STATUS REPORT: EASTERN TROPICAL PACIFIC SKIPJACK TUNA 

Ronald G. R ina ldo  

Southwest F i  s h e r i e s  Center 
Oceanic F i s h e r i e s  Resources D i v i s i o n  

La J o l l  a, Cal i f o r n i a  

ABSTRACT 

The stock s t r u c t u r e  o f  s k i p j a c k  tuna i n  t h e  P a c i f i c  Ocean i s  p o o r l y  
understood. I n  t h e  e a s t e r n  P a c i f i c  f i s h e r y  f o r  s k i p j a c k  tuna, t h e r e  
appears t o  be no s i g n i f i c a n t  r e l a t i o n s h i p  between e f f o r t  and apparent  
abundance. Y i e l d - p e r - r e c r u i  t a n a l y s i s  on a p a r t i a l  s tock i n d i c a t e s  a 
maximum y i e l  d - p e r - r e c r u i  t c o u l d  be ob ta ined a t  a g r e a t e r  f i s h i n g  e f f o r t  
than i s  c u r r e n t l y  app l ied .  
s k i p j a c k  tuna i n  t h e  e a s t e r n  P a c i f i c  does n o t  appear t o  a f f e c t  s tock 
abundance, and t h e r e  i s  no need t o  r e s t r i c t  t h e  catch.  

According t o  t h e  IATTC, t h e  f i s h e r y  f o r  
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I. DESCRIPTION OF THE FISHERY 

More s k i p j a c k  tuna a r e  harvested on a w o r l d  b a s i s  than any o t h e r  tuna 
species;  most o f  these a r e  taken from t h e  P a c i f i c  Ocean. The es t imated 
annual average c a t c h  i n  t h e  western P a c i f i c  Ocean from 1965 t o  1972 was 
220,000 m e t r i c  tons  (rnt); 80,000 m t  was t h e  average f o r  t h e  e a s t e r n  
P a c i f i c .  Es t imates  f rom 1973 t o  1978 i n d i c a t e  t h a t  catches f o r  t h e  western 
P a c i f i c  (420,000 mt) and the  e a s t e r n  P a c i f i c  (108,000 mt)  had increased 
grea t1  y . 

The s k i p j a c k  tuna f i s h e r y  i n  t h e  e a s t e r n  P a c i f i c  i s  an ou tgrowth  o f  
t h e  C a l i f o r n i a  a1 bacore f i s h e r y .  
y e l l o w f i n  and s k i p j a c k  tuna comprise t h e  major  spec ies harvested. 

It i s  a mu1 t i s p e c i e s  f i s h e r y  where 

I . A .  H i s t o r y  o f  t h e  F i s h e r y  

The i n d u s t r y  o r i g i n a t e d  i n  C a l i f o r n i a  near  t h e  t u r n  o f  t h e  century ;  
t h e  i n i t i a l  t a r g e t  was a lbacore,  which was f i r s t  s u c c e s s f u l l y  canned i n  
1903. 
C a l i f o r n i a  a lbacore  f i s h e r y  c o u l d  n o t  s a t i s f y  t h e  demands o f  t h e  tuna 

and s k i p j a c k  tunas were found i n  t h e  warmer waters  o f  t h e  e a s t e r n  P a c i f i c ;  
b y  1930 t h e  f i s h e r y  had expanded south t o  the  Centra l  American c o a s t  and 
o u t l y i n g  i s l a n d s .  
l a t i t u d e  and from t h e  N o r t h  and South American c o a s t  t o  150" W. l o n g i t u d e .  
S u b s t a n t i a l  f i s h e r i e s  occur  i n  t h e  n o r t h e a s t e r n  P a c i f i c  Ocean near Baja 
C a l i f o r n i a ,  t h e  R e v i l l a g i g e d o  I s l a n d s ,  and C1 i p p e r t o n  I s l a n d ,  and i n  t h e  
southeastern P a c i f i c  Ocean near Cent ra l  America, n o r t h e r n  South America, 
Cocos I s 1  and-Br i  t o  Bank , and the  G a l  apagos I s 1  ands. 

The f i s h e r y  f o r  y e l l o w f i n  and s k i p j a c k  tunas developed when t h e  

canners. The high-seas tuna f i s h e r y  expanded r a p i d l y  as abundant y e l l o w f i n  - 
I n  1979 t h e  f i s h e r y  extended from about 33" N t o  19" S 

I n  t h e  e a s t e r n  P a c i f i c  Ocean, about  80% t o  95% o f  t h e  c a t c h  i s  
taken by purse se iners .  
most o f  t h e  remain ing 5% t o  20%. 
by l o n g l i n e r s ,  a s  i n c i d e n t a l  ca tch .  

A few b a i t b o a t s  remain i n  the  f i s h e r y ,  c a t c h i n g  
Only small  amounts o f  s k i p j a c k  a r e  caught 

I n  1979 vesse ls  from Bermuda, Canada, Colombia, Congo, Cost Rica, 
Ecuador, Japan, Korea, Mexico, Nether lands, New Zealand, Nicaragua, Panama, 
Peru, Senegal , Spain, U n i t e d  Sta tes ,  and Venezuela engaged i n  the  e a s t e r n  
P a c i f i c  tuna f i s h e r y  ( T a b l e  1). Ten o f  t h e  18 c o u n t r i e s  made s i g n i f i c a n t  
catches o f  s k i p j a c k  tuna i n  t h e  In ter -Amer ican T r o p i c a l  Tuna Commission 
( I A T T C )  Ye1 l o w f i n  Regill a t o r y  Area (CYRA). The vessel s o f  t h r e e  c o u n t r i e s  
caught  over  70% o f  t h e  s k i p j a c k :  U n i t e d  Sta tes ,  53.8%; Ecuador, 13.2%; and 
Nether lands,  6.9% ( F i g u r e  1 ) .  
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Tab l e  1 .  Catches of skipjack by f lag  o f  vessel i n  the Inter-American Tropical Tuna 
Commission's Yellowfin Regulatory Area (CYRA) by vessels of a l l  f lags  west 
of the CYRA and e a s t  of 150' W ,  and to t a l  catches f o r  the eastern Pacif ic  
e a s t  of 150" W ( i n  thousands of  metric tons) .  The 1979 data a re  prelimi- 
nary. 

CYRA West o f  CYRA Total 
w_ year . U.S.A.  Ecuador Panama b k x i c o  Peru Others& -Total' east  .of 150"11 eastern P ~ c  
1961 51.3 
1962 55.7 
1903 73.8 
1964 41.8 
1365 58.7 
196G 44.1 
1967 93.6 

1969 34.2 
1970 33.4 
1971 76.4 
1972 21.0 
1313 26.0 
1374 (16.0 
1975 64.3 
1376 86.7 
7977 48.6 
?9?3 97.7 
1979 69.8 

*"4 1968 50.8 

11 .6 
10.2 
12.6 
9.3 

14.9 
10.5 
17.3 
12.9 
15.6 
8.8 

11.9 
4.5 
4.4 
7.8 

17.0 
6.2 

10.0 
11 -8 
17.4 

0.0 1.0 
1 .o 1 -0 
2.8 1.3 
0.4 1.4 
0.0 1.6 
0.2 1.4 
0.4 3.9 
1 e o  2.5 
3.4 1.6 
2.1 3.4 
4.3 4.1 
0.8 2.4 
2.3 2.3 
3.9 4.5 

72.8 6.6 
4 - 5  7.1 
5.1 3.8 

5-6 4.9 
8.2 4.7 

4.4 0.1 
2.7 0.3 

1.5 0.2 
0.9 1.2 

0.2 4.8 
0.0 3.7 
0.0 3.4 
0.6 1.8 
0.2 7.0 
0.2 3.3 
1.9 5.7 
1.2 12.8 
3.2 18.9 
2.8 19.5 
2.6 14.0 
3.1 42.0 
1.0 30.3 

4b4 0.5 

0.1 2.3 

68.4 
70.9 
95.4 
54.6 
76.7 
58.6 

120.2 
70.9 
58.2 
50-7 

103.9 
32.2 
42.6 
76.2 

122.8 
126.8 
84.1 

167.5 
129.0 

o b 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
5.9 
0.9 
1 .l 
1.3 
2.5 
1.9 
1.0 
2.6 
2.8 
2.8 

68-4 
70.9 
95.4 
54.6 
76.7 
58.6 

120.2 
70.9 
39.1 
56.0 

704.8 
33.3 
43.9 
78.7 

724.7 
127.8 
86.7 

370.3 
137.8 

a - The catches o f  vessels t h a t  belonged to only one f i s h i n g  company i n  orte o r  more 
years hzve been grouped t o  preserve the  c o n f i d e n t i a l i t y  of t h e  records.  
i nc lude  t,he catches of  vessels  o f  Bermuda, Canada, Chile, Colombia, Congo, Costa 
Rica, .France, Korea, Netherlands, New Zealand, Nicaragua, Senegal 
Venezue'l a.  

These 

Spain,  and 
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NETHERLANDS 6.9 To 

/ CANADA 1.0% 

BERMUDA 3 . 0  O/o 

- +PERU 0.8% 

COSTA RlCA 3.9% 

MEXICO 3.8 O h  

.ECUADOR 13.6 v0 

F i g u r e  1. 1979 s k i p j a c k  tuna c a t c h  (129,400 mt), by count ry ,  i n  
t h e  CYRA. 
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I . B .  Trends i n  Catch and E f f o r t  

#-=- 

Annual catches o f  sk ip jack  by  the  eastern P a c i f i c  tuna f l e e t  
f l u c t u a t e  g r e a t l y ,  and the re  are  no obvious trends. Dur ing the 1961 t o  
1979 per iod ,  t he  catches ranged from 33,300 m t  i n  1972 t o  170,300 m t  i n  
1978 (Table 1). 
129,200 m t :  an increase o f  76% over the  mean ca tch  f o r  the  prev ious 12 
years.  

The mean annual ca tch  du r ing  the  1976 t o  1979 p e r i o d  was 

The s i ze  composi t ion o f  sk ip jack  tuna samples taken i n  the IATTC's 
y e l l o w f i n  r e g u l a t o r y  area du r ing  1967 through 1980 i s  shown i n  F igure  2. 
D i f f e rences  among years a re  apparent; t h e  inc idence o f  f i s h  l a r g e r  than 55  
cm was h ighes t  i n  1971-73 and lowest  i n  1978-79. 

I n  the  eas tern  P a c i f i c  most o f  t he  sk ip jack  i s  caught w i t h i n  600 
n a u t i c a l  m i l e s  o f  land, o f f  t he  coasts  o f  Central  America and nor thern  
South America (F igu re  3 ) .  
caught i n  waters o f f  Baja C a l i f o r n i a  and Ecuador, and i n  the  G u l f  o f  
Guayaquil; i n  the  1970's the  l a r g e s t  catches were u s u a l l y  made o f f sho re  
between 5 "  and 15" N l a t i t u d e  and i n  the  Panama B igh t .  
years,  however, t he  center  o f  abundance i n  the  southern area seems t o  have 
s h i f t e d  t o  waters o f f  Colombia and Centra l  America. 
an average o f  73% o f  t he  sk ip jack  caught eas t  o f  150" W l o n g i t u d e  were 
taken w i t h i n  200 n a u t i c a l  m i l e s  o f  land. Most o f  t he  ca tch  comes from the  
area south o f  15" N l a t i t u d e  (F igu re  4 ) .  

Dur ing the  1960's much o f  t he  sk ip jack  was 

Dur ing the pas t  few 

Dur ing 1975 t o  1979, 

I n  general there  i s  a l i t t l e  seasonal v a r i a t i o n  i n  the sk ip jack  
f i s h e r i e s  i n  the  equa to r ia l  areas. 
equator,  t he  more the  catches peak i n  the  summer months. I n  the  Panama 
B i g h t  sk ip jack  catches a re  low from August t o  March and peak from A p r i l  t o  
J u l y .  
from May t o  J u l y  and a minor one i n  October and November. 

The grea ter  the  d is tance from the  

Near Ecuador they a re  low from January t o  A p r i l  , w i t h  a major peak 

The numbers o f  vessels f i s h i n g  f o r  t r o p i c a l  tunas i n  the  eas tern  
P a c i f i c  s ince 1961 and t h e i r  t o t a l  c a r r r y i n g  capac i ty  a re  g iven i n  Table 2. 
The number o f  l a r g e r  purse se iners ( >  401 s h o r t  tons o f  c a r r y i n g  capac i ty )  
increased g radua l l y  from 9 i n  1961 t o  24 i n  1967; i t  then increased 
r a p i d l y ,  reaching 158 i n  1976, and remained near t h i s  l e v e l  through 1979. 
The number o f  ba i tboa ts  remained f a i r l y  constant,  between 91  and 116, from 
1961 t o  1976, b u t  decreased r a p i d l y  t o  45 by 1979. The t o t a l  c a r r y i n g  
capac i ty  o f  a l l  gears i n  the f l e e t  increased from 36,600 m t  i n  1961 t o  
169,000 m t  i n  1979. 
ba i tboats ,  0.2% bo l i che ras  (smal l  purse se iners  w i t h  < 50 s h o r t  tons o f  
c a r r y i n g  capac i ty )  , and l e s s  than 0.1% j i g b o a t s  i n  terms o f  capaci ty ;  i n  
terms o f  numbers, 80.7% were purse se iners,  14.0% ba i tboats ,  4.4% 
bo1 icheras,  and 0.9% j i g b o a t s .  

The 1979 f l e e t  cons is ted  o f  97.7% purse seiners,  2.1% 

I n  the  eastern P a c i f i c  the  logged e f f o r t  by purse se iners  remained 
f a i r l y  cons tan t  between 1961 and 1969, ranging from 14,800 t o  19,700 days 
o f  f i s h i n g ,  standardized t o  Class-3 vessels  (101-200 s h o r t  tons o f  c a r r y i n g  
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F igure 2. Length frequencies o f  skipjack 
caught i n  the CYRA, 1967 t o  
1979. 
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Figure 3.  Catches o f  skipjack i n  the eastern Pacif ic  Ocean i n  1979 
by 1" areas f o r  a l l  trips f o r  which usable logbook data 
were obtained. 
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F i g u r e  4. Est imated CYRA catches o f  s k i p j a c k  n o r t h  and south o f  15" N, 
1961 -1 978. 
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c a p a c i t y ) .  The logged e f f o r t  began i n c r e a s i n g  i n  1970, reach ing  41,400 
days i n  1976 and 41,200 days i n  1978, then d e c l i n e d  t o  39,200 days i n  1979. 
The a c t u a l  e f f o r t  i s  c o n s i d e r a b l y  g r e a t e r  than t h e  logged e f f o r t .  
t h e  p a s t  10 y e a r s  t h e  a c t u a l  s k i p j a c k  e f f o r t  has been es t imated t o  average 
90% g r e a t e r  than t h e  logged e f f o r t .  No t r e n d  i s  apparent  i n  t h e  logged 
e f f o r t .  

Dur ing  

I . C .  Value o f  Catch 

Ex-vessel va lues  f o r  ma jor  f i s h i n g  c o u n t r i e s  o t h e r  than t h e  U.S. i n  
t h e  ETP a r e  u n a v a i l a b l e .  U.S. ex-vessel  p r i c e s  p a i d  f o r  s k i p j a c k  tuna i n  
1979 were approx imate ly  $l,OOO/short t o n  f o r  s k i p j a c k  tuna weighing l e s s  
than 4 pounds and $1,10O/short t o n  f o r  s k i p j a c k  tuna g r e a t e r  than 4 pounds. 

Based on t h e  1979 c a t c h  o f  s k i p j a c k  tuna i n  t h e  CYRA o f  142,600 s h o r t  
tons,  t h e  v a l u e  o f  t h e  1979 s k i p j a c k  tuna c a t c h  i n  t h e  CYRA was 
approx imate ly  $149,730,000. 
o u t s i d e  t h e  CYRA and t h e  average 1979 U.S. ex-vessel  p r i c e ,  t h e  va lue  o f  
t h e  s k i p j a c k  tuna c a t c h  from o u t s i d e  t h e  CYRA (3,000 s h o r t  tons)  was 
approx imate ly  $3,150,000. The t o t a l  1979 e a s t e r n  P a c i f i c  c a t c h  o f  s k i p j a c k  
tuna was wor th  approx imate ly  $152,880,000. 

Based on the  1979 c a t c h  o f  s k i p j a c k  tuna from 

I . D .  C u r r e n t  Management o f  t h e  F i s h e r y  

There a r e  c u r r e n t l y  no r e g u l a t i o n s  f o r  s k i p j a c k  i n  t h e  P a c i f i c  
The S t a t e  o f  C a l i f o r n i a  had r e q u i r e d  a minimum weigh t  o f  4 pounds Ocean. 

(1.8 k g )  s i n c e  1939, b u t  t h i s  was repea led  i n  1975. 

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION IN THE FISHERY 

The f i s h e r y  f o r  t r o p i c a l  tunas 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  was 

Areas o f  p a r t i c u l a r  i n t e r e s t  
s t a r t e d  by American f ishermen, and the  s k i p j a c k  and y e l l o w f i n  tuna 
resources  c o n t i n u e  t o  be a U.S. concern. 
i n c l u d e :  
and consumption i n  t h e  U n i t e d  States.  

t h e  c a t c h  o f  t h e  domestic f l e e t ,  impor ted catch, and process ing  

U n i t e d  S t a t e s  tuna cannery r e c e i p t s  f o r  tunas d u r i n g  1978 were 581,418 

I n  

Impor ts  

s h o r t  tons,  whole weight .  Approx imate ly  35% o f  t h e  raw cannery p r o d u c t  
( c a t c h  p l u s  i m p o r t s )  was s k i p j a c k  tuna which o r i g i n a t e d  i n  t h e  P a c i f i c .  
a d d i t i o n ,  t h e  P a c i f i c  s k i p j a c k  tuna c a t c h  comprised 42% o f  t h e  t o t a l  1978 
U.S. tuna  c a t c h  a v a i l a b l e  on t h e  impor ts  from t h e  e a s t e r n  P a c i f i c .  
f o r  1978 were dominated by s k i p j a c k  tuna (56%) and y e l l o w f i n  tuna (22%). 

I n  1979, American f l a g  vesse ls  caught 76,707 m t  o r  53.8% o f  t h e  t o t a l  
c a t c h  o f  s k i p j a c k  tuna i n  t h e  e a s t e r n  P a c i f i c .  The c a r r y i n g  c a p a c i t y  o f  
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American f l a g  vessels f i s h i n g  i n  the eas tern  P a c i f i c  i n  1979 t o t a l e d  
110,919 m t  (61% o f  t o t a l  c a r r y i n g  capac i ty  o f  a l l  f l a g  vessels) ,  made up o f  
approximately 98% seiners,  2% ba i tboats ,  and < 1% j i g b o a t s  by capac i ty .  By 
number, the  f l e e t  was composed o f  138 purse seiners,  28 ba i tboa ts  and 3 
j igboats.  

The U.S. f l e e t  u s u a l l y  f i s h e s  the  CYRA f o r  y e l l o w f i n  and sk ip jack  
tunas from January t o  the c losu re  o f  the  CYRA. When the CYRA c loses  t o  
y e l l o w f i n  f i s h i n g ,  the  m a j o r i t y  o f  the  l a r g e r  purse se iners move e i t h e r  t o  
areas ou ts ide  the CYRA o r  t o  the A t a n t i c  Ocean. Smaller purse seiners,  
ba i tboa ts ,  and j i g b o a t s  cont inue t o  f i s h  the  CYRA f o r  sk ip jack  tuna and 
species o f  tuna ( b l u e f i n  o r  albacore) o ther  than y e l l o w f i n .  

The U.S. commitment t o  the  conservat ion o f  sk ip jack  and y e l l o w f i n  tuna 
stocks i n  the eastern P a c i f i c  i s  i n d i c a t e d  by i t s  membership i n  the IATTC. 
The monetary commitment o f  t he  U.S t o  the IATTC was $1,607,000 i n  1979, o r  
approximately 93% o f  t he  1979 IATTC c o n t r i b u t i o n s  ($1.7 m i l l i o n )  from 
member count r ies .  

111. 

1 I I . A .  Stock S t ruc tu re  

STATUS OF STOCKS 

Sk ip jack  tuna are  d i s t r i b u t e d  across the  P a c i f i c  i n  t r o p i c a l  and 
sub- t rop ica l  l a t i t u d e s ,  u s u a l l y  i n  waters exceeding 20" C a t  the  surface. 
They occur commonly from about 40" N t o  40" S l a t i t u d e  i n  the  western 
P a c i f i c ,  and from about 30" N t o  30" S i n  t h e  eas tern  P a c i f i c .  The i r  
d i s t r i b u t i o n  i s  probably i n f l uenced  by the  temperature o f  t he  p r e v a i l i n g  
cur ren ts ,  which a r e  warm and poleward-f lowing i n  the  west, and c o l d  and 
equator-ward i n  the  east.  

The popu la t ion  s t r u c t u r e  o f  sk ip jack  i n  the  P a c i f i c  Ocean i s  n o t  
we l l  understood. One hypothesis proposes t h a t  a l l  sk ip jack  i n  the  P a c i f i c  
belong t o  one popu la t ion  t h a t  i s  spawned i n  the equa to r ia l  reg ions west o f  
140" W l ong i tude,  t h a t  the young f i s h  migra te  poleward i n t o  the f i s h i n g  
areas, and t h a t  the o l d e r  f i s h  r e t u r n  t o  the equa to r ia l  reg ions t o  spawn. 
Another more recen t  hypothesis suggests t h a t  there  may be a t  l e a s t  two 
subpopulat ions o f  sk ip jack  i n  the  P a c i f i c  Ocean: 
subpopulat ion,  and the c e n t r a l  and eastern P a c i f i c  suhpopul a t ion .  Recent 
tagging s tud ies  conducted by the  South P a c i f i c  Commission have shown 
ex tens ive  m ig ra t i ons  o f  sk ip jack  i n  the  south and equa to r ia l  P a c i f i c  Ocean. 
When the  analyses o f  these data a re  complete, the  popu la t ion  s t r u c t u r e  o f  
t h i s  species w i l l  probably be more c l e a r l y  understood. 

t he  western P a c i f i c  

There appear t o  be two main groups o f  sk ip jack  i n  the eastern 
P a c i f i c :  a nor thern  group o f f  the  west coast  o f  Baja C a l i f o r n i a ,  i n  the  
G u l f  o f  C a l i f o r n i a ,  and around the Rev i l lag igedo Is lands;  and a southern 
group from o f f  Central  America t o  o f f  nor thern  Ch i le .  
sk ip jack  a re  excluded from the southern coas t  o f  Mexico by a c e l l  o f  warm 

I n  most years 
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water  i n  t h a t  area. 
n o r t h e r n  and southern areas, b u t  c o n s i d e r a b l e  m i x i n g  o f  f i s h  w i t h i n  t h e  
areas. S t u d i e s  o f  t h e  d i s t r i b u t i o n  o f  f i s h  l a r v a e ,  however, have shown 
t h a t  t h e r e  i s  v i r t u a l l y  no spawning o f  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  
( e a s t  o f  130" W l o n g i t u d e ) .  Sk ip jack  a p p a r e n t l y  a r r i v e  i n  t h e  e a s t e r n  
P a c i f i c  when t h e y  a r e  about 1 t o  1-1/2 y e a r s  o l d  and r e t u r n  t o  t h e  c e n t r a l  
and c e n t r a l - w e s t e r n  P a c i f i c  when they  a r e  about 2 t o  2-1/2 y e a r s  o l d .  
Evidence f o r  t h e  l a t t e r  i s  p r o v i d e d  by t h e  f a c t  t h a t  25 s k i p j a c k  tagged i n  
t h e  e a s t e r n  P a c i f i c  have been recaptured  near t h e  Hawaiian and L i n e  I s l a n d s  
and one o t h e r  has been recaptured  between t h e  Marsha l l  and Mariana I s l a n d s .  

There i s  l i t t l e  in te rchange o f  f i s h  between t h e  

I I 1  .B. Stock Assessment and F i s h e r y  Eva1 u a t i o n  

I I I. B . 1 . Trends i n Catch- Der- Un i t - E  f f o r t  

The f i r s t  measure o f  apparent  abundance f o r  t h e  s k i p j a c k  
The catches-per-day f i s h e r y  o f  t h e  e a s t e r n  P a c i f i c  was developed i n  1956. 

o f  f i s h i n g  by b a i t b o a t s  o f  d i f f e r e n t  c a r r y i n g  c a p a c i t i e s  were compared t o  
o b t a i n  s t a n d a r d i z a t i o n  f a c t o r s  among vessel  s i z e  c lasses ,  and these were 
used t o  s tandard ize  t h e  e f f o r t  t o  t h a t  o f  a s i n g l e  s i z e  c l a s s .  
method, m o d i f i e d  f o r  purse se iners ,  i s  s t i l l  i n  use today: i t  i s  t h e  logged 
c a t c h  d i v i d e d  by t h e  logged e f f o r t  s tandard ized t o  Class-3 s e i n e r s  ( v e s s e l s  
o f  101-200 s h o r t  tons  o f  c a r r y i n g  c a p a c i t y ) .  

T h i s  
index  o f  abundance f o r  t h e  1960 t o  1979 p e r i o d  r e v e a l s  no apparent  t r e n d  
( F i g u r e  5 ) . 

T h i s  

It i s  b iased i n  t h a t  i t  
i n c l u d e s  e f f o r t  on a combined resource which a l s o  i n c l u d e s  y e l l o w f i n .  Ib 

A method o f  e l i m i n a t i n g  some o f  t h e  e f f o r t  on y e l l o w f i n  
t o  o b t a i n  an index  o f  abundance f o r  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  was 
descr ibed i n  IATTC's 1976 annual r e p o r t .  Twenty-two 5" areas where most o f  
t h e  s k i p j a c k  have been caught  were se lected,  b u t  o n l y  da ta  f rom area- 
q u a r t e r  s t r a t a  hav ing  > 100 s tandard ized days o f  logged e f f o r t  and > 200 
s h o r t  tons  o f  logged s k i p j a c k  caught  were used. T h i s  e l i m i n a t e d  an average 
o f  43% o f  t h e  e f f o r t  w h i l e  r e t a i n i n g  89% o f  t h e  s k i p j a c k  c a t c h  f o r  purse 
s e i n e r s  d u r i n g  t h e  1961 t o  1979 p e r i o d .  The c a t c h - p e r - u n i t - e f f o r t  b y  purse 
s e i n e r s  shows a downward t r e n d  i n  t h e  area south o f  5" N l a t i t u d e ,  b u t  no 
c l e a r  t r e n d s  a r e  apparent  f o r  t h e  n o r t h e r n  areas. 

I I I .B.2.  Resu l ts  o f  P r o d u c t i o n  Model A n a l y s i s  

At tempts t o  f i t  t h e  p r o d u c t i o n  model t o  e a s t e r n  P a c i f i c  
s k i p j a c k  da ta  have been unsuccessfu l .  
i n  t h e  CYRA, s tandard ized t o  Class-3 u n i t s  ( v e s s e l s  o f  101 t o  200 t o n  
c a r r y i n g  c a p a c i t y )  , a r e  shown i n  F i g u r e s  6 and 7. 
areas o f  t h e  CYRA, w h i l e  F i g u r e  7 i n c l u d e s  o n l y  s e l e c t e d  5 "  areas where 
s i g n i f i c a n t  amounts o f  s k i p j a c k  a r e  caught.  

P l o t s  o f  purse se ine  CPUE and e f f o r t  

F i g u r e  6 i n c l u d e s  a l l  5 "  

.r* 
The IATTC has suggested some p o s s i b l e  reasons f o r  t h e  

model n o t  f i t t i n g .  Tagging s t u d i e s  and l a r v a l  surveys i n d i c a t e  t h e  f i s h e r y  
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i s  n o t  on a u n i t  s tock.  I n  a d d i t i o n ,  environmental  s t u d i e s  i n d i c a t e  t h a t  
p e r t u r b a t i o n s  caused by environmental  f l u c t u a t i o n s  may mask changes i n  
apparent  abundance caused by f i s h i n g  e f f o r t .  
inc reased i n  r e c e n t  years,  due t o  inc reases  i n  t h e  s i z e  o f  t h e  f l e e t .  T h i s  
has a p p a r e n t l y  n o t  dep le ted  t h e  resource  because some o f  t h e  g r e a t e s t  t o t a l  
catches have been made d u r i n g  t h e  l a s t  few years .  
t h e r e  i s  s t i l l  no apparent  r e l a t i o n s h i p  between s k i p j a c k  tuna s tock  
abmdance and f i s h i n g  e f f o r t .  

The f i s h i n g  e f f o r t  has 

T h i s  i n d i c a t e s  t h a t  

I I I .B.3.  Resu l ts  o f  Y i e l d - p e r - R e c r u i t  A n a l y s i s  

The es t imated re1 a t i o n s h i p s  among s i z e - a t - e n t r y ,  f i s h i n g  
e f f o r t ,  and y i e l d - p e r - r e c r u i t  a r e  shown i n  F i g u r e  8. The t o p  panel i s  
based upon a g e - s p e c i f i c  f i s h i n g  m o r t a l i t y  r a t e s  es t imated  from length-  
f requency da ta  ob ta ined d u r i n g  1967 t o  1969, t h e  m i d d l e  panel i s  based upon 
r a t e s  es t imated  from data o b t a i n e d  d u r i n g  1971 t o  1973, and t h e  l o w e r  panel 
i s  based upon r a t e s  es t imated  from data ob ta ined d u r i n g  1975 t o  1977. 

I n c r e a s i n g  t h e  s i z e - a t - e n t r y  would n o t  a p p r e c i a b l y  
change t h e  y i e l d - p e r - r e c r u i t  a t  f i s h i n g  e f f o r t  l e v e l s  observed d u r i n g  t h e  
y e a r s  i n  a u e s t i o n  (F mu1 t i p 1  i e r  = 1.0). 
between 0.75 and 1.00 pounds f o r  t h e  1975 t o  1977 p e r i o d .  
f i sh :  ng m o r t a l  i ty 1 eve1 s , an increase i n  s i z e - a t - e n t r y  wotil d decrease t h e  
y i e l d - p e r - r e c r u i t .  

The y i e l d - p e r - r e c r u i t  remains 
A t  h i g h e r  

I n c r e a s i n g  e f f o r t  a t  c u r r e n t  s i z e - a t - e n t r y  would 
inc rease t h e  y i e l d - p e r - r e c r u i t  t o  t h e  f i s h e r y .  
would double t h e  instantaneous f i s h i n g  m o r t a l i t y  would r e s u l t  i n  an 
i n c r e a s e  i n  y i e l d - p e r - r e c r u i  t o f  approx imate ly  25%. 
r e s u l t  i n  an inc reased y i e l d - p e r - r e c r u i t  even a t  h i g h e r  s i z e s - a t - e n t r y  f o r  
b o t h  t h e  1971 t o  1973 and 1975 t o  1977 p e r i o d s .  

An increase i n  e f f o r t  which 

Increased e f f o r t  would 

I n  genera l ,  t h e  y i e l d s  a r e  h i g h e s t  w i t h  a s i z e - a t - e n t r y  
o f  about  35 cm (about  1.7 pounds) and w i t h  f i s h i n g  e f f o r t  c o n s i d e r a b l y  
g r e a t e r  than has so f a r  been t h e  case i n  t h e  e a s t e r n  P a c i f i c  Ocean. T h i s  
i s  because t h e  l o s s e s  t o  t h e  t o t a l  we igh t  o f  a c o h o r t  o f  f i s h  b y  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  exceed t h e  ga ins  t o  i t  b y  growth, even when t h e  
f i s h  a r e  o n l y  35 cm l o n g  and a r e  presumably growing r a p i d l y .  

111.6.4. Resu l ts  o f  Spawner/Recruitment A n a l y s i s  

No spawner / recru i tment  analyses a r e  a v a i l  a b l e  f o r  c e n t r a l  
and e a s t e r n  P a c i f i c  s k i p j a c k  tuna. 

P o s s i b l e  env i ronmenta l  e f f e c t s  on year -c lass  r e c r u i t m e n t  
o f  s k i p j a c k  caught  i n  t h e  e a s t e r n  P a c i f i c  have been i n v e s t i g a t e d  by t h e  
IATTC i n  an a t tempt  t o  e x p l a i n  some o f  t h e  v a r i a t i o n  i n  t h e  catches. 
S i g n i f i c a n t  c o r r e l a t i o n s  have been found between i n d i c e s  o f  s k i p j a c k  
abundance i n  t h e  e a s t e r n  P a c i f i c  and sea-surface temperatures i n  the  
spawning areas o f  t h e  c e n t r a l  t r o p i c a l  P a c i f i c  (180" t o  130" W l o n g i t u d e )  

Jlr 

12 
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approx imate ly  1-1/2 y e a r s  e a r l  i e r ;  r e 1  a ted  meteoro log ica l  v a r i a b l e s  such as 
baromet r ic  p ressure  d i f f e r e n c e s  and wind speeds a r e  a1 so i m p o r t a n t  f a c t o r s .  
These i n v e s t i g a t i o n s  i n d i c a t e  t h a t  approx imate ly  47% o f  t h e  v a r i a t i o n  i n  
t h e  annual c a t c h  r a t e  (numbers o f  f i s h  p e r  s tandard ized d a y ' s  f i s h i n g )  o f  
12- and 24-month o l d  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  may be exp la ined by 
t h e  wind-mixing index i n  t h e  spawning areas o f  t h e  c e n t r a l  P a c i f i c  
approx imate ly  1-1/2 y e a r s  e a r l  i e r .  

I I I .B.5.  Resu l ts  o f  Other Analyses/Simulat ions 

Es t imates  o f  t h e  general  magnitude o f  t h e  p o t e n t i a l  y i e l d  
These es t imates  f o l l o w  l e s s  o f  s k i p j a c k  i n  t h e  P a c i f i c  a r e  a v a i l a b l e .  

r i g o r o u s  techniques and g i v e  w i d e l y  d i f f e r e n t  r e s u l t s .  
method o f  Bever ton and H o l t ,  R o t h s c h i l d  es t imated  the  p o t e n t i a l  y i e l d  o f  
s k i p j a c k  f rom t h e  c e n t r a l  P a c i f i c .  
s t a t e  y i e l d  i n  t h e  e a s t e r n  P a c i f i c  and assuming a so journ  t i m e  o f  2 months 
i n  t h e  f i s h i n g  areas o f  t h e  e a s t e r n  P a c i f i c ,  he es t imated  the  p o t e n t i a l  
y i e l d  i n  t h e  c e n t r a l  P a c i f i c  t o  be 5 t o  17 t imes g r e a t e r  than t h e  y i e l d  i n  
t h e  c e n t r a l  P a c i f i c ,  or 350,000 m t  t o  1,190,000 m t .  Assuming a s o j o u r n  
t i m e  o f  6 months, he es t imated  the  y i e l d  t o  be 140,000 m t  t o  420,000 m t .  
However , S i 1  1 iman , u s i n g  a popul a t i o n  s i m u l a t i o n  method, es t imated  a 
p o t e n t i a l  y i e l d  o f  180,000 t o  275,000 m t  f o r  t h e  e a s t e r n  P a c i f i c  f i s h e r y  
and t h e  u n e x p l o i t e d  areas o f  t h e  c e n t r a l  and e a s t e r n  P a c i f i c .  

F o l l o w i n g  t h e  

Using 70,000 m t  as an average steady- 

The F i s h e r i e s  Agency o f  Japan has es t imated  t h e  
p o t e n t i a l  y i e l d  f o r  t h e  e n t i r e  P a c i f i c  t o  be from 800,000 t o  over  1,000,000 
m t .  They assumed the  s k i p j a c k  spawning s tock was about t w i c e  t h a t  o f  o t h e r  
tunas, based on a 1.7 t o  1.8 r a t i o  o f  s k i p j a c k  l a r v a e  t o  o t h e r  l a r v a e  
c o l l e c t e d .  They then e x t r a p o l a t e d  t h e  c a t c h  o f  o t h e r  tunas a t  t h a t  t i m e  t o  
o b t a i n  es t imates  o f  t h e  p o t e n t i a l  s k i p j a c k  tuna y i e l d  from t h e  e n t i r e  
P a c i f i c  Ocean. 

I I1.C. C u r r e n t  E v a l u a t i o n  o f  Stocks and the  F i s h e r y  

A r e l a t i o n s h i p  between stock abundance and t o t a l  e f f o r t  c o u l d  n o t  
be detected,  and t h e  p o t e n t i a l  p r o d u c t i o n  o f  s k i p j a c k  tuna s tocks i n  t h e  
e a s t e r n  P a c i f i c  has n o t  been s a t i s f a c t o r i l y  es tab l i shed.  I n  t h e  e a s t e r n  
P a c i f i c  s k i p j a c k  f i s h e r y ,  t h e  y i e l d s  per  r e c r u i t  g e n e r a l l y  a r e  h i g h e s t  w i t h  
a s i z e - a t - e n t r y  o f  35 cm (about  1.7 pounds) and a t  f i s h i n g  e f f o r t  l e v e l s  
c o n s i d e r a b l y  g r e a t e r  than has so f a r  been t h e  case. T h i s  i s  because t h e  
l o s s e s  t o  t h e  t o t a l  we igh t  o f  a c o h o r t  o f  f i s h  by 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  exceed t h e  ga ins  t o  i t  by growth. The IATTC i n d i c a t e s  t h a t  
n e i t h e r  t h e  general  
examined so f a r  i n d i c a t e  any need f o r  t h e  management o f  s k i p j a c k .  

p r o d u c t i o n  models n o r  t h e  age-s t ruc tu red  models 
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I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major Research Problems 

Management should be d i r e c t e d  toward a l l  p a r t s  o f  a s i n g l e  stock,  
r a t h e r  than a p a r t  o f  a stock, a m ix tu re  o f  several  stocks, o r  a m i x t u r e  o f  
p a r t s  o f  several  stocks. 
the  stocks o r  subpopulations o f  sk ip jack  i n  the  P a c i f i c  Ocean. 

Therefore, i t  i s  o f  prime importance t o  d e f i n e  

1V.B. Current  Research E f f o r t s  

There i s  no c u r r e n t  U.S. research e f f o r t  on the eastern P a c i f i c  
sk ip jack  tuna f i shery ;  a l l  research i s  be ing conducted by the  I n t e r -  
American Trop ica l  Tuna Commission. The IATTC has r e c e n t l y  increased i t s  
tagg ing  o f  sk ip jack  i n  the eastern P a c i f i c  Ocean and conducted tagging 
experiments i n  French Polynesia.  
tagging sk ip jack  i n  l a r g e  numbers i n  the  western and c e n t r a l  P a c i f i c  Ocean 
i n  recen t  years.  
subpopulat ion i d e n t i f i c a t i o n  i s  be ing c a r r i e d  ou t  i n  the western and 
c e n t r a l  P a c i f i c .  
an opera t ing  budget o f  $2,746,000. 

The South P a c i f i c  Commission has been 

I n  add i t i on ,  c o l l e c t i o n  o f  b lood samples f o r  

I n  1979 the  IATTC employed approximately 50 people w i t h  

Var ious o ther  o rgan iza t ions ,  p a r t i c u l a r l y  t he  Food and Agr icu l  t u r e  
Organizat ion o f  the  Un i ted  Nat ions,  a re  a l so  s t r i v i n g  t o  ob ta in  b e t t e r  
ca tch  and e f f o r t  data f o r  sk ip jack  i n  the western and c e n t r a l  P a c i f i c .  
When these s tud ies  produce r e s u l t s ,  i t  w i l l  be poss ib le  t o  b e t t e r  asce r ta in  
the  s ta tus  o f  the  P a c i f i c  Ocean sk ip jack  tuna subpopulations w i t h  regard t o  
f i shi  ng. 

1V.C. Future Research Needs 

The stock s t r u c t u r e  o f  sk ip jack  tuna i n  the P a c i f i c  Ocean, 
p a r t i c u l a r l y  t h e  eastern P a c i f i c ,  i s  poo r l y  understood. It has been 
suggested t h a t  t h i s  i s  due t o  the f a c t  t h a t  most s tud ies  on sk ip jack  tuna 
have been based on populat ions occu r r i ng  i n  r e l a t i v e l y  small areas whereas 
s tud ies  on an oceanwide bas i s  a re  needed. 

1V.D. Status o f  SWFC Data Base 

Skip jack tuna ca tch  and r e l a t e d  data f o r  the  f i s h e r y  i n  the  CYRA 

Data a r e  genera l l y  n o t  a v a i l a b l e  through the  SWFC except f o r  those 
and adjacent  areas i n  the  eastern t r o p i c a l  P a c i f i c  a re  i n  the f i l e s  o f  
IATTC. 
a1 ready pub1 ished by IATTC. 
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STATUS REPORT: WESTERN PACIFIC SKIPJACK TUNA 

Howard 0. Yoshida 

Southwest F i  s h e r i e s  Center 
Honol u l  u , Hawaii  

ABSTRACT 

The m a j o r  f i s h e r i e s  f o r  s k i p j a c k  tuna a r e  l o c a t e d  a d j a c e n t  t o  
c o n t i n e n t s  and i s l a n d s .  I n  t h e  western P a c i f i c ,  t h e  Japanese pole-and- 
l i n e ,  l i v e - b a i t  f i s h e r y  i s  t h e  l a r g e s t  and t h e  o l d e s t  e s t a b l i s h e d  f i s h e r y .  
The s tock  s t r u c t u r e  o f  s k i p j a c k  tuna i n  t h e  P a c i f i c  i s  n o t  v e r y  w e l l  known. 
A1 though no p r o d u c t i o n  model analyses o r  o t h e r  analyses and simul a t i o n s  
have been at tempted f o r  western P a c i f i c  s k i p j a c k  tuna, a l l  a v a i l a b l e  
i n f o r m a t i o n  suggests t h a t  t h e  resource  i s  s t i l l  underexp lo i ted .  
i m p o r t a n t  research  needs f o r  s k i p j a c k  tuna i n  t h e  P a c i f i c  i s  t h e  
e l  u c i d a t i o n  o f  t h e  p o p u l a t i o n  s t r u c t u r e  o f  t h e  resource. 

.rh 

One o f  t h e  
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1. DESCRIPTION OF THE FISHERY 

I .A .  H i s t o r y  o f  t he  F ishery  

c 

Skip jack tuna (Katsuwonus pelamis) a re  w ide ly  d i s t r i b u t e d  i n  the  
P a c i f i c  Ocean (F igu re  1). 
con t inen ts  and i s lands  where oceanographic fea tures  such as upwel l ing  
concentrate l a r g e  numbers o f  f i s h  near the  surface. 
f i s h e r i e s ,  t he  Japanese pole-and-1 ine,  l i v e - b a i t  f i s h e r y  i n  the  western 
P a c i f i c  i s  by f a r  o f  g rea tes t  a n t i q u i t y .  The o r i g i n  o f  the  Japanese 
f i s h e r y  i s  obscure; however, sk ip jack  tuna f i s h i n g  i s  mentioned i n  the 
o l d e s t  (semilegendary) account o f  Japanese h i s t o r y .  Keen (1965) s ta ted  
t h a t  the  Japanese pole-and- l ine f i s h e r y  f o r  sk ip jack  tuna dates from a t  
l e a s t  the  e a r l y  p a r t  o f  t he  Tokugawa Per iod  (1603-1868). 

The m a j m e r i e s  a re  l o c a t e d  adjacent  t o  

O f  t he  major P a c i f i c  

The Japanese sk ip jack  tuna f i s h e r y ,  which was e a r l i e r  l i m i t e d  t o  
coas ta l  waters o f  Japan, has expanded eastward and southward i n t o  
sub t rop i ca l  and t r o p i c a l  waters. The expansion o f  t he  f i s h e r y  i n t o  these 
waters i nvo l ved  n o t  o n l y  pole-and- l ine vessels  b u t  purse se iners as we l l .  

Sk ip jack  tuna f i s h e r i e s  a r e  a l so  we l l  developed o r  developing i n  
Hawaii and many i s l a n d  areas i n  the western P a c i f i c .  Uchida (1975) 
reviewed the  recent  development o f  sk ip jack  tuna f i s h e r i e s  i n  the c e n t r a l  
and western P a c i f i c ,  i n c l u d i n g  those o f  French Polynesia,  Hawaii , Samoa, 
Tonga, Aus t ra l i a ,  F i j i  , Tuvalu (Ell  i c e  Is lands)  , Indonesia, Korea, New 
Hebrides, New Caledonia, New Zealand, Papua New Guinea, Ph i l i pp ines ,  
Solomon Is lands ,  and the T r u s t  T e r r i t o r y  o f  the  P a c i f i c  Is lands .  K i r i b a t i  
and Singapore a l so  show land ings  o f  sk ip jack  tuna (Food and A g r i c u l t u r a l  
Organizat ion o f  the Un i ted  Nat ions 1979). Japan i s  the major producer o f  
sk ip jack  i n  the  western P a c i f i c ,  and a l so  i s  invo lved i n  the f i s h e r i e s  o f  
some o f  these coun t r i es  o r  p o l i t i c a l  e n t i t i e s  through j o i n t  venture 
arrangements. 
land ings  o f  sk ip jack  tuna i n  Taiwan, the re  apparent ly  i s  a t r o l l  f i s h e r y  o f  
unknown magnitude there.  

The U.S. (Hawai i )  has a small sur face f i s h e r y  i n  the  western 
P a c i f i c  and American tuna se iners have been making western P a c i f i c  
exp lo ra to ry  f i s h i n g  cru ises.  

Although the  FA0 yearbooks o f  f i s h e r y  s t a t i s t i c s  show no 

I . B .  Trends i n  Catch and E f f o r t  

The ca tch  o f  sk ip jack  tuna i n  the western P a c i f i c  increased f r o m  
224,400 t o  532,296 me t r i c  tons ( m t )  du r ing  1970-1978 (F igu re  2 ) .  The ca tch  
i n  the Japanese pole-and-1 i n e  f i s h e r y  between 50"N and 30"s 1 a t i  tude and 
1 l O " E  and 150"W long i tude  ranged from 119,643 t o  245,611 m t ,  and showed an 
inc reas ing  t rend  between 1970 and 1977 (F igu re  3). 



-1 84- 

Figure 1 . - -Skipjack tuna d i s t r i b u t i o n  and f i s h e r i e s  i n  the P a c i f i c  Ocean. 
(Adapted from Joseph e t  a l .  1979.) 
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Figure 2.--Annual ca tch  o f  sk ip jack  tuna i n  the  western 
P a c i f i c ,  1970-78. (Source: FA0 1976, 1977, 1979.) 
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Figure 3.--Skipjack tuna catch in the Japanese pole-and-line 
fishery in the Pacific between lat. 50"N and 30"S, long. 
1 l O " E  and 150°W, 1970-77. 
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F i s h i n g  e f f o r t  i n  the Japanese pole-and-1 i n e  f i s h e r y  between 50"N 
and 30"s l a t i t u d e  and 1 l O " E  and 150"W l o n g i t u d e  increased from 37,761 days 
f i s h e d  i n  1970 t o  76,007 days f i s h e d  i n  1977 (F igu re  4 ) .  

I . C .  Value o f  Catch 

From 1969 t o  1978, the  mean annual ex-vessel p r i c e  o f  sk ip jack  tuna 
a t  Yaizu, one o f  t he  impor tant  tuna land ing  p o r t s  i n  Japan, ranged from 
$291 t o  $797 p e r  s h o r t  ton; t h e  ex-vessel va lue o f  sk ip 'ack tuna i n  Hawaii 

Except f o r  s l i g h t  setbacks i n  1972 and 1978, the  ex-vessel p r i c e s  a t  Yaizu 
have been on a cont inuous upward trend. Based on the average ex-vessel 
p r i c e  o f  $797 pe r  sho r t  t on  a t  Yaizu, t he  western P a c i f i c  ca tch  o f  sk ip jack  
tuna (532,296) i n  1978 was valued a t  $467,639,750. 

du r ing  1968-1977 ranged from $330 t o  $957 p e r  s h o r t  ton  f (F igu re  5 ) .  

I .D. Current  Management o f  the  F ishery 

The western P a c i f i c  sk ip jack  tuna stock i s  n o t  c u r r e n t l y  under 
management . 

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

Th U.S. imported 61,046 m t  o f  sk ip jack  tuna f o r  "consumption d 
general imports" '  i n  1976 f rom western P a c i f i c  coun t r i es  and i 's l  and s ta tes  
(U.S. Bureau o f  the  Census 1977). 
t ranssh ipp ing  f a c i l  i t i e s  a t  Pal au and T a h i t i  and conduct exp lo ra to ry  
c r u i s e s  t o  the western P a c i f i c  i n  search o f  new sources o f  tuna. 

U.S. tuna i n t e r e s t s  operate f reez ing  and 

'Hawaii D i v i s i o n  o f  F i sh  and Game. Commercial f i s h  ca tch  by species, 
S ta te  o f  Hawaii. ( I ssued monthly; a1 so annual summaries.) 
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Figure  4. - -F ish ing e f f o r t  i n  the  Japanese po le -and- l ine  
f i s h e r y  i n  the  P a c i f i c  between l a t .  50"N and 30"s and 
long.  1lO"E and 150"W, 1970-77. 
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F i g u r e  5.--Ex-vessel  v a l u e  o f  s k i p j a c k  tuna  landed  i n  Yaizu,  
Japan, 1969-78, and i n  Hawai i ,  1968-77. 
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  1969-1978 and Hawai i  D i v i -  
s i o n  o f  F i s h  and Game see t e x t  f o o t n o t e  1 . )  

(Data f rom [U.S. ]  
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111. STATUS OF THE STOCKS 

1II .A.  Stock S t r u c t u r e  

The s tock  s t r u c t u r e  o f  s k i p j a c k  tuna i n  t h e  P a c i f i c  i s  unc lear .  It 
has been hypothes ized t h a t  two subpopulat ions e x i s t  i n  t h e  P a c i f i c ,  one i n  
t h e  western P a c i f i c  and t h e  o t h e r  i n  t h  e a s t e r n  and c e n t r a l  P a c i f i c  
( F u j i n o  1970).  However, r e c e n t  s t u d i e s  i n d i c a t e  t h a t  a1 though t h e  
p o s s i b i l i t y  o f  g e n e t i c a l l y  i s o l a t e d  s k i p j a c k  tuna p o p u l a t i o n s  i n  t h e  
P a c i f i c  cannot  be r u l e d  o u t ,  t h e  a v a i l a b l e  da ta  do n o t  i n d i c a t e  s t a b l e  
geographica l  boundar ies between g e n e t i c a l l y  i s o l a t e d  sub-popul a t i o n s ,  as 
advanced by F u j i n o  (1970, 1976). 
s k i p j a c k  tuna b l o o d  g e n e t i c s  sponsored by t h e  S k i p j a c k  Survey and 
Assessment Programme o f  t h e  South P a c i f i c  Commission i n  September 1980, 
i n d i c a t e d  t h a t  " t h e  apparent  es te rase c l  i n e  c o n s t i t u t e s  ev idence t h a t  
P a c i f i c  Ocean s k i p j a c k  do n o t  comprise a panmic t i c  popu la t ion ,  i n  which 
complete m i x i n g  would occur  across t h e  extremes o f  t h e  popul a t i o n  range, 
w i t h i n  a s i n g l e  generat ion."  There apparent ly  i s  some * ' res is tance ' '  t o  
complete m i x i n g  o f  s k i p j a c k  tuna across t h e  P a c i f i c  b u t  t h e  n a t u r e  and 
magnitude o f  t h e  ' I res i  stance' '  c o u l d  n o t  be ascer ta ined from t h e  a v a i l  a b l e  
g e n e t i c s  data.  

5 

Data presented a t  t h e  second workshop on 

I I 1  .B. Stock Assessment and F i s h e r y  Eva1 u a t i o n  

I I I . B . l .  Trends i n  Catch-per-Uni t - E f f o r t  

An a n a l y s i s  o f  t h e  Japanese c o a s t a l  and d i s t a n t  water  
s k i p j a c k  tuna f i s h e r i e s  f o r  t h e  p e r i o d  1957-1973 ( I s h i d a  1975) showed 
n e i t h e r  an upward nor  downward t r e n d  i n  t h e  c a t c h  r a t e  ( F i g u r e  6 ) .  Updated 
analyses on changes i n  catch,  e f f o r t ,  p o p u l a t i o n  index, d e n s i t y  index,  and 
e f f i c i e n c y  o f  e f f o r t ,  i n d i c a t e d  a p o s s i b l e  decreas ing t r e n d  i n  t h e  catch-  
p e r - u n i t  o f  e f f o r t  n o r t h  o f  10"N l a t i t u d e  and i n  t h e  area n o r t h  and west o f  
Papua New Guinea. However, d e n s i t y  i n d i c e s  i n  e q u a t o r i a l  reg ions  

2 S k i p j a c k  Survey and Assessment Programme. 1980. Progress r e v i e w  o f  
g e n e t i c  a n a l y s i s  o f  s k i p j a c k  b l o o d  samples by t h e  Sk ip jack  Survey and 
Assessment Programme. Presented a t  t h e  T w e l f t h  South P a c i f i c  Commission 
Regional  Technica l  Meet ing on F i s h e r i e s ,  Noumea, New Caldonia,  17-21 
November 1980. 
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Figure 6.--Catch per day's fishing by vessel size classes 
in the Japanese skipjack tuna pole-and-line fishery. 
(From Ishida 1975.) 
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f l u c t u a t e d  c o n s i d e r a b l y  and showed no c o n s i s t e n t  t ends (Kasahara 19783; 
Tohoku Regional F i s h e r i e s  Research Labora tory  1978 1. If 

I I I . B . 2  R e s u l t s  of P r o d u c t i o n  Model A n a l y s i s  

None a v a i l a b l e .  

111.6.3 R e s u l t s  o f  Y i e l d - p e r - R e c r u i t  A n a l y s i s  

None a v a i l  ab1 e. 

I I I . B . 4  R e s u l t s  o f  Spawner/Recruitment A n a l y s i s  

None a v a i l  ab1 e. 

I I 1  .B.5 Resul t s  of Other Analyses/Simul a t i o n s  

None a v a i l  ab1 e. 

1 I I . C .  C u r r e n t  E v a l u a t i o n  o f  Stocks and t h e  F i s h e r y  

A1 1 a v a i l a b l e  evidence suggests t h a t  the  western P a c i f i c  s k i p j a c k  
tuna resources a r e  s t i l l  underexpl o i  t e d  (Kearney 1979). 

3Kasahara, K. 1978. Assessment o f  s k i p j a c k  s tocks  i n  t h e  Japanese 
b a i t b o a t  f i s h e r y .  Tohoku Regional F i s h e r i e s  Research Laboratory ,  Shiogama, 
Japan. 
o f  Exper ts  on Cent ra l  and Western P a c i f i c  Sk ip jack ,  Main la ,  P h i l i p p i n e s ,  
1-2 March 1978. 

Paper submi t ted  t o  t h e  F i r s t  Session o f  t h e  I P F C  Working P a r t y  

4Tohoku Regional F i s h e r i e s  Research Laboratory .  1978. A t l a s  o f  c a t c h  
and CPUE of s k i p j a c k  tuna i n  the  Japanese b a i t b o a t  f i s h e r y ,  1972-76. 
Paper submi t ted t o  t h e  F i r s t  Session o f  t h e  IPFC Working P a r t y  o f  
Exper ts  on Cent ra l  and Western P a c i f i c  Sk ip jack ,  Mani la,  P h i l i p p i n e s ,  
1-2 March 1978. 
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I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

R” 

1V.A. Major Research Problems 

Skip jack tuna are  w ide ly  d i s t r i b u t e d  i n  the P a c i f i c  Ocean and are  
be l i eved  t o  c o n s t i t u t e  a l a r g e  resource. A l l  the  evidence a v a i l a b l e  t o  
da te  i n d i c a t e s  t h a t  the  resource i s  s t i l l  underexploi ted.  It has been 
s ta ted  t h a t  conservat ion o f  t he  sk ip jack  tuna resource would n o t  be a 
s i g n i f i c a n t  i ssue i n  the  f u t u r e  development o f  f i s h e r i e s  i n  the western 
equa to r ia l  P a c i f i c  and t h a t  development and management s t r a t e g i e s  w i l l  
l i k e l y  be d i r e c t e d  a t  maximizing y i e l d s  and op t im iz ing  socioeconomic 
r e t u r n s  (Kearney 1979). 

1V.B. Current  Research E f f o r t s  

The South P a c i f i c  Commission (SPC) headquartered a t  Noumea, New 
Caledonia, r e c e n t l y  i n i t i a t e d  a sk ip jack  tuna assessment program i n  the  SPC 
area o f  i n t e r e s t .  The SPC research e f f o r t  inc ludes  tagging, study o f  b lood 
genet ics ,  exp lo ra to ry  f i s h i n g  f o r  tuna and b a i t ,  and analyz ing bas ic  
b i o l o g i c a l  data ( l eng th ,  weight, sex, ma tu r i t y ,  and stomach conten ts ) .  

The Tohoku Regional F i she r ies  Research Laboratory  (presumably the  
major  agency f o r  sk ip jack  tuna research i n  Japan) prepares an a t l a s  o f  
Japanese sk ip jack  tuna f i s h i n g  operat ions i n  the southern f i s h i n g  grounds, 
which inc ludes  data on monthly ca tch  r a t e s  and length-frequency 
d i s t r i b u t i o n s .  Research on sk ip jack  tuna has a l so  been conducted i n  Taiwan, 
i n c l u d i n g  s tud ies  on age and growth, la rvae,  sexual m a t u r i t y  and fecund i ty ,  
and morphometrics. 

1V.C. Future Research Needs 

Resu l ts  o f  recent  s tud ies  on b lood genet ics  suggest a complex 
popu la t i on  s t r u c t u r e  f o r  sk ip jack  tuna i n  the  P a c i f i c  Ocean. 
evidence i n d i c a t e s  t h a t  the  sk ip jack  tuna resource i s  s t i l l  underu t i l i zed ,  
i t  i s  impor tan t  t o  determine the  popu la t ion  s t r u c t u r e  o f  P a c i f i c  sk ip jack  
tuna c l e a r l y .  

Although a l l  

I V . C . l .  Suaaested ADDrOaCh and Methods 

The Skip jack Survey and Assessment Programme o f  the  South 

The Programme i s  a1 so conduct ing sk ip jack  tuna b lood 
P a c i f i c  Commission r e c e n t l y  completed the  f i e l d  work f o r  a sk ip jack  tuna 
tagging program. 
genet ics  s tud ies  and o ther  a n c i l l a r y  s tud ies  t o  i n v e s t i g a t e  the  stock 
s t r u c t u r e  o f  P a c i f i c  sk ip jack  tuna. It i s  expected t h a t  much w i l l  be 
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l ea rned  from the results of these s t u d i e s .  However, i t  i s  a n t i c i p a t e d  t h a t  
there will continue t o  be gaps i n  the knowledge o f  sk ip j ack  tuna  stock 
structure and ecology. These approaches and methods should be cont inued i n  
the s tudy o f  the popula t ion  structure o f  P a c i f i c  sk ip jack  tuna .  

1V.D. S t a t u s  o f  SWFC Data Base 

Data from Japanese  b a i t b o a t  o p e r a t i o n s  pub1 i shed  i n  annual 
s t a t i s t i c a l  d i g e s t s  a r e  included i n  the d a t a  base maintained a t  the 
Honolulu Laboratory.  
the western P a c i f i c  and d a t a  from the Hawaiian pole-and-1 ine f i s h e r y ,  
i nc lud ing  size d a t a ,  are a l so  included i n  the d a t a  base.  

Landing s ta t i s t ics  from a few o f  the i s l a n d  states i n  
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STATUS REPORT: WESTERN PACIFIC YELLOWFIN TUNA 

Howard 0. Yoshida 

Southwest F i she r ies  Center 
Honol u l  u , Hawaii 

ABSTRACT 

Y e l l o w f i n  tuna are  p r i m a r i l y  caught by l o n g l i n e  gear i n  the western 
P a c i f i c .  Although the  stock s t r u c t u r e  o f  y e l l o w f i n  tuna i s  n o t  we l l  known, 
i t  has been hypothesized t h a t  t he re  are  two separate stocks i n  the  P a c i f i c ,  
one i n  the  eas tern  P a c i f i c  and the o the r  i n  the  western P a c i f i c ,  which a re  
separated by a l e s s  c l e a r l y  de f ined stock i n  the c e n t r a l  P a c i f i c .  A stock 
produc t ion  model based on l o n g l i n e  catches o f  y e l l o w f i n  tuna i n  the e n t i r e  
P a c i f i c  i n d i c a t e d  t h a t  the stock i s  capable o f  sus ta in ing  the c u r r e n t  l e v e l  
o f  catches. 
P a c i f i c  i s  t o  determine the r e l a t i o n  and the ex ten t  o f  m ix ing  o f  f i s h  t h a t  
a re  a v a i l a b l e  t o  sur face gear and l o n g l i n e  gear. 

rcr 

An impor tan t  research need f o r  y e l l o w f i n  tuna i n  the  western 
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I .  DESCRIPTION OF THE FISHERY 

I.A. History of  the Fishery 

Yellowfin tuna ( T h u n n u s  albacares) i n  the western Pacific Ocean 
(west of ca. 150" W l o n g m i s  caught primarily by longline gear; 
smaller amounts a re  taken by pole-and-line, purse seine, and other surface- 
f i s h i n g  gear. 
Pacific Ocean between approximately 45" N and 45" S la t i tude  i s  an 
outgrowth of the Japanese longline fishery,  which was generally confined t o  
the western Pacific before World War 11. 
quickly expanded eastward a f t e r  the war and reached the American continents 
i n  1964 (Figure 1). 
1962 and those from South Korea, i n  1965 ( S u z u k i  e t  a l .  1978). Because the 
1 ongl ine fishery extends completely across the Pacific Ocean , fo r  the 
purpose of t h i s  report yellowfin t u n a  are considered for the en t i r e  Pacific 
Ocean insofar as they re la te  to  the longline fishery. 

The longline fishery tha t  now extends completely across the 

The Japanese longline fishery 

Longline vessels from Taiwan joined the fishery i n  

Japan ,  Taiwan, and the Philippines have surface f i sher ies  for  
yellowfin t u n a  i n  the western Pacific. Australia, F i j i ,  Gilbert Islands, 
Papua New Guinea, New Zealand, and French Polynesia also show landings of 
yellowfin t u n a  (Food and Agriculture Organization of the United Nations 
[FAO] 1977, 1978). 

The U.S. (Hawaii) has a small longline fishery and also a surface 
fishery for  yellowfin t u n a  i n  the western Pacific.  

I.B. Trends i n  Catch and Effort  

The total  annual catch of yellowfin t u n a  ( a l l  gear combined) ranged 
from 28,586 t o  193,518 m t  from 1952 t o  1977 i n  the western Pacific (Table 
1). The catches made i n  the various Japanese f isher ies  (which totaled 
28,118 t o  101,480 m t  from 1952 t o  1977) contributed the largest  amount to  
the western Pacific annual total  (Tab le  2). The b u l k  of  the Japanese total  
annual catch i s  taken by longline vessels over 20 gross tons. Table 2 a l so  
shows the catch by gear, for  other countries f i s h i n g  yellowfin t u n a  i n  the 
western Pacific 

The total  western Pacific catch of yellowfin tuna peaked i n  the 
mid-1960's ( w i t h  a high of 110,458 m t  i n  19661, declined slowly t o  76,121 
m t  i n  1971, then increased rap id ly  t o  levels  higher than t h a t  i n  the 
1 9 6 0 ' ~ ~  reaching 193,518 m t  i n  1977 (Figure 2 ) .  
Philippines since 1974 (Table 2) account for  the increase i n  the total  
recorded catch o f  yellowfin t u n a  i n  recent years ( F A O ,  i n  press).  

Reported catches from the 

The total  (Japan, Korea, Taiwan) f i s h i n g  e f f o r t  for  yellowfin tuna 
i n  the Pacific generally showed an increasing trend from 75 million 
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Figure 1.--Expansion o f  the Japanese longline fishery in the Pacific Ocean. 
(From Kume 1972.) 
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"m.. 

Table 1.--Catch o f  yellowfin tuna  i n  the western Pacific ( a l l  gear) 
i n  metric tons. (Data from Honma and Suzuki see text footnote 2.) 

Grand 
Year Japan Korea Taiwan Philippines Others Total 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

28,586 
40,164 
43,450 
36,903 
28,118 
69,865 
74,929 
72,189 
77,485 
98,363 

100,426 
101,480 
89,440 
82,265 
96,137 
68,867 
73,116 
73,520 
71,645 
56,317 
75,053 
77,468 
81,359 
72,674 
94,818 
93,638 

500 
2,000 
3,000 
1,900 
5,300 
3,500 
2,000 
5,300 

11,800 
12,000 
15,104 
10,366 
15,613 
16,580 

1,192 
2,724 
2,377 
2,109 
1,753 
1,568 
1,301 
2,606 
5,513 
5,149 
5,795 
7,890 

11,221 
6,629 

11,452 
10,598 
10,502 
14,404 
13,368 
19,226 

3 00 
100 
100 
100 
100 
100 
100 
100 
100 

14,900 1.620 

28,586 
40,164 
44,642 
39,627 
30,495 
71,974 
76,682 
73,757 
78,786 

100,969 
105,939 
106,629 
96,035 
92,255 

110,458 
77,496 
89,968 
87,718 
84,247 
?6,121 

100,321 
125.214 

12,706 51,732 1;511 162;412 
16,867 52,793 1,823 154,523 
17,235 44,478 8,852 180,996 
20,042 59,263 3,995 193,518 
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Figure 2.--Yellowfin tuna annual catch trends i n  the western Pacif ic  
Ocean. (Data from Honma and Suzuki  see t ex t  footnote 2 . )  
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e f f e c t i v e  hooks i n  1953 t o  547 m i l l i o n  e f f e c t i v e  hooks i n  1977 (Table 3 ) .  
Most o f  t he  l o n g l i n e  f i s h i n g  e f f o r t  i n  the  e a r l y  years was expended by 
Japan, and a l though Korea and Taiwan have increased t h e i r  l o n g l i n e  e f f o r t  
i n  recen t  years,  Japanese l o n g l i n e r s  s t i l l  account f o r  a l a r g e  p a r t  o f  t he  
t o t a l  e f f o r t .  

nh 

I . C .  Value o f  Catch 

The mean annual ex-vessel p r i c e  o f  y e l l o w f i n  tuna a t  Yaizu, Japan, 
ranged from $511 t o  $1,873 pe r  s h o r t  ton from 1969 t o  1978 ([U.S.] Nat iona l  
Marine F i s h e r i e s  Service,  1969 t o  1978; Federat ion o f  Japan Tuna F ishe r ies  
Cooperat ive Assoc ia t ion  and Japan Tuna F ishe r ies  Federat ion [1976?1); t he  
ex-vessel p r i c e  ranged from $985 t o  $1,984 per  s h o r t  t on  from 1968 t o  1977 
i n  Hawaii' (F igu re  3 ) .  
s h o r t  ton  i n  1978 a t  Yaizu, Japan, the  value o f  t he  western P a c i f i c  
y e l l o w f i n  tuna ca tch  i n  1978 was $387,166,528. 

Based on the  mean ex-vessel p r i c e  o f  $1,815 pe r  

I .D. Cur ren t  Management o f  t he  F ishery  

The western P a c i f i c  y e l l o w f i n  tuna i s  n o t  c u r r e n t l y  under 
management 

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

The y e l l o w f i n  tuna i s  one o f  t he  impor tant  species caught i n  the 
Hawaiian l o n g l i n e  f i she ry .  
rec rea t i ona l  f i s h e r y  i n  Hawaii. 

It i s  a l s o  an impor tan t  species i n  the  

Y e l l o w f i n  tuna are  landed a t  American Samoa, T a h i t i ,  and o ther  i s l a n d  
areas where U.S. i n t e r e s t s  operate canner ies o r  transshipment f a c i l i t i e s .  
American purse se iners  have a1 so been making exp lo ra to ry  f i  shing voyages i n  
the  western P a c i f i c .  

'Hawaii D i v i s i o n  o f  F ish  and Game. Commercial f i s h  catch by species, 
S ta te  o f  Hawaii. ( Issued monthly; a l so  annual summaries.) 
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Table 3.--Catch (metric tons)  and effective effor t  ( x  lo3 hooks) for  
yellowfin t u n a  in the Pacific Ocean, 1951-77. (Adapted from FA0 in press.) 

Japanese longline Total (Japan, Korea, Taiwan) 
f isher ies  1 ongl ine f isher ies  

Year Catch Effort Catch Effort 
- 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 - 

22,477 
33,288 
34,174 
28,794 

'22,717 
60,976 
60,608 
55,146 
68,438 
84,527 
79,632 
88,050 
71,508 
66,809 
77,469 
47,982 
52,265 
56,110 
50 ,940 
40,930 
53,345 
47,973 
44,316 
45,996 
55,497 
57,300 

74,252 
85,475 
81 .382 

133 ; 412 
113,524 
163,402 
167,694 
164,967 
190,837 
269 , 104 
322,379 
333.814 
276 ; 504 
281 ,309 
313,521 
232,519 
239,155 
238,602 
197 , 668 
222,433 
266,719 
274,479 
287,845 
260,001 
306,615 
311,091 

22,799 
33,288 
35,621 
31,672 
25,094 
63,438 
62,538 
57,041 
69,993 
87,428 
85,436 
93,466 
77,953 
76,894 
92,607 
58,050 
69,549 
72,474 
67,392 
63,396 
81,985 
81,343 
74,2 97 
78,063 
94,113 

100,924 

75,316 
85,475 
84,828 

146,747 
125,403 
170,000 
173,034 
169,602 
195,173 
278,339 
345,876 
354,347 
301,425 
323,773 
374,785 
281,308 
318,243 
308,188 
261,508 
344,525 
409,916 
465,402 
482,580 
441,265 
51 9 , 965 
547,932 

lprovisional estimate. 
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Figure  3.--Mean annual ex-vessel va lue  of  ye l lowf in  tuna landed i n  Yaizu, 
Japan, 1968-78 and i n  Hawaii, 1968-77. (Data from [U.S.] National Marine 
Fisheries Se rv ice  1969-1978; Federat ion o f  Japan Tuna Fisheries Coopera- 
t i ve  Assoc ia t ion  and Japan Tuna Fisheries Federat ion [1976?]; Hawaii 
Div is ion  of  F i s h  and Game see text foo tno te  1 . )  
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111. STATUS OF STOCKS 

1II.A. Stock Structure 

The stock structure of yellowfin tuna  in the Pacific Ocean i s  not  
perfectly c lear  b u t  a hypothesis has been advanced t h a t  there are  two 
d i s t i n c t  stocks, one i n  the eastern Pacific and the other i n  the western 
Pacific,  separated by a l e s s  c lear ly  defined stock in the central Pacific 
(Suzuki  e t  a1 . 1978). 

I I1 .B. Stock Assessment and Fishery Eva1 uation 

I I I .  B .l. Trends in Catch- Der-Un i t-Effort  

I n  a study t o  examine the changes i n  catch-per-unit- 
e f f o r t  in the Japanese longline fishery,  the Pacific Ocean was d i v i d e d  i n t o  
nine areas (Figure 4). 
per-unit-effort fe l l  sharply i n  most areas, then showed a re la t ively steady 
and gradual decline as nominal e f fo r t  increased (Figure 5 ) .  

After the f i r s t  few years of fishing, the catch- 

I I I .B .2 .  Results of Production Model Analysis 

A1 t h o u g h  a product ion model analysis was n o t  possible for  
the combined surface and longline f i shr ies  for yellowfin t u n a  i n  the 
western Pacific,  an analysis (Honma and Suzuku') was possible for the 
ent i re  Pacific longl ine fishery,  w h i c h  probably re f lec ts  the si tuation i n  
the western Pacific longl ine fishery (Figure 6). 
t ha t  the total  e f f o r t  i s  a t  or approaching the level producing MSY (maximum 
sustainable y i e ld ) ,  which i s  estimated a t  around 80,000 t o  90,000 m t .  

This analysis suggests 

III.B.3. Results of Yield-per-Recruit Analysis 

None avail ab1 e. 

III.B.4. Results of Spawner/Recruitment Analysis 

None available. 

'Honma, M., a n d  Z .  Suzuki. 1979. Stock assessment o f  Pacific yellowfin 
tuna  exploited by the t u n a  longline fihsery together with surface and 
other f isher ies  in the western a n d  central Pacific. Prepared f o r  the 
Workshop on the Assessment o f  Selected T u n a  and  Bi l l f ish Stocks in the 
I n d i a n  a n d  Pacific Oceans, Shimizu, Japan, 13-22 June 1979.  
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Figure 4.--Subareas in the longline fishery for yellowfin tuna in the 
Pacific. (From FA0 in press.) 
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Figure 6.--Catch and e f f o r t  p lo ts  w i t h  curves f i t t e d  t o  the model for 
m = 0, 1 ,  and 2 ( k  = 3 ) ,  respect ively,  f o r  yellowfin tuna caught i n  the 
Pacific-wide longline f i shery ,  1952-77. (From FA0 i n  press.) 
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a 

I I I . B . 5 .  Resul ts  o f  Other Analyses/Simulations 

None a v a i l  able. 

1 I I . C .  Cur ren t  Eva lua t ion  o f  Stocks and the F ishery  

Al though the  c o n d i t i o n  o f  the  western P a c i f i c  y e l l o w f i n  tuna 
s tock(s )  i s  n o t  c e r t a i n ,  i t  appears t h a t  the  stock i s  capable o f  sus ta in ing  
the  c u r r e n t  l e v e l  o f  f i s h i n g ,  o r  perhaps more. It was est imated t h a t  the 
MSY f o r  the  P a c i f i c  l o n g l i n e  f i s h e r y  f o r  y e l l o w f i n  tuna was around 80,000 
t o  90,000 m t  and t h a t  increased l o n g l i n e  f i s h i n g  e f f o r t  was u n l i k e l y  t o  
r e s u l t  i n  a s i g n i f i c a n t  increase i n  susta ined catch. 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major Research Problems 

The f o l l o w i n g  f a c t o r s  need t o  be determined: 

1 )  Growth parameters o f  western P a c i f i c  y e l l o w f i n  tuna. 

2 )  The r e l a t i o n  and the  e x t e n t  o f  m ix ing  o f  f i s h  a v a i l a b l e  t o  
sur face  gear and l o n g l i n e  gear. 

3 )  Y i e l d - p e r - r e c r u i t  est imates:  It has been po in ted  o u t  t h a t  the  
sur face f i s h e r i e s  i n  the  P h i l i p p i n e s  may be making subs tan t i a l  catches o f  
small y e l l o w f i n  tuna, which i s  n o t  good from a y i e l d - p e r - r e c r u i t  
s tandpoint .  

I n  add i t i on ,  p roduc t ion  model ana lys i s  i n c o r p o r t i n g  sur face ca tch  
and e f f o r t  data should be undertaken. 

1V.B. Current  Research E f f o r t s  

A background paper on a p re l im ina ry  assessment o f  western P a c i f i c  

Since t h a t  t ime there  has 

y e l l o w f i n  tuna e x p l o i t e d  by t h e  long1 i n e  f i s h e r y  (Honma and Suzuki , see 
foo tno te  2 )  was presented a t  the tuna and b i l l f i s h  stock assessment 
workshop h e l d  a t  Shimizu, Japan, i n  June 1979. 
been no concerted e f f o r t  t o  cont inue these s tud ies.  
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1V.C.  F u t u r e  Research Needs 

Some o f  t h e  research  needs f o r  t h e  western P a c i f i c  y e l l o w f i n  tuna 
i n c l u d e  necessary da ta  f o r  s tock assessment purposes: 

1) The magnitude and s i z e  compos i t ion  o f  t h e  l a r g e  P h i l i p p i n e  
s u r f a c e  c a t c h  o f  y e l l o w f i n  i n  r e c e n t  y e a r s  should be a c c u r a t e l y  es t imated  
and h i s t o r i c a l  catches documented. 

2 )  The problem o f  double r e p o r t i n g  o f  catches should be resolved.  

3 )  Es t imates  o f  m i s i d e n t i f i e d  o r  u n i d e n t i f i e d  y e l l o w f i n  tuna i n  
t h e  catches a r e  needed. 

4 )  S ize-compos i t ion  da ta  a r e  needed from a l l  t h e  f i s h e r i e s ,  
p a r t i c u l a r l y  t h e  s u r f a c e  f i s h e r i e s .  

5 Y i  e l  d / r e c r u i  t e s t i m a t e s  a r e  rleeded f o r  s tock assessment and 
f o r  p r o d u c t i o n  model analyses (wh ich  i n c i  d e  s u r f a c e  c a t c h  and e f f o r t  
d a t a ) .  

6) E f f e c t s  o f  c o m p e t i t i o n  between s u r f a c e  and 1 ongl i n e  f i s h e r i e s  
should be f u r t h e r  examined. 

7 )  The e x t e n t  o f  m i x i n g  between f i s h  a v a i l a b l e  t o  s u r f a c e  and 
l o n g l i n e  gears should be examined. 

8 )  A d d i t i o n a l  e s t i m a t e s  o f  t h e  growt!: o f  y e l l o w f i n  tuna Sn the  
western P a c i f i c  a r e  needed. 

I V . C . l .  Suggested Approach and Methods 

1) 
c o u n t r i e s  f o r  t h e  c o l l e c t i o n  o f  y e l l o w f i n  tuna f i s h e r y  s t a t i s t i c s ,  
p a r t i c u l a r l y  those from t h e  P h i l 1  i p p i n e s .  

Coopera t ive  arrangements should be made w i t h  f o r e i g n  

2 )  The e x t e n t  o f  m i x i n g  between f i s h  a v a i l a b l e  t o  
s u r f a c e  and l o n g l i n e  gears c o u l d  be assessed by means o f  t a g g i n g  
exper iments.  

1V.D.  S t a t u s  o f  SWFC Data Base 

The da ta  on catch,  c a t c h - p e r - e f f o r t ,  and l e n g t h  f requenc ies  needed 
f o r  assessment s t u d i e s  on y e l l o w f i n  i n  t h e  P a c i f i c  a r e  e i t h e r  inadequate o r  
8'8 l a c k i n g  and should t h e r e f o r e  be secured. I n  p a r t i c u l a r ,  t h e  l a r g e  *.h 
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s u r f a c e  c a t c h  o f  y e l l o w f i n  i n  t h e  P h i l i p p i n e s  i n  r e c e n t  y e a r s  should be 
documented, and l o n g e r  h i s t o r i c a l  c a t c h  da ta  obta ined.  Problems on double 
r e p o r t i n g  o f  catches, and m i s i d e n t i f i e d  o r  u n i d e n t i f i e d  y e l l o w f i n  tuna 
catches,  must a1 so be cor rec ted .  
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ABSTRACT 

The South P a c i f i c  a lbacore stock has been f i shed  s ince 1952. Most o f  
t he  ca tch  i s  taken by l o n g l i n e  vessels  from Japan, t h e  Republ ic o f  Korea, 
and Taiwan. Long1 i n e  c a t c h - p e r - u n i t - e f f o r t  decl  ined  cons iderab ly  between 
1962 and 1974 a s  e f f o r t  and ca tch  increased. 

r e c e n t l y  i n  s p i t e  o f  lowered e f f o r t .  
l o n g l i n e r s  i s  i n  the  neighborhood o f  t he  est imated MSY f o r  t h i s  f i s h e r y ,  
35,000 mt, and no susta ined increase i n  l o n g l i n e  ca tch  can be expected. 
P o t e n t i a l s  f o r  expanding the  sur face  ca tch  o f  r e l a t i v e l y  small a lbacore are  
unknown. 

However, ca tch  r a t e s  
increased i n  recen t  years  so t h a t  average annual ca tch  has increased 4 

Present average annual ca tch  by 
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I. DESCRIPTION OF THE FISHERY 

I .A .  H i s t o r y  o f  t he  F ishery 

"- 

A1 bacore, Thunnus alalunga, i s  one o f  t he  most impor tant  species 
taken i n  the  S o u t h m c  tuna l o n g l i n e  f i s h e r y  by vessels from Taiwan, 
t h e  Republic o f  Korea, and Japan. Small amounts o f  South P a c i f i c  albacore 
a re  taken by sur face t r o l l e r s  o f  Ch i l e  and New Zealand. 

As p a r t  o f  t he  general eastward expansion o f  the  Japanese l o n g l i n e  
f i s h e r y  a f t e r  World War 11, Japanese l o n g l i n e r s  began f i s h i n g  i n  the 
western South P a c i f i c  i n  1952, p r i n c i p a l l y  f o r  y e l l o w f i n  tuna. I n  1954, a 
small f l e e t  o f  Japanese l o n g l i n e r s  based a t  American Samoa began f i s h i n g  
f o r  tunas t o  supply an American tuna cannery i n  Pago Pago. The Japanese 
a l so  es tab l i shed a base i n  1958 a t  E s p i r i t u  Santo, New Hebrides, and i n  
1963 a t  F i j i .  
T a h i t i .  
based on Japanese l o n g l i n e  f i s h i n g  operat ions from 1952 t o  1976, extends 
from the  equator t o  approximately 45"s l a t i t u d e  between 135"E and 80"W 
1 ongi tude (F igu re  1 . 

A base f o r  f o re ign  l o n g l i n e r s  has a l so  been es tab l i shed a t  
The geographical boundaries o f  t he  f i s h e r y  i n  the  South P a c i f i c ,  

I .B .  Trends i n  Catch and E f f o r t  

The estimated t o t a l  annual catch o f  South P a c i f i c  albacore from 
1952 t o  1978 ranged between 210 and 49,275 m t  (me t r i c  tons) (Table 1 ) .  
ca tch  rose r a p i d l y  from 210 m t  i n  1952 t o  39,479 m t  i n  1962, and has s ince 
f luc tua ted ,  reaching a low o f  24,975 m t  i n  1963 and a h igh  o f  48,691 m t  i n  
1973 (F igure  2) .  However, l o n g l i n e  catch data a re  o f t e n  a v a i l a b l e  on l y  i n  
number o f  f i s h  caught, o r  may be incomplete i n  o ther  ways; there fore ,  t he  
t o t a l  a tch  i n  weight f o r  Japan, Korea, and Taiwan i s  est imated (Wetheral l  

The 

e t  a l .  € 1. 

The t o t a l  number o f  l o n g l i n e r s  based a t  Pago Pago increased from 
18 i n  1954 t o  344 i n  1973, w i t h  Korean and Taiwanese boats g radua l ly  
rep1 acing Japanese vessel s dur ing  t h i s  per iod  (Table 2). Since 1973 t h e  
t o t a l  number o f  vessels has dec l ined t o  the  present  l e v e l  o f  about 200. 
To ta l  f i s h i n g  days by Taiwanese vessels reached a peak o f  22,028 i n  1973, 
b u t  has dec l ined t o  l e s s  than 10,000 i n  recent  years (Table 3 ) .  
values f o r  Korean l o n g l i n e r s  a re  27,111 and 16,000 f i s h i n g  days, 

Comparable 

*- 

'Wetherall, J. A., F. V. Riggs, and M. Y. Y. Yong. 1979. Assessment 
o f  t he  South P a c i f i c  albacore stock. SWFC Admin. Rep. H-79-6, Na t l .  
Mar. F ish.  Serv. , NOAA, Honolulu, Hawaii, 41 p. Prepared f o r  the Work- 
shop on the Assessment o f  Selected Tunas and B i l l f i s h  Stocks i n  the 
Ind ian  and P a c i f i c  Oceans, Shimizu, Japan, 13-22 June 1979. 
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a 

Figure 1.--The geographical boundaries of the South Pacific longline 
fishery for  albacore. 
footnote 1 .) 

(Adapted from Wetherall e t  a l .  see text 



-21 5-  

Table 1.--Estimated t o t a l  catches in metric tons of South Pacif ic  
albacore, 1952-78. T h e  1978 estimates a r e  preliminary. 

~~~~~ ~ ~~ 

Column 1 2 3 4 5 6 7 

Japan 
and 

Year Japan Taiwan Taiwan R Korea Other T o t a l  

1952 210 
1953 1,091 
1954 10,200 
1955 8,420 
1956 6,220 
1957 9,764 

1959 19,344 
1960 23,756 
1961 25,628 
1962 38,880 
1963 33,500 
1964 21,435 
1965 19,305 
1966 23,401 
1967 16,640 
1968 7,707 
1969 5,559 
1970 6,560 
1971 4,339 
1972 2,796 
1973 2,381 
1974 1,847 
1975 1,045 
1976 1,906 
1977 2,240 
1978 -- 

1958 21,558 

-- 
-- 
-- -- 
-- 
-- 
-- 
-- 
-- 
-- 
0 

608 
62 9 

1,640 
6 , 669 

14,910 
14,496 

9,883 
12,463 
21 , 584 
23 , 050 
28,858 
19,980 
15,092 
19,954 
21 , 345 -- 

210 
1,091 

10,200 
8 , 420 
6 , 220 
9 , 764 

21,558 
19,344 
23 , 756 

38 , 880 
34,108 
22 , 064 
20,945 
30,070 
31,550 
22 , 203 
15,442 
19,023 
25 , 923 

31,239 
21,827 
16,137 
21,860 
23 , 585 

25,628 

25,846 

-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

0.0154 
0.0400 
0.1319 
0.3058 
0.3597 
0.4347 
0.4566 
0.6451 
0.6097 
0.5586 
0.5586 
0.5586 
0.5586 

0.5586 
0.5586 

0.5586 

- -  

-- 
-- 
-- 
-- 
-- 
-- 

146 
456 
610 
3 30 
599 

1,367 
2,911 
6,405 

10,817 
13,717 
10,138 

9,963 
11,599 
14,482 
14,439 
17,452 
12,194 

9,015 
12,212 
13,176 -- 

210 
1,091 

10,200 
8,420 
6,220 
9,764 

21 , 704 
19,800 
24,366 
25 , 958 
39,479 
35,475 
24,975 
27,450 
41 , 387 
45 , 371 
32,355 
25,405 
30 , 672 
40 , 605 
40 , 753 
49 , 275 
34,911 
25 , 798 
34 , 097 
37 , 381 
40 500 

Cments:  
Colunn 1 - Japanese longline catch fn  metric tons, courtesy o f  5 .  

Colunn 2 - Catch by Taiwan's high-seas longliners (>50 GT)  based at 

Ueyanagi. Far Seas Fisheries Research Laboratory. 

foreign ports, estimated fron published Taiwan catch 
s t a t i s t i c s  and average weights o f  albacore landed at Pngo 
Pago. 

Colunn 3 - Colunn 1 plus colunn 2 .  

Colunn 4 - R I s  ratio of Korean catch o f  South Pacific albacore to 
total catch o f  th is  species by dapan and Taiwan, estimated 
fron d a t a  i n  S k i l l m a n  ( 1 9 7 5 ) .  

Colunn 5 - Colunn 3 x colunn 4 ,  except f q r  1958-61, which are fron 
Pmerlcan Samoa cannery records. 

Colunn 6 - Includes catch by C h i l e  ana New Zealand. 
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Figure 2.--Total catch of albacore in the South Pacific longline 
fishery, 1952-78. (Data from Wetherall et al. see text footnote 1.) 
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Table Z.--Number o f  l o n g l i n e  vessels based a t  Pago Pago, PFnerican 
Samoa, by n a t i o n a l  i t y ,  1954-80. 

Number o f  vessel  s 
-~ 

Year Japan Taiwan Korea Undetermined Total  

1954 17 -- -- 1 18 
-- -- -- 50 
-- -- -- 56 

1955 50 
1956 56 
1957 61  -- -- 1 62 

76 -- 2 1 79 
1959 64 -- 4 1 69 
1958 

1960 60 -- 3 1 64 
55 -- 2 1 58 

1962 79 -- 5 1 85 
1961 

1963 117 -- 10 1 128 
16 -- 121 -- 157 

1964 94 11 
1965 101 23 33 

79 76 55 -- 210 -- 2 59 
1966 

69 -- 2 34 
1967 62 128 
1968 39 110 85 

7 1  76 -- 165 -- 205 
1969 1 8  

81  -- 218 
1970 9 115 

124 90 -- 2 32 
1971 4 

95 
-- 344 

1972 2 135 
172 -- 320 

-- 172 -- 149 1 7 1  
1973 

-- 77 135 -- 212 
1974 

-- 93 119 -- 212 
1975 

-- 88 114 -- 2 02 
1976 

1978 -- 85 113 -- 198 
1977 

1979 -200 
1980 -. 200 
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T a b l e  3 . - -Es t imated  number of vessel t r i p s ,  f i s h i n g  days  p e r  t r i p ,  and 
t o t a l  f i s h i n g  d a y s  f o r  l o n g l i n e r s  based  a t  American Samoa, 1954-78. 

Japan  Ta i wan Korea 

Days/ Days/ Days/ 
Year  t r i p  Trips Days t r i p  T r i p s  Days t r i p  T r i p s  Days 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

-- 
17.4 
21.1 
24.4 
23.3 
21.5 
22.0 
24.6 
27.5 
30.7 
32.1 
35.7 
39.6 
38.7 
37.9 
40.2 
29.8 

58 
142 
2 62 
263 
330 
287 
283 
2 60 
339 
423 
277 
275 
229 
2 02 
100 
47 
26 
13 
4 - -  -- 

-- 
-- 
-- 
-- 

-- 
-- -- 

4,576 
6,963 
7,003 
6,594 
5,590 
7,678 
10,406 
7,618 
8,442 
7,351 
7,211 
3,960 
1,819 
98 5 
523 
119 -- 
-- 
-- 
-- 
-- 
-- 

-- -- -- -- -- -- 
-- -- -- 
-- 

23.2 
27.6 
27.5 
33.0 
40.3 
38.9 
40.4 
45.3 
46.8 
52.2 
55.4 
62.5 
59.2 
39.6 
36.3 

-- -- 
27 626 
97 2,677 
295 8,112 
355 11,715 
267 10.760 
213 -81286 
326 13,170 
328 14,858 
350 16,128 
422 22,028 
327 18,116 
134 8,375 
152 8,998 
231 9,152 
136 4,932 

-- -- -- 
22.6 
26.7 
23.0 
25.0 
24.9 
30.9 
27.4 
34.2 
41.6 
44.3 
47.5 
47.3 
46.7 
54.5 
54.4 
56.6 
47.6 
55.8 
57.6 
47.2 
38.0 

-- -- 
7 
14 
44 
8 
40 
69 
69 
165 
246 
241 
214 
289 
2 99 
282 
349 
479 
422 
2 62 
276 
258 
2 92 

-- -- 
-- -- 
158 
3 74 

1,012 
2 00 
996 

2,132 
1,891 
5,643 
10,234 
10,676 
10,165 
13,670 
13,496 
15,369 
18,986 
27,111 
20,087 
14,620 
15,898 
12,174 
11,122 
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.- 
respec t i ve l y .  Korean e f f o r t  i s  centered i n  the lower  l a t i t u d e s  o f  the  
South P a c i f i c  and i n  the equa to r ia l  reg ion  where a subs tan t ia l  p a r t  o f  the  
ca tch  i s  bigeye tuna and y e l l o w f i n  tuna, whereas the  Taiwanese vessels  
concentrate on albacore grounds f u r t h e r  south. 

I . C .  Value o f  Catch 

Except f o r  a dec l i ne  i n  1975, the  mean annual ex-vessel value o f  
a lbacore land ings  i n  the American Samoa l o n g l i n e  f i s h e r y  rose from a low o f  
$426 pe r  s h o r t  ton  i n  1969 t o  $1,358 pe r  sho r t  ton  i n  1978 (F igure  3 ) .  

I .D. Current  Management o f  the  F ishery  

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
P A R T I C I P A T I O N  I N  THE FISHERY 

I n  1953, a C a l i f o r n i a  seafood company obta ined a lease from the 
Department o f  the  I n t e r i o r  f o r  a small tuna cannery i n  Pago Pago and began 
t a k i n g  d e l i v e r i e s  o f  tuna from Japanese long1 i n e r s  under cont rac t .  Th i s  
marked the  beginning o f  the  tuna l o n g l i n e  f i s h e r y  i n  the South P a c i f i c  
(Otsu 1966). I n  1963 a second U.S. f i r m  began opera t ing  a tuna canning 
p l a n t  i n  American Samoa. 
venture w i t h  French companies i n  opera t ing  a tuna t ranssh ipp ing  base a t  
T a h i t i .  

6--. 

Pmerican i n t e r e s t s  a re  a l so  invo lved i n  a j o i n t  

Albacore landed a t  American Samoa represented an est imated 78% o f  the  
ca tch  o f  t h i s  species i n  the South P a c i f i c  i n  1970, b u t  normal ly  vessels  
based a t  Pago Pago account f o r  o n l y  30 t o  60% o f  the  harves t  (F igu re  4 ) .  

111. STATUS OF THE STOCKS 

1I I .A.  Stock S t ruc tu re  

South P a c i f i c  a lbacore a re  considered t o  be a d i s t i n c t  
subpopulat ion conf ined t o  the c u r r e n t  systems o f  t he  Southern Hemisphere. 
There i s  no evidence o f  i n t e r m i n g l i n g  w i t h  Nor th  P a c i f i c  a lbacore s tock(s ) ,  
and no evidence o f  mu1 t i p l e  subpopulations w i t h i n  the  South P a c i f i c .  



-220- 

0 1 I 1 I 1 I f 
I970 1972 I974 1976 1978 

YEARS 

.1* 
Figure 3.--Ex-vessel value of albacore in the American Samoa longline 
fishery. 
1978.) 

(Data from [U.S.] National Marine Fisheries Service 1969- 
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Figure 4.--Fract ion o f  the es t imated  t o t a l  South P a c i f i c  l o n g l i n e  ca tch  
of  a lbacore  landed a t  American Samoa, 1954-76. (Data from Wetherall e t  
a l .  see t e x t  foo tno te  1 . )  
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I I 1  .B. Stock Assessment and F i s h e r y  Eva1 u a t i o n  

I I I . B . l .  Trends i n  Catch-per-Uni t - E f f o r t  

Annual i n d i c e s  o f  abundance based on c a t c h  per  1,000 
hooks b y  l o n g l i n e r s  based a t  Pago Pago and ad jus ted  f o r  changes i n  s p a t i a l  
d i s t r i b u t i o n  o f  nominal f i s h i n g  e f f o r t  (Wethera l l  e t  a l .  1979; see f o o t n o t e  
1 )  show a f a i r l y  steady d e c l i n e  i n  c a t c h - p e r - u n i t - e f f o r t  from t h e  beg inn ing  
o f  t h e  index p e r i o d  i n  1962 t o  1974 (Tab le  4 ) .  
u n i  t - e f f o r t  has s t e a d i l y  increased. 

S ince 1975 t h e  catch-per-  

I 1 1  .B.2. Resu l ts  o f  Produc t ion  Model A n a l y s i s  

The most r e c e n t  p r o d u c t i o n  model a n a l y s i s  o f  t h e  South 
P a c i f i c  a lbacore  f i s h e r y  was based on the  abundance index and e f f e c t i v e  
e f f o r t  s t a t i s t i c s  d i s p l a y e d  i n  Table 4 (Wethera l l  e t  a l .  1979; see f o o t n o t e  
1 ) .  
The r e s u l t s ,  shown i n  F i g u r e  5, suggest t h a t  f u r t h e r  expansion o f  t h e  
l o n g l i n e  f i s h e r y  would be unproduct ive.  
reduce e f f o r t  s u b s t a n t i a l l y  w i t h  l i t t l e  r e d u c t i o n  i n  catch.  The MSY 
(maximum s u s t a i n a b l e  y i e l d )  o f  t h e  l o n g l i n e  f i s h e r y  was es t imated t o  be 
about  35,000 m t .  

The Gul l a n d  procedure f o r  approx imat ing e q u i l  i b r i u m  e f f o r t  was used. 

Indeed, i t  may be p o s s i b l e  t o  

I I I. B .3. Resul t s  o f  Y i  e l  d-per-Recrui  t Ana lys i  s 

No c o h o r t  analyses have been at tempted w i t h  South P a c i f i c  
a lbacore  due t o  t h e  extreme d i f f i c u l t y  o f  separa t ing  year -c lasses  i n  the  
1 ongl i n e  catch.  Furthermore, no y i e l d - p e r - r e c r u i t  a n a l y s i s  has been done, 
i n  t h e  usual sense, b u t  a s i m u l a t i o n  model l i n k i n g  a y i e l d - p e r - r e c r u i t  
model w i t h  a1 t e r n a t i v e  s t o c k - r e c r u i  tment hypotheses has been exp lo red  (see 
Sect ion  I I I . B . 5 ) .  

111.6.4. Resu l ts  o f  SDawner/Recruitment Analyses 

No a n a l y s i s  o f  t h e  spawner - recru i t  process has been done, 
n o r  a r e  da ta  a v a i l a b l e  which would p e r m i t  such a study. Wethera l l  e t  a1 . 
(see f o o t n o t e  1) es t imated t h e  average r e c r u i t m e n t  o f  2 y e a r - o l d  a1 bacore 
t o  be 8.4 m i l l i o n  f i s h .  Average spawning s tock ( f i s h  over  5 y e a r s  o l d )  
corresponding t o  t h i s  average r e c r u i t m e n t ,  i n  t h e  absence o f  f i s h i n g  and 
w i t h  growth and n a t u r a l  m o r t a l i t y  r a t e s  as g iven by Wethera l l  e t  a1 . , i s  
about  130,000 m t  (see  S e c t i o n  I I I . B . 5 ) .  

I I 1  .B.5. Resul t s  o f  Other Analyses/Simul a t i o n s  

An age-s t ruc tu red  s i m u l a t i o n  model was c o n s t r u c t e d  by 
Wethera l l  e t  a1 . t o  s tudy t h e  response o f  maximum s u s t a i n a b l e  y i e l d  o f  the  * 
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Table 4.--Index o f  a undance (kg/100 hooks), and est imated t o t a l  
e f f e c t i v e  e f f o r t  (10 k hooks) f o r  the South P a c i f i c  a lbacore f i she ry .  

Ef fect  ‘ve e f f o r t  b Abundance index 
Year (kg/100 hooks) (10 hooks) 

1962 146.00 27 
1963 85.76 41 

1965 72.02 38 
1966 63.66 65 
1967 42.56 107 
1968 33.76 96 
1969 41.03 62 
1970 35.42 87 
1971 29.90 136 

1973 20.19 2 44 
1974 13.86 252 
1975 13.64 198 
1976 18.00 203 

1964 75.39 33 

1972 21.45 190 

1977 21.71 191 
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Figure 5.--Projected relationship between equilibrium yield and effective 
e f fo r t  for  South Pacific albacore, based on production model with 3-yr 
e f for t  averaging. (From Wetherall e t  a1 . see tex t  footnote 1 . )  

4 
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albacore stock t o  changes i n  age a t - f i r s t - c a p t u r e  under a v a r i e t y  o f  stock 
rec ru i tmen t  hypotheses. Under constant  recru i tment ,  MSY was judged t o  be 
about 38,000 m t  a t  an age-o f - f i r s t - cap tu re  o f  4 years,  b u t  MSY a t  3-year o r  
5-year minimum age l i m i t s  was on ly  s l i g h t l y  less .  Under more conservat ive 
s tock- recru i  tment hypotheses, 1 ower MSY' s were computed and were achieved 
a t  p rog ress i ve l y  h igher  ages-a t - f i rs t -cap ture .  The r e s u l t s  o f  t he  
s imu la t i on  ana lys i s  a re  considered t o  be p re l im ina ry .  

1 I I . C .  Current  Eva lua t ion  o f  Stocks and the F ishery  

The South P a c i f i c  a lbacore stock i s  considered t o  be i n  a hea l thy  
cond i t i on .  
cons iderably  t o  perhaps 20% o f  i t s  i n i t i a l  l e v e l ,  b u t  unless rec ru i tmen t  i s  
s t r o n g l y  dependent on s i z e  o f  spawning stock, such a reduc t i on  can be 
sustained. There i s  no i n d i c a t i o n  o f  rec ru i tmen t  f a i l u r e .  Fo l low ing  i t s  
peak i n  1973 t h e  nominal e f f o r t  has been reduced. Catch r a t e s  have 
increased; the re fo re ,  average annual ca tch  has increased i n  s p i t e  o f  lower  
e f f o r t .  

Ca tch -pe r -un i t -e f fo r t  i n  the  long1 i n e  f i s h e r y  has been reduced 

Fur ther  reduc t i on  i n  l o n g l i n i n g  e f f o r t  should be b e n e f i c i a l .  

Expansion o f  sur face f i s h e r i e s  may be feas ib le .  
b a i t b o a t s  a re  known t o  be cons ider ing  exp lo ra to ry  a1 bacore f i s h i n g  
exped i t ions  i n  the  reg ion  o f  t he  subt rop ica l  convergence eas t  o f  New 
Zeal and (Shiohama 1979). 

Indeed, Japanese 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major Research Problems 

Eva1 u a t i o n  o f  p o t e n t i a l  s f o r  expanding sur face f i s h e r i e s  on South 
P a c i f i c  a lbacore i s  an impor tant  area f o r  research. 
t h e o r e t i c a l  s tud ies  o f  stock p r o d u c t i v i t y  us ing  age-st ructured s imu la t i on  
models, 2 )  poss ib le  tagging o f  2- and 3-year o l d  a lbacore a v a i l a b l e  t o  
development o f  the  sur face gear, 3 )  eva lua t i on  o f  recapture  r a t e s  i n  the 
1 ongl i n e  f i she ry ,  and 4 
us ing  the  weal th  o f  observat ions on the  subsurface l o n g l i n e  operat ions.  

Th is  would r e q u i r e  1 )  

methodol ogy t o  p r e d i c t  sur face f i  shery p o t e n t i a l  s 

1V.B. Current  Research E f f o r t s  

Cur ren t  work on South P a c i f i c  a lbacore by the  SWFC inc ludes:  

1 )  
general upgrading o f  t he  American Samoa catch-per-uni  t - e f f o r t  and 
land ings  s t a t i s t i c s .  

Improving the data base f o r  South P a c i f i c  a lbacore through a 
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2 )  Development of a fishery monitoring and information system 
for  South  Pac i f ic  a1 bacore. 

3 )  Eva1 uation of procedures t o  estimate surface fishery poten- 
t i a l  s us ing  the age-structured simulation model and production model 
analyses based on selected segments of the popul a t ion.  
was done i n  April and May of  1980 and will be continued i n  FY 1981. 

Prel iminary work 

1V.C .  Future Research Needs 

None proposed a t  this time. 

1 V . D .  S ta tus  of SWFC Data Base 

The Far Seas Fisheries Research Laboratory has maintained albacore 
catch s t a t i s t i c s  of Japanese longl iners  f ishing i n  the South Pacif ic  since 
1952. 
respective f l ag  vessels f i s h i n g  in the South Pacif ic .  Some of these data ,  
and data from the f ishery based a t  Pmerican Samoa, a r e  avai lable  on tapes 
i n  the f i l e s  of the Honolulu Laboratory. 
avai lable  from FA0 and the New Zealand Government. 

The governments of Taiwan and Korea also compile data on their 

Data on surface catches a r e  

Logbook systems maintained by Japan, Korea, and Taiwan provide  
data on catch I“n number of  f i sh ,  e f f o r t  i n  number of  hooks fished, and 
loca l i t y  fished f o r  each day o f  fishing. 
a l s o  c o l l e c t s  logbook data providing the same kinds  of data from vessels 
based a t  Pago Pago. 
col lected by the governments of Japan, Taiwan, and American Samoa. 
addition, “,he Honolulu Laboratory maintains f i l es  of landings s t a t i s t i c s  
provided by the two canneries i n  American Samoa. 

The government of American Samoa 

Data on the s i ze  composition of the catches a r e  
In 

The qual i ty  of logbook data is  probably adequate fo r  production 
model analyses. The qual i ty  o f  the size-composition data i s  inadequate, 
s ince time and location of capture cannot be accurately determined. 
t o  changes i n  unloading procedures a t  the tuna canneries,  sex and weight 
determinations were discontinued i n  1970, b u t  length-frequency data a r e  
s t i l l  b e i n g  col lected i n  American Samoa. 

Owing 
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STATUS REPORT: NORTH PACIFIC ALBACORE 

E a r l  Weber 

Southwest F i  sher ies  Center 
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La J o l l a ,  C a l i f o r n i a  

ABSTRACT 

The N o r t h  P a c i f i c  a lbacore  s tock i s  harvested p r i m a r i l y  b y  t h e  
Japanese s u r f a c e  and l o n g l i n e ,  and N o r t h  American sur face  f l e e t s .  
o f  these f l e e t s  have been i n  t h e  v i c i n i t y  o f  100,000 m t  i n  r e c e n t  years,  
w i t h  a r e c o r d  c a t c h  o f  n e a r l y  124,000 m t  i n  1976. The N o r t h  American 
s u r f a c e  f i  shery , comprised p r i m a r i l y  o f  U .S. t r o l l  vessel  s , 1 anded an 
annual average c a t c h  o f  approx imate ly  20,000 m t  d u r i n g  t h e  p e r i o d  o f  1969 
th rough 1978 b u t  landed l e s s  than 5,000 m t  i n  1979. The U.S. i m p o r t s  an 
a d d i t i o n a l  80,000 t o  90,000 m t  o f  a lbacore  t o  meet domestic demand and a 
s u b s t a n t i a l  p a r t  o f  t h i s  o r i g i n a t e s  f rom t h e  N o r t h  P a c i f i c  s tock.  

Catches 
rlr 

A1 though h e a v i l y  harvested, t h e  s tock i s  cons idered heal  thy.  E f f o r t  
l e v e l s  i n  r e c e n t  y e a r s  have been below those r e q u i r e d  t o  produce maximum 
average s u s t a i n a b l e  y i e l d s  (MASY) . 
i n d i c a t e d  a decrease i n  Y / R  f o l l o w i n g  t h e  expansion o f  t h e  Japanese sur face  
f i s h e r y .  S l i g h t  ga ins  i n  Y / R  a r e  p o s s i b l e  through increased e f f o r t  on 
l a r g e r  f i s h  b u t  s u b s t a n t i a l  ga ins  a r e  u n l i k e l y  w i t h  t h e  f i s h e r y  i n  i t s  
p r e s e n t  c o n f i g u r a t i o n .  Catch r a t e s  f o r  a l l  t h r e e  major  f l e e t s  have shown 
gradual  decreas ing t rends .  

Y i e l d - p e r - r e c r u i t  (Y/R) analyses 
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I. DESCRIPTION OF THE FISHERY 

I . A .  H i s t o r y  o f  F ishery 

Albacore (Thunnus a la lunga)  i s  a s i n g l e  species found world-wide i n  
most temperate ocean areas. I n  the P a c i f i c  Ocean, n o r t h  and south stocks, 
separated near the  equator, a re  thought t o  e x i s t .  

The Nor th  P a c i f i c  stock i s  f i shed  by th ree  major  f l e e t s :  the  
Japanese sur face f l e e t ,  t he  predominantly Japanese l o n g l i n e  f l e e t ,  and the  
Nor th  Pmerican sur face f l e e t .  The Japanese sk ip jack  pole-and-1 i n e  f l e e t ,  
which has been opera t ing  du r ing  the sp r ing  months s ince  the 192O's, began 
expanding i t s  operat ions o f f sho re  along the Kuroshio f r o n t  i n  the  e a r l y  
1970's. As a r e s u l t ,  i t  has s u b s t a n t i a l l y  increased i t s  catches, 
p a r t i c u l a r l y  o f  two-and three-year-old a1 bacore. The 1 ongl i n e  f i s h e r y ,  
comprised p r i m a r i l y  o f  Japanese vessels w i t h  some from Taiwan and Korea, 
has been opera t ing  i n  the  mid- to  western n o r t h  P a c i f i c  du r ing  the w in te r  
months s ince the  e a r l y  1950's. The Nor th American sur face f l e e t  cons i s t s  
p r i m a r i l y  o f  U.S. vessels  w i t h  some Canadian vessels. Th i s  f l e e t ,  most ly  
j i g b o a t s  o r  t r o l l e r s  w i t h  some ba i tboats ,  has been f i s h i n g  o f f  t he  coas t  o f  
Nor th America s ince about 1900. 

I .B .  Trends i n  Catch and E f f o r t  

Year ly  catches, by count ry  and gear type, a re  shown i n  Table 1 f o r  
Data a re  miss ing  f o r  some coun t r i es  p r i o r  t o  1961, b u t  t he  

Catches 
1940-1978. 
remainder o f  the  se r ies  i s  considered t o  be e s s e n t i a l l y  complete. 
f o r  the  Japanese surface, Japanese l o n g l  ine,  and Nor th  American sur face 
f l e e t s ,  and the combined t o t a l  catches, a r e  shown i n  F igu re  1 f o r  1961- 
1978. Dur ing 1961-1974, t h e  t o t a l  ca tch  increased, p a r t i c u l a r l y  i n  the 
e a r l y  1970's, w i t h  a record  ca tch  o f  114,858 m t  i n  1974. 
dec l ined t o  86,327 m t  i n  1975 b u t  rose t o  a new record  o f  almost 124,000 m t  
i n  1976. Tota l  catches have decreased s ince 1976. The t rends i n  the  t o t a l  
ca tch  i n  the  1970's r e f l e c t  changes i n  the  Japanese sur face f i she ry ,  which 
became the  major producer du r ing  t h i s  per iod.  
f i s h e r y  catches decreased from 1967 through 1975, and have increased on ly  
s l i g h t l y  s ince  then. The Nor th  American f i s h e r y  catches, charac ter ized  by 
p e r i o d i c  i nc reas ing  and decreasing trends, have been d e c l i n i n g  s ince 1972. 
P re l im ina ry  data i n d i c a t e  a 1979 ca tch  o f  4,938 m t ,  one o f  the  poorest  
years  on record.  

The ca tch  

The Japanese l o n g l  i n e  
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Figure 1. Yearly catches of North Pacific albacore, by weight, by 
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surface fishery and the to ta l  catches for  years 1961 t o  
1978. 
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Year ly  e f f o r t  f o r  the  Japanese surface, Japanese l o n g l i n e ,  and 
U.S. surface f i s h e r i e s  a re  shown i n  F igure  2. U n i t s  o f  e f f o r t  among 
f i s h e r i e s  cannot be compared because e f f o r t  has n o t  been success fu l l y  
standardized; there fore ,  no at tempt i s  made here t o  descr ibe t rends i n  
t o t a l  e f f o r t .  

E f f o r t  i n  the  Japanese pole-and-1 i n e  f i s h e r y ,  c u r r e n t l y  t he  
major  producer, increased s u b s t a n t i a l l y  i n  the  1970's. E f f e c t i v e  e f f o r t  i n  
the  Japanese long1 i n e  f i s h e r y  decreased d ramat i ca l l y  from 1967 through 
1975, then increased s l i g h t l y  i n  years  1976 through 1978. E f f o r t  i n  the  
U.S. f i s h e r y  was reasonably cons tan t  throughout the  1960's b u t  more than 
t r i p l e d  between 1970 and 1972. Th is  apparent change may be p a r t i a l l y  an 
a r t i f a c t  o f  changes i n  the s t a t i s t i c a l  r e p o r t i n g  system. 
through 1977 appears t o  be s t a b l e  a t  a l e v e l  we l l  below t h a t  repor ted  f o r  
1972, b u t  above t h a t  f o r  the 1960's. 

E f f o r t  from 1973 

I . C .  Value o f  t he  Catch 

The U.S. f l e e t  landed an annual average o f  20,400 m t  o f  a lbacore 
between 1969 and 1978. 
annual ca tch  was wor th $37 m i l l i o n .  

A t  c u r r e n t  ex-vessel p r i c e s  ($1800/mt), t he  average 

I .D.  Current  Management o f  t he  F ishery  

There i s  c u r r e n t l y  no o rgan iza t i on  respons ib le  f o r  the  management 
o f  f i s h e r i e s  f o r  Nor th  P a c i f i c  albacore. 

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

Albacore, which i s  genera l l y  canned i n  water and marketed as wh i te  
meat tuna, i s  a popular  product  i n  the U.S. The U.S. sur face f i s h e r y  
c u r r e n t l y  c o n s i s t s  o f  more than 900 vessels; from 1969 t o  1978, these 
vessels  landed an annual average o f  20,440 m t  wor th an average o f  $37 
m i l l  i o n  (ex-vessel Because demand exceeds supply, 80% 
o f  the  t o t a l  U.S. demand i s  t y p i c a l l y  imported from as many as 40 
count r ies ;  an est imated 40% t o  45% of the impor ts  o r i g i n a t e  from the  
P a c i f i c ,  h i s t o r i c a l l y  t he  most h e a v i l y  harvested ocean (F igu re  3) .  
Although the  exac t  p ropor t i ons  o f  the  P a c i f i c  impor ts  t h a t  o r i g i n a t e  i n  the  
Nor th P a c i f i c  a re  n o t  known, they may be as h igh  as 75% i n  some years. 

I n  recen t  years  some U.S. f ishermen have begun f i s h i n g  i n  the 
v i c i n i t y  o f  Midway Is land,  where they have experienced h igh  ca tch  ra tes .  
Fore ign p a r t i c i p a t i o n  has a1 so increased. 
became the major  producer o f  Nor th  P a c i f i c  a lbacore i n  the  e a r l y  1 9 7 0 ' ~ ~  

a t  c u r r e n t  p r ices .  

The Japanese sur face f i s h e r y  
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_*A when i t  expanded i t s  p o l  e-and-1 i n e  o p e r a t i o n s  o f f s h o r e  a1 ong the  Kurosh io  
f r o n t .  The deve lop ing  Japanese c o a s t a l  g i l l  n e t  f i s h e r y  has a l s o  begun 
r e p o r t i n g  catches o f  Nor th  P a c i f i c  a lbacore,  as have t h e  l o n g l i n e  f l e e t s  o f  
Taiwan and Korea which have r e c e n t l y  begun f i s h i n g  i n  t h e  N o r t h  P a c i f i c .  

111. STATUS OF THE STOCKS 

The s t a t u s  o f  N o r t h  P a c i f i c  a lbacore  was assessed by p a r t i c i p a n t s  
a t t e n d i n g  t h e  F i f t h  Nor th  P a c i f i c  Albacore Workshop h e l d  i n  June and J u l y  
1980. 

1 I I . A .  Stock S t r u c t u r e  

The P a c i f i c  a lbacore  p o p u l a t i o n  i s  assumed t o  be composed o f  n o r t h  
and south s tocks  separated near t h e  equator.  The complex m i g r a t o r y  
p a t t e r n s  o f  j u v e n i l e s  w i t h i n  t h e  n o r t h  s tock have l e d  some s c i e n t i s t s  t o  
hypothes ize t h a t  more than one s tock e x i s t s  i n  t h e  N o r t h  P a c i f i c ,  b u t  n o t  
enough i s  c u r r e n t l y  known about t h e  m i g r a t i o n  o f  a d u l t s  t o  s u b s t a n t i a t e  
t h i s  hypothes is ;  t h e r e f o r e ,  a s i n g l e  n o r t h  s tock i s  assumed. 

- 
111.6. Stock Assessment and F i s h e r y  E v a l u a t i o n  

I I I. B . 1 . Trends i n Catch- per-  Un i t - E  f f o r t  

Because o f  d i f f i c u l t i e s  assoc ia ted  w i t h  s t a n d a r d i z i n g  
e f f o r t  among t h e  d i f f e r e n t  gears, an o v e r a l l  index o f  abundance f o r  the  
e n t i r e  f i s h e r y  i s  n o t  a v a i l a b l e .  However, c a t c h - p e r - u n i t - e f f o r t  (CPUE) f o r  
t h e  Japanese sur face,  Japanese l o n g l i n e ,  and U.S. s u r f a c e  f i s h e r i e s  ( F i g u r e  
4 )  have a l l  shown decreasing t r e n d s  i n  r e c e n t  years .  

111.6.2. Resu l ts  o f  Produc t ion  Model A n a l y s i s  

P r o d u c t i o n  model a n a l y s i s  i s  a l s o  prob lemat ic  due t o  the  
e f f o r t  s t a n d a r d i z a t i o n  problem. 
workshop ( F i g u r e  5 )  p r e d i c t e d  a maximum s u s t a i n a b l e  average y i e l d  (MSAY) o f  
between 104,000 and 236,000 m t .  
"bes t "  value, t h e  m i d p o i n t  o f  170,000 m t  may be reasonable.  

An a n a l y s i s  prepared f o r  the  a1 bacore 

Al though i t  i s  imposs ib le  t o  s e l e c t  a 

111.6.3. Resu l ts  o f  Y i e l d - p e r - R e c r u i t  A n a l y s i s  

Y i e l d - p e r - r e c r u i t  (Y/R) analyses i n d i c a t e  t h a t  t h e  
expansion o f  t h e  Japanese sur face  f i s h e r y  i n  t h e  e a r l y  1970's decreased t h e  
Y / R  f o r  t h e  e n t i r e  f i s h e r y  ( F i g u r e  6 ) .  c" While t h e  Y / R  f o r  t h e  Japanese 
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sur face  f i s h e r y  increased, the  gains were n o t  enough t o  o f f s e t  the 
decreases i n  Y / R  f o r  the  l o n g l i n e  and Nor th  American sur face f i s h e r i e s .  
The analyses p red ic ted  t h a t  ga ins i n  Y / R  were poss ib le  through increased 
e f f o r t  on l a r g e r  f i s h .  Y/R i s o p l e t h s  f o r  the Japanese surface, Japanese 
l o n g l i n e ,  and Nor th  American sur face f i s h e r y  a re  shown i n  F igures 7, 8, and 
9, respec t i ve l y .  

III.B.4. Resul ts  o f  Spawner/Recruitment Analys is  

No s a t i s f a c t o r y  spawner/recrui t re1 a t i onsh ip  has been 
es tab l  ished. 
o f  spawner and r e c r u i t  abundance. 

Previous analyses have f a i l e d  t o  develop appropr ia te  i nd i ces  

III.B.5. Resul ts  o f  Other Analyses/Simulat ions 

Add i t i ona l  analyses have shown very  poor c o r r e l a t i o n  
between i n d i c e s  o f  abundance among the th ree  major f i s h e r i e s ,  even when 
annual age s p e c i f i c  ca tch  r a t e s  were used. 

1 I I . C .  Current  Eva lua t ion  o f  Stocks and the F ishery  

A t  p resent  Nor th  P a c i f i c  a lbacore are  being f i s h e d  a t  e f f o r t  l e v e l s  
below those t h a t  pe rm i t  harves t  a t  MSAY. 
through increased e f f o r t  on o l d e r  f i s h ,  b u t  subs tan t ia l  increases a re  
u n l i k e l y  g iven the  present  pa t te rns  o f  f i s h i n g .  There i s  c u r r e n t l y  no 
evidence t o  i n d i c a t e  a dep le t i on  o f  the  a d u l t  (spawner) stock. 

Modest ga ins i n  Y / R  a re  poss ib le  

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORT 

1V.A. Major Research Problems 

The most immediate research needs inc lude:  1) Development o f  non- 
e f f o r t  based assessment methods t o  augment the  e x i s t i n g  a n a l y t i c a l  models; 
2 )  v a l i d a t i o n  o f  c u r r e n t l y  accepted growth r a t e  o f  Nor th P a c i f i c  albacore, 
which a r e  determined from d a i l y  o t o l i t h  increments us ing  a newly developed 
f i n  r a y  technique; 3 )  re-examination o f  t he  popu la t ion  dynamics o f  the  
s tock i n  the  l i g h t  o f  recent  and f u t u r e  improvements i n  parameter 
est imat ion;  4) i n v e s t i g a t i o n  o f  stock s t r u c t u r e  through d i f f e rences  i n  
bio-chemical i n fo rma t ion  among f i s h  from d i f f e r e n t  areas, through the  study 
o f  oceanic phenomena t h a t  migh t  exp la in  stock separat ion and through the  
development o f  a model t o  t e s t  var ious  stock s t r u c t u r e  hypotheses; and 5) 
t he  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  environmental v a r i a b l e s  f o r  i n p u t  

ca tch  l e v e l s  and ca tch  ra tes ,  among and w i t h i n  the  major  f i s h e r i e s .  
- i n t o  an environmental s imu la t i on  model designed t o  e x p l a i n  v a r i a b i l i t y  i n  
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Figure 7. Estimated yield-per-recruit ,  as  functions of age a t  recrui t -  
ment and  fishing mortality vector multiplier,  of North Pacific 
albacore taken before and a f t e r  1971 by the Japanese surface 
fishery . 
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Figure 8. Estimated yield-per-recruit, as functions of age at recruit- 
ment and fishing mortality vector multiplier, o f  North 
Pacific albacore taken before and after 1971 by the 
Japanese 1 ongl i ne fishery . 
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Figure 9 .  Estimated yield-per-recrui t ,  as functions of age a t  recru i t -  
ment and f ishing mortal i ty  vector mul t ip l ie r ,  of North Pacif ic  
albacore taken before and a f t e r  1971 by the North American 
surface f ishery.  
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1V.B. Cur ren t  Research E f f o r t s  

I V . B . l .  Research Conducted by SWFC 

Research e f f o r t s  i n  1980 were d i r e c t e d  toward: 1) 
assessment o f  t h e  s tock u s i n g  convent ional  techniques such as c o h o r t ,  
y i e l d - p e r - r e c r u i  t, and spawner/recrui tment analyses, and 2 )  development o f  
a f i  shery/environment s i m u l a t i o n  model in tended t o  d e s c r i b e  mathemat ica l l y  
t h e  f i s h - f i s h e r y  i n t e r a c t i o n  and t e s t  hypotheses on t h e  e f f e c t s  o f  
management a c t i o n s  on t h e  s tock.  T h i s  model i s  a l s o  in tended t o  gu ide  
f u t u r e  research.  A d d i t i o n a l  research  e f f o r t s  a r e  b e i n g  conducted by t h e  
A1 bacore F i s h e r i e s  I n v e s t i g a t i o n  i n  t h e  Coastal  F i s h e r i e s  Resources 
D i v i s i o n  o f  t h e  SWFC, La J o l l a .  

A1 bacore Oceanography Research - -Th is  research  i s  
designed t o  g a i n  understanding o f  t h e  environmental  e f f e c t s  on a lbacore  
d i s t r i b u t i o n ,  a v a i l a b i l i t y ,  m i g r a t i o n ,  v u l n e r a b i l i t y ,  and p o s s i b l e  
abundance. 
key environmental  processes t h a t  may be used i n  f i  s h / f i  shery/environment 
models f o r  use i n  p r o v i d i n g  adv ice  f o r  eventual  i n t e r n a t i o n a l  management o f  
t h e  N o r t h  P a c i f i c  a lbacore  resource. S p e c i f i c  s t u d i e s  i n c l u d e  1 )  t h e  
i n f l u e n c e  o f  N o r t h  P a c i f i c  T r a n s i t i o n  Zone f r o n t a l  s t r u c t u r e  on a1 bacore 
m i g r a t i o n ,  d i s t r i b u t i o n ,  and a v a i l a b i l i t y ,  w i t h  s t u d i e s  b e i n g  conducted 
u s i n g  data from research  c r u i s e s ,  coopera t ing  f i s h i n g  vesse ls  th rough j o i n t  
s t u d i e s  w i t h  AFRF and o thers ,  and h i s t o r i c a l  da ta  f i l e s ;  2) a c o u s t i c  
t r a c k i n g  s t u d i e s  t o  determine a lbacore  depth d i s t r i b u t i o n  and op t ima l  ocean 
temperature re1 a t i o n s h i p s  t h a t  may a f f e c t  a v a i l  a b i l  i ty and vu1 n e r a b i l  i ty; 
3 )  t h e  i n f l u e n c e  o f  c o a s t a l  upwel l  i n g  on a v a i l  a b i l  i ty and vu1 n e r a b i l  i t y  , 
u s i n g  f i s h e r y  da ta  f rom logbooks and u p w e l l i n g  i n d i c e s  from PEG; 
sate1 1 i te-oceanography s t u d i e s  t o  eva lua te  the  use of  ocean measurements 
made from space t o  m o n i t o r  key oceanographic c o n d i t i o n s  t h a t  i n f l  uence 
a lbacore  d i s t r i b u t i o n ,  m i g r a t i o n ,  and a v a i l a b i l i t y ;  and 5) t h e  development 
o f  i n d i c e s  o f  environmental  c o n d i t i o n s  a f f e c t i n g  a lbacore  f o r  use i n  
fish/fishery/environment models, u s i n g  h i s t o r i c a l  da ta  bases and da ta  from 
research  vessel  s and coopera t ing  f i s h e r y  vessel  s. 

The goal o f  t h e  research i s  t o  develop q u a n t i f i a b l e  i n d i c e s  o f  

4) 

A1 bacore B i o l o g y  Research --The o b j e c t i v e  o f  t h i s  
research  i s  t o  g a i n  knowledge and understanding o f  s e l e c t e d  areas o f  
a1 bacore b i o l o g y  f o r  use i n  a1 bacore oceanography research  and popul a t i o n  
assessment s tud ies .  S p e c i f i c  research areas i n c l u d e :  

1) Age and Growth Studies--These a r e  b e i n g  conducted u s i n g  
a lbacore  t a g  re lease and recovery da ta  from t h e  coopera- 
t i v e  NMFS/AFRF a lbacore  tagg ing  program, and t h e  o t o l i t h  
d a i l y  r i n g  increment  method o f  ageing f i s h .  The l a t t e r ,  
wh ich  i s  p a r t  o f  t h e  tagg ing  program, i n v o l v e s  a f i e l d /  
l a b o r a t o r y  s tudy  t o  eva lua te  t h e  r a t e  o f  o t o l i t h  r i n g  f o r -  
m a t i o n  i n  a lbacore,  u s i n g  i n j e c t i o n  o f  t e t r a c y c l i n e  t o  
''mark'r o t o l i t h s  a t  t i m e  o f  r e l e a s e  o f  tagged a lbacore.  I n  
a d d i t i o n ,  a s tudy i s  be ing  conducted i n  -3Qpera t ion  w i t h  
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Canadian f i s h e r y  s c i e n t i s t s ,  as recommended a t  t h e  F o u r t h  
N o r t h  P a c i f i c  A1 bacore Workshop (NPAWS), t o  i n t e r c a l  i b r a t e  
and e v a l u a t e  t h e  o t o l i t h  d a i l y  r i n g  increment  and f i n  
r a y  c i r c u l a r  methods f o r  ageing a lbacore.  

2 )  Stock S t r u c t u r e  Studies--These s t u d i e s  a r e  b e i n g  conducted 
t o  determine i f  t h e  N o r t h  P a c i f i c  a lbacore  p o p u l a t i o n  i s  
composed o f  more than one substock, as has been i n d i c a t e d  
by r e s u l t s  f rom t h e  c o o p e r a t i v e  NMFS/AFRF t a g g i n g  program. 
The s t u d i e s  a r e  b e i n g  conducted u s i n g  data on t a g  r e l e a s e  
and recovery,  and s i z e  composi t ion.  I n  a d d i t i o n ,  samples 
have been c o l l  ec ted  f o r  biochemical  i n v e s t i g a t i o n  ( t o  be 
done a t  Scr ipps  I n s t i t u t i o n  o f  Oceanography) as recom- 
mended a t  t h e  F o u r t h  N o r t h  P a c i f i c  A lbacore Workshop. 

M i g r a t i o n  Studies--These s t u d i e s  a r e  designed t o  examine 
a lbacore  m i g r a t i o n  on t rans-oceanic  macroscales and w i t h i n  r e g i o n  meso- 
sca les.  They a r e  r e l a t e d  t o  1 )  t h e  i n v e s t i g a t i o n  o f  s tock  s t r u c t u r e  and 
t h e  d i s t r i b u t i o n  o f  proposed substocks o f  N o r t h  P a c i f i c  a lbacore,  and 2) 
a1 bacore oceanography s t u d i e s  which i n v e s t i g a t e  t h e  r o l e  o f  environmental  
f a c t o r s  and c o n d i t i o n s  t h a t  i n f l u e n c e  t h e  t i m i n g  and r a t e  o f  a lbacore  
m i g r a t i o n s .  
s i z e  compos i t ion  data,  f i  shery-oceanography da ta  gathered from coopera t ing  
f i s h i  ng vessel  s and research c r u i  ses, and r e s u l  t s  from a c o u s t i c  t r a c k i n g  
exper iments.  

These s t u d i e s  a r e  conducted u s i n g  data on t a g g i n g  and re lease,  

Environmental  Phys io logy  Studies--These s t u d i e s  a r e  
designed t o  g a i n  understanding o f  a1 bacore p h y s i o l  og ica l /b iochemica l  
processes, w i t h  an emphasis on thermoregu la t ion  and the  r o l e  t h a t  i t  may 
p l  ay i n  understanding causal f a c t o r s  o p e r a t i n g  i n  f i sh-ocean r e 1  a- 
t i o n s h i p s .  The s t u d i e s  a r e  c a r r i e d  on c o o p e r a t i v e l y  w i t h  f i s h e r y  
p h y s i o l o g i s t s  and medical  research s c i e n t i s t s  from u n i v e r s i t i e s  and p r i v a t e  
research  foundat ions.  Exper iments a r e  c a r r i e d  on aboard s h i p  w i t h  l i v e  
a lbacore;  i n  some cases, a lbacore  specimens and samples a r e  c o l l e c t e d  a t  
sea and analyzed i n  t h e  l a b o r a t o r y .  
t r a n s p o r t  l i v e  a lbacore  t o  shores ide f a c i l i t i e s  and h o l d  them i n  
c a p t i v i t y .  
NMFS; m a j o r  equipment and s u p p l i e s  a r e  p rov ided by t h e  i n d i v i d u a l  
c o o p e r a t i n g  s c i e n t i s t s .  

There have a l s o  been a t tempts  t o  

Shipt ime,  1 i m i t e d  equipment, and some s u p p l i e s  a r e  p rov ided by 

cb 

F o r e i g n  s c i e n t i s t s  from Japan, Canada and Taiwan a r e  
a1 so engaged i n  r e 1  a t e d  research  a c t i v i t i e s .  
areas as p o p u l a t i o n  dynamics, m i g r a t i o n  p a t t e r n s ,  oceanography, and growth 
r a t e s .  

These i n c l u d e  such research  
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IV.B.2. A1 bacore F ishery  Advisory Serv ice 

The o v e r a l l  goal o f  t he  f i s h e r y  adv isory se rv i ce  i s  t o  
develop a r e a l - t i m e  f i s h e r y  management system whereby f i s h e r y  i n fo rma t ion  
requ i red  f o r  proper management can be exchanged between f i s h e r y /  
managers/sc ient is ts  and the  f i s h i n g  i ndus t r y .  Only the  rudiments o f  such a 
system a re  i n  opera t ion  a t  the  La J o l l a  Laboratory,  i nc lud ing :  1) seasonal 
f o recas t  o f  the  t i m i n g  and d i s t r i b u t i o n  o f  t he  f i s h e r y  issued p r i o r  t o  the 
s t a r t  o f  t he  season; 
f i s h i n g  season by ma i l  t o  fishermen, processors, f i s h  buyers, and moorages; 
3 )  d a i l y  a lbacore f i s h i n g  broadcasts t ransmi t ted  du r ing  the f i s h i n g  season 
by r a d i o  s t a t i o n  WWD, P o i n t  Reyes Coast Guard, and f o u r  commercial r a d i o  
s t a t i o n s  along the P a c i f i c  west coast; 4 )  contac ts  w i t h  a lbacore f i s h i n g  
i n d u s t r y  and sport f ishermen i n  the form o f  o r a l  p resenta t ions  a t  meetings 
and workshops, and answering several hundred telephone and mai l  i n q u i r i e s  
f o r  i n fo rma t ion  concerning a broad range o f  t o p i c s  about albacore received 
from fishermen and o thers  i n  the  f i s h i n g  i ndus t r y ,  s c i e n t i s t s ,  students,  
rec rea t i ona l  f ishermen, and i n t e r e s t e d  pub1 i c .  

2)  b i -weekly f i s h  b u l l e t i n s  d i s t r i b u t e d  dur ing  

1V.C. Future Research Needs 

1) Hypotheses need t o  be formulated which a re  concerned w i t h  stock 
s t ruc tu re ,  migra t ion ,  m o r t a l i t y ,  a v a i l a b i l i t y ,  and the  r o l e  o f  environment 
i n  a f f e c t i n g  the abundance o f  Nor th P a c i f i c  albacore. 
environmental i nd i ces  necessary f o r  hypothesis t e s t i n g  must be i d e n t i f i e d  
and q u a n t i f i e d  f o r  use i n  a f i s h e r y  model c u r r e n t l y  under development. 
Th i s  model w i l l  p rov ide  a foca l  p o i n t  f o r  many o f  the  albacore research 
p ro jec ts ,  serv ing  as a means o f  analyz ing var ious  data f i e l d s  and t e s t i n g  
f i shery hypotheses. 

Y- 

F ishery  and 

2)  Studies o f  age and growth a re  proposed, which w i l l  improve the 
age-spec i f i c  f i s h e r y  data t h a t  a re  the bas i s  o f  f i s h e r y  assessment work. 

1V.D. Status o f  SWFC Data Base 

Nor th  P a c i f i c  a lbacore data a re  s to red  on magnetic tape a t  the  
Southwest F i she r ies  Center. These data a re  adequate f o r  n o n - e f f o r t  based 
assessment work and are, w i t h  few except ions,  complete. Needed are  
h i s t o r i c a l  data from the  Korean l o n g l i n e  f i she ry ,  and data from the  
Japanese h igh  seas d r i f t  g i l l  n e t  squid f i s h e r y  which i s  t a k i n g  i n c i d e n t a l  
catches o f  small (approx imate ly  20 cm) albacore and d i sca rd ing  them dead. 
Recent ly emphasis has been placed on ob ta in ing  catch, e f f o r t ,  and s i z e  
frequency data from i n d i v i d u a l  catcher  vessels o f  t he  U . S .  f l e e t .  These 
data w i l l  p rov ide  f o r  more p rec i se  parameter es t imat ion .  
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STATUS REPORT: NORTH PACIFIC BLUEFIN TUNA 

Doyle A. Hanan 

C a l i f o r n i a  Department o f  F i s h  and Game* 

ABSTRACT 

Nor thern  P a c i f i c  b l u e f i n  tuna a r e  f i s h e d  by s u r f a c e  gear i n c l u d i n g  
purse seine, x r o l l i n g ,  b a i t ,  g i l l  ne t ,  t r a p ,  and harpoon i n  t h e  e a s t e r n  and 
western P a c i f i c .  
P a c i f i c  and, t o  a l e s s e r  e x t e n t ,  i n  t h e  c e n t r a l  and e a s t e r n  P a c i f i c  and the  
e a s t  I n d i a n  Ocean. 

B l u e f i n  a r e  a l s o  caught by l o n g l i n e  i n  t h e  western 

The resource  appears t o  be composed o f  a s i n g l e  stock;  t h e  western 
P a c i f i c  c a t c h  i s  composed o f  j u v e n i l e s  and mature a d u l t s  w h i l e  t h e  e a s t e r n  
P a c i f i c  c a t c h  c o n s i s t s  m a i n l y  o f  1-, 2-, and 3-year o l d  f i s h .  Presence o f  
a second s tock  o f f  New Zealand i s  n o t  conf i rmed by s t u d i e s .  

rlr 

* A t  t h e  Southwest F i  s h e r i e s  Center , La J o l l  a , Ca l  i f o r n i a  , under 
Cooperat ive Agreement 81-ABH-0040. 
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I. DESCRIPTION OF THE FISHERY 

I . A .  H i s t o r y  o f  t he  F ishery  

c" 

c 

A sur face  s p o r t  f i s h e r y  f o r  b l u e f i n  ex i s ted  i n  the C a l i f o r n i a  B igh t  

B l u e f i n  have 
as e a r l y  as 1898, b u t  commercial f i s h i n g  d i d  n o t  begin u n t i l  seines were 
t r i e d  about 1914; t h e  f i r s t  l a r g e  ca tch  was repor ted  i n  1918. 
h i s t o r i c a l l y  been f i s h e d  o p p o r t u n i s t i c a l l y  by the  San Pedro purse seine 
f l e e t  i n  the  C a l i f o r n i a  B igh t .  When l a r g e r  tuna ba i tboa ts  converted t o  
se in ing  i n  the  l a t e  ~O'S, t he  e f f e c t i v e  f i s h i n g  range was extended t o  
i nc lude  the area from Cab0 San Lucas t o  P o i n t  Conception, and occas iona l l y  
as f a r  no r th  as B r i t i s h  Columbia. 

I n  the  western P a c i f i c ,  t raps  were f i r s t  used t o  ca tch  b l u e f i n ;  
purse se in ing  began about 1950, w i t h  the  f i r s t  impor tan t  catches about 
1958. T r o l l i n g  gear, ba i tboats ,  g i l l  nets,  and harpoons a re  used near 
Japan. A mu l t i spec ies  l o n g l i n e  f i she ry ,  w i t h  smal ler  boats ( l e s s  than 50 
tons)  opera t ing  near Japan and l a r g e r  boats  ranging throughout much o f  the  
P a c i f i c  (F igu re  21, a lso  takes b l u e f i n  tuna. 

A b l u e f i n  f i s h e r y  i n  the eastern P a c i f i c  cons i s t s  o f  the  l o c a l  
purse seine f l e e t  o u t  o f  San Pedro, C a l i f o r n i a ,  and the "h igh  seas" tuna 
f l e e t  based i n  San Diego, C a l i f o r n i a .  Since 1975, Mexico has entered the 
f i s h e r y  w i t h  an expanding purse seine f l e e t  o u t  o f  Ensenada, Mexico. 

The western and c e n t r a l  P a c i f i c  f i s h e r y  i s  dominated by Japan; 
however, Taiwan and Korea are a lso  opera t ing  l o n g l i n e  f i s h e r i e s  i n  t h a t  
area. 

1,B. Trends i n  Catch and E f f o r t  

I n  recent  years, Nor th P a c i f i c  b l u e f i n  con t r i bu ted  about 1% t o  the 
wor ld  tuna catch. From 1918 t o  1958, t he  Nor th  P a c i f i c  b l u e f i n  ca tch  
averaged 5,066 m e t r i c  tons (mt) per  year  (Table 1). A f t e r  the "h igh  seas'' 
ba i tboa ts  converted t o  se in ing  i n  the l a t e  ~ O ' S ,  the f i s h e r y  expanded t o  
the  waters o f f  Baja C a l i f o r i a ,  and the average y e a r l y  ca tch  i n  the eastern 
P a c i f i c  c l imbed t o  9,076 m t .  A running 10-year average o f  t he  b l u e f i n  
ca tch  i n  the  eastern P a c i f i c  revea ls  an o v e r a l l  d e c l i n e  s ince 1961, 
underscored by a p ro jec ted  1980 catch  o f  3,000 m t  (F igu re  1). Fur ther  
emphasizing a d e c l i n e  i n  the  b l u e f i n  ca tch  i s  the  eastern P a c i f i c  s p o r t  
catch,  which averaged 7,532 f i s h  per  year  du r ing  1936 t o  1957, b u t  dec l ined 
t o  1,835 f i s h  per  year  dur ing  1958 t o  1979 (Table 1). 

The commercial f i s h e r y  i n  the  western P a c i f i c  (which began about 
1958) has a mean annual ca tch  f o r  1964 t o  1978 o f  14,700 m t ,  w i t h  a range 
from 4.8 t o  30 thousand m t  (Table 1). 
t o  l e v e l s  comparable t o  the  eastern P a c i f i c  catch.  
da ta  f o r  the western P a c i f i c  i s  no t  a v a i l a b l e  a t  t h i s  t ime. 

It a l s o  shows a s i g n i f i c a n t  dec l i ne  
A summary o f  e f f o r t ,  
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Figure 2. Average annual distribution of northern bluefin caught by 
Japanese longliners during 1972 to 1976 (after Wm. Bayliff, 
1979, Inter-American Tropical Tuna Commission, Annual Report). 
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I .C .  Value o f  Catch 

Ex-vessel p r i c e s  f o r  b l u e f i n  a t  Cal i f o r n i a  canner ies have 
h i s t o r i c a l l y  been s e t  j u s t  below y e l l o w f i n  p r ices ,  b u t  above those f o r  
sk ip jack .  I n  1979, 6,743 m t  a t  an ex-vessel p r i c e  o f  $1,023/mt were caught 
i n  the  eas tern  P a c i f i c ,  f o r  an ex-vessel value o f  $6.9 m i l l i o n .  Although 
t h e  p r i c e  increased t o  $1,298/mt i n  1980, on l y  about 3,000 m t  have been 
caught f o r  an ex-vessel va lue o f  $3.9 m i l l i o n .  I n  1980 about 130 m t  o f  
b l u e f i n  were de l i ve red  t o  the Los Angeles f resh  f i s h  markets a t  p r i c e s  near 
$2,20O/mt, f o r  a va lue o f  about $300,000. 

Ex-vessel p r i c e s  o f  nor thern  P a c i f i c  b l u e f i n  a t  Yaizu, Japan, 
I n  a l l ,  454 m t  were f l u c t u a t e d  between $4,400 and $13,97O/mt i n  1979. 

landed f o r  a va lue o f  $2.5 m i l l i o n .  Dur ing 1980, t h e  p r i c e  has f l u c t u a t e d  
between $2,310 and $15,95O/mt; through September, 1,179 m t  were landed fo r  
an ex-vessel value o f  $5.1 m i l l i o n .  

The t o t a l  value o f  combined eastern and western P a c i f i c  ex-vessel 
p r i c e  data f o r  nor thern  P a c i f i c  b l u e f i n  f o r  1980 was about $9 m i l l i o n .  

I .D .  Current  Management o f  the  F ishery 

The on ly  r e g u l a t i o n  o f  eastern P a c i f i c  b l u e f i n  i s  a 7.5- lb s i ze  
l i m i t  i n  C a l i f o r n i a ,  b u t  the  l i m i t  i s  superf luous s ince  b l u e f i n  o f  t h a t  
s i z e  a re  r a r e  i n  the  eastern P a c i f i c .  I n  the  western P a c i f i c ,  t he re  a re  
some r e g u l a t i o n s  on the number o f  vessel s f i s h i n g  f o r  p a r t i c u l a r  species, 
b u t  t h i s  i s  n o t  r e s t r i c t e d  t o  b l u e f i n .  

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

The U.S. commercial f l e e t  c u r r e n t l y  f i s h e s  b l u e f i n  i n c i d e n t a l l y ,  as 
most o f  t he  tuna e f f o r t  i s  d i r e c t e d  towards y e l l o w f i n  and sk ip jack .  Since 
the  ex-vessel p r i c e  o f  b l u e f i n  i s  o n l y  $20/shor t  t on  l e s s  than t h a t  f o r  
y e l l o w f i n ,  sk ippers w i l l  s e t  on b l u e f i n ,  i f  a school o f  s u f f i c i e n t  s i z e  i s  
located,  o r  w i l l  " t o p  o f f "  the  l o a d  w i t h  b l u e f i n  on the  r e t u r n  t o  p o r t .  

Since most o f  t he  U.S. catch  i s  taken w i t h i n  ZOO m i l e s  o f  the  shore 
o f f  Baja C a l i f o r n i a ,  t he  nego t ia t i ons  concerning Mexico's ZOO-mile 1 i m i t  
w i l l  have s i g n i f i c a n t  bear ing on f u t u r e  U.S. catch  o f  b l u e f i n .  
o f  U.S. f i s h i n g  from c u r r e n t  b l u e f i n  areas cou ld  s h i f t  t he  U.S. f i s h i n g  
e f f o r t  beyond the  Mexican 200-mile l i m i t ,  o r  r e t u r n  i t  t o  the  C a l i f o r n i a  
B igh t .  

Exc lus ion 
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111. STATUS OF THE STOCKS 

1 I I . A .  Stock s t r u c t u r e  

Nor th  P a c i f i c  bque f in  spawn near the  sur face from A p r i l  t o  J u l y  i n  
the  P h i l i p p i n e  Sea. 
gear u n t i l  t h e i r  f i r s t  o r  second w in te r ,  when some migra te  t o  the  eastern 
P a c i f i c  t o  en te r  the  f i s h e r y  du r ing  May t o  October. Data based on 11 
t r a n s p a c i f i c  t ag  re tu rns  show t h a t  the  f i s h  may remain i n  the  eastern 
P a c i f i c  1 t o  3 yea rs  be fore  making the 2-year m i g r a t i o n  back t o  the- 
spawning grounds. 
Nor thern P a c i f i c  b l u e f i n  a re  a1 so repor ted  i n  the  Aust ra l  ia-New Zealand 
area, b u t  t he  o r i g i n  o f  these f i s h  i s  unc lear  (F igu re  3 ) .  

Young f i s h  remain near Japan and are  f i shed  by sur face 

Long l iners  probably e x p l o i t  t h i s  r e t u r n i n g  migra t ion .  

1 I I . B .  Stock Assessment and F ishery  Eva lua t ion  

I I I . B . 1 . Trends i n Catch- per-Un i t - E  f f o r t  

Th i s  p re l im ina ry  ana lys i s  i s  based on the  summary data 
f o r  1957 t o  1966 f rom a recent  C a l i f o r n i a  Department o f  F i sh  and 
Game/National Marine F i she r ies  Serv ice study, p l u s  ad jus ted  Inter-American 
T rop ica l  Tuna Commission (IATTC) f i g u r e s  f o r  1966 t o  1979; bo th  a r e  
expanded t o  represent  the eastern P a c i f i c  ca tch  (Table 1 ) .  
complete t ime ser ies ,  t he  catch-per-uni  t - e f f o r t  (CPUE) index decl ines  
s l  i g h t l y  ( b  = -0.123 p e r  year)  , w i t h  a mean vaue o f  2.45 m t  per  day ( S D  = 
1.4). The mean CPUE f o r  the most recent  12 yea rs  ( x  = 1.8, SD = 0.49) i s  
about h a l f  t h a t  o f  the  prev ious 10 yea rs  ( x  = 3.28, SD = 1.721, w h i l e  
nominal e f f o r t  du r ing  t h i s  22-year se r ies  has n o t  s i g n i f i c a n t l y  increased 
( b  = 0.07 pe r  year ) .  

Over the 

I I I .B.2.  Resul ts  o f  Product ion Model Analys is  

None a v a i l  ab1 e. 

I I I .B.3.  Resu l ts  o f  Y ie ld -per -Recru i t  Ana lys is  

None ava i l ab le .  

III.B.4. Resul ts  o f  Spawner/Recruitment Analys is  

None a v a i l  ab1 e. 
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Figure 3.  A model for northern bluefin migration i n  the Pacific Ocean 
( a f t e r  Wm. Bayliff, 1979, Inter-American Tropical Tuna  
Commission, Annual Report). 
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I I I .B .5 .  Resu l ts  o f  Other Ana lvses lS imula t ions  

None a v a i l a b l e .  

1 I I . C .  C u r r e n t  E v a l u a t i o n  o f  Stocks and t h e  F i s h e r y  

The d e c l i n e  i n  b l u e f i n  catches i n  r e c e n t  years  cannot  a t  t h i s  t i m e  
be a t t r i b u t e d  t o  a p a r t i c u l a r  cause because none o f  t h e  necessary analyses 
have been done. 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major  Research Problems 

Bas ic  f i s h e r y  models a r e  needed f o r  t h i s  resource, which i s  n o t  
c u r r e n t l y  b e i n g  managed. 
t r a n s - P a c i f i c ,  mu1 t i - n a t i o n a l  n a t u r e  o f  t h e  f i s h e r y .  B e t t e r  da ta  a r e  
p a r t i c u l a r l y  needed f o r  t h e  western P a c i f i c ,  as t h e r e  i s  d i f f i c u l t y  i n  
s e p a r a t i n g  n o r t h e r n  f rom southern b l u e f i n  i n  t h e  Japanese data.  

A m a j o r  problem i n  develop ing t h e  models i s  t h e  

1V.B. C u r r e n t  Research E f f o r t s  

Two research  programs a r e  c u r r e n t l y  underway on b l u e f i n  tuna. The 
In te r -Amer ican T r o p i c a l  Tuna Commission (IATTC) has t h r e e  b i o l o g i s t s  a t  
SWFC who a r e  1) assembl ing logbook i n f o r m a t i o n  f rom IATTC f i l e s ,  2 )  w r i t i n g  
a synopsis o f  b i o l o g i c a l  data,  3) tagg ing  b l u e f i n  i n  season, and 4) 
s t a r t i n g  growth s t u d i e s  u s i n g  tags and s c a l e  reading.  IATTC a l s o  has a 
b i o l o g i s t  do ing  tagg ing  s t u d i e s  o f  j u v e n i l e  b l u e f i n  near Japan. I n  
a d d i t i o n ,  NMFS and CF&G have a j o i n t  p r o j e c t  a t  SWFC: one b i o l o g i s t  i s  
e v a l u a t i n g  e x i s t i n g  b l u e f i n  da ta  and w i l l  a t tempt  t o  develop any f i s h e r i e s  
models t h a t  a r e  appropr ia te .  

1V.C. F u t u r e  Research Needs 

1) An a t tempt  should be made t o  merge western and e a s t e r n  
P a c i f i c  f i s h e r y  da ta  s i n c e  evidence p o i n t s  t o  a s i n g l e  s tock.  

2 )  
b o t h  west and e a s t .  

I n d i c e s  o f  abundance need t o  be developed and r e f i n e d  f o r  
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3 )  E x p l o i t a t i o n  r a t e s  need t o  be developed. 

4) Management model s such as y i e l d - p e r - r e c r u i  t and surp lus 
p roduc t ion  need devel opment. 

5 )  Fac tors  r e l a t i n g  t o  management, such as time-area pa t te rns  
o f  occurrence, need evaluat ion.  

I V . C . l .  Suaaested ADDrOaCh and Methods 

I n  a d d i t i o n  t o  c u r r e n t  work be ing done a t  SWFC, the  
f o l l  owing p r o j e c t s  migh t  be considered: 

1 )  E x p l o i t a t i o n  r a t e s  cou ld  be developed f o r  the 
eas tern  P a c i f i c  u t i 1  i z i n g  i n fo rma t ion  obta ined from tagging, cohor t  
ana lys i s ,  m o r t a l i t y ,  and emigra t ion  analyses y e t  t o  be done. 

2)  A e r i a l  spo t te r  i n fo rma t ion  migh t  be used t o  develop 
i n d i c e s  o f  abundance. 

1V.D. Status o f  SWFC Data Base 

The data base, which has been es tab l i shed t h i s  year  v i a  the  NMFS- 
CF&G p r o j e c t ,  c o n s i s t s  o f  eastern P a c i f i c  tuna logbook data, 1957 t o  1970, 
1974; length- f requency data, 1923 t o  1925, 1951 t o  1966; 1 ength-weight-age 
data, 1963 t o  1971; length-weight  data, 1960 t o  1965, 1971 t o  1974; monthly 
C a l i f o r n i a  landings,  1926 t o  1976; t a g  r e t u r n  data, 1953 t o  1969; and a 
vessel ' 1 i s t ,  1957 t o  1978. 

The data base f o r  the  western P a c i f i c  i s  the  Japanese l o n g l i n e  
in format ion,  1962 t o  1980; t h e  Japanese b a i t b o a t  in fo rmat ion ,  1970 t o  1976; 
and the Taiwanese deep sea l o n g l i n e  in fo rmat ion ,  1967 t o  1975. 

.- 
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STATUS REPORT: PACIFIC SWORDFISH 

b y  

James L. Squire,  Jr .  

Southwest F i s h e r i e s  Center 
Oceanic F i s h e r i e s  Resources D i v i s i o n  

La J o l l  a, Cal i f o r n i a  

ABSTRACT 

The s tock  s t r u c t u r e  o f  sword f ish  p o p u l a t i o n s  i n  t h e  P a c i f i c  i s  n o t  
c l e a r .  I n f o r m a t i o n  and da ta  eva lua ted  a t  t h e  B i l l f i s h  Stock Assessment 
Workshop suggest t h e  p o p u l a t i o n  c o n s i s t s  o f  e i t h e r  a s i n g l e  P a c i f i c - w i d e  
s tock,  o r  nor thwestern,  southwestern, and e a s t e r n  P a c i f i c  stocks.  F o r  t h e  
1952-1963 d a t a  s e r i e s ,  a p r o d u c t i o n  model a n a l y s i s  gave a P a c i f i c - w i d e  MSY 
e s t i m a t e  o f  20,000 m t  w i t h  an e f f o r t  l e v e l  o f  2.2 m i l l i o n  hooks/5" area. 
The average (1966-1975) c a t c h  o f  14,000 m t  produced by 1.8 m i l l i o n  hooks/5" 
area i n d i c a t e s  t h a t  t h e  f i s h e r y  does n o t  appear t o  be o v e r e x p l o i t i n g  t h e  
s tock,  and t h a t  t h e  s tock  i s  i n  good c o n d i t i o n .  

Recent ca tches  (1978) i n d i c a t e  l e v e l s  o f  t o t a l  c a t c h  e q u a l l i n g  about 
18,000 m t ,  approx imate ly  2,000 m t  l e s s  than MSY. High demands wor ld-wide 
may d r i v e  t h e  c a t c h  f i g u r e  t o  the  l e v e l  o f  c u r r e n t  MSY e s t i m a t e s  o r  above 
w i t h i n  a s h o r t  p e r i o d  o f  t ime.  
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I. DESCRIPTION OF THE FISHERY 

I .A. H i  s t o r y  o f  the  F i  shery 

Swordf ish ( X i  ph ias g lad ius)  i s  d i s t r i b u t e d  throughout the  t r o p i c a l  
and temperate w a t e r s e m c ,  A t l a n t i c ,  and Ind ian  Oceans. 
more abundant i n  coasta l  waters b u t  i s  a l s o  found i n  cont inous patches i n  
t r o p i c a l  and subt rop ica l  open ocean areas, as evidenced by l o n g l i n e  ca tch  
r a t e  data (F igu re  1 ) .  I n  the P a c i f i c ,  swordf ish a re  taken commercial ly o f f  
t h e  western coasts  o f  the  Un i ted  States,  Mexico, Ecuador, and Peru; near 
New Zealand and Aus t ra l i a ;  o f f  the  eastern coasts  o f  Japan and Taiwan; and 
o f f  t he  southeast coas t  o f  Asia. The l i m i t s  o f  commercial d i s t r i b u t i o n  are 
approximately 50"N t o  35"s l a t i t u d e .  Swordfish a r e  caught by a v a r i e t y  o f  
gear, i n c l u d i n g  l o n g l  ines,  handl ines,  harpoons, g i l l  nets,  rod-and-reel , 
and purse seine. However, t he  m a j o r i t y  o f  swordf ish a r e  caught by l o n g l i n e  
gear designed f o r  cap tu r ing  tunas. Th is  gear, when p roper l y  mod i f i ed  and 
used s p e c i f i c a l l y  f o r  ca tch ing  swordf ish,  has the  c a p a b i l i t y  o f  ca tch ing  
l a r g e  q u a n t i t i e s .  The l o n g l i n e  f l e e t s  o f  Japan, Korea, and Taiwan ca tch  
subs tan t i a l  amounts o f  swordf ish i n  the P a c i f i c  (Table 1 ) .  U.S. domestic 
l o n g l i n e  vessels  take a small amount (c .  4.4 mt /y r )  o f  swordf ish near the 
Hawaiian Is lands .  Mexico, Costa Rica, Ecuador, and Peru a re  c u r r e n t l y  
develop ing l o n g l  i n e  f i s h e r i e s  through j o i n t  ventures w i t h  western P a c i f i c  
count r ies .  

It i s  

c 

The nex t  most common methods f o r  cap tu r ing  swordf ish i nc lude  
harpoon and d r i f t  and s e t  g i l l  nets.  The Japanese are  i nc reas ing l y  us ing  
d r i f t  g i l l  ne ts  t o  ca tch  tunas and swordfish; more than 10% o f  the  Japanese 
swordf ish ca tch  i s  c u r r e n t l y  made us ing  t h i s  method (F igu re  2)  and t h i s  
percentage i s  increas ing.  

The Japanese harpoon and d r i f t  g i l l  n e t  f i s h e r y  lands about 3,000 
tons  o f  b i l l  f i s h  ( s t r i p e d  marl i n / sword f i  sh) from coasta l  waters about 
Sanr iku (nor theas tern  Honshu) , around I z u  Is land,  and i n  the eas t  China 
Sea. Taiwan a l so  has a harpoon f i s h e r y  f o r  swordf ish,  and Mexico i s  
developing a d r i f t  g i l l  n e t  f i she ry .  

I n  the  waters o f f  the  west coas t  o f  t he  Un i ted  States,  t he re  e x i s t s  
a commercial harpoon and d r i f t  g i l l  n e t  f i she ry .  The use o f  d r i f t  g i l l  
ne ts  f o r  the  capture  o f  swordf ish and oceanic sharks i s  a r a p i d l y  growing 
f i s h e r y  o f f  C a l i f o r n i a :  i t  i s  est imated t h a t  37% o f  t he  swordf ish landed 
i n  C a l i f o r n i a  i n  1979 were caught w i t h  d r i f t  g i l l  nets.  A minor  rod-and- 
r e e l  f i s h e r y  f o r  swordf ish a l so  e x i s t s  here. Southern C a l i f o r n i a  has the  
l a r g e s t  domestic ca tch  o f  swordf ish o f  any U.S. area i n  the  P a c i f i c ;  
C a l i f o r n i a  catches normal ly  range between 2-3% o f  the  t o t a l  P a c i f i c  Ocean 
catch, b u t  i n  1978 i t  equal led 12% o f  t he  t o t a l  P a c i f i c  catch.  

c- Rod-and-reel s p o r t  f i s h i n g  f o r  swordf ish i n  the  P a c i f i c  i s  on the  
increase. P a r t i c i p a t i n g  coun t r i es  i nc lude  the  Un i ted  Sta tes  (near  
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Table 1. Total Pacif ic  swordfish catch 
(metric t o n s )  , 1952 t o  1976. 

-- 
Year 

1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 

MT 

11,339 
11,689 
13,392 
16,485 

12,584 
16,243 
21., 341 
19,663 
23,409 

24,286 
14,604 
14,133 
10,112 
12,949 

14,601 
15,649 
15,230 
18,934 
16,727 

1 i ,037 
11,029 
13,791 
11,664 
16,409 

19,309 
18,312 
18,265 

Average ( 4  year) 1975-1 978 , 
18,198 mt. 
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TAIWAN 

F igu re  2. R e l a t i v e  swordf ish ca tch  by count ry  f o r  t h e  P a c i f i c  
Ocean. Current  t o t a l  P a c i f i c  catch i s  about 18,000 
m t .  U.S. ca tch  averages about 409 m t  o r  2% o f  t o t a l  
P a c i f i c  catch.  
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I 

CPI 

C a l i f o r n i a ) ,  Japan, and Mexico, Peru, Ecuador, and Costa Rica. 
1 a t t e r  f ou r  coun t r i es  a1 so have coasta l  hand1 i n e  f i s h e r i e s  f o r  swordf ish.  
I n  add i t i on ,  i n c i d e n t a l  catches a re  sometimes made w i t h  purse seines, and 
by g i l l  ne ts  which a r e  being f i shed  f o r  o ther  species. 

These 

I.B. Trends i n  Catch and E f f o r t  

The t o t a l  annual ca tch  o f  swordf ish i n  the P a c i f i c  Ocean increased 
from 11,300 m t  i n  1952 t o  a h igh  o f  24,300 m t  i n  1961 (Table 1) ;  s ince  1961 
t h e  ca tch  has f l u c t u a t e d  between 10,000 and 19,000 m t .  
decreased i n  1971, the  year  t h a t  the  Food and Drug Admin i s t ra t i on  began t o  
enforce gu ide l i nes  on mercury contaminat ion i n  f i s h  i n  the  U.S. and Canada. 
However, even w i thou t  t he  U.S. and Canadian market f o r  imported swordf ish,  
t h e  t o t a l  P a c i f i c  catches have increased i n  recen t  years,  peaking a t  19,300 
m t  i n  1976. The FDA 1 i m i t s  were re laxed i n  1979. 

Catch r a t e s  

I n  1976, Japan produced over 90% o f  t he  t o t a l  P a c i f i c  swordf ish 
catch. Taiwan, Korea, Peru, and the U.S. ( i n  t h a t  o rder )  produced the 
remaining 10%. The t o t a l  P a c i f i c  swordf ish ca tch  by count ry  i s  g iven i n  
Table 2. Annual ca tch  has ranged from 11,000 t o  24,300 m t ,  w i t h  c u r r e n t  
catches averaging about 17,500 m t .  

W i th in  the U.S. F ishery  Enforcement Zone (waters  t o  200 nm), a 
commercial and s p o r t  f i s h e r y  e x i s t s  f o r  swordf ish by U.S., Japanese, and 
o the r  f o r e i g n  na t iona ls .  
swordf ish catch, by  l o c a t i o n ,  w i t h i n  t h i s  zone. The harpoon and d r i f t  g i l l  
n e t  f i s h e r y  o f f  Cal i f o r n i a  accounts f o r  approximat ley 95% of  the  domestic 
swordf ish produc t ion  i n  the P a c i f i c .  
increased i t s  ca tch  du r ing  the  1970's; F igu re  3 shows the  C a l i f o r n i a  ca tch  
(1918-1978) i n  m t .  
e q u a l l i n g  12.4% o f  the  1971-1976 Pac i f i c -w ide  annual average. 
the  harpoon was the  major gear type; i n  1979, however, i t  was est imated 
t h a t  37% o f  the  ca tch  (324 mt) was made w i t h  d r i f t  g i l l  nets.  

Table 3 g ives  a summary o f  t he  est imated 

The harpoon f i s h e r y  s u b s t a n t i a l l y  

The l a r g e s t  ca tch  was recorded i n  1978 (1,609 mt),  
Up t o  1979 

The amount o f  f o r e i g n  l o n g l i n e  e f f o r t  be ing ta rge ted  upon swordf ish 
i s  unknown. The known e f f e c t i v e  f i s h i n g  e f f o r t  f o r  P a c i f i c  swordf ish has 
f l u c t u a t e d  between 270 m i l l i o n  and 550 m i l l i o n  hooks (F igures  4 and 5 ) .  
The l e v e l  i n  1975 was about 300 m i l l i o n  hooks. 
g i l l  n e t  e f f o r t  f o r  b i l l f i s h e s  and o ther  species appears t o  be inc reas ing  
r a p i d l y .  

Fore ign and domestic d r i f t  

I . C .  Value o f  Catch 

I n  the  Un i ted  States,  t he  ex-vessel p r i c e  o f  swordf ish on the  f resh  
market ranges from $1.75 t o  $3.50/lb. I n  the C a l i f o r n i a  f i s h e r y ,  t he  
average ex-vessel p r i c e  i n  1980 was about $2.50/7b. Ex-vessel (dressed) 
p r i c e s  o f  $2.50-$3.00/1b. would b r i n g  $5,000-$6,000 per  s h o r t  ton,  o r  
$5,500-$6,600/mt. Assuming a p r i c e  o f  $2.00/lb., t he  ca tch  i n  1978 was 
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Table 2 .  Swordfish catches (metric tons) by couritries f o r  the  Pac i f i c  Ocean 

Year 

1552 
1953 
1954 
1955 

1956 
1557 
1958 
1959 
1960 

1961 
1962 
-1 963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
1977 
1976 
1979 

Japan 

11,182 
11,604 
13,301 
16,220 

12,167 
15,771 
20,815 
19,136 
22,944 

23,636 
14,037 
13,775 
9,703 

11,955 

13,283 
13,083 
12,983 
15,612 
11,301 

9,182 
8,845 
9,644 
9,517 

11,274 

15,682 
13,867 ---- ---- 

-- 
Ta i kia n 

77 
185 

254 
250 
24 7 
262 
273 

432 
544 
3 00 
300 
300 

600 
838 
974 

1,023 
1,053 

1,149 
1,111 
1,269 
1,157 
1,099 

1,290 ---- 
---- ---- -- 

Korea 

41 
47 
55 
89 

115 

115 
115 
115 
115 
115 

444 
301 --- --- 

I__- 

Un i t cd  
S ta tes  

157 
85 
14 
80 

163 
222 
279 
265 
192 

21 8 
23 
58 

109 
194 

277 
181 
118 
61 0 
558 

91 
157 
363 
384 
51 2 

53 
289 

7,609 
229 

- 
Chile 

200 

200 
200 
200 
300 
200 

200 
100 
400 
21 8 
137 

1 3  
30 --- 

Peru 
-- 

300 

200 
1,300 

800 
1,200 
2,400 

200 
600 

1,900 
270 
158 

294 
41 5 ---- 

Others 

100 
100 
100 

100 
100 
100 

3 
3 

31 3,156 --- 

Total 

11,339 
11,689 
13,392 
16,485 

12,584 
16,243 
21,341 
19,663 
23,409 

24 , 286 
14,604 
14,133 
10,112 
12,949 

14,601 
15,649 
15,230 
18,934 
15,727 

11,0;7 
11,029 
13,791 
11,664 
13,376 

17,190 
18,060 ---- 

Incl udes Taiwan. 
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Table 3 .  Estimated average catch o f  swordfish 
by portion o f  the U.S .  Flskery Conserva- 
tion Zone i n  metric tons.  

Location 

Hawaii ( including Midway) 

West Coast (of f  Cal i*fornia) 

Guam & northern Marianas 

American Samoa 

Possessions 

AVERAGE 

TOTAL AVERAGE 

Donies t i c/ Fore i gn  

4 . 4 m 1 . 3  MT 

225.4/ - 
2/7.2 

4 3 . 3  

-/28.1 

230/149.9 NT 

380 MT 

. 
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Figure 3. California commercial landings, 1918-1980, in metric 
tons, adjusted to round weight. Recreational catch 
average about 29 swordfish per year (2.7 mt) . 
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for  sword f ish ,  1952 t o  1975. 
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swordfish in the Pacific Ocean. 
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w o r t h  $7.0 m i l l i o n .  
based upon an ex-vessel p r i c e  o f  $1.19 (U.S.) i n  J u l y  1979, was $2,622/mtY 
f o r  a t o t a l  o f  $36 m i l l  i o n  (U.S.). 

The va lue  o f  t h e  Japanese P a c i f i c  s w o r d f i s h  ca tch ,  

I .D.  C u r r e n t  Management o f  t h e  F i s h e r y  

I .D.1. I n t e r n a t i o n a l  Management 

Sword f ish  i n  t h e  P a c i f i c  Ocean a r e  under no i n t e r n a t i o n a l  
management scheme a t  present .  
B i l l f i s h e s ,  which s e t s  optimum y i e l d s  f o r  a l l  t h e  species o f  b i l l f i s h e s  i n  
t h e  U.S. F i s h e r y  Conservat ion Zone around Hawai i ,  American Samoa, Guam, and 
C a l i f o r n i a ,  i s  now i n  fo rce .  

A p r e l i m i n a r y  Management P1 an f o r  P a c i f i c  

I .D.2. Domestic F i s h e r y  Management 

Cal i f o r n i a  Regu la t ions  

Sword f ish  f i s h i n g  i n  t e r r i t o r i a l  waters,  and by 
C a l i f o r n i a  c i t i z e n s  i n  t e r r i t o r i a l  and i n t e r n a t i o n a l  waters,  i s  r e g u l a t e d  
by t h e  S t a t e  o f  C a l i f o r n i a ;  no o t h e r  west c o a s t  o r  c e n t r a l  P a c i f i c  s t a t e s  
have r e s t r i c t i o n s  on t h e i r  f i s h e r i e s .  C a l i f o r n i a  has r e s t r i c t i o n s  on 
commercial and r e c r e a t i o n a l  f i s h i n g  a s i d e  from t h e  normal 1 icense and 
p e r m i t s .  Recreat iona l  f i s h i n g  r e g u l a t i o n s  p r e s c r i b e  gear as t r o l l e d  o r  
c a s t  l u r e s ,  o r  b a i t  o n l y ,  and a d a i l y  c a t c h  n o t  t o  exceed two ( 2 )  f i s h  per  
day p e r  ang le r .  Commercial r e g u l a t i o n s  p r e s c r i b e  e i t h e r  t h e  harpoon or 
g i l l  n e t  on ly ,  w i t h  no seasonal o r  c a t c h  l i m i t s .  

Federal  Regul a t i o n s  

No f e d e r a l  r e g u l a t i o n s  c u r r e n t l y  p e r t a i n  t o  t h e  t a k i n g  o f  
s w o r d f i s h  by domestic f ishermen o f f  t h e  west c o a s t  F i s h e r y  Conservat ion 
Zone (FCZ) o r  i n  o t h e r  FCZ areas o f  t h e  P a c i f i c .  A Federal  F i s h e r y  
Management P l a n  (FMP) f o r  b i l l f i s h  and oceanic sharks i s  b e i n g  prepared 
under a u t h o r i z a t i o n  o f  t h e  FCMA o f  1976 f o r  t h e  c e n t r a l  and western P a c i f i c  
FCZ by t h e  Western P a c i f i c  F i s h e r y  Management Counci l ,  and f o r  t h e  U.S. 
west c o a s t  FCZ by t h e  P a c i f i c  F i s h e r y  Management Counci l .  These P lans  w i l l  
deal  w i t h  b o t h  f o r e i g n  and domestic b i l l  f i s h  and oceanic shark f i s h e r i e s  
w i t h i n  t h e  FCZ and, when au thor ized ,  w i l l  supersede any S t a t e  r e g u l a t i o n  
c u r r e n t l y  i n  f o r c e  f o r  the  management o f  sword f ish  f i s h i n g .  

11. NATURE AND SIGNIFICANCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

The p u b l i c  demand f o r  sword f ish  exceeds t h e  U n i t e d  S t a t e s  supply  even 
i n  years  o f  h i g h  ca tch .  
smal l -boat  commercial f l e e t  i n  southern C a l i f o r n i a .  I n  1979, 1,206 

The sword f ish  f i s h e r y  suppor ts  a s u b s t a n t i a l  
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s w o r d f i s h  p e r m i t s  were issued by C a l i f o r n i a  F i s h  and Game t o  commercial 
f i s h i n g  l i c e n s e  ho lders .  The number o f  boats  i n v o l v e d  i n  t h e  C a l i f o r n i a  
f i s h e r y  i s  about  400: d a t a  f rom logbooks i n d i c a t e  about h a l f  t h e  commercial 
p e r m i t  h o l d e r s  w i l l  a c t u a l l y  f i s h .  To t h i s  must be added t h e  commercial 
f i s h  process ing,  wholesale,  and r e t a i l  segment o f  t h e  f i s h e r y .  The e x a c t  
amount o f  i t s  v a l u e  i n  employment and income i s  unknown. 

There i s  c o n s i d e r a b l e  i n t e r e s t  i n  f i s h i n g  o f f  southern C a l i f o r n i a  f o r  
sword f ish  by rod-and-reel  r e c r e a t i o n a l  f i s h e r y .  However, t h e  major  e f f o r t  
i s  t a r g e t e d  on s t r i p e d  m a r l i n  w i t h  sword f ish  as an i n c i d e n t a l  catch.  
Hawai i ,  where t h e  domest ic commercial l o n g l i n e  i n d u s t r y  i s  smal l ,  t h e  c a t c h  
o f  sword f ish  i s  a l s o  i n c i d e n t a l  t o  the  c a t c h  o f  tunas and o t h e r  species o f  
b i l l  f i s h .  Whi le  some progress  i n  i n c r e a s i n g  t h e  e f f i c i e n c y  o f  t h e  rod-and- 
r e e l  a n g l e r  has taken p lace,  t h e  c a t c h  remains v e r y  l o w  (average = 29 
f i sh/year)  . 

I n  

The C a l i f o r n i a  d r i f t  g i l l  n e t  f i s h e r y  i s  growing, hav ing  increased 
s e v e r a l - f o l d  i n  1980, and t h e  number o f  u n i t s  now t o t a l s  about  100. 
A l though t h e  c a t c h  o f  sword f ish  amounts t o  o n l y  4-5% o f  t h e  t o t a l  c a t c h  ( b y  
numbers), i t s  v a l u e  c o n t r i b u t e s  about 50% o f  t h e  income t o  t h e  d r i f t  g i l l  
n e t  u n i t  ( F i g u r e  6 ) .  T r a d i t i o n a l l y  t h e  d r i f t  g i l l  n e t t e r  t a r g e t e d  
th roughout  t h e  y e a r  on sharks ( thresher/mako) and caught some sword f ish  
d u r i n g  t h e  summer and f a l l  season, b u t  t h e  d r i f t  g i l l  n e t  u n i t s  c u r r e n t l y  
e n t e r i n g  t h e  f i s h e r y  ( a  l i m i t e d  e n t r y  f i s h e r y  b y  C.F.&G.) a r e  t a r g e t i n g  on 
sharks and sword f ish .  It i s  expected t h a t  t h e  g i l l  n e t  f i s h e r y  w i l l  grow, 
due t o  i t s  a b i l i t y  t o  c a t c h  sword f ish  and t h r e s h e r  shark,  and because o f  
i t s  f u e l  e f f i c i e n c y .  Produc t ion  f rom t h e  harpoon f i s h e r y  has t h e  p o t e n t i a l  
t o  inc rease i f  t h e  c u r r e n t  r e s t r i c t i o n s  on use o f  a i r p l a n e s  f o r  search ing 
a r e  removed. 

I n  1976 t h e  Government o f  Mexico dec la red  a 200-nm economic zone 
and began enforcement o f  t h i s  zone i n  e a r l y  1977. W i t h i n  t h e  economic zone 
i s  a h i g h  c a t c h  r a t e  area f o r  sword f ish  ( o f f  t h e  nor thwest  t i p  o f  Baja)  and 
t h e  h i g h e s t  c a t c h  r a t e  area i n  t h e  P a c i f i c  f o r  s t r i p e d  m a r l i n  (about  t h e  
t i p ,  and southwest o f  Baja) .  H i s t o r i c a l l y ,  U.S. commercial f ishermen have 
sometimes operated o f f  t h e  nor thwest  c o a s t  o f  Ba ja  C a l i f o r n i a ,  b u t  U.S. 
f ishermen a r e  c u r r e n t l y  r e s t r i c t e d  from f i s h i n g  i n  Mexican waters.  The 
Mexican Government i s  encouraging t h e  commercial e x p l o i t a t i o n  o f  sword f ish  
and s t r i p e d  m a r l i n  th rough j o i n t  ven tures  wi th  t h e  Japanese and by s p e c i a l  
l i c e n s e s  gran ted  t o  U.S. vesse ls  capable o f  u s i n g  d r i f t  g i l l  nets ,  
harpoons, and l o n g l i n e  gear. The Japanese j o i n t  ven ture  i s  f o r  t h e  purpose 
o f  c a t c h i n g  s t r i p e d  m a r l i n  f o r  e x p o r t  t o  Japan; t u n a  and shark a r e  a l s o  
landed i n  Mexico. As of  December 1980, n i n e  o f  these l o n g l i n e r s  were 
o p e r a t i n g  o u t  o f  Ensenada. The arrangements w i t h  U.S. f ishermen f i s h i n g  i n  
Mexican waters  have t a r g e t e d  on catches o f  sword f ish  f o r  e x p o r t  t o  the  U.S. 

rh 
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Figure 6. Catch composition of drift gill net boats from fishing logs 
for 486 nights o f  gill netting in 1979. Catch equalled 
10,590 fish or an estimated 1,128,131 lbs. 
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111. STATUS OF THE STOCKS 

1 I I . A .  Stock S t r u c t u r e  

The s tock  s t r u c t u r e  o f  t h e  sword f ish  p o p u l a t i o n  o f  t h e  P a c i f i c  
A v a i l a b l e  da ta  on d i s t r i b u t i o n  o f  Ocean has n o t  been c l e a r l y  def ined.  

l a r v a e  and on l o n g l i n e  c a t c h  r a t e s  suggest t h a t  t h e  p o p u l a t i o n  c o n s i s t s  o f  
e i t h e r  1 )  a s i n g l e ,  P a c i f i c - w i d e  s tock,  o r  2 )  t h r e e  separate s tocks  w i t h  
c e n t e r s  o f  c o n c e n t r a t i o n  i n  t h e  nor thwestern  (Area 1 )  , southwestern (Area 
2 ) ,  and e a s t e r n  (Area 3 )  r e g i o n s  o f  t h e  P a c i f i c  Ocean ( F i g u r e  1 ) .  

111.6. Stock Assessment and F i s h e r y  E v a l u a t i o n  

I I I. 6.1. Trends i n  Catch-per-Un i t - E f  f o r t  

The t rends  i n  sword f ish  c a t c h  r a t e  and e f f o r t  f o r  t h e  
P a c i f i c  Ocean a r e  shown i n  F i g u r e s  4, 5, and 7. The l o n g e s t  a v a i l a b l e  t i m e  
s e r i e s  o f  c a t c h  r a t e s  i s  f o r  t h e  Japanese l o n g l i n e  f l e e t .  
c a t c h  r a t e s  f o r  t h i s  f l e e t  reached a peak o f  about  1 0  f ish/10,000 hooks i n  
1958, then d e c l i n e d  t o  a l o w  o f  4 f ish/10,000 hooks i n  1967; r a t e s  have 
s i n c e  s t a b i l i z e d  a t  about  5 f ish/10,000 hooks. 

T o t a l  P a c i f i c  

111.6.2. Resu l ts  o f  Produc t ion  Model A n a l y s i s  

The c o n d i t i o n  o f  t h e  sword f ish  s tocks  o f  t h e  P a c i f i c  was 
evaluated,  based on d i f f e r e n t  hypotheses about t h e  s tock s t r u c t u r e  o f  t h e  
popu la t ion :  hypothes is  1 assumed a s i n g l e  P a c i f i c - w i d e  s tock,  and 
hypothes is  2, t h r e e  separate s tocks.  

S i n g l e  P a c i f i c - w i d e  Stock--The r e l a t i o n  o f  c a t c h  and 
e f f e c t i v e  f i s h i n g  e f f o r t  ( a  p r o j e c t i o n  o f  e f f o r t  f o r  catches where no 
e f f o r t  da ta  a r e  a v a i l a b l e ) ,  assuming a s i n g l e  P a c i f i c - w i d e  s tock,  i s  shown 
i n  F i g u r e  7. The da ta  p o i n t s  f a l l  i n t o  two c l u s t e r s ,  separated by a sharp 
break between 1963 and 1964, which corresponds approx imate ly  t o  t h e  p e r i o d  
when t h e  o p e r a t i o n a l  methods i n  t h e  p r o d u c t i v e  nor thwestern  f i s h i n g  area 
changed f rom l o n g l i n e  n i g h t  f i s h i n g ,  which i s  d i r e c t e d  a t  swordf ish,  t o  a 
day o p e r a t i o n  which t a r g e t s  on tunas. 

The p r o d u c t i o n  model does n o t  appear t o  f i t  t h e  da ta  
w e l l ,  because t h e  p o i n t s  o f f e r  no s o l u t i o n  f o r  t h e  1964-1975 da ta  s e r i e s  
and g i v e  a maximum s u s t a i n a b l e  y i e l d  (MSY) es t i rn te  o f  20,000 m t  p e r  y e a r  
w i t h  2.2 m i l l  i o n  hooks/5" area f o r  t h e  1952-1963 s e r i e s .  Presumably d u r i n g  
t h e  1952-1963 p e r i o d  t h e  f i s h e r y  was more e f f i c i e n t  i n  c a t c h i n g  sword f ish  
than d u r i n g  t h e  1964-1975 p e r i o d .  
o f  about  14,100 m t  produced by 1.8 m i l l i o n  hooks/5" area)  i n d i c a t e s  t h a t  
t h e  f i s h e r y  does n o t  appear t o  be o v e r e x p l o i t i n g  t h e  s tock and t h a t  t h e  
s tock i s  i n  good c o n d i t i o n .  

The c u r r e n t  (average f o r  1966-75) c a t c h  

Ir, 

rr, 
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Figure 7. Relationship of catch of swordfish and effective fishing 
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model) is shown for data for 1952 to 1963 only. 

The equilibrium yield curve (Schaefer production 



-272- 

Three separate stocks--Compl e t e  data f o r  p roduc t ion  
model ana lvs is .  assuminq th ree  stocks i n  the  P a c i f i c  were n o t  a v a i l a b l e  f o r  
examination. 
based on est imates o f  apparent abundance from Japanese l o n g l i n e  da ta  f o r  

An appra isa l  o f  t he  c o n d i t i o n  o f  t he  s tocks was t h e r e f o r e  

1952-1975. 

For  t h i s  paper, an ana lys i s  o f  o n l y  t h e  eas tern  P a c i f i c  

Long l i ne  catches i n  the  eas tern  P a c i f i c  (Area 3 o f  F igu re  

stock i s  given. 

1 )  showed an inc reas ing  t r e n d  a f t e r  1960, f o l l o w i n g  a p e r i o d  o f  small 
catches from 1952 t o  1960 (F igu re  8);  t h e  ca tch  r a t e s  g radua l l y  increased 
from about 2 f ish/10,000 hooks i n  1954 t o  6 fish/10,000 hooks i n  I968  
( F i g u r e  5 ) .  I n  1969 and 1970, t h e  ca tch  r a t e s  increased sharp ly  t o  a 
reco rd  h igh  o f  about 11 f ish/10,000 hooks, be fo re  d e c l i n i n g  t o  a l e v e l  o f  
about 6 f ish/10,000 hooks i n  1971-1975. 

111.6.3. 

I I I .B.4. 

111.6.5. 

Resul ts  o f  Y ie ld -per -Recru i t  Ana lys is  

None a v a i l  ab1 e. 

Resul t s  o f  Spawner/Recruitment Ana lys is  

None a v a i l  ab1 e. 

Resu l ts  o f  Other Analyses/Simul a t i o n s  

None a v a i l  ab1 e. 

1 I I . C .  Cur ren t  Eva lua t i on  o f  Stocks and the  F ishery  

The sword f ish  s tocks o f  t he  P a c i f i c  Ocean appear t o  be hea l thy  and 
capable o f  sus ta in ing  increased y i e l d s  w i t h  increased e f f o r t .  However, 
should the  l o n g l i n e  f i s h e r y  r e s o r t  t o  n i g h t  f i s h i n g  as was the  standard 
method o f  f i s h i n g  i n  some areas p r i o r  t o  the m i d - 1 9 6 0 ' ~ ~  then the  g rea te r  
e f f i c i e n c y  o f  t he  gear cou ld  r e s u l t  i n  the  ca tch  exceeding the  MSY when the  
c u r r e n t  l e v e l  o f  f i s h i n g  e f f o r t  i s  increased about 25%. 

Ava i l  ab le  techniques f o r  s tock i d e n t i f i c a t i o n  a re  expensive t o  
D i f f e r e n t  app ly  and n o t  e n t i r e l y  re1  i a b l e  i n  producing c l e a r  r e s u l t s .  

s tock s t r u c t u r e  hypotheses should be tes ted  w i t h  e x i s t i n g  f i s h e r i e s  data t o  
determine t h e i r  impact on assessments be fo re  any major  program f o r  stock 
i d e n t i f i c a t i o n  o f  sword f ish  i s  considered. The key t o  more p rec i se  stock 
assessments f o r  swordf ish i s  more re1  i a b l e  i n f o r m a t i o n  on stock d e n s i t i e s  
and b e t t e r  est imates o f  popu la t i on  dynamics parameters. 
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The Cal i f o r n i a  commercial sword f ish  f i s h e r y  has socio-economic 
problems whereby l i m i t e d  techniques o f  f i s h i n g  a r e  l e a d i n g  t o  an 
i n e f f i c i e n t  f l e e t  and lower  p roduc t ion .  The f i s h e r y  i s  o v e r c a p i t a l i z e d  and 
t h e  average vessel  i n  t h e  f l e e t  exper ienced a l o s s  o f  over  $4,000 p e r  year .  
T h i s  f i s h e r y  c o u l d  be managed t o  inc rease p r o d u c t i o n  s u b s t a n t i a l l y .  
example, use o f  a i r c r a f t  can inc rease t h e  e f f i c i e n c y  o f  t h e  harpoon f l e e t  
by 2.6:l. 

For  

a 

I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major  Research Problems 

The m a j o r  research  problems concern ing t h e  sword f ish  i n  t h e  e a s t e r n  
P a c i f i c  Ocean c e n t e r s  on whether t h e  s tock i s  P a c i f i c - w i d e  o r  composed o f  
t h e  t h r e e  separate substocks. To b e t t e r  d e f i n e  t h e  s tock s t r u c t u r e ,  
s t u d i e s  t o  determine t h e  range and magnitude o f  m i g r a t i o n  o f  sword f ish  a r e  
r e q u i r e d .  A f u l l  range o f  s tock i d e n t i f i c a t i o n  techniques should be 
employed such as g e n e t i c  s t u d i e s ,  t ime/area c a t c h  a n a l y s i s ,  and tagg ing  t o  
determine t h e  degree o f  i n t e r m i n g l i n g .  
c;l i e c t e d  from a l l  f i s h e r i e s ,  and c a t c h - a n d - e f f o r t  da ta  f rom t h e  s u r f a c e  
f i s h e r i e s .  Seasonal t a r g e t  areas f o r  t h e  d i f f e r e n t  spec ies a l s o  need t o  be 
d e f i n e d  r e l a t i v e  t o  p r o d u c t i o n  i n  numbers and t h e  va lue  o f  t h e  c a t c h  i n  

S ize and sex data should be 

r e l a t i o n  t o  tuna when i t  i s  t h e  t a r g e t  species.  .rei 

1V.B. C u r r e n t  Research E f f o r t s  

No m a j o r  research  programs on sword f ish  a r e  known f o r  t h e  
nor thwestern  c o a s t  o f  South America, Cent ra l  America and Mexico, o r  a t  
o t h e r  l o c a t i o n s  i n  t h e  P a c i f i c .  A small  amount o f  s tock assessment work i s  
b e i n g  conducted i n  Japan ( F a r  Seas Research Labora tory ,  Shimizu, Japan) 
r e l a t i v e  t o  s tocks  o f  sword f ish  i n  t h e  w o r l d  oceans. A t  t h e  p r e s e n t  t ime, 
o n l y  a v e r y  l i m i t e d  amount o f  e f f o r t  i s  b e i n g  g i v e n  t o  b i o l o g i c a l  research 
and s tock assessment o f  s w o r d f i s h  i n  t h e  U.S.: 

1) The N a t i o n a l  Mar ine F i s h e r i e s  Serv ice,  i n  coopera t ion  w i t h  t h e  
P a c i f i c  Mar ine F i s h e r i e s  Commission and t h e  C a l i f o r n i a  Department o f  F i s h  
and Game, sampled sword f ish  catches a t  sea i n  1978 and 1979. 

2 )  The NMFS i s  coopera t ing  w i t h  t h e  Western P a c i f i c  and P a c i f i c  
( w e s t  coas t )  F i s h e r y  Management Counc i l s  i n  t h e  development o f  t h e  F i s h e r y  
Management P1 an. 

3 )  The NMFS sponsored t h e  Cooperat ive Marine Game F i s h  Tagging 
Program, which has encouraged t h e  tagg ing  o f  sword f ish  and s t r i p e d  m a r l i n  
o f f  southern C a l i f o r n i a .  
i n t e r e s t  t o  t h e  P a c i f i c  Counc i l s '  FMP. 

Swordf ish (and s t r i p e d  mar l  i n )  a r e  o f  p a r t i c u l a r  
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4 )  The C a l i f o r n i a  Department o f  F i s h  and Game i s  a n a l y z i n g  data 
on t h e  C a l i f o r n i a  d r i f t  g i l l  n e t  f i s h e r y  f o r  sword f ish .  

1V.C. F u t u r e  Research Needs 

Research r e l a t i v e  t o  t h e  needs o f  management f o r  t h e  t o t a l  oceanic 
resource  o f  sword f ish  i s  needed f o r :  1 )  d e f i n i t i o n  o f  areas and seasons o f  
spawning i n  t h e  e a s t e r n  P a c i f i c ,  3 )  determina- 
t i o n  o f  c a t c h  composi t ion,  4) r e l a t i o n  o f  sub-surface and s u r f a c e  
d i s t r i b u t i o n  t o  t h e  p h y s i c a l  and b i o l o g i c a l  environment, and 5 )  a n a l y s i s  
o f  CPUE da ta  s h i f t s  t o  determine m i g r a t o r y  t rends .  
C a l i f o r n i a  sword f ish  f i s h e r y  and resource, t h e  f o l l o w i n g  research i s  rleeded 
f o r  f u r t h e r  development o f  management advice:  

1 )  Sampling program f o r  b o t h  t h e  commercial and r e c r e a t i o n a l  

2 )  age and growth r a t e s ,  

F o r  t h e  southern 

* 

b i l l f i s h  f i s h e r y .  

2 )  Survey o f  e f f e c t i v e  e f f o r t  and economic s i g n i f i c a n c e  o f  t h e  
southern Cal i f o r n i a  r e c r e a t i o n a l  and commercial f l e e t .  

3 )  Determinat ion  o f  near sur face  and subsurface abundance and 
s i z e  d i s t r i b u t i o n  o f  sword f ish  o f f  southern C a l i f o r n i a .  

*- 

4) Determinat ion  o f  m i g r a t o r y  p a t t e r n s  and e x p l o i t a t i o n  r a t e s  
( s o u t h e r n  C a l i f o r n i a  f i s h e r y )  u s i n g  b o t h  long- te rm and shor t - te rm ( d i e l  ) 
s t u d i e s .  

1V.D. S ta tus  o f  SWFC Data Base 

Swordf ish logbook data f o r  1979 a r e  b e i n g  p laced i n t o  t h e  Coast- 

Swordf ish t a g g i n g  da ta  w i l l  a l s o  be p laced 
wide Data System a t  SWFC through a c o o p e r a t i v e  program w i t h  t h e  C a l i f o r n i a  
Department o f  F i s h  and Game. 
i n t o  t h e  system, which w i l l  update t h e  1963-1980 da ta  base. 

More d e t a i l e d  b a s i c  c a t c h  and e f f o r t  da ta  a r e  needed t o  make more 
p r e c i s e  s tock assessments. Data presented i n  c l o s e r  g r i d  spacing ( l e s s  
than 5 "  area) would be d e s i r a b l e  f o r  de termin ing  s tock movements w i t h i n  
areas o f  h i g h  CPUE. 

The U.S. f i s h i n g  i n d u s t r y  s u p p l i e s  good t o  e x c e l l e n t  e f f o r t  da ta  
f rom the  C a l i f o r n i a  logbook system f o r  commercial catches; C a l i f o r n i a  and 
Hawai i  b o t h  supply  a f a i r  coverage o f  c a t c h  da ta  f o r  t h e  commercial 

*A c o o p e r a t i v e  e f f o r t  w i t h  t h e  C a l i f o r n i a  Department o f  F i s h  and Game. 



-276- 

rr, 
longline and recreational catches. Japan also supplies good t o  excellent 
d a t a  on b o t h  catch and e f fo r t  i n  i t s  longline fishery,  b u t  the d a t a  
obtained from Korea and Taiwan range from poor to barely adequate. 

4 
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STATUS REPORT: PACIFIC STRIPED, BLUE, AND BLACK MARLINS 

Howard 0. Yoshida 

Southwest F i s h e r i e s  Center 
Honol u l  u, Hawaii  

ABSTRACT 

The b l u e  m a r l i n ,  s t r i p e d  m a r l i n ,  and b l a c k  m a r l i n  a r e  p r i m a r i l y  caught 
The a v a i l a b l e  evidence suggests t h a t  b l u e  b y  l o n g l i n e  gear i n  t h e  P a c i f i c .  

mar l  i n  comprise a s i n g l e  e q u a t o r i a l l y - c e n t e r e d  s tock i n  t h e  P a c i f i c .  
hypotheses have been advanced f o r  s t r i p e d  m a r l i n  s tocks  i n  t h e  P a c i f i c :  
(1) a s i n g l e - u n i t  s tock  and (2) a two-stock s t r u c t u r e  where a N o r t h  
P a c i f i c  s tock and a South P a c i f i c  s tock a r e  separated r o u g h l y  a t  t h e  
equator,  w i t h  some i n t e r m i x i n g  i n  t h e  e a s t e r n  P a c i f i c .  
evidence suggests t h e  p o s s i b i l i t y  o f  a m u l t i p l e  ( t w o  o r  t h r e e )  s tock 
s t r u c t u r e  f o r  b l a c k  m a r l i n  i n  t h e  P a c i f i c :  one i n  t h e  e a s t e r n  P a c i f i c  and 
two i n  t h e  western P a c i f i c .  The p r o d u c t i o n  model a n a l y s i s ,  t o g e t h e r  w i t h  
t h e  d e c l i n i n g  c a t c h  r a t e ,  suggests 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 tock  i s  
b e i n g  over f i shed.  
appears t o  be i n  good c o n d i t i o n .  
f o r  t h e  P a c i f i c  b l a c k  m a r l i n .  
s tock  s t r u c t u r e  o f  m a r l i n s  i n  t h e  P a c i f i c .  

Two 

The a v a i l a b l e  

On a P a c i f i c - w i d e  bas is ,  t h e  s t r i p e d  m a r l i n  s tock  
No p r o d u c t i o n  model a n a l y s i s  i s  a v a i l a b l e  

A h i g h  p r i o r i t y  t a s k  i s  t o  b e t t e r  d e f i n e  t h e  
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I. DESCRIPTION OF THE FISHERY 

I . A .  H i s t o r y  o f  t h e  F i s h e r y  

The b l u e  mar l  i n  (Makai ra n i a r i c a n s ) .  s t r i D e d  mar l  i n  (Te t raDturus  
audax) , and b l a c k  mar l  i n  ( m i c a r  a r e  w i d e l y  d i s t r i b u t e d  i n  the '  P a c i f i c  
Ocean ( F i g u r e s  1-3) .  The major  f i s h e r i e s  f o r  these t h r e e  species a r e  t h e  
l o n g l i n e  and harpoon f i s h e r i e s  o f  Japan, Taiwan, and Korea.' The f i r s t  
ma jor  e x p l o i t a t i o n  o f  t h e  m a r l i n  resources began w i t h  t h e  advent o f  t h e  
high-seas l o n g l i n e  o p e r a t i o n s  o f  Japan f o l l o w i n g  World War 11. A1 though 
t h e  quest  was f o r  l a r g e  tuna species, t h e  gear caught a l l  l a r g e  f i s h ,  o f  
which t h e  m a r l i n s  were a s i g n i f i c a n t  component. Beginning i n  t h e  western 
P a c i f i c ,  t h e  advancing f r o n t  o f  l o n g l i n e  o p e r a t i o n s  ( F i g u r e  4 )  reached 
130"W l o n g i t u d e  by 1944 and t h e  American Cont inents  by 1965. T h e r e a f t e r  
t h e  f i s h e r y  expanded southward (Ueyanagi 1974). 

L o n g l i n e  boats  o f  Taiwan and Korea l a t e r  f o l l o w e d  t h e  Japanese i n  
f i s h i n g  t h e  h i g h  seas. The l o n g l i n e  f l e e t  o f  Taiwan, a f t e r  40 y e a r s  o f  
c o a s t a l  opera t ions ,  began i t s  high-seas venture  i n  1954. The l o n g l i n e  
f l e e t  was composed o f  42 boats  i n  1962, i n c r e a s i n g  r a p i d l y  t o  457 boats  i n  
1971 (Huang 1974).  The major  p a r t  o f  t h e  e f f o r t ,  however, has s h i f t e d  f rom 
t h e  P a c i f i c  Ocean t o  t h e  I n d i a n  and A t l a n t i c  Oceans s i n c e  1968 (Tab le  1 ) .  
H i s t o r i c  accounts o f  l o n g l i n e  a c t i v i t i e s  o f  Korea a r e  sketchy b u t  beg inn ing  
around 1958, Korean l o n g l i n e  vesse ls  j o i n e d  t h e  l o n g l i n e  f i s h i n g  f l e e t  
based a t  American Samoa (Otsu and Sumida 1968). The l o n g l i n e  e f f o r t s  o f  
Taiwan and Korea i n  t h e  P a c i f i c  have been a lmost  e n t i r e l y  i n  t h e  South 
P a c i f i c  where a lmost  a l l  o f  t h e i r  tuna a r e  s o l d  t o  two American canner ies  
i n  American Samoa. 

rq 

There a r e  o t h e r  f i s h e r i e s  which c a t c h  m a r l i n  b u t  these a r e  riot f a r -  
r a n g i n g  and t h e i r  catches a r e  r e l a t i v e l y  smal l .  A Hawaiian longline 
f i s h e r y ,  which was s t a r t e d  i n  1917 (June 9501, reached a peak o f  76 boats  
i n  1950 and d e c l i n e d  t o  1 8  b o a t s  i n  1977.i The m a r l i n  c a t c h  i n  t h i s  
f i s h e r y  i s  p r i m a r i l y  s t r i p e d  m a r l i n  and s e c o n d a r i l y  b l u e  m a r l i n .  
b l a c k  m a r l  i n  a r e  a1 so caught. 

A few 

A harpoon f i s h e r y  f o r  s t r i p e d  m a r l i n  has e x i s t e d  i n  Japan s ince  
a n c i e n t  t imes (Ueyanagi 1974). 
techniques t o  Taiwan i n  1913 (Huang 1974). S p o r t  t r o l l i n g  f o r  m a r l i n s  i n  
t h e  P a c i f i c  had i t s  beg inn ings  i n  t h e  e a r l y  years  o f  t h i s  century .  
C a l i f o r n i a .  A u s t r a l i a ,  and New Zealand were c e n t e r s  a t  t h a t  t ime. I n  t h e  

The Japanese i n t r o d u c e d  the  harpoon 

p a s t  30 y e a r s ,  s p o r t  f i s h i n g  f o r  m a r l i n s  

'F ishery  management p l  an f o r  b i l l  f i s h  and 
P a c i f i c  F i s h e r y  Management Counci l  , Hono 
d r a f t .  

)as  exper ienced a s p u r t  i n  

assoc ia ted  species.  Western 
u l u ,  Hawai i .  September 1980 
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Figure 4.--Expansion o f  Japanese longl ine f ishing i n  the Pacif ic  Ocean. 
(From Kume 1972.) 
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Table 1.--Distribution of fishing e f for t s  of Taiwan deep-sea 
(From Huang 1974.) longline f l e e t ,  1967-71. 

Fi shi ng t r i p s  
Number of 

Year vessel s Total Pacific Indian A t 1  antic 

1967 2 54 570 380 169 21 
1968 333 1,007 3 59 467 181 
1969 3 96 1,158 2 98 576 2 84 
1970 418 1,258 435 539 2 84 
1971 457 ‘1,182 4 95 409 2 78 

~~ ~ 

‘Estimated. 

Table 2.--Total Pacific catch (metric tons) of marlin b species, 
1952-76. (Data for  1952-75 from Shomura 1980. 7 

Year Striped marl in Blue marlin Black marlin 

1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

4,994 
3,789 
7,256 
7,075 
7,724 
7,150 
8,999 
8,986 
7,362 
10,084 
13,685 
16,944 
23,480 
24,017 
20.967 
22;050 
27.143 
21 706 
24,221 
24,264 
14,541 
15,407 
14,669 
16,279 
17,032 

15,525 
17,250 
10,519 
24,190 
18,770 
23,500 
22,106 
20,275 
18,155 
26,581 
30,743 
31,344 
23,233 
18,585 
18,588 
17,233 
15,283 
17,427 
20,115 
13,342 
15,300 
17,285 
15,594 
12,546 
14,813 

1,806 
3,188 
5,370 
5,379 
6,466 
6,376 
4,548 
3,081 
2,721 
3,170 
4,066 
3,180 
2,805 
4,039 
3,729 
2,836 
3,547 
2,546 
2,207 
2,674 
3,424 
3,720 
3,048 
2,796 
3,132 
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technology a s  well a s  popular i ty .  
species include Mexico, New Zealand, a n d  Cal i forn ia  f o r  striped marl i n ;  
Hawaii, T a h i t i ,  and Guam f o r  blue marl i n ;  and Aus t ra l ia  and Chile  f o r  black 
marl in .  In add i t ion ,  the number of marlin anglers  i s  increas ing  i n  F i j i ,  
Papua New Guinea, and Japan. 
fishermen from a l l  over the world. 

Centers of a c t i v i t y  f o r  the var ious 

Marlin f i sh ing  i n  the P a c i f i c  a t t r a c t s  spo r t  

I.B. Trends i n  Catch and E f f o r t  

Blue marlin--Catches increased from 15,525 metric tons ( m t )  in 1952 
t o  a peak of 31,344 m t  i n  1963 (Figure 5 and Table 2 ) .  
have f luc tua ted ,  genera l ly  dec l in ing  t o  14,813 m t  i n  1976. Ef fec t ive  
f i sh inq  e f f o r t  increased from 50 mi l l ion  hooks i n  1952 t o  about 269 mi l l ion  
hooks in  1963 and f luc tua ted  around 200 mi l l ion  hooks from 1964 t o  1975 
(F igure  6 ) . 

Since then catches 

S t r i p e d  marlin--From 4,994 m t  i n  1952, ca tches  reached a high of 
27,143 m t  i n  1968 (F igure  7 ) .  
abrupt ly  t o  14,541 m t  and has hovered about 15,000 m t  since. 
e f f e c t i v e  f i s h i n g  e f f o r t  (F igure  8 )  showed an increas ing  trend from 1952 
through 1964. 
mil 1 i o n  hooks. 

In 1972 the striped m a r l i n  ca tch  dropped 

Since then f i sh ing  e f f o r t  has f luc tua ted  between 100 and 200 

Total 

Black marlin--The ca tch  rose from 1,806 m t  i n  1952 t o  a h i q h  of 
6,466 m t  i n  1956 ( Figure 9 ) .  I t  then f luc tua ted  between 2,207 and 4,066 m t  
from 1959 t o  1976. E f f o r t  data  were summarized f o r  four  P a c i f i c  areas:  
northwestern (Area 11, southwestern (Area 21, eas t e rn  (Area 3 ) ,  and western 
(Area 4 ,  a combination of Area 1 and 2 )  (see Figure 3 ) .  Ef fec t ive  f i sh ing  
e f f o r t  from 1952 t o  1975 has been e r r a t i c  and does not show any d i sce rn ib l e  
trend i n  Areas 1, 2 ,  and 4 (Figure 1 0 ) .  In the eas t e rn  P a c i f i c  (Area 31, 
where the Japanese t u n a  f i s h e r y  commenced i n  1956, e f f o r t  has been on a 
genera l ly  increas ing  trend. 

I.C. Value of Catch 

The ex-vessel p r i ces  of marlin from January 1978 t o  Flay 1979 a t  

During t h a t  period, striped marlin p r i ces  ranged from 
Yaizu, Japan, show striped marlin t o  be the most valuable  of the three 
species (Table  3 ) .  
$2,316 t o  $4,345 a s h o r t  ton.  
than black mar l in ,  se l l ing f o r  $1,933 t o  $3,165 a s h o r t  ton.  Black marlin 
p r i c e s  f luc tua ted  between $1,638 and $2,744 a s h o r t  ton.  

Blue marlin usual ly  commanded a b e t t e r  price 

I .D .  Current Management of the Fishery 

The mar l ins  a r e  under no management scheme a t  present. 
Prel iminary Management Pl an f o r  P a c i f i c  B i l l f i s h e s ,  which sets  optimum 

A 
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Figure 5.--Pacific catch o f  blue marlin, 1952-76. (Data from Table 2.) 
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Figure 6.--Catch r a t e  and ef fec t ive  f ishing e f f o r t  f o r  b l u e  marlin in  
the Pacif ic  Ocean. (From Shomura 1980.) 
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in the Pacif ic  Ocean, 1952-75. (From Shomura 1980.) 
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Table  3.--Ex-vessel m a r l i n  prices (U.S. d o l l a r s  per s h o r t  t o n )  i n  Japan ,  
January  1978-May 1979. (From [U.S.] National  Marine Fisheries S e r v i c e  
1978-1 979. ) 

S t r i p e d  marl i n  B1 ue marl i n  B1 ack marl i n  

1978 
3 anuary 
February 
March 
Apri 1 
M aY 
June 
J u l y  
August 
September 
October  
November 
D ec em be r 

1979 
January  
February 
March 
A p r i l  
May 

3,482 
2,823 
3,452 
2,722 
2,614 
2,462 
4,345 
2,507 
2,903 
2,856 
3,981 
2,698 

4,141 
4,046 
4,095 
2,316 
2,489 

2,009 
2,326 
2,299 
2 515 
2,112 
1,991 
2,122 
2,275 
2,039 
2,412 
3,165 
2,323 

1,933 
2,027 
2,510 
2,658 
2,626 

2,605 
2,070 
2,025 
2,082 
1,929 
2,090 
2,272 
1 ,638  
1,943 
2,055 
2,202 
1,934 

2,744 
2,059 
1,871 
1,730 
1,818 
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y i e l d s  f o r  a l l  t h e  species o f  b i l l f i s h e s  i n  t h e  U.S. F i s h e r y  Conservat ion 
Zone around Hawai i ,  American Samoa, Guam, and C a l i f o r n i a ,  i s  now i n  fo rce .  

11. NATURE AND SIGNIFICA.NCE OF U.S. AND FOREIGN 
PARTICIPATION I N  THE FISHERY 

The m a r l i n s  a r e  p r i z e d  game f i s h e s .  
m a r l i n s  i s  p r i m a r i l y  o f  a r e c r e a t i o n a l  nature,  t h e  commercial aspects o f  
t h e  m a r l i n  f i s h e r y  a r e  n o t  t o  be ignored. 
b lue ,  and l a c k  m a r l i n s  b rought  about $332,000 i n  revenue t o  t h e  f ishermen 

Al though t h e  U.S. i n t e r e s t  i n  

I n  1976 t h e  s a l e  o f  s t r i p e d ,  

i n  Hawai i .  P 

I 1 1  

m a r  

111. STATUS OF THE STOCKS 

A .  Stock S t r u c t u r e  

B1 ue mar l  i n - - A v a i l a b l  e evidence seems t o  i n d i c a t e  t h a t  t h e  b l u e  
i n  comprise a s i n g l e  e q u a t o r i a l l y - c e n t e r e d  s tock i n  t h e  P a c i f i c .  

Concent ra t ions  o f  b l u e  m a r l  i n  occur  a1 t e r n a t e l y  a t  l o c a t i o n s  on b o t h  s i d e s  
o f  t h e  eauator  d u r i n g  t h e  r e s p e c t i v e  sullrmer seasons. The l a r g e ,  apparent ly  
s i n g l e  area o f  b l u e  m a r l i n  spawning i n  t h e  western P a c i f i c ,  which i n c l u d e s  
areas o f  h i g h  spawning d e n s i t i e s  i n  t h e  west and d e c l i n i n g  d e n s i t i e s  t o  the  
eas t ,  has been suggested as evidence f o r  t h e  u n i t  s tock assumption. 
C o n f i r m a t i o n  o f  t h e  u n i t  stock o f  b l u e  m a r l i n  s tock s t ruc t .u re  hypothes is  i s  
needed. 

S t r i p e d  mar l in - -A l though t h e  s tock s t r u c t u r e  o f  t h e  s t r i p e d  m a r l i n  
i n  t h e  P a c i f i c  i s  n o t  c l e a r ,  two l i k e l y  hypotheses have been advanced: 1) 
a s i n g l e - u n i t  s tock suggested by t h e  cont inuous,  horseshoe p a t t e r n  o f  
s t r i p e d  m a r l i n  d i s t r i b u t i o n  i n  the  P a c i f i c ,  and 2 )  a two-stock s t r u c t u r e ,  
where a N o r t h  P a c i f i c  s tock and a South P a c i f i c  s tock a r e  separated rough ly  
a t  t h e  eauator ,  w i t h  some i n t e r m i x i n g  i n  t h e  e a s t e r n  P a c i f i c  ( F i g u r e  2 ) .  

B lack mar l in- -The s tock s t r u c t u r e  o f  b l a c k  m a r l i n  i n  t h e  P a c i f i c  i s  
unc lear ,  b u t  t h e i r  r e s t r i c t e d  coas ta l  d i s t r i b u t i o n  and t h e  occurrence o f  
i s o l a t e d  h i g h  c a t c h - r a t e  areas suggest t h e  p o s s i b i l  i t y  o f  more than one 
s tock.  It has been suggested t h a t  two o r  t h r e e  stc<cks e x i s t :  one i n  the  
e a s t e r n  P a c i f i c  and two i n  t h e  western P a c i f i c  ( F i g u r e  3 ) .  The s i t u a t i o n  
i s  compl ica ted  by t h e  s t r o n g  p o s s i b i l i t y  t h a t  b l a c k  m a r l i n  from t h e  I n d i a n  
Ocean mix w i t h  f i s h  f rom t h e  western P a c i f i c .  
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1 I I . B .  Stock Assessment and F i s h e r y  E v a l u a t i o n  

u 

I I I . R . 1 . Trends i n Catch- per-  Un i t - E  f f o r t  

B1 ue m a r l  in--The catch-per-uni  t - e f f o r t  s t e a d i l y  dec l  i n e d  
f rom 3.0 f i sh /1 ,@00 hooks i n  1952 t o  about 0.5 f ish/1,00@ hooks i n  1975 
( F i a u r e  6 ) .  

S t r i p e d  mar l  in--The c a t c h  r a t e  f o r  t h e  e n t i r e  P a c i f i c  
showed a slow, long- te rm d e c l i n e  f rom 1952 t o  1975. The c a t c h  r a t e  i n  t h e  
N o r t h  and South P a c i f i c  showed long- term d e c l i n e s  s i n c e  t h e  1950's  ( F i g u r e  
8 ) .  

B1 ack marl  in--The c a t c h  r a t e  i n  t h e  nor thwestern  P a c i f i c  
(Area 1) reached a peak i n  1954 and d e c l i n e d  t o  i t s  l o w e s t  i n  1975 ( F i g u r e  
10) .  
d e c l i n e d  t o  l e s s  than 4 f ish/10,000 hooks i n  1957, then f l u c t u a t e d  between 
1 and 3 f ish/10,@00 f rom 1958 t o  1975. 
reached a peak i n  1957 and d e c l i n e d  t h e r e a f t e r .  The western P a c i f i c  (Area 
4 )  c a t c h  r a t e  r e f l e c t e d  t h e  same t r e n d s  as i t s  c o n s t i t u e n t  areas (Areas 1 
and 2 ) .  

I n  t h e  southwest (Area 2 ) ,  t h e  c a t c h  r a t e  reached a peak i n  1955, 

The c a t c h  r a t e  i n  t h e  e a s t  (Area 3 )  

I I I .E .2 .  ReStJl t s  o f  P r o d u c t i o n  Yodel A n a l y s i s  

The f o l l o w i n g  d i s c u s s i o n  o f  p r o d u c t i o n  model analyses on 
t h e  s tocks  o f  b l u e  m a r l i n ,  s t r i p e d  m a r l i n ,  and b l a c k  m a r l i n  i s  based on t h e  
r e s u l t s  o f  t h e  B i l l f i s h  Stock Assessment !nlorkshop h e l d  a t  t h e  Hono lu lu  
Labora tory  f rom 5 t o  1 4  December 1977 (Shomura 1980). 

B lue  marl in--Based on t h e  assumption t h a t  t h e  b l u e  
m a r l i n  i n  t h e  P a c i f i c  comprises a s i n g l e  oceanwide s tock,  p r o d u c t i o n  model 
a n a l y s i s  g i v e s  a MSY e s t i m a t e  o f  22,000 m t ,  which i s  assoc ia ted  w i t h  an 
e f f e c t i v e  f i s h i n g  e f f o r t  equal t o  about 50% o f  t h e  1975 t o t a l  e f f e c t i v e  
e f f o r t  ( F i g u r e  11) .  T h i s  r e s u l t ,  combined w i t h  t h e  s t e a d i l y  decreas ing 
c a t c h - p e r - u n i t - e f f o r t  i n  s p i t e  o f  increased f i s h i n g  e f f o r t ,  i n d i c a t e s  t h e  
s tock i s  o v e r f i s h e d  (Shomura 1980). 

S t r i p e d  marl in--Assuming a s i n g l e ,  oceanwide s tock,  t h e  
MSY e s t i m a t e  i s  24,000 m t  a t  an optimum e f f e c t i v e  e f f o r t  o f  3.4 m i l l i o n  
hooks/5" sauare ( F i g u r e  12) .  
t o  27,100 m t  a t  an average e f f e c t i v e  e f f o r t  o f  1.5 t o  2.25 m i l l i o n  hook,s/5" 
square, t h e  MSY e s t i m a t e  i n f e r s  a s t r i p e d  m a r l i n  p o p u l a t i o n  t h a t  i s  n o t  
b e i n g  overexpl  o i  ted. 

Consider ing t h e  1964-1975 catches o f  14,500 

Assuming a two-stock p o p u l a t i o n  s t r u c t u r e ,  a N o r t h  
P a c i f i c  s tock and a South P a c i f i c  s tock,  t h e  r e s u l t s  o f  t h e  p r o d u c t i o n  
model a n a l y s i s  i n d i c a t e  a p e r p l e x i n g  p i c t u r e  f o r  t h e  N o r t h  P a c i f i c  s tock 
and a South P a c i f i c  s tock t h a t  i s  b e i n g  f i s h e d  a t  about  optimum l e v e l  
( F i g u r e  12) .  The catches i n  t h e  South P a c i f i c  f o r  1973-75, however, were 
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Figure 11.--Relation between catch of blue marlin and effective fishing 
effort. 
( From Shomura 1980. ) 

The equilibrium yield curve is based on the production model. 
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f a r  below t h e  e q u i l i b r i u m  y i e l d  curve. 
determine t h e  reason f o r  t h e  low catches b e f o r e  an accura te  i n t e r p r e t a t i o n  
o f  t h e  r e s u l t s  can be made. F o r  t h e  N o r t h  P a c i f i c  s tock,  t h e  MSY e s t i m a t e  
was 70,000 m t  a t  an optimum e f f e c t i v e  e f f o r t  o f  13.2 m i l l i o n  hooks/5" 
square. 
m i l l  i o n  hooks/5" square f i s h e d  through 1975. 

F u r t h e r  research  i s  needed t o  

T h i s  e f f o r t  seems unreasonably h i g h  i n  l i g h t  o f  t h e  maximum o f  1.5 

Black marl in--Because o f  u n c e r t a i n t i e s  i n  t h e  da ta  on 
t o t a l  c a t c h  and t h e  s tock s t r u c t u r e  o f  b l a c k  m a r l i n  i n  t h e  P a c i f i c ,  no 
a t tempt  was made t o  f i t  p r o d u c t i o n  models o r  t o  e s t i m a t e  WSY f o r  b l a c k  
m a r l i n  i n  any area o f  t h e  P a c i f i c .  
and e f f o r t  ( F i g u r e  1 3 )  i n d i c a t e d  t h a t  a r e l i a b l e  p r o d u c t i o n  model a n a l y s i s  
w i l l  r e q u i r e  a b e t t e r  account ing o f  t h e  catches. 

The r e l a t i o n  between es t imated c a t c h  

I II.B.3. 

I 1 1  .B.4. 

111.8.5. 

Resu l ts  o f  Y i e l d - p e r - R e c r u i t  A n a l y s i s  

None a v a i l  ab1 e. 

Pesul t s  o f  SDawner/Recrui tment Anal v s i  s 

None a v a i l  ab1 e. 

Resu l ts  o f  Other Anal vses/Simul a t i o n s  

None a v a i l  able.  .- 

1II.C. Curren t  E v a l u a t i o n  o f  Stocks and t h e  F i s h e r y  

B1 ue mar l  in--The dec l  i n i n g  ca tch-per -un i  t - e f f o r t  and t h e  r e s u l  t s  o f  
t h e  p r o d u c t i o n  model a n a l y s i s  suggest 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 tock i s  
b e i n g  over f i shed.  

S t r i p e d  mar l  in--On a P a c i f i c - w i d e  bas is ,  t h e  s t r i p e d  mar l  i n  s tock 
appears t o  be i n  good c o n d i t i o n  and may be capable o f  producing increased 
y i e l d s  w i th  a modest i n c r e a s e  i n  f i s h i n g  e f f o r t .  
y i e l d s  i s  b e t t e r  f o r  t h e  N o r t h  P a c i f i c  f i s h e r y  than f o r  the  f i s h e r y  i n  t h e  
South P a c i f i c ,  which may be o p e r a t i n g  a t  o r  beyond t h e  l e v e l  o f  MSY. 

The outlook f o r  increased 

Black mar l in - -Whi le  no a t tempt  was made t o  f i t  p r o d u c t i o n  models o r  
e s t i m a t e  MSY f o r  b l a c k  m a r l i n  s t o c k ( s )  i n  t h e  P a c i f i c ,  t h e  s u b s t a n t i a l  
d e c l i n e  i n  c a t c h  r a t e s  d u r i n g  t h e  p e r i o d  f rom the  e a r l y  1950's  t o  1975 
suggests t h a t  a v e r y  l a r g e  inc rease i n  t o t a l  c a t c h  over  l e v e l s  i n  t h e  e a r l y  
1970 's  i s  p robab ly  n o t  sus ta inab le .  
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I V .  STATUS OF CURRENT RESEARCH NEEDS AND EFFORTS 

1V.A. Major  Research Problems 

P o p u l a t i o n  assessments f o r  a l l  t h r e e  species were based on 
incomplete c a t c h  and e f f o r t  data.  
p a r t i c u l a r l y  o f  t h e  b l a c k  mar l  i n .  
would c o n t r i b u t e  more d e f i n i t i v e  assessments o f  t h e  popu la t ions .  
analyses, s ize-a t -age r e l a t . i o n s h i p s  need t o  be conf i rmed f o r  b l u e  and 
s t r i p e d  m a r l i n s  and need t o  be ob ta ined f o r  b l a c k  m a r l i n .  
es t imates  o f  p o p u l a t i o n  parameters, e.g. , 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 ,  r e c r u i t m e n t  r a t e s ,  e t c .  

B e t t e r  sssessments a r e  needed, 
Y i e l d - p e r - r e c r u i t  and c o h o r t  analyses 

For  these 

A1 so needed a r e  

Another problem r e l a t e d  t o  p o p u l a t i o n  assessment i s  t h e  l a c k  o f  
knowledge o f  t h e  s tock s t r u c t u r e s  o f  these species,  a l though i t  may be 
p o s s i b l e  t o  c i rcumvent  t h e  need f o r  p r e c i s e  s tock i d e n t i f i c a t i o n .  The 
B i l l f i s h  Stock Assessment Workshop (Shornura 1980) recommended t h e  use o f  
s imul a t i o n  s t u d i e s  t o  e v a l u a t e  t h e  s e n s i t i v i t y  o f  s tock  assessments t o  
v a r i o u s  s tock  s t r u c t u r e  hypotheses on t h e  s t r i p e d  w a r l i n  so t h a t  the need 
f o r  a s tock i d e n t i f i c a t i o n  program might  be determined. Should such 
s t u d i e s  prove t o  be e f f e c t i v e  f o r  s t r i p e d  m a r l i n ,  they  should be considered 
f o r  t h e  b l u e  mar l  i n  and b l a c k  m a r l i n  as w e l l .  

1V.B 

m a r l  

C u r r e n t  Research E f f o r t s  

The f i r s t  a t tempts  t o  assess t h e  s t a t u s  o f  b l u e  m a r l i n ,  s t r i p e d  
n, and b l a c k  m a r l i n  s tocks  were descr ibed i n  background papers 

submi t ted  t o  the  B i l l f i s h  Stock Assessment Workshop (Shomura 1980). The 
need f o r  f u r t h e r  research  on t h e  b i l l f i s h e s  was s t ressed a t  t h e  workshop 
b u t ,  a s i d e  f rom r o u t i n e  da ta  c o l l e c t i n g  e f f o r t s ,  no r e a l  e f f o r t  i s  b e i n g  
expended t o  update t h e  s tock p r o d u c t i o n  analyses o r  c a r r y  o u t  o t h e r  
analyses suggested a t  t h e  workshop. 

1V.C. F u t u r e  Research Needs 

D e t a i l e d  da ta  on growth,  m o r t a l i t y ,  r e p r o d u c t i v e  r a t e s ,  and o t h e r  
v i t a l  determinants  o f  p o p u l a t i o n  dynamics which a r e  r e q u i r e d  f o r  a complete 
understanding of  t h e  e f f e c t s  o f  f i s h i n a  on s tock p r o d u c t i v i t y  and catch,  
a r e  n o t  a v a i l a b l e  f o r  P a c i f i c  b i l l f i s h e s  such as t b e  b l u e  m a r l i n ,  b l a c k  
m a r l i n  and s t r i p e d  m a r l i n .  L i m i t e d  data on s i z e  composi t ion and growth 
r a t e s  a r e  a v a i l a b l e ,  as w e l l  as some s t a t i s t i c s  on nominal f i s h i n g  e f f o r t  
and catch.  These p e r m i t  o n l y  t e n t a t i v e  assessment o f  t h e  stocks.  E f f o r t  
i s  t h e r e f o r e  needed t o  upgrade these assessments and t o  d e f i n e  b e t t e r  t h e  
s tock s t r u c t u r e  o f  t h e  m a r l i n  species i n  t h e  P a c i f i c .  
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I V . C . l .  Suaaested Amroach and Methods 

1) The assessment o f  t h e  b i l l f i s h  s tocks  was based on 
v a r i o u s  assumed stock s t r u c t u r e s  and computed measures o f  e f f e c t i v e  f i s h i n g  
e f f o r t ,  a s t a t i s t i c  which i s  assumed t o  be p r o p o r t i o n a l  t o  f i s h i n g  
m o r t a l i t y .  These assumptions a r e  d i f f i c u l t  t o  t e s t  and v e r i f y .  Computer 
si lnul a t i o n s  t o  examine the  s e n s i t i v i t y  o f  s tock assessment conc lus ions  t o  
changes i n  assumptions should be c a r r i e d  ou t .  

2 )  Whi le  tagg ing  exper iments p r o v i d e  some o f  t h e  
necessary i n f o r m a t i o n  on s tock s t r u c t u r e ,  t h e  l o w  c a t c h  r a t e s  of  m a r l i n s  i n  
commercial and r e c r e a t i o n a l  f i s h e r i e s  suggest t h a t  o t h e r  techniques a r e  
probab ly  more s u i t a b l e ,  e.g., immunogenetic methods. 

1V.D. S t a t u s  o f  SWFC Data Base 

The da ta  base main ta ined a t  t h e  Honolu lu  Labora tory  i n c l u d e s  
b i l l f i s h  c a t c h  and e f f o r t  da ta  from t h e  Japanese and Taiwan l o n g l i n e  
f i s h e r i e s  i n  t h e  P a c i f i c .  The l o n g l i n e  o p e r a t i o n s  o f  Korea, however, a r e  
p o o r l y  documented. 

A l l  n a t i o n s  w i t h  b i l l f i s h  f i s h e r i e s  should be urged t o  update o r  
I e s t a b l  i s h  sampl i n g  programs t o  i n s u r e  t h e  c o l l e c t i o n  o f  adequate 

s t a t i s t i c s ,  i n c l u d i n g  1) t o t a l  c a t c h  by species,  gear, t ype  o f  f i s h i n g  
opera t ion ,  and ocean reg ion;  2 )  t o t a l  nominal e f f o r t  by gear, t y p e  o f  
f i  sh in? opera t ion ,  and ocean reg ion ;  
smal l  area- t ime s t r a t a ,  gear, and type o f  f i s h i n g  opera t ions ;  and 4 )  s i z e  
and sex compos i t ion  o f  t h e  catches by species and by small  area- t ime 
s t r a t a .  

3 )  catch-per-uni  t - e f f o r t  by e f f o r t ,  

LITERATURE C I T E D  

Huang, H. C. 
1974. B i l l f i s h  f i s h e r y  o f  Taiwan. I n  R. S., Shomura and 
F .  W i l l i a m  ( e d i t o r s )  , Proceedings o f  %e I n t e r n a t i o n a l  B i l l f i s h  
Symposium, Kailua-Kona, Hawaii ,  9-12 August 1972, P a r t  2. Review and 
C o n t r i b u t e d  papers, p. 332-335. U.S. Commer., ElCAA Tech. Rep. 
NMFS SSRF-675. 

June, F.C. 
1950. 
area. P a r t .  I. The Hawaiian l o n g - l i n e  f i s h e r y .  Cormer. F ish .  Rev. 

P r e l  i m i n a r y  f i s h e r i e s  survey o f  t h e  Hawai ian-Line I s l a n d s  

12(1):1-23. 



-300- 

Kume, S. 
1972. Tuna f i s h e r i e s  and t h e i r  resources i n  t h e  P a c i f i c  Ocean. 
Indo-Pac. F ish .  Counc. Proc., 1 5 t h  Sess., Sect. 3:390-423. 

Otsu, T., and R .  F. Sumida. 
1968. D i s t r i b u t i o n ,  apparent  abundance, and s i z e  compos i t ion  o f  
a1 bacore (Thunnus a1 a1 unga) taken i n  t h e  1 ongl  i n e  f i s h e r y  based 
i n  Pmerican Samoa, 1954-65. U.S. F ish .  W i l d l .  Serv. , F ish .  B u l l .  
67:47-69. 

Shomura , R. S. ( e d i  t o r ) .  
1980. 
P a c i f i c  resources. NOAA Tech. Memo. NMFS-SWFC-5, 58 p .  

Summary r e p o r t  o f  t h e  B i l l f i s h  Stock Assessment Morkshop 

Ueyanagi, S. 
1974. A r e v i e w  o f  t h e  w o r l d  commercial f i s h e r i e s  f o r  h i l l f i s h e s .  - I n  
R .  S .  Shomura and F. W i l l i a m s  ( e d i t o r s ) ,  Prcceedings o f  t h e  
I n t e r n a t i o n a l  B i l l f i s h  Symposium, Kailua-Kona, H a w a i i  , 9-12 August 
1972, P a r t  2. Review and C o n t r i b u t e d  Papers, p. 1-11. U.S. Dep. 
Commer. , NOAA Tech. Rep. NMFS SSRF-675. 

[U.S.] N a t i o n a l  Mar ine F i s h e r i e s  Serv ice.  
1975-1979. F o r e i g n  f i s h e r y  i n f o r m a t i o n  re lease.  Supplement t o  
Market  Flews Report.. 



APPEND I X 



-301 - 

.- 
LIST OF ATTENDEES 

SOUTHWEST FISHERIES CENTER 

TUNA RESEARCH WORKSHOP 

December 15-17 , 1980 

San C1 emente, C a l i f o r n i a  

OFFICE OF INTERNATIONAL FISHERIES AFFAIRS 

Carmen J. B lond in  
Barbara K .  R o t h s c h i l d  

SOUTHWEST REGIONAL OFFICE 

John Davies 

CALIFORNIA DEPARTMENT OF FISH GAME 

Doyle Hanan 

SOUTHWEST FISHERIES CENTER 

Center D i r e c t o r ' s  O f f i c e  

I z a d o r e  B a r r e t t  
John F. Car r  

David J. Flackett  

Honol u l  u Labora torv  

Roy Mendel ssohn 
F l e t c h e r  V .  Riggs 
R ichard  S. Shomura 
Rober t  A. Sk i l lman 
J e r r y  A .  U e t h e r a l l  
Howard 0. Yoshida 

La J o l l a  Labora torv  

Coastal  F i s h e r i e s  Resources D i v i s i o n  

R. Michael Laurs 



-302- 

Oceanic F i  sheries Resources Division 

Norman W. Bartoo 
Atilio L .  Coan, J r .  

Richard H .  Evans 
Samuel F. Herrick 
Anthony P .  Majors 
Wesley W .  Parks 

Ronald G .  Rinaldo 
Gary T. Sakagawa 

James L. Sauire, J r .  
Earl C .  Weber 

Pacific Environmental GrOUD. Monterev 

Richard H .  Parrish 
Paul H. Sund 


	ITS8300-1_20040617_102935.pdf
	Introduction
	A Synopsis of the Tuna and Billfish Status of Stocks Report
	Yellowfin tuna
	Northern albacore
	Western yellowfin tuna





